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Abstract: This is an overview on the models used to control fleets of road vehicles. In general, simplified vehicle models
are used and their coupling features are introduced through the (individual) controllers. The robustness and
precision of motion control needs geometric, kinematic and dynamic descriptions. We propose a modeling
methodology for robots platooning to introduce specific features in the platoon behavior. This overview pro-
poses reference models to link the fleet vehicles and assign a character to the group independent from control.

1 INTRODUCTION

1.1 Context and Objectives

To increase the capacity of the infrastructures while
improving the safety and the comfort, vehicle pla-
tooning is of interest. Several solutions are consid-
ered, in the urban environment and on the highway,
by automating vehicles driving and autonomous fleet
control (Nouveliere et al., 2002; Alcala et al., 2018;
Allou and Zennir, 2018). This can be a very efficient
means of transportation for passengers and freight and
for increasing traffic capacity. For example, a convoy
of trucks carries goods, with only one driver (Bauer
and Tomizuka, 1996; M’Sirdi, 2018). Other benefits,
such as reducing fuel consumption and minimizing la-
bor, may exist in piggybacking or truck-mounted cars.
The convoy consists of a leading vehicle and trailing
trucks. The leader can be autonomous or manually
driven, other vehicles follow him with a safety dis-
tance to avoid collisions between vehicles.

Depending on the application purpose, a lot of ve-
hicle models have been considered in the literature
(Nouveliere et al., 2002; Alcala et al., 2018; Allou
and Zennir, 2018). The representation is, in general,
simplified and the fleet control is at a level higher than
the one of the embedded feedback (local level of the
DoF or actuators). Robust control laws, can avoid the
use of precise models, but this means that all efforts
are done in control (Menhour et al., 2015).

a https://orcid.org/0000-0002-9485-6429

The nonlinear robust control approaches give the
fleet a better controlled and more robust behavior
against uncertainties (Szanto et al., 2020; Lenain,
2005; Guillet et al., 2014). In this type of ap-
proach, the disadvantages are the availability of in-
formation on the vehicles of the chain, the need for
sensors, the communication of the data, and the ob-
servability. There is still a lack of inter vehicles rela-
tions,environment interactions and global strategy.

There is no general modelling methodology. The
main focus of this paper is the fleet modeling and in-
formation contained in the models. It is well known
that there exists also robust control approaches, avoid-
ing models or considering only integrators in the pro-
cess (Menhour et al., 2015). Indeed, the entire vehicle
dynamic controllability must be mobilized to perform
safe driving and emergency maneuvers like an obsta-
cle or slipping avoidance and urgent controlled brak-
ing (Ali et al., 2015; M’Sirdi, 2018). The models used
for fleets control focus on the representation of rela-
tive trajectories of the vehicles. Some of them con-
sider only longitudinal motion (1D) and few of them
are 2D. Each modeling approach suggests or more ap-
propriate control approaches (M’Sirdi, 2020).

The organization of this paper is as follows. Af-
ter this introduction, the section 2 presents the convoy
models used in fleets control. This is followed by a
general overview of the most often used control archi-
tectures (local and global). In section 3, inspired from
the nature, we propose a new modeling approach to
represent a fleet of vehicles. This will allow to assign
a special character to the group and application of sev-
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eral non linear control approaches for the autonomous
fleet driving. Then we conclude and give some per-
spectives on our work on observation and control of
robots platooning.

2 CONVOY MODELS USED IN
CONTROL

Table 1: Table of state variables and Acronyms.

