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Overview

The goal of this tutorial is to apply the EMSegmenter to
MRI brain scans. We will segment the clinical T1 scan
shown below into grey matter, white matter, and
cerebrospinal fluid.

The tutorial iIs based on Slicer 3.6.2 .

Before After
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Overview

This tutorial leads you through the EMSegmenter
steps.

The user has to

- create a new task

- specify the pre-processing

- specify the anatomical structures to segment
- assign atlas data

- tweak the EMSegmenter parameter

- run the segmentation

3/59



£EMSegmenter (Advanced mode)
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Define Task

Step 1
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The first step of the
EMSegmenter workflow appears.

Left-click on the Task menu.

7/59



3DSlicer
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3DSlicer

Create New Task

3D/ SlicerVersion! 3.6 3 betal

BEE

Fle  Edit Wiew Window  Help  Feedback

adules:
@ iDSlicer

E M Segmenter

¥ Help & Acknowledgement
~ Wizard
1. Define Task
Select a (hew ) task.
Select Task
Task:

Upicate task list

“* Manipulate Slice Views

= ([ ] i ] ] ] = [l

“ Manipulate 30 Wiew

¢ | BEEER e
| (@B [E] 2] e
LA ][]
i

bIEE

(o] 2IE]
[2]

Mew Tazk Mame: |Tutorial

Preprocessing:
Rl Hurnan Brain %
Maore

- [ M -

B ] (4] (@] (@) & [F] = /] &= @) O] 2| E) &- & - [©f

-

Arial = Mone
- [
a [H]
Mone = Mone
] 0

Choose Tutorial as a
new task name and select
MRI Human Brain
Pre-processing

Click Apply

S]] o

9/59



Define Input Channels
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3DSlicer
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Load Subject Data
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Define Input Channel

3DSlicer Version 3.6:3-beta
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3DSlicer

Define Input Channel
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3DSlicer

Define Anatomical Tree

Step 3

In this step we are defining the anatomical
structures we want to segment and store the
iInformation in a tree data structure.

Each node represents a anatomical structure.
Additionally, a color can be assigned to each

node for a better visualization
of the segmentation result.
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3DSlicer
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3DSlicer
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Define Anatomical Tree
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Define Anatomical Tree

3DSlicer
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3DSlicer

Define Anatomical Tree
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Define Anatomical Tree
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Define Anatomical Tree
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Define Anatomical Tree

3Dislicer Version 3763 -beta
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Using the same process,
right-click on Intracranial Cavity,
and add the three following

- Grey Matter, label 4
- White Matter, label 8

Click on Next to assign
the atlas to the structures
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Define Atlas

Step 4
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3DSlicer
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3DSlicer

Load Atlas Data
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Define Atlas
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Define Atlas
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Define Atlas
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Intracranial Cavity
Grey Matter
Vhite Matter
CSF £

Left-click on Select Volume
and assign the probabilistic
- atlas atlas_greymatter to
the Grey Matter structure.

Probability Mag b4
Class: Grey Matter

Select “olume: atlas_greymatter

< Back Mext » Segment

“ Manipulate Slice Views

(= [ O =

* Manipulate 30 Yiew

¢ | BEE R @
' @20 e ]
R

atlas_greymatter
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Define Atlas

e,

3D'slicer Version 3t6:3-beta

SEE

Fle  Edit Wew indow  Help  Feedback

adules: E M Segmenter

@ 3DSlicer

¥ Help & Acknowledgenent

* Wizard
4/9. Define Atlas

Anatomical Tree
Background
Alr
Skull
Intracranial Cavity
Grey Matter
White Matter
CSF

Probability Mag
Clazs: White Watter

Select Volume: atlas_whitematter

< Back

“ Manipulate Slice Views

El@EOOEEE EE (=

* Manipulate 30 Yiew

¢ | BEER e
et 2,
LA ][] =] ]

File

Assign structure specific atlases to corresponding anatamy in the tree.

