tyr 10] 2f
2] 0005 4F 4525 % 4 8 W B ¥ R F T O ISSN 1671—1815 i
5? 2025, 25(8) : 03473 -07 Science Technology and Engineering CN 11—4688/T

DOI.10. 12404/j. issn. 1671-1815. 2403315
SIAMEN R, R, XURIE. LT A 2 48 AR R B SRR S AT e [T] . BHROR 5 TR, 2025, 25(8) « 3473-3479.
Li Ying, Hou Xuerui, Liu Chenhui. Analysis of charging behavior of electric vehicles based on the ordered Logistic regression model[ J]. Sci-

ence Technology and Engineering, 2025, 25(8) . 3473-3479.

ETAFEZELOARBYBEINREXZETADH

FR, RFAR, R
(1. KRR TRERE, P4 710064 ; 2. WIp K2 £ AR TRE2ERE, KUY 410082; 3. MM K¥ZEA @I R PO, KD 410082)

W B ALABMEERYALDAELARNETLRN L, oM AHE A ELBAT A AR L B XEAF LG AT R,
AT FRHAARABE 2017 FACHKE ANRARBEREITERTINARATELHAEZACITARE, ETA LS R ¥ A
WAER] 5 A & 5 (100 kW) (P25 (40 kW) AKH R (I0KW A 15 kW) =%, HA ANA LK A PHE LB EFFy
WABERLSHEHAEGARITHRIE, LAMEALCEAFZR D, AL KA 2R 2 — MK R4 180 min; AA P £
BERE ARG E/ BB EEEARNPFAE, B GEA 86.5% ;AN BFiE A, K35 A P A& &k &Ik A (state of charge,
SOC) B g mst A d, RR BEIMEAFZTHEGPEA RN YA BB LEFG XERN L, EELRZLNEAR P, G
X .TEB ABFZENBE AL EE SOC RN B HAFRN P EMEGTRAESGHRA B, FARRTH A KEALLE
ELE S

K] wHAE;, AERTA; AHSLEIHEDPEEA, TFRAVKIE, LS R

WL RS U469.72; kbR A
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[ Abstract] Charging infrastructure is essential for promoting the development of electric vehicles, and identifying charging behaviors
of electric vehicles is the precondition of optimizing the layout of charging infrastructure. Using the charging data of the Kechuang Base
Charging Station in Beijing in 2017, charging behaviors of electric vehicles were explored by descriptive analysis and statistical
analysis. Based on the charging power, charging piles were divided into three categories: high (100 kW) , medium (40 kW) , and low
(10 kW and 15 kW). Firstly, a descriptive analysis was conducted. It is found that as the charging power decreases, the charging
time significantly increases, but usually does not exceed 180 min. 86.5% of customers are company users, mainly consisted of taxi/
ride hailing drivers; electric vehicles are often charged when their state of charge (SOC) are still high. Then, an ordered Logistic
model was built to identify the key factors influencing the charging pile choice. Company users, daytime, weekday, charging peak
period, and the low starting SOC are found to be able to significantly lead users to adopt the high-power charging piles. The research
findings could be used to help optimizing the charging station layout.

[ Keywords] electric vehicle; charging behavior; ordered Logistic regression model; real charging data; charging pile power
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Fig. 1  Distribution diagram of charging duration box type for
different power charging piles
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Fig. 3 Time distribution of electric vehicle charging data
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end of electric vehicle charging

1.4 FM4FE

Hith SOC S B T 22 5% 2y g ¥l b > 17 19 A7 it
LR SR W B S R, B S A
6 43l 7R T HL 8l 75 4 70 HL T I R 70 H &5 SR 1
SOC HIr i, I LLE W, K4 ik &/ -
fEH SOC & T 20% B 3L TF 46 7o fL , ST HL T L A f
i SOC H A7 8= ik 40% . BPKHS 43 H P 7F F i
AR Z B b 70 HL TN SR AR R T 4 — R A
A ARE AN . A BT AT X R T R A A
T HL Uit B AR AT AR A B, T TR LR R, A T
PRUER SR B A 8 2 i I P &
FE LI SOC 3SR %5 e B St 2E A7 s e, LA BT 1k i B e
T, IR B TR R ) 8, A, KER A
SR EAR S e PR FE I L, 70 L 5 SR L 3 SOC KT
99% [ 7o HL EL il JL Pl 172,
1.5 SIRHHE

