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Abstract�²  this paper presents a wideband gap coupled 
microstrip antenna. FR4 substrate is used to fabricate the micro 
strip antenna (MSA) and placed 1.5 mm above ground plane 
which improves the antenna efficiency and its bandwidth. An 
array of square patches is fabricated on bottom side of FR4 
substrate with inter element spacing between them. RIS reduces 
the coupling between the ground plane and MSA patch and 
therefore increases the bandwidth of antenna. This MSA with 
RIS is placed in RIS cavity resonator to increase the bandwidth 
of the antenna. Parasitic patches are gap coupled to both 
radiating edges of fed patch of MSA. Dielectric rods are used at 
edges with air gap between superstrate layer and ground plane.  
The VSWR is less than 2 is obtained over 4.704 - 6.512 GHz, 
which covers bandwidth of 1.8 GHz also provides uniform gain 
over bandwidth. The overall bandwidth contains 5.15-5.35 GHz 
ISM, 5.725 - 5.875 GHz ISM band and 5.9-6.4 GHz C band. The 
antenna provides VSWR less than 2 dB and greater than 75 % 
efficiency of antenna. 

Keywords— Microstrip antenna; Reactive Impedance 
Surfsce(RIS); High Gain; Wideband; Gap coupled; Cavity 
resonators 

I. INTRODUCTION 

Low profile, less complexity and light weight microstrip 
antennas are widely used due to its applications in satellite 
communication, military purposes, GPS, mobile, wireless 
communication etc. MSA also has disadvantages like low 
gain, low efficiency, narrow bandwidth. MSA has low 
impedance bandwidth because of its resonant nature [1-3]. 
Therefore, many structures are proposed to progress the 
bandwidth and gain of antenna. 

Various structures like stack layers, thick layers, square 
slot techniques, defected ground structure, resonator antennas 
with parasitic patch element are capacitive coupled to each 
other are used improve the bandwidth [4-6]. The microstrip 
patch antenna where only single patch is fed and other patches 
are parasitically coupled, then the coupling between the 
parasitic patch and resonating patch is achieved by introducing 
small gap between them. Either one or two parasitic patches of 
same or different dimensions are placed along the fed patch to 
improve the bandwidth of an antenna. 

Moderate Bandwidth and gain can be achieved by addition 
of parasitic patch which increase size of the antenna [7-9]. We 
can overcome on this by using RIS structure in the antenna. 
RIS structure in antenna also helps to miniaturize antenna size 
and improves antenna bandwidth. Antenna structures 
consisting RIS have been proposed in [10-13]. RIS structure is 

an array of uniform patches with equal spacing forms two-
dimensional metal patches. Metal patches are square in size in 
RIS structure. Ground plane and antenna structure have 
coupling between them which is reduced by RIS structure. 
Therefore, when RIS structure is designed in antenna which 
improves the bandwidth, miniaturize the size and improves 
radiation efficiency [10-12]. 

Compact size MSA with RIS for antenna gain 
improvement and size reduction is used. Circulation 
polarization is also achieved has been reported [13]. Circular 
polarized/dual band dual polarized operation is obtained using 
rectangular loop based meta-surface reported in [14]. 

Bandwidth of an antenna is advanced using a RIS cavity in 
microstrip patch antenna. Ground plane and FSS layer forms 
RIS cavity. Dielectric with single or multiple layers, form FSS 
layer with or without metallic square patches. A dielectric 
medium used between FSS layer and fed patch and between 
ground plane and fed patch is air which improves bandwidth. 
FSS layer for microstrip antenna is placed at height �R�I�� ��/2 
above ground plane. The overall antenna gain and bandwidth 
have dependency on the reflection coefficient of partially 
reflecting surface [15-17]. 

Superstrate layer with large inter-element spacing is used 
to achieve high gain in microstrip array antenna [18]. 
Wideband fabry-perot antenna for WLAN applications is 
reported [19]. 

In this paper, a suspended gap coupled microstrip patch 
antenna is designed as well as fabricated. Parasitic patches are 
placed along both the radiating edges of fed patch with small 
gap between them. RIS structure is used for the improvement 
in the bandwidth, gain and efficiency by fabricating on bottom 
side of microstrip patch antenna. The coupling between 
ground plane and microstrip antenna is reduced by using 
inductive RIS structure in antenna. Microstrip antenna�¶�V��
bandwidth is improved by using RIS cavity structure placed at 
some height above gap coupled microstrip patch. Bandwidth 
of an antenna is improved using a FSS layer above microstrip 
patch antenna. 

II. GEOMETRY OF ANTENNA AND DESIGN 
THEORY 

The projected antenna design geometry is shown in the Fig. 
1(a). On top side of FR4 substrate, the gap coupled-MSA(GC-
MSA) is fabricated as shown in the Fig. 1(b), and placed at 1.5 
mm height from ground plane. A RIS structure is shown in the 
Fig. 1(c), consisting of 11×7 array of metallic square patches 
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on other side of FR4 substrate with side length 4 mm having 
inter-element gap of 1 mm is fabricated. Feed patch in antenna 
is fed through a coaxial probe. IE3D 14.0 simulator is used to 
simulate structures on both infinite and finite ground plane 
[20]. The different Gap coupled MSA structure with and 
without RIS layer is designed and simulated. Return loss, S11< 
-9.5dB and VSWR, < 2dB is achieved over 5.294 �± 6.623 GHz 
by Suspended gap coupled MSA without RIS surface. 
Therefore, impedance bandwidth of 1.3 GHz is achieved, 
which provides gain of 8.85 dBi. Return loss, S11< -9.5dB and 
VSWR, < 2dB is achieved over 4.964 �± 6.383 GHz by 
Suspended gap coupled MSA with RIS surface. Therefore, 
impedance bandwidth of 1.4 GHz is achieved, which provides 
uniform gain of 8.65 dBi over this bandwidth. The dimensions 
of MSA patch as well as radiating patches are miniaturised by 
using RIS layer in antenna structure. Dimensions of MSA 
patch and radiating patches without RIS layer are 16.5 × 15.5 
mm and 14 × 15.5 mm respectively. Dimensions of MSA 
patch and radiating patches with RIS layer are 16.5 ×15.1 mm 
and 14 × 15.1 mm respectively. The gap between MSA patch 
and radiating patches is 5 mm. The gap coupled MSA 
structure using RIS has lower gain but it provides uniform 
gain over 4.79-5.955 GHz this frequency than the structure 
without the use of RIS. 

Gap coupled microstrip antenna with the use of RIS is 
placed in RIS Cavity which include ground plane and a layer 
�R�I�������������P�P���)�5�����V�X�S�H�U�V�W�U�D�W�H���D�Q�G���S�O�D�F�H�G���D�W���K�H�L�J�K�W���R�I����0/2 from 
the ground plane. The structure is named as GC-MSA-
Superstrate. Now the array of 11x7 square patches with inter-
element spacing of 1mm are fabricated on FR4 superstrate�¶�V 
bottom side having thickness of 1.59 mm as shown in the Fig. 
1 (d). This structure is named as GC-MSA0-RIS. 

The structures are considered and optimised for operating 
on 4.704 - 6.512 GHz band. Impedance bandwidth and 
antenna gain depend on superstrate layer�¶�V���K�H�L�J�K�W, dimensions 
of radiating patches and the gap between the radiating patches 
of microstrip antenna. Dimensions of fed patch of MSA are 
also edited since reflections from FSS layer affect the 
bandwidth of gap coupled MSA patch. 

 
 (a) Geometry of proposed antenna 

 

(b) Gap coupled MSA  

 

                           (c) RIS                              (d)  11×7 array of square patches 

Fig. 1. Geometry of antenna structure 

III.  SIMULATION RESULTS 

Return loss (S11) and impedance of gap coupled MSA with and 
without RIS surface is shown in Fig. 2, and gain over its 
bandwidth is shown in Fig. 3. RIS layer improved the 
bandwidth of an antenna, since RIS narrow downs the 
coupling existing between ground plane and FR4 substrate. 
Return loss (S11) and impedance on infinite ground plane for 
GC-MSA-Superstrate and GC-MSA0-RIS structures of gap 
coupled microstrip antenna is shown in the Fig. 4. Gain vs 
frequency is shown in the Fig. 5. 

All the structure of MSA optimised on finite ground plane 
provides return loss (S11), VSWR and impedance of structures 
is shown in the Fig. 6.  Radiation patterns for 5.2 GHz. 5.8 
GHz and 6.15 GHz on the finite ground plane are shown in the 
Fig. 7. Radiation patterns are symmetric in one plane and there 
is variation in other plane since parasitic patches are placed in 
horizontal to the fed patch of microstrip patch antenna and 
have front to back lobe ratio less than 20 dB.  Antenna Gain 
variations for all structures are shown in the Fig. 8. 

 
(a) 

 
(b) 

Fig. 2. (a)Return loss(S11) and (b)Impedance variation of structures on the 
infinite ground plane (  GC-MSA,  GC-MSA-RIS) 
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Fig. 3. Antenna gain variation of structures on the infinite ground plane 

(  GC-MSA,  GC-MSA-RIS) 

 
(a) 

 
(b) 

Fig. 4. (a)Return loss(S11) and (b) Impedance variation of structures on the 
infinite ground plane (   GC-MSA-Superstrate, GC-MSA0-RIS) 

 
Fig. 5. Antenna gain variation of structures on the infinite ground plane (  

 GC-MSA-Superstrate, GC-MSA0-RIS) 

 
(a) 

 
(b) 

 
(c) 

Fig. 6. (a)�� �Z���š�µ�Œ�v�� �o�}�•�•�� �~�^�í�í) and (b) VSWR (C) Impedance variation of 
structures on the finite ground plane (  GC-MSA,  GC-MSA-

RIS, GC-MSA-Superstrate, GC-MSA0-RIS) 

       

   (i) GC-MSA 
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     (ii) GC-MSA-RIS 

 

    (iii) GC-MSA-Superstrate 

 

(iv) GC-MSA0-RIS 
                       (a) 5.2 GHz                                         (b) 5.8 GHz 
 

��
               (iii) GC-MSA-Superstrate                   (iv) GC-MSA0-RIS��

                                 (c) 6.15 GHz 
 

Fig. 7. Radiation patterns for MSA structures on finite ground ( E�� 
 E�3 �D�W���3��� �����ƒ��and E�� E�3 �D�W���3��� �������ƒ�� 

��
��

Fig. 8. Antenna gain variation for MSA for various configuration (  GC-

MSA,  GC-MSA-RIS,  GC-MSA-Superstrate,  GC-
MSA0-RIS) 

IV. EFFECT OF FINITE GROUND PLANE 

Suspended gap coupled MSA antenna structure with and 
without using RIS layer, also GC-MSA-Superstrate and GC-
MSA0-RIS are restructured on a finite ground plane. All 
designs are optimized on a finite ground plane of length 80 
mm and width 64mm. The air gap between ground plane and 
the FR4 substrate is 1.5mm to obtain desired bandwidth. For 
all structures, bandwidth, gain and efficiency obtained which 
provides return loss, S11< -9.5dB and VSWR, < 2dB is 
tabulated in TABLE I. 

TABLE I.  PARAMETERS OF GAP COUPLED MSA STRUCTURE ON FINITE 

GROUND 

S. 
No 

Structure 
 

BW 
(GHz) 

Gain 
dBi 

 
Efficiency(%) 

 

1 GC-MSA 1.17 10.09 83 

2 
GC-MSA-

RIS 
1.32 9.81 

81 

3 
GC-MSA-
Superstrate 

1.63 9.9 
86 

4 
GC-MSA0-

RIS 
1.80 9.91 

83.5 

 

 

V. FABRICATIED AND MEASURED RESULTS 

A model structure of gap coupled MSA with RIS and RIS 
cavity is fabricated and tested. The size of fed patch is 15.6 
mm × 13.8 mm and size of both the parasitic patches is 11.8 
mm × 13.8 mm. The gap between fed patch and parasitic patch 
is 5.5 mm are fabricated on FR4 layer of thickness 1.59 mm 
placed above 1.5 mm height from 80 mm × 64 mm finite 
ground plane. Dielectric rods are used at edges with air gap 
between superstrate layer and ground plane. The snapshot of 
prototype gap coupled MSA with RIS cavity structure is 
shown in the Fig. 9. Return loss(S11) is measured using 
Network analyzer Agilent 9916A.  

 
(a)  Gap coupled MSA with RIS cavity structure 

 

       
(b) Gap coupled MSA -Top view              (c) RIS Structure -Top view 

Fig. 9. Snapshot of prototype structure 
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Fig. 10. Simulated  Measured  and return loss(S11) of prototype 
structure 

Comparison between simulated and measured results are 
shown in the Fig. 10. Return loss observed is less than 9.5 dB 
for both simulated and measured results. Observed satisfactory 
results in simulation with respect to measured results. Correct 
feed position and proper alignment of all layers will lead to 
accurate results. Variation occurs due to errors in fabricated 
structure. 

CONCLUSION 

Wideband gap coupled MSA using RIS and RIS cavity 
resonator is designed. The bandwidth of antenna is improved 
by using RIS structure and RIS cavity resonator. Bandwidth 
using RIS and RIS cavity resonator is increased by 630 MHz 
than gap coupled MSA. Bandwidth of 1.80 GHz, uniform gain 
of 9.91 dBi and VSWR < 2 dB is obtained over the bandwidth 
of 4.704 - 6.512 GHz. The antenna pattern has antenna 
efficiency > 75 and front to back lobe ratio less than 20 dB. 
The gap coupled MSA structures can be a good applicant for 
wireless communication applications. 
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Abstract— The conventional method of taking attendance is 
done manually by the teacher or the administrator which 
requires considerable amount of time and efforts also involving 
errors and proxy attendance. As the number of students are 
increasing day by day, it is a challenging task for universities or 
colleges to monitor and maintain the record of the students. 
Automated systems involving use of biometrics like fingerprint 
and iris recognition are well developed in the recent years 
however, it is intrusive and cost required for deployment on large 
scale gets increased substantially. To overcome these issues, 
biometric feature like facial recognition can be used which 
involves the phases such as image acquisition, face detection, 
feature extraction, face classification, face recognition and 
eventually marking the attendance. The algorithms like Viola- 
Jones and HOG features along with SVM classifier are used to 
acquire the desired results. Various real time scenarios need to be 
considered such as scaling, illumination, occlusions and pose. The 
problem of redundancy in manual records and keeping 
attendance is solved by this system. Quantitative analysis is done 
on the basis of PSNR values. 

Keywords— Histogram of Oriented Gradients(HOG); Support 
Vector Machine (SVM); Face Recognition; Peak Signal to Noise 
Ratio (PSNR) 

I.  INTRODUCTION  

Checking the performance of students and maintaining the 
attendance is a tedious process for institute. Each institute has 
adopted their own method of taking attendance i.e. calling the 
names or by passing the sheets. Several very popular 
automatic attendance systems currently in use are RFID, IRIS, 
FINGERPRINT etc. However, making queue is essential in 
these cases thus requires more time and it is intrusive in 
nature. Any damage to RFID card can make inappropriate 
attendance. Apart from this deploying these systems on large 
scale is not cost efficient. In order to have a system both time 
and cost efficient with no human intervention, facial 
recognition is the suitable solution also face is people's 
preliminary scheme of person identification. With the rapid 
development in the fields of image processing such as pattern 
recognition, facial recognition and signature recognition the 
efficiency of this system is keep on increasing. This system is 
attempting to provide an automated attendance system that 
carries out the face recognition task through an image/video 
stream to record the attendance in lectures or sections and 

keeping the database of attendance. After creating the database 
of the students/ candidates, it requires almost zero efforts from 
the user side. Thus intrusive nature is absent in this system and 
makes the system effective. 

II. LITERATURE SURVEY 

Usually in institutes, the number of students are significant 
and by using conventional method of taking attendance will 
lead to considerable time consumption and amount of manual 
work gets increased significantly. The automated systems like 
IRIS [1], FINGERPRINT [2], RFID [3] provide better 
percentage of accuracy but have some limitations like 
intrusive nature and time inefficient. First step in automatic 
face recognition is face detection. In 2001, Paul Viola and 
Michael Jones proposed a real time object detection with very 
high image processing rate [4]. It is capable of detecting a 
variety of object classes and was greatly inspired by the 
problem of face detection. The local binary pattern (LBP) 
technique efficiently provides the image texture features. It 
uses background subtraction for detection of moving objects. 
In 1960, semi-automated system was implemented for 
recognition of a face by locating significant features on the 
photographs using the primary parameters such as eyes, ears, 
noses and mouths. Different algorithms for face recognition 
are available which are distinguishable based on the 
efficiency, accuracy and time consumption. Principal 
Component Analysis (PCA) [5] algorithm uses the eigenfaces  
which are created by the convolution and major features of the 
faces of the database. Each face is allotted a definite weight 
and are used at the time of comparison with the help of 
Euclidean distance. The Discrete Cosine Transform (DCT) [6] 
expresses various data points in terms of a sum of cosine 
functions at different frequencies. Fisherface method 
involving use of Linear discriminant analysis (LDA) [7] is 
another variation to eigenfaces being less sensitive to variation 
in illumination [8] while matching techniques are based on the 
computation of a set of geometrical features from the picture 
of a face. Computer vision [9] is the field that makes computer 
to gain high level of understanding from digital images or 
videos. It includes schemes of acquiring, processing, 
analyzing and understanding digital images and extracts high 
dimensional data to produce symbolic information. Machine 
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learning [10] is another important area that evolved from the 
study of pattern recognition and computational learning theory 
in artificial intelligence. Computer vision and machine 
learning together provides excellent tool in the process of 
recognition. The overall configuration can be described by a 
vector which representing the position and size of the main 
facial features like eyes and eyebrows, nose, mouth, and an 
outline of face.  In computer vision and machine learning 
Support Vector Machine (SVM) is a supervised learning 
model which classifies the data into group of binary categories 
based on analysis of data, thus simplifying comparison of data.  

III.  PROPOSED METHODOLOGY 

This is a paradigmatic scheme for real time face detection and 
recognition. The system consists of a camera, installed in the 
classroom capturing the video frames followed by the 
detection of multiple faces. These faces are cropped and 
converted to grayscale causing reduction in the number of bits 
to be processed. These faces are then compared with the 
database faces and displays the result and marks the 
attendance. 
 
3.1 Face Database Creation of Students 
Pictures of all students are captured in different angles with 
variety of gestures i.e. each student has 8 to 10 pictures angled 
at different positions. The RGB images are cropped and 
converted into grayscale and resized to 112*92 pixels in order 
to reduce the computational time. Folder named ‘Database’ 
containing the subfolders, each subfolder contains multiple 
faces of single person and the corresponding name is given to 
the subfolder. Fig 1 shows all the faces of single person.  
 
 

           
Fig 1. Faces of single person 

 
Fig 2 shows single face of each student present in database. 

 
Fig 2. All faces in the database 

 
3.2 HOG Features 
Object detection is accomplished using histogram of oriented 
gradients(HOG) [11] which is a feature descriptor widely used 
in computer vision. It is based on counting the occurrences of 
gradient orientation in localized portions of an image. This 
method has similarity with edge orientation histogram, scale-
invariant feature transform descriptor, shape contexts. 
However, overlapping local contrast normalization is used and 
computed on a dense grid of uniformly spaced cells in order to 
improve accuracy. Implementation of the HOG descriptor 
algorithm [12] is as follows: 

�¾ The image must be divided into cells formed by 
dividing image into small connected regions and 
calculate histogram of gradient directions or 
orientation of edge within the cell. 

�¾ As per gradient orientation discretize each cell into 
angular bins. 

�¾ Each cell's pixel contributes weighted gradient to its 
corresponding angular bin. 

�¾ Blocks which are spatial regions are formed by the 
groups of adjacent cells. The grouping of cells into a 
block is the basis for grouping and normalization of 
histograms. 

�¾ Normalized group of histograms represents the block 
histogram. The set of these block histograms 
represents the descriptor. 

 
Fig 3 shows the HOG feature of corresponding image. 
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Fig 3. HOG feature extraction 
3.3 Face Detection and Eye Detection 
After installing the camera in the classroom, it captures the 
frames containing the faces of all students sitting in the class. 
Viola-Jones algorithm [4] is applied on this frame, which 
detects the faces in the frame. To ensure that the detected 
object is face, each detected object is cropped and further 
processed for eye detection and if eyes are detected they are 
considered as faces else are rejected. All the cropped faces are 
stored in the folder named as ‘Test’, which is used to compare 
with the ‘Database’ folder. Features of all the faces in the test 
folder are extracted using HOG features. 

 
3.4 SVM Classifier 
The major process in object recognition using histogram of 
oriented Gradient descriptors is to feed the descriptors into 
some recognition system based on supervised learning. The 
Support Vector Machine (SVM) classifier [13] is a binary 
classifier where optimal hyper plane is used as decision 
function. The decisions can be made by SVM classifier 
regarding the presence of an object such as human, once 
trained on images containing some particular object. 
 
3.5. Comparison / Recognition 
Extracted binary features of ‘Test’ faces are compared with 
the extracted binary features of ‘Database’ faces, the face 
having the maximum amount of correlation is recognized as 
matched face and corresponding name of the face is extracted 
from the database using the classifier. 
 
3.6. Attendance 
After extracting the name of the matched face corresponding 
attendance is marked in the work sheet named as 
attendance.mat. 
 
3.7. Experimental Results 
The PSNR [14] computes the peak signal-to-noise ratio, in 
decibels, between two images. This ratio is often used as a 
quality measurement between the original and a compressed 
image. The higher the PSNR, the better the quality of the 
compressed or reconstructed image. It is mathematically 
expressed as, 

 
Where, s is a maximum possible pixel value and MSE is mean 
squared error and expressed as, 

 
Where e(m, n) is the error difference between the original and 
the distorted images. 
Peak signal to noise ratio of each face of Test folder is 
calculated with respect to all the faces in the database in order 
to check the mathematical correlation and these results are 
compared with the results of recognized faces in order to yield 

better percentage of accuracy. Fig 4 & Fig 5 shows the 
comparison of PSNR with others and corresponding PSNR 
values respectively. 
 

 
Fig 4. PSNR of each test face is calculated with all faces of 

database 
 

 
Fig 5. PSNR values of each test person with respect to all 

others 

IV. IMPLEMENTATION 

4.1. Authentication 

Ensures that only authenticated person is using the system.  
Fig 6 shows the log in windows for authentication. 
 

 
Figure 6. Log in window 

 
4.2. User Menu 
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It contains list of menu items which can be accessed to have 
the complete view of the system. By clicking on Recognition 
& attendance system gets started. Fig 7 shows the user 
interface for various options. 

 
Fig 7. User interface 

4.3. Face Detection 
The captured frame is processed for detecting the faces of 
multiple students and are used for testing purpose. Fig 8 shows 
the detection of faces of students in the classroom. 

 
 

 
Fig 8. Face detection using Viola-Jones algorithm 

 
4.4. Face Recognition 
On carrying out the recognition process, feature comparison 
takes place with respect to the features stored in the database. 
The query face is displayed along with corresponding matched 
face and the name of matched face is identified and used for 
marking the attendance. As per the experiment most of the 

faces are recognized correctly. Fig 9 shows the result of 
recognition while corresponding attendance is shown in Fig 
10. 

 
Fig 9. Matching result 

 

 
Fig 10. Record of attendance 

V. FUTURE SCOPE 

In order the frauds of ATM it is recommended to prepare the 
database of all the ATM customers with the banks and 
deployment of high resolutions camera and face recognition 
software at all. 
To avoid the duplicate voters, a database of all voters of all 
constituencies is recommended to be prepared. Then at the 
time of voting resolution camera and the face recognition 
equipments at the voting site could help in identifications of 
the voters. In defense ministry and all other important places 
the face recognition technology can be deployed for better 
security. 
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VI. CONCLUSION  

The attendance management system estimates the attendance 
of each student by continuous clicking of images for some 
time period and finds the best localized image for processing. 
The system allows the teacher to check student’s attendance 
automatically without any extra cost and effort whereas the 
proposed system needs very elementary things such as; 
camera, laptop or personal computer and local network. This 
method is secure, reliable and easy to use. The overall system 
is implemented in MATLAB. 
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Abstract�²  Wireless sensor network (WSNs) contain many 
sensor devices which send their data to the base station for 
processing is called direct delivery. This cause to heavy traffic in 
network so this decreases the lifetime of the network. Wireless 
sensor networks have been widely applied in various industrial 
applications, which involve collecting a massive amount of 
heterogeneous sensory data. However, number of data gathering 
strategies for WSNs cannot avoid the hotspot problem in local or 
whole deployment area. network connectivity affected by the 
hotspot problem and decreases the network lifetime.WSN suffers 
from many hurdles such as small memory, low computational 
capability, and limited energy resources so, data gathering 
technique is introduced to improve the lifetime of network. 
Therefore to improve performance large number of protocols are 
introduced. Previous researchers have used such types of the 
cluster-based, the chain-based and the tree-based to establish 
their energy-efficient routing protocols. In this paper, we propose 
an improved version namely a tree-cluster data gathering 
technique which uses both cluster and tree based protocols. The 
simulation and comparison with other techniques shows that our 
TCDGT can significantly balance the load of the whole network, 
reduce the energy consumption, alleviate the hotspot problem 
and prolong the network lifetime. 
 

Keywords�²  WSNs, sensor data collection, Energy Efficient, 
data gathering, Clustering, Cluster Head Selection 
 

I. INTRODUCTION  
 

A wireless Sensor Networks (WSN) must have of different 
sensor enable nodes which are distributed in an environment 
and use batteries as energy resource. These sensor nodes, 
which consist of data processing, sensing, and communicating 
components, result in the idea of sensor networks based on 
collaborative effort of a large number of nodes. A typical 
WSN is composed of a large number of sensor nodes, 
randomly circulate over the network. Signals which are picked 
up by all types of sensors and data acquiring, processing and 
transmitting them into a node called as sink node. The energy 
conservation of the network can be decreased by the cluster 
heads, cluster heads means allowing the porting of the nodes. 
Data gathered from the nodes are aggregated by the cluster 
heads. After this process, aggregated data is forwarded to the 
BS, but it has some problems. The major problem is energy 
consumption which is concentrated on the cluster heads. In 
order to solve this problem cluster routing is used for 
distribution of energy consumption with the cluster heads [1] 
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. Fig.1. Basic structure of WSN 
 

The limited energy resource, such as using non-
rechargeable battery supplies to each sensor node, is one of the 
most crucial challenges in WSNs. Many routing algorithms 
have been developing for WSNs. Many hierarchical routing 
algorithms which are proposed for only WSNs concentrated 
mainly on increasing the lifetime of the network by reducing 
the energy consumption. Data gathering would be more 
efficient with homogenous sensor networks. Data aggregation 
is the process of collecting the data from all different sensors 
and transmitted to the base station In this case, data 
aggregation is accomplished by collecting and aggregating 
data from a set of sensor nodes. The data which is collected 
that combined into a single data packet to be sent to the sink 
node. Certainly, this try to minimize the number of 
transmissions by eliminating data redundancy and thus reduce 
the total power and continues to provide accurate information 
in the face of security attacks and hardware failure. The sheer 
number of sensor nodes in a sensor network combined with 
the unique characteristics of their utilization in the network. 
 

Clustering in WSNs is an important technique to decrease 
the energy consumption over these networks and thus 
increasing its network lifetimes. Many energy efficient 
protocols based on clustering and data aggregation have been 
studied [2]. 
 

The main goal of a sensor network is to produce, over 
an extended period of time, globally meaningful information 
from raw local data obtained by individual sensor nodes. 
Mainly, this objective must be achieved in the context of 
prolonging as much as possible the useful lifetime of the 
network and ensuring that the network remains mainly 
available operating environment (anonymity of personage 



Volume 2, Issue 5, May �± 2017                                               International Journal of Innovative Science and Research Technology 

                                                                                                                                                                          ISSN No: - 2456 - 2165 

 

 

 IJISRT17MY47                                                              www.ijisrt.com                                                                                       169 

sensors, limited power resources and a possibly hostile 
environment), pose unique challenges to the designers of 
protocols. For one thing, the limited power budget at the 
separate sensor node level mandates the design of ultra-light 
weight data gathering, fusion, and communication protocols. 
An important guideline in this way is to perform as much local 
data processing at the sensor level as achievable, avoiding the 
transmission of raw data through the sensor network. Recent 
advances in hardware technology are making it plain that the 
biggest challenge facing the sensor network community is the 
development of ultra light weight communication protocols 
ranging from guidance, to identity organization, to network 
protection, to security, to data gathering and fusion, to routing, 
along with many others. 
 

