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+ | Distributed Control of Multi-agent System

Tokyo Institute of Technology

Centralized Control

~one main computer control al agents

- easy agorithms
q *large communication cost
+in big system, calculation by one computer is hard
» system doesn’t work when the main computer goes wrong

Distributed Control

=each agent communicate only with its neighbors
- each agent move autonomously

~small amount of calculation for each agent
- system works even if some agents go wrong
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Distributed Control F_ . b
- Consensus Problem s u
~Hocking Problem |~ L

+Leader Following
- Formation Problem

Coverage Control

- Coverage Problem -
Fig. Flock of Snow Geese
fe i . T
Coverage Problem T #
:an optimal sensor placement problem - = P %
(~locational optimization problem) - T ¥
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J.Cortes, S. Martinez, T. Karatas and F. Bullo
“Coverage control for mobile sensing networks,”
|EEE Transactions on Robotics and Automation, 20!
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Fig. Territories of Tiapia mossambica
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| | Problem

Tekyolnsituteof Tenclogy
goal: plan robots(sensors)’ motion in order to
maximize the detection probability

+
Q :convex region

e, P (P1y-+»P,) Jlocation of n sensors
W ={W,,...,W,} :dominance region
1 th sensor is responsible for measurements
over its “dominance region”: W;
¢(q) :density function
probability that some event take place
f(Hq =) :how poor p;sense 4
(non-decreasing differentiable function)
‘I_PAH:big" f =big— poor sensing

He. =%, 1la-r

| minimize the objective function with rt

espect to Pand W ﬁ

\q)dq :objective function
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Voronoi Partitions(1)

Tokyo Insitute of Technology,

HE)=Y [, 1(a-p)da)dg
[\

fixed consider the optimal partition 7 §
1 P> &
j’ Pig II
V(P)={V,,....V,} Voronoi partition 1
1
v, ={q00| |q-p|<|a-p,| T #i} .
— e minimize f (g~ p.)) Py 3
(proof is on next page) H"“‘\.
0H, 0H d
. P) =22V (P)=[ — flq-p.|) dq)d
o O =g, PVON=] o F - p]eta)da

T
depends only on its own position and that of Voronoi neighbol
s Distributed ﬁ




E Voronoi Partitions(2)

proof :
[HH(P,V)< H(P, W):means that Voronoi partition isoptimal partition

ZI Sa-p: )¢(q)dq<2f Sa-rAa)dq

j;,lf(Hq peda+[, fa-rpeda<, /a-poda+[, fa-rplody
(Xulg) =1if qOW, Xu(g) =0if not)
17 da=pox+ 1a=p oxvddas [ {1a=pl) 020+ £ (g = p) @y

SFa=pexn+ f(g—p@v, < f(la—p.@w + f (g - po)@Xm,
0 LetqOV, ,if g0,
“J Flla=p@x,= 1la-ploxn
if ¢OW,
Sa=-poxv<f(a=pl)pxm,
Likewiseif g0V,

Tokyo  nsiitute of Technology
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Centroidal Voronoi Partitions
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Tokyo Insitute of Technology,

Mass, Centroid and Polar Moment are defined as
_ _1 _ 2
M, = pladq , C, —VVIVqP(q)dq N O

by parallel axis theorem

H,(P)=Y[ fla-p) daddg  Jr,=Jrc +M =G|
=l
=2 la=rl
=2, e
i=1

0H,
—(P) :ZMV, (Pi _CV,)

suppose that )
fa=pl)=a-p
#«q) = plq)

Aoy

2
e=G

) HPV)ZH,(P)

i

p
crirical partitions and pointsfor H: centroidal \Voronoi partitions .I
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+| Continuous-time Lloyd Algorithm(1)

Tokyo Institute of Technology

‘ goal : algorithm to compute the location of sensors that minimize H ‘

kinematics of robots(sensors)
pi = ui

H, (P) ZJH

gradl ent descent flows

1

Proposition : For the closed-loop system induced by equation (A), the sensors
location converges asymptotically to the set of critical points of
HV, i.e., the set of centroidal Voronoi configurationson Q.
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E Continuous-time Lloyd Algorithm(2)

TokyoInstitute of Technology

proof :

take H|, ascandidate of lyapunov function
dH

= —%,),,,[];MV’ lp.-c,| <0
- by LaSalle’s principle

converge to the set of centroidal Voronoi configurations

Technology
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Continuous-time Gradient Flow

Tokyo I nstitute of Technology

oy ()= [ —f(Hq p

V#q)dq  distributed

‘ gradient flows are still implementable for arbitrary f‘

_oH,
ap,

converge to acritica point of H,,
(but not centroidal VVoronoi congiguration)
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L | Formation Control with Objective Function

Tokyo Insitute of Technology,

e, m=3 ] fa-plea)da

design density function

l minimize H(P,W)

(@) = XDk (a(r—x.) +b(y =7, = r%)?)
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It Experimental Setup(1)

mummm Tokyo Institute of Technology

for
* Flocking, Leader Following
» Coverage Problem

3 mini car radicons
(KYOSHO mini z)

3 car radicons
(TAMIYA TT-01)

N ook -

e smal
*too big for the experimental room « dippy — carpet
weak against noises «  small capacity of battery

— regulator
*Wwww.tamiya.com
*www.kyosho.com
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IT Experimental Setup(2)

B Tokyo Insitute of Technology,

Camera | w PC

[™ PicPort (image capture board)

RCCars - -1 ¥ image

HALCON (image processing program)
¥ orientation, position, etc

Simulink (control model)

control signals ¥ implement

estearing |- dSPACE (AD-DA, computing board)

sthrottle /
voltage inputs

l Remote Controlers(Propo) ]

Fig. experimental environment
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Experimental Setup(3)

Tokyo nstitute of Technology

before now
monocrome movie color movie (Camera)
hard-coded velocity control velocity PID control (Simulink)
dynamic characteristic test(RC Cars)

dynamic characteristic test

mig=— XM
runningtime(s)

check the velocity for every voltage
input from PC to Propo

Tatrdey M

Fl Leader Following Experiment(1)

AT Tokyo Institute of Technology,
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Leader Following Experiment(2)

Tokyo Institute of Technology

IT Future Works

B Tokyo Insitute of Technology,

*Experiment
«dynamic characteristic test
*modify the program for leader following experiment (miniz, pid, color, etc)
*make(modify) some programs with multi-vehicle for |ab-introduction tour
~coverage control experiment

swrite paper about leader following for Movic
*Read more papers about coverage control
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