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X-ray computed tomography (CT) image 
processing of granular materials
Compute particle shape in assemblies automatically 

Wenbin Fei, Guillermo Narsilio, & others…
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29th of November, 2021, Newcastle, Grain Days 2021

…Joost van der Linden, Antoinette Tordesillas, 
J Carlos Santamarina, …
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Heat and fluid flow in our research group…

Fundamental research Applied research

Numerical modelling: FEM, Artificial Intelligence, Complex Network Theory, LBM-DEM …
Testing: MicroCT, Australian synchrotron, full scale testing, …
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Energy: Need for change

Key challenges for the 21st Century: 
- Managing energy resources
- Moving towards cleaner sources of energy

Space heating and cooling accounts for >50% of 
total energy consumption (REN21, 2019)

Alternative renewable low carbon energy sources: 

- “Deep” geothermal systems
- “Shallow” ground source heat pump (GSHP)

Heating and 
Cooling

51%
Transport

32%

Power
17%

Total final energy consumption 
(REN21,2019) 
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4-10 km

Deep
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GSHP and energy geo-structures

5°C

18°C 18°C

30°C

(Johnston, Narsilio and Colls, 2011 - Not to scale)

50-150 m
(vertical)

1.5-2.5 m
(horizontal)
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Shallow & deep geothermal: Commonality?

Fluid flow and heat transfer in porous, granular materials: 
- uncemented: soils
- cemented: rocks!

Other applications: 
- Oil & gas industry
- Carbon sequestration
- Earthen dam design
- …

(Geo)-mechanics also play a role in many engineering applications
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Why?

Microstructure of geomaterials controls conduction properties.

Poorly understood in the past due to the difficult access to microstructure.

New techniques prompted a need for data-driven concepts.
• computered tomography [Sydney U.- Benjy et al.;  ANU/UNSW ; Australian Synchrotron]
• complex network theory  [Melbourne U. – Antoinette T.]
• numerical simulation         [Many!]
• machine learning techniques [Melbourne U. – Guillermo et al., UTS, others…]

Microstructure features in this lecture:
• Microscale particle shape descriptors circularity, sphericity, roundness, convexity, compactness and solidity

• Mesoscale connectivity
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Pore/particle scale modeling platform

Particle/Pore geometry 
and morphology

Complex 
networks

Finite element 
modelling

Feature importance

Feature set Model selection

𝑦𝑦 = 𝑎𝑎 ⋅ 𝑥𝑥 + 𝑏𝑏
𝑦𝑦 = 𝑎𝑎 ⋅ 𝑥𝑥2 + 𝑏𝑏 ⋅ 𝑥𝑥 + 𝑐𝑐
𝑦𝑦 = 𝑎𝑎 ⋅ 𝑥𝑥3 + 𝑏𝑏 ⋅ 𝑥𝑥2 + 𝑐𝑐 ⋅ 𝑥𝑥 + 𝑑𝑑
𝑦𝑦 = 𝑎𝑎 ⋅ 𝑒𝑒𝑥𝑥
𝑦𝑦 = 𝑎𝑎 ⋅ 𝑙𝑙𝑙𝑙 𝑥𝑥 + 𝑏𝑏
𝑦𝑦 = 𝑎𝑎 ⋅ 𝑥𝑥𝑏𝑏
Random forest regression
Artificial neural network

Input variables

Feature 1

Feature 2

…

Output variables

ETC

2 8

765

Real materials
images

Discrete element 
modelling

Unveiling patterns

Predictions

1

4

3

9

10

Data Machine learning Output
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Particle shape (box 2)

Regular Irregular

W Fei, et al. (2021) X-ray computed tomography images and network 
data of sands under compression. Data in brief 2021, 6, 107122.

https://www.sciencedirect.com/science/article/pii/S2352340921004066
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Particle shape: Krumbein and Sloss charts (1963)

