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A B S T R A C T   

Electroencephalogram (EEG) signal is widely adapted for monitoring epilepsy to rejuvenate the close-loop brain. 
Various conventional techniques are devised for identifying seizures that depend on visually analyzing EEG 
signals that are an expensive and complicated process if there is a rise in numbers of the channel. A new 
technique, namely Adaptive rag-Rider optimization algorithm (Adaptive rag-ROA) is presented to train deep- 
stacked autoencoder (Deep SAE) for discovering epileptic seizures. Initially, the EEG signals are given to the 
pre-processing module, in which noise has been removed by the bandpass filter. Then, the noise removed signals 
are provided as an input wherein the EEG is divided into various channels and each channel performs the 
extraction of features. Here, the features such as Taylor-based delta AMS, Holoentropy, fluctuation index, 
relative energy, tonal power ratio, spectral features, and linear prediction coefficient (LPC) are acquired from 
each channel. Furthermore, the Probabilistic principal component analysis (PPCA) is adapted to diminish the 
dimensionality of features. The obtained feature vectors are fed to Deep SAE for epileptic seizure recognition. 
The Deep SAE training is carried out with Adaptive rag-ROA that is devised by incorporating the Adaptive 
concept in rag-ROA. Thus, the output generated from the proposed Adaptive rag-ROA-based Deep SAE is adapted 
to detect seizures from EEG. The proposed Adaptive rag-ROA-based deep SAE outperformed revealing the highest 
accuracy of 91.5%, the sensitivity of 85.2%, and specificity of 86%.   

1. Introduction 

The infirmity of the nerve occurs because of the electrical expulsion 
of cortical neurons contained in the brain and is commonly known as 
Epilepsy that is susceptible to produce various types of seizures. These 
types of seizures are unexpected, unforeseen, and unprovoked because 
of its instant factors. There exist individuals over 65 million who expe-
rience these kinds of disorders. There exists a 75% seizures case that is 
diagnosed using therapies [9]. With residual 25% cases, the seizures 
ruin despite drugs, and it impudent patients surviving with seizures 
[10]. The patients suffering from epilepsy is typically inaccessible 
overnight and prone to different corporeal pain or suffocation that are 
caused because of the barren airway. There exists a need for support 
with small delays after the initiation of seizures that urge rupture. The 
seizure is generally risky at nighttime while patients are alienated and 

could not call for assistance. There exist some nighttime seizures that are 
not spotted by patients and may cause several therapeutic obstructions 
or may lead to death. There exist requirements to discover seizures in 
real-time that can promote notice to the individuals who reside close 
whenever the seizure is determined. The stipulation of appropriate 
assistance can reduce the rate of mortality and prevent intricacy [6]. 

Epilepsy is diagnosed medically by performing different evaluations 
considering positron emission tomography (PET), magneto- 
encephalogram (MEG), computed tomography (CT), EEG, and mag-
netic resonance imaging (MRI). The EEG is termed as the best modality 
in contrast to other techniques because of high resolution in temporal 
data and cost-effective property. The stipulation of undeviating capacity 
is achievable by EEG because of certain actions of the brain. The EEG is 
an effective modality that is used to observe and detect epileptic seizures 
that regularly produce divergence in evaluated EEG. Several techniques 
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are stated to discover seizures with EEG [13,14,6]. On the other hand, 
the analysis of the patient’s EEG considering different days is required 
for accurate assessment and seizure identification. Hence, the moni-
toring of EEG with human intervention is a complicated task. Hence, 
reliable identification of seizure prevents the supervising process and 
investigation of seizures. Moreover, the contribution of medical workers 
during seizure activities is more important for analyzing patient having 
seizures. The frequent communication by monitoring patient helps to 
discover the pertinent possessions of seizure that involves sternness and 
introduce embellished region of the brain [11]. Hence, automatic dis-
covery of seizure helps to aware clinicians in initiating seizures in which 
the instant therapeutic intervention can arise [12,2]. 

