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Geographical Information Systems for
Spatio-Temporal Analysis of Mobile Networks in Barcelona

Objectives

 Demonstrate the integration of the Catalan Government’s first crowdsourcing
Project — “Mobile Coverage (GenCat)” in a context of Big ‘Spatial’ Data.

 Develop Location Analytics of mobile phone data (point cloud) in a space-time
context considering summarization techniques and hotspot detection under a
cloud computing framework.

« Develop geovisualization capabilities for the exploitation of mobile(statistical)-
based indicators of the quality of mobile networks (hotspots of precision and signal
level by 2G, 3G and 4G) at different geographical granularity levels in Barcelona.




Geographical Information Systems for
Spatio-Temporal Analysis of Mobile Networks in Barcelona

Research questions

(1) Can we define, calculate and visualize meaningful spatial temporal
indicators using the point clouds of the Mobile Coverage (GenCat) within
different geographic granularity levels in Barcelona (districts,
neighborhoods and urban classes of Barcelona)?

(2) Exists relevant spatial and statistical differences of this
crowdsourced dataset within neighborhoods of Barcelona?




Mobile Coverage

* First Catalan Government’s crowdsourcing project.

 Mobile Coverage intends to create a Heatmap to provide
information on the state of mobile telephone network
coverage in Catalonia.

gencat

« To identify the areas in Catalonia that need to improve their
mobile coverage.

/

- Users can also check the quality of coverage in particular Google Play
areas of Catalonia according to their chosen operator
(Movistar, Vodafone, Orange or Yoigo) and filter the data
according to the technology used (2G, 3G or 4G).

« These anonymous users, who have the app installed, can
record data on their position and the level of coverage the
operator in that zone is providing, which is sent to a server.

https://play.google.com/store/apps/details?id=cat.gencat.mobi.coberturamobil&hl=en US




Mobile Coverage in Barcelona
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the Mobile GenCat app:

- Date and time of measurement.

- Network of the measured signal
Point cloud of the Mobile Coverage (August 2015) ( Movistar, VVodafone, Orange or
ﬂesigl:tt:)urhoods YOIg O) )

- Type of Network name (2G, 3G
o  TopR s : <. 0201 Nlroweft Gorgurallon Berafer Gosgieskien S0 and 4G)

Projected Coordinate System: ETRS89 UTM zone 31N (EPSG:25831) (I) ? Km _ A Verage’ MaXImum and Minlmum

signal (in ASU).

- Provider accuracy (Precision).




DATA

Urban Atlas

The Urban Atlas provides pan-European comparable
Land Use and Land Cover (LULC) data for Functional
Urban Areas (FUA), which consists of a city plus its
commuting zone.

Joint initiative of the European Commission Directorate-
General for Regional and Urban Policy and the
Directorate-General for Enterprise and Industry in the
frame of the EU Copernicus programme with the support
of the European Space Agency (ESA) and the European
Environment Agency (EEA).

Regarding the periodicity of the official information to
perform the analysis of the spatial temporal patterns of
mobile coverage data (2015) within the urban classes
(2012), we assumed that between the period 2012-2015
the urban classes of the FUA of Barcelona are not as
subject to significant transformations on LULC.

https://land.copernicus.eu/local/urban-atlas
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DATA

Urban Atlas

Urban Atlas (2012)
11100: Continuous Urban fabric (S.L. > 80%)

11210: Discontinuous Dense Urban Fabric (S.L.: 50% - 80%) The data Set “U rban Atlas

11220: Discontinuous Medium Density Urban Fabric (S.L.: 30% - 50%)
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13400: Land without current use
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SYSTEM ARCHITECTURE

“Mobile Coverage (MC) Framework”

Exploratory Data Get raw data s
Analysis (EDA) -~ MC back-end jupyterhub

Data curation &
Pre-processing

Location analytics

a (Cluster & Outlier Petection / GIS integration & Web
L > Hotspot Analysis / Data p : .
e r aggregation) Pull Data visualization of the

(OGC) aggregation indicators

Phyton
modules

Geoanalytical capabilities of and
for Polygon & Point geometries

v

Webmap

Hosted :
. services @ y.
Dynamic Visualization of requests v

Spatial-temporal indicators



METHODS FOR CURATION AND PRE-PROCESSING

Exploratory Data Analysis (EDA) of Mobile Coverage
data

« Exploring statistical information (Descriptive statistics, Correlation, etc) o
the mobile data source for August 2015.

