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ABSTRACT-The traditional electric current integral algorithm cannot accurately estimate a lithium-ion battery’s state of
charge (SOC) under complex discharge conditions. Therefore, in this study, a new estimation method based on a power
integral algorithm is proposed. First, the first-order Thevenin equivalent circuit model is selected, and the energy storage and
loss of the lithium-ion battery during charging and discharging operations are analyzed. Second, the inherent disadvantages of
the electric current integral algorithm are analyzed, and an SOC estimation based on the power integral algorithm is presented.
The error correction for the SOC estimation is derived using the extended Kalman filter (EKF). Using the established test
bench, the effects of environmental temperature, state of health, and current density on the SOC estimation are analyzed. The
experimental results show that the proposed method combining the power integral and EKF can accurately estimate the SOC

of a lithium-ion battery.
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NOMENCLATURE

SOC : state of charge

BMS : battery management system

HPPC : hybrid pulse power characteristic
SOH : state of health

UDDS : urban dynamometer driving schedule
EKF : extended kalman filter

CFD : computational fluid dynamics
PNGV : partnership for a new generation of vehicles
GNL : general nonlinear

oCcv : open circuit voltage

1. INTRODUCTION

Lithium-ion batteries have the advantages of high energy,
high specific power, low self-discharge rate, and no
memory effects. They are widely used in various fields,
including energy storage (Chen et al., 2020) and
transportation (Zhang et al., 2018). The state of charge
(SOC) characterizes the remaining capacity of the battery,
and its estimation is an essential component of battery
management systems (BMSs) (Li ef al., 2020). However,
the SOC estimation accuracy depends on the battery model
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and corresponding estimation method (Wang et al., 2019).

The chemical reaction inside a battery is a very
complicated nonlinear process, and it is difficult to describe
its characteristics. Several models of it have been presented
in the literature, including electrical, electrochemical, finite
element, and computational fluid dynamics (CFD) models
(Lakghomi er al., 2015); these all feature a simple and
intuitive electrical model. Xu and Fen (2019) analyzed the
advantages and disadvantages of various battery models,
including Rint, Thevenin, Partnership for a New Generation
of Vehicles (PNGV), and general nonlinear (GNL). The
Rint model does not reflect the transient response of the
battery, and its accuracy fails to meet the requirements. The
computational burdens of the GNL and PNGV models are
too large to be applied in industrial processes. The
Thevenin circuit model has the characteristics of a variant
order: its estimated accuracy varies with the model order.
Thus, it can reflect the transient response of the battery,
which makes it amenable to SOC estimation (Zhong et al.,
2017).

There are many types of battery SOC estimation methods,
including open circuit voltage (OCV), empirical formulas
and mathematical models, electrochemical impedance
spectroscopy, neural networks, and electric current integral
methods. Lee et al. (2008) reported that the OCV method
requires a long time to reset after the battery has been
discharged. Liu ef al. (2015) proposed an empirical formula