Various automatic detection methods are discovered in the literary 
works that make efforts of neurologists simpler and quicker [16]. These 
techniques involve preprocessing acquisition of imperative features, and 
classification. The actions of preprocessing involve filtering and elimi-
nation of noise from the input signals of EEG and are crucial to enhance 
the effectiveness of the technique. The extraction of features is the next 
step to distinguish the seizures and non-seizure based on the efficiency 
of the classifier. The frequency and time domain are extensively used 
features for performing automatic seizure detection. Several features are 
adapted for seizure detection which involves entropy, mean, fractal 
intercept, lacunarity, power spectral density, energy Hurst component, 
zero crossings, and Renyi entropy [17]. Also, various classifiers, such as 
K-nearest neighbor (K-NN), linear discriminate analysis (LDA), machine 
learning, artificial intelligence, support vector machine (SVM), and 
fuzzy c-means which are utilized to classify the problems of epileptic 
seizures [18]. There exist several issues that are solved for detecting 
seizures considering time-frequency techniques with an off-line data-
base [15]. The analysis of seizure in real-time for instantaneous thera-
peutic explication is tremendously obligatory and the prologue of 
automatic biomarker enhances the remedial verdict. The reliability of 
seizure detection depends on pertinent feature selection using re-
cordings of EEG [3]. 

The purpose is to present a technique for discovering epileptic sei-
zures with EEG. The major part is to design an optimization method for 
detecting seizures. Here, the signal is obtained from a database and 
applied to the pre-processing step for removing the artifacts. Afterthat, 
the pre-processed EEG is divided into different channels for extracting 
features with each channel. The features, such as tonal power ration, 
relative energy, spectral features, fluctuation index, LPC, Taylor-based 
delta AMS, and Holoentropy are obtained with each channel. The ob-
tained features from each channel are constituted in the feature vector 
and are the combination of features. The size of the feature vector is 
reduced using PPCA. The feature vector with reduced dimensionality is 
categorized with Deep SAE. The Deep SAE undergoes training using 
proposed Adaptive rag-ROA and is designed by combining adaptive 
ideas in rag-ROA. Hence, the Adaptive rag-ROA-based deep SAE is 
employed to detect seizures from EEG. 

The major contributions are listed below:  

• Proposed Adaptive rag-ROA-based Deep SAE for discovering 
elliptical seizure: The proposed Adaptive rag-ROA based deep SAE 
is utilized wherein the proposed Adaptive rag-ROA is adapted to 
train deep SAE. Here, the integration of the Adaptive idea in rag-ROA 
is done for seizure detection. 

Other sections are organized as given below: Section 2 portrays 
elaboration of classical elliptical seizure discovery strategies used in 
literary works and issues confronted that are employed as motivation for 
devising the proposed method. The proposed technique for detecting 
elliptical seizure considering Deep SAE is elaborated in Section 3. The 
analysis is elaborated in Section 4 and finally, Section 5 offers a 
conclusion. 

2. Motivation 

Epilepsy is an important nerve anarchy that is initiated by asym-
metrical actions of certain regions of the brain. Here, the EEG is widely 
employed to monitor the seizures, but a complex human EEG signal is 
complicated to comprehend. Hence, the automated discovery of seizures 
using EEG is important for prior discovery. 

2.1. Literature review 

The eight conventional methods for discovering elliptical seizures 
are explained with the issues. 

