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The present invention discloses a dynamic event-related causality method by transfer entropy, for any
pairs of bio-signals, which simply define as first and second bio-signal. First, the first and second bio-signals
are time-locked with the presentation of a stimulus (event) and a behavioral response time, to obtain the first
and second event-related bio-signals. According to the time course of an experimental trial, the first and
second event-related bio-signals are further segmented by a plurality of sub-windows. The first and second
event-related bio-signals in each sub-window are used to estimate the instantaneous causality by transfer
entropy. With these causality estimations from all sub-windows, the dynamic event-related causality
between the pair of event-related bio-signals is finally obtained. The present invention can be adopted to
investigate the event-related causality relation between any brain bio-signals, which can be electrical

activities, and provides an alternative way to explore the brain dynamic causality changes.
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The present invention discloses a dynamic event-related causality method by

transfer entropy, for any pairs of bio-signals, which simply define as first and second

.bio-signal. First, the first and second bio-signals are time-locked with the presentation
of a stimulus (event) and a behavioral response time, to obtain the first and second
event-related bio-signals. According to the time course of an experimental trial, the
first and second event-related bio-signals are further segmented by a plurality of
sub-windows. The first and second event-related bio-signals in each sub-window are
used to estimate the instantaneous causality by transfer entropy. With these causality
estimations from all sub-windows, the dynamic event-related causality between the
pair of event-related bio-signals is finally obtained. The present invention can be

adopted to investigate the event-related causality relation between any brain
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bio-signals, which can be electrical activities, and provides an alternative way to

explore the brain dynamic causality changes.

F2H  HIHEGEWRERD



201709114

(fEEARE] 26 (=) B -
QRESEPEEL TG

BIHE - 43 HRIME)



201709114

[ZERHE A= ]
[ FaEERRATE ] R4 BREAGR & SRR SR B RS b, 7 vk
[ 35305585278 ] dynamic change method with transfer entropy for bio-signal
[ Hftraris]

[0001] AFBAMR—TEEIHAST (Bio-Signal ) AYTEE % © KBlE—HE
REFTE ARE RIS R ERTERIEC 2 BERGR - X6 A AR TR < SRR
ARIHENREEML T -

CAEIERE00D |

[0002] SEEZK > FEERIEIIES R AT ERNVEREE H e -
BTN A RS R R AT ENMERFIA BB AT - AR
BEEAE —MRERUENBERAE TR » Wtt—2K - REEE AME KIS
A B ERSsE  AR IR FE FR A — % B & AR TSR AOVEED - RISE v DATERA SRS
HIEEZE -

[0003] ABSKASHEET SHTHEEEEE - & A BSR L ThRE S0 »
PIANZZDEARFE - BV ERERERE - SREEEHE - HIENET RS
ThEEE (R P FERIARAS ST HsuE T I » BRYEMBIT &8s i Rl o e T
FEBMLIL - WS — B BERE AN < M E B B MR - Rt EER LB AT
R W EBIR - AT ARSETE A RE R R R M BT B AR A 2 IS I SR FR A
BERARH] - KRR (temporal resolution ) =i ERS - # AT {ERIFE P ATE
A R RESR AR A BREAS AT T RS IR R 54T -

[0004] EEARZEHIERF W] LMERISZE A\ BISEIRAT 0 B 3EH
e R EIE ARRRYASEE Y - (B EMBIRMN E— & s R E— I B RS
ENE - EEREERAEFEE—SHRRRRIMT  REEEBEEOT IR

A it B SRl 18 2 RT B AT A R BB R RO RS BEERSE RS ELAEFS -
51 H - $ 8 HEERY®)



201709114

[0005] HEALE - ABPURIESH B A R - S — R FEEEHIA
R R A~ [ AR BRER SRR P AR B ST < SR AR B i B RS (L 7 s » LA
GIlSTY Gl nb it DA i

[#HHRFE]

[0006] AZEEARY T 22 HERIERE—EAN AR TS SEAHKER
ENRER 5% > FIRABANE A R Fr(REIZI A A BEAST - BB
$HE NHE AN E B BRI 38 A IR BE B 1T R DB I BY - M RE HE B
FIFGRVAEBEAS L > DABIRE TR B U 2\ B A= B ARG IR AR ARy TR B 1T 87
& > BFEREEER D ETEE A RIR R R A B EAGR - FHE SRR 4 FE A
STLAE A —BIRERIRIRBRRC B R -

[0007] RT3EE| baltr HET AFEIR G —TEA A B ERSRZ SHEFEK
EEMEIRE T - WA RS — AR MR A E ST $IER
RIS R AT R MERFRIRS © 58 — AR HERAS B8 A RS B B B 3%
E R RATR R FERHEAE [ - YIRS R AR RR R TR B R
RS — A B AR R 58 — AR BHERSR - DIIES B — B MRS 2B
EFRAREEFGR - LIRS — B AR R A S A SR — AR AE S
1TYIE] > ISR BRERIEHTIRET - WNBIREAE LT RE - ETEEAE
DU FE AR SR ey Bhie s L& -

[0008] ETFEHERERLICAFHRIBNGFEIRRE  EE A HIREA
R BHH ~ BINAR - FFBE R EFTERZ TS -

[ =R R A ]

[0009]

FBERRARIZEETER -

2B BERE AT A BN S ERERAT R E ] -
H2H 3t 8 HEERIY)



