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fv Learning Objective

Learn how to run “White Matter Lesion
Segmentation” module in Slicer 3.
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Pre-requisite

« Data Loading and Visualization (Sonia
Pujol, Ph.D.)

— http://www.na-
mic.org/Wiki/index.php/Slicer3.2:Training
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f? Material

 This tutorial requires Slicer3.6 (release
version) and the tutorial dataset. They are
available at the following locations:

« Slicer3.6 download page
http://www.slicer.org/pages/Downloads/

 Tutorial dataset:

http://wiki.na-
mic.org/Wiki/index.php/File:White _Matter Lesion_Segmenta
tion_TutorialContestSummer2010.zip

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.
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f? Material: Sample Data

* Training data
Input: N training images (T1, T2, PD, FLAIR, lesion ROI)
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f? Material: Sample Data

« Testing data

Input: testing image (T1, T2, PD, FLAIR)
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Platform

 This tutorial has tested on a Linux
(64 bit) machine.
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fv Overview

* Introduction

» Getting started

* Pipeline 1 - Training & Segmentation
only

* Pipeline 2 - Preprocessing, Training,
and Segmentation

» Conclusion
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f? Introduction

» Learning based WML segmentation

FLAIR
PD

12
T1

L esion voxel

Neighborhood Q (5x5x5mm)

« SVM - To train a WML segmentation classifier.

« Adaboost = To adaptively weight the training samples and
Improve the generalization of WML segmentation method.

Lao, Shen, et al., "Computer-Assisted Segmentation of White Matter Lesions in 3D MR
images Using Support Vector Machine", Academic Radiology, 15(3):300-313, 2008.
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fv Overview

* Introduction

« Getting started

* Pipeline 1 - Training & Segmentation
only

* Pipeline 2 - Preprocessing, Training,
and Segmentation

 Conclusion
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f? Getting started

 Module installation

* Press F2 or go to View >> Application
Settings >> Module Settings on the
menu of Slicer3.

* Click the “add a preset” button.

« Select the location of the White Matter
Lesion Segmentation modules
(wmistrain and wmistest).

 Close Slicer3 and restart.
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« Execution

D% 3D Slicer Version 3.5 Alpha

Fle  Edit “iew Wndow  Help  Feedback

EI EI todules: white tater Lesion Seamentation ,T‘ m |:| ,E‘ search modules @I

Al Modules -

““ 3DSlicer Cameras
;_’ Calar

Data

¥ Help & Acknowledgement Editor
Fiducials
Measurements
Faram “ Models
FETCTFusian

ROl
“ “hite Matter Lesion Segmentation Parameters Slicer'™elcome

“ wWhite Matter Lesion Segmentation

Slices
Transforms

“olurme Rendering

Surface Models
Anial

B
@ Mone
T‘S;pt‘;ﬁ‘:duleExample

Execution Model Tour 1]

Mone Sagittel

Segmentation “for
- Segmentation ,

N
~

Batch Processing

Mone Mone

Converters

‘Select ‘White Matter & 7 e
' Lesion Segmentation o
' Training ”for Tr&ining, | -
- ‘White Matter Lesion | w

Deweloper Tools

Multiple rodels example

- Python Mumpy Script
E i‘hnﬂ ﬁiiirﬂ

% 'White Matter Lesion Segmentation

‘Work in Progre!
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htt ‘White Matter Lc@.on Segrnentation Training
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f$ Overview

* Introduction

» Getting started

* Pipeline 1 - Training &
Segmentation only

* Pipeline 2 - Preprocessing, Training,
and Segmentation

 Conclusion
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f? Pipeline 1 (w/o Preprocessing)

* In case your images are already

preprocessed...

