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Goal of the course

Guiding you step by
step through the
process of using the
Expectation-
Maximization algorithm
to automatically
segment brain
structures from MRI
data.




Algorithm History

12-year of algorithm development

« 1996: Williams Wells et al.
EM framework for simultaneous estimation of bias field a label
map. |[EEE Transactions on Medical Imaging.

« 1999: Kapur et al.
Model noise via Markov Random Field . MIT PhD Thesis

« 2002: Van Leemput et al.
Non-spatial tissue priors. IEEE Transactions on Medical Imaging

« Since 2002: Pohl et al.
Deformable registration to align atlas (MICCAI)
Hierarchical framework to model anatomical dependencies (ISBI)

« 2007: Brad Dauvis et al.: EMSegmenter in Slicer3



Material

« Slicer 3.4 Software

/Slicer.exe (Windows) or ./Slicer (Linux/Mac)

« AutomaticSegmentation.zip dataset

Disclaimer: It is the responsibility of the user of 3DSlicer to comply with both the
terms of the license and with the applicable laws, regulations and rules.




Tutorial dataset

* Pre-computed generic atlas of the brain

e T1and T2volumes ......cooveiiiiiiiiiiiina...




Anatomical Tree

« The anatomical tree defines the hierarchy of structures
that will be segmented.

 In this course, we focus on the following hierarchy

— Intracranial Cavity
« White Matter (WM)
« Grey Matter (GM)
« Cerebrospinal Fluid (CSF)

— Background
« Air
« Skull




EM Pipeline

Step 1: Pre-processing

Step 2: Patient-specific atlas generation

Step 3: Automatic segmentation




EM Pipeline: Preprocessing

Patient data

Intensity Normalization
Normalize the intensity of t1
and t2

Target to Target Registration
Align t2 to t1

t2 normalized t1 normalized




EM Pipeline: Patient-Specific Atlas Generation

Registered Normalized
Patient data

Generic atlas

white matter csf grey matter background

1

Atlas to target registration
Register the generic atlas to the images to
create the patient-specific atlas

Patient-specific atlas

Anatomical Guided Segmentation with non-stationary tissue
class distributions in an expectation maximization framework.
Pohl K., Bouix S., Kikinis R. and Grimson E. In Proc.ISBIT
2004: IEEE International Symposium on Biomedical
Imaging:From Nano to Macro, pp 81-84

white matter csf grey matter background



EM Pipeline: Segmentation

Normalized
Patient data Patient-specific atlas

T(t2 T
norm(ali)zed normalized white matter csf grey matter background

2 %

Anatomical Guided Segmentation with non-
stationary tissue class distributions in an
expectation maximization framework. Pohl K.,
Bouix S., Kikinis R. and Grimson E. In Proc.ISBIT
2004: IEEE International Symposium on
Biomedical Imaging:From Nano to Macro, pp 81-84

Y 4

Segment using
the Expectation
Maximization
algorithm




EP Pipeline: Segmentation Algorithm

Expectation Step

classifies the MR voxels in tissue classes
(Gray Matter, White Matter, CSF)

Maximization Step

applies the intensity correction as a
function of the tissue class
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Running Slicer3

Mac/Linux
Run ./Slicer3 in Slicer3-build/

Windows
Run ./Slicer3.exe in Slicer3-build/
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Tutorial dataset

* Pre-computed generic atlas of the brain

e T1and T2volumes ......cooveiiiiiiiiiiiina...
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(GGeneric Brain Atlas

The Generic Brain Atlas is composed of four grey-levels
volumes which correspond to the structures that will be
automatically segmented in the MRI example datasets.

White Matter =~ Cerebrospinal Grey Matter = Background
(WM) Fluid (CSF) (WM) (Bg)
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Loading the generic atlas of the brain

1o x|

BE =r Select File>LoadScene in

B e the Main menu.

lﬂ Select File

w o d-a

B el =]
g E 1) Documents and Settings

) Adrminiztratar

I Al Users
g |2 Default Uszer

| LocalService

] A | Size Modified time
vainditlas. il 10KB  0B/03/08 19:10:00

) MetwoarkService

2 ) haines

g |2 Application D ata

) Cookies
B ) Deskiop

B ) AutomaticSegmentation
I atlas

t1
t2
| CADS A orkshop
=) HelloWworld_Plugin
|2 SlicerdvizualizationD stazet ;l

H |

Select the file brainAtlas.mrml in the directory
AutomaticSegmentation/atlas and click on Open
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Viewing the generic atlas of the brain

ﬁ:iD Slicer Yersion 3.4
Eile Edit Wew MWindow Help Feedback

Mo Sl e ke — | [«] [»]

:D DSlicer

* Weloome & Ahout

3DSlicer WelcomI
/ version 3.4

3D Sliceriz a free open source software platform for medical image
processing and 30 visualization of image data. This module contains
some basic information and uszeful links to get you started using Slicer.
Pleaze see our wehbsite hitp: dhnrwes slicer org and the documentation
on our wiki for more information:

30 Sliceriz distributed under & BSD-atyle licenze; for details shout the
contribution and softvare license agreement, pleaze see

bt Mhavnewy slicer orgicgi-hinlicense/SlicerLicenseF arm gl The
software has been designed for research purposes only and has not
been reviewed ar approved by the Food and Drug Administration, or by

Hint to onen any information panel belowe, click on it arey title bar,

* Manipulste Slice Yiews

EEOLNEREE w1

* Manipulate 30 Visw

Load Scene...

e (B8] (0] (4] (@] (@] [ [] [ [] ()| [©] [2]

4
3

=0l x|

Slicer displays
the generic atlas
of the brain in the
viewer.

Howe =] Comoeal =

.

&

wathr

Howe =]

atias_.mater —J

- s R
Select the foreground

[+
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Viewing the generic atlas of the brain

2 3D Slicer Yersion 3.4

File Edit Yiew Window Help Feedback
M ks Sl e ome _ E E
{;\ iDSlicer

=4

= Welcome & About

3DSlicer
version 3.4

y Welcom:

3D Slicer iz & free open source software platform for medical image
processing and 30 visualization of image data. This module cortains
some basic information and useful links to get you started using Slhicer.
Pleaze see our website hitp: thaaewr . slicer org and the documentation
an our vwiki for more infarmation:

3D Slhicer iz distributed under & BED-style license; for detailz about the
contribution and software license agreement, please see

hittp: iy slicer orogicoi-hind icenseSlicerlicenseForm.pl. The
software has been designed for research purposes only and has not
been reviewwed or approved by the Food and Drug Administration, or by

Hint to open sny information panel below, click on its arey title bar.

