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Abstract

In this paper, a longitudinal and lateral control approach is proposed for a convoy of multi vehicles. A global decentralized
architecture based on the information from neighbors and the leader vehicle is used, to ensure stability and safety between
neighbors. Lateral control based on the longitudinal speed of the i-th vehicle and the characteristic of the reference trajectory
of the leader to cancel the lateral deviation of the convoy from this trajectory and also allows coupled longitudinal and lateral
motion control. The robustness of the linearization control by inverse dynamics (for longitudinal movement) and the sliding
mode control (for lateral movement), concerning the parameters of the dynamic model, will be studied in this paper. To
compare different control approaches for the convoy, we add sensor errors between vehicles, to study the accumulation of the
errors towards the other cars of the convoy. To validate these approaches, we use the platform of SCANeR™ -Studio to control

a convoy of 10 vehicles.
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1. Introduction

Since the last century, the industrial world of transport
specialists has been taking more interest in intelligent
vehicles. It is investing in this domain by numerous
researchers in different research laboratories intending
to find tools that allow vehicles to be more intelligent,
autonomous, and consume less energy and also ensure
the safety of people as many accidents are caused
by negligence or tiredness of the driver. In terms
of rentability, a convoy of many trucks transporting
goods along the long way, can move based on one
driver, driving the first truck and the others following
him, or replace the drivers in case of tiredness
as in the Chauffeur project. Another example is
the AutoNet2030 project — Cooperative Systems in

Support of Networked Automated Driving by 2030
- for an aim to have more advanced cooperation
and driving assistance for automatized vehicles and
study the types of information needed to achieve this
objective (De La Fortelle et al., 2014; Chang et al., 1991).

Several models have been proposed in the literature
to control the convoy in both directions of movement.
The double integral model is the most used model, to
simplify the non-linear dynamics of each vehicle, or by
an exact linearization using the chain transformation,
as proposed in (Ali et al., 2015). This model considered
to study the longitudinal movement and inter distance
between the vehicles of the convoy. Other models
have also been used for the geometric control which
are based on the kinematic model (Qian et al., 2016;
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Xiang and Brdunl, 2010). Control approaches exist in
the literature and based on communication between
vehicles, such as the local architecture approach, which
is the most widely used approach and is also called
the leader-follower approach (Petrov, 2009; Hedrick
et al., 1991). Each vehicle in convoy uses information
from the preceding vehicle (unidirectional) (Muazu
et al., 2017; Sheikholeslam and Desoer, 1993). Other
approaches also that are based on information from all
vehicles or part of the convoy, the first is called the
centralized approach and the second the decentralized
approach (Avanzini et al., 2010; Khatir and Davidson,
2005). The choice of a control approach depends
on the number of available sensors or an economic
question but is always fundamental to ensure the
stability and safety of the convoy (Swaroop, 1994; ?).
In (Mohamed-Ahmed et al., 2019), we have proposed a
control based on the local unidirectional approach, in
which we applied a non-linear predictive control for
both movements of the convoy.

In this work, we propose a longitudinal and lateral
control approach for a convoy of autonomous vehicles
in an urban milieu. The longitudinal control of the
convoy is based on the decentralized global approach
such that the vehicles in convoy receive information
from the leader and the preceding vehicle. This
approach makes it possible to cancel the accumulation
of longitudinal errors towards other vehicles in the
case of a sensor error between two neighboring
vehicles and also ensures the global stability of the
convoy. Lateral control is considered in this work to
cancel the lateral deviation of the convoy from the
desired trajectory, which is defined for the fleet or
leader’s trajectory. Longitudinal and lateral control
are coupled by the longitudinal speed of the convoy.
For the longitudinal movement, we use a linearization
control by inverse dynamics, and for the lateral control,
we use a sliding mode control. A comparison for the
different control approaches such as the local approach
(Leader-follower) and the global approach based on
the information of the neighbors and the speed of
the leader or the speed and position of the leader
at the same time, will be studied by adding errors
between two neighboring vehicles to see the effect of
accumulation of errors towards the other vehicles in
the convoy. Dynamic model is considered to take into
account the non-linear dynamics movement of the
convoy in the differences frame and also to calculate
the control laws of each vehicle. The robustness of the
control will be studied in the presence of errors on the
model parameters. To validate these approaches, we
use The driving simulator SCANeR-studio, software
developed by OKTAL and Matlab Simulink.

