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Robust berth scheduling with GMM-based buffer time

Sung Hun Woo?, Hyun Ji Park?, Sungwoo Jun®, Armi Kim?, Sung Won Cho?"
'Data Science Team, Hyundai Mobis

*Maritime Safety and Environmental Research Division, Korea Research Institute of Ships and Ocean

Engineering
’School of Industrial and Management Engineering, Korea University

*Department of Transportation and Logistics Engineering, Hanyang University

With global changes as the spread of COVID-19, resource management of container terminals has
become more difficult. For this reason, terminal managers have to come up with robust schedules to
manage vessels, and many research have conducted to provide robust berth schedule from
disruptions such as vessel delays. In this paper, a two-phase mathematical model is proposed to
generate a robust berth schedule with GMM(gaussian mixture model)-based buffer time. In phase 1,
tardiness cost is minimized and the best berthing position is determined. In phase 2, the schedule is
rescheduled to minimize the deviation from the baseline schedule obtained by phase 1. At the same
time, in order to assign optimal buffer time to each vessel, historical data is analyzed and applied
to the proposed model by utilizing machine learning techniques. The proposed method, compared to
conventional methods, showed improvement in reducing the total cost incurred for a terminal when

encountered with disruptions.
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T COVID-19 &7138} Atel e} vlF F9HA4 9 Y &4 52 AdEo] =2 AAS} F3A
of FAEL Yd3WA AMEIUAA FA FEY HH(ESE, A 2A1F F)o & Wzl BT F
=9 =25FY FF2E 8 dF tiTe] HASIE AL, WY +F T8 5 gEA A AAFS
E5% 35 v A=z FFL BEste] &F5wo] urEHAT. =3 ER/F @49 COVID-19 &
A dbg oz Qg 2 A A % 3E 5 AAE= I A A4S o] FEH FFAE] B
Fel A5 2] guk AdEoly Hulde g B AE &4 oR Q] galE 4 Fukel glen
o2 gt &P &AL A AZE| K o] tiHlEte E|REE 7|E A FE dAE F53I EHA|
9E 58H 0= #Yshr] 9 &4 tHHo] desith 53 Hulde AYP&HFS AAsE 84 F sty
AN AEE Bo AsHoE FHee Zlo] Fasith

(quay crane assignment problem; QCAP)E &l dfof sttt A4 &9 FA|= Figure 13 2o] Al
Ho| Zdol2 e 239 ¥ H(time-space diagram) 9ol Aure] FHt Azt HLIAE AASH= A
HKim and Park, 2004). =3, ¥ 3 H Q] &3 TAI= Figure 29 o] Zb Aduto] &dd bu a7 <19
Mg ARt Aotk Aghd Al dsts Wil wet Auke] ZdAzte] 2457 W&
Hud e F 7HA £AE sAlOl sty A4 Ade FHIT

Handling Time  gap”
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Figure 1. Time-space diagram Figure 2. An example of QCAP

A AR S FYFol QoiA A Aol o] A7k B FZA 1AL Had sl S FTIE S 2ol
ZASAW o 7bx BHAG LASE At ofeg e A& o] Motk o HuEAMY H

8 e 7 d el od Mduto] o =2 A It (estimated time of arrival; ETA) Bt} A £32hste]
Asts HEe 7|E9 A4 Ao E0AA He EAE A=Y ole Holl olojA= A AF e
E YFE /A AAHo 2 Hujdo F E4S 2T 5 ot oo A4 A FH A 45 NS =Y
sto] Meto] A RT Zrjgts 27| AlgE o= HE A F A& ZFd g (robust) A AF& FH3=
W Eo] ST 27 A4 Ags £HE w Aukat duk Abo]of] k% AbE Foste Ald &%
ArE FAsith By 27] Agdo A dAste 303 &4 B o] 2egste HEo IE E3E
&A= 54AE vlaste gl HLslste Ae HAEE ke Aot

5 AT Tk 713 A o3 RoE 7 e AAEEA g 945 A 2388 A4 A
o] FAE& "ol & Qth d & 5o ¢F NS AUXA ZA AAH BH8g FFATEe] HAS
ng2 AA Algel deol Astdt. iU E &% AE YT A AASH EGHFo=E g HEdd F
23] thnl7t A Xt A AFE AFdsta BFske o vl&o] dAadT £ 4F AEE EE
Aute] FUA FAstA FAld T2t Aol g A HEEALAS YT + J3 AEE A5
Hog Hosty 1 7|E BEEe} A= wet A4 A g Aol #5E F Aok oAH 4T Al
be A8k W ol HAA A AFe FAo] AAHEY] ol F&ol st HAEg 45 AE 4
Aol AL vl$ F838Ith ol & 98] B AFAE At A tig ZA dHolHE A5t HAlY
Y 7IHE o] 83t A&Hola FElHQ &5 ANE EET F, olE EUE ESAS A Hdo= <l



@ o) ERHon tlgal AT A4 AL Fels AL Tue By

B R 7L e 2tk S4 A 23 s A4 AYH 43 Az BE 7120 ATE 2D
o Al 3gelAE $F AZEe EUS FURDS AP A 4ol E BEH $F S Y7
g WHES ANBT A 5HAAE ALT FeEAL o g3te A4 AYS FHST] AT Felxy
daEES ARP A 6FANE FALPL T FUxY FnAF 45 ST, o8 ol 3
o 4% Aw% S% A AYS ol 4ol ABdeld AP e Fahed J1Ee] M4 AL vlas)
Boh mhA RO A 7ReAdE AT AR 8 AMEE AN

2. APAF

HAA A A EAE A4S o]t (discrete) A4 3 (continuous) 2.2 FE3F] AT A th(Lai and
Shih, 1992; Imai et al., 1997; Kim and Moon, 2003). 2 &2 Eln|'d9] & oo} e} A7} Tl ol
w2 Huld 94 AV 05 BRI WA ol& 1Esr] 918 vgdd 7Hy, 2h, 24 2 EA4 2 v

HEo] 543 A th(Bierwirth and Meisel, 2010). A4 & A7} Eds| W o e A4 A g Hs
71 Y& gheFsk Fel2g Wy Eo] 853 Q) o H(Bierwirth and Meisel, 2015) B2 AFE0°] &1%X]

QF 2k3}H (lagrangian relaxation procedure), E 8] A]X] A X}(tree search procedure), % ¢ 118]F(genetic
algorithm; GA), W A X] & i1g]F(beam search algorithm), YAk 3 4 3 (particle swarm optimization)
TY FY2EHS ol8ste] 3 e A&HS FoluA ¥ tH(Imai et al, 2001; Guan and Cheung,
2004; Imai et al., 2007; Wang and Lim, 2007; Ting et al., 2014).

=] @ A= Hulde] A} e HEH Ao A4 AY sy A AN g ZA &
Al ol st Aol A4 g EAo EREE A FsAT= et ol & Ay #5ho
Guan et al.(2002)= A4 A< 7|A(AA)ol L F7o] Z2A A (A2 ])EC] A8 A (A
S AHEstr] A3l ZEAAE Edete te ZEA 2 A 2AE % (multiprocessor task scheduling)
A2 Tt olE2 24 k] Z o] Adukel Ao WlEdtar 7P skar Aduke] g Ate A
dho| e el o Al FAPAeZ HHSIY T At E Az 7)o e 7MFA|
£ Fosta O F9e Hagse AE FHASE S o2 AutEe VAl Bl LEAELE
S| 2] & (greedy algorithm)ol whe} b T Q1S T3t ATH A4 &

I IRl g A nHste R ESE At FAAAIS Adutel] diE A1 AFE
= % A FE AT Park and Kim(2002)2 294 722 A4 Ag 4+

2dS AL A WA ‘:"74] ANMe S1ZAL A3 E o] &eto] ALY AH AYS sFHIAL o
duke] ZAAAIEES Adurel & I 1] Aol wknjE @ o HA s AT 7 HA dAdAAE F
Z 7 & ¥ (dynamic programmmg)° o] &3t AU He HEE HAF AT Meisel and
Bierwirth(2009)= SWO(squeaky wheel optimization) ¥ 2] 2=8-& ALt A ot o =22 AHE A
gy Adut gREdA 27 e A H2EE =T olF SWO fFEl2E dapel A A AR}
(local refinement procedure)E ®HE3td 7 H & &SI AU Frel2=g HXK(insert heuristic
procedure)oll oJ3} M-S0 HE AR B HEAAE AR Fel2=gol o5 hA wjx" MukEo] Y
B A AdS FHes AL WA fste] AGBALA A wheh 4 AdukEe] kAl
A& AA3 Fuljsts AAE QS A T Iris et al.(2017)2 Meisel and Bierwirth(2009)¢] 384 =g
of st kI TG T23YS 7)A5k= ALNS(adaptive large neighborhood search) F2] ~¥
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ot W HA 7hsAdS 18t oF 3tk Moorthy and Teo(2007)& stochasticdt & A =3 %7]
AF2AE F YR di7] Ate] tis B2 & 2239 H7F 9 HE UH (project evaluation and review
technique; PERT)< ©]-&38to] F438th ol&2 th7] A< 7t #E(normal distribution)2 7}78 3} a1
PERTS] =B E]ZA 3| 2x(critical path)E °©]-&3t= 2 longest distribution)& &4FS.&E 7}
A3te] BAP A1 & F°]3t3A T Zhou and Kang(2008) ©]4H M4 Rdlo A Mube] E2FA|7E 2F A
k& & vl7l W S (stochastic parameter) 2 7HA ek =g Auko] A9 o AZEAIFS Este] Al
dhmbet 2k} AZE 7R gi71d = e Hd 518 ti7] AEe AEEith ol Hudd Auet=
oz 49 kel A4 ti7] At F¢
S H43 e 2dS Astay f3 gaglFo g dA3A T Zeng et al.2011)= WHE A Al Al
A4 @9 Ade EFA7IE EAE T ol 27 AH AY # ¢
= W&ol &3] fske] kAl 2
local rescheduling)¥} E} 4] X|(tabu search)& ©]-&3}ef 44
Atk 4 23S S ©E I Al AGE WRied wel Aol A4 A
< Hla AASAT
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et al.(2013)& <t =N Al AT HolHY £27F Ay £E Z&  (poisson
distribution) & W&TH= 7HY kol o|4hd BAPel thshe] 5t mdllg Aostal ol Fd dadgE
Z2~E 3 E A& o] A (post-pareto simulation)< ©]-83te] Fo]dtth Ursavas and Zhu(2016)- A4t
o =N kAR ZYAIZte] FobE FEXE wEw DBAPOl Wt &2 w2 AW
(stochastic dynamic programming approach)S 2 &3] 2 o] AA& =23} th. Shang et al.(2016)2
A1 Aol FLI Fxeh= 7HA shell kA le] Al AR kA Qle] Ao o
g BESAAES 1t A4 9 kIl A &3 EA(berth allocation and crane assignment

problem; BACAP)E Z°|3}%th.
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z7] AA Aol Add 2F vkl AHAAE HH 9 HMAA =R e EP% ZﬂﬁIOML
E1 155 _‘Cf___ .

31 194 : 7] A4 AF FHE A% &3 AL 7]dke] BACAP 24

1) Notation

4 dlolg
N Aersts AA Auk g4
T A8 713te] Aol
L e & Aol
Q d YA & A
Y Auk ol B4 Aol R w Al M5 JHE N, = {0
g Ak ol Fajor e AZFR b IE A Ha A)F
s Al o S bk AZER ekl el Ao A
ETA, Ak o] o =FAzE
ETD, Ak o] s|EFAIZE
L, Xt je] Ao
Ak o] a7 HE ek IgAe] F g Aube] A Es oIyl 119 A
“ Lhro] 99 o g AsE,
0, Ak o] 9hE Az
gap” 24 A Hagoz a7HE Avk ko] AA 714
gap” A4 A HAagos Q7HE Aw ko] BEF 114
G Mt o] Hekxdo] W wdE n&
Gy, Ak o] Ao B HdE H&
M ZH3) 2 %o A5
A4 W
b; Ak o] HekAZE
d; Ank o] AT
x; Ak o] HAH A Aeke] StRRIL YA AA IAE FEoE Fth



o A o] FgAIRRe] AN jof HEAZET o 2] 1, A %O 0
2 A o] HebeIH Ferol Ak jo AN SHenTh ofgfol| 1, IEA o 0
Gin Ak o] A ¢ de) BPF =] A0S LOR 1, ofUR

2) Mathematical model

N

Minimize ) [Ci(b; — E TA,)+ Cy(d; — ETD,)" ] o))

i=1
Subject to
b; = ETA,;, fori=1, -, N 2
x, < L—1;, fori=1, -, N 3)
by = d;+0,+ gap” + M(z5,— 1), fori,j=1, =, N,i#j o))
z; = a1+ gap’ + M(zl— 1), fori, j=1, -, Nyi # j 5)
zit 2yt a2 =1, ford, j= SN FE G ®)
Yy, =1, fori=1, -, Njt=1, -, T %
n,E N,
b < tXgqy,, fori=1, =, N,t=1, -, T,n,EN, ®)
dy = tXqy, +1, fori=1, -, N;t=1, -, T— 1, €N, ©)

T

di—bizz qum, fori=1, ---, N 10)

t=1n,E N,
T
M n; X ¢qy, = a; fori=1, -, N an
t=1n,E N, '
N
D n Xqy, < @, fort=1, -, T 12)
i=1n,E N, '
b, >0,d;, =0,z, =0 13
2 20 q, €10, 1} (14)

E22 (1) (¢, — ETD,) & A¥ i9] sFEIAZ Bk
o, & Aute] JAAAR 2FAAE HLsske AL Ardnt Ak (2 AR tske
EZAZE o3l AYHS ovlstH, Al (3)2 HLHAA il S =
o Aok (4)= Adubel A, Aok (5)= Aute] F3de] FEol Al sk Alckzdoly Aok

Lo

L
)
e



b4 )= 2+ Aurd g
e

4 Al ) T NS RS Aok (7)2 BRE AA
ke Q1] Alut o Q%QE% 351, A4 (8)-(10) %
2y IZ13

durel stz A FU¢ e e
Z

AT Ak (11)& Aut o] QFEE Al 5T BEaA B, xﬂlwl (12= =2 A%
of IRl & ANE 2HEA @A Bk mpATto R, Aok (13)(14)E 47t AR WFE N A
S #8301 fRow Hojun

32294 . HE LA A A4 AY Ay 2D

1) Notation

49 dHolH
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Figure 3. Conceptual diagram of the rolling-horizon approach
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Figure 5. Preprocessed data for each previous port of call
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Table 2. Estimated GMM parameters for each previous port of call

