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1. Introduction to RUS

'\1 Copernicus

: & rRUS
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COPERNICUS RESEARCH & USER SUPPORT (RUS)
AN ESA/EU FUNDED SERVICE
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RUS Service - What for?

* Foster the handling and processing of data from
Copernicus missions by the Academic, scientific, R&D community, SMEs

* Mitigate the “digital divide” affecting Copernicus data
access and exploitation

* Enhance and support the initiatives aiming at supporting Copernicus
uptake
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\“* RUS Service - How?

. Copernicus
}‘fA

e Offering unique access to free data and ICT resources to scale up R&D
| and early prototyping activities over large amounts of Sentinel
) products

* Providing a specialized user helpdesk accompanying the service users in
their activities with technical advice from a team of skilled experts

\
)
4
., * Offering open hands-on training sessions in Europe
— Customized technical training

— Training programme dedicated to future “trainers”
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“* RUS Service - For

. Copernicus
}‘fA

* Research users Scaling up of algorithms on large amounts of core

| products

\

4 * Expert users Process large amount of core products using Free and
Open-Source Software (FOSS) or Commercial Off The Shelf (COTS) tools
\/) e University classes Use Sentinel core products with either own

= algorithms, FOSS or COTS

» Specific research/user communities (e.g. EU Member States,
Commiission Services, Third Countries, SMEs, H2020 projects...) Request
dedicated support to facilitate uptake of Sentinel core products
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RUS Service - Tasks

Provide and manage resources for the service users

.
-

; Copernicus

¢ Sentinel and Copernicus Contributing Missions data
\
Vs — open also to other data sources (e.g. Landsat, ALOS)

*  Toolboxes and software needed for data processing and
prototyping activities

> —  possibility to install also own tools

k *  Virtualised and scalable computing resources (VM or VM clusters) provided by dedicated
: cloud providers

s Support ownership of Copernicus space component by end-users
e  Capacity building

*  Generic user training and training of Copernicus trainers
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RUS Service - Levels

The RUS Service has been designed to accommodate as much as
< possible user needs and provide the appropriate support and
% ICT resources

e User requests are analysed in order to estimate this support and these resources

>  User requests are answered following a 3-level classification
— Basic support service (Level A), 1-3 month duration
— Development support service (Level B), 1-6 month duration

— Processing support service (Level C), 1-12 month duration
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‘ % Processing environment

\ = Sentinel-1/2/3 Toolboxes

Z =  SNAP4Cloud (built-on

| Apache Ignite)

= Support tools

\) > Sen2Cor > OpenCV

& > Sen2Three > GDAL library
> SMOS Toolbox » NCO
> Orfeo Toolbox » NETCDF

- > BRAT Toolbox > OpenlPG

> Rugged library > Image Magick

> QGis
| @& Rus

(operrucw

\/
0‘0

RUS Service — Typical VM Content

Development environment
Eclipse Mars
GCC
Cmake
Maven
Git
R

Eclipse Mars plugins

> Pydev > Cmaked
> CDT(C/C++IDE) > EGit

»  StatEt
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RUS Service — Training activities

Proposed training plan for RUS service

- |  Through different event types

> A — Invited (turnkey events)

— Co-hosted (contribution to existing events)

% ‘ — Fully organised events

g *  Through existing networks (Copernicus Info sessions - NEREUS, REC, UNOSAT, FAO,

UNEP, EARSC, EARSEL...)

* Organisation
— Duration : from 1 day to a full 5-days course
— Focus on Europe

— 27 face-to-face events to be planned over 3 years
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RUS Service and You

¥ rRUS

(opem\cus

Non Commercial Free access Support Process Training
activities y
i ® M @ ¢
Students, trainers, Powerful computing Expertise to visualize, Process large Face-to-face
researchers, environment with interpret geospatial Sentinel sessions

decision-makers, scalable VM and full information datasets and webinars for all

general public support possible for any users

user
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2. Introduction to SNAP

Copernicus

9 SNAP | Sentinels Application Platform

SENTINEL APPLICATION PLATFORM
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SNAP - What is?

* An open-source, flexible and re-usable scientific Toolbox

e Based on the strong software heritage of BEAM & NEST

* With specific Sentinel data exploitation tools
*  Multi-mission :

— Sentinel-1/2/3

— Envisat, MODIS, SeaWIFs, ...

— AVHRR, SMOS, Chris-PROBA, SPOT V@GT, ...