Most research works for wireless sensor networks often 
assume that the data collected by sensors are transmitted to 
one or several sink nodes in some specific location in the 
WSNs. It was identify that the sensors which is closest to the 
sink tend to deplete their energy budget faster than other 
sensors, which makes an energy hole approximately the sink. 
If there in an energy hole then no more data can be transmitted 
to that sink. Accordingly a considerate amount of energy is 
wasted and the network lifetime ends prematurely. 
Experiments in [3] showed that there is still a great amount of 
energy left unused after the network lifetime is over for large-
scale networks, which can be as much as 90% of total initial 
energy. Accordingly, improving the prolonging the lifetime of 
networks and energy efficiency is a key problem. 
 
A.  Data collection methods in wireless sensor networks  

In WSN distinct types of data collection methods are 
present that are mainly classified as data collection using 
mobile sensor nodes, data collection using mobility based 
approach and data collection using static sink approach. 
Mobility based approach is again classified into two groups 
they are data collection using single mobile sink and data 
collection using multiple mobile agents. Multiple mobile 
mules are also used for data collection. Path of these mobile 
agents can be constrained or uncontrollable. Figure 2 shows 
data collection methods in wireless sensor networks [3] 
 

This paper mainly focuses on the tree-cluster based secure 
data gathering techniques. The data gathering of these protocols 
can be characterized as i) systematic collection and transmission 
of sensed data from multiple sensor nodes and ii) processing them 
at a remote location for final decision making. Data aggregation is 
nothing but a process of aggregating the data from different 
sensor nodes to eliminate redundant transmission and provide 
fused information to the base station. Security is an important 
design issue in data gathering and aggregation for wireless sensor 
networks. Secure data collection is a challenging task when 
sensors are deployed in hostile environments and are passionate to 
physical attacks. [4]. 
 

Multi -hop routing and Direct transmission are 
conventional transmission schemes for WSNs. In multi-hop 
networks, encoded data are transmitted and generated by any 
one sensor to an intermediate node, and then relayed to a sink 
hop by hop. In Ref. [6] they prove that in WSNs multi-hop 
transmission is more energy-efficient than single-hop 
transmission. Nevertheless, when a sink is far from the sensor 

area or the area is so long that most sensor nodes need 
numerous hops to r each the sink, considerable retransmitting 
energy is consumed during transmission, thereby significantly 
accelerating node depletion [6]. 
 

To remove the problems from existing algorithms, here 
we propose a Tree Cluster Based Data Gathering technique 
which significantly balances the load of the whole network, 
reduce the energy utilization, alleviate the hotspot problem 
and prolong the network lifetime. 
 

II.   LITE RATURE SURVEY 
 

In this section we gives brief description of different papers 
about cluster formation, tree construction, data collection ,data 
forwarding and energy consumption is carried out. In last decade, 
a number of studies have discussed the issues of data gathering 
techniques to discover the efficient path. 

 
A. Abdullah I. Alhasanat1 (2015) 
 

In [1], they proposed a new algorithm which focused on 
reducing the transmission bath between sensor nodes and 
cluster heads. A proper utilization and reserving of the 
available power resources is achieved with this technique 
compared to the well-known LEACH_C algorithm. The main 
purpose of this algorithm is to continually divide the sensor 
network into four partitions which are symmetrical about a 
centroid node. Furthermore, a set of cluster heads is defined in 
the middle of each partition in order to aggregate data from 
cluster members and transmit these data to cluster heads in the 
next hierarchical level. 

 
B. Narendran. M (2014) 
 

In [2], the main objective is to reduce the overall network 
overhead and energy expenditure associated with the multihop 
data retrieval process while also ensuring balanced energy 
consumption among SNs and prolonged network lifetime. The 
different kind algorithms are used to partition the neighboring 
nodes, which will sense similar sensor nodes into one cluster 
and wireless sensor nodes autonomously adjust control 
parameters after observing its environments. This is achieved 
through developing cluster structures which may consist of 
member nodes that route their measured data to their assigned 
cluster head (CH). In this paper various method has been 
reported and compared. 
 
C. Priya V. Ujawe1 (2014) 
 

In [3], In this paper they discus about different data 
aggregation techniques to improve energy efficiency in WSN. 
Also they have suggested modified data in network 
aggregation technique to solve the problem of existing 
DRINA. Distinct data aggregation protocols or algorithms are 
�X�V�H�G���I�R�U���H�Q�H�U�J�\���H�I�I�L�F�L�H�Q�F�\���L�Q���:�6�1�¶�V���E�\���G�L�I�I�H�U�H�Q�W���U�H�V�H�D�U�F�K�Hrs. 
Cluster based and in-network algorithm is widely used for low 
energy utilization and increase the life time of network  
D. M.G.Annapoorani1 (2014) 
 

In [4], this paper the proposed approach is designed with 3 
phases (i) initialization phase (ii) packet-splitting phase (iii) 
forwarding phase. Before the collection of data from sensor 
node, the sink node broadcast the message to all sensor nodes 
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in the network to form the route path from the sensor to sink. 
To form the route path the proposed system incorporate the 
method of SCF. SCF stands for Self Cantered Friendship is 
nothing but the tree generation method in this each node will 
consider itself as root node and appends the nodes that are 
connected to them by one hop. After the basic structure of Self 
Canted Friendship Tree the system shifts forward with help of 
Chinese Remainder Theorem for break the packets. The 
Chinese Remainder Theorem (CRT) is characterized by a 
simple modular division between the integers. Once all sub 
packets (called CRT components) are received correctly the 
sink node will recombine them using mask. When, compared 
to the existing data collection techniques data collection using 
SCF Tree with CRT based packet forwarding is found to 
produce the best result in terms of energy consumption, data 
accessibility and low communication cost. 
 
E. Mohammad Hossein Anisi (2011) 
 

In [5], this paper they introduce a methodology which 
takes the benefit of both cluster and tree structures for data 
gathering. In his proposed energy-efficient method, the most 
proper hops for data forwarding will be selected as well as the 
lifetime of the whole network will be maximized. They shows 
experimental results using the proposed method, the 
throughput and the lifetime of the network will be increased. 
 
F. LIU Danpu (2013) 
 

In [6] A transmission scheme for energy-constrained 
WSNs is proposed in this paper. The scheme, called MIHOP 
(MIMO and Multi-hop), combines cluster-based virtual 
MIMO and multi-hop technologies. The multi- hop mode is 
employed in transmitting data when the related sensors are 
place within a specific number of hops from the sink, and the 
virtual MIMO mode is used in transmitting data from the 
remaining sensor nodes. To calculating the optimal hop count 
in MIHOP they compare the energy utilization of different 
transmission technique and propose an algorithm. A 
controllable mobile sink that minimize the energy consumed in 
sensor transmission is also adopted for data collection. 
 
G. Dipesh Sharma (2011) 
 

In [7], they propose an improved version existing 
approaches which uses both cluster and tree based protocols. 
The proposed protocol improves the power consumption by 
improving FND. In this paper they introduce, the one new data 
gathering technique for wireless sensor network has been 
introduced. Detailed simulations of wireless sensor network 
environment indicate that our DGP can reduce energy 
utilization improve evenness of dissipated network energy and 
the ability of extending the life span of the network 
 
H. Praveena. R (2015) 
 

In [8], this paper, cluster based new data collection method 
is proposed. It is based on cluster topology. The mobile 
sensors have many benefits to gather and collect the data as 
compared to static sensor nodes,. The proposed data collection 
method has a Data Gathering Node (DGN).The DGN is made 
as a mobile node, which try to moves towards the cluster and 
collects the data and forwards to the sink. The DGN does not 
participate on sensing in this particular round, however, it 

simply gathers the data packet from the cluster and delivers it 
to the sink. The proposed method minimizes the energy 
utilization, delay and traffic. The simulation results have 
indicate that proposed data collection method has better 
performance in terms of energy consumption, end-to-end 
delay, and throughput and network lifetime of WSNs.  
I. Chuan Zhu(2015) 
 

In [9],this paper they propose a tree-cluster-based data-
gathering algorithm (TCBDGA) for WSNs with a mobile sink. 
In this paper they introduce weight-based tree-construction 
method. Rendezvous points (RPs) are nothing but the root 
nodes of the constructed trees. Some nodes are selected 
according to their hops to root nodes and traffic load that node 
called as sub rendezvous points (SRPs) . RPs and SRPs are 
viewed as stop points of the mobile sink for data collection, 
and can be reselected after a certain period. The simulation 
and comparison with other existing algorithms show that our  
TCBDGA can significantly balance the load of the whole 
network, reduce the energy consumption, alleviate the hotspot 
problem, and prolong the network lifetime.  
J. Dr. Saravana Selvam (2016) 
 

In [10], this paper they proposed Energy Efficiency 
Clustering and Data aggregation for sensor Network. There 
are four phases: cluster head, data aggregation, cluster head 
selection, and maintenance. Important issued in wireless 
sensor network is minimize the total energy utilization 
requires to collect data. Proposed protocol gives improved 
network time period since the energy level of the nodes are 
considered while choosing the cluster head. 
 

III.  PROPOSED APROACH FRAMEWORK AND DESIGN   
 
A.  Problem Definition   

Wireless sensor networks are very small in size, have 
limited processing capability and very low battery power. This 
restriction of low battery power makes the sensor network 
prone to failure so, Data Gathering is very crucial technique in 
Wireless Sensor networks. However, most of the data-
gathering strategies for WSNs cannot avoid the hotspot 
problem in local or whole deployment area. hotspot problem 
caused the network connectivity and minimize the network 
lifetime. So, an improvement over the above technique would 
be clustering where each node sends data to cluster-head (CH) 
and then aggregation performed by the cluster-head on the 
received raw data and send it to sink. 
 
B.  Proposed System Architecture  

In our system, we propose a Tree Cluster based data 
gathering technique (TCBDGT) which balances the energy 
consumption in order to reduce heavy burden around them. 
Proposed system also increase the network lifetime compared 
with other existing data gathering techniques. The flow of the 
system if shows in below diagram. 
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Fig. 2. Architecture Diagram. 

 
Above diagram shows the flow of our proposed system. 
System take no of nodes, simulation, mobility as a input and 
then start simulation process. 
 

IV. MATHEMATICAL MODULE  
 
The equations used to calculate transmission and reception 
costs for a k-bit message and a distance d are as below: 
 
Transmitting: 
 

E tx (k, d) = E tx �± elec (k) + E tx �± �D�P�S�����N�����G�����«�«�«���������� 
E tx (k, d) = E ele�F���
���N�������}�D�P�S���
���N���
���G�������«�«�«����(2) 

 
Receiving: 
 

Erx(k) = Erx �± �H�O�H�F���N�����«������������.....(3) 
�(�U�[���N��� �(�H�O�H�F���
���N�«����...........(4) 

Algorithm 
Initialize { 
1. Base station: Accept the number of clusters N1; 
2. Divied the whole network into N1 clusters; 
3. Choose cluster head from each cluster; 
4. Notify the node which is cluster head.} 
Repeat :{ 
 

1. Node Ni: if (Accept the notify message NM from the 
base station) 
2. Then work in cluster head ; 
3. If (Accept the broadcast message BM from cluster head 
node) 
4. Then work in sensing mode. 
For cluster head p:{ 
1. Receive data born cluster member q; 
2. Calculate the weight value Wp and Wq; 
3. If (Wp > Wq), Wp Work in cluster head; 
4. Else p work in sensing mode; 
5. Notify q to be cluster head ;} 
 

IV.     SIMULATION RESULTS AND AN ALYSIS 
 
In this we discuss the performance of our system with existing 
systems. We measure performance with respect to network life 
time and Average Tour Length 
 

 
Fig. 3. Comparison of network lifetime. 

 
In above graph x axis shows number of sensor and y axis 

shows network life time. Network life time is nothing but the 
number of the data collection round until the first sensor node 
of the network dies as a result of depleting its energy resources 

 
Fig.4. Comparison average tour length. 

 
In above graph x axis shows number of sensor and y axis 
shows average tour length. When N is small, the SPT-DGA 
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performs a little better than TCBDGA, but when N becomes 
larger, the average tour length of our TCBDGA decreases. 
�7�K�D�W�¶�V�� �E�H�F�D�X�V�H�� �W�K�D�W�� �Z�H�� �F�R�Q�V�L�G�H�U�� �W�K�H�� �Q�R�G�H�� �G�H�Q�V�L�Wy when 
selecting parent node of each node, so that the selected number 
of RPs is less than that of SPT-DGA. This significantly 
influences the tour length when the number of nodes becomes 
larger. Also, we can see our ETCBDGA always has the 
shortest tour length compared with the other two algorithms, 
but we do not regard it as the best one for the reason that it 
does not consider the load balancing of the whole network. 
 

V. CONCLUSION 
 
In this paper, propose a Tree Cluster based data gathering 
technique (TCBDGT) which balances the energy consumption 
in order to reduce heavy burden around them. The network 
lifetime of TCBDGT is increase as compared to other existing 
data gathering techniques. Our system can expressively 
balance the load of the whole network, reduce the energy 
consumption, alleviate the hotspot problem and increase the 
network lifetime and maintain average tour length. 
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Abstract- Security being the important concern, data 
leakage prevention is important in today's 

competitive world. Data leakage prevention system 
has been introduced as dedicated mechanisms to 
detect and prevent the leakage of confidential data. In 
this study we have carried out a comprehensive 
survey for the different methods using which data 
leakage prevention system can be built. 

Keywords: Data leakage prevention (DLP), User 
Datagran Protocol(UDP), Transmission control 

protocol(TCP), Context Based Analysis(CoBAn) 

I. I. INTRODUCTION 

Information security is the practice of preventing 
unauthorized access, disruption, modification, or 
destruction of information. Security should go with 
the organization. If security measures are not 
properly implemented it can kill the confidentiality 
of the company. It can remove the trust, customers 
have on the company. The aim of Information 
security is to provide a defending mechanism to 
protect the data from unauthorized user. 
Data leakage is the act of transmitting data from 
one device to another without proper authorization, 
and can be unintentional or malicious. In the age of 
the internet, protecting our data has become 
important as protecting our property. Prevention of 
data disclosure to unauthorised entities is one of the 
main goals in information sccurity. It continuously 
and rapidly drives both academic and industrial 
sectors to investigate, design and devclop dillerent 
security solutions lo mitigate the risk of data 
leakage. However, preventing data leakage is not 
always possible because of the necd to access, 
share and use information, which leads lo 

This inevitable release of confidential data. 
revelation comes in the lorm of intormation leak. 
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which might be the result of a deliberate action or 
spontancous mistake. 
This paper contributes to the DLP field by 

explaining the Data leakage prevention. Further. it 
discusses different methods or way in which data 
leakage prevention can be done. Then, it 
comprehensively gathers. categorises, discusses 
and compares the current DLP methods. This paper 
is structured as follows. Section 2 discusses Role of 
Data leakage prevention. Section 3 discusses the 
different methods of data leakage prevention. 
Section 4 compares the different DLPS methods 
and discusses the advantages and disadvantages of 
each method. Section 5 concludes the survey 

paper. 

II. II. ROLE OF DATA LEAKAGE PREVENTION 

Data leakage prevention plays an important role by 
preventing accidental disclosure and thett by 
employees having sensitive data. It monitors and 
controls movement of sensitive information across 
enterprise network and earns end user systems. To 
avoid sensitive knowledge loss a structure security 
system is to be developed to shield that 

I|I. II. LITERATURE SURVEY 

The case of sharing intormation through the 
Internet inadvertently introduces growing problem 
of data leakages. At the same time, many end-users 
are unaware that their data was leaked or stolen 

since most data is leaked by operations running in 
the background. This section gives an analy sis on 
the various works that have been proposed in the 
area of data leak prevention. 

valuable knowledge. 
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The dilerent methods in data leakage prevention 
are explaincd bclow 

Timestamp based 
In || authors focus on data leakage prevention 
system using time-stamp. In Dat Lcakage 
Prevention, the tinme stamp is very innportant or 
giving permission to access a particlar data, us in a 
particular period ol time the data is conlidential 
afBer the time stamp the same data could bc non 
contidential. In time stamped based DLP two 
phases are there: 
A) Lcarning Phase 

B) Detection Phase. 

A) Learning Phase: 

In learning phase we collect confidential and non 
confidential documents of an organization. Then 
create clusters using K means with cosine 
similarity function. For each cluster identify the 
key terms based on their frequcncy. For cach key 
term calculate the score and assign time stamp for a 
document based on deadlines of organization 
schedule. 

Algorithm for Learning Phase: 

1. First we randomly choose k documents as initial 
documents. 

2. Then we place k documents in k clusters. 
3. For each document in the training data set we: 
4. Find cosine similarity value for training dataset 

document and cluster document. 

7. End for. 

5. If cosine similarity is greater than a threshold., 
add training dataset document to particular cluster. 
6. Calculate the centroid of the cluster. 

B) Detection Phase: 

In the detection phase the tested document is 
compared with the confidential score and time 
stamp. if the time stamp of the tested document is 
greater than or equal to the timestamp then that 
document is treated as a confidential and it is 

blocked. 

Algorithm for detection phase: 
1. D- document to be tested. 

2.ldentify similar clusters using cosine similarity. 
3. For each cluster identify documents. 
4. For each document check the timestamp. 
5.If time stamp>=time stamp set in the learning 
phase. 
6. Calculate confidential score of a document. 
7. 1f score> threshold. 
8. D is a contidential document. 

9. Elsc ID is o non-confidential document. 

Transparent encryption based 

In [2| authors focUs on data lcakage prevention 
The transparent with fransparent cncryption. 

cncryption is established on the basis of Windows 

File Driver. By capturing rcqucsts of spccific file. 
the tcçhnology can realize the dynamic encryption 
and decryption for the scnsitive data. In this 
process, operators necdn't get involved in. So it is 
sale and convenicnt. Once the file is opened, our 
system will automatically record the user's 
machine information and store them in the file 
header. The machine information includes user ID, 

operation time, MAC address and hard driver code. 
which can help locate the user's machine. In this 
way, we can find the trace of leaked files and make 

sure who leaked the file. It finds the confidential 
document automatically and encrypts them. If only 
a little part in the docurment is confidential, it just 
encrypts that part which increases the efficiency. In 
this method, we can identify which document is 
legal or illegal. If it is illegal it will not be 
decrypted. 

Algorithm: 
I) Add file header. 

2) Create new file. 
3) Open file. 
4) Check whether flag is present or not. 
5) If flag is present the confidential part will be 
decrypted else it will not be decrypted. 

Trustworthy based model 
In [3] author aims on Trustworthy based model. in 
which the data leakage is prevented using a 
trustworthiness-based model. Here the application. 
the distributor, the distributing files are studied and 
a final decision is taken. A trust between the 
company and its enmployees has a major effect on 
its growth and development. User's behaviour can 
be recorded to generate a trust factor. The trust 
factor could be used to decide the guilt probability. 
Many a times the source of data leakage within 
the organization. The proposed model uses the 
trustworthiness of the user to decide whether to 
distribute files or not. If the trust factor is below 
trust margin then the file may not be distributed. 
Hence in this way we can decide the trust amongst 
the employees and also keep a track of their 
activities. The procedure for the proposed 
trustworthiness based model is discussed below: 

Stepl: Calculate the trustworthiness depending on 
their behaviour detected by system. 

Step 2: Calculate the guilt probability of the users 
which apply for the tiles. 

Step 3: Calculate Risk assessment of the users 
which apply for the files. 
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Step4: The system decides whcther to distribute the 
files. 

Insider thrents model 

In (4] author aims on Insider thrcats modcl, 
forestall the information outflow occurring through 
email transfers. The proposcd model is based on 
data leakage detection using steganography 
detection tools. Emails are used to send textual 

information as well as pictorial attachmernts. 
Sometimes the attachments could be used as a 

media to transfer hidden messages. This model 

proposes a system in which the attachments of an 

email are scanned for hidden messages. If any type 

of hidden message is found then the email is not 

sent to, the recipient.The email is only sent if it is 
clean of any hidden or cryptal mcssages. The 

proposed model checks every mail that is sent from 

the company's server to any third party. It blocks 

any suspicious emails that could be found to 

transfer hidden messages irrespective of the hidden 

message's context. The procedure for the proposed 
model is discussed below: 

Step 1: When an email is sent by the corporate 

account to a recipient with an attachment. it is 

forwarded to the SMTP port. 

Step 2: A copy of the email is sent to the log file 

server. 

Step 3: The attachment is crosschecked with the 
user's access rights. 

Step 4: A steganography detection scanner will 
scan the attachment for any hidden messages. 

Step 5: If any unwanted hidden message is detected 

then the process will be stopped and the email will 
not be sent. 

Step 6: If no hidden messages are detected then the 
email is forwarded to main corporate email server 
which will be then sent to the recipient. 

Context Based Analysis 

In (5] author presents a new context-based method 

for accidental and intentional data leakage 

prevention. This proposed method takes the best of 

both the keyword and classifier-based approaches. 
First. we use clustering to group together 
documents of similar content. Then, we extract the 
confidential content of each cluster and represent it 

in a graph. The graph contains both the terms that 

can identify a document as confidential and the 

context in which they appear. When attempting to 
determine whether a document is confidential, the 

proposed model looks for the key terms in a 
confidential context, thus reducing false positives. 
CoBAn consists of two phases, learning and 
detection. 

The learning phase: 

(|) Detect the confidential key terms. which are the 

key terms that provide the initial indication of the 

existence of confidential content. 

(2) For cach of the detected confidential tcrms. 

analyse the context in which it appears in the 

learning sct. 

(3) Create a graph representation of the confidential 

content and context on the cluster level. 

Detection phase: 

() Assign the inspected document to relevant 

clusters. 

(2) For cach of the assigned clusters, identify all thc 

confidential and context terms that appear both in 

the document and in the cluster's confidential terms 

graph. 
(3) For cach of the assigned clusters, calculate the 

document's confidentiality score, based on the 

detected terms. 

(4) Determine 
confidential. 

whether the document 

Mantrap method 

In [6] author uses a concept of physicsl mantrap 

where there is a small space between two doors 

such that first door closes before second door 

opens. This allows security guard to identify the 

identity of incoming personnel and if the identity of 

the personnel is suspect they can trap the intruder. 

In a similar way, author implements this concept in 

Linux kernel. First thing is to identify the point 
where files get transferred into packets and at that 

point mantrap can be built. Using JProbe (a tool for 

debugging and analysing Linux kernel). The state 

of data message is analysed as it passes through the 
functions and it was found that function before 

UDPsendmsg and TCPsendmsg could be used for 
communicating between local processes and 
functions after UDPsendmsg and TCPsendmsg 

handle the job of fragmenting the data to fit into the 
size of one network package. Hence the 
UDPsendmsg and TCPsendmsg are better choices 

as the mantrap point. It first modifies the 
UDPsendmsg kernel function to allow pausing of 
any data sending action at the kernel space 

allow the allowing user time to decide whether 

data or to leave the system. Then, it builds, UDP 

Blocking and TCP Blocking. These two modules 
are used for capturing the message that is being 

sent out, and empowers further user analysis. Once 
captured, the message is passed to the user space 

programs, UDP Permission and TCP Permission. 

using Netlink. The file format is then extracted 
from the message using the File program and 
presented to the user. The user space programs 
would then proceed to ask users on where to allow 
or block the sending of the data. By notifying the 
users on what data is leaving their system and 



asking tfor a decision on whether to allow or block 
the data sending, it raise their awareness of what 
data is leaving their systenn. 

Steps: 
1) Capturing sent messages. 

S.NO 

1. 

3. 

4 
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5. 

TITLE 

Data leakage 
Prevention using 
Timestamp 

Data leakage 
prevention using 
Encryption 

Trustworthiness 
Based Model 

Insider Threats 

Context 
Method 

Based 

TECHNIQUE/ 
ALGORITHM 

IV. COMPARISON OF DIFFERENT DLP METHODS 

Rule- based 
K-means 

clustering 

Transparent 
Encryption 
RC4,Advanced 
Encryption 
Standard algorithm 

Computation 
trustworthiness. 

for 

Steganography 

and 

of 

guilt, probability. 
risk assessment 

detection scanner. 

2) Transmitting capturcd messages to uscr space. 

3) Pausing the kernel function. 

Context based 
graph and k-means 

4) Prescnting useful information to users. 

5) Handling 

ADVANTAGE 

It generally set a high threshold 
Detecting for 

confidential 

content in 
minimize 

detection. 

documents to 

false-positive 

identify which We can 

document is legal or illegal. If it 
is illegal it will not be decrypted. 

2. Even if the documents have 

been leaked, we can find the plug 
and loopholes as 

possible. 
SOon as 

is factor As trustworthiness 
calculated fromn user's historical 

behaviours, user's history is 
taken into account. Hence all of 

the user's negative and positive 
actions are recorded. 

Logging functionality acts as a 
source of evidences in case of 

be violation incidents has to 

further investigated. 

1.It reduces false positives. 
2. Detecting small confidential 
sections in embedded non 
confidential text when some of 

user decision. 

DISADVANTAGE 

Suffer from a high rate of 
falsc-positives. according 
to Organizations that use 
rule-based. 

In this we cannot allocate 

the keys according to the 
changes of LAN. 

Any user with high trust 
factor can leak sensitive 

data to third party users. 

If anyone other than the 
people had assigned 

access to the log tile then 
he system data may 
become vulnerable. 

1. The cluster may have 

only few non 
documnents confidential 

or possibly none at all. 
This may result in an 
inadequate representation 
of the non-contidential 

2. Adiacent clusters may 
contain similar 
documents to those in the 

analysed cluster. 

for clustering. 

the words are replaced with 
synonyms. 

Content. 
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Centric 

Lcakage 
Prevention 

Data 

(DLP) Approach 

Creating a mantrap 
kernel in Linus 

tools like using 
Jprobe. 

V. CONCLUSION 

Data leakage in today's world has become a very 

sensitive issue making the organizations weak. In 

this paper. we have discussed diflerent data leakage 

prevention techniques on real world problems. 

Organizations may contain of different loopholes 

which need to be treated for lossless functionality. 

Thus we have methods that can serve well for all 

types of sources which may be inside or outside the 

organization. 
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Abstract�²Fish disease diagnosis is a difficult process and needs 
high level of expertise. Any attempt of developing the system 
dealing with the fish disease diagnosis and to overcome various 
difficulties is in it has still not met any extra ordinary success. 
Identification of diseased fish at early stage is necessary step to 
prevent from spreading disease. This paper recognizes and 
identifies the EUS (Epizootic Ulcerative syndrome) disease 
which is caused by bn Aphanomyces invadans, a fungal 
pathogen. It is a red spot disease and looks like ulcer hence it is 
generally misidentified by the people. The paper is divided into 
two parts, in the first part segmentation has been applied to 
enhance the image, various edge detection techniques have 
applied to get the useful information and Morphological 
operations have been applied on the EUS diseased fish image. 
In second part features are extracted from the EUS infected 
fish image through different feature Descriptors i.e. HOG 
(Histogram of Gradient),FAST (Features from Accelerated 
Segment Test) and classify the EUS infected and Non-EUS 
infected fish image through Machine Learning Algorithms and 
find the classification accuracy through Classifier. If PCA 
applied after feature extraction then it increases the accuracy 
as it is a dimensional reduction. The proposed combination of 
techniques gives better accuracy as compared to the others. 
The Experimentation has been done on MATLAB 
environment on real images of EUS infected fish database. 