[ DIE @ B ] (& @ 6] & [ = 2 = E (O Q|E & f -

Axrial Mone

Mane

Select White Matter in the

| anatomical tree.
Jf L eft-click on Select Volume
: and assign the probabilistic
- atlas atlas whitematter to
the White Matter structure.
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Define Atlas

e,

3D'slicer Version 3t6:3-beta

SEE

Fle  Edit Wew indow  Help  Feedback

adules: E M Segmenter

@ 3DSlicer

¥ Help & Acknowledgenent
* Wizard
4/9. Define Atlas

Assign structure specific atlases to corresponding anatamy in the tree.

Anatomical Tree

Background
Alr

Skull
Intracranial Cavity
Grey Matter
Vhite Matter
/

CSF

Probability Mag
Clazs: CSF

Select Volurme: atlas_csf

“ Manipulate Slice Views

El@EOOEEE EE (=

* Manipulate 30 Wiew

- EEEE#

| (@B [E] 2] e [l
LA ][] =] ]

atlas_csf

E IE‘ search modules
B
3

< Back Segment

B (] (4] (@] (@) & (£ [# /] &= @) O] 2| E] &- § - [©f

[

Select CSF in the
anatomical tree.

Left-click on Select Volume

and assign the probabilistic

—atlas atlas_csf to
| the CSF structure.

-
63 |1.4211e-1-




Edit Registration Parameters

Step 5
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Edit Registration Parameters

- 3D Slicer Version 3.6.3-beta =)= )

Fle  Edit Wew indow  Help  Feedback

adules: E M Segmenter

@ 3DSlicer

3DSlicer

B & 4] @] (@] & & -

Aiial

¥ Help & Acknowledgement
* Wizard
5/9. Edit Registration Parameters
Specify atlas-to-input scans registration parameters.
Atlas-to-Input Registration Fz Brs

m atlas_t1

Affine Registration;

Deformable Fegistration: Maohe

Interpolation: Linear

Select atlas_t1
to assign the atlas

to the input channel T1 -k
B3 |1.4211e-1-

< Back Mext » Segment

“ Manipulate Slice Views

[ [ L

* Manipulate 30 Yiew

irchase
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£ Edit Reqgistration Parameters

3DSlicer

3D/ SlicerVersion! 3.6 3 betal E] @

Fle  Edit Wiew Window  Help  Feedback

adules: E i Segmenter E
@ iDSlicer

Select Accurate for the
Affine Registration and the

5/9. Edit Registration Parameters

Specify aths-to-input scans registration parameters. D efo r m ab I e Re g i St rat i 0 n .

Atlas-to-Input Registration Parameters

m

Affine Registration;

Deformable Fegistration:

Interpolation:

a
Sagithel = EN_titap

allas_whitematter

-
Coronal = EN_hap
i

Bk
[<]
[]

A |k

Mone Mone aflas_whitematter

63 |1.4211e-1-

129 |0

e[EE
[2)]
]

LRI

“* Manipulate Slice Views

[ i ) ] ] ] (] [ [

“ Manipulate 30 Wiew

e ¢ | B[ @R & -
SR = | Click on Next
o=
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& Define Preprocessing

3DSlicer

Step 6

In order to get a better segmentation result, the
original subject data set can be used to extract
additional information and to prepare (e.g. skull
stripping, noise correction) the data set for the
subsequent application of the segmentation
algorithm.

This process is called pre-processing.
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& Define Preprocessing

Fle  Edit Wew indow  Help  Feedback

e
adules: E M Segmenter

¥ Help & Acknowledgement
* Wizard
6/9. Define Preprocessing
Angwer questions for preprocessing of input images
Check List
This task only applies to non-skull stripped scans!
Shaould the EMSegmenter

- redister the atlas to the input scan @

- perfarm image inhomogeneity correction on input scan ¢

* Manipulate Slice Views

(= 6 3 A B E E E

* Manipulate 30 Wiew

B [g]

poE a7

.3

B2l
[
=l
H )

a

| A

File

~ = We note, that in this tutorial the subject data
set Is image inhomogeneity corrected and
pre-registered to the atlas. Thus, the
'registration flag' and the 'inhomogeneity
correction flag' are not checked. Please do
not check for this tutorial as pre-processing
can be time consuming.