Liu et al. [1] presented a wavelet-based technique for detecting 
seizures. Here, the decomposition of wavelet using EEG is done 
considering various scales, and three bands of frequencies were selected 
for the subsequent process. The technique extracted effectual features 
that involve an index of fluctuation, variation coefficient, relative 
amplitude, and relative energy were offered to SVM for categorization. 
The technique adapted post-processing to initiate accurate results. The 
post-processing was carried out with multi-channel decision fusion and 
smoothing to improve the effectiveness of discovery, but the technique 
failed to involuntarily fix attributes. Vidyaratne and Iftekharuddin [2] 
presented an onset detection technique with EEG. The method generated 
features of harmonic multiresolution and self-similarity-based fractal 
features for detecting seizures. In this method, the harmonic wavelet 
packet transform (HWPT) were employed to attain motion with high 
frequencies. The fractal dimension (FD) was produced to capture 
recurring patterns using the EEG signal. The features were obtained to 
imitate EEG information. The relevance vector machine was used to 
classify the feature vector for detecting seizures, but the technique did 
not consider patient localization. Raghu et al. [3] developed a tech-
nique, namely minimum variance modified fuzzy entropy (MVMFzEn) 
to recognize the seizures with the recordings of EEG. The recordings of 
EGG were adapted for evaluation. Also, the method of signal processing 
was employed to reduce noise and adapt the membership function. The 
technique offered enhanced efficiency of classification for validating 
data. However, the technique did not use a classifier to improve per-
formance. Bhattacharyya and Pachori [4] adapted multivariate oscilla-
tory property using EEG considering scales to detect a seizure. The 
technique adopted empirical wavelet transform (EWT) with multivar-
iate signals to discover frequencies and joint instant amplitudes. The 
technique used moving-window-based evaluation to select channels for 
describing features to discover seizures. However, the technique did not 
utilize the EEG dataset for detecting seizures. Wu et al. [5] developed a 
seizure detection method by combining EEG and aEEG for discovering 
seizures. The cEEG signals are splitted into various epochs and each 
epoch is adapted for mining multi-domain features. The categorization 
was performed using random forest (RF) for detecting seizures. Besides, 
the morphological filter was adapted for detecting spikes and identifies 
the seizures by changing cEEG into aEEG. Salem et al. [6] presented a 
lightweight technique for the prior detection of epileptic seizures. The 
method used an overlapping sliding window to derive data variance. 
The technique was employed to improve the efficiency of methods 
considering accelerometer. In this method, the sEMG was used to 
discover seizures. However, the technique failed to utilize huge datasets 
to optimize the efficiency of seizure. Rodriguez Aldana et al. [7] pre-
sented a technique to determine non-convulsive seizures for analysis. 
The differentiation of seizure is done using Linear Discriminant Analysis 
classifier, Radial Basis SVM, and K-NN. Besides, the tensor of the EEG 
signal was maximized with Wavelet transform and Hilbert-Huang 
transform. The technique provided a suitable method for performing 
seizure discovery but did not involve a trading method for improving 
performance. Fan, M. et al. [8]. developed spatial-temporal synchroni-
zation pattern for epileptic seizure detection with spectral graph ob-
tained with EEG. The multivariate methods were employed to detect 
seizures. Moreover, the complicated networks were used to present the 
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re-emergence of EEG. Besides, the control chart regarding statistics was 
employed to extract features concerning time. 

2.2. Challenges 

The problems faced by classical epileptic seizure detection strategies 
are stated as follows,  

• The problems addressed by the EWMA technique are because of the 
competence of the sample model, but solving complication of pro-
totype model deployment is the main issue. Besides, the setting of 
electrodes on the skin to disrupt children is a key problem [6].  

• In [3], the problem is the requirement of medical representative 
intervention to decide on preliminary EEG by fixing threshold.  

• The detection of epileptic seizures using Temporal Synchronization 
provided elevated seizure sensitivity to test data but did not employ 
adaptive threshold attributes to sliding windows that cause degra-
dation in performance [8].  

• The problems of fractal dimension and HWPT is included in patient 
localization to discover seizure [2]. 

• In [8], a multivariate seizure detection method is devised that uti-
lized EEG signals for discovering elliptical seizure. Here, the main 
problem confronted for detecting seizure is to detect suitable 
demonstration of EEG to distinguish epileptic and non-epileptic 
scenario. 

3. Proposed adaptive rag-ROA-based deep SAE for discovering 
seizure 

The aim is to present a method for epileptic seizure considering EEG. 
Initially, the input EEG signal obtained from the dataset is applied to the 
pre-processing step for removing the artifacts then, the pre-processed 
signal is provided to different channels. Thereafter, the mining of fea-
tures considering each channel is performed. Thus, the features such as 
relative energy, Holoentropy spectral features, Taylor-based delta AMS, 
fluctuation index, and LPC are obtained with channels. Here, Taylor- 
based delta AMS is obtained by integrating the Taylor series [22] and 
delta AMS [24]. The obtained features considering each channel to 
establish a feature vector. The feature vector size is reduced using PPCA 
[25,26]. The feature vectors with reduced dimensionality are catego-
rized with Deep SAE [23]. The Deep SAE is trained using proposed 
Adaptive Rag-ROA and is obtained by integrating the Adaptive idea in 
Rag-ROA. Hence, the Adaptive rag-ROA-based deep SAE is adapted for 
discovering EEG seizure. Fig. 1 portrays a schematic view of the pro-
posed Adaptive Rag-ROA for detecting seizures. 

