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User Big-data Analysis

ABSTRACT

Most of the Micro-mobility parking in Korea use Dockless system. However, Dockless can result in cluttering, infrastructure
deficiencies, and safety challenges as has been observed in cities. It is necessary to introduce a Station Parking system in order to solve
the drawbacks of the dockless, but the introduction without engineering has low accessibility and induces side effects. In this study, to
decide optimal location about number of the Micro-mobility Station, we has been applied the MCLP model about the coverage range,
usage demand, usage time in order to classify the type of Micro-mobility Station. For the MCLP, User Date input to reflect realistic
demand in Bundang new town, Korea. The result show that the optimal number of facilities in 400 m was 146, and the coverage ratio
was 99.83 %, which was most suitable coverage for solving the parking problem. We also classified the demand into 4 levels and the
usage time into 3 levels, and by crossing them, we were able to classify the Parking lot types into 12 types. It is possible to propose
strategic policies in the installation and operation of Micro-mobility Parking System.
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nfo] =2 Rl ]E](Micro-mobility) & 7171 5<] 18Hd 59
= &3l gAY Fo] 7hsd 4% olsrds Y
U2 AV|ATFE, 2AFAAE sHEE, AEE B 2T
(PMG Dictionary of Current Affairs, 2019). Shin(2020)] w}=
W ASZHE =7} 2019\ 99 6000<] tollA 202913 403 2000
o, A7 IARAAE 22 7IRE 15F90000] thollx] 67 50000] thE
Sold Ao R Pt wo)ag mdlElEe] 2 HERE
7} ol8EE & < Uk HE AR =(E-scooter)= Z2U
19(COVID-19)= {13t vt AL3]e] AJthz] 32t BEo WA,
s} AL 7Fsstal Felx] v, AeFd iR o] eE
wl(First & Last mile) o]&dh=t] -H-&3F arsFeo = Ao
2l 9Jtk(Daniel et al., 2019). 3 AEHR= APHe] A
20257kA] ZHAIA 2.2 4009 oA 5009 2= 2019
Absb 719k e AP e oF 15 %7} e AEEQ
o] dPdEitDaniel et al, 2019). AEAR == g E nj]
ESee] ojyErnt ozl =4 3 9¢le] EAIE sjEdT
ke 2 skl lvk frallolA 2337) m7e] QITFFALE HiR
O WRE AP LA HRHUN, 2014)e] w2 20501 AAIQ]
T OF 729] ol ¢F 959 o= o239 o] SYIE AR
SEH o] T TA] Q= 399 oA 639 O R 249] Ho]
Z7Fte] 1950%tel] 29 %ool] B =AIRI] Bl&0] 2050
o] ¥ oF 66 %7k STl AT 4% SV A
Z7RIE AT tiiEe] TAR|HeN AFEA E A= g3}
3L Qlek olol] we} EAlurEe] a5 Skt ek et
o] g5 23y uEAlEe] U = Ark =A uA] 7+
(IEA, 2021))) wfzd =AwEL 2 A7 o]iksleks wj&9
23 %ol el o He] A F R Helar qick 2017d
National Household Transportation SurveyS 7|9k0 2 3+ =2
o|E9] Zglol| wlZH wlzellx mid MgshE AFsA} o]
ARl ool suid Wik} Al ofEslal glof o] R

