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Double row layout design with unidirectional material

handling path

Junjae Chae’

School of Air Transport, Transportation and Logistics, Korea Aerospace University

Abstract: A spine layout is a type of layout in which a main aisle is used for the material movement between
the work cells located on either side. This type of layout could be categorized in double row layout because
the work cells located in double row. In this study, the mathematical model for double row layout with
unidirectional material flow is presented. The main objective of the model is to find the location of each cells

along the central material handling system to minimize the material handling cost.

Keywards: Material Handling, Layout Design, Double Row Layout

1. A&
FA O EFolFA2HE T & 7|4, =+ working cell S 8] X] 8= A2 spine layout ©]2tal 3}
71%= ¥ T(Langevin et al, 1994). |23 FEjo] WA= AFE=FOIEAHAGV: Automated Guided

Vehicles)7} 24 w2t 2 ACel)te] EFolEes HTos FAYMAZH(FMS:  Flexible
Manufacturing System)ol| 4] 2 AR-8-% th(Kusiak and Heragu, 1987). Figure 1= %3 2?1 Spine Layout<]
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Hj =) of w9 FAFSEIL 53] Wo|(Bay) FEE ZtE 29l wiX= HZo WEA Az FANA AHEH
aR= J'U]-.(Cardarelh and Pelagagge, 1995; Peters and Yang, 1997; Montoya-Torres, 2006; Kim et al,,
2009) Figure 1914 29 3la & A(Cell)2) t‘ﬂﬁﬂb ojm] AbZ+ o] Fefrt HaA QojA] TR H AR
Aolg & e Aol T I ERolEL T AAHA Ae EFOISALE S o] &5 HER
A A(Cell) o] Eol= o] FE A AAM mH o] ofynt. Wb Th-¢| Figure 29k 2o bk
3t & 4 A
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Figure 2. Double Row Layout
31°) Figure 2 ol A 7F Ao Foli LA B 12()F B neAsel MAE oA D o
o 7+ Ade] ER/FFHA (P/D point : Pick-up/Drop-off Point)2 7} A2 FHo] =i o] HE& T3l 2+ Ay
HF2ol ER5F0| 7Fedtte 7MY < sl " oe olF & WA M= FF=FAILHE] FA 0 o
2t 1 i e 22k g e o] dTolAe @] AeeRALE] S A e WE
7H8etAl Ha ol thdk FEl= Figure 39 YERE vhel o

P P/D point(Stocker)
[ i
LT L L L
« Travel Direc’E‘l_J h
1 1 1
L L L L

Figure 3. Unidirectional Central Material Handling System
olH 3 FEE AR H o NEA Ax TANAE TY EFeE Al2ES A A
Yo AZE we 2R =5F sta 7k Ao EFHY L 257 (Stocker) & ©]&3= s T2
(Ben-Salem, et al., 2017; Kim et al., 2016) ©] AT-olA o] Rd=g o] & 7IAsA Aot & 72+ Ao ER/HA
o 257 AN 2 ol 2 A Eo| FAl vk sHY Ak

2. T& A4 29 (Mixed Integer Programming Model)

o] xHlo] HAgrE 74 A o]Fds EFolISAEF HAad HA she Aot wekA vg3 ol

min szm ij° Vi, .7

(1)
i=1j=1
ol fy A ish o) oEEE GEAT dyi A ish jo) ARE GERI debd 475 e ol
ERA2NE & o]5AE YL Atk A 9 FHL 22 W A 4, ol 2o
di; = x;— (2)
oA ok 7t A FYEFAZELY SO AXT A A is A o X 9AEH EFEES
Figure 3 o4} o] AAGEFY ¢ FE3rh 0 A & 7t A SYEFA=RY Sl A8t
A7 A o LER AAY B dy= obHet 2o
d.=2w+h)—(x,—x.) (3)
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(b)ajj = 0,0cﬁ =1, ﬁi]' =0, Bﬁ, =
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v
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{

Travel Direction

]

h

(f) a;;=0,a;=1,3,;=0,8; =0,7,=0,7,=0

Figure 4. Relative position of cells
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Figure 4°] (a)°] A% dy;=x;— =z, 0) B d;=2w+h)—(z;,— ;)2 £ & F vk 283 Yo
A (),(d),(e), 2L (HY AT 2+t d--=2w+h—(zi+z]-), dj=x;+x;+h, d; =2(w+h)— (arj—xi),
993 dy=a -, 2 0 A ] AYE ZHT F Aok

dq‘,jzxj*x,:*M(lf%)*M(Q*%;*’Yj), YV i,j (4)
d; =z, —2;+2w+h)=M1—a;) = M2—v,—~,), Vij (5)
di; =— (v, +2;)+20+h— ML= B;) — M0 —~,+7;), Vij (6)
diy = (@ +x)+h—M1=3;) = M(L+~,— ), V i,j (7)
dij = x;—x; +2(w+h) — M(l*a,vj)*M(’V,;‘F’Yj)yVivj (8)
di; = x; *x]*M(I*aﬁ)*M(%—F’yj)y vV 1,J 9)
ata;+ B+ B;=1,Vij (10)
l; l; o 1
acﬂrgé xj—EJrM(l—ozij),Vz,] (11)

l; l;
he (13)

oS T V1

l;

W——=>=uz, Vi (14)

olw, ;= A 9 < orsiH e A Az 7HE ZolE ¢fngt.
Aol el Zp Ado] gatxte-of iz fAE HEtW = ol@HsE EUS A dER = s
AAE AT EN o] Rdlo] dAAR] FolE 3t=F st Zlo] FosH. w
kA AR E YEd = ol et Aloke o 23T davt vk dA Zh o] Hojol A2
FHAA, FSH stSHE TESE 9 9 ;8 BAIE Chae and Regan(2020)°14 B3} o] A 9]

Proposition 1. 7;, ;3 (ay; + ;) ¢l &L <Table 1>l 4 A 2ld 23} Z] NXOR (Not-Exclusive OR)]
=84 #AE FAFH(Chae and Regan, 2020).
Table 1. NXOR relationship

i 7 (aij + aji)
0 0 1

0 1 0

1 0 0

1 1 1

webA 9] Aele obefo] AtkxdS TS Hh



ajtoay =1=y+y Vi<j (15)

ajjta; =l—vy+y, Vi<j (16)
i ta; = l+y—7y Vi<j an
ajta; =—1+y+y, Vi<j (18)

wdo| T e AT o3
Wit R A HeR 9%
_]

A& WEEa o= BE 4,5 o

AES 98 & &% DRLP #A4E Hungerldnder and Anjos(2012) 258 714 oA A @3ttt 5709
AR RE 15719 A& 23ete BF 1109 2AE 5 7EHo® dHA dve FEF ER/olso] 7t
ST Ao HAAs e Bl stk ol Y o]FAF LR Solves ERCISAN B = FAA Y
S7F Aol " &4 fgelth 4 ?ﬁ.% A& A& E-2136 CPUS} 32MB2] RAM2] ¢ =% Workstation
o4 IBM CPLEX 12.10% ARg3lA A3t

F7HH o2 @ olFS SIS Adxd s 2FAE ol FAFY ATERoISHAY 2
o]E L A A7l BA Aslof AAS] HAA olF AgE 7L F UY] WEolnh. =3 AP Aok
2150l AFolsHA S HoldgY olF, 5 HAZE °olF 3
Ao At AHAQ HaE fs FHolFe SIS T

n}l‘; —
@ 0

Table 2. Result comparison

Instances
Name N Bidirectional Unidirectional
HA5 5 52.5 732.0
HAG6 6 190.5 1764.0
HA7 7 159.0 2093.0
HAS 8 189.5 2604.0
HA9 9 486.5 4655.0
HA10 10 821.0 7518.0
HA11 11 773.5 8301.5
HA12 12 1021.0 10807.5
HA13 13 1520.5 14526.0
HA14 14 1833.5 19354.0
HA15 15 2624.5 27588.0