Keywords-HOG (histogram of gradient); FAST (features 
from accelerated segment test); PCA (principle component 
analysis); the EUS (epizootic ulcerative syndrome) 

I. INTRODUCTION 

EUS (Epizootic Ulcerative syndrome) is a destructive 
ulcerative of freshwater and brackish water fishes has been 
accruing in Japan, Australia, throughout South-East Asia, 
some parts of eastern USA and more recently in Africa, Due 
to the destruction and outbreak resulted loss of dietary 
component to many rural communities The disease is caused 
by the an infection of a primary fungal pathogen [1]. More 
than 100 species of fish have been affected by EUS but only 
few reports have been confirmed by demonstration the key 
diagnostic features. Fish like snakeheads and barbs in fresh 
water and mullets in brackish water are severely affected. 
However, the susceptibility of the Indian major carps, the 
major carps being affected have come from India, but the 
diagnostic features have not been demonstrated in the 
report.[2] Correct diagnosis of EUS is important to avoid 
confusion with other ulcerative conditions. It is important to 
note that ulcer is a non-specific clinical lesion which may be 

caused by many different agents [2]. So, all ulcers are not 
EUS ulcers because they are not in epizootic proportions or 
not seasonal in nature. Manually diagnosis is not corrected 
somehow and more chances to give error. To recognize and 
identification of the EUS disease for the ease of people as 
compare to manual detection as Fish is a food of millions of 
people [3-4]. Segmentation has done on various fish images 
to enhance the image, various edge detection techniques 
have been applied on the fish image and filter out the noise, 
it has been found that salt and pepper noise find in water.  
After the first part of paper, feature extraction has been done 
through various descriptors and to classify the disease and 
non-disease fish, classifier has been used to find the accuracy. 
If PCA is applied after feature extraction through various 
descriptor then features have been reduced because it reduce 
the dimensionality of the features ,only the non-important 
content will loss. Many researchers have done lot of work. 
Dalal et al.[5] extracted the HOG features from all locations 
of a dense grid on a image region and the combined features 
are classified by using linear SVM. They showed that the 
grids of HOG descriptors significantly out-performed 
existing feature sets for human detection. Jeyanthi Suresh et 
al.[6] In the paper,  proposed a method which automatically 
recognizes the human activity from input video stream with 
Histogram of Oriented Gradient features (HOG) and 
Probabilistic Neural network (PNN) classifier and In which 
features are extracted from input video frames by HOG 
features detector and are concatenated to form an action 
pattern. Experiments are conducted on KTH database and 
gives better performance in terms of 100% recognition rate 
for training set and 89.8% accuracy for test set.Valentin 
Lyubchenko et al. [7] in the paper choose or select the color 
markers to detect the infected area or to distinguish the 
normal and infected area[8]. The main disadvantage of this 
methodology is the appearing of false point marked as 
infected areas due to the automatic allocation of the selected 
color which may affect the calculation. On the contrary, this 
methodology has many advantages such as: the ability to 
change the size of the marker when selecting the colors in 
the image segmentation to avoid any appearance of false 
points, the ability to analyze fish skin areas that are difficult 
to identify visually and the ability to isolate areas of the skin 
with varying levels of destruction. Hitesh Chakravorty et al. 
[9] proposed a system in which the image of the diseased 
fish recognizes by using PCA method and diseased area 
segmentation of fish image based on color features with K-
means clustering. HSV images and Morphological operation 
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open for better accuracy to diseased area detection and 
measurement. It has taken only four Epizootic Ulcerative 
Syndrome (EUS) diseased fish images as a case study to 
evaluate the proposed approach and in the experimental 
results clear indication of the effectiveness of proposed 
approach to improve the diseased identification with greater 
precision as well as correctly compute diseased area. In 
which features are extracted and processed by PCA to form 
the feature vector after that classify them according to the 
Euclidian distance. 

II. SEGMENTATION

Edge detection is a tool in image processing and makes 
the process of image segmentation and pattern recognition a 
bit more comfort [10-11]. It significantly reduces the amount 
of data and filters out useless information, while preserving 
the useful properties in an image. The paper applied 
Histogram equalization method on fish images as shows in 
Figure 1. After that Edge detection techniques has been 
applied as shows in Figure 2, it result shows that �W�K�H���&�D�Q�Q�\�¶�V��
edge detection algorithm performs better than all other 
methods. Edge detection is the process of locating sharp 
discontinuities in an image. There are many operators in 
edge detection techniques example Roberts, Sobel and 
Prewitt [12-13]. It can be detected by two operators when 
edges detected by using the first derivatives called gradient, 
or by the second derivatives, called Laplacien It uses more 
information as it is more sensitive to noise because of the 
nature of second derivatives. Edge detection is based on 
Gradient based methods i.e Roberts, Sobel and Prewitt, it 
uses two 2-D linear filters to process vertical edges and 
horizontal edges separately [14-15]. 

A. Edge Detection Techniques 

�x Histogram  Equalization of Image
�x Edge Detection 

Figure 1. a) Original image in black and white; b) edge detection 
techniques; c) equalized image; d) histogram of equalized image.

Figure 2. a) Edge; b) Edge sobel; c) Canny; d) Perwitt.

III. M ETHODOLOGY

Figure 3. Block diagram of the system. 

Figure 3 shows the steps of Methodology, The following 
steps are: 

Step1: Image Acquisition:-The collection or acquiring of 
the images from some source. The database collected from 
NGRF, Lucknow and CIFRI, Kolkata. The Experimentations 
have been applied on real images of EUS infected fish. 

Step 2:-Image Pre-Processing:- The removal of the noise, 
applied the filter, normalization of the intensity image and 
various morphological operations applied on the EUS image. 

Step-3:-Image Segmentation:- Various edge detection 
techniques have been applied on fish images to enhance the 
image and to preserve the useful information and remove the 
useless information of the data or image. Before applied the 
edge detection techniques first equalize the image through 
histogram equalization 

Step 4:-Feature Extraction: - Various feature Extraction 
methods have been applied using ROI (Region of Interest) 
e.g. HOG (Histogram of Gradient), FAST (Features from 
Accelerated Segment Test. 

Step 5:-Image Classification: - Classify the Non-EUS and 
EUS infected fish .Various classification method have been 
applied after extracting the feature extraction. 

Step 6:-Image Evaluation & Accuracy: Evaluate the 
methods and techniques. Appropriate evaluation strategy for 
segmentation and classification of image is determined. 
Various classification algorithms have been applied to 
calculate classification accuracy. 
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IV. FEATURE DESCRIPTORS

Figure 4. Feature descriptors. 

The two Feature Descriptors applied on the dataset of 
images as shows in Figure 4 which is based on the  local 
Feature Extractor and It combine the properties of SIFT and 
GLOH descriptors. The aim of local feature representation is 
to represent the image which is based on some salient 
regions. The image is depends on its local structures with a 
set of local feature descriptors and which is obtain from a set 
of image regions called interest regions (i.e. key 
points)[16].HOG has been applied on the EUS infected 
disease fish to extract the features as shows in Figure 5. The 
HOG feature descriptor is for the object detection. It uses 
gradient orientation in the localized potions of an image and 
It divides the image into blocks and further blocks divided 
into cells then calculate the histogram of each cell after that 
normalize the histograms of the cells. Overlapping of the 
blocks has done in it. 

                                                 
Figure 5. a) Original image of EUS infected fish b) HOG applied on the 

image. 

A. FAST (Features from Accelerated Segment Test)  
It is a corner detector originally developed by Rosten and 

Drummond [17]. It find the interest point in the image. It 
gave good results as compare to other descriptors e.g. HOG 
(Histogram of Gradient).FAST is a corner detector which is 
very suitable for the real-time video processing applications 
because of its speedy performance. However, it is not 
invariant to scale changes and not robust to noise, as well as 
it depends on a threshold, where Selecting an adequate 
threshold is not a trivial task [18] Classification algorithms 
have been applied to find the accuracy after extracting the 
features from feature extractor. Fast (Features from 
Accelerated Segment Test) applied on EUS infected Fish 
image.

11  )  PCA (PrincipleComponentAnalysis):- It is linear 
technique for dimensionally reduction. It reduces the features 

those are not useful and preserve the useful feature of the 
data or image [19]. It gives good result or accuracy through 
classifier or machine learning algorithms if apply after the 
feature extraction through feature extractor e.g HOG 
(Histogram of Gradient), FAST (Features from Accelerated 
Segment Test).

V. CLASSIFICATION OF EUS AND NON-EUS FISH IMAGE 

  
Figure 6. Classification. 

Machine learning Algorithm has been applied to classify 
the Images of EUS infected and Non-EUS infected as shows 
in Figure 6. 

1  ) Neural Network: - �,�W�¶�V�� �D���P�D�F�K�L�Q�H�� �O�H�D�U�Q�L�Q�J�� �D�O�J�R�U�L�W�K�P����
applied the pattern recognition system and to get the good 
results after train the system by dataset. Divide the dataset 
into testing phase and Training phase to find the hidden 
neurons in pattern recognition system as shows in Figure7. 
After Feature Extraction from the Extractor, classifier can 
apply for the classification accuracy. Classifier has been 
applied on the real image of EUS infected fish images [20]. 

Figure 7. Pattern recognition (neural network). 

2  ) K-NN (Nearest Neighbour):- It is a supervised 
learning algorithm and it commonly used machine learning 
methods [21-22]. It classifying objects based on closest 
training examples in the feature vector. It is an important 
approach to nonparametric classification and is quite easy 
and efficient. In which classification assigns a class label for 
unknown samples by estimating its k-nearest neighbours 
based on known sample. In K-NN the nearest neighbours are 
identified using the Euclidean distance function using the 
training data. Dataset set is dividing into testing and Training 
datasets [23]. 

VI. RESULTS & A NALYSIS: 

A. Proposed Methodology 
Step 1 :-Edge detection has been applied for enhancing the 

fish images 
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:-Extract the Features from FAST (Features from 
Accelerated Segment Test) as it is a better feature extractor 
as compared to the others and it is corner detector and find 
the interest point. 

Step 3 :-After Feature Extractor applied the PCA 
(Principle Component Analysis) as it reduce the dimensions 
and preserve the useful information. 

Step 4:- Machine Learning Algorithm has been applied 
(Neural Network) to get the better accuracy as it gives better 
results after train the system.  

B. Table of Combination Techniques 
According to the Table 1 the FAST-PCA-NN gives better 

accuracy as compared to the others combination techniques.  

TABLE I. RESULTS OF ALL COMBINATION TECHNIQUES

Combination 
Techniques

Results Comments 

HOG-PCA-K-NN 56.32% Accuracy not good 
as compare to others 

FAST-PCA-K-NN 63.32% Accuracy is better 
as compare to above 
combination 

HOG-PCA-NN 65.8% Accuracy is better 
as compare to K-NN 
classifier 

FAST-PCA-NN 86% Best accuracy 
among all 
combinations. 

C. Performance Comparision between Different Feature 
Discriptor 
Proposed combination Feature discriptor technique 

compare with the other Feature descriptor technique with 
Machine learning algorithm and find the accuracy, among all 
these the proposed combination feature discriptor gives 
better accuracy as shows in Figure 8. 

Figure 8. Performance comparision between different discriptors. 

VII. CONCLUSION

The paper concludes that the proposed combination gave 
better accuracy after applied the Machine learning algorithm. 
PCA helped in increase the accuracy. The Experimentation 
has been applied on the real images of the EUS infected fish 
images dataset. The implementation has been done in 

MATLAB software. It automatically detects or diagnoses the 
Fish EUS disease. In Future scope Machine learning 
algorithms can apply on different feature Descriptors.

ACKNOWLEDGEMENT

The EUS infected Fish images have been collected from 
National Bureau of Fish Genetic Resources (NBFGR, 
Lucknow) and ICAR-Central Inland Fisheries Research 
Institute (CIFRI), Kolkata. Thanks to Dr. A.K Sahoo (CIFRI, 
Kolkata) and Dr P.K Pradhan (NBFGR, Lucknow).  

REFERENCES

[1] Nayak, K. K., Pradhan, J., Das, B. K. (2014). Original Research  
Characterization, pathogenicity, antibiotic sensitivity and immune 
response of Flavobacterium columnare isolated from Cirrhinus 
mrigala and Carassius auratus. Int. J. Curr. Microbiol. App. Sci, 3(11), 
273-287. 

[2] Jeong-Seon Park, Myung-Joo Oh, and Soonhee Han, Fish Disease 
Diagnosis System Based on Image Processing of Pathogens 
Microscopic Images, Frontiers in the Convergence of Bioscience and 
Information Technologies 2007 

[3] Burge, C. A., Mark Eakin, C., Friedman, C. S., Froelich, B., 
Hershberger, P. K., Hofmann, E. E., Ford, S. E. (2014). Burge, C. A., 
Mark Eakin, C., Friedman, C. S., Froelich, B., Hershberger, P. K., 
Hofmann, E. E., Ford, S. E. (2014). Climate change influences on 
marine infectious diseases: implications for management and society. 
Annual review of marine science, 6, 249-277. 

[4] Lafferty, K. D., Harvell, C. D., Conrad, J. M., Friedman, C. S., Kent, 
M. L., Kuris, A. M., Saksida, S. M. (2015). Infectious diseases affect 
marine fisheries and aquaculture economics. Annual review of marine 
science, 7, 471-496.  

[5] Afferty, K. D., Harvell, C. D., Conrad, J. M., Friedman, C. S., Kent, 
M. L., Kuris, A. M., Saksida, S. M. (2015). Infectious diseases affect 
marine fisheries and aquaculture economics.,Annual review of marine 
science, 7, 471-496

[6] �1�D�Y�Q�H�H�W�� �'�D�O�D�O���� �%�L�O�O�� �7�U�L�J�J�V���´�+�L�V�W�R�J�U�D�P�V�� �R�I�� �2�U�L�H�Q�W�H�G�� �*�U�D�G�L�H�Q�W�V�� �I�R�U��
�+�X�P�D�Q�� �'�H�W�H�F�W�L�R�Q�´�,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �&�R�Q�I�H�U�H�Q�F�H�� �R�Q�� �&�R�P�S�X�W�H�U�� �9�L�V�L�R�Q�� �	��
�3�D�W�W�H�U�Q���5�H�F�R�J�Q�L�W�L�R�Q�����&�9�3�5���¶�����������-�X�Q���������������6�D�Q���'�L�H�J�R�����8�Q�L�W�H�G���6�W�D�W�H�V����

[7] Valentin Lyubchenko,Rami Matarneh,Oleg Kobylin,Vyacheslav 
�/�\�D�V�K�H�Q�N�R���´�'�L�J�L�W�D�O�� �,�P�D�J�H�� �3�U�R�F�H�V�V�L�Q�J�� �7�H�F�K�Q�L�T�X�H�V�� �I�R�U�� �'�H�W�H�F�W�L�R�Q�� �D�Q�G��
�'�L�D�J�Q�R�V�L�V�� �R�I�� �)�L�V�K�� �'�L�V�H�D�V�H�V�´���� �� �,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �-�R�X�U�Q�D�O�� �R�I�� �$�G�Y�D�Q�F�H�G��
Research in Computer Science and Software Engineering, Volume 6, 
Issue 7, July 2016    

[8] A. Jeyanthi Suresh , P.Asha ,Human Action Recognition in Video 
using Histogram of Oriented Gradient (HOG) Features and 
Probabilistic Neural Network (PNN), International Journal of 
Innovative Research in Computer and Communication Engineering, 
Vol. 4, Issue 7, July 2016 

[9] Daoliang Lia, Zetian Fua, Yanqing Duanb,2002.Fish-Expert: a web-
based expert system for fish disease diagnosis, Expert Systems with 
Applications 23 ,311�±320. 

[10] Abdi. H., & Williams, L.J. (2010). "Principal component 
analysis". Wiley Interdisciplinary Reviews: Computational 
Statistics. 2 (4): 433�±459. doi:10.1002/wics.101. 

[11] �7�D�S�D�V���.�X�P�D�U���D�Q�G���*�����6�D�K�R�R���������������³�1�R�Y�H�O���0�H�W�K�R�G���R�I���(�G�J�H���'�H�W�H�F�W�L�R�Q��
�X�V�L�Q�J�� �&�H�O�O�X�O�D�U�� �$�X�W�R�P�D�W�D���´���� �,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �-�R�X�U�Q�D�O�� �R�I�� �&�R�P�S�X�W�H�U��
Applications 9(4), pp. 38-44.. 

[12] �6�K�D�Y�H�W�D�� �0�D�O�L�N���� �7�D�S�D�V�� �.�X�P�D�U���´�9�D�U�L�R�X�V�� �(�G�J�H�� �'�H�W�H�F�W�L�R�Q�� �7�H�F�K�Q�L�T�X�H�V��
�R�Q�� �G�L�I�I�H�U�H�Q�W�� �&�D�W�H�J�R�U�L�H�V�� �R�I�� �)�L�V�K�´���� �����������,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �-�R�X�U�Q�D�O�� �R�I��
Computer Applications (0975 �± 8887) Volume 135 �± No.7. 

[13] Q. Zhu, "Efficient evaluations of edge connectivity and     width 
uniformity"1996, Image Vis. Comput., 14, pp.21-34.

[14] �6�K�D�Y�H�W�D�� �0�D�O�L�N�� ���'�U���� �7�D�S�D�V�� �.�X�P�D�U���$���.�� �6�D�K�R�R���´������������ �$�� �1�R�Y�H�O��
Approach to Fish Disease Diagnostic System based on Machine 

����

Step 2 

Authorized licensed use limited to: Terna Engineering College - Navi Mumbai. Downloaded on May 19,2023 at 10:18:36 UTC from IEEE Xplore.  Restrictions apply. 



�/�H�D�U�Q�L�Q�J���´���$�,�9�3���$�G�Y�D�Q�F�H�V�� �L�Q�� �,�P�D�J�H�� �D�Q�G�� �Y�L�G�H�R�� �S�U�R�F�H�V�V�L�Q�J���� �,�6�6�1-
2054-7412) Vol-5,Issue-1.

[15] V. Aurich, and J. Weule, 1995."Nonlinear Gaussian filters performing 
edge preserving diffusion ", Proceeding of the 17th Deutsche 
Arbeitsgemeinschaft für Mustererkennung (DAGM) Symposium, 
Sept. 13-15, Bielefeld, Germany, Springer-Verlag, pp. 538-545 .

[16] M. Basu, "A Gaussian derivative model for edge 
enhancement"1994,Patt. Recog., 27:1451-1461. Burge, C. A., Mark 
Eakin, C., Friedman, C. S., Froelich, B., Hershberger, P. K., Hofmann, 
E. E., Ford, S. E. (2014). Burge, C. A., Mark Eakin, C., Friedman, C. 
S., Froelich, B., Hershberger, P. K., Hofmann, E. E., Ford, S. E. 
(2014). Climate change influences on marine infectious diseases: 
implications for management and society. Annual review of marine 
science, 6, 249-277.  

[17] M. Rizon, M. F.Hashim, P. Sa�D�G�����6�����<�D�D�F�R�E���������������³�)�D�F�H���5�H�F�R�J�Q�L�W�L�R�Q��
�X�V�L�Q�J�� �(�L�J�H�Q�I�D�F�H�V�� �D�Q�G�� �1�H�X�U�D�O�� �1�H�W�Z�R�U�N�V�´���� �$�P�H�U�L�F�D�Q�� �-�R�X�U�Q�D�O�� �R�I��
Applied Sciences, vol. 2, no. 6, pp. 1872-1875 

[18] E. Rosten, R. Porter, T. Drummond FASTER and better: a machine 
learning approach to corner detection IEEE Trans Pattern Anal Mach 
Intel, 32 (2010), pp. 105�±119 

[19] J.-Y.Chang and J.-�/���� �&�K�H�Q�������������� �³�$�X�W�R�P�D�W�H�G�� �I�D�F�L�D�O�� �H�[�S�U�H�V�V�L�R�Q��
�U�H�F�R�J�Q�L�W�L�R�Q�� �V�\�V�W�H�P�� �X�V�L�Q�J�� �Q�H�X�U�D�O�� �Q�H�W�Z�R�U�N�V�´���� �-�R�X�U�Q�D�O�� �R�I�� �W�K�H�� �&�K�L�Q�H�V�H��
Institute of Engineers, vol. 24, no. 3, pp. 345-356.  

[20] Narasimha-Iyer, H., et al., 2007. 54(8): p. Automatic Identification of 
Retinal Arteries and Veins From Dual-Wavelength Images Using 
Structural and Functional Features. Biomedical Engineering, IEEE 
Transactions on, 1427-1435. 

[21] �6�K�D�Y�H�W�D���0�D�O�L�N���� �7�D�S�D�V���.�X�P�D�U���� ������������ �³�&�R�P�S�D�U�D�W�L�Y�H���$�Q�D�O�\�V�L�V���Rf Edge 
�'�H�W�H�F�W�L�R�Q�� �L�Q�� �*�U�D�\�� �6�F�D�O�H�� �D�Q�G�� �&�R�O�R�U�� �,�P�D�J�H�´���� �&�R�P�P�X�Q�L�F�D�W�L�R�Q�V�� �R�Q��
�$�S�S�O�L�H�G�� �(�O�H�F�W�U�R�Q�L�F�V�� ���&�$�(���´���� �)�R�X�Q�G�D�W�L�R�Q�� �R�I�� �&�R�P�S�X�W�H�U�� �6�F�L�H�Q�F�H�� �)�&�6����
New York, USA Volume 5�± No. 2 . 

[22] �0�����5�L�]�R�Q�����0�����)���+�D�V�K�L�P�����3�����6�D�D�G�����6�����<�D�D�F�R�E�����³�)�D�F�H���5�H�F�R�J�Q�L�W�L�R�Q���X�V�L�Q�J��
Eigenfaces and Neural Netw�R�U�N�V�´���� �$�P�H�U�L�F�D�Q�� �-�R�X�U�Q�D�O�� �R�I�� �$�S�S�O�L�H�G��
Sciences, vol. 2, no. 6, (2006), pp. 1872-1875.  

[23] Shaw P.J.A. (2003) Multivariate statistics for the Environmental 
Sciences, Hodder-Arnold. ISBN 0-340-80763-6

����
Authorized licensed use limited to: Terna Engineering College - Navi Mumbai. Downloaded on May 19,2023 at 10:18:36 UTC from IEEE Xplore.  Restrictions apply. 









�¤







�,�(�(�(���R�U�J �,�(�(�(���;�S�O�R�U�H�,�(�(�(���6�$ �,�(�(�(���6�S�H�F�W�U�X�P�0�R�U�H���6�L�W�H�V �6�X�E�V�F�U�L�E�H

�&�R�Q�I�H�U�H�Q�F�H�V���! �����������,�(�(�(���,�Q�G�L�D�Q���&�R�Q�I�H�U�H�Q�F�H���R�������¾

�&�L�U�F�X�O�D�U�O�\���S�R�O�D�U�L�]�H�G���/���V�K�D�S�H���G�L�Y�H�U�V�L�W�\���D�Q�W�H�Q�Q�D���I�R�U���: �L�0�$�; ���D�S�S�O�L�F�D�W�L�R�Q�V
�3�X�E�O�L�V�K�H�U�����,�(�(�( �&�L�W�H���7�K�L�V �¥ �3�'�)

�6�K�L�O�S�D���8���. �K�D�U�F�K�H�����* �����6�K�U�L�N�D�Q�W�K���5�H�G�G�\ �����-�D�\�D�Q�W�D���0�X�N�K�H�U�M�H�H�����5�D�M�L�Y���. �X�P�D�U���* �X�S�W�D �$�O�O���$�X�W�K�R�U�V �f

����
�)�X�O�O
�7�H�[�W���9�L�H�Z�V

�6�X�E�V�F�U�L�E�H�&�D�U�W 

�å

�&�U�H�D�W�H

�$�F�F�R�X�Q�W

�� �µ �Á �,

�$�O�H�U�W�V

�0�D�Q�D�J�H���&�R�Q�W�H�Q�W���$�O�H�U�W�V��

�$�G�G���W�R���&�L�W�D�W�L�R�Q���$�O�H�U�W�V��

�$�E�V�W�U�D�F�W

�'�R�F�X�P�H�Q�W���6�H�F�W�L�R�Q�V

�,�� �,�Q�W�U�R�G�X�F�W�L�R�Q

�,�,���$�Q�W�H�Q�Q�D���'�H�V�L�J�Q

�,�,�,���)�D�E�U�L�F�D�W�L�R�Q���D�Q�G

�0�H�D�V�X�U�H�P�H�Q�W�V

�,�9�� �&�R�Q�F�O�X�V�L�R�Q

�$�X�W�K�R�U�V

�)�L�J�X�U�H�V

�5�H�I�H�U�H�Q�F�H�V

�.�H�\�Z�R�U�G�V

�0�H�W�U�L�F�V

�0�R�U�H���/�L�N�H���7�K�L�V

�$�E�V�W�U�D�F�W���7�K�L�V���S�D�S�H�U���S�U�H�V�H�Q�W�V���D���F�R�P�S�D�F�W���0�,�0�2���D�Q�W�H�Q�Q�D���I�R�U���:�L�0�$�;���D�S�S�O�L�F�D�W�L�R�Q�����7�K�H���S�U�R�S�R�V�H�G���F�R�Q�I�L�J�X�U�D�W�L�R�Q���H�[�K�L�E�L�W

�F�L�U�F�X�O�D�U���S�R�O�D�U�L�]�D�W�L�R�Q���I�R�U���D�Q���L�P�S�H�G�D�Q�F�H���E�D�Q�G�Z�L�G�W�K���R�I�����������*�+�]���D�S�S�U�R�[�L�P�D�������9�L�H�Z���P�R�U�H

�� �0�H�W�D�G�D�W�D

�$�E�V�W�U�D�F�W��

�7�K�L�V���S�D�S�H�U���S�U�H�V�H�Q�W�V���D���F�R�P�S�D�F�W���0�,�0�2���D�Q�W�H�Q�Q�D���I�R�U���:�L�0�$�;���D�S�S�O�L�F�D�W�L�R�Q�����7�K�H���S�U�R�S�R�V�H�G���F�R�Q�I�L�J�X�U�D�W�L�R�Q���H�[�K�L�E�L�W���F�L�U�F�X�O�D�U

�S�R�O�D�U�L�]�D�W�L�R�Q���I�R�U���D�Q���L�P�S�H�G�D�Q�F�H���E�D�Q�G�Z�L�G�W�K���R�I�����������*�+�]���D�S�S�U�R�[�L�P�D�W�H�O�\�����7�R���L�P�S�U�R�Y�H���L�V�R�O�D�W�L�R�Q���S�H�U�I�R�U�P�D�Q�F�H���D���P�R�G�L�I�L�H�G���V�S�O�L�W

�U�L�Q�J���U�H�V�R�Q�D�W�R�U���L�V���L�Q�W�U�R�G�X�F�H�G�����7�K�H���W�R�W�D�O���V�X�U�I�D�F�H���D�U�H�D���R�I���0�,�0�2���F�R�Q�I�L�J�X�U�D�W�L�R�Q���L�V���������î�����������P�P���������7�K�H���S�U�R�S�R�V�H�G

�F�R�Q�I�L�J�X�U�D�W�L�R�Q���L�V���P�H�D�V�X�U�H�G���I�R�U���W�U�D�Q�V�P�L�V�V�L�R�Q�����U�D�G�L�D�W�L�R�Q���D�Q�G���G�L�Y�H�U�V�L�W�\���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�����7�K�H���P�H�D�V�X�U�H�G���U�H�V�X�O�W�V���L�Q�G�L�F�D�W�H���W�K�H

�V�X�L�W�D�E�L�O�L�W�\���R�I���W�K�H���S�U�R�S�R�V�H�G���D�Q�W�H�Q�Q�D���I�R�U���:�L�0�$�;���D�S�S�O�L�F�D�W�L�R�Q�V��

�3�X�E�O�L�V�K�H�G���L�Q���������������,�(�(�(���,�Q�G�L�D�Q���&�R�Q�I�H�U�H�Q�F�H���R�Q���$�Q�W�H�Q�Q�D�V���D�Q�G���3�U�R�S�R�J�D�W�L�R�Q�����,�Q�&�$�3��

�'�D�W�H���R�I���&�R�Q�I�H�U�H�Q�F�H�����������������'�H�F�H�P�E�H�U����������

�'�D�W�H���$�G�G�H�G���W�R���,�(�(�(���;�S�O�R�U�H�����������-�X�O�\����������

�� �,�6�%�1���,�Q�I�R�U�P�D�W�L�R�Q��

�,�1�6�3�(�&���$�F�F�H�V�V�L�R�Q���1�X�P�E�H�U��������������������

�'�2�,���������������������,�1�&�$�3��������������������������

�3�X�E�O�L�V�K�H�U�����,�(�(�(

�&�R�Q�I�H�U�H�Q�F�H���/�R�F�D�W�L�R�Q�����+�\�G�H�U�D�E�D�G�����,�Q�G�L�D

��

�,�����,�Q�W�U�R�G�X�F�W�L�R�Q

�,�Q���W�K�H���P�R�G�H�U�Q���Z�L�U�H�O�H�V�V���F�R�P�P�X�Q�L�F�D�W�L�R�Q���W�H�F�K�Q�R�O�R�J�\�����G�H�P�D�Q�G���R�I���F�L�U�F�X�O�D�U�O�\���S�R�O�D�U�L�]�H�G�����&�3�����D�Q�W�H�Q�Q�D�V���L�V

�L�Q�F�U�H�D�V�L�Q�J�����&�3���D�Q�W�H�Q�Q�D�V���D�U�H���Q�R�W���R�Q�O�\���V�W�X�G�L�H�G���I�R�U���D�S�S�O�L�F�D�W�L�R�Q�V���L�Q���V�D�W�H�O�O�L�W�H���F�R�P�P�X�Q�L�F�D�W�L�R�Q���E�X�W���D�O�V�R���L�Q

�Z�L�U�H�O�H�V�V���V�H�Q�V�R�U���Q�H�W�Z�R�U�N�V���>���@�±�>���@�����&�3���D�Q�W�H�Q�Q�D�V���R�I�I�H�U���W�K�H���D�G�Y�D�Q�W�D�J�H�V���V�X�F�K���D�V���L�P�P�X�Q�L�W�\���W�R���P�X�O�W�L�S�D�W�K

