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ABSTRACT

Introduction: Electroencephalography (EEG) is the mos t commonly used method to study
the function of the brain. This study represents a computerized model for dis tinguishing
between epileptic and healthy subjects using EEG signals with relatively high
accuracy. Materials and Methods: The EEG database used in this study was obtained from
the data available in Andrzejak. This dataset consists of 5 EEG sets (designated as A to E),:
each containing 100 EEG sections. Collections A and B comprised EEG signals that have:
been taken from 5 healthy volunteers. The C and D sets referred to EEGs from patients withi
focal epilepsy (without ictal recordings) and the E set was derived from a patient with ictal
recording. Support vector machines were used after applying principal components analysis or:
linear discriminant analysis over the features of the signals. MATLAB has been used to implement:
and test the proposed classification algorithm. To evaluate the proposed method, the confusion'
matrix, overall success rate, ROC, and the AUC of each class were extracted. K-fold cross—val—§
idation technique was used to validate the results. Results: The overall success rate achieved:
in this study was above 82%. Dimension reduction algorithms can improve its accuracy andi
speed. Conclusion: 1t is helpful to be able to predict the occurrence of a seizure early and ac-i
curately. Using the computerized model represented in this study could accomplish this goal. }

:Keywords:
1. Seizures

i2. Electroencephalography
i3. Passive Cutaneous Anaphylaxis

*Corresponding Author: Mojtaba Mohammadpoor

Email: mohammadpur@gonabad.ac.ir

]


http://dx.doi.org/10.52547/shefa.9.2.1
https://shefayekhatam.ir/article-1-2125-fa.html

[ Downloaded from shefayekhatam.ir on 2025-07-03 ]

[ DOI: 10.52547/shefa9.2.1]

“y' o \F- )Lg,g S a)Lyi; o0 090

51 g i (5l aaiah o 398! Sy olgies iy 5105 (S cyamiilo 31 03l
EEG b JUu

ol jude adble g9 dozxo izxo

Olpl SLlS WLlS Jle o390l maions ¢ fganals 9 5 (swiigs 09,5

i e

AP AP VY4 oo F Sl VAR o0 Vil 5o

o..\.&_>

o) ol s 0, Sles aalllas 51, g, o B slaie (EEG) 815 glle_wily oSUl :nn2iio
o JUS 5l ool L @l 5 ey ol 3 o 5l sl slaibl, Joe S alie
5 oolitwl 5,40 EEG ools o5 :Ladiig) 9 3190 .o_as o 45| YU bus < ds L EEG
3 S5 iie 00ls dcgamme oyl il oo 48,5 Andrzejak ,0 09 >g0 glaools 3l adJlas oy
Lo g0n) (=9l gm0 4 Mis ollan LR EEG 4D 5 C slads goxa .ailoais a8 )8
Pl ym laaile .l sai s Sictal oo Ly ey SO I E aegame g aiil oo (ictal
s S o g anies Ly (ol sleddlse Jodow g a ol eslail 1 ey bty
e 05 )0y s yilo solpiiin (hgy —b,l sl m il sal solaiwl solpiiny sonanl
P b, sl mmls ol 6l el el (IS 8 AUC g ROC —omie o S cfidgn ol3—o
ol easel cws a (IS cibge ol e sldAEBL o ool ] ol K Jlie e Ll
Sete |y ol e g B0 0l e ol ialS slani sl 05 oo AY 51 5L aslllas
. ol Sloslaiwl il abe [l i £o-8g sl 055 9 GBS (min (i FUGAASARL i
gelS slaelly S5l Gizme |y B oyl Al oo acalllae oyl 4 s il gl Jos

1,5 Jlansly mSI -

Ui gy oS SLALT Y

JRSeTe (e J,f».w.o °M.95‘:K'

mohammadpur@gonabad.ac.ir 1S9 S| Sy

|


http://dx.doi.org/10.52547/shefa.9.2.1
https://shefayekhatam.ir/article-1-2125-fa.html

