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Abstract. Transport systems are increasingly complex and are made of
more and more connected entities. It becomes critical to develop micro-
simulation tools to understand the new transport systems dynamics.
However, the data for building mobility simulation are quite hard to
get, and simulations on new areas are not easy to set up. In this paper,
we propose methods for building a realistic data environment for multi-
modal mobility simulators. We also propose a method to integrate travel
patterns (patterns of travelers’ origins and destinations). The methods
presented in this paper can be used when dealing with new areas for
which we have few and incomplete data.

1 Introduction

The development of new information and communications technology contributes
to the emergence of a new generation of multimodal real-time services that as-
sist travelers throughout their trip (mobile devices, localized vehicles, trackable
goods, etc.). These information flows increasingly impact travelers behaviors and
the traffic generated by their local decision making. In this context, dynamic sim-
ulation of travelers mobility is a crucial step for understanding, analyzing and
predicting this evolving dynamics of transport networks.

The multiagent paradigm is relevant for the simulation of urban transport
systems [1]. It indeed facilitates an approach by analogy in the transport domain
which one of the objectives is the coordination of distributed entities [2]. This
is why the multiagent approach is often chosen to model, solve and simulate
transport problems [3]. The authors in [4] list several reasons for the privileged
use of multiagent systems in these applications, such as the natural and in-
tuitive problem solving, the ability of autonomous agents for the modeling of
heterogeneous systems, the ability to capture complex constraints connecting all
problem-solving phases, etc. Indeed, the concept of an agent is well suited for
the representation of travelers in transit or road traffic scenarios [5]. They are



autonomous entities which are situated in an environment, adapt their behaviors
to the dynamics they perceive and interact with others agents in order to achieve
specific goals. For Parunak [6], “Agent-based modelling is most appropriate for
domains characterized by a high degree of localization and distribution”, which
is the case for complex and dynamic transport applications.

We have designed and implemented the multimodal travel simulator SM4T
(Simulator for Multiagent MultiModal Mobility of Travelers) in the context of
the EC-funded project Instant Mobility [7]. The simulator allows for the under-
standing and the prediction of future status of the networks and it can be also
used for testing new applications that track individual travelers. For instance,
it has been used to evaluate the impact of individualized real-time data on the
behaviors of traveler agents [8]. SM4T is a fully agent-based tool for multimodal
travelers mobility. It enables for the rapid prototyping and execution of sim-
ulations for several kinds of online applications. The application simulates the
movements of travelers on the different transport modes and networks while tak-
ing into account the changes in travel times and the status of the networks. Since
it assumes the continuous localization of travelers, SM4T can notably simulate
and evaluate the impact of a wide range of community transportation apps,
such as user-submitted travel times and route details, community-based driver
assistance, community parking, etc.

However, multimodal mobility simulators such as SM4T need a lot of data
about the considered geographic region and the different existing transport
modes. For instance, SMAT has been deployed on the city of Toulouse (France)
with the geographic data of the city, the description of the road network, the
description of all the available public transport network, the timetables of the
vehicles, etc. These data were made available to us from the operating support
system of public transport operators and from road transport support systems
of road transport operators. This great amount of data of different nature lim-
its the applicability of multimodal mobility simulators to new areas. To this
end, this paper focuses on building a realistic data environment for multimodal
mobility simulators in the absence of access to these proprietary data. We also
propose a method to integrate travel patterns (patterns of travelers’ origins and
destinations) in these simulators.

The remainder of this paper is structured as follows. In section 2, we dis-
cuss the choice of the simulation platform and previous proposals for travelers
mobility simulation. In section 3, we briefly present SM4T. Section 4 presents
the methods to use when dealing with a new area to simulate. In section 5, we
describe some experiments before to conclude and describe some further work
we are conducting.

2 Related Work

There exists several multiagent simulators for travelers mobility. For instance,
MATSim [9] is a widely known platform for mobility micro-simulation. How-
ever, the mobile entities in MATSim are passive and their state is modified



by central modules, which limits its flexibility and its ability to integrate new
types of (proactive) agents. Transims [10] simulates multimodal movements and
evaluates impacts of policy changes in traffic or demographic characteristics.
AgentPolis [11] is also a multiagent platform for multimodal transportation.
The proposals of this paper might profit to these platforms since they also re-
quire the same kind of information than SM4T. SM4T has been developed on
top of Repast Simphony [12]. In the context of transportation applications, one
main choice criterion for the simulation platform is its ability to create geospa-
tial agent-based models, i.e. its ability to integrate and process geographic data.
Among all the available simulation platforms that would fit with our require-
ments (e.g. Gama [13]), Repast is the most mature one.

