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£ - Introduction

» The goal of deformable registration of brain images
--- Establish anatomical correspondences
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£ = Introduction

* Clinical applications:

T Spatial normalization of functional images,
T Measurement of structures,
T Image data mining

« HAMMER has been used to align over 8,000 brains
Image since 2002.

« The TMI paper describing HAMMER received the
2006 Best Paper Award from the IEEE Signal Process
Society.
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Registration Result

£ = HAMMER in 3D Slicer3

Data Processing Template
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< HAMMER in 3D Slicer3

P ——

ACFC Transform =] |

D1ET

Waduless

& &l

3DSlicer

AC/PC alignment -

“* Help & Acknowledgement

Help | Acknowledgernent

Calculate a transformation from twao lists of fiducial points. ACFPC line is I
two fiducial points, one at the anterior commissure and one at the
posterior commizsure. The resulting transtorm will bring the line connecting
thern to horizontal to the AF axis. The midline is a series of points defining
the division between the hemispheres of the brain (the mid sagittal plane ).
The resulting transform will put the autput volume with the mid sagittal
plane lined ugp with the A5 plane. Use the Fltering mocdule Resample
Scalar/Vector/DWL Yolume to apply the transformation to a
volurne,

Fior moare detailed documentation see:

hitecifwiki slicer argdslicer Wikiindes phpitodules : Realignyvolurme- Docurnent
ation-3.4

Y

* ACPC Transform

Farameter set| i

Status Idle

* Transform

ACFC Ling | Mone  —
Midlivg | pope  —
Output transform | pone  —

Lo

¥ Debug
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o HAMMER in 3D Slicer

* Help & Acknowledgement

Help | Acknowledgement S ku I I Strl pl n g

This work is part of the Mational Alliance for Medical Image Computing
{MAMICY, funded by the Mational Institutes of Health through the NIH
Foadmagp for Medical Research, Grant US4 EBOOS143. J

Hiaodong Tao, taox & research . ge . com f
= Skull Stripper For Structural MG

Farameter set | g =

- < Default parameter set

Status Completed
“ 10

Input Violume | 1 i e |HDUt file name

Cutput brain surface | 5 |

«— Output brain surface file name

Brain task | o

- «— Brain mask file
= Skull Stripping Parameters

T ;. Iterations used in skull stripping
Subdivisions [20] «—— The number of sub-divisions
Diion Torlus oy roeon "S—— The dilation radius after deformation
= Optional Output
Default Agply
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£ < HAMMER in 3D Slicer

Skull Striping

Skull Stripper {..coral MR Volume testhdr

s 79.375 127.5

Sagittel Mone Mang

Skull Stripper {..ctural ME Vaolume testhdr = testhdr
|5 i3

test_skull_striping.hdr
None
None

test_skull_striping.hdr
None
None

Coronal

Axial
Sp: Tmm

Sp: Tmm

R: -4.0 Lb: None
A: 235.0§l Fg: None
S -11.58 Bg: Out of Frame

Lb: None R: 475} Lb: None
Fg None A: 0.0yl Fg None
Bg: Out of Frame S: 86.0l Bg: Out of Frame
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= HAMMER in 3D Slicer ’

&) & Q DIET  Segmentation and bias correction with
‘Fuzzy Tissue Classification’ in 3D Slicer

@ 3DSlicer

* Help & Acknowledgemnent

Help I Acknowledgemnent

This wark is part of the Mational Alliance for Medical Image Computing
(MaARMICY, funded by the National Institutes of Health through the MIH
Foadmap for Medical Research, Grant US4 EBOOS149. J

wiaodong Tao, taox & research . ge . com ,.I'r

* Fuzzy Tissue Classification

Farameter set | Fp =

Status Idle

|0

Iriput Wolume | test skull_striping hdr : <~ Input flle name

mutmask | 1 |+ | e —— |nput mask file name
Hard Segmentation 1 | || ____—— Qutput hard segmentation result
fias Fed | test_skul_stripingher — |5 | «—— Qutput bias field result

“ Tizsue Classification Parameters H

—— : «—The nurleer of t.lssue type§

Bias Option [0 /|| «————The option for bias correction
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o HAMMER in 3D Slicer

