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Basic principles of MR image analysis Terminology of fMRI

Structural (T1) images
- high resolution

e Terminol f fMRI
SIminoiogy’o - to distinguish different types of tissue

Functional (T2*) images
- lower spatial resolution

- to relate changes in MR signal (BOLD)
to an experimental manipulation

Time series Foo w
A large number of images | #%
acquired in temporal »
order at a specific rate
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Terminology of fMRI Terminology of fMRI

subjects Volume:

_——— Field of View
sessions Y, Gy, G (FOV), - ; :
e.g. 192x192 mm = —
Axial slices Slice thickness

runs e.g.,, 3 mm

single run @ Matrix Size 3mm
- e.g., 64 x 64

3 mm 3 mm

B
volume % ] In-plane resolution
L 192 mm / 64 Voxel Size
=3 mm (volumetric pixel)

slices
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Basic principles of MR image analysis Brain extraction: Why?

e Surrounding tissues and acquisition artefacts can hamper
subsequent data processing

Brain extraction e Structural images present most type of tissues

e Functional image present little non-brain tissue

—> High chance of mismatch between function and anatomy
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Mismatch between function and anatomy

Jenkinson and Smith, Medical Image Analysis, 2001
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Mismatch between function and anatomy
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Mismatch between function and anatomy
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Brain extraction: How?
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Brain extraction In practice: Brain extraction using FSL
E

. 7 B[ BET - BrainExtractionTool -v2.1 | _ (O %
e Pre-process structural data (with BET) Ko — &l

—_————
T Fractional interssity threshold; smaller values give larger brain outine estimates|05 5
e Process functional data (included in FEAT and MELODIC) | SRR o
Run standard brain extraction using bet2  — |
R — FAST Segmentation
[» Advanced options
FLIRT lingar registration
e Always double-check your results! FEAT MR arvlysis | o | Bit | Help |
MELODIC ICA
FDT diffusion
POSSUM MRl simulator
FSLView:
Wisc Exit Help
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In practice: Brain extraction using FSL
@] FSL —=%

FEAT - FMRI Expert Analysis Tool v5.92 —Ox
vV g
Fratievelanogois | Pl ool | ' -ox

Misc | Dmal P.e—smsl Regislmlinnl Slal:l Pu:l—smsl

Mise | Data || Pre-stats | Stats | Post-stats | Registration |

I~ EBalloon help
BET brain extraction BET brain extraction
I~ Prox

SUSAN noise reduction Brainfaackground thresheld, % [10 21 SUSAN noise reduction
FAST Segmentation L : FAST Segmentation
FLIRT linear registration Noiss lavel % | 0.66 g R e | ﬁ R — FLIRT linear registration
FEAT FMRl 2nalysis | MI Ztmresnoid [53 % FEAT FMRI 2nalysis
MELODIC ICA
FDT diffusion FDT diffusion
POSSUM MRl simulator . POSSUM MRl simulator
il save Load ﬂl Hel | M
FSLView: FSLView:
Wisc Exit Help Wisc Exit Help
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Basic principles of MR image analysis

e Terminology of fMRI

e Brain extraction

e Registration (re-alignement)
= Linear registration
= Non-linear registration
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Image registration: Why?
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Image registration: Why?
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Registration uses

e Single-subject studies:
= Compensate for movement of the subject during an acquisition
= Compensate for displacement of the head in follow-up studies

e  Group studies:
= Compensate inter-subject anatomical differences
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Registration uses

e Single-subject studies:
= Compensate for movement of the subject during an acquisition
= Compensate for displacement of the head in follow-up studies

Linear registration

e  Group studies:
= Compensate inter-subject anatomical differences
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During an acquisition, prevention is the best medicine

Always constrain the subject’s head

Instruct him/her to remain as calm as possible and to talk and
swallow as little as possible

Do not scan for too long — everybody moves after a while
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Registration uses

e Single-subject studies:
= Compensate for movement of the subject during an acquisition
= Compensate for displacement of the head in follow-up studies

e  Group studies:
= Compensate inter-subject anatomical differences

Non-linear registration
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Post-acquisition motion correction: Linear registration

e Assumes that all movements are those of a rigid body, i.e. the
shape of the brain does not change

e Registration optimises a number of parameters that describe a
transformation between the source and a reference image
= How to measure the goodness of fit?
= What transformation to use?

e Resampling consists in applying the estimated transformation
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Registration: Evaluating goodness of fit

Different measures can be used:

e Sum of squared differences:
= If the two images are aligned, their difference is (close to) zero
Similar spatial representation of the anatomical structures
Similar contrast needed
= Ex: MRI with T1 contrast vs MRI with T1 contrast

e Correlation:
= |f the two images are aligned, their spatial variations are similar
Similar spatial representation of the anatomical structure
= Ex: MRI with T1 contrast vs MRI with T2* contrast

e Mutual information:
= |f the two images are aligned, their joint p.d.f. is well localized
No need for similar spatial representation or contrast
= Ex: MRI with PET/CT
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3D linear transformations available in FSL

Rigid body (6 parameters)

Affine (12 parameters)
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3D linear transformations available in FSL

e Translation only (3 parameters)

Rigid body (6 parameters)

Global rescale (7 parameters)

Traditional (9 parameters)

Affine (12 parameters)
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Rigid body

Possible object movement:

Translations
Rotations (around the origin)

In 2 dimensions, translations and rotations:
X, = cos(8) X, + sin(B) y, + t,
Y1 = -sin(8) x, + cos(6) y, + t,

In 3 dimensions:
Translations by t,, t, and t,
Rotations by 6, ® and Q

6 parameters: t,, t, t,and 6, ®, Q
Used for intra-subject registration
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Affine Affine

