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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

We will segment the MRI scans by specifying a 'Task' for
the EMSegmenter. The task captures the setting of the
EMSegmenter for generating the automatic segmention
of the subject scan. A task specifies the pre-processing of
the scan, such as the type of atlas to image registration.
It also specifies the structures to be segmented and the
atlas specifying the structures. Furthermore, the task
specifies the parameters related to the optimization
algorithm (EM).

Task

Preprocessing Structures Atlas Parameters
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Overview

The tutorial leads you through the steps
necessary for creating a new task:

Step 1: Define task name and type of pre-processing

Step 2: Define Input Channel

Step 3: Define the Anatomical Tree

Step 4: Assign an atlas to each node in the tree

Step 5: Defining the Atlas to Image Registration

Step 6: Further Specify pre-processing

Step 7: Specifying the Intensity Distribution

Step 8: Define EM Specific Parameters

Step 9: Specify the Region of Interest and complete the Segmentation
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Define Task

Step 1.
Define task name and type of pre-processing

The name should be a brief description of the segmentation
scenario that the task addresses, such as

‘'T1 Brain Tissue Segmentation'. Each pre-processing type
defines a sequence of approaches for modifying the scan
before segmenting the scan into the structures of interest. For
example, the pre-pocessing “MRI Human Brain” consists of
Image inhomogeneity correction and atlas registration. For
further details please see
http://www.slicer.org/slicerWiki/index.php/EMSegmenter-Tasks
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£EMSegmenter (Advanced mode)
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£ Update Task List
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2 Create New Task
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Define Input Channel

Step 2:
Define Input Channel

The EMSegmenter is equipped for multi-channel segmentations.
For this tutorial, we want to perform single channel

T1 segmentation. We now specify the task accordingly by
loading in a T1 scan and creating a single input channel.
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Define Input Channels
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3DSlicer
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Load Subject Data
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Define Input Channel
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3DSlicer

Define Input Channel
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Define Anatomical Tree

Step 3:
Define the Anatomical Tree

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

Each node represents an anatomical structure.
Additionally, a label and color can be assigned to each node,
which are used when generating the segmentation map.
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3DSlicer

Define Anatomical Tree
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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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3D'slicer Version 3t6:3-beta

e,

SEE

Fle  Edit Wew indow  Help  Feedback

adules: E i Segmenter E IE‘ search modul
B

|

Right click on Background,

{E‘ 3DSlicer '
2 | and select Add sub-class.

¥ Help & Acknowledgenent

* Wizard

Add the sub-class Air to
Background.

3/9. Define Anatomical Tree
Define a hierarchy of structures.

Anatomical Tree

Root
Background
Alr
Intracranial Cavity

Mode Attributes
Marme: At
Lakel: a

1] Black

U e —
2 Peach

3 Brain

“ Manipulate Slice Views

El@EOOEEE EE (=

* Manipulate 30 Wiew

T EEEE®
=l EE

D] @lElEE
Edit ‘6’

-
63 |1.4211e-1-




Define Anatomical Tree
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Define Anatomical Tree

3Dislicer Version 3763 -beta
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Define Atlas

Step 4.
Assign an atlas to each node in the tree

We now further characterize each anatomical structure by specifying
the atlas associated with that structure. For the EMSegmenter, the
atlas defines the spatial distribution of the structure of interest, which

IS the frequency the structure appeared at each image location in a
given set of scans.

For further information on generating these atlas please read:

L. Z6llei, M. Shenton, W.M. Wells Ill, K.M. Pohl. “The Impact of Atlas Formation
Methods on Atlas-Guided Brain Segmentation, Statistical Registration.” In Pair-wise
and Group-wise Alignment and Atlas Formation Workshop at MICCAI 2007: Tenth
International Conference on Medical Image Computing and Computer-Assisted
Intervention, pp. 39 - 46, 2007.
https://www.rad.upenn.edu/sbia/Kilian.Pohl/publications/zollei-miccai-2007.pdf
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3DSlicer

Define Atlas
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3DSlicer
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3DSlicer

Load Atlas Data
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2 | oad Atlas Data
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The loaded atlas data
appear in the viewer.
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Define Atlas
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¥ Help & Acknowledgenent

* Wizard

4/9. Define Atlas

Assign structure specific atlases to corresponding anatamy in the tree.

Select AIr in the

& kg | anatomical tree.

e J, Left-click on Select Volume
e : and assign the probabilistic
- atlas atlas_air to

the Air structure.

“ Manipulate Slice Views
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* Manipulate 30 Yiew
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4/9. Define Atlas

Select Skull in the

Assign structure specific atlases to corresponding anatamy in the tree.

“ Manipulate Slice Views

(= [ O =

* Manipulate 30 Yiew

| EEEE®

S -8, ]
LA [l (= [

File

& Bk | anatomical tree.

R J, L eft-click on Select Volume
. : and assign the probabilistic
- atlas atlas skullneck to

the Skull structure.
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4/9. Define Atlas

Assign structure specific atlases to corresponding anatamy in the tree.

Select Grey Matter in the
| anatomical tree.

