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Abstract

Lithium iron phosphate (LFP) batteries, renowned for their long lifespan, cost-effectiveness, and safety, have been widely adopted in
electric vehicles and energy storage systems. However, estimating the state of charge (SOC) of LFP batteries remains a challenging
task, particularly under extreme temperature variations. Current industry standards typically only achieve an error margin of << 5%,
which falls short of meeting the demands of high-end applications. To reduce SOC estimation errors, various extended Kalman filter
(EKF) methods have been developed, leveraging complex computational processes to improve accuracy at ambient temperatures. In
this study, we propose a parameter-preconditioned EKF method (PreD-R EKF) for LFP SOC estimation. Under standard discharge
conditions, the absolute error is reduced to << 2%. Combined with a hypothesis testing approach, PreD-R EKF demonstrates
adaptability to diverse operational scenarios and environmental conditions. Validation through both summer and winter vehicle
tests further confirms the reliability of our proposed method. This approach provides a truly engineering-ready algorithm for battery
management systems (BMS), enabling higher SOC calculation precision for LFP batteries.
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