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& Learning Objective

The objective of this tutorial is to demonstrate how to use EM
Segmenter to segment non-human primate images.

Non-human primates are widely used as models for human neuro-
anatomical studies. Segmentation of primate MR images are critical
to many of these studies.

We have used examples of vervet T1 images in this tutorial but the
procedure has been used successfully for other species as well.




& Prerequisites

This tutorial assumes that you have already completed
the tutorial Data Loading and Visualization. Tutorials
for Slicer3 are available at the following location:

« Slicer3 tutorials
http://www.na-mic.org/Wiki/index.php/Slicer3.2:Training




& - Prerequisites

We have developed two command-line tools for this procedure:

i. Masklmage - Uses a binary image to mask required input image

i. Rescalelntensity - Rescale the intensity range of an image between
user-specified lower and upper limits

These are available for download (using subversion) from:
https://bsl-1.ece.vt.edu/svn/BSL-Slicer3-Modules/

These tools can be installed by following the tutorials at:

http://wiki.na-mic.org/Wiki/images/4/46/
Slicer3CourseForDevelopers SPujol.ppt



https://bsl-1.ece.vt.edu/svn/BSL-Slicer3-Modules/
https://bsl-1.ece.vt.edu/svn/BSL-Slicer3-Modules/
http://wiki.na-mic.org/Wiki/images/4/46/Slicer3CourseForDevelopers_SPujol.ppt
http://wiki.na-mic.org/Wiki/images/4/46/Slicer3CourseForDevelopers_SPujol.ppt
http://wiki.na-mic.org/Wiki/images/4/46/Slicer3CourseForDevelopers_SPujol.ppt
http://wiki.na-mic.org/Wiki/images/4/46/Slicer3CourseForDevelopers_SPujol.ppt
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Prerequisites

This procedure requires the use of a non-registration method. We

recommend the use of Diffeomorphic Demons method which is available in
Slicer3:

It can be obtained in two ways:

i.CLI module in the latest developmental version of Slicer3 (Slicer3.3
Alpha).

ii.As a part of Slicer3 NITRC modules, downloadable from:_http://
www.nitrc.org/projects/brainsdemonwarp/

In this tutorial we use the CLI module available in Slicer3.3 Alpha

Diffeomorphic Demons is also available from: http://hdl.handle.net/1926/510



http://livepage.apple.com/
http://livepage.apple.com/
http://livepage.apple.com/
http://livepage.apple.com/
http://hdl.handle.net/1926/510
http://hdl.handle.net/1926/510

B e Materials

This tutorial requires the installation of the Slicer3
software and the tutorial dataset. They are available at
the following locations:

* Slicer3 download page (Slicer 3.2)

http://www.slicer.org/pages/Downloads/

* Tutorial dataset (Vervet Slicer Tutorial)
http://www.bsl.ece.vt.edu/data/vervet_atlas/vervet.php

Disclaimer: It is the responsibility of the user of Slicer to comply with both the terms
of the license and with the applicable laws, regulations, and rules.



http://www.bsl.ece.vt.edu/data/vervet_atlas/vervet.php
http://www.bsl.ece.vt.edu/data/vervet_atlas/vervet.php
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@ 3DSlicer

Input

o« The image to be
segmented is the primary
input.

oIn this tutorial we deal
with segmenting the T1
image of a vervet subject.

«This can be extended to
multi-channel
segmentation using the
example in:http://
wiki.na-mic.org/Wiki/
images/2/2f/
AutomaticSegmentation S
oniaPujol Munich2008.ppt

o The subject T1 volume is
loaded into Slicer.
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B - Input - Template Image and Probability Maps

 We now load the vervet template image and tissue probability maps

 In this tutorial we have used the template and probability maps
available for download from:

http://www.bsl.ece.vt.edu/data/vervet atlas/vervet.php

ECC

Template
Image

Probability Atlas
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Preprocessing
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Histogram Matching

From the modules menu,
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Histogram Matching

File Edit View Window Help Feedback

B ]| vouss: | = [ E @

4

D :
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¥ Help & Acknowlec's -~ ==

7~ Create New CommandLineModule

“ Histogram Matchi A Histogram Matching 1
Parameter 1 & Histogram Matching2

d |
Status Idle

“ Histogram Matching Parameters
Number of Histogram Levels [250 e
Number of Match Points |20 =

Threshold at mean [

“ 10

Input Volume‘ Vervet_Oscar_T1  — ‘%

Reference Yolume ’rvet_ﬂ_Template_WhoIeHea.i-d l

Output VO'“""e’ Histogram Matching Volumel —— ”%

Default | Cancel | ’ Apply |
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3DSlicer
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File Edit View Window Help Feedback

Histogram Matching

SDTSlicer Version

] E” Madules: ‘

S ANEEF - BEEE
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¥ Help & Acknowledgement

4

v

Axial d

<> fd»

MNone e

“ Histogram hMatching

Parameter set‘ Histogram Matching3

=F

“ Histogram Matching Parameters

Status Idle

MNumber of Histogram Levels |1 28

RICZERIY

Number of Match Points |10
Threshold

=

at mean

=10

Input Yolume

Reference Yolume

Output Yolume

=]

- VeN

Default ’ Cancel

7~ Histogram Matching Volume1
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“ Histogram hatching

Parameter 591’ Histogram Matchingd  — ”%

Status Idle

“ Histogram Matching Parameters

MNumber of Histogram Levels [128
Number of Match Points |10

L4} L4l»

Threshold at mean !

