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Abstract— 
    In competitive electricity market, congestion is a 
serious economic and reliability concern. Congestion is a 
common problem that an independent system operator faces in 
open access electricity market. This paper presents a reliable 
and efficient meta-heuristic based approach to solve congestion 
problem. Numerous algorithms are reviewed in literature work 
to overcome such problems, yet it suffers from disadvantages 
like reducing congestion with least rescheduling cost. Hence 
this paper attempts to minimize the congestion as well as 
rescheduling cost by introducing an Improved Lion Algorithm 
(LA) termed as Lion Plus Grey Wolf (LPGW) algorithm. The 
proposed algorithm is tested on IEEE 30-bus system compared 
with other existing strategies like conventional LA-based 
rescheduling strategy in terms of analyzing congestion, cost, 
and convergence respectively, and the obtained results show 
the efficiency of proposed LA by minimizing congestion with 
less rescheduling cost.     
          

Keywords— Power System; Congestion Mangement; 
Rescheduling strategy; Levy Flight; Improved Lion Algorithm 

I. INTRODUCTION 
 

From the last two decades, the deregulation of power sector 
has incurred a drastic change in the viewpoint of power sector 
setup [2]. Due to this deregulation aspect, the competition has 
been familiarized in the marketing area, which makes the cost-
based power to goes into price based market service 
[6][20][18], and anticipated the individual creating service to 
retail their produced power to the consumers or clients. Thus, 
they have tried for the accommodation of their respective 
produced power on the transmission line, which leads to 
congestion in transmission line [7][16][17]. 

Normally, congestion is defined as lack of capacity to 
supply their waiting consumers. Moreover, it may ground vast  
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problems to the strength of the power networks, which also 
adventures the incompetence and price or value scramble for 
power in the market. In order to manage congestion, 
Independent system operator (ISO) is effectively liable in the 
line of transmission with confidence or security. For the 
purpose of alleviating this congestion, which arises in  the 
transmission line, more Congestion Management (CM) 
procedures are suggested and experienced in the power 
industry.  

Besides, if the congestion is frequently predicted, more 
measures are there to control and recover from congestion. 
Some of the recovering measures are demand minimization in 
the congested zone; by mandating managing sequences; by 
hosting many producing services everywhere desirable and 
further by accumulating new transmission lines for the 
transmission of electricity from distance generators [11] [1] 
[24]. Some of the standard practices for managing the 
congestion are restriction in load, FACTS controllers’ 
adjustment and rescheduling the generator output [27] [28] 
[29]. Further, it is more vital to maintain the security of power 
system in the dependable limit for the purpose of  granting 
unceasing electric supply to the customers without distressing 
the system [25] [26] [30]. Indeed, due to the random deviation 
in the transaction of power, it is really crucial to lighten the 
congestion in the electricity market. 

This paper intends to develop a new congestion 
management method for deregulating the power system with 
the aid of progressive soft computing method. Though there 
present various congestion management methods; it is intended 
to adventure the idea of generation rescheduling. Further, an 
Improved LA optimization algorithm is adopted to resolve the 
objective aspects, and thereby, the congestion management is 
successfully accomplished. The rest of the paper is organized 
as follows: Section II review the literature work, Section III 
explains the model of congestion management via rescheduling 
basis. Section IV details the optimal rescheduling based 
congestion management by Improved LA algorithm. Section V 
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Abstract — the ophthalmologist uses retinal image features 

for early detection and possible treatment of retinal diseases. It is 

necessary to segment blood vessels automatically from retinal 

images to avoid manual time consuming processes. In our 

previous work, we presented graph cut based algorithm for 

segmentation of blood vessels from retinal images. We show that 

this method is robust for segmentation of blood vessels. In this 

paper we present the extension of our previous work. We address 

central light reflection problem associated with retinal images 

and ‘shrinking bias’ problem associated with graph cut 

algorithm. We introduced modified Gaussian filter for removing 

central light reflection from retinal images. The geometric 

concept of flux of a given vector field and length/area combined 

within the global optimization framework of graph cuts. We will 

show how to integrate flux concept in graph cuts for improving 

segmentation of long thin blood vessels which helps to remove 

‘the shrinking bias’ problem. 

Keywords — Vessel enhancement; central light reflection; 

modified-Gaussian filter, graph cut method, blood vessel 

segmentation 

I.  INTRODUCTION 

The extraction of blood vessels is a challenging problem in 
retinal screening programs for disease classification due to 
their complex and variable anatomic structures in fundus 
images.. Several methods have been proposed in literature for 
segmentation of blood vessels from retinal images [1-8]. 
Recently, graph-cut based approach has been very popular in 
image segmentation [12-16], because global optimal value of 
the predefined energy function could be achieved by graph-cut 
methods. Also, the user can interact in graph cut segmentation 
process easily. With the use graph cut method [12-13], a 
method to extract the blood vessels in fundus images is 
proposed in [9]. Initially, pre-processing steps are used for 
enhancement of fundus images. Then, graph cut method is 
used to segment blood vessels. In this paper, we present detail 
analysis for removal of central light reflection from blood 
vessels.  Central light reflection occurs due to variable light 
absorption rate of blood vessels. A modified Gaussian filter is 
proposed for removal of central light reflection. Later, we will 
show how to integrate flux concept in graph cuts for 
improving segmentation of long thin blood vessels which 
helps to remove ‘shrinking bias’ problem.  

Section II presents preprocessing steps including modified 
Gaussian filter for removal of central light reflection. It also 
present shrinking bias problem associated with thin long blood 
vessels. It also deals with proposed integration method of flux 

and length / area into the graph cut. Performance measures and 
experimental results are demonstrated Section III. Finally, 
Section IV concludes the proposed work and highlights its 
features. 

II. METHODOLOGY 

This Section explains preprocessing and segmentation of 
blood vessel in fundus images.  

A. Pre-processing 

Pre-processing on fundus images is performed to remove 

central light reflection and non-uniform illumination and 

contrast enhancement. 

1) Removal of central light reflection: in retinal images a 

bright strip is observed at the central of vessels throughout the 

length called as the central light reflection occurred due to 

light reflection at the back of blood vessels [19]. Central light 

reflection in blood vessels is shown in figure 1. 

 

Fig. 1 blood vessels with central light reflection 

 

Fig. 2 intensity profile of blood vessel (a) part of blood vessel (b) intensity 
profile corresponding to one row vector of (a) 

An intensity profile of part of blood vessel approximated as 
Gaussian shape is show in figure 2. But the shape is not exact 
Gaussian curve and hence needs a modified Gaussian filter 
[19] to remove central light reflection removal for proper 
segmentation and detection of blood vessels.  
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Fig 3 Modified Gaussian model 

Modified Gaussian model in (1) can be used to describe 

vessel profile considering central light reflection

right direction.  

A modified Gaussian filter with above model removes central 

light reflection accurately. Arturo Aquino et al [3] 

that same task can be performed by applying a 

morphological opening operation. 

  
  (a)   

    (d) 

 
Fig 4.  Pre-processing (a) Green Channel of fundus image (b) 

original image (e) removal of central reflection using modified Gaussian filter

 

 

 

 

can be used to describe 

central light reflection from x left to 

    (1) 

A modified Gaussian filter with above model removes central 

et al [3] have shown 

applying a simple 

An opening operation with 3-pixel diameter disc as 

element is used to remove central light reflection

methods show same results for the central light reflection 

removal in fundus images. Following table shows 

of each variable in intensity profile.

TABLE I

 Modified Gaussian profile v

A1 Height of the Gaussian

m1 Peak position of Gaussian

σ1 Gaussian width 

A2 Height of central reflection

m2 Peak position of central 

σ2 Gaussian width distribution of central reflection

I1 Intensity of nearest retinal background

I2 Minimum intensity in profile

Q Left minimum position on

P Right minimum position on

2) Removal of non-uniform illumination

3x3 mean filter is applied. Then 

of dimensions 9 9m n× = ×  is co

used to reduce variations in 

thresholding is then used to get homogenised image

3) Vessel Enhancement: v

by using contrast limiting adaptive 

(CLAHE). CLAHE operates on small tiles in image. 

each tile is enhanced and all tiles combined together to give 

enhanced image. The contrast enhancement 

intensity is directly proportional to the slope of the 

cummulitive distribution function (CDF) 

level. Limiting the slope of CDF, 

limited

 
  (b)    

    
          (e) 

image (b) Result after modified Gaussian filter (c) Image enhancement using

removal of central reflection using modified Gaussian filter 

pixel diameter disc as structuring 

to remove central light reflection. Both 

methods show same results for the central light reflection 

Following table shows description 

of each variable in intensity profile. 

