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(rigid/affine) Image registration

N. Duchateau — adapted from D. Sarrut + S. Rit
Master MISS / FSR-MED - Lyon, FR - 06/01/2022
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Course overview

Theory:

1) Rigid/affine + basics = 3h N. Duchateau
2) Non-rigid + advanced concepts = 3h + 1.5h D. Sarrut
Labs:

1) Elastix / rigid-affine-nonrigid = 3h D. Sarrut

2) Motion estimation = 3h P. Clarysse

3)  Quality check / temporal tracking = 3h N. Duchateau

Evaluation: Labs (x3) + Exam (1h30)




CR=ATIS Medical Imaging Research Laboratory

o Université Claude Bernard ‘}
www.creatis.insa-lyon.fr |

UNIVERSITE
DE LYON

Cl

About (ND)

CR=ATIS

4 équipes:

Analyse d’images et modélisation
Imagerie ultrasonore

Imagerie tomographique + radiothérapie
Imagerie RMN + optique

+ plate-forme d’imagerie multi-modale (PILOT)
+ plate-forme de calcul scientifique + VIP (Virtual Imaging Platform)
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Introduction

Definition =  “the process of aIigningGimages/m/eSQ e 6
so that corresponding fe can easily be related” — add

l M 4,8( 1 W Z
= registration ~ /e ”‘-%C /\Q\J].MB Q-/,'XZG/ .
= alignment (I;M%,z ,’/

MNANA
= geometrical correspondence ‘

= matching ﬂ(/bl/\ ,/_)_ ﬂ»eoln 4

(= motion estimation ?)




%aw - u\('_w\@\ ANCBO\IWUA)/ \ ,(_(7::{ g

S}AI\Y,I'_<\Q/ \#ﬁ— S _— _ \ 2
— o | (o \ .. .- \ LT N
R | o
/\ Q A /‘[C_ \
T‘f’”’ 7 20 \
e o -E-’Ho \
_J_/D\r\NJ‘R.\Q/\ v
o [ |
_t (= L/:\ T (-1 J
Staegegl LN g N Y
— 1T 17 ) |
R -
CQN\I\DM/\' l 0 @) @
A YL o L2




)

—_ Medical Imaging Research Laboratory _— N 2R versie
c R — '\ T I s WWWcreaz‘/'s.insa-/yon.fr Universite Claude Bernard \on 1 w DE LYON
Introduction
Definition =  “the process of aligning [images/meshes]

so that corresponding features can easily be related”

= find spatial transformation T

= registration :
& that matches two [images/meshes]

= alighment

= geometrical correspondence

Image 1 Image 2

= matching

(= motion estimation ?)
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Important? :PL m[;m QW[,; i)/

Many applications: /7 \f \/
\A/\ Na — PA

e Medical imaging | X%

« Computer vision / L
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Introduction
Important?
Many applications: Constraints?
* Medical imaging » * Accurate?
* Computer vision » °* Fast?

A >
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Many applications:

* Medical imaging

 Computer vision
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Constraints?
» « Accurate?
» * [Fast?

Basic elements used in many applications:

Interpolation

Similarity measure
> Optimization
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Examples

Panoramic photography
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Examples

Satellite picture (e.g. GoogleMaps)
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Multi-modal image fusion ‘ MR
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Q: before / after ?
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Examples

Multi-modal image fusion

Crucial for accurate
comparisons !!!
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Statistics / machine learning ?

Al

Average
ry

Subject-specific geometries
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Statistics / machine learning ? \(’”W\F OQJ_, \ U

before after

R
;W\ » o

BOE|K K ® R BB R A »Renderviews (D]B]O)[#)[x]# %[> @ % = MK X R BB % A »Renderviews (D] B]D]#]x]

Shrain_prinShrain Shain_prinStrain
2393400 23932400
E 1.7934 E 1.7934
21935 21935
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Examples

Registration [t,0]

Motion analysis / tracking —I

cf. TP3...

t=0
F & o REEEEEERE  ([@lelolo) [#lel oA e REE=E ([oe][o]o]
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Summary

* Find an “optimal” transformation
—_—

* Inputs ={mages/meshes’.. may differ in:

e Resolution

. \ Time (longitudinal changes)