�u

�$�' �9�$�1�&�(�' ���6�(�$�5�&�+

�$�O�O ��

���&�R�Q�W�H�Q�W�V

�� �%�U�R�Z�V�H���Ù �0�\���6�H�W�W�L�Q�J�V���Ù �+�H�O�S���Ù �,�Q�V�W�L�W�X�W�L�R�Q�D�O���6�L�J�Q���,�Q

�,�Q�V�W�L�W�X�W�L�R�Q�D�O���6�L�J�Q���,�Q

�F

�3�H�U�V�R

�6�L�J�Q��

�,�(�(�(���Z�H�E�V�L�W�H�V���S�O�D�F�H���F�R�R�N�L�H�V���R�Q���\�R�X�U���G�H�Y�L�F�H���W�R���J�L�Y�H���\�R�X���W�K�H���E�H�V�W���X�V�H�U���H�[�S�H�U�L�H�Q�F�H�����%�\���X�V�L�Q�J���R�X�U���Z�H�E�V�L�W�H�V��

�\�R�X���D�J�U�H�H���W�R���W�K�H���S�O�D�F�H�P�H�Q�W���R�I���W�K�H�V�H���F�R�R�N�L�H�V�����7�R���O�H�D�U�Q���P�R�U�H�����U�H�D�G���R�X�U��
�$�F�F�H�S�W���	 ���&�O�R�V�H

�3�'�)

�+�H�O�S



IOSR Journal of Engineering (IOSRJEN)                                                                www.iosrjen.org 
ISSN (e): 2250-3021, ISSN (p): 2278-8719 
PP 01-07 

4th International Conference On Engineering Confluence & Inauguration of Lotfi Zadeh Center of          1 | Page 
Excellence in Health Science And Technology (LZCODE) �± EQUINOX 2018 

 

Survey on Silicon Photonics 
 

1Shekhar Mane, 2Jyothi Digge 
1Electronics and Telecommunication Engineering, Terna Engineering College, University of Mumbai 
2Electronics and Telecommunication Engineering, Terna Engineering College, University of Mumbai 

 
Abstract: Silicon Photonics is a relatively new field with the goal of developing silicon based optical devices. 
This approach appears to be very enticing due to multiple reasons including the large established silicon 
fabrication infrastructure and the relatively low cost and high abundance of this material [1]. The future of IC 
industry depends upon the speed and bandwidth requirements, but in metallic interconnections we have 
constraints on speed as well as bandwidth. This paper reviews the growth of silicon photonics compared to last 
few years and a promising future of photonics. 
In 2008 Intel declared that the data transfer rate can be increased further up to 1Tbps (bits per second). 
Researches at Intel developed Silicon based lasers like Hybrid silicon laser in Sept2009, modulators with 
40Gbps(2007), multiplexer, demultiplexer, Basic light routing components like waveguides, couplers, light 
detectors like avalanche photodetector (2008). Intel have successfully demonstrated the complete 50Gbps data 
link using silicon photonics and integrated lasers[2] and going forward to develop high volume manufacturing 
process for silicon photonics and to bring high bandwidth, low cost optical communication in and around future 
PCs, servers and consumer devices. This paper gives information about silicon platforms and silicon optical 
devices which are successfully demonstrated by researchers. 
Keywords: Integrated waveguide, Optical Isolator and Circulator, Optical Tranreceiver, Silicon-on-Insulator, 
Tunable laser 
 
 

I. Intro duction 
Silicon photonics is a new technology of producing optical devices and circuits using silicon as core 

material for the integration of optical and electronic components on single chip with standard CMOS 
(complementary metal oxide semiconductor) fabrication process. Silicon is the second most (after oxygen) 
abundant element on earth. With a simple cubic crystal structure, silicon can be used to make wafers with 
�L�Q�F�U�H�G�L�E�O�H���S�X�U�L�W�\���Z�L�W�K�R�X�W���G�H�I�H�F�W�V�����,�Q���D�G�G�L�W�L�R�Q�����V�L�O�L�F�R�Q�¶�V���O�D�U�J�H���W�K�H�U�P�D�O���F�R�Q�G�X�F�W�L�Y�L�W�\�����K�D�U�G�Q�H�V�V�����D�Q�G low density are 
useful in semiconductor devices. Silicon has a high refractive index of 3.476 at 1550 nm and is transparent to 
infrared light with wavelengths above approximately 1100 nm. The property of the high index promotes the 
downscaling of device footprint to the order of submicron and nanometer sizes. Moreover, the mature 
complementary metal�±oxide semiconductor (CMOS) processing techniques are readily applicable to silicon 
photonics for low-�F�R�V�W���P�D�V�V���S�U�R�G�X�F�W�L�R�Q�����)�X�U�W�K�H�U�P�R�U�H�����V�L�O�L�F�R�Q�¶�V���K�L�J�K���T�X�D�O�L�W�\��native oxide, SiO2, offers one of the 
major advantages of silicon over germanium and other semiconductors for integrated circuits. By virtue of its 
optical properties, such as the relatively low refractive index (nSiO2 = 1.45 at 1550 nm) and the optical 
transparency in the telecommunication wavelengths, the oxide could serve not only as a good silicon waveguide 
cladding material, but also as an excellent host material for rare-earth dopants. Additionally, the control of the 
oxide cladding layer could introduce stress-induced waveguide birefringence, thus manipulating light 
propagation in the enclosed silicon waveguides. All these factors make silicon photonics a promising candidate 
for photonic circuit integration. The basic building block of silicon Photonic Integrated Circuit (PIC) includes 
silicon-based lasers, silicon waveguides, silicon modulators, and detectors. The light generated by each silicon-
based laser is transmitted to the modulator through the waveguides. The silicon modulator then encodes a signal 
into light, which in turn is carried by additional waveguides to propagate to their destination, silicon 
photodetectors, where the optical signals are converted into electronic signals for post-processing. During the 
past three decades, the first stage of the silicon photonics research was primarily focused on the proof-of 
concept devices and building block circuits, solving the most stringent problems such as fiber-to-waveguide 
coupling, and creating similar photonic components developed on other material platforms (i.e. InP, GaAs, and 
polymer) [3-6]. Nowadays, researchers are shifting their efforts towards the optimization of the existing 
components and the expansion of the functionality sets. 

To date, silicon photonics is still considered an emerging area. Various review papers [1] presented 
different aspects of silicon photonics and its future aspects. However, very few review articles have discussed 
the early work on silicon photonics from 2013. This review covers the nearly research work and offers an 
overview of the critical breakthroughs in the field. 
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II.  Silicon Platforms 
Silicon photonics typically builds on silicon-on-insulator  based  high-index-contrast  waveguide  system. 
Silicon nitride provides an alternative moderate-index-contrast system that is manufacturable in the same 
CMOS environment. This paper discusses the relative benefits of both platforms [7]. 
 
2.1 Silicon On Insulator (SOI) Vs Silicon Nitride (SiN) 
We discuss the key properties of a SiN-based PIC platform in comparison to the SOI-based PIC-platform. 
 
Transparency range: SOI-based waveguides have low absorption losses in the wavelength range from 1.1 
���P���%�D�Q�G�� �H�G�J�H�� �R�I�� �V�L�O�L�F�R�Q���� �W�R�� �D�E�R�X�W�� �������� ���P�� ���R�Q�V�H�W�� �R�I�� �P�L�G-IR absorption of silica). For applications requiring 
shorter wavelengths (e.g. data communication at 850 nm, sensors operating in the therapeutic window etc.) SOI 
is not an option. Since SiN is transparent throughout most of the visible range �± down to at least 500 nm �± it is a 
viable candidate to �L�P�S�O�H�P�H�Q�W�� �³�V�L�O�L�F�R�Q�� �S�K�R�W�R�Q�L�F�V�´�� �D�W�� �Z�D�Y�H�O�H�Q�J�W�K�V�� �E�H�O�R�Z�� �������� ���P�� �>���@���� �7�K�L�V�� �K�D�V�� �O�H�G�� �W�R��
demonstrations of spectroscopic functions [8-9], Raman spectroscopy-on-chip functions [10-11] and integration 
with colloidal quantum dots emitting in the visible 
 
Index contrast: The index contrast in SOI waveguides (cladded with silica) is very high (3.5 vs 1.5) while that 
in SiN waveguides (cladded by silica) is moderately high (2 vs 1.5). The lower index contrast of the SiN system 
as compared to SOI implies that it is harder to make high efficiency grating couplers for out-of-plane optical 
input/output, a very useful feature that allows for wafer-level testing and alignment-tolerant fiber coupling [12]. 
Nevertheless grating coupler efficiencies below 3dB have been reported. 
 
Low loss: SOI-based photonic wires �± silicon strip waveguides completely surrounded by a silica cladding �± 
have typical waveguide losses of 1 to 2 dB/cm, largely due to the scattering losses associated with sidewall 
roughness. Losses down to ~1 dB/m have been reported for such SiN waveguides [13]. 
 
Manufacturing flexibility: SiN is deposited by LPCVD or PECVD and that implies that there is a lot more 
flexibility to combine the SiN waveguide with other photonic structures than is the case for SOI. 
 
Third order nonlinearity: The Kerr nonlinearity of silicon is huge but unfortunately it is useless in the 
1300/1550 telecom bands because of two-photon absorption (TPA). TPA is a problem in its own right because it 
induces extra waveguide losses at high power. Already at a continuous wave power of a few tens of mW the 
penalty sets in. Silicon nitride has a weaker Kerr nonlinearity but the TPA is virtually zero in view of the 
�P�D�W�H�U�L�D�O�¶�V�� �O�D�U�J�H�� �E�D�Q�G�J�D�S���� �7�K�H�U�H�I�R�U�H�� �L�W���K�D�V���E�H�H�Q���S�R�V�V�L�E�O�H�� �W�R���G�H�P�R�Q�V�W�U�D�W�H�� �I�U�H�T�X�H�Q�F�\�� �Fomb generation as well as 
supercontinuum generation in SiN photonic wires [14-17] 
 

Scaling up the silicon-on-insulator (SOI)-based device dimensions in order to extend the operation 
wavelength to the short mid-infrared (MIR) range (2�±�������P�����L�V���D�W�W�U�D�F�W�L�Q�J��research interest, owing to the host of 
potential applications in lab-on-chip sensors, free space communications, and much more. Other material 
systems and technology platforms, including silicon-on-silicon nitride, germanium-on-silicon, germanium-on-
SOI, germanium-on-silicon nitride, sapphire-on-silicon, SiGe alloy-on-silicon, and aluminum nitride-on-
insulator are explored as well in order to realize low-loss waveguide devices for different MIR wavelengths. In 
pursuit of the optical waveguide with low propagation loss, various platforms and geometric structures were 
demonstrated. The reported works are summarized in Table1 [18]. 
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Table1. Demonstrated MIR waveguides with various Platforms [18] 

 
III.  Silicon based Optical Devices 

3.1 Integrated waveguide PIN photodiodes 
Germanium photodetectors are considered to be mature components in the silicon photonics device 

library. They are critical for applications in sensing, communications, or optical interconnects. In this [19] work, 
they report on design, fabrication, and experimental demonstration of an integrated waveguide PIN photodiode 
architecture that calls upon lateral double Silicon/Germanium/Silicon (Si/Ge/Si) heterojunctions. This 
photodiode configuration takes advantage of the compatibility with contact process steps of silicon modulators, 
yielding reduced fabrication complexity for transmitters and offering high-performance optical characteristics, 
viable for high-�V�S�H�H�G�� �D�Q�G�� �H�I�I�L�F�L�H�Q�W�� �R�S�H�U�D�W�L�R�Q�� �Q�H�D�U�� ���������� ���P�� �Z�D�Y�H�O�H�Q�J�W�K�V���� �0�R�Ue specifically, experimentally 
obtained at a reverse voltage of 1V a dark current lower than 10 nA, a responsivity higher than 1.1 A/W, and a 3 
dB opto-electrical cut-off frequency over 50 GHz. The combined benefits of decreased process complexity and 
high-performance device operation pave the way towards attractive integration strategies to deploy cost 
effective photonic transceivers on silicon-on-insulator substrates. 
 

 
Fig.1 Schematic cross-section of the Ge waveguide PIN photodiode based on the lateral Si/Ge/Si heterojunction. 

[19] 
 
3.2 Microring �¤Based Optical Isolator and Circulator 

Optical isolators and circulators fabricated by bonding cerium-substituted yttrium iron garnet (Ce:YIG) 
on silicon microring resonators[20]. A novel integrated electromagnet is fabricated by depositing a metal micro-
strip on the bonded chip also experimentally prove that it can be efficiently used to control the magnetic field 
needed to induce the nonreciprocal phase shift effect in the Ce:YIG. The fabricated devices exhibit extremely 
small footprint (<70 ��m) and can be packaged, eliminating the need of a large size permanent magnet. A large 
optical isolation of 32 dB and 11 dB is measured for the isolator and the circulator, respectively. Moreover, a 
two micro-ring solution is also investigated to provide larger bandwidth and higher isolation. This approach 
represents a promising solution for large-scale integration of nonreciprocal components in silicon photonics. 
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Fig. 2. (a) Top view of the isolator. (b) Cross-section of the microring resonator. The cylindrical coordinate 

system is shown in (b) as a reference frame. Pictures are not to scale [20] 
 
3.3 Integrated erbium-doped tunable laser 

A tunable laser source is a crucial photonic component for many applications, such as spectroscopic 
measurements, wavelength division multiplexing (WDM), frequency modulated light detection and ranging 
(LIDAR), and optical coherence tomography (OCT). In this paper [21] demonstrate the first monolithically 
integrated erbium-doped tunable laser on a complementary-metal-oxide-semiconductor (CMOS) compatible 
silicon photonics platform. Erbium-doped Al2O3 sputtered on top is used as a gain medium to achieve lasing. 
The laser achieves a tunability from 1527 nm to 1573 nm, with a >40 dB side mode suppression ratio (SMSR). 
The wide tuning range (46 nm) is realized with a Vernier cavity, formed by two Si3N4 micro-ring resonators. 
With 107 mW on-chip 980 nm pump power, up to 1.6 mW output lasing power is obtained with 2.2% slope 
efficiency. The maximum output power is limited by pump power. Fine tuning of the laser wavelength is 
�G�H�P�R�Q�V�W�U�D�W�H�G�� �E�\�� �X�V�L�Q�J�� �W�K�H�� �J�D�L�Q�� �F�D�Y�L�W�\�� �S�K�D�V�H�� �V�K�L�I�W�H�U���� �6�L�J�Q�D�O�� �U�H�V�S�R�Q�V�H�� �W�L�P�H�V�� �D�U�H�� �P�H�D�V�X�U�H�G�� �W�R�� �E�H�� �D�U�R�X�Q�G�� �������� ���V��
�D�Q�G�����������V���Ior the heaters used to tune the Vernier rings and gain cavity longitudinal mode, respectively. The line 
width of the laser is 340 kHz, measured via a self-delay heterodyne detection method. Furthermore, the laser 
signal is stabilized by continuous locking to a mode locked laser (MLL) over 4900 seconds with a measured 
peak-to-peak frequency deviation below 10 Hz 

 
Fig. 3(a) 3D illustration of Tunable Laser, showing different material layers, heaters for microring and gain 

cavity phase shifters (not to scale) (b) Fabricated device on the test set up, showing Erbium green colour 
fluroscence under 980nm pump (C)  SEM image of tunable laser gain waveguide cross section (d) Refractive 
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indices of waveguide materials at both pump and signal wavelengths. (e) Transverse electric field intensity of 
the fundamental mode at the signal wavelength for different bend radii along the euler bend [21] 

 
A schematic perspective view of the tunable laser design is shown in Fig. 3(a), which includes all the 

layers used in the silicon photonics platform. It has a compact footprint of 0.23 cm2 (1 mm × 2.3 cm). Figure 
3(a) includes the zoom-in view of the wavelength tuning components, which consists of two microring filters in 
a Vernier configuration and a gain cavity longitudinal-mode phase shifter with metal heater layer on top. 
 
3.4 Silicon Photonics Optical Transreceiver 

Researcher successfully developed a high-density broadband 16-channel × 25 GB/s on-package silicon 
photonics optical transceiver [22]. The flip chip bonded bridge structure realized high density of about 363 
Gb/s/cm2 and also demonstrated simultaneously on all 16 channels error-free operations with low crosstalk 
penalties of Tx-to-Tx 1.4 dB, Rx-to-Rx 1.4 dB, and Tx-to-Rx <0.1 dB. As a structure of the next generation 
optical TRx, on-package (PKG)-type is thought to be promising. The TRx is placed near large scale integration 
(LSI) and is co-mounted on a PKG substrate. This is because it is advantageous to overcome the limit of the 
number of pins on the backside of a PKG substrate [23] and to reduce the consumption of power in order to 
compensate for the distorted electrical signals such as equalizers by shortening the electrical wiring lengths 
between the LSI and the TRx. To place several TRxs adjacent to the LSI chip on a limited area of a PKG 
substrate, a small footprint is an important issue. For realizing such a broadband capability and high-density 
TRx, silicon photonics technology is suitable. This is because the TRx optical elements are able to be integrated 
in a photonic integrated circuit (PIC). Furthermore, a PIC, which is made of a silicon substrate, can be 
assembled on a PKG substrate using conventional electric packaging technologies. Taking all this into 
consideration, we have developed an on-PKG-�W�\�S�H�� �V�L�O�L�F�R�Q�� �S�K�R�W�R�Q�L�F�V�� �R�S�W�L�F�D�O�� �7�5�[�� �Z�L�W�K�� �D�� �³�K�L�J�K-density bridge 
�V�W�U�X�F�W�X�U�H���´�� �5�H�V�H�D�U�F�K�H�U�V�� �G�H�P�R�Q�V�W�U�D�W�H�G�� �W�K�H�� �E�U�L�G�J�H-assembled 25 GB/s silicon photonics transmitter (Tx) and 
receiver (Rx) with single-ch operation [24]. Recently, we demonstrated simultaneous 12-ch × 25 GB/s operation 
with low crosstalk penalty using a prototype of multi-ch silicon photonics Rx [25]. As a next step, researchers 
worked on the development of an aggregate 400 GB/s broadband and high-density optical TRx for realizing the 
broadband interconnect. To add 16-ch Tx lanes to develop the receiver, the TRx also requires the performance 
of low crosstalk penalties of Tx-to-Tx, Tx-to-Rx. 
 

 
Fig. 4. A schematic structure of 16-ch × 25 Gb/s silicon photonics optical TRx on package substrate. We 
employed a high-density bridge assembly. Here, the EIC and PIC are bonded by solder bumps and they are 
mounted on a glass ceramic interposer (GCIP). [ 22] 
 

Fig. 4 shows a schematic of the structure of the TRx. To realize the multichannel operation, the signal 
lines and the power lines have to be carefully designed. Researchers employed a high-density bridge structure 
[26]. In the structure, an electric integrated circuit (EIC) die and a PIC die were flip chip bonded directly by 
solder bumps. This enabled us to minimize the wiring length and the parasitic capacitance between the 
electronic and photonic circuits, and to mitigate the degradation of the electrical signals between the trans-
impedance amplifiers (TIAs) and photo detectors (PDs), the drivers and modulators, respectively. Researchers 
also employed a high-density glass ceramic interposer (GCIP) to support the bonded chips on a flat surface of a 
PKG substrate. The GCIP can accommodate many signal and power lines without many bonding wires 
connecting the PIC with the PKG substrate. Laser-diode arrays (LDs) were mounted as light sources for Tx and 
processed multifiber ferrules as optical I/O were fixed on the PIC. Retimer modules were co-mounted on a PKG 
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substrate. The retimer modules functioned as pseudo random bit sequence (PRBS) generators and bit error rate 
testers (BERTs) to demonstrate simultaneous 16-ch Tx and Rx operation. 

As measures for suppressing crosstalk penalties, Researchers designed the signal lines and the power 
lines as described below. At first, to reduce the reflections and crosstalk interference in the signal lines, they 
�G�H�V�L�J�Q�H�G�����������
���G�L�I�I�H�U�H�Q�W�L�D�O���V�L�J�Q�D�O���O�L�Q�H�V���H�Y�H�Q���R�Q �W�K�H���(�,�&���D�Q�G�����������
���V�L�J�Q�D�O���Y�L�D�V���L�Q�V�L�G�H���W�K�H���*�&�,�3�����7�K�H���S�D�W�W�H�U�Q�V���R�I��
signal vias, ground vias, and planes in the GCIP were laid out properly to satisfy the characteristic impedance of 
�������
���+�H�Q�F�H���� �W�K�H�� �W�U�D�Q�V�P�L�V�V�L�R�Q�� �V�L�J�Q�D�O�� �O�L�Q�H�V�� �R�I�� �������� �
�� �G�L�I�I�H�U�H�Q�W�L�D�O�� �V�L�J�Q�D�O�� �O�L�Q�H�V��between the retimer modules and 
TRx elements on the EIC were designed. Next, in order to reduce the simultaneous switching noise (SSN) in the 
power lines, they ensured the impedance of the power lines for Tx and Rx were lower than target impedances. 
We set �W�K�H�� �W�D�U�J�H�W�� �L�P�S�H�G�D�Q�F�H�� �I�R�U�� �7�[�� �D�Q�G�� �5�[�� �W�R�� �����P�
�� �D�Q�G�� �����P�
���� �U�H�V�S�H�F�W�L�Y�H�O�\���� �+�H�U�H���� �Z�H�� �F�R�Q�V�L�G�H�U�H�G�� �W�K�H��
fluctuation ratio of the power at the EIC. In the design, we put capacitors on the GCIP in order to reduce the L-C 
resonant peaks at 100�±200 MHz in the frequency characteristic for the power lines. Furthermore, we laid out 60 
nF and 35 nF on-chip-capacitors adjacent to the Tx and the Rx power lines on the EIC, respectively. Finally,we 
obtained low impedance power lines for Tx and Rx. Then, in order to ensure the Tx power noise did not affect 
the Rx sensitivity, the power lines for the Tx and the Rx were perfectly separated from the PKG substrate. 
 

IV.  Applications and Future aspects 
Silicon photonics, extremely powerful technology in the recent trades, fulfils the demands for higher 

speed, efficiency, and low power consumption at lower costs. In silicon technology, various opto-electronics 
devices integrate on a single substrate connected with each other using narrow waveguides. Such circuits could 
be used to establish high speed transmission, increased bandwidth, reduced power consumption and decreasing 
latency problems. It can potentially increase the bandwidth capacity by providing micro-scale, ultralow power 
devices. Optical data transmission increases the data rate and eliminates the problem of electromagnetic 
interference. With these data rates one could imagine the videoconferencing with a high resolution that the 
actors or family members appear to be in the room with you. Optical link can transfer data over longer distances 
�D�Q�G���I�D�V�W�H�U���W�K�D�Q���W�R�G�D�\�¶�V���F�R�S�S�H�U���W�H�F�K�Q�R�O�R�J�\�����X�S���W�R���������*�%���R�I���G�D�W�D���S�H�U���V�H�F�R�Q�G�����5�H�F�H�Q�W�O�\�����,�Q�W�H�O���&�R�U�S�R�U�D�W�L�R�Q���O�D�X�Q�F�K�H�G��
their optical link connection operating 100Gbps [27]. Fujitsu Laboratories recently developed four wavelength 
integrated silicon laser for optical transrecievers. Work is in the progress for the new optic-interconnection of 
external devices to PCs. Intel introduced Light Peak, 2009 which replaces the USB and communicates the data 
at up to 10Gbps. Researchers Advancement in the field of silicon nanophotonic technologies leads new ideas in 
future computing systems and their architectures. Researchers have successfully developed silicon optical 
devices such as integrated waveguide PIN diodes, Microring �±Based Optical Isolator and Circulator, Integrated 
erbium-doped tunable laser and Silicon Photonics Optical Transreceiver with excellent performance than 
existing devices. 
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Abstract: - Water pollution is one of the biggest fears for the green globalization. In order to ensure the safe 
supply of the drinking water, the quality needs to be monitor in real time. This project presents a reconfigurable 
smart sensor interface device for water quality monitoring system in an IOT environment. The smart WQM 
system consists of Arduino Uno R3, sensors, ESP8266EX WiFi module, CC2500 RF transceiver and android 
mobile. The Arduino Uno R3 is a microcontroller board based on the ATmega328. Arduino boards are 
relatively inexpensive compared to other microcontroller platforms tool. The proposed WQM system collects the 
four parameters of water data such as water pH, water level, turbidity and water temperature in parallel and in 
real time basis with high speed from multiple different sensor nodes. The water current will be monitored by 
accelerometer and the level of water will be monitored by opto isolator which is a digital sensor used to detect 
the water level connected at the digital pin of the controller and if the water level is above the threshold, then 
the notification will be sent to android app and also the live location detected through GPS will be also be sent 
to the Preloaded mobile numbers in the Android App through GSM and then the necessary action can be taken. 
Keywords: - Arduino UNO R3, ESP8266EX WiFi module. 

 
I. Introduction  

The Wireless Sensor Network (WSN) and wireless communication technologies have been 
increasingly �G�H�Y�H�O�R�S�H�G���I�R�U���D�V�V�L�V�W�L�Q�J���K�X�P�D�Q�¶�V���S�H�U�V�R�Q�D�O���D�Q�G���S�U�R�I�H�V�V�L�R�Q�D�O���G�D�L�O�\���W�D�V�N�V�����7�K�H���D�S�S�O�L�F�D�W�L�R�Q�V���R�I���Z�L�U�H�O�H�V�V��
technologies have been developed for the data acquisition, building control, environmental monitoring systems 
and automation of manufacturing processes in r�H�F�H�Q�W�� �\�H�D�U�V���� �7�R�G�D�\�¶�V�� �V�W�D�W�H-of-the-art WSNs have more 
advantages such as low costs for both installation and maintenance, and longer operating time. The remote 
sensor network can be used for stationary or mobile sensor networks. The remote sensor network is commonly 
used for different purposes such as surveying the development of city infrastructure, environmental monitoring, 
telemedicine or remote health care, research in agriculture, fishing surveillance, farming, border security, traffic 
management, forestry management, and disaster prevention. A WSN consists of compactly dispersed sensor 
nodes for sensing, signal processing, embedded computing, and connectivity [1]. This system enables the 
interaction between persons or computers and the surrounding environment through wireless link. Although the 
�:�6�1�V���Z�H�U�H���X�V�H�G���L�Q���P�L�O�L�W�D�U�\���D�Q�G���K�H�D�Y�\���L�Q�G�X�V�W�U�L�D�O���D�S�S�O�L�F�D�W�L�R�Q�V���R�U�L�J�L�Q�D�O�O�\�����W�R�G�D�\�¶�V���:�6�1���D�S�S�O�L�F�D�W�L�R�Q�V���D�U�H���X�V�H�G���I�R�U��
different purposes from the light industrial to heavy industrial systems. The WSN system allows users to 
monitor and control the connected devices from the base station through different wireless communication 
standards such as WiFi, General Packet Radio Service (GPRS) [2], Bluetooth, Zigbee, Radio Frequency 
Identification (RFID) [3] and cellular technologies. The users can monitor the data through a wireless network 
which can be designed based on one of those wireless communication standards. The advantages of WSN are 
low power consumption, redundant data acquisition, remote monitoring, fast network establishment, wide 
coverage area, and high monitoring precision and low duty cycle. Thus, the WSN to the real world is practically 
unlimited from physical security, environmental monitoring and climate changes, positioning and tracking and 
health care to logistic, localization, and so on [4]. The Internet of Things was developed in parallel to WSNs and 
is a physical network which connects all things in order to exchange the data and information through the data 
sensing devices such as sensors, actuators and computers in line with relevant protocols. In other word, many 
things are connected into networks in one form or another. The aims of intelligent, identifying, monitoring, 
locating, tracking and controlling things are achieved by IOTs [5]. There is a variety of IOT applications such as 
RFID tags, sensor technology, mobile technology and other smart technologies. The integration of inexpensive 
and low powered sensors into IOT is a major evolution of WSNs. The WSN in IOT applications enables the 
information and communication systems invisibly embedded in the environment since the sensor network 
enables people to interact with the real world remotely. In the proposed smart WQM system, the water quality 
monitoring system consists of a group of sensors to monitor the water parameters such as water level, water 
temperature, turbidity of water and water pH value. Firstly, the sensors detect the water parameters and then the 
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data is manipulated through Arduino UNO R3 microcontroller which transmits the data to ES8266EX WiFi 
module and then the sensor output data is displayed on the android mobile. Also, an additional feature is the 
water level detection that gives an alert to the area in text message form. The project will create a warning 
system which will prevent loss of life and property. Microcontroller senses the input from sensors and sends the 
warning to the receiver using ESP8266EX WiFi module. The receiver end also consists of a microcontroller 
connected to Wifi module. This microcontroller upon receiving warning message from the transmitter will 
broadcast water level alert to the population in harbor area via text notification using GSM which can be useful 
in case of Tsunami. 

