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IVAbstract

English
The purpose of this thesis is the research and development of methods, algorithms and
tools for the analysis of composite materials. In order to improve their properties, one
must employ specific techniques in order to gain insight of the structure of their internal
reinforcement fibres. While these goals can be tackled in multiple ways, a common and
established way is the employment of non-destructive means such as the micro-CT (micro-
computed tomography). Due to its technical similarities with medical CT, first, we analyse
the most relevant features across different state-of-the-art open-source medical imaging
software using a novel hierarchical evaluation framework.

From this evaluation it has been observed that many of the 3D-based visualization features
can be used for the analysis of composites reinforcement fibres. However, the measurement
of their properties requires specialized methods to reconstruct them in order to quantify their
orientations, curvatures, waviness, or other aspects. For this reason, we propose applying
the following two methods respectively: (i) an efficient and uniformly behaving streamline-
based micro-CT fibre tracking algorithm using volume-wise structure tensor and signal
processing techniques; and (ii) a frequency-limited waviness and curvature measurement
algorithm for noisy and irregularly sampled composite fibre trackings. The proposed methods
have been implemented and integrated in the Starviewer platform. As these must remain
understandable, explainable and controllable by an expert user, black-box approaches or the
ones requiring training datasets have been discarded.

Despite the differences between the volumetric acquisitions and polygonal fibre reconstruc-
tions, the proposed methods consider the dataset as a valuable signal to preserve. It is
progressively processed and filtered according to the signal processing principles in order to
obtain a uniform 3D behaviour. The methods properties have been assessed with both real
and synthetic datasets; and due to the complex waveform shapes required for their testing,
some datasets were produced using a novel methodology based on Gaussian splatters. All
methods proposed in this thesis and their corresponding articles have been mathematically
defined and accompanied by a large amount of supporting material files in order to ensure
their reproducibility.

xiii



Catalan
El propòsit d’aquesta tesi és investigar i desenvolupar algorismes, mètodes i eines per
analitzar materials compostos. Per millorar-ne les propietats cal usar tècniques específiques
que permetin conèixer l’estructura interna de les fibres de reforç. Tot i que aquests objectius
poden assolir-se de diverses maneres, una forma usual de fer-ho és a través de tècniques no
destructives com la micro-TC (micro-tomografia computada). A causa de la ressemblança
amb la TC mèdica, primer s’han analitzat les característiques més rellevants dels principals
programaris de codi obert per a la visualització de la imatge mèdica emprant un nou sistema
d’avaluació jeràrquic.

A partir d’aquesta avaluació s’ha pogut observar com moltes de les funcionalitats de vi-
sualització tridimensionals poden usar-se per analitzar les fibres de reforç dels materials
compostos. Tanmateix, per mesurar-ne les propietats calen mètodes especialitzats per
reconstruir-les i així poder determinar-ne l’orientació, la curvatura, l’ondulació, o altres
aspectes. Per aquesta raó s’han proposat dos mètodes que cal aplicar consecutivament: (i) un
algorisme eficient i que es comporta uniformement per reconstruir les fibres volumètrica-
ment emprant el tensor d’estructura i les tècniques de processament del senyal; i (ii) un
algorisme limitat freqüencialment per mesurar la curvatura i l’ondulació de fibres amb soroll
i mostrejades irregularment. Els mètodes proposats han estat implementats i integrats a
la plataforma Starviewer. Com que aquests han de ser comprensibles, explicables i contro-
lables per un usuari expert, s’han descartat paradigmes de caixa negra o altres mètodes que
necessitin dades d’entrenament.

Tant en el cas de les adquisicions volumètriques com en el de les reconstruccions de fibres
poligonals, els mètodes proposats tracten tot el conjunt de dades com un senyal valuós a
preservar. Aquest es processa i filtra eficientment segons els principis de processament del
senyal per tal d’assolir un comportament uniforme des d’un punt de vista tridimensional.
Llurs propietats han estat avaluades tant amb jocs de prova reals com sintètics. En aquest
últim cas, i a causa de la complexitat de les formes d’ona requerides per realitzar-ne la seva
avaluació, s’ha proposat una nova metodologia basada en Gaussian splatters per produir-los.
Tots els mètodes proposats en aquesta tesi i en els corresponents articles han estat definits
matemàticament i complementats amb una gran quantitat de material suplementari per tal
d’assegurar-ne la reproductibilitat.
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Spanish
El propósito de esta tesis es investigar y desarrollar algoritmos, métodos y herramientas para
el análisis de materiales compuestos. Para mejorar sus propiedades es necesario emplear
técnicas específicas que permitan conocer su estructura interna y la de sus fibras de refuerzo.
A pesar de que estos objetivos pueden lograrse de distintas formas, una manera habitual
de hacerlo es a través de técnicas no destructivas como la micro-TC (micro-tomografía
computarizada). Debido a su semejanza con la TC médica, primero se han analizado las
características más relevantes de los principales programas de código abierto de visualización
de la imagen médica empleando un nuevo sistema de evaluación jerárquico.

A partir de esta evaluación se ha logrado comprobar como muchas de las funcionalidades
relativas a la visualización 3D pueden ser usadas para analizar las fibras de refuerzo. Así
mismo, para medir sus propiedades es necesario usar métodos especializados para recon-
struirlas y así poder determinar su orientación, curvatura, ondulación, u otros aspectos. Por
esta razón se propone aplicar los siguientes dos métodos consecutivamente: (i) un algo-
ritmo eficiente y de comportamiento uniforme para reconstruir las fibras volumétricamente
usando el tensor de estructura y técnicas de procesamiento de la señal; y (ii) un algoritmo
limitado frecuencialmente para medir la curvatura y la ondulación de las fibras con ruido y
muestreadas irregularmente. Los métodos propuestos han sido implementados e integrados
en la plataforma de visualización Starviewer. Debido a que estos deben ser comprensibles,
explicables y controlables por parte de un usuario experto, se han descartado los paradigmas
de caja negra o aquellos que requieran datos de entrenamiento.

En el caso de las adquisiciones volumétricas, así como en el de las reconstrucciones de
fibras poligonales, los métodos propuestos tratan todo el conjunto de datos como una señal
valiosa a preservar. Esta es procesada y filtrada eficientemente según los principios de
procesamiento de la señal a fin de lograr un comportamiento uniforme desde el punto de
vista tridimensional. Estas propiedades han sido evaluadas a través de varios conjuntos de
prueba reales y sintéticos. En este último caso, y debido a la complejidad de las formas de
onda requeridas para realizar su evaluación, se ha propuesto generarlos a través de una
nueva metodología basada en Gaussian splatters. Todos los métodos propuestos en esta tesis
y sus correspondientes artículos han sido definidos matemáticamente y complementados
con una gran cantidad de material suplementario a fin de asegurar su reproducibilidad.
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1Introduction

1.1 Motivation

We, the humans, are usually provided the ability to explore and interact with a physical
object or specimen through our various senses. Vision, being the major contributor, provides
vast amounts of information regarding the surface of an object; and, provided stereoscopic
perception, one can even infer its volume and dimensions [15]. Combined with the tactile
sense, one can be informed about the roughness and waviness of said surface [25]; and, with
a little knock, augmented with the aid of our auditory system, the hollowness, solidness and
other rough estimates about the consistency and mechanical properties can be extrapolated.
While this could be deemed as the ultimate experience our senses can provide, note how
almost all the information objectively gathered is only at the surface level; we lack the ability
to properly sense the internal structure underneath. Fortunately, nowadays, a plethora
of instrumentation is available to augment our senses. The purpose of this thesis is the
development of algorithms and methods to analyse, visualize, and measure the internal
structure of composite materials, which combine a reinforcement (see Figure 1.1) with a
binder to make a much better material than its constituents alone.

(a) Woven glass mat with thermoplastic (GMT). (b) Panel with its composite layers torn apart.

(c) Non-woven fibre glass. (d) A foamed composite panel flexed and stressed.

Figure 1.1.: Examples of different reinforcement materials and their applications.
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Figure 1.2.: Acquisition pipeline of a medical CT scanner from left to right where: (i)
the detector and X-ray source assembly is rotated around the specimen; (ii)
acquisitions are stored and annotated with an angle and z-depth metadata;
and (iii) a computer performs the inverse Radon transform to obtain the final
volumetric slices.

Composites are commonly found in sectors such as the automotive, aeronautical, energy
generation, among others where a high mechanical performance is required while keeping a
low weight.

1.2 Preliminary concepts
As per the compendium structure of this thesis, we will introduce several background
concepts in order to complement and contextualize some of the aspects discussed in the
corresponding articles. First, we explain the operating principles of computed tomography
and how it is related to acquisition fundamentals for the purpose of non-destructively imaging
the inner structure of a composite specimen. Second, the processing of volumetric datasets
is contextualized in the medical imaging sector, as well as some common visualization
techniques such as the volume rendering which enable a proper visualization and exploration
of the acquisitions. Among others, we also present the principles of DTI (diffusion tensor
image) modality which is used to image the orientations of neuron tracts in the brain. We
do so due to its potential relevance in the analysis of composite materials.

1.2.1 Computed tomography
In that regard, one of the techniques enabling a proper insight underneath a surface is the
computed tomography (CT) [48, 53]. The acquisition apparatus usually takes the form of
an annular gantry where the object to explore (i.e. specimen) is placed at its centre. This
device is then able to produce a reconstructed 2D image (i.e. slice) of the inner circular
area passing through the specimen. Briefly summarized: each slice is imaged by the point
emission of radiation and its consecutive measurement at a diametrically opposed sensing
area. This requires the transmission of energy from the source to a sensing area following the
shortest geometric path (i.e. a straight line). Depending on the specimen, said radiation can
range from infrared, visible photons, and even electrical resistivity. Nonetheless, the most
commonly used one is in the form of high energy photons emitted by X-ray sources. Despite
its ionizing nature and the associated health hazards, this type of radiation exhibits a deep
penetrative behaviour in a wide spectrum of substances ranging from metal to human flesh.
For a proper reconstruction, aspects such as a linear absorption response, not cropping the
object, or considering the scale of the features of interest relative to the radiation wavelength,
are examples of relevant aspects to take into account for a successful acquisition. If we
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(a) Analog acquisition (b) Film grain (c) Digital acquisition (d) Pixel noise

Figure 1.3.: A common scene and a detailed close-up (b, d) acquired using a 35mm ISO400
film (a, b), and a digital APS-C sensor of a full-spectrum Dynax 7D (c, d).

could experience vision close to the diffraction limit, about 500nm, we would observe a
diffuse blob. But, if instead synchrotron light or other coherent source is employed one can
overcome some of these physical barriers in order to, for example, image the tiny carbon
fibres in a composite material whose scale is in the range of a few nanometres as shown in
Figure 1.11d versus 1.11a, 1.11b, and 1.11c which are acquired with classic X-ray sources.

Unlike 2D radiographies on a chemically photosensitive emulsion as illustrated in Figure 1.3,
CT is directly sensed through a digital photosite. If it were to be done with film, as illustrated
in Figure 1.2, the equivalent acquisition would consist in the exposure of film strip (green)
with a diametrically opposed fan-shaped beam X-Ray source (yellow). Repeating said process
thousands of times at different angles would yield to a plethora of film strips labelled at
the acquisition angle they were taken. All of them, despite jointly containing the complete
information about the inner object structure, their direct visualization would be meaningless:
a computer algorithm is required to perform the inverse Radon transformation [51] in
order to obtain usable tomographic images. When the scanning process is also repeated in
a sweeping movement, a 3D cylindrical field of view is obtained. This whole acquisition
conforms a volume (i.e. 3D image) whose constituent parts are named voxels (i.e. 3D
pixels).

1.2.2 Acquisition principles and limitations„Much of our knowledge must always remain
uncertain. The most we can know is in terms of
probabilities.

— Richard P. Feynman, PhD
Feynman Lectures on Physics

Vol. 1, Chapter 6

As illustrated in Figure 1.3 digital acquisitions are not immune to noise. This natural phenom-
ena (whenever a measurement is taken) also applies in the case of digitally reconstructed
acquisitions (such as CT). While it could be artificially cropped, provided an ADC (analog-
to-digital converter) with enough dynamic range and resolution, noise will inevitably be
captured in a noticeable manner. Its random behaviour has a major impact in the least
significant bits (LSB) of a pixel.

1.2 Preliminary concepts 3



Albeit this phenomena may be considered undesirable, it contains latent information nonethe-
less. For instance, should one average several noisy acquisitions of the very same scene,
the final result would be a higher quality picture. Although trading spatial resolution, this
averaging can be employed on consecutive (neighbouring) slices to obtain a less noisy
image. Also, when an image is observed as a signal (i.e. frequency space), the amount of
high-frequency noise will depend on the sampling (i.e the resolution) [68, 47, 61]. This
means that the spectral energy of these random high-frequencies infers a fractal behaviour
into the signal which shall be considered should any proper measurement be made [39].

1.2.3 The DICOM and other imaging modalities
Due to the vast amounts of information gathered, computers are the cornerstone making
CT technology possible. Since its inception and development, CT, alongside PET (positron
emission tomography), and MRI (magnetic resonance imaging) which employ other physics
fundamentals, have made volumetric datasets a common structure for expressing and
digitizing the inner features of objects. In the early days, axial reconstructions were laid in a
grid (see Figure 1.4) and printed in a photographic medium such as film. Although being a

(a) Slice 1 (b) Slice 2 (c) Slice 3 (d) Slice 4 (e) Slice 5 (f) Slice 6

(g) Slice 7 (h) Slice 8 (i) Slice 9 (j) Slice 10 (k) Slice 11 (l) Slice 12

Figure 1.4.: Classical grid arrangement of brain slices acquired with a medical CT scanner.

(a) MIP (b) MinIP (c) Average

Figure 1.5.: Axial thick-slabs (i.e. many slices simultaneously) using three different pro-
jection strategies: (a) maximum intensity projection; (b) minimum intensity
projection; and (c) average intensity projection. The circular perimeter is the
CT cylindrical field-of-view observed from an axial viewport.
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complete representation in the eyes of an expert, in order to unleash its full potential and
enable an augmented perception, several specialised software tools had to be developed in
order to satisfy the interactive visualization demands. In the medical field, these volumes or
any other 2D modalities such as ultrasound, radiography, video, among other techniques
dealing with raw signals such as ECG (electrocardiography), are stored and represented using
the DICOM standard [45]. It stands for Digital Imaging and Communications in Medicine,
and it is the leading standard ensuring the interoperability across medical applications and
devices. It is used to capture, archive, and exchange data [24] and also defines a very detailed
metadata structure storing aspects such as the acquisition parameters, spatial location, voxel
sizes, etc. This information is essential for a metrologically correct interpretation of the data
within a dataset.

1.2.4 Medical imaging software

Focusing on imaging software, whether for research or the daily clinical practice, it has
become an essential component for the analysis of volumetric datasets [55, 67, 18, 6].
Several studies have been made comparing some of its main features [20, 44, 7, 50, 65,
21], most essential ones being: (i) slicing or the ability to interactively scroll through a
volume; (ii) basic reslicing at orthogonal acquisition axes (i.e. axial, sagittal, coronal) as
illustrated in Figure 1.6; (iii) measurement tools such as dimensions, area, volume, voxel
intensity, statistics with a region of interest, among others; (iv) interactive adjustment of the
transfer function (i.e. window-level/window-width) to brighten or enhance the contrast at
relevant areas; and (v) the ability to spatially localize one acquisition respect others sharing
a common frame of reference. In the medical sector the usage of these features will vary
from user to user depending on the imaging modalities they visualise (especially respect 2D
versus 3D datasets), and also on the pathologies and diagnosis procedures to be applied.

1.2.5 Other visualization techniques

In addition to the aforementioned ones, medical imaging software usually implements more
advanced or refined visualizations. For example, when rendering a slice, one shall consider

Figure 1.6.: Basic features of medical viewers (in this case Starviewer). A single volume is
rendered at three different point of views: axial, sagittal, coronal respectively.
The lines (orange) locate the selected viewport (blue) relative to the rest (gray).
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Figure 1.7.: Reslice of a volume respect a non-orthogonal viewport in two scenarios: (a)
a slice separation similar to the original dataset; and (b) a bigger separation
encompassing several samples which forces the use of a thick-slab approach.
In (c) orthogonal views (green) are shown alongside a resliced section (red).

its inherent thickness. Under normal circumstances they are spaced (shifted) regularly, but
one may want to combine the information of several slices into a single one. This technique
is usually referred to as thick-slab, and requires the user to specify the desired amount
of neighbours to “summarize”. Then, at each voxel location, a list of values generated
from each corresponding voxel respect its neighbouring slices has to be reduced into a new
value using any of the three main strategies illustrated in Figure 1.5 which are: (i) MIP
or maximum intensity projection which takes the greatest value in the list and thus is
useful for removing occluding material such as air or water; (ii) MinIP which does the
opposite by taking the smallest value; and (iii) average projection which reduces the noise
by trading off spatial resolution, and also provides a similar result to the one obtained
with a traditional 2D radiography. These operations can be performed interactively, or
as a whole-volume operation by generating a new set of computed slices. Unlike more
basic visualizations, note how the resulting level of abstraction becomes decoupled from
the original dataset voxels. This technique can be meld into a more generalized form
known as MPR (multi-planar reconstruction) or reslicing which produces visualizations not
orthogonally aligned with the original acquisition axes. As illustrated in Figure 1.7, the
input dataset is repartitioned, resampled, and interpolated into a new set of reoriented
slices. Usually, the resolution and thickness match the original volume (in this way it can
be made more computationally efficient), but should thicker slices be produced, then the
aforementioned thick-slab technique is applied with the average mode. Despite its intensive
cost, this operation can usually be performed interactively in modern hardware.

So far, these 2D visualization techniques allow the user to attain a whole volumetric orienta-
tion/perception by interacting with the viewport (i.e. changing slices). But, sometimes, a
projected 3D view is more desirable for its ease of comprehension. A first approach is repre-
senting the volume as a set of surfaces which can be posteriorly rendered and accelerated
in a GPU (graphics processing unit). In order to do this, first, certain voxels in a volume
shall be converted to polygons using the marching cubes algorithm [38]. The result is an
isosurface at a certain user-specified voxel value where a tiny surface is placed by identifying
any of the corresponding cases in Figure 1.9. While this polygonal mesh is a lightweight
representation of a hollow shell, and its render can perform very well, as shown in Figure 1.9
(right) the visual appearance is poor and lacks information to properly represent the volume
with enough detail.

As with the adjustment of window-level/window-width in 2D visualizations; the equivalent
feature in 3D is a bit more complex and corresponds to the alteration of the transfer function
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Figure 1.8.: The raycasting process traces piercing rays through volume from the viewport
(left); these are then sampled and integrated into actual screen pixels (right).

transparency (i.e. the alpha channel). This function maps input volume scalars to multi-
component screen/render values (e.g. red, green, blue, alpha). With it, the user can
colourize certain intensities as illustrated in Figure 1.10a or perform interactive adjustments
as shown in Figure 1.10c and Figure 1.10d where the volume is progressively peeled in
order to explore its internal structure. Other strategies such as the MIP projection can be
extrapolated into the 3D case as shown in Figure 1.10b.

Rendering such semi-transparent volume definition requires a specialized technique called
raycasting [35]. Its simplified operating principles are illustrated in Figure 1.8 and it proceeds
as follows: (i) for every pixel in the screen, a ray is pierced through the volume from the
camera focal point (viewport); (ii) a list of interpolated values is produced by sampling the
ray through the original volume; (iii) considering the transfer function, occlusion, etc., lists
values are reduced into a single one; and (iv) the final RGB value for a specific pixel in the
screen is obtained. While being much more computationally intensive than the rendering of
a polygonal scene, as it can be observed in Figure 1.10 the quality and meaningfulness of
the visualization is more appealing and richer in details.

1.2.6 Composite materials
Focusing in composite materials, the acquisition of volumetric datasets by means such as
µCT (micro-computed tomography) is gaining traction as capture devices become more
affordable and accessible [22]. Applying the practices and methods from the more mature
medical field and adapting them to this new use case is beneficial from both sides. What
makes composites special and at the same time complex is their combination of two or
more constituent materials referred as: (i) the reinforcement which enhances the mechanical
properties (e.g. carbon fibre); and (ii) the matrix or binder which is used to fill the gaps (e.g.
resin, epoxy). This symbiotic combination produces a superior material than its constituents
alone by combining their advantages. However, unlike isotropic solids such as metals,
plastics, among others, composites are usually characterized for its anisotropic behaviour.
This means that their mechanical properties vary across their axes depending on the local
arrangement orientation of the reinforcement material. In Figure 1.1 one can observe an
actual composite and why the reinforcement arrangement dictates its anisotropy. While finite
element analysis (FEA) simulations can be crafted to take in account such complex scenario of
varying mechanical properties respect the force orientation, circumstances such as fractures
or cracks which emerge from a chaotically behaving system are in practice unsolvable in
an exact manner. For example, a crystal lattice (i.e. glass) breaks at the weakest regions
with more probability, however the effect of these very small and unpredictable variations is

1.2 Preliminary concepts 7



greatly amplified when a failure occurs and thus ends up determining the overall behaviour
of the macroscopic observable events. Other examples of a chaotic systems would be the
path of least resistance in the atmosphere taken by a lightning, a turbulent flow, among
others.

For this reason, checking the actual mechanical properties with real specimens is crucial to
validate the performance of a composite [31, 19, 46, 64]. In that regard, the µCT technique
fits this purpose as it is a very suited tool to capture the most subtle and finest details inside
a specimen. Although the images by themselves (given a proper visualization software)
enable a subjective analysis by an expert user, performing actual measurements requires
specialized techniques and methods [32, 1, 70, 5, 23].„Chaos: When the present determines the future, but

the approximate present does not approximately
determine the future.

— Edward Norton Lorenz, PhD

As illustrated by the carbon fibre composite in Figure 1.11d; a synchrotron light µCT is
able to capture the individual fibres. At the same time, in Figure 1.11a, Figure 1.11b
and Figure 1.11c, while the pixel size is too big for this purpose and only the bundles are
distinguishable, its local fibre orientation can be somewhat inferred by the texture. From
an economic standpoint, the latter requires less expensive equipment but the voxel size is
kept above the diffraction limit. Depending on the dataset to analyse, the measurement
algorithms and methods will vary [17]. On the one hand, authors such as [34, 4, 54, 30,
62, 13, 49, 57, 27, 26] analyse the fibre orientations using image processing filters based
on dictionaries, neighbour analysis, variance, segmentation, among others. Their results
are then presented in such a way that the distributions of fibre orientations can be analysed
and represented using plain data or more advanced visualizations such as 2D histograms.
On the other hand, and pursuing similar goals, [8, 9, 12, 29, 52, 59, 14, 69, 10, 2, 40]
employ a more fine-grained approach by processing and simplifying the whole volume into
a polygonal representation where only the medial axis of each fibre is stored in a much
simpler and separable entity from which independent measures and visualizations can be
performed. In this scenario the acquisitions shall resemble the example in Figure 1.11d and
have enough quality to properly separate each individual fibre path. This new representation

Figure 1.9.: All combinations of the marching cubes algorithm [38] and a rendered example.
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(a) Colour raycasting (b) Volumetric MIP (c) Raycasting (d) Raycasting (opaque)

Figure 1.10.: Raycasted renders of a human torso and a glass fibre composite.

consisting of a connected list of segments (i.e. a VTK polyline [58]) may allow for a more
advanced posterior analysis than pure image processing approaches. It is also worth noting
that alternative acquisition and measurement techniques exist; albeit with less resolution
they are usually capable of directly quantifying the anisotropy of a specimen by measuring
an alternative physical property [42].

1.2.7 Tensorial volumes in medicine
Some of the aforementioned techniques employ tensors to express the local anisotropy
around a position in space. So far, the volumetric datasets store a single scalar value
corresponding to the intensity measured by the acquisition. Notwithstanding, there is no
impediment to store multi-component values such as 3D vectors. While a volumetric vector
field could be used to represent the directionality and magnitude (i.e. the presence) of fibres
in each position in the acquisition, this is not a complete representation. For this reason,
some of the aforementioned measurement techniques build a structure tensor from the
image gradient (a vector field) in order to obtain a proper representation of the anisotropy
within a local neighbourhood.

Processing and visualizing tensorial fields is a challenging task which requires specific
techniques [66, 3, 43]. Fortunately, in the medical field, a well established and mature
imaging modality in MRI is the DTI (diffusion tensor imaging) [33, 63, 41]. Although the
physical principles measured by DTI do not apply in the aforementioned structure tensor
description, this technique acquires a tensor at each measurement location expressing the
Brownian diffusion freedom of a liquid constrained within a voxel. In the simplest form and
in 3D space, the diffusion can be classified in three main categories: (i) linear anisotropy,
found where the water diffusion is restricted linearly (e.g. aligned neuron axons); (ii) planar
anisotropy, at the regions where neurons spread/diverge towards different directions; and
(iii) isotropy, which can be found in pure and unrestricted water regions (e.g. cerebrospinal
fluid). Note that these are not strict categorical classifications. Each one is quantified
by a scalar map computed by analysing the eigenvalues of a tensor [66]. In the case
of composites, despite not acquiring the tensor directly, applying some of these already
established techniques in the medical field can be deemed of great value for the purpose of
composites analysis.
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(a) A stressed glass fibre composite with cracks. (b) Several layers of glass fibre fabric.

(c) Carbon fibres (smaller, less contrast). (d) Individual carbon fibres (synchrotron light).

Figure 1.11.: A diverse set of µCT slices combined with different specimens: glass (top
row), and carbon (bottom row). (d) Was acquired with synchrotron light due
to the small pixel size (in the order of nanometres).

1.3 Objectives

The purpose of this thesis is researching and developing methods, algorithms and tools for
the analysis of composite materials. Its nature requires advanced and specific techniques in
order to achieve an understanding and ultimately lead to an improvement of the mechanical
properties, characteristics, or features. While these goals can be tackled in multiple ways, a
common and established way is the employment of non-destructive means such as the µCT
technique which is capable of individually imaging each fibre in a specimen. In that regard,
our goal is to analyse these vast amounts of information with explainable approaches which
are controllable and understandable by an expert operator such as a researcher. Hence,
the author explicitly sets as an objective the avoidance of unsupervised or pure black-box
approaches. Its use would fundamentally undermine and conflict with the aforementioned
principle. These type of tools, loosely referred as “artificial intelligence”, employ techniques
requiring training datasets such as machine learning, neural networks and genetic algorithms,
among others. Despite this, its usage is not totally ruled-out for use cases such as assisting
the user with recommendations or performing automations.„For a successful technology, reality must take

precedence over public relations, for nature cannot be
fooled.

— Richard P. Feynman, PhD
Appendix F

Personal Observations on Reliability of Shuttle
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In the medical sector, the acquisition and processing of volumetric datasets from CT or
MRI modalities is a very common and established practice for human diagnostic purposes.
Despite being a different application, technically, µCT datasets are equivalent acquisitions
from an image processing perspective. For this reason, we want to consider, analyse, and
compare the available tools and its use cases among the medicine professionals in order to
apply some of its key features in the field of materials analysis.

Briefly enumerated, the main pursued goals in this thesis are:

1. Study the usage and features of medical imaging tools dealing with volumetric
datasets.

2. Applying these medical imaging approaches in the field of composite materials.

3. Developing specific methods and algorithms to achieve an understanding of the
composite materials and their implications on mechanical properties.

4. Explicitly pursuing explainability, proper measurements, and avoidance of black-box
approaches.

1.4 Thesis outline
This thesis has been organized in six chapters. After the introduction, motivation, preliminary
concepts, objectives, and the outline herein described, the following chapters describe the
contributions in an orderly manner conforming a continuum of concepts building upon the
foundations set by the previous ones.

In Chapter 2 (Article 1) we present Starviewer, a DICOM viewer developed in C++ which
employs several libraries, among them the VTK (Visualization toolkit) [28]. The viewer
features have been assessed and compared with other viewers using a novel hierarchical
evaluation framework according to the needs of different medical audiences. And the
platform itself and its associated libraries have been a fundamental building block for
Chapter 3 (Article 2) and Chapter 4 (Article 3).

While proven useful for the medical practice, in Chapter 3 we propose extending the
use of Starviewer to the analysis of composite specimens imaged with µCT for its technical
similarities to the datasets acquired with MRI or medical CT. However, these µCT datasets are
larger and their analysis usually requires the employment of specialized tools for extracting
the most relevant information. In that regard we propose a technique to reconstruct fibre
paths (i.e. medial axis) as a simplified polygonal representation for its posterior analysis.

Taking these, in Chapter 4, we propose a novel curvature and waviness measurement method
considering the varying fractality effect depending on the reconstruction sampling in order to
obtain meaningful and comparable values when the acquisition varies. Note that Chapter 3
and Chapter 4 respectively conform a complete image processing pipeline starting from raw
slices to useable measurements.

Finally the overall results are discussed in Chapter 5, and this thesis is concluded by Chapter 6
where the most relevant highlights are emphasized and the future is work presented.

1.4 Thesis outline 11
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A B S T R A C T

Methods: The aim of the paper is twofold. First, we present Starviewer, a DICOM viewer developed in C++with
a core component built on top of open-source libraries. The viewer supports extensions that implement func-
tionalities and front-ends for specific use cases. Second, we propose an adaptable evaluation framework based on
a set of criteria weighted according to user needs. The framework can consider different user profiles and allow
criteria to be decomposed in subcriteria and grouped in more general categories making a multi-level hier-
archical structure that can be analysed at different levels of detail to make scores interpretation more com-
prehensible.
Results: Different examples to illustrate Starviewer functionalities and its extensions are presented. In addition,
the proposed evaluation framework is used to compare Starviewer with four open-source viewers regarding their
functionalities for daily clinical practice. In a range from 0 to 10, the final scores are: Horos (7.7), Starviewer
(6.2), Weasis (6.0), Ginkgo CADx (4.1), and medInria (3.8).
Conclusions: Starviewer provides basic and advanced features for daily image diagnosis needs as well as a
modular design that enables the development of custom extensions. The evaluation framework is useful to
understand and prioritize new development goals, and can be easily adapted to express different needs by
altering the weights. Moreover, it can be used as a complement to maturity models.

1. Introduction

DICOM, that stands for Digital Imaging and Communications in
Medicine, is the leading standard for image data management in
medical applications and is used to capture, exchange, and archive
image data in Picture Archiving and Communication Systems (PACS)
[1]. PACS can be seen as a centralized repository of all medical images.
To diagnose, physicians require a DICOM viewer with features to con-
nect with the PACS in order to retrieve and store images and with other
functionalities to visualize, explore and analyse the information re-
presented in these images [2].

There is a wide variety of privative and open-source DICOM
viewers. Focusing on the latter, their functionalities range from simple
2D or 3D visualizations to more advanced techniques and image pro-
cessing tools to measure the volume of lesions or combine information
from different image modalities, among others. Recently, Valeri et al.
[3] evaluated the most representative viewers for GNU/Linux, Win-
dows, and macOS; beeing the best viewers 3D Slicer [4,5], medInria
[6], MITK Workbench (MITK 3M3 before 2009) [7,8], VolView (cur-
rently deprecated) [9], VR Render (currently deprecated) [10], and

OsiriX [11,12]. More recently, Haak et al. [13] did an evaluation cen-
tering not only on viewing functionalities, but also on platforms and
interfaces. MIPAV [14,15] and Weasis [16] were identified as superior
open-source tools. In the macOS community, the most popular open-
source viewer was OsiriX [11] which is currently a proprietary solution.
However, the last open-source version of OsiriX was forked into several
projects by the community, being Horos [17] the most popular one.

The offer of open-source software is continuously growing in all the
areas of research and practice and also in the medical one. Selecting the
product that better fits the health environment and more specifically
user needs becomes a complex task. In this context, under the premise
that the quality of a software system is largely determined by the
quality of the software process used to build it, capability/maturity
models have been proposed. These can be represented in a two-di-
mensional space where a first dimension represents what is done and a
second one of how well it is done, i.e. the capability/maturity dimen-
sion. These models have a set of levels ranging from the lowest, where
no conception of maturity is defined, to the highest, representing total
capability maturity. To determine the level of a software quality, at-
tributes such as functionality, reliability, usability, efficiency,
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maintainability, and portability are considered. In the healthcare do-
main, several maturity models have been proposed but they are still at
an early stage of development [18–20]. For a review on this topic see
[21] and for a comparison of maturity models on open-source software
see [22]. Unfortunately, no consensus on the aspects or the models that
have to be considered for an evaluation in a specific area exists. This
leads, in some cases, the selection of a DICOM viewer to a process based
on recommendation and past experiences [23,24].

A key point of maturity models relies on the selection of the para-
meters to be evaluated and the grading system used to evaluate them. In
the case of open-source DICOM viewers, different parameters and
grading systems have been proposed to compare them. On the one
hand, there are authors that consider the most important features to be
installation facilities, support, and documentation [25], while others
consider the provided working functionalities more important
[26,3,13]. On the other hand, grading approaches range from the
simplest, where yes/no classification are considered [13,3] to the most
elaborated grading scales [26]. With the aim of satisfying as many
audiences as possible, we propose a fully customizable evaluation fra-
mework with no limits on evaluated criteria and with the possibility to
modify the grading strategy. The framework uses a hierarchical struc-
ture to maintain information grouped in audiences, groups, criteria, and
subcriteria. Weights are assigned for each node and are distributed
across the sibling nodes for each level in the hierarchy. Scores range
from 0 to 1 and are computed as a weighted sum which is propagated to
the upper nodes providing intermediate weighted scores for each level
in the hierarchy. For more details about the calculation refer to Fig. 2,
the actual supporting material spreadsheet, and Appendix B. In this
way, a rapid evaluation of the software can be obtained with more or
less detail depending on the user interests. The proposed framework
cannot be a substitute of a maturity model but a complement to de-
termine the values of parameters required by the models.

Although our framework mainly focuses on technological aspects,
the overall evaluation of free/open-source projects requires the

consideration of other aspects such as production, distribution and
support. Different models to evaluate these factors have been proposed.
Kamseu and Habra [27] presented a three dimensional model where the
development process, the community, and the project are evaluated.
The Qualification and Selection of Open Source Software (QSoS) applies
four independent and iterative steps aimed at defining, evaluating,
qualifying, and selecting open-source solutions based on software sup-
port and technology [28]. The Quality Platform for Open Source Software
(QualiPSo), includes an evaluation framework regarding the trust-
worthiness of open-source projects [29,30]. Sung et al. adapted the
ISO/IEC 9126 standard to free/open-source projects focusing on the
quality of the products [31]. The Evaluation Framework for Free/Open
source projects (EFFORT), is a framework that, once customized for a
specific context, supports the evaluation of product quality, attrac-
tiveness, and community trustworthiness [32,33]. For more details on
these methods see [33]. Note that unlike described methods our ap-
proach focuses on functionalities, audiences and technological aspects
of medical imaging software but not on production, distribution and
support. Therefore, we consider it as a suitable complement to the
described methods and not a substitute.

Besides this introduction, the paper has been structured as follows.
In Section 2, the architecture of Starviewer DICOM viewer is presented,
as well as the proposed evaluation framework and the evaluation pro-
cedure that has been applied to compare different open-source radi-
ological viewers with the proposed one. In Section 3, the main func-
tionalities of Starviewer platform are illustrated and also the results
obtained from the comparison of selected open-source radiological
viewers. The obtained results are discussed in Section 4.

2. Materials and methods

2.1. Starviewer architecture

Starviewer was conceived as an integrable open-source solution for

Fig. 1. Starviewer architecture block diagram.
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DICOM-based diagnosis. To design it we considered fundamental to
support basic and advanced functionalities and also the possibility to
extend the viewer in order to assist specific workflows required by
experts. We designed the three-level architecture illustrated in Fig. 1
and described below.

2.1.1. External libraries
The first level of the Starviewer architecture contains the open-

source libraries used by the platform. In particular, Qt [34] is used as
the development framework, and VTK [35] and ITK [36] for image
representation, processing, visualization, interaction, and rendering.
DCMTK [37] is used to communicate with the PACS and as the primary
choice when reading DICOM files. GDCM [38] is used by the anon-
ymization feature and as a surrogate when reading unsupported
DCMTK image codecs such as JPEG2000 (which is not included in the
free version of DCMTK). ThreadWeaver [39], which simplifies the im-
plementation of multi-threaded asynchronous algorithms using a thread
pool, is used for image loading, PACS queries, downloads, and uploads.
Finally, Breakpad [40] is a library used to create crash reports with
memory dumps that are stored locally and then sent to our servers for
further analysis.

2.1.2. Core
The second level of the Starviewer architecture has two main

components, the core and the core user interface. The Starviewer core is
made of algorithms, common user interfaces, and general purpose
modules that conform the structure which can later be leveraged by the
extensions. It has four main parts.

First, input/output modules and user interfaces consisting of: (i) the
local database, (ii) the PACS connection module, and (iii) the image
loading module.

Second, the extensions engine, that provides some classes and spe-
cifies a structured methodology to extend the program functionalities in

order to satisfy new user requirements.
Third, widgets that can be divided in: (i) 2D widget, focused on vi-

sualizing plain images, slices from volumes, and fusions between series;
(ii) 3D widget, targeting the visualization and rendering of volumetric
datasets; (iii) layouts, whose task is to arrange a set of viewer widgets;
and (iv) hanging protocols, which are a set of user-definable templates
aware of the study context that have rules to decide when a hanging
protocol is applicable, define a layout with custom-sized viewers, and
have sets of rules to determine which contents shall be placed in each
viewer.

Fourth, tools, a wide collection of components that can be associated
with the basic 2D and 3D viewer widgets to add interaction and extend
their functionality. They are used to implement or reuse extension-
specific features and are divided in six categories: (i) navigation tools,
(ii) transfer function tools, (iii) thick slab tool, (iv) localization tools, (v)
drawing tools, and (vi) synchronization tools.

2.1.3. Core user interface
Besides core, in the second level of the architecture there is also the

core user interface. This exposes common features that are not im-
plemented by extensions but are required by them. Its main elements
are: (i) the main window, (ii) the configuration window, and (iii) the study
management window.

2.1.4. Extensions
In the last level of the architecture, there are the extensions. These

make use of the underlying tools, widgets, and the Starviewer platform
in general to develop specialized tools for specific use cases with custom
user interfaces. An extension is implemented when a user requires a set
of functionalities to deal with a determined protocol or situation.
Although the functionalities of extensions are different, for the sake of
simplicity for the user, they usually follow a standard layout pattern
with two distinct regions: a toolbar, with shortcuts to main

Fig. 2. The main blocks of the proposed evaluation framework where several auxiliary columns are hidden for the sake of readability. (a) Audiences, groups, criteria,
and subcriteria are organized hierarchically; the tree structure is drawn automatically from the entered data. (b) The user enters weights in the bold column for each
row in the tree; relative normalized weights and graph bars are automatically computed. (c) Description for each node of the tree. (d) Viewer scores: for each viewer a
set of columns is added; the user enters the score in the “evaluation” column for each leaf node; relative scores and graph bars are automatically computed.
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functionalities, camera options, and tools; and a views area containing a
layout of viewers, which can be 2D or 3D, or other specialized widgets
to display information. A detailed description of how to create an ex-
tension is given in Appendix A.

2.2. The evaluation framework

Usually, software feature comparisons consist in gathering user
needs, representing them as a set of criteria, and grading them fol-
lowing a basic methodology [3,13] or a more complex one which varies
the requirements, adapts the weights, and uses fine-grained criteria
[41,42]. Our evaluation framework expands on some of these ideas
using a very fine-grained tree of hierarchically organized criteria where
related features are grouped and scored. Every node of the tree is as-
signed a weight according to its relative importance in its context
(sibling nodes); weights are automatically normalized at each context
(sibling nodes) to sum 1. Then, each leaf node is evaluated and given an
score in the range [0, 1] being the parent node score the weighted sum
of them.

The proposed framework is presented in Fig. 2 where its main
blocks have been highlighted. By default the evaluator has a template
where the four first columns (see block (a)) represent the levels of the
tree structure, where from left to right, each column represents: (i)
audiences; (ii) groups, a high-level grouping of criteria not meant to be
directly evaluated; (iii) criteria, specific items to evaluate; and (iv)
subcriteria, present when a criterion is finely evaluated. The evaluator
may alter the tree by adding, removing, or rearranging criteria, and
adapting the weights of the rows to express his or her needs. Weights
are presented in block (b). The user enters the weights in the last
column and they are automatically normalized and shown both nu-
merically and graphically in the first and second columns. In addition,
there is a column to enter a textual description of the criteria (see block
(c)). Finally, in block (d), the software products (in our case DICOM
viewers) to be compared are placed. The evaluator enters the score in
the “evaluation” column for each leaf node (criterion or subcriterion),
and the relative score and graph bar are automatically computed. If a
new software solution has to be evaluated, a new group of columns
must be appended at the end.

2.3. The evaluation procedure

2.3.1. Evaluation framework definition
To fill the framework with criteria and weights specific to DICOM

viewers, we restricted our study to functional requirements which
where compiled from: (i) clinical experts feedback; (ii) our knowledge
with the development of Starviewer; (iii) existing literature [3,13,26];
and (iv) a collection of the analysed viewers features. Although they are
equally important, non-functional requirements such as security,
privacy, availability, platform usability, or efficiency were not eval-
uated. However, they can be easily integrated in the framework. To
select functional requirements we evaluated state of the art DICOM
viewers (see Section 2.3.2) and we elaborated a list with their func-
tionalities. We grouped these functionalities in seven groups: (i) tech-
nical features, (ii) archive, (iii) workflow, (iv) visualization and interac-
tion with a volume or set of images, (v) tools, (vi) other modalities, and
(vii) processing features. Then, we collected this information in a survey
and asked radiologists to grade them according to importance in a
range from 0 to 10. The survey includes a question asking the number
of years each respondent has been diagnosing from medical images and
their area of diagnosis. The survey was sent to 25 radiologists of dif-
ferent centers of Catalan Hospitals. From their answers, we created a
first list of criteria and weights which were obtained from the mean
grades. List items were transformed to the evaluation framework cri-
teria. In addition, from the collected information we decided to con-
sider three broad types of audiences: (i) general, which reflects the
common needs of a physician, not exclusively focused on 2D or 3D; (ii)

2D-based audience, that works with plain images like ultrasound,
mammography, and X-ray; and (iii) 3D-based audience whose datasets
are mainly volumetric images from computed tomography (CT) and
magnetic resonance (MRI) as well as more specific nuclear medicine
modalities like positron emission tomography (PET) or single-photon
emission computed tomography (SPECT). In the evaluation, these three
audiences have the same criteria and evaluations, but their weights
have been tuned to more accurately reflect their particular audience
needs.

The filled framework was supervised by a group of experienced
radiologists via personal interviews. They were asked to pinpoint
missing criteria and check and fine-tune the weights. From this process
we obtain the filled evaluation framework presented in Section 3.2.

2.3.2. Selection of viewers to compare
To select the open-source software candidates, a search focused on

viewers for daily clinical practice was carried out. The search was
conducted using: general purpose search engines like DuckDuckGo and
Google; Debian, Fedora, and Ubuntu package archives; specialized
websites like IDoImaging.com [43] and AlternativeTo.net [44]; and
popular code forges like GitHub [45], Bitbucket [46], GitLab [47], and
SourceForge [48].

A list of 54 candidates was produced from which viewers being
unmaintained or not achieving the minimum requirements for daily
clinical practice were discarded. This reduces the list to eleven pieces of
software (Aliza [49], Amide [50], Ginkgo CADx [51], Horos [17], In-
Vesalius [52], medInria [6], MIPAV [15], MITK [8], Slicer [5], Star-
viewer, and Weasis [16]) that were installed in a multi-platform testing
environment with a PACS server for further analysis. After a first
screening, six of them (Aliza, Amide, InVesalius, MIPAV, MITK, and
Slicer), all excellent tools, were discarded because they were more re-
search and processing focused. This leads to the final list with Ginkgo
CADx, Horos, medInria, Starviewer, and Weasis.

Once the viewers to compare were selected and the evaluation
framework was filled with criteria and weights, a group of three experts
with experience on radiological viewers but not involved in the de-
velopment of Starviewer carried out the comparison. The evaluation
was performed taking in consideration the description of each item
combined with the need to provide an individual justification for the
more qualitative items. Each expert carried the evaluation individually;
many items could be evaluated in a boolean fashion, however when this
could not be done a grading between 0 and 1 was used instead. In a
second stage the grades were shared in order to discuss a final con-
sensus.

3. Results

3.1. Starviewer as a platform

Starviewer is developed in C++11 with support from several open-
source libraries: Qt, DCMTK, ITK, VTK, GDCM, ThreadWeaver, and
Breakpad. It is supported in Windows, macOS, and GNU/Linux oper-
ating systems. The source code is available at http://www.starviewer.
org and https://github.com/starviewer-medical/starviewer licensed
under GPLv3+ terms.

Starviewer core is extended with five stable extensions: 2D viewer
(with support for fusion), 3D viewer,MPR (multi-planar reconstruction),
DICOM Print, and PDF. To illustrate their functionalities, some screen-
shots are shown in Fig. 3.

Apart from the stable extensions, there are some experimental ones
that are examples of research focused extensions: (i) diffusion perfusion
segmentation; (ii) edema segmentation, which calculates the volume of
automatically detected lesions in the brain (edemas and hematomas);
and (iii) rectum segmentation. These extensions are not included in
regular compiled binaries, but are available in the source code.
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3.2. Evaluation

The results have to be interpreted as the capability of a viewer to
address specific audience needs. A weighted and fine grained bottom-
up evaluation of the features is performed in order to reduce the bias.
Depending on the audience some needs may be more important than
others. In the presented evaluation we expressed three broad types of
audience that try to mimic the daily clinical practice needs.

The proposed evaluation framework has been implemented in a
macro-free LibreOffice spreadsheet that automatically draws the tree,
displays warnings, and has built-in help, among other advanced fea-
tures. It is available as supporting material, and in https://github.com/
starviewer-medical/dicom-viewers-comparison.

In Fig. 4 the results of the comparison of Starviewer with Ginkgo
CADx, Horos, medInria, and Weasis using the proposed evaluation
framework is presented. For a better comprehension, these results are
shown only up to group level where each value is obtained from a
weighted sum of the scores present at lower levels. The full evaluation
can be seen in the spreadsheet in the supporting material, as illustrated
in Fig. 5, where the “tools” group and the “annotations” criterion have
been expanded.

From Fig. 4 we can observe that for a general audience the best
score is obtained by Horos with 0.78, while Weasis and Starviewer have
a similar score, 0.62 and 0.61, respectively. The worst positions are for
Gingko CADx, and medInria, with 0.43 and 0.38, respectively. Focusing
on 2D users, Ginkgo CADx (0.52) and Weasis (0.68) significantly in-
crease their scores relative to the general audience. The other viewers
show a slight increase, relegating Starviewer (0.63) to the third posi-
tion. Finally, focusing on 3D users, rankings stay the same as in the
general audience, but more 2D oriented viewers, Ginkgo CADx (0.37)

and Weasis (0.56), decrease their scores significantly.
In addition, Fig. 6 shows the summarized results for the general

audience in a graphical form. The right “weights” bar shows the max-
imum possible score for each category, thus helping to see where each
viewer is good or has room for improvement.

4. Discussion

In recent years, open-source software has emerged as a potential
solution to compete with privative products in medical applications.
These products have many similarities in their approach but also pre-
sent great differences in provided features and functionalities. For this
reason, despite the interest from the research and medical community
on open-source products, the lack of clear information about the ad-
vantages and disadvantages of one product over the others, makes their
use in real scenarios quite complex. Aware of this situation, the aim of
this paper has been two-fold. Firstly, we have presented Starviewer, a
new open-source multi-platform DICOM viewer which despite its
ability to satisfy and adapt to daily clinical needs has room for some
feature improvements as described below. Secondly, we have in-
troduced an evaluation framework that reduces the complexity of se-
lecting a viewer that can: (i) be user-configured and adapted to any user
specific scenario, and (ii) be used as a complement to maturity models
or quality evaluation frameworks [33] in order to perform a feature
analysis.

In our case the evaluation carried out presents two main limitations.
Firstly, a reduced set of viewers has been evaluated because the eva-
luation of each viewer in such level of detail takes a considerable effort.
However, with the proposed framework it is easy to add new viewers to
the comparison. Secondly, it is difficult to attain a fully objective

Fig. 3. Screenshots showing several features of Starviewer. (a) 2D viewer with the magnifying glass tool. (b) 2D viewer visualizing a PET-CT with axial, coronal and
sagittal reconstructions in the rows combined with the CT, PET-CT fusion and PET modalities in the columns. (c) 2D viewer showing the reference lines tool with
thick slab enabled; the green lines in the coronal and sagittal viewers show the location of the axial view and its thickness. (d) 3D viewer with clipping planes enabled
and a sidebar to modify the current transfer function and illumination parameters. (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)
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analysis, but the hierarchical evaluation methodology and the different
audiences approach forces the evaluator to perform a bottom-up ana-
lysis that helps to limit the subjectivity when setting scores, weights,
and criteria. Scores were set according to the descriptions, but in some

cases the assessment requires analysing and justifying the pros and cons
of each candidate to set a fair final score, which may introduce some
bias. Regarding weights, they were set following expert radiologists
advice, but in a future work, we will consider making a survey in order

Fig. 4. Summarized results of the comparison of Starviewer with Horos, medInria, Weasis, and Ginkgo CADx considering three different audiences (general, 2D-
based, and 3D-based), and criteria grouped in seven categories. Criteria and subcriteria are hidden for comprehensibility. The final scores for the general audience
(highlighted in red), are the ones we consider more relevant as they are in the most transversally weighted audience. (For interpretation of the references to color in
this figure legend, the reader is referred to the web version of this article.)

Fig. 5. Expanded evaluation results for the “tools” group and the “annotations” criterion. The user can interact to determine the information to be presented.

M. Ruiz, et al. International Journal of Medical Informatics 137 (2020) 104098

6

20 Chapter 2 Article 1

Starviewer and its comparison with other open-source DICOM viewers using a novel hierarchical evaluation
framework



to get better measurable knowledge and contemplate more specific
audiences. Fortunately, all these limitations can be overcome thanks to
the adaptability of this evaluation framework by the end user.

The proposed viewer has been compared using the presented eva-
luation framework with state of the art open-source viewers such as
Ginkgo CADx, Horos, medInria, and Weasis. Criteria have been grouped
in seven categories and weighted according to user perspective.
Focusing on the general audience, which takes into account all possible
features, the obtained results are discussed below.

In the technical group, where aspects such as platform support,
multi-language, and documentation are considered, Starviewer has the
top score mainly due to the completeness of its documentation.
Starviewer provides an extensive user and administrator documenta-
tion where all features and shortcuts are described while many of the
analysed viewers do not provide it.

Regarding the archive category, where network protocols, local
storage, and supported formats are considered, the maximum score is
achieved by Horos, which supports almost all the features. The main
limitations of Starviewer in this group are the lack of WADO support
and its inability to convert from DICOM to non-DICOM formats and vice
versa; for these reasons it is ranked in third position after Ginkgo CADx.

In the workflow group, where we consider features that improve user
experience such as program customization, hanging protocols support,
and synchronization, Horos is again the top-rated viewer mainly be-
cause it is fully customizable. Starviewer follows close in second posi-
tion, being the best in synchronization and study comparison support;
however it lacks a graphical hanging protocol editor.

Visualization is the group where all the 2D and 3D visualization and
interaction features, and DICOM conformity are considered. Horos is
first with great support for most of the criteria. Starviewer obtains a
good score and is placed second, being its main drawbacks the lack of
non-Latin characters support and the absence of full-screen visualiza-
tion and true scaling (display of objects on screen in real size).

In the tools category is where we look for functionalities to measure,
annotate, and comprehend datasets. Horos and Weasis obtain a very
good score, with Horos slightly better due to its ability to undo actions.
Starviewer is ranked third, with its main weaknesses being non-editable
tools, non-savable annotations, and the lack of key image notes support.

In the other modalities group, where support for non-image mod-
alities like structured reports and encapsulated documents is evaluated,
the best score is achieved by Weasis thanks to its support for all special
modalities. Starviewer is fourth because it only supports encapsulated
documents.

Finally, in the processing group, which evaluates features that per-
form a complex analysis and usually generate new series, the top po-
sition is for medInria thanks to its extensive support for almost all the
considered criteria. Starviewer obtains a bad score in this category with

only some points in the segmentation criterion through the “magic ROI”
tool, putting it in fourth position.

Focusing in the 2D-based audience, Weasis greatly increases its
score ascending to the second position after Horos, which remains first.
The main reason are the changes of the weights in the visualization
group, where criteria that do not make sense in 2D, such as thick slab,
MPR, fusion, and 3D, have their weights set to zero, thus increasing the
relative weights of the other criteria.

Similarly, for the 3D-based audience, the weights of visualization
criteria have been adjusted by increasing the ones that are more im-
portant for 3D datasets exploration. In addition the weight of the pro-
cessing group has been slightly increased. In this case the positions stay
the same as for the general audience but Weasis and Gingko CADx have
significantly lower scores due to their lack of 3D support.

In our evaluation medInria has the lowest score. This is due to the
fact that although it is an excellent processing tool it is not suitable for
the daily clinical practice. From this evaluation we have seen that Horos
is the best viewer overall, however it is only available for the macOS
platform. In second position comes Starviewer, which despite having
less features than Horos, is still a good viewer for daily clinical needs
and has the advantage of being multi-platform. In addition, Starviewer
is modular and extensible, thus new extensions and functionalities can
be quickly developed according to user demands. This is a technically
relevant characteristic to be taken into account, although it has not
been considered in the evaluation because it is not as relevant from the
end user perspective. Other viewers that have not been evaluated, like
MITK [7] or 3D Slicer [4], provide specific APIs to manipulate and
extend functionalities. In contrast, Starviewer extensions operate di-
rectly using VTK, reducing the degree of abstraction and enhancing
VTK-based code portability.

From the aforementioned analysis, one can conclude that
Starviewer main advantages are technical documentation, productive
workflow, and extensibility. Main disadvantages are lack of WADO
support, DICOM conversions, lack of hanging protocol editor, Unicode
character support, non-editable tools, key image notes and lack of
special modalities like EKG. All those shortcomings will be addressed in
our future developments.

We are conscious that medical imaging software paradigm is
changing to software-as-a-service where solutions run in the cloud.
However there are still certain technological issues that need further
development to provide the advantages of desktop applications [53].
On the one hand, implementing certain features such as interactive
oblique reconstructions and 3D volume rendering on the client side
require that all the images are available in the client memory and that
requires powerful enough hardware to perform such operations, thus
negating the advantage of requiring only cheap thin clients. On the
other hand, if these and other features are implemented on the server

Fig. 6. Graph showing the summarized results of the comparison of Starviewer with the other viewers for the general audience. The right “weights” bar shows the
maximum possible score for each category.
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side, the viewer is highly dependent on and limited by the network
bandwidth, latency and stability. In addition, a high client concurrency
can lead to performance degradation in the server [54]. For these
reasons, we consider that Starviewer can be of interest to the health
community.

Summary points

What was already known on the topic:

• DICOM viewers are essential in many clinical processes, either to
diagnose, plan operations, or follow up the evolution of pathologies.

• The interest in open-source DICOM viewers has increased con-
siderably.

• Selecting the DICOM viewer that better fits user needs can be a
complex task.

What this study added to our knowledge:

• A new open-source multi-platform DICOM viewer that supports
main needs of image diagnosis experts and the creation of custom
extensions for specific workflows.

• An adaptable evaluation framework that considers different audi-
ences and criteria weighted according to user needs and that can be
used as a complement to maturity models and quality evaluation

frameworks.

• An application example where Starviewer and state-of-the art open-
source DICOM viewers are compared.
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Appendix A. Workflow to create a Starviewer extension

Focusing on final users, the main advantage of Starviewer is the possibility to create custom extensions for specific workflows. Currently,
Starviewer only supports extensions as static libraries, thus one needs to be able to build Starviewer from source. Once the build environment is set
up, creating an extension is very simple as illustrated in the following example.

Extensions must be placed under the src/extensions directory, and there are three possible directories to choose from: (i) main, intended for
official stable extensions; (ii) contrib, intended for stable third-party contributed extensions; and (iii) playground, intended for unstable or
experimental extensions. Thus, the example extension is a nice fit for playground.

The workflow to create an extension can be summarized in four steps: (i) create the extension subproject; (ii) create the bare minimum classes,
including the UI; (iii) generate the translation files and add them to a resource file; and (iv) implement the actual functionality for the extension. Now
we will extend on each of these steps.

Note that in this section we will include only a few code snippets which have been simplified for the sake of readability, omitting include guards,
include directives, namespace declarations, and safety checks, and occasionally merging header and source files. Full code listings can be found in
the appendix and in the supporting material.

A.1 Extension subproject

The first step is creating a subproject for the extension. We have to create a directory called example under src/extensions/playground.
Inside this directory we must create a qmake project file named example.pro with this content:

EXTENSION_DIR = $$PWD
include(../../basicconfextensions.pri)
Finally, we have to add a reference to this new subproject in parent projects. Specifically, we must add example to the SUBDIRS variable in

src/extensions/playground/playground.pro and the PLAYGROUND_EXTENSIONS variable in src/extensions.pri.

A.2 Minimum code

The bare minimum code required for an extension consists of the main extension class and a special class that is used by the core to initialize the
extension.

All new files from now on will be placed inside the example directory.
By convention, all UI classes start with a ‘Q’ and all the code is placed in the udg namespace.
First, we create an UI file named qexampleextensionbase.ui which, for now, is just a QWidget containing a QLabel with the text

“Example”. We name the main widget “QexampleExtensionBase”, and may be created using the Qt Designer graphical editor or the integrated
one inside Qt Creator.

Then we create the main extension class named QExampleExtension which inherits QWidget publicly and Ui::QExampleExtensionBase
privately. The latter is generated by uic, the Qt UI compiler, from the previously created .ui file. This class has just a constructor that calls
setupUi(this).

Now, we need to create a special class named ExampleExtensionMediator. It is a subclass of ExtensionMediator and must implement
two methods to initialize the extension and to give it a unique ID. In the header file, we also need to create a static instance of InstallExtension
to make the extension known to Starviewer. This is all done in the following snippet:
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Finally, we add both classes and the UI file to the project file example.pro.

A.3 Translations

Translation files must be generated and added to the project, even if they are empty. To generate these files we have to execute lupdate
example.pro from the example directory; this will create a few .ts files. Then, we create a resource file example.qrc that includes the
compiled translations (which will be created during the build from the .ts files, with the same names but with the .qm extension) under the prefix
”/extensions/ExampleExtension”. The last part of the prefix must match the ID given in the extension mediator. Finally, we add the resource
file to the RESOURCES variable in example.pro.

After this step, we can build Starviewer and try the new extension, as illustrated at Fig. A.1(a). It can be launched by selecting Example in the
Visualization menu after opening a study.

A.4 Adding functionality

Having a minimal extension working, the next step is adding actual functionality to it. In this example we will add a 2D and a 3D viewer. Viewers
can be added in the graphical editor as QWidgets and then promoted to Q2DViewerWidget and Q3DViewer, respectively.

Then we add a setPatient method to QExampleExtension with the following code:

Finally we call this method from ExampleExtensionMediator, getting the patient from the ExtensionContext:
exampleExtension- > setPatient(extensionContext.getPatient());
If we build and launch the extension in this moment, we can already see both viewers showing the first series of the opened study, as seen in Fig.

A.1(b). Both viewers allow to independently change the series using the right click menu. The 2D viewer allows changing slices with a slider, but the

Fig. A.1. Screenshots of the Example extension (a) containing just a label and (b) having a 2D and a 3D viewer.
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3D viewer does not support any interactions yet.
To add interactions to the viewers, we need to register and activate several tools in each one. This is done with the help of a ToolManager. Since

each viewer will have a different set of tools, we will need separated ToolManager instances for each one.
We add the new code to the extension's constructor:

If we rebuild and launch the extension again, we can try the new features. In the 2D viewer we can zoom while holding the left button, pan while
holding the middle button, adjust the window level or VOI LUT while holding the right button, and change slices with the keyboard arrows and the
mouse wheel.

In the 3D viewer we can zoom while holding the left button, pan while holding the middle button, and rotate the image while holding the right
button.

Appendix B. Score calculation

The motivation of this appendix is to explain with detail how the actual scores are calculated following the reduced but complete example of
Fig. 2.

Note that the actual spreadsheet has many more (hidden) intermediate columns that propagate values up and down in order to accomplish the
tree-like structure calculations.

First of all we have to define some concepts: (i) nodes, which are rows, and must have a weight; (ii) leaf nodes, which are rows without children
nodes, are the only directly evaluated items for each analysed software, and their scores always correspond with the evaluation; and (iii) container
nodes, which have children nodes, are never directly evaluated, and their score is the weighted sum of their direct children scores.

The columns in bold are the ones to be considered user editable. Almost all numeric columns have values ranging from 0 to 1; being an exception
the weights editable column, that may take any positive number. Then, for each sibling, all weights are summed and normalized to a 0 to 1 range that
is placed in the relative norm. w. column. The sum of relative norm. w. across all siblings is exactly 1. The reason behind this methodology is to make
the weight setting process more easy and natural.

Container nodes scores are computed recursively, starting from leaf nodes and ascending up to the root node, according to the following process:
(i) each rel. score of each analysed software is multiplied by the relative norm. w.; (ii) each rel. score of each direct child is summed; and (iii) the result
of the summation is the rel. score that the container node takes.
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Graphical Abstract

Abstract

A method for reconstructing polygonal paths of fibres in reinforced composites imaged using micro-computed tomography
is formally described, implemented and tested. The algorithm has been crafted to be explicable, require no training data and
behave uniformly in all axes or orientations. It consists of four phases: (1) segmenting fibre regions using a scale-dependent
Iterative Difference of Gaussians approach, (2) extracting directionality using the structure tensor minimum eigenvector, (3)
automatically placing the seeds near a set of user-defined restricting surfaces, and (4) tracking fibres using a streamline-based
integration method. The algorithm cost grows in relation to the target fibre diameter and is proportional to the number of voxels
in the input volume. Its behaviour, ability to process very curved fibres, and error have been assessed using both synthetic and
real datasets. The C++ implementation is performant and parallelizable, and produces helpful visualisations to gain insight of
the intermediate and final results.
© 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Current µCT (micro-computed tomography) techniques are able to non-destructively capture precise and detailed
information of materials inner composition, and represent it as a stack of tomographic images that define a three-
dimensional volume [1,2]. The capabilities of this technology have been exploited in the analysis and evaluation
of materials in different applications such as control of manufacturing processes, tensile and compression loading
studies, or evaluation of materials resistance, among others. In these applications, two key processes to be considered
are: (i) identification and reconstruction of individual fibres from the µCT volumetric acquisitions; and (ii) graphical
volume representations alongside the reconstructed data to better evaluate, extract and contextualise information.
Both processes are challenging and have become important focuses of research in the last years.

Centring on the identification and reconstruction of fibres, although visible in µCT images, their correct
identification and quantification is a hard process that requires a specific post-processing. This is generally based
on image processing techniques commonly used in medical science to investigate connectivity and diffusion within
the human brain [3–5]. Particularly, reconstruction of fibres in composite materials is usually performed by first
identifying their centres and then connecting those with the ones of adjacent images to obtain the fibre tracts
throughout the 3D image [6]. Unfortunately, both processes need to face different issues caused by the nature
of µCT volume data such as: limited amounts of pixels representing fibre cross-sections; densely packed fibres
with fuzzy boundaries; and varying sizes, orientations, and curvatures of individual fibres [7]. Proposed strategies
include techniques to overcome these limitations, being in most of the cases designed to support a specific
type of material and imaging technique [8,9]. For instance, Schöttl et al. [10] presented and compared several
segmentation approaches based on layer thickness, fibre orientation angle, and degree of fibre isotropy to separate
each unidirectional tape to analyse the layers individually. They also introduced mapping approaches to transfer
local fibre orientation of each tape layer onto a discrete surface. Those approaches were applied to carbon fibre-
reinforced polyamide 6 (PA6-CF) samples. Sencu et al. [11] presented an algorithm that uses a global overlapping
stack filtering step followed by a local fibre tracking step, both steps based on the Bayesian inference theory, to
efficiently locate the fibre centrelines from carbon fibre reinforced polymer (CFRP) µCT images; the centrelines
are later used to generate micro-scale finite element models (FEM).

There are also approaches based on template matching techniques which require the provision of dictionaries,
i.e. image excerpts of the relevant features to detect. The InSegt [12] tool detects single fibres in µCT images
using a dictionary-based probabilistic method to determine local fibre misalignments. Similarly, Emerson et al. [13]
characterised fibre orientations for unidirectional fibre reinforced polymers, proposing a segmentation method to
accurately extract individual fibres from low contrast µCT scans taking the template matching approach, thus
requiring a predefined training dictionary; later, the detected centres are connected to produce the polygonal fibre
tracking. Likewise, but focusing more on the method efficiency, Amjad et al. [14] proposed an algorithm which
also requires training and complements the approach with image correlation techniques on each 2D slice as the
algorithm proceeds to detect the fibre centres; their method has been tested with uniform and non-uniform volume
spacings. Although being accurate in estimating fibre centres (and thus fibre trajectories), these methods tie the user-
provided dictionaries to a specific imaging configuration and sample features such as the fibre diameter, material,
matrix, etc. While based on template matching, Creveling et al. [7] proposed a method that synthetically generates
fibre-templates from general specifications such as expected fibre diameters and directions. This approach offloads
the user from the laborious task of composing a dictionary. The centres detected at each 2D slice are then connected
and the individual fibres tracked using a Kalman-filter estimator. Their method was applied to segment fibres in
multi-directional fibre reinforced composites. Additionally, a methodology and the datasets necessary for evaluating
the algorithm are produced from synthetically generated µCT slices with respect to a ground truth.

So far, the majority of fibre methods will, among other aspects, require the fibre to: (i) be straight or not have
significant curvatures, (ii) not be coplanar with the acquired 2D slice, or (iii) exist within certain global orientations.
The paradigm of considering a volume as a set of separated slices, is the root cause of those shortcomings. Instead,
when algorithms observe the volume as a single 3D image, the slicing axis (the Z) stops being a special case. For
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Fig. 1. Block diagram of the Phase 1 taking a µCT volume as the input. The ϑM segmentation is bandpass-filtered using the Iterative
Difference of Gaussians filter in order to conform ϑB (overlaid red blobs). Images produced using the cfrp_i17 dataset. (For interpretation
of the references to colour in this figure legend, the reader is referred to the web version of this article.)

instance, Gaiselmann et al. [15] take this approach and connect the polygonal tracks of curved fibres whose medial
axis has been detected using a skeletoning approach applied on the whole volume.

Visualisation of acquired and reconstructed information is also of special interest since graphical representations
can enhance data interpretation. Several authors have developed tools to provide these representations. Fritz
et al. [16] presented a visual approach to explore and quantify features of interest based on transfer functions
in the parameter spaces of specific application scenarios. The applicability and effectiveness of the approach were
illustrated using two specific scenarios: the first focused on steel fibre reinforced sprayed concrete, and the second
on the designation of the microstructure of ductile cast irons with respect to the contained graphite. Bhattacharya
et al. [17] introduced MetaTracts, a tool to interactively explore and visualise fibre bundles and weaving patterns
from µCT scans of carbon fibre reinforced polymers. Their tool was able to generate volumetric representations and
surface models from the extracted fibre bundles. Heinzl and Stappen [18] identified the major tasks regarding visual
computing and analysis in materials sciences alongside simulation and testing techniques. They also reviewed input
data characteristics, direct and derived outputs, visualisation techniques and metaphors used, and interactions of
employed workflows. Weissenböck et al. [19] developed PorosityAnalyzer, a novel tool for analysing and evaluating
pore segmentation pipelines in fibre-reinforced polymers. Recently, Fröhler et al. [20] developed FIAKER, a tool
implementing methods for analysing and comparing the results of fibre reconstruction algorithms. An extension
of the paper [21] analysed and compared different techniques capable of reconstructing curved fibres. From a
commercial standpoint, tools such as, GeoDict [22], VGStudio Max [23], and Avizo Software [24] which employs
cylinder fitting techniques [25,26], provide functionalities to visualise and extract relevant information from µCT
data.

Taking into account the importance of fibre reconstructions and visualisations from the material science
perspective, the aim of this paper is three-fold: (i) present a technique to efficiently and effectively reconstruct
the fibres in a µCT dataset by taking an explainable 3D-based approach instead of the common 2D-based (slice-
by-slice) strategies used by most of the state-of-the-art methods; (ii) integrate it in a framework that offers different
functionalities to explore the input volume as well as the intermediate data produced throughout the method in a
user-friendly manner; and (iii) evaluate the performance of the proposal with real and synthetic datasets.

2. Material and methods

2.1. Fibre reconstruction algorithm

The proposed fibre reconstruction algorithm requires as inputs a µCT volume and a set of user-defined surfaces
which are then fed into a four-phase process resulting in a set of polygonal lines representing the fibres together
with some measurements used in the different graphical representations that give insight into the results.

Before describing the method, some mathematical notation remarks shall be clarified. First, the ϑ function
represents a volume whereas ψ is used when it has been constrained/associated to a volume cutting surface c.
Additionally, a ϕ function may be used when referring to an unspecified or intermediate volume. Function names
may be suffixed in order to group or express the provenance of intermediary functions such as ϑM or ψB. Bold fonts
emphasise which variables or functions return points P, vectors v⃗, or tensors

↔

t . Some functions may be declared
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Fig. 2. Block diagram of the Phase 2 using the ϑB from the previous Phase 1 in order to produce the ϑ v⃗ vector field representing the fibre
directionality and magnitude. Images produced using the cfrp_i17 dataset mapping vector components into RGB colours. (For interpretation
of the references to colour in this figure legend, the reader is referred to the web version of this article.)

with a list of parameters on its subindex; when used a one-to-one assignment between the given values and the
declared parameters is made taking priority over any externally provided default value. Finally, the convolution
operator is represented by ∗ and the tensor product by ⊗.

2.1.1. Phase 1. Detection of voxels with fibre
This phase (see Fig. 1) takes as input a set of rz µCT image slices of rx ×ry pixels in size, which are stored as a

voxel model, i.e. a three-dimensional array of rx × ry × rz positions with an associated intensity value ϑ(P), where
P is a R3 point with (Px , Py, Pz) coordinates, and ϑ is a discrete version of a twice continuously differentiable
function in order to be integrable, differentiable and interpolatable to its values at non-integers [27,28]. To ease the
comprehension, it is assumed that intensity values are normalised to the [0, 1] range and floating point arithmetic
is used, although the implemented algorithm allows the use of integer data types which improve the computation
performance and optimise memory usage if numeric overflows and precision are kept under control.

To identify the voxels containing fibres, segmentation techniques can be applied. However, under the scope
of materials analysis, aspects such as noise, blurred boundaries or multiple fibres lying on a common voxel
make segmentations challenging and thus special techniques are required [8,9,13,15]. Among them, thresholding
techniques are a common approach to separate the different regions in a volume according to their voxel
intensities [29,30]. In our proposal, a non-binary threshold defined like a transfer function (TF) is applied with
the intent to preserve as much information as possible by having a fuzzy boundary, a smooth transition, between
the inside (i.e. region with fibre) and outside classifications. Otherwise small intensity variations produced by
noise become determinant when a voxel is inevitably assigned in one of the two categories. Those random
artefacts increase the gradient magnitude artificially thus negatively impacting the subsequent Phase 2 where fibre
directionality is determined.

TF(x) =

⎧⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎩

0 if x ∈ (−∞, a)
x−a
b−a if x ∈ [a, b]

1 if x ∈ (b, c)
−x+d
d−c if x ∈ [c, d]

0 if x ∈ (d,+∞)

(1)

Our one-dimensional transfer function TF(x) (Eq. (1)) has four user-adjustable parameters a < b < c < d which
define the thresholds and transition smoothness. The (−∞, a), (d,+∞) intervals represent the outside (black) values
clamped to 0; the (b, c) interval represents the inside (white) values clamped to 1; and the [a, b], [c, d] ones define
a linear interpolation between the [0, 1] and [1, 0] clamping values respectively. When each voxel represented by ϑ
is mapped through the TF, a new ϑM function (Eq. (2)) representing the probability of each voxel to be considered
fibre is obtained.

ϑM(P) = TF(ϑ(P)) (2)
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A. Julià, M. Ruiz and I. Boada Computer Methods in Applied Mechanics and Engineering 394 (2022) 114898

Fig. 3. Block diagram of the Phase 3 where given a set of user defined cutting surfaces (three in this example), a set of seeds (yellow
triangles) at the fibre centres is produced. Images produced using the cfrp_i17 and Creveling et al. [7] (round) datasets. (For interpretation
of the references to colour in this figure legend, the reader is referred to the web version of this article.)

The user can interactively evaluate and visualise ϑM ; if the result is not satisfactory enough, optionally, a low-
pass, band-pass or high-pass frequency filter can be applied on the input ϑ to, among other things, filter high
frequency noise in exchange for an improved dynamic range. Then, the TF is reapplied, readjusting its parameters
if necessary.

gσ (x) =
1

√
2πσ 2

e−
x2

2σ2 (3)

These filtering techniques take an unspecified input volume ϕ(P) and convolve it using the Gaussian distribution
gσ (x) (Eq. (3)) in order to define a new Gϕ,σ (P) (Eq. (6)) function representing a blurry volume. Additionally, when
two of them are subtracted (Eq. (4)), the Difference of Gaussians band-pass filter DoGϕ,σ1,σ2 is obtained.

DoGϕ,σ1,σ2 (P) = Gϕ,σ1 (P) − Gϕ,σ2 (P) (4)

These convolutions are approximated using finite kernels whose size is linearly bound to the σ parameter, but, in
our implementation, the size is governed by a four parameter {q, s, hx , h y} user-configurable equation KFactor(σ )
(see Eq. (5a)), whose application and ceiling to the final kernel size takes place at K (σ ) (Eq. (5b)).

KFactor(σ ) = q e−

ln
(

s+q
s+hy

)
σ

hx + s, ∈ R+ (5a)

K (σ ) = ⌈KFactor(σ ) σ⌉, ∈ N+ (5b)

The KFactor(σ ) function exhibits an exponential behaviour (q) for smaller σ , a linear one (s) for bigger σ ,
and a control point (hx , h y) smoothly separating the two behaviours. In this way, one can improve the quality of
smaller kernels by proportionally considering more discrete neighbours without impacting the performance of bigger
convolutions.

Gϕ,σ = ϕ ∗ gσ (6a)

Gϕ,σ (P) ≈

∫
K (σ )

−K (σ )

∫
K (σ )

−K (σ )

∫
K (σ )

−K (σ )
gσ (∥U∥) ϕ(P − U) dUx dUy dUz (6b)

While ϑM segments the regions with fibre, it still has noise, sharp boundaries and almost no gradual gradient
towards the fibre medial axis. These limitations are overcome by applying the Iterative Difference of Gaussians
(IDoG) filter (Eq. (7)). Starting from an initial ϕ volume function, the filter proceeds by: (i) applying DoGϕ,σ1,σ2 (see
Eq. (4)) on the current iteration ϕ function; (ii) discarding the negative values (absolute value); and (iii) repeating
the process (feeding the result back) n times until the trivial case IDoG0 is reached and thus ϕ(P) returned.

IDoGn,ϕ,σ1,σ2 (P) = IDoGn−1,ϕ′,σ1,σ2 (P), ϕ′
= |DoGϕ,σ1,σ2 | (7a)
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Fig. 4. Block diagram of the Phase 4 where given the vector field ϑ v⃗ from Phase 2 (coloured arrows) tracks the fibres starting from Phase
3 seeds (yellow triangles) by resolving each Q (blue points), flipping the vectors (semi-transparent arrows) if necessary. Images produced
using the cfrp_i17 dataset. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of
this article.)

IDoG0,ϕ,σ1,σ2 (P) = ϕ(P) (7b)

Experimentally, it has been observed that from 1 to 3 iterations suffice to filter and shape the fibres of interest.
Eq. (8) applies the described technique over ϑM , to produce a new ϑB. This type of filtering is commonly used
in medical imaging to enhance vessel structures [31] as those are scale dependent and the blobs (i.e. fibres) outside
the target size have their magnitude reduced, which (in addition to the filtering benefits) may serve to indicate the
deviation form the target diameter.

ϑB(P) = IDoGn,ϑM,σ1,σ2 (P) (8)

2.1.2. Phase 2. Determining fibre direction
The goal of this phase is to determine the local fibre directionality at any position in the volume. While for

2D images the gradient vector field rotated by 90◦ could fit this purpose, it is unsuitable for higher dimensions
as it would only restrict the directionality within the hyperplane. For this reason, the more advanced structure
tensor [32,33] technique commonly used in material analysis [27,27,34–36] is required.

As illustrated in Fig. 2, this step begins by taking the ϑB as the input in order to produce a gradient vector field
ϑB⃗ (Eq. (9)) estimated using a 5 × 5 × 5 3D Scharr kernel [37] which is optimised to achieve a high level of
precision and rotational invariance.

ϑB⃗(P) =

[
∂ ϑB
∂x (P), ∂ ϑB

∂y (P), ∂ ϑB
∂z (P)

]
(9)

From this ϑB⃗, a symmetric rank-2 structure tensor field ϑ
↔

B expresses the gradient distribution around a finite
Gaussian convolution window of K (σ ) voxels as described by Eqs. (10) and (11).

ϑ
↔

b(P) = ϑB⃗(P) ⊗ ϑB⃗(P) (10a)

ϑ
↔

b(P) =

⎡⎢⎢⎣
∂ ϑB
∂x (P)

2
· · · sym

∂ ϑB
∂y (P) ∂ ϑB

∂x (P) ∂ ϑB
∂y (P)

2 ...

∂ ϑB
∂z (P) ∂ ϑB

∂x (P) ∂ ϑB
∂z (P) ∂ ϑB

∂y (P) ∂ ϑB
∂z (P)

2

⎤⎥⎥⎦ (10b)

ϑ
↔

B = ϑ
↔

b ∗ gσ (11a)

ϑ
↔

B(P) ≈

∫
K (σ )

−K (σ )

∫
K (σ )

−K (σ )

∫
K (σ )

−K (σ )
gσ (∥U∥) ϑ

↔

b(P − U) dUx dUy dUz (11b)
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Fig. 5. Effect of altering σ1 and σ2 (y axis) of an IDoG filter (grouped by iterations) when the fibre diameter (x axis) varies. To allow a
meaningful comparison, intensities are scaled within [0, 10] range (blue to red). Images produced using Creveling et al. [7] datasets. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 6. An idealised fibre, with a tensor at the boundary and a cube representing the convolution kernel, alongside the effect on tensors at
an unreachable K (σ ) distance (a).

Then, when each tensor voxel is eigendecomposed (diagonalised) using the Jacobi method [38,39] its λmax,
λmid, λmin eigenvalues, and êmax, êmid, êmin unitary eigenvectors can be extracted and the respective ϑλmax(P),
ϑλmid(P), ϑλmin(P), ϑ êmax(P), ϑ êmid(P), and ϑ êmin(P) functions produced. From these, other supplementary volumes
expressing morphological features of the tensor [40,41] can be generated in order to examine aspects such as the
tensor diffusion (Fig. 7) among others (Fig. 8(a)).

The relevant fibre orientation information for the posterior steps is in the ϑ êmin(P) unitary vector field function
which corresponds to the direction of least gradient (collinear with the medial axis) as illustrated in Fig. 6.

ϑ v⃗(P) = ϑB(P) ϑ êmin(P) (12)

This phase ends scaling the unitary vectors by ϑB in order to produce the final vector field ϑ v⃗ where the
magnitude increases as a fibre medial axis is approached (Eq. (12)).

2.1.3. Phase 3. Seed definition
A common need of fibre tracking algorithms is the provision of seeding points from which each tracking

emanates. In our case, seeds are automatically placed near a set of m user-defined cutting surfaces C = {C1, . . . ,Cm}

(Fig. 3). From each cutting surface c an undetermined amount of k seeds S = {S1, . . . ,Sk} will be computed as
follows. Each cutting surface defines a ψMc (Eq. (13)) volume function where only the locations P around a
distance Θ from the surface have a non-zero return value; thus producing a thin volume with short cylindrical
fibres when Θ is set to the target fibre diameter. Moreover, ψMc is able to suppress nearby regions whose local
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Fig. 7. The effect of varying the kernel size (a, b) on the tensor diffusion (c) mapped as follows: linear anisotropy (red), planar anisotropy
(green), and isotropy (blue). Images produced using the scaphandre synthetic dataset. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)

fibre directionality ϑ êmin is not collinear with the closest surface normal. This filtering is performed using the dot
product and exponentiating the result by a factor η to provide a continuous user-adjustable tolerance parameter. The
closest normal from a P location with respect to an arbitrary c surface is resolved by a Φ⃗c(P) function, which will
produce an invariant result if c is flat.

ψMc(P) =

{
ϑM(P)|Φ⃗c(P) · ϑ êmin(P)|

η
dist(P, c) ≤ Θ

0 dist(P, c) > Θ
(13)

However, a similar issue as in Phase 1 arises: the cylindrical fibre sections in ψMc are not smooth nor spherical.
For this reason, a ψBc function (Eq. (14)) turns those sections into blobs with a rising intensity towards its centres
by applying the IDoG filter (Eq. (7)) over ψMc.

ψBc(P) = IDoGn,ψMc,σ1,σ2 (P) (14)

This smoothness leads to a gradient peak at the blob centre which is detectable using a non-maximum suppression
step, or, alternatively, if the blobs are clearly separated from each other, by computing the centre of masses using a
region-growing method which further improves the precision to sub-voxel locations. Finally, for each c surface the
corresponding set of seeds {S1, . . . ,Sk} is made from the R3 coordinates detected at the centres which: (i) have a
scalar value above a certain user-defined threshold; and (ii) are separated by a minimum distance usually linked to
the target fibre diameter in order to discard some occasional close peaks duplicates.

For the sake of simplicity, our current implementation assumes planar surfaces which are interactively placed
and oriented by its normal vector and origin. Briefly summarised, the ψMc (then morphed into ψBc) requires the
underlying volume ϑM to be affine transformed (resliced) in order to have its Z axis match the surface normal.
The different miniatures in Fig. 3 are examples of these transformations; and although complex to implement, they
are performant as only a small and thin portion of the whole dataset has to be considered.

2.1.4. Phase 4. Fibre tracking
Starting from every seed s, this last phase creates fibre tracks by integrating the vector field ϑ v⃗ numerically,

but employing a slightly modified interpolation methodology. Formally, for each seed s obtained from the previous
Phase 2, an associated path of points (i.e. fibre tracking) F = {Q1, . . . ,Qi , . . . ,Qn} conforms a list of n − 1
segments. Every Qi is computed like a particle travelling on the steady vector field ϑ v⃗ using a numeric method
such as RK2, RK4, RK4.5 [42,43] and evolving as follows: (i) from a Qi location, the local field directionality is
evaluated; (ii) a small advancement in that particular direction is made; (iii) a new location Qi+1 is found; and (iv)
the process is systematically repeated to integrate a full trajectory.

Unfortunately, as illustrated in Fig. 4, ϑ v⃗ cannot be straightforwardly integrated since at some orientations, the
interpolated sum of collinear and randomly signed vectors will net in a non-collinear sum escaping the real fibre
trajectory (see turquoise and purple arrows). This issue emerges on RGB mapped vector volumes ϑ êmin or ϑ v⃗ in
Figs. 2, 10, and 7 as alternating colour patches.

flip(v⃗, D⃗) =

{
v⃗, if v⃗ · D⃗ ≥ 0
v⃗(−1), if v⃗ · D⃗ < 0

(15)
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Fig. 8. The 2D interface (a) displaying some of the intermediate volumes of the bundle synthetic dataset alongside the 3D visualisations in
(b) where one cutting plane is shown and the fibres are coloured according to their reason for termination. (c) The results produced using
the real cfrp_i17 dataset. (d) The centre-of-mass point clouds and seeds using the 17px Creveling et al. [7] dataset. (For interpretation of
the references to colour in this figure legend, the reader is referred to the web version of this article.)

To tackle this ambiguity, a reference vector D⃗ taken from the previous step is fed into a ϱ function (Eq. (16))
which interpolates the eight discrete samples around a P location as given by ϑ v⃗(P) with P ∈ N3. Before adding
them all, these eight vectors may be flipped according to the flip(v⃗, D⃗) function (Eq. (15)) in order to cohere with
the reference vector D⃗ sign. At each iteration, D⃗ is updated; and as it can be safely assumed that fibres will never
take a very sharp U-turn in a single step distance, then critical cases such as curls (see Fig. 10) are seamlessly
handled as they traverse those problematic regions. Initially, without any previous step to refer, D⃗ takes the vector
value from the nearest discrete sample of ϑ v⃗ around the seed.

ϱ(P, D⃗) =

⌈Px ⌉∑
Ux =⌊Px ⌋

⌈Py⌉∑
Uy=⌊Py⌋

⌈Pz⌉∑
Uz=⌊Pz⌋

weight(P − U) flip(ϑ v⃗(U), D⃗), U ∈ N3 (16)

Additionally, for each Qi point, extra attributes such as field magnitude, rotation, vorticity, etc. can be associated;
and, for each fibre as a whole, attributes such as the reason for termination can be specified. The most common
ones are: (i) the volume domain has been escaped, (ii) a maximum path length is reached, (iii) a maximum number
of steps is achieved, or (iv) stagnation occurs because the field magnitude is below a certain threshold. Figs. 8(b),
and 10 illustrate some of those circumstances.

2.2. Visualisation framework

The proposed approach has been integrated in a visualisation framework implemented in C++ in the Starviewer
platform [44] with the support from several open-source libraries, the main ones being Qt [45] and VTK [46]. As
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Fig. 9. Steps necessary to convert our fibre tracking results to a suitable Z-sliced point cloud comparable against the respective ground truth.
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

illustrated in Fig. 8 and Supplementary Material 5, the user interface can be divided in two parts: the configuration
side panel and the visualisation area. The first, although complex, contains several aids such as integrated help
tips and automatically computed parameters derived from a more general one (i.e. “link to” checkboxes). Briefly
summarised, the essential configurations are: (i) parameters of the fibre transfer function, (ii) target fibre diameter,
(iii) IDoG iterations, and (iv) placement of seeding surfaces.

The other part, the visualisation area, provides graphical representations of the information obtained from the
input model at different steps of the process. In this way, the user can interactively explore the fibres with respect to
a rendered volume, supervise the seed placement, explore the intermediate volumes, and visualise the fibre tracking
attributes among other tasks. Such interactions provide insight of the input model and ultimately lead to a better
definition of the algorithm parameters.

2.3. Experiments and testing datasets

The proposed method has been tested using several synthetic and real datasets. To evaluate the error, the synthetic
models created by Creveling et al. [7] have been used as they provide a total of 12 cases along its ground truth
data consisting of: three straight fibre orientations on the Z axis and four scaling levels to produce the different
diameters (4.1px, 8.8px, 14.4px and 17.0px). While the comparison and error measurement could be performed
using tools such as FIAKER [20], we opted for the ad hoc approach in Fig. 9 which converts our 3D fibre results
(grey points) to a regular Z-sliced point cloud (blue points) which can be seamlessly matched (connecting segments)
against the closest points in the Creveling et al. [7] ground truth coordinates (green points). Note that due to the
filtering nature of our seeding methodology, some fibres on the ground truth data shall be discarded if they are at
an unrealistic distance away in relation to the fibre diameter (grey dashed lines). The actual C++ implementation
of the comparison method and results accompanied by the 3D VTK data necessary to visually inspect the paired
points is accessible at Supplementary Material (1).

Four synthetic datasets named twisting, scaphandre, bundle and braid exhibiting different combinations of
curvatures with severe amounts of noise have been created in order to assess the method behaviour under these
complex scenarios. Alongside their corresponding ground truth, they are made available in Supplementary Material
4.

Finally, three real µCT models alongside their execution results are provided in Supplementary Material 3.
Unfortunately as there is no ground truth to compare against, a more subjective validation methodology as described
in Section 3.2 had to be employed. The [47] datasets offer a sharp fibreglass case (leuven glass) alongside a noisy
carbon one (leuven carbon). The third cfrp i17 dataset, acquired with the European Synchrotron Radiation Facility’s
ID19 Beamline (ESRF, Grenoble) at 26 keV, with a pixel size of 650 nm, contains three main fibre orientations,
and a more challenging set of features and defects.

3. Results and discussion

In this section the different aspects of the proposed method have been evaluated by: (i) assessing the behaviour
on edge-cases; (ii) quantitatively determining the error against a ground truth; and (iii) analysing the key parameters
affecting the computation cost.
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Fig. 10. Example of the method behaviour using the twisting synthetic dataset. Seeds (solid yellow) are only placed if they are collinear with
the cutting surface (dashed red). Only the selected subset of fibres is tracked using the vector field ϑ v⃗. (For interpretation of the references
to colour in this figure legend, the reader is referred to the web version of this article.)

3.1. Method behaviour

The first aspect to note is that our algorithm, unlike two-dimensional or slice-dependent approaches [7,11–
14], considers the input as a whole volume where all dimensions and orientations shall be treated equally. To
properly assess our disregard with respect to a slicing axis (usually Z), twisting, scaphandre, bundle and braid
synthetic datasets were employed. Putting aside the assumption that physical fibres do not merge nor bifurcate,
Fig. 10 illustrates the method’s ability to reconstruct the path of two closely whirling fibres. While these may
be an exaggerated example, slight curvatures can be observed in the real cfrp i17 dataset, an aspect not present
in the perfectly aligned Creveling et al. synthetic datasets. However, in order to achieve this, the fibre tracking
(Phase 4) has to be fed with a quality vector field ϑ v⃗ also respecting those principles. In order to achieve this,
the volume is observed as a valuable signal to process using analogue-like filtering principles implemented over
digital means with the aim to maximise the signal-to-noise ratio. These, in addition to behaving in predictable ways,
when performed 3D-wise, consider the information between neighbouring slices instead of obliviating it as some
of the aforementioned approaches do. This processing is performed using Gaussian convolutions and Scharr [37]
gradient estimators in order to behave in all directions uniformly and achieve rotational invariance. At the same time,
another side benefit of Gaussian filters is their selectivity effect towards a particular fibre diameter (i.e. frequency)
as illustrated for the IDoG case in Fig. 5. The values of each σ can be bound to particular target size (Eq. (17)),
and the tolerance adjusted according to the number of iterations.

σ1 =
diameter

3
σ2 =

diameter
6

(17)

A second phenomenon to consider is when the tensor field ϑ
↔

b components are convolved with their neighbours
in order to produce ϑ

↔

B. In this particular case, the kernel dimensions as dictated by K (σ ) can make the otherwise
low significance samples relevant when determining the orientation of the unitary êmin eigenvector field. This effect
is discernible on the diffusion maps in Fig. 7 where the planar isotropy (green) increases with the kernel size even
though the Gaussian distribution σ is kept invariant.

A third aspect to note is that while most cited methods aim to reconstruct all the fibres in a volume; we opted
for enabling the user to restrict the tracking by three main criteria: (i) cutting surface of origin, a user orientable
plane on the current implementation; (ii) amount of collinearity with respect to this surface; and (iii) the minimum
magnitude to sustain through all the fibre before stagnating. These, in addition to other indirect parameters governing
the image processing filters (e.g. fibre diameter, iterations), can be strategically combined to selectively reconstruct
only certain bundles of interest as illustrated in Fig. 10. In this way, a user familiarised with those fundamentals
can properly fine tune the relevant parameters in order to reconstruct datasets with varying circumstances, imaging
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Fig. 11. Absolute (a) and relative (b) error of our approach measured using our synthetic (orange) and Creveling et al. [7] testing datasets.

Fig. 12. Verification of the cfrp_i17 (a) and leuven_glass (b) real datasets against our algorithm output (green) by manually identifying
misplacements (yellow), duplicates (magenta), phantoms (blue), and misses (red). (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)

techniques, and difficult acquisitions (i.e. low contrast, noisy, etc.), which are attainable if the relevant fibre signal
does not mix with under-sampling artefacts (e.g. ring artefacts, non-linearities) at the same frequencies.

We consider all those aspects beneficial compared to more opaque approaches requiring training data. An
explainable behaviour is mainly provided by the use of: (i) common signal processing techniques, (ii) constrained
seed placement at peak intensities, and (iii) the use of fluid dynamics principles (streamlines) to trace the fibre
paths.
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Table 1
Absolute (voxels) and relative (% fibre diameter) errors.

Case � Median Mean Median Mean

±45 4.1 0.45 vx. 0.45 vx. 11.03% 11.07%

45–60 4.1 0.49 vx. 0.50 vx. 11.93% 12.37%

0 4.1 0.37 vx. 0.38 vx. 9.05% 9.16%

±45 8.8 0.18 vx. 0.21 vx. 2.09% 2.38%

45–60 8.8 0.21 vx. 0.24 vx. 2.33% 2.67%

0 8.8 0.13 vx. 0.15 vx. 1.47% 1.71%

synth 11.0 0.56 vx. 0.59 vx. 5.07% 5.35%

±45 14.4 0.24 vx. 0.29 vx. 1.69% 2.01%

45–60 14.4 0.29 vx. 0.33 vx. 2.00% 2.31%

0 14.4 0.22 vx. 0.26 vx. 1.52% 1.77%

±45 17.0 0.29 vx. 0.33 vx. 1.69% 1.95%

45–60 17.0 0.33 vx. 0.38 vx. 1.95% 2.25%

0 17.0 0.26 vx. 0.30 vx. 1.55% 1.74%

3.2. Error

To evaluate the error of the proposed approach, the methodology described in Section 2.3 was applied in all 12
cases of Creveling et al. [7] and our four synthetic datasets in Supplementary Material 4. Fig. 11 summarises the
average displacement error (labels) using boxplots grouped by the average fibre diameter (x axis) and orientation
case (colour). Fig. 11(a) is produced by measuring the Euclidean length of the small line segments between the
ground truth and fibre tracking point clouds obtained with our approach as shown in Fig. 9. The complementary
Fig. 11(b) is crafted to match Figure 9 of Creveling et al. [7] paper and shows the relative error in relation to the
fibre diameter. In those cases, except for the 4.1px one, we have a very useable error of about 2%, which is in par
with [7] results although it can be observed that the absolute error is slightly bigger in the 14.4px and 17px cases at
a steady absolute value of about 0.3 voxels. However, on our four synthetic 11px cases, a greater error is expected
as the ground truth from which the fibres are generated arise from a fuzzy point cloud with at least an error of 1px.
While we cannot attribute an exact reason for some of those fluctuations, at those high levels of accuracy, clearly
below the pixel size, they will in practice be limited by external factors such as the imaging technique, quality,
uncertainty in the measurement, etc. In addition, the small variations in the parameters and settings used may have
also contributed to this phenomenon although they were only linearly scaled to match the average fibre diameter
stated for each dataset. For more details, data, visualisations and code refer to Table 1 and Supplementary Material
(1).

In order to further validate the results when no ground truth is available: a manual classification of the defects
as illustrated in Fig. 12 was performed on the cfrp i17 and leuven glass real datasets. Although not flawless, most
instances were of slightly misplaced fibres (yellow); phantoms (blue), detectable when abrupt turns occur; and
duplicates (magenta) which could be suppressed by eliminating correlated paths at physically impossible distances.
Given these post-filtering abilities, the sensitivity to start a tracking could be increased in order to reduce the amount
of undetected fibres (red). Supplementary Material 3 contains more overlaid slices, including the leuven carbon case
which had to be dismissed as the image quality was not good enough to make a comparable judgement, especially
for misplacements or duplicates.

3.3. Cost

In order to evaluate the cost a set of tests were performed and contrasted with the theoretical expectations. In
that regard, the first aspect to consider is that whole volume convolutions can be characterised by the number
of neighbouring voxels visited for each input voxel. For this reason, the voxel-wise growth is expected to
correlate with the convolution size and not the overall volume size. Note that Gaussian convolutions are performed
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Fig. 13. Growth of the cost when some of the input volume characteristics are held invariant. Creveling et al. [7] datasets were used.

separately for each dimension thus reducing the overall cost significantly. To experimentally test this, and ease the
comprehensibility among all the variables impacting it, experimental results are analysed in relation to the CPU
time dedicated for each voxel (y axis in all plots) because it is independent of the volume size and number of
threads on a particular testing system (in this case a 32-thread AMD ThreadRipper 1950X CPU). For each dataset
under test, the following data was automatically collected: (i) metadata regarding the input size alongside the key
parameters to estimate convolution sizes; (ii) wall time or elapsed period as experienced by the user; and (iii) CPU
time which sums the individual CPU utilisation times across all threads. Fig. 14 summarises and groups all tests
in relation to some of the most important variables: (i) number of fibres tracked (logarithmic x axis), (ii) volume
size in voxels (fill colour scale), (iii) diameter (dot size), and (iv) convolution operations required on each voxel
(border opacity). From these, it can be experimentally observed that the major factor penalising the performance is
the fibre diameter and not the overall volume size, confirming the theoretical expectation.

These facts are better explained by Fig. 13, when Creveling et al. [7] datasets (which have an invariant number of
fibres) are employed to restrict some of the variables. In Fig. 13(a), the scale is varied, and it can be observed how
the number of convolutions required (x axis) alongside the cost (y axis) increases with respect to the fibre diameter
(colour) with little variability between the different orientation cases. On the other hand in Fig. 13(b), where the
scaling is fixed and the overall volume size (x axis) is altered by cropping in the Z direction (collinear with the
fibres) for the 14.4px and 17px cases (colour), a very important fact arises: as the overall volume size grows, the
cost per voxel is kept constant, thus achieving a very desirable linear behaviour.

Under the current testing environment, if the 16 s processing time of the 350 × 350 × 350 cfrp i17 dataset
is extrapolated to an extent of 2500 × 2500 × 1500, provided enough memory, a very reasonable time of 1 h is
projected. Fig. 13(b) labels show the level of parallelism or speedup achieved (limited to a theoretical maximum of
32 in our current setup), and is computed by dividing the CPU time and wall time. However, unlike the computations
performed on a volume per-voxel basis, the stream tracing workload can only be atomised up to a seed level, as
each tracking must be performed sequentially from its initial conditions. Estimating this cost is challenging as
the number of steps required will vary depending on the user-defined restrictions. If no limits are imposed on the
length or number of segments, the computation may never halt. Although the current tracking implementation is
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Fig. 14. Summary of the cost growth using all cases under test in relation to their main characteristics. (For interpretation of the references
to colour in this figure legend, the reader is referred to the web version of this article.)

single-threaded, in a practical scenario the attainable speed-up is very high as the number of seeds will naturally
outnumber the available CPUs; and although memory access to the whole dataset is formally required, the accessions
will follow a locality principle. This pitfall may have negatively impacted the experimental speed-up shown on the
labels of Fig. 13(b) and will be addressed in our future work.

Fore more details refer to Supplementary Material 2 where the data and extra plots are provided alongside a
coloured spreadsheet with the calculations performed to estimate the theoretical number of convolutions required
for each voxel.

3.4. Shortcomings

The presented results have shown good performance and error figures along with robustness when addressing
complex use cases. Although the implementation is feature complete, improvements can be made. For example, the
ability to define a curved surface, or refinement on the automations in order to simplify the overwhelming amount
of parameters and details exposed by default on the user interface. Also, the manually defined planes could be
automatically suggested according to the ϑ v⃗ orientation histogram [28]. These, alongside other restrictions, could
be implemented in order to mandate the traversal of different surfaces, sharing certain sub-paths or correlations with
nearby fibres. While many of the intermediate and final results provide insight on the analysed dataset, some could
be extended or improved. For instance the fibre size attribute associated at each point Q in a tracking is unable
to indicate if it deviates positively or negatively from the estimated diameter. Those values are taken from the
underlying ϑB volume, which is conformed to respond to a given target diameter. To overcome this limitation
a fourth dimension could be added to the volume by making use of scale-space techniques [48,49] which, in
addition to respecting our design principles and plausibly providing a better diameter indicator, could be suitable to
properly address complex cases with different fibre diameters or filtering out undesirable features while preserving
the efficiency by upholding separable convolutions.
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4. Conclusions

In this paper, we proposed a new method for the reconstruction and visualisation of fibres from µCT images
that differs from common state-of-the art methods that process volumes in a two dimensional image-by-image
fashion. Our four-step approach considers the volume as a whole where streamlines and three-dimensional image
processing techniques (mainly Gaussian convolutions) are applied to achieve a uniform behaviour in all axes. First,
it determines the probability of each voxel to belong to a fibre using a transfer function with four user-adjustable
parameters. The obtained mask is then improved by an Iterative Difference of Gaussians bandpass filter producing
a gradual intensity rise from fibre boundaries to its medial axes. Second, using the structure tensor technique, a
vector field representing the directionality of the fibre at each voxel is obtained. Third, given a set of user-defined
cutting surfaces, seeds are automatically placed at the nearby fibre centres collinear with the surface normal. Fourth,
a streamline-based tracking approach reconstructs the polygonal fibre paths starting from the seeds and integrating
through the directionality vector field. The method has been implemented into a framework that provides, on the
one hand, the different interfaces necessary to adjust the numerous algorithm parameters and, on the other hand,
the different visualisations to interpret the results interactively for each step.

The proposed approach has been tested on both synthetic and real datasets. From the tests it has been observed
that, in addition to capitalising on signal-to-noise improvements, common limitations of slice-by-slice based
paradigms such as coplanar fibres on the acquisition plane are seamlessly avoided. In addition, despite facing
an increased complexity arising from the uniform treatment of the third dimension of the volume, the algorithm
performance is good, parallelizable, with a cost growing linearly with respect to the total number of voxels, and
attaining a measured error below 3%. Moreover, key parameters such as the target fibre diameter or the user-defined
seeding surfaces can be strategically combined to selectively process certain bundles.

As a future work, we will focus on reducing required user interaction with the aim to automate and assist some of
tasks without degrading the algorithm explainability doctrine. In addition, we aim to further extend the framework
with different visualisation strategies to enhance data interpretation.
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Appendix A. Supplementary data

Supplementary material related to this article can be found online at https://doi.org/10.1016/j.cma.2022.114898.

(1) error.tar.xz Contains (among other things) the execution results, extra graphs and statistics used to perform
the comparison of our execution results against our synthetic, and Creveling et al. [7] datasets ground truth.
The C++ implementation of the comparison methodology is also included.
1efe7a14eb69b9c5972b4efa6a71bb7beb8a2833ee9eb2e7d0679648a330be76 (SHA256) be02b93daaafd241b4aca12aa72a53ab6440e11b (SHA1)

(2) cost.tar Benchmarks, results, plots and scripts used to characterise the cost of our method.
c5c0bb509044be0ede9a93d0f091c04600c0a3be7caafe24668482d242bc6435 (SHA256) 09bb5fa97b9b7e4773b12c0d29232b985ae95315 (SHA1)

(3) real.tar.xz Contains the execution results and manual validation of our method using the real leuven carbon,
leuven glass [47], and cfrp i17 datasets.
a2cd54a731f606198d02d6a0739a08369fb743da9f92313e582768a47a097c10 (SHA256) 60269a3917347c8d15bad3aa01b0ce39efc34448 (SHA1)

(4) synthetic.tar.xz Contains the twisting, scaphandre, bundle and braid synthetic datasets, alongside their
ground truth and our execution results.
2a5c58c78c64e26e592866564161c2a7fbfb27c0342824fcd5c86fa38b059c67 (SHA256) 0b9dabb209bb11e0f9e02f38141b5015936cd825 (SHA1)

(5) Videos and screenshots of the implemented solution. The .mkv files are encoded in VP9 and contain a subtitle
track with comments. We recommend visualising them with VLC media player.
screencaptures.tar ed1eeacf8118949ecf630043731b282c1b6fd21700fb75aafa26c7392d3fd878 (SHA256) 81fc93def85f981611e4acc9ccdfad23c8143c7b (SHA1)

fhd real.mkv
e02746bae484368515a8e5e0fa0b8ebe28ee7fe421f8dd1a4319ed7fe01dd05e (SHA256) d082dc00a135c118f783efb2184d0874bcc2521a (SHA1)

fhd curved.mkv
ece543e87ba796f610998ad26d80cd118717cea975f50dc27c1845d5cfba3da3 (SHA256) c54e29492aa9b76dfb5984e64d7d0fc6ec0c6dc1 (SHA1)

fhd synthetic.mkv
4957bf7e4168052a2f42cd4538bc34ad0c12d14d4cc91f9736a73ad56b3516b5 (SHA256) 0bc7a9577ff67e1c19ce2f3e9fe1a51b14e004d2 (SHA1)
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Abstract

Given a set of irregularly sampled 3D polygonal curves representing composite fibres within a micro-computed tomogra-
phy volume, a new approach based on the Frenet-Serret formulas is proposed to measure the point curvature and waviness
along a polyline even when its oscillations are not coplanar. However, a direct computation of the measures would lead
to ill-formed results depending on variant externalities across acquisitions such as noise, sampling, resolution, fractality,
etc. Consequentially, we also propose a decoupling mechanism employing a low-pass Gaussian frequency filter to grad-
ually discard features smaller than a certain user-specified σ wavelength referenced in actual space units. This proposal
has been tested, characterized and visualized using both real and synthetic datasets contemplating complex waveform
features to asses the filter selectivity and convergence across varying sampling frequencies (i.e. polyline resolution). The
implementation (in the form of a C++ VTK filter), alongside an extra amount of supplementary materials encompassing
the execution results, synthetic datasets and its generative code is provided.

Keywords: Composites; Waviness; Fractal coastline paradox; Streamlines; Micro-computed tomography
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1. Introduction

In the last years, 3D X-ray micro-computed tomography (µCT) has become an extensively used technique in materials
science as is able to non-destructively capture detailed and precise information of materials composition as a stack of X-
ray CT images defining a three-dimensional volume [1, 2]. Depending on the use case, in order to explore and obtain
information from these volumetric datasets, specific methods have to be designed; a design that can be challenging
depending on the application, specially, when pure 3D-based approaches want to be considered. In this paper, our interest
has been focused on the quantification of fibre waviness: a geometrical defect in fibre reinforced polymer composites
with direct implications on mechanical properties as exposed in reviews such as [3, 4].

Generally, fibre waviness evaluation methods consider a µCT input volume, and analyse it with a two step process,
where first, an approximation of the fibres is obtained and then measurements over the reconstructed fibre orientations
are performed. They define (or implicitly assume) a set of cutting planes over the µCT volume, ideally, perpendicularly
oriented to the principal fibre directions. Then, some evaluate the fibre sections which will be circular in case of normally
aligned fibres and elliptical otherwise [5, 6]. This is usually complemented by the more generalist approach of detecting
the centres and then knitting or correlating them between slices in order to obtain their in-plane (the deviation of fibre
from the normal fibre direction in a plane of the lamina) and out-plane (bending of a single or multiple fibre separated
from the laminate fibrous layer) deviations [7, 8, 9, 10, 11, 12, 13, 14]. There are also alternative methods such as [15, 16]
capable of reconstructing fibres. Other approaches quantify the waviness directly at every voxel avoiding the complexities
of producing polygonal fibre trackings. These voxel-based methods, generally, after a fibre segmentation process, analyse
the neighbourhood around each voxel using kernels and applying the tensor or similar strategies in order to obtain the
directions of least image diffusion (collinear with the fibres) [17, 18, 19, 20, 21, 22, 16]. Others transform the volume
using Hough, Fourier, Radon, or similar approaches to detect the fibre directions and distributions [23, 24, 25, 26]. A
key advantage of these voxel-based methods is their ability to perform measurements on challenging or low resolution
datasets where individual fibres are not distinguishable. Unfortunately, they usually lack the ability to treat fibres as
separate entities.

In any case, once the fibre orientation can be determined, in-plane and out-plane misalignment angles can be obtained
as α = arctan

(
u
l

)
and β = arctan

(
v
l

)
, respectively, where l is the distance between two consecutive slices (or samples),

with u and v corresponding to the two out-plane and in-plane local displacement vectors [27, 7, 23, 25, 9, 28]. From
these, measures such as the severity factor [29], waviness, or wavelength ratios [30, 28, 31, 32, 33, 34, 3, 35, 4] can be
computed. These approaches have extensively been used to evaluate the effect of misalignments to mechanical properties.
They have been applied not only on µCT data but also on other imaging modalities such optical microscopy [23, 25, 12].
Despite its advantages, most approaches reduce the 3D fibre information to 2D counterparts by emphasizing on the angles
or sinusoid shapes. However, as performed by [8] there is the possibility to consider a more fundamental measurement
for 3D curves such as the Frenet-Serret [36, 37] κ curvature formula. This assumes that each polygonal fibre of length l is
a continuous function where at any arc-position location h a Ph point can be obtained by a F(h) interpolatable function.
Building upon this continuous curvature definition a first proposal of this paper is a new measurement to summarize the
whole fibre into a single scalar which can serve as an indicator to determine the misalignments relevance.

Unfortunately, varying aspects such as the scale of imaged fibres, noise, resolution, sampling, etc. will have an impact
on the measurements if these are directly computed over the input data. When one considers the fractal nature [38]
of the noisy imaged fibres, then, a more finely sampled polygonal curve will inevitably consider more roughness and
thus overestimate the measure. As this dependence on acquisition parameters is troublesome, a second proposal of this
paper is a method to decouple it by smoothing the fibre trackings using a low-pass Gaussian convolution and binding its
standard deviation σ parameter to the underlying dataset space units, i.e. nm, µm, etc. Note that most of the discussed
methods, including the voxel-based ones do not take into account the aforementioned issue. Our approach overcomes
these limitations by smoothing and interpolating respect physical space units, to achieve a decoupling from acquisition
and/or reconstruction parameters.

The proposed measure and method have been tested using real and synthetic datasets to properly asses the behaviour
and filtering capabilities. These synthetic cases were produced from exact definitions of curves swept using Gaussian
splatters in order to generate slices mimicking real acquisition while controlling the morphological details from a signal
processing point of view.

2
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2. Material and methods

2.1. A new measure for waviness evaluation

As mentioned, the waviness of a 2D fibre F has been usually estimated by the maximum misalignment angle θmax

defined by:
θmax = max

x
](F′(x),

−→
i ),

where
−→
i represents the vector (1, 0). However, in real composite materials, fibre-axis are ideally assumed to have a

sinusoidal shape. That is, fibre-axes are modelled by

F(x) =

(
x, A sin

(
2πx
λ

))
x ∈ [0, λ],

where A and λ correspond the amplitude and wavelength, respectively. In this case, the waviness severity is measured
by the ratio A/λ. Hsiao and Daniel in [31] made the following observation θmax = arctan (2πA/λ), and concluded that in
unidirectional composites the major Young’s modulus is severely degraded as the ratio A/λ increases. From this work, it
can be derived that any measure of a fibre also increasing with respect to A/λ or θmax (for instance), can be employed to
assess the waviness severity. However, this θmax parameter may not be sufficient to describe a fibre and its behaviour,
sometimes, can be misleading.

Figure 1: Two fibres of similar scale, shape and length producing the same θmax angle despite being different.

For instance, in Figure 1 the axes of two different fibres with the same θmax are illustrated, however the blue one is
less wavy than the red. Consequently, it seems necessary to make use of more geometric parameters to obtain a real
description of the fibre characteristics. For this reason, in order to obtain a new measure of the waviness we propose using
the total curvature K along the fibre as in Equation 1, and then study how it is related with the θmax parameter.

K =

∫

F
κ dF (1)

First, let’s study how the angle θmax behaves under the assumption of a fibre shaped as a circular arc. In Figure 2a one
can observe that

θmax =
l

2R
=

l
2
κ,

with κ = 1/R being the curvature of this circular arc. If this arc were to be composed by a finite number of sub-arcs of
lengths li and central angles θi (see Figure 2b), θmax could be computed as follows:

θmax =
1
2

∑

i

θi =
1
2

∑

i

liκ =
1
2

∫ l

0
κ dh =

K
2

Therefore, it seems that the total curvature is related with the fibre waviness severity. To further check this idea if we
assume a fibre modelled by a sinusoid, the following must hold:

F(x) =

(
x, A sin

(
2πx
λ

))
, F′(x) =

(
1, A cos

(
2πx
λ

)
2π
λ

)
, F′′(x) =

0,−A sin
(
2πx
λ

) (
2π
λ

)2 .
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Then,

K =

∫

F
κdF =

∫ λ

0

| det(F′(x),F′′(x))|
‖F′(x)‖3 ‖F′(x)‖dt = 2

∫ λ/2

0

A sin
(

2πx
λ

) (
2π
λ

)2

1 + A2 cos2
(

2πx
λ

) (
2π
λ

)2 dx = 4 arctan
(
2πA
λ

)
= 4θmax .

So, if the fibre was made up of n periods of λ wavelength, we would have K = 4nθmax. In this way, the blue fibre
in Figure 1 would have waviness of 4θmax, while the red one 8θmax. For this reason, it can be concluded, that the total
curvature is a better descriptor of the waviness in fibres.

a) b)

Figure 2: Maximum misalignment angle of a circular fibre arc.

However, note that the fibres depicted in Figure 1 have similar length. So, in order to produce a more intuitive scalar
for the whole fibre indicating the waviness independently of the fibre length; we propose to consider the waviness as the
average curvature K along the fibre, as in Equation 2 where l corresponds to the fibre length.

K =
K
l

=
1
l

∫

F
κdF (2)

2.2. Algorithm

Given a set of polygonal trackings representing real fibres we want to obtain a continuous curvature indicator κ along
the fibre, and a single K waviness scalar summarizing the whole fibre itself. To compute these, as illustrated in Figure 3
(dashed box), a preliminary step to reconstruct the fibres to polygonal paths is required. Although different methods can
be applied, in our case we used the Julià et al. [16] method. This considers the input volume as a whole, employs an
uniformly behaving 3D reconstruction algorithm, and is capable of seamlessly tracking complex curves using variable
step sizes.

Irrespective to the reconstruction algorithm employed, the method assumes the input fibres as a set of 3D curve
functions, each independently represented by a chain of irregularly sampled points {Q0 , · · · ,Qi , · · · ,Qn} conforming a
path of n − 1 linked segments up to length of l space units mapped by a function F which given a parametric coordinate
h ∈ [0, l] produces an interpolated F(h) point between the neighbouring Qi samples. In what follows, hi will denote the
arc-position parameter snapped to a discrete sample, thus satisfying F(hi) = Qi. With these definitions, the curvature at
any position F(h) in a fibre can be defined by the κ parameter extracted using the Frenet-Serret formulas [36, 37] as in
Equation 3. Moreover, the average curvature K along the fibre, that is, the new measure of the waviness proposed, can be
computed as in Equation 4.

κ(h) =
‖F′(h) × F′′(h)‖
‖F′(h)‖3 (3)
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Figure 3: Method pipeline starting from the input slices (top left) up to the final measurements (right) with a detailed overview of the convolution
state at two different σ and step sizes as seen from a single point (dark arrow) which is convolved according to the Gaussian distribution gσ weights
(coloured bars) until a σm distance (green dots) is reached. Fine black lines show the orientation of the first derivative. The curvature is computed
for each fibre position (bottom right) or can be integrated into a single waviness scalar for the whole fibre (top right).

K =
1
l

∫ l

0
κ(h)‖F′(h)‖ dh (4)

Note that these measures, if applied directly, will overestimate the results depending on undesired factors such as the
input volume noise level, sampling, etc. For this reason, as illustrated in Figure 3 (filled grey boxes) the following four
steps are applied: (i) the first derivative is computed; (ii) curvatures below a certain size are attenuated; (iii) the second
derivative is computed; and (iv) the aforementioned curvature and waviness formulas are calculated for every tracked
fibre. In the next sections we describe each one in more detail.

2.2.1. First derivative (tangent vector)
The algorithm begins by computing at each discrete Qi sample an approximation F′(hi) of the first derivative respect

the arc distance h in space units. When three samples are available (i.e. 0 < i < n), the first derivative at hi is computed
using the second order Lagrange interpolating polynomial using the pairs (hi−1,Qi−1), (hi,Qi) and (hi+1,Qi+1). Other-
wise, at Q0 and Qn extremes, the approximation is similarly computed using two samples and a first order interpolating
Lagrange polynomial. Note that the results of this step, despite being valid vary upon undesired external factors such as
the volume resolution, fibre scale, sampling frequency (i.e. step size), etc.

2.2.2. Low-pass filtering
As ignoring the aforementioned externalities will lead to ill-formed measurements, the first derivative is convolved

(Equation 6) using a Gaussian distribution (Equation 5) whose σ parameter smoothly adjusts (in space units) the scale be-
low which perturbations and thus high frequency information shall be attenuated, and thus decoupled from the underlying
sampling and/or acquisition parameters.

gσ(x) =
1

σ
√

2π
e−

x2

2σ2 (5)

F̃′(h) = F′ ∗ gσ =

∫ +∞

−∞
F′(s) gσ(s − h) ds (6)

This smoothed derivative F̃′ needs to be approximated at each discrete sample Qi. To do this, the integration interval
(i.e. convolution window size) is restricted to have at most a reach of σm space units, with the m parameter being a user-
adjustable setting trading off performance versus accuracy. In parametric coordinates, this [a, b] interval is determined
by:

a = max
(
0, hi − σm

2

)
, b = min

(
l, hi +

σm
2

)
.
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Then, for each discrete sample Q j whose parameter h j lies in [a, b], a weight W j is computed by:

W j =

∫ h j+h j+1
2

h j−1+h j
2

gσ(s − hi) ds .

Finally, F̃′(hi) is approximated as follows in Equation 7a. In addition, one can refer to Equation 7b for a more
generalized definition.

F̃′(hi) '
∑

j F′(h j)W j∑
j W j

(7a)

F̃′(hi) '
∫ b

a F′(s − hi)gσ(s − hi) ds
∫ b

a gσ(s − hi) ds
, ds = variable step size (7b)

Figure 3 illustrates how the reach (green dots) and weights (bars) of the convolutions become independent from the
underlying sampling. In addition the smoothing effect in tangent vectors (thin lines) when σ is increased can be observed
by visually comparing between the four examples.

2.2.3. Second derivative (normal vector)
In this third step, and with the undesired high frequency information removed, the method proceeds to calculate

the second derivative F̃′′(hi) from the smoothed first derivative F̃′(hi) results by applying the same method explained
in Section 2.2.1. Note that the normal vector produced will have an unstable direction when the fibre travels straight as
illustrated by the ribbons normals in Figure 6 (right) and Figure 9 (bottom row).

2.2.4. Computing the curvature and waviness
In this last step, as our implementation employs the VTK (Visualization ToolKit) and each fibre is represented by

a polyline, data values can be associated at two levels: (i) for every Qi sample (point data), (ii) or to the whole line F
(cell data). Consequently, the tangent F̃′(hi) and normal F̃′′(hi) vectors are stored as point data, alongside the curvature
measurement κ(h) defined by Equation 3 and computed as expressed by Equation 8.

κ(hi) =
‖F̃′(hi) × F̃′′(hi)‖
‖F̃′(hi)‖3

(8)

Finally, this point curvature can be integrated using the trapezoidal rule into a scalar summarizing the average waviness
K (see Equation 9) and stored as cell data information (i.e. single value assigned to the whole fibre).

K ' 1
hn

n−1∑

i=0

κ(hi)‖F̃′(hi)‖ + κ(hi+1)‖F̃′(hi+1)‖
2

(hi+1 − hi) (9)
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Figure 4: Each curve definition is sampled at discrete points (magenta) which are then radiated outwards in order to produce a coaxial tube where
at each of its surface vertex (blue) a Gaussian blur is splattered, and then sampled into the resulting synthetic slices (right).

6

56 Chapter 4 Article 3

A frequency-limited waviness and curvature measurement algorithm for noisy and irregularly sampled composite
fibre trackings



wa

w
b

wa

w
b

wa

w
b

wa

w
b

wc

Z

wa

w
b

wa

w
b

wa

w
b

wa

w
b

wc

Z

Figure 5: Arrangement as seen from the X-Y plane of the three weighting variables: wa (red, columns), wb (green, rows), and wc (blue, blocks);
with circles colour-mapping them in RGB respectively; combined with an overlay and a thumbnail of the produced curves. The polarized (top) and
harmonics (bottom) cases are illustrated.

2.3. Experiments and testing datasets

The proposed method has been tested using the real cfrp_i17 dataset with three straight fibre orientations and acquired
with the European Synchrotron Radiation Facility’s ID19 Beamline (ESRF, Grenoble) at 26 keV, and pixel size of 650nm.
It has been cropped in two different 250 × 250 × 250 and 500 × 500 × 500 sub-volumes named cfrp250 and cfrp500
respectively and made available in Supplementary Material 1. However, in order to properly assessing the invariance
and filtering capabilities of the proposed algorithms, four synthetic datasets named harmonics, hifreq, mixed, and polar-
ized, have been generated in order to produce a set of complex fibre paths by morphing and combining characteristics
(frequencies) at different scales.

2.3.1. Synthetic fibre generation
As illustrated by Figure 4, synthetic datasets are generated using a three-phase process which begins by: (i) discretely

mapping (in our case along the Z slicing axis) a medial axis curve C in order to obtain a finite set of high resolution points
(pink dots); (ii) sweeping a coaxial tube around it to produce a new surface (white); and (iii) splatting Gaussian blurs of
σ size at each surface vertex (blue dots). These steps are repeated for each input C such that a diffuse cloud of intensities
is then quantized into a finite resolution volume where random white noise is mixed before producing the image slices.
Depending on the relationship between the σ and the tube diameter �, the central intensity decay will be more or less
accentuated; a useful feature mimicking beam-hardening artifacts [1] (Section 6.1) .

2.3.2. Synthetic cases
With the ability to produce synthetic fibres from an exact C function, the next step is defining and arranging several

of them in a volume. Most of our synthetic datasets are organized in 4 different blocks of 4×4 fibres, where each position
corresponds to a unique combination of the three wa, wb, and wc weighting variables in order to obtain 64 unique (but
similar) Cwa,wb,wc fibres exhibiting different amplitudes for each tunable feature. Every fibre function is sampled along
the Z-axis, and shifted on the X-Y plane as illustrated in Figure 5 in order to achieve the aforementioned arrangement.
These volumes have a size of 512 × 128 × 512 voxels and a dynamic range of 8 bits.

While all synthetic datasets can be expressed as a mathematical equation, the simpler harmonics case is expressed in
Equation 10 where a fibre combines three circular oscillations: (i) a lower frequency one, turning once from start to end;
(ii) a mid frequency revolving twice; and (iii) a higher one oscillating four times. Each is respectively adjusted according
to the wa, wb, and wc weights and arranged in rows, columns and blocks as disposed in Figure 5 obtaining a total of
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Figure 6: On the right, a 3D visualization of the waviness (tube colour), normal vectors (ribbon orientation), and point curvature (ribbon colour)
at three different σ values. On the left side, a matrix of slices comparing the waviness at different σ (rows) and sampling step sizes(columns).
The waviness of each fibre (circle colour) is represented using the same scale to ease the comparison. Perimeter lines around circles RGB map the
tangent vectors components.

4 × 4 × 4 = 64 fibres as different 4 values for each weight are combined. In this way, one can easily analyse and isolate
each variable; for instance, the effects of high frequencies are perceived observing the differences between blocks.

Cwa,wb,wc(z) = (0, 0, z) + (sin(2πz/Zmax), cos(2πZ/Zmax), 0) wa

+ (sin(4πz/Zmax), cos(4πZ/Zmax), 0) wb

+ (sin(8πz/Zmax), cos(8πZ/Zmax), 0) wc

,



wa,b,c ∈ {8/1, 8/4, 8/9, 8/16}
Zmax = 512
z ∈ [0, Zmax]

(10)

The polarized dataset is characterized by its oscillations in a single plane. It employs the same methodology for
arranging the wa, wb, and wc weights as in Figure 5 in order to: (i) encode a lower frequency turn from start to end in
the rows wa; (ii) a high frequency (8 turns) in the columns wb; and (iii) a Z-axis rotation of the oscillating plane between
blocks wc.

The hifreq dataset reuses the same low wa and mid wb frequency components of the harmonics case, but regarding the
very high frequency wc feature varied for each block, is a more complex combination of circular and linear oscillations
whose amplitude gradually decays to zero as one of the fibre extremes is reached. This incremental waviness shall be
observable in the local curvature.

Finally, the mixed dataset combines and exaggerates the features of the aforementioned cases in order to produce
complex shapes at different scales.

3. Results and discussion

The proposed measurement algorithm has been implemented in C++ as the VTK [39] filter presented in Supplemen-
tary Material 2, which has been integrated in the Starviewer [40] platform as illustrated in Figure 10. In Supplemen-
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tary Material 1 the results, slices, figures, extra visualization, plots, and the code to produce the synthetic cases alongside
its ground truth is made available to ensure the reproducibility.

3.1. Scale selectivity

A key distinctive feature of the proposed algorithm is its ability to suppress fibre variations below a certain size
employing a low-pass Gaussian filter. Its behaviour is better understood when a F fibre curve is observed in the frequency
space (i.e. Fourier-transformed) as a signal where high frequencies shall be eliminated. With the advantage of avoiding
computationally intensive transformations; the Gaussian convolution employed behaves as a low-pass filter suppressing
fibres below a user-specified σ wavelength in space units. These capabilities are demonstrated in Figure 6 using the
hifreq dataset containing an increasing amount finer variations at each block from left to right (refer to Section 2.3.2
and Figure 5). When theσ parameter is smaller than the wavelength (first rows) the waviness measurements are distributed
across blocks and the filter has little effect. But, as σ increases, as expected, these higher frequencies are attenuated, the
waviness is decreased, and its relative distribution shifts from the blocks to the top rows (which have a mid-frequency).
Then (in this example) at σ > 30, the lowest frequencies (columns) become more dominant and distinguishable.

If one observes the remaining comparative figures in Supplementary Material 1 the following key features of each
dataset are fulfilled: (i) in harmonics a gradual and smooth transition from blocks to the upper-right corners where more
curvature is present; (ii) in polarized, as expected the blocks present the same curvature, although with slight asymmetries
in the intermediately rotated middle blocks; (iii) in mixed the desired selectivity is visually appreciated; and (iv) in the
crfp cases, the outliers can be properly detected by their curvatures, and its main slightly curved regions can be identified
at big σ values (see first row in Figure 9).

3.2. Definition of the signal and noise

From a signal processing perspective, the highest frequencies will not describe the actual shape of physical fibres, but
instead manifest varying acquisition parameters such as voxel size, scale of the fibres, resolution, dynamic range, noise
characteristics of the imaging device, etc. Hence, choosing a properσ parameter to decouple these from our measurements
is crucial to obtain comparable and non-overestimated measures across acquisitions. However, as illustrated in Figure 6
(rows) and Figure 3 (tangent lines) employing a σ well above the acquisition noise is also useful to discard physically
present features. So, the σ parameter (arbitrarily set by the user) defines boundary between what shall be considered noise
(higher frequencies), and signal (lower frequencies). As it specifies a wavelength in space units, it can be employed as
an invariant reference value across different acquisitions. For these reasons, values below the sampling size and/or fibre
diameter shall be discouraged.

3.3. Sampling

While the Gaussian convolution method is able to cut high frequencies, these must exist in the first place. In practice,
fibres will never be infinitely sampled, consequently, they will be band-limited due to the Whittaker–Nyquist–Shannon
sampling theorem [41, 42, 43]. This is an observable fact in Figure 6 where the smaller σ in coarser cases do not have any
effect until its value is greater than the sampling spacing. However, once exceeded, the measurements converge irrespec-
tive of the sampling as illustrated by Figure 8. In the employed Julià et al. [16] reconstruction method, steps sizes are user
adjustable and may vary within a user-defined range. But, most reconstruction algorithms discussed in Section 1 implicitly
set their sampling frequency by design choices such as snapping to integer voxel locations, reconstructing in a slice-by-
slice approach, etc. In any case, all reconstruction methods, in addition to the ones performing measures voxel-wise, will
have their highest frequencies capped according to the input volume resolution. However, relying on the sampling alone
or other non-space referenced smoothing techniques (e.g. moving average of discrete samples) undermines the meaning
of the measurement across different dataset acquisitions leading to a disparity in the results as observable in Figure 7
when our method is set at σ = 0 (i.e. filtering disabled). For this reason, when one considers the fractal nature [38] of
the noisy imaged fibres, then, a more finely sampled polygonal curve will inevitably consider more roughness and thus
overestimate the measure.
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Figure 7: For every dataset (boxes), a comparison of the mean waviness results (Log10 Y-axis) for each combination σ (X-axis) and step size
(colours) values. Confidence intervals (semi-transparent colours) up to the 99th percentile.
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3.4. Numeric stability and edge behaviour
One of the first aspects to consider is the finite lengths of the fibres; this approach was tackled by normalizing the

vectors of the smoothed first derivatives in order to take in account the otherwise missing weight at the limits. Due to the
nature of the curvature formula, its results are numerically stable even when a fibre travels straight (i.e. it also approaches
zero), however, as future work we plan to further extend our measurements and provide more advanced visualizations.
Also, relying on a pure Frenet-Serret frame is troublesome due to its abrupt changes in the normal vectors direction (see
last row in Figure 9). We plan to build upon slightly altered approaches such as [44] to mitigate these aforementioned
issues, or by employing rotation minimizing frames such as [45].

3.5. Datasets and testing
The usage of datasets whose ground truths curves were analytically defined in terms of frequencies has been crucial

to assess whether the theoretical expectations matched the actual measurements of the algorithm. Although these curves
alone could have been directly fed into the measurement algorithm for testing purposes, this would have ignored the
effect of white pixel noise, whose maximum frequency is in turn band-limited by the volume resolution. This noise
affects the Julià et al. [16] tracking algorithm and it is manifested as small variations when a finer step size is employed
(an expected behaviour). Despite the availability of datasets such as [6] with richer features better mimicking aspects such
as beam hardening, we opted for a more conservative approach using Gaussian splatters in order to ensure an isotropic
noise behaviour as the complex shapes are sampled into finite resolution slices. In addition to the volume and ground
truths; in Supplementary Material 1 one will encounter the generative pipeline implemented in Paraview [46] to ensure
the reproducibility by anybody and ease the creation of new datasets.

As illustrated in Figure 9 visualizations, the method has been tested using a real dataset, and while the results and
behaviour are coherent with synthetic cases, as future work we plan to extend the testing by combining specimens with
varied fibre diameters and altering acquisition parameters affecting resolution, contrast, noise levels, etc.

3.6. Cost
The algorithm cost grows linearly respect the overall number of samples within a volume, but the amount of operations

required at each one will depend on the amount of discrete neighbours convolved in a σm arc distance. While similar to
discrete convolution kernels (e.g. Gaussian blur of an image), our kernel size cannot be precisely known nor allocated
beforehand. As illustrated in Figure 3, the active voxel (upwards black arrow) must access its discrete neighbours (green
points) around a σm

2 arc distance in space units. As by definition the spacing is irregular (even within a polyline), a
reasonable way to quantify the cost is applying Equation 11 using estimative averages of the fibre step sizes ds, samples
n and length h.

Operations per arc unit length ' hσm

n ds
(11)

While this linear behaviour is comparable to the more straightforward approaches discussed in Section 1, in practice,
larger convolutions in our method will severely impact the runtime. However, with larger σ values respect the step size,
one may voluntarily use coarser step sizes in order to reduce them, and thus indirectly pre-filter the highest frequencies
as discussed in Section 3.3. Finally, the implemented VTK filter in Supplementary Material 2, although usable, does not
support multithreading yet, and as future work we plan to parallelize it at a fibre level, i.e. by polydata cells.

4. Conclusions

In this paper we have presented a method to assess the point curvature and overall waviness of fibres represented as
polygonal curves reconstructed from µCT slices. While the required input is independent respect the underlying tracking
methodology, we used an inherently 3D one with the ability to produce irregularly spaced samples in order to ensure a
high level of compatibility should any other state-of-the-art tracking method be used in-place.

Our Frenet-Serret based measurements ensure an inherent 3D behaviour which has been proven numerically stable for
the measurement of fibre misalignments. Additionally it has the advantage of being a decoupled measure from the world-
orientation of the dataset; in this way, there is no need to perform fine realignments to the specimens across acquisitions
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Figure 9: Results and visualizations for the crfp500 real dataset. Each column in the matrix corresponds to a different σ value. Colour scales are not
rescaled within a row. The first row maps the curvature κ using semi-transparent lines; the second one also maps κ employing 3D tubes around the
reconstructed curves; the third one maps the waviness K as a single colour for the whole fibre; and the last one employs ribbon surfaces to express
the second derivative F̃′′ orientation combined with an RGB colour mapping of the first derivative F̃′.

thus avoiding the introduction of further error. Also, we have demonstrated the relation of our proposal with common
waviness measurements approaches which assume the fibres as simpler waveforms coplanar to a plane. This ability to
address more complex cases with a more intuitive or expected behaviour makes our results differ numerically from other
measurements; however its mechanical implications can be deemed equivalent.

A key concept introduced in this paper is the importance of setting a limit to the smaller curvatures, and considering
only the ones above a certain size. In our case, this scale selectivity is attained using a Gaussian low-pass frequency filter
with an user-adjustable sigma parameter corresponding to a wavelength in space units. However, most state-of-the-art
measurements in composite fibres ignore this fact, rely only on the fibre resolution (i.e. sampling frequency) to limit
the over-estimative effect of high frequencies, or may employ more advanced techniques, such as moving averages or
polynomial interpolations not bound to actual space units making the results variant respect the acquisition parameters.
Solving these issues and attaining coherent measurements across datasets can be challenging, especially with varying
factors such as noise, resolution, sampling, etc. Our method attains convergence of results for fibres sampled at different
resolutions when a sufficiently large sigma above the sampling frequency is employed. This adjustable low-pass filter,
while a valuable tool to suppress the aforementioned fractality effects of high frequencies, can also be used to suppress
smaller but undesired curvatures already present in the physical fibres deemed irrelevant for a particular case of study.

While the behaviour is explainable by well established signal processing fundamentals, these have been experimen-
tally tested using one real and several synthetic datasets. For this reason, we also introduced a methodology to generate
synthetic volumes from a given ground truth defined as a composition of several oscillations. Although these synthetic

12

62 Chapter 4 Article 3

A frequency-limited waviness and curvature measurement algorithm for noisy and irregularly sampled composite
fibre trackings



Figure 10: The measurement method has been integrated in Starviewer [40, 16]. All algorithm parameters are exposed to the end user (left
sidepanels) who can later interactively explore and validate the results using fused volume renders of the underlying datasets. The crfp500 (left) and
mixed (right) cases are illustrated.

slices do not reflect the richness of defects present in real acquisitions, their uniform behaviour and wave-based definition
have been valuable tools to validate the theoretical expectations with actual results.

Our future work will be focused on further improving the algorithm performance and visualizations while combining it
with other measurements employing rotation minimizing frames; performing the analysis at multiple scales; or expressing
the curvature as an spectrum by binning the spectrum of spatial frequencies composing the fibre shapes.
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5Results and discussion

The purpose of this thesis has been the application of common medical imaging techniques
for the analysis and visualization of composite materials using non-destructive methods
such as µCT. While these datasets are technically similar to medical CT, the morphology of
imaged structures is not. Thus, in order to aid an expert engineer or researcher in composite
materials, specific methods had to be developed in order to fulfill the measurement and
quantification needs. Notwithstanding, several medical visualization features could be
identified and repurposed in the field of materials analysis such as: 2D viewers, measurement
tools, reference planes, reslicing, projections, ROI (region of interest), volume rendering,
tensor maps, among others (see Figure 5.1). In this chapter, in addition to discussing in
detail the developed algorithms, we also provide a more interrelated insight of Chapter 2,
Chapter 3 and Chapter 4 respectively in the following orderly manner: (i) analysing the
evaluation methodology and features breakdown; (ii) the viewer itself, its medical use, the
potential repurpose of certain DTI characteristics, among others; and (iii) the novel fibre
reconstruction and measurement algorithms we propose.

(a) Comparison at different tensor sizes. (b) More tensor maps loaded in 2D viewers.

(c) Other intermediate and fused visualizations. (d) The developed materials extension.

Figure 5.1.: Visualization of volumetric intermediate results (i.e. virtual series) employing
the medical 2D viewer (a,b,c), alongside the implemented materials analysis
workflow in the Starviewer platform (d).
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Tree Weights Starviewer Horos Medinria Weasis Ginkgo CADx

Audience Group Criterion Subcriterion
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1.00 0.61 0.78 0.38 0.62 0.43
General 0.33 0.62 0.77 0.38 0.60 0.41
General Technical 0.07 0.63 0.34 0.58 0.57 0.48

General Archive 0.14 0.72 0.97 0.39 0.58 0.80

General Workflow 0.21 0.71 0.79 0.45 0.53 0.31

General Visualization 0.21 0.76 0.89 0.47 0.50 0.29

General Tools 0.21 0.63 0.89 0.15 0.86 0.48

General Tools Usability 0.09 0.80 (.80) 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤

General Tools Editable 0.09 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.90 (.90)

General Tools Transversality 0.07 0.67 (.67) 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥

General Tools Undo 0.05 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥

General Tools 3D cursor 0.07 1.00 ⊤ 0.67 (.67) 0.00 ⊥ 1.00 ⊤ 0.00 ⊥

General Tools Reference lines 0.07 0.90 (.90) 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥

General Tools Save status 0.05 0.20 0.60 0.20 1.00 0.20

General Tools Measure 0.09 1.00 1.00 0.23 1.00 0.85

General Tools Annotations 0.05 0.38 1.00 0.00 0.95 0.95

General Tools Annotations Basic shapes 0.25 0.80 (.80) 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.90 (.90)

General Tools Annotations Polygons 0.25 0.70 (.70) 1.00 ⊤ 0.00 ⊥ 0.80 (.80) 0.90 (.90)

General Tools Annotations Arrow or marker 0.25 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤

General Tools Annotations Textual 0.25 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤

General Tools Unit awareness 0.05 1.00 ⊤ 0.50 (.50) 0.50 (.50) 0.80 (.80) 0.70 (.70)

General Tools Statistics 0.07 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤

General Tools SUV 0.07 1.00 ⊤ 0.80 (.80) 0.00 ⊥ 0.90 (.90) 0.00 ⊥

General Tools Histogram 0.03 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥

General Tools ROI 0.09 0.67 (.67) 1.00 ⊤ 0.00 ⊥ 0.67 (.67) 0.67 (.67)

General Tools Key image notes (K 0.05 0.00 ⊥ 0.33 (.33) 0.00 ⊥ 0.80 (.80) 0.00 ⊥

General Other modalities 0.07 0.25 0.34 0.00 0.82 0.45

General Processing 0.07 0.02 0.46 0.74 0.22 0.00
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Figure 5.2.: Semi-expanded hierarchy of the evaluation methodology applied in Chapter 2
for the 5 different viewers analysed.

5.1 Evaluation framework
In Chapter 2 we began introducing the most relevant features expected in medical imaging
software with special emphasis on the clinical practice (where a more mature usage is
observed) in order to posteriorly extend the use case to the non-destructive analysis of
composite materials imaged with the µCT technique. Some of these key features had been
described in more detail through all the Section 1.2 in order to put in context the relevance
and potential of this interdisciplinary use case.

While considering the compendium of evaluation criteria in the state-of-the-art, a new and
exhaustive collection has been presented and elaborated. In order to reduce the bias, the
proposed criteria have been broken down at three hierarchical levels: group, criterion,
and subcriterion (see Figure 5.2). Using these and focusing on open-source software, the
following candidates were evaluated: Starviewer, Horos, MedInria, Weasis, and Ginkgo
CADx. Although many more were considered, they have been dismissed for reasons such as
being unmaintained, or deemed unsuitable in a productive diagnostic workflow. The chosen
ones were installed in a testing environment (medical workstation with diagnostic-grade
displays) in order to evaluate all criteria. Out of the 220 items, only the innermost nodes (i.e.
leafs) were assigned a floating point score ranging from 0 to 1 considering the descriptive
definition of each criterion. Most of them could be evaluated in a binary fashion, however
some were assigned an intermediate mark when all aspects could not be fulfilled. In addition
to this fine granularity as a measure for minimizing the subjectivity and biasing issues, this
was also complemented by the self-obligation of providing an explanation/justification when
a full mark could not be assigned.

Despite having a concrete evaluation for each combination of item and viewer; we also
wanted to produce final and intermediate scores for each viewer and level in the hierarchy.
One naive way to perform such task is averaging scores contained within each group. While
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simple, this approach was discarded because otherwise the relevance would instead depend
on the amount of items and not on the actual importance for the final-user. For this reason,
each item in the hierarchy had a weight assigned within its group in order to express its
relevance. Although this assignment was also performed in a bottom-up approach, this also
constitutes a potential source for bias when the real needs of the end-users are disregarded.
Putting aside the interdisciplinary composite material analysis, the spotlight was set on
evaluating the importance of each criterion focusing on the daily diagnostic needs in the
medical sector. In this mature environment, and through talks with expert radiologists, we
could establish two clearly distinguished user groups: (i) the ones requiring the manipulation
of 3D datasets (MRI, CT, PET, etc.); and (ii) the ones exclusively focused on the treatment
of 2D images (radiography, ultrasound, mammography, etc.). In between these two, there
is also a third group of users performing a more balanced use of both groups features due
to their medical speciality. For this reason the assignment of weights was split in three
different groups (3D based, 2D based, and General) in order to reflect the real needs of each
audience.

5.2 The Starviewer platform
By observing the comparison results in Fig. 6 of Chapter 2, it can be concluded that Starviewer
is capable of fulfilling most daily clinical practice needs. In addition to demonstrating
its capabilities, Chapter 2 also introduces the platform itself, its modules, structure, and
the possibilities for developing specific extensions (see Fig. 1 of Chapter 2). Apart from
its core/production-ready features, throughout its history several extensions have been
developed to address specific medical workflows. In that regard, and while being a different
field, the needs of an expert engineer analysing composite materials acquired through the
µCT technique match almost all core-features identified in the 3D-based audience.

(a) Max. vector (b) Mid. vector (c) Min. vector (d) Fusion (e) Original CT

(f) Linear map (g) Planar map (h) Spherical map (i) Vector field (j) Diffusion scale

Figure 5.3.: Examples of the intermediate volumes produced on-the-fly which are loadable
as regular DICOM series in the 2D viewer in order to gain insight of the
underlying tensor field. These images are generated from a fibre glass CT
where individual fibres can not identified (more similar to the DTI scenario).
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Figure 5.4.: Oriented glyphs corresponding to the underlying structure tensor field arising
from the image gradient of a synthetic dataset where noise is progressively
increased along the Z-axis direction.

Unlike the simpler extension implemented as an example in the Annex A of Chapter 2,
the explainability objective requires exposing to the user the intermediate results of the
specialized processing pipeline (see Figure 5.5 and Section 5.3). This has resulted in the
development of a specific material analysis extension (see Figure 5.1d) which produces
extra/virtual volumetric datasets loadable as additional DICOM series in order to seamlessly
repurpose some of the basic exploration features fulfilling the medical diagnostic needs. One
example is the production of several scalar and vectorial maps understandably exposing the
behaviour of the underlying structure tensor volume.

Among others, as illustrated by Figure 5.1a, Figure 5.1b, Figure 5.1c, and Figure 5.3, one
can interactively visualize several intermediate volumes such as: (i) the tensor diffusion
scale (Figure 5.3j), or its morphology in terms of linear anisotropy (Figure 5.3f), planar
anisotropy (Figure 5.3g) or isotropy (Figure 5.3h) [66]; (ii) the eigenvector fields scaled
according to its corresponding eigenvalues (Figure 5.3a, 5.3b, 5.3c); and (iii) the fibre
orientation vector field (Figure 5.3i), scaled only for the zones where fibre has been detected
(Figure 5.3d). All these series can also be interactively overlaid on top of the original
µCT acquisition (Figure 5.3e) by repurposing the fusion feature commonly used for PET
acquisitions (Figure 5.3d, and Fig. 3b of Chapter 2). Also, tensors can be visualized as
oriented glyphs as shown in Figure 5.4 where the effects of a z-increasing noise floor alters
the image gradient magnitude and hence the scale of the tensor (see Figure 5.3j). Note how
all these intermediate visualizations for composite materials are based on well established
techniques in the medical practice for the analysis of DTI datasets [66].

Should the user interface enabling the volume exploration capabilities be implemented
from scratch instead of relying on the features provisioned by Starviewer, the development
time and overall quality of the whole would have diminished. While most of the method
implementation code interfaces directly with VTK, the Starviewer platform also offloads the
need to reimplement the input/output features related to the loading of datasets. Starviewer,
besides reading from a local filesystem, can also perform a network retrieval via external
PACS server. Although positive overall, the development experience has highlighted the
need for Starviewer to better support mixed visualizations of non-volumetric data types
such as polydata, point clouds, etc. in the 2D-based viewers. As future work, some of the
specific visualizations implemented exclusively for the analysis of materials will be ported in
a more generic form to the platform itself in order to further ease the development of new
extensions.
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5.3 Analysis of composite materials
Although Starviewer covered the most important visualization topics, some advanced aspects
such as the orientation or curvature measurements required the identification of individual
fibre paths. This has lead to the development of a specific extension to cover the topics in
Chapter 3 and Chapter 4. Together, and as illustrated by Figure 5.5 they conform an image
processing pipeline which can be subdivided in the following phases: (i) segmentation, where
the relevant regions with fibre are selectively detected (Figure 5.5a); (ii) directionality, where
each region in space is assigned a vector representing the fibre orientation (Figure 5.5b);
(iii) seeding, where the fibre centres normally crossing a certain user-defined surface are
detected (Figure 5.5c); (iv) fibre tracking, which starts from the obtained seeds and integrates
over the fibre directionality vector field (Figure 5.5d); and (v) measurement of the curvature
and waviness above certain user-defined scale using the reconstructed trackings (Figure 5.5e).
In this section we also discuss the explainability, performance, and testing of the methods
performed with both real and synthetic datasets. Some of these synthetic datasets had to
be generated using the novel methodology proposed in Section 2.3.1 of Chapter 4 which
can uniformly produce the complex morphological shapes required for ensuring a proper
validation of the pipeline and its measurements.

5.3.1 Fibre reconstruction
While being more faithful to the reality, volumetric datasets are computationally challenging
due to their large size. Realising that our purpose is the analysis of fibre paths and their
directionality, summarizing and concentrating the most relevant information for that purpose
is beneficial. For this reason, representing each one as a polygonal fibre path aids the
development of more advanced measurement methods. Unlike image/volume processing
algorithms operating around a neighbouring region or kernel, polygonal representations
allow for a separate and isolated processing of each entity (i.e. fibre). Hence, are not affected
by the inability to discern voxels belonging to different fibres within a kernel.

The proposed fibre reconstruction algorithm, unlike two-dimensional or slice-dependent
approaches [10, 14, 2, 11, 59], considers the input as a whole and consequently, all
dimensions and orientations are treated uniformly. In turn, when performing 3D-based
operations (e.g. convolutions, projections, etc.), the amount of noise is reduced as the
information correlation between neighbouring slices emerges instead of being obliviated as
the aforementioned slice-by-slice approaches inevitably do. At each step in the pipeline, the
data is observed as a valuable signal to preserve and process using analogue-like filtering
principles implemented over digital means. Images are not rescaled, transfer functions are
preferred over binary segmentations, filters respond smoothly, premature discretization is
avoided, etc. Notable examples of this practice are illustrated in Figure 5.5a for: (i) the
optional low-pass, band-pass or high-pass prefiltering; (ii) the piecewise fibre transfer
function delimited by four user-adjustable regions; and (iii) the iterative Difference of
Gaussians filter (IDoG) which selectively amplifies the features (i.e. fibres) at a certain scale
using a band-pass filter with two σ1 and σ2 parameters. As with any filter, the output energy
(i.e. voxel intensity) is expected to decay the narrower its selectivity is.

Their application leads to a volume with many blurry and elongated blobs where each one
represents a fibre with an intensity decay from its centre to its perimeter. While having a
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(a) Detection of the voxels with fibre (segmentation) matching a certain user-defined target scale.
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(b) Determination of the fibre directionality using the structure tensor over the volume image gradient.
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(c) Finding the individual fibre centres piercing through a set of user-defined planes.
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(d) Tracing streamlines over the fibre directionality vector field from the previously detected centres.
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(e) Measuring the curvature of the polygonal reconstructions only above a certain user-defined scale.
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Figure 5.5.: Overview of the whole image processing pipeline starting from the acquired
slices (i.e. volume) to the final measurements as defined by Chapter 3 and
Chapter 4 respectively.
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Figure 5.6.: Ratio between the maximum and minimum median values at different σ
sizes. Once information is properly sampled, ratios approaching 1 indicate
convergence independently of the step size. Refer to the legend in Figure 8 of
Chapter 4 for more information.

proper segmentation we are required to obtain its directionality, hence the computation of
the image gradient is required. Unfortunately this new volumetric field contains vectors
pointing from the perimeter towards a fibre medial axis. In a 2D scenario/approach, the
orthogonal direction would correspond to the actual fibre directionality, however in the
inherently 3D method we pursue, the vector field collinear with the fibres must be obtained
by: (i) computing the structure tensor of the gradient; (ii) eigendecomposing it; and
(iii) picking the minimum eigenvector field for the directionality measurement. Note that
its quality and precision will be subject to numeric gradient estimator method. Common
techniques such as the Sobel kernel have leaded to unsuitable results; the tracked fibres
deviated from the desired path at certain orientations. For this reason, it is of utmost
importance the employment of precise estimators such as the Scharr [56] kernel which has
been especially crafted to have an uniform behaviour and thus achieve rotational invariance
in real-world conditions.

The implemented pipeline exposes an extremely long list of user-adjustable parameters;
withal the developed extension is capable of automatically setting most of them by precom-
puting a fail-safe ratio respect a more general one (e.g. fibre diameter). While these defaults
can be overridden at any time, in practice, the most essential ones to specify are: (i) the
transfer function intercepts, (ii) the target diameter, (iii) the amount of IDoG iterations, and
(iv) the placement of seeding surfaces. In this way, a user familiarized with the underlying
fundamentals (e.g. signal processing, filtering, segmentation) can properly fine tune the
relevant ones for challenging datasets with varying factors, imaging techniques or different
acquisitions circumstances (e.g. low contrast, noise, artefacts).

