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Abstract

A myriad of epilepsies indicate that its arousal could be due to manifold

reasons, but the entirety culminates into a communal phenomenon – the seizure.

Requirement of an accurate and reliable seizure detector is highly indispensable

not only for the better understanding of seizure generation but also a boon for

medicos who are subjected to fatigue in visualizing a continuous and enormous

long-term  recording.  The  confound  intricacies  in  the  process  of  evaluation  of

seizure  detection  algorithms  are  typically  overwhelming  with  cognitive

predispositions that consensus could not be reached by the experts.

Despite substantial innovations in an automated detection of epilepsy over

the past decade, the quench for an appropriate blend of methodology, emphasizes

the need for an appropriate seizure detection systems. A broad range of strategies

is being investigated thoroughly, and an effort is put forth with utmost intervention

to yield an approach for seizure detection. Automated seizure detection system

fundamentally  aims in providing a consistent algorithm by excavating in-depth

knowledge  of  dynamical  properties  of  the  signal  and  clinical  domains.

Impediments  are  overcome  and  contingent  cautioning  is  provided  for  the

commencement of therapy for controlling seizures thereby minimizing the risk of

injury to patients.

The  objective  of  this  study  is  to  design  and  implement  an  Automated

Seizure  Detection  System  using  Electroencephalogram  (ASDEEG)  by

incorporating  enhanced  signal  processing  and  soft  computing  techniques.  The

ASDEEG  comprises  of  three  major  phases  for  accomplishment  of  Seizure



detection and they are as follows i) Signal preprocessing ii) Feature Extraction and

iii) Classification. EEG signals are often obscured by the presence of artifacts, and

these  interruptions  introduce  spike  in  signals  which  in  turn  disrupts  correct

diagnosis and analysis. The EEG signals are degraded by the presence of 50 Hz

line  noise,  which  are  adaptive  in  nature  and  are  removed  by  implementing  a

conventional notch filter. The resultant EEG signals were still encountered with

different types of artifacts and hence require further processing. The next step of

preprocessing used spatially constrained Independent Component Analysis along

with Wavelet denoising technique to improve the quality of EEG signal. Five types

of  artifacts  were analyzed and they are  eye ball  movement,  eye blinking,  split

swallowing, jaw clenching and artifacts introduced due to electrical inconsistency

(arising due to popping up of electrodes). 

Need  for  extracting  relevant  information  in  EEG  by  relating  it  to

pathological cases is a major challenge. The above mentioned requirements were

satisfied  by  a  transformation  called  Fast  Walsh-Hadamard Transform (FWHT),

which adopts a speed optimizer to improve the time complexity. A sliding Hanning

window was used to isolate the EEG bands alpha, beta, delta, theta and gamma.

The Welsh power spectrum estimator was used to calculate the spectrum and the

power in delta, alpha and beta band. These values were used to form the feature

vector that was used as input to the next phase. 

The proposed classification algorithms Hybrid Extreme Learning Machine

(HELM) and Fast  Adaptive Neuro-Fuzzy Inference System (FANFIS)  used for

detecting the presence of seizure in EEG signal were based on Extreme Learning

Machine  (ELM)  and  Adaptive  Neuro-Fuzzy  Inference  System  (ANFIS)

respectively.  An  improvement  to  the  above  specified  classifiers  was  made  by

introducing  a  modified  Levenberg-Marquardt  algorithm (MLM),  to  reduce  the

time complexity of the algorithm during training.  The Epileptic Seizure Detection



system  is  truly  a  full-fledged  system  because;  the  accuracy  supported  by  the

system is 99.56%.
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RADICAL Robust, Accurate, Direct Independent Components 

Analysis Algorithm
RBF Radial Basis Function
RBFN Radial Basis Function Network
RLS Recursive Least Square
RMS Recorders & Medicare Systems
RMSE Root Mean Square Error
RNNs Recurrent Neural Network
ROC Receiver Operating Characteristic



SAL sine function with respect to walsh
SC Spatially Constrains
SCICA Spatially Constrained Independent Component 

Analysis

SHIBBS SHIfted Blocks for Blind Separation

SLFN Single Layer Feedforward Network

SNR        Signal to Noise Ratio
SOBI Second Order Blind Identification
SOFM Self Organizing Feature Maps

SOM                       Self Organizing Maps
SPECT Single Photon Emission Computed Tomography
STFT Short Time Fourier Transform
SVD Singular Value Decomposition

SVM                             Support Vector Machine
TBI Traumatic Brain Injury
TFD Time Frequency Distribution
TSK Takagi- Sugeno-Kang
TV Television
WAL Walsh functions
WD      Wavelet Denoising
WHO World Health Organization
WNN Wavelet Neural Network


