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Eyeball Movements Removal in EEG by
Independent Component Analysis

Yong-Soo Shim, M.D., Seong-Ho Choi, M.D., II-Keun Lee, M.D.

Department of Neurology, Inha University Medical College

- Abstract -

Purpose : Eyeball movement is one of the main artifactsin EEG. A new approach to the removal of these artifacts
is presented using independent component analysis(ICA). This technique is a signal-processing algorithm to separate
independent sources from unknown mixed signals. This study was performed to show that ICA is auseful method for
the separation of EEG components with little data deformity.

Methods : 12 sets of 10 sec digital EEG data including eye opening and closure were obtained using international
10~20 system scalp electrodes. ICA with 18 tracings of double banana bipolar montage was performed. Among
obtained 18 independent components, two components, which were thought to be eyeball movements were removed.
Other 16 components were reconstructed into original bipolar montage. Power spectral analysis of EEGs before and
after ICA was done and compared statistically. Total 12 pairs of data were compared by visual inspection and relative
power comparison.

Results : Waveforms of each pair looked alike by visual inspection. Means of relative power before and after ICA
were 29.16% vs. 28.27%, 12.12% vs. 12.41%, 10.55% vs. 10.52%, and 19.33% vs. 18. 33% for apha, beta, theta, and
delta, respectively. These values were statistically same before and after ICA.

Conclusions : We found little data deformity after ICA and it was possible to isolate eyeball movements in EEG
recordings. Many other components of EEG could be selectively separated using ICA.

Key Words: Independent component analysis(ICA), EEG
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Tablel. 0O OO 0O (montage)
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1 Fpl-F7
2 (F7-T3)F7-T7*000 OO
3 (T3-T5) T7-P7
4 (T5-01) P7-01
5 Fp2 - F8
6 (F8-T4) F8-T8
7 (T4-Te6) T8-P8
8 (T6 - O2) P8-02
9 Fpl-F3

10 F3-C3

1 C3-P3

12 P3-01

13 Fp2 - F4

14 F4-Ca

15 C4-P4

16 P4 - 02

17 Fz-Cz

18 Cz-Pz

O0,wdOoo00 inv(W)y 000 X=inv(W)*O O
ooooooooo.
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OO0 OO0OQuncorrelation 0OO0O OO, dO0O
oo oooooogoors

Fig. 1’0 ICAO0O OO0 0000 0000 OO0
O0.00 000000 000 O0d do (ocular arti-
facts), 0 00O (brain activity), 00 00O OO(EMG
activity), 00O 00O OO0 OO OO (mechanical elec-
trode displacement)l 00 OO O OO0 OO0 OO0O
0 O (independent source signals)0 0 0000 OO0
00000000 000 oWw),00 0o 0o ok
sample)l 00 000 OO0 O00O.000 OO0 OOO
0O 000,000 OO0 0000 000 OoooO0O od
000.0000 OO0 000 00O dd(source)
00000000000 DO000XO00O00O0 oo.
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ution)] 00O OO0 kurtosi§l OO0 S20 Gaus-
sian 000 OO0 kurtosi§l 00O OO0 OO0OO.
S30 00000 000 000 00 000 kurtosi§
000 0000 (sinusoidy O.

0000 000000 00 000 Gaussian OO0
ooo0 ooMm).0 O PCAO OO OO 0,000
00000000 00000 D00 00O oo(va-
riance)) 00 OO O0OOO0 ODOOODO.O PCAOO
00 Gaussian 0000 0OO0O0O OO0 OO0 OO0
kurtosisO00O0O OO0 OO0 OO0 OoMWwW).00O0O
ICAD 000 000 OO0 000 kurtosisl O0O0O0O
0000 00000 000 bboo ooo ooo o
000ogd,0o00oo0ooooooooo.

00 000 OO0 PCAOOO Gaussian OOO0O
0000000000 0OoDooo0oooo oo
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0O00O0o0o0odoooooooooooo.

g o

0 00000 0000 000, Fig. 30 0 OOO
310—-400 OO0 OO0 OOO0O ICAO OO0 oOoo
Fig. 3a0 0O0O@OO)O0O0OO0 OOOO Fpl-F7,
Fp2-F8, Fpl-F3, Fp2-F400 00O OO0 OO OO
O, P7-01, P8-02, P3-01, P8-O200 OO OOOO
(alpha rhythm)O O OO OO0 OO (basal brain
activity)) 00O O0O0OO. Fig. 3b0 ICAO O0O0OO
1800 OO0 OO0 OO0 ODOoOo,D00 3—=700
alpharhythm OO 000,00 90 00 000 O
O ODO(EMG artifact)Dd0 0000 OO0 OO0OO.
001,20 00 000 OO OO (ocular artifact)dJ O
0000,0 00000000 Fig.3c OO OO
0 Fig.3a00 00 OO0 OO0 O000O OO0 OoOod O
O0O00.ICAODD OO OODODOO OooooO o
ODO00o0oooooooooood.