fu

A2le] ol s vlolaz ERIZEZ} tijte 2 ARg-d & Jlral
TS Deloitte, 2019). gk AH[ZRI(KCA, 2021)2 o4
AR ES( RS o83l ouxMIET} CO, viEds $hbsl=
789100 km F371%), Al 671 ARFS] et oeAMIES
0¥232¢), CO, W& 2F0.616 kg 2 UJ217]3 o]5xK6,661%))
B} ZAIA o)Al CO, viEwhe A7) E2wo] Al et e ds
ZkE werte 7 ST AR ke Sl A
AA] oPdsheka wiEe] 23 %ol Yok Ealits Al AN
Suld W] of g0 2 SRE niRlS: ol Fsh=t] -8Rk aEE}]
AeAR=T T4 3 2 #AIE as iikle] d 4= 35S
vERAAL Qlek
nlo] 22 YlefE]e] FapE22 H]agd¥(Dockless), 1783
(Station), Fx}<(Parking Zone)©.Z Fig. 13} o] L5034
Atk HTAFE L F-f vlolaE HRlEE] Lt AR o5t
& 47ieke] S H ) Al WAl vlo]aR 2
Ele] olgBe] e 2 AFsel AAE Ak e
il A TS APgeis WAL Fakeolth
A FulollA] AR Qs Ff AEZHEE gl v|ay
& $-9 WS Fslar 9ithJeon et al., 2019). AT ¥ A H
& o] &F Tae}t =A| vjEE FEAZE B o} )it
FHE U8 5 gltiPark et al., 2013). Gossling(2020)-2
Al o] Al ofalshl I} yEow ojofd 4
ATkL B3It ATk BIAE A u7) 0 W] s
7] wiel] FEsZE=o] Brjo] whAste] we e o] Akiwal
Fgo] ©5d 4= Qltk(raine, 2020). FEZRE=S FH8R=T
L= A7l ohlisteka: viEiolM 7P AL viss 28t
I ofilsleka wljEe] Auto] Yze} Ak oA LR} 257
HEr} 3P R 0l ofu)E HEZH =] $EE dvht ST
2 = Jd=R9) WHsk #H-S- P=rf(Hollingsworth et al., 2019).
H)aEo] THRe BARS SEsk] Sl B vlelaE miel
H FAFEE 3AF 202 w9l Qlo] Fek #4o] kR
eF2 FAPge] A= o8 Fde] SoRAl wHet] of= Sl
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Fig. 1. Types of Micro-mobility Parking System
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AN95 2204 “THRIE ol AT AF7 A=A
25 km oPFo 2 T A9 AE7t AHEHA ohs
Fo] 30 kg MRRI B o 2A] AR H O 2 A=
Witk glal sk gtk 2020 69 9l /R AL
olsth T ERAEHE AR RS 134] oo R st
SRS gl wAddRte] THQIE ol g o8 Al A
Fro} 53 912 SRk S, QRIER] mRkge] Aol ok
o] HIFSIR= Fo] ol FiEo = Hollt) o]& Heksl]
Ssf 2021 5€ 139 =2uEHS Tgste] s, 7S
2%, ofde] 4 Al et Ad, TEAF GeuAl, QR A,
IR 2, HEoFE T Xl HEE ¢ AHE FE
nfo]=2 HHlEfEe] P/ SHE S8 B0l Al EH AT
siARE wio] 2 mRlEje]e] AR Q1% #A1E s dshs T}
T e V=R elglet o) Heksle] 2021 7Y 13U =2ul
B o g mlo|lag gl a3 g7ke AXE 5 Q=
TS AAEkIti(Choi and Kim, 2021).
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ok Fgaksick olel et 71E ApREA) YAIE A
AESKL, AL Pmedian LTS B8] FE

