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Abstract—Various “Urban Transportation Systems” are cur-
rently in developing, in order to put forward solutions to conges-
tion and pollution in dense areas. Autonomous electric vebles

in free-access can be seen as an attractive approach, in view

of the large flexibility that can be expected. One instrumersl
functionality linked to this solution is platoon motion: several
autonomous vehicles accurately follow a trajectory definecbn
a dedicated circulation lane, with pre-specified inter-digances.
A global decentralized platoon control strategy, supportd by
inter-vehicle communications and relying on nonlinear cotrol
techniques is here proposed. In the nominal case, each velgids
controlled with respect to the same smooth reference trajgory
modelled by cubic B-Splines. This trajectory is locally modfied

then derived from the combined front and rear virtual forces
These strategies present however some drawbacks, the most
concerning one being error accumulation: the servoing&rro
induced by sensor noises and/or actuator delays, areabgyit
growing from the first vehicle to the last one, leading to
unacceptable oscillations. Such problems can be overcome
by consideringglobal strategies, i.e. each vehicle is now
controlled from the data received from all vehicles, cadbelc
from appropriate communication channels. Most of the
tual structure approachebelong to this category. In [5], a
mechanical analogy is used to design feedback controlters t

and relayed on-line when a vehicle detects an obstacle. Theachieve straight line motion. A single virtual rigid struce

trajectory distortion naturally reflects a driver's behavi our,
since it consists in approximated clothoidal trajectoriesand the
use of B-Splines ensures consistent connections. Experintal
results, carried out with several urban vehicles, demonsate the
capabilities of the proposed approach.

Index Terms—mobile robots, nonlinear control, platooning,
automatic guided vehicles, vehicle-to-vehicle communitans.

. INTRODUCTION

is also considered in [6], relying on graph theory. Never-
theless, since these techniques aim at imposing some pre-
specified geometric pattern, the vehicles cannot all repred

the trajectory of the first one: in a curve, if vehicles aretkep
according to a straight line pattern, they all describe irdis
trajectory. In contrast, in previous work [7], a trajectory
based global control strategy has been proposed: relying on
nonlinear control techniques, vehicle lateral and londjital

In this paper, congestion of vehicle traffic in dense areds acontrol have been exactly decoupled. Lateral guidancedif ea
correlated pollution and waste of time, are addressed.ifbpeosehicle with respect to the same reference path can then be

cally, alternative transport systems, based on autonoeleas
tric vehicles in free-access moving on dedicated lanedene
considered, in view of the large flexibility that can be expec
One functionality of special interest is automated platogn
i.e. several autonomous vehicles following the same trajgc
with pre-specified inter-distances. Such a functionatity the

achieved independently from longitudinal control, desigin

to maintain a pre-specified curvilinear vehicle inter-aimte.
Data acquisition and exchange are then predominant factors
Communication issues are therefore specifically addreissed
this paper. This work is also enhanced in order that the pfato
reference path can be replaned on-line if an obstacle appear

one hand allows to easily adapt the transport offer to theedictahead of the automated platoon. When vehicles move in a
need (via platoon length), and on the other hand provideg maiedicated road infrastructure, such a problem has geperall
coherent motions and an enhancement in safety. Platoosingpéen tackled by considering lane change maneuvers [8].
therefore considered in this paper. The simplest solution consists in generating a trajectory b
Different approaches can be proposed. They can be clagsincatenating lines and arc segments [9], [10]. However, th
fied into two categories, according to the information use@sulting path presents then discontinuities. To overctrise
for vehicle control: local and global strategies. The maosilifficulty, it has been proposed (e.g. [11], [12]) to conside
standard approaches rely total strategies, i.e. each vehicle clothoids, i.e. curves whose curvature is linearly relatethe
is controlled exclusively from data relative to the neigtibg arc length, to ensure @2 continuous transition between the
vehicles. The well-knowteader-follower approachconsider- arc segments. In addition, clothoids allow to reflect a radtur
ing the preceding (or following) vehicle is widely used. Fodriver's behaviour and they are commonly used in highway
instance, visual tracking has been proposed in [1] and geneoute design. Since clothoidal trajectory generation iregu
control laws have been designed in [2] and [3]. Alternativelcomplicated computations with Fresnel integrals, many ap-
neighboring vehicles (and not only the preceding one) apeoximation techniques [13] [14] [15] have been developed
taken into account when usingrtual structure approaches for road design. However, they are not fast enough for on-
structural analogy, characterized by a serial chain ofngpri line path planning. On-line high-accurate representatiuave
damper, is for instance proposed in [4] and a control law een proposed in [16], but the attention is only focused en th



