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Research on internal game strategies of electric vehicle groups
based on multi-strategy fusion
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Abstract: In order to guide electric vehicle users to participate in orderly charging, this paper proposes an internal
evolutionary game model of the electric vehicle group based on multi-strategy fusion. Firstly, an evolutionary game
model including three strategies: Charge-only, charge-discharge, and peak-time-avoiding charging was designed. A
dynamic threshold mechanism was introduced, combined with the empirical weighted attraction rule and the Fermi
rule, to achieve multi-strategy fusion and update. By setting discharge incentives and charging subsidies, users'
enthusiasm for choosing charging and discharging strategies has been enhanced. Secondly, this paper establishes a
game model within the electric vehicle group, analyzes the benefits of users under different strategies, and verifies the
validity of the model through simulation. Finally, the multi-strategy fusion update rule method was adopted. Through
the dynamic threshold mechanism, combined with the long-term learning ability of EWA and the short-term response
advantage of Fermi, the stability and adaptability of strategy adjustment were significantly improved. The simulation
results show that this model can accurately simulate the decision-making behavior of users, effectively improve the
efficiency of power distribution, and reduce the peak-valley difference of the power grid by approximately 36.7%.
Compared with the update rule of a single strategy, the multi-strategy fusion method shows significant advantages in
the stability and adaptability of strategy adjustment. This article provides theoretical support and reference methods for
power grid operators to formulate incentive measures and for electric vehicles to participate in vehicle-to-grid
interaction.

Keywords: evolutionary game;multi-strategy update rules;vehicle-network interaction; peak shaving and valley filling;

group interaction;three strategy evolutionary game
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Table 1 The payoff matrix of the three strategy game for electric vehicles
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Table 3 Calibration and selection process of key parameters
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Table 5 Results of parameter sensitivity analysis
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Table 6 Comparison results of simulation for four typical user groups
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Fig. 2 Three strategy evolution trends

e LA A E A1 DL T 2 MR B R ORI B R
RESE WG AE — E I ) LU . 2 AN [R] SR W 4 T L i 2
T ABON R E Y D], 2R A A 22 A BEAT Bk SR I
6% 36 £ 5 50 HL SR B9 JH 7 T 3 A BRI G L LE B 2 3
T 05 L S0 HL SR B9 T ol T A UG A g R ) P 2 o
450 v HE ) L 25 2 PR oA 4 W i AR s B JS T
PG AR SE AE 0. 28~0. 29 5 F T3l T e i 5 L B T A2 32 51
FEL A I SCAN T 73CHH B 46 v b JS0AS o DR 0 308 5% s O ¢ 5 Rl
SR Y P e 22 2 o X JE 2 2 B A S A
O e I 52 L SR W 2 7 A i 1) P P 7 06 7 L AR OO 2 R
BEARG o PRI T e b ) 2 77 A 0 2y, S A% 45 i 2 e Al L A
M S5 R SRS .

o T4 o

3.3 REEE IS L 47

A SR W TE BT RN % b A B v, O S BB T E X L
Mt % vk SR E Q M &/ 0kt 528081,
180 B R T 0 ) 2 1 2% 8 SR I R L R R LI
100,28 LHEZE Ry 0. 8,48 FAES y 0. 05, S BEHLHI S F 5k
BEBE L AR A 200 AR, DUBR R 3R 0% 4[] 45 3 58 40 48 &R
IR S, WIE Q MWk S 128 MW &I 4% 8
R 2, 28 58 [ i 2% vl IX K/ 10 000, 22 2] R E N
0. 001, HT4NHFH 0. 95 R EH ¢ EINLI RPN 1.0 £
PEREWEZE 0. 1, 4L 3E4T 50 000 2B Y45 L) 5 25 B4R 78 23 2%
SRR B 2 M AT 4 100 45 T B — W, B kR W % 45
500 5 [R5 — W AR TR ZRRS e Pk . PIF Tl Bk 1 S 4L
430 3 90 A 45 % A JF e R B 9 L S AT R A DB AR I
PEREARER A B 7 I B K, T AR IE 5 2 5K 0 Bl & 5
HEAT XS LG A 1 5 Atk . A8 HoAh 3 5 £ R AR I 4%
PFF 36 $5 AN FE H | T 00 R 0 3k T 04 I S SR W B 1 B4
HA IR IE 3Ca) ~ () fTR .

