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Abstract

In this paper, we propose a new method of the communication system for cooperative behaviors and
works in collective autonomous mobile robots. A communication function among the collective robots
is essential to intelligent cooperative works. In general, global communication is effective for small
number of robots. However when the number of robot goes on increasing, this becomes difficult to be
realized because of limited communication capacity and increasing amount of information to handle.
And also the problems such as communication interference and improper message transmission occur.
So we propose local communication system based on infrared sensor to realize the cooperative behavior
among robots as the solution of above problem. It is possible to prevent overflow of information and
exchange of complex information by fusion sign board model which transmits the information to
unspecified robots and message passing model which communicate a specific robot. And we
formularize optimal communication range by analysis of information propagation mechanism from the
proposed communication system. At last we verify the effectiveness of the proposed communication
system from example of cooperative works.
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Fig. 1. Cooperative work of
autonomous robotic system.

distributed

=oAls ofy] de] ARgelErton AR
i 3 280 wu

Az}

LAY

ok

o
=)

X
P =



19974 3H EFLLeEHw

220] o|Fo] o7t #He] Aol wishE HEEA
¥#sbe] AR AsHpropagation) & iAo ER] A
Bt 3E 28 AddEls A 2 HAdg B4
2] w9 Tl AlEdelde Bl Ag B
Ax2Ee] fFasdst Aa) s o] ebads 7530k

L=y o]
o =

I. XeEols2xe

?.

P

B efoll A Aok S AdEAE, 9 4l
& 9% Algo)Eaho o 13 29} e
T2 FHojgick 18 29] (a)s 2% HellA] Hst
4w} AMAE - A ] A Ee] T, (h)E Hell
Al B9rE o] wix)xolr) )] guiakow ANE
ZHE AR} wolsd AR ) sy e
o]Fo] wiA=Ele] olw(H el we} £ - FAlNe] e
o] FolAY EoiA A 5 lrh $AlNelA 2l
AEE PARR 2y ddsc ol9) e EAlg A
#apr) glsle] A2 a3 39 zho] Aoy

il
%
A
Rl

¥
RN

L
i

.
s

4AR) LEDE AHgale] g2:e] delad vEde
g5 dlolEl S A1CAel4] EAD s 4415 He|
I 2A doleks skl Sok meh dlolel 2
A Aol AR Aete] v 2@ 49} o]
Sae] us wAgtoss BAVKs YelCEA

g 4%t =3

A
A

A% delerh ehgo] 3
WGz A geluel

mT
shtstA

A=}
=&

3

[

B

=

)5S B A A dlolElrl et
AT A S oleh et 230 o) g vl
CEREE o} whes] el ehvbde)
Aol i@ Al TEER sk

FARR AFt 5o A 2R T AR

A A T
AP

AASH s 7o) Al 5 wsle] dlelel S
dolgolrz A 8Ae) Az e o W

emiE oot velelR welEal 4 gick 1o
a8 5o o] ape] dedel] - ehe] mye] FAl

=+
At

(309)

EUE SHE FIR

ARG SAY A5 Tl 98 enle ARE o}
T & A = mZE FAlel o] sRe] Al EAEH
HHo| Bl e 29 dHloly AelgHel wet
AE e dlole= AelE & 5 JAl "ot oA
oleldh HES& st FAle) AMle] Ha &8H<
Alzglo] EE% 2ot A wbAd, 239 o|F
&2 58 Aeld Har) gler o|F g5t N
A olol digh M-S F3l AR e eIk

Moving direction

No 0
No.1 No.7
No. No.6 ><
No3 No.$
No4

(a) Y%

gl 2. 239 AAA
Fig. 2. Sensor system of robot.

) FHx

Vee

Data
Signal

Oscillator
Signal

g 3. Al I8
Fig. 3. Transmission circuit.

Autonomous
Mobile Robot A

Autonomous
Mobile Robot B

Tranamitter

Obstacle

3
. ) /
Reflection Range (Rr) Receiver

Communication Range (Rc)

38 4. 41 H9) 2 Aol A W9
Fig. 4. Communication range and reflection range.



