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Research and application of quantum computing in railway transportation
control
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3. Center for Innovation-Driven Development, National Development and Reform Commission, Beijing 100045, China

Abstract The mathematical nature of rail transport planning and control is an optimisation problem under discrete constraints, which is
NP-hard (non-deterministic polynomial) , having high computational complexity. As an important research direction for the future
leapfrog development of computing power, quantum computing is expected to provide potential solutions to solve the complex problems
in existing large-scale road networks. The basic concepts and algorithms of quantum computing are introduced, and its potential
application scenarios in the field of rail transportation are analysed, including the optimization of train scheduling, automatic train
operation control and dynamic coupling and decoupling of train groups. The advantages of quantum particle swarm algorithm in solving
complex optimisation problems are verified through experiments, which show that quantum computing has significant computational
efficiency improvement in dealing with large-scale discrete constrained optimisation problems. However, the application of quantum
computing technology in rail transport still faces challenges such as quantum bit decoherence, hardware integration and result security.
This paper summarizes the prospects of quantum computing applications in rail transit and the problems it may face, and highlights the
potentials and challenges of quantum computing technology in promoting the intelligent development of rail transit.
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