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Hands-on
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and generate a Surface mesh




Step 1: Open the dataset

Use the OPEN DATA button in the Start Page
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Step 1: Open the dataset

« Use the OPEN DATA button in the Start Page
 Check available file formats
 Load file ‘human_molar_15um3.resampled 50um3.am’

Downsampled data can be downloaded from the Xtras Library: https://xtras.amira-avizo.com/

Data courtesy of Dr. Timothy Ryan, Department of Anthropology, Pennsylvania State University



https://xtras.amira-avizo.com/

Step 1. Open the dataset

« Use the OPEN DATA button in the Start Page

« Check available file formats

 Load file ‘human_molar_15um3.resampled 50um3.am’
« Configure ‘Auto-Display’

?

m Avizo

@ A new mode allowing display modules to be automatically
connected to loaded or computed data objects is now

available.

@ can use Preferences = Auto-Display to disable it
" 0 not show this message again
o’

oK v\-#}pen Preferences...
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Step 2: Visualize the data

« Auto-Display has created an OrthoSlice
« Left-click on OrthoSlice to show its properties

« Change slice position and orientation Lb—u

1 § v Ortho Slice ]. S K,
¥ Data: human_naglar 15um3.resampled_50um3.am ~ =
¥ Orientation: O Xy @ j. ¥z
3 Slice Number: - = [
o ¥ Mapping Type: ‘Colormap ~
¥ Colormap: a ,m ) |\|222 Edit,
X > Display Options
auto-refresh
ThermoFisher



Step 2: Visualize the data

« Auto-Display has created an OrthoSlice
« Left-click on OrthoSlice to show its properties

Properties B X
« Change slice position and orientation - , ﬁ
QOrtho Slice f
«  Adjust Visualization Contrast using the =l - WII5]1?
¥ Data: human_molar_15um3.resampled_S0um3.am ~ =
Colormap port n orientation: Ow ®x Oy
¥ Slice Number: o || ) [ 2
¥ ¥ Mapping Type: Colormap ~
M Colormap: 10 Mol W 205 ' Edit,
XS > Display Options
To adjust value, you can: N
* Type in the value you wish in the box

« Position the mouse cursor over the box, and roll the mouse wheel (this works on almost all parameter box values in Avizo)
» Click on the gadgets to modify the corresponding value
» Click between the 2 gadgets to translate the colormap range (adjusts both values simultaneously)

Warning: if you double-click in the colormap area, the colormap module will appear. DO NOT DELETE IT. Select it and press Ctrl+H to hide it again.
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Step 2: Visualize the data

[0 Avizo - Untitled
File Edit Project View Window XPand XScreen Help

== PROJECT

B Vi
Open Data...

[ Volren ] [\r’ulume Renderingl [Buunding Buxl [ ROI Box l
Bm human_molar_15um3.resampled_50um3.am {}}1 1.‘ OB 0rtho Slice & |
%2 human_molar_15u...ampled_S0um3.am ~ I B @& (Q <Enter a search string> o)
B3 Favorites # ([} Bounding Box
. . [@ Recents € Edit New Label Field
* Right-click on dataset to open menu £ Eaitors © Extract Subvolume
Templates 4] Filter Sandbox
3 Experimental £ Interactive Thresholding
B Animate 31 Ortho Slice
[T Annotate R Ortho Views
[T Compute & ROI Box
[T Convert Q@ Volren
[ Correlation @ Volume Rendering
E3 Display
E3 Fiber Tracing
[0 Geometry Transforms
[3 Image Processing v
-__________________________|
The menu is context-dependent: right-click on the dataset shows only modules that can be attached to an image
ThermoFisher
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Step 2: Visualize the data

« Auto-Display has created an OrthoSlice
Left-click on OrthoSlice to show its properties e e e T
« Adjust Visualization Contrast using the | © b o i aied somaz S AR B o = o s
~ || Bounding Box |
COlormap port E“:f:f"ts © bxr Di:ilaysthe bounding box of a spatial data object
+  Change slice position and orientation I epermera © e e
* Right-click on dataset to open menu
« Choose Favorites->"Bounding Box”
Open Data...
o ThermoFisher
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Step 2: Visualize the data
»I':Iﬂ Q 2 O A K

e Select Trackball mode

e Use left mouse button in 3D view to move the
camera
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Step 2: Visualize the data
»I':Iﬂ Q 2 O A K