avoiding path pattern, neglecting the transition with ezdgo

the original trajectory. The paper is organized as follothe:
global decentralized control strategy for vehicle plaiogns

first sketched in Section Il. Related communication issues a
then adressed in Section Ill. The on-line trajectory reifikean

tion and generation process are then described and discusse
in Section V. Finally, in Section VI, experiments carriedt ou
with three electric vehicles demonstrate the capabilifethe
proposed approach.

vehicle i

s=0

II. GLOBAL DECENTRALIZED CONTROL
STRATEGY Fig. 2. Tricycle model description

A. Modeling assumptions

Urban vehicles involved in platooning applications are-supehicle absolute localization to the reference path. It tham
posed to move at quite low speed (less than 5i).on be shown (see [17]) that tricycle state space model is:
asphalted roads. Therefore dynamic effects can be nedlecte

and a kinematic model can satisfactorily describe their be- $i=v; %
havior, as corroborated by extensive tests performed with o 4
) X o U; = v; sinb; (1)
experimental vehicles shown in Fig. 1. B 5
0: — v tand; c(s;) cos;
. v v L 1—yic(si)
LA \i Platooning objectives can then be described as ensuring
the convergence of; and 6; to zero, by means of;, and
maintaining the gap between two successive vehicles to d fixe
= valued*, by means oly;. It is considered thag; # ﬁ (i.e.
: . \ vehicles are never on the reference path curvature ceier).
501 oV f o - practical situations, if thé vehicles are well initialized, this
P —— 7 —ie wl  singularity is never encountered.

k

C. Control law design

Fig. 1. Two vehicles avoiding a broken down one on PAVIN site In previous work [7] it has been shown that exact lin-

. . N . . arization techniques offer a relevant framework to addres
In this paper, the kinematic tricycle model is c0n5|dere§:$

: . atoon control: equations (1), as most of kinematic models
the two actual front wheels are replaced by a unique virtu 9 (1)

T mobile robots, can be converted in an exact way into a so-
wheel located at the mid-distance between the actual W'he%glled chained form, see [17]. Such a conversion is att@cti
The notation is illustrated in Fig. 2. since the structure of chained form equations allows toesidr

« I' is the common reference path for any vehicle (to bgependently lateral and longitudinal control.
inferred from the trajectory of the first one), defined in Steering control laws); can first be designed to achieve

an absolute framed, X, Yal. the lateral guidance of each vehicle within the platoon. In
« O; is the center of théth vehicle rear axle. these control lawsy; just appears as a free parameter. Since
« M is the closest point oif’ to O;. conversion of equations (1) into chained form is exact, all
« si is the arc-length coordinate off; alongT". nonlinearities are explicitly taken into account. Highcking

« c(s;) is the curvature of patl at M;, andfr(s;) is the performances (accurate to withiescm when relying on an
orientation of the tangent to at M; w.rt. [A, X4,Ya].  RTK GPS sensor) can then be ensured, whatever initial errors

« 0, is the heading of*" vehicle w.r.t.[A, X 4, Ya]. or reference path curvature are. Details can be found in [18]
e 0; = 0;—0r(s,) is the angular deviation of th&" vehicle Control variablesv; can then be designed to achieve
w.rt. T. longitudinal control. In nominal situation, the objectiver
« y; is the lateral deviation of thé" vehicle w.r.t.T. the i'" vehicle is to regulatee! = s; — s, — (i — 1)d*,
« 0; is thei?” vehicle front wheel steering angle. i.e. the arc-length longitudinal error w.r.t. the leadehisT
o L is the vehicle wheelbase. control objective is attractive, since the locatien of the
« v; is thei*" vehicle linear velocity at poin®;. leader represents a common index for all the vehicles irgo th
] platoon, so that error accumulation and inherent osailfesti
B. Vehicle state space model can be avoided. In addition, since it is an arc-length ethis,

