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Abstract
In recent years, the research in topic of car-fulty has become an increased importance in traffic
engineering and safety driving. Various theoriggrapt to describe the vehicular traffic flow progesnd the

interaction between adjacent vehicles in the sane.|

In this paper we present a new model foifatknwing

models, which integrates some real-life factoeg tieed to be considered, such as the randonmardiche of each
car. Our architecture is based on the combinaifovulti-Agent Systems (MAS) and a stochastic niddecapture
the randomness of individual agent (car). whighable to react according to the real situatibthe network. The
obtained results illustrate that using the randaaria the reaction of agents enhance greatly thierpgance of

simulation

Keywords. Car-Following Model, Stochastic Process , Mdltient System, Traffic Engineering, Microscopic
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I ntroduction

During the last years there has been expressed
considerable interest in the study of various tlesotry
to describe the vehicular traffic flow process. Quhass
of such theories, called car-following models, idhea of
Car following models assume that there is a caiicela
between vehicles and each driver controls a caemite
stimuli from the preceding car, which can be expeds
by the function of distance or velocity of two sassive
cars.

Car following models theories describe how one
vehicle follows another vehicle and how a driveaats
to the changes in the relative positions and vilaxfithe
vehicle ahead [1]. Various models were formulated t
represent behaviors between leader and following ca
like Pipes [2], Forbes, General Motors [4] and @yati
velocity [4].

One aspect of interest in car following is
reaction time. In the mathematical analysis, thectien
time and the response of each vehicle to the stisnaf
the leader has been considered as a random prdoess
general Human react to a many different stinofl
different modalities. Reaction time is definediaterval
of time between application of stimulus and the
subsequent behavioral response.

Therefore, the main objective of the research is
to develop a new car following model with MAS [8][9
combining the notion of theoretical mathematic elod
[5], especially the random process in the readiime of
each vehicle, and the main characteristics[11][31jf
the Multi-agent System.
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In this paper, in order to improve the accuracy
of simulators, therefore the accuracy of the result
obtained, a new hybrid approach is proposed to aregor
the effectiveness of the simulation. The structifr¢his
paper is divided into six sectignghe first section
provides general overview microscopic simulation
software [10][14]. The second section describesning
architecture. Section three presents the stochasti
distribution and the interaction model. And Prombse
following car algorithm presented in section fivEhe
experimental results are presented and discussed in
Section four. Finally, Section five concludes faper.

Car-Following M odels

Car-following models, explain the processes
how a pair of vehicles interact in the traffic stne There
are various models have been studied in the titexaof
the car-following behaviors [1,2,3,4...]. These madel
are divided into three main types: Safety distance
collision avoidance models (CA)[4], Psycho-physical
models and Action-points models .

A. Action-points models

The concept of car following was first proposed
by Pipes (1953) [3] According to Pipe's “A goodertibr
following another vehicle at a safe distance isallow
yourself at least the length of a car between yetnicle
and the vehicle ahead for every ten miles per hajur
speed at which you are traveling», however thet lwhi
this model is that minimum safe distance headway
increases linearly with speed and length of carl968
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Chandler [4] proposed a new model wish improve a
relationship between vehicle speed and reactioa tiyn
a factor of sensitivity based on response time.

Response (t t) = sensitivity x Stimulus (t) (1.2)
Or
dvglt)
T = A (V (Vasa (1)) — Wo(E)) (2.2)
With

1=T"t reaction timev,. , (t ) the speed of the vehicle n
+1 at time t andr, (t) the speed of the vehicle n at time
t.

To develop the limiting cases of this equation, i&§zn

1959 developed a new equation which expresses the

stimulus in function of the distance between vehinl
and n+1

dwy . (v 2 (2] = vy (2]
) g vy Daelthovel®) ) (39
s ['j.xn+:':t:'J‘ xglt :'}

Where | and m are parameters of the model.
Models of this type are known under the name oktyp
models GHR (Gazis, Herman and Rothery).

B. Psycho-physical models

The first models in this approach were
introduced by Michaels [5] and Wiedemann
[4].According to Wiedemann, on the road there are t
types of conduct
- Free driving: when the driver's behavior is not
influenced by that of its leader
- driving under constraint when the driver hasdat to
the behavior of its leader.

The next point in the development of these modae:
through a series of perception-based experiments
conducted in the early seventies, by researchais as
Evans and Rothery (1973).

