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DTl Registration

* This tutorial teaches you how
— Load DTI datasets & masks

— Perform a pair-wise registration to a
orior atlas via DTI-Reg
 Affine transform and deformable transform

— Save the transformed images and the
deformable transform
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Combining information from multiple images requires the geometric
relationship between them to be known...
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Concept of Registration: Overlay of
pair of Images

misaligned

aligned
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Transformation for Image ﬁ
Registration =

Choice of transformations (complexity of transformation, #degrees of freedom
depends on application). N
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Transformation Matrix #DoF Preserves Icon

translation [ I ‘ t ] 3 orientation
3x4

rigid (Euclidean) [ R ‘ t ]3 ) 6 lengths O
e

similarity [ sR ‘ t ] 7 angles O
Ix4

12 parallelism E
15 straight lines |j
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f? 3D Transformati

ons

Linear Transformations (invertible, low DOF):

Translation (3 DOF) ' = [ I t }:E

Rigid: o —| R t }f
Trans & Rot (6 DOF): ]
[ app  apy  ap?2
Affine (12 DOF) ' = ayp a1 ap
i aszp a21 a2

Nonlinear, deformable transformations (high

B-spline (deformable,
grid of control points)

Diffeomorphic (highly deformable,
smooth transformation, invertible)
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f? Co registration: From linear to m
nonlinear =

Linear registration (affine) Nonlinear registration (diffeom.)

Example: Registration of #DTI to atlas template
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f? Atlas Building: Averaging i
registred FA images =

Quality
(sharpness) of
atlas improves
with deformable
transformations.

linear nonlinear
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53 o1 Population Atlases 1l

« Definition of standard,
normative space

 Templates to become
available to
researchers

Neonate 1 year

Rhesus (15mo)

2 year Adult
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Spatial Transformations =
of Diffusion Tensors Ll

Principal diffusion directions
In anisotropic regions of a
DT-MR image slice
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Warmer colors indicate higher anisotropy

James Gee, Department of Radiology
University of Pennsylvania
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f?’ Rotation without DT Reorientation: i
Transform voxel grid, leave tensors=

2
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oottty o e b v ey — DTs orientations are no

longer consistent with the

_ anatomical structure of the
James Gee, Department of Radiology image
University of Pennsylvania ge.
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f$’ Rotation with DT Reorientation @
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’ : f; . e ::32:; — Directional structure

preserved.
— DTs orientations remain
James Gee, Department of Radiology consistent with the
University of Pennsylvania anatomy.
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Affine Tensor Transformations Py
(Alexander et al, MICCAI 1999)

s

Original Transformed
Tensor Tensor « For an affine
transformation, ,
D—>F.D-FT?
* No...

D—F-D-FT

_ Finite Strain Estimation
 We wish to preserve the e Decompose F Into:

shape of the DTs. e Rigid rotation, R, and
« But we must reorient e Deformation, U:

them appropriately. F=RU /
= AET [ E)-1/2
+  Require R that reflects R=F-(F"-F)**
reorientation due to F. D—RDR' e Then reorient D using R:
D’=R:-D-RT
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I
Dataset

For this tutorial you will need DTI data files
that can be found following this link :
http://hdl.handle.net/1926/1759
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http://hdl.handle.net/1926/1759

.@1‘ - ”}‘310%&” B o t B A
. @m.m
Linux/Mac users : T
Launch the Slicer doroove s
executable located in -
the Slicer4 directory =
Windows users :

Select Start->All
Programs->Slicer4.0.1-> Slicer

Or launch the Slicer executable
from Slicer4 directory
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fv Loading DTI Atlas .l

& 30 Slicer 401 _ B B 2SIt
ﬁEdit View Help

foadscene, gig E‘ntol‘lrrdConverter S| - Q a )_D @ (J_) G A T_ A
B
[

2] t ~ Persistent

Import Scene i ¥ . X

Download Sample Data @ ®

% Add Data Ctrl+A

BT — .

