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1. Using ImageJ to crop and change image type

a. Change of image type

From any terminal connected to the Recon compuofen Imaged To do this, follow
the commands:

 sshiX 10.2.105.181 WYser @assword: ask your local contast user suppw
(SAU) tean)
1 imagej &
This will open the program and release the terminal for further use.

userimx@lnls127-linux:~$ ssh -X 10.2.105.181

Password:

Last legin: Tue Feb 16 15:11:21 2016 from 10.2.1.38

mount: only root can do that

userimx@lnls112:~5 imagej &

[1] 15762

userimx@lnls112:~5 Open other images in this ImageJ panel as follows:
imagej -p 32 <imagel> [<image2> ... <imageN=]

[

ImageJ
File Edit Image Process Anabze Pluging Window Help
= IS e P R EN PN EN K P B A A Y o I

Pencil Tool

Import the rawfile, created during the reconstruction. Go to Bil®pen > Raw Data,
then go to th&amplefolder and open thReconfolder. The largest filémore than 8GR
typically named atomo-2048x2048x2048_8bit,lbis theraw volumetricfile.

5[0 Edt Image Process Analyze Plugins Window Help
New R NN o 21 Y P 0
Open.. ciri+0

L OpenNext  Ctr+Shift+O

Open Samples
Open Recent
Image Sequence.

Close
Close All

- Text Image...

. TextFie...

Results

Save As

Revert
Table .

Page Setup... UL
Print

Stack From List..
Quit TIFF Virtual Stack.
AV

XY Coordinates
Animated Gif

Exif Data..
NIfTI-Analyze

Fill the Import>Raw window with image information:

1 Image type:choose the bit depth, typically Bit or 16 bit unsigned or 32.
e.g.32-bit Real
1 Width and Height2048



1 Number of images: typically2048, but it can be less if not all slices are
reconstructed.

1 Ensurevirtual stackis enabledand little-endian byte order

Image type: |32-bit Real hd

Width: 2048 pixels
Height: |2048 pixels

Offsetto firstimage: |0 bytes
Number ofimages: |2048

Gap between images: [0 bytes

I White is zero
[V Little-endian byte order
I Open all files in folder

OK Cancel | Help

This is an example of a soil sample. First, check all slices to ensure the reconstruction is
as «pected. If strong rings are seen or the image contrast is not very good, (i.e. it is hard

to separate the phases of interest), there are some parameters on the reconstruction process
that can be changed. Talk to your local contact

From the header (red sare), you get information regarding the image: the first number
is the slice numbegilong the total number of slisethefollowing numbers are the size

(in pixel) of the image in Z, X and Y directions, respectively. The next information is the
image typg32-bit), followed by the image size (32B%k

File Edit Image Process Analyze Plugins Window Help
(= fellaq(o]E PAE AN VNN v [ LS Jssld]o]2] | |»]




To reduce the image size, first change image typeli 8r 16bit. It is desirable as
Avizo uses RAM memory for most of the processes.

File Edit {{=¢1 Process Analyze Plugins Window Help
5 o) I N
A, 16bit
v 32-bit
8-bit Color
,| RGB Color

Freshand sel Agjust
- Show Info... Ctri+l
' Properties. Ctri+Shift+P

Bl Color
Stacks » RGB Stack

Hyperstacks » HSB Stack

Crop Ctrl+Shift+X
Duplicate... Ctrl+Shift+D
Rename...

Scale... Ctri+E
Transform

Zoom

Overlay

Lookup Tables

b. Cropping the imageat ImageJ

After the conversion is finished (itill take a while), use the square tool to choose the
area of interest, i.e. the area to crop. Be sure that the whole image is inside the square.
Check all slices by moving the bar (red arrow). Gbriage > Crop.

