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ABSTRACT: To address the low estimation accuracy and poor robustness of traditional Kalman
filters when applied to high—dimensional, strongly nonlinear vehicle state parameter estimation, a

multi—axle special vehicle state observer based on the cubature Kalman filter (CKF) was pro-
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posed. First, a nonlinear three-degree—of-freedom dynamic model was established based on multi—
axle special vehicles, and used as a state parameter estimation model. Subsequently, a CKF-
based state-parameter estimation algorithm was designed to estimate the state parameters of multi-
axle special vehicles. Finally, a Simulink / TruckSim co-simulation platform was constructed to
validate the proposed method through simulations. The simulation results show that under the
double—shifting line scenario, the root mean square errors (RMSEs) of the estimated yaw angu-—
lar velocity, longitudinal velocity, and lateral velocity obtained via the CKF method are reduced
by 45.45%, 68.44%, and 6.50%, respectively, compared with those of the traditional unscented
Kalman filter (UKF) . Under serpentine conditions, the RMSEs of the yaw angular velocity, lon-
gitudinal velocity, and lateral velocity estimated using the CKF method are reduced by 85.71%,
88.89%, and 7.46%, respectively, compared with those of the UKF method. The results demon-
strate that the proposed CKF algorithm significantly enhances the estimation accuracy and robust-
ness of vehicle state parameters under complex conditions, therby providing a new reliable state
reference for multi—axle special vehicle chassis control.
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