Number Port of Call k pi mu sigma
1 0.175138 0.611418 0.016968
1 ULSAN 2 0.646607 0 0.000001
3 0.178254 0.238452 0.006848
1 0.650536 0.00138 0.00018
2 0.091504 0.767651 0.008726
2 HAKATA
3 0.198308 0.323617 0.017897
4 0.059652 1.069911 0.006956
1 0.602032 0.002231 0.00019
2 0.136236 0.71687 0.005784
3 GWANGYANG
3 0.219783 0.367212 0.018157
4 0.04195 1.176268 0.011491
1 0.615457 0.033548 0.0045
2 0.085532 0.899934 0.028554
4 NAGOYA
3 0.166398 0.551467 0.010551
4 0.132613 0.333123 0.000297
1 0.776695 0 0.000001
5 SHANGHAI 2 0.0485 0.666667 0.000001
3 0.174805 0.375064 0.011789
1 0.11175 0.43238 0.006553
2 0.701031 0 0.000001
6 TIANJIN
3 0.11506 0.826988 0.018546
4 0.072159 0.166667 0.000001
1 0.636364 0.017857 0.002658
2 0.10221 0.5 0.000001
7 QINGDAO
3 0.159154 0.714201 0.006677
4 0.102273 0.333333 0.000001
1 0.689653 0 0.000001
2 0.112206 0.299414 0.007957
8 SAKAIMINATO
3 0.114539 0.166667 0.000001
4 0.083602 0.515532 0.004368
1 0.082337 0.5 0.000001
2 0.788229 0 0.000001
9 HONG KONG
3 0.047038 0.64586 0.001302
4 0.082397 0.262014 0.006844
1 0.670581 0.002923 0.000236
2 0.177041 0.478368 0.004245
10 TOKUYAMA
3 0.094118 0.166667 0.000001
4 0.05826 0.666651 0.000002
1 0.060961 0.5 0.000001
2 0.79268 0 0.000001
11 KOBE
3 0.109774 0.268542 0.005839
4 0.036585 0.666667 0.000001
12 XIAMEN 1 0.752995 0.01091 0.0017
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2 0.130274 0.576047 0.008221
3 0.042691 0.821363 0.000856
4 0.074041 0.333333 0.000001
1 0.628154 0 0.000001
2 0.066791 1.004524 0.050078
13 NINGBO
3 0.191844 0.527625 0.01404
4 0.113212 0.183621 0.004281
1 0.252004 0.212704 0.008195
2 0.114266 0.557912 0.007994
14 SAKATA
3 0.577227 0 0.000001
4 0.056503 0.914313 0.007644
1 0.227611 0.478258 0.0108
2 0.606061 0 0.000001
15 [YOMISHIMA
3 0.060292 0.937955 0.004774
4 0.106036 0.166667 0.000001
1 0.742424 0.013605 0.002083
2 0.061463 0.871866 0.005793
16 INCHEON
3 0.090905 0.333333 0.000001
4 0.105208 0.570777 0.004833
1 0.55995 0.028094 0.003724
2 0.156815 1.153578 0.022594
17 SATSUMASENDAI
3 0.169776 0.664208 0.024146
4 0.113459 0.323018 0.000754
1 0.807692 0 0.000001
2 0.057692 0.5 0.000001
18 NIGATA
3 0.057692 0.666667 0.000001
4 0.076923 0.1875 0.001303
1 0.770833 0 0.000001
2 0.090414 0.383751 0.006133
19 MANILA
3 0.020833 0.833333 0.000001
4 0.11792 0.191617 0.001485
1 0.829787 0.004274 0.000695
2 0.085106 0.5 0.000001
20 WEIFANG
3 0.06383 0.333333 0.000001
4 0.021277 0.666667 0.000001
1 0.723486 0.000009 0.000002
2 0.064748 0.552221 0.00685
21 SHIMIZU
3 0.084149 0.249349 0.010465
4 0.127617 0.166667 0.000001
1 0.383001 0.350899 0.014635
2 0.065313 1.218107 0.007273
22 GUNSAN
3 0.356165 0.004227 0.000688
4 0.195521 0.908639 0.007305
1 0.727272 0 0.000001
23 JAKARTA
2 0.0809 0.460981 0.001993
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3 0.123647 0.295769 0.005774
4 0.068181 0.694444 0.001544
1 0.904761 0 0.000001
24 ZHANGIJIAGANG 2 0.02381 0.583333 0.000001
3 0.07143 0.249996 0.004632
1 0.589743 0 0.000001
2 0.209185 0.721405 0.017155
25 AKITA
3 0.102209 0.271007 0.004888
4 0.098863 0.527625 0.001681
1 0.756754 0 0.000001
2 0.140966 0.507481 0.008196
26 ISHIKARI
3 0.027027 1.166667 0.000001
4 0.075252 0.246534 0.005108
1 0.864865 0.002604 0.000211
2 0.054054 0.333333 0.000001
27 PYEONGTAEK
3 0.027027 0.166667 0.000001
4 0.054054 0.5 0.000001
1 0.810811 0 0.000001
2 0.108109 0.604165 0.004776
28 TOMAKOMAI
3 0.054053 0.333333 0.000001
4 0.027027 0.166667 0.000001
1 0.694355 5.56E-308 0.000001
2 0.055474 5.00E-01 0.000001
29 MOII
3 0.055556 9.17E-01 0.006945
4 0.194616 2.62E-01 0.008836
1 0.055556 0.333333 0.000001
2 0.805556 0.011494 0.001785
30 MIZUSHIMA
3 0.055556 0.666667 0.000001
4 0.083333 0.5 0.000001
1 0.612904 0.035088 0.004618
2 0.064157 0.458066 0.001741
31 MATSUYAMA
3 0.161667 0.76604 0.00682
4 0.161272 0.333333 0.000001
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Table 3. Buffer time(f;) for each previous port of call

Number Port of Call 0,
1 ULSAN 1.76411
2 HAKATA 2.62702
3 GWANGYANG 2.83027
4 NAGOYA 2.53853
5 SHANGHAI 1.51342
6 TIANJIN 1.54645
7 QINGDAO 2.52417
8 SAKAIMINATO 1.08152
9 HONG KONG 0.81191
10 TOKUYAMA 0.84125
11 KOBE 1.19988
12 XIAMEN 1.64175
13 NINGBO 1.94486
14 SAKATA 1.4286
15 IYOMISHIMA 1.65076
16 INCHEON 2.1445
17 SATSUMASENDAI 1.72325
18 NIGATA 0.05712
19 MANILA 1.06052
20 WEIFANG 0.01754
21 SHIMIZU 1.45242
22 GUNSAN 3.14353
23 JAKARTA 2.28178
24 ZHANGIJIAGANG 0.53634
25 AKITA 1.50451
26 ISHIKARI 1.74959
27 PYEONGTAEK 0.10139
28 TOMAKOMAI 0.45229
29 MOIJI 1.56952
30 MIZUSHIMA 1.00023
31 MATSUYAMA 2.53675

e
023
2
2

Ir

= Al bt W E(strategy 3)°] AA EH|E S 2&E w) A5 B4 95t &5
ArE E48kA 2 79 (strategy 1)9F &35 AMES AFEEE WHETE A 9 (strategy 2)9F Bl ST
30708 AA wlolElel thall M2k 1, 2, 35 HlastR L, 19A ¢ 2841 & H 8ol tgk A= Table 3004
N

B Aol A AR PP el TE Aol HFte] ARHOE WSS AAFHE AL FAY 5 Atk A

ol

_’|7_



2F 29} 39| 9 A= 10 Wlste] &5 AIRE Aol wmE 19A2] Hl-&o] A TASAT, A A Aol

LR Aol A 22 A o] Hlgo] A TAELY] wfEel F HlEo] EdEe Ae AT F Uk =7 A

22 A 30l wis) A& &F Ak HESHA ok A 18T 2 vl o] BAsE 95 Utk

Wb GMM 71REe] k5 AZES AR Z 7|Hke] &5 ARG o] 833 olnt

Table 4. Experimental results of 3 strategies
, strategy 1 strategy 2 strategy 3 Improvement
nstanc - = =
197 | 294 [ & 8l8(z)) 194 | 29A F HI8(z,) 19A | 294 [T ¥I8(2;) (2, —2))/2 | (20— 25) /2

1 9750 | 13900 | 23650 | 11250 | 9400 | 20650 | 12250 | 7900 | 20150 14.80% 2.42%
2 | 13000 | 11700 | 24700 | 14250 | 9900 | 24150 | 16500 & 6900 | 23400 5.26% 3.11%
3 | 11250 | 16100 | 27350 | 12500 | 14800 | 27300 | 13750 | 13500 | 27250 0.37% 0.18%
4 5750 | 7300 | 13050 | 6250 | 6900 | 13150 | 6250 | 6500 | 12750 2.30% 3.04%
5 8500 | 13000 | 21500 | 8500 | 13000 | 21500 | 9750 | 10900 | 20650 3.95% 3.95%
6 2750 | 5800 8550 2750 | 5500 8250 2750 | 5500 8250 3.51% 0.00%
7 9000 | 8400 | 17400 | 9500 | 7500 | 17000 | 10500 | 6400 | 16900 2.87% 0.59%
8 9750 | 11700 | 21450 | 11250 | 9300 | 20550 | 11250 | 8300 | 19550 8.86% 4.87%
9 9750 | 11100 | 20850 | 9750 | 9700 | 19450 | 10000 | 9300 | 19300 7.43% 0.77%
10 | 15500 | 11400 | 26900 | 16750 | 10500 | 27250 | 19000 | 7500 | 26500 1.49% 2.75%
11 | 13000 | 11400 | 24400 | 13000 | 11400 | 24400 | 16500 | 7500 | 24000 1.64% 1.64%
12 | 6250 | 18400 | 24650 | 7000 | 17600 | 24600 | 7750 | 16700 | 24450 0.81% 0.61%
13 | 9750 | 11100 | 20850 | 10250 | 9300 | 19550 | 11500 | 8000 | 19500 6.47% 0.26%
14 | 12250 | 16900 | 29150 | 13500 | 15500 | 29000 | 15250 | 13700 | 28950 0.69% 0.17%
15 | 12250 | 17500 | 29750 | 13500 | 16100 | 29600 | 15250 | 14300 | 29550 0.67% 0.17%
16 | 13000 | 11400 | 24400 | 16750 | 8700 | 25450 | 16500 | 7500 | 24000 1.64% 5.70%
17 | 9250 | 10200 | 19450 | 10000 | 9400 | 19400 | 10500 | 8900 | 19400 0.26% 0.00%
18 | 7750 | 10200 | 17950 | 10000 | 9600 | 19600 | 8250 | 9100 | 17350 3.34% 11.48%
19 | 7750 | 18200 | 25950 | 8250 | 15900 | 24150 | 9250 | 14500 | 23750 8.48% 1.66%
20 | 14000 | 15500 | 29500 | 14750 | 14000 | 28750 | 15750 | 13000 | 28750 2.54% 0.00%
21 | 3000 | 4200 7200 3750 | 3900 7650 1500 | 2600 | 4100 43.06% | 46.41%
22 | 5000 | 3300 8300 6000 | 2400 8400 5750 | 2400 8150 1.81% 2.98%
23 | 14750 | 9600 | 24350 | 14750 | 7900 | 22650 | 13250 | 8000 | 21250 12.73% 6.18%
24 | 4250 | 15500 | 19750 | 3000 | 14100 | 17100 | 3250 | 10600 | 13850 | 29.87% | 19.01%
25 | 22250 | 18400 | 40650 | 23250 | 16400 | 39650 | 26500 | 13000 | 39500 2.83% 0.38%
26 | 13000 | 14100 | 27100 | 13000 | 14100 | 27100 | 13000 | 13800 | 26800 1.11% 1.11%
27 750 | 4500 5250 1250 | 2700 3950 1250 | 2700 3950 24.76% 0.00%
28 | 4250 | 14200 | 18450 | 6000 | 12000 | 18000 | 6750 | 11200 | 17950 2.71% 0.28%
29 | 10750 | 11700 | 22450 | 11750 | 11200 | 22950 | 12250 | 8500 | 20750 7.57% 9.59%
30 | 6000 | 4900 | 10900 | 6500 | 4200 | 10700 | 6500 | 4200 | 10700 1.83% 0.00%
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Coral Reef Optimization YHE H &

Applicability of Coral Reef Optimization

to Unequal area facility layout problem

Dongjin Jeong, Junjae Chae

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

Unequal area facility layout problem is an optimization problem that we place given departments on
given floor space to minimize total material handling movement or maximize its efficiency. We
study to find its applicability of Coral Reef Optimization to unequal area facility layout problem.
Coral reef optimization is relatively new and there are not many researches applying this method to
layout design. Specifically, a slicing tree structure is used to place rectangular shape blocks which
represent functional departments in manufacturing system and the coral reef optimization is
improving its fitness which is represented by total material movement based on the given
configuration. The instances from previous literature are used to experiment and the results were
compared to optimal solutions. To see the applicability, we only take small problems less than 20
blocks and result shows that the coral reef optimization properly work with unequal area facility

layout problem.

Keywoards: Unequal area facility layout problem, Coral reef optimization, Facility design,

Meta-heuristic, Optimization
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2
Ao
%

ALY Hl&

AZEF

Al A8 2] = A (FLP: Facility Layout Problem)v A|¢F 215 W3l HA 1 &3
o] 438t HEFE AAEE wiAet= EAlolth Tompkins et al.(2010)2 F2 WA=

= 20% ~ 50%7bA &4 ¢ ATl ok o] e o] F 2 FLPE AZEYolM =F ¥ =0°17] Al AL
#Haflofd ¢ F 83 A o] th(Kouvelis et al., 1992). FLP2] A &&= o 2717} Q) , 1 FollA S
7t OE EAE BEdeS WA AA wlx] EA(UA-FLP : Unequal Area Facility Layout Problem)©] T}
(Drira et al., 2007; Hosseini-Nasab et al., 2018; Anjos and Vieira, 2017). o]= Y¥FA <1 Wi X2 A FA) ol
wol 585 el AA HAAET FAEHA AHEE & e A4 ¥ olth. UA-FLP & Armour
and Buffa(1963)ll ol A& &M= A=, AA AALE F3te Folx ALY 2] AAHE viA] st
= A, ojnf HxE= AA EFolEAHY & HAsT Fo AdxdoZE AA, ANEE T F&

E
o}r o

= o mlm
= g fo

(Z& Aol 8HA Fon 8, Foizl FIF el BE AlAHo] x| Fojokgrt. YukA o F UA-FLP
o] ZE= WAI7}F o] Fol A F ARl M & = FolEn 8o FHA3 o]t (Gonsalves and Resende,
2015)

Hol &7l ¥ A=l Komarudin and Wong(2010)> 28 &2 A
HE 47033 Meller et al.(1998)2 Branch and Bound ¥38]&
< 53 ved agzE FAE A3 0 Montreuil(1991) 3 Konak et al.(2006) & &3 A4 A<

UA-FLPl #8313, Meller et al.(1998)2 Montreuil2] W+ & —’Fxé 0]'04 ity 2 R FAE A
Sherali et al.(2003)3} Castillo et al.(2005) E&ZFA WA FF2QA EF2 WA 3 HIFs=

Tl LR/RE AT F A= WHe AGAS

Saraswat et al.(2015)¢} Purnomo and Wiwoho(2016)= H3X & 243t7] 913l Sherali et al.(2003)¢] ®
H& AH8-3 ) Chae and Regan(2016) Hdl 137] 5o tist HHuXE =T oL 7I2AH 27}
EF A AT 282 2 AES SAl . dibE e 28 W2 we & Ak
oA A EZA WHEG ol Foh oAl FelxzE 9l wE FeEl2E HIZWH] o] AIE siAsk:
A AHLEE olfTh Tam(1992)2 HAe| sZ2H™e 7] 3] LOGIC olgtx E#E Simulated
Annealing A< &7tk 11 $9l] Scholz et al.(2009) ¥ Kulturel-Konak(2012)<> Tabu Search& A<}t
Aot o ATFAES 3 €8 F(GA : Genetic Algorithm)< et} o] W22 Tate and
Smith(1995)= A& 7Fe& aivr 7] 98] sjdy 45 25t GAE AdAH(H= = gho]l F2 3f
o] 7§ AFxAE 3R] E3r)). Azadivar and Wang(2000) & Slicing Tree Structure(STS)E AH&-3h
GAE %3 UA-FLPE 3|23 th. Wu and Appleton(2002) ¥ Gomez et al.(2003)> Al o] s x]d &3t W
57 € 183l FAE AT} Enea et al.(2005)= 53] 7= M Z H] & (Aspect ratio, «) Al F=7
< 3ty UA-FLPl GAE A&t 3 Aiello et al.(2006)= UA-FLPE ©F7] 913 GA<%} Electre
dE)lFe =S AHEdoH, Liu and Meller(2007)E = A AgY GAE 2 HHE 1l
. 2ol & Palomo-Romero et al.(2017)7} o} WBE Bl 7|23 GAE AHE3] T3S F4AA H
T2 s HEAT I foxE TRt vEFE 2gol] AHREHASHE, Jiv 73 #2438t (Komarudin and
Wong, 2010; Wong and Komarudin, 2010; Kulturl-Konak, 2011; Liu and Liu, 2019), I¥ ©< A A
(Ulutas and Kulturl-Konak, 2012), Biased random-key GA (Gonsalves and Resende, 2015) So] 1 A

