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Abstract

This research is concerned with operation control problem for an automated
manufacturing system which consists of two machine centers and a single automatic
guided vehicle. The objective is to develop and evaluate heuristic scheduling procedures
that minimize maximum completion time to be included travel time of AGV. A new
heuristic algorithm is proposed and a numerical example illustrates the proposed algorithm.
The heuristic algorithm is implemented for various cases by SLAM II. The results show
that the proposed algorithm provides better solutions than the previous algorithms.
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g s
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FHHTAANA FAALEAZL, AFEASRAAY SEAL, AYEY dWIAMDEE 1T
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7AFAE 20 A JiE $utE3 JFAE 12 83 ALL A" FAY vt 7HEAE
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22 4% NI 7HFAE 1A 274 o EFAe] Fold.

AA(J) = DAJi-) + TTy (7
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AAyJ) = DA+ TTy )
= CT\(Jp+WA(J)+ TTy

AEAY 2604 A ;o) 7HEE AFsE AZe Y Juol ABAE 204 B @

# Aztg 3 Job ATAE 200 EHY A7 Fol 2 gholn o]& Hoz vehiw () 9+
2.

ST,(J) = Max{ CT,(J;-,), AA(J)]

= Mard CT,(Ui ), CT\U) + WA + Ty ©

ZFEAE 2004 &Y o) 7AFSE AL B AY 2004 &Y 9 EAE A 7+
A 2004 /G Jie] ALY geo2 s A (1007 #o

CTyJ) = ST+ PyJ) (10)

Y J7t 7AFAE 1A 78S wAT AGVE 71gEleE AR 4 DT Zel &Y Jirt
7HEAE 1oA 71FE& vk AlZtel A AGVZE Z3g AJZhS W grelth = &Y b hEAl
B 2014 7}FF-& @Y 98 ZiteEls Az 4 (12)9) o] 7HEAE 204 B 0] 7R
& g5% ANZaA AGVZE AY L& A3 MY 20 TG AGE # gtold A (1)
(12)9 gtol 4 e d7)7t deg ondic

Wn(J:) = Max[0, (AA, (J)— CT\(JM]

= Max[0, (AA,J;—)) + TTy) — CTy(J)]

an

Wz(]i) = Max[O, (CTz (ji—l) “AAz(]i))]
= Max[0, (CTz (]i—l)”DAz(]i))]
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E AZa Zon of 4 (13)3 go] BEEh old dojAe AdeAde Fe N
EA
Frwx(Sw) = CT:(Un)

= Mad 3 PU)+(k=i+ DTTy 13)

+ 3 PUD + (k=N TTy)
W, 1sjsksi, 1 = 1,2,3, N

A (1A T3 AFEC g 758 FAcHEY AAFIEANTE FoA HxqGe
e APeMrE RFAGeoln gg A (14)6 s Aol
Foax® = Min F_,(S,)
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3. 7189 A &L FXA4A

AFEATNAAY SHFANLE 13T FAAGEANE IABHLATLA(Traveling Salesman
Problem)ell 33251 NP(Nondeterministic Polynomial)-Completes] &g ®8tH15]. TSP &
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A gAY (Branch and Bound)® %3 A8 (Dynamic Progamming)2.2 HAHE T& F o
o, FHAYEL =557 20/ Hojx oF A7 1,000,000/47F dn B AR
ASE FHoo ZALo= dAYTN 22 O ComplexityE zt7] W&o A7t Rolxw
B2 &Y #YNRE oz A €t g w21 g&HoE ZAFHHNE AT &
A LAY o] Yasich

3.1 GPS(Generating partial schedule by waiting time) Algorithm 7§

AGVY &FAIE 2@ AAFA8A NS Hagste EANAM 27] dr]Alzte] A4 7
HEEAZ] FFE vAA dn. 53] AYF7t HETE 27] d7)Ade] FYFERA )
Ul A= ggo] Ant. webd 7] dZ|ARE HAHHAA EAYH MET TEEME YA
Aoz Foil 2] FEBANE HAHY £ Y& Fez JdEHe 71HE AN

(24 1] & ZAE sl 73 A 1949 27] g71AZHWIJD))E Ao
WI(J)) = Maxd0,(TT, + TTy) — Pi(J)]
(24 2] WI>091 242 WIdl & WdExdeez Aestd JAAYEA SleF,
WI=0! 22 (A 3lo} &) P @t
(24 3] Pi(J3 PJ)E Waste Pi(Jiel L A& LEATL2 dF&n Pi(Jiel € 73
+ P()E WdAEoz AYe st ANFAEA S2o £
(@4 4] S0& 13 AP JAeA e 2 S17 S29 &A(S0=(S], S2HE A g}
S0kl dEe €M @2 €H(rank)E Fog
(A 5] [2A 4194 7& €A A& F APz YANRREME WAL, HAHE &
PAFECA e FASEADE AR 2F HigE dE YJAFETHE
HAZR S FEEAZ AW e Hagho] e YAREEATE F A o)geld
5 9.
(27 6] [@A 44 78 &9 A4S 93t 75 AT EEME AL, A
4 dAFEEHEN dE AALBATE AT 2F JaAHe e ?J*]—’%v‘“‘:
TME Feoh Bt Hagol 22 JARECHTL F A olFold EF ") o
o AgANA A& FEEAN TEE FAdY &M v E £ oo
(24 7] & 2ol gled Uz, 2% ¢od (D4 6lez 2.

