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Abstract: Train-borne autonomous train control based on satellite navigation is a key component of
the intelligent railway technical system. The system architecture of Chinese Train Control System
(CTCS) is investigated. The fundamental structure of dedicated autonomous train positioning and
its interface mode to the train control system are analyzed. According to the specific requirement
to the safety level of train control, the performance requirement system of autonomous train posi-
tioning is discussed. With the introduction of the worldwide development of novel train control
systems, the technology connotation and the research progress of autonomous train positioning are

explained. A comprehensive and systematic analysis is carried out from the perspectives of
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seamless positioning by multi-source fusion, active augmentation of satellite-based train positio-

ning, positioning-dedicated trackmap database, and autonomous positioning performance test and

evaluation. Typical achievements such as pseudolite-enhanced train positioning, track-side global

navigation satellite system (GNSS) augmentation network, and geo-distributed zero-on-site virtual

test infrastructure are introduced. The future development directions are proposed, including ad-

vanced technology implementation and evolution, fusion optimization for significant scenarios, se-

curity protection under complex environments, cross-layer cooperative holographic perception,

dedicated standard and specification system, etc.
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Fig. 1 CTCS framework and interface mode of novel train-borne autonomous positioning
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Fig. 2 Fundamental framework of GNSS-based autonomous train positioning in the novel train control system
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Tab. 1 Quantitative performance requirement of safety-related railway GNSS applications in Europe
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Fig. 3 Performance index system mapping relationship model for GNSS-based train positioning
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Fig. 4 Technology connotation description of GNSS-based autonomous train positioning
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Fig. 6 Architecture of autonomous train positioning based on the dedicated track-side GNSS augmentation network
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Fig. 7 Navigation calculation architecture of autonomous train positioning assisted by the spatial information from trackmap database
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