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| ‘ F ¥ » (datainput) ’ o pEAE £ 2 4 i+ (Time-frequency cross mutual information)
1——— — — — "~ " 1| A L _ _____ l —————————— o e
| PRI A 45 — . 4 EAELITF B
I | (time-frequency analysis) i it (filtering) ] ¥ #75# (resampling)
I &
! 18 B A 5 R EX A
! (coupling/ 4 331 (denoising) (epochs, blocks:-+)
'l causality analysis)
| < hm 17:1 féi (ijE‘J HEARE
1 (thresholding) izi
| Bt ) (normalizing)
1 | (statistics analysis) ¥ 2R B 5 Ege
[P — ‘_ R )_ (event detecting) (pre-processing)
7R 0 r .
(data output)
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. $ FFHE ,1 %1& 4.+ (TFCMI) -
o FELHARF B pER e A D]k R R OREEE AT
o BiFA MM M Py S N = 3% 3 4 72 (mutual information)
"2 B o4 o F U E Fiipd WAL RPILR o DT R L
E&‘H;Ei;? \'!n‘ e '
TIME-FREQUENCY CROSS MUTUAL INFORMATION, TFCMI
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_ PEFAE £ 3 4, 02 (TFCMI) < BH. ,‘é 4.2 (TFCMI) -
. iﬁ.?ﬁ— . -h}%: :
o HiE-) B P ERESF N enig B % (Time-frequency power) o i % % 3 42 (mutual information):+ & & gL s g LR erdp B 1S
(a) Filtered signals (b) Time-frequency (c) Averaged power sequences 40

Chanpel No. power maps Chanpel No.

e . % entropy  [/(F )=~ p(F,,)log, p(F,,)

: cs. i : ce ) b=1

o e i 2 o W)= [x(2) 4, (=22 | ymutualinformation MI(F,F,)= H(F)+ H(F,)~ H(F,,F,)

15 |, vy L \ .

s A x N e D o(F,p, F, )

" R o &.;-(/’L}:[U\E) "7 e 20 —ZP( ,mF;-.;,}IOga“—”‘ 4ed Egb o pIMI=0

-.Ci. o ('F;ﬂ’)p{ ;FJ)
? T Morlet wavelet - babilitv densitv functi
. : 500 ) p{ ) F,; ,,rm*}% » & & fi(probability density function);

Sample points Sample points
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Fip Fb}q\ b /bm+ % % & S #(joint probability density function)
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ﬁé‘ & % & & %(PDF)

o % &% 3 > Bl(histogram) & & 1 5L 5 % B 3 ¥

0035

« 3% i7demodata_L11\example_PDF.m
+ sig=randn(1,10000); 003
« binCEN=linspace(min(sig),max(sig),100); o«

« count=hist(sig,binCEN); > 0w
+ pdf=count/length(sig); g vote
« figure, bar(binCEN,pdf) o
« # %~ % #(bin value) i ;s sl
D»
E bin value
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£ 3 %R 38JPDF)

o REFE REFE P R R SBTH — 4R &7 0 K/ AnBINXnBIN
* 3B g 44 - demodata_L11\example_jPDF.m
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0.015
0.01

0.005

joint probability

Signal 2 (uniform distribution)

¥ &

Signal 1 (normal distributio
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44 ,
_E B3 % R S 8(JPDF)
o H il

%R S 15 5 % A 3 8c(2 4L 3 marginal probability density function)

1 {namal distribution)

Signal

Signal 1 [normal distribution) Signai 2

{uniform distribution)

Signal 2 {uniform distribution)
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(a) Filtered signals (b) Time-frequency  (c) Averaged power sequences
hannel No. BOVEIES Channel No.

32

16

32

14
13|
12 hAA AN £1 o cr
1 % 1 %
Sample points 500 Sample points S00
Morlet wavelet transformation Mutual information
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Ccé Chan{\el No.

NNV TV 16 1
AT . c4
e Cz > Cx,
Vot Wi =) 14 o~ —=
' A = | c3
SRR 13
W 32

4,55 (TFCMI) — m2 75 8 L 33 5 6 .