TABLE I 

Modified Gaussian profile variables 

eight of the Gaussian 

Gaussian  

central reflection 

central reflection 

distribution of central reflection 

Intensity of nearest retinal background 

Minimum intensity in profile 

position on intensity profile 

position on intensity profile 

uniform illumination: in this step first a 

hen modified Gaussian filter (1)  

is convolved. Shade correction is 

tions in background intensity. Global 

thresholding is then used to get homogenised image. 

vessel enhancement is achieved 

by using contrast limiting adaptive histogram equalisation 

(CLAHE). CLAHE operates on small tiles in image. As the 

and all tiles combined together to give 

contrast enhancement amount in 

directly proportional to the slope of the 

ibution function (CDF) at that intensity 

of CDF, contrast enhancement can be 

 
 (c) 

 

Image enhancement using CLAHE (d) Central reflection in 
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B. Blood vessel segmentation 

The proposed method using graph cut 
segmentation is described in [9].  It is observed that the 
complete image can be divided into “foreground”
(source S) nodes and a “background” terminal (sink 
A graph is created with undirected edges to connect these 
neighboring nodes. Energy function E is formed
regional properties and boundary properties and minimum cost 
cut of graph is determined by using max
algorithm [13]. 

 It is observed that while segmenting long and 
vessels in retinal fundus images using graph cut
properties allow to follow only short edges 
long edges, this phenomenon is called as “the shrinking bi
problem [9][15]. This degrades the performance of the graph 
cut algorithm on thin blood vessels.  Figure 
vessel segmentation by first observer and 
graph cut method. It clearly shows thin blood vessels are 
segmented in ground truth image whereas not segmented by 
proposed graph cut method [9]. 

(a) 

(b) 

Fig 5 (a) blood vessel segmentation by first observer, insight view 

blood vessels (b) blood vessel segmentation by proposed method, insight view 

shows no thin blood vessels 

To address “the shrinking bias” problem, special graph 

formulation is required in addition to the graph 

and explored the method presented by [15] which removes the 

shrinking bias problem by adding connectivity prior of the 

object (thin objects) where user decides connectivity 

constraints. But using connectivity constraints

it user dependent (supervised). Same authors had presented 

full automated segmentation of images by using mechanism of 

vector flux in formulation of graph which helps to segment 

thin and long blood vessels [14]. The integration

flux in graph keeps a balance between shrinking (length) and 

stretching (vectors flux) along thin vessels

alignment and allows the segmentation thin and long 

vessels. Fig. 6 shows flux of blood vessels

through a given surface. The image gradients 

 

 

 for blood vessel 
is observed that the 
foreground” terminal 

terminal (sink T) nodes. 
A graph is created with undirected edges to connect these 

is formed containing 
and minimum cost 

raph is determined by using max-flow / min- cut 

long and thin blood 
graph cut, boundary 

short edges while neglecting 
as “the shrinking bias” 

he performance of the graph 
Figure 5 shows blood 

and using proposed 
. It clearly shows thin blood vessels are 

in ground truth image whereas not segmented by 

 

 

ion by first observer, insight view shows thin 

(b) blood vessel segmentation by proposed method, insight view 

blem, special graph 

formulation is required in addition to the graph cut. We used 

] which removes the 

shrinking bias problem by adding connectivity prior of the 

object (thin objects) where user decides connectivity 

connectivity constraints by user makes 

dependent (supervised). Same authors had presented 

of images by using mechanism of 

vector flux in formulation of graph which helps to segment 

integration of vectors 

between shrinking (length) and 

thin vessels improving edge 

thin and long blood 

vessels vectors passing 

gradients of blood vessels 

as vectors and the flux (magnitude 

vectors are integrated into the graph 

optimized. Thus the shrinking effect of the 

energy on the boundary properties

spreading effect of vectors flux

Fig 6 the flux of blood vessels vectors 

 “The shrinking bias” problem 
seen in Fig. 5, we have constructed a graph consisting of a 
symmetric part (shrinking) and an anti
(stretching) by considering the flux of 
into the graph construction. The symmetric part 
corresponds to a blood vessels length
with the n-link connections and the anti
equal to flux of vector field over the cut geometric and it is 
used to derive the t-links. This method helps to keep track on 
thin and long blood vessels.  
segment by keeping a good balance between shrinking and 
stretching (flux) throughout the image boundary.

Fig 7 blood vessel segmentation by proposed method incorporating flux an
length/area concept in graph, insight view 
vessels able to segment by proposed method.

 
III. EXPERIMENTAL 

The public database images 

were used to test proposed method

sensitivity, specificity and accuracy are cal

performance of method. The first

DRIVE dataset are considered 

results of proposed method. 

show that proposed method 

length/area in graph cut method

(magnitude and direction) of these 

into the graph construction then 

. Thus the shrinking effect of the minimization 

properties is equilibrated with the 

flux.  

 

 passing through a given surface 

he shrinking bias” problem addressed in this paper is 
, we have constructed a graph consisting of a 

(shrinking) and an anti-symmetric part 
the flux of blood vessels vector 

into the graph construction. The symmetric part of the graph 
blood vessels length and is related directly 

link connections and the anti-symmetric part is 
over the cut geometric and it is 

This method helps to keep track on 
 Thus the blood vessels can be 

segment by keeping a good balance between shrinking and 
e image boundary. 

 

proposed method incorporating flux and 
insight view shows that long and thin blood 

by proposed method.  

XPERIMENTAL RESULTS 

images of DRIVE dataset (20 images) 

proposed method. Performance measures: 

specificity and accuracy are calculated to find the 

first human observers results in 

ataset are considered as ground truth to compare 

 The performance comparison 

method with integration of flux and 

method is performing well. 
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TABLE II. PERFORMANCE COMPARISON 

Method 2nd Human 

observer (6) 
Proposed 

method (9) 

Proposed method with 

flux concept 

Sensitivity 0.7761 0.7261 0.7429 

Specificity 0.9725 0.9806 0.9712 

Accuracy 0.9473 0.9626 0.9723 

IV. CONCLUSION 

In this paper the extension of previous work of [9] is 

presented. We addressed different problems associated with 

our previous work such as central light reflection in retinal 

images and “the shrinking bias” problem associated with 

graph cut algorithm. We introduced modified Gaussian filter 

for removing central light reflection from retinal images. We 

have shown integration of flux concept in graph cuts for 

improving segmentation of long thin blood vessels which 

helps to remove ‘shrinking bias’ problem. Results show that 

by using the flux concept in graph cut formulation improves 

the sensitivity and accuracy of algorithm. 
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Abstract: Planar Patch Antenna(PPA) is designed on 

FR4 substrate (ϵr=4.4) and simulated in Keysight’s  

Advance Design System (ADS) Momentum Microwave 

Software. The resonant frequency of the designed patch 

antenna is 3.5 GHz. It covers the Wi-MAX band 

between 3.25GHz to 3.65GHz. The return loss for 

designed antenna over the given band is -27.71dB, with  

gain  6dB.This antenna can give the best performance 

for recent RF Front-end multistandard traneivers.  

Keywords-Planer antenna,RF, FR4 , Return Loss, Wi-

MAX, Multistandard,Front-end,Transceivers etc
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I. INTRODUCTION 

            Planar antennas are useful and can be printed 

directly onto a circuit board. Planer Antennas are 

having low profile.They can be easily fabricated[2] 

with low cost. Planar are widely used in 

communications and radar applications since it 

provides many different types of designs, either 

planar or conformal. In this paper a planar patch 

antenna is designed in ADS momentum microwave 

simulator. The multi-service needs of the 3G, 4G and 

5G communication systems, and their backward 

compatibility  create challenges for the antenna and 

RF front-end designers. We can design planar patch 

with multiband and wideband functionalities .Planar 

wideband RF circuits can reduce the circuit size and 

also output ports, which can help in solving problems 

related to board size , isolation and antenna switch 

insertion loss[11-12].      