* | Space (2D / 2D+t /3D / 3D+t)
« | Modality (MRI, US, CT, PET, ...)
* | Subject

+ many possible output transformations

N () UNIVERSITE
Université Claude Bernard /{((¥8)))Lyon 1
}\Q// "U” DE LYON

- = many algorithms !!!
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e Visualization: PﬂT/Jie/wL... lll ParaView
<9 X5
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Formalism '\\\WM_ (WAL [
A{AL = //( /(\

(/— argmax S(/, J, T)

TeT
BCMC)\\Q\/\ S\/wu\ \( /
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Formalism

Q:

N\

TeT

@ | =reference / fixed image

@ J = moving / floating image

@ T =transformation
@ search space /

N
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®
-
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I'=argmax S(/, J, T)

@ S = similarity measure
@ arg max = optimization
e T = solution
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Digital images )

9 9 /u'(y\t)hov\

e Size: nb pixels f spacing

* Pixel values: sc ar (CT /vecto_r—(/Rgg) / matrix (diffusion MRI)
e Colorscale / dynamic range

* Coordinates system: origin + orientation A M

Size=Tx6 J C
Spacing=( 20.0,30.0 ), Direction= [ 1.00.0; (, O OA’
300 T - _ - 0010] \
Physical extent=( 140.0, 180.0 ) N NA
250 T *ZU.U_‘_ Linear Interpolation Region
: _ re=F- Delaunay Region
’_:1 OIOIOIOIMI© —
=]
300 |
N —~- -
20 olololololole -1 g rﬁl Pixel Coverage
A Vorono Region
Talalalalala 119 | 0O
OlO|0|0|0|0|0
150 T
)
~ ~AT :
100 + OlOIO0I10101010 . (_,' (_) Pixel Coordinates
------- @O \
50 + '
Image Origin
Origin=(60.0.70.0)
01 '
t = } } % - .
0 0 00 150 200 ItkSoftwareGuide.pdf

Figure 4.1: Geometrical concepts associated with the ITK image.
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I =argmax S(/, J, T)
TeT

@ [ =reference / fixed image
@ J = moving / floating image
@ T = transformation

@ S = similarity measure

@ arg max = optimization
o T = solution
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Transformations

r/—’\

* Cartesian coordinates: X — (X, Y, z,\{ﬁ

Transformation: T : R\A} R\“}
ransrormauon: : — r_/_\__\

x — Tx)=x
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Transformations: search space

One element of Tis a transformation T.

[

Depends on:
* Degrees of freedom = number n of parameters needed to describe T
= dimension of the optimization problem

 Boundaries of each parameter (if any). '
b A v = P b
‘4L n O W=
Succes@ﬁo‘@: S{’ s\ \K \ UDKM’Q’ 4\?\/;5

 The solution belopgs to the search space T c’s‘
 Thie search spaeé T is small enough vs. the input data (1 solution can be reached)
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Transformations types

( Linear_>'

translation, rotation \
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+ scaling
+ shearing (affine)

Non-linear:

Deformable
Elastic
Fluid
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— Non-rigid

Boucher et al. ICPR 2010
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Transformations types

ALL are imposed MODELS...

Q: what if | want more freedom vs. the data?
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ALL are imposed MODELS...

Q: what if | want more freedom vs. the data?

... machine learning- based registration?

A
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” Q: degrees of freedom = parameters =7
)
N
:LN @ \’(IWVD\ /) 2 9-‘-?('45 :
M
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ransform

trenslation + rotation

| |

Q: degrees of freedom = parameters = ?

-

2D/2D: 3 parameters (2 translations + 1 rotation)

;

3D/3D: 6 parameters (3 rotations + 3 translations)

} + projection operator)
i

CD[BD: parameters (3 rotations + 3 translations
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Matrix representations

# translation + rotation

|
I

i

P

"t a, E* ‘Ll

M=

“ m’b Q 1
T
T

| |

affine
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Matrix representations

=

|
I

| |

i

P

Y
I |

r-d_|
=
P
[ T=

\e

NS . T (X)=Rx+t

0\0% \O\M\ rigid

g N
NS

Q: dimension of x, R, Mand t ?

