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Abstract

This study applies an Out-of-Fold (OOF) XGBoost regression model to analyze the supply - demand balance of
Electric Vehicle (EV) charging infrastructure across 25 districts in Seoul. By comparing predicted charger counts with
existing installations, shortage levels are assessed, and a policy priority score integrating shortage rate, EV
registrations, and population size is derived. K-means clustering further classifies districts into three types, supporting
differentiated planning strategies. The results show that Gangbuk-gu, Gwanak-gu, and Guro-gu require short-term
expansion, while Gangnam-gu, Seocho-gu, and Songpa-gu better suited to operational optimization strategies.
Combining predictive modeling with spatial clustering, this study provides a practical framework for identifying
priority areas and guiding efficient EV charging infrastructure policies.
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Table 1. Definition of variables used in the analysis

Depgndent Number of EV chargers
variable
Independert Number of EVs, population, parkmg
. spaces, road length (m), average income,
variables

number of bus routes
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Table 3. Model performance comparison

Model MSE RMSE R®

Ridge 257630.97 507.57 0.8067

Random forest| 358235.62 598.53 0.7312

XGBoost 307767.50 554.77 0.7691

Variable Mean Std Min Max
EV 3752.68 2854.26 1389 14117
Parking | 20172624 | 8563425 | 96070 | 436740
Bus 1506.44 444.75 844 2738
Pop 384655.36 | 130107.95 | 125765 | 672439
Income | 3411962.40 | 626036.48 | 2547460 | 4943841
Road 31612528 | 7665271 | 114232 | 441986

Chagers 218264 944.14 915 4781
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WA w2 QT F 52 T Y F4E
2 191, 997 ASY 52 dFe AfFe=
viott}h ol A dxay}t AV)A B 59 F
b oo 7Y AA &St Yes Yvsith &
3 wE JAEAY dE WU 24 4 Wy
T YA B ompAske AR Yyt

XGBoost 7]¥F] 12735 (Out-of-Fold, OOF) |3
S 53 74 AAFE AR TR AH A

Of

FEE 25 A4 gt Aolg vmstel F
A oze Fxol Yo A4 w2t

wd 9 weRE AA 4 AT & FR
S R 9, UAF 45, WA =4 FE S
etk dZgtel AAnt 2 A%e FH27 ¥
23 xoz BPOH, ¥E FL AR 52
FATHE WA wes WSS 35S
HEP

34.1 459 AL

A8 W 2F TR0, A 55 5
03), AN AEAE Polstel BEHeTh
2 R A FA7) wa-

A

= HollA
diHes e vFEs HEsit Ee dEe
zscore® TS AR 7F Rl eSS R
Jor, A7t o5 34 =z A5 deA
Aol A

T B GRS VIR A% 24X dFE

o

u
N
12
(o
i
%
1%
i,
A
o,
)
(S)
(=}
X
N

342 B4 A¥

3% 4 OOF dZ=gka A A=Ak 2}0](Gap)
% P55 (Shortage)S 7IWHe.E AEd AH A
&9 Ag(priority)st A AXUFE FYs 2
olt},

OOF 7¥ w4 A, A5, #eb7, 7277}
49 370 AGQeE Uehston, 22 18071, 160
N, 90709 At FHA
gL Sk oH AA
, A7 B QT R Ee Aol
.

)

<

dp | o4
o Ry

¥ 4. OCF 7|k M7|At 584 M M9 M Z1|
Table 4. Policy priority results for EV charger installation
(OOF-based model)

district |chargers|Predicted| Gap |Shortage|priority| Recom
Gafgg:”k 915 | 153048 | 61548 | 067 | 173 | 180
ngﬂak 1172 | 17819 | 60995 | 052 | 143 | 160
Cf;[]o o505 | 30673 | 7223 | 028 | 089 | 2
Gangna

m | 4781 | 375217 |-102882] 0 |o0ss| 5
—gu

So_r;ipa 3948 | 416664 | 21864 | 005 | 048 | 35




>

40 XGBoost 71t H71AF FH 4 AA dSo] e 4 AX Ao 24

w
[@)]
M
A
N
rr
0
-]
40
ogk
_k')l

rE o

=
302 29 298 nolzt =28 A Y 2
AL AT B4 Aol wea, 43 Fu 94
&9 24 WA 3R ANES AU a9
3& 2 ARE AN ANT Az A28t
Aoy 49 BEE JEIY,

