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e http://www.ym.edu.tw/~cflu/CFLu_course_fMRlana.html

e Week 7: Brain Activation — General Linear Model |
<Handout >Lesson7 slides.pdf

<Materials >fMRIlana07 materials.zip

e The same fMRI data in Week 6
<Materials >fNRIlana06 materials.zip
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Employed Software

fMRI Analysis

* MRIcro
* https://people.cas.sc.edu/rorden/mricro/mricro.html#installation
* https://www.mccauslandcenter.sc.edu/crnl/mricro

* Statistical Parametric Mapping (SPM 12) A SE

[Eese

* http://www.fil.ion.ucl.ac.uk/spm/ JUCcL

¢ xjView (A viewing program for SPM)
e http://www.alivelearn.net/xjview/download/

[Caution] File name\path contains Chinese character or space may cause error!
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BOLD signals

Voxel time courses
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(dependencies of BOLD signals between brain regions)




Parameter Setup of SPM Batch

fMRI Preprocessing

Chia-Feng Lu http://www.ym.edu.tw/~cflu 5

fMRI Protocol g NIBA

Siemens 3T MAGNETOM Trio Scanner @ NYMU, 32-channel head coil
Single-Shot 2D EPI (GRE-EPI), T2* weighting
Repetition Time = 2000 ms

e Echo Time =20 ms

¢ Flip Angle = 70~90°

e NEX=1

¢ Slice thickness = 3.4 mm

* Field of View = 220 x 220 mm?

* Matrix size = 64 x 64

s
\\{{[777
Slice number = 40 LR’“ X WW
\((é

¢ Volume number (depends on experiment design)

3.44 x 3.44 x 3.40 mm3

Voxel time courses
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Preprocessing Procedure

Batch of SPM fMRI preprocessing

Files to be created. o] SPM12 77195 Menws = o x|
Correction for a*.nii
! lice Timi ’ ]
i Slice Timing Rosign €6 7| [ caeumng | e
l\‘ l - - Coregister [ »  Mormalies [ w Segment
\ - ra*.nii, mean*.nii,
Realignment o *ixt
T p_" Soucity tatdevel | | Flaview
) ) The same filename with ;
[ Co-registration ] > | Spooily 2rd-doval Eatimaie
modified header.
1 Aoeuls
[ Normalization ] wra*.nii, w*.mat Dynamic Gausal Modsling
[ Smoothing ] swra*.nii v T [ [
l Tooloax bt PPIs ImCakc CACOM Impar
c1*.nii, c2*.nii, c3*.nii
Segmentation ] ! ! TN [N (TS S
mws*.nii, BiasField_*.nii S e
) _ L £ 1001, 100 veL ‘g
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. & BathEdfior =
>> spm fmri 2 Batch e -
Batch_fMRIpreproc.mat ~ e R ——
{ - on: Namad Diroclory Salactor
PR Ch 3 Diracion [
Module List Slw.:'\-,‘;:n:mg o Disoctonios
Foadigr: ME:;:»:& Redics Diroctory <X
Coragiston: nala
Change Directory spleanmriica
Slice Timing lemi%u% Wit
Realign: Estimate & Reslice i shes: Wl
oreqister: Estimate Sagment :
- . Sagmeant Carvwmi e | Mame
MNormalise: Estimate Rijootdmeioy @
Normalise: Write DEP
Normalise: Write DEP =
Normalise: Write DEP =
ngOth BEE Entor a namo.for this. dioclory selaolon. This niamo walbo dspiyed n ha Dpandancy st 28 oulput
egment _
Segment DEP %:Tﬁ::ﬂ;‘:‘;mmw 1 charsntors

Please select the proper file path of SPM Tissue Probability Map (TPM.nii) before running batch.
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Correction for Slice Timing

Realignment of head motion

Information Panel:

Slice-time corrected files are prepended with an 'a'.

Correct differences in image acquisition time between slices.

