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Abstract: Today, road safety remains a serious concern for governments
around the world. In fact, approximately 1.35 million people die and 2–
50 million are injured on public roads worldwide each year. Straight bends
in road traffic are the main cause of many road accidents, and excessive
and inappropriate speed in this very critical area can cause drivers to lose
their vehicle stability. For these reasons, new solutions must be considered
to stop this disaster and save lives. Therefore, it is necessary to study this
topic very carefully and use new technologies such as Vehicle Ad Hoc Net-
works (VANET), Internet of Things (IoT), Multi-Agent Systems (MAS) and
Embedded Systems to create a new system to serve the purpose. Therefore,
the efficient and intelligent operation of the VANET network can avoid such
problems as it provides drivers with the necessary real-time traffic data. Thus,
drivers are able to drive their vehicles under correct and realistic conditions.
In this document, we propose a speed adaptation scheme for winding road
situations. Our proposed scheme is based on MAS technology, the main goal
of which is to provide drivers with the information they need to calculate the
speed limit they must not exceed in order to maintain balance in dangerous
areas, especially in curves. The proposed scheme provides flexibility, adapt-
ability, and maintainability for traffic information, taking into account the
state of infrastructure and metering conditions of the road, as well as the
characteristics and behavior of vehicles.
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1 Introduction

Traffic safety is one of the most concerned issues around the world. As a result, statistics show
that more than 1.25 million people die on public roads every year worldwide, and more than 3,500
people die every year in Morocco. Loss of vehicle control is one of the leading causes of accidents
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(1/3 of the fatalities), the risk of accidents in curves is 5 to 10 times higher than on straights, and
40% of fatal accidents occur on curves. The most important inseparable and interdependent elements
of road transport are: drivers, vehicles and infrastructure. Any analysis of road safety levels requires
an understanding of the basic system of these three factors. In fact; failure of at least one of these
factors could lead to an accident. The effective use of new technologies can reduce the number of
road accidents, regardless of their cause. Among these technologies we find: Vehicle Networks and
Multi-Agent Systems.

Vehicle Ad Hoc Network (VANET) is abbreviated as a Characteristic Mobile Ad hoc Network
(MANET) in which the mobile element consists of an intelligent vehicle and an embedded computer
called an on-board unit (OBU), network adapters, and sensor devices. With other ad hoc Network-
like, these cars are able to interact with each other (e.g., by exchanging traffic data) or with base
stations called roadside units (RSUs) that can be located anywhere along the road (e.g., searching
for information or accessing other networks) [1]. As shown in Fig. 1, the VANET architecture is based
on vehicle-to-vehicle (V-to-V) and vehicle-to-infrastructure (V-to-I) communication systems for data
exchange between OBU and RSU-vehicle or remote network components (e.g., traffic lights, traffic
lights) [2].

Figure 1: Architecture of vehicular ad hoc network [2]

The main uses of VANET networks can be divided into three categories [3]. The application of
prevention and road safety becomes necessary, especially with the increase in the number of accidents
related to the large number of vehicles used by citizens and road conditions. VANET can avoid
accidents and activities on the road, identify moving or fixed obstacles, and disseminate weather
conditions by sending alerts. Traffic optimization and driver assistance applications can significantly
improve traffic conditions by collecting and sharing data from cars. For example, moving vehicles
can be warned of abnormal braking situations (traffic jams, congestion, rockfalls, or construction
sites) [4]. In driver and passenger comfort applications, vehicle connectivity can improve driver and
passenger comfort. An example is access to the internet, email, car-to-car chat, etc. Passengers in the
car can participate in connected games, download MP3 files, send maps to friends, and access other
services [5].

In this paper, we are interested in proposing a scheme based on VANET network and multi-agent
system communication that enables intelligent management of winding roads, making road traffic
more flexible and efficient in this complex place, thereby avoiding huge accident caused by traffic
accident. Vehicle overturns and skids. This is achieved by providing the driver with the necessary
information to calculate the speed limit that should not be exceeded in order to balance on the bends.
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The rest of the current work is structured as follows. Section 2 describes related work. Section
3 provides brief definitions of agents and multi-agent systems. Section 4 presents vehicle dynamics
studies on curvy roads. In Section 5, our proposed scheme is described. Section 6 presents the
simulations and results. We then present our conclusions in the last section.

2 Related Works

In order to improve the stability of the vehicle and reduce the number of accidents caused by loss of
control when cornering, several studies have been carried out and several models have been proposed
to determine the speed limit based on road conditions, such as in the case of corves.

