St A Eflo] M etE] =1-H]
l‘ Vol. 15, No. 3, pp. 103-114 (2006. 9) _

AlEHolMa} HEfRYS 0[St XISSRAIE MA| 2Xs}
BRe’ - oga . day'

A Study for Design Optimization of an Automated Distribution Center
using the Simulation and Metamodel

Jeong-Yun Kang - Hong-Chul Lee - In-Sup Um

ABSTRACT

Now distribution centers include an ASRS (Automated Storage and Retrieving System) and automated transfer
systems such as conveyors and AGV (Automated Guided Vehicle). These automated distribution centers have lots
of parameters to be considered for operating performance. The general basic parameters in the distribution centers
are specifications of storage equipment, system operating rules, configuration of storage area and unit load features.
In this paper, an approach using simulation and metamodeling with response Surface method to optimize the design
parameters of an automated distribution center model is presented. The simulation based metamodel will constitute
an efficient approximation of the system function, and the approximate function will be used to design rapid optimal
parameters of the distribution center model. This paper provides a comprehensive framework for economical material
flow system design using the simulation and metamodeling.

Key words : Simulation, Opitimization, Meta Model, RSM (Response Surface Model), Distribution Center, DOE
(Design of Experiments)
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2. A|l2Y|0]M 2H(Simulation Model)

2 Dol AL8T AR UL HAE A5
AT A AHE(ASRS; Automated Storage and Retrieval
System), TEE HZ| R A HAHAGV; Automated
Guided Vehicle), H=3 AsH*HRGV:Rail Guided
Vehicle), A1 &3 ¥ 17 24§ xiHo]o|(Conveyor)
AlLgog A E T

AHFEFAE AL AlEH oo AMSEE AjEF|0]
El:= AutoMod(Ver. 11.0; Brooks Automation Incor-
porate)o]n} =0l HEY 4 (CPU £ 3.2 MHz,
RAM : 20G)F Hl&3d AFEE o83tk Auto-
Modol] &Jgt AlEHol4d mde AGVA|AHIE ASRS,
RGVA|AE], 9lZ11 ConveyorA|AE 52| Hal AlAH
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@ G4y(Number of Aisles) 59
2 P4(Number of Bays) 303y
& ch(Number of Tiers) 10+
Al glo)(Bay Width) 1.35(m)
4] Zlo)(Bay Depth) 1.35(m)
Al =o](Next Tier) 1.20(m)

A2 F2(Load Size) L:1.1, W:1.1, H:0.9(m)

0]& A]7HLoading/Unloading Time) 12(sec)
B2t ZE5(Number of Items) (TYEE 7173)

7] ug 100 %

Normal 90, 18 sec/Load

pEa g7zt Bx  Normal 60, 12 sec/Load

YRR 27 2% Normal 90, 18 sec/Load
AR B Max. 120 PLT/hr

J&3 #7)(Command Mode)  TUE=(Single Mode)

W 2 (Zoning) W 2(Free Location)

LoadE HA| A|2I3}ei(Oldest Rule) HHE 753} AR
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4.2 RSM(Response Surface Method)

ohe} SR 7|HE o83 YA H(Response
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y=XxX fB+e (6)

o7]A X& A PEojal ex= B 93} Hojrk L
a1 g0 thdte] HAA|FH(Least Square Method) 2 &
gahd 4 (73 o) B9 e 34T % Utk

SEﬁjs?=sT*e=(y—x*ﬁ)T*(y—x*ﬁ) (7
=yTxy- 28T xXTxy+ Tk X™xXx g
‘%“:AQXT*y%hZXT*X *xB=0
8
B=XTxX)"x
Ao 8 A g ud yo 4] ()2 o] ekl
+ ges]
y=Xxp ®
siehule] 4% fogi o ARk x, o) et of
23%: 4 9% 2ol 78 5 Sick
}A’(Xo) :fT(Xo) *B (9)