1o

Input VO'“”“E‘ Vervet_Oscar T1  — l%

Reference Volume

Output Volume

Default ‘ Cancel ‘ | Apply, 7 Vervet_AlN




Histogram Matching

File Edit View Window Help Feedback

& [E” Modules: ’ — | [{] ] = search modules [&] E
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¥ Help & Acknowledgement

“ Histogram Matching

Parameter set‘ Histogram Matching3d  — “%

Status Idle

“ Histogram Matching Parameters
Mumber of Histogram Levels |128 =
Number of Match Points |10 =

Threshold at mean

e

Input Volume‘ Vervet_Oscar_T1 —t H%

Reference Yolume ’rvet_ﬂ_Template_WhoIeHea.:-t ‘

Output Volume I% M=
7~ Create New Volume

’Tault l Cancel | ‘ Appl 7 Vervet_Oscar_T1
“~ Vervet_Atlas_Csf_Smth
“~ Vervet_Atlas_Ecc
7 Vervet_Atlas_Gm_Smth
“ Vervet_Atlas_Wm_Smth
> Vervet_T1_Template_Whole
7~ Histogram Matching Volume1

[ lal>
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Histogram Matching

File Edit View Window Help Feedback
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¥ Help & Acknowledgement

“ Histogram hMatching

Parameter set‘ Histogram Matchingd — ‘%
Status Idle
“ Histogram Matching Parameters
Mumber of Histogram Leve|s|128 =
Nurmber of Match Points |10 =

Threshold at mean

“ 10

Input Volume| Vervet_Oscar T1  — |

Reference V°|Ume|rvet_T1_Template_WhoIeHea.:-n I

Output Volume ’ Histogram Matching Yolume2 ——

Default ‘ Cancel ( Apply
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& Subject Image Skull Stripping

«The Intra Cranial Content (ICC) of the subject is
extracted.

olmproves probability map registration accuracy
«Creates more accurate patient specific atlas
o [wo step procedure:

- affine registration of ECC mask to subject

- masking of subject by ECC mask

18



&=+ Subject Image Skull Stripping

Rigid Registration
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From the modules
menu, choose the
Rigid Registration
Module
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Subject Image Skull Stripping

File  Edit View  Window

Help  Feedback

& &l

3DSlicer

¥ Help & Acknowledgement

odules: ‘ Rigid registration — | lz' |Z| E]
]
»

“ Rigid Registration

“ Registration Parameters

“* Create New CommandLinehol

Parameter set | & FRigid registration!

search modules

(2 & [2) & [$]

Anial

Mone

Status Idle

Histogram Bins IB‘D—B

Spatial Samples m
Iterations [W
Learning Rates lm
Translation scaling lwu—lﬂ

“ 10

Initial transform ':AJ

Mone — >

Fixed Image’ Vervet_Oscar_T1  — %
Moving Image’ Vervet_Oscar_T1 — %
Output transform al

Output Volume al

put vohae [ None — [

Default

’ Cancel ‘ ’ Apply I

Sagittel

Mone

Rigid Registration
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Subject Image Skull Stripping

Rigid Registration

File  Edit \iew Window Help  Feedback

@ IE‘ Modules: | Rigid registration —ll II’ IZ‘ E

2 —

3DSlicer

¥ Help & Acknowledgement

“ Rigid Registration

Parameter set | Rigid registration2  — ”%

Status Idle

Histogram Bins ISD—EI

Spatial Samples m
Iterations |1000,1000,500,200
Learning Rates lm
Translation scaling [IOIJ_E

“ Registration Parameters

“ 10

Initial transform — E |
~ “ None
Fixed Image |7_,

Moving Image

Al

B

Output transform ’—_,%
“E

Output Volume

Default [ cancel | | apply |




~  Subject Image Skull Stripping

Fle Edit Vew Mindow Help Feecback ngld RGngtrauon

E [E’ Modules: [ Rigid registafion —‘| E] E’ E’
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¥ Help & Acknowledgement

“ Rigid Registration

Parameter set| Rigid registration2 — j

Status ldle

“ Registration Parameters

Histogram Bins [30—@

Spatial Samples m
Iterations IW
Learning Rates ,m
Translation scaling [IDO—E

Initial transform M i

Fied Image_, [4)
Moving | — Vervet_Oscar_T1
oving Image [ “ Vervet_T1_Template_lcc
Output transform r 4 Vervet_T1_Template_WholeHead
——  Vervet_atlas_Gm_Smth
Qutput Volume r A Vervet_Atlas_Win_Smth
A Wervet_Atlas_Gm_WithoutHPC_Smth
A ]
Default Cancel sop Wervet_atlas_Csf_Smth Sagittl
T 4 Vervet_Atlas_Putamen_Smth

