Exercise objective:

To fill blank seismic traces using the ‘Seismic Image Regression” workflow which is part of the
machine learning plugin. The model will have to learn how to recreate an image from example

images containing blank traces. Therefore, we need an input data set in which we have
deliberately blanked some of the traces.

For the purpose of this exercise:

We use OpendTect’s attribute engine to
randomly blank +/- 33% of all traces

* We select examples from one side of the
volume for training the U-Net

*  We apply the trained U-Net to the full
volume, so that we can validate the
interpolation results in the blind test zone

Note: In this exercise we train a 2D Unet but you can equally well train a 3D Unet. The differences between 2D and 3D Unets are
as follows:

1. A 2D model trains much faster (hours vs days)

2. 2D models can be trained on workstations with less GPU / CPU capacity

3. Interpolation results are comparable although 2D interpolation may introduce some striping (like a footprint)
4. Application of a trained 3D model is much faster than a trained 2D model (minutes vs hours)




Randomly blank traces workflow:

To train our 2D Unet regression model we create a data set with 33% randomly blanked traces.
From this cube we extract examples for training in a restricted area. The trained model is
applied to the entire volume, whereby the area from which no examples are extracted acts as
blind test area. The real value is of course when we apply the trained model to an area with
real missing traces (which we don’t have in this case). Random blanking (replacing the values
with hard zeros) is done in OpendTect’s Attribute engine and can be done in different ways. In
this case, we will create an attribute set to perform the following tasks:

1. Math attribute with formula: “randg(1)”. This generates random values with a Gaussian
distribution and 1 standard deviation;

2. Apply this attribute to a horizon and save as horizon data;

Horizon attribute that retrieves the random values from the saved horizon data. A Horizon

attribute replaces a value at an inline, crossline position with the value extracted from the

given horizon,;

4. Math attribute with formula: “abs(value)> 1 ? 0: seis”. We assign the retrieved horizon data
to the variable “value” and the seismic data to “seis”. This attribute assigns values larger
than the absolute value of 1 standard deviation to zero while all other values are given the
value of the seismic data.

5. Additional attributes in the set are used to compare/QC results before and after prediction.
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Randomly blank traces workflow:

Create a new 3D attribute set to randomly blank traces as explained in the following steps.

1. Select the 3D Attributes engine a4 icon.

2. Create a new 3D attribute set |
These attributes that will be explained in the
next steps.

3. Save as attribute set Y with the name
‘ML_Random_holes_interpolation’.
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Randomly blank traces workflow:

4. Create 1st attribute with name
‘random’ as indicated in the attribute
set window and Hit ‘Add as new’.

5. Set Math attribute with formula:
“randg(1)”.

This generates random values with a
Gaussian distribution and 1 standard
deviation;

Apply this attribute to an horizon and
save as horizon data as indicated in
the next step.

@ Attribute Set 3D - O X
File
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random MathFunctions ~ | sqrt (Square root) - Insert = < dH
Retrieve horizon data
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Save on Close (7}




Randomly blank traces workflow:

Create a seismic horizon at Z = 1 s. Then apply the random attribute to this horizon and save this
as horizon data. This horizon data will be used in the attribute that does the actual blanking.

6. Create a constant seismic horizon at Z = 1s.

7. Right mouse click on the 3D Horizon < New < With
constant Z.

8. Enter Z value (ms)= 1000. Type an Output 3D Horizon
name e.g. Hrz_1s. Hit Create.

9. Display the horizon — attribute ‘random’. Save as
Horizon data.
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Randomly blank traces workflow:

Create an horizon attribute that retrieves the random values from the saved horizon data. The
horizon attribute replaces a value at an inline, crossline position with the value extracted from the

given horizon.

10. Create 2nd attribute “Retrieve horizon data”
as indicated in the attribute set window and Hit
‘Add as new’.

11. Select the Input Data that will be blanked ‘4
Dip steered Median filter’.

12. Select the constant horizon “Hrz_1s” created
in the previous step.

13. Select Output “Horizon Data” and Horizon
Data “random”.
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Randomly blank traces workflow:

Create an attribute that will randomly blank traces as zeros in the input seismic.