PR B 25 5% Wl B Bl VR 2 1 H ol B T R
Wi P R SR AT R, dE R AR L Ty, B AR R
HEFFAE - 10 ~ 30 °C, i #3075 25 s b A AR IR (fI6 T
0 CHo R (& T 25 C) M TRy st RE s &
o1 b= A N ¥ v £ ] < e ) B o A L =

70 6‘0 5‘0 4‘0 3‘0 2‘0 l|0 0 l|0 2‘0 3‘0 4‘0 5‘0 6‘0 7‘0
REkH% FEHRHA /%

7 LR T R SR R T vl R L 2 A

Fig. 7 Distribution of temperature days and charging

times in electric vehicle charging

REAY 5 T 23. 8% F1 13. 9% |, %F I 19 75 F U
FLA 9k 24. 2% F115. 0% W& & T Fo L KBS 1,
HAS AL ASHH B

2 REHE

ST Fu e T T R 4 =k B
(100 kW) , 11 % 2 % (40 kW) MEZI % (15 kW Fi
10 kW) . 1 = K A B AT I 1 ST, R
FHAT 722 1] 520 3500 0 P o 2K o
BEROJCHE I 2. H T 15 56 0 2 43 36 32 30 ] 0 A
A T R A 4 4 A i
U X 2%, L TR 0 B 345 1R % TR (7 % )
O OB, 7 55 2 B AT 4 f I Y
BRI 4 & BT T L R A
P 2 451 U1 150280 SF 50 5 0 D P s % 9 ok T 25
B 2 BRI (1) ~ R (3).,

0, v <m AEIIFICHAE

I I S IE S
2, py <y EEUIRFTHAE

(1)

v, = axp e (2)
1

He) = e )

Ao i RIS ,1,2,-,28 7645 y, HE i
AR TR (0,1,2) 5 ) N5y,
XN A BRE SEIN AR B 5 e,y AT 32 4R IS
TR 8 00 FE, SRR B, ey < o, WAZE
AR N R L B NS« AR Y R E 2 5
By e, NN L R R BEHLIER 2250, IR Logis-
tic 731 5 F ORI A R

A 12 i (0] U A TR Y A R RE O A P 8
o P8 R S TR R A R AR AR T HL B Y 23

5 Fa M 1k . www. stae. com. cn



2025,25(8)

R, AR AR TR B IR B A AL S YR A SR AT D

34717

EI RS
DiEFEH |

[ZRIE SN
((B2E ST

= R T A 4
Y,
Bl 8 A i i ] A AR R i M 3 4347 [
Fig. 8 Probability distribution diagram of ordered

Logistic regression model

F AT, e, R W SR A 3 B R T R TR R B Y 4 R A
R 35 T[] B Sy 3 48 v 45 1) 23 78 L B A ABE 3
F UL, 376 $85  [) ) 588 30 Wi AT XoF 7 ) E 36 3 A
TR AR
P(y. =01lx,) =P(y, <u,1X,) =F(u, -x,8)
P(y, =1lx,) =P(u, <y <p,lx,)
=F(p, —xB) —F(p, —x8)
P(y, =21lx,) =P(yi* >u,lx,) =1 -F(u, —x,8)
(4)
K(4) . P HER,

M B M IEEES , FoR AR EX P AT N A B
FIERZW B A G, PR R T R S AR
MR SR BN R R 0 B
R, KR AR X H P R AT A B E AR
Me Bl AR (R RGN, 5 B R Do T R B A R 2
W, E BRI R TR SE R, B O
ff, RIZ AR X P BT A TR E M,