HU
i)
Nl
i
ic)
W
i)
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Fed
o},

HAollA Jdgd daegF o2 UAFLPY & Uetd W 25 F 7IA 9 &3 5 shv2 yetdth I3
< STS9} Flexible Bay Structure(FBS)Th. <Figure 1> STSo| A& &F3Xte Ef&sHA Ues F o

and Chae, 2017; Komarudin and Wong, 2010; Scholz et al., 2009; Shayan and Chittilapilly, 2004), FBS®]|

A= Bayetil EElv AAMAE F3rolw AJH S vl X ok (Kulturl-Konak and Konak, 2011). Coral Reef

Optimizations Ar8-3F 3] A7 (Garcia-Hernandezatal, 2019)= FBS W24 & AH&-gl&=H o]+ STS < vl

e W v GFFo] oA oA do] Atk wEka o] ATl A= Kang and Chae(2017)9] 7§

d STSE 2§l UA-FLPE s 23t

o #tA 2o 2, Kang and Chae(2017)+ Geem et al(2001)©] AIFg+ Harmony Search W' =i
UA-FLPE 143t 258 12 44 S 98 Shayan and Chittilappilly(2004)2] STS %3 <

12}
)
NS

-: of

(Kang

Bay

A
\ 4

Flexible Bay Structure Slicing Tree Structure

Figure 1. Flexible Bay Structure and Slicing Tree Structure

213 <l 45 % A 3HCRO : Coral Reef Optimization) ¥ (Salcedo-Sanz
et al., 2014)«1 284 goz APt CROE Aa oA BAst= A2, 24, 54 182
32 mHste 13y . CRO= %13} ¢i18]E 7 Simulated Annealing(Salcedo-Sanz et al.,
2014a)s =3 A FARE ¢agFo 2 F4l(Salcedo-Sanz et al., 2014d)(SalcedoSanz et al., 2014b), ©I|
4 7] (Salcedo-Sanz et al., 2016)(Salcedo-Sanz et al., 2014c), T+Z3F 3} (Salcedo-Sanz et al, 2017)
(Camacho-Gomez et al., 2018) 32 382 5 (Bermejo et al., 2018) (Yan et al., 2019)9} 22 ThFgt #of
oA AHEE T

FH < CRO+= TF3H(Medeiros, Xavier and Canuto, 2015), 15417 *#(Yang and Zhang, 2016), AlAE
-4} (Duran-Rosal et al.,, 2018) == A €9 &4 5 71 & 97F S At o213 A Sl A
CRO= 5% AB%5<& HoEH(Salcedo-Sanz, 2017). -8 A7+ T3 FokollA 1 23 EO]_T’_ A=
CROE UA-FLPo| A &3tz gt} ol Ae AAY Hr7iRoge HAs)7 42 42 429 EAES
dHI PHENRE A8 4 A-E sfdst=A Fdste= Aol dAF Q] Fxolth FBSw= A% Ba
FE ol A A& 7] “ﬂv:oﬂ AAA HANE 7]l A Atk STSE AHESHA H™ T Al kS
AAGORE Q8 B & & dFAHS 2 Hol HF FF 7HA 89 ol HAME 2717HA ¥
B A5 7 8 7H A4ds] ‘7‘54_“3]'7101] - o2 3o Htt ol AFE ’%-‘Tﬂi‘ﬂ FBSE ©|
43 UA-FLP= CROZE A &% ZHo|] A THGarcia-Hernandezetal, 2019), STSol| & &% - o}&7tA|
7] WiEol o] duElES T -47—‘15]] o] Ao AHAE F o] dugFY A5E %E‘—-_} T UE Ao
o},

r{r

&O
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2.1. UA-FLP

UA-FLPE 913 TR S T8 4 Ao A& Z2AHT 5 Aot UAFLPE ol HAZ4E F3td
ZAAE B AEE WX ske £AIE, ojuf ZF A HAA| gotokstm ZF A|H Y] FAHRE o &
3l T ERClIEAYUE HAslele As HFRE ot ojuf 4 A9 AV|E 474 bdEve= As AR
TAE sAsrI A 2 Al Hol9k TFE A 28] (Aspect ratio, )9 HUFE 283 Al Aol Eorte 1
o 718, AlZ& Foljxith. ZF Aldrtt 11 gho] gEd, 11 olf= AlAdrtt HF o] A ' T 27| wEo|th
ol Ao HAgrE 2 AHRE F ERClIEALY Hastoln AR ¥ i E e 2ok
oluf AlHe] FEj= 7IE, AR Aol7F I AalX]l Bl &(Aspect ratio)Fol A FAY F J3 o2 = H

Parameters and variables

n Al
L® FAX TR 25, yF Aol
l; EZi%aF: 2 yF Aol
b7, ub; E5ioaF Z& yF Aol kg, Fetat
fij E5i%j Aol B
& B20hj Aol 0% Ty 7Y
i i TR S22y
z LEZSVFES A& US4
#ii 0, LRkl o] 7 -
y LEZFiZFES jo obdel A= 45
i 0, LRkl o] 7 5
Minimize > E f i (dj; +d;) 6))
i jli=j)
Subject to a, = If X1, Vi @)
& =|e;—c|, vij Vs 3)
b <1} <ub,Vi,s 4)
Y
D) =1, Vi, j>i ()
s lf s lj s s .. . 6
c;+§£03—§+L‘(1—z;j) Vi,j#1 Vs ®)
2 - [ 2 9
25€40,1) Vi, j#i,s @®
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2#5R A EA ) ZAGSE (1) AY A% Bol & BRo|EA(ERED * A7)
she}. olw] (2)~(8)°) » ‘lh 1% wEaobshin, 55 9] ol REENEE ol 2t % o)
2 Uehin, 2 527 A 3)3 2ol HZAL el ()= 7 BEL Zolo| A 5
T ofuoln, (5)~ ()% AQWA S @ Aekzoln,

N e
> [0 B

22 THE A7)

2.2.1 Layout representation

TAE Fd3H7] 8l STSE AH&-3tth(Komarudin and Wong, 2010). STSE Fo %l &3+ 3,
dEHA Ud U I3t E5S A st ol o)y A& 34 3
gt} ZH2F Cut point, Cut code, Department sequence®|th. n7ll 9] £5-& vl X|3l= UA-FLP&

% (n2)7he] WEgko] Bea.

Department sequencew E&5E529] ¥ A& %3l £59 < n/l¢ HEE £ HET} Cut pointe
ol £AE wWet E5& AEdE KolH. EF AfolAtelE A2= ZABE F (n-1)7h¢] WE 7} Zasit
g E Eol Fo] T Fol Atk A RA Fol& wro g A=W 27| "t ThA] T3 FolE AEFTH
FiFo] gotAa 1 BEE FolE Fol EF5S ¥ Aolth watA nile FolE eV fAMAE (n-1)
H FolE %E]' F&TH Cut codets oj¥ WA o g A5 AJAE £t 7|Eod e A== Rl +33

o

E
A
ot
I
ol
flo
Y
N
N
X
A
o

Nl

a 4
HEHU

T= 9 ‘%}—1‘% Al ]-U]-(Kang and Chae, 2017) 4747 BAE AFESHE olfre 27FAIE = Slo A
o] "ojx7] “HE—O]E} <Figure 2>& 7} 3 S AAIE 3 A3 Aotk

Cut pointi= Cuto] FAE A& 9v|3tal Cut code= 0, 1, 2, 3 TAHE 79, 3, 9453, 9537
< Zotedl 3 A A2s AAE VLR 959 E5S ot H ]'3]'3’— #HZe] £52 9o w
A%t} <Figure 2>5 HH &5 13 2, 3, 4, 5 Atolol] Cuto] AFo= WAst=d 10 A= W42 5
BOyolth. 18AM 18 9= HHX]o}_TV_ 2,3, 4,58 3t HHXUM I Ad 52 WAl FF= E
floenz £5 19 A< 7P A g8 I F2 &5 29 3, 4, 5 Al 3 (1) Cuto] TAS=
o F2os A5 AF dd] dEE v A4sid %E}. ORb el A S5 £59 HA7F 1AM A
A A= #ZFo| £59 AU Y. AR F& &5 d& 2o A wi&Esd
<Figure 2> %2 3d}tte] w7} U2t} Cut code 2, 3& 0, 19] wehzidde] 7ol ol Mix g B=
< ol Z wjAEtaL 7Edd dEE MARD Ae A== AFS Ve r HEFH 59 AAE A
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Sequence 1 2 3 4 5
A A A A
Cut Point 1 2 3 4
—

Cut Code 0 1 2 3

1

2 5 4
-
3

Figure 2. Slicing Tree Structure

2.2.2 Coral Reef Optimization

2oz #HAH3 ¢E]F(CRO)S Salcedo-Sanz(2014a)oll 23l At ATt s xo] Tkl AJE|A o A
dojvt= A S =WSh= Bio-inspired algorithme]|th. o] ¢18]EF2 N x M 9] Alo]=2E 713 ALY
AZH Y=, reef) oA P A Th(<Figure 3>2 A2t} 5Y). CRO= Population-based algorithmo] i 71
daglFel WP = FIEo] <Figure 3> AAfolnt. hx9 o] ThFgt BAolA oy 4Hart Agbvdes A
Bl

sk ol AA g1 A shshil Azbel AEE s G ol ANE 2 AREe 45 i, )B Vet
Th(<=N, j<=M) Ztzte] e shuel o, shbe] WX E@oh Aw FERE Pty v, e

Figure 3. Grid(4X4)
1) 2718
CRO <ag]F9 A2 Gzl e 27] 459 5 ZAste Aolr. dxollA Hode A& 3
AHEE AR HES <
Coral s = N x M x p, 7} Zk= Sf7F AR R
28 & F=n. <Figure 4>9] A% p=0.6< 7F A& w 16702 A2 T 10717F 27181 ¢ = A A=
L ZF x| e A =Y FAeE A B S
W7hA BbES T AA 12 A AFE AeAd A Ses



Figure 4. Initialization(p,=0.6)

2) 2%}y

M WAL F4 ANEANA S OA R, 9P gAoE tEths B4 4408 YA A of
B4 Fo @A Fxol Y ABERRY AR AN ABE STk £ 44T T4 Y4 Aol
o= e EAshet, AR el BE 457} Qhrel S0 4 YA 1 F AR i
o riHsto R HEWAE Bal dxolA b ok 45E AARE 44 GaeEH mssA A7
A ge HEE goln A4 HEE B9 O FL A AHSE Pl

3) ¥ 4 A2l (Broadcast spawning)

o] AL F QAR o] FoAtt AA, Sxoll SAsIE T A2 F do= Aol FoAd s 2
Ao 1 BE&S WS FE AR O &2 (FASkE A5y & x WS F)oh o714 AdE
HA e AES(EACE A2 F X (1-F)S WSl Wi F484 0 ALgEH. 24, A9d 4EF
Y= FAA S et A4y AL xRS S8 AWE WEH e o714 Partially
Matched Crossover(PMX)(Goldberg and robert, 1985), One point crossover(Holland, 1992)& el A A
w3k A 7FR] WE R3] o)) z2hz AFEdith =, A 7R ME - &) O8] 2HzE Crossoverdt A 2 & M 71A]
HE o] FAH T o] MZ2E wiAS WHEA Io AT AAEE WRE 840l B w7t
A 2 BHST} <Figure 5> A2 F 4t 7} PMX CrossoverE A& 2ZHHE A4S F o= 23
st= AR LS Uepdnh
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l::>25154

Figure 5. Broadcast spawning

4) W F7434 2] (Brooding)

- FAAA A A ARG FE S (EAEEE AT ox (1-F)= NE A5 dis) Sdwel 3

At} EAHo] HA L Cut Point, Cut Code, Depart Sequence®l TH3ll Swap, Inversions A}-&-3

o Aol Bua UH Gz 2dstr] 913 E81E gt <Figure 6>2 95§42 o st

B A5 7t Swap EQHOIE doA AMER AT E THEO o BA Y ATt A sk ol A B
= BEF

@

Figure 6. Brooding

Qa1

) 2t (Larvae setting)

TS ol ol A2 s e Gxo] S o Aokd =, Al
x2] oo Aol Bzt vheF I Az Wl A

OE Aart EARTE, 1 Ase 54 (=7l
T @ ERNIFEAYE M A) 7129 A5 E "o
e A5 2 ¥le BA4& wE AT (UNtE o2 33| (Salcedo-Sanz et al., 2013)). &

_29_



rl
3 3

WA Bolthd ol Fol = HakelA @ A4 4EE AARG <Figure 7>& 1 HHL 1Yo B
224 A5E 7120 U 45E Yol T AelE AAPer Bk AsE W ALS Fo} Ay
o Wb AEE MRS 2 2ehw AAYY

If child loses 3
fimes, it disappear 55
Figure 7. Larvae setting
6) 734 2] (Budding)

o] RE AAHE B YA dxE BE 459 A2 Ats, Aol AHErE Ao e FET o714
HS A%F 55T 0L AR By 98 45 AMEAS fh RE 250 %S Prlse 2
A5y gholl wet &8 At A vE(F)NE VM A% A5 E BAGY. O Fo A4AAREE A
2 dxo EojeA Bt AT HolHe oA HAE AU Atz eE AEE AR FEFE
9 W BAE 5= 7P A4 iR T2 Fgo] Bk <Figure 855 M £ 452 37
SbsA AErF AR BAF 0] hE] AYSE YL nejETh

Figure 8. Budding
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7) ¥ 3}(Depredation)

o 7] 7k A] %_’ﬂ%"] THEA gxol A= M UE FASS @e A
E(P)= Fxo A AARAG(P,E 012 1A) ojuf AAL A3 E
A= 4 %ﬂ@’év‘ ot wep &5 W FH M U S 7 AR eAdE Agdan. A
AE 43S = AT Fpol 8 ABARAAE A5 = EAte A5 X F). <Figure
> AT BT AAEE EEe RoEn AAHL F o W0 tda Ao A2 A A
£ fsl 290 FEsd ggdAdS A8l dF2 s VIR AEE vs AUE JPH7AT 4 SEl
= AAY W= At <Figure 10> & AF7hA2 W8S A3 Coral reef optimization

SN ‘”[O

net 29 4SS
o] FEatEo|th CRO® Psuedo-codew Algorithml1} T}

depredation

Figure 9. Depredation

Generate init reef
randomly

Eroadcasting
Spawning

h 4

Budding Larvae setting Brooding

Larvae setting Depredation

Mo

Arrive number d
iterations or Mot
improved

Figure 10. Flowchart of CRO
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Algorithm 1 Psuedo-code of CRO
procedure CRO(WN, M, iter,,, s pos Fy Fiys Fyy Py)
Initialize set corals on coral reef with random position that equals to p, X< N> M.