The paper is organized as follows. Section II repre-
sents the modeling of the convoy, such as the dynamic

and state model of a vehicle and then the movement of
the convoy considering the spacing error between the
vehicles. Longitudinal and lateral control of the convoy
are presented in section III with their stability studies
for both movements. Finally, the validation using The
driving simulator SCANeR-studio with comparisons of
the different control approaches is presented in section
V.

2. Modeling

In order to control the movement of each vehicle in
convoy, we will start to present the models that will be
used for longitudinal and lateral control.

2.1. Dynamic model

In the case of a convoy traveling on different routes,
the coupling between the two controls is necessary
to complete the mission in the right condition. This
coupling requires taking into account the non-linearity
of the system and the coupling between the longitudinal
and lateral model for the i-th vehicle. In our case, the
two wheels at the rear are considered to be driven by
engine torque and the steering angle is assumed to be
equal for the two wheels in front. Let G; be the centre of
gravity for the i-th vehicle and (G;, x;, y; ) is the vehicle
frame and (0;, X;, Y;) is the fixed frame. The description
of the i-th vehicle is presented in the Fig.1.
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Figure 1 The Vehicle Description

where:

Ls,Lr: distance between G and front and rear wheels.
m,Iz: the mass and Inertia Moment of the vehicles.
mw,Iw: the mass and the rotational inertia of the
wheel.

X, vx: longitudinal vehicle velocity along x axis.

¥, vy: lateral velocity (axis y).

0: yaw angle and 0: yaw rate.

ax = X - y6: longitudinal acceleration.

ay = j + x0: lateral acceleration.

Cqf» Car: are respectively the cornering stiffness of the



front and the rear wheels.

t: driving/braking wheels torque. 5: steering wheel
angle.

Faero = 3pcsx*: aerodynamic force, where p, s and c: are
the air density, the vehicle frontal surface and the
aerodynamic constant.

R;: radius of the tire and E: Vehicle’s track.

L3, I3: the interconnection between the different bodies
composing the vehicle.

The dynamic model of the i-th vehicle is represented
as follows (Chebly, 2017):
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where: Me = m+4£—"5, L3 = 2mw(Lr—Lf) and 13 = Iz+me2.
t

We have two principal inputs for the i-th vehicle,

which will be used to control the longitudinal move-
ment by driving/braking wheels torque (u,; = Ri;) and

for the lateral movement by steering wheel (uy; =
(2C45 - z%ijli)éi) in order to follow the leader’s tra-

jectory and to cancel the lateral deviation from this
trajectory.

2.2. State Model

Taking them as a vector of positions for the three move-
ments of the i-th vehicle:

ai = [y, Qyir Goil" = X1, Y1, 031"
We have proposed in Mohamed-Ahmed et al. (2020) to
write the dynamic model defined in (1) in the following
robotic form:
M;(q;)-4; + Hi(;, q;) = Uj (2)
where the inertia Matrix M;(q;) is:
Me; 0 0
Mi(g)=| o m; -Ly
0 —L3i 13,-

Hi(d;,q;) :
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To determine the state model of the i-th vehicle, we
take as state vector:

zZ = (Zliyzzi)T = (qi;Qi)T

Z4i = gi = [)'(i))')i)?i]f
2y = G; = [%;, Y1, 6]

with positions:
and velocities:

The state model is determined using the equation
defined in (2), is given as follows:

z i= Z i
{ lei :f%Zu',Zzi) +9(24))U; (3)

where : (2,5, 2,5;) = ~-M ™ (2,;)Hi(24, Z5;)
and  g(zy;) = M7 (zy)

This model represents the state model for the i-th
vehicle, such that U; represents the input of the system,
to control the longitudinal (uy;), lateral (uy,) movement
and to determine the yaw movement (ug,) based on the
steering angle.

2.3. Convoy Motion

The movement of the convoy is represented in Fig.2
and Fig. 3, which shows a set of vehicles following each
other. Let G; be the centre of gravity of the i-th vehicle
, Siy Si_; the curvilinear abscissa of i-th and (i - 1)-th
vehicle, I; the desired safety distance between each two
neighbouring vehicles. The defined curvilinear error
(es;) between vehicles is given as follows:

es; =S = Siy +1g, (4)

In our case, the lateral displacement is taken into
account even if it seems neglected compared to the
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longitudinal displacement:

T 1 T . . 1
es; = J (¢ +y7)2dt - J (., +97p)2dt + lg, (5)
o 0

A more detailed definition for the longitudinal and
lateral movement of the convoy can be found in the
control section.

