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Megtstm  ZFA - Zx2 - o H3l - o3
1. N B [ 1] 212 442 CORA =2 $E 3g
St=rh =l 2004 2005 2006 2007

% 2 2O
CHA Al Rl(multi-agent system, MAS)2: 52 IROS | 30 (659) | 40 (669) | 40 (1018) | 7HZol=

17l 3l ta ANAE Ao AaEE TR ICRA | 30 (854) | 35 (771) | 18 (686) | 57 (808)

oo e AFE ool AAEACH 1980 [z EEE () oto] axfe & Wy =2 A

H MITO|A Al sHAE©o] 7HZ|$E DAI(distributed

artificial intelligence) ¥JIH2 AJ2Fo 2 AAZQl A 2. QI E0lQ Nojyalo 2=
2op7h Hdrh dRbdem 25 AIAHE 1)

o] Ze 2R 2) BE ZAHS 74A ol flo] 2 CHRA 22 ZA F 7FA] &ofoll A ARg-E

s, 3) i -3—1% 7Hd oy tie] 2EE, ol A WAs tiA 2RoeET #3d ¢ s &

A 37MA 2 ERFEh o] oA oAy dY 2EE otk dE S0 2R S99 A T g9 2%

o &9 A2de dAqtstes Aol Hi= of o] AW T4, =79 JFE FAlo 3

W=
A 2% (multi-agents) £ofo|ct. 8 4 gl7] ol 7k olgro] SahE th 2ol
19509 W.G.Walter’7} &= 9] o]% =X 23 U= A] g Q 3]t} Lunar-base construction, toxic waste
ol A3 Aol 27| thA] At o]#dk  cleanup, panel construction, surveillance 5©] T3 %
ALE AAem 1980 o= tho 22 I ]l A8 Fofrh
ﬁwzi E&Am 7 9de BHom A AT EAE A 2Re At Aol
7F 5] AP E QAT 1989 NASAOA = sde A Zofolrh. diddes =X

Oll

[e]

=

2 Haste 2

A §]3%t Inexpensive Ant-like Reactive Robot Team2 < 3 o 2HRorE ISR A|7to] wj$-
AotslR =g, o] 17} thd ZH(expensive single  Wo] AQEHE H|FAMZF O =

e 4ol
robot)e] E3E]4dE AAISEL ofof tieh ARt THAl RS ol&d 'Y oF
N2L fdo|gth 19958 As 2 A7fE 23 = allocation) ©]E 7WHZAHOZ =3 (execution)s}o] #
| 3](RoboCup, MIROSOT)E E3l t/A 2E& A ARE FZsHA Hep £ Hof o|9or 1A
FoAE de AfENL e5d 2H ASoA o] wo] Ao O%-T-’r/\é(redundancy)% g1 g ok
= 7 ugo] WA Zobel ek A1%Hel Aol She QR chde] gw
% S8olE daol AxHI QUTHE 1] = &3 AFdS =ooF st dF SoAAE

F[U: 09‘:'

% 3H(information merging)

16 =g aete)x] T4z H4z
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CAA 2ol digt A= FAl whebA w$
oheFetal AREH o R Ea QIrHa 2] thrhA)
Aol 2 FoA=E 71 7122 oA Fadt £

ofch. M Rt Ao FxrE YR I(task
52

decomposition), €3t (task allocation), A&
(motion planning), 4=l (execution)d} o] ol oA
2 ol2olAL). o WASS Eueld BT 0
7= o"7] 2ol 7H 71501 He FEAE
(motion planning)S F4AHS=Z TIiA A& &0
St A} 3t}

[ 2] CHHH 22 23 FHe MR 37 20kS
= X M& A5t 20t

Homogeneous / Heterogeneous team,
Organization Mother—daughter team,

Optimal team size, Task allocation

Exploration, Coverage, Physical cooperation,

Task ) ) )
Foraging, Rescue, Security service
Team learning, Information exchange,
Intelligence Distributed artificial intelligence (DAI)
Swarm intelligence, Socialization
Navigation, Motion planning, Formation,
Control Network communication, Position tracking,

