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NO TECHNOLOGY 
HAS EVER SPREAD 
FASTER AROUND 
THE WORLD

International Telecommunication Union

1995 2015
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100

Mobile cellular subscriptions 
(per 100 people)



SMARTPHONE (19% ownership in Senegal, 2015)

Computer, accelerometer, digital compass, 
gyroscope, GPS, microphone, camera…

-> PERSONAL SENSING

BASIC HANDSET
When, how, from where, with whom we 
communicate.

-> DIGITAL TRACES (CDRs, mobile money, top-up…)



Essentials of 
MOBILE CELLULAR NETWORK



 

Base transceiver station 
(BTS) 

Base Transceiver Stations, grouped in Location 
Areas, are the basic units of a mobile network

Location Area 
(LA) 

-> Call Detail Records (CDR)

-> Visitor Location Register (VLR)

https://upload.wikimedia.org/wikipedia/commons/thumb/1/14/Mobile_phone_font_awesome.svg/2000px-Mobile_phone_font_awesome.svg.png


The MNO queries the VISITOR LOCATION REGISTER (VLR) to 
locate the LA callee and stores the BTS location (+timestamp) of 
caller and callee in CALL DETAIL RECORDS (CDR) for billing 
purpose.
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From: F. Ricciato, et al., Beyond the “single operator, CDR-only” paradigm: An interoperable framework for mobile 
network data analyses and population density, Pervasive and Mobile Computing (2016).

CDR has higher spatial resolution but lower 
temporal resolution than VLR



CDR data VLR data

Spatial resolution High (BTS level) Low (LA level)

Temporal resolution Low Very High

MS coverage/sampling Possibly low Complete

Risk of bias High Low

Data type Static Dynamic

Query Model Off-line or on-line On-line only

From: F. Ricciato, et al., Beyond the “single operator, CDR-only” paradigm: An interoperable framework for mobile 
network data analyses and population density, Pervasive and Mobile Computing (2016).

Most of the studies use of CDR because it is easier 
to access the data.



CALL DATA RECORDS looks like:

           Who?                Where?               When?      How long?

Pseudo-anonymization to preserve privacy



Geospatial, Dynamic, Directed Weighted Network
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GEOSPATIAL DIMENSION

(A) Base station level
(B) Sector level (antenna)
(C) B + signal characteristics
(D) Triangulation
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Limitations of 
CALL DATA RECORDS



THE BEST-CASE SCENARIO FOR POPULATION 
MAPPING USING MOBILE PHONE DATA

with

INDEPENDENT OF
SPACE

INDEPENDENT OF
TIME

And SIM known at fine spatial and temporal granularity



Coverage of each antenna is usually approximated with 
VORONOI/THIESSEN POLYGONS



Sector 1 Sector 2

Sector 3

L A R G E difference between 
         theoretical        &        actual antenna footprint

From:https://viewfromll2.com/2015/01/12/serial-the-failure-of-
the-prosecutions-cellphone-theory-in-one-simple-chart/
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The DENSITY OF ANTENNA (~spatial resolution) is 
higher in urban areas



SIM CARD     PERSON

1:1                                               ideal case

Many : 1                                      work / private

1 : Many                                      family sharing

1 : 0                                             M2M

0 : 1                                             penetration rate/market share

Adapted from: Ricciato, Fabio, et al. Estimating population density distribution from network-based mobile phone data. 
Publications Office of the European Union, 2015.
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MP OWNERSHIP is biased towards wealthier, educated, 
urban and predominantly male individuals

2010



MP OWNERSHIP is biased towards wealthier, educated, 
urban and predominantly male individuals

2012



MP OWNERSHIP is biased towards wealthier, educated, 
urban and predominantly male individuals

INCOME (URBAN) INCOME (RURAL)

         AGE                EDUCATION           INCOME

OWNER / NON-OWNER



But MOBILITY estimates is robust to biases in 
phone ownership

2013
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MOBILE PHONE USAGE is not independent of TIME

Number of 
SIMs



Week-end      Public holidays    School holidays

MOBILE PHONE USAGE is not independent of TIME

Number of 
SIMs



MOBILE PHONE USAGE is not independent of PLACE
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From: Lenormand, M., Picornell, 
M., Cantú-Ros, O. G., Louail, T., 
Herranz, R., Barthelemy, M., ... & 
Ramasco, J. J. (2015). Comparing 
and modelling land use 
organization in cities. Royal 
Society open science, 2(12), 
150449.



Mobile Phone activity is BURSTY

Temporal resolution depends on user activity 
(only first antenna is recorded during long call)



But HUMAN MOBILITY is highly predictable



But HUMAN MOBILITY is highly predictable

2008



ASSUMPTIONS HAVE TO BE MADE

1 SIM card equal 1 person.

The penetration rate is independent of time and space.

The market share between providers is independent of time and 
space.

Each phone/SIM location is accurately known.

Each phone/SIM location is known at any time.

Or Mobile phone usage is independent of time and space.



The data ‘belongs’ to PRIVATE COMPANIES.

Access is hard because of 
BUSINESS-SENSITIVITY and PRIVACY issues.

DATA HETEROGENEITY can be important among 
MNOs.

Access is generally limited to AGGREGATED DATA 
and subject to NDA.



2013

ANONYMIZATION is not sufficient to preserve privacy



There is a trade-off between PRIVACY and UTILITY of 
personal data

Utility

Pr
iv
ac
y



https://www.opalproject.org/general-overview/





Examples of Applications



Community mapping

Ratti, C., Sobolevsky, S., Calabrese, F., Andris, 
C., Reades, J., Martino, M., ... & Strogatz, S. H. 
(2010). Redrawing the map of Great Britain 
from a network of human interactions. PloS 
one, 5(12), e14248.

Blondel, V., Krings, G., & Thomas, I. 
(2010). Regions and borders of mobile 
telephony in Belgium and in the 
Brussels metropolitan zone. Brussels 
Studies,42(4), 1-12.

SOCIAL NETWORK



TIME SERIES

 

Lenormand, M., Picornell, M., Cantú-Ros, O. G., Louail, 
T., Herranz, R., Barthelemy, M., ... & Ramasco, J. J. (2015). 
Comparing and modelling land use organization in 
cities. Royal Society open science, 2(12), 150449.
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BARCELONA

Land use 
classification



MOBILITY Mietzer, T. (2015). Urban Road Construction and Human mobility:
Evidence from Dakar, Senegal. Netmob 2015.

Transportation

Berlingerio, M., Calabrese, F., Di Lorenzo, G., Nair, R., Pinelli, F., & Sbodio, 
M. L. (2013, September). AllAboard: a system for exploring urban mobility 
and optimizing public transport using cellphone data. In Joint European 
Conference on Machine Learning and Knowledge Discovery in 
Databases (pp. 663-666). Springer Berlin Heidelberg.

Traffic Jam in Dakar
Bus routes in Ivory Coast



MOBILITY 
Epidemiology 
Crisis

Ebola outbreak

Nepal Earthquake



ROAMERS PCA

TIME SERIES 
DECOMPOSITION

EXTREME EVENTS
SPATIAL 
CLUSTERING

TEMPORAL 
CLUSTERING


