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Abstract: In this paper, we analyze the seismic signal in the time-frequency domain using the 
generalized S-transform combined with spectrum modeling. Without assuming that the reflection 
coeffi cients are random white noise as in the conventional resolution-enhanced techniques, the wavelet 
which changes with time and frequency was simulated and eliminated. After using the inverse S-transform 
for the processed instantaneous spectrum, the signal in the time domain was obtained again with a more 
balanced spectrum and broader frequency band. The quality of seismic data was improved without 
additional noise.

Key words: Time-frequency domain, generalized S-transform, spectrum modeling, instantaneous 
spectrum, balanced spectrum

1 Introduction
Conventional  techniques for enhancing seismic 

resolution, such as deconvolution, usually assume that 
the reflection coefficients are white noise, so the auto-
correlation of the wavelet is equivalent to the auto-correlation 
of the seismic record (Yu and Zhao, 2002). However, the 
reflection coefficient is not a random sequence because of 
the thin interbeds and the multi-period sedimentary cycles. 
Accordingly, it is inaccurate to broaden the spectrum of 
the seismic record as that of wavelet (Zhao et al, 1996), 
and it also cannot satisfy the technical requirements for the 
prospecting for thin interbeds and lithologic reservoirs.

This paper started from enhancing the resolution through 
eliminating the wavelet, and discussed the validity of 
spectrum modeling on wavelet simulation. Considering the 
time variant characteristics of the wavelet, it is more accurate 
and effective to use spectrum modeling deconvolution in the 
time-frequency domain after the generalized S-transform 
instead of spectrum modeling deconvolution in the one-
dimensional frequency domain. This analysis process agrees 
with the seismic propagation underground and the result 
provides high quality seismic data for accurate interpretation.

2 Extraction and elimination of seismic 
wavelet 

The reflection coefficient section is the perfect high 
resolution section. The seismic section can be considered 
as the reflection coefficient section which is influenced by 
wavelet. There are many wavelet extraction techniques to 
reduce the effect of wavelet (Yun and Ding, 2005; Sun, 

2000a; Li et al, 2007; Li et al, 2005), which make the 
processed section approach the actual interfaces underground.

Spectrum modeling is an effective and stable technique. 
This method considers that the amplitude spectrum of the 
wavelet is smooth and that of the reflection coefficients 
is vibratory without the assumption of random reflection 
coeffi cients. The wavelet can be simulated approximately as 
a specifi c curve from the amplitude spectrum of the seismic 
record and then is eliminated. The residual part is considered 
to be the amplitude spectrum of the reflection coefficients 
(Sun, 2000b).

With regard to the wavelet, Ricker deduced the amplitude 
spectrum of the Ricker wavelet (Ricker, 1977):
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Rosa tested and summarized the empirical mathematical 
expression of the amplitude spectrum of the seismic wavelet 
(Rosa and Ulrych, 1991):
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where k is a constant, an is the coeffi cient of the multinomial 
of f.

In this way, the amplitude spectrum of the wavelet is 
simulated by using the least-square fi tting method based on 
the amplitude spectrum of seismic record (as shown in Fig. 1).       

Within the analyzed frequency band, the amplitude 
spectrum of the seismic record divided by that of the wavelet 
is the amplitude spectrum of the reflection coefficient. 
Keeping the phase of the seismic record invariable, we *Corresponding author. email: tianjh13579@eyou.com
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performed the reverse FFT (Fast Fourier Transform) and 
obtained the record in the time domain.

Due to the time-variant characteristics of the seismic 
record, the amplitude at a specific frequency changes with 
time. Considering the absorption characteristics of rocks, the 
dominant frequency was reduced because of the propagation 
of the seismic wave (Fan and Zeng, 1995). Thus simulation 
in the frequency domain could not consider the instantaneous 
variation adequately (Fig. 1). We could analyze the seismic 
signal within the time window to overcome this deficiency. 
However, the frequency variation may be great between two 
adjacent layers, and the spectrum analysis in the time window 
which reflects the average effect of frequencies affects the 
processing result. It is necessary to transform the seismic 
record into the two-dimensional time-frequency domain, and 
the spectrum modeling may be more feasible and effective.