3 The SMAT Simulator

The purpose of SMAT is to represent travelers (drivers and passengers) and
transport means (public transport vehicles and private cars) in a micro-level and
to simulate their dynamic movements and their interaction (tracking, planning
requests, plans update, etc.). In the following, we briefly describe the simulator,
a more detailed description can be found in our previous paper [7].

The multiagent system is made of planner agents, car agents, public trans-
port vehicle agents and traveler agents. The planner agents compute the best
road itinerary for the car agents and the best multimodal itinerary for the trav-
eler agents based on the latest status of the networks. The calculation method
has been detailed in [14]. A planner agent is created when an agent request is
submitted to the system, and leaves the system right after.

Each car agent has an origin and a destination when created, which are
chosen randomly. The agent asks the planner for the best itinerary between his
origin and his destination. At each simulation tick, the car agent checks if he has
reached his destination. If so, he leaves the simulation.

The origins and the destinations of the public transport vehicle agents are
provided by the predefined timetables. When created, each vehicle agent infers
his itinerary from his timetable. If there are passengers onboard, they are moved
to the same coordinates at the same time by the vehicle agent. That means that,
when they are onboard a vehicle, traveler agents delegate the control of their
movements to the vehicle agent. While the vehicle agent has not reached his
destination, he travels at each tick the allowed distance, following his current
speed. When the vehicle reaches a stop, he searches among his onboard travelers
who has to leave at this stop. Then he searches among the waiting travelers at
the stop who has to take him.

As for car agents, the origin and destination of the traveler agent are chosen
randomly. When they are not walking, traveler agents do not travel on their
own, but share rides with others, which are responsible of their movements. The
traveler agent alternates between walking and waiting for a vehicle.



4 Network Data

As for any multimodal mobility simulator, SM4T needs a minimal set of data to
function properly. The minimum input data (xml files) of the simulator are:

the road network,

— the public transport network,

— the transfer mapping,

the timetables of the public transport vehicles,

Optionally, the simulator might use travelers profiles and use them to infer
certain agents characteristics (pedestrian speeds for instance). In the first version
of SMA4T, all these data were made available to us from the transport operators
of the considered area (Toulouse, France). When considering new areas, these
data have to be approximated otherwise.

4.1 Road Network

The road network is a description of the roads, crossroads and driving directions.
Apart from the geographic description of the roads, mobility simulators need to
have a mapping between traffic flows (vehicles/hour), the traffic density and the
speeds. Indeed, to make vehicles move in a realistic way, they should not always
move in free-flow speed, but should slow down when traffic becomes dense.

When dealing with a new territory, the geographic description of the network
can be found in the form of free editable maps (such as OSM). However, the
mapping between the number of vehicles and the speeds is generally missing
in these maps. To make vehicles move in a realistic way, we approximate this
mapping by analogy from data that we have about other areas. The objective
is to have a realistic triangular fundamental diagram of traffic flow that gives
a relation between the flow ¢ (vehicles/hour) and the density k (vehicles/km).
The fundamental diagram suggests that if we exceed a critical density of vehicles
kc, the more vehicles there are on a road, the slower they will be. Here is the
equation we use to model this phenomenon:

This equation is parametrized with a the free flow speed on this road, B the
congestion wave speed and k. the critical density. As v = %:

B a ifk <k, (1)
V= Mifk>kc

Thus we can define a cost function that returns a travel time per distance
units (1/v) in function of the number of agents |A.| on this edge:

a if [Ao| <k
A

i 2
e if A > ke (2)

cost(JA.]) = {

When a car agent joins an edge of the network, his speed is calculated fol-
lowing the equation above. Another method for defining a realistic behavior of
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Fig. 1. Fundamental diagram with o = 112,5, 8 = 12,5 and k. = 40. (left). Speed in
function of density (right).

cars flow is to specify drivers behaviors that depend of the surrounding cars be-
haviors, generally using a car-following model. Such model would need however
a great number of parameters. Including car-following behaviors in SM4T is one
of our ongoing works.

