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Seizure detection using brain signal (EEG) analysis is the important clinical methods in drug therapy and the
decisions before brain surgery. In this paper, after signal conditioning using suitable filtering, the Gamma
frequency band has been extracted and the other brain rhythms, ambient noises and the other bio-signal are
canceled. Then, the wavelet transform of brain signal and the map of wavelet transform in multi levels are
computed. By dividing the color map to different epochs, the histogram of each sub-image is obtained and the
statistics of it based on statistical momentums and Negentropy values are calculated. Statistical feature vector
using Principle Component Analysis (PCA) is reduced to one dimension. By EMD algorithm and sifting
procedure for analyzing the data by Intrinsic Mode Function (IMF) and computing the residues of brain signal
using spectrum of Hilbert transform and Hilbert — Huang spectrum forming, one spatial feature based on the
Euclidian distance for signal classification is obtained. By K-Nearest Neighbor (KNN) classifier and by
considering the optimal neighbor parameter, EEG signals are classified in two classes, seizure and non-seizure
signal, with the rate of accuracy 76.54% and with variance of error 0.3685 in the different tests.

Index Terms: Epilepsy, wavelet transform, hilbert-huang transform, brain rhythms, K-nearest neighbor (KNN).
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Fig. (1): Classifying the common types of seizure based on their
performances in the areas of brain [1-4]
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Fig. (2): 16 channels of EEG signals of the patient in the normal mode using the signals in the dataset [16]
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Fig. (3): 16 channels of EEG signals of the patient

with seizure attack using the signals in the dataset [16]
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Fig. (4): EEG signals partitioning and demonstrating 3 transient states in the signals from the rest time to epileptic seizure attack [16]
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Fig. (8): The map of DWT in some levels in Time-Scale domain
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Table (1): Performance of seizure and non-seizure signals classification.
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signals

Wlgs ooy (6551 b 6 ,lel Sy olsesl .o PCA g, 5l eolazul
sl 5 ookl ams bl ) 6 lem ardS £y Como
5 7 D) S ol 4 Silge — oyl ik LT 5 EMD
&P 9 818, 5 R Gl Wi (hod e
DSF 5 SEWM S5 55 casl,l b 13 sl Ll JUSens ouijls
s o i 5| JolS iogi b ol s 536 callie ol 4o
el 6lp da Shy gl 5l w08 (Byme ol g @it
oA (6lp ed (hgel sl S il g Gialejl slaesls
Gluws 03005 -K gandab o068 51 o sladiges
G e a5l o8 Glgie 4 gy cpl ccesl oals olanl
awaib gl ooliul CollB wgase Slaws gl Sl

P



WAF DLl - 50 5 S o)lods = il Jlos = 52 Comio jo ialign slels,

References

[1] S. Nasehi, H. Pourghassem, “Seizure detection algorithms based on analysis of EEG and ECG signals: A survey”,
Neurophysiology, Vol. 44, No. 2, pp. 174-186, June 2012.

[2] S. Nasehi, H. Pourghassem, “Epileptic seizure onset detection algorithm using dynamic cascade feed-forward neural
networks”, International Conference on Intelligent Computation and Bio-Medical Instrumentation (ICBMI), China,
pp.196-199, Dec. 2011.

[3] M. Behnam, H. Pourghassem, “Epilepsy detection based on optimization of fused Hartley transform feature with
hybrid model of MLP and GA using Memetic learning strategy”, Tabriz Journal of Electrical Engineering, Vol. 45,
No. 4, pp. 51-67, Winter 2015 (In Persian).

[4] S. Nasehi, H. Pourghassem, “Real-time seizure detection based on EEG and ECG fused features using Gabor
functions”, International Conference on Intelligent Computation and Bio-Medical Instrumentation (ICBMI), China,
pp. 204-207, Dec. 2011.

[5] S. Nasehi, H. Pourghassem, “A novel fast epileptic seizure onset detection algorithm using general tensor
discriminant analysis”, Journal of Clinical Neurophysiology, Vol. 30, No. 4, pp. 362-370, Aug. 2013.

[6] S. Nasehi, H. Pourghassem, “A new feature dimensionally reduction approach based on general tensor discriminant
analysis in EEG signal classification”, International Conference on Intelligent Computation and Bio-Medical
Instrumentation (ICBMI), China, pp. 188-191, Dec. 2011.

[7]1 A. Aarabi, R. Grebe, F. Wallois, “A multistage knowledge-based system for EEG seizure detection in newborn
infants”, Clinical Neurophysiology, Vol. 118, No. 12, pp. 2781-2797, Dec. 2007.

[8] S. Nasehi, H. Pourghassem, “Automatic prediction of epileptic seizure using kernel fisher discriminant classifiers”,
International Conference on Intelligent Computation and Bio-Medical Instrumentation (ICBMI), China, pp. 200-
203, Dec. 2011.

[9] E. Ubeyli, I. Guler, “Detection of electrocardiographic changes in partial epileptic patients using Lyapunov
exponents with multilayer perceptron neural networks”, Engineering Applications of Artificial Intelligence, Vol. 17,
No. 6, pp. 567-576, Sep. 2004.

[10] N. Kannathal, M. Choo, U. Acharya, P. Sadasivan, “Entropies for detection of epilepsy in EEG”, Computer
Methods and Programs in Biomedicine, Vol. 80, No. 3, pp. 187-194, Dec. 2005.

