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Download Demo Materials

IDVE B 2R 5T HE BN 4
DB FBHE(MR)P O @K EERE > BIFER

http://fmri.ncku.edu.tw/tw/download/20160528 29rsfMRI/adrsfMRIdata.zip

AR EARE
MR T IRREE > BIEER

http://www.ym.edu.tw/~cflu/adrsfMRIdata.zip
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Course Arrangement

PART | (5/28)

° Preprocessing of rs-fMRI

> SPM preprocessing batch

o Modification of batch file

o Group independent component analysis (group ICA)

PART Il (5/29)
o Seed-based functional connectivity
o Complex network analysis
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Employed Software/Package

1. SPM preprocessing

o http://www.fil.ion.ucl.ac.uk/spm/

2. REST functional connectivity, ReHo, ALFF, fALFF, VMHC
o http://restfmri.net/forum/index.php?qg=rest

3. IBASPM 64-bit

o http://www.ym.edu.tw/~cflu/software/lbaspm_64.zip

4. Brain Connectivity Toolbox/Network Based Statistic Toolbox
o https://sites.google.com/site/bctnet/

5. GraphVar

o http://www.rfmri.org/graphvar
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Switch current folder to data folder

More convenient to execute the subsequent processing steps....

Current Folder: C:\Users\Alvin\Desktop\data\data'Subj01 vil.l @
b data
0 =& et
| Subj01 BEERK
| Subjn2 BEERE
| Subjo3 BEERK
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Do not include REST path!

Extract Subject’s Atlas

IBASPM 64-bit version

http://www.ym.edu.tw/~cflu/software/Ibaspm_64.zip
B IBASPM_Atlasing - - IEH

Subject’s mwanat.img

. [— Input imag
|
/AtIased/mwanat_AtIas.lmg CWsers\Avin\Desitopidata\data\Sub  Browse

. Output Directory. At1as 116 or Atlas 90° — Atlasing

SPW Segmentation...

CWsers\AlvimDesidop\data\data\Subl,  Change

— Reference Atias- SPW Normalization...

Atias 116(116 Brain Structures) v | CodFie Labeling...

Atlasing...

Volume Statistic...

Modalty T1t late

T1 (T1 Template) L

— Gray Matter Segmentation Threshokd

() Use Thresh Compute Brain Volume...
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IBASPM

Individual
atlas flowchart
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Individual
= Y Anatomy j(
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fo MNI Space %

Individual
Gray Matter
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W

WNI Atlas

]

Individual Gray Matter
Segmentation Mask
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Seed-based Functional Connectivity
Analysis using REST toolbox
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Include REST & SPM8 path!

Initialize REST environment

>> rest
CPU

4% 242GHz v

69 1086 34920 e

Hr=m=m
0:00:34:28
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-] Set REST Workers

sy
2

Intel{R) Core(TM) i5-3317U CPU @ 1.70... | paraliel Computation Toalbox detected. Haw many workers da you want REST to

OK Cancel

Command Window

Welcome: Alvin, 20151002_2312

REST Version: 1.8, Release: 20130615

Citation Information:

Xiao-Wei Song, Zhang-Ye Dong, Xiang-Yu Long, Su-Fang Li, Xi-Nian Zu
Starting matlabpool using the 'local’ profile ... connected to 2 workers.
Now REST is Running on 2 workers.

fi>>
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Create B

rain Mask

Utilities = REST Image Calculator

Import subject’s swmeanaREST.img
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il1>300

Image Calculator

Image Calculator

Add Group Images

Add Individual Image

<

Help

Output Dir: C WsenyihniDesatopdaty'dats'Subl 'SP Wpoc
Exprossion: a0
Output Nama: sk
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FunctCon

Functional Conlo.. 7777 ]

[ Opto= dew Banc Pana Fitme

Select folder of Subj

Voxel wise <> ROl wise
Mask file

6 motion parameters as
covariates
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™ (%)

|

I (m[ PR i
= et Paramesery

Dsta Dveciory.  CWsernOesiiosidata_procSebfi0ProcRESTG tten|

| — 50 RO v

—————

Only put fMRI smooth data in this folder!

