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Abstract: Accurately estimating the state of health (SOH) of lithium-ion batteries is a crucial prerequisite for
ensuring the safe and stable operation of energy storage systems. The key to improving the accuracy of SOH
estimation lies in the rational selection of health characteristics that can effectively reflect the state of health of
lithium-ion batteries. By analyzing the current characteristics of lithium-ion batteries during the constant voltage
charging stage, a healthy combination of features containing the slope of the first and last points of the current
curve, the standard deviation, and the mean value were extracted from the current curve data during the constant
voltage charging stage. To validate the effectiveness of the proposed feature combination, SOH estimation model
based on kernel ridge regression (KRR) and support vector regression (SVR) was designed, and model validation
was successfully completed. The experimental results demonstrate that the proposed feature combination can
achieve high-precision SOH estimation across different models, exhibiting excellent model adaptability.
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Fig.1 Battery aging curves
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batteries under different aging levels
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Tab.1  Results of PCC analysis of health characteristics
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Tab.2 SOH estimation results of NCM cells basing on KRR model

Hi it Bzt A X1 X2 AFES3
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Fig.4 SOH estimation results under KRR model
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Tab.3  SOH estimation results of NCM cells basing on SVR model
HL3 1547 A3 A1 RH2 RFH3
MAE/!% 0.345 1.195 0.547 0.261
1# RMSE/% 0.509 1.260 0.750 0.336
R? 0.983 0.895 0.963 0.993
MAE/!% 0.469 1.138 0.688 1.038
3# RMSE/% 0.807 1.434 1.104 1.135
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Fig.5 SOH estimation results under SVR model
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Tab.4 SOH estimation results of NCA cells with 45 °C

KRR SVR

MAE/% RMSE/%  R*  MAE/% RMSE/%  R?

1" 0638 0.755 0984  0.603 0.782  0.982
30411 0.644 0945  0.408 0.868  0.900
7F 0684 0836 0950 0.754  0.868  0.946
11* 0978 1.077 0965 1.058 1172 0.959
13* 0.283 0361 0996  0.355 0.463  0.994
17 1.348 1.616 0914  1.496 1.763  0.898
21 0.816  0.887 0976 0.803 0.900  0.975
23% 0390 0508 0992 0440  0.550  0.991
27 0471 0.551 0990 0.515 0.610  0.988
¥IH  0.669 0.804 0968 0.715 0.886  0.959
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Tab.5 SOH estimation results of NCA cells with 25 “C

KRR SVR
MAE!% RMSE|% R? MAE/% RMSE!%  R®
2% 0.751 0.819 0.933 0.765 0.831  0.931
7* 0.842 1.003 0.974 0.722 0.846  0.982
YPiE 0.796 0911 0.954 0.743 0.839  0.956
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