None

“ 10

“ Vervet_Atlas_HP_Smth

“ Vervet_Atlas_Caudate_Smth
A Vervet_Atlas_Gm_WithoutHPC
“* Histogram Matching Volume1




= Subject Image Skull Stripping

Rigid Registration

[

@ 3DSlicer
v

¥ Help & Ackno t

Modules: Rigid registration

“ FRigid Registration

Parameter set | Rigid registration2 — ;

Status Idle

“ FRegistration Parameters

Histogram Bins [30° )

Spatial Samples m
Iterations W
Learning Rates [W
Translation sealing [100° )]

“ 10

Fixed IMage | vervet_Oscar_T1  — %

Moving Image |-l
T Vervet_Oscar _T1
Output transform [ 2 Vervet_T1_Template_lcc
2 Aervet_T1_Template_WholeHead

—  Vervet_atlas_Gm_Smth
4 Vervet_atlas_Wm_Smth

Default Cancel ,E “ Vervet_Atlas_Gm_WithoutHPC_Smth
4 Vervet_atlas_Csf_Smth
 Vervet_aAtlas_Putamen_Smth
 Vervet_atlas_HP_Smth
- Vervet_aAtlas_Caudate_Smth
2 Vervet_Atlas_Gm_WithoutHPC
“* Histogram Matching Volume1

Output YVolume

23



" Subject Image Skull Stripping

@ — wmlﬂﬁl@"w“ I@III@E]IIE] B8 ¢ 4k

Add
@ 3DSlicer

.E_

¥ Help & Acknowkdgement
“ Rigid Regiatration

Parameter set | Rgid registration2 — e

Status kdle
“ FRegistration Parsmeters

Histogram Bins [ﬁ »

Soatia Sangles [10000 |
Kerations [1000,1000,500200
Learning Rates m
Transiation sealing [100 |»)

“o

Nﬁdbwfom‘ None =2 ::11

Flxed IMage | vervet_Oscar T1 — Le:

|l

Moving m3ae | Hatogram Matching Volume!  — I3

Output transform [

" Create New Li
Output Volume A Nore

.De!u!: -szﬂ_ = ol
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~  Subject Image Skull Stripping

HE| w [ - |QEEEF BEREREOEDEEEE & Registration

Aseal
3DSlicer

" Heip & Acknowledgement
= Figid Registration

Pararater set WE
Stabes ide m
“ Regatration Parameters LR
Hatogram Bins [30 » !a l"t q
spatel Somples 10000 ] b AR
Herations [1003,1000500200 .
Learning Rates m
Transistion scaing 100 |»)]

~ 0
it trarotorm | pone s |12
—
woed ke | Vervet_Owcar TI — }:
Moving Inage | Histogram Matching Vohime!  —i 14

utput transform | gy registration Transformt  — |21

Ostput Vokme &
T 4 Create New

 None

A Vervet_Oscar_T1

A Vervet_T1 _Template_lcc

A Vervet_T1 _Template_WholeHead

A Vervet_Atlss_Gen_Smth

A Vervet_Aths_Wm_Smeh

A Vervet_Allss_Gen_WithoutHPC_Smth

A Vervet_Aths_Caf_Smeh

A Vervet_Allss_Putamen_Seth

A Vervet_Atha_HP_Smth

A Vervet_Atlss_Caudate_Smth

A Vervet_Aths_Gan_WithoutHPC

A Histogram Matching Vokme1

| Derust e ool




Subject Image Skull Stripping

o Rigid Registration

search modules

GE| o [ e | QGEE

@ 3DSlicer

¥ Hebp & Acknowledg

“ Rigid Registration

Parameter Sﬂy Rigid registration2 — |

Status Ide

“ Registration Parameters

Histogram Bins [30_@
Spatial Samples 10000 |»]
Iterations [1000,1000,500,200
g Rates m
Q scaling [loo—lj
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&=+ Subject Image Skull Stripping

Affine Registration

 The next step is to perform affine registration.

 The rigid transform is used as the starting point

28
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Affine Registration
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“= Subject Image Skull Stripping

Mistration

B @] s [ rmerinae =] [ ][ @] ARAEREDEZE B E i

Asinl
3DSlicer

¥ Help & Acknowledgement
“ Affine Registration

Parameter 52t | Affine registration] _,P[e

Status idle

v

Hatogram Bins |30 »
Spatial Sampies [10000 |

Iterations [2000

Transiation scaling |100 )

;|v

v

- . =
ni
tiad tra .