@ IE‘ henclule: | Affine registration _|| lz‘ |E| |

L !l:, 3DSlicer
o

* Help & Acknowledgement

Affine Registration in Slicer3

Hel | Acknowledgement I

¢

This weork is part of the Mational Alliance for Medical Image Computing
{NAMIC), funded by the Mational Institutes of Health through the MIH
Fioadrap for Medical Research, Grant US4 EBODS149. J

Craniel Blezek

4 Affine Registration

Farameter set| ap l:j

Status Completed

¥ Preprocessing

= g il P The number of histogram bins
Histagram Bins ISD ﬂ / g
Spatial Samples [10000 ¥

Iterations | 2000

<«—— The number of iterations

;Ilil_'

Translation scaling | 100

<10

Initial transfarm | &
Ficee mage | o — || < Fixed image
ovng Inge st si_swergrer — 2 <———— Moving image
oupa enstom |« |21 <———— Qutput transformation
Pl — |2 <————Qutput affine registration result
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= HAMMER in 3D Slicer

[+

lﬁ‘ lﬂ Hodules: HANMER regishafion

@ 3DSlicer

* Help & Acknowledgement
Helpl Acknowledgement

HAMMEF is an algorithm for elastic registration of - medical images using
geometric moment invariants as attributes and  hierarchical attribute
matching mechanism for finding defarmation  field. This module
implements the algorithm described in '"HAMMER:  Hierarchical Attribute
tatching Mechanism for Elastic Registration’, 1EEE Trans. on Medical
Imaging, 21¢11x1421-1439, Nov 2002). Its inputs are skull stripped
brain images with gray matter, white matter, and CSF segmentation.
For more detailed docurmentation see:

httpiina-ric oraftikidndes phpdtaA-tIC NCEC Collaboration and
hittiitweaew med .one eduf~doshen/HAMMER him

“ HAMMER Registration

Farameter set |

X

=

Status ldle

“ Registration Parameters

Tizsue Lakels |10,150,250
Iterations |50,20,20

10
Fiedd Image | model hdr
Moving IMage | tovin..o hdr
Moving Intensity Image Mavin...o hdr
Output Volume | HamMME.  olume

Output Intensity Wolume | HAMME. urmel

HAMMER Registration in Slicer3

<—he number of iterations in each resolution

<— Fixed image
<— Moving segmented image
<— Moving intensity image
PA—— .
\Output _segmgnt(_ed image
Output intensity image
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£ =+ HAMMER: Results

Experiment 1: 18 Elderly Brains From BLSA Dataset




= HAMMER: Results

Lb: None : 26.0f Lb: None : 6 Lb: None
Fg None A .1}l Fg: None
Bg: Out of Frame : -5.9 8l Bg: Out of Frame

Lb: None : ; : 9§l Lb: None
Fg None ! Y .7l Fg: None
Bg: Out of Frame 3 il Bg: .28l Bg: Out of Frame

Bg: AE_Warped_cbqg.hdr

Sagittal
2Sp: 0.938mm

Lb: None R: 26.0fl Lb: None

Fg: None A:0.0f Fg: None
Bg: Out of Frame : 03.8 il Bg: Out of Frame
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Registration by
HAMMER

13-



£ =+ HAMMER: Results

Bg HAMMER_Mec

Ut of Frame
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3DSlicer

40 LONI Dataset with 54 manually labeled RIOs

Laboratory of Neuro Imaging

Home

ey ey

Ahout LONI

Research Wisualization Mews & Events Software Data

LOMI =

LONI Atlases

An atlas ofthe brain allows us to define its spatial characteristics. Where is a given structure; relative to
what other features; what are its shape and characteristics and how do we refer to it? Where is this
redion of functional activation’? How different is this brain compared with a normal databhase? An atlas
allows Us to answer these and related gquestions quantitatively.

Brain atlazes are built from one or more representations of brain. They describe ane or more aspects
of brain structure andiar function and their relationships atter applving appropriate registration and
warping strategies, indexing schemes and nomenclature systems. Atlases made from multiple
modalities and individuals provide the capability to describe image data with statistical and wisual
[ovwer.

