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Collaborative Control of Irregular Paths for Hybrid Rice Seed
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Abstract; Pollination is a crucial link in hybrid rice seed production. Aiming at the problem that precise
position-velocity collaborative control is difficult to achieve in irregular fields for mechanical rope-impact
pollination in hybrid rice seed production, a dual-loop reinforcement learning-based collaborative control
algorithm for pollination units was proposed, which integrated proximal policy optimization ( PPO) and
soft actor-critic (SAC). The motion control of pollination vehicles was decoupled into subsystems with
relatively independent objectives: in the lateral direction, path curvature and its rate of change were
integrated into the PPO algorithm framework to achieve accurate tracking of curved field paths; in the
longitudinal direction, the relative longitudinal positions of unit members and output steering angles were
fused into the SAC algorithm framework to realize position-velocity control of master-slave vehicles. A
dual-loop PPO — SAC reinforcement-learning algorithm was constructed to realize precise coordination of
pollination vehicles. The effectiveness of the algorithm was verified through simulation tests and field
experiments. The results demonstrated that the dual-loop PPO — SAC algorithm outperformed single-
framework reinforcement learning algorithms. Its average path tracking error reached 0. 161 m, which was
29.9% lower than that of the single PPO algorithm; the longitudinal relative distance error was reduced
by 22.5% compared with that of the single SAC algorithm. In the simulated field operation test, the
longitudinal relative distance error was controlled within 0. 325 m, and the average coordination error in

actual field operation was 0.585 m, which met the operational requirements. The research result can
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provide a set of irregular path collaborative control algorithms suitable for hybrid rice seed production

pollination, featuring precise path tracking performance and collaborative operation capabilities, which

laied a foundation for the modernization and automation of hybrid rice seed production.
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Fig. 1  Collaborative pollination operation mode
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Fig.2 Kinematic model of pollination vehicle under Frenet
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