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The characteristic analysis of EEG artifacts
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Abstract

EEG is the electrical signal, which is occurred during information processing in the brain. These EEG signal are
measured by non-invasive method. EEG has many useful information for brain activity, but artifacts which are
included in EEG prevents EEG analysis, so many efforts are devoted to remove these artifacts in EEG. However, this
study is going to analysis the feature of the EEG mixed with artifacts in forward-looking way, by using this way,
we have found the possibility that is actually applicable to system such as control system. We have made feature
difference after the linear as well as nonlinear analysis regarding EEG including typical artifacts, eye-blinking, eye

rolling, muscle, and so forth.
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Fig. 3. Lyapunov exponent
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Table 1. Power spectrum, correlation dimension, lvapunov exponent of EEG with eve blinking artifact

Power spectrum Correlation dimension Lyapunov exponent
Ch A B C A B C A B C
Fpl 367.42 1402.69 345.22 4.90810 161314 498368 1.55938 3.25830 0.65407
Fp2 411.63 1159.78 428.12 4.56850 2.02889 456216 0.99838 1.09852 0.78527
F7 258.11 429.99 219.78 4.37028 3.14170 450847 0.75643 1.01430 0.65761
F8 213.25 481.12 158.07 428724 1.80376 4.46360 -0.82191 1.39354 0.91957
(A E 2Rl A, B E AN A, G E e $)
2 % $49 4o A9 Hsel sgauey R A, dopTeI X4 g va

Table 2. Power spectrum, correlation dimension, lyapunov exponent of EEG with eve movement artifact

Power spectrum Correlation dimension Lyapunov exponent
Ch A B e A B C A B C
Fpl 113.33 614.63 129.89 5.693916 2.119987 5.601666 0.606192 1.773554 5161719
Fp2 132.27 496.36 124.08 5.600871 2.308892 5.842158 1.001991 1.173979 2.737097
F7 127.73 484.75 161.13 5508295 | 2510875 5021482 0.345213 1.687978 1.464682
F8 120.06 324.40 115.89 5.359716 3.684875 5450610 0.450107 2.359681 1.925017
(A e 239 A, B S$AY A C w 2FE D)
E 30 wg sk M Mo sheadEY @ AuAy, dopEex A4 g M
Table 3. Power spectrum, correlation dimension, lyapunov exponent of EEG with muscle artifact
Power spectrum Correlation dimension Lyapunov exponent
Ch A B C A B C A B C
Fpl 49441 3960.11 350.99 497667 1.19730 4.70749 0.36863 1.26720 0.63236
Fp2 483.79 3401.26 384.79 5.05575 1.07947 4.77622 0.60430 1.20452 0.52535
F7 320.27 4060.90 299.68 5.46832 0.79156 473294 2.77330 1.79739 0.56751
F8 323.17 3940.60 312.26 5.19948 1.00712 484156 0.33467 1.17503 -0.096
(Ao e A B g e, C e BE F)

Aol Hol %9 FHE o

B s §3AY SAE ARl gAYl sl
g Aolsle RolTh WA ol 2 ATE Hste} v
HaAQ 274 wiez W% dAvel 9 AgHw
= MAE olg@h AFAA HHE ol &3 7|7l

= Aojaly] g AFlME e FUAHAAN =5
7} Watest e BAS AdHoR B4 dud 2
FooA LstE BHAA 1R ol Ede] V78 =
Aabs Fo REAL A7 WA= A g ey
AR AFARRE GFd FAve e Hu
o B4 shobo] 47 Yrhe o] K] Kow, ol
P HE 27 A% 849 THE T 4321
grtbe Aoty IHE 54 4edl me Wl ¥
A= guses FrAeAA gon FHEE 7}
Aok & 71712 HgarlelE APRT 220t 2wy
= 3e s+ Ao

£ aTode Age A4nToz s71% Acisurt
S= 23 BEo £y A% FRORA WA,
Hm 234 A% EYHl ehd Azt 24 8 3