An atlas can take on many forms, from descriptions of structure or function of the whaole brain to maps
of groups ar populations. Individual systems ofthe brain can be mapped as can changes overtime, as
in development or degeneration. An atlas enables comparison across individuals, modalities or
states. Differences hetween species can he catalogued. Butin most cases, the value added by brain
atlazes is the unigque and critical ability to integrate information from multiple sources, The Ulility of an
atlas is dependent upan appropriate coordinate systems, registration and defarmation methods along
with useful visualization strategies. Accurate and representative atlases of brain hold the most promise
for helping to create a comprehensive understanding of brain in health and disease.

IN THIS SECTION:

Available Atlases

Alzheimer’s Disease
Template

Human Atlas

ICEM 452 T1 Atlas

ICEM DTI-81 Atlas

ICBM Probabilistic Atlases

ICEM T2 Atlas

ICBM Template

LPEA4D

Monkey Atlas

Mouse Atlas

Mouse Minimum
Deformation Atlas (MDA)

Meonatal {P0) Mouse Nissl
BErain Atlas

Meonatal (PO} MEI Mouse
BErain Atlas

Fat Atlas

éﬁﬂ”““m%'
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~ HAMMER: Results

L superior frontal gyrus

R superior frontal gyrus

L middle frantal gyrus

R middle frontal gyrus

L inferior frontal gyrus

R inferior frontal gyrus

L precentral gyrus

R precentral gyrus

L middle orbitofrontal gyrus
R middle orbitofrontal gyrus
L lateral orbitofrontal gyrus
R lateral orbitofrontal gyrus
L gyrus rectus

R gyrus rectus

L postcentral gyrus

R postcentral gyrus

L superior parietal gyrus

R superior parietal gyrus

L supramarginal gyrus

R supramarginal gyrus

L angular gyrus

R angular gyrus

L precuneus

R precuneus

L superior occipital gyrus
R superior occipital gyrus

L middle occipital gyrus

350

The Overlap Ratio of #1~#27 ROls on LPBA4D Dataset

40.0 450 500 550 BOO GBSO
Overlap Ratio (%)

700

R middle occipital gyrus
L inferior occipital gyrus
R inferior occipital gyrus
L cuneus

R cuneus

L superiro temporal gyrus
R superiro ternporal gyrus
L middle temporal gyrus
R riddle termporal gyrus
L inferior temporal gyrus
R inferior temporal gyrus
L parahippocarmpal gyrus
L parahippocarmpal gyrus
L lingual gyurs

R lingual gyurs

L fusifarm gyrus

L fusiform gyrus

L insular cortex

R insular cortex

L cingulate gyrus

R cingulate gyrus

L caudate

R caudate

L putamen

R putarnen

L hippocampus

R hippocampus

The Overlap Ratio of #28~#54 ROls on LPBA4D Dataset

30.0

35.0 40.0 450

Overlap Ratio (%)

s0.0 85.0
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Step-by-step tutorial
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+ HAMMER - 3D Slicer Setup

% grwu@ bass-comp4: ~

u LE N ]

Lazt login: Tue Jan G 15:16:21 2010 from bass—compl,cs.unc,edu
Kickstarted Med Oct ¥ 09:34:05 EOT 2009

-bazh-3,2% source “gruwu’,bashrc

[gruuBbazs—compd ] % svn co httpi/fswn.slicer,org/Slicer3 trunk 5licer3
A Slicer3/CHake
Slicer3/CHakes/Slicer3YalgrindSuppressions, supp
Slicer3/CHakesS]licer3Modul ezMacros, cmake
Slicer3/CHakeS]icer30THodul eMacros ,cmake
Slicerid/CHake/S1iceriParsefrqunentaacta, cnake
S1licer3/CHake/RemoveTenporarufF i les, cmake, in
Slicer3d/CHake/S1iceriMacras, cmake
Slicer3/CHakes/S]liceraF inddT , cmake
Slicer3d/CHakes/51icer3PluginsMacros, cmake
Slicer3/CHakes/Slicer3SampleBuildTest cmake, in
Slicer3/CHakescuda
Slicer3/CHake/cudas/makeZomake, cmake
Sliceri/CHakes/cudalempty, depend, in
Slicer3/CHake/cuda/parze_cubin, cmake
Slicer3/CHakescuda/Cudallependency, cmake
Slicer3/CHakes/cudasFindCuda, cmake
Slicer3/CHake/CHakelists, txt
Slicerid/CHakesS1iceriPersistenceMacros, cmake
Slicer3/CHakes/S1icer30TRazel ibrarytacros, cnake
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“ HAMMER - 3D Slicer Setup

% grwu® bass-comp4: ~fSoftware

=]t

Attic’

Baze/’

CHake!
CHMakelists, txt
CTeztConfig,cmake
CTestCustom,cnake, in
Toc’

Doxyfile

Extenzions
GenerateSlicer3Config,cmake
launch, tel, in®

Lihbe/

License, txt*

te ——releasecd ..

