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Co-Registration: Aligning two images of different

modalities from the same individual
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Remove movement arti[e]facts in fMRI time-series

» Increases SNR by reducing residual noise
» Reduces likelihood of false positive due to task-

correlated motion

» But can hurt sensitivity to real effects
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} 1) Prevention

i a. Comfortably lock down

: » Padding, bite bar,...
: b. Instructions

i » Lie still!

|

1

» Don’t talk b/t runs!

2 Minimiz[s]e swallowing!
c. Design
a. Keep scan time
reasonable
2) Realignment (Motion
Correction)

a. Prospective Movement
Correction (PACE)
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- » Only rec. for real-time
J . .
{ b. Offline pre-processing
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c. Include motion parameters
3) Reject bad data
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*nothing’s perfect
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Choose a reference image

Not necessarily the very first
(dummy scans)

Should be representative &
reasonably close in time to
the structural

Registration

Estimate the 6 transformation
parameters b/t each image &
reference

Minimiz[s]e variance

Apply transformation
(re-slice)

Re-sample each imaging
according to the
transformation parameters

*NOT necessary now for every
image if later normaliz[s]ing
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Provides a systematic way of

modifying the parameters at
each iteration

Attempts to
minimiz[s]e mean of squared .l

difference between two images

Minimum is estimated by ﬁil
fitting a quadratic at :

each iteration pr———
We slowly build
up a full mE
transformation
matrix out of this

Residual sum of squares
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(1) Redqistration
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Affine transformations can be
represented 1n matrix form:

Transformation
(mapping) Parameters
Xy m, m, m; my, S
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Rigid body transformations paramateriz[s]ed by:

Translations
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Source*

Source

Transform according to
the estimated
parameters & resample
to match the reference
grid

To do this, we need
estimate intensity
values between grid
points

So...interpolate!

Reoriented

'Y

RL i

Re-sliced




Nearest Neiahbolulr
(Lero=Order old)

Takes value of closest

, voxel
ﬁély //yff“’ “) Original voxel
% 1ntensities preserved

~. 9 Very fast

; . But...1mage 1is
(G . degraded considerably

“Blocky” 1images




( Eirst=Order Hold)

13 /6 L ©, Takes the weighted
£ r 'y average of the neighbo[u]
3 o b e ring voxels
B H 2 fs = faxet+faxa
'F6 = ‘F3X2+'F4X1
______________ diiaseEEn */,L\ © f7 = fsya+feyr
§ 'Pl “) Slower but less blocky

"4 ~ i than nearest neighbo[u]r
‘'t 15 2 ,

Loses some high frequency

Represented in 2D for information (smoothing)

11llustration




VVindowed Sinc Interpolation
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Sinc interpolation gives results
closest to a Fourier

interpolation (which is ideal) ;
but in real space

2 Convolve sinc function

center[e]d on the point to be
resampled

) Theoretically, every voxel 1in

sample is used, but an

approx. using subset of near :
neighbo[u]rs speeds things up

7 Hence the ‘window’

Greatly reduces arti[e]facts, but
S-L-0-W

Interpolation performed on each
dimension sequentially l
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Nearest Neighbol[u]r Trilinear

Sinc




Smoothed 4)

Interpolated Measured Voxel )1 ASIS |—SDO "jm

Function Value

©> A form of ‘generalized
interpolation’

“) First transforms image |
into basis functions |
before applying local
convolution

) Re-sampling involves

15t degree computing linear

bili / . . :
Syl combination of functions

trilinear :

@ degree

. ‘t -I_ ‘t v - !
geiesn JterPelation) ) Done sequentially along |
neignoofujr o o -
o each dimension ;

“) Far more efficient than

classical interpolation |
3rd degree I
2" degree SIS SRR R o e e o s
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Fourier Methods

Faster than higher-
order interpolation

i, Dr. Elzabeth? ~/ Uses fast Fourier

Yegh, vh... T accdentally 17X transforms
J{he fourier transfocm of My Ca& -
Convolution performed

l
e rapidly in Fourier

| €
% ,
ﬁ%AxerJ space

However, can only

handle translations
(not really built for
rotations currently)
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Post-realignment, still variance due to
movement left over:

Can be due to shifts between and
within slice acquisition

Interpolation arti[e]facts

Non-1linear distortions due to
inhomogeneities of magnetic field...

Spin-history changes (@ their worst Spin History
‘Striping’

when acquired interleaved)

Residual magnetiz[s]ation effects of
previous scans

Movement may make effective TR
longer/shorter for some slices

Adding motion parameters may help




The Limits of Redlionmen

Make sure you have good coverage of ROI

If expect this problem, perhaps use PACE
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1) Realign (“Est & Reslice”)

B)

X

2) Select images for each
session. Don’t include dummies;
First should be ‘good’

1 O

3) Speed (0.001)
vs. Quality (1)

*1f NOT doing spatial
normaliz[s]ation or need
EPI undistortion, choose
“All Images + Mean
Image”
>this requires
reslicing, otherwise,
not necessary to do
at this stage

44 1 LA

of the first session.

assumed (rightly or not)
between sessions.