-
63 |1.4211e-1-
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Define Preprocessing

-

¥ Help & Acknowledgenent

* Wizard

6/9. Define Preprocessing

A

“ Manipulate Slice Views

(=] @ (3] @[

* Manipulate 30 Wiew

¢ | EEEE @
| (@B [E] 2] e
A | &[] [=)]

Feedback

Angwer questions for preprocessing of input images

Preprocessing of images might take a while, Do you want to
proceed ¥

< Back

- 3D Slicer Version 3.6.3-beta BIEE
Fle  Edit Wew indow  Help  Feedback
odules: EMSegmenter E IE‘ search modules IEI Jlﬁmv ; -
: . Auinl - -
{;‘ 3DSlicer

¢ The EMSegmenter will perform some
I standard pre-processing.

Check List x
This task only applies to non-skull stripped scans!
Should the EMSegmenter - -
- redister the atlas to the input scan @ CI I Ck O n YeS to CO nfl rm [}
- perfarm image inhomogeneity correction on input scan ¢
o, Start Preprocessing of imadés? V \1

1421181

Mext » Segment
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Define Preprocessing

| [ | 3D Slicer Version 3.6.3-beta =8|

3DSlicer

Fle  Edit ‘Jew ‘Window  Help  Feedback
Wodules: E M Segmenter

@ iIDSlicer

[ Do) (=0 e (B (18] [AN] (9] (@] (e L5 (8] [] e ]| [ [ | B |

¥ Help & Acknowledgement

= Wizard
6/9. Define Preprocessing

Please wait until pre-processing
has been finished

] Anzwer questions for preprocessing of input images

Check List X
This task only applies to non-skull stripped scans!

Should the EM Segmenter

- register the atlas to the input scan #

- perform image inhomogeneity correction on input scan ¥

3D Slicer Version 3.6.3-be [X] |

| Flease wait until pre-processing has been finished. [ - J— - S a
b d bl bl

- -~ -~

= - Mane i H =

L B3 [1.4211e-1.

< Back Mext » Segment
* Manipulate Slice Views

EELEEEEE

* Manipulate 30 Wiew

L | EE
| (@ a][B] = = [l

=

e
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Specify Intensity Distribution

Step 7

In this step the intensity distributions for each
class can be refined.

This step can be skipped for the tutorial, because
the intensity distributions have been calculated
during the pre-processing.
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Specify Intensity Distribution

3DSlicer

wes 3D Slicer Version 316.3"-beta’

EEE

Fle  Edit Wew indow  Help  Feedback

adules: E M Segmenter

me, -:I-l:- =

B & [2) ] [ & [ [ ] B @) 9 (e E

@ 3DSlicer

¥ Help & Acknowledgement
* Wizard
749, Specify Intensity Distributions
Define intensity distribution for each anatomical structure.
Anatomical Tree x
Root Ehy
Background o
Alr B
Skull

Intracranial Cavity
Grey Matter

White Matter 7

Intensity Distribution

Class: A
Tpecification: Manual Sagittel Mong : Coronal
Mean: 1.612 Mone H : Mone

Log Covariance: 06525 12 |0

Fieset Distribution

Flot Distributions

< Bach @ Seament

E= (=

“ Manipulate Slice Views

(=] @ (3] @[

* Manipulate 30 Yiew

Edit

63

1421181
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Edit Node-based Parameters

Step 8

Define EM algorithm specific parameters, e.g.
class weights, atlas weights, and input channel
weights.
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Edit Node-based Parameters

£

3DSlicer

¥ Help & Acknowledgenent

* Wizard
379, Edit Node-based Parameters
Specify node-based segmentation parameters.
Anatomical Tree

Root
Background
Alr
Skull
Intracranial Cavity
Grey Matter
Vhite Matter

Basic Print | Advanced

3| r Input Chantel Weights

¥

Overview Of Class Weights

< Back

“ Manipulate Slice Views

El@EOOEEE EE (=

* Manipulate 30 Yiew

e ¢ | B )
S 8,
L) [l
Feedback

o 3D slicer Version 3.6.3-beta =)@ (=)
Fle  Edit Wew indow  Help  Feedback
Hodules: EtSeamenter E IE‘ search modules IEI Jlﬁmv ':;:' -

4

y Per default all the
EM Input Parameters
. are unspecified. 1 —

1421181
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Edit Node-based Parameters

[

3D slicer Version 3.6:3-beta

HEE

Fle  Edit ‘Wew ‘Window  Help  Feedback

odules:

.@. 3DSlicer

E bl Seamenter

1 IGI L i L IGLEII 1L
= izard
8/9. Edit Hode-based Parameters
Specify node-based segmentation parameters.
Anatomical Tree x

Background
Alr

o]
Skull B
Intracranial Cavity
Grey Matter
Vhite Matter
CSF 7l

Easic | Stopping Conditions\_ Print; Advancedj

Class: Background

Class 'Weight: 0.1 | ¥ [ Input Channel Weights x
Atlas Weight: 1 ¥ T 1 3
Alpha; 099 |

Orverview Of Class Weights *

Eackground 015 |»

Intracranial Cavity |0 3

< Back Mext - Segment

“ Manipulate Slice Views

(= 6 3 8 =

“* Manipulate 30 Wiew

e |EEEE e

" Ch El
i

Help

E search modules
1B
.

B 1] (4] [@] (@) & [F] [« /] B 6] & -

AHial Mone

Left click on Background and
Enter the following parameters:

-Class Weight 0.15
-Atlas Weight 1
-Input Channel Weights:

63 |1.4211e-1.
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Edit Node-based Parameters
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3D slicer Version 3.6:3-beta

HEE

Fle  Edit ‘Wew ‘Window  Help  Feedback

odules:

@ 3DSlicer

VIGIE L =Sl 10 GGG L

E bl Seamenter

* Wizard
379, Edit Node-based Parameters
Specify node-based segmentation parameters.
Anatomical Tree
Background
Alr
Skull
Intracranial Cavity
Grey Matter

White Matter
CSF

Easic | Stopping Conditions Print'._ Aglvanced

Class: Intracranial Cavity

Class Weight: 0.55 | »  Input Channel Weights
Atlas Weight: 1 ¥ T 1 3
Alpha; 099 |
Orverview Of Class Weights *
Eackground 015 |»

Intracranial Cavity  [0.59 | »

< Back

“ Manipulate Slice Views

EEDEREEEE

“* Manipulate 30 Wiew

e |EEEE e
" Ch
e ][] (@ [
Help

Mext »

[ D]E @[=eene B [0 [A) 8] (@] & (5] ) (7] = (@) (] Q] ] & § - [

Aial - Mone =
Mone : H

[9][=[+]

129 |0

Left click on Intracranial Cavity
And enter the following

J . parameters:

|

-Class Weight 0.85

, -Atlas Weight 1

T1: 1.0

Segment

-Input Channel Weights: L —

63 |1.4211e-1.
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Edit Node-based Parameters

3D/ 5licer Mersion 3-6.3-beta

HEE

Fle  Edit ‘Wew ‘Window  Help  Feedback

tlodules: E bl Seamenter

@ 3DSlicer

IGIR Ll U W GGG L

* Wizard
379, Edit Node-based Parameters
Specify node-based segmentation parameters.

Anatomical Tree

“ Manipulate Slice Views

EEDEREEEE

“* Manipulate 30 Wiew

¢ | EHEE R0 e
N 8,
A ] ][] [ ]

Background
Alr
Skull
Intracranial Cavity
Grey Matter
White Matter
CSF
Basic Frint | Advanced
Clazs: Skull
Class Weight: 0.3 |  Input Channel Weights
itlas Weight: 1 ¥ T 1
Orverview Of Class Weights *
Air 07 |»
Skull 03 |
< Back Mg

t -

E search modules
4
.

=
J 20
|
=
9]
Segment

@]

T LA A U PP [ Rt s Pt dy

Enter the following parameters
for Air and Skull

Class Weight: 0.7
Atlas Weight: 1.0
Input Channel Weight: 1.0

Skull:

Class Weight: 0.3
Atlas Weight: 1.0
Input Channel Weight: 1.0




Edit Node-based Parameters

3Dslicer Version 3.6"3-beta B=E
v [ ev EEEE Enter the following parameters
B osiice: 15 for GM, WM, and CSF
v en ey GM: Class Weight: 0.45
g Atlas Weight: 0.01
%mmw EE Input Channel Weight: 1.0
\('gil;;h'ltte -
e WM: Class Weight: 0.3
cosvart - FET v crenaage | | Atlas Weight: 0.7
vvvvv SECT— i3 Input Channel Weight: 1.0
CSF: Class Weight: 0.25
Atlas Weight: 0.01
Input Channel Welght 1. O
| 3 - % -
Click on Next
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Run Segmentation

Step 9

This Is the last step of the EMSegmenter wizard.

