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ABSTRACT

The residual wavelet on a processed seismic section is often
not zero phase despite all efforts to make il so. Phasc
distortions arise for a variety of reasons.

In this paper we deal with phasc distortions which arise
during the seismic processing.

Constant phase rotation have been used to try to cor-
rect phase distortions. We presenl here two new meth-
ods for phase distortion correction. The first is based on
Higher Order Statistics and can handle frequency-dependent
phase distortions. The second is based cn the Continuous
Wavelet Transform and can handle time-varying frequency-
dependent phase distortions. The application of the two
methods on synthetic and real traces has shown their effi-
ciency.

1 INTRODUCTION

The aim of seismic signal processing is to derive the struc-
tural and the lithologic information of the subsurtace. Dur-
ing processing an cltort is made to eliminate the variability
of the scismic source and to shape it to a more desirable
wavelet: the zero phase wavelet,

A zero-phase signal is a symmetric, non-causal signal. Tt
has a narrow ceniral peak and small side lobes. The max-
imum of amplitude is al the reflection time. These charac-
ters make zero phase signals very suitable for interpretation
and antomatic tracking on workstations. Furthermore, for
a given bandwidth, the zero-phase signal is the ome that
provides the best resolution.

However, rcal signals are not zero phase (since they are
causal signals) and have to be zero-phased: this is the lusk
of the zero-phasing process.

Perfect zero-phasing is hardly achievable, and final pro-
cessed data exhibit residual phase distortions. These distor-
tions afise for a variety of reasons.

Dispersion, attenuation, and super-critical reflection intro-
duce phase distortions Lo the source signature [1]. Deconvo-
lution filters also introduce phase distortions. This occurs
because some assurmptions on which conventional decon-
volution methods are based, are not strictly valid. For in-
stance, the minimum phase condition is only partially met.
Even if the initial signalure, in the case of an explosive

source, 15 minimum phase, due to sampling [2], recording
and processing [3], the resulting wavelet is not minimum
phase.

All these complications mean that the phase of the final
wavelet is likely to be not zero and an additional effort has
to be done to remove the residual phase distortion in the
seismic section.

Levy [4] and Fourmann [5] used a constant — phase shift
model to emulate phase distortions. The optimal phase shift
is found by maximizing an objective function of the data
(Kurtosis or Varimax norm).

Haargreaves |6] and Cambois [7] investigaled phase errors
in the minimum phase computation and showed that thesc
errors can be approximated by a one-parameter function of
frequency (the p/f filter). The optimal parameter is found
by maximizing the same objective function as Fourmann
and Levy (Kurtosis).

In this paper we will present two new methods for phase
distortions correction. The first method is based on the
allpass model of phase shift filters. Higher Order Statistics
(Fourth order moments) are used to estimate the allpass
filter. This methad can be seen as an cxtension of the
constant phase rotation model. [t offers the advantage of
handling frequency— dependcat phasc distortions.

The sccond method is based on the Continuous Wavelet
Translorm. This method can handle time-varying
frequency-dependent phase distortions.

2 SEISMIC TRACES MODEL

The model adopled here for seismic data is the convolu-
tional model. This model is entirely correct only in the case
of a lossless horizontally stratified layered medivm. How-
cver, modeling the processed seismic trace over a shorl time
inlerval as a convolution of a wavelet with the serics ol nor-
mal incidence reflection coefficients (reflectivity function}
is a good approximation and is the basis of the stratigraphic
exploration tool in the oil induostry.

The processed seismic trace x{l) can be scen as the output
of a pure phase shift fiter F derived by the reflectivity
function r{t) :

#(t) = F{s(t)}
I . Pure Phase Shift Filter



Phase correction methods estimate the filter F' to zero-phase
the seismic trace x{t) by applying to it the inverse filter F~1.

3 PHASE DISTORTIONS
CORRECTION METHODS

3.1 Constant phase rotation method (CPR)

The 1dea is 1o model the filter F by a constant phase rotation.
Seismic trace is rotated for a variety of constant phase value
to obtain a set of phase-shifted replications of the seismic
trace, that is

z(8. 1) = ens(8) x z(¥) + sin(#) x H[z(t)]
HJ[.] denotes the Hilbert transform

The optimal phase is abtained by searching for the maxi-
mum of the varimax norm over {x(8,%)}
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The varimax norm is a measure of the symmetry and the
“spikness”™ of a signal.

