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AGV Deadlpck Avoidance Under Zone Control

Dong-Soon Yim

In this work, a deadlock avoidance strategy is proposed in order to effectively handle conflicts and
deadlocks occurring in zone-control AGV (Automated Guided Vehicle) systems. The basic idea is based
on Capacity-designated Directed Graph (CDG) theory that was developed to avoid from deadlocks in
manufacturing systems. However, to enforce the effectiveness of detecting impending and restricted
deadlocks, AGV routings are explicitly described in Extended Directed Graph (EDG). From EDG, a
non-conservative deadlock-avoidance strategy is derived. The superiority of the proposed strategy lies
on the applicability to diverse AGV path configurations using zone control. Also, because of its
insensibility and robustness, it can be effectively used when the system has randomness and stochastic

nature.
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Aigorithm: ComputeCombinedCycles

Input: Significant cycles Sy, i=1,2,...,m
C(Sg,'), AgU(S(},’), i= 1,2, ey m

Process :
Step 1:
1 k=1, =0
2 forevery (Sy;, Sp;) do
3 if both cycles satisfy the combined cycle creation condition,
4 I=1[+1
5 Compute Sy, = Sp; + Sp;, C(Sw), Agv(Sw)
according to the combined cycle creation rule
6 Sy = (i, 7}, F(Sy) = FALSE
8 endif
9 endfor
Step 2:
10 if /=0,g0toStep4
11 =0

12 forevery (Sy, Si)s
13 P= (SN UKSy)

14 if P=o,

15 I=1+1

16 Si+1.0= Sut Sk

17 C(Skﬂ,/) = C(Skz')+c(skj) - C(Sk~1,p),
where p is-only one element in P

18 Agv(Siry.) = Agv(Sy) + Agv(Sy)

19 U(Sps1,0) = .3}, F(Sksy,1) = FALSE

20 if |Agu(Sp1 NS C(Sper ), =11,

21 elseif C(S;y1.1) = C((Su), F(Sk)= TRUE

22 if C(Sir1.0) = C((Sy), F(Sg)= TRUE

23 endif

24 endif
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25  endfor
26 k=k+1

Step 3:
27 Repeat step 2
Step 4:
28 Print Sy, C(Sy), Agu(S,) inwhich
F(Sy) = FALSE forall kand /
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status(Z:) - & 29 Y= AF F
nStep(A) : A A2 A SHE &H

e A% Aol Bk Al BA AL £¥L %
A8 002 Btk 7 Ae] W FSE UL olgsiel 2
Aatol o) THE A% 58 083 o] 2718 AT

nAges(S): A% Alo|& SolAM s(e) = nStep(A) + 1,
n(e) = A;, es E(S)E BF3e AF A
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kol o S0 el nAgus(S,) > C(S)ol¥, on] 1%
T Aofndo] MAHJTE RS Yndith g, A
e AFol A FFE HHEE HaA U
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g0 E 98 g W 5 wigkths 7143l A9 EH-Ed o
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nStep(A;) =0,i=1,2,3,4

status(Z;) = {
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35 A AL BHE Y ZAE AT ALY

A% AlolEks) nAgiS) (S)
So.1 1 1
So.2 1 1
Sia 1 1
Sis 1 1
Sp.2 2 3
Ss 3 3

5.2 3% WA
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Pt &

Arrival(A;, B): A% A2 kA BHEE ¢ ggoz
283 Aol AF
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A3k AFALlE JY

o] =M AMRE A2 HHE, Zone(A;, HE <E
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2| ZAT. Arrival(A;, % Depart(A;, HE <E 6>9]
Uehd vhe} Zo] < 4>9] AFAIEFEREH 78 F Uk
3 Aol 2 5l 7 AHF A, e Age(S) N A3 n(e)= A

E6. 24 xFe] A% Aol 2 429
EeT
HE

¥ 9

jrr{vajiﬁl';igmi Depart(Ay, 1)=(Su}
A, rrvanisi, & Depart(A,,2)={Sxn}

Arrival(A;,3)={S5}

,5)y={Su, S
Arrival(Ar,4)={Sis} Depart(4),5)={Su. S}
Arrival (A, 1)={Se, S}
Az |Arrival(A,3)={Sx2}
Arrival(Az,4)=1{51s}

Depart(Az, D={Se}
Depart(Az,2)={S}
Depart{Az,5)={Sis, Sz}

Arrival(A;,1)={Sxn, S}
Arrival(As, 2)={Snp}

Depart(As, 1)={Sx}

As Depart(As,2)=1{Soz, S}

Depart(As,2)=1{Si4, Sis}
Depart{As,3)={Se, Su}
Depart(As,5)=1{Sn}

Arrival(A4,1)
A4 ={Su4, S13, Sz2, St}
Arrival (A4,5)={Sn}

dEc

A edge oA 74 B 59 () 2o} SE Arrival(A;,
s(e)oll, 28l 71 & 9 (F &t SF Depart(A,,
s(e) ol &3 E gt

