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Motivation

U Control Architecture for a multi-robots cooperative system

V open
V robust

V satisfying many simultaneous objectives (velocity, formation, obstacle avoidance, ...)

U Mobile robot control in encumbered environment

V Need to develop obstacle avoidance controller

U Hybrid systems (continuous T discrete)
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Motivation Multi robot control : state of the art

Multi mobile robots control architecture

Centralised | > Distributed

W

Cognitives > Reactives
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Motivation Multi robot control : state of the art
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Motivation Multi robot control : state of the art

Multi-robots
systems

Robot
Coordination

’+
¥
’f
— |

Emergent behavior | Virtual structure

|_eader-Follower

|

[Tanner, 04], [Balch, 98], [Do, 07],
[Wang, 91] [Antonelli, 07] [Li, 05]
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On going work: Hybrid control architecture

Hybrid control Elementary stable controllers

AI’ChItECtU res All the controllers (obstacles avoidance, objective attraction, etc.) must be
designed in close relationship with the overall structure of control.

V Rigorous automatics control approach

P
E
V GPS,
V Cameras, g

VCommuni cat Io

=

Coordination mechanism (CM)
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V Multi-mode control architectures (embedded in each robot), % %
V Fully distributed architecture, %
VSatisfaction of Itoxsad 0 ammhdj egd toibvad s ir ob ot

V Hybrid systems theory as formal framework for controller design and coordination,

V Learning and adaptation parameters algorithm for controller design and coordination.

Based hybrid system
Global objective controllers I_ 4 ¥

— &
Controll Online parameters
ontrofler, optimization using GA
o3 g j Control set-point (2)
w S & [ Controller
_ O O m+1
S S 2 (D> Control
N ©
c o > I
=
m S
S Et Controller,
§= 8 Control set-point (1)
process
Controller; 0 — -
D> Optimized using

o~ fusion criteria
Local objective controllers|
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Modeling: keeping a virtual formation structure (i.e. triangular)

Main dynamical
target

Robot;

Oy
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Kinematic model (unicycle)

Secondary dynamical target 7;(x7,, yr,,01,)

robot ¢ with (x;,v;.6;) pose
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Modelin :
=) : Results Conclusion

and Control

[IROS10]

i, = vp.cos(fr)
yr, = vr.sin(fr)

T; = v;.cos(6;)

Kinematic model < Y = '1-’z'+—5?'-?1-(91')

0; = w;

6;.,v; and w; are respectively the robot orientation,
linear and angular velocities
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Yy —>
. A vr
Attraction controller " {Rostg)
T
- - - Ym
Position error can be defined by
ep, = (xp, — ;) = dg, cos(;) A2 A Secondary Virtual
) Target
Cyi = (Y1, — vi) = ds, sin(7;) Op(Xi, i)
Ow > Xw
ds, current distance between the robot 7 and its target 7;
ds, = /€2 + eg_ lll]l:> ds; = wvp.cos(y; —0Op)—v;.cos(y; —0;)
7i current angle of the robot according to its dynamical target
€.
~; = arctan(—%)
(€, /€x,) . vt sin(Bp — ;) vi.sin(6; — ;)
ﬁ.f;i — i L [”]I:> fi — d T d
1+ (ey./€x) Si Si
'%ﬂﬁ%%ﬁﬁrﬁ' E@N Philippe 4th Workshop on Planning, Perception and Navigation for Intelligent VVehicles
i Y I'— //? Cs7v Martri)r?et 12 IROS12, Vilamoura, Portugal, 7t october, 2012
Centrale
I-A':LAL Nantes



: Control Modeling :
Introduction _ IIZ> Results Conclusion
architecture and Control
11rw -
Attraction controller t 6”" [IROSL0]
T
Yo, xR
> N | Secondary Virtual
Target
G:Jr!rxr') .1'1')
Ow > Xw

the set-point angle fg_, applied to the robot in order to reach its dynamical target

vp. sin(fr — ~; vy, sin(8;, — v, |
ds, dg,

g

= arcsin( 2L sin(fr — 7)) + 7

z

keep ~; constant &=) ~; =0,

fs

at

— T —_ u . .
b=-Fr b="F<1 wvzur
i vy
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Obstacle avoidance controller kimos, 31e0s, AbouaNEDS]

Principle: limit cycle approach

(x4, ys) corresponds to the position of the robot
according to the center of the convergence circle

clockwise trajectory motion counter-clockwise trajectory motion

AN N

[ AN N
} /7< N// B ) \l )\\.\
A A
4 \\ ~ el (/ AN

-3 -2 -1 0 1 2 3 3 2 -1

)

1 2

w

b = o (R = a4 = (R )
Ys = —TsT1 S(RE o JITE - yg) Ys = Tst y*‘-"(Rc — Ly — y.sr)
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4)
\ Clockwise
o)) Repulsion R Secondary
B lockwise / . ;
Obstacle - giaticobstacles Cortre N " Vil Toge
Avoidance .

