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Abstract

Object classification plays a significant role.
There have been several computational approaches
for object recognition and ciassification developed.
Artificial neural network is one of the most commeon
computational approaches that is used in pattern

and object recognition. This study focuses on

examining an automatic object classification process
based on digital image processing and analysis
techniques  for  industial and manufacturing
purposes. The desired characteristics and features
of objects are extracted using digital image
processing and analysis techniques. Further, the
feedforward backpropagation network is used in the
object classification. There are 7 different objects
Obtained from a manufacture that are examined in
this study. From the computational experiments
using the 3-ayer network, all objects can be
perfectly classified.
Keywords: Object classification,  digital image
processing, digital image analysis, artificial neural

network
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me'lugﬂﬁ 3(%)
2.2 lassthadsezanifian

losaguslszanifiny (artificial neural network
wiasiunathadu g 1 neural network) pnfnmuar
‘L@T‘?um-iﬁwmmﬁmiaLl.ﬁi’ﬁ’mﬁmwmsm 1950

lan  Rosenblatt léulszundlfiwafidazou
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- & & da o X & c
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o
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i wuen [4]
Lt = .
iwwasiddasaw {perceptron) LTMIATH LR UE
4 ] A O -,
sUuuunilalumuwgsufes e vy dndos uas
Gouidimauiay lasmadidlavouldfumsnamn
Yuuasuwsnenuuuiisasasdl s meaisuad o
1A A - .
Sundilatau aypniiniaualay McCulloch was Pitts
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T o . o @
TwLALT (single-layer perceptron) Alluds w, =0
& = Eooa G o
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N =t
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T
x=(x ¥ .. x,) wwe Nxl
X . 4
7 ~—— 57
X, ® 5
8 ,
T X
X 6
input hidden cutput
layer layer layer

o . . & .
3‘1}1«1 8 Tma’umﬂi:mmﬁUmmuwmwu {multifayer
network W3a 3-3-2 network)
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N
)':_)"(Zu;x!] har y, =1
i=N
WanTu f(x) aaﬁan{fuﬂ‘i:@u (activation function
- , 4 s w e v
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. ‘ fan o .
minla (step function) [4] i ueai audtew

7

S L if x>0
gnfx)= l—l, otherwise (10)
1%}
step(x)—{]’ >0 (11)
0, otherwise
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R RLIRIE

KULUMAETW (multilayer  network)

