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Development of Optimal Design System for AS/RS with Different
Sized Cells Using Expert Systems and Mathematical Models

Young-hae Lee' + Seong-jin Jun’

The Automated Storage/Retrieval System (AS/RS) is very expensive to be built. But there are few tools
available which can be used to design the storage systems optimally considering overall system building
costs and constraints, In this paper, we propose a design support system for optimal design of AS/RS
which includes different sized cells using expert systems and mathematical models considering customer's
demands. The optimization models are to be used to minimize the total cost including building,
equipment and operation costs. Expert system technique is utilized for using the experiences of skilled
designers. By using the proposed system, AS/RS can be designed accurately, economically and efficiently.
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SYSTYPE ASRS
UNITS Feet Seconds

report standard
FLAGS
System Cyan
Vehicles NoColor
SystemOrigin Black
Aisles NoColor
Tier White
Bay White
Grid Cyan

nextaisle 0.0 Feet
begx 0 begy 0 endx 0 endy 0

bottom 2.0 Feet
tier 4.0 Feet
tier 4.0 Feet

SYSDEF limit Infinite timeout 60 seconds confname Configl

ASRSDEF Userld 5 pdname OutPd zonname zone aisles 3 width 4.0 Feet

bays 10 baywdth 4.0 Feet baydpth 4.0 Feet

29 19. 25 A4 AUTOMOD A4 3= 9.

AUTOLISP A E o83l A 23E A5 2 EHE A
ABEE 3H90c) <19 18> & B 2 1) 3pH ¢ o o)t

38R A RS

AAE #39 @9 49 7= G715 dot oY #3
T8 AL AT/ g AL S 947 FE]%
A 5, 1998 AR T, 19905 Mgk ARget <29
15> gshe 8-S vehich 28 AIE AMge 2 44
AFADLE YEAL 0 ZE2 de 2AE BESeR Lo}
B7) feiME Al EH ol A& Fdshe o] 7HE Aol
<28 19> AEdH ol A S e 27 28 AEdold
AZES 012 AUTOMODS] AH4-& 3l A5 2.2 AXdE &
23S YRES et

4.4 %

2 AT E A5 EATES BRE 712 AAR
AEAE 243 BE S5, 7|7 4 7| Qvlef AlkE
ARshe o $old AH ol FEae] A AE A
g ol A AFE 25, 287 AL sH R UE
s E5%E 2T ALY A A9 AEF e G4
olgfa & 4= Je A Al A4 2 EF 4 2E, 74
DA YA E o] 4T FHE B BE §E AL, F
&8 A5 4 A5 A8 2 LEG 02 TStk

T3 58 G oz o8 AL R A5 FY HF
HAE AeetA FezA A3 BRI oA & = 9l

£ 2R B9 712 $u9 ZHAH £ aTel M} % 2
AR ET

B A2 R AERT ALY AAYT el 8
23}, A4 0| AE Bo AEHT A28 2AYR 4
B3 729 42 SN et ol)g AR EAE Fahed
A7%tel 4 Fol, 92 AAHFO2A T o
g 2N 02E ASALLYY AR BAND 5 P
Rolth

ﬁ}ﬂ_’,

TEY

#7183 191, A FRERA 2 A, A &S

o|g 5], AR (1998), Cycle time models for AS/RS with unequal sized cells
under dual commands, 98 #.4 F& 8= of 3 =FF gL T8 3
AT A, B4k

olda, A4 2 (1998), 1% A& 717 A A A2 A 2AS
A3 ¢e md 2 G E AL, FTFFH I AR

o] 3y, A4l (1998), A E) A 0| &g 0| 4T AT AT HH) 4 AF
7H A2 A del] 43 A7, FFHEIHF 806), 135-145.

W 2 (1998), AFF oA S AEE o o 7] A 7l B
F3A BN BY 99 2 Y FE G =2 F AT LR
ELE:E

AXMA, ojdd (1997, 018 HL A AFF A2 AL R
3, ey FEE ] 2302), 21432

5, 00, 538, 01388, 459 YFF0990), A5 3 A 2R S
3 N Ed|olE 7D, HYF 8, 129-144.

