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Abstract: Reducing the train operation energy consumption is significant for achieving low-carbon
and green rail transit development and improving the railway operation revenue. This study started
with the train speed curve and the train working diagram and comprehensively considered the
constraints such as speed limits, travel time, and passenger comfort during train operation. It
optimized the train speed curve and train working diagram via deep Q-network (DQN) single-agent
and advantage actor-critic (A2C) multi-agent reinforcement learning, respectively, constructed
corresponding simulation operation environments, and established a two-stage energy consumption
optimization model. A section of the Wuhan—Guangzhou High Speed Railway was taken as the
research case, and the results show that the proposed model can reduce the train operation energy

consumption by more than 16% while satisfying the safe and on-time operation requirements. The
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model is applicable to different lines and operation conditions and provides certain reference for the

train operation energy consumption optimization.

Keywords: High Speed Railway; Reinforcement Learning; Speed Curve; Train Working Diagram;

Energy-Saving Optimization; Two-Stage Optimization
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Fig.1  Train operation speed curve
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