3 Spectrum modeling in time-frequency 
domain

3.1 S-transform and generalized S-transform
The S-transform of time series h(t) is defi ned by:
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where f is frequency, and τ is the midpoint of the time 
window, thus it also denotes the location of the window 
function in the time axis.

The S-transform is the combination and improvement of 
the short time Fourier Transform and the continuous wavelet 
transform (Stockwell et al, 1996). It has the characteristics of 
frequency-dependent resolution which the short time Fourier 
Transform does not have. It indeed provides the global signal 
in the time-frequency domain compared with the time-scale 
domain analysis of the continuous wavelet transform.

The inverse S-transform is defi ned by:

( ) ( ( , )d )exp( 2 )dh t S f i ft f (4)

One problem of the S-transform in practical application is 
the fi xed Gaussian window, and the generalized S-transform 
(GST) is designed to resolve this problem (Pinnegar and 

Mansinha, 2003). Gao summarized the previous expressions, 
and the basis function is normalized as follows (Gao et al, 
2003):
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where A is the amplitude of the basic wavelet, α is the 
attenuation rate of the energy, β is the time-lag factor of 
energy, f0 is the apparent frequency of the basic wavelet. 
The GST provides better time and frequency resolution than 
the S-transform while maintaining the advantages of the  
S-transform.

The solid line in Fig. 2(a) is a Ricker wavelet whose 
dominant frequency is 30 Hz, and sampling interval is 1 ms. 
Fig. 2(b) is the signal after inverse S-transform. Fig. 2(c) 
shows the error curve and the average absolute error is 3.16
10-5. We can draw a conclusion that the GST can reconstruct 
the signal without loss. This provides the feasibility of 
processing signal in time-frequency domain and then 
transforming back to time domain.

3.2 Wavelet spectrum in time-frequency domain 
based on the generalized S-transform

GST is a perfect time-frequency analysis tool, and we can 
simulate the wavelet spectrum which changes with time and 
frequency.

Fig. 3(a) shows a seismic reflection sequence from a 
thin interbedded model. Fig. 3(b) is the seismic response 
using a Ricker wavelet whose primary dominant frequency 
is 30Hz. Fig. 3(c) is the 3D plot of the wavelet changing 
with time and frequency, which shows specific movements 
in time-frequency domain. Fig. 3(d) shows the signal after 

Fig. 1 Simulated smooth amplitude spectrum of the wavelet on the 
basis of the amplitude spectrum of the seismic record 
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Fig. 2 Characteristics of reconstruction without loss of GST
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(c) 3D time-variant wavelet spectrum
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inverse S-transform. We can see that the adjacent events are 
distinguished, and the shape of signal after processing is 
closer to the refl ection sequence.

4 Actual seismic data processing
Fig. 4(a) shows a post-stack seismic section. Fig. 4(b) is 

the result after processing by spectral whitening. Fig. 4(c) is 
the section after deconvolution in the time-frequency domain 
by using GST. Compared with Fig. 4(a), both Fig. 4(b) and 
Fig. 4(c) improve the resolution but Fig. 4(c) reveals more 
details than Fig. 4(b).

Because of the plentiful frequency components in the 

actual seismic data, it is necessary to analyze the seismic 
record in the time-frequency domain before spectrum 
modeling. The distribution of amplitude in the time-frequency 
domain reflects the characteristics of the sedimentary cycle 
of formation (Wang et al, 2008), thus we should consider the 
geological signifi cance and choose reasonable instantaneous 
frequency bands, within which we can simulate the seismic 
wavelet (Liu et al, 2006a; 2006b). Fig. 4(d) shows one 
seismic trace and the wavelet distribution in the time-
frequency domain. Fig. 4(e) is the comparison of spectrum 
analysis, from which we can see that the processed result has 
a broader frequency band and higher dominant frequency.

Fig. 3 Model experiment of spectrum modeling in the time-frequency domain
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