OO ICAODO 0O 0D DOO ODOOoOoOooOo oog
000 Table 2, Table 300 Fig. 40 0O0OOO.0O 12
OO0 00000 ICADO OO0 000 alpha, beta,
theta,delta 000 OO OOO0O OOOO OOOOO.
Table20 OO OO0 OO O 0O OO0O,ICADOO0ODO
0000000 000 OO0 000 Table 30 Fig. 4
oooooog.

Table 30 Fig. 400 OO0 OOO ICADOO O, O
0 0000 OO0 OO0 Ooooo0O,00 oopoogo
99% 000 00000 9% 000 00000 odad.



Original EEG

o000 :0000000

Fp'ln"."l:“'“—- atpar —-w-.-—-',_\"-!—.q..l-n.«p.-m..l

F¥TT e o

ﬂ‘-"”'—v-m——w.ﬂqri"ir—-r-—

o0 000000 oo

l‘.‘-an'hpanlrrh after ICA

4

i |
|-\_-—|—\—F—\—|

-

T E——

e

o

i

P70 -
L

v

P2+
'F!‘Tﬂ;:"-""

e

& ik
Pa 02
Fpi+3

Fi {3

o= B
o e
Fipg2+4

P -0
0 P
Pl 0
Fa-Lz
tz Pz

Table2.0 0OO0O0O ICAOO 0,00 frequencyd OO0

Figure3.00 0 0D 0O OO
A.ICAODO 0,00 00
B.ICAODO 0,000 OO
C.00 1,200 0,000000

pre- pre-
apha beta theta delta apha beta theta delta
oo1
(11~200) 24.0 11.5 10.8 17.9 23.8 114 10.7 18.0
(21~300) 30.6 105 10.2 14.6 30.7 10.6 10.0 14.8
(31~400) 289 11.9 11.0 14.9 29.2 11.9 11.0 14.5
oo 2
(11~2000) 32.0 11.2 8.7 14.2 323 11.2 8.7 13.8
(21~300) 29.2 11.7 10.7 17.4 29.6 11.9 10.8 15.7
(31~400) 33.0 13.0 9.7 15.6 335 13.3 9.6 145
oo 3
(11~200) 335 12.1 11.2 21.6 334 12.1 11.2 215
(21~300) 22.0 13.4 11.8 22.3 219 134 11.7 225
(31~4000) 34.5 12.3 11.7 19.3 345 12.2 11.7 19.4
oo 4
(11~200) 22.3 10.7 8.8 320 17.0 12.9 9.3 29.8
(21~300) 40.0 12.4 11.0 174 38.7 135 9.7 155
(31~400) 19.9 14.7 11.0 24.8 14.6 145 11.8 20.0

ICA ; independent component analysis
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Table3.ICAOD OO0 OOOO

oo oo oooo oooo ooog

apha 29.16 6.03 0.971 <0.001
28.27 7.39

beta 1212 1.18 0.822 =0.001
12.41 113

theta 10.55 1.01 0.886 <0.001
10.52 1.04

delta 19.33 5.19 0.960 <0.001
18.33 4.67

ICA ; independent component analysis
El pre

PTG
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ICAD0 000 0o oooodooo,00o0d
O OO(rejection) O00O.00 OO 0OOO OOOO
000 OO0 Od(thresholdy OOO0O OO0 OOO
ooOO00 o000 obOOOobobboooboboooobooo
0 000 0000 00 obU0o ooobo oo.ooo
OO0 OO0 OO0 D000 oboo oD booboOoo
OO0 OO0 OO 0000 (eye fixation method)O O
O O0o0,0b00000obDoobobooooooo
00 OO0 0O 0O 00 000 00 ooo odarte
fact-freedata)] 00O O0O0O. 00 OO0O0O EOG,
EEG OO O0ODOO 000 OO0 (linear combination)d
000 0O0OO00 eocGOUO0OO0 COOoOOobooO, oo
EOGUO0OO OO OO0 DO OO OOO oooo d
O 000 EEGODOO0O OO0 OO0 DOODO OO.
0000 dooooboooooooooooo.

OO0 gooo,IicAdODO 180d Od (channel) O
OO0 DO0OOoOO 1IcAOO0 OO0 oo goodre
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quency) D000 OO0 O0O0O0O0O P7-01 channel O
00 00000.P7-Olchanneld OO OO O, 0 0O
0 00 (brain basal activity)D OO O0O0O0 O0O00O0O
000 00 00D 000 00 DODO0DbOODODODODO. O
0O 0ddooO0o0ooOooOobOOodDoooD oggo
000 000 000 0000 OO0 ooobo ooo
ooooooo.

00 od,ICAO00 OO0 OO0 OoOO oOoo
o000, 000 00 OO0 OO0 OooOo ooo oo
0.00 000000000000 00000 OO0
000 ooono oo oogo ooo.oo oog, o
000000 000 OO0 OO0 bo0o oo ood
00 00o0o00d,0000000000000
OO(surrogate) 0 O OO OOO0O.

000000000 00 000 0oood 1IcAdd
0000 0o0oDOoOo0o,00,00000 0000040
00000000 o0oo0ooooooogoog
O 00000 ODo0oo2 0000 O 0do oooo
alpha, theta rhythmd 00O, event-related poten-
tial(ERP) complexDD 00 0 00 O 00O OO0 O
ooooogoos
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