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Prediction of Epileptic Seizures in Patients with

Temporal Lobe Epilepsy (TLE) based on Cepstrum
analysis and AR model of EEG signal
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Abstract

Epilepsy is a chronic disorder of brain function caused by abnormal and excessive electrical neurons
discharge in the brain. Seizures cause disturbances in consciousness that occur without prior notice, so
their prediction ability, based on EEG data, can reduce stress and improve quality of life. An epileptic
patient EEG data consists of five parts: Ictal, Inter-Ictal, pre-Ictal, Post-Ictal, and IT (seconds before
Ictal onset). The purpose of predicting an attack is to detect the period of pre-ictal or IT to create
warnings for medical procedures that are actually determined hours or minutes before ictal and do not
necessarily mean the exact time of ictal [4]. The aim of many studies has been to identify the pre-ictal
period based on EEG data. However, the problem of reliable prediction of epileptic seizures remains
largely unsolved [5].
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EEG and IEEG data types are used in detection and predicting methods. Due to the fact that artifacts
and noises have a greater effect on EEG than IEEG, if there is IEEG, it has been tried to use it [6, 7].
Seizure warning methods that have a clinical application are generally based on the use on EEG [8].

Numerous studies have been performed to detect and predict seizures. The methods of signal
processing and feature extraction are same in detection and prediction, but the difference is that, in
detection, ictal and inter-ictal periods are compared, while in prediction, pre-ictal or IT and inter-ictal
periods are being compared. Some algorithms use data modeling to extract features. References [13, 14],
the coefficients AR model for the EEG data is obtained with least squares estimator, then the model
coefficients are classified by SVM binary classification. In the article [15] the non-Gaussian EEG is
considered using the ARIMA model (Autoregressive integrated moving average). In references [16, 17],
predictions are performed based on the dynamic model with hidden variable and the sparse LVAR
model, respectively. Also other features such as Mean Phase Coherency [18-20], Lag Synchronization
Index to compare phase Synchronization between irregular oscillations [8,21], eigenspectra of space-
delay correlation and covariance matrices [22], Largest Lyapunov Exponent [23, 25], decorrelation time,
Hjorth parameters such as mobility and complexity, power spectrum in frequency bands, spectral edge
frequency, the four statistical moments: mean, variance, kurtosis, skewness and there are features based
on entropy and probability [6, 26-29]. Empirical mode decomposition (EMD) and wavelet transform
methods have also been used to extract the feature [2, 30, 31, 37]. In articles [32, 33], the Cepstrum
method has been used on short time multi channels EEG and IEEG in different patient states. Cepstrum
is used to extract slow and periodic changes in speech that can be used to detect the ictal period from the
inter-ictal, and has also been used to linearize the EEG [34]. In the paper [33], Cepstrum coefficients of
multi-channel EEG are calculated and the 9 first coefficients are considered, then calculates the velocity
and acceleration of the desired coefficients and uses a neural network to detect an epileptic seizure. The
method of this paper was improved in 2014. In this way, first the signal energy and coefficients of
Cepstrum are calculated and then the same process is followed. The accuracy values of velocity and
acceleration coefficients in this study were 89.7% - 98.7% and 98.9% - 99.9%, respectively [32].

In this study, the period of IT was detected in patients with temporal lobe epilepsy (TLE), which is
the most common type of epilepsy [38]. For this purpose, two long term EEG channels LTM (long term
monitoring) with a sampling rate 256, which are facing each other have been used. First, the desired
signal is considered by the moving window with a length if 5 seconds and 80% overlap. The desired
signal is normalized and its linear trend is removed and band-pass filtered (220 order FIR filter, cutoff
at 6-20 Hz). Then the filtered date will de decomposed using discrete wavelet transform with 6-levels and
Daubechies4 mother wavelet. In this step we will have 12 outputs. Next, by windowing of 500 samples
and 75% overlap, the AR model with 8 order is applied to outputs. Cepstrum method can be used to
detect regular and periodic changes in the ictal period of the EEG signal. According to this feature, the
Cepstrum coefficients of the data window are calculated and the first coefficient of each window is
considered. By applying a median filter to the 12 outputs of the previous stage, the current period of the
first channel is compared to the background period of the same channel and the second channel, and the
same is done for the second channel. This method reduces artifact error and inter-attack discharges.
Finally, the signal is averaged by the moving window and the positive envelope of the curve is calculated.
Given that we will eventually have 12 outputs, 12 threshold values are obtained for a patient’s training
data, then these values are checked on the test data.

