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Growth in the E-Commerce market has led to a surge in-demand for novel delivery services such as
same-day and dawn deliveries. The foundational Hub and Spoke logistics system, which requires
goods to pass through a central hub, face limitations in meeting the current demand for rapid
delivery to end consumers. Amidst this backdrop, distributors and corporations with their own
delivery systems are striving to minimize the distance and time of the last-mile delivery, leading to
an increasing need for urban Microfulfillment Centers. In this study, we aim to determine optimal
locations for these centers using vehicle navigation data, specifically real-time driving speeds on
roads, provided by the Korea Transport Institute. This decision-making challenge was defined as a
simple linear programming problem, considering available site candidates and the actual travel time
to anticipated demand sites. Future research in this domain can potentially expand to consider
factors like product category-based demand, population distribution in demand areas, and clustering
of anticipated demand sites to analyze inventory distribution across MFCs and the feasibility of

inter-center connections.
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1.1 A7Hl7

o] A 2x(E-Commerce) A& W Aoz <l 9 i, Ay Mid ge 2
gk 28129 a7t 43 2718k Aok FFEFEFHI(KILA)S A8 U} W =) AAko] @
=5F 7ng A iE] 2019 9.7%, 20201 20.9%, 20213 7.59% 2 A< A
2 Az @) o] 8 3= 20000 24700 A 2021 70370 E oF 29.34) =7
AZE €n) o] & 3= 20001 5.07000A 2021 128470 = oF 2574 F7}8F L.
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Age olZA Sofd &l ety Hs) slH H 2EH(Hub & Spoke) HIES =
%’6‘]—5{11:}_ A9k 3} Eo] ok FBE Axof = A|2HY Eog o HE A
Fol 87HE dA, A AWt ot mEtA HT BEH A dlE AH] 204 Bloju
e ﬁ}a%z:— A3l 719do] EAH o2 efrEnd(LastMile) IES ZE TE5te] Au]2E A
S7betal AT B <], 2021).
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olelgt 5o e} =4¥ =F/FAE Micro Fulfillment Center, MFC)7} =414 3
M, g EFAEHES BB ofve} wiEe Jd74A AsHA FFAA Vs s @
2020). WebA MECO] &HEE YA E At AL MEE T8 oAEA A7} 5
2e olfE F8F o E /Y AA, S2Entd wiEe HA WS A T %
2A| 22, MFCS] &4 A AL 3T vlgS IA AT + =S 3tk E5, MFCE
AS 7irte]l YA FoE=A AudEe TS T, AAZE Al HH3
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B ATE BR 84 SUE BEE ME Ao o] FAS Ahsss ALSUA W MFCY A7
YA Aol FH L ok o F 93] BFWEATA A rIAoI A ke B2 0 A UA FAL
= dlolejsh A LEWA Wuole A¥ s AA YBEF dolHE FEUh

A7 F8 BAL MFC 9A FHZAA 28 BAXNAA Ak ME ALl D AL 25, o) B
g3 vl4o £84S FuseE AAE ARalE Aolt B ATAE A 7P $UoE MFC 4R A
3 BAE Qoata o] & Masgch

3 MFCE 319 MFC7} 7AW alof s A9 4 7hedl MAshs slolth T WAl: Fag

X,
ol
oL
y o

H
1# g FA T4 ¥ (Centroid Method)°lTth. % WA= FRA7MA FEF = Ayt Hav) =+

Aol MEC7h A= Stk ppx{ohe & Aol AAshs THOR, £ ofyzt 87
7HA] DA o] FAZE I3 FA T4l Holth 'SH% WHES FoA7HA g §EFEE ARVl old, =
Z UES I wE olF AR gt o]FAE AFEN 1T

ZF 2 mE A5 vl B3] Y8 B AT s BEHIIER AEHAS AYEIT Ae
A AEER HolHE vz Ha 8 44 fHS T2 AlEY oA, ol& i HAHE AU
g oA Zt MFC YAIZHE Fa SYA7A o] FAtS SA T
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BAT oz, 7 24 PG BEHE WA B ATAH AV BU) FEHE BAAOE 25
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Y 9(2018)= U= F=dol X Fa ddl 7HFo] S vAlE 8ldES E4S AT
o] A& olHg 8dES A #¥ 8 (Transactional Factor), &2]% 2 %1 (Physical Factor), 91X 4 &
Ql(Locational Factor), 3l AH|2~ #¥H Q<l(Warehousing service-related factor) 22 73ttt 53],

