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A quick word

about me

Sarawuth Wantha, Ph.D

Product Application Specialist,
Thermo Fisher Scientific

* Ph.D. in Biomedical Engineering: Focus on Biomedical
Imaging and Image Processing

Ludwig-Maximilians University Munich, 2013

 Joined Thermo Fisher Scientific in 2018
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Agend
genda

Beginner: April 21 (Monday)

Introduction to image/volume data and processing

«Software overview, general concepts and user interface

Data visualization in 2D&3D and annotations

*Basic Data Manipulation: cropping, re-sampling, pixel type and conversion
slmage processing: denoising, filters, background correction

«Automatic Segmentation: binarization and thresholding

eSeparation, classification, analysis & measurement

*Screen capture and animation

*Recipe and batch processing



Agend
genda

Intermediate: April 22 (Tuesday)

Introduction to image segmentation

‘New Segmentation+ workroom (requires Avizo 2024.2 and later)
*Multi-material segmentation

*\Watershed segmentation

*Surface reconstruction and simplification

Data registration and alignment

*Al-assisted segmentation tools



Agend
genda

Advanced: April 23 (Wednesday)

*Review of segmentation tools

2D & 3D Deep Learning Training module
*Deep Learning Prediction Module

*Deep Learning Denoising Module

*Core Profile (features from PerGeos)
*Overview of Avizo extensions

*Focus on specific extensions

*Avizo ToGo
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KAUST Visualization Core Lab (KVL) Facilities

Book AR/VR Hub. Access is free
but please acknowledge KVL in
resulting publications!

G

powerful workstations for Avizo
processing and visualization



ThermoFisher
KAUST Visualization Core Lab (KVL) Facilities

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

Book AR/VR Hub. Access is free
but please acknowledge KVL in
resulting publications!

pen + tablet interface
for manual segmentation
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Avizo Software for Materials Research & Quality Control

Quickly and accurately obtain properties from your imaging data

Ceramics,
Glasses and
Porous

Metals and Alloy Composite, Additive Battery Food and

Polymer Manufacturing Energy Materials BlomEnels Agriculture

Avizo Software provides unmatched imaging data analysis tools for numerous scientific and
industrial applications from a single environment

8 Proprietary & Confidential | authoremail@thermofisher.com



. . . ThermoFisher
Multi-Modality Imaging

Nanometer Micrometer

| | | | |

Light microscopy Electron microscopy Computed tomography Magnetic resonance imaging Other

Confocal + SEM - CT «  MRI - PET

*  Fluorescence «  TEM-Tomography - u-CT . DTl 3D Ultrasound
*  Serial sections FIB/SEM .

Synchrotron-CT « OTC



Complete workflows for visualization and analysis

Data import

Filtering/pre-processing

Segmentation

Measurement/analysis

ThermoFisher

SCIENTIFIC

Presentation
and reporting
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Introduction to Image Analysis

11 Proprietary & Confidential | authoremail@thermofisher.com



. . ThermoFisher
Introduction to Image Analysis
What is Image Analysis ?

Image analysis involves processing an image
Into fundamental components to extract
meaningful information.

Image analysis can include tasks such as finding
shapes, detecting edges, removing noise, counting
objects, and calculating statistics for texture
analysis or image quality.

12
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Background information of images

Image metadata is information about a visual file or resource.
This data describes what the file is, details about it, and how it should be used.

AGER S 8 Technical metadata Descriptive metadata
. R — § - Image type  Image descriptions
v Date taken 11742020 2:52 PM .
| image * Image size « Keywords
y | Dimensions 13644 x 10596 . . ,
| widh 13644 pixels * Microscope settings « Batch or collection
oA | Height 10596 pixels
SO Oideph 24 « Date created * Author’s name
& B | fie
SN | Name B002png « Uploader credentials . .
© B temype  PNGFile P Administrative metadata
-\ | Folder path CiUsers\sarawuth wantha\OneDrive - Therm.. .
Bl | Date created 3/30/2023554 M = nghtS management
 7 ?‘ g;t: modified 3;3..;}!;{;23 554 PM o Restrlctlons
(e . Licensing
1 | Offine staus « Expiration date

Shared with
Owner EMEA\sarawuth.wantha W

13
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What Is a digital image

Definition of Pixel

« A pixel is a point sample of the intensity in space YeS!I ____________________ .
. ~PSF (Point Spread Function) b 0 DO ! .
 Pixel size = pixel spacing distance

A Pixel Is Not A Little Square,
§ = § & B SR T A Pixel Is Not A Little Square,
O - 01010 A Pixel Is Not A Little Square!
’ 8 g 1 g g (And a Voxel is Not a Little Cube)'
111 1 1 ﬁ Technical Memo 6
0 0100 Alvy Ray Smith
5 g % 0 § D July 17, 1995
1 00 01
X My purpose here is to, once and for all, rid the world of the misconception

that a pixel is a little geometric square. This is not a religious issue. This is an is-
Samplin g Data set Visualization sue that strikes right at the root of correct image (sprite) computing and the abil-
ity to correctly integrate (converge) the discrete and the continuous. The little
square model is simply incorrect. [t harms. It gets in the way. If you find yourself
thinking that a pixel is a little square, please read this paper. I will have suc-
ceeded if you at least understand that you are using the model and why it is

permissible in your case to do so (is it?).
14



P
o
=
2
.
=]
£
™
(1]
F—
[

SCIENTIFIC

ital Image

To]

nld
=
(<}
(%}
©
Q
+—
oA
[%]
(%]
<
<
[}
+—
>
Q.
S
o
O
>
o)
=
©
—
o0
&
<
[oX
o
[%]
o
—
(@]
Q
<
o+
Y—
o
o4
[
=
©
[
<<
©
—
]
4+
(&}
[V}
=
e
O
—
©
o
—
O
©
=
©
C
©
1
o
—
L
©
[}
o+
©
—
oo
[}
+—
£
[
<<
o
—
o
N
©
+—
()
<<
(4]
c
o
©
—_
©
@]

>
Q.
o
O
%]
o
—
L
=
c
o
—
4
(&)
Q@
i
c
e
+—
(S}
Q
(%]

Grayscale image consists of a finite number of pixels (2D) or voxels (3D)

What Is a d




. - . ThermoFisher
What Is a digital image

Bit depth of an image defines how many different grey values can be detected in the data

1-bit image (2') has 2 possible numerical intensity values

2-bit image (2%) has 4 possible numerical intensity values

8-bit image (28) has 256 possible numerical intensity values

16-bit image (21%) has 65,536 possible numerical intensity values

32-bit image (23%) has 2,147,483,647 possible numerical intensity values

16
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Intensity Image

Grayscale Pixels




ThermoFisher

IntenSity Image SCIENTIFIC

Grayscale Pixels

8-bitimage (28) has 256 possible numerical intensity values from O to 255
16-bit image (216) has 65,536 possible numerical intensity values  from 0 to 65,535
32-bit image (232) has 2,147,483,647 possible numerical intensity values

18
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What is a digital image

Look-up tables assign color and transparency to each intensity value
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Data visualization: Colormap

<

Xl O O -2 OO O O
O mh O =k O O = O
O - O~ 00~ 0
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) Ot ik i wk )

I Physics

Data Visualization



: ThermoFisher
COlor Mapplng SCIENTIFIC
Grayscale Color Mapping

Colormap: -48 e u Colormap:

21



. . . ThermoFisher
Image Visualization

2-Dimensional vs 3-Dimensional images (2D vs 3D)

2D Plane VS 3D Volume

22



Image Visualization
Visualization of 2D & 3D Image Data

« 2D & 3D interactive scene

* Direct manipulation of objects

« Numerous visualization options:
2D Slices, with overlays
3D Volume rendering
Surface rendering
Projections
Meshes, graphs
Isosurfaces

Histograms and curves

23



Image Visualization
Visualization of 2D & 3D Image Data

Ortho Slices

24



Image Visualization
Visualization of 2D & 3D Image Data

« 3D Volume rendering

25



Image Visualization EYS

Visualization of 2D & 3D Image Data

«  Surface rendering

)

Fnma

R
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Image Visualization
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Image Visualization
Visualization of 2D & 3D Image Data

Isosurfaces

28



Image Pre-Processing

CT Reconstruction Artefacts

Cone-beam

Beam-hardening

Phase-contrast

Object motion

Ring artefacts

Scattering

Metal-artefacts

Inaccurate geometry

Too few angles

Missing angles

28



Image Pre-Processing

Denoising and Artifact Removing

Noise reduction

* Gaussian, median, Anisotropic diffusion

* Non-local means

Image artefacts reduction

» Curtaining
» Pore-back / shine-through

 Slice alignment

Background correction

» Shading correction

Deconvolution

28



Image Pre-Processing

Denoising and Artifact Removing

* Noise reduction
* Gaussian, median, Anisotropic diffusion
* Delineate

* Unsharp Masking, Non-local means

29

Median filte




Image Pre-Processing
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 Slice alignment

» Curtaining

« Image artefacts reduction
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Image Pre-Processing

Denoising and Artifact Removing

« Background correction

« Shading correction

31



. ThermoFisher
Image Segmentation

Extracting meaningful information from images

Image segmentation is a method of dividing a
digital image into subgroups called image
segments, reducing the complexity of the image
and enabling further processing or analysis of each
Image segment.

Technically, segmentation is the assignment of
labels to pixels to identify objects, cells, organelles
or other important elements in the image.

34



ThermoFisher

Image Segmentation Principles

Thresholding: Binarization of graysale image into Label Image




- . . ThermoFisher
Image Segmentation Principles

Thresholding: Binarization of graysale image into Label Image

8-bit image (28) intensity values from 0 to 255
16-bit image (21%) intensity values from 0 to 65,535 ‘ Binary Image (2 possible) values O or 1
32-bit image (232) intensity values from 0 to 2,147,483,647

5y

36



ThermoFisher

Image Segmentation Principles

Thresholding: Binarization of graysale image into Label Image

o

Grayscale (intensity) Image

Binary (Label) Image

8-bit image (28) intensity values from 0 to 255
16-bit image (216) intensity values from 0 to 65,535
32-bit image (232) intensity values from 0 to 2,147,483,647

Binary Image (2 possible) values O or 1

Intensity

37
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Image Segmentation Principles

Binarization and Separation Methods

* Thresholding
Global Thresholding, Local Thresholding, Multi-
Thresholding, Auto-Thresholding

- Watershed segmentation

Automatic edge detection
Marker-based watershed with interactive / automatic markers

« Mathematical morphology
Grayscale/binary morphology, variety of structuring elements
Structure enhancement filter
Membrane enhancement filter

» Correlation-based Segmentation

Segmentation of regions that are co-localized in
different channels of a multi-channel image

Data courtesy: Cell data: Mason Dean & Ronald Seidel (MPI Postdam-Golm), David Knoetel (Zuse Institute Berlin)

Brai : Leslie Vos: hI!Lb 1y1HHMIThR kfIIU rsity.
Me mb dt of Biophysical Fluoi tory Center For B m aging Sciences Departments of Biological Sciences & Chemistry National University Of Singapore

38



Analysis

Shape and Size Distributions

Volume fraction along Y axis

Area, Volume, Surface

Volume fraction

Counting

Intensity

Strip number

Particle size distribution

Distance, thickness

nb =125, u=141.3, o=83.5

Clustering

Orientation, Length, Rugosity

— = > N
- . iy =Y R 3 S35
‘ O _| O C al I Zatl O n N S, - o 1 SR ’ 100 150 200 250 300 350 400 450
Equivalent diameter in pixel

Particle crack density distribution

0.08 nb =125, 14 =0.036, o=0.032

Density

0.06

Density

0.04

0.02

0.00

39



Complete Workflows

Summary: Step-by-step

* Data import
- Reading image file formats & metadata
 Visualization
- Display in 2D or 3D
* Image Preprocessing
- Denoising
« Segmentation
- Binarization (Thresholding)
- Separation
* Feature Extraction

- Statistic

40



Complete Workflows

Step by step

« Data import & Visualization

- Reading image file formats & metadata

e B o= & = 8 2
Lattice Info: 1975 % 1572 x 185, uniform coordinates
Data Info: grayscale, 8-bit unsigned, min-max: 0...255, window: 12...255, intensity ranges: 2
Memory Size: 547.8 MB
Physical Size: 15792, 15710, 2760 [nm] from 72, 195, 0 [nm)]

Voxel Size: 8x10x15[nm]

Preview:

Master:

Histogram:

Shared Colormap:

41



Complete Workflows

Step by step

* Image Preprocessing

- Smoothing & Denoising

42

View StepInput View Step Output




Complete Workflows

Step by step

View StepOutput v

« Segmentation

- Binarization

(Thresholding)

43




Complete Workflows

Step by step

« Segmentation

- Separation




Complete Workflows

Step by step

View StepInput View Step Output

¥ ol €
Volume3d (nm#3) Area3d (nm*2) BaryCenterX (nm)
9.23289e+08 6.22992e+06 7274.75
1.3248e+06 1312713 87.6768
1.12455e+10 3.56046e+07 15855.6
Median 3.33629e+08 4.93006e+06 7322.92
Variance 2.17346e+18 3.62943e+13 2.01938e+07
Kurtosis  inf 2.13136 -1.10012
Skewness 3.02059 1.31748 0.201665
Volume3d (nm#3) Area3d (nm#2) BaryCenterX (nm)
1 6.23539e+08 7.92555e+06 982.727
r. 7.30958e+08 8.03096e+06 2185.34
3 1.92968e+09 A7192e+07 3400.48
4 2.53456e+09 .31998e+07 4140.52
5 2.01601e+09 .23504e+07 6066.31
6 1.67885e+09 05177e+07 7819.23
7 4.49328e+07 .38666e+06 8426.38
8 6.08304e+07 2.06839%e+06 9219.6
° Fea‘tu re Extrac'“ on 1.59418e+08 3.1062e+06 10934.6
7.59662e+08 7.86929%e+06 12767.3
o o 1.75083e+09 1.02472e+07 14031.2
- Statistics 6.1824e+07 2.15212e+06 15649.6

45



Complete Workflows

Step by step

Volume3d (nm#3) Area3d(nm*2) BaryCenterX (nm)
9.23289%e+08 6.22992e+06 7274.75
1.3248e+06 1312713 87.6768
1.12455e+10 3.56046e+07 15855.6
Median 3.33629%9e+08 4.93006e+06 7322.92
Variance 2.17346e+18 3.62943e+13 2.01938e+07
Kurtosis inf 2.13136 -1.10012
A 5 LabelAnalysis Skewness 3.02059 1.31748 0.201665
File Edit Axis Help Volume3d (nm*3) Area3d(nm~2) BaryCenterX (nm)
a & Volume3d(nm*3) ~ & 6.23539e+08 7.92555e+06 982.727
(5.62901e+09, 0) 7.30958e+08 8.03096e+06 2185.34
1.92968e+09 1.17192e+07 3400.48
2.53456e+09 1.31998e+07 4140.52
2.01601e+09 1.23504e+07 6066.31
1.67885e+09 1.05177e+07 7819.23
4.49328e+07 1.58666e+06 8426.38
6.08304e+07 2.06839%e+06 9219.6
1.59418e+08 3.1062e+06 10934.6
7.59662e+08 7.86929e+06 12767.3
1.75083e+09 1.02472e+07 14031.2
6.1824e+07 2.15212e+06 15649.6
3.78131e+09 1.55173e+07 984.475
- 1.28947e+08 2.64974e+06 10854.3
¢ Featu e EXtraCtI on Vnlimed (nmA2) [+ as1n ) 4.58878e+09 1.70447e+07 8738.81

7.3968e+06 466166.7 4635.46

_ Statlstlc 6.02122e+08 8.11909e+06 9442.35

2.51403e+09 1.27247e+07 2810.37
3.08336e+09 1.48491e+0 132:

46
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General concepts and tools

47  Proprietary & Confidential | authoremail@thermofisher.com



Getting started

Help menu access
A

Learning resources:

Avizo start page access
—

File Edit

‘ A& start

« Tutorials |
* YouTube Learning Center
« User’s Guide 1

File Edit Project View Window XPand Python XScreen [Help
=] User's Guid
,’EI ser's Guide )

& start ‘- = Project ‘ £ Recipes 2% Segmentation

Examples

Project View
: C++ Programmer's Reference

(] W [

Open Data... Python Programmer's Guide

Python Programmer's Reference
Avizo ToGo Publisher Guide
License Manager

Show Available Extensions
System Information

Online Support

About

Help

= E Project

{}i Recipes &Segmentation “§" Meshing ‘l: Filament £ Animation

Avizo"

Welcome to Avizo Software

RECENT DATA RECENT PROJECTS CREATE NEW PROJECT

OPEN DATA OPEN PROJECT BLANK PROJECT

Help

Getting startec

ThermoFisher

SCIENTIFIC




Getting started

Help menu access
A

Learning resources:

ThermoFisher

SCIENTIFIC

Amira start page access
—

@ start | ~Zproject ¥ segmentation “§” Meshing  #; Recipes  *®( Filament [y Multiplanar &5 Animation

« Tutorials |
* YouTube Learning Center
« User’s Guide 1

File Edit Project View Window XPand Python XScreen [Help
=] User's Guid
,’EI ser's Guide )

& start ‘- = Project ‘ £ Recipes 2% Segmentation

Examples
Project View

_ __ C++Programmer’s Reference
Open Data... |L| 3 |_

Python Programmer's Guide
Python Programmer's Reference
Avizo ToGo Publisher Guide
License Manager

Show Available Extensions
System Information

Online Support

About

Amira-

Welcome to Amira Software

RECENT DATA RECENT PROJECTS CREATE NEW PROJECT

OPEN DATA OPEN PROJECT BLANK PROJECT

FOLLOW US

Help

Getting startec
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Avizo start-up page

File Edit Help

a —E rojec ecipes === Segmentation 5" Mes ing * :Filament EAnimation
@ start Project | £ R <5 tation  “§ Mesh «

Avizo"

Welcome to Avizo Software

RECENT DATA RECENT PROJECTS CREATE NEW PROJECT

OPEN DATA OPEN PROJECT BLANK PROJECT

FOLLOW US

FTWARE 2020.2 Corporate website

ILABLE!
Yoy

REDUCE YOUR LEARNING CURVE
GO to Education Center

Learning Center on YouTube

Do not show at startup

Version 2020.2
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Amira start-up page

m Amira - Untitled
File Edit Help

" EM Project 2 Segmentation “¥ Meshing <K Recpes  °o( Filament @ Multiplanar &5 Animation

‘ il Start ‘ - < Project

Amira-

Welcome to Amira Software

RECENT DATA RECENT PROJECTS CREATE NEW PROJECT

OPEN DATA OPEN PROJECT BLANEK PROJECT

HELP FOLLOW U5

Help AMIRA NARE 2020.3
Q O LABLE!

Getting started
Yoy
Tehe)

Corporate website

i T QUICKLY GET UP TO SPEED
S " Go to XTra Resource Library

Do not show at startup

Vearcinn M 7
version S020.2
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Workspace: user interface components

[ Main menu bar ][ Workroom bar ][ Viewer toolbar ]

File Edit Project View Window XPand Python XScreen Help
@ start | =S Project ‘ {:Ei: Recdipes QSegmentation “§” Meshing ‘GZ: Filament  E3 Animation

Project View . OX i h8]4 QC 0 ad 0% BB« m % wv v mv>|m|
Open Data... |L|‘ === . N N

Project
View

Viewer Window

Properties

Properties

MEMORY USAGE

Ready Stop 1%




Loading a dataset into Project Workroom - part 1

File| Edit Help

) Open Data... S
Open Data As...

Open Time Series Data...
Open Time Series Data As...

Convert to Large Data Format

['fl New Project

Eﬁl Open Project...
Recent Files
Recent Projects

Quit...

Ctrl+0

Ctrl+N
Ctrl+5hift+O

ctrl+Q

OPEN DATA

ThermoFisher

SCIENTIFIC

R EE

[ Open Data
= v A « Thermo Scientific &vizo 2020.2 » data » tutonals v O
Organize = Mew folder
ey
™ Mame Date modified
multicomp 6/25/2020 10:27 AM
- e TP —
neurcn 6/25/202010:27 AM
outofcore 6/25/202010:27 AM
PMM 3D CT 6/25/2020 10:26 AM
recipes scan data 6/25/202010:27
xlab 6/25/2020 10:27
™ wwolumecorrelation / £/25/202010:27 AM
[ chocolate-bar 6/3/2020 3:20 PM
e B chocolate-bar.orthaslice 6/3/2020 1:07 PM
& | | chocolate-bar.simplified 6/3/2020 3:20 PM
v £
File name: | chocolate-bar

Search tutonals

Type

File folder
File folder
File folder
File folder
File folder
File folder
File folder
Arnira File
Amira Project

SIMPLIFIED File

All Files

Open -

>
p
o @
Size 2
23,696 |
Bl
1,856 |\
>
St
Cancel




Loading a dataset into the Project Workroom — part 2

File Edit Project View Window XPand Python XScreen Help

@& start ‘— E Project ‘ CI*E Recipes % Segmentation > Meshing ‘i: Filament E Animation

Project View e i O X 3 ‘?| $ Q @ P BB « L]
Open Data... |L| ‘ : < : e

Default data display
Configuration: Edit>Preferences> Auto Display

Contrast Control Voxel Slice @ Cylinder 5lice [

| zm chocolate-bar.am .{ OO 0ortho Slice

AN /

[ Data ][ Display]
object module

Properties

¥ Ortho Slice

Data: chocolate-baram ~ =

Orientation: . xy XZ vz

Slice Number: 4 [ ] >

Mapping Type: Colormap ~

Options: ¥ adjustview bilinear view lighting

Frame: ¥ show width: 1 .

auto-refresh

MEMORY USAGE

Ready B stop 3%

ThermoFisher
SCIENTIFIC
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Loading a dataset into the Project Workroom — part 2

File Edit Project View Window XPand Python XScreen Help

@& start ‘— E Project ‘ CI*E Recipes % Segmentation > Meshing ‘i: Filament E Animation

Project View _ _ O X S ‘?| $ Q o Y E O wm %
Open Data... ‘L‘ ) ‘L‘ == N

Contrast Control Voxel Slice @ Cylinder 5lice [

Default data display
Configuration: Edit>Preferences> Auto Display

| zm chocolate-bar.am .{ OO 0ortho Slice

AN /

[ Data ][ DiSplay] Display module colors

object module

Properties

¥ Ortho Slice

Data: chocolate-baram ~ =
Orientation: . xy XZ vz

Slice Number: 4 [ ] 147
Mapping Type: Colormap ~

Options: ¥ adjustview bilinear view lighting

Frame: ¥ show width: 1 .

MEMORY USAGE

M stop 34%
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Attach a module to a dataset: e.g. Bounding Box

File Edit Project View Window XPand Python XScreen Help BrOWSG SearCh by

i Start |— E Project ‘ 'ﬁ'i Recipes Q Segmentation “§" Mesh Categ Ori es name

Project View _ _ O X
Open Data... |L| 3 :| ES

Contrast Control Voxel Slice § Cylinder Slice
=m chocolate-bar.am @ OdOrtho Slice

©

L
1

PN N N N N N N N N vvvvvf

2 chocolate-bar.am

(3] Favorites
[€] Recents
[#] Editors
[F2 Templates

~ £ Beam Hardening Correction

© Bounding Box | ¥ |
P Bounding Box —

Displays the bounding box of a spatial

£+ Clear History Log data object

£+ Create Recipe

£ Cylindrical Intensity Profile Type: HxBoundingBox
£F DualBeam 3D Wizard

£ Edit New Label Field

£ Extract Subvolume

£ Filter Sandbox

£ Interactive Thresholding
@ Ortho Slice

EB Ortho Views

I ROIBox

£* Ring Artifact Removal

¥ @ \nlran

[ Experimental

Right click
on data

Al

Animate
[ Annotate
[ compute
[ convert
[ correlation
[ pisplay
[ Fiber Tracing

QCreate  More Info...

Ways to trigger module:

[ Geometry Transforms

* Double-click ~. .

 Press Enter
* Press Create button



Module properties: e.g. Bounding Box

File Edit Project View Window XPand Python XScreen Help

@& start |- E Project | C} Recipes QSegmentation > Meshing ‘c:: Filament EAnimation

Project View e _ O X
LIE &S

mm Ortho Slice @
B B ounding Box

Properties of the objects selected
in the Poject View
Properties

v UM Bounding Box

Data: chocolate-bar.am ~ =9

Open Data... )

Animate Ports
== chocolate-bar.am @4——

3.628e+007 [nm]

Lower Left: 000 nm] Access documentation

Upper Right: 2.808e+7 2.088e+7 3.528e+7 [nm]

Line width [px]: 4 ® F 3

Options: ™ text D color  refine

Font: MS Shell Dig 2 (12 pt.) Select .

MEMORY LISAGE

M stop 205

ThermoFisher

SCIENTIFIC

Properties:

« Click on a module in the pool
to display its (data
module included)

 Click on “?” to access the
module’s

* Module properties are called
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Navigate and interact in 3D —part 1

Bounding Box Interact Trackball
Original View [ESC] [ESC], [Alf]
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Navigate and interact in 3D —part 1

Translate Zoom ~ Rotate
Left mouse button Mouse wheel/left button ol Click icon /+ [Shift]/[Ctrl]
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Navigate and interact in 3D — Part 2

Translate Zoom ~ Rotate
Left mouse button Mouse wheel/left button ol Click icon /+ [Shift]/[Ctrl]




Navigate and interact in 3D — good practice

Most of the actions can be done in the trackball mode:
* Hold left mouse button for rotation

» Use the mouse wheel for fine zoom

* Hold left and middle mouse button for fast zoom

 Hold the middle mouse button for translation

When in interact mode:
» Press and hold [Alt] to switch to trackball mode

Press [Esc] for switching between interact and trackball
modes.




Visualize a dataset: e.g. Ortho Slice

File Edit Project View Window XPand Python XScreen Help
@& start ‘-EProject ‘ ‘I:Ei:Recipes QSegmentation ';‘Meshing ‘c::FiIament EAnimation

Project View

Open Data...

Contrast Control Voxel Slice @ Cylinder Slice
zm chocolate-bar.am @

Turn visibility on/off

Properties /

¥ Ortho Slice

Data: chocolate-bar.am ~  =p
Orientation: ® xy XZ yz

Slice Number: 4 [ P 147

el .