The proposed method was reviewed on a proposed model of adult epilepsy as well as 10 patients
with long-term EEG data without artifact removal. Accuracy and average prediction time were 92%
and 18.5 seconds, respectively. The algorithm performed better than other methods. Another advantage
of the algorithm is the ability to reduce artifacts, while many studies have used short-term data without
artifacts. Artifacts are located at different frequencies; which frequency analysis is performed by
wavelet transform. Because two channel artifacts are unequal at the same time and in the same channel
at different times, the artifacts are reduced by comparing the channels to each other. Algorithm testing
on more patients is recommended to confirm the performance of the algorithm clinically.

Keywords: Epileptic Seizure Prediction, Temporal Lobe Epilepsy, Wavelet Transform, AR Model,
Cepstrum, Median Filter, Positive Envelope of the Curve, Adult Epileptic Model.
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(Figure-1): An example of five epileptic EEG channels [3]

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jsdp.19.4.149 ]

weleial slaeg )5 jl o sliimwl b eloinl Yl SdASb S ply BHI (b e J9) 2 Al

[6, 7] el oo o)1 51 ooliiw] &) (crws cGuons (Sjro
Syl Gl 05 A5 s saues laie sla b,
b g5 Jlg 5l eslitul (wlal p (seges ol
8] s

N Saislaied ates 90 4 Slegias M5 oba
Sleghae  Wgdbos  pedl  Sjlnid
oty o B @l 5l Joome sbds (o590 58
Sy i S, S)lse Jold Wlgioe 5 WS (o0
Slesan 5 05b 0y 5 Palae 5 cme i Ml
Slegias atle Gilise gl 51 (Sjglpsed e
5 AD Gp ag o Seg Sl Dlakad)'T a3 (slall
23S (o0 Ao o (S g ooy ISl Dlegian g (..
25 ras Dbl g5l (50 Jlg sla LS el
FSop o re gyl ifle Slp s 5y e
Pogazs 4,0 gl slaa¥l L plyis |, 5,0 Y0
B Bp g B>l g oS Bl A0l
ASoke Pogamal 4o ol AVl Gl
5 Slegias Bl gl il b sy, 5,5 solil
S olPes Jie plaer )ls 925 s g JuKm
L o5 eslenul Wlias gloadlze Ll s,
Pl Eoid (St 9 oS Sz sdasite Slllls
vy |y asis slapt ol [4] &z e ol oads
AW