oaniiu 3 tsziny Ao Tuduma (input layer), Tudou

51




52

- a & A | A
TIAITINT ImnTIndtaed yeu. U 2 alun 1 ynvie - !JE]'H:’]UU\ 2552

& 3

(hidden layer) uazTulo1vIWe (output layer)
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Ftanzan o) 0, 0, 0, 0, a 0,
x, 25127.50 28683.5 25440.33 36873.42 1066917 12046.25 6187.08
(Rnuma) +1076.81 t716.06 +1229.39 t1121.04 +71097 +409.35 1251.80
X, 3291.75 5605.00 977.67 18400.08 1502.75 1514.25 1293.92
(Ainvss) 163,74 +270.64 +59.98 t653.58 +120.93 ta7.84 +137.41
x, 179.42 203,58 180.92 217.00 117.42 129.92 89.25
(Rnuma) +365 +2.47 +a4.78 +3.30 +3.20 +3.08 t2.05
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(AnuTa) +1.68 +2.18 +1.68 1350 t2.78 +1.34 +1.88
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NIETITINS denTsumand e, 9 2 atudl 1 unsey - ligwiuu 2552
17,7498 [ 0.0001] [ 0.0025 00042 -02251 05528 -0.2911]
0.2858 0 -0.0070 -0.0i01 6.0827 0.1078 0.5491
—0.3768 ~(.0002 0.0021 -0.0033 -03750 03204 0.0845
b, =|=74373|, b, = 0.5000|, W,=| 0.0005 00094 -0.1964 —0.0728 —0.0202
5.8512 ~0.2150 0.0010 -0.0020 -0.1003 02620 -0.1046
-3.2602 0.2148 0.0001 —0.0051 -0.0533 0.7797 -0.1013
| 7.0569 ] | 0.5002 [~0.0002  0.0039 01850 —0.4215 —0.1711]
[ ~0.110  0.0055 05056 —0.5001 00110  0.4999  0.5000]
0 0 0 3.5000 0 0 -0.53000
-0.0002 0 -0.0002 0.0001 0.0004 ~0.5002 -0.5001
W, = 0 0 0 0 0 0 0.5000
0.9557 04988 -04847 —0.0001 -0.7573 0.0183 (.0162
-0.9443 -0.0069 -0.0207 0 07455 -0.0180 -0.0160
| —0.0003  0.5003 it 6 00004 0] 0]
31]?; 12 dbwinuazanludmaslassnlszamidon
a1 2 si'lmﬁuua:ehLﬂlmmummiimmawhmwwzﬁwau%umuﬁlﬁ'lumﬁmuni‘ﬂq
Alawieds 0, 0, 0, 0, o, O, o,
X, 24799.30  28401.37 2472470  36500.33 10267.48 11986.93 §207.33
(WnuTa) *1041.09 1977.06 +1492.81 1105111 1593.85 1537.70 +306.45
X, 3282.26 5626.44 1003.67 18496.41 1572.67 1549.81 1231.56
(Wnua) +179.23 1205.76 +78.41 +716.34 +100.86 +121.68 114508
X, 178.19 203.07 179.15 216.63 115.37 129.52 89.59
(Ancua) +3.85 +3.41 +5.88 +3.18 +3.00 +3.49 +2.22
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Classification of the Epileptic EEGs Using the
Wavelet-Based Scale Variance Feature

Suparerk Janjarasjitt. Member

ABSTRACT

The  detection
selztires are an iportant component [or the analysis
and diagnosis of epilepsy. Iin thiz study, the wavelet

and  classification ol cpileptic

transforni is nsed as a primary compntational tool for
extracting charactoristios of the epileptic FIRG signals
al variomns scales (resolntions). The wavelet-hased
scale variance defined as log-variance ol wavelel coel-
ficients of the epileptic KEG signal is nsed as a feature
veetor for the classification. The A-tneans clustering
s thew used to classifv the epileptic EREG data from
the corresponding wavelet-based scale variance foa-
tures. The computational results show that the ex-
cellent classifications between the epileptic BEG data
during seizirs activity and non-seiznre peviod can be
achieved.

IEpilepsy:

Keywords: Eleciroencephalogram:

Setzure: Wavelet transforny; A-neans clustering

1. INTRODUCTION

Epilepsy is o commwon brain disordey in which elus-
ters of neurons signal abnornily (1. AMore than
A0 million individuals worldwide, aboui 19 of rhe

world's popudation are affeeted by eptlepsy i

epilepsy, the normal patteru of nearonal activity he-
cornes cisturbed, causing strange sensations. ewmo-
tions, and heliovior, or sometimes convulslons, ms-
cle spasis, and loss of consclonsness [1]. There ave
wany possible causes ol epilepsy. Anvihing that dis-
turbs the normal pattern of neuvon activity vanging
from iHuess to brain dauage to abnornmat brain de-
veloprient can lead to seizures [1]. Epilepric scizores
are manifesiations of eptlepsy [3].
llectroencephalogrant (EEG) which provides in-
sight lnformation represeuting the hrain's electrical
activity Is the most wtilized sigual to assess and de-
teel abnormalities o the electrical activiey of fhe
biradi. and is a erucial comuponent for the disghosis of
epitepsy [1]. Even though the hrain's electrical activ-
ity and the nnvsual pattern of REG during the epilep-
v seizire may diller significan by from the hrain s
eloctrical activiey during non-seiznre peviod. the do-
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tection of epileptic seizures i however challenging for
o munber of reasons.