Gallen et al. [6] proposed a new method to calculate the recommended speed for use by Intelligent
Speed Adaptation (ISA) or Advanced Driver Assistance Systems (ADAS) to control the speed limit.
From the measured road characteristics, the correct speed trajectory can be determined during hard
braking. This approach can handle a variety of adverse conditions that alter friction and visibility,
including rain, fog, or both. The proposed method is flexible and can be applied to specific situations,
such as nighttime driving. It also applies to the number of countries, networks, drivers and vehicles
using the relevant statistics.

Since safety performance indicators (SPIs) are indicators that reflect the technical characteristics
of road transport systems, the authors in [7] propose a new study aimed at developing relevant
safety performance indicators that not only have a solid theoretical foundation, but also can also
be applied. EU in the short term, as relevant data will be available immediately in the future. The
SafetyNet Committee works closely with representatives from all 27 countries, as well as Norway and
Switzerland. Delegates provided data from their countries and feedback on research findings.

In [8], the authors present their paper that summarizes the curvature data of the Bézier curve
to estimate the maximum possible speed on a highway, and uses a check between heuristics and the
Bézier method to find the maximum allowed speed. In addition, Montella et al. [9] reported driver
behavior while cornering on a rural dual carriageway based on various enhanced hazard warning signs,
perception measurements, and boundary processing. The implemented application is designed to warn
the driver about the curve, encourage a reduction in the speed approaching the curve and influence the
speed at which the driver enters the curve. Compared with the horizontal rumble strips, the perceptual
processing, painted horizontal strips, dragon teeth pattern, and painted Center Island all show obvious
deceleration effects.

The authors in [10] introduced a nested clustering method to group curves to extract driving
patterns. Road type, speed limit and driving style seem to be the most important factors in generating
this driving pattern. Furthermore, road characteristics appear to have a greater impact on driving
behavior than driving style. The authors claim that the clustering method is not yet optimal and further
improvements are needed to adequately describe drivers traveling on different types of roads. On the
other hand, Chu et al. [11] proposed an improved cornering speed model that takes into account
driving patterns, vehicle and road conditions. In this work, the authors introduce driver behavioral
factors based on vehicle-road interaction patterns, including the quantification of driving strategies
for turning speed options. They used a comprehensive fuzzy rating method to classify the driving
styles of 30 professional drivers into three different types (cautious, moderate, and aggressive). The
classification results using fuzzy comprehensive evaluation are compared and checked with the K-
means clustering method, resulting in a similarity of over 60%. Furthermore, the proposed curvilinear
velocity model is constructed and then compared with four existing models.
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Our contribution lies in the use of vehicle models by applying dynamical rules in an intelligent
environment that allows communication through active agents (vehicle and RSU) to better utilize the
VANET network to immediately exchange information appropriate to driving conditions to allow.

3 Agents and Multi-Agents System

An agent system is itself a concrete or well-defined structure capable of responding to and
collecting data about itself and one of its environments, and can easily communicate with other agents.
Furthermore, its actions are the result of its knowledge and cooperation with other players. Each
participant has its own resources and capabilities [12]. Furthermore, a multi-agent system consists of
a set of independent agents that operate in a shared location in a cooperative, competitive, and even
conflicting manner to achieve an overall goal. Such agents form a complex system containing what
can be called collective comprehensibility [13]. Therefore, each agent in a multi-agent structure has
many key characteristics, including independence, local view, and decentralization.

Multi-agent systems (MAS) are capable of exhibiting self-management, self-leadership, and other
control-oriented behaviors. These systems are also capable of correlating complex behavioral patterns,
although the individual policies of each agent are fairly simple. MAS tend to find the best solution for
their task on their own without intervention. This is very similar to physical phenomena such as energy
minimization, where physical things try to achieve the lowest possible energy in a naturally limited
environment [14]. These systems also tend to avoid failure propagation, automatic recovery, and fault
tolerance [15]. The MAS is used worldwide for real-time graphics applications, including video games.
A proxy system is used for thin films. They have found use in decentralized defense systems. Some other
applications [16–19] are in transportation, logistics, computer graphics and geographic information
systems. They are widely supported in networked and wireless environments to provide automated and
dynamically shared workloads, higher scale, and resilient networks with self-healing capabilities. MAS
is also used in machine learning to reduce the complexity of problem solving by dividing the required
information into subsets, assigning autonomous intelligent agents to each subset, and coordinating
the activities of these agents. Hence it is called artificial distributed intelligence [20–22].

