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Agent-based control system for distributed control of AGVs

Abstract

This paper deals with a new automated guided vehicle
(AGV) control system for distributed control. Proposed
AGYV control system adapts the multi-agent technology.
The system is composed of two types of controller: routing
and order. The order controller is in charge of assignment
of orders to AGVs. Through the bidding-based negotiation
with routing controllers, the order controller assigns a new
order to the proper AGV. The order controller announces
order information to the routing controllers. Then the
routing controllers generate a routing schedule for the order
and make a bid according to the routing schedule. If the
routing schedule conflicts with other AGV's one, the
routing controller makes an alternative through negotiation
with other routing controllers. The order controller finally
evaluates bids and selects one. Each controller consists of a
set of agents: negotiation agent, decision making agent and
communication agent. We focus on the agent architecture
and negotiation-based AGV scheduling algorithm.
Proposed system 1is validated through an exemplary
scenario.

Keywords: AGV, agent negotiation, distributed control,
AGYV scheduling

1. Introduction

Automated Guided Vehicle(AGV)2] #|o] = A AEA] 28]
FHe] ol A wlg- F 8.8k o]rolH AGV ] Aol Tt H
A Al~Elo] §&o] B2 9FS FTH(Rajeeva Lochana
Moorthya, 2003). ©]ol e} AJiFA| 2Bl o] EAdo] Bk
A7 AGV Aloj A =8 o] g5 AL gl V&0 AT
ARl AR 28 o] R = A F o vhkstel AL 3
e FA4g Wgle] &3t 7F B7Fs3t7] vl
AbA ol AL g A Q1 Fhx o] LA ~F ol T A
EolH th(Davis et al., 1993). ©] 2] gk EAFAYARA] A~ E]
U= ARl 2 E T7EX AGY AloJ Al 2=Ele] I g
o] A 7] = i LT},

AGVO] kA ofol A e E o] o3t A& 5 SHY
= order®] G LAlO|Th S LA ~E] Yo tha o]
AGV7} A1 45, olH AGV Al orderE et A
I7ME ARSI wAZE A7 BAAYAA] ' of
€] order & EAIE A7) f18te] Al~EIU <]
resource7Fe] negotiations ©]-&-gk H o] At ATt
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7} Ay e = Qlof o] A 9) s Aol o
-7} %] ) tH(Michiko Watanabe, 2001). ©] ]
2| o} 3] A& 21814 order’} o] H vk 714 &)
£ Faote Aol A AT F A= AGVILES
A AL AT 4= = BAAl] Ldarg]sFol
21 thH(Seungjin Oh et al., 2004). L&} A|¢HE =5
= order®] &9 A= ohFol A A1 A e %t

B Ao E AGVE  EakAlolE
multi-agent”] &S 0] & order &' LT FS A
o} 2 922 AGVE A3l controller®} orders
Ao} controller?Fe] P45 o] 83}, AGVZFS]
=5 39 35AA order? capacity2} due dates A2
AT AGVOlAl orders &dstr). 37d7H7d o A 9] bid
A& 218t AGVY = A 9 a2 A AFE-H 8L
d = 39 o]F 42 A 4w (Seungjin Oh et
al., 2004)< W sl AR-&-3FSlT

B =19 289 = AGV control system®] A A
Zob ek dalA Avlsta, 3-AE AGY
control system?] 7t A 849 -9} Aol ¥
sto] 7lszghth ado A= =l A Aljbe B ES
A -g3lo] orders sl S of| & B3] Kol
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2. Architecture of AGV control system

=10l A A 9FskE AGV Aol & 93 system- routing
controller, DB, order controller® -%J = ©] 9] T}. Routing
controlleri= 2t AGVel b &A1, AGV L] 3o
#3755 43 S} Routing controller= 7 & A3 43 7]
T, Wsl7]s, §7d71%% & Fast o] ol g 2hA|
Arg & 3o A t}5aL Qlth DBE & A shop layout
B, 238 A AGVH R H orderd B & ] s}
der controller™= Order” X2 #2] 2} ordere] &l
&S =33} AGV control system @] 7HEFSE -
<Figure 1>} 74U}, <Figure 1> 4] St % = AW
E55 vEiTh