3

Robo}// Obstacie h Conter-Clockwise
1

&ys _|_ mg(Rg _ mg _ yg) l -~ o \ Repulsion
ySZ_Er + ys Bz_m _ys)

I

X, Attraction

Avoidancdirection

Setpoint

0s., = arctan(£=)

a = sign(y,)

Robot @ Avoidance directior
O, X
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=|ays + mS(RE
3;"3 — _Ers + Ys (RS

Ts =

Set-point

s = arctan(¥=)

o Ta

a = sign(vo,, )

RSl e pl

'B-‘-:,E':-“:"' »
t? L-‘ V (&Y%
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Centrale
Nantes

Il:> Modeling

Results
and Control

Dynamicobstacles

— 72 — y?)

2

2
— Ly _ys)

Dynamic

Rr obstaclix/

Avoidance directior

Conclusion
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Introduction

Dynamicobstacles

ts =lafys + (R — 2% — y2)

. 2 2 2
Ys = _Ers + Ys (R'g — Ly — ys) Avoidance direction

Set Point
. Yo
fs., = arctan(= "
Seco — al'Ctalll = .
Robot @\ Dynamlc PR VOi
. 7 R ‘ obstacle,v
a = sign(vo,, ) Y r o,
O, X
_ 1 if vo, =0 (clockwise avoidance)
sign = _ . .
—1 if vo, > 0 (counterclockwise avoidance)
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Dynamicobstacles
ﬁﬂ - The same dire:’b ;
’ avoidance among the ;\ Fur Targe
robots of the same .
system

Robot,
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Dynamic obstacles Velocity adjustment

vj = v¥i(dij) avec Vildij) = < {Rm—ﬁmij} Rint; < di < Rear

k 0 1] tnt 18
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Towarda null risk of collision !

M disturbing robots

Robot; /* / ,~—~
: ./ /
HC
NN
-\ ~
—
1
- _ (dij—Rine.) - .
Vildij) = § gl Avoiding local minima among same group
(Rea:t _Rintj )
0 |Rintk — Rinut| = &
M
v; = v; [ [, iy ¥ Vi(dsj)
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Psqy, Osar)

Attraction to Dynamical Target controller
EEt—Pﬂ'iTltE [FSirE}Si] PSu.t — {I.Ti.!yTi]: ES — ES .

&

Obstacle Avoldance controller

Ps__ is always set to (0.0) #Hs, = #s_
3
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Control law [IROS10]
4
—[d"é. Ja?) o Unae 18 the maximum linear speed of the robot,
Ui = Umax — ('an.,t '1-”1'")"? ' ] + o k1 are positive constants,
w; = ws, + kl . o v; and w; are linear and angular velocities of the robot.
| We, = ﬂgi
s, 1s the set-point angle ,91 = 951_ — 6, |||]|:> 0, = Ws, — Wi
: . : 1 ~ 2 r 54
Consider the Lyapunov function V= 593- V = kflff}z-@z-
s — . “'2
So— s
0, = —k0; V= —Fk0; <0
The control law is asymptotically stable
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Experimental results: Experimental site and robots
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Introduction

Experimental results Simulating a possible conflict (without velocity vector

projection)
Robot trajectory in the [O, X, Y] reference

25

24

23 Target roboj

22

R

21
E 2 - /
> / ¥ e’

19 /

17 } /—\ fJ \

N
/ Target robot
16
15 2 4 6 8 10 12 14
X [m]

Divergence of the robots
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Experimental results Using velocity vector projection (velocity reduction)

A) Obstacle avoidance

B) Self avoidance (Reconfigutation)

| Video 2 |

Trajectory of the
virtual structure along
the circle
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Experimental results Using velocity vector projection (velocity reduction)

! ! e —.F I -|— linear velocity of robot 1 |—
—_ I 1 1 1 1
& ' ] 1 1 1
= e e e e e e e e e e — = -
5 :
! . |Video 1
ROBOT1 - I i S ' /i
S N S N U SO SR |Video 2
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Introduction architecture and Control Results IZ> Conclusion

Conclusion

Multi robot architecture : modeling, control, selection

Controller design (attraction, obstacle avoidance)

Control architecture
Automatic selection of avoidance direction

Velocity reduction

Validation
Real experimentation with 3 robots

Perspectives

Develop more sophisticated controllers
Increase the number of robot (up to 10)
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