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ABSTRACT 

 

Conventional amplitude compensation methods in seismic data processing tend to equalize or flatten 
seismic amplitudes. They tend to destroy the subsurface characters in the seismic data. They also 
decrease signal resolution and quality, and therefore result into false interpretation of geological 
structures. In this paper, we report on amplitude compensation methods using Amplitude Simulation 
Technique (AST). The technique is based on the Principle of Amplitude Modulation. This Principle 
requires that the ratio of the change in amplitude of a signal at the receiver position, to the amplitude at 
the source location, cannot exceed unity. On the basis of this, if a seismic signal has amplitude 
modulation in excess of unity, the processed seismic signal will produce severe amplitude distortions 
and interference. On the other hand, if the amplitude modulation is far less than unity, the processed 
seismic signal will have poor contrast, and therefore would need further amplitude compensation to 
improve signal to noise ratio. The absolute amplitude of the edited seismic signal was computed and a 
scatter diagram of the amplitude variation with the reflection time was displayed. The amplitudes of the 
farther samples were matched with the first maximum amplitude. The process was iterated, till all the 
samples achieved the same amplitude. Using a generated equation from Parseval’s Theorem, the 
percentage energy (amplitude) and power recovery of the new scaling functions were computed, and 
the results were displayed in order to choose the optimum scaling function (OSF) at a yielding point, for 
the seismic signal to preserve the signal signatures. 
 
Keywords: Seismic, Amplitude, Simulation, Modulation, Optimum Scaling Function (OSF), Conventional, 
Yielding Point (YP), Parseval’s Theorem, Signal, Noise.  

 
 
INTRODUCTION 
 
Seismic methods are essential to the discovery of oil and 
gas-bearing structures (Dobrin and Savit, 1988; Griffiths 
and King, 1981). With seismic methods, detail information 
about the prospective oil bearing structure can be 
obtained by the application of echo-sounding. In offshore 
areas, surveys are undertaken by a ship which normally 
tows submerged energy source, air or water gun, to 
produce short burst of sound energy, and a long streamer 
containing several hydrophones for measuring the 
variation of water pressure relative to the hydrostatic 
pressure. In Land Survey, geophones or receiver groups 
are connected to a recording truck by a cable which 
extends in one or both directions from the shot point 

(Telford et al., 1990; Henry, 1997; Kearey and Brooks, 
2002).  

In both offshore and onshore surveys, the total initial 
energy is spread over the wavefront which expands as it 
moves in the direction of propagation. The amount of 
energy per unit area decreases with increasing offset 
positions. The farther the detectors are from the shot 
location, the weaker the echo from the reflective 
interfaces (Palmer, 1980; Mike, 2007). The intensity of 
the recorded sound wave is then plotted against the two 
way time, and displayed as a wiggle trace called the 
spectra signature of the geology. In the absence of 
geology,   the   amplitude   of   the   input seismic wavelet  
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(source energy) will be equal to that of the reflected 
wavelet, a particular situation when the detector is 
positioned at the source position, and the recorded 
energy may not need any amplitude restoration (Yilmaz, 
2001; Ikelle and Lasse, 2005). However, since the 
subsurface is not perfectly elastic, mechanical energy is 
not totally conserved during sound propagation. The 
corresponding absorption of energy is frequency 
dependent, and it attenuates the amplitude spectrum at 
the high frequency end of the wavelet (Telford et al., 
1990; Henry, 1997; Kearey and Brooks, 2002). 

Conventional methods include programmed gain 
(PG), root mean square (rms) gain, and instantaneous 
automatic (AGC) gain (Western Geophysical, 1998; 
Sandmeier, 2012), just to mention a few. These methods 
are computed in the time domain within selected time 
ranges (Henry, 1997; Sandmeier, 2012).  The application 
of these scaling methods are then inverted, and applied 
to the seismic data in the time domain to equalize or 
flatten the amplitude of all the recorded samples in the 
trace. These methods of amplitude equalization tend to 
over-estimate or over-amplify small amplitude signals and 
remnant noise, but under-estimate large and true 
amplitude signals. In most cases, the true amplitude of 
the seismic signal is destroyed (Claerbout, 1976; Henry, 
1997; Sandmeier, 2012). 

During seismic acquisition, the amplitude of recorded 
seismic signal decreases with increase in time (t) and 
offset (x), while the frequency and phase of the signal are 
normally constant. The process of varying the amplitude 
and keeping the frequency and the phase constant is 
termed amplitude modulation (AM). The extent by which 
the seismic amplitude varies according to the position of 
the receivers is described as modulation index (mid). The 
modulation index, mid (Gupta, 2009), by definition is the 
ratio of the change in amplitude of a signal at the receiver 
position (ar), to the amplitude at the origin or source 
location (am), and is expressed as: 
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According to the Principle of Amplitude Modulation 
(Gupta, 2009), mid cannot exceed unity. If for any reason 
the amplitude modulation is in excess of unity (mid > 1), 
the processed signal will produce severe amplitude 
distortion and interference (noise trains). On the other 
hand, if the signal is modulated to a small amount, (mid < 
1), the signal amplitude will be smaller, and the 
processed signal energy will be very weak. Since 
recorded seismic waves are also signals resulted from 
the perturbation of the earth, the principle of amplitude 
modulation can also be applied to them. 
 
