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1. How to create a 3D volume of your data

a. Openingyour data

Open Avizo9: there is a shortcut on the IMX desktop.

Click onOpen Dataand load youimage

The image size is 20482048 x 2048 anche only missing information is pixel size, which is
fundamental for quantitative analysiowing theobjective,you have usediiyour experiment
you have tle pixel size from tablbelow:

Monochromatic beam White beam
Objective | Pixd Si z Objective |Pi xel §

2X 3.7 5X 1.64

4X 1.9 10X 0.82

10X 0.74

20X 0.37

If you are not sure about this informatigmgu canalsogetit from the information file
(input.paror sample.tXt- check the nextew stepsfor this.

In this example, we will opetomo.vo] all required information is insidaput.parfile.
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First, open thanformation file (input.par), usingNotepad++or gedit.
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A new window will openHere, you Wi find information regarding andY dimensiors of your
image(red box) Z dimension is always 2048 dfl slices were reconstructed (green arrdwixel
size(red arrow)is always shown in micrometemdote: If you cropped your image, use the new
dimensions



B matrx_L dat m

$#Run: pyRSTZ_33beta2 input.par 1nls1l2,(|
#Sample Path = /IMX/Sample#l/

$#Angle Range = 180.0

#Number of Projections = 1001
#Exposure Time = 250 ms

#No Filters

$Detector Position = 200
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$Parameters to modify....

ROTATION AXIS_ POSITION = 1127.8174

DO_AXIS_CORRECTION = NO

AXIS CORRECTION_ FILE = correct.txt

el el el

[

#Select Slice Number(s)... 1 - 2048
START VOXEL 3 = 1
END_VOXEL_3 = 2048

[
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$ Parameters defining input file / format
FILE_PREFIX = tomo.h$S
PROJ_DS_NAME="images"

MR R

oW N

FLATFIELD FILE = tomo_flat_before.hS
FF_DS_NAME = "flats"

] o

W0 W

BACKGRCUND_FILE = tomo_dark before.hS
BACKGROUND_DS_NAME = "darks"

# Parameters defining output file / format
OUTPUT_FILE = recon/tomo.vol

oW N

# Parameters defining projection file format
NUM_FIRST_IMAGE = 0

J o !

oW W WwwowowowowmmneeoN

NUM_IMAGE_1 = 2048
NUM_IMAGE 2 = 2048

w0

o

IMAGE_PIXEL_SIZE_1
IMAGE_PIXEL SIZE 2

Wb Wb b W
[}
o
[+
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I T S T
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# Parameters defining background treatment
SUBTRACT_BACKGROUND = YES

B b b b b

0

Then,open the volume file.
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TheOut-of-Core Datawindow will open selectRead complete volume into memory



Avizo

Welcome to Avizo the 3D Analysis software

Loadng pekcy.
Comvert toLarge Data Accesz £.04) format
Read s Extemsl Dk Data

@ Read congiete vokume rto memory

The Raw Data Parameterswindow will openand you have tofill it with the following
information:

- Data type the output of the reconstruction i2-Bit; however,it is possible tdransform
the image into @- or 8bit usinglmageJseeSectionErro! A origem da referéncia néo
foi encontrada).

- Dimensionsyou will find this inthe information file(input.pan or if you cropped your
image, this information will batthefile name
After adding thee parametersthe Header value (red arrow)shoutl be zerg as it
subtractghe file sizeof therequestedize. If some information is wrong, thiteader
will be different of zerd double check the information you addeefore you load the
image

- Voxel sizealso defined in the information file. You will find justo values but it is the
same for the threaxes as the voxel is actually a cube.