Note that while most of the cited methods aim to reconstruct all the fibres in a volume,
we opted for enabling the user to strategically restrict the tracking by adjusting three main
aspects: (i) the cutting surface where the seeds (i.e. fibre centres) are automatically placed
at the intersection region; (ii) the amount of collinearity or tolerance respect the surface
normal and the fibre vector field directionality; and (iii) the minimum field magnitude to
sustain through all the fibre tracking before stagnating. These, in addition to other indirect
parameters governing the image processing filters (e.g. fibre diameter, iterations), can be
strategically combined to selectively reconstruct only certain bundles of interest as illustrated
in Fig. 10 of Chapter 3.
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As it can be observed, the whole process relies heavily on image processing techniques and
defers the polygonal conversion to the very last step. The tracking inevitably simplifies
and thus trims part of the original dataset information; nonetheless it is very suited for the
pursued goal. Its integration principles employed in DTI tractograpies (hyperstreamlines),
or more commonly in the visualization and analysis of flow simulations as illustrated in
Figure 5.7. However, in our specific case, the fibre orientation field produced in the second
phase (see Figure 5.5b) is in fact a pseudo-vector field. While vectors are collinear with
fibres, at some regions the vector sign (i.e. the tip) is randomly flipped. As there is no
global way to tackle this ambiguity, the Runge-Kutta implementation has been altered to
interpolate the underlying field considering the previous result in the path in order to flip the
signs if necessary and thus produce a meaningful vector sum. Without this, the sum at these
opposing regions becomes zero and the streamline is prematurely stagnated or experiences
an abrupt change in direction.

5.3.2 Curvature and waviness measurements

In Section 1.2.6 we distinguished between two measurement approaches: (i) the volume-
wise ones which employ image processing techniques to obtain a direct measurement; and
(ii) the polygonal-based ones which irrespective of its reconstruction means, measure a
curve function (i.e. polygonal path). While the method proposed in Chapter 4 is of the
latter type, as described in Section 5.2 the fibre reconstruction process itself leads to several
intermediate visualizations emerging from its image processing pipeline (see Figure 5.3).
The vector field produced by the phase 2 (see Figure 5.5b) which is later employed in the
tracking phase (see Figure 5.5d) can be repurposed to perform voxel-wise measurements.
For this reason, whether individual fibres are discernible or not, this field can be analysed
by transforming the 3D vectors into the two angles required to produce a 2D orientation
histogram. Also, they can be directly integrated for the whole volume in order to obtain
statistics. It is worth noting that in addition this raw vectorial field emerges from the fibre
segmentation and filtering process. Hence, only the relevant features (i.e. fibres) matching a

(a) Surface warped respect the velocity. (b) Streamlines at the carotid bifurcation.

Figure 5.7.: Examples of blood flows simulations performed from segmented vessels ac-
quired with the angiographic techniques as shown in Figure 1.5.
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certain scale are considered due to the band-pass capabilities of the IDoG filter as illustrated
in Fig. 5 of Chapter 3. In turn, the valuable maps produced by the tensor eigendecomposition
as shown in Figure 5.3 could be repurposed and combined to filter out certain artefacts or
feed-back to enhance the segmentation selectivity.

Putting aside these future work proposals, we proceed to discuss the more advanced mea-
surement method in Chapter 4 and its advantages respect pure voxel-wise approaches.
First of all, the proposed measure does not depend on the reconstruction in Chapter 3;
both papers are independent from each other. Its required input is a set of curve functions
represented by a sorted list of R3 points (i.e. discrete samples) consecutively connected by
rectilinear segments such that the paths of imaged fibres are faithfully reproduced. Unlike
more restrictive definitions, the position of samples is independent from the underlying
voxels and in turn these can also be irregularly sampled (i.e. spaced). These flexible input
requirements ensure that any other reconstruction methodology can be seamlessly used in
place of the one proposed in Chapter 3.

Focusing on the measurement definition itself, it consists in the application of the Frenet-
Serret curvature formulas [60, 16] in order to: (i) obtain a punctual curvature at any position
in the curve (i.e. point data); and (ii) produce a summarizing waviness scalar expressing
the amount of bending irrespective of its length (cell data). The proposed measurement
definitions are inherently 3D behaving, numerically stable (in their intended purpose),
are isolated from their neighbouring counterparts, and can properly quantify spiralling
fibres beyond a single revolution unlike pure image-processing measurements or other
polygonal-based methods which measure from a global world-coordinates perspective.

Unlike the volumetric image signal in the image processing operations, these 3D curves
are somewhat similar to a 1D waveform (e.g. audio or radio signal). As the discussed
signal processing fundamentals still apply, and a curve will never be infinitely sampled,

(a) Braid (b) Twisting (c) Bundle (d) Scaphandre

(e) Harmonics (f) Polarized (g) HiFreq (h) Mixed

Figure 5.8.: Volume renders of the synthetic datasets generated using the proposed
Gaussian-splatter method from a diverse set of intertwined ground truth curves.
The actual slices and the generative code is made available in the supporting
material of Chapter 3 (top row), and Chapter 4 (bottom row).
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the signal (i.e. the curve) will be band-limited due to the Whittaker–Nyquist–Shannon
sampling theorem [68, 47, 61]. The high frequency components will not describe the actual
shape of physical fibres; their amount varies due to acquisition parameters such as voxel
size, scale of the fibres, resolution, dynamic range, noise characteristics of the imaging
device, etc. Depending on the sampling frequency, the amount of noise will vary and so
will the measured curvature. This undesired phenomenon is problematic as the spectral
energy induced by these random high-frequencies produces a fractal-behaving signal which
must be limited should any proper measurements be made [39]. The key proposal of our
measurement method is the addition of a decoupling mechanism to mitigate these effects.
Using a low-pass Gaussian frequency filter the features smaller than a certain user-specified
σ wavelength referenced in actual space units can be attenuated. Also, the convolution
process considers the irregularity of samples and its reach is also referenced in space units.
In addition, it can be repurposed to not only discard noise but also dismiss real variations in
the fibres not deemed relevant for a particular study. As illustrated by Figure 5.6 the method
converges irrespective of the underlying step size.

So far all state-of-the-art measurements we analysed do not perform such considerations.
Some may inadvertently limit these effects by the employment of smoothing polynomials or
by indirectly filtering the noise with coarser samplings. For this reason, our proposal enables
a proper and comparable measurement across different acquisitions.

5.3.3 Testing

The proposed methods have been tested with real and synthetic datasets. To evaluate the
error of the fibre reconstruction proposal in Chapter 3 we employed the synthetic models
created by Creveling et al. [10] in order to compare with his error figures in the most
transparent and unbiased way. Our method results show that an error below the pixel-size is
attained as shown in Figure 5.9b. While we cannot attribute an exact reason for some of the

(a) Manual verification of a real dataset. (b) Error respect a synthetic ground truth.
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Figure 5.9.: Error assessment of Chapter 3 corresponding to Fig. 11 (left), and Fig. 12a
(right).
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fluctuations, at such high levels of accuracy, external factors such as the imaging technique,
quality and uncertainty in the measurement, among others, will have to be considered.

Complementing the aforementioned third-party datasets, in Chapter 4 a novel approach
to produce synthetic cases is presented. The proposed method, illustrated in Figure 5.10,
generates a tube around the medial axis from which several Gaussian blurs can be splattered.
The combined field is then discretized into a finite resolution volume. Due to its 3D and
uniform behaviour, the complex curves required to characterize the proposed methods could
be produced. In the case of Chapter 3, the purpose of twisting, scaphandre, bundle, and
braid datasets (see Figure 5.8, top row) was to assess the uniform behaviour of the fibre
tracking method and evaluate its abilities to reconstruct any kind of fibre paths as illustrated
in Fig. 10 of Chapter 3. This proves that our method can overcome some of the limitations
posed by several state-of-the-art algorithms. In the case of Chapter 4, the harmonics, hifreq,
mixed, and polarized datasets were used (see Figure 5.8, bottom row). Their corresponding
ground truths were mathematically described as wave equations with different combinations
of wavelengths and amplitudes. These shapes, combined with random pixel-noise were
crucial in order to validate the proper behaviour and filtering capabilities of the proposal as
illustrated in Figure 6 of Chapter 4.

Complementing the synthetic cases, real acquisitions with individually identifiable fibres
were also used. As they lack a reference ground truth, in the case of Chapter 3, a manual
verification process was performed as shown in Figure 5.9a. These datasets were also used
in Chapter 4, where one can visually check that the slightly curving fibres were properly
identified as illustrated in Figure 9 (Chapter 4). Complementing these, several acquisitions
with regular CT (see Figure 1.11a, 1.11b, 1.11c) were also used in this thesis to demonstrate
the capabilities of intermediate results and visualizations when individual fibres are not
discernible (see Figure 5.3 and Figure 5.1b).

5.3.4 Performance and implementation
The proposed approach has been developed in C++ and integrated in the Starviewer
platform in the form of a specialized materials analysis extension. At the same time,
the implementation is supported by several open-source libraries, the main one being
VTK [28].

On the one hand, the specific fibre reconstruction in Chapter 3 was assessed by timing the
execution and then contrasting whether the results matched the theoretical expectations.
In that regard, the first aspect to consider is that the cost of convolutions is characterized
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by the amount of neighbours visited for each input voxel, hence its growth is proportional
to the target fibre diameter and not the overall volume size. This expectation has been
corroborated by the experiments in Chapter 3.

On the other hand, the stream tracing workloads can only be atomized up to a seed level as
each tracking must be performed sequentially from its initial conditions. This paradigm also
applies for the measurement algorithm in Chapter 4 although some optimizations could be
implemented by parallelizing the convolution for each sample. In any case, as the amount of
fibres will usually exceed the core-count, future work will prioritize tackling the parallelism
at a cell level (i.e. for each fibre path). While in this type of data structures the size of
convolution is not known beforehand, the measurement algorithm cost can be deemed linear
respect the overall number of samples, and the cost growth is attributable to the amount of
convolving operations required, which will depend on the amount of discrete neighbours
reachable in a σm arc distance.

In any case, the overall performance of the whole can be considered good and efficient.
Most of the proposed pipeline is partitionable in terms of memory and processing; and
the computationally image-processing operations have been successfully parallelized. The
performance figures were assessed in a GNU/Linux workstation with a ThreadRipper 1950X
whose memory is arranged in two separate NUMA nodes (non-uniform memory access).
Under the current testing environment, if the 16 s processing time of the 350 × 350 × 350
cfrp_i17 dataset is extrapolated to an extent of 2500×2500×1500, provided enough memory,
a very reasonable processing time of 1 h is projected.

5.3.5 Reproducibility
All findings and experiments stated in the articles are accompanied with an extensive set
of supporting material files with the results, visualizations, code, extra figures and videos,
among others. Although not all code for the Starviewer extension has been made publicly
available, the algebraic descriptions in Chapter 2 and Chapter 3 are a complete description
of the actual implementation.

80 Chapter 5 Results and discussion



6Conclusions

The purpose of this thesis has been the research and development of methods, algorithms
and tools for the analysis of composite materials. These require specific techniques in order
to gain insight of their constituent materials and their behaviour. For this reason, the non-
destructive µCT technique is an established way to perform such detailed analysis. Due to
its technical similarity with medical CT, in Chapter 2 we analysed the established techniques
in this mature sector, and then we proposed specialized techniques for the reconstruction of
fibres in Chapter 3 and the analysis of its curvature in Chapter 4.

In that regard, DICOM viewers are essential in many clinical processes, either to diagnose,
plan operations, or follow up the evolution of pathologies. Due to the uprising reliance of
digital-based acquisitions, the key role in modern medical imaging workflows is crucial in the
daily medical practice. For this reason, and focusing on the open-source DICOM viewers, we
presented an adaptable evaluation framework that considers different audiences and criteria
weighted according to user needs. In addition we introduce Starviewer, an open-source
multi-platform DICOM viewer that supports the main needs of medical image diagnosis and
also serves as a platform to develop custom extensions to cover specific workflows, including
interdisciplinary ones such as the analysis of materials. However, in order to tackle the
potential bias of self-evaluating Starviewer respect others, several measures have been taken
in order to achieve an unambiguous and fact-based evaluation. From this exercise, it has
been observed that the needs of a 3D-based audience fits many of the needs for the analysis
of composite materials. For this reason, the specialised measurement and reconstruction
techniques had to be implemented and integrated into a specific extension containing the
whole workflow. Also, in its implementation, we considered established medical modalities
such as DTI in order to repurpose some of its principles for the analysis and reconstruction
of fibre orientations and the handling of tensorial volumes.

Hence, in order to process the µCT acquisitions with individually identifiable fibres, in
Chapter 3 we successfully implemented a performant fibre reconstruction algorithm which
fulfils the explainability objectives by: (i) applying known signal processing techniques based
on physical principles; (ii) constraining the seed placement at peak intensities controllable
by user-defined surfaces; and (iii) employing fluid dynamics principles (streamlines) to trace
the actual fibre paths. These, in turn, are complemented by a very extensive set of user-
adjustable parameters controlling all aspects of the pipeline. In addition, as the execution
evolves the user can seamlessly interact with its intermediate results as if they were regular
medical imaging series. All these aspects make this whole process supervisable.

Also, some of the intermediate results themselves can be repurposed to gain insight in the
µCT acquisitions where individual fibres are not identifiable. By studying its structure tensor
maps and/or its orientations at a voxel-level one can easily extract valuable information at
a much lower acquisition cost provided the use-case permits it. In any case the proposed
four-step reconstruction algorithm considers the input volume as a whole where streamlines
and three-dimensional image processing techniques (mainly Gaussian convolutions) are
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applied in order to achieve a uniform behaviour in all three axes. Considering the quality
and precision of the reconstruction, we consider all those aspects beneficial compared to
more opaque approaches requiring training datasets, dictionaries, slice-by-slice methods, etc.
Performance-wise, the more voxels, the bigger the processing time, however its growth is
linked to the size of the convolutions, which is in turn governed by the target fibre diameter
and the kernel precision factor. For this reason, tackling large volumes is attainable even in
modest hardware provided enough memory and time.

Building upon this polygonal reconstruction technique, in Chapter 4 we propose a waviness
and curvature measurement. Several state-of-the-art articles have found a decrease in the
mechanical properties when fibres are misaligned. While some propose specific techniques
to quantify these defects from µCT datasets, they present some fundamental limitations
regarding their reconstruction and numeric quantification. For this reason we proposed a
compatible measurement employing the inherently 3D and uniformly behaving curvature
definition of the Frenet-Serret formulas combined with a band-pass filter in order to limit
the over-estimating noise effects that attenuate the curvatures below a certain user-defined
wavelength (i.e. size) in space units. These finer variations will always be present and they
infer a fractal-like shape to the imaged fibres; considering this issue is crucial in order to
perform meaningful and coherent measurements across acquisitions and specimens. In our
case, this scale selectivity is attained using a Gaussian low-pass frequency filter with an
user-adjustable sigma parameter corresponding to a cut-off wavelength defined in space
units. With it, our method attains convergence of results for fibres sampled at different
resolutions, varying amounts of noise, etc., when a sufficiently large sigma wavelength above
the sampling band-limit is employed. This cut-off frequency can also be used to discard
actual curvatures present in the physical fibres when these are not relevant in a certain
application.

6.1 Future work
Both in the fibre reconstruction algorithm and the curvature measurement method, it has
been observed that the scale-space principles [36, 37] can be applied. For the curvature
measurement, the cut-off wavelength could be probed at different sizes and then visualized
as an spectrum. This has been already indirectly performed as the sigma was gradually
increased through all the testing in Figure 6 of Chapter 4. Regarding the fibre reconstruction
algorithm, this multi-scale analysis could be implemented as a fourth-dimension for the IDoG
volume in order to track fibres with varying diameters. For instance, such line of work could
be repurposed for medical purposes as a way to reconstruct blood vessels from angiographic
images.

In addition, some of the implemented features will be ported as a more generalized abstrac-
tion to the Starviewer platform itself in order to improve some of its drawbacks such as the
handling and fusion of polydata datasets in 2D viewers, enable more advanced visualizations
for the DTI acquisitions and interactive tractographies, among others. Finally, regarding the
specific materials extension, the workflow could be further automated to ease the adjustment
of parameters for a novice user.
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A B S T R A C T


Methods: The aim of the paper is twofold. First, we present Starviewer, a DICOM viewer developed in C++with
a core component built on top of open-source libraries. The viewer supports extensions that implement func-
tionalities and front-ends for specific use cases. Second, we propose an adaptable evaluation framework based on
a set of criteria weighted according to user needs. The framework can consider different user profiles and allow
criteria to be decomposed in subcriteria and grouped in more general categories making a multi-level hier-
archical structure that can be analysed at different levels of detail to make scores interpretation more com-
prehensible.
Results: Different examples to illustrate Starviewer functionalities and its extensions are presented. In addition,
the proposed evaluation framework is used to compare Starviewer with four open-source viewers regarding their
functionalities for daily clinical practice. In a range from 0 to 10, the final scores are: Horos (7.7), Starviewer
(6.2), Weasis (6.0), Ginkgo CADx (4.1), and medInria (3.8).
Conclusions: Starviewer provides basic and advanced features for daily image diagnosis needs as well as a
modular design that enables the development of custom extensions. The evaluation framework is useful to
understand and prioritize new development goals, and can be easily adapted to express different needs by
altering the weights. Moreover, it can be used as a complement to maturity models.


1. Introduction


DICOM, that stands for Digital Imaging and Communications in
Medicine, is the leading standard for image data management in
medical applications and is used to capture, exchange, and archive
image data in Picture Archiving and Communication Systems (PACS)
[1]. PACS can be seen as a centralized repository of all medical images.
To diagnose, physicians require a DICOM viewer with features to con-
nect with the PACS in order to retrieve and store images and with other
functionalities to visualize, explore and analyse the information re-
presented in these images [2].


There is a wide variety of privative and open-source DICOM
viewers. Focusing on the latter, their functionalities range from simple
2D or 3D visualizations to more advanced techniques and image pro-
cessing tools to measure the volume of lesions or combine information
from different image modalities, among others. Recently, Valeri et al.
[3] evaluated the most representative viewers for GNU/Linux, Win-
dows, and macOS; beeing the best viewers 3D Slicer [4,5], medInria
[6], MITK Workbench (MITK 3M3 before 2009) [7,8], VolView (cur-
rently deprecated) [9], VR Render (currently deprecated) [10], and


OsiriX [11,12]. More recently, Haak et al. [13] did an evaluation cen-
tering not only on viewing functionalities, but also on platforms and
interfaces. MIPAV [14,15] and Weasis [16] were identified as superior
open-source tools. In the macOS community, the most popular open-
source viewer was OsiriX [11] which is currently a proprietary solution.
However, the last open-source version of OsiriX was forked into several
projects by the community, being Horos [17] the most popular one.


The offer of open-source software is continuously growing in all the
areas of research and practice and also in the medical one. Selecting the
product that better fits the health environment and more specifically
user needs becomes a complex task. In this context, under the premise
that the quality of a software system is largely determined by the
quality of the software process used to build it, capability/maturity
models have been proposed. These can be represented in a two-di-
mensional space where a first dimension represents what is done and a
second one of how well it is done, i.e. the capability/maturity dimen-
sion. These models have a set of levels ranging from the lowest, where
no conception of maturity is defined, to the highest, representing total
capability maturity. To determine the level of a software quality, at-
tributes such as functionality, reliability, usability, efficiency,
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maintainability, and portability are considered. In the healthcare do-
main, several maturity models have been proposed but they are still at
an early stage of development [18–20]. For a review on this topic see
[21] and for a comparison of maturity models on open-source software
see [22]. Unfortunately, no consensus on the aspects or the models that
have to be considered for an evaluation in a specific area exists. This
leads, in some cases, the selection of a DICOM viewer to a process based
on recommendation and past experiences [23,24].


A key point of maturity models relies on the selection of the para-
meters to be evaluated and the grading system used to evaluate them. In
the case of open-source DICOM viewers, different parameters and
grading systems have been proposed to compare them. On the one
hand, there are authors that consider the most important features to be
installation facilities, support, and documentation [25], while others
consider the provided working functionalities more important
[26,3,13]. On the other hand, grading approaches range from the
simplest, where yes/no classification are considered [13,3] to the most
elaborated grading scales [26]. With the aim of satisfying as many
audiences as possible, we propose a fully customizable evaluation fra-
mework with no limits on evaluated criteria and with the possibility to
modify the grading strategy. The framework uses a hierarchical struc-
ture to maintain information grouped in audiences, groups, criteria, and
subcriteria. Weights are assigned for each node and are distributed
across the sibling nodes for each level in the hierarchy. Scores range
from 0 to 1 and are computed as a weighted sum which is propagated to
the upper nodes providing intermediate weighted scores for each level
in the hierarchy. For more details about the calculation refer to Fig. 2,
the actual supporting material spreadsheet, and Appendix B. In this
way, a rapid evaluation of the software can be obtained with more or
less detail depending on the user interests. The proposed framework
cannot be a substitute of a maturity model but a complement to de-
termine the values of parameters required by the models.


Although our framework mainly focuses on technological aspects,
the overall evaluation of free/open-source projects requires the


consideration of other aspects such as production, distribution and
support. Different models to evaluate these factors have been proposed.
Kamseu and Habra [27] presented a three dimensional model where the
development process, the community, and the project are evaluated.
The Qualification and Selection of Open Source Software (QSoS) applies
four independent and iterative steps aimed at defining, evaluating,
qualifying, and selecting open-source solutions based on software sup-
port and technology [28]. The Quality Platform for Open Source Software
(QualiPSo), includes an evaluation framework regarding the trust-
worthiness of open-source projects [29,30]. Sung et al. adapted the
ISO/IEC 9126 standard to free/open-source projects focusing on the
quality of the products [31]. The Evaluation Framework for Free/Open
source projects (EFFORT), is a framework that, once customized for a
specific context, supports the evaluation of product quality, attrac-
tiveness, and community trustworthiness [32,33]. For more details on
these methods see [33]. Note that unlike described methods our ap-
proach focuses on functionalities, audiences and technological aspects
of medical imaging software but not on production, distribution and
support. Therefore, we consider it as a suitable complement to the
described methods and not a substitute.


Besides this introduction, the paper has been structured as follows.
In Section 2, the architecture of Starviewer DICOM viewer is presented,
as well as the proposed evaluation framework and the evaluation pro-
cedure that has been applied to compare different open-source radi-
ological viewers with the proposed one. In Section 3, the main func-
tionalities of Starviewer platform are illustrated and also the results
obtained from the comparison of selected open-source radiological
viewers. The obtained results are discussed in Section 4.


2. Materials and methods


2.1. Starviewer architecture


Starviewer was conceived as an integrable open-source solution for


Fig. 1. Starviewer architecture block diagram.
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DICOM-based diagnosis. To design it we considered fundamental to
support basic and advanced functionalities and also the possibility to
extend the viewer in order to assist specific workflows required by
experts. We designed the three-level architecture illustrated in Fig. 1
and described below.


2.1.1. External libraries
The first level of the Starviewer architecture contains the open-


source libraries used by the platform. In particular, Qt [34] is used as
the development framework, and VTK [35] and ITK [36] for image
representation, processing, visualization, interaction, and rendering.
DCMTK [37] is used to communicate with the PACS and as the primary
choice when reading DICOM files. GDCM [38] is used by the anon-
ymization feature and as a surrogate when reading unsupported
DCMTK image codecs such as JPEG2000 (which is not included in the
free version of DCMTK). ThreadWeaver [39], which simplifies the im-
plementation of multi-threaded asynchronous algorithms using a thread
pool, is used for image loading, PACS queries, downloads, and uploads.
Finally, Breakpad [40] is a library used to create crash reports with
memory dumps that are stored locally and then sent to our servers for
further analysis.


2.1.2. Core
The second level of the Starviewer architecture has two main


components, the core and the core user interface. The Starviewer core is
made of algorithms, common user interfaces, and general purpose
modules that conform the structure which can later be leveraged by the
extensions. It has four main parts.


First, input/output modules and user interfaces consisting of: (i) the
local database, (ii) the PACS connection module, and (iii) the image
loading module.


Second, the extensions engine, that provides some classes and spe-
cifies a structured methodology to extend the program functionalities in


order to satisfy new user requirements.
Third, widgets that can be divided in: (i) 2D widget, focused on vi-


sualizing plain images, slices from volumes, and fusions between series;
(ii) 3D widget, targeting the visualization and rendering of volumetric
datasets; (iii) layouts, whose task is to arrange a set of viewer widgets;
and (iv) hanging protocols, which are a set of user-definable templates
aware of the study context that have rules to decide when a hanging
protocol is applicable, define a layout with custom-sized viewers, and
have sets of rules to determine which contents shall be placed in each
viewer.


Fourth, tools, a wide collection of components that can be associated
with the basic 2D and 3D viewer widgets to add interaction and extend
their functionality. They are used to implement or reuse extension-
specific features and are divided in six categories: (i) navigation tools,
(ii) transfer function tools, (iii) thick slab tool, (iv) localization tools, (v)
drawing tools, and (vi) synchronization tools.


2.1.3. Core user interface
Besides core, in the second level of the architecture there is also the


core user interface. This exposes common features that are not im-
plemented by extensions but are required by them. Its main elements
are: (i) the main window, (ii) the configuration window, and (iii) the study
management window.


2.1.4. Extensions
In the last level of the architecture, there are the extensions. These


make use of the underlying tools, widgets, and the Starviewer platform
in general to develop specialized tools for specific use cases with custom
user interfaces. An extension is implemented when a user requires a set
of functionalities to deal with a determined protocol or situation.
Although the functionalities of extensions are different, for the sake of
simplicity for the user, they usually follow a standard layout pattern
with two distinct regions: a toolbar, with shortcuts to main


Fig. 2. The main blocks of the proposed evaluation framework where several auxiliary columns are hidden for the sake of readability. (a) Audiences, groups, criteria,
and subcriteria are organized hierarchically; the tree structure is drawn automatically from the entered data. (b) The user enters weights in the bold column for each
row in the tree; relative normalized weights and graph bars are automatically computed. (c) Description for each node of the tree. (d) Viewer scores: for each viewer a
set of columns is added; the user enters the score in the “evaluation” column for each leaf node; relative scores and graph bars are automatically computed.
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functionalities, camera options, and tools; and a views area containing a
layout of viewers, which can be 2D or 3D, or other specialized widgets
to display information. A detailed description of how to create an ex-
tension is given in Appendix A.


2.2. The evaluation framework


Usually, software feature comparisons consist in gathering user
needs, representing them as a set of criteria, and grading them fol-
lowing a basic methodology [3,13] or a more complex one which varies
the requirements, adapts the weights, and uses fine-grained criteria
[41,42]. Our evaluation framework expands on some of these ideas
using a very fine-grained tree of hierarchically organized criteria where
related features are grouped and scored. Every node of the tree is as-
signed a weight according to its relative importance in its context
(sibling nodes); weights are automatically normalized at each context
(sibling nodes) to sum 1. Then, each leaf node is evaluated and given an
score in the range [0, 1] being the parent node score the weighted sum
of them.


The proposed framework is presented in Fig. 2 where its main
blocks have been highlighted. By default the evaluator has a template
where the four first columns (see block (a)) represent the levels of the
tree structure, where from left to right, each column represents: (i)
audiences; (ii) groups, a high-level grouping of criteria not meant to be
directly evaluated; (iii) criteria, specific items to evaluate; and (iv)
subcriteria, present when a criterion is finely evaluated. The evaluator
may alter the tree by adding, removing, or rearranging criteria, and
adapting the weights of the rows to express his or her needs. Weights
are presented in block (b). The user enters the weights in the last
column and they are automatically normalized and shown both nu-
merically and graphically in the first and second columns. In addition,
there is a column to enter a textual description of the criteria (see block
(c)). Finally, in block (d), the software products (in our case DICOM
viewers) to be compared are placed. The evaluator enters the score in
the “evaluation” column for each leaf node (criterion or subcriterion),
and the relative score and graph bar are automatically computed. If a
new software solution has to be evaluated, a new group of columns
must be appended at the end.


2.3. The evaluation procedure


2.3.1. Evaluation framework definition
To fill the framework with criteria and weights specific to DICOM


viewers, we restricted our study to functional requirements which
where compiled from: (i) clinical experts feedback; (ii) our knowledge
with the development of Starviewer; (iii) existing literature [3,13,26];
and (iv) a collection of the analysed viewers features. Although they are
equally important, non-functional requirements such as security,
privacy, availability, platform usability, or efficiency were not eval-
uated. However, they can be easily integrated in the framework. To
select functional requirements we evaluated state of the art DICOM
viewers (see Section 2.3.2) and we elaborated a list with their func-
tionalities. We grouped these functionalities in seven groups: (i) tech-
nical features, (ii) archive, (iii) workflow, (iv) visualization and interac-
tion with a volume or set of images, (v) tools, (vi) other modalities, and
(vii) processing features. Then, we collected this information in a survey
and asked radiologists to grade them according to importance in a
range from 0 to 10. The survey includes a question asking the number
of years each respondent has been diagnosing from medical images and
their area of diagnosis. The survey was sent to 25 radiologists of dif-
ferent centers of Catalan Hospitals. From their answers, we created a
first list of criteria and weights which were obtained from the mean
grades. List items were transformed to the evaluation framework cri-
teria. In addition, from the collected information we decided to con-
sider three broad types of audiences: (i) general, which reflects the
common needs of a physician, not exclusively focused on 2D or 3D; (ii)


2D-based audience, that works with plain images like ultrasound,
mammography, and X-ray; and (iii) 3D-based audience whose datasets
are mainly volumetric images from computed tomography (CT) and
magnetic resonance (MRI) as well as more specific nuclear medicine
modalities like positron emission tomography (PET) or single-photon
emission computed tomography (SPECT). In the evaluation, these three
audiences have the same criteria and evaluations, but their weights
have been tuned to more accurately reflect their particular audience
needs.


The filled framework was supervised by a group of experienced
radiologists via personal interviews. They were asked to pinpoint
missing criteria and check and fine-tune the weights. From this process
we obtain the filled evaluation framework presented in Section 3.2.


2.3.2. Selection of viewers to compare
To select the open-source software candidates, a search focused on


viewers for daily clinical practice was carried out. The search was
conducted using: general purpose search engines like DuckDuckGo and
Google; Debian, Fedora, and Ubuntu package archives; specialized
websites like IDoImaging.com [43] and AlternativeTo.net [44]; and
popular code forges like GitHub [45], Bitbucket [46], GitLab [47], and
SourceForge [48].


A list of 54 candidates was produced from which viewers being
unmaintained or not achieving the minimum requirements for daily
clinical practice were discarded. This reduces the list to eleven pieces of
software (Aliza [49], Amide [50], Ginkgo CADx [51], Horos [17], In-
Vesalius [52], medInria [6], MIPAV [15], MITK [8], Slicer [5], Star-
viewer, and Weasis [16]) that were installed in a multi-platform testing
environment with a PACS server for further analysis. After a first
screening, six of them (Aliza, Amide, InVesalius, MIPAV, MITK, and
Slicer), all excellent tools, were discarded because they were more re-
search and processing focused. This leads to the final list with Ginkgo
CADx, Horos, medInria, Starviewer, and Weasis.


Once the viewers to compare were selected and the evaluation
framework was filled with criteria and weights, a group of three experts
with experience on radiological viewers but not involved in the de-
velopment of Starviewer carried out the comparison. The evaluation
was performed taking in consideration the description of each item
combined with the need to provide an individual justification for the
more qualitative items. Each expert carried the evaluation individually;
many items could be evaluated in a boolean fashion, however when this
could not be done a grading between 0 and 1 was used instead. In a
second stage the grades were shared in order to discuss a final con-
sensus.


3. Results


3.1. Starviewer as a platform


Starviewer is developed in C++11 with support from several open-
source libraries: Qt, DCMTK, ITK, VTK, GDCM, ThreadWeaver, and
Breakpad. It is supported in Windows, macOS, and GNU/Linux oper-
ating systems. The source code is available at http://www.starviewer.
org and https://github.com/starviewer-medical/starviewer licensed
under GPLv3+ terms.


Starviewer core is extended with five stable extensions: 2D viewer
(with support for fusion), 3D viewer,MPR (multi-planar reconstruction),
DICOM Print, and PDF. To illustrate their functionalities, some screen-
shots are shown in Fig. 3.


Apart from the stable extensions, there are some experimental ones
that are examples of research focused extensions: (i) diffusion perfusion
segmentation; (ii) edema segmentation, which calculates the volume of
automatically detected lesions in the brain (edemas and hematomas);
and (iii) rectum segmentation. These extensions are not included in
regular compiled binaries, but are available in the source code.
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3.2. Evaluation


The results have to be interpreted as the capability of a viewer to
address specific audience needs. A weighted and fine grained bottom-
up evaluation of the features is performed in order to reduce the bias.
Depending on the audience some needs may be more important than
others. In the presented evaluation we expressed three broad types of
audience that try to mimic the daily clinical practice needs.


The proposed evaluation framework has been implemented in a
macro-free LibreOffice spreadsheet that automatically draws the tree,
displays warnings, and has built-in help, among other advanced fea-
tures. It is available as supporting material, and in https://github.com/
starviewer-medical/dicom-viewers-comparison.


In Fig. 4 the results of the comparison of Starviewer with Ginkgo
CADx, Horos, medInria, and Weasis using the proposed evaluation
framework is presented. For a better comprehension, these results are
shown only up to group level where each value is obtained from a
weighted sum of the scores present at lower levels. The full evaluation
can be seen in the spreadsheet in the supporting material, as illustrated
in Fig. 5, where the “tools” group and the “annotations” criterion have
been expanded.


From Fig. 4 we can observe that for a general audience the best
score is obtained by Horos with 0.78, while Weasis and Starviewer have
a similar score, 0.62 and 0.61, respectively. The worst positions are for
Gingko CADx, and medInria, with 0.43 and 0.38, respectively. Focusing
on 2D users, Ginkgo CADx (0.52) and Weasis (0.68) significantly in-
crease their scores relative to the general audience. The other viewers
show a slight increase, relegating Starviewer (0.63) to the third posi-
tion. Finally, focusing on 3D users, rankings stay the same as in the
general audience, but more 2D oriented viewers, Ginkgo CADx (0.37)


and Weasis (0.56), decrease their scores significantly.
In addition, Fig. 6 shows the summarized results for the general


audience in a graphical form. The right “weights” bar shows the max-
imum possible score for each category, thus helping to see where each
viewer is good or has room for improvement.


4. Discussion


In recent years, open-source software has emerged as a potential
solution to compete with privative products in medical applications.
These products have many similarities in their approach but also pre-
sent great differences in provided features and functionalities. For this
reason, despite the interest from the research and medical community
on open-source products, the lack of clear information about the ad-
vantages and disadvantages of one product over the others, makes their
use in real scenarios quite complex. Aware of this situation, the aim of
this paper has been two-fold. Firstly, we have presented Starviewer, a
new open-source multi-platform DICOM viewer which despite its
ability to satisfy and adapt to daily clinical needs has room for some
feature improvements as described below. Secondly, we have in-
troduced an evaluation framework that reduces the complexity of se-
lecting a viewer that can: (i) be user-configured and adapted to any user
specific scenario, and (ii) be used as a complement to maturity models
or quality evaluation frameworks [33] in order to perform a feature
analysis.


In our case the evaluation carried out presents two main limitations.
Firstly, a reduced set of viewers has been evaluated because the eva-
luation of each viewer in such level of detail takes a considerable effort.
However, with the proposed framework it is easy to add new viewers to
the comparison. Secondly, it is difficult to attain a fully objective


Fig. 3. Screenshots showing several features of Starviewer. (a) 2D viewer with the magnifying glass tool. (b) 2D viewer visualizing a PET-CT with axial, coronal and
sagittal reconstructions in the rows combined with the CT, PET-CT fusion and PET modalities in the columns. (c) 2D viewer showing the reference lines tool with
thick slab enabled; the green lines in the coronal and sagittal viewers show the location of the axial view and its thickness. (d) 3D viewer with clipping planes enabled
and a sidebar to modify the current transfer function and illumination parameters. (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)
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analysis, but the hierarchical evaluation methodology and the different
audiences approach forces the evaluator to perform a bottom-up ana-
lysis that helps to limit the subjectivity when setting scores, weights,
and criteria. Scores were set according to the descriptions, but in some


cases the assessment requires analysing and justifying the pros and cons
of each candidate to set a fair final score, which may introduce some
bias. Regarding weights, they were set following expert radiologists
advice, but in a future work, we will consider making a survey in order


Fig. 4. Summarized results of the comparison of Starviewer with Horos, medInria, Weasis, and Ginkgo CADx considering three different audiences (general, 2D-
based, and 3D-based), and criteria grouped in seven categories. Criteria and subcriteria are hidden for comprehensibility. The final scores for the general audience
(highlighted in red), are the ones we consider more relevant as they are in the most transversally weighted audience. (For interpretation of the references to color in
this figure legend, the reader is referred to the web version of this article.)


Fig. 5. Expanded evaluation results for the “tools” group and the “annotations” criterion. The user can interact to determine the information to be presented.
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to get better measurable knowledge and contemplate more specific
audiences. Fortunately, all these limitations can be overcome thanks to
the adaptability of this evaluation framework by the end user.


The proposed viewer has been compared using the presented eva-
luation framework with state of the art open-source viewers such as
Ginkgo CADx, Horos, medInria, and Weasis. Criteria have been grouped
in seven categories and weighted according to user perspective.
Focusing on the general audience, which takes into account all possible
features, the obtained results are discussed below.


In the technical group, where aspects such as platform support,
multi-language, and documentation are considered, Starviewer has the
top score mainly due to the completeness of its documentation.
Starviewer provides an extensive user and administrator documenta-
tion where all features and shortcuts are described while many of the
analysed viewers do not provide it.


Regarding the archive category, where network protocols, local
storage, and supported formats are considered, the maximum score is
achieved by Horos, which supports almost all the features. The main
limitations of Starviewer in this group are the lack of WADO support
and its inability to convert from DICOM to non-DICOM formats and vice
versa; for these reasons it is ranked in third position after Ginkgo CADx.


In the workflow group, where we consider features that improve user
experience such as program customization, hanging protocols support,
and synchronization, Horos is again the top-rated viewer mainly be-
cause it is fully customizable. Starviewer follows close in second posi-
tion, being the best in synchronization and study comparison support;
however it lacks a graphical hanging protocol editor.


Visualization is the group where all the 2D and 3D visualization and
interaction features, and DICOM conformity are considered. Horos is
first with great support for most of the criteria. Starviewer obtains a
good score and is placed second, being its main drawbacks the lack of
non-Latin characters support and the absence of full-screen visualiza-
tion and true scaling (display of objects on screen in real size).


In the tools category is where we look for functionalities to measure,
annotate, and comprehend datasets. Horos and Weasis obtain a very
good score, with Horos slightly better due to its ability to undo actions.
Starviewer is ranked third, with its main weaknesses being non-editable
tools, non-savable annotations, and the lack of key image notes support.


In the other modalities group, where support for non-image mod-
alities like structured reports and encapsulated documents is evaluated,
the best score is achieved by Weasis thanks to its support for all special
modalities. Starviewer is fourth because it only supports encapsulated
documents.


Finally, in the processing group, which evaluates features that per-
form a complex analysis and usually generate new series, the top po-
sition is for medInria thanks to its extensive support for almost all the
considered criteria. Starviewer obtains a bad score in this category with


only some points in the segmentation criterion through the “magic ROI”
tool, putting it in fourth position.


Focusing in the 2D-based audience, Weasis greatly increases its
score ascending to the second position after Horos, which remains first.
The main reason are the changes of the weights in the visualization
group, where criteria that do not make sense in 2D, such as thick slab,
MPR, fusion, and 3D, have their weights set to zero, thus increasing the
relative weights of the other criteria.


Similarly, for the 3D-based audience, the weights of visualization
criteria have been adjusted by increasing the ones that are more im-
portant for 3D datasets exploration. In addition the weight of the pro-
cessing group has been slightly increased. In this case the positions stay
the same as for the general audience but Weasis and Gingko CADx have
significantly lower scores due to their lack of 3D support.


In our evaluation medInria has the lowest score. This is due to the
fact that although it is an excellent processing tool it is not suitable for
the daily clinical practice. From this evaluation we have seen that Horos
is the best viewer overall, however it is only available for the macOS
platform. In second position comes Starviewer, which despite having
less features than Horos, is still a good viewer for daily clinical needs
and has the advantage of being multi-platform. In addition, Starviewer
is modular and extensible, thus new extensions and functionalities can
be quickly developed according to user demands. This is a technically
relevant characteristic to be taken into account, although it has not
been considered in the evaluation because it is not as relevant from the
end user perspective. Other viewers that have not been evaluated, like
MITK [7] or 3D Slicer [4], provide specific APIs to manipulate and
extend functionalities. In contrast, Starviewer extensions operate di-
rectly using VTK, reducing the degree of abstraction and enhancing
VTK-based code portability.


From the aforementioned analysis, one can conclude that
Starviewer main advantages are technical documentation, productive
workflow, and extensibility. Main disadvantages are lack of WADO
support, DICOM conversions, lack of hanging protocol editor, Unicode
character support, non-editable tools, key image notes and lack of
special modalities like EKG. All those shortcomings will be addressed in
our future developments.


We are conscious that medical imaging software paradigm is
changing to software-as-a-service where solutions run in the cloud.
However there are still certain technological issues that need further
development to provide the advantages of desktop applications [53].
On the one hand, implementing certain features such as interactive
oblique reconstructions and 3D volume rendering on the client side
require that all the images are available in the client memory and that
requires powerful enough hardware to perform such operations, thus
negating the advantage of requiring only cheap thin clients. On the
other hand, if these and other features are implemented on the server


Fig. 6. Graph showing the summarized results of the comparison of Starviewer with the other viewers for the general audience. The right “weights” bar shows the
maximum possible score for each category.
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side, the viewer is highly dependent on and limited by the network
bandwidth, latency and stability. In addition, a high client concurrency
can lead to performance degradation in the server [54]. For these
reasons, we consider that Starviewer can be of interest to the health
community.


Summary points


What was already known on the topic:


• DICOM viewers are essential in many clinical processes, either to
diagnose, plan operations, or follow up the evolution of pathologies.


• The interest in open-source DICOM viewers has increased con-
siderably.


• Selecting the DICOM viewer that better fits user needs can be a
complex task.


What this study added to our knowledge:


• A new open-source multi-platform DICOM viewer that supports
main needs of image diagnosis experts and the creation of custom
extensions for specific workflows.


• An adaptable evaluation framework that considers different audi-
ences and criteria weighted according to user needs and that can be
used as a complement to maturity models and quality evaluation


frameworks.


• An application example where Starviewer and state-of-the art open-
source DICOM viewers are compared.
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Appendix A. Workflow to create a Starviewer extension


Focusing on final users, the main advantage of Starviewer is the possibility to create custom extensions for specific workflows. Currently,
Starviewer only supports extensions as static libraries, thus one needs to be able to build Starviewer from source. Once the build environment is set
up, creating an extension is very simple as illustrated in the following example.


Extensions must be placed under the src/extensions directory, and there are three possible directories to choose from: (i) main, intended for
official stable extensions; (ii) contrib, intended for stable third-party contributed extensions; and (iii) playground, intended for unstable or
experimental extensions. Thus, the example extension is a nice fit for playground.


The workflow to create an extension can be summarized in four steps: (i) create the extension subproject; (ii) create the bare minimum classes,
including the UI; (iii) generate the translation files and add them to a resource file; and (iv) implement the actual functionality for the extension. Now
we will extend on each of these steps.


Note that in this section we will include only a few code snippets which have been simplified for the sake of readability, omitting include guards,
include directives, namespace declarations, and safety checks, and occasionally merging header and source files. Full code listings can be found in
the appendix and in the supporting material.


A.1 Extension subproject


The first step is creating a subproject for the extension. We have to create a directory called example under src/extensions/playground.
Inside this directory we must create a qmake project file named example.pro with this content:


EXTENSION_DIR = $$PWD
include(../../basicconfextensions.pri)
Finally, we have to add a reference to this new subproject in parent projects. Specifically, we must add example to the SUBDIRS variable in


src/extensions/playground/playground.pro and the PLAYGROUND_EXTENSIONS variable in src/extensions.pri.


A.2 Minimum code


The bare minimum code required for an extension consists of the main extension class and a special class that is used by the core to initialize the
extension.


All new files from now on will be placed inside the example directory.
By convention, all UI classes start with a ‘Q’ and all the code is placed in the udg namespace.
First, we create an UI file named qexampleextensionbase.ui which, for now, is just a QWidget containing a QLabel with the text


“Example”. We name the main widget “QexampleExtensionBase”, and may be created using the Qt Designer graphical editor or the integrated
one inside Qt Creator.


Then we create the main extension class named QExampleExtension which inherits QWidget publicly and Ui::QExampleExtensionBase
privately. The latter is generated by uic, the Qt UI compiler, from the previously created .ui file. This class has just a constructor that calls
setupUi(this).


Now, we need to create a special class named ExampleExtensionMediator. It is a subclass of ExtensionMediator and must implement
two methods to initialize the extension and to give it a unique ID. In the header file, we also need to create a static instance of InstallExtension
to make the extension known to Starviewer. This is all done in the following snippet:
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Finally, we add both classes and the UI file to the project file example.pro.


A.3 Translations


Translation files must be generated and added to the project, even if they are empty. To generate these files we have to execute lupdate
example.pro from the example directory; this will create a few .ts files. Then, we create a resource file example.qrc that includes the
compiled translations (which will be created during the build from the .ts files, with the same names but with the .qm extension) under the prefix
”/extensions/ExampleExtension”. The last part of the prefix must match the ID given in the extension mediator. Finally, we add the resource
file to the RESOURCES variable in example.pro.


After this step, we can build Starviewer and try the new extension, as illustrated at Fig. A.1(a). It can be launched by selecting Example in the
Visualization menu after opening a study.


A.4 Adding functionality


Having a minimal extension working, the next step is adding actual functionality to it. In this example we will add a 2D and a 3D viewer. Viewers
can be added in the graphical editor as QWidgets and then promoted to Q2DViewerWidget and Q3DViewer, respectively.


Then we add a setPatient method to QExampleExtension with the following code:


Finally we call this method from ExampleExtensionMediator, getting the patient from the ExtensionContext:
exampleExtension- > setPatient(extensionContext.getPatient());
If we build and launch the extension in this moment, we can already see both viewers showing the first series of the opened study, as seen in Fig.


A.1(b). Both viewers allow to independently change the series using the right click menu. The 2D viewer allows changing slices with a slider, but the


Fig. A.1. Screenshots of the Example extension (a) containing just a label and (b) having a 2D and a 3D viewer.


M. Ruiz, et al. International Journal of Medical Informatics 137 (2020) 104098


9







3D viewer does not support any interactions yet.
To add interactions to the viewers, we need to register and activate several tools in each one. This is done with the help of a ToolManager. Since


each viewer will have a different set of tools, we will need separated ToolManager instances for each one.
We add the new code to the extension's constructor:


If we rebuild and launch the extension again, we can try the new features. In the 2D viewer we can zoom while holding the left button, pan while
holding the middle button, adjust the window level or VOI LUT while holding the right button, and change slices with the keyboard arrows and the
mouse wheel.


In the 3D viewer we can zoom while holding the left button, pan while holding the middle button, and rotate the image while holding the right
button.


Appendix B. Score calculation


The motivation of this appendix is to explain with detail how the actual scores are calculated following the reduced but complete example of
Fig. 2.


Note that the actual spreadsheet has many more (hidden) intermediate columns that propagate values up and down in order to accomplish the
tree-like structure calculations.


First of all we have to define some concepts: (i) nodes, which are rows, and must have a weight; (ii) leaf nodes, which are rows without children
nodes, are the only directly evaluated items for each analysed software, and their scores always correspond with the evaluation; and (iii) container
nodes, which have children nodes, are never directly evaluated, and their score is the weighted sum of their direct children scores.


The columns in bold are the ones to be considered user editable. Almost all numeric columns have values ranging from 0 to 1; being an exception
the weights editable column, that may take any positive number. Then, for each sibling, all weights are summed and normalized to a 0 to 1 range that
is placed in the relative norm. w. column. The sum of relative norm. w. across all siblings is exactly 1. The reason behind this methodology is to make
the weight setting process more easy and natural.


Container nodes scores are computed recursively, starting from leaf nodes and ascending up to the root node, according to the following process:
(i) each rel. score of each analysed software is multiplied by the relative norm. w.; (ii) each rel. score of each direct child is summed; and (iii) the result
of the summation is the rel. score that the container node takes.
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Graphical Abstract


Abstract


A method for reconstructing polygonal paths of fibres in reinforced composites imaged using micro-computed tomography
s formally described, implemented and tested. The algorithm has been crafted to be explicable, require no training data and
ehave uniformly in all axes or orientations. It consists of four phases: (1) segmenting fibre regions using a scale-dependent
terative Difference of Gaussians approach, (2) extracting directionality using the structure tensor minimum eigenvector, (3)
utomatically placing the seeds near a set of user-defined restricting surfaces, and (4) tracking fibres using a streamline-based
ntegration method. The algorithm cost grows in relation to the target fibre diameter and is proportional to the number of voxels
n the input volume. Its behaviour, ability to process very curved fibres, and error have been assessed using both synthetic and
eal datasets. The C++ implementation is performant and parallelizable, and produces helpful visualisations to gain insight of
he intermediate and final results.
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1. Introduction


Current µCT (micro-computed tomography) techniques are able to non-destructively capture precise and detailed
nformation of materials inner composition, and represent it as a stack of tomographic images that define a three-
imensional volume [1,2]. The capabilities of this technology have been exploited in the analysis and evaluation
f materials in different applications such as control of manufacturing processes, tensile and compression loading
tudies, or evaluation of materials resistance, among others. In these applications, two key processes to be considered
re: (i) identification and reconstruction of individual fibres from the µCT volumetric acquisitions; and (ii) graphical


volume representations alongside the reconstructed data to better evaluate, extract and contextualise information.
Both processes are challenging and have become important focuses of research in the last years.


Centring on the identification and reconstruction of fibres, although visible in µCT images, their correct
identification and quantification is a hard process that requires a specific post-processing. This is generally based
on image processing techniques commonly used in medical science to investigate connectivity and diffusion within
the human brain [3–5]. Particularly, reconstruction of fibres in composite materials is usually performed by first
identifying their centres and then connecting those with the ones of adjacent images to obtain the fibre tracts
throughout the 3D image [6]. Unfortunately, both processes need to face different issues caused by the nature
of µCT volume data such as: limited amounts of pixels representing fibre cross-sections; densely packed fibres
with fuzzy boundaries; and varying sizes, orientations, and curvatures of individual fibres [7]. Proposed strategies
include techniques to overcome these limitations, being in most of the cases designed to support a specific
type of material and imaging technique [8,9]. For instance, Schöttl et al. [10] presented and compared several
segmentation approaches based on layer thickness, fibre orientation angle, and degree of fibre isotropy to separate
each unidirectional tape to analyse the layers individually. They also introduced mapping approaches to transfer
local fibre orientation of each tape layer onto a discrete surface. Those approaches were applied to carbon fibre-
reinforced polyamide 6 (PA6-CF) samples. Sencu et al. [11] presented an algorithm that uses a global overlapping
stack filtering step followed by a local fibre tracking step, both steps based on the Bayesian inference theory, to
efficiently locate the fibre centrelines from carbon fibre reinforced polymer (CFRP) µCT images; the centrelines
are later used to generate micro-scale finite element models (FEM).


There are also approaches based on template matching techniques which require the provision of dictionaries,
i.e. image excerpts of the relevant features to detect. The InSegt [12] tool detects single fibres in µCT images
using a dictionary-based probabilistic method to determine local fibre misalignments. Similarly, Emerson et al. [13]
characterised fibre orientations for unidirectional fibre reinforced polymers, proposing a segmentation method to
accurately extract individual fibres from low contrast µCT scans taking the template matching approach, thus
requiring a predefined training dictionary; later, the detected centres are connected to produce the polygonal fibre
tracking. Likewise, but focusing more on the method efficiency, Amjad et al. [14] proposed an algorithm which
also requires training and complements the approach with image correlation techniques on each 2D slice as the
algorithm proceeds to detect the fibre centres; their method has been tested with uniform and non-uniform volume
spacings. Although being accurate in estimating fibre centres (and thus fibre trajectories), these methods tie the user-
provided dictionaries to a specific imaging configuration and sample features such as the fibre diameter, material,
matrix, etc. While based on template matching, Creveling et al. [7] proposed a method that synthetically generates
fibre-templates from general specifications such as expected fibre diameters and directions. This approach offloads
the user from the laborious task of composing a dictionary. The centres detected at each 2D slice are then connected
and the individual fibres tracked using a Kalman-filter estimator. Their method was applied to segment fibres in
multi-directional fibre reinforced composites. Additionally, a methodology and the datasets necessary for evaluating
the algorithm are produced from synthetically generated µCT slices with respect to a ground truth.


So far, the majority of fibre methods will, among other aspects, require the fibre to: (i) be straight or not have
significant curvatures, (ii) not be coplanar with the acquired 2D slice, or (iii) exist within certain global orientations.
The paradigm of considering a volume as a set of separated slices, is the root cause of those shortcomings. Instead,
when algorithms observe the volume as a single 3D image, the slicing axis (the Z) stops being a special case. For
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Fig. 1. Block diagram of the Phase 1 taking a µCT volume as the input. The ϑM segmentation is bandpass-filtered using the Iterative
Difference of Gaussians filter in order to conform ϑB (overlaid red blobs). Images produced using the cfrp_i17 dataset. (For interpretation


f the references to colour in this figure legend, the reader is referred to the web version of this article.)


nstance, Gaiselmann et al. [15] take this approach and connect the polygonal tracks of curved fibres whose medial
xis has been detected using a skeletoning approach applied on the whole volume.


Visualisation of acquired and reconstructed information is also of special interest since graphical representations
an enhance data interpretation. Several authors have developed tools to provide these representations. Fritz
t al. [16] presented a visual approach to explore and quantify features of interest based on transfer functions
n the parameter spaces of specific application scenarios. The applicability and effectiveness of the approach were
llustrated using two specific scenarios: the first focused on steel fibre reinforced sprayed concrete, and the second
n the designation of the microstructure of ductile cast irons with respect to the contained graphite. Bhattacharya
t al. [17] introduced MetaTracts, a tool to interactively explore and visualise fibre bundles and weaving patterns
rom µCT scans of carbon fibre reinforced polymers. Their tool was able to generate volumetric representations and
urface models from the extracted fibre bundles. Heinzl and Stappen [18] identified the major tasks regarding visual
omputing and analysis in materials sciences alongside simulation and testing techniques. They also reviewed input
ata characteristics, direct and derived outputs, visualisation techniques and metaphors used, and interactions of
mployed workflows. Weissenböck et al. [19] developed PorosityAnalyzer, a novel tool for analysing and evaluating
ore segmentation pipelines in fibre-reinforced polymers. Recently, Fröhler et al. [20] developed FIAKER, a tool
mplementing methods for analysing and comparing the results of fibre reconstruction algorithms. An extension
f the paper [21] analysed and compared different techniques capable of reconstructing curved fibres. From a
ommercial standpoint, tools such as, GeoDict [22], VGStudio Max [23], and Avizo Software [24] which employs
ylinder fitting techniques [25,26], provide functionalities to visualise and extract relevant information from µCT
ata.


Taking into account the importance of fibre reconstructions and visualisations from the material science
erspective, the aim of this paper is three-fold: (i) present a technique to efficiently and effectively reconstruct
he fibres in a µCT dataset by taking an explainable 3D-based approach instead of the common 2D-based (slice-
y-slice) strategies used by most of the state-of-the-art methods; (ii) integrate it in a framework that offers different
unctionalities to explore the input volume as well as the intermediate data produced throughout the method in a
ser-friendly manner; and (iii) evaluate the performance of the proposal with real and synthetic datasets.


. Material and methods


.1. Fibre reconstruction algorithm


The proposed fibre reconstruction algorithm requires as inputs a µCT volume and a set of user-defined surfaces
hich are then fed into a four-phase process resulting in a set of polygonal lines representing the fibres together
ith some measurements used in the different graphical representations that give insight into the results.
Before describing the method, some mathematical notation remarks shall be clarified. First, the ϑ function


represents a volume whereas ψ is used when it has been constrained/associated to a volume cutting surface c.
Additionally, a ϕ function may be used when referring to an unspecified or intermediate volume. Function names
may be suffixed in order to group or express the provenance of intermediary functions such as ϑM or ψB. Bold fonts


⃗
↔


emphasise which variables or functions return points P, vectors v, or tensors t . Some functions may be declared


3
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Fig. 2. Block diagram of the Phase 2 using the ϑB from the previous Phase 1 in order to produce the ϑ v⃗ vector field representing the fibre
directionality and magnitude. Images produced using the cfrp_i17 dataset mapping vector components into RGB colours. (For interpretation
of the references to colour in this figure legend, the reader is referred to the web version of this article.)


with a list of parameters on its subindex; when used a one-to-one assignment between the given values and the
declared parameters is made taking priority over any externally provided default value. Finally, the convolution
operator is represented by ∗ and the tensor product by ⊗.


2.1.1. Phase 1. Detection of voxels with fibre
This phase (see Fig. 1) takes as input a set of rz µCT image slices of rx ×ry pixels in size, which are stored as a


voxel model, i.e. a three-dimensional array of rx × ry × rz positions with an associated intensity value ϑ(P), where
is a R3 point with (Px , Py, Pz) coordinates, and ϑ is a discrete version of a twice continuously differentiable


unction in order to be integrable, differentiable and interpolatable to its values at non-integers [27,28]. To ease the
omprehension, it is assumed that intensity values are normalised to the [0, 1] range and floating point arithmetic
s used, although the implemented algorithm allows the use of integer data types which improve the computation
erformance and optimise memory usage if numeric overflows and precision are kept under control.


To identify the voxels containing fibres, segmentation techniques can be applied. However, under the scope
f materials analysis, aspects such as noise, blurred boundaries or multiple fibres lying on a common voxel
ake segmentations challenging and thus special techniques are required [8,9,13,15]. Among them, thresholding


echniques are a common approach to separate the different regions in a volume according to their voxel
ntensities [29,30]. In our proposal, a non-binary threshold defined like a transfer function (TF) is applied with
he intent to preserve as much information as possible by having a fuzzy boundary, a smooth transition, between
he inside (i.e. region with fibre) and outside classifications. Otherwise small intensity variations produced by
oise become determinant when a voxel is inevitably assigned in one of the two categories. Those random
rtefacts increase the gradient magnitude artificially thus negatively impacting the subsequent Phase 2 where fibre
irectionality is determined.


TF(x) =


⎧⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎩


0 if x ∈ (−∞, a)
x−a
b−a if x ∈ [a, b]


1 if x ∈ (b, c)
−x+d
d−c if x ∈ [c, d]


0 if x ∈ (d,+∞)


(1)


Our one-dimensional transfer function TF(x) (Eq. (1)) has four user-adjustable parameters a < b < c < d which
define the thresholds and transition smoothness. The (−∞, a), (d,+∞) intervals represent the outside (black) values
clamped to 0; the (b, c) interval represents the inside (white) values clamped to 1; and the [a, b], [c, d] ones define
a linear interpolation between the [0, 1] and [1, 0] clamping values respectively. When each voxel represented by ϑ
is mapped through the TF, a new ϑM function (Eq. (2)) representing the probability of each voxel to be considered
fibre is obtained.


ϑM(P) = TF(ϑ(P)) (2)

4
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Fig. 3. Block diagram of the Phase 3 where given a set of user defined cutting surfaces (three in this example), a set of seeds (yellow
triangles) at the fibre centres is produced. Images produced using the cfrp_i17 and Creveling et al. [7] (round) datasets. (For interpretation
of the references to colour in this figure legend, the reader is referred to the web version of this article.)


The user can interactively evaluate and visualise ϑM ; if the result is not satisfactory enough, optionally, a low-
pass, band-pass or high-pass frequency filter can be applied on the input ϑ to, among other things, filter high
frequency noise in exchange for an improved dynamic range. Then, the TF is reapplied, readjusting its parameters
if necessary.


gσ (x) =
1


√
2πσ 2


e−
x2


2σ2 (3)


These filtering techniques take an unspecified input volume ϕ(P) and convolve it using the Gaussian distribution
gσ (x) (Eq. (3)) in order to define a new Gϕ,σ (P) (Eq. (6)) function representing a blurry volume. Additionally, when
wo of them are subtracted (Eq. (4)), the Difference of Gaussians band-pass filter DoGϕ,σ1,σ2 is obtained.


DoGϕ,σ1,σ2 (P) = Gϕ,σ1 (P) − Gϕ,σ2 (P) (4)


These convolutions are approximated using finite kernels whose size is linearly bound to the σ parameter, but, in
ur implementation, the size is governed by a four parameter {q, s, hx , h y} user-configurable equation KFactor(σ )
see Eq. (5a)), whose application and ceiling to the final kernel size takes place at K (σ ) (Eq. (5b)).


KFactor(σ ) = q e−


ln
(


s+q
s+hy


)
σ


hx + s, ∈ R+ (5a)


K (σ ) = ⌈KFactor(σ ) σ⌉, ∈ N+ (5b)


The KFactor(σ ) function exhibits an exponential behaviour (q) for smaller σ , a linear one (s) for bigger σ ,
nd a control point (hx , h y) smoothly separating the two behaviours. In this way, one can improve the quality of
maller kernels by proportionally considering more discrete neighbours without impacting the performance of bigger
onvolutions.


Gϕ,σ = ϕ ∗ gσ (6a)


Gϕ,σ (P) ≈


∫
K (σ )


−K (σ )


∫
K (σ )


−K (σ )


∫
K (σ )


−K (σ )
gσ (∥U∥) ϕ(P − U) dUx dUy dUz (6b)


While ϑM segments the regions with fibre, it still has noise, sharp boundaries and almost no gradual gradient
owards the fibre medial axis. These limitations are overcome by applying the Iterative Difference of Gaussians
IDoG) filter (Eq. (7)). Starting from an initial ϕ volume function, the filter proceeds by: (i) applying DoGϕ,σ1,σ2 (see
q. (4)) on the current iteration ϕ function; (ii) discarding the negative values (absolute value); and (iii) repeating


he process (feeding the result back) n times until the trivial case IDoG0 is reached and thus ϕ(P) returned.


IDoG (P) = IDoG ′ (P), ϕ′
= |DoG | (7a)

n,ϕ,σ1,σ2 n−1,ϕ ,σ1,σ2 ϕ,σ1,σ2
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Fig. 4. Block diagram of the Phase 4 where given the vector field ϑ v⃗ from Phase 2 (coloured arrows) tracks the fibres starting from Phase
seeds (yellow triangles) by resolving each Q (blue points), flipping the vectors (semi-transparent arrows) if necessary. Images produced


sing the cfrp_i17 dataset. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of
his article.)


IDoG0,ϕ,σ1,σ2 (P) = ϕ(P) (7b)


Experimentally, it has been observed that from 1 to 3 iterations suffice to filter and shape the fibres of interest.
q. (8) applies the described technique over ϑM , to produce a new ϑB. This type of filtering is commonly used


n medical imaging to enhance vessel structures [31] as those are scale dependent and the blobs (i.e. fibres) outside
he target size have their magnitude reduced, which (in addition to the filtering benefits) may serve to indicate the
eviation form the target diameter.


ϑB(P) = IDoGn,ϑM,σ1,σ2 (P) (8)


.1.2. Phase 2. Determining fibre direction
The goal of this phase is to determine the local fibre directionality at any position in the volume. While for


D images the gradient vector field rotated by 90◦ could fit this purpose, it is unsuitable for higher dimensions
s it would only restrict the directionality within the hyperplane. For this reason, the more advanced structure
ensor [32,33] technique commonly used in material analysis [27,27,34–36] is required.


As illustrated in Fig. 2, this step begins by taking the ϑB as the input in order to produce a gradient vector field
B⃗ (Eq. (9)) estimated using a 5 × 5 × 5 3D Scharr kernel [37] which is optimised to achieve a high level of
recision and rotational invariance.


ϑB⃗(P) =


[
∂ ϑB
∂x (P), ∂ ϑB


∂y (P), ∂ ϑB
∂z (P)


]
(9)


From this ϑB⃗, a symmetric rank-2 structure tensor field ϑ
↔


B expresses the gradient distribution around a finite
aussian convolution window of K (σ ) voxels as described by Eqs. (10) and (11).


ϑ
↔


b(P) = ϑB⃗(P) ⊗ ϑB⃗(P) (10a)


ϑ
↔


b(P) =


⎡⎢⎢⎣
∂ ϑB
∂x (P)


2
· · · sym


∂ ϑB
∂y (P) ∂ ϑB


∂x (P) ∂ ϑB
∂y (P)


2 ...


∂ ϑB
∂z (P) ∂ ϑB


∂x (P) ∂ ϑB
∂z (P) ∂ ϑB


∂y (P) ∂ ϑB
∂z (P)


2


⎤⎥⎥⎦ (10b)


ϑ
↔


B = ϑ
↔


b ∗ gσ (11a)


ϑ
↔


B(P) ≈


∫
K (σ )


−K (σ )


∫
K (σ )


−K (σ )


∫
K (σ )


−K (σ )
gσ (∥U∥) ϑ


↔


b(P − U) dUx dUy dUz (11b)

6
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Fig. 5. Effect of altering σ1 and σ2 (y axis) of an IDoG filter (grouped by iterations) when the fibre diameter (x axis) varies. To allow a
meaningful comparison, intensities are scaled within [0, 10] range (blue to red). Images produced using Creveling et al. [7] datasets. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)


Fig. 6. An idealised fibre, with a tensor at the boundary and a cube representing the convolution kernel, alongside the effect on tensors at
an unreachable K (σ ) distance (a).


Then, when each tensor voxel is eigendecomposed (diagonalised) using the Jacobi method [38,39] its λmax,
λmid, λmin eigenvalues, and êmax, êmid, êmin unitary eigenvectors can be extracted and the respective ϑλmax(P),
ϑλmid(P), ϑλmin(P), ϑ êmax(P), ϑ êmid(P), and ϑ êmin(P) functions produced. From these, other supplementary volumes
expressing morphological features of the tensor [40,41] can be generated in order to examine aspects such as the
tensor diffusion (Fig. 7) among others (Fig. 8(a)).


The relevant fibre orientation information for the posterior steps is in the ϑ êmin(P) unitary vector field function
which corresponds to the direction of least gradient (collinear with the medial axis) as illustrated in Fig. 6.


ϑ v⃗(P) = ϑB(P) ϑ êmin(P) (12)


This phase ends scaling the unitary vectors by ϑB in order to produce the final vector field ϑ v⃗ where the
magnitude increases as a fibre medial axis is approached (Eq. (12)).


2.1.3. Phase 3. Seed definition
A common need of fibre tracking algorithms is the provision of seeding points from which each tracking


emanates. In our case, seeds are automatically placed near a set of m user-defined cutting surfaces C = {C1, . . . ,Cm}


(Fig. 3). From each cutting surface c an undetermined amount of k seeds S = {S1, . . . ,Sk} will be computed as
follows. Each cutting surface defines a ψMc (Eq. (13)) volume function where only the locations P around a
distance Θ from the surface have a non-zero return value; thus producing a thin volume with short cylindrical
fibres when Θ is set to the target fibre diameter. Moreover, ψM is able to suppress nearby regions whose local

c
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Fig. 7. The effect of varying the kernel size (a, b) on the tensor diffusion (c) mapped as follows: linear anisotropy (red), planar anisotropy
(green), and isotropy (blue). Images produced using the scaphandre synthetic dataset. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)


fibre directionality ϑ êmin is not collinear with the closest surface normal. This filtering is performed using the dot
product and exponentiating the result by a factor η to provide a continuous user-adjustable tolerance parameter. The
closest normal from a P location with respect to an arbitrary c surface is resolved by a Φ⃗c(P) function, which will
produce an invariant result if c is flat.


ψMc(P) =


{
ϑM(P)|Φ⃗c(P) · ϑ êmin(P)|


η
dist(P, c) ≤ Θ


0 dist(P, c) > Θ
(13)


However, a similar issue as in Phase 1 arises: the cylindrical fibre sections in ψMc are not smooth nor spherical.
For this reason, a ψBc function (Eq. (14)) turns those sections into blobs with a rising intensity towards its centres


y applying the IDoG filter (Eq. (7)) over ψMc.


ψBc(P) = IDoGn,ψMc,σ1,σ2 (P) (14)


This smoothness leads to a gradient peak at the blob centre which is detectable using a non-maximum suppression
tep, or, alternatively, if the blobs are clearly separated from each other, by computing the centre of masses using a
egion-growing method which further improves the precision to sub-voxel locations. Finally, for each c surface the
orresponding set of seeds {S1, . . . ,Sk} is made from the R3 coordinates detected at the centres which: (i) have a
calar value above a certain user-defined threshold; and (ii) are separated by a minimum distance usually linked to
he target fibre diameter in order to discard some occasional close peaks duplicates.


For the sake of simplicity, our current implementation assumes planar surfaces which are interactively placed
nd oriented by its normal vector and origin. Briefly summarised, the ψMc (then morphed into ψBc) requires the
nderlying volume ϑM to be affine transformed (resliced) in order to have its Z axis match the surface normal.
he different miniatures in Fig. 3 are examples of these transformations; and although complex to implement, they
re performant as only a small and thin portion of the whole dataset has to be considered.


.1.4. Phase 4. Fibre tracking
Starting from every seed s, this last phase creates fibre tracks by integrating the vector field ϑ v⃗ numerically,


but employing a slightly modified interpolation methodology. Formally, for each seed s obtained from the previous
Phase 2, an associated path of points (i.e. fibre tracking) F = {Q1, . . . ,Qi , . . . ,Qn} conforms a list of n − 1
segments. Every Qi is computed like a particle travelling on the steady vector field ϑ v⃗ using a numeric method
such as RK2, RK4, RK4.5 [42,43] and evolving as follows: (i) from a Qi location, the local field directionality is
evaluated; (ii) a small advancement in that particular direction is made; (iii) a new location Qi+1 is found; and (iv)
the process is systematically repeated to integrate a full trajectory.


Unfortunately, as illustrated in Fig. 4, ϑ v⃗ cannot be straightforwardly integrated since at some orientations, the
interpolated sum of collinear and randomly signed vectors will net in a non-collinear sum escaping the real fibre
trajectory (see turquoise and purple arrows). This issue emerges on RGB mapped vector volumes ϑ êmin or ϑ v⃗ in
Figs. 2, 10, and 7 as alternating colour patches.


flip(v⃗, D⃗) =


{
v⃗, if v⃗ · D⃗ ≥ 0


⃗
(15)

v⃗(−1), if v⃗ · D < 0
8
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Fig. 8. The 2D interface (a) displaying some of the intermediate volumes of the bundle synthetic dataset alongside the 3D visualisations in
(b) where one cutting plane is shown and the fibres are coloured according to their reason for termination. (c) The results produced using
the real cfrp_i17 dataset. (d) The centre-of-mass point clouds and seeds using the 17px Creveling et al. [7] dataset. (For interpretation of
the references to colour in this figure legend, the reader is referred to the web version of this article.)


To tackle this ambiguity, a reference vector D⃗ taken from the previous step is fed into a ϱ function (Eq. (16))
which interpolates the eight discrete samples around a P location as given by ϑ v⃗(P) with P ∈ N3. Before adding
them all, these eight vectors may be flipped according to the flip(v⃗, D⃗) function (Eq. (15)) in order to cohere with
the reference vector D⃗ sign. At each iteration, D⃗ is updated; and as it can be safely assumed that fibres will never
take a very sharp U-turn in a single step distance, then critical cases such as curls (see Fig. 10) are seamlessly
handled as they traverse those problematic regions. Initially, without any previous step to refer, D⃗ takes the vector
alue from the nearest discrete sample of ϑ v⃗ around the seed.


ϱ(P, D⃗) =


⌈Px ⌉∑
Ux =⌊Px ⌋


⌈Py⌉∑
Uy=⌊Py⌋


⌈Pz⌉∑
Uz=⌊Pz⌋


weight(P − U) flip(ϑ v⃗(U), D⃗), U ∈ N3 (16)


Additionally, for each Qi point, extra attributes such as field magnitude, rotation, vorticity, etc. can be associated;
nd, for each fibre as a whole, attributes such as the reason for termination can be specified. The most common
nes are: (i) the volume domain has been escaped, (ii) a maximum path length is reached, (iii) a maximum number
f steps is achieved, or (iv) stagnation occurs because the field magnitude is below a certain threshold. Figs. 8(b),
nd 10 illustrate some of those circumstances.


.2. Visualisation framework


The proposed approach has been integrated in a visualisation framework implemented in C++ in the Starviewer


latform [44] with the support from several open-source libraries, the main ones being Qt [45] and VTK [46]. As


9
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Fig. 9. Steps necessary to convert our fibre tracking results to a suitable Z-sliced point cloud comparable against the respective ground truth.
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)


illustrated in Fig. 8 and Supplementary Material 5, the user interface can be divided in two parts: the configuration
side panel and the visualisation area. The first, although complex, contains several aids such as integrated help
tips and automatically computed parameters derived from a more general one (i.e. “link to” checkboxes). Briefly
summarised, the essential configurations are: (i) parameters of the fibre transfer function, (ii) target fibre diameter,
(iii) IDoG iterations, and (iv) placement of seeding surfaces.


The other part, the visualisation area, provides graphical representations of the information obtained from the
input model at different steps of the process. In this way, the user can interactively explore the fibres with respect to
a rendered volume, supervise the seed placement, explore the intermediate volumes, and visualise the fibre tracking
attributes among other tasks. Such interactions provide insight of the input model and ultimately lead to a better
definition of the algorithm parameters.


2.3. Experiments and testing datasets


The proposed method has been tested using several synthetic and real datasets. To evaluate the error, the synthetic
models created by Creveling et al. [7] have been used as they provide a total of 12 cases along its ground truth
data consisting of: three straight fibre orientations on the Z axis and four scaling levels to produce the different
diameters (4.1px, 8.8px, 14.4px and 17.0px). While the comparison and error measurement could be performed
using tools such as FIAKER [20], we opted for the ad hoc approach in Fig. 9 which converts our 3D fibre results
(grey points) to a regular Z-sliced point cloud (blue points) which can be seamlessly matched (connecting segments)
against the closest points in the Creveling et al. [7] ground truth coordinates (green points). Note that due to the
filtering nature of our seeding methodology, some fibres on the ground truth data shall be discarded if they are at
an unrealistic distance away in relation to the fibre diameter (grey dashed lines). The actual C++ implementation
of the comparison method and results accompanied by the 3D VTK data necessary to visually inspect the paired
points is accessible at Supplementary Material (1).


Four synthetic datasets named twisting, scaphandre, bundle and braid exhibiting different combinations of
curvatures with severe amounts of noise have been created in order to assess the method behaviour under these
complex scenarios. Alongside their corresponding ground truth, they are made available in Supplementary Material
4.


Finally, three real µCT models alongside their execution results are provided in Supplementary Material 3.
Unfortunately as there is no ground truth to compare against, a more subjective validation methodology as described
in Section 3.2 had to be employed. The [47] datasets offer a sharp fibreglass case (leuven glass) alongside a noisy
carbon one (leuven carbon). The third cfrp i17 dataset, acquired with the European Synchrotron Radiation Facility’s
D19 Beamline (ESRF, Grenoble) at 26 keV, with a pixel size of 650 nm, contains three main fibre orientations,
nd a more challenging set of features and defects.


. Results and discussion


In this section the different aspects of the proposed method have been evaluated by: (i) assessing the behaviour
n edge-cases; (ii) quantitatively determining the error against a ground truth; and (iii) analysing the key parameters


ffecting the computation cost.
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Fig. 10. Example of the method behaviour using the twisting synthetic dataset. Seeds (solid yellow) are only placed if they are collinear with
the cutting surface (dashed red). Only the selected subset of fibres is tracked using the vector field ϑ v⃗. (For interpretation of the references
o colour in this figure legend, the reader is referred to the web version of this article.)


.1. Method behaviour


The first aspect to note is that our algorithm, unlike two-dimensional or slice-dependent approaches [7,11–
4], considers the input as a whole volume where all dimensions and orientations shall be treated equally. To
roperly assess our disregard with respect to a slicing axis (usually Z), twisting, scaphandre, bundle and braid
ynthetic datasets were employed. Putting aside the assumption that physical fibres do not merge nor bifurcate,
ig. 10 illustrates the method’s ability to reconstruct the path of two closely whirling fibres. While these may
e an exaggerated example, slight curvatures can be observed in the real cfrp i17 dataset, an aspect not present


in the perfectly aligned Creveling et al. synthetic datasets. However, in order to achieve this, the fibre tracking
(Phase 4) has to be fed with a quality vector field ϑ v⃗ also respecting those principles. In order to achieve this,
the volume is observed as a valuable signal to process using analogue-like filtering principles implemented over
digital means with the aim to maximise the signal-to-noise ratio. These, in addition to behaving in predictable ways,
when performed 3D-wise, consider the information between neighbouring slices instead of obliviating it as some
of the aforementioned approaches do. This processing is performed using Gaussian convolutions and Scharr [37]
gradient estimators in order to behave in all directions uniformly and achieve rotational invariance. At the same time,
another side benefit of Gaussian filters is their selectivity effect towards a particular fibre diameter (i.e. frequency)
as illustrated for the IDoG case in Fig. 5. The values of each σ can be bound to particular target size (Eq. (17)),
and the tolerance adjusted according to the number of iterations.


σ1 =
diameter


3
σ2 =


diameter
6


(17)


A second phenomenon to consider is when the tensor field ϑ
↔


b components are convolved with their neighbours
in order to produce ϑ


↔


B. In this particular case, the kernel dimensions as dictated by K (σ ) can make the otherwise
low significance samples relevant when determining the orientation of the unitary êmin eigenvector field. This effect
is discernible on the diffusion maps in Fig. 7 where the planar isotropy (green) increases with the kernel size even
though the Gaussian distribution σ is kept invariant.


A third aspect to note is that while most cited methods aim to reconstruct all the fibres in a volume; we opted
for enabling the user to restrict the tracking by three main criteria: (i) cutting surface of origin, a user orientable
plane on the current implementation; (ii) amount of collinearity with respect to this surface; and (iii) the minimum
magnitude to sustain through all the fibre before stagnating. These, in addition to other indirect parameters governing
the image processing filters (e.g. fibre diameter, iterations), can be strategically combined to selectively reconstruct
only certain bundles of interest as illustrated in Fig. 10. In this way, a user familiarised with those fundamentals
can properly fine tune the relevant parameters in order to reconstruct datasets with varying circumstances, imaging

11
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Fig. 11. Absolute (a) and relative (b) error of our approach measured using our synthetic (orange) and Creveling et al. [7] testing datasets.


Fig. 12. Verification of the cfrp_i17 (a) and leuven_glass (b) real datasets against our algorithm output (green) by manually identifying
misplacements (yellow), duplicates (magenta), phantoms (blue), and misses (red). (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)


techniques, and difficult acquisitions (i.e. low contrast, noisy, etc.), which are attainable if the relevant fibre signal
does not mix with under-sampling artefacts (e.g. ring artefacts, non-linearities) at the same frequencies.


We consider all those aspects beneficial compared to more opaque approaches requiring training data. An
explainable behaviour is mainly provided by the use of: (i) common signal processing techniques, (ii) constrained
seed placement at peak intensities, and (iii) the use of fluid dynamics principles (streamlines) to trace the fibre
paths.

12
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Table 1
Absolute (voxels) and relative (% fibre diameter) errors.


Case � Median Mean Median Mean


±45 4.1 0.45 vx. 0.45 vx. 11.03% 11.07%


45–60 4.1 0.49 vx. 0.50 vx. 11.93% 12.37%


0 4.1 0.37 vx. 0.38 vx. 9.05% 9.16%


±45 8.8 0.18 vx. 0.21 vx. 2.09% 2.38%


45–60 8.8 0.21 vx. 0.24 vx. 2.33% 2.67%


0 8.8 0.13 vx. 0.15 vx. 1.47% 1.71%


synth 11.0 0.56 vx. 0.59 vx. 5.07% 5.35%


±45 14.4 0.24 vx. 0.29 vx. 1.69% 2.01%


45–60 14.4 0.29 vx. 0.33 vx. 2.00% 2.31%


0 14.4 0.22 vx. 0.26 vx. 1.52% 1.77%


±45 17.0 0.29 vx. 0.33 vx. 1.69% 1.95%


45–60 17.0 0.33 vx. 0.38 vx. 1.95% 2.25%


0 17.0 0.26 vx. 0.30 vx. 1.55% 1.74%


3.2. Error


To evaluate the error of the proposed approach, the methodology described in Section 2.3 was applied in all 12
ases of Creveling et al. [7] and our four synthetic datasets in Supplementary Material 4. Fig. 11 summarises the
verage displacement error (labels) using boxplots grouped by the average fibre diameter (x axis) and orientation


case (colour). Fig. 11(a) is produced by measuring the Euclidean length of the small line segments between the
ground truth and fibre tracking point clouds obtained with our approach as shown in Fig. 9. The complementary
Fig. 11(b) is crafted to match Figure 9 of Creveling et al. [7] paper and shows the relative error in relation to the
fibre diameter. In those cases, except for the 4.1px one, we have a very useable error of about 2%, which is in par
with [7] results although it can be observed that the absolute error is slightly bigger in the 14.4px and 17px cases at
a steady absolute value of about 0.3 voxels. However, on our four synthetic 11px cases, a greater error is expected
as the ground truth from which the fibres are generated arise from a fuzzy point cloud with at least an error of 1px.
While we cannot attribute an exact reason for some of those fluctuations, at those high levels of accuracy, clearly
below the pixel size, they will in practice be limited by external factors such as the imaging technique, quality,
uncertainty in the measurement, etc. In addition, the small variations in the parameters and settings used may have
also contributed to this phenomenon although they were only linearly scaled to match the average fibre diameter
stated for each dataset. For more details, data, visualisations and code refer to Table 1 and Supplementary Material
(1).


In order to further validate the results when no ground truth is available: a manual classification of the defects
as illustrated in Fig. 12 was performed on the cfrp i17 and leuven glass real datasets. Although not flawless, most
nstances were of slightly misplaced fibres (yellow); phantoms (blue), detectable when abrupt turns occur; and
uplicates (magenta) which could be suppressed by eliminating correlated paths at physically impossible distances.
iven these post-filtering abilities, the sensitivity to start a tracking could be increased in order to reduce the amount
f undetected fibres (red). Supplementary Material 3 contains more overlaid slices, including the leuven carbon case


which had to be dismissed as the image quality was not good enough to make a comparable judgement, especially
for misplacements or duplicates.


3.3. Cost


In order to evaluate the cost a set of tests were performed and contrasted with the theoretical expectations. In
that regard, the first aspect to consider is that whole volume convolutions can be characterised by the number
of neighbouring voxels visited for each input voxel. For this reason, the voxel-wise growth is expected to
correlate with the convolution size and not the overall volume size. Note that Gaussian convolutions are performed
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Fig. 13. Growth of the cost when some of the input volume characteristics are held invariant. Creveling et al. [7] datasets were used.


eparately for each dimension thus reducing the overall cost significantly. To experimentally test this, and ease the
omprehensibility among all the variables impacting it, experimental results are analysed in relation to the CPU


time dedicated for each voxel (y axis in all plots) because it is independent of the volume size and number of
threads on a particular testing system (in this case a 32-thread AMD ThreadRipper 1950X CPU). For each dataset
under test, the following data was automatically collected: (i) metadata regarding the input size alongside the key
parameters to estimate convolution sizes; (ii) wall time or elapsed period as experienced by the user; and (iii) CPU
time which sums the individual CPU utilisation times across all threads. Fig. 14 summarises and groups all tests
in relation to some of the most important variables: (i) number of fibres tracked (logarithmic x axis), (ii) volume
size in voxels (fill colour scale), (iii) diameter (dot size), and (iv) convolution operations required on each voxel
(border opacity). From these, it can be experimentally observed that the major factor penalising the performance is
the fibre diameter and not the overall volume size, confirming the theoretical expectation.


These facts are better explained by Fig. 13, when Creveling et al. [7] datasets (which have an invariant number of
fibres) are employed to restrict some of the variables. In Fig. 13(a), the scale is varied, and it can be observed how
the number of convolutions required (x axis) alongside the cost (y axis) increases with respect to the fibre diameter
(colour) with little variability between the different orientation cases. On the other hand in Fig. 13(b), where the
scaling is fixed and the overall volume size (x axis) is altered by cropping in the Z direction (collinear with the
fibres) for the 14.4px and 17px cases (colour), a very important fact arises: as the overall volume size grows, the
cost per voxel is kept constant, thus achieving a very desirable linear behaviour.


Under the current testing environment, if the 16 s processing time of the 350 × 350 × 350 cfrp i17 dataset
is extrapolated to an extent of 2500 × 2500 × 1500, provided enough memory, a very reasonable time of 1 h is
projected. Fig. 13(b) labels show the level of parallelism or speedup achieved (limited to a theoretical maximum of
32 in our current setup), and is computed by dividing the CPU time and wall time. However, unlike the computations
performed on a volume per-voxel basis, the stream tracing workload can only be atomised up to a seed level, as
each tracking must be performed sequentially from its initial conditions. Estimating this cost is challenging as
the number of steps required will vary depending on the user-defined restrictions. If no limits are imposed on the


length or number of segments, the computation may never halt. Although the current tracking implementation is
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A. Julià, M. Ruiz and I. Boada Computer Methods in Applied Mechanics and Engineering 394 (2022) 114898


t


s
o
w
l


c
f


3


c
a
o
a


Fig. 14. Summary of the cost growth using all cases under test in relation to their main characteristics. (For interpretation of the references
o colour in this figure legend, the reader is referred to the web version of this article.)


ingle-threaded, in a practical scenario the attainable speed-up is very high as the number of seeds will naturally
utnumber the available CPUs; and although memory access to the whole dataset is formally required, the accessions
ill follow a locality principle. This pitfall may have negatively impacted the experimental speed-up shown on the


abels of Fig. 13(b) and will be addressed in our future work.
Fore more details refer to Supplementary Material 2 where the data and extra plots are provided alongside a


oloured spreadsheet with the calculations performed to estimate the theoretical number of convolutions required
or each voxel.


.4. Shortcomings


The presented results have shown good performance and error figures along with robustness when addressing
omplex use cases. Although the implementation is feature complete, improvements can be made. For example, the
bility to define a curved surface, or refinement on the automations in order to simplify the overwhelming amount
f parameters and details exposed by default on the user interface. Also, the manually defined planes could be
utomatically suggested according to the ϑ v⃗ orientation histogram [28]. These, alongside other restrictions, could


be implemented in order to mandate the traversal of different surfaces, sharing certain sub-paths or correlations with
nearby fibres. While many of the intermediate and final results provide insight on the analysed dataset, some could
be extended or improved. For instance the fibre size attribute associated at each point Q in a tracking is unable
to indicate if it deviates positively or negatively from the estimated diameter. Those values are taken from the
underlying ϑB volume, which is conformed to respond to a given target diameter. To overcome this limitation
a fourth dimension could be added to the volume by making use of scale-space techniques [48,49] which, in
addition to respecting our design principles and plausibly providing a better diameter indicator, could be suitable to
properly address complex cases with different fibre diameters or filtering out undesirable features while preserving


the efficiency by upholding separable convolutions.
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. Conclusions


In this paper, we proposed a new method for the reconstruction and visualisation of fibres from µCT images
that differs from common state-of-the art methods that process volumes in a two dimensional image-by-image
fashion. Our four-step approach considers the volume as a whole where streamlines and three-dimensional image
processing techniques (mainly Gaussian convolutions) are applied to achieve a uniform behaviour in all axes. First,
it determines the probability of each voxel to belong to a fibre using a transfer function with four user-adjustable
parameters. The obtained mask is then improved by an Iterative Difference of Gaussians bandpass filter producing
a gradual intensity rise from fibre boundaries to its medial axes. Second, using the structure tensor technique, a
vector field representing the directionality of the fibre at each voxel is obtained. Third, given a set of user-defined
cutting surfaces, seeds are automatically placed at the nearby fibre centres collinear with the surface normal. Fourth,
a streamline-based tracking approach reconstructs the polygonal fibre paths starting from the seeds and integrating
through the directionality vector field. The method has been implemented into a framework that provides, on the
one hand, the different interfaces necessary to adjust the numerous algorithm parameters and, on the other hand,
the different visualisations to interpret the results interactively for each step.


The proposed approach has been tested on both synthetic and real datasets. From the tests it has been observed
that, in addition to capitalising on signal-to-noise improvements, common limitations of slice-by-slice based
paradigms such as coplanar fibres on the acquisition plane are seamlessly avoided. In addition, despite facing
an increased complexity arising from the uniform treatment of the third dimension of the volume, the algorithm
performance is good, parallelizable, with a cost growing linearly with respect to the total number of voxels, and
attaining a measured error below 3%. Moreover, key parameters such as the target fibre diameter or the user-defined
seeding surfaces can be strategically combined to selectively process certain bundles.


As a future work, we will focus on reducing required user interaction with the aim to automate and assist some of
tasks without degrading the algorithm explainability doctrine. In addition, we aim to further extend the framework
with different visualisation strategies to enhance data interpretation.
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ppendix A. Supplementary data


Supplementary material related to this article can be found online at https://doi.org/10.1016/j.cma.2022.114898.


(1) error.tar.xz Contains (among other things) the execution results, extra graphs and statistics used to perform
the comparison of our execution results against our synthetic, and Creveling et al. [7] datasets ground truth.
The C++ implementation of the comparison methodology is also included.
1efe7a14eb69b9c5972b4efa6a71bb7beb8a2833ee9eb2e7d0679648a330be76 (SHA256) be02b93daaafd241b4aca12aa72a53ab6440e11b (SHA1)


(2) cost.tar Benchmarks, results, plots and scripts used to characterise the cost of our method.
c5c0bb509044be0ede9a93d0f091c04600c0a3be7caafe24668482d242bc6435 (SHA256) 09bb5fa97b9b7e4773b12c0d29232b985ae95315 (SHA1)


(3) real.tar.xz Contains the execution results and manual validation of our method using the real leuven carbon,
leuven glass [47], and cfrp i17 datasets.
a2cd54a731f606198d02d6a0739a08369fb743da9f92313e582768a47a097c10 (SHA256) 60269a3917347c8d15bad3aa01b0ce39efc34448 (SHA1)


(4) synthetic.tar.xz Contains the twisting, scaphandre, bundle and braid synthetic datasets, alongside their
ground truth and our execution results.
2a5c58c78c64e26e592866564161c2a7fbfb27c0342824fcd5c86fa38b059c67 (SHA256) 0b9dabb209bb11e0f9e02f38141b5015936cd825 (SHA1)


(5) Videos and screenshots of the implemented solution. The .mkv files are encoded in VP9 and contain a subtitle
track with comments. We recommend visualising them with VLC media player.
screencaptures.tar ed1eeacf8118949ecf630043731b282c1b6fd21700fb75aafa26c7392d3fd878 (SHA256) 81fc93def85f981611e4acc9ccdfad23c8143c7b (SHA1)


fhd real.mkv
e02746bae484368515a8e5e0fa0b8ebe28ee7fe421f8dd1a4319ed7fe01dd05e (SHA256) d082dc00a135c118f783efb2184d0874bcc2521a (SHA1)


fhd curved.mkv
ece543e87ba796f610998ad26d80cd118717cea975f50dc27c1845d5cfba3da3 (SHA256) c54e29492aa9b76dfb5984e64d7d0fc6ec0c6dc1 (SHA1)


fhd synthetic.mkv
4957bf7e4168052a2f42cd4538bc34ad0c12d14d4cc91f9736a73ad56b3516b5 (SHA256) 0bc7a9577ff67e1c19ce2f3e9fe1a51b14e004d2 (SHA1)
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A frequency-limited waviness and curvature measurement algorithm for noisy and
irregularly sampled composite fibre trackings
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Abstract


Given a set of irregularly sampled 3D polygonal curves representing composite fibres within a micro-computed tomogra-
phy volume, a new approach based on the Frenet-Serret formulas is proposed to measure the point curvature and waviness
along a polyline even when its oscillations are not coplanar. However, a direct computation of the measures would lead
to ill-formed results depending on variant externalities across acquisitions such as noise, sampling, resolution, fractality,
etc. Consequentially, we also propose a decoupling mechanism employing a low-pass Gaussian frequency filter to grad-
ually discard features smaller than a certain user-specified σ wavelength referenced in actual space units. This proposal
has been tested, characterized and visualized using both real and synthetic datasets contemplating complex waveform
features to asses the filter selectivity and convergence across varying sampling frequencies (i.e. polyline resolution). The
implementation (in the form of a C++ VTK filter), alongside an extra amount of supplementary materials encompassing
the execution results, synthetic datasets and its generative code is provided.


Keywords: Composites; Waviness; Fractal coastline paradox; Streamlines; Micro-computed tomography
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1. Introduction


In the last years, 3D X-ray micro-computed tomography (µCT) has become an extensively used technique in materials
science as is able to non-destructively capture detailed and precise information of materials composition as a stack of X-
ray CT images defining a three-dimensional volume [1, 2]. Depending on the use case, in order to explore and obtain
information from these volumetric datasets, specific methods have to be designed; a design that can be challenging
depending on the application, specially, when pure 3D-based approaches want to be considered. In this paper, our interest
has been focused on the quantification of fibre waviness: a geometrical defect in fibre reinforced polymer composites
with direct implications on mechanical properties as exposed in reviews such as [3, 4].


Generally, fibre waviness evaluation methods consider a µCT input volume, and analyse it with a two step process,
where first, an approximation of the fibres is obtained and then measurements over the reconstructed fibre orientations
are performed. They define (or implicitly assume) a set of cutting planes over the µCT volume, ideally, perpendicularly
oriented to the principal fibre directions. Then, some evaluate the fibre sections which will be circular in case of normally
aligned fibres and elliptical otherwise [5, 6]. This is usually complemented by the more generalist approach of detecting
the centres and then knitting or correlating them between slices in order to obtain their in-plane (the deviation of fibre
from the normal fibre direction in a plane of the lamina) and out-plane (bending of a single or multiple fibre separated
from the laminate fibrous layer) deviations [7, 8, 9, 10, 11, 12, 13, 14]. There are also alternative methods such as [15, 16]
capable of reconstructing fibres. Other approaches quantify the waviness directly at every voxel avoiding the complexities
of producing polygonal fibre trackings. These voxel-based methods, generally, after a fibre segmentation process, analyse
the neighbourhood around each voxel using kernels and applying the tensor or similar strategies in order to obtain the
directions of least image diffusion (collinear with the fibres) [17, 18, 19, 20, 21, 22, 16]. Others transform the volume
using Hough, Fourier, Radon, or similar approaches to detect the fibre directions and distributions [23, 24, 25, 26]. A
key advantage of these voxel-based methods is their ability to perform measurements on challenging or low resolution
datasets where individual fibres are not distinguishable. Unfortunately, they usually lack the ability to treat fibres as
separate entities.


In any case, once the fibre orientation can be determined, in-plane and out-plane misalignment angles can be obtained
as α = arctan


(
u
l


)
and β = arctan


(
v
l


)
, respectively, where l is the distance between two consecutive slices (or samples),


with u and v corresponding to the two out-plane and in-plane local displacement vectors [27, 7, 23, 25, 9, 28]. From
these, measures such as the severity factor [29], waviness, or wavelength ratios [30, 28, 31, 32, 33, 34, 3, 35, 4] can be
computed. These approaches have extensively been used to evaluate the effect of misalignments to mechanical properties.
They have been applied not only on µCT data but also on other imaging modalities such optical microscopy [23, 25, 12].
Despite its advantages, most approaches reduce the 3D fibre information to 2D counterparts by emphasizing on the angles
or sinusoid shapes. However, as performed by [8] there is the possibility to consider a more fundamental measurement
for 3D curves such as the Frenet-Serret [36, 37] κ curvature formula. This assumes that each polygonal fibre of length l is
a continuous function where at any arc-position location h a Ph point can be obtained by a F(h) interpolatable function.
Building upon this continuous curvature definition a first proposal of this paper is a new measurement to summarize the
whole fibre into a single scalar which can serve as an indicator to determine the misalignments relevance.


Unfortunately, varying aspects such as the scale of imaged fibres, noise, resolution, sampling, etc. will have an impact
on the measurements if these are directly computed over the input data. When one considers the fractal nature [38]
of the noisy imaged fibres, then, a more finely sampled polygonal curve will inevitably consider more roughness and
thus overestimate the measure. As this dependence on acquisition parameters is troublesome, a second proposal of this
paper is a method to decouple it by smoothing the fibre trackings using a low-pass Gaussian convolution and binding its
standard deviation σ parameter to the underlying dataset space units, i.e. nm, µm, etc. Note that most of the discussed
methods, including the voxel-based ones do not take into account the aforementioned issue. Our approach overcomes
these limitations by smoothing and interpolating respect physical space units, to achieve a decoupling from acquisition
and/or reconstruction parameters.


The proposed measure and method have been tested using real and synthetic datasets to properly asses the behaviour
and filtering capabilities. These synthetic cases were produced from exact definitions of curves swept using Gaussian
splatters in order to generate slices mimicking real acquisition while controlling the morphological details from a signal
processing point of view.
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2. Material and methods


2.1. A new measure for waviness evaluation


As mentioned, the waviness of a 2D fibre F has been usually estimated by the maximum misalignment angle θmax


defined by:
θmax = max


x
](F′(x),


−→
i ),


where
−→
i represents the vector (1, 0). However, in real composite materials, fibre-axis are ideally assumed to have a


sinusoidal shape. That is, fibre-axes are modelled by


F(x) =


(
x, A sin


(
2πx
λ


))
x ∈ [0, λ],


where A and λ correspond the amplitude and wavelength, respectively. In this case, the waviness severity is measured
by the ratio A/λ. Hsiao and Daniel in [31] made the following observation θmax = arctan (2πA/λ), and concluded that in
unidirectional composites the major Young’s modulus is severely degraded as the ratio A/λ increases. From this work, it
can be derived that any measure of a fibre also increasing with respect to A/λ or θmax (for instance), can be employed to
assess the waviness severity. However, this θmax parameter may not be sufficient to describe a fibre and its behaviour,
sometimes, can be misleading.


Figure 1: Two fibres of similar scale, shape and length producing the same θmax angle despite being different.


For instance, in Figure 1 the axes of two different fibres with the same θmax are illustrated, however the blue one is
less wavy than the red. Consequently, it seems necessary to make use of more geometric parameters to obtain a real
description of the fibre characteristics. For this reason, in order to obtain a new measure of the waviness we propose using
the total curvature K along the fibre as in Equation 1, and then study how it is related with the θmax parameter.


K =


∫
F
κ dF (1)


First, let’s study how the angle θmax behaves under the assumption of a fibre shaped as a circular arc. In Figure 2a one
can observe that


θmax =
l


2R
=


l
2
κ,


with κ = 1/R being the curvature of this circular arc. If this arc were to be composed by a finite number of sub-arcs of
lengths li and central angles θi (see Figure 2b), θmax could be computed as follows:


θmax =
1
2


∑
i


θi =
1
2


∑
i


liκ =
1
2


∫ l


0
κ dh =


K
2


Therefore, it seems that the total curvature is related with the fibre waviness severity. To further check this idea if we
assume a fibre modelled by a sinusoid, the following must hold:


F(x) =


(
x, A sin


(
2πx
λ


))
, F′(x) =


(
1, A cos


(
2πx
λ


)
2π
λ


)
, F′′(x) =


0,−A sin
(
2πx
λ


) (
2π
λ


)2 .
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Then,


K =


∫
F
κdF =


∫ λ


0


| det(F′(x),F′′(x))|
‖F′(x)‖3


‖F′(x)‖dt = 2
∫ λ/2


0


A sin
(


2πx
λ


) (
2π
λ


)2


1 + A2 cos2
(


2πx
λ


) (
2π
λ


)2 dx = 4 arctan
(
2πA
λ


)
= 4θmax .


So, if the fibre was made up of n periods of λ wavelength, we would have K = 4nθmax. In this way, the blue fibre
in Figure 1 would have waviness of 4θmax, while the red one 8θmax. For this reason, it can be concluded, that the total
curvature is a better descriptor of the waviness in fibres.


a) b)


Figure 2: Maximum misalignment angle of a circular fibre arc.


However, note that the fibres depicted in Figure 1 have similar length. So, in order to produce a more intuitive scalar
for the whole fibre indicating the waviness independently of the fibre length; we propose to consider the waviness as the
average curvature K along the fibre, as in Equation 2 where l corresponds to the fibre length.


K =
K
l


=
1
l


∫
F
κdF (2)


2.2. Algorithm


Given a set of polygonal trackings representing real fibres we want to obtain a continuous curvature indicator κ along
the fibre, and a single K waviness scalar summarizing the whole fibre itself. To compute these, as illustrated in Figure 3
(dashed box), a preliminary step to reconstruct the fibres to polygonal paths is required. Although different methods can
be applied, in our case we used the Julià et al. [16] method. This considers the input volume as a whole, employs an
uniformly behaving 3D reconstruction algorithm, and is capable of seamlessly tracking complex curves using variable
step sizes.


Irrespective to the reconstruction algorithm employed, the method assumes the input fibres as a set of 3D curve
functions, each independently represented by a chain of irregularly sampled points {Q0 , · · · ,Qi , · · · ,Qn} conforming a
path of n − 1 linked segments up to length of l space units mapped by a function F which given a parametric coordinate
h ∈ [0, l] produces an interpolated F(h) point between the neighbouring Qi samples. In what follows, hi will denote the
arc-position parameter snapped to a discrete sample, thus satisfying F(hi) = Qi. With these definitions, the curvature at
any position F(h) in a fibre can be defined by the κ parameter extracted using the Frenet-Serret formulas [36, 37] as in
Equation 3. Moreover, the average curvature K along the fibre, that is, the new measure of the waviness proposed, can be
computed as in Equation 4.


κ(h) =
‖F′(h) × F′′(h)‖
‖F′(h)‖3


(3)
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Figure 3: Method pipeline starting from the input slices (top left) up to the final measurements (right) with a detailed overview of the convolution
state at two different σ and step sizes as seen from a single point (dark arrow) which is convolved according to the Gaussian distribution gσ weights
(coloured bars) until a σm distance (green dots) is reached. Fine black lines show the orientation of the first derivative. The curvature is computed
for each fibre position (bottom right) or can be integrated into a single waviness scalar for the whole fibre (top right).


K =
1
l


∫ l


0
κ(h)‖F′(h)‖ dh (4)


Note that these measures, if applied directly, will overestimate the results depending on undesired factors such as the
input volume noise level, sampling, etc. For this reason, as illustrated in Figure 3 (filled grey boxes) the following four
steps are applied: (i) the first derivative is computed; (ii) curvatures below a certain size are attenuated; (iii) the second
derivative is computed; and (iv) the aforementioned curvature and waviness formulas are calculated for every tracked
fibre. In the next sections we describe each one in more detail.


2.2.1. First derivative (tangent vector)
The algorithm begins by computing at each discrete Qi sample an approximation F′(hi) of the first derivative respect


the arc distance h in space units. When three samples are available (i.e. 0 < i < n), the first derivative at hi is computed
using the second order Lagrange interpolating polynomial using the pairs (hi−1,Qi−1), (hi,Qi) and (hi+1,Qi+1). Other-
wise, at Q0 and Qn extremes, the approximation is similarly computed using two samples and a first order interpolating
Lagrange polynomial. Note that the results of this step, despite being valid vary upon undesired external factors such as
the volume resolution, fibre scale, sampling frequency (i.e. step size), etc.


2.2.2. Low-pass filtering
As ignoring the aforementioned externalities will lead to ill-formed measurements, the first derivative is convolved


(Equation 6) using a Gaussian distribution (Equation 5) whose σ parameter smoothly adjusts (in space units) the scale be-
low which perturbations and thus high frequency information shall be attenuated, and thus decoupled from the underlying
sampling and/or acquisition parameters.


gσ(x) =
1


σ
√


2π
e−


x2


2σ2 (5)


F̃′(h) = F′ ∗ gσ =


∫ +∞


−∞


F′(s) gσ(s − h) ds (6)


This smoothed derivative F̃′ needs to be approximated at each discrete sample Qi. To do this, the integration interval
(i.e. convolution window size) is restricted to have at most a reach of σm space units, with the m parameter being a user-
adjustable setting trading off performance versus accuracy. In parametric coordinates, this [a, b] interval is determined
by:


a = max
(
0, hi −


σm
2


)
, b = min


(
l, hi +


σm
2


)
.
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Then, for each discrete sample Q j whose parameter h j lies in [a, b], a weight W j is computed by:


W j =


∫ h j+h j+1
2


h j−1+h j
2


gσ(s − hi) ds .


Finally, F̃′(hi) is approximated as follows in Equation 7a. In addition, one can refer to Equation 7b for a more
generalized definition.


F̃′(hi) '
∑


j F′(h j)W j∑
j W j


(7a)


F̃′(hi) '


∫ b
a F′(s − hi)gσ(s − hi) ds∫ b


a gσ(s − hi) ds
, ds = variable step size (7b)


Figure 3 illustrates how the reach (green dots) and weights (bars) of the convolutions become independent from the
underlying sampling. In addition the smoothing effect in tangent vectors (thin lines) when σ is increased can be observed
by visually comparing between the four examples.


2.2.3. Second derivative (normal vector)
In this third step, and with the undesired high frequency information removed, the method proceeds to calculate


the second derivative F̃′′(hi) from the smoothed first derivative F̃′(hi) results by applying the same method explained
in Section 2.2.1. Note that the normal vector produced will have an unstable direction when the fibre travels straight as
illustrated by the ribbons normals in Figure 6 (right) and Figure 9 (bottom row).


2.2.4. Computing the curvature and waviness
In this last step, as our implementation employs the VTK (Visualization ToolKit) and each fibre is represented by


a polyline, data values can be associated at two levels: (i) for every Qi sample (point data), (ii) or to the whole line F
(cell data). Consequently, the tangent F̃′(hi) and normal F̃′′(hi) vectors are stored as point data, alongside the curvature
measurement κ(h) defined by Equation 3 and computed as expressed by Equation 8.


κ(hi) =
‖F̃′(hi) × F̃′′(hi)‖


‖F̃′(hi)‖3
(8)


Finally, this point curvature can be integrated using the trapezoidal rule into a scalar summarizing the average waviness
K (see Equation 9) and stored as cell data information (i.e. single value assigned to the whole fibre).


K '
1
hn


n−1∑
i=0


κ(hi)‖F̃′(hi)‖ + κ(hi+1)‖F̃′(hi+1)‖
2


(hi+1 − hi) (9)
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Figure 5: Arrangement as seen from the X-Y plane of the three weighting variables: wa (red, columns), wb (green, rows), and wc (blue, blocks);
with circles colour-mapping them in RGB respectively; combined with an overlay and a thumbnail of the produced curves. The polarized (top) and
harmonics (bottom) cases are illustrated.


2.3. Experiments and testing datasets


The proposed method has been tested using the real cfrp_i17 dataset with three straight fibre orientations and acquired
with the European Synchrotron Radiation Facility’s ID19 Beamline (ESRF, Grenoble) at 26 keV, and pixel size of 650nm.
It has been cropped in two different 250 × 250 × 250 and 500 × 500 × 500 sub-volumes named cfrp250 and cfrp500
respectively and made available in Supplementary Material 1. However, in order to properly assessing the invariance
and filtering capabilities of the proposed algorithms, four synthetic datasets named harmonics, hifreq, mixed, and polar-
ized, have been generated in order to produce a set of complex fibre paths by morphing and combining characteristics
(frequencies) at different scales.


2.3.1. Synthetic fibre generation
As illustrated by Figure 4, synthetic datasets are generated using a three-phase process which begins by: (i) discretely


mapping (in our case along the Z slicing axis) a medial axis curve C in order to obtain a finite set of high resolution points
(pink dots); (ii) sweeping a coaxial tube around it to produce a new surface (white); and (iii) splatting Gaussian blurs of
σ size at each surface vertex (blue dots). These steps are repeated for each input C such that a diffuse cloud of intensities
is then quantized into a finite resolution volume where random white noise is mixed before producing the image slices.
Depending on the relationship between the σ and the tube diameter �, the central intensity decay will be more or less
accentuated; a useful feature mimicking beam-hardening artifacts [1] (Section 6.1) .


2.3.2. Synthetic cases
With the ability to produce synthetic fibres from an exact C function, the next step is defining and arranging several


of them in a volume. Most of our synthetic datasets are organized in 4 different blocks of 4×4 fibres, where each position
corresponds to a unique combination of the three wa, wb, and wc weighting variables in order to obtain 64 unique (but
similar) Cwa,wb,wc fibres exhibiting different amplitudes for each tunable feature. Every fibre function is sampled along
the Z-axis, and shifted on the X-Y plane as illustrated in Figure 5 in order to achieve the aforementioned arrangement.
These volumes have a size of 512 × 128 × 512 voxels and a dynamic range of 8 bits.


While all synthetic datasets can be expressed as a mathematical equation, the simpler harmonics case is expressed in
Equation 10 where a fibre combines three circular oscillations: (i) a lower frequency one, turning once from start to end;
(ii) a mid frequency revolving twice; and (iii) a higher one oscillating four times. Each is respectively adjusted according
to the wa, wb, and wc weights and arranged in rows, columns and blocks as disposed in Figure 5 obtaining a total of
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Figure 6: On the right, a 3D visualization of the waviness (tube colour), normal vectors (ribbon orientation), and point curvature (ribbon colour)
at three different σ values. On the left side, a matrix of slices comparing the waviness at different σ (rows) and sampling step sizes(columns).
The waviness of each fibre (circle colour) is represented using the same scale to ease the comparison. Perimeter lines around circles RGB map the
tangent vectors components.


4 × 4 × 4 = 64 fibres as different 4 values for each weight are combined. In this way, one can easily analyse and isolate
each variable; for instance, the effects of high frequencies are perceived observing the differences between blocks.


Cwa,wb,wc(z) = (0, 0, z) + (sin(2πz/Zmax), cos(2πZ/Zmax), 0) wa


+ (sin(4πz/Zmax), cos(4πZ/Zmax), 0) wb


+ (sin(8πz/Zmax), cos(8πZ/Zmax), 0) wc


,



wa,b,c ∈ {8/1, 8/4, 8/9, 8/16}


Zmax = 512
z ∈ [0, Zmax]


(10)


The polarized dataset is characterized by its oscillations in a single plane. It employs the same methodology for
arranging the wa, wb, and wc weights as in Figure 5 in order to: (i) encode a lower frequency turn from start to end in
the rows wa; (ii) a high frequency (8 turns) in the columns wb; and (iii) a Z-axis rotation of the oscillating plane between
blocks wc.


The hifreq dataset reuses the same low wa and mid wb frequency components of the harmonics case, but regarding the
very high frequency wc feature varied for each block, is a more complex combination of circular and linear oscillations
whose amplitude gradually decays to zero as one of the fibre extremes is reached. This incremental waviness shall be
observable in the local curvature.


Finally, the mixed dataset combines and exaggerates the features of the aforementioned cases in order to produce
complex shapes at different scales.


3. Results and discussion


The proposed measurement algorithm has been implemented in C++ as the VTK [39] filter presented in Supplemen-
tary Material 2, which has been integrated in the Starviewer [40] platform as illustrated in Figure 10. In Supplemen-
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tary Material 1 the results, slices, figures, extra visualization, plots, and the code to produce the synthetic cases alongside
its ground truth is made available to ensure the reproducibility.


3.1. Scale selectivity


A key distinctive feature of the proposed algorithm is its ability to suppress fibre variations below a certain size
employing a low-pass Gaussian filter. Its behaviour is better understood when a F fibre curve is observed in the frequency
space (i.e. Fourier-transformed) as a signal where high frequencies shall be eliminated. With the advantage of avoiding
computationally intensive transformations; the Gaussian convolution employed behaves as a low-pass filter suppressing
fibres below a user-specified σ wavelength in space units. These capabilities are demonstrated in Figure 6 using the
hifreq dataset containing an increasing amount finer variations at each block from left to right (refer to Section 2.3.2
and Figure 5). When theσ parameter is smaller than the wavelength (first rows) the waviness measurements are distributed
across blocks and the filter has little effect. But, as σ increases, as expected, these higher frequencies are attenuated, the
waviness is decreased, and its relative distribution shifts from the blocks to the top rows (which have a mid-frequency).
Then (in this example) at σ > 30, the lowest frequencies (columns) become more dominant and distinguishable.


If one observes the remaining comparative figures in Supplementary Material 1 the following key features of each
dataset are fulfilled: (i) in harmonics a gradual and smooth transition from blocks to the upper-right corners where more
curvature is present; (ii) in polarized, as expected the blocks present the same curvature, although with slight asymmetries
in the intermediately rotated middle blocks; (iii) in mixed the desired selectivity is visually appreciated; and (iv) in the
crfp cases, the outliers can be properly detected by their curvatures, and its main slightly curved regions can be identified
at big σ values (see first row in Figure 9).


3.2. Definition of the signal and noise


From a signal processing perspective, the highest frequencies will not describe the actual shape of physical fibres, but
instead manifest varying acquisition parameters such as voxel size, scale of the fibres, resolution, dynamic range, noise
characteristics of the imaging device, etc. Hence, choosing a properσ parameter to decouple these from our measurements
is crucial to obtain comparable and non-overestimated measures across acquisitions. However, as illustrated in Figure 6
(rows) and Figure 3 (tangent lines) employing a σ well above the acquisition noise is also useful to discard physically
present features. So, the σ parameter (arbitrarily set by the user) defines boundary between what shall be considered noise
(higher frequencies), and signal (lower frequencies). As it specifies a wavelength in space units, it can be employed as
an invariant reference value across different acquisitions. For these reasons, values below the sampling size and/or fibre
diameter shall be discouraged.


3.3. Sampling


While the Gaussian convolution method is able to cut high frequencies, these must exist in the first place. In practice,
fibres will never be infinitely sampled, consequently, they will be band-limited due to the Whittaker–Nyquist–Shannon
sampling theorem [41, 42, 43]. This is an observable fact in Figure 6 where the smaller σ in coarser cases do not have any
effect until its value is greater than the sampling spacing. However, once exceeded, the measurements converge irrespec-
tive of the sampling as illustrated by Figure 8. In the employed Julià et al. [16] reconstruction method, steps sizes are user
adjustable and may vary within a user-defined range. But, most reconstruction algorithms discussed in Section 1 implicitly
set their sampling frequency by design choices such as snapping to integer voxel locations, reconstructing in a slice-by-
slice approach, etc. In any case, all reconstruction methods, in addition to the ones performing measures voxel-wise, will
have their highest frequencies capped according to the input volume resolution. However, relying on the sampling alone
or other non-space referenced smoothing techniques (e.g. moving average of discrete samples) undermines the meaning
of the measurement across different dataset acquisitions leading to a disparity in the results as observable in Figure 7
when our method is set at σ = 0 (i.e. filtering disabled). For this reason, when one considers the fractal nature [38] of
the noisy imaged fibres, then, a more finely sampled polygonal curve will inevitably consider more roughness and thus
overestimate the measure.


9







hifreq mixed polarized


crfp250 crfp500 harmonics


10 30 50 70 90 10 30 50 70 90 10 30 50 70 90


1e-04


1e-03


1e-02


1e-04


1e-03


1e-02


Standard deviation (space)


W
av


in
es


s


1.7 8.5 16.7


Figure 7: For every dataset (boxes), a comparison of the mean waviness results (Log10 Y-axis) for each combination σ (X-axis) and step size
(colours) values. Confidence intervals (semi-transparent colours) up to the 99th percentile.
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Figure 8: For each case (colours), ratio (X-axis) between the maximum and minimum median values at different σ (Y-axis) of the whole volume
waviness (labels, bar size) grouped by each step size tested. In practice, it is the ratio between the 1.7 and 16.7 steps sizes. Values approaching 1
indicate convergence of the measurement irrespective the sampling.
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3.4. Numeric stability and edge behaviour
One of the first aspects to consider is the finite lengths of the fibres; this approach was tackled by normalizing the


vectors of the smoothed first derivatives in order to take in account the otherwise missing weight at the limits. Due to the
nature of the curvature formula, its results are numerically stable even when a fibre travels straight (i.e. it also approaches
zero), however, as future work we plan to further extend our measurements and provide more advanced visualizations.
Also, relying on a pure Frenet-Serret frame is troublesome due to its abrupt changes in the normal vectors direction (see
last row in Figure 9). We plan to build upon slightly altered approaches such as [44] to mitigate these aforementioned
issues, or by employing rotation minimizing frames such as [45].


3.5. Datasets and testing
The usage of datasets whose ground truths curves were analytically defined in terms of frequencies has been crucial


to assess whether the theoretical expectations matched the actual measurements of the algorithm. Although these curves
alone could have been directly fed into the measurement algorithm for testing purposes, this would have ignored the
effect of white pixel noise, whose maximum frequency is in turn band-limited by the volume resolution. This noise
affects the Julià et al. [16] tracking algorithm and it is manifested as small variations when a finer step size is employed
(an expected behaviour). Despite the availability of datasets such as [6] with richer features better mimicking aspects such
as beam hardening, we opted for a more conservative approach using Gaussian splatters in order to ensure an isotropic
noise behaviour as the complex shapes are sampled into finite resolution slices. In addition to the volume and ground
truths; in Supplementary Material 1 one will encounter the generative pipeline implemented in Paraview [46] to ensure
the reproducibility by anybody and ease the creation of new datasets.


As illustrated in Figure 9 visualizations, the method has been tested using a real dataset, and while the results and
behaviour are coherent with synthetic cases, as future work we plan to extend the testing by combining specimens with
varied fibre diameters and altering acquisition parameters affecting resolution, contrast, noise levels, etc.


3.6. Cost
The algorithm cost grows linearly respect the overall number of samples within a volume, but the amount of operations


required at each one will depend on the amount of discrete neighbours convolved in a σm arc distance. While similar to
discrete convolution kernels (e.g. Gaussian blur of an image), our kernel size cannot be precisely known nor allocated
beforehand. As illustrated in Figure 3, the active voxel (upwards black arrow) must access its discrete neighbours (green
points) around a σm


2 arc distance in space units. As by definition the spacing is irregular (even within a polyline), a
reasonable way to quantify the cost is applying Equation 11 using estimative averages of the fibre step sizes ds, samples
n and length h.


Operations per arc unit length '
hσm


n ds
(11)


While this linear behaviour is comparable to the more straightforward approaches discussed in Section 1, in practice,
larger convolutions in our method will severely impact the runtime. However, with larger σ values respect the step size,
one may voluntarily use coarser step sizes in order to reduce them, and thus indirectly pre-filter the highest frequencies
as discussed in Section 3.3. Finally, the implemented VTK filter in Supplementary Material 2, although usable, does not
support multithreading yet, and as future work we plan to parallelize it at a fibre level, i.e. by polydata cells.


4. Conclusions


In this paper we have presented a method to assess the point curvature and overall waviness of fibres represented as
polygonal curves reconstructed from µCT slices. While the required input is independent respect the underlying tracking
methodology, we used an inherently 3D one with the ability to produce irregularly spaced samples in order to ensure a
high level of compatibility should any other state-of-the-art tracking method be used in-place.


Our Frenet-Serret based measurements ensure an inherent 3D behaviour which has been proven numerically stable for
the measurement of fibre misalignments. Additionally it has the advantage of being a decoupled measure from the world-
orientation of the dataset; in this way, there is no need to perform fine realignments to the specimens across acquisitions
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Figure 9: Results and visualizations for the crfp500 real dataset. Each column in the matrix corresponds to a different σ value. Colour scales are not
rescaled within a row. The first row maps the curvature κ using semi-transparent lines; the second one also maps κ employing 3D tubes around the
reconstructed curves; the third one maps the waviness K as a single colour for the whole fibre; and the last one employs ribbon surfaces to express
the second derivative F̃′′ orientation combined with an RGB colour mapping of the first derivative F̃′.


thus avoiding the introduction of further error. Also, we have demonstrated the relation of our proposal with common
waviness measurements approaches which assume the fibres as simpler waveforms coplanar to a plane. This ability to
address more complex cases with a more intuitive or expected behaviour makes our results differ numerically from other
measurements; however its mechanical implications can be deemed equivalent.


A key concept introduced in this paper is the importance of setting a limit to the smaller curvatures, and considering
only the ones above a certain size. In our case, this scale selectivity is attained using a Gaussian low-pass frequency filter
with an user-adjustable sigma parameter corresponding to a wavelength in space units. However, most state-of-the-art
measurements in composite fibres ignore this fact, rely only on the fibre resolution (i.e. sampling frequency) to limit
the over-estimative effect of high frequencies, or may employ more advanced techniques, such as moving averages or
polynomial interpolations not bound to actual space units making the results variant respect the acquisition parameters.
Solving these issues and attaining coherent measurements across datasets can be challenging, especially with varying
factors such as noise, resolution, sampling, etc. Our method attains convergence of results for fibres sampled at different
resolutions when a sufficiently large sigma above the sampling frequency is employed. This adjustable low-pass filter,
while a valuable tool to suppress the aforementioned fractality effects of high frequencies, can also be used to suppress
smaller but undesired curvatures already present in the physical fibres deemed irrelevant for a particular case of study.


While the behaviour is explainable by well established signal processing fundamentals, these have been experimen-
tally tested using one real and several synthetic datasets. For this reason, we also introduced a methodology to generate
synthetic volumes from a given ground truth defined as a composition of several oscillations. Although these synthetic
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Figure 10: The measurement method has been integrated in Starviewer [40, 16]. All algorithm parameters are exposed to the end user (left
sidepanels) who can later interactively explore and validate the results using fused volume renders of the underlying datasets. The crfp500 (left) and
mixed (right) cases are illustrated.


slices do not reflect the richness of defects present in real acquisitions, their uniform behaviour and wave-based definition
have been valuable tools to validate the theoretical expectations with actual results.


Our future work will be focused on further improving the algorithm performance and visualizations while combining it
with other measurements employing rotation minimizing frames; performing the analysis at multiple scales; or expressing
the curvature as an spectrum by binning the spectrum of spatial frequencies composing the fibre shapes.
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1. results.tar.xz Contains the code to generate synthetic volumes, the actual datasets, results for all tested combina-
tions, code, figures, and extra visualizations.
c5c3d4b37f103988e52a1a4d0e831286af4fe16e6512b2f765930e43dd513e8d (SHA256) ef36a0d68e734a5cc1e84e439cf7984582f002bf (SHA1)


2. vtkfilter.tar.xz C++ code of the measurement algorithm implemented in the form of a VTK polydata filter. It is
released under a BSD license compatible with VTK.
096081b24182d6ef747d7a75079d196162cacec85d8548b91cd6a4db81b24649 (SHA256) 07597a780286c2336eb6a41d27af1ee0b1b43503 (SHA1)


3. video.mkv Video of the implemented solution. The .mkv files are encoded in VP9 and contain a subtitle track with
comments. We recommend visualizing them with VLC media player.
d26304f991087a1a32bd63602b3da26857371f70231e54f64641eda60c756b58 (SHA256) b65a5960f37d478ca723bff7ecff823ddbcf22a2 (SHA1)
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Tree Weights Tree  data Starviewer Horos Medinria Weasis Ginkgo CADx
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0.00 0.00 Do not modify the first row 0.00 Do not modify the first row 0.00 Do not modify the first row 0.00 Do not modify the first row 0.00 Do not modify the first row 0.00 Do not modify the first row



-1 1.00 1.00 This is the root node, the final evaluation is placed here. 0.61 0.78 0.38 0.62 0.43
General 1 0 0.33 0.50 An audience that reflects the needs of a common physician. 0.62 0.77 0.38 0.60 0.41
General Technical 1.1 1 0.07 1.00 Technical features about the software. 0.63 0.34 0.58 0.57 0.48



General Archive 1.2 1 0.14 2.00 Support to open, save, import, export and network communications. 0.72 0.97 0.39 0.58 0.80



General Workflow 1.3 1 0.21 3.00 Features and automations that improve the productivity. 0.71 0.79 0.45 0.53 0.31



General Visualization 1.4 1 0.21 3.00 0.76 0.89 0.47 0.50 0.29



General Tools 1.5 1 0.21 3.00 Tools that are mainly focused to measure, annotate and comprehend the datasets. 0.63 0.89 0.15 0.86 0.48



General Other modalitie 1.6 1 0.07 1.00 Special modalities that are not images or volumes. 0.25 0.34 0.00 0.82 0.45



General Processing 1.7 1 0.07 1.00 Features that perform a complex analysis of the dataset and usually generate new series. 0.02 0.46 0.74 0.22 0.00



2D Based 2 0 0.33 0.50 Flat images like ultrasound, mammography, x-ray… 0.63 0.79 0.38 0.68 0.52
2D Based Technical 2.1 1 0.07 1.00 Technical features about the software. 0.63 0.34 0.58 0.57 0.48



2D Based Archive 2.2 1 0.15 2.00 Support to open, save, import, export and network communications. 0.72 0.97 0.39 0.58 0.80



2D Based Workflow 2.3 1 0.22 3.00 Features and automations that improve the productivity. 0.71 0.78 0.45 0.53 0.30



2D Based Visualization 2.4 1 0.22 3.00 0.78 0.88 0.46 0.81 0.58



2D Based Tools 2.5 1 0.22 3.00 Tools that are mainly focused to measure, annotate and comprehend the datasets. 0.56 0.92 0.20 0.83 0.63



2D Based Other modalitie 2.6 1 0.07 1.00 Special modalities that are not images or volumes. 0.25 0.34 0.00 0.82 0.45



2D Based Processing 2.7 1 0.04 0.50 Features that perform a complex analysis of the dataset and usually generate new series. 0.03 0.61 0.80 0.30 0.00



3D Based 3 0 0.33 0.50 0.60 0.77 0.39 0.56 0.37
3D Based Technical 3.1 1 0.07 1.00 Technical features about the software. 0.63 0.34 0.58 0.57 0.48



3D Based Archive 3.2 1 0.14 2.00 Support to open, save, import, export and network communications. 0.72 0.97 0.39 0.58 0.80



3D Based Workflow 3.3 1 0.21 3.00 Features and automations that improve the productivity. 0.73 0.80 0.45 0.53 0.30



3D Based Visualization 3.4 1 0.21 3.00 0.76 0.92 0.49 0.39 0.21



3D Based Tools 3.5 1 0.21 3.00 Tools that are mainly focused to measure, annotate and comprehend the datasets. 0.65 0.89 0.14 0.87 0.46



3D Based Other modalitie 3.6 1 0.07 1.00 Special modalities that are not images or volumes. 0.20 0.35 0.00 0.76 0.36



3D Based Processing 3.7 1 0.10 1.50 Features that perform a complex analysis of the dataset and usually generate new series. 0.02 0.46 0.74 0.22 0.00
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Visualization and interaction features for a volume or set of images. A special focus has been 
made on DICOM conformity details.



Visualization and interaction features for a volume or set of images. A special focus has been 
made on DICOM conformity details.



Audiende that works with volumetric images from computed tomography and magnetic 
resonance as well as nuclear medicine modalities like PET.



Visualization and interaction features for a volume or set of images. A special focus has been 
made on DICOM conformity details.
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⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ 0 0 0 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Do not modify the first row 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Do not modify the 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Do not modify the first row



⊤ ⊥ ⊥ ⊥ ⊥ ⊤ ⊥ ⊥ ⊥ ⊥ ⊤ ⊥ ⊥ ⊥ ⊥ 1 0 0 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ -1 1.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 1.00 1.00 1.00 0.98 0.00 0.00 0.00 0.00 0.98 0.98 0.52 0.00 0.00 0.00 0.00 0.52 0.52



⊥ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ ⊥ ⊥ ⊥ ⊤ ⊥ ⊥ ⊥ 1 1 0 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ Physician 1 0 1.00 0.50 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 1.00 1.00 0.00 0.00 0.00 0.50 0.50 0.50 Physician 0.98 0.39 0.00 0.00 0.00 0.39 0.78 0.52 0.26 0.00 0.00 0.00 0.26 0.51
⊥ ⊥ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ ⊥ 1 1 1 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ Physician Features 1.1 1 1.00 0.50 0.50 0.00 0.00 0.00 0.50 1.90 0.00 0.00 1.00 1.00 1.90 0.00 0.00 0.13 0.26 0.50 Physician Features General program features 0.98 0.39 0.12 0.00 0.00 0.12 0.92 0.52 0.26 0.02 0.00 0.00 0.02 0.17



⊥ ⊥ ⊥ ⊤ ⊥ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ 1 1 1 1 0 ⊥ ⊥ ⊥ ⊤ ⊥ Physician Features CE-Certified 1.1.1 2 1.00 0.50 0.50 1.00 0.00 0.00 0.50 1.40 1.50 0.00 1.00 1.00 1.90 1.50 0.00 0.09 0.67 1.00 Physician Features CE-Certified Is considered a medical device? 0.98 0.39 0.12 0.09 0.09 0.09 1.00 ⊤ 0.52 0.26 0.02 0.00 0.00 0.00 0.00 ⊥



⊥ ⊥ ⊥ ⊤ ⊥ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ 1 1 1 2 0 ⊥ ⊥ ⊥ ⊥ ⊥ Physician Features OS 1.1.2 2 1.00 0.50 0.50 0.50 0.00 0.00 0.50 1.40 0.50 0.00 1.00 1.00 1.90 1.50 0.00 0.04 0.33 0.50 Physician Features OS Supported platforms 0.90 0.30 0.03 0.03 0.00 0.03 0.75 0.52 0.26 0.02 0.02 0.00 0.02 0.50



⊥ ⊥ ⊥ ⊥ ⊤ ⊤ ⊤ ⊤ ⊤ ⊤ ⊥ ⊤ ⊤ ⊥ ⊤ 1 1 1 2 1 ⊥ ⊥ ⊥ ⊥ ⊤ Physician Features OS Windows 1.1.2.1 3 1.00 0.50 0.50 0.50 1.00 0.00 0.50 1.40 0.00 2.00 1.00 1.00 1.90 1.50 2.00 0.02 0.50 1.00 Physician Features OS Windows 0.90 0.30 0.03 0.03 0.02 0.02 1.00 ⊤ 0.52 0.26 0.02 0.02 0.02 0.02 1.00 ⊤



⊥ ⊥ ⊥ ⊥ ⊤ ⊤ ⊤ ⊤ ⊤ ⊤ ⊥ ⊤ ⊤ ⊥ ⊤ 1 1 1 2 2 ⊥ ⊥ ⊥ ⊥ ⊤ Physician Features OS macOS 1.1.2.2 3 1.00 0.50 0.50 0.50 0.50 0.00 0.50 1.40 0.00 1.00 1.00 1.00 1.90 1.50 2.00 0.01 0.25 0.50 Physician Features OS macOS 0.87 0.28 0.01 0.01 0.00 0.00 0.00 ⊥ 0.50 0.23 0.00 0.00 0.00 0.00 0.00 ⊥



⊥ ⊥ ⊥ ⊥ ⊤ ⊤ ⊤ ⊤ ⊤ ⊤ ⊥ ⊤ ⊤ ⊥ ⊤ 1 1 1 2 3 ⊥ ⊥ ⊥ ⊥ ⊤ Physician Features OS GNU/Linux 1.1.2.3 3 1.00 0.50 0.50 0.50 0.50 0.00 0.50 1.40 0.00 0.50 1.00 1.00 1.90 1.50 2.00 0.01 0.25 0.50 Physician Features OS GNU/Linux 0.87 0.28 0.01 0.01 0.01 0.01 1.00 ⊤ 0.50 0.23 0.00 0.00 0.00 0.00 0.00 ⊥



⊥ ⊥ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ ⊥ 1 1 2 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ Physician Visualizati 1.2 1 1.00 0.50 0.90 0.50 0.50 0.00 0.50 1.40 0.00 0.00 1.00 1.00 1.90 0.00 0.00 0.24 0.47 0.90 Physician Visualization 0.86 0.27 0.17 0.00 0.00 0.17 0.70 0.50 0.23 0.18 0.00 0.00 0.18 0.77



⊥ ⊥ ⊥ ⊤ ⊥ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ 1 1 2 1 0 ⊥ ⊥ ⊥ ⊤ ⊥ Physician Visualizatio 3D 1.2.1 2 1.00 0.50 0.90 0.50 0.50 0.00 0.50 0.50 1.50 0.00 1.00 1.00 1.90 1.50 0.00 0.08 0.33 0.50 Physician Visualization 3D How fully-featured is the 3D visualization. 0.86 0.27 0.17 0.07 0.07 0.07 0.90 (.90) 0.50 0.23 0.18 0.06 0.06 0.06 0.70 (.70) CPU-Based rendering.



⊥ ⊥ ⊥ ⊤ ⊥ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ 1 1 2 2 0 ⊥ ⊥ ⊥ ⊤ ⊥ Physician Visualizatio 2D 1.2.2 2 1.00 0.50 0.90 1.00 0.50 0.00 0.50 0.50 1.00 0.00 1.00 1.00 1.90 1.50 0.00 0.16 0.67 1.00 Physician Visualization 2D How fully-featured is the 2D visualization. 0.79 0.20 0.09 0.09 0.09 0.09 0.60 (.60) 0.44 0.18 0.13 0.13 0.13 0.13 0.80 (.80)



⊥ ⊥ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ ⊥ 1 1 3 0 0 ⊥ ⊥ ⊤ ⊥ ⊥ Physician Easy to use 1.3 1 1.00 0.50 0.50 1.00 0.50 0.00 0.50 0.50 0.00 0.00 1.00 1.00 1.90 0.00 0.00 0.13 0.26 0.50 Physician Easy to use Usable and user-friendly interface. 0.70 0.11 0.11 0.11 0.11 0.11 0.80 (.80) Good, and quick to use. 0.32 0.05 0.05 0.05 0.05 0.05 0.40 (.40)



⊥ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ ⊥ ⊥ ⊥ ⊤ ⊥ ⊥ ⊥ 1 2 0 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ Expert 2 0 1.00 0.50 0.50 1.00 0.50 0.00 0.50 0.00 0.00 0.00 1.00 1.00 0.00 0.00 0.00 0.50 0.50 0.50 Expert 0.59 0.59 0.00 0.00 0.00 0.59 1.18 0.27 0.27 0.00 0.00 0.00 0.27 0.53



⊥ ⊥ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊥ ⊤ ⊥ ⊥ 1 2 1 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ Expert Features 2.1 1 1.00 0.50 0.50 1.00 0.50 0.00 0.00 1.50 0.00 0.00 1.00 1.00 1.50 0.00 0.00 0.17 0.33 0.50 Expert Features General program features 0.59 0.59 0.17 0.00 0.00 0.17 1.00 0.27 0.27 0.07 0.00 0.00 0.07 0.44



⊥ ⊥ ⊥ ⊤ ⊥ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ 1 2 1 1 0 ⊥ ⊥ ⊥ ⊤ ⊥ Expert Features CE-Certified 2.1.1 2 1.00 0.50 0.50 0.10 0.50 0.00 0.00 1.00 0.90 0.00 1.00 1.00 1.50 0.90 0.00 0.02 0.11 0.10 Expert Features CE-Certified Is considered a medical device? 0.59 0.59 0.17 0.02 0.02 0.02 1.00 ⊤ 0.27 0.27 0.07 0.00 0.00 0.00 0.00 ⊥



⊥ ⊥ ⊥ ⊤ ⊥ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ 1 2 1 2 0 ⊥ ⊥ ⊥ ⊥ ⊥ Expert Features OS 2.1.2 2 1.00 0.50 0.50 0.80 0.50 0.00 0.00 1.00 0.80 0.00 1.00 1.00 1.50 0.90 0.00 0.15 0.89 0.80 Expert Features OS Supported platforms 0.57 0.57 0.15 0.15 0.00 0.15 1.00 0.27 0.27 0.07 0.07 0.00 0.07 0.50



⊥ ⊥ ⊥ ⊥ ⊤ ⊤ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊤ ⊥ ⊤ 1 2 1 2 1 ⊥ ⊥ ⊥ ⊥ ⊤ Expert Features OS Windows 2.1.2.1 3 1.00 0.50 0.50 0.80 0.50 0.00 0.00 1.00 0.00 1.00 1.00 1.00 1.50 0.90 1.00 0.07 0.50 0.50 Expert Features OS Windows 0.57 0.57 0.15 0.15 0.07 0.07 1.00 ⊤ 0.27 0.27 0.07 0.07 0.07 0.07 1.00 ⊤



⊥ ⊥ ⊥ ⊥ ⊤ ⊤ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊤ ⊥ ⊤ 1 2 1 2 2 ⊥ ⊥ ⊥ ⊥ ⊤ Expert Features OS macOS 2.1.2.2 3 1.00 0.50 0.50 0.80 0.00 0.00 0.00 1.00 0.00 0.50 1.00 1.00 1.50 0.90 1.00 0.00 0.00 ! Expert Features OS macOS 0.50 0.50 0.07 0.07 0.00 0.00 0.00 ! 0.19 0.19 0.00 0.00 0.00 0.00 0.00 ⊥



⊥ ⊥ ⊥ ⊥ ⊤ ⊤ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊤ ⊥ ⊤ 1 2 1 2 3 ⊥ ⊥ ⊥ ⊥ ⊤ Expert Features OS GNU/Linux 2.1.2.3 3 1.00 0.50 0.50 0.80 0.50 0.00 0.00 1.00 0.00 0.50 1.00 1.00 1.50 0.90 1.00 0.07 0.50 0.50 Expert Features OS GNU/Linux 0.50 0.50 0.07 0.07 0.07 0.07 1.00 ⊤ 0.19 0.19 0.00 0.00 0.00 0.00 0.00 ⊥



⊥ ⊥ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊥ ⊤ ⊥ ⊥ 1 2 2 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ Expert Visualizati 2.2 1 1.00 0.50 0.50 0.80 0.50 0.00 0.00 1.00 0.00 0.00 1.00 1.00 1.50 0.00 0.00 0.17 0.33 0.50 Expert Visualization 0.43 0.43 0.29 0.17 0.17 0.29 1.75 X ⊤ 0.19 0.19 0.13 0.00 0.00 0.13 0.75



⊥ ⊥ ⊥ ⊤ ⊥ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ 1 2 2 1 0 ⊥ ⊥ ⊥ ⊤ ⊥ Expert Visualizatio 3D 2.2.1 2 1.00 0.50 0.50 0.50 0.50 0.00 0.00 0.50 1.00 0.00 1.00 1.00 1.50 1.00 0.00 0.08 0.50 0.50 Expert Visualization 3D How fully-featured is the 3D visualization. 0.26 0.26 0.13 0.08 0.08 0.08 0.90 (.90) 0.19 0.19 0.13 0.06 0.06 0.06 0.70 (.70) CPU-Based rendering.



⊥ ⊥ ⊥ ⊤ ⊥ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ 1 2 2 2 0 ⊥ ⊥ ⊥ ⊤ ⊥ Expert Visualizatio 2D 2.2.1 2 1.00 0.50 0.50 0.50 0.50 0.00 0.00 0.50 0.50 0.00 1.00 1.00 1.50 1.00 0.00 0.08 0.50 0.50 Expert Visualization 2D How fully-featured is the 2D visualization. 0.18 0.18 0.05 0.05 0.05 0.05 0.60 (.60) 0.13 0.13 0.07 0.07 0.07 0.07 0.80 (.80)



⊥ ⊥ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊥ ⊤ ⊥ ⊥ 1 2 3 0 0 ⊥ ⊥ ⊤ ⊥ ⊥ Expert Easy to use 2.3 1 1.00 0.50 0.50 0.50 0.50 0.00 0.00 0.50 0.00 0.00 1.00 1.00 1.50 0.00 0.00 0.17 0.33 0.50 Expert Easy to use Usable and user-friendly interface. 0.13 0.13 0.13 0.13 0.13 0.13 0.80 (.80) Good, and quick to use. 0.07 0.07 0.07 0.07 0.07 0.07 0.40 (.40)



⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ 0 0 0 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Do not modify the last row 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Do not modify the 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Do not modify the last row



Subcriteri
on



Au
di



en
ce



 
w



ei
gh



t



Cr
ite



ri
on



 
w



ei
gh



t



Su
bc



ri
te



ri
on



 
w



ei
gh



t



Ro
ot



 w
ei



gh
t 



∑



Au
di



en
ce



 
w



ei
gh



t ∑



G
ro



up
 w



ei
gh



t 
∑



Cr
ite



ri
on



 
w



ei
gh



t ∑



Su
bc



ri
te



ri
on



 
w



ei
gh



t ∑



Ro
ot



 w
. ∑



 
do



w
n



Au
di



en
ce



 w
. 



∑ 
do



w
n



G
ro



up
 w



. ∑
 



do
w



n



Cr
ite



ri
on



 w
. ∑



 
do



w
n



Su
bc



ri
te



ri
on



 
w



. ∑
 d



ow
n



Ab
so



lu
te



 
no



rm
. w



.



Re
la



tiv
e 



no
rm



. w
.



Re
la



tiv
e 



no
rm



al
iz



ed
 



w
ei



gh
t



Subcriteri
on



Ro
ot



 a
bs



. 
Sc



or
e 



 ∑



Au
di



en
ce



 
ab



s.
 S



co
re



 ∑



G
ro



up
 a



bs
. 



Sc
or



e 
∑



Cr
ite



ri
on



 a
bs



. 
Sc



or
e 



∑



Su
bc



ri
te



ri
on



 
ab



s.
 S



co
re



 ∑



(V
ie



w
er



 1
) 



Ab
s.



 S
co



re



(V
ie



w
er



 1
) 



Re
l. 



Sc
or



e



Ro
ot



 a
bs



. 
Sc



or
e 



 ∑



Au
di



en
ce



 
ab



s.
 S



co
re



 ∑



G
ro



up
 a



bs
. 



Sc
or



e 
∑



Cr
ite



ri
on



 a
bs



. 
Sc



or
e 



∑



Su
bc



ri
te



ri
on



 
ab



s.
 S



co
re



 ∑



(V
ie



w
er



 2
) 



Ab
s.



 S
co



re



(V
ie



w
er



 2
) 



Re
l. 



Sc
or



e



This is the root node, the final evaluation is 
placed here.
Important features weighted according to a 
physician's point of view.



Very good qualityt viewer 
with 3D rendering.
Lacks some important 
features like MPR among 
others.



Many features including 
MPR.
No keyboard shortcuts. Bad 
usability



Important features weighted according to a 
healthcare expert.



Very good qualityt viewer 
with 3D rendering.
Lacks some important 
features like MPR among 
others.



Many features including 
MPR.
No keyboard shortcuts. Bad 
usability



New rows can be inserted 
after the first and  before 



the last data rows.
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Editable columns Editable columns Editable columns



To add more 
viewers, copy and 
paste the columns



Non-leaf nodes are
never evaluated



Leaf node not
evaluated



Weight is missing



Keep a consistent
tree hieracy



 ⊤ = 1.00  ⊥ = 0.00Filter by this column
in order to summarize



your data



Level dependant
color scale



Pro tip #1:



Move rows around by
selecting them, start 
drag operation and 
press ALT key before



dropping the row.
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						0.43


			0.13


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			1


			4


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Technical


			License


			Non-free


			1.1.4.2


			3


			1.00


			0.50


			1.00


			1.00


			0.00


			0.00


			1.00


			13.00


			3.00


			0.00


			1.00


			1.50


			14.00


			12.00


			1.00


			0.00


			0.00


			0.00


			


			0.00


			General


			Technical


			License


			Non-free


			Any other non-free license according to DFSG criteria.


			0.60


			0.20


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.77


			0.25


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.37


			0.12


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.61


			0.19


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.42


			0.13


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			1


			5


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			General


			Technical


			Multilanguage


			


			1.1.5


			2


			1.00


			0.50


			1.00


			1.00


			0.00


			0.00


			1.00


			13.00


			3.00


			0.00


			1.00


			1.50


			14.00


			12.00


			0.00


			0.00


			0.08


			0.08


			


			1.00


			General


			Technical


			Multilanguage


						The program is translatable. The number of available languages is a relativistic factor to take in account.


			0.60


			0.20


			0.00


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Catalan, Spanish, English.


			0.77


			0.25


			0.00


			0.00


			0.00


			0.00


			0.40


			0.40


			


			(.40)


			English, Japanese


			0.37


			0.12


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Only in english, no multilanguage support observed.


			0.61


			0.19


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Tranlated to 28 languages.


			0.42


			0.13


			0.00


			0.00


			0.00


			0.00


			0.70


			0.70


			


			(.70)


			Translated to eleven languages, but many are partially translated.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			1


			6


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			General


			Technical


			Documentation


			


			1.1.6


			2


			1.00


			0.50


			1.00


			2.00


			0.00


			0.00


			1.00


			13.00


			2.00


			0.00


			1.00


			1.50


			14.00


			12.00


			0.00


			0.00


			0.17


			0.17


			


			2.00


			General


			Technical


			Documentation


						Quality of the documentation.


			0.60


			0.19


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			A PDF that describes all features.


			0.77


			0.25


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Not found, however is understandable as users may refer to OsiriX documentation.


			0.37


			0.12


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			A webpage that describes all features.


			0.60


			0.19


			0.00


			0.00


			0.00


			0.00


			0.40


			0.40


			


			(.40)


			Documentation exist but is not exhaustive in describing all features. Focused to programmers.


			0.42


			0.13


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Opens a broken link, no documentation found in the GIT repository.





			⊥


			⊥


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			⊥


			1


			1


			2


			0


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Archive


			


			


			1.2


			1


			1.00


			0.50


			2.00


			2.00


			0.00


			0.00


			1.00


			13.00


			0.00


			0.00


			1.00


			1.50


			14.00


			0.00


			0.00


			0.05


			0.14


			0.14


			


			2.00


			General


			Archive


						Support to open, save, import, export and network communications.


			0.60


			0.19


			0.03


			0.00


			0.00


			0.03


			0.72


			0.72


			


									0.77


			0.25


			0.05


			0.00


			0.00


			0.05


			0.97


			0.97


			


									0.37


			0.11


			0.02


			0.00


			0.00


			0.02


			0.39


			0.39


			


									0.60


			0.19


			0.03


			0.00


			0.00


			0.03


			0.58


			0.58


			


									0.42


			0.13


			0.04


			0.00


			0.00


			0.04


			0.80


			0.80


			


						


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			2


			1


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Archive


			DIMSE


			


			1.2.1


			2


			1.00


			0.50


			2.00


			3.00


			0.00


			0.00


			1.00


			11.00


			22.50


			0.00


			1.00


			1.50


			14.00


			22.50


			0.00


			0.01


			0.13


			0.13


			


			3.00


			General


			Archive


			DIMSE


						Traditional DICOM network protocol.


			0.60


			0.19


			0.03


			0.00


			0.00


			0.00


			0.79


			0.79


			


									0.77


			0.25


			0.05


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.37


			0.11


			0.02


			0.00


			0.00


			0.00


			0.79


			0.79


			


									0.60


			0.19


			0.03


			0.00


			0.00


			0.00


			0.79


			0.79


			


									0.42


			0.13


			0.04


			0.01


			0.00


			0.01


			0.99


			0.99


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			2


			1


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Archive


			DIMSE


			Query


			1.2.1.1


			3


			1.00


			0.50


			2.00


			3.00


			2.00


			0.00


			1.00


			11.00


			19.50


			7.00


			1.00


			1.50


			14.00


			22.50


			7.00


			0.00


			0.29


			0.29


			


			2.00


			General


			Archive


			DIMSE


			Query


			Searching by some attribute like patient's name.


			0.60


			0.19


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.77


			0.25


			0.05


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.37


			0.11


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.60


			0.19


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.42


			0.13


			0.04


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			2


			1


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Archive


			DIMSE


			Retrieve


			1.2.1.2


			3


			1.00


			0.50


			2.00


			3.00


			2.00


			0.00


			1.00


			11.00


			19.50


			5.00


			1.00


			1.50


			14.00


			22.50


			7.00


			0.00


			0.29


			0.29


			


			2.00


			General


			Archive


			DIMSE


			Retrieve


			Download studies.


			0.60


			0.19


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.77


			0.25


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.37


			0.11


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.60


			0.19


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.42


			0.12


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			2


			1


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Archive


			DIMSE


			Upload


			1.2.1.3


			3


			1.00


			0.50


			2.00


			3.00


			1.50


			0.00


			1.00


			11.00


			19.50


			3.00


			1.00


			1.50


			14.00


			22.50


			7.00


			0.00


			0.21


			0.21


			


			1.50


			General


			Archive


			DIMSE


			Upload


			Upload studies or new series.


			0.60


			0.19


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.76


			0.25


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.36


			0.11


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.60


			0.18


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.42


			0.12


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			2


			1


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Archive


			DIMSE


			Security


			1.2.1.4


			3


			1.00


			0.50


			2.00


			3.00


			1.00


			0.00


			1.00


			11.00


			19.50


			1.50


			1.00


			1.50


			14.00


			22.50


			7.00


			0.00


			0.14


			0.14


			


			1.00


			General


			Archive


			DIMSE


			Security


			Encryption and authentication of the connections using X.509 certificates. Users can authenticate to the server (peer) with a certificate.


			0.59


			0.19


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.76


			0.24


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			User certificates can be specified, and are retrieved from system's keychain.


			0.36


			0.11


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.60


			0.18


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.42


			0.12


			0.03


			0.00


			0.00


			0.00


			0.95


			0.95


			


			(.95)


			Not able to integrate with system certificate storages. Only PEM format allowed.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			2


			1


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Archive


			DIMSE


			Internal server


			1.2.1.5


			3


			1.00


			0.50


			2.00


			3.00


			0.50


			0.00


			1.00


			11.00


			19.50


			0.50


			1.00


			1.50


			14.00


			22.50


			7.00


			0.00


			0.07


			0.07


			


			0.50


			General


			Archive


			DIMSE


			Internal server


			Built-in pacs server, where peers can do queries, send and retrieve studies.


			0.59


			0.19


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.76


			0.24


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.36


			0.11


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.60


			0.18


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.42


			0.12


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			2


			2


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Archive


			WADO


			


			1.2.2


			2


			1.00


			0.50


			2.00


			3.00


			0.50


			0.00


			1.00


			11.00


			19.50


			0.00


			1.00


			1.50


			14.00


			22.50


			0.00


			0.01


			0.13


			0.13


			


			3.00


			General


			Archive


			WADO


						Web access DICOM objects protocol that works over HTTP.


			0.59


			0.19


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.76


			0.24


			0.04


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.36


			0.11


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.60


			0.18


			0.02


			0.01


			0.00


			0.01


			0.85


			0.85


			


									0.42


			0.12


			0.03


			0.01


			0.00


			0.01


			1.00


			1.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			2


			2


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Archive


			WADO


			Query


			1.2.2.1


			3


			1.00


			0.50


			2.00


			3.00


			2.00


			0.00


			1.00


			11.00


			16.50


			6.50


			1.00


			1.50


			14.00


			22.50


			6.50


			0.00


			0.31


			0.31


			


			2.00


			General


			Archive


			WADO


			Query


			Searching by some attribute like patient's name.


			0.59


			0.19


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.76


			0.24


			0.04


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.36


			0.11


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.60


			0.18


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.42


			0.12


			0.03


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			2


			2


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Archive


			WADO


			Retrieve


			1.2.2.2


			3


			1.00


			0.50


			2.00


			3.00


			2.00


			0.00


			1.00


			11.00


			16.50


			4.50


			1.00


			1.50


			14.00


			22.50


			6.50


			0.00


			0.31


			0.31


			


			2.00


			General


			Archive


			WADO


			Retrieve


			Download studies.