H]
AR 2o 2y HITAS H3t7] 98] T IC(Interchange)7hA| o] A, F2 4 2 2k @71
o Ag, A& AR F dHGNA Y] A F& st

Zhiwei Yang et al.(2022)9] A= = ddto] A9 =7 A dA adS A
skt o] AT A ER/Y FUteke 8, 847 9, 28 f1A A9
d A= 2= ZEE HolHE AREste] ARSI ol AA7MAS] Ad, 7HE
T7HA Y] A, &7 D FEFEA7A AY & HIA HrY ARE FEIAH
Takanori Sakai et al.(2020)2> =7/ Al2< 7|58 E 574 o2 ER/Feto, 7helaied
e 29SS AT ol AAZE 79 ¥ &, sAAZ S EF A9 HF, I+ 2=
Az vEglon, 53 7 77be AEER27AY AYE F8 HAIA ARE Z833
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Table 1. Accessibility Indicators Used in Logistics Facility Location Studies

Author Accessibility Indicators Distance Measurement Method

Distance to nearest IC,
Hyunwoo Lim major commercial-industrial area,
et al.(2018) Seoul City Hall,

Incheon Port
Distance to City Hall,

Straight-line distances

Zhiwei Yang nearest highway ramp,
et al.(2022) port,

freight railway station

Straight-line distances

Takanori Sakai

Distance to the nearest highway Straight-line distances
et al.(2020)

Table 12 24 AR AFANAM AL HAH AX B s A &olA 7%31 ofgA FAsAe=A HEHA
o o] d7Ee BF HAAHE Tl 71 AT oA o ARlE Ao, olH HT T

o 1



IS X o|SAIZE na{st =M™ ERME =X YUx| MH

mjo

< A 22 UEY A 72 2 ARE A Xdvs AV SAZRH. & ATl ol T A

E Ad "HIA ARE A7 A 3.

S| Fl A 5414 (Centrality) S8 U EN T W =59 $84%
AA Q] Y Eolth. Borgatti(2004)«= WES A A4 S AEHE ARES BYstion, +8 F

AR AREE =5 T4 (Degree Centrality), @5 %414 (Closeness Centrality), "7} %
£

=
%44 (Eigenvector Centrality) & &703stATH ©] A& oleldt SAA AFEES0] Y
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(e}

Centrality), 24
EfAddA BA 55 9 AH| 5504 T3 =5E AHEEF AHEE F ASS AASEATE Table
2= A4 HEYA FAAS o9 SAHs=Ad dd BoE et

Table 2. Centrality Measures in Network Analysis

Centrality Measure Definition

Degree Centrality Number of direct connections a node has with other nodes

Average shortest path length from the node to all others

Closeness Centrality in th twork
in the networ

Frequency of a node acting as a bridge on the shortest path

Betweenness Centrality between two other nodes

Eigenvector Centrality Node influence based on the number and quality of connections

Fahui Wang et al.(2014)2 Z=5 F&A19] Al 9% HEg £4314, VEHN T T448 AxE7}T &)
AA AA A FEFE vA=A BA8IAT o] A= A 4 )
AbEs A X9} A FE e ARAAE Hrrstd o, Avjdo] fEd FAAE THzl
AsgitkeE AS NSRS 53] Wsd ) e uAle] - wi) 489 e

=

Geng Lin et al.(2018) =3 = FA Ao 2y A9t HES
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3. dlolg] Ao 5 HAE

31 43 dlolH A
1) =2 UEY I dolH

B ATE dqusdTde] AeA =2 MEYS HolHE 83t T velHE =2 ¥ 1 of
ol AF ke 8 ¥ rE, J23 sF ZRAM A £ Ths SE9 e 7EA] HRE

AT HEY 2R $ES AEER, B AEER I Ik, SEFIANE, U A AYE, X
- N
-

al
, QAR For TS By, 4 £ 94, A F, 193 A% PRE P Yo

17
=

2) A% YES D HolE

o

2 FYEE HolHE FnFATEY View-T AHIAE 53 o] &8 4 o, ynAoldE 7|4t
o7 F9E AF 4 =2 ¥ A FAEE i ARE xSt Ut i HolEHe EE UES
A HolH ¢ =29 I ofo]fE T3l AsE F Jom, 2021 VFoE 14FH 129714 €8 A
FTRELE FRE EFnh =3 7 Lol disf 74], 841, 114, 124], 174, 184 & AlZtthel wet 2 =&