— LANDSAT, RapidEye, SPOT

— Generic formats : NetCDF, GeoTIFF, HDF...

e Modular and extensible

i [1] RGB - lizard_2016_01_03 52 - F\sen2coral\Produits_sen2coral\lizard_2016_01 03 s2.if - SNAP =N NCN =%~
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q- Sew tri+
ag ANGLAGe X r@AASINVRESOR: \ MEHED

= Jband 1 = @ [1)RGE =
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_ Copernicus
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Sentinel-1 Toolbox (S1TBX)

Sentinel-2 Toolbox (S2TBX)

Sentinel-3 Toolbox (S3TBX)

SNAP Desktop SNAP Engine
NetBeans RCP GeoTools JAI NetCDF
Java SE 8 Platform Python
14
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SNAP - Core features

Common architecture and data model for all Toolboxes
Very fast image display and navigation even of giga-pixel images
Graph Processing Framework (GPF)

Advanced layer management allows adding and manipulation of new overlays
such as images of other bands, images from WMS servers or ESRI shapefiles

Flexible band arithmetic using arbitrary mathematical expressions
Accurate reprojection and ortho-rectification to common map projections
Geo-coding and rectification using ground control points

Automatic SRTM DEM download and tile selection

Multithreading and Multi-core processor support
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Java as the native language. A Java API to

— Develop your own application (cli or gui)

— Extend the existing application by adding modules
Python as a main extension language.

— SNAPPY: The Python APl mimics the Java API

— Write your own Python scripts leveraging on SNAP

— Extend SNAP by developing modules in Python (numpy, scipy, ...).

Useful for bridging your C/C++ library

Standalone Tools Adapter module

— Use your own cli tools as if they were a native SNAP module

— GDAL, Orfeo Toolbox, Sen2Cor, Sen2Three, ...

16
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SNAP — Community

+ Our website : step.esa.int

& all categories » Latest New Unread Top
s — Getit: http://step.esa.int/main/download/
\ : Category Topics
e - . . : H b
— Ask questions, discuss anything SNAP or Sentinel data | g 20/ ek
. The 51 Toolbox category regroups all threads about the
related : http://forum.step.esa.int Sentinl1Toolbox, a5 54
{ . . M Problem Reports M Interferometry M Polarimetry
~ — Tutorials, News, Links, related software, ...
s2tbx 11 / week
i - The 52 Toolbox category regroups all threads about the
SNAP Unique Downloads by OS £OrY regroup
Sentinel-2 Toolbox as Sentinel-2 product readers and
14000 product manipulation, Sentinel-2 processors as L2A
processor for atmospheric correction, L3 processor for
temporal synthesis, etc.
12000
M sen2cor M sen2three
< 10000
3 W Mac 05 s3tbx 1/ week
g 2000 I I l . The S3 Toolbox category regroups all threads about the
8 I I I HUnix Sentinel-3 Toolbox as readers and processors for Se
OLCI & SLSTRL1&L2.
v 6000 I I I I I I I Windows x64
g THENIHILF
> 4000 | ' [ | | B Windows x32 sha T [ week
2000 1 I This category contains all topic about the Sentinel Toolbox
. | Application (SNAP) not related to a specific Sentinel
Toolbox.
D-_....|||||||I|||I||||I|||||III||II i
L, D a4 A A A D A0 A AN A A 4D D AN A AN A D
B R R R g R
- 1 1 O 8 e W e AT AT AT AT A A L LY
2 ¥ ¥ V7 S S
VLY V v T N ¥
P T G T B e G T T T T i G i et
bp‘b'ﬁp"b"y =R TG MY P Y S~ S S A PN
FF T A P F S SRS L
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v,-_\ 3. Downloading and opening a S2 image
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Downloading a S2 product

O Open Access Hub % | https//scihub....eu/dhus/#/home x | +

& @ @& ntipsy//scihub.copemicus.eu/dhus/#/home ¢ ‘ Q_ Rechercher B ¥+ A 9 =

Copernicus Open Access Hub

[

)

Display 1 to 16 of 16 products. SelectAll O "
Order By: Ingestion Date ¥

daia ..

Request Done: ( footprint:"Intersects(POLYGON((-112.06522662695981
33.08020563430439,-112.05853387344982 33.08020563430439,-
112.05853387344982 33.08674794941449,-112.06522662695981

——

_J WSl S2A_MSIL1C_20180420T175911_N0206_R041_T12SVB_201804207213...