			0.59


			0.19


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.76


			0.24


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.36


			0.11


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.60


			0.18


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.42


			0.12


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥
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			11.00


			9.50


			1.00


			1.00


			1.50


			14.00


			22.50


			1.00


			0.00


			0.50


			0.50


			


			0.50


			General


			Archive


			Other formats


			Special


			Volume formats like VTK, MHD… and others.


			0.58


			0.17


			0.02


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Can open MHD..


			0.74


			0.22


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.36


			0.10


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Can open and save to MHD, VTK, NIFTI…


			0.59


			0.17


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.40


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			2


			5


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Archive


			Other formats


			Regular images


			1.2.5.2


			3


			1.00


			0.50


			2.00


			1.00


			0.50


			0.00


			1.00


			11.00


			9.50


			0.50


			1.00


			1.50


			14.00


			22.50


			1.00


			0.00


			0.50


			0.50


			


			0.50


			General


			Archive


			Other formats


			Regular images


			Open an stack of general purpose image formats like TIFF, JPEG, PNG…


			0.58


			0.17


			0.02


			0.00


			0.00


			0.00


			0.60


			0.60


			


			(.60)


			Can open regular image formats as a volume. Can export screenshots for a serie.


			0.74


			0.22


			0.02


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Can export to regular image files, but not import.


			0.35


			0.10


			0.00


			0.00


			0.00


			0.00


			0.40


			0.40


			


			(.40)


			Can open images, but can't be treated as a volume.


			0.59


			0.17


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Open and save.


			0.40


			0.10


			0.01


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Can be opened through the dicomization feature.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			2


			6


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Archive


			Media


			


			1.2.6


			2


			1.00


			0.50


			2.00


			1.50


			0.50


			0.00


			1.00


			11.00


			9.50


			0.00


			1.00


			1.50


			14.00


			22.50


			0.00


			0.00


			0.07


			0.07


			


			1.50


			General


			Archive


			Media


						Export studies to optical media


			0.58


			0.17


			0.02


			0.00


			0.00


			0.00


			0.83


			0.83


			


									0.74


			0.22


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.35


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.58


			0.17


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.40


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			2


			6


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Archive


			Media


			Burn disc


			1.2.6.1


			3


			1.00


			0.50


			2.00


			1.50


			1.00


			0.00


			1.00


			11.00


			8.00


			1.50


			1.00


			1.50


			14.00


			22.50


			1.50


			0.00


			0.67


			0.67


			


			1.00


			General


			Archive


			Media


			Burn disc


			Burn an study into an optical medium.


			0.58


			0.17


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.74


			0.22


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.35


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.58


			0.17


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.40


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			2


			6


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Archive


			Media


			Portable viewer


			1.2.6.2


			3


			1.00


			0.50


			2.00


			1.50


			0.50


			0.00


			1.00


			11.00


			8.00


			0.50


			1.00


			1.50


			14.00


			22.50


			1.50


			0.00


			0.33


			0.33


			


			0.50


			General


			Archive


			Media


			Portable viewer


			When burning or exporting to DICOMDIR, a minified portable viewer is attached to it.


			0.58


			0.17


			0.01


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Allows copying a user-provided folder which could contain a portable viewer.


			0.74


			0.22


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Includes weasis.


			0.35


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.58


			0.17


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.40


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			2


			7


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Archive


			Print


			


			1.2.7


			2


			1.00


			0.50


			2.00


			1.50


			0.50


			0.00


			1.00


			11.00


			8.00


			0.00


			1.00


			1.50


			14.00


			22.50


			0.00


			0.00


			0.07


			0.07


			


			1.50


			General


			Archive


			Print


									0.58


			0.17


			0.01


			0.00


			0.00


			0.00


			0.80


			0.80


			


									0.74


			0.22


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.35


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.58


			0.17


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.40


			0.10


			0.01


			0.00


			0.00


			0.00


			0.20


			0.20


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			2


			7


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Archive


			Print


			DICOM printer


			1.2.7.1


			3


			1.00


			0.50


			2.00


			1.50


			1.00


			0.00


			1.00


			11.00


			6.50


			1.25


			1.00


			1.50


			14.00


			22.50


			1.25


			0.00


			0.80


			0.80


			


			1.00


			General


			Archive


			Print


			DICOM printer


			Print using a DICOM printer.


			0.58


			0.17


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.74


			0.22


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.35


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.58


			0.17


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.40


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			2


			7


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Archive


			Print


			Printer


			1.2.7.2


			3


			1.00


			0.50


			2.00


			1.50


			0.25


			0.00


			1.00


			11.00


			6.50


			0.25


			1.00


			1.50


			14.00


			22.50


			1.25


			0.00


			0.20


			0.20


			


			0.25


			General


			Archive


			Print


			Printer


			Print using a regular laser or ink priter.


			0.58


			0.17


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.74


			0.22


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.35


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.58


			0.17


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.40


			0.10


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			2


			8


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Archive


			Convert


			


			1.2.8


			2


			1.00


			0.50


			2.00


			1.00


			0.25


			0.00


			1.00


			11.00


			6.50


			0.00


			1.00


			1.50


			14.00


			22.50


			0.00


			0.00


			0.04


			0.04


			


			1.00


			General


			Archive


			Convert


						Convert from other formats to DICOM and from DICOM to other formats.


			0.58


			0.17


			0.01


			0.00


			0.00


			0.00


			0.03


			0.03


			


									0.74


			0.22


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.35


			0.10


			0.00


			0.00


			0.00


			0.00


			0.33


			0.33


			


									0.58


			0.17


			0.01


			0.00


			0.00


			0.00


			0.30


			0.30


			


									0.40


			0.10


			0.01


			0.00


			0.00


			0.00


			0.67


			0.67


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			2


			8


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Archive


			Convert


			Dicomize


			1.2.8.1


			3


			1.00


			0.50


			2.00


			1.00


			1.00


			0.00


			1.00


			11.00


			5.50


			1.50


			1.00


			1.50


			14.00


			22.50


			1.50


			0.00


			0.67


			0.67


			


			1.00


			General


			Archive


			Convert


			Dicomize


			For example a folder full of PNG files can be converted to DICOM. The score is set in a fairly manner after analyzing all viewers.


			0.58


			0.17


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.74


			0.22


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.35


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.58


			0.17


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.40


			0.10


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, and asks for patient specific information.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			2


			8


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Archive


			Convert


			Undicomize


			1.2.8.2


			3


			1.00


			0.50


			2.00


			1.00


			0.50


			0.00


			1.00


			11.00


			5.50


			0.50


			1.00


			1.50


			14.00


			22.50


			1.50


			0.00


			0.33


			0.33


			


			0.50


			General


			Archive


			Convert


			Undicomize


			For example converting a serie to a folder where each slice is a PNG file. The score is set in a fairly manner after analyzing all viewers.


			0.58


			0.17


			0.01


			0.00


			0.00


			0.00


			0.10


			0.10


			


			(.10)


			Allows exporting an screenshot of each slice of a serie automatically.


			0.73


			0.22


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, to standard image formats, and even video ones.


			0.35


			0.10


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, and to a wide variety of formats like nifti, vtk… but not regular image formats.


			0.58


			0.17


			0.01


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


			Yes, to PNG and JPEG


			0.40


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			2


			9


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Archive


			Metadata


			


			1.2.9


			2


			1.00


			0.50


			2.00


			2.00


			0.50


			0.00


			1.00


			11.00


			5.50


			0.00


			1.00


			1.50


			14.00


			22.50


			0.00


			0.00


			0.09


			0.09


			


			2.00


			General


			Archive


			Metadata


						View and edit DICOM tags.


			0.58


			0.17


			0.01


			0.00


			0.00


			0.00


			0.67


			0.67


			


									0.73


			0.21


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.35


			0.10


			0.00


			0.00


			0.00


			0.00


			0.07


			0.07


			


									0.58


			0.17


			0.01


			0.00


			0.00


			0.00


			0.67


			0.67


			


									0.40


			0.10


			0.01


			0.00


			0.00


			0.00


			0.97


			0.97


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			2


			9


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Archive


			Metadata


			Tag viewer


			1.2.9.1


			3


			1.00


			0.50


			2.00


			2.00


			1.00


			0.00


			1.00


			11.00


			3.50


			1.50


			1.00


			1.50


			14.00


			22.50


			1.50


			0.00


			0.67


			0.67


			


			1.00


			General


			Archive


			Metadata


			Tag viewer


			Display DICOM tags in a user-friendly manner.


			0.58


			0.17


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.73


			0.21


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.35


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.58


			0.17


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.40


			0.10


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			2


			9


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Archive


			Metadata


			Tag editor


			1.2.9.2


			3


			1.00


			0.50


			2.00


			2.00


			0.50


			0.00


			1.00


			11.00


			3.50


			0.50


			1.00


			1.50


			14.00


			22.50


			1.50


			0.00


			0.33


			0.33


			


			0.50


			General


			Archive


			Metadata


			Tag editor


			A significant number of tags can be edited in a safe and coherent manner. (i.e generating a new DICOM instance).


			0.57


			0.16


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.73


			0.21


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.35


			0.10


			0.00


			0.00


			0.00


			0.00


			0.20


			0.20


			


			(.20)


			Some general tags can be edited.


			0.58


			0.16


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.39


			0.10


			0.01


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


			Can be edited through the anonymization dialog.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			2


			10


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			General


			Archive


			Anonymizer


			


			1.2.10


			2


			1.00


			0.50


			2.00


			2.00


			0.50


			0.00


			1.00


			11.00


			3.50


			0.00


			1.00


			1.50


			14.00


			22.50


			0.00


			0.00


			0.09


			0.09


			


			2.00


			General


			Archive


			Anonymizer


						Remove personal identifiable information from an study.


			0.57


			0.16


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.73


			0.21


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.35


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.58


			0.16


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.39


			0.10


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			2


			11


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			General


			Archive


			Open directory


			


			1.2.11


			2


			1.00


			0.50


			2.00


			1.50


			0.50


			0.00


			1.00


			11.00


			1.50


			0.00


			1.00


			1.50


			14.00


			22.50


			0.00


			0.00


			0.07


			0.07


			


			1.50


			General


			Archive


			Open directory


						Open a directory of images.


			0.57


			0.16


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.73


			0.21


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.35


			0.10


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.58


			0.16


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.39


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			⊥


			1


			1


			3


			0


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Workflow


			


			


			1.3


			1


			1.00


			0.50


			3.00


			1.50


			0.50


			0.00


			1.00


			11.00


			0.00


			0.00


			1.00


			1.50


			14.00


			0.00


			0.00


			0.07


			0.21


			0.21


			


			3.00


			General


			Workflow


						Features and automations that improve the productivity.


			0.57


			0.16


			0.05


			0.00


			0.00


			0.05


			0.71


			0.71


			


									0.72


			0.20


			0.06


			0.00


			0.00


			0.06


			0.79


			0.79


			


									0.35


			0.09


			0.03


			0.00


			0.00


			0.03


			0.45


			0.45


			


									0.57


			0.16


			0.04


			0.00


			0.00


			0.04


			0.53


			0.53


			


									0.39


			0.09


			0.02


			0.00


			0.00


			0.02


			0.31


			0.31


			


						


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			3


			1


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Workflow


			Customization


			


			1.3.1


			2


			1.00


			0.50


			3.00


			1.50


			0.50


			0.00


			1.00


			8.00


			18.50


			0.00


			1.00


			1.50


			14.00


			18.50


			0.00


			0.01


			0.08


			0.08


			


			1.50


			General


			Workflow


			Customization


						Customization of the user interface and keyboard shortcuts by the user.


			0.57


			0.16


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.72


			0.20


			0.06


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.35


			0.09


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.57


			0.16


			0.04


			0.00


			0.00


			0.00


			0.05


			0.05


			


									0.39


			0.09


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			3


			1


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Workflow


			Customization


			Toolbars


			1.3.1.1


			3


			1.00


			0.50


			3.00


			1.50


			0.50


			0.00


			1.00


			8.00


			17.00


			1.00


			1.00


			1.50


			14.00


			18.50


			1.00


			0.00


			0.50


			0.50


			


			0.50


			General


			Workflow


			Customization


			Toolbars


			Buttons can be sorted, added or removed.


			0.57


			0.16


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.72


			0.20


			0.06


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.35


			0.09


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.57


			0.16


			0.04


			0.00


			0.00


			0.00


			0.10


			0.10


			


			(.10)


			Toolbars can be shown and hidden.


			0.39


			0.09


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			3


			1


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Workflow


			Customization


			Keyboard


			1.3.1.2


			3


			1.00


			0.50


			3.00


			1.50


			0.50


			0.00


			1.00


			8.00


			17.00


			0.50


			1.00


			1.50


			14.00


			18.50


			1.00


			0.00


			0.50


			0.50


			


			0.50


			General


			Workflow


			Customization


			Keyboard


			Toolbar actions can be assigned to specific and custom keyboard keys or combinations.


			0.57


			0.16


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.72


			0.20


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.35


			0.09


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.57


			0.16


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.39


			0.09


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			3


			2


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Workflow


			Series


			


			1.3.2


			2


			1.00


			0.50


			3.00


			3.00


			0.50


			0.00


			1.00


			8.00


			17.00


			0.00


			1.00


			1.50


			14.00


			18.50


			0.00


			0.01


			0.16


			0.16


			


			3.00


			General


			Workflow


			Series


						Presentation and switching of series within an study.


			0.57


			0.16


			0.05


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.72


			0.20


			0.05


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.35


			0.09


			0.03


			0.01


			0.00


			0.01


			0.98


			0.98


			


									0.57


			0.16


			0.04


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.39


			0.09


			0.02


			0.01


			0.00


			0.01


			1.00


			1.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			3


			2


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Workflow


			Series


			Usability


			1.3.2.1


			3


			1.00


			0.50


			3.00


			3.00


			1.50


			0.00


			1.00


			8.00


			14.00


			2.50


			1.00


			1.50


			14.00


			18.50


			2.50


			0.01


			0.60


			0.60


			


			1.50


			General


			Workflow


			Series


			Usability


			Usability when interacting with the series and specially focusing on workflow efficiency. The score is set in a fairly manner after analyzing all viewers.


			0.57


			0.16


			0.05


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.72


			0.20


			0.05


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.35


			0.09


			0.03


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.57


			0.16


			0.04


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.39


			0.09


			0.02


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			3


			2


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Workflow


			Series


			Thumbnails


			1.3.2.2


			3


			1.00


			0.50


			3.00


			3.00


			1.00


			0.00


			1.00


			8.00


			14.00


			1.00


			1.00


			1.50


			14.00


			18.50


			2.50


			0.00


			0.40


			0.40


			


			1.00


			General


			Workflow


			Series


			Thumbnails


			Little images that represent the contents of a serie.


			0.56


			0.15


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.71


			0.19


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.34


			0.09


			0.03


			0.00


			0.00


			0.00


			0.95


			0.95


			


			(.95)


			User must click every time to see a thumbnail.


			0.57


			0.15


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.38


			0.08


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			3


			3


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Workflow


			Hanging protocols


			


			1.3.3


			2


			1.00


			0.50


			3.00


			4.00


			1.00


			0.00


			1.00


			8.00


			14.00


			0.00


			1.00


			1.50


			14.00


			18.50


			0.00


			0.02


			0.22


			0.22


			


			4.00


			General


			Workflow


			Hanging protocols


						Given an study, viewers are layed out in a organized and structured way (for example to improve comparison). Those organization can be customized by the users.


			0.55


			0.14


			0.04


			0.01


			0.00


			0.01


			0.70


			0.70


			


									0.70


			0.19


			0.04


			0.01


			0.00


			0.01


			0.72


			0.72


			


									0.34


			0.08


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


						Does not have hanging protocols.


			0.56


			0.15


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.37


			0.08


			0.01


			0.00


			0.00


			0.00


			0.05


			0.05


			


						Feature not usable.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			3


			3


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Workflow


			Hanging protocols


			Selector


			1.3.3.1


			3


			1.00


			0.50


			3.00


			4.00


			2.00


			0.00


			1.00


			8.00


			10.00


			6.25


			1.00


			1.50


			14.00


			18.50


			6.25


			0.00


			0.32


			0.32


			


			2.00


			General


			Workflow


			Hanging protocols


			Selector


			For a given study, the user can choose which hanging protocol should be applied. The selector should provide a list of applicable hanging protocol candidates for the given study.


			0.55


			0.14


			0.04


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Shows applicable hanging protocols for the current study in a graphical manner.


			0.70


			0.19


			0.04


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Shows applicable hanging protocols for the current study in the context menu in text.


			0.34


			0.08


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.56


			0.15


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.37


			0.08


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			3


			3


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Workflow


			Hanging protocols


			Presets


			1.3.3.2


			3


			1.00


			0.50


			3.00


			4.00


			1.00


			0.00


			1.00


			8.00


			10.00


			4.25


			1.00


			1.50


			14.00


			18.50


			6.25


			0.00


			0.16


			0.16


			


			1.00


			General


			Workflow


			Hanging protocols


			Presets


			The viewer has a set of hanging protocols or a similar feature (even if hard-coded) that out of the box organizes an opened study. (For example allows comparison in mammography).


			0.55


			0.14


			0.03


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			There's a set of predefined hanging protocols, mainly for CT and MG.


			0.70


			0.18


			0.04


			0.01


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			There's  one default hanging protocol for each modality, but they are all very simple.


			0.34


			0.08


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.56


			0.15


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.37


			0.08


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			3


			3


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Workflow


			Hanging protocols


			Customizable


			1.3.3.3


			3


			1.00


			0.50


			3.00


			4.00


			2.00


			0.00


			1.00


			8.00


			10.00


			3.25


			1.00


			1.50


			14.00


			18.50


			6.25


			0.00


			0.32


			0.32


			


			2.00


			General


			Workflow


			Hanging protocols


			Customizable


			Hanging protocols can be custom made in order to accomodate to the medical organization needs. Attainable configurations and features are evaluated here.


			0.55


			0.14


			0.03


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Yes, using an XML file. Rules exist but they could be more customizable.


			0.70


			0.18


			0.03


			0.01


			0.00


			0.00


			0.70


			0.70


			


			(.70)


			Hanging protocols can be created and default ones edited, but with a small set of rules.


			0.34


			0.08


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.56


			0.15


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.37


			0.08


			0.01


			0.00


			0.00


			0.00


			0.10


			0.10


			


			(.10)


			The feature does not work as expected, no multiple windows can be configured.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			3


			3


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Workflow


			Hanging protocols


			Editor


			1.3.3.4


			3


			1.00


			0.50


			3.00


			4.00


			1.00


			0.00


			1.00


			8.00


			10.00


			1.25


			1.00


			1.50


			14.00


			18.50


			6.25


			0.00


			0.16


			0.16


			


			1.00


			General


			Workflow


			Hanging protocols


			Editor


			The program provides an editor that eases the creation or customization of the hanging protocols.


			0.54


			0.13


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.70


			0.18


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			There's an editor in the configuration screen.


			0.34


			0.08


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.56


			0.15


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.37


			0.08


			0.01


			0.00


			0.00


			0.00


			0.10


			0.10


			


			(.10)


			In theory yes, but it doesn't work well and the program gives error. Feature not usable.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			3


			3


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Workflow


			Hanging protocols


			DICOM format


			1.3.3.5


			3


			1.00


			0.50


			3.00


			4.00


			0.25


			0.00


			1.00


			8.00


			10.00


			0.25


			1.00


			1.50


			14.00


			18.50


			6.25


			0.00


			0.04


			0.04


			


			0.25


			General


			Workflow


			Hanging protocols


			DICOM format


			Hanging protocols rules are defined and saved using the DICOM standard.


			0.54


			0.13


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.69


			0.17


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.34


			0.08


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.56


			0.15


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.37


			0.08


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			3


			4


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Workflow


			Viewers layout


			


			1.3.4


			2


			1.00


			0.50


			3.00


			4.00


			0.25


			0.00


			1.00


			8.00


			10.00


			0.00


			1.00


			1.50


			14.00


			18.50


			0.00


			0.02


			0.22


			0.22


			


			4.00


			General


			Workflow


			Viewers layout


						Customization of the viewers layout.


			0.54


			0.13


			0.03


			0.01


			0.00


			0.01


			0.62


			0.62


			


									0.69


			0.17


			0.03


			0.01


			0.00


			0.01


			0.80


			0.80


			


									0.34


			0.08


			0.02


			0.01


			0.00


			0.01


			0.86


			0.86


			


									0.56


			0.15


			0.03


			0.01


			0.00


			0.01


			0.91


			0.91


			


									0.37


			0.08


			0.01


			0.01


			0.00


			0.01


			0.52


			0.52


			


						Difficult to configure.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			3


			4


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Workflow


			Viewers layout


			Usability


			1.3.4.1


			3


			1.00


			0.50


			3.00


			4.00


			1.00


			0.00


			1.00


			8.00


			6.00


			4.50


			1.00


			1.50


			14.00


			18.50


			4.50


			0.00


			0.22


			0.22


			


			1.00


			General


			Workflow


			Viewers layout


			Usability


			Ease to customize the layout. The score is set in a fairly manner after analyzing all viewers.


			0.54


			0.13


			0.03


			0.01


			0.00


			0.00


			0.90


			0.90


			


			(.90)


						0.69


			0.17


			0.03


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Viewers are regular windows. Sometimes, they are reorganized in an unpredictable way.


			0.34


			0.08


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.56


			0.15


			0.03


			0.01


			0.00


			0.00


			0.90


			0.90


			


			(.90)


						0.37


			0.08


			0.01


			0.01


			0.00


			0.00


			0.20


			0.20


			


			(.20)


			Difficult to configure a multiple series setup. Not intuitive and many clics are needed.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			3


			4


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Workflow


			Viewers layout


			Regular grid


			1.3.4.2


			3


			1.00


			0.50


			3.00


			4.00


			0.50


			0.00


			1.00


			8.00


			6.00


			3.50


			1.00


			1.50


			14.00


			18.50


			4.50


			0.00


			0.11


			0.11


			


			0.50


			General


			Workflow


			Viewers layout


			Regular grid


			The number of viewers and its layout is defined by a rectiliniar grid.


			0.54


			0.13


			0.03


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.69


			0.17


			0.03


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.34


			0.08


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.56


			0.14


			0.02


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


						0.37


			0.07


			0.01


			0.01


			0.00


			0.00


			0.30


			0.30


			


			(.30)


			Regular grids only for images within the same series.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			3


			4


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Workflow


			Viewers layout


			Irregular


			1.3.4.3


			3


			1.00


			0.50


			3.00


			4.00


			0.50


			0.00


			1.00


			8.00


			6.00


			3.00


			1.00


			1.50


			14.00


			18.50


			4.50


			0.00


			0.11


			0.11


			


			0.50


			General


			Workflow


			Viewers layout


			Irregular


			Viewers are not confined in a regular grid.


			0.54


			0.13


			0.02


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Yes, when hanging protocols are used.


			0.69


			0.17


			0.02


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Yes, applying a regular layout and closing some windows.


			0.33


			0.08


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.56


			0.14


			0.02


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Yes, but with a limited selection of layouts.


			0.37


			0.07


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			3


			4


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Workflow


			Viewers layout


			Interactive


			1.3.4.4


			3


			1.00


			0.50


			3.00


			4.00


			0.50


			0.00


			1.00


			8.00


			6.00


			2.50


			1.00


			1.50


			14.00


			18.50


			4.50


			0.00


			0.11


			0.11


			


			0.50


			General


			Workflow


			Viewers layout


			Interactive


			Current layout can be succesively manipulated at will in order to make complex layouts. 


			0.54


			0.13


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.69


			0.17


			0.02


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Yes, resizing windows, but subdivisions are not possible.


			0.33


			0.08


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.56


			0.14


			0.02


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Can be resized but not subdivided.


			0.37


			0.07


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			3


			4


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Workflow


			Viewers layout


			Tabulated


			1.3.4.5


			3


			1.00


			0.50


			3.00


			4.00


			0.50


			0.00


			1.00


			8.00


			6.00


			2.00


			1.00


			1.50


			14.00


			18.50


			4.50


			0.00


			0.11


			0.11


			


			0.50


			General


			Workflow


			Viewers layout


			Tabulated


			The layout can be configured and distributed along tabs.


			0.54


			0.13


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.69


			0.17


			0.02


			0.01


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.33


			0.07


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.56


			0.14


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, and studies can't be mixed (seems done on purpose).


			0.37


			0.07


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			3


			4


			6


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Workflow


			Viewers layout


			Quick maximization


			1.3.4.6


			3


			1.00


			0.50


			3.00


			4.00


			1.00


			0.00


			1.00


			8.00


			6.00


			1.50


			1.00


			1.50


			14.00


			18.50


			4.50


			0.00


			0.22


			0.22


			


			1.00


			General


			Workflow


			Viewers layout


			Quick maximization


			A viewer can be maximized in a quick way. For example double clicking the viewer expands it, and double clicking again restores the original layout.


			0.54


			0.13


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Double click.


			0.69


			0.17


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, to fullscreen.


			0.33


			0.07


			0.01


			0.00


			0.00


			0.00


			0.85


			0.85


			


			(.85)


			Yes, inside a submenu, but no keyboard shortcut available.


			0.55


			0.14


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, to fullscreen.


			0.37


			0.07


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Not found.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			3


			4


			7


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Workflow


			Viewers layout


			Tiled


			1.3.4.7


			3


			1.00


			0.50


			3.00


			4.00


			0.50


			0.00


			1.00


			8.00


			6.00


			0.50


			1.00


			1.50


			14.00


			18.50


			4.50


			0.00


			0.11


			0.11


			


			0.50


			General


			Workflow


			Viewers layout


			Tiled


			A stack of images is displayed in a tiled arrangement with tiles containing consecutive images.


			0.53


			0.12


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.68


			0.16


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.33


			0.07


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.55


			0.14


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Apply a multi-viewer layout and set synchronization to "Default Tile".


			0.37


			0.07


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			3


			5


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Workflow


			Synchronization


			


			1.3.5


			2


			1.00


			0.50


			3.00


			3.00


			0.50


			0.00


			1.00


			8.00


			6.00


			0.00


			1.00


			1.50


			14.00


			18.50


			0.00


			0.01


			0.16


			0.16


			


			3.00


			General


			Workflow


			Synchronization


						Propagation of the state and position to other viewers to ease the comparison.


			0.53


			0.12


			0.02


			0.01


			0.00


			0.01


			0.95


			0.95


			


									0.68


			0.16


			0.02


			0.01


			0.00


			0.01


			0.84


			0.84


			


									0.33


			0.07


			0.01


			0.01


			0.00


			0.01


			0.58


			0.58


			


									0.55


			0.13


			0.01


			0.01


			0.00


			0.01


			0.60


			0.60


			


									0.37


			0.07


			0.00


			0.00


			0.00


			0.00


			0.08


			0.08


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			3


			5


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Workflow


			Synchronization


			Usability


			1.3.5.1


			3


			1.00


			0.50


			3.00


			3.00


			1.00


			0.00


			1.00


			8.00


			3.00


			4.25


			1.00


			1.50


			14.00


			18.50


			4.25


			0.00


			0.24


			0.24


			


			1.00


			General


			Workflow


			Synchronization


			Usability


			Ease to configure the synchronization to behave in a desired way, allowing a high degree of customization and possibilities.


			0.53


			0.12


			0.02


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Works, but could be improved.


			0.68


			0.16


			0.02


			0.01


			0.00


			0.00


			0.60


			0.60


			


			(.60)


			Can be toggled for all viewers or none, not for a subset. Can select synchronization type.


			0.33


			0.07


			0.01


			0.01


			0.00


			0.00


			0.70


			0.70


			


			(.70)


			Advanced synchronization configurations require many steps.


			0.55


			0.13


			0.01


			0.01


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Can be toggled for all viewers or none, not for a subset.


			0.37


			0.07


			0.00


			0.00


			0.00


			0.00


			0.10


			0.10


			


			(.10)


			Synchronization within series of the same study is confusing, a list with repeated names is shown.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			3


			5


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Workflow


			Synchronization


			Automation


			1.3.5.2


			3


			1.00


			0.50


			3.00


			3.00


			1.00


			0.00


			1.00


			8.00


			3.00


			3.25


			1.00


			1.50


			14.00


			18.50


			4.25


			0.00


			0.24


			0.24


			


			1.00


			General


			Workflow


			Synchronization


			Automation


			Synchronization is automatically configured, offloading the user from repetitive tasks.


			0.53


			0.12


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, and there are several customization options.


			0.68


			0.16


			0.01


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Always enabled by default.


			0.32


			0.07


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.55


			0.13


			0.01


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Always enabled by default.


			0.36


			0.07


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			3


			5


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Workflow


			Synchronization


			Absolute slicing


			1.3.5.3


			3


			1.00


			0.50


			3.00


			3.00


			0.50


			0.00


			1.00


			8.00


			3.00


			2.25


			1.00


			1.50


			14.00


			18.50


			4.25


			0.00


			0.12


			0.12


			


			0.50


			General


			Workflow


			Synchronization


			Absolute slicing


			Move other viewers slicing to the same spatial position of the current viewer.


			0.53


			0.12


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.68


			0.16


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Also allows same slice number.


			0.32


			0.07


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.55


			0.13


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.36


			0.07


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			3


			5


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Workflow


			Synchronization


			Relative slicing


			1.3.5.4


			3


			1.00


			0.50


			3.00


			3.00


			0.50


			0.00


			1.00


			8.00


			3.00


			1.75


			1.00


			1.50


			14.00


			18.50


			4.25


			0.00


			0.12


			0.12


			


			0.50


			General


			Workflow


			Synchronization


			Relative slicing


			Shift the same slicing distance of the current viewer to other viewers.


			0.53


			0.12


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.68


			0.16


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Also allows same number of slices.


			0.32


			0.07


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.54


			0.13


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.36


			0.07


			0.00


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Only slice based shift, not distance based shift.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			3


			5


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Workflow


			Synchronization


			WL/WW


			1.3.5.5


			3


			1.00


			0.50


			3.00


			3.00


			0.50


			0.00


			1.00


			8.00


			3.00


			1.25


			1.00


			1.50


			14.00


			18.50


			4.25


			0.00


			0.12


			0.12


			


			0.50


			General


			Workflow


			Synchronization


			WL/WW


			Transfer function transformations are applied to other viewers.


			0.53


			0.12


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.67


			0.16


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.32


			0.07


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.54


			0.13


			0.01


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Only in tiled mode.


			0.36


			0.07


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			3


			5


			6


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Workflow


			Synchronization


			Phase


			1.3.5.6


			3


			1.00


			0.50


			3.00


			3.00


			0.25


			0.00


			1.00


			8.00


			3.00


			0.75


			1.00


			1.50


			14.00


			18.50


			4.25


			0.00


			0.06


			0.06


			


			0.25


			General


			Workflow


			Synchronization


			Phase


			Synchronization is aware of the phases and are treated properly.


			0.52


			0.12


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.67


			0.15


			0.01


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


			Cannot be disabled.


			0.32


			0.06


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.54


			0.13


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			No phase support found.


			0.36


			0.07


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			3


			5


			7


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Workflow


			Synchronization


			Camera


			1.3.5.7


			3


			1.00


			0.50


			3.00


			3.00


			0.50


			0.00


			1.00


			8.00


			3.00


			0.50


			1.00


			1.50


			14.00


			18.50


			4.25


			0.00


			0.12


			0.12


			


			0.50


			General


			Workflow


			Synchronization


			Camera


			The camera state (pan, zoom, rotation, flip and swivel plane...) can be synchronized.


			0.52


			0.11


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.67


			0.15


			0.01


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


			Flip is not synchronized.


			0.32


			0.06


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Does not have flip and rotation, but synchronizes 3D viewers.


			0.54


			0.13


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.36


			0.07


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			3


			6


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Workflow


			Comparison


			


			1.3.6


			2


			1.00


			0.50


			3.00


			2.00


			0.50


			0.00


			1.00


			8.00


			3.00


			0.00


			1.00


			1.50


			14.00


			18.50


			0.00


			0.01


			0.11


			0.11


			


			2.00


			General


			Workflow


			Comparison


						Ease to compare the current study with an older one.


			0.52


			0.11


			0.01


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.67


			0.15


			0.01


			0.01


			0.00


			0.01


			0.75


			0.75


			


									0.32


			0.06


			0.00


			0.00


			0.00


			0.00


			0.10


			0.10


			


									0.54


			0.13


			0.00


			0.00


			0.00


			0.00


			0.10


			0.10


			


									0.36


			0.07


			0.00


			0.00


			0.00


			0.00


			0.10


			0.10


			


						No specific implementation for comparison.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			3


			6


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Workflow


			Comparison


			Integration


			1.3.6.1


			3


			1.00


			0.50


			3.00


			2.00


			0.50


			0.00


			1.00


			8.00


			1.00


			1.00


			1.00


			1.50


			14.00


			18.50


			1.00


			0.00


			0.50


			0.50


			


			0.50


			General


			Workflow


			Comparison


			Integration


			Two studies can be opened at the same time, allowing comparison. Some measures are taken to clearly present what belongs to each study. HP's can be applied.


			0.52


			0.11


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Directly accessible from the toolbar. Studies are separated.


			0.67


			0.15


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Accessible from the sidebar. Studies are separated with a big coloured annotation.


			0.32


			0.06


			0.00


			0.00


			0.00


			0.00


			0.20


			0.20


			


			(.20)


			Series from different studies can be mixed.


			0.54


			0.13


			0.00


			0.00


			0.00


			0.00


			0.20


			0.20


			


			(.20)


			Series from different studies can be mixed.


			0.36


			0.07


			0.00


			0.00


			0.00


			0.00


			0.20


			0.20


			


			(.20)


			Series from different studies can be mixed.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			3


			6


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Workflow


			Comparison


			Prior studies


			1.3.6.2


			3


			1.00


			0.50


			3.00


			2.00


			0.50


			0.00


			1.00


			8.00


			1.00


			0.50


			1.00


			1.50


			14.00


			18.50


			1.00


			0.00


			0.50


			0.50


			


			0.50


			General


			Workflow


			Comparison


			Prior studies


			Prior studies for a given patient can be quickly retrieved. This feature must somehow query the PACS, not just the local database.


			0.52


			0.11


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.67


			0.15


			0.00


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Shows priors from local database only.


			0.32


			0.06


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.54


			0.13


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.36


			0.07


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			3


			7


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			General


			Workflow


			Presentation states (PS)


			


			1.3.7


			2


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			1.00


			8.00


			1.00


			0.00


			1.00


			1.50


			14.00


			18.50


			0.00


			0.00


			0.05


			0.05


			


			1.00


			General


			Workflow


			Presentation states (PS)


						Support for DICOM presentation states. Can specify annotations, WL/WW, image orientation, among others.


			0.51


			0.11


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.67


			0.15


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.32


			0.06


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.54


			0.13


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, including annotations and viewer state. New presentation states can be generated.


			0.36


			0.07


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			⊥


			1


			1


			4


			0


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Visualization


			


			


			1.4


			1


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			1.00


			8.00


			0.00


			0.00


			1.00


			1.50


			14.00


			0.00


			0.00


			0.07


			0.21


			0.21


			


			3.00


			General


			Visualization


						Visualization and interaction features for a volume or set of images. A special focus has been made on DICOM conformity details.


			0.51


			0.11


			0.05


			0.00


			0.00


			0.05


			0.76


			0.76


			


									0.67


			0.15


			0.06


			0.00


			0.00


			0.06


			0.89


			0.89


			


									0.32


			0.06


			0.03


			0.00


			0.00


			0.03


			0.47


			0.47


			


									0.54


			0.12


			0.04


			0.00


			0.00


			0.04


			0.50


			0.50


			


									0.36


			0.07


			0.02


			0.00


			0.00


			0.02


			0.29


			0.29


			


						


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			4


			1


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Visualization


			Information


			


			1.4.1


			2


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			1.00


			5.00


			14.50


			0.00


			1.00


			1.50


			14.00


			14.50


			0.00


			0.00


			0.07


			0.07


			


			1.00


			General


			Visualization


			Information


						Corner annotations of the viewers.


			0.51


			0.11


			0.05


			0.00


			0.00


			0.00


			0.64


			0.64


			


									0.67


			0.15


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.32


			0.06


			0.03


			0.00


			0.00


			0.00


			0.53


			0.53


			


									0.54


			0.12


			0.04


			0.00


			0.00


			0.00


			0.75


			0.75


			


									0.36


			0.07


			0.02


			0.00


			0.00


			0.00


			0.82


			0.82


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			1


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Information


			Defaults


			1.4.1.1


			3


			1.00


			0.50


			3.00


			1.00


			1.00


			0.00


			1.00


			5.00


			13.50


			5.25


			1.00


			1.50


			14.00


			14.50


			5.25


			0.00


			0.19


			0.19


			


			1.00


			General


			Visualization


			Information


			Defaults


			Basic information like patient name, age, etc... as well as some spatial information.


			0.51


			0.11


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.67


			0.15


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.32


			0.06


			0.03


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Missing thickness and spacing information. Location only updated on mouse move.


			0.54


			0.12


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.36


			0.07


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			1


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Information


			Hideable


			1.4.1.2


			3


			1.00


			0.50


			3.00


			1.00


			1.00


			0.00


			1.00


			5.00


			13.50


			4.25


			1.00


			1.50


			14.00


			14.50


			5.25


			0.00


			0.19


			0.19


			


			1.00


			General


			Visualization


			Information


			Hideable


			Can be hidden for anonimization or clarity purposes.


			0.51


			0.10


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.66


			0.15


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.32


			0.06


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.54


			0.12


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.36


			0.06


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			1


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Information


			Customizable


			1.4.1.3


			3


			1.00


			0.50


			3.00


			1.00


			0.75


			0.00


			1.00


			5.00


			13.50


			3.25


			1.00


			1.50


			14.00


			14.50


			5.25


			0.00


			0.14


			0.14


			


			0.75


			General


			Visualization


			Information


			Customizable


			Annotations can be customized, added and removed.


			0.51


			0.10


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.66


			0.14


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.32


			0.06


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.54


			0.12


			0.03


			0.00


			0.00


			0.00


			0.25


			0.25


			


			(.25)


			A limited selection of annotations can be enabled or disabled.


			0.36


			0.06


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			1


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Information


			Modality specific


			1.4.1.4


			3


			1.00


			0.50


			3.00


			1.00


			0.75


			0.00


			1.00


			5.00


			13.50


			2.50


			1.00


			1.50


			14.00


			14.50


			5.25


			0.00


			0.14


			0.14


			


			0.75


			General


			Visualization


			Information


			Modality specific


			The annotations adapt to the displayed image modality or type in order to show relevant information.


			0.51


			0.10


			0.05


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Only adaptations for mammography.


			0.66


			0.14


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Shows TE and TR. Customization allows modality specific annotations.


			0.32


			0.06


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.54


			0.12


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.36


			0.06


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			1


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Information


			Orientation


			1.4.1.5


			3


			1.00


			0.50


			3.00


			1.00


			1.00


			0.00


			1.00


			5.00


			13.50


			1.75


			1.00


			1.50


			14.00


			14.50


			5.25


			0.00


			0.19


			0.19


			


			1.00


			General


			Visualization


			Information


			Orientation


			Anatomical image orientation components are shown in a relevant way. For volumes (CT, MR) and planar images where orientation is given in a more fuzzy way (CR, MG).


			0.51


			0.10


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.66


			0.14


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.32


			0.06


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.54


			0.12


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.36


			0.06


			0.02


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Not shown for mammography.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			1


			6


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Information


			Characters


			1.4.1.6


			3


			1.00


			0.50


			3.00


			1.00


			0.75


			0.00


			1.00


			5.00


			13.50


			0.75


			1.00


			1.50


			14.00


			14.50


			5.25


			0.00


			0.14


			0.14


			


			0.75


			General


			Visualization


			Information


			Characters


			Support for internationalization, specially for patient names that do not use latin alphabets.


			0.51


			0.10


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Characters not shown properly.


			0.66


			0.14


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.32


			0.06


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			"Reader was unable to read" error in the console.


			0.53


			0.12


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.36


			0.06


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Characters not shown properly.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			4


			2


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Visualization


			Display


			


			1.4.2


			2


			1.00


			0.50


			3.00


			0.50


			0.75


			0.00


			1.00


			5.00


			13.50


			0.00


			1.00


			1.50


			14.00


			14.50


			0.00


			0.00


			0.03


			0.03


			


			0.50


			General


			Visualization


			Display


						Adaptation to the display hardware characteristics (high pixel density, 10 bit displays, physical screen size awareness).


			0.51


			0.10


			0.05


			0.00


			0.00


			0.00


			0.25


			0.25


			


									0.66


			0.14


			0.06


			0.00


			0.00


			0.00


			0.88


			0.88


			


									0.32


			0.06


			0.03


			0.00


			0.00


			0.00


			0.40


			0.40


			


									0.53


			0.12


			0.03


			0.00


			0.00


			0.00


			0.75


			0.75


			


									0.36


			0.06


			0.02


			0.00


			0.00


			0.00


			0.45


			0.45


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			2


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Display


			Fullscreen


			1.4.2.1


			3


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			1.00


			5.00


			13.00


			2.00


			1.00


			1.50


			14.00


			14.50


			2.00


			0.00


			0.25


			0.25


			


			0.50


			General


			Visualization


			Display


			Fullscreen


			Progam can be maximized to full screen.


			0.51


			0.10


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.66


			0.14


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.32


			0.06


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.53


			0.12


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.36


			0.06


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			2


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Display


			HiDPI


			1.4.2.2


			3


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			1.00


			5.00


			13.00


			1.50


			1.00


			1.50


			14.00


			14.50


			2.00


			0.00


			0.25


			0.25


			


			0.50


			General


			Visualization


			Display


			HiDPI


			Scale fonts and UI. May be implemented by honouring system's DPI and pixel scaling settings and not directly scaling images (rendering images in device pixels).


			0.51


			0.10


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Honours DPI system settings and has an internal UI scaling feature. (Magnification).


			0.66


			0.14


			0.06


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Not posible to force specific DPI on macOS. Scaling options not found inside the program


			0.31


			0.06


			0.03


			0.00


			0.00


			0.00


			0.60


			0.60


			


			(.60)


			DPI system settings are read, but many buttons and UI elements are cropped.


			0.53


			0.12


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			DPI system settings are not honoured.


			0.36


			0.06


			0.02


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			DPI System settings are read, but buttons are not upscaled.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			2


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Display


			True scaling


			1.4.2.3


			3


			1.00


			0.50


			3.00


			0.50


			1.00


			0.00


			1.00


			5.00


			13.00


			1.00


			1.00


			1.50


			14.00


			14.50


			2.00


			0.00


			0.50


			0.50


			


			1.00


			General


			Visualization


			Display


			True scaling


			The program can display true size or 1:1 scaled images by means of manual calibration methods (fiducial calibration) or by automatically reading EDID physical screen size.


			0.51


			0.10


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.66


			0.14


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, reading EDID.


			0.31


			0.06


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.53


			0.12


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, with fiducial calibration


			0.36


			0.06


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			4


			3


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Visualization


			Interpolation


			


			1.4.3


			2


			1.00


			0.50


			3.00


			0.50


			1.00


			0.00


			1.00


			5.00


			13.00


			0.00


			1.00


			1.50


			14.00


			14.50


			0.00


			0.00


			0.03


			0.03


			


			0.50


			General


			Visualization


			Interpolation


						Available interpolations when scaling pixels. Lower categories are assumed when a more advanced visualization technique is used.


			0.51


			0.10


			0.05


			0.00


			0.00


			0.00


			0.64


			0.64


			


						Resampling, cubic by default, linear when panning or zooming


			0.66


			0.14


			0.06


			0.00


			0.00


			0.00


			0.58


			0.58


			


						Resampling, NN, Linear & Lanczos 5


			0.31


			0.06


			0.03


			0.00


			0.00


			0.00


			0.36


			0.36


			


									0.53


			0.12


			0.03


			0.00


			0.00


			0.00


			0.82


			0.82


			


						No resampling, NN, linear, cubic & Lanczos


			0.36


			0.06


			0.02


			0.00


			0.00


			0.00


			0.45


			0.45


			


						Which nterpolation to use can be configured for each modality.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			3


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Interpolation


			Nearest neighbour


			1.4.3.1


			3


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			1.00


			5.00


			12.50


			2.75


			1.00


			1.50


			14.00


			14.50


			2.75


			0.00


			0.18


			0.18


			


			0.50


			General


			Visualization


			Interpolation


			Nearest neighbour


			No interpolation, plain pixels are displayed.


			0.51


			0.10


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.66


			0.14


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.31


			0.06


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.53


			0.12


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.36


			0.06


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			3


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Interpolation


			Bilinear


			1.4.3.2


			3


			1.00


			0.50


			3.00


			0.50


			0.75


			0.00


			1.00


			5.00


			12.50


			2.25


			1.00


			1.50


			14.00


			14.50


			2.75


			0.00


			0.27


			0.27


			


			0.75


			General


			Visualization


			Interpolation


			Bilinear


			Very basic albeit quick smoothing that shows some artifacts on medium and big zooming factors.


			0.51


			0.10


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.66


			0.14


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.31


			0.06


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.53


			0.12


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.36


			0.06


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			3


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Interpolation


			Bicubic


			1.4.3.3


			3


			1.00


			0.50


			3.00


			0.50


			1.00


			0.00


			1.00


			5.00


			12.50


			1.50


			1.00


			1.50


			14.00


			14.50


			2.75


			0.00


			0.36


			0.36


			


			1.00


			General


			Visualization


			Interpolation


			Bicubic


			Basic but quality effective smoothing even on big zooming factors.


			0.51


			0.10


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.66


			0.14


			0.06


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.31


			0.06


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.53


			0.12


			0.03


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Yes, but not to screen resolution.


			0.36


			0.06


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Does not work.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			3


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Interpolation


			Advanced


			1.4.3.4


			3


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			1.00


			5.00


			12.50


			0.50


			1.00


			1.50


			14.00


			14.50


			2.75


			0.00


			0.18


			0.18


			


			0.50


			General


			Visualization


			Interpolation


			Advanced


			Advanced smoothing that greatly improves image quality on big zooming factors. (Sinc, Lanczos, etc.)


			0.51


			0.10


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.66


			0.14


			0.06


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Yes, lanczos, but presents anomalous artifacts.


			0.31


			0.06


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.53


			0.11


			0.03


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Yes, lanczos, but not to screen resolution.


			0.36


			0.06


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			4


			4


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Visualization


			Thick slab


			


			1.4.4


			2


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			1.00


			5.00


			12.50


			0.00


			1.00


			1.50


			14.00


			14.50


			0.00


			0.00


			0.07


			0.07


			


			1.00


			General


			Visualization


			Thick slab


						Summarize and display multiple slices at the same time (MIP, average, etc.) and if other features are available and adapt to this special case.


			0.51


			0.10


			0.05


			0.00


			0.00


			0.00


			0.92


			0.92


			


									0.66


			0.14


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.31


			0.06


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.53


			0.11


			0.03


			0.00


			0.00


			0.00


			0.77


			0.77


			


									0.36


			0.06


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			4


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Thick slab


			Usability


			1.4.4.1


			3


			1.00


			0.50


			3.00


			1.00


			1.00


			0.00


			1.00


			5.00


			11.50


			2.17


			1.00


			1.50


			14.00


			14.50


			2.17


			0.00


			0.46


			0.46


			


			1.00


			General


			Visualization


			Thick slab


			Usability


			Adjusting the view plane to the desired viewpoint in a efficient and non-frustrating way. The score is set in a fairly manner after analyzing all viewers and their level of MPR complexity.


			0.51


			0.10


			0.05


			0.00


			0.00


			0.00


			0.83


			0.83


			


			(.83)


			Is interactive, but usability could be improved.


			0.66


			0.14


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Usable, and presents extra features like VR up and down.


			0.31


			0.06


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.53


			0.11


			0.03


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Not interactive. Creates a new series with the selected thickness and projection.


			0.36


			0.06


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			4


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Thick slab


			MIP


			1.4.4.2


			3


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			1.00


			5.00


			11.50


			1.17


			1.00


			1.50


			14.00


			14.50


			2.17


			0.00


			0.23


			0.23


			


			0.50


			General


			Visualization


			Thick slab


			MIP


			Maximum intensity projection.


			0.51


			0.10


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.66


			0.14


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.31


			0.06


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.53


			0.11


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.36


			0.06


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			4


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Thick slab


			MINIP


			1.4.4.3


			3


			1.00


			0.50


			3.00


			1.00


			0.33


			0.00


			1.00


			5.00


			11.50


			0.67


			1.00


			1.50


			14.00


			14.50


			2.17


			0.00


			0.15


			0.15


			


			0.33


			General


			Visualization


			Thick slab


			MINIP


			Minimum intensity projection.


			0.51


			0.10


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.65


			0.13


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.31


			0.06


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.53


			0.11


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.36


			0.06


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			4


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Thick slab


			Average


			1.4.4.4


			3


			1.00


			0.50


			3.00


			1.00


			0.33


			0.00


			1.00


			5.00


			11.50


			0.33


			1.00


			1.50


			14.00


			14.50


			2.17


			0.00


			0.15


			0.15


			


			0.33


			General


			Visualization


			Thick slab


			Average


			Average of corresponding pixels for each thick slab slice.


			0.51


			0.10


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.65


			0.13


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.31


			0.06


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.53


			0.11


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.36


			0.06


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			4


			5


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Visualization


			MPR


			


			1.4.5


			2


			1.00


			0.50


			3.00


			1.38


			0.33


			0.00


			1.00


			5.00


			11.50


			0.00


			1.00


			1.50


			14.00


			14.50


			0.00


			0.01


			0.09


			0.09


			


			1.38


			General


			Visualization


			MPR


						Navigate through a volume using different view planes and if other features are available and adapt to this special case.


			0.50


			0.10


			0.04


			0.00


			0.00


			0.00


			0.60


			0.60


			


									0.65


			0.13


			0.05


			0.01


			0.00


			0.01


			0.98


			0.98


			


						Separate modes: 3D MPR (any orientation), 2D orthogonal, curved


			0.31


			0.06


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.53


			0.11


			0.02


			0.00


			0.00


			0.00


			0.40


			0.40


			


									0.36


			0.06


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			5


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			MPR


			Usability


			1.4.5.1


			3


			1.00


			0.50


			3.00


			1.38


			1.00


			0.00


			1.00


			5.00


			10.13


			5.00


			1.00


			1.50


			14.00


			14.50


			5.00


			0.00


			0.20


			0.20


			


			1.00


			General


			Visualization


			MPR


			Usability


			Adjusting the view plane to the desired viewpoint in a efficient and non-frustrating way. The score is set in a fairly manner after analyzing all viewers and their level of MPR complexity.


			0.50


			0.10


			0.04


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Non orthogonal MPR in a separate window, and difficult to use, and with fewer tools.


			0.65


			0.13


			0.05


			0.01


			0.00


			0.00


			0.90


			0.90


			


			(.90)


			Not fully integrated with the normal 2D viewer's workflow.


			0.31


			0.06


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.53


			0.11


			0.02


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			2D orthogonal only as a separate mode. Thick slab not allowed.


			0.36


			0.06


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			5


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			MPR


			Simple


			1.4.5.2


			3


			1.00


			0.50


			3.00


			1.38


			1.50


			0.00


			1.00


			5.00


			10.13


			4.00


			1.00


			1.50


			14.00


			14.50


			5.00


			0.00


			0.30


			0.30


			


			1.50


			General


			Visualization


			MPR


			Simple


			Only axial, saggital and coronal planes are reconstructed. The implementation simply reads the original volume.


			0.50


			0.10


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.65


			0.13


			0.05


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.31


			0.06


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.53


			0.11


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.36


			0.06


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			5


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			MPR


			Any orientation


			1.4.5.3


			3


			1.00


			0.50


			3.00


			1.38


			1.00


			0.00


			1.00


			5.00


			10.13


			2.50


			1.00


			1.50


			14.00


			14.50


			5.00


			0.00


			0.20


			0.20


			


			1.00


			General


			Visualization


			MPR


			Any orientation


			The view plane can be tilted, allowing reconstructed images in any desired orientation.


			0.50


			0.09


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.65


			0.13


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.31


			0.06


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.52


			0.11


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.36


			0.06


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			5


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			MPR


			Curved


			1.4.5.4


			3


			1.00


			0.50


			3.00


			1.38


			0.50


			0.00


			1.00


			5.00


			10.13


			1.50


			1.00


			1.50


			14.00


			14.50


			5.00


			0.00


			0.10


			0.10


			


			0.50


			General


			Visualization


			MPR


			Curved


			A planar image is reconstructed from a curve. The typical use case is, visualizing in a coronal view plane all the vertebres of an spine.


			0.50


			0.09


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.65


			0.13


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.31


			0.06


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.52


			0.11


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.36


			0.06


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			5


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			MPR


			Thick slab


			1.4.5.5


			3


			1.00


			0.50


			3.00


			1.38


			1.00


			0.00


			1.00


			5.00


			10.13


			1.00


			1.00


			1.50


			14.00


			14.50


			5.00


			0.00


			0.20


			0.20


			


			1.00


			General


			Visualization


			MPR


			Thick slab


			Thick slab feature is usable.


			0.50


			0.09


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.65


			0.13


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.31


			0.06


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.52


			0.11


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.36


			0.06


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			4


			6


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Visualization


			Fusion


			


			1.4.6


			2


			1.00


			0.50


			3.00


			1.00


			1.00


			0.00


			1.00


			5.00


			10.13


			0.00


			1.00


			1.50


			14.00


			14.50


			0.00


			0.00


			0.07


			0.07


			


			1.00


			General


			Visualization


			Fusion


						Overlapping another volume over the current visualization. The typical use case is PET/CT.


			0.50


			0.09


			0.04


			0.00


			0.00


			0.00


			0.50


			0.50


			


									0.65


			0.13


			0.04


			0.00


			0.00


			0.00


			0.63


			0.63


			


						2D & 3D. Can adjust position and fusion settings (opacity, colors, etc.). Must display a CT & a PET in different viewers to enable.


			0.31


			0.06


			0.03


			0.00


			0.00


			0.00


			0.90


			0.90


			


									0.52


			0.11


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.36


			0.06


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			6


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Fusion


			Usability


			1.4.6.1


			3


			1.00


			0.50


			3.00


			1.00


			1.00


			0.00


			1.00


			5.00


			9.13


			2.00


			1.00


			1.50


			14.00


			14.50


			2.00


			0.00


			0.50


			0.50


			


			1.00


			General


			Visualization


			Fusion


			Usability


			Features and usability.


			0.50


			0.09


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Fused WL/WW can be directly edited with the tool. Fusing series is quick.


			0.65


			0.13


			0.04


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Two separate viewers needed to start and adjust PET WL/WW.


			0.31


			0.06


			0.03


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Very customizable, but mouse usability could be better.


			0.52


			0.11


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.36


			0.06


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			6


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Fusion


			Manual


			1.4.6.2


			3


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			1.00


			5.00


			9.13


			1.00


			1.00


			1.50


			14.00


			14.50


			2.00


			0.00


			0.25


			0.25


			


			0.50


			General


			Visualization


			Fusion


			Manual


			Allow the user to fusion series that are not correlated spatially (different frame of references).


			0.50


			0.09


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.64


			0.12


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.31


			0.06


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, automatic registration can be performed in order to fuse any volume.


			0.52


			0.11


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.36


			0.06


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			6


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Fusion


			3D Fusion


			1.4.6.3


			3


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			1.00


			5.00


			9.13


			0.50


			1.00


			1.50


			14.00


			14.50


			2.00


			0.00


			0.25


			0.25


			


			0.50


			General


			Visualization


			Fusion


			3D Fusion


			Two or more volumes can be displayed at once.


			0.50


			0.09


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.64


			0.12


			0.04


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


			PET is always the upper most layer. Always visible. PET color can't be changed.


			0.31


			0.05


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.52


			0.11


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.36


			0.06


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			4


			7


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Visualization


			Transfer function


			


			1.4.7


			2


			1.00


			0.50


			3.00


			1.38


			0.50


			0.00


			1.00


			5.00


			9.13


			0.00


			1.00


			1.50


			14.00


			14.50


			0.00


			0.01


			0.09


			0.09


			


			1.38


			General


			Visualization


			Transfer function


						Interactive adjustment of window level, window width and other transfer function parameters.


			0.50


			0.09


			0.04


			0.01


			0.00


			0.01


			0.95


			0.95


			


									0.64


			0.12


			0.04


			0.01


			0.00


			0.01


			0.85


			0.85


			


									0.31


			0.05


			0.02


			0.00


			0.00


			0.00


			0.49


			0.49


			


									0.52


			0.11


			0.02


			0.01


			0.00


			0.01


			0.90


			0.90


			


									0.36


			0.06


			0.01


			0.00


			0.00


			0.00


			0.67


			0.67


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			7


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Transfer function


			Usability


			1.4.7.1


			3


			1.00


			0.50


			3.00


			1.38


			1.00


			0.00


			1.00


			5.00


			7.75


			5.00


			1.00


			1.50


			14.00


			14.50


			5.00


			0.00


			0.20


			0.20


			


			1.00


			General


			Visualization


			Transfer function


			Usability


			Quality of the interaction and user interface options related to the transfer function.


			0.50


			0.09


			0.04


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Mouse interaction works well, and controls are accessible.


			0.64


			0.12


			0.04


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Mouse interaction works well, and controls are accessible.


			0.31


			0.05


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Mouse interaction works well, and controls are accessible.


			0.52


			0.11


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Mouse interaction works well, and controls are accessible.


			0.36


			0.06


			0.01


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Mouse interaction works well. Some transfer function features could be more accessible.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			7


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Transfer function


			Inversion


			1.4.7.2


			3


			1.00


			0.50


			3.00


			1.38


			0.75


			0.00


			1.00


			5.00


			7.75


			4.00


			1.00


			1.50


			14.00


			14.50


			5.00


			0.00


			0.15


			0.15


			


			0.75


			General


			Visualization


			Transfer function


			Inversion


			Inversion of the transfer function. Special cases like colour images, non linear LUT, and coloured transfer functions shall be carefully inspected.


			0.50


			0.09


			0.04


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.64


			0.12


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.31


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			An "invert LUT" LUT is available. An inverted LUT is not a LUT inversion operation per se.


			0.52


			0.11


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.36


			0.06


			0.01


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Can't invert LUT or color scales and images.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			7


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Transfer function


			Presets


			1.4.7.3


			3


			1.00


			0.50


			3.00


			1.38


			1.00


			0.00


			1.00


			5.00


			7.75


			3.25


			1.00


			1.50


			14.00


			14.50


			5.00


			0.00


			0.20


			0.20


			


			1.00


			General


			Visualization


			Transfer function


			Presets


			Default transfer functions, and if DICOM defined presets are honoured.


			0.50


			0.09


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.64


			0.12


			0.04


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			There are presets, but DICOM ones are not honoured.


			0.31


			0.05


			0.02


			0.00


			0.00


			0.00


			0.33


			0.33


			


			(.33)


			Default tranfer functions exist, but DICOM defined ones are not read.


			0.52


			0.11


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.36


			0.06


			0.01


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Yes, if they are linear. DICOM ones are read.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			7


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Transfer function


			Editable


			1.4.7.4


			3


			1.00


			0.50


			3.00


			1.38


			0.50


			0.00


			1.00


			5.00


			7.75


			2.25


			1.00


			1.50


			14.00


			14.50


			5.00


			0.00


			0.10


			0.10


			


			0.50


			General


			Visualization


			Transfer function


			Editable


			Possibility to add custom transfer functions. Non linear transfer function edition and other special cases is a plus. Primarily this feature shall be in the form of a user interface.


			0.49


			0.09


			0.03


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Yes in the 3D viewer. In the 2D viewer only custom WW/WL can be added.


			0.64


			0.12


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.31


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.52


			0.10


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.35


			0.06


			0.01


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			WL/WW presets can be added per modality basis.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			7


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Transfer function


			WL/WW modification


			1.4.7.5


			3


			1.00


			0.50


			3.00


			1.38


			1.00


			0.00


			1.00


			5.00


			7.75


			1.75


			1.00


			1.50


			14.00


			14.50


			5.00


			0.00


			0.20


			0.20


			


			1.00


			General


			Visualization


			Transfer function


			WL/WW modification


			Interactive manipulation of the transfer function. Special cases like colour images, non linear LUT, and coloured transfer functions shall be carefully inspected. Usability is not evaluated here.


			0.49


			0.09


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.64


			0.12


			0.04


			0.00


			0.00


			0.00


			0.75


			0.75


			


			(.75)


			No support for VOI LUT (probably a bug)


			0.31


			0.05


			0.02


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Can't alter color images. LUT not supported.


			0.52


			0.10


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.35


			0.06


			0.01


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Can't alter color images. LUT not supported.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			7


			6


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Transfer function


			Color scales


			1.4.7.6


			3


			1.00


			0.50


			3.00


			1.38


			0.75


			0.00


			1.00


			5.00


			7.75


			0.75


			1.00


			1.50


			14.00


			14.50


			5.00


			0.00


			0.15


			0.15


			


			0.75


			General


			Visualization


			Transfer function


			Color scales


			Single channel images (black and white) can be visualized with color scales that may improve user perception. The quality of the default presets is evaluated here.


			0.49


			0.08


			0.03


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


						0.64


			0.12


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.31


			0.05


			0.02


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Feautre available.


			0.52


			0.10


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.35


			0.06


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			A good selection of color scales.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			4


			8


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Visualization


			Zoom


			


			1.4.8


			2


			1.00


			0.50


			3.00


			1.00


			0.75


			0.00


			1.00


			5.00


			7.75


			0.00


			1.00


			1.50


			14.00


			14.50


			0.00


			0.00


			0.07


			0.07


			


			1.00


			General


			Visualization


			Zoom


						Tools that allow magnification and how usable and efficient are.


			0.49


			0.08


			0.03


			0.00


			0.00


			0.00


			0.64


			0.64


			


									0.64


			0.12


			0.03


			0.00


			0.00


			0.00


			0.90


			0.90


			


									0.31


			0.05


			0.02


			0.00


			0.00


			0.00


			0.40


			0.40


			


									0.52


			0.10


			0.02


			0.00


			0.00


			0.00


			0.70


			0.70


			


									0.35


			0.05


			0.01


			0.00


			0.00


			0.00


			0.40


			0.40


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			8


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Zoom


			Pan and zoom


			1.4.8.1


			3


			1.00


			0.50


			3.00


			1.00


			1.00


			0.00


			1.00


			5.00


			6.75


			2.50


			1.00


			1.50


			14.00


			14.50


			2.50


			0.00


			0.40


			0.40


			


			1.00


			General


			Visualization


			Zoom


			Pan and zoom


			Image can be magnified and the user can pan it in order to achieve the desired visualization.


			0.49


			0.08


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.64


			0.12


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.31


			0.05


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.52


			0.10


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.35


			0.05


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			8


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Zoom


			Magnification glass


			1.4.8.2


			3


			1.00


			0.50


			3.00


			1.00


			0.75


			0.00


			1.00


			5.00


			6.75


			1.50


			1.00


			1.50


			14.00


			14.50


			2.50


			0.00


			0.30


			0.30


			


			0.75


			General


			Visualization


			Zoom


			Magnification glass


			An small overlay window magnifies, that usually follows the mouse, magnifies an area of the image.


			0.49


			0.08


			0.03


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Zoom level and magnification glass size can't be customized.


			0.63


			0.12


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.30


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.52


			0.10


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.35


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			8


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Zoom


			Zooming window


			1.4.8.3


			3


			1.00


			0.50


			3.00


			1.00


			0.25


			0.00


			1.00


			5.00


			6.75


			0.75


			1.00


			1.50


			14.00


			14.50


			2.50


			0.00


			0.10


			0.10


			


			0.25


			General


			Visualization


			Zoom


			Zooming window


			User selects an area of the image (usually drawing an square) that is magnified to fill the viewer's extent.


			0.49


			0.08


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.63


			0.11


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.30


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.51


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.35


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			8


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Zoom


			Mouse centered zoom


			1.4.8.4


			3


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			1.00


			5.00


			6.75


			0.50


			1.00


			1.50


			14.00


			14.50


			2.50


			0.00


			0.20


			0.20


			


			0.50


			General


			Visualization


			Zoom


			Mouse centered zoom


			Magnification is centered on the cursor position, enabling the user to efficiently zoom as it removes the need to pan the image.


			0.49


			0.08


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.63


			0.11


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.30


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.51


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.35


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			4


			9


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Visualization


			Slicing


			


			1.4.9


			2


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			1.00


			5.00


			6.75


			0.00


			1.00


			1.50


			14.00


			14.50


			0.00


			0.00


			0.07


			0.07


			


			1.00


			General


			Visualization


			Slicing


						Usability and efficiency to navigate through slices. The score is set in a fairly manner after analyzing all viewers.


			0.49


			0.08


			0.03


			0.00


			0.00


			0.00


			0.96


			0.96


			


									0.63


			0.11


			0.03


			0.00


			0.00


			0.00


			0.88


			0.88


			


									0.30


			0.05


			0.02


			0.00


			0.00


			0.00


			0.77


			0.77


			


									0.51


			0.10


			0.01


			0.00


			0.00


			0.00


			0.69


			0.69


			


									0.35


			0.05


			0.01


			0.00


			0.00


			0.00


			0.46


			0.46


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			9


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Slicing


			Drag


			1.4.9.1


			3


			1.00


			0.50


			3.00


			1.00


			1.00


			0.00


			1.00


			5.00


			5.75


			2.60


			1.00


			1.50


			14.00


			14.50


			2.60


			0.00


			0.38


			0.38


			


			1.00


			General


			Visualization


			Slicing


			Drag


			Quality of click and drag scrolling.


			0.49


			0.08


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Adapts to the number of slices and screen size. Has an infinite scrolling feature.


			0.63


			0.11


			0.03


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Adapts, but misses slices on big volumes (eg. 850 slices).


			0.30


			0.05


			0.02


			0.00


			0.00


			0.00


			0.70


			0.70


			


			(.70)


			Advances one slice per pixel. Does not adapt.


			0.51


			0.10


			0.01


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Does not adapt, but sensitivity is configurable. Some modifier keys allow faster scrolling.


			0.35


			0.05


			0.01


			0.00


			0.00


			0.00


			0.70


			0.70


			


			(.70)


			Advances one slice per pixel. Does not adapt.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			9


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Slicing


			Wheel


			1.4.9.2


			3


			1.00


			0.50


			3.00


			1.00


			1.00


			0.00


			1.00


			5.00


			5.75


			1.60


			1.00


			1.50


			14.00


			14.50


			2.60


			0.00


			0.38


			0.38


			


			1.00


			General


			Visualization


			Slicing


			Wheel


			Quality of wheel and touchpad scrolling. Multi axis and delta angle scrolling is a plus.


			0.49


			0.08


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Honours delta scrolling and different axes.


			0.63


			0.11


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.30


			0.05


			0.02


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Touchpad interaction could be better. When scrolling quickly some steps are missed.


			0.51


			0.10


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.35


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			9


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Slicing


			Keyboard


			1.4.9.3


			3


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			1.00


			5.00


			5.75


			0.60


			1.00


			1.50


			14.00


			14.50


			2.60


			0.00


			0.19


			0.19


			


			0.50


			General


			Visualization


			Slicing


			Keyboard


			Quality of the keyboard scrolling.


			0.48


			0.08


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.63


			0.11


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.30


			0.04


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.51


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Unable to do it.


			0.35


			0.05


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			9


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Slicing


			Inter-slice


			1.4.9.4


			3


			1.00


			0.50


			3.00


			1.00


			0.10


			0.00


			1.00


			5.00


			5.75


			0.10


			1.00


			1.50


			14.00


			14.50


			2.60


			0.00


			0.04


			0.04


			


			0.10


			General


			Visualization


			Slicing


			Inter-slice


			A 3D interpolation is performed when the thick slab does not exactly snap into acquisition slices. The feature must enable the user to specify / interact with a custom scrolling distance.


			0.48


			0.07


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.63


			0.11


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.30


			0.04


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.51


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.35


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			4


			10


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Visualization


			Phases


			


			1.4.10


			2


			1.00


			0.50


			3.00


			0.75


			0.10


			0.00


			1.00


			5.00


			5.75


			0.00


			1.00


			1.50


			14.00


			14.50


			0.00


			0.00


			0.05


			0.05


			


			0.75


			General


			Visualization


			Phases


						Navigation on series where a spatial position has more than one acquisition (time, multi-echo, direction, diffusivity, etc.).


			0.48


			0.07


			0.02


			0.00


			0.00


			0.00


			0.95


			0.95


			


									0.63


			0.11


			0.03


			0.00


			0.00


			0.00


			0.78


			0.78


			


									0.30


			0.04


			0.02


			0.00


			0.00


			0.00


			0.75


			0.75


			


									0.51


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.35


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			10


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Phases


			Usability


			1.4.10.1


			3


			1.00


			0.50


			3.00


			0.75


			0.50


			0.00


			1.00


			5.00


			5.00


			1.00


			1.00


			1.50


			14.00


			14.50


			1.00


			0.00


			0.50


			0.50


			


			0.50


			General


			Visualization


			Phases


			Usability


			Usability and efficiency to navigate through phases. The score is set in a fairly manner after analyzing all viewers.


			0.48


			0.07


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Can be changed with keyboard, scolling, touchpad… in a very usable manner.


			0.63


			0.11


			0.03


			0.00


			0.00


			0.00


			0.75


			0.75


			


			(.75)


			Can be changed with the keyboard, or with a slider in the toolbar.


			0.30


			0.04


			0.02


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Can be changed only with the "frame" slider.


			0.51


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.35


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			10


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Phases


			Separation


			1.4.10.2


			3


			1.00


			0.50


			3.00


			0.75


			0.50


			0.00


			1.00


			5.00


			5.00


			0.50


			1.00


			1.50


			14.00


			14.50


			1.00


			0.00


			0.50


			0.50


			


			0.50


			General


			Visualization


			Phases


			Separation


			Phases are presented as a separate dimension (4D volume). Synchronization and other features behave appropiately.


			0.48


			0.07


			0.02


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


						0.63


			0.11


			0.02


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Phases can be changed but without phase number visual feedback.


			0.30


			0.04


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, allows phases even on 3D volume rendering.


			0.51


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.35


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			4


			11


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Visualization


			Transformations


			


			1.4.11


			2


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			1.00


			5.00


			5.00


			0.00


			1.00


			1.50


			14.00


			14.50


			0.00


			0.00


			0.03


			0.03


			


			0.50


			General


			Visualization


			Transformations


						Basic transformations (rotation and flipping) that can be performed on a physical lightbox.


			0.48


			0.07


			0.02


			0.00


			0.00


			0.00


			0.80


			0.80


			


									0.63


			0.11


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.30


			0.04


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.51


			0.09


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.35


			0.05


			0.01


			0.00


			0.00


			0.00


			0.80


			0.80


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			11


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Transformations


			Rotation


			1.4.11.1


			3


			1.00


			0.50


			3.00


			0.50


			1.00


			0.00


			1.00


			5.00


			4.50


			2.50


			1.00


			1.50


			14.00


			14.50


			2.50


			0.00


			0.40


			0.40


			


			1.00


			General


			Visualization


			Transformations


			Rotation


						0.48


			0.07


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.63


			0.11


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.30


			0.04


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.51


			0.09


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.35


			0.05


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			11


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Transformations


			Arbitrary rotation


			1.4.11.2


			3


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			1.00


			5.00


			4.50


			1.50


			1.00


			1.50


			14.00


			14.50


			2.50


			0.00


			0.20


			0.20


			


			0.50


			General


			Visualization


			Transformations


			Arbitrary rotation


			The image can be rotated at any angle.


			0.48


			0.07


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.62


			0.10


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.30


			0.04


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.51


			0.09


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.35


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			11


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			Transformations


			Flip


			1.4.11.3


			3


			1.00


			0.50


			3.00


			0.50


			1.00


			0.00


			1.00


			5.00


			4.50


			1.00


			1.00


			1.50


			14.00


			14.50


			2.50


			0.00


			0.40


			0.40


			


			1.00


			General


			Visualization


			Transformations


			Flip


						0.48


			0.07


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.62


			0.10


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.30


			0.04


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.51


			0.09


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.35


			0.05


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			4


			12


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Visualization


			3D


			


			1.4.12


			2


			1.00


			0.50


			3.00


			3.00


			1.00


			0.00


			1.00


			5.00


			4.50


			0.00


			1.00


			1.50


			14.00


			14.50


			0.00


			0.01


			0.21


			0.21


			


			3.00


			General


			Visualization


			3D


						Rendering of a volume in 3D using raycasting rendering. The user shall be able to change the viewpoint and be able to reveal occluded zones.


			0.48


			0.07


			0.02


			0.01


			0.00


			0.01


			0.74


			0.74


			


									0.62


			0.10


			0.02


			0.01


			0.00


			0.01


			0.98


			0.98


			


									0.30


			0.04


			0.01


			0.01


			0.00


			0.01


			0.61


			0.61


			


									0.51


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.35


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			12


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			3D


			Rotation


			1.4.12.1


			3


			1.00


			0.50


			3.00


			3.00


			1.00


			0.00


			1.00


			5.00


			1.50


			5.25


			1.00


			1.50


			14.00


			14.50


			5.25


			0.00


			0.19


			0.19


			


			1.00


			General


			Visualization


			3D


			Rotation


			Volume can be rotated. Quality degradation in order to improve reactivity is a plus.


			0.48


			0.07


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Does quality degradation to speed up interaction.


			0.62


			0.10


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Does quality degradation to speed up interaction.


			0.30


			0.04


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Does quality degradation to speed up interaction.


			0.51


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.35


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			12


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			3D


			Clipping


			1.4.12.2


			3


			1.00


			0.50


			3.00


			3.00


			0.75


			0.00


			1.00


			5.00


			1.50


			4.25


			1.00


			1.50


			14.00


			14.50


			5.25


			0.00


			0.14


			0.14


			


			0.75


			General


			Visualization


			3D


			Clipping


			Volume can be clipped to reveal occluded zones.


			0.48


			0.07


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.62


			0.10


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.29


			0.04


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.51


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.35


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			12


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			3D


			Rendering parameters


			1.4.12.3


			3


			1.00


			0.50


			3.00


			3.00


			0.25


			0.00


			1.00


			5.00


			1.50


			3.50


			1.00


			1.50


			14.00


			14.50


			5.25


			0.00


			0.05


			0.05


			


			0.25


			General


			Visualization


			3D


			Rendering parameters


			Rendering parameters like shadows, ambient occlusion, GPU rendering, etc. can be customized.


			0.47


			0.06


			0.01


			0.01


			0.00


			0.00


			0.95


			0.95


			


			(.95)


						0.62


			0.10


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Projection mode can be altered and some illumination parameters can be adjusted.


			0.29


			0.04


			0.01


			0.00


			0.00


			0.00


			0.95


			0.95


			


			(.95)


						0.51


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.35


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			12


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			3D


			Preset transfer func.


			1.4.12.4


			3


			1.00


			0.50


			3.00


			3.00


			0.75


			0.00


			1.00


			5.00


			1.50


			3.25


			1.00


			1.50


			14.00


			14.50


			5.25


			0.00


			0.14


			0.14


			


			0.75


			General


			Visualization


			3D


			Preset transfer func.


			Out-of-the-box transfer functions are available.


			0.47


			0.06


			0.01


			0.01


			0.00


			0.00


			0.85


			0.85


			


			(.85)


			A good selection of transfer functions. With illumination and rendering parameters.


			0.62


			0.10


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			A good selection of transfer functions, and with a live preview.


			0.29


			0.04


			0.01


			0.00


			0.00


			0.00


			0.60


			0.60


			


			(.60)


			Small selection of transfer functions, and no preview available.


			0.51


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.35


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			12


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			3D


			Editable transfer func.


			1.4.12.5


			3


			1.00


			0.50


			3.00


			3.00


			0.50


			0.00


			1.00


			5.00


			1.50


			2.50


			1.00


			1.50


			14.00


			14.50


			5.25


			0.00


			0.10


			0.10


			


			0.50


			General


			Visualization


			3D


			Editable transfer func.


			Transfer functions can be edited in terms of colors and transparency.


			0.47


			0.06


			0.01


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			The editor could be more usable. Transfer functions can be saved.


			0.62


			0.10


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Editor with histogram, and can save the transfer functions to a file.


			0.29


			0.03


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.51


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.35


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			12


			6


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			3D


			WL/WW peeling


			1.4.12.6


			3


			1.00


			0.50


			3.00


			3.00


			1.00


			0.00


			1.00


			5.00


			1.50


			2.00


			1.00


			1.50


			14.00


			14.50


			5.25


			0.00


			0.19


			0.19


			


			1.00


			General


			Visualization


			3D


			WL/WW peeling


			Interactive adjustment (for instance with the mouse) of  (WL/WW) transparency in order to reveal occluded areas.


			0.47


			0.06


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.61


			0.09


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.29


			0.03


			0.01


			0.00


			0.00


			0.00


			0.75


			0.75


			


			(.75)


			Can't be adjusted with the mouse.


			0.51


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.35


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			12


			7


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			3D


			Endoscopy


			1.4.12.7


			3


			1.00


			0.50


			3.00


			3.00


			0.50


			0.00


			1.00


			5.00


			1.50


			1.00


			1.00


			1.50


			14.00


			14.50


			5.25


			0.00


			0.10


			0.10


			


			0.50


			General


			Visualization


			3D


			Endoscopy


			Rendering and navigation inside cavernous geometries.


			0.47


			0.06


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.61


			0.09


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.29


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.51


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.35


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			4


			12


			8


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			3D


			Tools


			1.4.12.8


			3


			1.00


			0.50


			3.00


			3.00


			0.50


			0.00


			1.00


			5.00


			1.50


			0.50


			1.00


			1.50


			14.00


			14.50


			5.25


			0.00


			0.10


			0.10


			


			0.50


			General


			Visualization


			3D


			Tools


			There are extra tools to perform measures and reveal occluded parts.


			0.47


			0.06


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.61


			0.09


			0.01


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Yes, there are extra occlusion removal tools. Measuring distances is possible.


			0.29


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.51


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.35


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			4


			13


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			General


			Visualization


			CINE


			


			1.4.13


			2


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			1.00


			5.00


			1.50


			0.00


			1.00


			1.50


			14.00


			14.50


			0.00


			0.00


			0.03


			0.03


			


			0.50


			General


			Visualization


			CINE


						Display series with a time dimension like ultrasound and some MRI modalities. Ease of use of playback controls like, boomerang, loop, frame rate, etc.


			0.47


			0.06


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.61


			0.09


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.29


			0.03


			0.00


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


			No boomerang


			0.51


			0.09


			0.01


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


			No boomerang.


			0.35


			0.05


			0.00


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			No boomerang. Only a list of framerates. Button works  with middle or right click only.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			4


			14


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Visualization


			DICOM Quirks


			


			1.4.14


			2


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			1.00


			5.00


			1.00


			0.00


			1.00


			1.50


			14.00


			14.50


			0.00


			0.00


			0.07


			0.07


			


			1.00


			General


			Visualization


			DICOM Quirks


						Honouring special albeit common DICOM tags in order to achieve an accurate visualization.


			0.47


			0.06


			0.00


			0.00


			0.00


			0.00


			0.92


			0.92


			


									0.61


			0.09


			0.00


			0.00


			0.00


			0.00


			0.79


			0.79


			


									0.29


			0.03


			0.00


			0.00


			0.00


			0.00


			0.30


			0.30


			


									0.51


			0.09


			0.00


			0.00


			0.00


			0.00


			0.78


			0.78


			


									0.34


			0.05


			0.00


			0.00


			0.00


			0.00


			0.42


			0.42


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊥


			⊤


			1


			1


			4


			14


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			DICOM Quirks


			Rescale


			1.4.14.1


			3


			1.00


			0.50


			3.00


			1.00


			2.50


			0.00


			1.00


			5.00


			0.00


			13.27


			1.00


			1.50


			14.00


			14.50


			13.27


			0.00


			0.19


			0.19


			


			2.50


			General


			Visualization


			DICOM Quirks


			Rescale


			Intercept and slope parameters that alter voxel values as WL/WW does with screen pixels.


			0.47


			0.06


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.61


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.29


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.51


			0.09


			0.00


			0.00


			0.00


			0.00


			0.20


			0.20


			


			(.20)


			Apparently, only supported in CT.


			0.34


			0.05


			0.00


			0.00


			0.00


			0.00


			0.20


			0.20


			


			(.20)


			Fails in some cases. Very dispaired pixel values are given.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊥


			⊤


			1


			1


			4


			14


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			DICOM Quirks


			Depth and sign


			1.4.14.2


			3


			1.00


			0.50


			3.00


			1.00


			2.00


			0.00


			1.00


			5.00


			0.00


			10.77


			1.00


			1.50


			14.00


			14.50


			13.27


			0.00


			0.15


			0.15


			


			2.00


			General


			Visualization


			DICOM Quirks


			Depth and sign


			Pixels values are processed in signed and unsigned representations, and in several lengths representations, for example 13 bits.


			0.46


			0.06


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.60


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.29


			0.03


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.51


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.34


			0.05


			0.00


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Does not work with signed images.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊥


			⊤


			1


			1


			4


			14


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			DICOM Quirks


			Float


			1.4.14.3


			3


			1.00


			0.50


			3.00


			1.00


			0.10


			0.00


			1.00


			5.00


			0.00


			8.77


			1.00


			1.50


			14.00


			14.50


			13.27


			0.00


			0.01


			0.01


			


			0.10


			General


			Visualization


			DICOM Quirks


			Float


			Support for floating point images.


			0.46


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.60


			0.08


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.29


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.50


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.34


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊥


			⊤


			1


			1


			4


			14


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			DICOM Quirks


			Modality LUT


			1.4.14.4


			3


			1.00


			0.50


			3.00


			1.00


			1.50


			0.00


			1.00


			5.00


			0.00


			8.67


			1.00


			1.50


			14.00


			14.50


			13.27


			0.00


			0.11


			0.11


			


			1.50


			General


			Visualization


			DICOM Quirks


			Modality LUT


			LUT that alters voxels values.


			0.46


			0.05


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.60


			0.08


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.29


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.50


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.34


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊥


			⊤


			1


			1


			4


			14


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			DICOM Quirks


			WL/WW


			1.4.14.5


			3


			1.00


			0.50


			3.00


			1.00


			1.25


			0.00


			1.00


			5.00


			0.00


			7.17


			1.00


			1.50


			14.00


			14.50


			13.27


			0.00


			0.09


			0.09


			


			1.25


			General


			Visualization


			DICOM Quirks


			WL/WW


			WL/WW to use in the visualization.


			0.46


			0.05


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.60


			0.08


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.29


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.50


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.34


			0.05


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊥


			⊤


			1


			1


			4


			14


			6


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			DICOM Quirks


			VOI LUT


			1.4.14.6


			3


			1.00


			0.50


			3.00


			1.00


			1.00


			0.00


			1.00


			5.00


			0.00


			5.92


			1.00


			1.50


			14.00


			14.50


			13.27


			0.00


			0.08


			0.08


			


			1.00


			General


			Visualization


			DICOM Quirks


			VOI LUT


			LUT to use in the visualization to eliminate non-clinical significative images.


			0.46


			0.05


			0.00


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Some edge cases are not shown properly.


			0.60


			0.08


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			There's a setting to apply them, but for an unknown reason it can’t be enabled.


			0.29


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.50


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, incuding edge cases.


			0.34


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊥


			⊤


			1


			1


			4


			14


			7


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			DICOM Quirks


			Presentation LUT


			1.4.14.7


			3


			1.00


			0.50


			3.00


			1.00


			0.25


			0.00


			1.00


			5.00


			0.00


			4.92


			1.00


			1.50


			14.00


			14.50


			13.27


			0.00


			0.02


			0.02


			


			0.25


			General


			Visualization


			DICOM Quirks


			Presentation LUT


			LUT applied after the VOI LUT


			0.46


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.60


			0.08


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.29


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.50


			0.09


			0.00


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Only in presentation state, apparently.


			0.34


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊥


			⊤


			1


			1


			4


			14


			8


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			DICOM Quirks


			Shutters


			1.4.14.8


			3


			1.00


			0.50


			3.00


			1.00


			0.83


			0.00


			1.00


			5.00


			0.00


			4.67


			1.00


			1.50


			14.00


			14.50


			13.27


			0.00


			0.06


			0.06


			


			0.83


			General


			Visualization


			DICOM Quirks


			Shutters


			A shape or shapes specified in DICOM tags that shall occludes a zone of the image (usually to improve perception and avoid flaring). Can be usually found in fluoroscope images.


			0.46


			0.05


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.60


			0.08


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.29


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.50


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.34


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊥


			⊤


			1


			1


			4


			14


			9


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			DICOM Quirks


			Overlays


			1.4.14.9


			3


			1.00


			0.50


			3.00


			1.00


			1.00


			0.00


			1.00


			5.00


			0.00


			3.83


			1.00


			1.50


			14.00


			14.50


			13.27


			0.00


			0.08


			0.08


			


			1.00


			General


			Visualization


			DICOM Quirks


			Overlays


			Small pixmaps that must be drawn over the original image. Usually found in some CR and MG images.


			0.46


			0.05


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.60


			0.08


			0.00


			0.00


			0.00


			0.00


			0.75


			0.75


			


			(.75)


			Overlays are always shown, the option to hide them doesn't work.


			0.29


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.50


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.34


			0.05


			0.00


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Overlapping overlay layers not shown properly.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊥


			⊤


			1


			1


			4


			14


			10


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			DICOM Quirks


			Gantry tilt


			1.4.14.10


			3


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			1.00


			5.00


			0.00


			2.83


			1.00


			1.50


			14.00


			14.50


			13.27


			0.00


			0.04


			0.04


			


			0.50


			General


			Visualization


			DICOM Quirks


			Gantry tilt


			CT volumes acquired with the gantry tilted require an special treatment in oder to visualize them volumetrically (3D). The image may not be shown correctly but the position yes.


			0.46


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.60


			0.08


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Offers gantry tilt correction before reconstruction.


			0.29


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.50


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.34


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊥


			⊤


			1


			1


			4


			14


			11


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			DICOM Quirks


			Segmented palette


			1.4.14.11


			3


			1.00


			0.50


			3.00


			1.00


			0.33


			0.00


			1.00


			5.00


			0.00


			2.33


			1.00


			1.50


			14.00


			14.50


			13.27


			0.00


			0.03


			0.03


			


			0.33


			General


			Visualization


			DICOM Quirks


			Segmented palette


			Special method to store color images.


			0.46


			0.05


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.60


			0.08


			0.00


			0.00


			0.00


			0.00


			0.10


			0.10


			


			(.10)


			Can be opened, but they are rendered wrong.


			0.29


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.50


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.34


			0.05


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊥


			⊤


			1


			1


			4


			14


			12


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Visualization


			DICOM Quirks


			Color images


			1.4.14.12


			3


			1.00


			0.50


			3.00


			1.00


			2.00


			0.00


			1.00


			5.00


			0.00


			2.00


			1.00


			1.50


			14.00


			14.50


			13.27


			0.00


			0.15


			0.15


			


			2.00


			General


			Visualization


			DICOM Quirks


			Color images


			Multi-channel images, like some screenshots and doopler ultrasound series can be properly displayed.


			0.46


			0.05


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.60


			0.08


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.29


			0.03


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.50


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.34


			0.05


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			⊥


			1


			1


			5


			0


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Tools


			


			


			1.5


			1


			1.00


			0.50


			3.00


			1.00


			2.00


			0.00


			1.00


			5.00


			0.00


			0.00


			1.00


			1.50


			14.00


			0.00


			0.00


			0.07


			0.21


			0.21


			


			3.00


			General


			Tools


						Tools that are mainly focused to measure, annotate and comprehend the datasets.


			0.46


			0.05


			0.05


			0.00


			0.00


			0.05


			0.63


			0.63


			


									0.60


			0.08


			0.06


			0.00


			0.00


			0.06


			0.89


			0.89


			


									0.28


			0.03


			0.01


			0.00


			0.00


			0.01


			0.15


			0.15


			


									0.50


			0.09


			0.06


			0.00


			0.00


			0.06


			0.86


			0.86


			


									0.34


			0.05


			0.03


			0.00


			0.00


			0.03


			0.48


			0.48


			


						


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			5


			1


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			General


			Tools


			Usability


			


			1.5.1


			2


			1.00


			0.50


			3.00


			1.00


			2.00


			0.00


			1.00


			2.00


			10.58


			0.00


			1.00


			1.50


			14.00


			10.58


			0.00


			0.01


			0.09


			0.09


			


			1.00


			General


			Tools


			Usability


						General evaluation of  the interaction and frustrations the user may encounter when drawing, modifying etc. The score is set in a fairly manner after analyzing all viewers.


			0.46


			0.05


			0.05


			0.01


			0.01


			0.01


			0.80


			0.80


			


			(.80)


			Drawing is usable, but could not determine edition usability.


			0.60


			0.08


			0.06


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.28


			0.03


			0.01


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			Only one tool (measure tool), the usability and edition of it is good.


			0.50


			0.09


			0.06


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.34


			0.05


			0.03


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			5


			2


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			General


			Tools


			Editable


			


			1.5.2


			2


			1.00


			0.50


			3.00


			1.00


			2.00


			0.00


			1.00


			2.00


			9.58


			0.00


			1.00


			1.50


			14.00


			10.58


			0.00


			0.01


			0.09


			0.09


			


			1.00


			General


			Tools


			Editable


						What is drawn can be modified.


			0.46


			0.05


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.60


			0.08


			0.06


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.28


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.50


			0.08


			0.05


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			Shape, color, thickness… are modifiable.


			0.34


			0.04


			0.03


			0.01


			0.01


			0.01


			0.90


			0.90


			


			(.90)


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			5


			3


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			General


			Tools


			Transversality


			


			1.5.3


			2


			1.00


			0.50


			3.00


			0.75


			2.00


			0.00


			1.00


			2.00


			8.58


			0.00


			1.00


			1.50


			14.00


			10.58


			0.00


			0.01


			0.07


			0.07


			


			0.75


			General


			Tools


			Transversality


						Tools can be used in a wide range of modes, like fusion, MPR, thick slab, 3D viewer.


			0.46


			0.05


			0.04


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Most tools usable under orthogonal MPR and MIP.


			0.59


			0.07


			0.05


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			Yes, a big effort has ben done to make tools available in all modes.


			0.28


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.49


			0.07


			0.05


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			All tools available to all modes.


			0.33


			0.03


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Only 2D viewers, so transversality is not applicable.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			5


			4


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			General


			Tools


			Undo


			


			1.5.4


			2


			1.00


			0.50


			3.00


			0.50


			2.00


			0.00


			1.00


			2.00


			7.83


			0.00


			1.00


			1.50


			14.00


			10.58


			0.00


			0.00


			0.05


			0.05


			


			0.50


			General


			Tools


			Undo


						Performed operations can be undone and redone.


			0.45


			0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.58


			0.06


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.28


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.48


			0.07


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.33


			0.03


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			5


			5


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			General


			Tools


			3D cursor


			


			1.5.5


			2


			1.00


			0.50


			3.00


			0.75


			2.00


			0.00


			1.00


			2.00


			7.33


			0.00


			1.00


			1.50


			14.00


			10.58


			0.00


			0.01


			0.07


			0.07


			


			0.75


			General


			Tools


			3D cursor


						A selected location in one viewer is precisely shown relative to the rest of the veiwers that share the same spatial origin.


			0.45


			0.04


			0.04


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.58


			0.06


			0.04


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Can only be used under MPR mode.


			0.28


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.48


			0.07


			0.04


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.33


			0.03


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			5


			6


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			General


			Tools


			Reference lines


			


			1.5.6


			2


			1.00


			0.50


			3.00


			0.75


			2.00


			0.00


			1.00


			2.00


			6.58


			0.00


			1.00


			1.50


			14.00


			10.58


			0.00


			0.01


			0.07


			0.07


			


			0.75


			General


			Tools


			Reference lines


						The intersection of the current slice in the current viewer and other series that share the same origin is shown.


			0.45


			0.04


			0.03


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


						0.58


			0.06


			0.04


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			Displays beginning and end of the volumes, as well as the slice thickness.


			0.28


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.48


			0.06


			0.04


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			Displays beginning and end of the volumes, as well as the slice thickness.


			0.33


			0.03


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			5


			7


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Tools


			Save status


			


			1.5.7


			2


			1.00


			0.50


			3.00


			0.50


			2.00


			0.00


			1.00


			2.00


			5.83


			0.00


			1.00


			1.50


			14.00


			10.58


			0.00


			0.00


			0.05


			0.05


			


			0.50


			General


			Tools


			Save status


						Drawings, annotations and measures can be saved for future editing or at least exported.


			0.44


			0.03


			0.03


			0.00


			0.00


			0.00


			0.20


			0.20


			


									0.57


			0.05


			0.03


			0.00


			0.00


			0.00


			0.60


			0.60


			


									0.28


			0.02


			0.00


			0.00


			0.00


			0.00


			0.20


			0.20


			


									0.47


			0.06


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.33


			0.03


			0.02


			0.00


			0.00


			0.00


			0.20


			0.20


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			5


			7


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Tools


			Save status


			Screenshot


			1.5.7.1


			3


			1.00


			0.50


			3.00


			0.50


			0.25


			0.00


			1.00


			2.00


			5.33


			1.25


			1.00


			1.50


			14.00


			10.58


			1.25


			0.00


			0.20


			0.20


			


			0.25


			General


			Tools


			Save status


			Screenshot


			Very basic exportation method that does not allow future editing.


			0.44


			0.03


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Screenshots can be uploaded to the PACS, and saved in DICOM.


			0.57


			0.05


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.28


			0.02


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.47


			0.06


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.33


			0.03


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Can be saved to file, or saved as a new DICOM serie.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			5


			7


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Tools


			Save status


			Save


			1.5.7.2


			3


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			1.00


			2.00


			5.33


			1.00


			1.00


			1.50


			14.00


			10.58


			1.25


			0.00


			0.40


			0.40


			


			0.50


			General


			Tools


			Save status


			Save


			Can be saved using DICOM or any other alternative format.


			0.44


			0.03


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.57


			0.05


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, using custom file format.


			0.28


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.47


			0.06


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.33


			0.03


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			5


			7


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Tools


			Save status


			DICOM format


			1.5.7.3


			3


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			1.00


			2.00


			5.33


			0.50


			1.00


			1.50


			14.00


			10.58


			1.25


			0.00


			0.40


			0.40


			


			0.50


			General


			Tools


			Save status


			DICOM format


			Can be saved using DICOM.


			0.44


			0.03


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.57


			0.05


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.28


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.47


			0.06


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, using presentation states.


			0.33


			0.03


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			5


			8


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Tools


			Measure


			


			1.5.8


			2


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			1.00


			2.00


			5.33


			0.00


			1.00


			1.50


			14.00


			10.58


			0.00


			0.01


			0.09


			0.09


			


			1.00


			General


			Tools


			Measure


						Measuring tools for voxel values, angles and distances.


			0.44


			0.03


			0.03


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.57


			0.05


			0.03


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.28


			0.02


			0.00


			0.00


			0.00


			0.00


			0.23


			0.23


			


									0.47


			0.05


			0.03


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.33


			0.03


			0.02


			0.01


			0.00


			0.01


			0.85


			0.85


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			5


			8


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Tools


			Measure


			Voxel


			1.5.8.1


			3


			1.00


			0.50


			3.00


			1.00


			0.75


			0.00


			1.00


			2.00


			4.33


			3.25


			1.00


			1.50


			14.00


			10.58


			3.25


			0.00


			0.23


			0.23


			


			0.75


			General


			Tools


			Measure


			Voxel


			Information of voxel value.


			0.44


			0.03


			0.03


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.57


			0.05


			0.03


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.28


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.47


			0.05


			0.03


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.33


			0.03


			0.02


			0.01


			0.00
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			General


			Tools


			Measure


			Cobb angle


			A method to measure open angles. Open angle and cobb angle are equiparable.
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			General


			Tools


			Annotations


						User drawable annotations over the image.
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			Tools
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			Circle, ellipse, rectangle, etc.
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			Yes, and many shapes available.
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			Yes, but perfect circles can't be achieved.
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			Many, and with splines.
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			No advanced shapes.
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			General


			Tools


			Unit awareness


						Awareness of the viewer regarding the handling of the units and DICOM tags in order to perform right measurements.
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			Distances and area units, but not pixel units. SUV units are missing.
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			SUV units are not properly shown.
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			Distances and area units, but not pixel units. ECG units shown properly.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			5


			11


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			General


			Tools


			Statistics


			


			1.5.11


			2


			1.00


			0.50


			3.00


			0.75


			0.50


			0.00


			1.00


			2.00


			3.33


			0.00


			1.00


			1.50


			14.00


			10.58


			0.00


			0.01


			0.07


			0.07


			


			0.75


			General


			Tools


			Statistics


						Statistics calculated when a measure is taken (SD, mean, average...)
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			Tools
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						Calculation of SUV, useful for PET images.
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			Yes, and with several configuration options.
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			Only body weight method, and too many steps shall be performed to measure.
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			(.90)


			Yes on ROIs. Only body weight method available.
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			Tools


			Histogram


						Histogram of a volume, image or region of the image.
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			Yes, and even in ROIs.
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			⊤


			⊤


			⊥


			1


			1


			5


			14


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			General


			Tools


			ROI


			


			1.5.14


			2


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			1.00


			2.00


			1.50


			0.00


			1.00


			1.50


			14.00


			10.58


			0.00


			0.01


			0.09


			0.09


			


			1.00


			General


			Tools


			ROI


						Evaluates if there's a ROI tool present. As they usually do automated segmentation, those features are evaluated inide the "processing" group. 3D ROI shall be considered..


			0.42


			0.01


			0.00


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Yes, however only 2D ROI.


			0.55


			0.03


			0.01


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			Yes, including 3D ROI, and advanced features.


			0.27


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Can do segmentation, but not ROIs that show statistics about a region.


			0.45


			0.03


			0.01


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Yes, however only 2D ROI.


			0.31


			0.02


			0.00


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Yes, however only 2D ROI.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			5


			15


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			General


			Tools


			Key image notes (KIN)


			


			1.5.15


			2


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			1.00


			2.00


			0.50


			0.00


			1.00


			1.50


			14.00


			10.58


			0.00


			0.00


			0.05


			0.05


			


			0.50


			General


			Tools


			Key image notes (KIN)


						DICOM standard way to bookmark some images in a study. The program should be able not only to read but to save them in DICOM format.


			0.42


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.54


			0.02


			0.00


			0.00


			0.00


			0.00


			0.33


			0.33


			


			(.33)


			Has an internal "key images" feature, but it can't read or generate real KO.


			0.27


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.44


			0.03


			0.00


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Yes, can be read and created. Editing the name is not possible.


			0.31


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			⊥


			1


			1


			6


			0


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Other modalities


			


			


			1.6


			1


			1.00


			0.50


			1.00


			0.50


			0.50


			0.00


			1.00


			2.00


			0.00


			0.00


			1.00


			1.50


			14.00


			0.00


			0.00


			0.02


			0.07


			0.07


			


			1.00


			General


			Other modalities


						Special modalities that are not images or volumes.


			0.42


			0.01


			0.01


			0.00


			0.00


			0.01


			0.25


			0.25


			


									0.54


			0.02


			0.01


			0.00


			0.00


			0.01


			0.34


			0.34


			


									0.27


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.44


			0.02


			0.02


			0.00


			0.00


			0.02


			0.82


			0.82


			


									0.31


			0.01


			0.01


			0.00


			0.00


			0.01


			0.45


			0.45


			


						


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			6


			1


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Other modalities


			Structured report (SR)


			


			1.6.1


			2


			1.00


			0.50


			1.00


			0.50


			0.50


			0.00


			1.00


			1.00


			2.00


			0.00


			1.00


			1.50


			14.00


			2.00


			0.00


			0.01


			0.25


			0.25


			


			0.50


			General


			Other modalities


			Structured report (SR)


						DICOM structured reports enable physicians to review studies and store their conclusions and remarks in a standard way.


			0.42


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.54


			0.02


			0.01


			0.00


			0.00


			0.00


			0.36


			0.36


			


									0.27


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.44


			0.02


			0.02


			0.00


			0.00


			0.00


			0.55


			0.55


			


									0.31


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			6


			1


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Other modalities


			Structured report (SR)


			Read


			1.6.1.1


			3


			1.00


			0.50


			1.00


			0.50


			1.00


			0.00


			1.00


			1.00


			1.50


			1.83


			1.00


			1.50


			14.00


			2.00


			1.83


			0.00


			0.55


			0.55


			


			1.00


			General


			Other modalities


			Structured report (SR)


			Read


			Structured reports are shown and properly integrated.


			0.42


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.54


			0.02


			0.01


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Are converted to PDF and shown with system viewer.


			0.27


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.44


			0.02


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Integrated, and embedded links work.


			0.31


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			6


			1


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Other modalities


			Structured report (SR)


			Write


			1.6.1.2


			3


			1.00


			0.50


			1.00


			0.50


			0.50


			0.00


			1.00


			1.00


			1.50


			0.83


			1.00


			1.50


			14.00


			2.00


			1.83


			0.00


			0.27


			0.27


			


			0.50


			General


			Other modalities


			Structured report (SR)


			Write


			Generation of structured reports.


			0.42


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.54


			0.02


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.27


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.44


			0.02


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.31


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			1


			6


			1


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Other modalities


			Structured report (SR)


			Specific


			1.6.1.3


			3


			1.00


			0.50


			1.00


			0.50


			0.33


			0.00


			1.00


			1.00


			1.50


			0.33


			1.00


			1.50


			14.00


			2.00


			1.83


			0.00


			0.18


			0.18


			


			0.33


			General


			Other modalities


			Structured report (SR)


			Specific


			Adaptation of the structured report UI to specific imaging modalities like mammography.


			0.42


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.54


			0.02


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.27


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.44


			0.02


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.31


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			6


			2


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			General


			Other modalities


			Encapsulated documents


			


			1.6.2


			2


			1.00


			0.50


			1.00


			0.50


			0.33


			0.00


			1.00


			1.00


			1.50


			0.00


			1.00


			1.50


			14.00


			2.00


			0.00


			0.01


			0.25


			0.25


			


			0.50


			General


			Other modalities


			Encapsulated documents


						Encapsulated documents could be embedded PDF documents inside a DICOM file.


			0.42


			0.01


			0.01


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.54


			0.02


			0.01


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.27


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.44


			0.02


			0.02


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.31


			0.01


			0.01


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			6


			3


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			General


			Other modalities


			ECG graphs


			


			1.6.3


			2


			1.00


			0.50


			1.00


			0.50


			0.33


			0.00


			1.00


			1.00


			1.00


			0.00


			1.00


			1.50


			14.00


			2.00


			0.00


			0.01


			0.25


			0.25


			


			0.50


			General


			Other modalities


			ECG graphs


						Display DICOM electrocardiogram graphical data


			0.41


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.53


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.27


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.43


			0.02


			0.01


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			Supported, and with effective and usable tools that compute several metrics.


			0.30


			0.00


			0.00


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Supported, but measures are slower to perform with the ruler tool.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			6


			4


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			General


			Other modalities


			Video


			


			1.6.4


			2


			1.00


			0.50


			1.00


			0.25


			0.33


			0.00


			1.00


			1.00


			0.50


			0.00


			1.00


			1.50


			14.00


			2.00


			0.00


			0.00


			0.13


			0.13


			


			0.25


			General


			Other modalities


			Video


						Display DICOM video.


			0.41


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.53


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.27


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.43


			0.01


			0.00


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Opens with the system media player. Does not work well on GNU/Linux.


			0.30


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			1


			6


			5


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			General


			Other modalities


			Audio


			


			1.6.5


			2


			1.00


			0.50


			1.00


			0.25


			0.33


			0.00


			1.00


			1.00


			0.25


			0.00


			1.00


			1.50


			14.00


			2.00


			0.00


			0.00


			0.13


			0.13


			


			0.25


			General


			Other modalities


			Audio


						Play DICOM audio. Waveform plotting is a plus.


			0.41


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.53


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.27


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.42


			0.01


			0.00


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Yes, but with a very basic player.


			0.30


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			⊥


			1


			1


			7


			0


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Processing


			


			


			1.7


			1


			1.00


			0.50


			1.00


			0.25


			0.33


			0.00


			1.00


			1.00


			0.00


			0.00


			1.00


			1.50


			14.00


			0.00


			0.00


			0.02


			0.07


			0.07


			


			1.00


			General


			Processing


						Features that perform a complex analysis of the dataset and usually generate new series.


			0.41


			0.00


			0.00


			0.00


			0.00


			0.00


			0.02


			0.02


			


									0.53


			0.01


			0.01


			0.00


			0.00


			0.01


			0.46


			0.46


			


									0.27


			0.02


			0.02


			0.00


			0.00


			0.02


			0.74


			0.74


			


									0.42


			0.01


			0.01


			0.00


			0.00


			0.01


			0.22


			0.22


			


									0.30


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			⊥


			1


			1


			7


			1


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			General


			Processing


			Generate series


			


			1.7.1


			2


			1.00


			0.50


			1.00


			0.75


			0.33


			0.00


			1.00


			0.00


			4.50


			0.00


			1.00


			1.50


			14.00


			4.50


			0.00


			0.00


			0.17


			0.17


			


			0.75


			General


			Processing


			Generate series


						New series can be generated. Generated series through screenshots is not considered. New series shall be in DICOM format or express a similar equivalency inside the program workflow.


			0.41


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.53


			0.01


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			New series can be generated.


			0.27


			0.02


			0.02


			0.00


			0.00


			0.00


			0.95


			0.95


			


			(.95)


			Yes, as a way to store intermediate results. They are treated as if they were DICOM.


			0.42


			0.01


			0.01


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Some operations like MIP and MPR generate new series. They are in DICOM format.


			0.30


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			⊥


			1


			1


			7


			2


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			General


			Processing


			Flow quantification


			


			1.7.2


			2


			1.00


			0.50


			1.00


			0.50


			0.33


			0.00


			1.00


			0.00


			3.75


			0.00


			1.00


			1.50


			14.00


			4.50


			0.00


			0.00


			0.11


			0.11


			


			0.50


			General


			Processing


			Flow quantification


						Extract and present (usually using graphs) flow information from speed maps usually acquired with MRI flow quantization sequences.


			0.41


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.53


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.27


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.42


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.30


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			⊥


			1


			1


			7


			3


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Processing


			Registration


			


			1.7.3


			2


			1.00


			0.50


			1.00


			0.50


			0.33


			0.00


			1.00


			0.00


			3.25


			0.00


			1.00


			1.50


			14.00


			4.50


			0.00


			0.00


			0.11


			0.11


			


			0.50


			General


			Processing


			Registration


						Transformation of a volume to make it spatially compatible with another one.


			0.41


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.53


			0.01


			0.01


			0.00


			0.00


			0.00


			0.20


			0.20


			


									0.27


			0.01


			0.01


			0.00


			0.00


			0.00


			0.60


			0.60


			


									0.42


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.30


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊥


			⊤


			⊤


			1


			1


			7


			3


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Processing


			Registration


			Manual


			1.7.3.1


			3


			1.00


			0.50


			1.00


			0.50


			0.50


			0.00


			1.00


			0.00


			2.75


			1.25


			1.00


			1.50


			14.00


			4.50


			1.25


			0.00


			0.40


			0.40


			


			0.50


			General


			Processing


			Registration


			Manual


			The user can manually transform a dataset to make it match with the other one with operations like translation, rotation and scaling.


			0.41


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.53


			0.01


			0.01


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Only translation, no scaling or rotation.


			0.27


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.42


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.30


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊥


			⊤


			⊤


			1


			1


			7


			3


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Processing


			Registration


			Automatic


			1.7.3.2


			3


			1.00


			0.50


			1.00


			0.50


			0.75


			0.00


			1.00


			0.00


			2.75


			0.75


			1.00


			1.50


			14.00


			4.50


			1.25


			0.00


			0.60


			0.60


			


			0.75


			General


			Processing


			Registration


			Automatic


			Registration is performed using some automated algorithms.


			0.41


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.53


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.27


			0.01


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			With many advanced and configurable algorithms.


			0.42


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.30


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			⊥


			1


			1


			7


			4


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Processing


			Segmentation


			


			1.7.4


			2


			1.00


			0.50


			1.00


			0.50


			0.75


			0.00


			1.00


			0.00


			2.75


			0.00


			1.00


			1.50


			14.00


			4.50


			0.00


			0.00


			0.11


			0.11


			


			0.50


			General


			Processing


			Segmentation


						Automated or semiautomated detection of image features in order to classify its voxels. Some ROI tools do perform segmentation, its segmentation features shall be evaluated here.


			0.41


			0.00


			0.00


			0.00


			0.00


			0.00


			0.17


			0.17


			


									0.53


			0.01


			0.01


			0.00


			0.00


			0.00


			0.95


			0.95


			


									0.27


			0.01


			0.01


			0.00


			0.00


			0.00


			0.60


			0.60


			


									0.42


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.30


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊥


			⊤


			⊤


			1


			1


			7


			4


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Processing


			Segmentation


			Manual


			1.7.4.1


			3


			1.00


			0.50


			1.00


			0.50


			0.50


			0.00


			1.00


			0.00


			2.25


			3.25


			1.00


			1.50


			14.00


			4.50


			3.25


			0.00


			0.15


			0.15


			


			0.50


			General


			Processing


			Segmentation


			Manual


			Segment using basic shapes.


			0.41


			0.00


			0.00


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			With ROIs.


			0.53


			0.01


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.27


			0.01


			0.01


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Yes, with a simple brush tool.


			0.42


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.30


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊥


			⊤


			⊤


			1


			1


			7


			4


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Processing


			Segmentation


			Automated


			1.7.4.2


			3


			1.00


			0.50


			1.00


			0.50


			1.00


			0.00


			1.00


			0.00


			2.25


			2.75


			1.00


			1.50


			14.00


			4.50


			3.25


			0.00


			0.31


			0.31


			


			1.00


			General


			Processing


			Segmentation


			Automated


			Automated feature detection, that can automatically or semiautomatically segment.


			0.41


			0.00


			0.00


			0.00


			0.00


			0.00


			0.30


			0.30


			


			(.30)


			With 2D magic roi.


			0.53


			0.01


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Region growing.


			0.27


			0.01


			0.01


			0.00


			0.00


			0.00


			0.30


			0.30


			


			(.30)


			A simple threshold segmentation.


			0.42


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.30


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊥


			⊤


			⊤


			1


			1


			7


			4


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Processing


			Segmentation


			Editable


			1.7.4.3


			3


			1.00


			0.50


			1.00


			0.50


			0.50


			0.00


			1.00


			0.00


			2.25


			1.75


			1.00


			1.50


			14.00


			4.50


			3.25


			0.00


			0.15


			0.15


			


			0.50


			General


			Processing


			Segmentation


			Editable


			Segmented results can be edited.


			0.41


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.52


			0.01


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.27


			0.01


			0.01


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Yes, with a simple brush tool, area can be added or substracted.


			0.42


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.30


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊥


			⊤


			⊤


			1


			1


			7


			4


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Processing


			Segmentation


			3D


			1.7.4.4


			3


			1.00


			0.50


			1.00


			0.50


			0.75


			0.00


			1.00


			0.00


			2.25


			1.25


			1.00


			1.50


			14.00


			4.50


			3.25


			0.00


			0.23


			0.23


			


			0.75


			General


			Processing


			Segmentation


			3D


			Segmentation of 3D volumes.


			0.41


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.52


			0.00


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, and with erosion and dilate filters.


			0.27


			0.01


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.42


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.30


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊥


			⊤


			⊤


			1


			1


			7


			4


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Processing


			Segmentation


			Import/export


			1.7.4.5


			3


			1.00


			0.50


			1.00


			0.50


			0.50


			0.00


			1.00


			0.00


			2.25


			0.50


			1.00


			1.50


			14.00


			4.50


			3.25


			0.00


			0.15


			0.15


			


			0.50


			General


			Processing


			Segmentation


			Import/export


			Segmented results can be imported and exported to different formats.


			0.41


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.52


			0.00


			0.00


			0.00


			0.00


			0.00


			0.70


			0.70


			


			(.70)


			Yes, to a custom .roi format and .xml


			0.27


			0.01


			0.01


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Yes, to several scientific formats like MHD, VTK… unfortunately not to DICOM.


			0.42


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.30


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			⊥


			1


			1


			7


			5


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			General


			Processing


			Rescaling


			


			1.7.5


			2


			1.00


			0.50


			1.00


			0.50


			0.50


			0.00


			1.00


			0.00


			2.25


			0.00


			1.00


			1.50


			14.00


			4.50


			0.00


			0.00


			0.11


			0.11


			


			0.50


			General


			Processing


			Rescaling


						Transformations from an original volume to a new one different in size.


			0.41


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.52


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			In theory available in a plugin not included by default, thus we do not evaluate it.


			0.27


			0.01


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, using a filter.


			0.42


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.30


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			⊥


			1


			1


			7


			6


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			General


			Processing


			Convolution


			


			1.7.6


			2


			1.00


			0.50


			1.00


			0.75


			0.50


			0.00


			1.00


			0.00


			1.75


			0.00


			1.00


			1.50


			14.00


			4.50


			0.00


			0.00


			0.17


			0.17


			


			0.75


			General


			Processing


			Convolution


						Apply convolution filters to enchance or mask some image features.


			0.41


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.52


			0.00


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.26


			0.01


			0.01


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Only gaussian blur available, can't custom define a convolution matrix.


			0.42


			0.00


			0.00


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Yes, a good selection, however they can't be chained nor custom made. Only for display.


			0.30


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			⊥


			1


			1


			7


			7


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			General


			Processing


			Filters


			


			1.7.7


			2


			1.00


			0.50


			1.00


			0.50


			0.50


			0.00


			1.00


			0.00


			1.00


			0.00


			1.00


			1.50


			14.00


			4.50


			0.00


			0.00


			0.11


			0.11


			


			0.50


			General


			Processing


			Filters


						Advanced filters regarding image processing.


			0.41


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.52


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			All filters found use convolution


			0.26


			0.01


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, ITK and other advanced filters.


			0.42


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.30


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			⊥


			1


			1


			7


			8


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			General


			Processing


			DTI


			


			1.7.8


			2


			1.00


			0.50


			1.00


			0.50


			0.50


			0.00


			1.00


			0.00


			0.50


			0.00


			1.00


			1.50


			14.00


			4.50


			0.00


			0.00


			0.11


			0.11


			


			0.50


			General


			Processing


			DTI


						Visualize and interact with volumes where each voxel is considered a tensor. The visualization may require advanced features like tractographies and glyph visualizations.


			0.41


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.52


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.26


			0.00


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.42


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.30


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊥


			⊥


			⊤


			1


			1


			7


			8


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Processing


			DTI


			Maps


			1.7.8.1


			3


			1.00


			0.50


			1.00


			0.50


			0.50


			0.00


			1.00


			0.00


			0.00


			1.50


			1.00


			1.50


			14.00


			4.50


			1.50


			0.00


			0.33


			0.33


			


			0.50


			General


			Processing


			DTI


			Maps


			Compute maps from the tensor field such as ADC, AF, VR…


			0.41


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.52


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.00


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, several of them.


			0.42


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.30


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊥


			⊥


			⊤


			1


			1


			7


			8


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Processing


			DTI


			Glyphs


			1.7.8.2


			3


			1.00


			0.50


			1.00


			0.50


			0.50


			0.00


			1.00


			0.00


			0.00


			1.00


			1.00


			1.50


			14.00


			4.50


			1.50


			0.00


			0.33


			0.33


			


			0.50


			General


			Processing


			DTI


			Glyphs


			Display tensors using a glyph.


			0.41


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.52


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.00


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, a good selection of them. Resolution can be picked.


			0.42


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.30


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊥


			⊥


			⊤


			1


			1


			7


			8


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			General


			Processing


			DTI


			Tractography


			1.7.8.3


			3


			1.00


			0.50


			1.00


			0.50


			0.50


			0.00


			1.00


			0.00


			0.00


			0.50


			1.00


			1.50


			14.00


			4.50


			1.50


			0.00


			0.33


			0.33


			


			0.50


			General


			Processing


			DTI


			Tractography


			Display main fiber orientation using streamlines or hyperstreamlines.


			0.41


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.52


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.00


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, but no advanced filtering methods could be found.


			0.42


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.30


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			⊥


			⊥


			⊥


			⊤


			⊥


			⊥


			⊥


			1


			2


			0


			0


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			


			


			


			2


			0


			1.00


			0.50


			1.00


			0.50


			0.50


			0.00


			1.00


			0.00


			0.00


			0.00


			1.00


			1.50


			0.00


			0.00


			0.00


			0.33


			0.33


			0.33


			


			0.50


			2D Based


						Flat images like ultrasound, mammography, x-ray…


			0.41


			0.21


			0.00


			0.00


			0.00


			0.21


			0.63


			0.63


			


									0.52


			0.26


			0.00


			0.00


			0.00


			0.26


			0.79


			0.79


			


									0.26


			0.13


			0.00


			0.00


			0.00


			0.13


			0.38


			0.38


			


									0.42


			0.23


			0.00


			0.00


			0.00


			0.23


			0.68


			0.68


			


									0.30


			0.17


			0.00


			0.00


			0.00


			0.17


			0.52


			0.52


			


						


			⊥


			⊥


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			⊥


			1


			2


			1


			0


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Technical


			


			


			2.1


			1


			1.00


			0.50


			1.00


			0.50


			0.50


			0.00


			0.50


			13.50


			0.00


			0.00


			1.00


			1.50


			13.50


			0.00


			0.00


			0.02


			0.07


			0.07


			


			1.00


			2D Based


			Technical


						Technical features about the software.


			0.41


			0.21


			0.02


			0.00


			0.00


			0.02


			0.63


			0.63


			


									0.52


			0.26


			0.01


			0.00


			0.00


			0.01


			0.34


			0.34


			


									0.26


			0.13


			0.01


			0.00


			0.00


			0.01


			0.58


			0.58


			


									0.42


			0.23


			0.01


			0.00


			0.00


			0.01


			0.57


			0.57


			


									0.30


			0.17


			0.01


			0.00


			0.00


			0.01


			0.48


			0.48


			


						


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			1


			1


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Technical


			Platforms


			


			2.1.1


			2


			1.00


			0.50


			1.00


			2.00


			0.50


			0.00


			0.50


			12.50


			12.00


			0.00


			1.00


			1.50


			13.50


			12.00


			0.00


			0.00


			0.17


			0.17


			


			2.00


			2D Based


			Technical


			Platforms


						Operating systems where the software may run. Web platforms can be considered multi-platform.


			0.41


			0.21


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.52


			0.26


			0.01


			0.00


			0.00


			0.00


			0.33


			0.33


			


									0.26


			0.13


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.42


			0.23


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.30


			0.17


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			1


			1


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Technical


			Platforms


			GNU/Linux


			2.1.1.1


			3


			1.00


			0.50


			1.00


			2.00


			0.50


			0.00


			0.50


			12.50


			10.00


			1.50


			1.00


			1.50


			13.50


			12.00


			1.50


			0.00


			0.33


			0.33


			


			0.50


			2D Based


			Technical


			Platforms


			GNU/Linux


						0.41


			0.21


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.52


			0.26


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.13


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.42


			0.23


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.30


			0.17


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			1


			1


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Technical


			Platforms


			Windows


			2.1.1.2


			3


			1.00


			0.50


			1.00


			2.00


			0.50


			0.00


			0.50


			12.50


			10.00


			1.00


			1.00


			1.50


			13.50


			12.00


			1.50


			0.00


			0.33


			0.33


			


			0.50


			2D Based


			Technical


			Platforms


			Windows


						0.41


			0.21


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.52


			0.26


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.12


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.41


			0.23


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.30


			0.17


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			1


			1


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Technical


			Platforms


			macOS


			2.1.1.3


			3


			1.00


			0.50


			1.00


			2.00


			0.50


			0.00


			0.50


			12.50


			10.00


			0.50


			1.00


			1.50


			13.50


			12.00


			1.50


			0.00


			0.33


			0.33


			


			0.50


			2D Based


			Technical


			Platforms


			macOS


						0.41


			0.21


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.52


			0.26


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.25


			0.12


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.41


			0.22


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.29


			0.17


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			1


			2


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Technical


			CE Certified


			


			2.1.2


			2


			1.00


			0.50


			1.00


			4.00


			0.50


			0.00


			0.50


			12.50


			10.00


			0.00


			1.00


			1.50


			13.50


			12.00


			0.00


			0.01


			0.33


			0.33


			


			4.00


			2D Based


			Technical


			CE Certified


						The software can be used as a medical device. The certified software version must be free, however the user may be required to pay for support in order to comply)


			0.41


			0.21


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.52


			0.26


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.25


			0.12


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.41


			0.22


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.29


			0.17


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			1


			3


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Technical


			Background


			


			2.1.3


			2


			1.00


			0.50


			1.00


			2.00


			0.50


			0.00


			0.50


			12.50


			6.00


			0.00


			1.00


			1.50


			13.50


			12.00


			0.00


			0.00


			0.17


			0.17


			


			2.00


			2D Based


			Technical


			Background


						Computationally intensive tasks, do not freeze the UI.


			0.41


			0.21


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.52


			0.26


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.25


			0.12


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.41


			0.22


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.29


			0.17


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			1


			4


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Technical


			License


			


			2.1.4


			2


			1.00


			0.50


			1.00


			1.00


			0.50


			0.00


			0.50


			12.50


			4.00


			0.00


			1.00


			1.50


			13.50


			12.00


			0.00


			0.00


			0.08


			0.08


			


			1.00


			2D Based


			Technical


			License


						How free the software and its dependencies are. Debian free software guidelines is a set of criteria to evaluate if a license is free (as in freedom). [https://wiki.debian.org/DFSGLicenses]


			0.40


			0.20


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.51


			0.26


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.25


			0.12


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.41


			0.22


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.29


			0.17


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			1


			4


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Technical


			License


			Free


			2.1.4.1


			3


			1.00


			0.50


			1.00


			1.00


			1.00


			0.00


			0.50


			12.50


			3.00


			1.00


			1.00


			1.50


			13.50


			12.00


			1.00


			0.00


			1.00


			1.00


			


			1.00


			2D Based


			Technical


			License


			Free


			Notable examples are: GPL, LGPL, Apache, BSD, MIT, MPL.


			0.40


			0.20


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.51


			0.26


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.25


			0.12


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.41


			0.22


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.29


			0.17


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			1


			4


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Technical


			License


			Non-free


			2.1.4.2


			3


			1.00


			0.50


			1.00


			1.00


			0.00


			0.00


			0.50


			12.50


			3.00


			0.00


			1.00


			1.50


			13.50


			12.00


			1.00


			0.00


			0.00


			0.00


			


			0.00


			2D Based


			Technical


			License


			Non-free


			Any other non-free license according to DFSG criteria.


			0.40


			0.20


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.51


			0.26


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.25


			0.11


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.41


			0.22


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.29


			0.16


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			1


			5


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Technical


			Multilanguage


			


			2.1.5


			2


			1.00


			0.50


			1.00


			1.00


			0.00


			0.00


			0.50


			12.50


			3.00


			0.00


			1.00


			1.50


			13.50


			12.00


			0.00


			0.00


			0.08


			0.08


			


			1.00


			2D Based


			Technical


			Multilanguage


						The program is translatable. The number of available languages is a relativistic factor to take in account.


			0.40


			0.20


			0.01


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Catalan, Spanish, English.


			0.51


			0.26


			0.00


			0.00


			0.00


			0.00


			0.40


			0.40


			


			(.40)


			English, Japanese


			0.25


			0.11


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Only in english, no multilanguage support observed.


			0.41


			0.22


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Tranlated to 28 languages.


			0.29


			0.16


			0.00


			0.00


			0.00


			0.00


			0.70


			0.70


			


			(.70)


			Translated to eleven languages, but many are partially translated.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			1


			6


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Technical


			Documentation


			


			2.1.6


			2


			1.00


			0.50


			1.00


			2.00


			0.00


			0.00


			0.50


			12.50


			2.00


			0.00


			1.00


			1.50


			13.50


			12.00


			0.00


			0.00


			0.17


			0.17


			


			2.00


			2D Based


			Technical


			Documentation


						Quality of the documentation.


			0.40


			0.20


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			A PDF that describes all features.


			0.51


			0.26


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Not found, however is understandable as users may refer to OsiriX documentation.


			0.25


			0.11


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			A webpage that describes all features.


			0.40


			0.22


			0.00


			0.00


			0.00


			0.00


			0.40


			0.40


			


			(.40)


			Documentation exist but is not exhaustive in describing all features. Focused to programmers.


			0.29


			0.16


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Opens a broken link, no documentation found in the GIT repository.





			⊥


			⊥


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			⊥


			1


			2


			2


			0


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Archive


			


			


			2.2


			1


			1.00


			0.50


			2.00


			2.00


			0.00


			0.00


			0.50


			12.50


			0.00


			0.00


			1.00


			1.50


			13.50


			0.00


			0.00


			0.05


			0.15


			0.15


			


			2.00


			2D Based


			Archive


						Support to open, save, import, export and network communications.


			0.39


			0.19


			0.04


			0.00


			0.00


			0.04


			0.72


			0.72


			


									0.51


			0.26


			0.05


			0.00


			0.00


			0.05


			0.97


			0.97


			


									0.24


			0.11


			0.02


			0.00


			0.00


			0.02


			0.39


			0.39


			


									0.40


			0.21


			0.03


			0.00


			0.00


			0.03


			0.58


			0.58


			


									0.29


			0.16


			0.04


			0.00


			0.00


			0.04


			0.80


			0.80


			


						


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			2


			1


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Archive


			DIMSE


			


			2.2.1


			2


			1.00


			0.50


			2.00


			3.00


			0.00


			0.00


			0.50


			10.50


			22.50


			0.00


			1.00


			1.50


			13.50


			22.50


			0.00


			0.01


			0.13


			0.13


			


			3.00


			2D Based


			Archive


			DIMSE


						Traditional DICOM network protocol.


			0.39


			0.19


			0.04


			0.01


			0.00


			0.01


			0.79


			0.79


			


									0.51


			0.26


			0.05


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.24


			0.11


			0.02


			0.01


			0.00


			0.01


			0.79


			0.79


			


									0.40


			0.21


			0.03


			0.01


			0.00


			0.01


			0.79


			0.79


			


									0.29


			0.16


			0.04


			0.01


			0.00


			0.01


			0.99


			0.99


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			2


			1


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Archive


			DIMSE


			Query


			2.2.1.1


			3


			1.00


			0.50


			2.00


			3.00


			2.00


			0.00


			0.50


			10.50


			19.50


			7.00


			1.00


			1.50


			13.50


			22.50


			7.00


			0.00


			0.29


			0.29


			


			2.00


			2D Based


			Archive


			DIMSE


			Query


			Searching by some attribute like patient's name.


			0.39


			0.19


			0.04


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.51


			0.26


			0.05


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.24


			0.11


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.40


			0.21


			0.03


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.29


			0.16


			0.04


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			2


			1


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Archive


			DIMSE


			Retrieve


			2.2.1.2


			3


			1.00


			0.50


			2.00


			3.00


			2.00


			0.00


			0.50


			10.50


			19.50


			5.00


			1.00


			1.50


			13.50


			22.50


			7.00


			0.00


			0.29


			0.29


			


			2.00


			2D Based


			Archive


			DIMSE


			Retrieve


			Download studies.


			0.39


			0.19


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.51


			0.25


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.24


			0.11


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.40


			0.21


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.28


			0.16


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			2


			1


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Archive


			DIMSE


			Upload


			2.2.1.3


			3


			1.00


			0.50


			2.00


			3.00


			1.50


			0.00


			0.50


			10.50


			19.50


			3.00


			1.00


			1.50


			13.50


			22.50


			7.00


			0.00


			0.21


			0.21


			


			1.50


			2D Based


			Archive


			DIMSE


			Upload


			Upload studies or new series.


			0.39


			0.19


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.51


			0.25


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.24


			0.11


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.40


			0.21


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.28


			0.16


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			2


			1


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Archive


			DIMSE


			Security


			2.2.1.4


			3


			1.00


			0.50


			2.00


			3.00


			1.00


			0.00


			0.50


			10.50


			19.50


			1.50


			1.00


			1.50


			13.50


			22.50


			7.00


			0.00


			0.14


			0.14


			


			1.00


			2D Based


			Archive


			DIMSE


			Security


			Encryption and authentication of the connections using X.509 certificates. Users can authenticate to the server (peer) with a certificate.


			0.39


			0.19


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.51


			0.25


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			User certificates can be specified, and are retrieved from system's keychain.


			0.24


			0.11


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.40


			0.21


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.28


			0.16


			0.03


			0.00


			0.00


			0.00


			0.95


			0.95


			


			(.95)


			Not able to integrate with system certificate storages. Only PEM format allowed.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			2


			1


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Archive


			DIMSE


			Internal server


			2.2.1.5


			3


			1.00


			0.50


			2.00


			3.00


			0.50


			0.00


			0.50


			10.50


			19.50


			0.50


			1.00


			1.50


			13.50


			22.50


			7.00


			0.00


			0.07


			0.07


			


			0.50


			2D Based


			Archive


			DIMSE


			Internal server


			Built-in pacs server, where peers can do queries, send and retrieve studies.


			0.39


			0.19


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.50


			0.25


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.24


			0.11


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.40


			0.21


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.28


			0.16


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			2


			2


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Archive


			WADO


			


			2.2.2


			2


			1.00


			0.50


			2.00


			3.00


			0.50


			0.00


			0.50


			10.50


			19.50


			0.00


			1.00


			1.50


			13.50


			22.50


			0.00


			0.01


			0.13


			0.13


			


			3.00


			2D Based


			Archive


			WADO


						Web access DICOM objects protocol that works over HTTP.


			0.39


			0.19


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.50


			0.25


			0.04


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.24


			0.11


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.40


			0.21


			0.02


			0.01


			0.00


			0.01


			0.85


			0.85


			


									0.28


			0.16


			0.03


			0.01


			0.00


			0.01


			1.00


			1.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			2


			2


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Archive


			WADO


			Query


			2.2.2.1


			3


			1.00


			0.50


			2.00


			3.00


			2.00


			0.00


			0.50


			10.50


			16.50


			6.50


			1.00


			1.50


			13.50


			22.50


			6.50


			0.00


			0.31


			0.31


			


			2.00


			2D Based


			Archive


			WADO


			Query


			Searching by some attribute like patient's name.


			0.39


			0.19


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.50


			0.25


			0.04


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.24


			0.11


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.40


			0.21


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.28


			0.16


			0.03


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			2


			2


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Archive


			WADO


			Retrieve


			2.2.2.2


			3


			1.00


			0.50


			2.00


			3.00


			2.00


			0.00


			0.50
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			Authenticated and TLS secured HTTP connections.
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			Local storage
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			Local storage


			Available


			A local repository exists. Data is preserved when the software is updated.
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			Stored studies can be queried or filtered by some criteria.
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			Yes, and very customizable.
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			Open and save using DICOMDIR format.
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			A file that contains multiple pixel data.
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			2D Based


			Archive


			DICOM format


			JPEG2000


			JPEG2000 compression support.
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			Archive


			Other formats


						Open and save to other non-DICOM file types.


			0.38


			0.18


			0.02


			0.00


			0.00


			0.00


			0.55


			0.55


			


									0.48


			0.23


			0.02


			0.00


			0.00


			0.00


			0.25


			0.25


			


									0.23


			0.10


			0.01


			0.00


			0.00


			0.00


			0.70


			0.70


			


									0.38


			0.20


			0.01


			0.00


			0.00


			0.00


			0.50


			0.50


			


									0.26


			0.14


			0.01


			0.00


			0.00


			0.00


			0.25


			0.25


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			2


			5


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Archive


			Other formats


			Special


			2.2.5.1


			3


			1.00


			0.50


			2.00


			1.00


			0.50


			0.00


			0.50


			10.50


			9.50


			1.00


			1.00


			1.50


			13.50


			22.50


			1.00


			0.00


			0.50


			0.50


			


			0.50


			2D Based


			Archive


			Other formats


			Special


			Volume formats like VTK, MHD… and others.


			0.38


			0.18


			0.02


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Can open MHD..


			0.48


			0.23


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.23


			0.10


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Can open and save to MHD, VTK, NIFTI…


			0.38


			0.20


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.14


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			2


			5


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Archive


			Other formats


			Regular images


			2.2.5.2


			3


			1.00


			0.50


			2.00


			1.00


			0.50


			0.00


			0.50


			10.50


			9.50


			0.50


			1.00


			1.50


			13.50


			22.50


			1.00


			0.00


			0.50


			0.50


			


			0.50


			2D Based


			Archive


			Other formats


			Regular images


			Open an stack of general purpose image formats like TIFF, JPEG, PNG…


			0.37


			0.18


			0.02


			0.00


			0.00


			0.00


			0.60


			0.60


			


			(.60)


			Can open regular image formats as a volume. Can export screenshots for a serie.


			0.48


			0.23


			0.02


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Can export to regular image files, but not import.


			0.23


			0.10


			0.00


			0.00


			0.00


			0.00


			0.40


			0.40


			


			(.40)


			Can open images, but can't be treated as a volume.


			0.38


			0.20


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Open and save.


			0.26


			0.14


			0.01


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Can be opened through the dicomization feature.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			2


			6


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Archive


			Media


			


			2.2.6


			2


			1.00


			0.50


			2.00


			1.50


			0.50


			0.00


			0.50


			10.50


			9.50


			0.00


			1.00


			1.50


			13.50


			22.50


			0.00


			0.00


			0.07


			0.07


			


			1.50


			2D Based


			Archive


			Media


						Export studies to optical media


			0.37


			0.17


			0.02


			0.00


			0.00


			0.00


			0.83


			0.83


			


									0.48


			0.23


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.23


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.38


			0.20


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.26


			0.14


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			2


			6


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Archive


			Media


			Burn disc


			2.2.6.1


			3


			1.00


			0.50


			2.00


			1.50


			1.00


			0.00


			0.50


			10.50


			8.00


			1.50


			1.00


			1.50


			13.50


			22.50


			1.50


			0.00


			0.67


			0.67


			


			1.00


			2D Based


			Archive


			Media


			Burn disc


			Burn an study into an optical medium.


			0.37


			0.17


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.48


			0.23


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.23


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.38


			0.20


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.14


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			2


			6


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Archive


			Media


			Portable viewer


			2.2.6.2


			3


			1.00


			0.50


			2.00


			1.50


			0.50


			0.00


			0.50


			10.50


			8.00


			0.50


			1.00


			1.50


			13.50


			22.50


			1.50


			0.00


			0.33


			0.33


			


			0.50


			2D Based


			Archive


			Media


			Portable viewer


			When burning or exporting to DICOMDIR, a minified portable viewer is attached to it.


			0.37


			0.17


			0.01


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Allows copying a user-provided folder which could contain a portable viewer.


			0.48


			0.23


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Includes weasis.


			0.23


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.38


			0.20


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.14


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			2


			7


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Archive


			Print


			


			2.2.7


			2


			1.00


			0.50


			2.00


			1.50


			0.50


			0.00


			0.50


			10.50


			8.00


			0.00


			1.00


			1.50


			13.50


			22.50


			0.00


			0.00


			0.07


			0.07


			


			1.50


			2D Based


			Archive


			Print


									0.37


			0.17


			0.01


			0.00


			0.00


			0.00


			0.80


			0.80


			


									0.48


			0.23


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.23


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.38


			0.20


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.26


			0.14


			0.01


			0.00


			0.00


			0.00


			0.20


			0.20


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			2


			7


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Archive


			Print


			DICOM printer


			2.2.7.1


			3


			1.00


			0.50


			2.00


			1.50


			1.00


			0.00


			0.50


			10.50


			6.50


			1.25


			1.00


			1.50


			13.50


			22.50


			1.25


			0.00


			0.80


			0.80


			


			1.00


			2D Based


			Archive


			Print


			DICOM printer


			Print using a DICOM printer.


			0.37


			0.17


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.48


			0.23


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.23


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.38


			0.20


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.26


			0.14


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			2


			7


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Archive


			Print


			Printer


			2.2.7.2


			3


			1.00


			0.50


			2.00


			1.50


			0.25


			0.00


			0.50


			10.50


			6.50


			0.25


			1.00


			1.50


			13.50


			22.50


			1.25


			0.00


			0.20


			0.20


			


			0.25


			2D Based


			Archive


			Print


			Printer


			Print using a regular laser or ink priter.


			0.37


			0.17


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.48


			0.22


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.23


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.38


			0.19


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.26


			0.14


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			2


			8


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Archive


			Convert


			


			2.2.8


			2


			1.00


			0.50


			2.00


			1.00


			0.25


			0.00


			0.50


			10.50


			6.50


			0.00


			1.00


			1.50


			13.50


			22.50


			0.00


			0.00


			0.04


			0.04


			


			1.00


			2D Based


			Archive


			Convert


						Convert from other formats to DICOM and from DICOM to other formats.


			0.37


			0.17


			0.01


			0.00


			0.00


			0.00


			0.03


			0.03


			


									0.48


			0.22


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.23


			0.10


			0.00


			0.00


			0.00


			0.00


			0.33


			0.33


			


									0.38


			0.19


			0.01


			0.00


			0.00


			0.00


			0.30


			0.30


			


									0.26


			0.14


			0.01


			0.00


			0.00


			0.00


			0.67


			0.67


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			2


			8


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Archive


			Convert


			Dicomize


			2.2.8.1


			3


			1.00


			0.50


			2.00


			1.00


			1.00


			0.00


			0.50


			10.50


			5.50


			1.50


			1.00


			1.50


			13.50


			22.50


			1.50


			0.00


			0.67


			0.67


			


			1.00


			2D Based


			Archive


			Convert


			Dicomize


			For example a folder full of PNG files can be converted to DICOM. The score is set in a fairly manner after analyzing all viewers.


			0.37


			0.17


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.48


			0.22


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.23


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.38


			0.19


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.14


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, and asks for patient specific information.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			2


			8


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Archive


			Convert


			Undicomize


			2.2.8.2


			3


			1.00


			0.50


			2.00


			1.00


			0.50


			0.00


			0.50


			10.50


			5.50


			0.50


			1.00


			1.50


			13.50


			22.50


			1.50


			0.00


			0.33


			0.33


			


			0.50


			2D Based


			Archive


			Convert


			Undicomize


			For example converting a serie to a folder where each slice is a PNG file. The score is set in a fairly manner after analyzing all viewers.


			0.37


			0.17


			0.01


			0.00


			0.00


			0.00


			0.10


			0.10


			


			(.10)


			Allows exporting an screenshot of each slice of a serie automatically.


			0.48


			0.22


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, to standard image formats, and even video ones.


			0.23


			0.10


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, and to a wide variety of formats like nifti, vtk… but not regular image formats.


			0.38


			0.19


			0.01


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


			Yes, to PNG and JPEG


			0.26


			0.14


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			2


			9


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Archive


			Metadata


			


			2.2.9


			2


			1.00


			0.50


			2.00


			2.00


			0.50


			0.00


			0.50


			10.50


			5.50


			0.00


			1.00


			1.50


			13.50


			22.50


			0.00


			0.00


			0.09


			0.09


			


			2.00


			2D Based


			Archive


			Metadata


						View and edit DICOM tags.


			0.37


			0.17


			0.01


			0.00


			0.00


			0.00


			0.67


			0.67


			


									0.48


			0.22


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.23


			0.10


			0.00


			0.00


			0.00


			0.00


			0.07


			0.07


			


									0.38


			0.19


			0.01


			0.00


			0.00


			0.00


			0.67


			0.67


			


									0.26


			0.14


			0.01


			0.00


			0.00


			0.00


			0.97


			0.97


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			2


			9


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Archive


			Metadata


			Tag viewer


			2.2.9.1


			3


			1.00


			0.50


			2.00


			2.00


			1.00


			0.00


			0.50


			10.50


			3.50


			1.50


			1.00


			1.50


			13.50


			22.50


			1.50


			0.00


			0.67


			0.67


			


			1.00


			2D Based


			Archive


			Metadata


			Tag viewer


			Display DICOM tags in a user-friendly manner.


			0.37


			0.17


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.48


			0.22


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.23


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.38


			0.19


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.26


			0.14


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			2


			9


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Archive


			Metadata


			Tag editor


			2.2.9.2


			3


			1.00


			0.50


			2.00


			2.00


			0.50


			0.00


			0.50


			10.50


			3.50


			0.50


			1.00


			1.50


			13.50


			22.50


			1.50


			0.00


			0.33


			0.33


			


			0.50


			2D Based


			Archive


			Metadata


			Tag editor


			A significant number of tags can be edited in a safe and coherent manner. (i.e generating a new DICOM instance).


			0.37


			0.17


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.47


			0.22


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.23


			0.10


			0.00


			0.00


			0.00


			0.00


			0.20


			0.20


			


			(.20)


			Some general tags can be edited.


			0.38


			0.19


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.13


			0.01


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


			Can be edited through the anonymization dialog.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			2


			10


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Archive


			Anonymizer


			


			2.2.10


			2


			1.00


			0.50


			2.00


			2.00


			0.50


			0.00


			0.50


			10.50


			3.50


			0.00


			1.00


			1.50


			13.50


			22.50


			0.00


			0.00


			0.09


			0.09


			


			2.00


			2D Based


			Archive


			Anonymizer


						Remove personal identifiable information from an study.


			0.37


			0.17


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.47


			0.22


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.23


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.38


			0.19


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.25


			0.13


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			2


			11


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Archive


			Open directory


			


			2.2.11


			2


			1.00


			0.50


			2.00


			1.50


			0.50


			0.00


			0.50


			10.50


			1.50


			0.00


			1.00


			1.50


			13.50


			22.50


			0.00


			0.00


			0.07


			0.07


			


			1.50


			2D Based


			Archive


			Open directory


						Open a directory of images.


			0.36


			0.16


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.47


			0.21


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.23


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.38


			0.19


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.25


			0.13


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			⊥


			1


			2


			3


			0


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Workflow


			


			


			2.3


			1


			1.00


			0.50


			3.00


			1.50


			0.50


			0.00


			0.50


			10.50


			0.00


			0.00


			1.00


			1.50


			13.50


			0.00


			0.00


			0.07


			0.22


			0.22


			


			3.00


			2D Based


			Workflow


						Features and automations that improve the productivity.


			0.36


			0.16


			0.05


			0.00


			0.00


			0.05


			0.71


			0.71


			


									0.46


			0.21


			0.06


			0.00


			0.00


			0.06


			0.78


			0.78


			


									0.22


			0.09


			0.03


			0.00


			0.00


			0.03


			0.45


			0.45


			


									0.37


			0.19


			0.04


			0.00


			0.00


			0.04


			0.53


			0.53


			


									0.25


			0.12


			0.02


			0.00


			0.00


			0.02


			0.30


			0.30


			


						


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			3


			1


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Workflow


			Customization


			


			2.3.1


			2


			1.00


			0.50


			3.00


			1.50


			0.50


			0.00


			0.50


			7.50


			18.50


			0.00


			1.00


			1.50


			13.50


			18.50


			0.00


			0.01


			0.08


			0.08


			


			1.50


			2D Based


			Workflow


			Customization


						Customization of the user interface and keyboard shortcuts by the user.


			0.36


			0.16


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.46


			0.21


			0.06


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.22


			0.09


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.37


			0.19


			0.04


			0.00


			0.00


			0.00


			0.05


			0.05


			


									0.25


			0.12


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			3


			1


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Workflow


			Customization


			Toolbars


			2.3.1.1


			3


			1.00


			0.50


			3.00


			1.50


			0.50


			0.00


			0.50


			7.50


			17.00


			1.00


			1.00


			1.50


			13.50


			18.50


			1.00


			0.00


			0.50


			0.50


			


			0.50


			2D Based


			Workflow


			Customization


			Toolbars


			Buttons can be sorted, added or removed.


			0.36


			0.16


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.46


			0.21


			0.06


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.22


			0.09


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.37


			0.19


			0.04


			0.00


			0.00


			0.00


			0.10


			0.10


			


			(.10)


			Toolbars can be shown and hidden.


			0.25


			0.12


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			3


			1


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Workflow


			Customization


			Keyboard


			2.3.1.2


			3


			1.00


			0.50


			3.00


			1.50


			0.50


			0.00


			0.50


			7.50


			17.00


			0.50


			1.00


			1.50


			13.50


			18.50


			1.00


			0.00


			0.50


			0.50


			


			0.50


			2D Based


			Workflow


			Customization


			Keyboard


			Toolbar actions can be assigned to specific and custom keyboard keys or combinations.


			0.36


			0.16


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.46


			0.20


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.22


			0.09


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.37


			0.18


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.25


			0.12


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			3


			2


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Workflow


			Series


			


			2.3.2


			2


			1.00


			0.50


			3.00


			3.00


			0.50


			0.00


			0.50


			7.50


			17.00


			0.00


			1.00


			1.50


			13.50


			18.50


			0.00


			0.01


			0.16


			0.16


			


			3.00


			2D Based


			Workflow


			Series


						Presentation and switching of series within an study.


			0.36


			0.16


			0.05


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.46


			0.20


			0.05


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.22


			0.09


			0.03


			0.01


			0.00


			0.01


			0.98


			0.98


			


									0.37


			0.18


			0.04


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.25


			0.12


			0.02


			0.01


			0.00


			0.01


			1.00


			1.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			3


			2


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Workflow


			Series


			Usability


			2.3.2.1


			3


			1.00


			0.50


			3.00


			3.00


			1.50


			0.00


			0.50


			7.50


			14.00


			2.50


			1.00


			1.50


			13.50


			18.50


			2.50


			0.01


			0.60


			0.60


			


			1.50


			2D Based


			Workflow


			Series


			Usability


			Usability when interacting with the series and specially focusing on workflow efficiency. The score is set in a fairly manner after analyzing all viewers.


			0.36


			0.16


			0.05


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.46


			0.20


			0.05


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.22


			0.09


			0.03


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.37


			0.18


			0.04


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.25


			0.12


			0.02


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			3


			2


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Workflow


			Series


			Thumbnails


			2.3.2.2


			3


			1.00


			0.50


			3.00


			3.00


			1.00


			0.00


			0.50


			7.50


			14.00


			1.00


			1.00


			1.50


			13.50


			18.50


			2.50


			0.00


			0.40


			0.40


			


			1.00


			2D Based


			Workflow


			Series


			Thumbnails


			Little images that represent the contents of a serie.


			0.35


			0.15


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.45


			0.19


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.22


			0.08


			0.03


			0.00


			0.00


			0.00


			0.95


			0.95


			


			(.95)


			User must click every time to see a thumbnail.


			0.37


			0.18


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.24


			0.12


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			3


			3


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Workflow


			Hanging protocols


			


			2.3.3


			2


			1.00


			0.50


			3.00


			4.00


			1.00


			0.00


			0.50


			7.50


			14.00


			0.00


			1.00


			1.50


			13.50


			18.50


			0.00


			0.02


			0.22


			0.22


			


			4.00


			2D Based


			Workflow


			Hanging protocols


						Given an study, viewers are layed out in a organized and structured way (for example to improve comparison). Those organization can be customized by the users.


			0.35


			0.15


			0.04


			0.01


			0.00


			0.01


			0.70


			0.70


			


									0.45


			0.19


			0.04


			0.01


			0.00


			0.01


			0.72


			0.72


			


									0.21


			0.08


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


						Does not have hanging protocols.


			0.36


			0.17


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.23


			0.11


			0.01


			0.00


			0.00


			0.00


			0.05


			0.05


			


						Feature not usable.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			3


			3


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Workflow


			Hanging protocols


			Selector


			2.3.3.1


			3


			1.00


			0.50


			3.00


			4.00


			2.00


			0.00


			0.50


			7.50


			10.00


			6.25


			1.00


			1.50


			13.50


			18.50


			6.25


			0.01


			0.32


			0.32


			


			2.00


			2D Based


			Workflow


			Hanging protocols


			Selector


			For a given study, the user can choose which hanging protocol should be applied. The selector should provide a list of applicable hanging protocol candidates for the given study.


			0.35


			0.15


			0.04


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			Shows applicable hanging protocols for the current study in a graphical manner.


			0.45


			0.19


			0.04


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Shows applicable hanging protocols for the current study in the context menu in text.


			0.21


			0.08


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.36


			0.17


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.23


			0.11


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			3


			3


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Workflow


			Hanging protocols


			Presets


			2.3.3.2


			3


			1.00


			0.50


			3.00


			4.00


			1.00


			0.00


			0.50


			7.50


			10.00


			4.25


			1.00


			1.50


			13.50


			18.50


			6.25


			0.00


			0.16


			0.16


			


			1.00


			2D Based


			Workflow


			Hanging protocols


			Presets


			The viewer has a set of hanging protocols or a similar feature (even if hard-coded) that out of the box organizes an opened study. (For example allows comparison in mammography).


			0.34


			0.14


			0.04


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			There's a set of predefined hanging protocols, mainly for CT and MG.


			0.44


			0.19


			0.04


			0.01


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			There's  one default hanging protocol for each modality, but they are all very simple.


			0.21


			0.08


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.36


			0.17


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.23


			0.11


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			3


			3


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Workflow


			Hanging protocols


			Customizable


			2.3.3.3


			3


			1.00


			0.50


			3.00


			4.00


			2.00


			0.00


			0.50


			7.50


			10.00


			3.25


			1.00


			1.50


			13.50


			18.50


			6.25


			0.01


			0.32


			0.32


			


			2.00


			2D Based


			Workflow


			Hanging protocols


			Customizable


			Hanging protocols can be custom made in order to accomodate to the medical organization needs. Attainable configurations and features are evaluated here.


			0.34


			0.14


			0.03


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Yes, using an XML file. Rules exist but they could be more customizable.


			0.44


			0.18


			0.03


			0.01


			0.00


			0.00


			0.70


			0.70


			


			(.70)


			Hanging protocols can be created and default ones edited, but with a small set of rules.


			0.21


			0.08


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.36


			0.17


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.23


			0.11


			0.01


			0.00


			0.00


			0.00


			0.10


			0.10


			


			(.10)


			The feature does not work as expected, no multiple windows can be configured.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			3


			3


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Workflow


			Hanging protocols


			Editor


			2.3.3.4


			3


			1.00


			0.50


			3.00


			4.00


			1.00


			0.00


			0.50


			7.50


			10.00


			1.25


			1.00


			1.50


			13.50


			18.50


			6.25


			0.00


			0.16


			0.16


			


			1.00


			2D Based


			Workflow


			Hanging protocols


			Editor


			The program provides an editor that eases the creation or customization of the hanging protocols.


			0.33


			0.14


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.44


			0.18


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			There's an editor in the configuration screen.


			0.21


			0.08


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.36


			0.17


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.23


			0.11


			0.01


			0.00


			0.00


			0.00


			0.10


			0.10


			


			(.10)


			In theory yes, but it doesn't work well and the program gives error. Feature not usable.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			3


			3


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Workflow


			Hanging protocols


			DICOM format


			2.3.3.5


			3


			1.00


			0.50


			3.00


			4.00


			0.25


			0.00


			0.50


			7.50


			10.00


			0.25


			1.00


			1.50


			13.50


			18.50


			6.25


			0.00


			0.04


			0.04


			


			0.25


			2D Based


			Workflow


			Hanging protocols


			DICOM format


			Hanging protocols rules are defined and saved using the DICOM standard.