Evaluate initial population and select the one with the best fitness value.
while iter < iter,,, or not_update < 1000 do
generate new corals fraction #; by broadcast spawning
generate new corals fraction 1-#, by brooding
larvae setting
generate best corals fraction F, by asexual reproduction
depredation of F, worst reef corals with probability P2,
for each coral i do
if OFV, > OFV,,,, then
not_update
else
not_update
end for
end while
return best feasible solution
end procedure

not_update + 1

n
o

23. 4843

o] Ao A= UA-FLPE STS WA o= |4 7]|&9 AFE7 CROS AFE Hlwgt. I=& JAVA
2 ZAAAEANSH, Intel Core i5 CPU(1.6 Ghz)¢t 8GBS] RAM, 183l Window 10 7oA A3t T
Z 10709 HolHAS ol &g o o] g HE = <Table 1> o A= o] STt o] 1071¢] dlo]|E Al
UA-FLP EAE s 2317] 8] Be d7AEe] AdS 3ded o] FAHoA F2 AHgH0] & HolH=z
Hlw 7hsd ARE AFsHr] o] ol &3t

ZY7y ol &, BE 47, 33 YHl, I3 o], 7tEA R ¥& ¢ (Aspect ratio, ) °1H dR [, 4 &
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Table 1. Problem specification

Problem name | # of Fac. W * H Aspect ratio Reference

fO7 7 8.54 % 13.00 Qg =D (Meller et al., 1998)

fO8 8 11.31 X13.00 | Qpax =5 (Meller et al., 1998)

fO9 9 12.00<13.00 | Qpax =5 (Meller et al., 1998)

o7 7 8.54 %< 13.00 Oy =4 (Meller et al., 1998)

08 8 11.31 X 13.00 | o =4 (Meller et al., 1998)

09 9 12.00 X 13.00 | Qpuy =4 (Meller et al., 1998)
vC10s 10 25.00 X51.00 | lpin =95 (Van Camp et al., 1991)
vCl0a 10 25.00 X51.00 | pax =5 (Van Camp et al., 1991)
Nugl2 12 3.00 %< 4.00 Qpax =D (Nugent et al., 1968)
AB20 20 3.00 % 2.00 Omax =4 (Armour and Buffa, 1963)

Table 2. Parameter of CRO from R irace

Parameters Range Best Value De finition
Po (0.1, 0.9] 0.75 Initial ratio of coral reef
F, (0.1, 0.9] 0.53 Fraction of broadcast spawning
F, (0.1, 0.9] 0.69 Fraction of asexual-reproduction
£y (0.1, 0.9] 0.54 Fraction of depredation

Table 3. Result of Gird(4X4)

Problem name Best OFV Mean OFV Avg Process time(sec)
fO7 17.75 17.81 0.4
fO8 22.39 23.56 0.6
fO9 23.46 24.75 0.9
o7 131.69 132.89 0.2
08 243.14 247.20 0.2
09 239.06 247.13 0.2

vCl10s 21684.5 22968.23 0.3
vCl0a 19468.48 20446.90 0.3
Nugl2 257.5 261.54 04
AB20 5333.21 6082.73 1.3

* Bold numbers are same as best known OFV
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Table 4. Result of Grid(7X7)

Problem name Best OFV Mean OFV Avg Process time(sec)
fO7 17.75 17.81 0.6
fO8 22.39 23.33 0.4
fO9 23.46 24.65 0.3
o7 131.69 132.89 0.2
08 243.14 247.48 0.2
09 239.06 244.93 0.3

vC10s 20915.71 22816.91 0.3
vCl0a 18522.79 20410.44 0.3
Nug12 257.5 262.86 0.3
AB20 5533.8 6021.19 1.3

* Bold numbers are same as best known OFV

Table 5. Result of Grid(10X10)

Problem name Best OFV Mean OFV Avg Process time(sec)
fO7 17.75 17.83 0.7
fO8 22.39 23.53 0.3
fO9 23.46 24.60 0.3
o7 131.69 132.90 0.4
08 243.14 247.09 0.3
09 239.06 246.76 0.3

vC10s 22126.68 22906.28 0.3
vCl0a 18522.79 20488.19 0.3
Nug12 257.5 264.21 0.4
AB20 5505.25 6010.15 14

* Bold numbers are same as best known OFV
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231 24 42 . £59 Ho] % = AA I3 Hol

07, 08, 09, fO9, vC10a, vC10s, Nugl2, AB20> 5529 F4Ho
B} 2, 3o A Wl ho] Qe Eo|th f07-8 & oFzke]
FES = A= obyal 2 Fol vHIsk] wjZol x| HrHFE AH8S

vC10 wAl= =9 @2} vCl0a ¢ vCl0s & vd T vCl0av aspect ratio Z71o] EA|3tH Wit =
vC10sE Bt &5l dial HAaZol(l,,) &1l SAZT. AB20&E A= Armour and Buffa(1963)7} AH-&
gk B A flow matrixE 23 Joh UM A BE FAE A flow matrixs AHE-gHT

daelFe] A8 Aty fs HA @S] vluE 7R o® ok ok HH k] EEA A e
735 ol AR ATE 3 Aieke] vuE i 84S Hrreth vad2 379 AF e R vd
th(eta U, viEkREl 2y, stolB e ) 8 W] A Castillo et al.(2005)7F 22313l Wl EFFE] 2=
g9l 7% Goncalves and Resende(2015) ¢} Komarudin and Wong(2010), Kulturel-Konak and
Konak(2011b), Scholz et al.(2009)7} AF-&= it} vpx|Bto 2 slo]He]|= ¥ & Chang and Ku(2013)°] A}
25 3ot A3 <Table 6> A& = o3t

HE 1078 "IREY] &8585 wiA|sl= £A1E low size problemola} gttt CRO= tH& & agE34 npztrt
A2 low size problem & FZ|glo] st Ty HE A1 B9 HH g =LA AT (09)
3071 ©]3}2] mideum size problemo| A= vC10s¢} AB20IA &= £ #hs &34 X3tk 184 A+
AA 7P 2 dHA @3 Zel7t 10% wlRkelal Ik AFERT F2 #Q A= A7) W&ol Rt
AT & = (T Grid size Zpolo] WE A3 AHE <Table 2>, <Table 3>, <Table 4>° A& =t
I AFRE AHREYE Aolzyl F4E Fd EHFS o]l Fopxlg. YA o2 Population-based
algorithm Pop2] =717} AAFE g Mdd si7F 71d = s el AFA o £& 2745 B
o AAZ AB202 AFARE AHEE Gride A7)7F F4F Hd OFVEe] ol & Alojze] &
ALTFE Htgho] Aolv= AR Hol %5 AFoA Large size problems T&E Al Gride| A7 E 7]
Aok Aolnt. =3 ¢ A7 VM & AL I AR A Ao rE Aottt AP Aol A
AB20 #AI¢] 79 Kang and Chae(2017)v 4451%7F ZAZom e dngEFsS AHES A7
Salcedo-Sanz et al.(2019)= 2027} AHTH(EA = SL3ARE 2242 o&. ol A+ FBS, 8 o
T STSE AH&3}). 29 HEall <Table 2>, <Table 3>, <Table 4> R ¢ WHO == P 13%7F 29
th. sl o] Aol Aztel vlElats Fel g W A4 9 AR onyt o). large size problem] 7
G 1 ANZo]l HE @5E Aot 2R EAlA FL& Fhol UheA Xte olfs WMEA FHsA T
A 5 A7 FHe AT 3 gFEe sele Aol ¥dol 2 Aotk 4 EA1Y HH wjA
S+ <Figure 11> ~ <Figure 15> °| YE}ITH
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Table 6. Summary of the result with our approach

. Kulturel- .
Castillo  Scholz et Komarudi Konak Goncalve Chang Kang This
and s and and approach
Research et al., al., Wong and Resnede and Ku, Chae
2005 2009 2010 Konak, 2015 2013 2017 2001
2010
QCP
Ant Probabili Biased model Improved
Metho Tabe-Se  Colony stic based- P
MILP . random- Harmony CRO
dology arch Optimiza Tabu Improved
. key GA Search
tion Search Harmony
Search
Problem Best OFV
name
fO7 17.75 17.75 17.75
fO8 22.31 22.39 22.39
fO9 23.46 23.46 23.46
o7 131.58 132.00 131.68 131.56 131.69 131.69
08 242.93 243.16 243.12 242.92 243.18 243.13 243.13
09 236.14 239.07 236.14 236.57 236.14 236.14 239.06
21,297.
vC10s 93 19,994.10 19,967.60 22,899.65 19,951.17 20,770.89 19,973.66  20915.71
vCl0a 20,142.13 19,465.77 18,522.79  18522.79
Nug12 275.50 275.50 275.50
AB20 5225.96 4972.56 5336.36 5021.17 5151.86 4959.11 5333.21

* Bold numbers are same as best known OFV
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Figure 11. Layout Configuration generated by CRO
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Figure 12. Layout Configuration generated by CRO
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Figure 14. Layout Configuration generated by CRO
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Proposal to utilize a joint platform for digital life

logistics in response to the new normal era
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The advent of the COVID-19 crisis brought dramatic changes in our cities. As the contactless society
becomes commonplace in the New Normal era, further expansion of the e-commerce business is
highly predicted. Despite the high demand in the e-commerce market, logistic companies have been
unable to offer flexible last-mile services due to excessive competition and the domination of the
last-mile market by some of the major companies. This study aims to propose a joint digital life
logistics platform system in response to the new normal era to alleviate excessive competition and
improve inefficient last-mile services of blue-chip companies by studying the feasibility for joint life
logistics through case analysis. An operation plan for the digital urban life logistics joint platform
was suggested to improve the quality of last-mile services and seek solutions to the joint logistics by

balancing competition and collaboration among logistics service providers.
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A A B 7] FH(WHO) &= 20201 d 3€ 119 COVID-19% Mt ¥ (Pandemic) &2 FA 2 o2 At A
HEANZE A, obdstn Hedk A A=, 22419 Z713 =2 13 Blgid(Un-tact) AH3] 4 5o
= Qlshed XW*WW% %i‘iﬁ 2 e A4 FEAERE AYE F Ak A= AR ofy 2t
=7 b A EREFH AR 2~ R (Cross-border) HAG A ZE &4t gt ofnpE, dE]ntuiel e
OZ4d 719 3¢ 747‘44%3 =2 AAGAY =F/FAIE(GDC: Global Distribution Center) &% St &
gt )l &F S o] SR AAGAY LHAY 1EstE UZ(Needs) S5 918 xpEstd AH

2020 =7bE el o Bl S 71E o) 2]l 4 HIEE 259% % JHE =2 M S A
813 9TH<Table 1> ). o9 Mtj@ 58 F712 st Lejel &4 Adole FEoa1, AdE
A3 7F 7= (New Normal) Altholl Y4st=AA AR GAY vlzY 29 FRE A&EHA A4S 7
atal 9l

Table 1. Online retail sales, selected economies(2018-2020)
(%9 : $ billions, %)
Retail sales Online retail sales Online share(%)
Economy
2018 2019 2020 2018 2019 2020 2018 2019 2020
Australia 239 229 242 13.5 14.4 22.9 5.6 6.3 9.5
Canada 467 462 452 13.9 16.5 28.1 3.0 3.6 6.2
China 5,755 5,957 5,681 | 1,060.4 | 1,233.6 | 1,414.3 18.4 20.7 24.9
Korea 423 | 406 | 403 | 768 | 843| 1044| 182| 208| 259
(Rep.)
Singapore 34 32 27 1.6 1.9 3.2 4.7 5.9 11.9
UK 565 564 560 84 89 130.6 14.9 15.8 23.3
us 5,269 5,452 5,638 519.6 598 791.7 9.9 11.0 14.0
Ecgggfges 18217 | 1871.7 | 1857.6 | 252.8| 291.1| 3565| 107 120| 165
source : UNCTAD. (2020), Estimate of global E-commerce 2019 and preliminary assesment of
COVID-19 impact on online retail 2020, UNCTAD Technical Notes on ICT for
Development, 18, p.1
12 A7 &3
W A} B EA Lokl £u7k 353 A ARERY Sk ol shed, 14 1 1
4% A heel T ARs AGA NG SHOE clie] BR-AEUAL $EO chaEee
(Last-mile) A Bl 2=& A F3tA E3tal Aot o]ed Ao A B AFodA = A&A F8&FHEA A9 o
Jom A B B EAE A0l A e AESte] £ /190l 54 45 o AREAQ s
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‘ Analyze research background and set research goals |

Analyze trends in life logistics

and suggest improvement measures

- The concept of life logistics
- Current status of life logistics industry

- Prospects of the life logistics Industry

Present the concept of DLP

for digital life logistics environment
- Analysis of problems in the life logistics industry

- Proposal of improvement directions through the joint

platform for digital life logistics

Case analysis of joint delivery
of digital life logistics
- A large apartment complex in Seoul is selected as the
target area.
- Randomly distribute the delivery distance in the complex to

calculate the driving distance and set the driving time
based on the driving speed.

- Calculation of vehicle driving costs for each courier
company using the original vehicle operating cost unit of
Lee et al.(2021).

Expected effects of joint delivery
based on DLP for digital life logistics

- Repeated analysis of the driving distance and vehicle
driving cost before and after the introduction of DLP

- Based on the simulation results, the driving speed,
distance, and vehicle driving cost change are derived.

Conclusion and suggestion

Figure 1. Research Flow
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Table 2. A comparison between traditional and modern life logistics

Section Traditional Logistics Modern life logistics
Target B2B, Shipper-oriented B2C, Consumer life-oriented
Main objective focusing on rpdugng production costs Focusing on improving customer
and supporting imports and exports service quality
Function Divided functions distinctively centered Integrated functions centered on
on manufacturing consumer convenience
Size of Products Medium and large-sized cargo Small cargo
Technology/ ~ o ICT(IoT, Al, Big data, etc)-based/ Small
Transportation Labor-based/medium-sized trucks truck, two-wheeled truck, a drone, etc

source : Kim J-H. (2020), Changes in the logistics industry and the life Logistics Service Act, National
Assembly Debate Collection, p.9

COVID-19 2k A7) 98 4 AAHOR 9% A 2 A B4 53 2 =2 AFHoR
e so] AL HstA g AUE At ZeHEA ANAA PBEF AF FEE FA S5
Atk oY FE| AT} ThF o MY /3 B s ML Fa ezl YRS A

=

AFS Fulsts HlFol Ad tin] A&sA Srtetar Ao =

71949 wiEo] AFEE WH 2l

U F8 f5AAY el ezl Ad S € uE SHES UeRd Aot <Figure 2>&

2020 COVID-197} o] A o2 AstAA 987 108 S Al st exzelel A2 ddie F
D-199] 7| A & 3}e} A BH

A% AL ¢ F ok 2219 % 2903 39S A hul F7H5HAA T, COVI A
ey bsheithn mel gt wielel eeel fEYA S vz UG
o

AYE ol A nzk FEH ] F7 )
of 37sHe FAE UEhL Utk o8 B S 2ol fEGAS 6 2o =4 ABER 5%t
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27.2

Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
2020 : - 2021

Unit: % g O ffline g Online

source: Kim H-S. and Kim M-S. (2020), Online shopping trend in 2021, Minstry of Trade,
Industry and Energy, p.2, Korea

Figure 2. Comparison of the percentage change in the year on year sales of primary retailers
T eehel £ A Ao AAFANS} DHF BAV A W APE T 43T 5 A
A3, 22197 A7) EA viY HEAul 2] fat &M S48 Aow AdET. 20204
g A A 20129 thEl HFEFS 140% S7HE 339 7AW Ajelar, 20199 (279 9% ) thH]
20.93% ‘785t thal ZALE AT (<Figure 3 F=>). AAGAR ok Gl A4 7heH v FA A
EF Aulzrt g8 1588 Aola, doax dA FF oS AR Ao HyHh
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source: KILA(Korea Integrated Logistics Association)(2021), Statistics of life Logistics, Korea

