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NARMAX method for estimating the residual capacity of
Ni/MH battery pack for electric vehicle
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Abstract: An accurate state of charge(SOC) determines the residual diving distance of electric vehicles. For evaluating
the state of charge(SOC) of the Ni/MH battery pack for electric vehicle, we propose an identification approach using
NARMAX (nonlinear auto-regressive moving average with exogenous inputs) model. Employing the federal urban driving
schedule(FUDS) tested data and adopting the simplified linear approximation of NARMAX method, we build the multi-
input model for the SOC of the battery pack. This model is used for predicting the real-time SOC, and the results are
compared with the tested data. The comparison of the predicted results with the tested data shows that the proposed method

is simple and efficient. The maximum relative error of the estimation results is within 1%.
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Fig. 1 Measured power in FUDS experiment
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Fig. 2 Measured battery current in FUDS experiment
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Fig. 3 Measured battery voltage in FUDS experiment
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Fig. 4 Measured SOC output in FUDS experiment

4  PHR M (Indentification and prediction)
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Fig. 5 Input/output and random noise curve of identification
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Table 1 NARMAX identification results

EVERYT PHRSH bR 2
y(t—1) —0.90283  0.038160
uy(t—1) —0.16040  0.009100

ur(t—2)-ug(t—2)  0.08870  0.032600
u3(t — 3) —0.77540  0.052620

y(t —2) —0.20620  0.000308

y(t—3)-uz(t—4)  0.00650 0.006890
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Fig. 6 Convergence of model parameters estimation based on

recursive least squares method

P72 T A o - 00 e B A BRI AN 7T
PLFE AR 7 M S8 T SOCHE L TR, 45570 38 [ J&F ik
5199.65%.

032 T T T T T T T T T
— W
031k, TV JE1£99.65% ]

030

029

SOC(7) / dBW

0.28

027

0.26 : ;
9800 10000

1
9000 9200

94|00 96|00
t/s
7 SOCHEZMMAE 55 T {E bhs

Fig. 7 Comparison between the measured and estimated SOC
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Fig. 8 Auto-correlation function of residuals
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Fig. 9 Prediction error
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