[ Downloaded from shefayekhatam.ir on 2025-07-03 ]

[ DOI: 10.52547/shefa.9.2.1]

\f-. )LQC\ 099 0,Lo-l (ot 0)90

L Jome (s 058 o0 5l 58 oolasol 050 (golgiing

Dgdi o0 grfl?.})‘ ‘ rﬂulﬁ sl L s i )

L9y g dlge

39— g0 oolaiwl adlllas ol 0 A S EEG Sledbl STL
OO0 el ons agy ) Ke g Andrzejak g «
Lo 4 5)EEG sl JLSX—w acgaza O 5l Lsools o
Sl ouls LSy (aslonss § g AL E LA oglie
5 =, WWY/P o JLSK—w 3l (6 S diged S 8 .ol
Alw FY L 2 ol 8 5 e LK el e VY o] 90
VoeoVe o lasliwl g ,SUl fyals J1 8 gy 3leslaiwl L g
EEG sl JLX—w 5IB g A sl rdacgome iloo_i oo
5 C lodcgome .l oas JoSis WJlw cdbgla &
& o 4 e e 5l ogliie lakais 4y 3 lxe D

wlictal gloalas IE acgomms g =9l

S TY

Slaogas gl (ganaib anl s )0 vge ol S5
s loi asla S el sl sl LK ) oulis
) =les e 9le 5 il adl JUSe— 5l (o>
315 ol gl S el )8 ools calitie sla WS o
285 ooliil 15 Loy,

Ko S>g0 oo

EEG Gla JiSe—w el ot Ol ogas 4 a>g5 Ly
Wlgise Szrge Jopd atile (Hlej S5 slas,
G Lgdl uilS )8 gli =l L g Jloel Loyl (59,
ool _wl Y Slej sy J—do a0y DWT) Tar_nS
Oly—iedr 9290 sl by 1351 )0 Ghg) (rml 99—bos
o 6))—" (FVY) Gl ool ool é_?‘)A I JLm
e wlgi o0 WK Szge Joos gl Sl plos
lal oygtaie oy 0 Gl JUSK—w 5l (gl )l
Oled a5 a0 G lizes ol (65,5 e Silos e
428 88wl o iy a JWSe (ol
25 9 dslome plaS 2 (gl (65,1 baigie 5 093
Sy=Soslail lym o lme gyl 0gd o a8 S, La
U R VE VI~ PO WP Wl PR ) | PP YL ¥ I KW P
4o Lo a5 (gl il JLKmw ity el o L