:  Manual Segmentation

training sample and
i | Adaboost

Training

Training SVM model via P segmentation

: | Voxel-wise evaluation &

Testing
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fv Training

D& 3D Slicer Version 3.7 Alpha

File  Edit Wiew ‘Wincow HeIE Feedback

" Select “White s o= 1] [¥] (] @] e
Matter Lesion il
Segmentation

~ Training 7

_______________________

¥ Help & Acknowledgement

“ White Matter Lesion Segmentation Training

R

Farameter set | o =
’ -

Status Idle

" Check image
modalities you
want to train,
e.qg. T1,T2,PD,

. and FLAIR

\\ “ Selection Of Multi-modality Images For Training

reprocessing Images Before Training

“ White Matter Lesion Segmentation,

Preprocessing

P T oclule

Training Subjects directory D

N
e

Trainitwy subjects filenarmes D

Trainirgy filenarne suffixes D

e — R
DO NOT check | == ot

' this box to skip

preprocessing

“ Manipulate Slice Wiews

(B & 3 [ B )

“ Manipulate 30 Wiew

c 0 | B EE R e
sl -, CJ
A

N atl ONd More RAS: (5.5, 368.4, -2.0),

B ] (2] (@ @] & |7 (=] [£] =) [E] fa- ¥ - [of

-

Mone

Mone

Mone Mane

0 0

IE
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‘$’ " Click and select the location
containing training images

D& Select Directory

<ig - 1) —
B ) WMLS
19 3d_image

(=) AFCM

=) bak

(5 bak010710

[ bak031610_Jim

= White Matter Lesion Segmentation, Training Mocule

Training Subjects directory u.
Training subjects filenarmes _u
Training filename suffixes ﬂ

S Model directory

D fault | corcel |

=) bak031810
1) Bin
b
B |5 sample
) test
) test2
=) temp
=) test
= tmp
1) utilities J
1) prins
i ptyan 7

___________________________________________________

__________________________________________________

" Click and select the location
where SVM model will be saved
after training

* Manipulate Slice Wiews

[ ) (3] ) ) ()

BEE] -

* Manipulate 30 Wiew

% Select Directory |ZHEHZ|

I
:
1
U
o & & i i s
% . [ ] ; L e,
e ; S
: g:::mu?w
1 (23 bako31610_Jim
Mone RAS: (53.5, 368.4, -2.0), ' g:?:n:imm
: =3 lib
: I3 sample
1 1) temp
1 1) test
: -
: h[Er;nl;tilities J
National Alliance for Medical Image Computing | Contyap i
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¥

“ white Matter Lesion Segmentation, Training Mocule

Training Subjects directary _u

Training subjects filenames m

Training filename suffixes ﬂ
SM Mol directary | (]

[t |

Aply

* Manipulate Slice Views

EEDODEEEER

* Manhipulate 30 Wiew

g

B2
=
Eﬁ ®

I .
sal:
A ]2 (=] [

=]
ra

Mare RAS: (83.5, 365.4, -2.0),

Click and select the text file
containing the list of filenames of
training images

P& Select File

T T

’
|

1

1

1

1

1

1

|

1

1

1

1

1 A Pl

! 0o a e

: ) MS I=) CMakeFiles 3un Jun 20 15:05:38 2010
\ = programs = lib Sat Mov 7 13:36:44 2009
1 = SVMTorch postiz.lst Sat Nov 7 12:01:41 2009
! ) temp test.Ist Sal Jan 2 22:57:37 2010
1 -3

H B ) WMLS testz.Ist Thu Mar 18 14:43:15 2010
I (=) 3d_image testpostfix Ist Sat Jan 2 23:00:34 2010
1 =] AFEM testpostfix2.ist. Sat Jan 2 17:22:47 2010
! hak tpin.ist. Thu Dec 24 21:28:55 2009
! = hake10710 hin_shortdst 1 KB Tue Mar 16 14:48:42 2010
1 () bakD31610_Jim

I () bako31810

' B [ Bin

1 () CMakeFiles

1 = lib

1 & lib []

: () sample

| = temp ¥

1

| 1

: File rme: [train st ,

| .

