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Development of an entropy connectivity analyze toolbox for functional magnetic resonance imaging

SHI Lili, LIU Zijun, MU Wendi, JIAO Qing, CAO Weifang, CUI Dong, GUO Yongxin

Department of Radiology, Shandong First Medical University & Shandong Academy of Medical Sciences, Tai'an 271016, China

Abstract: Objective To develop a toolbox for calculating the entropy connectivity between time series, thereby analyzing the
effective connectivity of functional magnetic resonance imaging signals from different brain regions. Methods Under Windows
environment, entropy connectivity codes were written in MATLAB platform, and graphical user interface was used for toolbox
interface development. The entropy connectivity was calculated by designing the properties of controls, writing callback functions
and calling MATLAB built-in programs. Results The developed toolbox realized the calculation of the entropy connectivity
between time series and the statistical analysis on the calculated results. The entropy connectivity was calculated after the user
input of the generated time series of functional magnetic resonance imaging signals from brain regions, or the time series of brain

regions of interest which were generated by the toolbox. Conclusion With a friendly interface, the toolbox is easy to operate and

can greatly improve efficiency of researchers.

Keywords: entropy connectivity; MATLAB; toolbox; functional magnetic resonance imaging

e

]

Tl

H A, 2 T il 4K P 4R Y D) RE w2 R 1R
(functional Magnetic Resonance Imaging, fMRI) 4% K
TE i A3 28 15 s A58 U )28 R R E R . i
LR X RN G I REREATOF 5T, 23 O T RE i 42
TR N 2 2, TS A 8 A X I 8 A 7 1 ik DX i 25 1
B Z B 5 Z , Al AR BN ] i X 8] B Ge 1A DG, A

[ W75 B #312020-01-11
[BE& B |HK H AR # 34 (81371531); m#ﬁ%&ﬂ HtmiH

(JI8KA262) ; %% Ll B 24 i i )23 v L 85 75 1 &l i |
(2017GCC11)

(e B a0, 2 WFE 07 i) A B2 TR, E-mail: 2567745312
@qq.com

UGBS 1R 10 ACHT At 2082 IF 98 07 Tl - AR UG B AR A R
%5 4b 3, E-mail: davidgyx@163.com

B mtk . J5 38 248 M DX 20036 8 2 W) 7= A i A
] VRS2 ), By 1) . TR 00 i%ﬁ%ﬁzﬁj
25 A 5 455 I (Dynamic Causal Modeling, DCM) !
Granger [ 273 #1 (Granger Causality Analy51s, GCA)
IR A . R TR R INE
IV e e ) A 3k 0 A T 6 7 ) R 50 3 R ) R E
7 16) PR KO S M S SO i B, TR i XA
AR DGR o Zhang 551 ) I 1% 4205 B gy Ao
2V 25 R A S AT DX TR] ) 2% 3 1 1 2
TS, & 305 TE 8 T I3 AN AR LU, 20 A 1 2 fin) R
B 2 R R 2 ) ST i B ) i X3 R 5
E’JI—Ji/FiﬂJHJkﬁL_ P, ZE MR ph et H B E T
A7 R e ek PR A0 B O Sl P e
A

AWEFEHE T RHIFSE PR 2, 78 Windows 7.0 R 4E
T, K FH MATLAB - &5 Hr B H P 5t i 1 AR 58 T



- 868 - B 2 P

6 37%:

KT — - B T 248 (Entropy Connectivity
Analyze Toolbox, ECAT) , Fl 3155/l X ] fMRI {5 =
PRI % 42

| {EZEEZE

WA B8 x ALy, x, Ay, 43 5002 x Fily 76 ¢ i %)
IE o M x BN ASFEA, FE B 21 ¢ 4k x 193 55
Ax,_x, . - x B2 A1y 3 Ay, s - Vs
t=1,2, - 1-2, BnflmiyPERA Ay, 2
V] [5) 25 S 25 AR b 1 2K TR 25 28 Ak A8 B 18] 7 81 x
AR ] 371 B30 (el 2 ), 5325 AR Ak 4 B 8] )3 37 x
FINEF (] 51) y 348 45t A8 Ak 1) AH R (— B8 R B 55—

AV ) o A7 2] Ax, F Ay, TRLIS DR T B[R] /)
FE M a1, P, (y/x) = n/ (N - 2) RIS
() DR 2 Y A, KTFE Ay, /N TE
5 Ax NFE Ay, RFER W m i1, P,(y/x) =
m/ (N - 2)Fn 5B DU TR . - 3R x
v Z A1) K IR B O 2R 0, W x 5y 22 [0 1 [ 25 i o2 422
TS, &N

