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Overview

Independent Component Analysis (ICA) uses higher order statistics to separate a multivariate
data into independent components, finding a linear representation of non-Gaussian data
(Hyvarinen and Oja, 2000). This representation allows the extraction of more valuable
information than Principal Component Analysis in which the data is decomposed in linear
uncorrelated components (Lubo-Robles, 2018).

To illustrate ICA, the popular cocktail-party problem is commonly used. If two people are
speaking at the same time in a room where two microphones are recording their voices, the
recorded signals are a weighted linear combination of the individual signals spoken by the two
people. Although the goal is to estimate the original individual signals using the recorded
signals, this cannot be accomplished because the relationship between the recorded and the
individual signals is unknown. However, following Hyvadrinen and Qja, (2000), it is possible to
compute the individual signals under the assumption in which they are statistically
independent.

The goal is to obtain an unmixing matrix W, which multiplied with the recorded signals,
computes the individual signals or independent components. The ica3d algorithm is based on
the FastICA algorithm developed by Hyvarinen and Oja, (2000), but with modifications in order
to apply it using volumetric seismic attributes. Also, some preprocessing steps are applied to
the input data in order to make the estimation of the independent components better
conditioned (Hyvarinen and QOja, 2000).
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The correlation matrix, C, is constructed by comparing each sample vector to itself and all its neighbors and can
be computed from K attribute volumes as:

1
C = EZ%:l ag:;grm) (tm' Xm» ym)as:lorm) (tm' Xm» ym) (4)

where M is number of voxels in the volume to be analyzed.

Eigenvectors and Eigenvalues
2 (k) (k)

2 AV =AY, (5)
j=1

or in matrix form

Cv® = 4, v, (6)

where C is a J by J square matrix, A« is the k™ eigenvalue and v is its corresponding eigenvector. In general,
there are J eigenvalue-eigenvector pairs, though not all of them need to be different, and where some of the
eigenvalues Ak may equal O, indicating a rank-deficient matrix. By convention, the eigenvectors are normalized
to be unit vectors

w2 =1, (7)

while the eigenvalue-eigenvector pairs are sorted from largest to smallest

4212|224 ®

Principal components and whitening

The k% principal component, p, at the m* voxel (tm,,xm,ymn) is a scalar value that represents the projection of
an J-dimensional sample vector, a, against the k% unit length, J-dimensional eigenvector, v, :

k k
‘[}( )(tm, xm,ym) = Z§=1 a](norm) (tm, xm,ym)vj( )- (9)
To whiten the data, one simply normalizes by the inverse of the square root of the corresponding eigenvalues:

s P](k)(tmvxm,J’m) (]_0)
J 1/
(Aj+€) 2
where d; are the Z-normalized whitened seismic attributes and & is a fraction of the largest eigenvalue, A: to
avoid division by zero.

PCA whitening is used not only to reduce the dimensionality of the data but also to reduce noise. In addition, it
guarantees that the data is uncorrelated, i.e., there is no a linear relationship between the input properties,
thus simplifving the estimation of the independent component because reduces the number of free
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In the ica3d algorithm, to decide how many components are preserved, the percentage of variance retained is
analyzed (Stanford, 2018). If there are n principal components whose eigenvalues are 1,,1,, 43, ..., A, where
Aj = Ajyq. For n attributes, the algorithm keeps those components whose sum just exceeds a defined
percentage §, of the variability of the data, while the remaining variability is considered to be noise:

Ll g, (11)

where in the algorithm a value 6 = 0.9 is used to distinguish between data and noise.

Independent components estimation

Following Hyvarinen and Oja (2000) and based on the central limit theorem, is known that the distribution of
two independent variables is less Gaussian than the distribution of the sum of the two variables. Thus, if the
non-Gaussian behavior of the preprocessed data is maximize, it is possible to compute the unmixing matrix, W,
in order to obtain the independent components. Also, to measure the non-Gaussianity of the data, a modified
version of entropy called negentropy is used (Hyvarinen, 1999; Hyvirinen and Oja, 2000) and it is always
nonnegative and equal to zero for a Gaussian distribution.

Assuming a random variable y=WTa with zero mean and unit variance, negentropy J (Hyvirinen, 1999)
approximates as:

J) ={E[GO] - E[GM)]}?, (12)

where v is a centered and whitened Gaussian variable, E is the expected value operator which in practice is
replaced by the sample means (Hyvarinen and Oja, 2000) and G is a non-quadratic function:

6y = - 72), (13)

which according to Zanardo Honorio, et al., 2014 provides good resolution and delineation of geological
features.

Following the FastICA algorithm developed by Hyvirinen and Oja (2000), to compute the independent
components the contrast function, G is maximized. Also, the independent components are computed
simultaneously and to avoid convergence to the same maxima, the outputs are decorrelated after each
iteration (Hyvarinen and Oja, 2000).

