Volumetric Classification: Program make_training_clusters
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Overview

With the great improvement in computation power, 3D multiattribute seismic facies analysis
and classification have been routinely performed in interpretation workstation software. With a
limit amount of training data, the computer can mimic the behavior of a human expert by
providing interpretation, consistent with a given model. In the AASPI package, there are several
seismic facies analysis utilities, many of which perform supervised classification that need
training (supervision) data. Namely, som3d and gtm3d are unsupervised seismic facies analysis
unities, with the capability of adding posteriori supervision, and psvm3d is a supervised seismic
facies analysis utility which must be used with training (supervision) data. Program
make_training_clusters is a utility to build; 1). A training data file by manually picking the
location of training data in a 3D seismic volume and labeling with facies index, then extracting
seismic attributes at such picked locations to generate a training file that can be further used in
the previously mentioned programs; and 2). A mask file from manually picked locations to
define a subset of input attributes for building the model in unsupervised seismic facies
analysis.

The program can be invoked from aaspi_util under Volumetric Classification menu or by typing
aaspi_make_training_clusters in the command line:

N aaspi_util GUI - Post Stack Utilities (Release Date: January 21, 2017) — [} *
JJ File Volumetric Attributes Spectral Attributes  Formation Attributes | volumetric Classification Image Processing Help
Attribute Correlation Tools Display Tocls  Other Utilities  Set AASPI Defi pea3d
kmeans3d
AASP| to SEGY AASP| to SEGY
SEGY to AASPI B . som3d AASPI
B format conversion | format conversion AASPI QC Pl i
format conversion {muttiple files) (single file) gtm3d Prestack Utilities

psvm3d

AASPI QC Plotting - A quick tool to display AASPI-fromat attribute velume

define_training_data

AASP| format input file name (*.H):

" s S— n 1
IIOUhOmeS’rzh30752OHUSt'nIpS\‘rmadJeSt”Sl Define training data for volumetric classification |

Colorbar file name: Irainbow.Sep Eruwsel

Enter plot title:

| P
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Defining the location of training data

After invoking program make_training_clusters, there are three tabs: Cluster Picking, Generate
Training File, and Generate Mask File. In the Cluster Picking tab, the user will manually pick
some polygons on a seismic volume, and such picks will be saved into a user defined number of
Polygon files, with each Polygon file representing one facies (class). The picking process can be
performed on time slices, or inline/crossline sections. In this document we illustrate by picking
on crossline sections.

<>( AASP| - program make_training_clusters (Release Date: April 27, 2017) - (] x

File Help

Interactively pick a suite of training clusters on seimsic volumes for supervised classification

Cluster Picking | Generata Training File | Generate Mask Fila |
Picking polygons used to define the location of training data

AASPI format input file name (*H):

Colarbar file name:

[black_gray_white sep

Enter plot title: [Input Seismic Amplitude Data

Plot slice direction: [Horizontal Time or Depth Slice =| <—| 2
Mirimurn Tirmef Depth: [o.1 L

Maximurn Time/ Depth: ,1.6—

Time/Cepth Increment: ,004—

Minimum CDP: 700

Maximum CDP: 900

CDP Increment: O

Minirmurm Inline: lzzwo—

Maximum Inline: ’2-‘1000—

Inline Increment: [2— — <: 3
Gain panel: all "I

Reverse x-axis? :I

Reverse y-axis? (Default iz positive down) auto —

want seale bar? d

Aute - Scaling? Auto-Scale

Min Amplitude : ,0—

Max Amplitude : ’W

All positive? .EI

Execute -

[(c) 2008-2017 AASPI - The University of Oklahoma
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Firstly, (1) a seismic (attribute) volume is selected, (2) then select which slice to pick on, and (3)
define the plotting parameters similar to the QCplot utility. After selecting Execute, a new
window will be displayed:

‘ X AASPI - Polygon Selection (temp_transposed_zZ75¢R.H) <’) yO \Y O X
|| Eile y Help

H E’ I ml ml IEI " Loop save Polygon to New F.ilel Add Polygon to Cur;ént ﬁlel Clear}o;yngnI [

Input Seismic Amplitude Data
CDP no.=720 (Panel=3)

0.2

ro.9

ro.s

0.4

0.7

0.6

Time
0.8

1.2 1.0

1.4

1.6

22600 22800 23000 23200 23400 23600 23800 24000
Line no.

