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Sparsity based short-time Fourier transform and applications in thin bed
characterization

Hamid Sattaril, Ali Gholami'* and Hamidreza Siahkoohi'

'Institute of Geophysics, University of Tehran, Iran
(Received: 15 March 2012, accepted: 22 April 2013)
Summary

Time-frequency analysis plays an important role in seismic data processing and
interpretations. In seismic exploration, the process is called spectral decomposition and
refers to any method which produces a continuous time—frequency representation of the
seismic trace. It is widely used as one of the most important post-stack attributes in
hydrocarbon detection.

Since spectral decomposition is a non-unique process, a single seismic trace can
produce various time-frequency representations. This can be done using a variety of time-
frequency methods that generate a time-frequency map of a signal. These methods
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include the STFT (Short-Time Fourier Transform), ST (S-Transform), CWT (Continuous
Wavelet Transform), WVD (Wigner-Vile Distribution)), MPD (Matching Pursuit
Decomposition) and etc. Each method has its own advantages and disadvantages and
different applications require different methods, but the important point is that the more
resolution has the time-frequency transform, the more reliable the results will be.
Therefore, the researchers in the field of the signal processing are always seeking more
robust transforms or optimization of the previous ones.

The short-time Fourier transform is an efficient tool to display the energy distribution
of the real world signals over the time-frequency plane but due to the over completeness
of Gabor functions, there are more than one set of time-frequency coefficients that
represent the data. Therefore, it is a good approach to consider the decomposition as an
inverse problem. By doing so, additional constraints can be applied to the decomposition
to generate a time-frequency plane having desired properties. Decomposition with a
sparsity constraint is a suitable strategy which enables selecting a small number of
elementary functions such that a linear combination of them fit in the given data.
Portiniaguine and Costagna (2004) compared the performance of the sparsity-based
decomposition with that of the classical non-sparse approach for seismic data. Although
the resolution of sparsity approach was much better, it computationally demanded much
time and effort.

Thereafter, a fast algorithm for Sparse Time-Frequency Decomposition was presented
by Gholami et.al (2010) based on the Bregman iteration (Goldstain and Osher, 2008)
which provided the time-frequency representation of the signal with profoundly high
resolution in a satisfactory calculation time. In this study, another sparsity constraint has
been supplemented for instantaneous optimization. The extra sparsity constraint makes
the time-frequency plane more adaptive to the local changes of the signal while it does
not affect the speed of the fast sparse time-frequency algorithm significantly.

The final optimized transform is a good tool for decomposition of non-stationary
seismic signals having dramatically different frequency components. Applications of the
time-dependent optimization are developed to promote seismic data processing and
interpretations. For example, by means of the high sensitivity of the resulted transform to
seismic wavelet interference, it is shown that thin bed layers are characterized very easily.
In order to highlight the efficiency of the proposed optimization, the final optimized fast-
sparse time-frequency transform is used for decomposition of real and synthetic seismic
data. This is while the interpretational purpose of thin bed detection is considered.

Keywords: Instantancous optimization, sparsity based time-frequency decomposition,
thin bed
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