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Why do we need preprocessing?
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Why do we need preprocessing?

[ X SPM (dev): Graphics
File Edit View Insert Tools Desktop Window SPM Figure Help ¥
+*ve

contrast

= 5
7
10
SPM: 15
{0}
20
25
30
35
t threshold k = 0 voxels : 0
0.5 1 1.5
Design matrix
Statistics: p-values adjusted for search volume
set-level cluster-level . pea:}'-l:ve( n mm mm mm
L < Prwecor  Tromeor  *e  Puncorr Pewecor Trorcorr (Zg)
0.000 28 NaN 0.000 20675 0.000 0.000 0.000 21 42 -82 -6
0.000  0.000 19 -34 -86 -10
0.000  0.000 18 -26 -72 -12
0.000 0.000 663 0.000 0.000 0.000 12 o 14 46
0.000  0.000 10 2. 4 2 s2
0.000 0.001 8 6. -6 -2 52
0.000 0.000 325  0.000 0.000  0.000 11 7. -46 4 32
0.003 0.088 6 5. =60 8 28
0.000 153 0.000 0.000  0.000 10 7. 46 6 32
0.000 24 0.000 0.000 0.001 8 6.. 28 -70 -46
0.000 47 0.000 0.000  0.001 . 6. 30 26 4
0.000 91 0.000 0.000  0.001 8. 6. -30 26 -2
0.001 0.026 7. 5. -32 18 4
0.000 0.000 38 0.000 0.000  0.001 8. 5. -1z -16 8
000 0.000 29 0.000 0.000 0.001 8 6. =22 -24 -6
0.000 0.000 135  0.000 0.000 0.0z 8. 6. 36 -6 s8
0.012  0.230 5 5. 26 -10 so
0.015  0.350 6. 5. 28 0 52
0.000 0.000 40 0.000 0.000 0.002 8. 6. 20 -40 -44
0.000 0.000 25 0.000 0.000  0.003 . 6. -20 -38 -44
0.000 0.000 43 0.000 0.000  0.005 7. 6. 10 -4 6
0.000 0.000 91 0.000 0.000  0.007 7. 6. -26 -6 &2
0.004 0.116 6. 5. -26 -10 46
0.013  0.303 6. 5. -38 -6 62
0.000 0.000 20 0.000  0.014 7. 5. -40 -14 62
000 0.005 1 0.001 0.044 7. 5. 52 30 28 \
0.000 0.000 33 0.001  0.048 7. 5. -4 -28 -4
0.012  0.292  6.43 5.
table shows 3 local maxima more than 8.0mm apart

A\
k. 2))
)

Height threshold: 5.94, p = 0.000 (0.050) Degrees of freedom =[1.0, 39.0]

Extent threshold: k = 0 voxels FWHM = 8.3 8.1 8.0 mm mm mm; 4.1 4.1 4.0 [vexels} /
Expected voxels per cluster, <k> = 1.120 Volume: 1459384 = 182423 voxels = 2519.3 resels

Expected number of clusters, <c> = 0.05 Voxel size: 2.0 2.0 2.0 mm mm mm; (resel = 67.20 voxels)

FWEp: 5.941, FDRp: 7.106, FWEc: 1, FDRc: 5 Page 1




Sources of variance
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Spatial preprocessing in SPM

SPM25 (00.00): Menu

~ Realign... Slicetimng | Smooth

~ Coregi... _ Normal... _ Segment

Specify 1st-level Review

» Preprocessing

Specify 2nd-level _ Estimate

» General Linear Model (GLM)

» Random Field Theory (RFT)

Dynamic Causal Modelling

SQPMM far fiintinnal MR

Canvrinht (A 1001 10042007

» Dynamic Causal Modelling (DCM)

)



SPM Batch

[ N N ) SPM25 (00.00): Menu

L LN
File Edit View SPM BasiclO

Batch Editor

" Realign... &

. Coregi... _|

Slicetimng =~ Smooth |

~ Normal... & ~ Segment |

Specify 1st-level Review

Specify 2nd-level _ Estimate

Ren... &

" Baoh ) | Qut

Ded -

Module List

VIATLAB

Matlabbatch Use Interface

* Menu and Toolbar

No Current Module

No Module selected




SPM Batch

i [ NN Batch Editor
. Q . SPM25 (00.00): Menu File Edit View SPM BasiclO ®
(= u Temporal »
Module List Spalial N Realign »
" Realian | . L. No Mod Stats ’ Realign Unwarp lected
) gn... &8 ~ Slicetiming = Smooth
\ q DCM > Coregister » Coregister: Estimate
. A A . I
I\. Coregl... )_| \K Normal... ‘| Segment M/EEG ’ Segment Coregister: Reslice
— Util » Normalise » Coregister: Estimate Reslice
Tools » Smooth
Edit Defaults