W s ()
Mganaib iy (¥

S5 en Sk e el (F

11 Physiologic

12 Electrocardiogram (ECG)

13 Electromyogram (EMG)

14 Digital

15 Finite impulse response (FIR)

16 Infinite Impulse Response (IIR)

17 Independent Component Analysis (ICA)
8 Trending

19 Pre_classification

OF by ¥ 5 Ll 1P JLe

g eols ulul y slazel BB o s Vel
sbar 1y lagiss JpS Gl silgoe Zsrhe
2l 5 (SN dem wxge g ools il e LB
z= 5l oo Sl G Hlg s0ls S 3] 09 e
5,99) * LSS il d(ales 0,90) 3 JUSS! (V JSd) G
3 U8 lecele b baids) ®JuSCls p ko g0 o
Yalzlae oyl g (abos 51 am 0,90) ¥ JUSS! oy d(alo
el ool JuSas (JUSS! Eort 3 8 asb sz
o Do gt 2 oodle g0 Solem o
obey g yidw o b des aid (g Llgi Bald
oz e 5l Boe g oeog JUSl oyg0 o ieS
$lp wblaie sl cuz JUSOlsy 5,90 ansuis
J3 leaado L boelo adly,s a5 cwl (Sip Sleladl
00 pastie sl Logil g 09 po asiiie JUSH! |
Sldlas 5l o s Bon [4] cas LSS Gds ol
0dgs ‘5).’.4 )‘5.: 0dld U""L"‘ » JL»SJ‘é)J 0,99 U;;LMJL».MJ
s slezel BB st JSie 09zl el
[5] el oaile 3L Jo LB é g0l o b oy
03ld £95 90 3l (b 9 (A slaghs) 5o
09.76 ‘..L.»‘ \)9....)60 OOL‘.L'L.»‘ BLSEA.C 9 ksﬁ.la.w Lg).suo )‘y
0‘9’6“ as o..\.wul:&u‘ o).g)lf uuL.u‘ 2 03l &3.’ 9 oS
ol @ oaxg Loy cdb,e sols slasll 5l oyl
e e s sy I Vads g olegia
Jlg d97g Djge ;3 WS Gree (S Jlp A4 o

1 System

2 Electroencephalogram (EEG)

3 During Seizure States(Ictal)

4 Gradual Transition Between Interictal (Interictal)
5 Preictal

6 Postictal

7 Intervention Time (IT)

8 Intracranial EEG (IEEG)

9 Artifact

10 Noise


http://dx.doi.org/10.61186/jsdp.19.4.149
https://jsdp.rcisp.ac.ir/article-1-1177-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jsdp.19.4.149 ]

oY ..\....SGA Mlﬁ.@ o..\.n]w.)d.v u.u....u 6[&00‘0
0,99 S Sy 3l Slasgeme b S (bl laoygs
L;?L..m.: ,..c wols 6[.%&;).'5 L 4}9.» Ls 9 ~.\.u—|‘5a Cowddy
L1y gyl 00ls w098 oo Lasuin S ailin] S
opl S e S saeliiwsds ailin] jlaie 4 axgs
S s iz b el ar Wlge wn sl e
om rled el s pasis 1) w2 ey
FoS lapin 680l (pl )3 g0 dlex (nt g panSS
14] wloe iz @

gl 5 JiKw ol Abn slagts,
Wed Gy (S 9 pateAd S 99 50 (S
aS Jloyo wigd oo dslin JUSHI il g JUSS! slao, g0
JuSlpnl s JuSeln slooyss (i Some o

JR ST [EEIN R N NCTE TS R
L 13, 14] =l auS oo oolawl Wosls (g3le o
e 395 Jae ol Molape (0568 S e
[FRpgww ‘aﬁ—l‘f Cawsdy |y maw (g5me Jlgs ools
WJoe calpo M Sbes Nl o dile (gaaiws
‘;)45 uuLw‘ 5 Lbu] U))}T &S Sl odds 43‘)‘ d)u
aS cil axg S pl a4 Wb cwl o] ol
SR lg OpmsS 28 Lok plxil Slalllae iy
e 009 ewsS £ [15] jo Ll ailoass plol oxdans
S e u..\fal.uc Juwe )'| oolawl b 1) «5"“‘"" S e
5 [16] jo .ol 48,5 Jlai 0 "Wam LSS dlaondgs
b Solos oo polol i 85 & [17]
13 . ¢ . . : .
|)J5—)5SY D\A.AS‘)J Ao Og> J«-\Aju"ef-’ roasel
$lp el b asls [18-20] b Siewen
il 21, 8] plael slaplug 5B Gl danslis
Y loygen 5 Lad 53l Sten slagu e Wohg
obey [23-25] VgLl sl S, {22]

5 "M asle Hjorth  slayell o Siwasal

8 Least squares

9Auto Regressive (AR)