AGYV control systemt] ol 4] L oJL}= eventi= =LA 47}
A2 &S 1D)FA S event, 2)order?] 7T event,
3)order2] W3} event, 4)periodic event ©] T}, ©] 2] 3} event
off 93lA AGVE A S ddwtal, gy whe 24l S
Fedste Bl A dishet FdS gt

A5 eventi= Al Z=FIU o] AGVZE A4l Al &
H Ahe =3l S w Al 24 ek Fevent 7}
A58l wi vk ordere] 7} event7} A o] i},

o b of

o
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Figure 1. AGV control system architecture

Order?] 37} event= #3445 event”} WA Sk AL Ejof
4] DB o} e = R] &2 A =g order”} A5
WAL S} Order] F7F event’} Yol %S w9 system
252 (beFe| v 2t 2t DBl @A 22
order X7} =43} order controller”} DB A order
AR5 elo] &t} o] order?] capacitys WA 7] = Al
228l Yol 1= 5 AGVY routing controllerol] Al A &
& orders Aty A orderE W O.=E routing
controlleri= M &2 orders T3E w9 routing
path(initial routing information)& 27 st} 18]a 21
AI}E order controllerol] Al Bt} o]& njg o
order controlleri= orders =318+ 4= 1= 7FaAd o] &=
AGVE A8slar d8lE AGVE] routing controllerol] 7]
T2 AGVY] initial routing informations # &3gtc}, U} &
AGVE] initial routing information=- ©]-8 3} routing
controlleri= T ¢Fo] 5 Z(bid)E AA3FaL ©]E order
controllerol] 7] &3t} Order controlleri= bid& ¢ts}
o] A3 AGVOl Al orderE g,

Order” H.2] W3} event7} Ao WS w2 system 2+
B order?] F7F event & uwje} FAFSIEE. Order
controlleri= DB2| ¥3}E5 #z3lar Qu). o]t A3
ol A ordere] ¥ 3}7} DB 715 %™ order controller”}
DB A ¥3}lH orderd HE ¢]o] &t 1 H 9] 3L
order?] F7} eventd w9} 5 s}c}.

Periodic eventi= DB2] W 3} ¢lo] U3k koA 7k
Ao g 25 A 05 doji}= eventEA] 9] event ord
7F &3 e o]z o AGVE] &3 Fol] wAE 4= 9l
T =S WA ] 984 283 evento] T}

&

rr

3. Mechanisms of agent in AGV controller

Routing controller®} order controlleri= mutli-agentZ.
T o] At} Z} controller?] agent & $HS A~ U
9] eventol] webA] TFET}, <Figure 2> AGV controll
system W 2] controller®] +%& WER L T}

7} 7} 9] routing controller+ oS3} 22 4719 agent@
T ¥t} 1)communication agent, 2)decision making
agent, 3)negotiation agent, 4)routing agent.

Communication agentt= AGV <2} <599 t]st= ¢
St AR agke] o ehs 423 sht}. AGVi= communication
agent® F A% TS routing controllert} order
controller®} W & W 3Hel 4= v}, 18] 2L A]2~®] ) -
9] event™ ZIA| ST} Negotiation agenti™  order
controllerZ2 %€ 253t 2 AGVY initial routing
informationS vl o 2 diQto]l 574 E(bid)E At=3dtE
oS . B3 FE 39 E A FAd A A
2 bidE st g2 5

Decision making agenti= %

Og{:f"
s
e

i
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Figure 2. AGV controller architecture

o A AAH bidES 3] acceptd HAA reject T
AJAE A 3= 9 &S 53 g}(Seungjin Oh et al.,
2004). Decision making agenti= Order2] o= &
Fa= 9 3ko] gltl. Routing agent= order controllerol]
oglA  FolF  order® HFEOE  initial routing
informations A3 8l &S e g}

Order controllerv= communication agent, decision
making agentZ T%J ¥ T}. Communication agent®] <&
2 routing controller®] communication agent} 5 s}t
Decision making agenti= order®] ZFLAlolA 7}
routing controllerol] &3] A A|%E initial routing
informations ¥ 7}l Al =2 order®] AA7MsAE
ekttt B3 routing controllerol] 9] 34 A34d ¥ <t
o] 54 Z(bid)E WHste] A A3 routing agentol 7l
orderg st s )