Anatomical Tree =

Background By
Alr

Skull Bt -
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
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* Manipulate 30 Yiew
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Define Atlas
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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
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Assign structure specific atlases to corresponding anatamy in the tree.
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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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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
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atlas_csf

E IE‘ search modules
B
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< Back Segment
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Select CSF in the
anatomical tree.

Left-click on Select Volume

and assign the probabilistic

—atlas atlas_csf to
| the CSF structure.

-
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Edit Registration Parameters

Step 5:
Defining the Atlas to Image Registration

In general, the currently defined atlas has to be aligned to the
subject scan. To do so, we define in this step the template,

which in this case is a T1 scan, that the atlas is currently
aligned to as well as the type of registration we would like to perform
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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
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* Manipulate 30 Yiew
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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
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Bk
[<]
[]

A |k
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Define Preprocessing

Step 6:
Further Specify Preprocessing

In the first step, we defined the type of preprocessing we wanted
to perform. We now further specify the pre-processing by
answering a set of questions further specifying the type of data
we attend to segment. For example, in this tutorial we assume
that the subject scan is already aligned to the atlas so that we
skip the atlas to image registration during preprocessing.
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Fle  Edit Wew indow  Help  Feedback

e
adules: E M Segmenter
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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
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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.

-
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6/9. Define Preprocessing
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Angwer questions for preprocessing of input images

Preprocessing of images might take a while, Do you want to
proceed ¥
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¢ The EMSegmenter will perform some
I standard pre-processing.

Check List x
This task only applies to non-skull stripped scans!
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- perfarm image inhomogeneity correction on input scan ¢
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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
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Specify Intensity Distribution

Step 7:
Specifying the Intensity Distribution

In this step, users further specify each anatomical structure by
defining the intensity distribution that is typical for the structure
In the input scan.

In this tutorial the step can be skipped as the intensity distributions
have been calculated during the pre-processing.
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Specify Intensity Distribution
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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
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* Manipulate 30 Yiew

Edit
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Edit Node-based Parameters

Step 8:
Define EM Specific Parameters

The EMSegmenter segments the input scans of Step 1 into the structure of interest
of Step 2 by using an optimization algorithm called the Expectation Maximization
Algorithm. This algorithm has specific parameters that influence the segmentation.
In this tutorial we will specify:

- class weights, which define the relative importance of structure over other
structure. This is useful if a structure is too dominant in the automatic segmentation.
By lowering the weight, the structure will be less present in the corresponding
automatic segmentation.

- atlas weight, which define the importance of the atlas (of Step 3) over the

image data defined in Step 1. One might want to lower the weight if the intensity
distributions clearly define each structure to be segmented.

- Input Channel weight, which defines the importance between the different

input channels for the structure of interest. Since we only defined one input channel,
this parameter should simply be set to 1.

- Alpha, which defines the smoothness of the segmentation. The alpha value has to
be between 0 and 1. An alpha value of 1 produces fairly smooth segmentations while
an alpha value of 0 generally results in noisy segmentations.
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Edit Node-based Parameters
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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
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Edit Node-based Parameters
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8/9. Edit Hode-based Parameters
Spec
Anatomical Tree x

Basic

Class: Background

Clags Weight: 019 | ¥ - Input Channel Weights x =
Atlas Weight: T i L 'Atlas Welg ht 1
Alpha; 099 |» LI,

Orverview Of Class Weights

Eackground 015 |»

Intracranial Cavity |0 3
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ify node-based segmentation parameters.

Background B
Alr

Skull B
Intracranial Cavity
Grey Matter
i

Left click on Background and
Enter the following parameters:

White Matter
CSF

Stopping Conditions\_ Print; Advancedj

-Class Weight 0.15

< Back Mext »

We onIy deflned one mput channel,||

s Input Channel Weights:
T1:1.0

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

Anatomical Tree

“ Manipulate Slice Views
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Background
Alr
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Grey Matter
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for Air and Skull

Class Weight: 0.7
Atlas Weight: 1.0
Input Channel Weight: 1.0
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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
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vvvvv SECT— i3 Input Channel Weight: 1.0
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Click on Next
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Run Segmentation

Step 9:
Specify the Region of Interest and complete the
Segmentation

This Is the last step of the EMSegmenter wizard.

The Volume Of Interested (VOI) can be specified, and one can
start the EM algorithm, which will segment the input channels by
taking all the information entered in the previous steps into account .
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Define miscellaneous parameter for performing segmentation.
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Results: Run Segmentation
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&  Consecutive adjustment

3DSlicer

As previously mentioned, one might want to
adjust the parameters of Step 8 in order to
Improve the segmentation. We now adjust three
parameters and show the impact on the
segmentation 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)
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Save x
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Result: Volume Of Interest (VOI)
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Define miscellaneous parameter for performing segmentation.
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Adjusting Parameters
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4/9. Edit Node-based Parameters

Specify node-based segmentation parameters.
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Result: Adjusting Parameters
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479, Edit Node-based Parameters
Specify node-based segmentation parameters.

Anatomical Tree
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Grey Matter
White Matter
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Low ICC alpha value
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8/9. Edit Node-based Parameters

Specify node-based segmentation parameters.
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& Further Info & Acknowledgments
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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.
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