TS, =
(1 +r, Ps(y/x))

I-r,Xx Pé.(y/x))

Fy X Ps(y/x)log ,Px(y/x) > 0.5
0, P, (y/x) <
(1)
x5y Z IR0 S AL 4% TA E SON -
TA, =

(1 +r, % Pa(y/x))
1-r, X P“(y/x)) ’

Py X Pa(y/x)log Pa(y/x) > 0.5

P,(y/x)<05
(2)
H i, Fllm, 50 0367 Ay, F Ax, ., Z 18] [R] 25 1 5 4
A B P (v/x) = 0,/ (N - 2) Flal 22 A
B DL HE R P, (/%) = m /(N - 2) 9 5t A8 AL HY
DURHSGTRE A, 0]y il 2 [0 [R] 250 12 4 TS, 5 N -

TS, =
-r, X P, (y/x) log (1 try X P, (J’/X))’ P, (y/x) ~ 0.5
l-r,xP, (y/x))
0, P, (y/x) <
(3)

y Hlx Z 8] S 2D HE TA, 5E SUR -
TA, =

(1 +r, P”(y/x))

P,\y/x)>0.5
I-r,x Pa(y/x)) ( )

-7y, ><P y/x log

y/x
(4)
WU H x4 )y B 7 1) R TS, o S

TS.,|TS,|>| TS,

TS, ., = ) (5)
TS,.|TS,|<| TS, |

6 )y 7 ] S 2D R 2 TA, L SUR

TA,.|TA,|>|TA,|

TA, ., = (6)

TA,.|TA,|<|TA,|

TS, ., > 08 TA, ., > 0 & /REHEREA T B &
xFy, MR,TS, ., <08 TA, ., < 0RRHEEN
Jrian ey B o 378 B LA DI 0 PR D1 DX B
(18 iy PR T 0 I A DX 0 3 R Ry i IX I
A A T

2 IhBEEI

AHF5E R FH MATLAB 18 55 4 55 0 3% 3 152 vk
B, FE GUI HETIM A . ECAT T HA 32 7w I
B, A sc (B 1a) 59 SC (B 1b) FFPRRAS , B 4 %
BT R KGEH W P or d o 3 B SR A )
FH P B SRS [X 35 (Region of Interest, ROT) fJ Hif
(] J7 5] 8 Nt BRSSO AT b 2, DA T 75 21 i X5 i
[l 1< B 2 Y oy L W o I v
T ) PR A ¢ K I AN OUREAS ¢ K565
2.1 BEHITE

TR B AR e B DR R
FH P AT DA ik Ay = A B

F P B2 8T NG X ROLIa) FE 41, w42
SR VERE ROLEE P H” (& 2) , SR 5 £ 0 AR i)
ROI B 8] 7 31 SC 4, iz B[] % 30 0] DLoR B B3
fMRI F0H5 43 H7 T EL A 2 B2 MR 53 Hr B
FERAE . H T HAE R vigetfile PRET R A bR
AIRTIEHE , 38 3 238 B AR E RIS A7 5 RO H] 341 7
SCAF AR, 2R load pRELIEEH RO B [E] 5 1) A mat SC
1, R for A6 P A 342 422 pR BSOR 15 1 [ R B, ST
W . RIS T YRR 2, P S e B
DR R FE 7 TESCRRE T A ROL 5 5
ZFR L, 1:ACC,2:PCC.,

F5 AT A A RO B[] J2 41, ] LB 42 ey
“E 2 nii MG S, SR 5 14 % “Brodmann A5 AR 7 81 &
“AALBEH " HE B ROT(A 3a) , [R IR 6 4 5 2 % (1]
3b) 7E 4 FEAE P i AR X 45, il an [ 1, 2, 3,4, 5, 6]



