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Abstract: The state of health (SOH) of Li-ion batteries gradually decreases with the number of charges and
discharges, whose features are hidden in the physical information such as battery current and voltage. A data-driven
method based on wavelet packet transform (WPT) and sparrow search algorithm (SSA) is proposed for online
estimation of SOH, and the feature indices of discharge voltage plateau time (DVPT) and constant current charging time
(CCCT) are proposed. The algorithm is verified on the University of Maryland battery public dataset. The results show
that the proposed DVPT characteristic metric has a strong correlation with SOH, with an average Pearson correlation
coefficient of 98.38% across the four batteries; the model predicted the optimal results with RMSE of 0.019 1, MAE of

0.012 5, and R of 97.78%.
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Fig. 1 Method flow chart
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Tab. 1 Calculation results of PCC between characteristic
parametersand SOH

r =

@)

H, 3 5 CCCT CVCT DVPT W
CS2-35 0970  —0.626 0985  —0.968
CS2-36 0973  -0.565 0991  —0.976
CS2-37 0.956  —0.613 0980  —0.968
CS2-38 0.949  -0.527 0967  —0.060
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Tab. 2 PCC after feature noisereduction

€)

FAL It 2= CCCT DVPT
CS2-35 0.973 0.987
CS2-36 0.975 0.993
CS2-37 0.960 0.983
CS2-38 0.952 0.972
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§RMSE =\/%i(xai - Xesi )2 (11)
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KNGy R 4 DFRARE, Hrp 3 MERIIZRE,
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SEAHE 12 MR 4 NIRUEE . R 4 D5
UEAR AN [] F s Ry I 8 SRdh AT 58 Sk, PPA S
RUTOI 25 S e b, 255 036 3, Hirp H Al
— U AR T BB, P ORI — U ) T
MR . nTRIE G CCCT 5 DVPT X 2
AMFFIEFRRIIZR AR RE RS HERE TN HL . SOH.,
A2 WPT 5 SSA Ab#HfAY) WPT-SSA-LSTM Jif
i, TE 4 DISIESE FEHUS TRAUMEER, HiE
SSA-LSTM., [Hilt,, 7E LSTM 3Rl 5] A WPT 5
SSA REfSHE = FLIH SOH A 22 45 AR TR B
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Tab. 3 Comparison of results of different forecasting methods

Ho, L 5 [GIRRNES I RMSE MAE R/%
H=10,P=10 LSTM 0.036 71 0.022 25 95.19

CS2-35 H=10,P=10 SSA-LSTM 0.026 00 0.016 35 97.59
H=10,P=10 WPT-SSA-LSTM 0.024 90 0.016 67 97.78

H=10,P=10 LSTM 0.043 90 0.031 80 93.71

CS2-36 H=10,P=10 SSA-LSTM 0.03120 0.021 80 96.81
H=10,P=10 WPT-SSA-LSTM 0.027 80 0.019 70 97.47

H=10,P=10 LSTM 0.022 90 0.015 60 95.66

CS2-37 H=10,P=10 SSA-LSTM 0.021 70 0.014 20 96.10
H=10,P=10 WPT-SSA-LSTM 0.019 10 0.012 50 96.97

H=10,P=10 LSTM 0.034 40 0.025 00 87.65

CS2-38 H=10,P=10 SSA-LSTM 0.032 10 0.024 80 89.18
H=10,P=10 WPT-SSA-LSTM 0.021 30 0.013 60 95.23

WPT-SSA-LSTM T e b 75 iy (1) S Pt R
Kl 4 R, 4 A TE S r PR TR AE e T
Yo, SHERITTIN = A AN K2, ] WPT JrikBg
MESRTE T IR, FER R TR AR RE S
B M TR o i, EAA R RS B
3.3 AEEFHEOKERTLE

4 CS2-35 5 CS2-37 fENKFEEE, R —

LRI, X LA [R) 9 3l 7 1 RE A T 2L
A, HURIER 40 78 H AR AR BT 4 2 E )
P 2Pk —E M TR L, {EU Al AT B A
s SOH. 78 P MEIAELL T, HEK H Al ld
PETHERUERE o IAIL, Al DL i 52 TR R o A Y
Dy S B30 K B O AR AT B J) 5 HEORS E B HL Tt
SOH,
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Fig. 4 Predicted battery life of WPT-SSA-LSTM
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Tab. 4 Comparison of prediction results of different diding

window lengths

:;g [LI=RSiA RMSE MAE  RY%
H=10,P=10 0.0249 001667 97.78
CS2-35 H=10,P=100 0.0311 0.02060 82.93
H=20,P=100 0.0283 0.02010 8544
H=10,P=10 0.0191 0.01250 96.97
CS2-37 H=10,P=100 0.0240 0.01600 83.70
H=20,P=100 0.0239 0.01530 84.56

3.4 REFGEXTEE

i Y WPT-SSA-LSTM J % 5 HoAtl 41 %F
I B B 1 T 5T 25 AL E AT TR0 A 45 2R X e UL
% 5, Hih, ALO-SVR(FET UL AL F 57 35 1]
S AT ) 53 SR T L L 2 A Ay e Sl i B 1R
1 SOH H!>; CNN-BiLSTM (¥ B WL i - 45
WC Iz 2 M 4% ) 5 2R CCCT Fi e R A8 fb R
VEJ 75 G R 5 AR 4T SOH #L !, VMD-BO-
LSTM (2B 4345 25 43 fif 55 DL i 397 0 Ak 9 4 i 4 5
AR 2 N 28 ) J5 1 R PR 43 I O 25 o )7 91 3
7 SOH #m!' ™, i3 5 W, WPT-SSA-LSTM
Tk R E DAL, LT ALO-SVR
%5 VMD-BO-LSTM J5#, 5 CNN-BIiLSTM
TEEKG AL . WPT-SSA-LSTM 75 ¥ M Ak 4
(8 2 Bt TR B CCCT 5 DVPT AE My fet e 4y
fit, R8N TEAMRMKEE, BIrRfdEE L, fei
R B A YIS S TR e TR
TR S

®5 AEFEHTNE R
Tab. 5 Comparison of prediction results of different methods

- CS2-35 CS2-36 CS2-37 CS2-38 FHE
’ MAE RMSE MAE RMSE MAE RMSE MAE RMSE MAE  RMSE
ALO-SVR[™! 0.01600 0.0264 0.0196 0.0337 0.0238 0.0367 00188 00297 00196 0.0316
CNN-BIiLSTM'  0.01860 0.0219 0.0133 0.0181 0.0091 0.0145 00112 00171 00130 0.0179
VMD-BO-LSTM!!] — — — — — — — 0.0529  0.066 6
WPT-SSA-LSTM  0.01667 0.0249 0.0197 0.0278 0.0125 0.0191 00136 0.0213 00156 0.0233
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