[11] Y. Lee, G.M. Yeon, Y.M. Kim, S.O. Nam, “Relationship between initial electroencephalographic characteristics
and seizure outcomes in children with non-lesional West syndrome”, Epilepsy Research, Vol. 110, pp. 49-54, Feb.
2015.

[12] J. Gotman, “Automatic seizure detection: improvements and evaluation”, Electroencephalography and Clinical
Neurophysiology, Vol. 76, No. 4, pp. 317-324, Oct. 1990.

[13] S.B. Wilson, M.L. Scheuer, C. Plummer, B. Young ,S. Pacia, “Seizure detection: correlation of human experts”,
Clinical Neurophysiology, Vol. 114, No. 11, pp. 2156-2164, Nov. 2003.

[14] S.B. Wilson, M.L. Scheuer, R.G. Emerson, A.J. Gabor, “Seizure detection: evaluation of the Reveal algorithm,”
Clinical Neurophysiology, Vol. 115, No. 10, pp. 2280-2291, Oct. 2004.

[15] S. Nasehi, H. Pourghassem, “Patient-specific epileptic seizure onset detection algorithm based on spectral features
and IPSONN classifier”, International Conference on Communication Systems and Network Technologies (CSNT),
pp. 186-190, April 2013.

[16] EEG Database, http://www.physionet.org/pn6/chbmit.

[17] M. Behnam, H. Pourghassem, “Periodogram pattern feature-based seizure detection algorithm using optimized
hybrid model of MLP and Ant colony”, Iranian Conference on Electrical Engineering (ICEE 2015), Tehran, Iran,
pp. 32-37, May 2015.

[18] O. Faust, U.R. Acharya, H. Adeli, A. Adeli, “Wavelet-based EEG processing for computer-aided seizure detection
and epilepsy diagnosis”, Seizure, Vol. 26, pp. 56-64, Mar. 2015.

[19] S. Nasehi, H. Pourghassem, “An optimal EEG-based emotion recognition algorithm using Gabor
features”, WSEAS TRANSACTIONS on SIGNAL PROCESSING, Vol. 8, No. 3, pp. 87-99, July 2012.

[20] S. Momeni, H. Pourghassem, “An automatic fuzzy-based multi-temporal brain digital subtraction angiography
image fusion algorithm using Curvelet transform and content selection strategy”, Journal of Medical Systems, Vol.
38, No. 8, pp. 1-16, Aug. 2014.

[21] S. Nasehi, H. Pourghassem, “A novel effective feature selection algorithm based on S-PCA and wavelet transform
features in EEG signal”, IEEE 3rd International Conference on Communication Software and Networks (ICCSN),
pp.114-117, May 2011.

[22] A. Samadi, H. Pourghassem, “Children detection algorithm based on statistical models and LDA in human face
images”, International Conference on Communication Systems and Network Technologies (CSNT 2013), pp. 206-
209, Gwalior, India, 6-8 April 2013.

[23] H. Pourghassem, S. Daneshvar, “A framework for medical image retrieval using merging-based classification with
dependency probability-based relevance feedback”, Turkish Journal of Electrical Engineering and Computer
Science, Vol. 21, No. 3, pp.8§82-896, 2013.

Yo)



¥5 Y o BEG lo LS LI il 5wl 5 Silsa- pln il 56T 6l EMID i) 5 Soge bios 4t o5 LT sty s oo o gt slolis

[24] M. Hashemian, H. Pourghassem, “Diagnosing autism spectrum disorders based on EEG analysis: A Survey”,
Neurophysiology, Vol. 46, No. 2, pp. 183-195, April 2014.

[25] S. Nasehi, H. Pourghassem, “Online mental task classification based on DWT-PCA features and probabilistic
neural network”, International Journal of Imaging and Robotics, Vol. 7, No. 1, pp. 110-118, Jan. 2012.

[26] X. Guanlei, W. Xiaotong, X. Xiaogang, “Improved bi-dimensional EMD and Hilbert spectrum for the analysis of
textures”, Pattern Recognition,Vol. 42, No. 5, pp. 718-734, May 2009.

[27] Ch.C. Peter, Ch. Fan, N. Huang, “Derivative-optimized empirical mode decomposition for the Hilbert—-Huang
Transform”, Journal of Computational and Applied Mathematics, Vol. 259, No. 1, pp. 57-64, Mar. 2014.

[28] J. Yan, L. Lu, “Improved Hilbert—-Huang transform based weak signal detection methodology and its application
on incipient fault diagnosis and ECG signal analysis”, Signal Processing, Vol. 98, pp. 74-87, May 2014.

[29] S. Carbajo, Esther, R.S. Carbajo, C. Mc Goldrick, B. Basu, “ASDAH: An automated structural change detection
algorithm based on the Hilbert—Huang transform”, Mechanical Systems and Signal Processing, Vol. 47, No. 1, pp.
78-93, Aug. 2014.

[30] P. Ghaderyan, A. Abbasi, M.H. Sedaaghi, “An efficient seizure prediction method using KNN-based under
sampling and linear frequency measures”, Journal of neuroscience methods, Vol. 232, pp. 134-142, July 2014.

[31] L. Saini, D. Singh, A. Khosla, “QRS detection using K-Nearest Neighbor algorithm (KNN) and evaluation on
standard ECG databases”, Journal of Advanced Research, Vol. 4, No. 4, pp. 331-344, July 2013.

\29)