EQIE

making with make -j 16

OTHodules/

READHE, txt

Resme-ces,’

Scripts/
Slicer3Config,cmake, in
Slicer3lnstallConfig,.cmake, in
zlicer_variables?, tcl
zlicer_variables,.tcl
Testing’

lze5licerd, cmake,in
Itilities/
vtkSlicerConfigure. b, in

[gruuibass—compd s SoftwaresSlicer3] $ od L.
[gruuBbazz—compdt ™ Software] % ,/Slicer3/Scriptsdgetbuildtest, tel —update —-rel

Sourcing JhomesgruusSoftwares/Slicer3sslicer_variables, tcl
Slicer3_HOME iz AhomesgruusSoftwares/Slicer3

running? swn switch httpddzun,slicer,org/Slicerd trunk

[gruuBbazz—compd ™ SoftuaresSlicer3] $ . Slicer3/Scriptesgetbuildtest, tel —upda




“* HAMMER - 3D Slicer Setup

hiomes gruus a0t thares sl 1cers—ext/HammerHeglstratlon-bul ld/LMaker 1 les L 2

[100#] Built target HammerRegistration

make[1]: Leaving directory ~homesgruusSoftuaresSlicer3-extHammerRegistration-b
uild'

Shomes gruusSof tuaresS] icer3-1ib/CHake-bui ld/bindcmake -E cmake_progress_start Jh
omes gl Sof twaresSl icer3—ext/HammerRegi strat ion-buildsCHakeFiles 0

make —f CHakeFiless/Makefile? preinstall

make[1]: Entering directory ~AhomedgrwaSoftware Sl icer3-ext HamnerRegistrat ion—
build’

make[1]t Mothing to be done for “preinstall’.

make[1]: Leaving directory homesgruusSoftuaresS]icer3-extHammerRegistration-b
uild'

Inztall the project,.,.

AhomesgruusSof tuaresS] icerd-1ib/CHake-bui ld/bindcmake -P cmake_install ,cmake

-- Install configuration: "Debug”

-— Inztalling: fhomesgruusSoftuaresS]icer3s, /5]l icerd-—ext/HammerRegistration-ins
tall/lib/S1licer3/Plugina/HammerRegiztration

-- Removed runtime path from "/homesgruusSof twaresSlicer3s, . /Slicer3-ext/HammerR
egistration-inztalls/lib/Slicer3/Plugins/HammerReqiztration”

runhing: zip -r3 shomesgrwalSoftware/Slicer3s,  #Slicer3-ext/HammerRegiztration-i
nztallslibA5]icer3 Pluginzs HanmerRegistration—swnl53-2010-01-058-1inux-x86_k4, zip

‘addingi HammerRegistration (deflated 73%)

Uploading shomesgrunsSof tware/Slicer3s, . /Slicer3-ext/HammerRegistration-instal 1/
lib/Slicer3 Plugins/HammerRegistrat ion—swnlbh3-2010-01-05-1inux-xB86_B4,zip to ext
c=licer,org port 8845, .,

uploaded Ahomesgruu/Softwares/Slicerd/, /Slicerd-ext/HammerRegiztration-install/]
ibeli§er3fP1uginsfHammerRegistratiun—sun153—2010—01—05—1inux—xBE_Ed,zip (964240
bhytes

Uploading AhomesgruusSoftware/Slicerds, . Slicer3-ext/Extensionz/HammerRegistrati
on,s3ext to ext,=zlicer,org port 8345, ..

uploaded AhomesgruusSof tware/Slicer3s . . /Slicerd-ext/Extensions HanmerRegistratio
n.x3ext (7O7 bytes)

BUILT:
ShomeS gruudSof tuares 51 icerds, /5] icerd-ext/ExtenzionzHammerRegistration, s3ext

100,08 succeeded
[gruulEbasz-compd :*/Software/Slicer3] § ]