3.1 Order allocation procedure
A 28 orderE sl 342 o2 o} 2o

Step 1) Order controller®] communication agent”}

order& DBEY-E ¢o]&T} Order controller®]

decision making agenti= order®] capacity& Y=

T AT AGVZE AEA ATt Wk AGV

7} &A1 81 communication agentE 53| 4] order”
< routing controllerdl] 7] # &3k},

Step 2) Routing controllerv= communication agent=
53l & 53k orderd . E routing agentol Al A &5}
31 routing agenti= ©] & o]l order® T
%) += routing path(initial routing information)=- A3
St} ©] 5 communication agentE ©]-83}] order
controllerell 7] 71 & &k},

Step 3) Order controller?] decision making agent
Ao AW S HlE O 2 due datetol] orderE -
P 7ol = AGVZE EA et vt
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5% AGVZE EAISIM AGVE] initial routing
informationS communication agentE ©]-83}o] Z+
AGVOl A g},

Step 4) AGV 2] routing controller™ communication
agentS E3lo] 53 b2 AGV Y initial routing
information<- negotiation agentoﬂ A Asit), o] &
H}E © 2 negotiation agenti= bidE A4 3}aL o] &
communication agentE ©]-8-3}9] order controller®]l

A dAzE

Step 5) Order controller®] decision making agenti=
bidt] pairE WHEIL o] & W7t ke Aot
o whe}A] orders &t}

3.2 Routing agent

Routing agenti= AGVel Al 50131 orderE 43 3}7]
18} routing path(initial routing information)<- AJ/J $+t}.
oluf AGVOl Al 5201 A= order A H.&= T4 <2 AGV 2]
15578 24 e E38haL A &aL, o] &AL F-E(P),
F2] (ep(i)), &2 A (cp(j)), due date(D), capacity(C) 73
1o =2 o] Fo] A 9t Order JH+= th&3 o] 5=
o] Xt}

o
T ol

=
=

it

f
=)

Order : P; cp(i) 2cp(j), D;C

<Figure 3>3} 72 shop layouto] Jtial 7}g3FA}
<Figure 3> 4] 72 %= control point#} 1L F-2 31 522}
£ ©] control pointE T'H3}7] 98k IDo|th. o] uj o
order 4 1 9] of = o}l 2} £},

Order : Part A; 1121; 15; 16

Order controlleri= ©] * 2E communication agentZ
Fall Al2=El Ulell 9l EE AGVE] routing controllerl]
Al &3k} routing controller= ¥HS order A K5 1 A
routing agentll Al 21 &30}, routing agenti= W2 order
ARE AAZ A 5 9= 7442 routing A H=
oo %l goal J B2 W B3ITE. 15l 7]E ofn]
& Fold goal d K&} A A A7}, ©] £ decision making
agentol| 7l M@t} o] gt goal’d & initial routing
information©] 2} &}aL o] &= o}2fl &}

Goal : 22329210211 2524232221

> 3 E9AIE AGVY] o F A E YEhE
Ao R 12’ index”} 121 control pointll 4] index”} 2
2l control point®= ©]g3F=t] 1T A 7Fo] 1~ H =
ofmolt} Hgk WEo] A7 HE o HH = 7| o]v|
T8 Foltl order?] goal’dH o|t}. o] 3t goal HE
2+E317] $138l4 shortest path generation algorithm®] A}
&5 At

i

|
[ " 1 12

Figure 3. Shop layout

3.3 Communication agent

Routing controller2} order controller™ communication
agentE §35}°] DB U2 controllers} F418 4= 91T},
Communication agents &38| A] W= = AR = A7 2
ZFA R G 4= Ut 1)Orderd B, 2)tj oto] 57 24
H(bid)7} 23 o] T},

Order™d H.i= order?] 57} % orderd X ¥ 3} event”’}
o] yS wl, DB2} order controllerAlo] ol 135 += A
H o]t} T3 order controllere} routing controllerAFo] ol
A% 3BHETE Order controller™ communication agent
£ &3 DB ¥W3tE HEekar Qi) o] AFEj el A DB
A &2 order7} AW FAlo] AFUE event7t U
ojuH DBEH-H JHE ¢jo] = Aot o] 5 H=A
X = routing controller?} order controllerA}o]ol 13}x|
= 4 1.9} routing controllers Abolol] nWEhE = AR Z
o] ZI T}, Order controller®} routing controllerA}o] ol
ol 5 ¥ = GRE orderd] TS 918 w3E = A Ko
31, routing controllerAlo]ol] == R = S5 1A
QA 98 g AFEE = JHolt)