1= g 5= At} 53] 15%, 25%, 30%, 50%, 75%, 85% i
ol mE FIAEE, Hd FIEE, FASEY] FEAHAL 8 HY FHSEHA 2t AT
=

WEgaE A7tEe Aol

Figure 1. Visualization of Urban Road Network Structure
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3) Al&A AEEF dolH

g FYPEE HolEH S tEo] B AFoA = AAldA AAE B st Bl wet AlEdeolA
S JYstr] f3] AeA ALEEF dolEHE &8t 9 dlolEH = 202008 1255 2022d 8¥€7HA] 7]
ol A4 FHEAANCH, ASAE F 68216719 FH(EF)LE UFo] 24 50 & 25T Y4 KR
& =x3eta Qi

g dlolH = gl FHE I dFol tigh JRE BEE AFsiH, 4FS 54 wet F 140719 3
FTOE BRI olF Bl 7 AEF ds EFEFe] vty RS =A GMS HRE etd 4
UTH TE, 2 EFo g 9A BRE %FJCL(Polygon) tﬂOlEﬂ 0/51 o= z3eta Qo B9 AR
ARy Hefo dig 4 g TE3h= AlEA9
zt B gt <l = o] stAl s, 1%
A e 3 A

Log Transformed 2 Year Average Demand

Lo

Figure 2. Visualization of Log Transformed 2-Year Average Demand by Block

3.2 Hlolg FA g
1) =2 JEZ dolg

A2 EATLY LA =2 YEYT HolHE A =2 YEYIAE 7oz HLA 34 AA
w2t P tlolElolth Holy 4 A3, YES A W BE =27t AstA dAH IA dee &
AT ol 5 =2E Alold] AHZA A4 ARV 1SS risy, g EAE 53] A& 37
T BAE olF= F AHelA BT ol 23] daglE £ AANA A YD oA
7t dee 9m gt

e}

m r1r
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Webd, MEYIAA e RE mEsh AAse] QA Yol BAZ WY 4 Y =S5 J0) 949
Y2 doled A ASAT ol% Lo ANel Fal 4] Yuelze] ARE % AL =
1% ke mhAsg,

2) A% FYEE HolH

g FHEL HolHE B FIPEE 2 HEL IE FRPEE, S5 FFUA T YT ARE
Z9sta ok B A9 Rxs BEE FeAd el o] FAIMS HAstehe Y dRkstE H A o] MEC
AA = ﬁ"éé‘}ﬂ faEl, B FAEENS aEste] AP-S AT

w3 HolHe 4 =2 E do) mE FPEE ARE et Aok B A9 Fx= MFC YA
AR o] A B FAEEE 7|2 7P AR AU LE EE3hE Aot ol& 93] ¥4
HolHE HFste] A¥d FHEE HolEE 74|, 841, 1141, 1241, 1741, 18A12] 67] AlZkdiol upe} A A
tgon, A¥HF FIPEE HolE Y E2 YEYF HolHE T2 1F oo E 7Fo = BItsig).

B A3 FRAESET BSHA ol AF 0 E EAste 227 EAEAH & dFdAE FAEE A
=X A& 9 vMES A dolHe Hd F3 7l &5, A & 18i 229 TS &E3uon,
e Mg HA -2 Figure 33 2ot B FPEHETE Ao A0 AW F3 7Hs £EH BRI J= BT, 3l

F =29 A 4(linklanes)9t =29] FH(link.road_grade)E F=3te] AFEo] Hu FI 75 &=
(link.max_speed)ell thall H+ o= HE9 &Hgo=m Fast=x H &S ALHCOMPUTED_RATIO)3}
31 Hl&(average_speed_ratio)e W FHEEVE AFQA o Hu FY It SRl FaA
(link.max_speed * average_speed_ratio) A 2latAth. Wtef Hh F3h 7le £ = HA 25 B9, T =
2o|A AFEC] A T3 &% (Free Flow Speed)oll wz} o]ttt 743t

Algorithm Data Preprocessing

1: for each 1ink in dataset do

2: if 1ink.speed # NULL then

3: continue

4: if 1ink.max_speed # NULL then

58 average_speed_ratio < COMPUTED_RATIO(link.max speed,
link.road grade, 1ink.lanes)

6: link.speed < link.max speed X average_speed ratio
7 else
8: link.speed < Free Flow Speed > Assuming km/h

