Brain Extraction, Registration &

EP| Distortion Correction
ANHNieEN, B2/E&EPIZHZHTIE

PXEE: HREE IS




What use is Registration!?

Fc /ERIYER
Some common uses of registration:
—LE % LB A
Combining across
individuals in group
studies: including fMRI &

diffusion

FEAMRPENMRESTE
K BIEMRIFIZREIMRI

Correcting for
sFE motion

Quantifying structural
change suuws




Overview #Ei#

* Brain Extraction (BET) xmm e
* Registration concepts (FLIRT & FNIRT) msmarurr s i

* Practical applications (FLIRT & FNIRT) sememurr & e
* Single-stage registration =sms
* Multi-stage registrations zsms
* EPI distortion correction ezmse
* Pathological image registration szsz=se:



Overview ##

* Brain Extraction (BET) xmsem (een)
* Registration concepts (FLIRT & FNIRT) mgmarurr s mirn

* Practical applications (FLlRT & FNlRT) SRR 7 A (FLIRT & FNIRT)
* Single-stage registration ssms
* Multi-stage registrations msms
* EPI distortion correction ezwsE
* Pathological image registration mzsz=sm:



BET: Brain Extraction Tool

BET: KAMiEER T A
Brain / non-brain segmentation
HHT AR/ AEA LRSS B)

Preparation step for registration and
segmentation BEAER 5 BUROTRAL IZ 5 18

Eliminates non-brain tissues with highly
variable contrast and geometry (e.g. scalp,
marrow, etc.)
- works best if some fat sat is used
HIR LIS SEELRIEMALR (XK. BiEF) , AR
{EA— LA EE, HRARYT
Robust to bias fields (by using local

intensity changes)
AEHREGUTMN (BLERRDRESK)

S.M. Smith; Fast robust automated
brain extraction; HBM 17(3), 2002.

Works with a wide range of MRI sequences (T1,T2, etc.) and

resolutions ERAFSHMRIFES (TI, T2%) o=



Example Results R#HI4R

Brain Surface Model

AR ERE

Extracted Brain Surface
(not what we aim for here)

REMARRE (LA ZBAINBR)




Example Results wis2

Want to remove the majority of non-brain
structures, leaving all the brain intact.
Leaving small pieces of non-brain is
unimportant for linear registration, but it is
important for segmentation.

RBEEADIFAMEH, 1LFRBRIARINSI T,
BT/ MRAVIEARR XIS T B A A EE, ENTOEREE,



Overview

* Registration concepts (FLIRT & FNIRT) msmarurr s i



What is Registration!?

T 4B Y




What is Registration!?
T AZBCH?

Voxel location = anatomical location
with accurate intensity values

REME = BFEINIE
BERHERNEEE



Basic Registration Concepts
Fo R B AR =

Need to understand : ==myuTEs:

* Image “spaces” mm =

* Spatial Transformations =zigzms
* Cost Functions ##mz

* Interpolation &




Basic Registration Concepts
Fo R B AR =

Need to understand : ==myuTEs:

* Image “spaces” mm =




Standard Space #Rg=(a

* Common reference coordinate
system for reporting/describing
AT R SR A RS ELIRER

e Register all members of a group to
this space for group studies
SRR R B B 2 18 AT AR

e Original Talairach & Tournoux
coords based on one post-mortem

brain
[Fi8 B TalairachF] Tournoux & fin BH F— 1 RE 21 AN

* Now use standard images based

on non-linear group average

(MNI152)
FRETIEE M AT ENTEERER (MNII52)

* MNI is not quite Talairach
MNIANZTalairach




Other “Spaces™ Hfth ==

FMRI Structural Standard

IHEEMRI ZEFIMRI rEE

* All images in the same “space” are aligned misER— ="K HEGERRTT

* Different images — different “spaces” rE&Eg—~>FRE ="
e.g. standard space, structural space, functional space wirg=ia, sz, hEeEE

e Can have different resolution images in the same space
ER—=ZEAAUBEAEEHERNEIER

e.g. Imm and 2mm versions of standard space images #immil2mmkRAss9tmeEz B E S

* Want to move image-related info between spaces
BEARZE Z EE)S5 BIGHEXER

e.g. a mask from standard space to structural space mig#RMITHESEBHEILEEE



Other “Spaces™ Hfth ==

Transform
T

FMRI Structural Standard
IBEMEMRI ZEHMRI Y
* Need to registration between spaces (via images) and get the
transformations before transforming/moving/resampling any image-related

info (like masks or atlas ROIs)
FRE(BETER)ENETEZEHITEREAERIR SN/ ERFE ARG X E RN EREESEB X E
5 ZHIHTTER

* Can have versions of the same “image” (e.g.a mask) in several different
spaces
AIUELNAERNZ B FSEIE—EG” (k) NAREMRE

* FSL tools (e.g. FEAT) often move things between spaces
FSLT B (AFEAT) KEEAEZ 8] Z BB aEIR



Other “Spaces” st z=ja”

Transform

ik ik

-

Structural Standard

ThaEEMR]  Inverse Trz;%sform SERIMRI Inverse Transform WO

FM RI

* Need to registration between spaces (via images) and get the
transformations before transforming/moving/resampling any image-related

info (like masks or atlas ROls)
FRE(BTER)EAEZEZEHITEEA RSN/ ERFEOEIGAXE R ENERS B XE
m)ZﬁUL’fTE*&

* Can have versions of the same “image” (e.g. a mask) in several different

spaces
AIATE/LV N AENZERFEIE—EE” (iER) NARERZES

e FSL tools (e.g. FEAT) often move things between spaces
FSLT B (AFEAT) K EEARZ 8] 2 BB B



Image (Voxel) Coordinates B {hE)4%4x

Confusingly, there are many types of coordinates wiraRz#, 585

Voxel coordinates in FSL: AZ
Integers between 0 and N-1 inclusive |

Refer to the whole voxel

Origin in the lower-left corner: (0,0,0)
FSLEPEIIRIRAAAR: EFEORIN-| ZMMVEEE, BEBMEE, Ba
A TF(0,00)

7Y

| Ny-|
> X

0 Nx-|
Axes are not aligned with the anatomy

Cannot distinguish left from right by voxel coordinate values
IR S RREIEAERIT, TRBIRRLITERS &R

m MNITSZ2.T1_1mm
v [90 108 80]: 5437

-~
v
|A|

FSLeyes reports these T
Used by FSL commands & same as NIfT| coords

FSLeyesBEIRIR 5 IXEE{H, RIBUEFSLas<{ER, SNITIAFRME—1F



Standard Space Coordinates itz 84 4x

Standard Space coordinates in FSL: rsimmtmgzigass:
Real numbers, in units of mm =, swmmm
Origin (0,0,0) near centre of image mE=Eo0EEE G
(anatomical landmark; e.g. anterior commisure) (guiirs, WAHES)

