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Fig. 2 Charging station candidate points and EV distribution point location map

Rl RREBBREIRZSEE

Tab.1 The latitude and longitude of charging station candidate points

Ezj BRE/C) /O Ezi GRE/CY RO f;zi GRE/C) /O

1 116.412 515E  39.926 130N 8 116.435 916E  39.921 233N 15 116. 425 136E  39.912 503N
2 116.419 540E 39.924 858N 9 116. 429 403E 39.918 501N 16 116.440 030E 39.912 642N
3 116.426 789E 39.924 560N 10 116.423 618E 39.917 768N 17 116.422 352E 39.911 549N
4 116.438 737E  39.927 168N 11 116.438 216E  39.916 917N 18 116.431 946E 39.910 746N
5 116.428 155E 39.922 008N 12 116.409 829E 39.915 644N 19 116. 414 069E  39.909 543N
6 116.420 807E 39.920 196N 13 116.415 812E 39.913 956N 20 116.428 909E 39.908 871N
7 116.414 500E 39.919 504N 14 116.431 245E  39.916 211N
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Tab.2 The latitude and longitude of EV distribution points

EVafid &R/ HE/C) | EVaAis &E/O) HE/C) | EVafin  &E/C) HiRE/ )

1 116. 411 763E 39.924 807N 20 116. 433 915E 39.922 511N 39 116. 419 866E 39.909 188N
2 116. 414 296E 39.926 412N 21 116. 435 047E 39. 920 062N 40 116. 421 950E 39. 909 050N
3 116. 416 452E 39.925 624N 22 116. 428 471E 39.919 094N 41 116. 425 902E 39. 910 848N
4 116. 420 369E 39.926 716N 23 116. 423 549E 39.920 145N 42 116. 429 460E 39. 910 959N
5 116. 421 123E 39.926 260N 24 116. 419 434E 39.921 695N 43 116. 430 573E 39.909 963N
6 116. 428 094E 39. 925 886N 25 116. 418 644E 39.919 343N 44 116. 433 125E 39.913 477N
7 116. 434 221E 39. 926 606N 26 116. 411 637E 39.919 509N 45 116. 438 622E 39.913 754N
8 116. 436 215E 39.925 554N 27 116. 417 853E 39.917 296N 46 116. 435 316E 39.910 876N
9 116. 439 413E 39.926 993N 28 116. 422 022E 39.917 711N 47 116. 438 263E 39.910 433N
10 116. 439 000E 39. 924 199N 29 116. 424 824E 39.918 900N 48 116. 439 700E 39.921 169N
11 116. 425 615E 39.923 991N 30 116. 429 460E 39.917 960N 49 116.423 710E 39.912 813N
12 116. 421 698E 39. 924 780N 31 116. 433 735E 39.917 987N 50 116. 427 591E 39.913 643N
13 116. 419 722E 39.923 493N 32 116. 435 496E 39. 915 608N 51 116.411 529E 39.921 806N
14 116. 416 865E 39.922 705N 33 116. 421 950E 39.915 718N 52 116. 416 416E 39.915 995N
15 116. 417 746E 39. 921 266N 34 116. 411 529E 39.916 078N 53 116.416 488E 39.911 208N
16 116. 419 381E 39.921 695N 35 116. 412 248E 39.912 896N 54 116. 414 584E 39.914 003N
17 116. 424 681E 39.921 349N 36 116. 410 344E 39.910 904N 55 116. 431 005E 39.916 272N
18 116. 430 088E 39.922 566N 37 116. 412 679E 39.909 077N

19 116. 431 508E 39.921 446N 38 116. 418 428E 39.912 038N

*3 HOSHENE

Tab.3 Parameter value of example

S8 U
Fo L v B B AR ¢ /JT T U(27.32)
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B 2 M FE A Y B R ¢, /T T U(1.5,2)
P HL il A BUAE I R /N £, 3
T HL 3 5 A A 1 R KRB /A 18
EV F P HI 4% 3 5 B A FE L ) £, /b 6
EV F P P 3 5t B B FE LB ) £, /B 1
15 A L AR RE AR AL iR KA H] Q;, /h U(20,24)
PR 7 L ATE i B2 I A dR K ST RN E] Q). /h U(8,12)
EV I sE i i Kl A8 d, /km 3
T e N7 A L 1 d /NVECEE P /A 10
T N7 78 L i e KB H /A 12

L FE LG Y R ORI E /T O 500
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Fig.7 The change of cost and distance under

the interruption scenario
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Tab.4 Algorithm performance comparison

HiE V¥ E i 7 22 il
AL 0.183 5 0.002 7 0.180 6
APGA 0.194 6 0.003 8 0.192 2
PGA 0.196 2 0.004 3 0.192 5