.é?ﬁjybﬂmwn&gﬂb -
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% 3D Slicer Ver

n 3.5 Alph

Hlz  Edit  Mew  Wincdow  Help  Feedback

& &

Wodules: | Slicerwelcome _.| E‘ lz‘ |E|

3DSlicer

v

“ Welcome & About

Isemh maodules

3D Sliceris a free open source software platform for medical image processing and 30
some basic information and useful links to get you started uslng S\lcer Please see our webg
on our wiki for more information: hittp it slicer orgislicer'ikifinder php/Docurentatio

bslicer \Welcome

% 3D Slicer Version 3.5 Alpha 1.0

Extensions Management Wizand

3D Sliceris distributed uncer a BSD-style license; far details about the contribution

bittp it slicer orgledi-bindLicenselSlicer LicenseForm gl The software has been designed
revigwed or approved by the Food and Drug Administration, or by any other agency

Hint: to open any information panel below, click on its grey title bar.

Don't show this module on startup.

This wizard lets you search for extensions to add to 3D Slicer,
Eg] download and install thern, and uninstall existing extensions.

o will need a network connection to access remote extension
repositories.

[¥] Find & Instal Uninztal Either

¥ Overview

~ Basic & Extended Modules

Delete zip files from terp. dir. {optional ) .

¥ Loading Scenes & Data

¥ Saving Scenes & Data

¥ adusting Data Display

Change extensions install path: D omeigriusSlicer 3grwu

¥ Configuring Wiewers & Layout

¥ Mouse Moddes

“ hianipulate Slice Views

N

‘Where to search:  |hitpotfest slicer orgiextitrunk/11116-linus-+56_G4

“ Manipulate 30 WView

[ e | meste || v || concel |

FTHE UNIVERSITY
of NORTH CAROLINA

it CHAPEL

HILL

“* HAMMER - 3D Slicer Setup
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% 3D Slicer Version 3.5 Alpha 1.0

Extension Management Wizard

Select extensions, then click uninstall to remove them from
your version of 30 Slicer, ar click download to retrieve them.

select | Status | Hame

Category
HammerRegistration | Work in Progress

Description HomePage | Bin

Harnmer Fegistrai http:f!

i
~ | =
| Dowrload & Instal | Urirst |
| < Back || Mest = | | Finizh | ‘ Cancel |
.‘v_—‘ FTHE UNIVERSITY

Il

e

of NORTH CAROLINA
it CHAPEL HILI
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“* HAMMER - 3D Slicer Setup

3D Slicer. Version 3
Fle  Edit Wiew indow  Help |
|§| E‘ Modules: Do
™ Help & Acknowledgement

“ Dizplay & Modify Scene
MEML Tree

Scene
View
Camera

Display MRRL ID's

MAML Mode Inspector

“ Load & Add Scenes Or Incividual Datas

Load new scene {close curr

Add a scene (to current)

Add data or a data directory

A scalar and tensor volumes

Addd scalar overlay

“ Manipulate Slice Views

@]

Al Modules

Cameras
Color

Data.

Editar
Fiducials
Meazurements
Models
FETCTFusion
ROl
Slicerwelcome
Slices
Transforms
Wolume Rendeting
olumes

Wizarcs
Informatics
Redistration
Segrnentation
Statistics
Diffusion
Tractography
IGT

Filtering
Surface Models
Batch Processing
Converters

Developer Tool:

4D
Diffusion ‘Weighted
Work in Frogress

Addd 30 model or a model directory

LT T T T T T T T T . T T

]li‘ ssarch mdules
P

3

x

HAMMER registration I
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“Using HAMMER in 3D Slicer

Load model images

o OO

I AtrophyData
I AtrophyData 12
=) AtrophyData_Old
[ LONI
B ) MAMIC
| ac-pc
) artifacts
) BLSA
I3 Jocoh
) DASIS_DATA
I result
0 seq
|5 skull strpping
| subject
= template
) Heu_Hew Bom
I Meu_Year 1

Name £
model_chg.hdr
model_chg.img
model_seq.hdr
model_seq.img

Modified time

Fri May 9 13:10:48 2008

12672 KB Thu Mar 6 16:17:20 2008
1 KB Sun Hov 29 16:53:55 2009
12,672 KB Sun Mov 29 16:53:32 2009

Fi

N —

|-~

File: narne: Imu:udel_cbq.hdr

Open

Files of type: I‘uf-:ulume 3

j Cancel

6&;,3"‘“"‘%%
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~ Using HAMMER in 3D Slicer