ﬂmmm" Rigid registration Transformi

Moving W’ Vervet_Oscar_T1  —

(Y

Output transform | jone  — |

:

Choose the rigid
registration transform as
the initial transform for
D this step

Output Voume | jone  —

LS

Default ’ Cancel | | Apply |
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= Subject Image Skull Strippin

Fle  Edit  \Mew Vindow Help Feedback RegiStration
BE| = [ | QEE - EEE 6@ g

@ 3DSlicer e
== —

¥ Help & Acknowledo:

“ Affine Registration

Parameter set| affine registration! — E

Status Ide

“ Reggstration Parameters

Histogram Bins |30 »
Spatial Samples |10000 »
Iterations |2um =]
Transtation scaling |100 »

“ 10

Initial "W'O""| Rigid registration Transform!  — “%
=

Fived Image & Vervet_Oscwr _Ti
Moving W[ A Vervet_T1_Template_lcc
2 Vervet_T1_Template_WholeHead

Outpul ~ vervet_Atiss_Gm_Smth

A Vervet_Atias_\Wm_Smth
LPN Vervet_aAtias_Gm_WithoutHPC_Smth

A Vervet_Atias_Csf_Smth
Default | Con /> Vervet_Atias_Putamen_Smth
A Vervet_Atis_HP_Smth Saglthl

A Vervet_atias_Caudate_Smth Mone
A Vervet_Atlas_Gm_WithoutHPC
 Histogram Matching Volume !
“ Figid registration Volume1
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< Subject Image Skull Stripping

Affine Registration

3D Slicer

2 @] & (= € & = S (]| B ¢

=l

ameter set | affine registrationl  — =1

Status ide

Histogram Bins [30—[—1
Spatial Samples [10000 ]»J
Ierations [2000

Transiation scaing IIOO—[—

Iransform | migid registration Transform1  — ﬂf_‘

Foced Image | vervet_Oscar_T1 — |2

Moving Imd o Vervet_Oascar _T1
 Vervet_T1_Template_lcc
A Vervet_T1_Template_WholeHead
A Vervet_Atlas_Gm_Smth
o Vervet_Atlas_Wm_Smith
—— A Vervet_atlas_Gm_WithoutHPC_Smth
—— A Vervet_Aflas_CsT_Smith

S Vervet_Atlas_Putamen_Smth
o Vervet_Atlas_HP_Smth

o Vervet_atlas_Caudate_Smith

Ou

-~ Histogram Matching Volume 1
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Subject Image Skull Stripping

Fle  Edit View Window Help Feedback

Affine Registration

E E‘ Modules: [

Affine registration

@ 3DSlicer

¥ Help & Ack o

= [ E @[ (2 @]

“ Affine Registration

“ Registration Parameters

“ 10

Parameter 39" Affine registration]  — %

Status Idle

Histogram Bins Is‘l‘.l_m
Spatial Samples [10000 ||
ens 2000 3
tion seaing [100 ¥

gistration Transform!  — |%

IMmage | vervet_Qscar_TI  — ::'J

P Tal
* A Create New LinearTransform

Output ® None
“* Rigid registration Transform1

OutglTValime | None  — E

Default

| Cancel ‘ | Apply ‘
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Subject Image Skull Stripping

He Edt Mew Wndow Help

Feedback

Affine Registration

HE| v [~ (DIE @

@ 3DSlicer

v Hep &

2 ] @ @ (@) [ =

€ E e
Axid

Nome

~ Affine Registration

“ PRegistration Parameters

Status Idle

Histogam Bns[30 |»)
Spatial Sanples [10000 | )
terations [2000 =
Translation scaling [IDO—E

[

10
Initial transform | pigi registration Transform1  — J%J
Fiwed Image | viervet_Oscar 11 — i
[al
>
Output tnns(um[ Affine registration Transform!  — \%
Out “* Create New Volume
# None

A Vervet_Oscar_T1

Default Can A Vervet_T1_Template_lcc

2 Vervet_T1_Template_WholeHead

A Vervet_Atlas_Gm_Smth
A Vervet_atlas_Wm_Smth
2 Vervet_Atlas_Gm_WithoutHP C_Smth
2 Vervet_Atlas_Csf_Smth

A Vervet_Atlas_Putamen_Smth

2 Vervet_Atlas_HP_Smth
 Vervet_Atlas_Caudate_Smth

A Vervet_Atlas_Gm_WithoutHPC

“ Histogram Matching Volume1

“* Rigid registration Volume1

[OIE]=] ——

o

Click Apply to
perform
registration

Check the registration
accuracy as in the rigid
registration step.
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&=+ Subject Image Skull Stripping

Apply Transform to ECC Map

~

- ...l We now apply the Affine

& =Sl | transform to the ECC map to

align it with the subject image
J

For this, we use the
module: Resample
Volume 2
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“~  Subject Image Skull Strippin

ly Transform to ECC Map

D=

T
o

Status Idle

“ Input/Output

Input Volume | vervet_atias_Gm_smth  — |[=

FReference Volume (To Set Output Parameters) Oscar_SSnii  — i

Output Volume I Fesample Volume 2 Volumel —— "%

¥ Resampling Parameters

“ Transform Parameters

Transform Mode | affine registration Transform2  — Hﬂ‘

::a:a;:am:orm(?nlyUsedIfNoTransformNodeSet) 3 Choose the afﬂne transform
for the transformation node