C) Detaot mask

& Usergetred mass

Uy dst_FrIcuOIsam i

» Subj02 » ProcRESTING

] Mame

Covariables. ¢ ymervinimDesiiosdate_orecsen0ZRES TGS

e

swaf002-0004-00001-000001-01.hdr

Functional Connectivity Doall
Cratpt Parameters

Prefu FClag FCateg_ProchE STING_feres Marimg)

Drectory  ersANeDeuispiants_proSuGRRricRESTING Fusctlon |

L] Fhar Toassre tanatormasen wihe e maah (Prefis_Drectorytiams (aieg)

M ewaf002-0004-00001-000001-01.ima
P& swaf002-0004-00002-000002-01 helr
M swafD02-0004-00002-000002-01.img
P swaf002-0004-00003-000003-01 helr
@ swaf002 - 0004 -00003 -000003 01img

Halp Fishar 2 Shice Viewsr  Power Spectrum
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FunctCon

Spherical ROI

B 01 (Region of interest) Definition

e}

ROI Center(mm)=(-48, 10, 42); Radius=6.00 mm.

Defne 8 seed RO by sefting the center coordinate and ihe racus(mm)

There are & methods o generale the ROI mask fle-

1 g Cluster after

2 From AAL template by selectng apecifc ares

Aention:

| For MT) images (e.9. preprocessed by
SPMS or sbires wersion), just fype in the

| MA cocidinates, Le. poaitive x vahse

| means right Beruaphers of beain, which
daplayed = the left side in REST Slice

| Wieveer (RLST Shoe Veewar deaplayed =
[ p———

| Fof ARALYZE images (0.9 prepiocessed

User defned time courses contaned n & bt fie

by SPAT), please check ihe
correspondance batween » valus and
lefuright hemiaphare in REST Bce

| Viewrer because ANALYZE wnages do not
]

View ROI

| xiwew)  Vimw) Zewi  Redsesime)

45 " Q &
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| [ From Twtmrncs, m uit Ok
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FunctCon FunctCon
. e o B Slice Viewer - REST1.8  C:\Users\Alvin\ Desktop\data_proc\Subj02\procRESTING FunctC..  — O b4
Functional Connectivity Maps R

Shee Viewer
[Jvoke [ Crosshar
X{mm) Vimm} Z{mem)
-3

I RO Definition List - * |» Subj02 » procRESTING FunctCon 40 s

~

x2 ~  MNITBL., ~

ROI Center(mm)=(-42, 0, 42); Radus=6.00 mm. Al [ Name
RO Center(mmis(-48, 10, 42); Radius=6.00 mm.
|ROI Center(mm)e(-32, -28, 68). Radius=6.00 mm.

106/1.73428
Wontage

caps

=] FCMap_20160529_0536.log
= FCMap_20160529_0540.log

\j ROI_FCMap_ProcRESTING filtered.txt m@n:'.l:emnpm-.:;
@ ROITFCMap_ProcRESTING filtered.nii Overlay: ~ < # [
FEI ROI2FCMap,_ProcRESTING filtered.nii Rt D,
@ ROI3FCMap_ProcRESTING filtered.nii
@ zROI1FCMap_ProcRESTING filtered.nii
@ ZROI2FCMap_ProcRESTING_filtered.nii
Done View RO Delote RO! | | Add ROI M ZROI3FCMap_ProcRESTING filtered.nii

See Cveriay
0.6997

o
P 1 af | Only + .
| Template -
Cluster Size |Save Cluster

Misc v

Sensorimotor network
for example

| Neg

Misc

Save Clusters  CL Report
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FunctCon | FunctCon |
W Slice Viewer -- REST 1.8 ChUsers\Alvim\Desktop\data\data\Subjo1\sPMp.. = & u
.blv.?\l'»?ww REST 1.8 CAL: Al Desictop'd
Gk 12 Toggle Mar nfs.
stoe Viewer e o Tomie A e
Ll T e Sice Viewer —— 1180
Ximm}  imm)  Z{mm)
40 [] 44 [Ovese B crosshar
Mimen) ime)  Zimm)
a2 v MMITML. v 40 ] 5
T Misc > Set Range of Threshold = e
s » far thresholdi - ® ) “wie u
1 a range for thresholding - - Set a range for thresholding - x u—.
CUservANTOaskopdatae: Threshokd Value's Range: Min, Max{ Defaut=—int,nf.} Threshold Value's Range: Min, Max{ Defauts-int nt.) baar
0.118 ~ 0. 116 ' |
Overtay. i . >

€ WserskhmiDeskiopdata'c:

¥ | weernianmDesiogicata ¢
verlay, < —
Sat Thrashold Value's Series, such sz 25,1,7,31 for only showing Brodmann's WeervlANmiDeskiopidats_
area BA2S, BA1, BAT, BA31 when overlay is BA template. This also works for AAL
template. This supports MATLAB array defination syntax NaN means not confined

Sat Thrashold Value's Sariss, such as 251,731 for anly showing Brodmann's
area BA2S, BA1, BAT, BA31 when overlay is BA template. This also works for AAL a See Overlay

in ANy saries template. This supports MATLAB array cafination syntac. NaN means not confined 9
iy n any senes.
Custer Se Save Custer ! ~ 1 ~ Ji o
w | B ar  Only s .