10 Support Vector Machine (SVM)

11 Binary

12 Autoregressive Integrated Moving Average (ARIMA)
13 Sparse Laguerre-Volterra AutoRegressive
14 Lag Synchronization Index

15 Eigen Spectra

16 Covariance

17 Largest Lyapunov Exponent

18 Mobility

slrosls 5l gloyes anslie e slaps o5l
doj s soools .l Taiie; i sleesls b 5l
e Gl sleesls SIS eols 02y o O g0 |
w8 S e i 5 Oloy SBISTL A5 WS o
5 e il 9y R bapesl ol sl )
Glaslian 0,90 G sl 00,5 olpiinn Baos (S0 Llgd
L oaS aie)ion oold 5l agl ools 5 gl ools
a8 S 13 gl esls 5l L8 a4l esjlgs Slej alold
1SRy @S asis Glp pew xS S
asls Sl colypo g bzgeps o) asls lawgie
b g o dngliie diej iy 0)90 b ()l 090 4 bgye
2 Sedee ol ais b Shy sy oSk
i Sl 050 olen 4 alies G 090 Nl ()
pipssl 5o 10, 11] S e oS > glaag, 5 00 S
e slotiges cslae ol S 5 TS0 la
YU il )8 5 anels a8y Wilgh so 4 sl ol oolasul
[12] sas jauzeis |,
g ool elul o gaatib iy slap 5Nl
b g dlom s g3 a4y L) o5 Djsel (s sihe
S ools g aiS o Jes el 00l gamains e
Gomddb alws 90l a4 1) war (e iR
Ooigel glp ands Sledbl Gyge opl 4 oS
5 oty o e e 4545 aile olbazatos
acs g0 0 ool ol ogd e colaiul oy
i Dglae
wile rre Jlg 5l eadglgiul sla Sy (A
5 Gl s anly) Gl bl sla Sy
o aysd hod) R Clacssly
(o5 Sge
do Jyoneysba &5 (S3he lg (anaius ) (@
Cyan (oae bt e gy
Sim Sl 5 ol Hlon lageile

els | b S pgw g9 slapm oS!

S JiKs Ol 4 e ol g5 ol aisS o
‘_g)_:fo)‘bj‘ J) (_g)l_? 0,99 dl.la.o > 05)194.3 5\.\.;)‘\.\.;
L oad ey JBpo a4 s f Sl b oges)S

1 State

2 Background

% Harding

4 Root Mean Square (RMS)

5 Analysis

6 Artificial Neural Network (ANN)
7 Support Vector Machin (SVM)

OF 2ls ¥ o, Ve Jlo


http://dx.doi.org/10.61186/jsdp.19.4.149
https://jsdp.rcisp.ac.ir/article-1-1177-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jsdp.19.4.149 ]

E
>
)
i
2
9
\g.
9
3\,
2
]
;:\\
3
2
b

oud pll BaeelisS Snpe ez Usileples
2 Ol gogglcwsa Gl (Jesye ol
@S |y g JiSulen pbelbs 5 sileplon
Arwg Hoged Jaw Sl s aulbne LB oo
o3l 90 S e colaiul wnaiws Sl g e e
bl (e B0l dudild ¢ A8 iy (guuAlwd
dmlis (b 3 Iy 69y 1) S Slewbrs b
SeS b 1) mis 5l 8 At ) woleye aS e
[36] sas oo Laseis aliwl e 8ol saiws
6ol bl Gley 4 aily Koo glaalllas
S g sy Toeatl st Saz s
S Eed O pl i le el oal ploxil (b
G anlB 3edi o o8Il 0)ly (310 iy
Pl Bros Tk glados b Sy gl s
e SRUEEE R TR
a4l L) it b e JUS 4 e
Code £ Mo (S 5 S8 lade (G idey Cal
oo ¥ o9 /P g QS

[37] wlowe!