3 ZER59M

£ R TR A MASS T HAL#E S T A )72 1H
PR B MR SR bR A R A &
AL BF AR SO ST I R SOC | FE L I Br it
7 AN H AR R ARG R 2 iR,

3.1 FHAEK

LS NN N R TR N N N D N
PR AR 0, BRI EE R W | 22 4 55 L e
Kot P el AT oA i 2 fse e o # L o 0. 988 <
U, k2 U, 4290 78 H s 8] A 38 0 10 min, FH P 32
PR A 5 T 2R FT BB B8 AR G A R ek D 129% 43 BT
AT BRAK R ) 2 T H B T R B R R ) (4R
i — B SE R, B8R b e A 4 B R
o=t Bl N O GRS W TR < o N (61 O R R
T, F P T AT e R R R IR T R T F A AT A
FH, DAk G B4R o A 45 A 9
3.2 AP

HPEMY AR EA R E EmZm, 5
A NH P, 5 AR P 3 £ 58 5 )% 70 L BE B A
FIEAN NP 3,421 4%, do gk 2 Ui £ A P s ]
REE B R UIR AL, B a8 ERH P
FEDK R M RSN L, TR R
St , 78 HL B () R gl B R E TR B ) R A
SURE 1 DIV N P < e S8 i S Il £ (7 1 vk N
I A, DI 46 8 7S H I R, E K T AR R ], 4
A 2 IR S T R A OGS R ) 45 A AR, A
H— M RKIR ey, M2, AP
X6} 7 FL B ] D008 A 0 4 U, T A T R B AR T R
FUHLAE . AU, 7E AT ST R ) B A BT
12 M3 B8 HL IR ok 28 7 28 U SR T s Ao H AR A R, T A HE
REWE V) S0 2 % P R R
3.3 FHEBME

FE I a] PR 25 rb ) i )RR B 6 P SE L AT A
WEZW, SHXML, Bk ER PR g
TR S B Y MER TN L L o 0. 635, a2
Ui FC R b VR B = T 2% 70 AT M RO TR 1Y 0. 635
o AT, B B P AT B R Kk b A
Fo 0 Y B [E) T EE PR U 0 R A g 2% T E AT A M R
K. STAERAME, Bk E M P E R R ERE ST
90 LA B AR R T /N LR A LR 0. 909, 5

x2 ARFEZEEDAEEMNSHMEITER

Table 2 Parameter estimation results of ordered Logistic regression model

A b 2 ZH A R 22 t{H 95 % ' ¥ I [i] R
7o L B K — -0.012 0. 001 -34.931 (-0.013,-0.012) * 0.988
B £ 1.230 0. 042 29. 629 (1.149,1.312) 3.421

i [ e I -0.454 0.037 -12.235 (-0.526,-0.381) " 0. 635

B JEEN -0.095 0.031 -3.041 ( -0.156, -0.034) * 0. 909
FoHL B [RARAE -0.057 0.034 - 1. 666 ( -0.125,0.010) 0.945
It L 3R e g 7 0. 424 0.034 12.419 (0.357,0.491) * 1.528
CER(ER Ty FuHLE iR SOC -0.007 0. 001 -9.834 ( -0.009, -0.006) * 0.993

IR [ 0. 103 0.035 2.904 (0.033,0.172) * 1.108

i [(i773 0.038 0.030 1.266 ( -=0.021,0.098) 1.038

. FRTE 95% HASKT W%,

5 Fa M 1k . www. stae. com. cn



B A 5 TR

3478 Science Technology and Engineering

2025,25(8)

G o R 3 B 5 R ) o A L Y E R LE TR HIR
9.1% ., MEF TAEH P LER KW HAT7 K R FE
NN A2 =S 11 S S0 O T P i = o P S
FE R R R A S TR

