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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 SCANeRTM-Studio to control
a convoy of 10 vehicles.
Keywords: Nonlinear Control; Autonomous Vehicles; Convoy; Platoon; Longitudinal and Lateral Control.

1. Introduction

Since the last century, the industrial world of transportspecialists has been taking more interest in intelligentvehicles. It is investing in this domain by numerousresearchers in different research laboratories intendingto find tools that allow vehicles to be more intelligent,autonomous, and consume less energy and also ensurethe safety of people as many accidents are causedby negligence or tiredness of the driver. In termsof rentability, a convoy of many trucks transportinggoods along the long way, can move based on onedriver, driving the first truck and the others followinghim, or replace the drivers in case of tirednessas in the Chauffeur project. Another example isthe AutoNet2030 project – Cooperative Systems in

Support of Networked Automated Driving by 2030– for an aim to have more advanced cooperationand driving assistance for automatized vehicles andstudy the types of information needed to achieve thisobjective (De La Fortelle et al., 2014; Chang et al., 1991).
Several models have been proposed in the literatureto control the convoy in both directions of movement.The double integral model is the most used model, tosimplify the non-linear dynamics of each vehicle, or byan exact linearization using the chain transformation,as proposed in (Ali et al., 2015). This model consideredto study the longitudinal movement and inter distancebetween the vehicles of the convoy. Other modelshave also been used for the geometric control whichare based on the kinematic model (Qian et al., 2016;
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Xiang and Bräunl, 2010). Control approaches exist inthe literature and based on communication betweenvehicles, such as the local architecture approach, whichis the most widely used approach and is also calledthe leader-follower approach (Petrov, 2009; Hedricket al., 1991). Each vehicle in convoy uses informationfrom the preceding vehicle (unidirectional) (Muazuet al., 2017; Sheikholeslam and Desoer, 1993). Otherapproaches also that are based on information from allvehicles or part of the convoy, the first is called thecentralized approach and the second the decentralizedapproach (Avanzini et al., 2010; Khatir and Davidson,2005). The choice of a control approach dependson the number of available sensors or an economicquestion but is always fundamental to ensure thestability and safety of the convoy (Swaroop, 1994; ?).In (Mohamed-Ahmed et al., 2019), we have proposed acontrol based on the local unidirectional approach, inwhich we applied a non-linear predictive control forboth movements of the convoy.
In this work, we propose a longitudinal and lateralcontrol approach for a convoy of autonomous vehiclesin an urban milieu. The longitudinal control of theconvoy is based on the decentralized global approachsuch that the vehicles in convoy receive informationfrom the leader and the preceding vehicle. Thisapproach makes it possible to cancel the accumulationof longitudinal errors towards other vehicles in thecase of a sensor error between two neighboringvehicles and also ensures the global stability of theconvoy. Lateral control is considered in this work tocancel the lateral deviation of the convoy from thedesired trajectory, which is defined for the fleet orleader’s trajectory. Longitudinal and lateral controlare coupled by the longitudinal speed of the convoy.For the longitudinal movement, we use a linearizationcontrol by inverse dynamics, and for the lateral control,we use a sliding mode control. A comparison for thedifferent control approaches such as the local approach(Leader-follower) and the global approach based onthe information of the neighbors and the speed ofthe leader or the speed and position of the leaderat the same time, will be studied by adding errorsbetween two neighboring vehicles to see the effect ofaccumulation of errors towards the other vehicles inthe convoy. Dynamic model is considered to take intoaccount the non-linear dynamics movement of theconvoy in the differences frame and also to calculatethe control laws of each vehicle. The robustness of thecontrol will be studied in the presence of errors on themodel parameters. To validate these approaches, weuse The driving simulator SCANeR-studio, softwaredeveloped 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 ofthe convoy considering the spacing error between thevehicles. Longitudinal and lateral control of the convoyare presented in section III with their stability studiesfor both movements. Finally, the validation using Thedriving simulator SCANeR-studio with comparisons ofthe different control approaches is presented in sectionIV.

2. Modeling

In order to control the movement of each vehicle inconvoy, we will start to present the models that will beused 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 necessaryto complete the mission in the right condition. Thiscoupling requires taking into account the non-linearityof the system and the coupling between the longitudinaland lateral model for the i-th vehicle. In our case, thetwo wheels at the rear are considered to be driven byengine torque and the steering angle is assumed to beequal for the two wheels in front. Let Gi be the centre ofgravity for the i-th vehicle and (Gi, xi, yi ) is the vehicleframe and (Oi,Xi,Yi) is the fixed frame. The descriptionof the i-th vehicle is presented in the Fig.1.

