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States estimation of a distributed drive electric vehicle
based on adaptive extended Kalman filter

Zhiyong ZHANG Y2, Shuzhi ZHANG ?, Caixia HUANG 2, Liuzhu ZHANG?, Bohao LI ?
1Key Laboratory of Lightweight and Reliability Technology for Engineering Vehicle, Changsha 410114;
2College of Automobile and Mechanical Engineering, Changsha University of Science and Technology, Changsha 410114;
3.College of Mechanical and vehicle Engineering, Hunan university, Changsha 410082
Email: zzy04@163.com

Abstract: Using the characteristics of the torques and speeds of four wheels can measurement directly in a
distributed drive electric vehicle, a three degree of freedom vehicle state estimation model is established to
estimate the longitudinal velocity and the side angle of central gravity. With normalized innovation square,
the validity of vehicle state estimation is detected and the sliding window length is adjusted adaptively. An
adaptive adjustment strategy of the gain of Kalman filter and the covariance matrix of state estimation error
are then proposed based on the statistical characteristics of innovation. The influence mechanism between the
adaptive parameters and the steady-state error of vehicle state estimation and the dynamic of state response
speed are analyzed. The numerical simulation and experiment are proved that the proposed algorithm of
vehicle state estimation based on adaptive extended Kalman filter not only can improve the estimation
accuracy, and possess strong robustness to the initial value of measurement noise covariance matrix. The
deployment of estimation algorithm based on the MCU of SMT32F407 verify that the proposed algorithm is
strong real-time and easy to implement.
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Figure 1. 3-DOF vehicle dynamic model
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Figure 2. Estimation process of adaptive extended Kalman filtering
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Figure 12. Input signals of vehicle state estimation algorithm
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Figure 13. Comparison of estimated and measured states
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Figure 13. Calculation load of PAEKF
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