T frinelX) =AX+ 1t

**k

Homogeneous’)coordinates:
(convenient for projection transforms)

X=(x,y,z,1) == T (X)=Mx

S~— _
Roo FRo1 Aoz
_|Rio R11 Rz
M = Ry Ro1 Roo
0 0 0

Cl

UNIVERSITE
DE LYON
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Matrix representations

=

1|

P
.
Do
1]
e
P
-

quorm - afﬁne(x) =Mx

T(ax, +x,) =a T(xy) + T(x,)

e AR o) = A
T(&‘\‘T\\+‘ﬂ$\:¥(.a'n(—\"b\7)

- Aa'ﬁ, A X%Z

' (\\ JrT(‘“l
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Matrix representations

=

|
1

| |

i

P

™,
I |

r-d_|
=
P
[ T=

Q: operations =?

* |nverse:

* Composition:

o8 ,
Un|ver5|teClaudeBernard\/on1 @BEI&%R'?ITE
afﬁne(x) =Mx
AR
N :
‘ e Yo *
— LN O
T1x) =M1x (if M is invertible)

T,(Tyx))=(T,oT)(x)=M, M, x
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Matrix representations: parameters s ¢X - ’5@

Roo  For
Rio Ri1
Roo Ao

M =
@ o o

Ro2 o]

Ri2 t

Ry b
0 1

For registration:
 Option #1 = optimize the 12 parameters
. tion #2 < decompose in simpler transforms (rotation, translation, ...)

yar QP

N

\\\::f/

= 12 parameters to optimize !

X o

cow

\ e

1

Cl

NIVERSITE

U
DE LYON



(e @

e

('SL}’M)’: OQ» wemmlwa\w.@ a@w o&,\je"p h

N [ o . Lx b - .‘Zx‘
m%%%: waly e R M £ \R Lel
N o\ = N vk
N - | T |
~S__ N —_
\ (/< | \'b'bw\ Lo o2 A
D A
[
, 1 'Gj) / \‘
N (: - A WA Va
b~ vV /N f\
de’U%) <




— Medical Imaging Research Laborator
CR=EATIS WWWcreaz‘/s.insa-/)%m.fg Y

Matrix representations: translations
5\/

2D: 2 parameters

1 0 [ty
M=|0 1 t1>
-0 0 -

Université Claude Bernard

3D: 3 parameters

OO —

0
1
0
0

o - 0O 0O
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Matrix representations: rotation
N— —

2D, around th igin: 1 parameter

‘cosf —sinf) 0]
sinf co 0
0 0 1

— —_
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Matrix representations: rotation

2D, around the origin: 1 parameter

: around another point? _
Q P g p=(py,P; )/'translation + rotation
—'—_\

‘Tt 0 [poN\Tcos® —sing 07 [1 —poﬁ
0 1\p1]/|sind cosf 0] |0 —p
00 T[] 0 0 1] [0 1

o

O —

—
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Matrix representations: 3D rotation

. Rotation=3x3matrix> MX «—» RXx+1t

« 3 degrees of freedom = 3 parameters — 4 au \m
_

* Constraints
Orthogonal matrix: R RT =1

(inverse: R1=RT)
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Matrix representations: 3D rotation
Coumn A/\MN\’ \9\2/‘/‘
/(. .
A& MAN ( a Z
7 Mg
* Several decompositions (from 9 values to 3 parameters):
* Euler angles
* Axisangle The parameters have a different meaning in each case
* Quaternions
) S EJ\U
» Check illustrations ~ /) 0\»2)\10
0/-

> Q: pros vs. cons? Kk
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Matrix representatgfns: scaling

3D: 3 parameters

5 0 0
R=[0 s;10
0 0 s3
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Matrix representations: shear

K [Roo Ro1 Hoz| to
R Ri1 Ri2| 4
Hoy Aoy Rool b

0 0 0 1 )
5 - -\A)

ov )J’k\“uo\
3D: 6 parame/te,/ (%
1 Syx Szx

R=[Sxy 1 Sy
Sxz Syz 1
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MX «—» RXx+t

Syx Szx |
R=|—-Sx 1 Szy
~N~—0_—
—Szx —Szy 1
-~ ~——

Close to shear, but antisymmetric: R" = -R
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Matrix representatlon projection : 9D —> 3 S
> N
f\

