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Development of Robotics Tools for Agricultural Task Achievement:
The example of robot formation control

Roland Lenaih, Pierre Cartade Benoit Thuilot3, Pierre Delmas Michel Berducat

Abstract— Nowadays it is eagerly expected that, on one hand
the environmental impact of agricultural activities is deaeasing,
and on the other hand the level of production is increasing
in order to match the consumption demand of the growing
worldwide population. To meet these opposite expectationsew
production tools have to be developed. Recent advances inf-of
road mobile robotics may bring to promising solution in order
to address such a problematic. Since large area coverage,asl|
as high flexibility, are more particularly looked for in this paper,
multi-robot cooperation for field operations is investigaed.

The proposed framework relies on a path tracking approach
dedicated to the formation control of several robots. In an
off-road context, because of bad grip conditions, classita
control algorithms cannot be used straightforwardly. Moreover,
low level delays and stability issues (rollover risk or obsicle
collision) have also to be taken into account. Adaptive and
predictive control laws are here designed to achieve accura
motion control of each robot, despite highly varying and
unpredictable contact conditions. The multi-robot configuration
is imposed by defining set points in terms of lateral deviatins
and longitudinal distances between each robot. In addition
robot safety is addressed through a traversability evaludgbn
within the vicinity of each robot. Finally, several alternative
paths are constantly considered and the optimal one is decéd
with respect to robot stability and maximal velocity criteria,
assessed from a numerical terrain model.

. INTRODUCTION

The recent progress in the motion control of mobile
robots (concerning both a single robot [1], as well as multi-
robots [2], [3]) makes possible to consider new devices

on one hand, some farming operations such as harvesting
require quite large machines to achieve tasks properly, and
on the other hand, it appears more tractable from a practical
point of view (maintenance, monitoring, acceptability;)et

In this paper, the formation control of several light robots
is investigated through the trajectory control problemeTh
target is fields covering using autonomous robots (instead
of manually driven ones, see figure 1) in order to achieve
agriculture tasks. This allows the use of several auton@mou
entities instead of driving a sole huge vehicle, and the
possibility to retain one master vehicle driven manually.

Fig. 1.

lllustration of the targeted application

in several different applications. For instance, the use of
mobile robot cooperation in order to address the task o€larg
area covering [4] is of interest to solve many problems i
many fields such as surveillance, cleaning, exploratian, e
In particular, environmental applications like farming yna
benefit from improvement of off-road robotics research. A
it is stated in [5], the accuracy improvement in off-roadabb
control may provide new solutions to reduce environment
impact while preserving a high level of production. Instear:ij‘
of using numerous small robots, as it is investigated i
swarm robotics research [6], this paper favors a cooperati
framework with a limited number of light machines. Suc
a strategy indeed seems more realistic in the middle te

This problem is then addressed by considering a reference
rf.')ath, previously learned (by a manual driving or by computa-
ttion) or achieved on-line by the first vehicle driven manyall
A desired shape for the robots configuration is then defined in
the trajectory frame (in terms of curvilinear distance tesw
robots along the reference path and lateral deviation with
?Espect to this trajectory). The configuration is not coasd
s frozen but potentially variable since several tasks are
'fhrgeted (field covering, machine unloading, platoonifigg
roposed work then aims at servoing the robots such as
I~ih_ey achieve the desired configuration. Several approaches
"Rave been proposed for mobile robot formation control [7],
[8], but are mainly dedicated to structured environments.
In contrast, the context of the considered tasks requires a
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with respect to the desired path: the advance of each robot
along the reference path can be addressed independently
from the regulation of its lateral deviation with respect to
this path. Longitudinal control is based on the regulation
of curvilinear inter-vehicle distances, while lateral uégion
relies on an observer-based adaptive control approach. The
control of the possibly varying formation gathers both coht
laws, enabling an accurate formation regulation for field
operations, independently from the reference path shagpe an
environment properties.

