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Robust Fuzzy Path Tracking Control of a
Platooning Vehicles

Sami ALLOU @, Youcef ZENNIR®*
Automatic laboratory of Skikda, University 20 ao(t 1955 Skikda, Skikda, Algeria
Email: s.allou@univ-skikda.dz, *y.zennir@univ-skikda.dz

Abstract: The paper present our control approach based in fuzzy controller for platooning vehicles. this
approach based to control lateral and longitudinal movement of vehicles in different navigation trajectory.
kinematic model of vehicles are described follows by describe of controller design. The communication is
provided between vehicles with exchange information, speed and orientation angle with a fixed safety distance
between vehicles. 3D simulation developed with matlab, Simulink and v-rep software were carried . Different
reference trajectory are used to compared and approve our approach. The simulation results illustrate the
efficiency of our control design and open the perspectives for future work.

Keywo rds: Vehicle modeling, Fuzzy logic control approach, platooning vehicles, 3D simulation.
1. INTRODUCTION

Transport management and road safety are becoming more important and topical with the
exponential growth in the number of vehicles and infrastructure (roads and their condition) which is
not keeping pace with this number of vehicles. The saturation of the road network in highways and
city centers has become a big problem, hence the need to develop an intelligent network based on
autonomous vehicles to optimize the transport system control . these autonomous vehicles have
the ability to move alone or together (3-4 vehicles) depending on the mission. the goal of a
collective move with a man-driven of one vehicle is to reduce the cost and risk of the mission with
intelligent movement in risk areas (presence of obstacles, difficult trajectory, congestion, etc.)
(figure 1). Many research in the literature has been done to develop different new intelligent control
architecture to control platoons [1], [2], [3][13-15]. The complexity of the transport system control
depends in different parameters but the high important parameter is the stability of the travel
direction of the platoon, where the communication and cooperation between vehicles requires
techniques such as a cooperative adaptive cruise control (ACCS) [4].

In this work we started by the control of a two vehicles, we used a controller based on fuzzy
logic to control the vehicles because gives more flexibility, a lot of possibilities between true and
false which offer better tracking.
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Fig. 1 Architecture of Platooning system
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2. AUTOMOUS VEHICLES MODLING

Different model of autonomous electrical vehicles existing in the literature [1], [2]. this model
more and less complex depend of the situation and the elements composed the vehicle. The
model is more represent the vehicle when its take into account all the forces applied on the system.
in this case the control results obtained are high efficient. The first dynamic modeling of the
autonomous electrical vehicle that we used are develop by [4] but he doesn’t take on consideration
all the forces, this model improved by adding some forces to consideration, we used the dynamic
model improved proposed in [5] (figure 2). Our work is based on the control study of two
autonomous electric vehicles, that used four wheels driven by DC motor, the braking is done by
electromagnetic brakes when the absence of current it also has dual front steering system and
back. the mathematic model is illustrated by the following equations :

Front right wheel  Battery Rear control
cabinet

Front control

cabinet Chassis

Front left wheel

Fig. 2 Electric vehicle (RobuCar) and kinematic model [6]

TABLE 1 USED PARAMETERS IN THE MODELING

v Vehicle yaw angle
Vg The velocity vector at the CG
Uy, V) The longitudinal and the lateral velocity
676, Steering angle of wheel

The kinematic model of robucar [6] is given by:

X = Vinoy - SIN(Y + 26,) 1)
Y = Vinoy - COS(¥ + 25,) 2)
¥ = Vinoy - SIN(280)/L - cos(28;) ©))

With : ¥: Vehicle angle; & 6. Steering angle; vmoy : average speed. The given
kinematic model with double steering system and takes into account three degrees
of freedom, both longitudinal and lateral translation with a rotation around lace. In
this work we used single steering modes of RobuCar The kinematic model
become :

X = v, - cos(¥) 4

y =V, -sin(¥) ®)
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f=v, (6)
Where: v;: translation speed; v,: rotation speed.

Controller

To keep the mobile robot on our desired trajectory it is necessary to design a regulator which will
allow tracking of arbitrary trajectories (xr (t), yr (t)). The design of controller which we used is based
on fuzzy logic it receives the values of distance and the robot location relative to the path as shown
in Fig 2, at the output of the controller, then we get the two parameters, the linear speed and the
steering angle that will be needed so that the robot always stays on the desired trajectory.

¥y .

The desired

point
Va Pe

d Y
Ye ~_ e
Pa
Pm

o Xg X x

Fig. 3Technical diagram of the technique

The vectors rm, Tr, d et d, are: the position, the desired position, the angle of the orientation and
the distance between the current state and the desired position. These vectors are given as follows:

P = XI +Yj )

Pa = Xa(OT +yq (V)] (8)
Pe = cos(¥) 1+ sin(¥) 7 9)
d=P4d— Pm = Xa = XD+ (Ya — Vo) (10)

witth : X, ym, 6 are position and steering angle of the robot.