Specify 1st-level | Review

Specify 2nd-level | | Estimate

Results

Dynamic Causal Modelling

SQPMM far fiintinnal MR

Display Check Reg FMRI
DICOM Impo MATLAB Batch System

Matlabbatch User Interface

* Menu and Toolbar

Canvrinht (A 1001 10042007
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File formats



DICOM to NIfT]

Slicetiming =~ Smooth

Segment

Specify 1st-level Review

Specify 2nd-level _ Estimate

Results

Dynamic Causal Modelling

SQPMM far fiintinnal MR

Display Check Reg FMRI
DICOM Impo

Canvrinht (A 1001 10042007

( NN Batch Editor
File Edit View SPM BasiclO ®
Ded -~
Module List Current Module: DICOM Import
DICOM Import  <-X Help on: DICOM Import
DICOM files <X
Directory structure No directory hierarchy
Output directory
Protocol name filter >
Conversion options
. Output image format Single file (nii) NIfTI
. Export metadata No
. Use ICEDims in filename No
DICOM Import
DICOM Conversion.
Most scanners produce data in DICOM format. This routine attempts to convert DICOM files into
SPM compatible image volumes, which are written into the current directory by default. Note that
not all flavours of DICOM can be handled, as DICOM is a very complicated format, and some

lenannar manufactiirare  1iea thair Aaun fialde wwhinkh ara nat in tha affinial Asaciimantatinn ot |




Always check your data!

g BREZEIRR BN e ‘@ SPM25 (00.00): Graphics ity
File Edit View Insert Tools Desktop Window SPM Figure Help ~ BP!
ATLA
Slice timing Smooth
A
Normal.. ¢ Segment
Wo
Narr

Specify 1st-level

Specify 2nd-level

Dynamic Causal Modelling

KQPM for fiinctinnal MRI
FMRI <

CBaon | out

SPM25 (00.00)
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Anatomy of a NIfTI file (.nii)

@ SPM25 (00.00): Graphics

File Edit View Insert Tools Desktop Window SPM Figure Help v F'"-E: ___taSk-EUditury_bnld_nii

Dimensions: 64 x 64 x 64

Metadata

Datatype: int16
Intensity: ¥ = 0.125 X
4D image

Vox size: -3 x 3 x 3

Origin: 32 32 23

Dir Cos: 1.000 0.000 0.000
s 0ta. rapeceiie RN MGAEPARE T 51, SRS AT ST T ©

Crosshair Position Origin File: .._task-auditory_bold.nii
mm: -1.51.528.5 Dimensions: 64 x 64 x 64
VX: 32.532.532.5 Datatype: int16
T ity Y =0.125 X 0.000 0.000 1.000
4D image
right {mm 0
Ll Vox size: -3x3x 3
forward {mm} 0
0 Origin: 32 32 23
up {mm
b} o) 0 Dir Cos: 1.000 0.000 0.000
itch {rad.
pitch {rad} . 0.000 1.000 0.000 e N —————
roll {rad}
0.000 0.000 1.000
yaw {rad} 0
resize {x} 1
/|
resize {y} 1 Full Volume Hide Crosshair -
resize {z} 4 World Space Trilinear interp. &
Set Origin Reorient... AutoWindow.... € Add Overlay...
hS
™~
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Anatomy of a NIfTI file (.nii)
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Estimate vs Reslice

 Realign... & ~ Slicetiming | Smooth

G PN E O Slice timing =~ Smooth
Realign (Reslice)
Realign (Est&Res) Normal.. & gegment
Realign & Unwarp ' '

v Coregister (Estimate) JyC/Fe ) ~ Segment
Coregister (Reslice)
Coregister (Est & Res)

