
6th  International Conference & Exposition on Petroleum Geophysics  “Kolkata  2006”

(753)

Introduction

Two-dimensional interpretation of wide-angle seismic
data generally consists of three steps: correlation of seismic
phases, iterative forward modeling of travel times and
calculation of synthetic seismograms. These steps proceed
roughly in order they are listed but are not strictly sequential;
rather they form a continuous feedback loop. The
inconsistency in the predicted travel-times on reversing shots
may result in a modified phase correlation; or the comparison
of synthetic seismograms to observed amplitude may
necessitate changes in the velocity model which, in turn,
require renewed travel time modeling. Greatest uncertainty in
forward modeling results form the first crucial step: phase
correlation (Finlayson & Ansorge, 1984, Mooney & Prodehl,
1984) as this is essentially a subjective step, depending on
the signal to noise ratio. To interpret the data, the analyst
selects a few events for modeling studies and ignores all others.
Signal detection is inherently nonlinear, and is, done either
through appropriate heuristic or selection of suitable
parameters for an automatic detection algorithm.  Erroneous
interpretations may result if the quality of the data set is poor
either due to lack of coherent phases or if they are masked by
the large amplitude noise, because of the poorly resolved
amplitude peaks for two closely spaced reflectors.

There are several methods in geophysical literature
to enhance the signal to noise ratio of the seismic data sets.
Among these are skeletonization (Le & Nyland, 1990; Lu &
Cheng, 1990), statistical (Hansen et al., 1988), local analysis
(Harlan et al., 1984; Kong et al., 1985), spatial-prediction
filtering (Hornbostel, 1991; Abma & Claerbout, 1995) and
reconstruction of coherent energy methods (Baan & Paul,
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Summary

The most crucial step for interpretation of seismic wide-angle data is the phase correlation. It is highly biased upon the
subjective judgment and experience of the interpreter. Presence of high amplitude noise, oscillations and ripples sometime may
lead to an erroneous correlation. Here we have designed a non-linear amplitude transformation function, which can enhance the
signal to noise ratio of the phases by reshaping the group envelope of a wave packet. The transformation function (Tf) is quasi-
sigmoidal in nature with short dead band. The amount of amplitude limit is entirely controlled by a shape factor or the
transformation coefficient n. The transformation process diminishes the low amplitude signals also but an appropriate value of
n would lead to a better record section even for the low amplitude coherent signals. A field example demonstrates the efficiency
of the proposed transformation function.

2000). The Hilbert transform is used to generate quadrature
trace from the real trace and vice versa (Taner et al., 1979).
Gaussian filter is also used for shaping the signal. The effect
of Gaussian smoothing is to blur an image, in a similar fashion
to the mean filter. The degree of smoothing is determined by
the standard deviation of the Gaussian.

Several techniques e.g. deconvolution (Robinson
and Treitel, 1980), stacking, band-pass filtering (Kanasewich
et al., 1973) can be used for signal enhancement. Sharpening
of amplitudes can also be done through automatic gain
control (AGC), but this does not suppress the oscillations.
In multichannel processing, stacking of the CDP is used for
improving the signal to noise ratio. The method of Kong et
al. (1985) presents a nonlinear approach of filtering to stacked
seismic section, which passes only the signals showing
spatial coherence and having slowness within an allowed
range for signal to noise ratio of more than 0.5. But all these
methods are mathematically rigorous and emphasize the
lateral coherent energy. Seismic Unix package by Cohen and
Stockwell (2000) uses different types of operations for gain
enhancement.

We present a tool for discrimination of the phases
on the basis of amplitudes. This tool is a trigonometric bipolar
non-linear amplitude transformation that is quasi-sigmoidal
in nature with a short dead band effect and works in time
domain unlike the nth root method (Kanasewich et al., 1973),
in which the shaping or reconstruction is done using only the
power of n. The name, sigmoidal (i.e. S-shape) function was
given by Rust and Kumar (1996) who studied the
characteristics of sigmoidal brightness in X-ray. The idea
behind this non-linear transformation is to reduce the
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oscillations present in wave packets.  This transformation
works along the trace, instead of across the traces like the
other filtering techniques, and makes lateral correlation of the
events easier. We also demonstrate the application of this
simple approach for signal detection on a single fold wide-
angle seismic field data set for better visual comprehension.

