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ABSTRACT

In measuring EEG, which is widely used for studying brain function, EEG is frequently mixed with noise and
artifact. In this study, the signals relevant to the artifact were distracted by applying ICA to EEG signal. First, each
independent component which was assumed to be the source was separated by applying ICA to EEG which involved
artifact relevant to the eye movement of a normal person. Next, the signal which was assumed to be artifact was
removed from the separated 18 independent components, and the nonlinear analysis method such as correlation
dimension and the lyapunov exponent was applied to each reconstructed EEG signal and the original signal including
artifact in order to find meaningful difference between the two signals and infer the anatomical localization of its
source and distribution. This study shows it is possible not only to analyze the brain function visually and spatially
for visually complex EEG signal, but also to observe its meaningful change through the quantitative analysis of EEG

by means of the nonlinear analysis.
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Figure 2. Lyapunov Exponent

ofE:: Az Lol Atke AR e o
dguidth F Aoz xr|zAd st Ao
z7|z00A ke A7k Qo= Alzbol Al ula} ¢
O dHE grke Holth golZxx X4t Aol
N ol e g& 7MW EEA(chaotic) Az et &
Atk GutH o HIAAsE 4o g 7AW 2 gk
717k 2 e ] Alzdlo] SRS duphuh 917k
RojFEr

[e]
Ae

o w

ai

[0

LIRS b e O ]

842 4 (Independent Component Analysis)
JEEAICA)Y -2 nx|o] AFAFToR o]Fo]
A AzE] AREEE dYy EHHQA 2252 23

Zolt}h, 19 3el|Ael o] EYPHERA] 7EAHQ)
Aoy, 4 HaFo] 090 e AHRE
[s:09,..... ,su(O1T B S BAL s(hE M
el 593 2Ze AF s, (HE FAHY k. dol¥
WE x(D=1[ x,0,..... ,xn(D1TE g A7 oA B
g Aoz ofef 4 Q)¢ 21l

(D= As(D (4)
NxM 2~Zhe) o))

A w
O O O—
S
O O O—
s x=As u=Wx y=G(u)

29 3. ICA 7125d
Figure 3. ICA Basic model

FuE=
i

S

[e3

HNRE

d714 Ax

19 30A s AX(source), xE EHE o) (mix~
ture), wT F5H FHba A= TR &A ETHYY
(mixing matrix), We F59 229 F39 4 (unmixing
matrix), y& HAEFEYH, Glu)=1/[1+ exp(— u,;)]°)ch

EYAEEAE Huo A4 A$ ooy e 371
Z27% UEEd e 3¢l &2 BYg & $ gtk R
HA, EFE(mixing medium)o] A& (linear)elz A3 X4
(propagation delay)¢] FA] € w), F W) AAE9] Alzh

444

Aol ZYHY o, Al WA AM(sensor) S F7F 4x
(source) 9] ¢ 27 2 wolt). o714 Hne ¥ 8%
of me}t 713 Teldo] 1M og NANTEY AgHo
TAHE Adzolnz 3 wiA 24& B} 81 7
<&, SAE, HAE, line noised £A2EL Fel 859 o
G HI} 2o Ao} FEHIA dom T WA 27
= 5P a2y Hskel 39 AMe (339 $)nn
229 F(neurond] F)7} wl¢ Howe A WA AL W
X govt SHFR LM Aot A due 2
Ashed] ARgEAAERE 0 Are W 7158 oldstey)
H8d + Atk

3. 48 2 2@
3.1 HuEH
3= compumedics video-EEG  monitoring 37

channel, model EE A3}l Al AF w4 10-20
system(2@ 4)& 71202 3o 1870 AA(Fpl, Fp2, F7,
F8, T3, T4, T5, T6, F3, F4, C3, C4, P3, P4, 01, 02, Al,
A2)8 HAFE Foo] B9 ¥ 2 A2 WA E 723}
ok AT dEAE 29 Ade] HE wx grE 3
28 WolA Hut AAE Aggn wHets] Aol wA ¥
5 4E JHHA 9EL B olgAA 289 9% Fo=
Fola HA & A 3 T /s 3 FERE ¢Folx
TEF e gidxrt A Wes ds) ose =
F< AAEAT AT didAE 200 FuE o A