“ Manipulste Slice Views

CIL @&

* Manipulate 30 Yiew

Load Scene...

e [ [ @ B [@) [ [ [@

4
[

g [=[ 3]

Select the
Module Data to
display the list of
datasets.
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Viewing the generic atlas of the brain

The generic atlas is composed
of 4 volumes:

-White Matter

-Grey Matter
-CSF
-Background

Display MRML ID's

MMMMMMMMMMMMMMMM

|
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Loading the generic atlas of the brain

File Edit Wiew Window Help Feedback

Click on the link
icon and left click
on Bg to step
through viewing
each component.

Display MREWML ID's

MREML Mode Inspectar

“ Manipulste Slice Views

[ [ ) [ ) ) R

* Manipulate 30 Wiew

e[

2]
o JelFe
T[]

ﬁ,
* =

a0

eat 21"
I %L@”;@
é;




Viewing the generic atlas of the brain

File Edit Yiew MWindow Help Feedback ;Lg!_)(-i
Display a coronal
view of the
Sylvian fissure
from the Grey
Matter atlas
| .
Display MRML ID's E‘, s 4‘ e @. o 4‘ P
MRRL Mo Inspector s H — ms_..mam4 H — ms_..mam4
T - S5 ][= ] L fore []5 < LI
Manipulate Slice Views
EEELER
* Manipulate 30 Yiew
| HEEL - e
y =
A &




Generic Atlas Generation (Step 1)

Sn

n=82 healthy subjects, ages 25-40

b Register all the

subjects to the

training subject Training subject (randomly chosen)

b T(S1) T(S2)

A Binary Entropy Measure to Assess Non-rigid Registration
Algorithms. S.Warfield, J. Rexilius, P. Huppi, T.Inder, E. Miller,
W.Wells, G. Zientara, F. Jolesz, R. Kikinis. In Proc. MICCAI

2001: Medical Image Computing and Computer-Assisted
Interventions, pp 266-274.

n=82 registered subjects
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Generic Atlas Generation (Step 2)

T(S1) T(S2)

n=82 registered subjects

b Segment all nimages GSF

into 4 classes

Bg
Generate the generic atlas ‘
Adaptative Segmentation of MRI data. Wells W.,

Grimson E., Kikinis R and Jolesz F. IEEE Transactions white matter grey matter  csf background
on Medical Imaging, vol.15, p 429-442, 1996.
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Tutorial dataset

* Pre-computed generic atlas of the brain

e T1and T2volumes ......cooveiiiiiiiiiiiina...
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Loading T1 Volume

Left-click on the/
module selection -
menu to load the . :J
module Volumes .

Display MREML ID's

MRML Mode Inspectar

* Manipulate Slice Views

(= 6 ) [ ) (]

* Manipulate 30 View

(@@L

|»

I [=[

-

=

E Sniel =3 — g coronal Hoe
[ - stts_.mater 1 e = T —
(@=L o (@[

B
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Loading T1 Volume

Click on Select =~
Volume File j

¥ Help & Acknowledgement

[C select Yolume File
Image Orign: | From File —
Image Oriertatic From File —

Label Map Single File
Apply

Active Volume: atlas_whitematter :
~ Display
= E g tal e A HNowe — E Comal o HNowe —
¥ Info Note  — .ms_..mam — Noke 1 .ms_..mam —
e s o I = ) O

Manipulate Slice Yiews
EEEEEE @@
* Manipulate 30 Yiew

e 0 |[ElER

SR

i B

Wolumes
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Loading T1 Volum

2 3D slicer ¥ersion 3.4 5 =10 x|

File Edit Wiew ‘wWindow Help Feedback

Iﬂ IE — ll)jl]pen Yolume File
@ 3DSlice P Q- G-a 0

B [ trainee
g I} Application D ata
|5 Cookies

B 1) Desktop
B ) AutomaticSegmentation

¥ Help & Acknowledoe

* Load

[_1 select volume Fil

“olume Mame:

Image Origin:. | From

Image Crientatic From g hj CADS -
[ Hello!
Label Map Sir .
IETIdCache
Active Yolume: hﬂ Lacal Settings
* Display 5 My Diacuments

F i MatHond

Browse to find the dataset t1.nhdr | o
located in the directory

AutomaticSegmentation/t1

and click on Open
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lﬁ 3D Slicer Yersion 3.4

Loading T1 volume

File Edit Wiew Window Help Feedback

Meanes: Vel

@ iDSlicer

¥ Help & Acknowledgemert
= Load

[C Select Yolume File

wolume Mame: [t .nhdr

Image Origin: | From File —

Image Orientatic From File —

Lakel Map

Active Volume: atlas_whitematter :
T Display

-

~ Info

* Manipulate Slice Yiews

EEODEBEERE ==

* Manipulate 20 View

8

| EEEE
- QEeE - - [E&]
s EERE
File

— | [4] o
4

o [ [ & & G ) ) @] S ] 2 i T

Click on Apply in the
module Volumes to
load the t1 dataset.

- -

i — [ P —

ok B ||othar__mater oke (B | |thas_ e
H —t | |[EB] | iz mater 1 —t | |[E] | e mater s

2 EIEE

2 EIEE

[#][: LT o (@[] |[N_L TP

i
Comal Howe —
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Loading T1 volume

2 3D slicer Yersion 3.4
File Edit View Window Help Feedback

@ @ Mok Wolimes
rﬁ\ 3DSlicer
= 4

¥ Help & Acknowledgement
* Load

| (O Select Yolume File

Yolume Mame: [t nkde

Image Origin: From File —1
Image Orientatic From File —i
Lahel Map Single File
Apply
Active VYolume: t1.nhir

~ Display

3

T Infa

* Manipulate Slice Wiews

— [ D] =] [ e () (0] [ [ (@] (ol 5] () (] (W) (O] (]| (| & % [

=10l x]

4
3

Slicer loads the
volume t1 In
the viewer.

