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Abstract

Most studies related to AS/RS are about operation policies or system designs.
However, the studies on operation policy could not deal with various products using
the single unit load system. In this paper, two different sized units are introduced
and six different AS/RS operation policies are developed to process the different sized
items. Computer simulation is used to evaluate AS/RS performances on various
operation policies and to find the most effective operation policy for each case. The
simulation model is developed using GPSS/PC and operation policies include
COL-FIFO-SP, SIL-FIFO-SP, COL-RN-SP, COL-FIFO-LP, SIL-FIFO-LP and
COL-RN-LP. The policies are evaluated based on the criteria of crane utilization,

rack utilization, crane moving time, throughput and waiting time.
1. A &

T

ZF Fuete] B B AF7E0 d9HA A 2"(single unit load system)3te]Al o] FAA T 9]
o)d tas AES tFEe ANAFGY FAL AYZ wddx Ee AU AP o5
g9dHNE dehhr] AsH Z(pallet)d] SFHLE nEydtx] &yl WE Fune FFWLS
HAZA I e oA FX g AAE JHAHA U dEF 2FAAY B Fud
JeuFHE 9 A L& REQ Ay AR HIFEYUF SEAY %A HedH, Ao
N2 FYPEE ATesd QoA BAF I BH g FLUME Tsior & Yoo A
Zth

71&e AFENAN H 43 ddHA) A2 dEusHE B9 AV BF Y 279 9
o AFPctT 7HAE ReER, dEF 2FANY AAAME EAHez HEHA gk £,
389 & A AU HHE ojFe 2 AT AEAD Pu|§ FIP B FNEL
T A9 4 F9 U2 9% F1 v § FUke AAAFY dA A3 AAF AN B
olu de A& msof dte HEAN T o A FA 2ASA doh wEdA, & AT
Ae AN ATFENM 23stet vigtAA, 28x o223 AHA Fo olfel 2T A
ot YA 7tRol ojug HESE AZAANAHAN YT Fe AVIE YEnde EFE A
& o A4 dE T4 AFFa S£UE AEsnz . of EHE 48] Ad o

o dEFTIAEY BYA Y
sx 0 Foll et 2913 ot

AsFae] g Rie AFE WAl A HAHS} EA dis] fFoix $fen, 1




133 4 2 ¥ 7% F7HA 2719 498 vk A A EEAHA 9t

A A8 G £9UU BE A $YEE FRE NEALLA oo oA o
A3 ATRIAA A8 A4 $Gde ANsT B 2 AFANE G 439 94 &

& HFHE A7 ohis 40T L AFYA dysl dea) A4S BEAARE AY
Qe BYE 2709 @A% 4eH UET 9 A9e AFRAA oW 44EE nolTAE
BAE, ANE 674318 SPPAE Fol o euAel YET w9 A7|7h T gl
A dgsex s Yolraa #oh

2. 71 A7 B 2 F

Randhawa, MaDowell and Wang[9]2 d&1d9 71 H54HAE F383= A 71A e

T4 47 o2 A sPsleA 8= —‘?""43}93‘4 Jarvis and Madowelll5]2 2}E&mete] A A
9 HHAANE Z2AT F 5A 84850 FEADY &g "AE T M dAFaM Y
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® COL-FIFO-SP(Closest Open Location-First In First Out-Small Pallet)®<F

@ SIL-FIFO-SP(Same Item Location-First In First Out-Small Pallet)¥<}

® COL-RN-SP(Closest Open Location-Retrieval Number-Small Pallet)d} ¢t

@ COL-FIFO-LP(Closest Open Location-First In First Out-Large Pallet)¥<F

® SIL-FIFO-LP(Same Item Location-First In First Out-Large Pallet)% 2t

® COL-RN-LP(Closest Open Location-Retrieval Number-Large Pallet)t}<t
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E5 9428 e 19 AByelH A
crane | rack dual single in-Q out-Q
util. util. (sec.) | (sec.) | (sec.) (sec.)
COL-FIFO-SP | 452% | 553% | 2452 1761 1270 12.40 10788
SIL-FIFO-SP | 44.7% | 526% | 2456 17.47 10.29 12.83 10764
COL-RN-SP 288% | 65.7% | 1553 1047 6.82 5.60 11421
COL-FIFO-LP | 751% | 61.9% | 5438 31.65 65.81 7245 10802
SIL-FIFO-LP | 63.7% | 573% | 4479 21.31 4474 4164 10752
COL-RN-LP 572% | 62.4% | 4321 24.23 49.18 19.51 11300

operation throughput

R 6. %59 ¥y 29 A EYolH A

. crane rack dual single in-Q out-Q
operation util. util. (sec.) | (sec) | (sec.) (sec.) throughput
COL-FIFO-SP | 536% | 646% | 2799 | 20.26 19.96 20.73 11341
SIL-FIFO-SP 51.7% | 60.4% | 2751 | 19.48 15.13 1941 11313
COL-RN-SP 311% | 666% | 1604 | 10.72 3.69 7.18 11979

COL-FIFO-LP | 726% | 61.7% | 50.80 | 30.03 54.52 66.53 11345
SIL-FIFO-LP 64.1% | 57.7% | 4399 | 2681 44.89 49.72 11393
| COL-RN-LP 571% | 61.7% | 4315 | 2412 52.06 19.50 11729

£ 7 9429 Y 39 AEHL d}

crane | rack dual single | in-Q | out-Q

operation util. util. {sec.y | (sec) (sec.) (sec.)

