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ABSTRACT 

Deconvolution applies a linear fi lter to a to a time function , to 

cancel undesired effects produced by the earth. In this repOit the focused 

objective is to check Zero-phase Deconvolut ion of Zero-phase wavelet. 

Sp iking Deconvolution when applied on Zero-phase data produced 

phase distortions in Zero-phase data. But the Zero-phase Deconvolution 

Produced good results causing no phase dist0l1ion. ]n Zero-phase 

Deconvolution, the output is symmetric, whose length has been 

decreased optimally with respect to the input. After cross-correlat ion of 

vibroseis data a Zero-phased output is produced. Spiking Deconvolution 

of that data produces phase distOitions, therefo re, Zero-phase 

Deconvolution is more appropriate for vibroseis data. 



INTRODUCTION 

Seismic reflection processing results depend upon the processes used 

for the processing. Deconvolut ion is one of the fundamental processes. It 

often improves tempora l resolution by collapsing the seismic wavelet into a 

spike and suppressi ng reverberations. 

A wavelet is usually a transient signal. To shape a wavelet, digita l 

filters are computed whose functions are to transform the input wavelet into 

a sharp wavelet. The wiener filter converts the seisIn_ic wavelet into any 

desired shape. 

When wavelet IS zero phase, the spiking deconvo lution produces 

phase d istortion. Zero phase deconvolution produce better result than 

spiking deconvolution. It is com monly applied on vibroseis data. In zero 

phase deconvolution two parameters are considered. 

• Operator length 

• Prewhitening 

Short operators yield spikes with small amplitude and relatively high 

frequency tai l. Long operators whiten the spectrum nut her bringing it closer 

to the spectrum of the impulse response. 

Prewhitening is achieved by adding an att ificia l level of noise in data 

before deconvolution. Prewhitenjng is an essential parameter lIsed 111 

deconvolution to escape the drawback of W iener Lev inson algorithm. 

By using above two parameters, a zero phase wavelet is designed, to 

interpret the data. 



Chapter 1 



CHAPTER I SEISM IC EXPLORATION 

SEISMIC EXPLORATION 

1.1 INTRODUCTION 

Before 1920, some oil fields were discovered by chance or by 

looking at surface such as seeps or surface geological manifestation of 

surface traps. 1n 1930's and later gravity, magnetic and seismic methods 

were used for discovering oil fields. In recent years the introduction of 

electronic computers in oi l industry has brought about a tremendous 

revolution in exploration technology. 

Nowadays seismic reflecti on seismology is widely used to map 

the structures of the subsurface formations by measuring the time 

required for the seismic wave, generated in the earth by a near surface 

source, to return to the surface after retlection from interfaces. This 

method provides a structural picture of surface comparable to obtained 

from several boreholes. 

Seismic exploration technique consists of three main stages 

I) Data Acquisition 

2) Data Processing 

3) Interpretat ion 



CHAPTER I SEISMIC EXPLORATION 

Here we wi II discuss only data processing 

1.2 Seismic Data Processing 

Seism ic data processing is a sequence of operations, those are 

carried out according to pre-defined program to extract useful 

informations from a set of raw data obtained in the fi eld using COP 

technique (Mayne, 1962). 

The data are usually contaminated with different kind of noise. The 

processing sequence consisting of corrections and adjustments is meant 

to correct the data for various physical processes and then to suppress 

that noise which obscures the desired geological information of seismi c 

data (Yi lmaz, 1987). 

There are three primary stages for processing the data. 

I) Deconvolution. 

2) Stacking 

3) Migration 

All other processing techniques may be considered secondary in that they 

help to improve the effectiveness of primary processing. A brief 

description of data process ing sequence is given below. 



CHAPTER I SEISMIC EXPLORATION 

1.3 PRE- PROCESSIING 

1.3.1 DEMUL TIPLEXlNG 

Unscrambling a multiplexed array into a trace sequential array is 

called demultiplexing and it is accomplished by using speci fi e computer 

program. 