(1 Add Transform :

& Ssave Ctrl+s  F . - r ' l
Slicer Data Bundle g I e t C I C O n I e e n u
Close Scene Ctrl+w  F
Exit :

Status

L]
Left click on Add =
Input Dicom Data C:/Users/Djib/Docun N
Output Directtory C:Users/Djib/Docun V I m =
Output Filename NrrdOutput.nrrd O u e R0 R ikl

Small Gradient Threshold | g, 2

¥ Qutput Options

Default Apply

¥ Data Probe
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Loading DTI Atlas <l

3D Slicer 4.0.1

% #  Modules: . |Welcome to Slicer :] -' J .‘) {;} @ 0O @ A E A @ $ ~ Pemistent | [ » «4;» -

@ 3DSlicer
Welcome

[ Load DICOM Data I Load Data |
[ @f Customize Slicer H @ Download Sample Data l
800 Open

» About __| Lookin: [[:|fUsers.fsh,rnerfDesktop.fDalaseUMuImllas s ] @ ‘) 0 [EA E]
¥ The Main Window _Al}_\ styner " AdultAtlas_BrainMask.nrrd
» Loading and Saving

= M Genuvik
» Display P Lentarcuate.vik
b Mouse & Keyboard P RightUncinate. vtk

P splenium.vik

-

Documentation & Tutorials

-

Acknowledgment

File name: | AdultAtlas.nrrd

Files of type:| All (*.hdr *.nhdr *.nrrd *.mhd *.mha *.vti *_nii *.gz *.mgz *.img *.pic *.dem *.im

AdultAtlas Centered lgnore Orientation LabelMap
Options:
+| Single File
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f? \
fy Loading DTI Atlas Mask <.

3D Slicer 4.0.1
ﬁ & Modules: \[.¢.Data :l-, Qv\) ) W D & A E & @ t -
g Bl

" lﬁ‘ 3DSlicer

-

» Help & Acknowledgement |

@800 Open
~ Display & Modily Seene P
oa — Look in: [[:]stersf’swner.’Desktopr’DalaseLr’Adu\T.At\as S ] \) J 0 [D$ @
EH —
= Sc\‘g‘g: B | i\ styner . AdultAtias_BrainMask.nrrd
; auIlScene Camera 7| AdultAtlas.nrrd
— P Genuvik
Scene Model: | Transform M Lenarcuate vix
Dispiay MAML 1D's P Rigntuncinate vtk
Show Hidden nodes B soeni )
— enium.vil
=ilter: ’

File npame: | AdultAtlas_BrainMask.nrrd

Files of type: | All (*.hdr *.nhdr *.nrrd *.mhd *.mha *.vti *.nii *.gz “mgz)/. £ —_—
ultAtlas BrainMask Centered lanore Orientd{on |+ LabelMap
Options:
¥ Single File

i Qpen

P Load & Add Scenes Or Individual Datasets

¥ Data Probe

Load AdultAtlas BrainMask.nrrd label map
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Adjust View @

» Adjust view to see both mask and atlas
1. Link all 3 viewers
2. Opacity change
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Loading 2"d DTI dataset

* File Menu =>Add Volume (or see
previous tutorial)

» Directory: DiffusionDataset Step?2
 Load dwiDataset DTI.nrrd

[ (=
=Y
-.E
2
|l
|§§
i
a.g

o o =
UBLLAZ|™- | gy
1 om
g 1]

CCCCCC
dwiDataset DTI Centered Ignore Crientation | | LabelMap
Options:
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fv Loading DTl dataset mask @

* File Menu =>Add Volume (or use
from previous tutorial)

 DiffusionDataset_Step2
* Load BrainMask
« “LabelMap” checkbox

=] [ ] 5
- o o

: W

o 2| g
g | |
! @
N

g7 o

|

o il
] &
=3 |g
=%

@ |l
I o
3 ®

National Alliance for Medical Image Computing http://na-mic.org Slide 21



—

Iy Overlay DTl datasets 1l

 How can we check alignment?
* Overlay the DTI images!

1. Select AdultAtlas for Foreground
2. Set Opacity to 0.5
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Overlay

&=

Bad alignment: 2 separate corpus callosum

National Alliance for Medical Image Computing http://na-mic.org

Slide 23



/v Select DTI-Reg Module 1A

L3

& Volumes -Y ovo Q e O @ 4 E Z. [

 Slicer modules == ]

DICOM
A Data

[v]

L3

View Controllers
@ Volume Rendering F

Diffusion o=
Fa. Scene Views b

aEwa 4 Transforms

— Utilities o\
— DTI-Reg 2 .