Intelligent space, Cooperation, Collaboration

=0

dutd oz oAl Alol=
control)@} E-AFA](distributed control) 0.2 HFE 4=
k. FAAe 2R AAS e
A Zystal shure] = A] A #l(supervisory system) 2

Alojsh Hplelth. o]ob wh

} 4] (centralized

(decoupled control)o] T}, ©
o] H3tHT= Aol Hxlof

=
)

MEthstu

7
o FdAola

Z(path)2} <% (velocity) AES &

T+ 7HAE +AA e

—%EI@OID} e 2ol A% A ol

et ol 7}Xl§

77 ER
B OEAA
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A

ehE 4 e @ 3w

A Alofe] F8 of|E AR R
Ho

AL 2 4 9

[E 3] C}7HA| Mo Oof7|ElX (architecture)

ol | w4 |¢E =) £ 3
A MOE 4HAZ F&E5H0]
GOPHER 1990, O|= _
U2 FAUA B+
social interaction &
Nerd Herd| £4t4 11992, 0=
oA 2RAE
reacive, behavior—based
MissionLab| &AtAl 11997, O]=
HEAl
o
ﬂxr‘ xr()Hoﬂ 7r5|.5§
ALLIANCE | 24t4 [1997, oj=| = © -
=¥l
KAMARA | 244l 11998, 0|2 (2o 2 X g 74
WA E =N YR
Teamcore | 2AtAL 12000, 0|2 . o
Y2 58y 7x= 29
R - QH2(AAR)Z  CpIR
Scout Mool S8
iy m=Eg 0183
Pheromone| £4tA1 |2001, O|=
sS4 2 Ao
Tightly | Leader— fU-E HEst
2001, O|=
Coupled | follower 27t A= a8 &2
resource—centric 2|
MURDOCH | £4t4] 2001, 0=

sd7z

A= 7HA]

A
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270" GoAA
k. WA,
glo] AAE FATFELRE A ofo]

oAl

FAle she] Az
| SlolA sl 2%

Z3|
A (optimality)T} 274 4 (completeness)S L2 4=

o g 2R AR Sk 2
/d(complexity) @} A4F=Fo]
(curse of dimensionality)7} 9Jt}. wafa] o)A
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SAAE Aolshs A olu] siLke] NP-hard £
Az oA ok oleld B4 EAIZ Sdst
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5 oz ool Sivh &
@ 2] behavior based, reactive, potential field, plan

integration WAl 50| 1 tE Al ot gy B

i

Arae HAsh AN AL TAHE
(interference) EA|S ZEZF oz AT £ gl
4 3f(local minimum)7} EAYSH= 7)€ 22l HA

Sol 9lrh
olg} ol 7 Alofuizhel A EAAT A

trade-off TAo] et AL AL AL
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o
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agent (human)

B Intgligent Space
(Ubiquitous sensors)

Unexpected

BHow AT 5

A Ae7leE MEsH] oHRH. =

£ AdAow FANY] AL

ue

B Heterogeneous
Multi—agents

- Heterogeneous multi-agents : Z}Z+
olF BRE

- Unexpected agent : THHA] FollA AT 4= gle A

- Intelligent space :

- Multi-agent controller :

- Wireless communication :
ERUPAPS

217

Sk A~ - 71
g 4= Qe 7

A2

=]
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(intelligent space)1}
FE/E A A 254l