Figure 1. The Vehicle Description

where:
Lf ,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 thewheel.
ẋ, vx: longitudinal vehicle velocity along x axis.
ẏ, vy: lateral velocity (axis y).
θ: yaw angle and θ̇: yaw rate.
ax = ẍ – ẏθ̇: longitudinal acceleration.
ay = ÿ + ẋθ̇: lateral acceleration.
Cαf ,Cαr: are respectively the cornering stiffness of the
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front and the rear wheels.
τ: driving/braking wheels torque. δ: steering wheelangle.
Faero = 12ρcsẋ2: aerodynamic force, where ρ, s and c: arethe air density, the vehicle frontal surface and theaerodynamic constant.
Rt: radius of the tire and E: Vehicle’s track.
L3, I3: the interconnection between the different bodiescomposing the vehicle.

The dynamic model of the i-th vehicle is representedas follows (Chebly, 2017):

meẍi –mẏiθ̇i + L3θ̇2
i + δi(2Cαfδi – 2Cαf ẋi(ẏi+Lf θ̇i)ẋ2i –(θ̇iE/2)2 )+

Faeroi = τi
Rt

mÿi – L3θ̈i +mẋiθ̇i + 2Cαf ẋi(ẏi+Lf θ̇i)ẋ2i –(θ̇iE/2)2 + 2Cαr ẋi(ẏi–Lrθ̇i)ẋ2i –(θ̇iE/2)2
= (2Cαf – 2 IwR2

t
ẍi)δi

I3θ̈i – L3ÿi + 2LfCαf ẋi(ẏi+Lf θ̇i)ẋ2i –(θ̇iE/2)2 ) – 2LrCαr ẋi(ẏi–Lrθ̇i)ẋ2i –(θ̇iE/2)2

–L3ẋiθ̇i = Lf(2Cαf – 2 IwR2
t
ẍi)δi – (E2Cαf Eθ̇i(ẏi+Lf θ̇i)ẋ2i –(θ̇iE/2)2 )δi

(1)
where: me = m+4 IwR2

t
, L3 = 2mw(Lr–Lf) and I3 = Iz+mwE2.

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 (uxi = τi
Rti

) and
for the lateral movement by steering wheel (uyi =
(2Cαfi – 2 IwiR2

ti
q̈1i)δi) in order to follow the leader’s tra-

jectory and to cancel the lateral deviation from thistrajectory.

2.2. State Model

Taking them as a vector of positions for the three move-ments of the i-th vehicle:
qi = [qxi, qyi, qθi]T = [xi, yi, θi]T

We have proposed in Mohamed-Ahmed et al. (2020) towrite the dynamic model defined in (1) in the followingrobotic form:
Mi(qi).q̈i + Hi(q̇i, qi) = Ui (2)

where the inertia Matrix Mi(qi) is:

Mi(qi) =
 mei 0 00 mi –L3i0 –L3i I3i


Hi(q̇i, qi) :


–miq̇yiq̇θi + L3iq̇2

θi + δi(2Cαfiδi – 2Cαfi q̇xi(q̇yi+Lfiq̇θi)q̇2xi–(q̇θiEi/2)2 ) + Faeroi
miq̇xiq̇θi + 2Cαfi q̇xi(q̇yi+Lfiq̇θi)q̇2xi–(q̇θiEi/2)2 + 2Cαri q̇xi(q̇yi–Lriq̇θi)q̇2xi–(q̇θiEi/2)2

2LfiCαfi q̇xi(q̇yi+Lfiq̇θi)q̇2xi–(q̇θiEi/2)2 ) – 2LriCαri q̇xi(q̇yi–Lriq̇θi)q̇2xi–(q̇θiEi/2)2 – L3iq̇xiq̇θi



and the input vector Ui = (uxi,uyi,uθi)T :

Ui =


τi
Rti(2Cαfi – 2 IwiR2

ti
q̈xi)δi

Lfiuyi – (Ei2 Cαfi Eiq̇θi(q̇yi+Lfiq̇θi)q̇2
xi–(q̇θiEi/2)2 )δi



To determine the state model of the i-th vehicle, wetake as state vector:
zi = (z1i, z2i)T = (qi, q̇i)T

with positions: z1i = qi = [xi, yi, θi]Tand velocities: z2i = q̇i = [ẋi, ẏi, θ̇i]T

