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1. INTRODUCTION

Digital twins of cities consist in very detailed representations
of chosen intricated subsystems composing urban environment.
The construction of such models depends on a deep understand-
ing of each subsystem mechanisms. It also rely on the availability,
quality, consistency and richness of diverse datasets. Realistic,
representative, geo-localized and historicized sets of data are
then required to ensure the quality and the precision of digital
twins. Transportation is a key sub-system as it moves inhabi-
tants within places and allows to simulate multiple externalities
(transportation saturation, air pollution, etc.) However, this very
dynamic sub-system has an expansive modelling cost in term
of computation and size of input datasets. Human mobility
modelling includes knowing the reason and the destinations
of individual’s trips. Many applications which need mobility
simulation would only require to model those two components,
for example analyses of the quality of access to various services,
places saturation, epidemiology, and so on.

When possible, limiting human transportation models to ge-
olocated agendas would save modelling computing time, data
availability and reduce number of hypotheses and parameters.
Focusing on improving this subsystem should increase digital
twins accuracy and reflect on simulations which are applied
within. Very detailed knowledge is required about why and
where individuals are travelling, even more when their per-
sonal characteristics are taken into consideration. Individual
socio-demographic classes would help build representative cate-
gorisations of individuals in order to extrapolate behaviours to
similar individuals. Different contextual elements, when applied
to single individuals (telework days vs on-site day of work) or to
the whole population (holiday, strike, pandemic-related restric-
tions. . . ), could help understand how individuals modify their
schedules. Digital twins of cities could then adapt dynamically
to specific conditions.

Multiple challenges shall be addressed. Datasets, however
large they are, should be sufficiently representative to allow
diverse extrapolation of behaviours to different classes of popu-
lation. Such a representativity must apply to population socio-
demographic characteristics, location and goal of trips. Proba-
bilistic methods shall be used to transform such representative
data into an exhaustive model. Rare events which are not cap-
tured by datasets shall also be modellised. Another challenge
is to integrate such modelled information into a well described
and feature-rich digital twin. Designed methods must be generic
and optimized enough to apply to multiple contexts and on very
large urban models.

This work aims to simulate this minimal aspect of mobil-
ity: generating individual agendas and locate each steps. Such
information could then be injected in a digital twin of commu-
nity and individuals in order to model how places are occupied
and how individuals meet. A new model is designed and pre-
sented in this poster to perform such tasks in an efficient way.

It uses the well detailed dataset provided by the NetMob 2025
Data Challenge [1]. Probabilistic tools are generated to provide
a framework of agenda generation. Simulation of geo-localised
agendas can then be applied to every individuals of the digital
twin.

2. METHOD

Few distinct steps are needed to achieve such a goal. A proba-
bilistic mobility framework shall first be generated (section A
and B). The simulation of individual agendas can then be gen-
erated (section C). Adaptation of NetMob Data Challenge and
results about the occupation are presented in a last sections (3
and 4)

A. Markov chain parametrization

We designed a Markov Chain, represented in Figure 1, which
models the main types of activities available for any individu-
als. Probabilities to switch from an activity to another are set
using calibration data. This chain is calibrated respectfully to a
determined number of socio-demographic categories, for each
time lapse of the simulation and for different types of days. A
probabilistic list of activities can then be generated for every kind
of individual. As specified in [1],

Researchers should always consider (. . . ) whether
to disaggregate by day type or geographic unit.

A statistical verification must ensure that each discrete class con-
tains enough values to be sufficiently representative, otherwise
categories would be merged with neighbourhood categories.

As Markov Chains are let unconstrained, individuals can
switch from an activity to any other one at every time of the
simulation. Imposing events (lunch break, get children from
school, etc.) could eventually be added, but the law of large
numbers should reproduce such event at a satisfying level.

Fig. 1. Markov chain for activity selection
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B. Micro-zoning with mobile data
The presence of different types of individuals at specific times
and places of the city should be modelled using time-dependant
origin and destination traces. A spatial aggregation is performed
in order to determine a destination area rather than a precise
place. Origin-Destination matrix are calculated, based upon mo-
bility data. For each origin aggregate, the probability of going
to any other aggregate is calculated based on all the weighted
trips happening at that time and from that place. Such matrix
are disaggregated to hours of the day and could also be dis-
aggregated to few population classes if data are representative
enough. Aggregates can be merged to meet statistical represen-
tativeness requirements. An example of OD Probability matrix
can be found in Figure 2.

Fig. 2. Probability of going to different neighbourhood of the
15th arrondissement of Paris

C. Agenda generation
An agenda can be generated for every individual of the simu-
lation by using the appropriate Markov Chain parameters. Lo-
cation of some of the activities are linked to each individual by
the digital twin (home and work location), some others are fluc-
tuant and need to be spatialized. An IRIS is chosen using the
OD probability matrix and within it, a random place with a type
corresponding to the activity is attributed. The respect of the
digital twin characteristics (type of activities open to the public,
opening hours, level of frequentation, etc.) should reproduce
places occupation in a realistic way.

3. INTEGRATION OF NETMOB DATA CHALLENGE

Data gathered for the NetMob Data Challenge [1] were the only
mobility data used in this work. In order to improve speed
of all requests on data that would happen latter on, the Net-
Mob datasets have been loaded on a PostGis database. This
model have initially been designed with survey for Markov chain
parametrization and mobile data for OD matrix calibration. The
latter dataset provides a high number of different traces, and the
size of statistical aggregates can be small. Nevertheless, the fact
that the same dataset calibrate every probabilistic model brings
a unique consistency to the results.

4. RESULTS

Figure 3 shows the frequentation of a driving school in the 11th
arrondissement of Paris. Frequentations of every activity can be
found here: https://ici.saclay.inria.fr/simu/netmobresult.php. This

digital twin, described in ([2] - submitted), cover the entire Île-
de-France and includes 2 070 444 activities, 473 348 being open
to the public. For now, frequentation for each arrondissement is
presented separately.

Fig. 3. Example of visits in an activity open to the public in an
Île-de-France digital twin

5. CONCLUSION AND PERSPECTIVE

This model is actively used by the ICI project [4], which couples a
digital twin with a contagion model. Sensitivity analysis should
qualify uncertainty of this agenda generator and how its vari-
ability is affecting ICI epidemiological simulations. The model
of the effect of particular events (strike, telework) on mobility
behaviour necessitate the use of complementary datasets. For
example, [5] could be used to model the influence of COVID-19
lockdowns on individual mobility.
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