               Planar Antennas have many different types 

of applications. For example, mobile communications 

within aircraft, spacecraft, ships, or earth vehicles 

require planar patch antennas. Planar antennas are 

most popular in broadcasting situations where one 

transmit terminal can serve an unlimited number of 

mobile receivers(users inside car, radio etc). The 

planar patch antennas can also be used in non-

broadcasting type radio applications like municipal 

radio (police, fire, rescue etc), amateur radio, and 

wireless personal communications etc.. They can also 

be used in many non-communication applications as 

in[14-15].These include remote sensing and 

industrial applications etc. Remote sensing systems 

can either be passive (e.g., radiometry) or active (e.g., 

radar) and they receive inherent emissions or 

scattered energy from objects . 

             These planar patch antennas has widest and 

demanding applications. They can used in dual 

characteristics, circular polarizations, dual frequency 

operation. Frequency agility, broad bandwidth, feed 

line flexibility and beam scanning etc can be easily 

acheived from these patch antennas[9]. 

II. PLANAR MICROSTRIP PATCH ANTENNA 

A planar microstrip patch antenna is a low-profile 

antenna and has ease of fabrication, lightweight, 

inexpensive, compatibility with integrated circuit 

technology, and conformability with a shaped 

surface. So they are planar antennas.[1]-[4] 
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Fig1-Planar Patch Antenna(PPA)[12] 

The fig1 shows a planar patch antenna in its basic 

structured form.The electric field distribution of a 

planar patch excited in its fundamental mode 

i.e.,TM10 or TM01. 

The electric field is zero at middle of the patch, 

greater (positive) at one side, and lower (negative) on 

opposite side[6].. The minima and maxima always 

change their side as per the instantaneous phase of 

applied signal. As in a cavity , the electric field does 

not stop suddenly at the patch's periphery .Rather, it 

extend to outer periphery to some degree. These field 

extensions are popular by the name as fringing fields 

and  they cause planar  patch to radiate.Few  popular 

analytic modeling methods for planar patch antennas 

are relying on this leaky cavity concept[3-13]. Hence, 

the fundamental mode of a planar patch is everytime 

denoted using cavity theory as the TM10 mode or 

TM01 mode.  

III. ADS MOMENTUM MICROWAVE 

Momentum is one of the parts of Advance Design 

System tools and it givess the simulation tools for 

evaluatation, performance analysis and design of 

advanced communication systems. Momentum is an 

electromagnetic solver. It computes the S-parameters 

for planar circuits including slotline, microstrip, 

stripline, coplanar waveguides and many more 

topologies[3]-[5]. ADS Momentum can serve better 

for multilayer communication circuits and printed 

circuit boards for accurate results. Momentum is a 

complete tool of evaluation of the performance of 

high frequency circuit boards, antennas and 

integrated circuits. 

 

 

 

IV. DESIGN AND RESULTS 

A. Design of a Planar Patch Antenna for WI-MAX 
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A planarpatch with TM10 mode is simulated in ADS 

Momentum Microwave software. Width of the patch 

is 26.08202mm, length of the patch is 19.9868 mm, 

and  height of the patch is 1.6mm. Permittivity of 

FR4 is 4.4 and tuning frequency is 3.5 GHz. [1-14]. 

B. Gain and Directivity 

The planar patch’s radiation at the fringing fields 

gives far-field radiation pattern. This radiation pattern 

indicates that the antenna radiates maximum  power 

in a specific direction than all other directions which 

is termed as directivity[8]-[9]. Graphs of the gain and 

directivity of the designed antenna system are 

obtained. Fig. 5 shows the gain and directivity of the 

planar patch antenna which is simulated in ADS 
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Momentum.

 

Fig-2 Antenna parameters Vs Frequency 

Planar patch has its fundamental mode with high 

directivity for the normal patch. By reducing the 

directivity, can move away the elevations from the 

boreside. 3dB beam width is directly proportional to 

the twice the angle of high directivity, where this 

directivity has rolled off to 3dB with respect to the 

high directivity.  

C. Bandwidth 

Bandwidth is defined as “range of frequencies over 

which operational performance of the antenna, in 

relation to some characteristics, sticks to a specified 

standard”. Bandwidth is the range of frequencies on 

both sides of the center frequency and antenna 

characteristics are nearer to center frequency [7]. The 

combination of directivity and efficiency are called as 

gain bandwidth.  

 

Fig3-Return loss(S11) vs bandwidth 

V. SIMULATION & RESULTS 

Impedance matching is obtained at 3.5 GHz  using 

RL section as shown in fig4 

            Fig4-Single-stub matching using RL circuit 

Fig5- Return loss at 3.5 GHz  for RL circuit. 

Circuit model in ADS for 3.5GHz with matching 

section shown in fig6 

 

Fig6- Circuit model of PPA  at 3.5 GHz . 

 

Fig7- Matching section of transmission line at 3.5 

GHz 
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Fig8-Designed prototype at 3.5 GHz 

 

Fig9-Simulted Return loss Vs frequency 

 

Fig10-Radiation pattern and Current distribution of 

PPA   at 3.5 GHz. 

 

 

Fig11-Theta and Phi cuts for 30 and 90 degrees. 

This planar microstrip patch antenna is accurately 

designed in ADS Momentum for the given band. It 

gives perfect matching at 3.5 GHz.  

VI. CONCLUSION 

A planar patch antenna is designed on FR4 substrate 

using ADS momentum. The layout is simulated in 

momentum microwave simulator. The designed 

antenna gives a resonant frequency 3.5GHz with 

good return loss.The results are obtained on Rohade 

and Shward’s Vector Network Analyser. 
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Abstract- The electroencephalogram (EEG) signal plays an 
eminent and consequential part in the diagnosis and evaluation 
of treatment in neurological disorders. EEG artifact is a 
sequence with higher amplitude and different shape, size, 
morphology, statistics compared with non-artifactual EEG and 
other signals (ECG, EMG, etc.). This paper presents first time, 
ANN incorporated with three classes for better classification and 
the new way for automatic identification of ocular artifacts 
through variance feature. Training and testing is done using 
variance of ocular artifacts (Eye blinks artifacts-EBA/Eye 
movements artifacts-EMA) and non-artifacual EEG signals. 
These will fed to the three classes ANN model. Supervised ANN 
is used to build an automatic classification for Eye blink, Eye 
movement artifacts and non-artifactual EEG. The variance of 
different OAs and non-artifactual EEG will create three classes 
target tables. These variance values are assigned as the input 
labels for the training data sets. Sensitivity, specificity and 
classification accuracy for EBA is estimated as 96.66%, 96.66%, 
and 96.66% while for EMA is figure out as 100%, 96.66% and 
98.33%. With more EEG datasets for all classes the classification 
accuracy can be further improve. 
 
Keywords−Electroencephalograph(EEG), Artificial Neural 
Network (ANN), Ocular Artifacts (OA), Eye Blink Artifacts (EBA), 
Eye Movement Artifacts (EMA), Variance. 