File Edit {8 Process Analyze Plugins Window Help
[=ke! o [P AR P I

*Straight*, set  Adjust » Itclickto switch)

Show Info... Ctrl+l
B Properties... Ctrl+Shift+P
1021/2048; 2
Color
Stacks

Hyperstacks

Crop Ctrl+Shift+X

Duplicate... Ctrl+Shift+D
Rename...

Scale...

Transform

Zoom

Overlay

Lookup Tables




Tip: at the menu option, sele&lugins -> Stacks> Crop (3D)> ok. This is aplugin that
allows cropping 3D image stacks in all three dimensions, from a three window view of
the image stacklhe three window view demands three times more memory. So, in the
case of lack of memory, uncheck the "three pane view" option on startup.

= Crop Options E]w
Current Crop Boundaries (Maxima)
¥ from |0 (0 to 22 423
wirom |0 (M to 258 (Z5E)
z from |1 1y 1o 241 2413

Set from fields abowe

Set crop above walue: | S0

Also crop these images:

Crop |  Cancel

Move mouse with shift to update panes.)

Save the cropped image as a raw darad use the following termination:
tomoXxYxZsizes nbit.b. An example of nam is tomo980x1132x2048 8bit.bmage
dimension and type are required inf@tion to load the data in Avizo. If you want to
opentheimageautomaticallyusetiff.

Edit Image Process Analyze Plugins Window Help
New p ||| foufsw) £ ]8|#] | ||
Open... Ctr+O
y  Open Next Ctrl+Shift+O
& Open Samples

§ Open Recent

Import

Close Ctri+wW
Close All
Save Ctrl+S
Tiff...
Revert Ctr+R | Gif
Jpeg...
Text Image...
ZIP_.
Image Sequence...
AV
BMP...
PNG...
PGM...
FTS...
LUT...
Selection...
XY Coordinates...

Page Setup...
Print.... Ctrl+P

Results...
Text .

Animated Gif _
Analyze 7.5...




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

a. Openingyour data at Avizo
Open Avizo 97: you will find a shortcut at youresktop.

Click onOpen Dataand load your image (green rectangle). Here you have two options:

1 (Not recommended): Load the original data (~B2G

1 (Recommended): Load the cropped image. The file name contains almost all
required information to load the dafhe only missing information is pixel size,
which is fundamental for quantitative analysis. Knowing the objective you have
used in your experiant, you can get the pixel size.

Observation If you cropped your image, use the new dimensidry®u saved your file
in TIFF after you cropped it, Avizo will openattomatically

If you are not sure abothie dimensionor the pixel size of your fileyou can also get
from the information filgraft.par or sample.tXtand look for "IMAGE_PIXEL_SIZE™"
check the next few steps for this.

Ta o e (S Eeee. T

.
Avizo
Welcome to Avizo the 3D Analysis software

In this example, we will opeftomo.volo (but therecentsamples always are written as
the following: toma2048x248x2048_8bit.h all required information is insid&ft.par
file.

First, open the information filedft.par), using Notepad+er gedit.

A new window will open. Here, you will find information regarding X and Y dimensions
of your image (red box), Z dimension is always 2048, if all slices were reconstructed
(green arrow). Pixel size (red arrow) is always shown in micrometers.



#Run: pyhst2_33beta2 input.par lnlsllz,q

2 #Sample Path = /IMX/Sample#$l/

3

4 #Angle Range = 180.0

5 #Number of Projections = 1001

& #Exposure Time = 250 ms

7 $No Filters

8 #Detector Position = 200

9

10 BRI ATIINIISIIIIAIFINAFIIAIIFIIA AR
11 #Parameters to modify....

12 ROTATION_AXIS POSITICN = 1127.8174
13 DO _AXIS_CORRECTION = NO

14 AXIS_CORRECTION_FILE = correct.tXt
15

16 #Select Slice Number(s)... 1 - 2048

START_VOXEL_3 = 1
END_VOXEL_3 = 2048

o
0

o

FREFRIRITIITIIFIFVINIFAININIIVIIIINNINFAGALNFANAIGINIIIGRARARA RN

# Parameters defining input file / format
FILE_PREFIX = tomo.hS
PROJ_DS_NAME="images"

(N

e

FLATFIELD_FILE = tomo_flat_before.hS
FF_DS_NAME = "flats"