[0 |

Diffusion Tensor Estimation
Diffusion Tensor Scalar Measurements
Mask from Diffusion Weighted Images
Resample DTI Volume

= Developer Tools

registration
module :

L3
L3
Informatics 4 =
Registration 4
| Segmentation 4
. - L Quantification 4 e
- 4 DTIPrep
IGT L DW!I to Full Brain Tractography
. . Filtering L Denoising 4
| Surface Models Y FiberAnalysis 4
alrwise I
Endoscopy L 4 DTI-Reg
Utilities L
L]
L3
L3
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&4 \olumes for Registration Il

1. Fixed Volume:
Target of
registration =
AdultAtlas.nrrd

2. Moving Volume:
Image to be
transformed:
dwiDataset DTI

%‘:’_ & Modules: [DTI—Fieg

@ 3DSlicer
v

[ » Help & Acknowledgement

= QO NP O %

@® el

[~ DTl-Reg («]

Parameter set: | DTI-Reg

Status Idle

[' Inputs

Fixed DTI Volume | AdultAtlas 1' 3

Moving DT Volume |‘gwiDataset DTI 2 K ]
T' Optional input mask valumes

Fixed Mask Voluma [ None :]

Moving Mask Volume [ None s ]

¥ Registration ype

Computational method @ useScalar-BRAINS ) useScalar-ANTS

BRAINS Registration Type None Rigid
Affine BSpline
Diffeomarphic FastSymmetricForces
Demons
ANTS Registration Type None Rigid
Affine @ GreedyDiffeo
SpatioTempDiffec
[+ outputs
Output DTI Violume None - ]
QOutbase for ANTS =l
|+ Data Probe
L
F
B
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f? Set Masks for Registration @

¥ DOTI-Reg

v

Parameter set: | DTI-Reg

4k

Status Idle

¥ Inputs

1. Set Fixed Mask to FaeaOT Vol (s

Maoving DTl Volume [dwiDataset oTl

Atl aS M aS k: ¥ Optional input mask volumes

Fixed Mask Volume | AdultAtas_BrainMask 1]

Ad u ItAtI aS_B ral n MaS k N rrd / Moving Mask Volume[dwi[}atasm BrainMask 2

¥ Registration type

A || 1

Ar || 4»

Computational method & useScalar-BRAINS useScalar-ANTS

BRAINS Registration Type None Rigid

2. Set Moving Mask to S B

BF!AINS Reqgistration type None Fl|g|d Affine, BSpline, Di

Dermoms
dwiDataset Mask: PO Otew oM
dwiDataset BrainMask.nrrd SpetoTemeDitee
¥ Qutputs
Qutput DTI Volume Mone =

Qutbase for ANTS

[4]

National Alliance for Medical Image Computing http://na-mic.org Slide 26



—

fy Set Transform to Affine 1l

[+

« Set registration S

Status Idie

transform to Affine

Fixed DTl Volume | AdultAtias 2]
Moving DTI Velume [dwiDataset DI = ]
* QOptional input mask volumes

 Deformable o ane .

. . . wg Mask Volume[Nme
Registration Is : m\i

Computationa @ useScalar-BRAIN useScalar-ANTS

performed In 2 steps:  pesmsee
Affine followed by e

ANTS Registration Type Mone Rigid

nonlinear. e @ Graone
* Only if you have

Output DTI Volume Mone = ]

ANTS pre-installed .
B | " o
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f? Select Outputs

¥ Registration type
[ < re ate & re I l al I I e Computational method @ useScalar-BRAINS ) useScalar-ANTS
BRAINS Registration Type None Rigid
@ Affine BSpline
VO u I I l e S O r O u p u Diffeomarphic FastSymmetricForces |
Demaons
. . ANTS Registration Type None Rigid
1. Affinely reqgistered
[ ] SpatioTempDiffeo
— ¥ Outputs
DTI dataset —> o a4 .
Outhase for ANTS -
. Output Transform File for BRAINS [Output Transform File for BRAINS 2 S ]
2. Affine transform o v (i 0
u fixed FA Volurme [None - ]
moving FA Volume [None - ]
- Resampled FA Volume [None - ]
* to run & wailt
} BRAINS registration parameters
» ANTS registration parameters
Sp None .l
— AdultAtlas Default Cancel Apply
dwiDataset_DTI

Qutput DTI Violume

Rename current DiffusionTensorViolume
aralNs Create new DiffusionTensorViolume

Delete current DiffusionTensorvolume
Volume [rvone T~
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Registration [l

« Several pairwise registration methods
available.

