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Time-varying deconvolution operator in Gabor domain
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Abstract

Due to the spherical divergence and specifically absorption in the earth, amplitude of a
propagating seism wave varies as a function of time. This stretches the wavelet in time
and reduces the time (or vertical) resolution of the seismic sections. To overcome the
problem one hasto apply so called spatial migration or deconvolution on data.

Usualy the least square Wiener deconvolution is used to boost up the attenuated
frequency components. Unfortunately, the Wiener based deconvolution methods assume
that the source generated seismic wavelet is stationary (i.e. its frequency content remains
unchanged within the record). A method of deconvolution in the Gabor domain is applied
in this paper that considers the seismic data as a non-stationary phenomenon.

The Gabor transform (Equation 1) is a windowed or short time Fourier transform,
where the window used to isolate the frequency content of input record in time, is a
Gaussian type. According to the uncertainty principle, the Gabor transform has the least
uncertainty among other windowed Fourier transforms.
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In this method the Gabor transform of reflectivity seriesis calculated using the Gabor
transform of the seismic trace. Due to the semi-random distribution of the reflectivity
sequence, we estimate in the Gabor domain, source function (or wavelet) and Q factor
together by smoothing the Gabor transform of trace. The two estimated quantities both
resemble the non-stationary source generated wavelet. Then dividing the Gabor transform
of trace by the estimated wavelet and Q factor, the Gabor transform of reflectivity series
isachieved (Equation 2). Thisisin fact performing of the non-stationary deconvolution in
the Gabor domain. Finally by using the inverse Gabor transform, the reflectivity series
will be calculated in time domain.
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We generated two synthetic seismic traces using an arbitrary reflectivity series and
two different wavelets (zero and minimum phase). To extract the Gabor transform of the
reflectivity series from that of the seismic trace, we used a two dimensional box function.
The dimensions of the box were selected by trial and error. Application of the box
smoothens the Gabor transform of the trace which is the estimation of the Gabor
transform of the non-stationary wavelet. We determined the phase spectrum of the non-
stationary wavelet using the Kolmogorov method (Equation 3).

= InV,s(t,f")
¥(uh)=] ‘ ff ‘

—00

= if 3)

Applying both the Gabor deconvolution and Wiener deconvolution on synthetic and
real data showed that the performance of the Gabor deconvolution is better than that of
the Wiener decovolution.

Key words: Time variant function, Time variant deconvolution, Gabor Transform, Gabor
deconvolution
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