 
II.   Internet of Things 

             The Internet of Things (IOT) is a revolutionary new concept that has the potential to turn virtually 
�D�Q�\�W�K�L�Q�J�� �³�V�P�D�U�W�´���� �7�K�H�� �,�Q�W�H�U�Q�H�W�� �R�I�� �7�K�L�Q�J�V�� �L�V�� �F�R�Q�F�H�U�Q�H�G�� �Z�L�W�K�� �L�Q�W�H�U�F�R�Q�Q�H�F�W�L�Q�J�� �F�R�P�P�X�Q�L�F�D�W�L�Q�J�� �R�E�M�H�F�W�V�� �W�K�D�W�� �D�U�H��
installed at different locations that are possibly distant from each other. Internet of Things represents a concept 
in which network devices have ability to collect and sense data from the world and then share that data across 
the internet where that data can be utilized and processed for various purposes. All the devices have its unique it 
helps to capture the real-time data automatically IOT have sensors, processors and portal main basic building 
batch. Internet of Things (IOT) is a kind of network technology, which is based on information sensing 
equipments such as RFID, infrared sensors, GPS, laser scanners, gas sensors and so on, can make anything join 
the Internet to exchange information, according to the protocol, which gives intelligent identification, location 
and tracking, monitoring and management. At the present day, Smart phones have become the lectern for 
communication and estimating field. As Mobile phones grow to be a comfort to use and cheaper it can be used 
for transmitting various types of information. Due to the distribute of mobile phones, various mobile data 
administration applications are being expanded. The report of the water standard monitoring can be very 
efficient as well as with good accuracy for analysing the data when the sensor technology is combined along 
with the mobile data application. Mobile devices, PC and tablets have the display and keypad unit sensors which 
are embedded in it. By using an IP address in the internet, the Phones may be joined together easily with the 
Internet (IoT devices satisfies every requirement). In IoT mobile devices act as hub/cellular network. smart 
things are part of the Internet in Ubiquitous Network Architecture; hence authorized users have approach for 
information. The data are collected from each objects by using servers which acts as sink. 
 

III.  History of WQM System 
             There has been lots of research on development of sensors for measuring the different water quality 
parameters. Recently, an environmental monitoring system based on WSN system using different wireless 
communication standards has attracted intensive interest. Jing [1] designed a wireless remote monitoring system 
for water supply based on GPRS using PIC microcontroller. The PC management software is developed using 
VC++6.0 software platform. Purohit and Gokhale [2] designed a real-time water quality measurement system 
using Intel microcontroller, Global System for Mobile communications (GSM) module, assorted water quality 
measuring sensors, Analogue to Digital Converter (ADC), and a liquid crystal display (LCD). Since 
microcontrollers have more complex architecture, the development time and cost increase due to the complexity 
of the circuit design. Beri [3] designed an autonomous real-time device to measure the physical and chemical 
parameters of water such as pH, temperature and turbidity using Arduino Atmega microcontroller & Zigbee 
wireless module. Hsia [4] developed a water meter system and leakage detection based on FPGA chip to realize 
a signal generator, a detection circuit, data encoder and a serial port for the transmission of data. The proposed 
system consists of pressure sensor, an ADC and FPGA design board. Chi et al. [5] presented a reconfigurable 
smart sensor interface device for industrial area of WSN in the IoT environment. These interface devices are 
restricted as they are commonly based on the comparatively complex dedicated electronic boards [6- 8]. 
Vijayakumar and Ramya [9] designed a real-time water quality monitoring system in IoT environment. The 
system consists of several sensors to measure water parameters and the raspberry PI B+ model as a core 
controller. For WSN environmental monitoring application, the energy consumption is a critical issue due to the 
deployment of a WSN based on the IEEE 1451 standard by combining with Complex Programmable Logic 
Device (CPLD) & the application of wireless communication in IoT environment. The method proposed by 
M.K. Khurana in [10] is a low-cost approach, however, the designed system can only measure the pH level of 
water..The research should be performed to achieve a broad space for development in the large number of 
energy constrained sensor nodes in an unattended environment. Therefore, a low-power, low-cost single-chip 
fully integrated autonomous System On-Chip (SoC) based wireless sensor node is required to solve these 
problems. So. this proposed system consists of group of sensors to monitor the water parameters like water 
level, pH, turbidity & water temperature. The measured values from the sensors can be processed by the core 
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controller. The Arduino model can be used as a core controller. Finally, the sensor data can be viewed on 
android mobile using WI-FI module. 
3.1 System Design 
             The objective is to design a real time water monitoring system in IoT environment for day to day living 
and extend this work for the disaster management such as Tsunami detection which is comprised of :  
1) Measurement of pH of water, turbidity, temperature, water level and water current.   
2) To combat natural disaster calamities using Arduino Uno R3 and its WiFi module ESP8266EX and sensors.      
       

IV.  System Architecture 
Setup is shown in Fig. 1 

 
Fig.1 System setup. 

 
This system consists of: 
1. Termperature sensor: LM35 Temperature sensor is used to measure the temperature of water. 
2. Turbidity sensor: CZ16/02 Turbidity sensor detects water quality by measuring level of turbidity. 
3. pH sensor: pH sensor is used to measure hydrogen-ion activity (acidity or alkalinity) in water. 
4. Water level sensor: MCT2E Opto-Isolator detects the level of water. 
5. Accelerometer: ADXL335 senses forces of acceleration i.e. vibrations, movement, speed. 
6. WiFi module: ESP8266EX WiFi module sends all the sensed data by microcontroller to android mobile 

wirelessly. 
7. Transceiver: The CC2500 transmitter will continuously send the sensors monitored data from controller to  

CC2500 receiver interfaced with controller present at boat side. 
 



Water Quality Monitoring in IoT Environment 

4th International Conference On Engineering Confluence & Inauguration of Lotfi Zadeh Center of        23 | Page 
Excellence in Health Science And Technology (LZCODE) �± EQUINOX 2018 

 
Fig. 2 Block diagram of WQM system in IoT environment. 

 
             Fig. 2 shows the block diagram of Water Quality Monitoring System in IoT environment. The 
communication between controller and android mobile takes place through WiFi module which itself acts as a 
server and transmits all the sensed data to mobile. The monitoring devices like all the sensors are continuously 
monitoring the quality of water. Flow of the project is explained as follows: 
A. Firstly, power on both the system (field and boat side) which will power on the controller and all the system 
components interfaced with the controller. 
B. To connect the android app with the controller wirelessly through wifi, search for the name of WiFi server 
which we have predefined �L�Q���F�R�Q�W�U�R�O�O�H�U�¶�V���F�R�G�L�Q�J���E�\���W�X�U�Q�L�Q�J���R�Q���:�L�)�L���R�S�W�L�R�Q���L�Q���D�Q�G�U�R�L�G���S�K�R�Q�H���D�Q�G���F�R�Q�Q�H�F�W���W�R���L�W��
by entering the IP 192.168.4.1 and Port number 1234 of WiFi module which is also set through coding. 
C. After the successful connection, the data which is monitored through sensors will be displayed on android 
app. 
D. Sensors such as turbidity sensor checks the purity of water, temperature sensor checks the surrounding 
temperature , pH sensor detects pH level of water , water level sensor checks the water level and accelerometer 
sensor detects the current flow of water if it is normal or abnormal.   
E. The turbidity, temperature, pH sensor and accelerometer sensors are analog sensors so they are connected 
on the analog pins of arduino and water level sensor i.e. Opto-Isolator is digital sensor hence connected with a 
digital pin of arduino. 
F. The inbuilt ADC is present at the analog pins of arduino which converts the sensed analog values into 
digital. 
G. Arduino will read all sensor data and calibrate it. After calibrating, it will match the data with the threshold 
values and detect any abnormalities in water. 
H. Through wifi module, notification will be sent to android app and also the live location will be detected 
through GPS which will be also sent to the preloaded numbers in the android app through GSM. 
I. The CC2500 transmitter will continuously send the sensors monitored data from controller to CC2500 
receiver interfaced with controller present at boat side. 
J. If there is any detection of values greater than the threshold values, then the notification will be sent to 
control room and the controller present at the control room will display the alert messages on LCD , turn on the 
�E�X�]�]�H�U���D�Q�G���W�K�H���U�H�G���O�H�G�¶�V���Z�L�O�O���V�W�D�U�W���E�O�L�Q�N�L�Q�J�� 
Because of these kind of indications , necessary action can be taken at that time. 
 

V. Results 
             The system was tested under different conditions and with different qualities of water. The output of the 
system was successful and in accordance with the research objectives. By logging on the application, the official 
users can access the data and also the data is forwarded through SMS to them. The required parameters are 
shown in real-time. The results of the system are shown below. Five parameters namely  pH, turbidity, 
temperature, water level and speed of water current flow are measured using the experimental setup. 
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       Parameters measured with different water samples: 

 

 

 
Fig. 3 Boat Side Display 

 

                                      
Fig. 4 WQM mobile application and SMS on mobile. 

Parameters Quality Range Units 
pH 6.5-8.5 pH 
Turbidity 80-120 Percentage 

Parameter Drinking Water Baking Soda Lemon Juice Bleach 
pH 6.5 9 2 13 

Parameter Drinking Water Tap Water Muddy Water 
Turbidity 98% 160% 419% 
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Fig. 3 and 4 shows boat side display indicating danger weather and WQM mobile application and SMS on 
mobile indicating the readings of all the water parameters.  
 

VI.   Conclusion 
             The real time water quality monitoring system for real time applications which is efficient and low cost 
with different impurities and in different periods of time has been tested after the implementation. The results of 
the test for all times have been successful. The level of pollution in the water bodies are governed and the 
sudden warnings are send to the public through messages and alarm. The diseases that are caused due to the 
presence of metals and pollutants in the water can be protected by this system. The severe level of pollutants in 
the Ganges and Yamuna rivers can be taken immediate actions. The task of monitoring can be done by using the 
less trained individuals. To test more parameters of the water quality for some applications, other sensors can be 
included in the system. The system has wide application and it is usable and affordable by all categories of 
users. 
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Abstract: Free space optic (FSO) is communication system that uses a light for carrying the 
information and to exchange data between to or more points. Free-Space Optics (FSO) is a line-of-sight 
technology that uses lasers to provide optical bandwidth connections.  FSO is capable of data, voice and video 
communications through the air, allowing optical connectivity without requiring fiber-optic cable or securing 
spectrum licenses. The transmission of FSO is mainly dependent on the medium because the presence of forgein 
elements like rain, fog and have are the some of these factors. In this paper, the weather conditions & 
techniques employed to mitigate their effect are discussed in this paper.  

 
I. Introduction   

Free Space Optic is relatively simple. FSO is current capable for transmission of data  to 2.5 Gbps 
which can be increased upto to 10Gbps.Its based on the connectivity between FSO units consisting of the optical 
transceiver with a LASER transmitter and photo detector receiver to provide duplex capability. Each FSO unit 
uses a high power optical source(i.e LASER) plus a lens that transmits light through the atmosphere to another 
to another LENS receiving the information. The use of lasers is a simple concept similar to optical transmissions 
using fiber-optic cables; the only difference is the medium. Light travels through air faster than it does through 
glass, so it is fair to classify FSO as optical communications at the speed of light. the ability to operate at high 
power levels for long distance. FSO technology requires no spectrum licensing. Successful experiments results 
determined the flexibility of FSO communication .Researchers at the German Aerospace Centre determined that 
the data transmission at 1.72 terabits per second across distance of 10.45km can be achieved. Optical beams are 
immune to electromagnetic interference. Optical components are less costly than Radio frequency components 
and also consume less power.  

 
II.  Characteristics 

1. The FSO has relatively high bandwidth. 
2. Transmission media of the FSO is air transmission media having speed of light. 
3. The range of the potential application of FSO network is extensive, from home to satellite 
4. Speed of deployment is fast. 
5. FSO provide full-duplex bidirectional capability  
6. Capacity is good than microwave &fiber. 
7. As the FSO save, secure and undetectable system connect large area with minimum planning & 

deployment. 
8. Efficient optical noise rejection and a high optical signal gain 
.  

III.   Application  
Telecom network extensions: FSO can be deployed to extend an existing metro ring or to connect new 
networks. These links generally do not reach the ultimate end user, but are more an application for the core of 
the network. 
Enterprise: The Flexibility of FSO allows it to be deployed in many enterprise applications such as LAN to 
LAN connectivity, Storage Area Networks, and intra-campus connections.  
Fiber Complment: FSO may also be deployed as a redundant link to back up fiber. Most operators deploying 
fiber for business applications connect two fibers to secure a reliable service plus backup in the event of outage. 
Instead of deploying two fiber links, operators could opt to deploy an FSO system as the redundant link.  
Access: FSO can also be deployed in access applications such as gigabit Ethernet access. Service providers can 
use FSO to provide high capacity links to businesses. 
Backhaul: FSO can be used for backhaul such as LMDS or cellular backhaul as well as gigabit Ethernet "off-
net" to transport network backhaul. 
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IV.  Challenges  
Fog: The major challenge to FSO communications is fog. Rain and snow have little effect on FSO, but fog is 
different. Fog is vapor composed of water droplets, which are only a few hundred microns in diameter but can 
modify light characteristics or completely hinder the passage of light through a combination of absorption, 
scattering and reflection. The primary way to counter fog when deploying FSO is through a network design that 
shortens FSO link distances and adds network redundancies. FSO installations in foggy cities such as San 
Francisco have successfully achieved carrier-class reliability 
Absorption:  Absorption occurs when suspended water molecules in the terrestrial atmosphere extinguish 
photons. This causes a decrease in the power density (attenuation) of the FSO beam and directly affects the 
availability of a system. Absorption occurs more readily at some wavelengths than others. However, the use of 
appropriate power, based on atmospheric conditions, and use of spatial diversity (multiple beams within an FSO 
unit) helps maintain the required level of network availability. 
Scattering: Scattering is caused when the wavelength collides with the scatterer. The physical size of the 
scatterer determines the type of scattering. When the scatterer is smaller than the wavelength, this is known as 
Rayleigh scattering. When the scatterer is of comparable size to the wavelength, this is known as Mie scattering. 
When the scatterer is much larger than the wavelength, this is known as non-selective scattering. In scattering-
unlike absorption-there is no loss of energy, only a directional redistribution of energy that may have significant 
reduction in beam intensity for longer distances. 
Physical obstructions: Flying birds can temporarily block a single beam, but this tends to cause only short 
interruptions, and transmissions are easily and automatically resumed. LightPointe uses multi-beam systems 
(spatial diversity) to address this issue, as well as other atmospheric conditions, to provide for greater 
availability.  
Building sway/seismic activity:  The movement of buildings can upset receiver and transmitter alignment. 
LightPointe uses a divergent beam to maintain connectivity. LightPointe is developing a tracking device for use 
in ultra high-speed FSO systems mounted on freestanding towers. 
Scintillation:  Heated air rising from the earth or man-made devices such as heating ducts creates temperature 
variations among different air pockets. This can cause fluctuations in signal amplitude which leads to "image 
dancing" at the FSO receiver end. LightPointe's unique multi-beam system is designed to address the effects of 
scintillation. Refractive turbulence: Refractive turbulence causes two primary effects on optical beams.  

�x Beam Wander: Beam wander is caused by turbulent eddies that are larger than the 
beam.                           

�x Beam Spreading: Beam spreading-long-term and short-term-is the spread of an optical beam as it 
propagates through the atmosphere.  

 
Safety: To those unfamiliar with FSO, safety is often a concern because the technology uses lasers for 
transmission. This concern, however, is based on perception more than reality. The proper use and safety of 
lasers have been discussed since FSO devices first appeared in laboratories more than two decades ago. The two 
major concerns involve human exposure to laser beams (which present much more danger to the eyes than any 
other part of the human body) and high voltages within the laser systems and their power supplies. Standards 
have been set for laser safety and performance and our FSO systems comply with these standards. 
 

V. Block Diagram  

 
Fig.1 Block diagram of FSO system 
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Description of the block diagram 
At Transmitter  

A source producing data input is to be transmitted to a remote destination. This source has its output 
modulated onto an optical carrier; laser or LED, which is then transmitted as an optic al field through the 
atmospheric channel. The important aspects of the optical transmitter system are size, power, and beam quality, 
which determine laser intensity and minimum divergence obtainable from the system.  At the receiver, the field 
is optically collected and detected, generally in the presence of noise interference, signal distortion, and 
background radiation. On the receiver side, important features are the aperture size and the f/-number, which 
determine the amount of the collected light and the detector field-of-view (FOV).  The transmit optics consists 
of lens assembly ( Plano convex lenses ) and receiver Optics consist of telescope units to receive the incident 
light. 
 
Modulation 

Firstly, the incoming data stream is serial to parallel converted into "n" independent streams. These 
streams are encoded in parallel by an encoder.  In the parallel encoder, a data block is composed by taking one 
bit out of each data sequence, each time the data blocks are encoded.  The parity check bits are added and 
transmitted on "k" exclusive channels, which have same rate as the data sequence and are also generated by the 
encoder. Hence, this parallel encoder makes an (1 1 + k, n) code, where n + k is the codeword length. Secondly, 
these n + k codeword sequences are modulated into 00K or PPM codes on each channel.  At the optical 
modulator, these code sequences modulate each diode with a different wavelength and are multiplexed. In the 
multiplexer, each optical signal from channels is focused on an optical fiber.  The optical pulses from the fiber 
are spread on the optical channel 
 
At Receiver 

Compared with transmitters, receiver choices are much more limited.  The two most common detector 
material systems used in the near-IR spectral range are based on Si or indium gallium arsenide (InGaAs) 
technology.  Germanium is another material system that covers theoperating wavelength range of commercially 
available FSO systems.  However, germanium technology is not used very often because of the high dark 
current values of this material.  All these materials have a rather broad spectral response in wavelength, and, 
unlike lasers, they are not tuned toward a specific wavelength.  
 
Demodulator 

At the receiver, the transmitted pulses are received together with the ambient light noise. These 
multiplexed signals are separated in accordance with their carrier wavelength .The optical filter is used as the 
de-multiplexer. These optical band-pass filters are usually constructed of multiple thin dielectric layers, and can 
achieve narrow bandwidths. These separated signals passed to the photo diode array, demodulated by pulse 
demodulator, and then decoded in parallel by the parallel decoder. Finally, these parallel data blocks are parallel 
to serial converted to retrieve the original data. 

 
LED vs Laser Diode as light source 

The choice of LED vs. Laser Diode as a light source in a wireless optical transmission product depends 
on the target application, and the related performance, cost and reliability requirements of the overall solution 
being designed.  Long range, very high speed (gigabit or more) point-to point FSO systems require laser diodes. 
Such products compete with high-speed RF point-to-point solutions often based on milimeter wave transmission 
in the 60, 70, 80 and 90 GHz bands.  However, shorter range LED based systems can achieve high-speed optical 
system performance, while dramatically reducing the overall system size and cost. 
 

VI.  Review of FSO 
FSO is a technique, in which we transmit information in the form of the light .In ancient times there 

many technique to transmit signal through light such fire etc. Today, this technique was developed using 
communication system. 
 
IN 1880-1905 

On February 19,1880 at Bell's Laboratory, the photophone was invented and its was communication 
device that allows transmission of speech on beam of light. On June 3, 1880 Bell's assistant transmitted a 
wireless voice telephone message between two buildings roof at distance 213 meters . For improving efficiency 
of the signal, transmission distance & also security. In late 18th century and early of 19th century a heliography 
device was invented .It is a wireless telegraph that signals by flashes of sunlight reflected by the mirror. The 



Survey on Free Space Optic  

4th International Conference On Engineering Confluence & Inauguration of Lotfi Zadeh Center of        78 | Page 
Excellence in Health Science And Technology (LZCODE) �± EQUINOX 2018 

flashes are produced momentarily pivoting the mirror, or by interrupting the beam  with shutter .The 
heliography was a simple but effective instrument for instantaneous communication over long distance. It main  
uses were military, survey and forest protection work. It was invemted by the German. 
 
IN  1906-1960 

Military  was interest in photophones, so in 1935, the German Army developed a photophone where a 
tungsten filament lamp with an IR transmitting filter was used as a light source for improving security as well as 
distance. Modern OWC uses either lasers or Light emitting diodes (LEDs) as transmitters. In 1962, MIT Lincoln 
Labs built an experimental OWC link using a light emitting GaAs diode and was able to transmit TV signals 
over a distance of 30 miles.  After the invention of the laser, OWC was envisioned to be the main deployment 
area for lasers and many trials were conducted using different types of lasers and modulation 
schemes. However, the results were in general disappointing due to large divergence of laser beams and the 
inability to cope with atmospheric effects. With the development of low-loss fiber optics in the 1970s, they 
became the obvious choice for long distance optical transmission and shifted the focus away from OWC 
systems. 
 
IN 1960-2015 

The invention of lasers in the 1960s, revolutionized free space optics. Military organizations were 
particularly interested and boosted their development. However the technology lost market momentum when the 
installation optical network networks for civilian uses was at its peak.Many simple and inexpensive 
consumer remote controls use low-speed communication using infrared (IR) light. This is known as consumer 
IR technologies 
�x In 2008, MRV Communications introduced a free-space optics (FSO)-based system with a data rate of 

10 Gbit/s initially claiming a distance of 2 km at high availability. This equipment is no longer available; 
before end-of-life, the product's useful distance was changed down to 350 m.  

�x In 2013, the company MOSTCOM started to serially produce a new wireless communication system[8] that 
also had a data rate of 10 Gbit/s as well as an improved range of up to 2.5 km, but to get to 
99.99% uptime the designers used an RF hybrid solution, meaning the data rate drops to extremely low 
levels during atmospheric disturbances (typically down to 10 Mbit/s). In April 2014, the company with 
Scientific and Technological Centre "Fiord" demonstrated the transmission speed 30 Gbit/s under 
"laboratory conditions". 

 
VII.  Conclusion 

This paper gives us idea about the revolution of the free space optic. The many communication 
problems are solved by using this networking technique. Today there many challenges are faced  by this 
technique such fog, rain, due bad weather signal transmission speed decreases. The major issue of this technique 
is that open outdoor communication in open atmosphere result in signal attenuation. To improve reliability, a 
number of new methods are being applied. 
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Abstract: -Mobile ad-hoc network consist of wireless nodes that communicate each other by exchanging the 
information. Routing refers to establishing route for transferring the information from one node to another node 
and the protocols used is called routing protocols. The requirement of routing protocol is to send and receive 
information among the nodes with best suited path with the minimum delay. Correct and efficient route 
establishment between a pair of nodes is the primary goal of routing protocol. Many routing protocols for 
MANET have been proposed earlier. Performance analysis of routing protocol is a significant challenge in the 
research area. This paper, gives a review work done on existing protocols characteristics of MANET and 
comparison between them. 
Keywords: - Hybrid, MANET, MH, Proactive, Reactive, Routing protocols 
 

I. Intr oduction 
Wireless technologies like 802.11, Bluetooth enabled mobile devices to use MANET. These are 

established by connecting wirelessly. MANET has various advantages over traditional network, such as reduced 
cost, area, infrastructure, ease of establishment .routing is performed by nods, MANET is collection of nodes 
which is characterized by energy limited nodes, these nodes are known as mobile hosts [MH] [1]  

The interesting area in MANET is routing. Routing depends on many factors like topology, selection of 
routes, and location of request initiator. The most basic operation in IP layer of MANET is to successfully 
transfer data packets.  

But the most challenging job is designing a routing protocol for MANET so that a node at least needs 
to know the reachability information to its neighbour for determining packet root.  

In MANET routing is performed by individual nodes. To perform routing task memory is required as 
well as the computation power. But the mobile service limit the physical size and weight due to this there is 
limitation on memory available , computational resource as well as battery power.as MANET contains more 
nodes it require more power , memory and band width. Mobility of nodes is also major factor because network 
topology changes unpredictably causes broken routing links which make them recalculate the processing time, 
memory, power, thus it generates traffic backlogs and overhead traffic. 
 

II.  Classification Of Routing Over Ad-Hoc Network 

 
Table no 1: Classification of routing over AD-HOC 



Survey on Routing Ad-hoc networks MANET  

4th International Conference On Engineering Confluence & Inauguration of Lotfi Zadeh Center of          2 | Page 
Excellence in Health Science And Technology (LZCODE) �± EQUINOX 2018 

Topology-There are various type of topologies used,topologies are the way in which nodes or constituent parts 
are interrelated.toplogies such as mesh ,star,ring,bus,grid,circular are performed.  
  
2.1. Topology based routing protocol . 
It depends on information about existing links in the network and utilize them to carry out task of packet 
forwarding.  
2.1.1.      Proactive protocol. 
These are table driven protocol. Classical routing strategies such as -Distance vector or Link state If there is any 
change in link connection it is updated periodically  -MH in MANET should keep track of routers ( possibly to 
destination)  because on known router we can forward packet immediately 
Advantages:  Node experiences minimal delay it has more bandwidth than reactive. 
  
 2.1.1.1.      DSDV ( Destination sequenced distance vector routing)  

It is proactive distance vector routing protocol proposed by [1], it is hop by hop distance vector.in this 
each node broadcast update periodically. It is based upon the Bellman-Ford algorithm to calculate the shortest 
number of hops to the destination [2].It maintains routing table for all possible destinations within the network 
and number of hops to destination. Each DSDV node maintains a routing table which stores; destinations, next 
hop addresses and number of hops as well as sequence numbers; routing table updates are sent periodically as 
incremental dumps limited to a size of 1 packet containing only new information [3].  

To alleviate traffic two type of packets are employed full dump and small increment [1]. If a route 
update with a higher sequence number is received it will replace the existing route thereby reducing the chance 
of routing loops, when a major topology change is detected a full routing table dump will be performed, this can 
add significant overhead to the network in dynamic scenarios [1]. 
 
2.1.1.2.        WRP ( Wireless routing protocol)  
WRP is table driven protocol [murthy 1996] [1] it maintains routing information among all nodes .tables formed 
are distance table, routing table, link cost message retransmission list MRL [1]. 
MRL contains. 
1. Sequence number of update message 
2. Retransmission counter 
3. Acknowledgement required flag vector with 1entry per neighbor 
4. List of updates sent in update messages. 
WRP belongs to path finding algorithm. 
In WRP MH[8�@���O�H�D�U�Q���D�E�R�X�W���H�[�L�V�W�H�Q�F�H���R�I���W�K�H�L�U���Q�H�L�J�K�E�R�U���Y�L�D���D�F�N�Q�R�Z�O�H�G�J�H�P�H�Q�W���R�U���P�H�V�V�D�J�H�����L�I���0�+���G�R�H�V�Q�¶�W���V�H�Q�G��
any message within time period it must send hello message to ensure connectivity. It eliminate loop situation 
and provide faster route. 
 
2.1.1.3.      TBRPF 

It is based on extended reverse path forwarding algorithm [Dalal 1978] [1]. 
In this the generated message is broadcasted in reverse direction along the directed spanning tree 

formed by shortest path from all nodes. 
In these protocols, each link-state update is sent on every link of network.Toplogy broadcast based on 

reverse path forwarding protocol [Bellular 1999] [1], it considers the problem of broadcasting TBRPF combines 
with concept of ERPF which results in use of minimum hop paths based on topology information .The use of 
minimum hop trees result in less frequent changes in broadcast trees and therefore less communication cost to 
maintain the tree.  

 
2.1.1.4.        OLSR 
It is based on link state algorithm [jacquet 2001].It is optimization of pure link state protocol for MANETs. 
-It reduces the size of control packet.  
-Instead of all links it declares only subset of links.  
-neighbors serve as multipoint relay. 
-minimizes flooding by using selected node which results in reduction of traffic. 

The protocol keeps the route of all destination which make it beneficial for traffic pattern with large 
subset of MH are communicating with each other and <source, destination>pair is changing continuously. 
OLSR is designed to work in dist�U�L�E�X�W�H�G���P�D�Q�Q�H�U���H�D�F�K���Q�R�G�H���V�H�Q�G���P�H�V�V�D�J�H���S�H�U�L�R�G�L�F�D�O�O�\�����L�W���G�R�H�V�Q�¶�W���Q�H�H�G���L�Q���R�U�G�H�U��
delivery of messages each control message contains a sequence number of most recent information therefore 
reordering van be done at receiving end. OLSR perform hop by hop routing.  
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2.1.1.5.     STAR 
Source Tree Adaptive Routing protocol [Garcia �±Luna-Aceves 1999] does not use periodic message to update 
neighbors 
STAR creates the same routing performance as the other proactive protocol and still be equal in bandwidth 
efficiency to obtain this result routes are allowed to be non-optimal to save bandwidth. STAR depend on 
underlying protocol must keep track of neighbour MH.  
 