			0.33


			0.14


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.43


			0.18


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.21


			0.08


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.36


			0.17


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.23


			0.11


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			3


			4


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Workflow


			Viewers layout


			


			2.3.4


			2


			1.00


			0.50


			3.00


			4.00


			0.25


			0.00


			0.50


			7.50


			10.00


			0.00


			1.00


			1.50


			13.50


			18.50


			0.00


			0.02


			0.22


			0.22


			


			4.00


			2D Based


			Workflow


			Viewers layout


						Customization of the viewers layout.


			0.33


			0.14


			0.03


			0.01


			0.00


			0.01


			0.62


			0.62


			


									0.43


			0.18


			0.03


			0.01


			0.00


			0.01


			0.80


			0.80


			


									0.21


			0.08


			0.02


			0.01


			0.00


			0.01


			0.86


			0.86


			


									0.36


			0.17


			0.03


			0.01


			0.00


			0.01


			0.91


			0.91


			


									0.23


			0.11


			0.01


			0.01


			0.00


			0.01


			0.52


			0.52


			


						Difficult to configure.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			3


			4


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Workflow


			Viewers layout


			Usability


			2.3.4.1


			3


			1.00


			0.50


			3.00


			4.00


			1.00


			0.00


			0.50


			7.50


			6.00


			4.50


			1.00


			1.50


			13.50


			18.50


			4.50


			0.00


			0.22


			0.22


			


			1.00


			2D Based


			Workflow


			Viewers layout


			Usability


			Ease to customize the layout. The score is set in a fairly manner after analyzing all viewers.


			0.33


			0.14


			0.03


			0.01


			0.00


			0.00


			0.90


			0.90


			


			(.90)


						0.43


			0.18


			0.03


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Viewers are regular windows. Sometimes, they are reorganized in an unpredictable way.


			0.21


			0.08


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.36


			0.17


			0.03


			0.01


			0.00


			0.00


			0.90


			0.90


			


			(.90)


						0.23


			0.11


			0.01


			0.01


			0.00


			0.00


			0.20


			0.20


			


			(.20)


			Difficult to configure a multiple series setup. Not intuitive and many clics are needed.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			3


			4


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Workflow


			Viewers layout


			Regular grid


			2.3.4.2


			3


			1.00


			0.50


			3.00


			4.00


			0.50


			0.00


			0.50


			7.50


			6.00


			3.50


			1.00


			1.50


			13.50


			18.50


			4.50


			0.00


			0.11


			0.11


			


			0.50


			2D Based


			Workflow


			Viewers layout


			Regular grid


			The number of viewers and its layout is defined by a rectiliniar grid.


			0.33


			0.13


			0.03


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.43


			0.18


			0.03


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.21


			0.08


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.36


			0.17


			0.02


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


						0.23


			0.11


			0.01


			0.01


			0.00


			0.00


			0.30


			0.30


			


			(.30)


			Regular grids only for images within the same series.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			3


			4


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Workflow


			Viewers layout


			Irregular


			2.3.4.3


			3


			1.00


			0.50


			3.00


			4.00


			0.50


			0.00


			0.50


			7.50


			6.00


			3.00


			1.00


			1.50


			13.50


			18.50


			4.50


			0.00


			0.11


			0.11


			


			0.50


			2D Based


			Workflow


			Viewers layout


			Irregular


			Viewers are not confined in a regular grid.


			0.33


			0.13


			0.02


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Yes, when hanging protocols are used.


			0.43


			0.17


			0.02


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Yes, applying a regular layout and closing some windows.


			0.21


			0.07


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.36


			0.17


			0.02


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Yes, but with a limited selection of layouts.


			0.23


			0.11


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			3


			4


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Workflow


			Viewers layout


			Interactive


			2.3.4.4


			3


			1.00


			0.50


			3.00


			4.00


			0.50


			0.00


			0.50


			7.50


			6.00


			2.50


			1.00


			1.50


			13.50


			18.50


			4.50


			0.00


			0.11


			0.11


			


			0.50


			2D Based


			Workflow


			Viewers layout


			Interactive


			Current layout can be succesively manipulated at will in order to make complex layouts. 


			0.33


			0.13


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.43


			0.17


			0.02


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Yes, resizing windows, but subdivisions are not possible.


			0.20


			0.07


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.35


			0.17


			0.02


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Can be resized but not subdivided.


			0.23


			0.11


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			3


			4


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Workflow


			Viewers layout


			Tabulated


			2.3.4.5


			3


			1.00


			0.50


			3.00


			4.00


			0.50


			0.00


			0.50


			7.50


			6.00


			2.00


			1.00


			1.50


			13.50


			18.50


			4.50


			0.00


			0.11


			0.11


			


			0.50


			2D Based


			Workflow


			Viewers layout


			Tabulated


			The layout can be configured and distributed along tabs.


			0.33


			0.13


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.43


			0.17


			0.02


			0.01


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.20


			0.07


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.35


			0.17


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, and studies can't be mixed (seems done on purpose).


			0.23


			0.11


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			3


			4


			6


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Workflow


			Viewers layout


			Quick maximization


			2.3.4.6


			3


			1.00


			0.50


			3.00


			4.00


			1.00


			0.00


			0.50


			7.50


			6.00


			1.50


			1.00


			1.50


			13.50


			18.50


			4.50


			0.00


			0.22


			0.22


			


			1.00


			2D Based


			Workflow


			Viewers layout


			Quick maximization


			A viewer can be maximized in a quick way. For example double clicking the viewer expands it, and double clicking again restores the original layout.


			0.33


			0.13


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Double click.


			0.43


			0.17


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, to fullscreen.


			0.20


			0.07


			0.01


			0.00


			0.00


			0.00


			0.85


			0.85


			


			(.85)


			Yes, inside a submenu, but no keyboard shortcut available.


			0.35


			0.16


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, to fullscreen.


			0.23


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Not found.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			3


			4


			7


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Workflow


			Viewers layout


			Tiled


			2.3.4.7


			3


			1.00


			0.50


			3.00


			4.00


			0.50


			0.00


			0.50


			7.50


			6.00


			0.50


			1.00


			1.50


			13.50


			18.50


			4.50


			0.00


			0.11


			0.11


			


			0.50


			2D Based


			Workflow


			Viewers layout


			Tiled


			A stack of images is displayed in a tiled arrangement with tiles containing consecutive images.


			0.33


			0.13


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.42


			0.17


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.20


			0.07


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.35


			0.16


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Apply a multi-viewer layout and set synchronization to "Default Tile".


			0.23


			0.10


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			3


			5


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Workflow


			Synchronization


			


			2.3.5


			2


			1.00


			0.50


			3.00


			3.00


			0.50


			0.00


			0.50


			7.50


			6.00


			0.00


			1.00


			1.50


			13.50


			18.50


			0.00


			0.01


			0.16


			0.16


			


			3.00


			2D Based


			Workflow


			Synchronization


						Propagation of the state and position to other viewers to ease the comparison.


			0.33


			0.13


			0.02


			0.01


			0.00


			0.01


			0.94


			0.94


			


									0.42


			0.17


			0.02


			0.01


			0.00


			0.01


			0.80


			0.80


			


									0.20


			0.07


			0.01


			0.01


			0.00


			0.01


			0.59


			0.59


			


									0.35


			0.16


			0.01


			0.01


			0.00


			0.01


			0.62


			0.62


			


									0.23


			0.10


			0.00


			0.00


			0.00


			0.00


			0.04


			0.04


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			3


			5


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Workflow


			Synchronization


			Usability


			2.3.5.1


			3


			1.00


			0.50


			3.00


			3.00


			1.00


			0.00


			0.50


			7.50


			3.00


			3.45


			1.00


			1.50


			13.50


			18.50


			3.45


			0.00


			0.29


			0.29


			


			1.00


			2D Based


			Workflow


			Synchronization


			Usability


			Ease to configure the synchronization to behave in a desired way, allowing a high degree of customization and possibilities.


			0.33


			0.13


			0.02


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Works, but could be improved.


			0.42


			0.17


			0.02


			0.01


			0.00


			0.00


			0.60


			0.60


			


			(.60)


			Can be toggled for all viewers or none, not for a subset. Can select synchronization type.


			0.20


			0.07


			0.01


			0.01


			0.00


			0.00


			0.70


			0.70


			


			(.70)


			Advanced synchronization configurations require many steps.


			0.35


			0.16


			0.01


			0.01


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Can be toggled for all viewers or none, not for a subset.


			0.23


			0.10


			0.00


			0.00


			0.00


			0.00


			0.10


			0.10


			


			(.10)


			Synchronization within series of the same study is confusing, a list with repeated names is shown.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			3


			5


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Workflow


			Synchronization


			Automation


			2.3.5.2


			3


			1.00


			0.50


			3.00


			3.00


			1.00


			0.00


			0.50


			7.50


			3.00


			2.45


			1.00


			1.50


			13.50


			18.50


			3.45


			0.00


			0.29


			0.29


			


			1.00


			2D Based


			Workflow


			Synchronization


			Automation


			Synchronization is automatically configured, offloading the user from repetitive tasks.


			0.32


			0.12


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, and there are several customization options.


			0.42


			0.16


			0.01


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Always enabled by default.


			0.20


			0.06


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.34


			0.16


			0.01


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Always enabled by default.


			0.23


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			3


			5


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Workflow


			Synchronization


			Absolute slicing


			2.3.5.3


			3


			1.00


			0.50


			3.00


			3.00


			0.10


			0.00


			0.50


			7.50


			3.00


			1.45


			1.00


			1.50


			13.50


			18.50


			3.45


			0.00


			0.03


			0.03


			


			0.10


			2D Based


			Workflow


			Synchronization


			Absolute slicing


			Move other viewers slicing to the same spatial position of the current viewer.


			0.32


			0.12


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.42


			0.16


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Also allows same slice number.


			0.20


			0.06


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.34


			0.15


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.23


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			3


			5


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Workflow


			Synchronization


			Relative slicing


			2.3.5.4


			3


			1.00


			0.50


			3.00


			3.00


			0.10


			0.00


			0.50


			7.50


			3.00


			1.35


			1.00


			1.50


			13.50


			18.50


			3.45


			0.00


			0.03


			0.03


			


			0.10


			2D Based


			Workflow


			Synchronization


			Relative slicing


			Shift the same slicing distance of the current viewer to other viewers.


			0.32


			0.12


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.42


			0.16


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Also allows same number of slices.


			0.19


			0.06


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.34


			0.15


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.23


			0.10


			0.00


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Only slice based shift, not distance based shift.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			3


			5


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Workflow


			Synchronization


			WL/WW


			2.3.5.5


			3


			1.00


			0.50


			3.00


			3.00


			0.50


			0.00


			0.50


			7.50


			3.00


			1.25


			1.00


			1.50


			13.50


			18.50


			3.45


			0.00


			0.14


			0.14


			


			0.50


			2D Based


			Workflow


			Synchronization


			WL/WW


			Transfer function transformations are applied to other viewers.


			0.32


			0.12


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.42


			0.16


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.19


			0.06


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.34


			0.15


			0.01


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Only in tiled mode.


			0.22


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			3


			5


			6


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Workflow


			Synchronization


			Phase


			2.3.5.6


			3


			1.00


			0.50


			3.00


			3.00


			0.25


			0.00


			0.50


			7.50


			3.00


			0.75


			1.00


			1.50


			13.50


			18.50


			3.45


			0.00


			0.07


			0.07


			


			0.25


			2D Based


			Workflow


			Synchronization


			Phase


			Synchronization is aware of the phases and are treated properly.


			0.32


			0.12


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.41


			0.16


			0.01


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


			Cannot be disabled.


			0.19


			0.06


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.34


			0.15


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			No phase support found.


			0.22


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			3


			5


			7


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Workflow


			Synchronization


			Camera


			2.3.5.7


			3


			1.00


			0.50


			3.00


			3.00


			0.50


			0.00


			0.50


			7.50


			3.00


			0.50


			1.00


			1.50


			13.50


			18.50


			3.45


			0.00


			0.14


			0.14


			


			0.50


			2D Based


			Workflow


			Synchronization


			Camera


			The camera state (pan, zoom, rotation, flip and swivel plane...) can be synchronized.


			0.32


			0.12


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.41


			0.16


			0.01


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


			Flip is not synchronized.


			0.19


			0.06


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Does not have flip and rotation, but synchronizes 3D viewers.


			0.34


			0.15


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.22


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			3


			6


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Workflow


			Comparison


			


			2.3.6


			2


			1.00


			0.50


			3.00


			2.00


			0.50


			0.00


			0.50


			7.50


			3.00


			0.00


			1.00


			1.50


			13.50


			18.50


			0.00


			0.01


			0.11


			0.11


			


			2.00


			2D Based


			Workflow


			Comparison


						Ease to compare the current study with an older one.


			0.31


			0.11


			0.01


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.41


			0.16


			0.01


			0.01


			0.00


			0.01


			0.75


			0.75


			


									0.19


			0.06


			0.00


			0.00


			0.00


			0.00


			0.10


			0.10


			


									0.34


			0.15


			0.00


			0.00


			0.00


			0.00


			0.10


			0.10


			


									0.22


			0.10


			0.00


			0.00


			0.00


			0.00


			0.10


			0.10


			


						No specific implementation for comparison.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			3


			6


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Workflow


			Comparison


			Integration


			2.3.6.1


			3


			1.00


			0.50


			3.00


			2.00


			0.50


			0.00


			0.50


			7.50


			1.00


			1.00


			1.00


			1.50


			13.50


			18.50


			1.00


			0.00


			0.50


			0.50


			


			0.50


			2D Based


			Workflow


			Comparison


			Integration


			Two studies can be opened at the same time, allowing comparison. Some measures are taken to clearly present what belongs to each study. HP's can be applied.


			0.31


			0.11


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Directly accessible from the toolbar. Studies are separated.


			0.41


			0.16


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Accessible from the sidebar. Studies are separated with a big coloured annotation.


			0.19


			0.06


			0.00


			0.00


			0.00


			0.00


			0.20


			0.20


			


			(.20)


			Series from different studies can be mixed.


			0.34


			0.15


			0.00


			0.00


			0.00


			0.00


			0.20


			0.20


			


			(.20)


			Series from different studies can be mixed.


			0.22


			0.10


			0.00


			0.00


			0.00


			0.00


			0.20


			0.20


			


			(.20)


			Series from different studies can be mixed.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			3


			6


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Workflow


			Comparison


			Prior studies


			2.3.6.2


			3


			1.00


			0.50


			3.00


			2.00


			0.50


			0.00


			0.50


			7.50


			1.00


			0.50


			1.00


			1.50


			13.50


			18.50


			1.00


			0.00


			0.50


			0.50


			


			0.50


			2D Based


			Workflow


			Comparison


			Prior studies


			Prior studies for a given patient can be quickly retrieved. This feature must somehow query the PACS, not just the local database.


			0.31


			0.11


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.41


			0.15


			0.00


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Shows priors from local database only.


			0.19


			0.06


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.34


			0.15


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.22


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			3


			7


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Workflow


			Presentation states (PS)


			


			2.3.7


			2


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			0.50


			7.50


			1.00


			0.00


			1.00


			1.50


			13.50


			18.50


			0.00


			0.00


			0.05


			0.05


			


			1.00


			2D Based


			Workflow


			Presentation states (PS)


						Support for DICOM presentation states. Can specify annotations, WL/WW, image orientation, among others.


			0.31


			0.11


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.41


			0.15


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.19


			0.06


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.34


			0.15


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, including annotations and viewer state. New presentation states can be generated.


			0.22


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			⊥


			1


			2


			4


			0


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Visualization


			


			


			2.4


			1


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			0.50


			7.50


			0.00


			0.00


			1.00


			1.50


			13.50


			0.00


			0.00


			0.07


			0.22


			0.22


			


			3.00


			2D Based


			Visualization


						Visualization and interaction features for a volume or set of images. A special focus has been made on DICOM conformity details.


			0.31


			0.11


			0.06


			0.00


			0.00


			0.06


			0.78


			0.78


			


									0.41


			0.15


			0.07


			0.00


			0.00


			0.07


			0.88


			0.88


			


									0.19


			0.06


			0.03


			0.00


			0.00


			0.03


			0.46


			0.46


			


									0.33


			0.15


			0.06


			0.00


			0.00


			0.06


			0.81


			0.81


			


									0.22


			0.10


			0.04


			0.00


			0.00


			0.04


			0.58


			0.58


			


						


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			4


			1


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Visualization


			Information


			


			2.4.1


			2


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			0.50


			4.50


			6.88


			0.00


			1.00


			1.50


			13.50


			6.88


			0.00


			0.01


			0.15


			0.15


			


			1.00


			2D Based


			Visualization


			Information


						Corner annotations of the viewers.


			0.31


			0.11


			0.06


			0.01


			0.00


			0.01


			0.64


			0.64


			


									0.41


			0.15


			0.07


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.19


			0.06


			0.03


			0.01


			0.00


			0.01


			0.53


			0.53


			


									0.33


			0.15


			0.06


			0.01


			0.00


			0.01


			0.75


			0.75


			


									0.22


			0.10


			0.04


			0.01


			0.00


			0.01


			0.82


			0.82


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			1


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Information


			Defaults


			2.4.1.1


			3


			1.00


			0.50


			3.00


			1.00


			1.00


			0.00


			0.50


			4.50


			5.88


			5.25


			1.00


			1.50


			13.50


			6.88


			5.25


			0.00


			0.19


			0.19


			


			1.00


			2D Based


			Visualization


			Information


			Defaults


			Basic information like patient name, age, etc... as well as some spatial information.


			0.31


			0.11


			0.06


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.41


			0.15


			0.07


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.19


			0.06


			0.03


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Missing thickness and spacing information. Location only updated on mouse move.


			0.33


			0.15


			0.06


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.22


			0.10


			0.04


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			1


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Information


			Hideable


			2.4.1.2


			3


			1.00


			0.50


			3.00


			1.00


			1.00


			0.00


			0.50


			4.50


			5.88


			4.25


			1.00


			1.50


			13.50


			6.88


			5.25


			0.00


			0.19


			0.19


			


			1.00


			2D Based


			Visualization


			Information


			Hideable


			Can be hidden for anonimization or clarity purposes.


			0.30


			0.10


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.40


			0.15


			0.06


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.19


			0.06


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.33


			0.14


			0.06


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.22


			0.10


			0.04


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			1


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Information


			Customizable


			2.4.1.3


			3


			1.00


			0.50


			3.00


			1.00


			0.75


			0.00


			0.50


			4.50


			5.88


			3.25


			1.00


			1.50


			13.50


			6.88


			5.25


			0.00


			0.14


			0.14


			


			0.75


			2D Based


			Visualization


			Information


			Customizable


			Annotations can be customized, added and removed.


			0.30


			0.10


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.40


			0.15


			0.06


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.19


			0.05


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.33


			0.14


			0.06


			0.00


			0.00


			0.00


			0.25


			0.25


			


			(.25)


			A limited selection of annotations can be enabled or disabled.


			0.22


			0.10


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			1


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Information


			Modality specific


			2.4.1.4


			3


			1.00


			0.50


			3.00


			1.00


			0.75


			0.00


			0.50


			4.50


			5.88


			2.50


			1.00


			1.50


			13.50


			6.88


			5.25


			0.00


			0.14


			0.14


			


			0.75


			2D Based


			Visualization


			Information


			Modality specific


			The annotations adapt to the displayed image modality or type in order to show relevant information.


			0.30


			0.10


			0.05


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Only adaptations for mammography.


			0.40


			0.14


			0.06


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Shows TE and TR. Customization allows modality specific annotations.


			0.19


			0.05


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.33


			0.14


			0.06


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.22


			0.10


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			1


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Information


			Orientation


			2.4.1.5


			3


			1.00


			0.50


			3.00


			1.00


			1.00


			0.00


			0.50


			4.50


			5.88


			1.75


			1.00


			1.50


			13.50


			6.88


			5.25


			0.00


			0.19


			0.19


			


			1.00


			2D Based


			Visualization


			Information


			Orientation


			Anatomical image orientation components are shown in a relevant way. For volumes (CT, MR) and planar images where orientation is given in a more fuzzy way (CR, MG).


			0.30


			0.10


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.40


			0.14


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.19


			0.05


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.33


			0.14


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.22


			0.09


			0.04


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Not shown for mammography.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			1


			6


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Information


			Characters


			2.4.1.6


			3


			1.00


			0.50


			3.00


			1.00


			0.75


			0.00


			0.50


			4.50


			5.88


			0.75


			1.00


			1.50


			13.50


			6.88


			5.25


			0.00


			0.14


			0.14


			


			0.75


			2D Based


			Visualization


			Information


			Characters


			Support for internationalization, specially for patient names that do not use latin alphabets.


			0.30


			0.10


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Characters not shown properly.


			0.40


			0.14


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.18


			0.05


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			"Reader was unable to read" error in the console.


			0.33


			0.14


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.22


			0.09


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Characters not shown properly.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			4


			2


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Visualization


			Display


			


			2.4.2


			2


			1.00


			0.50


			3.00


			0.50


			0.75


			0.00


			0.50


			4.50


			5.88


			0.00


			1.00


			1.50


			13.50


			6.88


			0.00


			0.01


			0.07


			0.07


			


			0.50


			2D Based


			Visualization


			Display


						Adaptation to the display hardware characteristics (high pixel density, 10 bit displays, physical screen size awareness).


			0.30


			0.10


			0.05


			0.00


			0.00


			0.00


			0.25


			0.25


			


									0.39


			0.14


			0.05


			0.00


			0.00


			0.00


			0.88


			0.88


			


									0.18


			0.05


			0.03


			0.00


			0.00


			0.00


			0.40


			0.40


			


									0.33


			0.14


			0.05


			0.00


			0.00


			0.00


			0.75


			0.75


			


									0.22


			0.09


			0.03


			0.00


			0.00


			0.00


			0.45


			0.45


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			2


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Display


			Fullscreen


			2.4.2.1


			3


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			0.50


			4.50


			5.38


			2.00


			1.00


			1.50


			13.50


			6.88


			2.00


			0.00


			0.25


			0.25


			


			0.50


			2D Based


			Visualization


			Display


			Fullscreen


			Progam can be maximized to full screen.


			0.30


			0.10


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.39


			0.14


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.18


			0.05


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.33


			0.14


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.22


			0.09


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			2


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Display


			HiDPI


			2.4.2.2


			3


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			0.50


			4.50


			5.38


			1.50


			1.00


			1.50


			13.50


			6.88


			2.00


			0.00


			0.25


			0.25


			


			0.50


			2D Based


			Visualization


			Display


			HiDPI


			Scale fonts and UI. May be implemented by honouring system's DPI and pixel scaling settings and not directly scaling images (rendering images in device pixels).


			0.30


			0.10


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Honours DPI system settings and has an internal UI scaling feature. (Magnification).


			0.39


			0.14


			0.05


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Not posible to force specific DPI on macOS. Scaling options not found inside the program


			0.18


			0.05


			0.03


			0.00


			0.00


			0.00


			0.60


			0.60


			


			(.60)


			DPI system settings are read, but many buttons and UI elements are cropped.


			0.32


			0.14


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			DPI system settings are not honoured.


			0.21


			0.09


			0.03


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			DPI System settings are read, but buttons are not upscaled.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			2


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Display


			True scaling


			2.4.2.3


			3


			1.00


			0.50


			3.00


			0.50


			1.00


			0.00


			0.50


			4.50


			5.38


			1.00


			1.00


			1.50


			13.50


			6.88


			2.00


			0.00


			0.50


			0.50


			


			1.00


			2D Based


			Visualization


			Display


			True scaling


			The program can display true size or 1:1 scaled images by means of manual calibration methods (fiducial calibration) or by automatically reading EDID physical screen size.


			0.30


			0.10


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.39


			0.14


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, reading EDID.


			0.18


			0.05


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.32


			0.14


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, with fiducial calibration


			0.21


			0.09


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			4


			3


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Visualization


			Interpolation


			


			2.4.3


			2


			1.00


			0.50


			3.00


			0.50


			1.00


			0.00


			0.50


			4.50


			5.38


			0.00


			1.00


			1.50


			13.50


			6.88


			0.00


			0.01


			0.07


			0.07


			


			0.50


			2D Based


			Visualization


			Interpolation


						Available interpolations when scaling pixels. Lower categories are assumed when a more advanced visualization technique is used.


			0.30


			0.10


			0.05


			0.00


			0.00


			0.00


			0.64


			0.64


			


						Resampling, cubic by default, linear when panning or zooming


			0.39


			0.13


			0.05


			0.00


			0.00


			0.00


			0.58


			0.58


			


						Resampling, NN, Linear & Lanczos 5


			0.18


			0.05


			0.03


			0.00


			0.00


			0.00


			0.36


			0.36


			


									0.32


			0.13


			0.05


			0.00


			0.00


			0.00


			0.82


			0.82


			


						No resampling, NN, linear, cubic & Lanczos


			0.21


			0.09


			0.03


			0.00


			0.00


			0.00


			0.45


			0.45


			


						Which nterpolation to use can be configured for each modality.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			3


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Interpolation


			Nearest neighbour


			2.4.3.1


			3


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			0.50


			4.50


			4.88


			2.75


			1.00


			1.50


			13.50


			6.88


			2.75


			0.00


			0.18


			0.18


			


			0.50


			2D Based


			Visualization


			Interpolation


			Nearest neighbour


			No interpolation, plain pixels are displayed.


			0.30


			0.10


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.39


			0.13


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.18


			0.05


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.32


			0.13


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.21


			0.09


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			3


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Interpolation


			Bilinear


			2.4.3.2


			3


			1.00


			0.50


			3.00


			0.50


			0.75


			0.00


			0.50


			4.50


			4.88


			2.25


			1.00


			1.50


			13.50


			6.88


			2.75


			0.00


			0.27


			0.27


			


			0.75


			2D Based


			Visualization


			Interpolation


			Bilinear


			Very basic albeit quick smoothing that shows some artifacts on medium and big zooming factors.


			0.30


			0.10


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.39


			0.13


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.18


			0.05


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.32


			0.13


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.21


			0.09


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			3


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Interpolation


			Bicubic


			2.4.3.3


			3


			1.00


			0.50


			3.00


			0.50


			1.00


			0.00


			0.50


			4.50


			4.88


			1.50


			1.00


			1.50


			13.50


			6.88


			2.75


			0.00


			0.36


			0.36


			


			1.00


			2D Based


			Visualization


			Interpolation


			Bicubic


			Basic but quality effective smoothing even on big zooming factors.


			0.30


			0.10


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.39


			0.13


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.18


			0.05


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.32


			0.13


			0.05


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Yes, but not to screen resolution.


			0.21


			0.09


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Does not work.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			3


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Interpolation


			Advanced


			2.4.3.4


			3


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			0.50


			4.50


			4.88


			0.50


			1.00


			1.50


			13.50


			6.88


			2.75


			0.00


			0.18


			0.18


			


			0.50


			2D Based


			Visualization


			Interpolation


			Advanced


			Advanced smoothing that greatly improves image quality on big zooming factors. (Sinc, Lanczos, etc.)


			0.29


			0.09


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.39


			0.13


			0.05


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Yes, lanczos, but presents anomalous artifacts.


			0.18


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.32


			0.13


			0.04


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Yes, lanczos, but not to screen resolution.


			0.21


			0.09


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			4


			4


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Visualization


			Thick slab


			


			2.4.4


			2


			1.00


			0.50


			3.00


			0.00


			0.50


			0.00


			0.50


			4.50


			4.88


			0.00


			1.00


			1.50


			13.50


			6.88


			0.00


			0.00


			0.00


			0.00


			


			0.00


			2D Based


			Visualization


			Thick slab


						Summarize and display multiple slices at the same time (MIP, average, etc.) and if other features are available and adapt to this special case.


			0.29


			0.09


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.39


			0.13


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.18


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.32


			0.13


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.21


			0.09


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			4


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Thick slab


			Usability


			2.4.4.1


			3


			1.00


			0.50


			3.00


			0.00


			1.00


			0.00


			0.50


			4.50


			4.88


			2.17


			1.00


			1.50


			13.50


			6.88


			2.17


			0.00


			0.46


			0.46


			


			1.00


			2D Based


			Visualization


			Thick slab


			Usability


			Adjusting the view plane to the desired viewpoint in a efficient and non-frustrating way. The score is set in a fairly manner after analyzing all viewers and their level of MPR complexity.


			0.29


			0.09


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			(.83)


			Is interactive, but usability could be improved.


			0.39


			0.13


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


			Usable, and presents extra features like VR up and down.


			0.18


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.32


			0.13


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			(.50)


			Not interactive. Creates a new series with the selected thickness and projection.


			0.21


			0.09


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			4


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Thick slab


			MIP


			2.4.4.2


			3


			1.00


			0.50


			3.00


			0.00


			0.50


			0.00


			0.50


			4.50


			4.88


			1.17


			1.00


			1.50


			13.50


			6.88


			2.17


			0.00


			0.23


			0.23


			


			0.50


			2D Based


			Visualization


			Thick slab


			MIP


			Maximum intensity projection.


			0.29


			0.09


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.39


			0.13


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.18


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.32


			0.13


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.21


			0.09


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			4


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Thick slab


			MINIP


			2.4.4.3


			3


			1.00


			0.50


			3.00


			0.00


			0.33


			0.00


			0.50


			4.50


			4.88


			0.67


			1.00


			1.50


			13.50


			6.88


			2.17


			0.00


			0.15


			0.15


			


			0.33


			2D Based


			Visualization


			Thick slab


			MINIP


			Minimum intensity projection.


			0.29


			0.09


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.39


			0.13


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.18


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.32


			0.13


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.21


			0.09


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			4


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Thick slab


			Average


			2.4.4.4


			3


			1.00


			0.50


			3.00


			0.00


			0.33


			0.00


			0.50


			4.50


			4.88


			0.33


			1.00


			1.50


			13.50


			6.88


			2.17


			0.00


			0.15


			0.15


			


			0.33


			2D Based


			Visualization


			Thick slab


			Average


			Average of corresponding pixels for each thick slab slice.


			0.29


			0.09


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.39


			0.13


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.18


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.32


			0.13


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.21


			0.09


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			4


			5


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Visualization


			MPR


			


			2.4.5


			2


			1.00


			0.50


			3.00


			0.00


			0.33


			0.00


			0.50


			4.50


			4.88


			0.00


			1.00


			1.50


			13.50


			6.88


			0.00


			0.00


			0.00


			0.00


			


			0.00


			2D Based


			Visualization


			MPR


						Navigate through a volume using different view planes and if other features are available and adapt to this special case.


			0.29


			0.09


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.39


			0.13


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


						Separate modes: 3D MPR (any orientation), 2D orthogonal, curved


			0.18


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.32


			0.13


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.21


			0.09


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			5


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			MPR


			Usability


			2.4.5.1


			3


			1.00


			0.50


			3.00


			0.00


			1.00


			0.00


			0.50


			4.50


			4.88


			5.00


			1.00


			1.50


			13.50


			6.88


			5.00


			0.00


			0.20


			0.20


			


			1.00


			2D Based


			Visualization


			MPR


			Usability


			Adjusting the view plane to the desired viewpoint in a efficient and non-frustrating way. The score is set in a fairly manner after analyzing all viewers and their level of MPR complexity.


			0.29


			0.09


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			(.50)


			Non orthogonal MPR in a separate window, and difficult to use, and with fewer tools.


			0.39


			0.13


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			(.90)


			Not fully integrated with the normal 2D viewer's workflow.


			0.18


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.32


			0.13


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			(.50)


			2D orthogonal only as a separate mode. Thick slab not allowed.


			0.21


			0.09


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			5


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			MPR


			Simple


			2.4.5.2


			3


			1.00


			0.50


			3.00


			0.00


			1.50


			0.00


			0.50


			4.50


			4.88


			4.00


			1.00


			1.50


			13.50


			6.88


			5.00


			0.00


			0.30


			0.30


			


			1.50


			2D Based


			Visualization


			MPR


			Simple


			Only axial, saggital and coronal planes are reconstructed. The implementation simply reads the original volume.


			0.29


			0.09


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.39


			0.13


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.18


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.32


			0.13


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.21


			0.09


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			5


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			MPR


			Any orientation


			2.4.5.3


			3


			1.00


			0.50


			3.00


			0.00


			1.00


			0.00


			0.50


			4.50


			4.88


			2.50


			1.00


			1.50


			13.50


			6.88


			5.00


			0.00


			0.20


			0.20


			


			1.00


			2D Based


			Visualization


			MPR


			Any orientation


			The view plane can be tilted, allowing reconstructed images in any desired orientation.


			0.29


			0.09


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.39


			0.13


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.18


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.32


			0.13


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.21


			0.09


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			5


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			MPR


			Curved


			2.4.5.4


			3


			1.00


			0.50


			3.00


			0.00


			0.50


			0.00


			0.50


			4.50


			4.88


			1.50


			1.00


			1.50


			13.50


			6.88


			5.00


			0.00


			0.10


			0.10


			


			0.50


			2D Based


			Visualization


			MPR


			Curved


			A planar image is reconstructed from a curve. The typical use case is, visualizing in a coronal view plane all the vertebres of an spine.


			0.29


			0.09


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.39


			0.13


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.18


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.32


			0.13


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.21


			0.09


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			5


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			MPR


			Thick slab


			2.4.5.5


			3


			1.00


			0.50


			3.00


			0.00


			1.00


			0.00


			0.50


			4.50


			4.88


			1.00


			1.00


			1.50


			13.50


			6.88


			5.00


			0.00


			0.20


			0.20


			


			1.00


			2D Based


			Visualization


			MPR


			Thick slab


			Thick slab feature is usable.


			0.29


			0.09


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.39


			0.13


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.18


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.32


			0.13


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.21


			0.09


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			4


			6


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Visualization


			Fusion


			


			2.4.6


			2


			1.00


			0.50


			3.00


			0.00


			1.00


			0.00


			0.50


			4.50


			4.88


			0.00


			1.00


			1.50


			13.50


			6.88


			0.00


			0.00


			0.00


			0.00


			


			0.00


			2D Based


			Visualization


			Fusion


						Overlapping another volume over the current visualization. The typical use case is PET/CT.


			0.29


			0.09


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.39


			0.13


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


						2D & 3D. Can adjust position and fusion settings (opacity, colors, etc.). Must display a CT & a PET in different viewers to enable.


			0.18


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.32


			0.13


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.21


			0.09


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			6


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Fusion


			Usability


			2.4.6.1


			3


			1.00


			0.50


			3.00


			0.00


			1.00


			0.00


			0.50


			4.50


			4.88


			2.00


			1.00


			1.50


			13.50


			6.88


			2.00


			0.00


			0.50


			0.50


			


			1.00


			2D Based


			Visualization


			Fusion


			Usability


			Features and usability.


			0.29


			0.09


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


			Fused WL/WW can be directly edited with the tool. Fusing series is quick.


			0.39


			0.13


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			(.80)


			Two separate viewers needed to start and adjust PET WL/WW.


			0.18


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			(.80)


			Very customizable, but mouse usability could be better.


			0.32


			0.13


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.21


			0.09


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			6


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Fusion


			Manual


			2.4.6.2


			3


			1.00


			0.50


			3.00


			0.00


			0.50


			0.00


			0.50


			4.50


			4.88


			1.00


			1.00


			1.50


			13.50


			6.88


			2.00


			0.00


			0.25


			0.25


			


			0.50


			2D Based


			Visualization


			Fusion


			Manual


			Allow the user to fusion series that are not correlated spatially (different frame of references).


			0.29


			0.09


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.39


			0.13


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.18


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


			Yes, automatic registration can be performed in order to fuse any volume.


			0.32


			0.13


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.21


			0.09


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			6


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Fusion


			3D Fusion


			2.4.6.3


			3


			1.00


			0.50


			3.00


			0.00


			0.50


			0.00


			0.50


			4.50


			4.88


			0.50


			1.00


			1.50


			13.50


			6.88


			2.00


			0.00


			0.25


			0.25


			


			0.50


			2D Based


			Visualization


			Fusion


			3D Fusion


			Two or more volumes can be displayed at once.


			0.29


			0.09


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.39


			0.13


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			(.90)


			PET is always the upper most layer. Always visible. PET color can't be changed.


			0.18


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.32


			0.13


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.21


			0.09


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			4


			7


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Visualization


			Transfer function


			


			2.4.7


			2


			1.00


			0.50


			3.00


			1.38


			0.50


			0.00


			0.50


			4.50


			4.88


			0.00


			1.00


			1.50


			13.50


			6.88


			0.00


			0.01


			0.20


			0.20


			


			1.38


			2D Based


			Visualization


			Transfer function


						Interactive adjustment of window level, window width and other transfer function parameters.


			0.29


			0.09


			0.05


			0.01


			0.00


			0.01


			0.95


			0.95


			


									0.39


			0.13


			0.05


			0.01


			0.00


			0.01


			0.85


			0.85


			


									0.18


			0.05


			0.02


			0.01


			0.00


			0.01


			0.49


			0.49


			


									0.32


			0.13


			0.04


			0.01


			0.00


			0.01


			0.90


			0.90


			


									0.21


			0.09


			0.03


			0.01


			0.00


			0.01


			0.67


			0.67


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			7


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Transfer function


			Usability


			2.4.7.1


			3


			1.00


			0.50


			3.00


			1.38


			1.00


			0.00


			0.50


			4.50


			3.50


			5.00


			1.00


			1.50


			13.50


			6.88


			5.00


			0.00


			0.20


			0.20


			


			1.00


			2D Based


			Visualization


			Transfer function


			Usability


			Quality of the interaction and user interface options related to the transfer function.


			0.29


			0.09


			0.05


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Mouse interaction works well, and controls are accessible.


			0.39


			0.13


			0.05


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Mouse interaction works well, and controls are accessible.


			0.18


			0.05


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Mouse interaction works well, and controls are accessible.


			0.32


			0.13


			0.04


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Mouse interaction works well, and controls are accessible.


			0.21


			0.09


			0.03


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Mouse interaction works well. Some transfer function features could be more accessible.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			7


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Transfer function


			Inversion


			2.4.7.2


			3


			1.00


			0.50


			3.00


			1.38


			0.75


			0.00


			0.50


			4.50


			3.50


			4.00


			1.00


			1.50


			13.50


			6.88


			5.00


			0.00


			0.15


			0.15


			


			0.75


			2D Based


			Visualization


			Transfer function


			Inversion


			Inversion of the transfer function. Special cases like colour images, non linear LUT, and coloured transfer functions shall be carefully inspected.


			0.29


			0.09


			0.04


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.38


			0.13


			0.04


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.18


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			An "invert LUT" LUT is available. An inverted LUT is not a LUT inversion operation per se.


			0.31


			0.13


			0.04


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.21


			0.08


			0.03


			0.01


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Can't invert LUT or color scales and images.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			7


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Transfer function


			Presets


			2.4.7.3


			3


			1.00


			0.50


			3.00


			1.38


			1.00


			0.00


			0.50


			4.50


			3.50


			3.25


			1.00


			1.50


			13.50


			6.88


			5.00


			0.00


			0.20


			0.20


			


			1.00


			2D Based


			Visualization


			Transfer function


			Presets


			Default transfer functions, and if DICOM defined presets are honoured.


			0.29


			0.09


			0.04


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.38


			0.13


			0.04


			0.01


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			There are presets, but DICOM ones are not honoured.


			0.18


			0.05


			0.02


			0.00


			0.00


			0.00


			0.33


			0.33


			


			(.33)


			Default tranfer functions exist, but DICOM defined ones are not read.


			0.31


			0.12


			0.04


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.21


			0.08


			0.03


			0.01


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Yes, if they are linear. DICOM ones are read.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			7


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Transfer function


			Editable


			2.4.7.4


			3


			1.00


			0.50


			3.00


			1.38


			0.50


			0.00


			0.50


			4.50


			3.50


			2.25


			1.00


			1.50


			13.50


			6.88


			5.00


			0.00


			0.10


			0.10


			


			0.50


			2D Based


			Visualization


			Transfer function


			Editable


			Possibility to add custom transfer functions. Non linear transfer function edition and other special cases is a plus. Primarily this feature shall be in the form of a user interface.


			0.29


			0.09


			0.04


			0.01


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Yes in the 3D viewer. In the 2D viewer only custom WW/WL can be added.


			0.38


			0.12


			0.04


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.18


			0.04


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.31


			0.12


			0.04


			0.01


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.20


			0.08


			0.02


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			WL/WW presets can be added per modality basis.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			7


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Transfer function


			WL/WW modification


			2.4.7.5


			3


			1.00


			0.50


			3.00


			1.38


			1.00


			0.00


			0.50


			4.50


			3.50


			1.75


			1.00


			1.50


			13.50


			6.88


			5.00


			0.00


			0.20


			0.20


			


			1.00


			2D Based


			Visualization


			Transfer function


			WL/WW modification


			Interactive manipulation of the transfer function. Special cases like colour images, non linear LUT, and coloured transfer functions shall be carefully inspected. Usability is not evaluated here.


			0.28


			0.09


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.38


			0.12


			0.04


			0.00


			0.00


			0.00


			0.75


			0.75


			


			(.75)


			No support for VOI LUT (probably a bug)


			0.18


			0.04


			0.02


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Can't alter color images. LUT not supported.


			0.31


			0.12


			0.04


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.20


			0.08


			0.02


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Can't alter color images. LUT not supported.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			7


			6


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Transfer function


			Color scales


			2.4.7.6


			3


			1.00


			0.50


			3.00


			1.38


			0.75


			0.00


			0.50


			4.50


			3.50


			0.75


			1.00


			1.50


			13.50


			6.88


			5.00


			0.00


			0.15


			0.15


			


			0.75


			2D Based


			Visualization


			Transfer function


			Color scales


			Single channel images (black and white) can be visualized with color scales that may improve user perception. The quality of the default presets is evaluated here.


			0.28


			0.08


			0.03


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


						0.38


			0.12


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.17


			0.04


			0.02


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Feautre available.


			0.31


			0.12


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.20


			0.08


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			A good selection of color scales.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			4


			8


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Visualization


			Zoom


			


			2.4.8


			2


			1.00


			0.50


			3.00


			1.00


			0.75


			0.00


			0.50


			4.50


			3.50


			0.00


			1.00


			1.50


			13.50


			6.88


			0.00


			0.01


			0.15


			0.15


			


			1.00


			2D Based


			Visualization


			Zoom


						Tools that allow magnification and how usable and efficient are.


			0.28


			0.08


			0.03


			0.01


			0.00


			0.01


			0.64


			0.64


			


									0.37


			0.12


			0.03


			0.01


			0.00


			0.01


			0.90


			0.90


			


									0.17


			0.04


			0.02


			0.00


			0.00


			0.00


			0.40


			0.40


			


									0.30


			0.12


			0.03


			0.01


			0.00


			0.01


			0.70


			0.70


			


									0.20


			0.08


			0.02


			0.00


			0.00


			0.00


			0.40


			0.40


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			8


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Zoom


			Pan and zoom


			2.4.8.1


			3


			1.00


			0.50


			3.00


			1.00


			1.00


			0.00


			0.50


			4.50


			2.50


			2.50


			1.00


			1.50


			13.50


			6.88


			2.50


			0.00


			0.40


			0.40


			


			1.00


			2D Based


			Visualization


			Zoom


			Pan and zoom


			Image can be magnified and the user can pan it in order to achieve the desired visualization.


			0.28


			0.08


			0.03


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.37


			0.12


			0.03


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.17


			0.04


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.30


			0.12


			0.03


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.20


			0.08


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			8


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Zoom


			Magnification glass


			2.4.8.2


			3


			1.00


			0.50


			3.00


			1.00


			0.75


			0.00


			0.50


			4.50


			2.50


			1.50


			1.00


			1.50


			13.50


			6.88


			2.50


			0.00


			0.30


			0.30


			


			0.75


			2D Based


			Visualization


			Zoom


			Magnification glass


			An small overlay window magnifies, that usually follows the mouse, magnifies an area of the image.


			0.28


			0.08


			0.03


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Zoom level and magnification glass size can't be customized.


			0.37


			0.11


			0.03


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.17


			0.04


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.30


			0.11


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.20


			0.07


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			8


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Zoom


			Zooming window


			2.4.8.3


			3


			1.00


			0.50


			3.00


			1.00


			0.25


			0.00


			0.50


			4.50


			2.50


			0.75


			1.00


			1.50


			13.50


			6.88


			2.50


			0.00


			0.10


			0.10


			


			0.25


			2D Based


			Visualization


			Zoom


			Zooming window


			User selects an area of the image (usually drawing an square) that is magnified to fill the viewer's extent.


			0.27


			0.07


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.37


			0.11


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.17


			0.04


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.30


			0.11


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.20


			0.07


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			8


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Zoom


			Mouse centered zoom


			2.4.8.4


			3


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			0.50


			4.50


			2.50


			0.50


			1.00


			1.50


			13.50


			6.88


			2.50


			0.00


			0.20


			0.20


			


			0.50


			2D Based


			Visualization


			Zoom


			Mouse centered zoom


			Magnification is centered on the cursor position, enabling the user to efficiently zoom as it removes the need to pan the image.


			0.27


			0.07


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.37


			0.11


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.17


			0.04


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.30


			0.11


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.20


			0.07


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			4


			9


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Visualization


			Slicing


			


			2.4.9


			2


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			0.50


			4.50


			2.50


			0.00


			1.00


			1.50


			13.50


			6.88


			0.00


			0.01


			0.07


			0.07


			


			0.50


			2D Based


			Visualization


			Slicing


						Usability and efficiency to navigate through slices. The score is set in a fairly manner after analyzing all viewers.


			0.27


			0.07


			0.03


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.36


			0.11


			0.02


			0.00


			0.00


			0.00


			0.92


			0.92


			


									0.17


			0.04


			0.01


			0.00


			0.00


			0.00


			0.80


			0.80


			


									0.30


			0.11


			0.02


			0.00


			0.00


			0.00


			0.72


			0.72


			


									0.20


			0.07


			0.02


			0.00


			0.00


			0.00


			0.48


			0.48


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			9


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Slicing


			Drag


			2.4.9.1


			3


			1.00


			0.50


			3.00


			0.50


			1.00


			0.00


			0.50


			4.50


			2.00


			2.50


			1.00


			1.50


			13.50


			6.88


			2.50


			0.00


			0.40


			0.40


			


			1.00


			2D Based


			Visualization


			Slicing


			Drag


			Quality of click and drag scrolling.


			0.27


			0.07


			0.03


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Adapts to the number of slices and screen size. Has an infinite scrolling feature.


			0.36


			0.11


			0.02


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Adapts, but misses slices on big volumes (eg. 850 slices).


			0.17


			0.04


			0.01


			0.00


			0.00


			0.00


			0.70


			0.70


			


			(.70)


			Advances one slice per pixel. Does not adapt.


			0.30


			0.11


			0.02


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Does not adapt, but sensitivity is configurable. Some modifier keys allow faster scrolling.


			0.20


			0.07


			0.02


			0.00


			0.00


			0.00


			0.70


			0.70


			


			(.70)


			Advances one slice per pixel. Does not adapt.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			9


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Slicing


			Wheel


			2.4.9.2


			3


			1.00


			0.50


			3.00


			0.50


			1.00


			0.00


			0.50


			4.50


			2.00


			1.50


			1.00


			1.50


			13.50


			6.88


			2.50


			0.00


			0.40


			0.40


			


			1.00


			2D Based


			Visualization


			Slicing


			Wheel


			Quality of wheel and touchpad scrolling. Multi axis and delta angle scrolling is a plus.


			0.27


			0.07


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Honours delta scrolling and different axes.


			0.36


			0.11


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.17


			0.04


			0.01


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Touchpad interaction could be better. When scrolling quickly some steps are missed.


			0.29


			0.11


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.19


			0.07


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			9


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Slicing


			Keyboard


			2.4.9.3


			3


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			0.50


			4.50


			2.00


			0.50


			1.00


			1.50


			13.50


			6.88


			2.50


			0.00


			0.20


			0.20


			


			0.50


			2D Based


			Visualization


			Slicing


			Keyboard


			Quality of the keyboard scrolling.


			0.27


			0.07


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.36


			0.10


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.16


			0.03


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.29


			0.10


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Unable to do it.


			0.19


			0.07


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			9


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Slicing


			Inter-slice


			2.4.9.4


			3


			1.00


			0.50


			3.00


			0.50


			0.00


			0.00


			0.50


			4.50


			2.00


			0.00


			1.00


			1.50


			13.50


			6.88


			2.50


			0.00


			0.00


			0.00


			


			0.00


			2D Based


			Visualization


			Slicing


			Inter-slice


			A 3D interpolation is performed when the thick slab does not exactly snap into acquisition slices. The feature must enable the user to specify / interact with a custom scrolling distance.


			0.27


			0.07


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.36


			0.10


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.16


			0.03


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.29


			0.10


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.19


			0.07


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			4


			10


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Visualization


			Phases


			


			2.4.10


			2


			1.00


			0.50


			3.00


			0.00


			0.00


			0.00


			0.50


			4.50


			2.00


			0.00


			1.00


			1.50


			13.50


			6.88


			0.00


			0.00


			0.00


			0.00


			


			0.00


			2D Based


			Visualization


			Phases


						Navigation on series where a spatial position has more than one acquisition (time, multi-echo, direction, diffusivity, etc.).


			0.27


			0.07


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.36


			0.10


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.16


			0.03


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.29


			0.10


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.19


			0.07


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			10


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Phases


			Usability


			2.4.10.1


			3


			1.00


			0.50


			3.00


			0.00


			0.50


			0.00


			0.50


			4.50


			2.00


			1.00


			1.00


			1.50


			13.50


			6.88


			1.00


			0.00


			0.50


			0.50


			


			0.50


			2D Based


			Visualization


			Phases


			Usability


			Usability and efficiency to navigate through phases. The score is set in a fairly manner after analyzing all viewers.


			0.27


			0.07


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


			Can be changed with keyboard, scolling, touchpad… in a very usable manner.


			0.36


			0.10


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			(.75)


			Can be changed with the keyboard, or with a slider in the toolbar.


			0.16


			0.03


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			(.50)


			Can be changed only with the "frame" slider.


			0.29


			0.10


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.19


			0.07


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			10


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Phases


			Separation


			2.4.10.2


			3


			1.00


			0.50


			3.00


			0.00


			0.50


			0.00


			0.50


			4.50


			2.00


			0.50


			1.00


			1.50


			13.50


			6.88


			1.00


			0.00


			0.50


			0.50


			


			0.50


			2D Based


			Visualization


			Phases


			Separation


			Phases are presented as a separate dimension (4D volume). Synchronization and other features behave appropiately.


			0.27


			0.07


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			(.90)


						0.36


			0.10


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			(.80)


			Phases can be changed but without phase number visual feedback.


			0.16


			0.03


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


			Yes, allows phases even on 3D volume rendering.


			0.29


			0.10


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.19


			0.07


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			4


			11


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Visualization


			Transformations


			


			2.4.11


			2


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			0.50


			4.50


			2.00


			0.00


			1.00


			1.50


			13.50


			6.88


			0.00


			0.01


			0.07


			0.07


			


			0.50


			2D Based


			Visualization


			Transformations


						Basic transformations (rotation and flipping) that can be performed on a physical lightbox.


			0.27


			0.07


			0.02


			0.00


			0.00


			0.00


			0.80


			0.80


			


									0.36


			0.10


			0.02


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.16


			0.03


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.29


			0.10


			0.02


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.19


			0.07


			0.01


			0.00


			0.00


			0.00


			0.80


			0.80


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			11


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Transformations


			Rotation


			2.4.11.1


			3


			1.00


			0.50


			3.00


			0.50


			1.00


			0.00


			0.50


			4.50


			1.50


			2.50


			1.00


			1.50


			13.50


			6.88


			2.50


			0.00


			0.40


			0.40


			


			1.00


			2D Based


			Visualization


			Transformations


			Rotation


						0.27


			0.07


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.36


			0.10


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.16


			0.03


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.29


			0.10


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.19


			0.07


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			11


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Transformations


			Arbitrary rotation


			2.4.11.2


			3


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			0.50


			4.50


			1.50


			1.50


			1.00


			1.50


			13.50


			6.88


			2.50


			0.00


			0.20


			0.20


			


			0.50


			2D Based


			Visualization


			Transformations


			Arbitrary rotation


			The image can be rotated at any angle.


			0.27


			0.07


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.36


			0.10


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.16


			0.03


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.29


			0.10


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.19


			0.07


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			11


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			Transformations


			Flip


			2.4.11.3


			3


			1.00


			0.50


			3.00


			0.50


			1.00


			0.00


			0.50


			4.50


			1.50


			1.00


			1.00


			1.50


			13.50


			6.88


			2.50


			0.00


			0.40


			0.40


			


			1.00


			2D Based


			Visualization


			Transformations


			Flip


						0.27


			0.07


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.36


			0.10


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.16


			0.03


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.29


			0.10


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.19


			0.07


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			4


			12


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Visualization


			3D


			


			2.4.12


			2


			1.00


			0.50


			3.00


			0.00


			1.00


			0.00


			0.50


			4.50


			1.50


			0.00


			1.00


			1.50


			13.50


			6.88


			0.00


			0.00


			0.00


			0.00


			


			0.00


			2D Based


			Visualization


			3D


						Rendering of a volume in 3D using raycasting rendering. The user shall be able to change the viewpoint and be able to reveal occluded zones.


			0.26


			0.06


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.35


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.16


			0.03


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.29


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.19


			0.07


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			12


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			3D


			Rotation


			2.4.12.1


			3


			1.00


			0.50


			3.00


			0.00


			1.00


			0.00


			0.50


			4.50


			1.50


			5.25


			1.00


			1.50


			13.50


			6.88


			5.25


			0.00


			0.19


			0.19


			


			1.00


			2D Based


			Visualization


			3D


			Rotation


			Volume can be rotated. Quality degradation in order to improve reactivity is a plus.


			0.26


			0.06


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


			Does quality degradation to speed up interaction.


			0.35


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


			Does quality degradation to speed up interaction.


			0.16


			0.03


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


			Does quality degradation to speed up interaction.


			0.29


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.19


			0.07


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			12


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			3D


			Clipping


			2.4.12.2


			3


			1.00


			0.50


			3.00


			0.00


			0.75


			0.00


			0.50


			4.50


			1.50


			4.25


			1.00


			1.50


			13.50


			6.88


			5.25


			0.00


			0.14


			0.14


			


			0.75


			2D Based


			Visualization


			3D


			Clipping


			Volume can be clipped to reveal occluded zones.


			0.26


			0.06


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.35


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.16


			0.03


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.29


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.19


			0.07


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			12


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			3D


			Rendering parameters


			2.4.12.3


			3


			1.00


			0.50


			3.00


			0.00


			0.25


			0.00


			0.50


			4.50


			1.50


			3.50


			1.00


			1.50


			13.50


			6.88


			5.25


			0.00


			0.05


			0.05


			


			0.25


			2D Based


			Visualization


			3D


			Rendering parameters


			Rendering parameters like shadows, ambient occlusion, GPU rendering, etc. can be customized.


			0.26


			0.06


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			(.95)


						0.35


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


			Projection mode can be altered and some illumination parameters can be adjusted.


			0.16


			0.03


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			(.95)


						0.29


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.19


			0.07


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			12


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			3D


			Preset transfer func.


			2.4.12.4


			3


			1.00


			0.50


			3.00


			0.00


			0.75


			0.00


			0.50


			4.50


			1.50


			3.25


			1.00


			1.50


			13.50


			6.88


			5.25


			0.00


			0.14


			0.14


			


			0.75


			2D Based


			Visualization


			3D


			Preset transfer func.


			Out-of-the-box transfer functions are available.


			0.26


			0.06


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			(.85)


			A good selection of transfer functions. With illumination and rendering parameters.


			0.35


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


			A good selection of transfer functions, and with a live preview.


			0.16


			0.03


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			(.60)


			Small selection of transfer functions, and no preview available.


			0.29


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.19


			0.07


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			12


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			3D


			Editable transfer func.


			2.4.12.5


			3


			1.00


			0.50


			3.00


			0.00


			0.50


			0.00


			0.50


			4.50


			1.50


			2.50


			1.00


			1.50


			13.50


			6.88


			5.25


			0.00


			0.10


			0.10


			


			0.50


			2D Based


			Visualization


			3D


			Editable transfer func.


			Transfer functions can be edited in terms of colors and transparency.


			0.26


			0.06


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			(.50)


			The editor could be more usable. Transfer functions can be saved.


			0.35


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


			Editor with histogram, and can save the transfer functions to a file.


			0.16


			0.03


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.29


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.19


			0.07


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			12


			6


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			3D


			WL/WW peeling


			2.4.12.6


			3


			1.00


			0.50


			3.00


			0.00


			1.00


			0.00


			0.50


			4.50


			1.50


			2.00


			1.00


			1.50


			13.50


			6.88


			5.25


			0.00


			0.19


			0.19


			


			1.00


			2D Based


			Visualization


			3D


			WL/WW peeling


			Interactive adjustment (for instance with the mouse) of  (WL/WW) transparency in order to reveal occluded areas.


			0.26


			0.06


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.35


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.16


			0.03


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			(.75)


			Can't be adjusted with the mouse.


			0.29


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.19


			0.07


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			12


			7


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			3D


			Endoscopy


			2.4.12.7


			3


			1.00


			0.50


			3.00


			0.00


			0.50


			0.00


			0.50


			4.50


			1.50


			1.00


			1.00


			1.50


			13.50


			6.88


			5.25


			0.00


			0.10


			0.10


			


			0.50


			2D Based


			Visualization


			3D


			Endoscopy


			Rendering and navigation inside cavernous geometries.


			0.26


			0.06


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.35


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.16


			0.03


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.29


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.19


			0.07


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			4


			12


			8


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			3D


			Tools


			2.4.12.8


			3


			1.00


			0.50


			3.00


			0.00


			0.50


			0.00


			0.50


			4.50


			1.50


			0.50


			1.00


			1.50


			13.50


			6.88


			5.25


			0.00


			0.10


			0.10


			


			0.50


			2D Based


			Visualization


			3D


			Tools


			There are extra tools to perform measures and reveal occluded parts.


			0.26


			0.06


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.35


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			(.80)


			Yes, there are extra occlusion removal tools. Measuring distances is possible.


			0.16


			0.03


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.29


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.19


			0.07


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			4


			13


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Visualization


			CINE


			


			2.4.13


			2


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			0.50


			4.50


			1.50


			0.00


			1.00


			1.50


			13.50


			6.88


			0.00


			0.01


			0.07


			0.07


			


			0.50


			2D Based


			Visualization


			CINE


						Display series with a time dimension like ultrasound and some MRI modalities. Ease of use of playback controls like, boomerang, loop, frame rate, etc.


			0.26


			0.06


			0.02


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.35


			0.10


			0.01


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.16


			0.03


			0.01


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


			No boomerang


			0.29


			0.10


			0.01


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


			No boomerang.


			0.19


			0.07


			0.01


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			No boomerang. Only a list of framerates. Button works  with middle or right click only.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			4


			14


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Visualization


			DICOM Quirks


			


			2.4.14


			2


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			0.50


			4.50


			1.00


			0.00


			1.00


			1.50


			13.50


			6.88


			0.00


			0.01


			0.15


			0.15


			


			1.00


			2D Based


			Visualization


			DICOM Quirks


						Honouring special albeit common DICOM tags in order to achieve an accurate visualization.


			0.26


			0.06


			0.01


			0.01


			0.00


			0.01


			0.96


			0.96


			


									0.35


			0.09


			0.01


			0.01


			0.00


			0.01


			0.79


			0.79


			


									0.16


			0.03


			0.00


			0.00


			0.00


			0.00


			0.31


			0.31


			


									0.28


			0.09


			0.01


			0.01


			0.00


			0.01


			0.81


			0.81


			


									0.19


			0.06


			0.00


			0.00


			0.00


			0.00


			0.44


			0.44


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊥


			⊤


			1


			2


			4


			14


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			DICOM Quirks


			Rescale


			2.4.14.1


			3


			1.00


			0.50


			3.00


			1.00


			2.50


			0.00


			0.50


			4.50


			0.00


			12.77


			1.00


			1.50


			13.50


			6.88


			12.77


			0.00


			0.20


			0.20


			


			2.50


			2D Based


			Visualization


			DICOM Quirks


			Rescale


			Intercept and slope parameters that alter voxel values as WL/WW does with screen pixels.


			0.26


			0.06


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.35


			0.09


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.16


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.28


			0.09


			0.01


			0.01


			0.00


			0.00


			0.20


			0.20


			


			(.20)


			Apparently, only supported in CT.


			0.19


			0.06


			0.00


			0.00


			0.00


			0.00


			0.20


			0.20


			


			(.20)


			Fails in some cases. Very dispaired pixel values are given.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊥


			⊤


			1


			2


			4


			14


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			DICOM Quirks


			Depth and sign


			2.4.14.2


			3


			1.00


			0.50


			3.00


			1.00


			2.00


			0.00


			0.50


			4.50


			0.00


			10.27


			1.00


			1.50


			13.50


			6.88


			12.77


			0.00


			0.16


			0.16


			


			2.00


			2D Based


			Visualization


			DICOM Quirks


			Depth and sign


			Pixels values are processed in signed and unsigned representations, and in several lengths representations, for example 13 bits.


			0.26


			0.06


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.35


			0.09


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.16


			0.03


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.28


			0.09


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.19


			0.06


			0.00


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Does not work with signed images.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊥


			⊤


			1


			2


			4


			14


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			DICOM Quirks


			Float


			2.4.14.3


			3


			1.00


			0.50


			3.00


			1.00


			0.10


			0.00


			0.50


			4.50


			0.00


			8.27


			1.00


			1.50


			13.50


			6.88


			12.77


			0.00


			0.01


			0.01


			


			0.10


			2D Based


			Visualization


			DICOM Quirks


			Float


			Support for floating point images.


			0.25


			0.05


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.34


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.16


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.28


			0.09


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.18


			0.06


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊥


			⊤


			1


			2


			4


			14


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			DICOM Quirks


			Modality LUT


			2.4.14.4


			3


			1.00


			0.50


			3.00


			1.00


			1.50


			0.00


			0.50


			4.50


			0.00


			8.17


			1.00


			1.50


			13.50


			6.88


			12.77


			0.00


			0.12


			0.12


			


			1.50


			2D Based


			Visualization


			DICOM Quirks


			Modality LUT


			LUT that alters voxels values.


			0.25


			0.05


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.34


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.16


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.28


			0.09


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.18


			0.06


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊥


			⊤


			1


			2


			4


			14


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			DICOM Quirks


			WL/WW


			2.4.14.5


			3


			1.00


			0.50


			3.00


			1.00


			1.25


			0.00


			0.50


			4.50


			0.00


			6.67


			1.00


			1.50


			13.50


			6.88


			12.77


			0.00


			0.10


			0.10


			


			1.25


			2D Based


			Visualization


			DICOM Quirks


			WL/WW


			WL/WW to use in the visualization.


			0.25


			0.05


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.34


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.16


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.28


			0.09


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.18


			0.06


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊥


			⊤


			1


			2


			4


			14


			6


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			DICOM Quirks


			VOI LUT


			2.4.14.6


			3


			1.00


			0.50


			3.00


			1.00


			1.00


			0.00


			0.50


			4.50


			0.00


			5.42


			1.00


			1.50


			13.50


			6.88


			12.77


			0.00


			0.08


			0.08


			


			1.00


			2D Based


			Visualization


			DICOM Quirks


			VOI LUT


			LUT to use in the visualization to eliminate non-clinical significative images.


			0.25


			0.05


			0.00


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Some edge cases are not shown properly.


			0.34


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			There's a setting to apply them, but for an unknown reason it can’t be enabled.


			0.16


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.28


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, incuding edge cases.


			0.18


			0.06


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊥


			⊤


			1


			2


			4


			14


			7


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			DICOM Quirks


			Presentation LUT


			2.4.14.7


			3


			1.00


			0.50


			3.00


			1.00


			0.25


			0.00


			0.50


			4.50


			0.00


			4.42


			1.00


			1.50


			13.50


			6.88


			12.77


			0.00


			0.02


			0.02


			


			0.25


			2D Based


			Visualization


			DICOM Quirks


			Presentation LUT


			LUT applied after the VOI LUT


			0.25


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.34


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.16


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.28


			0.09


			0.00


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Only in presentation state, apparently.


			0.18


			0.06


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊥


			⊤


			1


			2


			4


			14


			8


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			DICOM Quirks


			Shutters


			2.4.14.8


			3


			1.00


			0.50


			3.00


			1.00


			0.83


			0.00


			0.50


			4.50


			0.00


			4.17


			1.00


			1.50


			13.50


			6.88


			12.77


			0.00


			0.07


			0.07


			


			0.83


			2D Based


			Visualization


			DICOM Quirks


			Shutters


			A shape or shapes specified in DICOM tags that shall occludes a zone of the image (usually to improve perception and avoid flaring). Can be usually found in fluoroscope images.


			0.25


			0.05


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.34


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.16


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.28


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.18


			0.06


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊥


			⊤


			1


			2


			4


			14


			9


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			DICOM Quirks


			Overlays


			2.4.14.9


			3


			1.00


			0.50


			3.00


			1.00


			1.00


			0.00


			0.50


			4.50


			0.00


			3.33


			1.00


			1.50


			13.50


			6.88


			12.77


			0.00


			0.08


			0.08


			


			1.00


			2D Based


			Visualization


			DICOM Quirks


			Overlays


			Small pixmaps that must be drawn over the original image. Usually found in some CR and MG images.


			0.25


			0.05


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.34


			0.09


			0.00


			0.00


			0.00


			0.00


			0.75


			0.75


			


			(.75)


			Overlays are always shown, the option to hide them doesn't work.


			0.16


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.28


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.18


			0.06


			0.00


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Overlapping overlay layers not shown properly.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊥


			⊤


			1


			2


			4


			14


			10


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			DICOM Quirks


			Gantry tilt


			2.4.14.10


			3


			1.00


			0.50


			3.00


			1.00


			0.00


			0.00


			0.50


			4.50


			0.00


			2.33


			1.00


			1.50


			13.50


			6.88


			12.77


			0.00


			0.00


			0.00


			


			0.00


			2D Based


			Visualization


			DICOM Quirks


			Gantry tilt


			CT volumes acquired with the gantry tilted require an special treatment in oder to visualize them volumetrically (3D). The image may not be shown correctly but the position yes.


			0.25


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.34


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


			Offers gantry tilt correction before reconstruction.


			0.16


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.28


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.18


			0.06


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊥


			⊤


			1


			2


			4


			14


			11


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			DICOM Quirks


			Segmented palette


			2.4.14.11


			3


			1.00


			0.50


			3.00


			1.00


			0.33


			0.00


			0.50


			4.50


			0.00


			2.33


			1.00


			1.50


			13.50


			6.88


			12.77


			0.00


			0.03


			0.03


			


			0.33


			2D Based


			Visualization


			DICOM Quirks


			Segmented palette


			Special method to store color images.


			0.25


			0.05


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.34


			0.09


			0.00


			0.00


			0.00


			0.00


			0.10


			0.10


			


			(.10)


			Can be opened, but they are rendered wrong.


			0.16


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.28


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.18


			0.06


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊥


			⊤


			1


			2


			4


			14


			12


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Visualization


			DICOM Quirks


			Color images


			2.4.14.12


			3


			1.00


			0.50


			3.00


			1.00


			2.00


			0.00


			0.50


			4.50


			0.00


			2.00


			1.00


			1.50


			13.50


			6.88


			12.77


			0.00


			0.16


			0.16


			


			2.00


			2D Based


			Visualization


			DICOM Quirks


			Color images


			Multi-channel images, like some screenshots and doopler ultrasound series can be properly displayed.


			0.25


			0.05


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.34


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.16


			0.03


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.28


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.18


			0.06


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			⊥


			1


			2


			5


			0


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Tools


			


			


			2.5


			1


			1.00


			0.50


			3.00


			1.00


			2.00


			0.00


			0.50


			4.50


			0.00


			0.00


			1.00


			1.50


			13.50


			0.00


			0.00


			0.07


			0.22


			0.22


			


			3.00


			2D Based


			Tools


						Tools that are mainly focused to measure, annotate and comprehend the datasets.


			0.25


			0.05


			0.04


			0.00


			0.00


			0.04


			0.56


			0.56


			


									0.34


			0.08


			0.07


			0.00


			0.00


			0.07


			0.92


			0.92


			


									0.16


			0.02


			0.01


			0.00


			0.00


			0.01


			0.20


			0.20


			


									0.27


			0.09


			0.06


			0.00


			0.00


			0.06


			0.83


			0.83


			


									0.18


			0.06


			0.05


			0.00


			0.00


			0.05


			0.63


			0.63


			


						


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			5


			1


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Tools


			Usability


			


			2.5.1


			2


			1.00


			0.50


			3.00


			1.00


			2.00


			0.00


			0.50


			1.50


			8.08


			0.00


			1.00


			1.50


			13.50


			8.08


			0.00


			0.01


			0.12


			0.12


			


			1.00


			2D Based


			Tools


			Usability


						General evaluation of  the interaction and frustrations the user may encounter when drawing, modifying etc. The score is set in a fairly manner after analyzing all viewers.


			0.25


			0.05


			0.04


			0.01


			0.01


			0.01


			0.80


			0.80


			


			(.80)


			Drawing is usable, but could not determine edition usability.


			0.34


			0.08


			0.07


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.16


			0.02


			0.01


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			Only one tool (measure tool), the usability and edition of it is good.


			0.27


			0.09


			0.06


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.18


			0.06


			0.05


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			5


			2


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Tools


			Editable


			


			2.5.2


			2


			1.00


			0.50


			3.00


			1.00


			2.00


			0.00


			0.50


			1.50


			7.08


			0.00


			1.00


			1.50


			13.50


			8.08


			0.00


			0.01


			0.12


			0.12


			


			1.00


			2D Based


			Tools


			Editable


						What is drawn can be modified.


			0.24


			0.04


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.33


			0.08


			0.06


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.15


			0.02


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.08


			0.05


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			Shape, color, thickness… are modifiable.


			0.17


			0.05


			0.04


			0.01


			0.01


			0.01


			0.90


			0.90


			


			(.90)


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			5


			3


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Tools


			Transversality


			


			2.5.3


			2


			1.00


			0.50


			3.00


			0.75


			2.00


			0.00


			0.50


			1.50


			6.08


			0.00


			1.00


			1.50


			13.50


			8.08


			0.00


			0.01


			0.09


			0.09


			


			0.75


			2D Based


			Tools


			Transversality


						Tools can be used in a wide range of modes, like fusion, MPR, thick slab, 3D viewer.


			0.24


			0.04


			0.03


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Most tools usable under orthogonal MPR and MIP.


			0.32


			0.07


			0.05


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			Yes, a big effort has ben done to make tools available in all modes.


			0.15


			0.02


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.07


			0.04


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			All tools available to all modes.


			0.16


			0.04


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Only 2D viewers, so transversality is not applicable.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			5


			4


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Tools


			Undo


			


			2.5.4


			2


			1.00


			0.50


			3.00


			0.50


			2.00


			0.00


			0.50


			1.50


			5.33


			0.00


			1.00


			1.50


			13.50


			8.08


			0.00


			0.00


			0.06


			0.06


			


			0.50


			2D Based


			Tools


			Undo


						Performed operations can be undone and redone.


			0.24


			0.04


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.31


			0.06


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.15


			0.02


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.25


			0.06


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.16


			0.04


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			5


			5


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Tools


			3D cursor


			


			2.5.5


			2


			1.00


			0.50


			3.00


			0.00


			2.00


			0.00


			0.50


			1.50


			4.83


			0.00


			1.00


			1.50


			13.50


			8.08


			0.00


			0.00


			0.00


			0.00


			


			0.00


			2D Based


			Tools


			3D cursor


						A selected location in one viewer is precisely shown relative to the rest of the veiwers that share the same spatial origin.


			0.24


			0.04


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.31


			0.05


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			(.67)


			Can only be used under MPR mode.


			0.15


			0.02


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.25


			0.06


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.16


			0.04


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			5


			6


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Tools


			Reference lines


			


			2.5.6


			2


			1.00


			0.50


			3.00


			0.00


			2.00


			0.00


			0.50


			1.50


			4.83


			0.00


			1.00


			1.50


			13.50


			8.08


			0.00


			0.00


			0.00


			0.00


			


			0.00


			2D Based


			Tools


			Reference lines


						The intersection of the current slice in the current viewer and other series that share the same origin is shown.


			0.24


			0.04


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			(.90)


						0.31


			0.05


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


			Displays beginning and end of the volumes, as well as the slice thickness.


			0.15


			0.02


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.25


			0.06


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


			Displays beginning and end of the volumes, as well as the slice thickness.


			0.16


			0.04


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			5


			7


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Tools


			Save status


			


			2.5.7


			2


			1.00


			0.50


			3.00


			0.50


			2.00


			0.00


			0.50


			1.50


			4.83


			0.00


			1.00


			1.50


			13.50


			8.08


			0.00


			0.00


			0.06


			0.06


			


			0.50


			2D Based


			Tools


			Save status


						Drawings, annotations and measures can be saved for future editing or at least exported.


			0.24


			0.04


			0.03


			0.00


			0.00


			0.00


			0.20


			0.20


			


									0.31


			0.05


			0.04


			0.00


			0.00


			0.00


			0.60


			0.60


			


									0.15


			0.02


			0.01


			0.00


			0.00


			0.00


			0.20


			0.20


			


									0.25


			0.06


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.16


			0.04


			0.03


			0.00


			0.00


			0.00


			0.20


			0.20


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			5


			7


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Tools


			Save status


			Screenshot


			2.5.7.1


			3


			1.00


			0.50


			3.00


			0.50


			0.25


			0.00


			0.50


			1.50


			4.33


			1.25


			1.00


			1.50


			13.50


			8.08


			1.25


			0.00


			0.20


			0.20


			


			0.25


			2D Based


			Tools


			Save status


			Screenshot


			Very basic exportation method that does not allow future editing.


			0.24


			0.04


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Screenshots can be uploaded to the PACS, and saved in DICOM.


			0.31


			0.05


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.15


			0.02


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.25


			0.06


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.16


			0.04


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Can be saved to file, or saved as a new DICOM serie.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			5


			7


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Tools


			Save status


			Save


			2.5.7.2


			3


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			0.50


			1.50


			4.33


			1.00


			1.00


			1.50


			13.50


			8.08


			1.25


			0.00


			0.40


			0.40


			


			0.50


			2D Based


			Tools


			Save status


			Save


			Can be saved using DICOM or any other alternative format.


			0.23


			0.04


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.31


			0.05


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, using custom file format.


			0.15


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.25


			0.06


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.16


			0.04


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			5


			7


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Tools


			Save status


			DICOM format


			2.5.7.3


			3


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			0.50


			1.50


			4.33


			0.50


			1.00


			1.50


			13.50


			8.08


			1.25


			0.00


			0.40


			0.40


			


			0.50


			2D Based


			Tools


			Save status


			DICOM format


			Can be saved using DICOM.


			0.23


			0.04


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.31


			0.05


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.15


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.25


			0.06


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, using presentation states.


			0.16


			0.04


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			5


			8


			0


			⊥


			⊥
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			Tools


			Measure
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			0.50


			3.00
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			0.50
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			0.50
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			4.33


			0.00


			1.00


			1.50


			13.50


			8.08


			0.00


			0.01


			0.12


			0.12


			


			1.00


			2D Based


			Tools


			Measure


						Measuring tools for voxel values, angles and distances.
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			0.04


			0.03


			0.01


			0.00


			0.01


			1.00


			1.00
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			0.05


			0.04


			0.01


			0.00


			0.01


			1.00


			1.00
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			0.01


			0.00


			0.00


			0.00


			0.00


			0.23


			0.23
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			0.01


			0.00


			0.01


			1.00


			1.00
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			0.04
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			0.01


			0.00


			0.01


			0.85


			0.85
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			8


			1


			⊥
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			⊥


			⊤


			2D Based


			Tools


			Measure


			Voxel


			2.5.8.1


			3


			1.00


			0.50


			3.00


			1.00


			0.75


			0.00


			0.50


			1.50


			3.33


			3.25


			1.00


			1.50


			13.50


			8.08


			3.25


			0.00


			0.23


			0.23


			


			0.75


			2D Based


			Tools


			Measure


			Voxel


			Information of voxel value.


			0.23


			0.04


			0.03


			0.01


			0.00


			0.00


			1.00


			1.00
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						0.31


			0.05


			0.04


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.15


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.24


			0.06


			0.03


			0.01


			0.00


			0.00


			1.00


			1.00
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						0.16


			0.04


			0.03


			0.01


			0.00


			0.00


			1.00


			1.00
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			2D Based


			Tools


			Measure


			Distance


			2.5.8.2


			3


			1.00


			0.50


			3.00


			1.00


			0.75


			0.00


			0.50


			1.50


			3.33


			2.50


			1.00


			1.50


			13.50


			8.08


			3.25


			0.00


			0.23


			0.23


			


			0.75


			2D Based


			Tools


			Measure


			Distance


						0.23


			0.03


			0.03


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.31


			0.05


			0.03


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.15


			0.01


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00
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						0.24


			0.05


			0.03


			0.01


			0.00


			0.00


			1.00


			1.00
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						0.16


			0.04


			0.03


			0.01


			0.00


			0.00


			1.00


			1.00
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			Measure


			Angle
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			2D Based


			Tools


			Measure


			Angle
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			0.03


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00
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			0.05


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.14


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.24


			0.05


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.16


			0.04


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤
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			⊤
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			1
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			⊥


			⊥


			⊤


			2D Based


			Tools


			Measure


			Cobb angle


			2.5.8.4


			3


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			0.50


			1.50


			3.33


			1.00


			1.00


			1.50


			13.50


			8.08


			3.25


			0.00


			0.15


			0.15


			


			0.50


			2D Based


			Tools


			Measure


			Cobb angle


			A method to measure open angles. Open angle and cobb angle are equiparable.


			0.23


			0.03


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.30


			0.05


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.14


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00
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						0.24


			0.05


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00
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						0.16


			0.03


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00
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			2D Based


			Tools


			Measure


			TA-GT


			2.5.8.5
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			0.50


			3.00


			1.00


			0.50
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			0.50


			1.50


			3.33


			0.50


			1.00


			1.50


			13.50


			8.08


			3.25


			0.00


			0.15


			0.15


			


			0.50


			2D Based


			Tools


			Measure


			TA-GT


						0.23


			0.03


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00
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			0.04


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00
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			0.01


			0.00
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			0.00
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			2D Based


			Tools


			Annotations
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			0.50


			3.00
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			0.50


			1.50


			3.33


			0.00


			1.00


			1.50


			13.50


			8.08


			0.00


			0.00


			0.06


			0.06


			


			0.50


			2D Based


			Tools


			Annotations


						User drawable annotations over the image.


			0.23


			0.03


			0.02


			0.00


			0.00


			0.00


			0.38


			0.38


			


									0.30


			0.04


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.14


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00
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			0.05


			0.02


			0.00


			0.00


			0.00


			0.95


			0.95
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			0.03


			0.02


			0.00


			0.00


			0.00


			0.95


			0.95
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			Tools
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			2D Based


			Tools


			Annotations


			Basic shapes


			Circle, ellipse, rectangle, etc.
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			0.00


			0.80
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			(.80)


						0.30


			0.04


			0.03
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			0.05


			0.02


			0.00
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			0.00


			1.00


			1.00
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			Yes, and many shapes available.
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			0.02
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			0.00


			0.00


			0.90


			0.90


			


			(.90)


			Yes, but perfect circles can't be achieved.
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			2D Based


			Tools
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			Polygons


			Regular polygons, freehand, splines…
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			0.00


			0.00
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			(.70)


						0.30


			0.04


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00
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			Many, and with splines.
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			0.00
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			0.05


			0.02
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			0.00


			0.00


			0.80


			0.80


			


			(.80)


			No advanced shapes.
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			0.02
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			0.00
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			0.90


			


			(.90)


			Includes freehand.
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			0.00


			0.25
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			2D Based


			Tools
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			Arrow or marker
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			0.02
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			1.00
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			⊤


						0.14


			0.01


			0.00
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			0.00
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			Tools


			Annotations


			Textual
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			1.00


			0.50


			3.00


			0.50


			0.50
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			0.50


			1.50


			2.83


			0.50


			1.00


			1.50


			13.50


			8.08


			2.00


			0.00


			0.25


			0.25


			


			0.50


			2D Based


			Tools


			Annotations


			Textual


						0.22


			0.02


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00
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						0.30


			0.04


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00
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						0.14


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.23


			0.04


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00
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						0.15


			0.03


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00
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			2D Based


			Tools


			Unit awareness


			


			2.5.10
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			3.00
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			2.83


			0.00


			1.00


			1.50


			13.50


			8.08


			0.00


			0.00


			0.06


			0.06


			


			0.50


			2D Based


			Tools


			Unit awareness


						Awareness of the viewer regarding the handling of the units and DICOM tags in order to perform right measurements.
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			0.02


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00
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						0.29


			0.04


			0.02


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Distances and area units, but not pixel units. SUV units are missing.


			0.14


			0.01


			0.00


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Annotatios are in mm, however, measurements do not display the unit.


			0.23


			0.04


			0.02


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			SUV units are not properly shown.


			0.15


			0.03


			0.02


			0.00


			0.00


			0.00


			0.70


			0.70


			


			(.70)


			Distances and area units, but not pixel units. ECG units shown properly.
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			1


			2


			5


			11


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Tools


			Statistics


			


			2.5.11


			2


			1.00


			0.50


			3.00


			0.75


			0.50


			0.00


			0.50


			1.50


			2.33


			0.00


			1.00


			1.50


			13.50


			8.08


			0.00


			0.01


			0.09


			0.09


			


			0.75


			2D Based


			Tools


			Statistics


						Statistics calculated when a measure is taken (SD, mean, average...)


			0.22


			0.02


			0.01


			0.01


			0.01


			0.01


			1.00


			1.00
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						0.29


			0.04


			0.02


			0.01


			0.01


			0.01


			1.00


			1.00
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						0.14


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.23


			0.04


			0.01


			0.01


			0.01


			0.01


			1.00


			1.00
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						0.15


			0.02


			0.01


			0.01
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			0.01


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1
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			12


			0
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			⊥


			⊤


			⊥


			2D Based


			Tools


			SUV


			


			2.5.12


			2


			1.00


			0.50


			3.00


			0.00


			0.50


			0.00


			0.50


			1.50


			1.58


			0.00


			1.00


			1.50


			13.50


			8.08


			0.00


			0.00


			0.00


			0.00


			


			0.00


			2D Based


			Tools


			SUV


						Calculation of SUV, useful for PET images.


			0.21


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


			Yes, and with several configuration options.


			0.28


			0.03


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			(.80)


			Only body weight method, and too many steps shall be performed to measure.


			0.14


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.22


			0.03


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			(.90)


			Yes on ROIs. Only body weight method available.


			0.14


			0.02


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			5


			13


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Tools


			Histogram


			


			2.5.13


			2


			1.00


			0.50


			3.00


			0.33


			0.50


			0.00


			0.50


			1.50


			1.58


			0.00


			1.00


			1.50


			13.50


			8.08


			0.00


			0.00


			0.04


			0.04


			


			0.33


			2D Based


			Tools


			Histogram


						Histogram of a volume, image or region of the image.


			0.21


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.28


			0.03


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, and even in ROIs.


			0.14


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.22


			0.03


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.14


			0.02


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			5


			14


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Tools


			ROI


			


			2.5.14


			2


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			0.50


			1.50


			1.25


			0.00


			1.00


			1.50


			13.50


			8.08


			0.00


			0.01


			0.12


			0.12


			


			1.00


			2D Based


			Tools


			ROI


						Evaluates if there's a ROI tool present. As they usually do automated segmentation, those features are evaluated inide the "processing" group. 3D ROI shall be considered..


			0.21


			0.01


			0.01


			0.01


			0.01


			0.01


			0.67


			0.67


			


			(.67)


			Yes, however only 2D ROI.


			0.28


			0.03


			0.01


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			Yes, including 3D ROI, and advanced features.


			0.14


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Can do segmentation, but not ROIs that show statistics about a region.


			0.22


			0.03


			0.01


			0.01


			0.01


			0.01


			0.67


			0.67


			


			(.67)


			Yes, however only 2D ROI.


			0.14


			0.02


			0.01


			0.01


			0.01


			0.01


			0.67


			0.67


			


			(.67)


			Yes, however only 2D ROI.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			5


			15


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Tools


			Key image notes (KIN)


			


			2.5.15


			2


			1.00


			0.50


			3.00


			0.25


			0.50


			0.00


			0.50


			1.50


			0.25


			0.00


			1.00


			1.50


			13.50


			8.08


			0.00


			0.00


			0.03


			0.03


			


			0.25


			2D Based


			Tools


			Key image notes (KIN)


						DICOM standard way to bookmark some images in a study. The program should be able not only to read but to save them in DICOM format.


			0.21


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.27


			0.02


			0.00


			0.00


			0.00


			0.00


			0.33


			0.33


			


			(.33)


			Has an internal "key images" feature, but it can't read or generate real KO.


			0.14


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.21


			0.03


			0.00


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Yes, can be read and created. Editing the name is not possible.


			0.13


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			⊥


			1


			2


			6


			0


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Other modalities


			


			


			2.6


			1


			1.00


			0.50


			1.00


			0.25


			0.50


			0.00


			0.50


			1.50


			0.00


			0.00


			1.00


			1.50


			13.50


			0.00


			0.00


			0.02


			0.07


			0.07


			


			1.00


			2D Based


			Other modalities


						Special modalities that are not images or volumes.


			0.21


			0.01


			0.01


			0.00


			0.00


			0.01


			0.25


			0.25


			


									0.27


			0.02


			0.01


			0.00


			0.00


			0.01


			0.34


			0.34


			


									0.14


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.21


			0.02


			0.02


			0.00


			0.00


			0.02


			0.82


			0.82


			


									0.13


			0.01


			0.01


			0.00


			0.00


			0.01


			0.45


			0.45


			


						


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			6


			1


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Other modalities


			Structured report (SR)


			


			2.6.1


			2


			1.00


			0.50


			1.00


			0.50


			0.50


			0.00


			0.50


			0.50


			2.00


			0.00


			1.00


			1.50


			13.50


			2.00


			0.00


			0.01


			0.25


			0.25


			


			0.50


			2D Based


			Other modalities


			Structured report (SR)


						DICOM structured reports enable physicians to review studies and store their conclusions and remarks in a standard way.


			0.21


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.27


			0.02


			0.01


			0.00


			0.00


			0.00


			0.36


			0.36


			


									0.14


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.21


			0.02


			0.02


			0.00


			0.00


			0.00


			0.55


			0.55


			


									0.13


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			6


			1


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Other modalities


			Structured report (SR)


			Read


			2.6.1.1


			3


			1.00


			0.50


			1.00


			0.50


			1.00


			0.00


			0.50


			0.50


			1.50


			1.83


			1.00


			1.50


			13.50


			2.00


			1.83


			0.00


			0.55


			0.55


			


			1.00


			2D Based


			Other modalities


			Structured report (SR)


			Read


			Structured reports are shown and properly integrated.


			0.21


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.27


			0.02


			0.01


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Are converted to PDF and shown with system viewer.


			0.14


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.21


			0.02


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Integrated, and embedded links work.


			0.13


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			6


			1


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Other modalities


			Structured report (SR)


			Write


			2.6.1.2


			3


			1.00


			0.50


			1.00


			0.50


			0.50


			0.00


			0.50


			0.50


			1.50


			0.83


			1.00


			1.50


			13.50


			2.00


			1.83


			0.00


			0.27


			0.27


			


			0.50


			2D Based


			Other modalities


			Structured report (SR)


			Write


			Generation of structured reports.


			0.21


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.27


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.14


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.21


			0.02


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.13


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			1


			2


			6


			1


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Other modalities


			Structured report (SR)


			Specific


			2.6.1.3


			3


			1.00


			0.50


			1.00


			0.50


			0.33


			0.00


			0.50


			0.50


			1.50


			0.33


			1.00


			1.50


			13.50


			2.00


			1.83


			0.00


			0.18


			0.18


			


			0.33


			2D Based


			Other modalities


			Structured report (SR)


			Specific


			Adaptation of the structured report UI to specific imaging modalities like mammography.


			0.21


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.27


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.14


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.21


			0.02


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.13


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			6


			2


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Other modalities


			Encapsulated documents


			


			2.6.2


			2


			1.00


			0.50


			1.00


			0.50


			0.33


			0.00


			0.50


			0.50


			1.50


			0.00


			1.00


			1.50


			13.50


			2.00


			0.00


			0.01


			0.25


			0.25


			


			0.50


			2D Based


			Other modalities


			Encapsulated documents


						Encapsulated documents could be embedded PDF documents inside a DICOM file.


			0.21


			0.01


			0.01


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.27


			0.01


			0.01


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.14


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.21


			0.02


			0.02


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.13


			0.01


			0.01


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			6


			3


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Other modalities


			ECG graphs


			


			2.6.3


			2


			1.00


			0.50


			1.00


			0.50


			0.33


			0.00


			0.50


			0.50


			1.00


			0.00


			1.00


			1.50


			13.50


			2.00


			0.00


			0.01


			0.25


			0.25


			


			0.50


			2D Based


			Other modalities


			ECG graphs


						Display DICOM electrocardiogram graphical data


			0.20


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.14


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.20


			0.01


			0.01


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			Supported, and with effective and usable tools that compute several metrics.


			0.13


			0.00


			0.00


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Supported, but measures are slower to perform with the ruler tool.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			6


			4


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Other modalities


			Video


			


			2.6.4


			2


			1.00


			0.50


			1.00


			0.25


			0.33


			0.00


			0.50


			0.50


			0.50


			0.00


			1.00


			1.50


			13.50


			2.00


			0.00


			0.00


			0.13


			0.13


			


			0.25


			2D Based


			Other modalities


			Video


						Display DICOM video.


			0.20


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.14


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.20


			0.01


			0.00


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Opens with the system media player. Does not work well on GNU/Linux.


			0.12


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			1


			2


			6


			5


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Other modalities


			Audio


			


			2.6.5


			2


			1.00


			0.50


			1.00


			0.25


			0.33


			0.00


			0.50


			0.50


			0.25


			0.00


			1.00


			1.50


			13.50


			2.00


			0.00


			0.00


			0.13


			0.13


			


			0.25


			2D Based


			Other modalities


			Audio


						Play DICOM audio. Waveform plotting is a plus.


			0.20


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.14


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.19


			0.01


			0.00


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Yes, but with a very basic player.


			0.12


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			⊥


			1


			2


			7


			0


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Processing


			


			


			2.7


			1


			1.00


			0.50


			0.50


			0.25


			0.33


			0.00


			0.50


			0.50


			0.00


			0.00


			1.00


			1.50


			13.50


			0.00


			0.00


			0.01


			0.04


			0.04


			


			0.50


			2D Based


			Processing


						Features that perform a complex analysis of the dataset and usually generate new series.


			0.20


			0.00


			0.00


			0.00


			0.00


			0.00


			0.03


			0.03


			


									0.26


			0.01


			0.01


			0.00


			0.00


			0.01


			0.61


			0.61


			


									0.14


			0.01


			0.01


			0.00


			0.00


			0.01


			0.80


			0.80


			


									0.19


			0.00


			0.00


			0.00


			0.00


			0.00


			0.30


			0.30


			


									0.12


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			⊥


			1


			2


			7


			1


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Processing


			Generate series


			


			2.7.1


			2


			1.00


			0.50


			0.50


			0.75


			0.33


			0.00


			0.50


			0.00


			3.33


			0.00


			1.00


			1.50


			13.50


			3.33


			0.00


			0.00


			0.23


			0.23


			


			0.75


			2D Based


			Processing


			Generate series


						New series can be generated. Generated series through screenshots is not considered. New series shall be in DICOM format or express a similar equivalency inside the program workflow.


			0.20


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.01


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			New series can be generated.


			0.14


			0.01


			0.01


			0.00


			0.00


			0.00


			0.95


			0.95


			


			(.95)


			Yes, as a way to store intermediate results. They are treated as if they were DICOM.


			0.19


			0.00


			0.00


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Some operations like MIP and MPR generate new series. They are in DICOM format.


			0.12


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			⊥


			1


			2


			7


			2


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Processing


			Flow quantification


			


			2.7.2


			2


			1.00


			0.50


			0.50


			0.00


			0.33


			0.00


			0.50


			0.00


			2.58


			0.00


			1.00


			1.50


			13.50


			3.33


			0.00


			0.00


			0.00


			0.00


			


			0.00


			2D Based


			Processing


			Flow quantification


						Extract and present (usually using graphs) flow information from speed maps usually acquired with MRI flow quantization sequences.


			0.20


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.14


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.19


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.12


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			⊥


			1


			2


			7


			3


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Processing


			Registration


			


			2.7.3


			2


			1.00


			0.50


			0.50


			0.33


			0.33


			0.00


			0.50


			0.00


			2.58


			0.00


			1.00


			1.50


			13.50


			3.33


			0.00


			0.00


			0.10


			0.10


			


			0.33


			2D Based


			Processing


			Registration


						Transformation of a volume to make it spatially compatible with another one.


			0.20


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.26


			0.00


			0.00


			0.00


			0.00


			0.00


			0.20


			0.20


			


									0.14


			0.01


			0.01


			0.00


			0.00


			0.00


			0.60


			0.60


			


									0.19


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.12


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊥


			⊤


			⊤


			1


			2


			7


			3


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Processing


			Registration


			Manual


			2.7.3.1


			3


			1.00


			0.50


			0.50


			0.33


			0.50


			0.00


			0.50


			0.00


			2.25


			1.25


			1.00


			1.50


			13.50


			3.33


			1.25


			0.00


			0.40


			0.40


			


			0.50


			2D Based


			Processing


			Registration


			Manual


			The user can manually transform a dataset to make it match with the other one with operations like translation, rotation and scaling.


			0.20


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.00


			0.00


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Only translation, no scaling or rotation.


			0.14


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.19


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.12


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊥


			⊤


			⊤


			1


			2


			7


			3


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Processing


			Registration


			Automatic


			2.7.3.2


			3


			1.00


			0.50


			0.50


			0.33


			0.75


			0.00


			0.50


			0.00


			2.25


			0.75


			1.00


			1.50


			13.50


			3.33


			1.25


			0.00


			0.60


			0.60


			


			0.75


			2D Based


			Processing


			Registration


			Automatic


			Registration is performed using some automated algorithms.


			0.20


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.14


			0.01


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			With many advanced and configurable algorithms.


			0.19


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.12


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			⊥


			1


			2


			7


			4


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Processing


			Segmentation


			


			2.7.4


			2


			1.00


			0.50


			0.50


			0.50


			0.75


			0.00


			0.50


			0.00


			2.25


			0.00


			1.00


			1.50


			13.50


			3.33


			0.00


			0.00


			0.15


			0.15


			


			0.50


			2D Based


			Processing


			Segmentation


						Automated or semiautomated detection of image features in order to classify its voxels. Some ROI tools do perform segmentation, its segmentation features shall be evaluated here.


			0.20


			0.00


			0.00


			0.00


			0.00


			0.00


			0.22


			0.22


			


									0.26


			0.00


			0.00


			0.00


			0.00


			0.00


			0.94


			0.94


			


									0.14


			0.01


			0.01


			0.00


			0.00


			0.00


			0.48


			0.48


			


									0.19


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.12


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊥


			⊤


			⊤


			1


			2


			7


			4


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Processing


			Segmentation


			Manual


			2.7.4.1


			3


			1.00


			0.50


			0.50


			0.50


			0.50


			0.00


			0.50


			0.00


			1.75


			2.50


			1.00


			1.50


			13.50


			3.33


			2.50


			0.00


			0.20


			0.20


			


			0.50


			2D Based


			Processing


			Segmentation


			Manual


			Segment using basic shapes.


			0.20


			0.00


			0.00


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			With ROIs.


			0.26


			0.00


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.14


			0.01


			0.01


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Yes, with a simple brush tool.


			0.19


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.12


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊥


			⊤


			⊤


			1


			2


			7


			4


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Processing


			Segmentation


			Automated


			2.7.4.2


			3


			1.00


			0.50


			0.50


			0.50


			1.00


			0.00


			0.50


			0.00


			1.75


			2.00


			1.00


			1.50


			13.50


			3.33


			2.50


			0.00


			0.40


			0.40


			


			1.00


			2D Based


			Processing


			Segmentation


			Automated


			Automated feature detection, that can automatically or semiautomatically segment.


			0.20


			0.00


			0.00


			0.00


			0.00


			0.00


			0.30


			0.30


			


			(.30)


			With 2D magic roi.


			0.26


			0.00


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Region growing.


			0.14


			0.01


			0.01


			0.00


			0.00


			0.00


			0.30


			0.30


			


			(.30)


			A simple threshold segmentation.


			0.19


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.12


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊥


			⊤


			⊤


			1


			2


			7


			4


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Processing


			Segmentation


			Editable


			2.7.4.3


			3


			1.00


			0.50


			0.50


			0.50


			0.50


			0.00


			0.50


			0.00


			1.75


			1.00


			1.00


			1.50


			13.50


			3.33


			2.50


			0.00


			0.20


			0.20


			


			0.50


			2D Based


			Processing


			Segmentation


			Editable


			Segmented results can be edited.


			0.20


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.00


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.14


			0.01


			0.01


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Yes, with a simple brush tool, area can be added or substracted.


			0.19


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.12


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊥


			⊤


			⊤


			1


			2


			7


			4


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Processing


			Segmentation


			3D


			2.7.4.4


			3


			1.00


			0.50


			0.50


			0.50


			0.00


			0.00


			0.50


			0.00


			1.75


			0.50


			1.00


			1.50


			13.50


			3.33


			2.50


			0.00


			0.00


			0.00


			


			0.00


			2D Based


			Processing


			Segmentation


			3D


			Segmentation of 3D volumes.


			0.20


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


			Yes, and with erosion and dilate filters.


			0.14


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.19


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.12


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊥


			⊤


			⊤


			1


			2


			7


			4


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Processing


			Segmentation


			Import/export


			2.7.4.5


			3


			1.00


			0.50


			0.50


			0.50


			0.50


			0.00


			0.50


			0.00


			1.75


			0.50


			1.00


			1.50


			13.50


			3.33


			2.50


			0.00


			0.20


			0.20


			


			0.50


			2D Based


			Processing


			Segmentation


			Import/export


			Segmented results can be imported and exported to different formats.


			0.20


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.00


			0.00


			0.00


			0.00


			0.00


			0.70


			0.70


			


			(.70)


			Yes, to a custom .roi format and .xml


			0.14


			0.01


			0.01


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Yes, to several scientific formats like MHD, VTK… unfortunately not to DICOM.


			0.19


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.12


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			⊥


			1


			2


			7


			5


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Processing


			Rescaling


			


			2.7.5


			2


			1.00


			0.50


			0.50


			0.50


			0.50


			0.00


			0.50


			0.00


			1.75


			0.00


			1.00


			1.50


			13.50


			3.33


			0.00


			0.00


			0.15


			0.15


			


			0.50


			2D Based


			Processing


			Rescaling


						Transformations from an original volume to a new one different in size.


			0.20


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			In theory available in a plugin not included by default, thus we do not evaluate it.


			0.14


			0.01


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, using a filter.


			0.19


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.12


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			⊥


			1


			2


			7


			6


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Processing


			Convolution


			


			2.7.6


			2


			1.00


			0.50


			0.50


			0.75


			0.50


			0.00


			0.50


			0.00


			1.25


			0.00


			1.00


			1.50


			13.50


			3.33


			0.00


			0.00


			0.23


			0.23


			


			0.75


			2D Based


			Processing


			Convolution


						Apply convolution filters to enchance or mask some image features.


			0.20


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.00


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.14


			0.00


			0.00


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Only gaussian blur available, can't custom define a convolution matrix.


			0.19


			0.00


			0.00


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Yes, a good selection, however they can't be chained nor custom made. Only for display.


			0.12


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			⊥


			1


			2


			7


			7


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			2D Based


			Processing


			Filters


			


			2.7.7


			2


			1.00


			0.50


			0.50


			0.50


			0.50


			0.00


			0.50


			0.00


			0.50


			0.00


			1.00


			1.50


			13.50


			3.33


			0.00


			0.00


			0.15


			0.15


			


			0.50


			2D Based


			Processing


			Filters


						Advanced filters regarding image processing.


			0.20


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			All filters found use convolution


			0.13


			0.00


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, ITK and other advanced filters.


			0.19


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.12


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			⊥


			1


			2


			7


			8


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			2D Based


			Processing


			DTI


			


			2.7.8


			2


			1.00


			0.50


			0.50


			0.00


			0.50


			0.00


			0.50


			0.00


			0.00


			0.00


			1.00


			1.50


			13.50


			3.33


			0.00


			0.00


			0.00


			0.00


			


			0.00


			2D Based


			Processing


			DTI


						Visualize and interact with volumes where each voxel is considered a tensor. The visualization may require advanced features like tractographies and glyph visualizations.


			0.20


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.26


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.13


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.19


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.12


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊥


			⊥


			⊤


			1


			2


			7


			8


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Processing


			DTI


			Maps


			2.7.8.1


			3


			1.00


			0.50


			0.50


			0.00


			0.50


			0.00


			0.50


			0.00


			0.00


			1.50


			1.00


			1.50


			13.50


			3.33


			1.50


			0.00


			0.33


			0.33


			


			0.50


			2D Based


			Processing


			DTI


			Maps


			Compute maps from the tensor field such as ADC, AF, VR…


			0.20


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.13


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


			Yes, several of them.


			0.19


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.12


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊥


			⊥


			⊤


			1


			2


			7


			8


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Processing


			DTI


			Glyphs


			2.7.8.2


			3


			1.00


			0.50


			0.50


			0.00


			0.50


			0.00


			0.50


			0.00


			0.00


			1.00


			1.00


			1.50


			13.50


			3.33


			1.50


			0.00


			0.33


			0.33


			


			0.50


			2D Based


			Processing


			DTI


			Glyphs


			Display tensors using a glyph.


			0.20


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.13


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


			Yes, a good selection of them. Resolution can be picked.


			0.19


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.12


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊥


			⊥


			⊤


			1


			2


			7


			8


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			2D Based


			Processing


			DTI


			Tractography


			2.7.8.3


			3


			1.00


			0.50


			0.50


			0.00


			0.50


			0.00


			0.50


			0.00


			0.00


			0.50


			1.00


			1.50


			13.50


			3.33


			1.50


			0.00


			0.33


			0.33


			


			0.50


			2D Based


			Processing


			DTI


			Tractography


			Display main fiber orientation using streamlines or hyperstreamlines.


			0.20


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.26


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.13


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


			Yes, but no advanced filtering methods could be found.


			0.19


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.12


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			⊥


			⊥


			⊥


			⊤


			⊥


			⊥


			⊥


			1


			3


			0


			0


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			


			


			


			3


			0


			1.00


			0.50


			0.50


			0.00


			0.50


			0.00


			0.50


			0.00


			0.00


			0.00


			1.00


			1.50


			0.00


			0.00


			0.00


			0.33


			0.33


			0.33


			


			0.50


			3D Based


						Audiende that works with volumetric images from computed tomography and magnetic resonance as well as nuclear medicine modalities like PET.


			0.20


			0.20


			0.00


			0.00


			0.00


			0.20


			0.60


			0.60


			


									0.26


			0.26


			0.00


			0.00


			0.00


			0.26


			0.77


			0.77


			


									0.13


			0.13


			0.00


			0.00


			0.00


			0.13


			0.39


			0.39


			


									0.19


			0.19


			0.00


			0.00


			0.00


			0.19


			0.56


			0.57


			


									0.12


			0.12


			0.00


			0.00


			0.00


			0.12


			0.37


			0.37


			


						


			⊥


			⊥


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊥


			⊤


			⊥


			⊥


			1


			3


			1


			0


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Technical


			


			


			3.1


			1


			1.00


			0.50


			1.00


			0.00


			0.50


			0.00


			0.00


			14.50


			0.00


			0.00


			1.00


			1.50


			14.50


			0.00


			0.00


			0.02


			0.07


			0.07


			


			1.00


			3D Based


			Technical


						Technical features about the software.


			0.20


			0.20


			0.01


			0.00


			0.00


			0.01


			0.63


			0.63


			


									0.26


			0.26


			0.01


			0.00


			0.00


			0.01


			0.34


			0.34


			


									0.13


			0.13


			0.01


			0.00


			0.00


			0.01


			0.58


			0.58


			


									0.19


			0.19


			0.01


			0.00


			0.00


			0.01


			0.57


			0.57


			


									0.12


			0.12


			0.01


			0.00


			0.00


			0.01


			0.48


			0.48


			


						


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			1


			1


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Technical


			Platforms


			


			3.1.1


			2


			1.00


			0.50


			1.00


			2.00


			0.50


			0.00


			0.00


			13.50


			12.00


			0.00


			1.00


			1.50


			14.50


			12.00


			0.00


			0.00


			0.17


			0.17


			


			2.00


			3D Based


			Technical


			Platforms


						Operating systems where the software may run. Web platforms can be considered multi-platform.


			0.20


			0.20


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.26


			0.26


			0.01


			0.00


			0.00


			0.00


			0.33


			0.33


			


									0.13


			0.13


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.19


			0.19


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.12


			0.12


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			1


			1


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Technical


			Platforms


			GNU/Linux


			3.1.1.1


			3


			1.00


			0.50


			1.00


			2.00


			0.50


			0.00


			0.00


			13.50


			10.00


			1.50


			1.00


			1.50


			14.50


			12.00


			1.50


			0.00


			0.33


			0.33


			


			0.50


			3D Based


			Technical


			Platforms


			GNU/Linux


						0.20


			0.20


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.26


			0.26


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.13


			0.13


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.19


			0.19


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.12


			0.12


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			1


			1


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Technical


			Platforms


			Windows


			3.1.1.2


			3


			1.00


			0.50


			1.00


			2.00


			0.50


			0.00


			0.00


			13.50


			10.00


			1.00


			1.00


			1.50


			14.50


			12.00


			1.50


			0.00


			0.33


			0.33


			


			0.50


			3D Based


			Technical


			Platforms


			Windows


						0.20


			0.20


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.26


			0.26


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.13


			0.13


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.19


			0.19


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.12


			0.12


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			1


			1


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Technical


			Platforms


			macOS


			3.1.1.3


			3


			1.00


			0.50


			1.00


			2.00


			0.50


			0.00


			0.00


			13.50


			10.00


			0.50


			1.00


			1.50


			14.50


			12.00


			1.50


			0.00


			0.33


			0.33


			


			0.50


			3D Based


			Technical


			Platforms


			macOS


						0.20


			0.20


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.26


			0.26


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.13


			0.13


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.19


			0.19


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.12


			0.12


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			1


			2


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Technical


			CE Certified


			


			3.1.2


			2


			1.00


			0.50


			1.00


			4.00


			0.50


			0.00


			0.00


			13.50


			10.00


			0.00


			1.00


			1.50


			14.50


			12.00


			0.00


			0.01


			0.33


			0.33


			


			4.00


			3D Based


			Technical


			CE Certified


						The software can be used as a medical device. The certified software version must be free, however the user may be required to pay for support in order to comply)


			0.20


			0.20


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.25


			0.25


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.13


			0.13


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.18


			0.18


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.12


			0.12


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			1


			3


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Technical


			Background


			


			3.1.3


			2


			1.00


			0.50


			1.00


			2.00


			0.50


			0.00


			0.00


			13.50


			6.00


			0.00


			1.00


			1.50


			14.50


			12.00


			0.00


			0.00


			0.17


			0.17


			


			2.00


			3D Based


			Technical


			Background


						Computationally intensive tasks, do not freeze the UI.


			0.20


			0.20


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.25


			0.25


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.13


			0.13


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.18


			0.18


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.12


			0.12


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			1


			4


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Technical


			License


			


			3.1.4


			2


			1.00


			0.50


			1.00


			1.00


			0.50


			0.00


			0.00


			13.50


			4.00


			0.00


			1.00


			1.50


			14.50


			12.00


			0.00


			0.00


			0.08


			0.08


			


			1.00


			3D Based


			Technical


			License


						How free the software and its dependencies are. Debian free software guidelines is a set of criteria to evaluate if a license is free (as in freedom). [https://wiki.debian.org/DFSGLicenses]


			0.19


			0.19


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.25


			0.25


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.12


			0.12


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.18


			0.18


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.12


			0.12


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			1


			4


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Technical


			License


			Free


			3.1.4.1


			3


			1.00


			0.50


			1.00


			1.00


			1.00


			0.00


			0.00


			13.50


			3.00


			1.00


			1.00


			1.50


			14.50


			12.00


			1.00


			0.00


			1.00


			1.00


			


			1.00


			3D Based


			Technical


			License


			Free


			Notable examples are: GPL, LGPL, Apache, BSD, MIT, MPL.


			0.19


			0.19


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.25


			0.25


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.12


			0.12


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.18


			0.18


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.12


			0.12


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			1


			4


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Technical


			License


			Non-free


			3.1.4.2


			3


			1.00


			0.50


			1.00


			1.00


			0.00


			0.00


			0.00


			13.50


			3.00


			0.00


			1.00


			1.50


			14.50


			12.00


			1.00


			0.00


			0.00


			0.00


			


			0.00


			3D Based


			Technical


			License


			Non-free


			Any other non-free license according to DFSG criteria.


			0.19


			0.19


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.25


			0.25


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.12


			0.12


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.18


			0.18


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.11


			0.11


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			1


			5


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Technical


			Multilanguage


			


			3.1.5


			2


			1.00


			0.50


			1.00


			1.00


			0.00


			0.00


			0.00


			13.50


			3.00


			0.00


			1.00


			1.50


			14.50


			12.00


			0.00


			0.00


			0.08


			0.08


			


			1.00


			3D Based


			Technical


			Multilanguage


						The program is translatable. The number of available languages is a relativistic factor to take in account.


			0.19


			0.19


			0.00


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Catalan, Spanish, English.


			0.25


			0.25


			0.00


			0.00


			0.00


			0.00


			0.40


			0.40


			


			(.40)


			English, Japanese


			0.12


			0.12


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Only in english, no multilanguage support observed.


			0.18


			0.18


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Tranlated to 28 languages.


			0.11


			0.11


			0.00


			0.00


			0.00


			0.00


			0.70


			0.70


			


			(.70)


			Translated to eleven languages, but many are partially translated.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			1


			6


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Technical


			Documentation


			


			3.1.6


			2


			1.00


			0.50


			1.00


			2.00


			0.00


			0.00


			0.00


			13.50


			2.00


			0.00


			1.00


			1.50


			14.50


			12.00


			0.00


			0.00


			0.17


			0.17


			


			2.00


			3D Based


			Technical


			Documentation


						Quality of the documentation.


			0.19


			0.19


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			A PDF that describes all features.


			0.25


			0.25


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Not found, however is understandable as users may refer to OsiriX documentation.


			0.12


			0.12


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			A webpage that describes all features.


			0.18


			0.18


			0.00


			0.00


			0.00


			0.00


			0.40


			0.40


			


			(.40)


			Documentation exist but is not exhaustive in describing all features. Focused to programmers.


			0.11


			0.11


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Opens a broken link, no documentation found in the GIT repository.





			⊥


			⊥


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊥


			⊤


			⊥


			⊥


			1


			3


			2


			0


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Archive


			


			


			3.2


			1


			1.00


			0.50


			2.00


			2.00


			0.00


			0.00


			0.00


			13.50


			0.00


			0.00


			1.00


			1.50


			14.50


			0.00


			0.00


			0.05


			0.14


			0.14


			


			2.00


			3D Based


			Archive


						Support to open, save, import, export and network communications.


			0.19


			0.19


			0.03


			0.00


			0.00


			0.03


			0.72


			0.72


			


									0.25


			0.25


			0.04


			0.00


			0.00


			0.04


			0.97


			0.97


			


									0.12


			0.12


			0.02


			0.00


			0.00


			0.02


			0.39


			0.39


			


									0.17


			0.17


			0.03


			0.00


			0.00


			0.03


			0.58


			0.58


			


									0.11


			0.11


			0.04


			0.00


			0.00


			0.04


			0.80


			0.80


			


						


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			2


			1


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Archive


			DIMSE


			


			3.2.1


			2


			1.00


			0.50


			2.00


			3.00


			0.00


			0.00


			0.00


			11.50


			22.50


			0.00


			1.00


			1.50


			14.50


			22.50


			0.00


			0.01


			0.13


			0.13


			


			3.00


			3D Based


			Archive


			DIMSE


						Traditional DICOM network protocol.


			0.19


			0.19


			0.03


			0.00


			0.00


			0.00


			0.79


			0.79


			


									0.25


			0.25


			0.04


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.12


			0.12


			0.02


			0.00


			0.00


			0.00


			0.79


			0.79


			


									0.17


			0.17


			0.03


			0.00


			0.00


			0.00


			0.79


			0.79


			


									0.11


			0.11


			0.04


			0.01


			0.00


			0.01


			0.99


			0.99


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			2


			1


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Archive


			DIMSE


			Query


			3.2.1.1


			3


			1.00


			0.50


			2.00


			3.00


			2.00


			0.00


			0.00


			11.50


			19.50


			7.00


			1.00


			1.50


			14.50


			22.50


			7.00


			0.00


			0.29


			0.29


			


			2.00


			3D Based


			Archive


			DIMSE


			Query


			Searching by some attribute like patient's name.


			0.19


			0.19


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.25


			0.25


			0.04


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.12


			0.12


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.17


			0.17


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.11


			0.11


			0.04


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			2


			1


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Archive


			DIMSE


			Retrieve


			3.2.1.2


			3


			1.00


			0.50


			2.00


			3.00


			2.00


			0.00


			0.00


			11.50


			19.50


			5.00


			1.00


			1.50


			14.50


			22.50


			7.00


			0.00


			0.29


			0.29


			


			2.00


			3D Based


			Archive


			DIMSE


			Retrieve


			Download studies.


			0.18


			0.18


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.25


			0.25


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.12


			0.12


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.17


			0.17


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.11


			0.11


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			2


			1


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Archive


			DIMSE


			Upload


			3.2.1.3


			3


			1.00


			0.50


			2.00


			3.00


			1.50


			0.00


			0.00


			11.50


			19.50


			3.00


			1.00


			1.50


			14.50


			22.50


			7.00


			0.00


			0.21


			0.21


			


			1.50


			3D Based


			Archive


			DIMSE


			Upload


			Upload studies or new series.


			0.18


			0.18


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.24


			0.24


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.11


			0.11


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.17


			0.17


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.11


			0.11


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			2


			1


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Archive


			DIMSE


			Security


			3.2.1.4


			3


			1.00


			0.50


			2.00


			3.00


			1.00


			0.00


			0.00


			11.50


			19.50


			1.50


			1.00


			1.50


			14.50


			22.50


			7.00


			0.00


			0.14


			0.14


			


			1.00


			3D Based


			Archive


			DIMSE


			Security


			Encryption and authentication of the connections using X.509 certificates. Users can authenticate to the server (peer) with a certificate.


			0.18


			0.18


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.24


			0.24


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			User certificates can be specified, and are retrieved from system's keychain.


			0.11


			0.11


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.17


			0.17


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.11


			0.11


			0.03


			0.00


			0.00


			0.00


			0.95


			0.95


			


			(.95)


			Not able to integrate with system certificate storages. Only PEM format allowed.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			2


			1


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Archive


			DIMSE


			Internal server


			3.2.1.5


			3


			1.00


			0.50


			2.00


			3.00


			0.50


			0.00


			0.00


			11.50


			19.50


			0.50


			1.00


			1.50


			14.50


			22.50


			7.00


			0.00


			0.07


			0.07


			


			0.50


			3D Based


			Archive


			DIMSE


			Internal server


			Built-in pacs server, where peers can do queries, send and retrieve studies.


			0.18


			0.18


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.24


			0.24


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.11


			0.11


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.17


			0.17


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.11


			0.11


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			2


			2


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Archive


			WADO
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			Archive


			DICOM format


			Multiframe


			A file that contains multiple pixel data.


			0.17


			0.17


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.23


			0.23


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.11


			0.11


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Only the first slice is shown.


			0.16


			0.16


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Program closes with segmentation fault.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			2


			4


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Archive


			DICOM format


			JPEG2000


			3.2.4.5


			3


			1.00


			0.50


			2.00


			3.00


			0.67


			0.00


			0.00


			11.50


			10.50


			0.67


			1.00


			1.50


			14.50


			22.50


			4.67


			0.00


			0.14


			0.14


			


			0.67


			3D Based


			Archive


			DICOM format


			JPEG2000


			JPEG2000 compression support.


			0.17


			0.17


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.22


			0.22


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.11


			0.11


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.16


			0.16


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			2


			5


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Archive


			Other formats


			


			3.2.5


			2


			1.00


			0.50


			2.00


			1.00


			0.67


			0.00


			0.00


			11.50


			10.50


			0.00


			1.00


			1.50


			14.50


			22.50


			0.00


			0.00


			0.04


			0.04


			


			1.00


			3D Based


			Archive


			Other formats


						Open and save to other non-DICOM file types.


			0.17


			0.17


			0.02


			0.00


			0.00


			0.00


			0.55


			0.55


			


									0.22


			0.22


			0.02


			0.00


			0.00


			0.00


			0.25


			0.25


			


									0.11


			0.11


			0.01


			0.00


			0.00


			0.00


			0.70


			0.70


			


									0.16


			0.16


			0.01


			0.00


			0.00


			0.00


			0.50


			0.50


			


									0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			0.25


			0.25


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			2


			5


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Archive


			Other formats


			Special


			3.2.5.1


			3


			1.00


			0.50


			2.00


			1.00


			0.50


			0.00


			0.00


			11.50


			9.50


			1.00


			1.00


			1.50


			14.50


			22.50


			1.00


			0.00


			0.50


			0.50


			


			0.50


			3D Based


			Archive


			Other formats


			Special


			Volume formats like VTK, MHD… and others.


			0.17


			0.17


			0.02


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Can open MHD..


			0.22


			0.22


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.11


			0.11


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Can open and save to MHD, VTK, NIFTI…


			0.16


			0.16


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			2


			5


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Archive


			Other formats


			Regular images


			3.2.5.2


			3


			1.00


			0.50


			2.00


			1.00


			0.50


			0.00


			0.00


			11.50


			9.50


			0.50


			1.00


			1.50


			14.50


			22.50


			1.00


			0.00


			0.50


			0.50


			


			0.50


			3D Based


			Archive


			Other formats


			Regular images


			Open an stack of general purpose image formats like TIFF, JPEG, PNG…


			0.17


			0.17


			0.02


			0.00


			0.00


			0.00


			0.60


			0.60


			


			(.60)


			Can open regular image formats as a volume. Can export screenshots for a serie.


			0.22


			0.22


			0.02


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Can export to regular image files, but not import.


			0.10


			0.10


			0.00


			0.00


			0.00


			0.00


			0.40


			0.40


			


			(.40)


			Can open images, but can't be treated as a volume.


			0.16


			0.16


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Open and save.


			0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Can be opened through the dicomization feature.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			2


			6


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Archive


			Media


			


			3.2.6


			2


			1.00


			0.50


			2.00


			1.50


			0.50


			0.00


			0.00


			11.50


			9.50


			0.00


			1.00


			1.50


			14.50


			22.50


			0.00


			0.00


			0.07


			0.07


			


			1.50


			3D Based


			Archive


			Media


						Export studies to optical media


			0.17


			0.17


			0.01


			0.00


			0.00


			0.00


			0.83


			0.83


			


									0.22


			0.22


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.10


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.16


			0.16


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			2


			6


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Archive


			Media


			Burn disc


			3.2.6.1


			3


			1.00


			0.50


			2.00


			1.50


			1.00


			0.00


			0.00


			11.50


			8.00


			1.50


			1.00


			1.50


			14.50


			22.50


			1.50


			0.00


			0.67


			0.67


			


			1.00


			3D Based


			Archive


			Media


			Burn disc


			Burn an study into an optical medium.


			0.17


			0.17


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.22


			0.22


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.10


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.16


			0.16


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			2


			6


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Archive


			Media


			Portable viewer


			3.2.6.2


			3


			1.00


			0.50


			2.00


			1.50


			0.50


			0.00


			0.00


			11.50


			8.00


			0.50


			1.00


			1.50


			14.50


			22.50


			1.50


			0.00


			0.33


			0.33


			


			0.50


			3D Based


			Archive


			Media


			Portable viewer


			When burning or exporting to DICOMDIR, a minified portable viewer is attached to it.


			0.17


			0.17


			0.01


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Allows copying a user-provided folder which could contain a portable viewer.


			0.22


			0.22


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Includes weasis.


			0.10


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.16


			0.16


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			2


			7


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Archive


			Print


			


			3.2.7


			2


			1.00


			0.50


			2.00


			1.50


			0.50


			0.00


			0.00


			11.50


			8.00


			0.00


			1.00


			1.50


			14.50


			22.50


			0.00


			0.00


			0.07


			0.07


			


			1.50


			3D Based


			Archive


			Print


									0.16


			0.16


			0.01


			0.00


			0.00


			0.00


			0.80


			0.80


			


									0.22


			0.22


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.10


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.16


			0.16


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			0.20


			0.20


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			2


			7


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Archive


			Print


			DICOM printer


			3.2.7.1


			3


			1.00


			0.50


			2.00


			1.50


			1.00


			0.00


			0.00


			11.50


			6.50


			1.25


			1.00


			1.50


			14.50


			22.50


			1.25


			0.00


			0.80


			0.80


			


			1.00


			3D Based


			Archive


			Print


			DICOM printer


			Print using a DICOM printer.


			0.16


			0.16


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.22


			0.22


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.10


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.16


			0.16


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			2


			7


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Archive


			Print


			Printer


			3.2.7.2


			3


			1.00


			0.50


			2.00


			1.50


			0.25


			0.00


			0.00


			11.50


			6.50


			0.25


			1.00


			1.50


			14.50


			22.50


			1.25


			0.00


			0.20


			0.20


			


			0.25


			3D Based


			Archive


			Print


			Printer


			Print using a regular laser or ink priter.


			0.16


			0.16


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.22


			0.22


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.10


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.16


			0.16


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			2


			8


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Archive


			Convert


			


			3.2.8


			2


			1.00


			0.50


			2.00


			1.00


			0.25


			0.00


			0.00


			11.50


			6.50


			0.00


			1.00


			1.50


			14.50


			22.50


			0.00


			0.00


			0.04


			0.04


			


			1.00


			3D Based


			Archive


			Convert


						Convert from other formats to DICOM and from DICOM to other formats.


			0.16


			0.16


			0.01


			0.00


			0.00


			0.00


			0.03


			0.03


			


									0.22


			0.22


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.10


			0.10


			0.00


			0.00


			0.00


			0.00


			0.33


			0.33


			


									0.15


			0.15


			0.01


			0.00


			0.00


			0.00


			0.30


			0.30


			


									0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			0.67


			0.67


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			2


			8


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Archive


			Convert


			Dicomize


			3.2.8.1


			3


			1.00


			0.50


			2.00


			1.00


			1.00


			0.00


			0.00


			11.50


			5.50


			1.50


			1.00


			1.50


			14.50


			22.50


			1.50


			0.00


			0.67


			0.67


			


			1.00


			3D Based


			Archive


			Convert


			Dicomize


			For example a folder full of PNG files can be converted to DICOM. The score is set in a fairly manner after analyzing all viewers.


			0.16


			0.16


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.22


			0.22


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.10


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.15


			0.15


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, and asks for patient specific information.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			2


			8


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Archive


			Convert


			Undicomize


			3.2.8.2


			3


			1.00


			0.50


			2.00


			1.00


			0.50


			0.00


			0.00


			11.50


			5.50


			0.50


			1.00


			1.50


			14.50


			22.50


			1.50


			0.00


			0.33


			0.33


			


			0.50


			3D Based


			Archive


			Convert


			Undicomize


			For example converting a serie to a folder where each slice is a PNG file. The score is set in a fairly manner after analyzing all viewers.


			0.16


			0.16


			0.01


			0.00


			0.00


			0.00


			0.10


			0.10


			


			(.10)


			Allows exporting an screenshot of each slice of a serie automatically.


			0.22


			0.22


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, to standard image formats, and even video ones.


			0.10


			0.10


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, and to a wide variety of formats like nifti, vtk… but not regular image formats.


			0.15


			0.15


			0.01


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


			Yes, to PNG and JPEG


			0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			2


			9


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Archive


			Metadata


			


			3.2.9


			2


			1.00


			0.50


			2.00


			2.00


			0.50


			0.00


			0.00


			11.50


			5.50


			0.00


			1.00


			1.50


			14.50


			22.50


			0.00


			0.00


			0.09


			0.09


			


			2.00


			3D Based


			Archive


			Metadata


						View and edit DICOM tags.


			0.16


			0.16


			0.01


			0.00


			0.00


			0.00


			0.67


			0.67


			


									0.21


			0.21


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.10


			0.10


			0.00


			0.00


			0.00


			0.00


			0.07


			0.07


			


									0.15


			0.15


			0.01


			0.00


			0.00


			0.00


			0.67


			0.67


			


									0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			0.97


			0.97


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			2


			9


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Archive


			Metadata


			Tag viewer


			3.2.9.1


			3


			1.00


			0.50


			2.00


			2.00


			1.00


			0.00


			0.00


			11.50


			3.50


			1.50


			1.00


			1.50


			14.50


			22.50


			1.50


			0.00


			0.67


			0.67


			


			1.00


			3D Based


			Archive


			Metadata


			Tag viewer


			Display DICOM tags in a user-friendly manner.


			0.16


			0.16


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.21


			0.21


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.10


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.15


			0.15


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			2


			9


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Archive


			Metadata


			Tag editor


			3.2.9.2


			3


			1.00


			0.50


			2.00


			2.00


			0.50


			0.00


			0.00


			11.50


			3.50


			0.50


			1.00


			1.50


			14.50


			22.50


			1.50


			0.00


			0.33


			0.33


			


			0.50


			3D Based


			Archive


			Metadata


			Tag editor


			A significant number of tags can be edited in a safe and coherent manner. (i.e generating a new DICOM instance).


			0.16


			0.16


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.21


			0.21


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.10


			0.10


			0.00


			0.00


			0.00


			0.00


			0.20


			0.20


			


			(.20)


			Some general tags can be edited.


			0.15


			0.15


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.08


			0.08


			0.01


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


			Can be edited through the anonymization dialog.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			2


			10


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Archive


			Anonymizer


			


			3.2.10


			2


			1.00


			0.50


			2.00


			2.00


			0.50


			0.00


			0.00


			11.50


			3.50


			0.00


			1.00


			1.50


			14.50


			22.50


			0.00


			0.00


			0.09


			0.09


			


			2.00


			3D Based


			Archive


			Anonymizer


						Remove personal identifiable information from an study.


			0.16


			0.16


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.21


			0.21


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.10


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.15


			0.15


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.08


			0.08


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			2


			11


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Archive


			Open directory


			


			3.2.11


			2


			1.00


			0.50


			2.00


			1.50


			0.50


			0.00


			0.00


			11.50


			1.50


			0.00


			1.00


			1.50


			14.50


			22.50


			0.00


			0.00


			0.07


			0.07


			


			1.50


			3D Based


			Archive


			Open directory


						Open a directory of images.


			0.16


			0.16


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.21


			0.21


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.10


			0.10


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.15


			0.15


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.08


			0.08


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊥


			⊤


			⊥


			⊥


			1


			3


			3


			0


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Workflow


			


			


			3.3


			1


			1.00


			0.50


			3.00


			1.50


			0.50


			0.00


			0.00


			11.50


			0.00


			0.00


			1.00


			1.50


			14.50


			0.00


			0.00


			0.07


			0.21


			0.21


			


			3.00


			3D Based


			Workflow


						Features and automations that improve the productivity.


			0.15


			0.15


			0.05


			0.00


			0.00


			0.05


			0.73


			0.73


			


									0.20


			0.20


			0.06


			0.00


			0.00


			0.06


			0.80


			0.80


			


									0.10


			0.10


			0.03


			0.00


			0.00


			0.03


			0.45


			0.45


			


									0.15


			0.15


			0.04


			0.00


			0.00


			0.04


			0.53


			0.53


			


									0.08


			0.08


			0.02


			0.00


			0.00


			0.02


			0.30


			0.30


			


						


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			3


			1


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Workflow


			Customization


			


			3.3.1


			2


			1.00


			0.50


			3.00


			1.50


			0.50


			0.00


			0.00


			8.50


			19.50


			0.00


			1.00


			1.50


			14.50


			19.50


			0.00


			0.01


			0.08


			0.08


			


			1.50


			3D Based


			Workflow


			Customization


						Customization of the user interface and keyboard shortcuts by the user.


			0.15


			0.15


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.20


			0.20


			0.06


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.10


			0.10


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.15


			0.15


			0.04


			0.00


			0.00


			0.00


			0.05


			0.05


			


									0.08


			0.08


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			3


			1


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Workflow


			Customization


			Toolbars


			3.3.1.1


			3


			1.00


			0.50


			3.00


			1.50


			0.50


			0.00


			0.00


			8.50


			18.00


			1.00


			1.00


			1.50


			14.50


			19.50


			1.00


			0.00


			0.50


			0.50


			


			0.50


			3D Based


			Workflow


			Customization


			Toolbars


			Buttons can be sorted, added or removed.


			0.15


			0.15


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.20


			0.20


			0.06


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.10


			0.10


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.15


			0.15


			0.04


			0.00


			0.00


			0.00


			0.10


			0.10


			


			(.10)


			Toolbars can be shown and hidden.


			0.08


			0.08


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			3


			1


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Workflow


			Customization


			Keyboard


			3.3.1.2


			3


			1.00


			0.50


			3.00


			1.50


			0.50


			0.00


			0.00


			8.50


			18.00


			0.50


			1.00


			1.50


			14.50


			19.50


			1.00


			0.00


			0.50


			0.50


			


			0.50


			3D Based


			Workflow


			Customization


			Keyboard


			Toolbar actions can be assigned to specific and custom keyboard keys or combinations.


			0.15


			0.15


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.20


			0.20


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.10


			0.10


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.15


			0.15


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.08


			0.08


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			3


			2


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Workflow


			Series


			


			3.3.2


			2


			1.00


			0.50


			3.00


			3.00


			0.50


			0.00


			0.00


			8.50


			18.00


			0.00


			1.00


			1.50


			14.50


			19.50


			0.00


			0.01


			0.15


			0.15


			


			3.00


			3D Based


			Workflow


			Series


						Presentation and switching of series within an study.


			0.15


			0.15


			0.05


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.20


			0.20


			0.05


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.10


			0.10


			0.03


			0.01


			0.00


			0.01


			0.98


			0.98


			


									0.15


			0.15


			0.04


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.08


			0.08


			0.02


			0.01


			0.00


			0.01


			1.00


			1.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			3


			2


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Workflow


			Series


			Usability


			3.3.2.1


			3


			1.00


			0.50


			3.00


			3.00


			1.50


			0.00


			0.00


			8.50


			15.00


			2.50


			1.00


			1.50


			14.50


			19.50


			2.50


			0.01


			0.60


			0.60


			


			1.50


			3D Based


			Workflow


			Series


			Usability


			Usability when interacting with the series and specially focusing on workflow efficiency. The score is set in a fairly manner after analyzing all viewers.


			0.15


			0.15


			0.05


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.20


			0.20


			0.05


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.10


			0.10


			0.03


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.15


			0.15


			0.04


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.08


			0.08


			0.02


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			3


			2


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Workflow


			Series


			Thumbnails


			3.3.2.2


			3


			1.00


			0.50


			3.00


			3.00


			1.00


			0.00


			0.00


			8.50


			15.00


			1.00


			1.00


			1.50


			14.50


			19.50


			2.50


			0.00


			0.40


			0.40


			


			1.00


			3D Based


			Workflow


			Series


			Thumbnails


			Little images that represent the contents of a serie.


			0.15


			0.15


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.19


			0.19


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.09


			0.09


			0.02


			0.00


			0.00


			0.00


			0.95


			0.95


			


			(.95)


			User must click every time to see a thumbnail.


			0.14


			0.14


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.07


			0.07


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			3


			3


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Workflow


			Hanging protocols


			


			3.3.3


			2


			1.00


			0.50


			3.00


			4.00


			1.00


			0.00


			0.00


			8.50


			15.00


			0.00


			1.00


			1.50


			14.50


			19.50


			0.00


			0.01


			0.21


			0.21


			


			4.00


			3D Based


			Workflow


			Hanging protocols


						Given an study, viewers are layed out in a organized and structured way (for example to improve comparison). Those organization can be customized by the users.


			0.14


			0.14


			0.04


			0.01


			0.00


			0.01


			0.70


			0.70


			


									0.19


			0.19


			0.04


			0.01


			0.00


			0.01


			0.72


			0.72


			


									0.09


			0.09


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


						Does not have hanging protocols.


			0.14


			0.14


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.07


			0.07


			0.01


			0.00


			0.00


			0.00


			0.05


			0.05


			


						Feature not usable.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			3


			3


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Workflow


			Hanging protocols


			Selector


			3.3.3.1


			3


			1.00


			0.50


			3.00


			4.00


			2.00


			0.00


			0.00


			8.50


			11.00


			6.25


			1.00


			1.50


			14.50


			19.50


			6.25


			0.00


			0.32


			0.32


			


			2.00


			3D Based


			Workflow


			Hanging protocols


			Selector


			For a given study, the user can choose which hanging protocol should be applied. The selector should provide a list of applicable hanging protocol candidates for the given study.


			0.14


			0.14


			0.04


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Shows applicable hanging protocols for the current study in a graphical manner.


			0.19


			0.19


			0.04


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Shows applicable hanging protocols for the current study in the context menu in text.


			0.09


			0.09


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.14


			0.14


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.07


			0.07


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			3


			3


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Workflow


			Hanging protocols


			Presets


			3.3.3.2


			3


			1.00


			0.50


			3.00


			4.00


			1.00


			0.00


			0.00


			8.50


			11.00


			4.25


			1.00


			1.50


			14.50


			19.50


			6.25


			0.00


			0.16


			0.16


			


			1.00


			3D Based


			Workflow


			Hanging protocols


			Presets


			The viewer has a set of hanging protocols or a similar feature (even if hard-coded) that out of the box organizes an opened study. (For example allows comparison in mammography).


			0.14


			0.14


			0.03


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			There's a set of predefined hanging protocols, mainly for CT and MG.


			0.18


			0.18


			0.04


			0.01


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			There's  one default hanging protocol for each modality, but they are all very simple.


			0.09


			0.09


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.14


			0.14


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.07


			0.07


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			3


			3


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Workflow


			Hanging protocols


			Customizable


			3.3.3.3


			3


			1.00


			0.50


			3.00


			4.00


			2.00


			0.00


			0.00


			8.50


			11.00


			3.25


			1.00


			1.50


			14.50


			19.50


			6.25


			0.00


			0.32


			0.32


			


			2.00


			3D Based


			Workflow


			Hanging protocols


			Customizable


			Hanging protocols can be custom made in order to accomodate to the medical organization needs. Attainable configurations and features are evaluated here.


			0.14


			0.14


			0.03


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Yes, using an XML file. Rules exist but they could be more customizable.


			0.18


			0.18


			0.03


			0.01


			0.00


			0.00


			0.70


			0.70


			


			(.70)


			Hanging protocols can be created and default ones edited, but with a small set of rules.


			0.09


			0.09


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.14


			0.14


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.07


			0.07


			0.01


			0.00


			0.00


			0.00


			0.10


			0.10


			


			(.10)


			The feature does not work as expected, no multiple windows can be configured.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			3


			3


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Workflow


			Hanging protocols


			Editor


			3.3.3.4


			3


			1.00


			0.50


			3.00


			4.00


			1.00


			0.00


			0.00


			8.50


			11.00


			1.25


			1.00


			1.50


			14.50


			19.50


			6.25


			0.00


			0.16


			0.16


			


			1.00


			3D Based


			Workflow


			Hanging protocols


			Editor


			The program provides an editor that eases the creation or customization of the hanging protocols.


			0.13


			0.13


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.18


			0.18


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			There's an editor in the configuration screen.


			0.09


			0.09


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.14


			0.14


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.06


			0.06


			0.01


			0.00


			0.00


			0.00


			0.10


			0.10


			


			(.10)


			In theory yes, but it doesn't work well and the program gives error. Feature not usable.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			3


			3


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Workflow


			Hanging protocols


			DICOM format


			3.3.3.5


			3


			1.00


			0.50


			3.00


			4.00


			0.25


			0.00


			0.00


			8.50


			11.00


			0.25


			1.00


			1.50


			14.50


			19.50


			6.25


			0.00


			0.04


			0.04


			


			0.25


			3D Based


			Workflow


			Hanging protocols


			DICOM format


			Hanging protocols rules are defined and saved using the DICOM standard.


			0.13


			0.13


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.18


			0.18


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.14


			0.14


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.06


			0.06


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			3


			4


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Workflow


			Viewers layout


			


			3.3.4


			2


			1.00


			0.50


			3.00


			4.00


			0.25


			0.00


			0.00


			8.50


			11.00


			0.00


			1.00


			1.50


			14.50


			19.50


			0.00


			0.01


			0.21


			0.21


			


			4.00


			3D Based


			Workflow


			Viewers layout


						Customization of the viewers layout.


			0.13


			0.13


			0.03


			0.01


			0.00


			0.01


			0.62


			0.62


			


									0.18


			0.18


			0.03


			0.01


			0.00


			0.01


			0.80


			0.80


			


									0.09


			0.09


			0.02


			0.01


			0.00


			0.01


			0.86


			0.86


			


									0.14


			0.14


			0.03


			0.01


			0.00


			0.01


			0.91


			0.91


			


									0.06


			0.06


			0.01


			0.01


			0.00


			0.01


			0.52


			0.52


			


						Difficult to configure.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			3


			4


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Workflow


			Viewers layout


			Usability


			3.3.4.1


			3


			1.00


			0.50


			3.00


			4.00


			1.00


			0.00


			0.00


			8.50


			7.00


			4.50


			1.00


			1.50


			14.50


			19.50


			4.50


			0.00


			0.22


			0.22


			


			1.00


			3D Based


			Workflow


			Viewers layout


			Usability


			Ease to customize the layout. The score is set in a fairly manner after analyzing all viewers.


			0.13


			0.13


			0.03


			0.01


			0.00


			0.00


			0.90


			0.90


			


			(.90)


						0.18


			0.18


			0.03


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Viewers are regular windows. Sometimes, they are reorganized in an unpredictable way.


			0.09


			0.09


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.14


			0.14


			0.03


			0.01


			0.00


			0.00


			0.90


			0.90


			


			(.90)


						0.06


			0.06


			0.01


			0.01


			0.00


			0.00


			0.20


			0.20


			


			(.20)


			Difficult to configure a multiple series setup. Not intuitive and many clics are needed.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			3


			4


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Workflow


			Viewers layout


			Regular grid


			3.3.4.2


			3


			1.00


			0.50


			3.00


			4.00


			0.50


			0.00


			0.00


			8.50


			7.00


			3.50


			1.00


			1.50


			14.50


			19.50


			4.50


			0.00


			0.11


			0.11


			


			0.50


			3D Based


			Workflow


			Viewers layout


			Regular grid


			The number of viewers and its layout is defined by a rectiliniar grid.


			0.13


			0.13


			0.03


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.17


			0.17


			0.03


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.09


			0.09


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.13


			0.13


			0.02


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


						0.06


			0.06


			0.01


			0.01


			0.00


			0.00


			0.30


			0.30


			


			(.30)


			Regular grids only for images within the same series.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			3


			4


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Workflow


			Viewers layout


			Irregular


			3.3.4.3


			3


			1.00


			0.50


			3.00


			4.00


			0.50


			0.00


			0.00


			8.50


			7.00


			3.00


			1.00


			1.50


			14.50


			19.50


			4.50


			0.00


			0.11


			0.11


			


			0.50


			3D Based


			Workflow


			Viewers layout


			Irregular


			Viewers are not confined in a regular grid.


			0.13


			0.13


			0.03


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Yes, when hanging protocols are used.


			0.17


			0.17


			0.02


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Yes, applying a regular layout and closing some windows.


			0.08


			0.08


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.13


			0.13


			0.02


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Yes, but with a limited selection of layouts.


			0.06


			0.06


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			3


			4


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Workflow


			Viewers layout


			Interactive


			3.3.4.4


			3


			1.00


			0.50


			3.00


			4.00


			0.50


			0.00


			0.00


			8.50


			7.00


			2.50


			1.00


			1.50


			14.50


			19.50


			4.50


			0.00


			0.11


			0.11


			


			0.50


			3D Based


			Workflow


			Viewers layout


			Interactive


			Current layout can be succesively manipulated at will in order to make complex layouts. 


			0.13


			0.13


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.17


			0.17


			0.02


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Yes, resizing windows, but subdivisions are not possible.


			0.08


			0.08


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.13


			0.13


			0.02


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Can be resized but not subdivided.


			0.06


			0.06


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			3


			4


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Workflow


			Viewers layout


			Tabulated


			3.3.4.5


			3


			1.00


			0.50


			3.00


			4.00


			0.50


			0.00


			0.00


			8.50


			7.00


			2.00


			1.00


			1.50


			14.50


			19.50


			4.50


			0.00


			0.11


			0.11


			


			0.50


			3D Based


			Workflow


			Viewers layout


			Tabulated


			The layout can be configured and distributed along tabs.


			0.13


			0.13


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.17


			0.17


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.08


			0.08


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.13


			0.13


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, and studies can't be mixed (seems done on purpose).


			0.06


			0.06


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			3


			4


			6


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Workflow


			Viewers layout


			Quick maximization


			3.3.4.6


			3


			1.00


			0.50


			3.00


			4.00


			1.00


			0.00


			0.00


			8.50


			7.00


			1.50


			1.00


			1.50


			14.50


			19.50


			4.50


			0.00


			0.22


			0.22


			


			1.00


			3D Based


			Workflow


			Viewers layout


			Quick maximization


			A viewer can be maximized in a quick way. For example double clicking the viewer expands it, and double clicking again restores the original layout.


			0.13


			0.13


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Double click.


			0.17


			0.17


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, to fullscreen.


			0.08


			0.08


			0.01


			0.00


			0.00


			0.00


			0.85


			0.85


			


			(.85)


			Yes, inside a submenu, but no keyboard shortcut available.


			0.13


			0.13


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, to fullscreen.


			0.06


			0.06


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Not found.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			3


			4


			7


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Workflow


			Viewers layout


			Tiled


			3.3.4.7


			3


			1.00


			0.50


			3.00


			4.00


			0.50


			0.00


			0.00


			8.50


			7.00


			0.50


			1.00


			1.50


			14.50


			19.50


			4.50


			0.00


			0.11


			0.11


			


			0.50


			3D Based


			Workflow


			Viewers layout


			Tiled


			A stack of images is displayed in a tiled arrangement with tiles containing consecutive images.


			0.12


			0.12


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.17


			0.17


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.08


			0.08


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.13


			0.13


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Apply a multi-viewer layout and set synchronization to "Default Tile".


			0.06


			0.06


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			3


			5


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Workflow


			Synchronization


			


			3.3.5


			2


			1.00


			0.50


			3.00


			4.00


			0.50


			0.00


			0.00


			8.50


			7.00


			0.00


			1.00


			1.50


			14.50


			19.50


			0.00


			0.01


			0.21


			0.21


			


			4.00


			3D Based


			Workflow


			Synchronization


						Propagation of the state and position to other viewers to ease the comparison.


			0.12


			0.12


			0.02


			0.01


			0.00


			0.01


			0.96


			0.96


			


									0.17


			0.17


			0.02


			0.01


			0.00


			0.01


			0.87


			0.87


			


									0.08


			0.08


			0.01


			0.01


			0.00


			0.01


			0.56


			0.56


			


									0.12


			0.12


			0.01


			0.01


			0.00


			0.01


			0.58


			0.58


			


									0.06


			0.06


			0.00


			0.00


			0.00


			0.00


			0.11


			0.11


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			3


			5


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Workflow


			Synchronization


			Usability


			3.3.5.1


			3


			1.00


			0.50


			3.00


			4.00


			1.00


			0.00


			0.00


			8.50


			3.00


			5.25


			1.00


			1.50


			14.50


			19.50


			5.25


			0.00


			0.19


			0.19


			


			1.00


			3D Based


			Workflow


			Synchronization


			Usability


			Ease to configure the synchronization to behave in a desired way, allowing a high degree of customization and possibilities.


			0.12


			0.12


			0.02


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Works, but could be improved.


			0.17


			0.17


			0.02


			0.01


			0.00


			0.00


			0.60


			0.60


			


			(.60)


			Can be toggled for all viewers or none, not for a subset. Can select synchronization type.


			0.08


			0.08


			0.01


			0.01


			0.00


			0.00


			0.70


			0.70


			


			(.70)


			Advanced synchronization configurations require many steps.


			0.12


			0.12


			0.01


			0.01


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Can be toggled for all viewers or none, not for a subset.


			0.06


			0.06


			0.00


			0.00


			0.00


			0.00


			0.10


			0.10


			


			(.10)


			Synchronization within series of the same study is confusing, a list with repeated names is shown.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			3


			5


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Workflow


			Synchronization


			Automation


			3.3.5.2


			3


			1.00


			0.50


			3.00


			4.00


			1.00


			0.00


			0.00


			8.50


			3.00


			4.25


			1.00


			1.50


			14.50


			19.50


			5.25


			0.00


			0.19


			0.19


			


			1.00


			3D Based


			Workflow


			Synchronization


			Automation


			Synchronization is automatically configured, offloading the user from repetitive tasks.


			0.12


			0.12


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, and there are several customization options.


			0.16


			0.16


			0.02


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Always enabled by default.


			0.08


			0.08


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.12


			0.12


			0.01


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Always enabled by default.


			0.06


			0.06


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			3


			5


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Workflow


			Synchronization


			Absolute slicing


			3.3.5.3


			3


			1.00


			0.50


			3.00


			4.00


			1.00


			0.00


			0.00


			8.50


			3.00


			3.25


			1.00


			1.50


			14.50


			19.50


			5.25


			0.00


			0.19


			0.19


			


			1.00


			3D Based


			Workflow


			Synchronization


			Absolute slicing


			Move other viewers slicing to the same spatial position of the current viewer.


			0.12


			0.12


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.16


			0.16


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Also allows same slice number.


			0.08


			0.08


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.12


			0.12


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.06


			0.06


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			3


			5


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Workflow


			Synchronization


			Relative slicing


			3.3.5.4


			3


			1.00


			0.50


			3.00


			4.00


			1.00


			0.00


			0.00


			8.50


			3.00


			2.25


			1.00


			1.50


			14.50


			19.50


			5.25


			0.00


			0.19


			0.19


			


			1.00


			3D Based


			Workflow


			Synchronization


			Relative slicing


			Shift the same slicing distance of the current viewer to other viewers.


			0.12


			0.12


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.16


			0.16


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Also allows same number of slices.


			0.07


			0.07


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.12


			0.12


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.06


			0.06


			0.00


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Only slice based shift, not distance based shift.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			3


			5


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Workflow


			Synchronization


			WL/WW


			3.3.5.5


			3


			1.00


			0.50


			3.00


			4.00


			0.50


			0.00


			0.00


			8.50


			3.00


			1.25


			1.00


			1.50


			14.50


			19.50


			5.25


			0.00


			0.10


			0.10


			


			0.50


			3D Based


			Workflow


			Synchronization


			WL/WW


			Transfer function transformations are applied to other viewers.


			0.11


			0.11


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.16


			0.16


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.07


			0.07


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.12


			0.12


			0.01


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Only in tiled mode.


			0.06


			0.06


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			3


			5


			6


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Workflow


			Synchronization


			Phase


			3.3.5.6


			3


			1.00


			0.50


			3.00


			4.00


			0.25


			0.00


			0.00


			8.50


			3.00


			0.75


			1.00


			1.50


			14.50


			19.50


			5.25


			0.00


			0.05


			0.05


			


			0.25


			3D Based


			Workflow


			Synchronization


			Phase


			Synchronization is aware of the phases and are treated properly.


			0.11


			0.11


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.16


			0.16


			0.01


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


			Cannot be disabled.


			0.07


			0.07


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.12


			0.12


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			No phase support found.


			0.06


			0.06


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			3


			5


			7


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Workflow


			Synchronization


			Camera


			3.3.5.7


			3


			1.00


			0.50


			3.00


			4.00


			0.50


			0.00


			0.00


			8.50


			3.00


			0.50


			1.00


			1.50


			14.50


			19.50


			5.25


			0.00


			0.10


			0.10


			


			0.50


			3D Based


			Workflow


			Synchronization


			Camera


			The camera state (pan, zoom, rotation, flip and swivel plane...) can be synchronized.


			0.11


			0.11


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.15


			0.15


			0.01


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


			Flip is not synchronized.


			0.07


			0.07


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Does not have flip and rotation, but synchronizes 3D viewers.


			0.12


			0.12


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.06


			0.06


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			3


			6


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Workflow


			Comparison


			


			3.3.6


			2


			1.00


			0.50


			3.00


			2.00


			0.50


			0.00


			0.00


			8.50


			3.00


			0.00


			1.00


			1.50


			14.50


			19.50


			0.00


			0.01


			0.10


			0.10


			


			2.00


			3D Based


			Workflow


			Comparison


						Ease to compare the current study with an older one.


			0.11


			0.11


			0.01


			0.01


			0.00


			0.01


			1.00


			1.00


			


									0.15


			0.15


			0.01


			0.01


			0.00


			0.01


			0.75


			0.75


			


									0.07


			0.07


			0.00


			0.00


			0.00


			0.00


			0.10


			0.10


			


									0.12


			0.12


			0.00


			0.00


			0.00


			0.00


			0.10


			0.10


			


									0.06


			0.06


			0.00


			0.00


			0.00


			0.00


			0.10


			0.10


			


						No specific implementation for comparison.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			3


			6


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Workflow


			Comparison


			Integration


			3.3.6.1


			3


			1.00


			0.50


			3.00


			2.00


			0.50


			0.00


			0.00


			8.50


			1.00


			1.00


			1.00


			1.50


			14.50


			19.50


			1.00


			0.00


			0.50


			0.50


			


			0.50


			3D Based


			Workflow


			Comparison


			Integration


			Two studies can be opened at the same time, allowing comparison. Some measures are taken to clearly present what belongs to each study. HP's can be applied.


			0.11


			0.11


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Directly accessible from the toolbar. Studies are separated.


			0.15


			0.15


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Accessible from the sidebar. Studies are separated with a big coloured annotation.


			0.07


			0.07


			0.00


			0.00


			0.00


			0.00


			0.20


			0.20


			


			(.20)


			Series from different studies can be mixed.


			0.12


			0.12


			0.00


			0.00


			0.00


			0.00


			0.20


			0.20


			


			(.20)


			Series from different studies can be mixed.


