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1- Fuzzy Inference System (FIS)

2-MSE (Mean Square Error)

3-Back Propagation (BP)

4-Hybrid Back Propagation — Least Square (BP-LS)
5- FCM (Fuzzy C-Means Algorithm)
6-Sub Clustering

7-Grid Partitioning

8-Z Member Ship Function

9- Wtaver

10- Implication

11- And method

12- Or method

13- Inference

14-Product

15-Prober

16- Correlation-min



VY7 (V) Vo9 A Lo

uJLo.w OL.J)& ufw)).a 391.; ol&uily c\lm

Dby 8Sed Sl g ez g ool gy 4 axg
Dbl oo o Lal g Slaye (9 ieS (oS 5

S5 A

5 T 4 e ras Slem nimld L SG gpe
G azg b Gaiod (pl j0 29d e (g gl (>
ilem (nl oo @ g el 395 (G i D)9yd
W)l delige Slapiues oS5 p e 258 o055
ssbie 4 (eghan as 51 Slapi o8l 5l el oad
3 Gl ol oolitul (guy atws 5 (6 S0k (Ll
Lol casjlo 1) 15l ol 5 oolal jo g0l bled (pdizes
arg b cmlie (30) @5,9 Sl b g (ojsel (2lr
25 ot P ASI I55 J8,  Sloses e
ras 31 slaasid o281 sl sog )9 und Ceond
oS 5 Sl (6995 Jlesl )3 Zudguze b 4 Logas
S35 03l slaptuns (31 Blate ((olSS (slap ;65!
O3l Gl caslin oyl SO wilgs oo mac slaaSl g
Sy Il pais jshiie 4 Sl (ol LIS
G wwd 5 3 Skes & e ol 0 &S (30)
5loslaiwl jo 55 e Alluse aslly el g0 Wosls pres
sl o gmme (5308 slaeSs b ANFIS o550
bl &S sl 4l saims hjgel g g5l sl
Sl 5o Ban adl b ) 550 55 Wl e
@ ol B adl wb gaoye Voo g G Olidss
iyl g0 Ml o) oS Wiy Jee gasl> o
1309 g S

colem 5 olo plod 5l eallin ol glyzsl o b ol p3Y
il ol oBaslesl o leilivgs o
Olggms plae S ) 6)lgpmm S olisle Jliwomo
@l olie Wglas 5l g eeily axsls 1, s, JloS

ol 1y S39m 9 (e (595, oLl

i el g5 ol o adle b i plos
Gl eailedl Cand g ojgel gl ool I ceed
Ve Ghabesl g Goieel waild ol igyee IS & Gales]
&S SHok @ i plnl (252 Jlgie Djge L
asldS LS ilesl sl oglite cond S5 L
D9 s

2l oolaiwl MATLAB 1381 o5 5l (o5l 4t (sl
zeoee bl a5 ses o ol bgle A mlbs
Lz el ot s (orae 558 loaSids a dasng g
5 GRIFI) Al Ll g w8 ally e sy oS
Coles po s S 5 pSedr sk 1) (2l Kee (e
Sl 5 g i S5l T USE o a2 L
Sy 20 Ol & 1z d9doe atie 2l
O el aily el 0,Slas Liod odd o e
9 00d (L Sy IS 0550 p0 lgi e (S,
S O S &S 2 05 05 e (Bly
b 5l Gezb LB) by ol s ST L oons
Ghigel yo el Gl il anl 005 jgue gy
ool b cwl o) slasog,g 38 = omas 4SS
Al asie (gglS ools 5 Latas Liedigr slausl)d
@ ally G 5 Gl o 50 Wosls sl aigel o L8, a8
A Slke b S Sy azlg Vg Yo F 50
ol Gioled YA dles g 1) sl cpl o)lg5 oo

A

y(t) =x(t—5)+X(t —4) + x(t —3) + x(t — 2)
sl @ azg b s 3Skhes e ¥ Jsor o
xSl 5 (H8ly A g oud i Ll Ao DS
bl 32 00S (o Gy e slla3 Sla e ggame

el 00 )l YA abally b (3390l slabs, guls

- targety; - il
~_ 1=
oy Hay o
=1
G09) (e &S b e patine Jga mll 4 axgi b

3B 5eSlee w58l Sl eslanal (g5 LSl slml sl
L oS Ghjgel by e ssbiea 5 (FCM) C



OhKen 5 (1S9 doxe ...)@Qwsﬁwfﬁwgﬁiﬁl)lf\\‘\‘

References

1. Freeman JM, Vining EPG, Pillas DJ.” Seizures and Epilepsy in Childhood”, Baltimore: Johns
Hopkins Press; November 25, 2002, 170-9.