<Table 2>= A3 E3] A& 23} oA F& o] Fo] 7} Z 7} (Amaral, 2013;
Secchin and Amaral, 2019, Chae and Regan, 2020)%} Bl & sttt FH A o2+ w9 A S7lste= A
o2 Ho|A gk ehggolr] o] A j oA A j= o5 At vtz A j oA A = o]F’ ALt o
A AxEZ] W Zel ol FHE olsAAAE FHCR o]t AT Atste oz HA
g Atol HA ok BE Aol el ol AYE BT et whekA FA= oF 10019 Ag A
o7} HolAt dAHo v FFHow o 5uje] Agart drial & 5 39l
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%
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ol#lgk atol= wFstAl B F o)7] WZel A= Ael= AN ZA0] 543% A el o

HA RHES slge AR S A5
A =
hu =

o WX FHE WE A= /B FE ATHA B ] MRl AVE PO B £ o
<Figure 5> A= 2 5 Qo] WAFHLA s Ae FAR TS HoluhA ¢x FEB Fgkol WX
7 HEE AFS Ttk ot o] Bkl HEH O WA WY WIFoE FHH FY AF BRAL
92§ BROIT Azt o] o] F7h2 A FkhE AL o) AshA Au ol H T Aol 7
U 5 YE ARFE EG AGL o] AAHOE BF ol AE B4 Gt 84E 4857 9
o,

o5
[ ]
(=]

Figure 5 HA8 Result (OFV = 2604)

4. A&

o] A9 EHL ojgWFe| £3FOoE W FYERALEE &IP3t AHAA Y A HA S
Pt EE e SRS Adsta ¥ A mdEo) HHS 93 V' B AFsied gl @
Ao B8 AAs 7R s BEE 529 AR o] T 2713 02 Shorteuty o] whEFo
2 A3 2RAHQ o]FS T w F&3HA L AE Fole 845 Tt Blo] ATHE AFAI &
840l B Eotd Aoz JuEt =3 Ao UEstRoe] wiA] Theg3te] Aok wel fEdolgte
2 gl A4} B 847 AFstd aHAA F&A MA YAl A E T ER
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Proposal of Digital Last-mile Transportation Plan in
Response to Post COVID-19

Seungchan Lim'", Jinhee Park’

'"Engineering of Logistics Department, Korea Maritime and Ocean University

The advent of the COVID-19 crisis is driving the logistics industry and social environment to change
into the new paradigm. As social distancing becomes our normal daily life in the COVID-19 era, online
shopping transactions have soared year-on-year, and further expansion of e-commerce activities is
highly predicted. Despite the high demand in the e-commerce market, logistic companies have been
unable to provide flexible last-mile services owing to excessive competition and the domination of the
last-mile market by some of major companies. This study aims to improve the quality of last-mile
services in terms of urban living logistics and seek solution to the hollowing-out of logistics by

balancing competition and collaboration among logistic service providers.

This research proposes to contribute to the development of transportation logistics in the Post
COVID-19 era by utilizing the digital last-mile operation plan of the unmanned transport system based
on ‘Smart Mobility’ and ‘Shared Platform’.

Keywards: Post COVID-19, Social distancing, Last-mile, Smart Mobility, Shared Platform

1. A&

AA B 71+ (WHO)= A 349 119 COVID-195 vl ¥ (Pandemic) &2 32 A At oh. WHOo =
29 2020 9€ 17¢ 7|F o2 934 1,321% 9] AMUAHE 23l 2,944%F 4,198 ¢ COVID-19 &3 &=}47}
A AA A EASER T COVID-19 A3 2 et ALSl= B EAleF AA EA= Qg B Aol S
sta itk o] # g COVID-19 9170l A8 E(untact) 4 AEE 93] A3l e} AA9 detiyd-e tgxds)
2 A% QAT

=EHS4Y ¢ 2020.10.16.
AA2E Y 2020.10.28.
A

A : 2021.01.25.
* WA A A} : seungchan123@gmail.com
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‘ArEH AT Ao R g HEHE st ARAES ARFA H AuEES o] &3 tAH
FEjo] vt AH|Ql AGE 4] o] o] dAstE 1 Ut SA A 2H COVID-19 F4F o] 321 2020
W 3g 28 & AAe Ad FLoivl 11.8% F7Fs 123 58259 Hojn, 2020 6¥€2> Ad €Y
el 195% 713 12% 6,7119 9L 7| =319t

B

ol HIthH 8 FI7IE Aste 224 &3 A Hd thnl F55kR 3L, AHE ALS 7L Post
COVID-19 Althol] A &3iA 2E] FHe Ao 2 FE dAdAY vzYxe 271 34 gojd o= A
WE T Aok AR 224 ARV S5tHA gl 25 Ee] e wokxl Jhedl, 719 1 Ao BA
g ok 7]¢do] 220 2 9y BEE.SEJAE 53 m}<d (Last-mile) A ¥l 25 A F3kA] £33t

Entyd
AT A B Ao A= Post COVID-19 A= wlEl Q] St2Erntd 290o] ofd F/2] AAE F

ste THAQ S2End Alxge] ok AlZjgt & 4 9t
B ATE= E}AEU}"‘?J H &84 9319} Post COVID-19 Z2ZU At t-&& 93 fxEL 7|Hlo g
St B2 Entd o] &FAIE S Attt st &, V1€ A5 HREvtY EAAE Pk, Post

gl [¢}
COVIDA9 Atlel Witshe QUE 7 /159 ICT /158 o180 FhEH b ® 2] E (Smart
mobility) & 283 UAY rEvtY Tl eEAA % &9 Wt AYE ALBAAT. BN HBEF
ZHol A BF Aulz FAS AN Al B FAE e UEYD 75 5 BF F
B3l v nEEF 9A ouxE ¥ EHS Fu 9

COVID-19 2019 12€] A5 AlZE v 2 79 AZHE Hele 2020d ARE 7|We 2 AFE
&g om, 2020 A5 F50] oH L A5e M AT A5 AEE 83 AFE FHsAH :?IH
g vl Fo] 7 & JUdE-& w4l Zelok(Mesh Korea)o] A AFE HIEAHE &4 T
FA 'S Frraeta, v e ~utE RUEE Y Ve s FUH A4 2 dAE &9 2EdS ﬂ/\lo}
ATt o] E 3 FE o] &3 WL FU I TAAE, 53] VG HEARE FE &3t T
dslal AAsEA

2. COVID-197} "X &/3 IF

2.1 COVID-197} "R A3 /EAH G
(1) AF3lo] w3 G

COVID-19¢] 3102 QI3 AA-Ar3 o] W37} shF7F B itk COVID-19% ARSI QIE 9 %E%
FA st =W AAE AR WEelth 53], Aedtd 3 AAA A G COVID-19 Fd L
A3 et FAZ HEHAdE 2oz AT TH(Park et al, 2020). <Figure 1>} 20| k=423 o] | A3k
AAA A = 2020 1€ oﬂ% 201939l o]o] A &HA A 53 95.7%F 7|23 &8 H1
3G A5, COVID-197F EA A o7 ) &4ko] AlZkd 20201 2€ 9] AAABAFE 872% % e 3
M7 AZE o] 202019 4%0117: 55.7% % 7} 2 Zo g 7tastgth AR AAA 2u BFA L 6w
2k wbd o2 2020 8€Y 79.7% 2 AR AA T, FEA =4 e Ho A Fakoz 20203 9¢¥
732% % 3t WEAE AT o] F3] B uf COVID-19 4to 2 Q3] AL3|QlEe] AA Agrt i zow
HEEH, ASe] ESAAS A&3A Foista th ARE COVID-19 AA 971 t-g3t7] 913 A
Wk vtdE Jav) o

H’I r°“ o od

_’l’l_
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Figure 1. Economic sentiment index in Korea

AbgE o] HEFo 2 IF S WA A% AR A A Fr) U AYE AE 9 EHE H3EH
‘A H A FI) Satel w9 Sl E AAS A AWM MEE Aol Frbsid By HAEA
HE T3l FEH AU 2E HE o2 AHShE HlFo] Vet o2 F718F th(Bae and Shin, 2020).