(n-1) X n matrix
NNANANN
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* Parallel or perspective

e ex: 2D/1D perspective proj. in homogeneous coords:

SDD = Source to Detector Distance M = [SDD 0 0 }
SID = Source to Isocenter Distance 0 1 SID
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Summary: transformations

Translation parameters straightforward

Rotation parameters need caution, several solutions
Scaling parameters straightforward

Skew parameters less used

+ Projection for 2D/3D registration

-\_
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Summary: transformations

Only a subset of the parameters can (should?) be optimized:

Rigid 6 parameters (translations + rotations)
Rigid + global scaling 7 parameters
Rigid + independent scaling 9 parameters

Affine 12 parameters
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Summary: transformations

Tips and tricks:
\//’

Carefully choose the search space \O]W LSJM‘« %T& 'em W%‘% )Jw :

* As little parameters as possible... \

* ... but make sure the solutionisinit !

* Bound the search space, e.g. translations < 2cm and rotations < 102

* Scale the heterogeneous parameters, e.g. translations in mm and rotations in radians and degrees
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Similarity measure

Cl

N\

T = | J. T
arg max S(/,J, T)

@ [ =reference / fixed image
@ J = moving / floating image
@ T = transformation

@ 7 = search space

@ arg max = optimization

o T = solution
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Similarity measure
Measures the align
argmax S(/, J, T)
( 2 'a
Q: Any idea? | S(K,S\ z .% Z\(I. - 3\\
N =
. MSL
nad - 1 7 1T - 3
N oz

Lo S(‘.’L,S\ e

%\\ %\A}J“ W\I'L’Q/O

< - i S(T, TLSH)
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Similarity measure Q\(
Measures the alignment quality of | and J: @V a/\gM/\'N\ Y (I/ T(\QB
T =argmax S(/, J, T)
TeT

Q: Any idea? e,sm',/\{ OQAoA/@%(D
Two families;

pased registration
based registration

T \(au\( \w\ '
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Similarity measure: feature-based

Features are extracted prior to the similarity measure:
e Points/landmarks

* Lines

. Vectors «« T =argmax S(F,, T o F))
. Su:faces TeT

* Volumes

@ F, = feature set of reference / fixed image
@ F, = feature set of moving / floating image
@ T = transformation

@ 7 = search space

@ S = similarity measure
@ argmax = optimization
e T = solution )
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Similarity measure: feature-based

O\ e (WMXA'.M \e 2tk M%.? )

* Manually or automatically extracted
* Can be unpaired = not same sampling, amount, ...

\M) AN\M/XICS

/ &/ (\N’, Y ()w\(l%‘ég
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Similarity measure: feature-based

(Dis-)similarity measure for features:

\_/’ﬂ

« Sum of distances:

* Llnorm X[y =

L 5 H4AD
| Xr|

* L2 norm |X|2 =

* (Quadratic sum (faster):
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Similarity measure: feature-based

El

(Dis-)similarity measure for features: 4 %lw, U(

- 3
distance map map of the distance between each point and the closest feature
= fast + useful for unpaired features

N RY @,SI(&’

Image W bones Distance map
 Computed only once for the reference image
* Fast computations: Chamfer distance (not Euclidean)

separable algorithms [Coeurjolly et al. PAMI 2007]
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Similarity measure: feature-based 13 — E
é___

Symmetry?

UNIVERSITE
DE LYON

@IR

) Yk X S(]:/, TO.FJ) or S(]:J, TO]:/)?
— S~ Y
Different ! eV WNL\M IQSU)&U‘S '

4 Ob\%‘b/b %$\\u\’w Q;v\\( %«ﬂm{z\/m})dff{)

S(I,J,T)= Y djo T(F) S(1,J,T)= > d,o T(F)

FeF, FeF

05,

m—

» Use the distance map of the image with the easiest-to-extract features
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Similarity measure/feature-base

Summary:

- Preliminary steps to identify / extract featu res

- Pairing algorithm may be required AR
+ Generally fast-(depends on the feature type and size)

+ Registration of some features only...