			0.06


			0.06


			0.00


			0.00


			0.00


			0.00


			0.20


			0.20


			


			(.20)


			Series from different studies can be mixed.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			3


			6


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Workflow


			Comparison


			Prior studies


			3.3.6.2


			3


			1.00


			0.50


			3.00


			2.00


			0.50


			0.00


			0.00


			8.50


			1.00


			0.50


			1.00


			1.50


			14.50


			19.50


			1.00


			0.00


			0.50


			0.50


			


			0.50


			3D Based


			Workflow


			Comparison


			Prior studies


			Prior studies for a given patient can be quickly retrieved. This feature must somehow query the PACS, not just the local database.


			0.11


			0.11


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.15


			0.15


			0.00


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Shows priors from local database only.


			0.07


			0.07


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.12


			0.12


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.05


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			3


			7


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Workflow


			Presentation states (PS)


			


			3.3.7


			2


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			0.00


			8.50


			1.00


			0.00


			1.00


			1.50


			14.50


			19.50


			0.00


			0.00


			0.05


			0.05


			


			1.00


			3D Based


			Workflow


			Presentation states (PS)


						Support for DICOM presentation states. Can specify annotations, WL/WW, image orientation, among others.


			0.10


			0.10


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.15


			0.15


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.07


			0.07


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.12


			0.12


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, including annotations and viewer state. New presentation states can be generated.


			0.05


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊥


			⊤


			⊥


			⊥


			1


			3


			4


			0


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Visualization


			


			


			3.4


			1


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			0.00


			8.50


			0.00


			0.00


			1.00


			1.50


			14.50


			0.00


			0.00


			0.07


			0.21


			0.21


			


			3.00


			3D Based


			Visualization


						Visualization and interaction features for a volume or set of images. A special focus has been made on DICOM conformity details.


			0.10


			0.10


			0.05


			0.00


			0.00


			0.05


			0.76


			0.76


			


									0.15


			0.15


			0.06


			0.00


			0.00


			0.06


			0.92


			0.92


			


									0.07


			0.07


			0.03


			0.00


			0.00


			0.03


			0.49


			0.48


			


									0.11


			0.11


			0.03


			0.00


			0.00


			0.03


			0.39


			0.43


			


									0.05


			0.05


			0.01


			0.00


			0.00


			0.01


			0.21


			0.23


			


						


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			4


			1


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Visualization


			Information


			


			3.4.1


			2


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			0.00


			5.50


			21.50


			0.00


			1.00


			1.50


			14.50


			21.50


			0.00


			0.00


			0.05


			0.05


			


			1.00


			3D Based


			Visualization


			Information


						Corner annotations of the viewers.


			0.10


			0.10


			0.05


			0.00


			0.00


			0.00


			0.64


			0.64


			


									0.15


			0.15


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			0.53


			0.53


			


									0.11


			0.11


			0.03


			0.00


			0.00


			0.00


			0.75


			0.75


			


									0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.82


			0.82


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			1


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Information


			Defaults


			3.4.1.1


			3


			1.00


			0.50


			3.00


			1.00


			1.00


			0.00


			0.00


			5.50


			20.50


			5.25


			1.00


			1.50


			14.50


			21.50


			5.25


			0.00


			0.19


			0.19


			


			1.00


			3D Based


			Visualization


			Information


			Defaults


			Basic information like patient name, age, etc... as well as some spatial information.


			0.10


			0.10


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.15


			0.15


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Missing thickness and spacing information. Location only updated on mouse move.


			0.11


			0.11


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			1


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Information


			Hideable


			3.4.1.2


			3


			1.00


			0.50


			3.00


			1.00


			1.00


			0.00


			0.00


			5.50


			20.50


			4.25


			1.00


			1.50


			14.50


			21.50


			5.25


			0.00


			0.19


			0.19


			


			1.00


			3D Based


			Visualization


			Information


			Hideable


			Can be hidden for anonimization or clarity purposes.


			0.10


			0.10


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.15


			0.15


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.11


			0.11


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			1


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Information


			Customizable


			3.4.1.3


			3


			1.00


			0.50


			3.00


			1.00


			0.75


			0.00


			0.00


			5.50


			20.50


			3.25


			1.00


			1.50


			14.50


			21.50


			5.25


			0.00


			0.14


			0.14


			


			0.75


			3D Based


			Visualization


			Information


			Customizable


			Annotations can be customized, added and removed.


			0.10


			0.10


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.15


			0.15


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.11


			0.11


			0.03


			0.00


			0.00


			0.00


			0.25


			0.25


			


			(.25)


			A limited selection of annotations can be enabled or disabled.


			0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			1


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Information


			Modality specific


			3.4.1.4


			3


			1.00


			0.50


			3.00


			1.00


			0.75


			0.00


			0.00


			5.50


			20.50


			2.50


			1.00


			1.50


			14.50


			21.50


			5.25


			0.00


			0.14


			0.14


			


			0.75


			3D Based


			Visualization


			Information


			Modality specific


			The annotations adapt to the displayed image modality or type in order to show relevant information.


			0.10


			0.10


			0.05


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Only adaptations for mammography.


			0.15


			0.15


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Shows TE and TR. Customization allows modality specific annotations.


			0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.11


			0.11


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			1


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Information


			Orientation


			3.4.1.5


			3


			1.00


			0.50


			3.00


			1.00


			1.00


			0.00


			0.00


			5.50


			20.50


			1.75


			1.00


			1.50


			14.50


			21.50


			5.25


			0.00


			0.19


			0.19


			


			1.00


			3D Based


			Visualization


			Information


			Orientation


			Anatomical image orientation components are shown in a relevant way. For volumes (CT, MR) and planar images where orientation is given in a more fuzzy way (CR, MG).


			0.10


			0.10


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.15


			0.15


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.11


			0.11


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Not shown for mammography.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			1


			6


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Information


			Characters


			3.4.1.6


			3


			1.00


			0.50


			3.00


			1.00


			0.75


			0.00


			0.00


			5.50


			20.50


			0.75


			1.00


			1.50


			14.50


			21.50


			5.25


			0.00


			0.14


			0.14


			


			0.75


			3D Based


			Visualization


			Information


			Characters


			Support for internationalization, specially for patient names that do not use latin alphabets.


			0.10


			0.10


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Characters not shown properly.


			0.15


			0.15


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			"Reader was unable to read" error in the console.


			0.11


			0.11


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Characters not shown properly.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			4


			2


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Visualization


			Display


			


			3.4.2


			2


			1.00


			0.50


			3.00


			0.50


			0.75


			0.00


			0.00


			5.50


			20.50


			0.00


			1.00


			1.50


			14.50


			21.50


			0.00


			0.00


			0.02


			0.02


			


			0.50


			3D Based


			Visualization


			Display


						Adaptation to the display hardware characteristics (high pixel density, 10 bit displays, physical screen size awareness).


			0.10


			0.10


			0.05


			0.00


			0.00


			0.00


			0.25


			0.25


			


									0.15


			0.15


			0.06


			0.00


			0.00


			0.00


			0.88


			0.88


			


									0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			0.40


			0.40


			


									0.11


			0.11


			0.02


			0.00


			0.00


			0.00


			0.75


			0.75


			


									0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.45


			0.45


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			2


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Display


			Fullscreen


			3.4.2.1


			3


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			0.00


			5.50


			20.00


			2.00


			1.00


			1.50


			14.50


			21.50


			2.00


			0.00


			0.25


			0.25


			


			0.50


			3D Based


			Visualization


			Display


			Fullscreen


			Progam can be maximized to full screen.


			0.10


			0.10


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.15


			0.15


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.11


			0.11


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			2


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Display


			HiDPI


			3.4.2.2


			3


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			0.00


			5.50


			20.00


			1.50


			1.00


			1.50


			14.50


			21.50


			2.00


			0.00


			0.25


			0.25


			


			0.50


			3D Based


			Visualization


			Display


			HiDPI


			Scale fonts and UI. May be implemented by honouring system's DPI and pixel scaling settings and not directly scaling images (rendering images in device pixels).


			0.10


			0.10


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Honours DPI system settings and has an internal UI scaling feature. (Magnification).


			0.14


			0.14


			0.06


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Not posible to force specific DPI on macOS. Scaling options not found inside the program


			0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			0.60


			0.60


			


			(.60)


			DPI system settings are read, but many buttons and UI elements are cropped.


			0.11


			0.11


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			DPI system settings are not honoured.


			0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			DPI System settings are read, but buttons are not upscaled.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			2


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Display


			True scaling


			3.4.2.3


			3


			1.00


			0.50


			3.00


			0.50


			1.00


			0.00


			0.00


			5.50


			20.00


			1.00


			1.00


			1.50


			14.50


			21.50


			2.00


			0.00


			0.50


			0.50


			


			1.00


			3D Based


			Visualization


			Display


			True scaling


			The program can display true size or 1:1 scaled images by means of manual calibration methods (fiducial calibration) or by automatically reading EDID physical screen size.


			0.10


			0.10


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.14


			0.14


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, reading EDID.


			0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.11


			0.11


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, with fiducial calibration


			0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			4


			3


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Visualization


			Interpolation


			


			3.4.3


			2


			1.00


			0.50


			3.00


			0.50


			1.00


			0.00


			0.00


			5.50


			20.00


			0.00


			1.00


			1.50


			14.50


			21.50


			0.00


			0.00


			0.02


			0.02


			


			0.50


			3D Based


			Visualization


			Interpolation


						Available interpolations when scaling pixels. Lower categories are assumed when a more advanced visualization technique is used.


			0.10


			0.10


			0.05


			0.00


			0.00


			0.00


			0.64


			0.64


			


						Resampling, cubic by default, linear when panning or zooming


			0.14


			0.14


			0.06


			0.00


			0.00


			0.00


			0.58


			0.58


			


						Resampling, NN, Linear & Lanczos 5


			0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			0.36


			0.36


			


									0.11


			0.11


			0.02


			0.00


			0.00


			0.00


			0.82


			0.82


			


						No resampling, NN, linear, cubic & Lanczos


			0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.45


			0.45


			


						Which nterpolation to use can be configured for each modality.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			3


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Interpolation


			Nearest neighbour


			3.4.3.1


			3


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			0.00


			5.50


			19.50


			2.75


			1.00


			1.50


			14.50


			21.50


			2.75


			0.00


			0.18


			0.18


			


			0.50


			3D Based


			Visualization


			Interpolation


			Nearest neighbour


			No interpolation, plain pixels are displayed.


			0.10


			0.10


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.14


			0.14


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.11


			0.11


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			3


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Interpolation


			Bilinear


			3.4.3.2


			3


			1.00


			0.50


			3.00


			0.50


			0.75


			0.00


			0.00


			5.50


			19.50


			2.25


			1.00


			1.50


			14.50


			21.50


			2.75


			0.00


			0.27


			0.27


			


			0.75


			3D Based


			Visualization


			Interpolation


			Bilinear


			Very basic albeit quick smoothing that shows some artifacts on medium and big zooming factors.


			0.10


			0.10


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.14


			0.14


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.11


			0.11


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			3


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Interpolation


			Bicubic


			3.4.3.3


			3


			1.00


			0.50


			3.00


			0.50


			1.00


			0.00


			0.00


			5.50


			19.50


			1.50


			1.00


			1.50


			14.50


			21.50


			2.75


			0.00


			0.36


			0.36


			


			1.00


			3D Based


			Visualization


			Interpolation


			Bicubic


			Basic but quality effective smoothing even on big zooming factors.


			0.10


			0.10


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.14


			0.14


			0.06


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.11


			0.11


			0.02


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Yes, but not to screen resolution.


			0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Does not work.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			3


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Interpolation


			Advanced


			3.4.3.4


			3


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			0.00


			5.50


			19.50


			0.50


			1.00


			1.50


			14.50


			21.50


			2.75


			0.00


			0.18


			0.18


			


			0.50


			3D Based


			Visualization


			Interpolation


			Advanced


			Advanced smoothing that greatly improves image quality on big zooming factors. (Sinc, Lanczos, etc.)


			0.10


			0.10


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.14


			0.14


			0.06


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Yes, lanczos, but presents anomalous artifacts.


			0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.11


			0.11


			0.02


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Yes, lanczos, but not to screen resolution.


			0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			4


			4


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Visualization


			Thick slab


			


			3.4.4


			2


			1.00


			0.50


			3.00


			1.50


			0.50


			0.00


			0.00


			5.50


			19.50


			0.00


			1.00


			1.50


			14.50


			21.50


			0.00


			0.00


			0.07


			0.07


			


			1.50


			3D Based


			Visualization


			Thick slab


						Summarize and display multiple slices at the same time (MIP, average, etc.) and if other features are available and adapt to this special case.


			0.10


			0.10


			0.05


			0.00


			0.00


			0.00


			0.92


			0.92


			


									0.14


			0.14


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.11


			0.11


			0.02


			0.00


			0.00


			0.00


			0.77


			0.77


			


									0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			4


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Thick slab


			Usability


			3.4.4.1


			3


			1.00


			0.50


			3.00


			1.50


			1.00


			0.00


			0.00


			5.50


			18.00


			2.17


			1.00


			1.50


			14.50


			21.50


			2.17


			0.00


			0.46


			0.46


			


			1.00


			3D Based


			Visualization


			Thick slab


			Usability


			Adjusting the view plane to the desired viewpoint in a efficient and non-frustrating way. The score is set in a fairly manner after analyzing all viewers and their level of MPR complexity.


			0.10


			0.10


			0.05


			0.00


			0.00


			0.00


			0.83


			0.83


			


			(.83)


			Is interactive, but usability could be improved.


			0.14


			0.14


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Usable, and presents extra features like VR up and down.


			0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.11


			0.11


			0.02


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Not interactive. Creates a new series with the selected thickness and projection.


			0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			4


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Thick slab


			MIP


			3.4.4.2


			3


			1.00


			0.50


			3.00


			1.50


			0.50


			0.00


			0.00


			5.50


			18.00


			1.17


			1.00


			1.50


			14.50


			21.50


			2.17


			0.00


			0.23


			0.23


			


			0.50


			3D Based


			Visualization


			Thick slab


			MIP


			Maximum intensity projection.


			0.10


			0.10


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.14


			0.14


			0.06


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.11


			0.11


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			4


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Thick slab


			MINIP


			3.4.4.3


			3


			1.00


			0.50


			3.00


			1.50


			0.33


			0.00


			0.00


			5.50


			18.00


			0.67


			1.00


			1.50


			14.50


			21.50


			2.17


			0.00


			0.15


			0.15


			


			0.33


			3D Based


			Visualization


			Thick slab


			MINIP


			Minimum intensity projection.


			0.10


			0.10


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.14


			0.14


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.10


			0.10


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			4


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Thick slab


			Average


			3.4.4.4


			3


			1.00


			0.50


			3.00


			1.50


			0.33


			0.00


			0.00


			5.50


			18.00


			0.33


			1.00


			1.50


			14.50


			21.50


			2.17


			0.00


			0.15


			0.15


			


			0.33


			3D Based


			Visualization


			Thick slab


			Average


			Average of corresponding pixels for each thick slab slice.


			0.10


			0.10


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.14


			0.14


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.10


			0.10


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			4


			5


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Visualization


			MPR


			


			3.4.5


			2


			1.00


			0.50


			3.00


			2.00


			0.33


			0.00


			0.00


			5.50


			18.00


			0.00


			1.00


			1.50


			14.50


			21.50


			0.00


			0.01


			0.09


			0.09


			


			2.00


			3D Based


			Visualization


			MPR


						Navigate through a volume using different view planes and if other features are available and adapt to this special case.


			0.09


			0.09


			0.04


			0.00


			0.00


			0.00


			0.60


			0.60


			


									0.14


			0.14


			0.05


			0.01


			0.00


			0.01


			0.98


			0.98


			


						Separate modes: 3D MPR (any orientation), 2D orthogonal, curved


			0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.10


			0.10


			0.02


			0.00


			0.00


			0.00


			0.40


			0.40


			


									0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			5


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			MPR


			Usability


			3.4.5.1


			3


			1.00


			0.50


			3.00


			2.00


			1.00


			0.00


			0.00


			5.50


			16.00


			5.00


			1.00


			1.50


			14.50


			21.50


			5.00


			0.00


			0.20


			0.20


			


			1.00


			3D Based


			Visualization


			MPR


			Usability


			Adjusting the view plane to the desired viewpoint in a efficient and non-frustrating way. The score is set in a fairly manner after analyzing all viewers and their level of MPR complexity.


			0.09


			0.09


			0.04


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Non orthogonal MPR in a separate window, and difficult to use, and with fewer tools.


			0.14


			0.14


			0.05


			0.01


			0.00


			0.00


			0.90


			0.90


			


			(.90)


			Not fully integrated with the normal 2D viewer's workflow.


			0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.10


			0.10


			0.02


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			2D orthogonal only as a separate mode. Thick slab not allowed.


			0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			5


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			MPR


			Simple


			3.4.5.2


			3


			1.00


			0.50


			3.00


			2.00


			1.50


			0.00


			0.00


			5.50


			16.00


			4.00


			1.00


			1.50


			14.50


			21.50


			5.00


			0.00


			0.30


			0.30


			


			1.50


			3D Based


			Visualization


			MPR


			Simple


			Only axial, saggital and coronal planes are reconstructed. The implementation simply reads the original volume.


			0.09


			0.09


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.14


			0.14


			0.05


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.10


			0.10


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			5


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			MPR


			Any orientation


			3.4.5.3


			3


			1.00


			0.50


			3.00


			2.00


			1.00


			0.00


			0.00


			5.50


			16.00


			2.50


			1.00


			1.50


			14.50


			21.50


			5.00


			0.00


			0.20


			0.20


			


			1.00


			3D Based


			Visualization


			MPR


			Any orientation


			The view plane can be tilted, allowing reconstructed images in any desired orientation.


			0.09


			0.09


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.14


			0.14


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.10


			0.10


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			5


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			MPR


			Curved


			3.4.5.4


			3


			1.00


			0.50


			3.00


			2.00


			0.50


			0.00


			0.00


			5.50


			16.00


			1.50


			1.00


			1.50


			14.50


			21.50


			5.00


			0.00


			0.10


			0.10


			


			0.50


			3D Based


			Visualization


			MPR


			Curved


			A planar image is reconstructed from a curve. The typical use case is, visualizing in a coronal view plane all the vertebres of an spine.


			0.09


			0.09


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.13


			0.13


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.10


			0.10


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			5


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			MPR


			Thick slab


			3.4.5.5


			3


			1.00


			0.50


			3.00


			2.00


			1.00


			0.00


			0.00


			5.50


			16.00


			1.00


			1.00


			1.50


			14.50


			21.50


			5.00


			0.00


			0.20


			0.20


			


			1.00


			3D Based


			Visualization


			MPR


			Thick slab


			Thick slab feature is usable.


			0.09


			0.09


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.13


			0.13


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.10


			0.10


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			4


			6


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Visualization


			Fusion


			


			3.4.6


			2


			1.00


			0.50


			3.00


			1.00


			1.00


			0.00


			0.00


			5.50


			16.00


			0.00


			1.00


			1.50


			14.50


			21.50


			0.00


			0.00


			0.05


			0.05


			


			1.00


			3D Based


			Visualization


			Fusion


						Overlapping another volume over the current visualization. The typical use case is PET/CT.


			0.09


			0.09


			0.04


			0.00


			0.00


			0.00


			0.50


			0.50


			


									0.13


			0.13


			0.05


			0.00


			0.00


			0.00


			0.63


			0.63


			


						2D & 3D. Can adjust position and fusion settings (opacity, colors, etc.). Must display a CT & a PET in different viewers to enable.


			0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			0.90


			0.90


			


									0.10


			0.10


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			6


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Fusion


			Usability


			3.4.6.1


			3


			1.00


			0.50


			3.00


			1.00


			1.00


			0.00


			0.00


			5.50


			15.00


			2.00


			1.00


			1.50


			14.50


			21.50


			2.00


			0.00


			0.50


			0.50


			


			1.00


			3D Based


			Visualization


			Fusion


			Usability


			Features and usability.


			0.09


			0.09


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Fused WL/WW can be directly edited with the tool. Fusing series is quick.


			0.13


			0.13


			0.05


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Two separate viewers needed to start and adjust PET WL/WW.


			0.07


			0.07


			0.03


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Very customizable, but mouse usability could be better.


			0.10


			0.10


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			6


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Fusion


			Manual


			3.4.6.2


			3


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			0.00


			5.50


			15.00


			1.00


			1.00


			1.50


			14.50


			21.50


			2.00


			0.00


			0.25


			0.25


			


			0.50


			3D Based


			Visualization


			Fusion


			Manual


			Allow the user to fusion series that are not correlated spatially (different frame of references).


			0.09


			0.09


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.13


			0.13


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.06


			0.06


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, automatic registration can be performed in order to fuse any volume.


			0.10


			0.10


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			6


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Fusion


			3D Fusion


			3.4.6.3


			3


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			0.00


			5.50


			15.00


			0.50


			1.00


			1.50


			14.50


			21.50


			2.00


			0.00


			0.25


			0.25


			


			0.50


			3D Based


			Visualization


			Fusion


			3D Fusion


			Two or more volumes can be displayed at once.


			0.09


			0.09


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.13


			0.13


			0.05


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


			PET is always the upper most layer. Always visible. PET color can't be changed.


			0.06


			0.06


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.10


			0.10


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			4


			7


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Visualization


			Transfer function


			


			3.4.7


			2


			1.00


			0.50


			3.00


			1.50


			0.50


			0.00


			0.00


			5.50


			15.00


			0.00


			1.00


			1.50


			14.50


			21.50


			0.00


			0.00


			0.07


			0.07


			


			1.50


			3D Based


			Visualization


			Transfer function


						Interactive adjustment of window level, window width and other transfer function parameters.


			0.09


			0.09


			0.04


			0.00


			0.00


			0.00


			0.95


			0.95


			


									0.13


			0.13


			0.04


			0.00


			0.00


			0.00


			0.85


			0.85


			


									0.06


			0.06


			0.03


			0.00


			0.00


			0.00


			0.49


			0.49


			


									0.10


			0.10


			0.02


			0.00


			0.00


			0.00


			0.90


			0.90


			


									0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.67


			0.67


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			7


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Transfer function


			Usability


			3.4.7.1


			3


			1.00


			0.50


			3.00


			1.50


			1.00


			0.00


			0.00


			5.50


			13.50


			5.00


			1.00


			1.50


			14.50


			21.50


			5.00


			0.00


			0.20


			0.20


			


			1.00


			3D Based


			Visualization


			Transfer function


			Usability


			Quality of the interaction and user interface options related to the transfer function.


			0.09


			0.09


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Mouse interaction works well, and controls are accessible.


			0.13


			0.13


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Mouse interaction works well, and controls are accessible.


			0.06


			0.06


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Mouse interaction works well, and controls are accessible.


			0.10


			0.10


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Mouse interaction works well, and controls are accessible.


			0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Mouse interaction works well. Some transfer function features could be more accessible.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			7


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Transfer function


			Inversion


			3.4.7.2


			3


			1.00


			0.50


			3.00


			1.50


			0.75


			0.00


			0.00


			5.50


			13.50


			4.00


			1.00


			1.50


			14.50


			21.50


			5.00


			0.00


			0.15


			0.15


			


			0.75


			3D Based


			Visualization


			Transfer function


			Inversion


			Inversion of the transfer function. Special cases like colour images, non linear LUT, and coloured transfer functions shall be carefully inspected.


			0.09


			0.09


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.13


			0.13


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.06


			0.06


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			An "invert LUT" LUT is available. An inverted LUT is not a LUT inversion operation per se.


			0.10


			0.10


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Can't invert LUT or color scales and images.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			7


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Transfer function


			Presets


			3.4.7.3


			3


			1.00


			0.50


			3.00


			1.50


			1.00


			0.00


			0.00


			5.50


			13.50


			3.25


			1.00


			1.50


			14.50


			21.50


			5.00


			0.00


			0.20


			0.20


			


			1.00


			3D Based


			Visualization


			Transfer function


			Presets


			Default transfer functions, and if DICOM defined presets are honoured.


			0.09


			0.09


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.13


			0.13


			0.04


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			There are presets, but DICOM ones are not honoured.


			0.06


			0.06


			0.03


			0.00


			0.00


			0.00


			0.33


			0.33


			


			(.33)


			Default tranfer functions exist, but DICOM defined ones are not read.


			0.10


			0.10


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Yes, if they are linear. DICOM ones are read.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			7


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Transfer function


			Editable


			3.4.7.4


			3


			1.00


			0.50


			3.00


			1.50


			0.50


			0.00


			0.00


			5.50


			13.50


			2.25


			1.00


			1.50


			14.50


			21.50


			5.00


			0.00


			0.10


			0.10


			


			0.50


			3D Based


			Visualization


			Transfer function


			Editable


			Possibility to add custom transfer functions. Non linear transfer function edition and other special cases is a plus. Primarily this feature shall be in the form of a user interface.


			0.09


			0.09


			0.04


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Yes in the 3D viewer. In the 2D viewer only custom WW/WL can be added.


			0.13


			0.13


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.06


			0.06


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.10


			0.10


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			WL/WW presets can be added per modality basis.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			7


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Transfer function


			WL/WW modification


			3.4.7.5


			3


			1.00


			0.50


			3.00


			1.50


			1.00


			0.00


			0.00


			5.50


			13.50


			1.75


			1.00


			1.50


			14.50


			21.50


			5.00


			0.00


			0.20


			0.20


			


			1.00


			3D Based


			Visualization


			Transfer function


			WL/WW modification


			Interactive manipulation of the transfer function. Special cases like colour images, non linear LUT, and coloured transfer functions shall be carefully inspected. Usability is not evaluated here.


			0.09


			0.09


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.13


			0.13


			0.04


			0.00


			0.00


			0.00


			0.75


			0.75


			


			(.75)


			No support for VOI LUT (probably a bug)


			0.06


			0.06


			0.03


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Can't alter color images. LUT not supported.


			0.10


			0.10


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Can't alter color images. LUT not supported.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			7


			6


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Transfer function


			Color scales


			3.4.7.6


			3


			1.00


			0.50


			3.00


			1.50


			0.75


			0.00


			0.00


			5.50


			13.50


			0.75


			1.00


			1.50


			14.50


			21.50


			5.00


			0.00


			0.15


			0.15


			


			0.75


			3D Based


			Visualization


			Transfer function


			Color scales


			Single channel images (black and white) can be visualized with color scales that may improve user perception. The quality of the default presets is evaluated here.


			0.08


			0.08


			0.04


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


						0.13


			0.13


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.06


			0.06


			0.03


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Feautre available.


			0.10


			0.10


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			A good selection of color scales.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			4


			8


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Visualization


			Zoom


			


			3.4.8


			2


			1.00


			0.50


			3.00


			0.75


			0.75


			0.00


			0.00


			5.50


			13.50


			0.00


			1.00


			1.50


			14.50


			21.50


			0.00


			0.00


			0.03


			0.03


			


			0.75


			3D Based


			Visualization


			Zoom


						Tools that allow magnification and how usable and efficient are.


			0.08


			0.08


			0.03


			0.00


			0.00


			0.00


			0.62


			0.62


			


									0.13


			0.13


			0.04


			0.00


			0.00


			0.00


			0.89


			0.89


			


									0.06


			0.06


			0.03


			0.00


			0.00


			0.00


			0.44


			0.44


			


									0.10


			0.10


			0.01


			0.00


			0.00


			0.00


			0.67


			0.67


			


									0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.44


			0.44


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			8


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Zoom


			Pan and zoom


			3.4.8.1


			3


			1.00


			0.50


			3.00


			0.75


			1.00


			0.00


			0.00


			5.50


			12.75


			2.25


			1.00


			1.50


			14.50


			21.50


			2.25


			0.00


			0.44


			0.44


			


			1.00


			3D Based


			Visualization


			Zoom


			Pan and zoom


			Image can be magnified and the user can pan it in order to achieve the desired visualization.


			0.08


			0.08


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.13


			0.13


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.06


			0.06


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.10


			0.10


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			8


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Zoom


			Magnification glass


			3.4.8.2


			3


			1.00


			0.50


			3.00


			0.75


			0.50


			0.00


			0.00


			5.50


			12.75


			1.25


			1.00


			1.50


			14.50


			21.50


			2.25


			0.00


			0.22


			0.22


			


			0.50


			3D Based


			Visualization


			Zoom


			Magnification glass


			An small overlay window magnifies, that usually follows the mouse, magnifies an area of the image.


			0.08


			0.08


			0.03


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Zoom level and magnification glass size can't be customized.


			0.12


			0.12


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.06


			0.06


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.10


			0.10


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			8


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Zoom


			Zooming window


			3.4.8.3


			3


			1.00


			0.50


			3.00


			0.75


			0.25


			0.00


			0.00


			5.50


			12.75


			0.75


			1.00


			1.50


			14.50


			21.50


			2.25


			0.00


			0.11


			0.11


			


			0.25


			3D Based


			Visualization


			Zoom


			Zooming window


			User selects an area of the image (usually drawing an square) that is magnified to fill the viewer's extent.


			0.08


			0.08


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.12


			0.12


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.06


			0.06


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			8


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Zoom


			Mouse centered zoom


			3.4.8.4


			3


			1.00


			0.50


			3.00


			0.75


			0.50


			0.00


			0.00


			5.50


			12.75


			0.50


			1.00


			1.50


			14.50


			21.50


			2.25


			0.00


			0.22


			0.22


			


			0.50


			3D Based


			Visualization


			Zoom


			Mouse centered zoom


			Magnification is centered on the cursor position, enabling the user to efficiently zoom as it removes the need to pan the image.


			0.08


			0.08


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.12


			0.12


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.06


			0.06


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			4


			9


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Visualization


			Slicing


			


			3.4.9


			2


			1.00


			0.50


			3.00


			2.00


			0.50


			0.00


			0.00


			5.50


			12.75


			0.00


			1.00


			1.50


			14.50


			21.50


			0.00


			0.01


			0.09


			0.09


			


			2.00


			3D Based


			Visualization


			Slicing


						Usability and efficiency to navigate through slices. The score is set in a fairly manner after analyzing all viewers.


			0.08


			0.08


			0.03


			0.01


			0.00


			0.01


			0.96


			0.96


			


									0.12


			0.12


			0.04


			0.01


			0.00


			0.01


			0.88


			0.88


			


									0.06


			0.06


			0.02


			0.00


			0.00


			0.00


			0.77


			0.77


			


									0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			0.69


			0.69


			


									0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.46


			0.46


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			9


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Slicing


			Drag


			3.4.9.1


			3


			1.00


			0.50


			3.00


			2.00


			1.00


			0.00


			0.00


			5.50


			10.75


			2.60


			1.00


			1.50


			14.50


			21.50


			2.60


			0.00


			0.38


			0.38


			


			1.00


			3D Based


			Visualization


			Slicing


			Drag


			Quality of click and drag scrolling.


			0.08


			0.08


			0.03


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Adapts to the number of slices and screen size. Has an infinite scrolling feature.


			0.12


			0.12


			0.04


			0.01


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Adapts, but misses slices on big volumes (eg. 850 slices).


			0.06


			0.06


			0.02


			0.00


			0.00


			0.00


			0.70


			0.70


			


			(.70)


			Advances one slice per pixel. Does not adapt.


			0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Does not adapt, but sensitivity is configurable. Some modifier keys allow faster scrolling.


			0.05


			0.05


			0.01


			0.00


			0.00


			0.00


			0.70


			0.70


			


			(.70)


			Advances one slice per pixel. Does not adapt.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			9


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Slicing


			Wheel


			3.4.9.2


			3


			1.00


			0.50


			3.00


			2.00


			1.00


			0.00


			0.00


			5.50


			10.75


			1.60


			1.00


			1.50


			14.50


			21.50


			2.60


			0.00


			0.38


			0.38


			


			1.00


			3D Based


			Visualization


			Slicing


			Wheel


			Quality of wheel and touchpad scrolling. Multi axis and delta angle scrolling is a plus.


			0.08


			0.08


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Honours delta scrolling and different axes.


			0.12


			0.12


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.06


			0.06


			0.02


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Touchpad interaction could be better. When scrolling quickly some steps are missed.


			0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			9


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Slicing


			Keyboard


			3.4.9.3


			3


			1.00


			0.50


			3.00


			2.00


			0.50


			0.00


			0.00


			5.50


			10.75


			0.60


			1.00


			1.50


			14.50


			21.50


			2.60


			0.00


			0.19


			0.19


			


			0.50


			3D Based


			Visualization


			Slicing


			Keyboard


			Quality of the keyboard scrolling.


			0.08


			0.08


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.12


			0.12


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.06


			0.06


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Unable to do it.


			0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			9


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Slicing


			Inter-slice


			3.4.9.4


			3


			1.00


			0.50


			3.00


			2.00


			0.10


			0.00


			0.00


			5.50


			10.75


			0.10


			1.00


			1.50


			14.50


			21.50


			2.60


			0.00


			0.04


			0.04


			


			0.10


			3D Based


			Visualization


			Slicing


			Inter-slice


			A 3D interpolation is performed when the thick slab does not exactly snap into acquisition slices. The feature must enable the user to specify / interact with a custom scrolling distance.


			0.08


			0.08


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.12


			0.12


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.05


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			4


			10


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Visualization


			Phases


			


			3.4.10


			2


			1.00


			0.50


			3.00


			0.75


			0.10


			0.00


			0.00


			5.50


			10.75


			0.00


			1.00


			1.50


			14.50


			21.50


			0.00


			0.00


			0.03


			0.03


			


			0.75


			3D Based


			Visualization


			Phases


						Navigation on series where a spatial position has more than one acquisition (time, multi-echo, direction, diffusivity, etc.).


			0.08


			0.08


			0.03


			0.00


			0.00


			0.00


			0.95


			0.95


			


									0.12


			0.12


			0.03


			0.00


			0.00


			0.00


			0.78


			0.78


			


									0.05


			0.05


			0.02


			0.00


			0.00


			0.00


			0.75


			0.75


			


									0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			10


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Phases


			Usability


			3.4.10.1


			3


			1.00


			0.50


			3.00


			0.75


			0.50


			0.00


			0.00


			5.50


			10.00


			1.00


			1.00


			1.50


			14.50


			21.50


			1.00


			0.00


			0.50


			0.50


			


			0.50


			3D Based


			Visualization


			Phases


			Usability


			Usability and efficiency to navigate through phases. The score is set in a fairly manner after analyzing all viewers.


			0.08


			0.08


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Can be changed with keyboard, scolling, touchpad… in a very usable manner.


			0.12


			0.12


			0.03


			0.00


			0.00


			0.00


			0.75


			0.75


			


			(.75)


			Can be changed with the keyboard, or with a slider in the toolbar.


			0.05


			0.05


			0.02


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Can be changed only with the "frame" slider.


			0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			10


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Phases


			Separation


			3.4.10.2


			3


			1.00


			0.50


			3.00


			0.75


			0.50


			0.00


			0.00


			5.50


			10.00


			0.50


			1.00


			1.50


			14.50


			21.50


			1.00


			0.00


			0.50


			0.50


			


			0.50


			3D Based


			Visualization


			Phases


			Separation


			Phases are presented as a separate dimension (4D volume). Synchronization and other features behave appropiately.


			0.08


			0.08


			0.03


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


						0.12


			0.12


			0.03


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Phases can be changed but without phase number visual feedback.


			0.05


			0.05


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, allows phases even on 3D volume rendering.


			0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			4


			11


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Visualization


			Transformations


			


			3.4.11


			2


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			0.00


			5.50


			10.00


			0.00


			1.00


			1.50


			14.50


			21.50


			0.00


			0.00


			0.02


			0.02


			


			0.50


			3D Based


			Visualization


			Transformations


						Basic transformations (rotation and flipping) that can be performed on a physical lightbox.


			0.07


			0.07


			0.02


			0.00


			0.00


			0.00


			0.80


			0.80


			


									0.12


			0.12


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.05


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.80


			0.80


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			11


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Transformations


			Rotation


			3.4.11.1


			3


			1.00


			0.50


			3.00


			0.50


			1.00


			0.00


			0.00


			5.50


			9.50


			2.50


			1.00


			1.50


			14.50


			21.50


			2.50


			0.00


			0.40


			0.40


			


			1.00


			3D Based


			Visualization


			Transformations


			Rotation


						0.07


			0.07


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.12


			0.12


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.05


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			11


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Transformations


			Arbitrary rotation


			3.4.11.2


			3


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			0.00


			5.50


			9.50


			1.50


			1.00


			1.50


			14.50


			21.50


			2.50


			0.00


			0.20


			0.20


			


			0.50


			3D Based


			Visualization


			Transformations


			Arbitrary rotation


			The image can be rotated at any angle.


			0.07


			0.07


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.12


			0.12


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.05


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			11


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			Transformations


			Flip


			3.4.11.3


			3


			1.00


			0.50


			3.00


			0.50


			1.00


			0.00


			0.00


			5.50


			9.50


			1.00


			1.00


			1.50


			14.50


			21.50


			2.50


			0.00


			0.40


			0.40


			


			1.00


			3D Based


			Visualization


			Transformations


			Flip


						0.07


			0.07


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.12


			0.12


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.05


			0.05


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			4


			12


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Visualization


			3D


			


			3.4.12


			2


			1.00


			0.50


			3.00


			8.00


			1.00


			0.00


			0.00


			5.50


			9.50


			0.00


			1.00


			1.50


			14.50


			21.50


			0.00


			0.03


			0.37


			0.37


			


			8.00


			3D Based


			Visualization


			3D


						Rendering of a volume in 3D using raycasting rendering. The user shall be able to change the viewpoint and be able to reveal occluded zones.


			0.07


			0.07


			0.02


			0.02


			0.00


			0.02


			0.74


			0.74


			


									0.11


			0.11


			0.03


			0.03


			0.00


			0.03


			0.98


			0.98


			


									0.05


			0.05


			0.02


			0.02


			0.00


			0.02


			0.61


			0.61


			


									0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			12


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			3D


			Rotation


			3.4.12.1


			3


			1.00


			0.50


			3.00


			8.00


			1.00


			0.00


			0.00


			5.50


			1.50


			5.25


			1.00


			1.50


			14.50


			21.50


			5.25


			0.00


			0.19


			0.19


			


			1.00


			3D Based


			Visualization


			3D


			Rotation


			Volume can be rotated. Quality degradation in order to improve reactivity is a plus.


			0.07


			0.07


			0.02


			0.02


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Does quality degradation to speed up interaction.


			0.11


			0.11


			0.03


			0.03


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Does quality degradation to speed up interaction.


			0.05


			0.05


			0.02


			0.02


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Does quality degradation to speed up interaction.


			0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			12


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			3D


			Clipping


			3.4.12.2


			3


			1.00


			0.50


			3.00


			8.00


			0.75


			0.00


			0.00


			5.50


			1.50


			4.25


			1.00


			1.50


			14.50


			21.50


			5.25


			0.00


			0.14


			0.14


			


			0.75


			3D Based


			Visualization


			3D


			Clipping


			Volume can be clipped to reveal occluded zones.


			0.07


			0.07


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.11


			0.11


			0.02


			0.02


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.05


			0.05


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			12


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			3D


			Rendering parameters


			3.4.12.3


			3


			1.00


			0.50


			3.00


			8.00


			0.25


			0.00


			0.00


			5.50


			1.50


			3.50


			1.00


			1.50


			14.50


			21.50


			5.25


			0.00


			0.05


			0.05


			


			0.25


			3D Based


			Visualization


			3D


			Rendering parameters


			Rendering parameters like shadows, ambient occlusion, GPU rendering, etc. can be customized.


			0.06


			0.06


			0.01


			0.01


			0.00


			0.00


			0.95


			0.95


			


			(.95)


						0.11


			0.11


			0.02


			0.02


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Projection mode can be altered and some illumination parameters can be adjusted.


			0.04


			0.04


			0.01


			0.01


			0.00


			0.00


			0.95


			0.95


			


			(.95)


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			12


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			3D


			Preset transfer func.


			3.4.12.4


			3


			1.00


			0.50


			3.00


			8.00


			0.75


			0.00


			0.00


			5.50


			1.50


			3.25


			1.00


			1.50


			14.50


			21.50


			5.25


			0.00


			0.14


			0.14


			


			0.75


			3D Based


			Visualization


			3D


			Preset transfer func.


			Out-of-the-box transfer functions are available.


			0.06


			0.06


			0.01


			0.01


			0.00


			0.00


			0.85


			0.85


			


			(.85)


			A good selection of transfer functions. With illumination and rendering parameters.


			0.10


			0.10


			0.02


			0.02


			0.00


			0.00


			1.00


			1.00


			


			⊤


			A good selection of transfer functions, and with a live preview.


			0.04


			0.04


			0.01


			0.01


			0.00


			0.00


			0.60


			0.60


			


			(.60)


			Small selection of transfer functions, and no preview available.


			0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			12


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			3D


			Editable transfer func.


			3.4.12.5


			3


			1.00


			0.50


			3.00


			8.00


			0.50


			0.00


			0.00


			5.50


			1.50


			2.50


			1.00


			1.50


			14.50


			21.50


			5.25


			0.00


			0.10


			0.10


			


			0.50


			3D Based


			Visualization


			3D


			Editable transfer func.


			Transfer functions can be edited in terms of colors and transparency.


			0.06


			0.06


			0.01


			0.01


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			The editor could be more usable. Transfer functions can be saved.


			0.10


			0.10


			0.02


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Editor with histogram, and can save the transfer functions to a file.


			0.04


			0.04


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			12


			6


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			3D


			WL/WW peeling


			3.4.12.6


			3


			1.00


			0.50


			3.00


			8.00


			1.00


			0.00


			0.00


			5.50


			1.50


			2.00


			1.00


			1.50


			14.50


			21.50


			5.25


			0.00


			0.19


			0.19


			


			1.00


			3D Based


			Visualization


			3D


			WL/WW peeling


			Interactive adjustment (for instance with the mouse) of  (WL/WW) transparency in order to reveal occluded areas.


			0.06


			0.06


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.10


			0.10


			0.01


			0.01


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.04


			0.04


			0.01


			0.00


			0.00


			0.00


			0.75


			0.75


			


			(.75)


			Can't be adjusted with the mouse.


			0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			12


			7


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			3D


			Endoscopy


			3.4.12.7


			3


			1.00


			0.50


			3.00


			8.00


			0.50


			0.00


			0.00


			5.50


			1.50


			1.00


			1.00


			1.50


			14.50


			21.50


			5.25


			0.00


			0.10


			0.10


			


			0.50


			3D Based


			Visualization


			3D


			Endoscopy


			Rendering and navigation inside cavernous geometries.


			0.05


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			4


			12


			8


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			3D


			Tools


			3.4.12.8


			3


			1.00


			0.50


			3.00


			8.00


			0.50


			0.00


			0.00


			5.50


			1.50


			0.50


			1.00


			1.50


			14.50


			21.50


			5.25


			0.00


			0.10


			0.10


			


			0.50


			3D Based


			Visualization


			3D


			Tools


			There are extra tools to perform measures and reveal occluded parts.


			0.05


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.01


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Yes, there are extra occlusion removal tools. Measuring distances is possible.


			0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			4


			13


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Visualization


			CINE


			


			3.4.13


			2


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			0.00


			5.50


			1.50


			0.00


			1.00


			1.50


			14.50


			21.50


			0.00


			0.00


			0.02


			0.02


			


			0.50


			3D Based


			Visualization


			CINE


						Display series with a time dimension like ultrasound and some MRI modalities. Ease of use of playback controls like, boomerang, loop, frame rate, etc.


			0.05


			0.05


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


			No boomerang


			0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


			No boomerang.


			0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			No boomerang. Only a list of framerates. Button works  with middle or right click only.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			4


			14


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Visualization


			DICOM Quirks


			


			3.4.14


			2


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			0.00


			5.50


			1.00


			0.00


			1.00


			1.50


			14.50


			21.50


			0.00


			0.00


			0.05


			0.05


			


			1.00


			3D Based


			Visualization


			DICOM Quirks


						Honouring special albeit common DICOM tags in order to achieve an accurate visualization.


			0.05


			0.05


			0.00


			0.00


			0.00


			0.00


			0.89


			0.89


			


									0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			0.85


			0.85


			


									0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.23


			0.23


			


									0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			0.71


			0.71


			


									0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.31


			0.31


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			1


			3


			4


			14


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			DICOM Quirks


			Rescale


			3.4.14.1


			3


			1.00


			0.50


			3.00


			1.00


			2.50


			0.00


			0.00


			5.50


			0.00


			9.25


			1.00


			1.50


			14.50


			21.50


			9.25


			0.00


			0.27


			0.27


			


			2.50


			3D Based


			Visualization


			DICOM Quirks


			Rescale


			Intercept and slope parameters that alter voxel values as WL/WW does with screen pixels.


			0.05


			0.05


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			0.20


			0.20


			


			(.20)


			Apparently, only supported in CT.


			0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.20


			0.20


			


			(.20)


			Fails in some cases. Very dispaired pixel values are given.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			1


			3


			4


			14


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			DICOM Quirks


			Depth and sign


			3.4.14.2


			3


			1.00


			0.50


			3.00


			1.00


			2.00


			0.00


			0.00


			5.50


			0.00


			6.75


			1.00


			1.50


			14.50


			21.50


			9.25


			0.00


			0.22


			0.22


			


			2.00


			3D Based


			Visualization


			DICOM Quirks


			Depth and sign


			Pixels values are processed in signed and unsigned representations, and in several lengths representations, for example 13 bits.


			0.05


			0.05


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Does not work with signed images.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			1


			3


			4


			14


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			DICOM Quirks


			Float


			3.4.14.3


			3


			1.00


			0.50


			3.00


			1.00


			0.10


			0.00


			0.00


			5.50


			0.00


			4.75


			1.00


			1.50


			14.50


			21.50


			9.25


			0.00


			0.01


			0.01


			


			0.10


			3D Based


			Visualization


			DICOM Quirks


			Float


			Support for floating point images.


			0.05


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			1


			3


			4


			14


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			DICOM Quirks


			Modality LUT


			3.4.14.4


			3


			1.00


			0.50


			3.00


			1.00


			1.50


			0.00


			0.00


			5.50


			0.00


			4.65


			1.00


			1.50


			14.50


			21.50


			9.25


			0.00


			0.16


			0.16


			


			1.50


			3D Based


			Visualization


			DICOM Quirks


			Modality LUT


			LUT that alters voxels values.


			0.05


			0.05


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			1


			3


			4


			14


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			DICOM Quirks


			WL/WW


			3.4.14.5


			3


			1.00


			0.50


			3.00


			1.00


			1.25


			0.00


			0.00


			5.50


			0.00


			3.15


			1.00


			1.50


			14.50


			21.50


			9.25


			0.00


			0.14


			0.14


			


			1.25


			3D Based


			Visualization


			DICOM Quirks


			WL/WW


			WL/WW to use in the visualization.


			0.05


			0.05


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			1


			3


			4


			14


			6


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			DICOM Quirks


			VOI LUT


			3.4.14.6


			3


			1.00


			0.50


			3.00


			1.00


			1.00


			0.00


			0.00


			5.50


			0.00


			1.90


			1.00


			1.50


			14.50


			21.50


			9.25


			0.00


			0.11


			0.11


			


			1.00


			3D Based


			Visualization


			DICOM Quirks


			VOI LUT


			LUT to use in the visualization to eliminate non-clinical significative images.


			0.05


			0.05


			0.00


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Some edge cases are not shown properly.


			0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			There's a setting to apply them, but for an unknown reason it can’t be enabled.


			0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, incuding edge cases.


			0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			1


			3


			4


			14


			7


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			DICOM Quirks


			Presentation LUT


			3.4.14.7


			3


			1.00


			0.50


			3.00


			1.00


			0.25


			0.00


			0.00


			5.50


			0.00


			0.90


			1.00


			1.50


			14.50


			21.50


			9.25


			0.00


			0.03


			0.03


			


			0.25


			3D Based


			Visualization


			DICOM Quirks


			Presentation LUT


			LUT applied after the VOI LUT


			0.05


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Only in presentation state, apparently.


			0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			1


			3


			4


			14


			8


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			DICOM Quirks


			Shutters


			3.4.14.8


			3


			1.00


			0.50


			3.00


			1.00


			0.00


			0.00


			0.00


			5.50


			0.00


			0.65


			1.00


			1.50


			14.50


			21.50


			9.25


			0.00


			0.00


			0.00


			


			0.00


			3D Based


			Visualization


			DICOM Quirks


			Shutters


			A shape or shapes specified in DICOM tags that shall occludes a zone of the image (usually to improve perception and avoid flaring). Can be usually found in fluoroscope images.


			0.05


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			1


			3


			4


			14


			9


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			DICOM Quirks


			Overlays


			3.4.14.9


			3


			1.00


			0.50


			3.00


			1.00


			0.00


			0.00


			0.00


			5.50


			0.00


			0.65


			1.00


			1.50


			14.50


			21.50


			9.25


			0.00


			0.00


			0.00


			


			0.00


			3D Based


			Visualization


			DICOM Quirks


			Overlays


			Small pixmaps that must be drawn over the original image. Usually found in some CR and MG images.


			0.05


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			(.75)


			Overlays are always shown, the option to hide them doesn't work.


			0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊤


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			(.50)


			Overlapping overlay layers not shown properly.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			1


			3


			4


			14


			10


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			DICOM Quirks


			Gantry tilt


			3.4.14.10


			3


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			0.00


			5.50


			0.00


			0.65


			1.00


			1.50


			14.50


			21.50


			9.25


			0.00


			0.05


			0.05


			


			0.50


			3D Based


			Visualization


			DICOM Quirks


			Gantry tilt


			CT volumes acquired with the gantry tilted require an special treatment in oder to visualize them volumetrically (3D). The image may not be shown correctly but the position yes.


			0.05


			0.05


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Offers gantry tilt correction before reconstruction.


			0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			1


			3


			4


			14


			11


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			DICOM Quirks


			Segmented palette


			3.4.14.11


			3


			1.00


			0.50


			3.00


			1.00


			0.05


			0.00


			0.00


			5.50


			0.00


			0.15


			1.00


			1.50


			14.50


			21.50


			9.25


			0.00


			0.01


			0.01


			


			0.05


			3D Based


			Visualization


			DICOM Quirks


			Segmented palette


			Special method to store color images.


			0.05


			0.05


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.08


			0.08


			0.00


			0.00


			0.00


			0.00


			0.10


			0.10


			


			(.10)


			Can be opened, but they are rendered wrong.


			0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			1


			3


			4


			14


			12


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Visualization


			DICOM Quirks


			Color images


			3.4.14.12


			3


			1.00


			0.50


			3.00


			1.00


			0.10


			0.00


			0.00


			5.50


			0.00


			0.10


			1.00


			1.50


			14.50


			21.50


			9.25


			0.00


			0.01


			0.01


			


			0.10


			3D Based


			Visualization


			DICOM Quirks


			Color images


			Multi-channel images, like some screenshots and doopler ultrasound series can be properly displayed.


			0.05


			0.05


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.08


			0.08


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.09


			0.09


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊥


			⊤


			⊥


			⊥


			1


			3


			5


			0


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Tools


			


			


			3.5


			1


			1.00


			0.50


			3.00


			1.00


			0.10


			0.00


			0.00


			5.50


			0.00


			0.00


			1.00


			1.50


			14.50


			0.00


			0.00


			0.07


			0.21


			0.21


			


			3.00


			3D Based


			Tools


						Tools that are mainly focused to measure, annotate and comprehend the datasets.


			0.05


			0.05


			0.04


			0.00


			0.00


			0.04


			0.65


			0.65


			


									0.08


			0.08


			0.06


			0.00


			0.00


			0.06


			0.89


			0.89


			


									0.04


			0.04


			0.01


			0.00


			0.00


			0.01


			0.14


			0.14


			


									0.09


			0.09


			0.06


			0.00


			0.00


			0.06


			0.87


			0.87


			


									0.04


			0.04


			0.03


			0.00


			0.00


			0.03


			0.46


			0.46


			


						


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			5


			1


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Tools


			Usability


			


			3.5.1


			2


			1.00


			0.50


			3.00


			1.00


			0.10


			0.00


			0.00


			2.50


			11.08


			0.00


			1.00


			1.50


			14.50


			11.08


			0.00


			0.01


			0.09


			0.09


			


			1.00


			3D Based


			Tools


			Usability


						General evaluation of  the interaction and frustrations the user may encounter when drawing, modifying etc. The score is set in a fairly manner after analyzing all viewers.


			0.05


			0.05


			0.04


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Drawing is usable, but could not determine edition usability.


			0.08


			0.08


			0.06


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.04


			0.04


			0.01


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			Only one tool (measure tool), the usability and edition of it is good.


			0.09


			0.09


			0.06


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.04


			0.04


			0.03


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			5


			2


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Tools


			Editable


			


			3.5.2


			2


			1.00


			0.50


			3.00


			1.00


			0.10


			0.00


			0.00


			2.50


			10.08


			0.00


			1.00


			1.50


			14.50


			11.08


			0.00


			0.01


			0.09


			0.09


			


			1.00


			3D Based


			Tools


			Editable


						What is drawn can be modified.


			0.04


			0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.08


			0.08


			0.05


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.03


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.08


			0.08


			0.05


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			Shape, color, thickness… are modifiable.


			0.03


			0.03


			0.03


			0.01


			0.01


			0.01


			0.90


			0.90


			


			(.90)


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			5


			3


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Tools


			Transversality


			


			3.5.3


			2


			1.00


			0.50


			3.00


			0.75


			0.10


			0.00


			0.00


			2.50


			9.08


			0.00


			1.00


			1.50


			14.50


			11.08


			0.00


			0.00


			0.07


			0.07


			


			0.75


			3D Based


			Tools


			Transversality


						Tools can be used in a wide range of modes, like fusion, MPR, thick slab, 3D viewer.


			0.04


			0.04


			0.04


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Most tools usable under orthogonal MPR and MIP.


			0.07


			0.07


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, a big effort has ben done to make tools available in all modes.


			0.03


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.07


			0.07


			0.05


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			All tools available to all modes.


			0.03


			0.03


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Only 2D viewers, so transversality is not applicable.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			5


			4


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Tools


			Undo


			


			3.5.4


			2


			1.00


			0.50


			3.00


			0.50


			0.10


			0.00


			0.00


			2.50


			8.33


			0.00


			1.00


			1.50


			14.50


			11.08


			0.00


			0.00


			0.05


			0.05


			


			0.50


			3D Based


			Tools


			Undo


						Performed operations can be undone and redone.


			0.04


			0.04


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.07


			0.07


			0.04


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.03


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.07


			0.07


			0.04


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.03


			0.03


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			5


			5


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Tools


			3D cursor


			


			3.5.5


			2


			1.00


			0.50


			3.00


			1.00


			0.10


			0.00


			0.00


			2.50


			7.83


			0.00


			1.00


			1.50


			14.50


			11.08


			0.00


			0.01


			0.09


			0.09


			


			1.00


			3D Based


			Tools


			3D cursor


						A selected location in one viewer is precisely shown relative to the rest of the veiwers that share the same spatial origin.


			0.04


			0.04


			0.04


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.06


			0.06


			0.04


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Can only be used under MPR mode.


			0.03


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.07


			0.07


			0.04


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.03


			0.03


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			5


			6


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Tools


			Reference lines


			


			3.5.6


			2


			1.00


			0.50


			3.00


			1.00


			0.10


			0.00


			0.00


			2.50


			6.83


			0.00


			1.00


			1.50


			14.50


			11.08


			0.00


			0.01


			0.09


			0.09


			


			1.00


			3D Based


			Tools


			Reference lines


						The intersection of the current slice in the current viewer and other series that share the same origin is shown.


			0.04


			0.04


			0.03


			0.01


			0.01


			0.01


			0.90


			0.90


			


			(.90)


						0.06


			0.06


			0.04


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			Displays beginning and end of the volumes, as well as the slice thickness.


			0.03


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.06


			0.06


			0.04


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			Displays beginning and end of the volumes, as well as the slice thickness.


			0.03


			0.03


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			5


			7


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Tools


			Save status


			


			3.5.7


			2


			1.00


			0.50


			3.00


			0.50


			0.10


			0.00


			0.00


			2.50


			5.83


			0.00


			1.00


			1.50


			14.50


			11.08


			0.00


			0.00


			0.05


			0.05


			


			0.50


			3D Based


			Tools


			Save status


						Drawings, annotations and measures can be saved for future editing or at least exported.


			0.03


			0.03


			0.02


			0.00


			0.00


			0.00


			0.20


			0.20


			


									0.05


			0.05


			0.03


			0.00


			0.00


			0.00


			0.60


			0.60


			


									0.03


			0.03


			0.00


			0.00


			0.00


			0.00


			0.20


			0.20


			


									0.06


			0.06


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.03


			0.03


			0.02


			0.00


			0.00


			0.00


			0.20


			0.20


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			5


			7


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Tools


			Save status


			Screenshot


			3.5.7.1


			3


			1.00


			0.50


			3.00


			0.50


			0.25


			0.00


			0.00


			2.50


			5.33


			1.25


			1.00


			1.50


			14.50


			11.08


			1.25


			0.00


			0.20


			0.20


			


			0.25


			3D Based


			Tools


			Save status


			Screenshot


			Very basic exportation method that does not allow future editing.


			0.03


			0.03


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Screenshots can be uploaded to the PACS, and saved in DICOM.


			0.05


			0.05


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.03


			0.03


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.06


			0.06


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.03


			0.03


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Can be saved to file, or saved as a new DICOM serie.





			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			5


			7


			2


			⊥
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			3D Based


			Tools


			Save status


			Save


			Can be saved using DICOM or any other alternative format.
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			0.00
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			Yes, using custom file format.
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			Can be saved using DICOM.


			0.03


			0.03


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.05


			0.05


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.03


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.05


			0.05


			0.03


			0.00


			0.00


			0.00


			1.00


			1.00
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			Yes, using presentation states.
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			3D Based


			Tools


			Measure


						Measuring tools for voxel values, angles and distances.
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			3D Based


			Tools


			Measure


			Voxel


			Information of voxel value.
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			0.00


			0.00
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			1.00


			


			⊤


						0.03


			0.03
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			Tools
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			Distance
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			0.03


			0.00
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			3D Based


			Tools


			Measure
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			A method to measure open angles. Open angle and cobb angle are equiparable.
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						User drawable annotations over the image.
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			Yes, and many shapes available.
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			(.90)


			Yes, but perfect circles can't be achieved.
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			No advanced shapes.
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			Includes freehand.
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			2.50


			3.83
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			1.00


			1.50


			14.50


			11.08
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			0.25


			0.25
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			3D Based


			Tools


			Annotations


			Textual
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			0.00
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			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.04


			0.04


			0.02
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			3D Based


			Tools


			Unit awareness
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			3D Based


			Tools


			Unit awareness


						Awareness of the viewer regarding the handling of the units and DICOM tags in order to perform right measurements.


			0.02


			0.02


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.04


			0.04


			0.02


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Distances and area units, but not pixel units. SUV units are missing.


			0.03


			0.03


			0.00


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Annotatios are in mm, however, measurements do not display the unit.


			0.04


			0.04


			0.02


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			SUV units are not properly shown.


			0.02


			0.02


			0.01


			0.00


			0.00


			0.00


			0.70


			0.70


			


			(.70)


			Distances and area units, but not pixel units. ECG units shown properly.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			5


			11


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Tools


			Statistics


			


			3.5.11


			2


			1.00


			0.50


			3.00


			0.75


			0.50


			0.00


			0.00


			2.50


			3.33


			0.00


			1.00


			1.50


			14.50


			11.08


			0.00


			0.00


			0.07


			0.07


			


			0.75


			3D Based


			Tools


			Statistics


						Statistics calculated when a measure is taken (SD, mean, average...)


			0.02


			0.02


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.04


			0.04


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.03


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.04


			0.04


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.02


			0.02


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			5


			12


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Tools


			SUV


			


			3.5.12


			2


			1.00


			0.50


			3.00


			0.75


			0.50


			0.00


			0.00


			2.50


			2.58


			0.00


			1.00


			1.50


			14.50


			11.08


			0.00


			0.00


			0.07


			0.07


			


			0.75


			3D Based


			Tools


			SUV


						Calculation of SUV, useful for PET images.


			0.01


			0.01


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, and with several configuration options.


			0.04


			0.04


			0.01


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Only body weight method, and too many steps shall be performed to measure.


			0.03


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.04


			0.04


			0.01


			0.00


			0.00


			0.00


			0.90


			0.90


			


			(.90)


			Yes on ROIs. Only body weight method available.


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			5


			13


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Tools


			Histogram


			


			3.5.13


			2


			1.00


			0.50


			3.00


			0.33


			0.50


			0.00


			0.00


			2.50


			1.83


			0.00


			1.00


			1.50


			14.50


			11.08


			0.00


			0.00


			0.03


			0.03


			


			0.33


			3D Based


			Tools


			Histogram


						Histogram of a volume, image or region of the image.


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.03


			0.03


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, and even in ROIs.


			0.03


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.03


			0.03


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			5


			14


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Tools


			ROI


			


			3.5.14


			2


			1.00


			0.50


			3.00


			1.00


			0.50


			0.00


			0.00


			2.50


			1.50


			0.00


			1.00


			1.50


			14.50


			11.08


			0.00


			0.01


			0.09


			0.09


			


			1.00


			3D Based


			Tools


			ROI


						Evaluates if there's a ROI tool present. As they usually do automated segmentation, those features are evaluated inide the "processing" group. 3D ROI shall be considered..


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Yes, however only 2D ROI.


			0.03


			0.03


			0.01


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			Yes, including 3D ROI, and advanced features.


			0.03


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			Can do segmentation, but not ROIs that show statistics about a region.


			0.03


			0.03


			0.01


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Yes, however only 2D ROI.


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Yes, however only 2D ROI.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			5


			15


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Tools


			Key image notes (KIN)


			


			3.5.15


			2


			1.00


			0.50


			3.00


			0.50


			0.50


			0.00


			0.00


			2.50


			0.50


			0.00


			1.00


			1.50


			14.50


			11.08


			0.00


			0.00


			0.05


			0.05


			


			0.50


			3D Based


			Tools


			Key image notes (KIN)


						DICOM standard way to bookmark some images in a study. The program should be able not only to read but to save them in DICOM format.


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.02


			0.02


			0.00


			0.00


			0.00


			0.00


			0.33


			0.33


			


			(.33)


			Has an internal "key images" feature, but it can't read or generate real KO.


			0.03


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.03


			0.03


			0.00


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Yes, can be read and created. Editing the name is not possible.


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊥


			⊤


			⊥


			⊥


			1


			3


			6


			0


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Other modalities


			


			


			3.6


			1


			1.00


			0.50


			1.00


			0.50


			0.50


			0.00


			0.00


			2.50


			0.00


			0.00


			1.00


			1.50


			14.50


			0.00


			0.00


			0.02


			0.07


			0.07


			


			1.00


			3D Based


			Other modalities


						Special modalities that are not images or volumes.


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.20


			0.20


			


									0.02


			0.02


			0.01


			0.00


			0.00


			0.01


			0.35


			0.35


			


									0.03


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.03


			0.03


			0.02


			0.00


			0.00


			0.02


			0.76


			0.76


			


									0.01


			0.01


			0.01


			0.00


			0.00


			0.01


			0.36


			0.36


			


						


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			6


			1


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Other modalities


			Structured report (SR)


			


			3.6.1


			2


			1.00


			0.50


			1.00


			1.00


			0.50


			0.00


			0.00


			1.50


			2.50


			0.00


			1.00


			1.50


			14.50


			2.50


			0.00


			0.01


			0.40


			0.40


			


			1.00


			3D Based


			Other modalities


			Structured report (SR)


						DICOM structured reports enable physicians to review studies and store their conclusions and remarks in a standard way.


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.02


			0.02


			0.01


			0.00


			0.00


			0.00


			0.36


			0.36


			


									0.03


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.03


			0.03


			0.02


			0.01


			0.00


			0.01


			0.55


			0.55


			


									0.01


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			6


			1


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Other modalities


			Structured report (SR)


			Read


			3.6.1.1


			3


			1.00


			0.50


			1.00


			1.00


			1.00


			0.00


			0.00


			1.50


			1.50


			1.83


			1.00


			1.50


			14.50


			2.50


			1.83


			0.01


			0.55


			0.55


			


			1.00


			3D Based


			Other modalities


			Structured report (SR)


			Read


			Structured reports are shown and properly integrated.


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.02


			0.02


			0.01


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Are converted to PDF and shown with system viewer.


			0.03


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.03


			0.03


			0.02


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			Integrated, and embedded links work.


			0.01


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			6


			1


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Other modalities


			Structured report (SR)


			Write


			3.6.1.2


			3


			1.00


			0.50


			1.00


			1.00


			0.50


			0.00


			0.00


			1.50


			1.50


			0.83


			1.00


			1.50


			14.50


			2.50


			1.83


			0.00


			0.27


			0.27


			


			0.50


			3D Based


			Other modalities


			Structured report (SR)


			Write


			Generation of structured reports.


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.02


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.03


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.02


			0.02


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.01


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			1


			3


			6


			1


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Other modalities


			Structured report (SR)


			Specific


			3.6.1.3


			3


			1.00


			0.50


			1.00


			1.00


			0.33


			0.00


			0.00


			1.50


			1.50


			0.33


			1.00


			1.50


			14.50


			2.50


			1.83


			0.00


			0.18


			0.18


			


			0.33


			3D Based


			Other modalities


			Structured report (SR)


			Specific


			Adaptation of the structured report UI to specific imaging modalities like mammography.


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.02


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.03


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.02


			0.02


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.01


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			6


			2


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Other modalities


			Encapsulated documents


			


			3.6.2


			2


			1.00


			0.50


			1.00


			0.50


			0.33


			0.00


			0.00


			1.50


			1.50


			0.00


			1.00


			1.50


			14.50


			2.50


			0.00


			0.00


			0.20


			0.20


			


			0.50


			3D Based


			Other modalities


			Encapsulated documents


						Encapsulated documents could be embedded PDF documents inside a DICOM file.


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.02


			0.02


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.03


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.02


			0.02


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.01


			0.01


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			6


			3


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Other modalities


			ECG graphs


			


			3.6.3


			2


			1.00


			0.50


			1.00


			0.50


			0.33


			0.00


			0.00


			1.50


			1.00


			0.00


			1.00


			1.50


			14.50


			2.50


			0.00


			0.00


			0.20


			0.20


			


			0.50


			3D Based


			Other modalities


			ECG graphs


						Display DICOM electrocardiogram graphical data


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.02


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.03


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.02


			0.02


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Supported, and with effective and usable tools that compute several metrics.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Supported, but measures are slower to perform with the ruler tool.





			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			6


			4


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Other modalities


			Video


			


			3.6.4


			2


			1.00


			0.50


			1.00


			0.25


			0.33


			0.00


			0.00


			1.50


			0.50


			0.00


			1.00


			1.50


			14.50


			2.50


			0.00


			0.00


			0.10


			0.10


			


			0.25


			3D Based


			Other modalities


			Video


						Display DICOM video.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.02


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.03


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Opens with the system media player. Does not work well on GNU/Linux.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			1


			3


			6


			5


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Other modalities


			Audio


			


			3.6.5


			2


			1.00


			0.50


			1.00


			0.25


			0.33


			0.00


			0.00


			1.50


			0.25


			0.00


			1.00


			1.50


			14.50


			2.50


			0.00


			0.00


			0.10


			0.10


			


			0.25


			3D Based


			Other modalities


			Audio


						Play DICOM audio. Waveform plotting is a plus.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.02


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.03


			0.03


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Yes, but with a very basic player.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊥


			⊤


			⊥


			⊥


			1


			3


			7


			0


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Processing


			


			


			3.7


			1


			1.00


			0.50


			1.50


			0.25


			0.33


			0.00


			0.00


			1.50


			0.00


			0.00


			1.00


			1.50


			14.50


			0.00


			0.00


			0.03


			0.10


			0.10


			


			1.50


			3D Based


			Processing


						Features that perform a complex analysis of the dataset and usually generate new series.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.02


			0.02


			


									0.02


			0.02


			0.02


			0.00


			0.00


			0.02


			0.46


			0.46


			


									0.03


			0.03


			0.03


			0.00


			0.00


			0.03


			0.74


			0.74


			


									0.01


			0.01


			0.01


			0.00


			0.00


			0.01


			0.22


			0.22


			


									0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊥


			⊤


			⊥


			1


			3


			7


			1


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Processing


			Generate series


			


			3.7.1


			2


			1.00


			0.50


			1.50


			0.75


			0.33


			0.00


			0.00


			0.00


			4.50


			0.00


			1.00


			1.50


			14.50


			4.50


			0.00


			0.01


			0.17


			0.17


			


			0.75


			3D Based


			Processing


			Generate series


						New series can be generated. Generated series through screenshots is not considered. New series shall be in DICOM format or express a similar equivalency inside the program workflow.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.02


			0.02


			0.02


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


			New series can be generated.


			0.03


			0.03


			0.03


			0.01


			0.01


			0.01


			0.95


			0.95


			


			(.95)


			Yes, as a way to store intermediate results. They are treated as if they were DICOM.


			0.01


			0.01


			0.01


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Some operations like MIP and MPR generate new series. They are in DICOM format.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊥


			⊤


			⊥


			1


			3


			7


			2


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Processing


			Flow quantification


			


			3.7.2


			2


			1.00


			0.50


			1.50


			0.50


			0.33


			0.00


			0.00


			0.00


			3.75


			0.00


			1.00


			1.50


			14.50


			4.50


			0.00


			0.00


			0.11


			0.11


			


			0.50


			3D Based


			Processing


			Flow quantification


						Extract and present (usually using graphs) flow information from speed maps usually acquired with MRI flow quantization sequences.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.01


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.02


			0.02


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊥


			⊤


			⊥


			1


			3


			7


			3


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Processing


			Registration


			


			3.7.3


			2


			1.00


			0.50


			1.50


			0.50


			0.33


			0.00


			0.00


			0.00


			3.25


			0.00


			1.00


			1.50


			14.50


			4.50


			0.00


			0.00


			0.11


			0.11


			


			0.50


			3D Based


			Processing


			Registration


						Transformation of a volume to make it spatially compatible with another one.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.01


			0.01


			0.01


			0.00


			0.00


			0.00


			0.20


			0.20


			


									0.02


			0.02


			0.02


			0.00


			0.00


			0.00


			0.60


			0.60


			


									0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			1


			3


			7


			3


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Processing


			Registration


			Manual


			3.7.3.1


			3


			1.00


			0.50


			1.50


			0.50


			0.50


			0.00


			0.00


			0.00


			2.75


			1.25


			1.00


			1.50


			14.50


			4.50


			1.25


			0.00


			0.40


			0.40


			


			0.50


			3D Based


			Processing


			Registration


			Manual


			The user can manually transform a dataset to make it match with the other one with operations like translation, rotation and scaling.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.01


			0.01


			0.01


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Only translation, no scaling or rotation.


			0.02


			0.02


			0.02


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			1


			3


			7


			3


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Processing


			Registration


			Automatic


			3.7.3.2


			3


			1.00


			0.50


			1.50


			0.50


			0.75


			0.00


			0.00


			0.00


			2.75


			0.75


			1.00


			1.50


			14.50


			4.50


			1.25


			0.00


			0.60


			0.60


			


			0.75


			3D Based


			Processing


			Registration


			Automatic


			Registration is performed using some automated algorithms.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.01


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.02


			0.02


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			With many advanced and configurable algorithms.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊥


			⊤


			⊥


			1


			3


			7


			4


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Processing


			Segmentation


			


			3.7.4


			2


			1.00


			0.50


			1.50


			0.50


			0.75


			0.00


			0.00


			0.00


			2.75


			0.00


			1.00


			1.50


			14.50


			4.50


			0.00


			0.00


			0.11


			0.11


			


			0.50


			3D Based


			Processing


			Segmentation


						Automated or semiautomated detection of image features in order to classify its voxels. Some ROI tools do perform segmentation, its segmentation features shall be evaluated here.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.16


			0.16


			


									0.01


			0.01


			0.01


			0.00


			0.00


			0.00


			0.96


			0.96


			


									0.02


			0.02


			0.02


			0.00


			0.00


			0.00


			0.63


			0.63


			


									0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			1


			3


			7


			4


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Processing


			Segmentation


			Manual


			3.7.4.1


			3


			1.00


			0.50


			1.50


			0.50


			0.50


			0.00


			0.00


			0.00


			2.25


			3.50


			1.00


			1.50


			14.50


			4.50


			3.50


			0.00


			0.14


			0.14


			


			0.50


			3D Based


			Processing


			Segmentation


			Manual


			Segment using basic shapes.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			With ROIs.


			0.01


			0.01


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.02


			0.02


			0.02


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Yes, with a simple brush tool.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			1


			3


			7


			4


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Processing


			Segmentation


			Automated


			3.7.4.2


			3


			1.00


			0.50


			1.50


			0.50


			1.00


			0.00


			0.00


			0.00


			2.25


			3.00


			1.00


			1.50


			14.50


			4.50


			3.50


			0.00


			0.29


			0.29


			


			1.00


			3D Based


			Processing


			Segmentation


			Automated


			Automated feature detection, that can automatically or semiautomatically segment.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.30


			0.30


			


			(.30)


			With 2D magic roi.


			0.01


			0.01


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Region growing.


			0.02


			0.02


			0.02


			0.00


			0.00


			0.00


			0.30


			0.30


			


			(.30)


			A simple threshold segmentation.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			1


			3


			7


			4


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Processing


			Segmentation


			Editable


			3.7.4.3


			3


			1.00


			0.50


			1.50


			0.50


			0.50


			0.00


			0.00


			0.00


			2.25


			2.00


			1.00


			1.50


			14.50


			4.50


			3.50


			0.00


			0.14


			0.14


			


			0.50


			3D Based


			Processing


			Segmentation


			Editable


			Segmented results can be edited.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.01


			0.01


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.02


			0.02


			0.02


			0.00


			0.00


			0.00


			0.50


			0.50


			


			(.50)


			Yes, with a simple brush tool, area can be added or substracted.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			1


			3


			7


			4


			4


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Processing


			Segmentation


			3D


			3.7.4.4


			3


			1.00


			0.50


			1.50


			0.50


			1.00


			0.00


			0.00


			0.00


			2.25


			1.50


			1.00


			1.50


			14.50


			4.50


			3.50


			0.00


			0.29


			0.29


			


			1.00


			3D Based


			Processing


			Segmentation


			3D


			Segmentation of 3D volumes.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.01


			0.01


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, and with erosion and dilate filters.


			0.02


			0.02


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


						0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			1


			3


			7


			4


			5


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Processing


			Segmentation


			Import/export


			3.7.4.5


			3


			1.00


			0.50


			1.50


			0.50


			0.50


			0.00


			0.00


			0.00


			2.25


			0.50


			1.00


			1.50


			14.50


			4.50


			3.50


			0.00


			0.14


			0.14


			


			0.50


			3D Based


			Processing


			Segmentation


			Import/export


			Segmented results can be imported and exported to different formats.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.01


			0.01


			0.01


			0.00


			0.00


			0.00


			0.70


			0.70


			


			(.70)


			Yes, to a custom .roi format and .xml


			0.02


			0.02


			0.02


			0.00


			0.00


			0.00


			0.80


			0.80


			


			(.80)


			Yes, to several scientific formats like MHD, VTK… unfortunately not to DICOM.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊥


			⊤


			⊥


			1


			3


			7


			5


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Processing


			Rescaling


			


			3.7.5


			2


			1.00


			0.50


			1.50


			0.50


			0.50


			0.00


			0.00


			0.00


			2.25


			0.00


			1.00


			1.50


			14.50


			4.50


			0.00


			0.00


			0.11


			0.11


			


			0.50


			3D Based


			Processing


			Rescaling


						Transformations from an original volume to a new one different in size.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.01


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			In theory available in a plugin not included by default, thus we do not evaluate it.


			0.02


			0.02


			0.02


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, using a filter.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊥


			⊤


			⊥


			1


			3


			7


			6


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Processing


			Convolution


			


			3.7.6


			2


			1.00


			0.50


			1.50


			0.75


			0.50


			0.00


			0.00


			0.00


			1.75


			0.00


			1.00


			1.50


			14.50


			4.50


			0.00


			0.01


			0.17


			0.17


			


			0.75


			3D Based


			Processing


			Convolution


						Apply convolution filters to enchance or mask some image features.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.01


			0.01


			0.01


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.01


			0.01


			0.01


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Only gaussian blur available, can't custom define a convolution matrix.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.67


			0.67


			


			(.67)


			Yes, a good selection, however they can't be chained nor custom made. Only for display.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊥


			⊤


			⊥


			1


			3


			7


			7


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			3D Based


			Processing


			Filters


			


			3.7.7


			2


			1.00


			0.50


			1.50


			0.50


			0.50


			0.00


			0.00


			0.00


			1.00


			0.00


			1.00


			1.50


			14.50


			4.50


			0.00


			0.00


			0.11


			0.11


			


			0.50


			3D Based


			Processing


			Filters


						Advanced filters regarding image processing.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			All filters found use convolution


			0.01


			0.01


			0.01


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, ITK and other advanced filters.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊥


			⊤


			⊥


			1


			3


			7


			8


			0


			⊥


			⊥


			⊥


			⊥


			⊥


			3D Based


			Processing


			DTI


			


			3.7.8


			2


			1.00


			0.50


			1.50


			0.50


			0.50


			0.00


			0.00


			0.00


			0.50


			0.00


			1.00


			1.50


			14.50


			4.50


			0.00


			0.00


			0.11


			0.11


			


			0.50


			3D Based


			Processing


			DTI


						Visualize and interact with volumes where each voxel is considered a tensor. The visualization may require advanced features like tractographies and glyph visualizations.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


									0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


									0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


						


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊥


			⊤


			1


			3


			7


			8


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Processing


			DTI


			Maps


			3.7.8.1


			3


			1.00


			0.50


			1.50


			0.50


			0.50


			0.00


			0.00


			0.00


			0.00


			1.50


			1.00


			1.50


			14.50


			4.50


			1.50


			0.00


			0.33


			0.33


			


			0.50


			3D Based


			Processing


			DTI


			Maps


			Compute maps from the tensor field such as ADC, AF, VR…


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, several of them.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊥


			⊤


			1


			3


			7


			8


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Processing


			DTI


			Glyphs


			3.7.8.2


			3


			1.00


			0.50


			1.50


			0.50


			0.50


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			1.50


			14.50


			4.50


			1.50


			0.00


			0.33


			0.33


			


			0.50


			3D Based


			Processing


			DTI


			Glyphs


			Display tensors using a glyph.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, a good selection of them. Resolution can be picked.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊥


			⊤


			1


			3


			7


			8


			3


			⊥


			⊥


			⊥


			⊥


			⊤


			3D Based


			Processing


			DTI


			Tractography


			3.7.8.3


			3


			1.00


			0.50


			1.50


			0.50


			0.50


			0.00


			0.00


			0.00


			0.00


			0.50


			1.00


			1.50


			14.50


			4.50


			1.50


			0.00


			0.33


			0.33


			


			0.50


			3D Based


			Processing


			DTI


			Tractography


			Display main fiber orientation using streamlines or hyperstreamlines.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			


			⊤


			Yes, but no advanced filtering methods could be found.


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00


			


			⊥


			


			⊥


			0


			⊥


									0.00


						0.00


						Do not modify the last row


			0.00


						Do not modify the first row


			0.00


						Do not modify the last row


			0.00


						Do not modify the last row


			0.00


						Do not modify the last row


			0.00


						Do not modify the last row





			


															


			


			





 Drag down from here to the second last row





 Drag down from here to the second last row





 Drag down from here to the second last row





Editable columns


Editable columns


Editable columns


To add more 


viewers, copy and 


paste the columns


Non-leaf nodes are


never evaluated


Leaf node not


evaluated


Weight is missing


Keep a consistent


tree hieracy


⊤ = 1.00


⊥ = 0.00


Filter by this column


in order to summarize


your data


Level dependant


color scale


Pro tip #1:





Move rows around by


selecting them, start 


drag operation and 


press ALT key before


dropping the row.
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			Subcriterion


			Enumeration


			Level


			Root weight


			Audience weight


			Group weight


			Criterion weight


			Subcriterion weight


			Root weight ∑


			Audience weight ∑


			Group weight ∑


			Criterion weight ∑
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			0


			⊥


									0.00


						0.00


						Do not modify the first row


			0.00


						Do not modify the first row


			0.00


						Do not modify the first row
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			-1


			1.00


			0.00


			0.00


			0.00


			0.00


			1.00


			0.00


			0.00


			0.00


			0.00


			1.00


			0.00


			0.00


			0.00


			0.00


			1.00


			1.00


			1.00


			


			1.00


						This is the root node, the final evaluation is placed here.


			0.98


			0.00


			0.00


			0.00


			0.00


			0.98


			0.98


			0.98


			


									0.52
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			0.00


			0.00
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			0.00


			0.00


			0.00


			1.00


			1.00


			0.00


			0.00


			0.00


			0.50


			0.50


			0.50


			


			0.50


			Physician


						Important features weighted according to a physician's point of view.


			0.98


			0.39


			0.00


			0.00


			0.00


			0.39


			0.78


			0.78
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			Features
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			1


			1.00
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			0.50


			0.00


			0.00


			0.00
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			1.90


			0.00


			0.00


			1.00
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			1.90
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			0.26


			


			0.50


			Physician


			Features


						General program features


			0.98


			0.39
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			0.00
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			0.92


			0.92
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			0.26
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			Physician


			Features


			CE-Certified
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			1.00


			0.50


			0.50


			1.00


			0.00


			0.00


			0.50


			1.40


			1.50


			0.00


			1.00


			1.00


			1.90


			1.50


			0.00


			0.09


			0.67


			0.67


			


			1.00


			Physician


			Features


			CE-Certified


						Is considered a medical device?


			0.98


			0.39


			0.12


			0.09


			0.09


			0.09


			1.00


			1.00
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						0.52


			0.26
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			0.00


			0.00


			0.00


			0.00


			0.00
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			Physician


			Features


			OS
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			1.00


			0.50
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			0.00


			1.00


			1.00


			1.90


			1.50
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			0.50


			Physician


			Features


			OS


						Supported platforms
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			0.75


			0.75
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			0.26
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			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊤


			⊤


			⊥


			⊤


			1


			1


			1


			2


			1


			⊥


			⊥


			⊥


			⊥


			⊤


			Physician


			Features


			OS


			Windows


			1.1.2.1


			3


			1.00


			0.50


			0.50


			0.50


			1.00


			0.00


			0.50


			1.40


			0.00


			2.00


			1.00


			1.00


			1.90


			1.50


			2.00


			0.02


			0.50


			0.50


			


			1.00


			Physician


			Features


			OS


			Windows


						0.90


			0.30


			0.03


			0.03


			0.02


			0.02


			1.00


			1.00


			


			⊤


						0.52


			0.26


			0.02


			0.02


			0.02


			0.02


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


New rows can be inserted 


after the first and  before 


the last data rows.
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			⊤


			⊤
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			⊤


			⊥
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			1


			1


			2


			2


			⊥


			⊥


			⊥


			⊥


			⊤


			Physician


			Features


			OS


			macOS


			1.1.2.2


			3


			1.00


			0.50


			0.50


			0.50


			0.50


			0.00


			0.50


			1.40


			0.00


			1.00


			1.00


			1.00


			1.90


			1.50


			2.00


			0.01


			0.25


			0.25


			


			0.50


			Physician


			Features


			OS


			macOS


						0.87


			0.28


			0.01


			0.01


			0.00


			0.00


			0.00


			0.00


			


			⊥


						0.50


			0.23


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00
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			⊥


			⊥


			⊥
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			⊤


			⊤


			⊤


			⊤


			⊤
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			⊤


			⊥
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			1


			1


			1


			2


			3
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			⊥


			⊥


			⊥


			⊤


			Physician


			Features


			OS


			GNU/Linux


			1.1.2.3


			3


			1.00


			0.50


			0.50


			0.50


			0.50


			0.00


			0.50


			1.40


			0.00


			0.50


			1.00


			1.00


			1.90


			1.50


			2.00


			0.01


			0.25


			0.25


			


			0.50


			Physician


			Features


			OS


			GNU/Linux


						0.87


			0.28


			0.01


			0.01


			0.01


			0.01


			1.00


			1.00


			


			⊤


						0.50


			0.23


			0.00


			0.00


			0.00


			0.00


			0.00


			0.00
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			⊥
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			1


			1


			2


			0
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			⊥


			⊥


			⊥


			⊥


			⊥


			Physician


			Visualization


			


			


			1.2


			1


			1.00


			0.50


			0.90


			0.50


			0.50


			0.00


			0.50


			1.40


			0.00


			0.00


			1.00


			1.00


			1.90


			0.00


			0.00


			0.24


			0.47


			0.47


			


			0.90


			Physician


			Visualization


												0.86


			0.27


			0.17


			0.00


			0.00


			0.17


			0.70


			0.70


			


									0.50


			0.23


			0.18


			0.00


			0.00


			0.18


			0.77


			0.77
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			⊥


			⊤


			⊥


			⊤


			⊤


			⊤


			⊤


			⊥
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			⊤
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			⊥


			1


			1


			2


			1


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			Physician


			Visualization


			3D


			


			1.2.1


			2


			1.00


			0.50


			0.90


			0.50


			0.50


			0.00


			0.50


			0.50


			1.50


			0.00


			1.00


			1.00


			1.90


			1.50


			0.00


			0.08


			0.33


			0.33


			


			0.50


			Physician


			Visualization


			3D


						How fully-featured is the 3D visualization.


			0.86


			0.27


			0.17


			0.07


			0.07


			0.07


			0.90


			0.90


			


			(.90)


			Very good qualityt viewer with 3D rendering.


			0.50


			0.23


			0.18


			0.06


			0.06


			0.06


			0.70


			0.70


			


			(.70)


			CPU-Based rendering.
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			⊥


			⊤
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			⊤


			⊥
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			Visualization


			2D
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			2


			1.00


			0.50


			0.90


			1.00


			0.50


			0.00


			0.50


			0.50


			1.00


			0.00


			1.00


			1.00


			1.90


			1.50


			0.00


			0.16


			0.67


			0.67


			


			1.00


			Physician


			Visualization


			2D


						How fully-featured is the 2D visualization.


			0.79


			0.20


			0.09


			0.09


			0.09


			0.09


			0.60


			0.60


			


			(.60)


			Lacks some important features like MPR among others.


			0.44


			0.18


			0.13


			0.13


			0.13


			0.13


			0.80


			0.80


			


			(.80)


			Many features including MPR.
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			⊥


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥
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			⊤


			⊤
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			1


			3


			0


			0


			⊥


			⊥


			⊤


			⊥


			⊥


			Physician


			Easy to use


			


			


			1.3


			1


			1.00


			0.50


			0.50


			1.00


			0.50


			0.00


			0.50


			0.50


			0.00


			0.00


			1.00


			1.00


			1.90


			0.00


			0.00


			0.13


			0.26


			0.26


			


			0.50


			Physician


			Easy to use


						Usable and user-friendly interface.


			0.70


			0.11


			0.11


			0.11


			0.11


			0.11


			0.80


			0.80


			


			(.80)


			Good, and quick to use.


			0.32


			0.05


			0.05


			0.05


			0.05


			0.05


			0.40


			0.40


			


			(.40)


			No keyboard shortcuts. Bad usability
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			⊤


			⊥


			⊥


			⊥


			⊤


			⊤


			⊥


			⊥


			⊥
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			⊥
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			0


			0
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			⊥


			⊥


			Expert
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			0


			1.00


			0.50


			0.50


			1.00


			0.50


			0.00


			0.50


			0.00


			0.00


			0.00


			1.00


			1.00


			0.00


			0.00


			0.00


			0.50


			0.50


			0.50


			


			0.50


			Expert


						Important features weighted according to a healthcare expert.


			0.59


			0.59


			0.00


			0.00


			0.00


			0.59


			1.18


			1.18
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			0.27


			0.00


			0.00


			0.00


			0.27


			0.53


			0.53
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			1
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			⊥


			⊥


			⊥


			Expert


			Features


			


			


			2.1


			1


			1.00


			0.50


			0.50


			1.00


			0.50


			0.00


			0.00


			1.50


			0.00


			0.00


			1.00


			1.00


			1.50


			0.00


			0.00


			0.17


			0.33


			0.33


			


			0.50


			Expert


			Features


						General program features


			0.59


			0.59


			0.17


			0.00


			0.00


			0.17


			1.00


			1.00


			


									0.27


			0.27


			0.07


			0.00


			0.00


			0.07


			0.44


			0.44
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			1


			0


			⊥


			⊥


			⊥


			⊤


			⊥


			Expert


			Features


			CE-Certified
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			2


			1.00


			0.50


			0.50


			0.10


			0.50


			0.00


			0.00


			1.00


			0.90


			0.00


			1.00


			1.00


			1.50


			0.90


			0.00


			0.02


			0.11


			0.11


			


			0.10


			Expert


			Features


			CE-Certified


						Is considered a medical device?


			0.59


			0.59


			0.17


			0.02


			0.02


			0.02


			1.00


			1.00


			


			⊤


						0.27


			0.27


			0.07


			0.00


			0.00


			0.00


			0.00


			0.00
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			Expert


			Features


			OS
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			1.00


			0.50


			0.50


			0.80


			0.50


			0.00


			0.00


			1.00


			0.80


			0.00


			1.00


			1.00


			1.50


			0.90


			0.00


			0.15


			0.89


			0.89


			


			0.80


			Expert


			Features


			OS


						Supported platforms


			0.57


			0.57


			0.15


			0.15


			0.00


			0.15


			1.00


			1.00
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			0.27


			0.07


			0.07


			0.00


			0.07


			0.50


			0.50
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			⊤


			Expert


			Features


			OS


			Windows


			2.1.2.1


			3


			1.00


			0.50


			0.50


			0.80


			0.50


			0.00


			0.00


			1.00


			0.00


			1.00


			1.00


			1.00


			1.50


			0.90


			1.00


			0.07


			0.50


			0.50
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			Expert


			Features


			OS


			Windows


						0.57


			0.57


			0.15


			0.15


			0.07


			0.07


			1.00


			1.00
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			0.27


			0.07


			0.07


			0.07


			0.07


			1.00


			1.00


			


			⊤


			


			⊥


			⊥


			⊥


			⊥


			⊤


			⊤


			⊤


			⊤


			⊤


			⊤


			⊥


			⊥


			⊤


			⊥


			⊤


			1


			2


			1
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			⊥


			⊤


			Expert


			Features


			OS


			macOS


			2.1.2.2


			3


			1.00


			0.50


			0.50


			0.80


			0.00


			0.00


			0.00


			1.00


			0.00


			0.50


			1.00


			1.00


			1.50


			0.90


			1.00


			0.00


			0.00


			0.00


			!


						Expert


			Features


			OS


			macOS


						0.50


			0.50


			0.07


			0.07


			0.00


			0.00


			0.00


			0.00


			!
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			0.19


			0.00
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			0.00


			1.00
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			0.50


			1.00


			1.00


			1.50


			0.90


			1.00


			0.07


			0.50


			0.50


			


			0.50


			Expert


			Features


			OS


			GNU/Linux


						0.50


			0.50


			0.07


			0.07
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			0.07


			1.00


			1.00
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			Visualization
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			1.00


			0.50


			0.50


			0.80


			0.50


			0.00


			0.00


			1.00


			0.00


			0.00


			1.00


			1.00


			1.50


			0.00


			0.00


			0.17


			0.33


			0.33


			


			0.50


			Expert


			Visualization


												0.43


			0.43


			0.29


			0.17


			0.17


			0.29


			1.75


			1.75


			X


			⊤


						0.19


			0.19


			0.13


			0.00


			0.00


			0.13


			0.75


			0.75
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			Visualization


			3D
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			0.50


			0.50


			0.00


			0.00


			0.50


			1.00


			0.00


			1.00


			1.00


			1.50


			1.00


			0.00


			0.08


			0.50


			0.50
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			Expert


			Visualization


			3D


						How fully-featured is the 3D visualization.


			0.26


			0.26


			0.13


			0.08


			0.08


			0.08


			0.90


			0.90


			


			(.90)


			Very good qualityt viewer with 3D rendering.


			0.19


			0.19


			0.13


			0.06


			0.06


			0.06


			0.70


			0.70


			


			(.70)


			CPU-Based rendering.
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			0.08


			0.50


			0.50
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			Expert


			Visualization


			2D


						How fully-featured is the 2D visualization.


			0.18


			0.18


			0.05


			0.05


			0.05


			0.05


			0.60


			0.60


			


			(.60)


			Lacks some important features like MPR among others.


			0.13


			0.13


			0.07


			0.07


			0.07


			0.07


			0.80


			0.80


			


			(.80)


			Many features including MPR.





			⊥


			⊥


			⊤


			⊥


			⊥


			⊤


			⊤


			⊤


			⊥


			⊥


			⊥


			⊥


			⊤


			⊥


			⊥


			1


			2


			3


			0


			0


			⊥


			⊥


			⊤


			⊥


			⊥


			Expert


			Easy to use


			


			


			2.3


			1


			1.00


			0.50


			0.50


			0.50


			0.50


			0.00


			0.00


			0.50
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			0.33


			0.33
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			Expert


			Easy to use


						Usable and user-friendly interface.


			0.13


			0.13


			0.13


			0.13


			0.13


			0.13


			0.80


			0.80


			


			(.80)


			Good, and quick to use.


			0.07


			0.07


			0.07


			0.07


			0.07


			0.07


			0.40


			0.40


			


			(.40)


			No keyboard shortcuts. Bad usability
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						Do not modify the last row
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						Do not modify the first row
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						Do not modify the last row
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General Technical Platforms 1.1.1 2 0.17 2.00 Operating systems where the software may run. Web platforms can be considered multi-platform. 1.00 0.33 1.00 1.00 1.00



General Technical CE Certified 1.1.2 2 0.33 4.00 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Technical Background 1.1.3 2 0.17 2.00 Computationally intensive tasks, do not freeze the UI. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



General Technical License 1.1.4 2 0.08 1.00 1.00 1.00 1.00 1.00 1.00



General Technical Multilanguage 1.1.5 2 0.08 1.00 0.50 (.50) Catalan, Spanish, English. 0.40 (.40) English, Japanese 0.00 ⊥ 1.00 ⊤ Tranlated to 28 languages. 0.70 (.70)



General Technical Documentation 1.1.6 2 0.17 2.00 Quality of the documentation. 1.00 ⊤ A PDF that describes all features. 0.00 ⊥ 1.00 ⊤ A webpage that describes all features. 0.40 (.40) 0.00 ⊥



General Archive 1.2 1 0.14 2.00 Support to open, save, import, export and network communications. 0.72 0.97 0.39 0.58 0.80



General Archive DIMSE 1.2.1 2 0.13 3.00 Traditional DICOM network protocol. 0.79 1.00 0.79 0.79 0.99



General Archive WADO 1.2.2 2 0.13 3.00 Web access DICOM objects protocol that works over HTTP. 0.00 1.00 0.00 0.85 1.00



General Archive Local storage 1.2.3 2 0.13 3.00 A local repository where studies can be opened in a convenient way. 0.98 1.00 0.80 0.00 0.98



General Archive DICOM format 1.2.4 2 0.13 3.00 Open and save using the DICOM format, and how well supported it is. 1.00 1.00 0.43 1.00 0.79



General Archive Other formats 1.2.5 2 0.04 1.00 Open and save to other non-DICOM file types. 0.55 0.25 0.70 0.50 0.25



General Archive Media 1.2.6 2 0.07 1.50 Export studies to optical media 0.83 1.00 0.00 0.00 0.00



General Archive Print 1.2.7 2 0.07 1.50 0.80 1.00 0.00 1.00 0.20



General Archive Convert 1.2.8 2 0.04 1.00 Convert from other formats to DICOM and from DICOM to other formats. 0.03 1.00 0.33 0.30 0.67



General Archive Metadata 1.2.9 2 0.09 2.00 View and edit DICOM tags. 0.67 1.00 0.07 0.67 0.97



General Archive Anonymizer 1.2.10 2 0.09 2.00 Remove personal identifiable information from an study. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤



General Archive Open directory 1.2.11 2 0.07 1.50 Open a directory of images. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



General Workflow 1.3 1 0.21 3.00 Features and automations that improve the productivity. 0.71 0.79 0.45 0.53 0.31



General Workflow Customization 1.3.1 2 0.08 1.50 Customization of the user interface and keyboard shortcuts by the user. 0.00 1.00 0.00 0.05 0.00



General Workflow Series 1.3.2 2 0.16 3.00 Presentation and switching of series within an study. 1.00 1.00 0.98 1.00 1.00



General Workflow Hanging protocols 1.3.3 2 0.22 4.00 0.70 0.72 0.00 Does not have hanging protocols. 0.00 0.05 Feature not usable.



General Workflow Viewers layout 1.3.4 2 0.22 4.00 Customization of the viewers layout. 0.62 0.80 0.86 0.91 0.52 Difficult to configure.



General Workflow Synchronization 1.3.5 2 0.16 3.00 Propagation of the state and position to other viewers to ease the comparison. 0.95 0.84 0.58 0.60 0.08



General Workflow Comparison 1.3.6 2 0.11 2.00 Ease to compare the current study with an older one. 1.00 0.75 0.10 0.10 0.10 No specific implementation for comparison.



General Workflow Presentation states (PS) 1.3.7 2 0.05 1.00 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



General Visualization 1.4 1 0.21 3.00 0.76 0.89 0.47 0.50 0.29



General Visualization Information 1.4.1 2 0.07 1.00 Corner annotations of the viewers. 0.64 1.00 0.53 0.75 0.82



General Visualization Display 1.4.2 2 0.03 0.50 0.25 0.88 0.40 0.75 0.45



General Visualization Interpolation 1.4.3 2 0.03 0.50 0.64 0.58 Resampling, NN, Linear & Lanczos 5 0.36 0.82 No resampling, NN, linear, cubic & Lanczos 0.45



General Visualization Thick slab 1.4.4 2 0.07 1.00 0.92 1.00 0.00 0.77 0.00



General Visualization MPR 1.4.5 2 0.09 1.38 0.60 0.98 0.00 0.40 0.00



General Visualization Fusion 1.4.6 2 0.07 1.00 Overlapping another volume over the current visualization. The typical use case is PET/CT. 0.50 0.63 0.90 0.00 0.00



General Visualization Transfer function 1.4.7 2 0.09 1.38 Interactive adjustment of window level, window width and other transfer function parameters. 0.95 0.85 0.49 0.90 0.67



General Visualization Zoom 1.4.8 2 0.07 1.00 Tools that allow magnification and how usable and efficient are. 0.64 0.90 0.40 0.70 0.40



General Visualization Slicing 1.4.9 2 0.07 1.00 0.96 0.88 0.77 0.69 0.46



General Visualization Phases 1.4.10 2 0.05 0.75 0.95 0.78 0.75 0.00 0.00



General Visualization Transformations 1.4.11 2 0.03 0.50 Basic transformations (rotation and flipping) that can be performed on a physical lightbox. 0.80 1.00 0.00 1.00 0.80



General Visualization 3D 1.4.12 2 0.21 3.00 0.74 0.98 0.61 0.00 0.00



General Visualization CINE 1.4.13 2 0.03 0.50 1.00 ⊤ 1.00 ⊤ 0.90 (.90) No boomerang 0.90 (.90) No boomerang. 0.67 (.67)



General Visualization DICOM Quirks 1.4.14 2 0.07 1.00 Honouring special albeit common DICOM tags in order to achieve an accurate visualization. 0.92 0.79 0.30 0.78 0.42



General Tools 1.5 1 0.21 3.00 Tools that are mainly focused to measure, annotate and comprehend the datasets. 0.63 0.89 0.15 0.86 0.48



General Tools Usability 1.5.1 2 0.09 1.00 0.80 (.80) 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



General Tools Editable 1.5.2 2 0.09 1.00 What is drawn can be modified. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ Shape, color, thickness… are modifiable. 0.90 (.90)



General Tools Transversality 1.5.3 2 0.07 0.75 Tools can be used in a wide range of modes, like fusion, MPR, thick slab, 3D viewer. 0.67 (.67) 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ All tools available to all modes. 0.00 ⊥



General Tools Undo 1.5.4 2 0.05 0.50 Performed operations can be undone and redone. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Tools 3D cursor 1.5.5 2 0.07 0.75 1.00 ⊤ 0.67 (.67) Can only be used under MPR mode. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



General Tools Reference lines 1.5.6 2 0.07 0.75 0.90 (.90) 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



General Tools Save status 1.5.7 2 0.05 0.50 Drawings, annotations and measures can be saved for future editing or at least exported. 0.20 0.60 0.20 1.00 0.20



General Tools Measure 1.5.8 2 0.09 1.00 Measuring tools for voxel values, angles and distances. 1.00 1.00 0.23 1.00 0.85



General Tools Annotations 1.5.9 2 0.05 0.50 User drawable annotations over the image. 0.38 1.00 0.00 0.95 0.95



General Tools Unit awareness 1.5.10 2 0.05 0.50 1.00 ⊤ 0.50 (.50) 0.50 (.50) 0.80 (.80) SUV units are not properly shown. 0.70 (.70)



General Tools Statistics 1.5.11 2 0.07 0.75 Statistics calculated when a measure is taken (SD, mean, average...) 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



General Tools SUV 1.5.12 2 0.07 0.75 Calculation of SUV, useful for PET images. 1.00 ⊤ Yes, and with several configuration options. 0.80 (.80) 0.00 ⊥ 0.90 (.90) Yes on ROIs. Only body weight method available. 0.00 ⊥



General Tools Histogram 1.5.13 2 0.03 0.33 Histogram of a volume, image or region of the image. 0.00 ⊥ 1.00 ⊤ Yes, and even in ROIs. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Tools ROI 1.5.14 2 0.09 1.00 0.67 (.67) Yes, however only 2D ROI. 1.00 ⊤ Yes, including 3D ROI, and advanced features. 0.00 ⊥ 0.67 (.67) Yes, however only 2D ROI. 0.67 (.67) Yes, however only 2D ROI.



General Tools Key image notes (KIN) 1.5.15 2 0.05 0.50 0.00 ⊥ 0.33 (.33) 0.00 ⊥ 0.80 (.80) 0.00 ⊥



General Other modalitie 1.6 1 0.07 1.00 Special modalities that are not images or volumes. 0.25 0.34 0.00 0.82 0.45



General Other modalities Structured report (SR) 1.6.1 2 0.25 0.50 0.00 0.36 0.00 0.55 0.00



General Other modalities Encapsulated documents 1.6.2 2 0.25 0.50 Encapsulated documents could be embedded PDF documents inside a DICOM file. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



General Other modalities ECG graphs 1.6.3 2 0.25 0.50 Display DICOM electrocardiogram graphical data 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 0.80 (.80)



General Other modalities Video 1.6.4 2 0.13 0.25 Display DICOM video. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.67 (.67) 0.00 ⊥



General Other modalities Audio 1.6.5 2 0.13 0.25 Play DICOM audio. Waveform plotting is a plus. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.80 (.80) Yes, but with a very basic player. 0.00 ⊥



General Processing 1.7 1 0.07 1.00 Features that perform a complex analysis of the dataset and usually generate new series. 0.02 0.46 0.74 0.22 0.00



General Processing Generate series 1.7.1 2 0.17 0.75 0.00 ⊥ 1.00 ⊤ New series can be generated. 0.95 (.95) 0.67 (.67) 0.00 ⊥



General Processing Flow quantification 1.7.2 2 0.11 0.50 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Processing Registration 1.7.3 2 0.11 0.50 Transformation of a volume to make it spatially compatible with another one. 0.00 0.20 0.60 0.00 0.00



General Processing Segmentation 1.7.4 2 0.11 0.50 0.17 0.95 0.60 0.00 0.00



General Processing Rescaling 1.7.5 2 0.11 0.50 Transformations from an original volume to a new one different in size. 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ Yes, using a filter. 0.00 ⊥ 0.00 ⊥



General Processing Convolution 1.7.6 2 0.17 0.75 Apply convolution filters to enchance or mask some image features. 0.00 ⊥ 1.00 ⊤ 0.67 (.67) 0.67 (.67) 0.00 ⊥



General Processing Filters 1.7.7 2 0.11 0.50 Advanced filters regarding image processing. 0.00 ⊥ 0.00 ⊥ All filters found use convolution 1.00 ⊤ Yes, ITK and other advanced filters. 0.00 ⊥ 0.00 ⊥



General Processing DTI 1.7.8 2 0.11 0.50 0.00 0.00 1.00 0.00 0.00



2D Based 2 0 0.33 0.50 Flat images like ultrasound, mammography, x-ray… 0.63 0.79 0.38 0.68 0.52
2D Based Technical 2.1 1 0.07 1.00 Technical features about the software. 0.63 0.34 0.58 0.57 0.48



2D Based Technical Platforms 2.1.1 2 0.17 2.00 Operating systems where the software may run. Web platforms can be considered multi-platform. 1.00 0.33 1.00 1.00 1.00



2D Based Technical CE Certified 2.1.2 2 0.33 4.00 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Technical Background 2.1.3 2 0.17 2.00 Computationally intensive tasks, do not freeze the UI. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



2D Based Technical License 2.1.4 2 0.08 1.00 1.00 1.00 1.00 1.00 1.00



2D Based Technical Multilanguage 2.1.5 2 0.08 1.00 0.50 (.50) Catalan, Spanish, English. 0.40 (.40) English, Japanese 0.00 ⊥ 1.00 ⊤ Tranlated to 28 languages. 0.70 (.70)



2D Based Technical Documentation 2.1.6 2 0.17 2.00 Quality of the documentation. 1.00 ⊤ A PDF that describes all features. 0.00 ⊥ 1.00 ⊤ A webpage that describes all features. 0.40 (.40) 0.00 ⊥



2D Based Archive 2.2 1 0.15 2.00 Support to open, save, import, export and network communications. 0.72 0.97 0.39 0.58 0.80



2D Based Archive DIMSE 2.2.1 2 0.13 3.00 Traditional DICOM network protocol. 0.79 1.00 0.79 0.79 0.99
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The software can be used as a medical device. The certified software version must be free, 
however the user may be required to pay for support in order to comply)



How free the software and its dependencies are. Debian free software guidelines is a set of 
criteria to evaluate if a license is free (as in freedom). [https://wiki.debian.org/DFSGLicenses]
The program is translatable. The number of available languages is a relativistic factor to take in 
account.



Only in english, no multilanguage support 
observed.



Translated to eleven languages, but many are 
partially translated.



Not found, however is understandable as users 
may refer to OsiriX documentation.



Documentation exist but is not exhaustive in 
describing all features. Focused to 
programmers.



Opens a broken link, no documentation found 
in the GIT repository.



Given an study, viewers are layed out in a organized and structured way (for example to improve 
comparison). Those organization can be customized by the users.



Support for DICOM presentation states. Can specify annotations, WL/WW, image orientation, 
among others.



Yes, including annotations and viewer state. 
New presentation states can be generated.



Visualization and interaction features for a volume or set of images. A special focus has been 
made on DICOM conformity details.



Adaptation to the display hardware characteristics (high pixel density, 10 bit displays, physical 
screen size awareness).
Available interpolations when scaling pixels. Lower categories are assumed when a more 
advanced visualization technique is used.



Resampling, cubic by default, linear when 
panning or zooming



Which nterpolation to use can be configured for 
each modality.



Summarize and display multiple slices at the same time (MIP, average, etc.) and if other features 
are available and adapt to this special case.
Navigate through a volume using different view planes and if other features are available and 
adapt to this special case.



Separate modes: 3D MPR (any orientation), 2D 
orthogonal, curved
2D & 3D. Can adjust position and fusion settings 
(opacity, colors, etc.). Must display a CT & a PET 
in different viewers to enable.



Usability and efficiency to navigate through slices. The score is set in a fairly manner after 
analyzing all viewers.
Navigation on series where a spatial position has more than one acquisition (time, multi-echo, 
direction, diffusivity, etc.).



Rendering of a volume in 3D using raycasting rendering. The user shall be able to change the 
viewpoint and be able to reveal occluded zones.
Display series with a time dimension like ultrasound and some MRI modalities. Ease of use of 
playback controls like, boomerang, loop, frame rate, etc.



No boomerang. Only a list of framerates. 
Button works  with middle or right click only.



General evaluation of  the interaction and frustrations the user may encounter when drawing, 
modifying etc. The score is set in a fairly manner after analyzing all viewers.



Drawing is usable, but could not determine 
edition usability.



Only one tool (measure tool), the usability and 
edition of it is good.



Most tools usable under orthogonal MPR and 
MIP.



Yes, a big effort has ben done to make tools 
available in all modes.



Only 2D viewers, so transversality is not 
applicable.



A selected location in one viewer is precisely shown relative to the rest of the veiwers that share 
the same spatial origin.
The intersection of the current slice in the current viewer and other series that share the same 
origin is shown.



Displays beginning and end of the volumes, as 
well as the slice thickness.



Displays beginning and end of the volumes, as 
well as the slice thickness.



Awareness of the viewer regarding the handling of the units and DICOM tags in order to perform 
right measurements.



Distances and area units, but not pixel units. 
SUV units are missing.



Annotatios are in mm, however, measurements 
do not display the unit.



Distances and area units, but not pixel units. 
ECG units shown properly.



Only body weight method, and too many steps 
shall be performed to measure.



Evaluates if there's a ROI tool present. As they usually do automated segmentation, those features 
are evaluated inide the "processing" group. 3D ROI shall be considered..



Can do segmentation, but not ROIs that show 
statistics about a region.



DICOM standard way to bookmark some images in a study. The program should be able not only 
to read but to save them in DICOM format.



Has an internal "key images" feature, but it 
can't read or generate real KO.



Yes, can be read and created. Editing the name 
is not possible.



DICOM structured reports enable physicians to review studies and store their conclusions and 
remarks in a standard way.



Supported, and with effective and usable tools 
that compute several metrics.



Supported, but measures are slower to perform 
with the ruler tool.



Opens with the system media player. Does not 
work well on GNU/Linux.



New series can be generated. Generated series through screenshots is not considered. New series 
shall be in DICOM format or express a similar equivalency inside the program workflow.



Yes, as a way to store intermediate results. They 
are treated as if they were DICOM.



Some operations like MIP and MPR generate 
new series. They are in DICOM format.



Extract and present (usually using graphs) flow information from speed maps usually acquired 
with MRI flow quantization sequences.



Automated or semiautomated detection of image features in order to classify its voxels. Some ROI 
tools do perform segmentation, its segmentation features shall be evaluated here.



In theory available in a plugin not included by 
default, thus we do not evaluate it.



Only gaussian blur available, can't custom 
define a convolution matrix.



Yes, a good selection, however they can't be 
chained nor custom made. Only for display.



Visualize and interact with volumes where each voxel is considered a tensor. The visualization may 
require advanced features like tractographies and glyph visualizations.



The software can be used as a medical device. The certified software version must be free, 
however the user may be required to pay for support in order to comply)



How free the software and its dependencies are. Debian free software guidelines is a set of 
criteria to evaluate if a license is free (as in freedom). [https://wiki.debian.org/DFSGLicenses]
The program is translatable. The number of available languages is a relativistic factor to take in 
account.



Only in english, no multilanguage support 
observed.



Translated to eleven languages, but many are 
partially translated.



Not found, however is understandable as users 
may refer to OsiriX documentation.



Documentation exist but is not exhaustive in 
describing all features. Focused to 
programmers.



Opens a broken link, no documentation found 
in the GIT repository.
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2D Based Archive WADO 2.2.2 2 0.13 3.00 Web access DICOM objects protocol that works over HTTP. 0.00 1.00 0.00 0.85 1.00



2D Based Archive Local storage 2.2.3 2 0.13 3.00 A local repository where studies can be opened in a convenient way. 0.98 1.00 0.80 0.00 0.98



2D Based Archive DICOM format 2.2.4 2 0.13 3.00 Open and save using the DICOM format, and how well supported it is. 1.00 1.00 0.43 1.00 0.79



2D Based Archive Other formats 2.2.5 2 0.04 1.00 Open and save to other non-DICOM file types. 0.55 0.25 0.70 0.50 0.25



2D Based Archive Media 2.2.6 2 0.07 1.50 Export studies to optical media 0.83 1.00 0.00 0.00 0.00



2D Based Archive Print 2.2.7 2 0.07 1.50 0.80 1.00 0.00 1.00 0.20



2D Based Archive Convert 2.2.8 2 0.04 1.00 Convert from other formats to DICOM and from DICOM to other formats. 0.03 1.00 0.33 0.30 0.67



2D Based Archive Metadata 2.2.9 2 0.09 2.00 View and edit DICOM tags. 0.67 1.00 0.07 0.67 0.97



2D Based Archive Anonymizer 2.2.10 2 0.09 2.00 Remove personal identifiable information from an study. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤



2D Based Archive Open directory 2.2.11 2 0.07 1.50 Open a directory of images. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



2D Based Workflow 2.3 1 0.22 3.00 Features and automations that improve the productivity. 0.71 0.78 0.45 0.53 0.30



2D Based Workflow Customization 2.3.1 2 0.08 1.50 Customization of the user interface and keyboard shortcuts by the user. 0.00 1.00 0.00 0.05 0.00



2D Based Workflow Series 2.3.2 2 0.16 3.00 Presentation and switching of series within an study. 1.00 1.00 0.98 1.00 1.00



2D Based Workflow Hanging protocols 2.3.3 2 0.22 4.00 0.70 0.72 0.00 Does not have hanging protocols. 0.00 0.05 Feature not usable.



2D Based Workflow Viewers layout 2.3.4 2 0.22 4.00 Customization of the viewers layout. 0.62 0.80 0.86 0.91 0.52 Difficult to configure.



2D Based Workflow Synchronization 2.3.5 2 0.16 3.00 Propagation of the state and position to other viewers to ease the comparison. 0.94 0.80 0.59 0.62 0.04



2D Based Workflow Comparison 2.3.6 2 0.11 2.00 Ease to compare the current study with an older one. 1.00 0.75 0.10 0.10 0.10 No specific implementation for comparison.



2D Based Workflow Presentation states (PS) 2.3.7 2 0.05 1.00 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



2D Based Visualization 2.4 1 0.22 3.00 0.78 0.88 0.46 0.81 0.58



2D Based Visualization Information 2.4.1 2 0.15 1.00 Corner annotations of the viewers. 0.64 1.00 0.53 0.75 0.82



2D Based Visualization Display 2.4.2 2 0.07 0.50 0.25 0.88 0.40 0.75 0.45



2D Based Visualization Interpolation 2.4.3 2 0.07 0.50 0.64 0.58 Resampling, NN, Linear & Lanczos 5 0.36 0.82 No resampling, NN, linear, cubic & Lanczos 0.45



2D Based Visualization Thick slab 2.4.4 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00



2D Based Visualization MPR 2.4.5 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00



2D Based Visualization Fusion 2.4.6 2 0.00 0.00 Overlapping another volume over the current visualization. The typical use case is PET/CT. 0.00 0.00 0.00 0.00 0.00



2D Based Visualization Transfer function 2.4.7 2 0.20 1.38 Interactive adjustment of window level, window width and other transfer function parameters. 0.95 0.85 0.49 0.90 0.67



2D Based Visualization Zoom 2.4.8 2 0.15 1.00 Tools that allow magnification and how usable and efficient are. 0.64 0.90 0.40 0.70 0.40



2D Based Visualization Slicing 2.4.9 2 0.07 0.50 1.00 0.92 0.80 0.72 0.48



2D Based Visualization Phases 2.4.10 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00



2D Based Visualization Transformations 2.4.11 2 0.07 0.50 Basic transformations (rotation and flipping) that can be performed on a physical lightbox. 0.80 1.00 0.00 1.00 0.80



2D Based Visualization 3D 2.4.12 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00



2D Based Visualization CINE 2.4.13 2 0.07 0.50 1.00 ⊤ 1.00 ⊤ 0.90 (.90) No boomerang 0.90 (.90) No boomerang. 0.67 (.67)



2D Based Visualization DICOM Quirks 2.4.14 2 0.15 1.00 Honouring special albeit common DICOM tags in order to achieve an accurate visualization. 0.96 0.79 0.31 0.81 0.44



2D Based Tools 2.5 1 0.22 3.00 Tools that are mainly focused to measure, annotate and comprehend the datasets. 0.56 0.92 0.20 0.83 0.63



2D Based Tools Usability 2.5.1 2 0.12 1.00 0.80 (.80) 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



2D Based Tools Editable 2.5.2 2 0.12 1.00 What is drawn can be modified. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ Shape, color, thickness… are modifiable. 0.90 (.90)



2D Based Tools Transversality 2.5.3 2 0.09 0.75 Tools can be used in a wide range of modes, like fusion, MPR, thick slab, 3D viewer. 0.67 (.67) 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ All tools available to all modes. 0.00 ⊥



2D Based Tools Undo 2.5.4 2 0.06 0.50 Performed operations can be undone and redone. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Tools 3D cursor 2.5.5 2 0.00 0.00 0.00 ⊤ 0.00 (.67) Can only be used under MPR mode. 0.00 ⊥ 0.00 ⊤ 0.00 ⊥



2D Based Tools Reference lines 2.5.6 2 0.00 0.00 0.00 (.90) 0.00 ⊤ 0.00 ⊥ 0.00 ⊤ 0.00 ⊥



2D Based Tools Save status 2.5.7 2 0.06 0.50 Drawings, annotations and measures can be saved for future editing or at least exported. 0.20 0.60 0.20 1.00 0.20



2D Based Tools Measure 2.5.8 2 0.12 1.00 Measuring tools for voxel values, angles and distances. 1.00 1.00 0.23 1.00 0.85



2D Based Tools Annotations 2.5.9 2 0.06 0.50 User drawable annotations over the image. 0.38 1.00 0.00 0.95 0.95



2D Based Tools Unit awareness 2.5.10 2 0.06 0.50 1.00 ⊤ 0.50 (.50) 0.50 (.50) 0.80 (.80) SUV units are not properly shown. 0.70 (.70)



2D Based Tools Statistics 2.5.11 2 0.09 0.75 Statistics calculated when a measure is taken (SD, mean, average...) 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



2D Based Tools SUV 2.5.12 2 0.00 0.00 Calculation of SUV, useful for PET images. 0.00 ⊤ Yes, and with several configuration options. 0.00 (.80) 0.00 ⊥ 0.00 (.90) Yes on ROIs. Only body weight method available. 0.00 ⊥



2D Based Tools Histogram 2.5.13 2 0.04 0.33 Histogram of a volume, image or region of the image. 0.00 ⊥ 1.00 ⊤ Yes, and even in ROIs. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Tools ROI 2.5.14 2 0.12 1.00 0.67 (.67) Yes, however only 2D ROI. 1.00 ⊤ Yes, including 3D ROI, and advanced features. 0.00 ⊥ 0.67 (.67) Yes, however only 2D ROI. 0.67 (.67) Yes, however only 2D ROI.



2D Based Tools Key image notes (KIN) 2.5.15 2 0.03 0.25 0.00 ⊥ 0.33 (.33) 0.00 ⊥ 0.80 (.80) 0.00 ⊥



2D Based Other modalitie 2.6 1 0.07 1.00 Special modalities that are not images or volumes. 0.25 0.34 0.00 0.82 0.45



2D Based Other modalities Structured report (SR) 2.6.1 2 0.25 0.50 0.00 0.36 0.00 0.55 0.00



2D Based Other modalities Encapsulated documents 2.6.2 2 0.25 0.50 Encapsulated documents could be embedded PDF documents inside a DICOM file. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



2D Based Other modalities ECG graphs 2.6.3 2 0.25 0.50 Display DICOM electrocardiogram graphical data 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 0.80 (.80)



2D Based Other modalities Video 2.6.4 2 0.13 0.25 Display DICOM video. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.67 (.67) 0.00 ⊥



2D Based Other modalities Audio 2.6.5 2 0.13 0.25 Play DICOM audio. Waveform plotting is a plus. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.80 (.80) Yes, but with a very basic player. 0.00 ⊥



2D Based Processing 2.7 1 0.04 0.50 Features that perform a complex analysis of the dataset and usually generate new series. 0.03 0.61 0.80 0.30 0.00



2D Based Processing Generate series 2.7.1 2 0.23 0.75 0.00 ⊥ 1.00 ⊤ New series can be generated. 0.95 (.95) 0.67 (.67) 0.00 ⊥



2D Based Processing Flow quantification 2.7.2 2 0.00 0.00 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Processing Registration 2.7.3 2 0.10 0.33 Transformation of a volume to make it spatially compatible with another one. 0.00 0.20 0.60 0.00 0.00



2D Based Processing Segmentation 2.7.4 2 0.15 0.50 0.22 0.94 0.48 0.00 0.00



2D Based Processing Rescaling 2.7.5 2 0.15 0.50 Transformations from an original volume to a new one different in size. 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ Yes, using a filter. 0.00 ⊥ 0.00 ⊥



2D Based Processing Convolution 2.7.6 2 0.23 0.75 Apply convolution filters to enchance or mask some image features. 0.00 ⊥ 1.00 ⊤ 0.67 (.67) 0.67 (.67) 0.00 ⊥



2D Based Processing Filters 2.7.7 2 0.15 0.50 Advanced filters regarding image processing. 0.00 ⊥ 0.00 ⊥ All filters found use convolution 1.00 ⊤ Yes, ITK and other advanced filters. 0.00 ⊥ 0.00 ⊥



2D Based Processing DTI 2.7.8 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00



3D Based 3 0 0.33 0.50 0.60 0.77 0.39 0.56 0.37



3D Based Technical 3.1 1 0.07 1.00 Technical features about the software. 0.63 0.34 0.58 0.57 0.48



3D Based Technical Platforms 3.1.1 2 0.17 2.00 Operating systems where the software may run. Web platforms can be considered multi-platform. 1.00 0.33 1.00 1.00 1.00



3D Based Technical CE Certified 3.1.2 2 0.33 4.00 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Technical Background 3.1.3 2 0.17 2.00 Computationally intensive tasks, do not freeze the UI. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



3D Based Technical License 3.1.4 2 0.08 1.00 1.00 1.00 1.00 1.00 1.00



3D Based Technical Multilanguage 3.1.5 2 0.08 1.00 0.50 (.50) Catalan, Spanish, English. 0.40 (.40) English, Japanese 0.00 ⊥ 1.00 ⊤ Tranlated to 28 languages. 0.70 (.70)



3D Based Technical Documentation 3.1.6 2 0.17 2.00 Quality of the documentation. 1.00 ⊤ A PDF that describes all features. 0.00 ⊥ 1.00 ⊤ A webpage that describes all features. 0.40 (.40) 0.00 ⊥



3D Based Archive 3.2 1 0.14 2.00 Support to open, save, import, export and network communications. 0.72 0.97 0.39 0.58 0.80



3D Based Archive DIMSE 3.2.1 2 0.13 3.00 Traditional DICOM network protocol. 0.79 1.00 0.79 0.79 0.99



3D Based Archive WADO 3.2.2 2 0.13 3.00 Web access DICOM objects protocol that works over HTTP. 0.00 1.00 0.00 0.85 1.00



3D Based Archive Local storage 3.2.3 2 0.13 3.00 A local repository where studies can be opened in a convenient way. 0.98 1.00 0.80 0.00 0.98



3D Based Archive DICOM format 3.2.4 2 0.13 3.00 Open and save using the DICOM format, and how well supported it is. 1.00 1.00 0.43 1.00 0.79



3D Based Archive Other formats 3.2.5 2 0.04 1.00 Open and save to other non-DICOM file types. 0.55 0.25 0.70 0.50 0.25



3D Based Archive Media 3.2.6 2 0.07 1.50 Export studies to optical media 0.83 1.00 0.00 0.00 0.00



3D Based Archive Print 3.2.7 2 0.07 1.50 0.80 1.00 0.00 1.00 0.20



3D Based Archive Convert 3.2.8 2 0.04 1.00 Convert from other formats to DICOM and from DICOM to other formats. 0.03 1.00 0.33 0.30 0.67



3D Based Archive Metadata 3.2.9 2 0.09 2.00 View and edit DICOM tags. 0.67 1.00 0.07 0.67 0.97



3D Based Archive Anonymizer 3.2.10 2 0.09 2.00 Remove personal identifiable information from an study. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤



3D Based Archive Open directory 3.2.11 2 0.07 1.50 Open a directory of images. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



3D Based Workflow 3.3 1 0.21 3.00 Features and automations that improve the productivity. 0.73 0.80 0.45 0.53 0.30



3D Based Workflow Customization 3.3.1 2 0.08 1.50 Customization of the user interface and keyboard shortcuts by the user. 0.00 1.00 0.00 0.05 0.00



Given an study, viewers are layed out in a organized and structured way (for example to improve 
comparison). Those organization can be customized by the users.



Support for DICOM presentation states. Can specify annotations, WL/WW, image orientation, 
among others.



Yes, including annotations and viewer state. 
New presentation states can be generated.



Visualization and interaction features for a volume or set of images. A special focus has been 
made on DICOM conformity details.



Adaptation to the display hardware characteristics (high pixel density, 10 bit displays, physical 
screen size awareness).
Available interpolations when scaling pixels. Lower categories are assumed when a more 
advanced visualization technique is used.



Resampling, cubic by default, linear when 
panning or zooming



Which nterpolation to use can be configured for 
each modality.



Summarize and display multiple slices at the same time (MIP, average, etc.) and if other features 
are available and adapt to this special case.
Navigate through a volume using different view planes and if other features are available and 
adapt to this special case.



Separate modes: 3D MPR (any orientation), 2D 
orthogonal, curved
2D & 3D. Can adjust position and fusion settings 
(opacity, colors, etc.). Must display a CT & a PET 
in different viewers to enable.



Usability and efficiency to navigate through slices. The score is set in a fairly manner after 
analyzing all viewers.
Navigation on series where a spatial position has more than one acquisition (time, multi-echo, 
direction, diffusivity, etc.).



Rendering of a volume in 3D using raycasting rendering. The user shall be able to change the 
viewpoint and be able to reveal occluded zones.
Display series with a time dimension like ultrasound and some MRI modalities. Ease of use of 
playback controls like, boomerang, loop, frame rate, etc.



No boomerang. Only a list of framerates. 
Button works  with middle or right click only.



General evaluation of  the interaction and frustrations the user may encounter when drawing, 
modifying etc. The score is set in a fairly manner after analyzing all viewers.



Drawing is usable, but could not determine 
edition usability.



Only one tool (measure tool), the usability and 
edition of it is good.



Most tools usable under orthogonal MPR and 
MIP.



Yes, a big effort has ben done to make tools 
available in all modes.



Only 2D viewers, so transversality is not 
applicable.



A selected location in one viewer is precisely shown relative to the rest of the veiwers that share 
the same spatial origin.
The intersection of the current slice in the current viewer and other series that share the same 
origin is shown.



Displays beginning and end of the volumes, as 
well as the slice thickness.



Displays beginning and end of the volumes, as 
well as the slice thickness.



Awareness of the viewer regarding the handling of the units and DICOM tags in order to perform 
right measurements.



Distances and area units, but not pixel units. 
SUV units are missing.



Annotatios are in mm, however, measurements 
do not display the unit.



Distances and area units, but not pixel units. 
ECG units shown properly.



Only body weight method, and too many steps 
shall be performed to measure.



Evaluates if there's a ROI tool present. As they usually do automated segmentation, those features 
are evaluated inide the "processing" group. 3D ROI shall be considered..



Can do segmentation, but not ROIs that show 
statistics about a region.



DICOM standard way to bookmark some images in a study. The program should be able not only 
to read but to save them in DICOM format.



Has an internal "key images" feature, but it 
can't read or generate real KO.



Yes, can be read and created. Editing the name 
is not possible.



DICOM structured reports enable physicians to review studies and store their conclusions and 
remarks in a standard way.



Supported, and with effective and usable tools 
that compute several metrics.



Supported, but measures are slower to perform 
with the ruler tool.



Opens with the system media player. Does not 
work well on GNU/Linux.



New series can be generated. Generated series through screenshots is not considered. New series 
shall be in DICOM format or express a similar equivalency inside the program workflow.



Yes, as a way to store intermediate results. They 
are treated as if they were DICOM.



Some operations like MIP and MPR generate 
new series. They are in DICOM format.



Extract and present (usually using graphs) flow information from speed maps usually acquired 
with MRI flow quantization sequences.



Automated or semiautomated detection of image features in order to classify its voxels. Some ROI 
tools do perform segmentation, its segmentation features shall be evaluated here.



In theory available in a plugin not included by 
default, thus we do not evaluate it.



Only gaussian blur available, can't custom 
define a convolution matrix.



Yes, a good selection, however they can't be 
chained nor custom made. Only for display.



Visualize and interact with volumes where each voxel is considered a tensor. The visualization may 
require advanced features like tractographies and glyph visualizations.
Audiende that works with volumetric images from computed tomography and magnetic 
resonance as well as nuclear medicine modalities like PET.



The software can be used as a medical device. The certified software version must be free, 
however the user may be required to pay for support in order to comply)



How free the software and its dependencies are. Debian free software guidelines is a set of 
criteria to evaluate if a license is free (as in freedom). [https://wiki.debian.org/DFSGLicenses]
The program is translatable. The number of available languages is a relativistic factor to take in 
account.



Only in english, no multilanguage support 
observed.



Translated to eleven languages, but many are 
partially translated.



Not found, however is understandable as users 
may refer to OsiriX documentation.



Documentation exist but is not exhaustive in 
describing all features. Focused to 
programmers.



Opens a broken link, no documentation found 
in the GIT repository.
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3D Based Workflow Series 3.3.2 2 0.15 3.00 Presentation and switching of series within an study. 1.00 1.00 0.98 1.00 1.00



3D Based Workflow Hanging protocols 3.3.3 2 0.21 4.00 0.70 0.72 0.00 Does not have hanging protocols. 0.00 0.05 Feature not usable.



3D Based Workflow Viewers layout 3.3.4 2 0.21 4.00 Customization of the viewers layout. 0.62 0.80 0.86 0.91 0.52 Difficult to configure.



3D Based Workflow Synchronization 3.3.5 2 0.21 4.00 Propagation of the state and position to other viewers to ease the comparison. 0.96 0.87 0.56 0.58 0.11



3D Based Workflow Comparison 3.3.6 2 0.10 2.00 Ease to compare the current study with an older one. 1.00 0.75 0.10 0.10 0.10 No specific implementation for comparison.



3D Based Workflow Presentation states (PS) 3.3.7 2 0.05 1.00 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



3D Based Visualization 3.4 1 0.21 3.00 0.76 0.92 0.49 0.39 0.21



3D Based Visualization Information 3.4.1 2 0.05 1.00 Corner annotations of the viewers. 0.64 1.00 0.53 0.75 0.82



3D Based Visualization Display 3.4.2 2 0.02 0.50 0.25 0.88 0.40 0.75 0.45



3D Based Visualization Interpolation 3.4.3 2 0.02 0.50 0.64 0.58 Resampling, NN, Linear & Lanczos 5 0.36 0.82 No resampling, NN, linear, cubic & Lanczos 0.45



3D Based Visualization Thick slab 3.4.4 2 0.07 1.50 0.92 1.00 0.00 0.77 0.00



3D Based Visualization MPR 3.4.5 2 0.09 2.00 0.60 0.98 0.00 0.40 0.00



3D Based Visualization Fusion 3.4.6 2 0.05 1.00 Overlapping another volume over the current visualization. The typical use case is PET/CT. 0.50 0.63 0.90 0.00 0.00



3D Based Visualization Transfer function 3.4.7 2 0.07 1.50 Interactive adjustment of window level, window width and other transfer function parameters. 0.95 0.85 0.49 0.90 0.67



3D Based Visualization Zoom 3.4.8 2 0.03 0.75 Tools that allow magnification and how usable and efficient are. 0.62 0.89 0.44 0.67 0.44



3D Based Visualization Slicing 3.4.9 2 0.09 2.00 0.96 0.88 0.77 0.69 0.46



3D Based Visualization Phases 3.4.10 2 0.03 0.75 0.95 0.78 0.75 0.00 0.00



3D Based Visualization Transformations 3.4.11 2 0.02 0.50 Basic transformations (rotation and flipping) that can be performed on a physical lightbox. 0.80 1.00 0.00 1.00 0.80



3D Based Visualization 3D 3.4.12 2 0.37 8.00 0.74 0.98 0.61 0.00 0.00



3D Based Visualization CINE 3.4.13 2 0.02 0.50 1.00 ⊤ 1.00 ⊤ 0.90 (.90) No boomerang 0.90 (.90) No boomerang. 0.67 (.67)



3D Based Visualization DICOM Quirks 3.4.14 2 0.05 1.00 Honouring special albeit common DICOM tags in order to achieve an accurate visualization. 0.89 0.85 0.23 0.71 0.31



3D Based Tools 3.5 1 0.21 3.00 Tools that are mainly focused to measure, annotate and comprehend the datasets. 0.65 0.89 0.14 0.87 0.46



3D Based Tools Usability 3.5.1 2 0.09 1.00 0.80 (.80) 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



3D Based Tools Editable 3.5.2 2 0.09 1.00 What is drawn can be modified. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ Shape, color, thickness… are modifiable. 0.90 (.90)



3D Based Tools Transversality 3.5.3 2 0.07 0.75 Tools can be used in a wide range of modes, like fusion, MPR, thick slab, 3D viewer. 0.67 (.67) 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ All tools available to all modes. 0.00 ⊥



3D Based Tools Undo 3.5.4 2 0.05 0.50 Performed operations can be undone and redone. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Tools 3D cursor 3.5.5 2 0.09 1.00 1.00 ⊤ 0.67 (.67) Can only be used under MPR mode. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



3D Based Tools Reference lines 3.5.6 2 0.09 1.00 0.90 (.90) 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



3D Based Tools Save status 3.5.7 2 0.05 0.50 Drawings, annotations and measures can be saved for future editing or at least exported. 0.20 0.60 0.20 1.00 0.20



3D Based Tools Measure 3.5.8 2 0.09 1.00 Measuring tools for voxel values, angles and distances. 1.00 1.00 0.21 1.00 0.86



3D Based Tools Annotations 3.5.9 2 0.05 0.50 User drawable annotations over the image. 0.38 1.00 0.00 0.95 0.95



3D Based Tools Unit awareness 3.5.10 2 0.05 0.50 1.00 ⊤ 0.50 (.50) 0.50 (.50) 0.80 (.80) SUV units are not properly shown. 0.70 (.70)



3D Based Tools Statistics 3.5.11 2 0.07 0.75 Statistics calculated when a measure is taken (SD, mean, average...) 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



3D Based Tools SUV 3.5.12 2 0.07 0.75 Calculation of SUV, useful for PET images. 1.00 ⊤ Yes, and with several configuration options. 0.80 (.80) 0.00 ⊥ 0.90 (.90) Yes on ROIs. Only body weight method available. 0.00 ⊥



3D Based Tools Histogram 3.5.13 2 0.03 0.33 Histogram of a volume, image or region of the image. 0.00 ⊥ 1.00 ⊤ Yes, and even in ROIs. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Tools ROI 3.5.14 2 0.09 1.00 0.67 (.67) Yes, however only 2D ROI. 1.00 ⊤ Yes, including 3D ROI, and advanced features. 0.00 ⊥ 0.67 (.67) Yes, however only 2D ROI. 0.67 (.67) Yes, however only 2D ROI.



3D Based Tools Key image notes (KIN) 3.5.15 2 0.05 0.50 0.00 ⊥ 0.33 (.33) 0.00 ⊥ 0.80 (.80) 0.00 ⊥



3D Based Other modalitie 3.6 1 0.07 1.00 Special modalities that are not images or volumes. 0.20 0.35 0.00 0.76 0.36



3D Based Other modalities Structured report (SR) 3.6.1 2 0.40 1.00 0.00 0.36 0.00 0.55 0.00



3D Based Other modalities Encapsulated documents 3.6.2 2 0.20 0.50 Encapsulated documents could be embedded PDF documents inside a DICOM file. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



3D Based Other modalities ECG graphs 3.6.3 2 0.20 0.50 Display DICOM electrocardiogram graphical data 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 0.80 (.80)



3D Based Other modalities Video 3.6.4 2 0.10 0.25 Display DICOM video. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.67 (.67) 0.00 ⊥



3D Based Other modalities Audio 3.6.5 2 0.10 0.25 Play DICOM audio. Waveform plotting is a plus. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.80 (.80) Yes, but with a very basic player. 0.00 ⊥



3D Based Processing 3.7 1 0.10 1.50 Features that perform a complex analysis of the dataset and usually generate new series. 0.02 0.46 0.74 0.22 0.00



3D Based Processing Generate series 3.7.1 2 0.17 0.75 0.00 ⊥ 1.00 ⊤ New series can be generated. 0.95 (.95) 0.67 (.67) 0.00 ⊥



3D Based Processing Flow quantification 3.7.2 2 0.11 0.50 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Processing Registration 3.7.3 2 0.11 0.50 Transformation of a volume to make it spatially compatible with another one. 0.00 0.20 0.60 0.00 0.00



3D Based Processing Segmentation 3.7.4 2 0.11 0.50 0.16 0.96 0.63 0.00 0.00



3D Based Processing Rescaling 3.7.5 2 0.11 0.50 Transformations from an original volume to a new one different in size. 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ Yes, using a filter. 0.00 ⊥ 0.00 ⊥



3D Based Processing Convolution 3.7.6 2 0.17 0.75 Apply convolution filters to enchance or mask some image features. 0.00 ⊥ 1.00 ⊤ 0.67 (.67) 0.67 (.67) 0.00 ⊥



3D Based Processing Filters 3.7.7 2 0.11 0.50 Advanced filters regarding image processing. 0.00 ⊥ 0.00 ⊥ All filters found use convolution 1.00 ⊤ Yes, ITK and other advanced filters. 0.00 ⊥ 0.00 ⊥



3D Based Processing DTI 3.7.8 2 0.11 0.50 0.00 0.00 1.00 0.00 0.00



0.00 0.00 Do not modify the last row 0.00 Do not modify the first row 0.00 Do not modify the last row 0.00 Do not modify the last row 0.00 Do not modify the last row 0.00 Do not modify the last row



Given an study, viewers are layed out in a organized and structured way (for example to improve 
comparison). Those organization can be customized by the users.



Support for DICOM presentation states. Can specify annotations, WL/WW, image orientation, 
among others.



Yes, including annotations and viewer state. 
New presentation states can be generated.



Visualization and interaction features for a volume or set of images. A special focus has been 
made on DICOM conformity details.



Adaptation to the display hardware characteristics (high pixel density, 10 bit displays, physical 
screen size awareness).
Available interpolations when scaling pixels. Lower categories are assumed when a more 
advanced visualization technique is used.



Resampling, cubic by default, linear when 
panning or zooming



Which nterpolation to use can be configured for 
each modality.



Summarize and display multiple slices at the same time (MIP, average, etc.) and if other features 
are available and adapt to this special case.
Navigate through a volume using different view planes and if other features are available and 
adapt to this special case.



Separate modes: 3D MPR (any orientation), 2D 
orthogonal, curved
2D & 3D. Can adjust position and fusion settings 
(opacity, colors, etc.). Must display a CT & a PET 
in different viewers to enable.



Usability and efficiency to navigate through slices. The score is set in a fairly manner after 
analyzing all viewers.
Navigation on series where a spatial position has more than one acquisition (time, multi-echo, 
direction, diffusivity, etc.).



Rendering of a volume in 3D using raycasting rendering. The user shall be able to change the 
viewpoint and be able to reveal occluded zones.
Display series with a time dimension like ultrasound and some MRI modalities. Ease of use of 
playback controls like, boomerang, loop, frame rate, etc.



No boomerang. Only a list of framerates. 
Button works  with middle or right click only.



General evaluation of  the interaction and frustrations the user may encounter when drawing, 
modifying etc. The score is set in a fairly manner after analyzing all viewers.



Drawing is usable, but could not determine 
edition usability.



Only one tool (measure tool), the usability and 
edition of it is good.



Most tools usable under orthogonal MPR and 
MIP.



Yes, a big effort has ben done to make tools 
available in all modes.



Only 2D viewers, so transversality is not 
applicable.



A selected location in one viewer is precisely shown relative to the rest of the veiwers that share 
the same spatial origin.
The intersection of the current slice in the current viewer and other series that share the same 
origin is shown.



Displays beginning and end of the volumes, as 
well as the slice thickness.



Displays beginning and end of the volumes, as 
well as the slice thickness.



Awareness of the viewer regarding the handling of the units and DICOM tags in order to perform 
right measurements.



Distances and area units, but not pixel units. 
SUV units are missing.



Annotatios are in mm, however, measurements 
do not display the unit.



Distances and area units, but not pixel units. 
ECG units shown properly.



Only body weight method, and too many steps 
shall be performed to measure.



Evaluates if there's a ROI tool present. As they usually do automated segmentation, those features 
are evaluated inide the "processing" group. 3D ROI shall be considered..



Can do segmentation, but not ROIs that show 
statistics about a region.



DICOM standard way to bookmark some images in a study. The program should be able not only 
to read but to save them in DICOM format.



Has an internal "key images" feature, but it 
can't read or generate real KO.



Yes, can be read and created. Editing the name 
is not possible.



DICOM structured reports enable physicians to review studies and store their conclusions and 
remarks in a standard way.



Supported, and with effective and usable tools 
that compute several metrics.



Supported, but measures are slower to perform 
with the ruler tool.



Opens with the system media player. Does not 
work well on GNU/Linux.



New series can be generated. Generated series through screenshots is not considered. New series 
shall be in DICOM format or express a similar equivalency inside the program workflow.



Yes, as a way to store intermediate results. They 
are treated as if they were DICOM.



Some operations like MIP and MPR generate 
new series. They are in DICOM format.



Extract and present (usually using graphs) flow information from speed maps usually acquired 
with MRI flow quantization sequences.



Automated or semiautomated detection of image features in order to classify its voxels. Some ROI 
tools do perform segmentation, its segmentation features shall be evaluated here.



In theory available in a plugin not included by 
default, thus we do not evaluate it.



Only gaussian blur available, can't custom 
define a convolution matrix.



Yes, a good selection, however they can't be 
chained nor custom made. Only for display.



Visualize and interact with volumes where each voxel is considered a tensor. The visualization may 
require advanced features like tractographies and glyph visualizations.











Auxilliary Tree Weights Tree  data Viewer 1 Viewer 2
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⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ 0 0 0 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Do not modify the first row 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Do not modify the 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Do not modify the first row



⊤ ⊥ ⊥ ⊥ ⊥ ⊤ ⊥ ⊥ ⊥ ⊥ ⊤ ⊥ ⊥ ⊥ ⊥ 1 0 0 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ -1 1.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 1.00 1.00 1.00 0.98 0.00 0.00 0.00 0.00 0.98 0.98 0.52 0.00 0.00 0.00 0.00 0.52 0.52



⊥ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ ⊥ ⊥ ⊥ ⊤ ⊥ ⊥ ⊥ 1 1 0 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ Physician 1 0 1.00 0.50 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 1.00 1.00 0.00 0.00 0.00 0.50 0.50 0.50 Physician 0.98 0.39 0.00 0.00 0.00 0.39 0.78 0.52 0.26 0.00 0.00 0.00 0.26 0.51
⊥ ⊥ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ ⊥ 1 1 1 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ Physician Features 1.1 1 1.00 0.50 0.50 0.00 0.00 0.00 0.50 1.90 0.00 0.00 1.00 1.00 1.90 0.00 0.00 0.13 0.26 0.50 Physician Features General program features 0.98 0.39 0.12 0.00 0.00 0.12 0.92 0.52 0.26 0.02 0.00 0.00 0.02 0.17



⊥ ⊥ ⊥ ⊤ ⊥ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ 1 1 1 1 0 ⊥ ⊥ ⊥ ⊤ ⊥ Physician Features CE-Certified 1.1.1 2 1.00 0.50 0.50 1.00 0.00 0.00 0.50 1.40 1.50 0.00 1.00 1.00 1.90 1.50 0.00 0.09 0.67 1.00 Physician Features CE-Certified Is considered a medical device? 0.98 0.39 0.12 0.09 0.09 0.09 1.00 ⊤ 0.52 0.26 0.02 0.00 0.00 0.00 0.00 ⊥



⊥ ⊥ ⊥ ⊤ ⊥ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ 1 1 1 2 0 ⊥ ⊥ ⊥ ⊥ ⊥ Physician Features OS 1.1.2 2 1.00 0.50 0.50 0.50 0.00 0.00 0.50 1.40 0.50 0.00 1.00 1.00 1.90 1.50 0.00 0.04 0.33 0.50 Physician Features OS Supported platforms 0.90 0.30 0.03 0.03 0.00 0.03 0.75 0.52 0.26 0.02 0.02 0.00 0.02 0.50



⊥ ⊥ ⊥ ⊥ ⊤ ⊤ ⊤ ⊤ ⊤ ⊤ ⊥ ⊤ ⊤ ⊥ ⊤ 1 1 1 2 1 ⊥ ⊥ ⊥ ⊥ ⊤ Physician Features OS Windows 1.1.2.1 3 1.00 0.50 0.50 0.50 1.00 0.00 0.50 1.40 0.00 2.00 1.00 1.00 1.90 1.50 2.00 0.02 0.50 1.00 Physician Features OS Windows 0.90 0.30 0.03 0.03 0.02 0.02 1.00 ⊤ 0.52 0.26 0.02 0.02 0.02 0.02 1.00 ⊤



⊥ ⊥ ⊥ ⊥ ⊤ ⊤ ⊤ ⊤ ⊤ ⊤ ⊥ ⊤ ⊤ ⊥ ⊤ 1 1 1 2 2 ⊥ ⊥ ⊥ ⊥ ⊤ Physician Features OS macOS 1.1.2.2 3 1.00 0.50 0.50 0.50 0.50 0.00 0.50 1.40 0.00 1.00 1.00 1.00 1.90 1.50 2.00 0.01 0.25 0.50 Physician Features OS macOS 0.87 0.28 0.01 0.01 0.00 0.00 0.00 ⊥ 0.50 0.23 0.00 0.00 0.00 0.00 0.00 ⊥



⊥ ⊥ ⊥ ⊥ ⊤ ⊤ ⊤ ⊤ ⊤ ⊤ ⊥ ⊤ ⊤ ⊥ ⊤ 1 1 1 2 3 ⊥ ⊥ ⊥ ⊥ ⊤ Physician Features OS GNU/Linux 1.1.2.3 3 1.00 0.50 0.50 0.50 0.50 0.00 0.50 1.40 0.00 0.50 1.00 1.00 1.90 1.50 2.00 0.01 0.25 0.50 Physician Features OS GNU/Linux 0.87 0.28 0.01 0.01 0.01 0.01 1.00 ⊤ 0.50 0.23 0.00 0.00 0.00 0.00 0.00 ⊥



⊥ ⊥ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ ⊥ 1 1 2 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ Physician Visualizati 1.2 1 1.00 0.50 0.90 0.50 0.50 0.00 0.50 1.40 0.00 0.00 1.00 1.00 1.90 0.00 0.00 0.24 0.47 0.90 Physician Visualization 0.86 0.27 0.17 0.00 0.00 0.17 0.70 0.50 0.23 0.18 0.00 0.00 0.18 0.77



⊥ ⊥ ⊥ ⊤ ⊥ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ 1 1 2 1 0 ⊥ ⊥ ⊥ ⊤ ⊥ Physician Visualizatio 3D 1.2.1 2 1.00 0.50 0.90 0.50 0.50 0.00 0.50 0.50 1.50 0.00 1.00 1.00 1.90 1.50 0.00 0.08 0.33 0.50 Physician Visualization 3D How fully-featured is the 3D visualization. 0.86 0.27 0.17 0.07 0.07 0.07 0.90 (.90) 0.50 0.23 0.18 0.06 0.06 0.06 0.70 (.70) CPU-Based rendering.



⊥ ⊥ ⊥ ⊤ ⊥ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ 1 1 2 2 0 ⊥ ⊥ ⊥ ⊤ ⊥ Physician Visualizatio 2D 1.2.2 2 1.00 0.50 0.90 1.00 0.50 0.00 0.50 0.50 1.00 0.00 1.00 1.00 1.90 1.50 0.00 0.16 0.67 1.00 Physician Visualization 2D How fully-featured is the 2D visualization. 0.79 0.20 0.09 0.09 0.09 0.09 0.60 (.60) 0.44 0.18 0.13 0.13 0.13 0.13 0.80 (.80)



⊥ ⊥ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ ⊥ 1 1 3 0 0 ⊥ ⊥ ⊤ ⊥ ⊥ Physician Easy to use 1.3 1 1.00 0.50 0.50 1.00 0.50 0.00 0.50 0.50 0.00 0.00 1.00 1.00 1.90 0.00 0.00 0.13 0.26 0.50 Physician Easy to use Usable and user-friendly interface. 0.70 0.11 0.11 0.11 0.11 0.11 0.80 (.80) Good, and quick to use. 0.32 0.05 0.05 0.05 0.05 0.05 0.40 (.40)



⊥ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ ⊥ ⊥ ⊥ ⊤ ⊥ ⊥ ⊥ 1 2 0 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ Expert 2 0 1.00 0.50 0.50 1.00 0.50 0.00 0.50 0.00 0.00 0.00 1.00 1.00 0.00 0.00 0.00 0.50 0.50 0.50 Expert 0.59 0.59 0.00 0.00 0.00 0.59 1.18 0.27 0.27 0.00 0.00 0.00 0.27 0.53



⊥ ⊥ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊥ ⊤ ⊥ ⊥ 1 2 1 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ Expert Features 2.1 1 1.00 0.50 0.50 1.00 0.50 0.00 0.00 1.50 0.00 0.00 1.00 1.00 1.50 0.00 0.00 0.17 0.33 0.50 Expert Features General program features 0.59 0.59 0.17 0.00 0.00 0.17 1.00 0.27 0.27 0.07 0.00 0.00 0.07 0.44



⊥ ⊥ ⊥ ⊤ ⊥ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ 1 2 1 1 0 ⊥ ⊥ ⊥ ⊤ ⊥ Expert Features CE-Certified 2.1.1 2 1.00 0.50 0.50 0.10 0.50 0.00 0.00 1.00 0.90 0.00 1.00 1.00 1.50 0.90 0.00 0.02 0.11 0.10 Expert Features CE-Certified Is considered a medical device? 0.59 0.59 0.17 0.02 0.02 0.02 1.00 ⊤ 0.27 0.27 0.07 0.00 0.00 0.00 0.00 ⊥



⊥ ⊥ ⊥ ⊤ ⊥ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ 1 2 1 2 0 ⊥ ⊥ ⊥ ⊥ ⊥ Expert Features OS 2.1.2 2 1.00 0.50 0.50 0.80 0.50 0.00 0.00 1.00 0.80 0.00 1.00 1.00 1.50 0.90 0.00 0.15 0.89 0.80 Expert Features OS Supported platforms 0.57 0.57 0.15 0.15 0.00 0.15 1.00 0.27 0.27 0.07 0.07 0.00 0.07 0.50



⊥ ⊥ ⊥ ⊥ ⊤ ⊤ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊤ ⊥ ⊤ 1 2 1 2 1 ⊥ ⊥ ⊥ ⊥ ⊤ Expert Features OS Windows 2.1.2.1 3 1.00 0.50 0.50 0.80 0.50 0.00 0.00 1.00 0.00 1.00 1.00 1.00 1.50 0.90 1.00 0.07 0.50 0.50 Expert Features OS Windows 0.57 0.57 0.15 0.15 0.07 0.07 1.00 ⊤ 0.27 0.27 0.07 0.07 0.07 0.07 1.00 ⊤



⊥ ⊥ ⊥ ⊥ ⊤ ⊤ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊤ ⊥ ⊤ 1 2 1 2 2 ⊥ ⊥ ⊥ ⊥ ⊤ Expert Features OS macOS 2.1.2.2 3 1.00 0.50 0.50 0.80 0.00 0.00 0.00 1.00 0.00 0.50 1.00 1.00 1.50 0.90 1.00 0.00 0.00 ! Expert Features OS macOS 0.50 0.50 0.07 0.07 0.00 0.00 0.00 ! 0.19 0.19 0.00 0.00 0.00 0.00 0.00 ⊥



⊥ ⊥ ⊥ ⊥ ⊤ ⊤ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊤ ⊥ ⊤ 1 2 1 2 3 ⊥ ⊥ ⊥ ⊥ ⊤ Expert Features OS GNU/Linux 2.1.2.3 3 1.00 0.50 0.50 0.80 0.50 0.00 0.00 1.00 0.00 0.50 1.00 1.00 1.50 0.90 1.00 0.07 0.50 0.50 Expert Features OS GNU/Linux 0.50 0.50 0.07 0.07 0.07 0.07 1.00 ⊤ 0.19 0.19 0.00 0.00 0.00 0.00 0.00 ⊥



⊥ ⊥ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊥ ⊤ ⊥ ⊥ 1 2 2 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ Expert Visualizati 2.2 1 1.00 0.50 0.50 0.80 0.50 0.00 0.00 1.00 0.00 0.00 1.00 1.00 1.50 0.00 0.00 0.17 0.33 0.50 Expert Visualization 0.43 0.43 0.29 0.17 0.17 0.29 1.75 X ⊤ 0.19 0.19 0.13 0.00 0.00 0.13 0.75



⊥ ⊥ ⊥ ⊤ ⊥ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ 1 2 2 1 0 ⊥ ⊥ ⊥ ⊤ ⊥ Expert Visualizatio 3D 2.2.1 2 1.00 0.50 0.50 0.50 0.50 0.00 0.00 0.50 1.00 0.00 1.00 1.00 1.50 1.00 0.00 0.08 0.50 0.50 Expert Visualization 3D How fully-featured is the 3D visualization. 0.26 0.26 0.13 0.08 0.08 0.08 0.90 (.90) 0.19 0.19 0.13 0.06 0.06 0.06 0.70 (.70) CPU-Based rendering.