T

BACKGROUND_FILE = tomo_dark_before.hS
BACKGROUND_DS_NAME = "darks"

O W

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

oW N e

# Parameters defining projection file format
NUM_FIRST_IMAGE = 0

-] o 0

1]

NUM_IMAGE 1 = 2048
NUM_IMAGE 2 = 2048

o

W W W WWWWWWWRNNROMROMNRNRNRLDN R

1
o

IMAGE_PIXEL SIZE 1 = 0.82

b

2 IMAGE_PIXEL SIZE 2 = 0.82
43 \

A TR IR AITITINFNIFIIRRTRIIR AR AAA ey
45

46 # Parameters defining background treatment

47 SUBTRACT_BACKGROUND = YES

48

Then, open the volume file.
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The Out-of-Core Datawindow will open; selecRead complete volume into memory
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Avizo

Welcome to Avizo the 3D Analysis software

The Raw Data Parameterswindow will open and you have to fill it witthé following
information:

- Data type the output of the reconstruction is-BR; however, it is possible to
transform the imagmto 16 or 8bit using Imagedimage menu > Type Submenu
> determine the type of the active image or to convert it to another type

- Dimensionsyou will find this in the information filer@ft.par) or if you cropped
your image, this information will be at the file name.

After adding these parameters, teadervalue (red arrow) should be zero, as it
subtracts the file size of the requested sizeome information is wrong, the
Headerwill be different of zerd double check the information you added before
you load the image.

- Voxel sizealso defined in the information file. You will find just two values, but
it is the same for the three axas,the voxel is actually a cube.

Input
Data type: |8-bit unsigned t i - -
Dimensions: 2048 v 2048 +| 1001 ] s
Heai 0 bytes
Requested: 4198498304 bytes
Filesize: 4198493304 bytes
Endianess
() bigendian @ little endian
Index order
@) xfastest () zfastest
Resolution
Define
) bounding box @ voxel size
IMin. coord: 0 0 0
Voxel size: 0.82 0.82 0.82
[7] suppress file size warning




Click OK and your image will be loaded. Depending on its size, it can take a couple of
minutes! At this point, it is very likely that the software requestsvthe! size uniti
choosamicrometerslif Avizo doesn’t reqgast this right now, it is still possible to change

it later. Gee sectior.)

This is an example of a toothpick.

Q Avizo - Untitied lesl@ -
Fie Edt Proa View Vindow e
—
| 4 or =2 moea | = woennon | B sowno 7
,[":‘: 1r,\}.[d_rsq%l,l‘i-:-q‘&flbhﬂ'G'WT‘S'UQ:--‘%--»Gl.lll:ln

[(oPoske | [ sandnsn || Rotbox | [kme enderrg]

[ — & _Te T e}

oot ax
€ Skl 18 ol (& w6 2
T tattioembox 2048 209 x 1001, ushorm coordinates
§ vata infor rayscale, 8-t unsgred, mn-max: 0.,.288, widow: 105...255, rensity ranges: 2
B voxelsie: 2
B oster posmRE ] <

T Shared Colormaps (281

b. Convert image Type

Attach this module to the data by right
output type you can determine by want to transform your data to a different type of a
regular 3D scalar field or an RGBA color field or convert a uniform scalar field of bytes
into a Label Fieldred rectangle)

All of this transformations will have the same dimensions and cooedinAnd it will
generate a new data after you select apply.