" -

=1L p— atias_.tond 1 aal '
| moe tar Howe takdr

] o 3

[ [ ) [ ) B

“ Manipulate 30 Yiew

- EEE
K,

File




2 3D slicer Yersion 3.4
File Edit View Window Help Feedback

lﬂ lﬂ Modiks: wolmes

@ 3DSlicer

¥ Help & Acknowledgement
* Load

| (O Select Yolume File

Yolume Mame: [t nkde

Image Crigin: | From File —

Image Orientatic From File —i

Lahel Map Single File
Apply
Active VYolume: 1 bt
~ Display
-
T Infa

* Manipulate Slice Wiews

— E lz‘ earch modnks

Loading T1 volume

=10l x]

i (o

=[] @] [S] ]| *

4
3

Select Red slice only
layout from the main menu

§ Y
§ - - Ve
o - -

—

S TN

-

sl attas_..oonnd —1 iy
Mo takn Nowe P —
1 o ) e O

EEOODEREEE ==

“ Manipulate 30 Yiew

PoE @ =
S
RS

_29-



I'1 contrast

Grey
Matter

arch mednk s

E [0] (4] @] (@] & 0] = 2] @) O] Q] & § & [

At _backgrond

thakdr

None

[43.504

il Nalalels

atlas_background

None

White
Matter
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Loading T2 volume

II}: 3D Slicer ¥ersion 3.4

File Edit View Window Help Feedback

& [&]
@ 3DSlicer

Modiks: wolmes

— E lz‘ earch modnks

¥ Help & Acknowledgement

-

([ Select Yolume File
—

W olCIrTe

Image Origin:

From

Image Orientatic From File

Lahel Map Single File
Apply
Active Yolume: l=}
-
~ Display
Click on Select
- ick on Selec

* Manipulate Slice W vo‘ume Flle
(5] 0 o o o 1L L&)

“ Manipulate 30 Yiew

e
[E]
==

A
|mE @

L[]

27
2]
LG

Convertional layout

=10l x]

Come back to the
conventipnal layout

R ‘ attas_.rond 1 o
. Nowe | Hadr _J
| o e

T
— Toakdr P |
L1
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Loading T2 volume

File Edit View Window Help Feedback

&l & |

=) o
ll'}J Open Yolume File

B

¥ Help & 2

]

* Load

[:I Selec

“olume Mz

Image Orig
Image Orie

Lahel b

Active Yolu

~ Display
[ e

¥ Diffusg

Browse to find dataset t2.nhdr

_
_

el M- 1)

I N T T — W

B ) traines
IC5) Application D ata
|2 Cookies
B ) Deskiop
B [ AutomaticSegmentzy
) atlas
It
i
S arkzhop
Hellaiaf arld_Flugin
[ SlicervizualizationD atazet
H () Favorites
[ IETIACache
[ Local Settings
[ My Documents
[ MetHood

located in the directory

AutomaticSegmentation/t2

and click on Open

2020KE 05423408 21:52:00

=10l x|
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Loading T2 volume

lﬂ: 3D slicer ¥Yersion 3.4 I ;IEIZ'

File Edit Wiew Window Help Feedback

@ E Mod ks wolmes | E cacinenk:  [GRBIDIITT T

i) ) ' T -
B e = Click on Apply in the
B
module Volumes to
load the t2 dataset.

| [0 Select Yolunsds
Volume Na ‘
Image Oridin. | Fram Fle  — -

Image Orientatic From File —

Lakel Map Single File

Apply F- I8 - :
‘ e " ‘
Active Wolume: 1 nhdr :
™ Digplay
- R - S
- f| e J ||t _roma Qv’ sagtml s _ond 1 t| e J |t _..1anue
7 Infa v- [T — R — ' [ R—— R — ' [T R—— LR T —"
- Ol = LI osss @2 ][+ | LT o
* Manipulate Slice Yiews c -

L

EEODEBEERE ==

* Manipulate 20 View

Conventional layout
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Loading T2 volume

=1Ol x|

ID-:3D Slicer Yersion 3.4
Eile Edit Wew MWindow Help Feedback

Maoclnkes: Volumes p—) E E search modn ks @ $ i
m 3DSlicer

=4

¥ Help & Acknowledgement

* Load

(L Select Yolume File

wolume Mame: [t2.nhdr

Image OAigin. | From File  —

volume t2 in
the viewer.

Image Crientatid From File —

Label Map Single File

Sy
: 3 al
Active Wolume: 12 nhdr
-]
¥ Display
-
il — 111.‘6 ol —I comwal  —d m% ol —4
™ Info . HNowe =] 3 HNowe T —| Nowe =] @ Tk —

1] o469 | @) IEI P

* Manipulste Slice Yiews

ElE AL E R

* Manipulate 30 Visw
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T2 contrast

F

p)
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Generic Atlas

n=82 healthy subjects, ages 25-40
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Atlas T1

IQ:3D Slicer Yersion 3.4 ) )

File Edit W¥iew Window Help Feedback

Iﬁ‘ @ Mceinks: Volmes =] E |£| seatch moduks @ S + @

@, 3DSlicer "

T Help & Acknovledgement

* Load

| (O 5elect Yolume File

“olume Mame: [t2.nhdr

Image OHgin. | From File —

Image Crientatid From File —

Select AddVolume and
load the volume atlas_t1
~ oo located in /atlas T

wp oo — el || s

CLIE

[

Active Volume: t2 nhoir

1

— | e — IILP‘J’ MU — sy A,

5 s e 5

¥ Info

O[]l

* Manipulate Slice Yiewes

EEOLNEEEE G

* Manipulate 30 Views

(e &

o IEFed
=&
H

DI




Atlas T2

-loixd

File Edit Wiew wWindow Help Feedback

Rodikes: olimes — search med ks Iﬁl 2 *

e 3DSlicer

T Help & Acknowlsdgement
* Load

[_J select volume File

“olume Mame: [t2 nhedr

Image OFigin: | From File — i
‘ ‘
’

Image Crientatic From File —

\ _ '
Select AddVolume and
o :| load the volume atlas t2
: : located In /atlas —

¥ Info @ Noe — ||l Ama T 1L Hoke — ||l | mE T 1L N pr | l%‘ 1 o3 e J— |

OF L | o[F ] L e o[ [ L

Active Y olume: 2 nhdlr

“ Manipulate Slice Yisws

EEOLNEEEE el

* Manipulate 30 View

oy

[e]El&
I

7:5_
eI+
EIETE




Atlas T2

2 3D slicer Yersion 3.4 i

File Edit View Window Help Feedback

E Mok Wolimes p—) E E IRl
4
L]
m 3DSlicer
-
v EOPE R d
Apply
Active Yaolume: t2 rkclr_1 :
“ Display
Color Select: Grey : |
Interpolate
windowLevel | s | 147 246
—i_——
Threshold: Off _a|]o 957
e |7
Upciste Histogram Interactively
(0, 955.9983] x 0, 1]
= | =
* Manipulate Slice Wiews
(2] e [ ) B e B [ [

“ Manipulate 30 Yiew

=10l x]

B[] (4] 2] [®] [ i (o

3

I maines

\ :‘*:’
Adjust the Window/Level
parameters

-

L p— s _. e —1
aw Mo ELo ) —

L1

Axlal . rond

Howe

SI==]

LT e @3] N
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Training Datasets