“ Interpolation Type

Interpolation [ linear M rn [ ws [hs

¥ Windowed Sinc Interpolate Function Parameters

¥ BSpline Interpolate Function Parameters

¥ Output Parameters
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&=+ Subject Image Skull Stripping

Mask Subject Image with ECC Mask

B — == nnseC Enmessnece gl e .| Once the Masklmage utility
R =T = - | has been installed, itis also

e available from the modules
menu.
| i \. J
n Choose the
Maskimage with
Label Map module
3;1"15&182[1-] (@) (w] -
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& Subject Image Skull Stripping
o we e MASK SUDject Image with ECC Mask

Modules: | Mask an image with a label map _n‘ El El El Isean:h modules E

’
([
(]|

& &)

e with a label mapl  — “%

Status Idle

L t1 =

Exact Match [#]

/ \ andard deviation |0 3

Note: If the standard
deviation for the label is ieut Volume | 7001 masteaTimsps — |2
set to 0, remember to
check the Exact Match box

; " Al
\ P ), sk an image with a label map Volumel — “7

Default | Cancel | l Apply

Input Mask | 7001_maskedTimaps  — |2
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{ @ 3DSlicer

Subject Image Skull Stripping

Mask Subject Image with ECC Mask

- B e s — 3 ( The output of the Masklmage\
. = | module is the skull-stripped
S subject image. The output
A, may not be perfect, but the
=R accuracy is very high. This
Faaes output is saved. The output
can be manually corrected if
needed.

J

ESN0DEEEI
L R
B E -
L e

- Rl
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&~ Creating patient specific atlas

oRegister skull-stripped subject image to skull-striped
template image

eUse affine registration followed by deformable
registration

eApply transformation to probability maps to get patient
specific atlas

eRegistered maps are rescaled to values between
0-255 to be used with EMSegmenter
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" Creating patient specific atlas - Rigid Registration

View  Window

Help  Feedback

EI [El [ Modules:

Rigid regishation

“ FRegistration Parameters

Parameter set | Rigid registrationd  — ”%

Status ldle

Histogram Bins [?-D—]E

Spatial Samples m
lterations [W
Learning Rates [m
Translation scaling [IOO—B

“ 10

Maving lmage| Vervet_T1_Template_lce  — ”%
Output transforml Rigid registration Transform2 — "%

Output Volume| Rigid registration Volume2 — ”%

d

Initial transform M
Feed imege | Oocr_5ni_— |

j

Default

I Cancel
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3DSlicer

Creating patient specific atlas - Affine Registration

Feedback

File

ﬁ @[ todules: Affine registration

3DSlicer

Edit  Mew Wndow  Help

¥ Help & Acknowledgement

rset| affine registration2  — ”%

Status Completed

Histogram Bins [30—@
Spatial Samples m
Iterations lﬁ

Translation scaling [IUO—E

“ 10

Initial transform’ Rigid registration Transform2 — — “%

Fixed Image M j

Moving Image | g registration volume2  — |4/

Output traL"'3f0rm| Affine registration Transform2  — “%

Output V°"-““°| Affine registration Volume2 — “%

Default | cancel

Execute the
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3DSlicer

Creating patient specific atlas - Apply Transform

File  Edit View ‘Wndow Help  Feedback

todules: Resample Volume 2

Status Idle

“ Input/Output

nput Volume | vervet_atias_Gm_smth  — |4

al

FReference Volume (To Set Output Parameters) Oscar_SSnii  — cl

Output Volume [ Resample Volume 2 Volume!  — ”%

¥ FResampling Parameters

“ Transform Parameters

Transform Node | affine registration Transform2 — — | =

¥ Manual Transform {Only Used If Mo Transform MNode Set)

~ PRigid/Affine Parameters

“ Interpolation Type

Interpolation [ | linear Mnn [ ws [hs

¥ Windowed Sinc Interpolate Function Parameters

¥ BSpline Interpolate Function Parameters

¥ Output Parameters

Default

Apply transform to all other maps (WM,
CSF and ECC) by changing only the input
each time. Save all the transformed maps

as separate volumes.

\
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B e Creating patient specific atlas - Non-Linear
o Registration

» To use the Diffeomorphic Demons CLI , open a new
terminal to the directory containing: Slicer3-Build/lib/
Slicer3/Plugins/

e use the command: ./DemonsRegistration
- The skull stripped subject is the fixed image,

- the affinely registered, skull-stripped template is the moving
Image and,

- choose symmetrized gradient option.

- For our application, we set the number of levels to 4 with the
following iterations [90, 70,45,25]. The deformation field
should be saved as a MHA file.
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f ﬁDSpreating patient specific atlas - Applying deformation
&~ field to probability maps

»Once registration has been completed, we use another
tool in the same folder to apply the deformation field to
the probability maps one at a time

o use the command: ./applydeformationITK
- The GM probabilty map after affine registration is the moving
image,
- the diffeomorphic demons deformation field is the field to be
apply and,
- choose apply transformation option.