The configuration of thei'” vehicle can be describedcontrol objective remains consistent whatever the refaren

without ambiguity by the state vectés;, v;, 6;). The current path curvature is (in contrast with euclidian inter-distas).
values of these variables can be inferred on-line by compariNevertheless, for obvious safety reasons, the locatiomef t



preceding vehicle cannot be ignored. Therefore, in previopossibly varying processing time (vehicle absolute laeaion
work [7], the longitudinal control law has been designed tcan be derived from monocular vision with a mean image
control a composite error: a smooth commutation functigerocessing time equal t80ms see [19]). Theplatoon state
gives the predominance either to the global erepror to obtained by collecting other vehicle states via V2V commu-
the local oneel ' = s,_, — s; — d* according to some nication, displays of course larger temporal inconsistsic
security d|stance Once more, exact linearization teclesq the data transmission delays have been measured within the
have been used, so that nonlinearities in equations (1) aa@ge[20.6ms, 98.4mg, with a 47s mean value. However,
still explicitly accounted, ensuring high accurate regjola the standard troubles inherent to wireless technology) sisc
More details, as well as experiment results carried out withropout, packet collisions or communication obstacles may
Cycab and RobuCab vehicles (see Fig. 1), relying on RTéccasionally increase the temporal inconsistencies legtwe
GPS sensors for vehicle localization and WiFi technology fwariables within the platoon state.

inter-vehicle communications, can be found in [7]. To appropriately control vehicles, the data to be reported
into control laws should reflect the state of each vehicle
Il. COMMUNICATION ISSUE within the platoon at the same time instant. To meet this

The proposed global control strategy demands for intetemand, the software framework AROCCAM [20] is currently
vehicle data exchanges. The V2V communication systemtised. Driver modules, responsible for the communication
first presented, and then it is discussed how the asynchsonwith sensors, collect in separated threads the information
localization data that are collected, are processed inrdhdé datation procedure allows to correctly timestamp those:dat
the control laws can rely on temporally consistent infoiorat the sensor latency and processing time are taken into atcoun

) o in order that the date reflects accurately the perceptios.tim
A. Device and communication procedure This date is then sent jointly with the sensor data to therothe

Inter-vehicle communications are carried out using theehicles, in order for them to be able to properly use the,data
ieee802.11g standard, along with IPv4 and UDP protocolhatever communication delays. To ensure that a common
A WiFi access point is located on the leader and each vehitie reference is shared by all the vehicle computers, alsimp
is connected to the wireless network via a high-level laptd¢TP (Network Time Protocol) client allows the system clock
equipped with an internal adapter. According to the contrtd be set to match the time obtained when communicating
strategy (see Fig. 3), leader localization data are bradeda with one server. It is run at @Hz frequency on each vehicle
while other vehicles only send information to their diredhigh-level laptop, after having defined the reference seive
follower. Data are asynchronously transferred as sooneas tiset of consistently dated information is then availablegmwh
are supplied by the localization devices. Raw localizatata AROCCAM highest priority thread, associated with1@Hz
consist in97 bytes. timer, demands for control law computation. The platookesta

is first updated: from vehicle kinematic model (1), the value
of any variable in the platoon state is predicted at the airre

Vi \/ Y, 7 Leader time instant, rer|ng.or_1 a classical Runge-Kutta fou.rtherr
method. These predictions, that are temporally consistamt

—.'.1% X 7 then be reported into lateral and longitudinal control laws
and the values supplied by these algorithms can be sent to
T > w w the actuators. Of course, a Watchdpg has been conside_reo!: if
— some raw data have not been acquired (due to communication
troubles for instance) for a long period (the threshold delse
Fig. 3. Communication scheme on vehicle velocities), then predictions are no longer coreg

and the vehicle begins a stopping phase. The deceleration is

) ) ) calculated according to the last acquired localizatiora dt

B. Platoon information updating both the vehicle and its preceding one. If the communication
For each vehicle to be appropriately controlled, the latersiouble disappears, the vehicle is allowed to start again.