Axes aligned with anatomy (left and right specified)
SITHS BT (AR

. AZ
Several standard spaces exist:MNI, S

Talairach, BrainWeb, etc /y

BZMEREZTBE): MNI Talairach, BrainWebZf

A
: —
FSLeyes also reports these when possible L R X
FSLeyesit = R ] BEHR 51X £E1E /
Location P Il

voxel location

oordinates: MNI152
MNI152_T1_1mm

[80 108 901: 5437

(¢<»)(«>)(¢>)




Basic Registration Concepts
Fo R B AR =

Need to understand : ==myuTEs:

* Spatial Transformations =zigzms




Spatial Transformations ==&z

TO aI ign images must tran Sfo rm them ® O © X FEAT - FMRI Expert Analysis Tool v5.97
INFEX BRI AT RGeS e 11T 55 y ,

Many types of transformation e
ﬁ _% *EP Q]:ﬁ E,\] Fl'? Et v structural_brain =

Linear  Mormal search

Degrees of Freedom (DOF) T

3
partially describe transform | w.@ e
E HHE(DOF)E-‘EB@\}EE’E}Q ® O O [X| FLIRT - FMRIB's Linear Image Registration Tool - v5.4.2

Mode Input image -> Reference image

Exa m P I es. fFun: Reference image AusrAacalifslieteistandardiavg 1 52T1_brain. hor @|

ngld BOdy (6 DOF) MU1Z|5(6§EE”§) & ModelfDOF (input to ref) Affine (12 parameter modiel) -1 >
Input image lusrilocalffeeds/datasstructural nii.gz 74
Afﬁ n e ( I 2 DO F) 173_%2'.( I 2 g EE }g) Output image | @‘

\_IUsersJ‘markJ‘tmpJ’strucQavg
Non-linear (12 - millions DOF)
E”Eéé%'l_&l_ ( | 20075 E EH }E) MNumber of secondary images to apply transform to 0

[> Ardvanced Options

Go Exit | Help | Utils |



Rigid-Body Transformations Rz

6 DOF in 3D =#+memme

Includes: @iz
3 Rotations 34




Rigid-Body Transformations Rz

6 DOF in 3D =#+memme

Includes: @iz
3 Rotations 34

3 Translations 3%

Used for
within-subject

registrations
ATl A EC




Affine Transformations {55325

|2 DOF in 3D
= NEBEE

Linear Transf. gitzin
Includes: ai=

— 3 Rotations 35
— 3 Translations 3%z

3 Scalings 3%




Affine Transformations {554z

|2 DOF in 3D =w#wyinpme
Linear Transf. &uzmm
Includes: aiz

— 3 Rotations 3zt
— 3 Translations 3%

— 3 Scalings 3z
3 Skews/Shears syt

Used for eddy current correction

and initialising non-linear registration
AT BRI AR AA AL MR



Non-Linear Transformations kg itzsis

More than |12 DOF zxngme
Can be purely local snzamms
Subject to constraints: = TmRs:
Basis Functions =z
e.g. B-Splines metszu
Regularisation Emi
Topology-preservation Mgzt

Used for good quality between-subject

registrations
AT EREMRIEERE



Non-Linear Transformations 3k tasis

Before Registration T3l

. Linear Registration LT

ZE
Reference
(MNI152)




What transform/DOF do | use!?
AMENEET R/ EHRE
Rigid body (6 DOF) Ri{keEHE)
- within-subject motion #i{AEzE

Non-linear (lots of DOF!) &t (2zBHE)
- high-quality image (resolution, contrast) & same modality of reference/
template SREERHYE ILL)EENS Z/ERE N

- better with a non-linear template (e.g. MNI152_TI|_2mm)
ERIFERAEL MEMR(AIMNIIS2_TI_2mm)

Affine (12 DOF) {s53(12EHE)

- needed as a starting point for non-linear FF&MTHRAEECIENES

- align to affine template, or using lower quality images, or eddy current
correction XIFHAEHER, BERERE, FAFERMRLE

Global scaling (7 DOF) 2RB%&M7EHE)

- within-subject but with global scaling (equal in x,y,z)
HILATHR, BTExyz L #1TTHENZ B

- corrects for scanner scaling drift in longitudinal studies
NG sy ot b SR b 1 U Sy

More DOF is NOT always better (e.g. within-subject) ZHBEHERZEEHREERY
(AN#EIE MBS )



What do the transformations look like?

SRR ARER
NN
........... SNSNON
a11 G12 a13 Q14 NN
A — 21 Q22 G23 424 'i;;;;iit:\;j;f;
azi as2 33 0a3z4 ;:R;:“;g\%;f
0 0 0 1 BN T
RSN S RN

An affine transformation is
represented by these 12

A non-linear
numbers.

Thi , o transformation can be
is matrix multiplies represented by a

coordinate vectors to define deformation field

the transformed coordinates. AT FE AR E T
(HETHRAR MR E.
BRI AR ) EAR TR I E S TR S B 444



Non-linear deformation i pzsis

Regularisation,Warp Resolution and DOF
EMfE, TRHWERSQEE
Spacing of points =
warp resolution =
regularisation = DOF
* Various ways of controlling warp SRIEIBE=2 %) Wi =IE N4t = DOF

smoothness
B S MR ENS A

¢ Less DOF = smoother
B MO HE=E T8

* Lower warp resolution = smoother
SRS S PiR-E TR

-
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* Higher regularisation = smoother
EBHENH-EFB
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Non-linear deformation i pzsis

High Regularisation Lower Regularisation
SEMI IRENI,
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Non-linear deformation i pzsis

Regularisation,Warp Resolution and DOF
ENME, ZEoHESBEHE

* Various ways of controlling warp smoothness Spacing of points =
BEMEEHIZREEBENG A warp resolution =
* Less DOF = smoother regularisation = DOF

OB RE=8T8 SR (E) R =2 5 #iE=1E N tt= DOF

* | ower warp resolution = smoother
BIRRER D R=E 8

i
o o o o

* Higher regularisation = smoother
ESNIEN=EFF

* Default warp resolution of 10mm is a good

compromise for MNI152
FOIAEHREE (EEREXHTF) H910mm, {EHIMNIIS2EIRLS
TR

!

