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Intelligent Adjustment Approach for Train Operation Based on
Monte Carlo Tree Search-Reinforcement Learning
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DING Shuxin*®
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Abstract: In order to improve the emergency response efficiency of high-speed railways in emergencies, taking
train timetable as the research object, an intelligent adjustment approach for train operation based on Monte
Carlo Tree Search-Reinforcement Learning (MCTS-RL.) was proposed under the scenarios of delay, including
the off-line training model of train operation intelligent adjustment, reinforcement learning method, the
departure sequence decision method based on MCTS and heuristic rules for conflict resolution. This paper
established a reinforcement learning environment based on the mathematical model for train operation
adjustment of high-speed railway, involving state set, action set, state transition probability and reward
function. Firstly, heuristic rules were designed to generate the feasible departure sequence used as the game tree
node of MCTS. The optimal departure sequence of train operation adjustment was output by MCTS. Then,
heuristic rules were designed to resolve the train operation conflicts in stations and block sections. With the
objective function of minimizing the total delay time of trains along the line, an online adjustment model was
generated by MCTS-RL during the one-time offline training and used to adjust the train departure sequence at
each station in real-time. Taking the Beijingnan-Tai'an section of Beijing-Shanghai high-speed railway as an
example, the scenarios of the arrival and departure delay were set and solved by first-come-first-served, the
CPLEX solver, and the MCTS-RL approach respectively. The results indicated that, compared with the solution
obtained by the CPLEX solver, the MCTS-RL approach could provide the same optimal adjustment solution of
train operation within 0. 001 s.

Key words: High-speed railway; Train operation adjustment; Artificial intelligence; Reinforcement learning;
Monte Carlo Tree Search
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