Amplitude transformation

After experimenting with several functions we find
that the amplitude transformation is best carried out using
the following equation

T
f
 = tan-1 (n A) - sin [tan-1 (n A)], n > 0  ….… (1)

where, T
f
 is the transformed amplitude value for

the normalized trace amplitude of A and the coefficient, n is
the shape factor, which is a real positive number.

Fig. (1) shows the geometrical significance of equation
(1). The first term in equation (1) is the length of the arc that a
unit radius circle, cut by a right angled triangle having the unit
base (OP) and height (QP) of length nA, subtends at an angle
of tan-1 (nA) at the origin of the circle (Fig.1). The hypotenuse
of the triangle OQP cuts the arc at R and RT is the perpendicular
on the radius of the circle. A point U is chosen at the arc RUP
such that arc-RU = line-RT. Then the function Tf (UP) will be
geometrically described by the arc-RP minus line-RT. For the
amplitude value QP, the transformed amplitude value is UP.
Next time when the amplitude is X1P then the transformed value
is X2P. The negative part i.e below the line OP can be explained
similarly. Hence, when the amplitude value oscillates linearly
along QQ', the equation (1) fluctuates along the arc-UU' in a
non-linear way. The function characteristics for different values
of n are shown in Fig. (2). The function is of a quasi-sigmoid
nature beyond the origin. When the amplitude is maximum (Fig.
2), Tf is also maximum but as the trace amplitude decreases
towards zero Tf also decreases, indicating that it limits the
amplitude in a nonlinear way. The function (1) has another
important feature of having a short dead-band effect near zero-
value unlike the sigmoidal function frequently used in neural
network studies. This sigmoidal-type or quasi-sigmoidal
function has no saturation part beyond a certain value of the
parameter (i.e. nA).

The first term in equation (1) is S-shaped function
with a steep slope. The first term alone can act as a filter to
allow only the higher amplitude peaks and completely
suppressing the others. Keeping in view the lower
amplitudes it is necessary to make the first term more slant
by adding the second term in equation (1). The inclusion of
the second term creates a dead-band near the origin, which
will suppress the smaller coda oscillations amplitudes. The
suppression of the coda amplitudes depends upon the
chosen value of the shape factor n

The concept is best described in the Fig. 3. Here we
are using the energy envelope assumed to be of the form of
a bell-shaped nature. The central peak(s) will coincide with
the apex of the bell shaped function and on both the sides of
the central peak (s) oscillatory amplitudes are present (Fig.
3a). The effect of Tf on the bell-shaped (say Gaussian)
function shows that for lower values of n (= 0.2 or 1.0) the
flanks of the envelope narrow down (Fig. 3b) and hence limit
the oscillations making the wave packet sharper by re-
shaping the bell shaped function for any value of n. Since

Fig. 1: The geometrical interpretation of the function T
f
. The

amplitude is represented by the line segment PQ = nA. ?QOP
= tan-1(nA). The function T

f
 can be described by the arcRP

minus the line RT, i.e. arc UP. The transformed amplitude of
PQ can be represented by the arcUP. As the amplitude
fluctuates between QQ’, the transformed amplitude will
oscillate in between the arc UPU’ in a non-linear fashion.
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the transformation depends more on amplitude behavior than
on the phase coherency, amplitude balancing of the data
before transformation improves the quality of the final
section. This would normally include automatic gain control
and trace balancing.

Application to a single trace

Now we apply this transformation function to single
normalized field trace (time series, Fig. 4a) to know the effect
for various values of n. In this figure each wave packet is
marked by a bell-shaped envelope. Here we see the effect of
the characteristics function for various values of shape factor
n on this envelope. In Fig. 4a some of the prominent wave
packets are marked by numbers for demonstration purpose.
Wave packets 2 & 3 and 5 & 6 are too close to be
distinguished by visual look. The other wave packets i.e. 7
& 8 are too broad to be picked uniquely i.e. the occurrence
of 7 & 8 fall within broad time bounds. Now the transformation
(1) is applied on trace (Fig. 4a) and results are displayed for
various values for shape factor n. For smaller values of n,
say 0.2 (Fig. 4b) to 0.5 (Fig. 4c), only prominent amplitude
peaks are retained and the low amplitude peaks along with
the oscillations are suppressed due to the compression of
the flanks of the envelope as described in Fig. (3). Due to the
transformation, events 2, 3, 5, 6, 7 and 8 can be picked more

