XX. Extract complex PCA spectra — Program complex_pca_spectra

COMPLEX PRINCIPAL COMPONENT SPECTRA EXTRACTION J‘/

— PROGRAM complex_pca_spectra

Computing principal components

To begin, click the Formation attributes tab in the AASPI-UTIL window and
select program complex_pca_spectra:

X AASPI program aaspi_util - Post Stack Utilities (Release Date: March 2,2014) =In=n X
JJ File Wolumetric Attributes | Formation attributes Display Tools  Other Utilities  Set AASPI Default Parameters Help

real_pca_spectra =

AASPI L Ll Ay -

AASPI
Prestack Utilities

SEGY to AASPI

) real_pca_waveform
format conversion

AASP| Workflows

AASPI QC Plotting

complex_pca_spectra
2D SOM Facies Analysis
3D SOM Facies Analysis
*AASPI input file name (* H): 3D GTM Facies Analysis |
Browse

| AASPl to SEGY format conver Format attribute file to SEGY format

SEGY format output file name (*.segy): |.fsegyf.segy

Vblock: {10000

Verbose: I~

Output dead and padded traces?: I

Byte loc. of X-Coord: [181 [4 byte int ¥|
| Byteloc. of Y-Coord [185 [4 byte int ¥|

Byte loc. of line (inline) no Ilsg |4 byte \ntj

Byte loc. of cdp (xline) no.: |193 |4 byte \ntj

Execute |

|(c} 2008-2014 AASPI - The University of Oklahoma
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Program complex_pca _spectra performs complex stratal slice filter by
Principal Component Analysis (PCA). The following window appears:

r Y
<X AASPI complex_pca_spectra (Release Date: February 18, 2014) o (S e S
|| Eile Help

Extract complex PC spectra from a suite of spectral magnitude components

Sliced Spectral Magnitude Filename (*.H): h/li2189/FV/Spec_mag_4d_stratal_s]ice__fairview__o.H Browse 1
Sliced Spectral Phase Filename (*.H): ]i2189/FV/spec_phase_4d_stratal_s|ice_fairview_oAH Browse 2

*Unique Project Name: ]docu
Suffix: lo
Typical
Start Time in s: ,oi
End time in s: IW <I|
Low end frequency in cycles/s: ,107
High end frequency in cycles/s: 120 «-
Number of PC to generate ﬁ h
Want complex PC eigenvectors (wavelet shapes) ? ¥
Want complex PC eigenvalues ? 2 h

<l

=
=

Want PC reconstructed spectra?
Want projected PC ?
Want Mean of each spectral component?

<1 <

‘(c) 2008-2014 AASPI - The University of Oklahoma Executel

|

First, enter the (1) name of the Spectral magnitude and (2) name spectral
phase stratal slice input files(*.H) file you wish to filter, generated by
Complex_stratal_slice as well as a Unique Project Name and Suffix as
you have done for other AASPI programs. (3) and (4) are the properties of
the input complex stratal slices, and would be filled automatically. Here,
you can change the lowest and highest frequency (in Hz) to be analyzed.

Principal Component Analysis

Seismic data are so noisy that we need to condition date before using Q
estimation methods. Here we filter the stratal spectra slices by using
Principal Component Analysis (PCA), an orthogonal linear transformation
that estimates the correlation between measurements. There are a number
of methods to implement the PCA algorithm. We employed the one
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described by Guo et al. (2009). Given the spectra of a data volume, each
frequency component represents a measurement. The measurements are
normalized to zero-mean, then input to the PCA algorithm. If the spectra
along a given horizon or stratal slice have the same shape, they will be
completely defined by the first eigenspectrum. Eigenspectra that are
associated with second, third, fourth and so on, largest eigenvalues reveal
variations in the spectra that are critical to Q estimation algorithm.

Principal Component Analysis is a linear orthogonal transformation,
P=[p.p, PsP,]" , that transforms a set of correlated observations,

X =[x, %, %, %] where the vector x, is the jth observation, to a new
domain such that the transformed data, Y =[y,,v,,Y..---,y,], consist of only
uncorrelated events. The relationship between X and Y is represented by:

PX =Y, (1)
The set of all vectors p,makes up the principal components of X. Each
vector y;is the projection x;onto all the principal components p, .

To calculate P, we first compute the covariance matrix of X, C,:

cx=%xxT, (2)

Where the element C,(i, j) is the cross-correlation between two observation
x, andyx;.

The covariance matrix in the transformed domain,C, , is related to C, by:
C, =PC,PT, 3)

Where, C, is a diagonal matrix since Y consists of uncorrelated events.

C,is a symmetric positive definite matrix. Therefore, its eigenvector matrix

V is an orthonormal matrix and satisfies V' =V . It can be verified that P=V
Is a solution to equation (3).

By picking P=V, P can be rewritten as the sum of weighted outer-products
of the principal components (eigenvalue decomposition):
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P=2 8PP}, ()
j=1
Where e, is the eigenvalue associated with the eigenvector p; .

Substituting equation (4) into equation (1) gives:
Yz{ZejpjplT}X ’ )
j=1

Without loss of generality, suppose the eigenvaluese;’s are sorted in
descending ordere, >¢e, >--->¢_>0. Then define v, to be the partial sum ofy :

Yk=|:i_lej pijT:|X, (6)

In practice, assuming that the large variance is associated with important
structures and small variance is associated with noise, limiting the number
of terms in the sum is a filter that enhances the SNR.

The PCA can be extended to apply to complex data. The mathematics is
the same as for real data, except the covariance matrix of X, C,, is a self-

adjoint matrix: C, =C}'.

Number of principal components (5) is the number to generate, in this case
Is 5. Others are the boxes for output file options. Their names can stand for
their meanings.

After executing the module, we can get filtered stratal slices generated by
different principal components.
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We can apply AASPI plot to draw the results, using magnitude slices as an

instance. Here, we show the first two principal components.

r<x AASPI - Plot (temp_slice_bVxv1LH) =S |
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|(c} 2008-2014 AASPI - The University of Oklahoma i
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__ .
X AASPL- Plot (temp_slice_DY6pxt.H) (S

|| Fite Help

I<j<i] < S 1] [Jo> 1

""Spectra Principal Component Magnitude 2"
Time (s)=0.111111 (Panel=2)

200
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CDP number
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Line number

|(c} 2008-2014 AASPI - The University of Oklahoma o

= ==

We also output the PC reconstructed data. The reconstruction data have
the same structure as the input data. As comparison, we show the original
data as well. Since 5 principal components contain most of the information,
the difference between them is not obvious.
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AASPI - Plot (tem

|| Eile

[i<ij<ilf < [JS[y> [Jo>F i

PC-reconstructed Spectral Magnitude
frequency (c=50 Time (s)=0.333333 (Panel=41)
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|(c) 2008-2014 AASPI - The University of Oklahoma
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4

To better understand how big portion every principal component cover, we
plot the eigenvalues’s magnitude. For now, we use some simple SEP

commands and plot the spectral wavelets can be plotted by typing:
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Graph < spectra_eigenvalue_docu_0.H | Stube &

For the t = 0.333s slice, note that the first 3 components have the most
energy of the whole data, so for further filtering, you can just use 1 or 2
principal components.

o5 ] |
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We can also use the SEP commands to show the eigenvectors’ magnitude
and phase:
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X stpen [E=EE
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Other outputs can be shown in a similar way.
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