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Abstract

Classification of Electroencephalogram(EEG) makes
one of key roles in the field of clinical diagnosis,
such as detection for epilepsy. Spectrum analysis
using the fourier transform(FT) uses the same
window to signals, so classification rate decreases
for nonstationary signals such as EEG's.
In this paper, wavelet power spectrum method
using wavelet transform which is excellent in
detection of transient components of time-varying
signals is applied to the classification of three types
of Event Related Potential(EP) and compared with
the result by fourier transform. In the experiments,
two types of photic stimulation, which are caused
by eye opening/closing and artificial light, are used
to collect the data to be classified.
After choosing a specific range of scales,
scale-averaged wavelet spectrums extracted from
the wavelet power spectrum is used to find
features by Back-Propagation(BP) algorithm. As a
result, wavelet analysis shows superiority to fourier
transform for nonstationary EEG signal
classification. '
I.A &

L

EEG(electroencephalogram)®= ] 329l 73
5L 7183 Rog o &adoly AFAY o)
283 HA #FAFA w2y 2e FERAHA HF

-127-

L AgEr AsA, EAF xF o8 vgus

e A7) AR wEd  FEHH(Event-

related Potentia)®& &A3lE Wye] o] &H1 Utk

53, gde AS 3 {f7 3, 24 79 AL, A

& &3 9d 58 2UHE

Holt}, ol ¥ EEG A3

A3, e OEs pe 9% Te WE arEE

A Alze sidEc] wgdch o8 =

Abgatel 95 & EEG HeozRE] ZHE

7 ddely 43 2F FX, FAREY g% F

A ETFERA ALE F Ug Aelrh

B =2dMe 94 =Ha A T

ol AEe ze HHg £ A& =3

A =3 458 PC2 g0l Ak 2Ex, o &

Aget gol Azl uwi Az FAol w3}

Nonstationary A £ s sl ®e] o]&=x 3l
]t

¥
i

delzdl HEs HEsle 53 PEL FEI

ol Bl Wi (Wavelet transform)& A1zb-F k4 F
By AL UM AFEYY YHx= 73
Zolx EEG #2399 £ g F&sted 88
. S Fued Hgs AL ~HNEJoRE
£ FEL, $9% F2E e AFI2YA HE
gte] F 7bA Wgel 9% 54 #FEel wE f% A
919 A4 EL vjwdte] glolEy W) ¥ X F
MY BXo] Felo] wae] o WHRG UA4E

o AHE B 5 YL BT
I. s A9

£ A7 37, 23, 0z $2 59 9
Fo] st} LAY ALYl FHA e



20005 KBEFIREG IZEHEa2MAE mXE $238 HFIHK .2000/6

. oldd FHAAe ASE Fe o we
TEP(Transient Evoked Potential)@ SEP(Stationary
Evoked Potentiah2 Al#8 . TEPE A Fo] &7434
o2 & W Fo4 AL A7 AF 1 2 AR Vg
L A4S 9ujdtn SEPE 9439 A2 Fo
Aete HGE A SEPe SEET AzHE A
& AXA golm A HE 4 HAxZ Az 2A
g, TEPe A 9ol wlusted A37m7} IOBH%E
7] o TEPE H&317] e 583 41354
g #go] Fasiy SEPE o] wYgolA ‘1’%01 AL&-
g0, F2 1HzolA 50Hz A Z= o A@xFE ol &3,
epilepsy 53] 344 epilepsy®l g ol & HT o
i FEAYE TE vE FYNAME A b wet
A A3l w33l Nonstationary 3 ojghs o] A9
o

.I

Jl

Hoz HIHWA g & B A7t anzoe=
FEHY EAS 9 PHEC] dFdHn gy 2
13 2v B =8d9M S AN 2§ 437 A

Amoplitude
S S i

Tim e{sec)

a2¥ 1 A4 &% (Eye Opening)

Amoplitude
) |
—ae

Time(sec)

2% 2 Photic Stimulation

W S5 58 Azge

lo
-
ok

-‘?~, 5 E 37 of

7 dag Fo4 9o MFE AA

‘%3:— A/D(Analog to
e PCE ¢

| Zate] AA A4 Al

& F= =g 74

-128~

3ttt

Amplifier & o AID
Filter " | Converter

k33 £ o] &3 A7~
248 Nonstationary 3 ‘giﬂ AFo o

E)

L

[i:4

ox Y2
T

" FE

F34

AN T AN FAo EMsnE SwH A5
Ao glo] feld Ww nFY B A @*q
ASEA gozA 7 FAg tgel weh Az-F
S Easol hE 54 KD Yk & k%OﬂH
£ AAYEYY Y=g 5% Foln EEG F94
A9l EAE 28] sl A% dolnmd wy

A& golB g W3 (Continuous Wavelet Transform:
CWDAAN A5 x(He CWTS thgst go gog
o},

CWT ¥(¢,9)= \fldf x(Hw (L ~H)ar 5

2 (DA S Zo] WH3E A3 2 dolEdg
(Mother Wavelet)2l ¥ ()< s¢b ro T ¥igo o
3t ggolth s B AAYY(scaling) 8422 Fag
o BAE Axpeltt. & Wol UAARAM T ol
o APl wWe AXNE vedo wetd CWTE
HANTE B dolree o) ke 4 Jgm H
olgl AAZA F I}