|Save polygon vertices to new txt file (will overwrite old file)

In this specific demonstration the goal is to classify among salt, mass transport complex (MTC),
and sediments. The attribute shown above is Kuwahara filtered similarity — assume the user
firstly wants to pick some training data to represent salt. The user draws a polygon (4) and
define all samples within this polygon to be salt, then hits (5) to save the time, crossline, inline
coordinates to a file named as polygon. If the user wants to pick more training samples for salt,
one can hit (6) to clean the previous pick, and pick at another location that best represent salt
(7), then hit (8) to save it to the previous polygon file. If more picks are needed, the user can
repeat steps (6) — (8) on the same crossline, or navigate to other crosslines. Once finished
picking for salt, the file polygon needs to be renamed (as polygon_1 or polygon_salt) to avoid
overwriting the new facies picks on the previous picked facies.

Repeat the same process to pick MTC and sediments, and now the user has 3 files (namely
polygon_1, polygon_2, and polygon_3) representing 3 facies. With these three files, now the
user is able to extract seismic attributes at such picked locations for each facies.
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Extracting seismic attributes and generating the training file

In the second tab, Generate Training File, the user will take the previously generated polygon
files as inputs, and extract seismic attributes at locations defined in the polygon files. Please
note, the seismic attributes should be in the exact same order as they would appear in the
input list of the classification program (som3d, gtm3d, or psvm3d) to be used.

X aaspi- program make_training_clusters (Release Date: April 27, 2017) - o *

Eile Help

Interactively pick a suite of training clusters on seimsic volumes for supervised classification

Cluster Picking Generate Training File

Generate Mask File |
Extract training data within picked polygons or a user-defined location file (e.q. well trajectory)

Input Polygon 1:
Input Polygon 2:
Input Polygon 3:

||l’|:| uhomesfzhao7520/jiefpolygon_1

||'0 uhomes/zhao7520/jiefpolygon_2

|.rn uhomes/zhao7520/jie/polygon_3

Input Polygon 4: |

Input Polygon 5:

Input Polygon 6:

g

E

|
|
Input Palygen 7: |
Input Polygon 8: |

g

Input Polygon 9: |

Input Palygon 10: |

i
\_r_l
0

Input Polygon 11: | Browse '\9
Input Polygon 12: [ Browse
Polygon file to be displayed (1 to 12): I]_ View palygen fiIeI Convert DOS to Unix

Input Attribute 1(*H): }rqy_ratio_simulamy_iterz_lonq_vden.H Browse

Input Attribute 20¢H): | _glern_dissimilarity_iter2_long_wlen.H  Browse

Input Attribute 3(* H):

|_MTC_gIcm_entropy_iter2_|onq_\~ien.H Browse

Input Attribute 4(* H): | _k_converge_mag_iter2_long_wlenH Browse

Input Attribute S(.H): [ MTC_total_energy_iter2_long_wlen.H  Browse

Input Attribute 6(*.H)

Browse

Browse

Input Attribute 8(*H)

Erowse

i
Input Attribute 7(+H): |
Al
Input Attribute a(¥H): |

Suffix:

i

Browse

*Unique Project Name: [salt_mMTC <: 12

}(}:lu

GUI_dema
Mumber of polygon cluster files: [3 w T}gt attributes: |s <: j 4

Multiple or single point files? |MULTIPLE| Click to change to SINGLE| 15

Coordinates in the point file: |LINE, CDP| Click to change to X, ¥ |
—————————— T ————— - l.ﬁ__

In pelygen files, LABEL is in column: [1 In pelygon files, TIME is in column: |2 -I

| 'npolygen files, COP isin column:  [4
I in polygon files, LNE is in column:  [3

D e e e

In polygon files, X is in calumn:

In pelygon files, ¥ is in column:

1
— <

17

== -'vemarms-scmﬁtm---'ﬁ“{::l 19

Exec Lﬂ:eI 18

(e) 2008-2017 AASPI - The University of Oklahoma

To generate a training file, first the user put the previously generated polygon files into the
polygon list (9), and the user can view the file content of a polygon file using (10). A polygon file
consists of 4 columns, and if the user selects MULTIPLE (15), three of the columns are the 3D
coordinates, and the other column is not used. If SINGLE is selected in (15), the user needs to
define the column for labels in (17). Toggle (16) is used to change the coordinate system in the
polygon files between inline/crossline and X/Y. The order of the three coordinates may change
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depending on the slice used in the previous picking procedure (e.g. time, crossline, or inline),
therefore the user needs to define these three dimensions in (17). After filling in the seismic
attribute to be extracted (11), and defining (13) the number of facies (polygon files) and (14)
attributes, the user also has an option to choose the radius of attribute extraction (18). A radius
of 0 means no averaging will be performed, and a radius of 2 means the extracted attribute is
averaged using a 5 by 5 by 5 window centered at the picked location. If the distance from a
picked location to the data volume boundary is less than the defined radius, such picks will be
ignored and stored in file dropped_points.txt for inspection. Finally, (19) Vertical axis scale
ratio is used to change the scale ratio in case the vertical scale of the seismic data and polygon
files do not match. After selecting Execute, an ASCIl text format training file named
polygon_cluster_out_S${proj name}_${suffix}.txt will be generated, as shown below:

WVeddL [r=1vH] DLULD ALV N ] PP LD, DU Ly
0,424 7322 ERE) 0,005 ¥0303,505 1,000
0,414 7333 3.524 0,005 74332,820 1,000
0.412 7303 3,520 0,006 73875, 500 1,000
0,404 7.413 3,526 0,006 73608, 906 1,000
0,398 7,465 3,526 0,006 72924 ,820 1,000
0,393 747 2,526 0,005 ¥3352,062 1,000
0,333 7437 3.526 0,005 71037, 875 1,000
0,332 7004 3,526 0,006 B3722,718 1,000
0,390 7.515 3,527 0,006 68450, 719 1,000
0,388 7,533 3,527 0,006 E7807,102 1,000
0,386 755 ER 0,005 E7023,219 1,000
0,385 703l 2,527 0,005 G4761,343 1,000
0,384 7,610 3,528 0,006 61623, 354 1,000
0,383 7624 3,529 0,006 57872,953 1,000
0,383 7.B26 3,531 0,006 5o744, 004 1,000
0,382 7621 2,531 0,005 54342,713 1,000
0,534 G.606 3,482 0,006 144633, 044 2,000
0,584 6,579 3,482 0,006 136801,312 2,000
0,584 6,543 3,481 0,006 1324782, 016 2,000
0,534 5,433 Z.402 0,005 134432,073 2,000
0,583 6,427 3,480 0,005 133406, 156 2,000
0,532 £.341 3,474 0,006 132014, 422 2,000
0,581 6,233 3,479 0,006 123123,156 2,000
0,579 6,208 3,482 0,006 127886, 930 2,000
0,579 5,386 2,400 0,005 131012,103 2,000
0,577 £.334 3,486 0,005 128236, 367 2,000
0,577 £.331 3,487 0,006 123381641 2,000
0,576 6,288 3,487 0,006 120141,203 2,000
0,576 6,276 3,488 0,006 131123,906 2,000
0,576 5,203 Z.409 0,005 135300,047 2,000
0,576 £.323 3.488 0,005 136549, 953 2,000
0,576 6,182 3,491 0,006 133327, 766 2,000
0,576 6,302 3,430 0,006 1405532, 56 2,000
1.575 6,219 3,492 0,006 146262, 203 2,000

The first few columns are extracted seismic attributes. In this example there are 5 attributes.
The order of attributes in the input list is consistent with the order of columns. The last column
is the facies label, which is consistent with the polygon file list, meaning samples from polygon
file 1 (in this case, polygon_1) will have a facies label of 1, and samples from polygon file N will
have a facies label of N. This training file can then be used as the training file in psvm3d, or the
supervision file in som3d and gtm3d.