𝑅𝑅𝑜𝑜𝑜𝑜𝑙𝑙𝑑𝑑𝑙𝑙𝑒𝑒𝑜𝑜𝑜𝑜 =
∑ ⁄𝑟𝑟𝑖𝑖 𝑁𝑁
𝑟𝑟𝑚𝑚𝑚𝑚𝑥𝑥−𝑖𝑖𝑖𝑖

S𝑝𝑝
𝑝𝑒𝑒
𝑟𝑟𝑝𝑝
𝑐𝑐𝑝𝑝
𝑝𝑝𝑦𝑦

=
36
𝜋𝜋𝑉𝑉

2

SA
3

Fei W, Narsilio GA, Disfani MM. Impact of three-dimensional sphericity and roundness on heat transfer in granular materials. 
Powder Technology 2019, 355:770-781.

https://www.sciencedirect.com/science/article/pii/S0032591019305868
https://www.sciencedirect.com/science/article/pii/S0032591019305868
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2D vs 3D

Limitation of 
2D descriptors

Particle shape scales
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Block 2

Focus of today’s doctoral school lecture/hands-on

Particle shape

Block 1
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Particle shape

Glass beads Ottawa sand Angular sand

Crushed schist A Crushed schist B

1 click

Fei W, Narsilio GA, van der Linden JH, Tordesillas A, Disfani MM, Santamarina JC. Impact of particle shape on networks in sands. 
Computers and Geotechnics 2021, 137, 104258.

Fei W, Narsilio GA, Disfani MM. Impact of three-dimensional sphericity and roundness on heat transfer in granular materials. 
Powder Technology 2019, 355:770-781.

https://www.sciencedirect.com/science/article/pii/S0266352X21002561
https://www.sciencedirect.com/science/article/pii/S0032591019305868
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What to have ready…

1. Download instructions & tutorials
Link: https://cloudstor.aarnet.edu.au/plus/s/YRnAMis6vR2ZKmo
Password: GrainDays_123456

2. Install a virtual machine
Follow: "VirtualBox_Instructions.pdf"

We will use…
Fiji (ImageJ) and plugins
Python (libraries)
MeshLab

https://cloudstor.aarnet.edu.au/plus/s/YRnAMis6vR2ZKmo
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Today…

Overall: Relearning images  CT Image processing pipeline Microstructural analysis

Hands-on tutorial #1
ImageJ basics, macro script for batch processing CT images

Hands-on tutorial #2
Enhance image: contrast, reduce noise, segment solid and void phases

Hands-on tutorial #3
Watershed segmentation, particle extraction &analysis: calculate particle size and shape

Software, sample data: https://cloudstor.aarnet.edu.au/plus/s/YRnAMis6vR2ZKmo pwd: GrainDays_123456

https://cloudstor.aarnet.edu.au/plus/s/YRnAMis6vR2ZKmo
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Objectives
1. Relearning images
2. CT Image processing pipeline
3. Microstructural analysis 
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What is Computer Tomography (CT) ?



1818Computer Tomography 

(Steiner and Urbanski, 2018)



1919X-ray tube-based CT

(Waygate Technologies, 2021) (Herres, 2015)

Heated filament 
emits electrons by 
thermionic emission

Electrons are accelerated 
by high voltage

anode

cathode X-rays produced when 
high speed electrons hit 
the metal target



2020Synchrotron radiation-based CT

Beamline and loading apparatusIllustration of Australian synchrotron

Workstation

X-ray source

X-ray detector

Sample

Rotating base



2121Synchrotron radiation-based CT

Preparing samplesIBML hatch at Australian synchrotron: 8 hrs shifts



2222Synchrotron radiation-based CT
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What is an image?