Zolg A9 78 % HAEy gdel tig B oz A3 anAs F8 ezl dA] WES A
2 7199 miEo] fFHE v 2l

cello® ol gati MY £uls F7} FACITh <Table 1>& 4%

%)% zi»a BUA LY AF T, COVIDA9) 3
2ol EAA A )
) of £l fEUA ME
B 71k gtk ol & 9 F0l Evel HESIAS Al 2L = EREAI S5

w7k @ o g % Yk emehel AAL A& Ao 5
Aoz Aot Sujd Aoz Ay,

N

Table 1. Comparison of the percentage change in the year on year sales of primary retailers in 2020

(unit: %)
2020
Section January February March April May
Total 6.6 9.1 -3.3 39 2.0
Offline 4.1 -7.5 -17.6 5.5 -6.1
Online 10.2 34.3 16.9 16.9 13.5

= Aol =45HA =AY iy Y-S gAEstE 1 9tk = COVID-19 g4to 2 Q1gh
ﬁxﬂ 2ol Beb Ay A wgo BEAA S g EAHS dFstuA d=H vE AHS AR
Aot e 7E AL 18 ASIe AvAA EA3E JHESZE COVID-199] =2 o2 t)-§35}7]

Y R2AAL HolE, UEND, AEATS T2Y DNA A7 23 vdd 2954, 2§ <
ﬁa} HAEs 5 ge dAY 1‘5:01:011 AR ARSD A G2 o d B A A
282 Jlo § 2uEAE ] BHo] 27 o

AE HolE FEE Falx BA%NA R
@ 2nlEAE B 7&e B84 2
Ay wzw $9% % AT oA
-19

Akl th -5 0}71H3H A= 7hE 8l A

a QAE}. COVID-19 73} tﬁ%s}ﬂ -r]oH —;LEE ne
A G zA ADA =" S F53ATH H] HolHE e
Z+e] B4 mtet 9 Ay HEA E/RE SA 27 E(smart)
EAEAL gAY Yoz A a1, JH= COVID
A At =3t 9tk

ol E
=2
x4y
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191 7h7sh HIThE &M Z7hE Qste] G Auls 2 oY BRES Ao 3 AEriy ol
HBUAY BF Av2 $271 FEHAT. BR-FEAAE 3
ol anlze] ARA ATE A% FF ZANE, A WE, A

A28 B3 AAH $9F AT Utk F, oA FES BRI AY FEE FAMAAD 2127} 8

T Azb Anol A AHIAE AFHE AL FTEE FAolh web ABEF Auzo 4 g
#87] 98 71% A OAY H4e Bestel =4 WE TEAS AN GFE ol s Ae}
AR F6 2 AL e ARe BF AAR T8 Urler & Aol

(@) wxE AU EF ol

AHE Atho] =dstHA HAAZA) 9 TFAR Tl o2 SRS gA" 717]
(e}

J&3tA] gAY Fd-x=dF | aHlo] A2 o] &AR FYHATE wEtA,
COVID-19 &713= 1g Akl A AA7F JPe s BTt AHE LuEs) F4to g 13t
28l FHEF AL USH FoEAA 28Rl ol e FEEC] O AT AAd F=2
SxRlo A AnEE AdAE, ASEE, T3 22 AEFTo] 28 A2 ¢ & o= o]FH=
FAl o]tk *Hlx}E—% AEE T HES B[V SolFol wet v HES A, AR 1hE g AL
A AYFIIE G olF A AR Qlete] 2ERlolA g AFS Fulsta At
3. OAd xEVIde] 54 9 A%

31 S2EntYe] Ex 9 AHut
(1) S=Entde] 7id

T A EUSHA BF45 QAN B ol wuth ehrERd wlde] FHLI ok B
A eiEvideld MAS AAE ARG AGAA] o] TojE FahA Aojst 2L o
I ool ET-AF AANA HU) I ULE 491 ‘delivery & 2PSA A2 W DA
Z 2HAE AEH o it oAt e o nRY. BN 2R FEQAE B2E0Y delivery B
AN HE £HAS ATES 8TE FHAAE S B0z AFL FASA FFeAY] Ak WE

JEE 4% % ANl FAL FolE Ao F28 WAl
(2) ehrERtAe] 53

AAAY S8 Z7H ERAYS WHE 2ulA}F 8T SGAEVY AulsE HSE SesA D
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2Estgn gtk olo] taty] s BR-HEFUAS LuA B BE AL Goi4 Aze B
FRAAA g s mesha gk

ZHAE BEE w3 wE wES 878 WEdd =R FeHAs A& wiE ojP et ofye} A}
= Au2=E SF Holg FHdE =93t St o]gA A9 HolHE JRte s EF- FEHAE &
HZo] Y=E #EAste] Wgteta e 740 t-g3tal &nar 253y Anl2E AN 71, AR
At A= ZHEFS FaAHA L0 HolHE S8 BtEd S AR g AF vz ARE AT
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Figure 3. 2017-2018 domestic startup investment amount and On-Demand Service&Tech Startup

investment comparison

W el vtz T3 22 1T 7| =7 A4 7ol o438k, =4 e hal Aul=@d oy
&3bE HjE Aulsst f’”ﬂ‘ﬂ* 2 FA7HA gista o ol# e AlRlA AAH 95 AA S
AsiA 7192 ICT 71&e< 83 UAE AHl=E Tl 2Hdste Aul 28 Algsta =93 Aoz A
FET =1L UAE MEls A3 B Ak 3 A =520 gY AAE S8 719 7 ARl ARt
: L& AA AEAE Tt s

N

D 1o

_,_,
Y

o
o
e -
i‘l’
wa, T
Ao
ofy
32
ljo{4
nqo
oX,
m[o
j&’
]
R
N
°
[>
td
e
=y
T
o
ot
2
mkﬂ
pau)
o
ui

4. gAY S2ENd FAA 7=
41 OAR g2EnY AU £
COVIDA99| SEET: & Eopol 1A Yol RYIE AmEnl sl Fage

=R Kol

LHET A8 el HYAR AN AHOT +ENE BAT MO A5 o1 o wt &
3l e 4R tld diEdUel Bsbel ol A BUEA LITEY BAS
9l = =g

_O|L
H
re
)
[-
o
o
X
o
i
=
2o
_?l_:
N
a7
rlr
B
o\
=
[
oL
rO
filo
b1
T
_O|L

grEnYY Fogol EAUEA #5719, IT 719, AAFANNY 53 2L b A714e ¢
2EDIY Aol HolEm 22 wa ok WUw A4 Frie T 7% FEe e auxe] Yz
7} WEel L, it Tk S ulgo] M4 WA F b wol AX ] WEolth Fu) 3u) u
AQl s, RUFEERA2, BN BF 2HEQT 440 $98 Susly] 6 AFE Doy
43 AAZ o) Fx AUtk X ATE AED @) A% FHE F 20199 71F 471%2 Aigel M ¥
e gURELT BF T A4 7192 w4 zelols] 4T AFE WP Ak

< IT 7I%F &/ Z28EHS] v Zgotst A& AFE Tl AAGAHN &nANA 25
24 ZG2Evtd wlE ABlAE A FS) <Figure 4> CJUle5 -3 w4 I ole] FF(Vroong)

K
TREFS T FHulE MRz EE=ct &HlAE U EEF AS 2L dAEAHE Tl Al
F& Tuetd guigtEee vl ARlzel A3, gudEee WAt gAY ZUE] FF

_16_



oy
o

AAshe] avlA BEY BB 0k An 29l W4 =29 (Mesh Prime) S 233} w42
dlole] el SR 2ulx AR 3 JUBE L] AR BEFEY W4 Zelole] o] FA B
Fotel HHo AR PGS HEete] FY WS A= 9 AT AN WS AU A ATHT
L Ul REEo] A2xE AAE Ba v zecls ALaH 1A REEE ol i, fA% HlE Al
FRY Aoz A,

