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Abstract

Addressing the highly coupled peak-hour scenarios of a high-density high-speed railway network, this paper proposes a refined
risk management methodology for train operation planning. First, using Delphi and fault tree analysis to identify risk factors—
including operational organization, command coordination, and equipment status—the study establishes fifteen indicators across
three dimensions (operational efficiency, scheduling coordination, and equipment reliability) with assigned weights. Second, an
event-driven closed-loop process and rolling conflict assessment model are developed, leveraging data from TMS, CTC, and CTCS
systems, alongside a multi-indicator dynamic threshold early-warning mechanism. Offline validation using three months of data from
a key railway hub demonstrated a 60% reduction in conflict risk incidents, a 45% decrease in scheduling command deviation rates,
a 99.2% improvement in punctuality rate, and nearly 40% reductions in both average conflict resolution time and median command
response duration, alongside enhanced capacity utilization and equipment consistency. The study confirms that data-driven closed-
loop management significantly enhances safety and operational efficiency under high-density and cross-line operation conditions.
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