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Abstract: The purpose of this article is to classify electroencephalogram signals into two types of epilepsy and
healthy. To achieve the highest accuracy, various techniques have been used. The desired characteristics of these
signals can be extracted by Wavelet Transform and Empirical Mode Decomposition methods. These two methods
are compared in terms of impact in the classification process. To reduce the dimensions of the feature space,
Independent and Principal Component Analysis methods can be used. Then, in order to reduce the effect of noise
on electroencephalogram signal analysis, a smoothing method can be applied. Finally, by using Support Vector
machine classifier, the existing data classified. These steps were tested for an existing data set, including 5 groups
of single channel electroencephalogram signals. Results show that the empirical decomposition method has high
efficiency and accuracy to extract the characteristics and classification of signals. Accordingly, the accuracy and
sensitivity of both combinations of "empirical mode decomposition - independent component analysis" and
"empirical mode decomposition - principal component analysis", after data smoothing, as a new approach to
extraction and classification of features are 100%. The output of this system is used to control and treat the disease.
Index Terms: EEG, Epilepsy, ICA, PCA, EMD.

naghsh_a@yahoo.com |, «sblcazs ¢ oMol ol5T olXitils bl oz axly o5y owdigeo 00SCisls = Loliwl (s Lo e 1 ghumnd 0ot 99
AN



YY-10 o SVM s DWT EMD ICA PCA (sla s, 3l ool b ooy ol Sollacily 2SI s g3l 5 soails

ol bige] a5 wols yles Huang 4 Chow ¥+ <0 Jlo o
ool 1y gananl SIS YL oll b slaosls acgeme b onisS
oaisSlaz Judow g Lol sl Judos Lol sl Julos os o
el 5 a5 it b S gl ysel 6l gl GboSass s
Jhee! olas sl puiiie (s Ll Pl (2al33l g A Jiins <15
Sl lal szl Judow b aline sano LG og, opl ool ool
IvLIv]

o 41,1 Bayes ouisS gaudids lawgs a5 KNN oS ganails
Gamanb 2o o Gl 1) ganail (Ses o Sles o iy (ol
bog ll) e by gl sla Sy & byrye Sy slag
I¥] el oy plool g5 )l asee Joe

"ECoG JuSow 5l ooliinl b calor 51 i <l olulids g iy
plosl Slaidy o 02,80 o b eg o 4 Mo oS ;o dingy
Y18 Jlo s ol SKes 5 Zhang Lawgs Tow alles ol L] el ons
Gk 5l Uhsley 9 ECoG sleosls cab g s 3l oolaial b
Gonail G 4 (639)9 Slye 4 Saled )3 9 eIl pod Ao 23
S5 0] il sa sols sy (s laitiy o p il sansS
Jlo yo o) Kes sWang lawg (Bi> 5 i Shg bl o,
5eolS Gy 5l el il ot solaswl oise 31 al38l gl V-V 0
S Pl el ans plal 4y 351 ooy malS a5 (SSg
Voad aaileslu 353 (53l ceae 45D sl e (5 S0k o255
Loy s o9, oyl ol BV +2) o], Ken g Coyle lawgs
s Bl sioter sln T llindly 2SIy (e il e
IV 08 o oy 1) (e

EEG JL&Zew Wp.:.]é& leools (gly 00l digy Baos (5 Sl g,
Gk 5l Al see Ll 5 (e (o6 po Ao (St 5 ECOG 4
9 LQ)L"‘" OPS ng.a J.‘> CSI)J el 00l oolaiul W;L:..'f.n‘ w)...u‘
Sy90 LgLQ:JL‘i‘.m )‘ [ XW) C‘):)Lu..." LQLQL;)"j 9 osls 5;.)..»)14 U")b)"
o sl 433, )5 4 6 0l 03105 9 i sloosls (g, (o) 2
9 PCA 5ICA Lgl.u.o » m‘sm:z.u e 4&..4 9 WSAE Lgl‘a’u“j)
oSy gl 5 aie 23l sl T L sezinr o )5Sl
9009 YAYS uf‘j) uJ‘ 6»\».!4.&».]0 CBs aS Cawl oo solawl )Lu Sy940
Ol ol oo 015 (5 powlio o, Slas wlin sla by, b amslio ;o
B A R U L N B P S PL N PR WE )
oy a3, on adlsl Ul 15 50 £585 5| 6 5ol el
s 150§l (e G 253,555 (i 4 Wl EEG
D sy, 5 woan] o oo dlos (ascis g Sobogl Slowloe
sl JUiSw unaiws jelaie 4y golpiinn sl i, 31 500 (S 0
lJ. g;ag) U"‘ JUH PN C‘)Db.-ul ‘JL.i......\ u.,.aLTjs 9 L_'>J'7“° ol ‘Sglio)
(5‘)"3 9 o 0l TAe 8 4 0 e A "“"EMD )‘| solaiul
FB o9 g g Comilan g canlio C80 5 Loy Gozmed (2blje
DVF] sl oo (L3 lagig, b anslio jo Joud

doudo —)

IRY RVEIWS i g gy o L3d po e 5l sy SO lel aallae
s ol | (BB ols s 5l slie @y @l 4o g o o3l ain
o 5% 0o 5l G 5 oS Ypana (IS (S S el 1 b
Wlgi o o 3l silize ooy po 5 Cool Tsihe sladshe 5l 05,8
Ooig o 2B ole cuws 5l anle 135 oMo 5l slacgaze ane &
Fl e il oo g3 0,Sles b g ulel (oS > 0 SYNSI L
el bg ot Loy 3)lge ()l )o g0 MBS £ (850 alom
T e BEETY LRI BU IR
Ghey 99 0 Sgb s Sledn (i gy s i Saeglie (oo
IVl casls walys il> o )lse Sloyo

