N

N

MOSAIIC: City-level agent-based traffic simulation
adapted to emergency situations

Guillaume Cgzura, Patrick Taillandier, Pierrick Tranouez, Eric Daudé

» To cite this version:

Guillaume Czura, Patrick Taillandier, Pierrick Tranouez, Eric Daudé. MOSAIIC: City-level agent-
based traffic simulation adapted to emergency situations. International Conference on Social Modeling
and Simulation 2014, Nov 2014, Kobe, Japan. 9 p., 10.1007/978-3-319-20591-5_ 24 . hal-02743352

HAL Id: hal-02743352
https://hal.inrae.fr /hal-02743352
Submitted on 3 Jun 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est

archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Copyright


https://hal.inrae.fr/hal-02743352
https://hal.archives-ouvertes.fr

Chapter 24
MOSALIIC: City-Level Agent-Based Traffic
Simulation Adapted to Emergency Situations

Guillaume Czura, Patrick Taillandier, Pierrick Tranouez, and Eric Daudé

Abstract In this paper, we present MOSAIIC, an agent-based model to simulate the
road traffic of a city in the context of a catastrophic event. Whether natural (cyclone,
earthquake, flood) or human (industrial accident) in origin, catastrophic situations
modify both infrastructures (buildings, road networks) and human behaviors, which
can have a huge impact on human safety. Because the heterogeneities of human
behaviors, of land-uses and of network topology have a great impact on the traffic
flows, the agent-based modeling is particularly adapted to this subject. In this paper,
we focus on the new traffic model itself: the way geographical data is used to build
a network, the various behaviors of our agents, from the individual to the collective
level.

24.1 Introduction

Nowadays, traffic simulations are often used by urban planners to make decisions
concerning road infrastructures. Many models have been developed these last years.
These models are grouped according to their levels of representation: macroscopic
[1], mesoscopic [2], microscopic [3] and nanoscopic [4].

A modeling approach that is particularly well-fitted for micro-simulation is
agent-based modeling. It allows to consider the heterogeneity of driver behaviors
and to take into account the global impact of local processes.

Such approach is increasingly used as many frameworks allowing urban planners
to easily build their own scenarios (MATSIM [5], SUMO [6], AgentPolis [7]) are
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shortest paths and to move agents on a polyline networks. At last, it integrates an
extension dedicated to fine-scale traffic simulation [15].

24.2.1 Structure of the Network

A key issue for our model is to be versatile enough to be usable with most of classic
road GIS data, in particular OSM' data. We choose then to use a classic format for
the roads and nodes (Fig. 24.1). Each road is a polyline composed of road sections
(segments). Each road has a target node and a source node. Each node knows all
its input and output roads. A road is considered as directed. For bidirectional roads,
2 roads have to be defined corresponding to both directions. Note that for some GIS
data, only one road is defined for bidirectional roads, and the nodes are not explicitly
defined. In this case, it is very easy, using the GAML language, to create the reverse
roads and the corresponding nodes (it only requires few lines of GAML).

A road can be composed of several lanes (Fig.24.2). The vehicles are able to
change at any time its lane and even use a lane of the reverse road. In this case, the
vehicle “cross’ the road (for example going from Road 2 to Road 1 in the Fig. 24.1).
Legal speed is another property of the modeled road. Note that even if the user of the
model has no information about these values for some of the roads (the OSM data
are often incomplete), it is very easy using the GAML language to fill in the missing
values by a default values. It is also possible to change these values dynamically

Road 4
\ Road 3

Road 2
O — Linked road: Road 1
Road 1
—Pp road Linked road: Road 2 ®

Fig. 24.1 Roads and nodes description in the model

!OSM: OpenStreetMap.
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24.2.3 Dynamics of the Model

One step of the simulation represents | s. The dynamics of the model is based six
consecutive steps:

. Each road agent computes the potential traffic jams

. Each traffic signal compules its new state.