MUltiplexed data is in time sequential format and demu ltiplexed data is in 

trace sequential format. The seismic data is recorded on magnetic taps 

using any of the formats such as 

SEG-A, SEG-B, SEG-C (Record the data in multiplexed form) 

SEG-D (Record the data in multiplexed and demultiplexed form ) 

SEG-Y (Used in processing center to record data in demultiplexed form) 

Mathematically demultiplexing is to transpose the field packed data into 

a matri x that ca n be read in a trace sequence order related with a common 

shot point.(Yi lmaz, 1987) 

1.3.2 EDITIG 

Data editing is the process of removing or correcting any trace 

partially or completely that may cause a deterioration of stack. 

J 



SEISMIC C!XPLORATION 

Muting is accompli shed by zeroing tile ampli tude values of that 

particular trace that has a recognizable noise (A I-Sadi, 1980) 

1.3.3 VlBROSEIS CORRELATION 

All reflected and refracted signaJ s in a vibroseis seismogram 

overlap in such way that the traces are not readable. To make them 

readable the procedure used is called ItVibl'oseis Correlation". This is 

done by cross correlating the data with original input sweep, each 

refl ection is compressed into a wavelet which can be used directl y to 

examine sub surface structure (Badley, 1985) 

1.3.4 GAIN APPLICATION 

A gai n recovery function is applied on the data to correct for 

amplitude decay. Gain is also time variant scale derived from the data 

used mostl y for display purposes. Automatic gain control (AGC) brings 

out the weak reflection zone of seismic data, but destroys the signal 

character during processing (Yi lmaz, 1987) 

1.4 DECONVOUTION 

Deconvolution is performed along time aXIs to Improve the 

temporal resolution of seismic trace through compressing the basic 

seismic wavelets to approximately the spikes and suppressing the 

reverberating noise. (Yilmaz, 1987). 
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Deconvo lution is of two types. 

Deterministic Deconvolution. 

2 Predictive Deconvolution. 

Determ ini sti c deconvolution is capable of producing a pulse of any 

designed shape with an approximate band-widtl1 . 

Predictive deconvolution attempts to predict event shapes obtained 

by statistical studies of the seismic traces (Badley, 1985) 

1.5 CDP SORTING 

Each trace to be included In a CDP stack comes from different 

sources and is related with a common reflection point. The set of traces 

"Sorted" for a particular CDP stack is called a "CDP gather" 

When reflector is horizontal and velocities do not vary, the CDP 

Gather is equivalent to CMP gather. But when the reflector is dipping 

these two gather should never be equi valent (Yimaz, 1987) 

1.6 VELOCITY ANA YSIS 

In addition to providing an improved SIN ratio, multi fold coverage 

wi th non-zero-offset recording yields velocity information about the 

subsurface . Velocity analysis is performed on selected CDP gathers or 

5 



CHAPTER I SEISMIC EXPLORATION 

group of gathers. The output from one type of velocity analysis is a table 

of numbers as a function of velocity versus two way zero·off set time. 

These numbers represents some measures of s ignal coherency along the 

hyperbolic trajectories governed by velocity, offset and travel time. From 

the velocity spectra of a COP location, the velocity time pair are selected 

from these spectra based on maximum coherency peaks. These veloc ity 

functions are spatially interpolated between the analysis po ints across the 

profile to supply a velocity function for each COP gather along the 

profile. 

The est imation of velocities from the seismic data requ ires the data 

recorded at nonzero off sets provided by common depth point (COP) 

recording. Normal move is the basis for determining the velocity from 

the seismic data. Where the "Normal move out" (NMO) is the time 

difference between travel time at a given offset and at zero offset. The 

method of constant velocity scans of a COP gather is important technique 

for velocity analysis. The NMO corrected COP gathers are displayed side 

by side in the form of pane l using a range of constant velocity. Now any 

event on the NMO corrected COP gather is observed to be flat, 

corresponding to velocity. This will be the "stacking velocity". By 

proceeding in this way, we can build up a velocity function that is 

appropriate for the NMO correction of this gather. 