Options: ¥ adjust view bilinear view lighting

Mapping Type: Colormap ~

Colormap: 0

Frame: ¥ show width: 1 .

. 5to p

MEMORY USAGE

34%

ThermoFisher

SCIENTIFIC

Ortho Slice connects
Automatically if
IS on

Can otherwise be
like any other module

A dataset is displayed in
the viewer only if it has a

attached
Check that IS

(e.g. workflow
with multiple data)
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Visualize a Dataset: e.g. Ortho Slice properties

Properties

oo S - Orientation port: choose the display plane of
Orientation: ® xy XZ vz the s||ce

Slice Number: « @ k 179

Some properties settings:

Mapping Type: Colormap v

PRI " » Slice number: choose the slice to be
‘ b displayed in the viewer - drag slider or use
mouse wheel / insert value in the text box

Colormap: 0

Options: ¥ adjustview bilinear view lighting

Frame: ¥ show width: 1 D

Transparency: ® None Binary Alpha

Embossing: « Adjust view: if on, the camera is reset each
time a new slice orientation is selected

to-refresh




. . . i ThermoFisher
Visualize a Dataset: e.g. Ortho Slice properties examples iiES

Orientation Orientation Orientation

Adjust View

Adjust View
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Setting preferences — part 1

Edit Project View Window XPand Pythd

Cut Ctri+X
Layout On exit Molecules LDA Segmentation Rendering Performance Network Units Range Partitioning Recipes Auto Display

Copy Ctri+C

Project modules and data objects
Paste Ctri+Vv

™ Use 2-pass firing algorithm
Delete Del

¥ Auto-select new objects

Select All Ctri+A
¥ Deselect previously selected objects

[ Preferences... Ctrl+Shift+pP : .
™ Draw viewer toggles on icons

Dialogs ¥ Draw compute indicator

Save Project Maximum number of recent documents

Include unused data objects

Preference Settlng eg Include window sizes and positions
o Set the number Of ) [nclude.\.rlew:.erfjack.grm.md settings
. Overwrite existing files in auto-save
recent flles and Policy: Always ask
projects displayed Lnguage
On Start page Set program language to: English/United States

Online Documentation

Recent files:

Recent projects:

™ Display only available features

Preferences and Settings

Restore Defaults... Load preferences... Save preferences...

Cancel
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Setting preferences — part 2

General On exit Molecules LDA Segmentation Rendering Performance Network Units Range Partitioning Recipes Auto Display
windows Viewer gadgets

¥ Save window layout on exit Camera trackball
Show viewer in top-level window

Show "Dolt" buttons
¥ Show the compass

& Enable docking "Help" panel .
= P
Tools buttons style: Tool button text beside icon

Auto-hide the compass

Compass position: Upper left

Preference setting e.g.:
* Add compass in the N
3D Vlewer Project View

Group by display/compute/data in tree view
¥ Show port interconnection in Project Graph View
Show colormaps connected to objects
¥ Show histogram in background (colormap editor, ports...)
Glue attached display modules to data object
Advanced mode of modules in Properties Area by default

Preview : None Small ® Medium

Restore default layout Save current layout

Cancel
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Visualize a Dataset: e.g. Ortho Slice properties examples iiES

Orientation Orientation Orientation

Adjust View

Adjust View
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Visualization of 2D and 3D data
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; ; ] ; ThermoFisher
Data visualization: Exercise 1

Setting the orientation of the 2D view
—

Assemble the necessary modules to
create a view like in the screenshot

Dataset available at:

 SINSTALLDIR/data/tutorials/
chocolate-bar.am
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Data visualization: exercise 1

Solution
A

=u chocolate-bar.am € ——{' mnm Ortho Slice .|
~—$ == 0rthoSlice2 @ |

“ mm Bounding Box @

Properties

& - [omhosice ] .. : Solution:
Orientation: « Connect 3 Ortho Slice modules, each having
& v[(Orthoslice2 | : : a different orientation setting
p v : « Note: Multiple modules with different ports
settings can be connected to the same data

Data: chocolate-bar.am < gb=#

Orientation: Xy Xz ® yz
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Data visualization: exercise 1

Tip
A

=u chocolate-bar.am € ——{' mnm Ortho Slice .|
~—$ == 0rthoSlice2 @ |

“ mm Bounding Box @

[Pin button]

Properties

A . [orhosice | : . Tip:
orientation * Module ports can be pinned by clicking the
& v(Orthoslicez | : : pin button: pinned ports are always displayed

p R __ in the Properties window, even if the module
Is deselected

Data: chocolate-bar.am < gb=#

Orientation: Xy Xz ® yz



Visualize a dataset: e.g. Ortho Slice

File Edit Project View Window XPand Python XScreen Help

@ start |== Project o Recipes ¥ Segmentation 4" Meshing ‘Ci: Filament B3 Animation
W S

Project View e e O X Y ‘T‘ & Q
Open Data... |L| 3 |:| <~ e

Contrast Control m Voxel Slice § Cylinder Slice
== chocolate-bar.am @ Oo00rtho Slice

Properties

L% Ortho Slice

Data:
Orientation:

Slice Number:

Mapping Type: Colormap ~

p: 0 d 9 1910
Options: ¥ adjust view bilinear view lighting

Frame: ¥ show width: 1 .

M stop

MEMORY USAGE

34%

ThermoFisher

SCIENTIFIC

Ortho Slice connects
Automatically if
IS on

Can otherwise be
like any other
module

A dataset is displayed in
the viewer only if it has a

attached
Check that IS

(e.g. workflow
with multiple data)
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2D visualization with Slice

Slice: visualize arbitrarily oriented slices in a volume

=m chocolate-bar.am @ — Odslice
4 m=Boun ding Box @

Properties

> Data: chocolate-bar.am ~ =p

Orientation: Xy Xz

Translate: 4 [ ] F 121.247

Mapping Type: Colormap + SI | Ce - | nterpO I a.t| O n

Colormap: : * Not necessarily axis-aligned, interpolation is
Frame: ¥ show  width: 1 necessary for reconstruction

Options: adjpgiew ™ rotate ™ immediate fit to points lighting " |ntel’p0|atlon Can be tuned from Sample pOftS
A e e - Different sampling resolutions (fine, coarse,
— etc.) are available in the drop-down menu.

Y —— « Sample ports — no effect if the slice is axis-
aligned.

Sampling: fine interp. data interp. texture square texels move low res.
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2D visualization with Isocontour Slice

Isocontour Slice: computes isolines and their annotations
for an arbitrary 3D scalar field on a 2D cutting plane.

=u chocolate-bar.am @ p——— B Clipping Plane
—¢ m Isocontour Slice @

Properties

S ¢ ~ | Isocontour Slice

v Data:
Module:
Spacing:
Values:
Colormap:
Quality:
Parameters:

Options:

Annotate:

chocolate-bar.am ~ =p
ClippingPlane ~ =p
® uniform explicit
0 1910 num 35
h.Ad
low medium high ® custom
resolution 128 line width [px] 2

update min-max resample

Isocontour Slice:

» Clipping Plane

e |socontour

* Rotation

* |so-Intensity values
« Colormap
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2D visualization with Slice

Properties

o

> Data: chocolate-bar.am v  =p

(4= (-

Orientation: Xy Xz

-

Translate: 4 [ P 121.247

=

Mapping Type: Colormap

-

Colormap:

Frame: ¥ show width:

(4=

Options: adjustview M rotate ™ immediate fit to points lighting

==

Sampling: fine interp. data interp. texture square texels move low res.

Slice - rotate:
* Activate : Press or select
(from Options)
* Hold the left mouse button in interactive mode:
- Click inside the white lines of a trackball axis
=> the respective
- Click outside the trackball axes =>
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2D visualization with Slice

Slice: visualize arbitrarily oriented slices in a volume

=m chocolate-bar.am @ — Odslice
4 m=Boun ding Box @

Properties

> Data: chocolate-bar.am ~ =p

Orientation: Xy Xz

Translate: 4 [ ] F 121.247

Mapping Type: Colormap v S||Ce - d efl n | ng a plane

Colormap: » Select “fit to points” (from Options)

Frame: -k * Click on 3 different points inside the object
Options: adjustview M rotate ™ immediate fit to points lighting Pl’eSS [ESC] tO aCtlvate |nteraCt mode
5 e e » After clicking 3 points, “fit to points” is
e automatically disabled.

Plane Definition:

Sampling: fine interp. data interp. texture square texels move low res.

> Filter Options



3D visualization with Isosurface

Isosurface: visualization of surfaces of same value

== chocolate-bar.am @ = —— OmIsosurface

--_-_"""*—-.._:_________""‘-{' mm Ortho Slice @ |

T m= Bounding Box @

L}

Properties

O

> Data: chocolate-bar.am ~ =
Threshold: A ¥ 920.189
Draw Style: shaded more options ~
Colormap:

Options: ¥ compactify

Downsample:

auto-refresh

ThermoFisher
SCIENTIFIC

Isosurface — visualization module that
requires processing. For launching the
processing:

» Press the Apply button

* Check auto-refresh (use with caution)



ThermoFisher

3D visualization with Isosurface

Isosurface: visualization of constant value surfaces

== chocolate-bar.am @ — OmIsosurface

--_-_"""*—-.._:_________""‘-{' mm Ortho Slice @ |

4 mm Boun ding Box @

L}

Properties

O

> Data: chocolate-bar.am + =

Threshold: Al oo A threshold value is necessary for

Draw style: shaded -  moreoptions¥ _Line width: Outline color: computing the Iso-surface:

Colormap: _ « set by default from data histogram
S - can be manually adjusted (bottom slider)

Top sliders — zoom on the histogram

auto-refresh
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3D visualization with Isosurface

Histogram Thresholding
« Histogram — the distribution of voxel intensity values
» Can be computed by “Histogram” module
 Its shape is informative for thresholding a dataset
* In the case of chocolate bar data, the histogram has
3 lobes for:
« background and porosities
» for the “mousse” (inside)
« for the chocolate and caramel (outer layers)

By setting a histogram threshold value as indicated below,
The outer chocolate bar layers will be selected, as they
correspond to the third histogram lobe (highest intensity
values).
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3D visualization with Isosurface

Isosurface:

* For generate the surface computed by Isosurface,
use “Extract Surface” module.

« For visualizing the generated surface, use
“Surface View” module.

=mIsosurface 2 @

= Extract Surface @

= m ExtractedSurface* @@ m = Surface View @




Planar visualization modules - clipping

Planar visualization (orange) modules can be used for clipping.

Clipping applies to all the objects that have the visibility on.

> Data:
Orientation:

Translate:

Mapping Type:

Colormap:
Frame:

Options:
Sampling:

Transparency:

— mmBounding Box @
m &

chocolate-bar.am

Xy Xz
4 [ ] >  235.656
Colormap

0

¥ show width: 1

adjust view rotate ¥ immediate fit to points lighting

fine interp. data interp. texture square texels

® None Binary Alpha

move low res.

ThermoFisher

SCIENTIFIC

Cllpplng
Define the clipping plane by e.g. Slice

» Click on the “Clip” icon — clip on one
side of the object

» Click again — disable clipping

» Click again — clip on the other side
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Planar visualization modules - clipping

Properties

chocolate-bart.am ~ =p
Orientation: Xy Xz
Translate: | ® > 238656
Mapping Type: I ET
Colormap:

Frame: ¥ show width: 1

Options: adjust view rotate ™ immediate fit to points lighting

Sampling: fine interp. data interp. texture square texels move low res.

Transparency: None @ Binary Alpha

Setting Slice transparency:

* Choose Binary mode (from Transparency) — regions of voxel intensity values outside the colormap
range are fully transparent while others are fully opaque.

» Adjust the colormap range to obtain the view in the example above.
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Data visualization: exercise 2

Clipping volumes and setting transparency
—

Assemble the necessary modules to create a similar view:
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Data visualization: exercise 2

Solution — Step 1
A

unSlice @|

d

=
“t==BoundingBox @] g

Properties

O ‘
I >pax L Generate 2 isosurfaces for two thresholds:

Threshold: Sl « Low threshold: ~ 410
Properties ¢ H|gh thI’EShO|d i 940

v

> Data: chocolate-baram ~ =p

n y
Threshold: n 943.141
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Data visualization: exercice 2

Solution — Step 2
—

== chocolate-bar.am® @ = --SIiceﬁl

— ——— mulsosurface @

e OOIsosurface 2

“~{ m=Bou nding Box @ "

Clip the 18t Isosurface with Slice:

« All visible modules are clipped => the visibility of all other modules except the 15t Isosurface should be
turned off.

Tip: Select 18t Isosurface and press [h] => only he selected module has the visibility switched on.
» Select the clipping plane with Slice and then clip.
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Data visualization: exercise 2

Solution — Step 3
—

Full solution available at:

mmslice @ |

e OOIsosurface 2

~~{ = Bounding Box @ —

Double click to
change color

e soes - N Pl Setting visibility, colors and transparency:

Colormap: : o « Turn off the visibility of Slice

« Change the color of the 1st Isosurface: double
click on the colormap to pick color

. . - Set a transparency to the 2"d |sosurface —

el Bl /oo s select “transparent” (“‘Draw style” port)

Draw Style: transparent ~  more options >

Threshold:

Colormap:
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Project save

SaV|ng d prOJeCt Flle > Save PrOJeCt (AS) P [ save Project policy ? et

Please select the Save Project policy for this project:

® Minimize project size

« Use “Minimize project computation” when a module o e coved to ik
. . Jnly necessary Qata 15 saved 10 dIsk.
takeS a |Ong Computatlon time Data that can be computed will be computed at project loading.

This is the legacy behavior.

Minimize project computation

e Use “Minimize project size” otherwise All of the data of the project are saved to disk.

No computation will be done at project loading.
Set selected policy as the default for all projects.

oK Cancel

« Use ‘[pack & go] option if you need to archive or transfer the project to a different computer.

« This will copy the input dataset(s) inside the project folder. Otherwise, these files are only
referenced via their path on the disk, and the project will not load if this path is no longer valid.

File name: | Untitled.hx

Save as type: | Avizo Project (*.hx)

Avizo Project (%.hx)
FAwvizo Project and data files [pack & go] (*.hx)

Hide Folders
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Project save

SaV|ng d prOJeCt Flle > Save PrOJeCt (AS) P [ save Project policy ? et

Please select the Save Project policy for this project:

® Minimize project size

« Use “Minimize project computation” when a module o e coved to ik
. . Jnly necessary Qata 15 saved 10 dIsk.
takeS a |Ong Computatlon time Data that can be computed will be computed at project loading.

This is the legacy behavior.

Minimize project computation

e Use “Minimize project size” otherwise All of the data of the project are saved to disk.

No computation will be done at project loading.
Set selected policy as the default for all projects.

oK Cancel

« Use ‘[pack & go] option if you need to archive or transfer the project to a different computer.

« This will copy the input dataset(s) inside the project folder. Otherwise, these files are only
referenced via their path on the disk, and the project will not load if this path is no longer valid.

™ |

File name: | MyProject.hx

i

Save as type: | Amira Project (*.hx)

Arnira Project (*.hx)
Amira Project and data files [pack & go] (*.hx)

Hide Folders



ThermoFisher

Setting a colormap: e.g. Ortho Slice

» Acolormap is used to map scalar values to intensity levels or colors
 The colormap range can be modified manually in order to adjust brightness, darkness or contrast
* Predefined colormap settings are also proposed.

Some examples of grayscale colormap setting for Ortho Slice module
(click on the "Edit” button of “Colormap” port):

Properties

flomes Ortho Slice

Data: chocolate-bar.am ~ =p ) )
Adjustrange to Data min-max

Orientation: ® xy L yz Options b Data histogram

Slice Number: 4 e 147 Zoom to > Data window

Mapping Type: Colormap ~ *H grayScale.am Exterior

Colormap: 0 ‘w. [ E-" grayscalelnverted.am Range1
Properties

U9 OrthoSlice

Data: chocolate-baram ~ =p

]

=

Adjust range to Data min-max
Orientation: ® xy Xz yz

Options > Data histogram N

Slice Number: < o > 147 Zoom to > Data window

= -

]

Mapping Type: Colormap ~ “ grayScale.am Exterior

um -
Colormap: 0 ‘m 1351 E-" grayScalelnverted.am Range1

]
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3D visualization with Volume Rendering

I [ Advanced Rendering Settings ]
== motor.am* @

OmVolume Rendering >

[ Colormap Settings ]

Volume rendering — colormap settings for assigning color and transparency to each voxel value
“Opacity” port — for tuning the transparency opacity: — 0.0854305

Properties

(O Volume Rendering

Common Settings:  Volume Rendering Settings
Colormap: 74

Colormap La@kup: alpha luminance alpha ® rgba

¥
¥
¥
¥

Opacity: ® 1
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Data visualization: Colormap

<

Xl O O -2 OO O O
O mh O =k O O = O
O - O~ 00~ 0
S ol =" - = = =

) Ot ik i wk )

I Physics

Data Visualization
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3D visualization with Volume Rendering

For changing the default colormap:
« Click on the “Edit” button of “Colormap” port
° T — « Pick a colormap from the drop-down list

OmVolume Rendering

Volume rendering: Colormap Settings

OR
v « Load a colormap from the disk
ljust range to i -

Options 3 v autoadjust range Once loaded, a colormap will be added to the drop-down list

Zoom to > v Transparent
*H grayScale.am v Local range volrenGreen volren PhySiCS
E-" grayScaleInverted.am Edit colormap...
- : Colormap Colormap
&1 temperature.icol Edit color... )

(default) (loaded from disk)

Load colormap...

" physics.icol

& seismic.col

™4 glow.col

il volrenRed.col

* volrenGreen.col

=M volrenWhite.am

" volrenYellowInverted.col
Il hotIron.am
B labels.am

labelsBinary.am

Il 1abels256.am

Il Constant color



3D visualization with Volume Rendering

Volume rendering Settings

B@Volume Rendering Settings

muVolume Rendering ©

Properties O X

[ WU Volume Rendering Settings Advanced & | 2

> Data: motoram v =

* Rendering: Standard @ Physical

Rendering type:

- Standard

* Physical — mostly used

According to the selected rendering type,
different rendering options are proposed.

Click on the arrow on the left of the “Rendering”
port in order to show more settings.

ThermoFisher

SCIENTIFIC

Properties O X

[ WU Volume Rendering Settings ® Advanced b | ?

> Data: motoram v~ =
> Rendering: Standard ® Physical
~ Performance & Qua...

Move Low Res: 4 @

Opacity Threshold: @

sampling Quality: [ ]
~ Data Representation

Composition: ® Alpha Sum Min Max Average

Interpolation Mo...  Nearest(nointerpolation) ® Linear Cubic

Switch on the “Advanced” ribbon for advanced

Volume Rendering settings

* "Move Low Res"— low resolution mode when
moving the camera, for real time rendering
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3D visualization with Volren

Volren: Support Corner Cut module [Comercat )

Data: chocolate-bar.am ~v =9
Octant: 1 2 3 4

o} 14560

=m chocolate-bar.am @ =m Corner Cut @

o 14113.3

[ ] 18946.7

Volren:

» Fast preview

* Limited by RAM memory
« Corner Cut possible

Volume Rendering:

» Realistic visualization

* Limited by VRAM memory
« Corner Cut not possible
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3D visualization with ROI Box

g & v | ROIBox

Data: chocolate-baram ~ =p

ROl Box: Region of Interest

Minimum [pm]: 785514 0 5661.14

Maximum [pm]: 28080 20880 35280

Options: ¥ show box

= chocolate-bar.am.l
| m=Slice .——-“_

Draw: restrict reset

Iy CmVolume Rendering Settings
m = Volume Rendering o

Connected to:

* Slice

* Volren

» Volume Rendering

* |so-Surface

« Triangulated Surface
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Setting a colormap: Colormap Editor

In addition to choosing a default colormap or loading one from the disk, one can also edit a colormap by
means of Colormap Editor. To access Colormap Editor:

» Click the "Edit” button of the “Colormap” port of any visualization module and select Options -> Edit
Colormap

Commeon Settings: Volume Rendering Settings ~ = Adjust range to

Colormap: 74 Eil i \ 255 Options * ' Auto adjust range

) i >« Transparent
Colormap Lookup: alpha luminance alpha ® rgha Zoom to Transparen

. "4 grayScale.am v Local range
Opacity: o gray :
E-" grayScalelnverted.am Edit colormap...

r

&1 temperature.icol

& physics.icol Load colormap...

Colormap Editor window will be displayed on top of the Project View window:

Colormap Editor

M - Colormap: “-MvolrenGreen.col ~ Data: motor.am o ogmm .: [ - BT
Opacity
74 100 120 140 240

"

R e e




Setting a colormap: Colormap Editor

Opacity curve — allows controlling the transparency of the colormap:

» Pick a default preset from the “Opacity preset” menu

« Manually adjust the curve:
Left-click on the curve to add a point at the respective location
Click and hold on a point in order to move it
Right click on a point in order to remove it

Colormap Editor 4

A - Colormap: “WvolrenGreen.col *~ Data: motoram Vo Ty & 7
Opacity preset
100 120 140 160 180 200 220 240 2

e S S — |

E L _l_l_l_l_l_l_l_l_l_l_I_l_l_l_l_l-l-l-l.l.l.l.l.!.!_ . LV

|| _I_I_I_I_I_I_l_l_l_l_l_l_l_I_I_I-I-I-I-I-I.l.l.!.!_ —___
ED !. [~ ]

Value 188.36 = Cr_llnr'|:| |:|C!pa|:it_',f W % /v —————————— 50 [X]

ThermoFisher
SCIENTIFIC
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Setting a colormap: Colormap Editor

Colormap gradient — allows modifying the colormap using color markers
« To modify the color gradient:
Left-click on the markers line to add a marker at the respective location
Click and hold a marker in order to move it
Right click on a marker in order to remove it
Double click on a marker for color settings
Drag the diamond shaped button to adjust the location of the inflection point
* The data points outside the colormap range will be mapped to the color defines by the extreme left and
right boxes.

Colormap Editor

n «* Colormap: "dvolrenGreen.col » Data: motor.am S R

74 100 120 140 160 180 200 220 240
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Data visualization: exercise 3

Setting colormaps
—

Use the Volume Rendering module and tune the colormap to obtain a similar view:
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Data visualization: exercise 3

Solution
A

Colormap Editor Settings:
« Add and move points on the opacity curve for setting the transparency of the colormap
« Add and tune color markers for setting the color gradient of the colormap

Colormap Editor

A o Colormap: M volrenWhite.am *~ Data: motoram

100 120 140 160

e -—.—‘..___

E I.I.I.I.I.I.I.I.I.I.I.I.I.I.I | i B BN EEEEER . _
e & g
8

Value 7400 = Color |:| |:| Opacity % o 50 [x]
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Data visualization: exercise 3

Solution
A

Volume Rendering Settings:

* Adjust the lighting effects: specular and deferred for highlighting reflections and shadows
* Choose interpolation mode: cubic for smoother result

FURY \olume Rendering Settings ® Advanced B 2

> Data: motoram v =
~ Rendering: ® Standard Physical
» Shade Effects: Edge 3d Edge 2d Boundary opacty Ambient occlusion
Lighting: Mone Diffuse ® Specular W Deferred
» Visual Effects
~ Performance & Quality

Move Low Res: .
Opacity Threshold: ]

sampling Quality: ]

~ Data Representation

Composition: ® Alpha Sum Min Max Average

Interpolation Mode: Mearest (no interpolation) Linear ® Cubic
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Basic data manipulation

102 Proprietary & Confidential | authoremail@thermofisher.com
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Grayscale image consists of a finite number of pixels (2D) or voxels (3D)

What Is a d
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What Is a digital image

Definition of Pixel

« A pixel is a point sample of the intensity in space YeS!I ____________________ .
. ~PSF (Point Spread Function) b 0 DO ! .
 Pixel size = pixel spacing distance

A Pixel Is Not A Little Square,
§ = § & B SR T A Pixel Is Not A Little Square,
O - 01010 A Pixel Is Not A Little Square!
’ 8 g 1 g g (And a Voxel is Not a Little Cube)'
111 1 1 ﬁ Technical Memo 6
0 0100 Alvy Ray Smith
5 g % 0 § D July 17, 1995
1 00 01
X My purpose here is to, once and for all, rid the world of the misconception

that a pixel is a little geometric square. This is not a religious issue. This is an is-
Samplin g Data set Visualization sue that strikes right at the root of correct image (sprite) computing and the abil-
ity to correctly integrate (converge) the discrete and the continuous. The little
square model is simply incorrect. [t harms. It gets in the way. If you find yourself
thinking that a pixel is a little square, please read this paper. I will have suc-
ceeded if you at least understand that you are using the model and why it is

permissible in your case to do so (is it?).
104
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What Is a digital image

Bit depth of an image defines how many different grey values can be detected in the data

1-bit image (2') has 2 possible numerical intensity values

2-bit image (2%) has 4 possible numerical intensity values

8-bit image (28) has 256 possible numerical intensity values

16-bit image (21%) has 65,536 possible numerical intensity values

32-bit image (23%) has 2,147,483,647 possible numerical intensity values
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What is a digital image

Look-up tables assign color and transparency to each intensity value
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Data and Voxel prOpertleS SCIENTIFIC

Click on a data in the pool in order to have data and voxel properties displayed in the properties window:
e.g. chocolate bar:

Properties

o« CETTEN e

Lattice Info: 235 % 175 x 295, uniform coordinates

Data Info: grayscale, 16-bit unsigned, min-max: 0...1910, window: 410...1910, intensity ranges: 2

Memory Size: 231 MB

Physical Size: 2.808e+7, 2.088e+7, 3.528e+7 [nm] from 0, 0, 0 [nm]

Voxel Size: 120000 x 120000 x 120000 [nm]

* Type: grayscale, label, RGBA, etc.
« Precision: number of bits used for coding the value stored by a voxel. E.g.:
. 8-bits <-> values in [0-255]
- 32-bits float <-> values in ~ [-1e38, 1e38], finer precision but 4x more memory required
o  Minimum and Maximum voxel values — give the intensity range (do not confuse with colormap range)
« Window: voxel values range outside the background



ThermoFisher

Converting types and re-mapping intensities

Changing type: Convert Image Type module

Scaling is necessary to avoid

clipping. For scale tuning

check:

* The intensity range of the
input data

* The intensity range of the
converted data

-
S

Data: chocolate-bar.am 2

-

Data Mapping: 16-bit unsigned [0...1910] -> 8-bit unsigned [0...255] clipped!
Pping 9 |

Output Type: g-bitunsigned

|

Normalization Mode: Scaling

(=

Scaling: Scale 1

Data: chocolate-bar.am .
Data Mapping: 16-bit unsigned [0...1910] -= 8-bit unsigned [0...255]

Output Type: 8-bit unsigned

]
§

D o RN T T

Normalization Mode: Scaling

Scaling: Scale 0.134 Offset 0
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Converting types and re-mapping intensities

Changing type: Convert Image Type module

Properties

Scaling is necessary to avoid

clipping. For scale tuning

check:

* The intensity range of the
input data

* The intensity range of the

converted data

-
S

Data: chocolate-bar.am 2

-

Data Mapping: 16-bit unsigned [0...1910] -> B-bit unsigned [0...255] dipped!