B3 W N N 1 D= ) RV S SR
PRUEANTR] , o W 5 Bt 0 R B R d i, (IR A B B
PRt (I, BERUANG 125 S I e 2% T F P 7
AT N A W E S (EAR A 2 R X P AT
B A 252, 5 P W i BEAR L, e Wi i B
B (e D) 26 30 H A B E R O 1,528 £ AT AT
LB VRA T L IR AE 3 NI BE2E SRR, P ik
BRI 5 LW R A G, AE T I MR AR i B
Fo R B, P AT B )RR AR T H A PR 2
] 6 45 Hh AR ) 34 3 H 5 A R 0 N B A L I T P
A BE B 22 1 Ay B G T W R o, 0 S R AR S R
/b DRI 43 {00 1) 5% 4% 2 D) R ST L AE
3.4 HYFME

Fo HL JF AR IS L SOC Xt P S L AT MR
TSZM et Ry 0.993 LAt A U, 45 0 F R 4
SOC HFHE N 10% , F P 6 45 5 w85 ) 4 50 e A 1) M %6
T T% . S Hrilh s SOC A, FH - ik & ik
FHLC FL Y F o S RO FE 58 . Ak fo L B RE ST R IR
SOC AR P 7T BE 2 B[] T 3E P R PR 78
i, DA b 7E A B R a2 AR xt
HLBITR A e AT M B ST b, B K-means
KB FE AR GG SOC FI P BERIE AT RRAE 40 26
2B FE HL R BR SOC K i FH 7 B i 1) bR FE M
SOC =5 1 FH P 5 e B 8] 57 43 10, o8 f 1) T2 78,
X 5 A ST 4 R AR — R,
3.5 RIRHE

MRERFE , il 5 7 AT b A 35 1 5
M ARG DU TG 2 3 S, RIS R R, 5 IR K
SO HE, TR R ROEE B ) R T B R
10. 8% , thgh S Ut ey T B P T SR B R R T R A
M TS db st s R A 7 ~8 H
Oy, & T U HE 2, 1 HL 2l VR 4R P F2 DLW 2
HORH A Sk R BE 2 AT R AT SR 2, B
ST Z MR B R D) R L AL AR A,

4 i

7o B Al 152 it 2 5 e L B R 4R R R Y OGS TR
2,k 7E e B Al i A Ry Y B 2 WA R 3R
L AT R RRAE, R db 5 B A 3 M o
2017 AR FEHLIC SR B, N SR BT P A
REAE A5 5 TH 4 B L 3R G B SR AT O RRAE O
FHA 732 45 18] )3 85 R0 a5 A0 P50 T 5% ma P 8 B

[ TR A G R 2, A RS,

(1) bt 5 75 F A ) S50 /0N, 4 4 70 f A 1
{5 — A 3 180 min; 75 HL 3 B BhVE 4
DLW 29 B/ M 4 S P o &=, 5 b s
86.5% ; L HLIG B Z fE M [ 4T, 45 P F 21.00—iK
H 03:00; 40 FH 7 76 # 3t SOC %88 /&7 Bt I 1 72
L, FLIEAER 2 780

(2) FRBIEE LI, e A & P 2R ] |
B g 2 A 5 AR R AR DL ROIR R X P
FERME R BT A BE R, Bk U, 4
FOUAR CTAEH 7o e i B 78 R 4G F L SOC
AR IS A R o i KA, H 20 V42 P o g 1 a2
B 5 DR T AL

(3)FTHFoE 245 F, X 70 i it A Js 48t LR
AT 70 HL B A N Y A A R B AR & PN
ShA A A B N IR EN AT R
ML, I 7840 2% 08 70 H o 0 T 0 5 5K 5 T LA i afE —
A VR L BV T R O RN 0 e e S F W SR
B 3] v ) B0 A {16 2% B B, R B 1 0 LAY A9 VR T Al
AL DL (R 70 T A AR %

& % x #t

(1] i R LA 4 22 3 A2 38 48 B1Ry . 6 IR AE IR 45 (A | ik

1310 T @ m KA H [ EB/OL]. (2023-01-11) [ 2024-04-
20]. https://www. gov. cn/xinwen/2023-01/11/content _5736354.
htm.
Traffic Administration Bureau of the Ministry of Public Security of
the People’s Republic of China. China’s new energy vehicle owner-
ship reaches 13. 1 million in high growth[ EB/OL]. (2023-01-11)
[2024-04-20]. https://www. gov. cn/xinwen/2023-01/11/content
_5736354. htm.