Above the high level of accuracy required to enable a
relevant agricultural work, it is necessary to ensure the
robot safety too. In particular, autonomous robots must
avoid collision, between themselves and with elements of
the environment. Many researches are interested in obstacl
avoidance for mobile robots [9], [10], but they rely on a
binary vision of the environment. As a result, some diffi-
cult areas, crossable at reduced speed are avoided and The use of model assuming rolling without sliding condition
robot stability has still to be addressed. In this paperhbotindeed leads to large errors (see [13]) not satisfying ebnsi
stability preservation and obstacle avoidance are adelesering the farm tasks requirement. Sideslip angles theniperm
considering the notion of traversability [11]. Considerihe to account for perturbations due to the tire-ground intiéwac
availability of a digital elevation map, the maximal admis-without relying on complete dynamical models (such as
sible velocity through the environment guaranteeing robatefined in [14]), since these latter require the knowledge
integrity (in terms of rollover risk and maximal admissibleof numerous parameters. The advantage of this modeling
angular velocity and acceleration) is computed. It permaits is that control design can still be derived relying on the
unify obstacle avoidance and stability preservation simge efficient approaches proposed when rolling without sliding
obstacle is just an area crossable at a null velocity. assumptions are valid. These variables are representdtive

The paper is organized as follows. A model dedicatethe difference between the tire orientation and the acireal t
to a mobile robot formation is first introduced, togethespeed vector direction. They are here input in this model in
with the observation strategy allowing to reflect the badrder to be observable (their estimation is indeed destiibe
grip conditions encountered in natural environment. Basegkction 11-B). Longitudinal sliding is neglected in thispea,
on this model, the control of each mobile robot is theronsidering a limited speed for robots (around 2m/s), aat th
detailed: longitudinal control is recalled from previousnk, longitudinal accuracy is not as critical as the lateral miea
while lateral control is designed with respect to a varyinga discussion about the longitudinal accuracy is detaifed i
set point, associated to predictive control principles. lconclusion). Based on these assumptions, the notations use
addition, the integrity preservation is studied thankshe t in the sequel are depicted in figure 2 for tiié robot and
maximal admissible speed, evaluated along several alterrfeereafter listed:
tive trajectories. A minimization algorithm then permits t
select the optimal trajectory and the desired velocity. The
validation of the proposed control is finally performed tk&n
to actual experiments achieved in off-road conditions gisin

Robot i+1

Fig. 2. Extended kinematic model dedicated to formationtrobn

e I' is the common reference path for each robot defined
in an absolute frame (computed or recorded before-

autonomous mobile robots. har!d). . .
e O; is the center of theé!” mobile robot rear axle. It is
[I. ROBOT FORMATION MODELING FOR MOTION the point to be controlled for each robot.
CONTROL e s; is the curvilinear coordinate of the closest point
A. Extended kinematic model of robots from O; belonging tol'. It corresponds to the distance

covered alond” by robot:.

¢(s;) denotes the curvature of palhat s;.

g; denotes the angular deviation of roliotv.r.t. .

y; is the lateral deviation of robatw.r.t. T".

d; is theit" robot front wheel steering angle.

l; is the robot wheelbase.

v; is thei*” robot linear velocity at poinD;.

BF and 2 denote the sideslip angles (front and rear)
of the i*" robot.

The framework proposed in this paper for proceeding the
motion control of each robot is based on the model depicted
in figure 2. For simplicity reasons, only two robotsand
i+ 1 are shown among > 2 robots.

