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Abstract: To enhance the autonomous navigation and obstacle avoidance capabilities of logistics robots (AMRs) in com-
plex environments, and to address the issues of slow convergence speed and not optimized path planning in traditional Q-
Learning algorithms within dynamic settings, this paper introduces a fuzzy annealing algorithm to optimize path nodes and
search paths in the Q-Learning algorithm, and eliminate redundant nodes and unnecessary transitions. To balance the explo-
ration and exploitation in the Q-Learning algorithm, a greedy method is proposed to refine the search strategy. Additionally,
an improved dynamic window method is employed to enhance path nodes and smooth acceleration, and implement effective lo-
cal path planning. which significantly improves the search performance and efficiency of the enhanced Q-Learning algorithm
in AMR dynamic obstacle avoidance scenarios. The results demonstrate that the improved Q-learning algorithm effectively
optimizes the search path, adeptly avoiding both dynamic and static obstacles, with a distance advantage of at least 1 m over
other algorithms. The obstacle avoidance trajectory of the improved algorithm in local path planning is closer to expected val-
ues, achieving a maximum search time of no more than 3 s, which outperforms other algorithms. Furthermore, the enhanced
algorithm reduces the obstacle avoidance path length and motion time by more than 10% in various scenarios, with an obsta-
cle avoidance success rate of over 90%. This algorithm effectively meets the needs for efficient and safe operations of logistics
robots in engineering fields such as smart warehousing and intelligent manufacturing.
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