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Abstract: To mitigate the impact of sensor faults in battery management systems on electric
vehicle performance, a fault diagnosis method based on likelihood ratio test theory is designed.
First, an equivalent circuit model of the battery is established and parameter identification is
performed. The extended Kalman filter (EKF) algorithm is used for state estimation of the

established battery model. Subsequently, based on the state estimation results, the terminal
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voltage residual of the battery is calculated. Considering the state of charge (SOC) estimation,
the likelihood ratio test method is applied to process the residual data, enabling diagnosis of
battery sensor faults and improving the efficiency of the fault detection method. Finally, the
effectiveness and adaptability of the algorithm are verified using battery operating condition
experimental data. The results show that this method can timely and accurately detect two types
of sensor faults. Under the given test conditions, for voltage faults, the diagnosis time required
based on terminal voltage residuals is within 20 s; based on SOC residuals, it is within 100 s. For
current faults, the diagnosis time based on terminal voltage residuals is within 20 s; based on
SOC residuals, it is within 400 s. Under the same test conditions, the diagnosis time using the
traditional cumulative sum (CUSUM) method is within 20 s, over 445 s, over 150 s, and over
1000 s, respectively. This demonstrates that the proposed method significantly reduces diagnosis
time. Additionally, the method exhibits good sensitivity to faults, enabling the detection of
minor sensor faults. It can still detect faults when the voltage fault signal is as low as 1% of the
normal voltage value. Moreover, the method remains effective in detecting faults even when
multiple faults occur in voltage and current sensors.

Keywords: battery model; likelihood ratio test; battery sensor failure; fault detection; residual
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Fig. 1 Second-order RC equivalent circuit model
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