" jupyter Jupyter NB_Jesuitas_English Last cneckpoint 0310712018 (autosaves) @ Logout
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cmap = sns.diverging_palette(220, 10, as_cmap=True)
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1) Draw the heatmap with the mask and correct aspect ratio.

"Mobile”

J) Describing the data variables of the dataset

The describe method displays below information for each of the columns. \ q
In [161):  sns.heatmap(corr, mask-
square=True, linewidth

cmap=cmap, vmax=.3, center=0,
5, cbar_kus={"shrink": .5})

« the count or number of values
<matplotlib.axes._subplots.AxesSubplot at 0x2505¢62deds>

« mean
« standard deviation(std)
« minimum (min), maximum (max) o
« 25%, 50%, and 75% quaniile s B
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|
Please note that this information will be calculated only for the numeric values. oo SR

In [118]: Mobile.describe()

Out[118 timestamp  signal_ins  signal_min  signal max signal_avg status net lac cid psc

count 47364000+04 47364.000000 47364000000 47364000000 47364000000 47364000000 47364000000 47364008404 47364000404 4.736400e+04 47364

mean 1440026e+12 15040533 13086800 19679062 15598049 1726163  10.060449 83920326406 5946514407 6.801590e+0s 12

sd 81149300408 7501663 8063034 13103831 759362 0739634 4603333 13395086408 15028230408 38210898407 21

min 1438380e+12 0000000 0000000 0000000 0000000  -1000000  0.000000 -1.000000e+00 -1.000000e+00 -1000000e+00 O

25% 1.439310e+12 10.000000 7.000000 13.000000 10.000000 2.000000 8.000000 8.640000e+02 1.455822e+07 -1.000000e+00 1

50% 1440400e+12 16000000 13000000 18000000 15000000 2000000 13000000 21200008403 2051459e+07 -1.000000e+00 4

75% 1.440700e+12 21.000000 18.000000 24.000000 20.000000 2.000000 13.000000 8.640000e+03 9.884263e+07  0.000000e+00 13 3.3.2 Simple Linear Regression

max 1441080e+12 99000000 99000000 99000000 93000000 3000000 15000000 21474846409 2147484409 2147484e09 254
- 3 - Simnle linear rearessian is. an anorach for predicting a quantitative response using a single feature (or *predictor” or “input variable®). It takes the following
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METHODS FOR LOCATION ANALYTICS

Cluster and Outlier Detection (Global Moran’s | and
Local Moran’s |)

The global spatial autocorrelation measures the clustering of values of a variable inside a
geographical area, as the existence of zones of higher of lower values, such as the measurements
of precision of mobile networks.

The null hypotheses is that values reveals a random distribution in space.

- Local spatial cluster of high values: high value features surrounded by
other high value features in their neighborhood.
- Local spatial cluster of low values: low value features surrounded by
other low value features in their neighborhood.
* High-Low (HL) Outlier - Local high spatial outlier: high value features surrounded by low value
features in their neighborhood.
 Low-High (LH) Outlier - Local low spatial outlier: low value features surrounded by high value
features in their neighborhood.

Not Significant

High-High Cluster (HH)
Low-Low Cluster (LL)
High-Low Outlier (HL)
autocorrelation autocorrelation autecorrelation LOW-High Outlier (LH)

Negative spatial No spatial Positive spatial




METHODS FOR LOCATION ANALYTICS

Hot and Cold Spots (Local Getis-Ord’s G*)

Statistical significance of the clusters was further categorized with the values under the
thresholds of 0.05 (statistically significant), 0.01 (highly statistically significant) and 0.001 (very
highly statistically significant).

In this sense, the Hot Spot Analysis script calculates the Getis-Ord G * statistic for each feature
in the dataset.

Statistically significant spatial clusters of high values (hot spots) and low values (cold spots)
were identified in the studied area.

