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Early diagnosis of internal short circuit in lithium-ion batteries
based on incremental capacity curves
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(1. Guangdong Yingtong Zhilian Digital Technology Co. , Ltd. , Foshan 528000, Guangdong, China;
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Abstract: To address the challenges of detecting the concealed early-stage characteristics of internal short circuits (ISC) in lithium-ion
batteries, and the inability of existing methods to simultaneously capture local features and model temporal evolution, this study proposes a
diagnostic method based on a hybrid convolutional neural network ( CNN) and long short-term memory ( LSTM ) architecture. This
approach aims to enhance the battery management system’s (BMS) capability to perceive and classify micro-short circuit faults of varying
severities. First, leveraging the high sensitivity of incremental capacity (IC) curves to internal electrochemical phase transitions, charging
voltage data is converted into IC curves to amplify subtle fault signals. A fast fourier transform ( FFT) is then introduced to filter high-
frequency noise generated during the differentiation process, effectively preserving key peak and valley features of the curves. Subsequently,
a series CNN-LSTM network is designed, a one-dimensional CNN extracts local spatial morphological features from the IC curves, while
the LSTM captures the long-term dependency rules of fault evolution over time, establishing an end-to-end fault diagnosis model. In the
experiments, four fault states ranging from early-stage micro-short circuits to severe short circuits were simulated by connecting resistors of
different resistance values in parallel to 18650 batteries, constructing a balanced dataset containing 5 000 samples. The results demonstrate
that the proposed method achieves a test accuracy of 88. 62% in the five-category classification task, with the recognition rate for severe
short circuits reaching 93. 5%. Comparative analysis confirms that the performance of this hybrid model is significantly superior to that of
standalone CNN or LSTM networks. It effectively distinguishes the severity of internal short circuits, providing a high-precision technical
solution for intelligent battery safety early warning systems.

Keywords: lithium-ion battery; internal short-circuit detection; convolutional neural network; long short-term memory network;
incremental capacity curve
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Tab. 1 Basic battery parameters
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