I. INTRODUCTION 
 Human brain is complex organ of nervous system possesses 
rich spatio temporal .This single organ controls body 
activities, ranging from heart rate to emotions, learning, and 
memory.  Brain consists of 1-100 billions of nerve cells. 
These nerve cells known as neurons are produced, grew, and 
organize themselves into effective and functionally active 
systems that ordinarily remain in working order throughout a 
person’s lifetime [1]. While recording the EEG signals for 
various channels, many times non-cerebral signals will be 

added in these signals are called as artifacts. As per IFCN 
(International Federation of Clinical Neuro- physiology) the 
term artifact as- any potential difference due to an extra-
cerebral source recorded in EEG tracings and also include in 
more generally any modification of the EEG caused by extra-
cerebral factors such as alterations of the media surrounding 
the brain, instrumental distortion or malfunction and 
operational errors [2].There are different kinds of artifacts 
may be present in EEG recordings. The most difficult issue in 
the data analysis of EEG is the ambiguity of the 
discrimination of the signal and noise [3]. Among all these 
artifacts, OA is the mostly observed one, which has much 
larger magnitude compared to EEG [4].  
     EBA and EMA these signals are also called Electro-
oculogram (EOG) signals. EEG signals are useful in 
numerous clinical applications for interpretation of brain 
disorders and diseases. The influence of the EBA and EMA 
creates difficulties in analysis of the EEG signals. Hence, 
encounter a new method which can be useful in identification 
and classification of ocular artifacts from the EEG recording. 
A neural network is computational model which inspired from 
the functioning of cell structure of a neuron and simplified as 
biological nervous system. The neural network handles the 
data by incorporating learning algorithm. Neural networks 
able to work parallel with an input layer, hidden layers and an 
output layer. The hidden layers consist of processing elements 
called neurons which are interconnected. Neural network have 
been trained to detect ocular artifact in EEG signals. ANN is 
especially advances in sector of complex pattern recognition 
and classification operations. Neural networks which differ 
fundamentally in the process according to various domains, 
types and architectures of through which they undergo the 
process of learning [5]. 
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     Many algorithms developed up now for the detection of 
EEG signal, feature extraction of the signal and classification 
of EEG signals. Chadwick et al. conducted a study on 
classifying eye and head movement artifacts in EEG using 
decision trees and Hidden Markov Models (HMM). They used 
statistical analysis of both the EEG signal and the first 
derivative of the signal as feature for classifying [6]. V. 
Lawhern et al. performed autoregressive (AR) modeling of 
artifact contaminated EEG signals [7]. AR coefficients as 
features are used for classification of EEG signals and it is 
performed using the support vector machine (SVM) classifier. 
A.Jafarifarmand et al. discussed basic approach of ANC used 
for the elimination of artifacts and ANN is trained to work as 
adaptive filter.  For the consequent part of the fuzzy rules 
constructed by RBF neurons, proposed filter uses a 
Chebyshev FLN [8]. Ksiezyk et al. presented work to find out 
the classificationcum-detection problem of artifacts in EEG 
using Artificial Neural Network. The study shows that the 
signal is pre-processed with help of wavelet transform (WT) 
and it fed to ANN in order to remove detected artifactual 
signals [9]. G. Inuso et al. has used the statistical parameter to 
analyse the EEG signals and detect the artifacts which are 
producing undesired alteration in the EEG data [10].  
     Further the literature depicts methods to detect artifacts in 
EEG using Independent Component Analysis (ICA) and 
higher order statistics [11], [12], [13]. Chatterjee et al. have 
also performed work on the wavelet feature generation from 
the EEG signals [14].Tibdewal et al. proposed the work to 
detect the presence of artifact and its actual position with 
extent in EEG recording. For the purpose of classification of 
ocular artifacts or non-artifactual activity Artificial Neural 
Network (ANN) was used. And for detection of OA 
contaminated zone the Time-Amplitude algorithms was 
compared with DWT [15], [16]. V Krishnaveni et al. 
demonstrated the work using JADE algorithm to obtained 
independent components and these are classified into either 
artifact component or neural component [17]. C.Y. Sai et al. 
proposed a hybrid method without any need to apply an 
arbitrary threshold in identifying the artifactual components 
[21].   
      This paper mainly demonstrates ANN as a supervised 
attempt for three class classification of OA and non-artifactual 
signals. Also introduces the variance as feature for 
identification of OA. The threshold value of variance is set, 
whether EEG has EBA, EMA and non-artifactual EEG. For 
these three classes the variance is fed to an ANN model 
design separately for training and testing. Three classes 
classification of OA involves various steps, including data 
collection, feature extraction and most important the 
supervised ANN model design. This paper organized as, the 
methods and materials discussed in section II. Feature 
extraction and identification is given in section III. A three 

class ANN model narrated in section IV while results are 
demonstrated in section V. Finally section VI presents 
conclusion and discussion. 

II. METHODS AND MATERIAL 

   EEG is a test that measures and records the electrical 
activity of the brain. They are captured by multiple-electrode 
along the scalp and can be recorded in different formats. EEG 
signals taken for this work contained eye blinks, eye 
movements’ artifacts and non-artifactual signals, acquired 
from subjects of different age groups. ‘Medicaid Neuro-
Compact 2400’ system is used to collect EEG signal from 
subject. EEG data collected as artifactual and non-artifactual 
signals are judged through visual inspection. The 10-20 
placement electrode system is commonly standardized used 
for data collection records EEG data using 19 channels: C3, 
C4, Cz, F3, F4, F7, F8, FP1, FP2, Fz, etc. Eventually the eye 
movements/blinks artifacts are noticeable at these positions. 
Sometimes it may occur in other electrodes also. Prominent 
peaks of artifacts with rapid increase and decrease in EEG 
recordings can be observed particularly in FP1 and FP2 
channels and these are more close to eyes. The EEG signals 
are sampled at 114 Hz over 8 second time duration. Each 
montage for every channel has a total of 912 samples. All the 
dataset used are processed using the MATLAB 8.1.0.604 
(R2013a) platform. 
        For the sake of clarity, the single channel morphology for 
EEG signals is shown. "Fig.1," shows the EEG with and 
without artifacts." Fig.1," a presented non-artifactual EEG 
(C4), "fig.1," b presented EB artifactual EEG, and "fig.1,"c 
shows EM artifactual EEG.  It is observed that the peaks of 
high amplitude are present in EB/EM artifactual signals.    
 

 
                                                     (a) 
 

 
(b) 
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Fig.1. A systematic representation of different morphology of    EEG signal 

(a) Normal EEG signal (green) (b) Eye blink artifactual EEG signal (blue) (c) 
Eye movement artifactual EEG signal (red) (d) Combined EEG signal 

III. FEATURE EXTRACTION 

For classification and understanding the difference between 
ocular artifacts and non-artifacts, this paper uses variance as 
feature extraction. In this variance (Var) of the each channel is 
calculated for different subjects and this computation is 
carried out for both non-artifactual and ocular artifact EEG 
data which show considerable difference. For 5 subject’s total 
of 10 channels EEG data were analysed separately for eye 
blink, eye movement artifactuals and non-artifactuals using 
statistical parameters. The table I. shows the comparison of 
the variance for OA and non-artifactual EEG used for the 
classification through ANN. The EEG signals’ variance is 
calculated using “(1),” . From the results obtained threshold is 
set such that the EEGs, which are contaminated by eye blink/ 
movement artifacts having higher variance than the non-
atifactual EEG. 
Signal Variance:      

                                                (1) 
  

TABLE I. COMPARISON OF VARIANCE FOR OA AND NON-
ARTIFACTUAL EEG 

 
Subjects 

 
EEG 

Channels 

               Variance (Var.) 

Eye Blink 
Artifact 

Eye 
Movement   

Artifact 

Non-
Artifactual 

EEG 
1 FP1 143.22 4919.60 6.98 

FP2 218.14 3739.70 5.98 
2 C3 251.89 3218.00 12.55 

C4 302.50 939.29 14.42 
3 F3 312.18 3570.20 15.65 

F4 156.20 4684.40 13.92 
4 F8 283.62 2846.30 21.83 

F7 248.95 3191.60 9.53 
5 CZ 117.90 5282.40 7.20 

FZ 228.52 3180.40 7.03 

IV. NEURAL NETWORK FOR CLASSIFICATION 

     The artificial neural network used is built for the three 
class classification method based on supervised learning 
shown in "fig. 2,".This algorithm creates a function that maps 
inputs to get desired outputs. Supervised learning is fairly 
common task in the classification problem: firstly learner 
needs to learn a function which maps different inputs into one 
of several classes by looking at several input-output. The 
ANN is used to solve three classes classification problems is 
the back propagation feed-forward neural network, in which 
data flows forward from the input to the output with three 
hidden layers are used as shown in "fig. 3,". 
 