The state model is determined using the equationdefined in (2), is given as follows:
{
ż1i = z2i
ż2i = f(z1i, z2i) + g(z1i)Ui (3)

where : f(z1i, z2i) = –M–1(z1i)Hi(z1i, z2i)and g(z1i) = M–1(z1i)
This model represents the state model for the i-thvehicle, such that Ui represents the input of the system,to control the longitudinal (uxi), lateral (uyi) movementand to determine the yaw movement (uθi) based on thesteering angle.

2.3. Convoy Motion

The movement of the convoy is represented in Fig.2and Fig. 3, which shows a set of vehicles following eachother. Let Gi be the centre of gravity of the i-th vehicle, Si, Si–1 the curvilinear abscissa of i-th and (i – 1)-thvehicle, ld the desired safety distance between each twoneighbouring vehicles. The defined curvilinear error(esi) between vehicles is given as follows:
esi = Si – Si–1 + ldi (4)

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

esi =
∫T
0 (ẋ2i + ẏ2i ) 12 dt –

∫T
0 (ẋ2i–1 + ẏ2i–1) 12 dt + ldi (5)

A more detailed definition for the longitudinal andlateral movement of the convoy can be found in thecontrol section.

3. Longitudinal and lateral control

3.1. Longitudinal Control

The longitudinal control of the fleet is to keep a desireddistance between the vehicles and impose a referencespeed of the leader on the convoy, which requires sen-sors at the border of each vehicle to receive informationfrom the neighbors and the leader in the case of theglobal decentralized approach. In our case, we assumethat the information from the leader and neighborsis available in real-time to calculate the law of lon-gitudinal control Fig.2. To ensure safety and avoidthe accumulation of errors to other vehicles, the speedof the leader (x0) is shared for all cars in the convoy.The curvilinear error between neighboring vehicles isdefined as follows:

exi = Si – Si–1 + ld (6)
where: ld : Safety distance. Si: The curvilinear ab-scissa for the i-th vehicle.The error of speed between neighbors (between the

i-th and (i – 1)-th vehicle) :
ėxi = ẋi – ẋi–1

The speed error between the leader and the i-th vehicle:
ėxi,0 = ẋi – ẋ0

where ẋ0: the longitudinal speed of the leader and ẋi:the speed of i-th vehicle.
This choice of curvilinear errors is intended to keep aconstant distance which is not proportional to the speedof the convoy (∆Si = Si–1 – Si = ld). This proposal makesit possible to avoid abruptly increasing the distancein the event of high longitudinal speed and to avoiddecreasing the distance also in the event of decreasingspeeds along the trajectory by respecting the minimumsafety distance between neighbors.
For the longitudinal control, the linearization con-trol by inverse dynamics is used. This control based onvehicle dynamics and a derivative proportional correc-tor. The general expression of the linearization controlby inverse dynamics for the system defined in (2) :

Figure 2. The longitudinal movement of the convoy

Uxi = αivi + βi

where αi = Mi, βi = Hi and vi represents the corrector.Using this control on the longitudinal movement wehave:


αi = mei = M1i
βi = H1i = –mẏiθ̇i + L3θ̇2

i + δi(2Cαfδi – 2Cαf ẋi(ẏi+Lf θ̇i)ẋ2i –(θ̇iE/2)2 )+
Faeroi
vi = –Kpexi – Kvėxi – Kv0 ėxi,0 (7)
To study the stability in closed loop, we start writ-ing the dynamics of the error by taking into accountthe acceleration error between the i-th and (i – 1)-thvehicle:

M1i(ëxi + Kvėxi + Kpexi + Kv0 ėxi,0) = ∆H1i

where ëxi = ẍi – ẍi–1 and ∆H1i = [Ĥ1i – H1i] such as
Ĥ1i represents the estimation on the model parameters(longitudinal equation). Kv, Kp and Kv0 are positivedefined gains.

