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715 M % (Causality)

« %% I 3 {+(Directed coherence)

o T_% i & #i(Directed transfer function)

o A 7 % [ 1 (Partial directed coherence)
 Granger 7] % B i%(Granger causality)

* % & ¥]% #-7](Dynamic causal modeling)
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FFT-BASED WELCH METHOD
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» Pearsonip i 1+ (2 #ic * I+ 1+ (Coherence)

magnitude-squared coherence

N
D (x(1)=X)(y() - ¥) ‘
=1

Fo = J coh (f)=

2

S‘\'I {f)
S-S, ()]
S, (is the power spectrum density of x

S,,(7is the power spectrum density of y
S,,{7is the cross-spectral density between x and y

D (x( f}—x)Z (1)-y)*

PRI had o FEANO~ZE - 7365 e T XY F it i o
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* Pearsonip Bf 1+ % #ic

N
Z () -X)(¥(1)-¥)

=1

x(1)-%)’ Z(mm—v
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e =3 14 (Coherence)

magnitude-squared coherence

i=l

Ni(x,—f)(x,.—/?)‘i(x—?x}f.—r)°

CO"?.\:'I' (f} =

i=l i=|

X;and Y;are complex values of spectrum recorded on epor
Total number of epochs is ¥
Xand Yare the distribution means
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* help mscohere

o Rk o

o P EXEYz §ogden w Fhal ik
(multivariate autoregressive model)

- S HG 5 S, 5, 5y

« i¢ * eMVAR toolbox

« http://www.science.unitn.it/~nollo/rese

arch/sigpro/eMVAR.html
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/ | ,
- IMATLAB RULE] % * MSCOHERE ——
« help mscohere 1:“ { i bl i
- [Sxy,F] = MSCOHERE(X,Y) S

* [Sxy,F]=

« Estimate the magnitude-squared coherence of the system with input
X and output Y using Welch's averaged periodogram method.

MSCOHERE(X,Y, WINDOW,NOVERLAP,NFFT,Fs)

* The inputs are the same with that of pwelch.
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o3 1-SEGMENT & BefL 2 17 51 e 38 2.5 1 .

noverlap = 0, nfft =500 = 1 segment

\

noverlap = 0, nfft = 250 - 2 segments
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« Theoretical threshold, Rosenberg et al. 1989
1
o -1
1-|1-— The confidence limit at ¢ % based on nobservations/segments/epoch: . N
100 e X e A )
o b4l 25 n=19% B RIE > srd 5]95% 0 < R BT e AR B S ( )
b
95 \as-n
1= 1-— =0.1533
100
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 Multivariate Autoregressive (MVAR) model

X(n)= iA(k)X(n—k)+ U(n)
k=1

o pE A #c(model order) - & 5 4 % % B 7k 2(maximum lag) € 44 * >
T RIIEH o

o AF#7)  #ir(model coefficients) » 5 ki #ic

e Uz 7

tp B e0% #1323 (uncorrelated while noise) > * 4 % innovation process
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np=2s i, X(n)= ZA(k)X(n—k)Hl(n)

x,(n) = 2p, cos(2f, x, (n — D~ pfx, (n = 2)Hu, (n)]

x,(n) :+ 2p, cos(2af, i, (n—1]+0.3x, (n =D} pafe, (n=2)|Hu, (n)

x: ()= 0. 2p, cos(2af, Jx, (n =D 0.9x, (7 = 2| pilx, (n = 2)|+{u, ()]
x,(n) =2p, cos(2af, e, (n — Dhx, (n = 2)- pilx, (n = 2+, ()]

o B fxx 34 =demodata_L10\create_SimSignal.m
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1 p=2i bl X(n)=) A(k)X(n—k)+U(n)
k=1
2p, cos(27f)) 0 0 0 x,(n-1)
A(l} — 1 2101 COS(ZH_?‘I_\) 05 0 .\'2(}?—]) S(‘f) — H(.f)EHH(‘f), p(f) — AH (‘f‘)E—IA(‘f)
0 0.5 2 p, cos(27f;) 0 x;(n—1)
0 0 0 2p, cos(2f.) Xy(n—1) - ! | His the transfer matrix,
-p. 0 0 0 x,(n-2) H(f)=A() " =[1-A(f)] the superscript H is the Hermitian transpose
0 —pf 0 0 X,(n—2) a51(1), a35(1), a53(1), a44(2), a3,(2)
A(2) : o ) X1 Xg, Xp> X3, X3 DXy, XX, p )
05 —-p; O x;(n—=2) A(f) _ ZA(k)e—_;zqm
I 0 0 -p; x,(n—=2) k=1
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/MAATLAB RuLE]iz * EMVAR TOOLBOX

« [pottaic,pottmdl,aic,mdl] = mos_idMVAR(X,pmax,idMode)

/ﬁ* * MVAR:* & 33 12

o B Ex i34, f7demodata_L10\example_ MVARcohere.m

Coh11 Coh12 Coh13 Coh14
10 100 1
« Model order selection/optimization = ohavivit st At A AR A AV 50 05 0s 05
AR ' 0 =0 0 - 0
" -10 L L L L L L 0.5
i [Am,S,Yp,Up]-ldMVAR(X,p,Mode) 200 50 100 150 200 250 300 350 400 450 500 Coh21 Coh22 Coh23 Coh24
1
« Identification of MVAR coefficients and covariance 8 ol o Sy 08 50 0s 0s
0 0 0 0 :
20 0 05 0 05 0 0.5 0.5
d [DC,DTF,PDC,GPDC,COH,PCOH,PCOHZ,H,S,P,ﬂ = fdMVAR(Am,Su,N,FS) 100 50 100 150 200 250 300 350 400 450 S00 Coh31 Coh3z Coh33 Coh34
1— 1 40
. o il
« Frequency domain MVAR analysis 2 Uil 05 05 20 05
O s 100 1m0 200 2% % os % 05 ° K 05
20 Cohdt Cohd2 Cohd3 Cohd4
1, 1 1
x 0 o X 0.5 0.5 50
20 L L 1] "0 - 0 0 ’
0 5 100 150 200 250 300 350 400 450 500 O 05 0 05 0 0s 0 0.5
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* P S XK Xa DKo Xe DX BV = Finer frequency resolution!
17K X377 K3, X377 K K17 XKy
mscohere MVAR
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THE END

http://www.ym.edu.tw/~cflu

12/06/2013 Lesson 10, Chia-Feng Lu

o

29




