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Summary

Spectral decomposition of time series has a significant role in seismic data processing and
interpretation. Since the earth acts as a low-pass filter, it changes frequency content of
passing seismic waves. Conventional representing methods of signals in time domain and
frequency domain cannot show time and frequency information simultaneously. Time-
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frequency transforms upgraded spectral decomposition to a new level and can show time
and frequency information simultaneously.

Time-frequency transforms generate high volume of spectral components, which
contain useful information about the reservoir and can be decomposed into single
frequency volumes. These single frequency volumes can overload the limited space of
computer hard disk and are not easy for an interpreter to investigate them individually;
therefore, it is important to use methods to decrease volume with no information lost, so
frequency slices are separated from these volumes and used for interpretation. An expert
interpreter can achieve some information about channel content and lateral variation is of
thickness. Since different frequencies contain different types of information (low
frequencies are sensible to channel content and high frequencies are sensible to channel
boundaries), these dices cannot show this information simultaneously. Therefore RGB
images can be produced by plotting three different frequency slices against red, green and
blue components. An RGB image, sometimes referred to as a true color image, it is an
image that defines red, green, and blue color components for each individual pixel and
has intensity between 0 and 1. Although this method obviates some drawbacks of single
frequency plots, but it uses only three slices and practically ignores a big part of
information and the frequency choice is not clear, so different choices will result to
different images.

Principal component is a statistical method for identifying patterns in data and
expressing them in a way to highlight their similarities and differences. In order to find
major patterns in data this technique reduces the number of dimensions of data without
the loss of information. Principal component analysis introduces new set of orthogonal
axes through data set called “eigenvectors’ which data variance along them is maximized
and have the importance proportional to their corresponding eigenvalues. The projection
of single frequency slices onto eigenvectors is called “principal component (PC) bands’.
The amount of total variance that each PC band represents is proportional to its
eigenvalue, thus after normalizing the total sum of al eigenvalues, each eigenvalue
represents the percentage of total spectral variance that its corresponding principal
component can represent. So the first PC band (having largest eigenvalue) best represents
the spectral variance in data, the second PC band (having the second largest eigenvalue)
best represents the spectral variance in data which is not represented by the first PC and
so on. Therefore PC bands with the smallest eigenvalues will represent a small portion of
variance and can be deduced as random noise. So choosing the PC bands with the largest
eigenvalues can be an effective way for data denoising, image processing and in our case
determining the major trends in data set. We can represent more than 80 percent of
spectral variation by plotting three largest principal components against red, green and
blue components in a RGB image. In this paper, we applied spectral decomposition on
land seismic data of an oil field in south-west of Iran using short time Fourier transform
(STFT) and S transform. Then we constructed single frequency dlices and investigated
them. We produced RGB images by color stacking method and improved interpretation.
Finally we used principal component analysis to use all the frequency bandwidth. Our
results showed that PCA based images showed channel and its branches in a more precise
manner than the other methods.

Keywords. Buried channels, Spectral decomposition, Short time Fourier transform, S
transform, Principal component analysis, Color stacking method
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