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SOH Prediction for Lithium-ion Batteries Based on Feature
Analysisand V-PSA-LSTM

GAO Zhijun, DAI Rui, NING Yi, GUO Xifeng
(School of Electrical and Control Engineering, Shenyang Jianzhu University, Shenyang 110168, China)

Abstract: Aimed at the phenomenon of capacity recovery and the problem of accurate prediction during the cyclic
usage of lithium-ion batteries, an approach integrating feature analysis with an innovative variational pyramid split
attention long short-term memory (V-PSA-LSTM) network model is proposed. This method performs the feature
analysis of lithium-ion batteries, and Pearson correlation coefficients are employed to screen out the health features that are
closely associated with the battery’s state of health (SOH), thereby revealing the key characteristics such as dynamic
capacity restoration. Then, a novel V-PSA-LSTM network model is put forward, in which a periodic variation activation
mechanism is incorporated into the pyramid split attention (PSA) algorithm to optimize the long short-term memory
(LSTM) network for the first time. This design aims at enhancing the LSTM model’s capability to precisely capture the
evolution patterns of SOH in lithium-ion batteries, particularly the fluctuating changes in capacity during the cyclic process.
It is verified that the V-PSA-LSTM model significantly reduces prediction errors during the SOH prediction for lithium-ion
batteries, e.g., the root mean square error (RMSE) and mean absolute error (MAE) are 0.002 2 and 0.001 8, respectively,
indicating the exceptional performance in solving the problems of capacity recovery and accurate prediction.

Keywords: Lithium-ion battery; pyramid split attention (PSA) algorithm; cyclical variational activation; long
short-term memory (LSTM) algorithm; health feature extraction
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Fig. 1 Degradation curvesfor SOH of batteries
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Tab. 3 SOH prediction errorsof batteries
CER A " 38% AR A8%(E IR S8% IR HA
o TR
il RMSE MAE RMSE MAE RMSE MAE
LSTM 0.0259 0.0195 0.0162 0.0121 0.0133 00111
BO0OS PSO-LSTM 0.0150 0.0131 0.0117 0.0103 0.007 7 0.006 3
PSA-LSTM 0.009 1 0.008 4 0.009 5 0.007 9 0.004 6 0.003 9
V-PSA-LSTM 0.008 3 0.007 0 0.005 3 0.004 6 0.002 4 0.001 8
LSTM 0.058 6 0.0529 0.014 1 0.0116 0.0134 0.0123
B0GO7 PSO-LSTM 0.008 3 0.006 6 0.009 0 0.007 9 0.006 5 0.005 5
PSA-LSTM 0.007 7 0.006 7 0.006 7 0.005 4 0.0052 0.004 0
V-PSA-LSTM 0.004 6 0.003 8 0.003 1 0.002 6 0.002 7 0.002 2
LSTM 0.0397 0.025 5 0.038 5 0.0249 0.0333 0.024 7
CS2 36 PSO-LSTM 0.014 1 0.0123 0.0126 0.009 9 0.008 2 0.006 3
- PSA-LSTM 0.0126 0.009 2 0.004 5 0.003 5 0.004 2 0.003 3
V-PSA-LSTM 0.004 7 0.002 0 0.003 1 0.002 4 0.002 2 0.001 8
LSTM 0.049 1 0.0312 0.027 4 0.0176 0.0124 0.009 4
cS2 37 PSO-LSTM 0.0111 0.009 5 0.009 6 0.006 9 0.007 6 0.004 7
- PSA-LSTM 0.006 7 0.0050 0.006 3 0.0053 0.004 1 0.003 1
V-PSA-LSTM 0.003 7 0.002 2 0.002 1 0.001 4 0.001 8 0.001 6




56

ERTE, 4. S5BHEAY TR V-PSA-LSTM (141 25 -F3 i SOH Thifi 187

3.4 V-PSA-LSTM #&E 5 H i TRV H I TR EE

J9 T HAE V-PSA-LSTM AR, H 3
5 HAb SRk Y IGBA-BPM' | Bi-LSTM-TT! &
VMD-DBO-SVRUHEHI AT 4%, PP HAE NASA
F S B LA A 25 - HL itk SOH A i RMSE 3R
B Horbr, 8% IR IRJEI A Z A i Bt i s I
TN 2z ) i 25 i AR i B 2 205
B A SR, DR DA AR R 0T A DL K 17
T RE S o BT L SR L3R 4.

F 4 it SOH FfhEEH) RMSE JfEL&ER

Tab. 4 Comparison results of RM SE among SOH
prediction modelsfor batteries

b Y5 TR RMSE
IGBA-BP 0.003 7
Bi-LSTM-TT 0.004 5

B0005
VMD-DBO-SVR 0.004 7
V-PSA-LSTM 0.002 4
IGBA-BP 0.003 5
Bi-LSTM-TT 0.003 8

B0007
VMD-DBO-SVR 0.004 8
V-PSA-LSTM 0.002 7
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