C. Callision avoidance models

This model was developed by Kometan []. It
models the inter-vehicular distance to avoid cioltis
between the vehicle and no vehicle in front:
dt —-t)=avi - o)+ BIvit)+ v () +
by

(4.2)
with:
T is the response time of the driver, ds inter-skidtance,
Vn+1(t) the speed of the vehicle n +1 at time t and

wy(t]) the speed of the vehicle n at time t. The set of

parameters, B, p1 and | are constants to be calibrated.
In the same vein Gipps ([2], [3]), has developedalel
in which the vehicle speed to achieve the desipkd
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and decelerate to avoid a collision when they ty t
maintain the desired speed. This type of modelftsno
easy to calibrate and produces realistic results i
used in micro-and software SISTEM CarSim []
McDONALD [].
Vot + 1) =
Vint) + 25a0) x (1-228
veLr
(5.2)
-V (n, t) is the vehicle speed at the instantt ¥, (n) is
the desired vehicle speed for the current sectjos (m)
is the maximum acceleration of the vehicletnjs the
reaction time (not equal to the simulation).
The speed is also influenced by the characterisfithe
vehicle and the limitations imposed by the leadsdricle.
b

A
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d(n)<0 is the maximum deceleration desired by alehi
n, x(n,t) is position of vehicle n at time t, x(fBlis
position of preceding vehicle n-1 at time t, s(nislXhe
effective length of vehicle n-1 and d’(n-1) is ewtion
of desired deceleration.

Multi-Agent Architecture Description

In traffic simulation, two processes can be
distinguished. First of all, the initialing process
composed of modules responsible of starting the
simulation. The second process or the main prasegs
the case of proposed architecture, comprised ofipiell
interacting intelligent agents.

The main process consists of a distribution
model which is used to define the affectation rodtin
the network. The interaction model is used to raguthe
interactions between the agents.

In design of this architecture, the aim was to
explicitly build a distributed and decentralizedusion,
where each agent performs its own task. The regulti
architecture will then capitalize on effective usé
distribution to avoid bottlenecks and achieve duititg
with an increase in a number of transactions.

The architecture is schematically depicted in
Fig. 1 which shows the architectural componentse Th
Main Agent MA), which is the main element of this
architecture, serves to distribute the Executioremtg
(EAs) — vehicles - in the network following the
distribution model and supports these agentsdatéoall
required resources designed by Zone Ag&#)( This
latter present the ground in which ti(EAS) interact
among each other according to the interactionahod
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ZA is the agent responsible of building network In what follows, we use simplified notations and
from a database that contains all the elementsssace situations to be enhanced later. indexes j andnkimate
to build a network (roads, crossroads ...). Besidagng consideredj being the last introduced one in tivehicles
the simulation, it provides all information abothe A .section of networgceleration is supposed a positive
positions ofEAs to the Control AgenQA). parameter “a” and deceleration a negative pararéter
CA is designed to build a re-active and Every vehicle k moving in the road is modeled as an agdrith
persistent architecture. This agent records thdugea has its own entry timef, position X, at time T>T,, speed Vi al
of architecture caused by changes of existinguress in Tow Speed ¥ at T> Ty, and acceleration a>0 or deceleratio®.d<
the interaction database which discern the chamdbe To reduce algorithm complexity, we drop the “T” index, will be
behaviors of th&As. noted % meaning the actual position of vehicle k, Xy OF Xr.1
In the proposed approachCA collect all depending if the position of k has been changed in theitdgoor

information of the execution agents. Thus, the not yet. Same for y ...
accumulated information could be shared between
agents, increasing overall efficiency of the system
During registration, theMA aims to retrieveEAS
characteristics in the interaction database. Hekees
update their knowledge about the other agents. This
process of update is decided according to the ctelle
information by theCA.

The algorithm generates the entry timg of vehicle k, howevek
can't get in the network until road is free, i.e mipgg X>x« &
xi<xs & f<k}>a.p.Vy. Otherwise, k will be delayed andg
incremented to stay being the effective entry time of éxetd is ¢
determined parameter. We take? in our simulations, so that, wt
started, vehicle k doesn’t reach and hit him leaderila\fhis just
fixed parameter for correspondence between meters parals

_|

| Select parameters +—| Initialing process | When in the network, k will react to leading v&h, if any, designe
T .
______________ = b if none,3,=0).
- Main Agem \ ,‘, Zone Agent )*g y kp( K )
-3
Lw _ 5 When in the network, k will react to leading vehicle, if
— 3 any, designed by,Kif none,§,=0).
T T -~ %” Axy=x;,  — x;; is the distance between k and k;
4 ConlroIAgenI " =~ k kp ko P

-
e

. AVk=v, — vy, is the difference between speed of k and k;
! «Interaction model » p

' The interction of agents in the netwc 7 .
------------------------- ! ifk and kg are not too close (AX; > o ;) and AV, < 0 (V,, > V) k has to accelerate. Model of Gips and al. [19]

f*’\i—--‘; _____ R simplifier to:

Kl RN ‘
v v, 31
ﬂ"/vw ; v, = 14+2.5a(1——) 0025 +5% @1
S v oy &

[PPOW uoNNQIISIA 1

S1USH Y
Sy3aylsereeueD

ifk and kgare too close (AXy < oV, ) and AV, <0 (V;, < V) k to decelerate. Models of Gips and al. [19] simplifier
to:

\ v
Vn.=d+\]|d-—d[2()i;\p—skr—)(;;)—b’k—?;] 32
Figure 1. Architecture of MAS2RT :shedslight on the links
between all agents and modedl s of the ar chitecture. Where 5 is the effective length of vehicle k, maittained constant in our simulations (=2.7).Otherwise, k will
: . : . . continue with the same speed Then k progress in the network: X becomes Xy + Vi
Inorder tos mpllfy thes mUIat|0n, the use of execution The speed V is expressed in pixels per second (p/s); T isin seconds (s) and X in pixels (p).

agentsislimited to vehicle. . .
d B. Reaction time model

The parameters of distribution of reaction time
differ depending of the sensitivity of driver’s; drivers
expect to have to adjust their velocity to the preceding
cars very often. And thus they react quite rapidly if a
weak acceleration is required. However, the distribution
of vehicles reaction time follows arbitrary patterns which
make it impossible to predict the reaction time of
vehicles against a stimulus. Thus, considering sequence
(T, N> 0 in which T presents the time of reaction of
vehicles against a stimulus of leader vehicle[16].
Therefore, the sequence,J > 0 is random variables in
R+. The stimulus may be composed of the speed of the
vehicle, relative speeds, distance headway etc, and
hence, it is not a single variable, but a function and can

Proposed Car Following Algorithm

A. Entrylane model

The vehicles are distributed randomly [17]

[16]on the network according to the distribution dab
defined for each junction of the network. Théehickes
react to the information concerning their next@e{il5].
Models differ according to the various answersh ktey
guestions: What is the nature of the adequateraétido
what stimulus it does react? and how to measure the
characteristics of the other agents?[18][19] Titst and
simplest model correspond to the case when tlponss
is represented by the acceleration or deceleratfahe
vehicle.
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be represented as normal distribution [6][7] with a mean
of u second and a standard deviationodfsecond is

given by:

5 1
flx.po7)=
o+ 211

(4.1}

—Oo X <L 0D

Initialisations : T=0 ; J=0, F0, V3, X=0, G=0

k>a? P

J=J+1, ¢,=1 Génération de : V,; ; AT,, calcul de
T).=T+AT; ; X7=Dv;,

Min xk{k:O._a}>
o*d* V,?

Ok = #{f such that f<a & ci=1&X>Xy} ]

& =0?

r r

ko = N° of the vehicle in front of k
Ax = ka'Xk; AVk =Vkp'Vk

Vo | -
+2.5|:.:(1— | (0025 + =
S 4 ST

[, Vi,
';"R: d+ |I:£‘—I:£|:2|[Xilﬁ —E%—XR]—VR—?H]
~
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kp = N° Vehicle front k ;Axk= xkp-xk= the distance
between k and kp ; ck=1 if k in the circuit else O;
Avk=Vkp-VK= difference between the speeds of kp and
k; XS=output of the circuit; AS:self distance ;V is
expressed inm/s; and T isin s.
Where VK(t) is the speed of vehicle k at time t (mé&R

is the maximum desired acceleration rate of vehicle k
(m/s) T is the driver’s reaction time (s); and VK is the
desired speed of vehicle k or the vehicle-specifie-fre

flow speed (m/s).

Where: d(k) (<

0) is the maximum

deceleration desired by vehicle X (k, t) is position of
vehicle k at time t; x (k-1, t) is position of preceding
vehicle (k-1) at time;ts (k-1) is the effective length of
vehicle (k-1); d’ (k-1) is an estimation of vehicle (k-1
desired deceleration.
Correspondence between pixels and meters are
made to assure correspondence between our section vehicle.
network on the computer and the real network through a

ISSN: 2277-9655
Impact Factor: 1.852

fixed parameteB. For example, for a screen with 1200
pixel per line, and a section of 1.2 km, and when we
choose3=1, then a vehicle with speed V=72km/h=72/3.6
m/s=20m/s=20 p/s, will take 60s to go over that screen.
The architecture below resume all that algorithm.

Simulation and Validation

In this section, in order to assess the
performance of the proposed hybrid algorithm, series of
simulations are conducted to illustrate that the proposed
distribution model and interaction model can improve the
microscopic traffic simulation.