\ Files of type: IText Docurnent {.txt) , j

303D20268
305D40291
301D00368
303D20146
604H30067
303D20258
303D20153

National Alliance for Medical Image Computing
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¥

_______________________________________________________________

" Click and select the file containing
the list of prefixes of training images

= White katter Lesion Segmentation, Training Module 7% Select File
<M M-I : iz Modified time
. . . ile: Sun Jun 20 15:05:38 2010
Training Subjects directory ﬁ o gm‘"{‘s i Sat Hov 7 13:38:44 2009
3 3d_image 1 KB Sat Nov 7 12:01:41 2009
Tall i C 1KB SatJan 2 22:57:37 2010
Training subjects filenarmes ﬂ ghA;fM KB Satian 2223037 200
L ) bak010710 1 KB  Sat Jan 2 23:00:34 2010
Training filename suffixes u- =) bak31610_Jim 1KB  SatJan 2 17:22:47 2010
) bak031 810 1 KB Thu Dec 24 21:28:55 2009
. B ) Bin 1 KB Tue Mar 16 14:48:42 2010
SM Model directory | (] 2 pakores
ik
=) hib
I=5) sample
Default | Cancel | Apply =i o
1= tmp
) utilities L
I

* Manipulate Slice Wiews

¥
Flle name:  [postfixlst ' Open

Files of type |Te><| Document { txt)

EEDDEEEEEE . S — '

— DEIGIED 8D Ve Example) .T1.byte.cbg.match.smooth.hdr
: . .T2.byte.cbg.match.smooth.hdr
:;\TL E (] .PD.byte.cbg.match.smooth.hdr
B E .FL.byte.cbg.match.smooth.hdr
Jesion.mask.hdr
More RAS: (335, 368.4, -2.03 Jesion.mask.open.hdr
Jesion.premask.hdr
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D% 3D Slicer Version 3.7 Alpha

Feedback

File Edit  Wiew N oW Help

IEI IE' Modules: te mater Lesion Seamentetion Trainil— | IIl IIl EI - I-
4
]
3DSlicer
v
T Help & Acknowledgement I

“ White Matter Lesion Segmentation Training

Parameter set R I:j

Status Idle

“ Selection O kulti-modality Images For Training

T1 [#
T2 [
[ o
FL [#]

“ Preprocessing Images Before Training

Freprocessing

_————

“ White Matter Lesion Segmentation, Training hModule

I71 ”

Training Subjects directory [C train : Apply .
I
I
1

Training subjects filenames (2 train st

Training filename suffixes [ postfizlst

SWh Model directory Catmp

Crefault Cancel Aoply {,r

“ Manipulate Slice Wiews

(= [ 3] L ]

“ Manipulate 3D Wiew

i

Mone RAS:{83.5, 371.5, -2.0),
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Segmentation
Training ”

DO NOT check
this box to skip
preprocessing

Nationa
http://na

D& 3D Slicer Version 3.7 Alpha

Fle  Edit Mew Window  Help  Feedback

odulls: Wwhite hatter Lesion Segmenfafion

& &

iDSlicer

4

¥ Help & Acknowledgement

“ White Matter Lesion Segmentation

JrE@|

Farameter set | =
-

“ Preprocessing Images Before Segmentation

Status Idle

Preprocessing

“ White Matter Lesion Segmentation F; B

Testing Subject directory [T test

SWM Model | (“itktestzmd

Testing Subject filename [Ctestlst

Testing fileriame suffi<es | (7] testpostfix st

Output

Default

“ Manipulate Slice Views

EREDNELEEEE

* Manipulate 30 Wiew

| B
L] [ R

Mone RAS:(-10.7, 1.0, -245 &),

Image e =
Create

I % Output
Appl Output

Fiename...

Edlit Pri
Delete.

fv Testing (Segmentation)
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Anial Mone Sagittel
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o -

e N

Click and specify the location
containing the saved SVM
models in the “Training ” stage.

D% Select File

i

B

“ Preprocessing Images Before Segmentation

' . ]
- 5 1 N k

D% 3D Slicer Version 3.7 Alpha h ' & Q)B[ij |
mp

) ! B O WMLS 302D10226.PD.byte.chy.maich.smooth.img 2,944 KB Tue [| 1

File  Edit Wiew Wndow  Help  Feedback : =) 3d_image AffineRegistration.xml 4KB  Satl 1

1 (=) AFCM AffineRegistrationCLP.h 15KB  Sat | :

1 (3 bak heforethreshold.hdr 1KB Sat [ |

EI EI odules: Wwhite matter Lesion Seamenfafion — | EI EI EI | ) bakm0710 heforethreshold.img 11,776 KB Sat [ H

1 (22 bak031610_Jim extractlesion0.hdr 1KB Thu [j 1

N I () bak03181 0 extracilesion0.img 5,888 KB Thu [ 1

() Bin HistogramMatchingCLP.h 13KB  3at| 1

3DSlicer Slib itictest0.mdl 696 KB Thu [ 1

) sample itktestl.mdl Z790KB FriL !