Output Type: 8-bit unsigned

|

Normalization Mode: Scaling

(=

Scaling: Scale 1 Offset 0

Properties

¥ Data: chocolate-bar.am v

£ chocolate-barto-byte ~ [0 [P

Data Mapping: 16-bit unsigned [0...1910] -= 8-bit unsigned [0...255]

Output Type: 8-bit unsigned [2 Templates “ [ Distance Maps ¥ Adaptive Histogram Equaliz...

>
Normalization Mode: Scaling xperimental [ Edge Detection >  £* Background Detection Corr...
>

Scaling: Scale 0.134 Offset 0 AL [0 Enhancement Filters £+ Background Image

[3 Animate [ Frequency Domain > £F Beam Hardening Correction

[ Annotate [ Grayscale Transforms k‘> ¥ Block Face Correction

Re-mapping intensities: Different modules are available in the 00 compu

[ convert [ Propagation > & Correct Background and Fl...

>
>
>
>
>
>
. >
category: Image Processing -> Grayscale Transform [ Correation > [ Separating And Filing
>
>
2
>
>
>

(3 Morphological Operations Category: Image Pr 1g > Grayscale Tra

£ CorrectZ Drop

[ Display
[ Fiber Tracing

[ sharpening L Cylindrical Intensitd

[ Skeletonization > %¥ Gamma Correction
[ Geometry Transforms [ smoothing And Denoising >  %F Histogram Equaliagd ™

£+ Filter Sandbox £+ Match Contrast

[ Image Processing

[ Image Segmentation £ Image Stack Processing £ Normalize Grayscale

[ Measure And Analyze e« ] Image Volume Processing & Ring Artifact Removal

e & chadinn Carractinn
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Crop Editor: main functionalities

Access Crop Editor: select a dataset
in the pool and click on the Crop

Editor icon in the data properties

window

chocolate-bar.am [235x 175 x 2435]
Image crop
Min index:
Max index:
Crop list:
Threshold: Auto crop
Adjust: 8 Enlarge
Add mode: ¥ Replicate
Resolution
Mode: bounding box ® voxel size
Min coord [nm]: 0 0

Voxel size [nm]: 120000 120000

Flip and swap

flip x

swap xy

0

120000

Properties

5 B &
3

Lattice Info: 235 x 175 x 295, uniform coordinates Crop Editor

Data Info: grayscale, 16-bit unsigned, min-max: 0...1910, window: 410...1910, intensity ranges: 2

Crop Editor — main functionalities:
« Crop: reduce/enlarge image frame
- Manually
- Automatically (by an automatically set gray-level threshold
for separating the data into background and object)
« Change resolution
- Change voxel size
- Change bounding box size (the new voxel size is
automatically computed
The number of voxels is preserved
* Modify axes:
- Flip an axis’ orientation — the slices along the respective
orientation will have their order reversed
- Swap — allows interchanging two axis
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Crop EdltOr gOOd praC'“CeS SCIENTIFIC

Note: Bounding Box is defined from voxel centers, i.e. :
bbox_size = voxel_size * (#voxels — 1) for each dimension (X, y or z)
A slice is defined from voxels centers too.

Properties

Bounding Box]

tl: =t

Lattice Info: 7% 7 x 4, uniform coordinates

Data Info: grayscale, 16-bit unsigned, min-max: 0...150
Memory Size: 0.0 MB

Physical Size: 6, 8, 3 [nm] from 0, 0, 0 [nm]

Voxel Size: 1x1%1[nm]

Warning: editors directly modify the data OB chocolate-bar.ge
no undo available (the only way to get the original
data back is by reloading/re-generating it)

Good practice: duplicate data before editing:

£ chocolate-bar.am v~
Hide Object Ctrl+H

Remove Object Del

Duplicate Object CtrD

« Keyboard shortcut: [Ctrl] + [d] |

Rename Object... F2

« Data object menu
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Crop Editor: alternatives

Extract Subvolume module can be used as an alternative to Crop Editor (for cropping only).

Extract Subvolume + ROI Box — allow cropping multiple datasets the same way:

e.g. input dataset and its segmentation result
« Extract the desired sub-volume of the input dataset (by means of Extract Subvolume)

« Connect a ROI Box to the extracted sub-volume
« Connect an Extract Subvolume module to the second dataset. Connect the ROI input of the Extract

Subvolume module to the ROI Box module and then press Apply
=> The second dataset will be cropped as the first one.

chocolate-bar.am @ 8 —» = m Interactive Thresholding @ —+ == Ortho Slice .I

chocolate-bar.view® @$———= = Extract Subvolume 2 @




Data resampling

Resampling

Allows enlarging/shrinking the regular grid on which
an image is defined (interpolation is necessary):
« Change the number of voxels
e.g. reduce => reduced data size but lowered
quality
« Change voxel size
e.g. adjust size in order to make the voxels
isotropic

This can be done in Avizo via the Resample module.

Properties

Data:

Reference:

Input Resolution [px]:

Input Voxel Size:

Filter:

Memory Usage:

Mode:

Resolution [px]:

Voxel Size [nm]:

auto-refresh

ThermoFisher
SCIENTIFIC

chocolate-bar.am

MO SOURCE

235x 175x 295

120000 x 120000 x 120000 [nm]

Lanczos

#® dimensions voxel size

zZ M




Data resampling

Resampling

Allows enlarging/shrinking the regular grid on which
an image is defined (interpolation is necessary):
« Change the number of voxels
e.g. reduce => reduced data size but lowered
quality
« Change voxel size
e.g. adjust size in order to make the voxels
isotropic

This can be done in Amira via the Resample
module.

Properties

Data:

Reference:

Input Resolution [px]:

Input Voxel Size:

Filter:

Memory Usage:

Mode:

Resolution [px]:

Voxel Size [nm]:

auto-refresh

ThermoFisher
SCIENTIFIC

chocolate-bar.am

MO SOURCE

235x 175x 295

120000 x 120000 x 120000 [nm]

Lanczos

#® dimensions voxel size

zZ M
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Data resampling — apply transformation

Resample Transformed Image module

Oftentimes, when a data is transformed in Avizo, only the visualization of the data is changed and not its
representation in memory. Apply this module to implement the transformation carried by a dataset and to
change the dataset representation in memory.

Use cases examples:

« Generate the data resulted after applying a rotation, scaling or other transformation

* Generate the resampled image after registration with a reference

* Apply the rotation necessary to a dataset after aligning the data bounding box with the object’s axes.

Properties

> Data: chocolate-bar.am
Interpolation: Standard
Mode: ® cropped extended

Padding Value: 0




. . ThermoFisher
Data resampling — apply transformation

Resample Transformed Image module

Oftentimes, when a data is transformed in Amira, only the visualization of the data is changed and not its
representation in memory. Apply this module to implement the transformation carried by a dataset and to
change the dataset representation in memory.

Use cases examples:

« Generate the data resulted after applying a rotation, scaling or other transformation

* Generate the resampled image after registration with a reference

* Apply the rotation necessary to a dataset after aligning the data bounding box with the object’s axes.

Properties

> Data: chocolate-bar.am
Interpolation: Standard
Mode: ® cropped extended

Padding Value: 0
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Data resampling example

Resampling to an oblique plane
—

. the object’s axes and the bounding box’s axes are not aligned
: align the bounding box’s axes to the object’s axes

alignment alignment

Slice (aligned to the
object’s bottom plane)

Ortho Slice

Bounding Box
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Data resampling example

Resampling to an oblique plane
—

Solution;
« Use “fit to poinis” option of Slice on an Isosurface or Volume Rendering and fit the Slice to the object’s
xz plane (the bottom of the chocolate bar).
* Apply a Resample Transformed Image module and connect:
- “Data” input to the data object
- “Reference” input to the Slice
Select “extended” option and press Apply
A new data is generated with the bounding box’s axes aligned to the object’s axes.

# = Resample Transformed Image .o—+

= m chocolate-bar3.transformed* @ Bounding Box 2 @
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Export data SCIENTIFIC

The results of the different processing modules

i
can be exported from the Avizo pool. & crocostebaram v [ Bk

[&] Favorites > ~ ExportDataAs.. 1g Correction

EXpOI‘ting data on the d|Sk [€] Recents > @ Bounding Box
 Right-click on the dataset you want to save [#) Editors > 8 Clear History Log

Avizo ascii (*.am)
. 11 3y = Ayizo ZIP (*.am]

« Click on the “Export data as” icon Avizo  binary "arm)

Ayizo 6 ascii (F.am)

1Avizo 6 ZIP (*.am)

2D Tiff (*.tif)

3D Tiff (*.tif)

e Select the relevant format e nd)

Analyze AVW data (".avw])

BMP (*.bmp)

DICOM (*.derm)

EPS5 (*.eps)

JPEG (*.jpeg *jpg *JPG *JPEG)

JPEG 2000 (%.jpd *.jpx *.j2k * jpc *.j2c)

JPEG 2000 (Compatibility Avize 9.0) (*jp2 *jpx *j2k *.jpc)

MRC Stack (*.mrc *.ali *.ALl *.MRC)

MRC Volume (*.rec *.REC)

Matlab mat-file (*.mat)

Matlab w7 mat-file (*.mat)

Mifti (*.nii)

PDF 2D (*.pdf)

PNG (*.png)

[PMNM (*.pgm *.ppm *.pbm)

Raw Data 20 (*.raw)

Raw Data 3D (*.raw)

SEGY (*.seqy)

. SGI-RGE (*.rgh *.sgi *.bw)

File name: VISI'DQ 6 (*.Imﬁj

Save as type: | Avizo binary (*.am)
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Export data SCIENTIFIC

The results of the different processing modules

can be exported from the Amira pool. 3
= thowolate-baram l_J mk

(& Favorites > ~ ExportDataAs.. 1g Correction

EXpOI‘ting data on the d|Sk [€] Recents > @ Bounding Box
 Right-click on the dataset you want to save [#) Editors > 8 Clear History Log

File name: | chocolate-bar.am

Save as type: [ Amira binary (*.am)

» Click on the “Export data as” icon

Amira binary (*.am)
Arnira ascii (*.am)
: Folders Arnira ZIP (*.am)
20 Tiff (*.tif)
PEVERL 3D Tiff (*.tif)
AVS Field (*fld)
LY A nalyze 7.5 data (*hdr)

Bl Analyze AVW data (".avw)
Ph}l‘SICB EMP (*.bmpj

DICOM (*.dcm)
Voxel S EPS (*.eps)
JPEG (*.jpeg *,jpg *JPG *JPEG)
JPEG 2000 (*.jp2 *jpx *j2k *jpc *j2c)
JPEG 2000 (Compatibility fvizo 9.0) (*.jp2 *jpx *j2k *jpc)
MRC Stack (*.mirc *.ali *.ALl *.MRC)
MRC Volume (*.rec *.REC)
Matlab mat-file (*.rmat)
Matlab v7 mat-file (*.rmat)
Mifti (*.mii)
PDF 2D (*.pdf)
PNG (*.png)
PMM (*.pgm *.ppm *.pbm)
Raw Data 2D (*.raw)
Raw Data 30 (*.raw)
SEGY (".seqgy)

R SGIRGE (*.rgh *.cgi *.bw)
Vizilog & (*.imf)

* Select the relevant format

Previey
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Image pre-processing: adjustments
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Basic image data editing — Volume Edit

Volume Edit: interactive editing with various tools

Two types of tools are available:
 Adraw tool:
allows selecting the 3D projection behind a contour drawn in the viewer

« Dragger tools:
allow selecting a region by dragging, rotating, resizing a 3D shape (box, ellipsoid, cone, etc.).

Properties

Data: chocolate-bar.am

Tool: Draw w | Bo Lines axis Tool: Draw

Padding Value: 0 Padding Value: Draw

: : TabBox :
Cut: Inside Dutside Cut: e Dutside
: : HandleBox :
Restore: Inside Dutside All Restore: Dutside All
TransformBox
Edit: Undo Redo Create Mask Edit: Redo Create Mask
Transformer




. . - . ThermoFisher
Basic image data editing — Volume Edit

Volume Edit — example of creating a sub-volume with the draw tool:

Draw tool selection “Cut outside” result

Data: MoSi2-shear-corrected.am
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Basic image data editing — Volume Edit

Volume Edit - example of creating a Cylindrical Mask:

« Tool port settings: TabBox, Cylinder, Z Axis

* Adjust cylinder using Orthographic Camera mode

« Set Padding value to the value of the voxels of the “exterior” (e.g. 0)
* Push buttons: Cut — Outside and Edit — Create Mask




Align Slices

» For serial sections (e.g. Light Microscopy)

* Pushing the Edit button activates the Alignment viewer

and tools and the Align and Landmarks menus

* Visualization of two consecutive slices in overlay

Properties

B o~
> Data:
Resample Method:

Action:

leaf.0001.jpeg
High Quality

Edit Resample

flign. Landmarks Help
I:Luk‘avitj,r centers
Least-squares
Landmarks
v Edge detection
Align current pair

Align all slices

Options...

Data: leaf image stack

ThermoFisher
SCIENTIFIC
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Allgn Sllces SCIENTIFIC

Available operations: modes
Translate
Rotate , s []v © b[3] =[e]* «[@
Mirror
each slice with respect to the next one.

Modes and options (some examples):
- Manual
- Land-Mark
Intensity-based

Possibility to use a mask

. aligned stack (by pressing the Resample
button of the module).




. . ThermoFisher
Align Slices

@ Alignslices Options ? *

* Rotation alignment should be disabled for
FIB_SEM (A“gn / OpthﬂS) Output  View  Edge Detection  Least Squares

Rotation

« No rota“on Wh'le FlB_SEM data CO”eCtIOI’]' k_AIInertatiDninautnmaticaligr|n1er|t

* For disabling rotation go to Align menu —
Options in order to access the AlignSlices
Options pop-up.
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Allgn Sllces SCIENTIFIC

Alignment example — (left-side) (right-side)

of the volume

of the volume
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Image pre-processing: filtering
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Introduction to spatial domain filtering

Filtering — enhance the data quality

Most filters operate in the spatial domain

— each pixel/voxel is evaluated and its

filtered valued is given by applying a

formula to the values of its neighbors in

the input data:

« The neighborhood type needs to be
defined

« The formula is filter specific.



Image filtering: how to apply a filter in Avizo

Various filtering modules are available in Avizo.

ThermoFisher

SCIENTIFIC

They are mainly grouped according to their types into different sub-categories of the Image Processing

category :
« Edge Detection

« Enhancement Filters
« Sharpening
« Smoothing and Denoising

Right click on the data set in order to
Access the module category menu.

= chocolate-baram

[0 Animate

[T Annotate

[ Compute

[ Convert
[0 Correlation
[ Display
[ Fiber Tracing

[ Geometry Transforms

[ IHI
[ Image Processing

[ Image Segmentation

[ Local

[ Measure And Analyze
[ Roi

>

R . T . A Y A ¥ " 4

R

[ Distance Maps

[ Edge Detection

[ Enhancement Filters

[ Frequency Domain
[ Grayscale Transforms

[ Morphological Operations
[ Propagation

[ Separating And Eilling

[ Sharpening

[ Skeletonization

[ Smoothing And Denoising
£¥ Filter Sandbox

& Image Stack Processing

£¥ Image Volume Processing

T T T T e . T ¥

£} Anisotropic Diffusion

¥ Bilateral Filter

£¥ Box Filter

¥ Curvature-Driven Diffusion
£ Despeckle

£} Edge-Preserving Smoothing
£} Flow Inpainting

£¥ Gaussian Filter

L Majority Filter

£¥ Median Filter

£¥ Nagao Filter

£¥ MNon-Local Means Filter

£ Recursive Exponential Filter
L¥ SNN Filter

#% <inma Filter



Image filtering: how to apply a filter in Amira

Various filtering modules are available in Amira.

ThermoFisher

SCIENTIFIC

They are mainly grouped according to their types into different sub-categories of the Image Processing

category :
« Edge Detection

« Enhancement Filters
« Sharpening
« Smoothing and Denoising

Right click on the data set in order to
access the module category menu.

= chocolate-baram

[0 Animate

[T Annotate

[ Compute

[ Convert
[0 Correlation
[ Display
[ Fiber Tracing

[ Geometry Transforms

[ IHI
[ Image Processing

[ Image Segmentation

[ Local

[ Measure And Analyze
[ Roi

>

R . T . A Y A ¥ " 4

R

[ Distance Maps

[ Edge Detection

[ Enhancement Filters

[ Frequency Domain
[ Grayscale Transforms

[ Morphological Operations
[ Propagation

[ Separating And Eilling

[ Sharpening

[ Skeletonization

[ Smoothing And Denoising
£¥ Filter Sandbox

& Image Stack Processing

£¥ Image Volume Processing

T T T T e . T ¥

£} Anisotropic Diffusion

¥ Bilateral Filter

£¥ Box Filter

¥ Curvature-Driven Diffusion
£ Despeckle

£} Edge-Preserving Smoothing
£} Flow Inpainting

£¥ Gaussian Filter

L Majority Filter

£¥ Median Filter

£¥ Nagao Filter

£¥ MNon-Local Means Filter

£ Recursive Exponential Filter
L¥ SNN Filter

#% <inma Filter
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Image filtering: how to apply a filter in Avizo

Filter Sandbox module allows testing different filters
in order to make the best choice for a given dataset:
« Select a filter

* Tune its parameters

* Appy result on a sub-volume of the dataset
(useful for large datasets)

E.g. Anisotropic Diffusion

Mone
Properties i
Bilateral

o Box

&~ ) ~ Filter: Anisotropic Diffusion
Gaussian

Data: Interpretation:
Median

Slice Number: ) ) 147
Recursive Exponential

L
Colormap: Delineate _. 1910

~ Preview: Anisotropic Diffusion

= (=

Diffusion Stop Thresh... @@ 141.419

=

Nb Iterations: 41 @ k5

[

Device: & GPU CPU

|

CUDA Device: Quadro M2000M [ID: 0] [Mem: 4096 MB]
Preview Type: Mon-Local Means resholding

|

Options: o automatic partition size

Histograms: Unsharp Masking

ot

=

Partition Size (in %):
Filter: MNone

=

Max. Block Size:



ThermoFisher

Image filtering: how to apply a filter in Amira

Filter Sandbox module allows testing different filters
in order to make the best choice for a given dataset:
« Select a filter

* Tune its parameters

* Appy result on a sub-volume of the dataset
(useful for large datasets)

E.g. Anisotropic Diffusion

Mone
Properties i
Bilateral

o Box

&~ ) ~ Filter: Anisotropic Diffusion
Gaussian

Data: Interpretation:
Median

Slice Number: ) ) 147
Recursive Exponential

L
Colormap: Delineate _. 1910

~ Preview: Anisotropic Diffusion

= (=

Diffusion Stop Thresh... @@ 141.419

=

Nb Iterations: 41 @ k5

[

Device: & GPU CPU

|

CUDA Device: Quadro M2000M [ID: 0] [Mem: 4096 MB]
Preview Type: Mon-Local Means resholding

|

Options: o automatic partition size

Histograms: Unsharp Masking

ot

=

Partition Size (in %):
Filter: MNone

=

Max. Block Size:
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Image filtering: Box

Box Filter performs the arithmetic mean of the pixel/voxel values in the neighborhood window
53,4,3,10,5,3,4,5

Filtering

—




. . - ThermoFisher
Image filtering: Median

Median Filter outputs the median value of the pixel/voxel values in the neighborhood window

3,3,3,4(4,5,5,5,10

K

Filtering

—




. . ThermoFisher
Image filtering: Non-Local Means

Non-Local Means outputs the weighted average of the values in the local neighborhood. The weight of
each pixel/voxel is given by how similar its neighborhood (non-local) is to the local neighborhood.
L

Non-local neighborhood
LLocal neighborhood

Filtering

—



Image filtering: adapt filter choice to dataset and problem

Box Median NLM
Smoothening Edge preserving Edge preserving
Not edge preserving but some details are lost Better preservation of details
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Image filtering: kernel type and connectivity

Kernel type — defines the neighborhood configuration, e.g: cube

2D

Kernel connectivity in 3D (for a cube kernel)

3D

6 voxels 18 voxels 26 voxels
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Image filtering: kernel size

Kernel size — refers to the half kernel. Example for a cube type kernel:



. . .. . ThermoFisher
Image filtering: denoising filters

Examples of filters for removing “salt and pepper noise” (white and black dots on the image):
. — smoothening, not effective for removing high contrast local noise
. — fast and efficient but tends to remove small details and to blur the result

Input Gaussian Median
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Image filtering: denoising filters

Examples of filters for removing “salt and pepper noise” (white and black dots on the image):
. — performance in between median filter and NLM
. — very effective at removing noise while preserving the edges but slow

Input Bilateral NLM
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Image filtering: contour detection and enhancement
. and (e.g. variance, kurtosis) — edge detection filters
. — edge enhancement filter

Best practice: employ unsharp masking after denoising

Sobel Unsharp
Masking
;?"‘5;;"‘?&’-"?*uﬂﬂ@'ﬂﬁ"lﬁﬁi.‘%&i q,:m;mrmi
Moments NLM +
Unsharp

Masking




. ThermoFisher
BaCkground CorreCt|On SCIENTIFIC

Basic idea: remove low frequencies in image

Can be done in Avizo by means of different modules:
 Correct Z Drop:
fits an arbitrary function of z to the average intensity in each slice

« Block Face Correction: X -
matches masked-slice average intensity to volume average intensity [ e sw 208

« Background Image: e
estimates background image, slice by slice, by fitting a 2nd order gl Ll
polynomial (to the masked region)

« Shading correction wizard:
removes image low frequency by dividing the input image by a
background image

« Background Detection Correction:
estimates the background from a B-spline model (for example) with
specified grid and removes it.



. ThermoFisher
BaCkground CorreCt|On SCIENTIFIC

Basic idea: remove low frequencies in image

Can be done in Amira by means of different modules:
 Correct Z Drop:
fits an arbitrary function of z to the average intensity in each slice

« Block Face Correction: X -
matches masked-slice average intensity to volume average intensity [ e sw 208

« Background Image: e
estimates background image, slice by slice, by fitting a 2nd order gl Ll
polynomial (to the masked region)

« Shading correction wizard:
removes image low frequency by dividing the input image by a
background image

« Background Detection Correction:
estimates the background from a B-spline model (for example) with
specified grid and removes it.
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Image pre-processing: exercise 1

Background correction
—

Apply a background correction method in order to obtain a similar result:

Original Corrected

corrected
original
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Image pre-processing: exercise 1

Solution
A

« Example 1: Shading Correction Wizard
- Threshold 75-255
- Normalization 130

« Example 2: Background Detection Correction
- Type: B-spline

. Size: 5’ 5’ 5 Viewer #1
Functions
. . v Viewing
TIpS.. . . . . Fullscreen
* Visualization setup for comparing images: Headlight
- Use multiple viewers with linked camera Preferences
— right-click on one of the images in the two viewers Show trackbal
— select “Link camera to...” e
— then click on the image in the second viewer. e —
Unlink camera h
° ASSESS baCkg rou nd Show objects in extra viewer...
- Use Line Probe module and increase number of Object visibility in viewer 1

samples if necessary « take average » (with Identify
increased radius / long. Width) Identify all viewers




. . . . ThermoFisher
Introduction to frequency domain filtering

Fourier Transform

 Filters out low frequency (small intensity variations) or high frequency (strong intensity variations
e.g. edges) components in images

Steps

« Compute the Fourier Transform of the image

« Multiply the images Fourier Transform by a filter function (low-pass filter, high pass-filter, etc.)

« Compute the inverse Fourier Transform of the result (the result is mapped back to the spatial
domain)

Why filter in the frequency domain ?

« Can be much faster than the spatial domain filtering
(a convolution in the spatial domain is replaced by a multiplication in the frequency domain).
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Image filtering: FFT

Frequency domain filtering can be achieved in Avizo by means of F=T Filter module

FET Filter has two main functioning modes:

< Spatial: removal of periodic structures or stripes

* Frequency: removal of periodic/directional structures and
spots from the FFT magnitude (advanced-user mode)

Principal use-cases:

« Curtaining artefacts in FIB-SEM
(the module’s parameters are set by default for filtering
vertical stripes)

* Horizontal stripes in light-sheet microscopy images
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Image pre-processing: exercise 2

Slice Alignment
A

_ _ Xy slice yz slice
* Load fib/MoSi2-shear-corrected.am

 Use Volume Edit to create a mask
Use the different transformers to
rotate and position a box
Exclude the trench and upper
surface
Use “Cut Outside”

« Use Align Slices on masked image
Translation only
Automatic Least Squares Mode

Exercise solution:
https://youtu.be/HKh4rCr blg



https://youtu.be/HKh4rCr_bIg

- . ThermoFisher
Image pre-processing: exercise 3

Background Correction, Frequency Domain Filtering, Denoising
—

[ Spline Probe Samples - m} X
* Background correction Correct —
Try: |
Shading Correction Wizard
Background Detection Correction
* Reduce curtaining artefacts L
FFT Filter
 Denoise

Filter Sandbox: e.g. NLM, median, bilateral

Exercise solution: https://youtu.be/HKh4rCr blg



https://youtu.be/HKh4rCr_bIg

See al ThermoFisher
ee alSo

Ring Artefact Removal

B | > B s = « Adjusts the mean intensity of the pixels of concentric rings to the
s Sl mean intensity of the whole image
« The rotation axis is assumed to be aligned to the Z-axis of the data-
set’s local coordinate system
« The center of the rings needs to be adjusted manually if:
the center of the image # the center of rotation during CT acquisition
« Using the settings “Lower Threshold” and “Upper Threshold”, the
calculation of the mean values can be restricted to a certain intensity

interval. This might be necessary:
For objects with inhomogeneous density (large pores, multi-material, etc.)
For a geometry deviating from a cylinder
If a cylindrically shaped object was measured de-centered.
« The input data-type must be 16-bit unsigned.