Cold Spot - 99% Confidence
Cold Spot - 95% Confidence
Cold Spot - 90% Confidence
Not Significant

Hot Spot - 90% Confidence
Hot Spot - 95% Confidence
Hot Spot - 99% Confidence
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METHODS FOR LOCATION ANALYTICS

Mobile(statistical)-based indicators

Thirteen aggregation indicators of precision, signal, number of monthly occurrences per type of
Network coverage (2G, 3G and 4G), number of Hot and Cold Spot based on the granularity levels.

Indicator 1 - Precision of the best of all mobile networks by district.

Indicator 2 - Precision of the best of all mobile networks by Neighborhood.

Indicator 3 - Measurements of the Orange network by granularity levels.

Indicator 4 - Number of monthly occurrences per type of Network coverage (2G, 3G and 4G) per
district.

Indicator 5 - Number of monthly occurrences per type of Network coverage (2G, 3G and 4G) per
Neighborhood.

Indicator 6 - Number of monthly occurrences per type of Network coverage (2G, 3G and 4G) per
Urban Atlas classes.

Indicators 7, 8, 9 - Number of Cold Spot (99%, 95%, 90% Confidence) per Neighborhood.
Indicator 10 — Number of Not Significant clusters per Neighborhood.

Indicators 11, 12 and 13 - Number of Hot Spot (90%, 95%, 99% Confidence) per Neighborhood.




RESULTS

Exploratory Data Analysis (EDA) of Mobile Coverage data

Precision for all mobile network
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« Precision values vary from 0 to 149 dBm, where the majority of the values are concentrated in the
range between 0 and 50.
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RESULTS

Exploratory Data Analysis (EDA) of Mobile Coverage data

Precision of mobile network operators
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RESULTS

Exploratory Data Analysis (EDA) of Mobile Coverage data

Precision (dBm) of Orange network by district

+ Higher values of precision

N for:
=1 (32.2).
(30.9).
20| - Sarria-Sant Gervasi
(30.5).
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(25.9).
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RESULTS

Exploratory Data Analysis (EDA) of Mobile Coverage data

Precision (dBm) of Orange network by neighborhoods
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» Higher values of precision for la Verneda i la Pau (38.3) and la Vila de Gracia (36.3).
* Lower values of precision for Diagonal Mar i el Front Maritim del Poblenou (17.8).



RESULTS

Exploratory Data Analysis (EDA) of Mobile Coverage data

Precision (dBm) of Orange network by Urban Atlas classes

 Higher values of precision for Railways and associated land (42.8), Pastures (40) and Discontinuous

medium density urban fabric (S.L. : 30% - 50%) (34.6).
 Lower values of precision for Open spaces with little or no vegetation (beaches, dunes, bare rocks,

glaciers) (5).



RESULTS

Exploratory Data Analysis (EDA) of Mobile Coverage data

Precision (dBm) of 2G, 3G and 4G network type during August 2015

net_type
— 2G
40 3G
— 4G

354

(dBm)
w
S

Precision

251

20 A

2015-I08-02 2015-I08»09 2015-'08-16 2015-08-23 2015-08-30
Date

Presence of higher and more constant values for the during the month.

The 2G and 4G exhibits a more irregular pattern with a relevant decrease of precision of 2G network at
August 9 and a slightly increase of the precision of 2G at the middle of August.

Evident decrease in the 4G in 16 August and also an increase of this network type at 23 August.



RESULTS

Cluster and Outlier Detection (Global Moran’s | and
Local Moran’s |)

Moran's Index: 0,191679
z-score: 193,663579
p-value: 0,000000

Critical Value
(p-value) (z-score)

0.01 <-2.58

0.05 -2.58 - -1.96
-1.96 - -1.65
-1.65 - 1.65
1.65-1.96
1.96 - 2.58
>2.58

Districts
Neighbourhoods
Cluster and Outlier Analysis (Anselin Local Morans )
+  Not Significant
* High-High Cluster (HH)
¢ Low-Low Cluster (LL)
High-Low Outlier (HL)
Low-High Outlier (LH)
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Concerning the Spatial Autocorrelation analysis based on the variable “Precision”, we obtained a
Global Moran’s | Index of 0.19 which indicates a distribution of clustered values in space.
High-High Cluster (7943), High-Low Outlier (3077), Low-Low Cluster (12092) and Low-High Outlier
(5948).