ANE s §td oI 2ol & & A

CWr ¥ (e 9= [ v (nat (@)

w(r,s):—ﬂsi w( t_sf) (3)

dojBal Aol ALEEHE Morlet dlolBagl& oy
7FA 2 el el FolA Nonorthogonal @802 /\}
4% F Q3 dodEe a3y @ FAFH59 ok

oA AT & gl AEe Bel A4l §8a
A AHEEHE Morlet o] wel §48 AR

dolBgl ol AlEEHE 27AY MHE Morlet
dolmdle Agde & R @7 & AR
He AU —};E qAse] 02t~ 128H 7 33

2AY #+3E AL



ol mels) A4 29E o4

Time

3% 4 Morlet Wavelet

glojH el WME Aol B )& T YR
dolrd B¢ AdERL ey go| T

3708 =t Zol dhgt gelBy e E

¢ Zoh zEln B 24 948 2AY s, % s,
WeoAe  dojEy =y 2
Scale-averaged wavelet power2 7 2|3}

A e

EEG Wavelet Power Spectrum(S & AfH)

T 9063
0 013
T 0EL
[ 05
e | e ]
U EEG Wavelét Power Spectram{Eye Ogening)
0015625 T T T T B T T T

Period

0 0.2 04 08 08 1 12 14 16 18
Time (sec)

a8 5 Wavelet Power Spectrum(upper: Normal
state, mid: Eye Opening, bottom: Photic Stimulation)

Lo 2
819; ZJM_ 5)
7
Sre AETY F7, o 2AYAA HAS MES
2= 78 2 ZH0.25), C;& Morlet fo]2 g9
reconstruction A EH0.776), s;= A Lot

V. A4 gz

~-129-

.

MLP(Multi Layer Perceptron}® A7%% =
on AAWE &7 A TFF wALR=
ZEgH A% g% (Back propagation) A
% ARG Y FHE Al

=

o 1 7] o)A &49&S AL Y TFERE oFH
QHI} & Aolel LatE Ha2 st LE HEY
(delta learning)& E3) 2+ & Alolg 7t5eke =AY
7t 9ol
OUTPUT
0. C L LAYER
> A

HIDDEN

LAYER

INPUT

LAYER
9 FFE 3% 6% B2
JdEEx e EA9 Fo we 34 k& 47, 2
YErsE 12/, 28% =28 3 FAEAL 84
S Al R E(Sigmoid) 48, learning rates

05, momentum< 072 AM&sigx, o wE3F7}
25000 EE BT A5l (MSE)ZF 0101817 2
HA HES AT ¥EP ABF T BEF BHER
FE 13000 A=A FFGE AT 48 BEALS
o, 2dZo] 27l Aol 5%AESY AAE TS
AP o}, gg Alzko] 3uf) oj 4o g Eoluttt

VI 4% A3t

B =R APARE 254 ~284 4 @A 5%
gz A¥S dAsAG FHAANE FA g4 S
ReRE Agcl Hu, H43e H7 FHE AT
A% Aujnto] FH| © oA HASA % A
A Eye Opening/Closing®} w& &% dAAE A3
o, W o3 AAAZFL HPAE £ =3 AFE
o HosIA YEE m wollA S0emAH oA 5Hz

2y

o) F712 49& On/Off A# EEG 438 &
Ao HAngE BUEY 37 98 S dy zole
Internal 10-20 Electrode Systemol w2k O, Ol
Ragtgon, wolZ e R FF4 &= ¥
of welx 256Hzel AEY FoFE 37HA FEe o
% AEE 47 602 ¢ EABY o dojgE A7
2w sgHolHRZ AlEsA, HAE dejEe



2000 XBETTRE FEGLBWMAE WXHE $23%8 H1% 2000/6

HHAAZL dHE v FHE P AY AA AEE
FolA 420% % F 6002 ¥¢9 wOlEE IPA
A+ 227H 284

b

L 'scale #1 ||
[ - Scale #2 .}
12 —+. Scale #3

o8 I i
i v }
06 e oo 1 B
! i
¢4 . 3

02
o 30

No.ofSegments

a¥ 7 dolrd BNE 5% 3 SAUY EX
(Open4EI(0~30), Close’}ei(31~60), Photicx}=(61~90))

=4 dolHE 2z NAez MIRESL, ofF A
avEd] WA Zz FFTS 4% M*Eaur 9 o)
ey AP ol%ﬂ :ﬂsu-e— 79 ¥, & 1 oAs
ze we ?‘o%k—% NEEEL T REEE

¥ 1 Features Used in the Classification
Experiments

Input Vector to BP

Features from 0.062 025
Wavelet Power ~ 0125 ~ 025 ~
Spectrum(Periods) 0125 1
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Spectrum{Frequency)

I 2 Classification Results of Eye States and Photic

Stimulation

BP with BP with

Type of the Features Wavelet Features|FFT Features

Classification Rate
of Eve States(26) 89% 80.2%
Classification Rate
of Photic 826% 74.3%
Stimulation(%)
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£ 3 Classification Results of Three Types of the
Photic Stimulation

BP with
FFT Features

Type of BP with
the Features | Wavelet Features

man A | 832% | man A | 786%

man B | 786% | man B | 80.2%

Classification | man C | 865% | man C | 81.3%
Rate of Three
Types(%)

man D | 755% } man D | 68.8%

man E | 71.2% | man E | 61.1%

Average| 79% |Average| 74%
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