Use “Convert Image Type” if necessary.




See al ThermoFisher
ee alSo

Ring Artefact Removal examples:

original best correction

no intensity range
adjustment

slightly wrong
detection axis
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Image pre-processing: deconvolution
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Image deconvolution

Iterative Maximum Likelihood Image restoration algorithm. Types of Deconvolution:
Non-blind (a measured or computed PSF — Point Spread Function — is used)
Blind (the PSF is estimated along with the data)

ThermoFisher

SCIENTIFIC

Theoretical PSF generation via Generate Point Spread Function module (Project View — Create Object)
PSF estimation via Extract Point Spread Function module (bead extraction).

£ chocolate-baram

[ Animate

[ Annotate
[ Compute
[ Convert

[ correlation
[ DTU-TopHat
[ Display

[ Fiber Tracing

[ Geometry Transforms

[ Image Processing
[ Image Segmentation
[ Local

[ Measure And Analyze
[ Roi

03
>
>
>
>
>
>
>
>
>
>
>
>
>
>

[ad

o~

v

[0 Distance Maps

[ Edge Detection

[ Enhancement Filters

[ Frequency Domain

[ Grayscale Transforms

[ Morphological Operations

[ Propagation

[O Separating And Filling

[ sharpening

(3 skeletonization

[ smoothing And Denoising
£* Filter Sandbox

¥ Image Stack Processing

¥ Image Volume Processing

MWW NSNS NS N NS TR W NN

£+ Convolution

£+ Deconvolution

¥ Extract Point Spread Function

£ FrT

Category: Image Processing > Frequent
¥ Radial Frequency Filter

£ Swap Quadrants




. - ThermoFisher
Image deconvolution: measuring the PSF

Imaging beads with desired acquisition settings (dataset available at ...data/deconv/beads.am)
Beads image visualization: Image Ortho Projections + Volren

PSF Estimation:

« Projection Cursor (for creating Landmarks)

- Extract Point Spread Function (Adjust centers + Estimate size)

Data before deconvolution Data after estimating the PSF and
applying standard deconvolution




. ThermoFisher
Image deconVO|ut|On SCIENTIFIC

Implemented mathematical PSF models

For theoretical PSF computation: Generate Point Spread Function module
* Choose type of microscopy: widefield or confocal
« Set microscope parameters: numerical aperture, wavelength, refractive index

Widefield Confocal




. - ThermoFisher
Image deconvolution: Blind method

Simultaneous data restoration and PSF estimation
« Can be initialized with a theoretical or measures PSF (that will only be used for the first iteration of the
algorithm)




ThermoFisher

Image deconvolution: Standard method

Standard deconvolution example (dataset available at: data/deconv/polytrichum.am & polytrichum-psf.am):
« Resample PSF (optional)
* Apply Deconvolution module in standard mode

Properties

« Data: polytrichum.am
PSF Kernel: polytrichum-psf.am
Border Width: x 7

Iterations: 4] [ ] 0

Initial Estimate: ® const input data previous result

Overrelaxation: none ® fixed optimized
Regularization: noneg intensity based
Method: standard blind

Batch Job: Setup...




ThermoFisher

Image segmentation: Segmentation Editor
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ThermoFisher
SCIENTIFIC

Segmentation Editor: workroom

Dedicated workroom for interactive segmentation

File Edit Project View Window XPand Python X " Segmentation Selection Help

@ Start - Project i Recipes | 22 Segmentation “+ Meshing *s; Filament & Animation

Segmentation Editor

Image and Label Field

Label field: chocolate-bar.labels
MATERIALS
Color Name Colorize Lock  Select
. Exterior (Not Assigned) G Select
B select

List of materials (labels) !

' DISPLAY CONTROL

147 pip294

Configuration of display %
e B T Th—

™ Crosshairs Slices Volume rendering

SELECTION
2l =B e O o€ » &
@ No selection

Selection manipulation

L I - AN

& All slices

Select all

Tools for generating
selections

17 1 234

Index: 23 88 267
Intensity: 1198

Ty 3ﬂw|.m%kﬁhﬁwh4mm

G R AR AR e

Pos: 0.00264 0.01044 0.03192

Material: Exterior




ThermoFisher
SCIENTIFIC

Segmentation Editor: workroom
Dedicated workroom for interactive segmentation

B Amira - Untitled

File Edit Project View Window XPand Python X W Segmentation Selection Help

£ EM Project |§ Segmentation “¥ Meshing £ Redipes #, Filament W Multiplanar & Animation

3 ox
w2

Image and Label Field

Label field: chocolate-bar.labels v

@ Start - Project

Segmentation Editor

MATERIALS
Color Name 30 20 Colorize Lock  Select
. Exterior (Not Assigned) E Select

List of materials (labels) | | i e

v B selea

L1

L R T e, iy

CO n fl g u ratl on Of d | S p I ay v DISPLAY CONTROL V 2D Crosshairs :: ':_ %
= o Edit ~ ek AT Nﬂ\h".ﬁ‘ﬁ.&*m‘h“m:m-ﬂ

w

117 £ 234

# Crosshairs Slices Volume rendering
SELECTION
xF o ® 06 OB i¢ y & &

Selection manipulation aEa

Ak 2 N @ wm Y 7 R

& All slices

Select all

Tools for generating
selections

TSRt e e Y T a T]

87 [ 174
Pos: Index:

Material: Intensity:




ThermoFisher

Segmentation Editor: 3D Viewer Position

The default 3D Viewer Position in Amira is “Bottom Right”. You can switch it to “Upper Left” from: Edit ->
Preferences ->Segmentation

mmra Preferences *

General Layout  Onexit  Molecules  LDA Rendering Performance  Metwork  Units  Range Partitioning Recipes  Auto Display

3D Draw Style
Points 1 @ Points 2 Solid
Selection Draw Style
® Transparent Contour Hatched Dotted Light Dots
Opacity: e 9% =

color: ||

Labels Draw Style

-

® Contour Hatched Dotted Light Dots
Viewer Layout

3D Viewer Position: ® Upper Left Bottom Right
Undo

Memory Limit (MB): 32

Cancel




ThermoFisher

Segmentation Editor: general principle

» Generate selection using the tools available in the selection generation toolbar
e.g. Brush, Lasso, Magic Wound (region growing), Threshold, Blow

* Modify selection using the tools available in the:
- Selection menu

File Edit Project View Window XPand Python XSoreen Segmentation [Selection| Help

. . & Start - = Project 1%, Recipes # Segmentation “+ Meshing Emlw
° Wlth keyS (Shlft/CtrI) B —— Shrink
Segmentation Editor Eill

Selection modification toolbar

Image: chocolate-bar.am Smooth

Invert
= Label field: chocolate-bar.labels Rename nakes
MATERIALS :

Make ellipse

F o ® 0O

® Volume Current slice & Show in 3D Active selection

Color Name 3 Colorize Lock

. Exterior (Not Assigned) a Wrap Ctri+w

. Inside [ e

Interpolate Ctrl+I

* Assign selection to material using the tools available in the selection assignment toolbar

Rules of thumb: SELECTION
* Only one label per voxel F o ®0 @ o<
° Always keep the “Exterior” materlal ® Volume Currentslice & Show in 3D Active selection




. . . ThermoFisher
Segmentation Editor: selection tools

. Brush: 2D painting m Threshold: 2D & 3D masking

Right click inside close contour: - Select all voxels in intensity range
flood fill in 2D
CTRL: erase

. E Lasso: 2D & 3D closed contours

Magic Wand:

Generate selections in 2D and 3D by defining - Region growing within intensity range

closed contours - CTRL: add new seeds

“Auto-trace” option: snap to gradient (in 2D) - Draw 2D barriers (“Draw limit line” option)
. u Pick & Move: 2D & 3D . Blow:

Pick and move (translate/rotate) selection - Blow a 2D balloon that stick to edges
Can be applied to all slices or current slice only



. . . ThermoFisher
Segmentation Editor: selection tools

Tips:

- “Same Material Only” option available for: Brush and Magic Wand tools

- “All Slices” mode available for: Threshold, Magic Wand and Pick & Move tools

El E2 I3

« “Masking” can be enabled: selection only within specified intensity range

N /P 7

All slices #  Draw limit line
Relative range
Same material only

Fill interior

: |
Contrast threshold:

Masking (410




ThermoFisher

Segmentation Editor: selection modification

Selection modification
SELECTIOMN

—

« Grow / Shrink (2D or 3D) <00

e Fill Holes (2D or 3D) ® Volume Current slice & Show in 3D Active selection
 Smooth (2D only)

* Invert Selection

File Edit Project View Window XPand Python XScreen Segmentation |Selection’ Help

. Start == Project 4¥; Recipes #=: Segmentation “¥* Meshin Grow
* Snake: propagate a 2D selection to the : J e > Shrink
. . . . 3 Segmentation Editor i

next/previous slice, following grayscale intensities 3 il :
Image: chocolate-bar.am Smooth

. ) Label field: chocolate-bar.labels Rename fnvert

 Interpolate: between selections from parallel slices — |_—_._ o
- Shape-based interpolation e | S :'IkFI:F -~

. Exterior (Mot Assigned)

=
. Inside E IEFELL

Wrap Ctrl+Ww

« Wrap: between selections from orthogonal slices
- Shape-based RBF interpolation



ThermoFisher

Segmentation Editor: materials assignment and
modification tools

SELECTION

> ®0O

® Volume Currentslice & Show in 3D

Materials assignment:
* Add selection to material (or replace / substract)
« Materials can be locked MATERIALS

Color Name 3 Colorize Lock  Select
. Exterior (Mot Assigned) a Select
. Inside B Selet

Materials Menu:

» Fill holes (slices only)
- For 3D rather use Selection > Fill Holes
Smooth Label;

File Edit Project View Window XPand Python XScreen [Segmentation| Selection Help

Orientation

. Start - = Project i Recipes 2= Segmentation
. 2D or 3D smoothing of the label map (shape only) | —— e | Material Statistics..
° Remove | SlandS: Segmentation Editor Bamlor Matsrials
- Select small connected components Image:  chocolate-bar.am Fill holes
- Relabel them according to the dominant Label field: chocolate-barlabels Remove siands...

Smoaoth labels ...

neighboring label MATERIALS



. . . ThermoFisher
Segmentation Editor: exercise 1

Bubble segmentation
—

Use “Thresholding” and “Fill Selection” to segment chocolate bar and bubbles:




. . . ThermoFisher
Segmentation Editor: exercise 2

Caramel and biscuit segmentation
—

Use “Brush” or “Blow” tool and “Interpolation” to segment the chocolate mousse.
Use “Lasso” tool and “Interpolation” to segment the caramel.

Tips:

- Segment the denoised image rather than
the noisy one

« "Blow” tool and “Lasso” (Auto trace) are
sensitive to the visualization range.
Adjust the contrast accordingly.




I " . . ThermoFisher
Segmentation Editor: solution to exercises

Tutorial: https://youtu.be/IQsKXRrIN|s

File Edit Project View Window XPand Python XScreen Segmentation Selection Help
@ start -Z Project 4% Recdpes | 2% Segmentation “ Meshing "o Filament &5 Animation

Segmentation Editor @ 'b 'b 'b & [ ca. g v @ H
Image: chocolate-bar filtered

X
Labelfield: chocolate-barlabels Rename

Name Colorize Lock  Select

Exterior (Not Assigned)
Chocolate_Bar
Bubbles

Mousse

Caramel

Select
Select
Select
Select
Select

Locate

> DISPLAY CONTROL 2D Crosshairs

SELECTION
x>0
® volume Current slice 8 Show in 3D

-

o< e

Hidden selection

[ ]
CEECRE R B

® Auto hide cursor Select only current material

Square brush

e e et R nable

Preview 8 2D 3D

83 /174
Pos: Index:

=
Material: Intensity:
Ready

17 [ 234

MEMORY USAGE

3%



https://youtu.be/lQsKXRr9Njs

ThermoFisher

Segmentation Editor: solution to exercises

Tutorial: https://youtu.be/IQsKXRrIN|s
For setting the Viewer position as in the illustration, go to Edit-> Preferences->Segmentation->
ViewerLayout-3D Viewer Position: Upper Left

File Edit Project View Window XI

% Sv@ WM om o= \E|

X

7

7 ]

> DISPLAY CONTROL 49 294
SELECTION
F SO0 [N T g =

® Volume Currentslice ® Show in 3D Hid

| A T AN R

5

Z

L &

gy

SRR

Preview & 2D 3D . o — - \\\\\\\

Pos: Index: * =/ \\\\\\\“

Material: Intensity:

Ready


https://youtu.be/lQsKXRr9Njs

ThermoFisher

Visualization of segmentation maps
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Thermo Fisher

Visualization of segmentation maps: main modules
« Voxelized Rendering: displays the
boundaries of voxels in a 3D volume,
« Create Label Colormap: Generates a label
colormap with the colors defined in the = m chocolate-baram @4——— E00rtho Slice

Segmentation Editor ——+# mColor Wash @

= m chocolate-bar-labels.am .' S~

o Colorwash: details on next slide. = m chocolate-bar-labels.colors @«

. . Segmentation

« Volren: displays 3d scalar fields volumes. ’
Connect a greyscale volume to ‘Data’
port, optionally a labeled image to port

‘Labels’
Tune Transfer functions and materials.




. . . . ThermoFisher
Visualization of segmentation maps: Color Wash

» Configure an Orthoslice to visualize the
greyscale image
« Attach the Colorwash to Orthoslice
« Connect a label image to the port ‘Data’ of
Colorwash
Adjust label transparency.

= m Ortho Slice .I

O Color Wash
m  chocolate-bar-labels-4-phases.am @ _

Data

Module (-=0rtho Shice)

Colormap (->physics.icol)

« Colorwash can also be connected to a grayscale image, various fusion rules are available



ThermoFisher

Visualization of segmentation maps: side by side viewers il

« Attach Ortho Slices on 2 datasets
_ o _ _ Two Viewers (vertical)
« Set 2 viewers and visibility of Ortho Slices on each viewer I Viewer 0 is on the left
Tip: pin “Data” port of one Ortho Slice to have it visible on I Viewer 1is on the right.
both Ortho Slices

) Data: chocolate-bar.am

.o :

¥ Data: chocolate-bar-labels-4-phases.am

« Link cameras: right click in a viewer, link camera to...
left click on 2nd viewer

Tip: For independent viewers, s
make sure to switch off “Link T

. . . g 9 i o v Headlight
object visibility T . e

T
B Show trackball
S v Show compass
3 Link camera to...

Unlink camera
Show objects in extra viewer...

Object visibility in viewer 0

Link objects visibility (V)

Identify

Changing the visibility of an
object in one viewer, changes it
in all viewers.

Identify all viewers




ThermoFisher

Visualization of segmentation maps: linking ports

Linking ports — e.g. “Slice Number” port:
« Activate “Connection Editor” for “Ortho Slice 2"
« Click on the connection icon next to the port and drag over the “Ortho Slice” in the Project View

Properties —_—
=i chocolate-bar.am @ m 11 Ortho Slice .I
b3, ;

chocolate-bar-labels-4-phases.am ~ =9

=11 chocolate-bar-labels-4-phases.am @ ; OmMOrtho Slice 2

“ Connection Editor

Orientation: 8y @ y =11 chocolate-bar-labels-4-phases.colors .*
Slice Number: 4 @

Mapping Type: Colormap ~

« Slice number ports are now linked, changing one will change the other simultaneously.

Before linking pots After linking pots
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Image segmentation: general principles
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ThermoFisher

Image Segmentation Principles

Thresholding: Binarization of graysale image into Label Image

el 2
BECE
BODE
EERER
EEBDE

8-bit image (28) intensity values from 0 to 255
16-bit image (216) intensity values from 0 to 65,535 ‘ Binary Image (2 possible) values O or 1
32-bit image (232) intensity values from 0 to 2,147,483,647




ThermoFisher

Image Segmentation Principles

Thresholding: Binarization of graysale image into Label Image

o

Grayscale (intensity) Image

Binary (Label) Image

8-bit image (28) intensity values from 0 to 255
16-bit image (216) intensity values from 0 to 65,535
32-bit image (232) intensity values from 0 to 2,147,483,647

Binary Image (2 possible) values O or 1

Intensity

180



ThermoFisher

Image Segmentation Principles

Binarization and Separation Methods

* Thresholding
Global Thresholding, Local Thresholding, Multi-
Thresholding, Auto-Thresholding

- Watershed segmentation

Automatic edge detection
Marker-based watershed with interactive / automatic markers

« Mathematical morphology
Grayscale/binary morphology, variety of structuring elements
Structure enhancement filter
Membrane enhancement filter

» Correlation-based Segmentation

Segmentation of regions that are co-localized in
different channels of a multi-channel image

Data courtesy: Cell data: Mason Dean & Ronald Seidel (MPI Postdam-Golm), David Knoetel (Zuse Institute Berlin)

Brai : Leslie Vos: hI!Lb 1y1HHMIThR kfIIU rsity.
Me mb dt of Biophysical Fluoi tory Center For B m aging Sciences Departments of Biological Sciences & Chemistry National University Of Singapore

181



. . . . ThermoFisher
Segmentation in image processing workflows

Step 1. Optimise image acquisition:
* Lower noise

e Improve contrast

* Remove artefacts

Step 2. Image pre-processing:
* Noise reduction filters

« Background correction

» Deconvolution

Step 3. Segmentation:

« Thresholding

« Mathematical morphology
« Watershed

Step 4. Post-processing:
» Separate objects
» Clean segmentation maps



ThermoFisher

Image segmentation: concepts

Thresholding:
« Binarization: separating the dataset pixels/voxels into object and background.

Input data Binarization result

« Multi-thresholding: separating the dataset pixels/voxels into several groups.

Filtered input data Multi-thresholding result




- - ThermoFisher
Image segmentation: thresholding methods

Main modules for performing thresholding:
* Interactive modules:
* Interactive Thresholding
« Used for binarization, allows setting the threshold value interactively
* Multi-Thresholding
« Up to five different regions separated by four different thresholds can be extracted
« All thresholds are set interactively

« Automatic modules:
» Auto Thresholding

* Binary or 3-phase segmentation ot image —

L4 The threShOId Or (thf@ShOldS for 3'phase mOde) Type: - AIJt_I?TP‘lrESI‘fnldHig‘h
are computed automatically - e

* 4 methods available for threshold computation Crterion: o

entropy

factorisation

 Local thresholding modules:
* Local Thresholding
« Adaptive Thresholding




- - ThermoFisher
Image segmentation: thresholding methods example

Multi-thresholding:

« Use Multi-Thresholding module:
« For setting segmentation regions: write a name for each segmentation region
» For setting threshold values: study the histogram — place thresholds between histogram
lobes
* The intensity range between two threshold values defines a region
* Push Histo button to generate the histogram

Properties

5 &

VETER chocolate-bar filtered ~ =

Regions: Exterior Rangel Range? Range3

Exterior-Range1: 492

Range1-Range2: > 930

Range2-Range3: B 1235

Options: subvoxel accuracy remove couch remove bubbles

Histo: Histo




: - ThermoFisher
Image segmentation: thresholding methods example
Multi-thresholding:

Histogram Multi-thresholding result

File Edit Axis Help

ETEH



- - ThermoFisher
Image segmentation: thresholding advanced

Hysteresis thresholding
* | Starts from regions selected with high threshold
| Propagates into voxels with intermediate intensities - up to a given length

\ N AN

N/ — 7

. ength

Tip: Use probes, or an interactive thresholding module to help set both threshold values



- - ThermoFisher
Image segmentation: thresholding methods example

Local thresholding:
Properties
« Use Local Thresholding module:
» For foreground object detection
» For datasets presenting small
background variations
« Three methods are available

Data: FoamPoro.am

Method: Oberlaender

Export: Niblack | variance Normalized

ObjectSize: PSRN 7 37

Mardia Hainsworth
Lambda: - 175

Example on FoamPoro.am dataset:

Input slice Auto-thresholding result Local-thresholding result

|




ThermoFisher

Image segmentation: thresholding methods example

Adaptive-thresholding: Properties

« Use Adaptive-Thresholding module:
« For thresholding problems that
require to adapt the threshold
locally e.g. in the case of
intensity variation along the data

Input Image: foam.am L
Interpretation: 30 ® XYplanes
Window Size X [px]:

Window Size Y [px]:

Threshold:

Comparison Criterion: greater-or-equal

Example:

Threshold Mode: Multiplicative mode -

Input slice Global-thresholding result Local-thresholding result
. . | VIR




. . . : . ThermoFisher
Image segmentation: thresholding methods limitations
Thresholding limitations (e.g. on Multi-thresholding):

« Segmentation artefacts at the boundary between regions (alternative: watershed)

e




ThermoFisher

Image segmentation: advanced concepts
Part 1. mathematical morphology
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. . . . . ThermoFisher
Image segmentation: erosion and dilation - binary

Mathematical morphology (mm):
« Structuring element — neighborhood of voxels, defined by:
- Size
« Shape (cube, line, disk, ball)
« Connectivity type — reminder for a cube neighborhood of size 1.:

6 (common faces) 18 (common edges) 26 (common vertices)

« Basic mm operations:
« Erosion — shrinks the object
« If any voxel in the neighborhood is 0, the voxel is set to 0 in the eroded image, else to 1
« Dilation — grows the object
 If any voxel in the neighborhood is 1, the voxel is set to 0 in the dilated image, else to 1



ThermoFisher

Image segmentation: erosion and dilation — binary

Binary Erosion and Dilation exemple:

Input dataset Binarized input

PR BTG

PR A BRI :,vaas-;:»m,mm.ar:':i-

Erosion result Dilation result




. . . . ThermoFisher
Image segmentation: erosion and dilation — grayscale

Erosion and Dilation on grayscale data:

» Erosion
* Replace voxel value by the minimum intensity value in neighborhood
« Shrinks bright objects

 Dilation
* Replace voxel value by the maximum intensity value in neighborhood
« EXxpands bright objects

&
:

Tiiarae wmmwmmmqmmg;

Erosion result Dilation result

input image dilated image




. . . . ThermoFisher
Image segmentation: erosion and dilation — grayscale

Erosion and Dilation on grayscale data:

» Erosion
* Replace voxel value by the minimum intensity value in neighborhood
« Shrinks bright objects

e Dilation

* Replace voxel value by the maximum intensity value in neighborhood
« EXxpands bright objects

v

&
input image

input image dilated image

Erosion result

Dilation result




. . : . ThermoFisher
Image segmentation: opening and closing - binary

Mathematical morphology operations derived from Erosion and Dilation:

* Opening:
« Erosion + Dilation
(using the same structuring element - SE)
« All detection objects smaller than the size of the structuring element are removed

» Closing:
« Dilation + Erosion
(using the same SE)
« All void regions (label=0) smaller than the size of the structuring element are filled



. ! . ThermoFisher
Image segmentation: closing example - binary

Input dataset Thresholding result

Closing result Closing result
SE of size 1 SE of size 3

Note: the SE size is
too small for filling all
porosities.

Closing: fills small holes (e.g. porosities) and connects detection objects that are close to each other.



ThermoFisher

Image segmentation: opening example - binary

Input dataset Thresholding result Opening result

Opening: removes small structures (clean segmentation results — remove artefacts of small size).



ThermoFisher

Image segmentation: opening example- binary

Input dataset Thresholding result Opening result

Opening: removes links (connections) of small size (e.g. separate detection object).



ThermoFisher

Image segmentation: opening and closing — grayscale

Opening and Closing on grayscale data:

* Opening
* Removes small bright structures.

* Closing
« Removes small dark structures.

L) =1

input image opened image Opening result Closing result

input image closing




. . . ThermoFisher
Image segmentation: opening and closing — grayscale
Opening and Closing on grayscale data:

* Opening
* Removes small bright structures.

» Closing Opening result
« Removes small dark structures.