- For our application, we set the interpolation to nearest
neighbor

- Repeat this for all other affinely registered probability maps
by changing the moving image
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Segmentation using EMSegmenter




Segmentation

e Once the patient specific atlas has been created,
we use that along with the subject image in

EMSegmenter

( EM Segmentation Hierarchy)
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~3DSlicer

Segmentation - Input Data

File Edit e

E’ E [ modules: Data

\g IDSlicer
/

~ Help & Acknowledgement

Windows Help Feedback

- Display & Modify Scene
— FMEBMKL Tree

Scene
Coreg__ToOscar_ Ecc (vikiMRMLScalarvolumeHMHoc
Coreg__ToOscar_ Gm (vikMRMLScalarvolumeHMoc
Coreg__ToOscar_ CsT (vikKkMRMLScalarvolumehiMMod
Coreg__ToOscar_ WM (vikMRMLScalarvolumeMNMoc
Vervel Oscar_ T1 (vikKkMRMLScalarvolumeHModes

— FMEBRML MNode Inspector

1D

Mrame: I

: None
: None
: Out of Frame
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f"‘ ~3DSlicer
/

Segmentation

File  Edit View ‘Wndow Help  Feedback

IE E” todules: EMSegment Template Builder ‘ E IE IEI search modules Iﬁ' E

3DSlicer

¥ Help

“ Wizard

1/9. Select Parameter Set

Select existing or create new parameter set.

Select Parameter Set X5

Parameter Set: o
“* Create New Parameters
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~3DSlicer

Y Help

The second step is to
specify the segmentation

~

Segmentation

hierarchy

3DSlicer

* Wizard

2/9. Define

Define a hierarchy of structures.

Anatomical Tree

r &natomical Tree

—

L_pans

Add sub-class
Delete sub-class

r Colormap

Select colormap: ‘ Full

— =4

WO N DGR WN =0

1 Mode Attributes

Foot

R=1 G=0 B=0 A-1

R=1 G=0.0235294 B-=...
R=1 G=0.0470588 B-...
R=1 G=0.0705882 B-...
R=1 G=0.0941176 B-...
R=1 G=0.117647 B=0 ...
R=1 G=0.141176 B=0 ...
R=1 G=0.164706 B=0 ...
R=1 G=0.188235 B=0 ...
R=1 G=0.211765 B=0 ...

Show Only Named Colors

[ ack | mests ||

Frish | | cancel || e
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3DSlicer

Segmentation

File  Edit Mew Window Help  Feedback

@EH wodus. | ensemntrensie s — | (1] [v] [7 [&]

3DSlicer

@

¥ Help

search modules @
“
»

“ Wizard

2/9. Define Anatomical Tree
Define a hierarchy of structures.

i &natomical Tree

El-lfoot
ECC

- Colormap

Select colormap: ‘

SPLBrainAtlas

i Node Attributes

Ventricles
Cc46

c47
fMRI-high
fMRI-low
Pre-Gyrus

W NN L WN =IO

["] Show Only Named Colors

e ot

‘ < Back ” Mext > H Finish H Cancel

‘ ‘ Help
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Segmentation

Fle  Edit Mew Window Help  Feedback

Iﬂ El Modules: | EMSeamentTemplafe Builder s E E] IE‘ search modules @
4

e - —
3DSlicer _

¥ Help

“ Wizard

2/9. Define Anatg
Define a hiera
[ Anatomical Tree

Root
ECC
IcC

G
WM
CSF
r Colormap X5
Select colormap: I SPLBrainAtlas E

- Node Attributes

Mame: CSF
Label: B >
(Entry |Name | color 4
Black
1 jake
2 Peach
3 Brain
4 Ventricles
5 c46
6 caz
7 fMRI-high
8
9
-
=

fMRI-low
Pre-Gyrus

Show Only Named Colors

| <pack [ ment
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Segmentation

File  Edit View Wndow Help  Feedback

& &l

@ 3DSlicer

¥ Help

“ Wizard

3/9. Assign Atlas

Assign atlases for anatomical structures.

\_ J

todules: ’ EMSeament Template Builder _4| E [I| r \

The third step is to assign
probability maps to each
class.

~ &natomical Tree

Root

~ Prohahilistic Atlas

Select Volume: Coreg_ToOscar_Ecc —

| Select volume for the selected node.

| < Back “ Mext > || Finish H Cancel




3DSlicer

Segmentation

File  Edit View  Window

Help  Feedback

Iﬁ' E” Modules: ’ EmSegment Template Builder _|| E] |II [E‘ search modules @ E

@ 3DSlicer

¥ Help

“ Wizard

3/9. Assign Atlas
Assign atlases

- Anatomical Tree

Root
ECC
ICC

GM
WM
CSF

r Probahilistic Atlas

Select Volume:

1
“* MNone

“ Coreg_ToOscar_Ecc
“* Coreg_ToOscar_Gm

“* Coreg_ToOscar_Csf
“* Coreg_ToOscar_WM
“ Wervet_Oscar _T1

| <Back |

Next> || Finish | | concel || Help

&
| [=][+ |
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~3DSlicer

Segmentation

File  Edit View Wndow Help  Feedback

@ E[ Modules: ’ EtSeament Template Builder ‘ E] E E search modules @ [

3DSlicer

(G !

