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Abstract: Accurate prediction of the state of health (SOH) of power batteries was essential for extending the ser-
vice life of new energy vehicles and ensuring driving safety. To address the limitations of BP neural networks in
feature extraction, sensitivity to initial parameters, and local optima issues, a WPD-GA-BP-based prediction
method was proposed. First, feature parameters were extracted using capacity increment analysis, and key fea-

tures related to SOH were selected using Pearson correlation. Next, wavelet packet decomposition was applied to

Wrfs B H#A :2025-04-19

HEWE : [H5 A RPHERA (51206171) 5 T1P545 T A HFA I H (20223BBE51016,20243BBG71009) 3 I PH 4 [ AR L 417
H (20242BAB25273,20244BAB28006) ; V174 44 W5 A B3 & 0T ¢ 4 1 H (YC2023-S505) ; 4z T H 5 & HH
IR R 564 (KLCE2022-09)



102 e g

s
B

&g i 2026 4F

multi-scale reconstruct the label values, enriching the feature set. Finally, a genetic algorithm optimizes the BP

neural network’ s initial weights and thresholds, avoiding local optima and improving prediction accuracy. The

results show that, compared to the pre-improvement WPD-BP and BP models, WPD-GA-BP reduces the maxi-

mum error to less than 1.5%, significantly improving prediction performance. It outperforms SVR and LSTM

models, achieving the highest R’ and the smallest MAE and RMSE, demonstrating stronger accuracy and stabili-

ty in predicting power battery SOH.
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Tab.2 Slow-charge charging data for 3 electricvehicles
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Fig. 3 Capacity increment curve without noise reduction
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Fig. 4 Comparison of S-G smoothing effect of different moving window length and different polynomial frequency
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Tab.4 Comparison of model prediction performance for

different proportions of test sets

Himgws  MREER] 43 LA R MAE  RMSE
50% 0.871  0.005  0.008

| 40% 0.861  0.005  0.009
30% 0.905  0.004  0.007

20% 0.927  0.003  0.006

50% 0922  0.006  0.009

5 40% 0.920  0.007  0.009
30% 0914  0.008  0.010

20% 0.945  0.006  0.007

50% 0.909  0.004  0.007

3 40% 0.911 0.005  0.007
30% 0.893  0.005  0.008

20% 0.927  0.003  0.006

4 RENH

B UEAS SC TR B WPD-GA-BP B 1 Fi
PERE , B JCF S PR S R AR A AT X H A B —
EARTIA GA AL H) WPD-BP #i8Y , — & R gk 4147
TEBHE Y 2 1 BP AR, X6 Fe 43 AT il A R4l GA
5 WPD 7EA B Re A g E ] . TR AT
B, BEPLEEHCA 40 4 240 5 2240 6 1 I B e A
RFERIPEAG XTG4, B e 4240 8 7E i Be 2 1Y
A, B RS SRR I 450 1 4502 440
3ORAF— 3, A R 3 A ARUAE bR B S - %
FIAEATXT LA AT o 3 PR A T 25 SR 4 1] 7 e
71N 5 DU H TN 58 2 A1 ] 8 s 5 K o F T 14 e
PP PR (£245 RMSE \MAE RIS T4 7,

& 7 () AT, 7 2240 4 i R4 1 A T
WPD-BP F1 BP #5554 , WPD-GA-BP % 1 51 i /7 J7 4



5513 WSesE, A S5 T WPD-GA-BP [ 3 VA - 20 ) v b g R A T J vk 111
T T
100.0 + e xﬁg;g?»m 925] - WPD-GA:
I —v-BP
97.5 | DN 90.0 M
L 4 LSTM N
° 95.0 + i . o
< ‘ e ;: 87.5¢
as) e
8 2.5 (49 &‘ m
90.0 | : 85.0¢
. rs . A- WPD. .
875 | g 82.5F vom i
—4@ -SVR
80 , ¢, L * 00k, ™ < -
150155160165170 175180 185190 195 125 130 135 140 145 150 155 100 105 110 1i5 120 125 13
FAEA FHER RFE R
(a) ZEf4 (b) s (¢) %6
E7 WPD-GA-BP &2 5 H At 4 FhE A BN 45 R 3t te
Fig. 7 Comparison of prediction results of WPD-GA-BP model with those of other 4 algorithms
51 —8— WPD-GA-BP 10+ —8—WPD-GA-BP 6 . —®— WPD-GA-BP
e \BVPPD-BP ' 9L — @ WPD-BP n — @& WPD-BP
! gl 5 i -+ - Bp
41 7 —¥—SVR
= 3 o <4
H S g3
X 2t K4t oK
3L 2
1k
! '
O i 1 1 1 1 1 1 1 1 1 0 C 0 B
0 5 10 154 20 25 30 35 40 45 35 30
R R k:
(a) 744 (b) %45 (c) Zfi6
B8 WPD-GA-BP &2 5 H fth 4 M E L FUMIR Z 3 LL