Slr oS, Su el 65578 Er0 JFS (SN CeteS Sete sl
@b Sl adgl (gt @iid 51 slem o sl Sl (25 ol
F s by oS S5 el Jalse (Fn kg o)l Gkl len
Ir] sgs S8 caslys o 6,500 ass

oolitul @il (At 4 SIS ln Jgene by a5l oje
s S linily 2SI JUSes SMRI 5 "EEG & MEG o5 o
Sl IV] il Sldllas 4565 ol o osliad 590 I3l cp ol e
JES Gl Sy ot Sbegil i plens 4 G,
S linsdly i8Il Cansl ()9 o it alises Jol 0 50 1,5 il 1Sl
Obasl e 5o adloe she 0 Shee 51 (S0 S (6801 S ly 50
scdld b 1) (s e slacasdse & %10 3925 (olapins 25
Sl (n e 5l (S 7 g nlple S oo (i 39>
slaglral glznl ly 5 ol 5o Glagll pansess sl (Sl
3L 9590 sla Sins [1] 595000 bt 4 (Gl paze S LagSUl
5 O 5l JUSms g ooy D 5 S el wiilgi oo JUiSs
2l 0y g ulS B Ol i

Sl ks plle 5 (oo o aws 95 4 (s 30e g slaosls gunail
3,50 ledlbl 4y az g5 b g calizre lacundg (0 059 4560, line
5 el sln ebe paie Jle Jlpl (nl Sueal Lo
gl (Bjlon iy 08 o plxl S ol la Sy (olulis
Sl ol g b S

AbdS ayls » 55950 -

la i ;o b Shy sanaib 5 gl Cuoal 4 axg b
(Fro e xKin by atal sk 4l Sollanly iUl
e 485 S50 3 gl (b Silie by slasts,
bty cnl @b RISl o8 3 5 0loj 0592 5o (Sg gl P
obsS o )98 hiod Cudgume p alle jslate 4y Zunl ol pll
TS Srge 10 5 Sl (20 b S e 0 ety S L g8 S
polie (rredi sl p Slaal 2l Sla g el i35 3 ool 590
I¥] et ot ool Lojls )b 2alS 5w (1092



WAV liasey = (i g (oo 05led — ot Jloo = 3 Sanioo 50 sieisn (slods

Sl 8 4525 (6l 3 mb 5 ,3VL sl ks S o ool
950955 e g (JUSow (6 p 0SS gy 00 I 4 ol 5 Vb
calr & JiS a3 cpl o VDY T a8 n i gan i
Il ogtco a7 5 ¥ Ly, Golsl Sl 5 i

Yhignlk] = Xnx[n]. g[2k —n] 49)
Yiowlk] = Znx[n]. h[2k — n] \p)
Omly il g 3Vl 2 oz g s S A Y, Vo el e
S g gy il el T laaigad AL ey e 4,38
IV S ol 581, oilS 3 2sg s o Gl i 401 o
50555 AL laguils 3 il 5 ladiged 1 (oo ey o 58 )
S Srgo oo oS IY] gl o a2 5 115 0 s araS
el oad ooy las (V) Yoy 5l SOb he, b

Level 3
coefficients

coefficients

Level 1
coefficients

IV] s Soge Lo o ik b 3s, () USS
Fig. (1): DWT with Filter bank method [2].
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Table (1): Performance comparison of applied methods.
iy )5 4y sl g o Shos anglin (1) Joor

S | s | Comles | 0sr 0k
o)
DWT,PCA, SVM | 975 94.4 100
DWT.,ICA, SVM | 983 97.1 100
EMD,ICA, SVM 100 100 100
EMD,PCA, SVM | 100 100 100

Table (2): Results comparison with and without smoothing

method.
O Ga g 03ls 50,5 03 gy 5l eolail b ol dlie (Y) Jgax
) TP% | FP% | FN% | TN% )
ov9) ALY
EMD 32.5 0 2.5 65.5 97.5
EMD with |56, 1 0o | 633 | 100
Smoothing

Table (2): Results comparison of some previous works.
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PCA, DWT [¥] 98.75 99 98.5
ICA, DWT I[v] 99.5 100 99

DWT, SVM [1a] 87 87 96.44
Multi variable EMD [1¥] 80 81 80
RBF+MLP [1#] 98.8 - -
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Fig. (3): Flowchart of the proposed method.
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1. Apasmara 21. Down-sampling

2. Neuron 22. EMD: Empirical mode decomposition
3. MagnetoEncephaloGraphy 23. HHT: Hilbert-Houang Transform
4. ElectroEcephaloGraphy 24. Residue (1)

5. Functional Magnetic Resonance Imaging 25. Kernel PCA

6. DWT: Discrete Wavelet Transform 26. Multilinear PCA

7. PCA: Principle Component Analysis 27. LMS: Least Mean Square

8. ICA: Independent Component Analysis 28. Rounding

9. ElectroCorticoGraphy 29. Smoothing

10. SOFNN: Self Organized Fuzzy Neural Network 30. SVM: Support Vector Machine
11. BCI: Brain Computer Interface 31. Kernel

12. Big Data 32. Accuracy

13. IoT: Internet of Things 33. Sensitivity

14. Stacked Auto-Encoder 34. Specificity

15. Convolutional Neural Network(CNN) 35. FP: False Positive

16. Differential Search Algorithm 36. FN: False Negative

17. IMF: Intrinsic Mode Function 37. TP: True Positive

18. Empirical Mode Decomposition 38. TN: True Negative

19. Support Vector Machine 39. RBF: Radial Basis Function

20. IMF: Intrinsic Mode Function
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