 
Fig.2. Supervised Artificial Neural Network Model 

 

 
Fig.3. Feed Forward Neural Network 

 
     The data is divided into three classes: lower variance data 
corresponding to non-artifactual signals and higher variance 
data corresponding to EBA and EMA signals. For training 
purpose, a dataset has EEG signals of total 100 channels 
obtained from the collection of 32 subjects and the variance of 
all the 100 channels are fed to the ANN. The classifier is 
trained using the obtained variance, and it classifies the signal 
as artifactual or non-artifactual signal. The input dataset has 
33 channels consisting EB artifacts having middle range 
variance, 34 channels of EM artifacts having higher range 
variance and remaining 33channels of non-artifactual EEG 
signals having lower range variance as shown in table II. 
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TABLE II.TRAINING DATA SET 
 

EEG Signals 
EEG 

Channels 
Input 

Dataset 
Variance 

Target    
Dataset 

Eye Blink 
Artifacts 

Channel  
1-33 

60.73- 
482.49 

1 

Non-
Artifactuals 

Channel  
34-66 

13.72- 
12.17 

2 

Eye 
Movement 
Artifacts 

Channel  
67-100 

7453.50- 
3743.40 

3 

 
 

Visual inspection of EEG signals and comparing their 
variance the training dataset and target dataset is created as 
per the table. II. When the training is completed the ANN is 
ready to the testing of EEG signals for classification of EBA, 
EMA and non-artifactual activities. The training performance 
of the ANN can be observed in terms of MSE plotted against 
the epochs. As depict in "fig. 4," with 15 epochs the network 
error is observed.0.16139  
 

 
Fig. 4 Performance of ANN MSE Plotted Against Epochs 

V. EXPERIMENTAL RESULTS 

     This work is mainly based on eye blink/eye movement 
artifact and non-artifactual EEG signal classification. It can be 
said to be of three class classification problem. The answer 
required from the neural network is only that whether the test 
EEG signal has Eye Blink /Eye Movement artifacts or not. A 
total of 60 channels for eye blink and non-artifactual signals 

and another 60 channels for eye movement and non-artifactual 
signals from 30 subjects were used for the system testing. 
Samples of EEG with ocular artifacts are analyzed using 
variance as a feature extraction statistical parameter. The 
result of confusion matrix based with ROCs parameter as 
shown in table III and in table IV.  

 
TABLE   III.  RESULTS OF CLASSIFICATION USING PROPOSED 

METHOD FOR EB AND NON-ARTIFACTUAL EEG SIGNALS 
Total 60 Channels 
For EB and Non-

Artifactual    
EEG  

Receiver Operating Characteristics: 
ROCs 

  TP TN FP FN 
  29    29     1    1 

Performance 
Rate (%) 

Sensitivity Specificity Accuracy 

96.66 96.66 96.66 
                        
     The performance parameters are calculated from the ROCs 
results. The table III. shows the rate of sensitivity, specificity 
and accuracy for Eye Blink artifacts with reference to non-
artifactual are found to be same i.e. 96.66%. 
 

TABLE IV.  RESULT OF CLASSIFICATION USING PROPOSED 
METHOD FOR EM AND NON-ARTIFACTUAL EEG SIGNALS 
Total EM and Non-

Artf. 
of EEG Channels 

60 

Receiver Operating Characteristics: 
ROC 

TP TN FP FN 
   30    29     1     0 

Performance 
Rate 

Sensitivity 
 

Specificity 
 

Accuracy 

100% 96.66% 98.33% 
 
     Also for the Eye Movement artifacts with reference to non-
artifactual is depicted in table IV. The rate of sensitivity is 
100%, rate of specificity is 96.66% and accuracy is found to 
be 98.33%. 
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Fig. 5 (a) 

 
Fig. 5 (b) 

 

 
Fig. 5 (c) 

Fig. 5 Classification result of Ocular Artifacts and Non-Artifactual 
EEG signal using ANN  

(a) Eye Blink Artifact, (b) Eye Movement Artifact and  (c) 
Non-Artifactual EEG Signal 

 
     Finally the three classes’ classification result obtained from 
EEG dataset for ocular artifacts and non-artifactual EEG data 
after ANN testing demonstrated in figure 5. From this 
obtained result "fig.5", (a), (b) demonstrates that the signal 
having ocular artifact having higher variance as per the 
statistical analysis and magnitude also, they are classified as 
eye movement and eye blink artifacts (Ocular Artifacts) EEG 
signals and the "fig. 5",(c) demonstrates signal having lower 
variance and magnitude is classified as non-artifactual EEG 
signal. 

 

VI. DISCUSSIONS AND CONCLUSIONS 

    This work provides automatic identification and 
classification of ocular artifacts using three classes ANN 
model. Artifacts classification and identification is essential to 
improvement of EEG signals interpretation. Ocular artifacts 
and non-artifactual EEG having different magnitude which 
show considerable difference in variance, shown in table I., 
that OA have higher variance than Non-artifactual EEG 
.Compared to previous work the results obtained for the 
classification accuracy was found 95.83% for EBA and  97.50 
% for EMA. For the proposed methodology the classification 
accuracy is 96.66% for EBA and 98.33% for EMA by 
variance method which plays important role in the analysis. 
While investigating the work in respect of identification and 
classification of OA, it is realized that accurate classification 
output is found and result provides separately classified OA 
(EBA/EMA/Non-artifactual) during testing of EEG. ANN 
implementation proved to be more capable for this three class 
classification model. At the same time, the ability of the ANN 
model implementation for high accuracy of classification, the 
more EEG data channels makes it highly intelligible and 
strong for the training. Comparing the variance it is found that 
variance of EMA is greater than EBA and non-artifactual 
EEG. Future work may seek the solutions for classifications of 
other types of EEG artifacts correctly. These other artifacts 
will produce difficulties in analysis of the EEG signals. Also 
implementation of automatic identification and classification 
of OA and non-artifactual from EEG on hardware platform 
will be a great help in neuroscience medical field. 
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Abstract—Face authentication is one of the critical unsolved 

problems in computer science, a lot of time and energy is spent to 
invent a robust solution for it. Face authentication can play a 
significant role in security, Biometric verification, auto detection 
of criminals in a crowd, etc. The paper presents a unique model 
that authenticates the faces in the image, and securely shares the 
images. Firstly, the deep learning algorithm identifies all the 
faces in the image, extracts the invariant features of each face. 
The invariant feature of the face is studied to compute the 
emotions. The model captures the friends list of the user and 
securely shares the image to the known persons in the image. 

 
Keywords—Face recognition; Biometric verification; auto 

detection; feature extraction; facial authentication. 
 
 

I. INTRODUCTION 
 

The success of the Face Authentication largely depends on 
robustness and accuracy of Face Authentication Algorithm. 
Over the years, many different approaches have been proposed 
and used like SIFT, Bag-of-Features, but their performance on 
recognition system is still not widely accepted in the machine 
learning community because these networks are unable to 
handle selectivity-invariance dilemma and also suffer from the 
problem of vanishing gradients [1,2]. Earlier approach of Face 
Recognition extracts features (local) from an image for 
analysis but due to the non-availability of robust and 
distinctive local feature, this approach was deprecated and a 
holistic approach was developed which takes whole face 
region as an input to the recognition system[19,22]. However, 
the holistic approach was nonperformance for images that 
have a variation of the face due to pose and variation in the 
angle of taking an image [2]. A computer technology that is 
able to identify human faces in a given digital image is called 
as Face Detection, whereas Face Recognition is one of the 
models of Face Detection, it describes a biometric technology 
that attempts to identify the person in the image, count the 
number of human faces in the image[20]. Face Authentication 
takes a step further; it studies the face in the image and 
confirms the identity of a person in the image. The paper 
builds a single system that is capable of detecting faces in the 
image, analyzes those using by taking the reference of Deep 
learning techniques to recognize and authenticate the face [3]. 
The paper presents an Algorithm to recognize and authenticate 
the face in the image along with identifies the emotions of the 
person, and provides one of the models of the paper is 
securely auto-sharing the image with the known person's in 
the image by using the face recognition, authentication, and 
auto-sharing algorithm. 