3. Longitudinal and lateral control
3.1. Longitudinal Control

The longitudinal control of the fleet is to keep a desired
distance between the vehicles and impose a reference
speed of the leader on the convoy, which requires sen-
sors at the border of each vehicle to receive information
from the neighbors and the leader in the case of the
global decentralized approach. In our case, we assume
that the information from the leader and neighbors
is available in real-time to calculate the law of lon-
gitudinal control Fig.2. To ensure safety and avoid
the accumulation of errors to other vehicles, the speed
of the leader (xo) is shared for all cars in the convoy.
The curvilinear error between neighboring vehicles is
defined as follows:

ex; = Si - Si—l + ld (6)

where: I; : Safety distance. S;: The curvilinear ab-
scissa for the i-th vehicle.
The error of speed between neighbors (between the
i-th and (i - 1)-th vehicle) :

éx; = Xj = Xi_y
The speed error between the leader and the i-th vehicle:
éxi,o = ).(l' - ).(0

where xo: the longitudinal speed of the leader and x;:
the speed of i-th vehicle.

This choice of curvilinear errors is intended to keep a
constant distance which is not proportional to the speed
of the convoy (AS; = S;_; - S; = l;). This proposal makes
it possible to avoid abruptly increasing the distance
in the event of high longitudinal speed and to avoid
decreasing the distance also in the event of decreasing
speeds along the trajectory by respecting the minimum
safety distance between neighbors.

For the longitudinal control, the linearization con-
trol by inverse dynamics is used. This control based on
vehicle dynamics and a derivative proportional correc-
tor. The general expression of the linearization control
by inverse dynamics for the system defined in (2) :

¥
=
—{T—
' \
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Figure 2. The longitudinal movement of the convoy

Uyi = «iV; + Bi

where «; = M;, B; = H; and v; represents the corrector.
Using this control on the longitudinal movement we
have:

oj = Me; = My;

. . X (Vi +L6;)
B; = Hyj = -my;0; + L39i2 + éi(zcocféi - anfm)
Faero;

Vi = _erxi - Kvéx,- - KVoéxi,o

(7)

To study the stability in closed loop, we start writ-
ing the dynamics of the error by taking into account
the acceleration error between the i-th and (i - 1)-th
vehicle:

M,i(Ex; + Kvex; + Kpex; + Kuoéx;) = AH,;

where éy, = X; _, and AHy; = [H,; - H;;] such as
A,; represents the estlmatlon on the model parameters
(longitudinal equation). Ky, Kp and Ky, are positive
defined gains.

To study the stability of the control, the following
Lyapunov candidate function is chosen:

1.7, 17
Vx; 2e,(,exl ex,-erxi

By calculating the derivative of this function :

Vi, = éxéx, + exKpex,
The acceleration error is replaced by its expression :
Vx; = éx,(—Kuéx,

— Kpex, — Kvoéx,, + Mii'AHy;) + éxKpex,

By developing this equation we have:



Vi, = éx.(~Kvéx, — Kvoéx,, + Mij'AH;;)
Let H* satisfies the following condition:
[1H,; - Hy)ll <H*
We choose the gains as follows:
H* < Ky, <Ky

With this condition on the gains of the corrector and
the estimation on the model parameters, the derivative
of the Lyapunov function is strictly negative:

. ST .
in < —exiKvexi

The stability and safety between neighboring vehi-
cles are ensured by respecting the different conditions
on the gains and parameters of the model and also the
constraints on the inter-distances between vehicles.

3.2. Lateral Control

The aim of lateral control of the fleet is to cancel the
lateral deviation of each vehicle from the desired tra-
jectory, that is to say ey, = 0 Fig. 3.

0

Figure 3. Lateral deviation of the convoy

To control the lateral movement of the convoy, we
use a sliding mode control Mohamed-Ahmed et al.
(2020). First, we define the sliding surface for the
i-th vehicle:

Si = éyi + Kzey,- (8)

where s;: represents the sliding surface for the i-th
vehicle. ey;: the lateral position error and ¢;: the lateral
velocity error.
The lateral control of the fleet is based on the charac-
teristic of the desired trajectory and the longitudinal
speed, i.e. both controls are coupled.
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Let éy, be the lateral acceleration error defined as
follows:

éy, = ay, - Ay, (9)

where ay;: the lateral acceleration and ay, : the
desired lateral acceleration.