36

T8 5. 41 7o) BAsh= A%
Fig. 5. Case of communication interference.

m s =2

27 A Higlel wel A FAlsg
T 9lew @7t & Az
o] frefsirhe AL ofnl A EofA
dFAck = shte] 2R upgoR alrle] of Rl
ujzh FAAA A AEE B AR
{message passing) 293 o EX& Az} A

E g A 7R ARE e ARl
HE(sign board) 2de] ¥ 72 Vw5 gk B
Aof|x= 7‘]“” FAldA o] F 7] 2o HES

A olSE FHE A2 A 2l At

KN
L

U

o

M
u

i

I o

AN
o4

41

R

rlr 12

JR of
r&

|

-

=
=5

&ar

1. AllR = mel(sign board model)

ARIEE Bl xpile] 7kl AHWE L-‘?«—‘i——' e
U= whalelek olwf EAR Al AHrE
71HEA] @om 28o] AE FAl s e
2 Eolsks u Ao ARE BE57 4 qloh of7]
of AMSEE AR Alasle] A AEZA de
o 2ofA Aol & Hae] gl Wi o2

o
=

2¥o] Y& olSshed] Wag g 5 2xe) w
F U5 o1F W olF &% A ol Aok wd

glele) g 2HelA =88 A% A =EeA
Ag % ARIRE g @ A8}

ole} e iy e mde y|EAel AwHodel}
ohe 2yl B e 9% Wloey Zady
o] i Al wile] whested ulard A)xwlel] 417
A48 % glek,

0ol AR 238 7|5 ARl wdl

_1E

[e]

d

.]L

43 A 2 ST EHT Agus 239 3
ME, SAve] HE 23 o)F &= WA Ak 9

(310)

BAA L A ERE
Azl s G 9ly AR Fo] He old ALY
o] Wlze ofsf 3 2RI o E 2R 93] IA
2 ol kS oF 4 glck dlE FH 2§ 67 ol
Robot A9} 0¥ AlAle]l Robot Be] 1'H £415-<llA
2 dle]etrl #H&=sichd Robot A+ Robot B}
#2507 olFsrta odrks e o & vk

a3 7e ARlET mde) sfEkwelct 1¥oAle) 7

o] Zhrtel mue Aple) w0 ARMEE S 9l
= 7} 3] 'Zb]i‘i‘ FHloR g,
»
No.3 No.t No.0,

No ||

Noo Ep

No.7

a8 6. F ZE7EY wsk A
Fig. 6. Direction relation between two robots.

& X
: Autonomous Mobile Robot

Communication
Area

a8 7. ARl RE 2 d
Fig. 7. Sign board model.

2. AxAY 2dl(message passing model)
A wdle EXRL pARE AHillen ARE
Adshs Weld). |2 A9z FAle] upyelA

B el Qs SIS 238 AdYsel An
2 2 ek whebd Aksgtel o} et sl
& ¥ 4 glom ARlue wdel] ula) A% o]
ok AR mde] slpel Arel Aske A 17
Aol EAl upolebd Audd mdle EX3 ol
s 13 wAS T 4 gl 23bH B4 uby

olg} & 4~ glc}
uiriog WO l7ky) o] A7bsly we &
2 Ql7) wj el mRAYe] A}E oA} WERS o)u] Ffok



1974 3R EFI1EE&%

Y AE 73 s Sk ajebd Aol
T gl AR L Al AR ke v

rir

olo] P asiA ok

o]9} o] ubgolx ek dl=(dead lock)e] A}
Aot shte] Zie] clE oA W W)
AE T3 APl AT S+ glon 23 8
o] shie] TEAP) A ARE EX A

o e wWEHdle] dS TR & dodx o)g

& 4= glck

:uu_om

L)

O 8. M Ay md
Fig. 8. Message passing model.

3. %3 2d(fusion model)

8 2 AN E vy HuAg gee] £
A S FA AR 5 UEE 3 2dlor} o]
He ARlRE wdof wlgke o 5 233} A
Xl agle] Ay Ay AHrAde] uhE oldshe
A, A= mHle] dolele] thE 24 mf
ool AR (message)] 39E Fol doo ue} 4
Baghs vhssiA gk o] BAl WAl ) 7t
s EARRE LR EFo] HastA| ¢dong 7o) 4

05

oh ebpAoz FAlo S Y s o) §9 =
We) o]-g7ht Fobdl 0w bk
V. 88 2YS 0|28 Hel 7Y

1. E]] ] —] 63/‘]

Rl ”%-4 dleJel= 18] 99} o} <9 &t
(header) F87 dlole] #2| d|U(tail) H-& Alo]dl
Allr o] g e Addg 9% ARyl Az
Bolrin] EAg 2aolAl By AHrot gle AS

> AEkdich & ARE By diike] 2
Fo| T4 3l& AHfollat BE FAlF-<llx] Message
Fte] ARBE Frlea] BuA =

=

(311)

EUE SE F£ I 37
] Header [ Sign board ’ Message Tail
a7 9. 54l Hole §4)
Fig. 9. Format of communication data.