» o o !

) test lesion.vec.0 5,945 KB Thu [ |

=] ) tmp maskout_input0.hdr 1KB  Fri[] 1

Help & Acknowledgement 5 utities | || maskautnputo img 5800KB  Fril \

- - - - &) prins maskout_input1.hdr 1KB  Fri[] 1

white Matter Lesion Segmentation © ptyap maskout_inputl img 586BKB  Frl 1

. i fmaah 0 hle 1wn par ¥ 1

Farameter set ] P~ ] - :

File name Il(k(estZ mdll Open I

1

Status Idle Files Of type: [4l Fes () ~ | cancel \

1

U

A ’
Preprocess | N e e e e e e e e e e e e mmmmm e ———— - - = -
P e R N

7 Y
“ White Matter Lesion Segmentation Par ,

Click and select the location
containing testing images.

Select Directory |‘—_”E”Z|
)
= ) WMLS
I 3d_image
=) AFCM
=) bak
L) bak010710
) bak031610_Jim
=) bak031810
=) Bin
i lib
= ) sample
I test2
I train
) temp
) test
1= tmp
I utilities J
I prins
I~ ptvap #

x| _coeer |

St Model

esting Subject directory [ test

[ test.lst
Testing filename suffi<es [T testpostfix st

Output Image e [
“~ Create

& Output
Default Cancel | | AppIyA Outout
utpu

Fierame
Edit Pri
Delete..

“ Manipulate Slice Wiews

ClILER

“ Manipulate 30 Wiew

nputing

Mone FiaS: (1007, 1.0, -245 &),
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3D Slicer Version 3.7 Alpha

File  Edlit  Wiew Window  Help  Feedhback

EI IEI todules: |'whiie tater Lesion Seamentation —u | EI III EI

@ 3DSlicer
v

™ Help & Acknowledgement

“ White Matter Lesion Segmentation

Parameter set| l:j

Status lclle

“ Preprocessing Images Before Segmentation

Preprocessing ‘

“ White Matter Lesion Segmentation Farameters

SV Model | [y itktest2.m

Testing Subject directory | 7 test

Testing Subject filename | (7 test |st
[ testpostfix st

Output Image g . IE
“ Create
4 Qutput

Testing filename suffixes

[ oph

Default

Cancel |

Renarme
Edit Pt
Delete..

“ Manipulate Slice Views

A = e = | = =]

* Manipulate 30 Wiew

O

) @) (@] (2] -2

ng [&] [ [l (2] -
E[E

Mone &S (-10.7, 1.0, -245.8),
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= bak
) bak010710
(2 bak031610_Jim
[ bak031810
B [ Bin
|2 CMakeFiles
i
b
) sample
= temp
I test
= tmp
) utilities
) prins
(= ptyap
| gianwang

[2) CMakeFiles
=l

Sun Jun 201
Sat Nov 7 13:38:44 2009

postfix.ist 1KB Sat Nov 712:01:41 2009
testist 1KB Bat Jan 2 22:57:37 2010 ‘
testz. Bt 1 KB Thu Mar 18 14:43:15 2010
testpgstfizist 1 KB Sat.Jan 2 23:00:34 2010
testp¥stfix2Ist 1 KB  Sat.Jan 217:22:47 2010
trainSst 1 KB Thu Dec 24 21:28:55 2009
traifshort.Ist 1 KB Tue Mar 16 14:48:42 2010

Srey /

File rame:  [testlst

Files of type |Te><t Document {.txty

601H03166

puting
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% 3D Slicer Version 3.7 Alpha