Fig. 8 Comparison of prediction errors of WPD-GA-BP model with those of other 4 algorithms
&5 WPD-GA-BP#EEL 5 H th 4 FhE ATl REXT tL

Tab.5 Comparison of prediction performance of WPD-

{H, 7£ WPD-BP F1 BP 5 A T 5 SRR 22 R AR AE
& F, WPD-GA-BP #5274 [ T {F [R] R BE % I 3w Ji
TAR1EL; f L7 () W0, #2424 S IR 1 v (B3 A
S B R B ILA 5, WPD-BP 1 BP AR (1) T 45
FRAmZEB R A Z T, WPD-GA-BP AR 7E RS
V& 7 T A 0 H B S A TN 5 S B 1 R 4
. B 7(c) AT, ZEZ40 6 (R IiASE |, WPD-GA-
BP A5 78 FU (B FEAS 5 s (B 4, 117 WPD-BP Al
BP AL WA A7 AE 2 5 R AR E A 22 BRI L
X F ] WPD-GA-BP AR AL U 45 v B it i 1
B% ., MK 8T LIFE 5] WPD-GA-BP B RI/E 40 4 |
TR0 S R4 6 (DI ) TR 2 A A /N, e
FFMEE2E 43 5114 0.730% .0.720% 1 1.385%.

1 5 AT AT, AR SCHEET ) WPD-GA-BP A I 7E 3
% 4 1 1 i T 3 34 5% F WPD-BP il BP
A, FI%T WPD-BP # %1, WPD-GA-BP & #l f}) R?
fe b5 2 /D4 TE T 0.036; [AlH} RMSE F1 MAE 84543
S ZE /AR T 0.003 F10.002, LA FBHEDLEE , A7 L
BP 1% , WPD-BP 45 % i T 75 a5 b £2 B 3l g e b

GA-BP model with other 4 algorithms

LR PR HHiAY R MAE ~ RMSE
WPD-GA-BP  0.987  0.001  0.002
WPD-BP 0.927  0.003  0.006

4 BP 0.741  0.007  0.011
SVR 038 0015  0.019

LSTM 0.122 0017  0.021
WPD-GA-BP  0.981  0.002  0.004
WPD-BP 0.945  0.006  0.007

5 BP 0.868  0.008  0.010
SVR 0.735  0.011  0.013

LSTM -1.383  0.041  0.049
WPD-GA-BP  0.979  0.001  0.004
WPD-BP 0.927  0.003  0.008

6 BP 0.599 0011  0.016
SVR 0562 0015  0.018

LSTM -2.847  0.025  0.028




N

B

112 e 2 38

&g i 2026 4F

SOH {5 5 B Z2 RUBEARFAE , 3858 1 XoF At A5 R 4 1iE 1)
Fikfe 1, NIMHET T 20 J7 a3t SOH {8 Ak e 3  t
MASEE . GAE It 2 Ryl b BP 4 28 W 25 () 41] 1 AL
HAABE, A ROk R T R, BRI T
WPD-BP 15 B 7 57 Z% 45 26 1 ¢ 38 gl v 19 o 1 1
iz ALRE

TERIE WPD-GA-BP BEAURH T el i E i A 80 (1)
PEREIE RS , 17— 5 SVR A LSTM #E AU B4 7% [t
ST e AT FE A 4 B S A 6 DA AE b Xt
LA IR A T 45 2R, 25 5174 WPD-GA-BP .SVR
FILSTM 3 R4 RI7E 2y J7 Ha il SOH Tl AT 55 H i)
F., WPD-GA-BP . SVR FILSTM 3 FlvE 5 it 15 )
gE AN 7 Frow 5 B4R L B TR 22 an 8
Jim s AR FPE RE IR AR PR B TR S

Hi [&1 7 AT 1, WPD-GA-BP F5 I 7E 3 3 42 I,
A5 13RI AR Y TR B, A BRI 3 ) R
SOHZE Mk, R RAF iz b e S et Hitb
T, SVR FI LSTM #5578 7 ) 2% 2 5 52 B 5y 77 H 3t
SOH 28K, AR BeAT WU HE FLRh sl ] AR fL A JE 4k
PERRAE , RBLH A S R AR e e i 8l
WPD-GA-BP BB YE 240 4 4240 5 FI 4240 6 L 1) T
D35 2 e A /DN, R B v P T AR M 5 A LE
Z T, LSTM A5 () 00 i3 22 d5e K, HLIE sh B h i
& A A IR I I R AN I