There have heen soveral techniques, derived from a
variety of concepts and theories such as linear analy-
sis. nonlinear apatvsis and chaos, and artificial neayal
networks, proposed and used Tar the detection and
classilication ol epileplic seizures. Spectral analysis
s the simplest techuicgue nsed 1o examine the charace-
teristies of the KRG signal in frequency and iime-
reguency dotnains [31 The fregueney contents of
the BEG signal change hefore and during selmires.
Nonhnesr analvsls techiigues such as carrelation di-
mension and Lyapunov exponent have been widely
n=ec in BEEG analysis including seizuee detection [4
G]. Vurther. most of selawe prediction wethods em-
ploy nonlinear analvsis techniques [3]. In geueral. the
complexity of the dynaniics of the ueuronal system of
the brain is losl during setzures,

Recently.
bave plaved o stpnilicaut role i classibeation and pat-

artiicial venral networks  techniques

tern recopnition inchading the detection and classifi-
cation ol epileptic seienres [7]. Wavelet Is a powerful
ad ctiicient compitationad tool for thne-scale anal-
ysis which has heen applied Lo various applications.
For the seizure detecyion and clasgsiftcation, wavelet is
used as an wleal bandpass filter 3] and alse used to
extract the features and chiavacteristies ol the epilep-
tic BEG signals av different seales or resolutions [3).

In this stady, the epileptic EIEG signats obtained
rome different physiological aud pathological brain
and recordoed from different regions of the
brain are analyzed and thew classilied. Lhe wavelet
trantsforin is used as 4 primary computational taal tor
extracting the characveristics of the cpileptic EEG
signals at varlons scales,

stales,

Tlie wavelet-based scale
varianee thal s defined as log-variance of wavelet
coellicients of the EG siznals & used as a leaioare
tor the elassifteanion ol Lhe epileplic EEG data. The
f-neans clustering that is the unsupervised classi-
teation wethed is nsed for the elassification of the
epiteptic EEG data

[yom the compuiational experiments. the excep-
Housl periormanee of the classtfications of the epilep-
the KIG data using the simple b-rueans clustering
ul the
Instraved.

wivelet~-based seale variance feainres is il-
The epileptic EEG data vecorded dur-

my selanre activily can be classilied and separated

frou the epileptic LG data vecorded during seizire-
Pree interval nsing vhe wavelet-hased scale variance
leatrve. I oaddition, e results show that the re-
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gion of the brain where the epileptic EEG data were
recorded. f.e., within the epiloptogenic sone and lar-
away tromn the selznre origing has an ilflnence on the
elagsilicalion,

2. BACKGROUND
2.1 Wavelet Transforms

Wavelets have heen introduced by Grossmann and
Morlet [9] for the representation of w function in
L2(R). The contimmous wavelet rransform of a Auce-
tion f & Lo(R) is defined us 10

”vf(a h) = (.f Til'u.f:f:)
1 ks iooh
rine DV

Vi, I

where ¢ is a Hx fonction called mother wavelet, A
family of wavelets, @y 5. 18 normalized dilalions aud
translations of the mother wavelet ¢ 11 12]:

oalt) = [ b) SO0hE R Q2
o () = —=i o=l he R 12
. \/H «

The mwother wavelet v 1s well localized hoth in tone
and frequency [L3]0 For a large seale . the wavelot
the
wavelet correspanding to low frequency coutent, while

Uen Decomes a stretched version of uwother
{or a snrall seale o, the wavelel v, , becomes o con-
tracted wavelet corresponding to high frequency cou-
tent. The contintous wavelet translorn is invertible
i the mather wavelet 0 satisfics thie aednissibility con-

clition [14]:

where ¢ {w) is the Fourier transform of the wotler
wavelet, To guarantee that the integial of the coni-

tion in {3) is finite, it is required that ¢ {0) = 0 [L4].
The function f can then be reconstiucted by

1

1= =

- I . )
/ (—(: W fla bye, slH)db. ()
i

I T [EA .

Of particnkar luterest is the discretizarion of 1he
dilation and tanstation paraeters. o and b, on a
dyadic grid, that s e = 2" and o =
£, Accordingly, a family of dvadic

02" avliere g0 =

witvelets s wiven

by [10]
1 o
e — 1277 — ) ]
v 2

It is possible to construer a colloetion of dvadic
wavelets o, o that is orthovormal. e Joy, e g0 -
Bkt (10, Consequentiv, the discrete wavelo
transform of the function f is defined I

_. i Y
- ':f Ty Ly

1 e
w W / fu) !,"'K (\3 m", - r"i) (” 'UJ
v2o.

