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Abstract: Accurately estimating the state of health (SOH) of lithium-ion batteries is crucial for optimizing
energy storage systems' operation, management, and maintenance. Existing methods that extract health features
from single-stage charging data fail to exploit battery aging information fully, leading to a suboptimal estimation
accuracy. In addressing this issue,a SOH estimation method for energy storage systems based on the fusion of two-
stage charging data for lithium-ion batteries was proposed. Combining health features from both constant voltage
charging and relaxation stages, the proposed method effectively mines aging information embedded in two-stage
charging data, thereby improving SOH estimation accuracy. Additionally, the introduced health feature combination
does not require the use of constant current charging stage data, making it less affected by the uncertainty of
charging start points and more adaptable to practical energy storage conditions. Experimental results demonstrate
that the proposed health feature combination significantly outperforms single-stage feature combinations, with an
average absolute error of 0.66% , mean squared error of 0.85%,and an average coefficient of determination of 0.97.
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Fig.I Schematic diagram of interval duration division
during constant voltage charging stage
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Fig.2 Relationship between features and SOH
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Tab.2  Pearson correlation degree of the characteristic variable
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Tab.4  Parameter settings of experimental models using

different combinations of constant features
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Tab.5 SOH estimation results for four candidate feature combinations for each operating condition
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MAE[%  MSE/% R’ MAEI%  MSE/!% R’ MAE[%  MSEI% R MAEI%  MSE/% R’
ARVA 0.87 1.31 0.96 0.73 0.88 0.97 0.74 0.89 0.97 0.65 0.68 0.98
T2 1.21 2.44 0.92 1.14 2.20 0.93 1.10 1.90 0.94 1.76 5.43 0.83
T3 0.85 1.17 0.95 0.65 0.69 0.97 0.45 0.42 0.98 0.51 0.51 0.98
T4 4 0.65 0.79 0.98 0.70 0.98 0.97 0.60 0.75 0.98 0.59 0.67 0.98
T.H5 0.38 0.29 0.99 0.44 0.38 0.99 0.39 0.29 0.99 0.58 0.51 0.99
FHIME 0.79 1.18 0.96 0.73 1.04 0.97 0.66 0.85 0.97 0.81 1.55 0.95
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Tab.6 Parameter settings for combinations of

4.4.1

single-stage feature combinations
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Tab.7 SOH estimation results for each operating condition compared to single-stage feature combinations

[tﬁfv ’ Ush.x ’ Ux] [Uvur 4 U:ln ’ Umax]lz’” [t43 ’ tﬁl ’ tﬁﬁ]m 1

b}

o MAE/% MSE!% R? MAE/!% MSE!% R MAE/!% MSE/% R
T8 1 0.74 0.89 0.97 1.01 L.77 0.95 1.52 4.25 0.89
TH2 1.10 1.90 0.94 2.44 10.16 0.69 2.54 10.92 0.66
T3 0.45 0.42 0.98 0.47 0.35 0.98 0.84 1.02 0.96
T4 0.61 0.75 0.98 0.62 0.61 0.98 0.69 0.88 0.98
RRVA 0.39 0.29 0.99 0.89 1.22 0.99 0.58 0.72 0.99
SFEE 0.66 0.85 0.97 1.08 2.80 0.92 1.23 3.56 0.90
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Fig.5 Scatterplot of SOH estimation results for the NCA dataset
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Fig.6  Scatterplot of SOH estimation results for the NCM dataset
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