2424Image as array
0
1
11
22
35
47
60
72
80
83
80
71

90 99 103

Image source: X-ray computed tomography images and network data of sands under compression - ScienceDirect

https://www.sciencedirect.com/science/article/pii/S2352340921004066


2525Pixel types

(etc.usf.edu)

24-bit colour:
224 = 16,777,216 colours

8-bit colour:
28 = 256 colours

6-bit colour:
26 = 64 colours

1-bit colour:
21 = 2 colours

Binary



2626Fiji is ImageJ
Menu

Tools

Status Search

Image size Pixel type

Zoom factorSlice number



2727Pixel types

• 8-bit  = 256 levels (integers only)

• 16-bit = 65, 536                levels (integers only)

• 32-bit = 4, 294, 967, 296   levels (float)



2828Histogram

Analyze > Histogram



2929Histogram



3030ImageJ scripts – IJ1 Macro



3131Profile plots

Analyze > Plot profile

1

2

34

5
1

2

3

4

5

Image > Stacks > Plot Z-Axis Profile



3232Set scale

Analyze > Set scale…



3333Scale images
Image > Scale…



3434Crop 1 - Three pane
Plugins > Stacks > Crop (3D)…

Unselect: just xy pane to save memory

Unselect: keep the origin values as 0,0,0

Image > Show info…



3535Crop 1 - Three pane
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Crop 2 - Macro script 
Image > CropImage > Stacks > Tools > Slice Keeper
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Crop 2 - Macro script 
Image > Crop Edit > Selection > Specify…
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Hands-on Tutorial #1



3939Hands-on Tutorial #1

Download tutorial using the following link:
Link: https://cloudstor.aarnet.edu.au/plus/s/YRnAMis6vR2ZKmo
Password: GrainDays_123456

Objectives:
• ImageJ(Fiji) basics
• IJ1 Macro script for batch processing CT images

15 minutes



4040Hands-on Tutorial #1
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CT Image processing pipeline



4242Image processing pipeline

(LOCI, 2021)



4343Noise

(Steiner and Urbanski, 2018)



4444Noise
• Dose
High dose -> less noise 
2 x mAs = 40% increase SNR
• Sample size
Large sample absorb more radiation, fewer photons will reach the detector
• Reconstruction algorithms 

(Boas and Fleischmann, 2012)



4545Signal Noise Ratio (SNR)
Signal Less Noise

High SNR

Signal More Noise
Low SNR𝑆𝑆𝑁𝑁𝑅𝑅 =

𝑆𝑆𝑝𝑝𝑆𝑆𝑙𝑙𝑎𝑎𝑙𝑙
𝑁𝑁𝑜𝑜𝑝𝑝𝑜𝑜𝑒𝑒



4646Contrast Noise Ratio (CNR)

(Nett, 2021)

𝐶𝐶𝑁𝑁𝑅𝑅 =
𝐶𝐶𝑜𝑜𝑙𝑙𝑝𝑝𝑟𝑟𝑎𝑎𝑜𝑜𝑝𝑝
𝑁𝑁𝑜𝑜𝑝𝑝𝑜𝑜𝑒𝑒



4747SNR and CNR

(Nett, 2021)