Download URL: https://scihub.copernicus.eu/dhus/odata/v1l/Products('f7847f
Mission: Sentinel-2 Instrument: MSI Sensing Date: 2018-04-20T17:59:11.0267

A

Download URL: https://scil i roducts('ecT1f7
Mission: Sentinel-2 Instrument: MSI Sensing Date: 2018-04-20T17:59:11.026Z

fede

L S2B_MSIL1C_20180418T180919_N0206_R084_T12SVB_20180418T215...

Download URL: https://scil rmicu: Products('61a52.
Mission: Sentinel-2 Instrument: MS| Sensing Date: 2018-04-18T18:09:19.027Z

(U5l S2B_MSIL1C_20180418T180919_N0206_R084_T12SUB_20180418T215...

Download URL: https//scihub.copernicus.eu/dhus/odata/v1/Products(‘7ccdbi
Mission: Sentinel-2 Instrument: MSI Sensing Date: 2018-04-18T18:09:19.027Z

U s S

25 ¥ < page:‘ 1 ‘ofl > b CLOSE

E3Em
Polygon Clear

19 (opemiovs " smn.




@Z Opening a S2 product

kﬁg'bernicus .
¥ Open a Sentinel 2 product:
% S2A_OPER_PRD_MSIL1C_PDMC_20160424T021342_R084_V20160423T182433_20160423T182433.SAFE
3
N f%’ - Procassing parameters, IER;;‘“ X

3 bulletin,.. b
e & See product content — g
<\ — . XML
2 1““”‘ mxhdkﬁ\lm A
* Metadata et

* VectorData ] T A mecedeen [
52 PRODUCT ' '

» e Bands |
“ e Masks o &!u -

Browse o
3 Image
§ — cam s
g L e N
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Analyzing the product

* OpenBl

* Display an RGB composite: right click
on product, choose profile

e  Multi-size
e Tile window

e Metadata

{3 [1] B4 - [S2A_OPER MTD_SAFLIC_PDMC. ) R084.\
File Edit View Analysis Layer Vector Raster Optical Radar Jools Window Help
s gnitaese<=r@AAGNvESOeR= « IEED

=] Pael info. S @i =
MTD_SAFL1C_POMC_20160424T021342_R084_V20160423T182433_20160423T182433

e
1 (443 om)
on - 4] RGB % | Colour Manipulation - 1)

=

o

1:298 it 0 2

182433 201604237182433] - [FACS\Formation\RUS\S2A_OPER_PRD_MSILIC_PDMC_2.. - |-

Q

{3IEJE) @ (1) Sentinel 2 MSI Natural Color... LIEEIE o

e Use the navigation view to spatially link

both window
* View level: pyramids

 Add layers

1 (opemicus
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Processing a S2 product: vegetation

- : 2 Mo e - [r— m 5 gds ! ;v—;. - — - :
- L= i Dol ® it = -
,'rk'.p v Ao T .|.-ﬂ -'--".‘E ;'.A S S E] |
| = L | " - k ~ aa
e\ = vl - - . = P
> B=mif_ 1 ¢ c=ofl] . i % Hem TR
5, S - - E
3 S L B2 gl : & 4 %I ==
i & ' ! ; = i ¥ i ¢ lI I
-2 ] I : i
06/12/2016 [GEouzon ¢ [GioEm @ |Gl
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Pre-processing

 Atmospheric corrections?
e Resample
* Subset

94 Resampling
File Help

/O Parameters | Resampling Parameters

Define size of resampled product

(@) By reference band from source products :El

Resulting target width:
Resulting target height:
Target width:

Target height:

Width / height ratio:

(") By target width and height:

_ By pixel resolution (in m):

Resulting target width:
Resulting target height:
Upsampling method: :Nearest
Downsampling method: :First
Flag downsampling method: :First

Resample on pyramid levels (for faster imaging)

1830
1830

1.00000

915
915

1204

3 Specify Product Subset [25a]
Spatial Subset | Band Subset | Metadata Subset|
Pixel Coordinates | Geo Coordinates
Scene start X: 167015
Scene start ¥: b15%
Scene end X: 1819 =
Scene end Y: 1014 =
Scene step X: 1%
) Scene step Y: 15
4 Specify Product E
Subset scene width: 150.0
Spatial Subset| Ban Subset scene height: 100.0
. Source scene width: 1830
Source scene height: 1830
B9 2 0
Fix full width
-
Fix full height
B12 -~ <
[ quality_aet
Estimated, raw storage size: 0.6M
[ quality_wvp
[ OK I [ Cancel ] [ Help ]
I:‘ quality_cloud_con|
[] quslity_snow_confidence  Snow Gonfidence
[ quality_scene_ Spene
view_zenith_mean Viewing incidence zenith angle
view_azimuth_mean Viewing incidence azimuth angle
sun_zenith Solar zenith angle
i Solar azimuth angle -
D Select all |:| Select none