L distance between the vehicle axles
Gi The gravity center of vehicle i
l f distance from the front axle to G
lr distance from the rear axle to G
mi mass of vehicle i plus 2 wheels
Xi Longitudinal position of vehicle i in R0
Yi Lateral position of vehicle i in R0
ψi Angular position of vehicle i in R0
ψΓ Orientation at M of ref Trajectory in R0
xv Longitudinal vehicle position in Rv
yv Lateral vehicle position in Rv
δi Front Steering angle (input vehicle i)
δr rear Steering angle (dr = 0 in general)

ei,i−1 longit distance inter vehicles i and i-1
εi, j lateral distance between vehicles i and j
ui input of the vehicle i

di, j desired distance between vehicles
di IVD: Inter Vehicles Distance
h IVSD Inter Vehicle Safety Distance
si Curvilinear abcissa of the vehicle i

LDI Londitudinal Double Integrator
LUM Longitudinal Unidirectional Model
LBM Longitudinal Bidirectional Model
ACM Anti-Collision Margin

L distance between the vehicle axles
Gi The gravity center of vehicle i
l f distance from the front axle to G
lr distance from the rear axle to G

c(s) Curvature tangent to Γ at M
B f ,K f Damping and Stifness of RM-IVDR
f ,r, l,d Indices for front, rear, left and right sides
RM- Reference Model

IVDR Inter Vehicles Dynamic Relations

2.1 Longitudinal Control Models (1D)

In general, a set of simplified and individual 1D mod-
els are considered. The only interest of 1D models is
the study of the IVSD (Inter-Vehicle Safety Distance).
This type of model and its controls ignore the lateral
movement and curvatures of the trajectory. Note that
there is no relation between the vehicles equations ex-
cept by the relative distance variables ei, which is used
in the control only.

2.1.1 Longitudinal Unidirectional Models
(LUM)

The most used model, for the longitudinal control of
the convoy is the double Integrator (Swaroop, 1994).
The input ui is the force applied to the vehicle i.

ẍi = ui (1)

For the Longitudinal Unidirectional Model, some au-
thors add a mass and a damper (Avanzini, 2010). m
is the vehicle mass and b a damper. Many parameters
are neglected. The vehicles are considered indepen-
dent and linked only by the control.

mẍi +bẋ+ k(x−dr) = ui (2)

The desired relative Inter-Vehicle Distance IVD (see
figure 1) dr is considered in the control with the error
or relative distance to the preceding vehicle ei,i−1.

ei, j = x j− xi− (i− j)d (3)

Figure 1: LDI and LUM Mass-Spring-Damper.

2.1.2 Longitudinal Bidirectional Models (LBM)

The LBM is a second-order system and the distances
to the neighbors (preceding ei,i−1 and following ei,i+1)
are fed back through the control (Avanzini, 2010). In
this scheme, the individual vehicle models are cou-
pled with the control interaction forces. Figure 1
shows a bidirectional longitudinal (mass, spring and
damper) model which link each vehicle to its neigh-
bors (previous and follower one).

2.1.3 LBM-VISD with Inter Vehicles Safety
Distance (IVSD)

The model dynamic equations, for a fleet of n vehi-
cles, may be written as follows:

mẍ1 = k(x1− x2−d1,2)− c(ẋ1− ẋ2)−hẋ1 +u1
mẍi = k(xi−1− xi−di−1,i)− k(xi− xi+1−di,i+1)+

+c(ẋi−1−2ẋi + ẋi+1)−hẋi +ui
. . . . . .

mẍn = k(xn−1− xn−dn−1,n)− c(ẋn−1− ẋn)−hẋn +un

(4)
where k is the coefficient of stiffness, c the damping
coefficient and d the length of the spring (inter-vehicle
distance). The leading vehicle is driven by force input
control u1. It receives the forces of constraints trans-
mitted by the links springs - dampers, on the chain of
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the vehicles of the convoy. The inputs u2, ...un (not
used in the literature) may be zero or some comple-
mentary control inputs that we have added to enhance
the controllability.
• with either di−1,i = d = constant and h = 0 ∀i.

This imposes an IVD. To ensure the stability of
the fleet, according to the authors (Yanakiev and
Kanellakopoulos, 1996) (Avanzini, 2010), the ra-
tio c2/km must be greater than constants that in-
crease proportionally to the vehicle index i in the
convoy.

