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(—) BHEABEEARRER

AEAFET MATLAB 2013a T, & M T2 R s i i . Zhe AL IR 2k
PRI A A AR T Ry fAE T

1.

2.
3.

K ETE P Ak i E R S

T SPM8 LI fMRI JEAG s L & AL 2

S FALEE fMRI Bl hig ks, AR, WEW, SMEERETIRES
L 22 Bx .

AT HE ThAEE R (functional connectivity density);

THE R 4 B DU 4 — S48 A5 (FOur dimensional (spatio-temporal)
Consistency of local neural Activities, FOCA);

EEG-fMRI ZBiZsflA, HIEALE 1) 5T IMRI 58RI 45 i B8 e hr 4>
#r (fMRI-informed EEG analysis); 2) %1 EEG K [8/{5 B K fMRI gl &4
(EEG informed fMRI analysis).

ST LG MRI £ (DICOM) #EAT IR 432K

BAEG T T-map B{H .

(2) BHERBRERER

1.

245 MATLAB 2013a A UL ERRA; MREAE RGN 64 fi7 Win 7 #/E KRG
Linux Ubuntu #:1E &%t .

7 MATLAB #4275 in SPM8 H 3% *\SPM8 (SPM8 T B T szl fit &= 7
ARFED o ¥ : G SRBCA AN SPM8 AL, T BRIk & 7l &b 35 ) B (Preprocess)
ANBESEILAL,  AEAFHAn DR vTRE A

fE ) NIT TEAL, 4 NIT FrfE H % *\NIT toolbox #iINE MATLAB #1324
o W N E TR

All changes take effect inmediately.

MATLAB search path:
Add Folder...

1. D:\Work\NIT_beta_v1.0

Add with Subfolders... | DAWorkiSPMSPM8\spm3

Move to Top

Maove Up

K4 2.1: SPM8 DL NIT 42 FIE I



4. fF MATLAB 74 % 4\ nit B A[E 2 F

MATLAB R2013a

(e =10
:_data *
Comman d Window B
> nit
ISP =10 ==]
Lhsall | | | Neurosclence Information Toolbox (vl.0)
] I, o [ I | | http://www. neuro. ueste. edu. en/NIT. html N I T
V1.0
09-May-2015 09:46:21
Key Laboratory for Heurclnformation of Ministry of Education

Ji x>

Universily of Electronic Science and Technology of Ching

l Regress & Fiter FOCA,

MELP Lhilities. v EXIT

Kl 2.2: NIT j5 335t
() FRERNA

3.1 fMRI 487

3.1.1 Preprocess

I SPM AT b ) AL BE G B BV BB, AR R R A G SR SR R 2 S
I F5T SPM, AEAFFRMLH A TRAL P 240 T B4k B TAL 3 D) e g I 4R 2
o IXAEREMCR HIF2 1 HUlE AL AR

1545 DICOM A7 2 AL LA A NEEAL, A BRI S Bt i 2 Ja 1
*.img EHUEEHE, AR HE R DICOM ik .
3.1.2 Regress & Filter

FEE ARG D R« WX 28 43 B 55 Dh Re g LR AR (1 v S f rh, — 7 T ad
W S PAL PR AT TG T R . W T IME T A Sk3h. |
Ji~ WPEW . . EMIMERS . —RIRATRHA BB DL & BRiX e 4
BT e )7 H R B A AT A BB, DA PRAR IR DL R A A IR . AR
NIT BAF P IRATEI T #HEE £ R ME SR DEE.

SR P T B R 510 AP B DI RERE LR EE (TR =2 9.
ZHE A F M IR AR IE . A TR 5 AR dEAL S TAC 2D IR
3.1.3 FCD

A AEIZ L Chub) 15 f IR 28 R T SRR 28 A AN D R R I . IR &R
FENFEKM) hub 75 s 70 A0 R T RATE — 2RI R & T8 DL K w4
PESE i o Tomasi %55 T IR IR H T )R Dh A8 iE 4% B2 (local functional
connectivity density, IFCD) #&#x(Tomasi and Volkow, 2010; Tomasi and Volkow,

4



2011) FH DAER T R (R A% 0715 s oA o RATHE AT Th B2 T IRAT T EROR SCIZ AR
FRE MATLAB H 5

SR PR A T BN 510 FP R ER B DR RS (TR =2 5).
B O A I T AR IE . 2S5 55 AL SR AL B D %
3.1.4 FOCA

124, O KRENHTE @S DR R G AR, #FFE S AT BA K X
DI REER: . d3t—20, JREi X & oig sl — 8k URftioett) 1Ll
KEXRF. BT, OAZMSEEEPs %20 750 X & sh i —80E, /R —2
P ReHo (regional homogeneity) (Zang et al., 2004). %4 /5 #54H5% ILC (Integrated
local correlation) (Deshpande et al., 2009) LA & & #5 Th fiE %425 % (local functional
connectivity density) (Tomasi and Volkow, 2010)%% . X SeFahraRA 5% B HI7 B S,
HRAEAFVE R ), X R AR 35 20 U 1) A2 =) 350 1 DX PR Bsf | — B, T 4R 20 1
A BEAFAE IR AR (8] P J&3 50 i X 40 22 e & B 25 (Rl AE G PE . BRIk, AR R &6
0 Ly 56 7% 51 AT BEAR I HS I 2P U7 TET O HFAE (Dong et al., 2014b). BT, BRI K
1) JR B T e — BUME NAZ AL B AN 5 T J& 304 3R 1B TR) A DGR J 3B A4 3 AE AR AR I
[ A OC . JE T X —fi%, Dong &R 7 —AN#inifeEls, BENREMEES)
U 4k (1 2%)— 254 (FOur-dimensional (spatio-temporal) Consistency of local neural
Activities, FOCA)Z 54 /538 25 (5 H (Dong et al., 2014b). FRATEBAFHERK T
X—fabr it IR .

SEWNEHE  5) IE R BT 510 FP I AT RERE LR A (TR =2 5.
B O A I T AR IE . 2S5 55 AL SR AL FE D %

3.2 EEG 4M¥7
Frefhs. ..
3.3 BhESHT

KIS ENLIE 72 21 AW — KRB, Thaem & A& 7E 1 KK 1)
e RN RS 5 10 A 5 B AT 1 B AT 5 (Friston, 2009), 31 CL & BN # &R AE 7RI
R EE T B, Joflmima . 7S 18] 7 3 230 g% K i 7 B A 1) T A .
EIEART TRNEER AT D2 SEVLE], AR T8 7R W i 2h ) VR
MALRFENLS . BET, FE NGO ARA WL 3R 8 (Magnetic Resonance
Image, MRI) fiixi H1. 18] (electroencephalogram, EEG) A1 #Z &l (magnetoencephalogram,
MEG)%% . BAER 2 Hr R T A A & BRI S H . &G ARHAE BERER (2
RIS AL, Rl A I - SR AR R G D AN T BE SR 34 BAME S 73 40 B
F(E 3.2), 1M HIEA BT 3AT B — B #2275 30 11 2L (Biessmann et al.,
2011; Huster et al., 2012; Laufs, 2012), T, FHEFEFATIRS #8028 RURS Feh 2 90 FR g 22
AP TAR

ZRHEMG FEREGMATESINA RN &R, Hd, EEG fEA—ML
BlC R E s AR BAE ST 20, ARG E PR (2090, (HAA
SRR TS —F H AT - EIEOR, MR NEGF A . WK, X pif
TR T7 NS & AT RE - AL w2 R I R B & UR BOR o HALHE
BT HEER NG AT AT IO RAE 5C R OR I D BEAS AR AL LA AR 2 AR i 585 - H

5



B, HHETEEXT EEG-fMRI A 2 M AN 14 52 (Biessmann et al., 2011; Huster et
al., 2012; Rosa et al., 2010). HFZfhE AT 7 N T =2K(& 3.2): 1. =[EME
S fl4 (fMRI-informed EEG analysis), 2. W[f{5 E @& (EEG-informed fMRI
analysis), 3. HIRIXIHRREL G . HET, ARAEESI L, FEME EREG; 2) B
(45 B IR AT .

EEG

»
Lt

£ EEG
E 20 O invasivity
= MEG weak strong
-l O
ol
O
fMRI
sEEG
3 O
" MRI
T T T T T T »>
1 10 10 10° 10 10°
i B4+ BE2E (ms)

K 3.1: ERIZhHL: SRR SEELS TAb

(i) = B £9R (if) B i Fou (iti) SFREAE
(e e
i. spatial

= b constraint § Ly
fi . : Aoy

DRAIN . ———n —
MAPPING i ‘N?lh“ . temporal |W ﬁ‘\'nlllk‘

‘3" N \ i /

11. fusion /

| arwner oo

Ll RS Sy I I B R R0 B R

K 3.2: AER=FEK. 1, FEERHEES, 2, FEESHEE 3, B-5F
BT FR AL A
3.3.1 FAls B ft4 (FMRI-informed EEG analysis)

EEG-fMRI 7% [0] B & W — R F 7 125 2 B FH D 6E g 3L 98 1A% 380E BAE A
EEG HENEBRLWER . B AR IEIh e LR g 2 W KB M T e 1 7
VLA IMRI-ZI R I o AR % v B T 7 fMRI M4 K 414, EEG
0 A) P ANIE e M r] A — B R SRz fd . RN, AEIFITHEEM L% [N T AN FE
1o X 2 1] R AH ELAE 1 D RE b I 25 4E A e B A5 2 A Bh 1 o H A7 B RS A e A
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TP BB, RATKRE T 3T M4 (NEtwork-based SOurce Imaging,
NESOD) J5i2 (Lei et al., 2010; Lei et al., 2011). %% 45 A 2% & EEG [T
WA, fMRI S 7S A HE (5 B . FRATE RS2 7 NESOI 7772

Z 1 E4E v T Oddball nzﬁﬁ’]ﬂﬁufié [F]20 EEG-fMRI SRS . FRATTES
XTHREL R B P300 585, LA ICA 7345 B I ThRE M 4% il 7 A e 36 M5 8., AT
NESOI J5 € 7 73 B B AREE L3615 215 2 F M < SCHk (Dong et al., 2014a;
Strobel et al., 2008).