S3ATIEL 3 AT ZEA R L SR, A Fermi 00N 75 8 £k
TR IR W A A L AR R R, N2 0.5 [ 05 %
LT EWA FL0R0 T B J5 iR 0. 2~0. 4 B3 IR
QAT M R IFE T S A 0. 2; Z KIS A& M
MR LR E 46 0. 3~0.5 W8, T R . AT
EWA HLI 56 & 9 A FL7E 0. 3~0. 5 I 30, 4% K 2 90 i A 5

~ 04
e
R
g
=
R
4102
=
§ AN Fermi#i Ml
2 SRR S A
0 20 40
AR
(a) {L7eH
(a) Only charge

0.5
F04
=
8
=03
=
e
= 0.2
¥
& 0.1

‘ % SRS RS A
0 2I0 4I0
AR
(b) FEMCH

(b) Charging and discharging



R F AT EREBREMEIHAFHRATTEREANL

i 8 1

% SR Rl & AU

0.8
207
g 0.6
& 05 A Fermi $RN AL SE
g . o //\\/}Q\/
= WBEQH
X023
4
g 0.2 {XEWA #iM
#®0.1

0 2'o 40
B R
(c) HEFFI& 78 B

(¢) Avoid charging during peak hours

P 3 A [ 68 s S AL U 1y A X e

Fig. 3 Evolution comparison under different strategy update rules
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Fig.4 Load curves under different models

TE W H e E 8 AN S gt B, X EE TG FE L L 40 B
Mol 5K LN E A ZE 3 Rz R 0 1A R (R 45 SR
*£ 7R,

R7T TEBETHHREE

it Sl vl h L N o S A ) 3
A/ kW /KW 515 /kW  HZE/kW
02:00 15 210 15 580 16 885 17 392
08:00 17 850 18 935 18 112 17 956
10:00 19 460 21 243 19 885 19 231
12:00 18550 20 128 19 234 18 765
15:00 17 980 19 556 18 673 18 124
18:00 20 150 23 785 21 346 20 483
21.00 19 870 22 634 20 892 19 956
23:00 16 420 17 025 17 893 18 267

A3ATEE 7 WAL TEAS I BE 0200, 25K I Bl A T 4 3 6
ffarik®] 17 392 kW, B & & FIRIF R A 15 580 kW
it E TSI A 16 885 kW, I B A5 B A UK 78 A 1 fof 5
BEEAS . 1 FIEE 08:00~15:00, 2N A4 3 5 M
FAETE 17 956~18 765 kW 2 [a] , 8 JC JF 7t A FEAR 24 5 % ~
7% . BBl gy ad B AN 5 Sl — 2P RRAR 20 ~3 %0, R AR
RIS B FR e kg . et Bt 18.00~21:00, £ 3R
W Tl 45 37 5% 61 43 B 20 483 kW I 19 956 kW, B JC ¢
FEHLREAR 14. 2900 11. 8% i A B B 5] T B4 4. 0%
H 4. 5% , X A5 25 T 700 H SR W P A v D R B ) L AR
H. TEMARTEE 23.00, 2R BEALE I S fa hy 18 267 kW,
R R R KT U 0 F P S 22 T AR B el 2 I, B
TRTTE & 43 B B B i B0 I 52 22 58 W il 45 18 9 450 A R AR 5
BT BT DA 7R U RIS AR ) 5 B A AE 4% B BEORBE T T
) F T 2k L X 5 W A 25 R 25 I 0 A5 SR A B EDHIE, 58
BN T ASRL Y I A SR

AN 5T I 22 5 i fa 7 2203 8 IR,

*8 TRAGETHATERESATHE
Table 8 The peak-valley difference and load variance in

different scenarios

155 £ 70 U6 ¥
B2/ kW 5%/ kW
Ji i 7 A 2 158.30 517 384.3
JIF e 2 498.11 642 356. 3
SrEF AN SR T A T R 1867.03 350 732.5
Z RS RLA T B =R AL g 1580.77 242 515.7

MR 5 A5 R A2 0y sE g 5 s e s
Je) T R e W 0 A 0 A 22 A o 2 A i i £ Ay
— BRGNS AP RS BTG
30 3o 51 B 23 WL B A A A I ST R L H T A Bl AR A

o« 75



549 4

v F o

T # K

Z57EH S SR IR L T 0 9 G R A B 5 A 22
FES Rl 1 =R I SR S b SR B R TSI E
FHPRAT BRI . AE S B b A R AR S 1 B i
IR A BT P e S . 280 — € R B AL IS . 28K
PP 2 Ve 8 30 T T A iy 0 R A7 S0 v o DT A 450 4 T T L AR
AN BERY TG o TR 08 4% S0 FL SRS 119 P RE S 7 T H
i WS IR B ik (7 TR ) o PRI L 32237 5 I B D A 25 A
T 7 228y AN 51 = 1A P S S R D