fiu

P

o] X WS Sisk ¢ e TR AT YR
ks AEA AXEFITE Masoud et al.(2019)= njo]a2 Y
gJEle] wEERE Folal wekds skl S HsHR=
A4 T A g £ A A AGHMILP) 2dks
7RIt MILP= 37170 34t ofs ARl Hasks $3
o L RS S, theh Y8t YalelHACA)T £
< FEIA(BHO) ¢algjEs A= Hlwsgick vlardd,
BHO 3= ACART} £7] 94l T} tyf A AHIIE s &st
= B B ARES avjste] divtil ARl disl 2ol 77k
BIE = ACAE 288 Zhs AsISIrh Lee et al(2019)
+ Ae] 258 Yk o HYrhde] 8 URle 2 AEL]
o] 23S FIgh ERAVES] HA PRI PHE ARISIITE
HEAPdS] $HE Ve BSAPS IFlgon, A9 $A1E
AT o) YRF 585 HA3E aefd olsTE WS
Aersiic) Ade Me S 100 m ZALE e F-3ulo]E
£ A¥et] PIES ARk 9A JrE <= wiA 12
FEAPSS GGt vRARke 2 P-median YalelEs &85
o] HF SPrNEE ATk Choi et al.(2021)2 B}
RS Al BRI Aol 238 Bt o8l As
ol w v F o] Mu): A FE Akl o]gAtet Al
Atole] o]F A, o]&Ate] 91| T aefste] PPl A
XS 2B Kim(2021)2 Rl wle} o2 o s ]9
I S AFsAEFA7IAED)S] AR|2 2dds rfsial e
of EHHo 2 s 4 Sl AEDY EF Hehs mAEh]
8 PAXA 2Fe MCLP ¢uglEs 8315 AED
T80 T BEE A Slete] Ao A, AR U+
9 A2 BB 7|23k FRE T AR WA 7Vs e
8ISk w3l 7124 Ax)" AEDE 7eko & MCLPS 24
g+ Aol AEDE 5 ApiAIES wo] AHeA] vle-S Hlast
ek
A AT AE A3, thite] A YA e AldEe

A8 E APgsl] 913k F47E 7 X|aL P-median, MCLP
2RE T2 ARSI gAAEE s A7 Bk
APdE] 549 ke RS ARSI, o] AR RES
Agste] Bdy Z3g vlashe A7F Btk o o]
APdEL] 5438 aefete] 85 Fske W] A Ao R
ARl #H PRI SAE o] Bl who] ZiRl=
wlo]az2 BREjE] FREA| sk FAFR] dijte] =X] Xtk
B e A B AEEE o8 HolEE ko g PR
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2 tjoje] 9x)¢e} o]g- ARte] ke HlolHE 2SIk -
e JAZRE] vjolElE 73T 2, 2021 595E
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100 m= 3}Sirk: FARE A7} A2 571 mo 2 A% Bds)
= 7Hes At AR 71 vEA 37 A HE tt Ao
Qo] 9578 S 7RIt (Moon et al, 2016). & Ao
T TR dhe] 8l g Sfs) FAeR PIshe
Aeje] Laph Falo] AR} ArjET) 7] whze]] MCLP #47d)
AR e] FHA] TR 100 me) AL A} 1S Helsiodut.

B 17] A5AIE 100 m ©9)e] 2R ie A Z 4097709
AP} Ve A EE] S (A FEA) e f1siA
100 m= e 4,097719] iR A F o8- =87} 50 M9l

Spatial e-mobility User Data

ol 856709] s PA| FRAR Hegiti(Fig. 3). o8-
871 50 W9l ol FpRE S YA FHAR AT
oMz 4,09770e] FAfE Ae] o8- =8 WESITE HE Ht,
o]g Rlme] 50 HME9lg= 971 o= U] A2l olf £8E
7P FARE e MCLP 241 A 34 A= 2 7Fe7d0]
50 WLl o]l HARE S PR FHAR AlEshs B9H
o Yl ] FRAE dre] WS WA R As
Aefste] 24 Al Bvhs o ARt FAAVES 8 iR
7E 5 Sl AR YRS BE AR AL aefstol
AR¥sPA 24 ARte] vike- 57181 wheel] S5 ARFE MCLP
A& aefe] 1l ek ElolEle] MRelsE aest 9]

Hexagonization

Fig. 2. Spatial Preparation of Bundang New Town
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FaAje] AL 55 AAMP} A Gk R} A qlete]
RN Sl weh dlolele] REE SIsk] G4 F1Ao)

g 24T ok

33 Sn USZIEE FIAES| ZY XY

MCLP 28] glo] At d|e] Sk Arpsel F 5
AEARE o8- HoJElE Agste] YRl Q%] FRAE th:
2 PRI uES Hgsle] Tf WEAEse] 2 H4 A
AR AR EL Ao Tike 915k AHl Al e
AR Wl B P-Mediant MCLP B3] 2 AM8-4]
¥ mje] gelE 53 @] fls) Aol ixjelof she
A2g et Ak MCLP 238 AME]R] B7ke 918
B VIS vhe R sal glon] Alo] FHshs e
F& TR 5 =S el o) Alde) dAE AR
(Kim, 2021).

