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Estimation Approach of Road Friction Coefficient Based on Nonlinear Observer

DING Xi-ying, PEI Yan-liang,ZHANG Hong-yue, YU Hua

(School of Electrical Engineering, Shenyang University of Technology, Shenyang, Liaoning 110870, China)

Abstract: In this paper, an algorithm for estimating road friction coefficient based on nonlinear observer is proposed. To solve the problem
of the real-time estimation of road friction coefficient while steering, a nonlinear vehicle model is established, and a full-order observer is
developed to estimate front tire aligning moment. According to the vehicle lateral dynamic characteristics, and the error between the measure-
ments of vehicle sensors and the outputs of vehicle model as observer’s Luenberger-type feedback terms, the vehicle sensors are fully used. By
means of Lyapunov stability theory, the observer gain is confirmed, and the estimated algorithm is verified under Matlab/Simulink environment.

The simulation results show that the estimated algorithm has a good performance under different road conditions.
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Fig. 2 Lateral force/self-aligning moment of Brush tire model
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Tab. 1 Vehicle parameters
R H X R H X
mikg 1412 h/m 0.54
a/m 1.016 I/kg * m? 1523
b/m 1.562 cp/N *m’? 790 000
I/m 0.178
ko AR B A A
Tab. 2 Gain parameters of nonlinear observer
R H B R H B
k, 2.5 X107 k, 1.8 X 1078
k, 2.8 X 106 k, 1.9 X 10
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Fig. 4 Steering wheel angle
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Fig. 5 Estimated results while the road friction coefficient is 0.5
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Fig.6  Estimated results while the road friction coefficient is 0.8
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