throughput

COL-FIFO-SP 58.9% | 653% | 2843 | 2054 | 26.36 28.17 12570

SIL-FIFO-SP 582% | 632% | 2838 | 1984 | 21.49 2792 12611

COL-RN-SP 41.4% | 74.7% | 19.42 12.95 18.24 13.29 13177

COL-FIFO-LP 72.9% | 664% | 4799 | 2952 | 4879 65.71 12589

SIL-FIFO-LP 65.9% | 59.9% | 4314 | 2629 | 42.82 4719 12646

COL-RN-LP 51.6% | 63.0% | 3599 | 2105 | 3627 12.72 12924

E 8 Y& Yy 49 A EHYol4 A

operation crane ragk dual single | in-Q out-Q throughput
util, util. (sec) | (sec) | (sec) (sec.)
COL-FIFO-SP 666% | 676% | 2750 20.84 36.35 4445 14242
SIL-FIFO-SP 708% | 739% | 3287 | 2274 41.75 58.00 14152
COL~RN-SP 523% | 756% | 2201 1484 | 31.36 21.06 14605
COL-FIFO-LP 713% | 682% | 4422 | 2813 | 4283 64.83 14115
SIL-FIFO-LP 729% | 638% | 4594 | 29.22 4954 73.36 14205
COL-RN-LP 54.4% | 76.7% | 4226 23.03 43.38 16.35 14440
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operation crane rat.:k dual single | in-Q out-Q throughput
util. util, (sec.) (sec.) (sec.) (sec.)
GOL-FIFO-SP 735% | 72.9% 3175 22.29 52.47 61.02 15130
SIL-FIFO-SP 732% | 727% | 32.39 22.26 46.34 65.40 15125
COL-RN-SP 52.7% | 65.8% | 21.30 1453 3152 2054 15413
COL-FIFO-LP 69.5% | 67.2% | 4156 | 2678 3953 60.01 15181
SIL-FIFO-LP 75.1% | 71.9% | 46.02 29.76 51.19 84.27 15198
COL-RN-LP 481% | 65.7% | 3269 20.31 33.44 11.34 15314
¥ 10. 9423 YH 69 A|EHIA 47
. crane | rack dual single in- out-

operation util. util. | (sec.) (?egc.) (se(?) (sec.c)) throughput
COL-FIFO-SP 705% |[66.2% | 29.15 20.43 43.68 50.94 15669
SIL-FIFO-SP 68.9% |63.6% | 2858 19.81 36.08 51.02 15775
COL-RN-SP 576% |[666% | 2199 1510 40.40 24.01 15973
COL-FIFO-LP 69.0% |67.7% | 41.10 26.42 38.77 61.62 15737
SIL-FIFO-LP 70.4% [65.7% | 41.68 26.88 41.66 64.29 15859
COL-RN-LP 50.7% | 69.6% | 33.61 21.39 36.51 12.80 16014

4T ZE FHES} oF o] A o BE G WeA Fohus] U3l Minitabo 2 ¥
e ANSET. de $UE F AP AT BARNE AN, 1 FYE5} egAR
923 Yo F oW 26 g8 o We 9B wEA ¢ 24 AR E 119 vehiieh
#4E 2=0060149) E4ZAE E 119 FaolA ¢ & U5 9FT Fush 29U a2
F AAe @EAGo] e FY4HYL welFH Yk

¥ 11. A el ANOVA 24

Source f S ' Fo
/0 ¥ 5 1.201E+09 240286240  13869.34”
4 e 5 12,333,060 2,464,412 142.25™
/O 8¢ x &34 25 1,081,202 720,484 416"
Error 324 5,613,247 173255
Total 359 1221E+09

5. 2 &

5 23AMNE ZEY T FolAN FRFIY FIAN GRE BAsHEY 277
HopxA " ol ok weaEe) Avld FF AFFnE =QsA HE g9 57 A
WA BobAA Mol EgAolA EaT. B ATANE AU T A HAHA 4%
Ad AFRRY FHEE PRI B 27 % 92T L9 PAE ATHAL

g wsds ¥ 9e) AenFo] F5T YT Yol ML ZaAH Yo BEE, BUAYYH
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Byt e A o¥AL, dEIAY drIAZ, SN F T EE HIPIEAA
COL-RN-SP Weto] 7b4 #3%7t 2 Aoz veyt £8 423 e 13 423 34 2,
A2 3 P 4MT FE %7}71%011A1 COL-RN-SP wete] 714 A3 PAA RoZ
vebgch 22y P 33 494 &3 gj7]AzkS COL-RN-LP #<¢to] 743 #& Aoz o
prac

g @9 F ude JE I 1322 o]FoAE d&n FH SdME FdAF § o)gE T
o] AwrAQ ST M= COL-RN-LP Hwol S5 149 e 6 e ZE FYTNN
COL-RN -LP #dto] £& $34uE BdFE HHY $9Pdoz veinrh 43 dAAE
< 243 A3, 9&1 Feeh SFuAdol z}%%ﬂﬂ FYso 2 4g& HAde A& ¢ F
ANTH E3), & YL ol EWE ¢ FE BYE oYL B FEEE vaIUES B F
& Byo] § dHs F v YFanFo] WEse At dHA o FASA e Ao
et 22 e P& AHE3HE COL-RN-SP #ete] ¥ ©99 AelFol B2 e 4% 5
9 2 A FYENM £& AAXNE BAF 1 ke FAAE ol AU & g oz 4
219 A7 dgF A2 AEHNEE B GEE 1t 2P AMY AFFLA o
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