4 %iE

ARSCHTFE T H U1 S5 9 78 R B0 A1 JR DI A TR DL BAR S /I R 2 i R A LA S R i 9 B R/ e /N K
Ll A A 2R R FE T A R R/ e/ DR VB B UM EV O R SR A R B A T T £ H bR MR
B, M T IR NP-DRXERRE Bt 18 BE A0 A0 3 SR il ik B 40 8 ik 1 R Y S SRR I A B . AR SO
ZALTE T s — AR T T R I 2 B8 R WA SR S EV R SR R TR IE T A A N EL AT SCHK A T R 3k 1 ik ) B
Ji 28 7 L ol 5 22 80 e A I A A SR O A I 5 R X R R A R 0 T T T K-Means B R NBEER
B@ii Sl LR

BLAF L i T EV SRR BEAF LA /N DR AT DL 8 A 70 L vk S 1 0 i PR R it DA B R BV X SR
FEL IR 1 2 2 AR T L2 i S R 3 8 DA PR BT 2 A BT S Y R R R SR Y — AN T T

S %3k

[1] KINAY O B.GZARA F,ALUMUR S A. Full cover charging station location problem with routing[]]. Transportation Research
Part B: Methodological,2021,144:1-22.

(2] e NRAEFIE A ZH. 2 EVLE R A =5 417 /25 Z3 AT 5 /2 ALEB/OL]. (2023-01-11)[2023-08-08 . https://
app. mps. gov. cn/gdnps/pc/content. jsp? id=8837602.
Ministry of Public Security of the People’s Republic of China. The number of motor vehicles in China reached 417 million, with
more than 500 million drivers[ EB/OLJ. (2023-01-11) [ 2023-08-08]. https://app. mps. gov. cn/gdnps/pc/content. jsp? id =
8837602.

(3] s sk EE XM 45 3R 4 e s LRI WS 22 3R [T, o [ 2 %2441 . 2022.,35(12) £ 230-252.
WANG Z P,ZHANG J,LIU P,et al. Overview of planning of electric vehicle charging stations[ J]. China Journal of Highway
and Transport,2022,35(12) :230-252.

(4] JASCUE 2R BB 0 o 4 DS 26, R 8 07 70 F il e ik ) REAE 9 (0 ). B A S B S5 AR, 2016, 46 (11) : 187-194.