[ Eltomoll40x630x281x8bit.tif* (3
|}

Properties [E=ES]
@8 I 2
J;E Data: tomoll40x630x281x8bit.tif -~ =
J;‘ Info: 8-bit unsigned (0...255) -> 8-bit unsigned (0...255)
J;E IOutput Type: 8-bit unsigned I
J;E Scaling: scale |1 offset |0

autoefesh [_hepiy_]

c. Adding and checking theorthoslices

The image above shows arthosliceof a toothpick sample. This view is automatically
loaded when you open a new image. To add radteslices, you fave to click on your

raw image (red arrow) and then click ©nthoslice (red box). Not all commands will be
available a®rthoslice was. For these cases, you will need to open the dialog box (yellow



box), by right clicking the raw image. You can eitherddor all the options, by opening
each folder (black box), or write the command @ehoslicg at the search place (blue

arrow).

@ Ao - Untited
Fie Edt Project View Window Help

| o =3 moxcT

(=]

Create two morerthoslices (red box). They will have the same orientation as the first
Orthoslice For another viewof your sample, click oi®©rthoslice2 and itsProperties
(green box) will appear. Change its orientatioxzgblue box) and an orange line will

appear in your image (orange arrow).

@ Avizo - Untitied
Fie Eot Pojea View Window Wep
| e mar =& moxcr
Pt vew

(oo

[Corsrast Contl] [ wmnelsie | [ Cyoder e | [ousl o sices

Q2O AN BUBEBDE wefro-m mEEEO S

-

Make the same faDrthoslice3, but choose orientatioyz for a canplete view of your
image. To rotate the sample, click on thend icon (red arrow), then click on the

toothpick image and drag the mouse.

10



@ Avizo - Untited
Fie £dt Project View Window Help

O GEesEs o
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Bt U
T onentation:  xy ¥
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You’'ll see an image like the following one. If you want to change perspective, click on
theperspective icoffredarrow).

© Avizo - United
Fie Edt Proect View Window Help

A o =& moxcr

Q208 a BB

O GHeEEs o

T oot s

b P

T onentatom:  ©xy Cx @ 3z

% optons: athatven Tl tines ven Tlightrg 7l enbormng
T Moppng Type: [Coomen +

F cobormen: 0 =

T shcetumber @——F—— &

ne : e

The new image is slightly different.
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Next step is to create the 3D volume rendering of your sample. You can right click on the
raw image and look for Volume Rendering (red box) or you can click on the Volume
Rendering button (red arrow).

@ Avizo - Untis e | | @ i

Fie st Proect View Window Help

| | =3 mokr |

Pt ven | 7"!-&‘.’-00!’6%%5‘1—\-0'GIIIIDI
Open Dets.... |

(ke ) [OyfmEs ] | Bardigtor | [_RotEen

The result is the following image. If the image you create is not satisfactory, try to change
the threshold of your colormap (red arrows) until you find the best representation of your
sample.
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There are plenty of options of colormap. Click@rihoslice > Colormap Edit > Options
> Edit colormapto modify the colors or transparency.

Colormap: 410 YRR | (1531 Edit _| |

Options: adjust view | | bilinear view lighting Adjust range to »

Frame: V| show width: |1 . b v Auto adjust range

= Zoom to » v Transparent
Transparency: e None Binary Alpha —
z |& grayScale.am v Local range

Embossing: oFF 4@ temperature.icol
&1 physics.icol Edit color.
B4 seismic.col Load colormap...
& glow.col
& volrenRed.col
& volrenGreen.col
& volrenWhite.am
F hotlron.am
1 labels.am
B [abelsBinary.am
[m labels256.am

Constant color
Colormag Editor =] @]
H 2 | Colormap: W1 labels.am | Data: | chocolate-bar.labels > || T , ,‘_{ ?
2 3 4 5 5] i

1

=
L 2
(] |

Observation:You can add the colormap module to the project vieight-click on the
colormap iconand selecAnnotate>ColormapLegend

You can hide therthoslices andshow only the volume rendering of your sample. Just
click on the orange box in the raw image and it will turn it to gray (red arrow).
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d. Adding a scale bar

To add a scale bar, you just need to clickSaalebarqred arrow) or search this in the
searchingarea (orange arrow)

O azoad.:s“;»ﬁ'at“n%-o--“‘--lan

Obpects
Harmae

) Grarscale (mage rocessng>Grayscse Tinsforns)

nnnnn

ax|
(][] o] (s3] (] (2

¥ 1001, usform coordinates

0..:285, window 105...255, sersity ranges: 2

L msenen e ‘

A scale bar will appear on the left corner of your image. There are many options to edit
it, some of them are:

1) X and Y spatial positions (blue box).