3.4 Negotiation agent

Negotiation agenti= communication agentE ‘&3l &
& AGV Y initial routing informationS H}EF O 2 47}
A FF9 dijlel s Z(bid)E A st Communi-
cation agentE %38 A2 initial routing information< 27}
A ARz FE s, 3 WA= U8 AGVZ) order
controllerZ2 5 AAH A Z& orderE 473 uj o
routing A H.0] 3L T A A= A 2% orderE 3314 &
3 719 orderiHS &l e w9 routing Kot} 1

o= of 2 e} 2},

o

AGV(C) :2232910>11 D5 34333231
AGV(C) :2232910

Negotiation agent”} TF= = bidi= AGV7} A 2% order
£ TR 9] o, 71E order®] S 918t goal X
weo] WMol fo mpeha 47kA] 2 R F T <Table 1>
& 4714 F572] bidE HoErh

Table 1. Bid type

Bid type Order 3] o5 | GoaldH W7 offF
1 No No
2 Yes No
3 No Yes
4 Yes Yes

Bid type 1= Al 2% orderE F-38)3}A] o WA 7)&
9] orderE 9l gk AFA1 9] goal K& W HA] eF = bid=
A 71F0] AAE goal BE7F TR bidE AFEF T
Bid type 2= Al 2% orderE -3 3lA A 7]E9] orderE
3t goald Hi= WA 5A] &= A o]t} Bid type 2 7|
F9] goal Kol A2 o] 7148 order?] goal®d K ] <
AR P33 whEo] Utk AGV A°] 7] orderel]
St routing g W9} Al 2% orderE 3 & W] ] routing %
Bz obejof 2t 7HA sk AL

AGV(4) :6 524
AGV(A) :6 52410311 D534 33321

o] 7ol bid typel ¥} bid type2+= o2l 2} 2o}
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AGV(A4) -6 2524 (typel)
AGV(A) :6 2524101154332 D1 (type2)

Bid type 3-> TF& AGV7} orderE 3 3 7 9-9] o] &
BEZ WalstA] OéE% ALl o] o]l s ZE WA s
bido]t}. Bid type 3& A8t A2 th&- a1 2}

* Bidtype 3 A4 A
Step 1) Routing controller= A21E AL 3 &
AGV 9] initial routing informations & 53t} &}Al
S A9 T2 AGV Y] initial routing information >}
X]'ﬁ\l-ﬂ ol x5 A= AR pairg WHETE AGV AV}
AGV BEY-H initial routing information=- HFo}A

HE paird] o= o}l ¢} 2t}

pairl;
AGV(A): 62524
AGV(B) :22329210211 2524232221

Step 2) Step 1914 THE0]1 3 pairol]l 4] 2}l -4 o]
Bk B AGV] ol s d 27t S s 907
BT pairs 1% A gCE THef =0
ol thE AGVe] 1Eﬁi“ %ﬂﬂ?lxl o
% 398 4 = BE o5 A RE AAbet

&a1g] 52 <Figure 4>} a1 ALY
notatlon‘_ <Table 2>°1| 7 2]3} %) t}.(Seungjin Oh et
al., 2004).

O
1S N, oftt

om

SR

rr

Table 2. Notation

33 AGV Y ]3]' control pointE ¢ &3t} o]
control point 2 H-E] 1TFI A 7be)] o] 53 4= 9l = &
+ control pointE il ©] & reachable control point
2} gt} 3] 3] AGVE] Al 2} control point2} reachable
control pointE 1 Z3s}0] o] 5 AR E A st} o]
DA Wsold ol B 27} 715 AGVE] ©] 5B =
9]' TES Y4o7)%] 22 reachable control point
£ child node®ll F7}gkt}. o] oF & A& Evl o]
depth7} =5 393} AGVY routingA] 2} 2
of A w7bx] whRE) o] o EE Fel AGVY
BS} & Uo7IA - AGY A% BE 0|87
27k el ek 7% 74 ol ool st 2,

AGV(A): 654
AGV(A): 65311
AGV(4): 612311

Step 3) Step 2014 82 AGV A2 o] 57 & 2] v}

A] |} control point% A& o2 dlo] AGV A2] 7]
= order?] % & control point”7}#] 2] shortest path=-
e}, 1 F 7H B routing pathE A = A=
bid type 325 A gk}, 71 o = of2fof ).