P 3R 20 A T AL 22 5 Y = SR e A T R A
Y ELAT TG 1) W) I SRS OR,

4 % it

ABEFEHR T — B 5 T 22 5 Rl B9 R Bl YA A R
NI R R, BT SRR AN P S 5 R F R
FL L LR A R o O RS P e A R ST
HL L FE R H 5 5 T I I TS LAY SR IR AE AL OF 51 A S
B A 51 I 5 2% oK LU Y 2l 2 1A TR LA L A
RO T A PR R A9 e S B S AL AR .
FLOMHT MR B FE 45 0 DU 4538

JIr 45t 0 22 SR B SR ILAR L S A BE S B T
KI5 > 5 S IR I B O P A A B T T S A
Ao R 0 A 5 W S A T A — SR T L DU R A
DL H BRI 3 L

ey 18y = 0 et 35 b 8 2 R TR R 408 4 b S e H 9K
I AE VoG BB T IR EAT . fEBE ARt &
DX PG =B X 375 5 v B T A M e SR RN R A R
fE o (7 F 25 2R R WA B0 al A7 251 = P AT 08 il 2 800
SR [ T 2 5 T UG N T R SR IS L DT B 4T A

50 S0 R St o i A 5] A L 22 ORI
B TR RLRTE T R 2 5T AR B S B0 ) 0 B4R g
J1 A5 HAp S BT W AR 22 BRAR 29 36. 700 . IREE R N E
YR T AT Fe sE v R 42 41 T 208 R BB OR TR S
PRAE ) v s 455 25 SRR R R P Al S L AT
HHTAG S SR

T LLEATIEAEIE AT T LU BAT A R AR
BOR AL TR WA 25 T SO 7 I HL - B A A
W ) 525 WO L. R AL AE . X A i SE S it
0.9 6/ kWh L # i1 . XF 2 55 V2G i il P 45 7
0.4 5C/kWh I R W [R] B 7 T A ey 6 g BB % 9 44 5
HLAT W 0. 2 6/ kWh BRI 2 . X B 22 54k 5E SR et
ARV RS S R SR AT O . e SN AR T L Y
A3 v 0 2 ] - T AL I UG R 1] = 05 Db ] A9 S it L
o A2 ) B BT B e 4 A B < A B TR R A Rl
S5 BT B A SR BORE AR T 75T A A AR v
SE B o TR b ) v AR S A R . AR A oy T
AT 5 A OSSR T i T H A0 5+ 1T 37 A i S T ™ £ UL o
G0 23l A 3 e PR A 9 VR WA EE AT [l U [

o« TG .

I PR 67 7 A T 24 1180 v T 50 6 A R I o, AR T T AR
R G A R ST & RIS 24 | /A B o
ARRATFE T HE— 2L A A AT BB, 51 AR B AR

1442 32 T B % b 5 A 1) RO S B 22 o R R L B o

LT P e SR R 5 W) I, TR R B 2 AR R A

7 5 12 8 R TR L I B AL R 4 T P 2 ) Y

KRR T I Z ER IR, DS B w8y

RE R TR AN BRI

5%

(1] XUATE B ol A R 55 FIE I P BT i

&S5RI P BALAL IR BELT ], A,
2025,49(5) :1859-1868.
LIU K ZH, ZHAO ZH Y, HE J D, et al. Two-stage
optimal scheduling of dynamic participation of electric
vehicles in frequency regulation services considering
the will of users[J]. Power Grid Technology. 2025,
49(5) :1859-1868.

(2] &5, 5KM, Sal, 5. 2T EMNMZE &g E

R AU R T D] A A BE LT ] B AR, 2024 (21D
20-26.
LU Y, MA Y X, MA ZH CH, et al. Including
electric vehicles based on master-slave game virtual
power plant interval optimization scheduling [ J ].
Electric Technology, 2024(21) . 20-26.

(3] JHgE, P S B AR T 3T Stackelberg M4 1E

IR A T Z AR LT 3 O TR A AR
2024,44(10):1611-1619.
ZHOU J G, WU ZH B. Doublelayer optimal
scheduling of virtual power plants based on stackelberg
and cooperative game under the dual carbon goals[]J].
Journal of Power Engineering, 2024, 44 (10).
1611-1619.