The desired lateral acceleration ay, is calculated us-
ing the radius of the desired trajectory shown in Fig.
3 and the square longitudinal velocity assuming that
both measurements are available in real time:

{ @, = 5/R; (10)
ay; = Yi +X;6;

where R; : the radius curvature of the trajectory de-
sired of the i-th vehicle.
In the following, we write the lateral acceleration error
as a function of j); and jj; to introduce it into the dy-
namic model and calculate the equivalent control. We
replace ay;, and ay, by their expression defined in the

equation (10):
&y, = i + %0; - X7 [R; (11)

Take it y; = -(x;6; - X*/R;), we can write the error
equation in the following form:

ey, = i - ¥y,

The sliding mode control composed of two sub-
commands, the first one is based on the super-twisting
function which represents the robust control (U,,p), the
second command is the equivalent control (Ueq) based
on the dynamics of the model. It is used to get to
the sliding surface and also to decrease the spike by
the twisting function. The robust control defined as a
following:

Uyop = —Kasign(s;)

The second term of the control (Ueq) calculated by de-
riving the sliding surface defined in the equation (8)
51' = éYi + Kzéy[-

Replacing éy, by its expression and take §; = 0, we
find the equating control based on the state model
defined in (3):

Ueq; = gzi(Zlf)_l(izyd - ka(22,, - 23,)) - f2,(2y;,22,))

The sum of two controls represents the lateral control
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applied to the convoy :
Uy; = Ueq; + Urob,»

Replacing the two controls by their expressions is
the global lateral control:

Uy, = gZi(Zli)_l(ZZyd - kZ(zzyi - Zz!’d)
v = f2,(24;,25;)) - Kisign(s;)  (12)

The study of the convergence of the lateral control
based on a Lyapunov function; this function is defined
positive and has been chosen according to the sliding
surface :
1r

Vy, = 551

Si

The stability of the lateral movement of the convoy
is based on the attractiveness of the sliding surface
defined in (8).

To study the attractiveness we derive the function Vy,
and we replace § with its expression:

. T. Tree . Tre .
Vy, =578 = sj [ey, + Kaéy, ] = 57 (2, - 25

vg + Kzeyi]

We replace éy, by its expression:

Vy, = 51 Uf2(20,22) + 92,(22)Uy, = 23, + Koty

We replace the expression of the control (12) in the
previous equation:

Vy, = 5§ [f2 (215, 22,) - G2,(21,)Kisign(s;) + 23, -
Ka(22,, - 22,,) - f(24;,22)) - 22, + Kaby] (13)

Developing this equation, we have:

Vy, = S,'T[-Afzi - g2,Kisign(s;)] (14)
We have that g,, represents the inverse of the second
line (equation of lateral movement) of the matrix M;,
which is defined positive (the inverse of the vehicle
mass).
We choose the gain K; such as : K; > ||Af;|| and K,
a positive defined gain. With these conditions, it is
possible to write the function V;:

Vy; < -milsil <0

where n; : positive constants.

The lateral stability of the convoy is proven if the condi-
tions of convergence to the sliding surface are respected.
This attractiveness of the chosen sliding surface for the

lateral movement of the convoy allows to stay on the
reference trajectory and to cancel the lateral deviation
of the convoy from this trajectory as shown in Fig. 3.

4. Simulation

To validate the law of longitudinal and lateral control,
we controlled a convoy of 10 vehicles in order to follow
the desired trajectory shown in Fig.5. The reference
speed, which also represents the speed of the leader, is
shown in Fig.6. The road curvature is shown in Fig.7,
which will allow us to validate the law of lateral con-
trol of the convoy and to follow the desired trajectory
presented in Fig.5. The simulation was done using The
driving simulator SCANeR-studio, software developed
by OKTAL and Matlab Simulink.

Figure 4. Convoy 10-vehicles
SCANeR Studio

Figure 5. Reference Trajectory
of the convoy in SCANeR-Studio

8 & &
S

et Al et
/c 2 ?’“ i M\W,J‘r'- \\\\L P 003 H
|

I
0.01 ”\‘

I
|
n,‘\,‘ |

INV}VFIL\‘RJ M A‘H‘Mtulh Ji\ r‘t\ qmwfﬁ\ o .f.

00 ) F \

=

=

t
iy B
X

|

Road Curvature (m™")

Reference Longitudinal Speed (km/h)
=3

g

0 5 100 150 200 250 300 %0 400 0 50 100 150 200 250 300 350 400
Time (s) Time (s)

Figure 6. Reference Speed Figure 7. Road Curvature

As presented in the law of longitudinal control, we
shared the leader’s speed for all vehicles in convoy.
Each vehicle uses the information from the preceding
vehicle and the leader. The desired safety distance
has been chosen 3 m between every two vehicles
in the convoy. The lateral control aims to follow
the trajectory defined in Fig.5 and cancel the lateral
deviation from that trajectory.



