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Random noise reduction has always been one of the most important issues in
seismic data processing. This study investigates one of the most effective
random noise reduction methods, the 2D multi-stage median filter. This filter is
applied to seismic data by applying a series of 1D median filters in different
directions and then selecting the output value corresponding to the center of the
2D window. By applying a 2D multi-stage median filter to both synthetic and
real data, it is shown that the filter can effectively attenuate random spike-like
noise in both pre-stack and post-stack data. Similarly, based on spectral
analysis, it is shown that this filter does a good job of reducing the level of high
frequency random noise in both synthetic and real data. In this study, a 2D
median filter is applied to synthetic data containing random noise with a density
of 10%. Since increasing the filter length can damage useful signals in addition
to attenuating random noise, it is important to specify an appropriate filter
length. For synthetic data, the error ratio plot shows that a filter length of 9
points is appropriate for the first stage. In the second stage, a 2D median filter
with a length of 7 points was applied to the output of the first stage filter. The
effect of this filter on random noise suppression can then be observed by
spectral analysis. In addition, median filters of 7 points and 5 points were
applied to the pre-stack and post-stack real data, respectively. The effect and
efficiency of this filter is assessed by examining the resulting difference plots,
sections and spectral analysis.
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thus degrading the final
seismic methods in
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In general, stacking can at least

various subsurface exploration activities has
always been emphasized as a valuable tool in
earth sciences and engineering (Pegah et al.,
2021, 2022, 2024; Talaee et al., 2024).
However, the collected seismic signals are often
contaminated with various types of noise,
which may lead to ambiguities and errors in
achieving the intended objectives. Accordingly,
their accurate identification and ultimately their
maximum removal from seismic records and
sections are crucial requirements for the
processing and analysis of such data (Pegah and
Liu, 2020; Pegah et al., 2016). Random noise
reduces the signal-to-noise ratio of seismic data
and reduces the accuracy of dynamic and static

partially suppress random noise in prestack
seismic data, but for random noise in poststack
data, we need to choose other filtering methods.
A 2D multi-stage median filter (MLM), which
effectively reduces the high frequency random
noise, can be implemented by applying 1D
median filters (MF) in several directions and
selecting a derived value to output at the center
of the 2D window. The choice of window size
depends on the intensity of the random noise
and the percentage of input data samples within
the window that contain noise.

The median filter is a simple and effective
method in signal processing that can suppress
noise (especially spikes), especially in non-
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stationary signal processing. In recent years, the
method has been applied in seismic
prospecting. Wang (2000) separates signal from
noise by using median correlative filtering.
Zhang and Ulrych (2003) use a hyperbolic
median filter to suppress multiples. Howeverthe
median filter may destroy detailed structures
that are smaller than the filter window used.
Recently, new filters have been proposed. In
image processing, the use of a multistage
median filter can preserve details of the image
under consideration. This filter can effectively
separate the signal from noise, preserve detailed
structure, and then reduce the random noise.
With the aim of eliminating random noise,
many authors have developed effective
methods, e.g., 1D median filtering, polynomial
fitting and f-x predictive filtering. But these
methods are mostly developed as models for
poststack data and have several limitations. For
example, Gulunay (2000) uses a non-causal
predictive filter for random noise attenuation
and Li et al. (2000) advocate forward random
noise attenuation by using prestack dominant-
component reconstruction.

In this study we apply multistage median filter
to eliminate the random noise in a 2D data set,
thereby broadening the application domain of
multistage median filter. We define noise
density as the fraction of data samples
containing noise. If the density of noise is
small, then choosing a short window can
eliminate the random noise. If instead a long
filter window is chosen, the random noise is
eliminated, but MLM will attack the useful
information.

The 2D Multistage Median Filter and Its
Efficiency in Random Noise Attenuation
Assume that a(x , y) is a 2D signal. For a filter
window with dimensions of (2N+1) x (2N+1),
where the midpoint is (n: , nz), the fundamental
subwindows, according to Fig. 1, can be
defined as (Wang, 1992):

W;ny,n,] =aln; +kny); —-N<k<N @
W,[n;,n,] =a(n;,n, +k); -N<k<N 2
Ws[ng,n,] =aln; +kn, +k); -N<k<N (3)
W,[n;,n,] =a(n; —k,n, —k); - N<k<N (4)

The output of the multistage median filter is
defined as follows:

Yvim (ng,nz) =

median [Ymax(nl,nz): Ymin(nl,nz): a(n1: nz)] (5)
Where

Ymax(nl,nz) = max[Z;(nq, nz)] (6)
Ymin(nl,nz) = min[Z;(ny, ny)] (7

Z;(n{,n,) = median [a(x, y) €
Wi[nll HZ]];I = 11 2; 314' (8)

The median [...] in Egs. (5) and (8) refers to the
1D median filter.

At point (n1, ny), the median values of the four
windows are first compared. Then, the
maximum and minimum of these values are
selected. The final output is the median of the
selected maximum, minimum, and the central
value at point (n1, n2) (Liu et al., 2006). Given
that random noise typically includes singular
values and that the multistage median filter is
effective at removing such values, this filter
eliminates noise from seismic data by selecting
an appropriate window.