» Still interesting, especially for non-rigid registration...

e \w&w(hx/\sir n\%*"‘
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‘ feature-based

Similarity measur

Another limitation:

Multi-modal images

» Image-based registration
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Similarity measure: intensity-based

(assuming a functional dependence between the pixel intensities)

T = argmax S(I,

TeT

Notation

@ | =reference / fixed image
@ T = transformation

@ 7 = search space

@ S = similarity measure

@ arg max = optimization
o T = solution
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Similarity measure: intensity-based

Forward and backward mappings: .

Required to compu%( 3\>
W\\&/‘QA \(W kR | O O

Forward mapping

© O O O
O O O 0 0
O O O O O
O O OO0 O0

A \(M&? e 00

+ +/6 O
%f\.cumwy PN L. Z"l(w'):x O O
. J / O O
UM %MS z O O
- - s

©C OO OO0
©C OO 0O
©C OO 0O

Backward mapping
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Similarity measure: intensity-based

Forward and backward mappings:

Forward requires an additional weight map + potential holes
Backward usually preferred: not a problem
- If Tisinvertible (ok with affine, otherwise should be enforced)

- Optimize T and invert it at the end
. ®
H3 Ho
0
LUK

e Linear
* More accurat

= compromise be 12 "

0\
/,@

7l()

® @

np ns
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Similarity measure: intensity-based
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(Dis-)similarity measure for intensities:

SSD(I,J) = Y (I(x) - J(x))?
Sum-of-squared differences (SSD): XeQ
* Fast

* Needs to be normalized to the domain size (in voxels)

* Functional depend een intensities: |
* Ok if sapte modality + noise Dl \b(,g
* Impossiblel i . L) 'l,
- AN )

* Similar to Sum-of-absolute differences (SAD)
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Similarity measure: intensity-based
(Dis-)similarity measure for intensities:
cC(l, J) = (\C(%(;;J)
fPe;ar:;:l ?t_);r’ella]tifn coefficient: B N\7\/ Mml)(Ji(x) Cmy)

« 1 =perfect increasing linear relationship i(i(x) — my) \/Zi(Ji(x) — my)?
e -1=..

« 0=lindependent €
> Similarity measure = | CC( 1, J) |

* Fast (with computational tricks) )
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Similarity measure: intensity-based

(Dis-)similarity measure for intensities:

—

* More robust than SSD for 2 images from the same modality / not good for multimodal

- Functional dependence between intensities:
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Similarity measure: intensity-based
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(Dis-)similarity measure for intensities:

* More robust than SSD for 2 images from the same modality / not good for multimodal

- Other functional relationship? = information theory:
- Mutual information, coeffici 0... oth require joint histograms
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Similarity measure: intensity-based W\ywb
. Sl /_\
Histogram: / \

Number of pixels

(] 50 100 150 200 250
Pixel intensity
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Similarity measure: intensity-based
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Joint histogram: X\T@

n;

\—

PR
¢

‘_ oS >
b

Not pixel indices !

@ /, j :}(binned) colors
@ nj;: number of pixels with
coloriin/andjin J

@ n;, n;: marginal values, i.e.,
histograms of / and J
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Similarity measure: intensity-based
Joint histogram: oo =
e 2D distribution of the intensity pairs at each voxel
 Recomputed at each step of the optimisation — .
J if J
J colors
2 Ny N

Mono-modal
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Similarity measure: intensity-based
Joint histogram: oo =
e 2D distribution of the intensity pairs at each voxel
 Recomputed at each step of the optimisation ,- n,-,- .
' J colors
? \\) o RV &\'\\ \‘
2 Ny N
Multi-modal
¢«
\ v U‘DLL ]
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Similarity measure: intensity-based

m@n: what for?
i

nformation — entropy = measure of information as registration metric

: 1

Entropy (Shannon-Wiener): H = log — = — -loa p;

_— / () Ei:pl gpi E,- pilog p;
N~ NS P

/\\
Entropy=3.00

Entropy=-0.00

Entropy=2.99 Entropy=2.11

p(i)
p(i)
p(i)
p(i)

\D«\A;Nl QU W Kol . |

\‘D (V\J\\ AL

¥
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Similarity measure: intensity-based

Joint histogram: what for?

* Mutual information — joint entropy (2 images = 2 subindices)

> The more similar the distributions... = the lower the joint entropy
~_ (compared to the sum of individual entropies)

A ¥
\erM H(l,J) < H(I) + H(J)
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Similarity measure: intensity-based

Joint histogram: what for?