In the model shown on figure 2, each robot is considered
as a bicycle, i.e. a unique wheel stands for the front axle
and another one for the rear one (standard Ackermann rep-
resentation, see [12]). Nevertheless, since bad grip tiondi
cannot be ignored in natural environment, this model differ
from classical approaches in that two sideslip angles are
considereds” andp’, respectively for front and rear axles. Using these notations, the motion equations for iHe
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mobile robot can be expressed as (see [15] for details): 1) Longitudinal control: The objective of longitudinal
. cos(fi+87) control is to maintain a desired distance (denetpdetween
ST Vi) curvilinear abscissas of successive vehicles. Prefatbnti
ji = wvsin(f; + BR) each robot is controlled with respect to the curvilinear

) abscissa; of the leader (¥ vehicle). This enables to avoid
0, — (COSﬂi]gtan(5i+ﬁf;?ftan(ﬁﬁ) _ i(iz,cccie)) an oscillating behavior due to error propagation along the
' Y (1) fleet. However, for obvious safety reasons, the distance to
Expression (1) does not exist[il — c(s;)y;] = 0 (i.e. point the previous vehicle has also to be considered. Therefere, a

O; is superposed with the instantaneous reference path cer@épposed in [17], a C?WPOSite error equal to the distance
of curvature). Such a situation is not encountered in pragti ©© the leader vehicle; in the nominal case, and smoothly
since robots are supposed to be properly initialized. THeommuting to the distance to the preceding vehiefe

state vector for robot is then defined as(; = [s; y; 6;]7, When the security distance is approached, is here regulated
and is supposed to be measured. As a result, model (1)S&€ figure 4. The control law; ensuring that; converges
entirely known as soon as sideslip anglé8 and 82 are with zero can easily be designed from the first equation in
accessible. As these variables cannot be easily measur&tpdel (1), so that each vehicle can be accurately and safely
they are estimated thanks to an observer described belowcontrolled longitudinally, whatever the velocity of theateer.

B. Sideslip angles estimation

As sideslip angles integrated into robot model (1) are
hardly measurable directly, their indirect estimation bas

A d
be addressed. The observer-based approach detailed in [16]

h J i-
is here implemented. The proposed algorithm, described si,1 ¢!
in figure 3, takes benefit of the duality principle between
observation and control. Fig. 4. Longitudinal control scheme

: ! 2) Adaptive lateral control:Once longitudinal control has
%@LH C°"tf°y/ Venicie : been achieved, the control of the lateral position of eabbto
e ! can be addressed. Despite the addition of sideslip angles, t

©

. . ] X ~ )
desired distance composnte%,{ control |V,

ifm %
error law i vehicle

control loop model (1) is still consistent with a classical mobile robot
o lobsevertaw L Wose ! model and can then be turned into a linear chained form
' X (see [12]). Nevertheless, in contrast to the classical path

---------------------------------- tracking problem, where the tracking error is expected to be
null [18], the lateral deviation of each robot in a formation
has here to converge to a non-null desired set pgjht
\S‘_éonvergence of); to y¢ can be achieved by imposing the
control law (2) detailed in [19]:

Fig. 3. Observer principle scheme

More precisely, model (1) can be viewed as representati
if its outputs {; and 6;) converge to the corresponding
measured variables. As a result, the model is considered

to be a process whose inputs are the sideslip angles and §; = arctan | tan(3%) + COS?BR) (0(87‘)(;0”1'
a control law is designed for these latter in order to impose )
that the lateral and angular deviation§X® = [y2>s 49°%]T) 4 Ascos® 7)} _BF
computed by the model (1) converge to the corresponding y of i
measurementsX; = [y; éi]T). Such a convergence ensures vi = 0;+8EF
that model (1) is representative of vehicle actual behavior _

) e . a; = 1—c(si)y
whatever the grip conditions, and sideslip angle values cafhere - id
then be reported into mobile robot control laws. The detaile o= tanYi — o
corr_lputan_on of this observer and the proofs of stability are A = K, — Kqa;n + c(si) a; tan®y;
available in [16]. @)

Ill. ROBOT CONTROL Control law (2) exists under the following assumptions:

A. Motion control ¢ the longitudinal acceleration can be neglectid= 0).

Since the perception system detailed in section IV-A, ® 1 — c(s;)y; # 0: model existence condition, already
together with the observer previously described, permit to  discussed.
measure or estimate all of the variables, the model (1)® v # %[, i.e. the rear robot speed vector is not
is entirely known. Accurate motion control of the robot perpendicular to the path to be followed. It is satisfied
formation can then be addressed, while preserving a simple Wwhen the formation is properly initialized.
kinematic structure, allowing to tackle almost indeperilyen The variabled; permits to define the distance between
longitudinal and lateral motion. robots within the fleet and then their relative longitudinal
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positions. In the same way? in (2) permits to define to avoid an uncrossable area in front of one of the robots.
their lateral positions with respect to the overall forroati As a result, in order to anticipate for a potential necessary
motion. Longitudinal and lateral relative positions of lkeac deviation from the reference trajectory, a set of offsets is
robot can then be specified in the reference trajectory frantefined. For instance, on figure 5, a set of 6 offsets uniformly
independently. spaced from -0.5m to 2.5m are considered, so that the
3) Predictive curvature servoingAs shown in [15], the candidate trajectories stay withia2m corridor around the
settling time of the steering angle actuator as well as mobifeference path Next, in order to meet robot capabilities,
robot inertia generate overshoots in lateral servoing,nwhe
the reference path curvature varies. As achieved in theeabov
mentioned reference, it is possible to anticipate for such | .
variations by using, on curvature servoing, a model pre@ict | L eeesnesssasenssnssssiansssans
control based approach. Similarly to [15], the control |&) ( T E-rmenppitiii .

22%0000saq,
< se o
. LT T secssne
Ssees .
. *9000000ssssnsescncans.

can be split into two terms, such as: esocmmssmace i D A W OISR SO AR S i

----------------------

5 = é‘iDeUiation + 61-TTaj (3) - '--.,_.........................,

where §Peviation s mainly dedicated to reduce the lateral
error induced by sliding effects, whedi "/ deals with 3 N 5
the curvature servoing (i.e, imposes that the curvature of

the robot converges to the curvature of the reference pathrig. 5. Alternative trajectory in order to avoid a non crddeaarea
corrected from the desired lateral deviation). From a theo-

retical point of view, when there is no perturbation due tqunctions for the desired lateral deviatigf allowing to
unpredictable sideslip angles, the second term in (3) shoWeach one of the offsets are defined with respect to the
be: Trai o(5:) curvilinear abscissa for each of the offsets, so that eadigtu

5 Y = LW (4)  aset of local trajectories dedicated to the avoidance afljrar

It can be predicted from the knowledge of the entire refeeené:rossable, area Is a-va.|lable. . L
2) Maximal admissible speed computatiorhe objective

trajectory. Let us consider a distance of predictignfor ) , R . .
robot i corresponding to the distance achieved during thtg here to_ d_grlve the max'”_‘a' ad_rmssﬂ_)le velt_)cny prpﬂles
settling timeT" of the steering angle actuator, such as: along the initial and alternative trajectories. This pésnain
¢ one hand to adapt in real time the robot speed in order
h

sh = oTh (5) to ensure the robot static stability, and on the other hand

tq possibly propose to follow an alternative path limiting

From the knowledge of the reference path, a future set poime speed reduction. The maximal speed computation is
for the curvature servoing part of the control law can b?ﬁ
[

ticipated (slidi ffect d to be add d ased on the analysis of geometric stability and maximal
anticipated (sli ing effects are supposed to be addressed By ion variation from an available digital elevatiamp
the reactive parg;”cv*¢**°"):