2 3D Slicer Yersion 3.4

Eile Edit View Window Help Feedback

& &
;‘@ 3DSlicer

¥ Help & Acknowledoement

Mk : Data

“ Display & Modity Scene
MRML Tree

Scene
atlaz_whitematter
atlaz_greymatter
atlas_csf

atlaz_background
t1.nhdr
t2.nhdr
atlas_t1

= [ DI EE

Display MRML ID's

MRML Mode Inspector

“ Manipulste Slice Wiews

EEENEE

“ Manipulate 30 View

NREE

o S|

4
3

=10l ]

— BpREPREIEDE P
T Ml o Nowe e . .':OI'OIal el Nowe e

va
.Q il . e
—_ atas —

Howe

Howe | s,

a1

LTk [ )

)
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Template Builder:
Parameters Settings

41-



Template Builde

=10l x|

2 3D slicer ¥ersion 3.4
File Edit  Miew  Wipshe

Help Feedback

{;\ 3DSlicer ' :
"" Select Modules>Segmentation

- EMSegmentTemplateBuilder

1/%. Select Parameter Set
Select existing or create new parameter set. |
Select Parameter Set b Y =

Parameter Set: 1

- a
- -

atia_...ond —1 Safal — atias_...onwd —J comial — .ol —d
— ats & Howe 1 ats & Hoke Attt
[o4es [@|[ [+ | IR o ses [@][# [+ ||

LI Nowe
(@]~ F_L]

* Manipulate Shice Views

EEODEBEEERE =

* Manipulate 30 View




Template Builder

=10l x|

File Edit Wiew Window Help Feedback

Mod ks EMSzgment Templae Bnlkkr E earch mod ks @ 1 3&

R The Wizard GUI of the EMSegment

¥ Help

Template Builder appears.

- 2 B

Left-click on Parameter Set, and

select Create New Parameters.
~ Rt

1/9. Select Parameter Set

Select existing or create newy parameter set.

Select Parameter Set x

Parameter Set:

- -

E — i3 E f= T — atiac_..ond E v — attac_.ond 1 !
;I — ati Hoe — atw H — =3 |
® Q|- | L o [@]#][« | L

* Manipulate Slice Yiews

EEELE L]

* Manipulate 20 View

43-



Template Builder

File Edit Wiew Window Help Feedback

Modnks: EMSegme it Templae Brlkkr E earch modnks Iﬁl J:if:‘
4
N

@ 3DSlicer

~ Help
* wizard
1/9. Select Parameter Set
Select existing or creste nevy parameter set.

Select Parameter Set

Parameter Set: wikMRMLEMSModet

Sh
¥ Manipulate Slice View:

¥ Manipulate 30 view

P |

Slicer creates a new |
vikMRMLEMSNode1

"~

¢

the anatomical tree

=101 x]

Click o'n Next to define

-

-
o0 =T [ J— Aol —d comal —d atar_.on il
= | Hoe  —1 LR —| Hoe  —d ata_t

foses [@[[F [ [ LI foses [@[3][= ]

L

—

-44-



Anatomical Tree
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Anatomical Tree

B I [=] 3]
File Edit Yiew Window Help Feedback

Mochks: EMZeqme vt Templak Bulkkr  —d E search modks @ z, 04:

4

@ 3DSlicer ’

2 3D slicer Version 3.4

L] L]
- Right-click on Root, and
* Wizard
select add subclass
Define a hisrarchy of structures,
Anatomical Tree X 4 . —
—T
L FRaot =] ]
o=
-
Colormap x
Select colormag: FullR zinboyy == — — I
i Qv Cﬂh‘ﬁ_..l\)ll(l — Comoeal P}
Made Aftributes ® P " (A 1] |
—— & [ e
= Back Mext = Firizh Helgp

=

¥ Manipulste Slice Views

¥ Manipulate 30 Yiew
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Anatomical Tree

2 3D Slicer ¥ersion 3.4
File Edit Wwiew window Help Feedback

lE‘ Macuks: EMZzgmentTemplak Balkker  —J E IE‘ searchmodiks @

:@ iDSlicer

¥ Help
* Wizard
2/9. Define Anatomical Tree
Define a hierarchy of structures.

Anatomical Tree

4
3

|»

o Ny

Rename the node

E—Eoot

Colormap

Select colorma:

Mode Attributes

Mame:

Label: 103 Colar:

] R=1G=0B=04=1
1 R=1G=0.0235234 B=0...
2 R=1G=0.0470582 B=0...

¥ Manipulate Slice Yiews
¥ Manipulate 30 Wisw

Add sub-class

- | ‘Background

”

=10l x|

Comkal — atiar_roned

Howe —

atas 2

=S

e =
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Anatomical Tree

3 3D slicer ¥Yersion 3.4 i —|O] =
< -

File Edit Wiew Window Help Feedback

E Mod ks EMSzgment Templae Bnlkkr E earch mod ks @ ;

4
3

@ 3DSlicer

Right-click on Root, and

¥ Help
— select add subclass
2/9. Define Anatomical Tree
Define & hierarchy of structures. |
Anatomical Tree x ﬁ
E—ﬁoot d E
o=
B}
Calarmag »
Zelect colormap: FullRzinkow — :
| atiar_...roneil —1

Mode Attributes

Mame: Background
Label: 1013 Calat:

0 R=1 G=0B=04=1
1 R=1 G=0.0235234 B=0...
2 R=1 G=0.0470532 B=0...

¥ Manipulate Slice Yiews

¥ Manipulate 30 View

Add zub-class




Anatomical Tre

ISJ 3D Slicer ¥Yersion 3.4
File Edit Wiew ‘Window Help Feedback

@ 3DSlicer

Moz

~ Help
* izard
2/9. Define Anatomical Tree
Define a hierarchy of structures.

x
al [EF

Anatomical Tree

Roat
Backaround

Intracranial Cavity

Colormap u L]
and Intracranial Cavit —
Select colarmap: FullRainkbowy
— 1 o el | bt [ B | I sl o el e | It e | i —
Mode Attributes » Howe p— L= cR— | Howe p— | L= 3 «J— | Hone | atar £ —d

Mame: Intrd:ranial Cawity
Label:

1014 Color:

1] R=1G=0E=0 &=1
1 R=1G=0.0235234 B=0...
2 R=1G=0.0470538 B=0...