9 7)%o] ardUtHay 1. AAE
shel EAE 3171
A7 gIxek Aevt Ao

[e]
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B Multi-agent
Controller
(Motion Planning)
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2 oA A ZELS 98t THZQ potential
fieldl} petri-net 59| 7|&& @] EAFsto] A
23519t kAU o7t HLHHo A= coordination
9] BA A, computational load, NP-hard problem, high
dimensionality 59| 7|<% EA7} A=A £33
o, E3k Aojel A=A % (path planning)
o] PSPACE-complete EA|2 A x|HA FA]
TAA Alol= dAlE 75 A

ol ZE3] Y aUE &0l AHEE ¢
8}o] RPP(randomized path planner)o|t}. o]Z-2 A

Ztel Agto] glar sfi7f éXHE}L BEE o=
3 A

==}
RN

A)
ofch. th 2ol RPPE C-spaceol 4] 919] 2EYIS
A+ A 1= PRM(probabilistic roadmap method)E A}-&
o E 2] Yy FdR ASE AAtsiE

AWt AxHA) 3 AT Agke] Athd A4
o] FREt Waoly] o] MG BT 4
e £HE AARE AT ek

[3& 2] PRMOI| 2|8t HAZ A E

4. YA Fojo| Nt

AT ANFS WESE FGA DA A
o714 @AAAE 1 FHo| e ojHrh 1
Put NS BET APl 28zt FrhEel w
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o ol 71EH ATE FHAY] AHA Y

ATMTY BYTS

A Alofo] ZRket gkt A4S s,
I % F 7HAE A =
AR ] [ o T el
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2
Y
iy
)

232 AojollA 7HE 71Eo] He AL Aol
il o] Fddl= 7]&o] A (motion planning)
o] 3t R Ho] ZZ3]Z(conflict resolution)o]T}. o]
7148 EE7A(collision detection)?} HE3| 9]

(collision avoidance)e] = 71#] A& 7|&2 FAE
ot wetA FSA Aol IEA AT 5
EAE AL 7] Y= Y F 1A
grsl= Aol B ol YA %
==Y (collision map) 7| &< 7arslgioh

Y 71EE 2e F oo 23w Aelo]
A3k 0% A Ast7] 913 1987del A
o F 25 Zo] EZREHE(end effecter)S Yo

melesla Ao & 79 (obstacle scheme)2
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25 29 & (trajectory)2 LFEF
< 2R 29 A¥E &= iﬂfmoﬂ )

=

=7+ X (collision detection)= Z==
3, AHel FEAAL HelE
&A= 824 th(conflict resolution).
ol5 Hpgoz 204doll= FEW 7Iss thiAel
M(extended collision map)S A|A|3FATH
% %%E‘Boﬂﬁ% ol F&Wel Hisf 1) A
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f agent 1
pifto) (virtual circle)

pa(to) pa(ty)

pathof M) :
agent 2 === collision -~
length palt)

[28 3] & 2X(agent, 2)2| 2ot &= &Y

I (Iength)

4 trajectory of the agent 2

(TLVSTC)
e

collision region

collision length |
at time /

t Ly ?(time)

[22 4] S= (Collision map)
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(9, 24 5o )3 o

B Agstel BAE SAHoR sdstech

20 =332 T4 M4z

Rl

E 0o oo X

start #2

agent 2,

agent 1 N Fixed Obstacle

start #1

goal #3
Fixed Obstacle

agent 3

paths of agents

start #3

goal #2 Fixed Obstacle

[O8! 5] 3} 2&9o| AZLl wxtH

1 (length)
4 trajectory of the agent 3
trajectory of the agent 2 ) Y &

Iy (TLVSTC) Ilemmmo e EEEE V

collision
region

1 (length)
A

I (time)

2 =AM wAA Ao Y EAIY
A o] QoM gAE Aol 9l
4 =

=1
hal

A, 2 sEH NER SAEe A ¢
A~ L

e —

S

o

$41229] Fogalo] A Aofo] A

AA
Moz HgEth TPy FEHE Y9 B
3 AAS AFEY AN 2R o]
O ®ah acks o] weldth o BAIE A

AR 9] ¢l o A(arbitrariness)o]| 2J3] A= H&
neste] wapy B w4 Hdy] 7S A8
3 How gEsiqlc of 2