Ashayeri, J., Gelders, L. F. and Wassenhove, L. V. {1985}, A microcomputer-
based optimization model for the design of automated warchouses, fnferna-
tional Journal of Produdtion Rewearch, 23(4), 823-839.

Bofna, K. M. and Reed, R. Jr. {1972), Ananalytical approach o design of high rise,



246 o] g3

Journal of Indusirial Engrmeering, 8, 8-14.

Bozer, Y. A. and White, ]. A. (1984), Travel-time models for automared storage/
retrieval systems, {F Transations, 16(4), 329-338.

Dorkin, J. (1994), Expert System Disign and Decelopraent, Prentice Hall

Emerson, C. R and Schmacz, D, 8. (1981), Results of modeling automared ware-
house system, fournal of Industrial Engincering, Aug., 28-90.

Eynan, A, and Rosenblatt, M. .{1994), Establishing 20nes in single-command dass-
based rectangular AS/RS, IIE Tramsactions, 26(1), 38-46.

Han, M. H.,, McGinnis, L. E, Shieh, ]. 8. and White, J. A. {1987), On sequencing
recrievals in an auromated storage/recrieval system, IIE Transactions, 1K),
56-66.

Hausman, W. H., Schwarz, L. B. and Graves, 8. C. (1976), Optimal storage assign-
ment in automatic warehousing syseems, Management Scence, 22(0), 629-638.

Hwang, H. 2nd Ko, C. 8. (1988}, A study of multi-aisle system served by a single
storagefrettieval machine, Iernational Journal of Production Research, 26(11),
1727-1737.

Hwang, H. and Lim, J. M. (1993), Deriving an optimal dwell point of the
storage/recrieval machine in an automated storage/retrieval system, hterna-
tional Jouwrnal of Production Research, 31(11), 2591-2602.

Hwang, H. and Lee, 5. B. {1990}, Travel-time models considering the operating

o4l

19770 Aok Ahd 3o AL

19833 Univ. of Winois 4+ A] A8 F3F A}

1986 Univ. of Hlinois AF4#8 2 A g3t
2ra}

A4 Fdvietn A91F e w2

Z4d 2ok BF, WAL, AEH 0l

S L

characteristics of the storage and retrieval machine, Internasional Journal of
Production Research, 28(100, 1779-1789.

Karasawa, Y., Nekayama, H. and Dok, S. {1980}, Trade-off analysis for optimal
design of automated warchouses, International Jourmal of Systems Sciene, 1105),
567-576.

Knapp, G. M. and Wang, H. P.11992), Modeling of auromated storage/recrieval
systems using petti nets, fournal of Manufacturing Systems, 11(1), 20-28.

Lee, H F. (1997), Performance analysis for automated storage and retrieval
systemns, ITE Tramsactions, 2X1), 15-28.

Pan, C. H. and Wang, C. H. (1956), A framework for the dual dommand cycle
travel time model in automated warehousing systems, Internattonal Journal of
Production Researdh, 34(8), 2099-2117.

Rosenblatr, M. J., Rall, Y. and Zyser, V. (1993), A combined opeimization and
simularion approach for designing automated storage/tettieval systems, [{E
Transactions, 23(1), 40-50.

Shunmugam, M., Krishnamachar, S. A. and Passad, P. 8. (198%), Computenzed
warehouse layout, Material Flne, 2, 151-156.

Smart Elements (1994), NEURON DATA,

Tompkins, J. A., White, J. A, Bezer, Y. A, Frazelle, E H., Tanchoco, |. M. A,
and Trevino, J. (1996}, Faclities Planning, 2nd edn, John Wiley and Sons.

! ARA
1990 ghokr et A+l 38 ghat
19921 S| e f g et A4
L 19973 R ER A F A wAL
b 94 szatdrd d9a7g
A4 Bok EFA2Y, TQM, FHZAT &

CEEE




