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Abstract: To improve the credibility of BeiDou train positioning in rail transit scenarios, and to
address the problem that spoofing interference easily induces train positioning result deviation, this
paper proposed a visual-inertial odometry assisted interference detection method for BeiDou
satellite positioning. In this method, visual-inertial odometry, which is not easily directly
manipulated by spoofing signals, was adopted as an independent reference, and the deviation

sequence between its positioning results and BeiDou positioning results was constructed. Adaptive
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bandwidth kernel density estimation was used to establish the baseline deviation distribution under

the normal operation state, and the current deviation distribution was estimated in real time within a

sliding window. Furthermore, Kullback-Leibler (KL) divergence was employed to measure the

statistical offset of the two distributions, and interference discrimination was completed based on

the threshold. Verification was conducted based on real train operation data containing vision,

inertial measurement unit, and BeiDou information, combined with injected spoofing interference.

The results show that the proposed method can effectively identify deviation distribution anomalies

caused by interference, timely detect BeiDou positioning spoofing interference, and provide

reference for credible monitoring of train autonomous positioning.

Keywords: BeiDou Navigation Satellite System; Train Positioning; Visual-Inertial Odometry; Interference

Detection; Kernel Density Estimation; Kullback-Leibler Divergence
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Classification of spoofing detection techniques for satellite
positioning/multi-sensor fusion positioning
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Fig.2 Technical architecture of interference detection for BeiDou train satellite positioning
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