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Abstract

In order to solve the problem that fuzzy controllers constructed solely using membership functions
obtained from experience cannot maximize the efficiency of electric vehicle energy control, a fuzzy
PID control strategy based on genetic algorithm optimization is proposed. Firstly, a pure electric
vehicle model was built in AVL Cruise software, and a fuzzy PID controller was designed based on
the vehicle energy management strategy. On this basis, genetic algorithm is used to further optim-
ize the membership function of the fuzzy PID controller and establish an energy management strat-
egy model. Joint simulation is conducted using MATLAB/Simulink and AVL Cruise software. The
results show that the proposed genetic algorithm optimized fuzzy PID control strategy achieves the
best energy utilization of the entire vehicle, effectively improving the discharge state of the battery,
prolonging the service life of the battery. Under NEDC cycle conditions, the maximum climbing
slope is increased by 18.71%, the acceleration time per 100 kilometers is shortened by 15.25%,
and the power consumption per 100 kilometers is reduced by 13.78%, effectively improving the
power and economy of the entire vehicle. The designed energy management strategy provides a
reference for the development of new energy vehicles.
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Figure 1. Diagram of power system structure of pure electric vehicle
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Table 1. Whole vehicle parameters and indicators of pure electric vehicles
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Figure 2. Vehicle model
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Figure 3. Fuzzy PID control block diagram
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Figure 4. Simulation comparison between fuzzy PID control method and PID control method
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Figure 5. Genetic algorithm flowchart
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Figure 7. Comparison between the optimized output membership function and simulation

7 AEmErREERHES AL

A e BB PID 2 i SO0 FORT DATE H 388 A% SRR A D0 A Ao AN A i 2 e ] PR,
HERRESMZRL A, JF I VIR, ek e iied. B, s e sEEIULE R PID
PR R AT V5 PR 15 22D R

4. HEGERE SR

N T 5 IR T8 A SR R 4l L 39K 2R e B SR W Sk IR R A R, AR DL b 7 R R A
MATLAB/Simulink B¢ AVL Cruise #AT7 &, HERUIE 8 k.

BT 2 R AR, S 20 iR AL S BRSO PID # I SRS BT SE A, K 1E] 8 R
MR G % K DLL ST NI 2 Hh i CruiseMatlabDLL RHer, 583 o DAL s H (S B . EFxbal
AR BN P R b, @ B2 1) A BEOIGEI R),  f R ME s B R B A BLFE R S L, SR U]
AL EEAACRR PID 5 1 38 i e bl o

m

DOI: 10.12677/m0s.2023.126504 5558 e RSE TR


https://doi.org/10.12677/mos.2023.126504

g 2

\:| Torque

Display Fuzpid control

Acceleration Pedal Travel

Mux

Figure 8. Fuzzy PID control strategy model
[ 8. 1% PID $5HI SRR =R
4.1. IIRHES S

TR B P i B A A F1 o> BTNy 1), sk e P A A (DB, R E s ik ey, AR 4=
I sy . s 9 A&, PUAL T Al Sl T A B I (8]0 10.29 s, TWARAL 5 Insd i A B
WAL 8.72 5. B IEAIRKBFT

120 %
—— AR

100 -

[
o
| 2

HEF (km/h)
[e2]
o

N
o
1 .

20

0 T T T T T T T T T T T
0 2 4 6 8 10 12
BF IR (s)

Figure 9. Acceleration time of 100 kilometers
Bl 9. BARMEATE
RGN  — EEPEE SR —— RORICI T, RIVRZEAE W Bl — € s N IR e
JIR PR B R PR R, 1 TG e ek, R PRk o A SCRAE BB L N 7 BRI, HAR
PR EEXF RER A 10 R
115 10 W& AR AT FCI O 30.69%, AL Gy 36.44%, A KICH AR RHIERTF. X T84
SR, TERA T FIA AL 5 B PID d5 8% 2 5, B A BN (R 455 7 15.25%, K
e EEFRTE T 18.71%. B iPEA B RXT LNk 3 fis.