• or di−1,i chosen for each vehicle i and h = 0 ∀i.
Another IVD has been proposed, to improve the
stability (Contet et al., 2009). It consists of choos-
ing, for each vehicle, a distance command di−1,i
between the vehicles of the convoy, according to
the state of the fleet and stability constraints

• or di−1,i = d = constant and h 6= 0. The Anti-
Collision Margin (ACM) h is added as a time dis-
tance margin to avoid collisions between vehicles
(Mu’azu et al., 2017).

The study of stability in (Contet et al., 2009), shows
that the bidirectional control architecture gives good
theoretical results when the number of vehicles of the
convoy is limited. In general, these models are used
for convoys that move at low speeds, do not take into
account the risk of failures, or the effects of errors
and noise measurement (Avanzini, 2010). Adding a
dynamics in the model has benefits.

2.2 2D Convoy Models for Control

2.2.1 Unicycle Model (UCM)

A unicycle uses a minimal kinematic representation.
vi is the linear velocity of the vehicle i and ψi is the
orientation angle of the vehicle wheel i (Samson and
Ait-Abderrahim, 1990; Xiang and Braunl, 2010; Ri-
cardo et al., 2008). Ẋi = vxvi .cos(ψi)

Ẏi = vxvisin(ψi)
ψ̇i = wiKγγi

(5)

A study of chain transformation for a convoy is pro-
posed, to determine the Inter-Vehicle Distances (dv)
and the relative caps (γ) between the neighboring ve-
hicles. The control applied to the convoy vehicles is
based on a tangential linearization; The overall stabil-
ity has been proven for the linearized model.

2.2.2 Use of the Kinematic Models (KM)

Several applications use only a kinematic model, in a
2D space with limited speeds in the urban frame.

This is not advisable for a truck convoy
on the highway. Using a bidirectional con-
trol can alleviate the problem (Avanzini et al.,
2010). The model equations are presented
in equation (6). One can see a demo of this
model in open loop, by M Compere, in https:
//ch.mathworks.com/matlabcentral/fileexchange/
67034-simple-animation-for-n-vehicles?focused=
9173618&tab=function

Ẋi = vxvi .cos(ψi)− L
2 .ψ̇i.sinψi

Ẏi = vxvi .sin(ψi)+
L
2 .ψ̇i.cosψi

ψ̇i =
vxvi .δi

Li

(6)

2.2.3 Kinematics Bicycle Model (KBM)

Geometric Convoy Model. Now we need to local-
ize the vehicle with regard to the reference trajectory
to be followed. The road reference path is noted Γ.
Figure 2 shows the geometric scheme of the vehicles
with regard to the path Γ in the absolute frame R0.
The vehicle is modeled with respect to the reference
path Γ (Lenain, 2005; Cartade et al., 2005). The ge-
ometric model defines the relations between vehicle
variables (in the vehicle frame Rv) to Cartesian ones
and to the reference trajectory.

Figure 2: Bicycle Model.

Let us recall that ψi is the orientation in the ab-
solute reference R0 and ldi denotes the desired IVSD
distance between 2 vehicles. Let si be the curvilinear
abscissa of the vehicle i. This abscissa is at a distance
di from the reference (desired) trajectory Γ (at point
M).
c(s): the curvature of the trajectory Γ at the point M
ψΓ(s): Orientation of the tangent at M, in the absolute
frame R0 (desired vehicle orientation)
ψ̃i =ψi−ψΓ(s) is the angular deviation of the vehicle
i relative to Γ.
esi = si−1− si− ldi is the curvilinear spacing error, or
difference between 2 vehicles with a kinematic model
expressed as follows (see fig 2).{

Ẋ = v.cos(ψi +β)
Ẏ = v.sin(ψi +β)

(7)

β denotes the side slip Angle
δi and δri are the front and rear steering
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δv = Ψi +β is the vehicle motion angle β = tan−1(
lr . tan(δ)+l f . tan(δr)

l f +lr
)

Ψ̇ = v.cos(β)
l f +lr

.(tan(δ)− tan(δr)
(8)

