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Abstract

Train group operation is an important way to enhance the capacity of overloaded railways through
increased frequency. This study aims to improve the efficiency of train schedule planning for single-
track overloaded railways under the group operation model. It proposes methods for representing
essential information such as interval running times, station stop times, and locomotive turnaround
times. The analysis includes constraints like station spacing, train passing, and prohibiting overtak-
ing for same-direction trains. A scheduling model is constructed focusing on minimizing stop times
and turnaround times. An improved multi-objective particle swarm optimization algorithm is intro-
duced, featuring adaptive inertia weights, learning factors, and Pareto optimal solution updates with
crossover and mutation operations. Finally, the model is validated using the Baoshen North Line,
demonstrating a 47.6% increase in transport capacity while reducing line utilization by 6.5%.
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Figure 1. Group train operation “block” diagram
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Figure 2. Algorithm iteration count and model mapping process
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Figure 3. Diagram of train operations on the North Baotou-Shenmu Line in group mode
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Figure 4. Diagram of locomotive turnaround on the North Baotou-Shenmu Line in group mode
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Table 1. Group tracking train operation data on the North Baotou-Shenmu Line
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Table 2. Locomotive turnaround chart data on the North Baotou-Shenmu Line with group tracking
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