Figure 3. The trend of domestic parcel delivery
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Annotation : The figure was edited by the present researcher for a translation.
source : Ministry of Land, Infrastructure and Transport, 2021, The Ministry of Oceans
and Fisheries has come up with a strategy to leap forward as a leading global

logistics country in 2030, p.10

Figure 4. Resolution of digital logistics demonstration complex
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source: Jnag J-Y. (2021), The strategies of Mesh Korea as an urban logistics technology
company (https:/ /dbr.donga.com)

Figure 5. Mesh Korea’s Logistics network
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Table 3. Projection of robot and drone global market
Unit: $ Trillion
Section 2019 2025
Delivery Robot 1.2 22
Parcel Drone < 0.01 36

Annotation : OMDIA(2020), Delivery Robots and Drones and Statista(2020) were cited.
source: Shim H-J. (2021), A plan to strengthen the competitiveness of the high-tech delivery

industry, Trade Brief, 9, p.3
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Annotation : Statista(2020) were cited.
source: Shim H-J. (2021), A plan to strengthen the competitiveness of the high-tech delivery industry,

Trade Brief, 9, p.3

Figure 6. Prospect of unmanned last mile delivery global market
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Figure 7. Average unit cost of parcel delivery service in Korea
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<Flgure 8> ICT 7|5 7|Hto 2 3 DLPE
o gAY g2End AHlx @A O /7 FEdAY &8s DLP o] A=A wijE AHl2=E 84
3t @ DLPoA = A&F3 FAet At =4 A
Wzt @ HiE Ao DLPAA A& A FHES FolA &5 Wi ARl2E AFs] @ &
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A ARERel 2Rt
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Figure 8. DLP digital service flow chart

DLPE a4 gulAeld AF £59 BF} FAol dHold AHAE <

aL
o
(Machine Learning)E ©|&3t A|F S4B @&t -2t S4H 54 FFE &/t 548 A

Ao HA £ AR} HE&S B4 9 Hrigth diolE AHAAE Y ARE U 5HE JRE
weste] HA o] ana gEY FAE 73 Z(Trip planner)$t H & o] &FH|§o2 SJAEA S FH. o]
A ZRF R AMHI 2 @S St FAF A 20 BEY Fled SO A § BAA A
T ERAH FAded FHE AT WA 2 AZTMS)SLE F, FAFNME E&H ERF R4S
A A st} A E(Untact) T8 &2 A" (OMS), AAALAN, AARIFS 5 UL

A Courier

Region A
Company

DIGITAL LASTMILE

B Courier
Company
PLATFORM

// (Decision Making)
C Courier 3

P - B
CHAIN
Y &
e

— /

(/DCourier \\)/
\ Company
\\ 54

—  —

Figure 9. The conceptual diagram of the joint platform for life logistics
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Figure 10. The conceptual map of the joint delivery system

Figure 9. The conceptual diagram of the joint platform for life logistics
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Table 4. Synopsis of case analysis

Section Content

The target of the study | The targeted area of platform business

the expected effects of introducing

The goal of the study a life logistics joint platform

- Status of target areas for platform business
Data collection - Demand for delivery to the target area
- original cost unit of vehicle operation

Analysis methodology Simulation

Research outcome Analysis of expected effects

Simulation target selection and
environmental analysis

Are there any problems

and solutions?

et the driving distance random
umber and calculate operation ¢ost

A 4

Performing a simulation

v

simulation results

A 4
<Ana1ysis of the effects of a>
digital life logistics joint

Figure 11. Flow chart of the simulation
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AEAE 20213 82 BEAA 71F AA AF 54 1679 B F 18% S A& 9557 M o2 Ao A

A7 E(26%) T2 7 B2 A7) E—EHO% ATH @b R FoUF =2 H%A]% DLPS &3t
g2Entd FF ulE AbE £4 o AY AASAI, MEA T AT L= 2L ST F U
FeTYIAE A8ttt Shin et al (2013)011 ZA BElEF 3 SR f9E A3d Hot
FAA B4 W A FEER 437 S, AR Jd FEFEA FEAE AR )
2 Agslttal HrhE A th(<Table 5> =), et £ AFdAE AeA ZdTe NS Feulss o
2 A FEFEEA FEA S A B ooz AT

Table 5. Evaluation of suitability by candidate type
for the Seoul Metropolitan Government’s delivery logistics joint project

Evaluation factor
. Economic / financial | Ease of | Priority of
. Publicity o . ;
Business feasibility business | support in
fype Landscape | Demand | mnfrastru Seoul
Traffic pedestrian . ,Cture level of (Score)
tie environment Village for CHon o difficult
-u .
¢ making delivery | [operation cost J
House and
buildings A A A O A © >
joint (8 points)
delivery
Regional 1
joint © © @) O O A .
. (14 points)
delivery
Shop joint 2
delivery O © O O O O (13 points)
Large-scale
complex 4
buildings joint | © O O O O O | (11 points)
delivery
Large-scale
residential O O O O O o 3.
complexes (13 points)
joint delivery

Annotation: © Very suitable O Suitable A Ordinary

source: Shin, S-G., Ahn K-J., Lee, C-H., and Park, DJ. (2013), Joint Logistics for Parcel Delivery Service in
Seoul, Seoul Research Institute’s Policy Task Research Report, 2013(11), p.9
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Table 6. Current status of the parcel delivery service in Seoul

(unit: number/ one million won)

" Number. of | Number of Payroll Sales Operating | Added Tangible
companies |  workers amount cost Value asset

2007 14 24,982 518,969 | 1,459,949 | 1,347,175 772,852 570,961
2009 12 19,944 508,583 | 1,967,248 | 1,888,047 824,172 620,240
2011 13 29,234 857,619 | 2,798,062 | 2,766,609 | 1,125,539 | 1,638,974
2013 13 28,072 923,966 | 3,256,580 | 3,222,010 | 1,381,261 | 1,671,503
2015 12 28,638 972,915 | 3,839,905 | 3,669,701 | 1,600,466 | 1,856,216
2017 10 29,441 | 1,228,859 | 4,152,412 | 3,982,062 | 1,768,991 | 1,296,638
2019 10 30,228 | 1,178,795 | 5,274,391 | 5,172,166 | 1,676,678 | 2,487,550

source:

KOSIS. (2021), 2020, Transportation Survey

Table 7. Current status of the delivery agency service in Seoul

(unit: number/ one million won)

year Number of | Number of | Payrol e Operating | Added | Tangible
companies | workers amount cost Value asset
2007 634 10,530 177,998 273,731 246,435 217,340 7,519
2009 455 6,011 113,785 174,033 156,821 141,731 8,790
2011 521 7,916 146,744 219,118 204,067 174,354 18,897
2013 528 7,295 106,387 189,690 174,247 137,323 12,268
2015 556 7,042 103,650 211,874 179,150 148,344 11,090
2017 580 8,250 114,884 216,750 196,327 155,579 9,088
2019 499 10,261 161,344 311,050 295,578 199,826 18,178

source: KOSIS. (2021), 2020, Transportation Survey
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Table 8. The targeted area of platform business

Section Content
Then number of household 2,436
The number of apartment building 21
Resident registration per household 2.28
Maximum Travel distance 3.5km
The number of daily delivery per person(DP) 0.18
The number of daily deliveries in apartments(DA) 999.73

Annotation : The distance traveled in the complex is calculated as the maximum
distance that a parcel truck can travel using a GPS map.
source : Seoul Metropolitan City(2021), Statistics of the resident registration
population (by district) of Seoul

- r Y
DP= 365><a @
DA = DPxy @

DP= The number of delivery per person

DA = The number of daily deliveries in apartments
o = The total number of population in Korea

x = The number of delivery per person

y = The number of household x Resident regisration per household

Annotation : Based on the life logistics statistics of KILA(2021), the annual number of
courier use per person (65.1 times) in 2020 is calculated.
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Annotation: The source of maps is the National Territory Information Platform.

Figure 12. The maps of targeted area of case analysis
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Table 9. Results of the original fuel cost unit by speed and vehicle type (as of 2019)

(unit: won/km)

speed(km/h) car small-sized | large-sized | small-sized | mid-sized | large-sized
van van cargo cargo cargo
10 133.53 192.73 468.15 180.38 371.35 662.65
20 85.36 121.54 333.84 131.59 251.48 501.48
30 65.71 93.11 270.20 108.41 201.10 418.40
40 55.57 78.58 235.14 95.99 176.02 370.80
50 49.97 70.50 215.02 89.45 163.87 343.10
60 46.76 66.16 204.30 86.87 160.37 328.59
70 45.46 64.44 200.60 87.62 164.44 324.36
80 45.69 64.95 203.18 91.90 177.32 329.65
90 47.51 67.82 212.56 100.81 203.66 345.43
100 51.32 73.70 230.75 117.28 256.87 374.90
110 58.13 84.29 252.54 149.19 386.33 -
120 70.43 103.81 319.45 224.81 1003.69 -

Annotation 1 : The unit price as of 2015 was adjusted as of 2019 using the Consumer Price Index (104.9).

Annotation 2 : The Korea Development Institut.(2017) cited a study on the methodology of
calculating the benefits of transportation business.

source: Lee, S-H., Jung, Y-H., Choi, G-J., and Hong., ]J-Y. (2021), Detailed Guidelines for

Conducting Preliminary Feasibility Study in the Railroad and Roads, 2021 Preliminary Feasibility

Study Report, p.279

Table 10. The result of the original operation cost unit of small truck vehicle(as of 2019)
Depreciation cost
117.53

Maintenance cost
14.8

won/distance Engine oil cost | changing tires cost

2.57 8.96

Annotation : Korea Railroad Facilities Corporation(2010) was cited.

source: Lee, S-H., Jung, Y-H., Choi, G-J., and Hong., J-Y. (2021), Detailed Guidelines for
Conducting Preliminary Feasibility Study in the Railroad and Roads, 2021 Preliminary
Feasibility Study Report, p.283
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Figure 13. The congested delivery routes of M apartment before the platform introduction
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Table 11. Results before the implementation of platform

Distance | Driving time Engine oil changing | Maintenance | Depreciation
Company , Fuel cost :
(m) (min) cost tires cost cost cost

1 /é BD 15,906 115 221 26 91 150 1,194
A, B,

2 C D 14,073 97 188 21 75 123 978
A, B,

3 C D 13,694 93 181 20 71 118 934
A, B,

4 C D 13,774 94 183 21 72 119 943
A, B,

5 C D 10,841 65 130 13 46 75 598
A, B,

6 C D 9,275 49 101 9 32 52 414
A, B,

7 C D 13,110 87 171 19 66 109 865
A, B,

8 C D 12,126 77 153 16 57 94 749
A, B,

9 C D 14,809 104 201 23 81 134 1,065
A, B,

10 C D 12,437 80 158 17 60 99 786
A, B,

11 C D 12,839 84 166 18 64 105 833
A, B,

12 C D 13,209 88 172 19 67 110 877
A, B,

13 C D 14,498 101 196 22 78 129 1,028
A, B,

14 C D 13,833 94 184 21 72 120 950
A, B,

15 C D 15,234 108 209 24 85 140 1,115
A, B,

16 C D 13,198 88 172 19 67 110 875
A, B,

17 C D 12,335 79 157 17 59 97 774
A, B,

18 C D 13,792 94 183 21 72 119 945
A, B,

19 C D 10,284 59 120 12 41 67 533
A, B,

20 C D 12,864 85 166 18 64 105 836
A, B,

21 cC D 12,385 80 158 17 59 98 780

Average 13,072 87 170 19 66 108 861
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Table 12. Simulation results after the platform implementation

Comann Distance Driving E Engine oil | changing | Maintenance | Depreciation
Py (m) time(min) cost tires cost cost cost

| | Integrated 20,322 360 1062 52 182 301 2388
Company

o | Integrated 444 7 68 1 4 7 52
Company

5 | Integrated 491 8 71 1 4 7 58
Company

4 | Integrated 524 9 72 1 5 8 62
Company

5 | Integrated 734 12 83 2 7 1 86
Company

¢ | Integrated 4945 8 71 1 4 7 58
Company

7 | Integrated 640 11 78 2 6 9 75
Company

g | Integrated 606 10 77 2 5 9 71
Company

g | Integrated 583 10 75 1 5 9 69
Company

10 | [ntegrated 450 8 69 1 4 7 53
Company

11 | Integrated 654 11 79 2 6 10 77
Company

1o | Integrated 712 12 82 2 6 11 84
Company

13 | Integrated 520 9 72 1 5 8 61
Company

14 | ntegrated 663 11 79 2 6 10 78
Company

15 | [ntegrated 486 8 70 1 4 7 57
Company

16 | Integrated 656 1 79 2 6 10 77
Company

17 | ntegrated 580 10 75 1 5 9 68
Company

1g | [ntegrated 600 10 76 2 5 9 7
Company

19 | ntegrated 520 9 7 1 5 8 61
Company
Integrated

20 887 15 91 2 8 13 104
Company

g1 | Integrated 1.324 22 112 3 12 20 156
Company
Average 1,566 27 125 4 14 23 184
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Park et al.(2013)9] 190" wiEd 1€ H+ viEZFGB00 box)E o83t M olES 19 €&#Huj H=F
(1000box) = 430 2& 20219 % 712 FHLLS A3 HLd3 EodLe 3042 2 1,2163] L3S 71434
th I 23 DLP &9 &3= FPAZE =Y 15896kmol A 88.02% 5 73 1,904kmE T=E )7,
TP AT oF 17634 7H(105,792) ol A 78.35% 5 A7k oF 547A17H(32,832%) T UL, AF-yH| &
2 7141% 5 A7 4256009 0.2 A7 —s—}oiu}(qaue 13> #=x). o] ¥ DLP =Yoo= *@%%% A1 H]
25 THHoE sty BT 73 2 HE&S TASHA OA Y wF EF3E oEnt oyt &
g 714 el Hgo] opd HA o] FHAA 'A< =7 FF3 Ado] JHssith

Table 13. The results of simulation analysis of the yearly delivery of apartment M

A |

Large section Small section Before After Effect

Fuel cost 206,720 152,000 26.47%

Engine oil cost 23,104 4,864 78.95%

Vehicle operation | changing tires cost 80,256 17,024 78.79%

cost(won) Maintenance cost 131,328 27,968 78.7%

Depreciation cost 1,046,976 223,744 78.63%

Total 1,488,384 425,600 71.41%

Transportation Distance(km) 15,896 1,904 88.02%

Time Driving time(min) 105,792 32,832 68.97%
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EAIE(MFC: Micro-Fulfilment Center)¥ 22 43 EFAIES /Lt HFTAMAAA F21 gf2=En}
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st Fezor HHPS 5 Y
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(a) central MFC-based delivery type (b) Platform-based unmanned delivery box type
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Figure 15. Suggestions of utilizing digital life logistics joint platform
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Today, the development of the Internet and mobile technologies has a great influence on consumer
purchasing patterns. As online purchases using mobile devices increase, the delivery industry for
logistics delivery has also increased significantly. However, the working environment in the logistics
warehouse is still poor. To improve this, many companies have conducted a lot of research and
development on logistics robots, and various logistics robots have been operated. But, there are still
limitations to unmanned. In this paper, a variable focus function camera and RSS model used in
autonomous vehicles were derived to be suitable for AGVs. It was applied to the derived AGVs and

verified in terms of safety and accuracy, and valid result were obtained. It is expected that this

AT S M8 AAvee] BRoSRE AE
< =

o
EFEY A 2 &9

2]l o] 1] 2 0] frof A 22| of, AEAF AR o] A u] 28]

