N
N

N

HAL

open science

Towards Urban Traffic Regulation Using a Multi-Agent
System

Neila Bhouri, Flavien Balbo, Suzanne Pinson

» To cite this version:

Neila Bhouri, Flavien Balbo, Suzanne Pinson. Towards Urban Traffic Regulation Using a Multi-Agent
System. Progress in Artificial Intelligence, 2012, 1 (2), pp.139-147. 10.1007/s13748-012-0011-0 . hal-

01273420

HAL Id: hal-01273420
https://hal.science/hal-01273420
Submitted on 19 Feb 2016

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-01273420
https://hal.archives-ouvertes.fr

Towards Urban Traffic Regulation Using a
Multi-Agent System

Neila Bhourit, Flavien Balbd"? and Suzanne Pinsoh

Abstract: This paper proposes a bimodal urban traffic cdrdtrategy based on a
multi-agent model. We call bimodal traffic a traffivhich takes into account pri-
vate vehicles and public transport vehicles suchuases. The objective of this re-
search is to improve global traffic and reduce tihee spent by buses in traffic
jams so that buses cope with their schedule. Redumis delays is done by study-
ing time length of traffic lights and giving pridyito buses, more precisely to bus-
es running late. Regulation is obtained thanksdmrmunication, collaboration
and negotiation between the agents of the systdmm.ifiplementation was done
using the JADE platform. We tested our strategya@mall network of six junc-
tions. The first results of the simulation are praed. They show that our MAS
control strategy improves both bus traffic and atévvehicle traffic, decreases bus
delays and improves its regularity compared toassital sategy called fixed-
time control.

1 INTRODUCTION

To improve route times of public surface transpota(bus, tramways, shut-
tles, etc.), cities often use regulation systenjarattions that grant priority to ve-
hicles. These systems are referred as Urban Tren§uomtrol (UTC) systems.
Usually these systems are equipped with bus pyiofite aim of these strategies
is to increase the average speed of private vehadewell as public transport ve-
hicles allowed to cross a junction.

The use of these systems is efficient when tradfight or when they are used
to improve a single congested bus route. Howeegtyaing the time of bus jour-
neys, although very important for operating a rpiganot the primary factor con-
sidered by public transport operators whose ohbgais to provide passengers
services e.g. keeping interval between buses. Ke tato account the public
transport vehicles specificity, TRSS (Transportatiegulation Support Systems)
were developed. TRSS systems follow a micro-reguiabased approach i.e. an
approach that models the behavior of each bugdJL][7]. One of the weaknesses
of these systems is that private vehicle traffisflis hardly taken into account. If
it is taken into account, this is only as an exdéparameter that modify the route
times of buses. Another weakness is that traffjotimanagement which is one of
the key factors of traffic jams and bus delaysiasincluded in TRSS systems



Our objective is to build a traffic control strajefpr bi-modal traffic that is
able to regulate both private vehicle traffic andblpc vehicle traffic. Classical
control theory used to regulate bi-mode trafficlffimiand private vehicles) is con-
fronted with the modeling problem. Traffic flow che modeled at a macroscopic
or at a microscopic level. Microscopic modelingattis modeling the behavior of
each bus, is time-consuming, and it is therefoteasdl adapted to build real time
control strategies for wide urban networks. Macopéc modeling, that is model-
ing traffic flows, has been used in [4], [5]. ke systems the objective is to re-
duce the time spent in traffic jams so that busspect their schedule. However,
macroscopic representation of buses does not aflore than an indirect consid-
eration of the intervals. In [12] a hybrid modelsmased: macroscopic modeling
for private vehicles and microscopic modeling fablic transport. The complexi-
ty of bimodal traffic regulation strategies showue timits of these classical mod-
eling approaches.