Assuming that δr = 0 and β = 0, the Kinematics of
the system can be written as in equation (6)

Now, to be able to follow a trajectory (Γ) let us
define the desired position (Fig2) for the vehicle as
(Xd ,Yd). We get ψd

ψd = tan−1(
(Yd−Y )
(Xd−X)

) (9)

For the control, that there are two control inputs
(steering and velocity), we then define the curvilinear
trajectory errors (for the distance and the angle):{

ed =
√
(Xd−X)2 +(Yd−Y )2

eψ = ψd−ψ
(10)

For the longitudinal and lateral control (in Carte-
sian space R0) of a train of two vehicles following a
leader, in (Allou and Zennir, 2018), the authors use
multi-PID controllers (Optimized by PSO and Fuzzy
Logic) to compute the orientation and velocity of the
vehicle:

Ψc = PID(eΨ) = (Kp1 +
Ki1

s +Kd1 .s)eψ

vc = PID(ed) = (Kp2 +
Ki2

s +Kd2 .s)ed
(11)

The two PID control parameters (Kxi ) are optimized
by Particle Swarm (PSO) technique and by a fuzzy
approach. The parameter optimization is based on
a fitness weight function Time Square Error (ITSE).
The drawback of this approach is the lack of dynam-
ics and that precise measurements of the absolute po-
sition variables is needed.

2.2.4 Dynamics Bicycle Model (DBM)

Also known as the Ackermann model, the DBM is
a Longitudinal and lateral model describing dynamic
and kinematic vehicle motions (Martinez et al., 2004;
Sprinkle et al., 2008). Its formulation varies from
one author to others (Daviet and Parent, 1996; Khatir
and Davidson, 2005; Bascetta et al., 2016; Zin et al.,
2004; Song et al., 2017; Huang et al., 2016).

DBM Decentralized Control. The simplified dy-
namic model (as presented in (Khatir and Davison,
2004)) is written in a three DoF system where vxi de-
note the linear velocity of the vehicle i and θi its wheel
orientation angle and βi the vehicle’s steering angle i.

mv̇xi = fxi cos(β)i + fyi sin(βi)

β̇i =− 1
mvi

fxi sin(βi)+
1

mvi
fyi cosβi−ψi

ψ̇i =
1
I fτ

(12)

The bicycle Kinematics model is: Ẋi = vxi cos(θi +βi)
Ẏi = vxi sin(θi +βi)
θ̇a

i = ψi

(13)

Platoon of Autonomous Buses. In (Stanley and
Katupitiya, 2013b; Stanley and Katupitiya, 2013a),
the authors use the DBM with a different formulation
for each bus of a platoon dynamics. Their work is fo-
cused on the multi-agent systems to demonstrate the
ability for platoons to cooperatively maneuver around
each other. The kinematic equations are the same as
in eq 6: {

Ẋi = vxi cosψ− L
2 ψ̇i cosψi

Ẏi = vxi sinψ+ L
2 ψ̇i sinψi

(14)

with r=L/2 is the distance between the effective center
of rotation in the vehicle and the definite origin of the
vehicle, ψ as the vehicle orientation in a reference co-
ordinate system, and ω= ẏ as the vehicle body turning
rate. The dynamic equations, for each vehicle, are m(Ẍ− Ẏ ψ̇) = Rr− sinδFf − cosδ(Tf −R f )−Tr

m(Ÿ + Ẋψ̇) =−cosδ.Ff +Fr + sinδ.(Tf −R f )
Jψ̈ =−l f .cosδ.Ff + lr.Fr + l f .sinδ.(Tf −R f )

(15)
T represents traction or propulsion, R the rolling re-
sistance and F the lateral forces on the wheels. The
slip angles are shown as the βs.

2.2.5 Robotics Models

The longitudinal and lateral positions and orientation
(X ,Y,θ) of each vehicle i (with mass mi and inertia Ii)
of the convoy are represented in a Cartesian frame R0.
Gi is the gravity center of the vehicle, (vxi,vyi) are its
longitudinal and lateral velocities.