32 3 A A

On the Improvement of Safety and Operational
Accuracy of Logistics Warehouses by Application of
AGVs of Variable Focus Functional Camera for

Autonomous Driving
Min Joong Kim?, Kyoung Lak Choi?, Tong Hyun Kim?, Young Min Kim! "
'Department of System Engineering, Ajou University

*Automotive Engineering Service Team, DNV GL Business Assurance Korea

3CanLab Co., LDT.

study will contribute to the use of AGVs that can operate unmanned logistics warehouse.
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1. A&

1.1 7873

H AA B A Ao A3 7)e] WAL kgt Eokdll A3 A2 FdFES A Yk &
JEUlF mukd 7lso] T Fujart s L ES AYE & J=F stdon, At Fa
TR e BEutdS Z83 29l A 4% 44E HASH olEF
st 79 E2 o8 WHdA &/ 7l Mg Fxsta th(Bigne E. et al. 2005). ©]¢} A HT
COVID-19 AtEl & ]18te] 2kl Ful7t S7FstiA 7 &F vise 93 9] eFd= s
HAY. 28y EFAEHAA AYFS STUFSIAAT, S2AEe] 2220 @ 4L 44T Aol
(Jang and Kim 2020). 22252 44d &Y @4< /M A7, FEe BAsr] Aste] o
T dl o] ZE S TR F 9 I o Jolr}) o]J_X]‘—, Fa | ,q]/\ﬂ 7]_1}"3]_ %_/] 71%3} Z
2ES 283 7 =FAEHE 7Hsslth(Jang and Lee 2018). webA] &7/ =5
g o]FE FAT F oM, 84S FFT + ATH(Han et al. 2020). Figure 1
FollA fFEAESE Tt o)Fde EF EES E83% A4 #4S JEhdth

= 1

Figure 1. Working environment using AGV in a logistics warehouse
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AlEl 9t 34 & o2l AY okl &5 ok EF 2RSS FEAY, F& AGV(Autonomous
Guided Vehicle), %1 &3 & 5] Ith(ang and Lee 2018). 53] AGV+ &7/ AlHoA A48 2 &
Eole T8 a4 o|t(Jaiganesh, V. et al. 2014). Kirchheim, A. et al.(2008)> Z A€ vIAE 3}
E skak A S AT olu A A Al 2Hl AT ol E flE) JAAE ol &t 2R W
| <F5} 9 TH(Kirchheim, A. et al. 2008). 3%+ G4 <14S 53 vAY =59 Fu & AX st 7+
H A Al 2dl A A3 B (Thamer, H. et al. 2013). RFIDE 8314 & 2124 2 god T/ EF
I-g3te] 43S 4238} tH(Landschutzer, C. et al. 2018). & #3532 thoFd Fejol thate] o+

(¢3

tlo
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o 0 ot ox
N

o, dyt E= ZHE FH O stEol thE sty 2ol thall =23t A th(Echelmeyer, W. et al. 2008).
g AT 2R A2H EURS Ao BAA de =ostaon, bkt Avke el s Hlawstsl

SOFA 3@ e oL > md o
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(Juntao, L. et al. 2015), &3 7l FF7|(ER)E &&3 EF olFol g = 2 =99 A% I3}
A, ML A & AASHY, B2 F85 B/ Avlx =909 B s AlASHA HKim, S-. et
al. 2016).

2l & Aol A A we 2RSS A FAS MAdst, AP B2EAe =017 A
3 2443 79l Aje AT =/ 22X =]o] wig S7HE AoE ridiEn. 2y 71E B F
2RE 7 A Z&strlde AV Ao mEA & =EddAE olEd FAE S5 As) A&
T AF At &8st 7MW 32t 7hv 2kl RSS(Responsibility Sensitive Safety) 282 &/ ©| 5259
el =2 WAsta, olgA WA 2] 3 ¢HAH AFEE 3T Zolt). Figure 2& A5
3849 7|Ee ERERY A 2 B =FoA ExsE g B4 I9S YERITh
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Figure 2. Autonomous driving concept of AGVs and limitation of
existing system and our research scope
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21 71&8 EF °JFER ANz”e B4 3 A

T 2R A2Hole bkdk WA o] EA7t. 7] Eoll= vieel AAdo] e HolZE N AEE
/\]“5]'74‘/}, fre AAE vigo] dXste] o] Fshe WAool AHEEHIT o]l H§ A ~'E niee] fRA
AR = 7] w&ol 547 Aol L@oly #lEo] HH F&d eR/RE TAANZE 5 A, 7=
A5 M7k 2 ARt A WAl ok ]'Ui H g &4oltt A58 vyl 235 o] &3
of A AGVeE 3 g Ao A"l dial] =9stal, & a3 AlA, Jd3EH B FHEEHE AMESH Ao
92 A &HQ ohﬂé T3t WS A dth(Lee and Yang 2012). FA T wpI1l ~FE-S A 81A] £}
= A% 2R 2R/} WS b5do] A3 Paromtchik, L E. (2006)= WA #lolx ¥AEE A
Aste] vigte] ARSI HiE 91X E YEE ATE JIYSHAT) dolA HAE ALt HE2E FAT
o2Z2x ZHo] & Eile A BEE sl FEF & lth(Paromtchik, I. E., 2006). 121 g
o] A BlE o]&&tr] wWEel ¥ & HolA Ho] esiAY, ERF SAY BE Aol=el s 7t
29 AY B33 Fx A= B2Eo] o]Fdte H L/FE BT 5

Y
t o

i
o
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37, 05, B4 & 37kA A4S HE £ UE S Fd Y Aene

= WE7 Aot @A ALFY AEAGOR ARFol 7] wEe] A
AP e Brbsst, o £2Q) A4wtol bsd FFolth. o8 Fal @ WA AAE A4T F 9

om, oA AT 3709 Bre 217} eholnh, shulel, @olt A 214 WelE ki) o] Fo] A4S

AgEA HE Zzke] A i@ dole Ael)® Aok s, ol Alzswel Bity

W, BAW Asd PHOE AW OF WA Abse] EAUT ofutel Zzke] st

SR HolA ALESE PHE EASA, o A5l BAFS e H glof T e AN W

N

l:l

of B3H4 Alekel WA k. 7hd 82 shulehs ters 5212 Amsts S0 B shulehE A-83)
7] g T8 ol W= /A3 ek Figure 3& 7HA 817 shvieke] Ad e Hel Frh 2P olA sheka)
B e grte TAel Y AAE YA 5 Qor, R4 Ay @ztoln WAL AAE A2

Figure 3. A conceptual diagram of variable focus function

camera installed in AGV
22 EF olF 2R 7pAH 317 Fivet A8 Al ol

AA AA e fal F AU AS5E AR e 7]|EY /‘]’\Eﬁiﬂr{— 2, 7 ol =& 7hi 3
i etE A&t S e dAE e vdgd Aol Bl Ae SAE 222 AASA AET F
o, 7bd 3tz et A E Fel Aol Es AT v ‘314%]'77}7‘]9] Aeet £= ARE Faf RSS
AYE E2F F AT o]EA =&H RSS HAAEE vlE O 2 Al(Artificial Intelligence)E Tl 222

¥ NN

rO

dste] Ao AolE 3y 9 RHANA HA L olF ARE FHEAL ol5sts ol &8E F AT
weba, 71E Al =EHd A vtge] R0l 2 EE AoE oF A ZRIH | At FOoE QA% oF
Z gl S /E WAY F vk =3, & e AAE AFES] wEel 2R Fbel did olHE e
T den, o]F AlA AR Al AIAE HolE A& HEE Tt oF &t o= IF Al2E A Y
B 2712 Al 7bse Q8 S 9wd 4 9o
3. BF o523l A8 AV 7pd 97 APY RS wd T3
31 RSs 2de 54 3l A

RSS R &2 mobileyeoll A A&F3 AF k] bd-& BASHA, Abal Al 4 ARE AdEtr] g 3
o]Ed}lx 438} 1 do]r}(Shalev-Shwartz, S. et al. 2017). RSS =& & E]- Fotb 8 Ay o tis] A
s Aosta, AT 4R B # AFT AFES ] AZ HH7 vkES AAFH. RSS 2H e

FA e e go] 579 FRow FTART
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mobileyeol A AASHE RSS RS A&FY AFHE 93] ALHU] Mol A5 FA YIS
gk A o FAsHE T Aol vhshe] RS maol A AASHE T A Aole] kALY F
He ot g

N
—_

S

2
2 (Vr + pamax,accel) o Vi

1
dmin = vrp+§amax,accelp + (D

2amin,brake 2amax,brake n

AZ1A [z], :=max{r,0} &2 AeJetH, v,= AP 2AFe] £=, 9, & T AF &5, o= T3 AT
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32 EF olsE2Xd H&37] A% RSS Bl JE 4E | EF

EF o5& Rss RS A &3] HAe F 7}11 FFOZ o] ok Atk A WMAR #
d Rl AR A ZAZ AFNA T AELIAGER] TA ] w2 ZAAA(AFE ] e T
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= T AT HAE AYE Table 20| 2345 AL, 7 HAlE 2RO S5} ofntEd &R/
25 7vte] £ 2 A3 1.5km/het A B ARl olF $EQl dkm/nE Zte A2 A9l o
3, 283 AXS EA Aol ABE 1m, 2m, 5m, 10m, 20m, 30m, 50m, 100m =2 7}A 3] AANE
AR F FEIA e o TR WHEAIIHE Table 39 YER AT

Table 2. Safe distance depending on response time

Response time [s] Safe distance [m]
0.01 0.64
0.05 0.73
0.10 0.85
0.15 0.97
0.20 1.10
0.25 1.24
0.30 1.37
0.35 1.52
0.40 1.67
0.45 1.82
0.50 1.98

Table 3. Required response time according to distance

Safe distance Response time [s]
[m] 1.5 km/h 4 km/h
0.63 0.16
1.03 0.51
1.84 1.26
10 2.76 2.15
20 4.07 3.43
30 5.07 4.42
50 6.66 6.00
100 9.59 8.92

4 EF o)52El RSS Ed 7% 7hd 37 shule Aee) P4

41 RSS Ed 7|8t 7Stz 7HHELE A 83t EF olFER dHA

Table 1914 Holx wig} Zo] 1m/s*9 7MH&EEE ZHe EF 2R 7t 7143 HY £5<
4km/he £EE olF& WA AAE A F, TESHA &1 HAEA AAD F A= AU 0.01%
(10ms) ] ¥H-&AIZHES 7Hd o 0.64 mol™, 0.5%9] ¥FSAIZES 714 o 1.98 mo|T}. Table 104 8] A=
7HR% Al £5F ol &3t d2 AFolB=E Thef o]F& AFetAY AR s AN e S5
b 24 HEE A4 dAYE g8y FolAA Hot & B0 &R g SdEA 1m/s”
, A £57% 1km/hekal S0HA, OOli(lOms)P/] W3- A 7ol A 9] Qb AT E 0.04 mol ™, 0.5%2]
1248 7Fd o) 057 molt}, Wb EF 28| RSS =S 243 7bA 23 FHetE o) & 4 ¢
250 o]Fst= Tl oA AFFe FEC Ut AP EREH S g F YA Bk

B

O

g\l

Rl mlo
' =]

o W
>~
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42 EF °olT=2H9 olF B BAAL BE=

Table 20014 1m/s*2] 7M3EEE 2t BEF ZHo] ojnfEe] EF ZHo &5 43X 1.5km/hY
L5 2 ol S 3w ERF EEol 1m AgolA TF glo] A =237 213 ok v A 0.63
22 AAEAT. 7M7) ghdleke] dHiolH M F7]= 0.08%0lH, it EEE HolHE @ o|F
A} BA8 1, AAste] WH S Wl 24 F33s d7bA A 05529 AHE 313 = o o &
Bl F&3] A A A AAL 7 AeS HERH L Aok Figure 45 A =& HlolH HE F
71k AA FH7A 285 AT T& 7IWMeE VM 32 iyt AXE ERF 250 FES 37
3ta, 2 S dgsts A4S A ES timeline 242 Yeith WA 7bA 32 7w s B8 o
& Aot Aol et RS, BE AFJHA HAH o AREE E43tH o5 olF T AANEE
S A, AAGA I SEAE 7 3 T ete] F3A E_% EAste] 2488 oy F3S oA |
o Z3 A = o}Oia S EES st oA 7 stz gt G EE R oRE AREE
AA, ol FsteE AAS AXA Ao

camera
data

start I E,:Zl

secure sight —

determine route — pick up
—

move _

detect obstacle

———— stop or detour —
—————— detect target |
+ stop —]
pick up ]

move

| |
seconds 0 0.1 02 10 10.1 10.2 103 104

Figure 4. Timeline analysis for variable focus function camera installed AGV scenario

5. &

JNEUU =l 7lso] TS 28l Ade] F43 A4S 7Aoo, 2 COVID-19 AHE & Q1%
<okl Ful7t SUFSEA EF WSS A% =R EE 555 HAATh AR ERAE S S2AES ¢
ofgt Zh¢] Ao =EH o] Avh 1 A, Ay AAE S MY, AT EEAEE SV HE ER
2RO b A7t FFHUT 712 5 AU AFo] DaF FHO 2R EYHUAT, &
FAE S 5% AV AT kA, B =&l s 2R AAY A5 flo] dA = B A G
Ak =3, A AE&FY AEaHE AA AR AEFel Ae A=" 7bd 542t v ekel A&7 2
Saboll A 83}7] 95+ mobileyeoll Al A A RSS & &83le] EF/ o]F ZHo| A3} 23S =F
sto], 2HE 8o o AEHY FES YAT F Ae A& A AYE =80 =3, =9 23
E o A Ao E ZHdA mdo] B/ 2R ALIAE AFsAen, 2T A34E &<
g AT HEY R 2R olF 55 Pt wel HEE Fod o s 25 AYE #
AL A& Aot o] AHE HlF o2 ERAHAA o]F BES F8F FAS} 7T F A& A
o7 7ltiEtt
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A Study on the Improvement of domestic
pharmaceutical Cold Chain based on the Analysis of

Temperature Control Failure Cases

Jong-hee Lee, Eun-jo Kim, Hui-su Jang, Ho-seong Jang

Asia Pacific School of Logistics, Inha University

Cold chain is known as '"logistic that maintains appropriate temperatures," and among cold chains,
pharmaceutical cold chain is characterized by important temperature management. However, as can
be seen in the cases of Covid-19 vaccine, flu vaccine refrigerant contact, and S medicine, the cold
chain of domestic medicine continues to fail to control the temperature. Therefore, this paper will
derive the problems of domestic pharmaceutical cold chains (complex distribution structure,
insufficient guidelines, and the absence of wunified institutions) based on the actual case of
temperature management failure. In order to solve this problem, it will be concluded by establishing
a legal system to simplify the complex distribution structure, detailed and accurate regulations to
prevent temperature fluctuations in the drug cold chain as much as possible, and suggesting

measures nationwide management and supervision by the Ministry of Food and Drug Safety.