-

”\rm‘lr

where d,,,, are called wavelel coeflicients, and a’.'fmn_
reproesent adn estitnate of the energy of the function [
in the vicinity of £ == 2" 0. in addition, the wavelets
o assoclate to Lhe <eale 27 or the resolution 27,
Frouw o signal processiie point of view. a dvadic or-
There-
fure, the wavelet transform can be miterpreted as

thonoral wavelel is an octave band filter.

constant-£) Altering with a set of octave-band fil-
ters which is followed by =ainpling at the respective
s also elear that the
details or resolntion can be added (o the signal by

Nyquist frequencies [10]. It

adding higher oetave hands [10].

Moreover, the partial sum of waveler coefficients,
el 3T s U e, B
bie interpreted as the difference hetween iwo approx-
imations of £ oat the resolution 27 g 270 f14].
Multiresolution approximations compute the approx-
il

4.|
([m‘rz Ll

imation of signals at varions resolutions 277 with or-
thogonal projections on different spaces Vo, © Vo
such that Vi & Vi g where Vi, Lo (R) {14].

2.2 The b-means Clustering Algorithm

Chasteving is the unsnipervised classifieation of pat-
terus suelr as feature vectors into groups {clusters)
[15]. The f-means i= the simplest and most conmouly
nsedd elustering alporitlun that employs a squared er-
ror eriterion [16]. The squared error criterion is the
mest intnitve eriterion functlon in partitional clius-
tering teehniques. The scuared error eriterion tends
i work well with fsolared and cowpact clusters [15].

The squared evvar {or a clustering £ of a pattern
sol H that contains v elostors is [15]

Hy

e
FUHL S S

FE I E

(7)

where xj is the oth patterns belonging o the jth clus-
ter awd ¢ is the geometric centroid of the jth cluster,
The steps of the squaved error clustering method are
i [ollows [15]:

1. Choosc an initial partivion of the patterns for &
chistors,

20 Assign oach pattern to the closest cluster conter,
S0 Compule the new cluster centers as the centroids
of the clnshers.

4+ Repeat steps 208 nundl convergence is achieved,
e there 3s w0 change of the cluster membership.

O Corbing and split elnsters based ou some heuristic
llormation,

Similavly, the f-remns starls with a random ini-
Hal partion and keeps reassigning the patterns to
chusters Dased on the stmilarity betwoon the pattern
anel the eluster confers until a convergence eriterion is
there is no reassignent. of any pattern from
one chister to another. or the squared error ceases to

el e

decrease slunificantly aiter some numiber of irerations
5] The eomputational complexity of the A-nicans
ateorithin is lnear to the mnnber of patierns n, ie.,
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Ofn). A primary disadvantazge of the f-means alpeo-
rithm is that it ix sensitive to the selection of the ini-
tinl partition and may couverge to a Jocal miniunun
of the eriterion function value il the initial partition
is nut properly chosen {15].

The steps of (he b-incans chweering algoritlon are
as follows 4]
Lo Initialize K chister centers by vandomiy choosing
K patterns.
2. Assign cach pattern to Lhe elosest elnster conter,
3. Compute the cluster centers usiug the enrrent elis-
ter mernbership.
4.l a convergenee criterion is nol met, go 1o step 2,
Twpically, the convergence criteria are: 1o or mininml
reassigoinent of patterns to aew cluster cenlers, or
minimal decrease in sguared ervor.

3. METHODS
3.1 EEG Data

There are 3 sets of EEG data. referred 1o ns sors
CLO1 and L examined inothis study, The BEEG duta
are obtained from the Department of Fpileptology,
University of Bonn (available online at http: //vww.
epileptologie-bonn.de) where the EFG data orie-
inated from the study presented in [17). The BRG
data were recorded nsing intereranial cloctrodes from
five eptlepsy pationts. Further. the BEG data of The
sel O were recorded frorn the hippocampal Toriatiog
of the opposite hemnisphere of the brain fromwn where
the sebaure was thought (o lave orlginated . The F12G
data of the sets £ and F were recorded [vorn within
The LEEG data of the sers
Canct 2 correspond to KEG data during non-seizire
period while the NG data i the set £ were recordid
during selzure activity,

