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Cooperation with Ground and Arieal Vehicles for Multiple Tasks:
Decentralized Task Assignment and Graph Connectivity Control
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Abstract: Maintenance and improvement of the graph connectivity is very important for decentralized multi-agent systems.
Although the CBBA (Consensus-Based Bundle Algorithm) guarantees suboptimal performance and bounded convergence time, it
is only valid for connected graphs. In this study, we apply a decentralized estimation procedure that allows each agent to track
the algebraic connectivity of a time-varying graph. Based on this estimation, we design a decentralized gradient controller to
maintain the graph connectivity while agents are traveling to perform assigned tasks. Simulation result for fully-actuated

first-order agents that move in a 2-D plane are presented.
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¥ 1. CBBA ¢€a18)&[5]

Table 1. CBBA algorithm.

CBBA Phase 1 for agent i at iteration t:

1: procedure Build bundle(z; (t—1),y;(t—1),b,(t—1))
2 2z t)=z-1); y,(t) =y (t=1); b(t)=b,(t—1);
3:  while |bj(t)\ <L

4. Find task./; which gives the most marginal score
improvement, C; ; for given b;(t), and p;(t);

s b(t)=0,() D, (S}

¢ pt)=p®)®, {/};

7 sz( ) CLJ’ 5 Zl],(t):Z
8: end while; end procedure;
CBBA Phase 2 : agent ¢'s action for task j

9: Local communication exchanging (y,z,s) with agent k

10: Decide action by update rules shown in Table 2.
11: 1) update : Y;; = Ypj» 24 = Zkj
2) reset : y;; =0, 2,;,=0

3) leave @ Y;; = Y 245 = 245 5

=l 219

MEE 7 Qe dia) dE ke Age e yer”
o} GEAE slelele zER‘“i TR o714
N 2R QR AFE ouPTh T 19) 4s) ZolA,
AR AR A= pol el DA BEGE o, (p) = TFeH
7o) Foj i},

tp{} s
. {maxn<p+15p gl ifjep o)

" 07 lfjepz
| o |[& 2]2EQ] cardinalityS UrEhHi, A @, H
o] YAEES ] f2EY n-WA A4 viE Fo AU
th S Folxl A= pol mE 2 7} /IR A B
=l A v et o] BE A
2ol ] ﬁ]é}— %k% 741tk

o M M M
Sj s * d?ﬂl +d1A2 * di,l +d1,2 +d2,3 (3)

A7 ME Y F & e ¢, 2 25 (25 H
A7 n7HAY A, d,,S 9F nSE2HE 4T m7A
o] AE ofv]git.

Z17ro] 2Ro] A% AR} 1ol mE A2 WEE J}
R B2y Au AAHolgta & = Y= 29AE AXH &
iﬂ-’] A2 WEe] e FeJE o)FA ek AFHQ F
Aex 2L Z Al 7HA A y,, 7, 283 ST
ulA #E s, ER Vg waEt)h oW N E A 2ol
NFE ofvlelar, WE 5,9 kHA AE 5,00 22 9t 2
X 2. 29 actionrule: YF- joll ik ZE kole] FAI[5].

Table 2. Action rul for the robot ¢: communication with the robot

k about the task j.
Sender's z,;| Receiver's z,; Receiver's action
ify,; >y,; ~update
k k update
m & {i,k} ifs,,, >s,, or Yy > Y;; —update
none update
7 leave
) k reset
! me {i.k} if s, >s,,, —reset
none leave
i ifs,, >s, and Y > Y —update
ifs,,, >s,;,, —update
g else —reset
m ifs,,, >s,;,, —update
m & {i,k}
if s, >s,, ands,, >s, —update
n&{i,km} |ifs,, >s,, and Yy > Y;; —update
if s, >sc ands;,, >s,,, —reset
none if s;,, >s,,, —update
i leave
k update
none m & {i,k} ifs,,, >s,;,, —update
none leave
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(1) Deflation : 2=— Ave ({z'})1

(2) Direction update : z=—alz.
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714 Ave({d}) = (5¢)/ne& SRtk A 3%
7 FHe A e 2.

= klAve({xi}) i—kaLJZ— k:;;(Ave({(aci)Q}) -1z (3

27} 359 Ao} o]Solt). 4] (3)02FH

B2y 24712 fed 9 F don, 21 9 guolE
Al
A

JEN
A7IM o'le Azte] 2Ro] Fgdhe 1 A4ES] W,
5 Ave({a')) o FA7kelL, o' & AoE] AT 3
#, Ave({(z')?}) ) FHolt). o] T WFE 247 tew)

e Pl F47) AlagogzRE A4kd 4 dul1].

d=Aa'=§)~ KX ld — |+ K3 i =] (5
JEN JEN'
@iZ*K[Z ld —¢] (6)
JEN'

N'E 23 79 one-hop o] ==59 S ujsia, K,
ot K= 247 35egks 7HAE e, AR 587 o5k

o]tk. a“wf a7t (5)(6) Al AoH 741 g, 3w

7b 2 (= O*OVLE}
k:

)\gzk—z(l—a“z’) ™

olAl HEHOoZ, fully-actuated 13} =
o disl okt 22 Aoldgs & & 3UTH0]

p'z':uz' _ Z 7Aij(xi7xj)2 / _ ®)

JEN g

pE BRG] 9 wEZ g]u]—s}i o= AHAE 4,9
Hole Ry Ak AHBY 4, T 2ol 7431°ﬂ
ulel AFHo 7 FHrdEE %«lo}%lﬁk

—llp' = pll3/20°
ij 0

re Ao) B4 b5 AdE ovista ok ve golE 5

Aol 7sa Bal Bwe] G o] el ¢ TP =

if Ip'=pl, <,
otherwise.

@

©

3 7HoZ Ao)E
S DA S, % 23 i AS) U9 A A 9
Bo 2Ry (pafa w e w?) e 67 W

V. =x| AlZ8[o]M
1. CBBAE &¢+ &lF &

2l (DE FAR A 25 2l ﬂ] H el A AR €
CBBA ¥1]FS o]&3dte] 23+ HH A 4t]e] A%
T2l 230 12719 dFAHeR °lEgh AUELE 11
ZAstach 12719 YFEAHL 7000 m x 7000 m & FHHA

of goja FEHo] glom, AFEE £ 20 mis,
2 2] 5 AL vy, =500 mZ AT

z7] 2] 91X (0,0) oA thololz= <]
ﬁqq.]_a_ o]E_,_ 0101::] U_‘IZ_ EA]O] oqﬁgcﬂ R= )\]-F,Hoﬂ
A ity 19 12 t=0Y W, CBBAS 5% 457
ANE HoFa 2}4. EE ZHo] FEHAY FE o
T AR AEE FOE olFI YSS HAFETH



& 2ROl 2AE YRBYD 2000 YEYT HBS =T U K|

7000 : : ‘ :
6000
5000 -

Y 4000t
3000
2000
1000 |

0BG~ . ‘ ‘
0 2000 4000 6000 8000

Y1 t=0sec W, 7 22| JF T A3k PAe] 1

enl} Z47ke] g 2RE e, 400 x &
A AR S Hehdth

Fig. 1. Task assignment result at £ = 0 sec. Blue circles represent
ground robots, and green x's show task locations.
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connecting a, b, and d represent communication links.
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