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Abstract

This is a brief survey of the research performed by
Grandata Labs in collaboration with numerous academic
groups around the world on the topic of human mobility.
A driving theme in these projects is to use and improve
Data Science techniques to understand mobility, as it can
be observed through the lens of mobile phone datasets.
We describe applications of mobility analyses for urban
planning, prediction of data traffic usage, building delay
tolerant networks, generating epidemiologic risk maps and
measuring the predictability of human mobility.

1 Introduction

The mission of Grandata’s research lab is to improve
our understanding of Human Dynamics through the
analysis of massive datasets coming from mobile
phone companies and other industries. This research
has been performed in collaboration with numerous
academic groups at MIT, INRIA and ENS Lyon,
LNCC, UBA and many others.

We provide here a brief review of our research, in-
tended to serve as an introduction and guideline to
the research papers on mobility aspects.

This brief survey focuses on the analysis of mobility
in space, investigating the important locations of the
users’ trajectories, and how they can be used to infer
their participation in large social events. The study
of mobility has numerous applications, such as urban
planning (Section , data traffic usage prediction
(Section , building delay tolerant networks (Sec-
tion , epidemiology (Section 7 and predictability
of human mobility (Section [6]).

2 Mobility and Urban Planning

The massive amounts of geolocation data collected
from mobile phone records has sparked an ongoing
effort to understand and predict the mobility pat-
terns of human beings. In [I], the authors study the
extent to which social phenomena are reflected in mo-
bile phone data, focusing in particular on the cases of
urban commute and major sports events. The paper
illustrates how these events are reflected in the data,
and shows how information about the events can be
used to improve predictability in a simple model for
a mobile phone user’s location. As an illustration,
Fig. [I] shows the commute to a major city from the
surrounding areas on a weekday. The authors of [2]
further propose a method for the automatic detection
of such events and discuss their relation to the social
fabric as derived from mobile phone communications.

For urban and transportation planning, it is impor-
tant to have tools to understand the mobility patterns
of people in cities. An analysis of the mobility flows
that occur in a city allows for appropriate infrastruc-
ture or policies decisions, that provide transportation
alternatives and incentivize efficient ways of moving,
especially taking into account the problems of con-
gestion and environmental pollution caused by trans-
portation and its direct relationship with the health
and quality of life of the population.

To analyze urban mobility, a series of methodolo-
gies are used that collect information on the trips
of the population and allow city planners to under-
stand how people move daily. These methodologies
consist mainly of conducting household mobility sur-
veys, travel journals or interception surveys in pub-
lic and private transportation. These studies are
methodologically complex, requiring long implemen-
tation times and a significant amount of economic
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Commute to a major city from the surrounding areas on a weekday, for different hours. Red color

corresponds to a higher number of calls, whereas blue corresponds to an intermediate number of calls
and light blue to a smaller one. Reproduced from [IJ.

resources. Although they provide extremely valuable
information, most cities carry out these studies every
five or ten years and other cities even more sporadi-
cally.

Currently, with the development of new technolo-
gies, large amounts of data are available (that would
have been impossible to imagine years ago). This
data revolution is impacting our way of conducting
analysis and decision-making in different sectors, in-
cluding in urban and transportation planning, gener-
ating new opportunities to analyze and better under-
stand our cities. The main objective of the study [3]
is to discuss the methodological exploration carried
out to analyze mobile phone data. This study dis-
cusses to what extent questions related to mobility
in the territory can be answered, using this source of
information.

Studying the activity of mobile phones allows us,
not only to infer social networks between individuals,
but also to observe the movements of these individu-
als in space and time. In [4], the authors investigate
how these two related sources of information can be
integrated within the context of detecting and ana-
lyzing large social events. They show that large social
events can be characterized not only by an anomalous

increase in activity of the antennas in the neighbor-
hood of the event, but also by an increase in social
relationships of the attendants present in the event.
Moreover, having detected a large social event via
increased antenna activity, they make use of the net-
work connections to infer whether an unobserved user
was present at the event. More precisely, the paper
addresses the following three challenges: (i) automat-
ically detecting large social events via increased an-
tenna activity; (ii) characterizing the social cohesion
of the detected event; and (iii) analyzing the feasibil-
ity of inferring whether unobserved users were in the
event.

