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Abstract: To address the challenge of achieving precise ground-following operation in complex paddy
field conditions for active mechanical weeders in paddy fields, this study proposed a multi-link ground-
following profiling mechanism capable of sensing lateral inclination and longitudinal depth. First, by
constructing a decoupled sensing model and kinematic models for both the multi-link sensing mechanism
and the adjustment mechanism, the mechanism'’s characteristics were analyzed, followed by verification.
Second, to address the nonlinear mapping issue between the inputs and outputs of the multi-link sensing

mechanism, a particle swarm optimization (PSO) algorithm was introduced to optimize its link length
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parameters, achieving a quasi-linear mapping relationship between the input of the driving member and the
output of the driven member. Third, to address the nonlinear signal transmission and time-varying
parameter characteristics of the control system, a fuzzy PID control algorithm was introduced. Its
performance was validated through a joint simulation model using Simulink and Adams. Finally, a ground-
following profiling mechanism test apparatus was constructed. The control algorithm was deployed on a
dSPACE semi-physical simulation test platform, enabling a comparative analysis between the optimized
method and traditional approaches. Results demonstrate that the proposed method achieved superior
steady-state response characteristics and accuracy compared to conventional approaches, significantly
enhancing the system’s ground-following profiling performance. Specifically, the standard deviation of
lateral tilt deviation was reduced by 56.56% . and the standard deviation of longitudinal depth deviation
was reduced by 46.19%. The proposed perception decoupling model, mechanism optimization method.
and control strategy enhance the ground-following profiling performance of paddy field weeders, offering a
novel approach for optimizing the ground-following profiling mechanism design of such machinery.

Key words: weeder; ground-following profiling; mechanism decoupling; mechanism optimization;

fuzzy PID control; semi-physical simulation
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