(d) TFCMI map

(e) Coupling strength
topographical maps
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3 - |~ LEFT ANKLE DORSIFLEXION-¥ == 1< %5 » 54 TRIALS -
* @ et #4 f7demodata_L11\TRIAL\Trial_TFCMIl.m
1 1 (( 1 -~ Single contraction, repeat for 54 trials
vt ' 7 - i .
- \ 2> ] 3 -I". I:'.
4 BAE L 5F b i
#54 4 Dorsiflaxion
#2
Cutepochs | #1 —
\_/ ~— \_/ ——

%EFT ANKLE DORSIFLEXION- ¥ = <45 - 541 TRIALS <

* 3 kc it $4 7demodata_L11\TRIAL\Trial_TFCMI.m

32 EEG channels { !

30
2 EMG channels t

L] 10 15 20 25 30
5153 @B rows® 432 EEGL i #2® EMGE i <HTFCMIAp B 12
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/mnATLAB RuLeli# * CALCULATE_TFCMI ~

« [TFCMImap,POWER]=calculate_TFCMI(Sig,sr,binno,frq,fstep)

« Sig: each row is a variable (channel).

« sr: sampling rate.

* binno: the bin number used to estimate the histogram.

« frq: the selected frequency band to calculate power, [minfrq maxfrql.

o fstep: the frequency resolution of wavelet.

« TFCMImap: a m-by-m matrix, m is the number of variable (channel) in Sig. Each
entry is the value of mutual information of TF power between a pair
of variable.

« POWER: the mean TF power for the selected frequency band.
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ﬁATLAB RULEJ * POP_CHANEDIT

« #EEGLABx E 44 +c » MATLAB path

* 3P ki # i demodata_L11\chanloc\Create_Chanloc.m

s’
g =
_ [MATLAB RULE] i * TOPOPLOT

» #EEGLAB & 4 4. » MATLAB path
& ¥ 4~ 427 75 path(path,'.\topoplot');

EEG-Lt TA EMG

"Bl £ charvet i -- pon_chanedie = y oy u
« topoplot(datavector,Chanloc); PRI SRR R e 0
= 5 - topoplot(datavector,Chanloc,...
s " L@ 'maplimits’,'maxmin’,...
: e ~T% . ‘electrodes’,'labels’,...
w g Y4F g 'interplimits’,'electrodes’,...
P St IR S 'plotchans’,usechans);
Chanmel mumbar [of 25) Fle . ? |
Floe 20 | Plot radks (0.2-1, [|acto) an II o '
Read locabons || Read locs help || Look up lees e (a3 cnd) | | Save (other types)|
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p SV
/{FCMI VS. COHERENCE - /{FCMI VS. COHERENCE
* 3P ki # 7 demodata_L11\TRIAL\Trial_TFCMI_coh.m * 3 ke i % 7 demodata_L11\TRIAL\Trial_TFCMI_coh.m
s FBMIE L e PEARE A L EE B
16"'25 HZ EEGLLTA EMG EEG-RLTA EMG 6"'25 HZ EEG-LL.TA EMG EEG-RL.TA EMG
EEGLLTA EMG cP1 0.005 001 0015 002 0025 003 0035 004 0045 005 0085 0005 oot 0015 0.02 0025 051 emE 052 0ES 05 05N 0455
EEG-RL.TAEMG | £&1 . ; 5(:91 Cﬁ?F';P“
1 F "
/A\ , 3 ﬁep;;‘;?ffgzc‘gg Cpgd P2 CPLAP /A\ /_Q\\
FS?O:E! cb’)oc cpel o ,/ _— Fs\\ 2 - Fﬁ o [ WS FaeEr Fr R4 Ep %& Faufit- Fz ﬁ
F&%EEE aes | 4 cPE3 CcREOz / 2 Fc4 FOS FCS f m Fra FCE \, ) f At ol FerFea FCAFCS rﬁ';?m o
&8 EEG-RI.TA EMG 8 ‘: . 3 cs c1
Feoeotiey TES o3 2 he ootms, [{ j 3,,, £ Qﬂ ZL“,‘ i = - A, -~
1 i ‘& cpi N & FC‘UL s oF2 cpm’- / /
B EEEs / =3 ﬁ:ﬁ‘f&& s /
cPe %f il N\ /
5 10 15 20 25 30 35 \-____g/ e 5 10 15 20 25 30 35 \"\-.,__,_/ — -
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