1

TS O

1T 2= o [ Y

o

o o
nﬁ

[>

Vroong

e-commerce CJ Logistics
platform

Request delivery Request last-mile Offer customized

service service last-mile service

Figure 4. Flow of CJ Logistics-Mesh Korea Delivery Service

<Figure 5> CJUIgt5& wgZelole] A&y AFE 5 A= E945 YepA A 5ot (a)=
N5 ) REF WAz ote] AL ANFS B 2016E@HE 20193744 wjEH S BHojFEr, g
AR AEH o= oY, AHH AFE 3 HEE =78 35 ML 2 2FF 14 Au=E
Aged ¢ Ao F 7Y BF ujEH X&H0 Aol 7ot AdHE Tk 53], 20199 Aty
CJHIE &S 2,404 Yo mEN3} w4 Zol= 8849 Yo mj&q L AE3Th COVID-19 g4to g
A Bt &7 §50 = I8t &3 2020 viEHL F VY B HuF S VEE soE dyd
ot (b)= FHEFZHSI] A ZA}GP szl Anlz F4 A9 A5 EHS| AL ANA ZAG &
HI 2S5 2 grolth, CJui @5 -2 20179 (79.4%)7HA] &lnfl 719 b &ARANEE7E 9d A& 195 715

A
A% 2018 (76.6) R-E] NES AR BAoE Qatel 292 MAHDE. S, Avls T A%

= AT A Bxpel ApdstE Mul a2 anl A AFTFoZA 20159 FE 201987k A& A 1
A5 AT mekA iRt M Zejotete] WA AFE TF A5 dYdE 2nlA ST E

FEI7] A =72 AL 28T Ao woh

794

30,000 80
2524 i
26,000 22 620 75 8 775
= 20,750 766
2 20000 18244 T
% 76
15,000
g 78 743 742 74.3 -
= “_ T
g loooo Td
- 73
5,000 T2
o e o ol Jole 2016 2017 20la 2019
—e—ilash Korea sales index CI Logistics sales index in conrer sector *KS'SQI KISl
(@) Annual sales index of Mesh Korea and CJ Logistics (b) KS-SQI and KCSI of CJ Logistics

Figure 5. Effectiveness of CJ Logistics-Mesh Korea strategic alliance

42 =AM 2 AL F 24
1) =A% aef

QU5te] ghrEnt o] AukAel A% FRE SriEa glo, 7]
A fA BR AU2E AFHA Tahx Uk A =4
=] i

COVID-19 &4to] & &5
2 0l
EFY A 2 o9 A7 AMulx FH4E a7 th(Heo

=
e} [<)
ge MagAe erend Axy

=RolA strEntd e nlEad S



et al., 2016). ©]& 3 thEZ QA o] F
= 7] HHEOM T

( :‘m
>
o)
1o
:11‘
b
ot
o
o
=y
bl
fru
rO
ol
ol

o~ @
fo
rllq ol
N
=
e 7
i —
o
(S

o
IS
rgh of
ox
flo
N
)
o rir
o>
fo
ol
o2

.
U
g
9
r)
of

o

Fﬂﬁjm

=
&
Ky

! aﬂrE@ AAE S AT WALR 4719 @ S8 wE T G
)

)
Jo
o
o
X
N
u:2
é“.:
:LJ
td
_>,i
P
2
n:°|‘
oE
o
oft
:?L_',
oX,
o}
et
+
¥0,
N
o
=1
oy o
2 o
2ol M pe
J \
f
ol
ol

o
ol
ol
2 B2

41 H

g rle

2

é

g

2

o= [

i

hL

o

8

e

x F

ol

_E

A

v

A

)

i)

[

m

i}

114

>

ol i

lo 2 v
>

o)
B2

E
il

N
oy
>
fincd
N

N rlr
o4
il
)
S
_l
fo
_>,i
1o
o
f
o
)
=
o
f
i
Il
1>
_0|L
£
[~
o

SR 1

nj

I

d lo o
oo 2
©
M
)
oy
o
O
o
o,
L)
>
e Moy
o N,

il

P

30 o

o

i)

I

g

N

=2

4

2

o

:L

_—2

i)

=

ol

oz;

O

rﬁ

b

_o|£

N

Ao

:(I){=1

N

ol =2

N

&)

-

P

filo I

4 s

fob ok
QL
N

Do R VR T S 1

Yo 1M o
21"
=

£

ol
=

2002 201S 2014 2005 2006 2017 2018 20143

—e— Avempe Unit Costihond

Figure 6. Average unit cost of parcel delivery service in Korea

~
N
=
x
oz
)
il
ol

N
i
o e eo
=
i
fo
o

T of
o

fru

ro
ol
2

M EgH PrEntY A2HS B3k 96

N Te gAe ARE dAsE
23 ehrEnIe] S5AA T} o) 2
FUOE 47 WY YR, £,

o
N1 X

L
[>

> !
i

[~
> i o
o

_0|L
i)
=

Ol
e =
e
=y
2
>
rr

2 o
k)
e

Kl

o
ofl o 1%

g -
% o

B3
[>
ol
N
2
5 Mo 8
f 35} £
—d
rO
rr fo
N
i
o
o

Jot
I
FE
[ o
5

2

oX of

Lo

e
N
)
N
)
)

U
==

to o
AN
a4y =2 of

o
=2
>
lo
ol oXx
m o
ol
ol

2 ol
o o
LA

Jo o
M
S
ls
2
N,
23
ftlo
r—{ﬂ I"]j
oo
[>
[
i)
e
lo
l:olu !
A
2
o
o
ofy
)
ot
o
__).4_,‘
z
oft
rlr
Py
2
P mlm
)
o
—r

3¢ O N 2 Jo Hw
X,
T~

o

43 XY F2ENY £5A4 7&

1) dAE g2End EFAA /Hdst 2 253}

B ApdAE ke BEAYS SiAs] 9@ ICT 71&¢ Mo & T9E 722 Agste 2 B
% —%%iﬂ AE AdATE 714 T egold HolE Al g T FuAY 714 TAE 2L s
o] 71% WS EFHFAT B ATGNE FALE AES AT ANYS Hastsie] B oF
F= oo rowm Aoty HEAnh

REE ﬂﬂl%ﬂ’ gaom = A %%‘} ol§ F7bol W2 WE EFS Yo wekA oY
2 7 AA B ATE g sle] snte wleE
0471101 obd shEolFol Fakath meba svtE 2

_18_



B ICT, IoT, Al 53 22 42 Adgwel F2 7lego] §¢3 Az &FFdHS st
<Figure 7> COVID-19 o] %ol =} S}2Evnd 2FFHOoE EAHE 2ntE B %
2 AN 2ERolt)

A BAE P 27 BAR @A B4 5% EROE skl BR-FEYAE
Frooz ARl FHHA YA ol BAFAHLEC)E o] §3le] A% D o]
EAFAE BA FE AR 28 FEL AFAAL, AZolE AN ES 2
Ax 2= AAL Yok ok FAH FAZ Ashel TALE AAE Y

Ao @ Ez} AES o g3tel AF BEY FFO wet AH EUL WA HHo
AF 2l Aol A& Au2E AT

e [ mn [ e [ (e

- Courier truck - Drone

- Delivery scooter - Conditional - High automated - Full automated

automated electronic mobility electronic mobility

electronic mobility

Present(2020) < 2020+ > < 2030+ >

Figure 7. Roadmap of smart mobility prospect in the COIVD-19 era

B WAL stiEnY o] FALEFHE s Aol @A) e A FAgE
S8 Au2ot v AYstEA gAY, TEDFHE Post COVIDA9 Athell Rt 28 w4 Az
=] 1o S

A
| 54 8 AUe B3 T L5AA FYL AT Axe A2US FHT Aok ARE T S8
E € 4% TSERE 22 L S 24 BE PRI OS2 29 54 19
, ARE 23 S] el SB S8RA AW 2 ASF YR} A A%

E Ego|

Atk o8 B3 FEAERE o] T

8% % 9l 2 489 Zolet BEY
e 9 S 992 B SF AF AY 94 ¥ SF J83E 538 02 noth nehA 20204
JFA EEE ol §F FA EAA Tl FEE Aol 2H] YE B4 AP Ao A
Aste] AFDET} Fe T4 V) Aol FEL NEFORA Y BA 59 HsEhe) GFo] Ay