Generating a mask file for non-uniform training sample extraction in SOM

The third panel in this module is for generating an AASPI.H format mask file, which can be
further used to define training sample locations in unsupervised seismic facies analysis modules
(currently available in SOM). In AASPI unsupervised seismic facies analysis modules, by default a

Attribute-Assisted Seismic Processing and Interpretation 18 October 2019 Page 5



Volumetric Classification: Program make_training_clusters

program extracts a subset of data uniformly to build the learning model, then applies this
model to the whole data volume. By using a mask file, it substitutes the uniformly sampled
subset by samples from user-picked, arbitrary shaped polygonal region(s). Such training subset
forces the learning algorithm to focus more on regions of interest. The users also have the
option to combine uniformly sampled points with points defined by picked polygons. The
functionalities in this panel are as follows:

X AASP| - program make_training_clusters (Release Date: April 27, 2017) - o X
File Help

Interactively pick a suite of training clusters on seimsic volumes for supervised classification

Cluster Picking | Generate Training File ~ Generate Mask File l

Generate a mask file using picked polygons. It can be used to define training sample in
unsupervised learning programs (e.g. SOM3d), from z sl picked as polygons.

Generate a uniformly sampled background? yes | Welg t of background: <: p

CDP decimation in training :

Line decimation in training : I } <: 3

Vertical sample decimation in training :

Input Polygon 1: [/auhomes/zhao7520/y|e/polygon 1 erowse Welght 1 N
Input Polygon 2:  [/ouhomes/zhao7520fjie/polygon_2 Browse| Weight: [1
Input Polygon 3: |Iouhomes/zhao7520/ue/‘polygon_3 Browse| Weight: |1

Input Polygon 4: | Browse| Weight: [1
Input Polygon 5: Browse| Weight: |1

Input Polygon 7: Browse | Weight: 1 4

[

Input Polygon 6: | Browse| Weight: [1
|
|

Input Polygon 8: Browse| Weight: |1

Input Polygon 9: | Browse| Weight: |1

Input Polygon 10: [ Browse| Weight: [1

Input Polygon 11: | Browse| Weight: |1

Input Polygon 12: Weight:

P! yg | Browse ght: |1 =

Polygon file to be displayed (1 to 12): |1 View polygon fileI Convert DOS to Umxl < 5
Template file used to define geometry (*.H): frgy_ratio_similarity_iter2_long_wlenH Browse < 6

*Unique Project Name: [salt_MTC suffix: [Gui_demo <: 7

Number of polygon cluster files: l3

———— —— ——— - — - - ——————--———--
In polygon files. LABEL is in column: |1 In polygon files, TIME is in culumn 2

lln polygon files, COP is in column:  [a In polygon files, LINE is in column: 31 -’ < j 9
-'\ﬁ?m?a:saafrﬁi:-_j‘]-‘- ---16----------

Percentage of points to extract within a polygon: lso <: 1 1

o] (112

(c) 2008-2017 AASPI - The University of Oklahoma

Arrow 1: “Yes” to generate a uniformly sampled mask background and “No” to mask only
locations within picked polygons.

Arrow 2: weight for the background. Users may opt to use different weights for the uniform
background and each picked polygon. A higher weight means the corresponding training
samples have a higher impact on the subsequent learning model.
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Arrow 3: decimation rate for the uniformly sampled background. “5-5-5” means the
background consist of one sample of every 5 line, 5 cdp, and 5 time samples, translating to a
1/125 decimation.

Arrow 4: Picked polygons and their corresponding weights. Similar to the previous panel, one
polygon file may contain multiple picked 2D polygon regions that define the same facies or
depositional environment, e.g. several cross sections from the same channel. A higher weight
means the corresponding training samples have a higher impact on the subsequent learning
model.

Arrow 5: view the content of a selected polygon file and remove the carriage returns “*M” if
the file is generated from a window system. (“*M” will not affect running the program)

Arrow 6: select a template file to initialize the geometry of the mask file to be generated.
Normally it is the file on which polygons are picked.

Arrow 7: project name and suffix.

Arrow 8: number of polygon files.

Arrow 9: define the polygon file format.

Arrow 10: vertical axis scaling of the polygon files. Normally if the polygon files are picked from
a seismic volume, this scale is 1.

Arrow 11: the percentage of points to be masked within a polygon. Because of the spatial
dependence of seismic data, we suggest to randomly select a smaller portion of points within a
polygon instead of using all points, reducing the redundancy of training samples.