The Volume Of Interested (VOI) can be specified,
and the algorithm can be started.
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Run Segmentation

Slicer Version 3.6 3-betal E] @

3DSlicer

e,

Fle  Edit Wew indow  Help  Feedback
Modules: E i Segmenter

@ 3DSlicer

search modules IEI QITI';]" -:.F b

9/9. Define Miscellaneous Parameters
Define miscellaneous parameter for performing segmentation.
Defing WOl 4
-113. 113k
L-F Range: n u
-92.2 9225
F-& Range:
i f
-118. 118.5
I-5 Range: n n
o

Display clipping box Interactive Moce

Display WOl in 2D Viewer

Save x

Create Template File: [ Create =
-
Save Intermediate Results: :
Select Intermediate Directory: ) Select 1.4211e-1-
Misc.
Multi-threading Enabled:

< Back

“ Manipulate Slice Views

(=] @ (3] @[

* Manipulate 30 Yiew
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3DSlicer

[ 3D Slicer Version 3.6.3-beta —||O][x
| Fle  Edit “Wew Mndow  Help  Feedback
i 11 module
. [aiElolc Tl EURicl TS
4
. Mone = I\\
'ﬁi DS licer
|
| | 9/9. Define Miscellaneous Parameters . - -
Drefine miscellaneous parameter for performing segmentation. I h e E M al g O r Ith l I I IS r u n n I n g
Define WOl x
-119. 119.F
L-F Fange: u n
Please wait for a while
P-4 Fange: u
] I
-119. 119.5
I-5 Range:
! 1
Display clipping box Interactive Maode |
Display VOl in 20 viewer
Save X m T
T 3Dislicer Version 3.6.3-le|5)
Create Template File: i ! ; i
P & create cad FlEaze wait until segmentation has been finished. ! Gorshal bione 2
Save Intermediate Results: M —— : Mane 1 :
Select Intermediate Directory: | 2 Gelect 129 o B3 14211 e-1
tlisc. x
Multi-threading Enataled:
| < Back Seqyrnetit

| * Maripulate Slice Wiews

(=1 LB

4 Manipulate 30 View

—t—"
IIII

| t1 RS0 (-0.9, -53.8, 122 8), B WK: (127, -4, 263, By: Out of Frame,
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Results: Run Segmentation

3D Slicer Version! 3.6 3-betal E] @

Fle  Edit Wiew
adules:

@ iDSlicer

9/9. Define Miscellaneous Parameters

‘Window  Hel  Feedback

E M Segmenter

Define miscellaneous parameter for performing segmentation.

(D= -

[\ /]

The results of the

* Manipulate Slice Views

(=] @ (3] @[

* Manipulate 30 Wiew

EEIE

poE a7
» E
R Fom
|
Feedback

Defing WOl 4
19, 1ot 7
L-HHa.nge:n u eglllen a Ion are
-92.2 5228 -
F-& Fange: Ove r al O n t e VO u e
i f me.
-118. 118.5
I-5 Range:
! 1
Display clipping box Interactive Maocke [
Display VIl in 20 iewer
Save x
Create Template File: H Create sagithl : EN_Map : Coronal E_Hiap :
Save Intermediate Results: Mane = H = hone H =
Select Intermediate Directory: £ Select 128 |0 63 |14211e-1-
Misc. x
Multi-threading Enabled:
< Back Segment
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Consecutive adjustment

The following slides illustrate
-how to specify a volume of interest and
-how to adjust segmentation parameters
the refine the segmentation result.
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Volume Of Interest (VOI)

1 3D slicer Version 3.6.3-beta =EE)

Fle  Edit ‘Wew ‘Window  Help  Feedback

we e CMEREEL - BOEEPEDEDEE HEE &
B i
4
L3 i

@ 3DSlicer

979, Define Miscellaneous Parameters

Define mizcellaneow:

Define WoOI

OF performing segm

To speC|fy a smaller volume of interest,
make it first visible by selecting the
checkbox Display VOI in 2D Viewer,

Display clipping box teractive hMode ]

< Display W0l in 20 Wiewer IE‘ >

Save x

adjust the size of the VOI by moving the 'Range’ slider,

Create Template File: n Create 1 .l
Sawe Intermediate Results: E . . . E
Soect et Dioctory. | 23 st [ unselect the checkbox Display VOI in 2D Viewer,
Multi-threading Enabled:

and click Segment.