3.3.2 WfE{E S ft4& (EEG-informed fMRI analysis)

i3 A R AE I SR BT ) EEG Bh 7845 S IE N Th e G LR %
PRAUERT [A)(5 8 o X LR 28 SR B TR e i (8] B BURE e B A, 451
JoR JECFRLNE 1], FE A8 4H % B A7 (event related potential, ERP)IEE, 4 & S ER 1) fE 4%
L. BEREY M EMICFEIRBM ARSI MR B S 5w MR

(hemodynamic response function, HRF) %1, SR)5 5# TR KK BOLD 1551
ZE MR (general liner model, GLM), DA 5 A N B UGS S5 R 1E ) fMRI
GUIT IS B o — AN SRS (5172, 4 0 FE SRS R s AR R (8045 S AR ARRALE
7E fMRI 580 i FE AR 22 ) BOLD {5 54846, AFR ISR 7 ok DL AL R B,
TR N I RIE T 5 s SR SR A A 145 S (Gotman and Pittau, 2011; Murta et
al., 2014).

175 EEG-FMRI (18 8] il A (RF B2 RO AT 72 ), 32 LI 1 ) 2 1)
HRF (/MR DL X 22 5, 2) fMRI BRAIERELL . EFXT IR e @, JATH LR
J& T —M# i EEG-fMRI B [ flG 7% Rl 2 A #4172 Hr(local multimodal
serial analysis, LMSA) (Dong et al., 2015). ARSI T LMSA J7ik, &
AN T HEIE GLM 8T 771

S B S T 9 e B 7 BV 99 N (Familial cortical miyoclonic tremor
and epilepsy, FCMTE)[I[A#5 EEG-fMRI K& IE . XF i b7 vils £ 55,
ok FSCEEL B TR) B P LA 28095 2 SR, DA B B0 IS RIS BN i B RRAE (S B,
AT LMSAIGLM 4347« BAREHE L5605 B 2 #H O C#R(Dong et al., 2015).

() FRamfE A iR

41 fMRI 2¥7

4.1.1 Preprocess
A. TR

1. EFEFHE (K 2.2) fdi fMRI, HI Preprocess 140 [P | | 0] H
I Preprocess E 7t (K] 4.1.1),




)] nit_fMRIpp - b

Advance

Preprocess of fMRI Data

— Directory.

Input fMRI Data Directary

Qutput Directory

— Preproc

] NIFTI fles? preprocess w 7

|:| Multiple runs?

realigment

Delete first | 5 | images .
EPINormalise
FWHM of smooth [888] smooth

Bounding box
( () SPM default  (®) DPARSF default () User Defined

RUN EXIT

K 4.1.1: Preprocess % 7.
2. A EEAFEPFE AR EE T preprocess 1: {4 FAwHE EPI ARt
ITARAEALALBE, preprocess 2: I FHANMA T1 Sif G T e AR HEAL AL BE . B
EZET
Input fMRI Data Directory: e A B2 . T LLZ NIFTI 4% X img
B nii BUEE R, teT DU JE6EH) DICOM il . (i —1
AT 2 AR SR MR T 2 run BUE
session.

Input T1 Data Directory: 15 i%+% preprocess 2 ¥ H B AT UEHE . S T1
BIEIAT. SRR T 20k SR — Ml ot
&R 2 A run 53 session.

Output Directory: E#45 Rh i A1% .

Preprocess: A TR el ) wr )k R g B E

R

Preprocess 1: FZALFE R IR slice timing. realigment. EPI
normalise A1 smooth.
Preprocess 2: = ZALFEHZE IR slice timing. realigment. T1
segment normalise F1 smooth.
Smooth: A6 IR ) G E P8 24T = i
AT LA SR TR KA, Slice 28 &S5, A
FE K HE Slice Timing A1 normalise FH{A&Z K/, A LA S o
e 77 Advance H1F) Parameter 32 #L3E1T 1% B

NIFTI files?: iR 42 NIFTI AU img 308 nii BUGEEE, 15241k

8



IIETI . 052 JE 4G DICOM $idiE, 1E2)/a ik I .

Multiple runs?: 40 SRAFAN A SCAE R F A 24 run BLF session, 1521
Tie A3 WA 2] 1% T

Delete first ? images:  MHMERHET? NEURE G . IR T AE FRALFE HHHEERET n
A UG EHE - A2 M B i 46 R 2R 500 BRI 1T 5 A4 B .

Smooth FWHM: = #-Figtz, ERNZE A8 8 8],

Bounding box: i1 F4E . BR i\ 2 % DPARSFbb #E1 . H: 77 Ai% £ SPM Bounding
Box ([-78 -112 -50; 78 76 85]) #47=4: 53X 63X 46 K /NP
% (EE KN A 3X3X3 mmiit). ¥ DPARSF Bounding
Box ([-90 -126 -72;90 90 108]) #5774k 61X 73X 61 K/NHIKE

1§ (EZAAK 3X3X3 mmPi). I I Ll A e

N\ [ % X Bounding box.

TEARZG| T, AV S &5 8 img BUE 1 R 46504k 3547 preprocess 1 AbFEEUIR,
AR H AR AR AR S HBOE T (K 4.1.2):

Input Directory: EFEIEH1E: *\ fMRI_example_data\original_data.

Output Directory: E#E45 K5 ¥ 1%: *\preprocess_results.

Preprocess 1: & ILiE T

NIFTI files ?: /21 bk Tl

Multiple runs ?: A2

Delete first ? images: HUiH 2% 7

Smooth FWHM: 4 & ~[8 8 8].

Bounding box: “a)i% DPARSF default i%& i .



a nit_fMRIpp - O

Advance
Preprocess of fMRI Data
— Directory.
Input MRI Data Directory FAsoftware\NIT_toolbox\Example_dat:

Qutput Directory FAsoftware\NIT_toolbox\Example_dat:

— Preproc

MIFTI files? preprocess v ?

[ Multiple runs?

[ | Delete first | 5 | images realigment
EPINormalise
FWHM of smooth [88 8] smooth
LS
Bounding box
’7 () SPM default (@) DPARSF default () User Defined
RUN EXIT

4.1.2: Preprocess Z (5 E FtiH .
3. WEIFSHUE, Ad LR 847, B A mEwE 4.1.3 Fir.

IMATLAB R2013a

Jisey e ) X b Lo s oo [T @ e (7 () et
e ! ek e | (e Ny et
ow = = 7 Dn Womagecs | Cheiwiepies = | CewCommeds = Lbp v g hesisl - . = =
- —— s el g nit fMAlpp -
@ % D8 L s Frrosoftwere + NIT tookox + Example_deta » Advae
Workspace ® Cument Folder Command Window
Name - Vakse PEAACL L ] Mamraaad Freprocess of IMR| Data
{1 W ) 0 I el - 1
06-May-2015 00:46:21 nput 43 Dara Dhrectony. F luotwms T t3oRaed xanple_dats
¥ omit
Pl BEEE=1 =)
FIxvt bl |l Hearescd Doty Direckey [ -
1 i e e 1.1 - neep:/
o
B SPME [youlong1230): . — = “May-2016 10:43:12 e e
sprocess begin!
Commar Ireads copy FERITRE images! Mutiple e =
oAy 13% Complets m
1 Dsere e e reakgme
cle sl 1 EPINormalise
falos Y o s | 141 smocth
i | P e e
1eadl nning Job £1
Dlat( § = S b
platl 15| | Beom BT mning Siice Timing' | SPMdelad (8 CPARSF etk e Ol
plont ; 20| |
ele - UB: spm_slice_timing {vi310)
%~ 201 "1 SEEEseEszasssszzsssssszzass -
1t o L s ur TR 1s 2.0

Kl 4.1.3: TAbETHEIZAT S0
4, BTSRRI H S R R, AN R (K 4.1.4) WF:
Preprocess_log.txt:  H &304
FunNIFTI: JRAGT NIFTI MR EERE . Wik 5 i6%3E >y DICOM 4%, MU
ST e Ao AR cEE AL R NIFTIE A% S nii BG 80E .
slicetiming: N 1) A% IE I A R ) PR SO A
realign: AN 55 i A2 B ) PG S

10



normalise: FrRAEAR J5 AE R AR SO A

smooth: 7 B JE A R AR S

realignParameters: kI SHOCM . WIHE=AFE), =ADEHSH
RealignPictureCheck: # M1k S5 EI1A -

NormalisePictureCheck: /MR Kb EAL B4 .