2.1.2.      Reactive routing protocol 
In this nodes, only discovers the route to destination on demand. Unlike p�U�R�D�F�W�L�Y�H�� �L�W�� �G�R�H�V�Q�¶�W�� �Q�H�H�G�� �W�R�� �N�Q�R�Z�� �R�U��
save the route before in the memory. It consumes less bandwidth than proactive, its disadvantage is that even 
though route maintenance is limited it still may generate network control traffic 
 
2.1.2.1.     DSR ( DYNAMIC S OURCE ROUTING)  
This protocol consist of two major phase  
1. Route discovery 
2. Route maintenance 

The reactive DSR Protocol was developed by [9].MH first checks whether it has route to destination, it 
�K�D�V���S�D�F�N�H�W���W�R���V�H�Q�G���W�R���V�R�P�H���G�H�V�W�L�Q�D�W�L�R�Q���E�X�W���L�I���L�W���G�R�H�V�Q�¶�W���K�D�Y�H��such route it first initiates route discovery.it sends 
route request package contain address of destination along with source MHs address and unique identification 
number. DSR addresses mobility issues through the use of packet acknowledgements; failure to receive an 
acknowledgement causes packets to be buffered and route error messages to be sent to all upstream nodes. 
Route error messages trigger the route maintenance phase which removes incorrect routes from the route cache 
and undertakes a new route discovery phase. 

 
2.1.2.2.      AODV 

It is combination of DSDV and DSR .It obtains or perform route discovery and route maintenance from 
DSR and hop by hop from DSDV.AODV reduces number of broadcast ,maintains complete list of routes as in 
DSDV algorithm AODV is extension of DSR.It is pure on demand acquisition system the route are create when 
needed so called on demand. 
 
A broadcast route discovery mechanism 
RREQ route request - packet broadcasting to find a route 
RREP Route reply packet- is used to set up forward path 
Dynamic establishment of route table entries-Nodes lie on active paths only maintain routing information 
Maintenance of timer based state �±A routing table entry is expired if not use recently 
Destination sequence number-it prevents routing loops and avoids old and broken routes. 
Every node maintain two counter- 
1. Sequence number 
2. Broadcast id: increment whenever the source issues a new RREQ 
RREQ packet<source addr, source seq, broadcast Id, dest addr, dest seq, hop count> 
Destination replies unicasting RREP <source addr, dest addr, dest seq, hop count, lifetime>  
Intermediate node 
It discards duplicate packet and sends RREP if it has active route with higher sequence number 

                                       
Figure no 1: RREQ and RREP route of AODV 
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In the Fig no 1 we get to know A sends RREQ to destination D as defined above RREQ Id.as it moves further it 
increases its hop count till it reaches destination.E then sends RREP route reply to A thus hop count increases 
along the route. 
 
2.1.2.3.       Link reversal routing & TORA  
The temporal ordered routing algorithm [8]. Is adaptive loop free distributed routing algorithm it is based on 
concept of link reversal? The concept behind TORA is it decouples the message from rate of topological 
changes. It is characterized by multipath routing capability. It is proposed to operate in highly dynamic mobile 
networking environment. 
Its protocol performs three basic functions  
1. Route creation  
2. Route maintenance 
3. Route erasure 
Node with greater height can only send data to downstream node with low height. 
 
2.1.3.     Hybrid protocol  
It combines local proactive and global reactive routing. It needs to maintain those path that are currently in use. 
Hybrid routing can be classified as 
1. Zone routing protocol (ZRP)        
2. Fisheye state routing ( FSR)  
3. Landmark routing for MANET ( LANMAR )  
4. Cluster based routing protocol ( CBRP)  
 
2.2.      Position based 

It overcame some of the limitations of topology based routing by relying on availability of additional 
knowledge. It requires physical location information of node.MH determined position using GPS or other 
positioning technique. Sender normally uses location service technique to determine destination node and 
incorporate packet destination address. Routing process is based on destination location available in packet and 
location of forwarding nodes neighbour. 

 
2.2.1.      Location service 
1. Distance routing effect algorithm for mobility 
2. Quorum based location service 
3. Grid location service 
4. Home zone 
 
2.2.2.     Forwarding strategies 
1. Greedy packet forwarding 
2. Restricted directional flooding 
3. Hierarchy routing 
4. Other position based routing 
 
2.2.3.     Other routing protocol  
1. Signal stability router 
2. Power aware routing 
3. Associativity based routing 
4. QoS routing 
 

III.      Conclusion 
In this paper we have identified and reviewed a range of literature on the topic of MANET routing 

protocols. We have discussed reactive and proactive MANET routing protocols and also overviewed hybrid 
routing and position based routing protocol. Our review focuses upon protocols developed by Perkins, namely 
the Destination Sequenced Distance Vector (DSDV) and Ad-hoc On-demand Distance Vector (AODV) which 
researchers claim is the most popular MANET routing protocol.  
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Abstract: In modern days with the increase of social networking mediums so many digital images are uploaded 
every day to access this very large image collection New technology introduced that is the Content Based Image 
Retrieval which is Image mining system. Due to the enormous increase in image database sizes as well as its 
vast deployment in various applications, the need for CBIR development arose. The need to find a desired image 
from a large collection is shared by many professional groups, including journalists, design engineers and art 
historians. Content-based image retrieval (CBIR) is an important research area for manipulating large amount 
of image databases and archives. CBIR implements retrieval based on the similarities described in terms of 
extracted features with more goodness. In this paper, dynamic content-based image search and retrieval is 
conferred called feature extraction method. The perceptible contents of an image such as texture & color 
feature extractions are availed in CBIR. CBIR requires feature extraction and computation of similarity. The 
Haar wavelet transform is used for texture feature extraction, and for color feature extraction   use color 
moments. The distance between the query image features and the database images features is computed. 
Experiment results reflect the importance of the Haar wavelet transform and color moments in the performance 
of proposed CBIR method. 
Keywords- CBIR, Haar Wavelet, Color moment, Canberra distance 
 

I. Introduction  
The aim of the paper is to solve the problems of retrieval of images from a large databases. It is not 

possible to annotate each image in a large database of images. Hence rather than using the metadata, such as 
keywords, tags & annotations associated with that image we use input as a image, and the output is similar 
images from the databases. The goal of Content-Based Image Retrieval (CBIR) systems is to operate on 
collections of images and, in response to visual queries, extract relevant image. The application potential of 
CBIR for fast and effective image retrieval is enormous, expanding the use of computer technology to a 
management tool.[4] 

While the requirements of image users can vary considerably, it can be useful to characterize image 
queries into three levels of abstraction: primitive features such as color or shape, logical features such as the 
identity of objects shown and abstract attributes such as the significance of the scenes depicted. While CBIR 
systems currently operate effectively only at the lowest of these levels, most users demand higher levels of 
retrieval. Users needing to retrieve images from a collection come from a variety of domains, including crime 
prevention, medicine, architecture, fashion and publishing. Remarkably little has yet been published on the way 
such users search for and use images, though attempts are being made to categorize �X�V�H�U�V�¶ behavior in the hope 
that this will  enable their needs to be better met in the future. Attempts are also going on integrating the search 
for all kind of images and combining all above mentioned feature vectors for comparison and retrieval so as to 
achieve the best possible efficiency 
 

II.  Texture 
An image texture is a set of metrics calculated in image processing designed to quantify the perceived 

texture of an image. Image texture gives us information about the spatial arrangement of color or intensities in 
an image or selected region of an image.[5]Image textures can be artificially created or found in natural scenes 
captured in an image. Image textures are one way that can be used to help in segmentation or classification of 
images. To analyze an image texture in computer graphics, there are two ways to approach the issue: Structured 
Approach and Statistical Approach. 

 
2.1. Texture Segmentation 

The use of image texture can be used as a description for regions into segments. There are two main 
types of segmentation based on image texture, region based and boundary based. Though image texture is not a 
perfect measure for segmentation it is used along with other measures, such as color, that helps solve 
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segmenting in image. Region Based Attempts to group or cluster pixels based on texture properties together. 
Boundary Based Attempts to group or cluster pixels based on edges between pixels that come from different 
texture properties In this paper we are going to use region based technique. 

 
III.  HAAR WAVELATE Transform  

The Haar transform is the simplest of the wavelet transforms. This transform cross-multiplies a 
function against the Haar wavelet with various shifts and stretches. The Haar transform is one of the oldest 
transform functions, proposed in 1910 by the Hungarian mathematician Alfréd Haar. It is found effective in 
applications such as signal and image compression in electrical and computer engineering as it provides a 
simple and computationally efficient approach for analysing the local aspects of a signal.The Haar transform is 
derived from the Haar matrix.[3] An example of a 4x4 Haar transformation matrix is shown below. 

 

The Haar transform can be thought of as a sampling process in which rows of the transformation matrix act as 
samples of finer and finer resolution.The Haar transform has the following properties 
1. No need for multiplications. It requires only additions and there are many elements with zero value in the 
Haar matrix, so the computation time is short. It is faster than Walsh transform, whose matrix is composed of +1 
�D�Q�G���í���� 

2. Input and output length are the same. However, the length should be a power of 2, i.e.  
3. It can be used to analyze the localized feature of signals. Due to the orthogonal property of the Haar function, 
the frequency components of input signal can be analyzed. 
 
3.1Color Moment 

We use color moments for color feature extraction. The basis of color moments lies in the assumption 
that the distribution of color  in an image can be interpreted as a probability distribution.[4] Probability 
distributions are characterized by a number of unique moments (e.g., normal distributions are differentiated by 
their mean and variance). Computing color moments is done in the same way as computing moments of a 
probability distribution. 
 
Mean 
The first color moment can be interpreted as the average color in the image and can be calculated by using the 
following formula: 

       where: N = number of pixels in the image,  pij= value of the j-th pixel of the image at the i-

th color channel. 
 
Standard Deviation 
The second color moment is the standard deviation, which is obtained by taking the square root of the variance 
of the color distribution. 

 Where  Ei  = mean value, or first color moment, for the i-th color channel of the 

image 
Skewness 
 The third color moment is the skewness. 

 

  
Kurtosis 
  The fourth color moment, and, similarly to skewness is kurtosis, it provides information about the 
shape of the color distribution. More specifically, kurtosis is a measure of how flat or tall the distribution is in 
comparison to normal distribution [17]. 
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where �� is the mean of x, �1 is the standard deviation of x, and E(t) represents the expected value of the 
quantity t. Color moments can be computed for any color model. Three color moments are computed per 
channel (e.g. 9 moments if the color model is RGB and 12 moments if the color model is CMYK). Computing 
color moments is done in the same way as computing moments of a probability distribution.We get nine 
numbers�² twelve moments for each color channel as color features for each of the image. 
 
3.2 Similarity  Measures and Distance 

The similarity between two images is computed by calculating the distance between feature 
representation of the query image and feature representation of the image in the dataset. We have used Canberra 
distance and city block distance for distance calculation of the feature vectors.[6] If the distance between feature 
representation of the query image and feature representation of the database image is small, then it is considered 
similar. 
 
3.2.1. Canberra distance 
The Canberra distance is a numerical measure of the distance between pairs of points in a vector space.[7] The 
Canberra distance d between vectors p and q in an n-dimensional real vector space is given as follows: 

Where are vectors. 

 
3.2.2 City Block Distance: A function of the similarity between two image distributions is defined as the sum of 
the weighted differences between the moments of the two distributions. Formally this is, 

 

Where 
(H,I)          : are the two image distribution being compared    i : is the current channel index    r : is the number 
of channels 
Ei

1,Ei
2            : are the first moments of two image distributions 

 
3.2.3 Combining the Features 

We will work with two feature extraction methods, Haar wavelets for   texture feature extraction, and 
color moments for color feature extraction. Using only a single feature for image retrieval may be inefficient. To 
produce efficient results, we will combine the two features by adjusting appropriate weights. Similarity between 
two images is computed by calculating the distance between the feature vectors of the two images. In our paper, 
we calculate two distances from two feature vectors for each image.[4] Then the final distance is calculated by 
combining weights with those two distances. The final distance between the query image and the image in the 
database is calculated as follows: 
                 d = d1* w1+ d2* w2 

Where: 
d1=calculated distance using Haar wavelet features 
w1=weight for Haar wavelet features 
d2=calculated distance using Color features 
w2=weight for Color features 
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3.4 CBIR 

                                                                              
 Figure 1. A CBIR system block diagram 

 
  CBIR systems work in the following way.[1] In CBIR system an user gives an input as a query image 
from which a feature vector is extracted, then feature vector is also computed for each image in the database and 
the set of all feature vectors is organized as a database index. When similar images are searched with a query 
image, a feature vector is extracted from the query image and is matched against the feature vectors in the 
database. Differences between the various systems lie in the features they extract and the algorithms used to 
extract those features.[11] Whose difference distance is lesser that image is displayed as the relevant output 
images from the databases as the results. 
 

IV.  Result 
The images in the database are classified into 18 classes and each class contains 30 images. Retrieved 

image is considered matched if  it is in the same category as a query image. The three methods which are 
implemented are Texture Feature Extraction Method, Color Feature Extraction Method, and Combination of 
both (Texture + Color Feature). 

The performance of a CBIR system can be measured in terms of its precision and recall. Precision 
measures the retrieval accuracy; it is the ratio between the number of relevant images retrieved and the total 
number of images retrieved. Recall measures the ability to retrieve all relevant images in the database. It is the 
ratio between the number of relevant images retrieved and all of the relevant images in the database 
 

 
      Database 

 
Texture Feature 

 
         Color Feature 

 
(Texture + Color Feature) 

 Precision(%) Recall(%) Precision 
(%) 

Recall(%) Precision 
(%) 

Recall 
(%) 

1) Bungalows 78.97% 53.33% 51.72% 53.33% 55.22% 56.41% 
2) Bridges 93.75% 76.67% 62.50% 66.67% 75% 70% 
3) Lakes 46.87% 43.33% 65.21% 53.33% 75% 60% 
4) Forts 41.11% 40.04% 62.50% 56.67% 75% 63% 

5) Dinosaurs 83.31% 76.67% 98% 93.33% 98% 93.33% 
6) Roses 93% 66.67% 60.12% 60.54% 68.18% 63.33% 
7) Buses 83.35% 56.67% 78.98% 53.33% 93.75% 53.37% 

Table 1: Precision and Recall Table 
 

We extracted the Texture Features and Color Features separately, and then we experimented with the 
CBIR system by using a combination of both the features. Table 1 show the Precision and Recall values of the 
Texture feature, Color feature and combination of both the features of database images of different classes. 
 
4.1 Texture Feature Result 
The Figure.2. Shows the result of Texture Feature Extraction method. We have taken a query image number 255 
from the database and system retrieves the most similar images from the database. 
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Figure 2. Texture Feature Extraction Result     Figure 3. Precision Vs Recall Graph for Texture Feature   

Extraction                   . 
                                        

   
Figure 04. Color Feature Extraction Result.      Figure 05. Precision Vs Recall Graph for Color Feature 

Extraction 
 

                 

 
Figure 06. Combined (Texture + Color) Feature Extraction Result      Figure 07. Precision Vs Recall Graph for 

Combined (Texture + Color) Feature Extraction 
 

V. Conclusion 
  In this paper, we have proposed an efficient CBIR method based on the Texture feature extraction 
using Haar wavelet transform and Color feature extraction using color moments. We have included a database 
of 540 images containing 18 classes each of 30 images. Performance is measured using precision and recall 
measures for comparison. In distance calculation, Canberra distance gives better result for texture feature 
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extraction and City block distance is efficient for extracting color feature. In most of the retrievals feature 
extraction using Haar wavelet transform gives better result than Color moment used for Color feature extraction. 
Hence Haar wavelet transform gives better result than color moment. Combination of both texture and color 
feature gives better result than all other methods.  
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Abstract: This paper present a triple band, low profile microstrip antenna for radio altimeters, IEEE 
INSAT/super extended C band and X band applications. Here triple band operation is achieved by mushroom-
like electromagnetic band gap (EBG) structure. The proposed antenna operates over radio altimeter band (4.1-
4.4 GHz), extended C band from (6.7-7.1 GHz) and X band from (9.1- 10.5 GHz).An antenna is simulated on 
FR-4 substrate and overall dimension is 42x34x1.6 mm3. High-Frequency Structure Simulator (HFSS) software 
tool was used for the simulation. 
Keywords: Multiband antenna, Electromagnetic band gap (EBG), Rectangular microstrip antenna, C band, X 
band, Radio altimeter. 
 

I. Introduction  
In recent years, Wireless technology has been ahugedevelopment, which required the convenience of 

efficient modules that can be functioned at instant at low power consumption. With the growth of wireless 
communication systems, there is an enormous requisite for antennas which are suitable to operate in multiband 
operation in wireless communications, such as cell phones, aerospace, radars and sensor networks. Printed 
microstrip patch antenna become the highly demanding antenna because of their applications, which has some 
advantages like lightweight, low profile properties, cost and operating in high - frequency range [1]. However, 
the general microstrip antenna has some disadvantages such as low efficiency, narrow bandwidth, and surface 
wave losses [2]. There are many printed antennassuch as monopole, dipole, and slot with dual or multiband 
structure have been presented [3-6]. Three radiating elements with strip were used to achieve a WLAN and 
WiMAX frequency band of operations [3]. A customized U-shaped in the ground plane and composite form of 
the slot etched on the radiating patch, dual band frequency was obtained [4]. Defective ground structure (DGS) 
and L-shaped strips and cross-shaped strip line were used to achieve a dual-band and bandwidth enhancements 
[5]. A slot antenna was presented to achieve dual-band (2.4-2.485 GHz and 5.15-5.825) using narrow slots at 
corner region on radiating patch [6]. To investigated dual-band operation slot antenna for LTE/WWAN 
operation obtained by tapered open-slot is fed by 50 ohms vertical feed line with two parallel protruded feeding 
structures [7]. Using annular slot and annular patch stacked together,  

slot/patch antenna was presented for dual-band operation at 2.5 and 3.5 GHz [8]. However, these 
antennas have complex structures, small bandwidth and not purely tunable characteristics. Recently different 
techniques have been established such as electromagnetic band gap (EBG) structure [9-11]. To advance the 
functionality of high frequency, suppress the surface wave and improve the antenna parameter of the printed 
antennas using EBG mushroom-like structure [9]. By using a different shape of EBGstructures are placed on 
conducting ground plane, antenna bandwidth and the gain were improved [10]. Novel metamaterial based EBG 
was introduced to achieve dual-band antenna at frequencies 2.4 GHz and 5.0 GHz [11].  

In this paper it is proposed to obtain a triple band operation using mushroom-like EBG structures for 
radio altimeters, IEEE INSAT/super extended C band and X band applications. The demonstration of a 
multiband antenna using EBG is showcased in section II. Section III shows the simulated results of the proposed 
antenna. 
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II.  Antenna Design 
 
. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a)  Top View                                                b) Bottom View 
Figure no 1: Geometry and dimension of proposed antenna a) Top View b) Bottom View 

 
The design and geometry configuration of the antenna is shown in Fig 1. The proposed antenna was 

simulated on FR 4 substrate relative permittivity (�0r) of 4.4, loss tangent (tan �/) of 0.02 and height of 1.6 mm. 
The overall size of an antenna is 42 x 34 mm2. A Width of the micro-strip �I�H�H�G���O�L�Q�H���L�V���µ�K�¶���L�V���I�L�[�H�G���D�W�����������P�P���L�Q��
arrange to attain 50�
  impedance. The mushroom-like EBGconfiguration was composed of a ground plane with 
different size square patch on top of an inserted via, which connects the middle of the square patch and the 
ground plane.  

 
Table no 1: Proposed antenna parameters after optimization 

 
 
 
 
 
 
 
  
The resonance frequency of the mushroom-like EBG structure is determined [12]. 

�B�? =  
1

2�è�¾�.�%
                                      (1) 

L is the inductor effect and C is the capacitance effect in EBG structure.  
The inductor Lis because of the currents flowing through the vias and the bottom plate. Here the inductance 
Ldepends on the height of the substrate h and can be given by 

�. = �ä0�D                                                  (2) 
The capacitor C is because of the gap effect between the adjoining patches and it is calculated [9].  

�%=
�G�Ý0(1 + �Ý�N)

�è
cos�D
F1 
l

�G+ �C

�C

p      (3) 

Where k is the width of the mushroom-like EBG, g is the gap of the mushroom-like EBG, h is the substrate 
thickness. 
The proposed antenna resonates at three frequencies 4.3 GHz, 6.9 GHz and 9.3 GHz respectively. The width and 
the gap dimension of mushroom- like EBG are obtained from the above equations. The optimized parameter of 
the proposed antenna is shown in table 1.  
 

 
Parameter 

 
L 

 
W 

 
PL 

 
PW 

 
GL 

 
GW 

 
a 

Unit (mm)  42 34 16 15 42 34 4 

Parameter b c d e f g h 

Unit (mm)  1 6.1 6.1 9.25 9.25 22.2 3 
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III.  Simulation Results 
The proposed antenna is simulated by using the High-Frequency Structure Simulator (HFSS) software 

tool. Fig.2 show the simulated return loss with mushroom-like EBG cells and without EBG cells.    
Simulated return-loss characteristics shows, without mushroom-like EBG structure cell, the only 

rectangular shape radiating patch shows one resonant frequency of 10 GHz. It gives only X band frequency 
applications. Presenting four mushroom-like EBG structure cells exhibits three resonant frequencies of 4.3 GHz, 
6.9 GHz, and 9.3 GHz. The -10-dB bandwidth of 300 MHz from (4.1-4.4 GHz), 400 MHz from (6.7-7.1 GHz) 
and 1400 MHz from (9.1- 10.5 GHz) respectively, which is used to radio altimeters, IEEE INSAT/super 
extended C band and X band applications. 

The radiation pattern states to the directional need of the strength of fields from the antenna. The 
simulated radiation pattern E-field co and cross polarization at 4.3 GHz, 6.9 GHz, and 9.3 GHz have been 
presented are shown in Fig. 3. It shows the radiation patterns bidirectionalcharacteristics at E-plane and gain of 
the proposed antenna at E-Plane is0.5 dB, 3.49 dB and 2.82 dB at 4.3, 6.9 and 9.3 GHz respectively. The 
operative bandwidth of the proposed antenna with good radiation patterns existed to be about 300 MHz from 
(4.1-4.4 GHz), 400 MHz from (6.7-7.1 GHz) and 1400 MHz from (9.1- 10.5 GHz) which are reliable with the 
requirement of the radio altimeters, IEEE INSAT/super extended C band and X band applications. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure no 2: Simulated return-loss characteristics effect of EBG cells 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a)                                                        (b) 
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(c) 
Figure no 3:  Radiation patterns for the proposed antenna with copolar and cross-polar at resonant frequencies 

(a) 4.3 GHz (b) 6.9 GHz and (c) 9.3 GHz 
 

IV.  Conclusion 
A triple- band, small size, low profile microstrip patch antenna is simulated on FR 4 substrate for radio 

altimeters, IEEE INSAT/super extended C band and X band applications by using mushroom-like EBG 
structure cells. Simulated results show that the antenna is accomplished of operating at 4.1-4.4 GHz for radio 
altimeters, 6.7-7.1 GHz for IEEE INSAT/super extended C band and 9.1- 10.5 GHz for X band applications. 
The antenna has a small size 42 x 34 mm2 and realizes triple band operation with appropriate impedance 
matching and radiation patterns.  
 

References 
[1]. I.J.Bahl and P.Bhartia, Microstrip Antennas. 1980, Boston: Artech House. 
[2]. Constantino A. Balanis�����³�$�Q�W�H�Q�Q�D���7�K�H�R�U�\���$�Q�D�O�\�V�L�V���	���'�H�V�L�J�Q�´�����7�K�L�U�G���(�G�L�W�L�R�Q�����-�R�K�Q�:�L�O�H�\���3���6�R�Q�V (2005). 
[3]. �0�H�K�G�L�S�R�X�U�����$���L�5���L�6�H�E�D�N�����&���:�����7�U�X�H�P�D�Q�����D�Q�G���7�����$�����'�H�Q�L�G�Q�L�����³Compact multiband planar antenna for 2.4/3.5/5.2/5.8-GHz wireless 

�D�S�S�O�L�F�D�W�L�R�Q�V���´��IEEE Antennas and Wireless Propagation Letters, vol. 11, 2012 pp. 144�±147. 
[4]. �)���L�0�L�U�]�D�P�R�K�D�P�P�D�G���� �-���� �1�R�X�U�L�Q�L�D���� �D�Q�G�� �&���� �*�K�R�E�D�G�L���� �³�$�L�Q�R�Y�H�O�G�X�D�O�L�� �Z�L�G�H�E�D�Q�G�� �P�R�Q�R�S�R�O�H-like microstrip antenna with controllable 

�I�U�H�T�X�H�Q�F�\���U�H�V�S�R�Q�V�H���´��IEEE Antennas and Wireless Propagation Letters, vol. 11,2012, pp. 289�±292. 
[5]. W.C. Liu, C. �0���� �:�X�����D�Q�G���<���� �'�D�L���� �³�'�H�V�L�J�Q of triple-frequency microstrip-�I�H�G���P�R�Q�R�S�R�O�H���D�Q�W�H�Q�Q�D���X�V�L�Q�J���G�H�I�H�F�W�H�G���J�U�R�X�Q�G���V�W�U�X�F�W�X�U�H���´��

IEEE Transactions on Antennas and Propagation, vol. 59, no. 7, 2011, pp. 2457�±2463. 
[6]. C. Hsieh�����7���L�&�K�L�X�����D�Q�G���&�����/�D�L�����³�&�R�P�S�D�F�W��dual-�E�D�Q�G���V�O�R�W���D�Q�W�H�Q�Q�D���D�W���W�K�H���F�R�U�Q�H�U���R�I���W�K�H���J�U�R�X�Q�G���S�O�D�Q�H���´��IEEE Transactions on Antennas 

and Propagation, vol. 57, no. 10, 2009, pp. 3423�±3426. 
[7]. Horng-Dean Chen, Hui-Wen Yang, and Cow-Yen-Desmond �6�L�P�� �³Single Open-Slot Antenna for LTE/WWAN Smartphone 

Application�´��IEEE Transactions on Antennas and Propagation vol. 65, no. 8, 2017, pp. 4278-4282. 
[8]. Wei Shi , ZupingQian and Weiming Ni �³Dual-Band Stacked Annular Slot/Patch Antenna for Omnidirectional Radiation�´��IEEE 

Antennas and Wireless Propagation Letters, vol. 15, 2016, pp. 390-393. 
[9]. F. Yang, Y. Rahmat-�6�D�P�L�L�����³�0�L�F�U�R�V�W�U�L�S���$�Q�W�H�Q�Q�D�V integrated with electromagnetic band-gap structure: a low mutual coupling design 

�I�R�U���D�U�U�D�\���D�S�S�O�L�F�D�W�L�R�Q���´��IEEE Transactions on Antennas and Propagation, 2003.vol. 51.pp 2936-2946. 
[10]. �(�O�V�K�H�D�N�K�����1�������+�����$�����(�O�V�D�G�H�N�����D�Q�G���(�����$���� �$�E�G�D�O�O�D�K�����³�,�Q�Y�H�V�W�L�J�D�W�H�G���Q�H�Z���H�P�E�H�G�G�H�G��shapes of electromagnetic band gap structures and 

�Y�L�D���H�I�I�H�F�W���I�R�U���L�P�S�U�R�Y�H�G���P�L�F�U�R�V�W�U�L�S���S�D�W�F�K���D�Q�W�H�Q�Q�D�S�H�U�I�R�U�P�D�Q�F�H�G���´��Progress In Electromagnetics Research B, Vol. 20, 2010, pp. 91�±
107. 

[11]. Braden P. Smyth ; Stuart Barth ; Ashwin K. Iyer �³Dual-Band Microstrip Patch Antenna Using Integrated Uniplanar Metamaterial-
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Abstract: The purpose of this paper is to describe solution to the 
problem of designing a Content Based Image Retrieval (CBIR) system. It 
outlines the problem, the proposed solution, the final solution and 
the accomplishments achieved. Due to the enormous increase in 
image database sizes, as well as its vast deployment in various 
applications, the need for CBIR development arose. Content-based 
image retrieval (CBIR) is an important research area for 
manipulating large amount of image databases and archives. 
Extraction of invariant features is the basis of CBIR. This paper 
focuses on the texture & color feature extractions. Using just one 
feature information for comparing images may cause inaccuracy 
hence compared with more than one features. CBIR requires 
feature extraction and computation of similarity. The Haar wavelet 
transform is used for texture feature extraction, and for color 
feature extraction i use color moments. The distance between the 
query image features and the database images features is 
computed. Experiment results reflect the importance of the Haar 
wavelet transform and color moments in the performance of 
proposed CBIR method. 
 