Robotic Models are composed of Dynamic equa-
tions (eq 16, Kinematic transformation (see equation
6, and a geometric representation. This is why they
are more precise and advisable.

Dynamic Equations. The Lagrange method leads
to a set of dynamic equations (2.2.5) to describe the
motion of one vehicle (see the left scheme of figure
3), in the vehicle reference frame Rv = (Gi,xvi,yvi)
(Rabhi, 2005; DeSantis, 1995; Chebly, 2017). δi is
the steering front wheel angle and ψ: the yaw angle.

The input force is Fxri = Fmoti and Fresi gathers
the resistance forces from the slope gravity and aero-
dynamics. The rolling resistance is ρvi and the road
slope is ζ.

Fresi = mgsinζ+
ρACd

I
v̇2

xv sgn(v̇xv)−ρvi
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The longitudinal and lateral wheel forces are noted
Fx fi ,Fxri ,Fy fi ,Fyri . They can be got either trough the
wheel-road contact modeling or considering simply
longitudinal and lateral cornering stiffness for each
wheel (Rabhi, 2005) ( Ii = Iz +2Iw +mw(l2

f + l2
r )).

mi.v̇xvi = Fx fi .cosδi−Fy fi .sinδi +Fxri −Fresi

mi.v̇yvi +a.mwψ̈ = Fx fi .sinδi +Fy fi .cosδi +Fyri

Ii.ψ̈i +a.mwv̇y = l f (Fx fi sinδi +Fy fi cosδi−Fy fi)−Fyri .lr
(16)

l f and lr are distances to Gi from the front wheel and
from the rear wheel (respectively); a = l f − lr.

Figure 3: Bicycle Model and trajectory Γ.

The actuation dynamics when considered can be
written as follows, where Jx,rx,Tx are the wheels in-
ertia, rays, and motor torques. For a rear traction ve-
hicle Tm f i = 0 and Tmr i 6= 0.{

J f .ω̇ f i = (Tm f i− r f i.Fx f )
Jr.ω̇ri = (Tmr i− rri.Fxr)

(17)

Let us recall that the process has only 2 inputs (the
torque and the steering).

Geometric Model. The figure 3 shows the geomet-
ric scheme of the vehicles with the reference path γ in
the absolute frame R(0xy).

Let us note si, the curvilinear abscissa (position
M) of vehicle i. The abscissa si is located with respect
to a desired trajectory or trajectory Γ and we note d
the Side linear deviation of the vehicle i with respect
to the desired trajectory Γ.
Oi is the center of the rear axle of the ith vehicle and
si is the distance traveled (curvilinear abscissa) by the
closest point to Oi on the path Γ. c(si) is the curvature
of the Γ path in si.
Recall that di is the desired curvilinear distance be-
tween vehicles and c(S) is the curvature of the tra-
jectory C at the point M. The Curvilinear spacing be-
tween 2 vehicles is then: esi = si−1− si−di

ψ̃i =ψ−ψΓ is the angular deviation of the vehicle
i relative to reference trajectory Γ.

The Kinematic equations are needed to get the
Curvilinear velocities (ṡi) to follow the motion of the
vehicle i and determine its orientation. The curvilin-
ear kinematic model can be written:

ṡi =
cos(ψ̃i)

1−ỹi.c(s)
vxvi

˙̃yi = sin(ψ̃i).vxvi
˙̃ψi = ( tanδi

L −
c(s)cos(ψ̃i)
1−ỹi.c(s)

)vxvi

(18)

The kinematic modeling of vehicles, describes the
velocities based on the geometry of these vehicles.
The kinematic model alone does not completely rep-
resent the physical reality (Cordesses, 2000). The half
vehicle model, known as the bicycle, is an acceptable
representation for the dynamics of the convoy and is
most often used (Nadji, 2007; Nouveliere et al., 2002;
Lenain, 2005; Cartade et al., 2005).