Multi-Agent modeling can be a suitable answer ts giroblem. We note that
multi-agent systems are increasingly present infigfld of traffic regulation [1]
[2] [10] [11] [13] [14] and [15]. The problem ofaffic lights coordination on the
thoroughfares of the route network has been studigd, [9], [10], [11] and [15].
The regulation system represented in [16] is rdl&tetraffic assignment using ne-
gotiation between vehicles and junctions. In [#@ #uthors present agent-based
traffic control mechanisms to control both cars #nadfic lights. However, these
mechanisms do not take into account bus traffic anfrtiori, control strategies
that give priority to buses. None of these systémhide bimodal regulation as
well as strategies to give priority to buses, agéanetwork where traffic is dense
and where macroscopic as well as microscopic régul&as to be taken into ac-
count. To answer these shortcomings, we have deedla first prototype that
shows promising results [6].

The second section describes our network modehdrihird section, the iden-
tification of each type of agents is explainedtia fourth section we present the
orchestration mechanism between agents and how egjeractions allow model-
ing the regulation process at a micro and a mamrel| A detailed description of
agents, their attributes, their objectives, as waelcommunication and collabora-
tion protocols is given in section five. The sis#ction provides the first results of
the simulation tests carried out on the Jade platfé-inally, we conclude in the
seventh section.

2  Network modeling

In our model, the urban network is representedrbgréented grapks. The set
| represents the intersections (or junctions) amrds#tA represent the arcs that
connect the intersections. Two intersections camdrmected by one or several
arcs depending on the number of lanes on the tijbfate.



An arc is characterized by two types of information

« Satic information: its length (in meters), its capacity (the maximum number
of vehicles on arcin private car unit (in pcu)), its saturation autd (the max-
imum output of exits from the given arc (in pcutsed)).

e Dynamic information: the numben of vehicles on the arc (in pcu)the aver-
age speed of the vehicles (in pcu/secobdhe number of buses atfdhe time
necessary to evacuate the vehicles on the arc.

By private car unit (pcu), we mean that all vehsata the arc are converted to
their equivalent in private vehicles, for examplbus is 2.3 pcu depending on its
length, a truck can be 2.3 or 4 pcu and so on.

An intersection is specified by a set of stagestage contains a sEtof enter-
ing arcs corresponding to compatible streams oicleh These streams are com-
patible because they can safely cross the intéosesimultaneously, else they are
called antagonistic. A signal cycle is a repetitafrthe basic series of signal com-
binations at an intersection; its duration is ahtlene cycle. A stage is a part of the
signal cycle, during which one set of streams ligl#t of way. The set of stages
represents the configuration of the junction (tkengitted movements and turns).
Determining the stages is a task executed offlipaghe traffic experts. In our
model, a stage is therefore defined thanks tdates § its durationt and anindex
that gives its priority.

Our model is describeid BNF notation.

G:=<Il,A>

I::= {Intersection}
A::={arc}

arc:=<l,c,d, n,v, b, tH>
I::= meter

C::= pcu

d:: pcu/second

n::=pcu

v::= meter/second

b::= integer

tf::=second
Intersection::= { st age}
stage::=<E, st, t, index>
E::={arc}

st::= red| green| orange
t::=second

index::= integer

Model 1: Network Data Model.




In order to represent the different features ofeawonrk component, we use
pointed notation. For example, the number of busearci belonging to the stage
sa is writtensa.i.b, withi O sa.E.

A
-
-

‘ﬂ

=

4 arcs and two stages S1, S2. S1 allow .
for the clearing of the arcs al and a3,
because the entry flow al and a3 car
leave the junction at the same green ligh
period. Similarly, S2 clears arcs a5 and

as. . 1__. _[ l _

S1 S2

Fig. 1: Example of an intersection with = H

The network is used by a number of bus routes. Bashroute is defined as the
number of buses from the same origin and in theesdinection, and that service a
number of predefined commercial bus stops at regui@e intervals. The time
spent by a bus at a commercial stop is equal tptéeset time for passengers to
mount, plus additional time to regulate the int&rifaequired.