BIEIES] — Batch Editor T WM A BICIES
E File Edit View SPM BasiclO — o
Realign (Es... vl Slice timing | Smooth I D@ P> 4) Sepqratlon (mm)
Coregister.. ¥ Normalise ... v seqment Module List Current Mgdule: Realign: Estimate & Reslice b/t po1l nts Sampled
Realign: Estimate & Ri~| ealign: Estimate & Reslice [4] /m ref (smaller' =
) - Data
Specify 1st-level J Review J Estimation Options [De.Fau'l_.t .For. better', Slower')
Specify 2nd-level l Estimarte ‘ . Quality . 0.9 / .
. Separation fMRI 1is Smm]Y\ = P 5) Use 1st image or
Resuns | | . Smoothing (FWHM) 5 s :
. Num Passes Register to mean run r‘eglstr'atlon 2X
D e A l l . Interpolation nd Degree B-Spline
. Wrapping g
. Weighting 0 files \6) H'I_gher‘ degr‘ee =
Reslice Opti
Display | CheckReg | Render...w FMRI v .e;elgﬁcegilr%gsg';es better', slower
Toolbox: w  PPls | imcalc | DICOMImp..| - Interpolation (uses more
) . Wrapping 0 wrap o .
Help | Ltls.. | Bawh | Quit | . Masking Mask images nelghbo [U:l ring
. Filename Prefix r VOXGIS

Current Itenx Data
New: Session

Edit Yalue ,

Add new sessions for this subject. In the coregistration step, the sessions are first
realigned to each other, by aligning the first scan from each session to the first scan

Then the images within each session are aligned to the first
image of the session. The parameter estimation is performed this way because it is

that there may be systematic differences in the images

SPM8 (jh03): Menul -

7) Create ‘Mean
image only’*

- 8) Set
interpolation
degree
(higher=slower/
more neighbol[u]rs)

1

v




{any
VI Outputs e

spm.ps
Graphs of the estimated motion

I"p_l:'F'i.r'St'i.mClge:l.tXt v 5w y?: R
all realignment parameters to realign to the first image
file
Number of rows = number images in run

Need this for later stats & can be modeled as
confounds

means*.nii

Mean of the realigned/resliced images, used in
coregistration

1 il
Resliced images (only required if NOT doing spatial

normaliz[s]ation or IF planning to apply EPI
undistortion)
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IsditTana: cical Data

<

/  Run before realignment

©)  Available to outsiders:
http://imaging.mrc-
cbu.cam.ac.uk/imaging/
DataDiagnostics

®) >>tsdiffana

©  Select files for
one session & press
“done”

»

7 Say “no” when asked
1f should write
difference images

©)  Writes mean, stdev, and
slice-to-slice variance




Isdiftana: Prob

) Here the gradient T
coil stopped i
working for a few L
volumes in the
middle of the run

:

A A
120 140 160

20 40 60 1y
Difference image number
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No simple rules to define ‘too much’ motion, but...

>2-3mm or 2 degrees (.38 radians) 1in any dimension,
exclude subject (i.e., ~voxel size)

Ardekani et al. (2001) find SPM can handle up to 10mm
summed across dimensions

If >.5 mm, consider including movement parameters
(will eat up some DoFs, but typically have plenty)

Inside the brain, 1mm shifts can cause 3-5% signal change

At the edges, 3-5% change is caused by 1/20th of a
pixel shift (~187 microns)!

General points:
Rotational data harder to correct
Motion during scan session worse than in between
If motion correlated w/ task, can you redesign & rerun?

Most researchers don’t recommend removing/replacing/‘fixing’
bad slices/scans

But 1t 1s possible to come up with nuisance regressors for
L}affected volumes (e.g. for epilepsy)




Slice Timing <> Motion Correction?

If you run slice timing correction 15t then abrupt
movements between scans will cause 1t to interpolate

between different brain regions :(

If you run motion correction 1st, slices no longer
necessarily correspond to acquisition order, so timing

correction won’t be appropriate :(

Problem is worse if you have 1interleaved slice
ordering, in which case you should run slice time
correction 15t & select slice timing corrected
images for realignment

CBU acquires in sequence (down), and many prefer to
run motion correction 15t under this system

But whether this matters hasn’t been investigated
fully
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Artitact Detection
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! Scan 79 “ Scan 83
>4

) by

!
i
37 :
2 ; = StdDev of data is: !
g B B 1 588 !
250 . . ;
0 2 40 _lUse differences
10 _JUse norms
>5 : J PN | TENSITY J —
BE ofc e e OHITEHERS | v
2E N down 4 z-Threshold
s i
-10 ] ! | 1 ] ] | !
50 ' T : : : , , —  Thresholds
€ MOTION B q
E = = Wovement
H down
g 50 | ] ] 1 | | | 1 threshold l
05 T T T T T T T T piteh =
s—' - , .____u__,f_ |
3§ o e | | Rod
& s ! | | | | | i | < threshol
_0
2 40 60 80 100 120 140 160 gy —JShow design
Outli 1 SR _Imotion-task corr.
79 80 81 82 63 84 85 86 68 95 .
a Data Exploratiofr -
outliers _|signal-task corr.
Save

http://web.mit.edu/swg/software.htm
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SPM Methods for Dummies
www.fil.1ion.cul.ac.uk/spm/doc
FSL Course

www . fmrib.ox.ac.uk/fslcourse

CBU Imaging wikti

imaging.mrc-cbu.cam.ac.uk/imaging/
Cbulmaging

Jody Culham’s fMRI for Newbies

www . fmri4dnewbies. com

Russell Thompson’s fMRI Basics Course

Florida’s citrus growers
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Warp Speed Ahead.
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