The results show in Fig.8 the movement of the fleet
in the desired trajectory with an almost negligible lat-
eral error if we assume that the model parameters are
known as present in Fig.9, which shows that the lateral
deviation with the reference trajectory is almost ne-
glected (ey, € [-0.01,0.015m]) with the proposed lateral
control law.

The longitudinal speeds of the convoy are shown in
Fig.10, where they converge rapidly towards the speed
of the leader vehicle. This speed is around 40 km/h
from t=75s. As presented in the section of the con-
trol on the conditions of the inter distance between
the vehicles, which must be constant (3 m) which is
proved according to Fig.11 which represents the inter
distance which is around 3 m with a small variation
between [-0.005m and 0.03m] caused by the variation
of the longitudinal speed. Fig.11 also shows that the
longitudinal error does not accumulate at other vehicles
along the trajectory, which is a very important condi-
tion for the overall stability of the convoy if we assume
that we do not have errors on the sensors to exchange
information between the vehicles. The inter distance
always remains constant when the longitudinal speed
of the convoy reaches 40 km/h. Longitudinal and lat-
eral errors can be improved by adjusting the control
gains.

600 0.015

158 160 1§2 164
= 0005

-0.005

(m)

¥ (m)

400

Lateral Errol

800

800

1000

1200 0.01 -
300 200 100 0 100 200 300 400 500 600 700 0 50

X(m)

100 150 200 250 300 350 400
Time (s)

Figure 8. Trajectory of the Con-
voy

Figure 9. Lateral Error of the
convoy

Fig.12 shows the steering angles of the convoy,
which describes the behavior of the lateral movement
and which is proportional to the road curvature of the
desired trajectory. The lateral movement of the con-
voy reaches a lateral acceleration value (ay; = j; + xi0;)
around 4m/s* Fig.13, which means an important turn
with a longitudinal speed around of 40km/h, the con-
voy always stays on the leader’s desired trajectory. As
explained in the control section, the two controls (longi-
tudinal and lateral) are coupled and the desired lateral
acceleration is calculated according to the road cur-
vature (radius of the trajectory) and the longitudinal
speed. The lateral speed (y; ) of the convoy is shown in
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Fig.14 and is proportional to the radius of the desired
trajectory. The yaw speed is shown in Fig.15.
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These results show the performance of the law of lon-
gitudinal and lateral control proposed in this paper to
control the movement of the convoy in both directions.
The convoy always remains in the reference trajectory
of the leader and the inter-vehicle distance quickly con-
verges towards the value of the desired distance (3m)
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between the vehicles. The lateral deviation is almost
neglected which means that errors are not accumulated
towards the other vehicles along the trajectory.

4.1. Robustness of the Longitudinal and Lateral Con-

trol

To test the robustness of the longitudinal and lateral
control against errors on the parameters of the convoy
model, we will consider two possible cases:

Case 1: we assume we have a 20% error on the function
fi and g; = Af; = f; - f; = 20%f; and Ag; = g; - §; = 20%g;

-Case 2: for the second case, the errors are increased to
attain an estimation error of 50% = Af; = f; - f; = 50%f;
and Agi =g - @i = SOo/Ogi.

The robustness results show us an increase in the
lateral deviation of the convoy , according to Fig. 16
for an estimation error of 20% to be between ey, €
[-0.04,0.03m], while in the case where the parame-
ters are known, the lateral deviation from the desired
trajectory was around ey, € [-0.01,0.015m] Fig. 9. In
the case of a 50% error, we also find that the lateral
position error increases to be bounded between ey, €
[-0.12,0.06m] but it’s still acceptable for the lateral
movement. On the other hand, the variation in the dis-
tance between neighbouring vehicles (Fig.17 and Fig19)
remains negligible if the error on the estimation of
model parameters is increased. This robustness on the
longitudinal motion over the inter distance does not
prove the robustness of the linearization control by the
inverse dynamics, but rather by the decentralization
approach we have used for the longitudinal movement.
The lateral deviation remains acceptable which proves
the robustness of the sliding mode control with high
lateral acceleration, and can be improved by increasing
the gains, respecting the saturation on the control, and
avoiding the chattering problem.
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Figure 16. Lateral Error with
20% Error

Figure 17. Inter Distance with
20% Error
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Figure 18. Lateral Error with
50% Error

Figure 19. Inter Distance with
50% Error

4.2. Comparison of approaches

To compare different control approaches based on the
information from the convoy, we added sensor errors
between the 2-th and the 3-th vehicle, to study the
propagation or accumulation of errors to the other ve-
hicles. For comparison, we considered the following
three control approaches:

Approach 1: we consider that we have the information
from neighbors’ vehicles to calculate the control law.
This approach is known as Leader-follower or local
approach Fig. 20.

