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Abstract: To address the degradation of state of charge (SOC) estimation accuracy caused
by the hysteresis effect and voltage plateau of energy storage batteries, a SOC estimation
method based on an improved Prandtl-Ishlinskii (Pl) hysteresis model and an observability-
adaptive iterative cubature Kalman filter (OA-ICKF) is proposed. On the modeling side, a
quadratic correction function is adopted to improve the Pl model for characterizing the
asymmetric hysteresis of the open circuit voltage. On the algorithm side, the SOC correction
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strategy of the filter is continuously adjusted based on the open circuit voltage-SOC sensitivity
index and the open-circuit voltage curve slope. Iterative measurement updates are introduced
simultaneously to control the convergence to improve the SOC estimation accuracy under
strongly nonlinear conditions. The proposed method was validated using RegD dynamic test
data and actual operation data from an energy storage station. Under the RegD condition, the
absolute error in SOC estimation remains within 2%. Even when the model's initial SOC
deviates by 40% from the actual value, the maximum absolute error is only 2.06%. Under
0.5C and 0.25C charging conditions with energy storage station data, the root mean square
errors of SOC estimation are 0.718% and 0.594%. Under the practical operating condition of
two consecutive charge-discharge cycles, the mean absolute error and root mean square
error of SOC estimation are 1.79% and 2.10%, respectively. Ablation experiments show that
removing one or more components of the improved Pl model, the OA mechanism, or the
iterative measurement update significantly reduces the accuracy of SOC estimation, indicating
that all of the aforementioned improved modules are indispensable for enhancing the SOC
estimation accuracy. The proposed method accurately estimates the SOC of energy storage
batteries, providing support for the safe and efficient operation of energy storage stations.

Keywords: lithium iron phosphate battery; energy storage system; state of charge; hysteresis

effect modeling; observability-adaptive iterative cubature Kalman filter
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Fig. 7 Model verification based on operational data of energy storage station
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Table 3 SOC estimation errors using different

methods
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