 
Compared to conventional methods like SIFT (Scale 

Invariant Feature Transformation) and Bag-of-Feature, 
Dominant SIFT, deep convolutional neural networks (CNNs) 
have achieved excellent performance in a number of image 
classification tasks [1,2,3]. 
 

Even though a face is generally processed as a two-
dimensional object, it is not, more ambiguities arise and some 
hypotheses fail because of the 3D structure of the face and its 
motion in space [1]. Its real-time implementation suffers from 
long latency, heavy computation, and high memory storage 
because of its frame level computation with iterated Gaussian 
blurs operations [5]. 
 
 

II. DEEP LEARNING 
 

The typical deep learning models include convolution 
neural networks, deep belief networks, and deep auto encode. 
In our research, we will be using Convolution Neural 
Networks (CNN), as the performance of CNN is found to be 
better than other two methods [5]. The main difference 
between SIFT, Bag of Feature and CNN based methods are as 
follows: First, the dimensionality reduction and pooling in the 
classification pipeline of SIFT, Bag of Feature are fully 
unsupervised[7-14], whereas deep CNNs can automatically 
obtain discriminative local filters trained with class labels 
using the back- propagation algorithm. Second, deep CNNs 
have a multi- layer structure that can gradually increase the 
size of local filters by repeatedly combining neighboring 
features and finally obtaining more discriminative features. 
Third, the average classification rate of deep CNN is improved 
from 52.4% to 70% as compared to other technique [6]. As the 
conventional methods had low accuracy in identifying an 
object in the image, sometimes securely sharing the image 
with them was problematic [15-19]. Using the deep 
convolution neural network, the average classification rate is 
improved significantly as compared to the conventional 
methods [2]. It is the first truly successful learning algorithm 
of training multilayer network structure. It uses spatial 
relationships to reduce the number of parameters need to learn 
in order to improve the training performance. The training 
algorithm is divided into two stages: 
 

1) Forward propagation stage 
 

Taking a sample (X, Yp) from the sample 
concentration, and inputting X into the network, through 
gradual transformation, it is transmitted to the output layer 
calculating corresponding actual output Op. 
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Op=Fn(…(F2(F1(XW1)W2)….)Wn) (Eq. 1) 

 
2) Back propagation 

 
Calculate the difference between the actual 

outputs Ox the corresponding desired output Yp, and 
according to the method of minimizing the error, back 
propagation to adjust the weight matrix.  

 

 
(Eq. 2) 

 
 
A. Use of Neural Network for Face Authentication 

and Emotion detection 
 
 

As the conventional methods had low accuracy in 
identifying an object in the image, sometimes securely sharing 
the image with them was problematic. Using the deep 
convolution neural network, the average classification rate is 
improved significantly as compared to the conventional 
methods. 
 

Neural Network is a powerful and efficient way of getting a 
solution using pattern recognition. It is a widely used method 
to recognize the pattern where in my research I have used it to 
authentication of image and emotion by remembering the 
pattern of an invariant feature, for example here we take lips 
region. 
 

B. Training the Network 
 

To train a neural network to perform some task, we must 
adjust the weights of each unit in such a way that the error 
between the desired output and the actual output is reduced. 
This process requires that the neural network compute the 
error derivative of the weights (EW). Feed-forward network 
also use for the training but there are some limitations of 
multi-layer feature extraction we use in this paper the back-
propagation algorithm [22]. In other words, it must calculate 
how the error changes as each weight is increased or 
decreased slightly. The back-propagation algorithm is the 
most widely used method for determining EW. The Back 
Propagation Algorithm works the following way.  
 
 
 
 
 
 
 
 

Fig. 1: Training with the back propagation algorithm 

I have used two set of training images, one set for 
Authentication of Person in an image, and another set of 
images for emotion detection. Here, I am considering one of 
the sets of training images that was used for emotion 
detection.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: A portion of the training set 
 
After our training is successful then we will see if out network 
able to recognize any given pattern.  
 
 
 

 
Fig. 3: Input for testing. Fig. 4: Output Recognized by the system 

 
This shows that the System is perfectly recognizing the 
Emotion of the given input.  
By this Technique, I have tested 50 times with different 
Images with Different Emotion and in the same way, I 
recognize the face.  

The Performance that the method showed is given below. 
 

Table 1: Accuracy measurement 
 

Emotion % of Detection 
  

HAPPY 100% 
NEUTRAL 98% 
SAD 96% 
ANGRY 98% 
CALM 92% 
CONFUSED 97% 

DISGUSTED 93% 

SURPRISED 86% 
 

III. ALGORITHM 

 
In this Model the focus would be on identification of face 

in the image, recognizing them and auto share the image to 
the user’s registered friends. To achieve this we would need 
to train the model with the information of individuals, the 
model would then store the information and use it whenever 
required. The algorithm for it is as follows: 

 
1) Initialize the system  
2) Register the User; take user image, the Email 

Id, and Password 
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3) The system executes the deep learning algorithm on 
the image. 

4) The deep learning algorithm will study the image and 
store the face information in the system. The system will 
generate unique identification number for each face (FId), and 
this will be used for further analysis.  

5) The system saves the friend list of the user. This 
information would be used to securely share the images.  

6) The system will ask the user to upload other images of 
self and friends 

7) Deep learning algorithm will be executed on the 
uploaded images; the algorithm will identify all the faces in the 
images and returns the details.  

8) The system will check the face details in the data store 
of trained images to ensure if the face details already exist, and 
if it found out a match, it will mark it for auto-share.  

9) The system will then auto share all the images marked 
in #8 to only to those people who are in the image and are 
user’s friends.  

10) Finish. 
 

IV. IMPLEMENTATION 

 
To demonstrate the use of our algorithm, we have 

developed an model in .NET that executes the image 
processing algorithm on the images. The single model 
provides three unique capabilities – Face Detection along with 
invariant features and Emotions, Face Recognition, and 
Securely Auto Sharing the image, such model does not exist 
today. 
 
The model uses Deep Learning algorithm that is executed on 
each image. The algorithm first identifies faces in the image, 
and then for each face extracts the invariant features that are 
saved in MongoDB along with the User information. The 
Deep Learning algorithm matches the invariant features of the 
face in the image with the training set and identifies the 
Emotion, and authenticates the face. 
 
The images are stored on Amazon S3 which is a secured store 
for images. To access the images, we need to pass the "Access 
Key" and the "Secret Key" which is provided by Amazon only 
to the owner of the account, in this case, our model. The 
images are not accessible to anyone else even when they have 
the URL and thus provide additional security to the model. 
 
The model is logically divided into four sections: 
 
a) Registration Section 
b) Image Processing Section  
c) Friend Management Section 
d) Auto Sharing Section 

A. Registration Section 

 
The registration section allows the user to register in the 

model by providing Email ID, Password, and their Image. The 
uploaded image is stored in Amazon S3 which is the Image 
Store for us Registration Section. The image is then passed on 
to the Image processing section for processing the image 
which returns a FaceId. The Email ID, Password, and FaceId 
are stored in MongoDB. 

 
B. Image Processing Section 

 
Here we are writing a function that will take an image and 

return face encoding for that image. 
 
C. Friend Management Section 

 
The model provides User the ability to search friend who 

has also registered in the model and allows User to send a 
friend request to that person. The model also provides a screen 
for the User to load the friend details that specifies the list of 
friends, along with that it also shows the friend request the 
User has received. The user can accept or decline the friend 
request. The model allows the User to remove the person from 
the friend list as well. 
 
D. Auto Sharing Section 

 
The Image processing algorithm stores all the relevant 

information of the uploaded images in the Mongo DB. This 
information contains the name of the person in the image as well. 
The model has the Friends management section that captures the 
User’s friend information. Both this information are combinedly 
used to auto-share the image securely. 
 

The model uses Amazon S3 as the image store which is 
highly secure as it requires a secret key to access the images. 
If anyone tries to access the image without secret key, then 
"Access Denied" error is returned. The secret key is defined 
by the model and is passed to the entire request to get the 
images by the model. 
 

The model first gets the list of friends of the User from the 
Mongo database and then for all the images uploaded by the 
friends of the user, the model checks the output result of the 
image processing sections to determine if the User exists in 
any of these images. If the model identifies any of such 
images, then only those images are shared with the User 
automatically. 
 