Cewddy el o

Iy alas ley 0,90 oyl aad dsllas ol o

g8 oiels & Bl of gro b ghle 5o
JUS g0 5l yelaie pay [38] oS lolils 0ogs £ 50
oolainl Mose Vsb &yl b xaw i g
(Silwdly alazl Sleaie (o3lop, ol wmles,S
JiS 99 59, oo SaYl 5 b VIS B
SR Seh Oly e gbioe plsl (L0

Szge o e mh Jold Gt medes
o2 395 (6 ke Joe S

WYl ey yinsS o
e g g S lgie dag e anlie 5wl
el
oo Jsb g gpdan 0z (g, b JWKew ol
ool Jloyi Hlaiojg0 JUSww 09l o0 4185 Hlai 0 0y
2 380k AVl g 0gd e Bi> ol s S
ool b oasa Wl 00ls aw 1095 o0 Jloel 00ls (59,
Lo T s s S Zlgel 4 dtnS S>ge oS
sls o] diecan 553 Jas 5 sadayims LIS
Sl panseds sl p po s (b9, 5l OlFise 09d 0
W Cod (Gl JLiSw JUSG 0,90 wglise g plate

ad GuilS 8 ouilS )8 slaail o g5 ael Sy
Talyy oSibe gylelonss plas)or Tk
5 @95l el p gyl 5 8 Ssr S Saas
de s sl g, [26-29, 6] wils o4z Jlexs
ol Sy glyinsl Gln 5o Srge b 5 TSI
llS YL 5l eolizl L [39] Lo [2, 7, 30, 31] wileas
SoJlSs 53, 5 Ere 3y oSl &l g ablbargs
AESS g bty Gt @ e e
JUS 2z 59, poyS o9y 51 [32, 33] 5o o3lo o
Sl Dglite S>3 des g (e e g
Sl oo solatwl YowebsS g alflax Ojgoa
2 hogiie g ehl Sl glal @l ey S
P Ol &5 webee odlitul Sgo gl LS
)5 eolaal JUSoll 5l JESS o) sslelas
oxd oolitul 55 (sihe Llys (oSS slp izes
o JUS aiz gy calp o [33] o [34] o
P eds a5 008 Al |) (Hhaw (g0
e culps QL 5 S g g 0S5 o0 Sl
DRl Ay gmas aS0D 5l eolaiul b og 00,5 aiule
YoO s Jl o dlie cpl (s, ojlop o e dlo>
JEKs 5,0 sl a8 &y go iy wanl 00,5 oy paoss
B Ny Olod e g 00 Al pg S alpS
Gld C8o g ol Ce o CB polie g oo (6K
JANR 5 JAAV_IAANY ooy 4 aslas ol o
o b [35] axdlas [32] ceul ol Cawsas 729/4_
9y b Eerd ok b SseelsS (S
ooy b laml el sads plosl aas (330 Lle slaools
i opl 4 S JUB ceoleriy ol
it )0k VL b e 2900 atie
5 Sl Gl gyalke VL Sl eolitul b g onds
2lie reed b Caledyo 098 g0 plonil dnnlile atej Sy
asl VIO by lawgie b lagiis 5 7AY wilbisl
g oo 00l aeid
s f35] adlls suds el (glacsyy 5o
Cogots |y s YA Jlo b o5 ol cladlias
Glaallas YN8 Lo 1o ol 05,5 cissbuny onolisS

sl o STas wlel p o Mls 4 atulg

10 Synchronization Patterns

11 Deep Learning

2L ong Term

13 Temporal Lobe Epilepsy (TLE)
14 Long Term Monitoring (LTM)
15 Trend

BF ool ¥ 55led 1F4) Lo

1 Complexity

2 Spectral Edge Frequency

3 Variance

4 Kurtosis

5 Skewness

6 Empirical Mode Decomposition (EMD)
" Short Term

8 Periodic

9 Patient-Specific


http://dx.doi.org/10.61186/jsdp.19.4.149
https://jsdp.rcisp.ac.ir/article-1-1177-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jsdp.19.4.149 ]