& e melaE BEEe] FAA] Al shas 5
2 3 AR FAPgo] ofg oPbF ol 7] WS <Ml
Fao] g SR S A= Ha TR JA7F Ly
wiiel] vhest 2 MCLP 23S A3l

i [0 Fo

Notaions of MCLP model

Subscripts and sets

i FoAF YA i =1, .., n
§FAE QA FRA QA =1, ., m
Parameters

dy; F8A i 25E FHA j7EAe] Az
D Ao} AR HE]

N, T8 AR i ZHE AE2 A Qb Sl FRA] 17t 5
u; ith FHA| QlE= =99 FafF

1

2 A FAge)

Decision variable
z; = 1, AR i7h Zolw= shfe] Fapge] ofsf AH|2r}
== AS
0, 137 e B¢
y; = 1, FapPge] FHA] jol| YAghk= B¢
o'ol‘

0, 134 g %

Subject to Max E UL, @)

i=1
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such that

Yy = ©)
JEN,

Yy =p )
j=1

zy; =(0,1) “4)
N, =j€Jld,. <D 5)

1)

7] W8] bl 2a.0] & Fuiskd 5 Sl Ha A
PARIRE ffell =243 (12 TRl ofslir] 7=z 5
deAREe] rao] 3 Huskith Aok 2= N ol 53
FHA] F Holw g 3o Tf FeARE FApAPde] Yxjehd
T8 e 7 2 vk T AEFREl] FAANE H(p)=
Ak 3)ellM ARk Aokl (4)ye 2 2,9 v, 7t
0 5= 19] ghe 2 o) Asds ofvlsi, A=A (S)=
ToA| i 25E FHA 7R Ak Hh A EA] $9e]
WAE HolErh

L o g

]

4. 37 VSAEC FAAA 2H AXIMF 2}

4.1 7 Helof| M= FIAE ZX UXME Hot

MCLP R3e] 285 SPBIME Aldo] Arfshe 8.9 4=
Sl 4= e AW 9] Aol dasirt tifte] Aol
= WA 7l vk ol disl 0.25mk(eF 402 m)o] Az
PAES AR8BIaL AeFdolt 71x1de] thsf 0.50}(SF 804 m)2]
7] YAZRS AH&EKGarcia-Palomares et al., 2012). 3
AgZiH=e] FpAPdel] thgk MCLP 288 ARSahEx] F14]
o] A 9= AlEEe] AAE] oss fJ3 tisals Aol
Hshe AgEr} olok gtk wepr wlo]=2 mde]e]e] vlaL
Yol 7= FAREA S S 7MY 2 Eh A=
T8 AN &S 7R AW 9IS 27] $181e] 200 m, 300 m,
400 mE AW HLE AelE sk MCLP 288 283}
o] v)EtgckFig. 4).

A WMol W Aue]e® MCLP 23S #83 A=
Table 13} 2tk 200 mE AW 9] A9, Ha FApAVEe]
MrE Aol AW HES 7= 7P S84 TS
715(Optimal p)i= 388712 018 =8 47,4307] Z 46,74871&
A3t 98.56 %2] AW HIES 7|S319Ith 300 me] A,
7P T390 FapAPde] 75 Optimal p)= 239702 47,4307
= 47,190710.2 99.49 %2] AW HE-S Bk 400 me] AS,



200 m

300 m

400 m

Fig. 4. Optimal E-scooter Station Location by Coverage Radius

Table 1. Result from the MCLP with Coverage Radius

Cover radius Cover ratio Optimal p Average Walking distance
200 m @ 6?34.1;60(2%) 388 63.84m
300 m ( 47??§t6c2es) 239 105.85 m
400 m ( 47?;?‘3;/;5) 146 152.45m