4.3 M#7|E(Design of Experiments)
o] =Roji] LEse Ealet AsEEAE nde
4 (1003 Zo| 27 gARYe| WS EAYES 2Hert

y= ﬂ0+ 2/81X1+ E Eﬁu X J+.Zﬂux1+8 (10)

j=i+li=1

e ~N(0,6%)

714 SERNETHD) yu kY 38U
2) x,% B3A% 62 FEn
22} 3l mgo] Z= HlAFgS AR
L9 XY (Factorial Design)?} 2-&- 2403 A2 A
s gron) 3¢ Rl Salol
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Response(-3-114)

Variable Content Unit
vi AGV _Utilization(©]-£8) %
Yo ASRS_Utilization(¢]-8-%) %
y3 Throughput( ] 2| &%) PLT(Pallet)/hr
Factor(‘d7 1)
Variable Content Unit
X AGV_Velocity(F4£I) m/min
Xo AGV_Number(23] th$) AGV
X3 AGV_Path_Length(F87]2]) m
Xy ASRS_Length(ZFi120]) Bay
Xg ASRS H_Velocity(+8<&T) m/min
Xg ASRS Number(SRMt}j<) SRM
X7 ASRS_V_Velocity(5745%) m/min
Picking_Station Number .
Xg 17 D4R 2 Station
Xg RGV_Velocity(F34: 1) m/min
AE Ly, (37) B2 A wjHE 0§ 5P°1 % 273]9

Que sl 1 AE viheEge] 0|8 sigtt o
=50 AJEY ol AgAge] AME % H>(Respon-
se) ¥ AAH4(Factor)+= & 29} Zth

F 20| Aet Zo] AlEHolA EE(Output)§l BESHS
= AGVS} ASRS Q] o|-8-E(Utilization)T}+ A|AH] 9] T
A7} H 2] EE= Throughput) © 2 AR o0 o *Mi
Z(Performance Measure)S-2 A|AH] A9 7|E Ex
7} H F4 A|3olth E3F A A=) Fa%h °éf% & T
L AEF o)A del(Input)e] AA ¥ 4xFactor)= 2} A4
(AGV, ASRS, RGV)E2| 7|A|1A ALK Specification) ¥}
Sgdiseojn o] FES AlAE AARPFollA Ao
7t 2o B ANl Agel A8 7
AARSES 3714] pE(Level)2 E 39 viERH 23
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AlEFlolA Aldlo] A8 Ay =
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3.2 dAMsel 4852

Factor Level(dAH4 $3)

Variable Level(Low, Mid, High) Unit
Xy 20, 40, 60 m/min
Xy 3,6,9 AGV
X3 138, 184, 230 m
Xy 10, 20, 30 Bay
X5 20, 50, 80 m/min
X6 3,45 SRM
X7 20, 40, 60 m/min
Xg 1,2, 3 Station
Xg 50, 100, 150 m/min

R 4. AlEFolde] 289 Y=

AEEeld 43 =2

HlE. AE Zl4x(Replication) 53
o} AlZ{Warmup Time) 0.5 A7t
A9 A)7KSnap Length) 10 A7t
A7 A 3514x(Factor Combination) 27 3
E 5. AEEold 43 Hat
esponse AGV ASRS
len& Utilization  Utilization Throughput
Mean 0.55147 0.37495 85.799
(Confidence 0.47482 0.34737 79.859
Interva]) 0.62813 0.40253 91.740
St.Dev. 0.19378 0.06972 15.017
Variance 0.03755 0.00486 225.507
Minimum 0.24100 0.20940 50.900
Maximum 0.81400 0.46300 102.340

N = 27, Confidence Level = 95 %

sle] Aol ola) 43e ABol Ao} 2% 2
she 3 5ol vhehigick

HE2 Y& (Metamodeling)
oF Hojla] =9 Fxo WS vy, ¥y, v3 S WEH
-2 A1 AJ(Linearity) T -41/3(Curvature)& 37| Lie}