Load images

% 3D Slicer Version 3.5 Alpha

B [B]| e o (€] [&] (=0 [ e RAEBENEREES @ O E
B osiicer i '

-

* Help B Achraviadgument

* Low

(St Vkame Fil
ohme fome:odel_cbq ek
Image Crigin Fram Fie
Vage Drentison; | From Fe
Lebel Wiy | Sine e
o
et ok o bt =

~ Dispiny

* Infe

= Manipebite Shot Wrws

] s

Ystart € D [mawndw. * % - pocumentat.. | work@8nc., | & untted-Pa.. | Bever T [ 0 0ASIS DAT.. Q(m OEX%Em s43irm

EEEEE

& %,
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“ Using HAMMER in 3D Slicer

Load subject images

o <2 B> W) Hame A Modified time | |
) AtrophyData Subject_chg.hdr Tue Jan 3 18:46:11 2010
[ AtrophyData_12 Subject_chog.img 12,672 KB 3un Nov 23 18:14:56 2009
[ AtrophyData_Old Subject_seq.hdr 1KB Tue Jan 5 18:46:00 2010
=) LONI Subject_seq.img 12,672 KB 3un Nov 23 18:34:36 2009
B 5 HAMIC
) ac-pc
| artifacts
Iy BLSA
I3 Jocoh
I OASIS_DATA
I result
£ sey
[==) skull stripping
I subject
|3 template
) Heu_Hew Bom
I Heu_Year 1 7

[~ | s ~ |~
File: narne: ISubject_-:bq.hdr Open
Files of type: I"qulume (7 j Cancel

Y

\¢1¢i %
6$ % /_—_.g IF'HE UNIVERSITY
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“~Using HAMMER in 3D Slicer

Load subject images

% 3D Slicer Version 3.5 Mplla

@H”W e EEEE B EEE G CE

* Hek B Ackrowhdgunent

* Lowd

() Sebect Wiokime Fis
Uehme Name Sugect oy bt
Image Origin From Fie
Image Criertaion: | From Fie

Lebel Mo || Singhe File

Ao

Aictiva Vekame abject_chq har =

™ Diyplay

* i

~ Manipuate Sioe Wews

EEEEEEEE

“ Manipuiate 30 Vs
0 | EEEE e E

f. Hea

istart € D4 U [m2wndw. T Maxwnm. v 9 - [ c.. [ W pa. [ Wwewes . [Toossisoar. €5 OEXE gurrm

@@M
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“~Using HAMMER in 3D Slicer

Affine registration in 3D Slicer

Hw R

B osiicer

-

* He B Ackrowisdgument

* Loant Shzervisccme
- = Shees

1] Select Mohime Pl Tawwforms
Vohme bome:  [Eubject_cba har R
inage Crigin From e * Vokmes
Image Criendation; | From Fie Weards

Label b [ Singhe e

Apply
sctive Vchime an
™ Display Tractography
- 16T
fizering

* Info

Surtaze Models
Baleh Frocssing

Corrverters

4D
Diffusion Weightedd

Work i Progress

= Maripulate Sioe ews

EEDDEREEEE

~ Maripubate 30 View

EM W @) (& = @] E 2

2 (7] = @) (S [©] || ¢ ¥

ACPC Trarufom

Rt ragiateation

Adfine registration

Deformabie DSpine regztration

{LUtaih) Deformabie BSpkos regstration [pha)
Diffeomorgbe: Demmons Agorithin
Regirter Images:

Lineay registration

Test Crielrarafom regstrasion
Hodelbi o

Regester images Mullifies {Experimenisl)
User Drientecd

| oaiwct et
EH

St ‘E e

18] stimrctana
H2r5

oy

@@M
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“~Using HAMMER in 3D Slicer

Check the 4x4 affine transformation matrix

% 3D Slicer Version 3.5 Alpha
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“~Using HAMMER in 3D Slicer

Apply affine matrix to segmented image
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“ Using HAMMER in 3D Slicer

The input to HAMMER
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“~Using HAMMER in 3D Slicer

Parameters for HAMMER
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