Specify 1st-level T Review T Specify 1st-level e Review

Specify 2nd-level T Estimate | Specify 2nd-level [ Estimate

| Results _|
| Dynamic Causal Modelling _|

| Results _|
| Dynamic Causal Modelling _|




Estimate vs Reslice

Data Orientation metadata Oriented data

superior

30° pitch

superior




fMRI preprocessing



Head motion — Realign
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Head motion — Realign

Target Moving Difference




SPM — Spatial — Realign: Estimate

[ O Batch Editor

File Edit View SPM BasiclO

-2 = | o o
Module List Current Module: Realign: Estimate S u b = @ l_b O 1 d . n 1 1

Realign: Estimate <-X

Help on: Realign: Estimate
Data

. Session <X 47
Estimation Options / Speed VS CICCUI’CICy tere—Off

. Quality 0.95 }4_

. Separation 15

. Smoothing (FWHM) 1 . .

i e Do notregister to an arbitrary frame
. Interpolation 2nd Degree B-Spline

. Wrapping No wrap

. Weighting 0 files

Ao\

Current Item: Num Passes
Register to first
*Register to mean

Provide a weight or mask
(e.g. lesion mask)

Specify...

Num Passes
Register to first: Images are registered to the first image in the series. Register to mean: A two
pass procedure is used in order to register the images to the mean of the images after the first

realignment. y
This item has a default value, set via a call to function /
hiaNenm not Aaofaiiliel! 1i actimata rim! vualf1) |:




Distortions

Multi-shot Gradient echo (slice in 2.4s)




Distortions — Field map

£l '] Acquire Gradient Echo images at 2 different echo times

] Take the difference of the phases

[ ] Convert Radians to Hertz

« a
e ‘
‘ {A ,.

Y2 — Py
2n(TE, — TE,)




SPM — Tools — FieldMap — Calculate VDM

@ [ ) Batch Editor
File Edit View SPM BasiclO ®
D d
Module List Current Module: Calculate VDM
Calculate VDM <-X Help on: Calculate VDM
Data
. Subject
.. Field map <-X
. FieldMap defaults <-X
. EPI Sessions
.. Session
. ... Select EPI to Unwarp <-X
. Match VDM to EPI? <-X
.. VDM filename extension session
. . Write unwarped EPI? <-X
. . Anatomical image for comparison 0 files
. Match anatomical image to EPI? <-X
Calculate VDM
Generate unwrapped field maps which are converted to voxel displacement maps (VDM) that can
be used to unwarp geometrically distorted EPI images.
For references and an explanation of the theory behind the field map based unwarping, see
FieldMap_principles.md. The resulting VDM files are saved with the prefix “vdm™ and can be

liad _t~ i Leina **Annhy \V/DAM** Ar in hinati wiith **Daali, 2 1ln ** tn naloulata




Distortions — Reverse polarity

Voxel displacement = Field (Hz) x Total Readout Time (s) x Phase Encoding direction

=> Voxel displacement (A>P) = - Voxel displacement (P>A)

A>P Undistorted Voxel displacement Undistorted P>A

o« Field map

Andersson, Skare & Ashburner. Neurolmage (2003)



SPM — Tools — Spatial Tools - SCOPE

(| AON | Batch Editor
File Edit View SPM BasiclO ®
D
A > P P > A Module List Current Module: SCOPE
SCOPE <X Help on: SCOPE
Same PE direction image(s) <-X
Opposite PE direction image(s) <X
FWHM 1x5 double
Regularisation [0 10 100]
Interpolation 2nd Degree B-spline
Jacobian scaling Yes
vdm Filename Prefix vdm5
Output directory

Current Item: Same PE direction image(s)

Specify...

Same PE direction image(s)

Select an image, or set of images, where the acquisition traversed the phase-encode direction of
K-space in the *same* way as the fMRI data to be corrected (and could even be the same data as
the fMRI to be corrected). Note that if multiple images are specified, then they will be motion ||, \\.:.__
corrected and their average used for registering the phase-encoding direction reversed images. | §

Andersson, Skare & Ashburner. Neurolmage (2003)



Distortions — Unwarp

-10 deg Rotation +10 deg
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Andersson et al. Neurolmage (2001)



Distortions — Unwarp

-10 deg Rotation +10 deg
Po — Po
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Andersson et al. Neurolmage (2001)



Distortions — Unwarp

-10 deg Rotation +10 deg
= = — = = =
Po — Po
- S === == ot e
QO First, realign the time series -> One set of rotation parameters per frome: {6;, a;}
U First-order Taylor expansion: Vg a(X) = e(X)+0 - pog(xX) + a-¢p,(x)