uhek }gk 4,7 g 2029 o5& 8 Y T &4at
2E A g Ee o H gt

Algorithm : DeadlockAvoidance

Step 1:
1 k= nStep(A;)+1
2 if status(Zone(A,, k) =1, gotostep 3
3 for every combined cycle S; in Arrival(A;, k+1)
4 if nAgus(S;)= C(S;), gotostep3
5 endfor
Step 2:
6 status( Zone(A;, k—1))=0
7 status( Zone( A, b)) =1
8 for every combined cycle S;in Arvival(A;, k+1)
9 nAgvs(S;) = nAgvs(S;) +1
10 endfor
11 for every combined cycle S;in Depart(A;, k)
12 nAges(S;) = nAGS) —1 )
13 endfor
14 nStep(A;) = nStep(A;) + 1
15 Give a command “Move to the next zone, Zone( A;, k)"
to A;
16 Stop
Step 3:
17 Give a command “VWait at the current zone, Zone(A;, k)™
to A;
18 Stop
o] 412 & AHY7] st <Y 1>9 4§ BA Y

g BT <R 1>9] BH-EE 5 wol 4] ILE TS
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g 78S o o] ool 93 FEE e Aol
g7t SFEG Ao 1] glov aAY 2ud 1%
o] wgithE A3} so} A o]Fe frH} o]



Z 248N Y AGV 2% A

AL 2RA0E & X o]Fo] 1F B S UWF
sheA 283, Agnds AN EAE ALINA 453
g £l 2A% B3] 23] TAHE B+TE 1Y
w0 2 B4 Q) wye] Hl3) Boh A Aol

L2259 Step 25 Step 1-4 139 2AHE °W3}7ﬂ %—
T3 AFENA )% BHE sty oo we JH |
B¢ 7% AAE ‘—}E}‘ﬂlﬂ.

o

%

B dpoME & 238 AH3he AGY Al2FdN 433
22 $AsHE AL AAEAT 71RAD e 71E
CDGE o83k}, A1@e] ehEd Ui AT PR E X

& EDGE Agtate] B4AQ AAo] opd Bk A7AU A
A& Fxstich

Agte AFe F 7R FAH0, BB G 2A}
g $8 o WY 5 ole 1S g dEd YAES
gk AN Aoz FAE Ytk BB Y 2AF
o] A% ozte) BAAS 2A T AR A2doA § HESN
oA gIBHe A% 7t 00l3telx, TR TR HH
& o verrexS} edge®} 7k AR Hol2he A& e, 24
7HA 0.2 AH83}7]) & F o] 1 Aot

EDGE ol8% Jutid f Aguze P WYEL T
2R& A3 oW AGY H & VIEHIME ASE
& H88L 2 ik g 7o), AGV AJ=F ¥t o},
FAA A2 AHET 2 UZEe] FFolM B
1% WHAE JME EHHOE ]88 ¢ T AR
ol At oo the A7 ASH 22 FHE A olnt

Cl

401

F1Ed

Banaszak, Z. A. and Krogh, B. H. (1990), Deadlock Avoidance in Flexible
Manufacturing Systems wich Concurrently Competing Process Flows,
IEEE Transactions on Robotics and Automation, 6, 724-734.

Broadbent, A. J., Besant, C. B., Premi, 8. K. and Walker, S.P. (1985), Free
Ranging AGV Systems: Promises, Problems and Pathways, Proc. 2 .
Conf. On automated Materials Handling, 1FS(publication) Ltd., UK, 221-
237.

Kim, C. W. and Tanchoco, J. M. A. (1991), Conflict-free Shortest-time Bi-
directional AGV Routeing, International Journal of Production Research, 29
(12), 2377-2391.

Krishnamurphy, N. N., Batta R. and Karwan, M. H. (1990), Developing
Conflice-free Routes for Automated Guided Vehicles , Operations Research,
41, 1077-1090.

Lee, C. C. and Lin, J. T. (1995), Deadlock Prediction and Avoidance Based
on Petri Nets for Zone-Control Automated Guided Vehicle Systems,
Internasional Journal of Production Research, 33(12), 3249-3265.

Oboth, C, Batra, R and Karwan, M. H. (1999), Dynamic Conflict-free Roue-
ting of Automated Guided Vehicles, International Journal of Production
Rerearch, 37(9), 2003-2030.

Reveliotis, S. A. {2000), Conflict Resolution in AGV Systems, IIE Transaction,
32(7), 647-659.

Wysk, R A, Yang, N.S. and Joshi, S.(1991), Detection of Deadlocks in
Flexible Manufaccuring Cells, IEEE Transactions on Robotics and Automation,
7(6), 853-839.

Yeh, M. S. and Yeh, W. C. (1998), Deadlock Prediction and Avoidance for
Zone-control AGVS, Internasional Jowrnal of Production Research, 36(10),
2879-2889.

Yim, D.$., Kim, J. I. and Woo, H.$.(1997), Avoidance of Deadlocks in
Flexible Manufacturing Systems Using Capacity-designared Directed Graph,
Internasional Journal of Production Research, 35(9), 2459-2475.





