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Summary

A new method to eliminate incoherent noise from seismic data
presented. Due to the random structure of this specific clasg
noise the new algorithm is based on successive upward and dqg
ward continuation of data sets. Thus any incoherent noise is eli
nated through an integration of the seismic traces.

By carrying out the modelling in accordance with the represen
tion theorem for acoustic waves, we use the retarded and advarn
Green'’s functions for a homogeneous medium as computation
efficient wave propagators acting on steep angle reflection dat

The new algorithm is applied to real zero-offset reflection data.
further numerical example demonstrates the influence of rand
noise on the result of a standard one-dimensional pseudo-im
dance calculation.

Introduction

One major difficulty in the interpretation of seismic data has i
origin in the contamination of recorded data sets in terms of co
rent and incoherent noise. Both classes of these undesired efff
are discussed in numerous publications where the broad spect
of methods and recipes may additionally indicate the relevance
this problem. At present, the most prominent method in the red
tion of incoherent (randomly distributed) noise is the Karhune
Loeve Transformation (e.g. Jones et al. (1987)) which is based
an expansion of data sets in terms of a complete orthonormal
stem of basis functions. By following the argument that noise h
small amplitudes noise-free data are generated by restricting
expansion to dominant eigenvalues. Though this argument may
valid a pratical application of this method requires a reliable crit
rium for the discrimination between seismics and noise. Suc
criterium cannot be derived in general and is usually acquired
testing various subsets of the complete spectrum of eigenvaly
The visualization of the produced results gives (rather subje
vely) a preference of restricting the series expansion to a sped
spectral range of eigenvalues by which incoherent noise seem
be dominantly suppressed. However this uncertain situtation
mains unchanged since during the elimination of random no
coherent components might have been removed from the d
This continues to be a weak point of this method especially whi
applied to huge data volumes.

The method

The proposed method for an elimination of incoherent noise is
sed on the simple idea that any randomly distributed seismic cq

misurface structures. This undesired restriction of such a simple
taus to generalize the validity of this technique for arbitrarily corf

allfually not many degrees of freedom upon which direction to tg

iponents will be effectively removed from the data by averagi
afver adjacent traces. However this simple recipe can be app
wanly to zero-offset data corresponding to horizontally layered sl

potentially very effective noise elimination method has motivat
cgdex time sections. When considering this problem there are

abut the one which - qualitatively speaking - leads to an efficie
operator for seismic wave propagation.

ASuch an operator corresponds to the Huygen'’s principle and fi

prits analytic form in various representation theorems. For our in

pestigation it is sufficient to consider the representation theorem

acoustic waves whereby the seismic time series are regarde

steep-angle reflection data.

Let -F(X;,.b)) i= 1 ,N be the envisaged noisy data set consisti
of N traces in the frequency domain. We consider the followi
tstwo relations for an upward and downward continuation of tl
hewave field through a homogeneous domain D and bourgiBry
ects
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tiln these equatiorg and G denote respectively the correspon
ifidng retarded and advanced Green's functions. The integration
s ke restricted to the first Fresnel zone and thus improve the con
retational efficiency of the wave field continuation.
sdncoherent noise is eliminated from the data as follows: In the f
atatep (eq. (1)) the considered data set is upward continued whe
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operation for cancelling incoherent noise in the data. The sec
and final step deals with a backward propagation of the noise-
data to the datum of the input section and corresponds with a dg
ward continuation of the wave field according to equation (2)

Da-
mApplication to real data

Figure la shows a zero-offset time section interfered by inco
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Elimination of incoherent noise

rent noise. Following the above procedure of noise elimination feferences
successive upward and downward continuation of the data set pro-

duces the result displayed in figure Ib. A comparison of the

plots demonstrates that incoherent seismic components are eimi- multichannel seismic data via the Karhunen-Loeve Transfor
nated from the section. In addition it is evident that a more consi-

stent dynamic picture of the subsurface structure is produced
it can be drawn from the original data.

It is interesting to estimate at least qualitatively the influence
the noise in the presented data (Fig. la) after applying the stan
one-dimensional inversion algorithm onto the data. This is shg
clearly in the figures 2 a -c.
The plot of figure 2a shows the first twenty traces of the noisy g
noise-free data respectively. The first processing step deals

the spectral extrapolation of the seismic traces according to
LI-deconvolution after Oldenburg et al. (1983). The result of th
deconvolution is displayed in figure 2b. The Ll-deconvolutig
method applied to noisy data uses a ‘contaminated’ system of §
tral constraints and consequently carries out a spectral extray
tion including noise. This becomes obvious in the picture in ter
of randomly distributed minor additional spikes. An analogoj
calculation applied to the noise-eliminated data significantly i
proves the structural resolution. Specifically in some domains|
the section various horizons are recovered from the noise. Fi
2c shows the result of the calculation of high-frequency imped
ces. This has been carried out by following a generalized Born
version scheme (Kummer et al. 1988). A comparison between
two impedance sections qualitatively describes the influenc
noise in terms of domains of partial laterally inconsistent ampli
des. These dynamic inconsistencies may have consequence
ring an interpretation of the data by inducing wrong lithologig
implications.

Conclusions

We have presented a new method for an elimination of incohe
noise in seismic data. The new approach is based on the repreq
tion theorem which yields an exact prescription for the upward 4
downward continuation of wave fields. The technique has b
applied to zero-offset reflection data and shows that incohe
seismic components have been removed form the data. It is fu
shown that incoherent noise significantly influences the resu
an impedance calculation in terms of laterally wrong amplitug
which may have consequences for a lithological interpretatio
Finally, the application of the autonomic method is ideal for p
cessing of huge volumes of data.
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