¥ Manipulate Shice Views
¥ Manipulate 30 View

Add sub-class

EMZ=gme it Templak Brlkkr  —d Izl IE‘ search melks @ 2

The anatomical tree contains
two components: Background

' g [l

Rename the second subclass
Intracranial Cavity

2

fos22 (][]« TR o.ses [ %[~ | W[

|'a|||oo ||
=
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Anatomical Tree

ISJ 3D slicer ¥Yersion 3.4 ) ;IEIZ'

File Edit Wiew Window Help Feedback

Mod ks EMSzgment Templae Bnlkkr E earch mod ks @

@ 3DSlicer ’

Click on Select colormap
and select Labels

¥ Help
= wizard

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

Anatomical Tree

Fioat
Background

Calarmag
Select colarmap: Lakels FETEE T 1
p— Q; Ev’ ) tal Qv’ Comal e atla_..ond
Mode Attributes o Hoke Nowe — f- 15 p—
Mame: Intracranial Cavity @ @ | ¥ | v @ _I_l

Lahel: 1014 color:

0
1
2

¥ Manipulate Slice Yiews

¥ Manipulate 30 View

FullRainkoywe




Anatomical Tree

FI Edit  Wiew windmw Help Feedback

. . Mechks: EMZ=gme it Templak Brlkkr  —d Izl IE‘ search melks
4
)

~ Help =

* izard

2/9. Define Anatomical Tree

Define a hierarchy of structures.

Anatomical Tre

Select colarmap:

hode Attributes

¥ Manipulate Shice Views

¥ Manipulate 30 View

Add sub-class

B (] (4] (8] (@] [l [ [ (] (] L

3pSlicer I
- . Right-click on Background,
and select add subclass.

5 | Add the subclass Air to

Background.

S p——

Set the label value for —
A|r to O
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Anatomical Tree

2 3D Slicer Yersion 3.4
File  Edit

&) &

£

Mehiks:

3DSlicer

T Help
“ yizard

2/9. Define Anatomical Tree

Define a hierarchy of structures.

Wiew Meindow Help Feedback

EMSguentTenpiste Bukkr 1 [v]

Anatamical Tree
Foot d E
Background o
Air b
Intracranial Cavity
Colormasg
Select colormap: Labelz — |
-l
Mocle Attributes
Mame: Skull
Lahel: Eﬂ Color:

]
1
2

¥ Manipulste Slice Yiews

¥ Manipulate 30 View

I [l

e (B8] (3] [ (8] (@) [ [ [ (] (0] | (O] [@]

4
3

I Add the Skull subclass to
Background, and set the
label value for_SkuII to 3.

Sagttial atias . rondl —1 comnal =1 atias . ronedl —1

QEIE

Howe L= 3 <R— Howe — L= 3 <R—
S I A P e | I
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Anatomical Tree

I [l

File Edit Wiew wWindow Help Feedback

Modiks: EMZzgme it Templak Bulkier p—] searchmocdh ks Iﬁl 2 *

- | Using the same process, right-
click on Intracranial Cavity,
and add the three following

1% 1 subclasses:

Background
A
Skull
Intracranial Cavity
Grey Matter
White Matter - G re Matter Iabel 4
CSF = y J

* Wizard
2/9. Define Anatomical Tree
Defing a hierarchy of structures.

Anatomical Tree

Colarmap x
Select colormap: Labels = : - =
_ i - White Matter, label 8
Mode Aftributes = E
Mame: Intracrani il Canvity IE
- CSF, label 5
=Back | Mext= Finigh Help ZI

¥ Manipulate Slice Yisws

.

¥ Manipulate 30 View
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Mode Aftributes

LLLLLL

Finisk

e B8 ] [ (8] [6) [

teal
4

Anatomical Tre

=10l

The anatomical tree contains
the following five structures:

- Air, label 0
- Skull, label 3

.- Grey Matter, label 4

- White Matter, label 8

- CSF, label 5
\  AL= AR
Click on Next to assign the

atlas to the structures
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Atlas Assignment

File Edit Wiew Window Help Feedback

Mod ks EMSzgme vt Temp nkkr E search mod ks
4
3

{;\ 3DSlicer | 5 0 .
s Select Air in the anatomical

¥ Help le=2

iz tree.

3/9. Assign Atlas

7

A (] (4] (8] (@] [ 7] ] [] (] IRE:

Azsign atlases for anatomical structures

e ' —~ | Left-click on Select Volume

S ¢ | and assign the probabilistic
atlas atlas_background to

Grey Matter
v * | the AIr structure
—
Select Wolume: atlas_background — .
TEL|| MM [ [ | L[| S ([l [ r 1| LUUR | [l o
| —— e S a—" T | =" Attt I — R

CJ EIE

aE]
|E]

White M atter
—
—
2 e 2

[ e o

= Back Mext = Finish

¥ Manipulate Slice Yiews

¥ Manipulate 30 View

atlaz_background




Atlas Assignmeqt

=] [ D] B [ o [0 (] [AY] (0] () [ (][] (] (]| (O] (@] (| % % [

File Edit Wiew Window Help Feedback

Mod ks EMSzgme vt Templae Bnlkkr

{;\ 3DSlicer
- Select Skull in the

¥ Help

" anatomical tree.

3/9. Assign Atlas

7

Azsign atlases for anatomical structures.

.~ Left-click on Select Volume

Background

Air

=
m “ and assign the probabilistic
atlas atlas_background to

White M atter
CSF

G EIE
2 I«ﬂll

Qe

-
—
[#][=]] _I_I [o.4ss

=

[#][=]]

[#][=]]
”~ L

3
iy

’ the SkuII structure —
Select Wolume: atlaz_backoground —1
i ey i E ey T I Y [ T
LT —— e Mok a2 Woke e |
/ N )
et A

«Back | Mexts Finigh Help Z!

¥ Manipulate Slice Yiews

¥ Manipulate 30 View

atlaz_background




Atlas Assignment

Mo ks EMZzgme it Templae Brikkr  —d E E search mect ks @ 2 ;’

@ iDSlicer

.| Select Grey Matter in the
anatomical tree.

3/9. Assign Atlas

Azsign stlases for anstomical structures.

% == || Left-click on Select Volume

Air

|| and assign the probabilistic
v atlas atlas_greymatter to

|z the Grey Matter structure. -
. None — e e

wowe 2 |[E || At — ||B] || st e

1 o s 2 5 i o

e |

«Back | Mexts Finigh Helpp zl

¥ Manipulste Slice Yisws

¥ Manipulste 30 Yiew

stlaz_greymatter




Atlas Assignment

Moliks: EMZegmentTemplak Brikkr  —d E lz‘ search menks
4
3

@ 3DSlicer

[t2]

| Select White Matter in the
anatomical tree.