The most important reason to obtain reliable velocity fu nction is to 

get the best quality of the signal. Therefore stacking velocities often are 

esti mated from data, stacked with a range of constant ve locities on the 

6 



CHAPTER I SEISM IC EXPLORATION 

basis of stacked even t ampli tude and continuity. Hence the stacking 

velocities are picked directly from the constant velocity stack panel by 

choosing the velocity that yields the best stack response at a selected 

event time. 

The constant velocities used in this method should be chosen with 

care. There are two issues to consider besides the expected range of 

actual velocit ies in the subsurface. 

I) The range of velocities needed to stack the data. 

2) Spacing between the trial stacking velocities. 

In choosing the range) consideration should be given to the fact 

that dipping events and out of plane reflections may have anomalously 

high stacking velocity. [n choosing the spacing of constant veloci ties 

keep in the mind that it is move out not velocity. That is basis for velocity 

estimation. 

1.7 NORMAL MOVE OUT (NMO) 

NMO correction or dynamic correction is appli ed to re fl ecti on 

times to remove the effect of NMO. It is a function of offset, velocity, 

refl ector depth and is derived from the velocity time functi on. (Robi nson, 

1988) 

The formula for NMO correction is 

T= (X'I V'+t'.) ~-t---------(l.I) 

7 
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Where 

T= Norma l Move Out 

X= offset Distance 

V= Stacking Velocity 

to = Two way velocity Time 

t= Delay in two-way vertical time. 

The dynamically corrected traces are stacked. 

1.8 STACKING 

Stacking compresses the offset dimensiol1 J reducing the seIsmi C 

data volume to the plane of the zero offset seismic section and increas ing 

signal-to-noi se ratio (Yi lmaz, 1987) 

Stacking is done by simple slimming of traces in a CM!' gather to 

produce a single trace. In stacking process the multiples surface wave 

refractions, etc. are attenuated where as primary reflections are enhanced. 

1.9 RESIDUAL STATIC CORRECTIONS 

To improve the stacking qualilY, res idual static corrections are 

performed on NMO corrected CMP gathers. (Yi lmaz, 1987) 
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1.10 FILTERING 

It is an operation by which the amplitude and phase spectra of a 

time s ignal or are emended. 

There are severa l tilters sllch as low-pass, high-pass, band-pass 

which are used to improve the signal-to-noise ratio. Commonly. 

frequency fi lters are used, which discriminate against selected frequency 

range. Notch-filter, inverse of band-pass filters, are lI sed to remove 

specific frequency or frequencies such as 60 Hz frequency introduce in 

field data by power lines. (Y ilmaz, 1987) 

1.11 MIGRATION 

It is performed on zero-offset stacked section to increase the lateral 

reso lution by collapsing di ffractions and moving dipping events to their 

true subsurface positions.(Y ilmaz, 1987) The methods, which generally 

adopted for migration are 

• Kirchoffs Migration 

• Wave-Equation Migration 

• Frequency-Domain Teclmique 

• Finite-Difference Migration 

9 
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CHAPTER 2 DECONVOLUTION 

DECONVOLUTION 

Deconvolution is a process that improves temporal reso lution of 

seismic data by compressing the basic seismic wavelet, to approximately 

a spike. 

Deconvolution is normally applied before stacking. The process 

some times does more than just wavelet compression. It can remove a 

significant palt of the multiple energy from the section. To understand 

the deconvolution. first we need to examine the building block of a 

recorded seismic record~ 

The earth is composed of layers of rocks with different lithology 

and physical properties. Seismically. rock layers are defined by the 

densities and veloci ties. and the product of density and velocity is called 

the acoustic impedence. The impedence contrast between adjacent rock 

layers causes the reflections that are recorded along a surface profile. 