 Keywords-, CBIR, Haar Wavelet, Color moment, Canberra 
distance 
 

I. INTRODUCTION 
 

The aim of the paper is to solve the problems of retrieval of 
images from a large databases. It is not possible to annotate each 
image in a large database of images. Hence rather than using the 
metadata, such as keywords, tags & annotations associated with 
that image we use input as a image, and the output is similar 
images from the databases. The goal of Content-Based Image 
Retrieval (CBIR) systems is to operate on collections of images 
and, in response to visual queries, extract relevant image. The 
application potential of CBIR for fast and effective image 
retrieval is enormous, expanding the use of computer 
technology to a management tool.[4] 
While the requirements of image users can vary considerably, it 
can be useful to characterize image queries into three levels of 
abstraction: primitive features such as color or 
shape, logical features such as the identity of objects shown 
and abstract attributes such as the significance of the scenes 
depicted. While CBIR systems currently operate effectively only 
at the lowest of these levels, most users demand higher levels of 
retrieval.Users needing to retrieve images from a collection 
come from a variety of domains, including crime prevention, 
medicine, architecture, fashion and publishing. Remarkably 

little has yet been published on the way such users search for 
and use images, though attempts are being made to categorize 
�X�V�H�U�V�¶ behavior in the hope that this will  enable their needs to be 
better met in the future. Attempts are also going on integrating 
the search for all kind of images and combining all above 
mentioned feature vectors for comparison and retrieval so as to 
achieve the best possible efficiency 
 
 

II. TEXTURE 

An image texture is a set of metrics calculated in image 
processing designed to quantify the perceived texture of an 
image. Image texture gives us information about the spatial 
arrangement of color or intensities in an image or selected 
region of an image.[5]Image textures can be artificially created 
or found in natural scenes captured in an image. Image textures 
are one way that can be used to help in segmentation or 
classification of images. To analyze an image texture in 
computer graphics, there are two ways to approach the issue: 
Structured Approach and Statistical Approach. 

 
A. Texture Segmentation 
 
The use of image texture can be used as a description for regions 
into segments. There are two main types of segmentation based 
on image texture, region based and boundary based. Though 
image texture is not a perfect measure for segmentation it is 
used along with other measures, such as color, that helps solve 
segmenting in image. Region Based Attempts to group or cluster 
pixels based on texture properties together. Boundary Based 
Attempts to group or cluster pixels based on edges between 
pixels that come from different texture properties In this paper 
we are going to use region based technique. 

 
III.  HAAR WAVELATE  TRANSFORM 

 
The Haar transform is the simplest of the wavelet transforms. 
This transform cross-multiplies a function against the Haar 
wavelet with various shifts and stretches.The Haar transform is 
one of the oldest transform functions, proposed in 1910 by the 
Hungarian mathematician Alfréd Haar. It is found effective in 
applications such as signal and image compression in electrical 
and computer engineering as it provides a simple and 

Content Based Image Retrieval Using 
Texture and Color Features 

 



computationally efficient approach for analysing the local 
aspects of a signal.The Haar transform is derived from the Haar 
matrix.[3] An example of a 4x4 Haar transformation matrix is 
shown below. 

 

 

 
The Haar transform can be thought of as a sampling process in 
which rows of the transformation matrix act as samples of finer 
and finer resolution.The Haar transform has the following 
properties 
1. No need for multiplications. It requires only additions and 
there are many elements with zero value in the Haar matrix, so 
the computation time is short. It is faster than Walsh transform, 
whose matrix is compos�H�G���R�I���������D�Q�G���í���� 
2. Input and output length are the same. However, the length 

should be a power of 2, i.e.  

3. It can be used to analyze the localized feature of signals. Due 
to the orthogonal property of the Haar function, the frequency 
components of input signal can be analyzed. 
 
A. F-norm theory 
 
Low frequency component provide a low scale approximation of 
image and best describes the original image. It contains large 
coefficients with more energy. The two-dimensional wavelet 
transform of the image has most of the energy conserved in the 
upper left-hand corner of the transform and consists primarily of 
values that are zero or near zero in the remaining three-quarters 
of transform. The image features can be very well defined with 
F-norm theory for the decreased dimension of the image. 
Feature vectors for all the images in the database can be found 
using F-norm theory .Calculation of feature vector from F-norm 
theory is done as follows. 
Suppose A is a square matrix and Ai is its lth order sub matrix 
where  

 

=0 we can define the 

feature vector of A as 

 

 
IV. COLOR MOMENT 

 
We use color moments for color feature extraction. The basis 
of color moments lies in the assumption that the distribution of 
color  in an image can be interpreted as a probability 
distribution.[4] Probability distributions are characterized by a 
number of unique moments (e.g., normal distributions are 
differentiated by their mean and variance). Computing color 
moments is done in the same way as computing moments of a 
probability distribution. 

Mean 
The first color moment can be interpreted as the average color in 
the image and can be calculated by using the following formula: 

 

where: 
N = number of pixels in the image 
pij= value of the j-th pixel of the image at the i-th color channel. 
 
Standard Deviation 
The second color moment is the standard deviation, which is 
obtained by taking the square root of the variance of the color 
distribution. 

 

Where  Ei  = mean value, or first color moment, for the i-th 
color channel of the image 
 
Skewness 
 The third color moment is the skewness. 
 

 

 
Kurtosis 
 The fourth color moment, and, similarly to skewness is 
kurtosis, it provides information about the shape of the color 
distribution. More specifically, kurtosis is a measure of how flat 
or tall the distribution is in comparison to normal 
distribution[17]. 

 

where �� is the mean of x, �1 is the standard deviation of x, 
and E(t) represents the expected value of the quantity t. Color 
moments can be computed for any color model. Three color 



moments are computed per channel (e.g. 9 moments if the color 
model is RGB and 12 moments if the color model is CMYK). 
Computing color moments is done in the same way as 
computing moments of a probability distribution.We get nine 
numbers�² twelve moments for each color channel as color 
features for each of the image. 

 
V. SIMILARITY MEASU RES AND DISTANCE 
 
The similarity between two images is computed by calculating 
the distance between feature representation of the query image 
and feature representation of the image in the dataset. We have 
used Canberra distance and city block distance for distance 
calculation of the feature vectors.[6] If the distance between 
feature representation of the query image and feature 
representation of the database image is small, then it is 
considered similar. 
 
A. Canberra distance 
 
The Canberra distance is a numerical measure of the distance 
between pairs of points in a vector space.[7] The Canberra 
distance d between vectors p and q in an n-dimensional real 
vector space is given as follows: 
 

 

Where 

are vectors. 

B. City Block Distance 

A function of the similarity between two image distributions is 
defined as the sum of the weighted differences between the 
moments of the two distributions. Formally this is, 

 

Where 

(H,I)          : are the two image distribution being compared 

i                 : is the current channel index 

r                 : is the number of channels 

Ei
1,Ei

2            : are the first moments of two image distributions 

 are the second moments (std) of the two image 
destributions. 

 are the third moments (skewness) of the two image 
distributions. 

 are the weight for each moment 

C. Combining the Features 

we will work with two feature extraction methods, Haar 
wavelets for   texture feature extraction, and color moments for 
color feature extraction. Using only a single feature for image 
retrieval may be inefficient. To produce efficient results, we will 
combine the two features by adjusting appropriate weights. 
Similarity between two images is computed by calculating the 
distance between the feature vectors of the two images. In our 
paper, we calculate two distances from two feature vectors for 
each image.[4] Then the final distance is calculated by 
combining weights with those two distances. The final distance 
between the query image and the image in the database is 
calculated as follows: 

                 d = d1* w1+ d2* w2 

where: 
d1=calculated distance using Haar wavelet features 
w1=weight for Haar wavelet features 
d2=calculated distance using Color features 
w2=weight for Color features 
 

VI. CBIR 

 

 
 
 

 

 

 

 

Figure 1. A CBIR system block diagram 
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CBIR systems work in the following way.[1] In CBIR system an 
user gives an input as a query image from which a feature vector 
is extracted, then feature vector is also computed for each image 
in the database and the set of all feature vectors is organized as a 
database index. When similar images are searched with a query 
image, a feature vector is extracted from the query image and is 
matched against the feature vectors in the database. Differences 
between the various systems lie in the features they extract and 
the algorithms used to extract those features.[11] Whose 
difference distance is lesser that image is displayed as the 
relevant output images from the databases as the results. 
 
VII.RESULT 
 

 
      Database 

 
Texture Feature 

 
         Color 
Feature 

 
(Texture + Color 

Feature) 
 Precis

ion(%
) 

Recall(
%) 

Precisi
on 
(%) 

Recall(
%) 

Precisi
on 
(%) 

Recall 
(%) 

1) Bungal
ows 

78.97
% 

53.33% 51.72% 53.33% 55.22% 56.41% 

2) Bridge
s 

93.75
% 

76.67% 62.50% 66.67% 75% 70% 

3) Lakes 46.87
% 

43.33% 65.21% 53.33% 75% 60% 

4) Forts 41.11
% 

40.04% 62.50% 56.67% 75% 63% 

5) Dinosa
urs 

83.31
% 

76.67% 98% 93.33% 98% 93.33% 

6) Roses 93% 66.67% 60.12% 60.54% 68.18% 63.33% 
7) Buses 83.35

% 
56.67% 78.98% 53.33% 93.75% 53.37% 

    
 Table 1: Precision and Recall Table 
 

The images in the database are classified into 18 classes and 
each class contains 30 images. Retrieved image is considered 
matched if  it is in the same category as a query image. The three 
methods which are implemented are Texture Feature Extraction 
Method, Color Feature Extraction Method, and Combination of 
both (Texture + Color Feature). 
The performance of a CBIR system can be measured in terms of 
its precision and recall. Precision measures the retrieval 
accuracy; it is the ratio between the number of relevant images 
retrieved and the total number of images retrieved. Recall 
measures the ability to retrieve all relevant images in the 
database. It is the ratio between the number of relevant images 
retrieved and all of the relevant images in the database 
We extracted the Texture Features and Color Features 
separately, and then we experimented with the CBIR system by 
using a combination of both the features. Table 1 show the 
Precision and Recall values of the Texture feature, Color feature 
and combination of both the features of database images of 
different classes. 
 

Texture  Feature Result: 
The Figure.2. shows the result of Texture Feature Extraction 
method. We have taken a query image number 255 from the 
database and system retrieves the most similar images from the 
database. 

 
 

Figure 2. Texture Feature Extraction Result for Query image 
No.255 considering top 9 images. 

 



Figure 3. Precision Vs Recall Graph for Texture Feature 
Extraction for Query image No.255 considering all images in 

the class of 30 images. 

 

Figure 04. Color Feature Extraction Result for Query image 
No.255 considering top 9 images. 

 

Figure 05. Precision Vs Recall Graph for Color Feature 
Extraction for Query image No.255 considering all images in 

the class of 30 images. 

 
 

Figure 06. Combined (Texture + Color)  Feature Extraction 
Result for Query image No.255 considering top 9 images. 

 

 
 

Figure 07. Precision Vs Recall Graph for Combined (Texture + 
Color) Feature Extractionfor Query image No.255 considering 

all images in the class of 30 images. 
 

VIII. CONCLUSION:   

In this paper, we have proposed an efficient CBIR method based 
on the Texture feature extraction using Haar wavelet transform 
and Color feature extraction using color moments. We have 
included a database of 540 images containing 18 classes each of 
30 images. Performance is measured using precision and recall 
measures for comparison. In distance calculation, Canberra 
distance gives better result for texture feature extraction and 
City block distance is efficient for extracting color feature.  



In most of the retrievals feature extraction using Haar wavelet 
transform gives better result than Color moment used for Color 
feature extraction. Hence Haar wavelet transform gives better 
result than color moment. Combination of both texture and color 
feature gives better result than all other methods.  
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Abstract�²  In the beginning of cloud computing, data holder is 
influenced to put their data to the cloud to get the benefit of high 
variability, and cost-effectiveness. However, for shielding data 
privacy, delicate, information has to be encrypted first for 
storing it on the cloud, which replaces the presently available 
scheme derived from simple exploration of the keyword. So the 
presented system has of great importance by an encrypted cloud 
data search service. By taking all the  data client and documents 
in the cloud into consideration, it is essential for the search 
service to permit query which contains one or more words 
specified by the user and gives the outcome in correspondence 
with the status which is closer to the efficient data retrieval. 
Here, we give solution for difficulty in -preserving multi-keyword 
ranked search over encrypted cloud data (MRSE) [9] and create 
a set of severe privacy necessities for a cloud data consumption 
scheme which turn out to be actual. Here we prefer the proficient 
utilization of "coordinate matching", i.e., it takes the possible 
number of matches, to capture the correspondence among search 
question and data documents, followed by the use of  "inner 
product similarity" for correspondence calculation. We present 
well-organized method for similarity search on encrypted data 
that make use of a state-of-the-art [11] process designed for 
quick adjacent search in high dimensional spaces[14] labeled as 
for locality sensitive hashing[14][15]. We offer a precise security 
description for the privacy of the perceptive data and confirm 
the security for the uploaded documents. 
 

Keywords— Coordinate Matching, Similarity Index, Locality 
Sensitive Hashing (LSH), Data Retrieval, Multi-keyword Ranked 
Search over Encrypted Cloud data (MRSE). 

I. INTRODUCTION  

Cloud computing is major computing technique, where cloud 
clients can tenuously save their important data on the cloud to 
get the benefit of its premium function and different services 
from computing resources. Its functions like high pliability 
and financial savings are encouraging the peoples and 
organization, to put important and sensitive information on the 
cloud. The unwanted access to sensitive or individual's private 
information is able to reduce to the great extent in the cloud. 
The personal or dedicated information like e-mails, delicate 
fitness records, pictures, income tax documents can be 
encrypted by the user prior to storing it on the viable public  
 

 
Cloud; this, conversely, replaces the previous data storing 
service. 
 Here we give solution for complicated and Unrealistic 
method of getting whole information and decrypting it, 
because it requires high bandwidth cost in the cloud-scale 
scheme. In addition, Images enclose the functional and 
significant information, Here we also give image tagging in 
MRSE [9] system. There is no meaning of using cloud if  it 
cannot be  easily searched and used   
 Ranked search is further valuable term as it can smartly 
remove redundant network traffic by just forwarding only 
significant data, which is tremendously admired in the "pay-
as-you-use"[11] cloud model. Therefore, keeping the 
dedicated information safe and efficient search in the 
encrypted cloud data is of high significance. To get better the 
search effect, we required well-organized skill to realize 
similarity search above the big amount of encrypted data. We 
used a protected index based encryption plan to achieve the 
requisite. The locality sensitive hashing (LSH)[14]  intended 
for quick similarity search on simple data in information 
recovery[15]. 
 

II. RELATED WORK 
 

Searchable encryption be a live research region with high-
quality works. The previous searchable encryption method 
frequently constructs an encrypted searchable index [9] to the 
extent that its substance is concealed to the server, yet it still 
permits the document searching through the given query. To 
look at the methods designed for keyword search through 
encrypted and outsourced data the authors start with the plan 
to accumulate the plaintext documents on data storage server 
in the encrypted structure for better protection. The paper 
gives the cryptographic idea which facilitates the indexed 
exploration on encrypted data that avoid seeping out of any 
perceptive information [1]. The authors explain the 
arithmetical computation approach that can merge the 
significant gain of every document throughout the 
establishment of searchable index [9] earlier than depositing 
the encrypted document set. 
 

Proceedings of the Second International Conference on Intelligent Computing and Control Systems (ICICCS 2018)
IEEE Xplore Compliant Part Number: CFP18K74-ART; ISBN:978-1-5386-2842-3

978-1-5386-2842-3/18/$31.00 ©2018 IEEE 87
Authorized licensed use limited to: Terna Engineering College - Navi Mumbai. Downloaded on May 19,2023 at 10:18:20 UTC from IEEE Xplore.  Restrictions apply. 



One keyword searchable encryption system with ranking 
measure depending on keyword occurrence is explained in [2] 
that regain the finest corresponding documents. 
  
Ranked search method which facilitates the data consumer to 
rapidly discover the appropriate information, rather than 
sorting during the entire equivalence in the content collection 
[3]. Ranked search is able to exterminate redundant network 
traffic gracefully by reversing simply the considerable, data, 
that is extremely pleasing in the "pay-as-you-use" cloud 
paradigm.  
A multi-keyword ranked search method,[4]which make a use 
of  "coordinate matching"  standard that holds the similarity 
involving in a multi-keyword search  plus data documents. 
Alternatively, document's index structure utilizes a binary 
illustration of document provisions .consequently the ranked 
search not able to separate the documents through a higher 
number of continuous terms than documents with the lower 
number of repeated terms.  

A new realistic performance for ranked searchable symmetric 
encryption is suggested by Cash, David, et al [5], which 
provide a proficient plan with the appropriate use of the 
presented cryptographic primitive, order-preserving 
symmetric encryption (OPSE) [11][2].The Boolean symmetric 
searchable encryption idea founded on the orthogonalization 
which can also call as dividing a query or method into its 
separate keywords as stated Gram-Schmidt development[6]. 
The primary searchable encryption through the symmetric 
settings, by using this system any person with the public key 
can write to the data which is distantly stored, but the users 
having w private key execute search queries[7].  

 
III.  PROPOSED SYSTEM 

 
By taking cloud data hosting service into consideration it 
mainly having three units such as the data holder, the data user 
along with his ID, and the cloud server. 
The document holder first registers on the cloud to use cloud 
computing services. The data holder has set of documents F 
which he wants to store on a cloud server in the form of C i.e. 
code especially to thwart illegal access. To allow searching 
capability over C intended for efficient data use, the owner, 
firstly make an encrypted searchable index I [9]  from F 
previous to outsourcing, and after that store the index I and the 
encrypted text set C to the cloud server. The work deals with 
efficient algorithms for searching and retrieving the data from 
the cloud server to the users on the cloud in such a way that 
the user will get correct search result for the input query. The 
algorithm used here is derived from secretly giving out the 
simple data and get resourceful sharing of composite data. For 
choosing the document set with certain keywords, an 
approved user having an ID obtain an equivalent trapdoor T 
during search control method. After getting T from a user 
side, cloud server has to search the index I after that it goes 
reverse to the equivalent collection of encrypted text. To get 
better precision in the document retrieval, the consequence of 
searching ranked via the cloud server in accordance with  

cosine similarity search and assigning to the client on the 
cloud with the intention to make the data on cloud more 
secure. in addition, to diminish the cost of communication the 
data user possibly will forward an optional number k together 
with the trapdoor T so that the cloud server only send reverse 
to top-k documents that are most applicable to the search 
problem.  After getting the search effect, data owner 
distributing the file with the encrypted key so as to decrypt the 
data by user. Data owner also performs the operations like, 
including fresh documents, revise the documents which are 
already present, and deleting the existing documents. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Structural Design Diagram of Proposed Idea 
 

To well-organized similarity search, data holder makes a safe 
index and stored it on the cloud server collectively by the 
encrypted data. The server performs a search on the index in 
accordance with the queries of the data consumers learning 
with no anything concerning the data other than what data 
owner allows an adversary to learn. In Phase-I, we present the 
index arrangement. In �±II part, we explain the search scheme 
that is making on the pinnacle of the index. 
 

A. The Index Structure:  
 

Our similarity, Searchable Symmetric Encryption (SSE)[11] 
system is depending on a protected index generation which is 
made by locality sensitive hashing (LSH)[14]. LSH plot the 
items into numerous buckets so that related items collide in 
same buckets even as different items are not having the great 
possibility. The index structure is constructed above this 
property. 
 

B. Basic Secure Search Scheme: 
 It explain the essential set of rules for our similarity SSE [11] 
scheme, shown in figure 2. 
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Fig. 2.  Basic Secure Search Protocol 

 

�x Key Creation: At first Alice gets private keys such as 
the secret key for data gathering encryption and 
secret keys of index construction. 

�x Index construction: He creates the index for the data 
collection with the keys. 

�x Data encryption: Alice encrypts the objects with key 
create the encrypted set. Alice forwards the 
encrypted set with the secure index to the 
inaccessible server hold by Bob. 

�x Trapdoor creation: Assume a user wishes to get back 
the items, and then the clients create the trapdoors. 
When the trapdoor is constructed, the user forwards it 
to the server. 

�x Search: Server carries out the search on the index for 
every constituent and sends reverse the equivalent 
encrypted file.  

�x Data decryption: Once the client gets the file, user 
decrypts the encrypted file. Formerly get back the 
encrypted objects related to the exploration doubt, 
user decrypts it by using the specific key to get their 
plain form. 
 

IV. PROPOSED METHOD 
 

A. Porter Stemming 

With the use of Porter stemming algorithm (or 'Porter 
stemmer' we can eliminate the general morphological and in 
flexional ending from terms in English during file uploading.  
Following are the steps of this algorithm:- 
1. Reads file data and split into word by word (based on 
space). 
2.  Elimination of Stop words like - and, or, an etc 
3. Execute Stemming. Such as suppose two words print, 
printed. Eliminate ed from next word.) 

These are labeled as preprocessing steps. 

4. Compute tf, tf-idf rate for every keyword within the file and 
stores in the database.  

5. for first 5 uploads, performs only this steps. 

6. For the next uploads, along with these steps performs 
following steps also 

7. Generate a document vector  

8. Generate document vector used for all uploaded files also. 

9. Carry out cosine similarity computation of uploading doc 
with the entire docs in the record. 
 Thus for vector A = (a1, a2) and B = (b1, b2),    the cosine 
similarity is known as: 
 
  (a1 b1 + a2 b2) / Sqrt (a1^2 + a2^2) sqrt (b1^2 + b2^2) 
�«������������������������������������������ 
 
Where a1, a2, b1, b2 are tf-idf values. 

Eg:-If 6th file is uploading will get 5 cosine similarities. (How 
much similar the 6th file with all 5 uploaded doc.).Calculates 
Average of the entire 5 cosine similarity. Higher similarity 
than the average for the files and then these uploading files 
will enclose in single cluster. 

10. Determine 10 keywords in every doc having greater 
frequency and stores in files table. 

 

B. Cosine Similarity Algorithm 

1. Compute the occurrence of each keyword in the document. 
2. Identify average frequency. 
3. Store heading of the document in DB. 
4. Add the words in the title to the tag list. 
5. Choose greater frequency keywords in the document and 
put it on the label list. 
6. Store the tag list into the database. 
7. Calculate TF-IDF [16] for every word in a text. 
 
Term Frequency= (Frequency of that particular word in a 
document)/ Total number of words                                       (2) 
 
Inverse Document Frequency=log ((total documents)/ (no. of 
docs with the term))                                                              (3) 

 

8. Carry out Normalization for finding document vector. 
9. Estimate cosine similarity for two file vectors. 
   
   thus a vector A = (a1, a2) and B = (b1, b2), the cosine 
similarity is specified like: 
 

   (a1 b1 + a2 b2) / sqrt(a1^2 + a2^2) sqrt(b1^2 + b2^2)         (4)    

10. Work out Average cosine similarity for the entire duo of 
documents. 
11. Evaluate cosine similarity of the recent document with 
every presented bunch of keywords.  
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12. Choose the bunch with maximum cosine similarity and 
include recent keyword to that bunch. 
 
Ensure maximum cosine similarity significance designed for 
fresh clusters. If it is greater than the threshold, then attach to 
recent clusters otherwise generate another one. 
Threshold situation 1 fixed: Threshold=0.9 
Threshold situation 2: Threshold=Average cosine similarity 
for an entire duo of docs. 

 

a) Subsequent to Clustering 
 

1. Recognize frequency of exclusive keyword inside every 
cluster 
2. Recognize greater frequency keyword within every cluster. 
3. Store high-frequency keyword along with cluster feature 
vector in the backup. 

 

C. Index Creation: 
 

We have to build for every cluster, constructs an index. 
1. Determine records in the cluster. 
2. Take back higher frequency keywords within every file in 
that cluster. 
3. Determine general characters in every keyword, For 
example, ACDF. 
4. Determine TFIDF [16] of top 10 higher regularity keywords 
in that cluster. 
For instant TFIDF�
�����������:���I�R�U���D�O�O���K�L�J�K���������N�H�\�Z�R�U�G�V 
 (Bucket�����:���[�L���:���[�����
���[�����
���[���������������;�������:������������ 
5. Link together ACDF13467-> This is the index for that 
cluster. 
 

D. Searching: 
 

1. Client gives the input explore keywords in the textbox.  
2. Get back tfidf of keywords from the chart.  
3. Determine cluster [9] that include the keyword and get back 
the index.  
4. Divide the index into two pieces.  
5. Such that. Investigate �:�� �K�H�O�O�R�� �:�� ���������� �Z�R�U�O�G�� �:�� ����������
13467 % 123 == 0 && 13467 % 145 == 0  
6. Execute word analysis depending on another piece of an 
index. 
7. Determine cluster containing a great number of related 
character.  
8. Choose indexes related to tfidf and word evaluation is to be 
done.  
9. Determine the words related to index and equal search 
keywords. 
10. Show record of documents selected. 
 

V. RESULT AND DISCUSSION 
 

Multiple users are created at a central position for the data 

Owners and data users. We can see that either of the users are 
able to use the system once log in 
The communication among data owners and data users is 
strictly through E-mail system which enables the system to be 
secured. Since the files uploaded by data owners are encrypted 
and kept in the cloud, public viewing of these files is 
impossible. The data users can search the files over the cloud 
entering multiple keywords. The files or contents can be 
viewed only after the approval of the data owners, after 
getting the secret key. 
Below table shows the document search with three different 
techniques considering size of the text in kb. 
 

TABLE I. DOCUMENT SEARCH OVER DIFFERENT METHODS 
 

 
 
Searching time of the document from the server based on the 
search query entered by data user is greatly reduced compared 
to other existing system. Time needed to search the document 
for previous method  on server is slightly higher due to 
random search technique. Below graph gives the clear 
comparison of document search. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.  Plot of Document Ranked Search  

 

When data owner uploads the file to the server, it also 
generates the index for the file which will help data user to 
search the file over cloud. Table-3 shows the time required to 
generate index in proposed and existing system. 

Index generation of the file takes place during the uploading 
phase. So time required to generate index file should be less. 
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TABLE II. INDEX GENERATION TIME 
 

 

the time required to create index in milliseconds regarding the 
file size. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.   Plot of Document Index Generation with Different Methods 

The overall performance of the system is calculated based on 
the number of keyword and number of documents and 
respective response time. 

TABLE III.  INDEX GENERATION TIME 

 

That proposed system takes less time to retrieved data as 
compared to existing systems with respect to the number of 
documents and number of words that increase the 
performance of the proposed system. 
 

VI. CONCLUSIONS 
 
We have determined a well-organized similarity searchable 
symmetric encryption scheme. The locality sensitive hashing 
that can extensively intend for quick correspondence search  

in high dimensional spaces [14] for simple data.   
 

 

 

 

 

 

 

 

 

 

 

Fig. 5.  Plot of Performance with Different Methods   

 

We explained LSH based secure index and a explore method 
to facilitate quick similarity search in the framework of 
encrypted data. In such a context, it is very critical not to 
sacrifice the privacy of the sensitive data while providing 
functionality. a precise definition of the security to make 
certain secrecy with empirical analysis on a real data is 
explained here. 
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Abstract—Mobile Ad-hoc Network (MANET) consists of 
wireless devices which are used for the initiating and establish 
communication link between the sender and receiver nodes. Due 
to the unpredictable mobility of wireless nodes in MANET, node 
links can be break at any time. Paper has done the survey on 
different existing routing protocols which initiates the route 
between the sender and receiver. Different routing protocols have 
different ways of route initialization process with single or 
multiple paths at the beginning which can be used for the link 
recovery when path gets broken. We have studied the path 
recovery mechanism when link gets failed between any two 
nodes. Paper also contributes the study and the comparison 
between the various protocols involved.  

Keywords—MANET, Protocols, Routing, Link break 
prediction. 