Sign boardell EFE+= U8-2 g zHe Ao
Si=

© 2% 3§ Ha(ID)

@ $A1¢2] Wz

D ol &=

@ zxe) e g, A F ) F 5

® Al2d Hellx AESE 7‘é.‘i‘.(mfomatlon)

® =5 839 o3

& Messagesl sl%ale W42 =) 7obe e

i3
=
-3

daol u} Addsied YuulA =Hed 2 e
o3} 2k
@© FAlstaA} sk BA(HA) 2342 o
@ stz sk H-E(message)

H HE

o7 Aedshal ke e AlzE] el A

9 Aow dse vle) Faxl e AMs sle
o @b ZlEAel Wes) g 59 e e A
o] glek
o 2e 3 o)
@ YES, OK
® NO

o WS Y o
© GO, CONTINUE
@ STOP, WAIT
¢ RIGHT TURN
© LEFT TURN
& GET, CAPTURE, LIFT UP
o 54 ERelA =& QA ©e AP
9t 84 s
(W HELP, JOIN
e =g s AS o
() FREE
o] ez ofe] 72|
7= ik

=)

EE I BE IIATE

2.9 T4
A28 el o o)l 2ol W YE A



38 Apgol 52 RTY PRYFE g FAA L A ERE
& dlok & AS7F WS o FAlel 2l F o o] A8 gk 5 ¥ 20004 AMEsE 8709l AAE
o] Byo] ¥lg o] 7 A ik s7he] AMAR o) ERE 28 909 i) AlA
2yl Aol FelA el gAelt dE) E old Awr} Belerlely BF A & olvka 7}
23 2g)g b Aleln el el Fole] Y Mg} o)7L eubdo @ Aie] osal slmgo]s
ANAl =i-& fA3A ok lﬂﬂ %%?3:} g¥o] glo Ao Ad F glor] £ medis Al
W oo Z2Re MB(sub)7t H1 55S 2% 28 Alded B4 vl @A AolEske] Ae EHS
Hlel(main)e] =l "& %Wm} olrrn 2] @5 g shw aly] wEel Helel gk Qe g B
ol zyeol wle w} o]Foiz|v A}fo] FpH 7} bR 4= glvh | Ao AlSEw wiEes
g At B 2Re F8 wjal 24O b3t 2ok
2} £2lo [} Ho z)5 gl Alsle] vl
a;; (;Hulm;]j' ;;M]] ;;‘_jﬂﬂgj o 10;’ B 1A BAAsES s
= woaTE Table 1. Parameters of local communication
shte] gxe] 29lS sty ¥lS sk whge system.
Bgelvt W5 W&
n | el &
w el
s | Aslwasl v
- ETEE
= R, | Hol® 31X wHE (=R
- A | BArke A (=)
B | A 2ANe WA= iz TR = 4
v 2R £
P 230 9T
Oy o] W
pHH | ARE P 289 ng
Q3 10,9 TS g9 2y gEe] sew pne] WEHE g AR APH Y, 23] &
Fig. 10.‘ Flowchart of robot’s be‘;avior for o), AR 7RI A e 28] HIHE 1 -40)
organizing team. s AR E5 FHE( )l vlEEl oeia
A= (DA} ZFo] el 4= glrk
V. ME MO siA Ap(H) = avdi(1—p(D) KD 1
Aedx FAlolA B4 A Fag ofabg gy, VP SR s A AR w5 ears
4 wlde] WR Aemd AR O] AsKpropagation) AR gale] 2tol el ek EM ol o=
A 7re] Holx|an w2 Uiy =ml 13l 59 zko] & 2xe] Bl wale] it 2o AlRe] APt FAl
Lpe] ofele] T f olage] mie] fhulA] mye] g el MIEA AR AFRA avdis argal Aol
woll 2]t 5 9l dlole]e) oFS aFlEl= Te| A oyt dd2- BAl AdH( 4)0 % gl =g}
el el ] Goldlel. mhebd A (o 1132)
AR Ag A7 #HAaR s s et gl avm_ﬁ;?lf‘ﬁfz?’t ()
T 2AE El] slsled 2kl "E‘Li ol% &%, A
sfe] of, el Bl ybdol digh A E A gl Rt o el B Al
o] & 16}04 oot 3R O 7S ek A g 2BRe _ 28R. _ 28 3
2 o2 3o A A e el #e 4es I