AGV(4): 6254
AGV(A): 651154
AGV(A): 612211 354

= o] ool A bid type 3> AGV(A): 654 ©| T},

k 2]/7] AGV 2] A]ZF control point
c &/ 2ftree 2/ depth -

ZE2 370 AGV 9 routing 7 Bid type 4% AFXA 0] orderE —r &3} ] 2 AGVY
P (5}77“//70?_ 23 71 orderE 913 goal®] o]l F 4 25 Wl elA] &kl A
A Shop layout “§* 28] o] 57 ZE W3 bid O]D}‘ Bld type 45 A4
B T FAGY 9] o] E 2 G H Sk g2 bid type 35 A k= I3 v 5 FAFSH
CP; index 7} i ¢/ control point D}

Sy |EEZ AT g I IED

25w JEdi Ay .
IIAGY | FEE I T} AGY
o oLl 5859 Say
. . Z ol & =73F o Ao,
is_conflict ZZof oLA/ ?é f‘%’_—g« )05}

g7

B

iy

Matke alternative-path{
Root = new node(k)
Node <- Root
c<-1
Add-Child(Node, A, B, p, ¢)
End

/

Add-Child(Node, A, B, p, ¢){
ife=p
then return
for I<-1 to number of control point
if CP; is reachable to Node
then if'is_conflict(B, Node 2CP;) = false
then Child = new node(CP;)
Insert(Node, Child)
Add-child(Child, A, B, p, ct+1)

/

Figure 4. 355 3|95l 0|64 2 AL € FE
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Bid type 4 A4 A
Step 1) Routing controlleri= AFAS AL 3 T} &
AGVE] 71E ] order A ol EAEAHRE &
53k AR S A9 3 AGVE] o] 5 F = K e} 2}
Aol A28 orders $%H o] 5= A H(initial
routlng information)®] pairE YH=TF AGV A7} RF
= pair®] o= ofEf &} 2Tk

pairl;
AGV(A): 62524210211 25242322231
AGV(B) :22329210

Step 2) Step 1914 THE X pairol| Al A4l 2] o]
AR5 e AGVS] B AR} FEE U0
=T pairs L% A gheh vEeF FEo] o
ojutth Apalo] ol th 2 AGVY] ol 5 2 W
SHA71A AL & %'345‘%?2}%5%01%?3
25 ARkt 1 e F2 type 3014 AHE W

o=

daEF %O‘ﬂﬂ}. A v He P7EE
< 3] 9314 2 AGV 2] routing A 7Fo T},

o] 4 ES B3 AGV B9 2ES 9077
2T AGV A9 BE o] A4 &I} it 1
7HA o= ot o 2t

AGV(A): 653435
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AGV(A): 62521125
AGV(A): 621221125

Step 3) Step 204 3|71 AGV A9] o] 54 = Fo
2 AGV A9] 71E 9] order?] % control pomtvE~ 3
ook ol s d =7 e °1E Adestal glo
AGV A9 o] %7 i-% w2 2 control pointol] A 7\]
2Fslo] AGV A2l 7155 order?] -4 control point”7}
2] 9] shortest paths 3ttt 1 F 7HY A
routing path& A & gkr}. M€l gk routing patholl Al
2§ orderE 473 &+ 4= 9)+= routing path 12 $H}

o] Z°] bid type 401‘jr. = o] delA= ot
routing path 7} bid type 4°] E}..