Save Custers i Flepert w

Inc ~ Template

Cancel | cyssersire Save Custer
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Create cluster ROI

Bl stice Viewes - REST18 ©L '

02T\ Atlased) 00— - Threshald by cluster size

Cica o Togge Har mfo
| Sice Viewsr Set Cluster Size(voxel) musi be GREATER than:
Clvee [ croashar 3 30
Xjmm) Vimm} Zime)
@ o 0

/ & N Set Volume (mm"3) must be GREATER than: (this value would be transformed to
ht » Cluster Size according to the Overlay's size and its voxels size)

0

=Set rmm value as Connectivity Criterion. If your voxel size is 373"3, then

M rmm=4 means 6 voxels (surface connected), rmm=5 means 18 voxels (edge
connected, SPM use this criterion), and rmm=& means 26 voxels (cormner
connected). You also can type "SPM_Criterion’ if you want to use SPM's
criterion (18 voxels, edge connected). Note: just suitable for cube voxels
currentiy.

5

| Ny

| |cwsersianmiCeasopidata_p

Overly, - ©

CUsersiAhinDesingiga

Cancel
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functCon Connectivity Maps

[l Stice Viewes - REST 1.8 CAUsers\Alvin\Desktophdata_peoc\SubjOz\T\Atlasediws002-00..  — m} x
| coek o Teggle Har nfe [ shce Viewer - REST 158
Sice Viewer
Cvoe B Cick 12 Toggle Hax o
Ximm)  Yimm) Zimem) Shee Viewer
“@ o 50 [Ovese B crosshar
= v R v Ximen) Y (me) - Zimem}
m 4 | s
%810 onkege 2 < AL
~y =
@ w2
| baas
C WsersbihmiDesitopidats |
Overly. |~ = Undeday. -
CilsersibhmiDeskiop\data ¢ CWserniahmiDesiiopiama_t
| 'l Overlay. = [
1 See Overiay AL "
e . CWsernAhmDenitopidats ¢

Kl a
K df Ony. -
Mac  Template
Cluster Sze  Save Custer
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Functional Connectivity logfile

| FCMap_20160529 0601 log - Notepad — ] ®
File Edit Format View Help
Functional Connectivity input parameters:
Input Data Directories{ ):
240# C:\Users\Alvin\Desktop\data_proc\Subj02\ProcRESTING_filtered
Mask file: C:\Users\Alvin\Desktop\data_proc\Subj02\Mask.nii
Functional Connectivity Parameters
ROI Definition: ROI Center(mm)=(-42, 0, 42); Radius=6.00 mm.
ROI Definition: ROI Center(mm)=(-46, 10, 42); Radius=6.00 mm.
ROI Definition: ROI Center(mm)=(-32, -28, 68); Radius=6.00 mm.
ROI Definition: C:\Users\Alvin\Desktopdata_proc\Subj02\PreCent_R.nii
Covariables Definition File: C:\Users\Alvin\Desktop\data_proc\SubjO2\RESTING\ 1
Covariables Polort (Polynomial Orthogonal Degree): 1]
Functional Connectivity output parameters: V
< >
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Extract Atlas ROI signals

Utilities = Extract ROI Signals

n Extract ROI Signals =

240# C:\Users) Al v

Use filtered or
covremoved signal data

Data Direclory: |C\Users\Alvin\Deskiop\dataldata\Subil1_fitered

Extract ROI Signléfgr defined mask file

| ¥ wutipie inbei vaiues i a singie mask ie |

Define ROI

Output Dir: (C:\Users\Alvin\Deskiopidate | Run

Subj01_filtered_entireResultCorr.mat
Subj01_filtered_entireResultCorr.txt
Subj01_filtered_entireROISignals.mat
Subj01_filtered_entireROISignals.txt
Subj01_filtered_ROI1_ROllabel1_ROISignals.mat
Subj01_filtered_ROI1_ROllabel1_ROISignals.txt
Subj01_filtered_ROI1_ROllabel2_ROISignals.mat
Subj01_filtered_RCI1_ROllabel2_ROISignals.txt
Subj01_filtered_ROI1_ROllabel3_ROISignals.mat
Subj01_filtered_ROI1_ROllabel3_ROISignals.txt
Subj01_filtered_ROI1_ROllabel4_ROISignals.mat

