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Soybean inter-plant seedling avoidance and weeding controlbased on
Fuzzy-LADRC optimized by MSWOA

Lu Xiaojie'® Wang Wencheng'”® Yu Zhike'* Xu Shilin'"*  Zheng Shihan'*
(1. Key Laboratory of Advanced Manufacturing and Automation Technology. Guangxi Universities,Guilin 541006, China;

2. School of Mechanical and Control Engineering, Guilin University of Technology,Guilin 541006, China)

Abstract: Aiming at the problems of difficult parameter tuning, poor anti-interference ability and low trajectory
tracking accuracy of automatic weeding control systems in complex field operating environments, which lead to
difficulties in mechanical seedling avoidance and weeding between soybean plants and a high seedling damage rate, a
soybean inter-plant seedling avoidance and weeding control system optimized by ( multi-strategyimproved whale
optimization algorithm, MSWOA) is proposed. This system controls the angular velocity of the stepper motor to
achieve precise seedling avoidance and weeding with the weeding knife. Firstly, a mathematical model for inter-plant
seedling avoidance and weeding is established, and a fuzzy controller is combined with a linear active disturbance
rejection controller (LADRC) to improve the anti-disturbance performance of the system. Secondly, the MSWOA is
used to tune the key parameters of the fuzzy-linear active disturbance rejection controller ( Fuzzy-LADRC).
Comparative tests with benchmark functions prove that MSWOA has better optimization performance and stability.
Finally, simulation experiments are conducted on the inter-plant weeding control system model to determine the
optimal control method. The simulation results show that the improved algorithm-based control method exhibits faster
convergence speed and higher convergence accuracy compared with other control methods, effectively enhancing the
system’s control performance. Specifically, the Fuzzy-LADRC control system optimized by MSWOA reduces the
disturbance recovery time by 86.0% and 10. 9% respectively in contrast to the traditional PID and LADRC control
systems. Additionally, by comparing the parameter tuning effects of MSWOA with other algorithms, the superiority
of the improved algorithm in this control system is further verified. This control system possesses distinct advantages
in anti-disturbance capability and response speed, enabling it to adapt to complex field working environments and meet
the control requirements for precise seedling avoidance and weeding operations.

Keywords: inter-plant weeding; fuzzy-linear active disturbance rejection control; multi-strategy improved whale
optimization algorithm ; parameter optimization
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Fig. 1 Schematic diagram of weeding device
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Fig. 2 Flow chart of visual inspection scheme
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Fig. 3 Working principle of inter-plant seedling avoidance and weeding
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Fig. 7 Convergence curves of each algorithm
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Fig. 8 Response curves of different control strategies under

step disturbances
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Fig. 9 Response curves of different control strategies under

periodic disturbances
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