(2] Eif. SEFEHEMEGHRES 520 THE[1]. RBEMRSHE
B, 2023, 39(1); 46.

Wang Bo. The number of charging infrastructure in China is approx-
imately 5.2 million units[ J]. Energy Research and Information,
2023, 39(1) : 46.

[3] FEEE, £A K. it B oM m B %)), HE5H,
2022, 44(7) : 37-42.

Tang Jin, Wang Youwei. Reflection on urban charging infrastruc-
ture planning[ J]. Comprehensive Transportation, 2022, 44 (7):
37-42.

[4] Siddique C, Afifah F, Guo Z, et al. Data mining of plug-in electric
vehicles charging behavior using supply-side data[ J]. Energy Poli-
cy, 2022, 161 112710.

[5] Jonas T, Daniels N, Macht G. Electric vehicle user behavior: an
analysis of charging station utilization in Canada [ J]. Energies,
2023, 16(4): 1-19.

[6] Mandev A, Plstz P, Sprei F, et al. Empirical charging behavior of
plug-in hybrid electric vehicles [ J]. Applied Energy, 2022,
321: 119293.

[7] Sorensen A L, Sartori I L, Lindberg K B, et al. Watt matters most ;

5 Fa M 1k . www. stae. com. cn



2025,25(8)

R, AR AR TR B IR B A AL S YR A SR AT D

3479

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

survey data results of private passenger vehicle owners and commer-
cial vehicle drivers[ J]. Sustainable Energy, Grids and Networks,
2023, 36 101195.
Zihringer M, Junior T, Adenaw L. Watt matters most; survey data
results of private passenger vehicle owners and commercial vehicle
drivers[ J]. Data in Brief, 2024, 52 109942.
Ren Y, Lan Z, Yu H, et al. Analysis and prediction of charging
behaviors for private battery electric vehicles with regular commu-
ting: a case study in Beijing[ J]. Energy, 2022, 253 124160.
e, I, & 4%, . R T Vosviewer 55 Citespace X Hi 3l
WHEFTR AR ORI AT [T]. BfoR 5 TH, 2022,
22(10) ; 4196-4205.
Qin Jianhua, Li Na, Jin Tai, et al. Metrological analysis of electric
vehicle charging load based on Vosviewer and Citespace[J]. Sci-
ence Technology and Engineering, 2022, 22(10) ; 4196-4205.
ek, MR —, ERL, 55 I 3R 4 78 L ol A SR LR O
FELI]. ARG S, 2022, 50(14) ; 181-187.
Hou Hui, Tang Junyi, Wang Yifan, et al. Research on the layout
planning of electric vehicle charging stations in urban areas[]].
Power System Protection and Control, 2022, 50(14) . 181-187.
B, AR R, wRu, A BT U R 0 R A TS A ik
AT7EELI]. AL RS R, 2022, 58(8) : 273-282.
Luo Sijie, Zou Fumin, Guo Feng, et al. A method for siting taxi
charging stations based on trajectory data[ J]. Computer Engineer-
ing and Applications, 2022, 58(8) : 273-282.
Ennsy LI o B O o e S T = R B S0 o R e
RIT]. BHEEAR S TR, 2023, 23(14) ; 5827-5839.
Weng Zhipeng, Zhou Jinghua, Li Jin, et al. Review of research
on orderly charging and discharging of electric vehicles[ J]. Sci-
ence Technology and Engineering, 2023, 23(14) ;. 5827-5839.
TREE, BUHNR, B4R, S5 SSRGS O R SR A FE L K
MRS KA FPFERWETE[ )], AT, 2023, 40(8) : 74-82.
Xu Qin, Wei Xinchi, Li Jin, et al. Research on the charging car-
rying capacity and ordered charging of electric vehicles in AC DC
hybrid distribution network [ J]. Electricity Supply, 2023, 40
(8): 74-82.
wAEA, RAAR, SKORR, A BTREIIR A SR T AT R B
o KO T, 1R CHR, 2021(3) « 34-39.
Meng Xiangyi, Liang Shifu, Zhang Tianqiang, et al. Big data
analysis and application of new energy vehicle charging user beha-
vior[ J]. Automotive Abstract, 2021(3) ; 34-39.
WA, R, B, & TR RE IR s AT B 3T TS
HARERFIE[)]. 3R, 2021, 35(3) : 34-38.
Yang Jie, Li Chengqi, Yao Wen, et al. Research on urban char-
ging characteristics based on operating data of new energy vehicles