Subjects*.txt: BERIANE SR B R N, @A BRI

* mat: Tk B — 20 1) B AR v B S HOU

@\J" | « Software (D) » Sofware » NITtoolbox » Example_results » Preprocess_results » - | 44 | 2= preprocess_resuks »

ZiF) REE BBV LEM EEH)

E=EElg BIEER - HE v = FETi= = O @
o —_ L =& : #m Foh
& TE J FunNIFTI -
W =E . modifiedHdrSlicetiming
S =3 ia%s1 =11 v =1 J normalise
P | NormalisePictureCheck
B s ) realign

. realignParameters

| RealignPictureCheck
=]

| slicetiming

B na | smooth IiEE
Cl=g = [#EPInormalise Microsoft Acces... 3 KB
[Epoc-| @A realign Microsoft Acces... 3KB
ol BETH [ slicetiming Microsoft Acces... 2KB
J? =5 E smooth Microsoft Acces... 2KB

| Subjects suggested to removel based on headmotion.txt A 1KBE

& HE

K 4.1.4. TALFRSS Rt .

Coronal-EPI Coronal

Sagittal-EPI Sagittal

)

[ 4

0‘9\

Axial-EPI Axial

¥
4

4.1.5: bruELEREE.

11



subu1 translation
0.4

02—

mm
o
=7
T
)]
1
3

-0.2

-0.4
0

1 1 1
50 100 150 200 250
images
sutlu‘l rotation
0.8

T T T
pich
o A
oeH ywer i T T TYi YT
P WA

avpdbad .'I‘I'
A AN
CA b ru..o\.‘- Ny vy Yy
1 AN VR

Y

0.4

degree

0.2r-

0.2 ! L ! !
0 50 100 150 200 250

images

K 4.1.6: kISHEG.

B. EE A

AR AL B T RE I SE B0 A2 A2 i SPM8 (1) Batch SR 5 1 T SPM8 #E47 T

AEE . MR E SPM8 BN E] MATLAB TAEEEIE . AREAFHABTIREAR

Z PR .

2. ARBAFYERRE MM AR 24 . H )P ] st Advance H] Parameter ¢,
B & Slicetiming (TR, JZ2%. H#iUFAZ%E) Al normalization 241

(REARD, BN 3X3X3mm®) . HH ML E LTS5, &M SPM8

A R A AT TRAL 3L

3. Slice timing H BRI NHS Al HE] 2827 . Slice order €A interleaved
(bottom -> up): [1:2:nslices 2:2:nslices].

4. PP ALEE T AP R W] S SPM8 Tt i BT AL BEAE B

=

4.1.2 Regress & Filter

A, FEAPIR:

1. ZE5m (K 22) & fMRI, HI Regress & Filter $Z4 [reeesssrer - o 7Rl
A P Regress & Filter =541 (B 4.1.7).

12



nit RF - O

fMRI Regress/Filter

— Inputs & Para

MR Input Directory

Head Parameter Directory

Output Directory
Brain Mask:
(®) Default mask () User defined mask
Default mask
(®) Regress Out Head Para | 0 || 2 | (7)Regress Out Global Signals

() Regress Out White CSF Signals (@) Filtering R

(") Regress Out Linear Drift Signals 0.01 | ~ | 008 Hz 2

RUN EXIT

K 4.1.7: Regress & Filter 3= % 1f .
2. EFAHMH SR A kS H ok E (B 4.1.8). BRI
fMRI Input Directory: %&#EE AR (ZH418*\ fMRI_example_data\
wra_data). SCRF—AN IR 2 A0
Head Parameter Directory: i 8 £ 4 Xt B (1) 3k 3 Z 80 CE A 9 *\
fMRI_example_data\neadmotion). SCHF— A AFE T Z A

R
Output Directory: 545 R 12 (RHIN*\Regress_out_results) .
Brain Mask: /nJi% User defined mask, #AJ5 & [« | 4N mask 3¢

4 (241 5*\ fMRI1_example_data\brainmask.img) .
Regress out Head Para: [0lJH$i ks S5 5.
0: SPM FilAb #1321 6 k3240 R =[x, Y, z, pitch,
yaw, roll].
1: 12 NkEhZ % (Power et al., 2014), U5 R AH S
FEI[R, diff(R)].
2: 24 kS % (Friston et al., 1996), 3% R, R [f)°F
s RIAHEIR B FF T BIENR, R?, Rug, Rl
3: 36 kS H(Power et al., 2014), 4% R, R i)
FI7, RIGIER KIHF I HEIR, R, Req, R34, Ria,
R’w]
Regress Out White, CSF Signals: =] )95 (4 )i 5 6 1S 5 .
Regress Out Linear Drift Signals: [Al)3# 28 PEZE R (55 .
Regress Out Global Signals: [8]J945 4 X H41E (5 5 -
Filtering: FRARAT @ PR S - BN E N 0.01-0.08Hz, TR 4 25,

13



FH P R] DA A N 7R B L R T IE 5 . X BAE NG ¥, BAVAEAIEDL, 0
K 4.1.8 Fin.
)] nit_RF - O

fMRI Regress/Filter

— Inputs & Para:

fMRI Input Directory F-\software\MIT_toolbox\Exampl

Head Parameter Directory  |F-\software\NIT_toolbox\Exampl

Output Directory Fr\software\MIT_toolbox\Exampl

Brain Mask

() Default mask (®) User defined mask

Fsoftware\NIT_toolbox\Exampl

(®) Regress Out Head Para | (|| ? | (8) Regress Out Global Signals

(®) Regress Out White, CSF Signals (®) Filtering —

(®) Regress Out Linear Drift Signals 001~ 008 | Hz 2

RUN EXIT

4.1.8: Regress & Filter 415 & .
3. WEIFSHUE, Hd LR BT,
4. IBAT5EYE A TR B I B A s R R (B 4.1.9) . 45 RS0 > nii
BE A

Kl 4.1.9: EBR7TETHAE T — AT E S H B (sub_01).

B. EEJIH:

1. SkEhBEOoCtEh SPM H Alignment X — 3547 B T S A P A EHEAT () T
AT, VR ERAR R ) S Je*\ realignParameters. [F]IHE — 5 BRI L5 S5
S -5 s oy DR e — 2

2. FJ5 I DA S e VA AS 5 B ] 1 15 i 5 VR DA S e MRS RO
H MNI ABH54r 518 : White matter ROls: [-21,-9,36], [21,-6,36]; CSF ROls:

14



[-6,0,21],[6,0,21]; Linear drift: [66,-99,-36], [-72,-99,-36], [66,63,66], [9,69,72],
[-69,60,81]. Mask SCIHELA EUE KN 53X 63X 46 LA K 61X 73X 61 FHFHAR
A EZE KN IX3IXImm®). LEG KNG ik mask A —2, SKH] ROI

[F MNI AR FRSEIRUE =

3. 4/ mask I EIME K /NA 53X 63X 46 UL 61X 73X 61 BIFIRRA (fAZE K
/INA3X3X3 mmD). YEG AN FR mask A—F, PSSk A E

X mask.

4. ZHRRAPRAE A F R TE %0 (number of time points) .
5. A & g B S Bk B U (RegressFilter_Para.mat) Fl 1+ 5 H & 44

(RegressOut_Filter_log.txt) .
4.1.3 FCD
A. TREIPIR:

1. ZEFHE (K22 AdfMRI, HILECD %4 | = |, S#EIATH I FCD

EHE (K 4.1.10),

nit FCDPB =
FCD Process Batch
— Inputs
fMRI Input Directory
Head Parameter Directory
Output Directory
Brain Mask
(®) Default mask () User defined mask
Default mask
— Regressing and Filtering
(®) Regress out Head Parameters (®) Filtering
TR
|_) Regress out White, CSF, Linear Drift Signals
) 0.01 | ~ | 0.08  Hz 2
_J Regress out Global Signals

— FCD Caculating

(") CPU core numbers 4 Threshold of correlation coefficient
Connect criterion 0.6
() Paint
(®) Line Module numbers of calculation
() Surface ? 200
RUM EXIT

K 4.1.10: FCD F A1

2. JRFEAHNLNISCIF#s AR A S H0s0E

(& 4.1.11). BT
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fMRI Input Directory: EFFE AN EKE (ZH)8*\ fMRI_example_data\
wra_data). SCRF—NICHFR TS 2.

Head Parameter Directory: i 8 £ 4 Xt & (1) 3k 3 Z 80 CE A 9 *\
fMRI_example_data\neadmotion). 3¢ #F—AN 03 R

ZAAR
Output Directory: L R AT (S 8*\FCD_results) .
Brain Mask: ’rJi% User defined mask, #Af5 midh | | &P AN mask

A CEHIN* TMRI_example_data\brainmask.img)
Regress out Head Parameters: [A])345 6 /™ kzh S 5.

Regress out White, CSF, Linear Drift Signals: [B] 745 (15 . A 2R M2

1%%‘0
Regress out Global Signals: [B]J3#8 4 4{EE 5 .
Filtering: HART @YW . BRINEE N 0.01-0.08Hz, TR A 2s.

Connect criterion: PRZEREIE LHAEN . Point FREURMILLA . 5. 1
FHAR, Line FRoREXLAZE. THIAH4E, Surface R/~
B CATHI A AR o BRI\ PLEL  THAHAT ) Line & I(SPM
FRIHAEN]D

CPU core numbers: FEL D AL EE 28 A% 25 A5 Ak FE A S DU A% T BN, s
BN 4.

Threshold of correlation coefficient: #H% R EH1E, BRIAKE N 0.6.

