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Charging optimization and regulation strategy for electric vehicles

considering photovoltaic power prediction

SONG Shuanglin, MA Zhaoxing, WANG Jing, LI Ji, WANG Ruihua
(School of Information and Control Engineering, Qingdao University of Technology, Qingdao 266520, China)

Abstract: The widespread adoption of electric vehicles and distributed power sources poses new challenges to power
systems, as increased volatility and uncertainty in both load demand and power supply place greater pressure on
distribution network operation. To address these challenges, an electric vehicle charging control strategy considering
photovoltaic power accommodation is proposed. First, the Monte Carlo method is employed to simulate and analyze
the electricity consumption characteristics and charging behaviors of electric vehicle users. Second, a photovoltaic
power generation forecasting model is developed based on gated recurrent unit networks. Finally, an orderly charging
control strategy for electric vehicles is proposed, with the objectives of maximum photovoltaic accommodation and
minimum charging cost for users, and the improved dung beetle optimization algorithm is used to obtain the optimal
charging strategy. The simulation results show that the proposed charging control strategy is effective and feasible in
promoting the accommodation of photovoltaic power, and realizes the orderly charging of electric vehicles.

Key words: electric vehicle; photovoltaic power forecasting; orderly charging; gated recurrent unit; new energy

TE 2 BR AL AT BE TR H T Al 35 0 26 355 75 e ) H Bo SR, BE A X OB AR S5 T RE IR A i 7 i
f S UR B R, B0 BE U R B VR 4 (electric B HGBOR BT, R H Y BE LA RN S R R T
vehicle, EV)AE Jy & (0 BE L R SCHE 2 MR 20, 1E AR GERIBUAL AL 0% 9 B2 1, S 08 B8 U501 29 TR M |
2 7 B R A Bl RE IR 45 Al RN S 7 AR B A E 2 ) RIS KHBLEV ¥ I M, AH 2 T 1w

5 B #3:2024-11-12; 18 [ H #7: 2025-04-07
BB HEAAP A4 (62203248) 5 Hi G2 17 RS B 4801 AR 55 26 A 40 [ 1 5 92 50 % %8 B 3 H (SGNRO000KJJS2302137)
BEEE: SI2401982—) 55 W4 PRI, FZNFH T R G 0T G817 LA K &5 e IR R G MR SF BT SY s E-mail : mazhaoxingapple@126.com



FALEE LW

RAUMR, 2 - 25 1O AR A vl Dy S T 14 v ) 974 58 Hla I A 981 458 5 99

(] 1= 023 ) b TG L g B far 43 0 3T E ) R A
Je 0 2k B AT L 4R B I FE A 1) R, 45 HL O 1 3B AT T R
Bk BReR sl R T LIEL EV 19 78 i
7 0, 48 15 6 03 47 R BT R TR & R M 4R DT D
5 FL ) B 5 58 AT R L S B RE VR 4 A SR
R 28 RE TR T 40

EFXTSCBLEV AP B 8, F 220 &
AT T T 22 HIEA M BESE 46 0 T A 6] 9 45 i 5k
W& SCEKLS]E it g v 2 Hbs b A | D i /b
40 B ey 7 25 R4S 3 TR L 2 U AR Ak B A
ST EV LA IR B SCER (6] 08 T EV A B
W K 3 Tl L I 6 EVOFE HL Y S e B T EV S
Gufar , PR T W AR, NS S EV AT R 3
ik (7 18 B 6 e 1 5 43 BoF | SC BB GRE Ok | ik 22 5
AR F Y B 2 AR Ak, DT Ao 4 RSP 0 67 A
W Bl s SCHR (8151 F T 40 X ek 3h 245 e 40 AL 19 78
AR L o N i P = vl N i B o
T AR 2 R AR T RGBT R T SCHR[9 4
— Al B 2 R )2 R B2 A T R A i
Ik FEARK 7 iy e 23 2 AN /D FH P FE L B R R EV
F0 o {F X S SOk A B T 9 WA A R T R LA AL
HlXT EV ST 51 S 80E 8 i H EV AT 8
HL I 7 fT , A BE 784 % JE EV B i 78 BT PR BE R TS
94 77 1 B AE o