Codains £ d DIt Drllabald Do s,
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Extract Atlas ROI signals

figure, plot(theROITimeCoursesTotal(:,2))
data » Subj01 » AtlasROI_aal . .
: figure, plot(theROITimeCoursesTotal(:,4))
Figure 1
* subjo1_filtered_entireResultCorr.mat | B e h’_‘"_"’f_"@“’_“’j “';':“U :gﬂ =
Subj01_filtered_entireResultCorr.txt [ therROMimeCoursesTot <24( _3-_.;, S ket o b =
i Subjo1_filtered_entireROISignals.mat] 1 2
. ;i . . f
Subj01_filtered_entireROISignals.txt 1 798.1161 - IP! f -,\ i N
# Subjoi_filtered_ROI1_ROllabell ROIY 5~ geoaras  707.0240 u'ﬁ'f‘ S, 'ﬁl.i \ ol ] f"-._.f \ "'-J'»"I "*"Iu"'.;i'
Subjoi_filtered_ROI1_ROllabel_ ROI{ 3 ss0.4200  796.2333 '.Jl" TEVW WYY VIV
# Subjo1_filtered_ROI1_ROllabel2_ ROI{ 4 86096546 7957288 e 0 00 150 ™0
Subjo1_filtered_ROI1_ROllabel2_ROI 5 8700611 7954528 a0
# Subjo1_filtered_ROI1_ROllabel3_ROI4 & 8705762 7954183 & IR
- - 5 7 8711823 7957328 N N T W VAPV VA R
Subjo1_filtered_ROI1_ROllabel3_ROIY : : | VL SO T |.".- WS
, 3 8 8718634 796.4895 - U vy v
| 9 8724967 797.6218 /
A0 223 845 Z08 8250 Bas L L
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Correlation/Connectivity Matrix
a

load entireResultCorr.mat
figure, imagesc(ResultCorr)

File Edit View Insent

Dada| k| NS

H RﬁuhCo@lSdcuble

1 2 3 4 5
i 1 osom 0.1583 0.2188 o]
2 0.8071 1 02747 05703 o]
3 01583  0.2747 1 06204 0
a4 0.2188 05703 06204 1 o
5 0.4768 07410 05514 06922
6 0.4577 07162 05147 07309 0.
7 0.5477 05605 07443 05227 O
8 0.4411 07203 05922 09124 0.
a 05072 07304 048R4 0eAss 0
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Figure 2
Tools Desktop Window Help .

DB L- G 0B @

Atlas ROls

B slice Viewer -- RE

-] Set a range for thresholding

Threshold Vale's Range: Min, Max( Defaul=-inf Inf.}
0,118

Set Threshold Value's Series, such as 25,1,7,31 for only showing Brodmann's
area BAZS, BA1, BAT, BA31 when overlay is BA template. This also works for AAL
tempiate. This supports MATLAB array defination syntax. NaN means not confined

in any seres
23 24 35 36 81 62
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Cick o Toggle Hor info
Slce Viewer

-

w

OK Cancel

Cluster Size | Save Cluster

Save Custers  CL Report

|voke [ Crosshar
- g Zimm)
= a“

INVTBL. ~

ST1.8

Exercise

Extract AAL 23,24,35,36,61,62 ROl signals and correlation matrix.
o Create a mask image with selected ROl labels

o Extract ROl signals

o Plot correlation/connectivity matrix

2016/5/28~29 Chia-Feng Lu

- o N

Figure 2

File Edit View Imert Tools Desktop Window Help ¥

Ocda|k
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Statistics on Connectivity Matrices

Descriptive statistics, one-sample t-test, two-sample t-test, paired t-test,....

Subj02

e 1 TE R

Complex Network Analysis
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Network construction

H u ma n bra i n netwo rks Wiring costs < efficiency e

o Clusters of lattice-like short-distance connections between spatially neighboring nodes

> Topologically direct interconnections between spatially remote brain regions > increase Nodes Structural brain network Functional brain network
efficiency of information processing o Cortical regions
> Nodes aggregated topologically and anatomically as modules = minimize wiring cost Edges

o Cortical thickness

Lattice topology Complex topology Random topology

correlations
o Fiber connections
> DSI, DTI, transneuronal tracers
° Functional connectivity
> fMRI, EEG, MEG o7s
i05
02

By [Network = nodes + edges |

Bullmore et al., Nature Reviews Neuroscience, 13: 336-349, 2012.
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Complex networks

. Brain have a small-world architecture.

Regular Small-world Random Complex networks
Social network
WWW internet
Biological system

+ Brain network

Emergence of
shortcuts & hubs

Increasing randomness

» High local clustering » Local segregation
» Low separation » Global integration

high signal-propagation speed, computational power, and synchronizability
Watts DJ, Strogatz SH, Nature 393:440-442, 1998.