(4] BRI, 22 5 5, 55, W Sl IR 42 B A L 3 SR 1) B L
WHALTEIR ) ] AR AR S8 72241, 2024,41(3) 1 74-81.
CHENG H B, HE H, LI Y X, et al. Electric car
group interactive strategy of stochastic evolutionary
game analysis [ J]. Journal of East China Jiaotong
University, 2024, 41(3). 74-81.

[5] YANG W, BRENNER L, GIUA A.

maximization by link activation in social networks[ C].

Influence

2018 IEEE 23rd International Conference on Emerging
Technologies and Factory Automation(ETFA),2018:
1248-1251.
[6] DANKU Z, WANG ZH, SZOLNOKI A. Imitate or
innovate: Competition of strategy updating attitudes in
dilemma games [ J ]. Europhysics

Letters,2018,121(1) :18002.
[7] SZOLNOKI A, PERC M. Conformity enhances network

spatial social



R F AT EREBREMEIHAFHRATTEREANL

i 8 1

[8]

[9]

[10]

[11]

[12]

reciprocity in evolutionary social dilemmas[J]. Journal of
the Royal Society Interface,2015,12(103): 20141299.
XU R B BR PR L 4F TG T 400 VB 800 VHL L Y
HENRE TR A R\ RN AR R
% ,2025,46(3) :242-249.

LIU CH, ZHOU M ZH, CHEN X Y, et al
Reconfigurable topology for electric vehicle wireless
charging systems tolerating 400 V or 800 V battery[ ] ].
Chinese Journal of Scientific Instrument, 2025, 46 (3):
242-249.

X H K5k . 75 08 £ 3 A 1l 2 Y I F 19 O IR0 £ £ B
RN LI, A o R, 2023,47(12) :5046-5058.

LIU Z F, ZHANG Z T. Cooperative planning of
distribution  networks

Grid

source-grid-load-storage in
games [ ] ]. Power
Technology+2023,47(12) :5046-5058.

BOLAR. =R IR R g Ak 43 A7 (D). Sl .
TRl R, 2022,

ZHAN G ].
evolution analysis[ D]. Ma'anshan: Anhui University of
Technology, 2022.

IV Ey R BRI 2 R R Y P BRI £
PRSI TR (D], BRI 2% 31, 2023,45(12) :47-57.
FENG F L, ZHANG Z, CAI M X. Evolutionary

game of multi-subject strategies for china railway

considering multi-agent

Three-strategy game model and its

express considering subsidy withdrawal[J]. Journal of
the China Railway Society, 2023, 45(12) :47-57.
R MEM, K. TR A T FPa =
BE R SR B WAL P ZR LT ). 3T 7 Dol K22 4 (B SR Bl 2
M) ,2024,44(4) :264-272.

[13]

[14]

[15]

WU J Q. TIAN X M, ZHANG CH T. Evolutionary

game of three-group strategies on secondhand
platforms from the perspective of prospect theory[J].
Journal of Liaoning University of Technology(Natural
Science Edition), 2024, 44(4) :264-272.

YUY, LIG L, LI ZH Q. A game theoretical pricing
multi-microgrid trading

IEEE

mechanism  for energy
considering electric vehicles uncertainty [ ] ].
Access, 2020, 8:156519-156529.

ARV HETE ST % T 2% 22 SR A A R A % ) L
SrAEL) . TH LT B 2025,42(4) 1 129-133, 212,

YU T, DONG J. Construction and simulation analysis
of multi-strategy evolutionary game model for complex
networks[ J]. Computer Simulation,2025,42(4) :129-
133,212.

W DR A TR, IOk T 0 L SRR T A A 19 A O g A
DBO-BiLSTM-Attention 1 H, 3 1% %= 3¢ H BT 5 B 70
LT, o005 54088 24 . 2025, 39(4) :163-171.
CHEN Q B. YANG G H, GENG L Q, et al. Fault
prediction of electric vehicle charging stations based on
and DBO-BILSTM-
Attention[ ] ]. Journal of Electronic Measurement and

Instrumentation, 2025, 39(4):163-171.

cooperative game strategy

&N

MKBASR GEASIEH) , B AF 5L 46, EERF 5 U7 17 O fE IR

HEFAESEERA.

E-mail:1987911447@ qq. com

s ]

VERI A, Bk, RO A5 I N BT S O ) £ BE TR AR
BREFC T L

E-mail : xugang@ncepu. edu. cn