To study the stability of the control, the followingLyapunov candidate function is chosen:
Vxi = 1

2 ėTxi ėxi +
1
2eTxiKpexi

By calculating the derivative of this function :
V̇xi = ėTxi ëxi + ėTxiKpexi

The acceleration error is replaced by its expression :
V̇xi = ėTxi(–Kvėxi – Kpexi – Kv0 ėxi,0 +M–11i ∆H1i) + ėTxiKpexi
By developing this equation we have:
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V̇xi = ėTxi(–Kvėxi – Kv0 ėxi,0 +M–11i ∆H1i)
Let H+ satisfies the following condition:

||Ĥ1i – H1i)|| ≤ H+

We choose the gains as follows:
H+ < Kv0 < Kv

With this condition on the gains of the corrector andthe estimation on the model parameters, the derivativeof the Lyapunov function is strictly negative:
V̇xi < –ėTxiKvėxi

The stability and safety between neighboring vehi-cles are ensured by respecting the different conditionson the gains and parameters of the model and also theconstraints on the inter-distances between vehicles.
3.2. Lateral Control

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

Figure 3. Lateral deviation of the convoy

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

si = ėyi + K2eyi (8)
where si: represents the sliding surface for the i-thvehicle. eyi: the lateral position error and ėi: the lateralvelocity error.The lateral control of the fleet is based on the charac-teristic of the desired trajectory and the longitudinalspeed, i.e. both controls are coupled.

Let ëyi be the lateral acceleration error defined asfollows:
ëyi = ayi – ayid (9)

where ayi : the lateral acceleration and ayid : the
desired lateral acceleration.

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

ayid = ẋ2i /Ri
ayi = ÿi + ẋiθ̇i (10)

where Ri : the radius curvature of the trajectory de-sired of the i-th vehicle.In the following, we write the lateral acceleration erroras a function of ÿi and ÿd to introduce it into the dy-namic model and calculate the equivalent control. Wereplace ayid and ayi by their expression defined in the
equation (10):

ëyi = ÿi + ẋiθ̇i – ẋ2i /Ri (11)
Take it ÿid = –(ẋiθ̇i – ẋ2i /Ri), we can write the error
equation in the following form:

ëyi = ÿi – ÿid
The sliding mode control composed of two sub-commands, the first one is based on the super-twistingfunction which represents the robust control (Urob), thesecond command is the equivalent control (Ueq) basedon the dynamics of the model. It is used to get tothe sliding surface and also to decrease the spike bythe twisting function. The robust control defined as afollowing:

Urob = –K1sign(si)
The second term of the control (Ueq) calculated by de-riving the sliding surface defined in the equation (8):

ṡi = ëyi + K2ėyi
Replacing ëyi by its expression and take ṡi = 0, wefind the equating control based on the state modeldefined in (3):
ueqi = g2i(z1i)–1(ż2yd – k2(z2yi – z2yd ) – f2i(ẑ1i , ẑ2i))

The sum of two controls represents the lateral control
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applied to the convoy :
Uyi = Ueqi + Urobi

Replacing the two controls by their expressions isthe global lateral control:
Uyi = g2i(z1i)–1(z2yd – k2(z2yi – z2yd )

... – f2i(ẑ1i , ẑ2i)) – K1sign(si) (12)
The study of the convergence of the lateral controlbased on a Lyapunov function; this function is definedpositive and has been chosen according to the slidingsurface :

Vyi = 1
2 sTi si

The stability of the lateral movement of the convoyis based on the attractiveness of the sliding surfacedefined in (8).To study the attractiveness we derive the function Vyiand we replace ṡ with its expression:
V̇yi = sTi ṡi = sTi [ëyi + K2ėyi] = sTi [ż2yi – ż2yd + K2ėyi]

We replace ëyi by its expression:
V̇yi = sTi [f2i(z1i , z2i) + g2i(z1i)Uyi – ż2yd + K2ėyi]

We replace the expression of the control (12) in theprevious equation:
V̇yi = sTi [f2i(z1i , z2i) – g2i(z1i)K1sign(si) + ż2yd–

K2(z2yi – z2yd ) – f(ẑ1i , ẑ2i) – ż2yd + K2ėyi] (13)
Developing this equation, we have:

V̇yi = sTi [–∆f2i – g2iK1sign(si)] (14)
We have that g2i represents the inverse of the secondline (equation of lateral movement) of the matrix Mi,which is defined positive (the inverse of the vehiclemass).We choose the gain K1 such as : K1 > ||∆fi|| and K2a positive defined gain. With these conditions, it ispossible to write the function V̇i:

V̇yi < –ηi|si| < 0
where ηi : 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 thereference trajectory and to cancel the lateral deviationof 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 followthe desired trajectory shown in Fig.5. The referencespeed, which also represents the speed of the leader, isshown 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 trajectorypresented in Fig.5. The simulation was done using Thedriving simulator SCANeR-studio, software developedby OKTAL and Matlab Simulink.