Fach EEG data set contains 100 epochs of & single-
channel EEG signal that were selected o be free of
artilacts such as nmuscle activity and exve movenment <,
The length of each epoch is 4.007 samples {alowm

the epileptogenic zone.

z
K4
g I
o
=
&
£
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=
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Fig.2: The mother woewelel  of the  25th-order

Thvwbwediees wavelel farily.
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Fig.3: The associaled octure bands of the 25th-order
Danbechics wanclets at the seales 24,220 25,

23651 hr additionn the epochis of the EEG signal
satislied Lhe weak stationarity criterion given in [17].
The sinpling rate of the EEG data s 173.61 Hz
The Lanapass filter of the acqguisition svstem has the
bandwidth between 0.50 Hy and 85 Hz {17].
Foatuples of the ERG sipnad for each data set are
Hnstrarved in Fig. 1.

Spert i

3.2 The Wavelet-Based Scale Variance

The wavelet-based seale variance that is used ayg
the featire veetar for the classification of the epileptic
EEG sivianls s composed of 3 steps s follows, First,
the wavelel coolticients o, of the signal is deter-
miucd by applying the wavelet deconposition. The
vavianee o the wavelet coellicients of each scale 27
wothen calenlated: ey, o= var (dy, ) for all o, Finally,
talke lug hiase 23 of the variance of wavelet coefficients
of eaclt =eale 2 The featnure vector of the wavelet-
bused senle variance of the sipnal v can be written
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Fig.4: The bor plot of the wanclel-buscd scale varionce of Ui cpife ptic FEG data of the sets O

the scate: {a) 210 (b) 22 o) 25 id) 2 and fe) 27,

log, (v
log (v 1)
Vg o

where the scales {27
that is used in the elassification.

3.3 Analytic Framework

In this study, the 25th-order Daubeehios wavelet
franily 1s nsed b the wavelol decomposition where the
mother wavelet is illustrated in Fie. 20 The 110G data

. - : . 52 ) :
are decomposed Into 5 seades. te, 2022 2% which
covresponed to the levels e = 1.2, 5 where the as-
sociated octave bands ol the 26th-order Daaloclines

wavelets at the seales 20270027 are. respoctively,
Bo--33.42, 43.42-21.7], 2071 HLS6. LORG 543 el
543 272 Heo Further, the maguicids of the Fee-
queney response of the covvesponding octave band El-
ters s depicted o Fig. 3. The pattorus used for tae
classification of Lthe epileptie BEG data are she fea-
ture vector of the wavelet-hased scale variance at cuiy
the seales 27 27
meo= 203000 0.05) which provide the hest onteones of
the cassification for these BRG daa sets,

the f-means clis
ployed to classify the feature veetors ol the wavels -
based scale variance of the TI

27 (corresponding Lo the levels

In classification, TG i oni-

SO signals Speciticaliv,

the classilication ol the epileptic LG signals pes
formed in this stndy is divided into wee tasks s

A and Eoat

follow:

the classilication boetween the EEG data of

el of the set £

o lusk

the set OF

o lusi 20othe classilication between the ERG data of
Liwe seb 3 ancd of the set E.
o Tusl 3 the clussification between the BEG data of

the =ets O aed 1 and of the set F.

3.4 Evaluation of Performance of the Classifi-
citt lon

[ adedition o the acommoy of Lthe classification of
the 121008 data, the performance of the classification
of the L data i ovaluared by determining twa pa-
ramnetors. Lo the sensitivity (the true positive ratio)
and the speciticity (the trne negative ratio). The sen-

sitiviny ond The specilicilv are given by, respectively,

I
S e L0 ¢
PPN i @)
."3',} e m_____ . )15 '
b= e X 1004 {10)

where 700 FNCTN, awd FP denote the number of
the trne positives. the mumber of the false negatives,
the munher of trie wegative, and the number of (he
false positives, respectively,
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Table 1: The Warelol-Based Scole Varigues of i
EEG Dala

