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Abstract

In this paper we are performing Spiking and Gap deconvolution on land 2D
data; we are applying on the shot and stack data with operator length (200
ms), while in the gap deconvolution it is used different gap window (16.24
ms). The quality of output data is better than input data, and there is homo-
geneity in the distribution of frequencies. Also the band width of frequencies
is increasing and smoothing specialist in the case of spike deconvolution be-
cause it increases the temporal resolution so, it appears for us the inter beds
between the layers and this is very important about the interpretation.
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1. Introduction

The definition of deconvolution is a filtering process that removes a wavelet

from the recorded seismic trace [1] and is done by reversing the process of con-

volution [2]. The commonest ways that perform deconvolution, by designing a

Wiener filter to transform one wavelet into another wavelet in a least-squares

sense [3]. Deconvolution concerns itself with removing a part of the data which

is convolutional. For instance, we know that a total seismic response consists of

the convolution of the seismic source wavelet with the earth response, convolved

with the response from the seismic detector, convolved with the seismic re-

sponse from the recording system. If we consider only the seismic source signa-
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ture s(¢) and the impulse response of the earth g(#), then the seismic signal can

be written as shown in Equation (1) [4].

x(r)=g(t)*s(r) (1)

2. Optimum Wiener Filter

It is filter designed to find the inverse filter to convert the basic seismic wave to
any desired output the zero-delay spike (1, 0, 0), that was considered when stud-
ying inverse and least-squares filters Rewrite Equation (2), which we solved to

obtain the least-squares inverse filter, as follows [5]:

S HEH o
(3% e )3)-(6) ®

Divide both sides by 2 to obtain:

(3 5166 2

The autocorrelation of the input wavelet (1, —1/2) is shown in Table 1 Note
that the autocorrelation lags are the same as the first column of the 2 x 2 matrix
on the left side of Equation (3). Now compute the cross correlation of the de-
sired output (1, 0, 0) with the input wavelet (1, —1/2) (Table 2). The crosscorre-
lation lags are the same as the column Matrix on the right side of Equation (3).
In general, the elements of the matrix on the left side of Equation (3) are the lags
of the autocorrelation of the input wavelet, while the elements of the column
matrix on the right side are the lags of the crosscorrelation of the desired output
with the input wavelet, show Figure 1.

Now perform similar operations for wavelet (—1/2, 1). By rewriting the matrix

Equation (2)-(19), we obtain:
5/4 -1/2\(a) (-1
(3 50k <
Divide both sides by 2 to obtain:
5/4 -1/2\(a) (-1
S 5l )

Matrix Equations (3) and (6) were used to derive the least-squares inverse fil-

ters. These filters then were applied to the input wavelets to compress them to

Table 1. Shows Autocorrelation lags of input wavelet (1, —-1/2) [5].

Wavelet signature Inverse filter
1 -1/2 Output desired
1 -1/2 5/4
1 -1/2 -1/2
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Table 2. Shows Cross correlation lags of desired output (1, 0, 0) with input wavelet (1,

-1/2) [5].

Wavelet signature

Inverse filter

1 0 0 Output desired
1 -1/2 1
1 -1/2 0
Desired
Input Output
Auto- Cross-
correlation correlation
| > Wiener l
Filter
>
Actual
Output

Figure 1. A flowshart for weiner filter design and ap-
plication [5].

zero-lag spike. The matrices on the left in Equations (3) and (6) are made up of
the autocorrelation lags of the input wavelets. Additionally, the column matrices
on the right are made up of lags of the crosscorrelation of the desired output a
zero lag spike, with the input wavelets. These observations were generalized by
Wiener to derive filters that convert the input to any desired output [5].

3. Algorithm Principle

The spiking deconvolution in seismic data processing is routinely applied to
compress the source wavelet included in the seismic traces to improve temporal
resolution. The general form of the matrix equation for a filter of length n is

represented in Equation (7), [6]:

i h o Lol % &

h o oo hal 4| & )
n i o This| % &
Lot Taa Ty To ]G0 81

Here, 1, a, and g, i=0,1,2,---n—1 are the autocorrelation lags of the input
wavelet, Winer coefficients, and the Crosscorrelation lags of the desired output
with the input wavelet respectively. If the desired output is zero delay spike, it is

call spiking deconvolution (Equation (8)):

0 H Lo ol % 1
oo K Lo a 0 ®)
r i nh Ll @& 0
it Tha Tz Ty L% 0
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Filter has the same form as the matrix in Equation (8). Therefore, spiking de-
convolution is mathematically identical to least squares inverse filter. A distinc-
tion, however, is made in practice between the two types of filtering. The auto-
correlation matrix on the left side of Equation (8) is computed from the input
seismogram, in the case of spiking deconvolution (statistical deconvolution),
whereas it is computed directly from the known source wavelet in case of least
squares inverse filtering. If the input wavelet is not a minimum phase, spiking
deconvolution cannot convert it to a perfect zero-lag spike. Although the ampli-
tude spectrum is virtually flat, the phase spectrum of the output is not a mini-
mum phase. The spiking deconvolution operator is the inverse of the mini-
mum-phase equivalent of the input wavelet. This wavelet may or may not be
minimum phase [7]. The predicative deconvolution desired output, a time ad-
vance from of input series suggests a predication processes. Given input x(#), we
want to predict its value at some full time (# + a), where a is predication lag.
Wiener show that the filter used to estimate (x + a) can be computed by using a

special form of the matrix Equation (9):

