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Electric vehicles charging path planning method
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Abstract: With the development of the electric vehicle industry, the charging demand for electric vehicles
is also increasing. To meet the diverse charging demand of electric vehicle users and improve the utiliza-
tion rate of charging facilities, this paper proposes a mixed integer linear programming model considering
three influencing parameters: travel distance, charging price and charging station queuing. It then
prensents a multi-factor electric vehicle charging path planning method based on the topology of road
network to plan the charging path and station selection for users. Firstly, we uses Dijkstra algorithm for
charging guidance under the premise of energy consumption constraint, and introduces the concept of in-
formation entropy to determine the weight of each parameter for solving the multi-objective optimiza-
tion. Secondly, to address the variability of users’ charging demand, three planning methods with dif-

ferent objectives are proposed to reduce users’ charging costs. Additionally, this paper constructs a sto-
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chastic charging service queue model and conducts sensitivity analysis to investigate the impact of station

service capacity on charging cost. Finally, the proposed method is applied to an actual road network for

simulation, the results demonstrate that the proposed method can effectively reduce the users’ charging

travel cost and reasonably plan the travel path and has certain decision-making significance for charging

selection and station configuration.,

Keywords: Electric vehicle; Charging path; Road network topology; Queuing model; Path planning
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Fig. 1 The road network topology with charging time cost
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Fig. 2 Charging station distribution and road network
topology in the study area
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Fig. 3 Charging selection and path planning results of EV

R7 ARBEEZETEHREZTBHITHREANESR
Tab. 7 Electric vehicle charging path planning results un-

der different target scenarios

ENG SR ﬁtfy\%‘?% HATHE B ﬁ%ﬂ&%
Yt - it /] /min /km /ot
sl (0.8,0.1,0.1)  15.25 1.5 50. 68
Y2 (0.1,0.8,0.1)  11.81 3.8 47.58
3 (0.1,0.1,0.8)  4.28 2.7 51.16

MR 7 ATE L R EH P AR SRR R
FEAE A S5 R R E AR, S5 1 P e AT
TR TR AT B R A L T 5 2 s 3 g
s 1 T HATEEES 43 3 T R 60. 5%, 44. 4%6: 3
502 WP R AT e E T S L O AL AT DR
RS X —H R 5 2 ML T35 1A
Y 3PRART 6.1%.7.0% ;35 3 Fo i AT 8
THEB GG SF BT ) ik AL T35 1 figst 2 1Y
75 H HEBA SR IR/ T 71, 990,63, 8%, SZE:
SURAIE W prig i i SR EH P R A TS R
FRAO A Y B A% A G b 3 0 AN R P B 7 oK A4 T
FEHLIEEE.

4.2.3  FBSEAER RKAMBMESHT  FTEHIEAY
IR 55 568 B 7 32 3] 70 H vl LR 152 it T X S TR 5 17 T8
H, HEBA B8] 5 1 95 1B 77 O, 5 B HEBA RS a1 22 4L
SR B FH P 70 H s [R] AR 5 [ 8 Ll FLAf A9 2284k

017002-7



% 61 &

Wl K FFRCE RAF RO

%14

L2 FEHL MU A TR
o L L L L AT AR T A
ASHAERY | TR FE LB 2 5 7 1 A
HE A ] T 30 U A5 97 . LTS
WAL I S AT S BB,

RRHHE L3715 FEFL B 0 R
H BT R 35 40 T B (R SR SO0
WORIE. B4 Gtk T <o, B o AN IR R
Jgws Fws € {15 1,153,155,1: 7,19
TS A b R B B0 R 4
A TR 5 D 449 B2 P 3
LA B s A A L 5 40T
HAEL DU LI KOS 4T FE ) o+ o =
1+ 3 I FBRAE RS LR K 25 BB <o
(R KA (LR LM DA LT HE
B 1+ 3 I REAEATAON A FE A BT 1L
HAEL R SEFL A O SR M. S 0145
PSR TR R GO . SE RO £ 5
W5 R OB L T 2 X0 P ST 47 A B
AP A% R L PR I T TR T
SRR .

- :
1 —e—1:
—-
T —-1:
—e]

O W —

A R
L I UV R~ N R}

400 600 §()()‘ vl()(}() . 1200 1400 1600
75 FEL 3t 5 7 R A kG

A4 RERE AL B A7 & 3R
Fig. 4 The influence of different weight ratios on objective
function

(2 M (4) B R SE LBl P AR A R ) i
SRR FE L (4 I 55 BE 7+ 26 TR0 52 7 R vt R A 25
TR AL (&1 5 il 7R B3R 3N i aiR 4 e R Ak
NS5 R ST () 0] 78 R o AP 55 B O SRR . AP 5 T
VARt Bl 0 v st A S 384 0 e v e 55 B8 77 32
ST o R B R R T R P AR I )R A T R
e BN BERIAE WL 298 T 22 1A Eik
R 0. 79 I REEHERL IR I T Rk 3R L T H A
FIA AT R TP GOIRAS. 1245 R UL 78 i vl T i
1o 222 T 22 1) T HUATE LA D HR A S I ] 17 A
FEHUAEON e 55 BE 1 A4 s A B 7252 PRI rh ]