71 5829 FxpAde] 7)4(Optimal p)= 146712 47,4304
Z 473547002 99.83 %] AW H[E&-S HYrk w3k o)) £4
Z17ke] QA 2RE] BEH I AR Fare] HH YA
7R ERolFAR] Hitrs AMEsIIth 4k 2, 200 m AW
Holo] HreHolEA el 63.84 m, 300 m A H9)e] FFer
o]E71E]= 105.84 m, 400 m 7AH| o] HFEH|FA =
15245 m2 AFEEHSE £ A7 7|2 vle]aE Rl
FApTAR) Bl o] 7R EAIRS sjdsk) gte= A
217} 400 me] 79 Cover ratio= 99.83 %= EAFXIE 714
F4318E 4= 917 Optimal p= 146702 714 A1 Z o] Average
Walking distancet= 152.42 m=Z FF TRl SA} 58713t
FEUO = MCLP 23e| A H9)= 400 m7} 71 2 dsiriaL
stk

42 TR FA QURIO| 22 U ARIKHE £

T BN T ek 41 2 292 9l olg
0 B} AKINE MCLP 13e] 2802 o}§ Heks 1o
2 A8 AP Sk A W 41904 w5 T
AFZR | FREAE sFer] e A W9l 400 m

ST WA o8 e TN 7 A B

A8l ==9 14671] FapAPd 22 JAe] A 211 400 m
ol EFFE= o] 85 AR H FA AR mEE I
A 22} Fpse e MRS AR U vl e e
J(Very Low Demand Sites), St <=2 X]<)(Low Demand Sites),
=& 9A]%(High Demand Sites), "¢ & =849 (Very
High Demand Sites) & 47]1¢] S<F0 2 5315tk 7] 3.29]
o1& W% 1071 n)tel] sgdahs SRRt S A2 21 #4]
ARe] WE, Q1A FHAL) )G dF AR ol S
B5e tolE] AA) 8 5 400 m A el sehs ol
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Table 2. MCLP Result by Demand Type

Demand Type Total Generators | Attractors
. 94 101 84
Very Low Demand Sites | 0y 30000 | (60.18%) | (57.53 %)
. 37 31 45
Low Demand Sites (2534%) | (21.23%) | (30.82%)
. . 12 11 14
High Demand Sites 822%) | (153%) | (9.59%)
Very High Demand Sit 3 3 3
ey THER Lemanasies |- 0 05%) | (2.05%) | (2.05%)
Table 3. MCLP Result by Time Period
Time Period Total Generators | Attractors
e 100 117 115
Peak Time Sites (6849%) | (80.13%) | (78.76 %)
e 37 26 30
Half Day Time Sites | 53405 | (17.80%) | (20.54 %)
e 9 3 1
All Day Time Sites (6.16%) | (2.05%) | (0.68%)

. Very Low Demand
O Low Demand

O High Demand
.Ver\/ High Demand

Demand (Total)

© Peak Time
© Half Day Time
@ All Day Time

Usage Time (Total)

F 94302 64.38 %S VIS om, ke FoAde 37RO R
2534 %, & FRAIGL 1230 822 %, WS- =& 428499
739 3302 2,05 %7t BFHACE edgeo] A9 v ke
FRAAL 101346918 %), & FaA4e 3134(21.33 %),
B 59AYe 1134(7.53 %), v} B F8x9e 332.05
%) 0% TR W] g vl SR x| 843
(5733 %), S5 FAGe 453(30.82 %), ¥ FaAde
1439.59 %), Wiy~ =& F8A) 4 33205 %) 02 =AU
(Table 2). £ 17] A=Al V- Wi ax]%e] S4& 717
FapPdo] Ikro|n] 28 FQUSE mEE FAAPAe 47}
ks %S Brk

AR 5239 7 71l =3 146709 5
FAA FH QAE PA FERAR 4285 ARRPER E3s)
9l2sto] MCLP 2433150k B4 & A7 s Lept F21%
A JA} 146709] B AR E TP 22 Qo] 58
S Esg ARt 1, F8E AR 12770
27 YA E Peak Time Sites, 8~1571¢1 2] $J#1& Half Day

iR

an

O:

Usage Time (Generators) Usage Time (Attractors)