In each iteration of the algorithm, each row of the the unmixing matrix, W, is updated by

A~ 0G A %G &
ij+ =F [aa (Vv]Ta)] —F [aakaal (V\/}Ta)] VV]-’ (14)
and normalized by:
w+
Wit = / , 15
4 Wi -

where, W* is the updated unmixing matrix, and is decorrelated using Eigenvalue Decomposition (EVD) by

-1
W(-i'-ecorr = (Ww™) 2w. (16)
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Workflow of the ica3d volumetric classification algorithm (Lubo-Robles, 2018). In order to
decrease the computational cost of processing multiple seismic attributes, the data is
decimated to construct a smaller training data volume from which the unmixing matrix W is
computed. The algorithm is based on the FastICA algorithm developed by Hyvarinen and Oja
(2000),but with modifications to implement it using seismic attributes.
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K aaspi_util GUI - Post Stack Utilities (Release Date: 26 February 2018) - [m] X
|| Eile Geometric Attributes Spectral Attributes Single Trace Attributes Formation Attributes | Volumetric Classification Image Processing Help
Attribute Correlation Tools Display Tools Other Utilities Set AASPI Default Parameters pca3d
a
SEGY to AASPI AASP| to SEGY AASPI to SEGY Kmeansad =

format conversion
(single file)

format conversion
(multiple files)

AASPI QC Plotting

format conversion AASPI W°1 3D independent component class:fication|

som3d
SEGY to AASPI - Convert Poststack seismic volumes from SEGY to AASPI format gtmad
i svm3d
SEGY Header Utility : SEGY Header Utility I 3y o
define_training_data

2D SEG-Y Line rather than 3D Survey ? ™
The program ica3d is launched from the Volumetric Classification in the main aaspi_util GUI

Computing ica3d module

Setting the parameters defining independent components is the first step of analysis. Use the
browser to choose the input seismic volumetric attributes file (Arrow 1). The minimum number
of inputs attributes to apply ica3d is three. The selection of the input attributes depends on the
geological feature of interest. For analyzing facies variations, volumetric attributes such as
coherency, GLCM attributes, dip magnitude, spectral magnitude components, coherent energy
can be considered as input. In order to characterize geo-mechanical variation in shale plays
volumes such as inversion volumes, lambda-rho, mu-rho, intercept or gradient AVO volumes
are useful because they help to identify and characterize the rock physics. Put the maximum
number of iterations (Arrow 2). Select the decimation rate of input data used to generate the
training data (Arrow 3). The decimation rate will depend on the size and number of seismic
attributes used by the user. If few and small seismic volumes are used, a lower decimation rate
that the one shown in this documentation in recommended in order to guarantee convergence
of the algorithm. Finally, select the percentage of variability retained used in PCA whitening
(Arrow 4). The algorithm automatically outputs the number of independent components based
on the percentage selected by the user.
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[x

J File ICA3D_Plot_Projections

Help

Independent Component Analysis ICA
Volumetric Classification

List of input attributes:
fica_analysis/spec_mag_3d_cwt_Tui3D_ica_analysis_ 25.00 -4

Browse and add to current I\stl

fica_analysis/spec_mag_3d_cwt_Tui3D_ica_analysis__30.00.+
fica_analysis/spec_mag_3d_cwt_Tui3D_ica_analysis__35.00.F
fica_analysis/spec_mag_3d_cwt_Tui3D_ica_analysis__40.00.-
fica_analysis/spec_mag_3d_cwt_Tui3D_ica_analysis__45.00.+

Load list from a text fiIeI
Save current list to a text file

Remove selected files from current IistI

{1

fica_analysis/spec_mag_3d_cwt_Tui3D_ica_analysis__50.00.F
fica_analysis/spec_mag_3d_cwt_Tui3D_ica_analysis__55.00.F

Deselect all files in current Iiscl

fica_analysis/spec_mag_3d_cwt_Tui3D_ica_analysis__60.00.F
fica_analysis/spec_mag_3d_cwt_Tui3D_ica_analysis_ 65.00.+
'i—cia analvsisispec maa 3d cwt Tui3D ica analvsis 70‘[10‘)-'
Ll 3

Unique Project Name: [Tui3D_ica_analysis  Suffix: [documentation

Horizon parameters|
Number of iterations to compute ICs :
CDP decimation in training :

Line decimation in training :

Vertical sample decimation in training : Isi

Percentage of variability retained in PCA Whitening : [o0

(Max 99%)
Reset

(c) 2008-2018 AASPI for Linux - The University of Oklahoma

e (12
F 3

4

Execute ica3d

Then a user need to define the operation window in the Operation Window tab shown below.
A user can either use a fixed time window, or a window defined by two horizons.