O Corresponds to a General Linear Model with design matrix |6, «| and coefficients [¢g, ¢, |
O Plug it into the deformation model: fr(X) = f(9o,0,(X) - ng,4,)

Q Optimise for the undistorted mean image f and the coefficients [¢g, ¢,
C 1)

Andersson et al. Neurolmage (2001)



SPM — Spatial — Realign & Unwarp

Batch Editor

sub-01 bold.nii

Outputs:
usub-01 bold.nii
meansub-01 bold.nii

A

Andersson et al. Neurolmage (2001)

File Edit View SPM BasiclO ®
D

Module List Current Module: Realign & Unwarp

Realign & Unwarp<-X Help on: Realign & Unwarp

Data

=

Replicate: Session (1)
Delete: Session (1)

.. Images <-X
. . Voxel displacement map (vdm?*) 0 files
Estimation Options
. Quality 0.95
. Separation 1.5
. Smoothing (FWHM) 1
. Num Passes Register to mean
. Interpolation 2nd Degree B-spline
. Wrapping No wrap
. Weighting 0 files
Current ltem: Data
New: Session

Data
Data sessions to unwarp.

1 or more options must be selected from:
* Session

Curranth: calantad Antinne:

St
~—



Motion-related residual errors

translation

4 Interpolation artefacts due to reslicing. s e se A RSN s

4 Within volume motion. CATTLNAS T N
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Co-registration



Coregistration

 Anatomical localisation of single-subject activations.
4 More precise spatial normalisation.
d Cross-modality alignment.

» Same subject but different contrast



Mutual Information

4 Alignment metric
= how easy is it to predict the intensity of an image if |
know the intensity in the other image?

4 Related to the dispersion of the joint histogram.

Unaligned Alighed

T2 weighted
T2 weighted

T1 weighted T1 weighted




SPM — Spatial — Coregister: Estimate

® (5] Batch Editor
File Edit View SPM BasiclO ®
D d
Module List Current Module: Coregi: : Esti
Coregister: Estimate<-X Help on: Coregister: Estimate
Fixed Image <-X
Moved Image <X -

Other Images
Estimation Options

. Objective Function Normalised Mutual Information
. Separation [42]

. Tolerances 1x12 double
. Histogram Smoothing [77]

Current Item: Fixed Image

Specify...

Fixed Image

This is the image that is assumed to remain stationary (previously known as the reference image),
while the moved (previously known as the source) image is moved to match it. Although not ideal,
note that slice-to-volume registration works better if the single slice is the fixed image.

meansub-01 bold.nii

sub-01 Tlw.nii




Check Reg

o SPM25 (00.00): Menu
Realign... e Slice timing Smooth
Coregi... Normal... Segment
Specify 1st-level Review
Specify 2nd-level Estimate
Results

Dynamic Causal Modelling

" Display | [ CheckReg Ren.. & FvR &

Too.. &) | PPIs | ImCac | DICOMImport

Help | Util.. . Batch | |  Quit

Check Reg allows contours

from one image to be

shown superimposed on
anoth




Spatial normalisation



Why do we need normalisation?

[ X SPM (dev): Graphics
File Edit View Insert Tools Desktop Window SPM Figure Help ¥
+*ve