Al F-

e

3.2 FH A4 A
N Algorithm€ ol2} [E 113} 22 A% EAE o2 S0 dystux )

[X 1] Processing Time

Machine
Job ! 2
1 14 13
2 21 27
3 12 15
4 8 10
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TTiz = TTa = 10

9 [B 1AM FoiA EAE MLH 718 GPS ALgorithmel] & A& AAHAL &
JeEAIZY ARG S AHRE thS3 o

(&4 11 & G E) W8 WIgDE AR
WI(J1)=6, WI(J2)=0, WI(J3)=8, WI(J4)=10

(@4 2] WI>02! RS dal Wi e oz &A9E& A @k Sl={Js Js, I}

[&4 3] WI=0¢! &AdES A=k S2=(]2}

[2A 4] A4 9L FAA @) S0={S1, S2}={Js, I3, J1, J2}
Sogtel &Aol wret Z+ FHQed &ARUINE ¥
R(J2)=4

(@A 5] [¥ 21914 B uie} o] [&A 4lo0A 73 &4 13 28 Ze 3 49 322 ¢
ABEEN 435 3-48 AT 2, FALBANE AN A Hege 2 o
ANRELEA 348 Y3t

(27 6] [E 3914 RE uis} Zo) [@A 5loM 78 FEE&A A&dE 2 2 18
AdE AAREEA 1-3-4, 3-1-4, 3-4-1& AN L, FHALEALS AT A
HAge ZE YAREEA 3-1-48 9@} o) AdA A A FEEAM £
T8 J499 £A4G-49)= uE 4 gtk

. R(J9)=1, R(Ja)=2, R(J1)=3

[ ¥ 2] First Partial Schedule

[ ¥ 3} Second Partial Schedule

3 M 1 2

T |AA; P/CT, DA,| AA; ST: P/CT:

4 | o &8 8 | 18 18 10/28

3 |28 1220 8| 38 3B 1553

3 1o iz 12| 2 2 1537
4|2 s 2| £ 2 1.
ARY RESAHA OF AJLBAT

™~ ! 2

ki AA, PYCT: DA, AA; ST: P/CT:
1 0 1414 14 24 24 12/36
3 134 12/26 34 4 4 1559
4 |54 @34 54 | e4 64 1074
3 0 12712 12 22 22 15/37

1 32 14/26 32 42 42 13/55
4 |52 &3 52 62 62 10/72%
3 0 1212 12 2 22 15/37
4 32 820 32 42 42 10/52
1 ]s2 s sz | e 62 135
ZAAE FEeA 9% FAS8AD
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(24 7] ¢ o) daiA (A 61¢ #EaE AFHoz [F 41 2 FAg A @
=

[ & 4] Final Partial Schedule
] 1 2

AA, P/CT: DA;| AA; ST: P/CT:
0 12/12 12 2 2 1537
32 21733 33 43 43 21/10
53 14/47 53 63 70 13/83
73 855 73 83 83 12/93+
*» FHoz AAE ZAEA Y AJSEAL

B N W

4. AEd 7199 Hr}

dutxgo g AAYAYEA: BEIF 29 FAolr] dEd FAFY /HFAEFS B2
AFELAd wat bed A £ A FEded AN AA AFHAE e Rol AN
E7l538t. 53 € A7 OE AFEATHAAY 4A0E nET IZAYEAE
NP-Completedl] 3}28t}.

metd E dFNA A&HOE ZAIFHE ATY F A TAFHNEE ALsig e,
ol THANE A F= HFS HHHE AT Johnson's Algorithm[12]7 4412
g 2% 2AEA MWF Algorithm{5]3% ¥l A go 2N $54L Hristaz dg
A GAHAM HPgg FA A diad ABRE [E 5lA HE ulst go] A GPS
Algorithmo] Johnson’s Algorithmo|\t MWF Algorithmol 2% grc £& AAg wgod,
Aol ¢ HHHe U dHE Bt

[ 8 5] Comparative Results of Example [ ¥ 6] Comparative Results to Optimal

Relative Error(%) | Freguency(%)