Calculate module number: THEBEEE, ERIAEE N 200,

EZBIBHE T, /2% Regress out Head Parameter il Regress out White CSF Linear

Drift Signals &1, /) X XEIN Filtering, TR W&y 2s, HARNHEIER K E N
0.01-0.08Hz.
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nit FCDPB - O

FCD Process Batch

— Input

MRI Input Directory F-\software\MIT_toolbox\Example_datz

Head Parameter Directory F-\software\MIT_toolbox\Example_datz

Output Directory F-\software\MIT_toolbox\Example_datz

Brain Mask:

() Default mask (®) User defined mask

FAsoftware\NIT_toolbox\Exampl

— Regressing and Filtering

(®) Regress out Head Parameters (®) Filtering
— TR
(®) Regress out White, CSF, Linear Drift Signals
— ) 0.01 | ~ | 0.08 Hz 2
(_J) Regress out Global Signals
— FCD Caculating
(®) CPU core numbers 4 Threshold of correlation coefficient
Connect criterion 06
() Point
(®) Line Module numbers of calculation
(") Surface ? 200
RUN EXIT

4.1.11: FCD i+HEHJHMZHIE
3. WESHGE, S LR E817,
4. 84T 5ERE GG AE B I B AR R AR s R B (B 4.1.12) 0 45 S nii
BE A
FCD_log.txt: H 304
FCD_Para.mat: Sk & X1
globalFCD: 2R D Re R R A
localFCD: BRI DR P
longRangeFCD: KAZMIDIREER % K. oA R DI REE % I 25 R i
IIREER R L

17



\ti.!.

# w 4
\ /
& \ / eTRs

v {
d « | o
( ; | o 5

i
i
s

global FCD

4.1.12: ZHIRIThAEE RS E 45 R (sub_01). M ZE 45K global FCD. local FCD
F1 longRange FCD %5 %

B. EE

1. DIREIEHE FE v O M R EBE . AT G SCIRER AN 0.6 1
RTFEUH— RV RZEE T 1453, 175 FCD calculate & H (K] 4.1.11)
Hf correlation coefficient 15 B 4 {8 W) & ({5 %1[0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
0.9].

2. CPU ##{ (CPU core numbers) H T & EIHATIHHESE 1H%EITEVLIAARE
SZBURE . AR TREVHERCE.

3. THEMIELEL (calculate module number) ERA ¥ & K 200, — BRI AS FHAE L

4. AT BT UL S 2R IR R A o B A T 1) 1 B LA S 2R PR 22 %% RO
H MNI 2454518 : White matter ROls: [-21,-9,36], [21,-6,36]; CSF ROls:
[-6,0,21], [6,0,21]; Linear drift: [66,-99,-36], [-72,-99,-36] [66,63,66] [9,69,72]
[-69,60,81]. Mask SCIHELA EUE KN 53X 63X 46 LA K 61X 73X 61 FFHAIR
A (RE KRN 3X3IXImm®) . HEGE KNS ik mask A~—EH, KA ROI
1) MNI AR FR RIS 5

5. 4xfidi mask BUAE EIE K /NA 53X63X46 PLK 61X 73X 61 FifliiA (A& K
/INA3X3X3 mm®). HEGE KNG ik mask R—FuF, AR E E
X maske

6. CRFEEAHRA A F B E A% (number of time points) .

7. A EGERIZER, — 8 B SIS BN S B I PR 2

8. W=t g RS i E M (FCD_Para.mat) il i1 H H & 4

(FCD_log.txt)

4.1.4 FOCA
A DB
1 ZEXRE (B 22) fidi MR, B FOCA #41 | o= |, SR h]
FOCA 151 (& 4.1.13),
2. IEPEAHDN SO RS . BARINR
fMRI Input Directory: &£ N2 (ZEH8*\ fMRI_example_data\
wra_data). SCRF—AICHERT 280
Head Parameter Directory: & 5 £ 4 Xt M (19 3k 3 Z £ C#F CE A 9™\
fMRI_example_data\neadmotion). 3¢ #F—AN 039 R

18



EXN T

Output Directory: R R A (R HI8*\FOCA results)
Brain Mask: /r]i% User defined mask, #RJ& miii | | iEFE 4k mask

X CEBIN*EMRI_example_data\brainmask.img) .

Regress Out Head Parameters: [A] 547 6 4~ Skzh S50,

Regress Out White, CSF, Linear Drift Signals: [B] 38 (1 i+ i B R 28 P 122 5%
(ERER

Connect criterion: IR IERE 5 CHEN] . Point RoREURHBLA S £k T
FAE CRIEP 27 3, Line FRHELLALE . HIAHAL (&
#1619 1A 2, Surface /xR & LATHIAHAR SRk 7 44
Do BRNEFELL A, k. THAHARE) Point 2T,

EZ BT, /2)i% Regress Out Head Parameter 11 Regress Out White CSF Linear
Drift Signals #£ 5. 7E connect criterion H/4)i% Point &5, TR BN 2 (4] TR
N 2s)s

3. WEGSHE, md | A &B817.

nit_FOCA = =
FOCA
— Input
MR Input Directory F:\software'\NIT_toolbox\Example_datz

Head Parameter Directory F-\software\NIT_toolbox\Example_dat:

Output Directo
2 Y F\software\NIT_toolbox\Example_dat:

Brain Mask

() Default mask (®) User defined mask

F:Asoftware\NIT_toolbox\Exampl

— Regressing out

connect criterion

(®) Regress Out Head Parameters (®) Point (27 voxels)

(®) Regress Out White,CSF, Linear Drift Signals () Line (19 vaxels)

TR (s) 2 () Surface (7 voxels)

RUN EXIT

4.1.13: FOCA T ASHKE .
4. JBATSERE AT B R R P AR RS R MG (] 4.1.14).,
FOCA_log.txt: H &S
FOCA Paramat: S E 1.
FOCA_*nii: 5153 FOCA E R .
mMFOCA_*nii: [ LL2ii~F) FOCA 1B IFR#EAL S5 1) FOCAnom 1 K14 -
MFOCA-1_*.nii:  #piEtl FOCAwm fHIR 2 1 J5 1B
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? FOCAnorm'l
“»

L&D

K 4.1.14: ZF1%¥3ET sub 01 ) FOCA 4% . WA E AN, FOCA 1HAE.
FREAY, FOCAnorm 18 B FIAT AL FOCAmrm-1 B

B. EEUH:
1.
2.

.

oo

©

/=

1T FOCA M HE AN T5 LTI B3 E D
EERE L. AR, AR RMEEELETIES . B ERSE
G954 FOCA feAssemai N, Frbln] LA EIE e MERE S . Aikk
BRLENSHT, — & EWAK s S HOCEINT 5 500 07 R — 2.
FT . A T DA S 2R VR A 5 B R [ 5 1 P 5 BT DA B 2 PR RS
ROl. H MNI A&F543550°4: White matter ROls: [-21,-9,36], [21,-6,36];
CSF ROIs: [-6,0,21], [6,0,21]; Linear drift: [66,-99,-36], [-72,-99,-36],
[66,63,66], [9,69,72], [-69,60,81]. Mask SC4HA K5 K/NA 53X 63 X 46
LK 61X 73X 61 PifiRA (A Z K/ N 3X3X3mm®) . HEBANS E
A mask A—FH, KA ROI ) MNI AR FREEEUE 5.
4% mask I0A G /N9 53X 63X 46 LA 61X 73X 61 PFfi A (4%
KR 3X3X3mm®). Y EG KNG Eik mask R —Ff, 2k
H & X masko
F FOCAorm 84 FOCAnm-1 BRI . Flin: A T ki
FOCAworm-1 Ff%, BUFEA T #6536 H FOCAnm B FOCAm-1 # AT LA,
VT T N EURACE . BCE P ORI R RN 2-3 fiF Can ik
Z AN 3X3X3mm®, MSEEEE N 6 mm 5 8 mm).
ERHEN] (connect criterion) A mERAAZ I HEN] . Point R U R
PLA. 26, TAHARAY 27 MAZK, Line ForBUBHLLZL . THAHARH 19 4MA
#, Surface F/RHUR T LLHIAHAR) 7 MEAR . SVGEFRFRIR 27 MEKIK
Point & .
2 A G TH B AR AT B R BRI T G — A TR B ]
SRR A [F B 1E] 550 (number of time points).
5 24 LA B S B0k B S (FOCA Para.mat) #1it 50 H & e 4
(FOCA _log.txt),

EEG 4r#fr

éiooo

20



4.3 @&

4.3.1 FT DIReM 28 I HL I E AL B (NESOD

A. HHPER:

1. % nit R, i Fusion %41 P , BIATH B NESOI Lhfigh .
s NESOI HiFLBA R NESOI =5t (K] 4.3.1):

)] nit_ NESOI - 0
File
Input:
EEG Topo fMRI Map Direction
Leadfield Brain Mask
QOutput direction
NESOI RUN
Display
Plot EEG Topo Plot MRl Maps Plot EEG sourses

