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This workshop iIs being live-streamed
and recorded.



What are you interested in learning today?

. image
segmentation 3D analysis

° visual representations

. Avizo, measuring
transform

N 3D models

. biological images

° pores rock

. Deep Learning



How can | use Avizo to

visualize

process
segment

analyze
transform

my data?



Overview

image stack

e.g., 16-bit images
(tiff, png, jpeg)

segmentation

label images

e.g., 8-bit images
(tiff, png)

m

analysis

analysis results

Volume3d (mA3)
Mean 3.35777e-14
Min 1e-18
Max 2.20984e-13
Median  1.181e-15
Variance 3.52375e-27

e.g., tabular data
(csv, excel)

Area3d (mA2)

4.69046e-09
3.00419e-12
2.31086e-08
8.61842e-10
4.40995e-17
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KAUST Visualization Core Lab
(KVL) Introduction
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KVL provides expertise in data visualization and
analysis and data science i

*VISUAL ANALYTICS
*INFORMATION VIS
* STATISTICAL ANALYSIS

Thomas Theussl Dr. James Kress Dr RoneII Sicat Dr. Didier Barradas Dr. Abdelghafour Halimi
SCIVIS HPC SCIVIS VR/AR Data Scientist Data Scientist

*SCIENTIFIC VISUALIZATION *VISUALIZATION SOFTWARE *SCIENTIFIC VISUALIZATION * DATA SCIENCE * DATA SCIENCE
*LARGE DATA ANALYSIS *HPC INSITU VISUALIZATION *AR/VR DEVELOPMENT * MACHINE LEARNING * MACHINE LEARNING
*DISTRIBUTED VISUALIZATION * DISTRIBUTED VISUALIZATION *SEGMENTATION & ANALYSIS * DEEP LEARNING * DEEP LEARNING
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RCT greyscale cross-section (A) and its corresponding labelled image (B) segmented into voids, sediments, EF and CCA. (C;
of voids, sediments, EF and CCA from the ground-truth segmentation method applied to the sub-volume HRCT image of the
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KVL offers state-of-the-art visualization facilities

AR/VR HMDs

CUBES VR ZONE 5 VR



wiki.vis.kaust.edu.sa
help@yvis.kaust.edu.sa



Schedule

Overview

Introduction to Avizo

Break

Basic Segmentation and Analysis
Break

Advanced Segmentation and Analysis




Introduction to Avizo



IMportant concepts

image stack label images analysis results

m m

Volume3d (mA3) Area3d(mA2)

3.35777e-14 4.69046e-09

1e-18 3.00419e-12
Seg mentatlon a na |ySIS ax 2.20984e-13 2.31086e-08
edian  1.181e-15 8.61842e-10

3.52375e-27 4.40995e-17

air sand

[> count 7 9

fraction | 0.44 0.56

0 100 O 1 2 34 5 67



Demo: Sand - Avizo Basics on Project Window

Orthoslice

Volume Rendering
Interactive Thresholding
Filter Sandbox
Median Filter
Voxelized Rendering
Separate Objects
Label Analysis
Export Table
Screenshots
Animations




Try it out!

Hint: filter sandbox, median filter, interactive thresholding, separate
objects, label analysis

easy - pheres intermediate - sand advanced - foam



10-minute Break

ol
wiki.vis.kaust.edu.sa ﬁ:_.:.,_

help@yvis.kaust.edu.sa afr

Data Download

https://wiki.vis.kaust.edu.sa/training/scivis/
2024 /segmentationintro



Basic Segmentation and Analysis



Try it out!

Hint: filter sandbox, median filter, interactive thresholding, separate
objects, label analysis

easy - pheres intermediate - sand advanced - foam



Hands-on: CT of Coral (measure, surface area,
conversion to 3D model)

Bisbelsam ¥ Data: coralclosing v =0

Vorelized Rendering(z)

data c/o Eleonora Re and Domingo Sanchez



Hands-on: CT of basalt core (pore network analysis

-~Zproject | £ segmentation 3" Meshing €15 Recipes % Image Recipe Designer *® Filament £ Animation i Multiplanar
Jotormap eaitor 5 By O [ |

B O Colormap: B grayScalelnve...  Data

50
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=IO
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_{(==Volume Rendering Setting=(
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= Labeling @
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roperties

O - oo v

PoreColormap: 53746




Hands-on: CT of basalt core (pore reduction)