'Electroencephalography
2Psychogenic Nonepileptic Seizures

|

dodlo

S35 o (s i OV 0 Sl (S0 g0
Ceow |y g cmez jlooy0 ) dgu > a5 C
e—ac a3 5l WL&HHMJ@)‘H)_QL'
gy a5 Ll 5()) cwl os 5 i gole 8
sloml e ommb o lad o WS s bas g0
OBy Cwd s i Sl (- Sae Wi o Pl
2 PSlid g g )—tea (SLSL 5 (ot JoBRs
A 55— e Slwlast 5 oS > La b,
Lol 5 ool ol oy Sas o 4 Sis o) lans
V) oS ez sg S s L) S, (L (S
Oblo »o Lassly o=l 5l 6 =S sl slael, 51 (S0 (Ve
= be) 5 Jlows 5l osliiul g dngi g0 4y Miie
G35 5 ) (e pe adom g9y a0 a5 E
Sl e (Jlie lgmer o hlwy iz s Ak b
Logls JWog3 Byae b g miid £5-35 (o~ Lo
=S5k Ee @i e 5l S S slaS e Ly
L s 5 gg,0 jlam 1) adglddes Ly oS
P 3 jlem Sy ol dlan e By gl o J Sl
S Slatudlad (o) p (F) 08 Sl XLLI >
sl 00 Lo i (BEG) " 31,5 gllaecily S| b gy a5
5 Lo Slos () p Sl Joloto 5 e S5 S
325 sl ole) slaghy, (0) Sl g0 SIS
(S =)k 3,15 9929 EEG sla JUK—w Jlos 5
54328 (6l S S ge o (b 3 U]
oS gyl el e sl LS o
Lo slond o LacuSs 5l (55l 5 (egias (ar
Pl b (B load adl) e dae o0y 500
(FNVE) aiis g Sl 0 e Sl le—ea
bl b el oo JStd 95 iz 5l £ e S
ool b crul (1 Seo a5 00 3525 3 (6 00
e Coxnds slhlo Ll cas sl aiils £, 0 iy 4y
S lily; s b i ¢ Jlta Glywie a) arily
s e wlidiceas Lite o 36 Lyl ((PNESY)
ol ot (oSG 5el 559 5SUl € pmo Dl S Ly g win g0
o=l Bl stk sla sy (S (TY) ais
s 5 sl Jlio plgisdr il (o 8yme j5-Laie
el o8 gaai b ol HHT sla S5 ) lasid o
3150 G )T 5 el (V) 0los S ool ul iis g
033,85 g0 o3l j5late (res (gl DWT slo S5
5l .s LDA « PCA sLa b, 3 eoliil Ly Lap] (Y+)
Bas a0 )5 eolaiwl (6, DWT aie sla S
S el BB o tainb by, o a0l aalllas oyl |
o=l gl S ganai b | BEG sla JLS—w ailsn
e Gojsl (6l 05250 sla UK 5 i ()5 Lt

*Discrete Wavelet Transform


http://dx.doi.org/10.52547/shefa.9.2.1
https://shefayekhatam.ir/article-1-2125-fa.html

Ve Lo s oflas gt o9

[ Downloaded from shefayekhatam.ir on 2025-07-03 ]

[ DOI: 10.52547/shefa9.2.1]

“0 Z d
&
Ol oy b uible

45 Sl ol sloaph o8l o Sogee 5l S
G50l luas il o wile Laaie 5l (o)l jo
)‘)J oolar__wl Sy9—0 o)_:.é 9 g.,\_».]l.t_‘! W su»_wLo
99,9 sl ools Jood gl e e awn 5, Slae
Y\ﬂ) 05_.» )_\QLM:—‘ rLo‘ 59959 ‘_gl_»a.‘) )I Laools )_;Lou
k.A—MJlM u_:l_>¢.».>| )‘ 0‘9—’6" wals &5_; A Ao YY.
SSSVM) Y laciay o e dle 0,5 solaiwl awn
G 95y Do 50 mlple ol b gonail
99t et Al oz a1y ] ol (WIS ST )
(S Jrlie )3 (o gy )l sgg S ] sl b

() ey Jolie 5o (S0 g5 9

650 ¢ anlllao b

58 (S 2ARD) e a g gn lag] s Al
Ole—eds 0,3 go_nadb) P s ()l lo—cas
Slow (S yd 4 aS Ly ol 81 (TP) ! a8ly o ®

Olgmeds sl il a4 S WJlw of, 81 (FP) "3l e

Olemeds Sy an aS (Il of L 31(TN) ' Bly oo
g e il L
Olsmeas ol il ay a s Loy ol 81 :(FN) V' L3S _aie e

2 50 e ple S jo GleS e |y S ejlasl
aals UL"‘"’ ) JS“‘*—? B as )5—19‘;)'.9.&: wls UL....; S 5
o L g o 1y amail S e By ol oo

0D 00 (paed Cuxmdg

=iy undg

s S a5 sl 0TSl lsiee 4 a5 e
loog S oo o, 515 | Jo a0y w0, cola
sl i 5l (9,5 o i dlad S b jo mac

