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Image Segmentation and 3D Analysis

KAUST Visualization Core Lab
Ronell Sicat



This workshop is being live-streamed 
and recorded.



What are you interested in learning today?

● I am interested in learning foundational techniques of image 
segmentation and 3D analysis

● To create meaningful and accurate visual representations 
of complex datasets, enhancing the ability to communicate 
findings.

● The basic of using Avizo, measuring dimensions, and 
transform a Avizo file to a CAD file (if possible)

● Segment CT scans and MRI to obtain real data 3D models
● How to analyze and segment biological images
● How to segment and analyse pores space from a rock
● Image segmentation using Deep Learning and Machine 

Learning data analysis.



How can I use Avizo to 

my data?

visualize
process

segment
analyze

transform



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

image stack label images analysis results

Overview

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

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

segmentation analysis



Avizo 2024.1



KAUST Visualization Core Lab
(KVL) Introduction





KVL provides expertise in data visualization and 
analysis and data science 

Dr. Ronell Sicat
VR/AR

•SCIENTIFIC VISUALIZATION
•AR/VR DEVELOPMENT
•SEGMENTATION & ANALYSIS

Dr. James Kress
HPC SCIVIS

•VISUALIZATION SOFTWARE 
•HPC INSITU VISUALIZATION
•DISTRIBUTED VISUALIZATION

Thomas Theussl
SCIVIS

•SCIENTIFIC VISUALIZATION
•LARGE DATA ANALYSIS
•DISTRIBUTED VISUALIZATION

• DATA SCIENCE
• MACHINE LEARNING
• DEEP LEARNING

Dr. Didier Barradas
Data Scientist

Dr. Abdelghafour Halimi

Data Scientist

• DATA SCIENCE
• MACHINE LEARNING
• DEEP LEARNING

•VISUAL ANALYTICS
• INFORMATION VIS
•STATISTICAL ANALYSIS

Dr. Sohaib Ghani 
(LEAD STAFF SCIENTIST) 





KVL offers state-of-the-art visualization facilities

AR/VR HMDs



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



Schedule

● 10 mins: Overview
● 20 mins: Introduction to Avizo
● 10 mins: Break
● 40 mins: Basic Segmentation and Analysis
● 10 mins: Break
● 30 mins: Advanced Segmentation and Analysis



Introduction to Avizo



image stack label images analysis results
Important concepts

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

Demo: Sand - Avizo Basics on Project Window



Try it out!

easy - pheres intermediate - sand advanced - foam

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



10-minute Break

Data Download

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

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



Basic Segmentation and Analysis



Try it out!

easy - pheres intermediate - sand advanced - foam

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



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

data c/o Eleonora Re and Domingo Sanchez



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



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



10-minute Break

KVL wiki

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



Advanced Segmentation and Analysis



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

selections to material:
○ Using brush
○ Using threshold tool

Demo: Sand - Segmentation Workroom



We can use deep learning models for segmentation.

Important AI concepts

raw datahuman segmentation AI segmentationdeep learning model 
(AI)

tr
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Demo: Zeolite - Segmentation Workroom

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

● Set input data
● Create new label
● Create new materials
● Add selections to 

material using brush
● Create new patch set
● Add patches for 

fore/background
● Create/add selection 

using AI tool
● Tweak parameters and 

iterate

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


Hands-on: CryoEM - Segmentation Workroom

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

See CryoEM folder in datasets. Input data is 
CryoEM/CryoEM_Segmentation-files/emd_8594.to-ushort00.tif.

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:

○ Median filter, Bilateral filter, Non-local means filter, Unsharp Masking

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

● Try AI segmentation in Avizo
● Try AI 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

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



Other segmentation tools

● ilastik
● Fiji
● Matlab
● OpenCV
● TensorFlow
● PyTorch



Manual segmentation

Book “Vive” facility at https://wiki.vis.kaust.edu.sa/booking.

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


Thank you!
wiki.vis.kaust.edu.sa

             help@vis.kaust.edu.sa 

feedback form



End



Denoising using Deep Learning 

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


