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Research on SOC Estimation of Lithium-ion Battery Based on
WOA Optimized Extended Kalman Algorithm
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(1. School of Electric Power, Shenyang Institute of Engineering, Shenyang 110136, China; 2. Marketing Service Center,
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Abstract: The development of industry and economy has caused a huge consumption of energy, which brings serious
energy crisis and environmental pollution. Therefore, building a safe and clean energy interconnection network is a way to
solve the relationship among social development, environment and energy at present. Nowadays, different countries have
proposed their policies for the development of new energy electric vehicles (EVs). As the core component of EVs, lithium-ion
batteries are directly related to the driving performance and safety of EVs. The state-of-charge (SOC) estimation is a core
parameter of lithium-ion batteries used in various industries, and the estimation accuracy is directly related to the service life
and efficiency of batteries. In this paper, the problem of battery SOC estimation accuracy in EV applications is studied, and an
SOC estimation method based on the extended Kalman filter (EKF) optimized by the whale optimization algorithm (WOA) is
proposed. On the basis of constructing the covariance matrix of system noise and observation noise, the improved and

optimized WOA-EKF algorithm is used to optimize the noise covariance matrix under dynamic conditions, thus improving the
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SOC estimation accuracy. The model parameter identification and
comparative simulation verification are carried out in MATLAB/
Simulink. Results show that the SOC estimation of lithium-ion
batteries based on the WOA optimized EKF algorithm can control
the SOC estimation error to be within 2% under different working
conditions, which is of significance to the promotion of develop-
ment of batteries in the new energy field.

Keywords: Lithium-ion battery; state-of-charge (SOC)

estimation; observation noise; whale optimization algorithm-
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extended Kalman filter (WOA-EKF)
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Fig. 1 Third-order dynamic equivalent model of

lithium-ion battery
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Tab. 1 Main performance parameters of battery sample
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Tab. 2 Offline identification test data
SOC R, R, R, C, C, G

1.00 0281 0.056 0.009 565 4104 835
0.90 0.278 0.057 0.008 625 5028 970
0.80 0.264 0.062 0.009 570 4104 853
0.70  0.260 0.058 0.036 541 1029 795
0.60 0260 0.046 0.046 778 3581 1020
0.50 0.600 0.042 0.016 761 2582 1080
040 0260 0.043 0.015 780 2170 1133
0.30 0.268 0.045 0.026 845 1303 1205
020 0265 0.049 0.037 897 1365 1238
0.10  0.257 0.065 0.016 452 2141 655
0.05 0.349 0.195 0.056 443 2230 108
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