=
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glof A glo] vtE AbZo] 7hEshA = ik sl aFEh olgRt SHolA FUA
(73 7S e Bedo] MeE 9 2EW o Awe ue AFetn @ 4 Atk zey
of molugel ATk AW ARE 2T UYE 12 FHA Aolk on T ey cBuIY A
o] 2ES &2 F7to] wix s, 15 Alo]o (travelling salesman problem, NP-hard)o]u} 3f|'d &Y
23700 mARFAHo] EAGIEE AAFGUTE ZZ3| ot <=3ZH(hamiltonian cycle, NP-complete)¥} -§-A}5}o]
A2 9% A4 AN 1Y BB B4 FE  WAR RREG. doy 44 ook dEs A
W olgslo] ATt moldgel A% An &M WS Y] AT wmo] AW Folh B
oA HE 2EEo] Aotk FEglo] HWARte ATl AE FEA Aol7]sol 7]Eet A8A
SR Eaers FA Aol 4BHOR 9 MY PA7IES AFen doul, ofF gk
o] Fof Htk SHA| AW skar A} gh
A S 83 Heb A AlA'E ofg] 7HA|
— [ttt |25 7% Cle) 1 ABe BT & Ak g @
—| o] AR EE 7|&8 &7+ =& FHl(instantaneous
| P 2 T node idleness), <=7+ “12| 3 & (instantaneous graph
% idleness), A A] 7H(exploration time)o|T}. o] 7|F
: = of st %t Heb A AlA®olg 2 Al
g ° st Be Ao A WA Hs 299
fes Al HlEes =4 FA8e Aolgk & 4 Stk
2 AF7BoA = o] T &t 2= S A
i Ttk &, Al&E oA A= s
Aot Hojststr] YsiA BAE AapEoR Aot
(28 7] 1200 2| U Mo| ol 70l Bk, A AoIHE HIH B
ofyzt H&ol HAE vh4=9 siu|eprbA| 2gst
= T4 IHAS Atsklch
5. FYN Hojo] TSt Mot o GABHe GAET 9A Se Fele oug
2N HaE o Wby 2RET} hEtSe] mE Az o2
A9E AAT of gAsdo] Az ok Wil
M A wobs BA AU GEHE o we sase) suse Buw B wAT
oI APRACl M & EoR Fell ST o anzme Agp) wn. aw 29 Ao
1975d Chvatal©| ‘art gallery problem’S A 7|3t o] N 2Re =@ shn s [ eEo 5
A I 2 I L R
WA e Ames wRA AR T zuel ender AN gEs oAAE A
SR AR AHR AR ) qeas gaBwe ANT 2 UE A
|RFeE A-7F @ol o] FolH o] = gaatt}.
GRS SHASE T g g v audE @ 23 1A%
AAHERERE FAI7E A A7} FhuEhS o] 7FA Sl Afolo] BRI =k
I 2R FYY 1 ¥ 38 2
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(patrolling) 77} |
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57t AZke] whet AAFSta 1 AabE HolRe
37} X M (extended overlap map, EOM)S 7|5}
At GAAE Ao R o] AL AAEH A
A Zro| tiste] A FAEIL Qe gL o

FL A-EAYY W& 2 (time -

surveillance coverage ratio graph, TSG)7} 18] &It}
ARG vge g} ol g

Al 33F - Ay dA] 53t

(1% 8] g oo 2R3t 3t <] 7heet Alo]
of st AAGH TEY I £42 HolE
EP. BRY AR rut)oNA tra)7A ] 7h|2te]

AN DS BEE ryt)oN A tryt)7H AT S5
%/\P A HE AA FEEHE S ALt
d [2E 91t Q% ZLF—HE% %*71] E“’% gz W
S

e »}E}Lﬂu}. E%QJ A o] of o4

OH

virtual circle

i<—>}

L I

m-rﬁrb }
traty)  trat)=tryi(t; )'Q Wm,(ﬁ) trai(t)=try(t) frm(rf)