Current Module: Slice Timing
Mo L
“ || .Data
Chanage Dirscto DEP . Session <-X
Slice Timing <-X Number of Slices 40
Realign: Estimate & Reslico DEP 2
Coregister: Estimate <-X T‘_\ 1.95
Normalise: Estimate DEP Slice order . 1x40 double
Normalise: Write DEP Eﬁ:ﬁ;ﬂ;epfg;: ;
Normalise: Write DEP
MNormalise: Write DEP Slice order:
Smaooth DEP 2468101214 16 18 20 22 24 26 28 30 32 34 36 38 40
Segment DEP 13579111315171921232527293133353739
Segment DEP =
Slice Timing
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Current Module: Realign: Estimate & Reslice

Module List

Named Directory Selector  <-X |2
Change Directory DEP
Slice Timing <X
Realign: Estimate & Raslice DEP
Coragister: Estimate <-X
Normalise: Estimate DEP
Normalise: Write DEP
Nermalise: Write DEP
Normalise: Write DEP
Smooth DEP
Segment DEP
Segment DEP

Help on: Realign: Estimate & Reslice -
ta

. Session ...ing Corr. Images (Sess 1)]
Estimation Options Data dependency
. Quality 0.9
. Separation 4
. Smoothing (FWHM) 5

. Num Passes Register to mean

. Interpolation 2nd Degree B-Spline
. Wrapping No wrap

. Weighting

Reslice Options

. Resliced images All Images + Mean Image

Realign: Estimate & Reslice

Realign a time-series of images acquired from
the same subject using a least squares
approach and a 6 parameter (rigid body)

spatial transformation.

. Interpolation 4th Degree B-Spline
. Wrapping No wrap
. Masking Mask images
. Filename Prefix r i

Chia-Feng Lu
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Co-registration

« Align structural (T1W) images to fMRI (EPI) data.

Module List

Named Directory Selector <X Current Module: Coregister: Esti

g?j;gT?m?:;Ctow 2'_5)'(3 Help on: Coregister: Estimate _ _ _

Poalion: Estimate & Peslics DEP Reference Image DEP Realign: Estimate & Reslice: Mean Image
Gorogistor Estimate <X ] [|LSource Image <X
Normalise: Estimate DEP Other Images

Normalise: Write DEP Estimation Options

Normalise: Write DEP . Objective Function Normalised Mutual Information
Normalise: Write DEP . Separation [42]
Smoocth DEP . Tolerances 1x12 double
Segment DEP . Histogram Smoothing 77
Segment DEP

X1=-0.000"X-0.006"Y -0.291*Z +62.039
Y1 =-0.290"X +0.025"Y -0.000*Z +61.678
Z21=0.025"X +0.293"Y -0.006"Z -31.516

co-registration.
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To acquire the transformation matrix for image

Module List

Named Directory Selector  <-X Help on: Normalise: Estimate

Change Directory DEP Data

Slice Timing <-X _Subject

Realign: Estimate & Reslice DEP .. Image to Align DEP Coregister: Estimate: Coregistered Images|
Coregister: Estimate <-X Estimation Options

Normalise: Estimate DEP | || . Bias regularisation very light regularisation (0.0001)
Normalise: Write DEP . Bias FWHM 60mm cutoff
Normalise: Write DEP . Tissue probability map D:\softwares\spm12\spm12\tpm\TPM.nii
Normalise: Write DEP . Affine Regularisation ICBM space template - East Asian brains
Smooth DEP . Warping Regularisation 1x5 double
Segment DEP . Smoothness 0
Sagment DEP . Sampling distance 3

Current Module: Normalise: Estimate

To acquire the transformation matrix for spatial normalization.

Chia-Feng Lu
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Spatial Normalization

Spatial Normalization

Apply the estimated transformation matrix to fMRI and coregistered T1W.

Module List

Named Directory Selector <-X &
Change Directory DEP
Slice Timing <-X
Realign: Estimate & Reslice DEP
Coragister: Estimate <-X
Normalise: Write DEP
Normalise: Write DEP
Normalise: Write DEP
Smooth DEP
Sogment DEP
Segment DEP

Chia-Feng Lu

Current Module: Normalise: Write

Help on: Normalise: Write

. Subject

. . Deformation Field
. . Images to Write

DEP Normalise: Estimate: Deformation (Subj 1)
DEP Coregister: Estimate: Coregistered Images

Writing Options

. Bounding box 2x3 double
. Voxel sizes [222]
. Interpolation 4th Degree B-Spline
. Filename Prefix w
http://www.ym.edu.tw/~cflu 13

* Bounding Box (in mm)

[-78 -112 -70
78 76 85]

* Voxel sizes [2 2 2] (in mm)

Chia-Feng Lu
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anterior commissure

Gaussian Spatial Smoothing

Tissue Segmentation

« Each voxel becomes weighted average of surrounding voxels.

