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ABSTRACT

Interest in personal mobility has increased with the growing significance of first-mile and last-mile
connectivity in smart mobility services. This study aims to propose a methodology for setting the
service area of free-floating personal mobility sharing services and determining the optimal fleet size
© 2024. The Korea Institute of for the selected shared service area to address first-mile and last-mile challenges. We utilize
Intelligent Transport Systems. Al population data, smart card data, and building data. Additionally, we estimate latent demand by
rights reserved. incorporating age-specific and distance-specific utilization rates based on personal mobility device
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data. Along with the latent demand, we determine the service area based on locations of transit stops
and buildings. We apply the proposed methodology to Yeongjong Island, Incheon. As a result, dense
residential areas and popular beachside locations are designated as personal mobility sharing service
areas. The fleet size for personal mobility in the dense residential service area is determined to be
1,022 units, while the fleet size for the beachside service area is set at 269 units.

Key words : Free-floating personal mobility sharing, First-mile and last-mile, Personal mobility
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)= o83yl flal sk AR (firstmile) R vHAE FEolA Sk & BEAAMA] FHsE A=
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BE TN AAE S GRes Yolng, &4 E80] HUstE & Se &9 dFE Ao gt
(Zhang and Meng, 2019). ©]& gt M A oAt AL 7AG o] FAA] Ff AFA B 98 FHE
UEE Y, AHxe] A3& BAste 4 94 F7bdr,

B AFAAE first-mile B last-mile T3 2HES 2 /MAF o] FHAA FH AHlze A A U
2 AT AAE Aulx E9e g R HHo &4 tE A3 AL H5H R g} or]A F
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2et ATl A i) AXE F2 F87F Bo] HAS: dFns AR AR AAHUY AT
a7t e Al2Ee] A T Az EoA HIEA] o] §A7F AR Jtof s EHE o] Qo v
A A T2 (free-floating) A= LA A e MUAP o) FHAAE o] &t HHA TA o whd
< 3 "ok 2 FATAdAE dldae] YA AL asA G, T Aula A9 HEHe &9
48 AAst= 2o B F835HH, Ans 49 A4S Y3l AAF8E F43 AL BFFo oF
Al 2 AFelAe A= vlolEe] AWA ARE o] &3t AE MAF olsAA =3 FlFS FH3
Ak T3 7)E AT} IR R 2utE FLE HlolH ol WAIE FAF Q1S o] &3] AR JIAE o]
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A 23 BAFS FASATE diAFATE AA G A Z2AE] /Y o] XA HolEE o] &3t
of AR Aol & 7H° o] A o] §EE AL U ol e A =3 FRFH ARE, A
o] §ES o|&dt MUY oleAA Y FAFQE st olF R OE Ff AHls AYS AAT
ARl Ao AR FHole AR FAPTA e EAS w3t ANRJAE oA E ol & wje} o] &3
B o] FHAZL Aol & ALkt HA ] JiIY ol EHA & trE AAZ

M. A+ 2%
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AYE 71EoE 4 v Yo e AYES Mulx AEoZ AT B2 WEYIE F &3t AA

ol Fdte AR wef Aul F9E AR Fo] Anlx A9 Rl A FAEE AL AT F Q)
T} (Gutiérrez and Garcla-Palomares, 2008). 2218 o] T2wo] B2A o2 XY E2W T EuE $7
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Yol 1'415& TEE Al A4S 3718k (Gulhan et al., 2013), &AL Hlo]E7F 23 tho)
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Two-step ﬂoatmg catchment area method 2SFCA)2 % AFAS 333 85 L5 18sty AHlx
BHe] AAE AAS= WHo|T (Karimpour et al., 2023).
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fr Al ﬁzgé—% QEEM Al Me F8-Tu B4 S Aok 3t} (Zhang and Meng, 2019) Gu et
al. (2019)& 1,252+ AR sl B3 A3 1,0009 & 1309 T A9
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D(s :zb:pdis(d(s’b))jvb ..................................................................................................................... (3)
D(b) — Zpdm(d(bd))]vg ..................................................................................................................... (4)

& AFoME AFEe EHAR St fistmile T3 HHNA ] ARG 7Nk Auj2= F93 HEe =
A2 8l last-mile 3 B NA 2] Ag 7N A2 A4S 47 A8k, o] 29 ¥F FES AT
Mul2 A9or ARt AFHE Mulx A9 &Y 835 AT HAFe WHHE orIdth

AR 71 Aul 2 1S AAsks e ded 2o WA AR At S 236 A
TFEEe AT A ARAES 7I€es 44 WA vyE sy, 349 wAS] Jde A
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TV e AREE Adddna PgE. o g JiAE ol /A ol&AEe] dsuE AR
OS2 HATE e A Hld A ARATF BET BAE, £ ATl NIE ol FZAE ol
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<Fig. 1> Examples of the method for determining the radius of a station-based buffer (a) and building-based
shared service area (Voronoi diagram) (b)
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A71M b AE, pE UG A, o= AFEL VEE JFolth 17 () E EEE T AWE
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2 AToIAE AP o15AA7L A 1 Yelel Aol A3 Ak AP, AAFY o)A A
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Al 32k Baky j%‘% 2—1 (ﬁtted curve) S Ttk TIDE ¥ tl47F EolUd 17, (bp) &} 77, (s.p) 7}
&t7] wiol Fketthrt ol A FEE V&) astal o o) FUbekA oAl "tk EsPdEl= TID
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<Fig. 2> A map of Yeongjong lIsland, Incheon: (a) four administrative districts and public transportation station in
Yeongjong Island, (b) Distribution of residential areas, schools, airports, beaches, and accommodation
facilities on Yeongjong Island
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2. 2MXZ

HI

AATE FAFY AAAA AHEEE AE qH=E, AT A 2 34 dolH 73 2 4o &85
v 7P AL AY @9 E YEH o] & o] &ate QIFFE AT F¥EE 52270 HATE FEH
of Atk AFAY AR} FATE APEIIE HolHE o83t A& HolHe 7R %ifﬂ
2019 HlolEE o] &3ttt AL F JMFe 94570, AFHEY F e 359700tk vFnE A
2017'd 59 1699 APIEFIE HloJHE o] &30 121,654 9 S0 F3AsAt. FAAY AF 1°J
g, HFAAY AdEF 1000m’F 3 LHS] = <Table 1>} 2T} (Korea Transport DataBase, 2012).