Input

‘Data type: [S-b\t unsigned - ]I s - hd

Dimensions: 2048 +| 2048 =] 1001 =
B > Header: 1] bytes

Requested: 4193498304 bytes

Filesize: 4138458304 bytes

Endianess

() bigendian @ litle endian

Index order

@ xfastest () zfastest
Resolution
Define
(7 bounding box @ voxel size
Min, coord: ] ] ]
I\cbxe| size: 0.82 0.82 0.82 I

[ suppress file size warning




Click OK and your image will be loadeBepending on its size, it can take a couple of minutes!
At this point it is very likely that the softwamequestshevoxel size uniti choosemicrometers
If Avizo doesn’trequesthis right now, it is still possible to change it late

This is an example of a toothpick.
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b. Adding and checking thatho slices

The image bove shows an ortho slice of a toothpick sample. This view is automaticadlgdo
when you open a new image. To add more ortho slices, you have to click sawduage (red
arrow) and then click o@rtho Slice (red box).Not all commands wilbe availeble asOrtho
Slicewas. For these cases, you will need to open the dialogyletigw box) by right clickng
the raw image You can either look for all the options, by opengarhfolder (black box), or
write the command (i.e. ortho slice) at the seatele (blue arrow).
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Create twomore ortho slices (red box)They will have the same orientation #g first Ortho
slice For another view of your sample, click on Ortho Slice 2 arférigperties (green box) will



appear. Change its orientationx» (blue box)and an orange line will appear in your image
(orange arrow).
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Make the same for Ortho slice 3, but choose orientgtidior a complete view of your image.
To rotate the sample, click on thandicon (red arrow), then click on the togtick image and
drag the mouse.
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You'll see anmage lke the following one. If you want to change perspective, click on the
perspective icolfred arrow).
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The newimage isslightly different
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Next step is to create the 3Dlumerendering of your&mple. You can right click on thraw
image and look for Volume Rendering (red box) or you can click on the Volume Rendering button
(red arrow).
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The result is the following image. If the image you create is not satisfactory, try to change the
threshotl of your colormap (red arrows) until you find the best representation of your sample.
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You can hide the ortho slices and show only the volume rendering of your saugplelick on
the orange box itheraw image and it will turntito gray (red arroyv
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¢. Adding a scale bar

To add ascalebar, you just need to click ditalebars(red arrow) or search this the seardhg
area (orange arrow)

Fle £t Project View Window Help
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A scale bar will appear on the left corner of your imadeere are many options to edit it, some
of them ae:

1) X and Y spatialpositiors (blue boy.

2) XandY size(red boy.

3) XandY framegpink boX): you enable or disabthe axis.

4) Units (yellow boX): if this box is unavailable/locked (not the case here), Avizo already
knows the units (i.e. you had includedis¢ information when you loaded your data).
Suggestion for quantitative analysjsalways include this informatioprior to your
analysig(Sectiond shows how to change this).

5) X and Y color and widthfpont color and type (green box).
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d. Changing the background

The defauligray background is not appropriate for publications and reports. To change this, go
to ViewA Background
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Changecolor 1to whiteand click onuniform. If the scale bars white, it will disappear
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You simply need talick on Scalebarsand change its coto
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To correct the unitslick on Edit A Preferences
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Then, click onUnitstaband click onSpatial information onlyred arrow)
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Unclick Lock display units on working unit®\vizo working unit is meter, which is huge
comparing to our scale.
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Click on Display unitand changeCoordinates(red arrow) to an appropriated unit (normally
micrometer)
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The final image ishowedbelow.
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To check or include the pik size, you can ik on Crop editorand check the red box. If it is
wrong, you can update these values.
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2. Filtering and Segmentation tools

Even the best measurement and the most robust reconstruction method generate an image with a
noise.From this image, quantitativand qualitative information can be obtainBdior toimage

analysis, it is very common to take advantage of filters to improve the image quality and,
cons@uentl, facilitate the post processinthe main goal of filtering an image is to remove noise

and this process consists on an image transformation, where the new image is obtained by
neighborhoodperations. The next step is the image segmentation, whtod figrtitioning of an

image (R) into regions (R, R, R;, € ,,) tlR&t are homogeneous with respto some
characteristic, for example, intensity or texture. The idea is to study each label separately from

the others.
See below some filtering and segmentation tools available in Avizo.

a. Filtering the image

Load your image

+ Q20NN BVEDE el woim-e (MERERED R

| |
250 pm

Using theFilter sandboxtool, you can test all the filters on a small piece of your in{itgke
square in the image bellow] is usefulto help youo decide which filter is the best one for your
case, in a very fast way.