𝑆𝑆𝑁𝑁𝑅𝑅 =
𝑆𝑆𝑝𝑝𝑆𝑆𝑙𝑙𝑎𝑎𝑙𝑙
𝑁𝑁𝑜𝑜𝑝𝑝𝑜𝑜𝑒𝑒

𝑆𝑆𝑁𝑁𝑅𝑅 =
𝐴𝐴𝐴𝐴𝑆𝑆 𝑃𝑃𝑝𝑝𝑥𝑥𝑒𝑒𝑙𝑙 𝑉𝑉𝑎𝑎𝑙𝑙𝑜𝑜𝑒𝑒𝑜𝑜
𝑆𝑆𝑝𝑝𝑑𝑑 𝐵𝐵𝑎𝑎𝑐𝑐𝐵𝐵𝑆𝑆𝑟𝑟𝑜𝑜𝑜𝑜𝑙𝑙𝑑𝑑

𝑆𝑆𝑁𝑁𝑅𝑅 =
150
10

= 15

𝐶𝐶𝑁𝑁𝑅𝑅 =
𝐶𝐶𝑜𝑜𝑙𝑙𝑝𝑝𝑟𝑟𝑎𝑎𝑜𝑜𝑝𝑝
𝑁𝑁𝑜𝑜𝑝𝑝𝑜𝑜𝑒𝑒

𝑆𝑆𝑁𝑁𝑅𝑅 =
𝐴𝐴𝐴𝐴𝑆𝑆 𝑅𝑅𝑅𝑅𝑅𝑅 − 𝐴𝐴𝐴𝐴𝑆𝑆 𝐵𝐵𝑎𝑎𝑐𝑐𝐵𝐵𝑆𝑆𝑟𝑟𝑜𝑜𝑜𝑜𝑙𝑙𝑑𝑑

𝑆𝑆𝑝𝑝𝑑𝑑 𝐵𝐵𝑎𝑎𝑐𝑐𝐵𝐵𝑆𝑆𝑟𝑟𝑜𝑜𝑜𝑜𝑙𝑙𝑑𝑑

𝑆𝑆𝑁𝑁𝑅𝑅 =
150 − 100

10
= 5



4848Enhance contrast
Global Histogram Equalization

Process > Enhance Contrast…

(Toet and Wu, 2014)



4949Histogram Equalization

Original histogram Transformation function Equalized histogram

(Gonzalez and Woods, 2018)



5050CLAHE-Contrast Limited Adaptive Histogram Equalization

(Toet and Wu, 2014)

Process > Enhance Local 
Contrast (CLAHE)

Histogram Equalization CLAHE



5151CLAHE-Contrast Limited Adaptive Histogram Equalization

(Toet and Wu, 2014)

Process > Enhance Local Contrast (CLAHE)



5252CLAHE-Contrast Limited Adaptive Histogram Equalization



5353Noise
Original

(Gonzalez and Woods, 2018)



5454Noise
Gaussian Rayleigh Erlanga

(Gonzalez and Woods, 2018)



5555Noise
Exponential Uniform Salt and pepper

(Gonzalez and Woods, 2018)



5656Signal Noise Ratio (SNR)
Signal Noise

High SNR

Signal More Noise
Low SNR𝑆𝑆𝑁𝑁𝑅𝑅 =

𝑆𝑆𝑝𝑝𝑆𝑆𝑙𝑙𝑎𝑎𝑙𝑙
𝑁𝑁𝑜𝑜𝑝𝑝𝑜𝑜𝑒𝑒



5757Image denoising filters

(Mantri, 2020)



5858Mean filter
Process > Filters > Mean…



5959Gaussian filter/blur
Process > Filters > Gaussian Blur…



6060Non-local means denoising

(Sreeni, 2019)



6161Non-local means denoising
1. Download plugin: Non Local Means Denoise (imagej.net)
2. Copy the .jar to floder …/Fiji.app/plugins
3. Restart Fiji
4. Plugins > Non-local Means Denoising

(Buades et al., 2011)

https://imagej.net/plugins/non-local-means-denoise


6262Image denoising filters

(Mantri, 2020)



6363Fourier space

Original Image (real space) Fourier transform (frequency space)

(Huang, 2013)



6464Fourier space

(Huang, 2013)

𝑅𝑅 = sin 𝐵𝐵𝑥𝑥
𝐵𝐵 = 30𝐵𝐵 = 4



6565Fourier space

(Huang, 2013)

𝑅𝑅 = Asin 𝐵𝐵𝑥𝑥
𝐴𝐴 = 0.5𝐴𝐴 = 1



6666Fourier space
𝑅𝑅 = Asin 𝐵𝐵𝑥𝑥 + 𝜑𝜑0

𝜑𝜑0 = 45°𝜑𝜑0 = 0

(Huang, 2013)



6767Fourier space
𝑅𝑅(𝑥𝑥,𝑦𝑦) = Asin 𝒌𝒌 ⋅ 𝒓𝒓 + 𝜑𝜑0

(Huang, 2013)