2) XandY sizes (red box).

3) X and Y frames (pink box): you enable or disable the.axis

4) Units (yellow box): if this box is unavailable/locked (not the case here), Avizo
already knows the units (i.e. you had included this information when you loaded
your data).
Suggestion for quantitative analysis, always include this information prior to
your analysis (Sectiohshows how to change this).

5) X and Y color and width, font color and type (green box).

14
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Important observation: Scalebars only make sense for a scene viewed with an
orthographic camer@ot perspective)

e. Changing the background

The default gray background is not appropriate for publications and reports. To change
this, go toView > Background.

206K BWBDE v rora NEEEBOD

—
250 units

Changecolor 1to white and click omniform . If the scale bar is white, it will disappear.

15
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You simply need to clickbn Scalebarsand change its color.

@ Avizo - Untited =1 O s
Fie st Proect View Window Help

8
A (s [ ]
¥
¥ e E=rr)
F rosxisk W5 Boswez ()
T rosvink [ | o
F swexiwk W Bowss ()
¥ saevink W
§ rrame: e Ty 1 odr
B nevense Dixams Flvis
T mcks: Wishow Mo et
F submicks: ¥ show [T Gnd

F o o
=

T une wdth:

B e e s E@

T options: [ Poed mze: —
¥ xroctor ! ™) 250 units
B viwctae i =

Axes are also availahl®ight click on the module of the data and atthobal Axes

This will give the coordinate frame of the input object. The other option is available at
View > Global Axes In this case, the axese at the center of the coordinate system of
Avizo.
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b3 colors: W xoxs [ yaxis [l zaxis | | ticks
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f. Correcting the units
Click onEdit > Preferences

Q- vrsed - ——wr— |
)
Cat (<Y

Copy. CteC
Puste

T ume wdth: 3

F rout: v Uncose s aopt) (et

¥ optons: [ Pred aze [—
E —_— 250 units
B vowtus

Then, click onUnits tab and click orSpatial information only (red arrow).

17



Generl | tays | onewt | 108 [ Segmentaton [ Rendenng | Perfomence | s |

© one ) Sousd iormaton cely

© ivo Preferences

—

A e B

¥

F oota

T rosxisk

T rosvonk

§ swexiwp WE— Bowss ()
F suevink W akjosms (]
T trame: [@xs T yotos 7] Border

F meverse: a7y

T ks Wshow o Tltent

F subTicks: Wi show 7l Grd

¥ oo =

¥ color: 0]

T Une wdth: 3

¥ rout A Uncose s aopt) [Seea]

T options: 7 Ped aze

B xracten " =

B vructen

huge comparing to our scale.

@ o - United

_
250 units
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To check or include the pixel size, you can clickGmwop editor and check the red box.
If it is wrong, you can update these values.

19



@ Aizo- Untted olO -

Fie £dt Project View Window Help

| & smar =& rmoxcr = svemnon | B wewnn |
psmcien X a2 00N SVEDE w3 awo-m-0 EEEB OB |
== : CIO==sEE - " . |
[y | [Gwsin ] [ sandngtor | [ mottr |
WO Sangle-Lraw* () OBOrtho Sice &)
(OB ke 2 )
OB0rtho Skce 3 ©)
4 X vokume Renderng Settngs G |
Ofvokme Renderng
 Oliscalebars G
(-]
ax]
| @ Geenw T gﬁ m) () (B (2] (2]
B utcemie  206x 285 00, unkem
F ostamter mmmmmué‘?ém!m 255, ety ranges: 2