(the production of which is not addressed in this paper).
§Traj _  p_clsits) (6) Once an elevation map is derived in front of the robot, its
! T=c(sits)yf projection along the reference and alternative trajegsocan
Then, relying on predictive control techniques, a set dbe computed, supplying the roll and pitch angle and their
successive control values over the horiZzBh is computed variation. From the robot geometric properties (centre of
with the aim of minimizing the difference between a desiregravity elevation, width, wheelbase), the projection o th
steering angle time evolution leading @Tgetéfmj and centre of gravity onto the support polygon can be computed
the expected steering angle time evolution computed froalong the trajectories and binary obstacles are then fikhti
the actuator model. The first element of this set, denotefl this projection crosses the support polygon border. In
p,.edéiT"‘” is then substituted foﬁiT“” in 3, so that the addition, from roll and pitch angle variations, the longiital
predictive control law is eventually: velocity leading to some specified maximal angular velocity
5, = gDeviation 4, 5iij ) ﬁf tthhe robot_ can b_e also computed_along the trajectories.
e velocity profile along one trajectory reaches zero,
This modified control law permits to anticipate for curvatur this means that such a trajectory cannot be selected due to
variation and finally limits the possible overshoots encourthe presence of an uncrossable area. If all velocity profiles
tered, preserving the accuracy whatever the shape of tR@ntain a zero, none of the trajectories can be chosen and

Target

reference trajectory. the robot has to stop.
N ] 3) Desired lateral deviation and velocity selectio®nce
B. Traversability evaluation the velocity profiles along the initial and alternative éetp-

1) Generation of alternative pathSince motion control is ries are available, a criterion mixing velocity requirertgen
referred to a desired (and possibly varying) lateral demiat (the closer to the nominal speed, the better) and lateral
y?® defining the formation shape, this variable may be usedeviation (the closer to the reference trajectory, thechpis
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evaluated, and the optimal trajectory is eventually selibct at 1m/s. It is composed of two straight lines and a turn. Half
so that the robot can move safely, as fast as possible, aofithe trajectory is on a sloping ground (the slope is roughly

the closest to its reference trajectory. 15° as shown in figure 6), and the other part on an even
ground. On the following figures, one iteration corresponds
IV. EXPERIMENTAL RESULTS t001s

A. Experimental testbed
In order to investigate in real conditions the capabilitie:

of the proposed approach, the two mobile robots depicted
figure 6 are used (robots are named RobuFAST and Arocct 40
Both are electric vehicles, designed for off-road mobility
(they are able to climb longitudinal slopes up to°i5They g Flatpart
are equipped with four independent motors and two steerir ; 30r Follower
axles. Their chassis are similar, but their main charesttesi % Leader
C
o 207 Reference \1 i}
B trajectory
3 .
> 101 1
O, il

0 20 40
X coordinates (m)

Fig. 7. reference trajectory and actual path achieved bgtsob

The first robot (considered as a leader) moves at a constant
speed equal to 2m/s and its lateral control objective is to
Bqllow the reference trajectory. The second robot has to

law settings are the same on both robots, demonstrating tﬂ@'m?m a desmtak(]j Iatsrall dev_ltatcqun ?]:j'ltm wnhfriipect tt%
robustness of the approach with respect to robot weight al%e reference path and a fongitudinai distance o m Wi
contact patches. In order to feed control laws, severabssns respect to the leader. The lateral deviations recordedduri
are installed on-board. For motion control, ,a single RTKformatiqn control are report_ed _in figure 8 (blue dotted line
GPS is used, supplying the absolute position of the antenﬁoar the first robot ar_1d. Te‘?' plam line for the s_econ@. It can be
with an accuracy oft2cm. The antenna is settled up toS€en that after an initializing phase (up to iteration 28@) t
the middle of the rear axle, so that the location(f (see lateral error does not exceed 20 cm with respect to the desire

figure 2) is directly available. If such a sensor is suﬁicienfjev'at'ons' For the f|r_st robot, a small overshoot can be
for motion control, communication between robots has als bserved around iteration 400. This corresponds to thekshoc

to be considered in order to implement formation control; ue to the fransition between slope and flat ground. This