Thus the recorded seismogram can be modeled as a convo lution of the 

earth's impulse response with the seismic wavelet. This wavelet has many 

components including source signature, recording fi lter, surface 

re fl ection and geophone response. The earth's impulse response is what 

would be recorded if the wavelet were just the spike. (Yilmaz. 1987) 

II 



CHAPTER 2 DECONVOLUTION 

Thus, the goal of deconvolution filtering is to return from the 

recorded seismogram to the ground response function. I f, however, the 

signal waveform changes shape due to attenuation or scatteri ng of the 

signal energy, a su itable deconvolution fi lter is necessari ly time-variable, 

and becomes more complicated. The time-invariant deconvo lution 

problem is frequently regarded as a special case of opLil11ul11 

waveshaping, where the fi lter input is a known waveform with noise and 

the desired output is a spike like fu nction. Upon appl ication of the 

Wiener filter theory, the time-invariant property of the fi lter fo llows 

directly from the assumed stationary of the input process. I f the input 

signal waveform is thought to change shape as it propagates, the filter 

input must be treated as a non-stationary random process, that IS , a 

random process that requires a time-dependent statist ical descript ion . 

(Clarke, 1968) 

2.1 THE CONVOLUTION MODEL 

A seismometer at the surface detects arriva ls at times govemcd by 

two way transit time for various layers and with amplitudes related to the 

reflection coefficients between layers. T he tra in of impulses observed at 

the surface is called the ground response function g(t}. If the input signal 

waveshape at the surface is s(t}, then observed surface distu rbance is 

r(t} = s(t} * g(t}. --------------------(2. I} 

12 



CI-I APTER2 DECONVOLUTION 

This is the expression for an ideal ized reflection seismogram in 

the absence of noise. The aim of deconvolution filtering is to obtain the 

ground response function get) from the recorded seismogram rCt), and 

therefore to el iminate the effect ofthe signal waveshape set). 

The situation is greatly complicated when the layers have 

attenuation. If we again assume a discretely layered, laterall y 

homogeneous half space, each layer alters the pulse shape as well as 

contributes a time delay. The character of the observed impulse like 

disturbance will depend on the path taken tlu'ough the layered attenual ing 

medium. To simpli fY the analys is we consider the attenuation to be 

constant over the entire section. In this case the chrulge of signa l 

waveform due to attenuation by the layers is independent of its path and 

depends only on its age, that is, how long it has been propagating t1uough 

attenuat ing medium. (Clark, 1968) 

Let us now consider the auto correlation function of impul se 

response, a wavelet and seismogram. The auto correlation function of 

basic wavelet and seismogram are also s imilar. Mathematica ll y the 

s imil ar ity between the auto correlation function of the wavelet and 

seismogram suggest that the impulse response has an auto correlation 

function that is small at all lags expect the Zero lag. (Yilmaz, 1987) 

13 



CHAPTER 2 DECONVOLUTION 

2.2 INVERSE FILTERING 

I f a flIter operator is defined such that convolution with known 

seismogram x(t), yie lds an estimate of the ealth's response e(t), then 

e(t) = aCt) • x(t)····················(2.2) 

Where 

x(t) = Recorded seismogram, 

aCt) = filter operator 

8(t) = wet) • a(t)··················(2.3) 

Where 8(t) is the kronecker delta function. 

oCt) = I when t= 0 

= 0 else where 

Solv ing the (2.3) for the fi lter operator aCt) 

aCt) = 8(t) • w'(t)···················(2.4) 

Where w'(t) inverse of the seismic wavelet. This equation implies 

that the inverse filter converts the basic wavelet to a spi ke at t = o. 
Likewise the inverse filter convel1s the seismogram to a series of spikes 

that define the ealth's impulse response. (Yi lmaz, 1987) 
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2.3 PHASE OF A WAVELET 

The angle of sine wave with respect to a reference is called a 

phase. The phase carries the time information of a seismogram and 

proper phase presentation is important. 

Let us consider three wavelets with the same amplitude spectrum, but 

with different phase lag spectra. As a result, their shapes differ, 

I) A minimum phase wavelet that has more energy concentrated at 

the onset (figure 2. 1). 

11 ) The mixed phase wavelet that has energy concentrated 111 the 

center (figure 2.2). 

Ill) Also the maximum phase wavelet having the most of its energy 

concentrated at the end (figure 2.3). 

A symmetric wavelet that has peak amplitude at t = 0 IS a zero 

phase wavelet (fi gure 2.4). Most stratigraphic goa ls can best be mel when 

output seismic data is zero-phase, that is, when each primary reflection 

event is marked by a well-compressed symmetric wavelet of proper 

polarity. 