4.4
oF

M Y2 Y3
Source DF F P F P F P

Regression 21 144.09 0.000 13.88 0.004 11.59 0.006

X4 9 2297 0.002 6.66 0.025 537 0.039

xi2 9 963 0.011 426 0063 371 0.081

XX 3 057  0.661 006 0977 011 0952
Wik T3 7oALY AR x,, xe0 TR v o Whe
S RojER 9k

HkS e v ojste] 3)91419) 1Ak} Linear : x;), AL
2k (Interaction : x;x;), 2X}3H(Square : x;)<] HaE 7t
ofstil B asdt &g AA shri9fs] ZE S o 3
= 13} HRSEY 3| FEAS XS 3 61} o] 2
B v of ofdt BAREA AdE Atk
12 SHEAe] BAb 24 Aas HY xx; $EY
P-value7} 8-9l4=2(a =0.05) Eo} g 2 7K0.661,
0.977, 0.952)& }e =2 WEA(Interaction)2] &}
£ {o5ir] ke Ao g mheldd). kA 3Rt Sk
e} 2Ee 4] (11)7} o] wazhgol o3t x;x; 3ol
wiAlE 1R 23)9)e) gto g olFA=E PR
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n ¥ Y3
Source DF F p F P F p
Regression 18  200.65 0.000 2495 0.000 2029 0.000
X, 9 2734 0000 1031 0.002 818 0003
x2 9 11.44 0001 674 0007 554 0012
R%(adj) 0.993 0.943 0.930

K k
y=By+ DIBx + Y Bxite e ~N@O,0") (11
=1 =

1 245 g5t} ARAT 23 MeEW B4 B
A B4 e ® 73} 2tk

<

3 79 Aol oJ5hE x;, x! 7 9] Pvaluels 25
F5E(a =0.05)01810] HE e 7HAH =4 ZA
A (R*(adj )] FH= 0.9014+] Fo gt 311(0.993, 0.943,
0.930)% 7HE & 4= St} & 1133 22}319) o3k
o2 A gy AN y v SAEERA Y B
FAdo] FESIHIL & 4= ook AR vHERT 39
BAol| ofg) 2} 7 197]9] o2 FAE T vetnd
=2 okl A (12)¢ #rh

o

(1) AGV_Utilization (AGVOEE) : y;

=0.654180+0.001359 X, —0.131422X, +0.004459 X,
+0.010898 X, —0.000504 X, — 0.010915 X, +0.001504X,,
— 0.011260 X, +0.000655 X, — 0.000082 X >+ 0.005330 X}
—0.000011 X7 —0.000252 X 2+ 0.000005 X 2 4 0.000836 X2
—0.000019 X2 40.003029 X2 +0.000003 X

(2) ASRS Utilization (ASRSO|EE) : v,

= 0.065025+0.002717 X, +0.059405 X, —0.001941 X,,
+0.014243 X, — 0.002870X, +0.044181 X — 0.001754 X,
+0.007887 X, +0.000387X,, — 0.000004 X — 0.003662 X 7
+0.000007 X7 — 0.000326 X 2+ 0.000021 X 2—0.005854 X
+0.000013X 7 — 0.001191 X —0.000001 X

(3) Throughput (GJAIZE A2l EFH) : y;

=3.3565+0.5823X, +14.2111X, — 0.4288 X,
+3.2002X, —0.0503X,, +2.6920X,, +0.1136X,
—0.2034X, +0.0493X, —0.0008 X/ —0.8820X;
+0.0015X, — 0.0752X ? +0.0003 X - 0.5149X 2
—0.0015 X7+ 0.1797 X2 — 0.0001 X

(12)