Fig. 3: The effect of T
f
 on the envelope of a wave packet (a) for

different values for n (b). For lower values of n the base of
the bell-shaped envelope narrows down as compared to the
higher values for n suggesting that the truncation of the
amplitudes, except at the center, is sharper for the lower
values of n relative to the higher values.

Fig. 4: The effect of T
f
 on a single seismic trace, (a) for various

values of slope factor n. The wave packets are marked by
numbers for the sake of convenience. For n = 0.2, the
envelope of the seismic wave packets are truncated sharply
due to the compression of group envelope except at the
center pulse (b).  For higher values of n (e.g. 0.5, 1.0, 2.0 3.0
and 5.0) the lower amplitudes are also retaining gradually and
for n = 5.0, the trace is almost mimicking the original one.
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clearly as compared to Fig. 4a. For higher values of n (Fig. 4d
to 4g) the lower amplitude peaks are also retained along with
the higher amplitudes, due to the behavior of the
characteristic function on the wave envelope. By adjusting
the value of n interactively one can arrive at a seismogram
that retains the peaks, which the analyst will decide
heuristically. In case of closely spaced equal amplitudes, the
amplitudes at the crest of the envelope will be the highest
while others will be suppressed depending on the value of
'n'. This transform would not be able to separate overlapping
signals. The amplitude spectrum shows another smaller peak
with greater frequency after the transform, but the character
remains same for all the values of 'n'.

The transformation boosts up the high
amplitudes clearly suppressing the lower ones. In a seismic
trace where smaller and higher amplitudes exist at different
times (e.g. P, S and Lg) we can either choose different
values of n to boost a specific phase or divide the trace
into several time windows and assign different n values
at each window.

The value of the highness and lowness of the
amplitudes depends upon the amplitudes content in the
entire single trace. The transformed phases are distorted in
amplitudes but the phase is invariant in time under
transformation.

Application to a field data set

The above transformation has been applied to a
seismic record section of densely spaced data to improve
the visualization of the coherent signals. The data belong
to a field case in India (Rao and Tewari, 2005). The shot is
located at the left side of the figures at the zero-distance
location (not shown in figures). Fig. (5a) is a trace-
normalized field seismogram for a reduced-time axis with
velocity 6.0 km s-1. The normalized amplitudes are first
transformed and re-normalized and plotted (Figs. 5b, 5c,
5d, 5e) for different values of n (= 5.0, 3.0, 2.0 and 0.2) for
a comparative study.

In Fig. 5a, the coherent phases identified by Rao
and Tewari (2005) are marked, as 1 and 2 but the phase 3
was not picked. In Fig. 5b for n = 5, the presence of phase
3 is not so clear. But Fig. 5c, d, e for n = 3, 2, 0.2 respectively,
provide a much clearer images for all the three phases. In
Fig. 5e (n=0.2) the other amplitudes are substantially

masked leaving only the three prominent high amplitude
coherent phases and it is much easier and unambiguous
to pick than in fig.5 (a).

Conclusions

This simple transformation has significantly
enhanced the presence of amplitude peaks even in the
presence of oscillations but the phases are distorted in
amplitudes. This transformation works along the trace and
is quasi-sigmoidal in nature with a short dead-band at origin.
The application of this transformation helps in better phase
correlation in a data set particularly where the phases are
close enough to be distinguished from each other or they
fall within a broad time window.
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Fig. 5: The amplitudes of a field seismogram, on which the phases
interpreted by Rao and Tewari, 2005 are marked, (a) are
transformed for different values for n. As the value of n
decreases the coherent phases become clearer. An additional
phase that is not clear after the P6.75 phase in (a) can be
easily picked in (e) as P* earlier picked phases P

6.15
, P6.40 and

P6.75 are also clearer in (e). As n increases, the lower amplitude
phases also become prominent.
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