7 AFF,

- D RERE IR I G 4 T HLA B

- 869 -

B ecat - X
BE #E BH

Entropy Connectivity Analyze Toolbox

ECAT V1.0

B ecat = X
Language Help Exit

Entropy Connectivity Analyze Toolbox

ECAT V1.0

Shandong First Medical University

R itk syt Entropy Connectivity Statistical Analysis
TR PR N B Choose the input data:
B8 Reset
O EFEROIF A5 J O HAZnIEE 4 S O Choose ROl sequence: _J O Choose the nii file: 0
JEREIRIX - Choose brain regions:
O BrodmanaR#4E RS- Fesx | b 12) O Brodmann brain mask  Number: Reference| Suchasi12]
O AALTER A &HE- HsEs | . 1.2 O AAL brain mask Number: Reference| Suchas{1,2]
OBEX R AT 0. 1:ACC2:PCC OUser-defined  Brain Name: Suchas1:ACC,2.PCC
SRS EC Prefix: EC
b iRE- J Directory: J
HAT Run
a: FITRRA b: Z AR A
E1 TEFEAE
Fig.1 Main interfaces of the toolbox
4| ECAT it x

&= =8 8i

Entropy Connectivity Analyze Toolbox

ECAT V1.0

REZERETH Gttt
PR S _
J _,]Oiﬁi%mi@@)‘{# ﬂ
v -
HEFRMRIX «
OBrodmannfaZ#tE RS- L PP
OAALBEAMIR EN &Esz| v 02
JBE B e | #lm, 1:ACC2PCC
RIS EC
2 =i

HAT

2 & RO E FFT B EE

Fig.2 ROI time series selected for the calculation of entropy connectivity

T HA A &AM G 24 FR B AR BRI TXT 3C
T, 3R 7R AR PR gl v LA S 7 FH P B o 426 1 i 1X 44
FRo FESZEURE, T B4R R dir BRBGS O %
T AY Nifti SCF, FIFH SPMI12™ T HAR o spm_vol bR
B BN SO N 45, I spm_read vols pRELEE
T = A TR A5 B i DX A Al 55 4, L A5 81 ROI B[] )
1 Je I for A PRI 1% 42 pRER, 4R 55 [l 8] R ERC
DA U

R TR T RS RO A SR E R AR T
T S M H Uigetdir pREIOW 38 S s (3 B, F o
SE SCURAE A%, V8 ) mkdir PR BT 36 2 (14 SCPF AR

AR T BIEE A SO, it SO e 24 02 45 R S
HIZE 5 I SO e 24 4 & 8 Save pRER, 1511545
A mat SR (] 3¢) I [FIHRAE 4 Excel SCRY .
22 Gt

Z T EBFGE T 3 B D RE A SR H ¢ 46 50 X 24~
3P A i 3 2 A T B o B, AT AT AR R
B FNSUREAS (R 5 o 4 2Bl 3 4 i 122 422 71 mat
SCAETRAE R — A SO T (K 4a) , FTESEA T BLEA ¢
Her 5 i, 1 S TE HH Dir sR ARG 46 18 SO A B
TP 08 T 1 45 SR mat SCHF AR TR S A ARl T, AR
Ja EA for fEER, Rl H Load pREIK YK 2B mat SCHF, 2R
FH ttest B ttest2 bR ECHEAT B OB BEAS ¢ K6 56, o 44 Ry
OneT (TwoT) Y mat SC{ Fl Excel SCF P-4 7E 45 22 1)
HEAR T (1¥14b) .

3 #FEhTHY

B B SRS B AL OC T T AR ) FH UL B, 7R e mT
B T HAAM SR L A ihg A R
o i SR H 5%, BT B OCT Dy e Y 1
A Rt (B 5) iz D ae 1Y SC BLE R T switch F11 case
PRIEK

4 Ny AL

AHE 5T R i T HLAS , X 2 BUBE R 9% (Type 2
Diabetes Mellitus, T2DM) """ 2 K GF 4 #3818 fMRI
BRI 0. BER ARG 2T R, 215
B, b 55 7 B, e 8 491, S AR % (56.60+7.37) %
fat R AR A it X R S 16 o], Hop 3