4 Dynamics of Vehicle in Bend

To study vehicle dynamics and its behavior, several models have been proposed in the literature.
These models can be as simple as bicycle models [23] or as complex but more realistic as four-wheel
models [24,25].

We consider the following parameters (Fig. 2a):

R = Bend radius

ϕ = Angle of bearing of bend in degree (= 0 if flat bend)

V = Constant speed of the vehicle

m = Vehicle weight

g = 9,81 m/s/s

Identification of forces:

N: Normal force

P: Vehicle weight

fs: Static friction
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Figure 2: Dynamics of vehicle in bend: (a) R radius of bend; (b) Mark (X, Y, Z) linked to the vehicle;
(c) Forces applied to the vehicle; (d) Different vehicle movements

Applying the fundamental principle of dynamics (Newton’s laws) and neglecting the aerodynamic
forces, we have Eq. (1).∑ �F = m�a (1)

The projection in the X, Y and Z (Figs. 2b and 2c) directions gives the Eq. (2).⎡
⎣

∑
Fx∑
Fy∑
Fz

⎤
⎦ = m

⎡
⎣ax

ay

az

⎤
⎦ (2)

∑
Fx,

∑
Fy and

∑
Fz represent respectively the sum of the forces acting on the vehicle in the X, Y

and Z directions. ax, ay, az respectively represent the acceleration of roll, pitch and yaw of the vehicle
(Fig. 2d). Following the X axis:

The speed is constant (Vx = cste) from Eq. (3); where,∑
Fx = 0 (3)
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Following the Y axis (Eq. (4)),∑
Fy = N sin ϕ + fs cos ϕ (4)

The transverse acceleration is given in Eqs. (5) and (6),

ay = V 2

R
(5)

N sin ϕ + fs cos ϕ = m
V 2

R
(6)

Following the Z axis Eqs. (7) and (8),∑
Fz = 0 (7)

N cos ϕ − fs sin ϕ − P = 0 (8)

We have (Eq. (9)),

P = mg (9)

Thus, (Eq. (10)),

N cos ϕ − fs sin ϕ = mg (10)

Since (Eq. (11)),

fs max = Nμs (11)

where μs is the static coefficient of friction, which depends on the nature of the surfaces. Eqs. (8) and
(10) become Eqs. (12) and (13), respectively:

N sin ϕ + Nμs cos ϕ = m
V 2

R
(12)

N cos ϕ − Nμs sin ϕ = mg (13)

Division Eq. (12) out of Eq. (13) gives (Eqs. (14)–(16)):
sin ϕ + μscos ϕ

cos ϕ − μssin ϕ
= V 2

gR
(14)

tan ϕ + μs

1 − μstan ϕ
= V 2

gR
(15)

V 2 = gR
tan ϕ + μs

1 − μstan ϕ
(16)
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Finally, we have Eq. (17),

V =
√

gR
tan ϕ + μs

1 − μstan ϕ
(17)

In case: μs = 0.1 (Ice storm case: μs = 0), so we have Eq. (18):

V = √
gR tan ϕ (18)

In case without recovery: = 0, so we have Eq. (19):

V = √
gRμs (19)

Bearing angle as a function of speed is expressed in the Eqs. (20)–(23):

V 2 (1 − μstan ϕ) = gR(tan ϕ + μs) (20)

V 2 − V 2μstan ϕ = gR tan ϕ + gRμs (21)

V 2 − gRμs = V 2μstan ϕ + gR tan ϕ (22)

tan ϕ = V 2 − gRμs

V 2μs + gR
(23)

When a vehicle takes a bend a fictitious force is created which tends to eject the vehicle towards the
outside of the bend, this force is known as “centrifugal force” (Fig. 3), which is calculated by Eq. (24).

�Fc = m
�V 2

R
(24)

In the X direction (Eq. (25)):

FCX = m
V 2

R
cos δ (25)

In the Y direction (Eq. (26)):

FCY = −m
V 2

R
sin δ (26)

The calculation of the normal of this force gives (Eq. (27)),

‖FC‖ =
√(

FCX
2 + FCY

2
)

(27)

Thus, we have (Eq. (28)),

‖FC‖ = m
V 2

R
(28)
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Figure 3: The centrifugal force (�Fc)

5 Proposed Scheme

Our proposed model is designed to warn drivers and provide them with the information they need
to calculate the maximum vehicle speed to prevent them from entering the VANET environment. To
this end, we plan to implement an RSU at the edge of the curve (Fig. 4), which is able to collect and
generate the necessary information from vehicles at a sufficient distance through sensors at the end
of the transmitter. After receiving the information, with the help of the calculator built into the OBU,
each car calculates the limit speed for adapting to the relevant curve in order to stay within the stable
area so that the vehicle does not slip.