OAND) 0l oo ials LSt s b s EEG

Slga -0 puled Jrod

Ul g 4y ow 5l Sy (HHT) " S ln -, La
ol 00y 40| Slg Laasgs 45 oy o 00l dtad 03
Sl JUS—w ;5 0ot asd gloyg0 (sl ailgi o 45
HHT (V1) oS gl il [y el o g s o Yiazo|
o 4 328 o555l S il ool LS 25 4l g0 )
542525 il S g (BMD) (28 ol 4y s ol
Cazg Loy de il il dla, il Ll
HHT (b, 5l lssiss BEG slaJiSu sl Sy

OV 5,5 solawl Lagy | Jodos 5 a 20 gl

‘;b’. . Loae )’.“JUT

sbla pae sloul (LDA) * s cack 25 3 Ul Goa
Solay ,iSlas oS el ol olie S 5l gunas
Sl aS el ol Gas 0S8 ool 09,5 o
Jusis sl Lol S )5 g 00 (ot (5Lt it
(I sk A gt Al i dde (S e SO
L2055 oy gola) Dglis a5 lvodisS o ion

AV +) ayls (o in ()59 05 o0 Sl

shol adlgo Jolxi g 4 525

Sl 9> b9y PCAY T ol adlie bl g a2
ools i ;S ol L (olad S jo Laosls 09-d o0
u_:l)a_aHuLA)aL.asgm ool el L ogs
Sl Ol sllsS e ile 9 SSlee o ol )
)_,oLu 9 °3—-’.5 ‘_gl_Q)‘\))." e “59—"‘:’(5" ML?LA Laools
g oo oy (609 m0 i Ay g dulme Lail 05

(Y’) «.\JHGA 4_._9)5 o..\_sola )j)b ol_ul 9 ..\99_.»69

S 0253 pile sle el )b =Y Jguer

g cute

4 Hilbert-Huang Transform

5 Linear discriminate Analysis
¢ Principal component Analysis
7 Support Vector Machines

8 True Positive
? False positive
1 True Negative

" False Negative I.
f


http://dx.doi.org/10.52547/shefa.9.2.1
https://shefayekhatam.ir/article-1-2125-fa.html

[ Downloaded from shefayekhatam.ir on 2025-07-03 ]

[ DOI: 10.52547/shefa9.2.1]

\f-. )LQK 90 O)Lo.:a oS 0)90

= & -
\&/’_"#"ASJJ=; s—-‘LAﬁ

Jleel o g JLS s sl Sy oly—ea Slgn
Sowaib gl a il o SVM o il S o, 5]
09 B ezl ) osal a il b LK

S o Gl ) ool iy

Feature  extraction using
wavelet transform and
Hilbert Huang transformation

Reducing feature dimension

using LDA and PCA

Five classes NAYAY
classification with kfold =5

@l gy Dlzsle =)y guad

aS Lol o i o olsusl JiSw il )8 gl =]
3 O goie iS58 adlie & BEEG slo JUK—o
‘GQM u,u5) LT’L’))‘ Lg‘)_$ DHGA ool Jt.i»_w
e e J- T %) Q‘}_;’A (B o) e e
oal oolaiwl k=5 jlade L k-fold albolate o lic!

.&A—M)‘

Ladl
sleosls 4 cgame 5l EEG la JUKw 5l casllas 0l jo
BB =iy Sy (e Ao, 8 ool wl S5g 50
N w5l 50 a5 (g il (S S
yo—biedy ad ool slpiiny 0,8 o I8 (A-E)
Oly—reas ol (golp—iy v )95 o, Slos oual i
e SlacSiSs Jael Ly o Fip il il
e ol bl Al 5 Siln Syt 5 S e

12 Cross validation
13 K-fold cross validation

Go—ndads Ghgo 0.0, 5 A wlre ez (S ]
ojlaslany KBu, om0 s yilo o3l —WMSaix
W ,S 8 e lize sla Jolw jo cenl S e
3ly (e i Ol 5l (S e o9 molie Ll
=2, e Slo 31 gl lgeay (OSR) S o adge

. - é:l :‘l Y . .