Figure 3. Pseudo Code of Driving Speed Data Preprocessing Process

3) A& AZEF dolH

N dolBl= gu =% dHolE et ¥ vloly, F 7HA #& 2 HelHrt B2 EAs oy, AgEF
Aol Ao 4L ffal & 3 wHolHRE s asil. £ & AN E &4 4 =
< U2 1A 4, 2] TG fAFTske] EA45AH. ol E}E}, 2 53 ddol ths
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=3 A A MFC 1A A S sl Fa3 LHAZS A o8 A 9o Yre A0
thoolgld A9S U] feide EAZ < 28 2E " (Clustering) 71% 9] 2 &l %36}1’/}. a3y 7]

= G99 dolHe S8z doll AetA &gkt olo we), B AFeM s 4 B oA T4
TS WPt 5Tl W& W& Figure 49 #Zo] FAE THAIH L, aﬂiéﬂ‘%“)ﬂ 28313

Figure 4. Random Demand Points Distribution by Block in Seoul

4. 43 ¥y

2 AT Y A= Figure 59 2o A GAZE, A4 WollA MFC7F Aul2E A&3E Zl
a7] s A2 AZEEF HolHE &8t g o TAZFES V|Wto g AN E 04?4
FAG. G2, Al 7EA MFC 944 MR ES 283t 7Hde] MFCE 2A st e, ZF
I 2o AA, 7 Ao FFYdol MFCE AAst. &4, ¥4 U 9 Fa3s _Tliqff} d
MFCE A3ttt AlA, g +a83 =2 YEY]F 7|9k AA| o]FAZHE 18 FA T4l MFCE
Rl

ol F, ZHZIERE AMEHIAE &85t M AZEF tolHY =5 &S 7Ivte R 3 7349
Fa T Auges dAsAn. ol Agdelde Tl 74 AA WHE wet 2 E MFCollA o
BAA A7) o] AIE SASAT. T FAolA R dedtE ffal AEdolde 54 A ol
A AR ") Fes WEA " Y] MFCPE A Edtits 7HE B 4 d9ols & shue] MECHE]
AA AT = 7H sl R E A,

A GA M = 2 R Eol mE MEColA 2 A 74A] o] s Ak FAIA zolE E4 5k, &
ATolA Adste =2 EAA 71Nk 24 SAAS 28T MFC 94 A4 Wi el 2848 H7st
AT
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Parcel Flow Analysis in Seoul

Clustering of Seoul Based on Parcel Demand Volume

Selection of MFC Locations Based on Each Methodology

Methodology 1 Methodology 2 Methodology 1

Travel Time Measurement to Demand Points
via Monte Carlo Simulation

Efficacy Analysis through Statistical Difference Evaluation

Figure 5. Flowchart of the Experimental Procedure

41 8 WA Fo| & FH2EHIY

2 AT AeA W BE vl ZFe] o] s/ @& HASetE HA o MFC A AAdd =3
S Ut o2 o) 7 B2 gE B U HIEE J|uto g AAS AAsta, 7 AYd sty
MFC7} A2 5o afd A4 Ao R 7SI wekA 2t A IF A 2] o] IAEtA] ¢
3 AYe yFre a93%< B 7)Y (Partitioning Method)©] E 23}9] T}

1) K-8 ¢ &i2]F(K-Means Clustering Algorithm)

K-+ ¢3128]F(K-Means Clustering Algorithm)-> Hlo]E o] AAHE AL, FA $4(Centroid)<
A7) A8 BEHd A AE g2E QY] JdE FHAHY e Eolt(D. Pettmger, G. Di Fatta,
2010). K-Means &85 ZF tlojB ERJIEES 9 ZIJAEZRYH F2H= A7t H20t He FA F
g 2EH We HolH ZJESL " S8 2=EH e A

ol

Aol G YA OoE FEFAT 1 @u& 7 2
ZFA4ol Wsl Herel f2FUs Ads 24 Ak
B AT F8 BAL 8 ATe) o|FATNE Haer] 98 MFCE) AXE AR Aol YA

i

ARzt BHNA 2w, 7 FAzEe) TA FAL AT G Welx 2EF AFHAE AAE e
o mebd MFC 14 A4 BAIA g P B4 29 f2YE Ay BRI 4 2aX7AA o) F
A HaFshel WE £ FURY 5 Y Fow Aol B 5 Atk HebA KHE FuE