370

q ENA e 23 Tt
g3te] 71718 Aojste WHS R Ik ol A2
ATE Fatel thFd FAGEel ohe Hdee] 247
&7 1}4; fgoz o8 Aoz FoYPoEN 74
Fovitt g2 dehde 548 A ol 8sto o F
TR BRFLEA V7S Aojste AER EES
of ad oA w¥oz BN FuE FA 9l
£ 71718 Aol Azz #8stuA do Awd A
=g A FEE 29 1% 2o

Pattern

o™

ANN Control

EEG [:)

Signal [3
Generatio

Yy 11, Hu o]8 7)7) Ao A|AH
Fig. 11. Control system using EEG



o= B AFE wElez ¥ ZAuddy g7e
T 2 gddE By Az EAHS FRIn BFEE
24 Ndsta ol o) §dtd A7 NE=2 W
et daFe Ade Fid A" V58 TR
AL g 71718 2337 $3 Asz Wasls]) 93
AAF 712 #4838l Brain Computer InterfaceE &} 1%}

|

b FBE FASY B 4P WASS o
HAA FHste F& golth meb /s wAS
9 B% P8 dehls FE oolvh
Bl Hste ¥ 950 de L AFARI)
A dstie UEsl BE Anel ol & By
o} 7o) £F, AAS 7 ¥, |F So] Eolu} B
o 249, 499 WE, £F 59 79 @A 37
o) 5o JPoR B Fejel Wt 49, THE
2 2w AFAAT F2 Hdel 4o 29
e F FHEL AAR ATHF HHE PeIA of
237 A% AT F2 o Tol AT,

2 a7l E HuE 2HFA Qo) et " 7

ol@g 54
9. 1

St thete] Aol m HFHe Rapol A o F ol 83}
o Aol ANxgel HeY F gt A5 A¥H BRI
A Ave] B4 A g B =RdAE g%
oA NEA 44 2AND & don 27 A e
e ZE AT £ETH 2% 250 gele] HuE 23
sl A9 2l e AR wHY R
PohEnz A5sh FRAAS ol gatel AMst 4 5

A Sl sl frojvd S dohusinh

A3l FYHE A3k FAN wel gAYolt T
FAYe AAHozE 4 B9 Asaqy. w9
9 M5t By mrg vlwstd £5A gy
e ol FHE Fako TEY & e A2

o T =

fiz do 4 Lo
mﬂﬁ&

=EdME el §X9% duae A Al o
Bl WAHos H4A AAHoz FRo] st
gEsict 39 2HEHY JARAdS FEHAL
o= 3 A A3 Fo Wt Qo getx
*—1”‘01]*13: Aol & e AT ¥ EAAH
FHYE doklied dF 24d H9 =9
I udd B 48 ALS ol&Fol 7}03}
u, AXIAIZRE vlaE] BE Albe] B 4@ 2
Mol & F3ted Azte]l B HIlEz AAztes
A3 W7l A= g9 29EYe] v 44 2d &
A

M2 b ool m gott
-2

ol 2 K —io mlo
=

Hor

A9 fov g Aol B

@ Jehy
e 7hubeloli} ehma

= #ute 54 £AAdE &
go} vheks] gl AHE FEE $ JdE HEE 29
F enzg Ao Az 0 1 FH goF A
Zsl & & Aok olH @ de dFstod oA @y s
g oo} ma 54 FEE = rid 249 Aol
bsa Aolt}. olEld AFJ= o Ao m= g=
A% o7 Mo vlulg Ao A% ¥ zZute]oly}
A SHALE F3 Ao} Nz E WE] Aale]
5t AlaEleo] 80 HLT 4 dE 5AHS e