These equations represent a non-holonomic sys-
tem, the state vector has three dimensions and two
dimensional control. The mathematical singularity
(dc(s) = 1) will never appear because the point Ov is
not at the center of the curve of the desired trajectory.
Oi is the center of the rear axle of the ith vehicle. c(si)
is the curvature of the Γ path in si (Cordesses, 2000)
(see figures 3).

Some authors, to be complete, add to this model a
representation of wheel slip and drift angles (Lenain,
2005; Cartade et al., 2005; Petrov, 2009). If we con-
sider βF

i and βR
i the drift angles (front and back) of

the robot. The kinematics becomes then
ṡi = vi

cos(ψ̃i+βR
i )

1−c(si)ỹi
˙̃yi = vi sin(ψ̃i +βR

i )

˙̃ψi = cos(βR
i )

tan(δi+βF
i )−tan(βR

i )
L − c(si)cos(ψ̃i+βR

i )
1−c(si)ỹi

(19)

2.2.6 Conclusion on Vehicles Models

We have presented the models used for the control of
vehicle fleets ranging from the simplest to the most
complete one. Several architectures have been used,
but there is still a lack of clear strategies non depen-
dent of the control laws used. For control of the vehi-
cle chain, the robotics models are the most appropri-
ate for the good motion control of the vehicles while
taking into account their dynamics and kinematic re-
lations. They involve correctly the transformations
from the vehicles operational variables to the Carte-
sian space representation.

Note that up to now, only the individual model of
one vehicle of the fleet are considered and there is no
criteria on the global behaviour or the fleet shape.

In section 3, we will propose a more complete
model, by adding to the robotics equations, a clear
description of the links and couplings of the vehicles
within the fleet and with their environment.
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2.3 Control Architectures for Fleets

The existing control architectures can be classified
into several categories: Kinematic / Dynamic, Local /
Global, Uni or Bi-directional. This is related to the in-
formation used to control each vehicle. They are local
or global depending on sensor information they use to
control (Global: from all the vehicles, or Local only
neighbors). The two approaches can be unidirectional
(preceding neighbors) or bidirectional (neighbors in
front and behind).

2.3.1 Global Fleet Control Architecture

For the global or centralized architecture (GUC,
GBC), the control law applied to each vehicle of the
fleet is based on the data (positions, velocities, ...) of
all the vehicles of the convoy (Yazbeck, 2014). Some-
times it can be partial, with data limited to the leader
and some of the neighboring vehicles, if the con-
voy chain is too long. For example, in partial GBC,
one uses the states variables of the leader and the 4
(front and rear plus left and right if any) or only 2
neighboring vehicles. This approach has been used
in (Caicedo et al., 2003), for a convoy moving in a
straight line. This makes global approaches more ex-
pensive(Ali et al., 2015).

2.3.2 Local or Decentralized Control
Architecture

In general, the most of vehicle pilots use only the in-
formation of the previous vehicle and possibly (only
partially) that of the following one (LUC, LBC). This
decentralized control (LUC) approach requires fewer
sensors and and very little information exchange be-
tween vehicles of the convoy, than the centralized ap-
proach. It also requires less computations and infor-
mation. The control is based on the data restricted to
neighbours in the convoy, to minimize the numbers of
the sensors used. (Qian et al., 2016; Nouveliere et al.,
2002; Sheikholeslam and Desoer, 1993).

2.3.3 Local Bidirectional Control Architecture
(LBC)

In bidirectional architecture, we are interested in in-
formation about the two neighbors,the previous vehi-
cle and the follower one. Each vehicle is controlled
targeting the previous one with regard to its followers
and leaders.

In this case, the disadvantages are the availability
of information on the vehicles of the chain, the need
for sensors, the communication of the data, and the
observability.

