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Application of Three Dimensional Time-Frequency Coherency
Method to the Reflection Imaging in a Tunnel
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Summary

In recent years, it became possible to predict the geology ahead of the tunnel face by using the VSP in a tunnel,
and the collected geological data is utilized for the quality and safety control of tunnel under construction
(Onuma et al., 2002). However, for measurement in tunnel, it is difficult to identify a reflected wave masked by
noise, hence the performance of data processing is limited into the effect of attenuation, divergence and
scattering. To solve the problem, a method called as three dimensional time-frequency coherency (3D-TFC) was
investigated, which allows quantitatively evaluating coherency of three dimensional hodograms, detected by a
double three-component seismic detector, in the time and frequency domains. The 3D-TFC method was found
potential in identifying coherent waves superimposed onto incoherent noise for a wide range of signal to noise
ratio. Therefore, the method is introduced to tunnel’s reflection survey to improve its performance. In this
study, we proposed an optimal method to measure the reflected waves in a tunnel, and evaluated its performance
in the synthetic waveform.

By applying the method 3D-TFC to the waveform recorded in the tunnel, an image of reflector with reasonable
consistency with geological information was obtained, which accordingly suggests that possibly the 3D-TFC
method can precisely distinguish the coherent waves like reflection from incoherent waves.
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