The first column shows the time in seconds.
Column 2, 3, and 4 shows the acceleration, velocity and
distance of the leader vehicle. Column 5,6, and 7 shows
the acceleration, velocity and distance of the follower

Table 1: Car-following results

Time

Position vehicule k

Speed vehicule k

1.7573973267085796

33.334204408194

2.069239370790523p

33.784204408194

2.381081414872466p

34.234204408194

2.69742345895441

34.684204408194

3.018265503036353¢%

35.134204408194

3.348107547118297

35.584204408194

3.682449591200240

=

36.034204408194

4.021291635282184

36.484204408194

© |00 [N o o | W N

4.36013367936412]

36.934204408194

(=Y
o

4.70347572344607|

37.384204408194

=
=

5.055817767528014

37.834204408194

[y
N

5.412659811609958

38.284204408194

=
w

5.769501855691901

38.734204408194

H
N

6.1353438997738445

39.184204408194

[y
(6)}

6.5056859438557843

39.634204408194

[y
o

6.880527987937731)5

40.084204408194

=
~

7.25537003201967%

40.534204408194

[N
o

7.634712076101619

40.984204408194

[N
©

8.018554120183563%

33.434204408194

N
o

8.406896164265504

33.884204408194

N
[

8.79973820834745

34.334204408194

22

9.20158025242939]

35.784204408194

Position vehicule k+1| Speed vehicule k+1
B46  2.33330309435| 30.734204408194344
35 2.671186388Y | 31.184204408194348
B44  3.01352@58304| 31.18420440819434B
35  3.36036817642f 31.63420440819434]
35 3.7117108204 | 32.084204408194346
BA6  4.0675522684 | 32.984204408194344
35 4.4278943683 33.43420440819435
35 4.79273635285| 33.88420440819434
35 5.16207839623| 33.88420440819434
35 5.53592084881| 34.33420440819434%
35 5.91426P48785( 35.234204408194344
35 6.2971083322 35.68420440819435
35 6.6844465280 35.68420440819435
B54  7.076288621 36.584204408194346
35 7.47263Q6453 37.03420440819435
35  7.8734327096 37.48420440819435
B56  8.2788393039 37.48420440819434
35 8.68865674982 37.93420440819435
B54  9.1029888925 31.38420440819434
35 9.5218438866 31.83420440819435
35 9.945182023372| 32.28420440819435
B56 10.3730802655| 34.18420440819435¢
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23 | 9.60342229651133f 38.234204408194

35 10.8053688@538| 35.184204408194354
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24 | 10.0097643405932% 40.684204408194

B54  11.242708086542| 40.63420440819435

25 | 10.42060638467522 44.134204408194

36 11.6832948686| 41.08420440819434

26 | 10.83594842875714 44.584204408194

35 12.129893083 | 41.53420440819435

O7

B56  12.5790232475[ 41.9842044081943

28 | 11.68013251692109 45.484204408194

36 13.03482DP2317| 42.43420440819435¢

29 | 12.108974561002999 45.934204408194

B54  13.4938BIB36 42.8842044081943¢

o
9

27 | 11.255790472839113 45.034204408194
6
9
2

30 | 12.54231660508494 46.384204408194

36 13.9572@58303| 43.33420440819434

The earliest car-following models considered
the difference in speeds between the leader and the
follower as the stimulus. And the reaction time disturbed
randomly. It was assumed that every driver tends to
move with the same speed as that of the corresponding
leading vehicle. According to such models, the driving
strategy is to follow the leader and, therefore, such car-
following models are collectively referred to as the
follow the leader model.

Conclusion

This work discussed the randomly distributed
simulation of the road traffic. It described the main
aspects of the general computer simulation and the
specific features of the computer simulation in the field
of road traffic. The first section introduced the topic. The
second section provided a general description of the
Microscopic traffic modeling software The third section
proposed Multi-Agent architecture proceeded with the
description of the main issues of the distribution model
and the interaction model as well as the stochastic
distribution model. The obtained results in section six
proved the effectiveness of the new model and its
relevance to reality.

This research does by no means intend to
provide a general or a comprehensive study of thejssu
it is just an attempt to shed light on microscopic traffic
simulation by adding new dimensions and layers of
study. The final results of the this paper proved its
efficiency and applicability in real life.

We present two sets of experimental results.
Our first set of experiments examines the Average Speed
of the vehicles in a section of the rodlde second one
evaluates the average wait time of cars in the entry of the
section road.

Shows simulation results for different levels of
traffic volume (30%, 60%, and 90% of the capacity). Up
to the 60% level, traffic was smooth and there were no
long queues at all. In the 90% level, we note that average
wait time increases but the average speed of vehicles in
upstream remains balanced
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