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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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$Neurology, Faculty of Medical Sciences, Kerman, Iran

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]
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(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]

[ Downloaded from jsdp.rcisp.ac.ir on 2026-02-04 ]

[ 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

el Sglite By ulpo g Siae slashe LSlo
S8 silelar ln |y b Sz ) ax e
Olsee aaslos S olgiiy Gilids gloailze 5 s ie
2 el 90T Sz e |y i lg Gl i
5l s S sl Jin Sl s o5 5
el b ool <ol o sl e sloJsbo
Sy st JESew 4 Tondonzmy JUiSew pg S
[34] s9i 0 Jios

porwsS welre slo Sy 5l (B 4 oe)
poreS milones by orl Sl Sos bYs
S oogi oo oolainl las e 5l oo ais o
A ) Sse Sl S A 4558 Joos
i o5l slooyge jo a8 55,00 il e 25
Aol alsls 0emg ald

Oyt (JUSo el 51 (528 502 ) 51 oy
Loy uilS 8 5 009 loo caumolid gl 4 .alﬂ
JiSKw sl il 3 lon il @2 ) (sloald
@ bgrye poyasS culps ;o laald 5 (V¥ JSC3) ool
Sl 039 JUSows glie idu b JUSew slae (250
0,99 & Lo (S 520 ,lg5 JUSms JUST 0590 (A JSC5)
Sy oy JUSelinl 5l JUSG pansas slp py S
Jsb o5 G g wile plalSew )5 (rizees
Py ymsS ol po 3l ggame slass lgi co wiyls g0l
Fo 4 ponS ol calps py wd S i o |,
ouds ol Culpo slawy doeis e taigd g0 SO0
e C0] oy o)l (S S Jsbo,
oS el JiSe Tapiies by adlie L3
48] S9i o0 43,5 Ja5 3 pgrtaeS o po Olgrsay

1 Deconvolution

2 Convolution

3 Convolved

4 Direct current (DC)

OF 2ls F o, VP Jlo

Aol 5l yoe wlen oo 4 rae ply (25
S s APl ) g eangr beatd, (558 S
Olse wad S o a4 adl S oS
axiye )8 Jlbis e g JuSew L1y T 518,
B, (JL sladobs 51 Jol> 1) 5500 g Oles o0
S8 Jow g cudls aisl o bl g puac asl
S5k ly S g 5L (6) S & el
Gl ) G g e s S e
S 5 50 5 oL S50 Gl T
S el - S8 e (ol o 5L 5 5 e
Ol el adsgs gl 5 )5 egd (P-)
S UL 1955 o0 ol Coomnd Ao 4y 45 S 0
Sk 5 51 2 la i 35L) X, S
SN gl 5 9() lasl ks, (JUS
st i O() sl 5 Jeol Y0 (>e>
Lol oo b grae gloasl o5 bl el )8
9 99 o0 Jloel @i L bl | cpl cwitucs @le g aijlo
22l T e bl o b S ki s S
@ ger aSh Jpereysba 9d 0 Gle [T w2
i3l oS o o ol o)Ll a3 g b ola e
cel b S g 1) s bl oo
1S welioe bt s o8 b JuSew 6551 (38
Ol 8955 o0 dedz i e g pomhS e
V0 akly o Yin e K 85 axs

1wl
)
Yim = [ot@x @] Jo(@x,,)®..
L
@HQ(C"L-XM = ZHg(a)l.ijn)
[

oo ypal pl 358 alaly g az e (ol 45d b
5 Sglas o 4 calisee o8l (o (giae e a5l


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 2026-02-04 ]

[ DOI: 10.61186/jsdp.19.4.149 ]

o9l iee Cewdds ol aoe lol 090 g0 Cglas il
o Job b Syl oy b ailee bS5l e
bl 51 (FG) o3l die) (g 0390 -puddse 50

[35] wl oo cawoas (VF)

