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Seismic Surface Wave Interferometric Methods Based on Seismic

Source Signals from High-speed Train

HE Fei-fan, LI Qing-chun® , FENG Yi-fan, WANG Peng-qi, ZHENG Chu-han

(School of Geological Engineering and Geomatics, Chang’an University, Xi’an 710054, Shaanxi, China)

Abstract; The seismic source signal generated by high-speed train ( HST) 1is a green,
environmentally friendly, and highly repeatable source, demonstrating significant potential for
applications in near-surface exploration and urban underground space monitoring. However,
when processed using traditional seismic interferometric methods, this signal is often severely
contaminated by crosstalk noise. To address this issue, an interferometric processing workflow
tailored for HST seismic data is proposed to enhance the signal-to-noise ratio (SNR) of the
interferometric results and improve the reliability of subsequent inversion and imaging. First, the
HST is treated as a moving line source, with its wheel-rail interaction forces equivalently modeled
as a series of point sources to construct the source time function; by comparing the applicability

of different interferometric methods for HST seismic data, a comprehensive workflow
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incorporating spectral whitening, cross-coherence interference, stacking of multiple train events,

and FK filtering is developed. Using this workflow, surface wave signals are extracted from both

synthetic and field HST seismic data for subsurface shear-wave velocity inversion. The results

show that the proposed workflow effectively suppresses crosstalk noise and yields high-SNR

virtual-source surface wave records; specifically, spectral whitening improves the SNR of surface

waves, cross-coherence interferometry exhibits strong robustness against crosstalk, stacking of

multriple train events helps reconstruct dispersion energy at high-frequencies, and FK filtering

enhances the characteristics of the surface wave signal; the final inversion results correlate well

with actual stratigraphic information, validating the reliability and effectiveness of the proposed

workflow.

Key words: train vibration; moving seismic source; seismic wave; interferometric method;

crosstalk noise; virtual shot gather; surface wave imaging
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Fig. 1 Schematic View of Train Car Structure
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Fig. 2 Schematic View of a Train Crossing a Viaduct
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Fig. 3 Schematic View of Seismic Interference for Seismic Source Signals from Train
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Fig. 4 Data Processing Flow of Seismic Source
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Fig.5 Seismic Wavefield Record Caused by Train Vibration
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Fig. 9 Surface Wave Dispersion Energies Extracted from Virtual Shot Gathers
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Fig. 10 Virtual Shot Gathers Extracted by Cross-coherence Interference for Single Train Event
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Fig. 11 Surface Wave Dispersion Energies Extracted by Cross-coherence Interference for Single Train Event
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Fig. 13 Surface Wave Dispersion Energies Extracted from the Stacking of Multiple Train Events
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