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Abstract: A new algorithm for vehicle mass estimation was
studied based on the on-road test of an in-wheel motor
vehicle. Containing the road gradient information in the
longitudinal accelerometer signal, the algorithm removed the
road grade from the longitudinal dynamics of the vehicle.
Then., two different recursive least squares (RLS) schemes
were proposed to estimate the driving resistance and the mass
independently based on the acceleration partition.
Experiments on the asphalt road, the plastic runway, and the
gravel road as well as experiments with road grade were

carried out. The estimation errors and the result convergence
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were analyzed. Then, according to several critical operating
conditions, the adaptability of the algorithm was improved.
The experimental data show that the estimation error is
within 2. 5% with various masses and different roads, which
indicates that the algorithm can accurately estimate mass and

its engineering application is valuable.

Key words: mass estimation; driving resistance estimation;

electric vehicle; in-wheel motor; recursive least square
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Tab.1 The specifications of the test vehicle and the in-wheel motor
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Tab.2 Estimation results with different acceleration limits

am/(m * s72)

ar/(m e« s ?%)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0.1 1. 95 1.74 1. 74 1. 54 1. 54 1.54 1.56 1. 45 1. 49 1. 14
0.2 1. 87 1. 86 1. 66 1. 66 1. 66 1. 68 1. 57 1.61 1. 26
0.3 1.55 1. 35 1. 35 1. 35 1.37 1. 27 1.31 0.97
0.4 1.16 1. 16 1. 16 1.18 1.08 1.13 0.79
0.5 1. 18 1.18 1.21 1.11 1. 16 0. 81
0.6 1.18 1. 21 1. 11 1. 16 0. 81
0.7 1. 56 1. 46 1. 50 1. 15
0.8 1. 56 1. 60 1.25
0.9 1. 94 1. 57
1.0 1.76
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Fig.4 Estimation process on the asphalt road
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Tab.3 Estimation results on the asphalt road

1196 kg 1254 kg

HI it/ ke it it/ ke iR/ %
1018 1 030 1.2
1079 1096 L5
1138 1121 —1L5
1196 1179 —1.4
1 254 1233 —1.7
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Fig.5 The estimation process on the plastic runway
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Tab.4 The estimation results on the plastic runway

S ke it Bt/ kg iR/ %
1018 1035 1.7
1079 1106 2.5
1138 1136 —0.2
1196 1187 —0.8
1 254 1230 —1.9
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Fig.6 The estimation process on the gravel road
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Tab.5 The estimation results on the gravel road

HE i/ kg it Bt/ kg iR/ %
1018 1017 —0.1
1079 1083 0.4
1138 1120 —16
1196 1196 0
1 254 1262 0.6
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Fig.7 The estimation process with the negative

road grade
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Fig.10 Estimation process with a durative
small throttle
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Fig.11 Estimation process with a fluctuant throttle
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estimation algorithm
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