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Abstract—The disrespect of the safety distance between
vehicles is the cause of several road accidents. This distance
cannot certainly be estimated at random because of some
physical rules to be calculated. The more speed gets higher, the
more stopping distance increases, mainly in danger case. Thus,
the difference between two vehicles must be calculated
accordingly. In this paper, we present a mechanism called
Adapted Speed Mechanism (ASM) allowing the adaptation of
speed to keep the necessary safety distance between vehicles. This
mechanism is based on VANET network operation and Multi
Agent System integration to ensure communication and
collaboration between vehicles. So, it is necessary to perform
real-time calculations to make adequate and relevant decisions.
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I.  INTRODUCTION

Keeping enough distance from the vehicle ahead means
respecting the balance of traffic. This is the best way to avoid a
collision. In many cases, this distance is not respected. For
example, on the motorway, where the speed is the fastest,
nearly two-thirds of drivers do not always respect the safety
distance, which generates several traffic problems.

The use of new communication technologies such as the
infrastructure and services offered by the vehicle network
(VANET) and the integration of intelligent agents can avoid
such problems and improve the quality and safety of driving.

Vehicular Ad hoc Network (VANET) is a particular type of
MANET where mobile nodes are smart vehicles equipped with
computers (OBU), network cards and sensors [1].
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Fig. 1. VANET Network.

Like any other Ad hoc network, vehicles can communicate
with each other (for example: exchanging traffic information)
or with base stations called roadside unit (RSU) which can be
placed all along the roads (seeking information or accessing
other networks ...).

VANET networks are based on communication and
information exchange between vehicles (V-to-V) [2], and
between vehicles and roadside unit (V-to-1) (Examples:
signals, intersections lights, etc.) or external network elements
(Satellites, WiMAX, LTE...) (Figure 1).

VANETS networks are characterized by great dynamics
and mobility nodes, repetitive changes in the network topology
and very variable network density. VANETSs are expected to
implement a variety of wireless technologies such as Dedicated
Short Range Communications DSRC, which is a type of Wi-Fi.
Other more wireless technologies are Bluetooth, Cellular,
Satellite, and WiMAX.

The main applications of VANET networks can be
classified in three categories [3][4]:

1) Application in prevention and road safety: VANETS
help to prevent collisions and work on the roads, to detect
obstacles (fixed or mobile) and to distribute weather
information by sending warning messages. It can be used for
example to alert a driver to the happening of an accident, and
then he can exercise some prudence and forethought when
heading to the accident either by changing his direction or
doubling his vigilance.

2) Application for traffic optimization and help in driving:
Car traffic can be greatly improved through the collection and
sharing of data collected by the vehicles, which becomes a
technical support for drivers. For example, a car can be
notified in case of abnormal slowdown situations [5] (cork,
traffic jam, rockslide or works).

3) Applications for driver and passenger comfort:
Vehicular networks can also improve the comfort of drivers
and passengers. This comfort is illustrated by the internet
access, messaging, inter-vehicle chat, etc... [6]. Passengers in
the car can play in networks, download MP3 files, send cards
to friends and access to other services.

Hence, our ultimate goal is to design a mechanism that
could help solve some of the most common road traffic

315|Page

www.ijacsa.thesai.org


https://en.wikipedia.org/wiki/Howard_High_School_of_Technology
http://en.wikipedia.org/wiki/Dedicated_Short_Range_Communications
http://en.wikipedia.org/wiki/Dedicated_Short_Range_Communications

(IJACSA) International Journal of Advanced Computer Science and Applications,

problems, such as the safety distance between vehicles, and
improving road safety, then making it smarter.

The remainder of this paper is organized as follows:
Section 2 gives an overview of Multi-Agent Systems. Section 3
describes our Adapted Speed Mechanism (ASM). Section 4
provides the simulation results. Finally, in Section 5 we
conclude our results with a view on the future trends.

Il.  AGENT AND MULTI-AGENT SYSTEMS

An agent is an autonomous physical or abstract entity that
is able to act and perceive by itself and about its environment.
The agent can communicate with other agents and whose
behavior is the result of its observations, its knowledge, and
interactions with other agents [7][8]. The agent has its own
resources and skills. The agent can both offer services and
possibly reproduce some of them.

