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Abstract: Piazza's synthetic model, a modified Wiener filter method, was tested to establish the
procedure of desirable interpretive wavelet extraction and its application to the marine seismic
exploration using several approaches with a real offshore seismic data of the southeast Asia.

Noise spectrum acquisition is difficult and any assumptions for it do not produce interpretive
wavelets as good as synthetic model result by Piazza (1979).

However the resolution could be improved with spiking deconvolution and following zero phase
bandpass filter, and the testing procedure and evaluation of results can hopefully contribute in

future study and practical evaluation of Piazza's method.
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by means of modified Wiener filter to establish
INTRODUCTION the best compromise between noise attenuation
and resolution when shaping the field wavelet

Piazza (1979) has shown a filtering operation into an interpretive wavelet.
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In the paper, inlerpretive wavelet is designed
with incorporation of a weighting factor(=:K)
for the noise in the original Wiener filter and
showed precise results of testing using synthetic
models. The recommendable K value appeared
4~8 in general case by his conclusion.

To enhance high frequency contents and to
improve resolution of our seismic data, a series
of testing to derive mentioned interpretive
wavelets and their amplitude spectra has been
performed using several approaches with an
offshore seismic data of the southeast Asia.

The primary and immediate purpose of this
study is to establish the procedure of desirable
interpretive wavelet extraction and its applica-
tion.

Complexity of field data seems to cause
difficulties in extraction of desirable interpretive
wavelet. Thus, the results of this study is
preliminary, incomplete, and somewhat unsuc-
cessful but the testing procedure and evaluation
of results can hopefully contribute in future
study and practical evaluation of Piazza’s

method.

PROCEDURE

Interpretive wavelet(Wi) is given as following

equation by Piazza.

Wi(f) = ((ABS(R(f)) ) x%2x (ABS(W(f)) ) #%2) /
((ABS(R(£))) %2 (ABS(W ()))#x2
+Kx(ABS(N(f)))*%2)

here R: reflectivity

W: input wavelet
N: noise
K: weighting factor of noise
(ABS(R(f))*x2 means square of absolute
value of FFT(R(t)) which is power spectrum
of reflectivity time series)

For writing convenience, if S is signal, then

ABS(R())#x2«ABS (W (f) ) #x2=ABS(S(f))%%2

thus giving,

Wilf) - ABS(S(E))xx2/ (ABS(S(f1)xx2
+ KxABS(N (£))x#2)
In the original Wiener filter, K= 1 is assumed
and resolved by Wiener-Hoof equation and
Levinson algorithm.

Because signal and noise are not separately
measurable to test above equation directly, this
study used three different approaches to trans-
form above equation in testable manner with
available software.

All the calculations are performed by interac-
tive software package SPEAKEZ and interfaces
for data input, output and display are performed
by inhouse batch and WGC programs.

TEST METHOD 1 AND EVALUATION
OF THE RESULTS

This method is assuming that seismic data
is signal plus noise and converting the equation
as a function of data and noise power spectra.

If X(t)=S{)+N(t) where X(t) is seismic
data, then the power spectrum relation is as
follow.

ABS(X () »x2=ABS(S(f)) **2+

ABS{N())*x2
Wi(f) = (ABS(X()) xx2-ABS(N(f))#x2) /
(ABS(X(£))*x2+ (K—1)*ABS
(N())*=2)

Time domain is converted to frequency domain
by fast Fourier transform (FFT) to produce
power spectrum and inverse operation to produce
wavelet time series is dome by inverse fast
Fourier transform (IFFT), both are available in
SPEAKEZ contributor’s functions. For these
functions, number of input samples must be
power of 2,

This test used 128 samples (256ms of trace)
for data and noise portions. Longer length such
as 256 and 512 samples are tested but gave
equivalent results hence it is not shown here.

Data portion is sampled at time 1602~1856
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Fig. 1. A shot-gather record which is used for testing
(96 data channels and 2ms sampling inter-
val).

ms of trace 15 (Fig. 1). Noise portion is
sampled at pre-first-break time 2~256ms and
results are shown in Fig. 3~4. Other noise
portion is sampled at 502~756ms and results
are shown in Fig. 5~6.

