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Abstract 
A reflection seismogram can be represented as a convolution of a 
source wavelet with a set of reflection coefficients. In a standard 
model these coefficients are scalar and real impulses. For all plane 
waves, displacements are phase shifted in post-critical angles. In this 
case reflection coefficients can be complex and the scalar 
deconvolution does not remove distortions perfectly. To overcome 
this problem, it has been attempted to examine an analytical technique 
[i.e. Analytic Minimum Information Deconvolution (AMID)] that can 
remove distorted effects from seismograms. The necessary codes have 
been written for applying AMID technique to synthetic and real data. 
Using computer programs in seismology (Herrmann, 1996), the 
necessary synthetic seismograms are generated for a specific 
structural earth model. 10% random noise is added to the synthetic 
seismograms and the output of AMID filter is investigated for 
different source - receiver offsets. The results of this study shows the 
ability of AMID for elimination of random noise and Moho phase 
detection.  
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Introduction 
In seismic studies, the earth is assumed as a homogeneous layered 
media. In such a simple earth model, a typical seismogram can be 
modeled as the convolution of a source wavelet with a set of scalar 
and real coefficients.  
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For wide – angle reflections or curved wavefront standard 
deconvolution techniques no longer are valid for crustal scale of 
seismic data. The above conditions will result in post-critical 
reflection observations. Due to the creation of inhomogeneous 
/interface waves at the boundary of layers (Aki and Richards, 1985), 
reflection coefficients can be complex.  
 The analytic method to deconvolve complex wavelets of seismic 
reflection data was introduced by Levy and Oldenburg (1982) by 
means of the linear inverse theory. The practical analytic formulation 
for complex version of minimum entropy deconvolution was 
developed by Ulrych and Walker (1982). Claerbout (1978) developed 
the Minimum Information Deconvolution (MID) method. MID 
technique uses an iterative gradient descent algorithm, to achieve the 
convergence of the solution. Kim and Marillier (1996) drove a 
complex version of MID to deconvolve ocean bottom seismometer 
(OBS) data. The main purpose of this article is to extend the 
Analytical Minimum Information Deconvolution (AMID) technique 
to synthetic and real examples of deep seismic data.  
 
Theoretical Backgrounds 
If a plane P-wave is traveling with horizontal slowness S in direction 
x, then the displacement of scattered upgoing P-waves from Moho 
boundary can be rewritten as [e.g. Arons and Yennie, 1950; Aki and 
Richards, 1985]:  

S i i P P i Px
i

z tM(sin , , cos ) exp[ (
cos

)]1 1
1

1
0 − − −ω

α
     (1) 

 
where i1  is incidence angle and P PM  is reflection of P-wave at the 
Moho discontinuity. The reflection/refraction rays of an incident P-
wave in a case of post-critical angle is shown in Figure1. In general, 
reflection coefficient of P PM  can be written as: 
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Where a, b, c, and d describe the relation between shear velocities and 
densities. E, F, G, and H are constant parameters to relate shear and 
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compensational velocities to cosine directions. The factor D and ray 
parameter, P are as follow: 

D EF GHP= + 2  
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 In the following, reflected P-waves beyond the critical angle (i.e. 
post critical angle) have been evaluated. In equation (2) if the 
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transmitted wave) becomes complex because it has been assumed that 
12 αα > . 

 
 
Figure 1. Notation for reflection at the Moho border. βα ,  and ρ  is 
compress ional wave velocity, shear wave velocity and density, 
respectively. a- Incidence angle i1  < ic ( critical angle). b- 
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To rewrite equation (2) based on relations (4), (5) and (6): 
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 A suit equivalent for equation (7) will be in the following form: 
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 Therefore the 
~
PPn  interface wave contains both real and imaginary 

parts. Considering this result, it can be seen that 
~
PPn  is written as a 

function of amplitude, =(pR 22
pp BA + ) and phase, 
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Arc )]. Moreover, It should be noted that, due to pA  

and pB are functions of α α β β ρ ρ1 2 1 2 1 2, , , , ,  and pi , the values of 
amplitudes and phases depend on elastic parameters. Considering 
equation (8), equation (1) changes to: 
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That is, displacement of reflected up going P-wave is phase shifted by 
pϕ  for cp ii > . 

