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Abstract

To address the challenges of low operational efficiency and poor collaborative safety for heavy-duty
forklift groups in complex dynamic environments under heavy-load conditions and variable param-
eter disturbances, this paper proposes an adaptive collaborative optimization control architecture
based on multi-agent Systems (MAS). Firstly, a high-fidelity kinematic and dynamic model account-
ing for load offset and Ackermann steering constraints is established, with the Pacejka Magic For-
mula integrated to describe nonlinear tire force characteristics. Secondly, for heavy-load interfer-
ence, a data-driven control algorithm combining a Nonlinear Disturbance Observer (NDOB) and Adap-
tive Sliding Mode Control (ASMC) is designed to effectively suppress modeling errors and control
chattering caused by load fluctuations. At the swarm coordination level, a hybrid collaborative ar-
chitecture is proposed, utilizing a Load-Aware Particle Swarm Optimization (LA-PSO) for multi-ob-
jective task allocation, and combining a Predictive Artificial Potential Field (P-APF) method with
distributed consensus protocols to solve dynamic conflict resolution and velocity synchronization.
The simulation results demonstrate that the proposed method significantly improves path-tracking
accuracy and collaborative throughput while ensuring stability under heavy-load conditions, provid-
ing a theoretical foundation for the autonomous operation of large-scale forklift groups in indus-
trial settings.
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Figure 1. Pacejka longitudinal force curve
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Figure 4. Control input and tracking error
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