¥ vouelswe:  082x082x0.82(mm)

B hoster osaAE v] <

¥ Shared Colormap: (4.

| Resdy e J(=]

g. Alternatives ways to cropping (see Section 2 to open the data at
Avizo)

i. Select the data (green module) and at the properties section is sitedieop Editor

Button (red rectagle). When you activate the crop editor, the dialog shown in the figure
pops up. Observe that there are two mechanisms to define the new cropp. The first option
is to define the exact slices on the X, Y and Z axis (blue arrow). The second alternative
is drag and move the box that appears around the data (green arrow). In that case, values
in the text fields of the editor change according to your manipulations.

Fle Edtpoject View Window _belp

s ,,.WHQKO -2 00K BWEDE vl =00 Emmmos
[ Sice ) [volume Rendering] | sosuroce || ocaiavesy  Moxindex: 1139 &
BOtomol 140x885x2048x8bit* ) ¢ :::::m s T
Adjust: 8 Enlarge
‘Add mode: v Replicate
—
Mode bounding bo voxel
—s ;
lip and swap
fiip. fiip y fip.
[ ok || can
| @ § - Tomotiscmscomant) @ Ai@?
¥ Lattics Info: 1140 x 885 x 2048, uniform coardinates
b4 Data Info: grayscale, 8-bit unsigned, min-max: 0..255, window: 115...255, intensity ranges
b3 Memory Size: 1970.5 M
¥ Physical Size: 1139, 884, 2047 from 0.0, 0
3 Voxel size: 1x1x1
3 Proview:
3 Masts <
¥ Mistogram: G
usteoten e
ObservatonnTher e is no option to return to the o

are nd sure about the result, please duplicate your data by right clicking on it and
selecting the optioDuplicate objectat the top left of the dialog box. In the same part,
there is the options eémoveandrename objects
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[ Display 51 ortho Slice
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[3 Image Processing $ ROI Box
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ii. Select the data and rightick on it. TypeVolume editin the search area of the dialog

box. At the tool section changeTabbox (this will create a box that you can easily drag)

and to the shape that makes more sense in your data (box, ellipsoid, cone, cylinder or
pyramid). If thebutton interior is pressed, voxels inside the region selected are replaced
with the value(s) given by theadding Value port If the button exterior is pressed,
voxels outside this region are replaced. In this case we are using Cylinder, outside (the
baclground will receive a zero value) and manipulating at the Z axis.

filo Edit  Project View window _Help

[8 s |2 morer [= seoummemon] i awmeanon.

o (S ][syovance v

[ ©@tomo1140x883x2048x80* G

[Cuvohme Edit O

Observation:In this situation the image is not actually cropped, but the background will
receive a zero value, which can make the segmentation a more efficiently process. If you
have a 124x1024x1024 data, the size will remain the same after the apply.
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3. Filtering and Segmentation tools

Even the best measurement and the most robust reconstruction method generate an image
with a noise. From this image, quantitative and qualitative infeomaian be obtained.

Prior to image analysis, it is very common to take advantage of filters to improve the
image quality and, consequently, facilitate the post processing.

The main goal of filtering an image is to remove noise and this process cons#sts 0
image transformation, where the new image is obtained by neighborhood operations. The
next step is the image segmentation, which is the partitioning of an iRgigé&(regions

(R, R, R, é ,n) thRt are homogeneous with respect to some charaicteiostexample,
intensity or texture. The idea is to study each label separately from the others.

See below some filtering and segmentation tools available in Avizo.

Load your image.