 Therefore, it can be concluded that the pulse shape of the reflected 
wave is not the same as that of the incident wave. It means that 
reflected pulse shape is distorted and the amount of distortion depends 
on the phase pϕ  of the complex reflection coefficient. Considering 
equation (8), The range of phase shift of reflected P-waves have 
calculated in terms of incidence angle for a simple model that, results 
have illustrated in Figure 2. 
 
The Seismogram Model and Analytic Convolution 
The seismogram { X t( ) ; t = 1, NX} can be modeled as the real part of 

the convolution of the analytic source wavelet {W t
∧

( ) ; t =1, NW} with 

the complex reflectivity function {Y t
∧

( ) ; t = 1, NY}, that is  
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which represents a set of complex coefficients with modulus y j , 

phase angle ε j  and delay time τ j  (Kim and Marillier, 1996). 
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Deconvolution can be defined as the process of extracting the 
reflectivity function from the seismic trace to improve the vertical 
resolution and recognition of events (Levy and Oldenburg, 1982). 
 

 
Figure 2. Phase advance of reflected P-waves in one layer model. a) Phase 
advance versus incidence angel; b) Phase advance versus source-receiver 
distance; c) Reflection coefficients in terms of source-receiver distance. 
 
Analytic Minimum Information Deconvolution(AMID) Algorithm  

The analytic minimum information deconvolution filter { )(ta
∧

} can be 
written as:  

)()()( tatXtY
∧∧∧

∗=                                      (12) 
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Which )(tY
∧

is deconvolved seismogram and the observed seismogram 

is )(tX . Clarebout (1978) presented a complete solution method of 

scalar MID and a brief of procedure to derive AMID filter a t
∧

( ) is 
introduced by Kim and Marillier (1996). The equation (12) of Kim 
and Marillier (1996) can be written as: 

∑∑∑ +−−=+−+−
∧

tmt
ktXtgmadktXmtX )1()()()1()1( λ   (13) 

Where λ is the scalar gain factor, )(tg  is written as: 
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That superscript c denotes the conjugate. 

The auto correlation function of )(tX  can be introduced as vector A: 
∑ +−+−=
t

ktXmtXA )1()1(  

And the cross correlation of )(tg  and )(tX  as vector B: 
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Then equation (13) can be rewritten as  
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Where f is a vector of filter coefficients of )(tad
∧

and )./( 2/1sηγλ = . 
That γ is the predetermined amount of perturbation to the previous 
filter. It is being changed as the iteration proceeds by the relation (16): 
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And η  is a constant (in the range of 1.0 ~ 3.0) and parameter s  is 
convergence criterion, which it could be calculated as: 
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 It should be noted that the assumption )(ˆ*)()(ˆ tadtXtyd =  is 
considered instead of )(ˆ tyd . Thus the )(ˆ ta  by )(ˆ)(ˆ)(ˆ tadtata +=  can 
be renewed until convergence has been achieved. 
 Deconvolution algorithms can be used in a series in which one 
operation removes one type of distortion and is then followed by a 
different type of deconvolution algorithm to remove another. In 
seismic data processing, deconvolution is commonly used to attenuate 
multiple reflections and random noise effects, which leading to an 
enhanced seismic record. 
 