But prior to processmg the favourable seismic reflections are 

minimum phase wavelet. For proper treatment of phase il is important to 

15 



Figure 2. J Min imum phase wavelet 

Figure 2.2 Mixed phase wavelet 

Figure 2.3 Maximum phase wavelel 

Figure 2.4 Zero phase wave lel 
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CI-I APTER2 DECONVOLUTION 

remove the effect of filters for which the responses are known. 

(Berkhout, 1977) 

2.4 SPIKING DECQNVOLUTION 

The process by which the seismic wavelet is compressed into zero 

lag spike is called the spiking deconvolution. This goa l is achieved by 

maki ng use of various fi lters. Their perfo rmance depends upon the filter 

length but also on whether the input wavelet is minimum phase. 

The amplitude spectrum of the operator is the inverse of the 

amplitude spectrum of minimum phase. Therefore one way to extract the 

seismic wavelet, is to provide the minimum phase to compute the spiking 

deconvolution operator and find its inverse. In conclusion, if the inplll 

wavelet is not minimum phase then spiking deconvolution can not 

convert it to a perfect zero lag spike. (Yilmaz, 1987) 

2.5 PREDICTIVE DECONVOLUTIQN 

Predicti ve deconvolution is the processing technique by far most 

commonly used to increase the resolution of seismic data because some 

form of predi ctive deconvolution will make almost any data more 

interpretable. While noise typica lly lim its the potential increase of 

resolution, the parameters of predictive deconvolution (speci fi cally, 

prediction di stance and added white noise) can be adj usted to g ive an 

17 
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optimal balance between increasing the signal bandwidth and limiting the 

noise amplification. This adaptability in the presence of noise is a prime 

reason for the popu lari ty of the process. (Gibson and Lamer, 1984) 

IS 
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CHAPTER 3 ZERO PHA SE DECONVOLUTION 

ZERO PHASE DECONVOLUTION 

Zero phase deconvolution or spectral fl attening is a technique. 

which can be implemented in various ways, but its distinguishing 

characteristic is that attenuated (usually higher) freq uencies are amplifi ed 

without any adjustment of the phase spectrum. This simple balancing or 

flattening of the trace amplitude spectrum is exactly what one would 

choose to do if the embedded wavelet were zero-phase. 

At first thought, zero-phase deconvolut ion seems particularly well 

suited to treating the problem of vibroseis data, because that source pul se 

is nominally zero-phase. Some of filters may indeed be close to zero

phase. For instance, a symmetric source or receiver array wi ll act as a 

zero-phase high-cut fi lter to energy arriving at non-norma l angles of 

incidence. Earth filtering effects are distinctly not zero-phase. Therefore 

the va lidity of zero-phase assumption will depend upon what types of 

filter effects dominate a particular reflection event. Obviously, the 

assumption can not hold over an entire trace, and it is certainly suspect at 

late reflection times.(Gibson and Lamer, 1984) 

19 



CHAPTER 3 ZERO PHASE DECONVOLUTION 

3.1 ZERO-PHASE LEAST-SOU ARE INVERSE 

FILTERING 

Callsal least-square inverse fil te r j,,(t) is represented as (Robinson 

and Wold, 1963) 

f,(t)' R . (t) =o(t) forO <= t <=Nt. -----------(3. 1) 

And 

Where R .(t) is auto-correlation function of signal S.(t) is a 

mi nimum-phase fi lter for any energy bounded S.(t). This means that if 

S.(t) represents a minimum-phase signal, /,,(t) will have desirable phase 

spectrum. The output of /,,(t) will be again a minimum-phase signal 

whose length has been decreased optimally with respect to input. 

However, if S.(t) has not minimum phase propelty, the phase spectrum 

of /,,(t) is not corrected and jo(t) will not be the optimum least-square 

for S.(t). 

Tn the special case where St.(t) represents a zero-phase signal it is 

obvious that the desirable phase of the inverse filter-should be zero, since 

any other phase spectrum would increase the length of the output. Hence 

the optimum least-sq uare inverse fil ter can be obtained by computing the 

zero-phase correspondent of j,,(I) . 