-
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* Between two subjects can use less smooth
warps (less regularisation, higher warp

resolution, more DOF)
RN 2 B MERARKEBNTE (BRDNENY, BE
B DR, EZHNEHE)



Basic Registration Concepts
Fo R B AR =

Need to understand : ==myuTEs:

¢ Cost Functions #mna




Cost Function {#\& %k

Measures “goodness’ of alighment s&srag-4358”
Seek the minimum value sx=/)v&
Several main varieties sn+ ==

Similarity function is opposite (maximum sought)
BNRES 2R (SREAME)



FLIRT: Cost Functions
FLIRT: (M BRI 2K

FMRIB’s FMRIBH
Linear SA

Image S
Registration &)t
Tool =]




FLIRT: Cost Functions &%

Important: Allowable image modalities 2=: aurnEKE=

Less important: Details rxz=: @+

Least Squares
/N3

Same modality st
(exact sequence parameters fAIHFTISE)

Normalised Correlation

IESHER

Same modality @t
(can change brightness & contrast)
(FATAZE = EFIXILE)

Correlation Ratio #gtt

Any MR modalities #@amrE=:

Mutual Information
HEEE

Any modalities &=t
(including CT, PET, etc. &#5CE,PET)

Least Squares

Same modality et

R/ (exact sequence parameters)
(FEIRFTISE)

BBR Within-subject EPI to structural

BT R (see later) #itmErEILEH




FNIRT: Cost Functions
FNIRT: (S0 BR1E%

FMRIB’s FMRIBHY
Non-Linear 3FE&4

Image SIS
Registration &t
Tool TE




FNIRT: Cost Functions
FNIRT: {40 BR1E%




FNIRT: Cost Functions %%

* Only uses Least Squares as cost function {X{ERS/N_FEERRMN R
so images must be of the same modality/sequence Bt FiEBHERER/FS

* Also includes an explicit model for bias field (RF inhomog.)
WEINTREDT (BMAYY) NENRR

* Estimate displacement field and RF bias field together &Gt HRES

* Options exist to control bias field (turn off/on, smoothness)
FEATENRESNE CREATH. FRE)

Without RF modelling Template With RF modelling
e NpieL ] &R B ETER



Basic Registration Concepts
Fo R B AR =

Need to understand : ==myuTEs:

* Interpolation &




Interpolation #H{&

Finds intensity values between grid points
ENBRZEELEEE

Various types include szt
* Nearest Neighbour s

Fast, but blocky - can be used for discrete labels
IR, BHUIR - FTAHTBERE



Interpolation #(&

Finds intensity values between grid points
ENBRZEELEEE

Various types include szt

e Trilinear =&

Fast, with some blurring - most common option
RER, AKIEH- &% LAYIEE



Interpolation #(&

Finds intensity values between grid points
ENBRZEELEEE

Various types include szt

* Spline #xmz

Slower (spline is fairly fast) - creates sharp images but can create values outside the

original range
RIBHFHAEERR—L) - SIZBMAEILR, ERtIBRRRTEEZINIE



Interpolation #&&

Nearest Neighbour Trilinear Spline
FLBE =5 (=SS

Affects accuracy of subsequent analysis gmEgss kLt
Important for quantitative imaging s¥Fc&mEREE
Can affect size of artefacts agmpgmL



Applying Transformations rmziz

e Step |: Estimating a transformation
5 AT
* finding the transformation #zzs
* no resampling rz=x

transformation
54




Applying Transformations mmi%

* Step |:Estimating a transformatio izis
* finding the transformation sz
* no resampling rEsEx

e Step 2: Resampling sx#
* applying a transformation mmzix

* thus creating a new, modified image
MBI — RIS BO M EIR

transformation
e Registration can mean either mgwassns 2R

* Usually delay resampling sexusmrass
as it reduces image quality ErerETBERE

* Other terms: coregistration & spatial

normalisation
HbAE: BESS EIINEL




Transforming Masks ziisir

Mask values are normally 0 and | (integer format) #iRa9{E RS F90F 1 (BEIER)
Interpolation gives values in between #HEA%H0F 1 ZEHIE

if rounded to integer -  mask “shrinks”
MBENRNEH - WREGE)N

Ensure output datatype = float  (apply warp & flirt default)
B R B BRI N =float (RAwarp & flirtBIBRINE)

Re-threshold (binarize) the transformed mask

BN ETHRAERNEE (ZEL)

"Correct" thresholding depends on the particular case “Ef HERATFEEIER
Threshold near 0.0 to include partial-volume edges {&#2F0.0 A BIEER S (TN
Threshold near 1.0 to exclude partial-volume edges &5 1. OAHERRER > (R FRIN %%
Threshold at 0.5 to keep the same size (approx) H1&590.5 AR (AR EIAN



Transforming Masks misssis

0.1 Threshold O.!HE
0.5 Threshold 0.5)1B

0.9=5518




Overview

* Practical applications (FLIRT & FNIRT) s & e



Registration with FSL #mrsut s

©® O O X/ FLIRT - FMRIB's Linear Image Registration Tool - v5.4.2
Two main tools: FMEEBHTA:

F N I RT & F L I RT Mode Input image -> Reference image -

. . Reference image |Iusr."locab‘fsl!etc!standard;‘avg1 52T1 _brain hdr @]
(FMRIB’s Non-Linear/Linear Image
. . Model/DOF (input to ref) Affine (12 parameter model) —
Registration Tool)
Input image |Iusmocal.ffeedsidata.fstructural.nii.gz @
(F MRI BE/\] éﬂj'lgl El an%',lg 1% EE’ /ﬁ I g) Output image |IUsersImarkItmp!3truct2avg @

&) - i —
6 O ALY A2 AnalySIS Tool v5.97 Mumber of secondary images to apply transform to 0 il

First-level analysis 4‘ Full analysis A‘

[> Advanced Options

. ) i Registration |
Misc | Data| Pre-stats | Stats| Post-stats Reg c ‘ it ‘ - Ums‘

1 Initial structural image
— Main structural image

structural_brain Al

T Both tools used by FMRI and
o oo Diffusion tools
fustocalfslidatasstandard/MMI152_T1_2mm_brain = ( FEA": M EI_O D IC & FDT)

Linear Mormal search —!| 12 DOF —=‘

FMRIFNFREIMRIT B (FEAT, MELODIC & FDT)E3 = FAEIIX
Monlinear |~ ‘Warp resolution {mm} m |-7\UF_I- /I\ I E

Go Save Load ‘ Exit ‘ Help ‘ Utis |




N

Preliminary Steps W14 $&

Recommended steps: #&EsE:

* Reorientation (fslreorient2std) =z

* Brain Extraction (BET) xmusemn

* Bias-field correction (FAST - see later) ﬁ%%{aIE

Note that labels are correct in both cases &, FmiE R FHMSEHEERN



Overview ##

* Brain Extraction (BET) xmm e
* Registration concepts (FLIRT & FNIRT) mgmarurr s i)

* Practical applications (FLlRT & FNlRT) SRR 7 A (FLIRT & FNIRT)
* Single-stage registration zsms
* Multi-stage registrations msms
* EPI distortion correction ezwsE
* Pathological image registration mzsz=sm:



Case Study #1954

Scenario 1z

Have two (or more) different types of images from the same subject
LT =AY S b Y = 1 AR SNBSS S <

For example, T|-weighted and T2-weighted images

fFlan, TInANFIT2001R Bl

Obijective By:
Have images aligned so that, for example, they can be used for multi-

modal segmentation
FEGXSTTUERTEED T, WHERGRTSESDE

Solution @R
FLIRT with 6 DOF (rigid-body) #4765 iR (Rf#)#IFLIRTALIE



Single-stage Registration
BRI

Input A
* Single subject =& 6 DOF = FLIRT
B - 6B HE=FLIRT

* Tro-wttoT|-wt — T2h#XETIH0AX -
multi-modal cost function
(e.g. default of correlation ratio)
ZIRSAMN R EN(ANIB R EERRIEINME)

* Run brain extraction on both images
ST EIRER T RN EX

* Choose image with better resolution or contrast

as the reference
IEFE DRGSR FIEBIGENSE

* Always check your output
ILENZINEMRNR L SR




Artefaction Detection Device
N BN



LOOK AT YOUR DATA!
W E{REVEHE!




Visual Check Mtz

Always assess registration quality
visually! 2B B RE0E R TR R | * slices for a static view use (as in
Can use aTBA{ER: FEAT)

* FSLeyes (using overlay or flicking

- BEEGEFSHME R B LA T a2 (W7EFEATH)

between images) slices T2 to Tlim Tlim
(B & N EG R E B BIHATTIRIRTIR)

Grayscale from first
image
XEER D K B B —iKE

Red edges from

second image
Bk EE KA




Registration in FSL
TEFSLARHATEC

Input @A Reference &%

* In FSL the reference image controls the FOV and resolution of the
output image 7EFsLA, SEEUSIRHIA L ERAIMIGTI 2 PR

* Transformations are given A m:
from input space to reference space MBAZEZISEE(

* |nverse transformations can easily be calculated to go from reference

space to input space when needed
REBITERES, NMEEFENMNSEZARREHAETE

* Can overlay images in FSLeyes with different FOV or resolution:i.e.

images can be in different spaces and resolutions
AITEFSLeyes P IR EAL 3 % RERHOENS, EDEHSAI7EAE T REM A 5 ke,

* Images can be resampled into a different space by applying a

previously derived transformation
NSRS H R Z R A DU EGRER TR A RIN=E R,



Overview ##

* Brain Extraction (BET) xmm e
* Registration concepts (FLIRT & FNIRT) mgmarurr s i)

* Practical applications (FLlRT & FNlRT) SRR 7 A (FLIRT & FNIRT)
* Single-stage registration ssms
* Multi-stage registrations zsmx
* EPI distortion correction ezpie
* Pathological image registration mzsz=sm:



Case Study
e bty

Scenario 175:
Doing a functional (or diffusion) study #TThaeitEERE)FE
Have EPI and T-weighted of each subject AxtuEMEIXAIEPILT I NN E K

Obijective B:
Need to register images to a common (standard) space to allow the

group study to be performed
BEEE A RORE— MRS N TARR

Solution f@&x753%:
2-stage registration with FLIRT & FNIRT (in FEAT)
1§ F (TEFEATH)FLIRT & FNIRT#41T /S EC A&



Two Stage Registration — 42t

Registering very different images is difficult due to, NFREGH/TE ENERET:
* Differences in individual anatomies MERAREI LA

 Different contrasts in various modalities FAEESEIXSEERE

* Distortions which differ between images FRIE&EERAE

To register an EPI to a standard space template (e.g. MNI152) use a structural
intermediate image. EJ§EPIEIGE A2IHES BIEREIMNIIGY), EEREHEIGER SN

Automatically done by FEAT GUI (some user control)
FH FEAT 57 [ (I 13 S L5 F3 = 12 44) B shTE A

Need to manually run brain extraction (not on EPI usually™*)
EEFMIEsh KNIREN(E NEPIRRE B At 1TIX—H AN IE)

ENIRT**



Registration for FMRI Analysis (FEAT)

FAFFMRI23 T (FEAT)RIEC /&

® O © > FEAT - FMRI Expert Analysis Tool v5.97 FMRI
First-level analysis - " Full analysis - | (ImPIICIt)
IhEES
Misc | Data| Pre-stats Stats | Post-stats Registration
Initial structural image FLIRT
Main structural image
structural_brain = | Main
Linea@wch —~ | 6DOF ~ | Structural
' Zi%
Standard space FLIRT
fusrlocalffslidatasstandard/MMNINS2_T1 _2mm_brain | _g' +
Line@ach ~| 12 Dm_-\ ENIRT
@ ~ Warp resolutionﬁé S
' tandard
ES

Go | Save | Load | Exit | Help Utils |

NB: actually need brain extracted and original images for FNIRT
AR FERAFNRTREARERENEGNRGE R



Registrationfig /&£ Registrationfic &

/~ N~ N

8% Functional %5#9t&Structural | MNIE MNI

MNI
Space

MNIZ[g]




Registration for FMRI Analysis mFmrisirum

£ W BOORMaNks Mol
Hame ye Wrergwia WaMN wie EIvrm wee ) FvRE yoad Webleam (GF

Summary registration, FMRI 1o standard space ~

Rega tion of example_func to highres

#ﬂ#*ﬁﬁ&a




Registration for FMRI Analysis mrmrigirums

=) VoL EPIOSIRN VN TOR: &

lllllllllllllllllll

Qaaoo¢a~.000

" Functional image in standard space fuFimtziEhaaes:
fmri in grey + red lines from MNI (standard space template)

REE D HImriBE + SREMNIGRES BIER) I B L E

oG onne




Registration for FMRI Analysis msrwrisimums

- FSL = Mozliia Firefox a

S [B)(Z5F918%) E’]func(IjJ E1R):

~. Example func (fmri) in highres (structural) space thighres=
top line = fmri in grey + red lines from structural
E—17 = RBEDINEER + KRB EWERRII L,

bottom line = structural in grey + red lines from fmri
E 1T = B oNESMER + KBINEEGKRRII L

ma Also &A: fsleyes highres example_func2highres

: (in reg subdirectory of feat directory X{4tEfeat B FHHIregF B R T)