Figure 4. Convoy 10-vehiclesSCANeR Studio Figure 5. Reference Trajectoryof the convoy in SCANeR-Studio

Figure 6. Reference Speed Figure 7. Road Curvature

As presented in the law of longitudinal control, weshared the leader’s speed for all vehicles in convoy.Each vehicle uses the information from the precedingvehicle and the leader. The desired safety distancehas been chosen 3 m between every two vehiclesin the convoy. The lateral control aims to followthe trajectory defined in Fig.5 and cancel the lateraldeviation from that trajectory.
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The results show in Fig.8 the movement of the fleetin the desired trajectory with an almost negligible lat-eral error if we assume that the model parameters areknown as present in Fig.9, which shows that the lateraldeviation with the reference trajectory is almost ne-glected (eyi ∈ [–0.01, 0.015m]) with the proposed lateralcontrol law.
The longitudinal speeds of the convoy are shown inFig.10, where they converge rapidly towards the speedof the leader vehicle. This speed is around 40 km/hfrom t=75s. As presented in the section of the con-trol on the conditions of the inter distance betweenthe vehicles, which must be constant (3 m) which isproved according to Fig.11 which represents the interdistance which is around 3 m with a small variationbetween [-0.005m and 0.03m] caused by the variationof the longitudinal speed. Fig.11 also shows that thelongitudinal error does not accumulate at other vehiclesalong the trajectory, which is a very important condi-tion for the overall stability of the convoy if we assumethat we do not have errors on the sensors to exchangeinformation between the vehicles. The inter distancealways remains constant when the longitudinal speedof the convoy reaches 40 km/h. Longitudinal and lat-eral errors can be improved by adjusting the controlgains.
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Fig.12 shows the steering angles of the convoy,which describes the behavior of the lateral movementand which is proportional to the road curvature of thedesired trajectory. The lateral movement of the con-voy reaches a lateral acceleration value (ayi = ÿi + ẋiθ̇i)around 4m/s2 Fig.13, which means an important turnwith a longitudinal speed around of 40km/h, the con-voy always stays on the leader’s desired trajectory. Asexplained in the control section, the two controls (longi-tudinal and lateral) are coupled and the desired lateralacceleration is calculated according to the road cur-vature (radius of the trajectory) and the longitudinalspeed. The lateral speed (ẏi ) of the convoy is shown in
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Fig.14 and is proportional to the radius of the desiredtrajectory. The yaw speed is shown in Fig.15.
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Figure 13. Lateral acceleration
ayi

Figure 14. Lateral Speed Figure 15. Yaw rate

These results show the performance of the law of lon-gitudinal and lateral control proposed in this paper tocontrol the movement of the convoy in both directions.The convoy always remains in the reference trajectoryof 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 almostneglected which means that errors are not accumulatedtowards the other vehicles along the trajectory.

4.1. Robustness of the Longitudinal and Lateral Con-
trol

To test the robustness of the longitudinal and lateralcontrol against errors on the parameters of the convoymodel, we will consider two possible cases:Case 1: we assume we have a 20% error on the function
fi and gi ⇒ ∆fi = fi – f̂i = 20%fi and ∆gi = gi – ĝi = 20%gi.-Case 2: for the second case, the errors are increased toattain an estimation error of 50% ⇒ ∆fi = fi – f̂i = 50%fiand ∆gi = gi – ĝi = 50%gi.

The robustness results show us an increase in thelateral deviation of the convoy , according to Fig. 16for an estimation error of 20% to be between eyi ∈[–0.04, 0.03m], while in the case where the parame-ters are known, the lateral deviation from the desiredtrajectory was around eyi ∈ [–0.01, 0.015m] Fig. 9. Inthe case of a 50% error, we also find that the lateralposition error increases to be bounded between eyi ∈[–0.12, 0.06m] but it’s still acceptable for the lateralmovement. 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 ofmodel parameters is increased. This robustness on thelongitudinal motion over the inter distance does notprove the robustness of the linearization control by theinverse dynamics, but rather by the decentralizationapproach we have used for the longitudinal movement.The lateral deviation remains acceptable which provesthe robustness of the sliding mode control with highlateral acceleration, and can be improved by increasingthe gains, respecting the saturation on the control, andavoiding the chattering problem.
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Figure 16. Lateral Error with20% Error
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Figure 17. Inter Distance with20% Error
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Figure 18. Lateral Error with50% Error
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Figure 19. Inter Distance with50% Error