_ 870 - e E §37%
B ecaT - b4
HE R B =
Entropy Connectivity Analyze Toolbox
ECAT V1.0
W B Bt ST |
piiz=d PN e T
O AIEROBH{EFFI (@ wmnmsst f B Figure 1 R
TERRRN(X . I SR EEN BAl IE(Q S| SO0 EEE v
% BrodmannEEAE Y &2, (123456 &SeE | B [12) | BERFS | BESTR
e, eeaz=| i, (1.2 |1 Left_Primary... -~
OBEL BEEH, {30, 1ACC,2PCC = et
% Left_Anterio...
SEITHIR, EC 4 Right_anteri...,
LR, FADATABD 5 Left_Orbitofr...
_ 3T | & Right_Orbitof...
a: 7% Nii BRS¢ b:HS5E
data §1
EH 10x10 double
1 2 3 4 5 6 7 8 g 10
1 ] a4 0 -20%15 0 0 21420 08245 16865 0
2 -1.4324 1.6086 0 1.6877 0 14112 -1.4096  -0.8907  -1.2393 0
3 -2.0673 1.6594 2.0331 22209 0 16065  -2.0318  -08073  -1.6069 0
4 -2.0315 0 0 1.9642 0 0  -19968  -0.7940  -1.5810 0
5 -1.5799 13203 17153 16322 1.6086 14104  -16501 08100,  -1.4554 0
6 -1.4796 14112 0 15808 0 15571 -1.4561 -0.8930  -1.3652 0
7 0 -1.40% 0 -1.9968 0 0 21055 0.8674 1.7145 0
8 0 0 0 0 0 0 0 13248 0.8034 0
] 0 0 0 0 0 0 0 0 15571 0
10 0 0 0 0 0 0 0 0 0.1781 1.2025
c:mat 3
B3 &4 Nii Bl§ St Bk
Fig.3 Choosing Nii file to calculate entropy connectivity
B ecar - X
B BE EBH ~

Entropy Connectivity Analyze Toolbox

ECAT V1.0

IS

ECDC
BFERTH I TR ATH R ECHC
—HEI:  Dmsecoc | | izt . =22 ECentropy connectivity 2019/4/25 22:12
= : EHRL e
o e - i@ ECpicture 2019/4/25 22:12
BT Dwis | [ . OneT 22
WS, [ Twol
=] OneT
i SRRz 4 .j RS
BT i
: 2] TwaT 20019/4/22 20:03

611, 22 10 5], EAAEHA (56.80£9.94) % . ZMWF5E Zond
IR 28 L7 SR BE AR 3 22 D S bl A IF S A 42

Gt NERE

4 Gt o
Fig.4 Statistical analysis

b: £ R

F 508 e AT 5 R R R

K F GE 1.5T #6598 mlif%
ASCHEA T R B3 1 S K SRS (BOLD ) B4 1 R 4, R



7 AR, DIREREI RS i T RAR AT

- 871 -

Entropy Connectivity Analyze Toolbox

~ RiEEEEunclonE Sy it MRk EEE

i i

1 5E ROEH ) FR31)
BN H
putio bl
BrodmannfsZ #4E
AALTEE

AEX

e

HELF

REZH \
R

#in

Catalog

PREASHETTH
e

)]
Explanation

Entropy Connectivity Analyze Toolbox

ROl Wise

Choose RO sequence
WVoxel Wise

Brain Number
Reference Brain
Choose the nii file of patients
Choose brain mask

eset

Add

One-Sample T-Test

Add One Group Dalas
Two-Sample T-Test

Add Two Group Datas
Directory

Run

Exdt

Result File Prefix

Qutput Name

~ Acciording to the function of the entropy
connectivity to caculate the entropy
connectivity of the brain

5 #EhCH
Fig.5 Help documents

FH DPABI 1 {4:3#E4T BOLD {555 g A #E

AT R AN TE] i DX ] g i, T HA T A
B DR P R B X TR, B S H
b i X2 T) #6054 R % ek, 43 i =[] 2P 4 i
T4 AL R R R D R AR R
AR . XTI L3k 4 B ek kA T
U3 A3 AT i, T2 1 5 R get R ESCISE BRI IX 1B A5
Herb g B HE N 25, ARA5 55 0 DX Gt 5 AFDGF I 174 il X 44
FRG A6 b5, SR 5 E A for JE A, ¥ FH plot pRIEL, 4K 8 XL
FEA ek B0 25 3, on WAl g il la] A B A H
(P<0.05 ) Ao 4 12 42 1 501, 75 210 1 DX ) 908 3% 2 m 3
FE(E 6) , [a] sk A1) FH text R ECTE 7= 72 ] HR X A X 4%
HEAT UL o I 4 0 O ) P Sk 2R, 3 4 0
FIH Arrow bR ZCGHE o 28 BOMH A0 LA RoR o B Jm R
saveas PRIEL, 5 1 DX [0 12 122 7 i PRL AR A7 381) 5 i e
TS AR B SO E T