< Back

“ Manipulate Slice Views

= & LR E E E = [E]

“ Manipulate 30 Wiew

B = I
| (@ B[] [2] =2
A [ [ [ ]
Feedback




3DSlicer

Result: Volume Of Interest (VOI)

3D slicer Version 3'6.3-beta @

File

Save

- Manipi
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Feedback

Modules: E Seamenter E . . . modules JF.'.’,I‘ * -

@ 3DSlicer

979, Define Miscellaneous Parameters

Define miscellaneous parameter for performing segmentation.

Diefine WoOI x

L-F Range: n n

-38
P-A& Range:

I-5 Range: n [l -

Display clipping box Interactive Moce

Display WOl in 2D Viewsr E

x
Create Template File: [ create
Sawe Intermediate Results:
et (WS Note that a smaller VOI leads
Misc. x
Multi-threading Enabled:

“ Manipulate Slice Views

(= 6 3 8 =

-+ B For the next adjustment ?§ £

Edit  Wiew Window Help  Feedback

- B2

{ —

14 46

Only the VOI has been
segmented.

to a faster segmentation.

Segment

ulate 30 Wie

3

click on Back




Adjusting Parameters

= 3D slicer Version 3.6:3-beta E] @

Fle  Edit ‘Wew ‘Window  Help  Feedback

Step 8/9. Edit Node-based Parameters:

* ‘Wizard
4/9. Edit Node-based Parameters

Specify node-based segmentation parameters.

e We want to change the class weight
IEN J for grey matter and automatically update
Z

Grey Matter
Vhite Matter
CSF

et the class weight for white matter.
E:z::\’::g’:ht: 025 | |  Input Channel Weicixhts x TO do SO,
’ select the checkbox next to white matter and
. change the class weight for grey matter.

0.m

Urverview Of Class Weights
Grey Matter 0z e

White hMatter 0.52 |k
C5F

025 |»

Click on Segment.

(= 6 3 8 =

“* Manipulate 30 Wiew

o | BHEEE e
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Result: Adjusting Parameters

HEE

3D/ 5licer Mersion 3-6.3-beta

Fle  Edit ‘Wew ‘Window  Help  Feedback

odules:
[ 3DSlicer
g

E bl Seamenter

¥ Help & Acknowledgement

* ‘Wizard
479, Edit Node-based Parameters
Specify node-based segmentation parameters.

Anatomical Tree

Background
Air
Skull
Intracranial Cavity
Grey Matter
White Matter
CSF
Easic Print | Advanced |
Clazs: C5F
Clazs Weight: 0.25 | ¥ - Input Channel Weights
itlas Weight: oo | T 1 s
Orverviews Of Class Weights *
Grey Matter 0z2qd »
Whhite Matter 0.52 |
C5F 025 v

“ Manipulate Slice Views
EEODOEEEERE

“* Manipulate 30 Wiew

~
|

E sesrch modles
4
L3

B[] (4] [#] (6] & [ [« [7] = @) [0] (O] E] &- § - [©f

Aial EN_Map 5 -
A

The result of the

new segmentation based
on the changed

parameters appears.

This process can be continued
to get a better segmentation.

Sagittel : v En_
Mone : ul : Mone : v H :
e O 3 5 5 [reatiet

¢ | EEEE
LA [ [ [ e
Help ‘3
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& Further Info & Acknowledgments

icer

EMSegmenter Wiki Page:

http://www.slicer.org/slicerWiki/index.php/EMSegmenter-Overview

The EMSegmenter technology behind was reported In:
K.M. Pohl et. A hierarchical algorithm for MR brain image
parcellation. IEEE Transactions on Medical Imaging, 26(9),
pp 1201-1212, 2007.

We thank the following institutions for their support:
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