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Abstract: Battery state of charge (SOC) accuracy plays a vital role in a hybrid electric vehicle (HEV),
as it ensures battery safety in a harsh operating environment, prolongs life, lowers the cost of energy
consumption, and improves driving mileage. Therefore, accurate SOC battery estimation is the central
idea of the approach in this research, which is of great interest to readers and increases the value of its
application. Moreover, an accurate SOC battery estimate relies on the accuracy of the battery model
parameters and its capacity. Thus, the purpose of this paper is to design, implement and analyze
the SOC estimation accuracy of two battery models, which capture the dynamics of a rechargeable
SAFT Li-ion battery. The first is a resistor capacitor (RC) equivalent circuit model, and the second
is a generic Simscape model. The model validation is based on the generation and evaluation of
the SOC residual error. The SOC reference value required for the calculation of residual errors is
the value estimated by an ADVISOR 3.2 simulator, one of the software tools most used in automotive
applications. Both battery models are of real interest as a valuable support for SOC battery estimation
by using three model based Kalman slate estimators developed in Part 2. MATLAB simulations
results prove the effectiveness of both models and reveal an excellent accuracy.

Keywords: SAFT lithium-ion battery; Simscape model; 3RC ECM Li-ion battery model; state of
charge; ADVISOR estimate

1. Introduction

1.1. Literature Review

Nowadays the new technologies applied in batteries manufacturing industry “often demand
more compact, higher capacity, safe and rechargeable batteries” [1]. The batteries vary by different
chemistries and “generate the basic cell voltages typically in the 1.0 to 3.6 V range” [1]. The required
voltages and the currents of a battery pack are obtained by adding up the number of the cells in a series
connection to increase the voltage and parallel connection to enhance the current. It is important to
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