19



e 5 L |© il

Propurtes &x

(O e m@
T outa: [fomo_s166mi0002 508 v] @

T oswoemmber: @7 a1 [ul

¥ rier [Coa—]

T interpretaion: © 0 @ ¥ Fares

Propertes. ‘l
A G . @R G
¥

T outa: [T —

T posxisr M Bl otowss [u]
¥ rosviwy Ao [l
§ saexiwk A ) ooowms [
T suevisk: @A Bl ot (o]
F rrame: Wk [y [ Borter

F Reverse: xkus [y

F mons 7 spow FiGnd [Tt

T sub ik ¥ oow Fiad

F vai: s

¥ color:

T tne wdt: 3
et us 2y [ea] [

Click on Filter Sandboxlight blue) and its properties will be availab¥ou can see that amy
different filters are available (red arrow).
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Choose the filter you want to test (in this case, it is Non Local Means). As this filter is vesy; robu
it can take a while to apply to your image. You will see a red bar dnotit@mof your screen,
showing its progression.
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The filtered image is inside the box.
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You can make the same procedure to test the other filters. Once you have a decisiam, you
applythe filter tothe whole image by pressidgply(red arrow)
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b. Segmenting the image

To access the Segmentation menu, right click on the image to be segmented (normally it is the
filtered image) and typEdit new label fieldOn its properties enu, you will see many available
tools for segmentation. All of them are described below.

I. Pick and Move

This tool(red arrow)is ideal to selectraunconnectedegmenteareaof yourimage and move it
to another labeln the image below, the segmentedsaeshown inyellowAs an exampl e,
move one region that wagongly assigned asgre spacgblack arrow)to theMatrix label
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Using Pick and Move, click on the region you want to seldus is a 3D selection, so chettie
3D volume to be serthat you reallyvant to move the whole selection tooémer label.
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Click on the labethat you want this region to be mowvg this case, Matrixandthenclick add

(+). This region now is part of the Matrix labekethe final segmentation below, evh the
matrix is representeldy the purple color and the pore space is in yellow. To show or hide a
determined label, click on the small eye (2D or 3D), next to the name of the label (red arrow).
You can also check the label color anddify, by double étking on the color box (green arrow).
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Il. Brush tool

If you have aconnectediece of a label that you want to move to another label, you have to use
brush tool For example, therera two regions (black arrows)ahwere wrongly assigned to
Background lael, but it should be Matrix.
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Go to Brush toolred arrow) click on Background labglblack arrow) Click on Select only
current materialand, if necessary,imited range only(if you know the hreshold value that
contains the material you want toeset) 1 if you do not select this, all the Background voxels
will be available for selection.
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Select the region of interegtttention, this is a 23election; you might change the slice number
to select a 3D region.
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Add the selectiorio the correctdbel.

25



@ Avizo - Untited = |6
Fie £t Project View Window Segmentation Seection Hep

Q2O NN BBEDE =0 ri-ra REERCD

e ova
W wo PR | »» @
® Nvores © Semtvers

S

2 (zl[el e D () (O] (4] [
# vire © rotie Woowno

ook

lll. Lasso tool2D and 3D)

This tool lets the usedraw a closed contour, and selealspixels within the contour. Some
options are availabl®r 2D: free hand, ellipse and rectangle. Using free hand, you can use auto
trace, which will identify the @gesof a certain area of thienage.
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If you want to use the 3D lassmu have first to select a 2D area (right part of the image below)
and then check this is 3D (left part of the imadéote that you can only modify the selection

shape in the 2D imagend, in the third direction (in this case, Z direction), the selection is
automatic.
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IV. Magic Wand tool

Magic Wand is a region growing algorithm, which starts from a seed point and select all connected
voxels with a gray value in a given tolerance interVdle advantage of magic wand over
threshold tool is that it permits you to choose a single material/structure inside your image, i.e. if
you haveothermaterials/structures with the same gray level, but it is not connected to the region

you want to segmenyou will not select these voxels.