3/9. Assign Atlas

Azsign stlazes for anatomical structures.

e 5o || Left-click on Select Volume
% J and assign the probabilistic
atlas atlas_whitematter to

" - the White Matter structure.
e e [ | e = [l

— £ | [ e qmtq

% Lmll

||| [ °4BB@I L W.E. [

= Back Mext = Finizh

¥ Manipulate Slice Views

¥ Manipulate 30 Yiew

atlaz_whitematter
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File Edit View Window Help Feedback

Modiks: EMZegme rt Ten

¥ Help
* wizard

3/9. Assign Atlas

Asgsign stlases for anatomical structures,

Anatomical Tree

mple BulkkT

SO E @

x

B ackground
Air
Skull
Intracranial Cavity
Grey Matter
“White Matter
CS

Probabilistic Atlas

Select Wolume:

= Back Mext =

¥ Manipulste Slice Views
¥ Manipulate 30 Yiew

atlaz_csf

inish

T
e

Help ZI

[t2]

Select CSF in the
anatomical tree.

Left-click on Select Volume
and assign the probabillistic
atlas atlas _csf to the CSF

Howe @ﬂ a1 Howe
< _Lif e O[] =]

= @I ataz_t
L1

| o
/ Y - g
o O, 4 " IA., A |

_Iick on Next to assign the atlas

to select the target images.

Atlas Assignment
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Target Images

ISJ 3D Slicer Yersion 3.4 i =]

File Edit Wiew Window Help Feedback

Mod ks EMSzgment Templae Bnlkkr E . earch mod ks @

& Select the volume t1 and click

7 _ on Add to set it as a target.

49, Select Target Images

Choose the set of images that will be segmented.
Target Images

Available mages:

tlas_whitematter (10100~ |
atlas _gresymatter (1011) > )
atlas_csf (1012)
atlas _background (10007
4
L2 (1008)
tlas_t1 (1007) “

atlas_t2 (1008)

- . .I
b LI _’I_I i Al — atiac_.onnd —1 Qv’ sagttal . comal ]
;I v | = = Wowe atis_t I e e Naie atia:
Target-to-target Registration b4 |" | - 0.463 @ | = | -

Align Target Inages:

& Pleaze note that the order of the images is important,

«Back | Mexts Finigh Help Zl

¥ Manipulate Slice Yiews

¥ Manipulate 30 View

atlas_cst
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ﬁ 3D Slicer Yersion 3.4
File Edit Wew Window Help Feedback

Mocks

@ iDSlicer

¥ Help
* Wizard
4/9. Select Target Images
Choosze the =et of images that will be segmented.
Target Images

Available Images:
stlas_whitematter (10100
atlas_greymatter (1011)
Etlas_csf(1012)
atlas_background (1000)

tlers_t1 (1007)
tlas {2 (1008) “

- [
L a [ -

Target-to-target Registration

Align Target Images:

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

= Back Mext = Finizh

¥ Manipulate Slice Yiews
¥ Manipulate 30 View

stlas_csf

EMZegmentTemplak Bulkker E @
-

Help

x

Taget Images

search mocn ks

i B [4] [#] @] &

4
3

Select the volume t2 and click
on Add to set it as a target.

Axlal oot atas_..rond Comial .

Howe

atlas_..ond

L= cJ— |

Hoe | atle 2

o463 [@][# ][ | L]

L«
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Target Images

g [l

File Edit Wiew ‘Wwindow Help Feedback

Mechks: EMZ=gme it Templak Brlkkr  —d Izl IE‘ search mosl
4
)

] r The volumes t1 and t2 are the
target volumes that will be

4/9. Select Target Images

Chaoose the =et of images that will be seomented. . Segmented by the EMsegmenter

Target Images

n
Ayailable Images: Selected Image: a | O r I ‘t h m
tlms_whitsmatter (10100~ b (1005) |

atlas _greymatter (10117 L2 (1006 \/“

Select Align Target Imagesto
. ET [
g ' -register the volume t2 to the -

2 -|¥F||e

-4’—' volume t1, and click on Next.

B\ Please note that the order of the images is importart.

= Back et = Finizh

¥ Manipulate Shice Views

¥ Manipulate 30 View

atlas_cst
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ISJ 3D Slicer ¥Yersion 3.4

larget Images

File Edit Wiew ‘Wwindow Help Feedback

& &)
(&

=4

Moz

3DSlicer

~ Help
* izard

4/9. Select Target Images

Choose the set of images that will be segmented.

Target Images x
Available Images: Calactard bnooss: e ———
tlms_whitsmatter (10100~ IDJ Change the number of Earget imang - |EI| Xl

atlas _greymatter (10117 5
atlas_csf (1012)
tlas_background (1000) »
atlas_t1 (1007 P
atlas_t2 (1008)

“

Are ol sure youl svant to change the number of target

EMZ=gme it Templak Brlkkr  —d Izl IE‘
el

e (] (] (4] (8] (@] (@ [ (<] [] (]| (9] [

4
3

|+

A pop-up window asking
for confirmation appears.
Click on Yes.

. =
= _'lJ 2

Target-to-target Registration

Align Taroet Images:

& Fleaze note that the arder of the images is impaortant.

= Back Mext = Finizh
¥ Manipulate Shice Views
- ; .

Manipulate 30 View

atlas_cst

Help

images?
Yes Mo
4 — @Ia‘m&_...mucl — Iﬂl sl — | [[EN [|atias_romma —1
= 1| atwe — [T R—" dw
b e O [ L O]
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Intensity Normalization
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Intensity Normalization

=10l x|

lﬁ 3D Slicer Yersion 3.4
File Edit Wiew Window Help Feedback

Mod ks EMSzgment Templae Bnlkkr E earch mod ks @

@ iDSlicer ’

Left Click on Reset Defaults and

= wizard

oy ormstn select MR T1 SPGR for the

Apply intensity normalization to target images.

L -  target image t1.

Maormalization Parameters

Enable Mormalization: Reset Defaults —i

Print Info:

Marm Yalue: a0
Histogram Smoothing U\ﬂdﬂ‘|5 Max: |10

Relative Max %oxel Numbel0.93 |k

-

i — . toned

[T a— i

Axial

Howe |

=]

3
L
2|55

g
L
2 EIEE

[#]

< Back Mext = Firish Help

¥ Manipulate Slice Yiews

¥ Manipulate 30 View
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Intensity Normalization

=10l x]

File Edit View Window Help Feedback

Meslnles: ERMZegmertTemplak Bulkkr Iz‘ E TRANCh Mok @ 'iiifh
4
3

- Left Click on Target Image and

¥ Help

select the volume t2.nhdr.

5/9. Intensity Hormalization

Apply intensity normalization to target images.