Wl Zaak= FHE Rl Sl Satety dux] 55 SRl Edo] AX AGAHo A 7] W&ol
dRtH o g A7|Ate] A-&F3 A2Hlo] HLHTh <Figure 8> W= A-FAk F3H3|(SAE; Society of
Automotive Engineers)oll Al 2|3t A&F3 zyiolty. A&F3 a2 ATy FEo w2t 04 F
B 57HA F 69 A R TAEY. ALFY AlzEE 755 A ARe B2 dZg g§) Ve
aEste] oH A&FY AU S FAEA AAsoF Ith B DACA = 2t2Ertd 4b]ol d7]A}

o
A7 B2 AEE B A A glo]l €A FEE 2 g doH, 5% Aol 47t
MAsts A&F3 55 39Ad 2045 A&F3go] 72 Hdoltt weba V2X(Vehicle to everything)
zdA4do] A== AA ITS(CITS; Cooperative ITS) 71HEe] tjxd 1xe} %29 ool oA
Aoz AR}

_19_



OLEveI 2 Level 4Lavel Leval

MNo Partial Conditional High Full
Automation s Automation Automation Automation Auvtomation

Figure 8. Roadmap for Automous Driving
el gk FRIEFAA FAEr] A npAE @A otk AEF 4TA RV ES Ve R &
A 228 BE V)5S Aolsta EUHSe 1x3d A& A 7RE
Aoty olE ) IoT % B HoHE 7|Htez uEEFE Aostes ATASH ITSA-ITS;
Automated-ITS) A28l 0] 3ty gy =29 2AZAAE 15317 98 ATy +FAA=

+F A F U=E ARE AY Al (Local control center) §&< 3= ZTHEFS 7]
= o

>

—_—

S
Ao) AgFY 714L T FALEL Ak BTk FAFANAEL £2 D 0%, 714 B9 sl
ngsts Axe] A&FY £IA] WFE AYs] 48FY SGRENY Aul o] AYsfok k. o]

F ALFY ANAE BEF T EAAE THEHOEA ANH SHAA Ao ARA APas

= 2 qo=s WEALE W T2 93 2 AHUE FAAE S-S F Jd, £84

it
yu)
I,
N
o
a2
=
of
N
Of

"ol Al <lzin] @ Awl AL £4 EEAY EH 2 Aoz ARHEY
D A 993 $U8% AAS TESE B0 D BAE £AA §5T B flol AEA =
2 s 9 ARFY £EQ SHAVL BREY Ao 483E HOR AYSTE A1E AY B

5 Pk FHEAE
3 ols| A 2 MEY D FHo| sbsstthn A7) gl <Flgure 9> ICT 714& 7o
T BHEDAELS T AN b5 A BAERY Ao BTt FAFNAE ICT 71%0] &

5
Fuo ol gAZHE FAW FF ARE FWoE B 5 HIE Bkl o] Gpol A A SH, AH
£ A% MA@ oo W 2rhE maeEE FRE

84 A =4 AT wE A 2vtE 2l EE A

A e FAREERES A SEHE ARl2E AlEsor It &, EUEFS 2vtE BT} o
ASHA AES HFL0A0A A5 8] S2End A9 2 EqdA A28 TS o 3t}
T AHlz7t 4 F HFTaHAE 2B Aujzd thE SRS FPE AT

----- Last client

- > Flow of

—————— » Last-mile service
=—=p Mobility service

Smart

mobility
Figure 9. Flow chart of digital last-mile service

_20_



<Figure 10> T5 &/ A28 @A) (As-is)2}F ¥ (To-be) Bl 7d=o|tt AF3Z <
H| 29 A9 &5 BlE AFAA MERE EFS HE 2vlAA AFdAT, FF O d SG=Enf
MU 25 o] & Al FHAEFES 7N ~ntE RHEEYE Z47] & WEAY] 2EF S 2 ]
o8 HIZWANA FEES Pt Heo et al.(2016)= =inl AH] 9] 2
T WS AA o};’ixl*ﬂ L %%%ﬂ éU}E UH‘FJElE 71 o g %%ﬁﬁ%

Al

o

o rot 1
bt
>
oHd
off
i

O A

o FFI

"131*2 A g, =
sit}, P E ol &Ake F
ZE3 AquR A7 53 2ol ALF

o]},

=]
T U
o2 9

s

7] o

g o

2
>
ﬁ(}l
32
o
N X B b @ x

Ml ol o o)

oo W e oy
o

Rufeed

Company A

}\ 3\ { A
[ Company B 7« Delivery center JI]I\;L B  Last client
C

[ Company C
— T~
@ 1§ To-be J
[ Company A ]\
{ Shared delivery

Company B

VN

Last client

center

Smart Mobility

[ Company C

Figure 10. “As-is” and “To-be” of shared delivery system

<Figure 11>& ICT 7|¥o 2 SFZAEL YR o AQsts OAd Auz dijolch aAEz 4
Paka ohest g

Data Collect

(sensor)

integrated

latfor

Data

Digital service
Center(Big

Data)

process

Step 3 Analysis

Decision

Figure 11. Three steps of last-mile digital service process

197 (Step 1) ol SAH (M AL AT YA FRECSRE hrEntd Mulzo] ags $A
Z002 AR 9 s AHE ;q]—r—g}ﬁ HZ LU A= Avl 20 g sl ewWs Zg Xo) A Z3ch o]
A FRE Az olsidA A HolH = H dHolHZ &850 Holy AlF o Ao dn. AA4E tol
BE 7oz oAt SRES 53 W 24 ¢ AR Fh 2 4AE S UEYIE THAG

_21_



2

L

A(Step 2 HolEl AENAE AIE ol &3] AF S48 B 2eE 54

S HA o5 Aok M Ee B4 D AR o BA AIZ BH 8 HrhE o] Ao AF

W EE ERARG Bhoto] HE 9 97 (Ficking & FEIHE 1 olHADT, 2B o),
g lmow me avAe UzE o3 2 §rhec

ox > du

o
i) oA

L
O

3 £ dolg AHAME 58E FRE 5G WEH T &eto]/d (network slicing) 7
o ZHd ARz Eyste] HA o &ana gred FAed FEo HA o &F A
L= g ofzl, o] 827} ZHFOE AMHl2 84S ot ZHUFolA LHA B

1{'__
A3 F BAA A2 FF BRAHA FALE FUL AT A 2 A8L Tk

A =7 E£FA4AE AAEte AdYE o6 #e] AZR(OMS), AAAA, Al

ol il
U{N'oroi

o

tlo
o to ot )

b _(>': ofy Ml [o
i e

b >

FiF

W

o

v

B ATE ICT /148 $38 BRT3 20tE BleE /WMo & OAY BaEvd 7o 2547
ehe Thebd ol BAA 9 TE FHA/ T guel A Fust bssA S0 AEA rEs
ol MELHE ANT AR JjEn & FUE /Mo YR % FEEF 7, 20t o)
?le] 71‘1}33;: @ Ao Azt ulg 4 T 2 Ade] st Aste] BhrEntd Algje] Yo
2 433 o= ot

-Hr 2R EIF S4Y D02 719 1A o

Evaluate tested Expand and
platform operation commercialize
and get feedback platform

Arrange plans for
building and
operating platform

Test platform
operation

Figure 12. Roadmap for platform operation

AR, BARF BF 2otk EARE AR B GAF 71E AUNE AED 7 ol AL AR
7hel oA st ANA 2 BARE EEAT. ol Bd FAE BRI, BF A4, A
A AET), FELER Fo| APt

£, £9 A PS vhAs ol Atk ARE B4 BRO GrENY £a 9
FE AAS BAHA oA} oW HESE Axdo] BABA £F WS shefsfok Ak ol AT B
N t B A nhas, 1S FI 8 A, /1Y ¢ ARAAE Folslob Bk,

A, AW 29 MR oslHAAG AEAE BE mzUs 2l td W7t R W] o
ol Mok gth. Wk A FAES AEAT EAYOR THY 5 Atk AL o st WA E,

_22_



A A, AZR F&0] 4] AYHASA FlHolok star, AFA M= ABl2= o] &A7F &
b S SRR 7Y B AE WEAS 75 B FEERIE 7hsdeA 5 tde] € Zolth
gAA, A F BrkdA =28 EAHY A AT HtS AT

o Aol ATk ARE T AL Al ZAE 2L 99

@) A Fae 98 g JEa

SgEoln AN 1 JM FEE FOE o A BYF S8
uhel Aul: 49 ok B ooF WAL Aok B, o] AL F
5 2 FHE ] HEUY D VEY !