¥ 4.3.1: NESOI & 7 .
2. TEFNRRE, ik o | SEBR X R SO AR AR . VEANUL AU R
EEG Topo: i%$Mki a3t & S (EEG_topo.xlsx). AUk RN A
(.txt) B# Office LT A (xls; xlsx) SCF. Hdm 4 i A fivi By
HLAR O R BN (R 62 5 X114 ).
Leadfield: i+ T SLAB AL THEAS BIML AR RE S (leadfield.xls) . AT EZHL L
A RN (*axt) Bl Office HL 7% (*.xls; *.xlsx) 4.
HHE 4 B IR AL B O i F FAR L (B8 6144 MBI X 62
).
fMRI Map Direction: % $ 157 1E ~ = [ J6 3615 2 (19 T 8 W 4% B 40 B 1%
(*\Example_data\NESOI\fmri_ica_maps) . iZ #4540 & T g ks
B . AT RN 3D *.img B *nii B0 (NIFTI
O,
Brain Mask: %E#4=fl Mask K4 CF (brainmask.img). A SEEUCCAR#% N
3D *.img B *.nii EE S (NIFTIA% D,
Output Direction: JEFELE Rt #5142 (*\Example_results\NESOID) .
3. B T [ A BT HREW T s (B4.3.2):
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EEG Topo MR Map Duection
Gisomwarin | ] vsermernr, [ ]

Leadteid Bran Mask
wsemwaren | ] Dgsrmernt_ [

Oulpu degction  Crisomwerenl otetne [ |

| NESOI P
| o [;.TJ..] cr==

4.3.2 NESOI iz 47 #L 1
4. fF RUN 428 E Dy L aw | RIFORIFE e, 45 R MH 8 MATALB  *.mat
. HH A SN
gridICA.mat: ¥ fMRI ICA o B 2R B b BRA4E R kA B £ X ik
R ICA %0 (RN 6144 MEF T X 11 MR-
NESOI_results.mat: 55 f7 25 A . A28 & Phie X M & U e fr 45 R (5
By 6144 MEMT X 1L ARG ABH he Xt RIE 2 M TH5 2]
MBS (BN 11 DRy + 24 MR = 35 MEk
X 1L AN
NESOI_Para.mat: & S E .
5. 121755, Mt Display FAH R Plot #4240, T 2o AH R 25 R (K] 4.3.3-18 4.3.5):
Plot EEG Topo: W RfT# EEG NIk, shidy Pesemse| 3 h 4 EHE, %
PR AR PR loc UM (layout62.loc) .
Plot fMRI Maps: {75 fMRI ThHE R 45 173 6] 5606 0 A o i h [Permmsss f2247]
Plot EEG sources: .7~ EEG HuJEZ IS B U e fr 45 5 o iy Peeecsouwses J2 5]

EEGS

Kl 4.3.3: rHIERE].
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IC-1 Ic-2 IC-3

IC-7 IC-5 IC-9

l434me1w H%ml@%%ﬁﬁ

File Edit View Insert Tools Desktop Window Help Ll

DEHS AL OBPEL- S 0E|aDO

Source-10

I
Kl 4.3.5: EEG HJEK EEG-10 XM e g% . EEDy e HrRAi g, T
B A% B T S5
B. EEWH
1. P RIETIA

ABAFHEHE NESOI Y E ALY RS HUERFT. —RIEN FATREBLT ES

B

FE AT S HE 55 Threshold £1 Number of sparse priors.

Threshold: X} Z-70 8 T-7040) MR B, K= KT8 RE RE

o AR FRAL B AE AR IRAE B . %Mﬁﬁ%ﬁS

Number of sparse priors: Fk T fMRI MZE5650 (5 5., WM BRI 4. #i

TR EONZBCEMEN 365 2y Al XD . BRIAMEN 8.

BREEWR:

® i NESOI £5H (K 4.3.1) £ AR File %4 Advance 4. ##iH
UM
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Threshold

Number of sparse priors

3 8

bnd.mat D:WorkiNM_beta\functions\NESONbnd. m D

GreenFunction D:WWork\NIT_beta\functions\NESONgreen D

1 4.3.6: NESOI ¥ R S4SH

® {f Threshold ¥/ 3HE A BE (Ebln 4) s REME (L4444 4
44444545, HABEEREKERN MR Bo AN

® Number of sparse priors = H 3 5 i & A BRIE 2L

® i OK EERIWT,

2. VAU -

A AR, NESOI B M & — M 6144 /N5 A0 (B 6144 MER T 1

=AM e (il 4.3.8 FTR).

® U RAT I = A ASAE o E AR TR, P ANRE R A R R
RN [ B AR AR RAL AR Y leadfield. 1% = ff WIA& A bR 2 15 ) B AL b
7E NIT T B A *\data\soure file.sor. iZCHEALE T WA S ABAS (R
=% xyz) KHEERET A (FZF xyz). =AM CHN:
*\functions\NESOI\bnd.mat. bnd.mat A 45 #4k F).mat #% 2 ctF. B8
bnd.face, bnd.vert #1 bnd.discribe =Ti¥HE(E E..

® /W LIfE File Hridy Dipoles, BRI~ (& 4.3.7). wFF
bnd.mat S (=R PIRESCHD A g RS, Yo i SHOW Bn] &
NSRS AL R (] 4.3.8), SRJE AT SAVE B RDHE RRAK T s A
FRART N FR1925 ) B AR AR AT H CRIT =80 R 15 55 xyz AL, J5 =1 i A = xyz
Aebr ). Scale AAHNT T ERAL = A A IR I LA

)] nit_dipoles - O
— Dipoles&Mormal Vector
Bnd File
Qutput Directory
Scale 0.865
SHOW SAVE

] 4.3.7: Dipoles Ff .
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K 4.3.8: ERIA I =M MR a5 6144 N 4. P ER 7 HAY
R B AR A E T A .

® R PR EAMH H e SCASAE R AR TR, B ik
R = A F WS SO bnd.mat DL SRS BR800 greenfunction.mat. [RJH
W B P AT MR A AR L ik a, BEim i BAL AR RS leadfield.

3. HAhii
® 7E NIT A4t 72T =/ F % (RN 4.3.8 XT R[] 6144 A PIFE 15

RO BN FIRAAAR . 2 PR E AR AT . T = R ERAR A 1 A a5 R

3, AT HE~\NIT\data\ T

source_file.sor: B T-URAL B ALFRED = A F AT S ARAR (BT =41 xyz)
KMHIEMETTR (5= xyz).

Layout_61Channels_10-20_BP.loc: #&T 10-20 R4iH BP A w [ 61 FfiK
FE RN 0 A SO IR B A F R I D o

Leadfield_61Channels_10-20_BP.xlsx: #& T {H4k 7 = ZBRIE A+ H 15 5 1)
ki FELA 3 R

Layout_62Channels_Curry7.loc: &T 10-20 &4t NeuroScan /A #] Curry?
KA 62 T L R 20 A SO OO B3 i LRI o

Leadfield_62Channels_Curry7.xlsx: & T8 1 = JZ BRE A T+ 5045 2110 i
A& R
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4.3.2 BT H AT (a5 B GLM 2 #T

A. ﬁég&lﬁ%
1. A7 GLM DhEeg Bl Ll GLM FE 54 (K 4.3.9) ., HIFESHILE W
T

nit_GLM - 0

Advance ~

GLM

— Directory.

fMRI Input Directory

Nuisance Signals ?
EEG Feature Series (Xs) ¢
Qutput Directory
Brain Mask:
Eii‘ Default mask 'Z_:_Z' User defined mask
Default mask
— GLM Parameter.
(®) Adding Nuisance Signals i sy
(®) Adding Linear Drift Signal | 7 | ®1SPMHRF <o e A
i 7|
[ IMultiple Runs TR(s) | 2 |y checking
Method 2
? [#] Xs is matched to MRI?
(®) GLM 1 JGLM 2
= - MRl TimePoints | 0 ¥ Scans?
RUN EXIT

4.3.9: GLM EF .
fMRI Input Directory : & £ % 5 W A B £ C F fl N X
EEG_informed_fMRI_example_data\fMRI_data). 37 ¥
— AR Z AR
Nuisance Signals: FE BN A N AR E S S Cxt SCH . il
T IR BT 6 A kS SHOUE CREI*
EEG_informed_fMRI_example_data\HeadMotionPara) .
XA 2B
EEG Feature Series (Xs): Jn A Z [B] V=45 B () i FELAREAE 7 81 ( H AT SC ¢
*.txt;* xIs B * xlsx SCAF) o 451 A i FLINF [R], ERP
WS R, 4r 8 AN B RE B 55 55 . A A5 2 A 1 2 A 51
FCMTE % A [ G i 5 B iF (8] /F B C*\
EEG_informed_fMRI_example_data\discharge) 1 ¥

ﬁ__E}_‘?ﬁ” o
Output Directory: #4545 5% %12 (24 9*\ EEG_informed_fMRI_example
_results).

Brain Mask: ‘r]if User defined mask, 2R J5i&$% 4k mask X (Z 4514
*\ EEG_informed_fMRI _example_data\brainmask.img) .
Adding Nuisance Signals: 72 & 7E AR R P in A LSS R 2155
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Adding Linear Drift Signal: &5 7E BIEBER A LTG5 .

Multiple Runs?:

TR:

Method:

HRF settings:

Xs checking:

AN ANRBEEZ run,

fMRI ) TR B[] DAFD A A

W EAR GLM J5ik.

GLM1: &M — BRI . B B [ &7 — A

o] YA AR FR BEAT Al T o JEH L ThRE T T event B3 block %
) fMRI EHE 2547
GLM2: %53 s A 5% ) BOLD B4k A3 A i i i — e £ 1k
R HT. XTRAMEE, mAFEN HRFs G152 ik
HRFAIE (B S 50 R Tl 1T, B e T L HME R KT
S5 SRR Jyt s CRP AR HRE B 4T — X GLM filitH)
(Bagshaw et al., 2004).