5o de FezEe) T FAL, MEe] BEAS Bolv]l 97 UA AAo) glo] WAH FrE A

¥ 4 ok

webd, B Pl SR U B Y MAEy, KA FueEe B o6
WY A5, 2 FesEE g Fasre) Rxol 9xo) ek YRR, AA S PYFEe 9

ol o of

(

o
>

I
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Els FA AL 7 8 HAA Y g3 HEe FFEl= A
E A= A o] "} olEe EAACR Q) B A= K-Means €118 &S AL ASAE o7
AYo=m Ures s FEldolzt At

TolAE v @AM YRl ME FRA7MA ol ARk AelE A Ety] 98, S
S 272 1078, 207K, 307K, 4070, 5070 = AAste] S 2HPE st o, 2F Aol s A&
doldg Faste] o wE MFC YA A FaA7A o] FAZE Aol & Zh #Aof tha] wlastar
sk

Table 2= 2| 2H Y 23] A& Yt b 23S 7|Fo2 A5 10719 E22H, 5070
o] ZY2HE UrAS WE £FIT & AdFNAE Ao EFF] BES Sl @ 28 %3
s7] s @A E dlolH 2RAEES 7 ofd R olFo® U 44 SY2HP S YT F BHs=
I L AR

g Sl =B Ao met Holy ZIJEE wtg oz E5 & (Convex Hull)& 743 4 25
AA AAXNE 2+ MFC7} s Ao & AHoz 743t Table 22 Region and Centroid
Identification YA HE x BAE T B9 AFYe Uiy g o A= w9 Fa3e vy e
2 3 499 FA FAS UG AAle @ A SE AT BEVF HSEHe BES
2o, 2+ 499 AFGET FoEe g o= 3 FA T4l S 4 /A A3 Bae &<

g & ek

L

Table 2. Visualization of Clustering Results with 10 and 50 Clusters

Number
of Clustered Point Results Region and Centroid Identification

Clusters

10

50
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42 MFC 3RAZ F{4h &§ A<t

B ATE e Ul 2t 2H2EA HHe) MFC AAE HAsE AL BHoL i, o 7} 2
- 1

7}
2B o =2 HESIA of T4l AdstsE s =25 A¥sts Ad fabstg. 23y FY2E
BEE RERREH BE F8AA olsAte A 24 S48 AUVt He ==F MFCE A8t
= AL AAR Y oHwe] 8

A WA ol Aldbgol w9 we Felr], F AR AA4E ==rt AAH O R MFCY 7]5< 53
T 5 A FEo WS Ak A MAZ ZE 25 R G UENT 2F TAA Q4L HE 7w
of 2= A=t HAavt He 2E2E AAske A v fFAR s 22T 5 A5

s B Ao A o2 MECY 7|15 43T 4 = TRAE FAoZ
st oM, o5 93 MFCe THAZ FHAE AAHSAY. o]|F FHA AoldA FRA7IA] 25 o] F
AlZro]l HA3tE = YA E AASE=E FHY T

A% 9)(2020)= FH4AE ALSERY A =7 AEEY &8 7t tis] AbstR o, gt
T2 % xgu)rt sKo| o] H GS ZAE 29} A FHA V| ERF ARIAE AFEAE AEESE 2
AR AUt AH# 9(2023)F A EXE WSt mEt ERAYEe] 3R dAd dzg " HESA T
=9 deAs Axoen, FHLY FFEAE 83t EF A FRAEE EH8td 7 FLH
EFMEANAE 2 AA F5E Ao

FHAE MFC 3RAZ AAHSE HIHE BE w52 Qo s 3t JZ I Hg A4l thors
Ao FHar7t 57 A 98 3 7t S APAdT=0l s/ =z o|n] AAE b7t Aok £ A
ToNME 7R EE] F/H4 A dHolHE &85t ASA WY 39679 FHaE AE3H S
o, o] & MFC $HAZH A83tth Figure 6= A&A o /A& SIAE AXd 28 Aol

Figure 6. Identification of Gas Station Locations in Seoul
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of WS EE =EE MFC $HEAZ u#sts 2o Bls] Ae A7} Az olet= #IdEE 7HA AL
Aol = B3, ToF % 70k B4 $4S MFC YAZ A3sts W 553tAY 1 o9 A
o EATH, ol MFC A AdAel Slof A4 H7F BHE 2 717 e ez Zitidd.
43 2AF o]TAE 1B T MFC UA =¥ 4

