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A survey on applications of artificial intelligence algorithms to railway vehicle dynamics
simulation
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Abstract: The application examples and domestic and foreign literatures using artificial intelligence
algorithm for railway vehicle system dynamics simulation were reviewed. The machine learning and deep
learning algorithms commonly used in railway vehicle dynamics simulation were summarized, and the
application classifications of the 2 algorithms in railway vehicle system dynamics modelling and simulation
were concluded and interpreted. According to railway vehicle system dynamics modelling, dynamics
performance prediction and dynamics performance optimization, the advantages and limitations of applying
artificial intelligence algorithms in force-elements modelling and simulation, trackirre gularity prediction,
running stability prediction, noise prediction, crosswindsafetyprediction, running safety prediction,
suspension optimization, wheel-rail matching optimization, structure optimization, and active and semi-

active control were discussed in detail. The problems of applications of artificial intelligence algorithms in
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railway dynamics simulation were lack of training samples, generalization ability and interpretability. The
development directions and key research contents of the interdisciplinary research between artificial
intelligence and vehicle system dynamics were given. Research result shows that the hybrid modelling theory
combining classical mechanics and artificial intelligence algorithms can be as a key research direction in the
future. There is great potential to use the artificial intelligence algorithms to solve the random uncertainty
in stochastic dynamics and improve the performance of stochastic dynamics. The artificial intelligence
algorithms combinated with optimization algorithms can exploit their advantages in the dynamics
performance optimization.
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(b) Vehicle-track coupling dynamics model
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(c) Fluid-solid coupling dynamics model
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Fig. 1 Brief development history of vehicle system dynamics simulation
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Fig. 2 Framework of applications of intelligent algorithm in

vehicle dynamics simulation
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Fig. 3 The brief history of artificial intelligence
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Table 1 Artificial intelligence algorithms used in vehicle dynamics
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Fig. 6 Data-driven railway vehicle dynamics simulation
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Table 2 Application of artificial intelligence algorithms in dynamic modeling
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Table 3 Application of artificial intelligence algorithms in track

irregularity prediction
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Fig. 7 Modeling process of track irregularity
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