FGk = medlaﬂ {ylfa ylf—l’ ey ylf—q"'l} (\;)

byikd adpe Loy Job ol jilis ad e g Lxt
b diey o a3l 5 OBl (6 )l0pdiges &5 4 az g
Bloyd dpdige dmmlie (o) (i) gz a5l
Aejun 0,90 A Cumd dlejm 0,90 Ol
o 090 3 b Abej i 0,90 gl e el
() hsalp cops by e il 5l ais;
3eolatnl Coge el oo Wl Cassw
o9 (Jd biels b lasl ;l aise) i Sledbl
oy g b jild oS5 0ad 0 Slasbre il
78 Skl 4 G Sl pae cge (gal 9
g AhdS Sledbsl 3.8 yioles Sl g 098 oo eiid
O 0390 Cehyls 1) Cundg i b lojes Gill

.wju_a Cewoddy (VY) alal, 51 e

Ay
FG, . FGy_o,FGy_yq,
(@-Aymedian] < KT UKL (0BG, ifkens
BG, - FO(q, s
BGy_; if n(s-1)<k<ns

Uy s lopdiges Fp @i s .N=012,.. 45
ool (sBgeld e s o pises 25 L plp
OA) alayly 51 JB ozl 0,90 s o0y st

i=1
(0D _ FG ™

- A
© BeY

slasi N g 1< j<N a5 JU o)l i, j o

0,99 g g ale S b, Zwl LU JS
U5 g 0ol Julosl Jlewy SO ools (g9, diej
g e g logss 4 baye sbad olobs
L dio)m 0,90 dunlio asil,o uwl ool sdnliv
briidad awb (ol cage diejie 090
2 ad olal S Jole jo a5 pehilea 09h o
I35] oS oo onliiul JUIS g5 ledbl 51 o i
Sys0 3,00 Cond 90 (VA) ), @b al>pe ol
P30 Oy50 g 0g> b Cewst JUIST Ced cCusu

Ll pg JUIS @y cense JUIS cond

log |[F {x(n)}]

0
0 1000 2000 3000 4000 5000 €000 7000 8000
Normalized frequency

Siged Sy WS 44399 ST i I 1V - JSE)

[44] Sloj &
(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-10): Non_Stationary and nonlinear EEG model of
epileptic Celka study
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epileptic model
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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)

u:da..u Sy )|5.§ ax]lao u;] o oolarul 3,90 osls
Jg [35] eols 5 00g Slegras b Las SYob (A8ly
40 S jeblens Ll Glegias ol Baes (iR
oyl dw [36] az e wd ooylal L3 gl i
L1y o> by, LoaS sl 00,8 &l gonadds
J..J..)cb p.;lom d.JLu..J » GM.;.A GMQJLJO
JESST s Jobo gz g0 00l dcgozme Job Codgaze
[36] jo a5 Jb ,o (mlad 3 Jlas o asl VO )
gz slew o ooy poe L TFe ol agl Ve e
slozias o Solay ol b lagas 51 70+ 5 Lbjeel
ez onlple sl o a8 5 L o jle o (3554
S le Oldim (igd oo Bd> 00ls dcgazms I Lo
99 as (5’L>Uj )l S 0 00)5] (a) J5A> ) U‘)L‘"“J
0ss S8 b asla g il 2l sl (S
sy d.uL: Yoo 9 Yoo N0 alitrs J}Ja Adw O
Job aziye g asl Ve JUSS! 0,90 lawgio clonds
Cawddy INE 9 Y. <YV w).m\.: o> &959 o)’l.g
A0+ JES Jobe bagie 100 Jsbo (sl) saloe
bgio (n e &S Job g (s (Ve = JUST Cony
5 ol ails Jlaw o Gl bl Job jo ) b
Olse (V) Jgao @l 4 a2 b wlos 5l (#) Jgox
S5 [36] 5 [35] slachy, » ooleiinn hgy @3
O ot Ol s @ Cude £ Bs )b
A 4l YAID 5 VO AYE o sa golgiin

5 Eyo DDlox dfns Co e Sy b ot ol

Sl ly Q38 cuse 5

! Phase Lag Index (PLI)
2 Weighted PLI (WPLI)

OF 2ls ¥ o, Ve Jlo

e

4


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 2026-02-04 ]

[ DOI: 10.61186/jsdp.19.4.149 ]

£
>
.
i
Y
;‘3
_:E
‘g.
9
3\,
3
]
;73:\
3
k2
b

g

<

35122 0 99, 3 ool Cawday =6 (F-Jguz)
(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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