2016/5/28~29 Chia-Feng Lu HTTP://WWW.YM.EDU.TW/~CFLU

Graph theory: topological properties =

Local (each node) « degree (the number of neighbors)
4 _
@ eg. degree of node 9 = 4
@ « strength (the connected fiber

E number*FA)
8 e.g. strength of node 9
@ \mﬁ = (50+100+300+500)/4 =
! 2 2375

« clustering coefficient
Global (average over all nodes) (the connection between neighbors, [0~1])
4 e.g. clustering coefficient of node 9
=5/6=083
3 + path length (separation)
8 9 (the minimal steps for connection)

@ 2 e.g. path length from node 9 to node 6
1 =2steps (9> 8> 6)
Salvador et al, Philos Trans R Soc Lond B Bjol Sci; 360, 937-946, 2005
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Network properties

- The topological observations can reveal a "hidden" or "high-level"
relations between nodes.

& 4
®

X
@ @.
@
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Brain Connectivity Toolbox

Neurolmage 52 (2010) 1059- 1069

Contents lists available at ScienceDirect

Neurolmage

journal hamepage: www.elsevier.com/locate/ynimg

Complex network measures of brain connectivity: Uses and interpretations

Mikail Rubinov *P<, Olaf Sporns 9

* Black Dog Insdtuie and School of Prychiatry, University of New South Wales, Sydney. Austrolia

* Mental Health Research Division, Queensiand Instinute of Medical Recarch, Brisbane, Australio

¢ CSIRD Information and Communication Technologles Centre, Sydney, Australia

* Department of Psychologicol and Brain Sciences, indiona University, Bloomington, IN 47405, USA
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Brain Connectivity Toolbox

Degree: number of links Degree of a node |, Weighted degree of i, K" = ¥ Wi
connected to a node K (Directed ) out-degree of i, K™ = }_,.a,.
= Z dy- (Directed ) in-degree of i. k" = 3 =nay.

JeN

* Binary network

Shortest path length: Shortest path length (distance), between nodes i and j, . piand j,
a basis for measuring d Z ¢ Welghted network 4 map (e.g, an inverse )
= ' .
aRctaion I [ * Directed network [rortstweighted
v Egly
-, ry - . Shortest directed path length from i toj, df = } gy  ay,
where g;..; is the path (g | i and j. Note : 2 ey
that dy = s for all disconnected pairs i, j. WHERE g5 15 ¥io i eUiEd Shorbest path-tann 5.,
1
Global effici Global effici f th twork (Lab d Marchiori, 2001 E 5
efficiency ciency of the ne ora and Mard ||:n 8 Wei global eficiency, ¥ — *Eer g;._':.a_ ) -
o | =i g:N";:‘ ﬂi b a5
= ',;ZNE: = 55_; =1 Directed global efficiency, E= = 137, =0 L2

where E; is the efficiency of node L
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GUI for network analysis

-
— -,

Graph 'ar

Consents lists available st Sciencabimect

o ﬂ Journal of Neuroscience Methods

journal homepage: www elsevier comilacataljneumeth

Computational Neuroscience

GraphVar: A user-friendly toolbox for comprehensive graph analyses
of functional brain connectivity

J.D. Kruschwitz ™=, D, List*"', L. Waller?, M. Rubinov®, H. Walter*
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Q&A
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THE END

alvind016@ym.edu.tw
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Error in file_array function in RES

deal rectangular filter: e ¥

Read 3D EPI functional images: "C: X
Load mask "C:\Users\Alvin\Desktop\data_proc\Subjo2\Mask.nii".
Band Pass Filter working Wait, Ad d S P 8 h "

Saving fltered images. Wait

Exception occured. (MATLAB:UndefinedFunction)

Error using ==> parallel_function at 598

Eror in ==> rest_Write4DNIfTI at 47

Undefined function or variable 'fle_array'.

s9gline, parallel_function,  in "C:\Program Files\MATLAB\R2010b\toolbox\matiab\lang\parallel_function.m"
1224line, BandPass, in "C:\Users\Alvin\Desktop\softwares\REST_V1.8_130615\REST_V1.8_130615\fc_gui.m"

6024line, btnBandpass_Callback, in "C:\Users\Alvin\Desktop\softwares\REST_V1.8_130615\REST_V1.8_130615\fc_gui.m"
96tine, gui_mainfen, in "C:\Program Files\MATLAB\R2010b\toolbox\matiab\guide\gui_mainfcn.m"

3oline, fe_gui, in "C:\Users\Alvin\Desktop\softwares\REST_V1.8_130615\REST_V1.8_130615\fc_gui.m"
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