2. Arab MR, Suratgar AA, Rezagl Ashtiani A." EEG Signals Processing for Diagnosis Petitmal
(absence) and Grandmal Epilepsies Using Artificial Neural Network", Journal of Arak University of
Medical Sciences, Autumn 2008, 11(3), 89-97, [ Persian]

3. Bradley WG," Trescher WH ", Lesser RP, Neurology, 3 th-ed clinical practice, Oxford, UK:
Butterworth-Heinemann Elsevier, 2004 (3); 710-762.

4. Blumckel, Beck H, Lie AA, "Wiestler OD,Molecular neuropathology of human medial temporal
lobe epilepsy" ,Epilepsy Pres, 1999 (36); 205-23.

analysis of EEG and MEG recording,| EEE Trans Biomed, Eng. 2000, 47(5), 589-93.

6. BiY, Bell D, Wang. H, Gongde G, Kieran G, “Combining Multiple Classifiers Using Dempster’s
rule for text Caregorization”, Applied Artificial Intelligence, 2007, 21(3), 211- 239.

7. Kuncheva LI, Combining Pattern Classifiers, Methods and Algorithms,New York, NY: Wiley
Interscience, 2005.

8. Tulyakov S, Jaeger S, Govindaraju V, Doermann D, “Review of Classifier combination Methods”,
Studiesin Computationa Inteligence (SCI) 90,361-386 , 2008.

9. Sugeno M., “Industrial Applications of Fuzzy Control”, Elsevier,Book, New York, 1985.

10. Van der Bergh F, Engelbrecht AP, A new locallyconvergent particle swarm optimizer, Proc of the
IEEE Int conf on systems man and cybernetics, 2002.

11. Kittler J, Hatef M, Duin R.P. W, Matas J, On Combining Classifiers, IEEE Transactions on
Pattern Analysis and Machine Intelligence, 1998; 20(3):226-239,

12. Jagfar SFB, Ali DM, Diabetes Méellitus Forecast using artificia neuarl network(ANN), IEEE
2005; 135-139.

13. Yambe T, Asano E, Mauyama S, Shiraishi Y, Chaos analysis of eectroencephalography and
control, of seizure attack of epilepsy patients, Biomedicine & Pharmacotherapy, 2005; 59: $236-$238.
14. Patnaik LM, Manyam OK, Epileptic EEG detection using neural networks and post-classification,
Comput Methods Programs Biomed, 2008; 91: 100-109.

15. Ubeyli ED, Automatic detection of electroencephalographic changes using adaptive neuro-fuzzy
inference system, Expert Systems with Applications, 2009; 36: 9031-9038.

16. Subasi A, Application of adaptive neuro-fuzzy inference system for epileptic seizure detection
using wavel et feature extraction, Computersin Biology and Medicine, 2007; 37: 227 — 244.

17. " Gu’ler I, Ubeyli ED, Application of system adaptive neuro-fuzzy inference for detection of
el ectrocardiographic changes in patients with partia epilepsy Using feature extraction, Expert Systems
with Applications 2004; 27: 323-330.

18. Ocak, Hasan. "Automatic detection of epileptic seizuresin EEG using discrete wavel et transform
and approximate entropy." Expert Systemswith Applications, 2009, 36 (2), pp. 2027-2036.

19. Ghosh-Dastidar S, Adeli H, A new supervised learning agorithm for multipl spiking neura
networks with, Application in epilepsy and seizure detection, Neural Netw, 2009; 22: 1419 — 1431.

20. Aarabi A, Fazel-Rezai R, Aghakhani Y, fuzzy rule-based system for epileptic seizure detection in
intracranial EEG”, Clinical Neurophysiol, 2009; 120: 1648-1657.

21. Mormann F, Elger CE, Lehnertz K, “Seizure anticipation: from algorithms to clinical practice”,
Curr Opin Neurol, 2006, 19:187-193.

22. Brian Litt and Javier Echauz”, Prediction of epileptic seizures”,the LANCET Neurology Vol 1
May 2002 http://neurol ogy.thel ancet.com

23. S. Mdllat, "A Wavelet Tour Of Signal Processing(2nd Ed)", New York, Academic Press Inc
(1999).

24. Parisa Baghaie-Anaraki, MohammadReza Y azdchi, AliReza Karimian, " EEG Pattern Recognition
to Diagnose Epilepsy Using Wavelet and Chaos Transformations', Magjles Journa of Electrica
Engineering, 2008, 2(1):51-59.




VA7 (V) Vo9 AF L o ol 3 (S5 pole oKl alre

25. Jensen R," Combining rough and fuzzy sets for feature selection”. Ph.D. Thesis, School of
informatics, Univ. Edinburgh, 2005.