: - Left Click on Reset Defaults and

Maormalization Parameters

Enshle Mormalization: Reset Defauts  —1 Se | eCt M R T2 for th e targ et i m ag e

Prirt Info:

Marm Yalue: 0 t 2
]
Hiztogram Smoothing Widtr|5 Mz |10
r S

Relative Max Woxel Mumbef0.93 |¥

= Back Mext = Finizh

¥ Manipulste Slice Views

¥ Manipulate 30 Yiew

MR T2
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Intensity Distribution
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Gaussian Intensn‘y Distribution

lls 3D Slicer Yersion 3.4 i =]

File Edit Wiew Window Help Feedback
- [ [ (4] =) (@] [ ] (€] (] [E] 3§

Mainkes: El'.‘O?(JIn@ItT@IMJL'ﬂ' Enlkkr E search modn
4
L3
:@ iDSlicer ‘
¥ Help
Select the Grey Matter structure
§/9. Specify Intensity Distributions
Define intensity distribution for each anatomical structure. H ] l ' &- |

Anatomical Tree

1- Left-click on the drop down menu

Air

Skull

and select Manual Sampling.

Whlte M atter

Intensity Distribution | hanual Samplingi

1
Specification: Marual Sampling  — - -
axlal — 1= L T J— b= — | atiar_.ronedl comal — atla o] —1

Liog Mean: ] il
Log Covariance: ] 0
T T

Howe — a2 P}

Hoe — atw
B _|_|

Fl b

Nowe ELE - p—
FEm _Lhe

2 EIEE
2 EIEE

2|=[Ep:

< Back Mext = Firish Help

¥ Manipulate Slice Yiews

¥ Manipulate 30 View

hianual
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Gaussian Intensity Distribution

] =10l x|

ISJ 3D Slicer Yersion 3.4
File Edit Wiew Window Help Feedback

Mehks EMSzgme it Templae Balkkr E “

@ iDSlicer

¥ Help

4

= wizard

§/9. Specify Intensity Distributions

e Click on the Manual Sampling tab
&y "

Background d
Air
Skull
Intracranial Cavity

CSF

Intensity Distribution | Manual Sampling

Specification: Marual Sampling —

Liog Mean: ] il
Log Covariance: ] 0
T T

L - At _oond E; comal

E - Naie

| 0.453

Howe —

[#]

< Back Mext = Firish Help

¥ Manipulate Slice Yiews

¥ Manipulate 30 View

hianual




Switch to Red slice
only layout and select
the t1 volume.

Intracranial Cavity
Grey Matter
“white b atter
CSF -

Set Foreground to None, Label
to None and Background to t1
and click F_it to Window.

T Manipulate Slice Yisws
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Gaussian Intensity Distribution

2 3D Slicer Yersion 3.4 . 101 x|

File Edit Wiew ‘Window Help Feedback

E Rodikes: EMZzamertTemplak Bnlkkr  —J E
@ 3DSlicer

~ Help

= wizard
69, Specify Intensity Distributions

Define intensity distribution for each anatomical structure.

Anatomical Tree x
Background J E

Air -

Skul =

CSF -

Intensity Distribution | hlanual Sampling |

Control+Click in a slice window ta pick a sample.

e B

<Back | Mext= Finizh Hels ZI

¥ Manipulste Sice Yiews

= Sample 10 Grey Matter

¥ Manipulate 30 Yisw 1 p]

~— voxels within the t1 volume

(Ctrl + Left Click)



Gaussian Intensity Distribution

=10l x]

3 3D slicer Yersio
File Edit View ‘Window

Meslnles: ERMZ2gme T Templak Bulkkr

Help Feedback

4: Mo 4:
4: il 4:

s E E geanch modn ks
'
(@[]

[t2]

'''''

/9. Specify Intensi ity Distributions

Define intensity distribution for each anatomical structure,

Anatomical Tree

B ackground
Air
Skull
Intracranial Cavity
Grey Matter
CSF

Click on th

‘e Inténsity

Distribution tab
The Méan and Covariance
(Log) of the Grey Matter in

oo ——a the t1 and t2 volumes

063
0.00851 [-0.00M6
-0.00ME |0.00862

¥ Manipulste Slice Views

¥ Manipulate 30 Yiew

have bee

n computed.

.
o
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Gaussian Intensity Distribution

) =E Select Whlte Matter in the |

anatomical tree.
Pamm RN |

= Left-click on the drop down menu
and select Manual Sampling.

= IE 3

e 233333333 1 Click on the Manual
£3.000000 | 157.000000 = Sampling tab and Sample 10

- White Matter voxels within the
— t1 volume




GaUSSIan Intensn‘y Distribution

=10l x]

FI Edit “iew Window Help Feedback

lﬂ lE‘ llllll : EMSegmert Templak Bulkkr 1 E lz‘ search modiks . @ . . . . . . . . . 1 4 @
m N : =1= E Howe —

Ak

@]

i C|ICk on the Intensity

¥ Help L=}

S . Distribution tab to display
the values calculated for

Define intensity distribution for each anatomical structure,
Anatomical Tree

B ackground
Air
Skull

the White Matter.

Intracranial Cavity
Grey Matter

ual Sampling |

Manual Sampling  —

Al
Log Mean: 44282 |5.3995

Laog Covariance: 0.0005€ (-0.0014
-0.0014 [0.0117€

¥ Manipulste Slice Views

¥ Manipulate 30 Yiew
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Gaussian Intensity Distribution

23D slic x|
& e Select CSF from the anatomical
“ tree.

Select Manual Sampling from
f the drop-down menu

Click on the Manual Sampling
tab and sample 10 CSF voxels
| within the t2 volume.

R

¥ Maripulate Slice Views

aaaaaa
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Gaussian Intensity Distribution

=0l x|

File Edit Yew MWindow Help Feedback

@ @ Molks: EM&gm?ItTﬂn]Jm Brlker —d E E search mi
4
13

fﬁ' 3DSlicer

F === ! =
- Click on the Intensity Distribution

~ Help =
* Wizard I | t h | f t h

6/9, Specify Intensity Distributions tab to d I S p ay e Va u es O e

Detine irtensity distribution for each anatomical structure. .
Anstomical Tree mean and Covarlance Of the CSF
Bl . .
||| Intensity.

Specification: Manual Sampling  —

Log Mean: W IM

Log Covariance: l@ lm

Back | Mest Finish Hel :l

T late Slice Wisw:
¥ Manipulate 30 Vie iy
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Define intensity distribution for each anatomical structure.

search modiks @ 2 + @

4

Using the same process, select
* Air from the anatomical tree and
sample 10 air voxels within the

" t2 volume.
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Gaussian Intensity Distribution

lq 3D Slicer Yersion 3.4
File Edit Wiew Window Help Feedback

[B1] | wower: | ewssomertrmpee s —s | [ 4] :

@ 3DSlicer

¥ Help
= wizard

§/9. Specify Intensity Distributions
Define intensity distribution for each anatomical structure.