AGV(A): 6252425211 2524232221

Z} routing agenti= 47}4]1 9] bidE A A5}
controllerol] Al &gy,

o] = order

3.5 Decision making agent

AGV¥] scheduling?} &1 3}oJ A= order controller?]
decision making agent¥to] S-S 4233} oo I
e R R R ch= i =

Decision making agenti= H# initial routing
informations ¥ 7}slo] AGVE] order3 7leAd S 3
Eacia=s Routing controllerdl] 934 A ¥ initial
routing information<> order5=3 2} g ol A WA & 4= Q)=
SEA = vl Al skaL o el gle] orders 38t
S A19] routing path©]t}. ] 2] g+ 23] A 9] routing
path7} order?] due dateE
WA 7| =S ddgith RESEke
controllerg°| AR  ©&
informationS- 7 &},

Decision making agenti= routing controller 24~ -2
bidE H7lsle] A 2% orders TIFLS AGVE AA
St 9% 3t} Z} routing controller7} AA BF=
bid+ 47}Z] o] t}. Decision making agenti= ©] W 7}4] bid
‘é% pairE YHETh PairE WFE WH 2 3 AGV Y] bid
? order®] =3 o] X34 bid2} U2 AGVE] bidZ order

o] ¥t ¢Fe bidE pair® TF=i= Zo|Tth
gk AGV9] bid type 2,4W 7 TF2 AGVE 9] bid type

1,393 pairE W= WS AFES o] #79 S bid

= A|A] S ZE AGVel L’o‘}oi 83}l AGV AB,C7}
b1d A A8 S W] WHEO] A= pair?] o= ol o} 1
t}.

AGV A;

bid type 2(A), bid type 1(B); bid type 1(C)
bid type 2(A), bid type 1(B); bid type 3(C)
bid type 2(A), bid type 3(B); bid type 1(C)
bid type 2(A), bid type 3(B); bid type 3(C)
bid type 4(A), bid type 1(B); bid type 1(C)
bid type 4(A), bid type 1(B); bid type 3(C)
bid type 4(A), bid type 3(B); bid type 1(C)
bid type 4(A), bid type 3(B); bid type 3(C)

AGV2] routing
AGVE]  initial  routing

JIN L

AGV B;

bid type 2(B), bid type 1(A); bid type 1(C)
bid type 2(B), bid type 1(A); bid type 3(C)
bid type 2(B), bid type 3(A); bid type 1(C)
bid type 2(B), bid type 3(A); bid type 3(C)
bid type 4(B), bid type 1(A); bid type 1(C)

- 1121

bid type 4(B), bid type 1(A), bid type 3(C)
bid type 4(B), bid type 3(A), bid type 1(C)
bid type 4(B), bid type 3(A), bid type 3(C)

AGV C;

bid type 2(C); bid type 1(B); bid type 1(4)
bid type 2(C); bid type 1(B); bid type 3(4)
bid type 2(C); bid type 3(B); bid type 1(4)
bid type 2(C); bid type 3(B); bid type 3(4)
bid type 4(C); bid type 1(B); bid type 1(4)
bid type 4(C); bid type 1(B); bid type 3(4)
bid type 4(C); bid type 3(B); bid type 1(4)
bid type 4(C); bid type 3(B); bid type 3(4)

Decision making agenti= olg ] W57 bide] pair
5 B H7Esk Pairoll A A Al E routing patholl whek
A AGVE©] &4 wo] ZE U7 A HA G 7t
7ot & TS Y27 pair AHAlE Y. 7 A A
B 717152 time capacity ©] T}, ZEO] dojpa] k=
pairg el dall A= 2 AGVE] 0%l orders <] due date
= vy F=58ks A1E #Eske] due dates o] 714

%= pairs A B8 ®Th

4. Example

Shop layout<> <Figure 3>3} 7+3l 7} X oA A o=
oJ5ald delt BN 124 2o AR
t}. Shoplel:= 319 AGV AB,C7} E=A3TE AGV
B,CE @A orderE 73 F0]1L AGV AE orders B
w}X] 3L control point 109 A}kl ATE AGV A,CY
capacity% 200] 31 B9 capacity—E 10°]t}. AGV B,C-ﬂ
& A goal¥} due datei= TF-3} 72U

AGV(B): 22329 210; due date 6
AGV(C): 122625 ; due date 3

o] F&o A T3 e A & order’} DB 7] E 5]
At

Order : Partk; 5=21; 10; 16
o] A &% orders et -2 ofefjof 2t}

Step 1) Order controller’} orderE DBZH-E] 9]0t}
o] order®] capacityE WEHET I U= AGV A,CollAl
order’d H& ¥ AT

Step 2) Routing controller= communication agent= %:5]]
WAL orderd & routing agentol]l Al @AFIL
routing agenti= ©]& ]3| orderE FAT G A=
routing path(initial routing information)2- A 4J $+t}.

