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Abstract. The successful exploitation of emergent digital technologies
and advanced location and sensor-based data analytics can effectively
support urban mobility. In this context, the digital twin of mobility
framework considers the real-time availability of data from diverse sources.
The integration of these sources enables the simulation of mobility be-
havior and facilitates decision support at the urban scale.
In this work we propose a procedure to integrate multi-source data to
road network arcs with the aim to calibrate traffic models.
Data are gathered from different types of road sensors but also from
cellular network. Presence data are allocated to the road arcs. Regression
models are run on the collected dataset and results allow to infer relations
among static presence data and traffic flow patterns. A test case on the
Italian city of Matera is presented.
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data.

1 Introduction and Literature Review

Urban flow analysis based on sensor data has provided a huge push on developing
methods to analyze and synthesize the way people move on urban areas and how
they use mobility services.

The use of digital technology in smart mobility is reported in several papers,
such as in [1]. The recent advances of the research in Digital Twins (DT) consider
the application of DT to urban mobility. In this case advanced algorithms are
required in order to use sensor data to calibrate traffic simulation model [3].

Several sources of data can be integrated in order to improve the underlying
digital twin models. In this work we deal also with occupancy data. [4] describes
different technologies and different applications of using data for occupancy pro-
files. The possibility to integrate these data to forecast mobility behavior of
people but also occupancy has been deepened in [2].
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2 Methodology

We present an approach to integrate several sources of data in order to calibrate
mobility macrosimulation data for the development of a Mobility Digital Twin.

The methodology is based on the imputation of the data to the road graph
that is successively used for traffic simulation. The graph considers both real
data and simulation data; values assigned to arcs can be compared in order to
calibrate the model, but also to infer mobility behavior. Specifically, we use flow
sensors to monitor traffic generated by vehicles and pedestrians across various
sections of the road network. Additionally, we leverage data from a telecom
company that can detect the presence of mobile devices within a grid of 150x150
meters categorized by user profile, with high frequency (i.e., every 15 minutes).
Occupancy data cover all the urban area but is less precise than sensor data.
Our methodology considers the proportional imputation of presence to road arcs.
The allocation is done considering tiles crossed by each arc; then, for each tile,
the total length of arcs contained in that tile is cumulated. Finally, for each arc
and for each crossed tile, the imputation percentage of occupancy is computed.
The procedure can be adjusted considering the class of the arcs (e.g., single lane,
high speed, and the like).

After allocating on the road graph all the multi-sensor data, regression models
are used to relate sensor and occupancy data. Features considered are: time span,
day of the week, arc id, data allocated, type of arc, urban zone type, and tile
density, as expressed by the number of Points of Interest.

3 Results and conclusion

We tested the approach on the road network of the city of Matera. Data from
TIM cellular network and road sensor data coming from standard counters based
in infrared and cameras, and traffic-restricted zone surveillance cameras and
combined. Regression models are used on a subset of location of the network are
used to extend traffic flow calibration and refinements to the rest of the network
with a good degree of precision.

Current tests comprise the projection of presence data from tiles to arcs of
the network, based on the actual proportion of the arc covered by one or more
tiles.

Multiple regression results with occupancy and hour of the day as indepen-
dent variables show promising R2 coefficient, often above 0.80. Figure 1 shows
simple regression lines for a subset of points of the network where both sensor
data and mobile presences are present (the latter are projected onto arcs as
described above). Two locations for each type of sensor (infrared, radar, LTZ
radar) are presented.

Future works will consider comparison among different models, and integra-
tion of other territorial information, as type of buildings, and use type.
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(a) Simple regression for Infrared pedes-
trian - Sensor 40005199

(b) Simple regression for Infrared pedes-
trian - Sensor 40005207

(c) Simple regression for vehicular radar -
Via Lucana

(d) Simple regression for vehicular radar
- Via Dante

(e) Simple regression for LTZ radar -
Prefettura

(f) Simple regression for LTZ radar - Sassi
D’Addozio

Fig. 1: Regression between sensors data and Mobile occupancy from tiles.
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