3.2 Allpass method (AP)

The idea is 0 model the filter F by an all-pass system; its
Z-Transform can be written as:

LA w=l__
by JLO-60) th Il < 1
A with [p;| < 1.
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The roots of B(z) are the inverse conjugate of those of A(z).
Notice that this filter is completely described by its poles
{p“-}i':l R/

Since second order statistics are blind to this kind of filters,
Higher Order Statistics should be used. The poles of the
filter are estimated using the Fourth-order moment version
of the extended Yule-Walker equation [9] :

L
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H4 ¢ is the fourth order moment of the seismic trace

Remark: the order n is estimated using the maximum
Kurtosis properties [8].

3.3 Continnous Wavelet Transform method (CWT)

The two methods presented above consider the seismic
signal stationary or work within a short time interval where
the seismic signal could be considered as stationary. This
is not suifable for handling cotrectly time—varying phasc
distortions.

Time-frequency tools were introduced to analyze non-
stationay signals. Asfirane et al. [10] showed that the
Continuous Wavelet Transform (CWT) can provide a qual-
itative control of the zero-phase character of seismic data.
The method we present here analyses quantitatively the
zero-phase character of seismic signal and correct its phase
distortions.

Mansar and Redriguez [11] showed that the phase of the
CWT of a seismic signal is related to the phasc of its cvents.
Using this relation we derive the following algorithm for
phase correction :

«  Compute the CWT of trace x(t):

e f t—b
Wos(2) = |af ”~/:_-u)m( )dt
[

*  Pick several isclated events along the trace.

»  Compute the phase of the CWT at these events.

»  Interpolate between the phasc functions at the picked
events to obtain a 2D phase grid ®prp(a, b).

* Apply the reconstruction process to the function
CWlrl(a, b} x exp(—j x &oorr(a. ).

The Meortlet wavelel (modulated Gaussian) was used as the

analyzing wavelet for two reasons;

«  The Morlet wavelet is well concentrated in both time
and frequency domains.

*  The Morlel wavelet is a complex value function. This
allows us to analyze both the amplitude and the phasc
of the CWT of real signals.

4 APPLICATION TO SYNTHETIC
AND REAL DATA

4.1 Synthetic data

The first synthetic data sel consists of a reflectivity func-
tion which have been phasc shifted. In this example the
phase shift is frequency dependent. Figure 1. shows the
results ohtained after applying the three methods and their
corresponding phase correction function. The AP and The
CWT method provide better result than the CPR method
because they apply a frequency dependent phase rotation.
The CPR method was not able te correct efficiently the
frequency dependent phase distortion, however il can be a
good approxtmation in many other cases.

The second synthetic data sct consists of a reflectivity func-
tion convolved with a time-varying phase-shifl filter. Since
this kind of signals can not be handled by the CPR nor
the AP mcthod, we have applicd only the CWT method.
Figure 2 displays the result of the CWT method. We can
notice the perfect phase distortions correction and the over-
all noise reduction.



4.2 Real data

The real dataset consists of a portion of land stacked sec-
tion. In order to evaluate the results of the different methods
a well calibration test has been done. The well calibration
consists ol comparing Lthe real seismic trace with a syn-
thetic trace derived [rom well-log measurement at the same
position as the real trace.

A window of 300 ms was used and the seismic trace al
the well position was processed by the CPR, the AP and
the CWT method. Tab. | shows the correlation coefficient
between the real and the synthetic traces. We can notice
the increase of the correlation coefficient with the increase
of the complexity of the method used. A trade-off between
the accuracy ot the result needed and the complexity ( more
computation time) of the method to be used, has to decided.

5 CONCLUSION

Final processed seismic data suffer from residual phase
distortions. Conventional methods (e.g., Constant phase
Rotation) for estimating and removing the residual phase
distortions are cfficient only in the case of a frequency-
independent phase shift.

We presented two new methods for residual phase correc-
tion. The first method is based on Higher Order Statistics
and it can handle frequency-dependent phase distortions.
The second method is based on the Wavelet Transform, and
it can handle time-varying frequency-dependent phase shifl.
The application of the two new methods on synthetic and
real traces proved their efficiency. However, (o choose the
method (o be used for phase distortion correction, a trade-
oft between accuracy and rapidity has to be decided.
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Table 1 Correlation coefficients of the well calibration.

Before Phase Rotation

AP method

CWT method

0.60 0.68

0.74 0.77




Seismic trace

Phase correction

Figure 1 Phase correction of a synthetic trace. Top: synthetic traces before
and after correction. Bottom: the corresponding phase correction functions.
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Figure 2 Second synthetic data example. The seismic trace is the convolution of the reflectivity with a
time varying frequency-dependent phase shift filters. White noise has been added with a SNR=10.
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