Arrow 12: execute the mask generation program.

zhao7 ediacaran:/ouhomes/zhao7520/jie -
hao7520@edi fouh /zhan7520/j [m] X

percent_to_pick  0.5000000

Dimension 5 assumed not to exist. Continuing assuming a 40 volume
Timension 4 assumed not £o exist, Continuing assuming a 31 wolume
n_in_keys read in =

memory successfully allocated

finished counting lines in polygon files

Finished reading in polygon Files

Finished checking for duplicate in polygon Filss

Extracting data vectors: current point, total points 1000 13106
Extracting data vectors: current point, total points 2000 13106
Extracting data vectors: current point, total points 3000 13106
Extracting data usctors: current point, total points 4000 13108
Extracting data uvectors: current point, total points B000 13106
Extracting data vectors: current point, total points EOO0 13106
Extracting data vectors: current point, total points 7000 13106
Extracting data vectors: current point, total points 8000 13106
Extracting data usctors: current point, total points 000 13108

Extracting data vectors: current point, total points 10000 13106
Extracting data vectors: current point, total points 11000 13106
Extracting data vectors: current point, tobal points 12000 13108
Extracting data usctors: current point, total points 13000 13108
Finished extracting data For each polugon (polygon_val) and updating output Fil

e
total number of dropped points:
MNaormally completed training_mask_generation!
normal completetion, routine training_mask_generation
Closing file: Jouhomes/zhao?520/ jie kunahara_salt_HTC_energu_ratio_similarity_iter2_long_wlen,H
Closing file: Jouhomes/zhao?520/5EP_dataskuwahara_salt_MTC_energy ratio_similarity_iter2 long_wlen.HE
Closing file: Jouhomes/zhao?520/ jie/kuwahara_salt_MTC_energy_ratio_similarity_iter2_long_wlen.H
Closing file: Jouhomes/zhao?B20/5EP_datarkuwahara_salt_MTC_energy_ratio_similarity_iter2 long_wlen HEER
Closing Files Jouhomes/zhan?520¢ jie/kuuahara_salt_HTC_snergu_ratio_sinilarity_iter?_long_wlen, HOR
Closing file: mask_salt_MTC_GUI_demo,H
Closing file: Jouhomes/zhao?520/5EP_data/mask_salt_MTC_GUI_demo.H@
Closing file: mask_salt_MTC_GUI_demo H
Closing files Jauhomes/zhao?520/5EP_data/mask_salt_MTC_GUI_demo, HERR

After executing the program, we have an AASPI.LH format mask file named as
mask_Sprojectname_Ssuffix.H.

Using the parameters given above, we generate a mask file as a combination of uniform
background and user-picked polygons like this (see next page):
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X AASPI - Plot (temp_transposed_YLKXCg.H) - O x

H Eile 3 Help
[E] @ :‘l E] D w IH] I Loop I~ interpolate  Conversion [3000  Apply | Scale vertical axis using | I~ Active £rse vack| vale [T Color £race al] |
velocity velocity| conversion velocity q

mask
CDP no.=720 (Panel=3)

Time

23200
Line no.

(c) 2008-2017 AASPI - The University of Oklahoma i

By using AASPI corender program, we can also display the mask file on top of the template file.
In this example, we picked three facies, the salt (left and right triangles), the mass transport
complex (center darker region), and the sand/shale interbedded sediments (center lighter
regions).

X AASPI - Plot (temp_transposed_1_3nvTdD.H) — a X

Eile Help

[m K] n E u iE IE] I” Loop I Interpolate Conversion [3000 Apply | Scale vertical axis using [ ™ Active Mask I 1 Color 3 I
velocity velocity| conversion velocity: 7

Input Seismic Amplitude Data
CDP no.=720 (Panel=3)

Time

[(c) 2008-2017 AASPI - The University of Oklahoma

To emphasize picked polygons over the background, we set the weight of the three polygons to
2, 3, and 4 for pure illustration purpose:
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AASPI - Plot (temp_transposed_1_vI3SIP.H) - o X
X p_transp
|| gt Help
I"Loop I Interpolate  Conversion [3000 = Apply | Scale vertical axis using | I Active Erase ack| Valupf1 Color Erace all| Save
“EI EIQEIEI velocity velocity| iconversion velocity | I k:-l_ - I
[The mask value |
Input Seismic Amplitude Data
CDP no.=720 (Panel=3)
'%@rx{am;guw:,.
©
E
=
1
23200
Line no.
[(c) 2008-2017 AASPI - The University of Oklahoma VA

Now each facies has a unique color (weight) that corresponds to the impact of such facies to
the learning model. We will explore how to incorporate such user-picked mask file in self-
organizing map (SOM) facies analysis in the som3d documentation.
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