20 
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Now 

gN(t) * gN(t) = /,,(t) for t <= Nt. --------------(3 .2) 

and gN(t) that converges to a minimum-phase signal fo r 

increasi ng N . 

hN.N(t) = g'(-t) * get) --------------------(3.3) 

Therefore, if the input of the zero-phase least-square inverse filter 

hN.N(t) is a zero-phase s ignal , the output wi ll be again zero-phase s ignal 

witil optima lly decreased length with respect to the input. 

The minimum phase signals of figure 3. 1 (a) has been filtered wi th 

its minimum phase and zero-phase least-square inverse fi lters. The filters 

were computed fo llowing the equations (3.1), (3.2) and (3.3). The lengths 

of the signal for both outputs indi cate clearly that zero-phase inverse 

fil tering is to be preferred (figure 3. I(d), 3. I(e». (Berkhout, 1974) 

3.2 VIBROSEIS DECONVOLUTION 

In deconvolution the linear filter is appl ied to time function to 

cancel undesired affects of convolution (the transfer fun ction of the 

eaI1h). Frequently the unwanted convolution output is of minimum phase 

and minimum phase method such as Wiener-Levinson sp iking algorith m 

(Robinson, 1967) can be used to determine the inverse filter. 

21 
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c 

e 

Figure 3.1 a) signal under investigation, b) minimum phase c) zero phase 
d)output of minimum phase least-square inverse filter e) output 
of zero phase least-square inverse filter 

22 



CHAPTER 3 ZERO PHASE DECONVOLUTION 

Ri stow and Jurczyk (1975), Lines and Clayton (1977) pointed Ollt 

that in the case of vibroseis signals, the minimum phase methods do not 

yields the correct inverse operator. This is because the vibroseis wavelet 

(Klauder, 1960) is the autocorrelation of the sweep and is therefore zero 

phase. 

Another reason of not applying spiking deconvolution is that the 

vibroseis s ignal approximates a band-limited signal. Thu s, one goal o r 

vi broseis deconvolution is to design a linear (possibly time- varying) 

fi lter to cancel the effects of the earth with in the frequency band of the 

vibroseis signal. (Bickel , 1982) 

For vibroseis deconvolution there IS two possibilit ies, the 

deconvo lution process can be carried out before correlation or after 

correlation . At each stage of the deconvolution , it increases reso lution of 

the vibroseis trace at the expense of increasing the high frequency noi se. 

The convolution model of vi brose is seismogram 

x(t) = set) * wet) * e(t) -----------------(3.4) 

Where x(t) is the recorded seismogram, set) is the sweep signal , 

wet) is the seismic wavelet and e(t) is the earth 's impulse response. 

Equiva lent of equation (3.4) in frequency domain is multiplication 

X(w) = sew) * W(w) * E(w) -----------------(3.5) 

?-, 
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In terms ofampli lude A(w) and phase ~(w) spectra, 

Ax(w)=As(w) * Aw(w)* AE(W) ---------------(3.6) 

And 

$, (w) = ~ ,(w) + ~w(w) + Mw) --------------(3.7) 

Cross correlation of the recorded seismogram x(t) with the sweep 

signal Set) is equivalent to mul tiplying equation (3.6) by A,(w) and 

subtracting $,(w) from equation (3.7). 

The corre lated seismogram x'(t) , therefore , describes the 

amplitude a phase spectra 

A'(w) = A,'(w) AwCw) A,(w) ---------------(3.8) 

And 

-----------------(3.9) 

Applying lI1verse Fourier transform of A,'(w) produces 

autocorrelation of the sweep signa l, which is called Klauder wavelet K(t }. 

Time domain conversion of equations (3.8) and (3.9) is 

X'(l) = K(l) * wet) • e(t) -----------------( 3. I 0) 

Here K(t) is Klauder wavelet of zero phase. 