BN HRF 5 SPM A ifAsifE HRF, J8% AT GLM1,
W P R EE M HRF 3085 LI GLM2, Z 10 BR
LT, A User defined HRFs, B aJ## 4 & 4.3.10 s
S, i PLOT RIAIEI7R HRFs. BRI\ E NIEEE
3,5,7,9s It] Glover HRFs. i% & IF- %5 £ Save {-17 HRFs.
A Xs /2755 fMRI B[R FFFIULHES . dnif Xs ] S %
5 fMRI B (8] mi 258 4 VLS, 2035 Xs is matched to fMRI1?.
IR Xs (A S80S FMRIASULES, )7 4 fMRI B
M) gk, DL Xs FIHAL (scans/seconds) o

X B2 9 FCMTE %% A 1522 EEG-fMRI 3tdE o 18 s, IRAMNFE bR
1B AR TR S (Xs), A TANEERT MR 208 . B — A
run. S run ALE R 2R TR)E B . TR GLM2, HRFs it NIE(E
£ 3,5,7,9s i) Glover HRFs. HAh ¥ & &l 4.3.11 Fizs.
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Weights

nit_HRFs_settings -

HRFs

—— GloverHRF

7T 8 9 10 11 12 13 14 15

() Derivative of HRF

TR
— Parameters of HRF
Delay of response (s) Ratio of response to 6
undershoot (s)
Delay of undershoot (s) 16 Onset (s) 41636
Dispersion of response (s
- ponse (s) Length of kemel (s) 2
Dispersion of undershoot (s) TR (s) )
— Selecting HRF: EEres
~ (®) Glover HRFs
() SPM HRFs

() Single GammaHRFs

PLOT ? Save
¥ 4.3.10: HRF B & 5.
(] nit_GLM - O
Advance
GLM
— Directory.

MR Input Directory

Muisance Signals

EEG Feature Series (Xs)

Qutput Directory
Brain Mask:

_MRI_example_data\HeadMationPara

formed_fMRI_example_data\discharge

ormed_fVRI_example_data\VIRI_data

EEG_informed_fMRI_example_results

() Default mask

F-\software\NIT_toolbox\Exampl

(®) User defined mask

— GLM Parameter.

(®) Adding Nuisance Signals [rHF S
(®) Adding Linear Drift Signal ? ()1 SPM HRF User defined HRFs
i 27 :
[ Multiple Runs? TR(s) | 2 —Xs checking
Method ?
7 Xs is matched to MRI?
(JGLM 1 (®)GLM 2
= = MRl TimePoints | 0 v| Scans?
RUN EXIT
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2.
3.

43.11: GLM ¥k H.
s HRF BB AT Save BEORAELF HRFs 5, ridi RUN iz 4784
efrsekefa, fEHH R o i 45 SO
GLM_log.txt: H &,
GLM1:
beta_*.nii: flivH R I [BIH R %L
GLM_results.mat: 458X, BEALSRENSHRE.
ResMS*.nii: [AIH77FR T 2 1%
GLM2:
Con_*.nii: BRI HLRFIEXT B[] contrast B4
ConTval*.nii: &A™ contrast FEIG MK T 14
GLM_results.mat: 458 . BEALRNSHEE .
ResMS*.nii: [A)H77FE 177 2 1R

Sub_01 s B &l 4.3.12 Fios.

Kl 4.3.12: FCMTE Zp1%dE 26—k, E&H7E GLM2 1 T EH K.

BIEEICN T = 3,

B. EE A
1. 4 Xs 5 fMRI i 1] i 5e VLECRS, A SCRFEEAN B0 MR 20

2.

KPF A —F (RI/A)i% Xs is matched to fMRI?).

LR 2 4 run, n DN EEARE, m A HRFs A%, GLM i itsh
FEf e L 4.3.13 Fox. BIIERRAE 2D run BT, % Xs
WAL 2 AN FELRFAERS (N2 AN R D), B PRREREAS run i B RFAE
P —5 . WEREE—AS run WA FERFEESN 0 /RE . HAMT R SERUE 1
Al LLiE T A7 Advance o) DesignMatrix , 7E 3 H A 5 Aok B
GLM_results.mat 3, BRI &EFH & ITHE (K 4.3.14),

ke GLML I, FIZEBRCTHAERE A (& 4.3.14) HikBEfRZmR L T
ARSI . Rtk SHOW MAERITHHERE BT Bonxf R &, sidh DONE
BAESE R GLM results.mat #5642 FAER T #36 FIAIAH R [ Contrast
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% . HikF: GLM2 B, (AT 7E S THERE S R B KRB HRF 1%
THEME R, AREM T 5.

4. FFAHERA Xs, nuisance signals A1 fMRI s A BB — 2. Wi
BRI Xs H—8, Nk Xs SCHEEIA] (2 ZAF G #E event B
# block #it, Bl GLM1).,

5. WHRM P HEREARM HRFs, — & Zt A Save f£47 HRFs J5 iz

4Fa
TR«
GLM1 Nuisance Nuisance
HRF, HRF, HRF,, HRF, HRF, HRF,, signals 1 signals
. e — A\ A
-
54
o
> L L t kKL _ I I
~N o o SR Y -
5+ %%"%\%l‘%--%
A Y “
@\)N‘_) (‘; Y G‘)G‘J 0¢
|
GLM2 & 5 S8 o N i
& FEF S S uisance uisance
& F I T signals 1 signals 1
A, A N
- ™)
-
5 <
o
; [ HREF,
o~
S <
o

4.3.13: GLM H I ITHERE. PLREABEONE], S 2 4 run, n N HLEY
fiE, m > HRFs, ] GLM F&iH5E R e L~ : #iEPE GLML, W5 1H R FE
AR, #FiRFE GLM2, A2 | A~ HRF H & tH5E R~ AT R
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] nit_DesignMatrix -

— Para Panel

Input

F-\software\NIT_toolbox\Example_

Contrast

1 ~

Stat:
’7 (® Ttest

SHOW DONE

df =241

4.3.14: GLM " ¥R S .
4.3.3 F:T W R EE B LMSA 73 #7

A PR
1. g LMSA DR Ll LMSA £ 5410 (B 4.3.15), HEHESHNE

LI

)] nit LMSA - O

Advance

LMSA

— Directory.

MR Input Directory
Nuisance Signals
EEG Feature Series (Xs) s

Cutput Directory

Brain Mask:
(®) Default mask () User defined mask

Default mask

— LMSA Parameter.

- — Xs checking

Connect criterion

(®) Adding Nuisance Signals
® Addng i orit Sicnal (7 (®) Point (27 voxels) Xs is matched to MRI?
ing Linear Drift Signal | %
R | 2 () Line (19 voxels) fMRI timepoints 0
() Surface (7 voxels) _ g 5

HRF duration (s) | 20

RUN EXIT

K 4.3.15: LMSA F 5t .

fMRI Input Directory : & £ % 4 W A B 12 C FE O *
EEG_informed_fMRI_example_data\fMRI_data). 37 ¥
— NIRRT Z AR

Nuisance Signals: FERABR NIRRT Cutxt XD . Filan
T IRBERART R 6 RIS HOCH CEEI*
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EEG_informed_fMRI_example_data\HeadMotionPara) -
XFF— AR T 2

EEG Feature Series (Xs): Hn A Z [B] V545 Y o %) i B AREAE J5 81 ( H BT S FF
* txt;* xls B * xIsx SCAF) o 9 Qi ik LN ], ERP
M JE, FEE B RE B E . A EH AL 2 W
FCMTE " AN 09w ML i i A /5 B %\
EEG_informed_fMRI_example_data\discharge) 1 A4

fERF 31

Output Directory: 7t 4545 F i H B8 42 (%45) *\ EEG_informed_fMRI_example
_results).

Brain Mask: ’n)i% User defined mask, #8514 mask S (£

#125*\ EEG_informed_fMRI _example_data\brainmask.img).
Adding Nuisance Signals: & & 78 [ AB A i A KB E B EE 5.
Adding Linear Drift Signal: &5 7E BIEBER A LTS 5.
TR: fMRI ] TR B ). DLRP N AT
HRF duration: HRF BB, BRINE N 20 s.
Connect criterion: PR IEFER 2 HEN] . Point RoREURHERLASS . £k THI
FHAR (SR8 27 4R %), Line F/RELAZ. TAHAE (&
19 # %), Surface FR/RHURHLATHIAHSS (R0 7 &
o BRAEREDIS . 2. TAHARIY Point iE10
Xs checking: KA Xs &5 fMRI B [AFHIULEL . Gi 5 Xs [ [a]
RS fMRI B ] S 05E A VUEE, /A% Xs is matched
to fMRI?. 415 Xs KA S80S fMRIASULEL, )55
E N TMRI S TE] 545, BLK Xs B #47 (scans/seconds )
X B R ] FCMTE 9% A K17 25 EEG-TMRI B - B0 R 25— run.
FFAN run AL B — 28N TR S . TR SN 2's, Duration % & 9 20's, connection
criterion &% Point (27 voxels). FAt ¥ & 41 4.3.16 fias.
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nit_LMSA - O

Advance ™
— Directory.

MRl Input Directory FAsoftware\NIT_toolbox\Example_datz

Nuisance Signals F:\software\NIT_toolbox\Example_datz ?