« Select Interactive mode
 Change Slice Number interactively in 3D View
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Step 2: Visualize the data

« Connect a “Volren” module to the dataset

« Disable Visibility of the OrthoSlice

[Elhuman_molar_l5um3.re5ampled_50um3.am @ b= ; T — T OPETTIES

¥ Data: human_maolar_15um3
T et e_am_ Y e Y e Y

« Adjust Volren colormap range to e.g. 30-165
« Change Colormap to VolrenWhite

& grayScale.am

Adjust range to 4

a EH ~ Volren . [} 2 Wl temperature.icol
g2 physics.icol

¥ Data: human_molar_15um3.resampled_50um3.am ~ = B seismic.col
¥ “ Transfer Functions: Create & glow.col
¥ Options: d: 0 Delete IF volrenRed.col

= g volrenGreen.col
¥ Color: 57 Fﬂ;r—?' N | |I§5 | By F" volrenWhite.am I
X Opacity: Ir ,ﬁ I hotlron.am '
¥ > Advanced W labels.am
¥ > Optional Connections Il IzbelsBinary.am

[l Iabels256.am
"% Constant color

Note: Volume Rendering can also be used, but may crash on laptops without a dedicated GPU, or outdated drivers

ThermoFisher
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Step 3: Segment the data

[ Avizo - Untitled
Eile Edit Project View Window XPand XScreen Help

 Open the Segmentation Editor workroom

Project View Segmentation Editor g X
Avizo - Untitled | -
nteractively segment 3D v | ==
File Edit Project View Window XPand XScreen Segmentation Selecti elp Open Data... ) Yy s€g o= == E
e [ | = mownm]s wee | | — | image data = J
ion Editor g x
Image: human_molar_15um3.resampled_50um3.am ~ ?
Label field: human_molar_15um3.resampled_50um3.lab ~ News Delete
MATERIALS
Color Hame 3D 2D Colorize Lock Select
[ Exterior (Not Assigned) O 0O & Select
] inside O & Select
Add Delete Locate
DISPLAY CONTROL
20 [0 | il ™ T T T 22 Edit,,
Dcrosshairs
30 33 [V R T T | oss Edit,.| | Option,
Crosshairs [_] Slices [_| Volume rendering
SELECTION
A ©] 0 <>
@ Volume O Current slice Show in 3D O No selection
AP D Ny @
[] Al slices
I:‘ Select all
Pos Index:
Material: Intensity:
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Step 3: Segment the data

 Open the Segmentation Editor workroom

«  We will start with watershed segmentation, which is good for multi-material segmentation of ‘not
too thin’ objects (cracks will be handled separately)

« Watershed starts from markers for each materials, which will be grown by the algorithm to match
where there is highest gradient (contrast) in the image.

14



Step 3: Segment the data

 Open the Segmentation Editor workroom

« Add Materials for ‘outside air’, ‘interior air’ (formerly pulp), dentin, and enamel
* Double-click on a ‘Material’ name to rename it or use F2 (in Windows)
* Right-click a material for further options (color/draw style/...)

Segmentation Editor g X
Image: human_molar_15um3.resampled_50um3.am - ?
Label field: human_molar_15um3.resampled_S0um2.labels - MNew Delete
MATERIALS
Color Hame 3D D Colorize Lock Select Marker _ invisible
; ; New Material
[] Exterior (Not Assigned) [ ] [ ] '~ ) contour
D out ] B [Sele . Rename Material v hatched
. pulp ] Select De-lete Material dotted
B dentin ] B |Select Edit Color light dots
[ ] enamel [] B [Select Locate 3D view
v Lock Material
Preferences...
Lock All r
@, Delete Locate
[EpE— - — -—‘f
15 ThermoFisher



Step 3: Segment the data

« Use the paintbrush to define some markers for each material ‘ l‘@@ N @ .l A4 Ny @

e 1: Paint on a slice to select some voxels
left click to select voxels

Ctrl+left click to de-select voxels

« 2: Select the material to assign the selection to
(or make sure the target material is already selected)

MATERIALS

Color Name Colorize Lock Select

Exterior (Mot Assigned)
out

[

[

B pup
. dentin

D enamel v

« 3: Add selection to the target material (keypad + or A)