=
AUA a3 FE 9 BAF AP FEe Hastet

rk‘l
oft
o
ol
f
i
re
ey
2&
2
o
oo
>
lo
F

=
=2

A% EEEE

355 um 9 wge aEaA WO, T, %—a%%—%% 7% 2vbE maelE 29 PR 2 /)Y 38
= Az gl Al e GEg FHSHE ¥

AA % ASFAL o §F TH AUAN2Y 4TS Ao

Hz —“;’—Ol%%“— +3 AAE Xl o st

5. 4&
1 2

71l AR A ] FE COVID-19% -8 ALSE wEA A-E $4o H3AZ I, olF T3l &
2Entd e gAld F2 A7E AT 713 3= E4E FAT 4 } ArdEH 7L Eo @] x| E
o 78k F Fdd S2Entd EEAEL AV AEE T & 9tk
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SHste AEHQ Sh2End Aol mEe AT ol 23] 98 FEe] AFNAM ICT 7€ &
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ARl 2 o] & FA) 3 old] ELAE Lo F Atk =, A VIHES 2] AR FAA A F
HE 22 7 e Aotk mEtA AR THAR] AX AN FHEF oSS AFH R st B 7]
FES AT F UA AAH 87 24 F EkE aRlEof & Zojth. oju tAE FAAY] AT =
de LAY FAEE F8dte M2 AREAE 7HAE 5 Ao UAE Zled2 waA A =Y
< As7] dEoltt. metd ARe Zed AR mEde 237 BN 2 AT Abe &85t
2 7]

T COVID-190.2 Qlste] AAIS7F 533 mgl s HeZE 4 A AA T FF COVID-19
2] o] % F9] Ao} AT d 2 EF7A o) 1y dA A7 2o Ao AsHTE I A
% e}

g FAAE B dFHoz ANE F de AEdeld 24 Tl F71 #32
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A Simulation Study to Improve Mobile Rack

Operation: A Case in Semiconductor Back-end Test

Keyju Lee', Junjae Chae"

'School of Air Transport, Transportation, and Logistics, Korea Aerospace University

This paper is a case study on improving the operation of mobile rack performance in semiconductor
back-end test process. The mobile racks facilitate space utilization when storing, but constrain aisles
when picking. We have considered eight possible combinations of the as-is and thee basic
improvement suggestions with three possible traffic volumes (high, medium, low), which multiply
into the total of 24 scenarios. Arena was used to simulate the mobile rack’s storage and picking
operations. In the end, we compare expected labor cost reduction with the implementation cost of
suggestions for benefit to cost analysis. The analysis recommends implementing two suggestions;

improving barcode system and installing more mobile rack bays.

Keywards: Mobile Rack, Arena Simulation, Semiconductor Back-end Test Process

1 A&

X2 (Mobile Rack) <Figure 1>°f Wtebd ulel o] &} &) Atolof] By 9 173 A% F2& ¢l
i Huith o]Fo] Fhed vk EH& dde HAst AUAL A} e HLFoE Fo] I &&
< AR Fee RS DS} (Shin et al, 2016). A2 F3F U] O, EFF EAS ALY 5
dol o] & A #HEt FT 5 Atk sHAN AGA A A = 3 Holl AT F e T2
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WAL 24 AFAH $3H HYE AW B3] WAL BAH L Y FHWater7h 4t
Ao etd FEAe wEAE, uae aTAgd ua whesvith o2 24 (Assembly, Final
Test, Post Tests )= Fsgct. RE=A] W<l (_??_%764)91 E]]/\E TAHGHE A0l Qe TA 72
wet 1Rl (Burn-in) HIZE, & H X | ~E | otz A MO EAAAES AT} ojm uh
S A= <Figure 2>l &}
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Storage Operation Identify Customer Request Picking Operation
st device: Mobil K 1. Identi d . 1. Move to the location
orage device: Mobile rac
g ; . Identify types and quantity 2. Wait in queue
Transport device: Trolley ] of the product ]
i 3. Move rack to open aisle
Storage location: Close to the 2. ldentify the type of test
. 4. Move to the rack
entrance/exit 3. Check the semiconductor .
5. Search for the item
Identification : Barcode location
6. Identify and scan the item

Figure 2. Storage and picking procedure for test operations
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wulee 581 £ tF ATE 1 £AV 0S¢ Aol AT FHARRXL © AFEop}
S/ AZEA Bobz BEE

A HAE 2y B39 X (Location) &3 (Assignment)e] H A3} TAojty, mllde F2 5 Fo|1
< ddoly BFE ol &el HAE &7 FEE A= LolBE T W o] & F U= FEY

Mr7b Alddnt. o= Q3] =F RAAAE @dsts AR s Za 5 vA o] 2AAIREe] 2A D2t
2 4 9tk Shin et al.(2016)2 Z4 7ol 33 vl X (Near), thZt4 ¥ X](Diagonal), 5% Hl%](Middle), ¥
o] HjX](Random), 7}= ull X](Horizontal), M= ] ] (Vertical), 5L = vl *](Same) & ¥ & 1A
FHE At A 2ASE dudES & 4 3= i FH o aeAS AdFsAd 2849
Adate] F olE A, F AdaaAZt, F U olsFor dAsigon, 4 2A3E vlashy
249 3= WA FeH= ATl A WA (Near) FHY S A= =EskA0 sHAIRE i3
P FAAH 3 Y-S FESA Fer #AY Aol =S A e ALE LYshA &
ek =7, AARS] FAPS VAR o A A AT =S FHste] A 2AYs
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© 2 AaroA g 34?1 &4 (Picking order)®] A3} Aot =l A =A=
Agwors HASE 5 Qv I AGAY FEE=FA I HAIA ol o] FARNEE A1)
HA g1 FEE 01%0}7] A7 AT e o] FATIEH L8 %= AIRE Fol

t}. Boysen et al.(2016)-/] A= TE2E FHe] 9 H 2 ¢] -r]

G % ATAAL 8 Al oA Bdoe ol 8 44 2 WA Ade Baa
Mel g 4 EE fEdch olF 9% 22 Ay B AN A AAsa

Al A 2P 7AH] 547 25 A (Job Control)ol] #H&AZ AFo|th Kim et al.(2016)2] A
A3 HL7]7](Agent) o] T2 54S 1k, o] FAY EIHES A ] A%
F< AA gt} Guezzen et al.(2013)9] 7% M-AS/RS (Mobil Rack Automated Storage
and Retrieval System) A4 7|AAH AL sl BE@ ¥ FJHo| LQFHE AE ZA
(Approximate)& + U= FHEFH S /It

NE AT Uk AAA EE 23 o] 28717 (Agent) 17 A B AU 0T 7}
4e 5219 37 (Manual Picking) e o8 Z®elA TETL Aol A% B = F2E 97 AT
9947 2Hol AFIAT FAL 2 APNAE AU AW AH =S YshoF Bk F, A
243 Aol APALR WA 2eA EFET =9, A A9 shte] F2/ AR W g
o YA BA NG BZAM AYL AVY FE YA, T AS shpe TR @ B9 &Y
AN £8F F AE AL B F, FAY A B2 Ff APOR AT BN E3p} A
BTN 29 BE mld 28 AU FA9 97 870 AP

3, gk A7t B PR /ST 23 84004 BB, 0Ped 5 AH%E AT
Aote Mol FERIUAL B ATE A4 Aol o TolAE AA mAY I A B L 97 3
g HolEE Ve w A7 QST 53, EA MAE HiE FHANA P FLIF A B
P freld e mY o9 E&s Were ATsidn

3. A7 EA Ao

31 @9 &ojo 4™

<Figure 3>} <Figure 4>+ HATS o5 2702 st ot B3] 7H 2 ©9 & Slot
olgta st shto] Level 7709 Slots X 3Hshrh. dFtbe] Racke 7709 Levele]l &4z ©9olm™, &}
9] Bay+ 770€] Racke]l &A% ©9joln, wlzlo] 7| Ha ozt & 4 Qv o] 23k Bay/lF 4 A &kt
9] Zones A3t 2] 544 Y Zone oA e © 3] B2 (Aisle)Tho] EdS & At
Zones TA3%tE Bay®l /M= Zone BE O-E 4 3oH, did EAcA = 57004 67 = FAE 3709
Zone©] EA|gt}.

stute] Slotoll= 3tube] Carrier’t 282 4 ok Lote I F 2o 71E2G9olth. &, 9% APA+=
4 B fA A EA LotE HA D As AALALT. 3o Lotol AAI= g 7N, A= dl 749
Carrier’} 23T B ZAxe} 97 A= 71E e 589 22 TrolleyE ©] 83l Carrier 5
fnllicl=
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Figure 3. A figurative explanation of storage unit: bay, rack, level, and slot.