EEG Feature Series (Xs)  F:\software\NIT_toolbox\Example_datz ks

Qutput Directory FAsoftware\NIT_toolbox\Example_datz

Brain Mask

() Default mask (®) User defined mask
F\software\NIT_toolbox\Exampl

LMSA, Parameter.

Connect criterion

. Xs checking
(®) Adding Nuisance Signals .
o _ (®) Paint (27 voxsls) [v] Xs is matched to AVIRI?
(®) Adding Linear Drift Signal | % -

RE) | 2 () Line (19 vaxels) fMRI timepoints 0
() Surface (7 voxels) ¥| Scans ? 5

HRF duration {s) | 20

RUN EXIT

€ 4.3.16: LMSA IZHE..
2. WEFSHUE, miidi RUNIEAT.
3. izfrEte)E, iR A RS
GLM_log.txt: H &
LMSA _results.mat: 5530, A& a8 RN E S8
beta*.nii: LMSA flith R EIEE | AN FLRFAE XS B2 1 BV R 2
I H A Ad S AR beta K14 3347 second-level ()%t
AT
CanonicalCorr*.nii: LMSA {1 H SR I ER i /i L HRAE XS B 1) 31 8 AH OC &R
F*.nii: S50 AN FELARFAE X B () S TR AH 06 R F RS S0 E
Pval_F*.nii: FAEXT RN P AR
T* nii: LMSA fifi T H SR (9585 i /0 AR AE X6 192 1 1] 1S 2R 21
T K36 1E
Sub_01 Hy#0E T BlME & 4.3.17 fiox.
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K 4.3.17: FCMTE ZB154E F 26— Mk, LMSA fitsgs . BEIEDCY

T:30

B. EEUH:

1.

2.

3.

14 Xs 5 fMRI s i 0] S e VLR, 4 SR FMRI 208
KEEIAR—% (A2 Xs is matched to fMRI?).

RN Xs, nuisance signals Al fMRI B8 S BB — 5. AKX
R AE Z A run TS OL.

i E AR EMMIER HRF B, 7 aidi LMSA 5 A L7571 Advance
SKEHH Plot HRF. $AJ5 AT 76 3 i i 5N MNI AR AR, 3 B
LMSA _results.mat 31 #8545, S FHURFAEAS 5, e 35— RS C i
B *img FH DA HCK SCHHE B R AR G R 5 && 15 T3 201
HRF.FCMTE Z451 %k 58 — M 7E MNI A4445[15,30,30] ) HRF 41/
4.3.18 iR

LMSA 7] T H# event Bt block ¥ it fMRI $3E /041 . ¥ EEG
Feature Series (Xs)fi A\ 22 JAE 5578 & BRI AT o 40 S PG 0 1) Xs 38 —FF,
D3k B — > Xs SCAFRITT
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nit HRFs show =

Estimated HRF

1 2 3 4 5 6 7 8 9 10

TR
A X 15 Y 30 Z 3
Coordinate PLOT
Feature: | 1
InputDir F\software\NIT_toolbox\Example_data\EE! 2

Image File |F\software\NIT_toolbox\Example_data\EE!

K] 4.3.18: FCMTE ZE41 %4 41 28 — Mol /e MNI A245[15,30,30] ) HRF.
44 HMTE

7E nit EFE TR Utilities 1 FH, $d70] LA 2] data classify
threshold calculate.

| HELP ‘ Utilities -] ‘ EXIT ‘

data classify
threshold calculate

K441 FRENMNE
4.4.1 55 DICOM #dz 42k

ADJRELILXT S5 45 DICOM H#E BRI e 732 o AR AN 2 068 S s B (A e 452
fEksh. RaxtEHMEGEARHTHE) . . HRERE.
1. B data classify, ©]CLE 2| FtHIAE 4.4.2 Fis

RFCT = | = [
Raw File Classify Toolkit
directory
Input directory | |
Output directory | |
clagsify by
’7 () single file @ folder

‘ RUN ‘ ‘ EXIT
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4.4.2 Fiifi
Input directory: EFJRUG dicom SCAFATAE H 3, ST EEUORIR
Output directory: EFE4H B E .
FLEHE:  single file SRR EEAN SO0 € 0 R ER AR, EA TN AEHTA
[F]25 74 1) DICOM ¥z 3 (4n fMRIL DTI 55D
Folder J&tR¥E U It o 7 RERAT, I & U R N BRI SO A A2 A — 2K
DICOM %4 3¢ Cand A fMRI i) .
B reCT g ol

Raw File Classify Toolkit

directory.

Input directory Fhold_luo_new E

Output directory Fitest

classify by
’7 () single file i@ folder

] 4.43 HBIFEE RIS 27 R
2. AHiF RUN, FH8iz4T

Kew search all the folders...

o_new\old_luo_20141110_105300_
o_new\old_luo_20141110_105300_
Tuso_20141110_ 105300,

| Litag [
Raw File Classify Toolkit

Wnpud directory

Output drectory Foteat |
ciasity by
|7 single fie o fouter

K 4.4.4 iaiT RH
3. FI T H B AR SO & mT WL B 42 20 43 20T i B

4.4.2 BMETTE

ARIRESEINT Ge 2B ) T map 45 5L 3E47 1) 5 1) BRE B
1. FTJT threshold calculate 1~ & :
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nit TC - 0

Threshold Calculate

Input Image
‘é.p< 0.01 (®) FDR P< 0.05 FDR Curve
Show Result
RUN EXIT
445 FHf

2. Inputimage: ¥A—/ TG EE, Adi RUN.
3. BiTseke, RInIfSR SRR T K36 RME, PLM FDR HIBIME, & %a
FDR K IENA &~ , 54085 FDR curve 1] LLHE H FDR AH M 23 (& 4.4.6).

Figure 1 li‘ﬂl_Jﬂh
Edit View Insert Jools Desktop Window Help £Y
NTEdS kRN UDEL- 3| IE D

FDR result

one tail
two tail
FDRline

numbers of P x10*

K 4.4.6: FDR (25, BUAIDH p H0AO/MEE, UGN E ) p (8.
() FAEBHA

5.1 FEHEEE YA

5.1.1 NESOI
NESOI R FH 256 DUt 107 i 22 AT ik rELEE AL filiih . EEG JEUR IS ALK
DU (empirical Bayesian, EB)#% 1 (Friston et al., 2008; Lei et al., 2011) A :

Y=LO+eg & ~N(OT,C,)

0=0+s, &,~N(0,T,C,) (5-1)
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HrpY eR™ NEA n AN s AREESR EEG iE3t. LeR™ & CAMAIEISAE
B, 0eR™ NARHMM d MEMNELFE. N(u,T,C) RRMFEN 24 & &l o
fi, Bl e ~ N(u,T,C) < vec(e) ~ N(u, T ®C) , Herb u HET ® C N7 2. vec
FoRFIMESRE T, ® 4 Kronecker FifEsk R . & Fil &, 43 il F 7~ FEARATIE 2% (] )
BEALE SN, T RoREAIFEOCHERE, 7EiX BN O HARMGES & B ARB N 2
ML A Co=a ™, Hol & n s mAraE R IR &, B2 AP 7 Z3R0R
NPT 2 By W IAUE K

C,= Zk:Vi Vi (5-2)

Hy=ly, 7, r] 2 K AEfm@ESEn &, FRESIEEN T 2 o RV,
() AR X BT R o X BCAR B bR By, =exp(g) FT B AR EE S B AR o, R
b=, 0,..... 01 W R BT SE A0, B

¢~ N(z,I) (5-3)
EREB-2)H, y ARAMPIESE, M7 ZRSEEV ={V,,V,,....V, } T4, EB
R X —IiAUE TR RiE, ARJE 77 22 s #T AN 2 EEG J5 € fir
H,

A 3 R OB T L I i P %) 2 (D A SRR R4 78 I » RIS 3645 B e e A 2R 1) i
A, i/ A —ANBE BRIV ={1}. Harrison Z5(Harrison et al.,
2007) % & T — AT LORETA HI5tif: LOR. BHFE T W7 Z W5
V ={I,G}, 4 ARG A ST A AR T, S,

G =exp(oA) =[q,,0,,...04] (5-4)

FAREAE FEARIRE AR R BT, SRS T (5 8. FERFARTTE A, e [01] FomiE2s
] S 2 P L AR AT S B SRR AR AR R, A, =1: HUAb B
A =0, %A WS E R DT U5 40 A . 8 % G Taylor LA -

I A (5-5)

G~
i!

8
i=0
GRS g, LT T AIRIAREE X . BEANAHAR Y A5 At e 15 i R
B, B SR I A KA . IS e e SUAEOR LA 1) H [
2%, NESOIX A [ % {#0.6(Friston et al., 2008).