" I o Lol % 8o
h ) hno nhall @4 _ & (9)
n I h Ll & &>

LT T S S T (O | 8

where Here r, a, and g, i=0,1,2---n,n—1 are the autocorrelation lags of the
input wavelet, the Wiener filter coefficients, and the cross correlation lags of the
desired output .with the input wavelet. Since the desired output x(¢ + a) is the
time-advance version of the input x(#), we need to specialize the right side of
Equation (4) for the predication problem. Consider a Five-point input time se-
ries x(9: (x0, x1, x2, x3, x4), and set a = 2. The designed may be carried out us-
ing Equation (10) [7]:

4 I Lo ol % "
I Ty o |l & | | Tan (10)
) h nh Thhsl|l @ Tav2

7

a+n-1

4. Methodology

The advantages of this method, we get clear data have more resolution and for-
matted to the migration method, so it is become ready to the interpretation. The
deconvolution is the essential stage and it is consider important case in the seis-
mic processing sequence because it is increase the temporal resolution and
compressed the wavelet, in addition of decreases the noise compared with the
signal. Deconvolution of seismic data can be performed in two types (spike and
gap deconvolution) depending on the used source and the requirements of in-
terpreter. Mostly, two techniques (spike and gap) used in the processing of data
and the best results are selected to the production. In our work we showed the
effective of (spike and gap) deconvolution on the shot domain free from any
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noise as shown in the Figure 2. The using system it is called Geovation (CGG

company).

5. Results

This process is executed by following steps, firstly we are going to apply spike
deconvolution on the shot data free from any noise with operator length (200
ms), and second apply the predictive (gap) deconvolution and the using gap (16
ms) with the same operator gap 200 ms also. So, from these results we show the
difference between input shot data and spike deconvolution. Notice that there is
enhancement in the temporal resolution after spike deconvolution apply and
there is high clear in the hyperbola of shot data specialist in the initial of time
about 600 ms as shown in Figure 3(a), Figure 3(b). these difference gives im-
pression about the spectrums so, there is smoothing in the band width of fre-
quencies better than spectrums without spike deconvolution applying, because
of the last work compressed for wavelets like the wavelet before inner subsurface
and It is re-frequencies that lost during subsurface layers so that, the bandwidth
frequencies of wavelet increases low and high that it is led to enhance in the
temporal resolution as shown in Figure 4(a), Figure 4(b). Figure 5(a), Figure
5(b) show the distributions of frequencies with applying of spike deconvolution
and without apply it. So there is homogenous in the distribution of frequencies
specialist in the initial time, it is mean high frequencies in the initial time of the
shot data so, there is high resolution in this time. The wavelet reconverted to the
normal case before interred the subsurface layers and there is re-frequncies to
the wavelet compared with the other case without apply spike deconvolution.
There is randomly in frequencies and attenuation because of the wavelet passed
during the sequences of processes in the subsurface layers such as absorption re-

fraction and dispersion. In the gap deconvolution there is preserve in the wavelet

|Input data (shot domain free from noise)l

I Deconvolution |

v

I Gaé Decon. | Spike Decon.

| NMO Correction |
| Stack + Mute |

Figure 2. Shows the flow processing of gap

and spike deconvolution.
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Figure 3. (a) Shot data free from noise before spike deconvolution; (b) Spike deconvolu-
tion with operator length 200 ms.
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Figure 4. (a) Spectrum of band width frequencies without spike decinvolution; (b) Spec-
trum of band width frequencies with spike deconvolution.

shape and continuity in the reflection data but there is no resolution compared

with the spike deconvolution. The signal to the nose ratio enhances and atte-

nuates in the multiples reflections when the window of gap is decreases because of

the decreasing of gap refer to the compressing of wavelet without sidesloops. Also
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Figure 5. (a) Shows the distributions of frequencies without spike deconvolution; (b)
Shows the distributions of frequencies with spike deconvolution.

the spectrum of frequencies is flatting as shown in Figure 6(a), Figure 6(b). The
difference in the bandwidth of frequencies between the spike and gap deconvo-
lution, In the case of spike deconvolution we notice the spectrum more flatten-
ing and the bandwidth is wider compared with the bandwidth of the gap decon-
volution, as we said the spike deconvolution compressed the wavelet led to in-
crease in the bandwidth frequencies, so the temporal resolution is increase as
shown in Figure 4(b), Figure 6(b).

Figure 7(a), Figure 7(b) shows comparing the stack data before and after
deconvolution, there is enhancement in the seismic stack after deconvolution,
flatting reflectors which appear specialist around initial time 750 ms and also 950
ms as shown in Figure 7(b). Additionally inter bed layers appeared because the
temporal resolution. This improvement in the vertical resolution and enhanced
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Figure 6. (a) Shows the shot data with gap deconvolution and gap = 16 ms; (b) Spectrum
of band width frequencies with gap deconvolution.
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Figure 7. (a) Shows stack data before deconvolution; (b) Shows
stack data after deconvolution.
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in the reflection which correspond to the geology. Such high resolution reflec-
tion details are desirable features for seismic interpretation. This paper indicates

that suitable parameters can properly enhance the resolution of seismic data.

5. Conclusion

The spiking deconvolution operator is the inverse of the (minimum phase)
equivalent of the input wavelet. This wavelet may or may not be minimum
phase. When the source signature is known, a designature process can be applied
as an alternative or a complement to this step in our case, we applied a trace by
trace spiking deconvolution, and the deconvolution which in this case desired
output (zero lag spike), we used operator length 200 ms. We found the spike
deconvolution gives perfect results compared with gap deconvolution because it
enhances in the temporal resolution and appears inter layers can be used in the
stratigraphy interpretation, but the gap deconvolution gives continuity in reflec-

tors and attenuates in the multiple noise.
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