201709114

5 = ERRATERA AR A AT BRI IR I RE ML 5 5 BRI AE
= -
FBERBAZIAN FREF R EE -
[EhE=]

[0010] /HEFRREMIE » AR FALETERFTHBLE » e =5
HE AR RS  feEHR—ERERE S BET - H
REE G ACNRIBRENIEZ - ZASERAMRF A B SR < MR A ERRELR G B e
ML FEERERM SRR LIRBLA A TSRS B ERIRBGR - WAKiRIL
TES A R B B N SE S PERS R B e T B A AR 2 P R RS B A AT T B
R ERCENRERIRISR RAR -

[0011] ZARZEBARIRHE—FE A LB AT BAMRER MR BML )5
% RGBT - SRR BN R - B FEABIRARIAE—
EBIFf7R » el —EAS ERISEE 10 UER A BB A ISRy & A TEASE - flanm]
DEHIE AR ISR ISR AT - DIRE AL LIRS B AL SR I B A
Bt > RIEL A BRERSR AR I SE B 1047 7] B B BB (E 88 - WAL IR 5 15 (Magnetic
Resonance Imaging > MRI)Z 2 e M4 hikHR & &2 (Functional Magnetic Resonance
Imaging - IMRD)ZESNT » - FREFGRRIRISEE 1 OfR BRI A BE A RS AN R BE B (Bl
EHEEAS - SRR Z2RARPNE BTN 0 OB E—EES RE— A
RS IR B B S — A BRER G B BE AR RS RS A BSRE h R R R AV E
W BT R RIS — RS M A A R E EIGEE BT 120h T
WEERE  NEAERAFPEMEEE T RFUSEEET R WS %l
MATLAB(Matrix Laboratory * MATLAB)EX 25 i i B ik A% Mathematica Z55E EI8K
2 > I H R EER SRS E B RN ER R ETT 14 > DU A& LT

BRYHEEER -
HIE 3t 8 HERPRTH)



201709114

[0012] EREASTAZEIARIRIFLIEE L 1 BERE A REAF N AR
S MUREREE R TR ERIR - 2 RS = Bl F RS
2B E - Eio > WPESI0FTR » Foskes — A Mt R EE ARG £
AREREBIH - 25— AT R R — A T AR R A RS IS R B BE A B BRI ER
Wt 0 BEEIT N2 BR - WP EES12ATR - SRE B AR BIA KA TS R FERE
[FI%EB > INAEHEBI PR AR MRS ACRE 4 FEOR I BT 18 S FE IR R BEBIRZE
EAELIY - (O FE I DURIR SRR AR S4-38 A 218 4 [ FERY 13700
KR ENRPRB A UENIEE R EE T ER S - RIEAT ARSI 4=
TEE N RYRFRIRECUR B2 £ S FERF BRF R RART RO AR BREASR B L, - AP BRS14F7
7 PR — AR BRSO AR AR B B A I R BE A R AT R ST
FuBHYL3MME - DRI ABR ISP A RIBE YA BRI, - 20T ERS 16/ - ##
VBB R R RIREA B AT R S BRI R BRI FT B B 58 — A TR F 38 — 42
BRI DAEENE S R IR TE]REA ST S FE R R B RIRY S8 — SRR FRAR A BEEA
BC R sh — AR EEAGD » Eoh S —S PR E TS C R 3B B HRIR
EHEASRDRD BRI FEE A RS A R R R A K AT B R R BE BRI B — 4t 1)
FIE 58— A BHEAGT R R — AR BERRS AL RSt R AE R YIRS R A - 2025 BR
S18F7R - MR [AIRF 2 M AR NEFTR - FE S — SRR A EEASRC RS
C R RIRAEE RS DRI B TYUE] - DR R BRERIE S T RE - EAE
BIFREIRERIEH IR & R T IREGE I~E3 » B F iR dny 5 SR RS — S 44H
KA FEFIRC RS AR A EARDRMKBE— T iRE NN —F iR E
BRI KN » D E VIEBIRERIRL TR ET - B0 - FiREEIRE FiRE K
/NF o TR AR/NFRE0.5F - TR & ELEHI (XGAR/NRIRE TR &E2
BRI — TR B4 E | RE BRI BN > BIINE— {RGR/IMRE0.1% - B

R B E1~E3(RRER IR P HEF - (BT iR BB E T LULRIR - WHENRERRRE L
4T 4 8 HEYRD)



201709114

TIRETETHENE - UHEEIREERMERE R LR - B LR
FTEE & VB BRI REE MR PER R TR g 2 -

[0013] ZREe LB FEULAEMEREIUS RS 18R AVISEBE T E A  BIfEHIE
ErmaE - EE TR - FrEEesE — A ERRRRX - x Ex.ARE—E£E
AETTRRIE R FTERINE ZAEFIMRRY » v By RERE A ERGRHRY
T of CRIGHES  AFRBEAORRIES - o URTERRIRSEEL - dRmERS
%0 plr,y) REEHREE > p(x]y) REBEEHRES - HlaiEBEstEn
FARAEALE PR » 23Q2) » 2K3) » AR@OKAH(SFEL

X =Xy, ) (1)

Y=y, ¥ V) )

xtd :{xt’xt—r’xt~2r""’xt—(a’—l)r} (3)

y;n={yt’yt—r""’yt—(m—l)r} (4)
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