Cluster 0 ©4 9 P24 AS FHoz 3
48 #Poz FAAS 4LYT sl EAE
Aol Ty TPele] slek. A FHE A7 5
& ol FA Qlxe o] JjzHog AA v
4 F4 Az w4 #3o ayHe #F
293 APoz HHT 4 Uk BT, FET,
37, 45T 5 244 A9 TP o5

Aol PER T AUHOT BY

%
B2go & AdnE 24 44 WF 8%
=
T

Cluster 12> gAS SAHLE 3 145 319%
4R 2GR T4 AYe] x3gE FHoE AR

g
FH& 44 REEe guFez v dsun
o ERE A AA Furke J)E A Q1
o £9 B% An % 1% 307 349 24 )
ol BNAQ $9 BEE F4 Aoz BRI
G otk AT, A2 ST 5 9D Ui
-

=

B4 ofof we} 3
3 S5 Aol aTHE F7 43 A% o 8
Hen. Bl TR, PAT, FAT, GEET
5 A7 WPEs mEYel £ FAY 4B
EGHv @A 8 FRE 99 $F Fuso 9
ou}, Q% Adelx] $EFel ke Aol

SEL
oo} ge A 7l KA A ANT H7}
Hol, Ak 54 AW AGES Agste] 37
e ARG 5 doke "N ot gk 5
B3 $4¢9 Ao A% W) 8% A9
2] © %
[e}

2 4 6 8 10
Number of Clusters (k)

a8 2 3y 28 £ 2% 25
Fig. 2. Elbow method for determining the optimal number
of clusters

~aod

% 3 M2A| Rz MRt SHAel=e}
ZAH 78 XTAZE
Fig. 3. Spatial visualization of EV
charging infrastructure clusters by district in Seoul

v. 2 2

—

@)
A T4 Q= AYE Fo-E =0¥E A
FH0 2 29st7] 918 XGBoost 7|HF OOF o5&
&3I4 A5 A4 A st A4 A
g Aol Tl FF FES ASehL, #5E
A7z ST TES TEY +Aed A



Journal of KIIT. Vol. 24, No. 2, pp. 35-42, Feb. 28, 2026. pISSN 1598-8619, elSSN 2093-7571 41

¥
s Hr
>

il
N

N ofj

O~
)

1z Okn
ol
F e

ot My

2 A%g .
FANTFRIE oF ool 2

)
N
Y
uy)
~

ol
ofj
i
to
ox
o,
Hir
rlo
N

4 o
i i
Al o
s
¥2,
luj
3
ra
oy
ot
-
Rl
P
—
op>
1|:_l,
rir

(I L AEN)
e
O,
Ho
of
fol
o
ot
bl
fd
1p
ofy
Y
ofN
o>

[SURN S AR > e A0
Y,
&
=
o
ing

i
i)
s
N
18
(o
fu oy
o
X
)
¥
v
I

gt
o o

—

o2 1 XL
il
=
rx
ol

BO
ofj
2
N,
S

> ot
2
o
ol

E H
s
ofy L

=
o
v

T g
e
1%
o

L oo% foit b ol Ho gE N
Y
il
h:
de
iy
g
ot
(o]
>
=2
18 K
I‘ﬁ\[—fpil_ix
ox M
P o
fl o2 AL >

)
):1:11
>
it
=
3
r
o

References

[11 M.. S. Cho, "Rapid Growth of the Electric
Vehicle Market: “Two Out of Three Cars Sold
Will Be EVs by 2035’ - IEA Outlook and Global
Climate Commitments", Computer World Korea,
No. 491, pp. 58-61, Sep. 2024.

[2] H. J. Lee, "All Company Vehicles to Be 100%
EVs", Insight Korea, Vol. 336, p. 70, Oct. 2025.