Registration for FMRI Analysis mrmrigirums

=) FSL - Mozilla Firefox -0

nghres (structural) in standard space (MNI) 7E#R/HZ 8 (MNI)FEhighres((5H15)
top line = structural in grey + red lines from MNI
B—17 = RBESDRIGMIR + KREMNIFNIZE D
bottom line = MNI in grey + red lines from structural
—17 = REEDHIMNI + RESGNLET D

; ," AIso &H: fsleyes standard highres2standard







Registration for FMRI Analysis szmrstrnms

- Fsi = Mozilia Firetox dad

top line = fmri in grey + red lines from MNII
B—1T = REIMORIINEER + KEMNIBILLZER D
bottom line = MNI in grey + red lines from fmri
L BBITT = RE IS RIMNI + SRBINEEGINL & ER D

* Also #4: fsleyes standard example_func2standard

Y Y Y YL L

XX XX LXEY ]




Registration for FMRI Analysis mrmrisirums

VLS PIOSIRE VN TOR: B

Core registrations are Z\EEEE:
example_func 2 highres + highres 2 standard

.« The example_func2standard is derived from these
example_func2standard3 B LA RED

e Any failures need to be fixed in the core registrations

(and then can run updatefeatreg)
s TEAZ/OD A AR TR IRER B B M AT E 1E (RS PI LAB T updatefeatreg)

XX LI )
(XX XXTLLEX ]




Overview ##

* Brain Extraction (BET) xmm e
* Registration concepts (FLIRT & FNIRT) mgmarurr s i)

* Practical applications (FLlRT & FNlRT) SRR 7 A (FLIRT & FNIRT)
* Single-stage registration ssms
* Multi-stage registrations msms
* EPI distortion correction erzmsE
* Pathological image registration mzsz=sm:



Case Study #1954

Scenario #7=:

Doing a functional (or diffusion) study
HATINEEME (R AR

Obijective g1:
Want to correct for distortions in EPI
as otherwise the registrations are inaccurate

ZIEEPIEIRARRVERTZ, BNTTERHRECE

Solution m@ix7%:
Fieldmap-based correction using FUGUE/FEAT
{EFFUGUE/FEAT #1TE T 15 EIRYELE



Registration of EPI erifig )t

Problem [3)gz:
- EPI images distorted and
suffer signal loss
EPIENR LI ZE RS SR
- standard registration does
not work well
ToRRIF A TR

Solution f@R7A%:
- undo distortion by
“unwarping”
BT AT THIRERS
- ignore areas of high signal
loss
REESESHAXIE
- needs a fieldmap (special
acquisition)
FE—THEI(EIRE)

Ti-weighted
EPI anatomical
SFE O A T1ANAR ARSI 4544




T 1-weighted
(aligned)

TIAIR(EXT)

Signal Loss

(ERCERES

Distortion

T




Bo Field Inhomogeneities itz rig5it

EPI is very sensitive to any deviations

from a perfectly uniform By field 5
EPISHE(a] {m B5 15 S BotH B 1B M EB R B /7 \
Air-tissue interfaces cause magnetic \
disturbances aZe ‘

?%-Zﬂiﬂiﬂﬁ% |Eﬁ§§ii’:|:}jt Frontal sinus T \

A separate ﬁeldmap image Sphenotdat siriis 0 XD
measures the Bo deviations e 5 ;»/
BB IR pY17 & A DU £ Bof 2 Ui = = =

Ethmoid sinus — \

== 1 \\ ‘}

J:ﬁﬁg":': i { E .

ﬁe|dmap 15_] EPI Maxillary sinus \ \ )

distortion ZH2
signal loss {55k Courtesy of D. Greve, MGH




Using Fieldmaps

From the fieldmap image we get:
MIZEIFREA TR LIRS PE

Magnitude of spatial distortions Z=EERMIEE
(phase-encode direction only {XRiEfI4RIES )
Estimate of signal loss f&it{ES#h%

Only takes a few minutes to acquire one fieldmap -

and it massively improves registration
RAFRBR/LDHRE— T EMEAK N ER ERE

Need a new fieldmap for each scanning session

as it changes

(e.g. it depends on head orientation)
BRRAEFIEREERE—TMNGZE, RAESHEERHEA
BRI R A EIEBUR T XHIEAME)

B, Fieldmap 1=



Unwarping with FUGUE
{FFFUGUEIRTTE T

Fieldmap 7=

Original EPI

[ER 45 EPIE) (5

Used to improve
registration of EPI

and structural scan
AR S PRSI B R

It does not restore

signal in the frontal lobe
TEERE TS

Unwarped EPI| #zrEwermsk



Unwarping with FUGUE

o b AT
Used to improve fEFFUGUERTRZEH Original EPI

registration of EPI Fieldmap 5= = A EPIElS

and structural scan
AT iR SEPIF MG E R =

It does not restore

signal in the frontal lobe
NEEMETHHNES

It does not do anything

about motion correction
B HITRIRIE

It does use fieldmap image to calculate
distortion and “unwarp” EPI
FERHERITEE MY EPIBGRHIT ETR

It does deweight areas with substantial signal

loss in the registration
BT EREN B M AEES ERNXERNE

Unwarped EPI| #zrEwermsk



Fieldmap Acquisition 7E %

= —

/A

Fieldmaps are not yet standard sequences 7B X & BaiiE A~ 2inENFES]

Only takes a few minutes to acquire - best either immediately before or after EPI
scans (but this is not crucial)

REERNDHRE-RIFRIFEPHEZ AN EEXH I EE)
Three main types of acquisitions EIfEEHREH:
* Gradient Echo #EmK

« Asymmetric Spin Echo Fa#rEHEER v N N
e EP| T@EEIRHIE x istortion & Signal Loss

* Blip-reversed b=0 pair (EPI) Bir@i#b=03(EP) ¢/ SIAIESER

Each based on a pair of images with different TE (record these TE values)
MR EMET N BB AR ERA B TEAEIR(CRIXLETERE)

- « | °Y
e
Phase difference of images BB HENES

Crucially requires the phase information (not only the magnitude, unlike the vast
majority of other images) XENEFEEMEE (5EASHEMEGRE, TMUNEERERSS)

Magnitude part of fieldmap 1ZHERIIBESS S



Boundary-Based Registration (BBR)
ETinSME i (BBR)

« EPI to structural registration (Greve & Fischl, Neurolmage, 2009)
IEEPIEC AR M = 8]
* incorporates fieldmap correction (previously FUGUE)
BIEIZERIE (Z FIREIFIFUGUE)
- used in FEAT (BO unwarping) 7EFEATH{$A(BOEZER)