BT G B G & 51 (45 (R BE KA, FristonZ (Friston et al., 2008)# H! %2 & /i ik
Je 36 HE AL (MSP) , B OB E R kAN GH A CA AR R D W
V ={0,0/ . q,0; ..., 0 e } o MZM sk, ATRLK S/ MERER AV ={1,G} 3
i g A Az Sy S B A O, T EL SR R EAS A DG U AR S e R . BR T b
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AT PRI T AR D¢ R S e, NFMIRIAS 211 D) B0t nT - T-EEGYR 14 (Dale et
al., 2000; Phillips et al., 2002), dSPMAI|FHfMRIFISPM&E 5ok it EEGYR 72 47 i 14
fE(Dale et al., 2000), Y575 (A1 H T ZH B Vasem & SRS FHRE: 2400 M e &=
Ik RUAL T SPMIFT G X SHHZ I 1,05 72 SPMIIE X AR 5 50.1.
NESOI i /& 75 EB Y S fith 1 K5 fMRIT) g WX 4% 5] N BIEEGF & . Hrp
fMRIZRE M 28 AR SL o 3 i AS 21, RIS ISZ s A — A D Re 4% . /EEEG
PR 2 [ MR R 2 25 (MR S5, EEGIE 25 [R5 4400 25 ' Bl R R 1270 5
WAE . 1% R MR KA 25 [ ST % 20 A8 e N EEGYR 2% (Rl (R A BEW e R,
Hd s SR, KM Horhz o BB K T30 s R 2 0
Ao [ IR S P R B WA A R AR R, Wy 20K T30, U
JLFE U WAL0, B U;H0.0. BARUNE KEZR TR MMBIHFE . KIENESOI
Wt 5 Z RV, A LR R,
Vi :nizdlujiqjq} (5-6)

i j=l
d
Hofr o =U AT B BT A K o, SR R B (3-4) 155 41
j=1

AP R, F AR ARG . B BI04 EEG IR AT eI st

AFTIER IMRI TN E R, FAVEH T 2 E Mg S5 (Friston et al., 2008) 1 s -
Xt IREI 28 S ) F A X SR AT MR A, o RAFAS BIRORS AL RAR S HL AR bRk B e

SO TR 5, VRIMBIREA S b IXRE, AVREA j =40 q,: 4D
IAENIX 4 q' s AT (0 Q7 s LI % R BRI D A R 1 o = g +
Q" . g B0 K TR TR B R A B . E A T SR X e %
Ve, = 0,7 Frf K CHTRERIZSEGANEL. 2% NESOI KA T WiAhTE 2026 B

V,, Vs, VORI D REM 2% s Vi, Vi, ... NEZ BB . 555 KH]

ReML (restricted maximum likelihood)55y% %t 1% ] 34T 3K i (NESOI 2 an &
5.1.1 7).
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) : EEcEmEw
BB LRHE
H ;fj ) SIS

2
o ]l IlI—
]

AT thiemis
HAE RS

4 5 6 -
© @0 e

MRIE b4 3018 e

¥ 5.1.1 NESOI (A FRIRAER . iUk EEG B &yl 55, I8 Bl H At s %
R SR R o [RIRS, AH R FMIR I B 8 3 T Ak Bt 40 - i A 25 TR ST e
7o S5K) MRI K- KA 3E EEG Y58 A7 IEJHAE AL . NESOI i Hi 9 48 HL V& )
(RIVE 23 A1 K Z i MR /R 28 B2 ik [ 2 58

5.1.2 FOCA

J& 5B #2235 B DU 4E (B ) — 301 (FOur-dimensional  (spatio-temporal)
Consistency of local neural Activities, FOCA)® & 1 & #8235 [8)5 B . X} fMRI
ol B — AMA R R HABEAR R (26 ) KIRFEFH, FOCA wJH LR RITEH
232 (E 512). KA XRZE C w X NFR A& -3 B AH KR

(cross-correlation coefficients), Hf!

s
N

C, = (5-7)
Hobrt ORKE | SR | ISR BB R K ORI E A
(27 A S5 m /ML A, A8 0 5 52 AR 5 R M SN
I AL 59
2
bt r i BUREMAC R, ARIE FTA I 6] 15 4823 AR 56 R 50(C) -
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(5-9)

ZNt m
mlm

Hor N IS B] R . B fe FOCA JE SUNINRIAH G 22 855 75 (A1 AH OC SRR e AR«
FOCA=C, *C, (5-10)
SR G AR DL B A S AR K 1) FOCA B BV AT 15 21 42 i 1) FOCA B4 . L4t

IO ) FOCA {BLK B LLZ A0 42 i~ 24 i) FOCA M AR MA 22 7 1 5
HiE

FOCA
FOCA,W=—"7——— (5-11)
mean( FOCA)
e N
a Local Data
Dorostmr N AT
°
=
©
o
w
Temporal
2 P
¥
b -
Temporal correlation Spatial correlation
o 17, ) oo Sl i e et bt e o g Dl o e 1
: 4 < Spatial :
15| :
C| & I
8l VSTM Lot
1 i 1
12| e
! - /E’ WW #
! rllz "1!3 "1[4 "1(5 i Pitk s :
T : T LY
1 .t I
' N=k(k-1)/2 !
. Z‘!fv(jris, —s :rmm 1+ Tma :
1 Gy | | m 2 \
: N 1
it
C
, N
FOCA = C; + Cg
FOCA,orm = FOCA/mean(FOCA)

K 5.1.2: Foc:Aﬁ%iM;El a: He—AMER LI QBJEMK%E(ZG/\)E’JHTIETW 5l
b: [ I 55 J5 E A TR AH 5% 22 B0(Cy) 5 AH AR s 18] f1 J3 38 2% (8] AH 9% &2 $(C) ;s ¢: FOCA

BN EL B AR C, - C, . HAEBIRZNA) FOCA R B LAz il 4 il 1 24 1)
FOCA & PAFFAR A A 22 57 A 20
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5.1.3 LMSA

Je ¥ 2 1A ER 4T 20 B (local multimodal serial analysis, LMSA)3%i# T EEG 5
fMRI PIBLES R G ISR, BRAR T RS A A e, St 1 I sh 71 220
N7 bR B A AR S AR AE M bE ), H SR A0 N (& 5.1.3):

ST fMRIEHE Y e R™N, Hoh MORBIRS#, N 2R, RATE X

5 ATy, e RMY, REARERZE (26 4 MIBEFFIAY, . X+ H EEG

RIS B IR A6 B X SR FE TG N IUER 2 MR IS 8] RS PR 850 50 F AR 4G I 1))
& XU

X 0 0
X, X, 0
X = : : . : (5-12)
X, Xeyq - X,
Xy Xua - Xy —k+1_|

Hr M S IMRI B IA] 550, kA2 AER I (] A 8. o S AT TR SR A5G 43 Bt
(canonical correlation analysis, CCA)f A4k Y, and X Z M FIFHCHE, RIRBIAUE

a. bEfFZLMEARY *a. Xb AR REUR K. %IRRT B LR 2 50
ik
maxilr)nize Corry o xu

(5-13)
subjectto var(Y; *a)=var(X+*b)=1

Herbrvar () U7, Corry NBURIAHIG. SRJE, SRS O R E00 B [ it
RIAZ v, = Xt ME Y ROGER I AR, Horp RS 0S B b, h 4 E i KT

#.o [FE, BUE b MG TSR MRS R R B, BT MERET
WaEAE GFRLT v ) H 2 e AR Al 1521

Yi =V Vo 1#[8, B+ € (5-14)
He i RRxF i MR, B 58, NEHERE, v, NEEG 5 fMRI & KAHK

OO N IR AHRAR &, v, NI EFRRE (HLin MR idskid R i sksh . 4
MWIERETIES), e k. AR H D ZFIEMAIHSE], /P
[ﬁi ﬂ’\cov] = [Vi Vcov]+ *Yi (5_15)

42



Hp [T bR, e, fERrAWRERIAT BLETHE D BRI AT 75 3 42 i 1 0s
EI% e RV, SR T AEEHE LR A 575 5

.
SE(B)

(5-16)

Horbt SE() y B X REHIbRUEZ

\
EEG
i @) Discharge
| Event:
! X
]
2 NI, | d
H || B
time
B """ !': “““““ _‘“‘Q“_‘"“““".
| Canonical Correlation Analysis !
I |
Y, u X ;
e e I e e T i e D L L :
c i/ T """""""""""‘:
Vi 1%} Veov |
Regress E
! Model = * B+ * Beov + € '
N A

K] 5.1.3: LMSA H5RFEE . A 25 i AMEER R IHLARAE 26 MR FHE] 1) H
fMRI B RE . B A AR i TR X B I SE IR A6 R X, 1 EEG 3REX/S2]; B: $LAYAH
Ko it F Ul KAk EEG 5 fMRI Z [ fAH G (BRI HIAS4E), (A 15 31 i

MRR AT vi;  Co WS{E 4 2 e VE AR TS 2, o veow N

fMRI A 1 Wsksh . 2R ETIE S D A2iiir UL LD iR
AP W AHEE T EEIE.

5.2 RRALVLHA:

AEAF AU T T RO A Rl S HOR B, S B8 E M E st = .
ARBAFRERK R, AEAEHR B FAR RS .
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5.3 MZBEIE:

NIT T # it
http://www.neuro.uestc.edu.cn/NIT.html

S B HUE 0 5 SR E Ml
http://www.neuro.uestc.edu.cn/index.html

MAE BEE M E S s = MR
http://www.neuro.uestc.edu.cn/neuro/html/achievements/achievements.html

SPM ¥k 3= 7T
http://www.fil.ion.ucl.ac.uk/spm/

SPMS8 k-
http://www.fil.ion.ucl.ac.uk/spm/software/spm8/

MRIcro 3= ik
http://www.mccauslandcenter.sc.edu/mricro/
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http://www.neuro.uestc.edu.cn/neuro/html/achievements/achievements.html
http://www.fil.ion.ucl.ac.uk/spm/
http://www.fil.ion.ucl.ac.uk/spm/software/spm8/
http://www.mccauslandcenter.sc.edu/mricro/

(75) 2l

1 REAAIGRIRAS T 2 A W .
2. & SPM Ll MRIcro S5 1R L1225 KB
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