< =

input image opened image

Closing result

input image closing




ThermoFisher

Image segmentation: when thresholding does not work

Q: How can we segment the small spots only ?
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Image segmentation: Top-Hat Transform

R: Apply Top-Hat transform and then thresholding




- ThermoFisher
Image segmentation: Top-Hat Transform

Top-Hat (TH) Transform:
» Derived from Opening and Closing
« Highlights small size structures
« Two types of TH transform:
* White TH:
« Highlights bright structures
« Mathematical expression: Input Data - Opening result
« Black TH:
« Highlights dark structures

« Mathematical expression: Closing result - input data

» Good practice: apply before thresholding in order to corrects non-uniform lighting



ThermoFisher

Image segmentation: Top-Hat Transform example

Q: How does one get from Ato B




ThermoFisher

Image segmentation: Top-Hat Transform example

Thresholding on Thresholding result
Closed Input TH transform TH transform

Getting from A to B:

* Apply Closing to the Input

« Subtract Input from Closing Result — TH transform image
* Apply thresholding on the TH transform image

* Overlay result on Input (Colorwash)



. . . ThermoFisher
Image segmentation: Top-Hat in Avizo

Ways of applying (TH) Transform in Avizo:

« Dedicated module
* Interactive Top-Hat —

« Use the modules that correspond to the
operations composing the TH transform
* Opening, Closing, Arithmetic/Subtract Image
« Advantage — more flexibility in the

choice of the: '
« Structuring element
* Thresholding method _
Input Image 1: chocolate-bar.closing
Input Image 2: chocolate-bar.am
e Segmentation Editor: _
o T0p'hat Se|eCt|On tOOI - . VD|IJn'IE-- Current 5-|i.EE- o Showin 3D ’ Active 5-E-|EI'IiI‘Jr|
* TH transform image computation LA R G S C R ~ 7 @

« Thresholding on the TH transform image Rl Top-hat ()

Select all



Image segmentation: Top-Hat in Amira

Ways of applying (TH) Transform in Amira:

Dedicated module
Interactive Top-Hat —

Use the modules that correspond to the
decomposed TH transform

Opening, Closing, Arithmetic/Subtract
Advantage — more flexibility in the

choice of the: '
« Structuring element
* Thresholding method
Segmentation Editor:
Top-hat selection tool

TH transform image computation
Thresholding on the TH transform image

® Volume
L
o All slices

Select all

Input Image 1:

Input Image 2:

Current slice & Show in 3D

& 7 n @

chocolate-bar.closing  ~

chocolate-bar.am

Top-hat (7)

Z @

ThermoFisher
SCIENTIFIC

Active selection
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Image segmentation: Top-Hat exercise

Bubble detection in chocolate bar
A

Apply the necessary module(s) and ports parametrization to create a similar view:




Image segmentation: Top-Hat exercise

Solution
A

e.g. Interactive Top-Hat module — 2 steps:
* (1/2): Computation of the Black TH transform
* (2/2): Thresholding of the TH transform image

Properties

Data: chocolate-baram @y =

Top Hat Type: White Top hat ® Black Top hat Preview:

Neighborhood: 20 ® 30 Connectivity 26

BACKGROUND:

Kernel Size [px]: Input:

BACKGROUND: Colormap:

Colormap: Slice Number:

Slice Number: Orientation:

Orientation:
auto-refresh
auto-refresh Mext (1/2)

3

Intensity Range:

ThermoFisher

SCIENTIFIC

TH transform
iImage histogram

l:. :_.
- .I

[ ] Type: ® 20 3D

® Original image Top Hat image Mone

HEu |

o B

Apply (2/2)
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Image segmentation: advanced concepts
Part 2: watershed segmentation
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Introduction to Watershed N PO

\Watershed is the area of land that
drains into catchment basins

Catchments Basin
Catchments Basin

Watershed Watershed Watershed

Rainwater

Water table

Groundwater
flow
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WaterShed TranSformat|On SCIENTIFIC

Any grayscale image can be considered as a topographic surface.

Topographic surface




- ThermoFisher
Watershed Transformation

If we flood this surface from its minima and, if we prevent the merging of the waters coming from different
sources, we partition the image into two different sets: the catchment basins and the watershed lines.




: ThermoFisher
Image gradlent SCIENTIFIC

If we apply this transformation to the image gradient, the catchment basins should theoretically correspond to
the homogeneous grey level regions of this image.
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Image gradlent SCIENTIFIC

A 2D Image can be viewed as a Height Map. The gradient of an image, computed in each point as the first
order spatial derivatives along the x and y directions (dx and dy) gives an estimation of the slope of the
equivalent landscape that the image might represent.

Grayscale Image Gradient = First Order Derivatives




: ThermoFisher
Image gradlent SCIENTIFIC

The gradient magnitude — computed as the squared root of the sum of the squared spatial derivatives allows
an estimation of the slope steepness.




ThermoFisher

Image gradlent SCIENTIFIC

Gradient Magnitude = local steepness ~= contours
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WaterShed for |mage Segmenta‘“On SCIENTIFIC

» Transform grayscale image into gradient image (topographic surface)

» Typically: use the gradient magnitude as landscape image

« Simulate flooding of water (markers) in the landscape image

« Start from low level landscape (local minima)

* Fill the watershed into the basins with respective markers until reach the watershed line (local maxima)

W atershed
D
E E
C E.‘
A B :’1'1 B

@ Markers
B,C: Local minima in the landscape image
D,E: Ridges (local maxima) in the landscape image



: - ThermoFisher
WaterShed for |mage Segmentathn SCIENTIFIC

» Transform grayscale image into gradient image (topographic surface)

» Typically: use the gradient magnitude as landscape image




: - ThermoFisher
WaterShed for |mage Segmenta‘“On SCIENTIFIC

« Simulate flooding of water (markers: Green, Blue, ) in the landscape image

« Start from low level landscape (local minima)
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WaterShed for |mage Segmenta‘“()n SCIENTIFIC

* Fill the watershed into the basins with respective markers (Green, Blue, ) until reach the watershed

line (local maxima) where two marker sources meet




Marker-based Watershed: Segmentation Editor

Start with user-defined markers (e.g., brush tool)

Compute the watersheds (basins) separating the markers (seeds)

Create a landscape image (Gradient Image) once

Grow the markers in each Watershed basin




Marker-based Watershed: Segmentation Workroom

File Edit Project View Window XPand Python XScreen Segmentation Selection Help

@ Sstart = E Project %Segmentatinn e Meshing C}i Recipes ‘ﬁ: Filament 'l__- Multiplanar &3 Animation

OX i » § & Q o D % E B ¢ i O &

Segmentation Editor
Image: chocolate-bar.am v ?

g & ? @ 21Q
Labelfield: chocolate-bar.labels - Rename Delete
MATERIALS

Color Name 2D Colorize Lock Select

| Exterior (Not Assigned) a Select
B 1Inside v a Select

Delete Locate

> DISPLAY CONTROL 2D Crosshairs
SELECTION

” o @ e O © KB E 147 /294

® Volume Currentslice ™ Showin 3D @ noselection

A 2 N @ o M N 7 @

»

™ All slices

Selectall

Pos: 1920 8880 17640 Index: 17 75 148 87 /174

Material: Exterior Intensity: 1027

R SRR R A

ThermoFisher
SCIENTIFIC

117 {233

MEMORY USAGE
30%
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Segmentation Editor: 3D Viewer position

The default 3D Viewer position in Avizo is “Upper Left”. You can switch it to “Bottom Right” from: Edit ->
Preferences ->Segmentation

B Avizo Preferences *

General Layout  Onexit  Molecules  LDA Rendering Performance  Metwork  Units  Range Partitioning Recipes  Auto Display

3D Draw Style
Points 1 @ Points2 Solid
Selection Draw Style
® Transparent Contour Hatched Dotted Light Dots
Opacity: 0 % o

color: ||

Labels Draw Style

-

Contour '@ Hatched Dotted Light Dots
Viewer Layout
3D Viewer Position: Upper Left ® Bottom Right
Undo

Memary Limit (MB): 32

Cancel




Image segmentation: Marker-based Watershed

File Edit Project View _Window ¥Pand Python

P = - . .
i start = Project |¥ Segmentation " Meshing

Segmentation Editor
Image: chocolate-bar.am

Labelfield:  chocolate-bar.labels
MATERIALS

Color Name

. Exterior (Not Assigned)
Material_1
Material_2

. Material_3

v DISPLAY CONTROL

2D -4

3D 478
¥ Crosshairs Slices Volume rendering

SELECTION

F S ®0

® Volume Current slice ™ showin 3D
L A A

& Al slices

Select all

Segmentation  Selection Help

1 X - . —_—
L3 Recipes  “®, Filament [y Multiplanar &5 Animation

OX :» § 4 & @

o ? Xy

Colorize  Lock Select

Select
Select
Select
Select

Locate

2D Crosshairs

O O£ [2

@ Mo selection

72}

3 % ® B «

147 1294

87 1174

ThermoFisher
SCIENTIFIC

117 /234
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Image segmentation: Marker-based Watershed

File Edit Project View Window XPand Python XScreen Segmentation Selection Help
@ Start - = Project |§Segmentﬂtion | “¥ Meshing £ Recipes “+; Filament T Multiplanar 5 Animation

Segmentation Editor O X 'S |\“ | & Q w % & vopm v @ H n

I 5 hocolate-bar. ?
mage chocolate-bar.am & 7 o -

Label field: chocolate-bar.labels

Name D Colorize Lock
Exterior (Not Assigned) G
Material_1 v E
Material_2 v a

B

Material_3 v

Delete Locate
v DISPLAY CONTROL 2D Crosshairg

D 0 Edit

e
e

™ Crosshairs Slices Volume rendering 17 B
SELECTION
xS ® 0O
® Volume Current slice & Show in 30 Active selection

N S ® N ® o m
[ ]
+ ¢+ 0@

M Auto hide cursor Select only currefMagaterial

Square brush

Masking 478 » 1910 Edit ~ Enable
Preview 8 2D

Pos: 3480 840 17640 Index: 30 8 148 87 B

Material: Exterior Intensity: 38
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Image segmentation: Marker-based Watershed

File Edit Project View Window XPand Python XScreen Segmentation Selection Help

@ Start - = Project |§ Segmentation | “¥ Meshing £ Recipes *#; Filament = Multiplanar 5 Animation

Segmentation Editor O x Y |‘~‘ | & Q L B e o« W % & vopm v om@ [
. ', e

Image: chocolate-bar.am o 7 7 -

Label field: chocolate-bar.labels Delete

Name 3D D Colorize Lock  Select
Exterior (Not Assigned) G geiect
Material_1 v @A Select
Material_2 v B Select
Material_3 U G Select

Delete Locate

v DISPLAY CONTROL 2D Crosshairs

|
2D 0 ‘M 1302 Edit -~
T

™ Crosshairs Slices Volume rendering 147 1294 117 1234
SELECTION

F 2|96

® Volume Current slice & Show in 30 Active selection
L A A
[ ]
« o 0o @0
o Auto hide cursor Select only current material

Square brush

Masking 478 » 1910 Edit ~ Enable
Preview 8 2D

Pos: 3480 840 17640 Index: 30 8 148 87 f174

Material: Exterior Intensity: 38
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Image segmentation: Marker-based Watershed

File Edit Project View Window XPand Python XScreen Segmentation Selection Help

@ Start - = Project |§ Segmentation | “ Meshing 2F Recipes “», Filament @ Multiplanar E5 Animation

Segmentation Editor O X » |‘ | 3 I 4 W % &L vopm v @ " on

XY

i
Label field: chocolate-bar.labels Rename Delete

Image: chocolate-bar.am a7

Name oMeTize Lock  Select

Exterior (Mot Assigned)
Material_1
Material_2
Material _3

Select
Select
Select
Select

Locate

v DISPLAY CONTROL 2D Crosshairs

2D 0 Edit ~
d

¥ Crosshairs Slices Volume rendering 147 1294 17 /234
SELECTION

F o @® 0 O o< >

® Volume Currentslice B Showin 3D
L AR Y A )
[ ]
c e o o O

M Auto hide cursor Select only current material

@ No selection

Square brush

Preview & 2D

Pos: 11160 1320 17640 Index: 94 12 148 &7 B
Material: Exterior Intensity: 0
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Image segmentation: Marker-based Watershed

File Edit Project View Window XPand Python XScreen Segmentation Selection Help

@ start - = Project ‘§ Segmentation ‘ “¥ Meshing £ Recipes “®, Filament @ Multiplanar 5 Animation

Segmentation Editor

OX i n § @
o2

Rename Delete

Image: chocolate-bar.am

XY
Label field: chocolate-bar.labels

Name 3D D Colorize Lock Select

Exterior (Mot Assigned)
Material_1
Material_2
Material_3

Select
v Select
v Select
v Select

Locate

v DISPLAY CONTROL 2D Crosshairs

2D 0

Edit ~
'l

¥ Crosshairs Slices Volume rendering 17 /234
SELECTION R :
. =T e : g .'_"J;-l:'- ¥ o
2 E BB O D &> & ] ks

® Volume Currentslice & Showin 3D i o it e i) H

Active selection
M Sg® N @
@
DR R I

® Auto hide cursor Select only curfagt material

square brush

Masking 478 Edit ~ Enable

Preview & 2D

Pos: 8160 19320 17640 Index: 69 162 148

87 1174
Material: Exterior Intensity: 0
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Image segmentation: Marker-based Watershed

File Edit Project View Window XPand Python XScreen Segmentation Selection Help

£ Animation

@ Start - = Project |§ Segmentation | “+* Meshing 2F Recipes “», Filament @ Multiplanar

Segmentation Editor 0O X » 3
Image: chocolate-bar.am o ? -

Label field: chocolate-bar.labels Rename Delete

Name Colorize Lock  Select

Exterior (Not Assigned)
Material_1
Material_2
Material_3

Select
Select
Select
Select

Locate

v DISPLAY CONTROL 2D Crosshairs

2D Edit

¥ Crosshaiy Slices Volume rendering 147 1294 117 1234
SELECTION

F 0O oo < >

® Volume Currentslice ® Showin 3D
» /72 N @
o
. . . @ .

& Auto hide cursor Select only current material

Active selection

Square brush

Masking 478 Edit Enable

Preview &/ 20
Pos: 8160 19320 17640 Index: 69 162 148

87 1174
Material: Exterior Intensity: 0
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Image segmentation: Marker-based Watershed

File Edit Project View Window XPand Python XScreen Segmentation Selection Help

i Start == Project |§ Segmentation | “¥ Meshing 4, Redpes “o{ Filament @ Multiplanar &5 Animation

Segmentation Editor Ox r 3 4+ Q O
Image: chocolate-bar.am & ? o

Labelfield: chocolate-bar.labels Rename Delete

Name D Colorize Lock  Select

Exterior (Not Assigned)

Material_1 v
Material_2

Material_3

Select
Select

Select

Locate

v DISPLAY CONTROL 2D Crosshairs

D 0

Edit
d

R
¥ Crosshairs Slices Volume rendering 117 1234
SELECTION

147 294

&y o ® 0O O o< >
® Volume Currentslice & Show in 3D

I N T N )
[ ]
.-Q..

W Auto hide cursor Select only current material

@ No selection

Square brush

Masking 478 9 1910 Edit Enable

Preview & 2D

Pos: 8160 19320 17640 Index: 69 162 148 87 [£974
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Image segmentation: Marker-based Watershed

File Edit Project View Window XPand Python XScreen Segmentation Selection Help

@ Start - Project |§ Segmentation | “v Meshing % Recipes  **; Filament T Multiplanar &  Animation
Segmentation Editor O X h % ¢+ Q O
o ?

Rename Delete

Image: chocolate-bar.am

X
Label field: chocolate-bar.labels

Colorize Lock  Select
Exterior (Not Assigned)

Material_1
Material_2
Material_3

Select
Select
Select
Select

Locate

v DISPLAY CONTROL 2D Crosshairs

D 0

Edit
[l

B
™ Crosshairs Slices Volume rendering 147 £294
SELECTION

17 /234

o = G B

® Volume Currentslice M Showin 3D
L AR Y N C )
e

Active selectifi

~

+ ¢+ 0 @
& Auto hide cursor Select only curfegt material

Square brush

Masking 478 Edit Enable

Preview W 20
Pos: Index:

&7 f174
Material:

Intensity:
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Image segmentation: Marker-based Watershed

File Edit Project View Window XPand Python XScreen Segmentation Selection Help

@ Start - Project |§ Segmentation | “+ Meshing %% Recipes

*»; Filament T Multiplanar &  Animation
Segmentation Editor O X [ R
o ?

Rename Delete

Image: chocolate-bar.am

X
Label field: chocolate-bar.labels

2D Colorize Lock  Select
Exterior (Not Assigned)

Material_1
Material_2
Material_3

Select
W Select
v Select
v Select

Locate

v DISPLAY CONTROL 2D Crosshairs

_
»o NN
d
I
[ 4

™ Crosshairs, Slices Volume rendering 147 £294
SELECTION

o = G B

® Volume Currentslice M Showin 3D
L AR Y AN C )
e
o o 0

& Auto hide cursor Select only current material

17 /234

Active selection

Square brush

Masking 478 Edit Enable

Preview W 20

Pos: Index: &7 B
Material: Intensity:
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Image segmentation: Marker-based Watershed

File Edit Project View Window XPand Python XScreen Segmentation Selection Help

@ Start - = Project |§ Segmentation | “¥ Meshing 2 Redpes “#, Filament = Multiplanar 3 Animation

Segmentation Editor

OX in 8 %
o2

Rename Delete

Image: chocolate-bar.am

XY
Label field: chocolate-bar.labels

Name D Colorize Lock  Select

Exterior (Mot Assigned)
Material_1
Material_2
Material_3

Select
v Select
v Select
v Select

Delete

v DISPLAY CONTROL 2D Crosshairs

2D 0

Edit
d

™ Crosshairs Slices Volume rendering 147 EE N7 EE
FELECTION

Tl A T A .-'-J;f I..'F'.:

7o @0 Do = ; -. ! yad .t
1 ey

® Volume Current slice & Show in 3D b

L A I A

(]

+ o 0o @O

® Auto hide cursor Select only current material

@ No selection

Square brush

Masking 478 » 1910 Edit Enable

Preview W 20
Pos: 87 1174
Material: ntensity:




ThermoFisher

Image segmentation: Marker-based Watershed

Segmentation Editor

Image: chocolate-bar.am

Label field: chocolate-barlabels Rename

Colorize Lock Select Marker
Exterior (Mot Assigned) Select
Material_1 Select
Material_2 Select
Material_3 Select

147 /294

3 & 7 N @® « p W Z @ !
Project

workroom

Landscape image: chocolate-baram ~  Create a new gradient image
Markers: Selected materials Select all Deselect all

Output catchment basins: separated ® side-by-side

Apply and create a new label field
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Image segmentation: Marker-based Watershed

File Edit Project View Window XPand Python XScreen Segmentation Selection Help
i Start - = Project |§Segmentat|on | “& Meshing ¥, Recipes “«, Filament W Multiplanar & Animation

Segmentation Editor O X

YK ® % ® B w S Lrvpmve E W

Image: chocolate-bar.am o ?

Xy YL

Label field: chocolate-bar2.labels Rename Delete

Name ColorizelaaleseSWEtl Marker
Exterior (Not Assigned) Select W
Material_1 Select &
Material_2 Select &

v

Material_3 Select

Delete Locate
v DISPLAY CONTROL 2D Crosshairs

D 0 Edit
(|

¥ Crosshairs Slices Volume rendering 147 1294
SELECTION

17 /234

7 >0 0 il SlE M
® volume Current slice & Show in 3D @ No selection
L A~ AN © R B W Z @

Landscape image: chocolate-bar.am ~  Create anew gradient image

Markers: Selected materials ~ Select all Deselect all

Output catchment basins: separated @ side-by-side

Apply and create a new label field

Pos: Index: 87 1174

Material: Intensity:
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Image segmentation: Marker-based Watershed

Ortho Slice Voxelized Rendering

|= chocolate-bar.am 0',: 4 @mOrtho Slice @
| m m chocolate-bar.labels OI ______--{ m Color Wash ol

| = ® chocolate-bar2.labels — % = Volume Rendering Settings 2

| mm Voxelized Rendering

I




Image segmentation: Watershed Segmentation Wizard

 Define markers for phases via thresholding
« Mask out regions with high gradient magnitude
« Expand markers with watershed
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Image segmentation: Watershed Segmentation wizard

| = m chocolate-har.am .: O Watershed Segmentation

| = ® MainOrthoSlice .':
| B Colorwash .'I

Froperties

5 o - CEEETTNS

Data: chocolate-bar.am =
Restart -objects/WatershedSegmentation2.scro
Slice Number: « [ ] 147

Slice Orientation: ® xy Xz ¥z

Info: Step 1 of 3: Give Mumber of Phases
Action: Back Skip Apply

Number of Phases:
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SCIENTIFIC

Image segmentation: Watershed Segmentation wizard

Properties

56-

Data: chocolate-bar.am -
Gradient: MO SOURCE v

Restart -objects/WatershedSegmentation2.scro Browse
Slice Number: 4 [ ] 147

Slice Orientation: ® xy X7 ¥z

Info: Step 2 of 7: Compute Gradient Magnitude

S R

Action: Back Skip Apply
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SCIENTIFIC

Image segmentation: Watershed Segmentation wizard

Properties

50
Data: chocolate-bar.am =)
Restart -objects/WatershedSegmentation2.scro
Slice Number: 9 P 147
Slice Orientation: X) Xz yZ
Info: Step 3 of 7: Threshold Gradient Magnitude

Action: Back Skip Apply

T N A

Auto:
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SCIENTIFIC

Image segmentation: Watershed Segmentation wizard

Froperties

56

Data: chocolate-bar.am -p
Phase 0: NO SOURCE v o=y

Restart -objects/WatershedSegmentation2.scro Browse

Slice Number: [ ] F 147

Slice Orientation: X) Xz ¥z

Info: Step 4 of 7: Threshold Phase 0 or give phase directly

Action: Skip Apply

Min-Max Phase 0: 0 410




ThermoFisher

SCIENTIFIC

Image segmentation: Watershed Segmentation wizard

Properties

55

X Data: chocolate-bar.am =
¥ Phase 1: NO SOURCE v | -
Restart -objects/WatershedSegmentation2.scro
Slice Number: | & 147

Slice Orientation: . xy Xz ¥z

Info: Step 5 of 7: Threshold Phase 1 or give phase directly

Action: Back Skip Apply

Min-Max Phase 1: 1910
(| h
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SCIENTIFIC

Image segmentation: Watershed Segmentation wizard

Properties

5.

Data: chocolate-bar.am =
Phase 2: NO SOURCE v | =)

Restart -objects/WatershedSegmentation2.scro Browse
Slice Number: 4 [ ] 147

Slice Orientation: & xy XZ ¥z

Info: Step 6 of 7: Threshold Phase 2 or give phase directly -

Action: Back Skip Apply

Min-Max Phase 2: p A 910
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Image segmentation: Watershed Segmentation wizard

Properties

5o

Data: chocolate-bar.am =

(= =

Restart -ohjects/WatershedSegmentation2.scro Browse

=

Slice Number: [ ] 147

Slice Orientation: x) XZ ¥z

¥
¥

Info: Step 7 of 7: Compute Watershed

=

Action: Back Apply
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Image segmentation: Watershed Segmentation wizard

= chocolate-bar.am .:— & Watershed Segmentation

= ® MainOrthoSlice .:
B Colorwash .I

Properties

5 & - CEEETITS

Data: chocolate-bar.am -»
Restart -objects/WatershedSegmentation2.scro Browse
Slice Number: 4 ] 147

Slice Orientation: ® xy ¥ ¥z

Info: End of steps

Action: Back




. . . . ThermoFisher
Watershed in Segmentation Editor: exercise

Multi-phase segmentation of chocolate bar
—




Watershed in Segmentation Editor: exercise

Solution

ThermoFisher

SCIENTIFIC

@ Start gmentation “" Meshing s p *«; Filament T Multiplanar 5 Animation

Segmentation Editor 0O X [
Image: chocolate-bar.am

Label field: chocolate-bar.labels e Rename

AATERIALS

Color Name
. Exterior (Mot Assigned)

. hocolate

Caramel

TR 8 T R T e

Locate

> DISPLAY CONTROL 2D Crosshairs o]

ELECTION

yF o ® 0O

® Volume Current slice & Show in 3D

» s o N

Landscape image: chocolate-bar.am

Markers: Selected materials

Output catchment basins: separated @ side-by-side

Apply and create a new label field

el R T AT e
L
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Watershed in Segmentation Editor: exercise

Solution
A

——————— 4 munteractive Top-Hat @

m m gradientchocolate-bar.am* @

= u chocolate-bar2.labels* @ = m Volume Rendering Settings @

m = Volume Rendering [ 3 ]

=m chocolate-bar2.colors @
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Image segmentation: post-processing
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. . . . ' ThermoFisher
Segmentation post-processing: morphological filtering

« Binary mathematical morphology
Interactive Shrink & Grow in Segmentation Editor
Opening and Closing

* Fill Holes
« Dilate + Fill Holes + Erode: may close more open cavities/pores
« Remove Small Spots

« Border Kill: removes objects touching image bounding box



. . . . ThermoFisher
Segmentation post-processing: object separation

» Separate Objects
- Smaller ‘Extent’ value means more separation
Criterion relates to convexity of the particles

- See tutorial “Separating, Measuring and Reconstructing -> Separation using
Watershed step by step”




. . ] ThermoFisher
Segmentatlon post-processmg: exercise SCIENTIFIC

Separate objects after sand-pack segmentation
—

« Data to use is Data/Sandpack/SandPack128.am

 Follow steps given in tutorial “Separating,
Measuring and Reconstructing -> Separation
using Watershed step by step”
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Surface generatlon SCIENTIFIC
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Surface reconstruction

Open the label image chocolate-bar-labels (data>tutorials) then attach Generate Surface module to the label
image. In the properties window, using the default parameters:

Properties
= m chocolate-bar-labels.am @ b—

Data: chocolate-bar-labels.am ~ =

Options: Compactify Minimum edge length: ©

mm chocolate-bar-labelssurf* @ p—

Algorithm Mode: repeatable -
~ Border: L

Settings: ¥ Adjust Coords Extra Material

~ Smoothing: Unconstrained Smoothing

Smoothing Extent: ® 5

Smooth Material: Mone

« Data: chocolate-bar-labels.am (label image)

* Border Settings: Adjust Coords

« Algorithm Mode : repeatable

« Smoothing: Unconstrained Smoothing (use None/Constrained smoothing to preserve thin structures)
 Smoothing Extent: 5



Surface data export

ThermoFisher

SCIENTIFIC

The result surface chocolate-bar-labels.surf can be exported by right click at the surface (or left click and then
go to > File) and select Export Data As then select the format (e.g. .stl or .obj) to export.

= u chocolate-bar-labels.am @ b

== = Generate Surface @

OBchocolate-bar-labelssurf* st

# chocolate-bar-label
(3] Favorites

[€] Recents

[#] Editors

[==] Templates

[ Experimental

(1 Animate

O =

@ B Export Data As...

L Clear History Log
£+ Create Recipe
EH Ortho Views

I.fI ROI Box

¥ Surface View

Open Inventor binary compressed (*.v)
Wavefront (*.cbj)

ABAQUS Input (*.inp)

AMNSYS Input (*.ans)

AVS UCD ascii (*.inp)

AV5 UCD binary (".inp)

CGMNS (*.cgns)

COMSOL ascii (*.mphtxt)
COMSOL binary (*.mphbin)

DXF (*.dxf)

Ensight Geld binary (*.case)
FLUENT/UMS (*.cas)

Hypermesh ascii (*.hmascii *.hm)
MSC/MNASTRAN Bulk Data (*.bdf)
Matlab m-file (*.m)

SDRC/IDEAS Universal (*.unv)
5TL binary Big Endian (*.stl)

STL binary Little Endian (*.stl)
Stanford PLY (*.ply)

Tecplot 10 binary (*.plt)

Avizo Binary Surface (*.am)
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Surface VIeW SCIENTIFIC

Attach Surface View to the chocolate-bar-labels.surf to visualize the surface.