Primary parameters Horizen parametersl

Start Time in s: Io 1
End Time in s:

Use horizans as limits?

Help - Herizen Defmltlunl

(Choose Horizon Type Below:) 5

Input upper herizon filename: Iouhomes}lubuO00D.flca_analyswsftop_horlzon Browse <: 4

[ > Wiew horizon ﬁlel Convert DOS to UnixI <: 6

(Cheoose Herizon Type Below:) 8

Input lower horizon filename: bmes}lubc0OOO,fica_analya\sjbottcm_horizor'\ Browse 7

[ > wview horizan f\lel Convert DOS to Unixl < 19

Choose horizon type: Igrldded (e.g. Earth\flsmn)j
Number of header lines to skip:
Total number of columns:
Column number of line_no:

Column number of edp_no:

Colurmn number of |5
time or depth picks:

znull value (indicates missing pick): |,999999

Vertical f picked surface? -
ertical axis of picked surface P B

wertical Units of ms - 18
Picked Herizons:

10

| (c) 2008-2018 AASPI for Linux - The University of Oklahama

Execute ica3d
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B

2

ROJCORSI

11.
12.
13.
14.
15.
16.
17.

Horizon definition

The horizon definition panel will look the same for almost all AASPI GUIs:

Start time (upper boundary) of the analysis window.

End time (lower boundary of the analysis window.

Toggle that allows one to do the analysis between the top and bottom time slices described in 1 and 2
above, or alternatively between two imported horizons. If USE HORIZON is selected, all horizon
related options will be enabled. If the horizons extend beyond the window limits defined in 1 and 2,
the analysis window will be clipped.

Browse button to select the name of the upper (shallower) horizon.

Button that displays the horizon contents (see Figure 1).

Button to convert horizons from Windows to Linux format. If the files are generated from Windows
based software (e.g. Petrel), they will have the annoying carriage return (*M) at the end of each line
(Shown in Figure 1). Use these two buttons to delete those carriage returns. Note: This function
depends on your Linux environment. If you do not have the program dos2unix it may not work. In
these situations, the files may have been automatically converted to Linux and thus be properly read
in.

Browse button to select the name of the lower (deeper) horizon.

Button that displays the horizon contents (see Figure 1).

Button to convert horizons from Windows to Linux format. (see 6 above).

. Toggle that selects the horizon format. Currently gridded (e.g. EarthVision in Petrel) and interpolated

(ASCII free format, e.g. SeisX) formats are supported. The gridded horizon are nodes of B-splines used
in mapping and have no direct correlation to the seismic data survey. For example, gridded horizons
may be computed simply from well tops. The x and y locations are aligned along north and east axes.
In contrast interpolated horizons have are defined by line_no, cdp_no (crossline_no) and time triplets
for each trace location. Examples of both format are shown in Figure 1. If interpolated is selected, the
user needs to manually define each column in the file.

Number of header lines to skip in the interpolated horizon files.

Total number of columns in the interpolated horizon files.

Enter the column number containing the line_no (inline_no) of the interpolated data triplet.

Enter the column number containing the cdp_no (crossline_no) of the interpolated data triplet.

Enter the column number containing the time or depth value of the interpolated data triplet.

Znull value (indicate missing picks) in the horizon files.

Toggle to choose between positive down and negative down for the horizon files (e.g. Petrel uses
negative down).
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i o A . == (X S —

2043410 510781 1230 705°M
2043520 510781 1244.7826°M

& Type: scattered data™M Al |
# Version: 6°M

# Deseription: No deseription™M
& Format; free "M

1

2

3 2043630 510781 1243.203°M
4 2043740 510781 1244 .0635"M
5

&

7

8

2 Field: 1 x°M 2043850 510781 1244 5078°M
#Feld: 2 y*M I 2043960 510781 1246.4026"M
& Field: 3 2 millseconds *M 2044070 510781 1343.0315°M

2044180 510781 1245.9817°M
9 2044290 510781 1248.2197°M
10 2044400 510781 1246.5739°M
11 2044510 510781 1238.4037°M
12 2044620 510781 1238 7538°M
13 2044730 510781 1237.3645°M
14 044840 510781 1237 8669°M
15 2044850 510781 1238.6074°M
16 2045060 510781 1237 .2664°M
17 2045170 510781 1238.9034°M
1B 2045280 510781 1238.717°M
15 2045390 510781 1239.1155°M
20 2045500 510781 1238.6917°M
21 2045610 510781 1238.6547°M
2045720 510781 1238.495°M
23 045830 510781 1237.7449°M
24 2045640 510781 1237.2827°M
25 046050 510781 1237 4436°M
26 2046160 510781 1237.2924°M
27 2046270 510781 1237 4955°M
2B 2046380 510781 1237 B3GE"M
25 2046490 510781 1238 4445"M
30 2046600 510781 1239.0701°M
31 2046710 510781 1239.6334°M
32 2046820 510781 1239.9387°M
33 2046930 510781 1239.9292°M
34 2047040 510781 1239.6946°M
35 2047150 510781 1230 4820°M
36 I04TZ60 S107E1  1239.3917°M
37 2047370 510781 1239.3479°M
38 2047480 510781 1230.2074°M
39 047590 510781 1239.0051°M