4.2. RS
2l LB 2 BT P bR R B R RENE H fe /D 1 L I AR B S R s e T AR BE ST, MR A
AT BRI RERE VT RE FE AT o

DOI: 10.12677/mos.2023.126504 5559 e RSE TR


https://doi.org/10.12677/mos.2023.126504

Wrmg <

40
1 - - {iKED
359 — s

0 T T T T

0 50 00 150 200
BEE (km/h)

Figure 10. Maximum climbing slope

E 10. mACHEE

Table 3. Comparison of power performance simulation results

= 3. M EERIE

BE| AR RiAE AR 1%
[ERAREEY BN EITS 10.29 8.72 15.25
R 1% 30.69 36.44 18.71

40k 11 s 9 NEDC 830 T0L Rt S A shi 4 i i o~ A, ALttt )s i) soC 22

FELYHL AR REAB AR N DAL HIT SN P22, AT DASE A48 ri b 1) £ D 5

— fALEr
95.0 1 :
—
94.0
& 93.0
-
ot
S
2 92.0
91.0 1
90.0
T T T T T T T T T T T T
0 200 400 600 800 1000 1200

EIS)

Figure 11. SOC values before and after optimization

& 11. #fiierIfERY SOC &

AL, T B S A A SR RSO PID #2411 SOC R R34 s 92418, 7EAH R Lol ~, 4

DOI: 10

.12677/mo0s.2023.126504 5560

Z

m

5


https://doi.org/10.12677/mos.2023.126504

g 2

Zeid i At R LA A O RE RS B0 PID 42 i A8 S HER U 2 B8 R F SR B REEAT oM, e T
DG, A RAACIL 5 AT S0 ) I RS £ AP IOPAE T A, AR A L3 e[ 23T, W
K 12 fs

AR

3] —— L

4_
=
i;\g \
B b / i |

i iy

1 \\{/\ |
JUUTWUTUN

0 I 2(I)0 I 4(|)0 I 6(I)O I S(I)O ‘ lOIOO I 12I00

B ()
Figure 12. Power loss values before and after optimization
B 12. RALBIRMIhERFEE
i AVL Cruise %2R AERG T B, AT E A B e 13.64 KWh/100km, 465
I E A BLEFE N 11.76 KWh/100km, fRALZCER A 13.78%, Wi#k 4 fivn. B HRIGFERIBEML, wT LA
P PR TSR, S LT AR

Table 4. Comparison of simulation results of power consumption per 100 kilometers
= 4. BABHBEEHELERTI

TiH AL ET R AR 1%

T 2 B FFE/kWh- (100km) 13.64 11.76 13.78

5. &5iE

XA EIR M RE R B, AR T MR T AL FIE LA RO PID Fasihil Sn%, 870 FI Y%
TR, REBENEIEREMATERE. PHigietnT .

1) it 7R PID i ds, JERABE SRR M. SRR, B RE IR,
FLmi RER (] BERIE, T ERAE A, A RUINsRIE AT AR .

2) BT AR EREHY, 2 T ARG SRR R, T AR B H 5s . (714
RERW, RAE RN E A BN M4 T 15.25%, EORTEHERR ST 18.71%, I T E LML)
JitkRE: HA FEFERFC T 13.78%, HHIMLA SOC A NEE S, KM H A4, BATHENE
Tritae.

ARSORE AR SR N AR PID fiih, TR B IR S A ST R BRI R, AR Z AR
fTSEIRIIE, AR UREE— P HIWTTE, RIS A4S & AR ShRe I USCHng, 52 mahii ISl AR

DOI: 10.12677/m0s.2023.126504 5561 e RSE TR


https://doi.org/10.12677/mos.2023.126504

Wrmg <

E&UWH
B A RS TR (B FHE SCH#[2023]— % 400).

SEEk

[1] AkaE. AR EBARIURAUR a5 /04 [3]. #7804k, 2020, 10(2): 106-109.

[21 EXN, BUFE. sk 4R R R B[] 2304, 2019(8): 22-31.

