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Abstract: To improve the accuracy and reliability of vehicle driving state estimation, a
hierarchical estimation method of vehicle longitudinal force and sideslip angle is proposed. A
weighted cubature Kalman filter for vehicle driving state estimation is designed, where the
covariance matrix of measurement noise is adjusted with the moving window estimation method.
And according to the usefulness of the information at different sampling moment to the
measurement noise statistics, the weight of information is dynamically adjusted to improve the
filtering accuracy of vehicle state observer. Following the characteristics analysis for the electric
drive wheel model and considering the tire relaxation length, the longitudinal force differential
equation is constructed, and the longitudinal force observer is designed. According to the
longitudinal force estimation, the upper longitudinal force estimation is regarded as the pseudo
measurement, and a vehicle state estimation strategy based on cascaded Kalman filter is designed

via three-degree-of-freedom vehicle dynamics model to achieve the estimation of vehicle sideslip
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angle.

Joint simulation test in CarSim/Simulink under variable-speed sinusoidal-steering

manoeuvre condition and fixed-speed fishhook-steering manoeuvre condition, as well as real

vehicle test, is carried out. The results show that the proposed estimation method has high

estimation accuracy and real-time tracking effect, and the overall estimation accuracy is improved

by 6. 82% compared with that of the extended Kalman filter.

Keywords: vehicle state estimation; longitudinal force; cubature Kalman filter;

hierarchical estimation
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