(312)



19974 38 EFLEEHRLE

W gt 230) AEolEel el o3 A 2
$9) &l whe} of 1~49) gk zhirh

Communication Area

Anew = 2Rc vAL

2Re

vAL

a7 11, 23] $1eel st Soii o

Fig. 11. Extended area with robot move.

B A7k A 2Akehs odedold cohel )
7 EAE b ke (A1} ek

P = (1) a -9 (4)
o, q=4 olr}

ARkt 2ol FAle] ol feiAlr] s shel
AAGARA Shfe] gJRiel Eelstel shrn(adl 5
o] 212 zbz) shie] A7t AME 5 iz 4o, =
Alse] 4ol shtsl 2ol EAY FHEp)e (@)

Aol ols] vkt o] THIFTHo|uf wgnolmZ A
Q1o <) 7M1 Eohe FARh,

= A1, L o) = (F) @ =)™ 5

— Also)ey.

wog = ;

e AR o ST Jue] el wAsle]
AINE wdRA dolels WalnE & o) 2
o Tl o) zHje] glol we] EHY HEe
6140t ekzh AL ogelel & TRt A,

Bo= 3 () () =p) (6)
olw o] ZXo] HEAF AHHE s Se FE
(1))

I(t) = E() p(8)

_ 5 (s Y

=0 8 (%) (' 0=p) 7
3 7o) ek,

e, @3] g A wdslel Yug =53

=+
BO

(313)

B3E SR BIW 39
B 1)) Bls9] el shie] zisle] 2T &
E(py)oll &3l (9)43} 2re] AL
b= 2 (1, (p+pw)B)
= A 1) @ e (8)
% og = Auu = %Qo]"/]:
1 = 3 (3) o' A=p )

e Ay U5 HEApe 23 Agomi A
BE Qe B89 oz wAD)

KD =T1a() + 14D =EDND + I8 (10)
(10 A (Aol Wisdsle] Aefshd 11)AE dect
Ap(D = avdt(1 —p(ONED p(8) + I D) (1)

(1DAE 73] 37 918le] a9 » S ohoa) o)
o, (1142 7h4s] (14)4]=} 7o 3ok
a= avE(f) (12)
b= avl{d (13)
Ap(t) = 21 — p(D)ap(D + b) (14)
A7 4t #HAHOE JAAM (1448 vl8Aes &
Hapd (15)43) o
A (1~ (D) ap(D +b) (15)

(1548 Fd FE A 2ggl (16)3]0] ‘/]'_9:11 u9
g2 HHrl AdE w7zl dels A7k 17
2 Fafzlck
I_C‘b‘ e*(a+b)l
o= ng_(;mr (16)
% - o
ﬁo * -
T,=— 1. m ”“—‘u)(/)mg) (17)
“ at+b b)(l —p0) '
o] Aol BA WA Rel HRE AR AshARE o
ohir] Sl8le] eA MBS chwh o] sk

EA] ubAel oigt A3} A7k Eic)
2ro gfe] AAAE s A 247h 509}



40 Aol TR ETY] Y2YFE
100t 7-folc}. 22e] St 0.025m/s0lz, AA
2] F7EE 45m x4.5mell Ade] = 3R sk
o FANMPES WEAFA7 2ol 80%elAl Am
7F AgEe AR ek o gt 2

min Tu : 23.89

min Re : 8.31 min Bc @ 8.45
Tu 400
() “ /
0
| -
200 \ »
7 =100 >/
100 \ -
0905 18 15 2.0
Rc(m)
2 12, 2829 B4 v AR A} A7

Fig. 12. Robot’s  communication radius and

information propagation time.

Re:0.450.15 1.0

p(t) 1 } —
0.75 / A
0.5
0.25
/

0

0 100 200 300

£ ()

28 13 HRE 7P 23] v]E( n=50)
Fig. 13. Percentage of informed robot( »=50).

