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Abstract: To address the complex spatio-temporal coupling relations and frequent multi-source
uncertainties (e. g., equipment failures and processing time fluctuations) in the production-logistics

synchronized scheduling of matrix cellular manufacturing systems, a multi-scenario multi-objective robust
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optimization approach was proposed. First, a scenario-based method was employed to characterize
multi-source uncertainties, and a multi-objective robust optimization model was developed to
minimize the order synchronization time, production-logistics synchronization time, and makespan. Second,
a multi-scenario robust simulated annealing (MRSA) algorithm was designed, incorporating a
self-adaptive weight adjustment mechanism to dynamically smooth dimensional differences among
multiple objectives. By monitoring the normalized deviation of the population in each objective
dimension, the algorithm achieves an efficient and balanced search of the solution space. Simulation
experiments across various problem scales demonstrate that, compared to the nominal deterministic
model, the proposed robust scheduling model improves the conditional value at risk (CVaR) of
core indicators (e. g., makespan) by over 45% under low, medium, and high uncertainty scenarios.
Furthermore, compared to the fixed-weight multi-scenario simulated annealing (FW-MSA)
algorithm, MRSA achieves a significant 20%—40% improvement in key performance indicators
(KPIs).

optimize both production efficiency and risk mitigation.

The results confirm that the proposed model and self-adaptive algorithm effectively

Keywords: matrix-based cellular manufacturing system; production-logistics synchronization;

uncertainty; multi-objective robust optimization; self-adaptive algorithm
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Table 1 Test instance generation and parameter settings
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Fig. 2 Comparison of algorithm convergence
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Table 3 Comparison of order synchronization statistics in large-scale instances
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Table 4 Comparison of production-logistics synchronization statistics in large-scale instances
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