⊥ ⊥ ⊥ ⊤ ⊥ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ 1 2 2 2 0 ⊥ ⊥ ⊥ ⊤ ⊥ Expert Visualizatio 2D 2.2.1 2 1.00 0.50 0.50 0.50 0.50 0.00 0.00 0.50 0.50 0.00 1.00 1.00 1.50 1.00 0.00 0.08 0.50 0.50 Expert Visualization 2D How fully-featured is the 2D visualization. 0.18 0.18 0.05 0.05 0.05 0.05 0.60 (.60) 0.13 0.13 0.07 0.07 0.07 0.07 0.80 (.80)



⊥ ⊥ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊥ ⊤ ⊥ ⊥ 1 2 3 0 0 ⊥ ⊥ ⊤ ⊥ ⊥ Expert Easy to use 2.3 1 1.00 0.50 0.50 0.50 0.50 0.00 0.00 0.50 0.00 0.00 1.00 1.00 1.50 0.00 0.00 0.17 0.33 0.50 Expert Easy to use Usable and user-friendly interface. 0.13 0.13 0.13 0.13 0.13 0.13 0.80 (.80) Good, and quick to use. 0.07 0.07 0.07 0.07 0.07 0.07 0.40 (.40)



⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ 0 0 0 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Do not modify the last row 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Do not modify the 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Do not modify the last row
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This is the root node, the final evaluation is 
placed here.
Important features weighted according to a 
physician's point of view.



Very good qualityt viewer 
with 3D rendering.
Lacks some important 
features like MPR among 
others.



Many features including 
MPR.
No keyboard shortcuts. Bad 
usability



Important features weighted according to a 
healthcare expert.



Very good qualityt viewer 
with 3D rendering.
Lacks some important 
features like MPR among 
others.



Many features including 
MPR.
No keyboard shortcuts. Bad 
usability



New rows can be inserted 
after the first and  before 



the last data rows.
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Editable columns Editable columns Editable columns



To add more 
viewers, copy and 
paste the columns



Non-leaf nodes are
never evaluated



Leaf node not
evaluated



Weight is missing



Keep a consistent
tree hieracy



 ⊤ = 1.00  ⊥ = 0.00Filter by this column
in order to summarize



your data



Level dependant
color scale



Pro tip #1:



Move rows around by
selecting them, start 
drag operation and 
press ALT key before



dropping the row.
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Tree Weights Tree  data Starviewer Horos Medinria Weasis Ginkgo CADx
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0.00 0.00 Do not modify the first row 0.00 Do not modify the first row 0.00 Do not modify the first row 0.00 Do not modify the first row 0.00 Do not modify the first row 0.00 Do not modify the first row



-1 1.00 1.00 This is the root node, the final evaluation is placed here. 0.61 0.78 0.38 0.62 0.43
General 1 0 0.33 0.50 An audience that reflects the needs of a common physician. 0.62 0.77 0.38 0.60 0.41
General Technical 1.1 1 0.07 1.00 Technical features about the software. 0.63 0.34 0.58 0.57 0.48



General Technical Platforms 1.1.1 2 0.17 2.00 Operating systems where the software may run. Web platforms can be considered multi-platform. 1.00 0.33 1.00 1.00 1.00



General Technical Platforms GNU/Linux 1.1.1.1 3 0.33 0.50 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



General Technical Platforms Windows 1.1.1.2 3 0.33 0.50 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



General Technical Platforms macOS 1.1.1.3 3 0.33 0.50 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



General Technical CE Certified 1.1.2 2 0.33 4.00 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Technical Background 1.1.3 2 0.17 2.00 Computationally intensive tasks, do not freeze the UI. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



General Technical License 1.1.4 2 0.08 1.00 1.00 1.00 1.00 1.00 1.00



General Technical License Free 1.1.4.1 3 1.00 1.00 Notable examples are: GPL, LGPL, Apache, BSD, MIT, MPL. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



General Technical License Non-free 1.1.4.2 3 0.00 0.00 Any other non-free license according to DFSG criteria. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Technical Multilanguage 1.1.5 2 0.08 1.00 0.50 (.50) Catalan, Spanish, English. 0.40 (.40) English, Japanese 0.00 ⊥ 1.00 ⊤ Tranlated to 28 languages. 0.70 (.70)



General Technical Documentation 1.1.6 2 0.17 2.00 Quality of the documentation. 1.00 ⊤ A PDF that describes all features. 0.00 ⊥ 1.00 ⊤ A webpage that describes all features. 0.40 (.40) 0.00 ⊥



General Archive 1.2 1 0.14 2.00 Support to open, save, import, export and network communications. 0.72 0.97 0.39 0.58 0.80



General Archive DIMSE 1.2.1 2 0.13 3.00 Traditional DICOM network protocol. 0.79 1.00 0.79 0.79 0.99



General Archive DIMSE Query 1.2.1.1 3 0.29 2.00 Searching by some attribute like patient's name. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



General Archive DIMSE Retrieve 1.2.1.2 3 0.29 2.00 Download studies. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



General Archive DIMSE Upload 1.2.1.3 3 0.21 1.50 Upload studies or new series. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



General Archive DIMSE Security 1.2.1.4 3 0.14 1.00 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.95 (.95)



General Archive DIMSE Internal server 1.2.1.5 3 0.07 0.50 Built-in pacs server, where peers can do queries, send and retrieve studies. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤



General Archive WADO 1.2.2 2 0.13 3.00 Web access DICOM objects protocol that works over HTTP. 0.00 1.00 0.00 0.85 1.00



General Archive WADO Query 1.2.2.1 3 0.31 2.00 Searching by some attribute like patient's name. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



General Archive WADO Retrieve 1.2.2.2 3 0.31 2.00 Download studies. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



General Archive WADO Upload 1.2.2.3 3 0.23 1.50 Upload studies or new series. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



General Archive WADO Security 1.2.2.4 3 0.15 1.00 Authenticated and TLS secured HTTP connections. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤



General Archive Local storage 1.2.3 2 0.13 3.00 A local repository where studies can be opened in a convenient way. 0.98 1.00 0.80 0.00 0.98



General Archive Local storage Available 1.2.3.1 3 0.40 1.00 A local repository exists. Data is preserved when the software is updated. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤



General Archive Local storage Query 1.2.3.2 3 0.40 1.00 Stored studies can be queried or filtered by some criteria. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤



General Archive Local storage Clean up 1.2.3.3 3 0.20 0.50 An automated mechanism that prevents filling up the local disk by deleting old studies. 0.90 (.90) 1.00 ⊤ Yes, and very customizable. 0.00 ⊥ 0.00 ⊥ 0.90 (.90)



General Archive DICOM format 1.2.4 2 0.13 3.00 Open and save using the DICOM format, and how well supported it is. 1.00 1.00 0.43 1.00 0.79



General Archive DICOM format DICOM files 1.2.4.1 3 0.21 1.00 Open locally stored DICOM files. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



General Archive DICOM format DICOMDIR 1.2.4.2 3 0.21 1.00 Open and save using DICOMDIR format. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



General Archive DICOM format Enhanced DICOM 1.2.4.3 3 0.21 1.00 Evolution of classical DICOM files. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



General Archive DICOM format Multiframe 1.2.4.4 3 0.21 1.00 A file that contains multiple pixel data. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ Only the first slice is shown. 1.00 ⊤ 0.00 ⊥ Program closes with segmentation fault.



General Archive DICOM format JPEG2000 1.2.4.5 3 0.14 0.67 JPEG2000 compression support. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



General Archive Other formats 1.2.5 2 0.04 1.00 Open and save to other non-DICOM file types. 0.55 0.25 0.70 0.50 0.25



General Archive Other formats Special 1.2.5.1 3 0.50 0.50 Volume formats like VTK, MHD… and others. 0.50 (.50) Can open MHD.. 0.00 ⊥ 1.00 ⊤ Can open and save to MHD, VTK, NIFTI… 0.00 ⊥ 0.00 ⊥



General Archive Other formats Regular images 1.2.5.2 3 0.50 0.50 Open an stack of general purpose image formats like TIFF, JPEG, PNG… 0.60 (.60) 0.50 (.50) 0.40 (.40) 1.00 ⊤ Open and save. 0.50 (.50)



General Archive Media 1.2.6 2 0.07 1.50 Export studies to optical media 0.83 1.00 0.00 0.00 0.00



General Archive Media Burn disc 1.2.6.1 3 0.67 1.00 Burn an study into an optical medium. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Archive Media Portable viewer 1.2.6.2 3 0.33 0.50 When burning or exporting to DICOMDIR, a minified portable viewer is attached to it. 0.50 (.50) 1.00 ⊤ Includes weasis. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Archive Print 1.2.7 2 0.07 1.50 0.80 1.00 0.00 1.00 0.20



General Archive Print DICOM printer 1.2.7.1 3 0.80 1.00 Print using a DICOM printer. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



General Archive Print Printer 1.2.7.2 3 0.20 0.25 Print using a regular laser or ink priter. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



General Archive Convert 1.2.8 2 0.04 1.00 Convert from other formats to DICOM and from DICOM to other formats. 0.03 1.00 0.33 0.30 0.67



General Archive Convert Dicomize 1.2.8.1 3 0.67 1.00 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ Yes, and asks for patient specific information.



General Archive Convert Undicomize 1.2.8.2 3 0.33 0.50 0.10 (.10) 1.00 ⊤ 1.00 ⊤ 0.90 (.90) Yes, to PNG and JPEG 0.00 ⊥



General Archive Metadata 1.2.9 2 0.09 2.00 View and edit DICOM tags. 0.67 1.00 0.07 0.67 0.97



General Archive Metadata Tag viewer 1.2.9.1 3 0.67 1.00 Display DICOM tags in a user-friendly manner. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



General Archive Metadata Tag editor 1.2.9.2 3 0.33 0.50 0.00 ⊥ 1.00 ⊤ 0.20 (.20) Some general tags can be edited. 0.00 ⊥ 0.90 (.90)



General Archive Anonymizer 1.2.10 2 0.09 2.00 Remove personal identifiable information from an study. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤



General Archive Open directory 1.2.11 2 0.07 1.50 Open a directory of images. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



General Workflow 1.3 1 0.21 3.00 Features and automations that improve the productivity. 0.71 0.79 0.45 0.53 0.31



General Workflow Customization 1.3.1 2 0.08 1.50 Customization of the user interface and keyboard shortcuts by the user. 0.00 1.00 0.00 0.05 0.00



General Workflow Customization Toolbars 1.3.1.1 3 0.50 0.50 Buttons can be sorted, added or removed. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.10 (.10) Toolbars can be shown and hidden. 0.00 ⊥



General Workflow Customization Keyboard 1.3.1.2 3 0.50 0.50 Toolbar actions can be assigned to specific and custom keyboard keys or combinations. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Workflow Series 1.3.2 2 0.16 3.00 Presentation and switching of series within an study. 1.00 1.00 0.98 1.00 1.00



General Workflow Series Usability 1.3.2.1 3 0.60 1.50 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



General Workflow Series Thumbnails 1.3.2.2 3 0.40 1.00 Little images that represent the contents of a serie. 1.00 ⊤ 1.00 ⊤ 0.95 (.95) User must click every time to see a thumbnail. 1.00 ⊤ 1.00 ⊤



General Workflow Hanging protocols 1.3.3 2 0.22 4.00 0.70 0.72 0.00 Does not have hanging protocols. 0.00 0.05 Feature not usable.



General Workflow Hanging protocols Selector 1.3.3.1 3 0.32 2.00 1.00 ⊤ 0.80 (.80) 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Workflow Hanging protocols Presets 1.3.3.2 3 0.16 1.00 0.80 (.80) 0.50 (.50) 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Workflow Hanging protocols Customizable 1.3.3.3 3 0.32 2.00 0.80 (.80) 0.70 (.70) 0.00 ⊥ 0.00 ⊥ 0.10 (.10)



General Workflow Hanging protocols Editor 1.3.3.4 3 0.16 1.00 The program provides an editor that eases the creation or customization of the hanging protocols. 0.00 ⊥ 1.00 ⊤ There's an editor in the configuration screen. 0.00 ⊥ 0.00 ⊥ 0.10 (.10)



General Workflow Hanging protocols DICOM format 1.3.3.5 3 0.04 0.25 Hanging protocols rules are defined and saved using the DICOM standard. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Workflow Viewers layout 1.3.4 2 0.22 4.00 Customization of the viewers layout. 0.62 0.80 0.86 0.91 0.52 Difficult to configure.



General Workflow Viewers layout Usability 1.3.4.1 3 0.22 1.00 Ease to customize the layout. The score is set in a fairly manner after analyzing all viewers. 0.90 (.90) 0.80 (.80) 1.00 ⊤ 0.90 (.90) 0.20 (.20)



General Workflow Viewers layout Regular grid 1.3.4.2 3 0.11 0.50 The number of viewers and its layout is defined by a rectiliniar grid. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.80 (.80) 0.30 (.30)



General Workflow Viewers layout Irregular 1.3.4.3 3 0.11 0.50 Viewers are not confined in a regular grid. 0.80 (.80) Yes, when hanging protocols are used. 0.80 (.80) 1.00 ⊤ 0.80 (.80) Yes, but with a limited selection of layouts. 1.00 ⊤



General Workflow Viewers layout Interactive 1.3.4.4 3 0.11 0.50 Current layout can be succesively manipulated at will in order to make complex layouts. 0.00 ⊥ 0.80 (.80) 1.00 ⊤ 0.80 (.80) Can be resized but not subdivided. 1.00 ⊤



General Workflow Viewers layout Tabulated 1.3.4.5 3 0.11 0.50 The layout can be configured and distributed along tabs. 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



General Workflow Viewers layout Quick maximization 1.3.4.6 3 0.22 1.00 1.00 ⊤ Double click. 1.00 ⊤ Yes, to fullscreen. 0.85 (.85) 1.00 ⊤ Yes, to fullscreen. 0.00 ⊥ Not found.



General Workflow Viewers layout Tiled 1.3.4.7 3 0.11 0.50 A stack of images is displayed in a tiled arrangement with tiles containing consecutive images. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



General Workflow Synchronization 1.3.5 2 0.16 3.00 Propagation of the state and position to other viewers to ease the comparison. 0.95 0.84 0.58 0.60 0.08



General Workflow Synchronization Usability 1.3.5.1 3 0.24 1.00 0.80 (.80) Works, but could be improved. 0.60 (.60) 0.70 (.70) 0.50 (.50) 0.10 (.10)



General Workflow Synchronization Automation 1.3.5.2 3 0.24 1.00 Synchronization is automatically configured, offloading the user from repetitive tasks. 1.00 ⊤ Yes, and there are several customization options. 0.80 (.80) Always enabled by default. 0.00 ⊥ 0.80 (.80) Always enabled by default. 0.00 ⊥



General Workflow Synchronization Absolute slicing 1.3.5.3 3 0.12 0.50 Move other viewers slicing to the same spatial position of the current viewer. 1.00 ⊤ 1.00 ⊤ Also allows same slice number. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥



General Workflow Synchronization Relative slicing 1.3.5.4 3 0.12 0.50 Shift the same slicing distance of the current viewer to other viewers. 1.00 ⊤ 1.00 ⊤ Also allows same number of slices. 0.00 ⊥ 0.00 ⊥ 0.50 (.50) Only slice based shift, not distance based shift.



General Workflow Synchronization WL/WW 1.3.5.5 3 0.12 0.50 Transfer function transformations are applied to other viewers. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.50 (.50) Only in tiled mode. 0.00 ⊥



General Workflow Synchronization Phase 1.3.5.6 3 0.06 0.25 Synchronization is aware of the phases and are treated properly. 1.00 ⊤ 0.90 (.90) Cannot be disabled. 1.00 ⊤ 0.00 ⊥ No phase support found. 0.00 ⊥



General Workflow Synchronization Camera 1.3.5.7 3 0.12 0.50 The camera state (pan, zoom, rotation, flip and swivel plane...) can be synchronized. 1.00 ⊤ 0.90 (.90) Flip is not synchronized. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥



General Workflow Comparison 1.3.6 2 0.11 2.00 Ease to compare the current study with an older one. 1.00 0.75 0.10 0.10 0.10 No specific implementation for comparison.



General Workflow Comparison Integration 1.3.6.1 3 0.50 0.50 1.00 ⊤ 1.00 ⊤ 0.20 (.20) Series from different studies can be mixed. 0.20 (.20) Series from different studies can be mixed. 0.20 (.20) Series from different studies can be mixed.



General Workflow Comparison Prior studies 1.3.6.2 3 0.50 0.50 1.00 ⊤ 0.50 (.50) Shows priors from local database only. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



Re
la



tiv
e 



no
rm



. w
.



Re
la



tiv
e 



no
rm



al
iz



ed
 



w
ei



gh
t



(S
ta



rv
ie



w
er



) 
Re



l. 
Sc



or
e



(H
or



os
) R



el
. 



Sc
or



e



(M
ed



in
ri



a)
 



Re
l. 



Sc
or



e



(W
ea



si
s)



 R
el



. 
Sc



or
e



(G
in



kg
o 



CA
D



x)
 R



el
. 



Sc
or



e



The software can be used as a medical device. The certified software version must be free, 
however the user may be required to pay for support in order to comply)



How free the software and its dependencies are. Debian free software guidelines is a set of 
criteria to evaluate if a license is free (as in freedom). [https://wiki.debian.org/DFSGLicenses]



The program is translatable. The number of available languages is a relativistic factor to take in 
account.



Only in english, no multilanguage support 
observed.



Translated to eleven languages, but many are 
partially translated.



Not found, however is understandable as users 
may refer to OsiriX documentation.



Documentation exist but is not exhaustive in 
describing all features. Focused to 
programmers.



Opens a broken link, no documentation found 
in the GIT repository.



Encryption and authentication of the connections using X.509 certificates. Users can authenticate 
to the server (peer) with a certificate.



User certificates can be specified, and are 
retrieved from system's keychain.



Not able to integrate with system certificate 
storages. Only PEM format allowed.



Can open regular image formats as a volume. 
Can export screenshots for a serie.



Can export to regular image files, but not 
import.



Can open images, but can't be treated as a 
volume.



Can be opened through the dicomization 
feature.



Allows copying a user-provided folder which 
could contain a portable viewer.



For example a folder full of PNG files can be converted to DICOM. The score is set in a fairly 
manner after analyzing all viewers.
For example converting a serie to a folder where each slice is a PNG file. The score is set in a fairly 
manner after analyzing all viewers.



Allows exporting an screenshot of each slice of 
a serie automatically.



Yes, to standard image formats, and even video 
ones.



Yes, and to a wide variety of formats like nifti, 
vtk… but not regular image formats.



A significant number of tags can be edited in a safe and coherent manner. (i.e generating a new 
DICOM instance).



Can be edited through the anonymization 
dialog.



Usability when interacting with the series and specially focusing on workflow efficiency. The score 
is set in a fairly manner after analyzing all viewers.



Given an study, viewers are layed out in a organized and structured way (for example to improve 
comparison). Those organization can be customized by the users.
For a given study, the user can choose which hanging protocol should be applied. The selector 
should provide a list of applicable hanging protocol candidates for the given study.



Shows applicable hanging protocols for the 
current study in a graphical manner.



Shows applicable hanging protocols for the 
current study in the context menu in text.



The viewer has a set of hanging protocols or a similar feature (even if hard-coded) that out of the 
box organizes an opened study. (For example allows comparison in mammography).



There's a set of predefined hanging protocols, 
mainly for CT and MG.



There's  one default hanging protocol for each 
modality, but they are all very simple.



Hanging protocols can be custom made in order to accomodate to the medical organization 
needs. Attainable configurations and features are evaluated here.



Yes, using an XML file. Rules exist but they could 
be more customizable.



Hanging protocols can be created and default 
ones edited, but with a small set of rules.



The feature does not work as expected, no 
multiple windows can be configured.
In theory yes, but it doesn't work well and the 
program gives error. Feature not usable.



Viewers are regular windows. Sometimes, they 
are reorganized in an unpredictable way.



Difficult to configure a multiple series setup. 
Not intuitive and many clics are needed.
Regular grids only for images within the same 
series.



Yes, applying a regular layout and closing some 
windows.
Yes, resizing windows, but subdivisions are not 
possible.



Yes, and studies can't be mixed (seems done on 
purpose).



A viewer can be maximized in a quick way. For example double clicking the viewer expands it, and 
double clicking again restores the original layout.



Yes, inside a submenu, but no keyboard 
shortcut available.



Apply a multi-viewer layout and set 
synchronization to "Default Tile".



Ease to configure the synchronization to behave in a desired way, allowing a high degree of 
customization and possibilities.



Can be toggled for all viewers or none, not for a 
subset. Can select synchronization type.



Advanced synchronization configurations 
require many steps.



Can be toggled for all viewers or none, not for a 
subset.



Synchronization within series of the same study 
is confusing, a list with repeated names is 
shown.



Does not have flip and rotation, but 
synchronizes 3D viewers.



Two studies can be opened at the same time, allowing comparison. Some measures are taken to 
clearly present what belongs to each study. HP's can be applied.



Directly accessible from the toolbar. Studies are 
separated.



Accessible from the sidebar. Studies are 
separated with a big coloured annotation.



Prior studies for a given patient can be quickly retrieved. This feature must somehow query the 
PACS, not just the local database.











Tree Weights Tree  data Starviewer Horos Medinria Weasis Ginkgo CADx
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General Workflow Presentation states (PS) 1.3.7 2 0.05 1.00 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



General Visualization 1.4 1 0.21 3.00 0.76 0.89 0.47 0.50 0.29



General Visualization Information 1.4.1 2 0.07 1.00 Corner annotations of the viewers. 0.64 1.00 0.53 0.75 0.82



General Visualization Information Defaults 1.4.1.1 3 0.19 1.00 Basic information like patient name, age, etc... as well as some spatial information. 1.00 ⊤ 1.00 ⊤ 0.80 (.80) 1.00 ⊤ 1.00 ⊤



General Visualization Information Hideable 1.4.1.2 3 0.19 1.00 Can be hidden for anonimization or clarity purposes. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



General Visualization Information Customizable 1.4.1.3 3 0.14 0.75 Annotations can be customized, added and removed. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.25 (.25) 1.00 ⊤



General Visualization Information Modality specific 1.4.1.4 3 0.14 0.75 0.50 (.50) Only adaptations for mammography. 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤



General Visualization Information Orientation 1.4.1.5 3 0.19 1.00 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.80 (.80) Not shown for mammography.



General Visualization Information Characters 1.4.1.6 3 0.14 0.75 Support for internationalization, specially for patient names that do not use latin alphabets. 0.00 ⊥ Characters not shown properly. 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ Characters not shown properly.



General Visualization Display 1.4.2 2 0.03 0.50 0.25 0.88 0.40 0.75 0.45



General Visualization Display Fullscreen 1.4.2.1 3 0.25 0.50 Progam can be maximized to full screen. 0.00 ⊥ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



General Visualization Display HiDPI 1.4.2.2 3 0.25 0.50 1.00 ⊤ 0.50 (.50) 0.60 (.60) 0.00 ⊥ DPI system settings are not honoured. 0.80 (.80)



General Visualization Display True scaling 1.4.2.3 3 0.50 1.00 0.00 ⊥ 1.00 ⊤ Yes, reading EDID. 0.00 ⊥ 1.00 ⊤ Yes, with fiducial calibration 0.00 ⊥



General Visualization Interpolation 1.4.3 2 0.03 0.50 0.64 0.58 Resampling, NN, Linear & Lanczos 5 0.36 0.82 No resampling, NN, linear, cubic & Lanczos 0.45



General Visualization Interpolation Nearest neighbour 1.4.3.1 3 0.18 0.50 No interpolation, plain pixels are displayed. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



General Visualization Interpolation Bilinear 1.4.3.2 3 0.27 0.75 Very basic albeit quick smoothing that shows some artifacts on medium and big zooming factors. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



General Visualization Interpolation Bicubic 1.4.3.3 3 0.36 1.00 Basic but quality effective smoothing even on big zooming factors. 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.67 (.67) Yes, but not to screen resolution. 0.00 ⊥ Does not work.



General Visualization Interpolation Advanced 1.4.3.4 3 0.18 0.50 0.00 ⊥ 0.67 (.67) Yes, lanczos, but presents anomalous artifacts. 0.00 ⊥ 0.67 (.67) Yes, lanczos, but not to screen resolution. 0.00 ⊥



General Visualization Thick slab 1.4.4 2 0.07 1.00 0.92 1.00 0.00 0.77 0.00



General Visualization Thick slab Usability 1.4.4.1 3 0.46 1.00 0.83 (.83) Is interactive, but usability could be improved. 1.00 ⊤ 0.00 ⊥ 0.50 (.50) 0.00 ⊥



General Visualization Thick slab MIP 1.4.4.2 3 0.23 0.50 Maximum intensity projection. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



General Visualization Thick slab MINIP 1.4.4.3 3 0.15 0.33 Minimum intensity projection. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



General Visualization Thick slab Average 1.4.4.4 3 0.15 0.33 Average of corresponding pixels for each thick slab slice. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



General Visualization MPR 1.4.5 2 0.09 1.38 0.60 0.98 0.00 0.40 0.00



General Visualization MPR Usability 1.4.5.1 3 0.20 1.00 0.50 (.50) 0.90 (.90) 0.00 ⊥ 0.50 (.50) 0.00 ⊥



General Visualization MPR Simple 1.4.5.2 3 0.30 1.50 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



General Visualization MPR Any orientation 1.4.5.3 3 0.20 1.00 The view plane can be tilted, allowing reconstructed images in any desired orientation. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Visualization MPR Curved 1.4.5.4 3 0.10 0.50 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Visualization MPR Thick slab 1.4.5.5 3 0.20 1.00 Thick slab feature is usable. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Visualization Fusion 1.4.6 2 0.07 1.00 Overlapping another volume over the current visualization. The typical use case is PET/CT. 0.50 0.63 0.90 0.00 0.00



General Visualization Fusion Usability 1.4.6.1 3 0.50 1.00 Features and usability. 1.00 ⊤ 0.80 (.80) 0.80 (.80) 0.00 ⊥ 0.00 ⊥



General Visualization Fusion Manual 1.4.6.2 3 0.25 0.50 Allow the user to fusion series that are not correlated spatially (different frame of references). 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥



General Visualization Fusion 3D Fusion 1.4.6.3 3 0.25 0.50 Two or more volumes can be displayed at once. 0.00 ⊥ 0.90 (.90) 1.00 ⊤ 0.00 ⊥ 0.00 ⊥



General Visualization Transfer function 1.4.7 2 0.09 1.38 Interactive adjustment of window level, window width and other transfer function parameters. 0.95 0.85 0.49 0.90 0.67



General Visualization Transfer function Usability 1.4.7.1 3 0.20 1.00 Quality of the interaction and user interface options related to the transfer function. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.80 (.80)



General Visualization Transfer function Inversion 1.4.7.2 3 0.15 0.75 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.50 (.50) Can't invert LUT or color scales and images.



General Visualization Transfer function Presets 1.4.7.3 3 0.20 1.00 Default transfer functions, and if DICOM defined presets are honoured. 1.00 ⊤ 0.50 (.50) 0.33 (.33) 1.00 ⊤ 0.67 (.67) Yes, if they are linear. DICOM ones are read.



General Visualization Transfer function Editable 1.4.7.4 3 0.10 0.50 0.67 (.67) 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.50 (.50)



General Visualization Transfer function WL/WW modification 1.4.7.5 3 0.20 1.00 1.00 ⊤ 0.75 (.75) No support for VOI LUT (probably a bug) 0.50 (.50) Can't alter color images. LUT not supported. 1.00 ⊤ 0.50 (.50) Can't alter color images. LUT not supported.



General Visualization Transfer function Color scales 1.4.7.6 3 0.15 0.75 0.90 (.90) 1.00 ⊤ 0.80 (.80) Feautre available. 1.00 ⊤ 1.00 ⊤ A good selection of color scales.



General Visualization Zoom 1.4.8 2 0.07 1.00 Tools that allow magnification and how usable and efficient are. 0.64 0.90 0.40 0.70 0.40



General Visualization Zoom Pan and zoom 1.4.8.1 3 0.40 1.00 Image can be magnified and the user can pan it in order to achieve the desired visualization. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



General Visualization Zoom Magnification glass 1.4.8.2 3 0.30 0.75 An small overlay window magnifies, that usually follows the mouse, magnifies an area of the image. 0.80 (.80) 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



General Visualization Zoom Zooming window 1.4.8.3 3 0.10 0.25 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Visualization Zoom Mouse centered zoom 1.4.8.4 3 0.20 0.50 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Visualization Slicing 1.4.9 2 0.07 1.00 0.96 0.88 0.77 0.69 0.46



General Visualization Slicing Drag 1.4.9.1 3 0.38 1.00 Quality of click and drag scrolling. 1.00 ⊤ 0.80 (.80) 0.70 (.70) Advances one slice per pixel. Does not adapt. 0.80 (.80) 0.70 (.70) Advances one slice per pixel. Does not adapt.



General Visualization Slicing Wheel 1.4.9.2 3 0.38 1.00 Quality of wheel and touchpad scrolling. Multi axis and delta angle scrolling is a plus. 1.00 ⊤ Honours delta scrolling and different axes. 1.00 ⊤ 0.80 (.80) 1.00 ⊤ 0.00 ⊥



General Visualization Slicing Keyboard 1.4.9.3 3 0.19 0.50 Quality of the keyboard scrolling. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ Unable to do it. 1.00 ⊤



General Visualization Slicing Inter-slice 1.4.9.4 3 0.04 0.10 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Visualization Phases 1.4.10 2 0.05 0.75 0.95 0.78 0.75 0.00 0.00



General Visualization Phases Usability 1.4.10.1 3 0.50 0.50 1.00 ⊤ 0.75 (.75) 0.50 (.50) Can be changed only with the "frame" slider. 0.00 ⊥ 0.00 ⊥



General Visualization Phases Separation 1.4.10.2 3 0.50 0.50 0.90 (.90) 0.80 (.80) 1.00 ⊤ 0.00 ⊥ 0.00 ⊥



General Visualization Transformations 1.4.11 2 0.03 0.50 Basic transformations (rotation and flipping) that can be performed on a physical lightbox. 0.80 1.00 0.00 1.00 0.80



General Visualization Transformations Rotation 1.4.11.1 3 0.40 1.00 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



General Visualization Transformations Arbitrary rotation 1.4.11.2 3 0.20 0.50 The image can be rotated at any angle. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



General Visualization Transformations Flip 1.4.11.3 3 0.40 1.00 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



General Visualization 3D 1.4.12 2 0.21 3.00 0.74 0.98 0.61 0.00 0.00



General Visualization 3D Rotation 1.4.12.1 3 0.19 1.00 Volume can be rotated. Quality degradation in order to improve reactivity is a plus. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥



General Visualization 3D Clipping 1.4.12.2 3 0.14 0.75 Volume can be clipped to reveal occluded zones. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥



General Visualization 3D Rendering parameters 1.4.12.3 3 0.05 0.25 Rendering parameters like shadows, ambient occlusion, GPU rendering, etc. can be customized. 0.95 (.95) 1.00 ⊤ 0.95 (.95) 0.00 ⊥ 0.00 ⊥



General Visualization 3D Preset transfer func. 1.4.12.4 3 0.14 0.75 Out-of-the-box transfer functions are available. 0.85 (.85) 1.00 ⊤ 0.60 (.60) 0.00 ⊥ 0.00 ⊥



General Visualization 3D Editable transfer func. 1.4.12.5 3 0.10 0.50 Transfer functions can be edited in terms of colors and transparency. 0.50 (.50) 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Visualization 3D WL/WW peeling 1.4.12.6 3 0.19 1.00 1.00 ⊤ 1.00 ⊤ 0.75 (.75) Can't be adjusted with the mouse. 0.00 ⊥ 0.00 ⊥



General Visualization 3D Endoscopy 1.4.12.7 3 0.10 0.50 Rendering and navigation inside cavernous geometries. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Visualization 3D Tools 1.4.12.8 3 0.10 0.50 There are extra tools to perform measures and reveal occluded parts. 0.00 ⊥ 0.80 (.80) 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Visualization CINE 1.4.13 2 0.03 0.50 1.00 ⊤ 1.00 ⊤ 0.90 (.90) No boomerang 0.90 (.90) No boomerang. 0.67 (.67)



General Visualization DICOM Quirks 1.4.14 2 0.07 1.00 Honouring special albeit common DICOM tags in order to achieve an accurate visualization. 0.92 0.79 0.30 0.78 0.42



General Visualization DICOM Quirks Rescale 1.4.14.1 3 0.19 2.50 Intercept and slope parameters that alter voxel values as WL/WW does with screen pixels. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 0.20 (.20) Apparently, only supported in CT. 0.20 (.20)



General Visualization DICOM Quirks Depth and sign 1.4.14.2 3 0.15 2.00 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.50 (.50) Does not work with signed images.



General Visualization DICOM Quirks Float 1.4.14.3 3 0.01 0.10 Support for floating point images. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



General Visualization DICOM Quirks Modality LUT 1.4.14.4 3 0.11 1.50 LUT that alters voxels values. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



General Visualization DICOM Quirks WL/WW 1.4.14.5 3 0.09 1.25 WL/WW to use in the visualization. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



General Visualization DICOM Quirks VOI LUT 1.4.14.6 3 0.08 1.00 LUT to use in the visualization to eliminate non-clinical significative images. 0.80 (.80) Some edge cases are not shown properly. 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ Yes, incuding edge cases. 0.00 ⊥



General Visualization DICOM Quirks Presentation LUT 1.4.14.7 3 0.02 0.25 LUT applied after the VOI LUT 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.50 (.50) Only in presentation state, apparently. 0.00 ⊥



General Visualization DICOM Quirks Shutters 1.4.14.8 3 0.06 0.83 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



General Visualization DICOM Quirks Overlays 1.4.14.9 3 0.08 1.00 1.00 ⊤ 0.75 (.75) 0.00 ⊥ 1.00 ⊤ 0.50 (.50) Overlapping overlay layers not shown properly.



General Visualization DICOM Quirks Gantry tilt 1.4.14.1 3 0.04 0.50 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Visualization DICOM Quirks Segmented palette 1.4.14.1 3 0.03 0.33 Special method to store color images. 1.00 ⊤ 0.10 (.10) Can be opened, but they are rendered wrong. 0.00 ⊥ 0.00 ⊥ 1.00 ⊤



General Visualization DICOM Quirks Color images 1.4.14.1 3 0.15 2.00 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



General Tools 1.5 1 0.21 3.00 Tools that are mainly focused to measure, annotate and comprehend the datasets. 0.63 0.89 0.15 0.86 0.48



General Tools Usability 1.5.1 2 0.09 1.00 0.80 (.80) 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



General Tools Editable 1.5.2 2 0.09 1.00 What is drawn can be modified. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ Shape, color, thickness… are modifiable. 0.90 (.90)



General Tools Transversality 1.5.3 2 0.07 0.75 Tools can be used in a wide range of modes, like fusion, MPR, thick slab, 3D viewer. 0.67 (.67) 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ All tools available to all modes. 0.00 ⊥



General Tools Undo 1.5.4 2 0.05 0.50 Performed operations can be undone and redone. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Tools 3D cursor 1.5.5 2 0.07 0.75 1.00 ⊤ 0.67 (.67) Can only be used under MPR mode. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



Support for DICOM presentation states. Can specify annotations, WL/WW, image orientation, 
among others.



Yes, including annotations and viewer state. 
New presentation states can be generated.



Visualization and interaction features for a volume or set of images. A special focus has been 
made on DICOM conformity details.



Missing thickness and spacing information. 
Location only updated on mouse move.



A limited selection of annotations can be 
enabled or disabled.



The annotations adapt to the displayed image modality or type in order to show relevant 
information.



Shows TE and TR. Customization allows 
modality specific annotations.



Anatomical image orientation components are shown in a relevant way. For volumes (CT, MR) and 
planar images where orientation is given in a more fuzzy way (CR, MG).



"Reader was unable to read" error in the 
console.



Adaptation to the display hardware characteristics (high pixel density, 10 bit displays, physical 
screen size awareness).



Scale fonts and UI. May be implemented by honouring system's DPI and pixel scaling settings and 
not directly scaling images (rendering images in device pixels).



Honours DPI system settings and has an 
internal UI scaling feature. (Magnification).



Not posible to force specific DPI on macOS. 
Scaling options not found inside the program



DPI system settings are read, but many buttons 
and UI elements are cropped.



DPI System settings are read, but buttons are 
not upscaled.



The program can display true size or 1:1 scaled images by means of manual calibration methods 
(fiducial calibration) or by automatically reading EDID physical screen size.
Available interpolations when scaling pixels. Lower categories are assumed when a more 
advanced visualization technique is used.



Resampling, cubic by default, linear when 
panning or zooming



Which nterpolation to use can be configured for 
each modality.



Advanced smoothing that greatly improves image quality on big zooming factors. (Sinc, Lanczos, 
etc.)
Summarize and display multiple slices at the same time (MIP, average, etc.) and if other features 
are available and adapt to this special case.
Adjusting the view plane to the desired viewpoint in a efficient and non-frustrating way. The score 
is set in a fairly manner after analyzing all viewers and their level of MPR complexity.



Usable, and presents extra features like VR up 
and down.



Not interactive. Creates a new series with the 
selected thickness and projection.



Navigate through a volume using different view planes and if other features are available and 
adapt to this special case.



Separate modes: 3D MPR (any orientation), 2D 
orthogonal, curved



Adjusting the view plane to the desired viewpoint in a efficient and non-frustrating way. The score 
is set in a fairly manner after analyzing all viewers and their level of MPR complexity.



Non orthogonal MPR in a separate window, and 
difficult to use, and with fewer tools.



Not fully integrated with the normal 2D viewer's 
workflow.



2D orthogonal only as a separate mode. Thick 
slab not allowed.



Only axial, saggital and coronal planes are reconstructed. The implementation simply reads the 
original volume.



A planar image is reconstructed from a curve. The typical use case is, visualizing in a coronal view 
plane all the vertebres of an spine.



2D & 3D. Can adjust position and fusion settings 
(opacity, colors, etc.). Must display a CT & a PET 
in different viewers to enable.



Fused WL/WW can be directly edited with the 
tool. Fusing series is quick.



Two separate viewers needed to start and 
adjust PET WL/WW.



Very customizable, but mouse usability could be 
better.
Yes, automatic registration can be performed in 
order to fuse any volume.



PET is always the upper most layer. Always 
visible. PET color can't be changed.



Mouse interaction works well, and controls are 
accessible.



Mouse interaction works well, and controls are 
accessible.



Mouse interaction works well, and controls are 
accessible.



Mouse interaction works well, and controls are 
accessible.



Mouse interaction works well. Some transfer 
function features could be more accessible.



Inversion of the transfer function. Special cases like colour images, non linear LUT, and coloured 
transfer functions shall be carefully inspected.



An "invert LUT" LUT is available. An inverted LUT 
is not a LUT inversion operation per se.



There are presets, but DICOM ones are not 
honoured.



Default tranfer functions exist, but DICOM 
defined ones are not read.



Possibility to add custom transfer functions. Non linear transfer function edition and other special 
cases is a plus. Primarily this feature shall be in the form of a user interface.



Yes in the 3D viewer. In the 2D viewer only 
custom WW/WL can be added.



WL/WW presets can be added per modality 
basis.



Interactive manipulation of the transfer function. Special cases like colour images, non linear LUT, 
and coloured transfer functions shall be carefully inspected. Usability is not evaluated here.
Single channel images (black and white) can be visualized with color scales that may improve user 
perception. The quality of the default presets is evaluated here.



Zoom level and magnification glass size can't be 
customized.



User selects an area of the image (usually drawing an square) that is magnified to fill the viewer's 
extent.
Magnification is centered on the cursor position, enabling the user to efficiently zoom as it 
removes the need to pan the image.
Usability and efficiency to navigate through slices. The score is set in a fairly manner after 
analyzing all viewers.



Adapts to the number of slices and screen size. 
Has an infinite scrolling feature.



Adapts, but misses slices on big volumes (eg. 
850 slices).



Does not adapt, but sensitivity is configurable. 
Some modifier keys allow faster scrolling.



Touchpad interaction could be better. When 
scrolling quickly some steps are missed.



A 3D interpolation is performed when the thick slab does not exactly snap into acquisition slices. 
The feature must enable the user to specify / interact with a custom scrolling distance.
Navigation on series where a spatial position has more than one acquisition (time, multi-echo, 
direction, diffusivity, etc.).
Usability and efficiency to navigate through phases. The score is set in a fairly manner after 
analyzing all viewers.



Can be changed with keyboard, scolling, 
touchpad… in a very usable manner.



Can be changed with the keyboard, or with a 
slider in the toolbar.



Phases are presented as a separate dimension (4D volume). Synchronization and other features 
behave appropiately.



Phases can be changed but without phase 
number visual feedback.



Yes, allows phases even on 3D volume 
rendering.



Rendering of a volume in 3D using raycasting rendering. The user shall be able to change the 
viewpoint and be able to reveal occluded zones.



Does quality degradation to speed up 
interaction.



Does quality degradation to speed up 
interaction.



Does quality degradation to speed up 
interaction.



Projection mode can be altered and some 
illumination parameters can be adjusted.



A good selection of transfer functions. With 
illumination and rendering parameters.



A good selection of transfer functions, and with 
a live preview.



Small selection of transfer functions, and no 
preview available.



The editor could be more usable. Transfer 
functions can be saved.



Editor with histogram, and can save the 
transfer functions to a file.



Interactive adjustment (for instance with the mouse) of  (WL/WW) transparency in order to reveal 
occluded areas.



Yes, there are extra occlusion removal tools. 
Measuring distances is possible.



Display series with a time dimension like ultrasound and some MRI modalities. Ease of use of 
playback controls like, boomerang, loop, frame rate, etc.



No boomerang. Only a list of framerates. 
Button works  with middle or right click only.



Fails in some cases. Very dispaired pixel values 
are given.



Pixels values are processed in signed and unsigned representations, and in several lengths 
representations, for example 13 bits.



There's a setting to apply them, but for an 
unknown reason it can’t be enabled.



A shape or shapes specified in DICOM tags that shall occludes a zone of the image (usually to 
improve perception and avoid flaring). Can be usually found in fluoroscope images.
Small pixmaps that must be drawn over the original image. Usually found in some CR and MG 
images.



Overlays are always shown, the option to hide 
them doesn't work.



CT volumes acquired with the gantry tilted require an special treatment in oder to visualize them 
volumetrically (3D). The image may not be shown correctly but the position yes.



Offers gantry tilt correction before 
reconstruction.



Multi-channel images, like some screenshots and doopler ultrasound series can be properly 
displayed.



General evaluation of  the interaction and frustrations the user may encounter when drawing, 
modifying etc. The score is set in a fairly manner after analyzing all viewers.



Drawing is usable, but could not determine 
edition usability.



Only one tool (measure tool), the usability and 
edition of it is good.



Most tools usable under orthogonal MPR and 
MIP.



Yes, a big effort has ben done to make tools 
available in all modes.



Only 2D viewers, so transversality is not 
applicable.



A selected location in one viewer is precisely shown relative to the rest of the veiwers that share 
the same spatial origin.
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General Tools Reference lines 1.5.6 2 0.07 0.75 0.90 (.90) 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



General Tools Save status 1.5.7 2 0.05 0.50 Drawings, annotations and measures can be saved for future editing or at least exported. 0.20 0.60 0.20 1.00 0.20



General Tools Save status Screenshot 1.5.7.1 3 0.20 0.25 Very basic exportation method that does not allow future editing. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



General Tools Save status Save 1.5.7.2 3 0.40 0.50 Can be saved using DICOM or any other alternative format. 0.00 ⊥ 1.00 ⊤ Yes, using custom file format. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



General Tools Save status DICOM format 1.5.7.3 3 0.40 0.50 Can be saved using DICOM. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ Yes, using presentation states. 0.00 ⊥



General Tools Measure 1.5.8 2 0.09 1.00 Measuring tools for voxel values, angles and distances. 1.00 1.00 0.23 1.00 0.85



General Tools Measure Voxel 1.5.8.1 3 0.23 0.75 Information of voxel value. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



General Tools Measure Distance 1.5.8.2 3 0.23 0.75 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



General Tools Measure Angle 1.5.8.3 3 0.23 0.75 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



General Tools Measure Cobb angle 1.5.8.4 3 0.15 0.50 A method to measure open angles. Open angle and cobb angle are equiparable. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



General Tools Measure TA-GT 1.5.8.5 3 0.15 0.50 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



General Tools Annotations 1.5.9 2 0.05 0.50 User drawable annotations over the image. 0.38 1.00 0.00 0.95 0.95



General Tools Annotations Basic shapes 1.5.9.1 3 0.25 0.50 Circle, ellipse, rectangle, etc. 0.80 (.80) 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ Yes, and many shapes available. 0.90 (.90) Yes, but perfect circles can't be achieved.



General Tools Annotations Polygons 1.5.9.2 3 0.25 0.50 Regular polygons, freehand, splines… 0.70 (.70) 1.00 ⊤ Many, and with splines. 0.00 ⊥ 0.80 (.80) No advanced shapes. 0.90 (.90) Includes freehand.



General Tools Annotations Arrow or marker 1.5.9.3 3 0.25 0.50 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



General Tools Annotations Textual 1.5.9.4 3 0.25 0.50 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



General Tools Unit awareness 1.5.10 2 0.05 0.50 1.00 ⊤ 0.50 (.50) 0.50 (.50) 0.80 (.80) SUV units are not properly shown. 0.70 (.70)



General Tools Statistics 1.5.11 2 0.07 0.75 Statistics calculated when a measure is taken (SD, mean, average...) 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



General Tools SUV 1.5.12 2 0.07 0.75 Calculation of SUV, useful for PET images. 1.00 ⊤ Yes, and with several configuration options. 0.80 (.80) 0.00 ⊥ 0.90 (.90) Yes on ROIs. Only body weight method available. 0.00 ⊥



General Tools Histogram 1.5.13 2 0.03 0.33 Histogram of a volume, image or region of the image. 0.00 ⊥ 1.00 ⊤ Yes, and even in ROIs. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Tools ROI 1.5.14 2 0.09 1.00 0.67 (.67) Yes, however only 2D ROI. 1.00 ⊤ Yes, including 3D ROI, and advanced features. 0.00 ⊥ 0.67 (.67) Yes, however only 2D ROI. 0.67 (.67) Yes, however only 2D ROI.



General Tools Key image notes (KIN) 1.5.15 2 0.05 0.50 0.00 ⊥ 0.33 (.33) 0.00 ⊥ 0.80 (.80) 0.00 ⊥



General Other modalitie 1.6 1 0.07 1.00 Special modalities that are not images or volumes. 0.25 0.34 0.00 0.82 0.45



General Other modalities Structured report (SR) 1.6.1 2 0.25 0.50 0.00 0.36 0.00 0.55 0.00



General Other modalities Structured report (SR) Read 1.6.1.1 3 0.55 1.00 Structured reports are shown and properly integrated. 0.00 ⊥ 0.67 (.67) 0.00 ⊥ 1.00 ⊤ Integrated, and embedded links work. 0.00 ⊥



General Other modalities Structured report (SR) Write 1.6.1.2 3 0.27 0.50 Generation of structured reports. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Other modalities Structured report (SR) Specific 1.6.1.3 3 0.18 0.33 Adaptation of the structured report UI to specific imaging modalities like mammography. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Other modalities Encapsulated documents 1.6.2 2 0.25 0.50 Encapsulated documents could be embedded PDF documents inside a DICOM file. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



General Other modalities ECG graphs 1.6.3 2 0.25 0.50 Display DICOM electrocardiogram graphical data 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 0.80 (.80)



General Other modalities Video 1.6.4 2 0.13 0.25 Display DICOM video. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.67 (.67) 0.00 ⊥



General Other modalities Audio 1.6.5 2 0.13 0.25 Play DICOM audio. Waveform plotting is a plus. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.80 (.80) Yes, but with a very basic player. 0.00 ⊥



General Processing 1.7 1 0.07 1.00 Features that perform a complex analysis of the dataset and usually generate new series. 0.02 0.46 0.74 0.22 0.00



General Processing Generate series 1.7.1 2 0.17 0.75 0.00 ⊥ 1.00 ⊤ New series can be generated. 0.95 (.95) 0.67 (.67) 0.00 ⊥



General Processing Flow quantification 1.7.2 2 0.11 0.50 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Processing Registration 1.7.3 2 0.11 0.50 Transformation of a volume to make it spatially compatible with another one. 0.00 0.20 0.60 0.00 0.00



General Processing Registration Manual 1.7.3.1 3 0.40 0.50 0.00 ⊥ 0.50 (.50) Only translation, no scaling or rotation. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



General Processing Registration Automatic 1.7.3.2 3 0.60 0.75 Registration is performed using some automated algorithms. 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥



General Processing Segmentation 1.7.4 2 0.11 0.50 0.17 0.95 0.60 0.00 0.00



General Processing Segmentation Manual 1.7.4.1 3 0.15 0.50 Segment using basic shapes. 0.50 (.50) With ROIs. 1.00 ⊤ 0.50 (.50) Yes, with a simple brush tool. 0.00 ⊥ 0.00 ⊥



General Processing Segmentation Automated 1.7.4.2 3 0.31 1.00 Automated feature detection, that can automatically or semiautomatically segment. 0.30 (.30) With 2D magic roi. 1.00 ⊤ Region growing. 0.30 (.30) A simple threshold segmentation. 0.00 ⊥ 0.00 ⊥



General Processing Segmentation Editable 1.7.4.3 3 0.15 0.50 Segmented results can be edited. 0.00 ⊥ 1.00 ⊤ 0.50 (.50) 0.00 ⊥ 0.00 ⊥



General Processing Segmentation 3D 1.7.4.4 3 0.23 0.75 Segmentation of 3D volumes. 0.00 ⊥ 1.00 ⊤ Yes, and with erosion and dilate filters. 1.00 ⊤ 0.00 ⊥ 0.00 ⊥



General Processing Segmentation Import/export 1.7.4.5 3 0.15 0.50 Segmented results can be imported and exported to different formats. 0.00 ⊥ 0.70 (.70) Yes, to a custom .roi format and .xml 0.80 (.80) 0.00 ⊥ 0.00 ⊥



General Processing Rescaling 1.7.5 2 0.11 0.50 Transformations from an original volume to a new one different in size. 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ Yes, using a filter. 0.00 ⊥ 0.00 ⊥



General Processing Convolution 1.7.6 2 0.17 0.75 Apply convolution filters to enchance or mask some image features. 0.00 ⊥ 1.00 ⊤ 0.67 (.67) 0.67 (.67) 0.00 ⊥



General Processing Filters 1.7.7 2 0.11 0.50 Advanced filters regarding image processing. 0.00 ⊥ 0.00 ⊥ All filters found use convolution 1.00 ⊤ Yes, ITK and other advanced filters. 0.00 ⊥ 0.00 ⊥



General Processing DTI 1.7.8 2 0.11 0.50 0.00 0.00 1.00 0.00 0.00



General Processing DTI Maps 1.7.8.1 3 0.33 0.50 Compute maps from the tensor field such as ADC, AF, VR… 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ Yes, several of them. 0.00 ⊥ 0.00 ⊥



General Processing DTI Glyphs 1.7.8.2 3 0.33 0.50 Display tensors using a glyph. 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥



General Processing DTI Tractography 1.7.8.3 3 0.33 0.50 Display main fiber orientation using streamlines or hyperstreamlines. 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥



2D Based 2 0 0.33 0.50 Flat images like ultrasound, mammography, x-ray… 0.63 0.79 0.38 0.68 0.52



2D Based Technical 2.1 1 0.07 1.00 Technical features about the software. 0.63 0.34 0.58 0.57 0.48



2D Based Technical Platforms 2.1.1 2 0.17 2.00 Operating systems where the software may run. Web platforms can be considered multi-platform. 1.00 0.33 1.00 1.00 1.00



2D Based Technical Platforms GNU/Linux 2.1.1.1 3 0.33 0.50 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



2D Based Technical Platforms Windows 2.1.1.2 3 0.33 0.50 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



2D Based Technical Platforms macOS 2.1.1.3 3 0.33 0.50 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



2D Based Technical CE Certified 2.1.2 2 0.33 4.00 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Technical Background 2.1.3 2 0.17 2.00 Computationally intensive tasks, do not freeze the UI. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



2D Based Technical License 2.1.4 2 0.08 1.00 1.00 1.00 1.00 1.00 1.00



2D Based Technical License Free 2.1.4.1 3 1.00 1.00 Notable examples are: GPL, LGPL, Apache, BSD, MIT, MPL. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



2D Based Technical License Non-free 2.1.4.2 3 0.00 0.00 Any other non-free license according to DFSG criteria. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Technical Multilanguage 2.1.5 2 0.08 1.00 0.50 (.50) Catalan, Spanish, English. 0.40 (.40) English, Japanese 0.00 ⊥ 1.00 ⊤ Tranlated to 28 languages. 0.70 (.70)



2D Based Technical Documentation 2.1.6 2 0.17 2.00 Quality of the documentation. 1.00 ⊤ A PDF that describes all features. 0.00 ⊥ 1.00 ⊤ A webpage that describes all features. 0.40 (.40) 0.00 ⊥



2D Based Archive 2.2 1 0.15 2.00 Support to open, save, import, export and network communications. 0.72 0.97 0.39 0.58 0.80



2D Based Archive DIMSE 2.2.1 2 0.13 3.00 Traditional DICOM network protocol. 0.79 1.00 0.79 0.79 0.99



2D Based Archive DIMSE Query 2.2.1.1 3 0.29 2.00 Searching by some attribute like patient's name. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



2D Based Archive DIMSE Retrieve 2.2.1.2 3 0.29 2.00 Download studies. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



2D Based Archive DIMSE Upload 2.2.1.3 3 0.21 1.50 Upload studies or new series. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



2D Based Archive DIMSE Security 2.2.1.4 3 0.14 1.00 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.95 (.95)



2D Based Archive DIMSE Internal server 2.2.1.5 3 0.07 0.50 Built-in pacs server, where peers can do queries, send and retrieve studies. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤



2D Based Archive WADO 2.2.2 2 0.13 3.00 Web access DICOM objects protocol that works over HTTP. 0.00 1.00 0.00 0.85 1.00



2D Based Archive WADO Query 2.2.2.1 3 0.31 2.00 Searching by some attribute like patient's name. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



2D Based Archive WADO Retrieve 2.2.2.2 3 0.31 2.00 Download studies. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



2D Based Archive WADO Upload 2.2.2.3 3 0.23 1.50 Upload studies or new series. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



2D Based Archive WADO Security 2.2.2.4 3 0.15 1.00 Authenticated and TLS secured HTTP connections. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤



2D Based Archive Local storage 2.2.3 2 0.13 3.00 A local repository where studies can be opened in a convenient way. 0.98 1.00 0.80 0.00 0.98



2D Based Archive Local storage Available 2.2.3.1 3 0.40 1.00 A local repository exists. Data is preserved when the software is updated. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤



2D Based Archive Local storage Query 2.2.3.2 3 0.40 1.00 Stored studies can be queried or filtered by some criteria. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤



2D Based Archive Local storage Clean up 2.2.3.3 3 0.20 0.50 An automated mechanism that prevents filling up the local disk by deleting old studies. 0.90 (.90) 1.00 ⊤ Yes, and very customizable. 0.00 ⊥ 0.00 ⊥ 0.90 (.90)



2D Based Archive DICOM format 2.2.4 2 0.13 3.00 Open and save using the DICOM format, and how well supported it is. 1.00 1.00 0.43 1.00 0.79



2D Based Archive DICOM format DICOM files 2.2.4.1 3 0.21 1.00 Open locally stored DICOM files. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



2D Based Archive DICOM format DICOMDIR 2.2.4.2 3 0.21 1.00 Open and save using DICOMDIR format. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



2D Based Archive DICOM format Enhanced DICOM 2.2.4.3 3 0.21 1.00 Evolution of classical DICOM files. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



2D Based Archive DICOM format Multiframe 2.2.4.4 3 0.21 1.00 A file that contains multiple pixel data. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ Only the first slice is shown. 1.00 ⊤ 0.00 ⊥ Program closes with segmentation fault.



2D Based Archive DICOM format JPEG2000 2.2.4.5 3 0.14 0.67 JPEG2000 compression support. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



2D Based Archive Other formats 2.2.5 2 0.04 1.00 Open and save to other non-DICOM file types. 0.55 0.25 0.70 0.50 0.25



The intersection of the current slice in the current viewer and other series that share the same 
origin is shown.



Displays beginning and end of the volumes, as 
well as the slice thickness.



Displays beginning and end of the volumes, as 
well as the slice thickness.



Screenshots can be uploaded to the PACS, and 
saved in DICOM.



Can be saved to file, or saved as a new DICOM 
serie.



Awareness of the viewer regarding the handling of the units and DICOM tags in order to perform 
right measurements.



Distances and area units, but not pixel units. 
SUV units are missing.



Annotatios are in mm, however, measurements 
do not display the unit.



Distances and area units, but not pixel units. 
ECG units shown properly.



Only body weight method, and too many steps 
shall be performed to measure.



Evaluates if there's a ROI tool present. As they usually do automated segmentation, those features 
are evaluated inide the "processing" group. 3D ROI shall be considered..



Can do segmentation, but not ROIs that show 
statistics about a region.



DICOM standard way to bookmark some images in a study. The program should be able not only 
to read but to save them in DICOM format.



Has an internal "key images" feature, but it 
can't read or generate real KO.



Yes, can be read and created. Editing the name 
is not possible.



DICOM structured reports enable physicians to review studies and store their conclusions and 
remarks in a standard way.



Are converted to PDF and shown with system 
viewer.



Supported, and with effective and usable tools 
that compute several metrics.



Supported, but measures are slower to perform 
with the ruler tool.



Opens with the system media player. Does not 
work well on GNU/Linux.



New series can be generated. Generated series through screenshots is not considered. New series 
shall be in DICOM format or express a similar equivalency inside the program workflow.



Yes, as a way to store intermediate results. They 
are treated as if they were DICOM.



Some operations like MIP and MPR generate 
new series. They are in DICOM format.



Extract and present (usually using graphs) flow information from speed maps usually acquired 
with MRI flow quantization sequences.



The user can manually transform a dataset to make it match with the other one with operations 
like translation, rotation and scaling.



With many advanced and configurable 
algorithms.



Automated or semiautomated detection of image features in order to classify its voxels. Some ROI 
tools do perform segmentation, its segmentation features shall be evaluated here.



Yes, with a simple brush tool, area can be 
added or substracted.



Yes, to several scientific formats like MHD, VTK… 
unfortunately not to DICOM.



In theory available in a plugin not included by 
default, thus we do not evaluate it.



Only gaussian blur available, can't custom 
define a convolution matrix.



Yes, a good selection, however they can't be 
chained nor custom made. Only for display.



Visualize and interact with volumes where each voxel is considered a tensor. The visualization may 
require advanced features like tractographies and glyph visualizations.



Yes, a good selection of them. Resolution can 
be picked.
Yes, but no advanced filtering methods could 
be found.



The software can be used as a medical device. The certified software version must be free, 
however the user may be required to pay for support in order to comply)



How free the software and its dependencies are. Debian free software guidelines is a set of 
criteria to evaluate if a license is free (as in freedom). [https://wiki.debian.org/DFSGLicenses]



The program is translatable. The number of available languages is a relativistic factor to take in 
account.



Only in english, no multilanguage support 
observed.



Translated to eleven languages, but many are 
partially translated.



Not found, however is understandable as users 
may refer to OsiriX documentation.



Documentation exist but is not exhaustive in 
describing all features. Focused to 
programmers.



Opens a broken link, no documentation found 
in the GIT repository.



Encryption and authentication of the connections using X.509 certificates. Users can authenticate 
to the server (peer) with a certificate.



User certificates can be specified, and are 
retrieved from system's keychain.



Not able to integrate with system certificate 
storages. Only PEM format allowed.
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2D Based Archive Other formats Special 2.2.5.1 3 0.50 0.50 Volume formats like VTK, MHD… and others. 0.50 (.50) Can open MHD.. 0.00 ⊥ 1.00 ⊤ Can open and save to MHD, VTK, NIFTI… 0.00 ⊥ 0.00 ⊥



2D Based Archive Other formats Regular images 2.2.5.2 3 0.50 0.50 Open an stack of general purpose image formats like TIFF, JPEG, PNG… 0.60 (.60) 0.50 (.50) 0.40 (.40) 1.00 ⊤ Open and save. 0.50 (.50)



2D Based Archive Media 2.2.6 2 0.07 1.50 Export studies to optical media 0.83 1.00 0.00 0.00 0.00



2D Based Archive Media Burn disc 2.2.6.1 3 0.67 1.00 Burn an study into an optical medium. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Archive Media Portable viewer 2.2.6.2 3 0.33 0.50 When burning or exporting to DICOMDIR, a minified portable viewer is attached to it. 0.50 (.50) 1.00 ⊤ Includes weasis. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Archive Print 2.2.7 2 0.07 1.50 0.80 1.00 0.00 1.00 0.20



2D Based Archive Print DICOM printer 2.2.7.1 3 0.80 1.00 Print using a DICOM printer. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



2D Based Archive Print Printer 2.2.7.2 3 0.20 0.25 Print using a regular laser or ink priter. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



2D Based Archive Convert 2.2.8 2 0.04 1.00 Convert from other formats to DICOM and from DICOM to other formats. 0.03 1.00 0.33 0.30 0.67



2D Based Archive Convert Dicomize 2.2.8.1 3 0.67 1.00 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ Yes, and asks for patient specific information.



2D Based Archive Convert Undicomize 2.2.8.2 3 0.33 0.50 0.10 (.10) 1.00 ⊤ 1.00 ⊤ 0.90 (.90) Yes, to PNG and JPEG 0.00 ⊥



2D Based Archive Metadata 2.2.9 2 0.09 2.00 View and edit DICOM tags. 0.67 1.00 0.07 0.67 0.97



2D Based Archive Metadata Tag viewer 2.2.9.1 3 0.67 1.00 Display DICOM tags in a user-friendly manner. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



2D Based Archive Metadata Tag editor 2.2.9.2 3 0.33 0.50 0.00 ⊥ 1.00 ⊤ 0.20 (.20) Some general tags can be edited. 0.00 ⊥ 0.90 (.90)



2D Based Archive Anonymizer 2.2.10 2 0.09 2.00 Remove personal identifiable information from an study. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤



2D Based Archive Open directory 2.2.11 2 0.07 1.50 Open a directory of images. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



2D Based Workflow 2.3 1 0.22 3.00 Features and automations that improve the productivity. 0.71 0.78 0.45 0.53 0.30



2D Based Workflow Customization 2.3.1 2 0.08 1.50 Customization of the user interface and keyboard shortcuts by the user. 0.00 1.00 0.00 0.05 0.00



2D Based Workflow Customization Toolbars 2.3.1.1 3 0.50 0.50 Buttons can be sorted, added or removed. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.10 (.10) Toolbars can be shown and hidden. 0.00 ⊥



2D Based Workflow Customization Keyboard 2.3.1.2 3 0.50 0.50 Toolbar actions can be assigned to specific and custom keyboard keys or combinations. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Workflow Series 2.3.2 2 0.16 3.00 Presentation and switching of series within an study. 1.00 1.00 0.98 1.00 1.00



2D Based Workflow Series Usability 2.3.2.1 3 0.60 1.50 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



2D Based Workflow Series Thumbnails 2.3.2.2 3 0.40 1.00 Little images that represent the contents of a serie. 1.00 ⊤ 1.00 ⊤ 0.95 (.95) User must click every time to see a thumbnail. 1.00 ⊤ 1.00 ⊤



2D Based Workflow Hanging protocols 2.3.3 2 0.22 4.00 0.70 0.72 0.00 Does not have hanging protocols. 0.00 0.05 Feature not usable.



2D Based Workflow Hanging protocols Selector 2.3.3.1 3 0.32 2.00 1.00 ⊤ 0.80 (.80) 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Workflow Hanging protocols Presets 2.3.3.2 3 0.16 1.00 0.80 (.80) 0.50 (.50) 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Workflow Hanging protocols Customizable 2.3.3.3 3 0.32 2.00 0.80 (.80) 0.70 (.70) 0.00 ⊥ 0.00 ⊥ 0.10 (.10)



2D Based Workflow Hanging protocols Editor 2.3.3.4 3 0.16 1.00 The program provides an editor that eases the creation or customization of the hanging protocols. 0.00 ⊥ 1.00 ⊤ There's an editor in the configuration screen. 0.00 ⊥ 0.00 ⊥ 0.10 (.10)



2D Based Workflow Hanging protocols DICOM format 2.3.3.5 3 0.04 0.25 Hanging protocols rules are defined and saved using the DICOM standard. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Workflow Viewers layout 2.3.4 2 0.22 4.00 Customization of the viewers layout. 0.62 0.80 0.86 0.91 0.52 Difficult to configure.



2D Based Workflow Viewers layout Usability 2.3.4.1 3 0.22 1.00 Ease to customize the layout. The score is set in a fairly manner after analyzing all viewers. 0.90 (.90) 0.80 (.80) 1.00 ⊤ 0.90 (.90) 0.20 (.20)



2D Based Workflow Viewers layout Regular grid 2.3.4.2 3 0.11 0.50 The number of viewers and its layout is defined by a rectiliniar grid. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.80 (.80) 0.30 (.30)



2D Based Workflow Viewers layout Irregular 2.3.4.3 3 0.11 0.50 Viewers are not confined in a regular grid. 0.80 (.80) Yes, when hanging protocols are used. 0.80 (.80) 1.00 ⊤ 0.80 (.80) Yes, but with a limited selection of layouts. 1.00 ⊤



2D Based Workflow Viewers layout Interactive 2.3.4.4 3 0.11 0.50 Current layout can be succesively manipulated at will in order to make complex layouts. 0.00 ⊥ 0.80 (.80) 1.00 ⊤ 0.80 (.80) Can be resized but not subdivided. 1.00 ⊤



2D Based Workflow Viewers layout Tabulated 2.3.4.5 3 0.11 0.50 The layout can be configured and distributed along tabs. 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



2D Based Workflow Viewers layout Quick maximization 2.3.4.6 3 0.22 1.00 1.00 ⊤ Double click. 1.00 ⊤ Yes, to fullscreen. 0.85 (.85) 1.00 ⊤ Yes, to fullscreen. 0.00 ⊥ Not found.



2D Based Workflow Viewers layout Tiled 2.3.4.7 3 0.11 0.50 A stack of images is displayed in a tiled arrangement with tiles containing consecutive images. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



2D Based Workflow Synchronization 2.3.5 2 0.16 3.00 Propagation of the state and position to other viewers to ease the comparison. 0.94 0.80 0.59 0.62 0.04



2D Based Workflow Synchronization Usability 2.3.5.1 3 0.29 1.00 0.80 (.80) Works, but could be improved. 0.60 (.60) 0.70 (.70) 0.50 (.50) 0.10 (.10)



2D Based Workflow Synchronization Automation 2.3.5.2 3 0.29 1.00 Synchronization is automatically configured, offloading the user from repetitive tasks. 1.00 ⊤ Yes, and there are several customization options. 0.80 (.80) Always enabled by default. 0.00 ⊥ 0.80 (.80) Always enabled by default. 0.00 ⊥



2D Based Workflow Synchronization Absolute slicing 2.3.5.3 3 0.03 0.10 Move other viewers slicing to the same spatial position of the current viewer. 1.00 ⊤ 1.00 ⊤ Also allows same slice number. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥



2D Based Workflow Synchronization Relative slicing 2.3.5.4 3 0.03 0.10 Shift the same slicing distance of the current viewer to other viewers. 1.00 ⊤ 1.00 ⊤ Also allows same number of slices. 0.00 ⊥ 0.00 ⊥ 0.50 (.50) Only slice based shift, not distance based shift.



2D Based Workflow Synchronization WL/WW 2.3.5.5 3 0.14 0.50 Transfer function transformations are applied to other viewers. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.50 (.50) Only in tiled mode. 0.00 ⊥



2D Based Workflow Synchronization Phase 2.3.5.6 3 0.07 0.25 Synchronization is aware of the phases and are treated properly. 1.00 ⊤ 0.90 (.90) Cannot be disabled. 1.00 ⊤ 0.00 ⊥ No phase support found. 0.00 ⊥



2D Based Workflow Synchronization Camera 2.3.5.7 3 0.14 0.50 The camera state (pan, zoom, rotation, flip and swivel plane...) can be synchronized. 1.00 ⊤ 0.90 (.90) Flip is not synchronized. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥



2D Based Workflow Comparison 2.3.6 2 0.11 2.00 Ease to compare the current study with an older one. 1.00 0.75 0.10 0.10 0.10 No specific implementation for comparison.



2D Based Workflow Comparison Integration 2.3.6.1 3 0.50 0.50 1.00 ⊤ 1.00 ⊤ 0.20 (.20) Series from different studies can be mixed. 0.20 (.20) Series from different studies can be mixed. 0.20 (.20) Series from different studies can be mixed.



2D Based Workflow Comparison Prior studies 2.3.6.2 3 0.50 0.50 1.00 ⊤ 0.50 (.50) Shows priors from local database only. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Workflow Presentation states (PS) 2.3.7 2 0.05 1.00 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



2D Based Visualization 2.4 1 0.22 3.00 0.78 0.88 0.46 0.81 0.58



2D Based Visualization Information 2.4.1 2 0.15 1.00 Corner annotations of the viewers. 0.64 1.00 0.53 0.75 0.82



2D Based Visualization Information Defaults 2.4.1.1 3 0.19 1.00 Basic information like patient name, age, etc... as well as some spatial information. 1.00 ⊤ 1.00 ⊤ 0.80 (.80) 1.00 ⊤ 1.00 ⊤



2D Based Visualization Information Hideable 2.4.1.2 3 0.19 1.00 Can be hidden for anonimization or clarity purposes. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



2D Based Visualization Information Customizable 2.4.1.3 3 0.14 0.75 Annotations can be customized, added and removed. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.25 (.25) 1.00 ⊤



2D Based Visualization Information Modality specific 2.4.1.4 3 0.14 0.75 0.50 (.50) Only adaptations for mammography. 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤



2D Based Visualization Information Orientation 2.4.1.5 3 0.19 1.00 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.80 (.80) Not shown for mammography.



2D Based Visualization Information Characters 2.4.1.6 3 0.14 0.75 Support for internationalization, specially for patient names that do not use latin alphabets. 0.00 ⊥ Characters not shown properly. 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ Characters not shown properly.



2D Based Visualization Display 2.4.2 2 0.07 0.50 0.25 0.88 0.40 0.75 0.45



2D Based Visualization Display Fullscreen 2.4.2.1 3 0.25 0.50 Progam can be maximized to full screen. 0.00 ⊥ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



2D Based Visualization Display HiDPI 2.4.2.2 3 0.25 0.50 1.00 ⊤ 0.50 (.50) 0.60 (.60) 0.00 ⊥ DPI system settings are not honoured. 0.80 (.80)



2D Based Visualization Display True scaling 2.4.2.3 3 0.50 1.00 0.00 ⊥ 1.00 ⊤ Yes, reading EDID. 0.00 ⊥ 1.00 ⊤ Yes, with fiducial calibration 0.00 ⊥



2D Based Visualization Interpolation 2.4.3 2 0.07 0.50 0.64 0.58 Resampling, NN, Linear & Lanczos 5 0.36 0.82 No resampling, NN, linear, cubic & Lanczos 0.45



2D Based Visualization Interpolation Nearest neighbour 2.4.3.1 3 0.18 0.50 No interpolation, plain pixels are displayed. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



2D Based Visualization Interpolation Bilinear 2.4.3.2 3 0.27 0.75 Very basic albeit quick smoothing that shows some artifacts on medium and big zooming factors. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



2D Based Visualization Interpolation Bicubic 2.4.3.3 3 0.36 1.00 Basic but quality effective smoothing even on big zooming factors. 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.67 (.67) Yes, but not to screen resolution. 0.00 ⊥ Does not work.



2D Based Visualization Interpolation Advanced 2.4.3.4 3 0.18 0.50 0.00 ⊥ 0.67 (.67) Yes, lanczos, but presents anomalous artifacts. 0.00 ⊥ 0.67 (.67) Yes, lanczos, but not to screen resolution. 0.00 ⊥



2D Based Visualization Thick slab 2.4.4 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00



2D Based Visualization Thick slab Usability 2.4.4.1 3 0.46 1.00 0.00 (.83) Is interactive, but usability could be improved. 0.00 ⊤ 0.00 ⊥ 0.00 (.50) 0.00 ⊥



2D Based Visualization Thick slab MIP 2.4.4.2 3 0.23 0.50 Maximum intensity projection. 0.00 ⊤ 0.00 ⊤ 0.00 ⊥ 0.00 ⊤ 0.00 ⊥



2D Based Visualization Thick slab MINIP 2.4.4.3 3 0.15 0.33 Minimum intensity projection. 0.00 ⊤ 0.00 ⊤ 0.00 ⊥ 0.00 ⊤ 0.00 ⊥



2D Based Visualization Thick slab Average 2.4.4.4 3 0.15 0.33 Average of corresponding pixels for each thick slab slice. 0.00 ⊤ 0.00 ⊤ 0.00 ⊥ 0.00 ⊤ 0.00 ⊥



2D Based Visualization MPR 2.4.5 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00



2D Based Visualization MPR Usability 2.4.5.1 3 0.20 1.00 0.00 (.50) 0.00 (.90) 0.00 ⊥ 0.00 (.50) 0.00 ⊥



2D Based Visualization MPR Simple 2.4.5.2 3 0.30 1.50 0.00 ⊤ 0.00 ⊤ 0.00 ⊥ 0.00 ⊤ 0.00 ⊥



2D Based Visualization MPR Any orientation 2.4.5.3 3 0.20 1.00 The view plane can be tilted, allowing reconstructed images in any desired orientation. 0.00 ⊤ 0.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Visualization MPR Curved 2.4.5.4 3 0.10 0.50 0.00 ⊥ 0.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Visualization MPR Thick slab 2.4.5.5 3 0.20 1.00 Thick slab feature is usable. 0.00 ⊥ 0.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Visualization Fusion 2.4.6 2 0.00 0.00 Overlapping another volume over the current visualization. The typical use case is PET/CT. 0.00 0.00 0.00 0.00 0.00



2D Based Visualization Fusion Usability 2.4.6.1 3 0.50 1.00 Features and usability. 0.00 ⊤ 0.00 (.80) 0.00 (.80) 0.00 ⊥ 0.00 ⊥



2D Based Visualization Fusion Manual 2.4.6.2 3 0.25 0.50 Allow the user to fusion series that are not correlated spatially (different frame of references). 0.00 ⊥ 0.00 ⊥ 0.00 ⊤ 0.00 ⊥ 0.00 ⊥



2D Based Visualization Fusion 3D Fusion 2.4.6.3 3 0.25 0.50 Two or more volumes can be displayed at once. 0.00 ⊥ 0.00 (.90) 0.00 ⊤ 0.00 ⊥ 0.00 ⊥



2D Based Visualization Transfer function 2.4.7 2 0.20 1.38 Interactive adjustment of window level, window width and other transfer function parameters. 0.95 0.85 0.49 0.90 0.67



2D Based Visualization Transfer function Usability 2.4.7.1 3 0.20 1.00 Quality of the interaction and user interface options related to the transfer function. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.80 (.80)



2D Based Visualization Transfer function Inversion 2.4.7.2 3 0.15 0.75 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.50 (.50) Can't invert LUT or color scales and images.



2D Based Visualization Transfer function Presets 2.4.7.3 3 0.20 1.00 Default transfer functions, and if DICOM defined presets are honoured. 1.00 ⊤ 0.50 (.50) 0.33 (.33) 1.00 ⊤ 0.67 (.67) Yes, if they are linear. DICOM ones are read.



2D Based Visualization Transfer function Editable 2.4.7.4 3 0.10 0.50 0.67 (.67) 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.50 (.50)



Can open regular image formats as a volume. 
Can export screenshots for a serie.



Can export to regular image files, but not 
import.



Can open images, but can't be treated as a 
volume.



Can be opened through the dicomization 
feature.



Allows copying a user-provided folder which 
could contain a portable viewer.



For example a folder full of PNG files can be converted to DICOM. The score is set in a fairly 
manner after analyzing all viewers.
For example converting a serie to a folder where each slice is a PNG file. The score is set in a fairly 
manner after analyzing all viewers.



Allows exporting an screenshot of each slice of 
a serie automatically.



Yes, to standard image formats, and even video 
ones.



Yes, and to a wide variety of formats like nifti, 
vtk… but not regular image formats.



A significant number of tags can be edited in a safe and coherent manner. (i.e generating a new 
DICOM instance).



Can be edited through the anonymization 
dialog.



Usability when interacting with the series and specially focusing on workflow efficiency. The score 
is set in a fairly manner after analyzing all viewers.



Given an study, viewers are layed out in a organized and structured way (for example to improve 
comparison). Those organization can be customized by the users.
For a given study, the user can choose which hanging protocol should be applied. The selector 
should provide a list of applicable hanging protocol candidates for the given study.



Shows applicable hanging protocols for the 
current study in a graphical manner.



Shows applicable hanging protocols for the 
current study in the context menu in text.



The viewer has a set of hanging protocols or a similar feature (even if hard-coded) that out of the 
box organizes an opened study. (For example allows comparison in mammography).



There's a set of predefined hanging protocols, 
mainly for CT and MG.



There's  one default hanging protocol for each 
modality, but they are all very simple.



Hanging protocols can be custom made in order to accomodate to the medical organization 
needs. Attainable configurations and features are evaluated here.



Yes, using an XML file. Rules exist but they could 
be more customizable.



Hanging protocols can be created and default 
ones edited, but with a small set of rules.



The feature does not work as expected, no 
multiple windows can be configured.
In theory yes, but it doesn't work well and the 
program gives error. Feature not usable.



Viewers are regular windows. Sometimes, they 
are reorganized in an unpredictable way.



Difficult to configure a multiple series setup. 
Not intuitive and many clics are needed.
Regular grids only for images within the same 
series.



Yes, applying a regular layout and closing some 
windows.
Yes, resizing windows, but subdivisions are not 
possible.



Yes, and studies can't be mixed (seems done on 
purpose).



A viewer can be maximized in a quick way. For example double clicking the viewer expands it, and 
double clicking again restores the original layout.



Yes, inside a submenu, but no keyboard 
shortcut available.



Apply a multi-viewer layout and set 
synchronization to "Default Tile".



Ease to configure the synchronization to behave in a desired way, allowing a high degree of 
customization and possibilities.



Can be toggled for all viewers or none, not for a 
subset. Can select synchronization type.



Advanced synchronization configurations 
require many steps.



Can be toggled for all viewers or none, not for a 
subset.



Synchronization within series of the same study 
is confusing, a list with repeated names is 
shown.



Does not have flip and rotation, but 
synchronizes 3D viewers.



Two studies can be opened at the same time, allowing comparison. Some measures are taken to 
clearly present what belongs to each study. HP's can be applied.



Directly accessible from the toolbar. Studies are 
separated.



Accessible from the sidebar. Studies are 
separated with a big coloured annotation.



Prior studies for a given patient can be quickly retrieved. This feature must somehow query the 
PACS, not just the local database.
Support for DICOM presentation states. Can specify annotations, WL/WW, image orientation, 
among others.



Yes, including annotations and viewer state. 
New presentation states can be generated.



Visualization and interaction features for a volume or set of images. A special focus has been 
made on DICOM conformity details.



Missing thickness and spacing information. 
Location only updated on mouse move.



A limited selection of annotations can be 
enabled or disabled.



The annotations adapt to the displayed image modality or type in order to show relevant 
information.



Shows TE and TR. Customization allows 
modality specific annotations.



Anatomical image orientation components are shown in a relevant way. For volumes (CT, MR) and 
planar images where orientation is given in a more fuzzy way (CR, MG).



"Reader was unable to read" error in the 
console.



Adaptation to the display hardware characteristics (high pixel density, 10 bit displays, physical 
screen size awareness).



Scale fonts and UI. May be implemented by honouring system's DPI and pixel scaling settings and 
not directly scaling images (rendering images in device pixels).



Honours DPI system settings and has an 
internal UI scaling feature. (Magnification).



Not posible to force specific DPI on macOS. 
Scaling options not found inside the program



DPI system settings are read, but many buttons 
and UI elements are cropped.



DPI System settings are read, but buttons are 
not upscaled.



The program can display true size or 1:1 scaled images by means of manual calibration methods 
(fiducial calibration) or by automatically reading EDID physical screen size.
Available interpolations when scaling pixels. Lower categories are assumed when a more 
advanced visualization technique is used.



Resampling, cubic by default, linear when 
panning or zooming



Which nterpolation to use can be configured for 
each modality.



Advanced smoothing that greatly improves image quality on big zooming factors. (Sinc, Lanczos, 
etc.)
Summarize and display multiple slices at the same time (MIP, average, etc.) and if other features 
are available and adapt to this special case.
Adjusting the view plane to the desired viewpoint in a efficient and non-frustrating way. The score 
is set in a fairly manner after analyzing all viewers and their level of MPR complexity.



Usable, and presents extra features like VR up 
and down.



Not interactive. Creates a new series with the 
selected thickness and projection.



Navigate through a volume using different view planes and if other features are available and 
adapt to this special case.



Separate modes: 3D MPR (any orientation), 2D 
orthogonal, curved



Adjusting the view plane to the desired viewpoint in a efficient and non-frustrating way. The score 
is set in a fairly manner after analyzing all viewers and their level of MPR complexity.



Non orthogonal MPR in a separate window, and 
difficult to use, and with fewer tools.



Not fully integrated with the normal 2D viewer's 
workflow.



2D orthogonal only as a separate mode. Thick 
slab not allowed.



Only axial, saggital and coronal planes are reconstructed. The implementation simply reads the 
original volume.



A planar image is reconstructed from a curve. The typical use case is, visualizing in a coronal view 
plane all the vertebres of an spine.



2D & 3D. Can adjust position and fusion settings 
(opacity, colors, etc.). Must display a CT & a PET 
in different viewers to enable.



Fused WL/WW can be directly edited with the 
tool. Fusing series is quick.



Two separate viewers needed to start and 
adjust PET WL/WW.



Very customizable, but mouse usability could be 
better.
Yes, automatic registration can be performed in 
order to fuse any volume.



PET is always the upper most layer. Always 
visible. PET color can't be changed.



Mouse interaction works well, and controls are 
accessible.



Mouse interaction works well, and controls are 
accessible.



Mouse interaction works well, and controls are 
accessible.



Mouse interaction works well, and controls are 
accessible.



Mouse interaction works well. Some transfer 
function features could be more accessible.



Inversion of the transfer function. Special cases like colour images, non linear LUT, and coloured 
transfer functions shall be carefully inspected.



An "invert LUT" LUT is available. An inverted LUT 
is not a LUT inversion operation per se.



There are presets, but DICOM ones are not 
honoured.



Default tranfer functions exist, but DICOM 
defined ones are not read.



Possibility to add custom transfer functions. Non linear transfer function edition and other special 
cases is a plus. Primarily this feature shall be in the form of a user interface.



Yes in the 3D viewer. In the 2D viewer only 
custom WW/WL can be added.



WL/WW presets can be added per modality 
basis.
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2D Based Visualization Transfer function WL/WW modification 2.4.7.5 3 0.20 1.00 1.00 ⊤ 0.75 (.75) No support for VOI LUT (probably a bug) 0.50 (.50) Can't alter color images. LUT not supported. 1.00 ⊤ 0.50 (.50) Can't alter color images. LUT not supported.



2D Based Visualization Transfer function Color scales 2.4.7.6 3 0.15 0.75 0.90 (.90) 1.00 ⊤ 0.80 (.80) Feautre available. 1.00 ⊤ 1.00 ⊤ A good selection of color scales.



2D Based Visualization Zoom 2.4.8 2 0.15 1.00 Tools that allow magnification and how usable and efficient are. 0.64 0.90 0.40 0.70 0.40



2D Based Visualization Zoom Pan and zoom 2.4.8.1 3 0.40 1.00 Image can be magnified and the user can pan it in order to achieve the desired visualization. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



2D Based Visualization Zoom Magnification glass 2.4.8.2 3 0.30 0.75 An small overlay window magnifies, that usually follows the mouse, magnifies an area of the image. 0.80 (.80) 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



2D Based Visualization Zoom Zooming window 2.4.8.3 3 0.10 0.25 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Visualization Zoom Mouse centered zoom 2.4.8.4 3 0.20 0.50 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Visualization Slicing 2.4.9 2 0.07 0.50 1.00 0.92 0.80 0.72 0.48



2D Based Visualization Slicing Drag 2.4.9.1 3 0.40 1.00 Quality of click and drag scrolling. 1.00 ⊤ 0.80 (.80) 0.70 (.70) Advances one slice per pixel. Does not adapt. 0.80 (.80) 0.70 (.70) Advances one slice per pixel. Does not adapt.



2D Based Visualization Slicing Wheel 2.4.9.2 3 0.40 1.00 Quality of wheel and touchpad scrolling. Multi axis and delta angle scrolling is a plus. 1.00 ⊤ Honours delta scrolling and different axes. 1.00 ⊤ 0.80 (.80) 1.00 ⊤ 0.00 ⊥



2D Based Visualization Slicing Keyboard 2.4.9.3 3 0.20 0.50 Quality of the keyboard scrolling. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ Unable to do it. 1.00 ⊤



2D Based Visualization Slicing Inter-slice 2.4.9.4 3 0.00 0.00 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Visualization Phases 2.4.10 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00



2D Based Visualization Phases Usability 2.4.10.1 3 0.50 0.50 0.00 ⊤ 0.00 (.75) 0.00 (.50) Can be changed only with the "frame" slider. 0.00 ⊥ 0.00 ⊥



2D Based Visualization Phases Separation 2.4.10.2 3 0.50 0.50 0.00 (.90) 0.00 (.80) 0.00 ⊤ 0.00 ⊥ 0.00 ⊥



2D Based Visualization Transformations 2.4.11 2 0.07 0.50 Basic transformations (rotation and flipping) that can be performed on a physical lightbox. 0.80 1.00 0.00 1.00 0.80



2D Based Visualization Transformations Rotation 2.4.11.1 3 0.40 1.00 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



2D Based Visualization Transformations Arbitrary rotation 2.4.11.2 3 0.20 0.50 The image can be rotated at any angle. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



2D Based Visualization Transformations Flip 2.4.11.3 3 0.40 1.00 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



2D Based Visualization 3D 2.4.12 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00



2D Based Visualization 3D Rotation 2.4.12.1 3 0.19 1.00 Volume can be rotated. Quality degradation in order to improve reactivity is a plus. 0.00 ⊤ 0.00 ⊤ 0.00 ⊤ 0.00 ⊥ 0.00 ⊥



2D Based Visualization 3D Clipping 2.4.12.2 3 0.14 0.75 Volume can be clipped to reveal occluded zones. 0.00 ⊤ 0.00 ⊤ 0.00 ⊤ 0.00 ⊥ 0.00 ⊥



2D Based Visualization 3D Rendering parameters 2.4.12.3 3 0.05 0.25 Rendering parameters like shadows, ambient occlusion, GPU rendering, etc. can be customized. 0.00 (.95) 0.00 ⊤ 0.00 (.95) 0.00 ⊥ 0.00 ⊥



2D Based Visualization 3D Preset transfer func. 2.4.12.4 3 0.14 0.75 Out-of-the-box transfer functions are available. 0.00 (.85) 0.00 ⊤ 0.00 (.60) 0.00 ⊥ 0.00 ⊥



2D Based Visualization 3D Editable transfer func. 2.4.12.5 3 0.10 0.50 Transfer functions can be edited in terms of colors and transparency. 0.00 (.50) 0.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Visualization 3D WL/WW peeling 2.4.12.6 3 0.19 1.00 0.00 ⊤ 0.00 ⊤ 0.00 (.75) Can't be adjusted with the mouse. 0.00 ⊥ 0.00 ⊥



2D Based Visualization 3D Endoscopy 2.4.12.7 3 0.10 0.50 Rendering and navigation inside cavernous geometries. 0.00 ⊥ 0.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Visualization 3D Tools 2.4.12.8 3 0.10 0.50 There are extra tools to perform measures and reveal occluded parts. 0.00 ⊥ 0.00 (.80) 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Visualization CINE 2.4.13 2 0.07 0.50 1.00 ⊤ 1.00 ⊤ 0.90 (.90) No boomerang 0.90 (.90) No boomerang. 0.67 (.67)



2D Based Visualization DICOM Quirks 2.4.14 2 0.15 1.00 Honouring special albeit common DICOM tags in order to achieve an accurate visualization. 0.96 0.79 0.31 0.81 0.44



2D Based Visualization DICOM Quirks Rescale 2.4.14.1 3 0.20 2.50 Intercept and slope parameters that alter voxel values as WL/WW does with screen pixels. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 0.20 (.20) Apparently, only supported in CT. 0.20 (.20)



2D Based Visualization DICOM Quirks Depth and sign 2.4.14.2 3 0.16 2.00 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.50 (.50) Does not work with signed images.



2D Based Visualization DICOM Quirks Float 2.4.14.3 3 0.01 0.10 Support for floating point images. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



2D Based Visualization DICOM Quirks Modality LUT 2.4.14.4 3 0.12 1.50 LUT that alters voxels values. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



2D Based Visualization DICOM Quirks WL/WW 2.4.14.5 3 0.10 1.25 WL/WW to use in the visualization. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



2D Based Visualization DICOM Quirks VOI LUT 2.4.14.6 3 0.08 1.00 LUT to use in the visualization to eliminate non-clinical significative images. 0.80 (.80) Some edge cases are not shown properly. 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ Yes, incuding edge cases. 0.00 ⊥



2D Based Visualization DICOM Quirks Presentation LUT 2.4.14.7 3 0.02 0.25 LUT applied after the VOI LUT 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.50 (.50) Only in presentation state, apparently. 0.00 ⊥



2D Based Visualization DICOM Quirks Shutters 2.4.14.8 3 0.07 0.83 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



2D Based Visualization DICOM Quirks Overlays 2.4.14.9 3 0.08 1.00 1.00 ⊤ 0.75 (.75) 0.00 ⊥ 1.00 ⊤ 0.50 (.50) Overlapping overlay layers not shown properly.



2D Based Visualization DICOM Quirks Gantry tilt 2.4.14.1 3 0.00 0.00 0.00 ⊥ 0.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Visualization DICOM Quirks Segmented palette 2.4.14.1 3 0.03 0.33 Special method to store color images. 1.00 ⊤ 0.10 (.10) Can be opened, but they are rendered wrong. 0.00 ⊥ 0.00 ⊥ 1.00 ⊤



2D Based Visualization DICOM Quirks Color images 2.4.14.1 3 0.16 2.00 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



2D Based Tools 2.5 1 0.22 3.00 Tools that are mainly focused to measure, annotate and comprehend the datasets. 0.56 0.92 0.20 0.83 0.63



2D Based Tools Usability 2.5.1 2 0.12 1.00 0.80 (.80) 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



2D Based Tools Editable 2.5.2 2 0.12 1.00 What is drawn can be modified. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ Shape, color, thickness… are modifiable. 0.90 (.90)



2D Based Tools Transversality 2.5.3 2 0.09 0.75 Tools can be used in a wide range of modes, like fusion, MPR, thick slab, 3D viewer. 0.67 (.67) 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ All tools available to all modes. 0.00 ⊥



2D Based Tools Undo 2.5.4 2 0.06 0.50 Performed operations can be undone and redone. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Tools 3D cursor 2.5.5 2 0.00 0.00 0.00 ⊤ 0.00 (.67) Can only be used under MPR mode. 0.00 ⊥ 0.00 ⊤ 0.00 ⊥



2D Based Tools Reference lines 2.5.6 2 0.00 0.00 0.00 (.90) 0.00 ⊤ 0.00 ⊥ 0.00 ⊤ 0.00 ⊥



2D Based Tools Save status 2.5.7 2 0.06 0.50 Drawings, annotations and measures can be saved for future editing or at least exported. 0.20 0.60 0.20 1.00 0.20



2D Based Tools Save status Screenshot 2.5.7.1 3 0.20 0.25 Very basic exportation method that does not allow future editing. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



2D Based Tools Save status Save 2.5.7.2 3 0.40 0.50 Can be saved using DICOM or any other alternative format. 0.00 ⊥ 1.00 ⊤ Yes, using custom file format. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



2D Based Tools Save status DICOM format 2.5.7.3 3 0.40 0.50 Can be saved using DICOM. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ Yes, using presentation states. 0.00 ⊥



2D Based Tools Measure 2.5.8 2 0.12 1.00 Measuring tools for voxel values, angles and distances. 1.00 1.00 0.23 1.00 0.85



2D Based Tools Measure Voxel 2.5.8.1 3 0.23 0.75 Information of voxel value. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



2D Based Tools Measure Distance 2.5.8.2 3 0.23 0.75 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



2D Based Tools Measure Angle 2.5.8.3 3 0.23 0.75 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



2D Based Tools Measure Cobb angle 2.5.8.4 3 0.15 0.50 A method to measure open angles. Open angle and cobb angle are equiparable. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



2D Based Tools Measure TA-GT 2.5.8.5 3 0.15 0.50 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



2D Based Tools Annotations 2.5.9 2 0.06 0.50 User drawable annotations over the image. 0.38 1.00 0.00 0.95 0.95



2D Based Tools Annotations Basic shapes 2.5.9.1 3 0.25 0.50 Circle, ellipse, rectangle, etc. 0.80 (.80) 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ Yes, and many shapes available. 0.90 (.90) Yes, but perfect circles can't be achieved.



2D Based Tools Annotations Polygons 2.5.9.2 3 0.25 0.50 Regular polygons, freehand, splines… 0.70 (.70) 1.00 ⊤ Many, and with splines. 0.00 ⊥ 0.80 (.80) No advanced shapes. 0.90 (.90) Includes freehand.



2D Based Tools Annotations Arrow or marker 2.5.9.3 3 0.25 0.50 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



2D Based Tools Annotations Textual 2.5.9.4 3 0.25 0.50 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



2D Based Tools Unit awareness 2.5.10 2 0.06 0.50 1.00 ⊤ 0.50 (.50) 0.50 (.50) 0.80 (.80) SUV units are not properly shown. 0.70 (.70)



2D Based Tools Statistics 2.5.11 2 0.09 0.75 Statistics calculated when a measure is taken (SD, mean, average...) 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



2D Based Tools SUV 2.5.12 2 0.00 0.00 Calculation of SUV, useful for PET images. 0.00 ⊤ Yes, and with several configuration options. 0.00 (.80) 0.00 ⊥ 0.00 (.90) Yes on ROIs. Only body weight method available. 0.00 ⊥



2D Based Tools Histogram 2.5.13 2 0.04 0.33 Histogram of a volume, image or region of the image. 0.00 ⊥ 1.00 ⊤ Yes, and even in ROIs. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Tools ROI 2.5.14 2 0.12 1.00 0.67 (.67) Yes, however only 2D ROI. 1.00 ⊤ Yes, including 3D ROI, and advanced features. 0.00 ⊥ 0.67 (.67) Yes, however only 2D ROI. 0.67 (.67) Yes, however only 2D ROI.



2D Based Tools Key image notes (KIN) 2.5.15 2 0.03 0.25 0.00 ⊥ 0.33 (.33) 0.00 ⊥ 0.80 (.80) 0.00 ⊥



2D Based Other modalitie 2.6 1 0.07 1.00 Special modalities that are not images or volumes. 0.25 0.34 0.00 0.82 0.45



2D Based Other modalities Structured report (SR) 2.6.1 2 0.25 0.50 0.00 0.36 0.00 0.55 0.00



2D Based Other modalities Structured report (SR) Read 2.6.1.1 3 0.55 1.00 Structured reports are shown and properly integrated. 0.00 ⊥ 0.67 (.67) 0.00 ⊥ 1.00 ⊤ Integrated, and embedded links work. 0.00 ⊥



2D Based Other modalities Structured report (SR) Write 2.6.1.2 3 0.27 0.50 Generation of structured reports. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Other modalities Structured report (SR) Specific 2.6.1.3 3 0.18 0.33 Adaptation of the structured report UI to specific imaging modalities like mammography. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Other modalities Encapsulated documents 2.6.2 2 0.25 0.50 Encapsulated documents could be embedded PDF documents inside a DICOM file. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



2D Based Other modalities ECG graphs 2.6.3 2 0.25 0.50 Display DICOM electrocardiogram graphical data 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 0.80 (.80)



2D Based Other modalities Video 2.6.4 2 0.13 0.25 Display DICOM video. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.67 (.67) 0.00 ⊥



2D Based Other modalities Audio 2.6.5 2 0.13 0.25 Play DICOM audio. Waveform plotting is a plus. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.80 (.80) Yes, but with a very basic player. 0.00 ⊥



2D Based Processing 2.7 1 0.04 0.50 Features that perform a complex analysis of the dataset and usually generate new series. 0.03 0.61 0.80 0.30 0.00



2D Based Processing Generate series 2.7.1 2 0.23 0.75 0.00 ⊥ 1.00 ⊤ New series can be generated. 0.95 (.95) 0.67 (.67) 0.00 ⊥



2D Based Processing Flow quantification 2.7.2 2 0.00 0.00 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Processing Registration 2.7.3 2 0.10 0.33 Transformation of a volume to make it spatially compatible with another one. 0.00 0.20 0.60 0.00 0.00



2D Based Processing Registration Manual 2.7.3.1 3 0.40 0.50 0.00 ⊥ 0.50 (.50) Only translation, no scaling or rotation. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



2D Based Processing Registration Automatic 2.7.3.2 3 0.60 0.75 Registration is performed using some automated algorithms. 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥



2D Based Processing Segmentation 2.7.4 2 0.15 0.50 0.22 0.94 0.48 0.00 0.00



Interactive manipulation of the transfer function. Special cases like colour images, non linear LUT, 
and coloured transfer functions shall be carefully inspected. Usability is not evaluated here.
Single channel images (black and white) can be visualized with color scales that may improve user 
perception. The quality of the default presets is evaluated here.



Zoom level and magnification glass size can't be 
customized.



User selects an area of the image (usually drawing an square) that is magnified to fill the viewer's 
extent.
Magnification is centered on the cursor position, enabling the user to efficiently zoom as it 
removes the need to pan the image.
Usability and efficiency to navigate through slices. The score is set in a fairly manner after 
analyzing all viewers.



Adapts to the number of slices and screen size. 
Has an infinite scrolling feature.



Adapts, but misses slices on big volumes (eg. 
850 slices).



Does not adapt, but sensitivity is configurable. 
Some modifier keys allow faster scrolling.



Touchpad interaction could be better. When 
scrolling quickly some steps are missed.



A 3D interpolation is performed when the thick slab does not exactly snap into acquisition slices. 
The feature must enable the user to specify / interact with a custom scrolling distance.
Navigation on series where a spatial position has more than one acquisition (time, multi-echo, 
direction, diffusivity, etc.).
Usability and efficiency to navigate through phases. The score is set in a fairly manner after 
analyzing all viewers.



Can be changed with keyboard, scolling, 
touchpad… in a very usable manner.



Can be changed with the keyboard, or with a 
slider in the toolbar.



Phases are presented as a separate dimension (4D volume). Synchronization and other features 
behave appropiately.



Phases can be changed but without phase 
number visual feedback.



Yes, allows phases even on 3D volume 
rendering.



Rendering of a volume in 3D using raycasting rendering. The user shall be able to change the 
viewpoint and be able to reveal occluded zones.



Does quality degradation to speed up 
interaction.



Does quality degradation to speed up 
interaction.



Does quality degradation to speed up 
interaction.



Projection mode can be altered and some 
illumination parameters can be adjusted.



A good selection of transfer functions. With 
illumination and rendering parameters.



A good selection of transfer functions, and with 
a live preview.



Small selection of transfer functions, and no 
preview available.



The editor could be more usable. Transfer 
functions can be saved.



Editor with histogram, and can save the 
transfer functions to a file.



Interactive adjustment (for instance with the mouse) of  (WL/WW) transparency in order to reveal 
occluded areas.



Yes, there are extra occlusion removal tools. 
Measuring distances is possible.



Display series with a time dimension like ultrasound and some MRI modalities. Ease of use of 
playback controls like, boomerang, loop, frame rate, etc.



No boomerang. Only a list of framerates. 
Button works  with middle or right click only.



Fails in some cases. Very dispaired pixel values 
are given.



Pixels values are processed in signed and unsigned representations, and in several lengths 
representations, for example 13 bits.



There's a setting to apply them, but for an 
unknown reason it can’t be enabled.



A shape or shapes specified in DICOM tags that shall occludes a zone of the image (usually to 
improve perception and avoid flaring). Can be usually found in fluoroscope images.
Small pixmaps that must be drawn over the original image. Usually found in some CR and MG 
images.



Overlays are always shown, the option to hide 
them doesn't work.



CT volumes acquired with the gantry tilted require an special treatment in oder to visualize them 
volumetrically (3D). The image may not be shown correctly but the position yes.



Offers gantry tilt correction before 
reconstruction.



Multi-channel images, like some screenshots and doopler ultrasound series can be properly 
displayed.



General evaluation of  the interaction and frustrations the user may encounter when drawing, 
modifying etc. The score is set in a fairly manner after analyzing all viewers.



Drawing is usable, but could not determine 
edition usability.



Only one tool (measure tool), the usability and 
edition of it is good.



Most tools usable under orthogonal MPR and 
MIP.



Yes, a big effort has ben done to make tools 
available in all modes.



Only 2D viewers, so transversality is not 
applicable.



A selected location in one viewer is precisely shown relative to the rest of the veiwers that share 
the same spatial origin.
The intersection of the current slice in the current viewer and other series that share the same 
origin is shown.



Displays beginning and end of the volumes, as 
well as the slice thickness.



Displays beginning and end of the volumes, as 
well as the slice thickness.



Screenshots can be uploaded to the PACS, and 
saved in DICOM.



Can be saved to file, or saved as a new DICOM 
serie.



Awareness of the viewer regarding the handling of the units and DICOM tags in order to perform 
right measurements.



Distances and area units, but not pixel units. 
SUV units are missing.



Annotatios are in mm, however, measurements 
do not display the unit.



Distances and area units, but not pixel units. 
ECG units shown properly.



Only body weight method, and too many steps 
shall be performed to measure.



Evaluates if there's a ROI tool present. As they usually do automated segmentation, those features 
are evaluated inide the "processing" group. 3D ROI shall be considered..



Can do segmentation, but not ROIs that show 
statistics about a region.



DICOM standard way to bookmark some images in a study. The program should be able not only 
to read but to save them in DICOM format.



Has an internal "key images" feature, but it 
can't read or generate real KO.



Yes, can be read and created. Editing the name 
is not possible.



DICOM structured reports enable physicians to review studies and store their conclusions and 
remarks in a standard way.



Are converted to PDF and shown with system 
viewer.



Supported, and with effective and usable tools 
that compute several metrics.



Supported, but measures are slower to perform 
with the ruler tool.



Opens with the system media player. Does not 
work well on GNU/Linux.



New series can be generated. Generated series through screenshots is not considered. New series 
shall be in DICOM format or express a similar equivalency inside the program workflow.



Yes, as a way to store intermediate results. They 
are treated as if they were DICOM.



Some operations like MIP and MPR generate 
new series. They are in DICOM format.



Extract and present (usually using graphs) flow information from speed maps usually acquired 
with MRI flow quantization sequences.



The user can manually transform a dataset to make it match with the other one with operations 
like translation, rotation and scaling.



With many advanced and configurable 
algorithms.



Automated or semiautomated detection of image features in order to classify its voxels. Some ROI 
tools do perform segmentation, its segmentation features shall be evaluated here.











Tree Weights Tree  data Starviewer Horos Medinria Weasis Ginkgo CADx
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2D Based Processing Segmentation Manual 2.7.4.1 3 0.20 0.50 Segment using basic shapes. 0.50 (.50) With ROIs. 1.00 ⊤ 0.50 (.50) Yes, with a simple brush tool. 0.00 ⊥ 0.00 ⊥



2D Based Processing Segmentation Automated 2.7.4.2 3 0.40 1.00 Automated feature detection, that can automatically or semiautomatically segment. 0.30 (.30) With 2D magic roi. 1.00 ⊤ Region growing. 0.30 (.30) A simple threshold segmentation. 0.00 ⊥ 0.00 ⊥



2D Based Processing Segmentation Editable 2.7.4.3 3 0.20 0.50 Segmented results can be edited. 0.00 ⊥ 1.00 ⊤ 0.50 (.50) 0.00 ⊥ 0.00 ⊥



2D Based Processing Segmentation 3D 2.7.4.4 3 0.00 0.00 Segmentation of 3D volumes. 0.00 ⊥ 0.00 ⊤ Yes, and with erosion and dilate filters. 0.00 ⊤ 0.00 ⊥ 0.00 ⊥



2D Based Processing Segmentation Import/export 2.7.4.5 3 0.20 0.50 Segmented results can be imported and exported to different formats. 0.00 ⊥ 0.70 (.70) Yes, to a custom .roi format and .xml 0.80 (.80) 0.00 ⊥ 0.00 ⊥



2D Based Processing Rescaling 2.7.5 2 0.15 0.50 Transformations from an original volume to a new one different in size. 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ Yes, using a filter. 0.00 ⊥ 0.00 ⊥



2D Based Processing Convolution 2.7.6 2 0.23 0.75 Apply convolution filters to enchance or mask some image features. 0.00 ⊥ 1.00 ⊤ 0.67 (.67) 0.67 (.67) 0.00 ⊥



2D Based Processing Filters 2.7.7 2 0.15 0.50 Advanced filters regarding image processing. 0.00 ⊥ 0.00 ⊥ All filters found use convolution 1.00 ⊤ Yes, ITK and other advanced filters. 0.00 ⊥ 0.00 ⊥



2D Based Processing DTI 2.7.8 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00



2D Based Processing DTI Maps 2.7.8.1 3 0.33 0.50 Compute maps from the tensor field such as ADC, AF, VR… 0.00 ⊥ 0.00 ⊥ 0.00 ⊤ Yes, several of them. 0.00 ⊥ 0.00 ⊥



2D Based Processing DTI Glyphs 2.7.8.2 3 0.33 0.50 Display tensors using a glyph. 0.00 ⊥ 0.00 ⊥ 0.00 ⊤ 0.00 ⊥ 0.00 ⊥



2D Based Processing DTI Tractography 2.7.8.3 3 0.33 0.50 Display main fiber orientation using streamlines or hyperstreamlines. 0.00 ⊥ 0.00 ⊥ 0.00 ⊤ 0.00 ⊥ 0.00 ⊥



3D Based 3 0 0.33 0.50 0.60 0.77 0.39 0.56 0.37
3D Based Technical 3.1 1 0.07 1.00 Technical features about the software. 0.63 0.34 0.58 0.57 0.48



3D Based Technical Platforms 3.1.1 2 0.17 2.00 Operating systems where the software may run. Web platforms can be considered multi-platform. 1.00 0.33 1.00 1.00 1.00



3D Based Technical Platforms GNU/Linux 3.1.1.1 3 0.33 0.50 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



3D Based Technical Platforms Windows 3.1.1.2 3 0.33 0.50 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



3D Based Technical Platforms macOS 3.1.1.3 3 0.33 0.50 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



3D Based Technical CE Certified 3.1.2 2 0.33 4.00 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Technical Background 3.1.3 2 0.17 2.00 Computationally intensive tasks, do not freeze the UI. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



3D Based Technical License 3.1.4 2 0.08 1.00 1.00 1.00 1.00 1.00 1.00



3D Based Technical License Free 3.1.4.1 3 1.00 1.00 Notable examples are: GPL, LGPL, Apache, BSD, MIT, MPL. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



3D Based Technical License Non-free 3.1.4.2 3 0.00 0.00 Any other non-free license according to DFSG criteria. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Technical Multilanguage 3.1.5 2 0.08 1.00 0.50 (.50) Catalan, Spanish, English. 0.40 (.40) English, Japanese 0.00 ⊥ 1.00 ⊤ Tranlated to 28 languages. 0.70 (.70)



3D Based Technical Documentation 3.1.6 2 0.17 2.00 Quality of the documentation. 1.00 ⊤ A PDF that describes all features. 0.00 ⊥ 1.00 ⊤ A webpage that describes all features. 0.40 (.40) 0.00 ⊥



3D Based Archive 3.2 1 0.14 2.00 Support to open, save, import, export and network communications. 0.72 0.97 0.39 0.58 0.80



3D Based Archive DIMSE 3.2.1 2 0.13 3.00 Traditional DICOM network protocol. 0.79 1.00 0.79 0.79 0.99



3D Based Archive DIMSE Query 3.2.1.1 3 0.29 2.00 Searching by some attribute like patient's name. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



3D Based Archive DIMSE Retrieve 3.2.1.2 3 0.29 2.00 Download studies. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



3D Based Archive DIMSE Upload 3.2.1.3 3 0.21 1.50 Upload studies or new series. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



3D Based Archive DIMSE Security 3.2.1.4 3 0.14 1.00 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.95 (.95)



3D Based Archive DIMSE Internal server 3.2.1.5 3 0.07 0.50 Built-in pacs server, where peers can do queries, send and retrieve studies. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤



3D Based Archive WADO 3.2.2 2 0.13 3.00 Web access DICOM objects protocol that works over HTTP. 0.00 1.00 0.00 0.85 1.00



3D Based Archive WADO Query 3.2.2.1 3 0.31 2.00 Searching by some attribute like patient's name. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



3D Based Archive WADO Retrieve 3.2.2.2 3 0.31 2.00 Download studies. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



3D Based Archive WADO Upload 3.2.2.3 3 0.23 1.50 Upload studies or new series. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



3D Based Archive WADO Security 3.2.2.4 3 0.15 1.00 Authenticated and TLS secured HTTP connections. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤



3D Based Archive Local storage 3.2.3 2 0.13 3.00 A local repository where studies can be opened in a convenient way. 0.98 1.00 0.80 0.00 0.98



3D Based Archive Local storage Available 3.2.3.1 3 0.40 1.00 A local repository exists. Data is preserved when the software is updated. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤



3D Based Archive Local storage Query 3.2.3.2 3 0.40 1.00 Stored studies can be queried or filtered by some criteria. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤



3D Based Archive Local storage Clean up 3.2.3.3 3 0.20 0.50 An automated mechanism that prevents filling up the local disk by deleting old studies. 0.90 (.90) 1.00 ⊤ Yes, and very customizable. 0.00 ⊥ 0.00 ⊥ 0.90 (.90)



3D Based Archive DICOM format 3.2.4 2 0.13 3.00 Open and save using the DICOM format, and how well supported it is. 1.00 1.00 0.43 1.00 0.79



3D Based Archive DICOM format DICOM files 3.2.4.1 3 0.21 1.00 Open locally stored DICOM files. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



3D Based Archive DICOM format DICOMDIR 3.2.4.2 3 0.21 1.00 Open and save using DICOMDIR format. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



3D Based Archive DICOM format Enhanced DICOM 3.2.4.3 3 0.21 1.00 Evolution of classical DICOM files. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



3D Based Archive DICOM format Multiframe 3.2.4.4 3 0.21 1.00 A file that contains multiple pixel data. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ Only the first slice is shown. 1.00 ⊤ 0.00 ⊥ Program closes with segmentation fault.



3D Based Archive DICOM format JPEG2000 3.2.4.5 3 0.14 0.67 JPEG2000 compression support. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



3D Based Archive Other formats 3.2.5 2 0.04 1.00 Open and save to other non-DICOM file types. 0.55 0.25 0.70 0.50 0.25



3D Based Archive Other formats Special 3.2.5.1 3 0.50 0.50 Volume formats like VTK, MHD… and others. 0.50 (.50) Can open MHD.. 0.00 ⊥ 1.00 ⊤ Can open and save to MHD, VTK, NIFTI… 0.00 ⊥ 0.00 ⊥



3D Based Archive Other formats Regular images 3.2.5.2 3 0.50 0.50 Open an stack of general purpose image formats like TIFF, JPEG, PNG… 0.60 (.60) 0.50 (.50) 0.40 (.40) 1.00 ⊤ Open and save. 0.50 (.50)



3D Based Archive Media 3.2.6 2 0.07 1.50 Export studies to optical media 0.83 1.00 0.00 0.00 0.00



3D Based Archive Media Burn disc 3.2.6.1 3 0.67 1.00 Burn an study into an optical medium. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Archive Media Portable viewer 3.2.6.2 3 0.33 0.50 When burning or exporting to DICOMDIR, a minified portable viewer is attached to it. 0.50 (.50) 1.00 ⊤ Includes weasis. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Archive Print 3.2.7 2 0.07 1.50 0.80 1.00 0.00 1.00 0.20



3D Based Archive Print DICOM printer 3.2.7.1 3 0.80 1.00 Print using a DICOM printer. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



3D Based Archive Print Printer 3.2.7.2 3 0.20 0.25 Print using a regular laser or ink priter. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



3D Based Archive Convert 3.2.8 2 0.04 1.00 Convert from other formats to DICOM and from DICOM to other formats. 0.03 1.00 0.33 0.30 0.67



3D Based Archive Convert Dicomize 3.2.8.1 3 0.67 1.00 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ Yes, and asks for patient specific information.



3D Based Archive Convert Undicomize 3.2.8.2 3 0.33 0.50 0.10 (.10) 1.00 ⊤ 1.00 ⊤ 0.90 (.90) Yes, to PNG and JPEG 0.00 ⊥



3D Based Archive Metadata 3.2.9 2 0.09 2.00 View and edit DICOM tags. 0.67 1.00 0.07 0.67 0.97



3D Based Archive Metadata Tag viewer 3.2.9.1 3 0.67 1.00 Display DICOM tags in a user-friendly manner. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



3D Based Archive Metadata Tag editor 3.2.9.2 3 0.33 0.50 0.00 ⊥ 1.00 ⊤ 0.20 (.20) Some general tags can be edited. 0.00 ⊥ 0.90 (.90)



3D Based Archive Anonymizer 3.2.10 2 0.09 2.00 Remove personal identifiable information from an study. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤



3D Based Archive Open directory 3.2.11 2 0.07 1.50 Open a directory of images. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



3D Based Workflow 3.3 1 0.21 3.00 Features and automations that improve the productivity. 0.73 0.80 0.45 0.53 0.30



3D Based Workflow Customization 3.3.1 2 0.08 1.50 Customization of the user interface and keyboard shortcuts by the user. 0.00 1.00 0.00 0.05 0.00



3D Based Workflow Customization Toolbars 3.3.1.1 3 0.50 0.50 Buttons can be sorted, added or removed. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.10 (.10) Toolbars can be shown and hidden. 0.00 ⊥



3D Based Workflow Customization Keyboard 3.3.1.2 3 0.50 0.50 Toolbar actions can be assigned to specific and custom keyboard keys or combinations. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Workflow Series 3.3.2 2 0.15 3.00 Presentation and switching of series within an study. 1.00 1.00 0.98 1.00 1.00



3D Based Workflow Series Usability 3.3.2.1 3 0.60 1.50 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



3D Based Workflow Series Thumbnails 3.3.2.2 3 0.40 1.00 Little images that represent the contents of a serie. 1.00 ⊤ 1.00 ⊤ 0.95 (.95) User must click every time to see a thumbnail. 1.00 ⊤ 1.00 ⊤



3D Based Workflow Hanging protocols 3.3.3 2 0.21 4.00 0.70 0.72 0.00 Does not have hanging protocols. 0.00 0.05 Feature not usable.



3D Based Workflow Hanging protocols Selector 3.3.3.1 3 0.32 2.00 1.00 ⊤ 0.80 (.80) 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Workflow Hanging protocols Presets 3.3.3.2 3 0.16 1.00 0.80 (.80) 0.50 (.50) 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Workflow Hanging protocols Customizable 3.3.3.3 3 0.32 2.00 0.80 (.80) 0.70 (.70) 0.00 ⊥ 0.00 ⊥ 0.10 (.10)



3D Based Workflow Hanging protocols Editor 3.3.3.4 3 0.16 1.00 The program provides an editor that eases the creation or customization of the hanging protocols. 0.00 ⊥ 1.00 ⊤ There's an editor in the configuration screen. 0.00 ⊥ 0.00 ⊥ 0.10 (.10)



3D Based Workflow Hanging protocols DICOM format 3.3.3.5 3 0.04 0.25 Hanging protocols rules are defined and saved using the DICOM standard. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Workflow Viewers layout 3.3.4 2 0.21 4.00 Customization of the viewers layout. 0.62 0.80 0.86 0.91 0.52 Difficult to configure.



3D Based Workflow Viewers layout Usability 3.3.4.1 3 0.22 1.00 Ease to customize the layout. The score is set in a fairly manner after analyzing all viewers. 0.90 (.90) 0.80 (.80) 1.00 ⊤ 0.90 (.90) 0.20 (.20)



3D Based Workflow Viewers layout Regular grid 3.3.4.2 3 0.11 0.50 The number of viewers and its layout is defined by a rectiliniar grid. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.80 (.80) 0.30 (.30)



3D Based Workflow Viewers layout Irregular 3.3.4.3 3 0.11 0.50 Viewers are not confined in a regular grid. 0.80 (.80) Yes, when hanging protocols are used. 0.80 (.80) 1.00 ⊤ 0.80 (.80) Yes, but with a limited selection of layouts. 1.00 ⊤



3D Based Workflow Viewers layout Interactive 3.3.4.4 3 0.11 0.50 Current layout can be succesively manipulated at will in order to make complex layouts. 0.00 ⊥ 0.80 (.80) 1.00 ⊤ 0.80 (.80) Can be resized but not subdivided. 1.00 ⊤



3D Based Workflow Viewers layout Tabulated 3.3.4.5 3 0.11 0.50 The layout can be configured and distributed along tabs. 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



3D Based Workflow Viewers layout Quick maximization 3.3.4.6 3 0.22 1.00 1.00 ⊤ Double click. 1.00 ⊤ Yes, to fullscreen. 0.85 (.85) 1.00 ⊤ Yes, to fullscreen. 0.00 ⊥ Not found.



3D Based Workflow Viewers layout Tiled 3.3.4.7 3 0.11 0.50 A stack of images is displayed in a tiled arrangement with tiles containing consecutive images. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



3D Based Workflow Synchronization 3.3.5 2 0.21 4.00 Propagation of the state and position to other viewers to ease the comparison. 0.96 0.87 0.56 0.58 0.11



Yes, with a simple brush tool, area can be 
added or substracted.



Yes, to several scientific formats like MHD, VTK… 
unfortunately not to DICOM.



In theory available in a plugin not included by 
default, thus we do not evaluate it.



Only gaussian blur available, can't custom 
define a convolution matrix.



Yes, a good selection, however they can't be 
chained nor custom made. Only for display.



Visualize and interact with volumes where each voxel is considered a tensor. The visualization may 
require advanced features like tractographies and glyph visualizations.



Yes, a good selection of them. Resolution can 
be picked.
Yes, but no advanced filtering methods could 
be found.



Audiende that works with volumetric images from computed tomography and magnetic 
resonance as well as nuclear medicine modalities like PET.



The software can be used as a medical device. The certified software version must be free, 
however the user may be required to pay for support in order to comply)



How free the software and its dependencies are. Debian free software guidelines is a set of 
criteria to evaluate if a license is free (as in freedom). [https://wiki.debian.org/DFSGLicenses]



The program is translatable. The number of available languages is a relativistic factor to take in 
account.



Only in english, no multilanguage support 
observed.



Translated to eleven languages, but many are 
partially translated.



Not found, however is understandable as users 
may refer to OsiriX documentation.



Documentation exist but is not exhaustive in 
describing all features. Focused to 
programmers.



Opens a broken link, no documentation found 
in the GIT repository.



Encryption and authentication of the connections using X.509 certificates. Users can authenticate 
to the server (peer) with a certificate.



User certificates can be specified, and are 
retrieved from system's keychain.



Not able to integrate with system certificate 
storages. Only PEM format allowed.



Can open regular image formats as a volume. 
Can export screenshots for a serie.



Can export to regular image files, but not 
import.



Can open images, but can't be treated as a 
volume.



Can be opened through the dicomization 
feature.



Allows copying a user-provided folder which 
could contain a portable viewer.



For example a folder full of PNG files can be converted to DICOM. The score is set in a fairly 
manner after analyzing all viewers.
For example converting a serie to a folder where each slice is a PNG file. The score is set in a fairly 
manner after analyzing all viewers.



Allows exporting an screenshot of each slice of 
a serie automatically.



Yes, to standard image formats, and even video 
ones.



Yes, and to a wide variety of formats like nifti, 
vtk… but not regular image formats.



A significant number of tags can be edited in a safe and coherent manner. (i.e generating a new 
DICOM instance).



Can be edited through the anonymization 
dialog.



Usability when interacting with the series and specially focusing on workflow efficiency. The score 
is set in a fairly manner after analyzing all viewers.



Given an study, viewers are layed out in a organized and structured way (for example to improve 
comparison). Those organization can be customized by the users.
For a given study, the user can choose which hanging protocol should be applied. The selector 
should provide a list of applicable hanging protocol candidates for the given study.



Shows applicable hanging protocols for the 
current study in a graphical manner.



Shows applicable hanging protocols for the 
current study in the context menu in text.



The viewer has a set of hanging protocols or a similar feature (even if hard-coded) that out of the 
box organizes an opened study. (For example allows comparison in mammography).



There's a set of predefined hanging protocols, 
mainly for CT and MG.



There's  one default hanging protocol for each 
modality, but they are all very simple.



Hanging protocols can be custom made in order to accomodate to the medical organization 
needs. Attainable configurations and features are evaluated here.



Yes, using an XML file. Rules exist but they could 
be more customizable.



Hanging protocols can be created and default 
ones edited, but with a small set of rules.



The feature does not work as expected, no 
multiple windows can be configured.
In theory yes, but it doesn't work well and the 
program gives error. Feature not usable.



Viewers are regular windows. Sometimes, they 
are reorganized in an unpredictable way.



Difficult to configure a multiple series setup. 
Not intuitive and many clics are needed.
Regular grids only for images within the same 
series.



Yes, applying a regular layout and closing some 
windows.
Yes, resizing windows, but subdivisions are not 
possible.



Yes, and studies can't be mixed (seems done on 
purpose).



A viewer can be maximized in a quick way. For example double clicking the viewer expands it, and 
double clicking again restores the original layout.



Yes, inside a submenu, but no keyboard 
shortcut available.



Apply a multi-viewer layout and set 
synchronization to "Default Tile".











Tree Weights Tree  data Starviewer Horos Medinria Weasis Ginkgo CADx
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3D Based Workflow Synchronization Usability 3.3.5.1 3 0.19 1.00 0.80 (.80) Works, but could be improved. 0.60 (.60) 0.70 (.70) 0.50 (.50) 0.10 (.10)



3D Based Workflow Synchronization Automation 3.3.5.2 3 0.19 1.00 Synchronization is automatically configured, offloading the user from repetitive tasks. 1.00 ⊤ Yes, and there are several customization options. 0.80 (.80) Always enabled by default. 0.00 ⊥ 0.80 (.80) Always enabled by default. 0.00 ⊥



3D Based Workflow Synchronization Absolute slicing 3.3.5.3 3 0.19 1.00 Move other viewers slicing to the same spatial position of the current viewer. 1.00 ⊤ 1.00 ⊤ Also allows same slice number. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥



3D Based Workflow Synchronization Relative slicing 3.3.5.4 3 0.19 1.00 Shift the same slicing distance of the current viewer to other viewers. 1.00 ⊤ 1.00 ⊤ Also allows same number of slices. 0.00 ⊥ 0.00 ⊥ 0.50 (.50) Only slice based shift, not distance based shift.



3D Based Workflow Synchronization WL/WW 3.3.5.5 3 0.10 0.50 Transfer function transformations are applied to other viewers. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.50 (.50) Only in tiled mode. 0.00 ⊥



3D Based Workflow Synchronization Phase 3.3.5.6 3 0.05 0.25 Synchronization is aware of the phases and are treated properly. 1.00 ⊤ 0.90 (.90) Cannot be disabled. 1.00 ⊤ 0.00 ⊥ No phase support found. 0.00 ⊥



3D Based Workflow Synchronization Camera 3.3.5.7 3 0.10 0.50 The camera state (pan, zoom, rotation, flip and swivel plane...) can be synchronized. 1.00 ⊤ 0.90 (.90) Flip is not synchronized. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥



3D Based Workflow Comparison 3.3.6 2 0.10 2.00 Ease to compare the current study with an older one. 1.00 0.75 0.10 0.10 0.10 No specific implementation for comparison.



3D Based Workflow Comparison Integration 3.3.6.1 3 0.50 0.50 1.00 ⊤ 1.00 ⊤ 0.20 (.20) Series from different studies can be mixed. 0.20 (.20) Series from different studies can be mixed. 0.20 (.20) Series from different studies can be mixed.



3D Based Workflow Comparison Prior studies 3.3.6.2 3 0.50 0.50 1.00 ⊤ 0.50 (.50) Shows priors from local database only. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Workflow Presentation states (PS) 3.3.7 2 0.05 1.00 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



3D Based Visualization 3.4 1 0.21 3.00 0.76 0.92 0.49 0.39 0.21



3D Based Visualization Information 3.4.1 2 0.05 1.00 Corner annotations of the viewers. 0.64 1.00 0.53 0.75 0.82



3D Based Visualization Information Defaults 3.4.1.1 3 0.19 1.00 Basic information like patient name, age, etc... as well as some spatial information. 1.00 ⊤ 1.00 ⊤ 0.80 (.80) 1.00 ⊤ 1.00 ⊤



3D Based Visualization Information Hideable 3.4.1.2 3 0.19 1.00 Can be hidden for anonimization or clarity purposes. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



3D Based Visualization Information Customizable 3.4.1.3 3 0.14 0.75 Annotations can be customized, added and removed. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.25 (.25) 1.00 ⊤



3D Based Visualization Information Modality specific 3.4.1.4 3 0.14 0.75 0.50 (.50) Only adaptations for mammography. 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤



3D Based Visualization Information Orientation 3.4.1.5 3 0.19 1.00 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.80 (.80) Not shown for mammography.



3D Based Visualization Information Characters 3.4.1.6 3 0.14 0.75 Support for internationalization, specially for patient names that do not use latin alphabets. 0.00 ⊥ Characters not shown properly. 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ Characters not shown properly.



3D Based Visualization Display 3.4.2 2 0.02 0.50 0.25 0.88 0.40 0.75 0.45



3D Based Visualization Display Fullscreen 3.4.2.1 3 0.25 0.50 Progam can be maximized to full screen. 0.00 ⊥ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



3D Based Visualization Display HiDPI 3.4.2.2 3 0.25 0.50 1.00 ⊤ 0.50 (.50) 0.60 (.60) 0.00 ⊥ DPI system settings are not honoured. 0.80 (.80)



3D Based Visualization Display True scaling 3.4.2.3 3 0.50 1.00 0.00 ⊥ 1.00 ⊤ Yes, reading EDID. 0.00 ⊥ 1.00 ⊤ Yes, with fiducial calibration 0.00 ⊥



3D Based Visualization Interpolation 3.4.3 2 0.02 0.50 0.64 0.58 Resampling, NN, Linear & Lanczos 5 0.36 0.82 No resampling, NN, linear, cubic & Lanczos 0.45



3D Based Visualization Interpolation Nearest neighbour 3.4.3.1 3 0.18 0.50 No interpolation, plain pixels are displayed. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



3D Based Visualization Interpolation Bilinear 3.4.3.2 3 0.27 0.75 Very basic albeit quick smoothing that shows some artifacts on medium and big zooming factors. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



3D Based Visualization Interpolation Bicubic 3.4.3.3 3 0.36 1.00 Basic but quality effective smoothing even on big zooming factors. 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.67 (.67) Yes, but not to screen resolution. 0.00 ⊥ Does not work.



3D Based Visualization Interpolation Advanced 3.4.3.4 3 0.18 0.50 0.00 ⊥ 0.67 (.67) Yes, lanczos, but presents anomalous artifacts. 0.00 ⊥ 0.67 (.67) Yes, lanczos, but not to screen resolution. 0.00 ⊥



3D Based Visualization Thick slab 3.4.4 2 0.07 1.50 0.92 1.00 0.00 0.77 0.00



3D Based Visualization Thick slab Usability 3.4.4.1 3 0.46 1.00 0.83 (.83) Is interactive, but usability could be improved. 1.00 ⊤ 0.00 ⊥ 0.50 (.50) 0.00 ⊥



3D Based Visualization Thick slab MIP 3.4.4.2 3 0.23 0.50 Maximum intensity projection. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



3D Based Visualization Thick slab MINIP 3.4.4.3 3 0.15 0.33 Minimum intensity projection. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



3D Based Visualization Thick slab Average 3.4.4.4 3 0.15 0.33 Average of corresponding pixels for each thick slab slice. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



3D Based Visualization MPR 3.4.5 2 0.09 2.00 0.60 0.98 0.00 0.40 0.00



3D Based Visualization MPR Usability 3.4.5.1 3 0.20 1.00 0.50 (.50) 0.90 (.90) 0.00 ⊥ 0.50 (.50) 0.00 ⊥



3D Based Visualization MPR Simple 3.4.5.2 3 0.30 1.50 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



3D Based Visualization MPR Any orientation 3.4.5.3 3 0.20 1.00 The view plane can be tilted, allowing reconstructed images in any desired orientation. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Visualization MPR Curved 3.4.5.4 3 0.10 0.50 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Visualization MPR Thick slab 3.4.5.5 3 0.20 1.00 Thick slab feature is usable. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Visualization Fusion 3.4.6 2 0.05 1.00 Overlapping another volume over the current visualization. The typical use case is PET/CT. 0.50 0.63 0.90 0.00 0.00



3D Based Visualization Fusion Usability 3.4.6.1 3 0.50 1.00 Features and usability. 1.00 ⊤ 0.80 (.80) 0.80 (.80) 0.00 ⊥ 0.00 ⊥



3D Based Visualization Fusion Manual 3.4.6.2 3 0.25 0.50 Allow the user to fusion series that are not correlated spatially (different frame of references). 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥



3D Based Visualization Fusion 3D Fusion 3.4.6.3 3 0.25 0.50 Two or more volumes can be displayed at once. 0.00 ⊥ 0.90 (.90) 1.00 ⊤ 0.00 ⊥ 0.00 ⊥



3D Based Visualization Transfer function 3.4.7 2 0.07 1.50 Interactive adjustment of window level, window width and other transfer function parameters. 0.95 0.85 0.49 0.90 0.67



3D Based Visualization Transfer function Usability 3.4.7.1 3 0.20 1.00 Quality of the interaction and user interface options related to the transfer function. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.80 (.80)



3D Based Visualization Transfer function Inversion 3.4.7.2 3 0.15 0.75 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.50 (.50) Can't invert LUT or color scales and images.



3D Based Visualization Transfer function Presets 3.4.7.3 3 0.20 1.00 Default transfer functions, and if DICOM defined presets are honoured. 1.00 ⊤ 0.50 (.50) 0.33 (.33) 1.00 ⊤ 0.67 (.67) Yes, if they are linear. DICOM ones are read.



3D Based Visualization Transfer function Editable 3.4.7.4 3 0.10 0.50 0.67 (.67) 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.50 (.50)



3D Based Visualization Transfer function WL/WW modification 3.4.7.5 3 0.20 1.00 1.00 ⊤ 0.75 (.75) No support for VOI LUT (probably a bug) 0.50 (.50) Can't alter color images. LUT not supported. 1.00 ⊤ 0.50 (.50) Can't alter color images. LUT not supported.



3D Based Visualization Transfer function Color scales 3.4.7.6 3 0.15 0.75 0.90 (.90) 1.00 ⊤ 0.80 (.80) Feautre available. 1.00 ⊤ 1.00 ⊤ A good selection of color scales.



3D Based Visualization Zoom 3.4.8 2 0.03 0.75 Tools that allow magnification and how usable and efficient are. 0.62 0.89 0.44 0.67 0.44



3D Based Visualization Zoom Pan and zoom 3.4.8.1 3 0.44 1.00 Image can be magnified and the user can pan it in order to achieve the desired visualization. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



3D Based Visualization Zoom Magnification glass 3.4.8.2 3 0.22 0.50 An small overlay window magnifies, that usually follows the mouse, magnifies an area of the image. 0.80 (.80) 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



3D Based Visualization Zoom Zooming window 3.4.8.3 3 0.11 0.25 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Visualization Zoom Mouse centered zoom 3.4.8.4 3 0.22 0.50 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Visualization Slicing 3.4.9 2 0.09 2.00 0.96 0.88 0.77 0.69 0.46



3D Based Visualization Slicing Drag 3.4.9.1 3 0.38 1.00 Quality of click and drag scrolling. 1.00 ⊤ 0.80 (.80) 0.70 (.70) Advances one slice per pixel. Does not adapt. 0.80 (.80) 0.70 (.70) Advances one slice per pixel. Does not adapt.



3D Based Visualization Slicing Wheel 3.4.9.2 3 0.38 1.00 Quality of wheel and touchpad scrolling. Multi axis and delta angle scrolling is a plus. 1.00 ⊤ Honours delta scrolling and different axes. 1.00 ⊤ 0.80 (.80) 1.00 ⊤ 0.00 ⊥



3D Based Visualization Slicing Keyboard 3.4.9.3 3 0.19 0.50 Quality of the keyboard scrolling. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ Unable to do it. 1.00 ⊤



3D Based Visualization Slicing Inter-slice 3.4.9.4 3 0.04 0.10 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Visualization Phases 3.4.10 2 0.03 0.75 0.95 0.78 0.75 0.00 0.00



3D Based Visualization Phases Usability 3.4.10.1 3 0.50 0.50 1.00 ⊤ 0.75 (.75) 0.50 (.50) Can be changed only with the "frame" slider. 0.00 ⊥ 0.00 ⊥



3D Based Visualization Phases Separation 3.4.10.2 3 0.50 0.50 0.90 (.90) 0.80 (.80) 1.00 ⊤ 0.00 ⊥ 0.00 ⊥



3D Based Visualization Transformations 3.4.11 2 0.02 0.50 Basic transformations (rotation and flipping) that can be performed on a physical lightbox. 0.80 1.00 0.00 1.00 0.80



3D Based Visualization Transformations Rotation 3.4.11.1 3 0.40 1.00 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



3D Based Visualization Transformations Arbitrary rotation 3.4.11.2 3 0.20 0.50 The image can be rotated at any angle. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



3D Based Visualization Transformations Flip 3.4.11.3 3 0.40 1.00 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



3D Based Visualization 3D 3.4.12 2 0.37 8.00 0.74 0.98 0.61 0.00 0.00



3D Based Visualization 3D Rotation 3.4.12.1 3 0.19 1.00 Volume can be rotated. Quality degradation in order to improve reactivity is a plus. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥



3D Based Visualization 3D Clipping 3.4.12.2 3 0.14 0.75 Volume can be clipped to reveal occluded zones. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥



3D Based Visualization 3D Rendering parameters 3.4.12.3 3 0.05 0.25 Rendering parameters like shadows, ambient occlusion, GPU rendering, etc. can be customized. 0.95 (.95) 1.00 ⊤ 0.95 (.95) 0.00 ⊥ 0.00 ⊥



3D Based Visualization 3D Preset transfer func. 3.4.12.4 3 0.14 0.75 Out-of-the-box transfer functions are available. 0.85 (.85) 1.00 ⊤ 0.60 (.60) 0.00 ⊥ 0.00 ⊥



3D Based Visualization 3D Editable transfer func. 3.4.12.5 3 0.10 0.50 Transfer functions can be edited in terms of colors and transparency. 0.50 (.50) 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Visualization 3D WL/WW peeling 3.4.12.6 3 0.19 1.00 1.00 ⊤ 1.00 ⊤ 0.75 (.75) Can't be adjusted with the mouse. 0.00 ⊥ 0.00 ⊥



3D Based Visualization 3D Endoscopy 3.4.12.7 3 0.10 0.50 Rendering and navigation inside cavernous geometries. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Visualization 3D Tools 3.4.12.8 3 0.10 0.50 There are extra tools to perform measures and reveal occluded parts. 0.00 ⊥ 0.80 (.80) 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Visualization CINE 3.4.13 2 0.02 0.50 1.00 ⊤ 1.00 ⊤ 0.90 (.90) No boomerang 0.90 (.90) No boomerang. 0.67 (.67)



3D Based Visualization DICOM Quirks 3.4.14 2 0.05 1.00 Honouring special albeit common DICOM tags in order to achieve an accurate visualization. 0.89 0.85 0.23 0.71 0.31



3D Based Visualization DICOM Quirks Rescale 3.4.14.1 3 0.27 2.50 Intercept and slope parameters that alter voxel values as WL/WW does with screen pixels. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 0.20 (.20) Apparently, only supported in CT. 0.20 (.20)



3D Based Visualization DICOM Quirks Depth and sign 3.4.14.2 3 0.22 2.00 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 0.50 (.50) Does not work with signed images.



3D Based Visualization DICOM Quirks Float 3.4.14.3 3 0.01 0.10 Support for floating point images. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



3D Based Visualization DICOM Quirks Modality LUT 3.4.14.4 3 0.16 1.50 LUT that alters voxels values. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



3D Based Visualization DICOM Quirks WL/WW 3.4.14.5 3 0.14 1.25 WL/WW to use in the visualization. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



3D Based Visualization DICOM Quirks VOI LUT 3.4.14.6 3 0.11 1.00 LUT to use in the visualization to eliminate non-clinical significative images. 0.80 (.80) Some edge cases are not shown properly. 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ Yes, incuding edge cases. 0.00 ⊥



3D Based Visualization DICOM Quirks Presentation LUT 3.4.14.7 3 0.03 0.25 LUT applied after the VOI LUT 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.50 (.50) Only in presentation state, apparently. 0.00 ⊥



3D Based Visualization DICOM Quirks Shutters 3.4.14.8 3 0.00 0.00 0.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊤ 0.00 ⊥



Ease to configure the synchronization to behave in a desired way, allowing a high degree of 
customization and possibilities.



Can be toggled for all viewers or none, not for a 
subset. Can select synchronization type.



Advanced synchronization configurations 
require many steps.



Can be toggled for all viewers or none, not for a 
subset.



Synchronization within series of the same study 
is confusing, a list with repeated names is 
shown.



Does not have flip and rotation, but 
synchronizes 3D viewers.



Two studies can be opened at the same time, allowing comparison. Some measures are taken to 
clearly present what belongs to each study. HP's can be applied.



Directly accessible from the toolbar. Studies are 
separated.



Accessible from the sidebar. Studies are 
separated with a big coloured annotation.



Prior studies for a given patient can be quickly retrieved. This feature must somehow query the 
PACS, not just the local database.
Support for DICOM presentation states. Can specify annotations, WL/WW, image orientation, 
among others.



Yes, including annotations and viewer state. 
New presentation states can be generated.



Visualization and interaction features for a volume or set of images. A special focus has been 
made on DICOM conformity details.



Missing thickness and spacing information. 
Location only updated on mouse move.



A limited selection of annotations can be 
enabled or disabled.



The annotations adapt to the displayed image modality or type in order to show relevant 
information.



Shows TE and TR. Customization allows 
modality specific annotations.



Anatomical image orientation components are shown in a relevant way. For volumes (CT, MR) and 
planar images where orientation is given in a more fuzzy way (CR, MG).



"Reader was unable to read" error in the 
console.



Adaptation to the display hardware characteristics (high pixel density, 10 bit displays, physical 
screen size awareness).



Scale fonts and UI. May be implemented by honouring system's DPI and pixel scaling settings and 
not directly scaling images (rendering images in device pixels).



Honours DPI system settings and has an 
internal UI scaling feature. (Magnification).



Not posible to force specific DPI on macOS. 
Scaling options not found inside the program



DPI system settings are read, but many buttons 
and UI elements are cropped.



DPI System settings are read, but buttons are 
not upscaled.



The program can display true size or 1:1 scaled images by means of manual calibration methods 
(fiducial calibration) or by automatically reading EDID physical screen size.
Available interpolations when scaling pixels. Lower categories are assumed when a more 
advanced visualization technique is used.



Resampling, cubic by default, linear when 
panning or zooming



Which nterpolation to use can be configured for 
each modality.



Advanced smoothing that greatly improves image quality on big zooming factors. (Sinc, Lanczos, 
etc.)
Summarize and display multiple slices at the same time (MIP, average, etc.) and if other features 
are available and adapt to this special case.
Adjusting the view plane to the desired viewpoint in a efficient and non-frustrating way. The score 
is set in a fairly manner after analyzing all viewers and their level of MPR complexity.



Usable, and presents extra features like VR up 
and down.



Not interactive. Creates a new series with the 
selected thickness and projection.



Navigate through a volume using different view planes and if other features are available and 
adapt to this special case.



Separate modes: 3D MPR (any orientation), 2D 
orthogonal, curved



Adjusting the view plane to the desired viewpoint in a efficient and non-frustrating way. The score 
is set in a fairly manner after analyzing all viewers and their level of MPR complexity.



Non orthogonal MPR in a separate window, and 
difficult to use, and with fewer tools.



Not fully integrated with the normal 2D viewer's 
workflow.



2D orthogonal only as a separate mode. Thick 
slab not allowed.



Only axial, saggital and coronal planes are reconstructed. The implementation simply reads the 
original volume.



A planar image is reconstructed from a curve. The typical use case is, visualizing in a coronal view 
plane all the vertebres of an spine.



2D & 3D. Can adjust position and fusion settings 
(opacity, colors, etc.). Must display a CT & a PET 
in different viewers to enable.



Fused WL/WW can be directly edited with the 
tool. Fusing series is quick.



Two separate viewers needed to start and 
adjust PET WL/WW.



Very customizable, but mouse usability could be 
better.
Yes, automatic registration can be performed in 
order to fuse any volume.



PET is always the upper most layer. Always 
visible. PET color can't be changed.



Mouse interaction works well, and controls are 
accessible.



Mouse interaction works well, and controls are 
accessible.



Mouse interaction works well, and controls are 
accessible.



Mouse interaction works well, and controls are 
accessible.



Mouse interaction works well. Some transfer 
function features could be more accessible.



Inversion of the transfer function. Special cases like colour images, non linear LUT, and coloured 
transfer functions shall be carefully inspected.



An "invert LUT" LUT is available. An inverted LUT 
is not a LUT inversion operation per se.



There are presets, but DICOM ones are not 
honoured.



Default tranfer functions exist, but DICOM 
defined ones are not read.



Possibility to add custom transfer functions. Non linear transfer function edition and other special 
cases is a plus. Primarily this feature shall be in the form of a user interface.



Yes in the 3D viewer. In the 2D viewer only 
custom WW/WL can be added.



WL/WW presets can be added per modality 
basis.



Interactive manipulation of the transfer function. Special cases like colour images, non linear LUT, 
and coloured transfer functions shall be carefully inspected. Usability is not evaluated here.
Single channel images (black and white) can be visualized with color scales that may improve user 
perception. The quality of the default presets is evaluated here.



Zoom level and magnification glass size can't be 
customized.



User selects an area of the image (usually drawing an square) that is magnified to fill the viewer's 
extent.
Magnification is centered on the cursor position, enabling the user to efficiently zoom as it 
removes the need to pan the image.
Usability and efficiency to navigate through slices. The score is set in a fairly manner after 
analyzing all viewers.



Adapts to the number of slices and screen size. 
Has an infinite scrolling feature.



Adapts, but misses slices on big volumes (eg. 
850 slices).



Does not adapt, but sensitivity is configurable. 
Some modifier keys allow faster scrolling.



Touchpad interaction could be better. When 
scrolling quickly some steps are missed.



A 3D interpolation is performed when the thick slab does not exactly snap into acquisition slices. 
The feature must enable the user to specify / interact with a custom scrolling distance.
Navigation on series where a spatial position has more than one acquisition (time, multi-echo, 
direction, diffusivity, etc.).
Usability and efficiency to navigate through phases. The score is set in a fairly manner after 
analyzing all viewers.



Can be changed with keyboard, scolling, 
touchpad… in a very usable manner.



Can be changed with the keyboard, or with a 
slider in the toolbar.



Phases are presented as a separate dimension (4D volume). Synchronization and other features 
behave appropiately.



Phases can be changed but without phase 
number visual feedback.



Yes, allows phases even on 3D volume 
rendering.



Rendering of a volume in 3D using raycasting rendering. The user shall be able to change the 
viewpoint and be able to reveal occluded zones.



Does quality degradation to speed up 
interaction.



Does quality degradation to speed up 
interaction.



Does quality degradation to speed up 
interaction.



Projection mode can be altered and some 
illumination parameters can be adjusted.



A good selection of transfer functions. With 
illumination and rendering parameters.



A good selection of transfer functions, and with 
a live preview.



Small selection of transfer functions, and no 
preview available.



The editor could be more usable. Transfer 
functions can be saved.



Editor with histogram, and can save the 
transfer functions to a file.



Interactive adjustment (for instance with the mouse) of  (WL/WW) transparency in order to reveal 
occluded areas.



Yes, there are extra occlusion removal tools. 
Measuring distances is possible.



Display series with a time dimension like ultrasound and some MRI modalities. Ease of use of 
playback controls like, boomerang, loop, frame rate, etc.



No boomerang. Only a list of framerates. 
Button works  with middle or right click only.



Fails in some cases. Very dispaired pixel values 
are given.



Pixels values are processed in signed and unsigned representations, and in several lengths 
representations, for example 13 bits.



There's a setting to apply them, but for an 
unknown reason it can’t be enabled.



A shape or shapes specified in DICOM tags that shall occludes a zone of the image (usually to 
improve perception and avoid flaring). Can be usually found in fluoroscope images.
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3D Based Visualization DICOM Quirks Overlays 3.4.14.9 3 0.00 0.00 0.00 ⊤ 0.00 (.75) 0.00 ⊥ 0.00 ⊤ 0.00 (.50) Overlapping overlay layers not shown properly.



3D Based Visualization DICOM Quirks Gantry tilt 3.4.14.1 3 0.05 0.50 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Visualization DICOM Quirks Segmented palette 3.4.14.1 3 0.01 0.05 Special method to store color images. 1.00 ⊤ 0.10 (.10) Can be opened, but they are rendered wrong. 0.00 ⊥ 0.00 ⊥ 1.00 ⊤



3D Based Visualization DICOM Quirks Color images 3.4.14.1 3 0.01 0.10 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



3D Based Tools 3.5 1 0.21 3.00 Tools that are mainly focused to measure, annotate and comprehend the datasets. 0.65 0.89 0.14 0.87 0.46



3D Based Tools Usability 3.5.1 2 0.09 1.00 0.80 (.80) 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



3D Based Tools Editable 3.5.2 2 0.09 1.00 What is drawn can be modified. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ Shape, color, thickness… are modifiable. 0.90 (.90)



3D Based Tools Transversality 3.5.3 2 0.07 0.75 Tools can be used in a wide range of modes, like fusion, MPR, thick slab, 3D viewer. 0.67 (.67) 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ All tools available to all modes. 0.00 ⊥



3D Based Tools Undo 3.5.4 2 0.05 0.50 Performed operations can be undone and redone. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Tools 3D cursor 3.5.5 2 0.09 1.00 1.00 ⊤ 0.67 (.67) Can only be used under MPR mode. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



3D Based Tools Reference lines 3.5.6 2 0.09 1.00 0.90 (.90) 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



3D Based Tools Save status 3.5.7 2 0.05 0.50 Drawings, annotations and measures can be saved for future editing or at least exported. 0.20 0.60 0.20 1.00 0.20



3D Based Tools Save status Screenshot 3.5.7.1 3 0.20 0.25 Very basic exportation method that does not allow future editing. 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



3D Based Tools Save status Save 3.5.7.2 3 0.40 0.50 Can be saved using DICOM or any other alternative format. 0.00 ⊥ 1.00 ⊤ Yes, using custom file format. 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



3D Based Tools Save status DICOM format 3.5.7.3 3 0.40 0.50 Can be saved using DICOM. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ Yes, using presentation states. 0.00 ⊥



3D Based Tools Measure 3.5.8 2 0.09 1.00 Measuring tools for voxel values, angles and distances. 1.00 1.00 0.21 1.00 0.86



3D Based Tools Measure Voxel 3.5.8.1 3 0.29 1.00 Information of voxel value. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



3D Based Tools Measure Distance 3.5.8.2 3 0.21 0.75 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤ 1.00 ⊤



3D Based Tools Measure Angle 3.5.8.3 3 0.21 0.75 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



3D Based Tools Measure Cobb angle 3.5.8.4 3 0.14 0.50 A method to measure open angles. Open angle and cobb angle are equiparable. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



3D Based Tools Measure TA-GT 3.5.8.5 3 0.14 0.50 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥



3D Based Tools Annotations 3.5.9 2 0.05 0.50 User drawable annotations over the image. 0.38 1.00 0.00 0.95 0.95



3D Based Tools Annotations Basic shapes 3.5.9.1 3 0.25 0.50 Circle, ellipse, rectangle, etc. 0.80 (.80) 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ Yes, and many shapes available. 0.90 (.90) Yes, but perfect circles can't be achieved.