R10.30.15 1.0
p{t) 1 s ~
/ i
0.75 //
0.5 //
0.25 /
0
0 100 200 300
t (&)

38 14, FEE 7h 23] v #=100)
Fig. 14. Percentage of informed robot( »=100).

(314)

A3 FAlA 2" ERE 5

g 129 Al AR FHiRshe W)
(R)E ne] 5074 100 wl zH} 0.45m, 0.31mel™
oluje] AZK T,)2 73.09%2} 62,0625 v} mat
I ZelA] wbge] Al whe} s} Ajzke] whA| 7}
ARk 3hA] o o] FTshE ol Al Al 9
g 233 uwjjFojc}

aRlan, Azkel b HRE R 229 8)E p(p)
£ 2~ AN logistic equation)?] HelE 7=
152l &8 weo] 5034 1009 W Zzh 13 13 ¥
a3 149} o] vieldle)

Re 0.4
(m)
0.3
0.2
0.1
0 0.06 0.1 0.15 0.2 0.25
v(n/s)

I8 15. 249 Hx9} A u4bA
Fig. 15. Robot's velocity and optimal radius.

RC 20\
(m) \
1.5 |
1.0 \
0.5 :
Hﬁ%\x
0w e s 10
n (NH=)
37 16 232 29 A7 W

Fig. 16. Number of robots and optimal radius.

T3 Melx] AHE 7l 222 ulge] 80%7 €
w7k 2] A7hg ekelrw R 7} 0.15, 0.3, 1.0med
ZH7F 83, 63, 104zo]c}. whebr] FAl nbEE- oA
Askerlell miet A s} Azke] Ael7} gol e
of 4 glev] An Ao A0S Haw she BAlw



1974 3R BFI%&H

A& ek AL Fasi

29 15 o] 1009 o S Hsfel] e 2 W
el WBE ehiel 19 168 2Re) i) mE

312 whge] ws) el zele),

o] ¥ el el vehige] 23] SEi A
shoAZklT dRe T HA WAl dee 7
opon) mae) (i WR)} 2Nl @t 34
w749) 271 A4 FolEwh

VI. AlZgjo| Mo 2ttt HE

Vel B4 mdsh VAol gg sjde] fEHE
Wz 9fslol 6.1 6246l 27t o] AL

AR slE AgHeldS dct

1. B4l e A58 217 AlEdleld

(1) 2 473 £4 Zor] 2i(foraging)

B oA Ak $41 mdE AHE] f’E A
ol B2 R Ao a7 179} 2] 30the] &

yol BAGEE wol)E BRAWA 1% e
Aajolel, old) EAlE she] 2ol gk ¥ 4 9l
£ A9 T o] 2ol @Al fushe Aee T

b A sieh shlel 2rel BAE Lk

A9 Aodd Balel ARIRE BdRke ASE A
=4 ARl BT ye] ARE ThE ol Zitol

A Aol s paske Afolm, F ke 2ol
W gl A9 % v Ahgd guel A
50 ge] PAE slol A Sashs Agolnk

(2) A1 w o dlele] A

By gukgko g nrol D A WE B ¢
o} @A 2L 2T ARE FHI

A\ (information)& 23] EAr} Zeigly 39
ARE ow e W 2 2o $I7E = WA

< 3l v} Azl HoF AN

AR A 4174804 A A 9717

ARslgdh web A= do|Ee] ulE ohg

zro] =] olglje) ofl= SLFWETL 108] Zio] &

Ao HFHE(x, AR dg o ez Tl sl

W 237 GOgh= H2-S WY 7ol digt 44 £
Aol W dlolefo]ck

(message)+ 24
o} B Adeli=

_‘;4_ i

©

D #llei(header)

& 24 3f WH3((D)

Er
B

(313)

#3448 S FIK 41

3 Al HE
Q A ¥ (infomation),
® =& 83 %
® A 22 W3
@ #AIA](message)
® ®d(tail)

=

=

49 x, v %

(dlele] ) <)
111 0001010 100 0100011 0110011 O 0000011 011 111
10 4 x#XE yHE 1 3 go