and longitudinal control laws have to be evaluated at a emtst The variables within the platoon state that are the more
sampling frequency. However, the data from which contrgkensitive to temporal inconsistencies are vehicle cumedr
laws have to be inferred, are asynchronously supplied, adidtancess; along the reference trajectory. Fig. 4 presents
therefore temporally inconsistent. This difficulty appeaven the updates on these variables calculated by the third keehic
at the vehicle level: theehicle statds indeed inferred from during a full-scale experiment. More precisely, the top figu
exteroceptive and proprioceptive sensors. The vehiclelates shows the updates on the current (i.e. third) vehicle cimealr
localization is supplied by either a RTK GPS receiver or distance, and the bottom one displays the updates on therlead
monocular camera, while its velocity and steering angle atarvilinear distance. It can be observed in the top figuré tha
obtained via odometric sensors. Each sensor possessesiitsthhe update is non-negligible: it varies linearly, due to the
latency, acquisition frequency{Hz with RTK GPS receivers, quasi-constant difference between the control timer amd th
up to 15Hz with cameras and0Hz with odometers), and localization acquisition frequencies, and can redatmsince



the vehicle velocity and the control sampling frequencyavethe vehicle sensors (width, positian,), if the obstacle can be
respectivelylm.s~! and 10Hz (greater values are present asafely avoided. If the answer is positive, then a virtualgkan
the beginning, because the vehicle is a bit faster thars—'  zone is defined around the obstacle as the smallest surraindi
to reach the desired inter-vehicle distance). This ilatsis the rectangle. At this step, this zone is only partially defingd¢ce
importance of AROCCAM task scheduling. The bottom figurthe obstacle depth is unknown. Nevertheless, two key locati
shows that the update on variables obtained via commuaitatcan already be introduced: point is the projection of the
channels is, of course, more significant: due to commumicativehicle controlled point on the nominal reference trajgcto
delays, it is generally superior th7cm (the distance, shown (i.e. A is the current pointM, defined in Fig. 2) and point
as a dotted line, covered by the vehicle during the medhis a waypoint on the road free space, sufficiently far from
communication delay7mg and can reacB0cm the obstacle, so that the vehicle can safely avoid thisrlatte
(here assumed to be motionless) if it movedtoThen, ans-
shaped curve, consisting in 4 clothoids and 2 optional &scl
’ is defined to joinA to B, see Fig. 5. Clothoids are elementary
1 curves characterized by a curvature) linearly varying with
the arc-length:

o
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o
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T
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k(s)=As (2)
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Since clothoids allow to reflect a natural driver's behavjou
they are the main element of the proposedhaped pattern.
Circles are only introduced if the pattern built with 4 cloitis
exhibits curvature values exceeding the vehicle admissibé.

time (s) — = predifined trajectory [ ———
-------- clothoidal path
circular path | T
Ts

Fig. 4. Updates on curvilinear distance estimation ¢
|
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IV. OBSTACLE AVOIDANCE STRATEGY ainiaats Sl ol ol G i St et s :
A key element in the proposed control approach is tf---A"""' |1'—'—"|2 ''''''''''' --ﬁ;,-- '''''''''' S it
reference trajectory. The error variables to be regulated
lateral and longitudinal control are either a gap w.r.t. th part 1 \\cmssi"@lobsme part 3
reference trajectory (i.ey; and 6,) or a measurement W.r.t. toward obstacle part : distance d \\ part2 awayfrom the obstacle

this trajectory (i.e.s;). As a result, the reference trajectory
representation must exhibit the following features:
« it should accept an analytic expression, in order to enable Fig. 5. Obstacle avoidance pattern
an accurate computation of the error variables,

« it should be at leasf, since the reference path curvature ® When the vehicle is tracking thg-shaped pattern, it can
c(s;) is needed in control laws. eventually observe the obstacle length. Then, the third key

In order to meet these requirements, B-Spline curves hae biPcation is defined: poinC' is introduced in the road free
used in previous work [21] and proved to be a relevant togPace; sufficiently far from the obstacle, so that the vehicl
to address vehicle platooning. The B-Spline curves can G@N safely pass along this latter if it moves frdinto C'. A

supplied a priori, in the case of a fully automated platoan, &'-shaped curve, consisting in only 2 clothoids, is defined to

created on-line according to the motion of a manually drivdRin B and C'. Such a pattern is appropriate in view of the

leader vehicle. Following [21], B-Spline curves of degtze CUrve profile qf standard roads. If thg obstacle is very Ion.g,
with a 1.5m arc-length for each polynomial curve, are herthen intermediary points can be considered to pass along it.

considered. Moreover, it is assumed that an accurate map ot Finally, the last key location is introduced: poifit is
the environment, enclosing road sides, is available. chosen on the nominal reference trajectory, in such a way tha

pointsC' and D can be joined by 4 clothoids, see Fig. 5.