A S AN 108E o= stgon H
Q8] & FEolA TEEE SHA 3 ok 1 AEelA 1
ZA8Ad. B2 F2  F94(Sampling
frequency)= 256Hz2 3% 3, W7 (sensitivity)= 7/V/mn,
259 93 (High frequency filter) 70Hz, A5} o3 Low
frequency filter) 1Hz2 AA3s4ch 39 Ha 3 499
T AbEY Hag 2% 50 JehiYch

I" 4 24 B AY S AHEE 18 A

Figure 4. solid line : The location of electrodes of 18
channels for experiment

32 ¥

¥ 58 %A Yol Ude Hv AEEH P3, P4,
01, 02 & F794 &2 AF d AN ¢TFF(Eye
Movement) s =82t %2 Y(Eye Rolling)el sigdsle 7
W7F ERd S & = Qi) ols} o] S Hu NEE 5
HAETAE Bl 29 694 X A 2ol 18709



Fol A e

Fp2 gwng %M;?mi
F7

F8 [ ,:’f‘}(::"’&y{

e o mﬁp’” :ﬁ:wz%
T4 e, e me :MMM”
5 Mmmwwwwmww
6 , R Y ] R
F3 m M“\««-.«. WW?“# \\M“'“\v\..,«

F4 L"N‘f"""\- _WWNMWMW%
c3 STy o M T I B oSN |
c4 P bt S ERaaman PV |
P3 pen PN NI VORI UV Wvavves At ——
R SPSPROUN WU ROV ouruny WIS IVSSRPR Sy, st PR Sl
O prind T N PP e AT 2 e G
02 pPataemy T iy PRV Py Sk raren s WA R AN
AT fgud P b L T VI PO i e
A2 M,M.M.MWMWWWWWW

Q 1 2 3 4 5 [} 7 8 9 10
a9 5 4% Fyrt 4 EEG dlejd
Figure 5. Observed EEG data with eye movement
artifact

D N D AN o

N = o

x5

T

-

=)
=
i
¥
h

|
2
?
|
§
i
|
}

|
%
]
s
|

¥ 6. ICA dlolH
Figure 6. ICA data
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Eye Blinking
Channel D2 L1
Orignal [Corrected| Orignal |Corrected
Fpl 0.82775 229678 | 1.19348 | 1.14307
Fp2 1.19444 2.81293 | 0.88093 | 1.76636
F7 2.10355 227614 | 550215 | 0.33883
F8 2.69766 3.82073 | 1.73548 | 1.26078
T3 3.74462 2.10520 | 4.37964 | 4.40598
T4 2.12512 231177 | 0.03047 | 0.19430
T5 2719677 3.20421 | 1.13053 | 1.12137
T6 2.38085 2.88343 | 1.72530 | 1.38629
F3 1.44060 3.00426 | 1.25344 | 2.68646
F4 2.23982 2.76285 | 2.95774 | 1.23485
C3 2.19552 251820 | 7.65389 | 2.27936
4 2.42631 3.30567 | 7.95447 | 2.88082
P3 1.72797 3.06035 | 2.21236 | 1.46362
P4 1.82896 2.83032 | 2.32739 | 1.95867
01 1.85855 2.00109 | 295490 | 2.15849
02 1.64320 211271 | 097323 | 1.18585
Al 2.29351 3.34678 | 1.30615 | 0.73491
A2 2.43991 3.0849 | 0.89621 | 0.78209
Eye Rolling
Channel D2 L1
Orignal | Corrected | Orignal |Corrected
Fpl 1.38314 414047 | 4.83008 | 0.95759
Fp2 2.01878 246658 | 5.07656 | 153294
F7 1.06033 229593 | 6.60065 | 7.15266
F8 1.02623 283421 | 7.35246 | 4.43513
T3 1.43006 271419 | 4.70247 | 4.56206
T4 1.56010 3.23878 | 444832 | 2.58252
T5 2.63367 275756 | 165128 | 0.92832
T6 2.05746 3.13722 | 266695 | 1.11061
F3 1.56836 2.62398 | 4.68386 | 9.50979
F4 1.36488 253255 | 895042 | 6.84921
C3 1.74873 257464 | 2.65932 | 4.38432
4 1.25699 2.01154 | 10.82055 | 2.44359
P3 2.92675 296209 | 166578 | 1.28984
P4 2.51236 3.41452 | 067361 | 0.73694
0)1 3.34620 3.32957 | 0.78437 | 097138
02 2.00111 3.02440 | 4.83827 | 09738
Al 1.45842 280686 | 7.32145 | 4.08747
A2 2.22565 3.78505 | 5.94861 | 0.64753
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