7."‘l h.\z\i} Q20NN BBEDE =5 -o-w-nrfi- = RO®

[ Exfitomo 116613061902 1 ) o4 OliCrtho Sce )|
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¥

¥ oot foms_tisexi0e2 e v| %

F rosxw) A5 Bonse

T posv(wk A s

F suex(wk ey ——— [ c.casnsz

T suevin) Sl ]

X v Wxs [ a7 sorcer

F nevense: R

T ok ¥ sow Tland [7ext

T subTicks: Wl show Tend

¥ o

¥ color .

T me wdth: 3

B romt: s Uncode s e [seet| W

¥ options: Pt

T xfactor: 1

T vractor 1 o] [E—
I
\ S —_— 250 pm

Using theFilter sandboxtool, you can test all the filters on a dhp@ece of your image
(little square in the image bellow). It is useful to help you to decide which filter is the best
one for your case, in a very fast way.
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Click onFilter Sandboxlight blue) and its properties will be available. You can see that
many 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
very robust, it can take a while to apply to yamage. You will see a red bar on the
bottom of your screen, showing its progression.

(e | (smmetes | [ comn | rvemebes

Eiflomo,_1166x1306502 56" ()

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 decision, you
can apply the filter to the whole imabg pressingA\pply (red arrow).

|m = mom
(omaitre | [somomrers | [ comn | f
« ClFer Sandbox ()

A brief description of every filter available is written bellow:

{Bilateral: It preserves and smooth the edge.
Box: It is a lowpass filter that uses a box kernel.
fGaussian: Smoothes a image using a kernel (with Gaudisiaibution). At general,
the edge is not so preserved as the bilateral filter.
fMedian: It set the voxels value to the median based on the neighborhood. The result
image does not look so polished because it has a pixelated look.
fRecursive exponential: Smaa hes an | mage based on a val
preserve the edge as bilateral and also has a less intense smooth compared to gaussian.
fDelineate: It presents contrast enhancement.
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T Anisotropic diffusion: Provides denoising of scalar volume data,eprag and
enhancing the contrast of edges.

fNon-Local Means: Very useful to denoise scalar volume data. It makes the result
image polished.

fUnsharp Masking: This filter enhances the
of size kernel size.

TFFT magnitdle: Used to remove periodical noises on image.

Tip: Sometimes using more than ditier can give you a better result. We suggest using
Non Local Means to smooth and remove noise, and apply Unsharp Masking in the result
image, in order to restore the edges

4. Segmenting the image

To access the Segmentation menu, right click on the image to be segmented (normally it
is the filtered image) and tygedit new label field. On its properties menu, you will see
many available tools for segmentation. All of themdeecribed below.

a. Pick and Move

This tool (red arrow) is ideal to select an unconnected segmented area of your image and
move it to another label. In the image below, the segmented area is shown in yellow. As

an example, | etds molyassignedasporespace(blackarav), was
to the Matrix label.

@ hvio - Unieed
Fe tat Prject View Window Segmetation Selcton

-
.

VA ATO AN SWEDE w i worm-0 REEEDD

.......

EEEEE

[2l(zl[el (e D (@) (@) (48] [
# vine © metsia Woown

Tods

PRI
e

u;
| select sl

Using Pick and Move, click on the region you want to select. This is a 3D selection, so
check the 3D volume to be sure that you really want to move the whole selection to
another label.
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Click on the label that you want this region to be moved (in this case, Matrix) and then
click add (+). This region now is part of the Matrix label. See the final segmentation
below, where the matrix is represented by the purple color and the pore spaes! .

To show or hide a determined label, click ongh®ll eye*(2D or 3D), next to the name

of the label (red arrow). You can also check the label color and modify, by double clicking
on the color box (green arrow).

Qitizo- Uneod 3 [Siof -]
Fle Edt Project View Window Segmenttion Selection Help

| Si=ecenni g
- Xl x 8 422 00K A3WERE =0 i REEROD
2 i

Zoom and Dot Windom.