A multi-agent system (MAS) is a community of
autonomous agents evolved in a common environment (Figure
2), according to modes of cooperation, competition or even
conflict to achieve a global objective [9][10]. These agents
constitute a complex system that includes intelligence which
could be described as collective.

The agents in a multi-agent system have several important
characteristics: [11]

e Autonomy: agents are partially independent and self-
aware;

e Local views: no agent has a full global view;
o Decentralization: no agent is designated for controlling.

Multi-agent systems can manifest self-organization, self-
direction and other controlling paradigms. They can also relate
complex behaviors even when the individual strategies of all
their agents are simple.

MAS tend to find the best solution for their problems
without any intervention. There is a high similarity here to
physical phenomena, such as energy minimizing, where
physical objects tend to reach the lowest energy possible within
the physically constrained world [12]. The systems also tend to
prevent propagation of faults, self-recover and be fault tolerant,
mainly due to the redundancy of components [13].
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Fig. 2. Multi-Agent System Processes.
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MAS are applied in the real world to graphical applications
such as computer games. Agent systems have already been
used in films. They are used in coordinated defense systems.
Other applications include transportation, [14] logistics,
[15] graphics and GIS. It is widely advocated for use in
networking and mobile technologies, to achieve automatic and
dynamic load balancing, high scalability and self-healing
networks.

MAS have also applications in the field of artificial
intelligence where they reduce the complexity of solving a
problem by dividing the necessary knowledge into subsets, by
associating an independent intelligent agent with each of these
subsets and coordinating the activity of these agents [16]. This
is called distributed artificial intelligence.

111. ADAPTED SPEED MECHANISM (ASM)

Our mechanism aims to force the driver to drive with
adequate speed to keep the safety distance (Figure 3) between
two vehicles to avoid a possible collision. This is based on the
exchange of information between vehicles via the VANET
network infrastructure and by the intelligent agents located in
the wvehicles that deal with message management and
calculation.

Principle: at a time t, the vehicle (B) sends its speed, its
position, and its length to the vehicle (A) and vice versa ((A) to
(B)) and thanks to the calculations carried out based on the
kinematics equations, the vehicle (A) will have results
concerning the time and distance of a likely collision, and then
adjust its speed to avoid it.

Fig. 3. Safety Distance between Vehicle.

The equations of rectilinear motion uniformly accelerated
are given by [17]:

Xa () =Xy (£ =0)+V,(t =0) X t+5a, X t? @

V, &)=V, (t=0)+a, Xt )

V2(t) = V2(t = 0) + 2 X a, X Ax @3)
Where

e tisthe elapsed time;
e X, (t = 0) is the initial displacement from the origin;
e X, (t) is the displacement from the origin at time ¢;

e VU, (t = o) isthe initial velocity;
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o {\displaystyle \mathbf {v} (t)}V, (¢t) is the velocity at
time {\displaystyle t} ¢;

o {\displaystyle \mathbf {a} }a, is the uniform rate of
acceleration;

(] AXZXA (t)_XA (t=0).
A likely collision will occur when;
X, (®) =Xp (@) 4)

Due to the exchanged positions, the distance separating the
two vehicles is given by the following formula:

d(t)as = PO — P(DE (5)

Suppose Vehicle (A) rolls with speed V,(t) , the
mechanism consists on calculating the suitable slowing down
deceleration for having the appropriate speed at of the safety
distance to avoid a possible collision.

The mechanism therefore must make sure to calculate the
following equation:

X (O) +d()ap < Xp () (6)
Where d(t) 45 is the safe distance.

The table below (Table I) shows the recommended safety
distances according to the type of road:

TABLE 1. SAFETY DISTANCE ACCORDING TO SPEED LIMIT
Road type Speed limit Safety distance
Urban 50 (km/h) 28 (m)

Extra-Urban 90 (km/h) 50 (m)
Expressway 110 (km/h) 62 (m)
Highway 130 (km/h) 73 (m)

A. Safety Distance

The safety distance is the distance that must be between
two vehicles. It depends on the speed at which you ride. But
generally, it is admitted that this distance is given by the
distance traveled by your car for 2 seconds [18].

In this case:
Safety distance =V, X 2seconds @)

B. Stopping Distance

Stopping distance is the distance traveled by your vehicle
between the moment you perceive the danger and the moment
when your vehicle is finally stopped. The stopping distance is
composed of the reaction path and the braking path [19].