Keywards. Cold chain, Pharmaceutical cold chain, Temperature management

=EH4Y ¢ 2021.10.12.
AR Y ¢ 2022.06.24.
AAZAHY : 2022.06.27.
+ Corresponding Author: azzul997@naver.com

o

_76_



1. A&

Sk o) oFE A 20259 Hul 25% ¢ FERE AAEY Zow HYHT AW AFEL 45~75%=
AZEH =, o= 10t A= FolA 7M=& :
12 619 2o o]& ALor dFHH, o] FoA F=e 20% d FEE JGHTHIQVIA, 2021). E3FH
<d, 538 2238 =AA W 9
oFF FEAR] AR R GA FoiE s FAloIH. olo met F 2R EEd 2A I S=A] AlAl
ME oefFo] AAshe HlF T HA o= o "= A FE w|o] dulgpEH Avx
(Pharmaceutical Commerce)®l] ™2™ 2019'd ol HI3] @A FEA o okF WEHS °F 159% S7He A
o2 == FTAQl kFY HAELS 59%=, o= W stede o A Aoz HIT
(Pharmaceutical Commerce, 2020). =%l Alo]ol A% 20201 COVID-19 AMEj7} ZAYEE = Al 2l o ofx

A5 BE VUL AY FTE WoET Yk AW Hohxl TWY WA AL JFE FEAA NG
3 el =B A AU o WAL Utk opEe] LR BAE WYY HAHE F
83 BA0] MR B =R Fi FAA W) okE exwel AMPL AASLA Bt

bt
i

g f* {
4 2L ﬂleﬂ thete] &3 dA 3 %Ei frAs UdA fr %
et LFo A RE AFol HF ASAAA A2 WA Bad AL 9 A S
Z3Fsk= Aot (Kim, 2008). 18] SEAQIS 7|E B/ Mdde o & E4S 2 7HA 7HA A
A AA= A& ot} {85 7I3to] Aol Fujetr] A& =F2 Al Wl 7]
7} BastoheE ovolth 7 HAE § G A otk FEARIY A AAdd= AW Vs, B
A F

=

|

=

ofy
R
p)
i

£
1€, 4% 4 M7AUE 2 ZUE Y Sl dis) gt 79 7l<o] 2235y,

7 H: BEe B

ol @ gold S5 AT D AN L7} 2ol FEAY Bely} HRAAE Slv ol A W

‘TAT oItk FEA S AN DR glo] YAHIY AU} g AFe] Tujol thFE FA7} 3

s, £ ol A% 27 Sol A S Factelo HER 9 Uk wa 4E BRuC
o]

A Q] FEARIG oJofE FEAQIY] Aol 2 vz ‘e < & Utk Table 12 ZE=A
o] 2Ed mE EHE AT Folth YERH vhep o] ik FEARIS BaEs FHEE 25 ©
H4 Y E(-50°C~-40°C), BE(-40°C~-10°C), BAH(-10"C~10°C), H-(10°C~40°C), IL-(40°C~60°C) T2

T FHSE AFA AFEE TR IR GE W], ¥Es, ¥
, AE, o9l R, ﬁl— o5 FHER FYLshl Tt
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Table 1. Cold chain temperature classification

7 | #549% 35 3% 2 e
-50C | -40C | -30C | -20C | -10C | -2C | 10C
2% | -50C | ~ . ~ ~ ~ ~ ~ | 40T ~ 60C

-40C | -30C | -20C | -10C | -2C | 10C | 40C

NG

HA T o)k E FEA QAL G FEY FA L4 Wb e TR oofFoltE AFHE &
Hojof 3t 2%9 Ato|7t itk COVID-19% Q&) o] ¢fkF ZF ARl WA E FaAo] EokAal &
A& d& S COVID-19 WAL gelo] 7| EH g duldg 5o glom, 25of uje} Ty
HAE 7hsAo] 27 Wl Rad f5s Uro 5 EUEHPEoF ST} Table 2& 250 WE =
2 ile] By 255 TREE FY Holth o]9f o] WA FHEE o] BH, of~EgtAY 7
(el3t AZZ AthE 2°C~8CE 671 €3t Bad = Jom 2°C~8°CE 3/MYEt 58 + Ak kil -
200CZ 247043t B 4= o 2°C~8CE 6/1L3 H5 T 4 Aok Folx= -75°Col A +15°Ce] ¥ &
< 383 6/ E BES = Jon -75°ColA +15°Ce HES 383ty 67143t 2°C~8°CE 543t #
T8 F Aok ZUYE 20CE /€3t B = Jlor 2°C~8°CE 3093t +5d o Ath(Kang, 2020).

2

-

Table 2. Temperature management guidelines for each covid-19 vaccine

T g 5
Astra Zeneca 2C~8C 6714 2C~8C (3714
Janssen -20C (24714¥) 2C~8C 67/1¥)
. -75C £15C (671<)
N 0]
Pfizer 75C £15C (671¥) 90 -8C (5719)
Moderna -20C (671¥) 2C~8C (3071€)

Udut FoAed gy ooFE FEH L COVID-19 WMAlolgtes g 71A Z& YoA=
3t =] AFS /A Juhe HollA oekE 2xdEle FoAol FAS] = & 4 Ut

—)

2. YA+

21 ooFF E=AQ #d AYAT

T COVID-19 WAle] f5#A ] A, = oofF A A4, I ]
A EF Jdze Frtol wet U ookE FoAde digk B Ao "aAo] Freta ok
Table 3 oJ¢kF FEA #Hd APAFE A 2lgh Folth Song and Shin(2020)> =W FEAQ o oFF
TEAM e L e 2 BAFE dolrauA R on, &5 ol &HE 258 ¥
I AAQ Bt Ve vHA VIed FAE BEUE oSE TEHA 2 AR

Heko] 9= E AT BT Sun and Sung(2018)2 A #AA A4S T ookE F=A<Q 34
T A < 5

. S
Aol A afle getstal dAadse] UEEd vA= FFH

=

F

) M i

Mo e
2

O

T
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Table 3. Prior studies of pharmaceutical cold chain

AAEE) F8 Uye
Locus Focus Model& &-83F oJofx ZF=AQd /HAS 93 459 AA
() EF FFAAD: 2=H 2 stE A Al 37 8 F3 gRo
Song and Shin HAAA H7} 7F2S 5
(2020) - 253 AF HAAGYg A T SE 25 S A4 XA

32
(BF): F A HZEd 25 &
S A FFAA AA EEe] A

Sun and Sung A agle] WS nXe= I AF
(2018) Hho)| @ F A9l

2 AT FAE =8 A Ate 245 S8 5 ookF FEAQ feTx 3 #E-A5S A
sk AR 23S T AT AAF 89 FUek COVID-19 WAl =55 Al7lE SEAQ] 71«9
e G2 AFHL Jth 53] LEdols ¥R WUEN &5 5o dut FuAJA Yolrt F3t 7
0°Coll A @3l 270°Cell °|2& FAXS FAT F A& 78 F=ARJ] 7€ Lo dFH Yok 19
A= BFsta, FEAQ Fe B TR BAR Qld HZ 5 9l #r] EA} 22 oE 2=
g Ao A 2 ok mEkA B AT EAY Aol dA oJokE {5 7E E Al g A
FAT A4S AABAT Table 4= oFE Fro7x 2 Al g AAATFE A2l Folt} o] o
Al 8ok Y &S BEY Kim(2019)2 9 %F =mlgA] JERE 53 HHRAE SHSE ki Tl
freTze TAMIG AAERME A= A)H AN FANE AAZH) FHoE =EFs A st
Lim(2016)> = oJ¢FF &l ti ARE FAE ot oJkF F8TEE 1HFI A=A FAAE
AR F) > 2 F7 ], 2R/ B[A A FARAAAF) =l G A (E G > F 7 #], 3HIF (A=A A
ZHAAA F) = A 22 A A EAA F) 2l A= (R G A F7 8o Al 7HA8 fFE o2 ZFst
o ooFE FFY E4S EASATE Kim(2011)Y AFodAE €&, v5, 54Y, =4 5 =71E 757
Z BA4E EUE st FRO ookF 75 #d A s i AT H2 oFFE +E5HAY VY
724 =¥ -Korea Good Supplying Practice(°]3} KGSPE A &the] WA ZAE 73l-ookF & H R}
#d A= s B Rlze} F5-fF AR A ofkF A FE WstE BT £F FHs AR
oA S A=A Jung et al2011)= 2 FF Ax7Ide &7 &9 FH =7 ekl A BT
ATNA SAA F3lA BAS T3l gUF =7 okxaA 43adde AR en, H3tsta s}
Hol e FUl oJkFE FE TR vAESEGH o9 Fd AJS EAs A A
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Table 4. Prior studies of the distribution structure and regulation of korea pharmaceutical industry

AACAE) F8 W&

T oJbEY FETE BA: SR Bxe @ B A2y BE,
SolgA 3 A F7h A wel Axdel BE AYA 2249 o)

Kim(2019) 891, #3499,
A A7 1% JBHE B9 =ugA A4 A
FETE FUA, B3I PA, BT AFTE A

SJOFE f59 B4 Eujd A U A=A 2 FUPA] FA

Lmeoe | ERA maviumel Adzd Aol do] madAs] 234 o

of F9 WA ol4 SHAMAY ol EAW T4 A8,
BEAANDS TA, SokE BT FA wE

g, U=, 5, 29l 59 FohE JE FETE B4
JOFE 45 BA AR AW £Pol UF NEFD A - At FEAA

Kim(2011) Mds #1%
=z}

ASH o5 A BHe T JSFF =F ok A a9l £4,
Jung et oJoFF EF 3PLOL A7) s = FE2H Akl A ‘3101‘/}7_] s
al(2011) =7+ EE_‘%E °l dad, 7Y & ERAE TF, 4T =FAE w5
AF 24 £F3 5 AT TRk dig &7 253
oJefF e AHAY e AFH £8¥e As FASE Aol FLF

oL

23 A3 Aoty AEA 2 A7 84

L5 ooFF FEAQA A Ao met ookF FEARJIY FoAHAS A4S AXL Jon 53
COVID-19 Atel] o] % #WiA 3 #este] w79 A% HFH d3oltt. 18y COVID-19 ¥4l AokE 9
A B Al Atgl oA B F dRo] FUY YE ZEA 5L AEH 2xdy] AWE HoF 1
Zltiell B-&3kA Xatal e AAolth IEt YokE FE TR ol&d dTe LIAR, FETE7
7RI Y oFE FEAY #AEH AFEe A A gUuth

o]

4 &
_":l
o

| Ry - =
AT E 7]E AFES viE o ZE AGE {5 Ay
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3. A ¥4 2 BAY =%

A 148 B oFF FEAUY FH 54 Qo] xBs} b Fastte AL 2
o ShAT T SlokE FEAY Bel-PF /B 2
i =

= = Moz exle nFEae x o} )
olW COVID-19 AHEj 2 Q1&) ojekE FEARle o] 714 83 exdes}l vFeittes ol 27 27
A3 vk Ad 8 49, HARAUH a% PG Ae COVIDI9 WA HE A% F A9
COVID-19 ¥4l E&ko] 90003 & = 86%7} ¢ % 24 Au wjRoz & ook ZFxolo Lw#a §

A& AA Y THKim, 2021).

14.7

Positive

16.1

Negative

Haven't decided

Figure 1. Survey on vaccination intentions
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(Korea Centers for Disease Control and Prevention, 2020) so=® 7lEEel vl EAs 9l

Table 5. Guidelines for cold chain management of pharmaceuticals
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Develop and implementation of Miniload ASRS

in Semiconductor Back-end Process-A Case Study

Yong Hoon Jang'!, Panya Kammee’, Yoon Seok Chang’
'Lab to Market Inc., Engineering
*NXP Manufacturing Thailand(ATBK)

*School of Air Transport & Logistics, Korea Aerospace University

A Miniload AS/RS system is a logistics automation system that supports the storage and
in/outbound of various types of cargo. It can hold up to 50kg of cargo per tote box and is widely
used in places that require the storage of small quantities of various types of goods. Mini-Load
system is already applied in various types of Logistics warehouses. This study conducted a study on
introducing Mini-load AS/RS to improve logistics work in the semiconductor back-end process. We
gathered and analyzed various types of data considering the overall production environment, which
includes the processing time, transportation time of worker/WIP and requirements/constraints of the
field. By automating labor-intensive, inefficient work environments such as transporting and picking
work that depends only on human resources, improvements such as minimizing picking work time,
operator’s travel distance, and reducing workspace were obtained. To demonstrate the superiority
and efficiency of Miniload AS/RS, we compared travel distance, working time and space utilization
using real data. From the results, we verify that the proposed automation system can enhance

productivity and improve the working environment.
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1. A&

A 79 ES A FFI ArERES R Ao Zedo] dirde wet AF Fa AlxH
(Automated storage and retrieval system: AS/RS)= =% +FF =N A 5 EFHES &8 7

e =Ratal gl

AT TA, AsA, A=A, 7H T Bgd AdAA BEA Fart FAsa Ja AEAs, 1713
R AGEE 7L AEUEY (IoT) 71&9] F857F S7hgel me} WA =871 3438 7k ot

(3b) HHE | A|2HE Yoy
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source: R FEAEA, 2022 FHEA A A Revision, 2022
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Nit= =24 ¥BEA 7]Ygel™ Miniload AS/RSEEYT X2 H=o YA T o|t) o] FHS HlE
A Az T8 T F 38 TH2EA, oAl £ (Assembly) ¥ H =E(Test) 348 93 Aot

71E Nit= H=A] A4 7e9o oz a9 Aikdo] Ut on, EF &8 /4 digk X434
QA IHE 3t JATE Nit Bl 32 g &3t sl&E o|F F Auk RS FdYsh= vja&4<l
EF Y A EAEl &A1Y, ol mat vpX gl FA Q] Pack Area®l Bottle Necko] A& &= At
s ¢

Pack Area (|32 : 67291mm X 23,705mm)°ll &% 947 Adwvkel] (17) ¥t 3
el EAS #ol w5 BALE A9 Al28(MES, Manufacturing Execution System)ol| A]
ALY g AdRbel] B Foles FAolth Aol ofEdtd wet A AYATL

% Falkm ol olEshe B HIEEA Aol olFAL ATk

Figure 2. 1] oJF&#Ql 4

22 =91 A%l (Miniload ASRS)

AS/RS= =9 HH, 9 A%, WEe I wE A Well askr] 917 A I Al 2=F o)

ok AS/RS= gHI9 Aloj Ao EFARA 1S BAsts H(Rack)H & Alo] & o] FdtH E1& ‘?J/
£33k 28 <l (Stacker Crane) T+ Storage/Retrieval Machine (S/R Machine) ¥ ¢/&3 2H| o]
Z FA=o 9. AS/RS+= FA| Unit load AS/RS, Miniload AS/RS, Vertical Lift Modules (VLMs),
Carousel system, Mobile-Rack AS/RSE &% < U} A E(Shuttle) AS/RSoIA 2 Ato] o] # L 2]
ZES 33 %, FHE o|Fdte SNV TEA £ AY vHS R st ERAEHAA ZEH
Ak Z# A2 A A K Forklift) B} AHJoE F1 W T2 HAH EHSE wef o] FstH, 23
(Fork)E Ah83ste] B Fae] o st&g AFeAY &3t

o
[
o ok

Mini-Load AS/RS& HF 30 - 50 kg HY EFc] @4 & 22 AH oYY EE(Totes)E A 23t
= =7 Ass Azdoln, Axtd Aol B, ¥3tS JFH o2 F8F 5 Ae AlzH ot
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O|L|2E (Mini-Load) & (Rack)

EIr (Picking station)

Q1 #80|0f (Inbound Conveyor)

2 48 0]¢f (Inbound Conveyor)

Figure 3. Njit. #-8& Miniload AS/RS

Mini-Load AS/RSS] A28l T4 2 Hol= ofg)e} 7).