Application of AMID to Synthetic and Real Data 
To illustrate the capability of analytic deconvolution method, the 
AMID algorithm has been applied to different type of seismograms.  
 Separating noise from signal is an important subject in geophysics. 
Many seismic data, especially those acquired on land, are seriously 
contaminated with noise that impedes interpretation and interferes 
with further processing and analysis. Noise may be either random or 
coherent. Random noise is a noise that has no predictability from one 
trace to the next. Seismic data often has a background of this random 
noise. This random noise is recognized by its dissimilarity from trace 
to trace. Seismic signals, on the other hand, are recognized by their 
lateral continuity, and this continuity is used to distinguish events of 
interest from the background random noise. Much of this continuity 
results from the sedimentary character of the data being considered. 
Eliminating background noise from a seismic trace makes the 
recognizing of reflections significantly easier, especially when noise is 
strong. 
 Using computer programs, synthetic seismograms corresponding 
with one layer model of Figure 3 have been generated in which are 
shown in Figs.4 and 7. Since real seismic traces are often associated 
with background noise, therefore 10% random noise has added to the 
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generated synthetic seismograms of the first three receivers with offset 
100Km, 110Km, and 120km, respectively (Fig.5). Then three 
consecutive traces of Figure 5 have been deconvolved simultaneously 
by AMID algorithm, which their results have demonstrated in Figure 
6.  
 

 
Figure 3. Diagram of one layer model to generate reflected waves from 
reflector A. h = 35Km, source depth = 100m, kmSR 1001 = , 

kmRRRR 103221 == , kmSR 1704 = , and kmRRRR 206554 == . 
Dimensions of Velocities and density are in terms of km/sec and g/cm3, 
respectively. 
 
 Then 10% random noise has been added to synthetic seismograms 
of second three receivers (Fig.7), which are shown in Figure8. In this 
case, the result of AMID output is presented in Figure9.  
 Results of AMID technique that presented in Figures 6&9 indicate an 
efficient application of analytical deconvolution to remove distortion 
and random noise from seismograms.  
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Figure 4.The first group of synthetic reflected waveforms from model 
of Figure 3. 
 

 
 
Figure 5. Synthetic seismograms of Figure 4 with additional 10% 
random noise. 
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Figure 6. AIMID output on noisy synthetic seismograms of Figure 5. 

 

 
Figure 7. Second group of synthetic reflected waveforms from model of 
Figure 3. 
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Figure 8. Synthetic seismograms of Figure 7 with additional 10% 
random noise. 
 

 
Figure 9. AMID output on noisy synthetic seismograms of Figure 8. 
 
 To further test the applicability of AMID method, a real example of 
OBS data have been used (Fig.10). The data shown in Figure 10 were 
recorded along Canadian border of the Atlantic Ocean. The airgun as 
an artificial seismic source has used to generate these data. The Ocean 
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Bottom Seismometer (OBS) is a self-contained data-acquisition 
system, which free falls to the see floor and records seismic signals. 
The result of AMID on this example is shown in Figure 11. 

 
Figure 10. OBS data acquired along the Canadian margin of the 
Atlantic Ocean. 
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Figure 11. AMID output on seismograms of Figure 10. 
 
 It should be noted that the output of AMID are drown without 
including delay times. Figure 11 shows different phases in the 
maximum amplitude position of each phase on the processed seismic 
traces. Removing multiples at about 4.6 second made Moho reflection 
more visible in comparison with original seismic section of Figure 10. 
Therefore, AMID can be an effective tool for removing phase-shifted 
wavelets, random noise and multiples. 
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Discussions and Conclusion 
Both synthetic and real data are assumed to contain distortion of phase 
shifted wavelets. The results of this study indicate the effectiveness of 
AMID technique to process crustal seismic data. Moreover, these 
numerical investigations show the potential power of the analytic 
formulation by AMID deconvolution, which like other methods, tends 
to compress the wavelet centered on its maximum amplitude. The 
only limitation of the method is closely spaced impulses. However, in 
the presence of phase-shifted wavelets, this limitation does not appear 
to be any more serious than those inherent in non-analytic techniques 
(e.g. scalar standard techniques). It was illustrated the importance of 
the introduced technique in recognizing reflectors as for example 
Moho. Therefore, it is realistic to apply AMID method in 
Signal/Noise improvement on seismic reflection data. 
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