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A GNSS-Based Method for Train Time-Frequency Traceability
and Synchronization with Performance Evaluation

XU Ning', WEI Baoying?, HE Zhiyu', LIANG Kun’

(1. Signal & Communication Research Institute, China Academy of Railway Sciences Corporation Limited, Beijing 100081, China;
2. School of Automation and Intelligence, Beijing Jiaotong University, Beijing 100044, China)

Abstract: To address the issues of inconsistent traceability for train time nodes and the isolation between train-
to-ground and train-to-train time-frequency within the current railway time synchronization network, a method
based on Global Navigation Satellite System (GNSS) for train time-frequency traceability and synchronization
was proposed. By constructing high-precision time-frequency transfer and traceable synchronization links
between train-to-ground and train-to-train nodes, the time-frequency transfer and traceable synchronization
between train and ground nodes and among train nodes were realized. A dedicated device was developed, and
the integrated performance of time-frequency transfer and traceability of the train was first evaluated based on the
round testing railway line of the National Railway Testing Center. The results demonstrate that the noise level
of time-frequency transfer link between train-to-ground is 2-6 ns, with an uncertainty of 6. 6 ns. The noise level
of time-frequency transfer link between train-to-train is 4-7 ns, with an uncertainty of 7.5 ns. In over 90% of
cases, the train node can achieve high-precision reproduction for the time scale of the ground node with a
difference of less than =10 ns. This method can provide reference and support for high-precision time-frequency

transfer and traceable synchronization between train-to-ground and train-to-train nodes.

Key words: Railway time synchronization network; Train time node; Transfer and traceability; Round testing
railway line; Global Navigation Satellite System (GNSS)
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