Cell phone technology generates massive amounts
of data. Although this data has been gathered for
billing and logging purposes, today it has a much
higher value, because its volume makes it very use-
ful for big data analyses. In [5], the authors analyze
the viability of using cell phone records to lower the
cost of urban and transportation planning, in par-
ticular, to find out how people travel in a specific
city. They use anonymized cell phone data to esti-
mate the distribution of the population in the city at
different periods of time. They compare those results
with traditional methods (urban polling) using data
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Fig. 2: Visualization of the number of people present on Monday to Thursday noon period in (a) Commune
1 and (b) Commune 6 (colored in violet) that live in each of the other communes of a major city.
The scale shows the number of people (in thousands) each color represents. Reproduced from [5].

from origin-destination surveys. Traditional polling
methods have a much smaller sample, in the order of
tens of thousands (or even less for smaller cities), to
maintain reasonable costs. Furthermore, these stud-
ies are performed at most once per decade, in the
best cases, in many countries. The paper’s objective
is to prove that new methods based on cell phone
data are reliable, and can be used indirectly to keep
a real-time track of the flow of people among differ-
ent parts of a city. It also goes further to explore new
possibilities that have been opened by these methods.
Fig. [ shows a visualization of the number of people
present in different communes of a city, according to
their home commune.

Understanding human mobility patterns is crucial
to fields such as urban mobility and mobile network
planning. For this purpose, [6] makes use of large-
scale datasets recording individuals’ spatio-temporal
locations, from eight major world cities: Beijing,
Tokyo, New York, Paris, San Francisco, London,
Moscow and Mexico City. Our contributions are two-
fold: first, we show significant similarities in people’s
mobility habits regardless of the city and nature of
the dataset. Second, we unveil three persistent traits
present in an individual’s urban mobility: repetitive-
ness, preference for shortest-paths, and confinement.
These characteristics uncover people’s tendency to re-
visit few favorite venues using the shortest-path avail-
able.

3 Mobility and Data Traffic Usage

Paper [7] introduces a model for the spatial distri-
bution of cell towers in a major city. After show-
ing that the Complete Spatial Randomness (homoge-
neous Poisson distribution) hypothesis does not hold,
the authors propose a model in which each site is dis-
tributed according to a bivariate Gaussian variable
with mean given by the barycenter of its neighbors
in the Delaunay triangulation. They show that this
model is suitable, and can be used to generate a syn-
thetic distribution of cell towers. Fig. [3] shows the
contour plots of intensity functions which the non ho-
mogeneous distribution of antennas in the city.
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Fig. 3: Contour plots of the intensity function in log-
aritmic scale, showing the non homogeneous
distribution of antennas in the city. Repro-
duced from [7].

Using a large-scale dataset collected from a ma-
jor 3G network in a dense metropolitan area, the
paper [8] presents the first detailed measurement-
driven model of mobile data traffic usage of smart-



phone subscribers. Their main contribution is a syn-
thetic, measurement-based, mobile data traffic gener-
ator capable of simulating traffic-related activity pat-
terns for different categories of subscribers and time
periods for a typical day in their lives. The authors
first characterize individual subscribers routinary be-
haviour, followed by a detailed investigation of sub-
scribers’ temporal usage patterns (i.e., “when” and
“how much” traffic is generated). They classify the
subscribers into six distinct profiles according to their
usage patterns and model these profiles according to
two daily time periods: peak and non-peak hours.
The study shows that the synthetic trace generated
by the data traffic model consistently replicates a sub-
scriber’s profile for these two time periods when com-
pared to the original dataset. Broadly, their observa-
tions bring important insights into network resource
usage. The authors also discuss relevant issues in
traffic demands and describe implications in network
planning and privacy.