% JE TR IS B JE At 1 45 5 5 F ol O ok 5 B
TCE U UPERR L A e P T R IR 55 B R A Rl R
AT RESR R IR,

S E AT I‘ETJW:’I/ min

7 8% 9 10 11 12
I FL A
A5 RERKET A sEEH T AR R 693
Fig. 5 The effect of the number of charging piles on wait-
ing time under different arrival rates

4 5 6

5 & i

ARICHEGE T R BIIR G AL T N Z 0 T 1 58
FRL AR KL PR T 2 P RS AR S T TR R R
LR USRS TR i TR A 455 FH Y 1 A AR RS R
A AR Z H b LI L 2 B R P BA A
] AT 2K 0 = FARIRES T A7 e e e e b 4%
PR LA L P R 22 Sk (5 IR 2% 07 14 e
B MR BN 2R G FAR L  HF BERE A B X E AR s
PP R 22 5 AT 76 LRI % LA R R R B
WA A T R B AT A [ RE AR L T SO
Rt T ol B 7 R R 55 R BAASE T S 0 5 R R
G5 b A o T v A 5 R ARl e P A T A
SR 3T LA OGP AT A OS2 D 48 g
FEHLIN T E G PSR T2

ARSI H TS FE AR B IR N L 455 hE
FELTHON P RS PRI AT AR R
JEXT P SEHAT AT A AR ORI 4. AR
B S 70 Rl R R L AT LT R P AT
2 BAZ Y » 20 B U Y B B () I Lt A
Behk 5B R 7 AT T — ST,

SE Lk

[1] Ma]J, Lyu XD, Chen Y S, et al. Current status
and countermeasures for China’s new energy auto-
mobile industry and technology development [ ] ].
China ] Highw Transp, 2018, 31. 1. [Th#k, x|
K. Wik, & PEBRRFIRET L SR K R
IR BRI ] hE A 24z 2018, 31: 1. ]

017002-8



5 14

B &, F: SEEATATHMIBINI @A LA @ RBEIR Kk

% 61 &

[2]

[3]

[4]

(5]

[6]

(8]

[9]

[10]

[11]

[12]

Noel L, de Rubens G Z, Sovacool B K, et al. Fear
and loathing of electric vehicles; The reactionary
rhetoric of range anxiety [ J]. ERSS, 2019, 48; 96.
SuS, Yang T T, Li Y J, et al. Charging route
planning for electric vehicles considering real-time
dynamic energy consumption [ J]. AEPS, 2019, 43
136. [Th3E, IE G, ZEE, 45 HEsenshAfe
FER R R ETAEEAEMRL]. B RS A Sk,
2019, 43; 136. ]

Morlock F, Rolle B, Bauer M, ef al. Time optimal
ro-uting of electric vehicles under consideration of a-
vailable charging infrastructure and a detailed con-
sumption model [ J]. IEEE T Intell Transp, 2020,
21. 5123.

Huber G, Bogenberger K, van Lint H. Optimiza-
tion of charging strategies for battery electric vehicl-
es under uncertainty[ J]. IEEE T Intell Transp,
2022, 23. 760.

Luo W X, Chang X Q, Fu R, et al. Charging-dis-
charging scheduling strategy for electric vehicles
considering supply and demand [J]. P CSU-EPSA,
2022, 34: 106. (B 4ERE, W =0m, RE. 5 BIE
L TR I H B A SO A ek [T ). B R
gt L H A iR, 2022, 34 106. ]

Rozas H, Munoz-Carpintero D, Saez D, et al. Sol-
ving in real-time the dynamic and stochastic shortest
path problem for electric vehicles by a prognost-ic
decision making strategy [ J ]. Expert Syst Appl,
2021, 184 115489.

Zhang S, Chen M, Zhang W, et al. Fuzzy optimiza-
tion model for electric vehicle routing problem with
time windows and recharging stations[ J]. Expert
Syst Appl, 2019, 145, 113123,

Zhang Y, Wu B, Chiang Y Y. et al. BiS4EV. a
fast routing algorithm considering charging stations
and preferences for electric vehicles[ J]. Eng Appl
Artif Intel, 2021, 104, 104378.

Li H, Chen H. Mixed traffic network equilibrium
with battery electric vehicles considering charging
queuing time [J]. J Jilin Univ(Technol Ed), 2021,
51: 1684, [0, BRik. 75 0850 v HEBA B[R] 04 Ha )
TRAEIR A 320 s P A L ). 35 RO 4l (T2
RO, 2021, 51; 1684. |

Tan X, Sun B, Wu Y, et al. Asymptotic perform-
ance e-valuation of battery swapping and charging
stati-on for electric vehicles[ J]. Perform Evalua-
tion, 2018, 119. 43.