Properties

» Data: chocolate-bar-labelssurf ~ =9

Draw Style: transparent ~  more options~

Colors: patch

Base Trans: ® 0.5
~ Buffer: Add = Show/Hide
Selection Mode: Material

Materials: Exterior

« Data: chocolate-bar-labels.surf
 Draw Style: Transparent

« Colors: patch

« Base Trans: 0.5

Surface View usage, tips & tricks: https://youtu.be/zXq3A4bKcFg



https://youtu.be/zXq3A4bKcFg

ThermoFisher

Surface simplification

Activate Simplification Editor in the properties port of chocolate-bar-labels.surf.

Properties

2o BT

Physical Size: 26.296, 19.1577, 33.3809 [mm)] from 0.78, 0.822273, 0.999057 [mm)]
Surface: 433983 points, 869004 faces, 3 patches, 0 contours, 0 edges
Master: Generate Surface ~ =P
~ Simplification Editor
Simplify: faces 18000 max dist 0 min dist 0

Options: preserve slice structure fast intersection tests strategies

Action: Simplify now  Run batch Flipedges  Contract edges

Simplification Editor

«  Simplify: faces 18000 (0 max & min dist)
« Action: Simplify now



ThermoFisher

Surface simplification example

180000 faces 18000 faces
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Surface remeShlng SCIENTIFIC

After reconstruction, the surface can be coarse: for refining, remeshing is necessary.
Attach Remesh Surface module to the chocolate-bar-labels.surf.

Properties

> Data: chocolate-bar-labelssurf
Objective: Best isotropic vertex placement -~
Desired Size: #vert. 216991  #tris 433982 % 50
Error Thresholds: smoothness 0 distance 0
Interpolate Orig. Surface: smoothly ® none
Contour Options: fix contours & contract boundary edges
Modify Result: Apply

> Zone

» Advanced Options

« Data: chocolate-bar-labels.surf

« Objective: Best isotropic vertex placement

« Desired Size: #vertex = 216991, #tris = 433982, % = 50
» Interpolate Original Surface: none

« Contour Options: contract boundary edges



. ThermoFisher
Surface remeshing

Dataset: Chocolate-bar-labels.surf

Original surface After simplification After remeshing
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Surface view: exercise

Tuning Surface View module
—

Load motor.labels (data->tutorials) then use Generate Surface and Surface View to obtain a similar view.
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Data visualization: exercise 3

Solution
A

1. Generate Surface:

« Smoothing: Existing Weights
2. Simplify Surface:

« 18000 faces
3. Surface View:

« Draw Style: Outline

« Colors: Patch

« Buffer: Remove Material3




ThermoFisher

Surface view: exercise

Tuning Surface View module
—

Load lobus.labels (data>tutorials) then use Generate Surface and Surface View to obtain a similar view.
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Data visualization: exercise 3

Solution
A

1. Generate Surface:
« Smoothing: Existing Weights
2. Simplify Surface:
« 18000 faces
3. Surface View: , : o Sy
« Draw Style: Outline Z SEEe s S "\%\m
— e

‘4' ANy, ~,
+ Colors: normal T e Ll ST K N

% )
S AR A s

Vs, e ety arh‘?\‘wm
- Buffer: Remove Medulla W e ez NI “5"%‘}’%

\
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Quantification on segmentation results

Q: How can one identify segmentation objects and extract measurements and statistics ?
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Label segmentation objects and extract measures

A: Label Analysis module. It

» Generates a label image: a unique label is assigned to each connected component
(if input is binary)

* Allows extracting individual measures for each label object

» Allows extracting global statistics

 Intensity input (optional): allows extracting gray level statistics (e.g. mean, min, max)

=m chocolate-bar.am @ ¢e——— H m ® Ortho Slice .I

= ® chocolate-bar.labels* @ ¢—— —=+ = Auto Thresholding @

—= & Label Analysis @

m ® chocolate-bar.Label-Analysis* @+




Label Analysis

A: Label Analysis module. Default port initialization:

Properties

Data: chocolate-bar.labels -

Intensity Image: chocolate-bar.am

Interpretation: ® 3D XY planes

Measures: basic

« “basic” Measures — group of pre-defined measures:
* Volume3d
* Areadd
« BaryCenterX
« BaryCenterY
« BaryCenterZ
« Mean

ThermoFisher
SCIENTIFIC
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Label Analysis

Label Analysis results for default ports initialization.

Labeled image (overlaid on input) Global statistics Individual measures —

P al ®

Volume3d  Area3d  BaryCenterX BaryCenterY BaryCenterZ Mean index
Mean 2.71364e-09 2.47505e-06 0.0136737 0.0137114 0.0199017  429.141 1725.5
Min 1.728e-12  4.32603e-08 0.00174 0.00267667  0.002088 28.1531 1.0
Max 9.25943e-06 0.00750127 0.02604 0.01944 0.0342 4900  3450.0
Median  4.24511e-12 6.36654e-08 0.0135711 0.0138603 0.0194694 442,907 1723.0
Variance 2.48438e-14 1.63043e-08 3.8596%-05 7.94986e-06 7.23928e-05 991875.1
Kurtosis 3445.0 3444.8 -1.1465 0.188536 -1.25042 3.28613 -1.199%6
587111 58.7085 0.0599537  -0.524767 -0.0307468  -1.59478 -2.07946e-05

Volume3d  Area3d  BaryCenterX BaryCenterY BaryCenterZ Mean index
9.25943e-6  0.00750127 0.014222 0.00912096  0.0152977 28.1531
8.64e-12 1.75547e-7 0.011616 0.018168 0.002088 430.6
3.456e-12 .12381 0.01392 0.01782 0.00312 4235
9.8496e-11 0.0167053 0.0162358 0.00393053  211.404
2.2464e-11 3.52903e 0.0161354 0.01344 0.00403385 368.692

:' . 1.728e-12 32603 0.00888 0.01596 0.00396 400.0

i - = 2.0736e-11 3.3 0.01493 0.01792 0.00409 352.833

mﬂ}““’“ 2 . 1#&*“#&-%?‘-“&;1 ] 5184812 1.16227e7 0.01272 0.01748 0.00412 453.0
1.48608e-10 1.353403e-6 0.00850884 0.0168614 0.00453767  213.105
4.1472e-11  5.46083e-7 0.00662 0.01764 0.00433 293.667 1
1.728e-12 4.32603e-8 0.02064 0.0114 0.00432 485.0
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Label Analysis

Different tools are available for manipulating the spreadsheet measures:
* E.g. “Sort descending” sorts the values of a column in descending order.

Tables

>

O F + ¥ o @
L3

Volume3d  sort descending enterX BaryCenterY BaryCenterZ Mean index
Mean 2.71364e-09 24arsoure-Ub UAIS0737 0.0137114 0.0199017 429.141 17255
Min 1.728e-12  4.32603e-08 0.00174 0.00267667  0.002088 281531 1.0
Max 9.25943e-06 0.00730127 0.02604 0.01944 0.0342 4900  3450.0
Median  4.24511e-12 6.366534e-08 0.0135711 0.0138603 0.01946%4 442,907 17250
Variance 2.4843Be-14 1.63043e-08 3.85969e-05 7.94986e-06 7.23928e-05 3173.69 991875.1
Kurtosis  3445.0 3444.8 -1.1465 0.188536 -1.25042 3.28613 -1.199%
Skewness 58.7111 58.7085 0.0399537 -0.524767 -0.0307468  -1.59478 -2.07946e-05

Volume3d  Area3d  BaryCenterX BaryCenterY BaryCenterZ Mean index
922594386 0.00750127 0.014222 0.00912096¢  0.0152977 281531 1
2.02054e-9  1.26837e-5 0.0148433 0.0115262 0.0198309 172.085 1528
28273389 1.37913e-5 0.00973736 0.0133269 0.0293786 189.979 2651
2003789 1.08995e-5 0.0191421 0.011614 0.0197691 197.363 1542
161914e-9 8.0206e-6  0.00648 0.0116152 0.0261223 187.408 229
1.60358e-9  7.53043e-6 0.0137224 0.0140304 0.00650121  181.936 46
5024869 7.77525e-6 0.00869802 0.0111841 0.0188318 195.279 1454
1425689 1 6.66423e-6 0.0258956 0.0157152 0.0235009 161.817 2062
RA0832e-9 6,93728e-6 0.00852383  0.01633%4 0.0257295 193.623 2283
1.25773e-9 | 7.31016e-6 0.00735803  0.0124409 0.0143914 212,899 1007
1209689 6.07204e-6 0.00436406  0.014897 0.0211171 197.039 1742
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Label Analysis: pre-defined measures list

Some measures are pre-defined and ready to use by “Label Analysis” module.
For checking the list of pre-defined measures:

* Go to “Label Analysis” Help page

» Click on “list of available measures”

Properties

Data: chocolate-barlabels ~ =

’ﬁ\ Modules Avxizo [ Avizo XFiber Extension Label Analysis

Intensity Image: chocolate-baram ~ =

Interpretation: & 3D XY planes

Module: Label Analysis (Avizo / Avizo XFiber Extension)

Measures: basic
Description:

For an introduction, see section Analysis.

The Label Analysis command computes a group of measures on each cell or conne
found in the list of available ﬁpeasures. <

Maote that the analysis resuﬁ‘:’Jare read-only spreadsheets. Yet, as with any spreadsh
converter Analysis to Spreadsheet.
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Label Analysis: pre-defined measures list

Help page with the list of pre-defined individual label measures.

m Help

Search Help:

List of individual label measures
Cooccurrence

Computing Co-occurrence matrix is a common method for extracting texture aftributes

Motes:

» Co-0ccurrence measurements rely in a distribution of different vectors that can be set in the Cooccurrence tab of the Label Measures Aftributes Editor.
» All ofthese measurements are based on the intensity inputimage. Using them with a Iabel or binary image as intensity image is not relevant

Measurements usable only with 2D interpretation:

* CooccurrenceASM: The Co-occurrence Angular Second Moment, also called uniformity, gives high values when image pixels present strong local uniformity.
N

[k ASM = z ;l;'(."._,l']2 with M the cooccurrence matrix and N the number of gray level.
i,5=1
* CooccurrenceCon: The Co-occurrence Contrast gives high values for great gray level variations.
N
Con = E M(i,j) % (i — 5)°
ig=1

» CooccurrenceCor: The Co-occurrence Correlation measures the dependency between gray levels and those of neighbaering pixels.
N

Cor = E M{i,j) = Gl — )

iJ=1

N
with j = iy = Z i % M, )
ig=1
"

= Z(;—m;” x M4, )

i,j=1

and r:rl-z

CooccurrenceDEn: Co-occurrence Difference Entropy.
N-1

DEn=—Y" poy(k) x log(p.—,(K))
k=0

with py_, (k) = Z M(i,j)

i—g|=k

CooccurrenceDirX: X offset defining the direction used for co-occurrence computation (dx)
CooccurrenceDirY: ¥ offset defining the direction used for co-occurrence computation (dy).
CooccurrenceDVa: Co-occurrence Difference Variance.

DVa = variance(pg—y)
» CooccurrenceEnt: Co-occurrence Entropy.
N
Enf = — z M{i, ) = lag{ M (i, 1)
=1
* CooccurrencelC1: Co-occurrence Information measure of Correlation 1.
§ HXY - HXY1
Cl=—"————r
mar(HX,HY)
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Label Analysis: custom measures list, custom measures S

A custom measures list with pre-defined measures can be created.:

Measures:

Click on a measure on the left side to add it to the group

Select a measure added to the group (right side) and click on “Deselect the measure form the
measure group” to remove it from the group.

[ selection of measure groups

[ selection of measure groups
Choose a measure group: basic

A B O g Choose a measure group: NewGroup v B A E D E
Create a new measure group.
Custom measures: = o5 e group:

Custom measures: &, Measures selected in the group:
Name
Name

Formula
Formula -

MName
Name

Formula
Formula .

Anisotropy Native

D nMew label measure group x

Please enter a new name:

Mative measures: o
all¥'e )
MNewGrou F—'| Name Formula s
Native measures:

(
HistoStddev Mative k

HistoV arianca Native Deselect the measure from the measure group.
OK Cancel v Inertia

k Anisotropy
BinMom2x
BinMom2y
BinMom2z

s

Cancel
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Label Analysis: custom measures list

Custom measures can also be created and added to the custom measures list. E.g. sphericity:
» Click on “Create a new measure” icon

« Type the name of the custom measure
» Type the measure in the “Measure Editor” (it's green if valid, red if not).

[ Selection of measure groups X m Measure Editor b

Choose a measure grg NewGroup - -
Choose a measure: sphericity
Custom measures: | & k
Formula Output unit dimension:
Anisotropy Native

B Mew label measure ot
Type the measure formula here.

Native measures: . ) can 1e following:
Please enter a new name: P s ;i

Name - arithmetic: +, -, *, /,

- brackets: (), I

- logical: !, &&, ||, a

- comparison: ==, I=, <,

- constants: pi, e

Mame Create a new measure. myla

HistoStddev = | sphericity]

HistoVariance
~ Inertia
Anisotropy
BinMom2x
BinMomz2y
BinMom2z

Cancel

Description Functions “ Measures
width of voxel (. abs(a) > occurrence
height of voxel . sqri(a)
depth of voxel { log(a)
width of input . exp(a) Histogram
height of input. cos(a) > Inertia
depth of input i. sinfa) > Intensity
NbFeret [=] Numangul  tan(a)
acos(a)
3 asin(a)

drag and drop them.




ThermoFisher

Quantification: removing unwanted detection

Q: how can one remove parasite detection from a label image and its corresponding measures in the
measures spreadsheet ?

E.g.: for the segmentation example on chocolate bar, remove the label corresponding to background
and keep only the porosity labels and measures

Unwanted detection to be removed
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Quantification: removing unwanted detection

A: Analysis Filter module

» Filters out from the measures spreadsheet, labels that do not fulfill a filtering criterion

« Same behavior on the label image label image (when provided as input — optional)

» Filtering criterion: choose one (or more) measures that allow to discriminate the parasite detection
and write filtering formula.

Properties
Tables

+ .l & Label Analysis: chocolate-bar.Label-Analysis ~ =

k‘ i _ _ Image: chocolate-bar.label v -
Volume3d  gqrt descending enterX BaryCenterY BaryCenterZ

Mean 2.71364e-09 zarure-un uuise/37 00137114 00199017 Filter:

Min 1728e-12  4.32603e-08 0.00174 0.00267667  0.002088

Max 9.25943e-06 0.00750127 0.02604 0.01944 0.0342 Formula is valid
Median  4.24511e-12 6.36654e-08 0.0135711 0.0138603 0.019469%4

Variance 2.48438e-14 1.63043e-08 3.85969e-05 7.94986e-06  7.23928e-05

Kurtosis  3445.0 3444.8 -1.1465 0.188536 -1.25042

Skewness 587111 587085  0.0599537  -0.524767__~70.0307468

Volume3d
Area3d
BaryCenterX
BaryCenterY

BaryCenterZ

Volume3d | Area3d BarflenterX BaryCenterY BaryCenterZ

Mean
92598386 0L0#T50127  0.014222 0.009120%  0.0152977

3.02058e-9 51.26837e-5 0.0148433 0.0115262 0.0198309
209372389 1.37913e-5 000973736 0.0133269 0.0293786
2.17037e-9 11.08995e-5 0.0191421 0.011614 0.0197691
1.61914e-9 18.0206e-6  0.00648 0.0116152 0.0261223
1.60358e-9 17.53043e-6 0.0137224 0.0140304 0.00650121
15724889 7775256 0.00869802 00111841 0.0188318
1425689 16.66423e-6 0.0258956 0.0157152 0.0235009
1208326-96.93728e-6  0.00852383  0.0163394 0.0257235

value=  67594e-9 Volume3d
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Quantification: removing unwanted detection

result for the filtering formula “Volume3d < 1e-7";

t o+ o O

Volume3d  Area3d  BaryCenterX BaryCenterY BaryCenter? Mean index
Mean 2.97003e-11 3.00971e-07 0.0136736 0.0137128 0.0199031 1.0 1726.0
Min 1.728e-12 4.32603e-08 0.00174 0.00267667  0.002088 1.0 2.0
Max 3.02054e-09 1.37913e-05 0.02604 0.071944 0.0342 1.0 3450.0
Median  3.82821e-12 9.26204e-08 0.0135757 0.0138634 0.0192277 1.0 1726.0
Variance 1.70541e-20 5.552%e-13 3.86081e-05 7.94606e-06 7.24077e-05 ¥91300.1
Kurtosis 207.952 92.851 -1.14702 0.191573 -1.25063 -1.19597
Skewness 12.3213 8.00959 0.0600184 -0.525469 -0.0311717 -2.10824e-05

Areadd  BaryCenterX BaryCenterY BaryCenterZ Mean index
1.26837e-5 0.0148433 0.0115262 0.0198309 1.0 1528
1.37913e-5 0.00973736  0.0133269 0.0293786 1.0 2651
1.0899%e-5 0.0191421 0.011614 0.0197691 1.0 1542
8.0206e-6  0.00648 0.0116152 0.0261223 1.0 22Mm
45 4 7.53043e-6 0.0137224 0.0140304 0.00650121 1.0 46
1453 . 7.77525e-6 0.00869802 0.01118M1 0.0188318 1.0 1454
2061 . 6.66423e-6 0.0258956 0.0157152 0.0235009 1.0 2062
2282 r 6.93728e-6 0.00852383 0.016339%4 0.0257295 1.0 2283
1006 7.31076e-6 0.00735803  0.0124409 0.0143914 1.0 1007
171 6.07204e-6 0.00436406  0.014897 0.0211171 1.0 1742
524 . 5.93751e-6  0.0252216 0.0146733 0.00993727 1.0 525




Shape analysis: represent objects as ellipsoids

Example: porosities analysis in FoamPoro.am

Step 1:
« Do a binary segmentation of the porosities

Segmentation workflow
FoamPoro.am @ — oy =" Interactive Thresholding @
e T (> ]

_4 mColorWash @

FoamPoro.thresholded* @ F

4 = Opening @

FoamPoro.opening® @ }.:_—_—_-_::__'

T4 = Separate Objects @ [~

FoamPoro.separate* 0}— e — m Color Wash 2 @

ThermoFisher

SCIENTIFIC

Porosities before and after object separation
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Shape analysis: represent objects as ellipsoids

Example: porosities analysis in FoamPoro.am | B seetonof mezsure srove: ~

Choose a measure group: Standard Shape Analysis viEl A E D E

Step 2 Custom measures: | jo
* Apply Label Analysis with “Standard Shape Name Formula

Measures selected in the group:

Name Formu center .

Analysis” P =
« Measures for shape analysis: o
- Eigenvectors Eigenval’

EigenVal2
EigenVal3
EigenVec1X
EigenVec1Y
EigenVec1Z
Name EigenVec2X
» Cooccurrence EigenVec2yY
> Feret EigenVec2Z
> Geometry EigenVec3X
> Histogram EigenVec3Y
> Inertia EigenVec3Z
> Intensity i ExtentMin1

» Eigenvalues

<

- " Mative measures:
Properties

Data: FoamPoro.separate
Intensity Image: MO SOURCE v -

Interpretation: ® 3D XY planes

Measures: Standard Shape Analysis
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Shape analysis: represent objects as ellipsoids

Example: porosities analysis in FoamPoro.am

Step 3:

* Generate Bounding Box and Ellipsoid
representation for individual labels via
“Spreadsheet to Point Cloud” module

Properties

® CheCk “BOUndIng BOXeS” Output Data: FoamPoro.Label-Analysigd)> =9
° CheCk “P0|nt Cloud” Output and “F|” Output: ¥ Bounding Boxes B Point Cloud
Bound|ng Boxes” for e”|pSO|d Tensor : Mone” @ Fill Bounding Boxes Distribution

Table: FoamPoro.Label-Analysis

representation

Value: Eigenval1

FoamPoro.separate @ Coordinates: BaryCenterX ~  BaryCenterY ~  BaryCenterZ
e L
) First Direction: EigenVec1X ~ | EigenVecTY ~  EigenVeclZ
FoamPoro.Label-Analysis* [ 1%
- Second Direction: EigenVec2X ~  EigenVec2¥ ~  EigenVec2Z
“® = Spreadsheet to Point Cloud @ . ’ -
Third Direction: EigenVec3X ~  EigenVec3y ~  EigenVec3Z

FoamPoro.BoundingBoxes® (3]

Extent Min: ExtentMin1 ~  ExtentMin2 ~  ExtentMin3

FoamPoro2.Point-Cloud . Extent Max: ExtentMax1 ~  ExtentMax2 «~  ExtentMax3
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Shape analysis: represent objects as ellipsoids

Example: porosities analysis in FoamPoro.am

=® FoamPoro.BoundingBoxes* @ mu Line Set View @
Step 4- == FoamPoro.Point-Cloud* @ = ——{ =u Clipping Plane '.'I

* Visualization:
« Line Set View for Bounding Boxes
« Tensor View for the ellipsoids (click on Bounding Boxes and
“Apply” for generating the visualization) Binarisation representation Ellipsoid representation

. (O Tensor View

Properties O X

» Data: FoamPoro.Point-Cloud ~ =
Display Mode: 2D ® 3D

Display: Con Cylinder ® Ellipsoid Lines Superguadric

Colormap: 0 Edit

el i
'] ’
Scale: @ 1

Options: ¥ Positive (semi-) definite
Mappings and Colorings: ~  color by FA

Scale by Value: o Evall W Evalz W Eval3 W FA

auto-refresh
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Surface measurements and statistics

Other Surface measurements and statistics modules are available in the “Measure and Analyze” object
category (for access: right click on the surface object in the pool).

# chocolate-barzsurf ~  [) [P

[*] Favorites B Create Surface Geodesic Path

[€] Recents B Create Surface Vertex Path

[#] Editors

[==] Templates

[ Experimental

£ Curvature
ikl Line Probe
£ Point Cloud Density

] amiate £ Shortest Edge Distance

_ Surface Are .
e £+ surface Area Volume

[ Compute

it £ Surface Statistics

[ Display

[ Geometry Transforms

£+ Surface Thickness
£ Triangle Distortion

[T Measure And Analyze h £ Triangle Quality

[ Surface Transforms Category: Measure And Analyze

>
>
>
>
>
>
>
p £+ Surface Distance
>
>
>
>
>
>

[ VertexToSurfaceMatching
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Extract skeletons and graphs

For filamentous data, automatic extraction of centerlines with local thickness can be done via
module. It generates a spatial graph data:

« Spreadsheet with information on nodes, points (thickness info available too), and segments
° Can be Visualized W|th == Neuron-SpatialGraph.am* @ O@Spatial Graph View

Example: neuron.am and Neuron-SpatialGraph.am data in ...\data\tutotials\neuron

Neuron
Neuron data Neuron superposed
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Measurements and annotations

286 Proprietary & Confidential | authoremail@thermofisher.com
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UnItS management SCIENTIFIC

« Units are necessary to interpret numbers as physical values.

« Two “types” of units must be distinguished:
Working units:
All calculations are done in those units.
Can only be changed before loading the first data-set in the project.
Display units:
Used to display numerical values.
Can be changed anytime, independently of working units
Note: Display Units do not change data.

Use adequate working units because of the impact on numerical precision!



ThermoFisher

UnItS management SCIENTIFIC

« Units management is implemented for spatial size only (coordinate and angle units).
« Units management settings can be accessed in preferences:

File JEdif| Help
General Layout On exit Molecules LDA Segmentation Rendering Performance Network Range Partitioning Recipes Auto Display

+
| /.\ g Copy Cctri+C

jmentation
[#@) preferences... Ctrl+Shift+P Units management

Dialogs None ® Spatial information only

Display units Working units

Automatically determine working units

Lock display units on working units
- Default is: e -
e au t IS . When the coordinate units are unknown at data loading

® Show Units Editor dialog

- enabled
(“Spatial information only”)

Use nm v as default coordinate units

- default unit: nm

For more information about Units management in Amira, please refer to documentation

Cancel Apply Help
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Units management

SCIENTIFIC

Loading data

When loading data, either spatial information is given in the same unit (default coordinate units),
or the units of each data-set must be set correctly independently.
- Default setting

General Layout On exit Molecules LDA

Segme

. Units management

- Recommended:

‘ None
Use nm + as default coordinate units Displayunits  Working units
1 Automatically determine working units

. . Lock display units on working units

Set to your most likely unit, as

. . . When the coordinate units are unknown at data loading
this will be pre-selected in the S SR
Units Editor dialog.

Use nm + asdefault coordinate units

If you are always using data with the same unit, set the appropriate unit here:

® Use nm +~ asdefaultcoordinate units

General Layout  On exit

Units management

Alternatively, switch off units management. ———

% HNone
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UnItS management SCIENTIFIC

Beware:

« If you save a project, the information about working units is saved with it

« If you load a project having working units set differently from your current ones, the settings from the
project are loaded and applied permanently, until you explicitly change it back!



Units management

Display units:

« May be changed anytime, either via the preferences, or via the Viewer Window settings.