(n4-N, ny-N)

(ny+N, ny-N)

(H1+N, n2)

(n1+N, n2+N)

Fig. 1. Display of fundamental 2D median filter
subwindows (Wang, 1992).
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Synthetic data can be used to demonstrate how
to choose the window size. The tendency of the
method to damage the signal while reducing the
noise can be minimized by optimizing window
size and by applying two passes with modest-
sized windows as opposed to a single pass with
a larger window. We use numerical examples
with synthetic and field data to demonstrate the
merits of the multistage median filter. In this
article we add 10 percent random noise to the
synthetic data. This noise is randomly
distributed with zero mean, and the direction of
the survey line is independent of the signal. The
noise peak is 4 times larger than the maximum
value of the reflected waves. Although this
intensity is not normally present, we use it to
analyze the characteristics of the MLM.First,
we apply MLM with filter windows ranging
from 3 to 27 points to process. Then for each
window we plot the absolute sum of the
differences between the fiftieth trace of the
input data and the output of the MLM filter for
that same trace. Hereafter this ratio is referred
to as the error ratio. The error ratio does not
always decrease as the filter window is
broadened but reaches the minimum at nine
points and then asymptotically increases with
continued broadening. When the filter window
reaches nine points, continuing to broaden the
filter window destroys the waveform of useful
information and thus increases the error ratio.
After the filtering, most of the random noise is
eliminated and the reflected waves are
recovered. But, at the same time, there is still
some random noise that reduces the energy
level of the useful information.

To use the filter more effectively, we apply the
second MLM. After the first MLM processing,
the noise density decreases, so the filter
window of the second MLM should be properly
adjusted to balance the demand of reduced error
ratio and waveform preservation. We choose
the second MLM with a seven-points filter
window and apply it to the result of first MLM.
Results of using the method on prestack and
poststack real data demonstrate that the method
is effective at both stages. We apply MLM with

7 points filter window length to the prestack
data set and analyze the different record and
amplitude spectrum of record. For poststack
data we apply MLM with 5 points. We also
compare the results by analyzing their spectra
before and after apply MLM. We will show that
MLM can perform well on both weak and
strong random noise.

Conclusions

The 2D multistage median filter is one of the
most effective methods for attenuating random
spike-like noise. This filter has a strong ability
to attenuate high frequency random noise,
which is confirmed by comparing the amplitude
spectrum plots for synthetic and real data before
and after applying the filter. By applying the 2D
multistage median filter to synthetic data, it was
observed that in addition to attenuating random
noise, the filter also changes the shape of the
signal. Since noise density has a significant
effect on the selection of the filter window, an
appropriate filter length should be selected for
optimal application to synthetic data, using the
error ratio diagram as a guide. One of the
disadvantages of the filter is that the error ratio
diagram becomes ineffective because the noise
in real data cannot be assumed to have a perfect
zero mean. However, experimental tests have
shown that a 2D median filter with a window
length between 5 and 11 points is optimal for
real data (Liu et al., 2006).Since part of the
random noise is reduced through stacking, the
poststack data contains less noise. As a result, a
median filter with a shorter window length is
applied to poststack data compared to prestack
data. Indeed, the density of random noise in
both prestack and poststack data is not
significant enough to clearly reveal the filter’s
effect. In this study, a median filter with a
window length of 7 points was applied to the
prestack real data, while a median filter with a
window length of 5 points was applied to the
poststack real data. With respect to both the
shape and amplitude spectrum of the real data
before and  after  filter  application,
Improvements in the continuity of seismic
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events, the clarity of reflected wave information amplitude spectrum of the real data before and
and an overall increase in the signal-to-noise after filter application.
ratio were observed in both the shape and
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Fig. 7. The amplitude spectrum of thirtieth trace in Fig. 2 without adding random noise, and generated by
MATLAB
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Fig. 8. The amplitude spectrum of thirtieth trace in Fig. 3 with adding random noise, and generated by MATLAB
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Fig. 9. The amplitude spectrum of thirtieth trace in Fig. 5 obtained from applying the first step of 2D median
filter with 9 points window length on the indicated record in Fig. 3, and produced by MATLAB
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Fig. 12. A part of the fiftieth trace relating to Fig. 3 with adding the random noise, and produced by MATLAB.
Note: The scale of this figure is 1/5 of the corresponding scale in Fig. 12
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Fig. 19. The left side is a part of a real record; and at the top of the right side the corresponding average
amplitude spectrum is shown via the blue curve. Likewise, the amplitude spectrum of 183rd trace is indicated via
the black curve. In the bottom of the right side, the average phase specta for the record and 183 trace are
presented through blue and black curves, respectively. This image is displayed by VISTA software
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Fig. 23. The real stack section after applying the median filter with length of 5 points coupled with AGC. This
section is displayed via VISTA software
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Fig. 24. The average amplitude spectrum of the real stack section before applying the 2D median filter. It is
displayed by VISTA software
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Fig. 25. The average amplitude spectrum of the real stack section after applying the 2D median filter with length
of 5 points. It is shown using VISTA software
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