24 



CHAPTER ) ZERO PHASE DECONVOLUTION 

One approach to deconvolve vibroseis data is to apply a ze ro-phase 

inverse filter to remove K(t), followed by a minimum phase 

deconvolution to remove w(t).(Yi lmaz, 1987) 

3.3 PHASE COMPENSATION OF DECONVOLVE 

VIBROSEIS SIGNALS 

The of measure trace (Ristow and Jurczyk, 1975) is 

T= Eo • W • R ----------------(3. 1 I) 

Where Eo = Earth's filter (assume to be minimum phase) 

W = Zero-phase vibroseis wavelet, and 

R = Refl ectivity function . 

Common deconvolution goal is to elim inate the e ffects of the 

emih's Ii Iter and there by estimate the band-limited reflectivi ty function. 

R = W • R ----------------------------(3. 12) 

To reach this goal, it is common practice to first to deconvolve the 

data with the Wi ener-Lev inson Spiking deconvolution operator. The 

deconvolved output is then filtered by a zero-phase band- pass filter, 

which is matched to the passband of the vibroseis signal. rn other words, 

the common ly estimated reflectivity function is given by 
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CHAPTER J ZERO PHASE DECONVOLUTION 

R = W * D • T -------------------(3. I 3) 

Where D is the Spiking deconvolution operator. Accord ing to 

Ristow and Jurczyk (1975), the deconvolve trace shou ld be convolved 

with the minimum-phase equivalent of the vibroseis trace, hence 

R= Wo * D * T -------------------(3. 14) 

Where Wo denotes a minimum- phase wavelet, which has the same 

ampli tude spectrum as the correlated vibroseis wavelet W. Tn equation 

(3.14), one must over look the fact that vibroseis wavelet approaches a 

band- li mited signal and therefore Wo may not exist. A comparison of 

equation (3 . 13) with equation (3.14) shows that they differ on ly in their 

phase spectra and that equation (3. 14) can be regarded as phase 

compensated version of equation (3. 13). 

[n ord~ r to show equation (3. I 4) yields the des ired estimate, we 

will assume that reflectivity sequence in equation (3. I I) is white and 

once again neglect the problems associated w ith band- lim ited s ignal. 

Hence with the trace desired by equation (3. 11) as the input to the 

minimum phase deconvolution process, the deconvolution operator is 

fo und to be 

D = E'o * W'o -----------------------(3. I 5) 

If we substitute equation (3. I 5) into equation (3. 14) we find that 
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~ 

R = R ------------------------(3. 16) 

Where R is the desired band- limited reflectivity fu nction given by 

equation (3.12).(Bickel, 1982) 

3.4 ZERO PHASE AND MINIMUM PHASE 

Figure (3.2a) shows the model of si mple gas reservoir and figure 

(3.2b) gives its primary synthetic. 

In figures (3.3a), (3.3b) and (3.3c) the primary syntheti c has been 

convo lved with signal of figure (3. 1 a), its minimum-phase correspondent 

and zero phase correspondent are shown in figures (3.3d) and (3.3e). 

Finally in figures (3.3d) and (3.3e) the reservoir response of fi gure 

(3 .3a) has been deconvolved with its minimum- phase least-squa re 

inverse filter respectively. It is clearly visible that after minim um phase 

least-square inverse filtering the resolvi ng power has been decreased 

seriously. (Berkhout, 1974) 

It is therefore concluded that zero-phase length signal has better 

length proPf lties than minimum phase s ignal. Like minimum-phase 

signals, zero phase signa ls have, in addition to the minimum- length 

property, the advantage that perfect deconvolution is feasible by knowing 

the auto correlation funct ion only. The zero-phase investigat ion scheme 
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CHAPTER 3 ZERO PHASE DECONVOLUTION 

determines whether a symmetric signa l has the zero-phase property. 

(Berkhollt, 1974) 

3.5 ZERO PHASE DECONVOLUTION AND 

PREDICTIVE DECONVOLUTION 

Zero-phase deconvolution does have one interesting characteristi c 

111 comparison predictive deconvo lution. As noted earl ier (Berkhout. 