V. MODEL RESULT 
 
In our study, we have used various kinds of images like 
images with multiple faces, images of different emotions, 
images of people with different age group, gender. The 
proposed model was executed on each of these images, and 
their outputs were studied. It was observed that the accuracy 
of the deep learning algorithm used in the model was on 
higher side, and the algorithm was able to correctly identify 
the Age, Gender, and Emotions of all the faces as well. The 
algorithm  
provides the list of all exacted feature of the face that are used 
to authenticate all the faces in the image. After authenticating 
the faces, the algorithm securely shared the images to the 
known person in that image. 

 
A. Registration 

 
The registration section allows the user to register in the 

model by providing Email ID, Password, and their Image. The 
result of registration is the "Registration Successful" message 
displayed on the screen. Below is the snap for the registration 
page. 
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Fig 5: User Registration screen 
 
B. Login by Email Id and Password or by Image 

 
The user needs to provide the Email Id and Password, if 

these details matched in the database, User are navigated to 
the Homepage; else an appropriate error message is displayed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig 6: Login by Email Id and Password. 

 
The user can upload an image that contains the face of 
one and only one person in the login using selfie section.  

 
C. Image Analysis 

 
a) Detect Face 
 

The user can use the first tab – "Image Analysis" to analyze 
the image using Deep Learning Algorithm. Once the user 
uploads the image, it is first to save in secured image store. 
The uploaded image is displayed on the screen as well. The 
user can click on "Detect Face" button to execute the deep 
learning algorithm to identify the number of faces in the 
image. The detected faces are assigned a temporary face 
identifier. Once the execution is complete, the screen will 
show the output of analysis which has the following 
information:  
a. FaceId – Contains the number indicating the face number  
b. Invariant Features – Contains the Invariant features 
identified for each face 
c. PositionInImage – Provides the X and Y coordinates of the 
image for the feature  
d. Image Details – Details like Age, Gender, and Emotion 
identified for each face  
e. Value – The associated value of Image details  
f. Confidence – The confidence percentage of the image 
details identified by the algorithm  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 8: Detect Faces in the uploaded images. 

 
b) Recognition of Face 

 
Once the faces in the image are identified, the Model provides 

the capability to recognize the face in the image. The user can 
click on "Recognize Face" to execute the deep learning face 
recognition algorithm on the image. The algorithm compares the 
faces in the image with the face details of all the registered Users 
in the system, if it finds the match then the name of the User is 
appended in the Face Id column. 

 
 

 
Fig 7: Login by uploading Image 
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Fig 9: Recognize Faces in the uploaded images. Fig 12: Accept friend request. 

c) Emotion detection along with Age and Gender E. My Image Collection  

 
The Detect Face algorithm also identifies the emotion of the 

person in the image. Along with this, the algorithm tries to 
identify the Age of each face, and this information is displayed 
as a range. The algorithm also identifies the Gender of each 
face and the same is displayed in the table.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig 10: Example of Angry Emotion with Age and Gender. 

 
D. Friend Management 

 
My Image Collection allows User to upload the images and 

maintains the collection. The images uploaded by the User in 
the collection are used for auto-sharing them with the other 
registered User in the images  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig 13: Upload Image to Image Collection. 

 
F. My Detected Images 

 
The user can navigate to Friends section to search for a 

friend, send a friend request, accept the friend request and 
load the current friendship status. To search friend User need 
to provide the first name or the last name of the person he 
wants to search, the system will list down the entire registered 
user having the searched name. The user can then send the 
friend request to the person. 
 

The manage friend section lists the current friendship 
status, allows the User to accept the friend request. This 
information will be used by the system to auto -share the 
images to the friends. The complete workflow of the friend 
lifecycle is explained in the adjacent images in a sequential 
manner.  

 
The images uploaded by the User in the My Image 

Collection section and the User friendship status stored in the 
database are combinedly used by the system to first recognize 
the face in the uploaded image and then using the friendship 
status, securely auto-sharing the image with the other 
registered User in the image.  

 
 
 
 
 
 

Fig 14: Auto detected images 
 

The above example showed that the User – Ashwini has 
uploaded the image which has her friend Priyanka in it. The 
System analyzes the image, recognizes Priyanka, and auto 
shares the image with Priyanka. So when Priyanka logs into  

Fig 11: Search Friend and sent a friend
 the model, she can view the same image in “My Detected 

Image” section, as shown below. 
 

2018 Fourth International Conference on Computing Communication Control and Automation (ICCUBEA) 



VI. CONCLUSION 
 

The proposed model provides three unique capabilities  
– Face Detection along with invariant features and Emotions, 
Face Recognition, and Securely Auto Sharing the image; in a 
single model. The proposed model is able to recognize faces 
but when an invariant feature of two images is near about 
similar that time it gets confused to take decision correctly. 
The advantage of this model is that it is able to detect more 
than 15 faces in the single image, recognize a face from the 
group of image and detect emotions of all faces present in the 
image. The model is also able to share the detected image 
automatically to the registered friend of that recognized face in 
a secure way. 
 
 

VII. FUTURE SCOPE 

 
In future, it can be extended to recognize the persons using 

video capture which will be helpful in getting identities from 
CCTV cameras that can police to identify the person in on 
time. It can also be implemented in a home security system as 
well. The current model is a desktop model; it can be 
enhanced by creating a mobile model. Also, the current 
version of the Model relies on the User to manage friend, this 
capability can be extended and the Model can have integration 
with the social networking sites like Facebook. 
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Abstract— Meditation can significantly contribute to 
improving physical and mental health in modern stressful life. 
“OM” mantra is very easy to practice for meditation .This 
study is undertaken to classify the EEG band to observe 
abrupt changes in band as an effect of Om mantra meditation. 
Twenty-three naive meditators were experimented to chant 
OM mantra for 30 min and EEG signal recorded before and 
after meditation. The stationary wavelet transform is used to 
exact five bands from the EEG. The different statistical 
features were calculated. SVM classifier with Radial Basis 
Kernel is employed to classify the band. Results show the 
significant changes in the delta band which represent the brain 
in deep sleep. Thus OM meditation gives the experience of deep 
sleep. Thus study can be helpful to give new direction towards 
the meditation. 

Keywords—EEG, OM Mantra, Multi-class features, SVM, 
Radial Basis Kernel  

I. INTRODUCTION

Stress becomes a part of everyday life that leads to different 
states such as anxiety, anger or fear [1] which may pose a 
major effect on heart and brain function [2]. To overcome the 
stress and get relief from, relaxation is the activity which 
keeps a person calm. Yoga and meditation are part of 
relaxation may reduce the level of anxiety and depression 
which helps to improve mental and physical health [3]. Om 
mantra meditation is used for meditation [4].Many 
researchers have found the effect of OM mantra meditation 
on human beings using an auditory middle latency evoked 
potentials [5-6], skin resistance level, heart rate, respiratory 
rate [7-8 ], Functional magnetic resonance imaging [9-12]. 
All these analyses revealed the positive impact of this 
meditation on the human being. Our studies [13-14] are the 
first EEG studies on Om mantra meditation. Initially, the 
research work on this meditation [13] attempted to 
investigate the effect of OM chanting on the brain by 
checking the complexity of the EEG signal after this 
meditation on the basis of the Higuchi fractal dimension. The 
author found a decrease in the dimension of after Om 
meditation. But OM chanting was not of fixed duration for 
each subject. Second study [14] with FFT spectral analysis 
observed oscillatory changes in the standard frequency 
bands 

(delta, theta, alpha, and beta) before and after OM chanting 
of 30 minutes. The results show that a 30 min OM mantra 
meditation practice change theta EEG patterns significantly 
more than baseline EEG brainwave patterns. In the third 
study [17], the Effect of meditation was observed with 
spectral analysis discrete wavelet transform. All regions of 
the brain show higher theta power after Om meditation. 
Second and third study confirms the role of Om mantra 
meditation in relaxation. Our previous two studies [14] [17] 
used a traditional method. To explore more about Om mantra 
meditation with EEG, the present study used the feature 
exaction method with wavelet and classifier. The objective of 
the study is to classify before and after the EEG band to 
observe the abrupt changes in the band as an effect of Om 
mantra meditation. 