2.3.4 Local Unidirectional Control (LUC)

Each vehicle is controlled targeting the previous one
regardless to its follower. The driven vehicle in LUC
is slaved to follow its predecessor (Avanzini et al.,
2010). Tracking errors, introduced by sensors, actu-
ators, and delays accumulate from the leader vehicle
to the last one, in the convoy chain and affect the sta-
bility of the convoy motion. This causes oscillations
due to accumulated errors (Ali et al., 2015). This also
causes unacceptable disturbances if the string is long
(Avanzini, 2010). These problems are only partially
avoided in the global architecture.

3 NEW MODELING APPROACH
PROPOSED FOR PLATOONING

The robotic modeling approach seems more suitable
for driving fleets of vehicles, robots or mobile de-
vices. Let us first, discuss some observations of the
nature groups and then, we will use a more complete
architecture with a strategy that will consider models
including the group characteristics which is inspired
by the behavior of animals.

3.1 Modeling for Platooning

Two examples of fleets of 5 vehicles will be used to il-
lustrate our modeling approach. They are represented
in figure (4). We will define the geometric model of
each vehicle and for the global fleet. Using the five
gravity centers of the 5 vehicles we will define the
geometric form of the fleet. Then, each vehicle is lo-
calized regard to the gravity center or the red vehicle
chosen as being the leader. Therefore the kinemat-
ics and finally the dynamic equations for each vehicle
will be considered.

Geometric Models in Rv. If the red vehicle is the
leader of the fleet 1 of the figure 4, its position is q0 =
[xv0 ,yv0 ,ψ0]

T , the preceding vehicle is at q1 = q0 +
[d,0,0]T the rear one at q2 = q0 +[−d,0,0]T , the left
one at q3 = q0 + [0,dy,0]T and the right one at q4 =
q0 +[0,−dy,0]T , where d and dy are the longitudinal
and lateral IVSD. The geometric transformationis

T kin
i =

 cosψi −sinψi 0
sinψi cosψi 0

0 0 1

 (20)

Kinematics Models. The Kinematic transforma-
tion matrix, for each vehicle, is the same as previously
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given (eq 6). We then get here:

Ẋ0 = T kin
0 .q̇0 , Ẋ1 = T kin

1 .q̇1
Ẋ2 = T kin

2 .q̇2 , Ẋ3 = T kin
3 .q̇3 , Ẋ4 = T kin

4 .q̇4

Dynamic Models. The Lagrange method can be
used to get the (Inverse or Direct) Dynamic Model
equations, in the vehicle frame Rv, (M’Sirdi et al.,
2007) for each vehicle, knowing it is related to its
neighbours (by τr j ).

InverseDM Ui = Mi(qi).q̈i +Hi(q̇i,qi)
DirectDM q̈i = Mi(qi)

−1(−Hi(q̇i,qi)+Ui)
where Ui = ui− τ fi+1 − τri−1 − τli − τdi ...

(21)
with the operational variables qi = [xvi ,yvi ,ψi]

T as
the position vector for vehicle i, and q̇i, q̈i the velocity
and acceleration vectors. To this model we can add
the actuators (equation 17) and wheel ground contact
models (ignored here for the sake of simplicity and
considered in another control step).

Inter Vehicles Dynamic Relations (IVDR)
We introduce here the IVDR as a Reference Model
to include the constraints defining the vehicles inter-
action dynamics (instead of only an intervehicle dis-
tance (constant or not); (τri−1 ,τ fi+1 ) are rear and front
constraints and (τli ,τdi ) are from the left and right ve-
hicles in the fleet 1 of the figure (4). We can have four
Reference Models (RM) for one vehicle and more RM
if we need. We can also relate all the vehicles to the
leader. We can also share a percentage of leading.

The forces τx j , represents the constraints (attrac-
tion/repulsion) from the nearby vehicles (front, rear,
left and right). This is the description of the relation
of the vehicle i to the other ones in the group (or pla-
toon). As an example, the relation with the preceding
vehicle could be, with a simple mass-spring-damper
model (for simplicity):

τ fi+1 = Mi.ëi,i+1 +B f i.ëi,i+1 +K f i.ei,i+1 +w fi+1
(22)

where ei, j is the distance between two vehicles.
A virtual control input w fi+1 is introduced to

keep control of any variation which can be done on
the fly on the reference model character. It is also
worthwhile to note that this virtual input will proba-
bly enhance the platoon controllability. It can be used
by a high control level to manage the character of the
fleet and change its features depending the operational
state, the environment and the road conditions.