B Select
B Select
B Select
B | Select
B Select

)
RIKIKIRIL] &

Add the selection to the

] 1|:|4 ."r "l|:|E:
h‘ / current material. L E fb Q - -

This icon # clears a selection without assigning to a material

16 ThermoFisher



Step 3: Segment the data

« Select the watershed tool ‘ A SN D H@Q

 Press ‘Create a new gradient image’
This only has to be done once. After it is done, the ‘Landscape image’ will indicate « gradient[imagename] »

 Press ‘Apply and create a new label field’
Each time you press this button, the watershed algorithm is runned on the currently selected label field, and will generate a
new label field.

b/@?"ﬂ@dﬂ@&

Landscape image: lEgradienthuman_mcr[ar_l5um3.resamp[ed_5[]um3.am - ’I'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

17



Step 3: Segment the data

[ Avizo - Untitled
File Edit Project View Window XPand XScreen Segmentation Selection Help
& sTART I-Gmum I‘-—.‘C: SEGMENTATION | 55 MESHING I"C FILAMENT IMIMTm

Segmentation Edtor Bl h 4 - Q 2 O A AN BHEBY e o mm [

A neW Iabe I fl e I d IS Cre ated y Image: human_molar_15um3.resampled_50um3.am 4 ?
b ut th e O ri g i n al Iabel fi e I d —mhuman_mo\ar_l5um3.resampled_50um2.labels - Mew Delete

MATERIALS

(watershed markers still exists) o e

X

Colorize Lol

=

Select  Marker

3D b1
[ Exterior (Not Assigned) | | & Select
I:‘ out ] & Select
. pulp ] & Select
B denin ] &  Select
[ ] enamel ] & Select
Add Delete Locate
DISPLAY CONTROL
0 |0 | e T T WS T T e Edit,
[] crosshairs
a0 5 [P T AT | s Edt.) [option
Crosshairs I:‘ Slices |:| Volume rendering
SELECTION
| e B <] e
(@) volume () Current slice Show in 3D O No selection

- - A RN D Py @
The entire image (formerly B
‘Exterior’ material) has been R P =

Qutput catchment basins: O separated @ side-by-side

‘|nvaded’ by the markers Apply and create a new label field

Pos: 0.9125 5.7225 9.1525 Index: 4 105 171
Material: Exterior Intensity: 0
< >

If necessary (in case of a significant leakage) it is possible to go back to the previous label field (markers), update it, and re-apply the watershed.
It is also possible to edit the result from the watershed to fix small issues.
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Step 3: Segment the data

- Let's now extract the cracks, using the Top Hattool % # ® # N\ @ d@“- Q

Type: (@ black () white
Kernel shape: Ball = | Precision: Precise = | Size:
 1: Select the Top Hat tool Compute Top Hat Image
. . slices |:| elect anly current materia
- 2:use a Ball if Size 1 as a Kernel l“"'kd:“v"' o
«  3: Compute the Top Hat Image v N1 b - [l

Preview 2D 3D

* 4: Adjust the ‘'masking’ range: only adjust the lower threshold value. 20 seems a good value.

 5: Select Masked Voxels (make sure to have ‘All slices’ selected)

MATERIALS
« 6. Create a material ‘cracks’ coler |- |2 [Obem ek (SR
‘ ’ ‘ , _ [] Exterior (Not Assigned) HE Select
Lock the ‘out’ and ‘pulp’ materials L] out [] Select
. . . B oulp []  Select
Assign the selection to the ‘cracks’ material B dentin L] Select
|:| enamel [] B Select
B cracks [] B Select
« 7. Delete the material ‘out’
ThermoFisher
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Step 3: Segment the data

 Go back to the ‘Project’ workroom
« l|dentify which modules correspond to what...

Original grayscale image

4 0D Ortho Slice @]

1
OmVaolren &

OB Bounding Box G |

EEhuman_maolar_15um3.resampled_50um3.am 6]

The first label field created by Segmentation Editor is ,[ OB human_molar_15um3.resampled_50um3.labels™ G) |

tlghtly attached to the graysc_ale |mage.‘ , D8 gradienthuman_molar_15um3.resampled_50um3.am™ @]
If relevant, you can delete this connection using the ‘Image Data’ port

[ 08 human_maolar_15um3.resampled_50um2.labels™ ) ]

Gradient Magnitude of the grayscale image, computed
when the ‘Create a new gradient image’ is pressed.

