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(&) Zoom Meeting ID: ...

You can send us questions during the presentation.
They will be addressed at the end of the presentation.
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A recording of this webinar will be available.
You will receive an email with a link to it tomorrow.
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X-RAY COMPUTED TOMOGRAPHY
FOR MATERIALS SCIENCE

Geology Applications
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GEOLOGY




ge-ol-o-gy
a science that deals with the history

of the earth and its life especially as
recorded (n rocks (Merriam-Webster)
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WHAT TO CONSIDER?
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Small FOV, small voxel




High-resolution Low-resolution

Small FOV _arge

-OV

Pros Details revealed Large sampling size

Cons Limited sampling size Detalls lost
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WHY NOT ALWAYS USE HIGH-RESOLUTION?




FOV FOV
Voxel size = ~

3000 1000




100 x 100 x 100 mm FOV T um voxel
r@

2 PB (2K TB)

\/

To keep the file size under control.




Run test scans and analysis.




WHAT HAPPENS IF RESOLUTION IS TOO LOW?




Packed sand




Packed sand

25.2 um 9.4 um




Packed sand

25.2 um




Packed sand







91 um

Shale
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Sand stone

Carbonate




Mineral Density [g/cm?]

Quartz 2.65
Calcite 2.1
Corundum 4.02
Hematite /.84

Density contrast is not a problem.




THEN WHAT CAN BE A PROBLEM?




Beam hardening

Partial volume effect




Beam hardening




Monochromatic radiation n
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Polychromatic radiation




Cupping/shading artifact
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X-ray Energy

X-ray Energy




Softer X-rays = High absorption rate

Harder X-rays - Low absorption rate




High absorption

Low absorption




WHAT SHOULD WE DQO?




Numerical correction

lmage correction ?

Physical correction




WHAT IS OUR GOAL?




lmage segmentation

Quantitative analysis




Sandstone
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Histogram thresholding

Histographic segmentation

Machine/deep learning segmentation




Carbonate
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Original image Distance map
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Thresholding Histographic Deep learning




Segmented solid volume ==  \oid volume %

Thresholding Histographic Deep learning
72.9 vol% 34.9 vol% 34.7 vol%
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WHICH IS THE BEST METHOD?




Histogram thresholding |
Binary

High-contrast

S—

Histographic segmentation

—

Machine/deep learning segmentation




Partial volume effect
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Machine learning
(Random Forest)




Histogram threshold Machine learning
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Partial volume effect
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Beam hardening

Partial volume effect




WHAT IF WE CARE ABOUT THE SHAPE?







Pixel segmentation Surface mesh
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Pixel segmentation Surface mesh
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WHAT CAN WE DO WITH CT FOR
GEOLOGICAL SAMPLES?




GEOLOGY APPLICATIONS

 Pore structures
 Cracks and fractures
* Phase textures

* Grain size

* Formation process

* Weathering process
* Meteorites imaging
» Fossils imaging
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WHAT CAN WE DO WITH A FOSSIL?




Ammonite fossil




Isolated shell
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Surface mesh




CAN WE QUANTIFY VOIDS IN ROCKS?




Sand stone




Sand stone

Voids: 22.9 vol%




Sandstones void %

|daho gray Crab orchard Liver rock

9.0 vol%




WHAT ABOUT DIFFERENT PHASES?




Carbonate

0.5 cm



80.6 vol% 17.4 vol9%

Voids 2.0 vol%
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WHAT ABOUT GRAIN SIZE?




Sandstone

Object separation




Sandstone

Grain size distribution




Sandstone
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Volume [um?]

Mean volume: 5.5 x 107 ym?
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CAN WE SEE CRACKS?




Cracked rock




Crach thickness - Thickness (Micrometers)

oMMW:wamﬁz 744.15
Crack width analysis
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CAN WE ANALYZE A PORE NETWORK?