Anatomical Tree x

Background
il
Skull
Intracranial Cavity
Grey Matter
White M atter
CSF -

Intensity Distribution | hanual Samplingl

Specification: Manual Sampling  —
Liog Mean: 1.3564 |2.0287

Log Covariance:

01094 |-0.1235
-0.1235 |0.7108E

= Back

¥ Manipulate Slice Yiews

¥ Manipulate 30 View

Mext = Finish

Help

=10l x|
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Gaussian Intensity Distribution

g [=[ 3]

2 3D Slicer Yersion 3.4
File Edit Yiew Window Help Feedback

@ @ Modikes: ERMZegme st Templae Brlkkr  —J E E search mod ks ’E‘ ’E‘ @ ’ﬁl @ ’@ "S ’E‘ ’7‘ ’E‘ H ’F‘ 2 k ,5‘

B s Select Skull, Manual Sampling
and sample 10 skull voxels
e ——" within the t1 volume.

Defing intensity distribution for each anstomical structure.

|

Anatomical Tree *
Background =] A
Air o
Skl =
Intracranial Cavity
Grey Matter
“ihite: b atter
CSF -

Intensity Distribution | Manual Sampling l

Cortrol+Click in & slice window to pick a sample.

fef B

:

= Back Mext = Finigh Help ZI

¥ Manipulate Slice Views Lb: None

¥ Manipulate 30 Wiew

Middle Button: Pan; Right Button: Zoom
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Gaussian Intensity Distribution

=10l x]

File Edit View Window Help Feedback

B ] o [ =] [ ) F @ BB Wi~
R Skull Intensity Distribution

¥ Help L=}

* wizard
6/9. Specify Intensity Distributions
Define intensity distribution for each anatomical structure,

Anatomical Tree *

Intracranial Cavity
Grey Matter
“White Matter
CSF

T
e

Intensity Distribution | fanual Samplingl

Specification: Manual Sampling  —

Log Mean: 41394 |3.9949

Laog Covariance: 0.0034% (00070
0.00701 (017434

, sy - N |
Click on Next to set-up the
Intensity parameters of the
EM algorithm

¥ Manipulste Slice Views

¥ Manipulate 30 Yiew

5|
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EM Input Parameters
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EM Segmentation parameters

« Global Prior p(L) = Global Prior Weight

« Gaussian Intensity Distribution p(L|l) = Input
Channel Weight

* Probabilistic Atlas p(L|X) = Atlas Weight
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File Edit Wiew Window Help Feedback

e
manke: | EncemestTanpee st —t | [ 4 |
4

@ 3DSlicer

¥ Help
= wizard

1/9. Edit Hode-based Parameters

Specify node-based segmentation parameters.

i x
Backgroun: .:j E
ir o
B}
Intracranial Cavity
Grey Matter
White M atter
CSF -
Basic | Stopping Conditions | Print | Acivance Ie] |
Glabal Prior: D.1S| M Input Channel Vyeights:

Atlgs Wisight: 1 M|t 1.000000
t2 1.000000

Alpha: 0939 ¥

Background Settings

«Back | Mexts Finigh Help ||

¥ Manipulate Slice Yiews

¥ Manipulate 30 View

=10

' Left click on Background and

enter the following parameters:
- Global Prior: 0.15
- Atlas Weight: 1

-Input Channel Weight:
t1:1.0
t2: 1.0
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Intracranial Cavity Settings

=lo

File Edit View Window Help Feedback

Mok EMSegmert Templak Bulkkr 1 E lz‘ search modiks @ $ +

) 3pSlicer 12 . . . - -
£ = Left click on Intracranial Cavity

¥ Help L=}

and enter the following

7/9. Edit Hode-based Parameters

L}
Specify node-based segmentation parameters, p a ra I I I ete rS [

Anatomical Tree *

Backaround _:; E ;
é J - Global Prior: 0.85

niracranial Cavity
Grey Matter
“wihite Matter .
- Atlas Weight: 1
L}
Basic | Stopping Condtions | Print | Advance o |
Global Prior: lﬁ M Input Channel Wieights:

S C— -Input Channel Weight
. W . Q00000
= -T1:1.0

= Back Mext = Finizh Help z

[
¥ Manipulste Slice Views = I 2 » 1 . O

¥ Manipulate 30 Yiew
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Air and Skull settings

Global Prior: p(L) = 0.7 Enter the following
parameters for Air and
Atlas Weight: p(L|IX) =1 Skull

Air
Input Channel Weight: t1, p(L|l) = 1.0
12, p(L|) =1.0
Global Prior: p(L) = 0.3

Input Channel Weight: t1, p(L|l) =1.0
12, p(L|) =1.0




GM

WM

CSF

Intracranial Cavity

Global Prior: p(L) = 0.45 Enter the following

Atlas Weight: p(L|X) = 0.01 parameters for GM,

Input Channel Weight: t1, p(L|l) = 1.0 WM and CSF-.
t2, p(L|l) = 0.1

Global Prior: p(L) = 0.3

Atlas Weight: p(L|X) = 0.7

Input Channel Weight: t1, p(L|l) = 0.95
t2, p(L|l) = 0.05

Global Prior: p(L) = 0.25

Atlas Weight: p(L|X) = 0.01

Input Channel Weight: t1, p(L|l) =0.1  Click on Next.
2, o =10, |
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Atlas To Target
Registration
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EM Pipeline: Patient-Specific Atlas Generation

Registered Normalized
Patient data

Generic atlas

white matter csf grey matter background

1

Atlas to target registration
Register the generic atlas to the images to
create the patient-specific atlas

Patient-specific atlas

Anatomical Guided Segmentation with non-stationary tissue
class distributions in an expectation maximization framework.
Pohl K., Bouix S., Kikinis R. and Grimson E. In Proc.ISBIT
2004: IEEE International Symposium on Biomedical
Imaging:From Nano to Macro, pp 81-84
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EM Pipeline: Segmentation

Normalized
Patient data Patient-specific atlas

T(t2 T
norm(ali)zed normalized white matter csf grey matter background

2 %

Anatomical Guided Segmentation with non-
stationary tissue class distributions in an
expectation maximization framework. Pohl K.,
Bouix S., Kikinis R. and Grimson E. In Proc.ISBIT
2004: IEEE International Symposium on
Biomedical Imaging:From Nano to Macro, pp 81-84
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Segmentation Results
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Segmentation Results
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