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Investigation on brain networks in task processing based on dissipation from
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This study is to classify the machine in EEG analysis. At first, open data

(3 electrodes) of event-related potential EEG with numbers from 1 to 9 were analyzed using
Multiscale Entropy as a measure of complexity, and Gaussian process regression was performed for
each subject to calculate the regression loss. Then, all subjects were found to have the potential
to discriminate visibility at any one electrode. Next, we classified cognitive severity and mildness

based on EEG of Alzheimer®s disease. The Phase Lag Index as a measure of synchrony was calculated
from 16-electrode measurements, and a combination of electrode-specific arithmetic mean and the
t-SNE method was found to significantly improve the classification loss value.



fMRI
(BOLD )

20 D.-Y.
Zhang et al., Nature Reviews Neurology, 2010 0.1 Hz
DMN

M.D.Fox et al., Nature Reviews of Neuroscience 2007; R. L. Buckner et al.,
Ann. N. Y. Acad. Sci. 2008
DMN 30
DMN
G. Joshi et al., Brain Connectivity 2017; V. Menon, Trends in Cogn. Sci. 2011; K. D.
Singh et al., Neurolmage 2008

DMN
DMN
DMN fMRI EEG
MEG EEG fMRI MEG EEG
MEG DMN DMN EEG
DMN MEG EEG
DMN
EEG
2018
5,000 2/3
2050 1 5,000
EEG
DMN( )
EEG EEG
DMN EEG EEG
EEG
1
EEG Multiscale Entropy (MSE)

MSE



{xl,xz,...,xN,} m r

3 g n Cms1(T)
Nsamp (r,m,N) = —log, [?] , (1)
Scale Factor (SF) (1) MSE
Yidz) = (i) Z{;(;-ﬂ._’:r+1x:’ 1=j=N/t (2
(1) Cm
Iy -yl

= . —= (3)

Cm ' Z_ (N—-m+ 1)(N-m)

[ r yG+1-1)-

y(] + l - 1)'1:1]‘..'m <r

Volume Conduction Phase Lag Index (PLI) PLI
2 Xy t P (1) (1)
Ay (t)
Aquy(t) = ¢x(t) - ¢y(t) (4)
A¢mod(t) = A¢xy(t) mod 2m (5)
2 X—y PLly,
PLLy () = [SZX. sign(A0mea )], (6)
PLI 4) 2
Adyy (1) =0
2 Ay (t) =T
EEG
7 17 250 ( 138 112 )

(1 9) (R.Moucek, et al.,”Event-related potential data from a

guess the number brain-computer interface experiment on school children,” Scientific data,
Fz Cz Pz 3

4, 160121 (2017))
SF 1 20 (1) MSE Fz Cz Pz
MSE 3
3
1
16 (43 66 )
16 FAST (
Functional Assessment Staging)
(Mini- Mental State Examination MMSE) MMSE
15 15 1
10-20 16 Fpl Fp2 F3 F4 C3 C4 P3 P4 O1 02 F7 F8 Fz

Pz T5 T6 reference



EEG-4518 KL TIWYNA T —EEE (AD) (25 2RAIBE DR

200Hz 0.3 1.5-60 Z/)V—7 (MMSE > 15) L EEZ )NV —7 (MMSE < 15)
Hz  bandpass filter DOWEHRE W, () PISIUE(R 2 & FipH.
IN—7F R HE p &
60 200 Hzx 60 = 12000 data ik /A 2/5 3/6 0.84
points 9 2-4Hz 6 4- 2 58.0 60.0
8Hz o  813Hz B 1330Hz vy T 0m-61) @ss5-66) O
30-60Hz PLI —— 114 1992 i
(0.69, 3 —5) (0.83,3 —5) ’
1 MMSE , 19.7 12.3
(MMSE > 15) - (34,16 —26) (2.3, 10 — 15)
(MMSE 15) (6) PLI 41.6 25.0
PLI TR A (34.5,4—110)  (12.8, 10 — 46)
(Node Degree , ND )
1
NDx = E Z§=1,y¢x PLIxy (7)
t ©) K K=16
5%
Bonferroni familywise error rate (FDR) 1 2
a ND a
B
FDR
05 05
1
045 045
2 04 i 04
gs 035 ga -
g 03 g 4 03
= o
W4 025 %5 025
: =
gs 02 _%6 02
32 b5 3, 015
6 041 8 01
7 0.05 005
FaE & g A&eToIeT Lo
Electrod e Electrode
ND
16 ND
k
(SVM)
7 10 (
) 2
2 16 ND
16 2
t (t-SNE)
t-SNE
3 16 2 F 2: S EEERA 10 [E D 7 EIREMELIC & B IR EE.

EAVNE VR, HEBOET VAR,

WEAR  KIBHF SVM  PREED k BaLfE

3 2 a g 0.30 0.14 0.29 0.21




9 16
Phase Lag Index (PLI)
ND

7
2

Node dgree (ND)

2 ) 16 ND (
0.14

£ 3: t-SNE J5T 2 IRILIZ BEAR B0 RTTHE 2 0 53 51
250 10 [0 7 > FIZSEMRELIC & 29 FHEKMA. EAVNE
W, SEHBROET AR,

WEAR  FRHH  SVM  HRRED k &Ll

a I 0.069 0.11 0.21 0.14

16 )
t-SNE 16 2
400
200 o
o
0 o
-200
o
-400 e Mid
s ® Bad
-600 @ ;
-500 0 500
3 t-SNE 16 2
()



5 5 0 5

S. Nobukawa, T. Yamanishi, S. Kasakawa, H. Nishimura, M. Kikuchi, T. Takahashi 11

Classification Methods Based on Complexity and Synchronization of Electroencephalography 2020

Signals in Alzheimer®s Disease

Frontiers in Psychiatry 1-12
Dol

10.3389/fpsyt.2020.00255

S. Nobukawa, T. Yamanishi, K. Ueno, K. Mizukami, H. Nishimura, T. Takahashi 14

High Phase Synchronization in Alpha Band Activity in Older Subjects with High Creativity 2020

Frontiers in Human Neuroscience 1-11

DOl
10.3389/fnhum.2020.583049

Al/loT

2020

t-SNE

29

2019




(Takahashi Tetsuya)

(00377459) (13401)
(Nobukawa Sou)
(70724558) (32503)