Y Help

“ Wizard

3/9. Assign Atlas

Assign atlases p

- Anatomical Tree

ECC

ICC
GM
WM

CSF “* Mone
“* Coreg_ToOscar_Ecc

“* Coreg_ToOscar_Gm
i Probabilistic Atlas

“* Coreg_ToOscar_Csf
Select Volume: Coreg, ® Coreg_ToOscar_WM
“ Vervet_Oscar_T1

| < Back “ Mext > H Finish H Cancel H Help
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3DSlicer

Segmentation

File  Edit View Window Help  Feedback

E‘ E” todules: ’ EmSeament Template Builder | IZ] E] E Isemh modules @

3DSlicer

¥ Help

“ Wizard

3/9. Assign Atlas
Assign atlases for ang
-~ &natomical Tree

ECC

ICC
GM
WM
CSF

- Probabilistic Atlas X+

Select Volume: o
“* None

“* Coreg_ToOscar_Ecc
“* Coreg_ToOscar_Gm
“* Coreg_ToOscar_Csf
“* Coreg_ToOscar WM
“ Vervet_Oscar_T1

’ < Back

Mext > Finish

_Concel || Hep
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~3DSlicer

Segmentation

= 4

& &

= & The fourth step is assigning the
input image.

'S

¥ Help

“ Wizard

4/9. Select Target Images

Choose the set of images that will be segmented.

~ Target Images
Awailable Images:

Selected Images:

Coreqg_ToOscar_Ecc (1000) |
Coreg_ToOscar_Gm {1001} |1
Coreg_ToOscar_Csf {1002}

Coreg_ToOscar_WM {1003}

sl

Vervet_Oscar_T1 {1004

Target-to-target Registration
{ Align Target Images:

& Please note that the order of the images is important.

| < Back ‘ MNext »

’ Cancel
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Segmentation

-

File  Edit View Window

Help

Feedback

IE] [E” Modules:

@ 3DSlicer
w

¥ Help

EMSeament Template Builder _4‘ E m El search modules @ .

Avial

MNone

“ Wizard

4/9, Select Target Images

Choose the set of images that will be segmented.

Target Images
Available Images:

Selected Images:

Coreg_ToOscar_Ecc {1000}
Coreg_ToOscar_Gm {1001}
Coreg_ToOscar_Csf {1002)
Coreg_ToOscar_Wh (1003)

N

=

- Js]-

Wervet_Oscar_T1 {1004)

Target-to-target Registration
’V Align Target Images:

,& Please note that the order off e

<Back | N

Are you sure you want to change the number of target images?

o

Y

Yes
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Segmentation

~

The fifth step is choosing
normalization parameters.

File

&) [t

T
@ 3DSlicer =1 I

=]

¥ Help

“ Wizard

5/9. Intensity Nonmalization
Apply intensity normalization to target images.

Target Image: Vervet_Oscar_T1 — ‘

- Normalization Parameters X5
Enable Normalization: Reset Defaults  —
Print Info: )

Morm Value: |90
Histogram Smoothing Widtﬂs Max: |10

FRelative Max “oxel Number 2SS
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o o

Segmentation

File  Edit Mew Wndow  Help

&) &l

wie | | THE s.ixth stfep i§ charapterizing
S the intensity distributions by

N manual sampling

Specification:

Log Mean:
Log Cg

Intensity Distribution [ Manual Sampling |

Manual Sampling  — —
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Segmentation

File  Edit ‘ew Wndow Help  Feedback

@ E] Modules: | EMSegment Template Builder _4’ E |z| E] search modules @

¥ Help

“ Wizard

6/9. Specify Intensity Distribul
Define intensity distrik

-~ &natomical Tree

Intensity Distribution | Manual Samplingl

Specification: Manual Sampling  —
Log Mean: 6.2039
Log Covariance: 0.0575¢

!

I < Back I Finish Cancel
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Segmentation

File  Edit View Window Help

IE EI Modules: EtSeament Templ

@ 3DSlicer
7

¥ Help

In the seventh step, we A

specify some of the
hierarchy parameters for all
the classes

“ Wizard

7/9. Edit Node-based Parameters

Specify node-hased segmentation parameters.

- Anatomical Tree

Root
ECC
ICC

GM
WM
CSF

~
el 9]

Atlas Weight: 1 »

Alpha: 0.99 |y

Basic | Stopping Conditions | Print | Advanced |

Glokal Prior: 1 |» Input Channel Weights:
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~3DSlicer

Segmentation

File  Edit \View Wndow Help  Feedback

E] E{ todules: ’ EMSeament Template Builder = ‘ E II] IE search modules @ ‘
‘F
>

@ 3DSlicer
4

¥ Help

“ Wizard

7/9. Edit Node-based Parameters
Specify node-hased segmentation parameters.

r Anatomical Tree

Root
ECC
ICC

GM
WM
CSF

Bele]

Basic | Stopping Condition: I Printl Advanced]

Global Prior: 0.4 M Input Channel Weights:
Volume Weight
Vervet_Oscar_T1 | 1.000000

Atlas Weight: D
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Segmentation

File  Edit Mew Window Help  Feedback

Iﬂ [E, Modules: ’ EmSegment Template Builder ‘ Iz] search modules @ |:
4
.@ 3DSlicer —
-

Mone

¥ Help

“ Wizard
7/9. Edit Node-based Parameters

Specify node-based segmentation parameters.