Fig. 5. Optimal E-scooter Station Location by Usage Demand & Time
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Table 4. 12 Types of E-scooter Station
Peak Time Half Day Time All Day Time
(1~7 Hour Time) (8~15 Hour Time) (16~24 Hour Time)
Very Low Demand 1 Type (] 5 Type A 9 Type Il
Low Demand 2 Type O 6 Type & 10 TypeD
High Demand 3 Type o 7 Type .& 11 TYPeD
Very High Demand 4 Type @ 8 Type A 12 Typelll

Generators

Attractors

Fig. 6. Optimal E-scooter Station Location by 12 Types
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Decision Parking lot Type by Budget
Type of Parking Site | Priarity | Type of Parking lot
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8 Type A 2nd
4 Type , 3d
1 Type [] | 40
7 Type A\ 5th
3 Type O Gth
10Type (]| 7
6 Type A gth
2 Type (@] gth

Station

Parking Zone

9Type M | 100
5Type A | 110
1Type @ | 129

309 vlol=® muelele] FxpAA X HAsh AT

12, 8, 4, 11, 7, 379 wbd=raox a7k w2 10, 6, 2,
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E-scooter Parking Lot Installation

Moving E-scooter from Q to Q
T

Generators

Attractors

Generators O & Attractor A
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=
005

E-scooter Parking lot Management

Fig. 7. Strategy of E-scooter Parking lot Installation & Management

204 KSCE Journal of Civil and Environmental Engineering Research



vlojziz alelele] he WY WA ALt o
A5 FApAe] P T sl Sk 18]
=4jo] BashIR, T wet g B o PR
S SESIE s S gk B o Tgde) B Ak
£ 59 98 PAIARG MCLP B3 B83lsick MCLP
B3 Agahs o] Aot tR FEASe
LA thet A7) B vl waeele] YA
2 sfolehs WAL E TSl MCLPS) R3S A 83k5l]
whiol] B Aol A B AEAEEe] ofg Hlole
Fgste] AU vio|z2 wuEle] FAAE s
34tk BhEol, MCLP B3o2 S58 34 AEzn=e] 22
FAAPE A 5890 ARl et Bsle] wEE A
2 4% Rasidck

w3e] A8 G B 17] A=A e 100 m
wele] RS LI S0t Q) FRE AgsIgick A wele)
A5 vjol=z muelele] gab] 913 AR e F77
§lo] 1245 g A AR 0.257121(SF 402 myxch
Sk ) SR o) 7R 9912) 100 a2 200 m,
300 m, 400 m= Ae0.E gste] Agslick 24 Ak,
400 m= &3 AL | Optimal p= 146, 71 H}&-S 99.83 %=
200 m, 300 m& A W9l T ark Bagh FApAdo]
71 vEow), Aulsis B4 A5ARES] e b Bk
B AN 8 APV SEE FAANY wHol
F9ele] e 400 7} 15245 mz /¥ 2iek meb] vlol=t
= mejge] FaEAl slag BHow Ay WelE Aed

=)
24

G 7V e 7] V&S Hol= 400 m7h AeR, AL
o] R o] Balolehd A Bitnwo Al

=

Optimal p2 Tefsle] 7] WelE Aes & girh. theow
T ABTRE FApA A PAE o D ARk wreh
ERSA 0] HS v e FaXY, e £ax, e
SaAd, Wl B 5049 F 4 FEO2 BRIGOM,
ARKRE 1~7702] ARBHES Peak Time Sites, 8~15712] ARHHS:
Half Day Time Sites, 16~247]12] A]ZHJE- All Day Time Sites
5 3] AR SO s BRrh B8, fae] 4714
T ARINE 371 S5 wARle] B e L) Fp)
4 59E % 1M ERs Fh 1274 TR 63
& 27, tlolsa, Whreue BRI oleld Ei njo]
2z malele] FaAde] 42 2 9o Hek Se] Zhselt
WA mlolam mele] FAA) A AA F AEoR
AR A3 AWM 1 B