=i il ..x_.ul..b_f il SO (6,2
o= |y pais slayge;l (S cnidss (AUC)

&blite (i )L

o g a5 ol gl iy o3l il
)l_....d B R &.._..wo oals 4—C 90770 &S_D ) ‘_g)l_ai
dolas job ay o0ls acgazme k-fold" ablite e
Jd_n &J'“_’LQ)] (5‘)_' ‘579_..» Ceono ‘_.;Lmoolo Q‘ﬁ—"c‘*" r:‘
015_..(‘-4.' o..\_:LA.._QLs k-1 (_gl_mébyu 9 QHGA (_g)l..\_e‘i
)l_‘t k ..\_..:‘)3 u—l‘ AJHGA sola__ul u»)j—ﬁi C;Lmool.s

(Y?) ..\49_..» oals u,u_wy

SOy (19

LS ool Lo g S e iS
gliil e 5l JUSmw b y0 Jolpe ol (s57e
Lo g sl als (JUSe—w cnlio Lo S5
5 0l Uil lio (o nail o )5Sl 5l eolin
Ol o Bae ol miiis e is gl eoliwl e
51 olaS 5 ailsn 48 el (o a3l asllas
@bt |y ools (M my ;o 4 3laie (sLacsog )
= e 3l (B b ol sl S
Ok Ja g LacSrge (9551 5 (65, gl el


http://dx.doi.org/10.52547/shefa.9.2.1
https://shefayekhatam.ir/article-1-2125-fa.html

VFee Lo epgo o)ladd qogs 0)99

[ Downloaded from shefayekhatam.ir on 2025-07-03 ]

[ DOI: 10.52547/shefa9.2.1]

“0 e d
M
IS Ced iy plsl (59, (S 7 Djg0 s Joe
S 2 santie—d Bolar cle e 4y 09 oo
i ) 30 O i Sl sl ] Scme
En- 5 SVM (sl s0 oyl DS glyl e

diib e Lo 1) Lk ad By o 5V Loges semble
AY oo ys8l g0 yo cBo |2l S 0 cdsged lg—icay

‘é-i‘?u) o ;O u.u_:).vLaY )_:5.«43 »\_nb)f U")‘)j Qoo
A2 oo Hlii 1) SVM oy 36X

b 4t 5 BEG JLSir s 1 Ln] ol 5 55,
pled 69y = o Gl L aS 0 o S5 o0ls 0
J=le gz 0 "0 ol b (Sl s pilo b JLS s
K-fold iw jlael (og, Jlosl L 00,5 oo s (o
s dolal Ojgo an WS o glaesls K=5 (gl asy
o g Jlosl lacco—nd 5l oSG (59, S9—250 (go—marb
u—" D9 oo 03w ool ‘éJL Commdd )l—Q" [ L‘buj

\ A if \
Y Al "
E 7t \ 1 \ YA Al
o]
e | | @ s U
w
¥ \ Y v
& v e Y ¥F
\ ¥ i7 ¥ &
. . Predicted Class
e

sl 2alS (35 SVM slal (20l gy SVM azy 6501 (ol Lolo S5ty 00y (o ilo =Yy gus

ailye Jodod g 4 s o ol S (o ity
ool lmdilge sloss Ly oy 5501 oyl ((PCA) Lol
el ;51 ¥ s 55 o Jlael (i lisa (PCs)
O SVM o580l eds el (59, 1, PCA o 5053l
ol |y (PCs) ol slyal slaws 88l i .20 oo

st 4t SHLE S8 Wy ROC o iis
&l e el 4 S Lol ooy i ,¢30) s
5 g el oa b Cay pai 4 S 90 sl gananl
ez Eaemme 4 Cund gl oS cirngos pols S
SROC (e ¥ gl 350 o0 00zeim ;503 (WS

wees oo gl | o o el

...\_.cz’o‘_,’,e
3
(0.04,0.90)
~IA
5 il
=
o]
=
g AUC =099
=
AR
=
-
ROC curve
Area under curve (AUC)
4  Current classifier
=i -I% ~IA h]
. False Positive Rate
e

slal mals 90 SVM oy )5Sl sl 2| 51 fol> ROC jimeis =¥y guad



http://dx.doi.org/10.52547/shefa.9.2.1
https://shefayekhatam.ir/article-1-2125-fa.html