WLAN communication has here been used. In addition, th'Qde(ad generates a roll motion, and therefore an important

elevation map required to evaluate the traversability &arhe tra;r:lslgt?g for tr:e t(;PS _3gtlenr:ca:.h Since th'ls Iz_attter dhas been
robot is built relying on fusion techniques applied to camer>cHed .M up fo the middie of the réar axie, it undergoes a

Fig. 6. reference trajectory and actual path achieved bgtsob

are quite different, see table I. Nevertheless, the contr

and laser rangefinder data (see [20] for more details). Iate_ral moU_on of 0.3m, consistent with the lateral dewati
noticed in figure 8. The same phenomenon can be observed
Robots RODUEAST | Arocco on the second robot at iteration 450: since the GPS antenna
Total mass 420kg 620kg of the second robot is higher (1.8m above the rear axle),
Wheelbase 1.2m 1.2m its lateral motion is larger (0.4m, as it can be noticed in
Maximum speed| 8m/s 3.5m/s . . . .. .
wheel length 5em 15¢m figure 8). Despite such perturbations and sliding induced by
TABLE | the slope, the proposed formation control is able to preserv

the desired formation shape with a high level of accuracy,
consistent with farm tasks. The relative lateral accuramy c
also be checked in figure 7: besides the reference path, the
actual trajectories achieved by the robots are also reporte
(in blue for the leader and in red for the follower). This

In order to validate the proposed formation control apHlustrates the ability to achieve field covering by a pakll
proach, path tracking with respect to the path depicted imulti-vehicle treatment.
black line in figure 7 has been considered. This path has beerin a such a configuration, the lateral accuracy is the
recorded beforehand, when the robot was steered manuaihain issue. Nevertheless, the proposed approach aims at

MAIN PROPERTIES OF CONSIDERED ROBOTS FOR EXPERIMENTS

B. Formation control results
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out in conclusion and future work, a predictive longitudina
control accounting for other robots control variables islem
development.

C. Traversability results through a sidewalk crossing

In order to illustrate the algorithm proposed to manage
traversability, a 15cm high sidewalk has been located on the
robot reference path, as depicted in figure 10. Specifically,
the reference trajectory crosses the sidewalk right in the
middle, and the corridor width is defined as the sidewalk
length, so that the selected path has to cross the obstacle.

Fig. 8. Comparison of lateral deviations recorded by the tolwts

ensuring also a high level of accuracy in longitudinal et
positioning, so that other configurations, such as for incsta
unloading operations, can be addressed. In order to #iestr
longitudinal performances, the curvilinear distance leemv

the 2 robots is depicted in black plain line in figure 9. After
the initialization phase, it converges to the desired dista
set to 10m. In steady state conditions, high accuracy can be
observed (the error does not exceed 20cm). In contrast, in
transient phases, such as curvature variations for thendeco
robot at iterations 450 and 650, the accuracy is slightly
depreciated: 50cm overshoots can be noticed, due to the
settling time of the velocity actuators (the second robat ha
to change its velocity, since it is supposed to go fastemduri
the curve).

T
Distance between robots

Leader Robot velocity
4 Follower Robot. velocity.

Velocities (m/s)
Longitudial distance (m)

A Il Il
° 200 300 00 500 600 700 800
Nb iteration

Fig. 9. Curvilinear distance between robots and recordéatities

In order to investigate further the origin of these over-
shoots, the robot velocities are reported in figure 9, in blue
dotted line for the leader and in red plain line for the
follower. It can be seen that the velocity variations in the
case of the first robot are more reactive than in the case
of the second one. Such a difference induces inaccuracy in
longitudinal relative positioning, since, contrarily tatéral
motion control, there is no predictive action allowing to
anticipate for curvature variations or velocity changeshef
first robot. This is especially penalizing when the velodity
the first robot presents large variations: for instancehat t

Fig. 11.

