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Abstract: Lithium iron phosphate (LFP) batteries are widely used in electric vehicles and
energy storage systems. However, their weak observability in the voltage plateau region,
together with the coupled effects of temperature drift, mechanical hysteresis, and aging on
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surface-force signals, reduces the accuracy of state of charge (SOC) estimation under
complex operating conditions. To address these issues, this paper proposes a physics-
informed entropy-weighted adaptive extended Kalman filter (PI-EWAEKF) method. First, the
physical mapping relationships of open-circuit voltage (OCV)-SOC and surface force-SOC are
established based on quasi-static calibration results. Second, incremental force analysis is
used to extract drift-resistant mechanical features, which are combined with OCV gradients to
construct a multi-source physical feature set. Furthermore, Shannon entropy and physical
gradients are jointly used to characterize the real-time confidence of voltage and surface-force
signals, which is then mapped into adaptive adjustment factors for the measurement noise
covariance matrix of the adaptive extended Kalman filter (AEKF), thereby enabling dynamic
allocation of multi-source observation weights. Experiments are conducted at 25 °C, 35 °C,
and 45 °C under state of health levels of approximately 100% and 91%, and are validated
using the federal urban driving schedule (FUDS), dynamic stress test (DST), and new
European driving cycle (NEDC). The results show that, compared with a voltage-only
observation model, the proposed method reduces the root mean square errors under FUDS,
DST, and NEDC profiles at 25 °C from 4.13%, 3.70%, and 4.10% to 0.96%, 0.97%, and
0.79%, respectively, with a maximum reduction of approximately 80.7%. Under coupled high-
temperature and aging conditions, the proposed method still maintains low error levels,
demonstrating its estimation accuracy and robustness under complex operating conditions.
Keywords: lithium iron phosphate battery; state of charge estimation; physics-informed
guidance; multi-source information fusion; Shannon entropy; entropy-weighted
adaptive extended Kalman filter
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Fig. 1 Schematic diagram of the experimental
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Fig. 2 Quasi-static voltage and surface-force
characteristics versus SOC at 25 C
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Table A.1 Calculation procedure of the proposed PI-EWAEKF for SOC estimation of LFP batteries
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Table A.2 Hyperparameter settings of the PI-EWAEKF method
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Fig. A.2 Identification results of second-order RC
model parameters: (a) resistance parameters; (b)
capacitance parameters