. New drivers arrive in the simulation

. Drivers that do not have a path to reach their destination (or that should

recompute them owing to changes in their context) compute it.

5. Drivers drive toward their final target. Note that the driving step is asynchronous.
agents move one after the other. The order of activation of the driver Agents
depend on their distance to the end of their corrent road: the drivers closer to the
road end are activated first.

6. Drivers that reach their final target are removed from the simulation

b b —

24.2.3.1 Traffic Jam Management

Each road has the capability to compute the traffic jams on it. A traffic jam is
defined as the presence on the road of at least number_threshold drivers of which
the speed is inferior to speed threshold. The number_threshold variable depends on
the capacity of the road (will be lower for a small road than for a long road) and the
speed_threshold variable on the max_speed on the road. A traffic jam becomes real
for drivers if it exists for at least time_threshold.

24.2.3.2 Traffic Signal Update

Each traffic signal (only traffic light in our model) update its state counter.

24.2.3,3 New Driver Arrival

According to the current time and the data provided, a certain number of drivers
are created. We assume that the model user has data (scenario) concerning the
number of drivers departing at each period of time (for instance, there are often
more drivers departing at 8AM than at [1PM). These drivers are located on one
of the nodes according to the scenario data. Indeed, we assume here that the user
has also data concerning the Origin and Destination of drivers. According to this
data, a probability to use each node as an origin is computed and used to define the
initial location of each new driver. In the same way, a probability to use each node
as a destination according to a given origin is computed and used to define the final
target of each new drivet, :
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set remaining_time to 1 ]

define the new target I—

it is possible

to cross the »> Else
intersection s ;

to reach the remaining_time > 0

next road

| define the speed expected ]

try to cross compute the remaining
the intersection time after moving
b

y Else toward the target

target reached \J\>

Else
final target
reached

:%

Fig. 24.3 Agent driving action algorithm

from which the agent feels safe). If there is one, it tests its probability to respect
this priority. If there is no vehicle from the right roads or if it chooses to do not
respect the right priority, it tests if it is possible to cross the intersection to its target
road without blocking the intersection (i.e. if there is enough space in the target
road). If it can cross the intersection, it crosses it; otherwise, it tests its probability
to block the node: if the agent decides nevertheless to cross the intersection, then
the perpendicular roads will be blocked at the intersection level (these roads will be
unblocked when the agent is going to move).

Concerning the movement of the driver agents on the current road, the agent
moves from a section of the road (i.e. segment composing the polyline) to another
section according to the remaining time and to the maximal distance that the agent
can moves (Fig. 24.4). For each road section, the agent first computes the initial
remaining distance it can travel according the remaining time and its speed (i.e.
max distance it can travel if there is no other vehicle). Then, the agent computes
its security distance (i.e. minimal distance to the next vehicle from which the
agent feels safe) according to its speed and its security_distance_coeff. While its
remaining distance is not null, the agent computes the maximal distance it can travel
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Fig. 24.5 MOSAIIC traffic model applied to Rouen agglomeration, France

models the road infrastructures and traffic signals, the lane changes of the drivers
and their respect of norms. In comparison to the use of existing traffic simulation
frameworks, the advantage of our model is to enable modelers to easily define
models adapted to their application context.

We plan to enrich the model in order to make the driver agents more cognitive,
in particular concerning their choice of path and their adaptation to the their current
context in emergency situation. For this, we plan to give the driver agents a BDI
architecture that can be based on [17, 18].

If the model is already capable to simulate tens of thousands of driver agents,
we plan to improve its efficiency by using High Performance Computing and in
particular distribution on GPU to enable large scale simulations with millions of
driver agents.

At last, we plan as well to develop new tools to help people to prepare their data.
The goal will be to offer the possibility from incomplete OSM data to automatically
fill the missing attributes, and to create a consistent network (with its infrastructure
and traffic signals). A particular attention will be brought on traffic signals and traffic
lights.
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