Seale Set (7 Ser. 1) Set
21 3.0103 30077 6,376
L4020 134300 42,0805
2 G230 6.5470 12.458)
L6202 £1.745Y  =LAO4GT
94 D509 00714 16,7240
=1.5252  =1.8045 =2.40125
e 122154 128257 1892717
123300 115669 +1.7967
25 13,7775 141975 1AELUD
—1.2381  £1.5345 = 1.53052
4. RESULTS

4.1 The Wavelet-Based Scale Variance ol the
Epileptic EEGs

The wavelet-based scale vartance features of the

EEG data of the sete ¢ 0 and B oat the seales

S2b aud 20 {eorresponding to the levels
weo= 1200 0h) are compared in box plots shown
i g Lar-Fig, die), The mean and
standard deviation values of the wavelet-hased scale
varfulien [eatures of the FREG data of the setg €, 0
anc £ an tie seales 20, 27020 2% ane 29 are suinia-
Obviously, the wavelel-based scale
variance festire of the BEG data af the set B tends Lo
b ltighier than that of the FEG data of the set £, and
the wavelet-based scale variance feature of the FEG
cdava of the set £) tenels to be higher than that of the
EEG dara of the set €0 Turther, the wavelet-hased
seale vartiinee featire of the EEG data of the set £
= stenicautly gher thae that of the ERG dala of
the sets € and 72 with p-valie much less than 0.0001
(p #0001 ) at all scales 9%, 2700097 There is how-
ever ot a statisticnily significant difference between
the wavelet-based scale variance leatures of the BEG
et of the sers C and Lo all seales 20,22, 29

respectively.

vized in Table 1.

Fartherinore, the wavelet-hased scale variance fea-
tures of tite KEG data of the sets 7, D and £ at the
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Table 2: Clossification Resafis of Tash |}
No,of Correct. Noo ol False
Classilication  Classilicalion
Set 7 09 i
Sot ¥ HH) l

Table 3: Clussification Resulls of Tusk 2

No. ol Correcl. Noo ol Palse
Classification  Classilication
Set. [} a5 3
Set £ 99 1

Table 4: Classification Results of Tusk 3
No. of Correet No.

Classification

Sets € and 1) 194 f}
Soel K 94 1

ol False

Classihication

scales 2% 2327 and 2°
e =2, 3. ldnrl 3t
i the classification of
in 3-D plots. Fig. 5{a) exhibits the formation of the
wavelet ~|ma‘(‘d seale v-ari'lllr'v [eatures of the EXG dara
of the sels Y and K
while Fig, u(l)) exhibity lh(‘ formation the waveler-
based scale vartance leatnres of the REC data of the
sets €0 1) and E the seales 270, 20 angd 2% I i

{corresponding o the levels
that wre the leaturve veetors 1sed

the ERG data are Ulustrated

the scales 24, 29 4 2t

shown that the wavelet-based senle vavriance featire of

the KNG data of the sel £ (plotied in the =7 ark)

15 well-grouped and aligned iz one side of the plots,
wlhile the wavelet-hased scale varianee leatures of Cie
EEG data of the sets €2 and 1 (plotted i the o7
and "+ marks, respectively) are mixed together sl
aligned on the uppesite side of the plots. Visually, e
wavelet-based scale varianee leatnres therefor
a prowising vesnult for the classification of the TG
data.

shiovs

4.2 The Classification of the Epileptic EEGs

The wavelet-based scale varianee foatires of 14
EIG data of the sets €0 1) and /1 a
. o ) -

2420 and 2° as shown n Fig, Bla) and F g

the seales 29,
SihTare
used as the feature veclors for the classilicalion of |G
epileptic EEG data nsing b-aneans clistoring, Tl
ontcomes al the classifieation of the epileptie 1
data of Task !, Task 2. and Tusk 3 are, IespecLivery,
suimmnarized in Table 2, Table 3. and Table d. The ae-
cwaey of the classitication of the epileptic TEG dot
for the set (7 in Task 1 is 99.00%. while
of the elassification of the epileptic LG data for 100
set 2 in Task 2 s 95.00% . Ao, the classification o
the epileptic KI2G dara lor the sel £ 15 09005

e l-
rate in all three tasks, e, Task Task
3.