[ Downloaded from shefayekhatam.ir on 2025-07-03 ]

[ DOI: 10.52547/shefa9.2.1]

= s -
\f-. )LQK 90 O)Lo.:a oS 0)90 VK#AS_J‘F: QLAA

‘)i‘bJAU‘J‘ROCgswﬁgs’i“’U)HJQUM‘)Jsu QWPCAH)gﬂ‘QHGQOML_AMujﬁ_bM

DB oo s Jlos! L 0 s sl oo oSl CBs 1y mwgausrs
slosls slal (LDA) s _as a5 3 JUT o )65l
sl B ey ol L anlioe ol T an (S

S5 Az g Sy

SVM Accuracy

Ae
Ve /

Wsy3 . Y F S A 1 AT 1F 15 YA Y- FY YF TF YA Y- TY TF YF YA F- FY F¥
No of PCs

SVM 550 25 2l (53, PCA w50 Jlasl 51-F g

) \ )
Y W \ ™
e 0 B e B
g
B ¥ T L
=
z
¥ \ ¥ iF
[~} Y 3 Ta v YE
== \ v Y ¥ 1y
.. = Predicted Class
e

LDA s 55 Jlosl b (S25 028 i ile =0 g

H (P‘(o.r}f 199
“IAF
? “igt
g
= AUC = -ran
= /¥
=
L1o]
~IY[
ROC cunrve
. - Area under curee (AUC)H
# Curent classifer
= -y -IF ¥ =lA b
7@(; Falze Positive Rate

LDA 2,55 Jlosl LROC povie —F p3 guad


http://dx.doi.org/10.52547/shefa.9.2.1
https://shefayekhatam.ir/article-1-2125-fa.html

Ve Lo s oflas gt o9

[ Downloaded from shefayekhatam.ir on 2025-07-03 ]

[ DOI: 10.52547/shefa.9.2.1]

“0 ol
&
plxil jo a5 b las iid g pllw o )lge aiile 90
Loapl mgog0 )Ll Jdo an cul (p Sew 05— o0
L o (bl Lol S 55698 1, ga—nainl (o Ulys
alol> mols (V) V) oo oo ials Sbyy o sl
g oo Al (Sl Sl by, a8 e e Lt
el b o asllay 2w SVM o 651 51 oolail
L ol ol 81 EEG (slo JLSas S5 s Jo3
C_:L»_v e .oo)_?b_a e Mo 4 (O
S8 Lo Lo Shg ol ials a5 oo oo olois
= ok a5 oo LDA 5 PCA slapi sl e 5
iy Sgugs e |y anSe 8T S8 (i S s St
Sslerd o s (BEG) (31,5 gl dly 55Ul a5 Lol
5 a0, Shoe PS50, Shos (o) 2 Sl
Ol 50 e e Mo g (AP AS Senl 4 L
- EEG sl JLSX—w (goinda S g —29 aJlae
So o lacpile oS L g cadizee sla il 5l oolaul
Syl 10 0550 glaols BLL lans F asll Ll iy
Dmo,S Al solpiing o ,sNl o, Sos oy Sy
5 LU O &5 2 655 = )N Jlesl L
Csiye JS lyon blite i sl i, s
e JmB o Boa S oLl e a om0 AY YL
g CBs , a il co oll i alS sl g, .0 il go
a2l oo (soleitnn ot oSl ol o oSl e

1. Litt B, Echauz J. Prediction of epileptic seizures.
The Lancet Neurology. 2002 May 1; I(1): 22-30.

2. Asadi-Pooya AA, Nikseresht AR, Yaghoobi E,
Nei M. Physical injuries in patients with epilepsy and
their associated risk factors. Seizure 2012; 21: 165-68.

