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State Estimation of Tractor Semi—trailer Based on Improved
Particle Filter

ZHAO Jinhai, WU Xiuheng,SONG Zhenghe", SUN Hao
(College of Engineering, China Agricultural University, Beijing 100089, China)

Abstract: Aiming at the problem that some key dynamical states of tractor semi—trailer cannot be measured and
the values of sensors are interfered by random factors such as engine vibration noise, an improved particle filter is
proposed to estimate the dynamical states of the driving tractor semi—trailer in real-time. This paper establishes a 17
degrees of freedom dynamical model of tractor semi-trailer first. By combining the particle filter principle and the
adaptive genetic algorithm to enhance the particle diversity, the piecewise proposal distribution function is
designed, and the systematic resampling method is used to suppress the particle regression. The in—time and
accurate estimation of longitudinal speed, lateral speed, yaw rate, and other states of tractor semi—trailer was
realized. A hardware—in—the—loop (HIL) simulation test platform was built to verify the algorithm under different
conditions. The testing results show that compared with the unscented particle filter algorithm, the improved particle
filter algorithm proposed in this paper can realize the state estimation of the whole vehicle under both ideal and
random noise environments, and has higher estimation accuracy.
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Fig.1 Dynamic model of tractor semi-trailer
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Fig.9 Hardware—in—loop test results under random noise conditions
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Tab.3 RMSE of estimation under random noise condition
G| YN, S A
T AR rad <) AR vl SR (rad<) BB S
me-s me-s

UPF 13.2827 9.866 5 0.488 9 2.0325 1.562 1 0.780 1
IPF 0.006 0 0.063 8 0.003 5 0.001 1 0.000 6 0.004 5
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