Figure 4. A figurative explanation of storage unit: zone and bay.

32 2o HA-v7 34 o FAH
H2EES 98 did s REEAES Trolley @912 283 43 3tel] Jdudtt Ba 2Ahdae 29
o] Hlojfl= Ao FZtell Carriergs A& wZol Aoz SUAT2HE 77 2o 1l &

C
ol WiEAE B33A "Hth. BB Al Z Carrier®] 91X S Rackell #23d vtz & A48 7] =3

rL

B3 o)l F (@A F4, 27 FAY F) PushA 4k A8 wel, Ee ] aTAR Y Hel (Pull
HiES AYslol & wEAe] 57 2 sl 94 Aol ALAt 94 AUAE YRS o

o}slal Carrier’} 91Xk Zone 2. 2, BayZ, Rack o2 2RIt} o] uwf 2zl EXY g T271 4
HUA Fod IS S8 i Ao IS FRIT. B, T Zoned| FEAA TE AHAVE A4
ZA Aol thrlsfoF k. Rack ol 918 CarrierE o} 37 3ot

"] B g 07 A B8 SUE L ZAGAREe] SUkekeE 2 ol F sty FEEET B
2o k. B APAE HAEE 98 Hx YuHE Trolley @919 BIEAE UETEHEH 7M7)
A A Fs] vl U= Bayoll R@ETh o] H g By 2 <Figure 5> A ST & A%, Ul <
A3 Bay €5 EE&ES o9, 2AZF o2 b9 HF P B AYAE 2 Zoneol| JFAA TE
5 gx3ly] g AL S7HAZIT o]# 3§ o] F=E <Figure 6> Zo] T B= o APAES] Y]
gHo] WA, ol g AGE 53] U FNA 7H7hE Zoneol B AlSHAl WERdTH
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Figure 5. Utilization rate for each storage bay location

Figure 6. A figurative explanation of queue building up
EOE YO E <Figure 7>°4 FUT = Ax HH ZAPol|l F =3 &4 AXH(Searching Time)©] 48
e Ae AXHE vk FAR el 97 244 Carrier7h #1413 Rack $oll =23k s Rack
tlol A8 He AZHE 23ttt AA A A ZHActual Operation

9] 497 Slot £l A Carriers 2= 4
R=R=I K :H—% =9 BEZE AFZAS= A, Carriers

Time) Trolley% do] fAE olFs= A, = 2E

Trolleyel A+ #, Carrierg =73t A 59 TFAY S 28 ’éxﬂ —POS/\V]'T’} 7 A S A 28}

<=3 FAATR] AR E = AlREo] HAS] 22% k= /\Véc’ O AARE Azttt O S ZA47F He
Az o] o 7] 2

o R BAAGeE 18 BEE HRaHe Adel Solw, 53 wE Tl B

ZINZE Soldte Heltth

l'UlO m[

;ﬁlﬂ

B searching time

B waiting time

68% actual operation time

Figure 7. Time consuming in picking operations.
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33 2o FAY 34 (Suggestions)

78 RA, RE9A @ E e vhEol B g 9 AYARte Sols WS 1HE F o A
gk B oAbeElel A AR E I e H&Eﬂl Bygzte] &9 71 vl 2o (177H-<ﬂ Bay = 3702] Zone),
FZte] A7) nls) A e 54 T+ gtk &, 14 878, eA FRE, Test o8 ¥ T 1L

ok & ArgEo] ¥t =3, EME & FYHHE AVE um & & vk 28] el @A
Fta e AZETAAAE EE EREAS
‘Q o)

AN xS B

o
=

2 g317] oy & Aot B AFoME o3 ExS
o2 Asty] s M 7HA ANALS AASG T

- [B1A<QH: Carrier A A vfz =9l /MA] HEEAE Z= XS F0]7] 98] Rack &9 HIZE=EE
Level @9 vt EE WHAS ] FAAZME 29 + Aok 7|E shito] Rackol shuto] nis=rt &
FEATH, 3t Rackel Level B2 7719 vtz =7} WHASH= Zlolth. WA o=
A Carriers 3t7] f18l ol 4971 9] Slots &AaloF AtA QA o] Foll= A 7747HA T &4
ste Aoz FReth & geALtoZ gl A zke] <Figure 8>0l4 AwWsts AR 2ol 7|E9 1/7
TEOE A EE Ei}% A& Atk <Figure 7> ZAJAZE T AR HIFS o] &) ALHe)

H 18% o1 a2 + Ate A8 Utk BAAZY as Ao rmE

ZaNZT FAC, AGAe T2 A fFA J’T% A

<= 2
07 AfdAse] rAtE FaAd ¢ A

au
o
Hﬂ

olsl] 7+H Ao

“mr
I nm-h

Rack - 12 _Level 5 Ty

JILILT JLLILHT]

Rack : 12 —Level 3 LT

Rack : 12 —Lewvel 2

I 00111 ‘

Figure 8. [Suggestion 1]: a figurative explanation of search area and time reduction
- [31AF2: Bay #&] A28l 9 Bay &3 22 7] <Figure 9>lA A A8t = A Zo] Bay &9
2 B3E Carrier®] 75 EfAste A2HES =45 ol2d HARE g o E APArt A E
Hasjof & uwff 3ol = Bays €9 (A& S0, B Carrier W7} 714 2H& Bay, &+ HAE 7}
% 72 Bay Fol IO HE D 97 AAAE 2Y 5 Atk AN FAHE o] fi
A F7HA Sl AR 5 At A MAZs B AP ATE A G Trolley @912 B+ Carrier
S J1g o FEI Il A= Bays Fottkd 2 glo] A €3 E BayE °olsg g A7 WE
oltt. F WAZE SUTEFE /AL o 2R IAFTH UMY EF B AA S LA 4t
Hol A7 7 Dol A B Algto] EolE7] Wielth o5 A 57}011 fﬂr% Trade-off7} &
AR T 2 Ape] fiA| ol sl ol WA s A HA AGAZEAA A2 HlFE AA T
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Figure 9. [Suggestion 2]: an example of bay assignment:

minimum and second minimum bay

71E°0 Reject U ZF Edo] 5o FaAUE Hastd AR 33
3} o] 671e] B Bay® F7} =T & AUk shiel Zoned F7h
b 91A7h Soltel mel BEol HabEo] nY, WAL XS
T e AA T2 AT 3AAA 4N FTHl wet g7

Figure 10. [Suggestion 3:] a figurative explanation of utilizing

additional space: adding new zone

4. A7 P R AEHA BT

1 A7 %HH
B AFAE ArenaE o] 83 AlEH oA BAS AAEYTE AEHOAH B4 HHES A o] f=
ohg3t 2t

AR, digtEo] M (Additivity) 2] 93-S wEx gk oA 28, F 7hA o)) tiehe Ad
o, Synergy &1} Cannibalism &7 A UElE A= o GHtt meta @es 43 A8 23
F(Assignment) 23S &-&3t7] = Fe7t Aok