II. MATERIALS AND METHODS

A. Subjects and data acquition

EEG signal have been recorded from 23 naive meditator
(F=14, M=20.99, SD=0.99, 18-22 years). All subjects where 
new meditators and all the selected subjects were a non-
smoker, not habitual to drinking. Subjects were chosen from 
the college of engineering so that they can present valuable 
knowledge for meditation practice. The data has been 
obtained while, the subject asked to take a rest just lying 
down with closed eyes and at this moment the EEG data 
were recorded for 2 min. this new data is an EEG signal of 
before OM chanting. In a second moment, the subject asked 
to relax and chant i.e. OM mantra for 30 with closed eyes 
and in correct posture of meditation. After chanting mantra 
respective subject asked to get relax while lying down with 
closed eyes and then EEG data were recorded for more than 
2 min. This recorded data is an EEG signal of after OM 
meditation. The signal were acquire with a sampling rate of 
256 Hz with Sixteen channel EEG activities were recorded 
using monopolar montages, according to international 
standard 10-20 from 16 channels using the RMS India 
system. 

B. Stationary wavelet transform

The stationary wavelet transform (SWT) is used to study
the non- stationary characteristics of the EEG signal over a 
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Discrete wavelet transform(DWT). It has a lack of 
antialiasing capacity and is not shift invariant thereby to 
increase the describing ability for features [22]. In our work 
Daubechies, Symlet, and Coiflet series wavelet were 
considered .By comparing the performance of all three series 
the symlet3 wavelet function (sym3) is turned out to be good 
candidate for extracting the features with 6 levels 
decomposition based on the dominant frequency component. 
The six level decomposition is shown in fig 1. Statistical 
features were calculated for each of the bands from all the 
obtained segments. 

 
Fig. 1 Six level decomposition with wavelet 

C. Features 

One of the applications of wavelet transform is to compute 
and manipulate data in compressed parameters. These 
compressed parameters are called “features”. These 
parameters describe the behavior of the signal [23].In this 
work, 10 features were extracted for data analysis such as 
Mean, Standard deviation(STD), Variance, Kurtosis, and the 
electrical feature such as Zero crossing rate(ZCR), 
Interquartile range (IQR), Hurst exponent(Hurst), and Band 
power [24-29].  

D. Support vector machine 

Support Vector Machine is supervised learning algorithm 
and proves to give a promising result in classification. It has 
good accuracy as well as a better ability to deal with a large 
number of predictors hence it is frequently used in 
biomedical Signal Processing [30]. In the proposed work the 
SVM classifier to distinguish the two classes of before OM 
chanting and after OM chanting EEG signal have used a 
radial basis function (RBF) kernel function shown in eq.1. 

2
( , ) exp( )         >0i iF y y y yγ γ= −                   (1) 

Where γ  - radius of the RBF. 

E. System description and preprocessing 
Fig. 2 shows a block diagram with the different steps 

followed in this study. Initially, EEG signals from each 
channel for each of the subjects were segmented. These 
segments were then decomposed into five constituent bands 
using stationary wavelet transform. Ten statistical parameters 
were calculated for the band derived from the segments. 
These parameters were averaged over all the segments. 
Furthermore, the SVM classifier is applied to discriminate 
each post EEG band from pre EEG band. 

 
Fig. 2 Block diagram of classification between before and after EEG signal 
to observe the abrupt changes as an effect of Om mantra meditation 

III. RESULTS 

Ten features of each band were calculated. Out of 10 
features, only Mean, STD, Variance, IQR and Hurst 
exponent of delta band show good variation in the EEG 
signal captured after Om mantra meditation. The blue lines 
in fig.3,fig.4.fig.5, fig.6, fig.7 represent the mean, STD, 
variance, IQR, and Hurst Exponent in before and the black 
lines represent in after meditation condition respectively for 
the delta band. The Same variation is not observed for any 
other band. Decreased mean, standard deviation, variance, 
Hurst Exponent and IQR of delta band are observed after Om 
meditation.  

 
Fig.3 Mean of delta band of EEG before and after OM meditation 

 

 
Fig.4 Standard deviation of delta band of EEG before and after OM 
meditation 

 

 
Fig. 5 Variance of EEG signal for before and after OM meditation 

 

 
Fig. 6 IQR of EEG signal for before and after OM meditation 

 



 
Fig. 7 Hurst exponent of EEG signal for before and after OM meditation 

 
The main aim of this work is to design the classifier to 
classify the two different classes i.e. before and after EEG 
band to explore the effect of OM mediation. For this 
purpose, the extracted features were applied in pair, out of 
the extracted features 17 subjects multi-channel data were 
used as an input vector for the training purpose to the SVM 
classifier and 6 subjects feature values of the multichannel 
for testing purpose. The table I shows the accuracy for all 
bands. 

Table I Accuracy of all EEG band 
 

Features gamma beta Alpha theta delta 
Mean-

variance 
42.26 48.33333 61.111111 50.72 70.13 

STD-IQR 41.38 41.25 53.194444 50.97 67.5 
STD-Hurst 62.5 53.75 44.722222 49.72 55.97 

STD-
variance 

47.03 49.16667 58.333333 50.27 69.3 

STD-Mean 48.8 50 59.305556 50.69 72.5 

 
 

By evaluating classification performance analysis with the 
accuracy which is expressed in figure 12 delta band low-
frequency bands shows the high amount of changes in EEG 
signal whereas gamma, beta, alpha, and theta show less 
activity after OM meditation. As delta band carries the 
highest accuracy among rest of the band, classification 
results for delta band are as shown below: 

 

 
Fig. 8 Clustering analysis for before and after delta band with mean-
variance 

          

 
Fig. 9 Clustering analysis for before and after delta band with STD-
variance of delta band classification 

 
       

 
Fig. 10 Clustering analysis for before and after delta band with mean-STD 
of delta band  

         
Fig. 11 Clustering analysis for before and after delta band with STD-IQR of 
delta band 

 
Performance analysis of Delta band is shown in table 2.Seen 
from table all combined features achieved a better result in 
the clustering compared with the results obtained for other 
bands. Table 3 demonstrates classification performance of 
the proposed method for delta band. 

IV. DISSCUSSION 

In the present work, the EEG signal was analyzed for 23 
naïve meditators to observe the alteration in each EEG band 
as an effect OM mantra meditation. To achieve this, feature 
extraction from the EEG signals was performed by the 
computation of wavelet coefficients obtained by the 
Stationary wavelet transform. The selected features were 
used as the inputs of the SVM classifier. Results revealed 
that OM Meditation minimizes the abrupt electrical activity 
of the human brain which mostly reflects in the delta band. 
Delta band shows a clear distinction between EEG signal 
before meditation and after meditation with the after 
condition having lower values of mean, variance, STD, IQR 
and Hurst exponent. It signifies the behavioral changes in 
the transient electrical activity of the EEG signal. 
    In a previous study [14] [17] on OM mantra meditation 
shows the activity in the theta band and the present study on 
the same meditation reflects changes in the delta band. It 
signifies that OM meditation moves the brain from a higher 
frequency band to a lower frequency band. Delta and Theta 
band represent the brain in deep sleep and light sleep 
activity respectively [31-32]. Thus OM meditation gives the 
experience of deep sleep. The strength of this study is that; it 
is a first study on OM meditation with the SVM classifier 
along with the performance analysis. 
 

V. CONCLUSION 

This work provides an effective way to detect the abrupt 
changes in two classes i.e., Before and after OM chanting 
with a system designed using statistical features with less 
computation time and complexity. Results found the 
comparison for 23 naive meditators with 30 min of OM 
chanting that alters in a lower band (delta band) which 
shows the positive aspect of our study. This work mainly 
focused on the method having high computational accuracy 
with less complexity and less computational time with the 
SVM classifier. Furthermore, this study can be extended 
with different techniques of wavelet transform and 
classification. This study can also be helpful to give new 
direction towards the meditation. 
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