3. Agent modeling

In order to identify agents and design the MAS,rejgresent an abstraction of
the real system; for every entity of the real wasldssociated an agent in the vir-
tual world to form a Multi-Agent System (MAS). Hogenous agents are called
“agent-type”. Each agent-type is defined in théofeing way:

Agent-type::= <id, pk, behavior, communication>
id::= integer
communication::= send | receive

Model 2: agent-type model

pk andbehavior correspond respectively to agent private knowlealyd agent
behaviors; their values are defined for each atygrd, for examplepk=<E, 4, t,
index> for a Stage agent. Communication primitives enaglents to communi-
cate. The primitivesend (receive) enables an agent to send (to receive) a message.
Performatives have the same meaning as FIPA-ACfopeatives (see Model
3).

1 http://www.fipa.org.



message::=<performative, content, sender, receiver>
performative::= inform | cfp | propose | request
sender::= integer

receiver::= integer

Model 3: Communication model
The developed MAS is made up of the following aggpes:

Intersection Agent (IA): it is the key agent of our architectureidtin charge
of controlling an intersection with traffic lightand of developing a traffic signal
plan. The intersection agent modifies the planmfghe lights according to data
sent by approaching buses.

Stage Agent(SA): the traffic signal plan is elaborated thatdshe collabora-
tion of the junction and the corresponding stagentgy Each SA determines the
optimal green light split to clear the waiting velbs on the arcs concerned by the
stage. Thus, whatever the complexity of the jumcigo(and its physical configura-
tion), it is managed by a set of stage agentsadnterg with the junction agent in
order to develop a plan of actions for the trafifibts.

pk::= <s>
s:: =<E, st, t, index>
behavi or:: = <optim ze- st age>

Model 4: Stage Agent model

Bus Agent(BA): it represents a bus in the real world. ftaoiates from one arc
(current) to another rfext) and communicates with its Bus Route Agedgq).
For each arc, it has the arc description and thedf ttie related intersection agents
(id;p). A bus halts at commercial stops, halts at rghtd and obeys the instruc-
tions of the bus route agent (behawstopRegulation). The objective of each bus
agent is to minimize the time spent at traffic tgyln order to minimize journey
times (behavioirafficLightRegulation) .

pk::= <current, next, priority, idgr>

current::= <a, ids

next::= <a, id >

a::= arc

i dgra: : = i nteger

ida::=integer

behavi or:: = <stopRegul ation, trafficLightRegul ation>

Model 5: Bus Agent model



Bus Route Agent(BRA): bus agents can only provide a local vievitedir en-
vironment, more precisely, only the journey covebgdthe BA. Thus, local opti-
mization carried out by bus agents can have a ivegapact on the route, nota-
bly on its regularity (i.e. the formation of busemes or bus gaps). To tackle this
problem, we propose an agent who has a global wviethe bus agents on the
route, and who can control and modify their behainicorder to guarantee an ef-
ficient and regular service.

4. Multi-agent interaction: the traffic regulation process

Before getting on the details of the sequence tiéra that follows each agent,
we present the orchestration mechanism betweenagéets. The four types of
agents that we have defined and their interactalmsv the modeling of traffic
regulation at a micro level as well as at a maewell As said in our introduction,
few research projects have taken into account aweé bombined in a same sys-
tem these two levels of modeling. Figure 2 givegodal view of our proposition:

1. Stage agents are based on a macroscopic modelthg wéhicles because each
Stage Agent computes the green time it needs arniddex of urgency taking
into account global traffic flow expressed in pcu.

2. Bus Agents are based on a microscopic modelingpef/ehicles. The interac-
tion between the agents related to buses on theorletensures a micro-
regulation process. The Bus Route Agent applies rénjulation procedure to
each Bus Agent that is late or in advance.

3. The Intersection Agent ensuresmacro-micro bimodal regulation process. It
computes the plan of traffic lights according tateriteria: 1) the need of the
corresponding Stage Agents, which is based maaioscopic modeling of the
global traffic and 2) the priority requests of BAigents which are related to a
microscopic modeling of buses.

|
Macroscopic regulation process | Microscopic regulation process
1

1

Intersection Agent | Bus Route Agent

IBIMODAL

Iregulation
e ] e

Bus Agent1 S
Bus Agentn e

Stage Agent 1

~
Stage Agentm ‘4,?