The constraints torques are linked by pairs
through the desired Reference Models for the Inter
Vehicles Dynamic Relations (RM-IVDR). In the fig-
ure (4) we see that these torques are generated by
damping and springs reference models.

Figure 4: Fleets of 5 Vehicles.

Please note that for the first fleet (of figure (4)) we
need Four reference models (2 longitudinal and 2 lat-
eral) and for the second one 5 RM-IVDR are needed.
We can also consider that all the vehicles are also
linked to the leader. Why not adding, for all the vehi-
cles a link to the blue one (first) or the last one.

In addition, note that the RM-IVDR models
(mass-spring-damper) are considered here for sim-
plicity. We can choose more complex models and use
nonlinear stiffness (rigidity for the front and flexible
for the rear). The parameters are not obligatorily lin-
ear, nor constant and bidirectional. A vehicle, (in-
teresting or not) for the fleet, may be attached to the
platoon or left if it goes too far. We can consider also
holonomic or non-holonomic constraints (with equal-
ities or inequalities C(X)≥ c0).

This is the main difference with the previous
approaches where vehicles are related only through
the controllers. We include specific reference models
to define the character of the dynamic relations
between vehicles.

The proposed Dynamic Model for the Platoon
The model can be expressed in the operational frame
or in the Cartesian frame by geometric and kinematic
transformations. Let us note εr and εl the distance be-
tween the vehicle and the right or the left one. The
parameters indexed f, r, l, d, corresponds to the Ref-
erence model with regard to the front, rear, left and
right vehicle (respectively).

The proposed dynamic model for the platoon is
then

For i = 1, ...N,
Ui = MẌi +H(Ẋi,Xi)

τ fi+1 = Mi.ëi,i+1 +B fi .ėi,i+1 +K fi .ei,i+1 +w fi+1

τri−1 = Mi.ëi,i−1 +Bri .ėi,i−1 +Kri .ei,i−1 +wri−1

τli = Mi.ε̈i,il +Bli .ε̇i,il +Kli .εi,il +wli
τdi = Mi.ε̈i,ir +Bdi .ε̇i,ir +Kdi .εi,ir +wdi

(23)
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In fact the reference models (RM-IVDR), add to
the system degrees of freedom (DoF) corresponding
to the relative motions. This will make the control
more admissible and more realistic. Those DoF are
added, in our model, with the corresponding virtual
control inputs to enhance the process observability
controllability. The system can be considered in a
triangular form to assign to the system mechanical
impedance features to the different DoF.

4 CONCLUSIONS

There is no general theory for modeling platoons of
vehicles, drones or robots. This paper has considered
the fleets or groups modeling as an open problem for
autonomous global driving.

An overview of the modeling approaches used for
platooning control is presented. The reported applica-
tions in literature consider separate and simple vehicle
models and link their behaviour only through the con-
trol laws. This means that there is no a priory defined
relation between the group elements (except the inter
vehicles distance) and then there is no optimal strat-
egy through the control. To much efforts are left to
the control.

The proposed model gives more clearly the global
description of the fleet and separate definitions of
the control objective and the behaviour (Reference
Model) for Inter Vehicles Dynamic Relations. It al-
lows more flexibility for the control laws and respect
the constraints using an appropriate Reference Model
for the behaviour (which copes with the control ad-
missibility). In our ongoing research, we will show
that the Platoon observability and controllability is
enhanced when using the new proposed model.

In perspectives the platoon Observability and con-
trollability will be analysed and non linear control
techniques will be applied to control the global pla-
toon behavior.
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à la géométrie des virages routiers: apport à la
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