6868Fourier space
𝑅𝑅(𝒓𝒓) = Asin 𝒌𝒌 ⋅ 𝒓𝒓 + 𝜑𝜑0

• Frequency

• Orientation

• Amplitude

• Phase

(Huang, 2013)



6969Fourier space

(Huang, 2013)

Original Image
(real space)

Fourier transform 
(frequency space)



7171Fourier space

Original Image (real space) Fourier transform (frequency space)

(Huang, 2013)



7272Fourier space

Original Image (real space) Fourier transform (frequency space)

(Huang, 2013)



7373Fourier space

Original Image (real space) Fourier transform (frequency space)

(Huang, 2013)



7474Noise

(Gonzalez and Woods, 2018)

Sinusoidal noise Spectrum



7575Image denoising

(Gonzalez and Woods, 2018)

Process > FTT…



7676Background correction
Process > Image Calculator…

(imagej.net)

https://imagej.net/imaging/image-intensity-processing


7777Image calculator…



7878Image processing pipeline

(LOCI, 2021)



7979Segmentation

Object Detection Sematic Segmentation Instance Segmentation

(Sreeni, 2019)



8080Semantic segmentation
• Global thresholding

• Local thresholding

• Region growing methods

• Probabilistic clustering

• Graph-cuts

• Deformable surface (snakes and level sets)

• Optimum (Bayes) Statistical Classifiers

• Machine learning – Random forest (Trainable Weka Segmentation)

• Deep Convolutional Neural Networks

Explore at Category:Segmentation - ImageJ

https://imagej.net/imagej-wiki-static/Category:Segmentation


8181Thresholding segmentation

(Gonzalez and Woods, 2018)

Image > Adjust > Threshold…



8282Image smoothing + Thresholding

(Gonzalez and Woods, 2018)



8383Automatic threshold
Image > Adjust > Auto Threshold



8484Automatic threshold
Image > Adjust > Threshold…



8787Automatic threshold



8888Level sets

(Gonzalez and Woods, 2018)



8989Level sets

(Gonzalez and Woods, 2018)



9090Level sets

Plugins > Segmentation > Level Sets

(Level Sets – ImageJ)

https://imagej.net/imagej-wiki-static/Level_Sets


9292Trainable Weka Segmentation (TWS)

(Arganda-Carreras et al., 2017)



9393Trainable Weka Segmentation (TWS)
Plugins > Segmentation >Trainable Weka Segmentation (3D)

(Arganda-Carreras et al., 2017)



9494Training features
2D 3D

Trainable Weka Segmentation (imagej.net)

Edge detectors: Laplacian, Sobel, 
Difference of gaussian, Hessian, Gabor.

Texture filters: minimum, maximum, 
median, variance, entropy, structure tensor.

Noise reduction: Gaussian blur, bilateral 
filter, Anisotropic diffusion, Kuwahara and 
Lipschitz; and membrane detectors.

https://imagej.net/plugins/tws/


9595Image processing pipeline

(LOCI, 2021)



9696Cleanup
Process > Binary >

Huang Auto Thresholding Close Open



9797Cleanup
Process > Binary >

Fill Holes



98

Hands-on Tutorial #2



9999Hands-on Tutorial #2

Objectives:
• Enhance image contrast
• Reduce image noise and
• Segment solid and void phases

Download tutorial using the following link:
Link: https://cloudstor.aarnet.edu.au/plus/s/YRnAMis6vR2ZKmo
Password: GrainDays_123456

15 minutes



100100Image processing pipeline

(LOCI, 2021)



101101Watershed

Threshold



102102Classic watershed

• Consider grey levels as altitudes
• Identify local minima
• Flood basins starting from minima
• Separate the basins by a “dam” → the watershed

Local 
minima

Watershed line

(Legland and Arganda-Carreras, 2017)