10-minute Break

wiki.vis.kaust.edu.sa
help@yvis.kaust.edu.sa




Advanced Segmentation and Analysis



Demo: Sand - Segmentation Workroom

Set input data (filtered)
Create new label
Create new materials
Create and add

selections to material;

o Using brush
o Using threshold tool




Important Al concepts

Al segmentation

-
O
i)
()
)
-
) _
m ]
3
)
O -
n )
= £ =
2 c<
0 o
S o
ye) o
Q
©
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We can use deep learn
human segmentation



Demo: Zeolite - Segmentation Workroom

030 - Untited - o x

Set input data
Create new label
Create new materials
Add selections to
material using brush
Create new patch set
Add patches for
fore/background
e Create/add selection
using Al tool
e Tweak parameters and

Iiterate data c/o Georgian Melinte
(Parsapur et. al, 2023)



https://onlinelibrary.wiley.com/doi/abs/10.1002/ange.202314217

Hands-on: CryoEM - Segmentation Workroom

See CryoEM folder in datasets. Input data is
CryoEM/CryoEM_Segmentation-files/femd_8594 to-ushortOO.tif.

https://xtras.amira-avizo.com/xtras/ai-assisted-tool-for-cryoem-segmentation



https://xtras.amira-avizo.com/xtras/ai-assisted-tool-for-cryoem-segmentation

Workflow recommendation

Inspect data (orthoslice, volume rendering, histogram)

Filter data to denoise or improve features:
o Median filter, Bilateral filter, Non-local means filter, Unsharp Masking

Try simple segmentation tools in Avizo:
o Thresholding, Watershed, Texture Classification

Try Al segmentation in Avizo

Try Al segmentation in ilastik

Try Pixel Classification in ilastik

Try Deep Learning Training/Prediction in Avizo
Try other tools

Worst case: manual segmentation

Not sure? Contact help@vis.kaust.edu.sa.



Deep Learning Training/Prediction in Avizo

[ == Input-Data 0}

-+ m DL Training - Segmentation 2D @

|= Training-Data* @ }-

+ = Deep Learning Prediction °|

@ Help = o X

A Automating, Customizing, Extending Getting started with Deep Leaming Training and

Getting started with Deep Learning Training and Prediction
Overview

Among machine learning methods, deep learning has proved to be especially valuable in many image processing tasks. Deep learning models can be trained from a
set of input images and the corresponding target results, such as manual segmentations reviewed by an expert. They can then be applied to predict results
automatically from previously unseen images.

This tutorial introduces two modules, Deep Leaming Prediction and DL Training - Segmentation 2D, that allow any user to start using deep learning for image .
processing. Amodel trained to perform noise reduction on Scanning Electron Microscopy images of Back-Scattered Electrons (SEM/BSE) is also provided < : . o

Pls
Table of contents

’ k Nl
, ol o . R 1 ¥ F H
| L e ™ Prediction
X » B Ll STe

L3

« Basic concepts of deep leaming
« How to use the Deep Leaming Prediction module, applied to noise reduction
« How to use the Deep Learning Training module, applied to images of cells for segmentation

https://xtras.amira-avizo.com/xtras/getting-started-with-deep-learning-training



https://xtras.amira-avizo.com/xtras/getting-started-with-deep-learning-training

Other segmentation tools

ilastik

Fiji

Matlab
OpenCV
TensorFlow
PyTorch

Donniad motes

[0 10.5281/zenodo.6200999 © ¢ conscientious-seashell ©

0=100.0

Contributors: Hao Xu Wei Ouyang



Other segmentation tools

Ilastik
File Edit Image Process Analyz Plugins  Window

6 ol o] /] 5\ Ala] 8] m]slue] 7] 0] \»

I IJ I [Color picker (255,255,255/0,0,0)

Matlab

1/26 (2015-05-31-89B8-3-P2P-His_030); 512x256 pixels; 16-bit; 6.5MB

OpenCV
TensorFlow
PyTorch




Manual segmentation

g

Book “Vive" facility at https://wiki.vis.kaust.edu.sa/bookina.



https://wiki.vis.kaust.edu.sa/booking

Thank you!

wiki.vis.kaust.edu.sa

help@vis.kaust.edu.sa

How would you rate the overall quality of the workshop?*

WKW WKW

Please share your comments! (Confidential and for KVL use only.)

e.g., "Content was too simple.’, "Topics are very useful’, "Please add more examples.

feedback form



End



Denoising using Deep Learning

o P . ;
N \
Afterdenoising ,

v SN
-

https://xtras.amira-avizo.com/xtras/bse-sem-denoiser Noise to Void