Two noise portions have different power as
shown in Fig. 1, and the amplitude ratio of
data and noise (MEAN(ABSX(f)))/MEAN
(ABS(N(f)))) for 2~256ms noise portion is
454(26.6 db) and 502~756ms is 112(20.5 db),

Amplitude spectrum of interprelive wavelet
is just displaying array of Wi(f) which has 128
elements (same as input number of samples)
and frequency ranges from 0 hz to 496.1 hz
(SF-SF/NS; where SF is sampling frequency
which is double of Nyquist frequency and NS
is number of samples) and amplitude value is
relatively scaled by RMS within a whole trace
window.

As shown in Fig. 3 and 5,

spectrum is varying from f{lat white to edgeward

the amplitude

spread losing more high frequency contents in
the middle (Nyquist frequency is at middle

point),
Piazza’s report but our test is showing rough

This general trend is matching with

variation and limitation of variation in higher
K values.

K value which is showing flat spectrum is }
in our test but 0.0000001 in the Piazza’s result
(Fig. 9). K value which is attenuating most of
seismic data frequency contents (above 10hz)
appears at K=1000 in Piazza’s but much higher
value in our results.

In general, our test results follow known
trend very roughly and K wvalues are also in
quite different magnitude scheme.

Interpretive wavelets are product of inverse
Fourier transform of Wi(f) and time scale
ranges are 0~256ms (actually first sample is
at 2ms and display starts at time 0, thus giving
one sample to right). Amplitude scales are
based on the relative RMS values within a
whole trace window.

Maximum absolute amplitude values are var-
ying from 1 to mnear zero by increasing K
values. As shown in Fig. 4 and 6, the main
lobes of the wavelets start from peak value at
Ist sample (time is 2ms) and widening by in-
creasing K values from spike when K values
are small.

The widening of main lobes with increasing

K values is general trend reported by Piazza
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Fig. 2. Crosscorrelation and autocorrelation of 2 near traces.
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Fig. 3. Amplitude spectrum of interpretive wavelets
by method 1 (noise sampled at 2-256ms of
tr. 15).

(Fig. 10). But in this test result, main lobes

are widening in very smaller extent than the

Piazza’s result and trailing oscillatory lobes are

becoming bigger by increasing K values which

is not appearing at all in Piazza’s test.

Also in this test displays for the interpretive

Fig. 4. Interpretive wavelets by method 1 (noise
sampled at 2-256ms of tr. 15).

wavelets, negative time domain part starts at
130ms and ends at 256ms thus giving coefficients
of —128ms to —2ms which is showing wrapping
around phenomena. Interpretive wavelet is zero
phase and symmetric at peak amplitude time

at first sample which should be considered as
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Fig. 5. Amplitude spectrum of interpretive wavelets
by method 1 (noise sampled at 502-756ms

of tr. 15).
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Fig. 6. Interpretive wavelets by method 1 (noise

sampled at 502-756ms of tr. 15).

500 Hz

121
rREQUENCY
O 100 200 300 400 500tz
K=10" |
K=10"
K=10?
K=10"
Kk=10"
2
K=10 ._‘L.\,
K=10° + Al
K=10’ ._‘L
9
k=10 | u;v
o o | 2 ¥ 2 S
Fig. 7. Amplitude spectrum of interpretive wavelets
by method 2 (crosscorrelation and autocor-
relation method).
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Fig. 8. Interpretive wavelets by method 2 (crosscor-
relation and autocorrelation method).
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Fig. 9. Amplitude spectrum of interpretive wavelets
by method 3 (assuming white noise of 20db
amplitude of seismic data).
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Fig. 10. Interpretive wavelets by method 3 (assuming
white noise of 20 db amplitude of seismic

data).

time zero.

Signal 10 noise ratios of the two tests (Fig.
4 and 6) are different and the lower ratio case
(Fig. 6) seems to show a little more widening
trend of main lobes by increasing K wvalues,
but overall result is very similar each other and
gives poor comparison with Piazza’s result.

In this test, another method of power spec-
trum derivation by cosine Fourier transform of
autocorrelation has been tried, but it gave poorer
result than above direct square amplitude spec-

trum method.

TEST METHOD 2 AND EVALUATION
OF THE RESULTS

This method is assuming that crosscorrelation
spectrum of adjacent 2 traces represents signal
power and autocorrelation spectrum represents
signal plus noise power.