5 A9 Ay B3] FATR] o7 F o)
A Ed ZhellAd HELPRMY =88 8 ]-‘Fl 1 2R
o] YESEA $&& 3la onf =g-f& 2 23
wQl(main)e] =3 -$HI FExe] AH( :sub)7} =
A 2o A gl ol MR 22 gl 2go
Holl ale} A gRlolA =Hm MB 282 29 g
off AoliEe] gl Aot widl ZRA W&
e 5= glon zeje] skuEH Bg &gk

(3) Al EHeld A=

222 0.05m x0.05m¥] #Zrlola R JIE AR
747} 45me) AHAREE el dodelr). 228 30t o),
EAMPAL 05mol B89 4k 0.05m/selth
ill 200708 29 179 Zo] wiRBln FAHAlE

shebiio] =t Baiz|e] ANyl gl 282

EH ko @ gAloln] AwE U QA ofE
Sl A HRE G ollis FAAE g o))
[case 1] & o] =Xo| shte] A& ukE 4
UE (G BAleA] Allre mdld 2%t ngi
o] %=}

75

o
-
=
&
%
=

%o

Cooperative
Behavior
and Control
in a Collective
Autonomous
Mobile
Robots
Using
Communication
Systen

igﬁ:!g Y L M'

Time @ a

L AhgolEay

obtain : a

52y7)

ozl 17 271 A
Fig. 17. Initial state.



So|EgH o) & %3 o _?,] 3 A ° 213 =
42 Agol i 2P es AT ALY A FERE 5
Cooperat ive Cooperat ive
Behavior Behavior
- and Control _ and Cantral
H;ﬁl!f? in a Collective « m g in a Callective
e Autonomous . s futonomous
Mohile Nobile
Robots Rohots
B Using Using
. Communication Communicat ton
. Systen Systen
. R | A . R
. . Tine : 851 Time : 2168
. . . obtain : 188 e obtain : 189
. .
.
. . . -
. .
. .

I8 18.851% ¥ (100709] =4 &ub
Fig. 18. After 851 seconds (Move 100 ohject).

. . Coaperative
Behauior
. and Cantrol
in a Collective
Autonamous
- . * . Mobile
Robots
Using
Cammun icat jon
. System

. Time : 1999

chtain : 26@

|

|

J8 21. 2160% F (100709 4 $4b)
Fig. 21. After 2160 seconds (Move 100 object).

. g ) * Cooperative
* Behavior
. and Controil
. ‘. in a Collective
. Autonomous
i Mobile
Robots
Using
Communication
System

Time : 4858

- . abtain : 289

|

T2 19, 3HE Akl (1999% 5
Fig. 19. Final state (After 1999 seconds).

el EAle] £k 919l AleluE u

lcase 2] F wie] Z3o] shte] wAlE enkad
(%
2 AR wele] gitel] <]’k | 74

Cooperat ive
. Behavior
and Control
in a Collective
Autonomaus
Mobile
Robots
Usi
Comnunicat ion
Systenm

Tine : 2]

. obtain : a

a2l 20. _:1_71 )\oLEH
Fig. 20. Initial state.

A
T

V‘\

4

=

(316)

a2l 22, #HZE A (4050% F)
Fig. 22. Final state (After 4050 seconds).

case 13} case 204 Z7)o] AHRE 353 =23
= Al s AHEE s oA ok 2E
ANAl ARE HMulsle] Ax o] 2o] zkgle] I
AgowA] §5S kol vk 53] case 2004 =Y
o] ¥ Al glx 2 gl od Ade A
S o 5 ek ol2A] Aokl FAl wile] AaHew

23] 2P shedl FEFS o 5 qlrk

2. AKX Az} A Bl
ARARNE %3] S8 Agdolde] Be o

A = A - = r=!
o 239 of5E 10098 sk Ao A
AP 9] g SR Slo] zgle] gl 91% AHRE
Agpsl= s HHoR slgdck o3 23604 29 95



19974 37 EFILLEH

£ A&olth

T AgelgER -
2 s

Deve lopement
of

Comnmunication
System
for
Cooperative
Behavior
in Collective
Autonompits
Mobile

Time : ]

I-Robot : @
e.n

RADILS : B.2

iteration : 1

Hean @ 8

a3 23, Z27] Al
Fig. 23. Initial state.

. AREIA AL R

Deuelopenent

of
Communication
System
for
Cooperat ive
Behavior
in Collective
Autonomous
Mabile

Time : SB

I-Robot : 58
50.98 «

RADIUS @ 8.2
iteration :

Hean : a

1

T2 24, ARE HAEG 2io] 50% o o

Fig. 24. When percentage of informed robot is 50.