103103Watershed
Classic watershed Marker-controlled watershed

Morphological segmentation Distance transform watershed

MorphoLibJ (imagej.net)

https://imagej.net/plugins/morpholibj


104104

Distance map

Distance Transform Watershed



105105

Inverse

Distance Transform Watershed



106106Distance Transform Watershed

Watershed



107107Distance Transform Watershed

Chamfer distances for 3D images

Chamfer distances

(Legland and Arganda-Carreras, 2017)



108108MorphoLibJ



109109MorphoLibJ



110110MorphoLibJ

Restart Fiji



111111Distance Transform Watershed
Plugins > MorphoLibJ > Binary Images > Distance Transform Watershed 3D 

Plugins > MorphoLibJ > Label Images > Set Label Map

+



112112Connectivity/neighbourhood
2D

3D

4 Diagonal 8

6 18 26

(Plougonven, 2009)

(Forensic Multimedia Analysis blog)



113113Distance Transform Watershed
Plugins > MorphoLibJ > Label Images > Label Edition



1141143D Rendering 
Process > 3D Viewer

(Visualization – ImageJ)

https://imagej.net/imagej-wiki-static/Visualization


117117Image processing pipeline

(LOCI, 2021)



118118Measure
Plugins > MorphoLibJ > Analyze > Analyze Regions 3D

(Lehmann and Legland, 2012)(MorphoLibJ, imagej.net)

https://imagej.net/plugins/morpholibj


119119Measure
Plugins > MorphoLibJ > Analyze > Analyze Regions 3D

S𝑝𝑝𝑝𝑒𝑒𝑟𝑟𝑝𝑝𝑐𝑐𝑝𝑝𝑝𝑝𝑦𝑦 =
36𝜋𝜋𝑉𝑉2

SA3



120

Particle shape descriptors 
based on smooth particles



121121

Particle/Pore geometry 
and morphology

Complex 
networks

Finite element 
modelling

Feature importance

Feature set Model selection

𝑦𝑦 = 𝑎𝑎 ⋅ 𝑥𝑥 + 𝑏𝑏
𝑦𝑦 = 𝑎𝑎 ⋅ 𝑥𝑥2 + 𝑏𝑏 ⋅ 𝑥𝑥 + 𝑐𝑐
𝑦𝑦 = 𝑎𝑎 ⋅ 𝑥𝑥3 + 𝑏𝑏 ⋅ 𝑥𝑥2 + 𝑐𝑐 ⋅ 𝑥𝑥 + 𝑑𝑑
𝑦𝑦 = 𝑎𝑎 ⋅ 𝑒𝑒𝑥𝑥
𝑦𝑦 = 𝑎𝑎 ⋅ 𝑙𝑙𝑙𝑙 𝑥𝑥 + 𝑏𝑏
𝑦𝑦 = 𝑎𝑎 ⋅ 𝑥𝑥𝑏𝑏
Random forest regression
Artificial neural network

Input variables

Feature 1

Feature 2

…

Output variables

ETC

2 8

765

Real materials
images

Discrete element 
modelling

Unveiling patterns

Predictions

1

4

3

9

10

Data Machine learning Output

Pore/particle scale modeling platform



122122Toolbox

Particle/Pore geometry 
and morphology

Complex 
networks

Finite element 
modelling

Feature importance

Feature set Model selection

𝑦𝑦 = 𝑎𝑎 ⋅ 𝑥𝑥 + 𝑏𝑏
𝑦𝑦 = 𝑎𝑎 ⋅ 𝑥𝑥2 + 𝑏𝑏 ⋅ 𝑥𝑥 + 𝑐𝑐
𝑦𝑦 = 𝑎𝑎 ⋅ 𝑥𝑥3 + 𝑏𝑏 ⋅ 𝑥𝑥2 + 𝑐𝑐 ⋅ 𝑥𝑥 + 𝑑𝑑
𝑦𝑦 = 𝑎𝑎 ⋅ 𝑒𝑒𝑥𝑥
𝑦𝑦 = 𝑎𝑎 ⋅ 𝑙𝑙𝑙𝑙 𝑥𝑥 + 𝑏𝑏
𝑦𝑦 = 𝑎𝑎 ⋅ 𝑥𝑥𝑏𝑏
Random forest regression