_ Agent Interaction

Figure 2: Multi-agent Interaction



5. Description of agent behavior

Bus Agent (BA) In order to minimize the time spent at traffights the bus
agent interacts with interaction agents and itsanéhical superior agent (BRA).
All buses have to provide a regular service anddalsas queues, in other words,
the frequency of buses passing commercial stops$ ramgin stable. To achieve
this objective, the BA receives orders from the Bf# example, stay at the stop
for t seconds, if the bus is ahead with respetitegosition of the preceding bus).

Behavior of a bus agent: Let t;be the entering time of the bus agent which be-
haves in the following way:

L] When approaching a stop, the BA executes tbeRegulation behavior
(see Algorithm 1). It informs the associated BRAos# identification iSdggra.
The bus route agent then calculates the duraticheofegulation interval and its
level of priority and sends it to the bus agenfoBeleaving the stop, the bus must
wait during passenger loading time, as well asndutihe potential regulation time
(not taken into account in the algorithm).

stopRegulation::=

m:message

send(query, “priority”, id, next.id bra )
m =receive(inform, next.id bra )

priority = m.content

Algorithm 1: Bus Agent StopRegulation algorithm

L] When approaching a traffic light, the BA executsssttafficLightRegula-
tion behavior (see Algorithm 2) It sends a messagetigeve information from
the arc (the number of vehicles that precededt)ehgth, capacity, and exit output
of the arc).

With these data, the BA calculates a time-spacaa®igthat is transmitted to the
IA whose identification isd,, in order to prevent an eventual stop at the rgiat li
at the following intersection. The IA then attemfuissatisfy the demand (see in-
tersection agent below);

Calculation of a green light request. This calculation is specified by the interval of
time during which the green light is granted to &wtual arc so that the bus can
pass without stopping at the next junction. tdie the beginning time and =
t,+ & be the ending time of the requested intendli$ a constant value in
seconds). The calculation gfis carried out as follows: the bus enters theast
finds in the worst case vehicles ahead of it, the vehicles move to thficrights
lane to wait for the green light; the time to ewateuit istf. In order to continue



along its route, the queue of vehicles has to speised before it arrives. The
green light should thus be granted at the arceatithe:t, =ty + [/v —tf.

The requested interval together with other infoforafid-number of the bus,
its priority, the actual arc of the bus, the naxtta be traveled by the bus) are sent
to the IA (at the next intersection) who attemptsniodify the plan for the lights to
satisfy the request. The algorithrhi#low gives the exact behavior.

trafficLightRegulation::=

m: message, a: arc

send(query, current.a, id, id A)
m =receive(inform, id )

a = m.content

t p=t o+ (allav)—atf

send(request,
<ba.id, [t b,t p*+ot],current.a, next.a, priority>,
ba.id, next.id A)

Algorithm 2: Bus Agent trafficLightRegulation algor ithm

Intersection Agent (IA): The IA is the key agent of our architecture. TAe
supervises the group of stage agents (SA) wholmnlde togetheto establish a
plan for traffic lights. This plan will, on one hand, maximize the capacit the
junction and, on the other hand, attempt to satafyfar as possible, the requested
interval of buses. The IA use the static and dycadata (Model 6).

Satic data are the maximum value of the traffic light cyclECMAX = 120
seconds). For each cycle, there is an intervabstftime i.e. the period of orange
or all red. The all red light is a period duringiat all the arcs from the same
junction have a red light in order to clear thetoef the junction and thus pre-
vent accidents. This fixed period, in conformityttwthe architecture of the junc-
tion, does not depend on the length of the cytles fixed here to a two second
period after each stage.

Dynamic data are the list of received requested data from By (see Al-
gorithm 2) that have been processed in order thtfie useful information for the
Macro-regulation behavior and the data related to the stages. ieaglest is spe-
cified as follows:R = <s, t, te, priority>, wheres is the stage that will allow the
passage of the given bugthe time when the bus is expected to arrive atrtfe
fic light, t,, the time when the rear of the bus leaves theaadt finallypriority is
the level of bus priority defined by the bus roaigent (see section below on

2 Remember that the variables are written with gaimotation. For example
m.content means the content of messagéba.id means the id of bus agent
ba,a.l means the length of arc a.