3D Based Tools Annotations Polygons 3.5.9.2 3 0.25 0.50 Regular polygons, freehand, splines… 0.70 (.70) 1.00 ⊤ Many, and with splines. 0.00 ⊥ 0.80 (.80) No advanced shapes. 0.90 (.90) Includes freehand.



3D Based Tools Annotations Arrow or marker 3.5.9.3 3 0.25 0.50 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



3D Based Tools Annotations Textual 3.5.9.4 3 0.25 0.50 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



3D Based Tools Unit awareness 3.5.10 2 0.05 0.50 1.00 ⊤ 0.50 (.50) 0.50 (.50) 0.80 (.80) SUV units are not properly shown. 0.70 (.70)



3D Based Tools Statistics 3.5.11 2 0.07 0.75 Statistics calculated when a measure is taken (SD, mean, average...) 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



3D Based Tools SUV 3.5.12 2 0.07 0.75 Calculation of SUV, useful for PET images. 1.00 ⊤ Yes, and with several configuration options. 0.80 (.80) 0.00 ⊥ 0.90 (.90) Yes on ROIs. Only body weight method available. 0.00 ⊥



3D Based Tools Histogram 3.5.13 2 0.03 0.33 Histogram of a volume, image or region of the image. 0.00 ⊥ 1.00 ⊤ Yes, and even in ROIs. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Tools ROI 3.5.14 2 0.09 1.00 0.67 (.67) Yes, however only 2D ROI. 1.00 ⊤ Yes, including 3D ROI, and advanced features. 0.00 ⊥ 0.67 (.67) Yes, however only 2D ROI. 0.67 (.67) Yes, however only 2D ROI.



3D Based Tools Key image notes (KIN) 3.5.15 2 0.05 0.50 0.00 ⊥ 0.33 (.33) 0.00 ⊥ 0.80 (.80) 0.00 ⊥



3D Based Other modalitie 3.6 1 0.07 1.00 Special modalities that are not images or volumes. 0.20 0.35 0.00 0.76 0.36



3D Based Other modalities Structured report (SR) 3.6.1 2 0.40 1.00 0.00 0.36 0.00 0.55 0.00



3D Based Other modalities Structured report (SR) Read 3.6.1.1 3 0.55 1.00 Structured reports are shown and properly integrated. 0.00 ⊥ 0.67 (.67) 0.00 ⊥ 1.00 ⊤ Integrated, and embedded links work. 0.00 ⊥



3D Based Other modalities Structured report (SR) Write 3.6.1.2 3 0.27 0.50 Generation of structured reports. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Other modalities Structured report (SR) Specific 3.6.1.3 3 0.18 0.33 Adaptation of the structured report UI to specific imaging modalities like mammography. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Other modalities Encapsulated documents 3.6.2 2 0.20 0.50 Encapsulated documents could be embedded PDF documents inside a DICOM file. 1.00 ⊤ 1.00 ⊤ 0.00 ⊥ 1.00 ⊤ 1.00 ⊤



3D Based Other modalities ECG graphs 3.6.3 2 0.20 0.50 Display DICOM electrocardiogram graphical data 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 0.80 (.80)



3D Based Other modalities Video 3.6.4 2 0.10 0.25 Display DICOM video. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.67 (.67) 0.00 ⊥



3D Based Other modalities Audio 3.6.5 2 0.10 0.25 Play DICOM audio. Waveform plotting is a plus. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.80 (.80) Yes, but with a very basic player. 0.00 ⊥



3D Based Processing 3.7 1 0.10 1.50 Features that perform a complex analysis of the dataset and usually generate new series. 0.02 0.46 0.74 0.22 0.00



3D Based Processing Generate series 3.7.1 2 0.17 0.75 0.00 ⊥ 1.00 ⊤ New series can be generated. 0.95 (.95) 0.67 (.67) 0.00 ⊥



3D Based Processing Flow quantification 3.7.2 2 0.11 0.50 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Processing Registration 3.7.3 2 0.11 0.50 Transformation of a volume to make it spatially compatible with another one. 0.00 0.20 0.60 0.00 0.00



3D Based Processing Registration Manual 3.7.3.1 3 0.40 0.50 0.00 ⊥ 0.50 (.50) Only translation, no scaling or rotation. 0.00 ⊥ 0.00 ⊥ 0.00 ⊥



3D Based Processing Registration Automatic 3.7.3.2 3 0.60 0.75 Registration is performed using some automated algorithms. 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥



3D Based Processing Segmentation 3.7.4 2 0.11 0.50 0.16 0.96 0.63 0.00 0.00



3D Based Processing Segmentation Manual 3.7.4.1 3 0.14 0.50 Segment using basic shapes. 0.50 (.50) With ROIs. 1.00 ⊤ 0.50 (.50) Yes, with a simple brush tool. 0.00 ⊥ 0.00 ⊥



3D Based Processing Segmentation Automated 3.7.4.2 3 0.29 1.00 Automated feature detection, that can automatically or semiautomatically segment. 0.30 (.30) With 2D magic roi. 1.00 ⊤ Region growing. 0.30 (.30) A simple threshold segmentation. 0.00 ⊥ 0.00 ⊥



3D Based Processing Segmentation Editable 3.7.4.3 3 0.14 0.50 Segmented results can be edited. 0.00 ⊥ 1.00 ⊤ 0.50 (.50) 0.00 ⊥ 0.00 ⊥



3D Based Processing Segmentation 3D 3.7.4.4 3 0.29 1.00 Segmentation of 3D volumes. 0.00 ⊥ 1.00 ⊤ Yes, and with erosion and dilate filters. 1.00 ⊤ 0.00 ⊥ 0.00 ⊥



3D Based Processing Segmentation Import/export 3.7.4.5 3 0.14 0.50 Segmented results can be imported and exported to different formats. 0.00 ⊥ 0.70 (.70) Yes, to a custom .roi format and .xml 0.80 (.80) 0.00 ⊥ 0.00 ⊥



3D Based Processing Rescaling 3.7.5 2 0.11 0.50 Transformations from an original volume to a new one different in size. 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ Yes, using a filter. 0.00 ⊥ 0.00 ⊥



3D Based Processing Convolution 3.7.6 2 0.17 0.75 Apply convolution filters to enchance or mask some image features. 0.00 ⊥ 1.00 ⊤ 0.67 (.67) 0.67 (.67) 0.00 ⊥



3D Based Processing Filters 3.7.7 2 0.11 0.50 Advanced filters regarding image processing. 0.00 ⊥ 0.00 ⊥ All filters found use convolution 1.00 ⊤ Yes, ITK and other advanced filters. 0.00 ⊥ 0.00 ⊥



3D Based Processing DTI 3.7.8 2 0.11 0.50 0.00 0.00 1.00 0.00 0.00



3D Based Processing DTI Maps 3.7.8.1 3 0.33 0.50 Compute maps from the tensor field such as ADC, AF, VR… 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ Yes, several of them. 0.00 ⊥ 0.00 ⊥



3D Based Processing DTI Glyphs 3.7.8.2 3 0.33 0.50 Display tensors using a glyph. 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥



3D Based Processing DTI Tractography 3.7.8.3 3 0.33 0.50 Display main fiber orientation using streamlines or hyperstreamlines. 0.00 ⊥ 0.00 ⊥ 1.00 ⊤ 0.00 ⊥ 0.00 ⊥



0.00 0.00 Do not modify the last row 0.00 Do not modify the first row 0.00 Do not modify the last row 0.00 Do not modify the last row 0.00 Do not modify the last row 0.00 Do not modify the last row



Small pixmaps that must be drawn over the original image. Usually found in some CR and MG 
images.



Overlays are always shown, the option to hide 
them doesn't work.



CT volumes acquired with the gantry tilted require an special treatment in oder to visualize them 
volumetrically (3D). The image may not be shown correctly but the position yes.



Offers gantry tilt correction before 
reconstruction.



Multi-channel images, like some screenshots and doopler ultrasound series can be properly 
displayed.



General evaluation of  the interaction and frustrations the user may encounter when drawing, 
modifying etc. The score is set in a fairly manner after analyzing all viewers.



Drawing is usable, but could not determine 
edition usability.



Only one tool (measure tool), the usability and 
edition of it is good.



Most tools usable under orthogonal MPR and 
MIP.



Yes, a big effort has ben done to make tools 
available in all modes.



Only 2D viewers, so transversality is not 
applicable.



A selected location in one viewer is precisely shown relative to the rest of the veiwers that share 
the same spatial origin.
The intersection of the current slice in the current viewer and other series that share the same 
origin is shown.



Displays beginning and end of the volumes, as 
well as the slice thickness.



Displays beginning and end of the volumes, as 
well as the slice thickness.



Screenshots can be uploaded to the PACS, and 
saved in DICOM.



Can be saved to file, or saved as a new DICOM 
serie.



Awareness of the viewer regarding the handling of the units and DICOM tags in order to perform 
right measurements.



Distances and area units, but not pixel units. 
SUV units are missing.



Annotatios are in mm, however, measurements 
do not display the unit.



Distances and area units, but not pixel units. 
ECG units shown properly.



Only body weight method, and too many steps 
shall be performed to measure.



Evaluates if there's a ROI tool present. As they usually do automated segmentation, those features 
are evaluated inide the "processing" group. 3D ROI shall be considered..



Can do segmentation, but not ROIs that show 
statistics about a region.



DICOM standard way to bookmark some images in a study. The program should be able not only 
to read but to save them in DICOM format.



Has an internal "key images" feature, but it 
can't read or generate real KO.



Yes, can be read and created. Editing the name 
is not possible.



DICOM structured reports enable physicians to review studies and store their conclusions and 
remarks in a standard way.



Are converted to PDF and shown with system 
viewer.



Supported, and with effective and usable tools 
that compute several metrics.



Supported, but measures are slower to perform 
with the ruler tool.



Opens with the system media player. Does not 
work well on GNU/Linux.



New series can be generated. Generated series through screenshots is not considered. New series 
shall be in DICOM format or express a similar equivalency inside the program workflow.



Yes, as a way to store intermediate results. They 
are treated as if they were DICOM.



Some operations like MIP and MPR generate 
new series. They are in DICOM format.



Extract and present (usually using graphs) flow information from speed maps usually acquired 
with MRI flow quantization sequences.



The user can manually transform a dataset to make it match with the other one with operations 
like translation, rotation and scaling.



With many advanced and configurable 
algorithms.



Automated or semiautomated detection of image features in order to classify its voxels. Some ROI 
tools do perform segmentation, its segmentation features shall be evaluated here.



Yes, with a simple brush tool, area can be 
added or substracted.



Yes, to several scientific formats like MHD, VTK… 
unfortunately not to DICOM.



In theory available in a plugin not included by 
default, thus we do not evaluate it.



Only gaussian blur available, can't custom 
define a convolution matrix.



Yes, a good selection, however they can't be 
chained nor custom made. Only for display.



Visualize and interact with volumes where each voxel is considered a tensor. The visualization may 
require advanced features like tractographies and glyph visualizations.



Yes, a good selection of them. Resolution can 
be picked.
Yes, but no advanced filtering methods could 
be found.











Auxilliary Tree Weights Tree  data Viewer 1 Viewer 2
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⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ 0 0 0 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Do not modify the first row 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Do not modify the 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Do not modify the first row



⊤ ⊥ ⊥ ⊥ ⊥ ⊤ ⊥ ⊥ ⊥ ⊥ ⊤ ⊥ ⊥ ⊥ ⊥ 1 0 0 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ -1 1.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 1.00 1.00 1.00 0.98 0.00 0.00 0.00 0.00 0.98 0.98 0.52 0.00 0.00 0.00 0.00 0.52 0.52



⊥ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ ⊥ ⊥ ⊥ ⊤ ⊥ ⊥ ⊥ 1 1 0 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ Physician 1 0 1.00 0.50 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 1.00 1.00 0.00 0.00 0.00 0.50 0.50 0.50 Physician 0.98 0.39 0.00 0.00 0.00 0.39 0.78 0.52 0.26 0.00 0.00 0.00 0.26 0.51
⊥ ⊥ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ ⊥ 1 1 1 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ Physician Features 1.1 1 1.00 0.50 0.50 0.00 0.00 0.00 0.50 1.90 0.00 0.00 1.00 1.00 1.90 0.00 0.00 0.13 0.26 0.50 Physician Features General program features 0.98 0.39 0.12 0.00 0.00 0.12 0.92 0.52 0.26 0.02 0.00 0.00 0.02 0.17



⊥ ⊥ ⊥ ⊤ ⊥ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ 1 1 1 1 0 ⊥ ⊥ ⊥ ⊤ ⊥ Physician Features CE-Certified 1.1.1 2 1.00 0.50 0.50 1.00 0.00 0.00 0.50 1.40 1.50 0.00 1.00 1.00 1.90 1.50 0.00 0.09 0.67 1.00 Physician Features CE-Certified Is considered a medical device? 0.98 0.39 0.12 0.09 0.09 0.09 1.00 ⊤ 0.52 0.26 0.02 0.00 0.00 0.00 0.00 ⊥



⊥ ⊥ ⊥ ⊤ ⊥ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ 1 1 1 2 0 ⊥ ⊥ ⊥ ⊥ ⊥ Physician Features OS 1.1.2 2 1.00 0.50 0.50 0.50 0.00 0.00 0.50 1.40 0.50 0.00 1.00 1.00 1.90 1.50 0.00 0.04 0.33 0.50 Physician Features OS Supported platforms 0.90 0.30 0.03 0.03 0.00 0.03 0.75 0.52 0.26 0.02 0.02 0.00 0.02 0.50



⊥ ⊥ ⊥ ⊥ ⊤ ⊤ ⊤ ⊤ ⊤ ⊤ ⊥ ⊤ ⊤ ⊥ ⊤ 1 1 1 2 1 ⊥ ⊥ ⊥ ⊥ ⊤ Physician Features OS Windows 1.1.2.1 3 1.00 0.50 0.50 0.50 1.00 0.00 0.50 1.40 0.00 2.00 1.00 1.00 1.90 1.50 2.00 0.02 0.50 1.00 Physician Features OS Windows 0.90 0.30 0.03 0.03 0.02 0.02 1.00 ⊤ 0.52 0.26 0.02 0.02 0.02 0.02 1.00 ⊤



⊥ ⊥ ⊥ ⊥ ⊤ ⊤ ⊤ ⊤ ⊤ ⊤ ⊥ ⊤ ⊤ ⊥ ⊤ 1 1 1 2 2 ⊥ ⊥ ⊥ ⊥ ⊤ Physician Features OS macOS 1.1.2.2 3 1.00 0.50 0.50 0.50 0.50 0.00 0.50 1.40 0.00 1.00 1.00 1.00 1.90 1.50 2.00 0.01 0.25 0.50 Physician Features OS macOS 0.87 0.28 0.01 0.01 0.00 0.00 0.00 ⊥ 0.50 0.23 0.00 0.00 0.00 0.00 0.00 ⊥



⊥ ⊥ ⊥ ⊥ ⊤ ⊤ ⊤ ⊤ ⊤ ⊤ ⊥ ⊤ ⊤ ⊥ ⊤ 1 1 1 2 3 ⊥ ⊥ ⊥ ⊥ ⊤ Physician Features OS GNU/Linux 1.1.2.3 3 1.00 0.50 0.50 0.50 0.50 0.00 0.50 1.40 0.00 0.50 1.00 1.00 1.90 1.50 2.00 0.01 0.25 0.50 Physician Features OS GNU/Linux 0.87 0.28 0.01 0.01 0.01 0.01 1.00 ⊤ 0.50 0.23 0.00 0.00 0.00 0.00 0.00 ⊥



⊥ ⊥ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ ⊥ 1 1 2 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ Physician Visualizati 1.2 1 1.00 0.50 0.90 0.50 0.50 0.00 0.50 1.40 0.00 0.00 1.00 1.00 1.90 0.00 0.00 0.24 0.47 0.90 Physician Visualization 0.86 0.27 0.17 0.00 0.00 0.17 0.70 0.50 0.23 0.18 0.00 0.00 0.18 0.77



⊥ ⊥ ⊥ ⊤ ⊥ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ 1 1 2 1 0 ⊥ ⊥ ⊥ ⊤ ⊥ Physician Visualizatio 3D 1.2.1 2 1.00 0.50 0.90 0.50 0.50 0.00 0.50 0.50 1.50 0.00 1.00 1.00 1.90 1.50 0.00 0.08 0.33 0.50 Physician Visualization 3D How fully-featured is the 3D visualization. 0.86 0.27 0.17 0.07 0.07 0.07 0.90 (.90) 0.50 0.23 0.18 0.06 0.06 0.06 0.70 (.70) CPU-Based rendering.



⊥ ⊥ ⊥ ⊤ ⊥ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ 1 1 2 2 0 ⊥ ⊥ ⊥ ⊤ ⊥ Physician Visualizatio 2D 1.2.2 2 1.00 0.50 0.90 1.00 0.50 0.00 0.50 0.50 1.00 0.00 1.00 1.00 1.90 1.50 0.00 0.16 0.67 1.00 Physician Visualization 2D How fully-featured is the 2D visualization. 0.79 0.20 0.09 0.09 0.09 0.09 0.60 (.60) 0.44 0.18 0.13 0.13 0.13 0.13 0.80 (.80)



⊥ ⊥ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ ⊥ 1 1 3 0 0 ⊥ ⊥ ⊤ ⊥ ⊥ Physician Easy to use 1.3 1 1.00 0.50 0.50 1.00 0.50 0.00 0.50 0.50 0.00 0.00 1.00 1.00 1.90 0.00 0.00 0.13 0.26 0.50 Physician Easy to use Usable and user-friendly interface. 0.70 0.11 0.11 0.11 0.11 0.11 0.80 (.80) Good, and quick to use. 0.32 0.05 0.05 0.05 0.05 0.05 0.40 (.40)



⊥ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ ⊥ ⊥ ⊥ ⊤ ⊥ ⊥ ⊥ 1 2 0 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ Expert 2 0 1.00 0.50 0.50 1.00 0.50 0.00 0.50 0.00 0.00 0.00 1.00 1.00 0.00 0.00 0.00 0.50 0.50 0.50 Expert 0.59 0.59 0.00 0.00 0.00 0.59 1.18 0.27 0.27 0.00 0.00 0.00 0.27 0.53



⊥ ⊥ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊥ ⊤ ⊥ ⊥ 1 2 1 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ Expert Features 2.1 1 1.00 0.50 0.50 1.00 0.50 0.00 0.00 1.50 0.00 0.00 1.00 1.00 1.50 0.00 0.00 0.17 0.33 0.50 Expert Features General program features 0.59 0.59 0.17 0.00 0.00 0.17 1.00 0.27 0.27 0.07 0.00 0.00 0.07 0.44



⊥ ⊥ ⊥ ⊤ ⊥ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ 1 2 1 1 0 ⊥ ⊥ ⊥ ⊤ ⊥ Expert Features CE-Certified 2.1.1 2 1.00 0.50 0.50 0.10 0.50 0.00 0.00 1.00 0.90 0.00 1.00 1.00 1.50 0.90 0.00 0.02 0.11 0.10 Expert Features CE-Certified Is considered a medical device? 0.59 0.59 0.17 0.02 0.02 0.02 1.00 ⊤ 0.27 0.27 0.07 0.00 0.00 0.00 0.00 ⊥



⊥ ⊥ ⊥ ⊤ ⊥ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ 1 2 1 2 0 ⊥ ⊥ ⊥ ⊥ ⊥ Expert Features OS 2.1.2 2 1.00 0.50 0.50 0.80 0.50 0.00 0.00 1.00 0.80 0.00 1.00 1.00 1.50 0.90 0.00 0.15 0.89 0.80 Expert Features OS Supported platforms 0.57 0.57 0.15 0.15 0.00 0.15 1.00 0.27 0.27 0.07 0.07 0.00 0.07 0.50



⊥ ⊥ ⊥ ⊥ ⊤ ⊤ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊤ ⊥ ⊤ 1 2 1 2 1 ⊥ ⊥ ⊥ ⊥ ⊤ Expert Features OS Windows 2.1.2.1 3 1.00 0.50 0.50 0.80 0.50 0.00 0.00 1.00 0.00 1.00 1.00 1.00 1.50 0.90 1.00 0.07 0.50 0.50 Expert Features OS Windows 0.57 0.57 0.15 0.15 0.07 0.07 1.00 ⊤ 0.27 0.27 0.07 0.07 0.07 0.07 1.00 ⊤



⊥ ⊥ ⊥ ⊥ ⊤ ⊤ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊤ ⊥ ⊤ 1 2 1 2 2 ⊥ ⊥ ⊥ ⊥ ⊤ Expert Features OS macOS 2.1.2.2 3 1.00 0.50 0.50 0.80 0.00 0.00 0.00 1.00 0.00 0.50 1.00 1.00 1.50 0.90 1.00 0.00 0.00 ! Expert Features OS macOS 0.50 0.50 0.07 0.07 0.00 0.00 0.00 ! 0.19 0.19 0.00 0.00 0.00 0.00 0.00 ⊥



⊥ ⊥ ⊥ ⊥ ⊤ ⊤ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊤ ⊥ ⊤ 1 2 1 2 3 ⊥ ⊥ ⊥ ⊥ ⊤ Expert Features OS GNU/Linux 2.1.2.3 3 1.00 0.50 0.50 0.80 0.50 0.00 0.00 1.00 0.00 0.50 1.00 1.00 1.50 0.90 1.00 0.07 0.50 0.50 Expert Features OS GNU/Linux 0.50 0.50 0.07 0.07 0.07 0.07 1.00 ⊤ 0.19 0.19 0.00 0.00 0.00 0.00 0.00 ⊥



⊥ ⊥ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊥ ⊤ ⊥ ⊥ 1 2 2 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ Expert Visualizati 2.2 1 1.00 0.50 0.50 0.80 0.50 0.00 0.00 1.00 0.00 0.00 1.00 1.00 1.50 0.00 0.00 0.17 0.33 0.50 Expert Visualization 0.43 0.43 0.29 0.17 0.17 0.29 1.75 X ⊤ 0.19 0.19 0.13 0.00 0.00 0.13 0.75



⊥ ⊥ ⊥ ⊤ ⊥ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ 1 2 2 1 0 ⊥ ⊥ ⊥ ⊤ ⊥ Expert Visualizatio 3D 2.2.1 2 1.00 0.50 0.50 0.50 0.50 0.00 0.00 0.50 1.00 0.00 1.00 1.00 1.50 1.00 0.00 0.08 0.50 0.50 Expert Visualization 3D How fully-featured is the 3D visualization. 0.26 0.26 0.13 0.08 0.08 0.08 0.90 (.90) 0.19 0.19 0.13 0.06 0.06 0.06 0.70 (.70) CPU-Based rendering.



⊥ ⊥ ⊥ ⊤ ⊥ ⊤ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊤ ⊤ ⊥ 1 2 2 2 0 ⊥ ⊥ ⊥ ⊤ ⊥ Expert Visualizatio 2D 2.2.1 2 1.00 0.50 0.50 0.50 0.50 0.00 0.00 0.50 0.50 0.00 1.00 1.00 1.50 1.00 0.00 0.08 0.50 0.50 Expert Visualization 2D How fully-featured is the 2D visualization. 0.18 0.18 0.05 0.05 0.05 0.05 0.60 (.60) 0.13 0.13 0.07 0.07 0.07 0.07 0.80 (.80)



⊥ ⊥ ⊤ ⊥ ⊥ ⊤ ⊤ ⊤ ⊥ ⊥ ⊥ ⊥ ⊤ ⊥ ⊥ 1 2 3 0 0 ⊥ ⊥ ⊤ ⊥ ⊥ Expert Easy to use 2.3 1 1.00 0.50 0.50 0.50 0.50 0.00 0.00 0.50 0.00 0.00 1.00 1.00 1.50 0.00 0.00 0.17 0.33 0.50 Expert Easy to use Usable and user-friendly interface. 0.13 0.13 0.13 0.13 0.13 0.13 0.80 (.80) Good, and quick to use. 0.07 0.07 0.07 0.07 0.07 0.07 0.40 (.40)



⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ 0 0 0 0 0 ⊥ ⊥ ⊥ ⊥ ⊥ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Do not modify the last row 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Do not modify the 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Do not modify the last row



Subcriteri
on



Au
di



en
ce



 
w



ei
gh



t



Cr
ite



ri
on



 
w



ei
gh



t



Su
bc



ri
te



ri
on



 
w



ei
gh



t



Ro
ot



 w
ei



gh
t 



∑



Au
di



en
ce



 
w



ei
gh



t ∑



G
ro



up
 w



ei
gh



t 
∑



Cr
ite



ri
on



 
w



ei
gh



t ∑



Su
bc



ri
te



ri
on



 
w



ei
gh



t ∑



Ro
ot



 w
. ∑



 
do



w
n



Au
di



en
ce



 w
. 



∑ 
do



w
n



G
ro



up
 w



. ∑
 



do
w



n



Cr
ite



ri
on



 w
. ∑



 
do



w
n



Su
bc



ri
te



ri
on



 
w



. ∑
 d



ow
n



Ab
so



lu
te



 
no



rm
. w



.



Re
la



tiv
e 



no
rm



. w
.



Re
la



tiv
e 



no
rm



al
iz



ed
 



w
ei



gh
t



Subcriteri
on



Ro
ot



 a
bs



. 
Sc



or
e 



 ∑



Au
di



en
ce



 
ab



s.
 S



co
re



 ∑



G
ro



up
 a



bs
. 



Sc
or



e 
∑



Cr
ite



ri
on



 a
bs



. 
Sc



or
e 



∑



Su
bc



ri
te



ri
on



 
ab



s.
 S



co
re



 ∑



(V
ie



w
er



 1
) 



Ab
s.



 S
co



re



(V
ie



w
er



 1
) 



Re
l. 



Sc
or



e



Ro
ot



 a
bs



. 
Sc



or
e 



 ∑



Au
di



en
ce



 
ab



s.
 S



co
re



 ∑



G
ro



up
 a



bs
. 



Sc
or



e 
∑



Cr
ite



ri
on



 a
bs



. 
Sc



or
e 



∑



Su
bc



ri
te



ri
on



 
ab



s.
 S



co
re



 ∑



(V
ie



w
er



 2
) 



Ab
s.



 S
co



re



(V
ie



w
er



 2
) 



Re
l. 



Sc
or



e



This is the root node, the final evaluation is 
placed here.
Important features weighted according to a 
physician's point of view.



Very good qualityt viewer 
with 3D rendering.
Lacks some important 
features like MPR among 
others.



Many features including 
MPR.
No keyboard shortcuts. Bad 
usability



Important features weighted according to a 
healthcare expert.



Very good qualityt viewer 
with 3D rendering.
Lacks some important 
features like MPR among 
others.



Many features including 
MPR.
No keyboard shortcuts. Bad 
usability



New rows can be inserted 
after the first and  before 



the last data rows.
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rag dow



n from
 here t o the second last row



     D
rag dow



n from
 here t o the second last row



     D
rag dow



n from
 here t o the second last row



Editable columns Editable columns Editable columns



To add more 
viewers, copy and 
paste the columns



Non-leaf nodes are
never evaluated



Leaf node not
evaluated



Weight is missing



Keep a consistent
tree hieracy



 ⊤ = 1.00  ⊥ = 0.00Filter by this column
in order to summarize



your data



Level dependant
color scale



Pro tip #1:



Move rows around by
selecting them, start 
drag operation and 
press ALT key before



dropping the row.













example_extension/example.pro

FORMS += \
    qexampleextensionbase.ui

HEADERS += \
    qexampleextension.h \
    exampleextensionmediator.h

SOURCES += \
    qexampleextension.cpp \
    exampleextensionmediator.cpp

RESOURCES += example.qrc

EXTENSION_DIR = $$PWD
include(../../basicconfextensions.pri)







example_extension/example.qrc

<RCC>
    <qresource prefix="/extensions/ExampleExtension">
        <file>translations_ca_ES.qm</file>
        <file>translations_en_GB.qm</file>
        <file>translations_es_ES.qm</file>
    </qresource>
</RCC>







example_extension/exampleextensionmediator.cpp

#include "exampleextensionmediator.h"

#include "extensioncontext.h"

namespace udg {

ExampleExtensionMediator::ExampleExtensionMediator(QObject *parent)
    : ExtensionMediator(parent)
{
}

bool ExampleExtensionMediator::initializeExtension(QWidget *extension, const ExtensionContext &extensionContext)
{
    QExampleExtension *exampleExtension;

    if (!(exampleExtension = qobject_cast<QExampleExtension*>(extension)))
    {
        return false;
    }

    exampleExtension->setPatient(extensionContext.getPatient());

    return true;
}

DisplayableID ExampleExtensionMediator::getExtensionID() const
{
    return DisplayableID("ExampleExtension", tr("Example"));
}

} // namespace udg







example_extension/exampleextensionmediator.h

#ifndef UDG_EXAMPLEEXTENSIONMEDIATOR_H
#define UDG_EXAMPLEEXTENSIONMEDIATOR_H

#include "extensionmediator.h"

#include "installextension.h"
#include "qexampleextension.h"

namespace udg {

class ExampleExtensionMediator : public ExtensionMediator {

    Q_OBJECT

public:

    explicit ExampleExtensionMediator(QObject *parent = nullptr);

    bool initializeExtension(QWidget *extension, const ExtensionContext &extensionContext) override;
    DisplayableID getExtensionID() const override;

};

static InstallExtension<QExampleExtension, ExampleExtensionMediator> registerExampleExtension;

} // namespace udg

#endif // UDG_EXAMPLEEXTENSIONMEDIATOR_H







example_extension/qexampleextension.cpp

#include "qexampleextension.h"

#include "patient.h"
#include "toolmanager.h"

namespace udg {

QExampleExtension::QExampleExtension(QWidget *parent)
    : QWidget(parent)
{
    setupUi(this);

    ToolManager *toolManager2D = new ToolManager(this);
    toolManager2D->registerTool("ZoomTool");            // left button
    toolManager2D->registerTool("TranslateTool");       // middle button
    toolManager2D->registerTool("WindowLevelTool");     // right button
    toolManager2D->registerTool("SlicingKeyboardTool"); // keyboard
    toolManager2D->registerTool("SlicingWheelTool");    // wheel
    toolManager2D->setupRegisteredTools(m_2DViewer->getViewer());
    toolManager2D->triggerTools({"ZoomTool", "TranslateTool", "WindowLevelTool", "SlicingKeyboardTool", "SlicingWheelTool"});

    ToolManager *toolManager3D = new ToolManager(this);
    toolManager3D->registerTool("ZoomTool");        // left button
    toolManager3D->registerTool("TranslateTool");   // middle button
    toolManager3D->registerTool("Rotate3DTool");    // right button
    toolManager3D->setupRegisteredTools(m_3DViewer);
    toolManager3D->triggerTools({"ZoomTool", "TranslateTool", "Rotate3DTool"});
}

void QExampleExtension::setPatient(Patient *patient)
{
    if (patient->getNumberOfVolumes() == 0)
    {
        return;
    }

    m_2DViewer->setInputAsynchronously(patient->getVolumesList().first());
    m_3DViewer->setInput(patient->getVolumesList().first());
}

} // namespace udg







example_extension/qexampleextension.h

#ifndef UDG_QEXAMPLEEXTENSION_H
#define UDG_QEXAMPLEEXTENSION_H

#include <QWidget>
#include "ui_qexampleextensionbase.h"

namespace udg {

class Patient;

class QExampleExtension : public QWidget, private ::Ui::QExampleExtensionBase
{

    Q_OBJECT

public:

    explicit QExampleExtension(QWidget *parent = nullptr);

    void setPatient(Patient *patient);

};

} // namespace udg

#endif // UDG_QEXAMPLEEXTENSION_H
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cost/bin/plots.R

#!/usr/bin/env Rscript
# This script will generate the graphs and tables

library(dplyr);
library(ggplot2);
library(ggrepel);
library(xtable);
library(tikzDevice);

data = read.csv("results.csv", sep=",",header=TRUE);

# PLOT 1
# Plot using the 0° fibre versions of the 14.4px and 17px cases of Creveling et al. volumes. The algorithm was exectuted at different Z-cropped sizes in order to characterize the parallelization and performance when the number of fibres is invariant but the number of voxels increases. The labels are the ratio between the CPU and wall time, the best value to expect is 32 (the number of threads available on the testing system).
if (TRUE) {
    plotdata = data[data$Case == "zgrow", ];
    plotpeaks = aggregate(CPU.time.per.voxel ~ Fibre.diameter, data = plotdata, FUN = max);
    pl = ggplot(plotdata, aes(x = Resolution.Z, y = CPU.time.per.voxel, colour=as.factor(Fibre.diameter), size=CPU.time.per.voxel/Wall.time.per.voxel, label = round(CPU.time.per.voxel/Wall.time.per.voxel))) + 
    # Warning: HLine are applied ad-hoc.
    geom_hline(mapping=aes(yintercept=plotpeaks[1,2]), linetype="dashed") +
    geom_hline(mapping=aes(yintercept=plotpeaks[2,2]), linetype="dashed") +
    geom_line() + 
    geom_label(show.legend=FALSE) +
    coord_cartesian(ylim=c(0,2e-5)) +
    scale_size(name="Speedup") +
    scale_colour_hue(name="Diameter", l = 75, c=100, h = c(180,250)) + 
    scale_x_continuous(name="Z-Resolution (slices)") +
    scale_y_continuous(name="CPU time per voxel (seconds)") +
    theme(legend.position="bottom", legend.justification="right", legend.box="vertical", legend.box.just="right", legend.text.align=1, legend.box.spacing=unit(c(0,-37,0,0),"mm"), legend.box.margin=unit(c(0,0,14,0),"mm"), text = element_text(size = 16));
    #ggtitle("Effect of fibre length on computation cost", "Impact of Z cropping a volume with an invariant number of Z oriented fibres");
    
    dir.create("plots");
    ggsave("plots/plotZGrow.pdf", plot=pl, width=6.5, height=6.5, version=1.5);
    ggsave("plots/plotZGrow.png", plot=pl, width=6.5, height=6.5, dpi=600);
    
    dir.create("plots/plotZGrow.tikz");
    tikz(file = "plots/plotZGrow.tikz/tikz.tex", width = 6.5, height = 6.5, sanitize=TRUE);
    print(pl);
    dev.off();
    
    pl;
}

# PLOT 2
# Plot using all Creveling et. al volumes which contain an invariant number of fibres in all volume sizes. Convolution sizes grow as the fibre diameter increases.
if (TRUE) {
    plotdata = data[data$Case != "zgrow" & data$Dataset == "creveling", ];
    
    pl = ggplot(plotdata, aes(x = Convolved.voxels.per.voxel, y = CPU.time.per.voxel)) + 
    geom_smooth(se=TRUE, method="loess", color="black") +
    geom_violin(aes(color=as.factor(Fibre.diameter)), size=6, width=1, alpha=0.5) +
    coord_cartesian(ylim=c(0,2e-5)) +
    scale_colour_hue(name="Diameter", l = 75, c=100, h = c(185,345)) + 
    scale_x_continuous(name="Nº of convolved voxels per voxel") +
    scale_y_continuous(name="CPU time per voxel (seconds)") +
    theme(legend.position="bottom", legend.justification="right", legend.box="vertical", legend.box.just="right", legend.text.align=1, legend.box.spacing=unit(c(0,-23,0,0),"mm"), legend.box.margin=unit(c(0,0,14,0),"mm"), text = element_text(size = 16));
    #ggtitle("Effect of scaling on computation cost", "Kernel operations growth when an invariant volume scales");
    
    dir.create("plots");
    ggsave("plots/plotScale.pdf", plot=pl, width=6.5, height=6.5, version=1.5);
    ggsave("plots/plotScale.png", plot=pl, width=6.5, height=6.5, dpi=600);
    
    dir.create("plots/plotScale.tikz");
    tikz(file = "plots/plotScale.tikz/tikz.tex", width = 6.5, height = 6.5, sanitize=TRUE);
    print(pl);
    dev.off();
}

# PLOT 3
# An overview of the measured performance on all datasets, which vary in many aspects (refer to the data table). A very decisive factor in the growth of the cost is the fibre diametre as it increases with the number of convolutions required (stroke color). The overall volume size (circle color) does not have a major impact.
if (TRUE) {
    plotdata = data[data$Case != "zgrow", ];
    pl = ggplot(plotdata, aes(x = Fibres, y = CPU.time.per.voxel, size=Fibre.diameter, label = Name)) +
    facet_wrap(facets=vars(Dataset)) +
    geom_text_repel(size = 4.5, max.overlaps=4, box.padding=1) +
    geom_point(aes(alpha=Convolved.voxels.per.voxel), stroke=2.5) +
    geom_point(aes(colour=Voxels)) +
    coord_cartesian(ylim=c(0,2e-5)) +
    scale_alpha(name="Convolutions", breaks=c(0, 500, 1000)) +
    scale_radius(name="Diameter",range=c(2,6)) +
    scale_colour_gradient(name="Voxels", high="turquoise1", low="violetred1") +
    scale_x_log10(name="Nº of segmented fibres (log)") + 
    scale_y_continuous(name="CPU time per voxel (seconds)") +
    theme(legend.position="top", legend.justification="right", legend.box="horizontal", legend.box.just="right", legend.box.spacing=unit(c(0,0,0,0),"mm"), legend.box.margin=unit(c(-12,0,0,0),"mm"), text = element_text(size = 16), legend.key.width = unit(1.75, 'cm')) +
    ggtitle("", "");
    #ggtitle("Computation cost on all datasets", "Cost respect the number of detected fibres, convolution, and volume sizes");
    
    dir.create("plots");
    ggsave("plots/plotOverview.pdf", plot=pl, width=13, height=6.5, version=1.5);
    ggsave("plots/plotOverview.png", plot=pl, width=13, height=6.5, dpi=600);
    
    dir.create("plots/plotOverview.tikz");
    tikz(file = "plots/plotOverview.tikz/tikz.tex", width = 13, height = 6.5, sanitize=TRUE);
    print(pl);
    dev.off();
    
    pl;
}


# PLOT 3 (alternative)
if (TRUE) {
    plotdata = data[data$Case != "zgrow", ];
    pl = ggplot(plotdata, aes(x = Fibres, y = CPU.time.per.voxel, size=Convolved.voxels.per.voxel, fill=Voxels, label = Name)) +
    facet_wrap(facets=vars(Dataset)) +
    geom_text_repel(size = 4.5, max.overlaps=4, box.padding=1) +
    geom_label(aes(label=Fibre.diameter), alpha=0.8, label.r=unit(0.5, "lines")) +
    coord_cartesian(ylim=c(0,2e-5)) +
    scale_size(name="Convolution size",range=c(3,6)) +
    scale_fill_gradient(name="Voxels", high="turquoise1", low="violetred1") +
    scale_x_log10(name="Nº of segmented fibres (log)") + 
    scale_y_continuous(name="CPU time per voxel (seconds)") +
    theme(legend.position="top", legend.justification="right", legend.box="horizontal", legend.box.just="right", legend.box.spacing=unit(c(0,0,0,0),"mm"), legend.box.margin=unit(c(-12,0,0,0),"mm"), text = element_text(size = 16), legend.key.width = unit(1, 'cm')) +
    ggtitle("", "");
    #ggtitle("Computation cost on all datasets", "Cost respect the number of detected fibres, convolution, and volume sizes");
    
    dir.create("plots");
    ggsave("plots/plotOverview.alternative.pdf", plot=pl, width=13, height=6.5, version=1.5);
    ggsave("plots/plotOverview.alternative.png", plot=pl, width=13, height=6.5, dpi=600);
    
    dir.create("plots/plotOverview.alternative.tikz");
    tikz(file = "plots/plotOverview.alternative.tikz/tikz.tex", width = 13, height = 6.5, sanitize=TRUE);
    print(pl);
    dev.off();
    
    pl;
}

pl;
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cost/data/plots/plotScale.tikz/tikz.tex

% Created by tikzDevice version 0.12 on 2021-11-03 12:06:56
% !TEX encoding = UTF-8 Unicode
\begin{tikzpicture}[x=1pt,y=1pt]
\definecolor{fillColor}{RGB}{255,255,255}
\path[use as bounding box,fill=fillColor,fill opacity=0.00] (0,0) rectangle (469.75,469.75);
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{255,255,255}
\definecolor{fillColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round,fill=fillColor] (  0.00,  0.00) rectangle (469.76,469.75);
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 39.39) rectangle (464.25,464.25);
\definecolor{fillColor}{gray}{0.92}

\path[fill=fillColor] ( 70.95, 39.39) rectangle (464.25,464.25);
\definecolor{drawColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.3pt,line join=round] ( 70.95,106.98) --
	(464.25,106.98);

\path[draw=drawColor,line width= 0.3pt,line join=round] ( 70.95,203.54) --
	(464.25,203.54);

\path[draw=drawColor,line width= 0.3pt,line join=round] ( 70.95,300.10) --
	(464.25,300.10);

\path[draw=drawColor,line width= 0.3pt,line join=round] ( 70.95,396.66) --
	(464.25,396.66);

\path[draw=drawColor,line width= 0.3pt,line join=round] (104.11, 39.39) --
	(104.11,464.25);

\path[draw=drawColor,line width= 0.3pt,line join=round] (218.12, 39.39) --
	(218.12,464.25);

\path[draw=drawColor,line width= 0.3pt,line join=round] (332.14, 39.39) --
	(332.14,464.25);

\path[draw=drawColor,line width= 0.3pt,line join=round] (446.15, 39.39) --
	(446.15,464.25);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 70.95, 58.70) --
	(464.25, 58.70);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 70.95,155.26) --
	(464.25,155.26);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 70.95,251.82) --
	(464.25,251.82);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 70.95,348.38) --
	(464.25,348.38);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 70.95,444.94) --
	(464.25,444.94);

\path[draw=drawColor,line width= 0.6pt,line join=round] (161.11, 39.39) --
	(161.11,464.25);

\path[draw=drawColor,line width= 0.6pt,line join=round] (275.13, 39.39) --
	(275.13,464.25);

\path[draw=drawColor,line width= 0.6pt,line join=round] (389.14, 39.39) --
	(389.14,464.25);
\definecolor{fillColor}{RGB}{153,153,153}

\path[fill=fillColor,fill opacity=0.40] ( 89.06,134.73) --
	( 93.58,134.83) --
	( 98.10,134.96) --
	(102.62,135.11) --
	(107.14,135.28) --
	(111.66,135.48) --
	(116.18,135.70) --
	(120.70,135.94) --
	(125.22,136.21) --
	(129.74,136.51) --
	(134.26,136.84) --
	(138.78,137.19) --
	(143.30,137.58) --
	(147.82,137.99) --
	(152.34,138.42) --
	(156.86,138.87) --
	(161.38,139.34) --
	(165.90,139.81) --
	(170.42,140.29) --
	(174.94,140.75) --
	(179.46,141.20) --
	(183.98,141.63) --
	(188.50,142.03) --
	(193.02,142.39) --
	(197.54,142.71) --
	(202.06,142.98) --
	(206.58,143.52) --
	(211.10,144.84) --
	(215.62,146.89) --
	(220.14,149.63) --
	(224.66,153.02) --
	(229.18,157.00) --
	(233.70,161.55) --
	(238.22,166.60) --
	(242.74,172.13) --
	(247.26,178.09) --
	(251.78,184.43) --
	(256.30,191.11) --
	(260.82,198.09) --
	(265.34,205.33) --
	(269.86,212.78) --
	(274.38,220.39) --
	(278.90,228.13) --
	(283.42,235.95) --
	(287.94,243.80) --
	(292.46,251.63) --
	(296.98,259.39) --
	(301.50,267.04) --
	(306.03,274.53) --
	(310.55,281.80) --
	(315.07,288.80) --
	(319.59,295.50) --
	(324.11,301.83) --
	(328.63,307.75) --
	(333.15,313.20) --
	(337.67,318.15) --
	(342.19,322.53) --
	(346.71,326.31) --
	(351.23,329.43) --
	(355.75,331.84) --
	(360.27,333.51) --
	(364.79,335.06) --
	(369.31,336.99) --
	(373.83,339.26) --
	(378.35,341.82) --
	(382.87,344.64) --
	(387.39,347.68) --
	(391.91,350.91) --
	(396.43,354.29) --
	(400.95,357.77) --
	(405.47,361.32) --
	(409.99,364.88) --
	(414.51,368.42) --
	(419.03,371.86) --
	(423.55,375.17) --
	(428.07,378.27) --
	(432.59,381.11) --
	(437.11,383.64) --
	(441.63,385.81) --
	(446.15,387.55) --
	(446.15,380.27) --
	(441.63,378.75) --
	(437.11,376.84) --
	(432.59,374.60) --
	(428.07,372.06) --
	(423.55,369.25) --
	(419.03,366.22) --
	(414.51,363.00) --
	(409.99,359.64) --
	(405.47,356.16) --
	(400.95,352.62) --
	(396.43,349.05) --
	(391.91,345.51) --
	(387.39,342.06) --
	(382.87,338.75) --
	(378.35,335.63) --
	(373.83,332.76) --
	(369.31,330.21) --
	(364.79,328.02) --
	(360.27,326.24) --
	(355.75,324.41) --
	(351.23,321.88) --
	(346.71,318.69) --
	(342.19,314.90) --
	(337.67,310.53) --
	(333.15,305.64) --
	(328.63,300.27) --
	(324.11,294.46) --
	(319.59,288.26) --
	(315.07,281.71) --
	(310.55,274.85) --
	(306.03,267.73) --
	(301.50,260.39) --
	(296.98,252.87) --
	(292.46,245.21) --
	(287.94,237.47) --
	(283.42,229.67) --
	(278.90,221.88) --
	(274.38,214.12) --
	(269.86,206.46) --
	(265.34,198.94) --
	(260.82,191.60) --
	(256.30,184.50) --
	(251.78,177.69) --
	(247.26,171.21) --
	(242.74,165.11) --
	(238.22,159.45) --
	(233.70,154.28) --
	(229.18,149.63) --
	(224.66,145.57) --
	(220.14,142.15) --
	(215.62,139.40) --
	(211.10,137.38) --
	(206.58,136.14) --
	(202.06,135.72) --
	(197.54,135.61) --
	(193.02,135.48) --
	(188.50,135.33) --
	(183.98,135.16) --
	(179.46,134.96) --
	(174.94,134.73) --
	(170.42,134.49) --
	(165.90,134.21) --
	(161.38,133.91) --
	(156.86,133.58) --
	(152.34,133.22) --
	(147.82,132.84) --
	(143.30,132.42) --
	(138.78,131.99) --
	(134.26,131.53) --
	(129.74,131.06) --
	(125.22,130.59) --
	(120.70,130.12) --
	(116.18,129.65) --
	(111.66,129.21) --
	(107.14,128.78) --
	(102.62,128.39) --
	( 98.10,128.03) --
	( 93.58,127.72) --
	( 89.06,127.46) --
	cycle;
\definecolor{drawColor}{RGB}{0,0,0}

\path[draw=drawColor,line width= 1.1pt,line join=round] ( 89.06,131.09) --
	( 93.58,131.28) --
	( 98.10,131.50) --
	(102.62,131.75) --
	(107.14,132.03) --
	(111.66,132.34) --
	(116.18,132.68) --
	(120.70,133.03) --
	(125.22,133.40) --
	(129.74,133.79) --
	(134.26,134.18) --
	(138.78,134.59) --
	(143.30,135.00) --
	(147.82,135.41) --
	(152.34,135.82) --
	(156.86,136.23) --
	(161.38,136.63) --
	(165.90,137.01) --
	(170.42,137.39) --
	(174.94,137.74) --
	(179.46,138.08) --
	(183.98,138.39) --
	(188.50,138.68) --
	(193.02,138.94) --
	(197.54,139.16) --
	(202.06,139.35) --
	(206.58,139.83) --
	(211.10,141.11) --
	(215.62,143.15) --
	(220.14,145.89) --
	(224.66,149.30) --
	(229.18,153.32) --
	(233.70,157.91) --
	(238.22,163.03) --
	(242.74,168.62) --
	(247.26,174.65) --
	(251.78,181.06) --
	(256.30,187.81) --
	(260.82,194.85) --
	(265.34,202.13) --
	(269.86,209.62) --
	(274.38,217.26) --
	(278.90,225.01) --
	(283.42,232.81) --
	(287.94,240.63) --
	(292.46,248.42) --
	(296.98,256.13) --
	(301.50,263.71) --
	(306.03,271.13) --
	(310.55,278.32) --
	(315.07,285.26) --
	(319.59,291.88) --
	(324.11,298.14) --
	(328.63,304.01) --
	(333.15,309.42) --
	(337.67,314.34) --
	(342.19,318.71) --
	(346.71,322.50) --
	(351.23,325.65) --
	(355.75,328.13) --
	(360.27,329.88) --
	(364.79,331.54) --
	(369.31,333.60) --
	(373.83,336.01) --
	(378.35,338.72) --
	(382.87,341.69) --
	(387.39,344.87) --
	(391.91,348.21) --
	(396.43,351.67) --
	(400.95,355.19) --
	(405.47,358.74) --
	(409.99,362.26) --
	(414.51,365.71) --
	(419.03,369.04) --
	(423.55,372.21) --
	(428.07,375.16) --
	(432.59,377.85) --
	(437.11,380.24) --
	(441.63,382.28) --
	(446.15,383.91);
\definecolor{drawColor}{RGB}{0,220,206}
\definecolor{fillColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 6.8pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.50] ( 89.01,128.55) --
	( 89.01,128.56) --
	( 89.01,128.57) --
	( 89.01,128.58) --
	( 89.01,128.59) --
	( 89.01,128.60) --
	( 89.01,128.61) --
	( 89.01,128.62) --
	( 89.01,128.63) --
	( 89.01,128.64) --
	( 89.01,128.65) --
	( 89.01,128.66) --
	( 89.01,128.67) --
	( 89.01,128.68) --
	( 89.01,128.69) --
	( 89.01,128.70) --
	( 89.01,128.72) --
	( 89.01,128.73) --
	( 89.01,128.74) --
	( 89.01,128.75) --
	( 89.01,128.76) --
	( 89.01,128.77) --
	( 89.01,128.78) --
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	( 89.11,132.05) --
	( 89.11,132.04) --
	( 89.11,132.03) --
	( 89.11,132.02) --
	( 89.11,132.01) --
	( 89.11,132.00) --
	( 89.11,131.99) --
	( 89.11,131.98) --
	( 89.11,131.97) --
	( 89.11,131.96) --
	( 89.11,131.95) --
	( 89.11,131.94) --
	( 89.11,131.93) --
	( 89.11,131.92) --
	( 89.11,131.91) --
	( 89.11,131.90) --
	( 89.11,131.89) --
	( 89.11,131.88) --
	( 89.11,131.87) --
	( 89.11,131.86) --
	( 89.11,131.85) --
	( 89.11,131.84) --
	( 89.11,131.83) --
	( 89.11,131.82) --
	( 89.11,131.81) --
	( 89.11,131.80) --
	( 89.11,131.79) --
	( 89.11,131.78) --
	( 89.11,131.76) --
	( 89.11,131.75) --
	( 89.11,131.74) --
	( 89.11,131.73) --
	( 89.11,131.72) --
	( 89.11,131.71) --
	( 89.11,131.70) --
	( 89.11,131.69) --
	( 89.11,131.68) --
	( 89.11,131.67) --
	( 89.11,131.66) --
	( 89.11,131.65) --
	( 89.11,131.64) --
	( 89.11,131.63) --
	( 89.11,131.62) --
	( 89.11,131.61) --
	( 89.11,131.60) --
	( 89.11,131.59) --
	( 89.11,131.58) --
	( 89.11,131.57) --
	( 89.11,131.56) --
	( 89.11,131.55) --
	( 89.11,131.54) --
	( 89.11,131.53) --
	( 89.11,131.52) --
	( 89.11,131.51) --
	( 89.11,131.50) --
	( 89.11,131.49) --
	( 89.11,131.48) --
	( 89.11,131.46) --
	( 89.11,131.45) --
	( 89.11,131.44) --
	( 89.11,131.43) --
	( 89.11,131.42) --
	( 89.11,131.41) --
	( 89.11,131.40) --
	( 89.11,131.39) --
	( 89.11,131.38) --
	( 89.11,131.37) --
	( 89.11,131.36) --
	( 89.11,131.35) --
	( 89.11,131.34) --
	( 89.11,131.33) --
	( 89.11,131.32) --
	( 89.11,131.31) --
	( 89.11,131.30) --
	( 89.11,131.29) --
	( 89.11,131.28) --
	( 89.11,131.27) --
	( 89.11,131.26) --
	( 89.11,131.25) --
	( 89.11,131.24) --
	( 89.11,131.23) --
	( 89.11,131.22) --
	( 89.11,131.21) --
	( 89.11,131.20) --
	( 89.11,131.19) --
	( 89.11,131.18) --
	( 89.11,131.17) --
	( 89.11,131.15) --
	( 89.11,131.14) --
	( 89.11,131.13) --
	( 89.11,131.12) --
	( 89.11,131.11) --
	( 89.11,131.10) --
	( 89.11,131.09) --
	( 89.11,131.08) --
	( 89.11,131.07) --
	( 89.11,131.06) --
	( 89.11,131.05) --
	( 89.11,131.04) --
	( 89.11,131.03) --
	( 89.11,131.02) --
	( 89.11,131.01) --
	( 89.11,131.00) --
	( 89.11,130.99) --
	( 89.11,130.98) --
	( 89.11,130.97) --
	( 89.11,130.96) --
	( 89.11,130.95) --
	( 89.11,130.94) --
	( 89.11,130.93) --
	( 89.11,130.92) --
	( 89.11,130.91) --
	( 89.11,130.90) --
	( 89.11,130.89) --
	( 89.11,130.88) --
	( 89.11,130.87) --
	( 89.11,130.86) --
	( 89.11,130.84) --
	( 89.11,130.83) --
	( 89.11,130.82) --
	( 89.11,130.81) --
	( 89.11,130.80) --
	( 89.11,130.79) --
	( 89.11,130.78) --
	( 89.11,130.77) --
	( 89.11,130.76) --
	( 89.11,130.75) --
	( 89.11,130.74) --
	( 89.11,130.73) --
	( 89.11,130.72) --
	( 89.11,130.71) --
	( 89.11,130.70) --
	( 89.11,130.69) --
	( 89.11,130.68) --
	( 89.11,130.67) --
	( 89.11,130.66) --
	( 89.11,130.65) --
	( 89.11,130.64) --
	( 89.11,130.63) --
	( 89.11,130.62) --
	( 89.11,130.61) --
	( 89.11,130.60) --
	( 89.11,130.59) --
	( 89.11,130.58) --
	( 89.11,130.57) --
	( 89.11,130.56) --
	( 89.11,130.54) --
	( 89.11,130.53) --
	( 89.11,130.52) --
	( 89.11,130.51) --
	( 89.11,130.50) --
	( 89.11,130.49) --
	( 89.11,130.48) --
	( 89.11,130.47) --
	( 89.11,130.46) --
	( 89.11,130.45) --
	( 89.11,130.44) --
	( 89.11,130.43) --
	( 89.11,130.42) --
	( 89.11,130.41) --
	( 89.11,130.40) --
	( 89.11,130.39) --
	( 89.12,130.38) --
	( 89.12,130.37) --
	( 89.12,130.36) --
	( 89.12,130.35) --
	( 89.12,130.34) --
	( 89.12,130.33) --
	( 89.12,130.32) --
	( 89.12,130.31) --
	( 89.12,130.30) --
	( 89.12,130.29) --
	( 89.12,130.28) --
	( 89.12,130.27) --
	( 89.12,130.26) --
	( 89.12,130.25) --
	( 89.12,130.23) --
	( 89.12,130.22) --
	( 89.12,130.21) --
	( 89.12,130.20) --
	( 89.12,130.19) --
	( 89.12,130.18) --
	( 89.12,130.17) --
	( 89.12,130.16) --
	( 89.12,130.15) --
	( 89.12,130.14) --
	( 89.12,130.13) --
	( 89.12,130.12) --
	( 89.12,130.11) --
	( 89.12,130.10) --
	( 89.12,130.09) --
	( 89.12,130.08) --
	( 89.12,130.07) --
	( 89.12,130.06) --
	( 89.12,130.05) --
	( 89.12,130.04) --
	( 89.12,130.03) --
	( 89.12,130.02) --
	( 89.12,130.01) --
	( 89.12,130.00) --
	( 89.12,129.99) --
	( 89.12,129.98) --
	( 89.12,129.97) --
	( 89.12,129.96) --
	( 89.12,129.95) --
	( 89.12,129.93) --
	( 89.12,129.92) --
	( 89.12,129.91) --
	( 89.12,129.90) --
	( 89.12,129.89) --
	( 89.12,129.88) --
	( 89.12,129.87) --
	( 89.12,129.86) --
	( 89.12,129.85) --
	( 89.12,129.84) --
	( 89.12,129.83) --
	( 89.12,129.82) --
	( 89.12,129.81) --
	( 89.12,129.80) --
	( 89.12,129.79) --
	( 89.12,129.78) --
	( 89.12,129.77) --
	( 89.12,129.76) --
	( 89.12,129.75) --
	( 89.12,129.74) --
	( 89.12,129.73) --
	( 89.12,129.72) --
	( 89.12,129.71) --
	( 89.12,129.70) --
	( 89.12,129.69) --
	( 89.12,129.68) --
	( 89.12,129.67) --
	( 89.12,129.66) --
	( 89.12,129.65) --
	( 89.12,129.64) --
	( 89.12,129.62) --
	( 89.12,129.61) --
	( 89.12,129.60) --
	( 89.12,129.59) --
	( 89.12,129.58) --
	( 89.12,129.57) --
	( 89.12,129.56) --
	( 89.12,129.55) --
	( 89.12,129.54) --
	( 89.12,129.53) --
	( 89.12,129.52) --
	( 89.12,129.51) --
	( 89.12,129.50) --
	( 89.12,129.49) --
	( 89.12,129.48) --
	( 89.11,129.47) --
	( 89.11,129.46) --
	( 89.11,129.45) --
	( 89.11,129.44) --
	( 89.11,129.43) --
	( 89.11,129.42) --
	( 89.11,129.41) --
	( 89.11,129.40) --
	( 89.11,129.39) --
	( 89.11,129.38) --
	( 89.11,129.37) --
	( 89.11,129.36) --
	( 89.11,129.35) --
	( 89.11,129.34) --
	( 89.11,129.32) --
	( 89.11,129.31) --
	( 89.11,129.30) --
	( 89.11,129.29) --
	( 89.11,129.28) --
	( 89.11,129.27) --
	( 89.11,129.26) --
	( 89.11,129.25) --
	( 89.11,129.24) --
	( 89.11,129.23) --
	( 89.11,129.22) --
	( 89.11,129.21) --
	( 89.11,129.20) --
	( 89.11,129.19) --
	( 89.11,129.18) --
	( 89.11,129.17) --
	( 89.11,129.16) --
	( 89.11,129.15) --
	( 89.11,129.14) --
	( 89.11,129.13) --
	( 89.11,129.12) --
	( 89.11,129.11) --
	( 89.11,129.10) --
	( 89.11,129.09) --
	( 89.11,129.08) --
	( 89.11,129.07) --
	( 89.11,129.06) --
	( 89.11,129.05) --
	( 89.11,129.04) --
	( 89.11,129.03) --
	( 89.11,129.01) --
	( 89.11,129.00) --
	( 89.11,128.99) --
	( 89.11,128.98) --
	( 89.11,128.97) --
	( 89.11,128.96) --
	( 89.11,128.95) --
	( 89.11,128.94) --
	( 89.11,128.93) --
	( 89.11,128.92) --
	( 89.11,128.91) --
	( 89.11,128.90) --
	( 89.11,128.89) --
	( 89.11,128.88) --
	( 89.11,128.87) --
	( 89.11,128.86) --
	( 89.11,128.85) --
	( 89.11,128.84) --
	( 89.11,128.83) --
	( 89.11,128.82) --
	( 89.11,128.81) --
	( 89.11,128.80) --
	( 89.11,128.79) --
	( 89.11,128.78) --
	( 89.11,128.77) --
	( 89.11,128.76) --
	( 89.11,128.75) --
	( 89.11,128.74) --
	( 89.11,128.73) --
	( 89.11,128.72) --
	( 89.11,128.70) --
	( 89.11,128.69) --
	( 89.11,128.68) --
	( 89.11,128.67) --
	( 89.11,128.66) --
	( 89.11,128.65) --
	( 89.11,128.64) --
	( 89.11,128.63) --
	( 89.11,128.62) --
	( 89.11,128.61) --
	( 89.11,128.60) --
	( 89.11,128.59) --
	( 89.11,128.58) --
	( 89.11,128.57) --
	( 89.11,128.56) --
	( 89.11,128.55) --
	( 89.01,128.55) --
	cycle;
\definecolor{drawColor}{RGB}{0,197,255}

\path[draw=drawColor,line width= 6.8pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.50] (202.56,137.05) --
	(202.56,137.06) --
	(202.56,137.07) --
	(202.56,137.08) --
	(202.56,137.08) --
	(202.56,137.09) --
	(202.56,137.10) --
	(202.56,137.11) --
	(202.56,137.12) --
	(202.56,137.13) --
	(202.56,137.13) --
	(202.56,137.14) --
	(202.56,137.15) --
	(202.56,137.16) --
	(202.56,137.17) --
	(202.56,137.18) --
	(202.56,137.18) --
	(202.56,137.19) --
	(202.56,137.20) --
	(202.56,137.21) --
	(202.56,137.22) --
	(202.56,137.23) --
	(202.56,137.23) --
	(202.56,137.24) --
	(202.56,137.25) --
	(202.56,137.26) --
	(202.56,137.27) --
	(202.56,137.27) --
	(202.56,137.28) --
	(202.56,137.29) --
	(202.56,137.30) --
	(202.56,137.31) --
	(202.56,137.32) --
	(202.56,137.32) --
	(202.56,137.33) --
	(202.56,137.34) --
	(202.56,137.35) --
	(202.56,137.36) --
	(202.56,137.37) --
	(202.56,137.37) --
	(202.56,137.38) --
	(202.56,137.39) --
	(202.56,137.40) --
	(202.56,137.41) --
	(202.56,137.42) --
	(202.56,137.42) --
	(202.56,137.43) --
	(202.56,137.44) --
	(202.56,137.45) --
	(202.56,137.46) --
	(202.56,137.46) --
	(202.56,137.47) --
	(202.56,137.48) --
	(202.56,137.49) --
	(202.56,137.50) --
	(202.56,137.51) --
	(202.56,137.51) --
	(202.56,137.52) --
	(202.56,137.53) --
	(202.56,137.54) --
	(202.56,137.55) --
	(202.56,137.56) --
	(202.56,137.56) --
	(202.56,137.57) --
	(202.56,137.58) --
	(202.56,137.59) --
	(202.56,137.60) --
	(202.56,137.61) --
	(202.56,137.61) --
	(202.56,137.62) --
	(202.56,137.63) --
	(202.56,137.64) --
	(202.56,137.65) --
	(202.56,137.65) --
	(202.56,137.66) --
	(202.56,137.67) --
	(202.56,137.68) --
	(202.56,137.69) --
	(202.56,137.70) --
	(202.56,137.70) --
	(202.56,137.71) --
	(202.56,137.72) --
	(202.56,137.73) --
	(202.56,137.74) --
	(202.56,137.75) --
	(202.56,137.75) --
	(202.56,137.76) --
	(202.56,137.77) --
	(202.56,137.78) --
	(202.56,137.79) --
	(202.56,137.80) --
	(202.56,137.80) --
	(202.56,137.81) --
	(202.56,137.82) --
	(202.56,137.83) --
	(202.56,137.84) --
	(202.56,137.84) --
	(202.56,137.85) --
	(202.56,137.86) --
	(202.56,137.87) --
	(202.56,137.88) --
	(202.56,137.89) --
	(202.56,137.89) --
	(202.56,137.90) --
	(202.56,137.91) --
	(202.56,137.92) --
	(202.56,137.93) --
	(202.56,137.94) --
	(202.56,137.94) --
	(202.56,137.95) --
	(202.56,137.96) --
	(202.56,137.97) --
	(202.56,137.98) --
	(202.56,137.99) --
	(202.56,137.99) --
	(202.56,138.00) --
	(202.57,138.01) --
	(202.57,138.02) --
	(202.57,138.03) --
	(202.57,138.03) --
	(202.57,138.04) --
	(202.57,138.05) --
	(202.57,138.06) --
	(202.57,138.07) --
	(202.57,138.08) --
	(202.57,138.08) --
	(202.57,138.09) --
	(202.57,138.10) --
	(202.57,138.11) --
	(202.57,138.12) --
	(202.57,138.13) --
	(202.57,138.13) --
	(202.57,138.14) --
	(202.57,138.15) --
	(202.57,138.16) --
	(202.57,138.17) --
	(202.57,138.18) --
	(202.57,138.18) --
	(202.57,138.19) --
	(202.57,138.20) --
	(202.57,138.21) --
	(202.57,138.22) --
	(202.57,138.22) --
	(202.57,138.23) --
	(202.57,138.24) --
	(202.57,138.25) --
	(202.57,138.26) --
	(202.57,138.27) --
	(202.57,138.27) --
	(202.57,138.28) --
	(202.57,138.29) --
	(202.57,138.30) --
	(202.57,138.31) --
	(202.57,138.32) --
	(202.57,138.32) --
	(202.57,138.33) --
	(202.57,138.34) --
	(202.57,138.35) --
	(202.57,138.36) --
	(202.57,138.37) --
	(202.57,138.37) --
	(202.57,138.38) --
	(202.57,138.39) --
	(202.57,138.40) --
	(202.56,138.41) --
	(202.56,138.41) --
	(202.56,138.42) --
	(202.56,138.43) --
	(202.56,138.44) --
	(202.56,138.45) --
	(202.56,138.46) --
	(202.56,138.46) --
	(202.56,138.47) --
	(202.56,138.48) --
	(202.56,138.49) --
	(202.56,138.50) --
	(202.56,138.51) --
	(202.56,138.51) --
	(202.56,138.52) --
	(202.56,138.53) --
	(202.56,138.54) --
	(202.56,138.55) --
	(202.56,138.56) --
	(202.56,138.56) --
	(202.56,138.57) --
	(202.56,138.58) --
	(202.56,138.59) --
	(202.56,138.60) --
	(202.56,138.60) --
	(202.56,138.61) --
	(202.56,138.62) --
	(202.56,138.63) --
	(202.56,138.64) --
	(202.56,138.65) --
	(202.56,138.65) --
	(202.56,138.66) --
	(202.56,138.67) --
	(202.56,138.68) --
	(202.56,138.69) --
	(202.56,138.70) --
	(202.56,138.70) --
	(202.56,138.71) --
	(202.56,138.72) --
	(202.56,138.73) --
	(202.56,138.74) --
	(202.56,138.75) --
	(202.56,138.75) --
	(202.56,138.76) --
	(202.56,138.77) --
	(202.56,138.78) --
	(202.56,138.79) --
	(202.56,138.79) --
	(202.56,138.80) --
	(202.56,138.81) --
	(202.56,138.82) --
	(202.56,138.83) --
	(202.56,138.84) --
	(202.56,138.84) --
	(202.56,138.85) --
	(202.56,138.86) --
	(202.56,138.87) --
	(202.56,138.88) --
	(202.56,138.89) --
	(202.56,138.89) --
	(202.56,138.90) --
	(202.56,138.91) --
	(202.56,138.92) --
	(202.56,138.93) --
	(202.56,138.94) --
	(202.56,138.94) --
	(202.56,138.95) --
	(202.56,138.96) --
	(202.56,138.97) --
	(202.56,138.98) --
	(202.56,138.98) --
	(202.56,138.99) --
	(202.56,139.00) --
	(202.56,139.01) --
	(202.56,139.02) --
	(202.56,139.03) --
	(202.56,139.03) --
	(202.56,139.04) --
	(202.56,139.05) --
	(202.56,139.06) --
	(202.56,139.07) --
	(202.56,139.08) --
	(202.56,139.08) --
	(202.56,139.09) --
	(202.56,139.10) --
	(202.56,139.11) --
	(202.56,139.12) --
	(202.56,139.13) --
	(202.56,139.13) --
	(202.56,139.14) --
	(202.56,139.15) --
	(202.55,139.16) --
	(202.55,139.17) --
	(202.55,139.17) --
	(202.55,139.18) --
	(202.55,139.19) --
	(202.55,139.20) --
	(202.55,139.21) --
	(202.55,139.22) --
	(202.55,139.22) --
	(202.55,139.23) --
	(202.55,139.24) --
	(202.55,139.25) --
	(202.55,139.26) --
	(202.55,139.27) --
	(202.55,139.27) --
	(202.55,139.28) --
	(202.55,139.29) --
	(202.55,139.30) --
	(202.55,139.31) --
	(202.55,139.32) --
	(202.55,139.32) --
	(202.55,139.33) --
	(202.55,139.34) --
	(202.55,139.35) --
	(202.55,139.36) --
	(202.55,139.36) --
	(202.55,139.37) --
	(202.55,139.38) --
	(202.55,139.39) --
	(202.55,139.40) --
	(202.55,139.41) --
	(202.55,139.41) --
	(202.55,139.42) --
	(202.55,139.43) --
	(202.55,139.44) --
	(202.55,139.45) --
	(202.55,139.46) --
	(202.55,139.46) --
	(202.55,139.47) --
	(202.55,139.48) --
	(202.55,139.49) --
	(202.55,139.50) --
	(202.55,139.50) --
	(202.55,139.51) --
	(202.55,139.52) --
	(202.55,139.53) --
	(202.55,139.54) --
	(202.55,139.55) --
	(202.55,139.55) --
	(202.55,139.56) --
	(202.55,139.57) --
	(202.55,139.58) --
	(202.55,139.59) --
	(202.55,139.60) --
	(202.55,139.60) --
	(202.55,139.61) --
	(202.54,139.62) --
	(202.54,139.63) --
	(202.54,139.64) --
	(202.54,139.65) --
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	(202.67,137.43) --
	(202.67,137.42) --
	(202.67,137.42) --
	(202.67,137.41) --
	(202.67,137.40) --
	(202.67,137.39) --
	(202.67,137.38) --
	(202.67,137.37) --
	(202.67,137.37) --
	(202.67,137.36) --
	(202.67,137.35) --
	(202.67,137.34) --
	(202.67,137.33) --
	(202.67,137.32) --
	(202.67,137.32) --
	(202.67,137.31) --
	(202.67,137.30) --
	(202.67,137.29) --
	(202.67,137.28) --
	(202.67,137.27) --
	(202.67,137.27) --
	(202.67,137.26) --
	(202.67,137.25) --
	(202.67,137.24) --
	(202.67,137.23) --
	(202.67,137.23) --
	(202.67,137.22) --
	(202.67,137.21) --
	(202.67,137.20) --
	(202.67,137.19) --
	(202.67,137.18) --
	(202.67,137.18) --
	(202.67,137.17) --
	(202.67,137.16) --
	(202.67,137.15) --
	(202.67,137.14) --
	(202.67,137.13) --
	(202.67,137.13) --
	(202.67,137.12) --
	(202.67,137.11) --
	(202.67,137.10) --
	(202.67,137.09) --
	(202.67,137.08) --
	(202.67,137.08) --
	(202.67,137.07) --
	(202.67,137.06) --
	(202.67,137.05) --
	(202.56,137.05) --
	cycle;
\definecolor{drawColor}{RGB}{239,147,255}

\path[draw=drawColor,line width= 6.8pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.50] (359.73,329.15) --
	(359.73,329.15) --
	(359.73,329.16) --
	(359.73,329.16) --
	(359.73,329.16) --
	(359.73,329.17) --
	(359.73,329.17) --
	(359.73,329.17) --
	(359.73,329.18) --
	(359.73,329.18) --
	(359.73,329.19) --
	(359.73,329.19) --
	(359.73,329.19) --
	(359.73,329.20) --
	(359.73,329.20) --
	(359.73,329.20) --
	(359.73,329.21) --
	(359.73,329.21) --
	(359.73,329.21) --
	(359.73,329.22) --
	(359.73,329.22) --
	(359.73,329.23) --
	(359.73,329.23) --
	(359.73,329.23) --
	(359.73,329.24) --
	(359.73,329.24) --
	(359.73,329.24) --
	(359.73,329.25) --
	(359.73,329.25) --
	(359.73,329.25) --
	(359.73,329.26) --
	(359.73,329.26) --
	(359.73,329.26) --
	(359.73,329.27) --
	(359.73,329.27) --
	(359.73,329.28) --
	(359.73,329.28) --
	(359.73,329.28) --
	(359.73,329.29) --
	(359.73,329.29) --
	(359.73,329.29) --
	(359.73,329.30) --
	(359.74,329.30) --
	(359.74,329.30) --
	(359.74,329.31) --
	(359.74,329.31) --
	(359.74,329.32) --
	(359.74,329.32) --
	(359.74,329.32) --
	(359.74,329.33) --
	(359.74,329.33) --
	(359.74,329.33) --
	(359.74,329.34) --
	(359.74,329.34) --
	(359.74,329.34) --
	(359.74,329.35) --
	(359.74,329.35) --
	(359.74,329.36) --
	(359.74,329.36) --
	(359.74,329.36) --
	(359.74,329.37) --
	(359.75,329.37) --
	(359.75,329.37) --
	(359.75,329.38) --
	(359.75,329.38) --
	(359.75,329.38) --
	(359.75,329.39) --
	(359.75,329.39) --
	(359.75,329.40) --
	(359.75,329.40) --
	(359.75,329.40) --
	(359.75,329.41) --
	(359.75,329.41) --
	(359.75,329.41) --
	(359.75,329.42) --
	(359.75,329.42) --
	(359.76,329.42) --
	(359.76,329.43) --
	(359.76,329.43) --
	(359.76,329.44) --
	(359.76,329.44) --
	(359.76,329.44) --
	(359.76,329.45) --
	(359.76,329.45) --
	(359.76,329.45) --
	(359.76,329.46) --
	(359.76,329.46) --
	(359.76,329.46) --
	(359.76,329.47) --
	(359.77,329.47) --
	(359.77,329.48) --
	(359.77,329.48) --
	(359.77,329.48) --
	(359.77,329.49) --
	(359.77,329.49) --
	(359.77,329.49) --
	(359.77,329.50) --
	(359.77,329.50) --
	(359.77,329.50) --
	(359.77,329.51) --
	(359.77,329.51) --
	(359.78,329.51) --
	(359.78,329.52) --
	(359.78,329.52) --
	(359.78,329.53) --
	(359.78,329.53) --
	(359.78,329.53) --
	(359.78,329.54) --
	(359.78,329.54) --
	(359.78,329.54) --
	(359.78,329.55) --
	(359.78,329.55) --
	(359.79,329.55) --
	(359.79,329.56) --
	(359.79,329.56) --
	(359.79,329.57) --
	(359.79,329.57) --
	(359.79,329.57) --
	(359.79,329.58) --
	(359.79,329.58) --
	(359.79,329.58) --
	(359.79,329.59) --
	(359.79,329.59) --
	(359.80,329.59) --
	(359.80,329.60) --
	(359.80,329.60) --
	(359.80,329.61) --
	(359.80,329.61) --
	(359.80,329.61) --
	(359.80,329.62) --
	(359.80,329.62) --
	(359.80,329.62) --
	(359.80,329.63) --
	(359.80,329.63) --
	(359.81,329.63) --
	(359.81,329.64) --
	(359.81,329.64) --
	(359.81,329.65) --
	(359.81,329.65) --
	(359.81,329.65) --
	(359.81,329.66) --
	(359.81,329.66) --
	(359.81,329.66) --
	(359.81,329.67) --
	(359.82,329.67) --
	(359.82,329.67) --
	(359.82,329.68) --
	(359.82,329.68) --
	(359.82,329.69) --
	(359.82,329.69) --
	(359.82,329.69) --
	(359.82,329.70) --
	(359.82,329.70) --
	(359.82,329.70) --
	(359.82,329.71) --
	(359.83,329.71) --
	(359.83,329.71) --
	(359.83,329.72) --
	(359.83,329.72) --
	(359.83,329.72) --
	(359.83,329.73) --
	(359.83,329.73) --
	(359.83,329.74) --
	(359.83,329.74) --
	(359.83,329.74) --
	(359.83,329.75) --
	(359.84,329.75) --
	(359.84,329.75) --
	(359.84,329.76) --
	(359.84,329.76) --
	(359.84,329.76) --
	(359.84,329.77) --
	(359.84,329.77) --
	(359.84,329.78) --
	(359.84,329.78) --
	(359.84,329.78) --
	(359.84,329.79) --
	(359.84,329.79) --
	(359.85,329.79) --
	(359.85,329.80) --
	(359.85,329.80) --
	(359.85,329.80) --
	(359.85,329.81) --
	(359.85,329.81) --
	(359.85,329.82) --
	(359.85,329.82) --
	(359.85,329.82) --
	(359.85,329.83) --
	(359.85,329.83) --
	(359.85,329.83) --
	(359.86,329.84) --
	(359.86,329.84) --
	(359.86,329.84) --
	(359.86,329.85) --
	(359.86,329.85) --
	(359.86,329.86) --
	(359.86,329.86) --
	(359.86,329.86) --
	(359.86,329.87) --
	(359.86,329.87) --
	(359.86,329.87) --
	(359.86,329.88) --
	(359.86,329.88) --
	(359.86,329.88) --
	(359.87,329.89) --
	(359.87,329.89) --
	(359.87,329.90) --
	(359.87,329.90) --
	(359.87,329.90) --
	(359.87,329.91) --
	(359.87,329.91) --
	(359.87,329.91) --
	(359.87,329.92) --
	(359.87,329.92) --
	(359.87,329.92) --
	(359.87,329.93) --
	(359.87,329.93) --
	(359.87,329.94) --
	(359.87,329.94) --
	(359.87,329.94) --
	(359.88,329.95) --
	(359.88,329.95) --
	(359.88,329.95) --
	(359.88,329.96) --
	(359.88,329.96) --
	(359.88,329.96) --
	(359.88,329.97) --
	(359.88,329.97) --
	(359.88,329.97) --
	(359.88,329.98) --
	(359.88,329.98) --
	(359.88,329.99) --
	(359.88,329.99) --
	(359.88,329.99) --
	(359.88,330.00) --
	(359.88,330.00) --
	(359.88,330.00) --
	(359.88,330.01) --
	(359.88,330.01) --
	(359.89,330.01) --
	(359.89,330.02) --
	(359.89,330.02) --
	(359.89,330.03) --
	(359.89,330.03) --
	(359.89,330.03) --
	(359.89,330.04) --
	(359.89,330.04) --
	(359.89,330.04) --
	(359.89,330.05) --
	(359.89,330.05) --
	(359.89,330.05) --
	(359.89,330.06) --
	(359.89,330.06) --
	(359.89,330.07) --
	(359.89,330.07) --
	(359.89,330.07) --
	(359.89,330.08) --
	(359.89,330.08) --
	(359.89,330.08) --
	(359.89,330.09) --
	(359.89,330.09) --
	(359.89,330.09) --
	(359.89,330.10) --
	(359.89,330.10) --
	(359.89,330.11) --
	(359.89,330.11) --
	(359.89,330.11) --
	(359.89,330.12) --
	(359.89,330.12) --
	(359.89,330.12) --
	(359.89,330.13) --
	(359.89,330.13) --
	(359.89,330.13) --
	(359.90,330.14) --
	(359.90,330.14) --
	(359.90,330.15) --
	(359.90,330.15) --
	(359.90,330.15) --
	(359.90,330.16) --
	(359.90,330.16) --
	(359.90,330.16) --
	(359.90,330.17) --
	(359.90,330.17) --
	(359.90,330.17) --
	(359.90,330.18) --
	(359.90,330.18) --
	(359.90,330.18) --
	(359.90,330.19) --
	(359.90,330.19) --
	(359.90,330.20) --
	(359.90,330.20) --
	(359.90,330.20) --
	(359.90,330.21) --
	(359.90,330.21) --
	(359.90,330.21) --
	(359.90,330.22) --
	(359.90,330.22) --
	(359.90,330.22) --
	(359.90,330.23) --
	(359.90,330.23) --
	(359.90,330.24) --
	(359.90,330.24) --
	(359.90,330.24) --
	(359.90,330.25) --
	(359.90,330.25) --
	(359.90,330.25) --
	(359.90,330.26) --
	(359.90,330.26) --
	(359.90,330.26) --
	(359.90,330.27) --
	(359.90,330.27) --
	(359.90,330.28) --
	(359.90,330.28) --
	(359.90,330.28) --
	(359.90,330.29) --
	(359.90,330.29) --
	(359.90,330.29) --
	(359.90,330.30) --
	(359.90,330.30) --
	(359.89,330.30) --
	(359.89,330.31) --
	(359.89,330.31) --
	(359.89,330.32) --
	(359.89,330.32) --
	(359.89,330.32) --
	(359.89,330.33) --
	(359.89,330.33) --
	(359.89,330.33) --
	(359.89,330.34) --
	(359.89,330.34) --
	(359.89,330.34) --
	(359.89,330.35) --
	(359.89,330.35) --
	(359.89,330.36) --
	(359.89,330.36) --
	(359.89,330.36) --
	(359.89,330.37) --
	(359.89,330.37) --
	(359.89,330.37) --
	(359.89,330.38) --
	(359.89,330.38) --
	(359.89,330.38) --
	(359.89,330.39) --
	(359.89,330.39) --
	(359.89,330.40) --
	(359.89,330.40) --
	(359.89,330.40) --
	(359.89,330.41) --
	(359.89,330.41) --
	(359.89,330.41) --
	(359.89,330.42) --
	(359.89,330.42) --
	(359.89,330.42) --
	(359.89,330.43) --
	(359.89,330.43) --
	(359.89,330.43) --
	(359.89,330.44) --
	(359.89,330.44) --
	(359.88,330.45) --
	(359.88,330.45) --
	(359.88,330.45) --
	(359.88,330.46) --
	(359.88,330.46) --
	(359.88,330.46) --
	(359.88,330.47) --
	(359.88,330.47) --
	(359.88,330.47) --
	(359.88,330.48) --
	(359.88,330.48) --
	(359.88,330.49) --
	(359.88,330.49) --
	(359.88,330.49) --
	(359.88,330.50) --
	(359.88,330.50) --
	(359.88,330.50) --
	(359.88,330.51) --
	(359.88,330.51) --
	(359.88,330.51) --
	(359.88,330.52) --
	(359.88,330.52) --
	(359.88,330.53) --
	(359.88,330.53) --
	(359.88,330.53) --
	(359.88,330.54) --
	(359.88,330.54) --
	(359.87,330.54) --
	(359.87,330.55) --
	(359.87,330.55) --
	(359.87,330.55) --
	(359.87,330.56) --
	(359.87,330.56) --
	(359.87,330.57) --
	(359.87,330.57) --
	(359.87,330.57) --
	(359.87,330.58) --
	(359.87,330.58) --
	(359.87,330.58) --
	(359.87,330.59) --
	(359.87,330.59) --
	(359.87,330.59) --
	(359.87,330.60) --
	(359.87,330.60) --
	(359.87,330.61) --
	(359.87,330.61) --
	(359.87,330.61) --
	(359.87,330.62) --
	(359.87,330.62) --
	(359.87,330.62) --
	(359.87,330.63) --
	(359.87,330.63) --
	(359.86,330.63) --
	(359.86,330.64) --
	(359.86,330.64) --
	(359.86,330.65) --
	(359.86,330.65) --
	(359.86,330.65) --
	(359.86,330.66) --
	(359.86,330.66) --
	(359.86,330.66) --
	(359.86,330.67) --
	(359.86,330.67) --
	(359.86,330.67) --
	(359.86,330.68) --
	(359.86,330.68) --
	(359.86,330.68) --
	(359.86,330.69) --
	(359.86,330.69) --
	(359.86,330.70) --
	(359.86,330.70) --
	(359.86,330.70) --
	(359.86,330.71) --
	(359.86,330.71) --
	(359.86,330.71) --
	(359.86,330.72) --
	(359.86,330.72) --
	(359.86,330.72) --
	(359.86,330.73) --
	(359.85,330.73) --
	(359.85,330.74) --
	(359.85,330.74) --
	(359.85,330.74) --
	(359.85,330.75) --
	(359.85,330.75) --
	(359.85,330.75) --
	(359.85,330.76) --
	(359.85,330.76) --
	(359.85,330.76) --
	(359.85,330.77) --
	(359.85,330.77) --
	(359.85,330.78) --
	(359.85,330.78) --
	(359.85,330.78) --
	(359.85,330.79) --
	(359.85,330.79) --
	(359.85,330.79) --
	(359.85,330.80) --
	(359.85,330.80) --
	(359.85,330.80) --
	(359.85,330.81) --
	(359.85,330.81) --
	(359.85,330.82) --
	(359.85,330.82) --
	(359.85,330.82) --
	(359.85,330.83) --
	(359.85,330.83) --
	(359.85,330.83) --
	(359.85,330.84) --
	(359.85,330.84) --
	(359.85,330.84) --
	(359.85,330.85) --
	(359.85,330.85) --
	(359.85,330.86) --
	(359.84,330.86) --
	(359.84,330.86) --
	(359.84,330.87) --
	(359.84,330.87) --
	(359.84,330.87) --
	(359.84,330.88) --
	(359.84,330.88) --
	(359.84,330.88) --
	(359.84,330.89) --
	(359.84,330.89) --
	(359.84,330.89) --
	(359.84,330.90) --
	(359.84,330.90) --
	(359.84,330.91) --
	(359.84,330.91) --
	(359.84,330.91) --
	(359.84,330.92) --
	(359.84,330.92) --
	(359.84,330.92) --
	(359.84,330.93) --
	(359.84,330.93) --
	(359.84,330.93) --
	(359.84,330.94) --
	(359.84,330.94) --
	(359.84,330.95) --
	(359.84,330.95) --
	(359.84,330.95) --
	(359.84,330.96) --
	(359.84,330.96) --
	(359.84,330.96) --
	(359.84,330.97) --
	(359.84,330.97) --
	(359.84,330.97) --
	(359.84,330.98) --
	(359.84,330.98) --
	(359.84,330.99) --
	(359.84,330.99) --
	(359.84,330.99) --
	(359.84,331.00) --
	(359.84,331.00) --
	(360.07,331.00) --
	(360.07,331.00) --
	(360.07,330.99) --
	(360.07,330.99) --
	(360.07,330.99) --
	(360.07,330.98) --
	(360.07,330.98) --
	(360.07,330.97) --
	(360.07,330.97) --
	(360.07,330.97) --
	(360.07,330.96) --
	(360.07,330.96) --
	(360.07,330.96) --
	(360.07,330.95) --
	(360.07,330.95) --
	(360.07,330.95) --
	(360.07,330.94) --
	(360.07,330.94) --
	(360.07,330.93) --
	(360.07,330.93) --
	(360.07,330.93) --
	(360.07,330.92) --
	(360.07,330.92) --
	(360.07,330.92) --
	(360.07,330.91) --
	(360.07,330.91) --
	(360.07,330.91) --
	(360.07,330.90) --
	(360.07,330.90) --
	(360.07,330.89) --
	(360.07,330.89) --
	(360.07,330.89) --
	(360.07,330.88) --
	(360.07,330.88) --
	(360.07,330.88) --
	(360.07,330.87) --
	(360.07,330.87) --
	(360.07,330.87) --
	(360.07,330.86) --
	(360.07,330.86) --
	(360.07,330.86) --
	(360.06,330.85) --
	(360.06,330.85) --
	(360.06,330.84) --
	(360.06,330.84) --
	(360.06,330.84) --
	(360.06,330.83) --
	(360.06,330.83) --
	(360.06,330.83) --
	(360.06,330.82) --
	(360.06,330.82) --
	(360.06,330.82) --
	(360.06,330.81) --
	(360.06,330.81) --
	(360.06,330.80) --
	(360.06,330.80) --
	(360.06,330.80) --
	(360.06,330.79) --
	(360.06,330.79) --
	(360.06,330.79) --
	(360.06,330.78) --
	(360.06,330.78) --
	(360.06,330.78) --
	(360.06,330.77) --
	(360.06,330.77) --
	(360.06,330.76) --
	(360.06,330.76) --
	(360.06,330.76) --
	(360.06,330.75) --
	(360.06,330.75) --
	(360.06,330.75) --
	(360.06,330.74) --
	(360.06,330.74) --
	(360.06,330.74) --
	(360.06,330.73) --
	(360.06,330.73) --
	(360.05,330.72) --
	(360.05,330.72) --
	(360.05,330.72) --
	(360.05,330.71) --
	(360.05,330.71) --
	(360.05,330.71) --
	(360.05,330.70) --
	(360.05,330.70) --
	(360.05,330.70) --
	(360.05,330.69) --
	(360.05,330.69) --
	(360.05,330.68) --
	(360.05,330.68) --
	(360.05,330.68) --
	(360.05,330.67) --
	(360.05,330.67) --
	(360.05,330.67) --
	(360.05,330.66) --
	(360.05,330.66) --
	(360.05,330.66) --
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	(360.09,329.69) --
	(360.09,329.69) --
	(360.09,329.69) --
	(360.09,329.68) --
	(360.09,329.68) --
	(360.09,329.67) --
	(360.09,329.67) --
	(360.10,329.67) --
	(360.10,329.66) --
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	(360.10,329.63) --
	(360.11,329.63) --
	(360.11,329.63) --
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	(360.11,329.59) --
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	(360.13,329.54) --
	(360.13,329.54) --
	(360.13,329.53) --
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	(360.13,329.53) --
	(360.13,329.52) --
	(360.13,329.52) --
	(360.13,329.51) --
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	(360.14,329.51) --
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	(360.15,329.45) --
	(360.15,329.45) --
	(360.15,329.44) --
	(360.15,329.44) --
	(360.15,329.44) --
	(360.15,329.43) --
	(360.15,329.43) --
	(360.16,329.42) --
	(360.16,329.42) --
	(360.16,329.42) --
	(360.16,329.41) --
	(360.16,329.41) --
	(360.16,329.41) --
	(360.16,329.40) --
	(360.16,329.40) --
	(360.16,329.40) --
	(360.16,329.39) --
	(360.16,329.39) --
	(360.16,329.38) --
	(360.16,329.38) --
	(360.16,329.38) --
	(360.16,329.37) --
	(360.17,329.37) --
	(360.17,329.37) --
	(360.17,329.36) --
	(360.17,329.36) --
	(360.17,329.36) --
	(360.17,329.35) --
	(360.17,329.35) --
	(360.17,329.34) --
	(360.17,329.34) --
	(360.17,329.34) --
	(360.17,329.33) --
	(360.17,329.33) --
	(360.17,329.33) --
	(360.17,329.32) --
	(360.17,329.32) --
	(360.17,329.32) --
	(360.17,329.31) --
	(360.17,329.31) --
	(360.17,329.30) --
	(360.17,329.30) --
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	(360.18,329.29) --
	(360.18,329.29) --
	(360.18,329.29) --
	(360.18,329.28) --
	(360.18,329.28) --
	(360.18,329.28) --
	(360.18,329.27) --
	(360.18,329.27) --
	(360.18,329.26) --
	(360.18,329.26) --
	(360.18,329.26) --
	(360.18,329.25) --
	(360.18,329.25) --
	(360.18,329.25) --
	(360.18,329.24) --
	(360.18,329.24) --
	(360.18,329.24) --
	(360.18,329.23) --
	(360.18,329.23) --
	(360.18,329.23) --
	(360.18,329.22) --
	(360.18,329.22) --
	(360.18,329.21) --
	(360.18,329.21) --
	(360.18,329.21) --
	(360.18,329.20) --
	(360.18,329.20) --
	(360.18,329.20) --
	(360.18,329.19) --
	(360.18,329.19) --
	(360.18,329.19) --
	(360.18,329.18) --
	(360.18,329.18) --
	(360.18,329.17) --
	(360.18,329.17) --
	(360.18,329.17) --
	(360.18,329.16) --
	(360.18,329.16) --
	(360.18,329.16) --
	(360.18,329.15) --
	(360.18,329.15) --
	(359.73,329.15) --
	cycle;
\definecolor{drawColor}{RGB}{255,130,203}

\path[draw=drawColor,line width= 6.8pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.50] (446.12,379.42) --
	(446.12,379.44) --
	(446.12,379.45) --
	(446.12,379.47) --
	(446.12,379.48) --
	(446.12,379.50) --
	(446.12,379.51) --
	(446.12,379.53) --
	(446.12,379.54) --
	(446.12,379.56) --
	(446.12,379.57) --
	(446.12,379.59) --
	(446.12,379.60) --
	(446.12,379.62) --
	(446.12,379.63) --
	(446.12,379.65) --
	(446.12,379.66) --
	(446.12,379.68) --
	(446.12,379.69) --
	(446.12,379.71) --
	(446.12,379.72) --
	(446.12,379.73) --
	(446.12,379.75) --
	(446.12,379.76) --
	(446.12,379.78) --
	(446.12,379.79) --
	(446.12,379.81) --
	(446.12,379.82) --
	(446.12,379.84) --
	(446.12,379.85) --
	(446.12,379.87) --
	(446.12,379.88) --
	(446.12,379.90) --
	(446.12,379.91) --
	(446.12,379.93) --
	(446.12,379.94) --
	(446.12,379.96) --
	(446.12,379.97) --
	(446.12,379.99) --
	(446.12,380.00) --
	(446.12,380.02) --
	(446.12,380.03) --
	(446.12,380.05) --
	(446.12,380.06) --
	(446.12,380.08) --
	(446.12,380.09) --
	(446.12,380.10) --
	(446.12,380.12) --
	(446.12,380.13) --
	(446.12,380.15) --
	(446.12,380.16) --
	(446.12,380.18) --
	(446.12,380.19) --
	(446.12,380.21) --
	(446.12,380.22) --
	(446.12,380.24) --
	(446.12,380.25) --
	(446.12,380.27) --
	(446.12,380.28) --
	(446.12,380.30) --
	(446.12,380.31) --
	(446.12,380.33) --
	(446.12,380.34) --
	(446.12,380.36) --
	(446.12,380.37) --
	(446.12,380.39) --
	(446.12,380.40) --
	(446.12,380.42) --
	(446.12,380.43) --
	(446.12,380.45) --
	(446.12,380.46) --
	(446.12,380.47) --
	(446.12,380.49) --
	(446.12,380.50) --
	(446.12,380.52) --
	(446.12,380.53) --
	(446.12,380.55) --
	(446.12,380.56) --
	(446.12,380.58) --
	(446.12,380.59) --
	(446.12,380.61) --
	(446.12,380.62) --
	(446.12,380.64) --
	(446.12,380.65) --
	(446.12,380.67) --
	(446.12,380.68) --
	(446.12,380.70) --
	(446.12,380.71) --
	(446.12,380.73) --
	(446.12,380.74) --
	(446.12,380.76) --
	(446.12,380.77) --
	(446.12,380.79) --
	(446.12,380.80) --
	(446.12,380.81) --
	(446.12,380.83) --
	(446.12,380.84) --
	(446.12,380.86) --
	(446.13,380.87) --
	(446.13,380.89) --
	(446.13,380.90) --
	(446.13,380.92) --
	(446.13,380.93) --
	(446.13,380.95) --
	(446.13,380.96) --
	(446.13,380.98) --
	(446.13,380.99) --
	(446.13,381.01) --
	(446.13,381.02) --
	(446.13,381.04) --
	(446.13,381.05) --
	(446.13,381.07) --
	(446.13,381.08) --
	(446.13,381.10) --
	(446.13,381.11) --
	(446.13,381.13) --
	(446.13,381.14) --
	(446.13,381.16) --
	(446.13,381.17) --
	(446.13,381.18) --
	(446.13,381.20) --
	(446.13,381.21) --
	(446.13,381.23) --
	(446.13,381.24) --
	(446.13,381.26) --
	(446.13,381.27) --
	(446.13,381.29) --
	(446.13,381.30) --
	(446.13,381.32) --
	(446.13,381.33) --
	(446.13,381.35) --
	(446.13,381.36) --
	(446.13,381.38) --
	(446.13,381.39) --
	(446.13,381.41) --
	(446.13,381.42) --
	(446.13,381.44) --
	(446.13,381.45) --
	(446.13,381.47) --
	(446.13,381.48) --
	(446.13,381.50) --
	(446.13,381.51) --
	(446.13,381.53) --
	(446.13,381.54) --
	(446.13,381.55) --
	(446.13,381.57) --
	(446.13,381.58) --
	(446.13,381.60) --
	(446.13,381.61) --
	(446.13,381.63) --
	(446.13,381.64) --
	(446.13,381.66) --
	(446.13,381.67) --
	(446.13,381.69) --
	(446.13,381.70) --
	(446.13,381.72) --
	(446.13,381.73) --
	(446.13,381.75) --
	(446.13,381.76) --
	(446.13,381.78) --
	(446.13,381.79) --
	(446.13,381.81) --
	(446.13,381.82) --
	(446.13,381.84) --
	(446.13,381.85) --
	(446.13,381.87) --
	(446.13,381.88) --
	(446.13,381.89) --
	(446.13,381.91) --
	(446.13,381.92) --
	(446.13,381.94) --
	(446.13,381.95) --
	(446.13,381.97) --
	(446.13,381.98) --
	(446.13,382.00) --
	(446.13,382.01) --
	(446.13,382.03) --
	(446.13,382.04) --
	(446.13,382.06) --
	(446.13,382.07) --
	(446.13,382.09) --
	(446.13,382.10) --
	(446.13,382.12) --
	(446.13,382.13) --
	(446.13,382.15) --
	(446.13,382.16) --
	(446.13,382.18) --
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	(446.13,382.46) --
	(446.13,382.47) --
	(446.13,382.49) --
	(446.13,382.50) --
	(446.13,382.52) --
	(446.13,382.53) --
	(446.13,382.55) --
	(446.13,382.56) --
	(446.13,382.58) --
	(446.13,382.59) --
	(446.13,382.61) --
	(446.13,382.62) --
	(446.13,382.63) --
	(446.13,382.65) --
	(446.13,382.66) --
	(446.13,382.68) --
	(446.13,382.69) --
	(446.13,382.71) --
	(446.13,382.72) --
	(446.13,382.74) --
	(446.13,382.75) --
	(446.13,382.77) --
	(446.13,382.78) --
	(446.13,382.80) --
	(446.13,382.81) --
	(446.13,382.83) --
	(446.13,382.84) --
	(446.13,382.86) --
	(446.13,382.87) --
	(446.13,382.89) --
	(446.13,382.90) --
	(446.13,382.92) --
	(446.13,382.93) --
	(446.13,382.95) --
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	(446.17,381.24) --
	(446.17,381.23) --
	(446.17,381.21) --
	(446.17,381.20) --
	(446.17,381.18) --
	(446.17,381.17) --
	(446.17,381.16) --
	(446.17,381.14) --
	(446.17,381.13) --
	(446.17,381.11) --
	(446.17,381.10) --
	(446.17,381.08) --
	(446.17,381.07) --
	(446.17,381.05) --
	(446.17,381.04) --
	(446.17,381.02) --
	(446.17,381.01) --
	(446.17,380.99) --
	(446.17,380.98) --
	(446.17,380.96) --
	(446.17,380.95) --
	(446.17,380.93) --
	(446.17,380.92) --
	(446.17,380.90) --
	(446.17,380.89) --
	(446.17,380.87) --
	(446.17,380.86) --
	(446.17,380.84) --
	(446.17,380.83) --
	(446.17,380.81) --
	(446.17,380.80) --
	(446.17,380.79) --
	(446.17,380.77) --
	(446.17,380.76) --
	(446.17,380.74) --
	(446.17,380.73) --
	(446.17,380.71) --
	(446.17,380.70) --
	(446.17,380.68) --
	(446.18,380.67) --
	(446.18,380.65) --
	(446.18,380.64) --
	(446.18,380.62) --
	(446.18,380.61) --
	(446.18,380.59) --
	(446.18,380.58) --
	(446.18,380.56) --
	(446.18,380.55) --
	(446.18,380.53) --
	(446.18,380.52) --
	(446.18,380.50) --
	(446.18,380.49) --
	(446.18,380.47) --
	(446.18,380.46) --
	(446.18,380.45) --
	(446.18,380.43) --
	(446.18,380.42) --
	(446.18,380.40) --
	(446.18,380.39) --
	(446.18,380.37) --
	(446.18,380.36) --
	(446.18,380.34) --
	(446.18,380.33) --
	(446.18,380.31) --
	(446.18,380.30) --
	(446.18,380.28) --
	(446.18,380.27) --
	(446.18,380.25) --
	(446.18,380.24) --
	(446.18,380.22) --
	(446.18,380.21) --
	(446.18,380.19) --
	(446.18,380.18) --
	(446.18,380.16) --
	(446.18,380.15) --
	(446.18,380.13) --
	(446.18,380.12) --
	(446.18,380.10) --
	(446.18,380.09) --
	(446.18,380.08) --
	(446.18,380.06) --
	(446.18,380.05) --
	(446.18,380.03) --
	(446.18,380.02) --
	(446.18,380.00) --
	(446.18,379.99) --
	(446.18,379.97) --
	(446.18,379.96) --
	(446.18,379.94) --
	(446.18,379.93) --
	(446.18,379.91) --
	(446.18,379.90) --
	(446.18,379.88) --
	(446.18,379.87) --
	(446.18,379.85) --
	(446.18,379.84) --
	(446.18,379.82) --
	(446.18,379.81) --
	(446.18,379.79) --
	(446.18,379.78) --
	(446.18,379.76) --
	(446.18,379.75) --
	(446.18,379.73) --
	(446.18,379.72) --
	(446.18,379.71) --
	(446.18,379.69) --
	(446.18,379.68) --
	(446.18,379.66) --
	(446.18,379.65) --
	(446.18,379.63) --
	(446.18,379.62) --
	(446.18,379.60) --
	(446.18,379.59) --
	(446.18,379.57) --
	(446.18,379.56) --
	(446.18,379.54) --
	(446.18,379.53) --
	(446.18,379.51) --
	(446.18,379.50) --
	(446.18,379.48) --
	(446.18,379.47) --
	(446.18,379.45) --
	(446.18,379.44) --
	(446.18,379.42) --
	(446.12,379.42) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{gray}{0.30}

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at ( 66.00, 54.29) {0.0e+00};

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at ( 66.00,150.85) {5.0e-06};

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at ( 66.00,247.41) {1.0e-05};

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at ( 66.00,343.97) {1.5e-05};

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at ( 66.00,440.54) {2.0e-05};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{gray}{0.20}

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 68.20, 58.70) --
	( 70.95, 58.70);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 68.20,155.26) --
	( 70.95,155.26);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 68.20,251.82) --
	( 70.95,251.82);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 68.20,348.38) --
	( 70.95,348.38);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 68.20,444.94) --
	( 70.95,444.94);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{gray}{0.20}

\path[draw=drawColor,line width= 0.6pt,line join=round] (161.11, 36.64) --
	(161.11, 39.39);

\path[draw=drawColor,line width= 0.6pt,line join=round] (275.13, 36.64) --
	(275.13, 39.39);

\path[draw=drawColor,line width= 0.6pt,line join=round] (389.14, 36.64) --
	(389.14, 39.39);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{gray}{0.30}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (161.11, 25.62) {500};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (275.13, 25.62) {750};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (389.14, 25.62) {1000};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.60] at (267.60,  9.91) {NÂº of convolved voxels per voxel};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,rotate= 90.00,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.60] at ( 16.52,251.82) {CPU time per voxel (seconds)};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{fillColor}{RGB}{255,255,255}

\path[fill=fillColor] (188.02, 45.33) rectangle (464.25, 73.41);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base west,inner sep=0pt, outer sep=0pt, scale=  1.60] at (193.52, 53.86) {Diameter};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{255,255,255}
\definecolor{fillColor}{gray}{0.95}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round,fill=fillColor] (266.22, 50.83) rectangle (283.29, 67.91);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{0,220,206}
\definecolor{fillColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 1.4pt,line cap=round,fill=fillColor,fill opacity=0.50] (268.03, 52.64) rectangle (281.48, 66.10);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{255,255,255}
\definecolor{fillColor}{gray}{0.95}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round,fill=fillColor] (315.64, 50.83) rectangle (332.71, 67.91);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{0,197,255}
\definecolor{fillColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 1.4pt,line cap=round,fill=fillColor,fill opacity=0.50] (317.45, 52.64) rectangle (330.91, 66.10);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{255,255,255}
\definecolor{fillColor}{gray}{0.95}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round,fill=fillColor] (365.06, 50.83) rectangle (382.14, 67.91);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{239,147,255}
\definecolor{fillColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 1.4pt,line cap=round,fill=fillColor,fill opacity=0.50] (366.87, 52.64) rectangle (380.33, 66.10);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{255,255,255}
\definecolor{fillColor}{gray}{0.95}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round,fill=fillColor] (420.89, 50.83) rectangle (437.96, 67.91);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{255,130,203}
\definecolor{fillColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 1.4pt,line cap=round,fill=fillColor,fill opacity=0.50] (422.69, 52.64) rectangle (436.15, 66.10);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at (307.64, 54.96) {4.1};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at (357.06, 54.96) {8.8};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at (412.89, 54.96) {14.4};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at (458.75, 54.96) {17};
\end{scope}
\end{tikzpicture}
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% Created by tikzDevice version 0.12 on 2021-11-03 12:06:42
% !TEX encoding = UTF-8 Unicode
\begin{tikzpicture}[x=1pt,y=1pt]
\definecolor{fillColor}{RGB}{255,255,255}
\path[use as bounding box,fill=fillColor,fill opacity=0.00] (0,0) rectangle (469.75,469.75);
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{255,255,255}
\definecolor{fillColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round,fill=fillColor] (  0.00,  0.00) rectangle (469.76,469.76);
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 35.69) rectangle (464.25,464.25);
\definecolor{fillColor}{gray}{0.92}

\path[fill=fillColor] ( 70.95, 35.69) rectangle (464.25,464.25);
\definecolor{drawColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.3pt,line join=round] ( 70.95,103.87) --
	(464.25,103.87);

\path[draw=drawColor,line width= 0.3pt,line join=round] ( 70.95,201.27) --
	(464.25,201.27);

\path[draw=drawColor,line width= 0.3pt,line join=round] ( 70.95,298.67) --
	(464.25,298.67);

\path[draw=drawColor,line width= 0.3pt,line join=round] ( 70.95,396.07) --
	(464.25,396.07);

\path[draw=drawColor,line width= 0.3pt,line join=round] (132.63, 35.69) --
	(132.63,464.25);

\path[draw=drawColor,line width= 0.3pt,line join=round] (213.49, 35.69) --
	(213.49,464.25);

\path[draw=drawColor,line width= 0.3pt,line join=round] (294.35, 35.69) --
	(294.35,464.25);

\path[draw=drawColor,line width= 0.3pt,line join=round] (375.22, 35.69) --
	(375.22,464.25);

\path[draw=drawColor,line width= 0.3pt,line join=round] (456.08, 35.69) --
	(456.08,464.25);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 70.95, 55.17) --
	(464.25, 55.17);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 70.95,152.57) --
	(464.25,152.57);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 70.95,249.97) --
	(464.25,249.97);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 70.95,347.37) --
	(464.25,347.37);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 70.95,444.77) --
	(464.25,444.77);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 92.19, 35.69) --
	( 92.19,464.25);

\path[draw=drawColor,line width= 0.6pt,line join=round] (173.06, 35.69) --
	(173.06,464.25);

\path[draw=drawColor,line width= 0.6pt,line join=round] (253.92, 35.69) --
	(253.92,464.25);

\path[draw=drawColor,line width= 0.6pt,line join=round] (334.79, 35.69) --
	(334.79,464.25);

\path[draw=drawColor,line width= 0.6pt,line join=round] (415.65, 35.69) --
	(415.65,464.25);
\definecolor{drawColor}{RGB}{0,0,0}

\path[draw=drawColor,line width= 0.6pt,dash pattern=on 4pt off 4pt ,line join=round] ( 70.95,331.81) -- (464.25,331.81);

\path[draw=drawColor,line width= 0.6pt,dash pattern=on 4pt off 4pt ,line join=round] ( 70.95,375.29) -- (464.25,375.29);
\definecolor{drawColor}{RGB}{0,220,196}

\path[draw=drawColor,line width= 1.1pt,line join=round] ( 88.83,158.32) -- (108.20,163.95);

\path[draw=drawColor,line width= 3.1pt,line join=round] (108.20,163.95) -- (132.42,176.20);

\path[draw=drawColor,line width= 3.9pt,line join=round] (132.42,176.20) -- (162.70,192.01);

\path[draw=drawColor,line width= 4.8pt,line join=round] (162.70,192.01) -- (200.54,297.16);

\path[draw=drawColor,line width= 6.3pt,line join=round] (200.54,297.16) -- (247.84,320.46);

\path[draw=drawColor,line width= 6.6pt,line join=round] (247.84,320.46) -- (306.97,322.30);

\path[draw=drawColor,line width= 6.5pt,line join=round] (306.97,322.30) -- (380.88,331.81);
\definecolor{drawColor}{RGB}{104,187,255}

\path[draw=drawColor,line width= 3.4pt,line join=round] (102.57,183.80) -- (125.38,248.02);

\path[draw=drawColor,line width= 5.2pt,line join=round] (125.38,248.02) -- (153.89,329.59);

\path[draw=drawColor,line width= 6.2pt,line join=round] (153.89,329.59) -- (189.53,362.03);

\path[draw=drawColor,line width= 6.6pt,line join=round] (189.53,362.03) -- (234.07,361.54);

\path[draw=drawColor,line width= 6.5pt,line join=round] (234.07,361.54) -- (289.76,367.08);

\path[draw=drawColor,line width= 6.7pt,line join=round] (289.76,367.08) -- (359.37,373.14);

\path[draw=drawColor,line width= 6.8pt,line join=round] (359.37,373.14) -- (446.38,375.29);
\definecolor{fillColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor] (436.64,366.40) --
	(456.12,366.40) --
	(456.04,366.40) --
	(456.33,366.41) --
	(456.62,366.47) --
	(456.89,366.57) --
	(457.14,366.72) --
	(457.37,366.90) --
	(457.56,367.12) --
	(457.71,367.37) --
	(457.83,367.63) --
	(457.90,367.92) --
	(457.92,368.21) --
	(457.92,368.21) --
	(457.92,382.37) --
	(457.92,382.37) --
	(457.90,382.66) --
	(457.83,382.94) --
	(457.71,383.21) --
	(457.56,383.46) --
	(457.37,383.67) --
	(457.14,383.86) --
	(456.89,384.00) --
	(456.62,384.11) --
	(456.33,384.17) --
	(456.12,384.18) --
	(436.64,384.18) --
	(436.86,384.17) --
	(436.57,384.18) --
	(436.28,384.14) --
	(436.00,384.06) --
	(435.74,383.94) --
	(435.50,383.77) --
	(435.29,383.57) --
	(435.11,383.34) --
	(434.98,383.08) --
	(434.89,382.80) --
	(434.84,382.52) --
	(434.83,382.37) --
	(434.83,368.21) --
	(434.84,368.35) --
	(434.84,368.06) --
	(434.89,367.77) --
	(434.98,367.50) --
	(435.11,367.24) --
	(435.29,367.01) --
	(435.50,366.81) --
	(435.74,366.64) --
	(436.00,366.52) --
	(436.28,366.44) --
	(436.57,366.40) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 35.69) rectangle (464.25,464.25);
\definecolor{drawColor}{RGB}{104,187,255}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.71] at (446.38,369.41) {28};
\definecolor{fillColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor] (349.66,364.27) --
	(369.08,364.27) --
	(369.00,364.27) --
	(369.29,364.29) --
	(369.58,364.34) --
	(369.85,364.45) --
	(370.10,364.59) --
	(370.33,364.78) --
	(370.52,364.99) --
	(370.68,365.24) --
	(370.79,365.51) --
	(370.86,365.79) --
	(370.88,366.08) --
	(370.88,366.08) --
	(370.88,380.20) --
	(370.88,380.20) --
	(370.86,380.49) --
	(370.79,380.78) --
	(370.68,381.04) --
	(370.52,381.29) --
	(370.33,381.51) --
	(370.10,381.69) --
	(369.85,381.84) --
	(369.58,381.94) --
	(369.29,382.00) --
	(369.08,382.01) --
	(349.66,382.01) --
	(349.88,382.00) --
	(349.59,382.01) --
	(349.30,381.97) --
	(349.02,381.89) --
	(348.76,381.77) --
	(348.52,381.60) --
	(348.31,381.40) --
	(348.13,381.17) --
	(348.00,380.91) --
	(347.91,380.64) --
	(347.86,380.35) --
	(347.85,380.20) --
	(347.85,366.08) --
	(347.86,366.22) --
	(347.86,365.93) --
	(347.91,365.65) --
	(348.00,365.37) --
	(348.13,365.11) --
	(348.31,364.88) --
	(348.52,364.68) --
	(348.76,364.51) --
	(349.02,364.39) --
	(349.30,364.31) --
	(349.59,364.27) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 35.69) rectangle (464.25,464.25);
\definecolor{drawColor}{RGB}{104,187,255}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.70] at (359.37,367.28) {28};
\definecolor{fillColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor] (280.21,358.32) --
	(299.31,358.32) --
	(299.24,358.32) --
	(299.53,358.33) --
	(299.82,358.39) --
	(300.09,358.50) --
	(300.34,358.64) --
	(300.56,358.83) --
	(300.76,359.04) --
	(300.91,359.29) --
	(301.03,359.56) --
	(301.10,359.84) --
	(301.12,360.13) --
	(301.12,360.13) --
	(301.12,374.04) --
	(301.12,374.04) --
	(301.10,374.33) --
	(301.03,374.61) --
	(300.91,374.88) --
	(300.76,375.12) --
	(300.56,375.34) --
	(300.34,375.53) --
	(300.09,375.67) --
	(299.82,375.77) --
	(299.53,375.83) --
	(299.31,375.85) --
	(280.21,375.85) --
	(280.43,375.83) --
	(280.14,375.84) --
	(279.85,375.81) --
	(279.57,375.73) --
	(279.30,375.60) --
	(279.07,375.44) --
	(278.86,375.24) --
	(278.68,375.00) --
	(278.55,374.75) --
	(278.45,374.47) --
	(278.41,374.18) --
	(278.40,374.04) --
	(278.40,360.13) --
	(278.41,360.27) --
	(278.41,359.98) --
	(278.45,359.70) --
	(278.55,359.42) --
	(278.68,359.16) --
	(278.86,358.93) --
	(279.07,358.73) --
	(279.30,358.56) --
	(279.57,358.44) --
	(279.85,358.36) --
	(280.14,358.32) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 35.69) rectangle (464.25,464.25);
\definecolor{drawColor}{RGB}{104,187,255}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.67] at (289.76,361.33) {28};
\definecolor{fillColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor] (224.72,352.91) --
	(243.43,352.91) --
	(243.36,352.92) --
	(243.65,352.93) --
	(243.93,352.99) --
	(244.21,353.09) --
	(244.46,353.23) --
	(244.68,353.42) --
	(244.88,353.64) --
	(245.03,353.88) --
	(245.15,354.15) --
	(245.22,354.43) --
	(245.24,354.72) --
	(245.24,354.72) --
	(245.24,368.36) --
	(245.24,368.36) --
	(245.22,368.65) --
	(245.15,368.93) --
	(245.03,369.20) --
	(244.88,369.45) --
	(244.68,369.67) --
	(244.46,369.85) --
	(244.21,370.00) --
	(243.93,370.10) --
	(243.65,370.16) --
	(243.43,370.17) --
	(224.72,370.17) --
	(224.93,370.16) --
	(224.64,370.17) --
	(224.36,370.13) --
	(224.08,370.05) --
	(223.81,369.93) --
	(223.57,369.76) --
	(223.36,369.56) --
	(223.19,369.33) --
	(223.05,369.07) --
	(222.96,368.80) --
	(222.92,368.51) --
	(222.91,368.36) --
	(222.91,354.72) --
	(222.92,354.87) --
	(222.92,354.58) --
	(222.96,354.29) --
	(223.05,354.01) --
	(223.19,353.76) --
	(223.36,353.52) --
	(223.57,353.32) --
	(223.81,353.16) --
	(224.08,353.03) --
	(224.36,352.95) --
	(224.64,352.92) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 35.69) rectangle (464.25,464.25);
\definecolor{drawColor}{RGB}{104,187,255}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.63] at (234.07,355.93) {27};
\definecolor{fillColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor] (180.08,353.34) --
	(198.97,353.34) --
	(198.90,353.34) --
	(199.19,353.36) --
	(199.47,353.41) --
	(199.74,353.52) --
	(199.99,353.66) --
	(200.22,353.85) --
	(200.41,354.06) --
	(200.57,354.31) --
	(200.68,354.58) --
	(200.75,354.86) --
	(200.77,355.15) --
	(200.77,355.15) --
	(200.77,368.91) --
	(200.77,368.91) --
	(200.75,369.20) --
	(200.68,369.48) --
	(200.57,369.75) --
	(200.41,369.99) --
	(200.22,370.21) --
	(199.99,370.40) --
	(199.74,370.54) --
	(199.47,370.64) --
	(199.19,370.70) --
	(198.97,370.72) --
	(180.08,370.72) --
	(180.30,370.70) --
	(180.01,370.71) --
	(179.72,370.68) --
	(179.44,370.60) --
	(179.18,370.47) --
	(178.94,370.31) --
	(178.73,370.11) --
	(178.56,369.87) --
	(178.42,369.62) --
	(178.33,369.34) --
	(178.28,369.05) --
	(178.28,368.91) --
	(178.28,355.15) --
	(178.28,355.30) --
	(178.28,355.00) --
	(178.33,354.72) --
	(178.42,354.44) --
	(178.56,354.18) --
	(178.73,353.95) --
	(178.94,353.75) --
	(179.18,353.59) --
	(179.44,353.46) --
	(179.72,353.38) --
	(180.01,353.34) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 35.69) rectangle (464.25,464.25);
\definecolor{drawColor}{RGB}{104,187,255}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.65] at (189.53,356.35) {28};
\definecolor{fillColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor] (144.94,321.25) --
	(162.83,321.25) --
	(162.76,321.25) --
	(163.05,321.26) --
	(163.33,321.32) --
	(163.60,321.42) --
	(163.86,321.57) --
	(164.08,321.75) --
	(164.27,321.97) --
	(164.43,322.21) --
	(164.54,322.48) --
	(164.61,322.76) --
	(164.64,323.05) --
	(164.64,323.05) --
	(164.64,336.12) --
	(164.64,336.12) --
	(164.61,336.41) --
	(164.54,336.69) --
	(164.43,336.96) --
	(164.27,337.21) --
	(164.08,337.43) --
	(163.86,337.61) --
	(163.60,337.75) --
	(163.33,337.86) --
	(163.05,337.92) --
	(162.83,337.93) --
	(144.94,337.93) --
	(145.16,337.92) --
	(144.87,337.93) --
	(144.58,337.89) --
	(144.30,337.81) --
	(144.04,337.69) --
	(143.80,337.52) --
	(143.59,337.32) --
	(143.42,337.09) --
	(143.28,336.83) --
	(143.19,336.55) --
	(143.14,336.27) --
	(143.14,336.12) --
	(143.14,323.05) --
	(143.14,323.20) --
	(143.14,322.91) --
	(143.19,322.62) --
	(143.28,322.34) --
	(143.42,322.09) --
	(143.59,321.85) --
	(143.80,321.65) --
	(144.04,321.49) --
	(144.30,321.36) --
	(144.58,321.28) --
	(144.87,321.25) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 35.69) rectangle (464.25,464.25);
\definecolor{drawColor}{RGB}{104,187,255}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.55] at (153.89,324.26) {27};
\definecolor{fillColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor] (117.63,240.51) --
	(133.12,240.51) --
	(133.05,240.51) --
	(133.34,240.52) --
	(133.63,240.58) --
	(133.90,240.68) --
	(134.15,240.83) --
	(134.37,241.01) --
	(134.57,241.23) --
	(134.72,241.47) --
	(134.84,241.74) --
	(134.91,242.02) --
	(134.93,242.31) --
	(134.93,242.31) --
	(134.93,253.74) --
	(134.93,253.74) --
	(134.91,254.03) --
	(134.84,254.31) --
	(134.72,254.58) --
	(134.57,254.82) --
	(134.37,255.04) --
	(134.15,255.22) --
	(133.90,255.37) --
	(133.63,255.47) --
	(133.34,255.53) --
	(133.12,255.54) --
	(117.63,255.54) --
	(117.85,255.53) --
	(117.55,255.54) --
	(117.27,255.51) --
	(116.99,255.43) --
	(116.72,255.30) --
	(116.48,255.14) --
	(116.27,254.93) --
	(116.10,254.70) --
	(115.97,254.44) --
	(115.87,254.17) --
	(115.83,253.88) --
	(115.82,253.74) --
	(115.82,242.31) --
	(115.83,242.46) --
	(115.83,242.17) --
	(115.87,241.88) --
	(115.97,241.60) --
	(116.10,241.35) --
	(116.27,241.11) --
	(116.48,240.91) --
	(116.72,240.75) --
	(116.99,240.62) --
	(117.27,240.54) --
	(117.55,240.51) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 35.69) rectangle (464.25,464.25);
\definecolor{drawColor}{RGB}{104,187,255}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.31] at (125.38,243.52) {24};
\definecolor{fillColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor] ( 97.17,177.90) --
	(107.97,177.90) --
	(107.89,177.90) --
	(108.18,177.91) --
	(108.47,177.97) --
	(108.74,178.08) --
	(108.99,178.22) --
	(109.22,178.41) --
	(109.41,178.62) --
	(109.57,178.87) --
	(109.68,179.14) --
	(109.75,179.42) --
	(109.77,179.71) --
	(109.77,179.71) --
	(109.77,187.90) --
	(109.77,187.90) --
	(109.75,188.19) --
	(109.68,188.47) --
	(109.57,188.74) --
	(109.41,188.98) --
	(109.22,189.20) --
	(108.99,189.38) --
	(108.74,189.53) --
	(108.47,189.63) --
	(108.18,189.69) --
	(107.97,189.70) --
	( 97.17,189.70) --
	( 97.38,189.69) --
	( 97.09,189.70) --
	( 96.80,189.67) --
	( 96.53,189.59) --
	( 96.26,189.46) --
	( 96.02,189.30) --
	( 95.81,189.10) --
	( 95.64,188.86) --
	( 95.50,188.61) --
	( 95.41,188.33) --
	( 95.37,188.04) --
	( 95.36,187.90) --
	( 95.36,179.71) --
	( 95.37,179.85) --
	( 95.37,179.56) --
	( 95.41,179.28) --
	( 95.50,179.00) --
	( 95.64,178.74) --
	( 95.81,178.51) --
	( 96.02,178.31) --
	( 96.26,178.14) --
	( 96.53,178.02) --
	( 96.80,177.94) --
	( 97.09,177.90) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 35.69) rectangle (464.25,464.25);
\definecolor{drawColor}{RGB}{104,187,255}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  0.84] at (102.57,180.91) {21};
\definecolor{drawColor}{RGB}{0,220,196}
\definecolor{fillColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor] (371.29,323.02) --
	(390.47,323.02) --
	(390.40,323.02) --
	(390.69,323.03) --
	(390.97,323.09) --
	(391.24,323.19) --
	(391.50,323.34) --
	(391.72,323.52) --
	(391.91,323.74) --
	(392.07,323.98) --
	(392.18,324.25) --
	(392.25,324.53) --
	(392.28,324.82) --
	(392.28,324.82) --
	(392.28,338.79) --
	(392.28,338.79) --
	(392.25,339.08) --
	(392.18,339.36) --
	(392.07,339.63) --
	(391.91,339.88) --
	(391.72,340.09) --
	(391.50,340.28) --
	(391.24,340.42) --
	(390.97,340.53) --
	(390.69,340.58) --
	(390.47,340.60) --
	(371.29,340.60) --
	(371.50,340.58) --
	(371.21,340.60) --
	(370.92,340.56) --
	(370.64,340.48) --
	(370.38,340.35) --
	(370.14,340.19) --
	(369.93,339.99) --
	(369.76,339.76) --
	(369.62,339.50) --
	(369.53,339.22) --
	(369.48,338.94) --
	(369.48,338.79) --
	(369.48,324.82) --
	(369.48,324.97) --
	(369.48,324.68) --
	(369.53,324.39) --
	(369.62,324.12) --
	(369.76,323.86) --
	(369.93,323.63) --
	(370.14,323.42) --
	(370.38,323.26) --
	(370.64,323.13) --
	(370.92,323.05) --
	(371.21,323.02) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 35.69) rectangle (464.25,464.25);
\definecolor{drawColor}{RGB}{0,220,196}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.68] at (380.88,326.03) {28};
\definecolor{fillColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor] (297.59,313.66) --
	(316.35,313.66) --
	(316.28,313.66) --
	(316.57,313.67) --
	(316.85,313.73) --
	(317.13,313.83) --
	(317.38,313.98) --
	(317.60,314.16) --
	(317.80,314.38) --
	(317.95,314.62) --
	(318.06,314.89) --
	(318.13,315.17) --
	(318.16,315.46) --
	(318.16,315.46) --
	(318.16,329.14) --
	(318.16,329.14) --
	(318.13,329.43) --
	(318.06,329.71) --
	(317.95,329.98) --
	(317.80,330.23) --
	(317.60,330.44) --
	(317.38,330.63) --
	(317.13,330.77) --
	(316.85,330.88) --
	(316.57,330.93) --
	(316.35,330.95) --
	(297.59,330.95) --
	(297.80,330.93) --
	(297.51,330.95) --
	(297.22,330.91) --
	(296.95,330.83) --
	(296.68,330.70) --
	(296.44,330.54) --
	(296.23,330.34) --
	(296.06,330.11) --
	(295.92,329.85) --
	(295.83,329.57) --
	(295.78,329.29) --
	(295.78,329.14) --
	(295.78,315.46) --
	(295.78,315.61) --
	(295.78,315.32) --
	(295.83,315.03) --
	(295.92,314.76) --
	(296.06,314.50) --
	(296.23,314.27) --
	(296.44,314.06) --
	(296.68,313.90) --
	(296.95,313.77) --
	(297.22,313.69) --
	(297.51,313.66) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 35.69) rectangle (464.25,464.25);
\definecolor{drawColor}{RGB}{0,220,196}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.64] at (306.97,316.67) {28};
\definecolor{fillColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor] (238.43,311.80) --
	(257.25,311.80) --
	(257.18,311.80) --
	(257.47,311.81) --
	(257.75,311.87) --
	(258.02,311.97) --
	(258.27,312.12) --
	(258.50,312.30) --
	(258.69,312.52) --
	(258.85,312.76) --
	(258.96,313.03) --
	(259.03,313.31) --
	(259.05,313.60) --
	(259.05,313.60) --
	(259.05,327.31) --
	(259.05,327.31) --
	(259.03,327.60) --
	(258.96,327.89) --
	(258.85,328.15) --
	(258.69,328.40) --
	(258.50,328.62) --
	(258.27,328.80) --
	(258.02,328.95) --
	(257.75,329.05) --
	(257.47,329.11) --
	(257.25,329.12) --
	(238.43,329.12) --
	(238.65,329.11) --
	(238.36,329.12) --
	(238.07,329.08) --
	(237.79,329.00) --
	(237.53,328.88) --
	(237.29,328.71) --
	(237.08,328.51) --
	(236.91,328.28) --
	(236.77,328.02) --
	(236.68,327.75) --
	(236.63,327.46) --
	(236.63,327.31) --
	(236.63,313.60) --
	(236.63,313.75) --
	(236.63,313.46) --
	(236.68,313.17) --
	(236.77,312.89) --
	(236.91,312.64) --
	(237.08,312.40) --
	(237.29,312.20) --
	(237.53,312.04) --
	(237.79,311.91) --
	(238.07,311.83) --
	(238.36,311.80) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 35.69) rectangle (464.25,464.25);
\definecolor{drawColor}{RGB}{0,220,196}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.64] at (247.84,314.81) {28};
\definecolor{fillColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor] (191.48,288.73) --
	(209.60,288.73) --
	(209.53,288.73) --
	(209.82,288.74) --
	(210.10,288.80) --
	(210.38,288.91) --
	(210.63,289.05) --
	(210.85,289.23) --
	(211.05,289.45) --
	(211.20,289.70) --
	(211.31,289.97) --
	(211.38,290.25) --
	(211.41,290.54) --
	(211.41,290.54) --
	(211.41,303.77) --
	(211.41,303.77) --
	(211.38,304.06) --
	(211.31,304.35) --
	(211.20,304.61) --
	(211.05,304.86) --
	(210.85,305.08) --
	(210.63,305.26) --
	(210.38,305.41) --
	(210.10,305.51) --
	(209.82,305.57) --
	(209.60,305.58) --
	(191.48,305.58) --
	(191.69,305.57) --
	(191.40,305.58) --
	(191.11,305.54) --
	(190.84,305.46) --
	(190.57,305.34) --
	(190.33,305.17) --
	(190.12,304.97) --
	(189.95,304.74) --
	(189.81,304.48) --
	(189.72,304.21) --
	(189.68,303.92) --
	(189.67,303.77) --
	(189.67,290.54) --
	(189.68,290.68) --
	(189.68,290.39) --
	(189.72,290.11) --
	(189.81,289.83) --
	(189.95,289.57) --
	(190.12,289.34) --
	(190.33,289.14) --
	(190.57,288.97) --
	(190.84,288.85) --
	(191.11,288.77) --
	(191.40,288.73) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 35.69) rectangle (464.25,464.25);
\definecolor{drawColor}{RGB}{0,220,196}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.57] at (200.54,291.74) {27};
\definecolor{fillColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor] (155.46,184.84) --
	(169.93,184.84) --
	(169.86,184.84) --
	(170.15,184.86) --
	(170.43,184.91) --
	(170.70,185.02) --
	(170.96,185.16) --
	(171.18,185.35) --
	(171.37,185.56) --
	(171.53,185.81) --
	(171.64,186.08) --
	(171.71,186.36) --
	(171.74,186.65) --
	(171.74,186.65) --
	(171.74,197.36) --
	(171.74,197.36) --
	(171.71,197.65) --
	(171.64,197.94) --
	(171.53,198.20) --
	(171.37,198.45) --
	(171.18,198.67) --
	(170.96,198.85) --
	(170.70,199.00) --
	(170.43,199.10) --
	(170.15,199.16) --
	(169.93,199.17) --
	(155.46,199.17) --
	(155.68,199.16) --
	(155.39,199.17) --
	(155.10,199.13) --
	(154.82,199.05) --
	(154.56,198.93) --
	(154.32,198.76) --
	(154.11,198.56) --
	(153.94,198.33) --
	(153.80,198.07) --
	(153.71,197.80) --
	(153.66,197.51) --
	(153.66,197.36) --
	(153.66,186.65) --
	(153.66,186.80) --
	(153.66,186.50) --
	(153.71,186.22) --
	(153.80,185.94) --
	(153.94,185.68) --
	(154.11,185.45) --
	(154.32,185.25) --
	(154.56,185.08) --
	(154.82,184.96) --
	(155.10,184.88) --
	(155.39,184.84) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 35.69) rectangle (464.25,464.25);
\definecolor{drawColor}{RGB}{0,220,196}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.21] at (162.70,187.85) {23};
\definecolor{fillColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor] (126.35,169.84) --
	(138.49,169.84) --
	(138.42,169.84) --
	(138.71,169.85) --
	(139.00,169.91) --
	(139.27,170.01) --
	(139.52,170.16) --
	(139.75,170.34) --
	(139.94,170.56) --
	(140.09,170.81) --
	(140.21,171.07) --
	(140.28,171.36) --
	(140.30,171.65) --
	(140.30,171.65) --
	(140.30,180.76) --
	(140.30,180.76) --
	(140.28,181.05) --
	(140.21,181.33) --
	(140.09,181.60) --
	(139.94,181.84) --
	(139.75,182.06) --
	(139.52,182.25) --
	(139.27,182.39) --
	(139.00,182.49) --
	(138.71,182.55) --
	(138.49,182.57) --
	(126.35,182.57) --
	(126.57,182.55) --
	(126.28,182.56) --
	(125.99,182.53) --
	(125.71,182.45) --
	(125.45,182.32) --
	(125.21,182.16) --
	(125.00,181.96) --
	(124.83,181.72) --
	(124.69,181.47) --
	(124.60,181.19) --
	(124.55,180.90) --
	(124.55,180.76) --
	(124.55,171.65) --
	(124.55,171.79) --
	(124.55,171.50) --
	(124.60,171.21) --
	(124.69,170.94) --
	(124.83,170.68) --
	(125.00,170.45) --
	(125.21,170.25) --
	(125.45,170.08) --
	(125.71,169.96) --
	(125.99,169.88) --
	(126.28,169.84) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 35.69) rectangle (464.25,464.25);
\definecolor{drawColor}{RGB}{0,220,196}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  0.97] at (132.42,172.85) {22};
\definecolor{fillColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor] (103.19,158.31) --
	(113.22,158.31) --
	(113.15,158.31) --
	(113.44,158.33) --
	(113.72,158.38) --
	(114.00,158.49) --
	(114.25,158.63) --
	(114.47,158.82) --
	(114.67,159.03) --
	(114.82,159.28) --
	(114.94,159.55) --
	(115.00,159.83) --
	(115.03,160.12) --
	(115.03,160.12) --
	(115.03,167.78) --
	(115.03,167.78) --
	(115.00,168.07) --
	(114.94,168.35) --
	(114.82,168.62) --
	(114.67,168.87) --
	(114.47,169.08) --
	(114.25,169.27) --
	(114.00,169.41) --
	(113.72,169.52) --
	(113.44,169.57) --
	(113.22,169.59) --
	(103.19,169.59) --
	(103.41,169.57) --
	(103.12,169.59) --
	(102.83,169.55) --
	(102.55,169.47) --
	(102.28,169.34) --
	(102.05,169.18) --
	(101.84,168.98) --
	(101.66,168.75) --
	(101.53,168.49) --
	(101.43,168.21) --
	(101.39,167.93) --
	(101.38,167.78) --
	(101.38,160.12) --
	(101.39,160.26) --
	(101.39,159.97) --
	(101.43,159.69) --
	(101.53,159.41) --
	(101.66,159.15) --
	(101.84,158.92) --
	(102.05,158.72) --
	(102.28,158.55) --
	(102.55,158.43) --
	(102.83,158.35) --
	(103.12,158.31) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 35.69) rectangle (464.25,464.25);
\definecolor{drawColor}{RGB}{0,220,196}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  0.76] at (108.20,161.32) {21};
\definecolor{fillColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor] ( 86.20,154.33) --
	( 91.46,154.33) --
	( 91.38,154.33) --
	( 91.67,154.35) --
	( 91.96,154.40) --
	( 92.23,154.51) --
	( 92.48,154.65) --
	( 92.71,154.84) --
	( 92.90,155.05) --
	( 93.06,155.30) --
	( 93.17,155.57) --
	( 93.24,155.85) --
	( 93.26,156.14) --
	( 93.26,156.14) --
	( 93.26,160.51) --
	( 93.26,160.51) --
	( 93.24,160.80) --
	( 93.17,161.08) --
	( 93.06,161.35) --
	( 92.90,161.59) --
	( 92.71,161.81) --
	( 92.48,161.99) --
	( 92.23,162.14) --
	( 91.96,162.24) --
	( 91.67,162.30) --
	( 91.46,162.31) --
	( 86.20,162.31) --
	( 86.42,162.30) --
	( 86.13,162.31) --
	( 85.84,162.28) --
	( 85.56,162.20) --
	( 85.30,162.07) --
	( 85.06,161.91) --
	( 84.85,161.71) --
	( 84.68,161.47) --
	( 84.54,161.22) --
	( 84.45,160.94) --
	( 84.40,160.65) --
	( 84.40,160.51) --
	( 84.40,156.14) --
	( 84.40,156.28) --
	( 84.40,155.99) --
	( 84.45,155.71) --
	( 84.54,155.43) --
	( 84.68,155.17) --
	( 84.85,154.94) --
	( 85.06,154.74) --
	( 85.30,154.57) --
	( 85.56,154.45) --
	( 85.84,154.37) --
	( 86.13,154.33) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 35.69) rectangle (464.25,464.25);
\definecolor{drawColor}{RGB}{0,220,196}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  0.28] at ( 88.83,157.34) {20};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{gray}{0.30}

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at ( 66.00, 50.76) {0.0e+00};

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at ( 66.00,148.16) {5.0e-06};

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at ( 66.00,245.56) {1.0e-05};

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at ( 66.00,342.97) {1.5e-05};

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at ( 66.00,440.37) {2.0e-05};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{gray}{0.20}

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 68.20, 55.17) --
	( 70.95, 55.17);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 68.20,152.57) --
	( 70.95,152.57);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 68.20,249.97) --
	( 70.95,249.97);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 68.20,347.37) --
	( 70.95,347.37);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 68.20,444.77) --
	( 70.95,444.77);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{gray}{0.20}

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 92.19, 32.94) --
	( 92.19, 35.69);

\path[draw=drawColor,line width= 0.6pt,line join=round] (173.06, 32.94) --
	(173.06, 35.69);

\path[draw=drawColor,line width= 0.6pt,line join=round] (253.92, 32.94) --
	(253.92, 35.69);

\path[draw=drawColor,line width= 0.6pt,line join=round] (334.79, 32.94) --
	(334.79, 35.69);

\path[draw=drawColor,line width= 0.6pt,line join=round] (415.65, 32.94) --
	(415.65, 35.69);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{gray}{0.30}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at ( 92.19, 21.92) {100};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (173.06, 21.92) {200};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (253.92, 21.92) {300};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (334.79, 21.92) {400};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (415.65, 21.92) {500};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.60] at (267.60,  6.21) {Z-Resolution (slices)};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,rotate= 90.00,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.60] at ( 16.52,249.97) {CPU time per voxel (seconds)};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{fillColor}{RGB}{255,255,255}

\path[fill=fillColor] (175.05, 81.79) rectangle (464.25,109.54);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base west,inner sep=0pt, outer sep=0pt, scale=  1.60] at (180.55, 90.16) {Speedup};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{255,255,255}
\definecolor{fillColor}{gray}{0.95}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round,fill=fillColor] (247.65, 87.29) rectangle (262.11,104.04);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\path[draw=drawColor,line width= 2.5pt,line join=round] (249.10, 95.66) -- (260.66, 95.66);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{255,255,255}
\definecolor{fillColor}{gray}{0.95}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round,fill=fillColor] (290.90, 87.29) rectangle (305.36,104.04);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\path[draw=drawColor,line width= 4.1pt,line join=round] (292.35, 95.66) -- (303.91, 95.66);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{255,255,255}
\definecolor{fillColor}{gray}{0.95}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round,fill=fillColor] (334.15, 87.29) rectangle (348.61,104.04);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\path[draw=drawColor,line width= 5.2pt,line join=round] (335.60, 95.66) -- (347.16, 95.66);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{255,255,255}
\definecolor{fillColor}{gray}{0.95}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round,fill=fillColor] (377.40, 87.29) rectangle (392.41,104.04);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\path[draw=drawColor,line width= 6.0pt,line join=round] (378.90, 95.66) -- (390.91, 95.66);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{255,255,255}
\definecolor{fillColor}{gray}{0.95}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round,fill=fillColor] (421.20, 87.29) rectangle (437.96,104.04);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\path[draw=drawColor,line width= 6.7pt,line join=round] (422.88, 95.66) -- (436.28, 95.66);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at (282.90, 91.26) {20};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at (326.15, 91.26) {22};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at (369.40, 91.26) {24};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at (413.20, 91.26) {26};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at (458.75, 91.26) {28};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{fillColor}{RGB}{255,255,255}

\path[fill=fillColor] (292.10, 45.33) rectangle (464.25, 70.79);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base west,inner sep=0pt, outer sep=0pt, scale=  1.60] at (297.60, 52.55) {Diameter};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{255,255,255}
\definecolor{fillColor}{gray}{0.95}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round,fill=fillColor] (370.30, 50.83) rectangle (384.75, 65.29);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{0,220,196}

\path[draw=drawColor,line width= 0.6pt,line join=round] (371.75, 58.06) -- (383.31, 58.06);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{255,255,255}
\definecolor{fillColor}{gray}{0.95}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round,fill=fillColor] (423.50, 50.83) rectangle (437.96, 65.29);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{104,187,255}

\path[draw=drawColor,line width= 0.6pt,line join=round] (424.95, 58.06) -- (436.51, 58.06);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at (415.50, 53.65) {14.4};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (469.75,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at (458.75, 53.65) {17};
\end{scope}
\end{tikzpicture}
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% Created by tikzDevice version 0.12 on 2021-11-03 12:07:12
% !TEX encoding = UTF-8 Unicode
\begin{tikzpicture}[x=1pt,y=1pt]
\definecolor{fillColor}{RGB}{255,255,255}
\path[use as bounding box,fill=fillColor,fill opacity=0.00] (0,0) rectangle (939.51,469.75);
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{255,255,255}
\definecolor{fillColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round,fill=fillColor] (  0.00,  0.00) rectangle (939.51,469.75);
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 36.92) rectangle (354.97,395.49);
\definecolor{fillColor}{gray}{0.92}

\path[fill=fillColor] ( 70.95, 36.92) rectangle (354.97,395.49);
\definecolor{drawColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.3pt,line join=round] ( 70.95, 93.97) --
	(354.97, 93.97);

\path[draw=drawColor,line width= 0.3pt,line join=round] ( 70.95,175.46) --
	(354.97,175.46);

\path[draw=drawColor,line width= 0.3pt,line join=round] ( 70.95,256.96) --
	(354.97,256.96);

\path[draw=drawColor,line width= 0.3pt,line join=round] ( 70.95,338.45) --
	(354.97,338.45);

\path[draw=drawColor,line width= 0.3pt,line join=round] (123.99, 36.92) --
	(123.99,395.49);

\path[draw=drawColor,line width= 0.3pt,line join=round] (179.99, 36.92) --
	(179.99,395.49);

\path[draw=drawColor,line width= 0.3pt,line join=round] (235.98, 36.92) --
	(235.98,395.49);

\path[draw=drawColor,line width= 0.3pt,line join=round] (291.97, 36.92) --
	(291.97,395.49);