Module List

Named Directory Selector  <-X &
Change Directory DEP
Slice Timing <-X
Realign: Estimate & Reslice DEP
Coragister: Estimate <-X
Normalise: Estimate DEP
Normalise: Write DEP
Normalise: Write DEP
Normalise: Write DEP
Smaoth DEP_|
Sagment DEP
Segment DEP

Current Module: Smooth

2P O DOl
Images to smooth DEP (2 outputs)
FWHM [8 8 8]
Data Type SAME
Implicit masking No
Filename prefix s

Chia-Feng Lu

Full width at half maximum (FWHM) of the
Gaussian smoothing kernel in mm.
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Module List

Current Module: Segment

Help on: Segment

Named Diractory Selector

Change Directory DEP
Slice Timing <-X
Realign: Estimate & Reslice DEP
Coragister: Estimate <X
Normalise: Estimate DEP
Normalise: Write DEP
Normalise: Write DEP
Normalise: Write DEP
Smooth DEP
Sagment DEP
Sogment DEP

GM map WM map CSF map
(c1*.nii) .nii (c3*.nii)

. . Tissue probability map
.. Num. Gaussians

. . Native Tissue

.. Warped Tissue

. Tissue

. . Tissue probability map
.. Num. Gaussians

. . Native Tissue

.. Warped Tissue

Tiscue

Data

. Channel

.. Volumes DEP Normalise: Write: Normalised Images (Subj 1)
. . Bias regularisation light regularisation (0.001)

EWHM 60mm cutoff

. . Save Bias Corrected Save Field and Corrected
issues

. Tissue

D:\softwares\spm12\spm12\tpm\TPM.nii, 1
1

Native Space
None

D:\softwares\spm12\spm12\tpm\TPM.nii,2
1

Native Space

None
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Acquired image

Enhanced Contrast

Bias Field Correction
NYMU_32ch_EPI_BOLD

Bias field map

—>

(by SPM12 segment)

Run ApplyBiasfield_CFLu.m

Enhanced Contrast ™ Corrected image

&%) NBA

i S —

v
General Linear Model
Introduction and Model Construction
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N-Back fMRI Data Acquisition

&%) nea

The Model of GLM &5 NBA

Dorsolateral prefrontal cortex

> Pat I,I"\ o
v‘ﬂJIr \"\'J \‘w" "“\.-x-jr~ "v'\nf‘\"

135465
216548 Visual Cortex i
" | WANAWAWAWAW
135465
Block Design MRI
¢ BOLD fMRI:
0 330s One session of task
(visual stimuli)

5 tasking blocks (duration = 30s) with resting interval (30s)
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Finding the linear combination of these hypothetical time series “best” fits the data.

Measured BOLD signals

time

Voxel time courses

\ "3‘ %
Suimopeys uolelausn

oo

Measured ”Known” ”"Unknown” parameters
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Parameter Estimation &0 NBA
) NEA

=

Parameter Estimation

Same model for all voxels.

&) NBA

Beta value represents the association between a condition design and the
measured BOLD signal.

()]
[0}
=
[0}
S
Q)
=
o
=}
%]
=
)
[<%
[s)
2
=}
0

Chia-Feng Lu http://www.ym.edu.tw/~cflu

21

Different parameters for each voxel. Beta map for each task condition

Condition #1: beta_0001.img

Chia-Feng Lu

af
Specify 1st-level Model __,,,. NBA

=N,

A5
Specify 1st-level Model __,,,. NBA

& SPM12 (7219): Menu | =) fst3w| | | Current Module: MRI model specification
Realign (Es. = Shee limmg Smooth Directory <-X
Coregister .. =  Normmalse (.. + Segment Timin_g parame_ters
. Units for design <-X
: . Interscan interval <-X
Review . Microtime resolution 16
Specify Znd-level Estimate - Mlcrotlme. onset 8
Data & Design <-X
Resulls Fac?orial de_sign
Basis Functions
Dynamic Causal Modeling . Canonical HRF
.. Model derivatives No derivatives
Model Interactions (Volterra) ...model Interactions
Display CheckReg || |Render = | FMRI Globa]I normalisation None
Masking threshold 0.8
Toolbox: - PHRIS ImCaic DICOM Import EKp|IcIl maSk
Help  |Sutis || Baun Gut Serial correlations AR(1)
://www.ym.edu.tw/~cflu
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¢ Condition
¢ Name = N-Back
e Onsets =[16 46 76 106 136]
* Durations =15

e Multiple regressors (rp_*.txt)

