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Multi-robot Collaborative Scheduling Optimization Algorithm and Production
Line Simulation Verification for Intelligent Manufacturing

Quan Hao
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Abstract : To address the low scheduling efficiency caused by the resource coupling between processing
robots and material-handling robots (AGVs) in intelligent manufacturing workshops, a multi-robot
collaborative scheduling model is established with the makespan and total system energy consumption
as optimization objectives, comprehensively considering operation precedence, processing—robot
selection, and transport-task assignment. A reinforcement-learning—guided adaptive hybrid genetic
algorithm (AHGA) is proposed: a three-layer encoding of operation sequence, processing—robot
selection, and handling-robot selection is adopted; a Q-learning operator adaptively adjusts the
crossover and mutation probabilities; and a variable-neighborhood local search is designed to
enhance the optimization capability. Verification on extended benchmark instances and a digital-twin
production-line simulation platform shows that the proposed algorithm reduces the makespan and
total energy consumption by about 7% and 6% respectively compared with NSGA-Il and MOPSO,
with better convergence and stability, providing support for efficient collaborative scheduling of
intelligent manufacturing production lines.
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