il

ARV S Ee
Fa0] B4 Mol 1243 A% AM 43 gz At
U] 24 Ale] FAEE Axsle] s AN 5 gl

A== ¢ 8,4, 11, 7,3, 10,6, 2,9, 5, 173
o2 AR HEE st FakE diil 18
Ak 127FA19] FApAPd 8-S e 2
Heks
ANEE 5= Ak vhEERoi e R E Hols kT g
Ao} FapAVd & A} dlefraolr vk diofra & Hole
FAA 18 A9E 3 AR =] tiofrt vhdo] o}
FapPdel B+ AR =r) Holglona sjME 4= 9jrt ofd
FAP 8 A19¢] AEZHEE e WhdRa 5 Hole
gk, shadle] FaAK 3 A 2 tiora s Hole
R, REgAe] A 8 A9E whdRT tiede] a7t
B2 T 8 AQd TH ATUREE BEdhe 29
ek o] Zhssitk ¥ o= gd TR 5 gRE
LZslo] njelag lgjEle] FAREAlE ddsl] f1gk e
2 Aot} AR & AtellA] A who] A2 Rl E]E] <]
A FAAPE] QAR =& 9 AAE $sire vhet 2
Afgto] % dApg HZEEojo} Fi)

A AR, B AFelpis nolaR mlefe]e] FaREA] shds
918l Y FAPTA] 29k HAIR AFsilon), o= B4
AR FF 17] Ao} B AR sl nlo]aR milE]
g9 a7} vhe me] AYoAe] FapEae vl Y] ¢
23I3E &= Qi) wlebd] B AR EA] o8 R wle) agE:
Hlag o] EAjd nle]aR mleje] Fab AAEE sk
A77F skt F WAR, MCLP 24 A wlo]a2 Rlefe]|9]
T2V FHA G 100 mE EAIRS) B 17] AleA)e]
ANAR] FaprPde] A RS EES3ItE &5 FAR
Az 1Y FAAEES A3 4 100 m d9]9] Frlt
QoA $1%] Theto] ofede AR AAXBEAL AJslE o] EAs)
2k oRE AR ARJshs 5 A ARl ek S AT
Q3 18Y Fape Gadrt g 4 glok wepr A
npo] 22 mlEfE]e] A YA vt B Fasieh Al
AR, B A7 788 VY FEoR FA HF dAE
ste] TR A HAst 9 A2 Rt AP 529
7% AR SR o £AE BRIIAN nlo]a= ml
2lE]e] o]gAte] AAR] 018 RES EF3P| S8l 75 o=
K-means Clustering £-& 5] #2415 53 o8 =8 577}
Zasirh Ul AR, MCLP =8 2PgollA &-f Her =]
FAFRE sk Gt BFF -f FeZIR =] mavt s
TE FaAP ] A §9Je| wISsHA] e B ds Rt
WY 4 Qlnk B AT wlo]AR e o8- oAt
gk 291s 24938te] @A) wlo]la2 mleElE]e] 29} efe]
Fo7h 3 areE FApAe] HA gAY A Easitk

hi

Vol.43 No.2 April 2023 205



gidolg 7Wk 373 vto]az miEfE|e] FAAE YA 2Ae} At

Al =
B s 2022800 37 theal Sha ] (A A
Aol ofsto] YRS
B s 2023 F7|diekal ek Ay Ak
Aol ofsto] YRS

References

Choi, M. H., Jung, H. Y. and Lee, H. Y. (2021). “Determining the
optimum service area and station location for personal mobility
sharing services.” KSCE Journal of Civil Engineering, KSCE,
Vol. 25, No. 10, pp. 3966-3976.

Choi, N. H. and Kim, J. H. (2021). “A comparative study on the
perceptions towards personal mobility vehicle between adults
and minors.” KSCE Journal of Civil and Environmental
Engineering Research, KSCE, Vol. 41, No. 5, pp. 543-550 (in
Korean).

Daniel, S., Philipp, S., Carsten, S. and Tyler, B. (2019). The promise
and pitfalls of e-scooter sharing, Boston Consulting Group.