[3] Jbari, H., Haidoury, M., Askour, R., et al. (2021) Rule-Based Energy Management Strategy for A Pure Electric Ve-
hicle. International Journal of Industrial Electronics and Electrical Engineering, 9, 18-25.

[4] E3, WK, BBCC BT E ] 028 iR F R RIS AT A [J]. TR A AE Rk, 2021, 32(2):
83-88.

[6] /M. s ERE SRR E B E ] #iE 83k, 2015, 37(16): 133-135.

[6] Lu, Y., Liu, S., Wu, M., et al. (2021) Energy Management of Dual Energy Sources Pure Electric Vehicle Based on
Fuzzy Control. 2021 IEEE International Conference on Internet of Things and Intelligence Systems (loTalS), Bandung,
23-24 November 2021, 228-233. https://doi.org/10.1109/10TalS53735.2021.9628658

[71 W%, MEdh, 7k, % ETIHERREERABINRERETENAN]. EW53) R, 2022(4):
27-32.

[8] He, H., Sun, F., Wang, Z., et al. (2022) China’s Battery Electric Vehicles Lead the World: Achievements in Technol-
ogy System Architecture and Technological Breakthroughs. Green Energy and Intelligent Transportation, 1, 24.
https://doi.org/10.1016/j.geits.2022.100020

[0 Eff, BRE, ik, & dBsiiRERs S ENT ] Pkt S5, 2023, 384(2): 37-40.

[10] ity . e T-ROH JE B0 (0 A% 5 B 3l ) W AR 28 4% i SR F 72 [D]: [ L 3= A0 3], P2 K22 K%, 2020.

[11] fAf=, Ehzk), skim, 5. B TEAREMAN CVT LB PID Ml F[)]. MUkt S5hlid, 2009(5):
202-204.

[12] M. HET ITAE $8FRSEHEZE 70 A0 1) PID S48 5€[D]: [ 2008 3], 7 & /S M2 K%, 2015,

[13] Zheng, Y., Qin, P., Zheng, X., et al. (2020) Parameter Optimization of Pure Electric Vehicle Power System Based on

[14]

[15]

Genetic Algorithm. Journal of Economics and technology Research, 1. http://dx.doi.org/10.22158/jetr.vin2pl

Liu, W., Dou, J. and Wang, P. (2022) An Energy Management Strategy Based on Genetic Algorithm for Fuel Cell Hy-
brid Yard Truck. 2022 IEEE International Conference on Mechatronics and Automation (ICMA), Guilin, 7-10 August
2022, 852-857. https://doi.org/10.1109/ICMA54519.2022.9855916

FHIE, R, AR, & BAEFENN S SR PID R[] HURBLT 56, 2023, 386(4):
22-25+33.

DOI: 10.12677/mos.2023.126504 5562 e RSE TR


https://doi.org/10.12677/mos.2023.126504
https://doi.org/10.1109/IoTaIS53735.2021.9628658
https://doi.org/10.1016/j.geits.2022.100020
http://dx.doi.org/10.22158/jetr.v1n2p1
https://doi.org/10.1109/ICMA54519.2022.9855916

	基于GA优化的纯电动汽车能量管理策略研究
	摘  要
	关键词
	Research on Energy Management Strategy of Pure Electric Vehicle Based on GA Optimization
	Abstract
	Keywords
	1. 引言
	2. 理论分析与模型建立
	2.1. 纯电动汽车的动力系统结构及分析
	2.2. 纯电动汽车的整车建模

	3. 模糊PID控制器的设计与优化
	3.1. 模糊PID控制系统设计
	3.2. 基于GA的模糊PID控制器参数优化
	3.2.1. 编码及种群初始化
	3.2.2. 适应度函数的选取
	3.2.3. 遗传操作
	2.2.4. 终止条件

	3.3. 优化结果

	4. 仿真结果及分析
	4.1. 动力性仿真与分析
	4.2. 经济性仿真分析

	5. 结语
	基金项目
	参考文献