- Uses white-matter boundaries (via T1w segmentation)

{ERBFAFR(BE T El)

« Need good structurals (not too much bias field) EZFMEMG(EERZHNIREL)

- Also requires anatomical contrast in the EPl FEZEEPIFREREIZIEE

- Driven by intensity difference across boundary (samples) HREDR#EAR)MEEZEIRR
- More robust to pathologies and artefacts in EP| 8¢~ ZEPIRIGHIFIRS 5% M th e 08200

Tiw T1w + boundaries EPI| + bgundaries
TN TN +B R EPIf+ iR EPI




Distortion Correction & E
Structural Image Z531%




Distortion Correction within FEAT
TEFEAT R T IS SR IE

FEAT - FMRI Expert Analysis Tool v5.97 - | O] X

First-level analysis — | Full analysis — |

Misc | Dat Statsl Post—statsl Registrationl

hotion correction: MCFLIRT _.|

—B0 unwarping

Fieldmap /home/mark/analysis/fmap_rads.nii.gz f=
Fieldmap mag /home/mark/analysis/fmap_mag_brain.niigz

Effective EPI echo spacing (ms) |U.68 ;J EPI TE (ms) |40 ;

Unwarp direction -y —| % Signal Iossthreshold|10 -

Slice timing correction: MNone ~|

BET brain extraction |
Spatial smoothing F¥WHM (mm) |5 2

Intensity normalization _I
Temporal filtering  Perfusion subtraction _I Highpass |~ Lowpass _I
MELODIC ICA data exploration _I

Go Save Load Exit Help | Utils |




Distortion Correction within FEAT

TEFEAT R ITEEAIRAE

FEAT - FMRI Expert Analysis Tool v5.97

First-level analysis —:| Full analysis _‘l

Misc | Data Pre-stats | Statsl Post—statsl Registrationl

hotion correction: MMCFLIRT —:I

SI=)E

—B0 unwarping

Fieldmap mag]a‘home!markfanalysis!fmap_mag_brain.nii.gz f=|
Effective EPI echo spacing (ms) |0.88 § EPI TE {ms) |40

Unwarp direction -y —al % Signal loss thresholdlw g

Ia‘homea‘markfanalysisffmap_rads.nii.gz

=4

o

Al
hd|

Slice timing correction:  MNone —:l

BET brain extraction |

Spatial smoothing F¥WHM (mm) |5 3|

Intensity normalization _I
Temporal filtering
MELODIC |CA data exploration _I

Perfusion subtraction _I Highpass I~ Lowpass _J

Go Save Load Exit Help |

Fieldmap in rad/s
Mrad/s N EBEAIRVIHE]

TE
difference _

(sec)
TEZ(s)

Phase difference
(rad)
MBI ZE (rad)

B, Field

BO1%(rad/s)
Need to prepare the fieldmap
image EB#&1HE:

Fsl_prepare_fieldmap (for
Siemens #&17)




Distortion Correction within FEAT

{EFEATH

T

FEAT - FMRI Expert Analysis Tool v5.97

First-level analysis Full analysis

Misc | Data Pre-stats

hotion correction: MCFLIRT

BO unwarping

Fieldmap ‘home/mark/analysis/fmap rads.nii.gz

Stats| Post-stats | Registration

-

@ag a‘homea’markfanalysisffmap_mag_brain.nii.gz>/

Effective EPI echo spacing (ms) |0.68

Unwarp direction -y

Slice timing correction: MNone

BET brain extraction
Spatial smoothing FWHM (mm) |5

Intensity normalization

Temporal filtering  Perfusion subtraction Highpass
MELODIC ICA data exploration
Go Save Load Exit

~"EPI TE (ms)

% Signal loss threshold |10 5

40

-

-~
v

Lowpass

Help

Utils

Fieldmap in rad/s
PArad/s 9 BRI E

Fieldmap Magnitude

15 EE(E
/

.. heeds this =

X

..and aggressive BET (leave no non-brain)
for best performance

MBET(XFRPTEIFINAR)AGREHIELR

Input file = brain extracted file A\ X H=12EUARN/EHI X5

but also needs to find original* th ZEE R {4+




Distortion Correction within FEAT

TEFEAT R ITEEAIRAE

FEAT - FMRI Expert Analysis Tool v5.97

First-level analysis — | Full analysis — |

Misc | Data Pre-stats | Statsl Post—statsl Registrationl

hotion correction: MCFLIRT _.|

—B0 unwarping

-/ 0

Fieldmap

=

Fieldmap mag /home/mark/analysis/fmap_mag_brain.niigz

@PI echo spacing (ms) |0.68 s) 140
Unwarp direction -y - | % Signal loss threshold|10 -

/home/mark/analysis/fmap_rads.nii.gz

Al
hd|

Slice timing correction: MNone ~|

BET brain extraction |

Spatial smoothing FWHM (mm) ﬂ
Intensity normalization _I

Temporal filtering

MELODIC ICA data exploration _I

Perfusion subtraction _I Highpass |~ Lowpass _I

Go | Save ’ Load | Exit | Help |

A

Fieldmap in rad/s
PArad/s 9 BBAIRIL7E]

Fieldmap Magnitude
17 EllE{E

EPI echo spacing (ms)
EPI[B] [B]F& (ms)

Also called dwell time
RS BT

Normally about 0.5-0.7ms
B 2£90.5-0.7ms

Divide value by any acceleration factor
FRIAEEINEZR AR

Time between
% echos in k-space
¥ k=2 [B] AR B3 8]
’ < ffE

>




Distortion Correction within FEAT

{EFEATFE

NI T ERAE

FEAT - FMRI Expert Analysis Tool v5.97

First-level analysis —1| Full analysis —1|

Misc | Data Pre-stats | Statsl Post—statsl Registrationl

hotion correction: MCFLIRT —:|

—B0 unwarping

—0/x]

Fieldmap [fhomea‘mark/analysisffmap_rads.nii.gz

Fieldmap mag /home/mark/analysis/fmap_mag_brain.nii.gz QI
Effective EPI echo spacing (ms) |0.68 % EPI TE (ms) |40

Unwarp direction -y —1| % Signal loss threshold |1El .