Estimated, raw storage size: 0.1M

[ oK ” Cancel H Help ]

> (opemicus "H .
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Previous concepts

&_-C,opermcus

‘ Spectral signature
f> * Reflectance/emittance as a function of wavelength. The spectral signature of an
object is a function of the incidental EM wavelength and material interaction with
that section of the electromagnetic spectrum.
\) e Each material has a unique signature, therefore it can be used for material
<& classification
Radiometric Indices L —
& 40}
* Convenient way to resume information § 30t
- ' ] ) E 20
* Exploit the particular spectral properties of 5 _ |
vegetation o A
04 06 08 10 12 14 16 18 20 22 24
; ‘Wavelength (micrometer)
o * Depend on spectral response of the sensors
/. * Potentially unlimited number of combinations 24 (opgmigtﬁ -




NDVI

&‘_‘Copermcus

N B

(Normalized Diff.Vegetation index)

The spectral signature of vegetation shows a
abrupt rise of the reflection level at 0,7 um.
So much more active the chlorophyll of the
plants, so much bigger is the rise

The NDVI composes a measurement for the
photosynthetic activity and is strongly in
correlation with density and vitality of the
vegetation.

The normalizing reduces topographic and
atmospheric effects and enables the
simultaneous examination of a wide area.

0.6 ~ —
r A\
- VeGggt%';ion ’\\

Dry
, Vegetation )
|

REFLECTANCE
o
IN
T

0.2+ Z o
/|
/N W/
e .ofsl =S98 @8 2f5 ‘
LT”'YJ H_J WAVELENGTH (uml
RED NIR SWIR
(NIR — Red)
NDVI =
(NIR + Red)
s (ocemicos ' smn
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\
/

Vegetat

e Via BandMaths

index

SNAP

ter [Optical | Radar Tools Window Help

3

3

\
e

Soil Radiometric Indices

Vegetation Radiometric Indices

‘Water Radiometric Indices

Sen2Cor

MERIS/(A)ATSR SMAC Atmospheric Correction
Biophysical Processor (LAL fAPAR..)

Reflectance to Radiance

3|l Spectrum View
—= Spectral Unmixing
. . o . . ]| Geometric
* Via Vegetation Radiometric Indices: Preprocessing
Thematic Land Processing
Thematic Water Processing
OrfeoToolbox
VIS NIR SWIR
B1 B9 B10
Aerosols Waler-vapou' Cirrus
60m [ !
7 B8a Snow / |co / cloud disqimimhon
Vegetation
20m Red-edge
I I B11 B12
B2 B3 B4
400 600 loo 1000 1200 1400 1600 1800 2000 2200 2400
nm nm am nm am am nm nm nm nm am

26 (opernicus

opes eyes on Earth

SAVI Processor
NDVI Processor
TSAVI Processor
MSAVI Pracessor
MSAVI2 Processor
DVI Processor
RVI Processor
PVI Processor
IPVI Processor
WODVI Processor
TNDVI Processor
GNDVI Processor
GEMI Processor
ARVI Processor
NDI45 Processor
MTCI Processor
MCARI Processor
REIP Processor
S2REP Processor
IRECI Processor

PSSRa Processor

European
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Biophysical parameters

*  Absolute quantification of the biomass and the nitrogen
- nutrition, via calculation of different indicators:

.
-

; Copernicus

— fCover - green cover fraction
— FAPAR - fraction of absorbed photosynthetically active radiation
> — LAl - leaf area index

— Chlorophyll content
* Robust and independent from observation conditions

s e Complex processing algorithms

/4 27 (OP‘?EE‘.EQHE | oo
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Copernicus

Leaf Area Index

The half the total developed area of green leaves per unit of

ground horizontal surface area [units: m2 m-2]

Determines the size of the interface for exchange of energy

Indication of canopy density, biomass

Can be used to predict productivity and crop growth

28

Lal=04 LAlI=0.8 Lal=1.8
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Compute

Biophysical processor

LAl in SNAP

A [6] savi - [S2A_MSIL1C_20161206T181442_N0204_R041_T12SUB_20161206T181440_savi] - [not saved] - SNAP

File Edit View Analysis Layer Vector Raster |Optical | Radar Tools Window Help
= S GCP
= L R XL

=
g

Product Explorer % | Pixel Info

==l Bands

-3 sun

-3 view

@ B1 (443 nm)

- B2 (490 nm)

@@ B3 (560 nm)

[ B4 (665 nm)

[ BS (705 nm)
H Bs )
A e7 )

- B8 (842 nm)

- BBA (865 nm)

- B9 (945 nm)

- B10 (1375 nm)

Gl Spectrum View

Spectral Unmixing
Geometric

Preprocessing

Thematic Land Processing

Thematic Water Processing

L3

»

PEYe = il

Soil Radiometric Indices
Vegetation Radiometric Indices

Water Radiometric Indices

OrfeoToolbox

S

&

MERIS/(A)ATSR SMAC Atmospheric Correction

Biophysical Processor (LAL fAPAR..)