RESULTS

Hot and Cold Spots (Local Getis-Ord’s G*)
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Cold Spot - 99% Confidence
Cold Spot - 95% Confidence
Cold Spot - 90% Confidence
Not Significant

Hot Spot - 90% Confidence
Hot Spot - 95% Confidence
Hot Spot - 99% Confidence
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Projected Coordinate System: ETRS89 UTM zone 31N (EPSG:25831)

Prevalence of Cold Spot (low-low cluster) and Hot Spot (high-high cluster) at
Confidence. Without the consideration of spatial outliers (HL or LH).

99%




RESULTS

Mobile(statistical)-based indicators

Precision of the best of all mobile networks by district
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Sant Andreu the ‘Ticae’ network presents the highest value (37 dBm); ‘Parlem’ network in Les Corts (35 dBm);
‘Lowi’ in Ciutat Vella (34 dBm) and Sant Marti (28 dBm); ‘Vodafone’ in Sants-Montjuic (32 dBm) and Horta-
Guinardé (29 dBm); ‘Orange’ in the districts of Gracia (32 dBm), Sarria-Sant Gervasi and L'Eixample (both with
30 dBm); and finally ‘Movistar’ in Nou Barris with a precison value of 32 dBm.



RESULTS

Mobile(statistical)-based indicators

Number of monthly occurrences per type of Network coverage (2G, 3G and 4G)
per district
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Sant Marti presents the highest values for 2G (4120), 3G (7182) and 4G (7235); district of Eixample with 4280
occurrences for 2G type (higher than in Sant Marti), 6783 occurrences for 3G and 6407 occurrences for 4G (both
lower than in Sant Marti). On the other hand, the minimum values for 2G type occurs in the district of Horta-
Guinardé (with 921 presences), for 3G type in the district of Nou Barris with 2494 and for 4G type in Sant
Andreu with 2670 occurences.



RESULTS

Mobile(statistical)-based indicators
Number of Cold Spot (99%Confidence) per Neighborhood
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Neighborhoods of El Parc i la Llacuna del Poblenou with 2694, Sant Pere, Santa Caterina i la Ribera with
2514, Fort Pienc with 1789, La Marina del Prat Vermell (1646) and El Clot with 1370 are the most
representative of Cold Spot.

On the other hand, the neighborhoods of Sant Antoni, La Marina de Port, La Font de la Guatlla, La Bordeta,
Sants-Badal, Sant Gervasi — Galvany, El Congrés i els Indians do not have any Cold Spot ocurrence.




RESULTS

Mobile(statistical)-based indicators
Number of Hot Spot (99% Confidence) per Neighborhood

 Vallvidrera, el Tibidabo 1468-Plands

Dreta de I'Eixample (5596), Les Corts (4217), Vila de Gracia (3136), Horta (1982) and La Verneda i la Pau
(1935) have a higher number of Hot Spot occurrences. On the other hand, La Barceloneta, El Coll, La
Teixonera, Montbau, El Turé de la Peira, Can Peguera, La Guineueta, Canyelles, Roquetes, Verdum, La
Trinitat Nova, Torre Bard, Ciutat Meridiana, Vallbona, Trinitat Vella, Bar6é de Viver, El Camp de I'Arpa del
Clot, El Clot and La Vila Olimpica del Poblenou do not have any Hot Spot ocurrence.




CONCLUSIONS

The developed methods have potential for the definition and analysis of the distribution
of aggregation indicators based on Cloud points in cities, monitoring the precision of
mobile networks in different administrative and urban contexts.

The proposed solution presents capabilities to integrate additional information from the
Catalonian Big Data landscape, and therefore, improve the access to Open data for public
sector, private companies, citizens and scientists.

The framework based on Cloud technologies allows the Exploratory Data Analysis
(EDA) of a large number of point data of mobile networks using Jupyter (Python), and a
web visualization of the aggregation indicators using the QGIS Python Plugin
‘qgis2web’.

This study reveals a lack of QGIS plugins for the development of responsive web
mapping solutions as is the case of interactive dashboard options provided by the ArcGIS
OS frameworks (ArcGIS Online & Web AppBuilder for ArcGIS).




QUESTIONS

Geographical Information Systems for
Spatio-Temporal Analysis of Mobile Networks in Barcelona
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