MF 5 L5 R TT LIE ), WPD-GA-BP £ 7
FE 45 T TN P BB 45 A5 1 T SVR T LSTM ##
R, o TR S AR 6 (R, LSTM AR 7R
() RAA H BLAAE , R AL A R s, 2 A
A B A P E(E TR, 3X — 5 E LA T Bt LSTM
A B g W R o A S R st [R) 81 E s B AL R
HIR, SORBE TS ARHIE S B AR 2 [H 1
RARENA R T I, R N HAE G 2 TO0 T Tl
JarBRYE . A Z R, WPD-GA-BP BRI 7E R 45 F5 |
/DT T 0.246, RMSE FII MAE 43 3| Z /D REAK T
0.014 F110.009, i — L 3ariik 1 HAE 5)) ) H it SOH il
AT S5 o LR P R TSR A2 fh i

2i F TR, M%TT WPD-BP .BP . SVR HI LSTM
4 FPBERL | 7S SO HE A WPD-GA-BP #5515 75 Fi K
FEFNARE M B T W R T, BENS v M
X5} 51 7 v SOH 4T Hit

5 #ie

BEXE L B4R 3 g L Tt SOH T A Tl et A SC

BT HEWNEE G T E M0 i gds, f2h 17—
Fh3EF WPD-GA-BP 11 HL 375 4 5J) 71 HL il SOH Tt
M7, FEIFREBIT .,

1) FIFH WPD " Fe 80 i 4, o7 LA K 4 & BP
122 o0 4% T 55 7 H v SOHL iy A, DT H2 75
177 FL 3t SOH. (74 T3 I A 4

2) K GA 1Ak BP 4 28 9 4% i A3 F A YA
i BhEE )32 4 R 2 () SE B 4 SR Ak , A Rkt e
NSRS , I BT T 3% 348 3 7 i i SOH i
W RS e T SR

ASCHR: 0 3 77 L it SOH T 5 32 AX %k v
FL R B S AT AT, AR B IR
BH 25 22 228000 511 1 ¥, 1th SOH FUM A5 min , LAiE— 2
P30 7 v o SOH FmIAR Y APk B

Sk

[1] DINI P, COLICELLI A, SAPONARA S. Review on mod-
eling and SOC/SOH estimation of batteries for automo-
tive applications[J]. Batteries, 2024, 10(1): 34.

[2] ALSUWIAN T, ANSARI S, AMMIRRUL ATIQI MOHD
ZAINURI M, et al. A review of expert hybrid and co-esti-
mation techniques for SOH and RUL estimation in bat-
tery management system with electric vehicle application
[J]. Expert Systems with Applications, 2024, 246: 123123.

[3]1 YANGF, XU Y X, SU L, et al. State of charge and state
of health estimation of lithium-ion battery packs with in-
consistent internal parameters using dual extended Kal-
man filter[J]. Journal of Electrochemical Energy Conver-
sion and Storage, 2024, 21(1): 011004.

[4] XUPH, HU XY, LIU B L, et al. Hierarchical estimation
model of state-of-charge and state-of-health for power bat-
teries considering current rate[J]. IEEE Transactions on
Industrial Informatics, 2022, 18(9): 6150-6159.

[5] ZHANG M, YANG D F, DU J X, et al. A review of SOH
prediction of Li-ion batteries based on data-driven algo-
rithms[J]. Energies, 2023, 16(7): 3167.

[6] LELLI E, MUSA A, BATISTA E, et al. On-road experi-
mental campaign for machine learning based state of
health estimation of high-voltage batteries in electric vehi-
cles[J]. Energies, 2023, 16(12): 4639.

[7] FENGSZ,SONGMY, LINY J, et al. Convolutional neu-
ral network-long short-term memory-based state of health
estimation for Li-ion batteries under multiple working
conditions[J]. Energy Technology, 2024, 12(2): 2301039.

[8] YANG N K, SONG Z Y, HOFMANN H, et al. Robust
state of health estimation of lithium-ion batteries using

convolutional neural network and random forest[J]. Jour-



5511

L, S BT WPD-GA-BP (1 HL 3R ZE 50 ) B i A FREIR S 500 113

nal of Energy Storage, 2022, 48: 103857.