14. Create 3" attribute ‘Seismic with random missing
traces as zeros’ as indicated in the attribute set

window and Hit ‘Add as new’. ———

Attribute set |Random_holes_webina

Basic | Mathematics

~ 12 s

MathFunctions v | sgrt (Square root)

Insert

15. Set a Math attribute with formula: “abs(value)> 1

Formula (like 'nearstk + c0 * farstk') ‘abs(horizon) >17?0: seis

For 'horizon' use Retrieve horizon data

? 0: seis”. This assign the retrieved horizon data to
the variable “value” and the seismic data to “seis”.
This attribute assigns values larger than the absolute
value of 1 standard deviation to zero while all other
values are given the value of the seismic data.

For 'seis' use [4 Dip steered median filter]

difference between gain correq

I]& e[

16. Select the previously created attribute ‘Retrieve
Horizon Data’ in the ‘For Horizon to use’.

Attribute Name |Seismic with random missing traces as zeros

Save on Close

17. Select the seismic you wish to blank in the ‘seis’
(e.g. 4_Dip steered median filter).

Add as

new [l =

=] ®




Blank traces workflow cont’d:

18. Display the new seismic attribute with
blanked traces. Right mouse click on the
In-line. Select “Add and Select Data”

19. Select the attribute “Seismic with

random missing traces as zeros” and Hit OKk.

Notice that random traces have been
blanked.
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Blank traces workflow cont’d :

20. Select, “Create a Seismic Output” from the
attribute — Seismic with random missing traces as
zeros.

21. In the “Create Single Attribute Volume” window,
keep the default parameters. Type an Output name
(e.g. Seismic with random missing traces as zeros)
and Run.

22. Close the progress window when the processing
finish

23. Display/QC the created seismic

This seismic will be used as input for the next step, ML
Seismic Image Regression prediction.
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Volume subselection [100/300-750/1250 (463 samples) | © select ...
Null traces @ Discard O Pass
[[] Scale values:  Shift/Factor
Output Cube ‘Seismic with random missing traces as zeros V| 6 Select ... = CBYS ~
Batch execution Single Process ~ 44 Options ...
&Run €3 Close 0

& Progress Viewer - ] X
Tarted: Thu 1Z Aug ZUZI, I13:40: -

Processing
......... T eeeeceecleacacacacianacanaaaioanaaana.a: 0% (561.798/s8) (18m:22s)
888883335=5285885333—=3535385835=325838883=3855553883= @3 QAR S/ ((Toeil=iE)
| | | | | 1% (1391.595/s) (7m:21s)
2 2 5 * 9% (1362.472/s) (€m:54s)

* 17% (1408.014/s
* 25% (1397.741/s

|

| ) (ém:5s)
| ) (5m:32s)
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: 'Attribute Processor'
ished: Thu 12 Aug 2021, 13:56:19
Finished processing of Seismic with random missing traces as zeros.
Finished batch processing.

Processing finished successfully.




Exercise objective:

To fill blank seismic traces using the ‘Seismic Image Regression” tool which is part of the machine

learning plugin. The model will have to learn how to recreate an image from example images
containing blank traces.

Workflow:

1. Open the Machine Learning Control Center with the % Rropy R G@ELG N
icon.

% Machine Learning Control Center - O bt

Survey |F3 Demo 2020 |

2. Click on Seismic.
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‘ . . . .
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Workflow cont’d:

4. In the ‘Extract Data’ tab, Press the Select
button. The “Deep Learning Target Seismic
Definition” window pops up.

5. Press the + icon and Select the target

seismic volume (e.g.4 Dip steered median filter).

And OK.

*Note: it is possible to create a Training Set from
examples extracted from multiple surveys. To do this,
press the + icon again and select the target volume to
add to the table below.

6. Press Proceed [Input Data Selection]. The
“Input seismic for prediction” window pops up

* The option to select data from other surveys is available only in commercial projects
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Workflow cont’d:

7. Select the input seismic data (i.e. the seismic

with the missing traces as zeros) and Press OK.