General Layout

Units management

None

Options
Spatial information
Coordinates:

Angle:

On exit Molecules LDA

Segmentation Rendering

Working units

Performance Network

® Spatial information only

nanometer [nm)]

degree [deg]

« Affect all measures with units management, e.g.:

Properties

Range Partitioning

Recipes

Auto Display

Tables

ThermoFisher

SCIENTIFIC

‘ml Y @ (| m|m
nanometer [nm]
micrometer [um]

millimeter [mm]

MU chocolate-bar.am

Lattice Info:

Data Info:

Memory Size:

Physical Size:

Voxel Size:

Preview:

235 x 175 x 295, uniform coordinates

grayscale, 16-bit unsigned, min-max: 0...191

23.1 MB
28.08, 20.88, 35.28 [Ny

0.12x0.12x0.12 [mm]

Jitom 0, 0, 0 [mm]

Volume [mm#3]

8727.440072

5558.680395
3 2275.506384

3696.16773

137.5729891

CenterX [mm]

14.189664

13.962457

13.893764

13.876741

14.483729

CenterY [mm]

9.000797

13.678155
7.4016735
10.763748

12.459234

CenterZ [mm]
14.037731
19.927394
19.992448

18.520762

20.005778
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Performing measurements

Measurement tool:
* invoke with
Measure button in viewer toolbar (shortcut “M”)
Via “Create object ... = Annotations - Measurement”

wa Line

[~ Angle

- Different measurements types available [ Annotation
Box

(& Circle

« works on visualization modules in
2D, e.g. Ortho Slice, Slice
3D, e.g. Surface Rendering, Volume Rendering, Voxelized Rendering
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Performing measurements

Measurement tool:
* |s active when Measurement module is selected

=u chocolate-bar.am @ mm Ortho Slice @

Pick Mode: ® Fast Accurate
B C]

v Al @ Snapping

ww Line 24.95 mm

Width: 4 ® > 30
2 Note

Snap: chocolate-bar.am ~ maxgradient v

Trigger:  Snap-it

¥ Text

Title: Line

Callout Properties

Shape Properties




Performing measurements

Measurement module;

possible — click on a point
within search window (semi-transparent square)

to min, max, or gradient (min or max)

Snapping example
¥ Snapping

Width: - L ]

Snap: chocolate-baram »  max gradient

Trigger: Snap-it ’

ThermoFisher

SCIENTIFIC




Performing measurements

Measurement module:

» editable properties:
- Shapping
- text (title and note)

- callout and shape
properties
- measure points
(colors, font, etc.)

Select point to modify (#1 or #2)

¥ Snapping
Width: [ ]
Snap: chocolate-baram ~  none
Trigger: Snap-it

o Text

Title: Line

Mote:

o Callout Properties
Title Font: M5 Shell DIg 2 (8 pt.)

Mote Font: M5 Shell Dig 2 (8 pt.)

Colors: |} foreground | | background

Current View: & visible & minimized
Decimal Places: 2

o Shape Properties
Point: 1 2 15512 11.488 17.64
Export: Export as new data
Width: @

Color: I:'

ThermoFisher

SCIENTIFIC

Edit x, y, z coordinated
of the selected point
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Probing data value

Quick Probe
« show value of data at mouse position (interactive mode should be on) * = {ofimm- e (mn =

& Continuous update

& Click for update (Shift+Click)

« works with e.g. Slice, Ortho Slice, and Volume Rendering

« 2 modes:
- Continuous update
- Click for update (Shift + Click)
= prefer “Click for update”

« value is shown in status bar

chocolate-bar.am -|[Coord [mm]: 12.273, 11.905, 17.640, Value: 815



ThermoFisher

Probing data value

Point Probe

« get callout with position and value

» select Point Probe and click with middle mouse button to pick a location, or move the handles
« works with e.g. Ortho Slice, Slice, Voxelized Rendering

- editable callout settings e

* local averaging
* hide dragger:

Properties

8 Point Probe

Data: chocolate-bar.am ~  =p
global local
Current Value: 1333.44
17.64
Current Material: No material available
v Show dragger
~ Probe Settings

v Show points

Options: ¥ immediate ™ interpolate

Coord System: lattice index @ global local

Point [mm]: 8.3147 6.0025 17.64 options

Point Size: [ ]

Plot:

> Callout Settings

Average:
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Probing data value

Line Probe (2D and 3D)

- evaluate the data-values along a straight line

« select point to modify (#1 or #2) — to change the coordinates in the text boxes or

« click with middle mouse button to pick new location or use handles to position the points
- for arbitrary orientation de-select “orthogonal”

Display line-profile in plot window:
— « adjust number of sample-points

properties .  possibility for local averaging

Data: chocolate-baram v =p

-

File Edit Axis Help
A &

-

Length: 31.4315 mm

(=

Orientation: Xy XZ yz

(=

Options: ¥ immediate ™ orthogonal ¥ customize sampling

(=

Points [mm]: 2 . 27563 20.076 17.64 options ~

-

Point Size: ® 1

Plot: Show

(= -

~ Sampling: ® number of samples sample distance adaptive

(=

Average:

(=

Samples: [ » 200

=

Offset [mm]:

Proheline Lenaoth Irmmi1



Probing data value

Spline Probe
 similar to Line Probe, but:
- arbitrary number of control points
- sampling along smooth, curved Spline

== chocolate-bar.am @¢——— m=Volren @
2y

e

B omsSpline Probe »

¥ Spline Probe

Data: chocolate-bar.am v =p
Length: 45.2191 mm

Orientation: Xy Xz yz

Options: ¥ immediate orthogonal ™ customize sampling

Points [mm]: 4 , 75413 18.748 35.28 options v

Point Size: ® 1
Plot:
Follow Slice:

~ Sampling: ® number of samples sample distance EL TGO
v Average: .

Radius [mm]: )

I nnn Width T o

ThermoFisher

SCIENTIFIC




ThermoFisher

Probing data value

Histogram
- distribution of values in the data-set  adjust settings:
« optionally limited to ROI or mask - range

- number of bins
- absolute/relative counting
- linear/logarithmic Y-axis

== chocolate-bar.am @ $===— m= Bounding Box @
W
TS e
—
\» \\

e

. ——{=sROIBox @
/ o
T DmEHistogram °

Properties O X

o - CETRN ?

> Data: chocolate-bar.am v =p

-

Overall: mean=833.827 deviation=278.069 rms=878.971
In Range: mean=833.827 deviation=278.069 rms=878.971

¥
.

(=

Range: min 0 max 1910 Reset

Max Num Bins: 4 & > 256

(= (-

Histogram Options: ® absolute relative ™ in% + cumulative
Plot Options: line drawing logarithmic

Threshold: >=

(9 (9 (e

Tindex: T 9
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Probing data value

Histogram

 further settings:

File Edit @&is Help
A& oo aaa)

- axis control for X and Y:
. range
number format

°
. tick-mark
tIC mar S chocolate-bar.am
- linear/log
Name Type
N |abe|S ~ ® Anchor PlotA
> M axis Axis
legend Legel i
. e Range: 0.1 100000 Auto M Nice Nums

¥ Histogram  Cuny
cumulative Curw
right-cum... Curw ¥ MNice Nums Format: %g
differential Curw
Tindex Mark
Threshold Mark

Iptersectign: ® Min Mid Max 0.0 Box

Type: Lin ® Log M isVisible Zoom and Pan allowed

Attributes: Color: . Linewidth: 2 Arrow

Label: Count Position: Center ~  Color: .




Spreadsheet visualization

« Plot Spreadsheet

\ 4

« Histogram |

« Spreadsheet To Point Cloud + Point Cloud View for the display

- e. g. create bounding-box information and orientation tensors

cellbodies.labels.label* @

cellbodies.labels.Label-Anal

Properties

1 @ | Line Set View
> Data:
> Coloring
> Line Shape
> Point Shape

9 Tensor View

> Data:
Display Mode:
Display:
Colormap:
Scale:
Options:
Mappings and Celorings:

Scale by Value:

auto-refresh

lane .l

I 1 cor View 1o

0O X

k?

] Advanced

cellbodies.labels.BoundingBoxes ~ =P

[ | Advanced W 2
cellbodies.labels.Point-Cloud ~  =p

20 @ 3D

Cone Cylinder @ Ellipsoid Lines Superquadric
0 PS 0 Edit ~
] 1
¥ Positive (semi-) definite

~  color by FA

¥ Evall B Eval2 B8 Eval3 B FA

ThermoFisher
SCIENTIFIC

Spreadsheet to Point Cloud

Data: cellbodies.labels.Label-Analysis ~ =

Output: o Bounding Boxes & Point Cloud

Tensor : Mone ® Fill Bounding Boxes Distribution




ThermoFisher

Spreadsheet visualization

I—> Spreadsheet to Point Cloud
Spreadsheet To Point Cloud + Point Cloud View for the display e cellbodies.Jabels.Label-Analysis ~ =

e. g. point cloud as sphere visualization Output: Bounding Boxes 88 Point Cloud

Tensor : ® None Fill Bounding Boxes Distribution

0 3750 7500

M Bt (E NN NN W E
[ 2 cellbodies.labels.am @ & Label Analysis @ —{ =11 Volume Rendering Settings .] o " T i e : S o e e
[ m i1 Volume Rendering °] ; ! e o \

| mu cellbodies.labels.abel* @ p

m 11 Bounding Box ’]

[ = cellbodies.labels.Label-Analysis* @

/ & Spreadsheet to Point Cloud @
[ = cellbodies.labelsCloud* @ » Em@Point Cloud View

[ m i Colormap Legend °]

Properties

O Point Cloud View i

DETER cellbodies.labelsCloud ~ =P
EEEEEEER B
Colormap: 0 ‘M'» '~'~,-',.:.:-:;ﬁ%' ) 7500 Edit v

Color: Volume3d [Volume3d ] e

(9 (e (e (e

Options: M spheres W opaque

(==

Sphere Scale: @ 0.5

(=

Action: Export

(==

Filter:

v Scale Spheres: .

(-

Scale Data: EqDiameter [EqDiameter ]
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Displaying plots in the main viewer

Normally, all kinds of plots are displayed in a separate viewer window.
With Plot In Viewer, plots can be displayed in the main viewer window(s).

« can be attached to: _

- Histogram
- Point Probe \\\

s= Histogram @

. Line Probe DEPlot in Viewer
&y
- Spline Probe
Properties
- Plot Spreadsheet
O vcinvewer
Plot Module: Histogram v~ =p
° Optlons Plot Window: Edit  Show
. Position: relative position

o pOS|t|0n Absolute Position [... x 20 y 20
. Size Size [px]: width 400 height 200

Options: ¥ frame ™ transparent
° transparency Transparency: [} 0.7

. frame
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Annotation: Scale Bar and 2D Scale Bar

There are two types of scale-bars available:

Properties OX

¥ 2D Scale Bar ?

Module: OrthoSlice ~ =9

2D Scale Bar

« afttached to a slice object

 correct also in perspective () view!
« options: length, position, color, ...

(= - f

Length [mm]: 4« ® > s

Show Legend: .

=

~ Size and colors

Color: .
4
4

[ (4

Thickness [px]: ® N >

[

Text Size [%]: ® > 0.05

|

~ Position

|

Orientation: @ Horizontal Vertical

|

Text Position: Above bar @ Below bar

XPosition Offset... 4« @ » 0.10

Y Position Offset... 4 ® » 090

Croooacmam®b—ou_ o
Scale Bar -

* J|ocated in the 3D viewer

 invoked via click on background and p—

Frame: ™ x-Axis M y-Axis Border

“Create object - Annotations - Scalebars”

« only meaningful in orthographic (, parallel) view! s s o
(because of perspective shortening)

« options: length, position, color, label, font, ticks, ...

~ Position and Size

I (e

Pos X [%]: ® 0.0915594

-

Pos Y [%]: ® 0.15

-

Size X [%]: 0.457582

e ]

Size Y [%]: 0.618056

-

~ Custom Size:

-

X Factor: 1
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AnnOtatlon COIOrbar SCIENTIFIC

Attach Colormap Legend to the display module.

« options:

[ = ® motor.am* .}: { == Ortho Slice .]
= Color Wash ‘]

size

= = motor.labels.am .]

vertical = Arithmetic @ OB Colormap Legend -

= = Result* @

background = Thickness Map @
font

title

custom text

= = Result.thickness* @

Properties

WPV Colormap Legend )

> Data: Color Wash v =y

Histogram

Options: custom text vertical rel.size M transp. bg

e (e

Tip: set alpha=0 to
hide the histogram

Position: x 8 y 70

(==

Size [px]: length 180 width 18

==

“~ Annotation

5

Custom Text: »w 0.0442686/Medium 0.0885373/High

0 0.0442686 0.0885373

" e Claln e Cal.

(==

Title:

v Histogram:

Histogram Options: overlay v~ Color i Color2 || alpha 0.80
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AnnOtatlon COIOrbar SCIENTIFIC

If you want to get rid of the checkerboard-pattern:

* in the display-module’s (e.g. Color Wash) colormap port:
select “Options - Edit colormap”

* inthe Colormap Editor:
set transparency to “Opaque”

Colormap Editor

A < Colormap: " physics.icol v Data: Result.thickness Voo e v v 4

High Pass
0.01 0.02 .03 : : : : Low Pass

L[ Band Stop

L Band Pass

E HEEEEENENR _I_I_I_I_I_I_.I_I-l.l.l.l.l.l.l.l.l.l.l-l.l.l.l HE NN NN N E E

< RampUp
™. Ramp Down

Project View — Opague




: . ThermoFisher
Annotation: Axes, Caption

Axes
« visualization of global coordinate system:

no data-set connected

invoked via click on background and “Create object - Annotations - Axes”
« visualization of local coordinate system:

connected to a data object

invoked via the object’s context menu (“Annotate > Axes”)

 default coloring convention: X: red, Y: green, Z: blue

Caption
« any text in the viewing plane of the viewer

 invoked via click on background and
“Create object - Annotations - Caption”

« options: position, text, color, font




ThermoFisher

Data registration and alignment

309 Proprietary & Confidential | authoremail@thermofisher.com



. . ThermoFisher
Alignment to an oblique plane: example

Load chocolate-bar.am then attach Volume Rendering, Bounding Box and Slice to the dataset (oblique view).

_A =1 Volume Rendering Settings (5]
/// m = Volume Rendering ©
~
== chocolate-bar.am @
%
N \\\ 2
N\ 4 m=Bounding Box @

4

.\\
\\.
N




Alignment to an oblique plane: example

ThermoFisher

SCIENTIFIC

Rotate Slice using rotate mode in Slice properties port (activate trackball) to rotate to the desired tilt angle.

Properties

» Data:

Orientation:

Translate:

Mapping Type:

Colormap:
Frame:
Options:
Sampling:

Transparency:

chocolate-baram
:.:1'r
)
Colormap
|'_'||

¥ show width: 1

W adjustview & rotate N immediate fit to points

fine interp. data interp. texture

® MNone Binary Alpha

lighting

sguare texels

move low res.
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Alignment to an oblique plane: example

Attach Resample Transformed Image to chocolate-bar.am and set reference to Slice.

= chocolate-bar.am @ p=—

* W Resample Transformed Image @ &




. . ThermoFisher
Alignment to an oblique plane: example

At Resample Transformed Image properties select Interpolation: Standard, Mode: extended then click Apply.

Properties

> Data: chocolate-bar.am ~ =

Interpolation: Standard

Mode: cropped @ extended

Padding Value:

auto-refresh Apply




ThermoFisher

Alignment to an oblique plane: example

Attach another Bounding Box to chocolate-bar.transformed and visualize with Volume Rendering.
The transformed result is now aligned with Slice (in green).

= m chocolate-bar.am @

== chocolate-bar.transformed* @ p——

——{n Bounding Box 2 @




. . . . ThermoFisher
Data registration: introduction

* General concepts
- All datasets are positioned in ‘physical’ space

- This position is control by a ‘Transform’

» Registration
- Optimization of the ‘alignment’ with respect to the degrees of freedom given by the ‘transform’
- Difficult mathematical problem, sensitive to the initialization

 Avizo can register:
- Volume to volume (grayscale or label images)
- Surface to surface
- Using Linear transform: translation, rotation, optionally scaling and shearing



. . . . ThermoFisher
Data registration: introduction

* General concepts
- All datasets are positioned in ‘physical’ space

- This position is control by a ‘Transform’

» Registration
- Optimization of the ‘alignment’ with respect to the degrees of freedom given by the ‘transform’
- Difficult mathematical problem, sensitive to the initialization

« Amira can register:
- Volume to volume (grayscale or label images)
- Surface to surface
- Using Linear transform: translation, rotation, optionally scaling and shearing



ThermoFisher

Data registration: Transform Editor module

Open motor.partl-reference.am and motor.part2-model.am (data -> registration) then attach Volume
Rendering to each dataset.

= = motor.part1-reference.am ﬁl | = ® motor.part2-model.am OI
-

= m Volume Rendering Settings @ = m Volume Rendering Settings 2 @

m = Volume Rendering © m B Volume Rendering 2 ©




ThermoFisher

Data registration: Transform Editor module

In the properties window of motor.part2-model.am, activate Transform Editor, the transform box will appear.

Properties

Lattice Info: 310 % 156 x 178, uniform coordinates

ETER 1 {+H grayscale, 8-bit unsigned, min-max: 0...255, window: 74...255, intensity ranges: 2
Memory Size: 8.2 MB

Physical Size: 0.680764, 0.479531, 0.60844 [mm] from 0, 0.00309375, 0.7 [mm)]

Voxel Size: 0.00220312 % 0.00309375 x 0.00343751 [mm]

Preview:




. . . ThermoFisher
Data registration: Transform Editor module

Move the handle box and bring motor.part2-model.am (in yellow) to overlap with motor.partl-reference.am (in
green) as much as possible.




ThermoFisher

Data registration: Register Images module

Attach Register Images to motor.part2-model.am and set the reference to motor.partl-reference.am.

Properties O X
= m Volume Rendering Settings @
: Advanced 2
m = YVolume Rendering
~ Model: motor.part2-model.am
Reference: motor.partl-reference.am
Reference2: NO SOURCE
Reference3: NO SOURCE N
Transform: ¥ Rigid [so-Scale Aniso-5cale Shear
Disable Rotation:

Register: 2D ® 3D

= Volume Rendering Settings 2 @ Prealign: Align centers  Align principal axes

m = Volume Rendering 2 Metric: Normalized Mutual Information

Localizers:

« Transform: Rigid

 Register. 3D

« Prealign: Align centers & Align principal axes
* Metric: Normalized Mutual Information



ThermoFisher

Data registration: Resample Transformed Image module i

Attach Resample Transformed Image to motor.part2-model.am to apply the transformation (otherwise the
transformation will be available for visualization only).

[ = m Volume Rendering Settings °]
[ mm Volume Rendering °l
|
|

e
[ = motorxpam-reference.am ° P‘“__

—e ® Register Images @

-

./"
| = m motor.part2-model.am @ }/\_\

//
[ = ® motor.part2-model.transformed* 0}/

Y

s
[ = ® Volume Rendering Settings 2 °]

[ m = Volume Rendering 2 °]

Properties

L I

> Data: motor.part2-model.am

Interpolation: Standard

Preserve: ® Voxel Size Dimensions

¥
¥
¥ Mode: cropped @ extended
¥
¥

Padding Value: 0
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Image fUSlon &St|tCh|ng SCIENTIFIC

Attach Merge module to motor.part2-model.transformed and set motor.partl-reference.am as a reference.
Merge using standard interpolation with blend option.

Properties

| = m Volume Rendering Settings .I
O O - |l Volume Rendering .I

)i
| & = motor.parti-reference.am .M
\ > m Register Images @

//\

|= motor.part2-model.transformed* .}é_

=

~ Data: motor.part?-model.transformed

Lattice1: motor.parti-reference.am

¥
¥

Lattice2: NO SOURCE

(=l

Lattice3: MO SOURCE —= = Resample Transformed Image @

(==l

Latticed: NO SOURCE

(=l

Lattices: NO SOURCE

| = m Volume Rendering Settings 2 .I
| m = Volume Rendering 2 .I | = § Merged-motor.part2-model.transformed* .l

(=l

Lattices: NO SOURCE

(=l

1
I
| = ® Yolume Rendering Settings 3 .I

Lattice7: NO SOURCE

(=l

Lattices: NO SOURCE [ m = volume Rendering 3 0|

(=l

Latticed: NO SOURCE

A 2B 25 25 2R 2 2R 2R 2 2N

(=l

Lattice10: NO SOURCE

(=l

Interpolation: Standard

(=l

Padding Value: 0

(=l

Options: ¥ blend use existing result
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Image fUSlon &St|tCh|ng SCIENTIFIC

= m Volume Rendering Settings @
m = Volume Rendering (5]

= m motor.parti-reference.am @

= motor.part2-model.om @

& m motor.part2-model.transformed* @

= m Volume Rendering Settings 2 @

m = Volume Rendering 2 (] = m Merged-motor.part2-model.transformed* @

= m Volume Rendering Settings 3 @

m = Volume Rendering 3 ©




. . . ThermoFisher
Data registration: Transform Editor module

Open chocolate-bar.partl-reference.am and chocolate-bar.part2-model.am (data > registration) then attach
Volume Rendering to each dataset.

= m Volume Rendering Settings @ = m Volume Rendering Settings 2 @

m = Volume Rendering (] m = Volume Rendering 2 O

= m chocolate-bar.part1-reference.am ﬁl

& m chocolate-bar.part2-model.am ﬁl




ThermoFisher

Data registration: Transform Editor module

In the properties window of chocolate-bar.part2-model.am, activate Transform Editor, the transform box will
appeatr.

Properties 4

Lattice Info: 288 x 338 x 235, uniform coordinates

Data Info: grayscale, 16-bit unsigned, min-max: 0..1617, window: 410...1910, intensity ranges: 2
Memory Size: 43.6 MB

Physical Size: 34.44, 40,44, 28.08 [mm] from 1.17969, 38.4514, -0.300186 [mm]

Voxel Size: 0,12 x0.12 % 0.12 [mm]

Preview:




. . . ThermoFisher
Data registration: Transform Editor module

Move the handle box and bring chocolate-bar.part2-model.am (in yellow) to overlap with chocolate-bar.partl-
reference.am (in green) as much as possible.




ThermoFisher

Data registration: Register Images module

Attach Register Images to chocolate-bar.part2-model.am and set the reference to chocolate-bar.partl-
reference.am.

Properties

= = Volume Rendering Settings @

B = Yolume Rendering
i g ° ~ Model: chocolate-bar.part2-model.am

Reference: chocolate-bar.partl1-reference.am

= m chocolate-bar.parti1-reference.am @ p._

Reference: NO SOURCE

Reference3: MO SOURCE
Transform: ¥ Rigid Iso-Scale Aniso-Scale Shear
Disable Rotation:

Register: 20 ® 3D

Prealign: Align centers  Align principal axes

Metric: Mormalized Mutual Information  ~

Localizers:

« Transform: Rigid

 Register. 3D

« Prealign: Align centers & Align principal axes
* Metric: Normalized Mutual Information
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SCIENTIFIC

Data registration: Resample Transformed Image module

Attach Resample Transformed Image to chocolate-bar.part2-model.am to apply the transformation (otherwise
the transformation will be available for visualization only).

== Volume Rendering Settings (]
m = Volume Rendering (-]

= ® chocolate-bar.parti-reference.am @

% m Register Images @

= ® chocolate-bar.part2-model.am @

2 m chocolate-bar.part2-model.transformed* °"/

\

= ® Volume Rendering Settings 2 @
m = Volume Rendering 2 (> ]

Properties

8O-
> Data: chocolate-bar.part2-model.am
Interpolation: Standard
Mode: cropped ® extended
Preserve: ® Voxel Size Dimensions

Padding Value: 0




ThermoFisher

Image fUSlon &St|tCh|ng SCIENTIFIC

Attach Merge module to chocolate-bar.part2-model.transformed and set chocolate-bar.partl-reference.am as
a reference. Merge using standard interpolation with blend option.

Properties

| = ® Volume Rendering Settings .I

O
|l Volume Rendering .I

|
.

| = ® chocolate-bar.part1-reference.am 3 ]

=

~ Data: chocolate-bar.part2-model.transformed

MH\-&

H‘n W Register Images @

Lattice1: chocolate-bar.part1-reference.am

¥
¥

Lattice2: NO SOURCE

| 2§ chocolote-bar. part2-model.am .}‘\\

(=l

Lattice3: NO SOURCE

(=l

Latticed: NO SOURCE & Resample Transformed Image @

(=l

Lattice5: MO SOURCE | = u chocolate-bar.part2-model.transformed* .K:

(=l

T
i
| = = YVolume Rendering Settings 2 .I

Lattices: NO SOURCE

Lattice7: MO SOURCE

| m = Volume Rendering 2 .I

Lattices: MO SOURCE

(4 ([

Latticed: MO SOURCE

AR 2B 25 2 25 2 25 2R 2R 2N

(=l

Lattice10: NO SOURCE

(=l

Interpolation: Standard

(=l

Padding Value: 0

(=l

Options: ¥ blend use existing result
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Image fUSlon &St|tCh|ng SCIENTIFIC

= Volume Rendering Settings @

mE Volume Rendering
= chocolate-bar.part

W Register Images @

= u chocolate-bar. po

~& = Resample Transformed Image @

Merged-chocolate-bar.part2-model.transformed* O

= m Yolume Rendering Settings 3

m = Volume Rendering 3 3 ]




Data registration: exercise

Register and merge parts of motor data

ThermoFisher
SCIENTIFIC

Register and merge the motor parts (...data/registration/motor.part1-reference.am & motor.part2-model.am)

= ® Volume Rendering Settings @

== Volume Rendering Settings 2 @

m = Volume Rendering ©

l

[ = ® motor.parti-reference.am °]

m = Volume Rendering 2 ©

E@motor.part2-model.om -




ThermoFisher

Data registration: exercise

Register and merge parts of chocolate bar data
—

Register and merge the chocolate bar parts
(...data/registration/chocolate-bar.partl-reference.am chocolate-bar.part2-model.am)

= ® Volume Rendering Settings @
m = Volume Rendering (5]
|
|

= chocolate-bar.part1~reference.am°

= W chocolate-bar.part2-model.am (>)

= ® Volume Rendering Settings 2 @
m = Volume Rendering 2 (5]




. . ThermoFisher
NOmInaI-ACtuaI Compa”SOn SCIENTIFIC

Open Pump-bracket-CAD-model.surf and Pump-bracket-CT-scan.am (...data/pump-bracket) then generate a
binary image (thresholding) and then generate surface from Pump-bracket-CT-scan.am and attach Surface
View to both surfaces.

m = Pump-bracket-CT-scan.am @

= ® Pump-bracket-CAD-model.surf @ = Pump-bracket-CT-scan.surf* @




Nominal-Actual comparison example

ThermoFisher

SCIENTIFIC

In the properties window of Pump-bracket-CT-scan.surf, activate Transform Editor, the transform box will
appeatr.

Properties

0.