3. Asadi-Pooya AA, Sperling MR. Clinical
features of sudden unexpected death in epilepsy.
J  Clin Neurophysiol 2009; 26(5): 297-301.

4. Bronzino JD. Principles of electroencephalography.
The biomedical engineering handbook. 1995;1.

5. Doppelbauer A, Zeitlhofer J, Zitko U, Baumgartner
C, Mayr N, Deecke L. Occurrence of epileptiform
activity in the routine EEG of epileptic patients. Acta
neurologica scandinavica. 1993 May; 87(5): 345-52.

6. Subasi A. EEG signal classification using wavelet
feature extraction and a mixture of expert model. Expert
Systems with Applications. 2007 May 1;32(4): 1084-93.

7. Bashar MK, Reza F, Idris Z, Yoshida H. Epileptic

el - Ses gus g, 0a S SLuS Il e, 0a
Iy el PNES (Jlio oloca) oo byl 51 35U
Iy =gy Lo caalllas 0l jo 0, 5 S Y eds L
6l_bo¢‘é )‘ m wys C—-d J_.b U—"" ;L..im 6‘)—)
olgiion g, 4o pmles ST alll cwlie o35 L EEG
Sdze p—kaid LDA ¢ PCA 3l oolal L | Lag,l (oS
SVM ol 5l esliwl L |, Loyl oo g 00,5
S sa—naib o o8l p (55l eges (Ul
sanline &yg 0,0 ) ol o, Slas ailg cod cmlio cbs
Uoigel gl |y Laools acgamae 5l oo ,0 0 40 s9w,S
50 (Y +) asiles,S solawl el (gl 500 90000 g
0as oalai_wl k-fold e liel g o3l 51 5z ]
aS 09l Jol> bl L wed o )L, Lk as
S Sl a s ooy uls ol b LS plss
slalie 3 00 (o st ol el (lgmeas 5l
Go—udids e g0 la g, dn Cuud eolpain 9,
2 adlas ol o ccwl (oIS o> L EEG gl LK
Glog S oloul g o L (WS o> L g0 sleol a > , 5

&l

seizure classification from intracranial EEG signals: A
comparative study EEG-based seizure classification.
InBiomedical Engineering and Sciences (IECBES), 2016
IEEEEMBS Conferenceon2016Dec4 (pp.96-101).IEEE.

8.Gupta A, Singh P, Karlekar M. A Novel Signal Modeling
Approach for Classification of Seizure and Seizure-Free
EEG Signals. IEEE Transactions on Neural Systems and
Rehabilitation Engineering. 2018 May; 26(5): 925-35.

9. Li Y, Wang XD, Luo ML, Li K, Yang XF,
Guo Q. Epileptic seizure classification of EEGs
using time-frequency analysis based multiscale
radial basis functions. IEEE journal of biomedical
and health informatics. 2018 Mar; 22(2): 386-97.

10. Correa AG, Laciar E, Orosco L, Gomez ME, Otoya R,
Jane R. An energy-based detection algorithm of epileptic
seizures in EEG records. InEngineering in Medicine and
Biology Society, 2009. EMBC 2009. Annual International
Conference ofthe IEEE 2009 Sep 3 (pp. 1384-1387).1EEE.

11. Oweis RJ, Abdulhay EW. Seizure classification

I


http://dx.doi.org/10.52547/shefa.9.2.1
https://shefayekhatam.ir/article-1-2125-fa.html

[ Downloaded from shefayekhatam.ir on 2025-07-03 ]

[ DOI: 10.52547/shefa.9.2.1]

\f-. S o 0)lels (ot 0y90

= & -
v_a.u.hsj_; Q_JL_Q_Q

in EEG signals utilizing Hilbert-Huang transform.
Biomedical engineering online. 2011 Dec; 10(1): 38.

12. Jiang Y, Wu D, Deng Z, Qian P, Wang J,
Wang G, Chung FL, Choi KS, Wang S. Seizure
Classification from EEG Signals using Transfer
Learning, Semi-Supervised Learning and TSK Fuzzy
System. IEEE Transactions on Neural Systems and
Rehabilitation Engineering. 2017 Dec; 25(12): 2270-84.