1977), the presence of noise on trace strongly affects the phase treatment 

prod uced by predictive deconvolution. In lInstacked fi eld data, noise 

condition can vary drastica lly form one trace to another with in any 

gather and from one shot to another along a line. For instance, low

velocity ground roll might be present only at near and intermediate 

offsets such variation wi ll mean that traces stacked together after 

predictive deconvolution can receive irregular phase treatment. T he phase 

treatment of zero-phase deconvolution however, although genera lly 

incorrect, is assuredly stable, it is identical from trace to trace. Therefore 

the stacked section Illay show better continuity of events than one 

processed conventiona ll y with predictive deconvolution. Attaining a 

high-qua li ty stack may wi ll be the primary goal in the deconvol ution of' 

un stacked data, whether or not the phase treatment is correct. (G ibson 

and Larner, 1984) 
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CHAPTER 4 PR ACTICA L ASPECTS 

PRACTICAL ASPECTS 

The SAP program is basically designed for training purposes and 

provides several processing facilities, such as deconvolution, filtering, 

gain applications and array simulations. 

There are three lypes ofdeconvo lul ion avai lab le in thi s program, 

• Spiking deconvo lution. 

• Predictive deconvolution. 

• Zero-Phase deconvolution. 

The seismic section W85-8.sgy (figure 4. 1) is sampled at 2ms 

interval and total length of dala is aboul 1.5 Second, starting from 200ms. 

101 traces slarling from trace No. 1360 have been selected for 

experiment work. From the figure (4.1) it is observed that there are six 

slrong reflectors, i.e. at 290m" 545 1115 650ms, 111 5ms, 11 30ms, and 

1460ms. In Zero-phase deconvolution, the imporlanl parameters are, 

o Operator length. 

• Prewhitening. 

4.1 OPERATOR LENGTH 

Operator length is changed by keeping prewhitening constant at 1%. 

J(J 



CHAPTER4 PRACTICAL ASPECTS 

I) When fig.( 4.1) is processed with operator length of 200ms, it is 

observed in fig.(4.2) that amplitude of traces is decreased and even 

strong reflectors at 1460ms are disturbed. The reflector at 650ms is 

almost disappeared and similar is case with the reflector at 1460m5. 

Further observation of ampli tude spectrum (figure 4.3) suggests that 

flattening is not good. 

2) When operator length is increased to 250ms, the resu lts are sl ightly 

improved (figure 4.4), however, the overall impact declares that the 

amplitudes of the traces are decreased in strong reflections. 

Comparing the figure (4.2) with the figure (4.4), it appears that at 

1215ms there is faint reflector in the figure (4.2), which is slightly 

enhanced in the figure (4.4). The amplitude spectrum (figure 4.5) is 

improved. 

3) By increasing the operator length upto 300ms, it is observed that 

amplitude has decreased exceptionally. The strong reflectors at 

1I1 5ms and at 11 30ms in the figure (4.6) are disturbed and loosing 

their sharpness considerably. The amplitude spectrum given in the 

tigure (4.7) is not fl at. 

CONCLUSION 

The compression of figures (4.2), (4.4) and (4 .6) suggest that the 

operator length 250ms give better result. 
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CHAPTER 4 PRACTICAL ASPECTS 

4.2 PREWHITENING 

Now keeping the operator length constant at 250ms changes the 

prewhitenig. 

I) When prewhitening is 0.1 %, small amount of nOise IS added, the 

amplitude of refl ections are reduced greatly (figure 4.8). Similarly the 

amplitude spectrum (figure 4 .9) is not flat. 

2) By increasing the prewhitening upto 0.5% (figure 4.10), it is observed 

that there is considerable increased in amplitudes of the traces. The 

amplitude spectrum (figure 4.11) is still not fl at. 

3) At 1% prewhitening (figure 4.3) a lot of improvement in amp litudes is 

vis ible. good re fl ectors can be observed from the fi gure (4.3). The 

amplitude spectrum (figure 4.4) is also improved. 

4) When prewhitening is 2% (figure 4. 12), some weak reflectors also 

becomes stronger, and some phase distol1ions in the seismic traces are 

also observed. The amplitude spectrum (figu re 4.1 3) is a lso not fla t one. 

CONCLUSION 

Addition of prewhitening upto I % Improves the result, but beyond 

that quality is deteriorated. 
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