@ s=AE oINS =2X

5. HE}2H(Metamodel)2 0|23t
AAR SAMap MA|

5.1 AIAH 47 ot 7o @olo) 7

ASSRAE ) ALE A7 28 Tl e
2 F8Y 5 U 7P EAolT SR HEo] A&
o 4A chelef Thet AR ojEu} 7t Hbtolck
ASRRAE A2g A4 Fol Axd Tixelu7t e
S Fe ofal 711 AA kg e AAKAY B R
2 A2859] dojobenin e 09l B5 A5
Muj5e] 2HEAk} g 8Q), AA% 2 A(Po-
licy)oluh (Rule)3} AL A4H 89152 T4

o] R By Al Bag S1 Ao 7h
e mefskel A4g 29 HM(Policy)olt E(Rule)zh
TAE AHH Q5L uAEom Holopgat 4
A BT T5H 20l 2YS WAk oA
% 3h1) 9k AAH 915E Bl e
75k @ Flolth & 804 AGVAIARS} ASRSA|AH
of A7) e T4 )of Thdte] A Al W] 2
3 9917} Holoby WS, Z4)0] Yt aglow 7
5lo] Lehich

A W x5, X4, g xS HOIORS:0] B Zbo]
27 BelEE 250l AEERAY Hojokre] 2
79l ASRS(RFEHI9} AGV(RFEZHTIR]), Picking

& 8. A28 44 gt 24 2019 7

AGV(REZHTY ) A28
A5 A WA B Holol MR, 22) B

X1 AGV g &% x5 AGV 8 Ag]

glojobg MP(E, &) T
X5 ASRS #3 £= x4y ASRS #FiL Zoj

SRM 23 o4

Picking(¥]7)) & RGV(FY F2% AFUah) AlAH
A5 AlF g g Hojoby WE(EE, £4) B3

Xg  RGV Y &% xg w7 AP

i




AEdol HEIRYS 083 ASERME A7) %5 |

MNaw] 833 a4

2% 8. Aad Wye) 243

Main Effects Plot (data means) for Throughput(y3)

x3 x4
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% o ///
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£ 138 184 230 10 2 B
‘s x6 X8
88
.M —l1
84 T
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3 4 5 1 2 H

" 9. ysoll ot iz

Station(3}7) 212} WEe T17) 83} 2ol B &
40) Yo AU AARE x,, x,, xp, %0 27
o FAZ 7 FYER TANSE B4 T 4 Uck

AAE o] tha) gt o] ot 2apE H
of AL dofobs: o] o) w2l tiele) cstel
Mt olget Yk AlTAEY] Hamt WrtE 7
o o 2ok

5.2 MAHso Hae 24

AARRS x4, x4, xg, X2 B7I0F THA7F HIAZE A
2] Byl tlAE YFT(F83}: Main'Effect)=
37 99} Zo] 34F(Level) QIxF] TIFE EX(Sensi-
tivity Analysis) 34 A & 4 Qlch

3% 109 WERRES o]83) AAMS x5, x,, X,
xg 8 STk} vt Ao E(y,)l vAlE QIS 24}
A afEe Ty goivh IHAAANY vet2gs o f

105 - - gy

) R
ZiQ T ]

00 1o 140 180 180 200 220 240 ) 15 3 £ 0

3} 9Ix}] ko (Safe Space)S SRl 18 IFg=
2= 320 izhe Bollas ez] ok &
3t AjEls v E AAEH EAS Hol F02H
A&l tigt o= S| AlH Zrh

AAE AN O] AT ] HSHHE) B FA
Shz 7ol 2 AdA|(Over Design) = Q1)) AJAHS] 7
AGE TN AHE 2eEHA EHEZ o] gt &
A2 - st

3 DI Ot UISER A
ermns oo AAes] o AT, x)°l
AR v o) MEERE 78 4 gl o] BE

_‘

AR oi7y AARLS AAT of ARk i
Hot7| 45t dlo]E o] A(Database) 58S 817
th Xy, Xo, X3, X4, X5, Xg, X7, Xg, X2 01 2T
=36 7F0] 5 AHHE v, 1 3 s}Hjolnz ol o
2 8T 5 e FA SRR 36X 3= 108 7}A]
7b =t IAEé] AR EAo] Bagh T AxlEo
Sofel 208 51 oIl IS 3 2 52

1 1_,_} Zro] Je=E Eo}] A]ﬂx%i HA g 4

E% % 112 ASRS(AFsan) 2] dol(x,)2 SRME]
gl At SdYAZE ARlEEH] vheEH of
3t AT E(Surface Plot)2} S124 T8 ZE(Contour
Plot)o]t}.