Reflectance to Radiance

29
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Biophysical Parameters - Computation

l’; Copernicus
’ Empirical methods

> * Establishment of a statistical relationship between a 2
vegetation index or the reflectance and a biophysical 2
variables “
). Physical methods Algorithm by INRA v
Lt Training Database Generation
— * By solving the radiative transfer equations Prior Distributions
Y g 9 Biophysical Variables V/ | sy RTM |=>>
Geometry
e Use of radiative transfer model: Neural Network
Training
— PROSPECT: leaf model
¥

— SAIL: canopy model
— PROSAIL: combination, simple, the most used SENTINEL2
b s, TR ANN J(0)

Hybrid methods

0 (opemicus 'EE ez



Parameters Computation

Biophysical

;;gppernicus
i3 Repeat processes to obtain the LAl with the other L2A
available images.

Is there an evolution in the crops?

) ‘
' § 8 3
} \ 2 A
Bl
_ B ot

Editor: () Basic (@) Sliders () Table

GO?EE‘E%

]
ﬂi
|
|
(

10
LT'T
91z
(=134
ac'e &
10t
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5. Automate Processing using GPT
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Graph Builder

1 SNAP [

. .
Copernicus (=]
.“-ﬁ File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
aB LRELCE T r e AN RY@R = N
Product Explorer | Pixelinfo | EI|| &
1 o
. # Graph Builder =] ;‘
\ File Graphs 5.
2
/. - 2
=
-
= 2
B )
=z
g
&
[} s} —{ e :
\ =
2 z
/ £
"
&; i
=}
Navigation - [4] lai 5 | Colour Manipulation .. | Unce

< il »
Read ‘ Wmal Rasamplel Subsetl BiophysicalOp
Source Product
Name:
|52A_MSIL1C_20171122T105341_N0206_R051_T31TCG_20171122T131313 | E
Data Format: Any Format -

l =) Load " @) sove H %, dear H [ mote “ @ relp " [>> Run I

h

1 (opemicus ‘g s,
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Building a graph

.
-

* Copernicus .
 Export to xml file

\ * Analyze the graph file
e -

* Isit possible to reconfigure it and use it for automate processing?

£ . (ooemiovs 'HA s



'\1 Copernicus

\
)

Graph Processing Tool (GPT)

Execute operators via command-line

Execute graphs (stored as XML files)

T=zage:
gpt <op>|<graph-file> [options] [<source-file-1> <source-file-2> ...]

Description:
Thi= tool i=s used to execute SHAP raster data operators in batch-mode. The
operators can be used stand-alone or combined as a directed acyclic graph
(DAG) . Processing graphs are represented using XML. More info abouat
processing graphs, the operator API, and the graph XML format can be found
in the SHAF documentation.

Arguments:
<ap> Hame of an operator. See below for the list of <op>s.
<graph-file> Cperator graph file (XML format).
<zource-file-i> The <i>th source product file. The actual number of source

file arguments i=s specified by <op>. May be optional for

operators which use the -5 option.
s (opemicus
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‘ Main option
\  -h:Displays command usage. If <op> is given, the specific operator usage is displayed.

/.
 -t<file>:The target file. Default value is 'target.dim'.

: «  -S<source>=<file> : Defines a source product. <source> is specified by the operator or the
\) graph. In an XML graph, all occurrences of S{<source>} will be replaced with references to a
G source product located at <file>.

* -P<name>=<value>: Defines a processing parameter, <name> is specific for the used
operator or graph
s First steps
Run: gpt NdviOp -h
h Run NdviOp with the Sentinel-2 L2 product at 60 m
7 3 (Opﬁ.tn!.Q.lzﬁ |




GPT-Demo

Modify the ‘biophysical’ graph file for accepting input parameters

&‘_‘Copermcus

N B

Create an script for launching the script with different products

& Integrate the downloading into the script

/4 37 (Opﬁ.tn!.Q.lzﬁ E .



