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Abstract: To address the challenges of inaccurate state of charge (SOC) estimation and poor
robustness in non-Gaussian noise environments, an extended Kalman filter algorithm based on the

generalized mixed maximum correntropy criterion (GMMCC-EKF) is proposed. The algorithm employs
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a kernel function composed of two generalized Gaussian functions to derive the generalized mixed

correntropy, inheriting the flexibility of generalized Gaussian kernels. Through statistical
linearization techniques, both state errors and measurement errors are incorporated into a unified
cost function, and the optimal estimation of nonlinear equations is obtained via fixed-point
iteration. By integrating the generalized mixed maximum correntropy criterion with the extended
Kalman filter, the algorithm enhances stability in non-Gaussian noise environments and improves
accuracy in processing complex data. To validate the algorithm’s effectiveness, two different
types of lithium-ion batteries are tested under dynamic stress test (DST) conditions and new
European driving cycle (NEDC) conditions at various ambient temperatures (10°C, 25°C, and 40°C).
Experimental results demonstrate that at 25 °C under uniform mixed noise conditions, the
GMMCC-EKF algorithm improves estimation accuracy by 90. 1% and 83. 9% compared to the
conventional extended Kalman filter (EKF) and maximum correntropy criterion EKF (MCC-
EKF), respectively, for No. 1 battery 1. Similarly, for No. 2 battery, accuracy improves by
72.4% and 47.4%. The algorithm also maintains superior performance at 10 °C and 40 °C. Under
Laplacian mixed noise conditions at 25°C, the GMMCC-EKF algorithm exhibits significant
accuracy improvements for both No. 1 battery and No. 2 battery compared to the other two algorithms.
Additionally, with erroneous initial values, the GMMCC-EKF algorithm rapidly converges to the
true SOC. The proposed algorithm demonstrates high estimation accuracy, strong adaptability,
and superior robust performance, providing an effective solution for SOC estimation in non-
Gaussian noise environments.

Keywords: state of charge; generalized mixture maximum correlation-entropy criterion; extended

Kalman filter; non-Gaussian noise
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Fig. 1 Second-order RC equivalent circuit model of

lithium-ion battery
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Fig. 2 Current-voltage curves under DST condition
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Fig. 3 Current-voltage curves under NEDC condition
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