MRS el SRk A2 BAS MAwael AT
ol thet =4 B8t ofvje} oetmdsy o)A
AR L2 AE QA v|REt wE Ao igt A
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5.4 HE2Y F|XStof gt AlAR MA Ciore
M "It

B, g7} sz} she AR glojobe wF R

A AAARE(x5, x4 X4, X9)9] BT (184, 20, 4, 2)0]

2har sh Z Aol AAR AF ARK(x), Xo, X5, Xg, Xg)

£ 2] 3t v|AY tE#2)23(Nonlinear Multibective

Optimization)= 4] (13)z} Zo] B4 Ak

Maximize 7 = y,(x) (13)
s.t-:

03<y,(x) <08
03< y,{(x) <08

20 <x;, < 60
3<x, = 9
20 <x;, < 80
20 <x;, < 60
50 < x4 < 150
Xy = 184
x, = 20
Xg = 4
Xg = 2

@D s=AS0|MEE| ==X

A x=(x,, Xp X3 X X3 Xg» Xp» Xg, Xg) O] A
(x5, X4, X Xg)= 28 ZF (184, 20, 4, 29 k& 2
gogen MY Sgnk ANAE yof e e
EAE sids|9E BATRE DA HRlEEE
(v9) 02 TUslet 7] 544 AGVY ol 8E
(y1)# ASRS9] ol 8-E(y,)2 2+ Z 80%E HA| Pr=
sl Aoy og Ak Ak T 2 A,
Xar X0 X1s Xg¥ QRO FRIT HYAOZ 93]
& Ay o Hone Mol Aad 245 A
(x1, Xy, X5, X7, Xg) = (60, 8.056, 20, 37.867, 150)2
Qg 2= QIck. oln) 2 219] AHHEL (60, 8056, 20,
37.867, 150) = 0.44(44%), y3(60, 8.056, 20, 37.867,
150) = 0.664(66.4%), y.(60, 8.056, 20, 37.867, 150) =
109.342(110 PLT/hnolch. oo} 78 whom ke
A7 o] hetel HASE SO RH ST A
TAlofA] AlBEo]Ae] HhE glol AlEd ol AR
d(oletmE) g of-gata] Al&5tn Pt AT B
7Vt 7Es sk

g 4

do e

5.5 AE220|M zjxst0l oist miEtzH X3t
Elgd A&

547404 =39 wetnd 25t AT =EE
AAERI(x,, Xy X5, X7, X9)2 HA G} ZH ABHE
224209 efAS HEsH] Yol AlEEold 2dof of
S Aol AHsie AU, By AES 9
AEd oA 2| Holle Mgl F 18-S Yl
L zl3kHeEkEvolutionary Strategy)”|H-S ARESITE 1
g 120A ZapEEre] 2t YA y, 9 AlcH(Genera-
tion)d +HIAAE BT Qe of2fdt BiRy HEs

Throuthput { PLT / 10hr )
110000 - o e e e e

Gy e mefroerbo i ool Sl

100000+ -+ e 2“;‘)53“ ;
1080'00*’;:&::/:’2,*Wf S ety , -
107000 ¥ Gl b d

o

1060.00 - f _
1050.00 f\/ § s
104000 - - e i oo b -
e e e
1020.00 : ‘

D 2 4 8 8 10 12 14 16 18 20 22 24 26 28 30 32

Generation

-@ Best Fitness In This Generation
-8 Children's Average Fitness

% Best Fitness
-¢- Parents’ Average Fitness

9 12, AU of% AgHold HHsle) suNA




AIZ#01Hzt HE[RES 0183 XISSRYE 4 XXt §

F 9. sk Algeold HAste] 8 23

B 11 #H3) Ase] ojg S48 o}

Optimization Parameter (223} 274)