Input variables

Feature 1

Feature 2

…

Output variables

ETC

2 8

765

Real materials
images

Discrete element 
modelling

Unveiling patterns

Predictions

1

4

3

9

10

Data Machine learning Output



123123Particle shape vs thermal conductivity



124124

𝑅𝑅𝑜𝑜𝑜𝑜𝑙𝑙𝑑𝑑𝑙𝑙𝑒𝑒𝑜𝑜𝑜𝑜 =
∑ ⁄𝑟𝑟𝑖𝑖 𝑁𝑁
𝑟𝑟𝑚𝑚𝑚𝑚𝑥𝑥−𝑖𝑖𝑖𝑖

S𝑝𝑝𝑝𝑒𝑒𝑟𝑟𝑝𝑝𝑐𝑐𝑝𝑝𝑝𝑝𝑦𝑦 =
36𝜋𝜋𝑉𝑉2

SA3

(Zhou et al, 2017)

Particle shape



125125Particle shape

Glass beads Ottawa sand Angular sand

Crushed schist A Crushed schist B

1 click

Fei W, Narsilio GA, van der Linden JH, Tordesillas A, Disfani MM, Santamarina JC. Impact of particle shape on 
networks in sands. Computers and Geotechnics 2021, 137, 104258.

Fei W, Narsilio GA, Disfani MM. Impact of three-dimensional sphericity and roundness on heat transfer in granular materials. 
Powder Technology 2019, 355:770-781.

https://www.sciencedirect.com/science/article/pii/S0266352X21002561
https://www.sciencedirect.com/science/article/pii/S0032591019305868
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PIL (Pillow)
matplotlib
SciPy
Scikit-image
OpenCV
TensorFlow/Keras

Random walker segmentation

Expand segmentation labels without overlap

Unet

Scikit-image

TensorFlow/Keras

https://scikit-image.org/docs/dev/auto_examples/segmentation/plot_random_walker_segmentation.html
https://scikit-image.org/docs/stable/auto_examples/segmentation/plot_expand_labels.html#sphx-glr-auto-examples-segmentation-plot-expand-labels-py
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Hands-on Tutorial #3



130130Hands-on Tutorial #3

Objectives:
• Watershed segmentation
• Particle extraction
• Particle analysis: calculate particle size and shape

Download tutorial using the following link:
Link: https://cloudstor.aarnet.edu.au/plus/s/YRnAMis6vR2ZKmo
Password: GrainDays_123456

15 minutes
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Networks
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1. Image stacks 2. Reconstruction 3. Watershed segmentation

Contact +
Near-contact

Near-
contact

Contact

4. Network construction

Network construction
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Degree

Closeness centrality Eigenvector centrality

Betweenness centrality

Network features
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136136Thermal conductance network model
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Summary



140140Summary
Overall: Relearning images  CT Image processing pipeline  Microstructural analysis

Hands-on tutorial #1
ImageJ basics
IJ1 Macro script for batch processing CT images

Hands-on tutorial #2
Enhance image contrast
Reduce image noise and
Segment solid and void phases

Hands-on tutorial #3
Watershed segmentation
Particle extraction
Particle analysis: calculate particle size and shape

Codes, sample data: https://cloudstor.aarnet.edu.au/plus/s/YRnAMis6vR2ZKmo pwd: GrainDays_123456

https://cloudstor.aarnet.edu.au/plus/s/YRnAMis6vR2ZKmo
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Thank you

wenbin.fei@unimelb.edu.au
narsilio@unimelb.edu.au

 pmrl.eng.unimelb.edu.au 
 wenbinfei.github.io
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