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Abstract

Aiming at the problems of precise formation and safe navigation in multi-agent cooperative trans-
portation of large-sized materials, a hierarchical control strategy is proposed. The upper layer adopts
an enhanced Jump Point Search (JPS) algorithm with safety distance constraints to plan a global safe
path. The lower layer builds an equivalent model of four-wheel steering with opposite-phase motion
based on Distributed Model Predictive Control (DMPC), and decouples the overall formation motion
from local formation shape control through a virtual leader-follower framework. Simulation results
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show that the proposed control strategy can effectively maintain a rigid formation shape in complex
environments while ensuring navigation accuracy and safety of the overall system.
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Figure 1. Two-wheel differential drive system
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Figure 2. Four-wheel inverse kinematics model
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Figure 4. Formation configuration, with the dashed line indicating the desired formation
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Figure 6. Formation tracking error
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