Fle  Edit  View ‘Window  Help  Feedback

& &

@ 3DSlicer
v

¥ Help & Acknowledgement

“ White Matter Lesion Segmentation

Parameter set | l:j

Status lole

“ Preprocessing Images Before Segmentation

Freprocessing ‘

“ \hhite Matter Lesion Segmentation Parameters

FYM Model | (- itktestz mdl

Testing Subject directory [Ctest
Testing Subject filename | (7 test |st

I Testing filename suffixes |

testpostfix.lst

Output Image g e E
“* Create

& Qutput
= Dutput

| Cancel | | Apply

Defanlt

Fiename
Edit Fr
Delete..

“ Manipulate Slice Views

(=2 1o [ ] ) ) [l [ sl

“ Manipulate 30 Wiew

________________________________________________________

" Click and select the file

D% Select File

Modules: |MihmaﬂerLesionSegmenhﬁon _.| EI !- CON a|n|ng =St o pre NES OT
testing image.

2 oo g Qe [ sie | —— Woansaume | |
i) temp 1) CMakeFiles 3un Jun 20 15:05:38 2010
o 5 WHLS b Sat Nov 7 13:38:44 2009
I 3d_image postfix.st 1KB 3at Nov 712:01:41 2009
[ AFCM test.Ist 1KB  Sat.Jan Z22:57:37 2010
[ bak testZ st 1 KB Thu Mar 18 14:43:15 2010
= hako10710 testpostfixist 1 KB SatJan 2 23:00:34 2010 |
) bakn31610_Jim testpostfix2.Ist f1 KB Sat Jan 2 17:22:47 2010
(= hak31810 train st 1KB Thu Dec 24 21:28:55 2009
= fw Bin train_shortistf 1 KB Tue Mar 16 14:48:42 2010
I5) CMakeFiles
=) lib
=lib
) sample
1= temp
=) test o
1= tmp
1) utilities ] =
1 ~l .' 1
File name: |testpnsm>< Ist ’ Open
Files of type: ITaxt Document { txt) ' | cancsl

__________________________________________

Example:

.T1.byte.cbq.match.smooth.hdr
.T2.byte.cbqg.match.smooth.hdr
.PD.byte.cbg.match.smooth.hdr
.FL.byte.cbg.match.smooth.hdr

Mone Ra:(-10.7, 1.0, -245 83,
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D& 3D Slicer Version 3.7 Alpha

Fle  Edit Wiew
&) &l

@ JDSlicer '

Window  Help  Feedback

tiodules: white Watter Lesion Segmentadion

¥ Help & Acknowledgement
~ ‘White Matter Lesion Segrnentation
Farameter set |
Status Idle
“ Preprocessing Images Before Segmentation

Preprocessing
“ ‘White Matter Lesion Segmentation Farameters
SuM Model | [T jtktest2 mol
Testing Subject directary [Ctest

Testing Subject filenamme [T test kst

Testing filename suffixes (L] testpostfix Ist
—

I Output Image 0 e

Default

Edit Properties...
Delete...

“ Manipulate Slice Wiews

E & O @ EEEE () ]

“ Manipulate 30 Wiew

P @
| (@B @] (2] e
s (][] (R

Mone FisS: (-1007, 1.0, -245 &),

[AIE @ B @ & @ (@) & E (= (2 E E G R E & - R

- -
Sagittel v Mone Coronal More
v Hone Hone Mone

0 [9][[] 0

Set the filename to save the
segmented lesion volume in the
end of “Testing ”stage.

N e e -

“Apply ”.
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 Visualization of the segmented lesion volume

L3

. - - . . - - . - -
Axial - [EL || 321000 5. ask.hdr = E Sagittel - [EL ]| 5210005 askhdr = Eit Coranal < [EL [|z0100036. ask.hdr =
Mome : 3010005, .0th.hdr = Mone = | || s01000s..ath hr =1 [ Mone = |IE] || s010005..oth hdr =

24 [57.458 126 11908 125 [119.53

26, 923, Fg: Out of Frame, Bg: Out of Frame,
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f$ Overview

* Introduction

» Getting started

* Pipeline 1 - Training & Segmentation
only

* Pipeline 2 - Preprocessing,
raining, and Segmentation

 Conclusion
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s Pipeline (w/ Preprocessing)

* If your images are unprocessed...