Tan X, Sun B, Tsang D. Queueing network models

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

017002-9

for electric vehicle charging station with battery
swapping [ C]//IEEE International Conference on
Smart Grid Communications. [S. 1. ]: IEEE, 2015.
Esmailirad S, Ghiasian A, Rabiee A. An extended
M/M/K/K queueing model to analyze the profit of
a multiservice electric vehicle charging station[]].
IEEE T Ven Technol, 2021, 70. 3007.

Sheng R, Tang Z, Xue ] C. Dynamic evaluation
method of EV charing station service capability un-
der multi indicators [J]. P CSEE, 2021, 41; 4891.
Uakgi, R, B, 2465 T EV smhisiiRssae
FETH I RLT] W ER AL TR, 2021,
41 4891. ]

Xiao D, An'S, Cai H, etal. An optimization model
for electric vehicle charging infrastructure pl-anning
considering queuing behavior with finite queue
length [ J]. ] Energ Storage, 2020, 29: 101317.
Zhang D, Jiang ] C, Zhang W G, et al. Optimal
configuration of charing spots for electric taxis [ J].
Trans China Electrotech Soc, 2015, 30. 181. [ 3k
W, TS, kA, . B EE TR
foEl]]. B IR AR, 2015, 30: 181. ]

YuJ] W, Sun Y L, Zhang X D. Charging load fore-
casting considering the unbalanced development of
EV [J]. Electr Meas Instrum, 2019, 56: 43. [ &%
i, IV, R, IR R AR B SR
Fe AT ] SR, 2019, 56 43. ]
Kumar N, Kumar T, Nema S, etal. A comprehen-
sive planning framework for electric vehicles fast
charging station assisted by solar and battery based
on Queueing theory and non-dominated sorting ge-
netic algorithm-[[ in a coordinated transportation
and power network [J]. ] Energ Storage, 2022,
49, 104180.

Yan Y J, Zha W X, Shi J G, et al. Mixed network
equilibrium model with stochastic charging demand
[J7. ] Jilin Univ(Technol Ed). 2022, 52. 136. [[3]
=i, AR, ARNL, % BRI BT RN
TRESNEM AR ], AR 4R (T3
D, 2022, 52 136. ]

GeSY, LiR, HanJ, eral. Charging station plan-
ning considering probability behavior characteristic
of electric taxi [ J]. AEPS, 2016, 40. 50. [ &/b =,
e, WhR . A IR SN A BEALE AT O
PR FE B R (7). W1 &4 H 3 ik, 2016,
40; 50. ]

Li R Q, Su H Y. Optimal allocation of charging fa-

cilities for electric vehicles based on queuing theory



% 61 &

WOl K FEF/OE RAF

%14

[22]

[23]

[24]

[J]. AEPS, 2011, 35; 58. [Z=Wn%, #hikzs. LT
HEBIE Y s R R T R AL B LT ). &
4% Bahik, 2011, 35. 58. ]

Song Y Y. Energy consumption modeling and crui-
sing range estimation based on driving cycle for e-
lectric vehicles [ D]. Beijing: Beijing Jiaotong Uni-
versity, 2014. [RIEEEE. HEF1790 TH0 A 21 31K
TEREAE A K St LR AR S SR (D], dbat: dbat
SR, 2014, ]

Deng H Q, Zhang X F, Zeng J F, et al. Orderly
charging and discharging scheduling strategy of e-
lectric vehicle based on dynamic TOU price [J]. ]
Hebei Univ Sci Tech, 2022, 43: 240. [ XF 3T, 5K
ek, WL, A BET Sl L A L B IRAE
7 70 00 R A B S g L) . Wb BB K 2 2 IR
2022, 43 240. ]

Cao F, HuJ T, Luo J B, etal. Capacity configura-

[25]

[26]

017002-10

tion of fast charging stations based on EV path sim-
ulation under dynamic model of transportation net-
work [J]. Electr Pow Autom Eq, 2022 42. 107.
L&y, S, Bk, & ETHMaIBEAT
EV iR E s m s AR &) A
kA, 2022 42 107. ]

YuXY, Wei ] L, Wei Y L, etal. Study on the de-
cision of airport taxi drivers based on income priori-
ty [JJ. ] Sichuan Univ(Nat Sci Ed), 2020, 57:
689. [ATEik, Bale, BTy, & HT UGt
HIAL A RIALCSRBFGE LT ). DUl K224 (A
IRBL#RRD . 2020, 57 689. ]

Duan P P, Liu L. Design and research of intelligent
charging station management system [ J]. Computer
Tech Dev, 2019, 29: 200. (B}, X, g
R BERGEBO T ST . AR 5k RE,
2019, 29: 200. ]