AGV(A):10 D11 D54 D332 3]
AGV(C): 12365 34333231
0] = order controllerol] Al A & 3kc},

Step 3) Order controllert= A 72 A H & B} O 2 due
dateStell orderE 438k 7154 o) 2}—‘51] Hkskal 7f
=S AGVell Al Y& AGV ] initial routing information-S-
dAE

AGV(A): completion time = 7<12



2005 gt=7 o 7}eks)/g) ek
20054 5€ 139~ 14, =&

AGV(C): completion time = 7<12
2 do A= FAGV 27 7St E 72 AGVel Al v
2 AGVY] initial routing information S ay %‘:}

Step 4) 7+ AGV 2] routing controlleri= &5 Th2 AGV
9] initial routing information< negotiation agentl] 7l @
AZth ol& wgoR bidE A48t ©]E order
controller®l] 7| ‘@ A =t}

AGV A

10 (bid type 1)

102112524 232221 (bid type 2)
10 (bid type 3)

1024242524 232221 (bid type 4)

AGV C

122635 (bid type 1)
1226253433321 (bid type 2)
122626 35(bid type 3)
1262534333221 (bid type 4)

Step 5) Order controller bid?7+9] pairE WH=T

pair 1(bid type 2(4); bid type 1(C))
10211 2524232221, completion time 7
1226 25; completion time 3

pair 2(bid type 2(4); bid type 3(C))
10211 2524232221, completion time 7
12262625, completion time 4

pair 3(bid type 4(4); bid type 1(C))
102424252423 22 21, completion time 8
1226 25; completion time 3

pair 4(bid type 4(4); bid type 3(C))
102424252423 22 21, completion time 8
12262625, completion time 4

pair 5(bid type 2(C), bid type 1(4))
122625 242323221, completion time 7
10; completion time 1

pair 6(bid type 2(C), bid type 3(4))
122625 24232221, completion time 7
10; completion time 1

pair 7(bid type 4(C), bid type 1(4))
122625 242323221, completion time 7
10; completion time 1

pair 8(bid type 4(C), bid type 3(4))
122625 242323221, completion time 7
10; completion time 1

Negotiation agenti= Z} pairE 3 7}str}, H7kst A3 =
<Table 3>3} 2t} 320l A *= order”} §li= A -5 23
™ due date violation®l| 4] OOL}FE due date”7}A] T2 A 7F
S 9n & 291 due datedl] =2 AI7HS 9w Fh)
Negotiation agenti= conflict”} & o1}~ 01,6]—":‘ pairgs =
o A due date violation®] §1& pairs 59 ol 7+

¢

L pairE A8 5HA ),

Table 3. Pair 3§ 7}

Due date
Pair | Conflict violation-A C
(71 order/M] 2 -F-order)
1 Yes / /
2 No */3 -1/*
3 No */2 0/*
4 Yes / /
5 No */* 0/3
6 No */* 0/3
7 No */* 0/3
8 No */* 0/3
Fel jhol 22 pair7t Tk EAfSHE 29l A
s} A| T}, ool A= pair 5,6,7,8°] Y52] §ho] 30.=2
A 7HE Aam 1 F oW 1S 83 AGV Col A A=
& order”} EFH T}

5. Conclusion

AT A= EAbA o] 2] ol A ©] AGV control&
-H?l Al 2=]E AjEsE o, AlZ=Ehol A o] AGV
schedulingS 9]¢+ 4 g]FS s leh. 2 A4
A A8 AGV control system-> order controller, routing
controller, DBZ -4 %o i, Z+7}2] controller+
multi-agent 725 7FA 3L Qleh AQbg Al =gl A=
N2 order?] T TAE A7 order
controller?} routing controllertjol] <& 4)35}= agent?t<]
bid-based negotiations ©]-8-3}3lt}h. o] g =4k AGV
Aol N 2E& AGVE %, orders] W3t} e o=
at7] A= Aol M= FAsA A 5= vt
F9  AF=ZE  NegotiationA]2]  computational
complexityol] % &S 5= control pomt«] 2AEE A4
st A7 {633] o of g}, B3k bid¥ 7}l ]’&El
S i P I L S i)
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