13. Fasil OK, Rajesh R. Time-domain exponential
energy for epileptic EEG signal classification.
Neuroscience Letters. 2019 Feb 16; 694: 1-8.

14.JothirajSN,Selvaraj TG,RamasamyB,DeivendranNP,
Subathra MS. Classification of EEG signals for detection
of epileptic seizure activities based on feature extraction
from brain maps using image processing algorithms.
IET Image Processing. 2018 Aug 14; 12(12): 2153-62.

15. Andrzejak RG, Lehnertz K, Mormann F, Ricke
C, David P, Elger CE. Indications of nonlinear
deterministic and finite-dimensional
structures in time series of brain electrical activity:
Dependence on recording region and brain state.
Physical Review E. 2001 Nov 20; 64(6): 061907.

16.https://archive.ics.uci.edu/ml/
datasets/Epileptic+SeizuretRecognition

17. Guo L, Rivero D, Seoane JA, Pazos A. Classification
of EEG signals using relative wavelet energy and
artificial neural networks. InProceedings of the first
ACM/SIGEVO Summit on Genetic and Evolutionary
Computation 2009 Jun 12 (pp. 177-184). ACM.

18. Acharya UR, Molinari F, Sree SV, Chattopadhyay
S, Ng KH, Suri JS. Automated diagnosis of
epileptic EEG using entropies. Biomedical Signal
Processing and Control. 2012 Jul 1; 7(4): 401-8.

19. Ocak H. Optimal classification of epileptic seizures
in EEG using wavelet analysis and genetic algorithm.
Signal processing. 2008 Jul 1; 88(7): 1858-67.

20. Subasi A, Gursoy MI. EEG signal classification

using PCA, ICA, LDA and support vector
machines. Expert systems with applications. 2010
Dec  1;37(12):8659-66. [17] Mallat, S. (1999).

A wavelet tour of signal processing. Elsevier.

21. Huang NE, Shen Z, Long SR, Wu MC, Shih HH,
Zheng Q, Yen NC, Tung CC, Liu HH. The empirical mode
decomposition and the Hilbert spectrum for nonlinear
and non-stationary time series analysis. InProceedings
of the Royal Society of London A: mathematical,
physical and engineering sciences 1998 Mar 8 (Vol.
454, No. 1971, pp. 903-995). The Royal Society.

22. Lin YP, Wang CH, Wu TL, Jeng SK, Chen
JH. Support vector machine for EEG signal
classification during listening to emotional music.
InMultimedia Signal Processing, 2008 IEEE 10th
Workshop on 2008 Oct 8 (pp. 127-130). IEEE.

23. Richhariya B, Tanveer M. EEG signal classification
using universum support vector machine. Expert
Systems with Applications. 2018 Sep 15; 106: 169-82.

24. Murugavel AM, Ramakrishnan S. Hierarchical
multi-class SVM  with ELM kernel for epileptic
EEG signal classification. Medical & biological
engineering & computing. 2016 Jan 1; 54(1): 149-61.

25. https://en.wikipedia.org/wiki/Sensitivity and
specificity, accessed 28 Jan 2019.

26. Labatut V, Cherifi H. Evaluation of
performance measures for classifiers comparison.
arXiv preprint arXiv:1112. 4133. 2011 Dec 18.

27. Polat K, Giines S. Classification of epileptiform EEG
using a hybrid system based on decision tree classifier
and fast Fourier transform. Applied Mathematics
and Computation. 2007 Apr 15; 187(2): 1017-26.

28. Asadi-Pooya AA, Sperling MR.
Epidemiology of psychogenic non-epileptic
seizures.  Epilepsy Behav  2015; 46:  60-65.


http://dx.doi.org/10.52547/shefa.9.2.1
https://shefayekhatam.ir/article-1-2125-fa.html
http://www.tcpdf.org

