& Slicer3 Training Compendium

HAMMER: Hierarchical Aftribute Matching
Mechanism for Elastic Registration

\ Guorong Wu*, Xiaodong Tao*, Jim Miller*, and Dinggang Shen*

9 “‘Department of Radiology and BRIC, University of North Carolina
. at Chapel Hill, U.S.A.

*Visualization and Computer Vision Laboratory, GE Research, U.S.A.

)

q-



L= HAMMER: Background

* The goal of deformable registration of brain images
--- Establish the anatomical correspondence
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& = HAMMER: Background

* Clinical applications:

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

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

« HAMMER paper has received the 2006 Best Paper
Award for IEEE Signal Process Society.

@si a{

& % — W [——
fIDEAY Ll | e



Registration Result

L= HAMMER: Guidance in Slicer3
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= HAMMER: Guidance in Slicer3

Step 1: AC/PC Correction

EI odules: Adffine regishadion p— | EI
Hadules: ACPC Transform = III Izl [
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“* Help & Acknowledgement
* Help & Acknowledgement
Help I Acknowledgerment I
Help I Acknowledgement
Calzulate 2 transfarmation from tuaa lists of fiducial points. ACPC line is S @
twio ficucial points, one at the anterior commissure and one at the
posterior commissure, The resulting transtorm will bring the line connecting . f : " : :
them to horizontal to the AP axis. The midline is 2 series of points defining m‘imfég If—uﬁ?ﬁdongfﬂgﬁgﬁaﬂ&gﬁi&; Dh:eﬁécaja{rin?aggugﬁr?ﬁ:tm%
the division between the hemispheres of the brain {the mid sagittal plane ). Foadmap for Medical Research, Grant US4 EBO0S149. J
The resulting transform will put the output volume with the mid sagittal
plane lined up with the A3 plane. Use the Filtering module Resample Draniel Blezek f
Scalar/Vector/DWL Volume to apply the transformation to a
valume. = . .
For more detailed documentation see: eifielHe oIt iation
http:ifwiki slicer orafslicer'dikiindes phphodules :Realign'/olume-Cocument
afions 4 Farameter set | apn l:j
Status Completed
Or ~ Preprocessing
“ Registration Parameters
_j Histogram Bins ISD ﬂ
Spatial Samples |10000 ¥
-
AEPC Transform Iterations [2000 =
Parameter set - ;I Translation scaling I] oo ¥
-~
Status lolle
- =
g ————— Initial transfarm | o __ l:!
: =
ALPC Line El Fixed IMage | modelhdr  — |:
Mone El =
Midine | one j Morving Image | test_skul_striping.her  — [
Cutput transform ol
Output transform | pope l:j e g =
Cutput Wiolume ol
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o HAMMER: Guidance in Slicer3

Step 2: Skull Striping

* Help & Acknowledgemnent

Help | Acknowledgement I

This work is part of the National Alliance for Medical Image Computing
(MAMICY, funded by the Mational Institutes of Health through the NIH
Foadmag for Medical Research, Grant US4 EBEOOS149, J

Hiaodong Tao, tanx & research . ge . com ,.I'r

* Skull Stripper For Structural MR

rremeter set | p . [4 <———  Default parameter set

Status Completed

4o / Input file name

Input Walurne | ¢ ¢ =
- Output brain surface file name
Output brain surface | 5 ) : / p
Brain Mask | o . «— Brain mask file

UL B Ftee .—lterations used in skull stripping

Iterations |100 3 ..

subivisions [20] <«—— The number of sub-divisions
Diation Radius after deformation |3 ¥ S~ The dilation radius after deformation
“* Optional Outpot
Default Apply
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L = HAMMER: Guidance in Slicer3

Skull Striping Result

Skull Stripper {..coral MR Volume testhdr

s 79375 1275

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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o HAMMER: Guidance in Slicer3

Step 3: Tissue Segmentation
@ E Modules: Fuzzy Tissue Classification E |£| [

Segmentation and bias correction with
@ "l ‘Fuzzy Tissue Classification’ in Slicer3

* Help & Acknowledgement

Helgp | Ackhowledgernent

This work is part of the Mational Alliance for Medical Image Computing
{MAMIC), funded by the National Institutes of Health through the NIH
Foadmap for Medical Research, Grant US4 EBOOS149, J
Fiaodong Tan, taoy & research . ge . com ,f
“* Fuzzy Tizsue Classification
Farameter set | Fpy =