& Field: 4 column™M

#Field: 5 row™M

# Projection: Local Rectangular ™M

# Units: meters“M

# End:*M

# Information from gnd: ~M

# Grid_size: 941 x 2103°M

# Grid_space: 1473000.000000, 1496500 000000,4939675.000000 4965550.000000 M
# Scattered data: Not_available "M

&2 field: z°M

# Vertical_faults: Not_available ~M

# History: No history "M

#Z_units: milliseconds~M

1485475 000000 4939712 500000 1851 985962 500 4°M

1485500 000000 4935712 500000 1851 386841 501 4~M

1485475 000000 4935725 000000 1852 000244 500 5°M

1485500000000 4939725000000 1851 571655 501 5~M

1485450000000 4935737 500000 1851 743408 499 6°M

1485475 000000 4939737 500000 1851 771729 500 6"M

1485500 000000 4939737 500000 1851 674194 501 6°M

1485425 D00DO0 4935750 000000 1851 443237 498 7°M

1485450 000000 4939750 000000 1851 378784 499 7°M

1485475000000 4939750 000000 1851 413452 500 7°M

1485500000000 4935750 000000 1851 851196 501 7*M

1485525.000000 4939750 000000 1852 091064 502 7°M

1485400000000 4035762 500000 1851 414063 467 8~M

1485425000000 4935762 500000 1851 286255 498 8°M

1485450 000000 4835762 500000 1851 405273 49% 8~M

1485475.000000 4935762 500000 1851.379028 500 8~M

1485500.000000 4939762 500000 1851 937256 501 8~M

1485525 000000 4036762 500000 1853 580200 502 8*M

1485375 000000 4935775 000000 1850 712646 496 5~M 20 2047700 510781 1238 B276~M
1485400.000000 4939775000000 1851 130981 497 3~M 41 2047810 510781 1238 7441°M
1485425 000000 4936775 000000 1851 510254 498 6~M 47 2047920 510781 1238 7734~M
1475450 NNANAN 4G3GTTS NANNNA TRET AIGTTT 4G5 GAM = ettt i

M
5

Figure 1. (left) A gridded horizon file (EarthVision format). (right) An interpolated horizon file

with five columns (ASCII free format).

After defining the operation window parameters, press the Execute ica3d.

Primary parameters Horizon parametersl

Help - Harizan Definition

Start Time in s: Io

End Time in s |3.152

Use horizons as limits? |USE HORIZON| Click to change to Use Time|

Input upper heorizon filename: Iouhomesflubo0000fica_analysis{top_horizon Browsel

(Choose Horizon Type Below:) View horizon filel Convert DOS to L.Inixl
Input lower herizon filename: bmesflubo[]DDDIica_ana|ysisfbottom_horizon |

(Choose Horizon Type Below:) View horizon filel Convert DOS to Unixl
Choose horizon type: Igridded (e Earth\fiswon}lj

Number of header lines to skip: |0

Total number of columns: |5

Column number of line_no: |1

Column number of cdp_no: |2

Column number of |5

time or depth picks:

znull value (indicates missing pick): I,gggggg

Vertical axis of picked surface? " |
ertical axis of picked surface e

Vertical Units of ms -
Picked Horizons:

| (c) 2008-2018 AASPI for Linux - The University of Oklahama Execute ica3d |

The generated principle component files are named as:
ica_S{unique project name}_S{suffix} j temp.H
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Visualization of the result

To view the resulted independent components, a user can either use aaspi_plot to display each
component individually, use aaspi_crossplot to crossplot two components or use rgb_cmy_plot
to plot three components using a RGB color scheme. One can also use visualization tools in
commercial interpretation packages. It is important to highlight that the order of independent
components is undefined, thus they should be sorted by visual inspection based on their
geological insight. The figure below corresponds to three independent components plotted
against a RGB color scheme using Petrel, along a phantom horizon in a channel complex
present in the Moki A Formation, Taranaki Basin, New Zealand. We interpret the green arrows
as meandering channels with moderate sinuosity and a tabular shape channel with highly
variable internal architecture, orange arrows as oxbows, and the blue arrow as a small
abandoned meandering channel.
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