o3k g9rd ooy mlesg B2ge eps ploxl (b @Dl
sz abaod 5l g il Jlada b plejee ale 93
Lopl jo a5 o)l 02y alas yoloz; Jlai! s 4
3 S oe lay Soeal 028l i Ol Jlade
oo S5y JiKe b &S A 5 Coad
slas ey 0,90 Lrepl jo aS el dl> o 7y Juli
Loy a5 azloe lej oy90 jo Hlaze ST .ok cocsl
S Sty W8 E) gl patde Shh
okl b alasd cpl 5l aS ol s cpl 4y casloads alox!
295 b (G Oloj e300 £ il alex 985 o3l:
PSR olaie blie 5o jlen STy Oloj Se &
Olen aSepl ly sl ool a8 F Jlas o asl V-
S oy Olllae S0 L1y e e8l o See
Cudo £ 9 S8 (g pdyplait] owla lalas
(V) (V) Llg,y 5l cod gy a5 (ouiS oo oolaul YLl

i lge s (F) 5 ()

el o)
T le.ﬁw' Slaws

Gy pplazl M)
o slo i Slass

3 lacain sloss + o) le‘bgsi:‘“’ Slass
18 M)

slass + Q3 slacuio slows + oo sl saise slass
26 o shie Slauss + o slacain
23 ke 7 5 )

I slacaine slaxs

(Ceblo) (22ui5 5o slacels IS e

o sloaxi oo 4 oo slacain olaxs

e dlawi el wiloas ools jaseis sl oy a5
Sz olailay a5 dslae ley sleo g slass (L3
3 elro,g0 slaw croro sla caie olosd ¢ Wloauss cols
ey g Wloogs aldlae leoy oye0 a5 S
(Sl 0ais oold o (g laie) wlowds ool asis
@ e Jly JiSKw il @Y aslass e sl
adllas (pl 0 09l pud aduie ojlul b oleoyeo
3 4B 5 s ales Loyt Jsb 1, ale> £33 ol

2 False positive Rate (FPR)

o AV 5,5 oslital alo e el o JUSl 2ol 690
aox b 5 alex o ad @B aid lp 5
2 it 9 Sl Slrojed e 95800 ooliul
Al e )0 gl oo dunlie l> el 5 ool 43§ s
Ol o ould dulre o0l 0y ;o lawgie lade ae
o e Gl 0j98 g9 SEEs asis sl
polie St bl gl sl g casoay i YL
s ttpslise St Ghigel slaesls (s, 1, ailiul
oS 0 oy il 00l (5

g i o 45 el & ge ool 4 alie sl
Sou 390 Iy ro dhe> (i 5o Sl 9550 pealie
R T e O B T e P
9 43S )90 g ool gedes b SVl o oS >y
oo JiSs 355 og 4 F i ez 15 o
sl Wgy B B g eboe wSln e Ll
e Sy g Jae 5l ol odls (59, 1) o3kt
L s (Bly ools (g9, Culgdyd 5 005 (gilwand
slise Sedey

oo (o gy dno oLy ¥

o ol 31 8 sl b (s ks e
e lew ol b jlow a9 WS i 1) o
alox olas, gloy A5 Cand g pay ol e
Sl 1y o3l ol 18] jo .amd oo F) 0y 03l
G‘G}Lg o> 6535 c)'l.g AAS‘SQ ‘éﬁ)x.c \d.l..o.> &9.95 o)'l.g
Shae e 7y ol jo ales oy, 0 il &5 el
50 el Gloys Oldes Cya o oboul (gu i
L s gl uils 8 ials Jols Sleys wldes >yl
Slasl,zs b lag)ls alowgas miss g48g 5l 6 Sol>
o SeolisS (i S (ed 4 0gdiee e
S im0 S5 Gk Suzr l ) L wilgiee
bazds g el oodb oD aSl Jdoay ol
Oley a2t yo o)l S92 g (e licn jo ales 5l (LS
A5 (JESS) 62) 0599 cnl sl Olgiees | (sateine
i 45 (Ve w3 (i os D)9 red 4 28S
Ay gl slagle;y e s plaul owasd
] DaeolisS o Baw dsllas pl 40 06,5 oo
(ol Hlaw ologylis (iiSlee 0> (o Q] obes Slade aS