4.2. Comparison of approaches

To compare different control approaches based on theinformation from the convoy, we added sensor errorsbetween the 2-th and the 3-th vehicle, to study thepropagation or accumulation of errors to the other ve-hicles. For comparison, we considered the followingthree control approaches:Approach 1: we consider that we have the informationfrom neighbors’ vehicles to calculate the control law.This approach is known as Leader-follower or localapproach 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 fromneighbors with speed and the position of the leader Fig.30.To validate these approaches, we recalculate in eachcase the longitudinal control (linearization control byinverse dynamics) and lateral control ( sliding modecontrol ) based on the information available for thedifferent 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 theerror between the 2-th and the 3-th vehicle Fig. 22, wehave an increase of the inter distance between the twovehicles to reach a value of 3.5 m. When we changedthe control strategy to test the global approach basedon the leader’s speed Fig. 25 which is shared for allvehicles, we found that the accumulation of errors be-tween the leader and the i-th vehicle is present, but isdecreasing along the convoy. So at any given moment,the error will cancel Fig. 26. The Fig 27 shows us avariation of the inter distance between neighboring ve-hicles to compensate the errors of the accumulationsbetween leader and the i-th vehicle, respecting the crit-ical inter-distance between neighbors, which we havechosen ∆Smin = 2m. By changing the control strategyto the global approach based on the speed and position
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of the leader Fig. 30, we have observed that the accu-mulation of errors between the leader and the othervehicles is practically negligible Fig. 26. The Fig. 23,Fig. 28 and Fig. 33 show us the lateral deviations forthe different approaches. When we use the different ap-proaches; we can see that the lateral movement has notbeen affected by the presence of the errors for the lon-gitudinal movement on the inter-distance between theneighbours. This is because the lateral control makesit possible to stay on the desired trajectory with thedifferent inter-distance between the vehicles in theconvoy.

Figure 20. Local Approach -Leader Follower
Figure 21. Inter Vehicle Dis-tance between Leader and i-thvehicle

Figure 22. Inter Vehicle Dis-tance between neighbors
Figure 23. Lateral Error usingthe local approach for the con-voy

Figure 24. Local Approach

5. Conclusion

In this paper, we have proposed a longitudinal andlateral control based on the inverse dynamic lineariza-tion control for the longitudinal motion and the slid-ing mode control for the lateral movement. A controlapproach that uses neighbor and leader informationhas been developed to compute the law of longitudi-nal control with a safe distance between vehicles toavoid collisions and ensure convoy stability. The re-

Figure 25. Global approach us-ing the speed of the leader
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Figure 26. Inter Vehicle Dis-tance between Leader and i-thvehicle
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Figure 27. Inter Vehicle Dis-tance between neighbors
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Figure 28. Lateral Error usingthe global approach for the con-voy
Figure 29. Global approach using the speed of the leader

sults show a good performance of the controller andthe lateral deviation of the convoy from the desiredtrajectory is almost negligible and the inter distanceremains 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 wellestimated, the controller shows robustness against er-rors on the model parameters for both motions. A veryimportant comparison based on different approachesto convoy control has been proposed to check whethererrors will accumulate or propagate to other vehicles.In the case, we have a sensor error or communicationserror between two neighbors’ vehicles. The resultsshow an accumulation of errors to other vehicles whenwe use the local or leader-follower approach. On theother hand, when using the global approach in whichneighbor and leader information are used, the accumu-lation of errors is directly canceled by always respectingconstraints on the critical inter-distance between theneighbors’ vehicles.In the next work, and as a perspective, we will use anon-linear observer to calculate the inverse dynamicsof the convoy, and also we will control the vehicles inthe presence of obstacles.
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Figure 30. Global approach us-ing the speed and position of theleader
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Figure 31. Inter Vehicle Distancebetween Leader and i-th vehicle
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Figure 32. Inter Vehicle Dis-tance between neighbors
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Figure 33. Lateral Error usingthe global approach for the con-voy
Figure 34. Global approach using the speed and position of the leader
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