5)\
v

Slice timing correction: MNone —:l

BET brain extraction |
Spatial smoothing F¥WHM (mm) |5 3|

Intensity normalization _I

Temporal filtering  Perfusion subtraction _| Highpass I~ Lowpass _I

MELODIC ICA data exploration _I

Go Save Load Exit Help |

\

Fieldmap in rad/s
Mrad/s N EBEAIVIZE]

Fieldmap Magnitude
17 EllE{E

EPI echo spacing (ms)
EPI[S]R [B] f& (ms)

EPI echo time (ms)
EPI[E] 5K A [B] (ms)

Normally about 30-40ms
at 3T

E3THEE 2930-40ms



Distortion Correction within FEAT
TEFEAT R T IS SR IE

FEAT - FMRI Expert Analysis Tool v5.97 (=)o) . )
Fieldmap in rad/s

MArad/s N ERIAIIZE]

First-level analysis — | Full analysis — |

Misc | Data Pre-stats | Statsl Post—statsl Registration|

Fieldmap Magnitude

hotion correction:  MCFLIRT —'| i%fllEﬁ
—B0 unwarping
Fieldmap fhomefmark/analysis/fmap_rads.nii.gz f= m echo spacing (ms)
— | Fieldmap mag fhomefmarkfanalysisffmap mag brain.nii.gz Q] EPI[E] [B] B (ms)
Effective EPI echo spacing (ms) 0 68 EPI TE (ms) |4 ;J
@dwectlon Whreshold = EPI eCh(\) time (ms)

EPI[E]38 B [8] (ms)
Slice timing correction: MNone — | \
BET brain extraction |~ Unwarp (PE) direction

Spatial smoothing FWHM (mm) [ﬂ % ﬁ/(PE)Er__I
Intensity normalization _I
Temporal filtering  Perfusion subtraction _I Highpass |~ Lowpass _I - Often A-P but can be anything
MELQDIC ICA data exploration _I BERNA-PEHEIREEEH M A M
- Cannot tell if it is + or -
Go Save Load Exit Help | %I RS HEREE+E

- Try both and see what works
(see practical)

FEIXNMEHLEILAT, BEM—TER(W L)



Distortion Correction within FEAT

TEFEAT T EEAZIR

Spatial smoothing FWHM (mm) |5

Temporal filtering

FEAT - FMRI Expert Analysis Tool v5.97

First-level analysis —1| Full analysis —1|

Misc | Data Pre-stats | Statsl Post—statsl Registrationl

hotion correction: MCFLIRT —:|

=/la]x

—B0 unwarping
Fieldmap f=

Fieldmap mag/home/mark/analysis/fmap_mag_brain.nii.gz Ql
Effective EPI echo spacing (ms) |0.68 %, EPI TE (ms) |40

/home/mark/analysis/fmap_rads.nii.gz

Unwarp direction -y —'| % Signal loss threshold |10 5

Al
>

Slice timing correction: MNone —1|

BET brain extraction |

A
hd|

Intensity normalization _I

MELODIC ICA data exploration _I

E
p.

Perfusion subtraction _I Highpass I~ Lowpass _J

Go Save Load Exit Help |

Fieldmap in rad/s
PArad/s 9 BBAIRIL7E]

Fieldmap Magnitude
7 EIE(E

EPI echo spacing (ms)
EPI[E]RZ [B] f& (ms)

EPI echo time (ms)
EPI[S] 3 B (8] (ms)

Unwarp (PE) direction
AER(PE)HE

\Signal loss thresh %

S Sk HPRE%

lgnore voxels with more than this

signal loss in registration

EE AR ZIUS SRR TIX(ERIE R



Fieldmap use in FEAT
1% E TEFEAT R A&

Brain-masked BO fieldmap in colour, overlaid on top of fieldmap maagnitude image

White matter edges. overlaid on top of fieldmap image

eSOt nl)



Fieldmap use in FEAT
15 EFEFEAT A (E R

Brain-masked B0 figless

Thresholded signal loss weighting image

This should be fairly uniform everywhere except where the field

is not uniform - inferior temporal and frontal lobes
XEERCCEIANEE D MAIZEESY, FRIRZXERZASSY - FEHASHT

Unwar

White matter edges. overlaid on top of fieldmap image

eSOt nl)



Fieldmap use in FEAT
15 EFEFEAT A (E R

in colour, overlaid on top

Brain-masked BO fieldmap of fieldmap magnitude image

| This should be mostly yellow - red voxels get ignored in

the registration (lots of red is bad)

XEDNIZATE 2EEN-AENAEREILETHZE T (ELIBHRREZSRIBECERR
White matter edges, 14F)

eSO ndn ol




Fieldmap use in FEAT
15 EFEFEAT A (E R

in colour, overlaid on top

Brain-masked BO fieldmap of fieldmap

magnitude image

A K A N K N BN

m This shows how much each voxel moves - check that the range is

sensible (anything from +/- 3 to +/- 20 is common)
EEREMIREN T2 D-NETEEESSE(E WSEE N +- 3 F+/- 20)

Unwarping ). X -3. 4.190160

White matter edges, overlaid on top 0

ecoooonal




Fieldmap use in FEAT
15 EFEFEAT A (E R

of fieldmap

Brain-masked BO fieldmap in colour, overlaid on top magnitude image

0000...‘..* L 3

Unwarpil

This shows the white matter edges from the structural on the

fieldmap (to check fieldmap to structural registration - not EPI)
teabEIZE EE N T SMERNA RS (BTHRESEEEREERNEE - ~ZEP)




Fieldmap use in FEAT

17 B 7EFEAT R Y{E B

Fieldmap to
’ ’ ’ . . ‘ . ‘ highres (structural)
17 E e /&2 highres(45

W)

>, Functional (EPI) to
* ’ ’ ’ . ‘ a ‘ ~highres (structural)
s - no correction

LNRE(R (EPIEC HEE!

* # # * “ m “ ” C 1 highres(B1518)
'Y - FTRIE

| Functional (EPI) to

f ». highres (structural)
< - with fieldmap

correction

17J 1%(EP|)@E/E§IJ

T YYYYYY




Fieldmap use in FEAT
1% E TEFEAT R A&

» e &0 8% 8 ¢

Y Y Y
2% & &% & ¢

L rooonl
SIS R &R S Y

Movie of EPI with and

\ wth ut correc tion
.”*.‘g a EPIRIERIfENR A




Fieldmap use in FEAT
1% E TEFEAT R A&

Look for areas where unwarping (correction) changes brain shape
MAE ATA(RE) e Z T MRLE XSS RY R RRAZAR

Al e o

Mowe of EPI with and
W|thout correctlon




Fieldmap use in FEAT
17 E FEFEAT FRAY{§E

Look for areas where unwarping (correction) changes brain shape
MBEARTR(RIE)NZE T ML X R ARRAZIR

QQ’WWWWW"WWJ

See if these areas are better allgned

4 with or without correction

“. ’ ’ « but don’t trust borders with signal loss areas
NB: Using FSLeyes is often better