Max. Replications / Solution(¥H2-413 = 5 3

Number of Parents / Generation(A|t @ B2 ) 3 7

Termination Criteria (£8 & 7]%)

Improvements of 30 Generations Results

(4 3040 Betel apb) < I
Maximum Generations(2]t] A% Al|th) 100 Aldf
E 10. AEHold 53 ATt
- T omen gag EH
V4(PLT/hr) 109.342 109.180
(Confidence - 108.643
Interval) - 109.717
Xy (m/min) 60 57.758
x,(AGV) 8.056 9
X5 (M/min) 20 24.717
X, (m/min) 37.867 40.816
Xg(m/min) 150 146.663

Confidence Level = 95 %

o] w=ol A ARIsk= A&HA AA 9] AA| Aol
A FF Aedlold £33 S8l 2F dA AagY
ehg et oeted ziAjof didt e S Aol HESH
L oju|2 ol#AA gk

Aol 2Ast ARA Y A20L o A9 A
2ol AR FYsHA F3len st 271 of
o] & 99j70] A43ch 30415 oje] AT} 1°
o S vERiAl £ off A¥E FTRelL sHche
A= 5tk o] AReIAE wid 2950] Fus)
o} 324 ghoff Addo] FREAUAT o] A Aol
T 27T1EEAIE 31599 71 ARte] 285 |Qlek meted
& 87 AT HHl0] Yaro] FHEE Aolch

et 223} H3lo] Aol Alggold st A
He] AnE vlwsto] & 100] Ly

5 78R #2{g} Wie] olgh A gt Hlws) B A
A Z(y4:Throughput)2] 7-$- (109.342, 109.180)Z oj
§- FEY QS Hor] HAMHR(x), x,, X5, X7, X9)9

S Ul $oJ GBS RIS oF 4 Urk 5 7

Sample mepR g Alggol4
Statistics A3} B Pk
Mean 64.2 64.7
St.Dev. 552 529
SE Mean 23 22
Estimated for Difference -0.478167
Confidence Inerval for Difference + 76(;(())37395293
T Test of Difference
T Value = -0.02, P_Value = 0.988, DF = 10

N = 6, Confidence Level = 95 %

ghEol gt SAA S4(T_Testy 2k oFf9] & 1134
2k

E 119] Zio] o3t = 7h2] MEY F4€ 3t
(Difference)=-0.4781672 A1F471Q1 -70.030923 1}
+69.0745904t0l0f QleB R 7 AZS Bt Aol=
ol B 4 gl E3F T Value=-0.02, DF=104dj¢]
P ValueZt= 0.988 24 8943 (a =0.05) K.} vl &
e /RER T 7R el gt g Alol: #¢
BHA] RTHH, : g1y —py = = A& BoFErh o A=
e ojgheEe Agdold wele] Higt 2AR4A
of B FHs] ZEThE e 11 8 4 3tk

B> ° = A= S d

6.2 E
o] =M= 27] AgdloldE 7o g dh= v
#9 epzeg skl olF olgs] AEERAIEY
A A AN ANARE BASHAL A 891E HF
Bpahe &l P AR BT AlEF 01 2
o} 439 AYE viEhedS ol8%t st Aot vl
A Hetzde] Bgdo] S28¢E AR ol A
< e ASERAE T2 B BR AA"e] 4
A AN AlEHlolae] A FARE FoEtAz]aL
HF A =S ATl 1o & Aol
T el de) HAAE gol7] % Bok aEAQ HHY
o AufEE 083 UFAR M) wEARGo gt
B8 A3lE 2aspy] o el dig A5E o »
L Aol
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