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Energy-Saving Online Optimization of High-Speed Train
Operation Based on Deep Reinforcement Learning
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Abstract: [ Objective | The research on energy-saving optimization of high-speed trains is of great
significance for the economic benefits of railway operations and energy conservation and emission
reduction. [ Methods ] First, the railway line was preprocessed by subdividing it into several
subintervals. Then, considering factors such as regenerative braking, neutral sections, long and steep
slopes, and variable speed limits, a train energy-saving control model was constructed. This model was
then transformed into a Markov decision process based on stepwise optimization of the subintervals. To
solve the Markov decision process, a deep reinforcement learning algorithm was introduced, and an
online energy optimization method based on the soft actor-critic ( SAC) algorithm was proposed.
[ Results | The algorithm’s effectiveness was validated using an actual railway line, and the results
showed that, under the given constraints, the SAC algorithm converged faster than the proximal policy
optimization (PPO) algorithm and achieved better energy savings compared to both the particle swarm
optimization ( PSO) and PPO algorithms, with an energy-saving rate of 37.4%. Additionally,
simulations conducted at several locations along the route indicated that the algorithm generated
energy-efficient speed profiles for the remaining route in real time, confirming its online optimization
capability. [ Conclusion ] The research findings provide a basis for energy-saving optimizatio a high-

speed train operations.
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Fig. 1 Fitting curves of train traction characteristics
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Fig.8 Energy-saving speed profiles calculated by different algorithms
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Tab.3 Results based on different scheduled trip times
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Fig.9 Energy-saving speed profiles based on different manual/autonomous driving switching positions
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