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Dual Adaptive Extended Kalman Filter for Dynamic State of
Charge Estimation of Lithium-Ion Batteries

Yu-Sheng Liao , Ping-Chun Hsu, Pei-Zhang Chen , En-Jui Liu”*

Abstract

With the rapid growth of the global electric vehicle market, lithium-ion batteries become
the dominant power source due to their high energy density and long cycle life. In battery
management system (BMS), accurate estimation of the state of charge (SOC) is the key
technique which directly attests diving range prediction as well as battery safety and lifespan.

At present, the extended Kalman filter (EKF) is widely used for SOC estimation in
practical applications. It linearizes nonlinear systems through Taylor series expansion and
combines model predictions with measurement data to estimate system states. However, the
EKF heavily depends on model accuracy, is sensitive to measurement noise, and may
introduce linearization errors. Under dynamic load conditions or complex driving scenarios,
its reliability can degrade significantly.

To improve adaptability and estimation accuracy, this study proposes an adaptive SOC
estimation framework. First, forgetting factor recursive least squares (FFRLS) method is
employed to identify battery model parameters in real time, allowing the model to closely
track actual operating conditions. The identified parameters are then incorporated into dual
adaptive extended Kalman filter (DAEKF) for dynamic SOC estimation. The DAEKF
adaptively updates the process and measurement noise covariance matrices based on
incoming measurements, enabling robust and accurate estimation under highly nonlinear and
uncertain environments.

Experimental results demonstrate that the proposed FFRLS-DAEKF approach achieves
fast and stable computational performance, significantly improving SOC estimation accuracy
and environmental adaptability. This ensures reliable operation and safety of electric vehicles
under various driving conditions and provides a practical and promising solution for
advanced battery management systems.

Keywords: Dual Adaptive Extended Kalman Filter, Forgetting Factor Recursive Least
Squares, State of Charge Estimation, Lithium-Ion Batteries, Battery Parameter
Identification
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Battery (Parameters) Specifications (Value)

Capacity Rating 2000 mAh

Cell Chemistry LiNiMnCo/Graphite

Weight (w/o safety circuit) 45 g

Diameter 18.33 mm + 0.07 mm

Length 64.85 mm + 0.15 mm

Special Notes Tab length not included in the dimensions
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