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Guided Trajectory Planning Method for Tractor Autopilot System

JIA Quan ZHANG Xiaochao YUAN Yanwei ZHAO Bo WEI Liguo FU Tuo
( Chinese Academy of Agricultural Mechanization Sciences, Beijing 100083, China)

Abstract: The existing tractor autopilot system relies on the built-in path tracking algorithm to approach a
target point on the global path when the driver starts the navigation mode at any position in the field. The
tracking path will produce a shock phenomenon near the target point, it will affect the path tracking
accuracy, and the entire approach process is uncontrollable. In order to solve this problem, a guided
trajectory planning method based on third-order B-spline theory was proposed. The trajectory with the
minimum length was taken as the desired path, the maximum curvature constraint, the maximum steering
angle constraint and the heading of starting goal point constraint were taken into account. Quantum
genetic algorithm (QGA) was used to optimize the control points, and finally the B-spline theory was
used to generate a smooth desired trajectory. Four kinds of operating conditions were tested in Matlab
environment. The simulation results showed that the B-spline theory based on the QGA could be used to
obtain a trajectory satisfying the multiple nonlinear constraints, and the trajectory curvature change was
continuous, which was beneficial to the path tracking controller. A field test was carried out, and the
results showed that the pure pursuit algorithm alone had a travel distance of 78.6 m, and the travel
distance based on the guided trajectory planning method was 23.7 m. Compared with the existing
autopilot system, the trajectory planning method based on B-spline theory was helpful to control the shape
of tracking path and improve the controllability of approach process.
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Tab.3 Trajectory control points for four operating conditions m
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Tab.4 Optimal solution and guidance trajectory length
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