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Comparison of spectral decomposition methods to detect channels in
one of the reservoirs of southwest Iran
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Summary

Spectral decomposition has provided a means for observing those features in seismic data
that are not always clear in the time domain. There are several approaches that can be
used to produce a spectral decomposition of a seismic trace. A case history of using the
spectral decomposition and coherency to interpret incised valleys was shown by Peyton et
al. (1998). Partyka et al. (1999) used a windowed spectral analysis to produce discrete-
frequency energy cubes for applications in reservoir characterization. Continuous wavelet
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transform (CWT) was introduced by Morlet et al. (1982). In CWT, time frequency atoms
are chosen in such a way that its time support changes for different frequencies according
to Heisenberg’s uncertainty principle (Mallat, 1999; Daubechies, 1992). In early years,
transforming the seismic traces into time and frequency domain was done via a windowed
Fourier transform, called the Short Time Fourier Transform (STFT). In STFT, the time-
frequency resolution is fixed over the entire time-frequency space by reselecting a
window length. Therefore, the resolution in the seismic data analysis becomes dependent
on a user-specified window length. This problem can be resolved by an S-transform .The
window used in this method at any given moment is adapted to the frequency analysis. In
this method, time and frequency resolution will change the window of the time—frequency
to obtain a multi-resolution analysis. The CWT commonly used in the data compression
decomposes the signal from the time domain to a time-scale domain using the orthogonal
wavelets that vary in length and frequency by a factor of two. In contrast, the S-transform
decomposes the signal from the time domain to a time-frequency domain using the non-
orthogonal variable size Morlet wavelet (Mallat, 1999; Stockwell, 1996; Sinha, et al.,
2005). While being computationally more intensive than the orthogonal wavelet
transform, the nonorthogonal S-transform provides an added time and frequency
resolution valuable for interpretation.

Stockwell et al. (1996) interpreted the S-transform as a combination of CWT and
STFT. The difference between the S-transform and STFT is that the Gaussian window is
a function of time and frequency for the S-transform, while it is only a function of time
for the Short Time Fourier Transform (STFT).

Another method of spectral decomposition is Matching Pursuit Decomposition
(MPD). MPD involves a cross-correlation of the wavelet dictionary against the seismic
trace. The projection of the best correlating wavelet on the seismic trace is then subtracted
from that trace. The wavelet dictionary is then cross-correlated against the residual, and
again the best correlated wavelet projection is subtracted. The process is repeated
iteratively until the energy left in the residual falls below some acceptable threshold
(Castagna, 2006).

MPD has been used recently in a seismic signal analysis (Castagna et al., 2003; Liu
and Marfurt, 2005). Wang et al. (2007) has applied an inverse-Q filter to the seismic
signals to show the existence of a low-frequency shadow. One of the applications of the
spectral decomposition is to detect the geological structures with less thickness such as
buried channels. Filled with porous rocks, and located in a non-porous environment, the
channels will be a good place for hydrocarbon reserves. For this reason, from the past,
detection of the boundary of these channels and lithologic features inside them has been
essential in explorations of these reserves.

In this paper, we investigated the application and efficiency of the S-transform and
MPD methods in the time-frequency analysis of the seismic sections to delineate and
detect a buried channel in Sarvak Formation in one of the oil fields located in the South
West of Iran. The results from the MPD and S-transform were compared with an STFT
applying to the single frequency seismic sections at frequencies 15 Hz and 25 Hz.

Key words: Models of nonstationary signal, time-frequency spectrum, continues wavelet
transform, hydrocarbon reservoir's direct attribute, matching persuade, seismic signal
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