Possible object movement: Possible object movement:

Shears SHEES

In 2 dimensions, shear is defined by:
X1 = Xt hy.y0
Y1=Yo

In 2 dimensions, shear is defined by:
X1 = Xo+ hy.y,
Y1=Yo

Or
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Affine Non-linear registration

Possible object movement:
Translations ;

Rotations (around the origin) : : e * More than 12 parameters
Scalings (zooms) .
Shears

e Can be purely local

e Based on different constraints
= Piecewise rigid

e - . = Basis functions (spline, etc)

In 3 dimensions: ' — = Fluid

Translations by t,, t, and t,

Rotations by 6, ® and Q

Scaling by s,, s, and s,

Shears by h,, h, and h,

Used for inter-subject registration
12 parameters: t,, t,, t,,0, ®, Q, s,, s,, s,and h,, h,, h, Second step of normalisation

Used as a first step in normalisation
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Non-linear registration

e More than 12 parameters

e Can be purely local

e Based on different constraints
= Piecewise rigid

= Basis functions (spline, etc)
= Fluid

Used for inter-subject registration
Second step of normalisation
Less robust than linear registration
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Interpolation
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Interpolation

18
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Interpolation

Various types of interpolation:

e Local
= Nearest neighbour
= Trilinear

Global
= Sinc
= Spline
= Fourier-based

18
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Interpolation

Various types of interpolation:

e Local
= Nearest neighbour
= Trilinear

Global
= Sinc
= Spline
= Fourier-based

fMRI course 26/02/2008

Interpolation

Various types of interpolation

Various results
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Interpolation

Various types of interpolation:

e Local
= Nearest neighbour
= Trilinear

Global
= Sinc
= Spline
= Fourier-based
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Interpolation

Various types of interpolation

Various results
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Registration In practlce' Reglstratlon usmg FSL
E =

Registration implies in the choice of SO Motk inputimage -> Feference image_— |
= A similarity measure B Reference image. | isriocalifsholatalstandarctMMI 52_TI_2mm_brain o
= A type of transformation ‘ e &1, MoteliDOF (input to ref) Affine (12 parameter model) —

Inpout inmage gl
Intra-subject registration: : - Output image =
= Rigid body (6 parameters) transform SElibianeskecton |

A St Dl ’7Numher of secondary images o 2pply transform to [0

FAST Segmentation

q q At | Advanced Options
Inter-subject registration: P

= 1ststep: affine transform e G | Eit | Helo | Ut

= 2nd step: non-linear registration FEAT FMA anelysis
MELODIC ICA
FDT diffusion
Double-check the registration results! e
Falview
M Exit Help |
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In practice: Registration usmg FSL In practice: Registration usmg FSL
=] [ FLIRT - FMRIB's Linear Tmage Registration Tool MI=F] Bl [ FLIRT - FMRIB's Linear Tmage Registration Tool MI=F]

Mot Input image - Feference image — N Y Mode  Input image -> Reference image  —

\
A
Feference image |fusrAocal FalidatalstancardiMI52_T1_2mm_brain =] Feference image |fusrAocal FalidatalstancardiMMI52_T1 _2mm_brain =]

ModeliDOF (input to Pail 4 ModeliDOF (input to refy Affine (12 parameter model)
Input irmage gl ; ' 3 Input irmage 2D i gl
=1 =1

Output image

Output image
BET biain extrastion | BET biain extrastion |

Translation Only (3 parameter model)

SUSAN noise recuction ’7Numher of secondry images to apply transfarm to [0 ] SUSAN noise recuction i SR ] FRigicl By (6 parameter maclely
Global Fescale (7 parameter moel)
F&5T Segmentation F&5T Segmentation
# [> &dvanced Options ég [ Advanced Options Traditional (9 parameter model)

FLIRT linear registration FLIRT linear registration Affine (12 parameter model)
Go | Exit | Help | Utits Go Exit Help Utits
FEAT FMA analysis FEAT FMA analysis
MELODIC ICA MELODIC ICA

FDT diffusion FDT diffusion
POSEUM MR simulator POSEUM MR simulator
FELWiew FELWiew
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In practice: Registration using FSL In practice: Registration using FSL
[=]] 4.0 [M_FY [C]FLIRT - FMRIB's Linear Image Registration Tool [i=F] [=]] S 4.0 MI=F] (5] FURT-FMRiB's Linear image Registration Tooi = v5.4.2 JEE]

v [ t i - Peference image  —
Mode  Input image -> Reference image  — o ¥ e
\

Feference image |fusrAocal FalidatalstancardiMII52_T1 _2mm_brain =]

MadeliDOF input 1o ref) Affine (12 parameter madel) —
Input image = J O Cutpst Image
Output image g‘ .
A E R N of sécandary mages 1o sppk tansfom o [0
SUSAN noise recuction ’7Numher i T T2 i ey (emeszim ﬂ SUSAN noise recuction < Advancsd Opons
F4ST Segmentation - F4ST Segmentation Search  Co3t Fonctien | laberpolation | Weighling Velumes |
[ &dvanced Options d
FLIRT linear registration FLIRT linear registration ~ Corretation Rasio
~ Mhal Idcemation
FEAT FMA analysis FEAT FMA analysis w MNormaksed Matal Information
o Nermalised Conrebation (inkea-sedl}
MELODIC IC& MELODIC IC& o "
FDT diffusion FDT diffusion i B
POSEUM MR simulator POSEUM MR simulator
FELWiew FELWiew & Ba
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BET brain extraction |

Thank you for your attention
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