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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

iR 1, 1, I
1# -0.982 0.948 0.971
2% -0.979 0.945 0.966
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4# -0.962 0.870 0.917
5 -0.982 0.937 0.949
6* -0.940 0.788 0.878
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8* -0.982 0.951 0.967
9 -0.983 0.950 0.968
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Fig.3 Experimental verification process
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Tab.2  SOH estimation results of NCM cells basing on KRR model

Hi it Eiztan A X1 X2 AFES3
MAEI% 0415 1132 0.609  0.305

1% RMSE/% 0.648 1209  0.822  0.384
R 0972 0903 0955  0.990

MAE/% 0.491 1221 0720  1.128

3¢ RMSE/% 0.827 1543  1.180  1.231
R 0.887  0.606  0.770  0.749

MAE/% 0368 0925 0412  0.274

7 RMSEI% 0.674 1114 078  0.397
R 0.964 0903 0952  0.988

MAEI% 0.632 1448 0778 1213

11# RMSEI% 0789 1484 0934  1.269
R 0979 0927 0971  0.946

MAEI% 0426  1.028  0.685  0.689

13# RMSE/% 0585 1.122 0876  0.738
R 0990 0962 0977  0.983

MAE/% 0278 0310 0258  0.391

17¢ RMSE/I% 0754 0573 0372 0.528
R 0974 0985 0994  0.987

MAE/% 0.409 0339 0414  1.348

21 RMSEI% 0.804  0.615 0704  1.724
R? 0.982 0990 098 0918

MAEI% 1.400 2461  1.804 2421
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R 0926  0.808  0.894  0.816

MAE/% 0612 1967 1053  0.784

27* RMSE/% 1210 2077 1181  0.839
R? 0960  0.881 0961  0.981

MAE/% 0559  1.203  0.748  0.950

iR RMSEI% 0.874 1363 0971  1.065
R 0.959  0.885 0940  0.929
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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
H it $547 X X1 w2 X3
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

R? 0.892 0.660 0.799 0.787

MAE!% 0.390 0.855 0.426 0.246

7 RMSE/!% 0.733 1.032 0.746 0.364
R? 0.958 0.917 0.956 0.990

MAE/!% 0.642 1.471 0.675 1.210

1 RMSE/% 0.782 1.504 0.853 1.298
R? 0.980 0.925 0.976 0.944

MAE/!% 0.485 1.031 0.625 0.656

13# RMSE/% 0.658 1.109 0.828 0.706
R? 0.987 0.962 0.979 0.985

MAE!% 0.336 0.257 0.263 0.526
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MAE!% 0.514 0.296 0.464 1.532

21*% RMSE/% 0.946 0.536 0.814 1.939
R? 0.975 0.992 0.982 0.897

MAE!% 1.321 2.526 1.748 2.411

23# RMSE/!% 1.583 2.592 1.841 2.456
R? 0.925 0.798 0.898 0.819

MAE/!% 0.592 1.943 0.832 0.896

27* RMSE/% 1.203 2.046 0.997 0.931
R? 0.960 0.884 0.973 0.976

MAE/!% 0.566 1.190 0.696 0.975

IE RMSE/% 0.903 1.328 0.921 1.089
R? 0.958 0.892 0.947 0.930
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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 0754  0.868  0.946
11* 0978 1.077 0965 1.058 1172 0.959
13* 0283 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 0550  0.991
27 0471 0.551 0990 0515 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
YiE  0.796 0911 0.954 0.743 0.839  0.956
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