Click on magic wand tool (rearrow). In this example, the image is a toothpick with a micro gear

inside (bright region).

Q Avio - Untited. — s
Fle £t Project View Window Segmentstion Selection Help - e O
= saemmom
VAL AL ONN FTEDE =t wormra mERE

Label fekd: [fan- Li50n 2062048 abels @\@ ‘?[

—

[ ot 3 ok sot

o g R —

=

-

e o |- =

& At 0 dowtrers

s

2zle(e oo (R (@) (4] [

Py w.;)A

-

e N @ =M M &

Mo Wand [Magic Wand ) |

€ "R "3 "B N

Click on the gear (red cross) and change the boundeaiiess (in this caséo 240 and 256
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Changing the boundaries values, you will change the result. In this example, 200 replaced 240
(red arrow), and the gear structure changed (blue arrows).
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Choose the best values and add these voxels to a label field.
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V. Propagation Contour

This ol is afastactive contour. From a seedvhich is created manuallyy boundary front
evolves. Few parameters are availabledanodified,as stop time and edge sensitivilty.this

example, we will use propagation contoursegmenta specific pore ofhiis soil sampleFirst,
you mustcreate the seeasanually- checkthe figure below (red crosses).
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Then, you click orDo it (red arrow), and the front wifitart evolving After it finishes, you can
choose the be3ime (green arrow) that represents fiwre space.
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V1. Blow Tool

This tool isusefulto detect edges of a region and fill its interior, however it works only in 2D
Click (and hold the button) on theea of interest. Drag the mouse, and the greater the distance
from the origindpoint is, themore the contougrows. Release the button when the contour is in
a satisfactory place, like shown in the image bellow. The contour will grow in areas with
homogeneous grey values and will stop when it changes abruptly, i.e. when it finds an edge.

The toleance (red arrow) controls how sharp the edge has to be in order to stop the contour

growing - the smaller this number is, the sharper the edge has to be. If this number is too large,
the contour will stop in weak edges.

Zoom and Data Window.
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After you release the mouse tan, the area whin the contour will beselectedand yo
can add to the desirable label.
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VIl. Threshold tool

The threshold todeparates the image into different regions according to the intensity viedues.
separate the image using this tool, you just neethoose one or more threshold pgsim the
gray level histogram.

As an example, we have an image of a carbonate @e#rly, it is possible to see twdifferent
phases: matrix (ligt gray) and pores backgrounddark gray).
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Click on Thresholddol (red circle) and change the grey levelues (in this casép 82 and 25p
T this way, the rock matrix will be selected.
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Each sample will requirdifferent numbes (thresholdpoints). Once you have the best selection
you have to apply for all slis€red arrow).
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Add the selection ta label.
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For a 3D view of your segmented image, click onlé¢ffiesmall eye (red arrongnd check the top
left window.
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Once you finish the segmentation, come back to Project window (red aNow)you have a
new image (.labels). This is your segmented image. Craateteslice and check the image.
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You can create two more orthoslices and check all views.
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You can also create a Volume rendering of your segmented image.
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VIIl. TopHat tool

This tool allows the dection of dark or white areas of the imaghis tool is very useful to pick
small regionsAs an examplethis tool will be used to select the small pores of the following
image.
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First,segment théig pores
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Then, the missing small pores will begegented by TopHat tooClick on Material5
label (red arrow), whichrepresents everything that is ndbig pore in this image. Since
all the unsegmented small pores are within this label, clid&ebect only current material
(green arrow). Choose betwebklack orwhite i in this case, as the goalto segment
pores, black is the beshoice Then, click olCompute Top Hat Imagbluearrow)i this
will be anavailableoptionat this pointof the segmentation process

Change the range (red arrow)adjust the selection.
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