sex 3l B8 (BE ejlailay 1y ot eslen ST #8150 vy
Gt

1 Seizure Occurrence Period (SOP)

OF 2ls ¥ o, Ve Jlo


http://dx.doi.org/10.61186/jsdp.19.4.149
https://jsdp.rcisp.ac.ir/article-1-1177-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jsdp.19.4.149 ]

weleial slaeg 5 jl oslismwl b eloinl Hlw AT )3 ply BHI (b rame yh9) O ALb

0,99 aS el QS{LM”.; sloss uolf Lgl.mu.u.a Slows

el 00 o3y Uaz oliilay 5 004 Ao o)

w9 00 mredi Job oo 4 ) gime ly JUSw

[a.:l.: &390 éﬂ?]:{dju JL,)jHTreudde a5 eld H alos EQ&H@;lﬂaimﬂ

U

il b
S 5
>3 Judd AR Jus - lin's
o (g

$ 55 bowgie

530 Moz S Sl (53l iy 591 1 (V- JSKD)

(Figure-2): Proposed algorithm for predicting epileptic seizures
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(Table-1): EEG information of predictive patients such as number of seizures, amount of Inter-Ictal and Ictal
data training and testing
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(Figure-3): Unprocessed EEG data, which includes error
due to the movement of electrodes on the scalp.
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(Figure-5): The junction of two neurons or synapses that
transmit neural messages between neurons.
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(Figure-6): a) Nerve cells in the brain, b) Stimulus signals and structure of brain cells, ¢) EEG [34]
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(Figure-7): The logarithm of the DFT in time series [44]
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(Figure-8): IDFT, logarithm, DFT of time series or
Cepstrum coefficients of time series (IDFT of Figure 7) [44]
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(Figure-9): Diagram 2 is the average output of the series

comparison stage using the leading window and the
diagram 1 is envelope curve of the diagram 2.
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(Figure-10): Non_Stationary and nonlinear EEG model of
epileptic Celka study

“oeSle Len 093 gl onl Lo

Bodds Jlgw (glo)) olais Jiew b (Gy) 5 ,mie
B 5l G 30 S CglaSs a8 3
Yilylam S e e O g a0 S
Joe ) baiis gl 8 )L8) (glaSs as il 3

! Celka

2 Roessgen

3 Lopesdasilva

4 Autoregressive Moving-Average (ARMA)
5 Modulated

6 Piecewise Linear Frequency Modulated

" Modulation

OF 2ls ¥ o, Ve Jlo


http://dx.doi.org/10.61186/jsdp.19.4.149
https://jsdp.rcisp.ac.ir/article-1-1177-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-16 ]

[ DOI: 10.61186/jsdp.19.4.149 ]

weleial 5oy )5 )l o sliimwl b eleial Hluw AL )3 ply SOL (b amme Gy o Ab

1000 ‘ 7
5 ol
2
[
5-1000

-2000¢ .

0 5 10 15 |
Time(sec)
3 el Cawddy Alslaw (yloj 698 (18- JSi)
JU)3 (e pe Joo

(Figure-15): IT period obtained from the adult
epileptic model
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(Figure-17): The first Cepstrum coefficient of the first
patient with a filter3_15 Hz (seizure in360 secs)
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(Table_3) EEG model information such as number of seizures, amount of Inter_Ictal and Ictal data training and testing
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(Figure-24): Prediction block output with the proposed
method on the adult epileptic model (start of IT period in
1000 secs and start of ictal period in 1030 secs)
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(Table-4): Results obtained from the reference method [35]
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(Table-5): EEG model information such as number of seizures, amount of Inter_Ictal and Ictal data training and
testing, used in [36]
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(Table-7): Comparison with other seizure prediction methods applied to
our existed dataset
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