Oﬂ?LOMb AR o 2 FH2EeIA RE FRAA o) gATre] Hak He FRA AHE 4
datdnh B BAE a2 18] Ao o) SAE A A
HESD dlelHe =2 a7 M_% A FYEE HolHE F83tAT
4 xmxl OlEAZIE HE Aol Tho|xER} YuFL BEIF A ARE FoA o]FIT

tejsiEd YudEe B2 LEYT e UEYIeNA dehbs T ZelA s zte] Ad 2
Fe F 9t FuYFoIth Y YTZ EA BAL F 2 I AP J2E SHFHE HOE,
W wEolA BF =EK be 4R AEA A AR AHEE WEE OB AFRT B AT
oA St EW =EMEC FRA)NA o8 A B mEFax) A RE 0§ oINS
55Y 5 IES INYFS WPl AgSEoH, AY FLAEL o) £5F ¢l BE £8A7A
o olFAZ MG shel MY A mYL WASY

Minimize »Y X, < T}; (1)
i J

Subject to

X, ={0,1}, vi (2)

dYIX; =1, Vi (3)

T; =0, Vi, Vj (4)

N

2 (1)e g A mde ZAFFZH, MFC 9AS AARANA BE FaA77] o] BARHS H4
stetaat &S Yepdth o7]o A RE FLo A= 3% 280 AHeA AZEFR dolH wgl Tz
BAAZ HolH ZJAEESogtn g3 £3 MFC $RAZE 7 A9 U 9AF Fh4E A48T
ok webA 4 (1)ollAE idA MFC 31 Ff20A4 A HolE ZAEQ FoA7A T2 YEY I
g ol AR 7,0 F& Higse FEH FRHAE XE AT
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R

o
o] MFC F1ARto] HelH= AL HAZH. ol& T3 & S8 2H WA S5E MFC $EA 7 A

gEE e AU =S 4 @4 BE o] FAE &5 8 5 9ee WASAT ol AAl 4
N &9 ol AT AT & YL WA, }FAIL BE Folok Bk T2 nY S
o E4¢ ouat

|
v

L )
/K‘/ N/

Figure 7. Figure 8.
Selection Results of MFC in 10 Clusters Selection Results of MFC in 20 Clusters

Figure 73} Figure 8-> 107, 207 S8 =EllA 9] MFC A4 A5 AAIZ HAZT F2 x A=
Aee] AFAL eRRY, %4 o AL U FRFL T FA St U FRFL WD
Al SAE QAT Do o3 4 £o g A9-X| = ZAFo] U W E& U ES F W& 27 o] FA
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o] A Fatste WA or ARG, FA F4Y HE C, O TYUILS A B A4 F
Al TAS At AL

C, _67;1(%""%“)(%%“_xiﬂyi) (5)

1 n
Cy:alil(yi+yi+l)(ziyi+l_xi+1yi) (6)

88 rExapyI2dT, HsA A1 (2024)



n

1
where A = 52(%9;}1 - $i+1yi) Y
i=1

2) Fa g FA A4S MFC 4A=Z AH
T A W (0]3F Method 2)2 vl &S WY s A9 W FA F4 o MFCE A X3t Holtt. 2
B), 9= gl FaFS B A9 W FA T4 HREE Fte Aotk A7A (z;,y,)E 37 2-
A AEA ASER dolHol el T2 BT oy ZJAEESS Huolth ¢, ¢, 74 EY9 Y9
ol ZJAEEY x, y HF HyolH, ol g F8 AR (z,y)7HA FEFIE= A7 A4a
HEE . tﬂrﬂw Method 2& 7 AYoA Fa7FS 18 FA TA4S AAsA A

o =13, (8)
ni=1
1 n
ni=
Method 29l @&} MEC9] UAE AAsE AL A4 2 HELS v-gste Method 19 HI3} =2 A&
Aolsl, A28 AARY BAAA BT &AL ABIE AFo] AL o] AW, $27) B

Aol A5 YA AH oz I 7 A Ao Mulx FHo] Astd  uk= @ie] Utk

3) 8% Z olFAZt tg FA FAS MFC 94A=E HA

ub2) e} 4 WA 9 (0] 5 Method 3)&
Edae] me 2F ol FARE sk
A Ag=R dolEd met FAYE BT HolH EJERA] =R
HAavt HEE st $RAE AF S 8%, MFC $RAE 2Esta 72+ 93] 1t o
T A7 olge WR she AY Rds sHste A¢Y MFC FEAS AT 5 e 1
4 4% 3489 4