¢ Reaction path

The reaction path is the distance your car travels when you
see the danger and the moment you press the brakes. A caring
and healthy driver has a reaction time of 1 second.

There is a formula to get the reaction path.
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3XV 4 (km/h)

Reaction path = m (8)

e Braking path

The braking path is the distance your vehicle traveled
between the moment you pressed the brake and when the car
was completely stopped.

We must distinguish two cases. The case of the dry
pavement and the case of the wet pavement which considerably
lengthens the braking distance.

e Dry pavement:

Va (km/h) x V4 (km/h) x Z 9)

Braking path = m m

o Wet pavement

Va (km/h) x V4 (km/h) (10)
10 10
The stopping distance is the addition of the reaction and
braking paths. Then:

Braking path =

Stopping distance = Reaction path + Braking path

IV. SIMULATION AND RESULTS

To simulate our approach we have developed an
application with java language using JADE Framework (Java
Agent DEvelopment) [20]. The Topology is a simple road
composed of two lanes and consists of vehicles deployed in the
different tracks.

As mentioned above, we have created two agents: Vehicle
(A) Agent and Vehicle (B) Agent. Each agent is contained in a
platform (Container) composed of an Agent Management
System (AMS) and a Directory Facilitator (DF) as showed in
figure 4. JADE agents use messages that conform to FIPA
ACL (FIPA Agent Communication Language) specifications
[21].

Thus, the integration of the agents in the vehicles aims at
the exchange of messages in real time and made the necessary
calculations according to the kinematics equations. Based on
agents’ properties such as cooperation, coordination and
negotiation [22], agents form a distributed and cooperative
environment that allows drivers to drive with optimal speeds to
avoid possible collisions.

Platform 2 Platform 1
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Fig. 4. Architecture of the Proposed Mechanism.
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TABLE Il INITIAL PARAMETERS
Parameter Value
V, (t) 30 m/s
Vg () 0 m/s, 10 m/s
d(t = 0) 45 50 (m)

We will analyze two situations: the vehicle B is in a stop
state, and the second case, the vehicle B rolls with a speed
lower than that of vehicle A. We will seek the minimum
deceleration necessary to avoid the collision. The table Il
below shows the initial parameters:

Wet

A

: o

) q [l [l m ”
Speed fn)

Fig. 5. Stopping Distance According to Speed.
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At the moment of collision, the problem is to solve the
following system of equations:

1
Xy (t=0)+V,(t=0) Xt+=aqniny X t? = Xp (t)

2
Va (£) = Vg ()
Therefore, we will have the following results:

Figure 5 shows the stopping distances according to the
speeds in case of Dry and wet road. We note that as the speed
increases the stopping distance increases too. In case of wet
road, to stop takes more distance than in case of dry road.

Figure 6 illustrates the different variations of traveled
distances related to the function of time and according to
different decelerations for the case of fixed vehicle (B)
(Vg (t) = 0). We notice that for the case of (a = 0) that is to
say the vehicle (A) rolls with a constant speed (V, (t) =
30m/s), the collision between the two vehicles will occur after
1.67 seconds. We also notice that we will never have a
collision for a deceleration of (a = -12 m/s®) or less. Thus, the
recommended deceleration to avoid a possible collision is: ayn
<-9 m/s’. Based on the results shown in figure 7 above, if the
vehicle (B) runs with a speed (V5 (t) = 0) and vehicle (A) still
runs with a constant speed (V,(t) =30m/s) (a = 0), a
collision with the vehicle (B) will occur in 2.5 seconds. For
cases (a = -6, -9, and -12m/s°), a collision will never occur. The
recommended optimal deceleration to avoid a possible
collision is: an, <-4m/ s2.
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Fig. 6. Stopping Distances According to Different Deceleration and time (V (t) = 0).
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Fig. 7. Stopping Distances According to Different Deceleration and time (V (t) = 10m/s).

V. CONCLUSION

In this work, we presented a mechanism called Adapted
Speed Mechanism (ASM) allowing the adaptation of speed to
maintain the recommended safety distance between the
vehicles in order to avoid possible accidents. This mechanism
is based on VANET network operation and the integration of
agents in vehicles. Thus, these agents form an intelligent
system for communication and collaboration between vehicles
by changing useful and necessary information to ensure driving
in good conditions. In future work, we will improve our system
to take into account other factors that can influence the
calculation of the safety distance such as weather conditions,
road conditions as well as vehicles condition.
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