Physical Size: 93.5704, 127.068, 97.3715 [mm] from 3.77167, 11.1576, 6.56884 [mm]

(el (el el

i
i’

(=l (el

Surface: 572788 points, 1145596 faces, 1 patches, 0 contours, 0 edges

Master: MO SOURCE R

» Transform Editor

Manipulator: Transformer Dialog...
Reset: All Translation Rotation Scale

Action: Undo Redo Copy Paste

-l'-"-

Apply transform




. . ThermoFisher
Nominal-Actual comparison example

Move the handle box and bring Pump-bracket-CT-scan.surf to overlap with Pump-bracket-CAD-model.surf
as much as possible.




Nominal-Actual comparison example

ThermoFisher

SCIENTIFIC

Attach Align Surfaces to Pump-bracket-CAD-model.surf and set the reference to Pump-bracket-CT-scan.surf.

m m Surface View @

m = Pump-bracket-CT-scan.am @

= m Pump-bracket-CT-scan.surf* @ =

m = Surface View 2 @

« Options: iterate
* Transformation: rigid

« Stop: relative RMS = 0.001, max iter = 15

« Align: Surfaces

Properties

Surface_to_be_transfor..
Reference_surface:

ROIL:

Weights:

Options:
Transformation:

Stop:

Align:

Pump-bracket-CAD-model.surf ~ =
Pump-bracket-CT-scan.surf N
NOSOURCE ~ =p
MOSOURCE ~ =P

o iterate U5e Correspondence

® rigid rigid + uniform scale affine

relative RMS 0,001 max iter 15

Surfaces Centers Principal Axes
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Nominal-Actual comparison example

[ = ® Pump-bracket-CAD-model.surf* 0}
\
PRE

m = Surface View @

l m = Pump-bracket-CT-scan.am 0]

[ B ® Pump-bracket-CT-scan.surf* o}/ ;
Y

m = Surface View 2 @

Surface_to_be_transfor.. Pump-bracket-CAD-modelsurf ~ =P
Reference_surface: Pump-bracket-CT-scan.surf v o=y
ROL: NOSOURCE v~ =p

Weights: NOSOURCE v =p

Options: ¥ iterate

Transformation: ® rigid rigid + uniform scale affine
Stop: relative RMS  0.001 max iter 15

Align: Surfaces Centers Principal Axes




Nominal-Actual comparison: e.g. Surface Distance

ThermoFisher

SCIENTIFIC

Attached Surface Distance module to Pump-bracket-CAD-model.surf (surface 1) and Pump-bracket-CT-
scan.surf (surface 2).

* Direction: Surface 1->2
« Output: Distance

« Maximal Distance: 1
 Above Threshold: 0.5

Properties

£

~ Surface1:

Surface2:
ROIL:
Direction:

Output:

Consider:

Pump-bracket-CAD-model.surf ~ =
Pump-bracket-CT-scan.surf ~ ~ =
MOSOURCE ~ =p

Surface 1->2

Vectors & Distance Trildx

patches contours isolated points

Maximal Distance [mm]:

Above Threshold:

~ Results

Stats 1: [mm]:

Stats 2: [mm]:

mean 0.451269 dev 0.293069 rms 0.538082 max 1

median 0.422175 aboveThresh 42,4328 % corrRms 0
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Nominal-Actual comparison: e.g. Surface Distance

Visualize distance with Surface View, set color map to Physics

[ = ® Pump-bracket- CAl}mode/ surf Ok\

[l SunfaceV|ew °] TSR =
e >4 m Align Surfaces @

[ m = Pump-bracket-CT-scan.am °]

__/"""? = Surface Distance @

[ = Pum;}bracket CT-scan.surf @
[ a Smface View 2 °]
m = Surface View 3 0]

0 x

b ?
> Data: Pump-bracket-CAD-model.surf ~ =
Draw Style: shaded ~  moreoptionsv  Linewidth: 1 Outline colo
Colors: normal ~
Colormap: 4.63916e-7 ‘W
~ Buffer: emove ear

Selection Mode:




. . . . ThermoFisher
Landmark-based registration: introduction

- Landmarks are useful for registration and alignment of multiple 3D images.
« It allows you to store multiple sets of corresponding marker positions.
« The data type can also be used to represent a simple list of 3D points.
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Landmark-based registration: example

Open chocolate-bar.partl-reference.am and chocolate-bar.part2-model.am (data -> registration) then attach
Volume Rendering to each dataset.

= ® chocolate-bar.parti-reference.am @ = m chocolate-bar.part2-model.am @

E0Volume Rendering Settings = m Volume Rendering Settings 2 @

m = Volume Rendering e m = Volume Rendering 2 ]

In the properties window of chocolate-bar.part2-model.am, activate Transform Editor, the transform box will
appear. Move the handle box and bring chocolate-bar.part2-model.am (in yellow) to align with chocolate-
bar.partl-reference.am (in green) as much as possible.

Once satisfied apply Resample transform Image to save the transformed dataset.
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Landmark-based registration: example

In Project View, right-click and “Create Object”, select Landmarks (2 sets) (Points And Lines).

= m chocolate-bar.part1-reference.am @ = m chocolate-bar. part2-model.om @

lan d|
Objects (3)
£ CombineLandmarks (Compute)

e F DT te TRac . .
B Landmarks (Points And Lines) o

Q. search "land" within documentation...

M Tmanes And Fisldx
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Landmark-based registration: example

Activate Landmark Editor in the properties port of Landmarks-2-sets, Landmark View will appear.

Properties

- VY Landmarks-2-sets
& ® chocolate-bar.part1-reference.am © & m chocolate-bar. part2-model.om @ Y

: — LandmarkSet: 0 markers, 2 sets (no types, no orientations)
== Volume Rendering Settings @ == Volume Rendering Settings 2 @
: Master: NOSOURCE =~ =
m = Volume Rendering L m = Volume Rendering 2 L]

Image Set1: MNO SOURCE

Image Set2: MO SOURCE
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Landmark-based registration: example

In Landmark-View select to show lines. Then go back to Landmarks-2-sets to start adding points by click on
chocolate-bar.partl-reference.am (yellow dots) and connect to chocolate-bar.part2-model.am (light-blue
dots). Line sets between the two volumes will be shown. Rotate the volumes and add more points and lines
to connect common landmarks between the two volumes. Do not make crossing lines.

= Landmarks-2-sets* @ ||= O Landmark-View

Properties

SRR | andmark-View

Data: Landmarks-2-sets/~ =
Box: NO SOURCE

Point Set: Both b4

Lines: W show

Draw Style: points projections
Size: [ ] 1
Base Size: increase decrease

Complexity: [ ] 0.25




ThermoFisher

Landmark-based registration: example

Open Tcl console, then come back to “Project View” and click on “Landmarks-2-sets”. Next go back to Tcl
Console and then press “Tab” to activate- > “Landmarks-2-sets” and input “computeLinearTransform 1 0 0:

« “Landmarks-2-sets” computeLinearTransform 1 00

Press enter.

Consoles

Main Python Console
! 1 W Fu ] 3 ] j ! 1 o [
= m chocolate-bar.part1-reference.om @ = m chocolate-bar.part2-madel.om @ Reading volrg Sggen.col

Reading volrenWhiciam
Reading volrenYellowInverted.col
Reading hotIron.am

Reading labels.am

Reading labelsBinary.am

= m Volume Rendering Settings @ = m Volume Rendering Settings 2 @

W = Volume Rendering © m = Volume Rendering 2 L]

Reading labels256.am

Amira 2020.2 (arch-Win64VC12-Optimize)

Type 'help' for getting started.

Reading chocolate-bar.part1-reference.am

Reading chocolate-bar.part2-model.am
Landmarkeditor Object 312 created
="Landmarks-2-sets" computeLlinearTransform 100

B0 Landmarks- 2-sets*® —_— m = Landmark-View @

MERIDRY USHEE
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Landmark-based registration: example

Go back to Project View and click on chocolate-bar.part2-model transformed.am. Then go back to Tcl

Console and then press “Tab” to activate -> “chocolate-bar.part2-model-transformed.am” and input
setTransform and paste the values from previous step:

» “chocolate-bar.partl-reference.am” setTransform 0.999631 -0.0174218 -0.020835 0 0.0176621 0.999779

0.0114049 0 0.0206318 -0.0117689 0.999718 0 -0.375237 0.593657 -18.5194 1
Press enter.

Consoles
Main Python Console
Reading labelsBinary.am
Reading labels256.am
Amira 2020.2 (arch-WingdV'C12-Optimize)
Type 'help’ for getting started.
Reading chocolate-bar.parti1-reference.am
Reading chocolate-bar.part2-model.am
LandmarkEditor Object 312 created
="Landmarks-2-sets" computeLinearTransform 1 0 0
0.999631 -0.0174218 -0.020835 0 0.0176621 0.959779 0.0114049 0 0.0206318 -0.0117689 0.999718& 0 -0.375237 0.593657 -18.5194 1
="cthocolate-bar.part2-model.transformed” setTransform 0.999631 -0.0174218 -0.020835 0 0.0176621 0.999779 0.0114049 0 0.0206318 -0.0117689
0.999718 0-0.375237 0.593657 -18.5194 1
1

MIERIORY USAGE

Stop

o | 2] |
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Landmark-based registration: example

Registration result:
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Example Data Train Model
Deep learning is a machine learning A\ ‘&‘)
tEChanue that teaCheS COmpUterS to dO has patterns finds patterns recognizes patterns

what comes naturally to humans:

Learn by example
New Data Apply Model Prediction

A\

'40"‘-5/;12,5
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Al-Powered Deep Learning

* Learn by example

- Automate tedious tasks

« Solve challenging feature identification
* Improve accuracy & time to results

Training Image Ground Truth Image

ODeep Learning Training ()

hidden layer 1 hidden layer 2

SO
5=

input layer

| New Images

Trained
Model

» [IDeep Learning Prediction &)

!

Predicted Results
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(4 x 0) : : -
Gontrclement o e kool i pacavr o @x0 In mathematics, convolution is a
source pixel. 1 ne source pixel IS then replac . .

with & weighted sum of tself and nearby pixels. (0 X0) mathematical operation on two

functions (f and g) that
produces a third function () that
expresses how the shape of
one is modified by the other.

Source pixel

The term convolution refers to both
the result function and to the
process of computing It.

Convolution

New pixel value (destination pixel)

351
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Deep Learning Neural Network

Input image Convolutional layers Fully connected layer Output class

e —
N
\

Convolution Pooling

ﬂ':‘ @
z“t:':"/ls A\\\":':l.'i

WK\

S
\o‘:’;\ \
LN
VI"\

//‘{




Deep Learning Neural Network

iInput layer
hidden layer 1 hidden layer 2
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Neural Network

Simple Neural Network Deep Learning Neural Network

W ,', —
aVin S
A AT ‘%“\\ S
KA R REA
AR
N, o e
\'§ (-‘ 2) £ d";‘&*

'\'z‘v s\ O ;/ "\2\‘,
N~

@ Input Layer () Hidden Layer @ Output Layer
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Neural Network
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Neural Network

,I

NN

' ¥ ¥ ¥~ F F

,.

Compressed

Image
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Neural Network

Segment part of dataset

O : :

Z for training Split data Train network

P

<_t Models (ground truth)

14

=
Training (80-90%) M

s [hala)

Validation (10-20%) o

5 5

= Images S Labels |

- 2

= s

14

= v | Scores
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. . . ThermoFisher
Animation: Camera Path (Rotation)
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Animation: Camera Path (rotation)

Open chocolate-bar.am (data > tutorials) then attach VVolume Rendering to the dataset.

B0 chocolate-baram -
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Animation: Camera Path (rotation)

Project View

Open Data...

Attach Camera Path

chocolate-bar.am @ = = Volume Rendering Settings @
Right-Click anywhere in
the project view

- Create Object Recent Files
Recent Projects

] Open Data... Ctrl+0
Create Object...

Show Object

Show All Objects

Remove All Objects
s Save Project

Save Project As...
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Animation: Camera Path (rotation)

= m chocolate-bar.am @@

Attach Camera Path |

[#] Favorites Calculus MATLAB

Right-Click anywhere in

the project view [€] Recents

Camera Orbit

[-2 Templates Camera Path

[T Experimental Caption .
L Experimen P Creates a path for the camera

[T Animate

Clipping Plane

_ C amera Pat h [ Animations And Scripts

[ Annotations

. HxKeyframeComeraPath
Recipe Player i :

Al TR

Scalebars

y
W

[ Compute
[ EM Toolbox

Time

[ Tmane Prorascinm
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Animation: Camera Path (rotation)

= m chocolate-bar.am @ = ® Volume Rendering Settings @

Camera Path

Click on the Camera-Path
module

- Properties

Properties

o+

Camera Path: 0 keyframes (not closed), total time 0.0

Master: MO SOURCE ~ =P

v
A

Camera Orientation: Smooth

Time: 4 4
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Animation: Camera Path (rotation)

Properties

o+

Camera Path: 0 keyframes (not closed), total time 0.0

Camera Path

) . ) Master: MOSOURCE ~ =p
Click Camera Path Editor icon -

(top-right) to start adding key
frames.

A small camera path view will
also appear.

Camera Orientation: smooth
~ Camera Path Editor
. |
Time:
A
o o W |+ p

Keyframes: remove crcular path  const velooity

Control:

Am Viewer 5

» N+ Q
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Animation: Camera Path (rotation)

(== i o G
. ‘ ’f‘ Q 1S4 @ » @ » > »
Camera Path ]

Click Add to start
adding key frames

For each key frame;

- Turn, rotate, zoom
data in or out

roperties

o - TN

- The path Of Camera L Camera Path: 10 keyframes (not closed), total time 90.0
rotation will be - ==
shown in the small [N
Camera Path Viewer W ) R R T
Control: 4 4 4 @ > p P

Keyframes: add remove arcular path  const velocity




Animation: Camera Path (rotation)

Camera Path

Click the small viewer
to close Camera Path
Editor when finish with
key frames

(or click at the Camera
Editor icon one more
time).

= choralate-bas.am ‘
» »

»y 2 ac 0 » o8-

o~
Camera Path: 10 keyframes (not closed), total time 90.0
Master: NO SOURCE v o

Camera Orientation: Smooth

v Camera Path Editor

5 4
Time: ) e e B 1

Control: < i 4 @ > b b

Keyframes: add remove arcular path  const velocity

ThermoFisher

SCIENTIFIC
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Animation: Camera Path (rotation)

Camera Path

Properties

Click Play button to WY comerapath

p reV| ew th e an | m at| on b o Camera Path: 10 keyframes (not closed), total time 90.0

Master: NOSOURCE v =p

9 4
A

Time: 4 4

Camera Orientation: Smooth
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Animation: Camera Path (rotation)

B camera-Path

[*] Favorites > | £ Clear History Log
[€] Recents H Movie Maker

Making movie - __
l#] Editors Creates a movie as single images or MPEG

[ Experimental

Right click at Camera- F— [ Animate

Path module to attach [ Annotate
. (LW Camera-Path
Movie Maker module = [ Compute

HxMovieMaker

Camera Path: [ Display

Master:
Time:

Camera Orientation: smooth
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Animation: Camera Path (rotation)

=m Camera-Path* @@ T

Properties O X
Movie Maker G ~ Advanced =~ ?
Time: Camera-Path ~ =
Set the parameters — e
(Filename field is antialiasing Quality: @
mandatory) then click T
Apply '[O cre ate a m0V|e Info: Frames: 200 - Total time: 8.3 s - Frame rate: 24 (fixed)
f| |e . Filename: Jth.wantha/Desktop/Animation.mpg

File Format: MPEG movie

~ Resolution Options

Size: ® Viewer 360p 480p 720p 1080p Custom

Resolution [px]:

auto-refresh




. . ) ] ThermoFisher
Animation: Camera Path (rotation) movie example
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Animation Workroom: Animation Director
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Animation Workroom: Animation Director

= chocolate-bar.am @ b = m Yolume Rendering Settings @

Animation Director

m Mavie ;.ﬂ aker @
Attach Clipping Plane to

the dataset and “clip”

Properties

» Data: chocolate-baram

Frame: o show width: 1 |:|

Orientation: Xy Xz ¥z
Options: adjust view rotate B immediate fit to points
Translate [%]: | o] 50

Plane Definition:
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Animation Workroom: Animation Director

File Edit Project View Window XPand Python XScreen Help
@ Start - < Project £%; Redpes £ Segmentation “&" Meshing *#; Filament ’

Project View

Open Data...

Cylinder Slice @ Dual Ortho Slices | Intensity Ranges Contours

Animation Director

Then activate the

Animation workroom.
The Animation Director
will appeatr.

Animation Director

> Data: chocolate-baram v =p 0 ° 0 o o 0 ‘:]O{} 00:00.000

Frame: ¥ show width: 1 [ | Current Animation: NewAnimation L,o @] == Add specialevent ~ H{ £

Orientation: Xy Xz 74

Options: adjust view rotate @ immediate fit to points

GET STARTED!
Translate [%]: 4 [ ) > 50

Plane Definition: The current Animation Director does not contain any animation.

To animate a component (object, port, viewer...), click on the O button located near the
component to be animated.
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Animation Workroom: Animation Director

. Ty
Translation ~

Animation

1. Start with the
Timeline at

00:00:000
2. In Clipping Plane
. > Data: chocolate-baram v =p
Propertles tranSIate . Frame: ¥ show width: 1 E]
tO O%. L Orientation: Xy Xz 74
Pay attentlon to the ) L Options: adjust view rotate ® immediate fit to points

Translate [%]: 4 0 > 0

clipping direction: full — - -
volume should be 00 OO0 Pcc  o0o0o00 F

VlSlble at O% Current Animation: NewAnimation L? @] +Addspecia|event v m b4
(Translate). 1

GET STARTED!

Plane Definition:
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Animation Workroom: Animation Director

TI' an S I atl O n [ == chocolate-bar.am @ = ® Volume Rendering Settings °]
. . [ m = Volume Rendering °]
Animation

m = Camera-Path* @

Properties 3

)
> Data: chocolate-baram v =
Frame: ¥ show width: 1 il
Orientation: Xy Xz 74

Options: adjust view rotate & immediate fit to points

3. Hide the Clipping e oo “r
Plane bounding box. Plane Defiiton:

Animation Director

Q00 OO0OO [»ce  ooco0000 *

Current Animation: NewAnimation v C? @]’ = Add special event v m 0

GET STARTED!

The current Animation Director does not contain any animation.

To animate a component (object, port, viewer...), click on the O button located near the
component to be animated.
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Animation Workroom: Animation Director

Translation __
: - (G adnidiatabaian O I
Animation

4. Click the

Stopwatch button
next to Translate (%)
in Clipping Plane operes

properties to start ¢ o, - (D m

adding the first key e ]
frame (Translation) to
the timeline at
00:00:000.

= = g

Frame: @ show width: 1
Orientation: Xy Xz yz

Options: adjust view rotate ® immediate fit to points

(3 (9 [

Translate [%]: <0 b 0 Animation Director

Q00 OOO® [»ce  00:00.00

5]

Plane Definition:

Current Animation: NewAnimation L‘? @I = Add special event v m

v Clipping Plane
Translate [%]
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Animation Workroom: Animation Director

Tr ans | at | on [ & m chocolate-bar.am @ b {[ = = Volume Rendering Settings .%
. . m = Volume Renderin (-]
Animation g

5. Move the timeline
bar to 00:03:000

6. Translate to 50 %

Properties

7. Add a key frame —
> Data: chocolate-baram v =P
Frame: ™ show width: 1
Orientation: Xy Xz yz
Options: adjust view rotate ® immediate fit to points

Translate [%]: < = > 50 Animation Director

Plane Definition: 0 ° o o ° 0 |E|O{} 00:03.000 :

Current Animation: NewAnimation L? @] == Add special event - m O

v Clipping Plane 0§
Translate [%] 1e] D]

v
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Animation Workroom: Animation Director

Tr ans | at I on [ = = chocolate-bar.am @ p { = m Volume Rendering Settings °]
An I m atl on [ == volume Rendering 0|

Repeat the steps

8.Move the timeline
bar to 00:06:000

9. Translate to 80 % B civving Pane 'm

> Data: chocolate-baram v~ =P

Frame: & show width: 1 @

10. Add a key frame i o e e

Options: adjust view rotate ¥ immediate fit to points

Translate [%]: < @ > 20 Aninga#0n Director

Plane Definition: Q o o o ° 0 ‘E|O{} 00:06.000 :

Current Animation: NewAnimation L? @ = Add special event m #

v Clipping Plane (i}
9 Translate [%] < - W

10
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Animation Workroom: Animation Director

Tr a.n S | at I O n [ = m chocolate-bar.am QL { == volume Rendering Settings °]

1

An I m at| O n [ m = Volume Rendering °]

Repeat the steps

11.Move the timeline
bar to 00:09:000

Properties
12. Translate to 0 % - B -
> Data: chocolate-baram ~ =P
= Frame: 8 show width: 1 [ 11
13. Add a key frame P R . & ¥
L Options: adjust view rotate ¥ immediate fit to points
Translate [%]: 4 9 > 0 AnimatigerDirector

- m
Plane Definition: Q ° o o ° 0 IiiOO 00:09.000 i (rﬂ);oo 00:0

) s e ]

Current Animation: NewAnimation L? @ = Add special event v m Q

v Clipping Plane Ty
Translate [%)] s ©

12

13




. . . . . ThermoFisher
Animation Workroom: Animation Director

Translation
Animation

14. When done, bring
timeline bar to
00:00:000

15. Set the limit of
the animation at

0009000 Animation Director - K-
00 OO® e 0000000 F
16 C“Ck Play button Current Animation: Newl mation v L? @ +Add special event v m ﬁ

in Animation Director v Clipping Plane

Translate [%]

to preview the
animation. 16




. . . . . ThermoFisher
Animation Workroom: Animation Director

Translation + Rotation
Animation 18

17. At time 00:00:000

18.Click on Camera- comere e 1:::§;1n;:s<iétc|:sed).mtammeeo.o

Path module (with 5. tme IE. "EB-

previously created e o sng

rotation key frames). .
19 000 000 [ce oo ¥ I

19. Make sure to have e (O @ Haddspecaionnt © M &

Time 0 in Camera Path Tansite (5

properties port before
clicking on Stopwatch
button next to Time.

Select Time value to
add to Animation
Workroom.
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Animation Workroom: Animation Director

Translation + Rotation

Animation 18
Properties
17. At time 00:00:000 PRI Covciopan |
(0} Camera Path: 10 keyframes (not closed), total time 90.0
. bLs Master: NO SOURCE v =l
18.Click at Camera-Path O e 58 "EE-
module (With previously Camera Orientation: Smogih
created rotation key
frames). 19 000 OOO® Pcc  o0o0000 F o";oo
Current Animation: NewAnimation L? U] == Addspecalevent - HH &
v Clipping Plane
Translate [%
19. Make sure to have i

Time: value

Time 0 in Camera Path
properties port before
clicking on Stopwatch
button next to Time.

Select Time value to
add to Animation
Workroom.
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Animation Workroom: Animation Director

Translation + Rotation

Animation

20. Move the timeline
bar to 00:03:000

21. Move Camera Path E&=
Key frame to time 30 SO

Camera Path: 8 keyframes (not closed), total time 70.0

Master: NOSOURCE v et

22. Add a key frame S | h—— | [

Camera Orientation: Smooth
Animation Director

22 2 1 Q00 OO0 cc  o003000 F

Current Animation: NewAnimation L? @] = Add special event v m ¢

~ Clipping Plane
Translate [%]
v~ Camera-Path

Time: value




Animation Workroom: Animation Director

Translation + Rotation [(EEEEEEUSSS ==l e
Animation

Repeat the steps

23. Move the timeline
bar to 00:06:000

* o o - CIICIN
24. Move Camera Path

Master: NO SOURCE v~ =P

Key frame to time 60 - Time h RAOIL

Camera Orientation: Smooth

8 keyframes (not closed), total time 70.0

25. Add a key frame

24

* mm Clipping Plane @ I

ThermoFisher

SCIENTIFIC

Animation Director

S m
Q000 OO0 e o000 F oL, e

Current Animation: NewAnimation ~ E.ll ]ﬁ[ -|-m1d special event  ~ m #
~ Clipping Plane

Translate [%] « & =
~ Camera-Path

Time: value - % -

25
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Animation Workroom: Animation Director

- . 2 ® chocolate-bar.am
Translation + Rotation [EEEEEEED
Animation

~_

Repeat the steps ~{(= = ipping P @]

26. Move the timeline
bar to 00:09:000 Propertes

Camera Path: 8 keyframes (not closed), total time 70.0

27. Move Camera Path —
Key frame to time 90 - e <« O

Camera Orientation: Smooth
Animation Director

28. Add a key frame Q000 OO e 00:09.000
27 Current Animation: NewAnimation L,O @ =} Add special event v m

~ Clipping Plane
Translate [%] = -
~ Camera-Path

Time: value s & -




. . . . . ThermoFisher
Animation Workroom: Animation Director

Translation + Rotation

Animation

29. When done, bring
timeline bar to
00:00:000

30. Click Play button in
Animation Director to
preview the animation.

Animation Director

Q00 OOO® e 000000

Please nOte that the Current Animation: New/SR ation v E., @ +Addspecialevent v m
animation limit was > c“ppinglplane
Translate [%]
already set at e 30
0009000 Time: value




ThermoFisher

Animation director: movie generator

Animation Director

MOV|e CreaUOn 0 o o o o c' |E|O{} 00:00.000 : 00:08 i

Current Animation: MNewAnimation E'I' @[ -l-ﬁdd special event  ~

Activate Movie Creation in
Animation Director and input
all parameters as needed.

Movie Creation
Info: Frames: 225 - Total time: 9.0 s - Frame rate: 25 (fixed)
Viewer: Viewer0 -
. . Antialiasing Quality: @@
Then click Create Movie. | -
File Format: MPEG movie
Filename: ific Avizo 2020.2/data/NewAnimation
Frames: + ! F 225

Frame Rate: 25

Quality:

Type: monoscopic

Format: ® RGB RGBA
Tiles: X 1 il 1
Size: ® Viewer 360p 480p 720p 1080p Custom

Resolution [px]: ¥ 1344

Create Movie




. . . . . ) ThermoFisher
Animation Workroom: Animation Director movie example
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Thank you!

Find out more at thermofisher.com/avizo
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