Sequence |Makespan| ER | RE [| N. of Job Mean: Mox G| Ea | BD

_ 2 0000 | 000 |00 |100.0] 0.0
Optimal |3 -2-1-4] 93 al 3 0000 | 000 |00 [100.0] 0.0
" [ohnson's 5 0182 | 253 |00 | 980 20
Rue |#73°2-1 % | 5]54 7 0052 | 179 10098020
10 0038 | 067 |00 |90] 40
MWF |4-3-2-1 98 5 |54 20 0029 | 072 |00 | 93070
30 0026 | 041 |00 | 94060
Gps {3-2-1-4] 8 | 0]00jm5 0023 | 08 |00 1910190
ER : | MS'(Optimal) - MS’(Heuristic) | GD:Good case, EQ:Equal case, BD:bad

case
RE : [ ER / MS"(Optimal)] * 100

o} gurEel A9 dis) AL ME FrEr] fs sPFAE 19 Aol ddR
¥2 BN oY, FYSE 2, 3,5, 7, 10, 20, 30, 507t A WA F)HA Ztzte] Ao s
1007] EAHE SLAM IE ol &3t RodgsA [E 7] 22 AAE AUt AL GPS
Algorithmo] ¥1=FolA 2t 73$-¢] 100749 EAo] thah 9170 ol4de] EAloAM AP &%
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HAG 2L HE AFse AE & F Aoy, AAF7E 2, 3 e BRE FAA F
At e @& AT AAFALALA AAME FAFr Frtgdae HE
99.2-99.7%9 ¢ 2A A HE AFHAUL

[ ¥ 7] Comparative Results for GPS Algorithm

N. of Job Reduction Ratio(%s) Frequency(%6)
i JA MWF [GPS<]JA IGPSsMWF

3 8.7 39 100.0 100.0

5 85 35 100.0 100.0

7 7.1 3.0 100.0 100.0

10 6.5 3.1 100.0 100.0

20 5.6 2.9 100.0 100.0

30 5.2 2.7 100.0 100.0
50 3.8 2.3 100.0 100.0

Johnson's Algorithm® MWF Algorithm® ¥ Xs&] & ZAx [E 7]3 Zo] ZAF A YA
9] @&udME Johnson's AlgorithmBE o HE 8.7%°14 3.8%7tA, MWF Algoritm®. ot
B 3.%0A 23%7A AdE e AT, YisFoes Ade BE EAA F 7]
Hel o3 @R FAY 22 #HE AFFHAC

T ¢E3ALE FIAE MR HAZE [ 8l B uiep Zo] HT d7l$
£ A4 w2} Johnson's Algorithme 7F3AE 114 0.01-1.46, 7F8 418 2914 0.01-2.53
7}R, MWF Algorithm2 7FgAE 1014 0.01- 175, 7FEAE 2004 0.01-2.4471%] A3l o
9, GPS Algorithm2 71348 164 0.01- 177, 7FFAE 2914 001-2287+A 2 MWF
Algorithm¥ ¥4 @ Z3E Jetdth A4 dr7iFdAE Fg45e wet 7FEAE 194 1- 4,
742 AE 2004 1-671A 2. MWF$ vl<3l9th. Complexity:™ Johnson's Algorithme]t}
MWF$¢} 22 O(nlogn)oltt.

[ ¥ 8] Comparative Results for queue

Mean Queue Maximun Queue’
No. of job JA MWF GPS JA MWF GPS
M| Mz| M M Mi| Mz | Mi| Mz My | Mz | My | M2
0.09]| 001|001 [ 001 | 001} 001 11 1] 1 1 1 1
016( 004|014 (003 [ 012]003 | 2| 1] 1 1 1 1
7 031/ 013031 016 | 031|015 | 2| 1| 1 | 1| 1| 1
10 043016058 (019 (0601020 2| 2| 2 2 1 2
20 05210321070 {037 06810371 21 2| 2 21 241 2
30 079|064 081 (069 079071 3| 31| 3 3] 3¢ 2
50 1467 253( 175 [ 244 | 1.77 | 228 | 4| 6] 5 6| 4] 6




206 33424 & s 2o AGVS $5A17E neld A0y

5. 4 &

E dFoXE $2% ¢FETALE ZE T U9 AHS & do AFEALUAX
2 o]Foj ATE AFIHFAMNA2FAA Y JAAHAYEANE FFADT. AFEASHE
o EFANLE T Ffol T AAFSBATE Hidse BAE PPz vygst
3 ZAEAHE ATste 1Y e Ao

ALg 7189 A4S Fristy] 98 F die /FAEHE 2 AFEASHAA &
FMAE nHeA] e B EAA HHHE AT s Johnson's Algorithm¥} S5 A7)
< 1Y SAHYE MWES vl #4389 ¢ 918 SLAM IE Argstges Odgs =
Aatoll Al dEs & Z3 AL HFH JYo] WS dZudA $+E AAE AFA
3, df7] ZAdFed QlojMe F dngFol Bl ARE Ekon, 53 AL 7yl AY
FHEAMNNE A2 FAN HTEEANY dHNE S48 2HRE AT Fo=
HEAE LY, A FHER, SFARY A, dMBEELS FA 3 FHAFNA
Zg Aol 7Yool Job shop@B ol UERE Zte FA9Fo) e dF77 glojof & Aoz
CEARR=Y
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