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Abstract

Early quality classification of lithium-ion batteries is crucial for improving their overall performance.
However, relying solely on end-of-life (EOL) prediction of individual cells is insufficient. Due to the
diverse aging mechanisms, complex chemical changes, and variations in environmental and usage
conditions, even cells operated under identical accelerated aging protocols can exhibit significantly
different degradation rates. This variation directly affects the accuracy of early quality classification
and compromises the safety and reliability of battery pack assembly. To address this challenge, a
dataset comprising 154 18650-type ternary lithium-ion batteries cycled under identical acceler-
ated aging conditions was developed. A semi-supervised learning approach is proposed for EOL pre-
diction. Specifically, a generative Masked Autoencoder (MAE) is pre-trained using abundant unla-
beled data from the first three cycles to enable automatic feature extraction, thereby avoiding the
distortion and high costs associated with manual feature engineering from charge/discharge data.
The pre-trained model is then fine-tuned using a small amount of labeled data to achieve high-ac-
curacy EOL prediction. Evaluation results show that this method is highly effective: using only 20%
of the labeled data reduces the RMSE on the validation set to 2.3%. This study presents a novel ap-
proach for early quality classification of lithium-ion batteries using unlabeled data and demon-
strates promising application potential.
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Table 1. Basic performance parameters of the experimental battery
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Figure 2. Diagram of the experimental equipment
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Figure 3. Capacity decay curves of dataset battery samples
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Figure 4. Lithium-ion battery degradation curves after filtering
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Figure 5. Scheme for constructing virtual batteries using sequence-based sampling
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Figure 9. Predicted capacity for 100 cycles and prediction percentage errors with different parameter sets
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Figure 10. Performance evaluation of predictions across different cycling periods
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