Method 3= Method 1, Method 201 W3} A4 =4 @75 HE a2ty 8 ey d4] =2 W E
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Table 3. Descriptive Statistics of the Experimental Results

Cluster Level | Methodology Mean SD Min Max
Method 1 157.14 38.85 94.18 239.27
10 Method 2 154.15 42.40 83.05 263.27
Method 3 146.95 39.85 81.35 233.88
Method 1 61.67 18.14 27.75 108.01
20 Method 2 58.27 22.25 27.11 126.27
Method 3 53.12 15.16 26.58 87.44
Method 1 35.87 13.93 11.72 70.31
30 Method 2 32.06 11.53 9.90 62.54
Method 3 32.02 10.82 9.48 62.27
Method 1 23.22 7.81 8.50 4252
40 Method 2 21.67 6.89 8.30 41.44
Method 3 21.17 6.71 8.09 36.78
Method 1 16.47 5.30 7.98 40.48
50 Method 2 15.38 4.40 6.00 31.46
Method 3 15.21 4.30 5.64 26.92
5. A3 4
B AT HF E22 Method 1, Method 2, 18] 31 Method 39 W& MFC 9# A4 W& 7o o]
SAIZE A7t FAFHOE Fou|AAE HF3te], Method 35 53 YA AAo] T2 FHE vl F
o A=

Aolt}. o8 S8 7 WP we Ao FFL wasdES F

2 AT HolHE Al e £ HTFE XS EE, thHF 4 (Multivariate Analysis) H°] 3 83}

5] | HE A (Multivariate Analysis of Variance)®] 7]& 7}78<l
Fof gt Bed PHE 52 4] 258 HES A
£ 941 Method 1, Method 2, Method 39| W& Az} 4
A ogwee AT Aol

51 B4 AA

AL SATAA /HEAFo) A REE BETE AL AAFE F2 /MY F U, TR
A4, 2243 A NHEAZ S AAGE 72§ Motk B AFdAE 2 dolH AMES A7 BrtE
218l QQ-Plot ¥ At &-2® AA (Anderson-Darling Test)< €83+t

QQ-Plote HolEE ¥Z AFEEo] B9 5o vlwste] 1e)Zg F3) Holee FFAL HAAHC
2 Puste oz AFRAT AL st d F8ath £, dre 2 74L S8 volE}
=4 By e grh) 2 meed 24890, o] AAAAE AAEAT L4 HolE} Y BE
of o A ofmatt,

Figure 9= 7 E812H /59 WHE o2 tlo]E 9 QQ-Plots HoFEth o IdoA 7 & A
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Table 4. Normality Assumption Testing Using Anderson-Darling Test

Cluster Test Statistic for Test Statistic for Normality
Methodology . .

Level Original Data Log-Transformed Data Compliance
Method 1 69.792 47.966 X
10 Method 2 62.568 52.247 X
Method 3 58.093 41.226 X
Method 1 27.181 128.112 X
20 Method 2 197.788 51.491 X
Method 3 61.998 59.505 X
Method 1 102.325 112.808 X
30 Method 2 67.648 189.779 X
Method 3 68.088 403.971 X
Method 1 109.673 106.868 X
40 Method 2 57.138 150.393 X
Method 3 45915 179.206 X
Method 1 27.181 89.510 X
50 Method 2 197.788 63.779 X
Method 3 61.998 94.278 X

B Ao ALEH 9 F 0.05 dtollA], duj&-2d AR AAZS oF 0.787°]130 . o] UAZS
z93= AAFTAGF S AF7HEE 7148t AR AHEEY, o= dlF Holy EX7F AqEXE U=
< v gt} Table 49 AAH L& dHolHe} 2 HEH dolHe HAAYFAHFS ZE
2 PHENA JARE 43 23T kA ST dolEEo] AfEEE fEga T3

=

zled 7 (Friedman test)> Bl 252 SA 24 B 5 stu=E, 7 7l ol #dd w259
= A !

o) Hm—s}h 9 AL Zelsd A4 e Fu duAe $ape) aFshs 474 7 2w
o 5 2~

rr 2t

¢

A9 dolEHy E2 A7 (Block Design) BlolEl ol 53] 2 §sly, o5 A

= ol
] (treatment)7} LT ol ol ALEHJS f 1 ol E Hlwsk= H f-&stth o] WY Eoly
27 T T Agrt 22 AYol H g0 At B A l 2 33t t‘t'é] ojth & Ao e Z=
H HAAE AL, Al 7R B 26 et A" MFCY A5S Az, 2 B 5 it =4 3t
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H, : Method, = Method, = Method, (1)