Mutual information: MI(/, J) _

"

MI(l,J) = H(1) = H(J|) = H(J) = H(IJ) = H(D) + H(J) = H(L, J)
N——

O

N\

3.82 6.79
[Pluim et al. IEEE TMI, 206343
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Similarity measure: intensity-based

Joint histogram: what for?

 Mutual information: M/(/, J) — Zpij Iog F,)ij .
T Pi P;

* Positive

e

o Symmetric MI(1,J)=MI(J,]) % x

« H(J|I)=H(I,J)—H(I)=conditional entropy

AN\~
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Similarity measure: intensity-based

Joint histogram: what for?

X<
e Normalized mutual information

« Goal = overcome the sensitivity of Ml to variations of the overlap size between [andJ O T
* Several versions

 Example = [Studholme et al. Patt Recogn, 1999] H( I) -+ H(J)

NI, J) = ==

e It's .Ereference 11

First articles: 1995 (Maes et al. [Belgium], Viola et al. [US])
éﬁ& First journal articles: 1997
Among the most cited articles in the field...
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Similarity measure: intensity-based

Joint histogram: what for?

* Normalized mutual information
* Currently = #1 similarity measure ! Multi-modal + robust +++

—

* | Implementation matters (as usual...)
e Survey of methods = [Pluim et al. I[EEE TMI 2003]
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Similarity measure: intensity-based

Joint histogram: what for?

* Normalized mutual information

* Specifically:
* Interpolation

. 5 =R ,
Université Claude Bernard '\\//yon 1 ﬁ SEWY%RNSITE

NN /_\ LN
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Similarity measure: intensity-based

Joint histogram: what for?

* Normalized mutual information

* Specifically:

Université Claude Bernard \

NIVERSITE
N

U
DE LYO

* Binning
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Similarity measure: intensity-based

Joint histogram: what for?

* Normalized mutual information

* Specifically:

* Probability computation
. Normalization(NMI)/
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Similarity measure: intensity-based
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ummary:.

The measWsiﬁed vs. hidden variables [Malandain, HDR, 2006]

e [ SSD /SAD 0 variable —
\ . .

. @ 2 variables: slope + intercept ((

| Ml size of the joint histogram matrix
Fam— —_——

Ml is more general, hence its success...
e ... but more susceptible to fail in simple situations where SSD is enough

. time series
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Similarity measure: intensity-based

4

Remark: region of interest (ROI)

> applied to the reference and/or the target
(depending on the similarity measure)
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Optimization
N\
I =argmax S(/, J, T)
TreT

@ [ =reference / fixed image
@ J = moving / floating image
@ T = transformation

@ 7 = search space

@ S = similarity measure

@ arg max = optimization

@ T = solution
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Optimization W BB YA
Challenﬁe = find the globa minimum.m as fast as possible
6 ' _
‘EM(’A%L A global maximum |
E local maximum
L 2 - -
A L iane KA >\ \
0 >/ .
_2 — —
local mlmmum
“r lobal mini |
opal MIiNnIMum
J R { A M D -
-6 [ | 1 | | le ]
0 0.2 0.4 0.6 1 1.2
D < O ke

26 3%(\ Q(N\W/‘) \V\

5 kg s A
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Optimization

Challenge = find the global minimum... as fast as possible

 Maximize or minimize (depending on the energy formulation)
._—_\

/\/\/\/\/\N
e With or without gradient (if f is differentiable)

* Multi-resolution %
* Convergence A\
* Robustness to noise + local minima
e Llarge deformations l”,/,ﬁl‘
, L\

A

/ \
< /=
T e e e
P @
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Optimization

Challenge = find the global minimum... as fast as possible

. Stopping criterion=  © F(Xe 1) — f(xk @
— o Vi(X)=

. Iterative process iteration X / f(@) < f(@]l/—?