1) Miniload =&l : &3} = Alolof HXAH #HA oA 3, 2 WFOE F3
S WEshE AW

o=
glg
)
ft
(m
i
)
2
2
oX

2) Y43 Zule]o](Inbound Conveyor) : Hell &S AA3t7] 3] R EEE AD3ste 7| o]0

3) &1 71" ¢]o](Outbound Conveyor) : dell AAH &S AWr] 8 A 93] 218 EEE
Agik= oo

4) d/=3 AP - d/=2 AFH} AH A= FROEA, AJATE EEANA AEFS A 5 &Y
< ste 33t

2.3 Miniload ASRS A13AT+

AS/RS Alz"lo] 7 o] g2 AS/RS| AA ¥ 9 & 98] w2 AF7} o] FoA $ith Roodbergen
& Vis[1]& AS/RS #d3ste] 7]&o oWl A7} P A A48t A 2=H TARl, o]F AIZE o5, B
T g, ] A, 2AEE § U AF ol T BE A E A=g A g A7 Fol
FYPEAS s

Gagliardi, Renaud, & Ruiz[2] =3+ AFo] HE&H Odd 714 AHS FAHCE 7)Eof 34
A 5T

Gu, Goetschalckx, & McGinnis[3]+= #3. =% ol
/R

rg
-
i

]_

of

ATE O A nY R TR
o AU A7 AAE Thel AT A & gAY 5 Aok AREe 2

o
oA A AIrt LA RN o] wFHEL A Fee AFSAT

Bozer & White[4]= T2 % EE £3E5 7[7 Miniload Al2H-E U0 2 AFd B &3 *
G Te nEFE Ha B 52 /s A 2HS AASE S AASAT A 2E 28] EFS A5

—

A3l #FA o] TtEES FAS EE T3/ Ax® A xdd vy e BE &
E T97F A" A|xHo] 17 Aso] 2L RYrt



Foley & Frazelle[5]= F /M9 &% EE 35 7} Miniload A28 & tido 2 A /&3 A
= A7) A% Fel RS AASAT. AGAre] J7 ARt \AAF e A 1 2
[e]

A/E3 Aol Bold & g Byt
Lee, Kim, & Changl6]= 4 #¢iAke] 328 Fo|7] 913 $a=dold Felel bs] dFsiant =
9] o] @ 7]Lv], WE @ ] AZg oo =olo] wal YR WEE} o]®A WHEs=A ME @

THE HAALE ot 24t

Gller and Hegmanns[7]&= olo|HE 7|9t 28 Wy S ALEst HE 7]8F AS/RS Miniload Al 2=®l-&
Attt o] mjyA do]HE, HE do]HE, ZlZE Jo|HER FAEE AlEHod RdE 73
st o ZEado| WE A 2E A FEd Ho AbolF B Y ®EE 45t

Lee[8]= T &F BEE =39 B9 0¥ EE &A= FAE A3 YAz old9 goobo
ATE TR 239 WG, EES = W wE 9F HYFE AEFlAS Tt &8

L

S
oA BE& ¥ I, HES —‘FE—E QA9 g BRE 3
of Wl A WA

Andriansyah, de Koning, Jordan, Etman, & Rooda[10]= ZEAM| 2 T (process algebra)E 7|RFS =

sho] Miniload AS/RS Al E#old Re g Wity B4 wdo] 44 48 kst el Azge 4
go] gol@ Axw mhae AAshTh

Bozer and White[11]:= Miniload AS/RS Al =Hlol| Al A 017 AGA & sk 8 ZdS Al
Alstdth 37 AgAeE & EEvhs A9t 1 B4 ERE olFstH A AYS I v
AstAth ® 3 AR ThsES =ol7] A F1 EEY ¢AE -5t WS AASAT

Mahajan, Rao and Peters[12]= Miniload AS/RSS] &3 Ae<S Fol7l &l HIdH =
ko e

(nearest-neighbour) & Ar83te] &3 2+ 9 ’\/\13 WA = ¢ A AT AAE ol 7]
T el HIE 5~ 15 % A% FFE ARE E F ASS AEHIAS T8 UERATL

Schmidt and Follert[13]&= FX HAu|o]o|Z 7}A|= Miniload AS/RSol thaiA A3t B9
AS/RS /21 AHL BF9] A7 AdUe} Fx AdololE B3l dZAHT oA E18 EE E o4
o A F 3 XoFE ERiEo] IH o] FPAY. 21H EEV F& AHJUE AR Hs =Y Al
of WA E4F Alo] WAS A A8 $ HA AeE Hlwsth

Paul Hahn-Woernle & Willibald A. Giinthner[14]= P|UZ = A|2E9] oz & AYg =4 5 &
Wy thal] AFstAth PlUREE A5 AlojFaEs £t L@ & Ag9a s ¥ &4

g Azl B ATHEL EA

R. Gaku and S. Takakuwa[l5]& B ZE, MEXEE 7Y ZE(Shuttle Vehicle-type Mini-load), 71| ©]
of T ANzE A& B =FolH, &2 A= &F Holol B4 A3 ATFWEe B-FAT

FW A/ (semiconductor fabrication facility-FAB)ol| E3 2
.);7-]]%%]% A A SR T A3 A28 g2 E, AH|o]o] 5 Bottle-neckS 118
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3. A&3 2" =4

Niit Miniload AS/RS =& &4 &4, Z2A| 2~ FF, st=do], AZEY o A 4 ML dAE A
A FPEAT. dF BAGAAAE 7€ A Z2A A9} AF EA, 3 BA, BT BAS Y5
ot ARk IR E SAEHA X AYAELS 2 o A A E FAsE o] B2 AlTte] A8 FENoH,
2k o AR el A= E5E 2e o @ o Azte]l A8 FT AT 1hY FES HA s 2
AR7EA] o] FetE AlZE, ARk /A& BASHE AL Ak Qb A AFES Ze AZE T B2 ARkl &8

9
AT Nit 7 &8 @34 ol & /MA37] A% sAa8s 243
ZEA| 2 FE5GA ol A= Miniload AS/RS =% A8, Miniload AS/RS®| AZE (&} N it AZEJ]
ofo] AA Wt g A A AFPAE] S wEEte 4 Weks EESAT AA 2 g dA
Me 71F Z2AM 29 Layout B Njits o7& 7|Wo 2 stE=so} 8l £ZEYAE Jhdssitt

31 ZTEM 2 F4

Miniload AS/RS =98 & AS-IS Z 24|~ EXo] 4207 A3t Pack Area ZE IFELS
Z FA < Final Testoll Al Zdo] 1 EELS 4417 7]F 2.2 Final Test 2% G Ak 28 LOT &4
2 2Rko] "t Pack Area® #HHH $HEE2 Incoming Shelfol] 4422 12 Hsl7F Aot 1 o] %, 2+
AAE= MES 2ol o8] A= Pack Machine T3]0l ¢X3F A A Autoz 23 F3}r} o] Fo|xit}
MES®| A Pack Machine 7} 297} AAEH, g LOTS #o} Pack MachineS 7}153%Hc}.

Final Test Pack Area [ Pack Area ] [ Pack Area ]

Test 242 HZ | _ N Pack Area 210 — | MES 9| A > Pack Machine | .y | Pack Machine
Final Test £1 HNE ot HE 25y =X MEH 7| =

Figure 4. 7|& #4¢] T2 A~

Miniload AS/RS7} BE#E EEULA XAAsty] 93, BF AJFol dist 5E4& 1#3AT 1A Nits
FE°] 107FA 5, Tray, Cassette, J-Dec ¥ FFC 47}#] %5 9412 S & Miniload AS/RSe| B #3ste] A
HEP S 3 &, 250 FF TH 5 S/ Aol AT &FF T 107H4 4F EF Miniload
AS/RSOl B3 7154 S G5l Fo] Miniload AS/RS A Aol ¥+ 3}t Miniload AS/RSS BHF=A &
=4 ol =UHEA7] wEe REFEY T HAE Y8 FHAr] $AE HUS Electro Static
Discharge(ESD) proof A4 Ab&o] @78t HEJF EEMAE Hfsis 3, A< 5 A= ' e

Anti-Static A S A&t 23 B A XY
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width long high | Weight

items Type €m) | (em) | (m) | (Ka)
1 Tray 23 57 7 6.1
2 J-DEC 16 37 24 5.2
3 cassette 30 29 12(8) 71
4 FFC 29 15 28 8
541 Box LOV(S) 9 53 2 0.4
5-2 Box LOV(M) 10 55 5 24
5-3 Box LOV(L) 15 56 8 32
] J-DEC LOV 16 37 24 3
7 Instrip LOV 7 25 12 15
8 FFC LOV 34 35 3 13
9 Can 7 7 8 0.5
10 Tube 0.5 52 0.1 05

Figure 5. Niil: 35 &

skt Figure E TI:I: Miniload AS/RS°ﬂ /\]‘ﬂ 333]'_1_1]' Eia= 47}11 FEel I A, HAY daw
of thafj A EAsIATH ¥ Y-S Nit7F ARG 4714 e /ME Jizs vehd Aot 93
A= B4 A7, Ya7FL Tray, Cassette, FFC, J-Dec o= B ow, EfA|Fol Hl&l Tray Yizdo] IA
3 =S ¢ F UMTH

Flgure 6. AS/RS lx} B JE

ih)

9 23 T2 Nit7F AA 4714 A4F9] A3 S veld dajolt), 4 23 & B4
I o] 4€ 13Y8~4€ 16¥ 4719 o] HES AL & F H 700719 LOTe] 4 ﬁ?iitﬁ, =
90071 ¢] LOTe®] sFFoll Yar= At

N
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Figure 7. ¥ Q=

34 9 8T7AE B4

Miniload AS/RS AX& 93] Njit &3 HA 71 %7& gk =27} o] FolHTh =9
ZA 3}, Miniload AS/RS A*] 7}5 &7+ Pack Areadll 9 £ AR TR, HFFF 10714 F 47}
AE FAHcE AHLYS & F HH E}ZJ% Xéé}s’iﬂ}. °o]¥ Nijit 8FAFES 183}
Miniload AS/RS Ao Wk 33T

Nit 48 A2="S Fhd Y 8m, & =°] 2.3m, _4_:,'_/\1-:1]0]/\1 7717 2AA ] AgHAoH, Al2H 1
7] B 3E B#AF(Eo] 73 x 4o] 217 x 8 270=294cell), A/ FX F &% 2m/s, T3 EE 1m/s

TEE AEH A

]
“ia B
i T i
BT PEECEEI A B
J - ;%— 14T o]o
2 s ‘J - | ot
4 ilelet Is "]
i T (1Y
L ] Lt UL RS e e 1
9 ! _.Ji CHTLE =E
L | EEJEET I_TL?.] FIDLT_IIJ f—*ﬂﬂj
| et CEETETETET e ¥ IS T3 TS|
1 =~ e TN Efmh—fnfké |
! s o
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Figure 8. Miniload AS/RS A x]¥ 7}k
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Figure 9. =% Miniload AS/RS¢] 3D =H

35 9 87A 4
1) Miniload AS/RS A7

Miniload AS/RS AAl= A&3 =4 A 1 A Nitel @4 2 7SS 8ste] Adsglen,
olstoll Foix A IRt A= AAE APsAT L o] F, Nit 9 Al=dla 2 dAE A%
aZEgojol 8l st=9of jke] FAol YA,

Mini-load AS/RS

System speed
- Max5m/s
e System Volume
- Height:2285mm

- Length:8446mm
- Width:2878mm

¢ Handling weight
- Max50kg

¢ Handling weight

*  Remark

- Material : ESD Proof
- Totesize : 610(L) x 350(W) x 200(H)

Figure 10. Nji: %8 Miniload AS/RS
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4. = N="l &3 4

41 €4 Y

A E# ol B4 A ASIS, TO-BE ZZA| 20 t)dt A3 B8 Agslgon, o8 7|20z A&
ol AA 2 "ol Ydgo] AP YT}

ZA 2 B A5 E 7|HEO E Miniload AS/RS =9 AZE 2 AlE#o|AS T3t Al Ed o]
A &L Flexsime AHE-3F% .21, Miniload AS/RS =4 W& =% &35 va-E4317] 93] 2447t
2o ylzom AEY NS st

AEECIA AluEles Nit dal tlolHE Hlgoez Hd 4

&
Miniload AS/RSE =% ¥ ZHAF ols Al € &Y &8 AHE E4351AT.

Figure 11. Miniload AS/RS =% A A E#o]A

Figure 112 712 Miniload AS/RSEY A &Y ZEA A 7|uro g A E#HolHS TH3IATH A E#H o)
A 7HA AeEe Njit7bF Z2A| A5 7150 & Pack area ¥, A3}, MES 55 9 1uj, Pack Machine A&
GA R FEst] TF38A T Searching A1ZHS A 120%, H4 3022 AAl SAHT AIME 7|22 & d
ol 2 dH3tH on, AlEF ol AIZFS 2443 9007 LOTe] YuHE Aew AAsdn). A =
71 Nit 2 Z2H 29} FY3A 43 A9 49, Pack Machine &%k 09 49 3 89 (13 Hd 571
LOT ol%)o2 HdA34Th

fr

e, > =~ == R
= = = = = %ﬁ%ﬁ@%%ﬁ% ]
m——— . = = = = - & § Fiphan, "Ew o
= S = = === —— - e =l fseoo

<L T T s S S ST
Figure 12. Miniload AS/RS =4 $ AlEdlo]Ad A7



Figure 12= Miniload AS/RS AX|® dA o] tigt AlEdHo|HS FHAT AlEHIH 71 A2
Miniload AS/RS &8} Al7Fe HA 30%, HU 4022 23R oH, Al EFH oA AZFL Miniload AS/RS
=Y A AR LSl 24413 90078 LOT@EARY 402 et 15078 LOT Yy o= AAgstgit.

1 &4 23

Miniload AS/RS =% %9 7} & Ao]d 2 AA Picking Al 9 2 At 015 AY 4 8 7E
TAA A i ARE 1A At 71l 947 AdRkell stEo] EaEo] A Hstrt 29 o
Fol2 = ¥ Miniload AS/RS =9 $ Fdt= 19 A=Atk Nt A Manufacturmg Executing
system(MES) Al =Hlo| Al Adube 2 2] 2E (Order list)o] AlZF AERE &83lo oo A2=HE EYF
o= EFo A Azt g AF EES 53 Picking A ZAE 7T 4 A AT Pack Area ¥
ol #xg 12} Arto] obd Pack Area Y7-ol 9123 Miniload AS/RSo| Yirste] olF A2 2 24

AzEel Zag 7 & AR
1) Miniload AS/RS =% & 33+ 2&4 &4

7]E€ Nite= 947019 3% A9H(1340x290x1,230mm) ¢l =& #atth. A% Miniload
AS/RS =4 F i FIEE ol &ste o B8-S Pk, Rl F3ho] AT glo] FE&FoEMN, I
I

&S A FFa JoF Bao] JlsdHen 71E tiHl 60% 9 Awks Axsith

w
il
(e
i
©
£
=

AESZE 1 (1.340x94)x(0.290%x94)x1.230=4223m3

ZF 1 (1.340%x94)x(0.290x94)x(2.800-1.230)=5390m3

ok o

gH|

E-)o

21 47}

A3 7 : 8.4x2.80x2.8=65.856m3

Figure 13. Miniload AS/RS =¢ A% &7+ &4 v

2) Miniload AS/RS =% & 37 At T4

71E Nite =5 A ez 97 2ol YA AR J7 Z=2A == 49 MES At
4 HZE stg, ol At F sl AWt olF, s A, sES 9% g =

HEE 20y otk BE FY-L 100% < QOH ojEsta A= FEHReH, 4
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Miniload AS/RS =% % MESE Miniload AS/RSell &3 M#Ho] A5 2o, sy Ya2Ho)
(o]
AN

Ao Ay We T APAt FFL e dH 2ad Ae @52 5 3

¥ 7 AIZER] AL
Miniload AS/RS =% & : Z4A &= Searching time Zth 120sec

Miniload AS/RS =% % : Miniload AS/RS 3}& £F AIZF HO] 40sec

3) Miniload AS/RS =9} ¥ o5 Az A&
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