4.2 Public Transport Network

A public transport network is composed of two elements. The first element is the
network, which is described by a set of transport lines, each of them composed
of a set of itineraries, each itinerary is composed of a sequence of edges, each
edge has a tracing in the form of a sequence of pairs (longitude,latitude), and
is composed of an origin node and a destination node. Finally, every node is
defined by its name and coordinates. The second element is the timetables of
the vehicles, which describe the paths of the vehicles and the corresponding visit
times. Each timetable is then a sequence of pairs (stop,time).

When not available from the public transport operator, these data are quite
hard to recreate. However, increasingly, we can find some open data describing
the network in terms of lines, but without the itinerary details, and without the
geographic tracing between the stops. To approximate the geographic tracing
between stops, we define the following procedure, using the road network defined
in the previous subsection:

1. find the road transport edge to which the origin and destination stop belong.
If a stop doesn’t belong to any road, find the closest road to it,

2. compute a road shortest path between the two roads,

3. get the geographic tracing of the shortest path and add it as a tracing of the
edge.

After several tests, we have verified that this method gives a quite accurate
description of the public transport network.

To recreate the timetables, the frequencies of the lines have to be found. The
general public web portals of the operators can be used. By submitting transport
requests at several times of the day (peak and off-peak), frequencies can be



approximated. We create vehicles departure times following the description of
the lines accordingly, and with visit times at the stops that are coherent with
the geographic tracing that we have defined in the previous step.

4.3 The transfer mapping

The transfer mapping is a table informing about the stops of the network for
which a transfer by foot is possible and the road transport nodes that are reach-
able from the stops. This mapping is very important because passengers start
and end their trip on the road network (while the main part of their trip is on
the public transport network). They thus have to pass from one network to an-
other. To recreate this file, we start at each stop of the public transport network
and look for all the reachable stops and nodes (crossroads) that are at most 500
meters away.

4.4 Travel Patterns

A travel pattern clusters the considered geographic region in zones and describes
the number of persons asking to leave or to join each region. Travel patterns are
very important because they allow to have a simulation that mimics more realis-
tically the mobility behaviors of cars and passengers. In order for the simulator
to integrate travel patterns, we propose the following procedure.

VAVAVA Z,2|Z3
Zi04]2
Z110|814
AP 21201
Zi 2]0]0 Z|1]01]0
. _ Table 2. Example of S matrix with |A| =
Table 1. Example of D matrix (N =3) 10 and [M] =20

Let the travel pattern for the considered period of time in the form of a
matrix D = {(d;;)} of dimension N x N with N the number of regions; d;; is the
number of persons traveling from zone i to zone j. For instance, in table 1, the
number of travelers in the travel pattern is M = 20, 8 are going from zone 1 to
zone 2, 4 are going from zone 2 to zone 1, 2 ar going from zone 3 to zone 1,
etc. However, the number of actually simulated agents A is not necessarily equal
to the number of persons M in the travel patterns. Our objective is to generate
non-deterministic simulated origins and destinations that are proportional to
the travel pattern. To this end, we first create a matrix S = {(s;;)} of dimension
N X Nj; s;; is the number of simulated agents that will be traveling from zone i
to zone j, sij = d;j X %, where A is the number of simulated agents and M the
number of actual travelers in the pattern, i.e. M = Z?/:O ):1}’:0 dij. Based on S, a
dynamic mapping table P is created (cf. Table 3). The P table maps intervals



with (zoneorigin, 20n€gestination) pairs. The length of the interval is proportional to
the current relative weight of the zones pairs in §. When an agent is generated
with an origin belonging to Z;, and a destination belonging to Z, the (Z1,2;)
cell in § is decremented and P is updated accordingly (cf. Table 3).

Interval Origin- |Interval length Interval Origin- |Interval length
Destination| calculation Destination| calculation
[0%,40.00%] | Z -2, & [0%,33.33% | Z, -2 3
[40.00%,60.00%[| Z; — Zs # [33.33%,55.55%]| 7 —Zs 3
[60.00%,80.00%[| Z,—Z, # [55.55%,71.77%|| 7, —Z, 3
[80.00,90.00%] | 7, —73 o [77.77,88.88%] | 7o —73 3
[90.00%,100%[ | 73 — Z, = [88.88%,100%[ | Z3 —Z, 3
Table 3. Example of P table Table 4. P after the choice of (Z1,Z;)

At each tick of time, the simulator generates a number of new traveler agents
for which we have to define an origin and a destination. For each new traveler
agent, a random number p € [0, ..., 1] is chosen and P is used to choose the origin
and destination zones. Let’s say that p = 0.15, then following the P table in Ta-
ble 3, the Z; —Z, pair is chosen for the agent. The origin is then chosen randomly
in Z; while the destination is chosen randomly in Z,. The new P table is given in
Table 4 and the probability to chose that pair of zones again becomes lower (%)
This way, even if the origin and destination are chosen nondeterministically, the
chosen origin and destination zones remain proportional to the travel pattern all
along the simulation.