8. In the “Input Data” window set the dimensions
of the input features. To minimize processing
time for this exercise, Set the Images dimension
to: 0x128x128, overlap: 0x0Ox0 and Inline range:
(100 — 400).

Note: If the current HW has large amount of GPU and
CPU/computing power, the recommended Image
Dimensions are 128x128x128.

9. Specify the name of the Output Deep
Learning Example Data (e.g.
ML_Ex_FillMissingTraces 0x128x128 ) and
Press Proceed to start the extraction process.

10. When this process is finished Press
Proceed in the “Seismic Image Transformation”
window to continue to the Training tab.

N Input seismics for prediction - current survey — ] e
Input Seismics @ Specify now () Read Saved Setup

= - [

] Chimney - Confidence A
[] Fault_Likelihood_Thinned_from_DSMF_seis
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Workflow cont’d:

11. After the training data is selected the
available models are shown. For seismic image
workflows we use Keras (TensorFlow).

12. Check the Parameters tab to see which
models are supported and which parameters can
be changed.

13. Specify a name for the “Output Deep
Learning Model” (e.qg.
ML_Unet_FillMissingTraces 0x128x128).

14. Hit Run.

15. Open the processing log file to follow the
progress. When the log file shows “Finished
batch processing”, the Proceed button turns
green. You can press Proceed or Open

the Apply tab.

% Seismic Image Transformation - ] *
Extract Data  Train  Apply
Input Deep Learning Example Data ML_Ex_FillMissingTraces_0x128x128 v B select... ]

Training Type 2] New [ Resume [ Transfer

Output Deep Learning Modell | ML_Unet._FillMissingTraces_0x128x128 |v\ B select ... [}
[ b
Training  Parameters
Machinge learning platform: (:)
Keras (tensorflow) L4 0
Clear Tensorboard log files °
Training ~ Parame! ters
Type
dGB UNet Regression
Batch Size
4
Epochs: 15

Patience: 5

Initial Learing Rate (1e). 4

Epoch drop (%) 33.33

Size: 126 GB

Decimate input

# Train on GPU
Reset Back
4 Proceed >> OCIose 0
$x Machine Learning training log — O x
tal params: 3,141, ~

Trainable params: 3,141,985

Non—trainable params: 0

Saving model.

Model saved.

Process: 'Machine Learning Training'
Finished: Fri 13 Aug 2021, 16:00:50

Finished batch processing.

v

@close | € #Reload




Workflow cont’d:

16. Once the Training is done, the trained model
can be applied. Select the trained model and
Press Proceed.

17. The Apply window pops up. Here you can
optionally apply to a Volume subselection. Type
an Output name (e.g.
Seismic_ML_Unet_FillMissingTraces 0x128x128)

Note: You can run on GPU or CPU using the Predict using

GPU toggle. Running the application on a GPU is many
times faster than running it on a CPU.

18. Press Run to create the desired output.

19. Close the ‘Progress Viewer’ window when the
processing is finished.

4 Seismic Image Transformation - [m]
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Type: Seismic Image Transformation.

Data Type: 3D Volume.

Number of inputs: 1.

Output: 4 Dip steered median filter.
Created by: assia.

Created at: Fri 13 Aug 2021, 15:07:48.
Last Modified: Fri 13 Aug 2021, 16:00:50.
Object ID: 100060.64
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I Predict using GPU
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'Deep Learning Applier'
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End of process: 'Deep Learning Applier'

Finished batch processing. [s

Processing finished successfully




Workflow cont’d:

Add Default Data

Compare the original seismic data with the Unet predicted S® s

® vol Add at Well Location ... Ik

filled seismic results. The line is extracted from the blind test 917 Ran__Add olor Blnded

area.

20. Right Mouse Click on In-line > Add and select Data e | e ndomroress
> Store. Select the created Filled Seismic
(e.g. ML_Unet_FillMissingTraces 0x128x128), and Hit OK.
21. Type in the Inline field: 425, and Hit Enter.

The same way, add to the display, the original seismic and

seismic with missing traces .