Deve lopement
of

Communication
System
for
Coaperative
Behavior
in Collective
futonamous
Mobile

Time : 87

1-Robot : 68
60.8 »

RADILS : B.2
iteration :

Hean ]

1

SIE| 25 AR E FE53 2xo] 80% A o

Fig. 25. When percentage of informed robot is 80.

Esd
o

B34 E SHE OE3IH 43
min Tu : 31.83 min Tu : 16.08
min RBe : 8,21 min Rc : 9.32
Tu 400 T
(&) : : :
300 } 7
i Theory /
200 ‘ S

Simulation /\Y,f

b IS4

100/ { - /f/ :
el

O 05 1.0 1.5 2.0

Rc (m)

a2l 26, 259 A st AR As) Azt

Fig. 26. Robot’s  communication — radius  and
information propagation time.

& WA r.E WsHAAZPEA 103

)
u
g Azle] FEgh 2 olEHom T iy

29 260 ek Al ks ARAel el el
Aeerel AARELR e A%

Baledele] =
3o} sges) debdlel wheh eRke] 23} .
o} webd VAol ek Arsislel sl sl
o W18 Aol 2o wl elgsiela ¥ A 9len)
s o] £ ASE HAe s siie] sFest
c}

vi.d g

At ol Azl AAE FPshs el
o mm o, AagE A 2 92(qn A
LA el oveld fERbe dehh
Arew Alade) BA w0 9, o sae) A
sg alijsle] Al AEE AsHoR AYFeR
W o7 axge] gas wuse] Axd WA
dfedmal AA B m fshs Aol AHe
Bk 28] 2 2ot 23] Mt A9E 5l A
ratzRAstelztn ek ol Ale] 2Re A
el gl ek el s s SR
el ek webd Azdle] 277k A W, %
FHape mxel 47b dolle Welw Azd Al
2 oske A showl Asd $732) wstel s
£ SR $4sieh me PgsH: MM Aadel B
3od b nAe dogle W Asdel §7 FHE

01"

l>
)




44

Hofuiet,

AbgolB-23to] A|ele] Aol Yihslod

2 YEsh] gails FUage] X, 9%

o S YA oI5 W A S ek hele)
g} aebd el 2Re slden Age
FHYFE Aol ol Bz AelS U kg
s =3 Asle s AfEA olFet 18
L A RES o) 83t PRS- she 7ol
2R Wek= gHolt vl AbgolERye] sk
2] ofeo® olal Axwle] E2g PAsly] ofgich
e 25 JRAZEe] BAle Hapaeln] AlAnke- A}
Bohs Auet Alaw A0 Bgs FARE 2
et 718 Ay oA Bal whie g23te) 4
A 7Rl wel Are) wgehd xel Az &
wAZE BaL, A H Bl wE AA A sl
SHA ¢ AR dat dide) FES|N Fo) eyl
S48 HE Alzawle] tR-dolgrh B =dolxe A
Aladel] Ago] 7hedh A|9A BA Asglm B
RS Ackebdar, AkeE FAl mdle] ohek gu A
e} w7} djsted #Hxo] Alaw] 2AE 2o}
Heleh =3k Al g Balo] Aokl B4l malo
FEAAS #Hlsldon] FAl wbde] whE AR Kl
d3kn Aekslsiic)

F52] A A e AgolFEioe] EBLE 7AIEe]
e sk AlagoiM =53 Ao diaix zhele
et F Aol 2ARE wEjsl AR dup wwl
< AN Aol old dlitsls Fhe sl Waks
A8k Xéiff: -5]‘—?'{ Ei# HlES AR §

ol Aol AgE 53}
> A AAiAole) oy ¥ =
Tswarm)H A S Alefdt
Aohlerls Aokt =

¥}

- . -
o = =4

g%

_._‘_,

P

zo

el
[

==}
[Le

ikl

g

ot

FIH U REE BERET R Y b,
11, 1992.
M. ]

Behaviors:

Vol. 31, No.
Mataric, “Designing Emergent
to
Collective Intelligence,” of Znd Int.
Conf. on Simulation of Adaptive Behavior,

From Local Interactions

Proc.

