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Random noise attenuation by rational-dilation wavelet transform
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Summary

The purpose of the geophysical activity is to recognize the underlying phenomena with a
precision as high as possible. The record of noise in seismic data is inevitable. Different
noises affect seismic data among which random noise is one of the most important ones,
resulting from random oscillation of particles during the sampling. Random noise is
present at all times and all frequencies; it decreases the seismic data quality. To achieve a
trustworthy interpretation, geophysicists try to prepare data with the least random and
coherent noise. There are many methods for analyzing seismic signals. In recent years,
discrete wavelet transform has been introduced as a suitable choice in seismic signal
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processing. Bayram and Selesnick (2009) developed a family of wavelets transforms,
which have a wide range of the QO-factor (in bandpass filters, O-factor is defined as
wavelet centre frequency/bandwidth). This research has tested the rational dilation
wavelet transform (RDWT) with enhanced time-frequency discrimination. In this
research the rational dilation wavelet transform was used for random noise attenuation
from synthetic and real seismic data. The capability to apply different O-factors is the
main advantage of the RDWT compared to the dyadic DWT. This transform overcame
the limitation of conventional wavelet transform with a constant quality factor.

This method is robust in the task of de-noising with fewer signal distortion effects
because of its ability to choose an appropriate Q-factor and the degree of over-
completeness. These WTs provide a rich range of redundancy and Q-factors. Moreover,
the RDWT used in this study is based on rational (non-dyadic) dilation and attains over-
completeness by increasing sampling in both time and frequency (Bayram and Selesnick,
2009). The RMS error is a measurement of the differences between values of a trace after
an RDWT inverse transform without any de-noising and the input trace shown in Table 1
of the present article.

The capability to apply different O-factors let the user choose the appropriate Q-factor
and desired frequency and time resolution. The user can choose appropriate Q-factor
setting some parameters (p, q, s, j), wherein ‘g/p' is the dilation factor and ‘s’ is the
sampling factor of the high-pass filter and the number of processing levels is determined
by ¢ ;. These parameters must be chosen such that the time frequency representation of
each level of decomposition will be enhanced. In an earlier work, this method was used
with the purpose of ground roll attenuation (Iranimehr et al., 2013).

Using the appropriate quality factor according to data type, the used wavelet will match
well with the seismic signal and the signal obtains a large amount of wavelet coefficients
but the undesirable random noise would attain small amount of wavelet coefficients.

In the next step, noise was separated from signal using soft thresholding or other
authorized thresholding methods. The wavelet transform was applied to synthetic data
with different noise levels and a real marine data with high frequency content and the
results of the random noise attenuation were compared with the dyadic wavelet transform.
Table 2 of the present article compares the results of random noise attenuation by dyadic
discrete wavelet transform and rational dilation wavelet transform by different type
threshold.

Keywords: Discrete wavelet transform, RDWT, random noise attenuation, soft
thresholding, rational sampling.
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