Deloitte (2019). Small is beautiful: Making micromobility work for
citizens, cities, and service providers, Available at: terms.naver.com
(Accessed: January 24, 2022).

Frade, I. and Ribeiro, A. (2015). “Bike-sharing stations: A maximal
covering location approach.” Transportation Research Part A,
Vol. 82, pp. 216-227.

Garcia-Palomares, J. C., Gutiérrez, J. and Latoree, M. (2012).
“Optimizing the location of stations in bike-sharing programs: A
GIS approach.” Applied Geography, Vol. 35, No. 1-2, pp. 235-246.

Gossling, S. (2020). “Integrating e-scooters in urban transportation:
Problems, policies, and the prospect of system change.” Trans-
portation Research Part D: Transport and Environment, Vol. 79,
102230.

Hollingsworth, J., Copeland, B. and Johnson, J. X. (2019). “Are
e-scooter polluters? The environmental impacts of shared
dockless electric scooters.” Environmental Research Letters, Vol.
14, No. 8, 084031.

International Energy Agency (IEA) (2021). Globlal energy review
2021, Available at: iea.org (Accessed: March 15, 2022).

Jeon, J. W,, Jung, J. Y., Kang, Y. K. and Kim, J. H. (2019).
“Location decision of personal mobility station based on spatial
data with demand-responsive management.” Proceeding of the
KOR-KST Conference, pp. 466-467 (in Korean).

206 KSCE Journal of Civil and Environmental Engineering Research

Kim, K. Y. (2021). “Evaluating coverage of automated external
deflbrillator (AED) using a spatial optimization model: The case
of Gangnam-Gu.” Journal of the Association of Korean Geographers,
Vol. 10, No. 1, pp. 153-166 (in Korean).

Korea Consumer Agency (KCA) (2021). E-Scooter, there are
differences in mileage and driving performance by product, p. 13
(in Korean).

Lee,J. W, Kim, J. Y., Yu, K. Y. and Yang, S. C. (2019). “Optimal
location modeling for elementary student’s care facility using
public data.” Jounal of Cadastre InformatiX, Vol. 49, No. 2, pp.
109-122 (in Korean).

Masoud, M., Elhennawy, M., Almannaa, M. H., Liu, S. Q., Glaser,
S. and Rakotonirainy, A. (2019). “Heuristic approaches to solve
e-scooter assignment problem.” /EEE Acess, Vol. 7, pp. 175093-
175105.

Moon, H. K., Oh, K. H., Kim, S. K. and Jung, J. Y. (2016). “Analysis
of regional transit convenience in seoul public transportation
networks using smart card big data.” Jounal of the Korean
Institute of Industrial Engineers, Vol. 42, No. 4, pp. 294-303 (in
Korean).

Park, B. R., Lee, K. J. and Choi, K. C. (2013). “Optimum location
choice for bike parking lots using heuristic p-median algorithm.”
Journal of the Korean Society of Civil Engineers, KSCE, Vol. 33,
No. 5, pp. 1989-1998 (in Korean).

Park, C. and Sohn, S. Y. (2017). “An optimization approach for the
placement of bicycle-sharing stations to reduce short car trips: An
application to the city of Seoul.” Transportation Research Part A,
Vol. 105, pp. 154-166.

PMG Dictionary of Current Affairs (2019). Micro-mobility, Available
at: www.deloitte.com/global/en.html (Accessed: November 8, 2022)
(in Korean).

raine (2020). 4 guide to electric scooter batteries, Available at:
raine.co (Accessed: March 30, 2022).

Shin, H. C. (2020). “Activation plan for future personal mobility.”
Monthly Transportation, Vol. 268, No. 6, pp. 31-37 (in Korean).

Song, H. J. and Lee, G. H. (2017). “Optimal location modeling of
early voting polls considering spatial accessibility: Cases of
Seocho and Gangnam-gu in Seoul.” Journal of the Korean
Geographical Society, Vol. 52, No. 6, pp. 827-843 (in Korean).

United Nations (UN) (2014). World urbanization prosperts 2014,
Available at: population.un.org (Accessed: March 10, 2022).





