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Abstract: Capacity and impedance are usually used as direct characteristics to determine the health status of
lithium-ion batteries, but they cannot be easily measured in a direct manner. Aimed at the problem of remaining useful
life (RUL) prediction for lithium-ion batteries, an indirect prediction method based on expectile regression (ER) is
proposed. First, several indirect health indicators which can characterize the performance decline of batteries are
extracted from the charging process of batteries, and the correlations with capacity are analyzed using the Pearson and
Spearman correlation analysis method. Second, a novel ER-extreme machine learning (ER-ELM) model is developed
by combining with ELM. The BFGS quasi-Newton method is introduced to optimize the parameters of the ER-ELM
model, and a lithium-ion battery RUL prediction model is established. Finally, the model is verified using the CALCE
lithium-ion battery data set. Results show that compared with the standard ELM model, the ER-ELM model has stable
output of prediction results, the maximum root mean square error of prediction results is 0.028 9, and all the values of
goodness of fit are above 98%, indicating a better performance in terms of tracking capacity decline and regeneration.
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