Final label image

20 SCIENTIFIC



Step 4: Measure

2 human_molar_15um...led_50um2.labels = [ ﬁ L

* Right-click on the final label image _ _ e
‘ .y ; ;:;2::5 ° ﬁ :sJuL:;ig;I;: Label Analysis (Recents, Measure And Analyze>Individ
) Create a Label AnaIySIS mOdUIe I E @ drzzz ez Q, Search "label a" within documentation
[T Experimental €2 Extract Subvg
[3 Animate 4] Filter Sandbag
‘ -y nnotate €3 Generate Sur
« Select the measures ‘Standard Shape Analysis e & Ortho Siice
: ‘ . ’ (3 Convert & ROIBox
« Optionnally, connect the ‘Intensity Image’ to the £ Corelation 3 Roiselector
ispla @ Volren
grayscale data e @ Volume Rend
(3 Geometry Transforms Q Voxelized Rendering
[3 Image Processing
*  Apply
Properties & xl
o v Lsbelnalysis ?
¥ Data: human_meolar_15um3.resampled_50um2.labels ~ =
X Intensity Image: NO SOURCE N
¥ Interpretation: @ 3D O XY planes
¥ Measures: Standard Shape Analysis » | ..
[ ] auto-refresh ﬁ
21 ThermoFisher



Step 4: Measure

Right-click on the final label image Tables 5

¢ e’ human_molar_15um3.resampled_50um2.Label-Analysis & X
Create a ‘Label Analysis’ module Loupd esapled S0 | shelobnly
Bt ol

Volume3d Area3d BaryCenterX BaryCenterY BaryCenter |

« Select the measures ‘Standard Shape Analysis’ Mean 17535 395566 663979 600805 730436  :
_ ‘ _ : Min 106915 887745 641774 561916 4,05929 1
° Optlonnally, connect the |nten5|ty Image to the Max 464466 737579 7.02479 6.42316 9.45613 L
grayscale data Median 197.068  442.858 641774 6.22085 4.05929 :
Variance 331347 550349 00527044  0.106491 5.1929 1

Kurtosis -1.13765  -1.13519 -0.930363  -1.77608 157171
Skewness 0.687605  0.206705 0.933275 00636858  -0330855  (
’ Apply Volume3d Area3d BaryCenterX BaryCenterY BaryCenter |
1 29.176 88.7745 6.56074 5.76903 943425 1
_ 2 464466 737579 6.55589 561916 9.45613 ;
 This creates an output dataset (spreadsheet) 3 197.068  442.858 641774 6.22085 405929 :
4 106915  313.05  7.02479 642316 6.26777 y

 Table is shown on the right part of the screen
ThermoFisher
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Step 5: Generate surface

2 human_molar_15um...led_50um2.labels ~ [ Eﬁ

. . . . Q genel ﬂj
* Right-click on the final label image : : m
ravorites Al S Generate Tetra Mesh (Compute) '
¢ SearCh fOI’ the ‘Generate SurfaCe’ mOdUIe & RE[_:entS Bzl £ Generate Pore Netwc-r Model (Compute)
= Edl’[Dr_S @ Create Label £ Generate Lego Surface (Compute)
[ Experimental &4 Extract Subvg &3 Generate Contour Lines (Compute)
. . (3 Animate & Filter Sandbo £ Generate Surface (Favorites, Recents, Compute)
« Select Constrained Smoothing [ Annotate © Generate Sur ﬁ
. . . . I3 Compute [l Ortho Slice | Q. Search "gene" within documentation...
(Warning: Unconstrained smoothing tends to suppress thin | - # ROl Box
structures such as cracks or filaments) I3 Correlation 8 RoiSelector
BT @ Volren
Froperties 5

*  Apply

©4 § v GenerateSuface Advanced

¥ Data: human_molar_15um3.resampled_50um2.labels -~ =

¥ Options: [ ] compactify Minimum edge length: EI

I v Border: O on

¥ Setftings: Adjust Coords [ | Extra Material Create All Patches [_] Fit To Edges

1 [ v Snmothi-ng: 'Constrained Smoothing =

¥ Smoothing Extent: |’ M Il

I Smooth Material: | None  ~ ’

[ aoreresh ooon_

23
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Step 5: Generate surface

Right-click on the final label image

« Search for the ‘Generate Surface’ module

« Select Constrained Smoothing

(Warning: Unconstrained smoothing tends to suppress thin
structures such as cracks or filaments)

*  Apply

* Visualize the result with Surface View

Surface colors corresponds to those defined in the Segmentation Editor
The surface colors can be modified from the Data Parameters windows

Froperties

[ 4

Froject View

Open Data...