« DTI-Reg supports several registration

methods based on normalized FA images:

. Affine, B-spline, Demons-variants from within
Slicer

« ANTS as external call (necessitates ANTS
Installation)

* Future versions will also support DTI-TK
— Regqistration based on full tensor.
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44 Affine Results

« Select DTI-Reqg result as
background

* Result: single corpus
callosum, but fuzzy,
Insufficient registration

l
!
|
|
x
|

ir Bl | Axial % I
- . - - -

®/s/e 9]

|Nnne
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f? Deformable Registration

Concept: Use affine
registration as initialization
for deformable:

il

Fixed DT Volume [Mulmtlas

LR 1

Moving DTI Volume[DTldala AffineRegAtlas 1|

* Optional input mask volumes

Fixed Mask Volume [Adultmlas BrainMask

1.

Moving Mask Volume [;ﬁ.dulwlas BrainMask

Ak || 4»

¥ Registration type

Change moving volume to
affinely registered data
Change moving mask to

atlas mask

Computational method

@ useScalar-BRAINS useScalar-ANTS
BRAINS Registration Type None Rigid
Affine BSpline
@ Diffeomorphic 3 FastSymmetricForces
Demans
W None Rigid
Affine @ GreedyDiffeo
SpatioTempDifieo

Change registration to

¥ Qutputs

Diffeomorphic (Demons)

Create/rename output
names for deformable

/
Z

Output DTI Volume
Outbase for ANTS

DTidata_DeformToAtlas d} s
Qutput DTl image

Cutput Transform File for BRAINS [AffineTransform DTldataRegAtlas

Output Deformation Field Volume [Defarmation DTIdataAflineRegAtlas 5

fixed FA Volume

maoving FA Violume

[ MNone

[ MNone

AR || Ak || AF || 1

[4]

[+

transformation

National Alliance for Medical Image Computing
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Deformable Results

« Select DTI-Reg deformable result as
backgrounc

« Result: No longer fuzzy, significantly better
registration
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f? Save Outputs and Done Gl

« Save selected volumes and transforms
* File —» Save — (deselect/select checkboxes)
« Choose common directory: “destination for all selected”

800 i Save Scene and Unsaved Data
ey
o Node Name Node Type Node Status File Format File Name Data Directory
1 (Scene Description) (SCENE) Modified +  Slicerd.0 l =:'users.fs'q.rnerfDesIﬂt.'np.fIDalaset.fDiﬂusiu’.:nDatasel—Fr.ez-g
2 dwiDataset_DTI DiffusionTensorvVolume Not Modified dwiDaIaset DTl.nrrd l 7 Users/styner/Desktop/Dataset/DiffusionDataset_Step
3 dwiDataset_BrainMask Volume Modified dwiDataset_BrainMask.nrrd [ 9 [Users/styner/Desktop/Dataset/DiffusionDataset-Reg
4 AdultAtlas_BrainMask Volume Modified AdultAtlas_BrainMask.nrrd l 9 /Users/styner/Desktop/Dataset/DiffusionDataset-Reg
DiffusionTensorvolume Not Modified AdultAtlas.nrrd l [ /Users/styner/Desktop/Dataset/Adultatlas
v DTldata_AffineRegAtlas DiffusionTensorVolume Modified DTldata_AffineRegAtlas.nrrd l 9 /Users/styner/Desktop/Dataset/DiffusionDataset-Reg
v AffineTransform_DTlda LinearTransform Modified AffineTransform_DTIdataToAtlas.tfm l 9 [Users/styner/Desktop/Dataset/DiffusionDataset-Reg
¥ Dedalaﬁﬁine oRmS\ VectorVolume Modified Deformation_DTldataAffineToAtlas.nrrd [ 9 [Users/styner/Desktop/Dataset/DiffusionDataset-Reg
|

v DTldata_DeformRegAtias DiffusionTensorVolume Modified DTlidata_DeformRegAtias.nrrd 9 /Users/styner/Desktop/Dataset/DiffusionDataset-Reg

(4] [+)

g'\ﬁ' sters.fs'q.rnerfDeskIap.fDalaseUDiﬂusionDatasel—@

Destination for all select

l @ ok chancelll
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f? Conclusions @

* DTI registration is available in Slicer

« 2-step process currently, to be
Improved soon

* Brainmasks are needed (unless data
IS skull stripped already)

 This tutorial taught you how to
register to an atlas

— Next step: how to use the atlas for fiber
base analysis
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