¢ Units for design = Scans

* Interscan interval = 2

¢ Microtime resolution = 40 (Slice number)
¢ Microtime onset = 1 (Reference Slice)

N Back N Back N Back N Back N Back
15 15 15 15 15 15 15 15 15 15 15 Scans
16 31 46 61 76 91 106 121 136 151 165
Load Nback_model.mat
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<8 NBA

T Estimate Model

Statistical Analysis:

Sni1) MESEBIT)
Sni1jR2

ni1) 36

3n 1) constan]

Sn1)R1

EUE]
Sn(1)R4
501 RS

w0008 D000 DOBMM 41 i 1 "4 SPM12 (7219): Menu =k
b0 1-CRO0E-00007 Q0000701 nii sy |_r_
b0 1-CRO0E-000 300001 301 nii
WaRD1 J00E 00013000021l
wald)1-0008-0002 .01 1 [
a1, 000800031 00003101 i Realgn (Es. = | Shee lirng Smuoath |
waN-0006-00037-000097-01.0ii 1 5
b0 1-CRO0E-D00 300004301 i i »  Mormahse (.. = 5
wak-0006- 0004800004801 il 1 Coregister . ! d Sz
watl01-D00E-00055-000055-01 il A
k1 D008 00081-00006101 i 1
w1 D008 0O0R7-00006T-01 i 1
warkI 0008 COOT-H000T301 i 1 Specify 1stlevel |
waki-0006-CO0TS-U000THN i1 T P
watl01-D00E-00085-0000485-01 il | |

Design

Taking the 2-Back as an example.

imagas

w1 0008 00051000081 01 i | Specify Znd-level
wearb001-0006.00067 00009701 nii |
wark0H 0008001030004 03401 nii |
w0000 5000 0801 nil 1
w1 006001 150001 15-01.nil 1
watl01 005001210001 2401 it A

wald)1-0008-00127-0001 2701 i1 ] . Classical

warKIH 0008001330001 3341 nii 1| Dynamic Causal Modeling
b0 1-CR00E-001 3680001 3801 nii

eat1-C006-001 510001 5101.nii 1 SPM for
watl01-L00E-001570001 5701 il 4 I TOf

w01 L0000 1BS-0001 6501 nii

parameters Display | | CheckReg | Render = [lFuRi =

Toalbox v'_ pis | imcaic | DIcom impor

[gpany —» /3 rock unicedy 5 pesclied] —_—
Help Utils.... =) Batch Chuit
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N Back

. s ¥ 47, .
Review Results o e | A

FWE, p<0.05 .

[E=RECR =" ‘:i E“:.

SPMT, )

Statistics: pvaloes scfusted for search ok
el cheie dorvd

.

LR i)

Fros

0.008 36 e.oos 8008 M3 0.008 0000

s.008 8858 1N D608 D603 0803 1030 Inf 0.000 8 36 3%
Fight Corwinam  Froml Lot if UsdSe Fronasl Gyrus 1 Wists Maties 1! undebived I Frontul_inf_ Do jash

S.008 8006 W3 0008 000 003 MM Iaf 000 34 -3 M

8005 8868 I 0.005 0.004 0060 B30 T4 0.000 - W e

B.508 8008 130 0008 DOMA DEY BES TN 00N & -3 -8

B.o0e 8000 190 0808 D000 D008 B8 T3 0060 -3 4K -2

B.008 8008 31 D.OGS 0.0M 0.0 T AL 0000 -3 4 68

e shes Do s P Pl 0 e

. E ————
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THE END

alvin4d016@ym.edu.tw
Teaching Materials: http://www.ym.edu.tw/~cflu/CFLu_course_fMRlana.html
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