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Estimation of Vehicle Speed and Tire-Road Adhesion Coefficient by
Adaptive Unscented Kalman Filter
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Abstract: An adaptive unscented Kalman filter (AUKF) algorithm for estimating vehicle speed
and tire-road adhesion coefficient, the essential information for the active safety systems, is
proposed. 7-DoF nonlinear vehicle dynamics model containing varying statistical noise
characteristics is established as the nominal model. To solve the effects from varying statistical
noise characteristics on the estimation accuracy and stability, the proposed algorithm adopts the
traditional unscented Kalman filter to estimate vehicle speed and tire-road adhesion coefficient,
and the suboptimal Sage-Husa noise estimator is used to update the statistical noise characteristics
of the system simultaneously, where the forgetting factor limits the memory length of noise
estimator to enhance the role of the new data and to forget the old data gradually. In the real
vehicle experiment environment, the performance of the proposed algorithm is verified and
compared with that of unscented Kalman filter for a variety of maneuvers and road conditions.
The tests indicate the better robustness and estimation accuracy of this AUKF algorithm, which

meets the requirements of the active safety systems.
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