BRA). Each stage is defined I, related to the intersection, its priorityriori-
ty) and the minimum time to evacuate the axes (

pk::= <S5, TCMAX, R>
S={<priority, t, ids>}

priority::=integer
t::=second
i dsa: : =i nt eger

TCMAX: : = second
R :={<sa, tp, te priority>}

sa::= stage

tp: : = second

te:: = second

priority ::=integer

behavi or:: = <macro-regul ati on>

Model 6: Intersection Agent model

At the end of each cycle, the IA triggers the pescef calculating the traffic
signal plan for the given cycle. This plan deteresithe duration of the green light
and the ranking of each stage. When the IA recaeavesjuest, it records it in the
database. The IA then decides to accept or to e@ehis request at timg. tThe
modification of a traffic signal plan following aiprity request by a bus is as fol-
lows: 1) Extension of a stage (delay or advancéfout exceeding the maximal
duration of a stage; 2) Introduction of a new stiage the plan.

Calculation of a traffic signal plan. The plan Plan) is calculated through the
collaboration of the Intersection agent (I1A) ané ttorresponding Stage Agents
(SAs). The IA plays the role of a manager in sujsamg the SAs that act as par-
ticipants (see Algorithm 3).

The 1A begins by forming a group of collaboratoadled collab_group includ-
ing the list of stage agents that needs to be nemhdg initializes the variablec
that controls the size of the calculated cycle.sBhds a messagequest to the
agents of theollab_group asking them for the time necessary to clear allvi-
hicles from their stages, beginning at instarEvery agent of theollab_group
calculates its desired green light duration andhdex that measures the urgency
of the stage. It sends these data to the managsain(plify we suppose that the
communication is synchronous) that updates its kedge about this agent using
theupdate( sa, response.content) procedureand the value of the du-
ration of the proposed cycld & d+ sa.t)).

When all the agents a@bllab_group have been updated,df> tc then the man-
ager has to solve a conflict using thenflict-resolution( col | ab-
group, tc) proceduresince the size of the cycle exceeds the maximum siz
Conflict is solved whem previously calculated becomes less or equat.tdhe
manager selects the most urgent stagpe £ argMax(priority, col -
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I ab_group)) . It sends araccept message to the stage agent in charge of oper-
ating this stage; It withdraws the correspondinggst agent fromcol -

| ab_gr oup; It updates the variabléx,t andPl an (updat e( Pl an, sa));
finally IA sends a request as longaaslab_group is not empty.

Macro-regulation::=

Plan = {}

col | ab-group=S

tc = TCMAX

t=0

Repeat {

d=0

For each (sa O col | ab-group){

send (request, <update, t> id, sa.ids).
response = receive(propose, sa .0 dsa)

update( sa, response.content)
d= d+ sa.t

}

while ( d> tc)

conflict-resolution( col I ab-group, tc)
sa = argMax(priority, col | ab_gr oup)

send(accept,"timeValue”, id, sa. i dga)

tc=tc— sa.t

t=1t+ sat

updat e(Pl an, sa)

col l ab-group = coll ab-group—-{ sa}
until(size(collab-group) = 0)
Return Plan

Algorithm 3: Computation of a plan of lights

Conflict resolution. When the sum of green light durations requestedtage
agents exceeds the size of the accepted value afyttle, the IA must restore this
sum to the maximal value of the cycle. To achievit aeduction, the IA nego-
tiates with the corresponding SAs using a ContkattProtocol. The cost ¢ of the
offer is the number of buses penalized if the steggnt reduces its duration 4f,
i.e. the number of buses that cannot pass thrchgghtersection duringt.

Stage Agent (SA) This agent has a collection of both static andadyic data
as described in Model 1: Network Data Model. Thegresent its internal state.
Satic data are the list of entry arcs, the list of arcs adtted to clear if the stage
is active (or green)
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Dynamic data are related to 1) the state of the stage: activieaztive; 2) the
duration of green light attributed to the stageths) starting time of stage execu-
tion. ‘Active’ means that traffic lights controliinthe arcs related to this stage are
green. Vehicles are therefore authorized to depart.