contrast

= 5
7
10
SPM: 15
{0}
20
25
30
35
t threshold k = 0 voxels : 0
0.5 1 1.5
Design matrix
Statistics: p-values adjusted for search volume
set-level cluster-level . pea:}'-l:ve( n mm mm mm
L < Prwecor  Tromeor  *e  Puncorr Pewecor Trorcorr (Zg)
0.000 28 NaN 0.000 20675 0.000 0.000 0.000 21 42 -82 -6
0.000  0.000 19 -34 -86 -10
0.000  0.000 18 -26 -72 -12
0.000 0.000 663 0.000 0.000 0.000 12 o 14 46
0.000  0.000 10 2. 4 2 s2
0.000 0.001 8 6. -6 -2 52
0.000 0.000 325  0.000 0.000  0.000 11 7. -46 4 32
0.003 0.088 6 5. =60 8 28
0.000 153 0.000 0.000  0.000 10 7. 46 6 32
0.000 24 0.000 0.000 0.001 8 6.. 28 -70 -46
0.000 47 0.000 0.000  0.001 . 6. 30 26 4
0.000 91 0.000 0.000  0.001 8. 6. -30 26 -2
0.001 0.026 7. 5. -32 18 4
0.000 0.000 38 0.000 0.000  0.001 8. 5. -1z -16 8
000 0.000 29 0.000 0.000 0.001 8 6. =22 -24 -6
0.000 0.000 135  0.000 0.000 0.0z 8. 6. 36 -6 s8
0.012  0.230 5 5. 26 -10 so
0.015  0.350 6. 5. 28 0 52
0.000 0.000 40 0.000 0.000 0.002 8. 6. 20 -40 -44
0.000 0.000 25 0.000 0.000  0.003 . 6. -20 -38 -44
0.000 0.000 43 0.000 0.000  0.005 7. 6. 10 -4 6
0.000 0.000 91 0.000 0.000  0.007 7. 6. -26 -6 &2
0.004 0.116 6. 5. -26 -10 46
0.013  0.303 6. 5. -38 -6 62
0.000 0.000 20 0.000  0.014 7. 5. -40 -14 62
000 0.005 1 0.001 0.044 7. 5. 52 30 28 \
0.000 0.000 33 0.001  0.048 7. 5. -4 -28 -4
0.012  0.292  6.43 5.
table shows 3 local maxima more than 8.0mm apart

A\
k. 2))
)

Height threshold: 5.94, p = 0.000 (0.050) Degrees of freedom =[1.0, 39.0]

Extent threshold: k = 0 voxels FWHM = 8.3 8.1 8.0 mm mm mm; 4.1 4.1 4.0 [vexels} /
Expected voxels per cluster, <k> = 1.120 Volume: 1459384 = 182423 voxels = 2519.3 resels

Expected number of clusters, <c> = 0.05 Voxel size: 2.0 2.0 2.0 mm mm mm; (resel = 67.20 voxels)

FWEp: 5.941, FDRp: 7.106, FWEc: 1, FDRc: 5 Page 1
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MNI

MNI305 ICBM152 (linear) ICBM152 (6" gen) ICBM152 (2009) ICBM152 (2020)

AR AN # &R

A A

Almost all software packages
“normalise” by computing o
nonlinear transformation
between a Tlw scan and the Tlw
ICBM152 template, using some
similarity metric (CC, MI).

Nonlinear registration
- fmriPrep: ANTs SyN
- FSL: FNIRT

- AFNI: @auto_tirc




SPM's Tissue Probability Map (TPM)

TPM.nii

549 multimodal scans from the IX| dataset,
nonlinearly registered into an average-shape
template ("small deformation”)

12-parameter
affine registration




Normalise — Segment

Gaussian parameters
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SPM — Spatial — Normalise: Estimate

sub-01 Tlw.nii

[ ] [ ] Batch Editor
File Edit View SPM BasiclO ®
D d
Module List Current Module: Normalise: Estimate
Normalise: Estimate<-X Help on: Normalise: Estimate
Data
. Subject
. . Image to Align <X <
Estimation Options
. INU regularisation light regularisation (0.0001)
. INU FWHM 60mm cutoff
. Tissue probability map ...pace/code/fil/spm-github/tpm/TPM.nii <
. Affine Regularisation ...M space template - European brains
. Warping Regularisation 1x5 double
. Smoothness 0
. Sampling distance 3
Current ltem: Data
New: Subject
Replicate: Subject (1)
Delete: Subject (1)
Specify...
Data
List of subjects. Images of each subject should be warped differently.
1 or more options must be selected from:
* Subject
L urranth: ealantad Antinne:

TPM.nii

A 4

Output:y_sub-01 Tlw.nii




SPM — Spatial - Normalise: Write

Output: wusub-01 bold.nii

® @ Batch Editor
File Edit View SPM BasiclO ®
D d
Module List Current Module: Normalise: Write
Normalise: Write <-X Help on: Normalise: Write
Data
. Subject
y Sub_el TlW. nii » .. Deformation Field <X
- - . . Images to Write <-X
| Writing Options
. Bounding box 2x3 double
o o . Voxel sizes [222]
usu b el_bo ]‘d -N11 . Interpolation 4th Degree B-Spline
. Filename Prefix %
Current ltem: Data
New: Subject
Replicate: Subject (1)
Delete: Subject (1)
Data
< List of subjects. Images of each subject should be warped differently.
1 or more options must be selected from:
* Subject
L urranths enlantad antinne:




SPM — Spatial - Segment

® @ Batch Editor ® @ Batch Editor
File Edit View SPM BasiclO ® File Edit View SPM BasiclO ®
Dz E Dz E
Module List Current Module: Normalise: Estimate Module List Current Module: Segment
Normalise: Estimate<-X Help on: Normalise: Estimate Segment <X Help on: Segment
Data Data
. Subject . Channel
.. Image to Align <X < su b -91 T1w.n ii . . Volumes <X
Estimation Options - .. INU regularisation light regularisation (0.0001)
.. INU FWHM 60mm cutoff

. INU regularisation

. INU FWHM

. Tissue probability map
. Affine Regularisation

. Warping Regularisation
. Smoothness

. Sampling distance

...pace/code/fil/spm-github/tpm/TPM.nii «
...M space template - European brains

light regularisation (0.0001)
60mm cutoff

1x5 double
0
3

TPM.nii

/

Current ltem: Data

New: Subject
Replicate: Subject (1)
Delete: Subject (1)

Specify...

Data

* Subject

L urranths enlantad antinne:

List of subjects. Images of each subject should be warped differently.

1 or more options must be selected from:

.. Save INU corrected
Tissues

\ Tissue
. Tissue probability map ...

.. Num. Gaussians
. . Native Tissue
.. Warped Tissue

Save nothing

pace/code/fil/spm-github/tpm/TPM.nii, 1
1
Native space
None

Current ltem: Volumes

Specify...

Volumes

Select scans from this channel for processing. If multiple channels are used (eg T1 & T2), then the
same order of subjects must be specified for each channel and they must be in register (same
position, size, voxel dims etc..).

B



SPM — Spatial - Segment

® @ Batch Editor ® @ Batch Editor
File Edit View SPM BasiclO ® File Edit View SPM BasiclO ®
DeE Dz E
Module List Current Module: Normalise: Estimate Module List Current Module: Segment
Normalise: Estimate<-X Help on: Normalise: Estimate Segment <X . Tissue
Data .. Tissue probability map ...pace/code/fil/spm-github/tpm/TPM.nii,6
. Subject .. Num. Gaussians 2
. . Image to Align <-X . . Native Tissue None
Estimation Options .. Warped Tissue None
. INU regularisation light regularisation (0.0001) Warping & MRF
. INU FWHM 60mm cutoff . MRF parameter 1
. Tissue probability map ...pace/code/fil/spm-github/tpm/TPM.nii . Clean Up Light clean
. Affine Regularisation ...M space template - European brains . Warping Regularisation 1x5 double
. Warping Regularisation 1x5 double . Affine Regularisation ICBM space template - European brains
. Smoothness 0 . Smoothness 0
. Sampling distance 3 . Sampling distance 3
y su b - @ 1 Tlw .h i i . Deformation fields None
Current ltem: Data - - Current Item: Deformation fields
New: Subject *None
Replicate: Subject (1) Inverse
Delete: Subject (1) Forward
Inverse + forward

Data
List of subjects. Images of each subject should be warped differently.

1 or more options must be selected from:
* Subject
L urranth: ealantad Antinne:

Deformation fields

Deformation fields can be saved to disk, and used by the Deformations Utility. For spatially
normalising images to MNI space, you will need the forward deformation, whereas for spatially
normalising (eg) GIFTI surface files, you'll need the inverse. It is also possible to transform data in
MNI space on to the individual subject, which also requires the inverse transform. Deformations
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Study-specific template



Group space vs Standard space
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— Shoot

1 Study-specific template

dLarge deformation model



'Native' vs 'Imported’ files

® @ Batch Editor
File Edit View SPM BasiclO
D d

Module List Current Module: Segment

o

Segment <X Help on: Segment

Data

. Channel

.. Volumes <-X
.. INU regularisation light regularisation (0.0001)
.. INU FWHM 60mm cutoff
.. Save INU corrected Save nothing
Tissues

. Tissue

. . Tissue probability map ...pace/code/fil/'spm-github/tpm/TPM.nii, 1
.. Num. Gaussians 1
. . Native Tissue Imported
.. Warped Tissue None

Current Item: Native Tissue

::;i‘:e space OUtpUtS:
“Imported Cclsub-01 Tlw.nii Native
rclsub-01 Tlw.nii Imported

A 4

Native + Imported

Specify...