The 3G cellular networks are struggling due to
the pervasiveness of mobile data consumption. The
steady growth of smartphones, the very rapid evo-
lution of services and their usage is accentuated in
metropolitan scenarios due to the high urbanization
and concentration of mobile users. In this context,
understanding mobile data traffic demands per user is
crucial for the evaluation of data offloading solutions
designed to alleviate cellular networks. The perva-
sive era also brought new facilities: currently smart-
phones provide the best means of gathering users in-
formation about content consumption behavior on a
large scale. In this context, the literature is rich in
work studying and modeling users mobility, but lit-
tle is publicly known about users content consump-
tion patterns. The contributions of [9] are twofold:
first, their analyses provide a precise characterization
of individual subscribers traffic behavior clustered by
their usage pattern, instead of a network-wide data
traffic view. Second, they provide a traffic gener-
ator that synthetically, still consistently, reproduces
real traffic demands. A synthetic traffic generator has
positive implications on network resource allocation
planning and testing, or hotspot deployment. More-
over, the synthetic traffic carries no direct personal
information from the original users, thus greatly re-
ducing privacy issues.

4 Delay Tolerant Networks

In [I0], from a measurement study and analysis of
SMS based on traces coming from a nationwide cel-
lular telecommunication operator during a two month
period, the authors propose a DTN (Delay Tolerant
Network) like network protocol for delivering SMS.
More precisely, they perform a temporal and spatial
analysis of a cellular network considering geolocal-
ized SMS. The temporal analysis allows them to de-
tect events and to check for overloading periods, with
abnormal or unexpected traffic, and to study the evo-
lution of classical parameters such as activity or dis-
tance between source and destination. The spatial
analysis is based on the Voronoi diagram of the base
stations covering a city. The paper explains how SMS
traffic can be characterized. Such key characteriza-
tion allows us to answer the question: is it possible to
transmit SMS using phones as relay in a large city?
They defined a simple network protocol to transmit
SMS from a source to a destination. This DTN like
protocol does not need routing nor global knowledge.
The protocol takes benefit from the locality of SMS,
the density of phones and the mobility of phone users.
The protocol is studied with a mobile dataset includ-
ing 8 millions users. This provided a precise estima-
tion of the average transmission time and the global
performance of this approach. After 30 minutes, half
of the SMS were delivered successfully to their desti-
nation.

Cellular technologies are evolving quickly to con-
stantly adapt to new usage and tolerate the load in-
duced by the increasing number of phone applica-
tions. Understanding the mobile traffic is thus cru-
cial to refine models and improve experiments. In this
context, one has to understand the temporal activity
of a user and the user’s movements. At the user scale,
the usage is not only defined by the number of calls
but also by the user’s mobility. At a higher level, the
base stations have a key role on the quality of service.
In [I1, 12], the authors analyze a very large set of Call
Detail Records (CDR) over 12 months. It contains 8
million users and 5 billion call events. The first con-
tribution is the study of call duration and inter-arrival
time parameters. Then, they assess user movements
between consecutive calls (switching from a station to
another one). This study suggests that user mobility
is pretty dependent on user activity. Furthermore, it
shows properties of the inter-call mobility by making
an analysis of the call distribution.

In urban areas, the population density is still grow-
ing (the population density starts exceeding 20.000



inhabitants per km2), and so, the density of mobile
users becomes very important. People are moving
from home to work, from work to active places. One
can benefit from the mobility and the density to jus-
tify DTN (Delay Tolerant Network) approach proto-
col to convey SMS (or alternative messaging services)
traffic. Indeed, the mobility of users, especially dur-
ing the day, creates an ad hoc mobile network where
the nodes are the smartphones held by mobile clients.
In [13], their performance evaluations are based on
a measurement and analysis of SMS traces coming
from a nationwide cellular telecommunication oper-
ator during a two month period. The authors pro-
pose several DTN like basic network protocols for
delivering SMS. They perform a temporal and spa-
tial analysis of the cellular network in a major city
considering geolocalized SMS to characterize the traf-
fic. Such key characterization allows them to answer
the question: is it possible to transmit SMS using
phones as relay in a large city? Four network pro-
tocols are used to transmit SMS from a source to a
destination. By leveraging a mobile dataset includ-
ing 8 million users, they give a precise estimation of
the average transmission time and the global perfor-
mance of this approach. The analysis shows that after
30 min, half of the SMS are delivered successfully to
their destination. Contrary to the cellular networks,
the authors explain how much of the potentiality of
the mobile users network can benefit from comple-
mentary properties such as the locality of SMS, the
density of phones and the mobility of phone users.
Moreover, they show that in a realistic scenario, this
approach induces reasonable storage cost.