DB - e
e

cn
e Do () (@ (8

@ hme O Garentdee (4 Shown 0

&l (4] @ &N ) (@] (=) [ [V £l

| pox 12208
Materiak Poces.
2 €M Mk

*QObservation:In the new intdace, the eyes wereplacedby squares (blue rectangle).
This is the new interface:
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[ Segmentation Editor B

Image:  walll.thickness - ‘ 2 ‘
Label field: walll - | | New || Delete |
MATERIALS

Color Name 3D 2D Colorize Lock Select
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B nside [m] [m] & |select
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DISPLAY CONTROL
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NP FA @y Q

v/ All slices
Select all

b. Brush tool

If you have a connected piece of a label that you want to move to another label, you have
to use brush tool. For example, there are two regions (blacksgrtbat were wrongly
assigned to Background label, but it should be Matrix.

Qhvio-Untited e O -

= e peoTe— Y

Pox 2012.3 2474808 Indexc %0 1050 1
Materiak

Go to Brush tool (red arrow), click on Background label (black arrow). ClicRedact
only current materiabnd, if necessary,imited range onlyif you know the threshold
vaue that contains the material you want to selédf)you do not select this, all the
Background voxels will be available for selection.
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Select the region of interest (this is a manual painting tool, so watch out for the edges).
Attention, this is 2D selection; you might change the slice number to select a 3D region.
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Add the selection to the correct label.
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c. Lasso tool (2D and 3D)

This tool lets the user draw a closed contour, and selects all pixels within the contour.
Some options are availablerf2D: free hand, ellipse and rectangle. Using free hand, you
can use auto trace, which will identify the edges of a certain area of the image.
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If you want to use the 3D lasso, you have first to chang@toviewersor Four viewers

in order to see 3D an2D simultaneously. Then select a 3D area (left part of the image
below) and also check this in 2D (left part of the image). Note that you can only modify
the selection shape in the 2D image and, in the third direction (in this case, Z direction),
the ®lection is automatic.
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d. 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 interval. The advantage of magic
wand over threshold tool is that itrp@ts you to choose a single material/structure inside
your image, i.e. if you have other materials/structures with the same gray level, but it is
not connected to the region you want to segment, you will not select these voxels.

Click on magic wand toolréd arrow). In this example, the image is a toothpick with a
micro gear inside (bright region).
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Click on the gear (red cross) and change the boundaries values (in this case, to 240 and
255).
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Changing the boundaries values, you will change thetréisdihis 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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e. Propagation Contour

This tool is a fast active contour. From a seed, which is createdafhgara boundary
front evolves. Few parameters are available to be modified, as stop time and edge
sensitivity. In this example, we will use propagation contour to segment a specific pore

of this soil sample. First, you have to create the seeds mangakgk the figure below
(red crosses).
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Then, you click orDo it* (red arrow), and the front will start evolving. After it finishes,
you can choose the béBme(green arrow) that represents the pore space.
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m Propagating Conw
Stop Time:
Edge Sensitivity: 0.5

Image Intensity Weight: 0.5

Curvature:

Attractor:

Mode: (e 3D volume ) slice

Initialize

f. Blow Tool

This tool is useful to detect edges of a region and fill its interior, however it works only
in 2D. Click (and hold the button) on the area of interest. Drag the mouse, and the greater
the distancdrom the original point is, the more the contour grows. 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 gray values and will stop when it changes abruptly,
i.e.when it finds an edge.

The tolerance (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.
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After you release the mouse button, the area within the contour will be selected and you
can add to the desirable label.

Tip: For 2D tools (Brush, Lasso, Blow) there is the possibilitintdrpolating the data

in order to make manual segmentation éastn this case, perform the segmentation on

an x slide and advance some slides, let's assume an advance of 10 slides (x + 10) and
segment on it as well. Cliaitrl + i (attention, i must be lowercase) and note that the
slides between x and x + 10 are semted following the initial and final orientation.

Tip 2: If you keepshift selected while doing blow or lasso, you can make more than one
annotation per slice.

Tip 3: Useshift + i to invert the selection.
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