Manual Segmentation

Co-registration

: : : Train SVM model via
: | Skull stripping training samples and
: mafp-: | Adaboost

Bias correction

Training
Histogram matching {
: Pre-processing Voxel-wise evaluation &
MsssssEsEsEEEEEEEEEEEEEEEEEEEEEmEmEmemmmnal g Segmentathn
: resting
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Training/Testing w/ Preprocessing

* In the training or testing menu, check the
“Preprocessing” option.

* Intermediate files by processing steps are
saved In the directory you specified in the
training/testing menu.

* For other training and testing options, see
page 12-24.

National Alliance for Medical Image Computing
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oo W em m Em Em e e e em En En e En em e e = .

D& 3D Slicer Version 3.7 Alpha

File  Edit
odules: e Matter Lesion Seamentafion Trainil— EI lzl search modules
P

@ iDSlicer 0

MWiew  Window  Help Feedback

¥ Help & Acknowledgement
“ White Matter Lesion Segmentation Training

Parameter set | o

Status ldle
“ Selection Of kulti-modality Images For Training
Tl
T2
PO
FL

“ Preprocessing Images Before Training

Preprocessing I

“ White Matter Lesion Segme , Training kModule
Training Subjects directory D
Trainitig subjects filenarmes D
Training filename suffixes D

S Model directory | [T

R ]

Check this box [ B
for preprocessing | o g mmme
before ‘training ”. || - s

Do same thing for||. - EEEE ®

“ O
testing . f L
___________________________ A Mone RAS: (83.5, 365.4, -2.0),

=)

E &) 2] @] 9] [ [ & ¥ - [

-
Mane Sagittal Mone Mone
Maorne (L] Mone (LE] Hane
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« Example of preprocessing — coregistration (FLAIR)

D& 3D Slicer Version 3.7 &lpha

Fle  Edit ‘Wiew Window  Help  Feedback

Iﬁl lﬂ Hlodules: White Mater Lesion Segmentedion
‘ﬁ‘ 3DSlicer

¥ Help & Acknowledgement

“ “White Matter Lesion Segmentation

Farameter set |

“ Preprocessing Images Before Segmentation

“ White Matter Lesion Segmentation Parameters
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Testing Subject filename | (77
Testing filename suffixes D
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“ Manipulate Slice Views
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« Example of preprocessing — skull stripping

D& 3D Sticer Yersion 3.7 Alpha

Fle  Edit ‘ew ‘Mindow Help  Feedback

lﬁ‘ lﬂ tovdules: Editor
r‘\ 3DSlicer
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¥ Help & Acknowledgement
“ Create & Select Label Maps

Master Volume: Mone

Merge Volume: Mone
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¥ Edit Selected Label Mag

“ Manipulate Slice Views
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“ Manipulate 30 Wiew
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« Example of preprocessing — bias correction and
histogram matching

“\ 3DSlicer Axial =123 one Sagittel : None 2 Coronal - : Mone
— : T2maskbrain one 2 ' : MNone = _ T2.mask brain

4 3 = v T2.mask brain
[ o] 128 [11953 o 128 11953
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¥ Help & Acknowledgement
“ Create & Select Label Maps

Master Volume: Nonhe -
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Merge Volume: None

Per-Structure Volumes

¥ Edit Selected Label Map

“ Manipulate Slice Views
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“ Manipulate 3D View
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fv Overview

* Introduction

» Getting started

* Pipeline 1 - Training & Segmentation
only

* Pipeline 2 - Preprocessing, Training,
and Segmentation

« Conclusion
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f? Conclusion

« A Slicer3 module for automatic segmentation of
white matter lesions has been developed.

— Preprocessing

« Coregistration, skull stripping, bias correction, and
histogram matching

— Training

* Build SVM model using multi-protocol MRIs (T1,
T2, PD, and FLAIR)

— Segmentation

« Test new subject images using the SVM model
built in the training stage
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