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Online Capacity Estimation Method for Lithium-lon Batteries
Based on Low-Frequency Features of Relaxation Voltage
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Abstract: Accurate estimation of lithium-ion battery capacity is central to battery health
management and is essential for ensuring the safe operation of battery systems and
identifying potential failure risks. However, existing capacity estimation methods rely on
specific charge-discharge conditions, utilize only simple statistical features, and lack the ability
to quickly adapt to new samples, resulting in limited prediction accuracy and generalization
capability. To address these issues, this study proposes an online capacity estimation method
for lithium-ion batteries based on low-frequency features of relaxation voltage. This method
extracts low-frequency features such as wavelet energy, wavelet entropy, and standard
deviation by performing a discrete wavelet transform (DWT) on the battery relaxation voltage
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signal. Furthermore, Incremental Support Vector Regression (ISVR) is employed to enable
online model updates with new samples, and Particle Swarm Optimization (PSO) is used to
adaptively adjust hyperparameters, significantly improving prediction accuracy and stability.
Experimental results demonstrate that, compared with traditional statistical feature-based
methods and various mainstream machine learning models, the proposed approach exhibits
significant advantages in both estimation accuracy and robustness. It achieves a mean
absolute percentage error (MAPE) of 0.58%, and maintains an error below 2% even when
new samples are introduced under diverse operating conditions, showcasing strong
generalization capability and rapid adaptability. This study provides an effective technical
solution for high-accuracy online estimation of battery capacity and lays a foundation for
battery health management and lifetime prediction in complex application scenarios.

Keywords: lithium-ion battery; relaxation voltage; discrete wavelet transform; capacity

assessment; incremental support vector regression; particle swarm optimization
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Fig. 1 Lithium-ion battery test experimental platform
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Fig.11 Comparison of battery capacity estimation
results
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Table 2 Experimental results of PSO optimization

it MAE MAPE RMSE
ISVR 0.0209 1.49% 0.0238
PSO-ISVR 0.0081 0.58 % 0.0112
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Table 3 Experimental results of different

decomposition layers
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Table 3 Experimental results of new working

conditions
T MAE MAPE RMSE
130 3.60V 0.0211 1.51% 0.0265
3.55V 0.0219 1.57% 0.0284
1/2C 3.65V 0.0235 1.68% 0.0304
1C 3.65V 0.0257 1.84% 0.0368

B MAE MAPE RMSE
3 0.0380 272 % 0.0562
4 0.0326 2.33% 0.0407
5 0.0132 0.94 % 0.0171
6 0.0081 0.58 % 0.0112
7 0.0085 0.61 % 0.0126
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Table 4 Experimental results of features comparison

SEIH MAE MAPE RMSE
G RHE 0.0200 1.43% 0.0253
AL 0.0081 0.58% 0.0112
GEHRRIE (50 VKD 0.0148 1.06% 0.0184
ARSCHFIE (50 VKD 0.0073 0.52% 0.0092
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Table 5 Experimental results comparing different

algorithms

NGk 873 MAE MAPE RMSE
RF 0.0134 0.96% 0.0180
GBR 0.0110 0.79% 0.0158
CNN 0.0302 2.16% 0.0430
PSO-ISVR 0.0081 0.58% 0.0112
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