7: RMETERT
35: EH0&EE
37,38: 85
4142 B %
65,66: M

a: El M EE
6 MXEREFMASRSMEBERER TEE

Fig.6 Entropy connectivity differences of synchronous inputs and

b: F S SR

outputs between brain regions

SR D AEAN H, T2DM FRE 410G i (20 () Rl 55 (O €0 ) (0 122

AT, I ANk X A ROT, 43 53l 2 A Al i
%t (Medial Prefrontal Cortex, MPFC) (%45 7) .5 40
7 9] (Posterior Cingulate Cortex, PCC) (45 35) . &L
fill ¥ =5 (Hippocampus) ( 4 5 37, 38) XU A5 1~ 4%
(Amygdala) ( 4% 5 41, 42) . Xl f 7 (Angular
Cortex) (%" 65, 66) , H&HUX 8 /i X ) IMRI 5+,
TR DX T] A 080 3 422 , 28 aok 9 2L 1) L 2, 7 2 i) L
A V25 R R R AT o (B 6) , Bl S
9 7 G 14 00 1R B H Sk T 1] R R 1 4 7 [l o
Hi T 6 AT UL, 55 1E 5 f Fi AR L, T2DM A8 2 B Jigi X
][] 20 DA S S 20 M e e B A Wl 3 25 5, L DA 22
ThE 5 () [] 25 A 31 MPFC RO 32 TH i, A 4%
WA MPFC 1% 1 [R] 2045 1% 22 AR (18] 6a) , X 46 3R 1]
ik DX T st £ (7] 25 ik e 25 P ] P ) v s R ARG . 20
00 A% 1) 2 A0 T 0 2 0 A5 A% A B e 3
58, A% 2] MPFC A1 45 £ 191 % i 1 00 % 2 R AIK ( &
6b) , 3 B Jii DX (1] A4 28 35 21 9 AH B 4100 ) 2 3 o8 B33
FEAR

541 ig

AW NBHIF SEPRFT oK 1 &, 7 MATLAB 455
TR T Al v ] A ) A R ) TR
F6, JT AT SR A g A AT SRR AR SOBURE AR
5, LR AR EIE B .

AT AR R 0, AT T MRS
5 ki DX R 810 22 100 AR 500 78 4 o i ) e o 2 2 e
AN TR) i DX i) £ 298 1A P R DG 5 % — Sk ) ]
T ¥ T A — > il DX A 4 22 735 2 4 4] 5% i 55 — A4 fii



- 872 -

N e

6 37%:

DX o RGN 34 422 TT ik W S [ iy DXt ] 7 1) i) £ PR 5 6
Z, W GCA"™ F DCM'" # B 245 5] T 172 /Y hi
R N e al NP B3 & e R N 334
AT AT ) AR AR T 2 i T R S IMRIAF 52
BEHLEY , AT ARLIA k2 S R B I R . R B
A DX 22 T i PR 56 2R A Ak 3] 4 A4S T i B[R] A S
VNG EZ i T 2 N E L 2 ha s D EIE )
[7i) 2005 25 42 3% 7 i DX [) 0[] O R 388 5, (] 20 32 422
Ul 355 2R 1 DX ] B R DG R AR . St A i 4 R IX.
A5 B2 525 1 B, 1 5m 5 40 e 1 A i X
(R R I B O N 1 A Y AR A e S MR i
B 28 AN TR B 1T A A — 30

T HA A ALY BAE R PR T T
Z N ERAE A, T SR 3 5 Y R R R A, (5 R S B
FEIFIEITHAE . THAR S Z R PR WA
ZREAL H i S R T P kA EE T EA T
B P B B 2R R ROTI ] 551, o Al L3
TIAL B B4 AR SO 38 2 BB A A FH P A il ROIT
BFRUF S, TR E 2 8UE . 3ok I B S AT
P17 R Excel #% 2 3CF, [A] B P47 5 MATLAB T 1
mat B4 SC A T P AT 20 A B [RIE AT
SR 4 A s R R S G 2 B T ), O
PRI X 2R . %459 n 2 B 47 i MATLAB
(1) figure SCHF 8 1 FH P HEA T 1E— 2 G4

MATLAB i 5 B A R A0 F e 5 2 e
fEF T HANF IS S S . /£ MATLAB 55 T
LT T 0 4 A 300 AL R A B BRI RT 5 A
GUIM AT R . MR 2y Y6, R
TR, TC T X AL TR AOR RIS R 7

25 BT AR 9T A9 T B4 nT RN B T8
fMRIEHEE R R BR T IMRIECHE 20007 1% 32, Foiy A
AL LS AT AR (4 B[] ) 1) 8 2 — R0 UHE , R ok B
AR RS R B T B AR AT MR S s T
L) 2 A R MRIECE A B R S vi A b, A 7
fii, HA— 5 WS A

[ % >iK]

[1] ZHOUY, ZEIDMAN P, WU S H, et al. Altered intrinsic and extrinsic
connectivity in schizophrenia[ J ]. NeuroImage, 2018, 17(6): 704-716.