However, travel patterns are usually defined after long surveys on big geo-
graphic regions, while the simulations often concern smaller areas. That means
that we will have a huge D matrix with zones pairs that mostly do not concern
the considered area. We could simply consider the submatrix D' C D with zones
pairs in the considered area, but in this case, we would have underestimated
volumes in D'. Indeed, four cases for the values d;; € D are possible:

1. both i and j are in the considered area
2. i is the considered area but not j

3. j is the considered area but not i

4. neither i nor j are in the considered area

For the first case, d;; are simply copied in d; ;» since these volumes completely
concern the considered area. For the second case, we should add d;; to a certain
cell d}, where k is in the considered area. To do so, we execute a shortest path
from the centroid of zone i to the centroid of zone j and report the sequence of
zones i,...,k,...,jthat a traveler going from i to j would visit: & is the last zone in
the considered area. The volumes in d;; are then added to d;. A similar procedure
is followed for the third case, where we add d;; to the cell d,’cj where k is the first
zone in the zones shortest path sequence i,... k..., j. For the last case, we could



think of ignoring them, since neither the origin nor the destination zone are in
the considered area. However, some travelers, even if they are not departing from
nor arriving in the considered area, could pass by the considered area, and should
therefore be considered in the simulation because they impact traffic. Again, we
execute a shortest path and report the sequence of zones i,...,k,...,[,...j that
a traveler going from i to j would visit: k is the first zone in the sequence that
is in the considered area, while [ is the last zone in the sequence that is in the
considered area; dy is added to dj;.

Figure 2 summarizes the transformation process of the travel pattern. On the
left, we have an example of the three last cases of travelers flows: an incoming
flow to the considered area, an outgoing flow and a traversing flow. On the right,
we have the result of our procedure with a restriction of the travel pattern to
origin and destination zones of the considered area.
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Fig. 2. Restriction of the travel pattern to the considered area (grey zone)

5 Experiments and results

We demonstrate the use of the SM4T simulator on a new area, for the Paris-
Saclay region, France, for which we have built a realistic data environment. For
public transport network, we have partially relied on open data! with GTFS?
format. GTFS defines a common format for public transportation schedules and
associated geographic information. These data represent all the Ile-de-France, we
have extracted those that match with the simulated region. We have also travel
patterns for all the Ile-de-France?. We have used all the procedures described
in this paper to build the data environment of the simulator. The result is a
road network with 23,594 roads, a public network with 7,431 stops and 7,431

L provided by the STIF : the organizing Authority of sustainable mobility in the Ile-
de-France

2 General Transit Feed Specification

3 Provided by LVMT Lab from MODUS model which was developed in collaboration
with DRIEA-TF



edges. We have simulated 18,178 buses, 30,000 cars and 30,000 passengers. A
screenshot of our current simulation is in Fig. 3 (blue squares are buses, pink
circles are cars and black crosses are pedestrians).

Fig. 3. Simulation Execution (cars: pink circles, travelers: black crosses, buses: blue
squares)

The validation of the simulated dynamic status of the network is very impor-
tant. For a multimodal traffic simulator, the simulated traffic status have to be
confronted with the real traffic. This is however a very difficult process, because
the data are difficult to get from the transport operators, and general public
real-time information only concern main streets and highways and generally no
information about public transport vehicles positions and occupancy is provided.
We are currently investigating methods to validate the simulation results.

6 Conclusion and Perspectives

In this paper, we have focused on the reconstruction of input data needed for
a multimodal mobility simulator and built a realistic data environment for it.
This realistic data environment could be used by any other mobility simulator.
We have applied these methods on the SM4T simulator with a new territory to
simulate: the Paris-Saclay region. Now that we have a running simulation on this
territory, the next step that we want to explore consists on testing new services
on it. For instance, we are investigating the provision of an autonomous vehicles
service and evaluate its impact on the surrounding traffic.
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