m
m
o
it}
i
Jm
0x
Ar
=

B3

FS gL |

[1] Alan Wolf et at, Jack B. Swift, Harry L. Swinney
and John A. Vastano, "Determining Lyapunov
Exponents From a Time series”, Physica D.
Vol.16, pp.285-317, 1985
[2] JP.Eckmann, S. O. kamphorst, D. Ruelle and S.
Ciliberto(1986), Lyapunov exponents from time
series, Phys. Rev. A34, 4971-4979
[3] Peter.Grassberger, Itamar.Procaccia, “Measuring the
strangeness of strange attractors”, Physica D Vol
9, pp. 189-208, 1993.
[4] Peter.Grassberger, Itamar.Procaccia, “Dimension
and entropies of strange attractors from a
fluctuating dynamic approach”, Physica D. Vol.13,
pp.34-54, 1984.
[5] Naoto Burioka, Germaine, Franz Halberg, Daniel
T. Kaplan, Relationship between correlation
dimension and indices of linear analysis in both
respiratory movement and electroencephalogram
Clinical Neruophysiology 112(2001)1147-1153
[6] S.Makeig,et al, “Independent Component Analysis
of Electroencephalographic Data”, “Advances in
Neural Information Processing Systes”, Vol.8,1996.
[7] Richard F.Thompson, “Brain”, 4 3}A}, 1989
[8] HKantz and T.Schreiber, Nonlinear Time Series
Analysis (Cambridge University press, 1997)
[91 T. Subba Rao, “Analysis of Nonlinear Time
Series(and Chaos) . by Bispectral Methods”,
Nonlinear Modeling and Forecasting, SFI Studies
in the Sciences of Complexity, Vol. 7, pp. 1997224,
1992
[10] Chrysostomos L.Nikias, Mysore R.Raghu-veer,
“Bispectrum  Estimation A Digital Signal
Processing Framework”, Proceeding of the IEEE,
Vol. 75, No. 7, July, 1987
(11] AA <, o) Ax, “BAN5 vHdyg £4 L 1 &
£, 2881 ddr)&, A 109 3%, 2001

[12] I<4, ‘g3 A5 AAl & Hae ICA £ uA
F 47, gy dxagr|ed, SASEE,
1999,

(13] o174, “Hoeo] nAyg 9%
g% A 7% 497, AEE
=, 2002.

[14] AsA, 47173, “H9F 712", ohmAl, 1998.

[15] &<, “H =8 NE”, 2293, 1999.

[16] g9 &, Satio Shoji, “YA4=u”, =7} 1987.

(171 A2, A, “H a5 AA8Y, e o s, 2001.

2AAHA} 7§ (eskim@dju.ac kr)

371



224 (Eung-Soo Kim)
1977 : Bt 2agist Ax-Est

3 29
19799 Harelet vsel ARE sk
ESIERY

19939 : HA HiL kB FeEdT7H
AxFes 29 (3D
19863 ~1987d : HA Waseda
University 49a+Y
19841~ 1994\ : = AAFAATYE AT
1994 ~2000'd © AE Uty ARFRFAFTEE W
20008 ~&8A diddigtn I AFEHARFAE

24

3

#A 2o}k : Neural network and Brain computing,
Statistical physics of neural net, Chaos and
Fractal theory in neural network, Bioinfor-
matics, And mainly engaged in research on
BCI and signal processing of the biomedical
signals, EEG, ECG, fMRL

A5t 1 042-280-2584
FOE : 019-220-1611
F a x : 042-284-0109
e-mail : eskim@dju.ac.kr

372

414 (Dong-sun Shin)
2001 29 : diddigtn FHRUE At
38 249
2001'd 3€ : g E e AAE
st} <15
20023 A At sk MzEet
ERENEE
FAI R ok : Neural network, Statistical physics of neural
net, Chaos and Fractal theory in neural
network, Brain Computer interface..
e-mail : shn8559@hanmail.net

k2 F(Eun—-joo Yang)
2002 249 : At T A4

st} %3]
200213 39 © hAoiska chskY AA-F e
3} 43

2002 #A) Ak dstd AT
3} Mg

Neural
Chaos

4 B0} : Independent Component Analysis,
Network, Brain-Computer Interface,
and Fractal theory in neural network

e-mail : eunjoo04@dju.ac kr