HAEV IR 5 HARE LB RGN C
B, S — B B v n] P AR R R R R A A a0 U
SCHRL 1L )2 R RUHL PR A5 AT F AR BB VR HS 9 R
SE M R G T R IR 04 R SR 4 ) 70 F o Y 38 4T
[E], S EV A7 8L 5 SCHRT 12 AR 4 B ail 671 far L XL
115 /N RV = O e o o e i I I
EV 4 B 70 i A 5 SCHk [ 13 14T 3 RUALATDG AR 7 Ay
AN 8 PR EV O FE B R SR B S A0 A T AR B S R
JHOUSUZ LR AR AR B 29 o8 SR R4k, 528 T 5 X
Ot R e /ANE s SCHR [ 14 14F X EV JC ¥ 78 B 3 Al
L S 1 O D T T I V) =W SN A o 7 8
JHARE 2R 5 % 5 I A o A 2 o 5 W AR IR 97 Aoy e 25
25 AR UE B BE VR TH 4N o b AR SCHR R B A [H] 2
EV {9 147 R8P X5 78 f 7 i s e, B R ZEXERA R
FHEAT 40T, G AR & H Ty Y AR R R
2 PR B R B A R A PR R 1 AR A AR & T
SRR

BT LR WESE AR SCE X AT A YR R L
K AH I 1 T8 94 ME (9 0] 80, 4 EV 38 HL uh 5O R &
HLR G0 QIR R 48 I % ORI B9 1 EV
BRI, B, mdFEAFEREVH
AT HRRAE R SR RIS B T AR IEV B/
Bty i 25 ok, SR A2 43 #5538 43 i (variational
mode decomposition, VMD) X Jit 45 5 £k Tl 5 %4 4
AT oy o, R T e 2F e W5 AC K (dung beetle
optimizer, DBO) 5 1 4t 4k 19 "] 4% 46 ¥ 52 9T (gated
recurrent unit, GRU) Fil I £ £ Xf £ A 43 1t 43 1] 4
A7 WO, IF4 4% 43 f B T 45 S0 R A5 B A
T A e 5 PR, SR SE RO AR T A B R AR TE A RN
FH P 78 ML A e A%, H 2 DL S B se R TR 50 R &
ML I 2 0 0 22 FEV P s i 2R T 2 B AR i1k
PR, B /DA Z B AR R BT, SE I EV A S8 R
SR Bn , R ek DBO Bk X R g it 4k B bx
HEAT TSR A, B A P 5 H A 0 S RO AR 1) 3
FIH e KAk -

1 EVFZHEGGEE

ARICKEV R 530 4 DA 0] FAR 4 A
ACAE R AR A B O BT A S R A Y ST
FL R 2 78 F VB A H T i I (8] 43 A RS 46 TR H
AT WE A B ALY S L BT oK

AR ZE B EV 78 H, 1747 78 I 8] F% E] F#R 2
A BEHLEE L EV R 46 5 A e ] 3 06 1E 25 5 A6 Y
MR 2585 85 oR B, A ST Rl b A 4 S8 ] P BE A Y T
H, ) 4 B 2] R ST HL R 46 AT H IR 2 (state of charge,
SOC) B 73413 17k & 1E 25 73 -
exp(<z_#>z) (D

20"
A () AR JE R BG e o 03 90 R IE 25 03 A Y
BUE T 22 50 M EV B AT 21

AFEV B FEH AT

1) ARG o A G AE TAE H 89 A7 R4k
AR 2805 R H B A TR o AR SCBRE FA K
B VLR H — AR JE AT 8 78 1 R VR (8] R TR
e g th e A8 e (H R 2 HUN P AE R R IR
FERLE, 75 B M B IR) e 4648 e .

2) NIEHEAAAT o NS A IE E I B R ECH 06:00—
22:00, L— KW 78 19450 58 B 4T 58 L, 38 7E h AR I
By ST 0 B) R T

flt)=

2no



100 LN I .

E5a PN % Eild 2026 4F 1 H

3) WA GG . A s I E Dy AR, P —
K P FC AR BEAT FE L, 78 HL I BEE 15 N U 1 4
A IE B, 20 ) S AR AR R 38 R PR R SE AR

4) BE S AR AR T AT,
PA— K — FE B A0 WG 1 48 e AT e
I T ELKBEV W FEH S

R®1 EVH AL AR

Table 1 Charging parameters of electric vehicles
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