Packed sand

0.2 mm




100 um




35 um 215 um
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215 um

35 um

Thickness




Pore size

Throat size




550 um

Path length




550 um

Pathlength




550 um

Path length




350 um

Direct path distance




V4

Indirect path distance

= Tortuosity

Direct path distance




1.0
Tortuosity




Tortuosity




Connectivity




Connectivity




O orsti https:

FEATURES DEEP LEARNING SHOWCAS GET DRAGONFLY
ETEVIPENY REronERn VITEEY mE -

DRAGONFLY

From next generation rendering to advanced segmentation... aAvwEY

‘i"i"l'i""'i‘l"'

New features to advance your results to new levels

Dragonfly 2020.1

GET STARTED WITH A FREE 30-DAY TRIAL
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http://orss.ca/ytp2

Lesson 1
Working with Images

Dragonfly 4.1

> Pl o) 000/3505

#dragonfly #microscopy #deeplearning

Dragonfly Daily 01 Working with images in Dragonfly (2020)

998 views * Mar 30, 2020 g 65 &0 4 SHARE =i SAVE

—j= Object Research Systems
) 525 subscribers

@ Rigalkwu

SUBSCRIBE

Dragonfly Daily

Object Research Systems - 2 / 42
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Lesson 0.1
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Lesson1
Werking with Images

Lesson 2
Whorking with Mashes

Lesson 3

Working with Graphs

Lesson 4
Working with MullIR_OIs

B 2242

=5
Dragonfly Daily 0.1 Downloading &
Installing Dragonfly 4.1 (2020)

Object Research Systems

Dragonfly Daily 01 Working with
images in Dragonfly (2020)

Object Research Systems

Dragonfly Daily 02 Working with
meshes in Dragonfly (2020)

Object Research Systems

Dragonfly Daily 03 Working with
Graphs (skeleton network models) in...
Object Research Systems

Dragonfly Daily 04 Working with Multi
ROIs (image segmentation) in...

Object Research Systems

—— Dragonfly Daily 02 Working with

Lesson 2 meshes in Dragonfly (2020)
Working with Meshes Object Research Systems
oagenny s 204 views * 2 months ago

——— Dragonfly Daily 03 Working with

Lesson 3 Graphs (skeleton network...
Working with Graphs  Object Research Systems



0 p el p NIM  http://openpnm.org/

An Open Source Pore Network Modeling Package

Home News Documentation Examples Source Code Publications

Import networks extracted using Maximal Ball, iMorph, 3DMA Rock, SNOW, and more.

Left: Berea sandstone network
extracted using the Maximal
Ball algorithm.

Right: Toray fibrous electrode
extracted using the SNOW
algorithm.

Developed by the PMEAL Group at the University of Waterloo




0 p el p NIM  http://openpnm.org/

An Open Source Pore Network Modeling Package

Home News Documentation Examples Source Code Publications
Import networks extracted using Maximal Ball, iMorph, 3DMA Rock, SNOW, and more.

Left: Berea sandstone network
extracted using the Maximal
Ball algorithm.

Right: Toray fibrous electrode
extracted using the SNOW
algorithm.

"OpenPNM: A pore network modeling package”
Gostick et al. Computing in Science & Engineering. 18(4), p60-74 (2016).




244 um

Equivalent diameter




CAN WE SEE FLUID IN PORES/VOIDS?
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Packed sand + oll

25 min




Packed sand + oil + brine




GEOLOGY APPLICATIONS

 Pore structures
 Cracks and fractures
* Phase textures

* Grain size

* Formation process

* Weathering process
* Meteorites imaging
» Fossils imaging
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USEFUL RESOURCES

 Dragonfly webinars
http.//orss.ca/ytp?2

* OpenPNM
http://openpnm.org/




Introduction of
Radon transform
Johann Radon

1940s
Neural network
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ALL IMAGES WERE COLLECTED ON...




nano3DX CT LabHX CT LabGX

To learn more ...
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PREVIOUS WEBINARS

www.rigaku.com/en/webinars/

X-ray_ct_introduction

<Rigaku webinar




Next on X-ray computed tomography
Life Science Applications

October 14" Wednesday
11:00 am PDT / 2:00 pm ED
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HEN R SR \N\ ||
RIGAKU VIRTUAL

ANALYTICAL X-RAY CONVENTION
August 4-6, 2020 ? *"“ . \.:,

,q
/e M 'ﬁ“‘
REGISTER NOW ._-_= s

YR R
Ay e, =

https://www.rigaku.com/convention/
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We'll follow up with Recording will be Register for
your questions. available tomorrow. the 7th webinar.
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THANK YOU FOR JOINING US

SEE YOU NEXT TIME!