The norm victor represents the distance between the vehicle and the desired position and the
Vec pr0q Victor represent the orientation of the vehicle.

norm = /(X4 — X)? + (Yq — Y¢)? (11)
_ Txi
Vec yroa = ﬁ 12)

According to Equation (9) and (10)

Pe X d = (Y — Yg) - €0s(8) — (x4 — Xg) - Sin(6) (13)

This model is used for the two vehicles. we described the architecture of fuzzy controller in the
following section.
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3. FUZZY CONTROLLER

More and more new strategies of intelligent control are based on fuzzy logic and the application
touches all different fields such as robotics (robot manipulator, mobile robot, Unmanned Aerial
Vehicle (UAV,..), the enslavement of industrial systems. Fuzzy logic control is based on variables
and fuzzy (linguistic) variables that have an integer tick between two "true" values and the "false"
value. The values of these variables are words such as: very big, big, medium, small, very small,
close, very close, far, very far, high, low, very high, very low ... etc.

The choice of the fuzzy controller type depends in the foreground of the nature of the process to
be controlled and in the background the quality of control requested.

In the literature the fuzzy controllers differs either in relation to the number of inputs and outputs,
the shape of the control rules or the type of inference engine and the defuzzification method.

It is up to the user to choose the correct architecture of the controller that will be optimal to
properly control the process with the requirements of the specifications [6]. These different fuzzy
controllers have the same basic structure which is constituted as follows [6-12]:

» Input fuzzification (conversion binary to fuzzy); Fuzzy rule base; Inference engine.
»  Output defuzzification (conversion fuzzy to binary conversion)

The design of our fuzzy controller used to control lateral and longitudinal position of vehicles is
shown in the following figure:

e
d g d of
Distance speed 0
. : Fuzzy —» .
between vehicle | ¢ | € control>ller vehicle 2
and reference V2
trajectory
€q
0,
. Fuzzy 2, orientation
| ST €g | €9 | controller angle v2
orientation angle
(rgbd sensors)

Fig. 4 Fuzzy logic control structure.

and the architecture of controller in SIMULINK is illustrated in the following figure :
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Fig. 5 Control block d

iagram.

The membership functions are expressed in the following figures.

N

elocly

ERROR L
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Fig. 6 Input and output membership.

The meaning of the labels designating the names of the linguistic values are:

N: Negative; Z: zero ; P: Positive ; Pm: Positive medium;
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PL: Positive large.

Rule Base: The rule base is the heart of a fuzzy controller, since the control strategy used to
control the closed-loop system is stored as a collection of control rules (Mondani model).

Inference Engine: The basic operation of the interference engine is that it “infers,” ie., it deduces
(from evidence or data) a logical conclusion. The inference engine is a program that uses the
rule base and the input data of the controller to draw the conclusion. The conclusion of the
inference engine is the fuzzy output of the controller, which subsequently becomes the input
to the defuzzification interface.

ERROR = 1.5 C_ERROR=1.5 velocity = 3.85
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Fig. 7 Rule of vehicle

Defazzification interface: Finally, we make the last operation where the fuzzy conclusion of the
inference engine is defuzzified (the conclusion is converted into a crisp control signal). This
signal represent the output of fuzzy controller, which is, represent control signal to the process

[6].

The 3D simulation has been developed in v-rep software with two vehicles:

Fig. 8 3D simulation in v-rep with two vehicles
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4. SIMULATION

We have simulated our architecture control approach in continues time. The simulation aim is to
approve the controller's efficiency on two types of straight trajectory and curved trajectory like a turn.

the obtained results are illustrated in the following figures:

«10%

direction error

0 50 100 150
Time

Fig. 9 Curve of direction error.

0 50 100 150
Time

Fig. 10 Curve of saefty distance
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Fig. 13 Curve of two vehicules
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Fig. 14 Curve of direction error
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Fig. 16 Curve of orientation angle
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Fig. 18 Trajectory of two vehicules

Fig. 19 3D simulation in v-rep with straight trajectory
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Fig. 20 3D simulation in v-rep with curved trajectory

The results illustrated in figure fig.9-fig.13 shows that the control is very efficiency in a straight
trajectory with a very small tracking error and a well respected safety distance.

The results illustrated in figure fig.14-fig.19 shows that the control is less efficiency in a curved
trajectory compared to the tracking error and also the orientation angle but the safety distance is
well respected. The figure fig.20 and fig.21 illustrated 3D simulation for two trajectories with two
vehicles.

5. CONCLUSION

In this paper we have proposed path tracking controller for platooning autonomous vehicles with
four wheels. The controller chose is based on the fuzzy logic approach; it's able to offer more
tracking flexibility and stability. Different simulation has been realized in different trajectory with very
interesting results in lateral and longitudinal control of vehicles. The same observations are noticed
in the 3D simulation. We conclude that our approach of control must be more optimized where the
platooning vehicles travel in curved trajectory. In the future works we plan, to use optimization
algorithm like PSO or Genetic algorithm to optimize the parameters of controller.
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