Status Idle

«— Input file name

«— Input Mask file name
«— Output hard segmentation result

<— Output bias field result

Iriut VOIIME | test skull_striping hr

Input mask | 4

Hard Seamentation | 4

Bims Field | test skull_striping hdr

“ Tizsue Classification Parameters / The Nnu mber Of tlssue types

Murnber OfClasses |3 =

Bias Option [0 || «—The option for bias correction
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o HAMMER: Guidance in Slicer3

Step 4: Affine Registration

tlodules: Affine regis fration

& &l

!9 3DSlicer
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“ Help & Acknowledgement

Help | Acknowledgement |

This work is part of the Mational Alliance for Medical Image Computing
{MAMIC), funded by the Mational Institutes of Health through the MIH
Fioadmap for Medical Research, Grant US4 EEO0S5143.
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Status Completed

“ Affine Registration

Farameter set | ap

¥ Preprocessing
“ Registration Parameters
Hiztogram Bins |30

Spatial Samples 10000
Iterations |2000

- ||

-

Translation scaling | 100
10

Initial transfarm | o
Fitedt IMage | mode b

toving IMAGE | test_skull_striping hdr

Output transform | o

Output Volume | g

The number of histogram bins

-

-l«<— The number of iterations

<— Fixed Image
<— Moving Image
<— Output transformation

< Output affine registration result
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= HAMMER: Guidance in Slicer3

Step 5: HAMMER Registration
@ @ Hadiles: HAMHER registraion E

@ 3DSlicer

“* Help & Acknowledgement
Helpl Acknowledgement

HaMMEFi i3 an algorithm for elastic registration of - medical images using
geometric moment invariants as attributes and  hisrarchical attribute
mmatching mecharism for finding deformation  field. This module
implements the algorithm described in "HAMMER: Hierarchical Attribute
Matching Mechanism for Elastic Registration’, 1EEE Trans. on Mecical
Irnagging, 2111 3:1421-1439, Moy 2002). s inputs are skull stripped
hrain images with gray matter, white matter, and C5F segmentation.
For mare detailed documentation see

hittp:fina-mic.orgfhikiinde: phpfhA-MIC_NCEC Collaboration and
ittt med une edui~-dogshen/HAMMER him

X

* HAMMER Registration
Parameter set | =
-

Status
“* Registration Parameters
Tizsue Lakels 10,150,250
Iterations |50,20,20

~ 10
Fiwedd IMage | mogdel hor
Moving IMage | mavin_ o hdr
Wlowing Irtensity a8 | povin.o b
Cutput Wolume | HamE...clume

Output Intensity Volume | Ham e, umet

Idle

The labeling of WM, GM, and CSF in HAMMER

The number of iterations in each resolution
Fixed image

Moving segmented image

Moving intensity image

«— Output segmented image
<——Output intensity image
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L = HAMMER: Results

Experiment 1: 18 Elder Brains From BLSA Dataset




Lb: None

Lb: None
Fg None
Bg: Out of Frame

Lb: None
Fg: None
Bg: Out of Frame
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Lb: None
Fg None
Bg: Out of Frame

-]

Bg: AE_Warped_cbqg.hdr

R: 26.0fl Lb: None
A Fg: None
Bg: Ouf of Frame

- HAMMER: Results

Lb: None
Fg: None
Bg: Out of Frame

Lb: None
Fg: None
Bg: Out of Frame

Sagittal
2Sp: 0.938mm

Template

Registration
result by
HAMMER
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&= HAMMER: Results
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- HAMMER: Results

40 LONI Dataset with 54 manually labeled RIOs

Laboratory of Neuro Imaging

Home
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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
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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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3DSlicer

IE‘ @ Modules: | Transfoms —‘| E E‘ E‘ E

e 3DSlicer

¥ Help & Acknowledgement

“ Load

Load Transfarms

r Display And Eclit x

r Transform Editar X

Transform Mode: | Linear Transform "%

1.000000 0.000000 0.000000 0.000000
0.000000 1.000000 0.000000 0.000000
0.000000 0.000000 1.000000 0.000000
0.000000 0.000000 0.000000 1.000000

- Translation x

tdin Translation Limit I-EDD
tdax Translation Limit IEDD

Fotation X
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