Approach 2: we have the information from the neigh-
bors’ vehicles and the speed of the leader. This ap-
proach is part of the decentralised global family Fig.
25.

Approach 3: we assume we have the information from
neighbors with speed and the position of the leader Fig.
30.

To validate these approaches, we recalculate in each
case the longitudinal control (linearization control by
inverse dynamics) and lateral control ( sliding mode
control ) based on the information available for the
different approaches.

The results show us for the local approach Fig. 20,
an accumulation of errors between leader and i-th ve-
hicle to other vehicles Fig.21. At the presence of the
error between the 2-th and the 3-th vehicle Fig. 22, we
have an increase of the inter distance between the two
vehicles to reach a value of 3.5 m. When we changed
the control strategy to test the global approach based
on the leader’s speed Fig. 25 which is shared for all
vehicles, we found that the accumulation of errors be-
tween the leader and the i-th vehicle is present, but is
decreasing along the convoy. So at any given moment,
the error will cancel Fig. 26. The Fig 27 shows us a
variation of the inter distance between neighboring ve-
hicles to compensate the errors of the accumulations
between leader and the i-th vehicle, respecting the crit-
ical inter-distance between neighbors, which we have
chosen AS,,;, = 2m. By changing the control strategy
to the global approach based on the speed and position



of the leader Fig. 30, we have observed that the accu-
mulation of errors between the leader and the other
vehicles is practically negligible Fig. 26. The Fig. 23,
Fig. 28 and Fig. 33 show us the lateral deviations for
the different approaches. When we use the different ap-
proaches; we can see that the lateral movement has not
been affected by the presence of the errors for the lon-
gitudinal movement on the inter-distance between the
neighbours. This is because the lateral control makes
it possible to stay on the desired trajectory with the
different inter-distance between the vehicles in the
convoy.

Inter vehicle distances (m)
{ ‘ ;

Inter vehicle distances (m)
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Figure 21. Inter Vehicle Dis-
tance between Leader and i-th
vehicle

Figure 20. Local Approach -
Leader Follower
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Figure 23. Lateral Error using
the local approach for the con-
voy

Figure 22. Inter Vehicle Dis-
tance between neighbors

Figure 24. Local Approach

5. Conclusion

In this paper, we have proposed a longitudinal and
lateral control based on the inverse dynamic lineariza-
tion control for the longitudinal motion and the slid-
ing mode control for the lateral movement. A control
approach that uses neighbor and leader information
has been developed to compute the law of longitudi-
nal control with a safe distance between vehicles to
avoid collisions and ensure convoy stability. The re-
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Figure 25. Global approach us-
ing the speed of the leader
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Figure 28. Lateral Error using
the global approach for the con-
voy

Figure 27. Inter Vehicle Dis-
tance between neighbors

Figure 29. Global approach using the speed of the leader

sults show a good performance of the controller and
the lateral deviation of the convoy from the desired
trajectory is almost negligible and the inter distance
remains around the desired distance with a small vari-
ation due to the variation of the speed of the convoy.
In the case where the model parameters are not well
estimated, the controller shows robustness against er-
rors on the model parameters for both motions. A very
important comparison based on different approaches
to convoy control has been proposed to check whether
errors will accumulate or propagate to other vehicles.
In the case, we have a sensor error or communications
error between two neighbors’ vehicles. The results
show an accumulation of errors to other vehicles when
we use the local or leader-follower approach. On the
other hand, when using the global approach in which
neighbor and leader information are used, the accumu-
lation of errors is directly canceled by always respecting
constraints on the critical inter-distance between the
neighbors’ vehicles.

In the next work, and as a perspective, we will use a
non-linear observer to calculate the inverse dynamics
of the convoy, and also we will control the vehicles in
the presence of obstacles.
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Figure 30. Global approach us-
ing the speed and position of the
leader

Figure 31. Inter Vehicle Distance
between Leader and i-th vehicle
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Figure 33. Lateral Error using
the global approach for the con-
voy

Figure 32. Inter Vehicle Dis-
tance between neighbors

Figure 34. Global approach using the speed and position of the leader
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