[J]. Transmission Technology, 2021, 35(3) ; 34-38.

¥R M www. stae

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

P, BRER, ATBK, 5. SCPRECHE SRS R Al SR kb
WEIE W AT AT A A E [T]. [ B K224, 2022, 50 (1)
104-113.

Li Hao, Chen Yu, Yu Lu, et al. Analysis of potential preference
behavior for in-transit charging of pure electric vehicles driven by
actual data[ J]. Journal of Tongji University, 2022, 50(1) : 104-
113.

B, MR, R, S RER e e i B O ik
[J]. WAORGEABNME, 2011, 35(14) : 36-42.
Luo Zhuowei, Hu Zechun, Song Yonghua, et al. Calculation
method for charging load of electric vehicles[ J]. Power System
Automation, 2011, 35(14) . 36-42.

RS R R U173 o NG e R B SR oo R e
[J]. AR5 TR, 2023, 39(2) : 14-20.

Bao Ningning, Liu Xiaobo. Optimization strategy for ordered char-
ging and discharging of electric vehicles under time of use tariff
[J]. Electric Power Science and Engineering, 2023, 39(2) : 14-
20.

R R, X R L Bl YR A S LI A RS A
FE[I]. Wil 5103k, 2020, 57(20) : 46-50.

Gao Xiang, Liu Pei. Research on the influence of temperature on
the metrological performance of DC chargers in electric vehicles
[J1.
(20) : 46-50.

WY, B, MHR. T ZI0H)F Logit SR L 3 4 5
TTEAT NG B AHT )], 25 T8, 2023, 23(2): 1-10.
Feng Yang, Yang Yanqun, Zheng Xinyi. Risk analysis of electric

Electrical Measurement and Instrumentation, 2020, 57

bike riders’ behavior based on multivariate ordered Logit model
[J]. Transportation Engineering, 2023, 23(2): 1-10.

Lee I, Lee HM, Jang J A, et al. Analysis of bus accident severity
using K-means clustering model and ordered Logit model [ J].
Journal of Auto-Vehicle Safety Association, 2021, 13(3): 69-77.
IR, e X R, AL BT RE IR IS B R A
Mr——BAR T B[ J]. 208 {5 B 5 % 4x, 2022, 40(6):
165-172.

Su Meiling, Feng Xiaofeng, Liu Chenhui, et al. Analysis of the
characteristics of new energy vehicle traffic accidents: taking
Changsha City as an example[ J]. Traffic Information and Safety,
2022, 40(6) : 165-172.

Venables W N, Ripley B D. Modern applied statistics with S
[M]. 4th ed. Berlin: Springer, 2002.

WERE, £5, WPl S BT U R U Y TS A AR
EHRIBESE )], RS0, 2022(10) ¢ 2-7.

Feng Qianlong, Wang Yi, Kang Kai, et al. Research on the quan-
tity planning of charging stations based on charging demand and

economy[ J]. Automotive Digest, 2022(10) ; 2-7.

. com. cn