26. Alipour M, Haddadnia J."* an Accurate Intelligent Breast Cancer Diagnosis System, Iranian
Journal of Breast Disease". 2009; 2 (2), 33-40[ Persian].

27. Liang, Sheng-Fu, Hsu-Chuan Wang, and Wan-Lin Chang. "Combination of EEG complexity and
spectral analysis for epilepsy diagnosis and seizure detection,"EURASIP Journa on Advances in
Signa Processing , 2010, 20 (10) pp. 62-75.

28. Nikoli¢, D.; Muresan, R. C.; Feng, W.; Singer, W. "Scaled correlation analysis: a better way to
compute a cross-correlogram”, European Journal of Neuroscience, 2012, 35 (5), pp. 742-762.

29. Poli, Riccardo, James Kennedy and Tim Blackwell, "Particle swarm optimization." Swarm
intelligence, 2007, 1 (1), pp. 33-57.

30. Tasgetiren, M. Fatih, and Yun-Chia Liang. "A binary particle swarm optimization algorithm for
lot sizing problem.”, Journal of Economic and Social Research, 2003, 5 (2), pp. 1-20.

31. M. sheybani , M.meibody, “PSO-LA: A Novel of Optimization” ,12 th Conference on Computer
Engineering Iran, 2006, pp 1162[Persian].

32. X. Feng and J. Zhang and Z. Yang, “Adaptive Particle Swarm Optimization on Individual Level”,
|EEE confrence, China, pp. 1215- 1218, 2002.

33. M. norozie Beyrami “Improve the convergence of the algorithm of particle swarm”, osco AU
Branch, Confrence on industrial enggniering

34.J. Kennedy and R. Eberhart, “Particle swarm optimization”, IEEE, pp. 1942-1948, 1995 ,
Conference on Evol utionaryComputation, USA

35. Marcelo N, Kapp, Robert Sabourin, Patrick Maupin, "A dynamic model selection strategy for
support vector machine classifiers', Applied Soft Computing, 2012, 12 (1), pp. 2550-2565.

36. Crammer, Koby; and Singer, Yoram , "On the Algorithmic Implementation of Multiclass Kernel-
based Vector Machines', Journal of Machine Learning Research, 2011, 2 (1), pp. 265-292.




An Compound Intelligent M ethod for Detection
of epileptic Seizures, Based on the Nero Fuzzy
| nfer ence System and Optimal Delay.

Fiuzey M*, Haddadnia J*3, Moslem AR, Mohammad-Zadeh M>*

'PhD Student of Electrical Engineering Faculty, Iran University of Science and Technology
Tehran, Iran.

2Associate Professor of Medical Engineering, Faculty of Medicine, Sabzevar University of
Medical Sciences, Sabzevar, Iran

3Associate Professor of Medical Engineering, Faculty of Medical engineering, Hakim
Sabzevar University, Sabzevar, Iran

“Assistant professor of Anesthesiology, Faculty of Medicine, Sabzevar University of
Medical Sciences, Sabzevar, Iran

®Associate Professor of Physiology, Healthy ageing Research center, Sabzevar University of
Medical Sciences, Sabzevar, Iran

*Corresponding Author: Healthy ageing Research center, Sabzevar University of Medical
Sciences, Sabzevar, Iran

Email: mohamadzadehm@medsab.ac.ir

Abstract

Background & Objectives: Seizures can be noted to the main symptom of epilepsy.
Seizures prediction or early diagnosis for people reduces significantly injuries of
epilepsy. The main problem that related to neurological disorders is an inability to
timely prediction or the occurrence of seizures.

Material and Method: EEG signals are Sochastic Process that can be treated as a
sequence in time or in other words can be stated time series. In this study 300
epileptic patients categorized in three groups. normal, before and during the
convulsive seizures were studied. Accordingly, after receiving data, they were
preprocessed, then for Prediction time occurrence extracted special features by
propose Algorithm. Eventually In order to final validate the cross-evaluation method
(k-fold) has been used.

Result: Firstly by wavelet transforms (WT), removed possible artifacts. In the next
step by Binary Particle Swvarm Optimization (BPSO) the characterigtics (delay) are
obtained. Then SYM algorithm (SYM) was performed to dimension reduction and
manage the data (delay) so final Prediction that applied by Adaptive Nero Fuzzy
Inference System Based on Optimal Delay. The final evaluation and final validation
were done and the algorithm accurately in predicts by 2 unitsin delay approved.
Conclusion: The Proposed System achieved a high accurate by interaction in
introduced method. Despite the high accuracy, the present methods have a little ability
in predicting seizure. Comparing the current methods indicate accuracy and high
efficiency of the present approach.

Keywords: Epilepsy, Prediction, Electroencephalogram, Time series, intelligent
systems
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