 

MATERIALS AND METHODS 
 

The procedure required to prepare the field seismic data 
for the amplitude matching technique is shown in Figure 

1 below. The input SEG-Y represents the recorded field 
data, normally digitized at 2 ms, from all the traces of the 
spread at successive times in the Society of Exploration 
Geophysicists (SEG) format. This type of data is often 
called Multiplex seismic data, and needs to be de-
multiplexed before the seismic data can be processed. At 
this point, if navigation data was taken at the time of 
acquisition with the intension of creating 3D seismic data, 
the de-multiplexed data can be merged with the 
navigation data, before further digitizing or the resample 
processing step. If the number of seismic channels is 
wrongly described, the seismic data will not line up in a 
2D array. 

After the demultiplexing step, the data can be 
resampled to 4 ms just to reduce the total volume of 
seismic data before any serious data processing is 
carried out. Resampling however, changes the frequency 
content of the data, in that, it causes frequency folding or 
aliasing, and if nothing is done to the data, there could be 
signal interference and distortions. For this reasons, the 
anti-aliasing filter is applied to remove the over fold 
seismic data (Sheriff, 1991). 

At this stage, a side-by-side display of the seismic 
traces (shot gathers) which have the same shot 
coordinates can be displayed for quality control (QC). 
Noise attenuation serves to attenuate any large 
amplitude noise burst found on the shot display. The 
amplitude of each sample was examined, relative to the 
average amplitude in a zone preceding the sample. If the 
amplitude of a sample was found to exceed the average 
amplitude in the zone, it can be reduced to this average 
value, and the shot gather re-displayed to ensure that all 
corrections made were effective, and the new display 
looked better than the previous shot display. Once the 
shot display was satisfactory after any noise attenuation, 
the digitization step, using the continuous seismic data as 
the input data, can be started. 

The method of digitization/sampling is indicated in 
Figures 2 and 3 below. Figure 2(a) indicates the 
acquisition geometry of the seismic signal, and Figure 
2(b) indicates the matrix array of the sampled data 
(Frank, 1974). Figure 3 is the equivalent of the split-
spread seismic method geometry, and its corresponding 
sampled matrix array. In both Figure 2 and Figure 3, D is 
the seismic detector, S is the signal, X is the offset, and 
SP is the shot point or source location. From the matrix 
element, s1t11a11, in Figure 2, s1 indicates first signal, t11 
indicates the first sampled time (TWT) from the first 
signal, and a11 indicates the first sampled amplitude of 
the first signal. With the symbol ‘sLtL2aL2’,  sL indicates the 
last signal, where tL2 indicates the second sampled time 
of the last signal, and aL2 is the second sampled 
amplitude of the last signal, and so on. 

The geometry of the split spread seismic acquisition 
is geometrically different from the end spread method, as 
indicated above, hence the difference in the sampled 
matrix    arrays.   From   Figure 3,  the    matrix   element,  
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Figure1. Data preparation for amplitude matching and simulation 
 

 
sr1tr11ar11, sr1 is the first signal in the reversed shooting, tr11 
is the first sampled time of the first signal in the reversed 
shooting, ar11 is the first sampled amplitude of the first 
signal in the reversed shooting. From the element, 
sfLtfLNafLN  in Figure 3, sfL indicates the last signal in the 
forward shooting direction, tfLN is the last sampled time of 
the last signal in the forward shooting direction, and afLN 
is the last sampled amplitude of the last signal in the 
forward shooting direction, and so on.  

Scatter diagrams of the absolute amplitudes of the 
digitized seismic signals were plotted against the 
reflection time to assess the amplitude variation with 
time. When background noise and all other contaminated 
noise have been removed, the matching procedure can 
be started, after the maximum amplitude is identified. 

The proposition is that, if the modulation index, 
Equation (1), can be increased, then the recorded 
seismic signal amplitude can also be increased. In other 
to increase the modulation index without any distortions 

in the seismic signal, the amplitudes at the later sample 
points (a0, a1, a2, …, aN-1) are matched to the amplitude at 
the zero offset (a0). If the amplitude at the zero offset is 
not measurable, matching can be done to the acceptable 
maximum amplitude (am) closest to the source position. 
This is because, the amplitude at the zero offset is 
equivalent to the maximum energy applied at the source 
position during acquisition. The computational procedure 
is illustrated below: 

Assume that for one-dimensional (1D) seismic data 
(S0), the un-scaled seismic amplitudes, {an}, on the 
recorded seismic signal with sample points (n) are given 
as: 

{ } { }132100 ,...,,,,
−

== Nn aaaaaaS                              

(2) 
To compute the first amplitude scaling function (S1), 

we need to match the set of amplitudes in Equation (2) 
with the maximum amplitude, am, as explained above: 

 

Input SEG-D/ SEG-Y 

Resample 

Anti-aliasing filter 

Digitize data 

Demultiplex 

Noise Attenuation 

Does data have 
noise? 