(2% 8] 1cHel 2R3t 7ozt Ato|o] ZAIEY 55

traveled length
A
() | —m— o
overlap trajectory of the
trai(t)+r ) >~ region ) ro?{)l
/ X (trai)
trai(ta)-r | .ol __ overlap length = 2r
) |-l s A /
trai(t)Fr |- L NI S |
Hrailt) | [ |
%
ailt)-1 | oo e Thl
time
trai(ts) T: one peri%d of the

camera’s motion

[a2] 9] &%t ZEW (extended overlap map)

22 =R Ietux| M4 H4x

On b7t FA

TED

J{m =
o,

%a] ]

A8 HAOI S A £BAme Arns
AR 2 AT Hd AAEY ves
AME W 22 063 0859 23E Al &
deoAe e FAFY ves 072 4F
sk &, AAY HAEIES 70% ol4fol Al
e iR 22 Aojsis Aol Ao =
o)},
b 2 b
. .ommaspaegbymecame,a @.mwedgpmymemm
[3 10] SUA] CP7Hx| 22N ROl
[# 4] 283 7iHlzte] S2(8 £4
Notations and meaning robot camera
Yo radius of observed area (m) 325 37.5
maximum velocity (m/s) 5 5
V, Try acceleration (m/s”) 2 2
rotation velocity (°/s) 90
S security space (m°) 66690
Vdesired desired surveillance coverage ratio 0.7 (70%)
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surveillance coverage ratio(%)
e T T

[ 5] £8 ©d 22| UMD Y2 Uz A
Tr, Tri, Try, .
Agent ol ! .
Freq Part Freq Part Freq | Part et
a; 7.87 PT;; 7.87 PT’; 7.30 - o tpT, 19 sec
ay 7.19 PT],Z,J 7.19 PT’] 7.19 - /
7EI N M
as 6.02 PT]VQ 6.02 PT’] 6.02 - sl i(_»i u
tpr2=11 sec tpr3=2 sec
ay 12.05 | PT;z; 11.11 PT; 11.11 - wer

-3 time (s)

Freq THl : 107 sec
[22 1] &7 NZ-ZAEAHIE JeH=
z7] £x9F AAV, Trn)el AE" 7F 2329
EOMe] ZAEg Fget TSGE Yehhd [1d -
113 2ok & TSGoA= 71+ 70%0 nl2H
AHE(PT, PT, PTyo]l HAEA=T, o Al A
#HAE 2RES E4% At (& 519 AAE
1;]_ SN

=
A FoHEe ZF 2R EE  wEYE(visit
frequency, T2 A9 thA] sk Rlk)E 2o
AAE =Y, ol S OE E o2 7|2+

7 eE BulE g7 mejsty] $1E Aol
AY Aspeld R WA vEng Adene w

T A S i (28 12] 25 AZ-ZAZAHS 2

7P & 2349 AYE FAste] FAEA ]

& 87 $AA 075 2sHeE 248kt o)<} 6 B =

o PG whEste] A AR A B 70% o CEE

gl A HES e AFS TS TEHAL o ] 2¥Alelo] H|oFd HFHL 7i7be ulejo]
S Agctel [2d 129 22 AT AAS AUS. gpo mre agHom FAFor s 74
oA 5T M =t 2z e 9 X go= o usta 9ot o2 Adsly] 9 1 =
AO0.7)& WEAZ17] 98l 2R S4= A of gjx ZREo= =3 HARA ZojdHe o]
ME A A BrERE = T |7 7P WG 2 Qslo] LAFYTE Ty HITos o =ik
£ 3o e 6x10%sec® FAHHE Holth &, gx 2asim o] ARAS HAss] o8 ZoF
Hz et vpAle Aap Aol E4o] glk A 4 gojr)sol sfure] WaAo] A HEHC)
WA REEAS s DAL e WIS o)yt Wanol wet BaeAl 244 Aolrl&
ol AAMLR BEe TP Tl A A o oy, pHas der)e 18T T R B
TA AHE HoFih AF7| ol 33 A5 20k

©al= 20029 YrAoA] Holw 7= 3 AbY

S =R FYH HO ¥ 38 23
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