%2 BEE.FFHERTEV ARG L LB TR MR EAFH MRk 127

ZHOU W F,L1Z P,CUI X J,et al. Research on location problem of electric vehicle charging station[ ] ]. Mathematics in Practice
and Theory.2016,46(11):187-194.
(5] FNE B8 7 2 5 Az B, A5 7 v il Bl ) R0 1 e Y [0 9 R0 [T ). R G B 5805, 2020, 40(7) :1133-1145.
SUN Z Y,NING A B,FU T Y,et al. A backtracking algorithm with reduction for charging station location problem[]]. Journal
of Systems Science and Mathematical,2020,40(7):1133-1145.
[6] XIA F,CHEN H,LI H,et al. Optimal planning of photovoltaic-storage fast charging station considering electric vehicle charging
demand responsel J]. Energy Reports,2022,8:399-412.
(7] &R —, Tk U, 55 IR SR & il f BRI BF 5 [T ], oy R Ry 5451 ,2022,50(14) :181-187.
HOU H,TANG J Y,WANG Y F,et al. Layout planning of electric vehicle charging stations in urban areas[ ] ]. Power System
Protection and Control,2022,50(14) :181-187.
[8] ZHOU G,ZHU Z,L.UO S. Location optimization of electric vehicle charging stations: Based on cost model and genetic algorithm
[J]. Energy.2022,247:123437.
[9] CAI R,HUANG K,ZHENG S,et al. Including research on optimization planning of multi-energy complementary electric vehicle
charging station[ ] . Energy Reports,2023,9:1037-1047.
[10] XIEE, skl . W BUE . % IR IR 55 2 42 1 P 3l ¥ 2% 70 vl 150 8 ik 1D A LT ). 3SR L4 A 38 &R 46, 2020, 26 (08) :2180-2189.
LIU H, ZHANG D, LENG K J. Recharging infrastructure location problem for electric vehicles with service radius[]].
Computer Integrated Manufacturing Systems,2020,26(08) :2180-2189.
(110 BRI, TN, 530 SO L 25 TR0 00 Am AL R0 19 5 F ol A R AR [T ], 3 RALRL 2, 2022,49(S1) 1 753-758.
QUE H K,FENG X F,GUO W C,et al. Development of electric vehicle charging station distribution model based on fuzzy bi-
objective programming[ ] ]. Computer Science,2022,49(S1):753-758.
(127 @R e, 2 B VP AL 10, 55 F5 SRR T8 56 T & #0010 00 B 1H 5 vl ol BRI LT 0. AR b v K228 i CA AR B2 ARD L 2023, 50
(6):9-99.
GAO Z J,LI X M, XU C B, et al. Planning of old and new charging stations based on robust optimization under uncertain
demand[J]. Journal of North China Electric Power University(Natural Science Edition) ,2023,50(6) :9-99.
[13] LI C,ZHANG L, OU Z, et al. Robust model of electric vehicle charging station location considering renewable energy and
storage equipment[ J]. Energy.2022,238:121713.
(14T VAT 2R 808 AR 0 v R 255 5 A e 3l 42 58 v sl i ik e SRELT 1. Tolk T 72 548 1, 2023, 28(1) :89-97.
JIANG Y, LI N. Decisions of electric car charging stations location with valet charging service[ J ]. Industrial Engineering and
Management,2023,28(1) :89-97.
(157 INRE A (AR » 1 ZE 080, 5. oL rh W9 5 T il 3R s i i I B 2 H e X ] e ik O AL D S LT 0. 42l 5 2 38, 2022, 37 (4)
1005-1014.
SUN B Z, YANG J N,BAI J C, et al. A two-stage multi-objective interval location optimization decision of electric vehicle
charging station under charging interruption scenariol ] ]. Control and Decision,2022,37(4) :1005-1014.
[16] ZU S,SUN L. Research on location planning of urban charging stations and battery-swapping stations for electric vehicles[J].
Energy Reports,2022,8:508-522.
(177 7= T 5%, XA r L #h BENE 55 3 Kol 3l yR 42 0 28 43 A R 28 1 5 i il e bk s A 00 Ak J7 i [T, i e HL AR 2 41 2021,41(18)
6271-6284.
YAN G G.LIU H N, HAN N H,et al. An optimization method for location and capacity determination of charging stations
considering spatial and temporal distribution of electric vehicles[ ] ]. Proceedings of the CSEE,2021,41(18) :6271-6284.
C18T ¥ 1, e U, 5 A [ 4 o 70 FLAE ) P 0 R4 S v Bl B ks 8 AR A DT ¥R LT ). W s A B Ak ik 46,2022, 42(10) : 157-166.
XIAO B.GAO F. Optimization method of electric vehicle charging stations’site selection and capacity determination considering
charging piles with different capacities[ J]. Electric Power Automation Equipment,2022,42(10):157-166.
(191 Z2i® L, 2258 b A 25 JEFE B 0 faf B 25 A3 AR R R 19 EV 8 B sl LRI L)/ OL . Bl 54 3%, 2022:1-10[2022-08-19 1. http://
kns. cnki. net/kems/detail/23. 1202. TH. 20220818. 1127. 006. html.
ZUO Y F,LI W H,YANG W. EV charging station planning considering space-time distribution characteristics of charging load
[J/OL]. Electrical Measurement &. Instrumentation, 2022: 1-10. [2022-08-19 7. http://kns. cnki. net/kems/detail/23. 1202.
TH. 20220818. 1127. 006. html.
[20] AR, % 18 A 2 T SR R P 1) 20 G0 ¢ A1t o7 5 R 245 A A [0 ). T BL T A 5 R0 A . 2014, 50(5) : 21-28.
FAN Z Q. Optimal design for multi-echelon coal supply chain network with complex demands[]]. Computer Engineering and



128 Journal of Chongqing Normal University (Natural Science) https://cqnuj. cqnu. edu. cn Vol. 41 No. 2

Applications,2014.,50(5) :21-28.

[21] XU 2205 s . 2 TR & 384 006 A AU AR R AR [T, 3 H 5L TR 5 1 . 201955 (1) : 244-249.,
LIU L F.YANG X F. Searching algorithm for efficient paths based on hybrid genetic algorithm[]J]. Computer Engineering and
Applications.2019,55(11) :244-249.

Special Topics on Operations Research and Modern Intelligent Transportation

The Combination of EV Charging Station and
Multi-Type Charging Piles under the Interruption Scenario

FAN Zhigiang' s SHI Ranran', LIANG Ningning', LI Shanshan®
(1. School of Business Administration Research Center of Energy Economy, Henan Polytechnic University, Jiaozuo Henan 454003
2. School of Finance and Economics Administration, Henan Polytechnic University, Jiaozuo Henan 454003, China)

Abstract: Previous literature has less considered the interruption scenario and the convenience of charging for electric vehicle (EV)
users, and more has focused on planning the location of charging stations. In view of this, the research scope is extended to the joint
layout optimization of charging stations and multi type Charging station under the interruption scenario, and a multi-objective
programming model is constructed with the goal of minimizing the cost and distance. In response to the NP hard characteristics of
the problem, a heuristic algorithm based on K-Means clustering was first designed to quickly generate good initial feasible solutions,
and then an improved genetic algorithm was proposed to solve the model. The validity of the model is verified by an example
analysis. The model has good robustness and can effectively solve the joint layout optimization problem of EV charging station and
Charging station under outage scenarios. The proposed algorithm is superior to existing algorithms in terms of solution accuracy and
stability.

Keywords: interruption scenario; multi-type charging piles; multi-objective programming model; k-Means clustering; improved

genetic algorithm
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