& g’ l ﬁ ' HIERE

E%ﬁ‘“ﬂ:ﬂim?— WRIERISNEEIFHINTS, EAEREESERXIEHN
0 p " 0 e Q A
Mowe of EPI with and

WIthOUt correction
Q QQQ . LA . R

/?E’" BEER I E

{EFFSLeyesi®



BBR and Fieldmaps
ETIORNE AN E

Standard FLIRT
FREEFLIRT




BBR and Fieldmaps
ETIORNE AN E




BBR and Fieldmaps
BT RNEENIZE

BBR FLIRT

with Fieldmap
{£F3 7 17 E#AIBBR FLIRT




BBR and Fieldmaps

BT 05V E eI E

Standard FLIRT
¥n/EE FLIRT




BBR and Fieldmaps

BT 05V E eI E

_m
—
LL
a'd
an)
an)




BBR and Fieldmaps

BT 05V E eI E

BBR FLIRT with Fieldmap
£ R 7 15ERIBBR FLIRT




Overview ##

* Brain Extraction (BET) xmm e
* Registration concepts (FLIRT & FNIRT) mgmarurr s i)

* Practical applications (FLlRT & FNlRT) SRR 7 A (FLIRT & FNIRT)
* Single-stage registration ssms
* Multi-stage registrations msms
* EPI distortion correction ezpie
* Pathological image registration seszmsme:



Case Study #1954

Scenario #E:
Have images containing a known pathology (or artefact) which looks

different in different images
BEHEES—EAETEMEGRINARNREZ S (SR
For example, some sequences (e.g. FLAIR) highlight lesions that are

hard to see in other sequences
FIFNFELE 7 (ANFLAIR) = 5 H ELAR F F 1R XM & T A5

Obijective Biu:
Align the images based on the healthy tissue, but “ignoring” the area of

the pathology (or artefact)
BETRERAR, BN RE R XE RS TE &

Solution fgr73%:
Cost-Function Weighting (FLIRT or FNIRT)
KA R EUINAN (FLIRTSE FNIRT)



Cost Function Weighting i @#mix

Artefacts and pathologies
introduce non-matching image
regions
MRARIEEFESIA T AN CENEREX

Cost (similarity) functions assume
that all of the images can be

weighting image matched weighting image
AR EIL A AU R BB G A LA 4T T e
i

Use a weighting image to

down-weight non-matching ’
regions

1R A B &I D AL i X g R E

blackz=0; whitea=1



Cost Function Weighting wnmsimni

* Al FLIRT & FNIRT cost functions can be weighted
FTAFLIRT & FNIRTCAT ERERER AT BAE 1T 04X

* Weighting for reference image, input image or both
ASEEIR, SABRIGDBISE R #ITINN

* Voxel weights are relative, reflecting its importance in overall matching
RZEBINEHZENR, KRBT ENEEARLTEFNEEHS

- Zero, or small, values for corrupted areas 5% Xt ERH050/)VE
e.g. gross pathology or artefact #lamEY 55 XEEH HhE

* Do not assign zero to the background as then the brain/background

contrast is lost
AEBEFIZENI, AAXERENAKNEE=EXEEKX



Troubleshooting Registrations
Fio /PR HERR

* Check the images: voxel sizes, artefacts, large bias field
WEEG: AEXD, AT, ANRED

® Check the brain extraction: look for large/consistent errors
MEAMIRE: EACER/—EHNER

* For EPI: acquire and use fieldmap to unwarp distortion
X FEPIR R FHER I EIRRIETZR

* For FMRI or diffusion: use multi-stage registration (e.g. via GUIs) with a

structural image for best results
XS FFMRISSREL: (AE N ER) (E R EWERETR S EEDERERIELER

* If pathologies/artefacts exist: use cost-function deweighting
MRFEREZFRE/E: EHANMREENE

* If images are nearly aligned: try limiting the search
MREEEELFEXTT: BulbRHIEER

* For FLIRT: can try different cost functions 33FFLIRT: ETIASEA RN BRI
* For FNIRT: check initial affine alignment is OK 33FFNIRT: 1B BHNFEEES

* For small FOV: acquire whole-brain EPI for multi-stage reg
SFNNMAE: RESMEPIRHAITR S EC/E



Advanced Registration SHE ¢

2D - 3D Registration 2p-3p&#

Severe Pathology =smmmsss

Surface-based Registration aFxmEwmEs

e.g. connectivity-driven (FMRI)
B0 E X ENAY (FMRI)

Other Image Modalities gitE®iEs
e.g. diffusion imaging data
BIEN5RER AL R R
MR Spectroscopic Imaging (MRSI)

HEHEIRRE RS (MRSI)







Practicals sci

To get the most out of the practicals, make sure to ask us
lots of questions!

T RHFELTIRNE, ESnmEi1EmE !

Time for practical sessions is a bit tight, but:

Data & practicals available online after the course
IRTEPAYSCIREY B R 25K, EREUEEREMEXBIENRIEER




Jd U\ | I I|,'.'
FMRIB'

Registration Practical &sriz

Open browser and click on the Registration practical

FIFXI%gs, M iFRegistration practical
Follow the practical instructions
&I TIRIE
Ask lots of questions!

ySUNEEEAEL ]



Our black t-shirt crew
EENRIITEARZA

Jd U\ | I I|,'.'
FMRIB'

We all have different areas & levels of expertise
If one of us might not know the answer, we’ll point you

to someone who does
TEARBEABNERSEMNEWKF
WMRIHNTEBRERNERE, BMNSBERS—MNILEARTEBRES




Troubleshooting Registrations
Fio /PR HERR

* Check the images: voxel sizes, artefacts, large bias field
WEEG: AEXD, AT, ANRED

® Check the brain extraction: look for large/consistent errors
MEAMIRE: EACER/—EHNER

* For EPI: acquire and use fieldmap to unwarp distortion
X FEPIR R FHER I EIRRIETZR

* For FMRI or diffusion: use multi-stage registration (e.g. via GUIs) with a

structural image for best results
XS FFMRISSREL: (AE N ER) (E R EWERETR S EEDERERIELER

* If pathologies/artefacts exist: use cost-function deweighting
MRFEREZFRE/E: EHANMREENE

* If images are nearly aligned: try limiting the search
MREEEELFEXTT: BulbRHIEER

* For FLIRT: can try different cost functions 33FFLIRT: ETIASEA RN BRI
* For FNIRT: check initial affine alignment is OK 33FFNIRT: 1B BHNFEEES

* For small FOV: acquire whole-brain EPI for multi-stage reg
SFNNMAE: RESMEPIRHAITR S EC/E