Consider a database that comprises EEG signals wherein detection of 
seizure is performed to detect patients having elliptical seizures. Assume 
input EEG signal be given as S(j) and is offered as signal wherein 
detection is adapted as an important method for subsequent processing. 
The signals are divided into different channels in which each channel 
performs the extraction of features and detection of seizure. 

3.1. Pre-processing 

EEG signal is prejudiced with several artifacts, such as muscle ac-
tivity, eye movement, eye blink, 50 Hz line noise, and so on. Hence, 
these artifacts must be removed before processing the EEG signal. Here, 
the bandpass filter is used for removing the artifacts from the EEG signal. 
At first, the original signal S(j) is passed to the bandpass filter, which 
contains a group of low pass filter (LPF) and a high pass filter (HPF). The 
LPF approximates the signal and the HPF offers the information missing 
in the approximation. The approximations include high scale compo-
nent and low frequency, whereas the details include the high-frequency 
low scale element. 

3.2. Acquisition of features with signal 

In this model, the acquisition of significant features using input EEG 
and inference of extraction is given. Here, the extraction of features is 
adapted to generate pertinent features for facilitating improved seizures 
discovery using EEG. In addition, the complexity of computing the signal 
is minimized as the signal is modeled with a minimized feature set. In 
addition, the accuracy is obtained using detection and guaranteed with 
effectual extraction of the feature. The features obtained from input EEG 
signal includes spectral skewness, fluctuation index, spectral kurtosis, 
holoentropy, relative energy, Taylor-based delta AMS, Tonal power 
ratio, and LPC. 

3.2.1. Spectral skewness 
Spectral skewness [28] is described as the skewness coefficient and 

its quantity of symmetry. It is also described as a metric of asymmetry 
around mean value M. The skewness coefficient is termed as a propor-
tion of skewness and third-order moment h of standard deviation S, and 
is formulated as, 

h3 =

∫

(f − M)
3
.P(f )df (1)  

α1 =
h3

S3 (2)  

where, M signifies mean of spectrums using input signal, S represent 
standard deviation, P(f) symbolize probability distribution of spectrum, 
f represent each spectrum. The Spectral skewness is expressed as B1.

3.2.2. Spectral kurtosis 
The spectral kurtosis [28] indicates peakedness or evenness of 

dispersed energies. Higher kurtosis means more variance of intense 
divergence. It is computed using fourth-order moment h4 considering 
the value of mean M and standard deviation S and is formulated as, 

h4 =

∫

(f − M)
4
.P(f )df (3)  

α2 =
h4

S4 (4) 

The Spectral kurtosis is given by B2.

3.2.3. Relative energy 
The relative energy [29] is defined as the strength of the signal as it 

provides area under the curve of power at any time instant. With 
wavelet, the total coefficients square with wavelet sequence in EEG 
signal energy. The EEG energy using length is formulated as, 

E(K) =
∑L

m=1
G2

m ∗
ϑ
L

(5)  

where, ϑ signifies sampling interval, L represents the number of DWT 
coefficients, Gm represent mth coefficient at scale K. The relative energy 
Ep(K) with scale K is represented as, 

Ep(K) =
E(K)

∑N

m=1
E(m)

(6)  

where, N signifies the total count of wavelet scales. The relative energy 
feature is expressed by B3.

3.2.4. Fluctuation index 
The EEG is adapted to display large alterations amongst the period of 

seizures. The fluctuation index [29] is employed to evaluate changes of 
intensities considering EEG. The fluctuation index X is expressed as, 
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