[ Mormals ”Exh'act(:mss(:nnmurs] [Exh'actSurfaoe][ Grouping

[E|lhuman_molar_15um3.resampled_50um3.am @l

[ OE human_malar_15um3.resampled_50um3.labels® & ]

{Dlﬂr‘tho Slice &
O8Volren &

[ OEgradienthuman_molar_15um3.resampled_50um3.am™ & ]

O Bounding Box @ |

Bl human_molar_15um3.resampled_50um2.labels® &) ]

ElLabel Analysis @H OB human_maolar_15um3.resampled_50um2.Label-Analysis™ @]

Data Parameter Editor

File Edit Database Help

@ E} ~ Segmentation_DentinEnamel.surf

J-_r; Physical size:
l_rE Surface:

l_r': Master:

P

Generate Surface 2

441411 points, 883742 faces, 3 patches, 0 contours, 0 edges

)

L4
® 8(E)D °
Data Paramett

11.2, 9.73155, 18.5184 from 1.0375, 0.865952, 0.934589

~
Name Value
Parameters
v Materials <Bundle[0] >
Exterior <Bundle[0] >
v dentin <Bundle[1] >
Color 001
Display3D true
Id 4
enamel <Bundle[2] >
Boundarylds <Bundle[1]>
GridBox 0.7125 12.5625 0.4725 10,9725 0.602502 1...
GridSize 238211384
P
Color [loo1 C
RGB color triple, component range 0...1 Cancel

BlGenerate Surface @H Bl human_maolar_15um3.resampled_50umz2.surf= @}—- OB Surface View 3




Step 5: Generate surface

« Use Simplification Editor to reduce the number of triangles

w

£ [ 4 FoamPoro.surf ' & &R E $ ?
I Physical size: 206.53, 213.803, 180.339 from 3.92105, 7.5, 4.5

$ Surface: 335233 points, 670114 faces, 87 patches, 0 contours, 0 edges

$ Master: [Generate Surface v] =

& [ 4 FoamPoro.surf o & W|||$||7|
¥ Physical size: 206.53, 213.803, 180.339 from 3.92105, 7.5, 4.5
¥ Surface: 335233 points| 670114 faces |87 patches, 0 contours, 0 edges
¥ Master: [Generate Surface | =
1 4 Simplification Editor
X Simplify: aces 100000| i ax dist 0 min dist 0
¥ Options: "I 'preserve slice structure | | fast | | create level-of-detail | | intersection tests strategies
¥ Action: l Simplify now Run batch l ’ Flip edges l Contract edges
Apply
o5 ThermoFisher

SCIENTIFIC



Save / Export datasets and projects

« Exporting a dataset to 3" party software:
Right-click on the module, and select Export Data

Properties

Select the relevant format

£ @ » FoamPoro.s

X Phucical <
« Saving a project: File > Save Project (As) ...
Use ‘Minimize project computation’ when a filter takes a long

time to compute

Use ‘Pack & Go’ 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.

' OB FoamPoro.surf* 5 e o -
FoamPoro.surf ~ [ Eﬁ@ﬂnter a search string>

g Box

Favorites Export Data As...

[E Recents €3 Clear History Log
Ea Editors B Ortho Views
[X Experimental # ROl Box
@ Save Project policy ? *

Flease select the Save Project policy for this project:
(@ Minimize project size
Only necessary data is saved to disk.

Data that can be computed will be computed at project loading.
This is the legacy behavior.

() Minimize project computation
All of the data of the project are saved to disk.
Mo computation will be done at project loading.

[ ] set selected policy as the default for all projects.

oK Cancel
File name: | Untitled.hx oy
Save as type: |Avizo Project (*.hx) .
Avizo Project (*.hx)
Avizo Project and data files [pack & go] (*.hx)
=' Hide Folders | aave | Cancel
ThermoFisher
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Thank you!

Find out more at:
Amira-Avizo.com
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