As it can be intuitively noticed in view of figure 10, the

Fig. 10. Experiment investigating traversability probktio

robot is not able to cross safely such a bump at the 1.2
m/s desired velocity. Since this area cannot be avoided,
the proposed algorithm for traversability evaluation then
8 computes the velocity profile enabling to cross the bump
| without breaking the robot (i.e ensuring the maximal pitch
il velocity of 0.06rad/s). The figure 11 shows the computed
admissible velocities along the alternative trajectorvidgen

the robot is 1.5m before the step.

Admissible speed (m.s'1)

i
I

o
-

Alternative
trajectories

Y local (m)

X local (m)

Results of actual velocity computed when crossisidawalk

Since all of trajectories cross the obstacle, each of the

end of the path tracking experimentation (iteration 680, t velocity profiles reaches the reduced speed of 0.2m/s. As a
leader stops abruptly, but the follower takes time to reduaesult the selected path correspond to the reference trajec
its speed and the longitudinal error eventually exceeds 2rary (optimizing the lateral deviation). The actual vetgci
Such inaccuracies may lead to dangerous situations whestorded during the step crossing with respect to the aetliev
robots move fast and/or close to each others. As pointérhjectory is depicted on figure 12. As it can be seen, the
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robot decreases its speed in order to cross the step at &m@wn by wireless communication in this paper). As a result,
maximal computed speed of 0.2m/s, showing the relevanéermation control may become tolerant to communication
of the approach providing a sufficiently accurate digitalosses, which is not the case today.

elevation map. Current work is also focused on robot speed increase,
implying to extend predictive techniques, here applied/onl
to lateral motion control, to longitudinal control. As ptea

out in section IV, longitudinal errors may present some
overshoots due to the settling time of the velocity actuator
(a priori specific to each robot). The size of the overshoots
naturally depends on the current velocities and may not be
acceptable in some applications.

The use of additional robot variables together with partial
dynamic models (as achieved in [21] for lateral motion con-
trol) are investigated in order to improve the formation-con
trol reactivity. The velocity increase also requires to radd
dynamic stability, as well as controllability, presereatie.g.
avoiding spin around situations). This must be accounted
in the evaluation of traversability. Just as for formation
shape management, a high level supervisor has also to be

In this paper, an algorithm dedicated to high accurate anstoposed to complete the algorithm. It will permit to check
safe formation control for off-road mobile robots is propds the admissibility of the desired configurations, pending on
It is based on a path tracking framework and relies on aghe task and the current state of the formation, and ensure
adaptive approach taking advantages of an extended kinge security level required for actual field applicationscis
matic model. Specifically, lateral and longitudinal dynesi an improvement should then permit to achieve completely
are decoupled and the effects of bad grip conditions cafutonomous applications, meeting the farmers expecttion

be accounted. In addition, predictive techniques appleed tand improving the quality of agricultural and environménta
lateral motion control enable to anticipate for fast cuuvat activities.

variations. As a result, a high accuracy in the relative omsi

of the robots can be obtained, allowing to preserve the
formation shape whatever the grip conditions and the oleral _ _ .
desired motion (i.e. the geometry of the reference trajgkto [1] C. Canudas de Wit, G. Bastin, and B. Sicilian®heory of Robot

eS|r_e 8 e g ) Yy ag Control.  Springer-Verlag, New York, USA, 1996.
The integrity of each robot is addressed thanks to an alg] T. Balch and R. Arkin, “Behavior-based formation cortfor mul-
gorithm investigating the capability of each robot to cross tl'zo(g?t teag‘zsg'%gg TlglggaCt'Ons on Robotics and Automafienl.
; ; faai ; » Pp. 926-939, :

an area. N_Iore prgmsely, the maximal adm_lssuble vel_oqlty[3] J. Desai, J. Ostrowski, and V. Kumar, “Controlling fortioms of
along possible trajectories is computed relying on a digita

elevation map of the terrain in front of the robot. Due to

e
X global (m) T
55 ! ¥ global (m)

Fig. 12. Results of actual velocity computed when crossirsidawalk
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