=4, 718 Eo &< 28T =

Toln, =2 yjEHo] ZolEEIE

[‘2&

et o

7 ol 2] T 8% MAlE AHIZ=AIRE '] o] AR
X o Zlojth. stATE el &A1) e Al Al 7P(Z]r?j1}7} =
£ Afrshe AlRho]l 4% REE 2R Fete H, 183 AY(load)e]l =2t AEo] 3717} ¢
StUE A A 7] W&ol loade] =20 H =3 54 B E @24 gete FS

aeste] thr)YH ol & %
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T BAo] zhzbo] tigHE, thete] B3 wetEe] WS B3l A, & WhatIf Analysis©]th.
=

L LY
RRgsn 24 GAtE e RES A w¥e Baw Pk

42 ANEY K B

Jae} o] FHANA FEYE W, YIE Burn-in Y3, RHAAY] o] EAEH, 21 JH FY

Fgo] EA7e

=

- [Burn-in Y43 #}A] Burn-in ¥4 < X3 H2E FY o2 F 5= HHEA o) Trolley 92 il
Hot AA SA tlolEl & Arenad Input Analyzer® Fitting 3] Burn-in ¢} 19| Inter-arriving A7+
‘725 + 1.79e + 004 * BETA(1.2, 2.98) == AA3st} g o] i ZZA|2ol= 'DISCRETE (0.775,
1, 0.960, 2, 0.993, 3, 1.0, 4) t¢] Trolley’} YA} o= 755%2] FEE 1, 185%2 FEZ 21,
33%9 FEZ 3d], 07%2 FEZ 4Ul9 Trolley’} =& A& guddth. 7 Trolleydll =
‘DISCRETE(0.010, 10, 0.015, 11, 0.039, 12, 0.112, 13, 0.293, 14, 0.551, 15, 0.785, 16, 0.839, 17, 0.898, 18,
0.932, 19, 0.980, 20, 1.0, 21)" 7§°] Lot7} A& o™, Z Lot ‘DISCRETE(0.107, 1, 0.639, 2, 0.941, 3,
1.0, 4y 7N9] Carrier2 FA= o] At} Carrier/} A3t R = 7|2 @9jo)H, 9] Carriere
sht9] Slot& 2FA| gt

- [E# 2 3A] Burn-in 93E F3l
Moz TAHY RPALso] ASTEE= A 9
3y e B ZGo) T stute] B 2} -O/]OH ‘DISCRETE(0.2, 1, 0.5, 2, 0.8, 3, 0.9, 4,
1.0, 5 709 Lot7} Y4315 ™, Lot B Carrier 2] #2Z & Burn-in 4319 7499} TL3ich B 24 9
Y M= Aol whet xkel 7} vk &, vHE AIRE 9 o f-9l= ]7}‘:}17} AR olH % e
Hdsty] 9@l Low, Mid, High W& &S ZolFEEE ZASt 77t High~POISSON(11),
Mid~POISSON(8), Low~POISSON(6) #< Ab&3te] B4 ol EES DA A F T

- [97 2 AA] A3 22 2 A vE2A sy XPO*% grstr] ffsiA ¥ Bayee <2
sjordttt. o= AAsoF & WA Lot7k o1¥ Bayell &4t= o] 17] W&ot shute] 2kl = 7)€
Lot7} 3}Z = ojok =%+ ‘DISCRETE(0.2, 1, 0.5, 2, 0.8, 3, 0.9, 4, 1.0, ) EXE WEH. Lot
Carrier 5] #2% Burn-in 9129] 499 Tttt 97 2 =3 Ba 4¢3 vpriA =2 ape
b AF = Al AbolE w5yl €138l Low, Mid, High 15 &S ZoldRx2 FAsta 7+
7} High~POISSON(7), Mid~POISSON(5), Low~POISSON(4) #& Al&3te] HA =Y oWES LAY A
7tk

ZOSL

J

[m

ot o] <Figure 11> Arenas ©]-&s] EAFTZ ] 74A 712 Al
Qbe] Zkzt A 84 Alue]2)E YERAT <Figure 11> &AIE Hio} 22
ko] FAAEE 2o, At 29] R = Bay €3 24
HE F7F A A

2 (as-is AlvtEl 29} Al 71A &E
o] s A<t 19 o= ¥ 2
S Ags3a, AL 3o ME =

e
7)o
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(a) as-is model (b) reduced search time model (suggestion 1)
ASEIGH_LOGIC HODEI.INC! :
[ _ !’;: " % [
= I ¥ = = . i
ose_o# B e " e
'J ] pLpoed § " mmr
B g | —_— E
# T
(c) bay assignment model (suggestion 2) (d) increased bay model (suggestion 3)

Figure 11. Basic simulation models: as-is model and the three model for the suggestions

5. 4% A% 9 Hg-wel R

A AYgles F 24712 FAEUTE Do nothing &, as-is®} Al ‘33, =] EAH s|A<t
(Suggestions)’ ol A AAH AL Al 7HA] sjAte =23 F Je du 7HA AFE FAE oAH A B¢
o] 7} "bEoiXtt. A4zl thsto] Al 7HAl AT EE 7St HFH o2 E T 247HA(8x3) AUl s A
gttt A& 9| Replication 3= Z2be] Alutg] 2ol thall 2084 zlsto] Fdghe AT A&
o] AT 3Y(72A1Zh ot ARt 271 23 &= AUl & 7} Bay9] Utilizationo] YA HJHZ 7
S7174A] 24N 3F A =9 Warm up periodE 7ol Al&# o] AIRES 96AIEC. &2 &F3l o H, U A= 24]3T
°] warm up periodE A-&3t] 74A1%F Al A T AT AHZEE <Table 1~3>°) A AR TE 24249
Table Traffice] ol W&} Low, Mid, High®] #F2o& 2|33 th

Table 1. Operators work time accumulated with low traffic (unit: seconds)

Low As - Is 1 2 3 1+2 1+3 2+3 1+2+3
Total 192,783 | 176,287 | 198,605 | 191,678 | 166,067 | 160,441 | 194,295 | 167,207
Traveling | 16,526 25,345 | 19,827 | 17,995 | 19,930 | 17,832 | 21,788 | 20,574
Waiting 19,852 16,905 | 21,744 | 16,623 | 15,112 | 11,735 | 16,119 | 14,951
Move Rack| 20,113 20,549 | 19,637 | 19,658 | 19,590 | 19,668 | 18,927 | 18,572
Others 136,292 | 113,489 | 137,398 | 137,402 | 111,425 | 111,206 | 137,461 | 112,930

Table 2. Operators work time accumulated with medium traffic (unit: seconds)

Mid As - Is 1 2 3 1+2 1+3 2+3 1+2+3
Total 272,986 | 223,759 | 272,625 | 268,503 | 234,437 | 221,004 | 278,131 | 228,804
Traveling | 22,843 22,380 | 27,212 | 24,726 | 27919 | 24,464 | 31,327 | 29,734
Waiting 37,960 25,047 | 34,690 | 30,660 | 27,625 | 21,668 | 29,283 | 22,212
Move Rack| 28,131 27,954 | 26,682 | 27,146 | 27,144 | 26,676 | 26,726 | 25,788
Others 184,053 | 148,378 | 184,042 | 185,972 | 151,748 | 148,197 | 190,796 | 151,070
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Table 3. Operators work time accumulated with high traffic (unit: seconds)

High As - Is 1 2 3 1+2 1+3 2+3 1+2+3
Total 361,089 | 300,036 | 354,426 | 349,522 | 296,494 | 290,068 | 341,529 | 287,629
Traveling | 28,631 28,656 | 35162 | 31,670 | 35135 | 31,282 | 29,734 | 37,717
Waiting 67,553 49,562 | 54,305 | 52,177 | 40,255 | 38,143 | 22,212 | 32,028
Move Rack| 35,405 35,366 | 34,244 | 34,554 | 34,290 | 34,254 | 25,788 | 32,325
Others 229,501 | 186,451 | 230,715 | 231,131 | 186,815 | 186,390 | 151,070 | 185,559
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