Figure 4: RSU agent and vehicle agent
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5.1 Algorithm of Communication

An RSU is an active device that sends messages with curve (infrastructure, weather) information
in radio wave format. Assuming its transmission radius is D, the communication between these two
agents starts according to Algorithm 1 when the vehicle enters its coverage area (d ≤ D).

Algorithm 1: Communication between RSU agents
for each RSU agent
if (d <= D) then
RSU agent transmits message to a remote traffic light
traffic light transmits message (g, R, ϕ and μs)
end if
when a message (g, R, ϕ and μs) received at RSU agent
calculate adequate speed

Vmax ←
√

gR
tan ϕ + μs

1 − μstan ϕ

tan ϕ ← V 2 − gRμs

V 2μs + gR

end

6 Results and Discussions

To validate the proposed method, we implement a Java system based on the Java Agent Develop-
ment Framework (DF). As shown in Fig. 5, two types of agents are designed, including vehicle/car
agent and RSU agent. These agents are executed by the Agent Management System (AMS) and
Directory Facilitator (DF) for naming and paging services respectively.

Figure 5: RSU and vehicle platforms

The topology is a bend road consisting of an RSU and a car. DF-based agents for Java agents
exchange messages according to the Agent Communication Language Specification developed by the
Foundation for Intelligent Physical Agents (FIPA). Due to the communication between the different
agents, the management of this complex place becomes more flexible and intelligent, which can avoid
several problems such as an eventual accident.

Using the model and the previous formulas, we obtain the results shown in Figs. 6 and 7.
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Figure 6: Speed limit according to R and μs

100 150 200 250 300 350 400 450 500 550 600
0

10

20

30

40

50

60

70

Radius of bend (m)

A
da

pt
ed

 s
pe

ed
 (

m
/s

)

Angle=30°

Angle=20°

Angle=10°

Angle=0°

Figure 7: Speed limit according to R and ϕ



CMC, 2023, vol.74, no.2 3791

Fig. 6 shows a set of fitted velocities (limits) as a function of radius of curvature and coefficient of
static friction. We find that for a fixed coefficient (e.g., μs = 0.3), as the radius of curvature increases,
the limit velocity increases, and also for a fixed radius, the velocity increases with the coefficient of
friction. This explains why, in good conditions, the speed can easily increase in corners.

Fig. 7 shows the variation of the limiting speed with the radius of curvature by changing the
azimuth angle. We found that, as before, as the radius increases, the speed increases, and similarly,
as the angle increases, the speed limit increases.

Fig. 8 illustrates the different limit speeds of the vehicle for different values of the bearing angle
by varying the coefficient of static friction. As the angle and factor increase, the speed limit increases.
Fig. 9 shows the process of centrifugal force, which tends to push the vehicle out of the curve, as a
function of angle and coefficient of static friction. We find that as the angle and coefficient increase,
the centrifugal force increases, given by Eq. (28), which gives the dependence of force on velocity when
two parameters (angle and coefficient) increase according to the Eq. (17).
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Figure 8: Speed limit according to ϕ and μs

Due to the communication between the RSU agent and the vehicle agent, the management of
this complex site becomes more flexible and intelligent, which can avoid several problems of eventual
accidents such as skidding and vehicle reversing.
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Figure 9: Centrifugal force cording to ϕ and μs

7 Conclusions

In modern times, transportation and roads are essential to all people in the world. Everyone is
involved in road traffic in one way or another. In fact, road traffic crashes kill thousands each year and
millions suffer severe physical disability. On the other hand, multi-agent systems form the core research
field in the field of modern artificial intelligence. Multi-agent systems consist of multiple interacting
intelligent agents working together in a distributed environment to achieve common or overlapping
goals. Various different types of application uses can be handled using the MAS method, such as:
B. Automated vehicle operations, multi-robot factories, distributed transactions, automated games,
distributed teaching, etc. The proposed framework provides drivers with predictions about the speed
limit they must not exceed. The purpose of the proposal is to ensure that the vehicle remains within
the stability range in cornering situations. Our proposed model is based on information exchange in
a multi-agent system, exploiting the fundamentals of dynamics in a vehicle network environment. In
contrast to what currently exists (fixed speed), our model can provide variable speed based on the
meteorological conditions of the infrastructure and curves, avoiding several accidents in this critical
area. Finally, in future work, we plan to use machine learning and deep learning methods to protect
messages exchanged between agents (vehicle and RSU) from possible attacks.
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