\path[draw=drawColor,line width= 0.3pt,line join=round] (347.97, 36.92) --
	(347.97,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 70.95, 53.22) --
	(354.97, 53.22);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 70.95,134.72) --
	(354.97,134.72);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 70.95,216.21) --
	(354.97,216.21);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 70.95,297.70) --
	(354.97,297.70);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 70.95,379.20) --
	(354.97,379.20);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 94.72, 36.92) --
	( 94.72,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (153.27, 36.92) --
	(153.27,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (206.70, 36.92) --
	(206.70,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (265.26, 36.92) --
	(265.26,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (318.69, 36.92) --
	(318.69,395.49);
\definecolor{drawColor}{RGB}{0,0,0}
\definecolor{fillColor}{RGB}{174,196,218}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.80] (237.11,315.01) --
	(248.15,315.01) --
	(247.91,315.02) --
	(248.88,315.06) --
	(249.83,315.25) --
	(250.74,315.59) --
	(251.57,316.08) --
	(252.33,316.69) --
	(252.97,317.42) --
	(253.49,318.23) --
	(253.87,319.13) --
	(254.10,320.07) --
	(254.18,321.03) --
	(254.18,321.03) --
	(254.18,326.77) --
	(254.18,326.77) --
	(254.10,327.73) --
	(253.87,328.67) --
	(253.49,329.57) --
	(252.97,330.39) --
	(252.33,331.11) --
	(251.57,331.72) --
	(250.74,332.21) --
	(249.83,332.55) --
	(248.88,332.75) --
	(248.15,332.79) --
	(237.11,332.79) --
	(237.84,332.75) --
	(236.87,332.79) --
	(235.91,332.67) --
	(234.97,332.40) --
	(234.10,331.98) --
	(233.30,331.43) --
	(232.60,330.76) --
	(232.02,329.99) --
	(231.57,329.13) --
	(231.26,328.21) --
	(231.11,327.25) --
	(231.09,326.77) --
	(231.09,321.03) --
	(231.11,321.52) --
	(231.11,320.55) --
	(231.26,319.59) --
	(231.57,318.67) --
	(232.02,317.81) --
	(232.60,317.04) --
	(233.30,316.37) --
	(234.10,315.82) --
	(234.97,315.40) --
	(235.91,315.13) --
	(236.87,315.02) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 36.92) rectangle (354.97,395.49);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.71] at (242.63,318.02) {17};
\definecolor{fillColor}{RGB}{179,193,215}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.80] (267.99,319.99) --
	(279.03,319.99) --
	(278.79,320.00) --
	(279.76,320.04) --
	(280.71,320.23) --
	(281.62,320.58) --
	(282.46,321.06) --
	(283.21,321.67) --
	(283.85,322.40) --
	(284.37,323.22) --
	(284.75,324.11) --
	(284.98,325.05) --
	(285.06,326.02) --
	(285.06,326.02) --
	(285.06,331.75) --
	(285.06,331.75) --
	(284.98,332.72) --
	(284.75,333.66) --
	(284.37,334.55) --
	(283.85,335.37) --
	(283.21,336.09) --
	(282.46,336.71) --
	(281.62,337.19) --
	(280.71,337.54) --
	(279.76,337.73) --
	(279.03,337.77) --
	(267.99,337.77) --
	(268.72,337.73) --
	(267.75,337.77) --
	(266.79,337.65) --
	(265.86,337.38) --
	(264.98,336.97) --
	(264.18,336.42) --
	(263.48,335.74) --
	(262.90,334.97) --
	(262.45,334.11) --
	(262.14,333.19) --
	(261.99,332.23) --
	(261.97,331.75) --
	(261.97,326.02) --
	(261.99,326.50) --
	(261.99,325.53) --
	(262.14,324.58) --
	(262.45,323.66) --
	(262.90,322.80) --
	(263.48,322.02) --
	(264.18,321.35) --
	(264.98,320.80) --
	(265.86,320.39) --
	(266.79,320.12) --
	(267.75,320.00) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 36.92) rectangle (354.97,395.49);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.71] at (273.51,323.01) {17};
\definecolor{fillColor}{RGB}{169,200,221}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.80] (256.05,321.39) --
	(267.09,321.39) --
	(266.85,321.40) --
	(267.82,321.44) --
	(268.77,321.63) --
	(269.67,321.97) --
	(270.51,322.46) --
	(271.26,323.07) --
	(271.91,323.80) --
	(272.43,324.61) --
	(272.81,325.51) --
	(273.04,326.45) --
	(273.12,327.41) --
	(273.12,327.41) --
	(273.12,333.15) --
	(273.12,333.15) --
	(273.04,334.11) --
	(272.81,335.05) --
	(272.43,335.95) --
	(271.91,336.77) --
	(271.26,337.49) --
	(270.51,338.10) --
	(269.67,338.59) --
	(268.77,338.93) --
	(267.82,339.13) --
	(267.09,339.17) --
	(256.05,339.17) --
	(256.78,339.13) --
	(255.81,339.17) --
	(254.84,339.05) --
	(253.91,338.78) --
	(253.04,338.36) --
	(252.24,337.81) --
	(251.54,337.14) --
	(250.96,336.37) --
	(250.51,335.51) --
	(250.20,334.59) --
	(250.05,333.63) --
	(250.03,333.15) --
	(250.03,327.41) --
	(250.05,327.90) --
	(250.05,326.93) --
	(250.20,325.97) --
	(250.51,325.05) --
	(250.96,324.19) --
	(251.54,323.42) --
	(252.24,322.75) --
	(253.04,322.20) --
	(253.91,321.78) --
	(254.84,321.51) --
	(255.81,321.40) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 36.92) rectangle (354.97,395.49);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.71] at (261.57,324.40) {17};
\definecolor{fillColor}{RGB}{216,154,190}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.80] (231.61,274.52) --
	(253.97,274.52) --
	(253.72,274.53) --
	(254.69,274.57) --
	(255.64,274.76) --
	(256.55,275.10) --
	(257.39,275.59) --
	(258.14,276.20) --
	(258.78,276.93) --
	(259.30,277.75) --
	(259.68,278.64) --
	(259.91,279.58) --
	(259.99,280.54) --
	(259.99,280.54) --
	(259.99,285.52) --
	(259.99,285.52) --
	(259.91,286.49) --
	(259.68,287.43) --
	(259.30,288.32) --
	(258.78,289.14) --
	(258.14,289.86) --
	(257.39,290.48) --
	(256.55,290.96) --
	(255.64,291.31) --
	(254.69,291.50) --
	(253.97,291.54) --
	(231.61,291.54) --
	(232.33,291.50) --
	(231.36,291.54) --
	(230.40,291.42) --
	(229.47,291.15) --
	(228.59,290.74) --
	(227.80,290.19) --
	(227.10,289.51) --
	(226.52,288.74) --
	(226.06,287.88) --
	(225.76,286.96) --
	(225.60,286.01) --
	(225.58,285.52) --
	(225.58,280.54) --
	(225.60,281.03) --
	(225.60,280.06) --
	(225.76,279.10) --
	(226.06,278.18) --
	(226.52,277.33) --
	(227.10,276.55) --
	(227.80,275.88) --
	(228.59,275.33) --
	(229.47,274.91) --
	(230.40,274.64) --
	(231.36,274.53) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 36.92) rectangle (354.97,395.49);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.60] at (242.79,277.53) {14.4};
\definecolor{fillColor}{RGB}{218,152,189}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.80] (255.89,272.96) --
	(278.25,272.96) --
	(278.01,272.96) --
	(278.98,273.00) --
	(279.93,273.20) --
	(280.83,273.54) --
	(281.67,274.03) --
	(282.42,274.64) --
	(283.07,275.36) --
	(283.59,276.18) --
	(283.96,277.07) --
	(284.20,278.02) --
	(284.27,278.98) --
	(284.27,278.98) --
	(284.27,283.96) --
	(284.27,283.96) --
	(284.20,284.92) --
	(283.96,285.87) --
	(283.59,286.76) --
	(283.07,287.58) --
	(282.42,288.30) --
	(281.67,288.91) --
	(280.83,289.40) --
	(279.93,289.74) --
	(278.98,289.94) --
	(278.25,289.98) --
	(255.89,289.98) --
	(256.62,289.94) --
	(255.65,289.98) --
	(254.69,289.86) --
	(253.76,289.59) --
	(252.88,289.17) --
	(252.08,288.62) --
	(251.38,287.95) --
	(250.80,287.18) --
	(250.35,286.32) --
	(250.04,285.40) --
	(249.89,284.44) --
	(249.87,283.96) --
	(249.87,278.98) --
	(249.89,279.47) --
	(249.89,278.50) --
	(250.04,277.54) --
	(250.35,276.62) --
	(250.80,275.76) --
	(251.38,274.99) --
	(252.08,274.32) --
	(252.88,273.77) --
	(253.76,273.35) --
	(254.69,273.08) --
	(255.65,272.96) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 36.92) rectangle (354.97,395.49);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.60] at (267.07,275.97) {14.4};
\definecolor{fillColor}{RGB}{214,157,192}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.80] (250.18,272.99) --
	(272.54,272.99) --
	(272.30,272.99) --
	(273.27,273.03) --
	(274.22,273.22) --
	(275.12,273.57) --
	(275.96,274.05) --
	(276.71,274.67) --
	(277.36,275.39) --
	(277.87,276.21) --
	(278.25,277.10) --
	(278.49,278.04) --
	(278.56,279.01) --
	(278.56,279.01) --
	(278.56,283.99) --
	(278.56,283.99) --
	(278.49,284.95) --
	(278.25,285.89) --
	(277.87,286.78) --
	(277.36,287.60) --
	(276.71,288.33) --
	(275.96,288.94) --
	(275.12,289.43) --
	(274.22,289.77) --
	(273.27,289.96) --
	(272.54,290.01) --
	(250.18,290.01) --
	(250.91,289.96) --
	(249.94,290.00) --
	(248.98,289.89) --
	(248.04,289.62) --
	(247.17,289.20) --
	(246.37,288.65) --
	(245.67,287.98) --
	(245.09,287.20) --
	(244.64,286.35) --
	(244.33,285.43) --
	(244.18,284.47) --
	(244.16,283.99) --
	(244.16,279.01) --
	(244.18,279.49) --
	(244.18,278.52) --
	(244.33,277.57) --
	(244.64,276.65) --
	(245.09,275.79) --
	(245.67,275.02) --
	(246.37,274.34) --
	(247.17,273.79) --
	(248.04,273.38) --
	(248.98,273.11) --
	(249.94,272.99) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 36.92) rectangle (354.97,395.49);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.60] at (261.36,276.00) {14.4};
\definecolor{fillColor}{RGB}{249,89,158}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.80] (237.41,111.73) --
	(248.47,111.73) --
	(248.23,111.74) --
	(249.20,111.78) --
	(250.14,111.97) --
	(251.05,112.31) --
	(251.89,112.80) --
	(252.64,113.41) --
	(253.28,114.14) --
	(253.80,114.96) --
	(254.18,115.85) --
	(254.41,116.79) --
	(254.49,117.76) --
	(254.49,117.76) --
	(254.49,120.94) --
	(254.49,120.94) --
	(254.41,121.91) --
	(254.18,122.85) --
	(253.80,123.74) --
	(253.28,124.56) --
	(252.64,125.28) --
	(251.89,125.90) --
	(251.05,126.38) --
	(250.14,126.73) --
	(249.20,126.92) --
	(248.47,126.96) --
	(237.41,126.96) --
	(238.14,126.92) --
	(237.17,126.96) --
	(236.21,126.84) --
	(235.28,126.57) --
	(234.40,126.16) --
	(233.60,125.61) --
	(232.90,124.93) --
	(232.32,124.16) --
	(231.87,123.30) --
	(231.56,122.38) --
	(231.41,121.43) --
	(231.39,120.94) --
	(231.39,117.76) --
	(231.41,118.24) --
	(231.41,117.27) --
	(231.56,116.31) --
	(231.87,115.39) --
	(232.32,114.54) --
	(232.90,113.76) --
	(233.60,113.09) --
	(234.40,112.54) --
	(235.28,112.12) --
	(236.21,111.85) --
	(237.17,111.74) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 36.92) rectangle (354.97,395.49);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.34] at (242.94,114.74) {8.8};
\definecolor{fillColor}{RGB}{249,88,158}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.80] (267.24,115.29) --
	(278.30,115.29) --
	(278.05,115.30) --
	(279.02,115.34) --
	(279.97,115.53) --
	(280.88,115.88) --
	(281.72,116.36) --
	(282.47,116.97) --
	(283.11,117.70) --
	(283.63,118.52) --
	(284.01,119.41) --
	(284.24,120.35) --
	(284.32,121.32) --
	(284.32,121.32) --
	(284.32,124.50) --
	(284.32,124.50) --
	(284.24,125.47) --
	(284.01,126.41) --
	(283.63,127.30) --
	(283.11,128.12) --
	(282.47,128.85) --
	(281.72,129.46) --
	(280.88,129.94) --
	(279.97,130.29) --
	(279.02,130.48) --
	(278.30,130.53) --
	(267.24,130.53) --
	(267.97,130.48) --
	(267.00,130.52) --
	(266.04,130.40) --
	(265.10,130.13) --
	(264.23,129.72) --
	(263.43,129.17) --
	(262.73,128.50) --
	(262.15,127.72) --
	(261.70,126.86) --
	(261.39,125.94) --
	(261.24,124.99) --
	(261.22,124.50) --
	(261.22,121.32) --
	(261.24,121.80) --
	(261.24,120.83) --
	(261.39,119.88) --
	(261.70,118.96) --
	(262.15,118.10) --
	(262.73,117.32) --
	(263.43,116.65) --
	(264.23,116.10) --
	(265.10,115.69) --
	(266.04,115.42) --
	(267.00,115.30) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 36.92) rectangle (354.97,395.49);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.34] at (272.77,118.31) {8.8};
\definecolor{fillColor}{RGB}{248,89,158}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.80] (255.62,114.04) --
	(266.68,114.04) --
	(266.44,114.04) --
	(267.40,114.08) --
	(268.35,114.27) --
	(269.26,114.62) --
	(270.10,115.10) --
	(270.85,115.72) --
	(271.49,116.44) --
	(272.01,117.26) --
	(272.39,118.15) --
	(272.62,119.09) --
	(272.70,120.06) --
	(272.70,120.06) --
	(272.70,123.25) --
	(272.70,123.25) --
	(272.62,124.21) --
	(272.39,125.15) --
	(272.01,126.04) --
	(271.49,126.86) --
	(270.85,127.59) --
	(270.10,128.20) --
	(269.26,128.69) --
	(268.35,129.03) --
	(267.40,129.22) --
	(266.68,129.27) --
	(255.62,129.27) --
	(256.35,129.22) --
	(255.38,129.26) --
	(254.42,129.15) --
	(253.49,128.88) --
	(252.61,128.46) --
	(251.81,127.91) --
	(251.11,127.24) --
	(250.53,126.46) --
	(250.08,125.61) --
	(249.77,124.69) --
	(249.62,123.73) --
	(249.60,123.25) --
	(249.60,120.06) --
	(249.62,120.54) --
	(249.62,119.57) --
	(249.77,118.62) --
	(250.08,117.70) --
	(250.53,116.84) --
	(251.11,116.07) --
	(251.81,115.39) --
	(252.61,114.84) --
	(253.49,114.43) --
	(254.42,114.16) --
	(255.38,114.04) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 36.92) rectangle (354.97,395.49);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.34] at (261.15,117.05) {8.8};
\definecolor{fillColor}{RGB}{255,62,150}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.80] (239.78,108.02) --
	(245.33,108.02) --
	(245.09,108.03) --
	(246.06,108.06) --
	(247.01,108.26) --
	(247.91,108.60) --
	(248.75,109.09) --
	(249.50,109.70) --
	(250.15,110.43) --
	(250.66,111.24) --
	(251.04,112.14) --
	(251.28,113.08) --
	(251.35,114.04) --
	(251.35,114.04) --
	(251.35,114.26) --
	(251.35,114.26) --
	(251.28,115.23) --
	(251.04,116.17) --
	(250.66,117.06) --
	(250.15,117.88) --
	(249.50,118.61) --
	(248.75,119.22) --
	(247.91,119.70) --
	(247.01,120.05) --
	(246.06,120.24) --
	(245.33,120.28) --
	(239.78,120.28) --
	(240.50,120.24) --
	(239.53,120.28) --
	(238.57,120.16) --
	(237.64,119.89) --
	(236.77,119.48) --
	(235.97,118.93) --
	(235.27,118.26) --
	(234.69,117.48) --
	(234.24,116.62) --
	(233.93,115.70) --
	(233.77,114.75) --
	(233.75,114.26) --
	(233.75,114.04) --
	(233.77,114.53) --
	(233.77,113.56) --
	(233.93,112.60) --
	(234.24,111.68) --
	(234.69,110.82) --
	(235.27,110.05) --
	(235.97,109.38) --
	(236.77,108.83) --
	(237.64,108.41) --
	(238.57,108.14) --
	(239.53,108.03) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 36.92) rectangle (354.97,395.49);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  0.91] at (242.55,111.03) {4.1};
\definecolor{fillColor}{RGB}{255,62,150}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.80] (266.58,110.50) --
	(272.14,110.50) --
	(271.89,110.50) --
	(272.86,110.54) --
	(273.81,110.74) --
	(274.72,111.08) --
	(275.56,111.56) --
	(276.31,112.18) --
	(276.95,112.90) --
	(277.47,113.72) --
	(277.85,114.61) --
	(278.08,115.56) --
	(278.16,116.52) --
	(278.16,116.52) --
	(278.16,116.74) --
	(278.16,116.74) --
	(278.08,117.71) --
	(277.85,118.65) --
	(277.47,119.54) --
	(276.95,120.36) --
	(276.31,121.08) --
	(275.56,121.70) --
	(274.72,122.18) --
	(273.81,122.53) --
	(272.86,122.72) --
	(272.14,122.76) --
	(266.58,122.76) --
	(267.31,122.72) --
	(266.34,122.76) --
	(265.38,122.64) --
	(264.45,122.37) --
	(263.57,121.96) --
	(262.77,121.41) --
	(262.07,120.73) --
	(261.49,119.96) --
	(261.04,119.10) --
	(260.73,118.18) --
	(260.58,117.23) --
	(260.56,116.74) --
	(260.56,116.52) --
	(260.58,117.01) --
	(260.58,116.04) --
	(260.73,115.08) --
	(261.04,114.16) --
	(261.49,113.30) --
	(262.07,112.53) --
	(262.77,111.86) --
	(263.57,111.31) --
	(264.45,110.89) --
	(265.38,110.62) --
	(266.34,110.50) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 36.92) rectangle (354.97,395.49);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  0.91] at (269.36,113.51) {4.1};
\definecolor{fillColor}{RGB}{255,62,150}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.80] (256.59,106.04) --
	(262.15,106.04) --
	(261.91,106.05) --
	(262.87,106.08) --
	(263.82,106.28) --
	(264.73,106.62) --
	(265.57,107.11) --
	(266.32,107.72) --
	(266.96,108.44) --
	(267.48,109.26) --
	(267.86,110.16) --
	(268.09,111.10) --
	(268.17,112.06) --
	(268.17,112.06) --
	(268.17,112.28) --
	(268.17,112.28) --
	(268.09,113.25) --
	(267.86,114.19) --
	(267.48,115.08) --
	(266.96,115.90) --
	(266.32,116.63) --
	(265.57,117.24) --
	(264.73,117.72) --
	(263.82,118.07) --
	(262.87,118.26) --
	(262.15,118.30) --
	(256.59,118.30) --
	(257.32,118.26) --
	(256.35,118.30) --
	(255.39,118.18) --
	(254.46,117.91) --
	(253.58,117.50) --
	(252.78,116.95) --
	(252.09,116.28) --
	(251.50,115.50) --
	(251.05,114.64) --
	(250.75,113.72) --
	(250.59,112.77) --
	(250.57,112.28) --
	(250.57,112.06) --
	(250.59,112.55) --
	(250.59,111.58) --
	(250.75,110.62) --
	(251.05,109.70) --
	(251.50,108.84) --
	(252.09,108.07) --
	(252.78,107.40) --
	(253.58,106.85) --
	(254.46,106.43) --
	(255.39,106.16) --
	(256.35,106.05) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 36.92) rectangle (354.97,395.49);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  0.91] at (259.37,109.05) {4.1};
\end{scope}
\begin{scope}
\path[clip] (360.47, 36.92) rectangle (644.49,395.49);
\definecolor{fillColor}{gray}{0.92}

\path[fill=fillColor] (360.47, 36.92) rectangle (644.49,395.49);
\definecolor{drawColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.3pt,line join=round] (360.47, 93.97) --
	(644.49, 93.97);

\path[draw=drawColor,line width= 0.3pt,line join=round] (360.47,175.46) --
	(644.49,175.46);

\path[draw=drawColor,line width= 0.3pt,line join=round] (360.47,256.96) --
	(644.49,256.96);

\path[draw=drawColor,line width= 0.3pt,line join=round] (360.47,338.45) --
	(644.49,338.45);

\path[draw=drawColor,line width= 0.3pt,line join=round] (413.51, 36.92) --
	(413.51,395.49);

\path[draw=drawColor,line width= 0.3pt,line join=round] (469.51, 36.92) --
	(469.51,395.49);

\path[draw=drawColor,line width= 0.3pt,line join=round] (525.50, 36.92) --
	(525.50,395.49);

\path[draw=drawColor,line width= 0.3pt,line join=round] (581.49, 36.92) --
	(581.49,395.49);

\path[draw=drawColor,line width= 0.3pt,line join=round] (637.49, 36.92) --
	(637.49,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (360.47, 53.22) --
	(644.49, 53.22);

\path[draw=drawColor,line width= 0.6pt,line join=round] (360.47,134.72) --
	(644.49,134.72);

\path[draw=drawColor,line width= 0.6pt,line join=round] (360.47,216.21) --
	(644.49,216.21);

\path[draw=drawColor,line width= 0.6pt,line join=round] (360.47,297.70) --
	(644.49,297.70);

\path[draw=drawColor,line width= 0.6pt,line join=round] (360.47,379.20) --
	(644.49,379.20);

\path[draw=drawColor,line width= 0.6pt,line join=round] (384.23, 36.92) --
	(384.23,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (442.79, 36.92) --
	(442.79,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (496.22, 36.92) --
	(496.22,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (554.78, 36.92) --
	(554.78,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (608.21, 36.92) --
	(608.21,395.49);
\definecolor{drawColor}{RGB}{0,0,0}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round] (556.70,222.75) -- (549.63,212.07);

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round] (620.55,144.84) -- (630.85,144.84);

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round] (563.94,273.59) -- (571.02,284.29);

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (562.87,224.26) {cfrp{\_{}}i17};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (577.26,140.43) {leuven{\_{}}carbon};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (557.77,263.27) {leuven{\_{}}glass};
\definecolor{fillColor}{RGB}{229,134,178}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.80] (544.71,203.21) --
	(553.62,203.21) --
	(553.37,203.21) --
	(554.34,203.25) --
	(555.29,203.45) --
	(556.20,203.79) --
	(557.04,204.28) --
	(557.79,204.89) --
	(558.43,205.61) --
	(558.95,206.43) --
	(559.33,207.32) --
	(559.56,208.27) --
	(559.64,209.23) --
	(559.64,209.23) --
	(559.64,213.49) --
	(559.64,213.49) --
	(559.56,214.46) --
	(559.33,215.40) --
	(558.95,216.29) --
	(558.43,217.11) --
	(557.79,217.84) --
	(557.04,218.45) --
	(556.20,218.93) --
	(555.29,219.28) --
	(554.34,219.47) --
	(553.62,219.51) --
	(544.71,219.51) --
	(545.44,219.47) --
	(544.47,219.51) --
	(543.51,219.39) --
	(542.58,219.12) --
	(541.70,218.71) --
	(540.90,218.16) --
	(540.20,217.49) --
	(539.62,216.71) --
	(539.17,215.85) --
	(538.86,214.93) --
	(538.71,213.98) --
	(538.69,213.49) --
	(538.69,209.23) --
	(538.71,209.72) --
	(538.71,208.75) --
	(538.86,207.79) --
	(539.17,206.87) --
	(539.62,206.01) --
	(540.20,205.24) --
	(540.90,204.57) --
	(541.70,204.02) --
	(542.58,203.60) --
	(543.51,203.33) --
	(544.47,203.21) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] (360.47, 36.92) rectangle (644.49,395.49);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.49] at (549.16,206.22) {10};
\definecolor{fillColor}{RGB}{158,207,226}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.80] (629.14,138.89) --
	(634.02,138.89) --
	(633.78,138.89) --
	(634.75,138.93) --
	(635.70,139.13) --
	(636.60,139.47) --
	(637.44,139.96) --
	(638.19,140.57) --
	(638.84,141.29) --
	(639.35,142.11) --
	(639.73,143.00) --
	(639.97,143.95) --
	(640.04,144.91) --
	(640.04,144.91) --
	(640.04,144.77) --
	(640.04,144.77) --
	(639.97,145.73) --
	(639.73,146.68) --
	(639.35,147.57) --
	(638.84,148.39) --
	(638.19,149.11) --
	(637.44,149.72) --
	(636.60,150.21) --
	(635.70,150.55) --
	(634.75,150.75) --
	(634.02,150.79) --
	(629.14,150.79) --
	(629.87,150.75) --
	(628.90,150.79) --
	(627.94,150.67) --
	(627.00,150.40) --
	(626.13,149.98) --
	(625.33,149.43) --
	(624.63,148.76) --
	(624.05,147.99) --
	(623.60,147.13) --
	(623.29,146.21) --
	(623.14,145.25) --
	(623.12,144.77) --
	(623.12,144.91) --
	(623.14,145.40) --
	(623.14,144.43) --
	(623.29,143.47) --
	(623.60,142.55) --
	(624.05,141.69) --
	(624.63,140.92) --
	(625.33,140.25) --
	(626.13,139.70) --
	(627.00,139.28) --
	(627.94,139.01) --
	(628.90,138.89) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] (360.47, 36.92) rectangle (644.49,395.49);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  0.85] at (631.58,141.90) {5.5};
\definecolor{fillColor}{RGB}{0,245,255}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.80] (560.04,276.39) --
	(582.93,276.39) --
	(582.69,276.39) --
	(583.66,276.43) --
	(584.61,276.62) --
	(585.52,276.97) --
	(586.36,277.45) --
	(587.11,278.07) --
	(587.75,278.79) --
	(588.27,279.61) --
	(588.65,280.50) --
	(588.88,281.44) --
	(588.96,282.41) --
	(588.96,282.41) --
	(588.96,287.59) --
	(588.96,287.59) --
	(588.88,288.56) --
	(588.65,289.50) --
	(588.27,290.39) --
	(587.75,291.21) --
	(587.11,291.94) --
	(586.36,292.55) --
	(585.52,293.03) --
	(584.61,293.38) --
	(583.66,293.57) --
	(582.93,293.62) --
	(560.04,293.62) --
	(560.77,293.57) --
	(559.80,293.61) --
	(558.84,293.49) --
	(557.90,293.22) --
	(557.03,292.81) --
	(556.23,292.26) --
	(555.53,291.59) --
	(554.95,290.81) --
	(554.50,289.95) --
	(554.19,289.03) --
	(554.04,288.08) --
	(554.02,287.59) --
	(554.02,282.41) --
	(554.04,282.89) --
	(554.04,281.92) --
	(554.19,280.97) --
	(554.50,280.05) --
	(554.95,279.19) --
	(555.53,278.42) --
	(556.23,277.74) --
	(557.03,277.19) --
	(557.90,276.78) --
	(558.84,276.51) --
	(559.80,276.39) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] (360.47, 36.92) rectangle (644.49,395.49);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.63] at (571.49,279.40) {12.5};
\end{scope}
\begin{scope}
\path[clip] (649.99, 36.92) rectangle (934.01,395.49);
\definecolor{fillColor}{gray}{0.92}

\path[fill=fillColor] (649.99, 36.92) rectangle (934.01,395.49);
\definecolor{drawColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.3pt,line join=round] (649.99, 93.97) --
	(934.01, 93.97);

\path[draw=drawColor,line width= 0.3pt,line join=round] (649.99,175.46) --
	(934.01,175.46);

\path[draw=drawColor,line width= 0.3pt,line join=round] (649.99,256.96) --
	(934.01,256.96);

\path[draw=drawColor,line width= 0.3pt,line join=round] (649.99,338.45) --
	(934.01,338.45);

\path[draw=drawColor,line width= 0.3pt,line join=round] (703.03, 36.92) --
	(703.03,395.49);

\path[draw=drawColor,line width= 0.3pt,line join=round] (759.02, 36.92) --
	(759.02,395.49);

\path[draw=drawColor,line width= 0.3pt,line join=round] (815.02, 36.92) --
	(815.02,395.49);

\path[draw=drawColor,line width= 0.3pt,line join=round] (871.01, 36.92) --
	(871.01,395.49);

\path[draw=drawColor,line width= 0.3pt,line join=round] (927.01, 36.92) --
	(927.01,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (649.99, 53.22) --
	(934.01, 53.22);

\path[draw=drawColor,line width= 0.6pt,line join=round] (649.99,134.72) --
	(934.01,134.72);

\path[draw=drawColor,line width= 0.6pt,line join=round] (649.99,216.21) --
	(934.01,216.21);

\path[draw=drawColor,line width= 0.6pt,line join=round] (649.99,297.70) --
	(934.01,297.70);

\path[draw=drawColor,line width= 0.6pt,line join=round] (649.99,379.20) --
	(934.01,379.20);

\path[draw=drawColor,line width= 0.6pt,line join=round] (673.75, 36.92) --
	(673.75,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (732.31, 36.92) --
	(732.31,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (785.74, 36.92) --
	(785.74,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (844.30, 36.92) --
	(844.30,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (897.73, 36.92) --
	(897.73,395.49);
\definecolor{drawColor}{RGB}{0,0,0}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round] (715.81,120.86) -- (708.74,110.17);

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round] (762.10,185.43) -- (755.03,196.13);

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round] (706.15,215.39) -- (699.07,204.69);

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round] (671.23,177.83) -- (663.40,188.56);

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (721.97,122.37) {braid};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (768.28,175.11) {bundle};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (712.33,216.90) {scaphandre};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (684.29,167.51) {twisting};
\definecolor{fillColor}{RGB}{252,74,153}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.80] (705.29,102.32) --
	(711.25,102.32) --
	(711.01,102.32) --
	(711.98,102.36) --
	(712.93,102.56) --
	(713.83,102.90) --
	(714.67,103.39) --
	(715.42,104.00) --
	(716.07,104.72) --
	(716.58,105.54) --
	(716.96,106.43) --
	(717.20,107.38) --
	(717.27,108.34) --
	(717.27,108.34) --
	(717.27,110.58) --
	(717.27,110.58) --
	(717.20,111.54) --
	(716.96,112.48) --
	(716.58,113.38) --
	(716.07,114.19) --
	(715.42,114.92) --
	(714.67,115.53) --
	(713.83,116.02) --
	(712.93,116.36) --
	(711.98,116.56) --
	(711.25,116.60) --
	(705.29,116.60) --
	(706.01,116.56) --
	(705.04,116.59) --
	(704.08,116.48) --
	(703.15,116.21) --
	(702.28,115.79) --
	(701.48,115.24) --
	(700.78,114.57) --
	(700.20,113.80) --
	(699.75,112.94) --
	(699.44,112.02) --
	(699.28,111.06) --
	(699.26,110.58) --
	(699.26,108.34) --
	(699.28,108.83) --
	(699.28,107.86) --
	(699.44,106.90) --
	(699.75,105.98) --
	(700.20,105.12) --
	(700.78,104.35) --
	(701.48,103.68) --
	(702.28,103.13) --
	(703.15,102.71) --
	(704.08,102.44) --
	(705.04,102.32) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] (649.99, 36.92) rectangle (934.01,395.49);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.20] at (708.27,105.33) {10};
\definecolor{fillColor}{RGB}{247,95,160}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.80] (750.22,188.78) --
	(758.89,188.78) --
	(758.65,188.78) --
	(759.61,188.82) --
	(760.56,189.01) --
	(761.47,189.36) --
	(762.31,189.84) --
	(763.06,190.45) --
	(763.70,191.18) --
	(764.22,192.00) --
	(764.60,192.89) --
	(764.83,193.83) --
	(764.91,194.80) --
	(764.91,194.80) --
	(764.91,198.89) --
	(764.91,198.89) --
	(764.83,199.86) --
	(764.60,200.80) --
	(764.22,201.69) --
	(763.70,202.51) --
	(763.06,203.24) --
	(762.31,203.85) --
	(761.47,204.33) --
	(760.56,204.68) --
	(759.61,204.87) --
	(758.89,204.92) --
	(750.22,204.92) --
	(750.95,204.87) --
	(749.98,204.91) --
	(749.02,204.79) --
	(748.09,204.52) --
	(747.21,204.11) --
	(746.42,203.56) --
	(745.72,202.89) --
	(745.13,202.11) --
	(744.68,201.25) --
	(744.38,200.33) --
	(744.22,199.38) --
	(744.20,198.89) --
	(744.20,194.80) --
	(744.22,195.28) --
	(744.22,194.31) --
	(744.38,193.36) --
	(744.68,192.44) --
	(745.13,191.58) --
	(745.72,190.80) --
	(746.42,190.13) --
	(747.21,189.58) --
	(748.09,189.17) --
	(749.02,188.90) --
	(749.98,188.78) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] (649.99, 36.92) rectangle (934.01,395.49);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.47] at (754.56,191.79) {11};
\definecolor{fillColor}{RGB}{235,123,173}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.80] (694.27,195.91) --
	(702.93,195.91) --
	(702.69,195.91) --
	(703.66,195.95) --
	(704.61,196.15) --
	(705.51,196.49) --
	(706.35,196.98) --
	(707.10,197.59) --
	(707.74,198.31) --
	(708.26,199.13) --
	(708.64,200.03) --
	(708.87,200.97) --
	(708.95,201.93) --
	(708.95,201.93) --
	(708.95,206.03) --
	(708.95,206.03) --
	(708.87,206.99) --
	(708.64,207.93) --
	(708.26,208.83) --
	(707.74,209.65) --
	(707.10,210.37) --
	(706.35,210.98) --
	(705.51,211.47) --
	(704.61,211.81) --
	(703.66,212.01) --
	(702.93,212.05) --
	(694.27,212.05) --
	(694.99,212.01) --
	(694.02,212.04) --
	(693.06,211.93) --
	(692.13,211.66) --
	(691.25,211.24) --
	(690.46,210.69) --
	(689.76,210.02) --
	(689.18,209.25) --
	(688.73,208.39) --
	(688.42,207.47) --
	(688.26,206.51) --
	(688.24,206.03) --
	(688.24,201.93) --
	(688.26,202.42) --
	(688.26,201.45) --
	(688.42,200.49) --
	(688.73,199.57) --
	(689.18,198.71) --
	(689.76,197.94) --
	(690.46,197.27) --
	(691.25,196.72) --
	(692.13,196.30) --
	(693.06,196.03) --
	(694.02,195.91) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] (649.99, 36.92) rectangle (934.01,395.49);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.47] at (698.60,198.92) {11};
\definecolor{fillColor}{RGB}{240,112,168}

\path[draw=drawColor,line width= 0.3pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.80] (658.57,181.17) --
	(667.23,181.17) --
	(666.99,181.18) --
	(667.96,181.22) --
	(668.91,181.41) --
	(669.81,181.75) --
	(670.65,182.24) --
	(671.40,182.85) --
	(672.05,183.58) --
	(672.57,184.40) --
	(672.95,185.29) --
	(673.18,186.23) --
	(673.26,187.19) --
	(673.26,187.19) --
	(673.26,191.29) --
	(673.26,191.29) --
	(673.18,192.26) --
	(672.95,193.20) --
	(672.57,194.09) --
	(672.05,194.91) --
	(671.40,195.63) --
	(670.65,196.25) --
	(669.81,196.73) --
	(668.91,197.07) --
	(667.96,197.27) --
	(667.23,197.31) --
	(658.57,197.31) --
	(659.29,197.27) --
	(658.33,197.31) --
	(657.36,197.19) --
	(656.43,196.92) --
	(655.56,196.51) --
	(654.76,195.95) --
	(654.06,195.28) --
	(653.48,194.51) --
	(653.03,193.65) --
	(652.72,192.73) --
	(652.57,191.77) --
	(652.55,191.29) --
	(652.55,187.19) --
	(652.57,187.68) --
	(652.57,186.71) --
	(652.72,185.75) --
	(653.03,184.83) --
	(653.48,183.98) --
	(654.06,183.20) --
	(654.76,182.53) --
	(655.56,181.98) --
	(656.43,181.56) --
	(657.36,181.29) --
	(658.33,181.18) --
	cycle;
\end{scope}
\begin{scope}
\path[clip] (649.99, 36.92) rectangle (934.01,395.49);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.47] at (662.90,184.18) {11};
\end{scope}
\begin{scope}
\path[clip] ( 70.95,395.49) rectangle (354.97,415.05);
\definecolor{fillColor}{gray}{0.85}

\path[fill=fillColor] ( 70.95,395.49) rectangle (354.97,415.05);
\definecolor{drawColor}{gray}{0.10}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (212.96,400.87) {creveling};
\end{scope}
\begin{scope}
\path[clip] (360.47,395.49) rectangle (644.49,415.05);
\definecolor{fillColor}{gray}{0.85}

\path[fill=fillColor] (360.47,395.49) rectangle (644.49,415.05);
\definecolor{drawColor}{gray}{0.10}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (502.48,400.87) {real};
\end{scope}
\begin{scope}
\path[clip] (649.99,395.49) rectangle (934.01,415.05);
\definecolor{fillColor}{gray}{0.85}

\path[fill=fillColor] (649.99,395.49) rectangle (934.01,415.05);
\definecolor{drawColor}{gray}{0.10}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (792.00,400.87) {synthetic};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{gray}{0.20}

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 94.72, 34.17) --
	( 94.72, 36.92);

\path[draw=drawColor,line width= 0.6pt,line join=round] (153.27, 34.17) --
	(153.27, 36.92);

\path[draw=drawColor,line width= 0.6pt,line join=round] (206.70, 34.17) --
	(206.70, 36.92);

\path[draw=drawColor,line width= 0.6pt,line join=round] (265.26, 34.17) --
	(265.26, 36.92);

\path[draw=drawColor,line width= 0.6pt,line join=round] (318.69, 34.17) --
	(318.69, 36.92);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{gray}{0.30}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at ( 94.72, 23.16) {30};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (153.27, 23.16) {100};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (206.70, 23.16) {300};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (265.26, 23.16) {1000};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (318.69, 23.16) {3000};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{gray}{0.20}

\path[draw=drawColor,line width= 0.6pt,line join=round] (384.23, 34.17) --
	(384.23, 36.92);

\path[draw=drawColor,line width= 0.6pt,line join=round] (442.79, 34.17) --
	(442.79, 36.92);

\path[draw=drawColor,line width= 0.6pt,line join=round] (496.22, 34.17) --
	(496.22, 36.92);

\path[draw=drawColor,line width= 0.6pt,line join=round] (554.78, 34.17) --
	(554.78, 36.92);

\path[draw=drawColor,line width= 0.6pt,line join=round] (608.21, 34.17) --
	(608.21, 36.92);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{gray}{0.30}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (384.23, 23.16) {30};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (442.79, 23.16) {100};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (496.22, 23.16) {300};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (554.78, 23.16) {1000};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (608.21, 23.16) {3000};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{gray}{0.20}

\path[draw=drawColor,line width= 0.6pt,line join=round] (673.75, 34.17) --
	(673.75, 36.92);

\path[draw=drawColor,line width= 0.6pt,line join=round] (732.31, 34.17) --
	(732.31, 36.92);

\path[draw=drawColor,line width= 0.6pt,line join=round] (785.74, 34.17) --
	(785.74, 36.92);

\path[draw=drawColor,line width= 0.6pt,line join=round] (844.30, 34.17) --
	(844.30, 36.92);

\path[draw=drawColor,line width= 0.6pt,line join=round] (897.73, 34.17) --
	(897.73, 36.92);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{gray}{0.30}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (673.75, 23.16) {30};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (732.31, 23.16) {100};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (785.74, 23.16) {300};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (844.30, 23.16) {1000};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (897.73, 23.16) {3000};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{gray}{0.30}

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at ( 66.00, 48.81) {0.0e+00};

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at ( 66.00,130.31) {5.0e-06};

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at ( 66.00,211.80) {1.0e-05};

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at ( 66.00,293.29) {1.5e-05};

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at ( 66.00,374.79) {2.0e-05};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{gray}{0.20}

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 68.20, 53.22) --
	( 70.95, 53.22);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 68.20,134.72) --
	( 70.95,134.72);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 68.20,216.21) --
	( 70.95,216.21);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 68.20,297.70) --
	( 70.95,297.70);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 68.20,379.20) --
	( 70.95,379.20);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.60] at (502.48,  7.44) {NÂº of segmented fibres (log)};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,rotate= 90.00,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.60] at ( 16.52,216.21) {CPU time per voxel (seconds)};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{fillColor}{RGB}{255,255,255}

\path[fill=fillColor] (330.06,423.48) rectangle (717.22,450.84);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base west,inner sep=0pt, outer sep=0pt, scale=  1.60] at (335.56,431.65) {Convolution size};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{255,255,255}
\definecolor{fillColor}{gray}{0.95}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round,fill=fillColor] (458.73,428.98) rectangle (487.19,445.34);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{fillColor}{RGB}{255,255,255}

\path[fill=fillColor,fill opacity=0.80] (458.73,428.98) rectangle (487.19,445.34);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,text opacity=0.80,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.09] at (472.96,433.40) {a};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{255,255,255}
\definecolor{fillColor}{gray}{0.95}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round,fill=fillColor] (522.38,428.98) rectangle (550.83,445.34);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{fillColor}{RGB}{255,255,255}

\path[fill=fillColor,fill opacity=0.80] (522.38,428.98) rectangle (550.83,445.34);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,text opacity=0.80,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.35] at (536.61,432.53) {a};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{255,255,255}
\definecolor{fillColor}{gray}{0.95}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round,fill=fillColor] (586.03,428.98) rectangle (614.48,445.34);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{fillColor}{RGB}{255,255,255}

\path[fill=fillColor,fill opacity=0.80] (586.03,428.98) rectangle (614.48,445.34);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,text opacity=0.80,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.51] at (600.26,431.97) {a};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{255,255,255}
\definecolor{fillColor}{gray}{0.95}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round,fill=fillColor] (649.68,428.98) rectangle (678.13,445.34);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{fillColor}{RGB}{255,255,255}

\path[fill=fillColor,fill opacity=0.80] (649.68,428.98) rectangle (678.13,445.34);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,text opacity=0.80,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.64] at (663.90,431.53) {a};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base west,inner sep=0pt, outer sep=0pt, scale=  1.28] at (495.19,432.75) {400};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base west,inner sep=0pt, outer sep=0pt, scale=  1.28] at (558.83,432.75) {600};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base west,inner sep=0pt, outer sep=0pt, scale=  1.28] at (622.48,432.75) {800};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base west,inner sep=0pt, outer sep=0pt, scale=  1.28] at (686.13,432.75) {1000};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{fillColor}{RGB}{255,255,255}

\path[fill=fillColor] (728.22,415.05) rectangle (934.01,459.27);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\node[inner sep=0pt,outer sep=0pt,anchor=south west,rotate=  0.00] at (786.25, 439.31) {
	\pgfimage[width=142.26pt,height= 14.45pt,interpolate=true]{tikz_ras1}};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (834.91,422.50) {5e+07};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (881.20,422.50) {1e+08};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base west,inner sep=0pt, outer sep=0pt, scale=  1.60] at (733.72,431.65) {Voxels};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.2pt,line join=round] (834.91,439.31) -- (834.91,442.20);

\path[draw=drawColor,line width= 0.2pt,line join=round] (881.20,439.31) -- (881.20,442.20);

\path[draw=drawColor,line width= 0.2pt,line join=round] (834.91,450.88) -- (834.91,453.77);

\path[draw=drawColor,line width= 0.2pt,line join=round] (881.20,450.88) -- (881.20,453.77);
\end{scope}
\end{tikzpicture}
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\begin{tikzpicture}[x=1pt,y=1pt]
\definecolor{fillColor}{RGB}{255,255,255}
\path[use as bounding box,fill=fillColor,fill opacity=0.00] (0,0) rectangle (939.51,469.75);
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{255,255,255}
\definecolor{fillColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round,fill=fillColor] (  0.00,  0.00) rectangle (939.51,469.75);
\end{scope}
\begin{scope}
\path[clip] ( 70.95, 36.92) rectangle (354.97,395.49);
\definecolor{fillColor}{gray}{0.92}

\path[fill=fillColor] ( 70.95, 36.92) rectangle (354.97,395.49);
\definecolor{drawColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.3pt,line join=round] ( 70.95, 93.97) --
	(354.97, 93.97);

\path[draw=drawColor,line width= 0.3pt,line join=round] ( 70.95,175.46) --
	(354.97,175.46);

\path[draw=drawColor,line width= 0.3pt,line join=round] ( 70.95,256.96) --
	(354.97,256.96);

\path[draw=drawColor,line width= 0.3pt,line join=round] ( 70.95,338.45) --
	(354.97,338.45);

\path[draw=drawColor,line width= 0.3pt,line join=round] (123.99, 36.92) --
	(123.99,395.49);

\path[draw=drawColor,line width= 0.3pt,line join=round] (179.99, 36.92) --
	(179.99,395.49);

\path[draw=drawColor,line width= 0.3pt,line join=round] (235.98, 36.92) --
	(235.98,395.49);

\path[draw=drawColor,line width= 0.3pt,line join=round] (291.97, 36.92) --
	(291.97,395.49);

\path[draw=drawColor,line width= 0.3pt,line join=round] (347.97, 36.92) --
	(347.97,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 70.95, 53.22) --
	(354.97, 53.22);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 70.95,134.72) --
	(354.97,134.72);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 70.95,216.21) --
	(354.97,216.21);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 70.95,297.70) --
	(354.97,297.70);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 70.95,379.20) --
	(354.97,379.20);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 94.72, 36.92) --
	( 94.72,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (153.27, 36.92) --
	(153.27,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (206.70, 36.92) --
	(206.70,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (265.26, 36.92) --
	(265.26,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (318.69, 36.92) --
	(318.69,395.49);
\definecolor{drawColor}{RGB}{0,0,0}
\definecolor{fillColor}{RGB}{0,0,0}

\path[draw=drawColor,line width= 1.9pt,line join=round,line cap=round,fill=fillColor] (242.63,323.90) circle (  8.20);

\path[draw=drawColor,line width= 1.9pt,line join=round,line cap=round,fill=fillColor] (273.51,328.88) circle (  8.20);

\path[draw=drawColor,line width= 1.9pt,line join=round,line cap=round,fill=fillColor] (261.57,330.28) circle (  8.20);
\definecolor{drawColor}{RGB}{0,0,0}
\definecolor{fillColor}{RGB}{0,0,0}

\path[draw=drawColor,draw opacity=0.78,line width= 1.9pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.78] (242.79,283.03) circle (  7.34);

\path[draw=drawColor,draw opacity=0.78,line width= 1.9pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.78] (267.07,281.47) circle (  7.34);

\path[draw=drawColor,draw opacity=0.78,line width= 1.9pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.78] (261.36,281.50) circle (  7.34);
\definecolor{drawColor}{RGB}{0,0,0}
\definecolor{fillColor}{RGB}{0,0,0}

\path[draw=drawColor,draw opacity=0.39,line width= 1.9pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.39] (242.94,119.35) circle (  5.48);

\path[draw=drawColor,draw opacity=0.39,line width= 1.9pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.39] (272.77,122.91) circle (  5.48);

\path[draw=drawColor,draw opacity=0.39,line width= 1.9pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.39] (261.15,121.65) circle (  5.48);
\definecolor{drawColor}{RGB}{0,0,0}
\definecolor{fillColor}{RGB}{0,0,0}

\path[draw=drawColor,draw opacity=0.10,line width= 1.9pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.10] (242.55,114.15) circle (  3.92);

\path[draw=drawColor,draw opacity=0.10,line width= 1.9pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.10] (269.36,116.63) circle (  3.92);

\path[draw=drawColor,draw opacity=0.10,line width= 1.9pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.10] (259.37,112.17) circle (  3.92);
\definecolor{drawColor}{RGB}{174,196,218}
\definecolor{fillColor}{RGB}{174,196,218}

\path[draw=drawColor,line width= 0.4pt,line join=round,line cap=round,fill=fillColor] (242.63,323.90) circle (  6.78);
\definecolor{drawColor}{RGB}{179,193,215}
\definecolor{fillColor}{RGB}{179,193,215}

\path[draw=drawColor,line width= 0.4pt,line join=round,line cap=round,fill=fillColor] (273.51,328.88) circle (  6.78);
\definecolor{drawColor}{RGB}{169,200,221}
\definecolor{fillColor}{RGB}{169,200,221}

\path[draw=drawColor,line width= 0.4pt,line join=round,line cap=round,fill=fillColor] (261.57,330.28) circle (  6.78);
\definecolor{drawColor}{RGB}{216,154,190}
\definecolor{fillColor}{RGB}{216,154,190}

\path[draw=drawColor,line width= 0.4pt,line join=round,line cap=round,fill=fillColor] (242.79,283.03) circle (  5.92);
\definecolor{drawColor}{RGB}{218,152,189}
\definecolor{fillColor}{RGB}{218,152,189}

\path[draw=drawColor,line width= 0.4pt,line join=round,line cap=round,fill=fillColor] (267.07,281.47) circle (  5.92);
\definecolor{drawColor}{RGB}{214,157,192}
\definecolor{fillColor}{RGB}{214,157,192}

\path[draw=drawColor,line width= 0.4pt,line join=round,line cap=round,fill=fillColor] (261.36,281.50) circle (  5.92);
\definecolor{drawColor}{RGB}{249,89,158}
\definecolor{fillColor}{RGB}{249,89,158}

\path[draw=drawColor,line width= 0.4pt,line join=round,line cap=round,fill=fillColor] (242.94,119.35) circle (  4.06);
\definecolor{drawColor}{RGB}{249,88,158}
\definecolor{fillColor}{RGB}{249,88,158}

\path[draw=drawColor,line width= 0.4pt,line join=round,line cap=round,fill=fillColor] (272.77,122.91) circle (  4.06);
\definecolor{drawColor}{RGB}{248,89,158}
\definecolor{fillColor}{RGB}{248,89,158}

\path[draw=drawColor,line width= 0.4pt,line join=round,line cap=round,fill=fillColor] (261.15,121.65) circle (  4.06);
\definecolor{drawColor}{RGB}{255,62,150}
\definecolor{fillColor}{RGB}{255,62,150}

\path[draw=drawColor,line width= 0.4pt,line join=round,line cap=round,fill=fillColor] (242.55,114.15) circle (  2.50);

\path[draw=drawColor,line width= 0.4pt,line join=round,line cap=round,fill=fillColor] (269.36,116.63) circle (  2.50);

\path[draw=drawColor,line width= 0.4pt,line join=round,line cap=round,fill=fillColor] (259.37,112.17) circle (  2.50);
\end{scope}
\begin{scope}
\path[clip] (360.47, 36.92) rectangle (644.49,395.49);
\definecolor{fillColor}{gray}{0.92}

\path[fill=fillColor] (360.47, 36.92) rectangle (644.49,395.49);
\definecolor{drawColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.3pt,line join=round] (360.47, 93.97) --
	(644.49, 93.97);

\path[draw=drawColor,line width= 0.3pt,line join=round] (360.47,175.46) --
	(644.49,175.46);

\path[draw=drawColor,line width= 0.3pt,line join=round] (360.47,256.96) --
	(644.49,256.96);

\path[draw=drawColor,line width= 0.3pt,line join=round] (360.47,338.45) --
	(644.49,338.45);

\path[draw=drawColor,line width= 0.3pt,line join=round] (413.51, 36.92) --
	(413.51,395.49);

\path[draw=drawColor,line width= 0.3pt,line join=round] (469.51, 36.92) --
	(469.51,395.49);

\path[draw=drawColor,line width= 0.3pt,line join=round] (525.50, 36.92) --
	(525.50,395.49);

\path[draw=drawColor,line width= 0.3pt,line join=round] (581.49, 36.92) --
	(581.49,395.49);

\path[draw=drawColor,line width= 0.3pt,line join=round] (637.49, 36.92) --
	(637.49,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (360.47, 53.22) --
	(644.49, 53.22);

\path[draw=drawColor,line width= 0.6pt,line join=round] (360.47,134.72) --
	(644.49,134.72);

\path[draw=drawColor,line width= 0.6pt,line join=round] (360.47,216.21) --
	(644.49,216.21);

\path[draw=drawColor,line width= 0.6pt,line join=round] (360.47,297.70) --
	(644.49,297.70);

\path[draw=drawColor,line width= 0.6pt,line join=round] (360.47,379.20) --
	(644.49,379.20);

\path[draw=drawColor,line width= 0.6pt,line join=round] (384.23, 36.92) --
	(384.23,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (442.79, 36.92) --
	(442.79,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (496.22, 36.92) --
	(496.22,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (554.78, 36.92) --
	(554.78,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (608.21, 36.92) --
	(608.21,395.49);
\definecolor{drawColor}{RGB}{0,0,0}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round] (541.61,199.94) -- (548.69,210.65);

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round] (620.37,144.84) -- (630.85,144.84);

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round] (579.08,296.48) -- (571.96,285.71);

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (535.44,189.62) {cfrp{\_{}}i17};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (577.08,140.43) {leuven{\_{}}carbon};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (585.27,297.99) {leuven{\_{}}glass};
\definecolor{drawColor}{RGB}{0,0,0}
\definecolor{fillColor}{RGB}{0,0,0}

\path[draw=drawColor,draw opacity=0.60,line width= 1.9pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.60] (549.16,211.36) circle (  5.88);
\definecolor{drawColor}{RGB}{0,0,0}
\definecolor{fillColor}{RGB}{0,0,0}

\path[draw=drawColor,draw opacity=0.10,line width= 1.9pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.10] (631.58,144.84) circle (  4.39);
\definecolor{drawColor}{RGB}{0,0,0}
\definecolor{fillColor}{RGB}{0,0,0}

\path[draw=drawColor,draw opacity=0.84,line width= 1.9pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.84] (571.49,285.00) circle (  6.71);
\definecolor{drawColor}{RGB}{229,134,178}
\definecolor{fillColor}{RGB}{229,134,178}

\path[draw=drawColor,line width= 0.4pt,line join=round,line cap=round,fill=fillColor] (549.16,211.36) circle (  4.46);
\definecolor{drawColor}{RGB}{158,207,226}
\definecolor{fillColor}{RGB}{158,207,226}

\path[draw=drawColor,line width= 0.4pt,line join=round,line cap=round,fill=fillColor] (631.58,144.84) circle (  2.96);
\definecolor{drawColor}{RGB}{0,245,255}
\definecolor{fillColor}{RGB}{0,245,255}

\path[draw=drawColor,line width= 0.4pt,line join=round,line cap=round,fill=fillColor] (571.49,285.00) circle (  5.29);
\end{scope}
\begin{scope}
\path[clip] (649.99, 36.92) rectangle (934.01,395.49);
\definecolor{fillColor}{gray}{0.92}

\path[fill=fillColor] (649.99, 36.92) rectangle (934.01,395.49);
\definecolor{drawColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.3pt,line join=round] (649.99, 93.97) --
	(934.01, 93.97);

\path[draw=drawColor,line width= 0.3pt,line join=round] (649.99,175.46) --
	(934.01,175.46);

\path[draw=drawColor,line width= 0.3pt,line join=round] (649.99,256.96) --
	(934.01,256.96);

\path[draw=drawColor,line width= 0.3pt,line join=round] (649.99,338.45) --
	(934.01,338.45);

\path[draw=drawColor,line width= 0.3pt,line join=round] (703.03, 36.92) --
	(703.03,395.49);

\path[draw=drawColor,line width= 0.3pt,line join=round] (759.02, 36.92) --
	(759.02,395.49);

\path[draw=drawColor,line width= 0.3pt,line join=round] (815.02, 36.92) --
	(815.02,395.49);

\path[draw=drawColor,line width= 0.3pt,line join=round] (871.01, 36.92) --
	(871.01,395.49);

\path[draw=drawColor,line width= 0.3pt,line join=round] (927.01, 36.92) --
	(927.01,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (649.99, 53.22) --
	(934.01, 53.22);

\path[draw=drawColor,line width= 0.6pt,line join=round] (649.99,134.72) --
	(934.01,134.72);

\path[draw=drawColor,line width= 0.6pt,line join=round] (649.99,216.21) --
	(934.01,216.21);

\path[draw=drawColor,line width= 0.6pt,line join=round] (649.99,297.70) --
	(934.01,297.70);

\path[draw=drawColor,line width= 0.6pt,line join=round] (649.99,379.20) --
	(934.01,379.20);

\path[draw=drawColor,line width= 0.6pt,line join=round] (673.75, 36.92) --
	(673.75,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (732.31, 36.92) --
	(732.31,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (785.74, 36.92) --
	(785.74,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (844.30, 36.92) --
	(844.30,395.49);

\path[draw=drawColor,line width= 0.6pt,line join=round] (897.73, 36.92) --
	(897.73,395.49);
\definecolor{drawColor}{RGB}{0,0,0}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round] (715.79,120.83) -- (708.74,110.17);

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round] (762.08,185.48) -- (755.03,196.13);

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round] (706.13,215.37) -- (699.07,204.69);

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round] (667.71,173.71) -- (663.17,188.38);

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (721.95,122.33) {braid};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (768.25,175.15) {bundle};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (712.31,216.87) {scaphandre};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (691.47,167.55) {twisting};
\definecolor{drawColor}{RGB}{0,0,0}
\definecolor{fillColor}{RGB}{0,0,0}

\path[draw=drawColor,draw opacity=0.25,line width= 1.9pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.25] (708.27,109.46) circle (  5.88);
\definecolor{drawColor}{RGB}{0,0,0}
\definecolor{fillColor}{RGB}{0,0,0}

\path[draw=drawColor,draw opacity=0.57,line width= 1.9pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.57] (754.56,196.85) circle (  6.21);

\path[draw=drawColor,draw opacity=0.57,line width= 1.9pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.57] (698.60,203.98) circle (  6.21);

\path[draw=drawColor,draw opacity=0.57,line width= 1.9pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.57] (662.90,189.24) circle (  6.21);
\definecolor{drawColor}{RGB}{252,74,153}
\definecolor{fillColor}{RGB}{252,74,153}

\path[draw=drawColor,line width= 0.4pt,line join=round,line cap=round,fill=fillColor] (708.27,109.46) circle (  4.46);
\definecolor{drawColor}{RGB}{247,95,160}
\definecolor{fillColor}{RGB}{247,95,160}

\path[draw=drawColor,line width= 0.4pt,line join=round,line cap=round,fill=fillColor] (754.56,196.85) circle (  4.79);
\definecolor{drawColor}{RGB}{235,123,173}
\definecolor{fillColor}{RGB}{235,123,173}

\path[draw=drawColor,line width= 0.4pt,line join=round,line cap=round,fill=fillColor] (698.60,203.98) circle (  4.79);
\definecolor{drawColor}{RGB}{240,112,168}
\definecolor{fillColor}{RGB}{240,112,168}

\path[draw=drawColor,line width= 0.4pt,line join=round,line cap=round,fill=fillColor] (662.90,189.24) circle (  4.79);
\end{scope}
\begin{scope}
\path[clip] ( 70.95,395.49) rectangle (354.97,415.05);
\definecolor{fillColor}{gray}{0.85}

\path[fill=fillColor] ( 70.95,395.49) rectangle (354.97,415.05);
\definecolor{drawColor}{gray}{0.10}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (212.96,400.87) {creveling};
\end{scope}
\begin{scope}
\path[clip] (360.47,395.49) rectangle (644.49,415.05);
\definecolor{fillColor}{gray}{0.85}

\path[fill=fillColor] (360.47,395.49) rectangle (644.49,415.05);
\definecolor{drawColor}{gray}{0.10}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (502.48,400.87) {real};
\end{scope}
\begin{scope}
\path[clip] (649.99,395.49) rectangle (934.01,415.05);
\definecolor{fillColor}{gray}{0.85}

\path[fill=fillColor] (649.99,395.49) rectangle (934.01,415.05);
\definecolor{drawColor}{gray}{0.10}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (792.00,400.87) {synthetic};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{gray}{0.20}

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 94.72, 34.17) --
	( 94.72, 36.92);

\path[draw=drawColor,line width= 0.6pt,line join=round] (153.27, 34.17) --
	(153.27, 36.92);

\path[draw=drawColor,line width= 0.6pt,line join=round] (206.70, 34.17) --
	(206.70, 36.92);

\path[draw=drawColor,line width= 0.6pt,line join=round] (265.26, 34.17) --
	(265.26, 36.92);

\path[draw=drawColor,line width= 0.6pt,line join=round] (318.69, 34.17) --
	(318.69, 36.92);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{gray}{0.30}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at ( 94.72, 23.16) {30};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (153.27, 23.16) {100};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (206.70, 23.16) {300};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (265.26, 23.16) {1000};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (318.69, 23.16) {3000};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{gray}{0.20}

\path[draw=drawColor,line width= 0.6pt,line join=round] (384.23, 34.17) --
	(384.23, 36.92);

\path[draw=drawColor,line width= 0.6pt,line join=round] (442.79, 34.17) --
	(442.79, 36.92);

\path[draw=drawColor,line width= 0.6pt,line join=round] (496.22, 34.17) --
	(496.22, 36.92);

\path[draw=drawColor,line width= 0.6pt,line join=round] (554.78, 34.17) --
	(554.78, 36.92);

\path[draw=drawColor,line width= 0.6pt,line join=round] (608.21, 34.17) --
	(608.21, 36.92);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{gray}{0.30}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (384.23, 23.16) {30};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (442.79, 23.16) {100};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (496.22, 23.16) {300};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (554.78, 23.16) {1000};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (608.21, 23.16) {3000};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{gray}{0.20}

\path[draw=drawColor,line width= 0.6pt,line join=round] (673.75, 34.17) --
	(673.75, 36.92);

\path[draw=drawColor,line width= 0.6pt,line join=round] (732.31, 34.17) --
	(732.31, 36.92);

\path[draw=drawColor,line width= 0.6pt,line join=round] (785.74, 34.17) --
	(785.74, 36.92);

\path[draw=drawColor,line width= 0.6pt,line join=round] (844.30, 34.17) --
	(844.30, 36.92);

\path[draw=drawColor,line width= 0.6pt,line join=round] (897.73, 34.17) --
	(897.73, 36.92);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{gray}{0.30}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (673.75, 23.16) {30};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (732.31, 23.16) {100};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (785.74, 23.16) {300};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (844.30, 23.16) {1000};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (897.73, 23.16) {3000};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{gray}{0.30}

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at ( 66.00, 48.81) {0.0e+00};

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at ( 66.00,130.31) {5.0e-06};

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at ( 66.00,211.80) {1.0e-05};

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at ( 66.00,293.29) {1.5e-05};

\node[text=drawColor,anchor=base east,inner sep=0pt, outer sep=0pt, scale=  1.28] at ( 66.00,374.79) {2.0e-05};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{gray}{0.20}

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 68.20, 53.22) --
	( 70.95, 53.22);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 68.20,134.72) --
	( 70.95,134.72);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 68.20,216.21) --
	( 70.95,216.21);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 68.20,297.70) --
	( 70.95,297.70);

\path[draw=drawColor,line width= 0.6pt,line join=round] ( 68.20,379.20) --
	( 70.95,379.20);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.60] at (502.48,  7.44) {NÂº of segmented fibres (log)};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,rotate= 90.00,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.60] at ( 16.52,216.21) {CPU time per voxel (seconds)};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{fillColor}{RGB}{255,255,255}

\path[fill=fillColor] ( 43.43,423.57) rectangle (348.50,450.76);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base west,inner sep=0pt, outer sep=0pt, scale=  1.60] at ( 48.93,431.65) {Diameter};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{255,255,255}
\definecolor{fillColor}{gray}{0.95}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round,fill=fillColor] (121.63,429.07) rectangle (171.42,445.26);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}
\definecolor{fillColor}{RGB}{0,0,0}

\path[draw=drawColor,line width= 1.9pt,line join=round,line cap=round,fill=fillColor] (146.52,437.16) circle (  5.22);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}
\definecolor{fillColor}{RGB}{0,0,0}

\path[draw=drawColor,line width= 0.4pt,line join=round,line cap=round,fill=fillColor] (146.52,437.16) circle (  3.79);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{255,255,255}
\definecolor{fillColor}{gray}{0.95}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round,fill=fillColor] (193.82,429.07) rectangle (243.61,445.26);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}
\definecolor{fillColor}{RGB}{0,0,0}

\path[draw=drawColor,line width= 1.9pt,line join=round,line cap=round,fill=fillColor] (218.71,437.16) circle (  6.54);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}
\definecolor{fillColor}{RGB}{0,0,0}

\path[draw=drawColor,line width= 0.4pt,line join=round,line cap=round,fill=fillColor] (218.71,437.16) circle (  5.12);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{255,255,255}
\definecolor{fillColor}{gray}{0.95}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round,fill=fillColor] (272.41,429.07) rectangle (322.20,445.26);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}
\definecolor{fillColor}{RGB}{0,0,0}

\path[draw=drawColor,line width= 1.9pt,line join=round,line cap=round,fill=fillColor] (297.30,437.16) circle (  7.87);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}
\definecolor{fillColor}{RGB}{0,0,0}

\path[draw=drawColor,line width= 0.4pt,line join=round,line cap=round,fill=fillColor] (297.30,437.16) circle (  6.45);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base west,inner sep=0pt, outer sep=0pt, scale=  1.28] at (179.42,432.75) {8};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base west,inner sep=0pt, outer sep=0pt, scale=  1.28] at (251.61,432.75) {12};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base west,inner sep=0pt, outer sep=0pt, scale=  1.28] at (330.20,432.75) {16};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{fillColor}{RGB}{255,255,255}

\path[fill=fillColor] (359.50,424.43) rectangle (638.05,449.89);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base west,inner sep=0pt, outer sep=0pt, scale=  1.60] at (365.00,431.65) {Convolutions};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{255,255,255}
\definecolor{fillColor}{gray}{0.95}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round,fill=fillColor] (464.17,429.93) rectangle (513.97,444.39);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}
\definecolor{fillColor}{RGB}{0,0,0}

\path[draw=drawColor,draw opacity=0.29,line width= 1.9pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.29] (489.07,437.16) circle (  3.38);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{255,255,255}
\definecolor{fillColor}{gray}{0.95}

\path[draw=drawColor,line width= 0.6pt,line join=round,line cap=round,fill=fillColor] (549.16,429.93) rectangle (598.95,444.39);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}
\definecolor{fillColor}{RGB}{0,0,0}

\path[draw=drawColor,draw opacity=0.86,line width= 1.9pt,line join=round,line cap=round,fill=fillColor,fill opacity=0.86] (574.06,437.16) circle (  3.38);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base west,inner sep=0pt, outer sep=0pt, scale=  1.28] at (521.97,432.75) {500};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base west,inner sep=0pt, outer sep=0pt, scale=  1.28] at (606.95,432.75) {1000};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{fillColor}{RGB}{255,255,255}

\path[fill=fillColor] (649.05,415.05) rectangle (961.53,459.27);
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\node[inner sep=0pt,outer sep=0pt,anchor=south west,rotate=  0.00] at (707.07, 439.31) {
	\pgfimage[width=248.96pt,height= 14.45pt,interpolate=true]{tikz_ras1}};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (792.23,422.50) {5e+07};

\node[text=drawColor,anchor=base,inner sep=0pt, outer sep=0pt, scale=  1.28] at (873.25,422.50) {1e+08};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{0,0,0}

\node[text=drawColor,anchor=base west,inner sep=0pt, outer sep=0pt, scale=  1.60] at (654.55,431.65) {Voxels};
\end{scope}
\begin{scope}
\path[clip] (  0.00,  0.00) rectangle (939.51,469.75);
\definecolor{drawColor}{RGB}{255,255,255}

\path[draw=drawColor,line width= 0.2pt,line join=round] (792.23,439.31) -- (792.23,442.20);

\path[draw=drawColor,line width= 0.2pt,line join=round] (873.25,439.31) -- (873.25,442.20);

\path[draw=drawColor,line width= 0.2pt,line join=round] (792.23,450.88) -- (792.23,453.77);

\path[draw=drawColor,line width= 0.2pt,line join=round] (873.25,450.88) -- (873.25,453.77);
\end{scope}
\end{tikzpicture}







cost/data/profiling_results.csv

			filename			 wallTime			 cpuTime			 fineKSize			 coarseKSize			 iterations			 tensorKSize			 inputKSize			 param_a			 param_b			 param_c			 param_s


			14.4_pixelsDavg_0			 30.0222			 838			 15			 29			 1			 29			 7			 14.5			 2			 0.05			 3


			14.4_pixelsDavg_0_div0			 30.1123			 844			 15			 29			 1			 29			 7			 14.5			 2			 0.05			 3


			14.4_pixelsDavg_0_div1			 23.687			 652			 15			 29			 1			 29			 7			 14.5			 2			 0.05			 3


			14.4_pixelsDavg_0_div2			 18.7752			 518			 15			 29			 1			 29			 7			 14.5			 2			 0.05			 3


			14.4_pixelsDavg_0_div3			 14.1105			 378			 15			 29			 1			 29			 7			 14.5			 2			 0.05			 3


			14.4_pixelsDavg_0_div4			 7.35754			 171			 15			 29			 1			 29			 7			 14.5			 2			 0.05			 3


			14.4_pixelsDavg_0_div5			 5.60114			 121			 15			 29			 1			 29			 7			 14.5			 2			 0.05			 3


			14.4_pixelsDavg_0_div6			 4.23873			 87			 15			 29			 1			 29			 7			 14.5			 2			 0.05			 3


			14.4_pixelsDavg_0_div7			 3.38055			 66			 15			 29			 1			 29			 7			 14.5			 2			 0.05			 3


			14.4_pixelsDavg_+45-60			 29.0564			 805			 15			 29			 1			 29			 7			 14.5			 2			 0.05			 3


			14.4_pixelsDavg_+-45			 31.0373			 866			 15			 29			 1			 29			 7			 14.5			 2			 0.05			 3


			17.0_pixelsDavg_0			 57.0999			 1619			 18			 35			 1			 35			 7			 14.5			 2			 0.05			 3


			17.0_pixelsDavg_0_div0			 56.4251			 1602			 18			 35			 1			 35			 7			 14.5			 2			 0.05			 3


			17.0_pixelsDavg_0_div1			 44.9646			 1273			 18			 35			 1			 35			 7			 14.5			 2			 0.05			 3


			17.0_pixelsDavg_0_div2			 35.7676			 999			 18			 35			 1			 35			 7			 14.5			 2			 0.05			 3


			17.0_pixelsDavg_0_div3			 28.5807			 785			 18			 35			 1			 35			 7			 14.5			 2			 0.05			 3


			17.0_pixelsDavg_0_div4			 22.7371			 629			 18			 35			 1			 35			 7			 14.5			 2			 0.05			 3


			17.0_pixelsDavg_0_div5			 16.9695			 450			 18			 35			 1			 35			 7			 14.5			 2			 0.05			 3


			17.0_pixelsDavg_0_div6			 10.4891			 253			 18			 35			 1			 35			 7			 14.5			 2			 0.05			 3


			17.0_pixelsDavg_0_div7			 6.46792			 135			 18			 35			 1			 35			 7			 14.5			 2			 0.05			 3


			17.0_pixelsDavg_+45-60			 57.2389			 1593			 18			 35			 1			 35			 7			 14.5			 2			 0.05			 3


			17.0_pixelsDavg_+-45			 61.8702			 1723			 18			 35			 1			 35			 7			 14.5			 2			 0.05			 3


			4.1_pixelsDavg_0			 0.564996			 5			 7			 10			 1			 10			 7			 14.5			 2			 0.05			 3


			4.1_pixelsDavg_+45-60			 0.640013			 5			 7			 10			 1			 10			 7			 14.5			 2			 0.05			 3


			4.1_pixelsDavg_+-45			 0.623363			 5			 7			 10			 1			 10			 7			 14.5			 2			 0.05			 3


			8.8_pixelsDavg_0			 2.86094			 54			 10			 18			 1			 18			 7			 14.5			 2			 0.05			 3


			8.8_pixelsDavg_+45-60			 2.9764			 55			 10			 18			 1			 18			 7			 14.5			 2			 0.05			 3


			8.8_pixelsDavg_+-45			 3.08086			 58			 10			 18			 1			 18			 7			 14.5			 2			 0.05			 3


			braid			 1.08459			 22			 11			 21			 1			 13			 7			 14.5			 2			 0.05			 3


			bundle			 5.82369			 148			 12			 23			 1			 23			 7			 14.5			 2			 0.05			 3


			crfp_i17			 16.5089			 416			 11			 21			 2			 21			 7			 14.5			 2			 0.05			 3


			leuven_carbon			 30.9567			 609			 8			 12			 2			 8			 1			 14.5			 2			 0.05			 3


			leuven_glass			 80.5893			 2094			 13			 26			 2			 26			 16			 14.5			 2			 0.05			 3


			scaphandre			 12.223			 323			 12			 23			 1			 23			 7			 14.5			 2			 0.05			 3


			twisting			 8.5415			 229			 12			 23			 1			 23			 7			 14.5			 2			 0.05			 3









cost/data/results.fods

			Name


			Case


			Dataset


			Fibre diameter


			Resolution X


			Resolution Y


			Resolution Z


			Voxels


			Maximum number of blobs in volume


			Points


			Fibres


			Blobs per fibre


			Points per fibre


			Wall time


			CPU time


			Wall time per voxel


			CPU time per voxel


			Fine blur K.Size


			Coarse blur K.Size


			DoG iterations


			Tensor blur K.Size


			Input blur K.Size


			Convolved voxels per voxel





			17.0_pixelsDavg_0


			0


			creveling


			17


			602


			301


			538


			97486676


			19842.6


			97968


			628


			31.6


			156


			57.1


			1619


			0


			0


			18


			35


			1


			35


			7


			1125





			17.0_pixelsDavg_+45-60


			+45-60


			creveling


			17


			752


			251


			499


			94187248


			19171.03


			89942


			1185


			16.18


			75.9


			57.24


			1593


			0


			0


			18


			35


			1


			35


			7


			1125





			17.0_pixelsDavg_+-45


			+-45


			creveling


			17


			752


			251


			537


			101359824


			20630.94


			86137


			927


			22.26


			92.92


			61.87


			1723


			0


			0


			18


			35


			1


			35


			7


			1125





			14.4_pixelsDavg_0


			0


			creveling


			14.4


			510


			255


			457


			59432850


			19903.94


			83160


			630


			31.59


			132


			30.02


			838


			0


			0


			15


			29


			1


			29


			7


			936





			14.4_pixelsDavg_+45-60


			+45-60


			creveling


			14.4


			638


			213


			423


			57483162


			19250.99


			73450


			1038


			18.55


			70.76


			29.06


			805


			0


			0


			15


			29


			1


			29


			7


			936





			14.4_pixelsDavg_+-45


			+-45


			creveling


			14.4


			638


			213


			455


			61831770


			20707.33


			73431


			923


			22.43


			79.56


			31.04


			866


			0


			0


			15


			29


			1


			29


			7


			936





			8.8_pixelsDavg_0


			0


			creveling


			8.8


			310


			155


			277


			13309850


			19531.03


			50560


			632


			30.9


			80


			2.86


			54


			0


			0


			10


			18


			1


			18


			7


			591





			8.8_pixelsDavg_+45-60


			+45-60


			creveling


			8.8


			388


			129


			257


			12863364


			18875.85


			46739


			1167


			16.17


			40.05


			2.98


			55


			0


			0


			10


			18


			1


			18


			7


			591





			8.8_pixelsDavg_+-45


			+-45


			creveling


			8.8


			388


			129


			276


			13814352


			20271.34


			45338


			919


			22.06


			49.33


			3.08


			58


			0


			0


			10


			18


			1


			18


			7


			591





			4.1_pixelsDavg_0


			0


			creveling


			4.1


			144


			72


			129


			1337472


			19405.87


			23567


			627


			30.95


			37.59


			0.56


			5


			0


			0


			7


			10


			1


			10


			7


			342





			4.1_pixelsDavg_+45-60


			+45-60


			creveling


			4.1


			180


			60


			119


			1285200


			18647.44


			21848


			1088


			17.14


			20.08


			0.64


			5


			0


			0


			7


			10


			1


			10


			7


			342





			4.1_pixelsDavg_+-45


			+-45


			creveling


			4.1


			180


			60


			128


			1382400


			20057.75


			21199


			886


			22.64


			23.93


			0.62


			5


			0


			0


			7


			10


			1


			10


			7


			342





			17.0_pixelsDavg_0_div0


			zgrow


			creveling


			17


			602


			301


			538


			97486676


			19842.6


			97968


			628


			31.6


			156


			56.43


			1602


			0


			0


			18


			35


			1


			35


			7


			1125





			17.0_pixelsDavg_0_div1


			zgrow


			creveling


			17


			602


			301


			430.4


			77989340.8


			15874.08


			78500


			628


			25.28


			125


			44.96


			1273


			0


			0


			18


			35


			1


			35


			7


			1125





			17.0_pixelsDavg_0_div2


			zgrow


			creveling


			17


			602


			301


			344.32


			62391472.64


			12699.26


			62800


			628


			20.22


			100


			35.77


			999


			0


			0


			18


			35


			1


			35


			7


			1125





			17.0_pixelsDavg_0_div3


			zgrow


			creveling


			17


			602


			301


			275.46


			49913178.11


			10159.41


			50240


			628


			16.18


			80


			28.58


			785


			0


			0


			18


			35


			1


			35


			7


			1125





			17.0_pixelsDavg_0_div4


			zgrow


			creveling


			17


			602


			301


			220.36


			39930542.49


			8127.53


			40192


			628


			12.94


			64


			22.74


			629


			0


			0


			18


			35


			1


			35


			7


			1125





			17.0_pixelsDavg_0_div5


			zgrow


			creveling


			17


			602


			301


			176.29


			31944433.99


			6502.02


			32656


			628


			10.35


			52


			16.97


			450


			0


			0


			18


			35


			1


			35


			7


			1125





			17.0_pixelsDavg_0_div6


			zgrow


			creveling


			17


			602


			301


			141.03


			25555547.19


			5201.62


			25748


			628


			8.28


			41


			10.49


			253


			0


			0


			18


			35


			1


			35


			7


			1125





			17.0_pixelsDavg_0_div7


			zgrow


			creveling


			17


			602


			301


			112.83


			20444437.75


			4161.29


			20724


			628


			6.63


			33


			6.47


			135


			0


			0


			18


			35


			1


			35


			7


			1125





			14.4_pixelsDavg_0_div0


			zgrow


			creveling


			14.4


			510


			255


			457


			59432850


			19903.94


			83160


			630


			31.59


			132


			30.11


			844


			0


			0


			15


			29


			1


			29


			7


			936





			14.4_pixelsDavg_0_div1


			zgrow


			creveling


			14.4


			510


			255


			365.6


			47546280


			15923.15


			66780


			630


			25.27


			106


			23.69


			652


			0


			0


			15


			29


			1


			29


			7


			936





			14.4_pixelsDavg_0_div2


			zgrow


			creveling


			14.4


			510


			255


			292.48


			38037024


			12738.52


			53550


			630


			20.22


			85


			18.78


			518


			0


			0


			15


			29


			1


			29


			7


			936





			14.4_pixelsDavg_0_div3


			zgrow


			creveling


			14.4


			510


			255


			233.98


			30429619.2


			10190.82


			42840


			630


			16.18


			68


			14.11


			378


			0


			0


			15


			29


			1


			29


			7


			936





			14.4_pixelsDavg_0_div4


			zgrow


			creveling


			14.4


			510


			255


			187.19


			24343695.36


			8152.65


			34020


			630


			12.94


			54


			7.36


			171


			0


			0


			15


			29


			1


			29


			7


			936





			14.4_pixelsDavg_0_div5


			zgrow


			creveling


			14.4


			510


			255


			149.75


			19474956.29


			6522.12


			27720


			630


			10.35


			44


			5.6


			121


			0


			0


			15


			29


			1


			29


			7


			936





			14.4_pixelsDavg_0_div6


			zgrow


			creveling


			14.4


			510


			255


			119.8


			15579965.03


			5217.7


			22050


			630


			8.28


			35


			4.24


			87


			0


			0


			15


			29


			1


			29


			7


			936





			14.4_pixelsDavg_0_div7


			zgrow


			creveling


			14.4


			510


			255


			95.84


			12463972.02


			4174.16


			17640


			630


			6.63


			28


			3.38


			66


			0


			0


			15


			29


			1


			29


			7


			936





			braid


			synth


			synthetic


			10


			156


			262


			156


			6376032


			6376.03


			1903


			61


			104.53


			31.2


			1.08


			22


			0


			0


			11


			21


			1


			13


			7


			468





			bundle


			synth


			synthetic


			11


			150


			377


			297


			16795350


			12618.6


			2016


			158


			79.86


			12.76


			5.82


			148


			0


			0


			12


			23


			1


			23


			7


			747





			scaphandre


			synth


			synthetic


			11


			300


			388


			300


			34920000


			26235.91


			891


			50


			524.72


			17.82


			12.22


			323


			0


			0


			12


			23


			1


			23


			7


			747





			twisting


			synth


			synthetic


			11


			280


			350


			280


			27440000


			20616.08


			529


			24


			859


			22.04


			8.54


			229


			0


			0


			12


			23


			1


			23


			7


			747





			cfrp_i17


			real


			real


			10


			350


			350


			350


			42875000


			42875


			68800


			891


			48.12


			77.22


			16.51


			416


			0


			0


			11


			21


			2


			21


			7


			780





			leuven_carbon


			real


			real


			5.5


			351


			751


			411


			108340011


			651179.63


			560896


			4851


			134.24


			115.62


			30.96


			609


			0


			0


			8


			12


			2


			8


			1


			339





			leuven_glass


			real


			real


			12.5


			384


			933


			411


			147249792


			75391.89


			167625


			1410


			53.47


			118.88


			80.59


			2094


			0


			0


			13


			26


			2


			26


			16


			984








			Input volume


			Output polydata


			Performance
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			Name


			Case


			Dataset


			Fibre diameter


			Resolution X


			Resolution Y


			Resolution Z


			Voxels


			Maximum number of blobs in volume


			Points


			Fibres


			Blobs per fibre


			Points per fibre


			Wall time


			CPU time


			Wall time per voxel


			CPU time per voxel


			Fine blur K.Size


			Coarse blur K.Size


			DoG iterations


			Tensor blur K.Size


			Input blur K.Size


			Convolved voxels per voxel





			17.0_pixelsDavg_0


			0


			creveling


			17.00 ⌀


			602 vx.


			301 vx.


			538 vx.


			97.49E+06 vx.


			19.84E+03 bl.


			97968 p.


			628 f.


			31.60E+00 bl./f.


			156 p./f.


			57.1 s


			1619 s


			585.72E-09 s/vx.


			16.61E-06 s/vx.


			18 vx.


			35 vx.


			1


			35 vx.


			7 vx.


			1125 vx.





			17.0_pixelsDavg_+45-60


			+45-60


			creveling


			17.00 ⌀


			752 vx.


			251 vx.


			499 vx.


			94.19E+06 vx.


			19.17E+03 bl.


			89942 p.


			1185 f.


			16.18E+00 bl./f.


			76 p./f.


			57.2 s


			1593 s


			607.71E-09 s/vx.


			16.91E-06 s/vx.


			18 vx.


			35 vx.


			1


			35 vx.


			7 vx.


			1125 vx.





			17.0_pixelsDavg_+-45


			+-45


			creveling


			17.00 ⌀


			752 vx.


			251 vx.


			537 vx.


			101.36E+06 vx.


			20.63E+03 bl.


			86137 p.


			927 f.


			22.26E+00 bl./f.


			93 p./f.


			61.9 s


			1723 s


			610.40E-09 s/vx.


			17.00E-06 s/vx.


			18 vx.


			35 vx.


			1


			35 vx.


			7 vx.


			1125 vx.





			14.4_pixelsDavg_0


			0


			creveling


			14.40 ⌀


			510 vx.


			255 vx.


			457 vx.


			59.43E+06 vx.


			19.90E+03 bl.


			83160 p.


			630 f.


			31.59E+00 bl./f.


			132 p./f.


			30.0 s


			838 s


			505.14E-09 s/vx.


			14.10E-06 s/vx.


			15 vx.


			29 vx.


			1


			29 vx.


			7 vx.


			936 vx.





			14.4_pixelsDavg_+45-60


			+45-60


			creveling


			14.40 ⌀


			638 vx.


			213 vx.


			423 vx.


			57.48E+06 vx.


			19.25E+03 bl.


			73450 p.


			1038 f.


			18.55E+00 bl./f.


			71 p./f.


			29.1 s


			805 s


			505.48E-09 s/vx.


			14.00E-06 s/vx.


			15 vx.


			29 vx.


			1


			29 vx.


			7 vx.


			936 vx.





			14.4_pixelsDavg_+-45


			+-45


			creveling


			14.40 ⌀


			638 vx.


			213 vx.


			455 vx.


			61.83E+06 vx.


			20.71E+03 bl.


			73431 p.


			923 f.


			22.43E+00 bl./f.


			80 p./f.


			31.0 s


			866 s


			501.96E-09 s/vx.


			14.01E-06 s/vx.


			15 vx.


			29 vx.


			1


			29 vx.


			7 vx.


			936 vx.





			8.8_pixelsDavg_0


			0


			creveling


			8.80 ⌀


			310 vx.


			155 vx.


			277 vx.


			13.31E+06 vx.


			19.53E+03 bl.


			50560 p.


			632 f.


			30.90E+00 bl./f.


			80 p./f.


			2.9 s


			54 s


			214.95E-09 s/vx.


			4.06E-06 s/vx.


			10 vx.


			18 vx.


			1


			18 vx.


			7 vx.


			591 vx.





			8.8_pixelsDavg_+45-60


			+45-60


			creveling


			8.80 ⌀


			388 vx.


			129 vx.


			257 vx.


			12.86E+06 vx.


			18.88E+03 bl.


			46739 p.


			1167 f.


			16.17E+00 bl./f.


			40 p./f.


			3.0 s


			55 s


			231.39E-09 s/vx.


			4.28E-06 s/vx.


			10 vx.


			18 vx.


			1


			18 vx.


			7 vx.


			591 vx.





			8.8_pixelsDavg_+-45


			+-45


			creveling


			8.80 ⌀


			388 vx.


			129 vx.


			276 vx.


			13.81E+06 vx.


			20.27E+03 bl.


			45338 p.


			919 f.


			22.06E+00 bl./f.


			49 p./f.


			3.1 s


			58 s


			223.02E-09 s/vx.


			4.20E-06 s/vx.


			10 vx.


			18 vx.


			1


			18 vx.


			7 vx.


			591 vx.





			4.1_pixelsDavg_0


			0


			creveling


			4.10 ⌀


			144 vx.


			72 vx.


			129 vx.


			1.34E+06 vx.


			19.41E+03 bl.


			23567 p.


			627 f.


			30.95E+00 bl./f.


			38 p./f.


			0.6 s


			5 s


			422.44E-09 s/vx.


			3.74E-06 s/vx.


			7 vx.


			10 vx.


			1


			10 vx.


			7 vx.


			342 vx.





			4.1_pixelsDavg_+45-60


			+45-60


			creveling


			4.10 ⌀


			180 vx.


			60 vx.


			119 vx.


			1.29E+06 vx.


			18.65E+03 bl.


			21848 p.


			1088 f.


			17.14E+00 bl./f.


			20 p./f.


			0.6 s


			5 s


			497.99E-09 s/vx.


			3.89E-06 s/vx.


			7 vx.


			10 vx.


			1


			10 vx.


			7 vx.


			342 vx.





			4.1_pixelsDavg_+-45


			+-45


			creveling


			4.10 ⌀


			180 vx.


			60 vx.


			128 vx.


			1.38E+06 vx.


			20.06E+03 bl.


			21199 p.


			886 f.


			22.64E+00 bl./f.


			24 p./f.


			0.6 s


			5 s


			450.93E-09 s/vx.


			3.62E-06 s/vx.


			7 vx.


			10 vx.


			1


			10 vx.


			7 vx.


			342 vx.





			17.0_pixelsDavg_0_div0


			zgrow


			creveling


			17.00 ⌀


			602 vx.


			301 vx.


			538 vx.


			97.49E+06 vx.


			19.84E+03 bl.


			97968 p.


			628 f.


			31.60E+00 bl./f.


			156 p./f.


			56.4 s


			1602 s


			578.80E-09 s/vx.


			16.43E-06 s/vx.


			18 vx.


			35 vx.


			1


			35 vx.


			7 vx.


			1125 vx.





			17.0_pixelsDavg_0_div1


			zgrow


			creveling


			17.00 ⌀


			602 vx.


			301 vx.


			430 vx.


			77.99E+06 vx.


			15.87E+03 bl.


			78500 p.


			628 f.


			25.28E+00 bl./f.


			125 p./f.


			45.0 s


			1273 s


			576.55E-09 s/vx.


			16.32E-06 s/vx.


			18 vx.


			35 vx.


			1


			35 vx.


			7 vx.


			1125 vx.





			17.0_pixelsDavg_0_div2


			zgrow


			creveling


			17.00 ⌀


			602 vx.


			301 vx.


			344 vx.


			62.39E+06 vx.


			12.70E+03 bl.


			62800 p.


			628 f.


			20.22E+00 bl./f.


			100 p./f.


			35.8 s


			999 s


			573.28E-09 s/vx.


			16.01E-06 s/vx.


			18 vx.


			35 vx.


			1


			35 vx.


			7 vx.


			1125 vx.





			17.0_pixelsDavg_0_div3


			zgrow


			creveling


			17.00 ⌀


			602 vx.


			301 vx.


			275 vx.


			49.91E+06 vx.


			10.16E+03 bl.


			50240 p.


			628 f.


			16.18E+00 bl./f.


			80 p./f.


			28.6 s


			785 s


			572.61E-09 s/vx.


			15.73E-06 s/vx.


			18 vx.


			35 vx.


			1


			35 vx.


			7 vx.


			1125 vx.





			17.0_pixelsDavg_0_div4


			zgrow


			creveling


			17.00 ⌀


			602 vx.


			301 vx.


			220 vx.


			39.93E+06 vx.


			8.13E+03 bl.


			40192 p.


			628 f.


			12.94E+00 bl./f.


			64 p./f.


			22.7 s


			629 s


			569.42E-09 s/vx.


			15.75E-06 s/vx.


			18 vx.


			35 vx.


			1


			35 vx.


			7 vx.


			1125 vx.





			17.0_pixelsDavg_0_div5


			zgrow


			creveling


			17.00 ⌀


			602 vx.


			301 vx.


			176 vx.


			31.94E+06 vx.


			6.50E+03 bl.


			32656 p.


			628 f.


			10.35E+00 bl./f.


			52 p./f.


			17.0 s


			450 s


			531.22E-09 s/vx.


			14.09E-06 s/vx.


			18 vx.


			35 vx.


			1


			35 vx.


			7 vx.


			1125 vx.





			17.0_pixelsDavg_0_div6


			zgrow


			creveling


			17.00 ⌀


			602 vx.


			301 vx.


			141 vx.


			25.56E+06 vx.


			5.20E+03 bl.


			25748 p.


			628 f.


			8.28E+00 bl./f.


			41 p./f.


			10.5 s


			253 s


			410.44E-09 s/vx.


			9.90E-06 s/vx.


			18 vx.


			35 vx.


			1


			35 vx.


			7 vx.


			1125 vx.





			17.0_pixelsDavg_0_div7


			zgrow


			creveling


			17.00 ⌀


			602 vx.


			301 vx.


			113 vx.


			20.44E+06 vx.


			4.16E+03 bl.


			20724 p.


			628 f.


			6.63E+00 bl./f.


			33 p./f.


			6.5 s


			135 s


			316.37E-09 s/vx.


			6.60E-06 s/vx.


			18 vx.


			35 vx.


			1


			35 vx.


			7 vx.


			1125 vx.





			14.4_pixelsDavg_0_div0


			zgrow


			creveling


			14.40 ⌀


			510 vx.


			255 vx.


			457 vx.


			59.43E+06 vx.


			19.90E+03 bl.


			83160 p.


			630 f.


			31.59E+00 bl./f.


			132 p./f.


			30.1 s


			844 s


			506.66E-09 s/vx.


			14.20E-06 s/vx.


			15 vx.


			29 vx.


			1


			29 vx.


			7 vx.


			936 vx.





			14.4_pixelsDavg_0_div1


			zgrow


			creveling


			14.40 ⌀


			510 vx.


			255 vx.


			366 vx.


			47.55E+06 vx.


			15.92E+03 bl.


			66780 p.


			630 f.


			25.27E+00 bl./f.


			106 p./f.


			23.7 s


			652 s


			498.19E-09 s/vx.


			13.71E-06 s/vx.


			15 vx.


			29 vx.


			1


			29 vx.


			7 vx.


			936 vx.





			14.4_pixelsDavg_0_div2


			zgrow


			creveling


			14.40 ⌀


			510 vx.


			255 vx.


			292 vx.


			38.04E+06 vx.


			12.74E+03 bl.


			53550 p.


			630 f.


			20.22E+00 bl./f.


			85 p./f.


			18.8 s


			518 s


			493.60E-09 s/vx.


			13.62E-06 s/vx.


			15 vx.


			29 vx.


			1


			29 vx.


			7 vx.


			936 vx.





			14.4_pixelsDavg_0_div3


			zgrow


			creveling


			14.40 ⌀


			510 vx.


			255 vx.


			234 vx.


			30.43E+06 vx.


			10.19E+03 bl.


			42840 p.


			630 f.


			16.18E+00 bl./f.


			68 p./f.


			14.1 s


			378 s


			463.71E-09 s/vx.


			12.42E-06 s/vx.


			15 vx.


			29 vx.


			1


			29 vx.


			7 vx.


			936 vx.





			14.4_pixelsDavg_0_div4


			zgrow


			creveling


			14.40 ⌀


			510 vx.


			255 vx.


			187 vx.


			24.34E+06 vx.


			8.15E+03 bl.


			34020 p.


			630 f.


			12.94E+00 bl./f.


			54 p./f.


			7.4 s


			171 s


			302.24E-09 s/vx.


			7.02E-06 s/vx.


			15 vx.


			29 vx.


			1


			29 vx.


			7 vx.


			936 vx.





			14.4_pixelsDavg_0_div5


			zgrow


			creveling


			14.40 ⌀


			510 vx.


			255 vx.


			150 vx.


			19.47E+06 vx.


			6.52E+03 bl.


			27720 p.


			630 f.


			10.35E+00 bl./f.


			44 p./f.


			5.6 s


			121 s


			287.61E-09 s/vx.


			6.21E-06 s/vx.


			15 vx.


			29 vx.


			1


			29 vx.


			7 vx.


			936 vx.





			14.4_pixelsDavg_0_div6


			zgrow


			creveling


			14.40 ⌀


			510 vx.


			255 vx.


			120 vx.


			15.58E+06 vx.


			5.22E+03 bl.


			22050 p.


			630 f.


			8.28E+00 bl./f.


			35 p./f.


			4.2 s


			87 s


			272.06E-09 s/vx.


			5.58E-06 s/vx.


			15 vx.


			29 vx.


			1


			29 vx.


			7 vx.


			936 vx.





			14.4_pixelsDavg_0_div7


			zgrow


			creveling


			14.40 ⌀


			510 vx.


			255 vx.


			96 vx.


			12.46E+06 vx.


			4.17E+03 bl.


			17640 p.


			630 f.


			6.63E+00 bl./f.


			28 p./f.


			3.4 s


			66 s


			271.23E-09 s/vx.


			5.30E-06 s/vx.


			15 vx.


			29 vx.


			1


			29 vx.


			7 vx.


			936 vx.





			braid


			synth


			synthetic


			10.00 ⌀


			156 vx.


			262 vx.


			156 vx.


			6.38E+06 vx.


			6.38E+03 bl.


			1903 p.


			61 f.


			104.53E+00 bl./f.


			31 p./f.


			1.1 s


			22 s


			170.10E-09 s/vx.


			3.45E-06 s/vx.


			11 vx.


			21 vx.


			1


			13 vx.


			7 vx.


			468 vx.





			bundle


			synth


			synthetic


			11.00 ⌀


			150 vx.


			377 vx.


			297 vx.


			16.80E+06 vx.


			12.62E+03 bl.


			2016 p.


			158 f.


			79.86E+00 bl./f.


			13 p./f.


			5.8 s


			148 s


			346.74E-09 s/vx.


			8.81E-06 s/vx.


			12 vx.


			23 vx.


			1


			23 vx.


			7 vx.


			747 vx.





			scaphandre


			synth


			synthetic


			11.00 ⌀


			300 vx.


			388 vx.


			300 vx.


			34.92E+06 vx.


			26.24E+03 bl.


			891 p.


			50 f.


			524.72E+00 bl./f.


			18 p./f.


			12.2 s


			323 s


			350.03E-09 s/vx.


			9.25E-06 s/vx.


			12 vx.


			23 vx.


			1


			23 vx.


			7 vx.


			747 vx.





			twisting


			synth


			synthetic


			11.00 ⌀


			280 vx.


			350 vx.


			280 vx.


			27.44E+06 vx.


			20.62E+03 bl.


			529 p.


			24 f.


			859.00E+00 bl./f.


			22 p./f.


			8.5 s


			229 s


			311.28E-09 s/vx.


			8.35E-06 s/vx.


			12 vx.


			23 vx.


			1


			23 vx.


			7 vx.


			747 vx.





			cfrp_i17


			real


			10.00 ⌀


			350 vx.


			42.88E+06 vx.


			42.88E+03 bl.


			68800 p.


			891 f.


			48.12E+00 bl./f.


			77 p./f.


			16.5 s


			416 s


			385.05E-09 s/vx.


			9.70E-06 s/vx.


			11 vx.


			21 vx.


			2


			21 vx.


			7 vx.


			780 vx.





			leuven_carbon


			real


			5.50 ⌀


			351 vx.


			751 vx.


			411 vx.


			108.34E+06 vx.


			651.18E+03 bl.


			560896 p.


			4851 f.


			134.24E+00 bl./f.


			116 p./f.


			31.0 s


			609 s


			285.74E-09 s/vx.


			5.62E-06 s/vx.


			8 vx.


			12 vx.


			2


			8 vx.


			1 vx.


			339 vx.





			leuven_glass


			real


			12.50 ⌀


			384 vx.


			933 vx.


			411 vx.


			147.25E+06 vx.


			75.39E+03 bl.


			167625 p.


			1410 f.


			53.47E+00 bl./f.


			119 p./f.


			80.6 s


			2094 s


			547.30E-09 s/vx.


			14.22E-06 s/vx.


			13 vx.


			26 vx.


			2


			26 vx.


			16 vx.


			984 vx.





																								


																											


						


															


			


			





			Hardware environment


			


			CPU


			AMD Ryzen Threadripper 1950X (16 core, 32 threads, clocked at 2191MHz with all cores active)


			


			Memory


			8x4 GiB Multi-bit ECC 2400 MT/s Micron 9ASF1G72AZ-2G3B1 (16 GB on each NUMA node)


			


			Motherboard


			ASUSTeK ROG STRIX X399-E GAMING Rev 1; firmware 0305


			


			GPU


			Radeon RX 580 Series (POLARIS10 DRM 3.40.0) OpenGL 4.5 Mesa 18.3.6


			


			Display


			3840x2160@60Hz 8-bit


			


			Storage


			NVMe Samsung SSD 970 EVO 2TB


			


			Software environment


			


			Kernel


			Linux Kernel 5.10.0-0.bpo.7-amd64


			


			Distribution


			Debian GNU/Linux 10 (Buster)


			


			Compiler


			GCC version 8.3.0 (Debian 8.3.0-6)


			


			Flags


			The main software, VTK, and other dependencies were “release” compiled using -O2 without LTO (linker time optimization)


			


			Notes


			


			Wall time


			Time experienced by the user including the volume loading from the disk, the actual computation, visualization, storing the results… Measured with HPET


			


			CPU time


			The amount of processor time used. I.e one “wall time” second on a 32 core workstation corresponds to 32 seconds of CPU time (oversimplified explanation).


			


			Command


			ps -C process_name -o  pid,comm,etime,etimes,time,times


			


			Disk caches


			Upon execution, disk caches were cleared with: echo 1 > /proc/sys/vm/drop_caches


			


			Complexity est.


			The convolutions on the main volume are considered. The integration of the streamlines and seed placement are excluded.


			


			*_pixelsDavg_0_div?


			These are datasets with the same X-Y size and # of fibres but cropped on the Z-axis to show the behaviour of the resolution vs performance.


			


			Maximum number of blobs in volume


			The maximum number of blobs (very short fibres of size ⌀ x ⌀ x ⌀) that could theoretically be fitted inside the whole volume.


This is used as an «scaling» indicator of how packed the dataset is respect the estimated fibre diameter.


			


			


						1


			









cost/data/profiling_results/17.0_pixelsDavg_0_div3.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
17.0_pixelsDavg_0_div3, 28.5807, 785, 18, 35, 1, 35, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/leuven_carbon.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
leuven_carbon, 30.9567, 609, 8, 12, 2, 8, 1, 14.5, 2, 0.05, 3







cost/data/profiling_results/twisting.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
twisting, 8.5415, 229, 12, 23, 1, 23, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/17.0_pixelsDavg_0_div4.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
17.0_pixelsDavg_0_div4, 22.7371, 629, 18, 35, 1, 35, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/17.0_pixelsDavg_+45-60.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
17.0_pixelsDavg_+45-60, 57.2389, 1593, 18, 35, 1, 35, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/17.0_pixelsDavg_+-45.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
17.0_pixelsDavg_+-45, 61.8702, 1723, 18, 35, 1, 35, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/17.0_pixelsDavg_0_div6.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
17.0_pixelsDavg_0_div6, 10.4891, 253, 18, 35, 1, 35, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/14.4_pixelsDavg_0_div7.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
14.4_pixelsDavg_0_div7, 3.38055, 66, 15, 29, 1, 29, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/14.4_pixelsDavg_0_div6.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
14.4_pixelsDavg_0_div6, 4.23873, 87, 15, 29, 1, 29, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/17.0_pixelsDavg_0.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
17.0_pixelsDavg_0, 57.0999, 1619, 18, 35, 1, 35, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/braid.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
braid, 1.08459, 22, 11, 21, 1, 13, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/8.8_pixelsDavg_+-45.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
8.8_pixelsDavg_+-45, 3.08086, 58, 10, 18, 1, 18, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/17.0_pixelsDavg_0_div5.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
17.0_pixelsDavg_0_div5, 16.9695, 450, 18, 35, 1, 35, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/14.4_pixelsDavg_+45-60.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
14.4_pixelsDavg_+45-60, 29.0564, 805, 15, 29, 1, 29, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/8.8_pixelsDavg_+45-60.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
8.8_pixelsDavg_+45-60, 2.9764, 55, 10, 18, 1, 18, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/17.0_pixelsDavg_0_div1.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
17.0_pixelsDavg_0_div1, 44.9646, 1273, 18, 35, 1, 35, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/14.4_pixelsDavg_0_div3.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
14.4_pixelsDavg_0_div3, 14.1105, 378, 15, 29, 1, 29, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/scaphandre.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
scaphandre, 12.223, 323, 12, 23, 1, 23, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/17.0_pixelsDavg_0_div7.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
17.0_pixelsDavg_0_div7, 6.46792, 135, 18, 35, 1, 35, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/14.4_pixelsDavg_0.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
14.4_pixelsDavg_0, 30.0222, 838, 15, 29, 1, 29, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/crfp_i17.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
crfp_i17, 16.5089, 416, 11, 21, 2, 21, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/17.0_pixelsDavg_0_div0.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
17.0_pixelsDavg_0_div0, 56.4251, 1602, 18, 35, 1, 35, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/4.1_pixelsDavg_+-45.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
4.1_pixelsDavg_+-45, 0.623363, 5, 7, 10, 1, 10, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/4.1_pixelsDavg_0.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
4.1_pixelsDavg_0, 0.564996, 5, 7, 10, 1, 10, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/4.1_pixelsDavg_+45-60.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
4.1_pixelsDavg_+45-60, 0.640013, 5, 7, 10, 1, 10, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/8.8_pixelsDavg_0.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
8.8_pixelsDavg_0, 2.86094, 54, 10, 18, 1, 18, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/14.4_pixelsDavg_0_div1.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
14.4_pixelsDavg_0_div1, 23.687, 652, 15, 29, 1, 29, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/14.4_pixelsDavg_0_div4.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
14.4_pixelsDavg_0_div4, 7.35754, 171, 15, 29, 1, 29, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/leuven_glass.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
leuven_glass, 80.5893, 2094, 13, 26, 2, 26, 16, 14.5, 2, 0.05, 3







cost/data/profiling_results/14.4_pixelsDavg_+-45.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
14.4_pixelsDavg_+-45, 31.0373, 866, 15, 29, 1, 29, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/14.4_pixelsDavg_0_div2.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
14.4_pixelsDavg_0_div2, 18.7752, 518, 15, 29, 1, 29, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/14.4_pixelsDavg_0_div0.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
14.4_pixelsDavg_0_div0, 30.1123, 844, 15, 29, 1, 29, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/17.0_pixelsDavg_0_div2.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
17.0_pixelsDavg_0_div2, 35.7676, 999, 18, 35, 1, 35, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/14.4_pixelsDavg_0_div5.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
14.4_pixelsDavg_0_div5, 5.60114, 121, 15, 29, 1, 29, 7, 14.5, 2, 0.05, 3







cost/data/profiling_results/bundle.csv

filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s
bundle, 5.82369, 148, 12, 23, 1, 23, 7, 14.5, 2, 0.05, 3







cost/data/README.mkd


Table of contents
=================
- datasets               -> Empty directory. (Generated dinamically)
- screenshots            -> Screenshots of the GUI settings used to run the benchmarks.
- profiling_results      -> Timings and parameters of each dataset execution.
- profiling_results.csv  -> Collation of all executions on a single .csv file. (Generated dinamically)
- results.fods           -> Nice summary of the results with extra computed columns.
- results.csv            -> The .fods converted to .csv. (Generated dinamically)
- results.pdf            -> The .fods converted to .pdf. (Generated dinamically)
- plot*.pdf              -> Plots of the results made using R and ggplot2. (Generated dinamically)
- plot*.png              -> Plots of the results made using R and ggplot2. (Generated dinamically)
- Rplots.png              -> Plots of the results made using R and ggplot2. (Generated dinamically)









cost/data/datasets/README.mkd


You can find the datasets used on the other supporting material archives.








cost/data/results.csv

			Name			Case			Dataset			Fibre diameter			Resolution X			Resolution Y			Resolution Z			Voxels			Maximum number of blobs in volume			Points			Fibres			Blobs per fibre			Points per fibre			Wall time			CPU time			Wall time per voxel			CPU time per voxel			Fine blur K.Size			Coarse blur K.Size			DoG iterations			Tensor blur K.Size			Input blur K.Size			Convolved voxels per voxel


			17.0_pixelsDavg_0			0			creveling			17			602			301			538			97486676			19842.5963769591			97968			628			31.5964910461132			156			57.0999			1619			0.000000585720042398409			0.0000166073977124833			18			35			1			35			7			1125


			17.0_pixelsDavg_+45-60			+45-60			creveling			17			752			251			499			94187248			19171.025442703			89942			1185			16.1780805423654			75.9004219409283			57.2389			1593			0.000000607713901992338			0.0000169131175804181			18			35			1			35			7			1125


			17.0_pixelsDavg_+-45			+-45			creveling			17			752			251			537			101359824			20630.9432118868			86137			927			22.2556021703202			92.9201725997843			61.8702			1723			0.00000061040161237849			0.0000169988456175693			18			35			1			35			7			1125


			14.4_pixelsDavg_0			0			creveling			14.4			510			255			457			59432850			19903.9412133488			83160			630			31.593557481506			132			30.0222			838			0.000000505144881997077			0.0000140999464101082			15			29			1			29			7			936


			14.4_pixelsDavg_+45-60			+45-60			creveling			14.4			638			213			423			57483162			19250.9946469907			73450			1038			18.5462376175248			70.7610789980732			29.0564			805			0.000000505476716816657			0.0000140041008878391			15			29			1			29			7			936


			14.4_pixelsDavg_+-45			+-45			creveling			14.4			638			213			455			61831770			20707.3346675669			73431			923			22.4348154578189			79.5568797399783			31.0373			866			0.00000050196363455227			0.0000140057449430932			15			29			1			29			7			936


			8.8_pixelsDavg_0			0			creveling			8.8			310			155			277			13309850			19531.0298882419			50560			632			30.9035283041802			80			2.86094			54			0.000000214949079065504			0.00000405714564777214			10			18			1			18			7			591


			8.8_pixelsDavg_+45-60			+45-60			creveling			8.8			388			129			257			12863364			18875.8510987979			46739			1167			16.1746796047968			40.0505569837189			2.9764			55			0.00000023138581789336			0.00000427570890476239			10			18			1			18			7			591


			8.8_pixelsDavg_+-45			+-45			creveling			8.8			388			129			276			13814352			20271.3420360631			45338			919			22.058043564813			49.3340587595212			3.08086			58			0.000000223018785101176			0.00000419853207736418			10			18			1			18			7			591


			4.1_pixelsDavg_0			0			creveling			4.1			144			72			129			1337472			19405.8704894009			23567			627			30.9503516577367			37.5869218500797			0.564996			5			0.000000422435759402814			0.00000373839601875778			7			10			1			10			7			342


			4.1_pixelsDavg_+45-60			+45-60			creveling			4.1			180			60			119			1285200			18647.4369205322			21848			1088			17.1391883460774			20.0808823529412			0.640013			5			0.000000497987083722378			0.00000389044506691566			7			10			1			10			7			342


			4.1_pixelsDavg_+-45			+-45			creveling			4.1			180			60			128			1382400			20057.7472758666			21199			886			22.638540943416			23.9266365688488			0.623363			5			0.000000450928096064815			0.00000361689814814815			7			10			1			10			7			342


			17.0_pixelsDavg_0_div0			zgrow			creveling			17			602			301			538			97486676			19842.5963769591			97968			628			31.5964910461132			156			56.4251			1602			0.000000578798070825597			0.0000164330149075962			18			35			1			35			7			1125


			17.0_pixelsDavg_0_div1			zgrow			creveling			17			602			301			430.4			77989340.8			15874.0771015673			78500			628			25.2771928368906			125			44.9646			1273			0.000000576548019751951			0.0000163227434280352			18			35			1			35			7			1125


			17.0_pixelsDavg_0_div2			zgrow			creveling			17			602			301			344.32			62391472.64			12699.2616812538			62800			628			20.2217542695124			100			35.7676			999			0.000000573277059933811			0.0000160118035002035			18			35			1			35			7			1125


			17.0_pixelsDavg_0_div3			zgrow			creveling			17			602			301			275.456			49913178.112			10159.4093450031			50240			628			16.17740341561			80			28.5807			785			0.000000572608298671503			0.0000157273094940687			18			35			1			35			7			1125


			17.0_pixelsDavg_0_div4			zgrow			creveling			17			602			301			220.3648			39930542.4896			8127.52747600244			40192			628			12.941922732488			64			22.7371			629			0.000000569416255887882			0.0000157523529805242			18			35			1			35			7			1125


			17.0_pixelsDavg_0_div5			zgrow			creveling			17			602			301			176.29184			31944433.99168			6502.02198080195			32656			628			10.3535381859904			52			16.9695			450			0.000000531219304258756			0.0000140869611312319			18			35			1			35			7			1125


			17.0_pixelsDavg_0_div6			zgrow			creveling			17			602			301			141.033472			25555547.193344			5201.61758464156			25748			628			8.2828305487923			41			10.4891			253			0.000000410443177782235			0.0000099000032394491			18			35			1			35			7			1125


			17.0_pixelsDavg_0_div7			zgrow			creveling			17			602			301			112.8267776			20444437.7546752			4161.29406771325			20724			628			6.62626443903384			33			6.46792			135			0.000000316365755694158			0.00000660326303026496			18			35			1			35			7			1125


			14.4_pixelsDavg_0_div0			zgrow			creveling			14.4			510			255			457			59432850			19903.9412133488			83160			630			31.593557481506			132			30.1123			844			0.00000050666087862184			0.0000142009006803477			15			29			1			29			7			936


			14.4_pixelsDavg_0_div1			zgrow			creveling			14.4			510			255			365.6			47546280			15923.152970679			66780			630			25.2748459852048			106			23.687			652			0.000000498188291491995			0.000013712955040857			15			29			1			29			7			936


			14.4_pixelsDavg_0_div2			zgrow			creveling			14.4			510			255			292.48			38037024			12738.5223765432			53550			630			20.2198767881638			85			18.7752			518			0.000000493603285051954			0.0000136183104125076			15			29			1			29			7			936


			14.4_pixelsDavg_0_div3			zgrow			creveling			14.4			510			255			233.984			30429619.2			10190.8179012346			42840			630			16.1759014305311			68			14.1105			378			0.000000463709384835154			0.0000124221074708684			15			29			1			29			7			936


			14.4_pixelsDavg_0_div4			zgrow			creveling			14.4			510			255			187.1872			24343695.36			8152.65432098765			34020			630			12.9407211444249			54			7.35754			171			0.00000030223595436909			0.00000702440601031248			15			29			1			29			7			936


			14.4_pixelsDavg_0_div5			zgrow			creveling			14.4			510			255			149.74976			19474956.288			6522.12345679012			27720			630			10.3525769155399			44			5.60114			121			0.000000287607320764632			0.00000621310765532025			15			29			1			29			7			936


			14.4_pixelsDavg_0_div6			zgrow			creveling			14.4			510			255			119.799808			15579965.0304			5217.6987654321			22050			630			8.2820615324319			35			4.23873			87			0.000000272062869956979			0.00000558409469021551			15			29			1			29			7			936


			14.4_pixelsDavg_0_div7			zgrow			creveling			14.4			510			255			95.8398464			12463972.02432			4174.15901234568			17640			630			6.62564922594552			28			3.38055			66			0.00000027122573714092			0.00000529526220623885			15			29			1			29			7			936


			braid			synth			synthetic			10			156			262			156			6376032			6376.032			1903			61			104.525114754098			31.1967213114754			1.08459			22			0.000000170104227833235			0.00000345042182975242			11			21			1			13			7			468


			bundle			synth			synthetic			11			150			377			297			16795350			12618.5950413223			2016			158			79.8645255779893			12.7594936708861			5.82369			148			0.000000346744188123498			0.00000881196283495134			12			23			1			23			7			747


			scaphandre			synth			synthetic			11			300			388			300			34920000			26235.9128474831			891			50			524.718256949662			17.82			12.223			323			0.000000350028636884307			0.00000924971363115693			12			23			1			23			7			747


			twisting			synth			synthetic			11			280			350			280			27440000			20616.0781367393			529			24			859.003255697471			22.0416666666667			8.5415			229			0.00000031127915451895			0.00000834548104956268			12			23			1			23			7			747


			cfrp_i17			real			real			10			350			350			350			42875000			42875			68800			891			48.1200897867565			77.2166105499439			16.5089			416			0.0000003850472303207			0.00000970262390670554			11			21			2			21			7			780


			leuven_carbon			real			real			5.5			351			751			411			108340011			651179.630353118			560896			4851			134.236163750385			115.62481962482			30.9567			609			0.000000285736541045764			0.00000562119197126535			8			12			2			8			1			339


			leuven_glass			real			real			12.5			384			933			411			147249792			75391.893504			167625			1410			53.4694280170213			118.882978723404			80.5893			2094			0.000000547296528609018			0.0000142207331606961			13			26			2			26			16			984
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17.0_pixelsDavg_0 17.00 ⌀ 602 vx. 301 vx. 538 vx. 97.49E+06 vx. 19.84E+03 bl. 97968 p. 628 f. 31.60E+00 bl./f. 156 p./f. 57.1 s 1619 s 585.72E-09 s/vx. 16.61E-06 s/vx. 18 vx. 35 vx. 1 35 vx. 7 vx. 1125 vx.
17.0_pixelsDavg_+45-60 17.00 ⌀ 752 vx. 251 vx. 499 vx. 94.19E+06 vx. 19.17E+03 bl. 89942 p. 1185 f. 16.18E+00 bl./f. 76 p./f. 57.2 s 1593 s 607.71E-09 s/vx. 16.91E-06 s/vx. 18 vx. 35 vx. 1 35 vx. 7 vx. 1125 vx.
17.0_pixelsDavg_+-45 17.00 ⌀ 752 vx. 251 vx. 537 vx. 101.36E+06 vx. 20.63E+03 bl. 86137 p. 927 f. 22.26E+00 bl./f. 93 p./f. 61.9 s 1723 s 610.40E-09 s/vx. 17.00E-06 s/vx. 18 vx. 35 vx. 1 35 vx. 7 vx. 1125 vx.
14.4_pixelsDavg_0 14.40 ⌀ 510 vx. 255 vx. 457 vx. 59.43E+06 vx. 19.90E+03 bl. 83160 p. 630 f. 31.59E+00 bl./f. 132 p./f. 30.0 s 838 s 505.14E-09 s/vx. 14.10E-06 s/vx. 15 vx. 29 vx. 1 29 vx. 7 vx. 936 vx.
14.4_pixelsDavg_+45-60 14.40 ⌀ 638 vx. 213 vx. 423 vx. 57.48E+06 vx. 19.25E+03 bl. 73450 p. 1038 f. 18.55E+00 bl./f. 71 p./f. 29.1 s 805 s 505.48E-09 s/vx. 14.00E-06 s/vx. 15 vx. 29 vx. 1 29 vx. 7 vx. 936 vx.
14.4_pixelsDavg_+-45 14.40 ⌀ 638 vx. 213 vx. 455 vx. 61.83E+06 vx. 20.71E+03 bl. 73431 p. 923 f. 22.43E+00 bl./f. 80 p./f. 31.0 s 866 s 501.96E-09 s/vx. 14.01E-06 s/vx. 15 vx. 29 vx. 1 29 vx. 7 vx. 936 vx.
8.8_pixelsDavg_0 8.80 ⌀ 310 vx. 155 vx. 277 vx. 13.31E+06 vx. 19.53E+03 bl. 50560 p. 632 f. 30.90E+00 bl./f. 80 p./f. 2.9 s 54 s 214.95E-09 s/vx. 4.06E-06 s/vx. 10 vx. 18 vx. 1 18 vx. 7 vx. 591 vx.
8.8_pixelsDavg_+45-60 8.80 ⌀ 388 vx. 129 vx. 257 vx. 12.86E+06 vx. 18.88E+03 bl. 46739 p. 1167 f. 16.17E+00 bl./f. 40 p./f. 3.0 s 55 s 231.39E-09 s/vx. 4.28E-06 s/vx. 10 vx. 18 vx. 1 18 vx. 7 vx. 591 vx.
8.8_pixelsDavg_+-45 8.80 ⌀ 388 vx. 129 vx. 276 vx. 13.81E+06 vx. 20.27E+03 bl. 45338 p. 919 f. 22.06E+00 bl./f. 49 p./f. 3.1 s 58 s 223.02E-09 s/vx. 4.20E-06 s/vx. 10 vx. 18 vx. 1 18 vx. 7 vx. 591 vx.
4.1_pixelsDavg_0 4.10 ⌀ 144 vx. 72 vx. 129 vx. 1.34E+06 vx. 19.41E+03 bl. 23567 p. 627 f. 30.95E+00 bl./f. 38 p./f. 0.6 s 5 s 422.44E-09 s/vx. 3.74E-06 s/vx. 7 vx. 10 vx. 1 10 vx. 7 vx. 342 vx.
4.1_pixelsDavg_+45-60 4.10 ⌀ 180 vx. 60 vx. 119 vx. 1.29E+06 vx. 18.65E+03 bl. 21848 p. 1088 f. 17.14E+00 bl./f. 20 p./f. 0.6 s 5 s 497.99E-09 s/vx. 3.89E-06 s/vx. 7 vx. 10 vx. 1 10 vx. 7 vx. 342 vx.
4.1_pixelsDavg_+-45 4.10 ⌀ 180 vx. 60 vx. 128 vx. 1.38E+06 vx. 20.06E+03 bl. 21199 p. 886 f. 22.64E+00 bl./f. 24 p./f. 0.6 s 5 s 450.93E-09 s/vx. 3.62E-06 s/vx. 7 vx. 10 vx. 1 10 vx. 7 vx. 342 vx.
17.0_pixelsDavg_0_div0 17.00 ⌀ 602 vx. 301 vx. 538 vx. 97.49E+06 vx. 19.84E+03 bl. 97968 p. 628 f. 31.60E+00 bl./f. 156 p./f. 56.4 s 1602 s 578.80E-09 s/vx. 16.43E-06 s/vx. 18 vx. 35 vx. 1 35 vx. 7 vx. 1125 vx.
17.0_pixelsDavg_0_div1 17.00 ⌀ 602 vx. 301 vx. 430 vx. 77.99E+06 vx. 15.87E+03 bl. 78500 p. 628 f. 25.28E+00 bl./f. 125 p./f. 45.0 s 1273 s 576.55E-09 s/vx. 16.32E-06 s/vx. 18 vx. 35 vx. 1 35 vx. 7 vx. 1125 vx.
17.0_pixelsDavg_0_div2 17.00 ⌀ 602 vx. 301 vx. 344 vx. 62.39E+06 vx. 12.70E+03 bl. 62800 p. 628 f. 20.22E+00 bl./f. 100 p./f. 35.8 s 999 s 573.28E-09 s/vx. 16.01E-06 s/vx. 18 vx. 35 vx. 1 35 vx. 7 vx. 1125 vx.
17.0_pixelsDavg_0_div3 17.00 ⌀ 602 vx. 301 vx. 275 vx. 49.91E+06 vx. 10.16E+03 bl. 50240 p. 628 f. 16.18E+00 bl./f. 80 p./f. 28.6 s 785 s 572.61E-09 s/vx. 15.73E-06 s/vx. 18 vx. 35 vx. 1 35 vx. 7 vx. 1125 vx.
17.0_pixelsDavg_0_div4 17.00 ⌀ 602 vx. 301 vx. 220 vx. 39.93E+06 vx. 8.13E+03 bl. 40192 p. 628 f. 12.94E+00 bl./f. 64 p./f. 22.7 s 629 s 569.42E-09 s/vx. 15.75E-06 s/vx. 18 vx. 35 vx. 1 35 vx. 7 vx. 1125 vx.
17.0_pixelsDavg_0_div5 17.00 ⌀ 602 vx. 301 vx. 176 vx. 31.94E+06 vx. 6.50E+03 bl. 32656 p. 628 f. 10.35E+00 bl./f. 52 p./f. 17.0 s 450 s 531.22E-09 s/vx. 14.09E-06 s/vx. 18 vx. 35 vx. 1 35 vx. 7 vx. 1125 vx.
17.0_pixelsDavg_0_div6 17.00 ⌀ 602 vx. 301 vx. 141 vx. 25.56E+06 vx. 5.20E+03 bl. 25748 p. 628 f. 8.28E+00 bl./f. 41 p./f. 10.5 s 253 s 410.44E-09 s/vx. 9.90E-06 s/vx. 18 vx. 35 vx. 1 35 vx. 7 vx. 1125 vx.
17.0_pixelsDavg_0_div7 17.00 ⌀ 602 vx. 301 vx. 113 vx. 20.44E+06 vx. 4.16E+03 bl. 20724 p. 628 f. 6.63E+00 bl./f. 33 p./f. 6.5 s 135 s 316.37E-09 s/vx. 6.60E-06 s/vx. 18 vx. 35 vx. 1 35 vx. 7 vx. 1125 vx.
14.4_pixelsDavg_0_div0 14.40 ⌀ 510 vx. 255 vx. 457 vx. 59.43E+06 vx. 19.90E+03 bl. 83160 p. 630 f. 31.59E+00 bl./f. 132 p./f. 30.1 s 844 s 506.66E-09 s/vx. 14.20E-06 s/vx. 15 vx. 29 vx. 1 29 vx. 7 vx. 936 vx.
14.4_pixelsDavg_0_div1 14.40 ⌀ 510 vx. 255 vx. 366 vx. 47.55E+06 vx. 15.92E+03 bl. 66780 p. 630 f. 25.27E+00 bl./f. 106 p./f. 23.7 s 652 s 498.19E-09 s/vx. 13.71E-06 s/vx. 15 vx. 29 vx. 1 29 vx. 7 vx. 936 vx.
14.4_pixelsDavg_0_div2 14.40 ⌀ 510 vx. 255 vx. 292 vx. 38.04E+06 vx. 12.74E+03 bl. 53550 p. 630 f. 20.22E+00 bl./f. 85 p./f. 18.8 s 518 s 493.60E-09 s/vx. 13.62E-06 s/vx. 15 vx. 29 vx. 1 29 vx. 7 vx. 936 vx.
14.4_pixelsDavg_0_div3 14.40 ⌀ 510 vx. 255 vx. 234 vx. 30.43E+06 vx. 10.19E+03 bl. 42840 p. 630 f. 16.18E+00 bl./f. 68 p./f. 14.1 s 378 s 463.71E-09 s/vx. 12.42E-06 s/vx. 15 vx. 29 vx. 1 29 vx. 7 vx. 936 vx.
14.4_pixelsDavg_0_div4 14.40 ⌀ 510 vx. 255 vx. 187 vx. 24.34E+06 vx. 8.15E+03 bl. 34020 p. 630 f. 12.94E+00 bl./f. 54 p./f. 7.4 s 171 s 302.24E-09 s/vx. 7.02E-06 s/vx. 15 vx. 29 vx. 1 29 vx. 7 vx. 936 vx.
14.4_pixelsDavg_0_div5 14.40 ⌀ 510 vx. 255 vx. 150 vx. 19.47E+06 vx. 6.52E+03 bl. 27720 p. 630 f. 10.35E+00 bl./f. 44 p./f. 5.6 s 121 s 287.61E-09 s/vx. 6.21E-06 s/vx. 15 vx. 29 vx. 1 29 vx. 7 vx. 936 vx.
14.4_pixelsDavg_0_div6 14.40 ⌀ 510 vx. 255 vx. 120 vx. 15.58E+06 vx. 5.22E+03 bl. 22050 p. 630 f. 8.28E+00 bl./f. 35 p./f. 4.2 s 87 s 272.06E-09 s/vx. 5.58E-06 s/vx. 15 vx. 29 vx. 1 29 vx. 7 vx. 936 vx.
14.4_pixelsDavg_0_div7 14.40 ⌀ 510 vx. 255 vx. 96 vx. 12.46E+06 vx. 4.17E+03 bl. 17640 p. 630 f. 6.63E+00 bl./f. 28 p./f. 3.4 s 66 s 271.23E-09 s/vx. 5.30E-06 s/vx. 15 vx. 29 vx. 1 29 vx. 7 vx. 936 vx.
braid 10.00 ⌀ 156 vx. 262 vx. 156 vx. 6.38E+06 vx. 6.38E+03 bl. 1903 p. 61 f. 104.53E+00 bl./f. 31 p./f. 1.1 s 22 s 170.10E-09 s/vx. 3.45E-06 s/vx. 11 vx. 21 vx. 1 13 vx. 7 vx. 468 vx.
bundle 11.00 ⌀ 150 vx. 377 vx. 297 vx. 16.80E+06 vx. 12.62E+03 bl. 2016 p. 158 f. 79.86E+00 bl./f. 13 p./f. 5.8 s 148 s 346.74E-09 s/vx. 8.81E-06 s/vx. 12 vx. 23 vx. 1 23 vx. 7 vx. 747 vx.
scaphandre 11.00 ⌀ 300 vx. 388 vx. 300 vx. 34.92E+06 vx. 26.24E+03 bl. 891 p. 50 f. 524.72E+00 bl./f. 18 p./f. 12.2 s 323 s 350.03E-09 s/vx. 9.25E-06 s/vx. 12 vx. 23 vx. 1 23 vx. 7 vx. 747 vx.
twisting 11.00 ⌀ 280 vx. 350 vx. 280 vx. 27.44E+06 vx. 20.62E+03 bl. 529 p. 24 f. 859.00E+00 bl./f. 22 p./f. 8.5 s 229 s 311.28E-09 s/vx. 8.35E-06 s/vx. 12 vx. 23 vx. 1 23 vx. 7 vx. 747 vx.
cfrp_i17 10.00 ⌀ 350 vx. 350 vx. 350 vx. 42.88E+06 vx. 42.88E+03 bl. 68800 p. 891 f. 48.12E+00 bl./f. 77 p./f. 16.5 s 416 s 385.05E-09 s/vx. 9.70E-06 s/vx. 11 vx. 21 vx. 2 21 vx. 7 vx. 780 vx.
leuven_carbon 5.50 ⌀ 351 vx. 751 vx. 411 vx. 108.34E+06 vx. 651.18E+03 bl. 560896 p. 4851 f. 134.24E+00 bl./f. 116 p./f. 31.0 s 609 s 285.74E-09 s/vx. 5.62E-06 s/vx. 8 vx. 12 vx. 2 8 vx. 1 vx. 339 vx.
leuven_glass 12.50 ⌀ 384 vx. 933 vx. 411 vx. 147.25E+06 vx. 75.39E+03 bl. 167625 p. 1410 f. 53.47E+00 bl./f. 119 p./f. 80.6 s 2094 s 547.30E-09 s/vx. 14.22E-06 s/vx. 13 vx. 26 vx. 2 26 vx. 16 vx. 984 vx.
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Hardware environment



CPU AMD Ryzen Threadripper 1950X (16 core, 32 threads, clocked at 2191MHz with all cores active)



Memory 8x4 GiB Multi-bit ECC 2400 MT/s Micron 9ASF1G72AZ-2G3B1 (16 GB on each NUMA node)



Motherboard ASUSTeK ROG STRIX X399-E GAMING Rev 1; firmware 0305



GPU Radeon RX 580 Series (POLARIS10 DRM 3.40.0) OpenGL 4.5 Mesa 18.3.6



Display 3840x2160@60Hz 8-bit



Storage NVMe Samsung SSD 970 EVO 2TB



Software environment



Kernel Linux Kernel 5.10.0-0.bpo.7-amd64



Distribution Debian GNU/Linux 10 (Buster)



Compiler GCC version 8.3.0 (Debian 8.3.0-6)



Flags



Notes



Wall time Time experienced by the user including the volume loading from the disk, the actual computation, visualization, storing the results… Measured with HPET



CPU time The amount of processor time used. I.e one “wall time” second on a 32 core workstation corresponds to 32 seconds of CPU time (oversimplified explanation).



Command ps -C process_name -o  pid,comm,etime,etimes,time,times
Disk caches



Complexity est. The convolutions on the main volume are considered. The integration of the streamlines and seed placement are excluded.



These are datasets with the same X-Y size and # of fibres but cropped on the Z-axis to show the behaviour of the resolution vs performance.



1



The main software, VTK, and other dependencies were “release” compiled using -O2 without LTO (linker time optimization)



Upon execution, disk caches were cleared with: echo 1 > /proc/sys/vm/drop_caches



*_pixelsDavg_0_div?



Maximum number of 
blobs in volume



The maximum number of blobs (very short fibres of size  x  x ) that could theoretically be fitted inside the whole volume.⌀ ⌀ ⌀
This is used as an «scaling» indicator of how packed the dataset is respect the estimated fibre diameter.








			data


			help









cost/main.sh

#!/usr/bin/env bash
export BASE_DIR="$(pwd)"

export BIN_DIR="${BASE_DIR}/bin"
export DATA_DIR="${BASE_DIR}/data"

# Install the system dependencies
function step_1()
{
    echo 'Do you want to install the dependencies tested to work on Debian 10 (Buster)?  (y/n)'
    read ANSWER
    echo ''
    if [ "$ANSWER" = "y" ]
    then
        sudo apt-get install libreoffice
        sudo apt-get install r-base-core r-cran-dplyr r-cran-ggplot2 r-cran-ggrepel r-cran-xtable r-cran-tikzdevice
    fi
}

function step_2()
{

mkdir -p "${DATA_DIR}/datasets"
echo "
You can find the datasets used on the other supporting material archives.
" > "${DATA_DIR}/datasets/README.mkd"

echo "
Table of contents
=================
- datasets               -> Empty directory. (Generated dinamically)
- screenshots            -> Screenshots of the GUI settings used to run the benchmarks.
- profiling_results      -> Timings and parameters of each dataset execution.
- profiling_results.csv  -> Collation of all executions on a single .csv file. (Generated dinamically)
- results.fods           -> Nice summary of the results with extra computed columns.
- results.csv            -> The .fods converted to .csv. (Generated dinamically)
- results.pdf            -> The .fods converted to .pdf. (Generated dinamically)
- plot*.pdf              -> Plots of the results made using R and ggplot2. (Generated dinamically)
- plot*.png              -> Plots of the results made using R and ggplot2. (Generated dinamically)
- Rplots.png              -> Plots of the results made using R and ggplot2. (Generated dinamically)

" > "${DATA_DIR}/README.mkd"

}

function step_3()
{
    echo '==== STEP 2 ==== Collating data onto a single .csv'

    echo "filename, wallTime, cpuTime, fineKSize, coarseKSize, iterations, tensorKSize, inputKSize, param_a, param_b, param_c, param_s" > "${DATA_DIR}"/profiling_results.csv
    pushd "${DATA_DIR}/profiling_results"
        tail -n 1 --silent *.csv >> "${DATA_DIR}"/profiling_results.csv
    popd
}

function step_4()
{
    echo '==== STEP 3 ==== Exporting .fods to .csv and .pdf'

    pushd "${DATA_DIR}"
        soffice --convert-to pdf results.fods
        soffice --convert-to csv results.fods
    popd
}

function step_5()
{
    echo '==== STEP 4 ==== Generating graphs'

    pushd "${DATA_DIR}"
        "${BIN_DIR}"/plots.R
    popd
}


# Running all the steps (functions) above.
step_1
step_2
step_3
step_4
step_5












cost/README.txt

- .mkd files are plain text Markdown. You can open them with any text editor.
- Read the COPYRIGHT.mkd file.
- You shall run main.sh on the current directory.
- It is known to work on a Debian 10 GNU/Linux system.
- Verify the hash of the downloaded .tar.gz file.
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The code is released under a VTK compatible license.







BSD license



-----------







Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:







Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.



Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.



Neither name of the authors nor the names of any contributors may be used to endorse or promote products derived from this software without specific prior written permission.







THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS “AS IS” AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHORS OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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#include "vtkpolylinecurvature.h"







#include <vtkDoubleArray.h>



#include <vtkPointData.h>



#include <vtkCellData.h>



#include <vtkMath.h>



#include <vtkInformation.h>



#include <vtkInformationVector.h>



#include <vtkObjectFactory.h>







#include <algorithm>











#include <vtkCellData.h>



#include <vtkCellIterator.h>







namespace udg {







vtkStandardNewMacro(vtkPolylineCurvature);







vtkPolylineCurvature::vtkPolylineCurvature() {



    this->StandardDeviation = 16;



    this->Factor = 3;



    this->Smoothing = true;



    this->DiscardWeight = false;







    this->InitializeDataArrays = false;



    this->InitializationValue = std::numeric_limits<double>::quiet_NaN();







    this->ProducePDarcincr = false;



    this->ProduceCDarclen = false;



    this->NormalizeCellCurvature = true;



}







vtkPolylineCurvature::~vtkPolylineCurvature() {







}







void vtkPolylineCurvature::PrintSelf(ostream& os, vtkIndent indent)



{



    this->Superclass::PrintSelf(os,indent);



    os << indent << "StandardDeviation: " << this->StandardDeviation;



    os << indent << "Factor: " << this->Factor;



    os << indent << "Smoothing: " << (this->Smoothing ? "On\n" : "Off\n");



    os << indent << "DiscardWeight: " << (this->DiscardWeight ? "On\n" : "Off\n");



    os << indent << "InitializeDataArrays: " << (this->InitializeDataArrays ? "On\n" : "Off\n");



    os << indent << "InitializationValue: " << this->InitializationValue;



    os << indent << "ProducePDarcincr: " << (this->ProducePDarcincr ? "On\n" : "Off\n");



    os << indent << "ProduceCDarclen: " << (this->ProduceCDarclen ? "On\n" : "Off\n");



    os << indent << "NormalizeCellCurvature: " << (this->NormalizeCellCurvature ? "On\n" : "Off\n");



}







int vtkPolylineCurvature::FillInputPortInformation(int port, vtkInformation *info)



{



    if( port == 0 ) {



        info->Set(vtkAlgorithm::INPUT_REQUIRED_DATA_TYPE(), "vtkPolyData");



    }



    return 1;



}







/**



 * @brief Differentiate two n-dimensional points non regularly spaced (providing the distances between them)



 * The following numeric instabilities are considered:



 * - In case two points coincide, forward of backwards differentiation is used.



 * - In case of three coinciding points, a silent NaN is returned.



 * @param distAB [in] Signed distance between points A -> B



 * @param distBC [in] Signed distance between points B -> C



 * @param valA [in] Value of the function at ptA



 * @param valA [in] Value of the function at ptA



 * @param valB [in] Value of the function at ptB



 * @param valC [in] Value of the function at ptC



 * @param result [out] Where the differentiation result is written



 * @return arclength distance covered



 */



template<vtkIdType ndim, typename T, typename T_VAL> inline double differentiate(T distAB, T distBC, T_VAL* valA, T_VAL* valB, T_VAL* valC, T* result) {



    const T distBA = - distAB;



    const T distCB = - distBC;



    const T distAC = distAB + distBC;



    const T distCA = -distAC;







    // Checking if points are coinciding. If they are spaced below FPU epsillon, we consider them coinciding.



    const bool zeroAB = std::abs(distAB) < std::numeric_limits<T>::epsilon();



    const bool zeroBC = std::abs(distBC) < std::numeric_limits<T>::epsilon();







    for (vtkIdType i = 0; i < ndim; i++) {



        if (zeroAB) {



            // NUMERIC INSTABILITY CASE



            // At the beginning, only ptB and ptC available thus we perform a forwards differentiation.



            result[i] = (valC[i] - valB[i]) / distCB;



        }



        else if (zeroBC) {



            // NUMERIC INSTABILITY CASE



            // At the end, only ptA and ptB available thus we perform a backwards differentiation.



            result[i] = (valB[i] - valA[i]) / distBA;



        }



        else if (zeroAB && zeroBC) {



            // NUMERIC INSTABILITY CASE



            // All three points coincide ¯\_(ツ)_/¯ this is unsolvable, hence we write a non-signaling NaN.



            result[i] = std::numeric_limits<T>::quiet_NaN();



        }



        else {



            // Three different points, we can do a 2nd order Lagrange interpolation.



            const T termA = ( distBC ) / ( distAB * distAC );



            const T termB = ( distBA + distBC) / ( distBA * distBC );



            const T termC = ( distBA ) / ( distCA * distCB );



            result[i] = termA * valA[i] + termB * valB[i] + termC * valC[i];



        }



    }







    // Arclength distance covered



    return (distAB + distBC) / 2;



}







/**



 * @brief Differentiate two n-dimensional points non regularly spaced



 * @param ptA [in] Previous point



 * @param ptB [in] Location where the derivative is computed



 * @param ptC [in] Next point



 * @param valA [in] Value of the function at ptA



 * @param valB [in] Value of the function at ptB



 * @param valC [in] Value of the function at ptC



 * @param result [out] Where the differentiation result is written



 * @return arclength distance covered



 */



template<vtkIdType ndim, typename T, typename T_PT, typename T_VAL> inline T differentiate(T_PT* ptA, T_PT* ptB, T_PT* ptC, T_VAL* valA, T_VAL* valB, T_VAL* valC, T* result) {



    // Arclength distances, A = previous, B = centre, C = next



    T distAB = 0;



    T distBC = 0;



    for (vtkIdType i = 0; i < ndim; i++) {



        distAB += pow((ptA[i] - ptB[i]), 2);



        distBC += pow((ptB[i] - ptC[i]), 2);



    }



    distAB = sqrt(distAB);



    distBC = sqrt(distBC);







    return differentiate<ndim>(distAB, distBC, valA, valB, valC, result);



}







/**



 * @brief Gaussian cumulative distribution function



 * The area (integral) from 0 to x (0, x) of a gaussian distribution.



 *



 * The computation is performed using the ERF (error function) applied as follows:



 *



 * GCDF(x) = 0.5 * ( 1 + ERF((x-µ)/(σ√2)) )



 *



 * Negative or close to zero sigma values will produce a clamped result to 0.



 *



 * @warning Using integral types will definetly lead to severe numeric instabilities.



 * @param x [in] Evaluate at x



 * @param sigma [in] Sigma parameter of the Gaussian distribution



 * @param mean [in] Mean parameter of the Gaussian distribution



 * @return Area.



 */



template<typename T> inline T gcdf(T x, T sigma = 1, T mean = 0) {



    if (sigma < std::numeric_limits<T>::epsilon()) {



        // NUMERIC INSTABILITY CASE



        return 0;



    }







    T ret = (x - mean) / (sigma * sqrt(2));



    ret = erf(ret);



    ret += 1;



    ret /= 2;







    return ret;



}







/**



 * @brief Accumulate a n-dimensional weighted value. *



 * Multiplies each component of the value by the given weight and accumulates the result to the destination.



 * @param destination [out] Destination to perform the accumulation.



 * @param value [in] Input value



 * @param weight [in] Weigth to apply in all components of the value array.



 * @pre value and destination arrays must have the same size.



 */



template<vtkIdType ndim, typename T_DEST, typename T_VAL, typename T_WEIGHT> inline void accumulate(T_DEST* destination, T_VAL* value, T_WEIGHT weight = 1) {



    for (vtkIdType i = 0; i < ndim; i++) {



        destination[i] += value[i] * weight;



    }



}











int vtkPolylineCurvature::RequestData(



        vtkInformation *vtkNotUsed(request), vtkInformationVector **inputVector, vtkInformationVector *outputVector)



{



    vtkPolyData* input = vtkPolyData::GetData(inputVector[0], 0);



    vtkPolyData* output = vtkPolyData::GetData(outputVector, 0);







    output->ShallowCopy(input);







    vtkPoints* points = output->GetPoints();







    // Used to perform visualizations of the convolution



    /*



    vtkNew<vtkDoubleArray> debugAmplitude;



    debugAmplitude->SetName("debug_amplitude");



    debugAmplitude->SetNumberOfComponents(1);



    debugAmplitude->SetNumberOfTuples(points->GetNumberOfPoints());



    if (this->InitializeDataArrays) {



        debugAmplitude->Fill(this->InitializationValue);



    }



    output->GetPointData()->AddArray(debugAmplitude);







    vtkNew<vtkDoubleArray> debugWeight;



    debugWeight->SetName("debug_weight");



    debugWeight->SetNumberOfComponents(1);



    debugWeight->SetNumberOfTuples(points->GetNumberOfPoints());



    if (this->InitializeDataArrays) {



        debugWeight->Fill(this->InitializationValue);



    }



    output->GetPointData()->AddArray(debugWeight);







    vtkNew<vtkDoubleArray> debugPos;



    debugPos->SetName("debug_pos");



    debugPos->SetNumberOfComponents(1);



    debugPos->SetNumberOfTuples(points->GetNumberOfPoints());



    if (this->InitializeDataArrays) {



        debugPos->Fill(this->InitializationValue);



    }



    output->GetPointData()->AddArray(debugPos);







    vtkNew<vtkDoubleArray> debugJ;



    debugJ->SetName("debug_j");



    debugJ->SetNumberOfComponents(1);



    debugJ->SetNumberOfTuples(points->GetNumberOfPoints());



    if (this->InitializeDataArrays) {



        debugJ->Fill(this->InitializationValue);



    }



    output->GetPointData()->AddArray(debugJ);







    vtkNew<vtkDoubleArray> debugDRCoarse;



    debugDRCoarse->SetName("debug_drCoarse");



    debugDRCoarse->SetNumberOfComponents(3);



    debugDRCoarse->SetNumberOfTuples(points->GetNumberOfPoints());



    if (this->InitializeDataArrays) {



        debugDRCoarse->Fill(this->InitializationValue);



    }



    output->GetPointData()->AddArray(debugDRCoarse);



    */











    vtkNew<vtkDoubleArray> PDarcincr;



    if (this->ProducePDarcincr) {



        PDarcincr->SetName("arcincr");



        PDarcincr->SetNumberOfComponents(1);



        PDarcincr->SetNumberOfTuples(points->GetNumberOfPoints());



        if (this->InitializeDataArrays) {



            PDarcincr->Fill(this->InitializationValue);



        }



        output->GetPointData()->AddArray(PDarcincr);



    }







    vtkNew<vtkDoubleArray> PDarclen;



    PDarclen->SetName("arclen");



    PDarclen->SetNumberOfComponents(1);



    PDarclen->SetNumberOfTuples(points->GetNumberOfPoints());



    if (this->InitializeDataArrays) {



        PDarclen->Fill(this->InitializationValue);



    }



    output->GetPointData()->AddArray(PDarclen);







    vtkNew<vtkDoubleArray> PDdr;



    PDdr->SetName("dr");



    PDdr->SetNumberOfComponents(3);



    PDdr->SetNumberOfTuples(points->GetNumberOfPoints());



    if (this->InitializeDataArrays) {



        PDdr->Fill(this->InitializationValue);



    }



    output->GetPointData()->AddArray(PDdr);







    vtkNew<vtkDoubleArray> PDddr;



    PDddr->SetName("ddr");



    PDddr->SetNumberOfComponents(3);



    PDddr->SetNumberOfTuples(points->GetNumberOfPoints());



    if (this->InitializeDataArrays) {



        PDddr->Fill(this->InitializationValue);



    }



    output->GetPointData()->AddArray(PDddr);







    vtkDoubleArray* const PDdr_tmp = PDddr; // PERFORMANCE: Reusing the ddr array to avoid allocating more memory for the dr coarse results.







    vtkNew<vtkDoubleArray> PDcurvature;



    PDcurvature->SetName("curvature");



    PDcurvature->SetNumberOfComponents(1);



    PDcurvature->SetNumberOfTuples(points->GetNumberOfPoints());



    if (this->InitializeDataArrays) {



        PDcurvature->Fill(this->InitializationValue);



    }



    output->GetPointData()->AddArray(PDcurvature);







    vtkNew< vtkDoubleArray> CDarclen;



    if (this->ProduceCDarclen) {



        CDarclen->SetName("cellArclen");



        CDarclen->SetNumberOfComponents(1);



        CDarclen->SetNumberOfTuples(output->GetNumberOfCells());



        if (this->InitializeDataArrays) {



            CDarclen->Fill(this->InitializationValue);



        }



        output->GetCellData()->AddArray(CDarclen);



    }







    vtkNew<vtkDoubleArray> CDcurvature;



    CDcurvature->SetName("cellCurvature");



    CDcurvature->SetNumberOfComponents(1);



    CDcurvature->SetNumberOfTuples(output->GetNumberOfCells());



    if (this->InitializeDataArrays) {



        CDcurvature->Fill(this->InitializationValue);



    }



    output->GetCellData()->AddArray(CDcurvature);







    vtkSmartPointer<vtkCellIterator> cellIt = input->NewCellIterator();



    for (cellIt->InitTraversal(); !cellIt->IsDoneWithTraversal(); cellIt->GoToNextCell()) {



        // TODO: PERFORMANCE: The job can be partitioned (parallelized) for each cell.



        // TODO: PERFORMANCE: Remove the need to have intermediate arrays to store the derivatives



        // TODO: PERFORMANCE: Circle neighbouring values in the loops instead of re-reading them (i.e. ptPrev, ptNext getTuple calls)



        // TODO: PERFORMANCE: Everything can be performed in a single pass loop, but it's more complicated to implement.



        // TODO: PERFORMANCE: Use vtkArrayDispatch to optimize array access. Many values are read.



        // TODO: PERFORMANCE: Templatize to allow float and double implementations.







        const vtkIdType nPoints = cellIt->GetNumberOfPoints();



        const vtkIdType cellId = cellIt->GetCellId();



        vtkIdList* cellPoints = cellIt->GetPointIds();







        double cellArclen = 0;



        double cellCurvature = 0;







        // First derivative



        for (vtkIdType i = 0; i < nPoints; i++) {



            // TODO: PERFORMANCE: roll the prev, next, etc... results instead of querying them at every iteration.







            // Clamped point indices



            const vtkIdType ptId = cellPoints->GetId(i);



            const vtkIdType ptIdPrev = cellPoints->GetId(std::max(i-1, static_cast<vtkIdType>(0)));



            const vtkIdType ptIdNext = cellPoints->GetId(std::min(i+1, nPoints-1));







            double result[3];



            double prevCoord[3];



            double centerCoord[3];



            double nextCoord[3];



            points->GetPoint(ptIdPrev, prevCoord);



            points->GetPoint(ptId, centerCoord);



            points->GetPoint(ptIdNext, nextCoord);







            const double arcincr = differentiate<3, double>(prevCoord, centerCoord, nextCoord, prevCoord, centerCoord, nextCoord, result);



            if (this->Smoothing) {



                PDdr_tmp->SetTuple(ptId, result);



            }



            else {



                if (not this->DiscardWeight) {



                    vtkMath::Normalize(result);



                }



                PDdr->SetTuple(ptId, result);



            }



            // Arclength & Arcincrease



            cellArclen += arcincr;



            PDarclen->SetTuple(ptId, &cellArclen);



            if (this->ProducePDarcincr) {



                PDarcincr->SetTuple(ptId, &arcincr);



            }







//            debugDRCoarse->SetTuple(ptId, result);



        }







        // Smoothing the first derivative



        if (this->Smoothing) {



            bool debug_done = false;







            const double windowWidth = this->StandardDeviation * this->Factor; // How far away the samples to consider can be.



            const double halfWindowWidth = windowWidth / 2;



            for (vtkIdType i = 0; i < nPoints; i++) {



                const vtkIdType ptId = cellPoints->GetId(i);







                double result[3] = {0,0,0};







                const double ptArcpos = PDarclen->GetValue(ptId);



                vtkIdType sampleId;



                double sample[3];



                double pos;



                vtkIdType j = i;







                // <----j---- Rolling backward to the left



                do {



                    sampleId = cellPoints->GetId(j);



                    pos = PDarclen->GetValue(sampleId);



                    j = std::max(vtkIdType(0), j - 1);



                } while ((pos - ptArcpos) > -halfWindowWidth && j > 0);







                // j--------> Rolling forward to the right



                bool first = true;



                double cdfPrev;



                do {



                    sampleId = cellPoints->GetId(j);



                    pos = PDarclen->GetValue(sampleId);







                    const double cdf = gcdf(pos, this->StandardDeviation, ptArcpos);







                    if (first) {



                        first = false;



                    }



                    else {



                        const double weight = cdf - cdfPrev;



                        PDdr_tmp->GetTuple(sampleId , sample);



                        accumulate<3>(result, sample, weight);







                        // Debugging visualizations



                        /*



                        if (!debug_done && ptArcpos > cellId*4) {



                            debugAmplitude->SetValue(sampleId, vtkMath::GaussianAmplitude(std::pow(this->StandardDeviation,2), pos - ptArcpos));



                            debugWeight->SetValue(sampleId, weight);



                            debugPos->SetValue(sampleId, pos);



                            debugJ->SetValue(sampleId, j == i ? -1 : j);



                        }



                        */



                    }











                    j++;



                    cdfPrev = cdf;



                } while ((pos - ptArcpos) < +halfWindowWidth && j < nPoints);



                // --------j> The other end reached







                debug_done = ptArcpos > cellId*4;







                if (not this->DiscardWeight) {



                    vtkMath::Normalize(result);



                }



                PDdr->SetTuple(ptId, result);



            }



        }











        for (vtkIdType i = 0; i < nPoints; i++) {



            // TODO: PERFORMANCE: roll the prev, next, etc... results instead of querying them at every iteration.



            const vtkIdType ptId = cellPoints->GetId(i);



            const vtkIdType ptIdPrev = cellPoints->GetId(std::max(i-1, static_cast<vtkIdType>(0)));



            const vtkIdType ptIdNext = cellPoints->GetId(std::min(i+1, nPoints-1));







            // Reusing these for the curvature



            double* dr;



            double* ddr;



            double arcincr;







            // Second derivative



            double result[3];



            double prevCoord[3];



            double centerCoord[3];



            double nextCoord[3];







            points->GetPoint(ptIdPrev, prevCoord);



            points->GetPoint(ptId, centerCoord);



            points->GetPoint(ptIdNext, nextCoord);







            double prev[3];



            double center[3];



            double next[3];



            PDdr->GetTuple(ptIdPrev, prev);



            PDdr->GetTuple(ptId, center);



            PDdr->GetTuple(ptIdNext, next);







            arcincr = differentiate<3, double>(prevCoord, centerCoord, nextCoord, prev, center, next, result);







            PDddr->SetTuple(ptId, result);







            ddr = result;



            dr = center;







            // Curvature



            {



                double cross[3];



                vtkMath::Cross(dr, ddr, cross);







                // PERFORMANCE: No need to divide by ||dr||³ as the first derivative has unitary vectors.



                // Note that this assumption may be affected by numeric instability cases.



                const double curvature = vtkMath::Norm(cross);



                // TODO: PERFORMANCE: more mathematical shortcuts could be applied in order to avoid the cross product.







                PDcurvature->SetTuple(ptId, &curvature);







                cellCurvature += curvature * arcincr;



            }



        }







        if (this->NormalizeCellCurvature) {



            // Average respect the total length



            cellCurvature /= cellArclen;



        }



        CDcurvature->SetTuple(cellId, &cellCurvature);







        if (this->ProduceCDarclen) {



            CDarclen->SetTuple(cellId, &cellArclen);



        }











    }







    return 1;



}















};
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/**
 * @class   vtkPolylineCurvature
 * @brief   Computes several curvature parameters for each input polyline.
 * 
 * The Gaussian convolution does not change the shape of the polyline it only affects the
 * computation of the derivatives required to compute the curvature.
 *
 * The minimum amount of curvature to take in account can be adjusted using the Sigma
 * parameter. Refer to the “coastline paradox” and the need to have a fixed “ruler size.
 *
 * @warning The filter only samples the data at the discrete points.
 * 
 * @warning Although computationally intensive, you shall not disable the Smoothing,
 * unless your input data somehow takes in account the “coastline paradox”.
 *
 * @sa vtkStreamTracer
 * @sa vtkKnitStreamlines
*/
#ifndef vtkPolylineCurvature_h
#define vtkPolylineCurvature_h

#include <vtkPolyDataAlgorithm.h>

namespace udg {

class vtkPolylineCurvature : public vtkPolyDataAlgorithm
{
public:
    vtkTypeMacro(vtkPolylineCurvature,vtkPolyDataAlgorithm);
    static vtkPolylineCurvature* New();
    void PrintSelf(ostream& os, vtkIndent indent) override;


    //@{
    /**
     * Standard deviation of the Gaussian convolution in arclength units (i.e. VTK world distances).
     */
    vtkSetClampMacro(StandardDeviation, double, 0, VTK_DOUBLE_MAX);
    vtkGetMacro(StandardDeviation, double);
    //@}

    //@{
    /**
     * @brief The amount of distance covered by the convolution, i.e. SD * Factor
     * It's the “size” of the Gaussian convolution kernel, but considering that the points can be irregularly spaced at different arclength positions.
     */
    vtkSetClampMacro(Factor, double, 0, VTK_DOUBLE_MAX);
    vtkGetMacro(Factor, double);
    //@}

    //@{
    /**
     * Perform a Gaussian convolution in order to restrict the scale of the minimum amount of curvature to take in account. (enabled by default).
     * If no convolution is performed, the curvature will depend on the resolution of your polylines (not good).
     * Refer to the “coastline paradox” concept in order to understand why forcing a “ruler size” is required.
     */
    vtkGetMacro(Smoothing, bool);
    vtkSetMacro(Smoothing, bool);
    vtkBooleanMacro(Smoothing, bool);
    //@}

    //@{
    /**
     * @brief Force unitary vectors for the first derivative
     * Numeric methods will not produce exact unitary vectors, this option forces them to be.
     */
    vtkGetMacro(DiscardWeight, bool);
    vtkSetMacro(DiscardWeight, bool);
    vtkBooleanMacro(DiscardWeight, bool);
    //@}

    //@{
    /**
     * @brief Initialize the output data arrays (enabled by default).
     * If all your input points belong to a polyline cell, you can definietly disable it.
     */
    vtkGetMacro(InitializeDataArrays, bool);
    vtkSetMacro(InitializeDataArrays, bool);
    vtkBooleanMacro(InitializeDataArrays, bool);
    //@}

    //@{
    /**
     * Initialize value (by default: Silent NaN).
     * If all your input points belong to a polyline cell, you can definietly disable it.
     */
    vtkGetMacro(InitializationValue, double);
    vtkSetMacro(InitializationValue, double);
    //@}

    //@{
    /**
     * Point data array with the derivative of the arc-length.
     */
    vtkGetMacro(ProducePDarcincr, bool);
    vtkSetMacro(ProducePDarcincr, bool);
    vtkBooleanMacro(ProducePDarcincr, bool);
    //@}

    //@{
    /**
     * Cell data array with the total length of the polyline.
     */
    vtkGetMacro(ProduceCDarclen, bool);
    vtkSetMacro(ProduceCDarclen, bool);
    vtkBooleanMacro(ProduceCDarclen, bool);
    //@}

    //@{
    /**
     * @brief Divide the line-integrated curvature of a cell by the cell length (enabled by default).
     * Enabling this produces the average curvature and makes the measurement independent to the length of the lines.
     */
    vtkGetMacro(NormalizeCellCurvature, bool);
    vtkSetMacro(NormalizeCellCurvature, bool);
    vtkBooleanMacro(NormalizeCellCurvature, bool);
    //@}

protected:
    vtkPolylineCurvature();
    ~vtkPolylineCurvature() override;

    virtual int RequestData(vtkInformation *, vtkInformationVector **, vtkInformationVector *) override;
    virtual int FillInputPortInformation(int port, vtkInformation *info) override;

private:
    vtkPolylineCurvature(const vtkPolylineCurvature&) = delete;
    void operator=(const vtkPolylineCurvature&) = delete;

    double StandardDeviation;
    double Factor;
    bool Smoothing;
    bool DiscardWeight;

    bool InitializeDataArrays;
    double InitializationValue;

    bool ProducePDarcincr;
    bool ProduceCDarclen;
    bool NormalizeCellCurvature;
};

}
#endif //__vtkPolylineCurvature_H__