Native Tissue

The native space option allows you to produce a tissue class image ("c*.nii") that is in alignment
with the original. It can also be used for "importing" into a form that can be used with the Shoot or
Dartel toolboxes ("rc*.nii”).

One of the following options must be selected:

-




'Native' vs 'Imported’ files

Native
- Same space and grid as the input MR

Imported

- Same grid as the SPM template (1.5 mm)
- Rigidly aligned to the SPM template

- (Preserves a mapping to the native space)

Why?
- Computational efficiency (smaller voxel size)
- Good starting point (rigid-aligned to the same space)
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SPM — Tools — Shoot Tools — Create Template

® @ Batch Editor
File Edit View SPM BasiclO ]
D H

Module List Current Module: Run Shooting (create Templates)

Run Shooting (create Tem |Help on: Run Shooting (create Templates)

Images rclsub-01 Tlw.nii
. Images <X = o o
rc2sub-01 Tlw.nii

Current ltem: Images

Peplicat meges () Outputs:

Btz rclsub-01 Tlw Template©.nii
rclsub-01 Tlw Templatel.nii
rclsub-01 Tlw Template2.nii

rclsub-01 Tlw Template3.nii

A\ 4

Specify...

Images

Select the images to be warped together. Multiple sets of images can be simultaneously
registered. For example, the first set may be a bunch of grey matter images, and the second set
may be the white matter images of the same subjects.

1 _ar mara antinne miict ha calactad fram: 4




Output templates

TEMPLATE 0 TEMPLATE 1 TEMPLATE 2 TEMPLATE 3 TEMPLATE 4

START P FINISH




SPM — Tools — Shoot Tools — Write Normalised

[ ] [ ] Batch Editor
File Edit View SPM BasiclO ®
Dz d
Module List Current Module: Write Normalised
Write Normalised <-X Help on: Write Normalised | . .
Shoot Template <X 4 rclsub-01 Tlw Template3.nii
Select according to
. Many Subjects
. . Deformation fields <-X
.. Images <-X . o
Voxel sizes [NaN NaN NaN] y_rc 1sub-0 1_T lw.n11
Bounding box 2x3 double
Preserve Preserve concentrations (no "modulation”)
Gaussian FWHM 0
usub-01 bold.nii

Write Normalised

Normally, Shoot generates deformations that align with the average shaped template. This routine
includes the option to incorporate an affine registration of the template (the final one generated by
Shoot), with the TPM data released with SPM.

"Smoothed" (blurred) spatially normalised images are generated in such a way that the original

A
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Normalisation is never perfect
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Smoothing



Smooth

( N
File Edit View SPM BasiclO

Batch Editor

o

D

Module List

Current Module: Write Normalised

Write Normalised <-X

Help on: Write Normalised

Shoot Template <-X
Select according to

. Many Subjects

. . Deformation fields <-X

.. Images <-X
Voxel sizes [NaN NaN NaN]
Bounding box 2x3 double
Preserve Preserve concentrations (no "modulation”)
Gaussian FWHM 0 r'q

Write Normalised

Normally, Shoot generates deformations that align with the average shaped template. This routine
includes the option to incorporate an affine registration of the template (the final one generated by
Shoot), with the TPM data released with SPM.

"Smoothed" (blurred) spatially normalised images are generated in such a way that the original

L einnal _ie nracaniad ac winll ae naccihla RNlnta that trilinaar int latin

n_ic Liead and na maclkina ie

Width of smoothing kernel




Why do we smooth?

U Increase the signal-to-noise ratio
(at the cost of less precise localisation)

U Correct for misalignment
(across volumes or across subjects)

U Ensures validity of the random field correction
(see later lecture)




SPM — Spatial - Smooth

® (5] Batch Editor
File Edit View SPM BasiclO ®
D d
Module List Current Module: Smooth
Smooth <-X Help on: Smooth
Images to smooth <X
FWHM [888] g
Data Type SAME
Implicit masking No
Filename prefix S
Current ltem: Images to smooth
Specify...
Images to smooth
Specify the images to smooth.
The smoothed images are written to the same subdirectories as the original images with a
configurable prefix.

wusub-01 bold.nii

Width of smoothing kernel

v

Output: swusub-01 bold.nii
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