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Abstract ;. The diversity of battery types, the variability of operating environments, and the inconsistency of operating states pose significant
challenges to the prediction of the state of charge (SOC) of lithium batteries. To address this issue, this study proposes and evaluates five
transfer learning strategies, which are integrated with a deep learning model composed of a convolutional neural network (CNN) and a
bidirectional long short-term memory network (Bi-LSTM). The proposed model is validated under different battery types and operating
environments. Specifically, the CNN is first employed to extract local features from time-series data, including battery voltage, current, and
temperature. Subsequently, the Bi-LSTM is used to capture both forward and backward temporal correlations during battery operation,
thereby enhancing the model’s ability to represent complex dynamic variations. On this basis, different transfer learning methods, including
fine-tuning, hybrid transfer, and feature extraction, are adopted to analyze the SOC prediction performance of the model in cross-
temperature and cross-battery scenarios. The experimental results show that the transfer learning strategies significantly improve the
adaptability of the model to batteries with different chemical compositions and physical structures. Among them, the feature extraction and
fine-tuning strategies effectively enhance the prediction accuracy and robustness in dealing with the nonlinearity and uncertainty of battery
behavior, demonstrating the potential of transfer learning for practical applications in battery management systems.
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Tab.3 SOC prediction results of the cross-temperature transfer experiment %

H AR R -20 C

HAREEEL 0 C H AR 3% 25 °C

TR A

MAE RMSE MAE RMSE MAE RMSE

sl R el 12. 60 13. 10 7. 40 8.92 13.30 13.70
W 3.87 4.43 2.80 4.26 2.50 3.25
e 3.96 4.59 2.63 4.15 2.69 3.78
FEIEFRE 1 2.27 2.56 2.22 2.63 1.90 2.32
FRIESEHL 2 2.23 2.49 2.18 2.56 1.94 2.37
FRAEHEHERL 3 2.25 2.53 2.21 2.61 1.93 2.34
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Tab.4 SOC prediction results of the cross-battery transfer experiment %
45 100 WAGER 45 200 YKAGER 55 300 YAHFR

MAE RMSE MAE RMSE MAE RMSE

il e ceii] 22.30 24. 80 14.90 17.70 14.20 15. 40
T 8.89 10.1 9.80 10.98 8.15 9.20
bR 9.18 10.7 9.88 10.70 8.50 9.22
FRIEFEHL 1 6.08 7.12 5.12 6. 80 4.45 6.48
FRIESRIR 2 6.02 7.05 5.23 6.73 4.50 6.46
FRIEHRHL 3 6.33 7.28 5.33 7.22 4.44 6.45
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