22. Right-Click on Inline 425 > Add > Attribute

>Stored. Select the original seismic

(e.g. 4 Dip steered median filter), and Hit OK.

23. Right-Click on Inline 425 > Add > Attribute
>Stored. Select the seismic with missing traces
(e.g. Seismic with random missing traces as zeros),

Hit OK.
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Attributes Seismic with random missing traces as zeros_IL4
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“ee scene 1
ements

Scene 1

N In-line

hd 425

(7l Seismic_ML_Unet_FillMissingTraces_(x128x128 |
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& Select — [m] >i& Select — ] X
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Filter _ Filter _‘
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Workflow cont’d:

24. Compare visually in the blind test

area the:

- Original seismic (4 Dip steered
median filter)

- Randomly blanked traces seismic
(Seismic with random missing
traces as zeros)

- Unet filled seismic
(ML_Unet_FillMissingTraces 0x1
28x128)

25. For more accurate comparison,
Set similar colour range for the 3 » »
seismic cubes. Highlight the seismic = — s
cube, Set the colour bar range to (- ‘
8000, 8000).

-8000 .]3[][][] W OD Seismic 1




Workflow cont’d:

For a better quantitative comparison, create a new attribute ‘difference’ that computes the

difference between the predicted and the original seismic.

‘@ Attribute Set 3D
File
ol KR X-E BT 215

26. Select the 3D attribute icon ail . Open the s e

<All> ~ | Mathematics

MathFunctions ~ | sgrt (Square roof

attribute set @ . Select the attribute set

Formula (like 'nearstk + c0 * farstk’) ‘seis - pred

For "seis' use ‘[4 Dip steered median filter]

“ML_Random_holes_interpolation”

27. Create a 4th attribute “difference” as
indicated in the attribute set window and Hit
‘Add as new’.

1< (e |

28. Select the Original seismic (e.g. 4 Dip
Steered median filter) for ‘Seis’, and the

For 'pred' use [Seismic_ML_Unet_FillMissingTraces_0x128x128]

predicted seismic (e.g.

Attribute Name |difference

Add as new [1ll =

ML_Unet_FillMissingTraces_0x128x128) for
‘ored’

&Close 0




Workflow cont’d:

Display/QC the attribute “difference”. Difference = Original seismic (4 Dip steered median filter) —
Predicted seismic (ML_Unet_FillMissingTraces 0x128x128)

:ﬁ Select - O =
Select Layer 2
Scene 1
v [Aazs -503.40/ @ W590.374 K OD Seismic 1 VR e SG@EL 2y WA
v Add * al Attribute Iy O Stored random
[ Display * % Volume Builder Attribute ) Retrieve horizon data In-ling® 400 e 800 1000 1200
@c Duplicate € HorizonCube Display O steering | seigmic with random missing traces as zeros Z 5 53
ez " Reset ManiFuIation = Systems Tracts Display @ Attributes difference _ I
- Carealats with Walle GainfcarrectedfFilledeeis
= Gain_corrected seismic
difference between gain corrected seis and M|
< >

& |°OKI OCanceI o

29. Right-Click on Inline 425 > Add >
Attribute. Select the attribute ‘difference”,
and Hit OK.

Notice the small values of the difference, el e S T T
range (-593, 590). (R |

30. For more accurate comparison,
Modify the color range to similar range as 000 _

the original and predicted seismic [- T il iddiad s ik
8000,8000] feoo




Workflow cont’d (Optional):

seismic, than compute the difference.

Create a new Gain correction attributes to be applied on the original and predicted seismic.

