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An accurate estimation of the state of charge (SOC) is necessary for optimal management of the energy in electric
vehicles (EV) and protection of the battery from going to the deep discharge or overcharge conditions. Nowadays,
many different artificial intelligence methods have been broadly developed and applied to this problem. In this paper,
support vector regression (SVR) and semi-parametric models are combined to improve the accuracy of estimation.
The motivation of this idea stems from the similarity of the optimal hyper-plain of SVR and the equation used in
parametric regression models. However, to have a more flexible and accurate model, semi-parametric model is used.
In fact, semi-parametric model plays the role of compensation for the approximation error of the SVR. For validation
of the proposed method, various profiles of currents are used. Comparison of SVR, Radial basis function (RBF) neural
network, multilayer perceptron (MLP) neural network with the proposed method, shows that the proposed method is
more accurate in SOC estimation. In addition, the proposed method shows high accuracy and fast convergence in real-
world implementations. The results based on Urban Dynamometer Driving Schedule (UDDS) shows the superiority
of the proposed approach under realistic operating conditions.
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Fig. 1 Classification of SOC estimation models
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Table 2 Specifications of electric vehicle battery under test [V'Y]

Y8650 Li-ion Battery (3.3V/1.4Ah)

Item Specification
Model NO. 3.3V_1400 mAh
Nominal Capacity 1400 mAh
Nominal Voltage 33V

Charging Voltage 3.65V

Charging Method Constant

current/Constant voltage
1.5*Nominal

tandard Chargi
S.an ard Charging Capacity/Charging
Time
Current
Disch: t off
1scharge cut o 20V

Voltage
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Table 3 Evaluation metrics for estimation of the SOC for a Li-Ion battery in pulse current profile illustrated in Fig. 5 using different methods

L. Evaluation criteria
Current profile Estimation Method -
R MSE (x 10™%) RMSE
RBF 0.9992 1.628 0.0128
Pulse current (Fig. 5) MLP 0.9994 1.285 0.0113
SVR 0.9944 11 0.0329
SP-SVR 0.9996 0.68 0.0083
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Table 4 Evaluation metrics for estimation of the SOC for a Li-Ion battery based on the current profile illustrated in Fig. 6 using different methods

Evaluation criteria
Current profile Estimation Method 2

R MSE (x 107%) RMSE

RBF 0.9811 15 0.0391

MLP 0.9955 49024 0.0221

current profile illustrated in Fig. 6

SVR 0.9977 2.1026 0.0145

SP-SVR 0.9982 1.4 0.0122
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Table 5 Evaluation metrics for estimation of the SOC for a Li-Ion battery based on the current profile illustrated in Fig. 7 using different methods

Evaluation criteria
Current profile Estimation Method -

R MSE (x 107%) RMSE

RBF 0.9921 7.9163 0.0281

MLP 0.9973 2.4266 0.0156

Current profile illustrated in Fig. 7

SVR 0.9984 1.6629 0.0129

SP-SVR 0.9987 1.2731 0.0113
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Table 6 Evaluation metrics for estimation of the SOC for a Li-lon battery based on the current profile illustrated in Fig. 18 using different methods

. . Evaluation criteria
Current profile Estimation Method -

R MSE (x 107%) RMSE

RBF 0.9991 1.5051 0.0122

MLP 0.9986 1.3258 0.0115

Current profile illustrated in Fig. 18

SVR 0.9983 2.5638 0.0160

SP-SVR 0.9998 1.1622 0.0107
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