[3] J. Hwang, H. Lim, and E. Park, "Infrastructure
Construction using the Correlation between Electric
Vehicle Charging Infrastructure and  Electric
Vehicle Registration", Journal of KIIT, Vol. 21,
No. 3, pp. 1-9, Mar. 2023 .http://dx.doi.org/10.148
01/jkiit.2023.21.3.1.

[4] J. A. Kim, "An Electric Vehicle Charging Station
Location Optimization Model Based on Demand
Forecasting", Asia-pacific Journal of Convergent
Research Interchange, Vol. 10, No. 12, pp.
397406, Dec. 2024. http://dx.doi.org/10.47116/
apjeri.2024.12.27.

[5] Y. Huang, H. Ren, X. Jia, X. Yu, D. Xie, Y.
Zou, D. Chen, and Y. Yang, "A Spatially Aware
Machine Learning Method for Locating Electric
Vehicle Charging Stations", World Electric Vehicle
Journal, Vol. 16, No. 8, p. 445, Aug 2025.
https://doi.org/10.3390/wevj16080445.

[6] J. G. Kim, D. M. Lee, and S. H. Kim, "A Study
to Determine the Optimized Location for Fast
Electric Vehicle Charging Station Considering
Charging Demand in Seoul", Journal of Korea
Institute of Intelligent Transportation Systems, Vol.
21, No. 6, pp. 5769, Dec  2022.
https://doi.org/10.12815/kits.2022.21.6.57.

[7] M. Alaraj, M. Radi, E. Alsisi, M. Majdalawieh,
and M. Darwish, "Machine Learning-Based
Electric Vehicle Charging Demand Forecasting: A
Systematized Literature Review", Energies, Vol.
18, No. 17, pp. 4779, Sep. 2025.
https://doi.org/10.3390/en18174779.

[8] J. Kim and G. Kim, "Prediction of Festival
Visitors Using Multi-Modal LLM and XGBoost",
Korean Journal of Marketing, Vol. 40, No. 3, pp.
25-44, Aug. 2025. http://dx.doi.org/10.15830/kjm.
2025.40.3.25.

[9] A. Almaghrebi, F. Aljuheshi, M. Rafaie, K. James,
and M. Alahmad, "Data-Driven Charging Demand
Prediction at Public Charging Stations Using
Supervised Machine Learning Regression Methods",
Energies, Vol. 13, No. 16, Article 4231, Aug.
2020. https://doi.org/10.3390/en13164231.

[10] S. Deb, "Machine Learning for Solving Charging
Infrastructure Planning Problems: A Comprehensive
Review", Energies, Vol. 14, No. 23, pp. 7833,
2021. https://doi.org/10.3390/en14237833.

[11] J. Lee, "Optimal Allocation for Electric Vehicle
Charging Stations", Energies, Vol. 14, No. 18,
Article 5781,  pp. 1-15,  Sep.  2021.
https://doi.org/10.3390/en14185781.

[12] Public Data Portal: https://www.data.go.kr/.
[accessed: Jun. 15, 2025]



42 XGBoost 714F H713F T4 4 AR oSl WE 41 A

[13] Seoul Open Data Plaza: https:/data.seoul.go.kr/.
[accessed: Nov. 15, 2025]

[14] S. M. Yim and J. H. Seo, "XGBoost-Based
Optimization and Spatial Clustering of EV
Charging Infrastructure”, Proc. Conference on
Electronics,  Semiconductor, and Al 2025,
Gangneung, Korea, pp. 124-126, Aug. 2025.

A4

ol 2 gl (So-Min Yim)
2023 3¢9 ~ EA) . gt
VA FL IR
W IR IRES T
- BAE} : MY o ZY
7ol &4, gA7u

M X| Z (Ji-Hoon Seo)
2008 —‘ng A& 87| e st

B

2015Lﬂ 29 : oAt




	XGBoost 기반 전기차 충전소 설치 예측에 따른 우선 설치 지역 분석
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 관련 연구
	Ⅲ. 연구 방법 및 분석 결과
	Ⅳ. 결론
	References