1f ABS(S(1))**2=REALPART (FFT (crosscor-
relation)) (... >RFX) and ABS(S(f))**2-+ABS
(N())*+2= REALPART (FFT(autocorrelation))
(...>RFA) then,

Wi(H)=RFX/(RFX+K*(RFA-RFX))

Crosscorrelation is obtained from 2 near traces
(tr. 96 and 95) and autocorrelation is obtained
from tr. 96(Fig. 1 and 2).

Coeflicients are sampled from peaks and up to
128 samples for both correlations thus cancelling
offset or moveout effect of crosscorrelation.

Amplitude spectrum on Fig. 7 shows rough
general trend from white to attenuating edge-
ward by increasing K values. But K value
schemes are quite different from method 1.

Interpretive wavelets on Fig. 8 show main
lobe widening trend but change is rather abrupt
than gradual which is shown in Piazza (Fig.
10). Also trend of change is rough with tailing
noises and when K value is very high (9th
wavelet in Fig. 8) magnitude of coefficients

become zero in the 16 bytes format calculations
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thus producing no wavelet by IFFT.

TEST METHOD 3 AND EVALUATION
OF THE RESULTS

This method is assuming that noise is per-
factly white and its power is a certain ratio A
of signal or data power.

If ABS(N(f))*x2=A*MEAN(ABS(S(£))*x2)
and approximately MEAN(ABS(S(f))x*2) =
MEAN(ABS(X (f))*x2) then,

Wi(f) =(ABS(X(f))#x2-AxMEAN(ABS
(X(£))%x2)) / (ABS(X () xx2-
AxMEAN(ABS (X ()) %x2)) -+
(K« A«MEAN (X(f)) *x2)

= (ABS(X () ) »x2-AxMEAN(ABS
(X(£))*%2)) / (ABS(X(f))*x2 +
MEAN(ABS (X (f))%x2) = (KxA-A))
In the testing, we have assumed A to be 20db
of noise amplitude of seismic data portion. This
noise amount is equivalent to 1 percent of
average amplitude spectrum of the seismic trace.

Fig. 9 shows amplitude spectrum of the in-
terpretive wavelets which is varying from white
top to edgeward concentration of amplitude
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Fig. 11. Amplitude spectrum of interpretive wavelets
by Piazza (1979).

HAX~ ] 14, 000001
MAX= .99 ] (EX-"]
HAX= .80 } 1408
MAX« . 48 i 1
MAX=.36 2 2
MAXe. 12 | rat
MAX« .28 A r4
HAX=. 24 A (=10
HAX=.28 A (<2
HAX=_ {6 A K4
HaX=_ 12 A K128
MAX~. 84 . | Foto0
lrlr‘rffll‘lmllflliltl[(f(
43 42 41 18wl 12 e

TRE I 31008

Fig. 12. Interpretive wavelets by Piazza (1979).
strength.

Fig. 10 shows intcrpretive wavelet time series
according to K variations.

These results reveal most desirable clean
variations of amplitude spectrum and wavelet
time series depending on the noise factor K
increments. General trend is following Piazza’s
synthetic model case.

But, in the real seismic world the noises are
not white and not in constant power ratio to

the signal.

SUMMARY

1. Noise spectrum acquisition is difficult and
any assumptions for it do not producc interpre-
tive wavelets as good as synthetic model result
by Piazza.

2. When noise spectrum is obtained from a
fraction of the seismic data under the assump-
tion of white noise, the result shows relatively
good similarity with synthetic model case.

3. Noise weight factor K values seem to be
related to signal to noise ratio and their magni-
tudes are varying exponentially depending on
data. Thus optimal K value for the best resolu-
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tion can hardly be generalized.

4. If convolution of interpretive wavelet with
optimal K value incorporated with spiking de-
convolution (same function as modified Wiener
filter by Piazza) improves resolution, then zero
phase bandpass filter can follow spiking de-
convolution for almost equivalent purpose.

5. Because it seems difficult to extract de-
sirable interpretive wavelet from real field data
and the wavelet is generally noisy depending on
data even it is extracted, as an alternative tool,
several ideal model wavelets can be applied and
evaluated without extraction effort. User can
control the spread of interpretive wavelet by

frequency contents.
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