<Table 1> Conversion factor (Korea Transport DataBase, 2012)

Trips from residence Trips from commercial Region (trips/thousand-squared meter-day)
(trips/day-person) Building for entertainment Building for business Accommodation
2.68 2757 2,033.6 320.3

T = [ — =
7t A% Y QT AR ATEEE 20199 71F 7 AHF AFE AT BE Fg 3 BEcky /M
= = o b2 2 = ) b2 o
stAth FFF A9 A% B 4294, FEUAE 2024019, FF1TY] A AW B 3394, F
=3 3= o) ) o = A ° o) D o
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<Fig. 3> Population Distribution of Administrative Districts on Yeongjong Island, 2019: (a) Yeongjong-dong, (b) Yeongjong
1-dong, (¢) Unseo-dong, (d) Yongyu-dong
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= =o

B ATAE A o] BAH o] Agle] E o] &8, A GE o] §E T2L 95t hAEAL
20199 112 195E 12€ 297K YFEA S 7QAY o] 5AA] AlH ZZAEQ] [.ZETY Ulo|El&
M43tk Firstmile} lastmile $3-¢ 202 317] wj#o] kA st 2229 Az o]z} 10m o))
53 (AA vlolEle] 05%) B4 thael A Agleith. % 717HEek 2990 9] o] 847} 1ZETE o] -3k
9, ol5AY e FFE 97im, EEAULE 1domZ Yebith Ao e o] §5 o577} 300-600m
Qo) 71 =k, Aol whe o] &5 20t7} 7 EUT (Fig 4).
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—- =
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Probability
=
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=
>
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0 20 40 60 80 100
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(@) (b)
<Fig. 4> Personal mobility usage rate based on distance (a) and age (b)

FE=ol uiste] MAE o] 5HA T Avlx AGE A AF= <Fig 5>9F 2Tk <Fig. 5> @ 3
FA 7 Aqul 2 @doln, oju B WL 1, 121mE AHHEH AT} <Fig. 5> (b= AE 7wk Aujx A
doltt, HF AMnlx AHL AAY o] 5HA Ff Aula LYAEN 292 AT HAa AY HAAE AA
3171 $18) AFA 719 Auls A3 AE 7 Muls d99 3oz AAFHIAY (<Fig. 5> (). HF
Ml AL 279 AGog TR 5= gtk Aulx FY 1 (<Fig. 5> @A D)& JozHE da] "o
A AEY F AW & ofgEEC] Bon AHlx Y 2 (<Fig. 5> ()94 @)= FFFNA ez

<Fig. 5> Personal mobility service area: (a) the station-based personal mobility service area, (b) the building—based
personal mobility service area, and (c) the final personal mobility service area
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7he A EL] FPol gk 0|23t o[ E o5 AHAE first-mile B last-mile T AA] FHIE o] F
A A8 B =A4 JEbgeH, old wet /iy o5 A ARl dYoz HAEAT AHl A
o 19] A28 25592,87Tm* 0|, AEY NFE 4,56870, AFAY AFE 157700tk Al A 29 WA
2 7,045742m%0| W, AL AP 21970, AFAL A= 227001tk Anla AY 19 FAFLE 70,3319
oW Anl2 HY 29 FAFLE 189927 ot

MRAE o)A &F s AAs] fstd EE £5& 3kmh, I3 0] 54R 9 £5& [-ZETY H
ole] W 7NUF olFA By £x2l 7.6kmhE HASI TIDE Akt EX £59 74 A9EE
o027 wFol] AFE Het =R £ S AAkste B AFdAY ER &£&

£ 78t
(Fitzpatrick et al., 2006). <Table 2>¢} <Fig. 6> /MQE o] 54A &4 ol wE RMg= 74 Azoln, X
2 MUY o] 5AZAA tE Yel L, YE2 TID &S Yelhdth <Fig. 6>9 (a)« A8l A4S 19 oigk

TTD ZI#3ZolH, <Fig. 6>2] (b)) AHl2= AY 20] tjgt TTD T =Zo|t}.

<Fig. 6>°llA & 5 Axol, MAF o)A t7t S7hstel weh TID #% 3 F7stthrt s
of =g%itt. 23PdEl= TIDY 32F thak2] T8 A9 uliA|S gho] 0.05 PIgke] 2 W2 153191, &
st A A-E HAY NI o] 5AR] U2 AASAT Ml AY 19 HF Q1Y o5 AA Ulie
LO22tHZ A El o, g A Ho A TIDE 3,14238 0.2 Yebth Anjx A 29 4 H3Z /9d
ol 5 A g 269U 2 AHHE o, S A A TIDE 2,046.45 0.2 YERGTE o] Muls A9 |
NqAE ERTOE ol Fgs WET Wit 318 AN AHl2~ A 204 EERIOE o] F3S Wr
o B 7.6% AIHAhE AL VeI First-mile $33} last-mile $3) 25 71918 o] 54X E o] &
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<Fig. 6> Results of the sensitivity analysis: (a) a graph of the personal mobility service area 1 and (b) a graph of
the pesonal mobility service area 2
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