For more accurate comparison, apply an RMS gain scaled correction to the original and predicted

31. Select the 3D attribute icon Al . Open the
attribute set “. Select the attribute set

“ML_Random_holes_interpolation”

32. Create a 5™ attribute
“Gain_corrected_Filled_Seis” as indicated in the
attribute set window and Hit ‘Add as new’

33. Select the Input Data
“Seismic_ML_Unet_FillMissingTraces 0x128x128’

@ Attribute Set 3D
File

4 EE LY IS

Attribute set |ML_Random_holes_int]

random

Retrieve horizon data
Seismic with random missing t
difference

[/ »

<All>

- o x
v | |Scaling v 2] &
Input Data | Seismic_ML_Unet_FillMissingTraces_0x128x128 V‘ 9 Select ...
Type Window
Basis RMS
Start ((ms)) Stop ((ms))
Time Gate1 0 1848

Time Gate 2

Time Gate 3

Time Gate 4

-

Attribute Name

Gain_corrected_Filled_Seis

Add as new| [l =

-Q Close 0




Workflow cont’d (Optional):

For more accurate comparison, apply an RMS gain scaled correction to the original and predicted
seismic, than compute the difference.
Create a new Gain correction attributes to be applied on the original and predicted seismic.

C *PELEE R Wk
. . . Attribute set [ML_Random_holes_int <All> ~ | Scaling ¥ 12 s
34. SeleCt the 3D attrIbUte Icon A—E‘Ir . Open rand.om ] Input Data |4 Dip steered median filter V‘ © Select ...
the attribute set “*. Select the attribute set  sencwmon s e o .
“ML_Random_holes_interpolation” eaﬂse | St () sl 7
35. Create a 6™ attribute “Gain_corrected e
seismic” as indicated in the attribute set e x
window and Hit ‘Add as new’ .
24

36. Select the Input Data ‘Gain_corrected
seismic”

< > Attribute Name |Gain_corrected seismic Add as new [l =

Save on Close Q




Workflow cont’d (Optional):

Create a new attribute that will compute the difference between the RMS gain corrected original

seismic and ML predicted seismic

37. Select the 3D attribute icon 4 .
Open the attribute set < . Select the
attribute set
“ML_Random_holes_interpolation”

38. Create a 7t attribute “difference
between gain corrected seis and ML
pred” as indicated in the attribute set
window and Hit ‘Add as new’.

39. Select the “Gain_corrected seismic”
as input for ‘seis’ and the
“Gain_corrected_Filled _Seis” as input
for ‘pred’

W Tl Wk -

Attribute set |Random_holes_webing

random

Retrieve horizon data

Seismic with random missing t
difference
Gain_corrected_Filled_Seis_IL|
Gain_corrected seismic
difference between gain correq

< >

Save on Close

0

Basic ~ | |Mathematics v 1?1 Hal

MathFunctions ~ | sgrt (Square root) - Insert

Formula (like 'nearstk + c0 * farstk") |sei5 - pred | Set
For 'seis’ use Gain_corrected seismic ~
For "pred' use |Gain_corrected_Filled_Seis_IL425 v

Attribute Name |difference between gain corrected seis and M| Add as new| [l %=

?

oclose e




Workflow cont’d (Optional):

Display the attribute “Gain_corrected Filled Seis” (RMS scaled

Seismic_ML _Unet_FillMissingTraces 0x128x128) and the “Gain_corrected seismic”’(RMS
scaled 4 Dip steered median filter).

-2.0483[Jf Jl2.08574 w1 00 Seismic 1 VR s Nl ESg@EL | A

40. Right-Click on Inline 425 > Add > Attribute.
Select the attribute "Gain_corrected_Filled_Seis”,
and Hit OK.

= |

) 4 R Wy

41. Right-Click on Inline 425 > Add > Attribute.
Select the attribute ‘Gain_corrected seismic”, and

250l Wz00291 300 sesmic SR LT IR

Hit OK.




Workflow cont’d (Optional):

Compare quantitatively in the blind test area the RMS gain corrected difference between the

original seismic and the predicted seismic.

42. Display the “difference between gain corrected

seis and ML pred” seismic attribute. Right mouse
click on the In-line 425. Select “Add and Select
Data”.

43. Select the attribute “difference between gain
corrected seis and ML pred” and Hit Ok.

Notice the very low values of the “difference
between gain corrected seis and ML pred”. The
range [-0.257, 0.257].

44. For more accurate comparison, display the
difference attribute with similar colour range as the
gain corrected original and predicted seismic.
Highlight the seismic cube, Set the colour bar
range to [-2, 2].
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