A. Avoidance steps

A lane change maneuver, combining circle and clothoids,
here proposed to carry out obstacle avoidance in a dedicatetivhen building each pattern, the objective is to join two
urban environment. The maneuver consists into 3 steps,rshd®D locations, with the additional constraint to satisfygant
in Fig. 5: and curvature continuity at these points. For instance, for

e When an obstacle is detected, it is first decided, relying dhne first pattern, the objective is to link the configuration
the environment map and on the obstacle features captured By g4, ka) to (B, ¢g, kp), whereq; 4 py andky4 gy denote

% Pattern construction



the tangent vector and the curvaturetor B. In order to
ensureC? continuity with the nominal reference path g4
and k4 are chosen as the tangent vector and curvaturgé of
at point A. In order to specify these variables at poit let
us introduce pointP as the closest point t& on I'. Then,
gp is chosen identical tgp, the tangent vector td' at P,
andkp = kp/(A kp+1), with A the lane width and:p the
curvature ofl" at P.

The increasing curvature profile, induced by the fire, .
clothoid, allows to lead the avoidance trajectory towatus t ¢
middle of the road, up to poink;, see Fig. 5. The curvature
ky, at that point presents a local maximum. A, | > kmaz, .

. . L Fig. 6. Discrete
with ke, the vehicle admissible curvaturé, (., can be ginoid representation _ .
computed from the vehicle wheelbageand the maximum Fig. 7. Change lane trajectory
steering angl&,,ax: kmaz = | tan(dmas)/L|), then a circle
is introduced. The maximum curvature is then maintained, up
to point I,. The avoidance trajectory is still led towards th?
middle of the road. Next, an inflection poiitis reached (i.e. 0

kr = 0) via the second clothoid. The same strategy is final .
1 =0) 9y attern. If |k, | or |kr,| exceedk,,.., circles are added to

applied to join pointd andB. It can easily be noticed that this he S-shaped by introduci
avoidance trajectory necessarily stays on the road andranes!"€ ©~S ape pattern by |ntro_ ucing two new para_memelrs
and ws, defined as the rotation angles of the circles, see

collide with the obstacle, as desired. Exactly the same mbthF_ 7 Th h final p ion. b th admigsibl
is followed to build the other pattern8 — C andC — D. Ig. 7. Then, the same fina con guration, but with admissi
curvature values, can be obtained.

Finally, in order to be consistent with the nominal refeenc
trajectoryl” defined withB-Spline curves, the alternative one,

Let us consider the firs5-shaped pattern linkingd to constituted ofS/C-shaped trajectories, is also approximated
B (once more, the same method has been applied to thenks toB-Spline curves. The approximation is carried out
other patterns). As a first step, a pattern consisting in onlia standard least square method. However, a specialiattent
4 clothoids is searched for. A clothoid starting from somig paid to the curvature profile: first, the optimization erion
given configuration is completely described when the rotati aims at minimizing both distances and tangent angle deviati
angle a (see Fig. 7) and the curvature at its extremity arfeetween a configuration set extracted on thé&C-shaped
both given. Consequently, sinceSshaped pattern enclosedrajectories and the approximatiitySpline curve. Then, since
an inflexion point g; = 0), then it is completely describedB-Spline curves have not been designed to present a linear
by 6 parameters:a(, o (1, 32, kr, andkyz,), see Fig. 7. In relation between arc-length and curvature, the arc-length
order to simultaneously reduce the number of parameters @l@mentary polynomial curves has to be chosen shorter than i
provide a “balanced” avoidance trajectory, the curvatates the nominal casé).5m-long polynomial curves are considered,
of the 4 clothoids are chosen identical (i.e. the paramaterrather thanl.5m-long ones for the nominal trajectoiy. The
in (2) is the same for the 4 clothoids). Then, tBeshaped curvature profile of thé3-Spline approximating the alternative
pattern is completely specified by only 2 parametersand trajectory is then very similar to the desired one (maximum
ky, . Parametek;, mainly acts on the longitudinal aspect ofcurvature error equals t0281), thus providing a comfortable
the S-shaped curve (i.e. in the direction of the vectbB), guidance.
when «a; value impacts itsﬁ}eral aspect (i.e. in the direction V. EXPERIMENTAL RESULTS
perpendicular to the vectot B). :