Behavior of the stage agent. The SA participates to the calculation of the tcaff
signal plan, and is in charge of fixing the optimakation of green light for the
given stage. When the stage agent is asked abeules$ired duration of green
light by the corresponding intersection agent, dbeation ¢ and an index; that
measures the urgency of the stage, are computetramimitted to the intersec-
tion agent. If the stage agent receives confirmatiom the IA, the stage agent
stops the process. If the stage agent receifs (gall for propose) with a cost c,
it computes an offer and sends it to the IA.

Calculation of the desired duration of the green light
The optimal duration of green light is computedtiy following formula:
Ni Ni * Li
T-maﬁﬂ} T =w 3 +(L Wi)-Ci*Vi
wherem=|E| is the number of entering arcs at the stghe time necessary to
clear ard, |; the length (in meter) of arcy, the average speed (in meter/second)
on arc i,n; the number of vehicles expressed in private cér(pou) andd; the sa-
turation of ard.(pcu/h). The first part of the equationékpresses the time needed
to evacuate the already formed queue at the tridfit and the second term ex-
presses the time needed to evacuate vehiclesrentbg arc after the beginning of
the green, assuming that they arrive at regulaniats
The optimal duration of green light is computedtiyy behaviooptimize-stage
(see Algorithm 4). Its value is the maximum duratio evacuate an arc of the
stage.

To award priority to a bus, the urgency index aftage is defined by the fact
that the higher the index, the greater the urgeridhe stage. wn/c, 0[0,1] is a
parameter that indicates the degree of congesfidheoarci ande is the Euler
constant. When the arc is congested, its valdewshich means that only the first
part of the equation is used

I, =2 (e" +€”)
ilE

We can note that if there are several buses oa 6fdy;, > 1), the terme™ do-
minant and therefore gives priority to stages witlses; if; =0, the degree of con-
gestion is then taken into account.

optim ze-stage::=
t, €0
i ndex €0
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Foreach (i /[Js.E)
W = i.nfi.c

ty = (i.nfi.d) + ((i.n *i.l)/(i.c*i.v))

index =index+(e “+e 'P)

if (ti >ty

tp =t

End For
st age. i ndex =index
send( propose, <t i ndex>, id, id s
Algorithm 4: Optimization of a stage

Bus Route Agent (BRA)The role of theBRA is to supervise bus agents so as
to prevent a local level regulation and the creatib bus queues. In other words,
this agent can modify the behavior of bus agentsindifferent ways: 1jlirectly:
by keeping those buses which are ahead in the quarpared to the preceding
ones, at the bus stop for a certain period of ti?endirectly: by modifying bus
priorities. This agent hasglobal view of the route it operates on, and can there-
fore detects bus queues and react to prevent daguation.

Internal state of the route agent. The route agent encompasses the following
data: 1) the set of arcs traveled by the bus oroitge; 2) The set of stops on the
route: for each stop, its position, and the distaseparating it from the next stop;
3) The set of buses on the route; 4) The frequerfidyuses introduced onto the
route. For two consecutive stopsand A, the route agent maintains the journey
time d; of the last bus. This helps to follow the bus jayrand to calculate
whether the bus is ahead or late compared to théntmediately preceding it.

Behavior of the route agent. When a bus agent moves to a stop, the time t taken
to cover the distance |5 that separates the two stopsafdd A, is transmitted to
the route agent. The route agent then comparethetbme (¢) taken by the pre-
ceding bus and consequently decides whether théshaisead or late. The route
agent computes the new priority of the bus agemtedkas the length of time the
bus should wait at the commercial stop if it isah§b].

6. Experimentation and results

To test our bimodal control strategy, we have dgved a Multi-Agent System
prototype on the JADEplatform (Java Agent Development Framework). JADE
offers Java middleware with the overall aim to pdeva runtime support for
agents.

3 jade.tilab.com/
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We have tested the strategy on a small networkahtersections (Figure 3):

« The distance between two adjacent junctions beltm{f200,400] meters.