Table 5. Friedman Test Results: Test Statistics and P-values

Cluster Level Test Statistic P-value Reject null hypothesis
10 1070.08 0.000%** O
20 7486.66 0.000%** O
30 6866.66 0.000%** O
40 8335.15 0.000%** O
50 5498.51 0.000%** O

Table 5= Z2Z|=W AA = F& Loz AA AL Potes HoEn. o Ao mEd, AAE
2o ) =4 Jelgta, PR wl-$ Sol AR S 7 4EkEd FEFTH o]E A 7R WHE o2
Az} Aol Fox st} ol g forld Aok EAFE Am@rh T Zej=w AR AAEE o
W P Eo] g2 YHEERD ¢ty HEd] AEAS £ g mEkd B dFoAdE AE B
(Post-hoc analysis)& F33te] ztzke] W& 3t A5 Aol & FAH R sy, Ao wyee A4
3t7] sl F71EQ) 2SS A

53 A% 4

ARS E4(Post-hoc analysis)2 $A14 HANA o2 Z1F Fhol #Fofm e
I zel7k FAFR LR oyl J=AE FHAotstr] A FHske FIHEA EAe ‘?-li’l":}. 0131@ v‘i‘/ﬁ%
53 o8 IFe vlad w of" IFS Atelol Fofvlgl Apolrh EAst=AE T oz Y] 9
3 AREETH

E AFd A= Conoverd Hl B3 A% HA S &850 Conover?] W2 ZEE0| AFEEE
w2z 3 Ao o] EPH TR 71| xtolE gatH o7 B 4 Qo] B ATt Ag s}
°]E &3l Method 1, Method 2, Method 3 Z+2He] WY &4 UEheE 2ol & 72 Blustdoh. 2 A+
oA Conover®] WHE &8st Z} HHE HE FAA7A 9 F o] FAIANA AwWg zfol7} A=AE
e, O 5 7P &4 HHES ¥t shxth

94 ez, HsHE A1 (2024)



Table 6. Post-hoc Analysis of MFC Location Methods: Conover’s Test Comparisons and P-Values

Cluster Level Comparison P-Value Difference Observed
Method 1 vs. Method 2 9.100e-07 *** O
10 Method 1 vs. Method 3 3.485e-45 *** O
Method 2 vs. Method 3 2.807e-20 *** O
Method 1 vs. Method 2 2.109e-103*** O
20 Method 1 vs. Method 3 5.766e-278*** O
Method 2 vs. Method 3 4.016e-46 *** O
Method 1 vs. Method 2 1.198e-112*** @)
30 Method 1 vs. Method 3 1.151e-109*** @)
Method 2 vs. Method 3 0.744 X
Method 1 vs. Method 2 1.1481e-83*** @)
40 Method 1 vs. Method 3 7.944e-138*** @)
Method 2 vs. Method 3 1.613e-08 *** @)
Method 1 vs. Method 2 1.528e-79 *** O
50 Method 1 vs. Method 3 1.221e-111%** O
Method 1 vs. Method 2 0.0003 FHE O

Table 69| 4] = Method 1, Method 2, Method 3¢ 3t Conover?] AtE 4 AFE A A} o] &
< ZF W EC & Ao Aolrl FAHSE Fou|FHAE HFSIH. S 2HY FUF 30MY A
Method 29} Method 3 Ato] A3 zpol= TAZ o2 Fofn|etA] oy, thi&e] i A-volAs
om g Ay} xpo|7p #EHH
Conover?] W2 7[EH o2 4= HAH S AME3EZE, o] A=
2ol 7b AR O E {Fou| e 3tk Table 39 712G AIF E4 0l
Al Method 328 JolZd45 H o]
=2 9]

o HJo x

o Az}
oleta & 4 slek

6. A&

6.1 AT A7 2

B ATE A W MFCE HA dAE A= ol 4He 7T o] 7= dxunsdTdY A
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S
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A W g FoFE I A FA MFCE ZA8te Aol whAgre
Al AR B E(Method 3) ] o FH B2 UEIE 7|Wto R ¢ A5 o] FAE EF 1

% rlo
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