[2] FRISTON K, MORAN R, SETH A K. Analysing connectivity with
Granger causality and dynamic causal modelling [J]. Curr Opin
Neurobiol, 2013, 23(2): 172-178.

[3] SCHREIBER T. Measuring information transfer[ J]. Phys Rev Lett,

2000, 85(2): 461-464.

[4] ZHANG GY, YANG M, LIU B, et al. Changes of the directional brain
networks related with brain plasticity in patients with long-term
unilateral sensori neural hearing loss[J]. Neuroscience, 2016, 313(42):
149-161.

[5] KHAKZAD N. System safety assessment under epistemic uncertainty:
using imprecise probabilities in Bayesian network[J ]. Safty Sci, 2019,
116(8): 149-160.

[6] GENTILI C, VANELLO N, CRISTEA I A, et al. The application of
non-linear metrics to resting state fMRI data analysis [J]. Int J
Psychophysiol, 2018, 131(57): S18.

[7] ILONAK, UWE K, ZOFIA D. Optimization of rs-fMRI parameters
in the seed correlation analysis (SCA) in DPARSF toolbox: a
preliminary study[J ]. J Neuro Sci Res, 2019, 97(4): 433-443.

[8] HENSON RN, HUNAR A, GUILLAUME F, et al. Multimodal
integration of M/EEG and f/MRI data in SPM12[J]. Front Neuro Sci,
2019, 13(300): 300.

[9] LI X R, MORGAN P S,ASHBURNER 1J, et al. The first step for
neuroimaging data analysis: DICOM to Nifty conversion [J]. J
Neurzsci Meth, 2016, 264(1): 47-56.

[10] MANDALAPU S, KANNATH S, KESAVADAS C. Fusion imaging
of time resolved imaging of contrast kineticS (TRICKS) and high
resolution volumetric T, MR sequences in the evaluation of spinal
vascular malformations[ J]. J Neuroradiol, 2019, 46(4): 276-277.

[11] RABELO M S, ELAWADY A, FOZ A M, et al. Influence of T2DM
and prediabetes on blood DC subsets and function in subjects with
periodontitis[ J]. Oral Dis, 2019, 25(8): 2020-2029.

[12] YAN C G, WANG X D, ZUO X N, et al. DPABI: data processing &
analysis for (resting-state) brain imaging[J ]. Neuroinformatics, 2016,
14(3): 339-351.

[13] VICENTE R, WIBRAL M, LINDNER M, et al. Transfer entropy-
amodel-free measure of effective connectivity for theneurosciences[J].
J Comput Neurosci, 2011, 30(1): 45-67.

[14] KOSTER M J, MATTESON E L, WARRINGTON K J. Recent
advances in the clinical management of giant cell arteritis and
Takayasu arteritis[ J ]. Curr Opin Rheumatol, 2016, 28(3): 211-217.

[15] ARIA N, SO K, JETAN H, et al. The influence of cervical
spondylolisthesis on clinical presentation and surgical outcome in
patients with DCM: analysis of a multicenter global cohort of 458
patients[J|. Global Spine J, 2020, 10(4): 448-455.

[16] DUGGENTO A, PASSAMONTI L, VALENZA G, et al. Multivariate
Granger causality unveils directed parietal to prefrontal cortex
connectivity during task-free MRI[ J]. Sci Rep, 2018, 8(1): 5571.

[17] DINUZZO M, MASCALI D, MORASCHI M, et al. Brain networks
underlying eye's pupil dynamics[J]. Front Neurosci, 2019, 13(965):
965.

[18] JOVELLAR D B, DORIS J D. fMRI in non-human primate: a review
on factors that can affect interpretation and dynamic causal modeling
application[ J ]. Front Neuro Sci, 2019, 13(973): 973.

[19] SHI W, YEH C H, HONG Y. Cross-frequency transfer entropy
characterize coupling of interacting nonlinear oscillators in complex
systems[J ]. IEEE Trans Biomed Eng, 2019, 66(2): 521-529.

[20] GAO Y Y, SU H X, LI R H, et al. Synchronous analysis of brain
regions based on multi-scale permutation transfer entropy|[J]. Comput
Biol Med, 2019, 109(38): 272-279.

(B . TAmE)