« Each section comprises one or two lanes.

e The saturation flow, which is the maximum exit aittpf the arcs, is identical
for each arc and equal 0.5 vehicle/second.

< At each entry onto the network, we have installesbarce that generates pri-
vate vehicles at a frequencylif4 s ... 10 s].

< Some of the junctions have two stages while othav® three stages.

« Two bus routes are considered on the network BRdIBR 2. On BR_1, the
frequency of generated buses is 80 seconds asmd 80 seconds on BR_2.

We have compared the developed MAS strategy with foiority to a fixed
time strategy (same duration for all stages) withs@conds for each stage. We
have run the simulation with these two strategied for half-hour simulation
time.

e e A ofl Without riorty - With pririy

: — 1w
s e el
. ﬁ/ , [BR2_AT 3 .'. ""'--,,..'I.."' | e ,,.|...m|,,‘ 3
......................................... &0 ¥
H v
; : L — > 5
PELSE - — 0 ] + —
R0 : i . 50
[BR2_A3 : : E
N e —— = — .
‘ | [BR1_A ‘
R
— Busronte | Busnumber
— BusRoute2
; The j* bus stop on
‘ é the bus routz 1
: Fig. 4 Bus travel time with and without
Fig. 3 The simulated network bus priority

Figure 4 depicts bus travel time: the higher cwliews bus travel time be-
tween the stops BR1_Al and BR1_A2 when buses doegoiest priority at junc-
tion J1; the lowest curve show buses travel timevben the two bus stops
BR1 A2 and BR1_A3 when buses are asking for pyiattjunction J2. We can
note that bus travel time improves from a mean2ffslto a mean of 60s and be-
comes more regular (flat curve) when bus priostiaken into account.

Figure 5 gives the results of the two strategieséoy heavy traffic conditions:
Figure 5.a shows the recorded delays for busesthétitwo control strategies and
figure 5.b shows the same kinds of curves for peiwvehicles.
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These delays correspond to the sum of time lostlblguses (resp. private ve-
hicles) when they stop at traffic lights. As shoimrfigures 5, the MAS strategy
improves both traffic of buses and traffic of ptiwaehicles. As we can see, there
is a decrease of 38% on lost time spent by busdsaffic light; for the private
vehicles, we got a decrease of about 51%. Theséisesin be explained because
giving priority to buses decreases traffic jamssthmproving private vehicles traf-
fic. These results should be studied in more detal what point these results are
still valid in heavy traffic. It would be interergj to find Pareto front and multi-
criteria optimization of total traffic delays andlyic transport delays.

7. Conclusion

In this paper, we have developed a bimodal traffiotrol strategy based on a
multi-agent system. Unlike other approaches, oudehtakes into account both
public transport vehicles such as buses and priveliécle traffic and studies the
regulation in a whole network. The objective ofstliesearch was to improve
global traffic, to reduce bus delays and to impréwes regularity in congested
areas (keeping regular interval between buseshefnetwork. We have shown
that an agent-based model is well adapted to stadgplex traffic regulation
strategies. In our model, the entities represerttiegurban network communicate
among themselves and negotiate in order to sobiictrregulating problems.
First, we have shown that classical methods ofrobststems of traffic regula-
tion present several weaknesses: at a macrosemt they do not take into ac-
count mixed traffic and do not allow for the redida of intervals between buses.
Furthermore, computation at a microscopic levéihie-consuming, especially for
regulating large networks. Secondly, we have ptesethe multi-agent strategy
that computes traffic signal plans based on theahttaffic situation and on prior-
ity needed by buses. Priority is given to thoseeBubat do not deteriorate the in-
tervals between the vehicles on the same routediyhive ran a simulation proto-
type on the JADE platform. A comparison between trasel time with and
without bus priority shows the capacity of the ptiomethod we have developed
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to improve both travel time and regularity of bug@sr results also show that this
bimodal MAS strategy improves conditions of globalffic and reduces bus de-
lays. Additional work however is needed: a mordisda network should be de-
fined in the simulation run and more validation andre testing should be under-
taken with the definition of several indicators.
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