(318)

3]

(4]

[6]

[7]

(8]

[10]

[13]

AR 25e] A ERE 5
pp. 432-441, 1993.
C. R. Kube and H. Zhang, “Collective

Robotic Intelligence,” Proc. of 2nd Int. Conf
on Simulation of Adaptive Behavior, pp.
460-468, 1993.

o]5-%, AN, “F& ZEaulel 23 Algo)
SRR YxaAE 2 A Ai13] IAE
o sha3] 2] =% pp. 1177-1180, 1996. 10
°o]52, AT, “’d%‘ili‘%h% fiAl daE]Eg
o83k Agol B2 BT A % A A3
U G Y wRIA~E Fgpstard)s]
(JCEANF "96) +=% pp. 34-37, 1996. 10

Y. Ishida, H Asama et al.
an Integrated Communication System for
Multiple Robotic Agents,” Proc. of the Int.
Symp. on DARS, pp. 193-198, 1992.

K. Ozaki, H. Asama et al. “The Cooperation
Mobile Robots
Communication System,” Proc. of the Int.
Symp. DARS, pp. 199-208, 1992.

J. Wang, “On Sign-board Inter-Robot
Communication Distributed Robotic
systems,” Proc. of Int Conf. on Robotics and
Automation, pp. 1045-1050, 1994.

J. Wang et. al. “A Wireless Medium Access
Protocol (CSMA/CD-W) for Mobile Robot
based Distributed Robotic Systems,”
of Int Conf. on Robotics and Automation,
pp. 2561 -2566, 1995.

o]F%, AR, “RAMPdd eSS o8 A}
ol gairte] AeRsy Abgl <gRs A
o g Fz]A 5] SgsEsl JCEANF '96)
=%, pp. 127-130, 1996. 10

olE%, AlFR, “FAINAHE o] 8% A)gol
BETO {RF G Aol I A ¥ 25
Al 8}3] 1996 e FASlel3] e WbE
=%, pp. 323-326, 1996. 11

. Endo et. al
System with Local

‘Developement of

among Multiple using

in

Proc.

“An Infra-Red Sensory
Communication for
Cooperative Multiple Mobile Robots,” Proc.
of IEEE Int Conf. on Intelligent Robots and
Systems, Vol. 1, pp. 220- 225, 1995,

Y. Arai, I Endo et. al.
among Multiple Autonomous Mobile Robots
using LOCISS (LOcally
Infrared Sensory System),”

“Collision Avoidance

Communicable
Proc. of Int



19978 3R BFLBEHGE
Conf. on Robotics and Automation, pp.
2091 -2006, 1996.
[14] H. Asama, 1. Endo, “Evaluation of Team
Organization Method Using Communication
in a Distributed Autonomous Robotic
System,” i Ern 5 CHi), Vol. 61,
No. 387, pp. 3039-3044, 1995. 7.
[15] T. Arai, J. Ota, “A study on Local
X X} A
F % B(EgB)
1973 8% 244, 1996 : <
gt AelAzgas £ (29
D, 1006 ~ WA Fedejs

ekl Al Az} HAlg A}
% zage 9 AsAeiA s o
FA, FRAEE : ZuEA A
QFAT, A, A RAA

1O

(319)

£ 34E SE B3R 45
Communication of Multiple Mobile Robot
System,” H& o+, FEE% Vol. 12, No. 6,
pp. 886-892, 1994.

[161 T. Arai, J. Ota, “Effect of Grouping in Local
Communication system of Multiple Mobile
Robots,” H&DFx . F %& Vol. 13, No. 5,
pp. 727-733, 1995,

7

1956% : 9Y 2094, 1984\ : F
ofefsta AAbgstat 2 (FEA.
| 19861 : Feldistn dlEd Ay

3 &9 (FEAb. 19904
a B The University of Tokyo, 7]
Azkgatat 24 (FEhb. 1990
o FAUE AabledTta (ds. 1991d ~

Zo}

19949 ¢ Fetishl AleAIET e 2oug 19924
g A, QFAls- AR 2 HA
Az A3 (5L 1995%F ~ A4 g
AgErs] =] AAlgsd 19959 ~ A ¢ —’;‘—%EH
2 U R B P A K S S e
B Auk Rl A AE #A) *l?écﬂ-, ,
olm Ry A ~E AMFI, The Ao QTP
A EAA 2" 5