- Anatomical Tree

Root
ECC
ICC

GM
WM
CSF

Basic | Stopping I:onditions' Printl Advancedl

Global Prior: 06 ﬂ Input Channel Weights:

[Vome et |

Atlas Weight: 1 |»| Vervet_Oscar_Tl ‘1.000000

Alpha: 099 |»

’ < Back Mext >
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Segmentation

File  Edit View Window Help  Feedback

E’ IEH odules: EmSeament Template Builder ‘ Izl |Z| E
4
»

@ 3DSlicer
-

¥ Help
“ ‘Wizard
7/9. Edit Node-based Parameters
Specify node-based segmentation parameters.
r Anatomical Tree X
Root 'E*J
ECC
oo
ICC E
GM
WM
CSF
Basic | Stopping [w:wru:{mw:wml Printl Advancedl
Global Prior: 0.4 ﬂ Input Channel Weights:
Volume
Vervet_Oscar_T1 | 1.000000
Atlas Weight: 007 |» - -
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Segmentation

File  Edit View Wndow Help  Feedback

E] IE” Modules: ‘ EMSegment Template Builder —AI IZI m Iﬂ search modules IE

@ 3DSlicer
v

Y Help

“ Wizard

7/9. Edit Node-based Parameters

Specify hode-hased segmentation parameters.

i &natomical Tree

Root
ECC
ICC

GM
WM
CSF

Basic | Stopping Ew:n’n:iltu;.na] Printl Advancedl

Glokal Prior: 0.3 ﬂ Input Channel Weights:
Volume Veight
Vervet_Oscar_T1 | 1.000000

Atlas Weight:

’

@]
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Segmentation

File  Edit ‘“ew ‘Wndow Help Feedback

& &l

3DSlicer

Y Help

Modules: ’ ESegment Template Builder _4‘ E |I| Izl search modules
4

(2] [&] [&]
'
&

B

“ Wizard

7/9. Edit Node-based Parameters

Specify node-based segmentation parameters.

r Anatomical Tree

Root
ECC
ICC

GM
WM
CSF

Basic | Stopping I:Elr'uii\tlljl'li-l Printl
Glohal Prior: 03 |» annel Weights:
Volume

Vervet_Oscar_T1

Atlas Weight: 007 ¥

‘Weight of the atlas {spatial prior)in the
segmentation decision. The value must
be in the range [0,1], where 0 indicates
that the atlas is ighored and 1 indicats

the maximurn atlas weight.

’ < Back I
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Segmentation

File  Edit \iew Window Help  Feedback

ﬁ [ﬂ[ odules: ’ EtSeament Template Builder _x‘ III IZ] IE‘ search modules
4
>

@ 3DSlicer
.

¥ Help

“ Wizard

8/9. Edit Registration Parameters

Specify atlas-to-target registration parameters.

- Atlas-to-target Registration Parameters

Affine Registration: @

Deformable Registration: ‘ None —_ ‘

| options in this step to: NONE/

Since the probability maps\
have been pre-registered to
the subject image, we set all

69




3DSlicer

At the end, click
Run to start
segmentation.

-~

File  Edit \iew Y

@ Modules: K

This is final step before
the segmentation
process begins.

] Segmentation

¥% 3DSlicer

tation

ithm to segment target image.

y
late Resultdd] | = EnTutSiicer3

L

Output Labelmap® | EM Segmentation] — "%

~ROI -
Min (i,i,k):|0 |0 0 Mazx {iik): |256 |258 254

~ Misc. X+
Multi-threading Enabled: ]

mnun H Cancel H Help ‘

i

>
v
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£~ Result - Segmentation Label Map

Flle Edt View Window Help Feedback /Th f. | t t.
B B s ABE G PrEpEReoEnm g O nal segmentation
= | *[7 result can be saved as a

reer @)
— Sy - label map. The
segmentation settings can
be saved as an MRML file
\for posterity!

Help & Acknowledgement
“ Load

=3 Select Volume File

Volume Name: Marc_SegTrial3.nrrd

mage Origin Cenered

mage Oriematili Erom Fie

B Label Map Single File
Apply
Active Volume Marc_SegTrial3.rerd :
¥ Display
~ Info
¥ Save

“ Manipdate Slice Views

EEDEEEE R (@]

* Manipdate 3D View
e ¢ | [ BEES] (8] =
oA @ @ | |oe

Middie Bution: Pan; Right Button: Zoom
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B s Conclusions

* The segmentation result can be saved as a labelmap

* The segmentation hierarchy can be modified to include
sub-cortical structures.

 Probability maps for sub-cortical structures are also
available for download along with the other maps.
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