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Adaptive Path Tracking Predictive Control Method for Agricultural Machinery
Based on Strategy-based Multi-objective Optimization

LIU Huanyu TANG Jiacheng ZOU Shun ZHANG Lihan YU Hao WANG Shuang
(Institute of Modern Agricultural Equipment, Xihua University, Chengdu 610039, China)

Abstract; Aiming to enhance the path tracking capability of agricultural machinery in complex
environments, an adaptive predictive control method was proposed based on multi-objective optimization.
The goal was to reduce external disturbances and improve path smoothness. Firstly, a kinematic model and
error model of the machinery were developed, and its dynamic behavior under working conditions was
analyzed. The arctic parrot algorithm was introduced, with a comprehensive error objective function
designed for path tracking. By combining real-time feedback, AP adjusted model predictive control ( MPC)
parameters for better accuracy. Next, a multi-objective optimization algorithm was integrated with the MPC
cost function to improve tracking accuracy, smoothness, and stability. To address delays caused by
increased controller dimensionality, Latin hypercube sampling was used for efficient population
initialization, reducing computational load. An early stopping mechanism and fitness memory were applied
to accelerate the optimization process by halting iterations once a fitness threshold reached. Additionally, a
warm start technique based on historical data was introduced to shorten optimization time, enabling faster
application to new tasks. Simulation results at 1.0 m/s showed a lateral maximum absolute error of only
0.06 m, with an average error of 0.02 m, while running time remained comparable to traditional MPC
algorithms. Path smoothness was improved by 83% , indicating enhanced stability. In field tests, the
algorithm outperformed traditional MPC with error reductions of 33% , 35% , and 38% at speeds of 0. 5 m/
s, 1.0m/s, and 1.5 m/s, respectively. Path smoothness was increased by 40% , 51% , and 10% . These
results validated the effectiveness of this method in practical applications, ensuring stable performance
across complex scenarios and reducing path deviations due to external factors.

Key words: agricultural machinery path tracking; model predictive control; arctic puffin algorithm;

multi-objective optimization; hot start technology
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