The parameter$a;, k) of the S-shaped pattern linking In order to investigate the capabilities of the proposed
A to B could be computed analytically via Fresnel integralspproach, preliminary experiments have been carried diat wi
However, calculations are quite intricate and time-corisgm three vehicles in Clermont-Ferrand on “PAVIN Site” (see
Consequently, the concept of discrete clothoid, developB@. 1), an open platform devoted to urban transportation
in [14] and shown in Fig. 6, has here been used. A discresgstem evaluation.
clothoid of arc-lengthS is formed ofn + 1 arcs, numbered 1) Experimental set-upExperimental vehicles are shown
0 to n (with » > 1). Arc 0 and arcn have lengthS/(2n), in Fig. 1. They are electric vehicles, powered by lead-acid
while arcs1 to n — 1 have lengthS/n. The curvatures of the batteries providing 2 hours autonomy. TW@sp. four)pas-

n + 1 arcs arek; = ko + jh, j = 0,1...,n, where here sengers can travel aboard Cycafppesp. RobuCabs)Their

h = (kg — ka)/n. It is proved [14] that the approximationsmall dimensions (length 1.90m, width 1.20m) and their max-
error between the exact clothoid and a discrete clothoiti witmum speed (5m:s') are appropriate to urban environments.
n+ 1 arcs is of magnitud®((1/n)?). On-board RTK GPS receivers provide absolute localization

When beginning the optimization procedure,is chosen
w, in order to quickly obtain a rough estimation of tlse
aped pattern. Nexy; is increased, in order to refine the

C. Optimization procedure



measurements accurate to withtkem at a10Hz sampling [2]
frequency. Platoon control laws are implemented in C++
language on Pentium-based computers using RTAI-Linux OS.
2) Experimental results:The behaviour of an automatic [3]
guided platoon involving two vehicles has been investidate
A motionless third vehicle (green rectangle in Fig. 8) is[4]
obstructing thd 00m-long reference path at arc-length abscissa
55m (see also Fig. 1). [5]

(6]

o~ ' leader Avoidance
géo'l B¢ D vehicle 2| &4 Trajectory
S 2.05f | I A
g8 M 7
29 I h\d 8.4735
7 20/ J
S @01t ; : ; ; ; ; i B
8= 20 30 40 50 60 70 80 90 473
curvilinear distance (m) [8]
Eoa}, i ABC D c
8% | h : : 8.4725
SN ey , o]
B0 of | [ ‘\h i P M ‘VJ\A‘ .
L \ j“} [ | 1 y | M W ,‘y u;tw M"\ \NM wl
:qg."’ ":'30.05’ \\w\f‘ H ‘\fﬁ\y‘r\“ “v“ \“‘ "\‘ \ Wﬁ l ! W’ ‘ 8.472 D [10]
=L Ll \
;—0.1* i il i i i i i i
20 30 40 50 60 70 80 90 6.6019 6.602 6.602
curvilinear distance (m) X 10° [11]
Fig. 8. Vehicle lateral and inter-distance errors [12]
The leader vehicle velocity igm.s~!. and the obstacle
is perceived during a bendif = —0.2589). At that time, [13]

the curvilinear distance between the leader and the olestacl
is 7.0193m. The leader vehicle successfully computes an
alternative admissible trajectory, whose maximum cumetul14]
is 0.2604m ="' (when k.. = 0.3886m~'). This alternative 15]
trajectory is then sent to the follower vehicle, so that bot
vehicles manage to avoid the obstacle. Moreover, the acgura
of the lateral and longitudinal control laws is preservea. A6l
illustrated in Fig. 8, the behavior is identical to what was
obtained in previous work, when vehicles were guided var.t.[17]
fixed and pre-specified reference trajectory (see [7]), hame
10cm accuracy. The on-line reference trajectory modificatiopns)
disturbs neither lateral nor longitudinal performances.

VI. CONCLUSION
[19]

In this paper, communication issues within a platoon of ve-
hicles have first been addressed. A data actualization gouoee

has been proposed in order to ensure temporal consiste&gfa

when implementing the global decentralized control styate
Then, an on-line reference trajectory modification, cdirgis

in reshaping the B-Spline curves used to define the nominal
reference path, has been developed in order to addressiebstai]
avoidance: the alternative trajectory approximates thepsh
and the curvature profile of clothoids, in order to reflect & na
ural driver’s behaviour. Finally, full scale experimentayried

out with three vehicles, have demonstrated the efficiency of
the proposed approach.
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