the acetnnes

Task 2 and

Classefrcafiom ol Huao Fpdegtic BEGS T the

Woaeefet-fused Neole Voarwenee Featuref19-25)

Talle 5:

frenn

Sensitverty ol Specaficiy of the Classifica-

Seusttivity (S.) 0 Specificity (S5))
G0 40, H9.00%

2 @45 19'% 98.96%
5 O4.20%, 09.19%

Aceordingly, from the perspective of the epilepsy
delection and classitication, the sensitivity (5,) and
the speciiieiny (8,) of Task L, Task 2. and Task 3 are
D900, sadd 99005 95.19% and DR.96%., 94.20% and
9919 rospectively, as alse illustrated in Table 5.
I weneral.

epileptuie EFG

the performance of the elassification
dala in the sets (7 and
Cperformaonce of the classification

1_)(-_'[\w->r-z. 1 he

Y s hetter toan Ll
i)(lmml the epileptic BEG data in the sets I and
tlits tiplies that the feature of the
epileptic KRG stgnals mothe set £2, the wavelet-haserl
i5 hitferent rom the feature of
the eptheplic EEG stgnals in the sel ¢ even though
the 15 auc 7, corresponad
to the epleptie BIEG data during no-seizure period.
PParther. the epileptic EREG signals in the set {2 are
shightbv more similac 1o the ones in the set £ where
the EEG data of both sets. 1 and £ were recorded
[rom witviin the epileptogenic zone.

Therelore,
scale varinhice featiure.

BC data of bhoth sets,

5. DISCUSSION

Inotlis study, ihe wavelet decompasition is nsed
tu extraet the the epileptic EEG
datie (ot are vecorded during seizure activity and

chuaacteristics of

selznre-lree interval, and also obtained from within
the epileprogenic zone und faraway from the corre-
valious scales or resolu-
variance of wavelet coeflicients of the
eptleptic [ data 35 used @ the element of the pat-
teve Lhai is used inothe clussification of the epilep-
i BEECH data, Further,
waveior cocllicients ol the epileptic BEG data at vari-

sponcite; scizire origin al

Lions, e tog-

2 set of the log-variance of

ol seaes the wivelet-ased scale variance feature, is
nsed ws tie patrern tor the classification of the cple-
tie 300 daia,

Frae the computational results, it is shown that
there i significaut differcuce hetween the wavelal-
bised seade variance of the epiloptie EEG data of the
<er fY to the EEG data recorded
claring soimres and of the epileptie EEG data of the
sels € el 1) whicll correspond w0 the BEEG data
A noneseiznre periol.

valch corresponed

As a result, the epileptic
EEG daa diring seizure activity can be excellently
classificd cven the unsupervised method, the bomeans
chistorine. s ciaploved for the classifieation of {he
eptteptic LEG data and there are na prior knowledge
and venining reguired. The seizure activity can then
be deceinly detected using the wavelet-based scale

variarice deunre,
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The classification results also sngeest that (he re-
gion of the brain where the epileptic E10G data wore
recorded has an mithwenee on rthe the analvsis gl
dingnosis of eptlepsy because 1t s H"Im\\'u that oo
“the epilep-
diflerem re-

wavelet-based scale varianee featines of
tie BIXGodata tha

pions of thie braiu, Le..

are obtained from
within the epileprogenic zote
and Laraway from the corresponeding soiznre ovigin,
are slightly different from cach other,
position of the EEG data acquisition plavs o vole o
eptleptic ET0GH data that van
lead to a dilferent performance of the classitication.

Therefore. tne
the classiltcation of the

Furthermore, the wavelet-hased seale variance ap-
proach s applied 1o examine we chiaracteristios of
the EEG
fests the generalized tonic-clonic seizre | I§].
the study, 1t is shown that the epileptic EG sivnal
exhibits different characteristios of the wavelet-hascl

signal of an epilepsy patient that s
Fron

seale variance corvespoiding to varions phvsiolowien]
The
cal aud pathological states of the hrain can be clupe

and pathological stares of the brain. phyvsiolst-

acterized using the wavelet-based seale varianee [1s]
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