5 Mobility and Epidemiology

The study [14] uses mobile phone records for the anal-
ysis of mobility patterns and the detection of possi-
ble risk zones of Chagas disease in two Latin Amer-
ican countries. The authors show that geolocalized
call records are rich in social and individual informa-
tion, which can be used to infer whether an individual
has lived in an endemic area. They present two case
studies, in Argentina and in Mexico, using data pro-
vided by mobile phone companies from each country.
The risk maps generated can be used by health cam-
paign managers to target specific areas and allocate
resources more effectively.

The heatmaps shown in Fig. [f] expose an expected
“temperature” descent from the endemic regions out-
wards. The authors also found communities atypical

compared to their neighboring region, which stand
out for their strong communication ties with the en-
demic region Ez. The detection of these communi-
ties is of great value to health campaign managers,
providing them tools to target specific areas. In sum-
mary, the paper [I4] shows the value of generating
risk maps in order to prioritize effectively detection
and treatment for the Chagas disease.

Fig. 4. Risk map for Chagas disease, filtered accord-
ing to 8 (minimum fraction of users having
social ties to the endemic region Fz). Repro-
duced from [14].

The study [I5] additionally shows the value of mo-
bile phone records to predict long-term migrations,
which play a crucial role in the spread of Chagas dis-
ease. In particular, the authors show that it is pos-
sible to use the mobile phone records of users during
a bounded period of time in order to predict whether
they have lived in the endemic zone Ez in a previous
time frame.

6 Predictability of Human Mobility

The knowledge of the upper bounds of mobile data
traffic predictors provides not only valuable insights
into human behavior but also new opportunities to
reshape mobile network management and services. It
also provides researchers with insights into the design
of effective prediction algorithms. In [16], the authors



leverage two large-scale real-world datasets collected
by a major mobile carrier to investigate the limits of
predictability of cellular data traffic demands gener-
ated by individual users. Using information theory
tools, they measure the maximum predictability that
any algorithm has the potential to achieve. They first
focus on the predictability of mobile traffic consump-
tion patterns in isolation. Their results show that
it is theoretically possible to anticipate the individ-
ual demand with a typical accuracy of 85% and re-
veal that this percentage is consistent across all user
types. Despite the heterogeneity of users, they also
find no significant variability in predictability when
considering demographic factors or different mobility
or mobile service usage. Then, the joint predictability
of the traffic demands and mobility patterns is ana-
lyzed. They find that the two dimensions are corre-
lated, which improves the predictability upper bound
to 90% on average.

Call Detail Records (CDRs) are a primary source
of whereabouts in the study of multiple mobility-
related aspects. However, the spatiotemporal spar-
sity of CDRs often limits their utility in terms of
the dependability of results. Paper [17], driven by
real-world data across a large population, proposes
two approaches for completing CDRs adaptively, to
reduce the sparsity and mitigate the problems the
latter raises. Owing to high-precision sampling, the
comparative evaluation shows that the authors’ ap-
proaches outperform the legacy solution in the litera-
ture in terms of the combination of accuracy and tem-
poral coverage. Also, they reveal important factors
for completing sparse CDR data, which shed light on
the design of similar approaches.

The literature is rich in mobility models that aim to
predict human mobility. Yet, these models typically
consider only a single kind of data source, such as
data from mobile calls or location data obtained from
GPS and web applications. Thus, the robustness and
effectiveness of such data-driven models from the lit-
erature remain unknown when using heterogeneous
types of data. In contrast, paper [I8] proposes a
novel family of data-driven models, called MobHet,
to predict human mobility using heterogeneous data
sources. This proposal is designed to use a combina-
tion of features capturing the popularity of a region,
the frequency of transitions between regions, and the
contacts of a user, which can be extracted from data
obtained from various sources, both separately and
conjointly. The study evaluates the MobHet mod-
els, comparing them among themselves and with two

single-source data-driven models, namely SMOOTH
and Leap Graph, while considering different scenarios
with single as well as multiple data sources. The ex-
perimental results show that the best MobHet model
produces results that are better than or at least com-
parable to the best baseline in all considered scenar-
ios, unlike the previous models whose performance is
very dependent on the particular type of data used.
These results thus attest to the robustness of the pro-
posed solution for using heterogeneous data sources
in predicting human mobility.
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