O

- Update= search dxi /Xk+1 = Xy + 0 Xy
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Optimization

Challenge = find the global minimum... as fast as possible

 Importarice ofinitialization !!! X
age origins / centers / mass centers
ment before non-rigid




UNIVERSITE
DE LYON

- Medical Imaging Research Laboratory - =), . 58
c R — '\ T I s Université Claude Bernard «\/on 1

www.creatis.insa-lyon.fr \—

Cl

Optimization

Process / methods = cf. supplementary slides [RIT-SARRUT optimization.pdf]
—_
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Optimization
Summary:

* Without gradient
 Simple
* Powell (conjugate directions)

* With gradient:
* Gradient descent
. Con_jUgate gradient
. QuaEi_—IV_ewton
. Levenberg-l\/lar_al’fart

e Also:
* Genetic algorithms
e Simulated annealing
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er developed in D. Sarrut’s part)
. s A Realistic Numerical
/\ \ Clinical d::na Cadavers Physical phantoms simulations simulations
Easy )
Control B
2ealism \ \ + €
\&—
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Validation

(further developed in D. Sarrut’s part)

. . Realistic Numerical
Clinical data Cadavers Physical phantoms simulations simulations

Easy
Control
Clinical
Realism
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Validation

(further developed in D. Sarrut’s part)

.. . Realistic Numerical
Clinical data Cadavers Physical phantoms simulations simulations
Easy i
Control o > +
Clinical Iy - —
Realism A \\
5 ; [(CTick for fin ]
Regqistration [t,0] ol
t=0 t-1 t BT,
T =
= }-{_T;é._".;': —— |

BARCELONA

Hospital Universitari
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Validation
(further developed in D. Sarrut’s part) /_\
. . Realistic Numerical
Clinical data Cadavers Physical phantoms simulations simulations
Easy A
Control - >+
Clinical
Realism T < -

[Duchateau et al. I[EEE TMI, 2018]

[Zhou et al. IEEE TMI, 2018]
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(further developed in D. Sarrut’s part) + chaI CWA . QOCe Al -.
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.. . Realistic Numerical
lini Physical . . . .
Clinical data Cadavers hysical phantoms simulations simulations
Easy  +
Control i
Clinical iy —
Realism )
Neuroima@ly 1; 46(3): 786-802. doi:10.1016/j.ncuroimage.2008.12.037.
Evaluation of 14 nonlinear deformation algorithms applied to T

human brain MRI registration

Arno Klein® ", Jesper Andersson®, Babak A. Ardekani®9, John Ashburner®, Brian Avants',
Ming-Chang Chiang9, Gary E. Christensenh. D. Louis Collins', James Geef, Pierre Hellieﬂ-k,
Joo Hyun Songh, Mark Jenkinsonb, Claude Lepage', Daniel Rueckert™, Paul Thompson9,

Tom Vercauteren™!, Roger P. Woods®, J. John Mann?, and Ramin V. Parsey?

A

BBk

\= 2\-9’

N

L N

-

i\ By ¢
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Validation
(further developed in D. Sarrut’s part) + challenges
.. . Realistic Numerical
Clinical data Cadavers Physical phantoms simulations simulations
Easy
Control - > +
Clinical
Realism + ¢ o
N

I Trans Med Imaging. 206 Aug,35(8):1915-26. doi: 10.1109/TMI.2016.2537848. Epub 2016 Mar 3.

Detailed Evaluation of Five 3D Speckle Tracking Algorithms Using Synthetic Echocardiographic

Recordings. ~ wmeNew url Candia
Alessandrini M, Heyde B, Queiros S, Cygan S, Zontak M, Somphone O, Bernard O, Sermesant M, Delingette H, Barbosa D, De Craene M, ODonnell M,

Dhooge J.
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onclusion /—\

N\

I =argma [,dJ,T)
TeT T
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Conclusion

N\

I = arg max S(/,d, T)
o >ﬁ cT

Your own solu

fitness value

@))

/

Moving Imaoe Tl ansform )
J pixels points

1X o
Fixed Image )

parameiers

~J



Medical Imaging Research Laboratory
www.creatis.insa-lyon.fr

NIVERSITE
N

-
yon 1 @DELYO

CR=EATIS

Conclusion

Université Claude Bernard

N\

T = [.J. T
argrpg( S(/,Jd, T)

... Or existing solutions ayaba
« ITK/VTK N 4 y -
* Elastix, Deformetrica, ... }mK \V/ﬂ« eIaslt% ﬁ