[97 MERROUCHE W, HARROU F, TAGHEZOUIT B, et al.
Improved lithium-ion battery health prediction with data-
based approach[J]. e-Prime-advances in electrical engi-
neering, electronics and energy, 2024, 7: 100457.

[10] HE Z G, GUO X D, HU S, et al. Hybrid estimation strate-
gy for the state of health of lithium-ion batteries with dif-
ferent application needs[J]. International Journal of Elec-
trochemical Science, 2022, 17(8): 220823.

[11] CHEN Z, XUE Q, XIAO R X, et al. State of health esti-
mation for lithium-ion batteries based on fusion of autore-
gressive moving average model and Elman neural net-
work[J]. IEEE Access, 2019, 7: 102662-102678.

[12] MA'Y, YAO M H, LIU H C, et al. State of health estima-
tion and remaining useful life prediction for lithium-ion
batteries by improved particle Swarm optimization- back
propagation neural network[J]. Journal of Energy Stor-
age, 2022, 52: 104750.

[13] HUANG J, HE T, ZHU W L, et al. A lithium-ion battery
SOH estimation method based on temporal pattern atten-
tion mechanism and CNN-LSTM model[J]. Computers
and Electrical Engineering, 2025, 122: 109930.

[14] IR, A, Fiepk, 25, A GRA5 AL We DN B S (i A
VL[] DU TR R E 223, 2022, 44(1): 107-111.
YUEJ L, HAO J, LU H L, et al. Outliers processing meth-
od of bridge structure monitoring data[J]. Journal of Wu-
han Institute of Technology, 2022, 44(1): 107-111.

[15] 5K M. 56T 5080 K 8l i) 3l g v b s B iAU3) 55 SOH Al
HINEWISED]. B A ARSI R, 2023.

ZHANG Y Y. Research on power battery fault identifica-
tion and SOH estimation based on data drive[D]. Nan-
chang: East China Jiaotong University, 2023.

[16] WANG R X, ZHOU X, LIU Y J, et al. Analysis of the ag-
ing mechanism of lithium-ion batteries based on the incre-
mental capacity curve peak decomposition method[C]//
2023 6th International Conference on Energy, Electrical
and Power Engineering (CEEPE), May 12-14, 2023,
Guangzhou, China. New York: IEEE, 2023: 1632-1637.

[17] XU Z F, CHEN Z W, YANG L, et al. State of health esti-
mation for lithium-ion batteries based on incremental ca-
pacity analysis and Transformer modeling[J]. Applied
Soft Computing, 2024, 165: 112072.

[18] LI X, YU H L, WANG J C, et al. Prediction of state-of-
health of lithium-ion battery based on CEEMDAN-SG-
LSTM combined model[J]. Materials Today Sustainabili-
ty, 2024, 28: 100999.

[19] WANG Q, GU Y D, ZHU T, et al. SOH estimation of lithi-
um batteries based on ICA and WOA-RBF algorithm[J].
Energy Engineering, 2024, 121(11): 3221-3239.

[20] YANG B, QIAN Y C, LI Q, et al. Critical summary and
perspectives on state-of-health of lithium-ion battery[J].
Renewable and Sustainable Energy Reviews, 2024, 190:
114077.

[21] DING P, LIU X J, LI H Q, et al. Useful life prediction
based on wavelet packet decomposition and two-dimen-
sional convolutional neural network for lithium-ion batter-
ies[J]. Renewable and Sustainable Energy Reviews, 2021,
148: 111287.

[22] LIAO L, YANG D, LI X B, et al. Fault diagnosis of lithi-

um-ion batteries based on wavelet packet decomposition

and Manhattan average distance[J]. International Journal

of Green Energy, 2024, 21(12): 2828-2842.

HASSANAT A, ALMOHAMMADI K, ALKAFAWEEN

E, et al. Choosing mutation and crossover ratios for genet-

—
N
w

—_

ic algorithms: a review with a new dynamic approach[J].
Information, 2019, 10(12): 390.

[24] MA R H, YUAN Y L. Remaining useful life prediction
framework of equipment based on improved golden jack-
al algorithm assisted-LSTM[J]. AIP Advances, 2024, 14:
015102.

E—EE e sE(1979—) 5, M G TR, W58 7 1] s
AEVRIR A K KR4 . E-mail : 54196869@qq.com.

BEMEE G AEIR981—), 5 W1, B/ BF5E
D5 1 A5 BEIRIR A OB R , s v E v sh 2 2 HOR
L fb2 BB R (AN 2 7 it AR s S i ARl L Tth 55 ), 2
JUERAAEPIL FiF A . E-mail : jbzeng68@sina.com.

ERERTE Y