Output data 

Data preparation complete 

Start 

Yes 

No 

Display shot gather 
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                 Figure2. End-spread seismic acquisition geometry and sampled matrix array. 
 
 

 
 
 

                 Figure3. Split-spread seismic acquisition geometry and sampled matrix array 
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(3) 
The second scaling function, S2, is computed by 

matching the maximum amplitude, am, with those 
computed for S1, as in Equation (3): 
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(4) 
Matching the amplitudes of S2 with the maximum 

amplitude, am, the scaling function for S3 can also be 
computed in a similar way. The set of sample amplitudes  

Detector (D):  DrL … Dr2 Dr1 SP Df1 Df2 … DfL 

 
    Offset (X):  XrL … Xr2 Xr1 SP Xf1 Xf2 … XfL 

 
    Signal (S):  SrL … Sr2 Sr1 SP Sf1 Sf2 … SfL 

 
(a) Split spread shooting geometry 
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 (b) Split spread matrix of sampled data of a shot gather.  

Detector(D): SP  D1  D2 . . . DL 

 
   Offset(X): SP  X1  X2 . . . XL 
 
   Signal(S): SP  S1  S2 . . . SL 

 
(a) End spread shooting geometry 
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(b) End spread matrix of sampled data of a shot gather. 
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                                  Figure4. ERC (or ARC) using AST scaling functions 
 

 
computed using this concept give rise to a general 
sequence equation of the form: 
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If 0=n , Equation (5) can be written as: 
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(6) 

The ratio 
mn

aa  is the modulation index (mid) for 

each of the n
th
 sample points as indicated in Equation (1). 

Equation (6) is the general amplitude simulation function 
for any seismic data which needs energy or amplitude 
restoration. This concept can also be extended to 
multidimensional seismic signals by the addition of any 
chosen independent variable. For 2D seismic data, (t, y) 
or (f, ky) and 3D, (t, y, z) or (f, ky, kz) seismic data, the 
equation for the scaling function can be expressed 
respectively as: 
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This process can be repeated iteratively until there is 
no or very little change in the result between Sn and Sn+1. 
The computation of mid, is an important factor in this 

processing technique as, it is the factor that determines 
the strength and quality of the processed transmitted 
seismic signal, especially in frequency and wave-number 
domain. 

In doing this, the initial energy or maximum amplitude 
will be distributed to sample points farther along the 
signal (or offsets) to restore the energy lost. This 
procedure can be repeated, for the trace, narrowing down 
the amplitude range between the source position, and the 
sample points farther from the source by half, each time, 
until all the amplitudes on the signal/trace are the same. 
The number of matching sets of modulation indexes we 
compute in the process is therefore equivalent to the 
number of possible sets of amplitude compensation 
scaling functions needed to restore the energy of the 
seismic signal. 

Using Parseval’s relations (Spiegel and Pettitt, 1983; 
Stroud and Booth, 2003), the signal energy (En) and the 
power (Pn) of all the computed scaling functions can be 
estimated. If the computed energy or power of the initial 
seismic signal is E0 or P0, the percentage energy 
(amplitude) recovery (% ERn) or power recovery (% PRn) 
of the computed AST scaling functions (k) can be 
expressed respectively as: 
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RESULTS AND DISCUSSIONS 
 
To find a suitable scaling function, in order to 
compensate for the lost of energy (or amplitudes) at 
farther samples, and still maintaining the integrity of the 
seismic signal signatures, a graph of the percentage 
energy (amplitude) recovery (ERC or ARC), versus the 
computed scaling functions can be constructed, using 
Equation (9). 

As shown in Figure (4) above, the Optimum Scaling 
Function (OSF) to compensate for the lost of energy in 
the seismic signal is the scaling function at the yielding 
point (YP). Any of the AST scaling functions beyond this 
point, will show a much better seismic section than when 
any of the conventional scaling functions is applied. The 
signal signature of the formations in the subsurface would 
also be preserved with the use of the AST scaling 
function than with the conventional scaling methods. 
However, the farther the chosen AST scaling functions is 
from the yielding point (YP), the closer it approaches a 
conventional scaling function, and the more flatter the 
amplitudes become. 
 
 
CONCLUSION 
 
The application of the optimum scaling function (OSF), 
from the percentage energy recovery curve, to the 
seismic data, retained the signal signature, unlike the 
conventional scaling functions, which provide a scalar 
value to flatten all the amplitudes, and then destroy the 
seismic signatures. With the AST scaling functions, the 
final seismic section have improved signal-to-noise ratio 
compared to the conventional scaling methods. 
Structures which were not possible to identify on the 
seismic sections when processed with conventional 
scaling methods are easily delineated when the AST 
scaling functions are used in the pre-stack processing 
stage of the seismic processing steps. 
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