The Study of Neural Networks for Suppression of Seismic Multiple
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Abstract
Usudly there are many multiple
reflections in marine  seismograms.

Traditionally, we used K-L expansion to
extract principal components, here we use
neural network. The neural network uses an
adaptive learning agorithm to find the
principal eigenvectors of a covariance
matrix. Initially velocity analysis and normal
moveout (NMO) using multiple velocity are
applied to the seismic data, so that the
multiple reflection shows the uniform
horizontal property. Then neural network
can extract one principa component that is

the multiple reflection with uniform property.

Afterward, the multiple reflection can
removed from the seismogram (after NMO).
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The processes are repeated to remove other
multiples. Finaly, the seismic data contain
the reflections without multiples, and can be
used to the further seismic data processing
and interpretation.

Keywords: Neural networks, principa
component analysis, multiple reflection,
seismic data.

The principal component analysis
(PCA) dso known as the Karhunen-Loeve
transformation has been investigated and
used in many applications. Given a set of
random data X with dimension N and
M =E[ X ]= 0, we can compute the
correlation matrix (covariance matrix)
Q=E[(X-M)(X-M) " 1=E[X X"] and find
the eigenvalues and the corresponding
eigenvectors. The principal eigenvectors
can point to the principal directions of the
distribution of the data.

The principal component analysis had
been applied to seismic data set. Several
neural networks algorithms have been
proposed for principal components analysis
(PCA). Huang (1999) had successfully
applied the principa components neural
network to the analysis of seismic data.

In this study the neural net with
unsupervised generalized Hebbian learning
algorithm (GHA) is adopted to find the
principal eigenvectors of a covariance
matrix from a seismogram after NMO. The
neural net is shown in Figure 1.
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The procedure of multiple removal is
shown in Figure 2. The experiments are on
both synthetic and real seismic data.

In synthetic data experiment of Figure 3,
the multiple reflections are suppressed, and
the two primary reflections are clearly
shown after the processing.

In real marine seismic data experiment
of Figure 4, the multiple reflections are
suppressed, and the primary reflections are
clearly shown after the processing also.
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Fig. 1. Sanger’s neural net.
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Fig. 2. Stepsof multiple removal using neural network.
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Fig. 3. Multiple removal on synthetic data. () A CMP gather, (b) after multiple removal.
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Fig. 4. Multiple removal on real marine seismic data. () A CMP gather of marine seismic

Station

(

,, RN AN A RN AR AR A b ]

Station

data, (b) after multiple removal