I. INTRODUCTION

 Mobile host consists of routing which is also called as 
mobile IP Technology. As mobile node changes its position 
from its own domain network to the unknown network, mobile 
node informs to own network agent, on the own domain 
network to which foreign agent it wants to convey. With this 
mobile agent register itself with new foreign agent on the 
foreign network. Then home agent sends all the packets 
intended for mobile node which is in the foreign network. 
When mobile agent comes back to its  home network, it 
restores the settings in the foreign as well as home network. 
But this is not the case with the Ad-hoc network. It does not 
have concept of home network. Address management as well 
as protocol interoperability is required to support the mobile IP 
host.  
 Depending on the medium of communication, 
networks are classified into two categories such as wired and 
wireless network. In wired network, cable or wire is used to 
establish link between any two nodes in the network. In 
contrast, wireless networking uses the air as a medium of 
communication between any two nodes and a hardware device 
to support the wireless communication. Nodes are moving 
independently within the network. This type of network is used 
to establish the private network. Wireless networks are also 
known as ad-hoc network. 

Ad-hoc network differ in infrastructure like routers, 
switches, mobile nodes, routing protocols and supporting 
hardware. Wireless routing protocols face the challenges such 
as frequency, change in topologies, low power and asymmetric 

links.  Number of protocols has defined to work in wireless 
network. 
Protocols are classifies into two categories: 
1) Table Driven routing 
2) Source Initiated On demand routing 
 As the name suggests the table-driven protocols 
maintain the routing information in tabular form such as Next 
hop, IP address, Destination node etc. Routers in the network 
exchange the routing table with neighbor node in-case of 
addition of any node in the network or deletion of node from 
the network. With this information, nodes in the network nodes 
are able to send the data to the destination. Any change in the 
network reflects the change in the routers memory. 
 In source initiated routing scheme, paths are created 
as and when it requires. If any node wants to send the 
information to the any other node in the network, it initiates the 
process of path establishment. This process ends when the 
destination node found.  This type of network called as Mobile 
Ad-hoc Network (MANET)[1].  
 In MANET, routing in the network is very well liked 
because it does not require any foundational infrastructure. 
Communication between the devices happens with the help of 
wireless protocol. This gives the advantages over the fixed 
network. MANET as  wireless network consists of number of 
movable nodes. As the node relocate from one place to another 
place topology keeps on changing frequently.  In on-demand 
routing protocols only the nodes actually participating in the 
process of  data transfer from source to destination store the 
information even-if many nodes get selected during path 
initialization process. Examples of these protocols are AODV 
[2], TORA [4] and DSR [3]. On other hand, Table driven 
protocols consists of routing tables inside nodes. An example 
of table-driven category is DARPA [5], DSDV [6] and WRP 
[7]. 

II. WIRELESS AD-HOC ROUTING ALGORITHMS 

On-Demand Distance Vector(AODV) routing protocol is 
mostly used because of its advantages over other routing 
protocols. AODV establishes connection between wireless 
nodes quickly, efficiently and with minimum latency and 
reduced overhead through path accumulation technique.  

AODV is extended version of DSDV i. e. Destination 
Sequenced Distance Vector routing protocol. It minimizes the 
number of broadcasts in the network while establishing the 
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connection between source and destination node. It is pure on-
demand routing protocol as it considers only those nodes in the 
path that are actually sending the data from source to 
destination. and only these nodes exchange the routing table 
with neighbor nodes before sending the data.  

When source node wants to commune with destination 
node, it starts the initialization process and it broadcasts the 
packets in the network with information of destination node. 
When these packets are received by the neighbor node if 
neighbor node has the destination node information it send the 
route reply packet back to the source else neighbor node again 
re-broadcasts the packet to find the destination node. This 
packet gets rebroadcasted till the destination node is reached. 

Figure 1(a) shows the different paths to the destination 
node. Source node sends the Route Request Packet (RREQ) to 
initiate the path between sender and receiver. AODV uses the 
destination sequence number to maintain the path information 
during the every broad-casted RREQ packet. Broadcast ID is 
incremented by one in every broadcast. The source node 
consists of most recent RREQ for its destination. The 
intermediate node replies to the RREQ packet if it has the 
destination node as neighbor node.  

During the process of forwarding the RREQ packet, node 
stores the routing information in its routing table. It helps to 
establish the reverse path from destination to source node. 
During this process if node finds the duplicate packet if 
discards the packet. 

Fig 1.  Path in the AODV 

 When RREQ packet reaches to the destination, node 
responds to the previous node by sending Route Reply packet 
(RREP). Figure 1(b) shows the RREP packet path from 
destination to the source node by tracking the broadcast ID 
which was saved during the path initialization process. Hence, 
destination node unicast the RREP packet with path 

information to the source node.  Destination node chooses the 
path having minimal number of hops till source node.  
 In addition to this it maintains the network by 
sending “hello” packets at regular interval so as to check 
whether neighbor node is alive in the network or not. There 
are some other algorithms who work on path initialization. In 
MANET, node position changes frequently in the network so 
path maintenance and path recovery algorithms are also 
required.  

Fig 2. RREQ packet format 

Figure 2 shows the block diagram of RREQ packet format 
in ad-hoc network. It consists of Hop count, Flag registers, 
RREQ ID, Type of packet, Destination sequence number, 
Originator IP address, Destination IP address, and Originator 
sequence number. These fields are used during path 
initialization process. 

III.  PATH INITIALIZATION ALGORITHMS 

Ilyas, M.[1], [2], [6], proposed that AODV is wireless 
protocol which is used for maintaining ad-hoc network.  It 
initiates route between source node and destination node.  In 
initialization process source sends the RREQ packet to find 
destination node. RREP packet replies to route request if 
destination node exists from that node else it again 
rebroadcasts new packet. Once RREQ packet reaches to the 
destination, node sends RREP packet to the source node by 
uni-casting.  

D. B. Johnson and D. A. Maltz [3], proposes Dynamic 
Source Routing (DSR) protocol. It is based on source routing. 
It maintains all the information on the mobile nodes only.  
DSR enumerate the route and also maintains the routing tables 
at every node. In this, sender identifies the entire sequence of 
path from source to destination.  Packet header in the DSR 
consists of the route information in the header itself. So 
whenever packet travels from source to destination, node reads 
the next node from header list to which packet needs to 
forward and sends accordingly.  

P. Bhagwat and C. Perkins [4], proposes Destination 
Sequence Distance Vector (DSDV) routing protocol. It is a 
table-driven routing protocol in ad-hoc network. It consists of 
routing table in each router which maintains the routing 
information. Every entry in the table consists of sequence 
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number for each route. Sequence number is even if the node is 
active else it is odd. This number is generated by the 
destination node.  Emitter node needs to send out the next 
update with the help of this number. 
  

Po-HsunYen  and Po-Jen Chuang [7], proposed an 
algorithm which conquer the problem of overflow by the node 
during the path initialization process. It uses the 2-hop 
neighbor node strategy. This limits the overflow of packets 
during path initialization. Node sends the following messages 
to build 2-hop neighbor table.  
1. All Neighbors :On the basis of all current 1-hop neighbor 

concept (based on this, all node will build its 2-hop
neighbor routing table).  

2. Neighbors Deleted: giving information about the 
disconnected neighbors detected by the sender node. 

3.  Neighbors Unchanged: indicating the current neighbor 
table for the sender remains repetitive (so the neighbor 
count is set to 0 and the neighbor IP is null). 

 By using these messages, the routing table is built 
and is used for initiating the path between different nodes. It is 
used for initialization process for finding out destination path.  
In some cases  next two hops are  stored in the table but real 
path may not be available because nodes are operational 
independent in the network. This results into wastage of 
memory. Frequent rebuilding of the routing table is required. 
As the number of nodes increases in the network, routing table 
overheads also increases. This technique is useful where nodes 
are not moving too much but if node movement is very high 
then 2-hop neighbor node concept may not useful. It requires 
more memory as compared to other algorithms.  

LatifUllah Khan, et.al. [8] proposed modification of 
AODVv2 algorithm with the routing metric and the route 
discovery mechanism. This method also called as Modified 
AODV (M-AODV). AODV routing scheme is a widely used 
routing technique in ad-hoc networks due to its low routing 
traffic overhead. However, the performance of AODV reduces 
significantly when the underlying system has routes that have 
high throughput and hop count as it uses minimum number of 
hops for routing. The throughput of the bottleneck link (link 
with less throughput between all links in a path) is considered 
as a throughput of a particular path. The decision is made on 
maximum amount of throughput. Route selection will be 
based on hop count if multiple routes has same throughput. 
Then the path with less number of hop count is considered. 

IV. PATH RECOVERY ALGORITHM 

Jong-Won Choe  and Jin-Sun Kim proposed [10] the fact of 
core-node in ad-hoc network. Algorithm finds more than one 
i.e. two route between the source and destination nodes in 
initialization phase. Each packet will contain these two paths 
namely as primary and secondary. The link among any two 
nodes of a path may break because of change of position of a 
mobile node or any of reason like low energy. Upstream node 
validates that the link has been broken and then it passes route 
error message to the core-node which is situated in the 

upstream route. Then, core-node finds the possible path to the 
destination without informing the route breakage to the source 
node as it has information of alternate path. paper also propose 
that, AODV protocol finds the only path between the source 
and destination node which will be the shortest path. DSDV 
and DSR also follow the same method while initiating the 
route. Ad-hoc On-demand Multi-path Distance Vector 
(AOMDV) routing algorithm finds more than one i.e. two 
paths between the only source and destination node. Source 
node keeps  information of two paths with it. Firstly it uses the 
primary path. If primary path fails due to link failure in 
between intermediate nodes it sends the Route Error (RERR) 
message to the source node, then it sends succeeding packets 
by secondary path. 
 When a node in an ad-hoc network wanted to send 
the data to the receiver node, it finds the route which gives the 
shortest interval in terms of the number of in-between nodes 
across them. Energy required is more in the ad-hoc wireless 
network as they moves in space independently and 
continuously they are sensingmessages and transferring data 
without any external battery backup. Intermediate nodes of a 
path replies to RREQ packet as and when they have valid 
route to the destination. 

Muhammad Khalil Afzal and Hyun-Ho Shin [11], 
proposes a concept which states that each node stores the 
Medium Access Control (MAC) id and IP address of the 
neighbor node while initializing the route between sender and 
receiver. Proposed Enhanced Local Repair AODV 
(ELRAODV) algorithm repairs the connection when the link 
between any two nodes breaks.  

Link break forecast based on manual distance 
between the nodes, has been proposed by 
MadhumitaChatterjee [12]. Algorithm calculates the threshold 
value in milisecond (i.e. time required for the data to travel 
between any two intermediate nodes) between the neighboring 
nodes and  maintains the routing table for each path 
independently. Each router  maintains the path information 
separately. So as the number of path increases it increases the 
overhead of a router. If the threshold value is the manual 
distance between any two nodes, then it will work for the 
straight and visible distances only. 
 SanghyunAhn's  andJunwei Jin [13] have proposed 
algorithm in which while initiating the path between sender 
and receiver sender also finds an alternate path. It finds the 
two paths from each intermediate node up to destination. Use 
of these extra paths comes into operation by each intermediate 
node when link break appeares. While forwarding the data 
from sender to receiver, sender node decides about sending the 
data by another pre-searched path using node disjoint concept. 
In node disjoint path, nodes are not repeated except sender and 
receiver node. Alternate routes which are predefind by all in-
between nodes may beuselessbecause maximum paths from 
in-between nodes to the receiver may get break because of the 
independent movement of nodes in the network. So it 
increases the time to rebuild the alternative paths.  
 Kokula Krishna Hari. K [14], proposed a method in 
which if a link gets break between the in-between nodes,  
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nodetakes the decision to find the extra path to the receiver. 
Till that time the in-between node stores the packet in its 
routing table. But in some cases the node may have the limited 
buffer size so it may overflow and causing the packets to drop. 
The packets which are traveling to other destinations through 
the same in-between node will also get dropped and it will 
also increases congestion in the network.  

V. EXISTING APPORACH LIMITATIONS 

 A review of existing literature says that most of the 
above authors discussed on the improvement in the algorithms 
for route maintenance, route recovery and route initialization 
area. Some limitations of those algorithms are discussed as 
follows. 
 As In-between node keeps information of the next 2-
hops in memory, routing overhead increases drastically as the 
movement of mobile node increases. It also has additional 
route preservation messages for tracking the next 2-hop 
information in route. Time required for processing each packet 
for router should be consider while initiating the path between 
sender and receiver. When data flow maximizes in the node 
due to multiple path go through from same node, some amount 
of buffer size needs to be maintaindto avoid packet drop. 
 Authors also proposed the core node concept where 
core node needs to store the alternate path information so that 
this can be used during link failure. If link break happens 
regularly in the network then algorithm spends more time to 
repair and maintain path instead of sending data to the 
destination. This leads to increase in delay and reduces the 
throughput. 
 Some algorithm stores the MAC address and the IP 
address for maintaining the path. It uses the router memory for 
searching MAC and IP address of a node. Number of entries 
increases in routing table if the number of nodes increases in 
the network. Due to this, routing overhead (searching time 
inside the router table) also gets increased and it waste router 
memory which is a limited resource. 

Some algorithm has proposed, where manual distance 
between two neighboring node is calculated. Herein, this 
distance is contemplated as a Maximum boundry value. The 
algorithm predicts that the link may break if the distance 
between any two nodes is constantly getting increased. As the 
threshold value is the physical distance between any two 
nodes so it is working only for the sprightlines distances. 
 Comparative analysis on different routing algorithms 
used in ad-hoc wireless protocol has shown in Table.1.   
 In this, some protocol creates multiple paths during 
initialization phase of route between the sender and receiver 
node. Some finds the extra path to receiver so as to use 
whenever link break happens. But due to the incalculable 
movement of the node in the wireless ad-hoc network no any 
other node can pre detect the exact place of any node. So some  

new mechanism like link break prediction algorithm, 
sustainable path or the healthy path selection by the source 
node in terms of amount of data to be send to the destination, 
processing speed, energy etc. can be consider while finalizing 
of route. Link breakage also can be pre calculated on the basis 
of time required to get the acknowledgement from the receiver 
in different situations. 

VI. COMPARETIVE ANALYSIS 

Comparison between various algorithms in wireless ad-hoc 
network is shown in the figure below.  
Figure shows the comparison between AODV, DSR, AOMDV 

TABLE 1 COMPARISON BETWEEN DIFFERENT ROUTING ALGORITHMS

Algorithm Routing 
Overhea

d 

Multi
-path 

Delay Recover
-y Time 

Remark Disadvantag
e 

AODV Medium NO Low More Repair by 
Source 

Time to 
repair path 

is More 

DSR Low NO Mediu
m 

More Repair by 
Source 

Time to 
repair path 

is More 

DSDV Medium NO More More Repair by 
Source 

Time to 
repair path 

is More 

TORA Medium NO More More Repair by 
Source 

Time to 
repair path 

is More 

Multipoin
t Relaying 

More NO More More Repair by 
Source 

Need 2-hop 
to store 

Modified 
AODV 

Low NO Low More Repair by 
Source 

Time to 
repair path 

is More 

AOMDV Medium YES Mediu
m 

Mediu
m 

Repair by 
Source 

Time to 
repair path 

is More 

AOMDV 
with Core 

Node 

Low YES Low Low Repair by 
Intermediat

e 
Node(Core) 

Multiple 
core node 
require if 
link fails 

EAODV More NO More Low Repair by 
Intermediat

e 
Node(MAC) 

Extra field is 
requiring in 

router. 

Node 
Disjoint 
Multi-
path 

Medium YES More Low Repair by 
Intermediat
e Node not 

require 

Stored link 
may not use 
as nodes are 

moving 

and MAODV with core node. We compared these protocols 
by two ways, firstly during the path establishment i.e. time 
required for initializing the path between the sender and 
receiver. Secondly, while resetting the path and sending the 
remaining data over path in-order to reach the data to the 
destination node. 
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Fig. 3 Throughput without link break 

 Above Figure-3 shows that the different routing 
algorithm in wireless ad-hoc network.With respect to 
throughput. It finds that the AODV, AOMDV and DSR 
algorithm does bettter if no link breakage happen during data 
transfer. Wheras the MAODV gives the better throughput after 
some time than other algorithms.    

Fig.4  Throughput with link break 

 Above figure-4 shows the throughput between 
different algorithm when link gets break between any two 
node then, it shows the time difference when link gets break. 
We can analyze that AODV and DSR algorithms are taking 
lesser time.  

Fig.5  Delay without link break 

 Above figure-5 shows the analysis between different 
routing algorithm in wireless ad-hoc network with respect to 
delay. It finds that the AODV and AOMDV algorithm does 
better if no link breakage happen during data transfer. 
Whereas the MAODV gives the equivalent delay as that of 
above algorithms. 

Fig.6  Delay with link break 

 Above figure-6 shows the delay between different 
algorithm when link gets break between any two node then, it 
shows the time difference when link gets break. We can 
analyze that AODV, DSR, AOMDV and MAODV ascending 
respectively in terms of delay. 

VII.  CONCLUSION

Because of incalculable maneuvers of every node in the ad-
hoc wireless network, no any other node can pre defined the 
exact maneuver of other node. Paper survey shows the 
different routing algorithm i.e. AODV, AOMDV, DSR, 
MAODV with core code. in terms of throughput and delay. 
These study will require to develop new routing algorithms by 
using some advantageous features in dynamic routing 
algorithm. This can be useful for solving the nearest upcoming 
IoT problems too. 
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Abstract: As time progressed, the use of cloud to store data or perform different actions on data increased. 
Cloud services started emerging and it became more convenient for users to use cloud for storage of their data. 
But threat on cloud also increased considerably. After discovery of vulnerabilities in software, attacker 
exploited the data in the cloud. Attacks like DDOS attacks exploited the system and resulted into unavailability 
of services. Problems like multistep exploitation, low frequency vulnerability scanning have increased 
tremendously. Nice Agent which does detection or monitors the system and checks every packet. It deeply 
inspects the suspicious packets and detects an alertform.BDD approach is used for packet filtering. Parallel 
programming is used for optimisation. To prevent such attacks honeypot is used. Honeypot is a bogus IP which 
consist some unwanted data. When attack takes place the attacker is redirected to honeypot. It helps to prevent 
the system from further exploitataion.Further using Binary search diagram (BDD) approach helps in packet 
filtering and packet capturing. When attack takes place, the attacker is redirected to honeypot. But every time 
redirecting the attacker to honeypot results in time, resources, bandwidth wastage. When repeatedly such attack 
takes place from same IP then countermeasure such as port block etc. can be selected accordingly. Thus time is 
also saved and resources, bandwidth etc. is saved. This approach takes less time in preventing the system from 
further exploitation. Using parallel programming helps in reduction of time and helps in achieving accuracy.So 
no false alarm is generated. 
Keywords: Attack Detection, BDD, Cloud Computing, Networking, Security, Parallel Programming 

 
I. Introduction  

Facilities like allocation of space, web hosting, etc. experience hardware failure that consequence in the 
loss of data that are given by the Cloud. To overcome this disadvantage, users have begun using cloud 
computing on a large scale. A survey on Cloud Security Alliance(CSA) proves that cloud computing is 
considered as the most insecure from several security problems where attackers find vulnerabilities present in 
the cloud and exploit the resources . In earlier days systems were controlled by system administrators and so 
detection of vulnerabilities was possible and was prevented in a centralized manner but in cloud data centers 
patching known as security holes exist.. Moreover, users of cloud can install vulnerable software using cloud, 
creating chances of threat in cloud security. The biggest challenge is to design and develop IDS which will help 
to identify the attacks and minimize the impact of the attacks. The service of cloud of providing infrastructure as 
a service is shared across approximately a million tons of users which results in attracting attackers as they 
�H�[�S�O�R�L�W�� �W�K�H�� �F�O�R�X�G�¶�V�� �Y�X�O�Q�H�U�D�E�L�O�L�W�L�H�V�� �D�Q�G�� �X�V�H�� �W�K�H�L�U�� �U�H�V�R�X�U�F�H�V�� �W�R�� �G�H�S�L�F�W�� �Y�D�U�L�R�X�V�� �V�X�F�K�� �D�W�W�D�F�N�V���� �0�D�Q�\�� �P�R�U�H�� �V�X�F�K��
attacks, damage the data as storage on cloud is open source and can be easily accessed by many people. 
Honeypot is used to prevent such situation in collaboration with the NICE (Network Intrusion Detection and 
Countermeasures Selection) model to achieve defense with in depth intrusion detection. The NICE model makes 
analysis of attack graph into the detection processes for better and accurate results. To improvise any of the 
existing intrusion detection algorithms, the design of NICE is not developed with this intention but, for detection 
and to take countermeasures to compromise VMs, NICE gives a reconfigurable networking of virtual machines 
approach. In two main parts NICE is divided [12]. To analyses and capture cloud traffic on cloud server, a 
mirroring-based light weighted agent (of NICE-A) is deployed within a cloud server. NICE-A continuously 
scans and monitors  the vulnerabilities or anomalies in the virtual system to develop a  specific  Scenario Attack 
Graph (SAGs), NICE will come to a conclusion whether or not to put a VM in networking  inspection state at  
the end  depending on the critical condition of identified vulnerability. [13] Deep packet inspection is applied 
once a VM goes in the danger zone that is in suspicious mode. To make the attack behavior prominent, virtual 
network reconfigurations can be implemented to the inspecting VM. NICE model helps to improve the network 
intrusion detection significantly with the help of a programmable virtual networking approach. This intrusion 
detection not only detects the alert but is also reconfigurable The NICE model takes help of switching 
techniques and  develops a mirroring based  traffic capturing framework in order to minimize the disturbance. 
According to their vulnerability state, the existing system of the Detection model NICE helps the cloud to 
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�S�X�E�O�L�V�K�� �L�Q�V�S�H�F�W�L�R�Q���P�R�G�H�O�V���I�R�U���V�X�V�S�L�F�L�R�X�V���9�0�¶�V���$�F�F�R�U�G�L�Q�J���W�R���6�$�*, this model suggest for countermeasures by 
taking consideration of attack type. The attack information gets stored in SAG (Scenario Attack Graph). This 
model focusses on important factors like detection of attacks in virtual system .It takes care of the user by not 
interrupting applications of user and not interrupting services provided by the Software Switching is used to 
improvise the detection of attack. It enables to further investigate the attacks detected. Network approaches 
helps in detection of attacks and probability of resistance. NICE updates and create entry of every attack in Alert 
correlation graph.ACG creates graph of every attack that takes place. It correlates with the previous attack. Thus 
in ACG every type of attack with attack and attacker details are stored which helps in further identification of 
same attacks.   

 
II.  Literature Survey 

In this section, a study of related work is shown. This will give an idea of the work done and its 
advantages with disadvantages of the respective method. In the paper[1] SPOT was used to detect spam zombies 
and were monitored by system which is based on the tool of Sequential Probability radio test. False positive and 
false negative bounding was implemented by SPOT technique. In the paper [2] BOTHUNTER is an application 
which  is two way between internal assets and external entities and is designed to scan  the communication data 
flows. BotHunter recognizes crawlers or spiders which work for same engine.BotHunter makes use of three 
focused network packet sensors which is malware, specialized in different phases of malware infection, 
including exploit usage, inbound scanning ,outbound bot coordination dialogs and outbound attack propagation. 
�%�R�W�¶�V�� �D�F�W�L�Y�L�W�\�� �F�D�Q�Q�R�W���E�H�� �G�H�W�H�F�W�H�G���E�\�� �%�2�7�+�8�7�(�5�� �L�I�� �L�W���V�H�H�V�� �W�K�H�� �W�U�D�I�I�L�F�¶�V�� �Sroxy. Only after seeing sniffer being 
�S�O�D�F�H�G���D�I�W�H�U���S�U�R�[�\�����%�R�W���D�F�W�L�Y�L�W�\���F�D�Q���E�H���G�H�W�H�F�W�H�G���E�X�W���Z�L�O�O���J�H�Q�H�U�D�W�H���D���U�H�S�R�U�W���R�Q�O�\���Z�K�H�Q���W�K�H���S�U�R�[�\�¶�V���D�G�G�U�H�V�V���L�V���V�D�P�H����
as the victim IP address. In the paper [3], the technique called as BotSniffer technique is used. BotSniffer is a 
process which allows the BOTMASTER to allow actions of bots in the botnets. In this process, the 
BOTMASTER has control over the Botnets action in BotSniffer. To check network traffic,BotSniffer which is a 
technique used that shows many correlation and algorithms with similar analysis, also comes to know  the 
crowd of the hosts which shows correlation in their day to day activities as Bots of the same botnet. Many 
rounds of response crowds is required by BotSniffer.The accuracy of the algorithm may lag because of few 
response behaviour. It is time taking process. In this paper [4] To group the types of attacks and generate the 
attack graph, the tool is designed. Symbolic checking algorithm automatically is used. The attacks whose impact  
can cause heavy loss and cost required to remove its impact is analysed. To create graph automatically it fails 
sometimes for unknown bugs. In the paper [7] the tool, to generate the scenario attack graphs MulVal is 
designed. It performs multistage vulnerability,multihost, analysis on a network. It cannot detect attacks in some 
situations which are not stored in the data logs and due to this reason it fails to create the (SAG)scenario attack 
graphs. Due to creation of graph methods prevention of systems from many attacks is possible. With the help of 
honeypot, the attacks that take place is prevented. This bogus IP prevents the system from further exploitation of 
�W�K�H�� �V�\�V�W�H�P���� �:�L�W�K�� �K�R�Q�H�\�S�R�W���� �D�W�W�D�F�N�H�U�¶�V�� �L�Q�I�R�U�P�D�W�L�R�Q�� �F�D�Q�� �D�O�V�R�� �E�H�� �W�U�D�S�H�G���+�R�Q�H�\�S�R�W�� �U�H�F�R�U�G�V�� �W�K�H�� �N�Q�R�Z�Q�� �D�V�� �Z�H�O�O�� �D�V 
unknown attacks. 
 

III.  Proposed System 
As mentioned above, it is explained about the models providing protection against attacks and thus 

helping in network security. NICE is used in combination with honeypot to avoid exploitation of the system. 
NICE agent resides on physical cloud server and it contains: a controller which controls network, a Virtual 
Machine that profiles server, analyser which does work of detection of attack and bogus IP as application of 
honeypot. The NICE-A agent monitors and reports signature or unknown attack to the Attack Analyser. Attack 
Analyser creates and maintains attack graph and update the same  in SAG and  redirect it to Honeypot, thus 
protecting the system.BDD approach is used to reduce packets and perform packet filtering. Parallel 
programming is used to avoid more consumption of time to detect attack. These attacks have some impact on 
the system and so to avoid its maximum impact on the system countermeasures are selected based on impact 
and severity.VM profiler keeps checking if any port is open, services running etc.,..The Network Controller 
collects information of network present open flow network. 
 
1.Parallel Programming : 

Parallel Programming is used to speed up the process. Instructions are given separately to execute and 
are given parallel. These instructions do not have context switching and so no confusion occurs and speed 
increases of execution.  
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2. Model showing Threat :[12] 
This is the first model in proposed system that is explained. By assumption, the attacker be internal or 

outsider of the virtual network system. Exploitation of the vulnerabilities in a networking system is every 
�D�W�W�D�F�N�H�U�¶�V�� �J�R�D�O�� �D�Q�G�� �J�D�L�Q�� �,�Q�W�H�O�� �R�I�� �W�K�H�� �G�D�W�D�� �H�[�L�V�W�L�Q�J�� �L�Q�� �W�K�H�� �V�\�V�W�H�P���� �7�K�H�� �S�U�R�S�R�V�H�G�� �W�K�U�H�D�W�� �P�R�G�H�O�� �I�R�F�X�V�H�V�� �R�Q�� �W�K�H��
detection of attack and the reconfiguration of the solutions which will improve the resistance of the zombie 
machines. The use of IDS on a host based system is included in this model. In order to avoid addressing, the 
encrypted traffic for detecting attacks. Infrastructure-as-a-Service (IaaS) is launched in proposed cloud 
networking system and is with an assumption that the one who is the service provider of the cloud network has 
begun. Also assumption is done that the users of cloud have installed any Operating System .Protection of a 
cloud network manually is impossible. We assume that we have secured the hypervisor and freed it from any 
further vulnerability. The chances of any unregistered host attacking the system will be directed to a bogus IP. 
Due to the presence of Honeypots in the network system it secures the network. These protect the cloud system 
to an appropriate extent from known as well as unknown threats. 
 
3. Graph Model of Attack [12] 

A special tool attack graph is used to explain all the possible multiple stage, multiple host attacks 
which are important to understand these threats and accordingly decide appropriate measures. In this model, 
each node displays the existing conditions in this model or their resulting preventing measures. The actions are 
not necessary to display the attacks as normal interactions can be used as a preventive measure. Probable threats 
and known vulnerabilities within the system are traced. With the help of MulVAL logic notation, the result of 
actions is represented that is defined as Scenario Attack Graph (SAG) and is shown by X. Ou et al. If found 
attack is new type of attack, then attack analyser will refer Alert Correlation graph algorithm and it will update 
ACG and Scenario Attack graph. If the attack resembles the signature of previous attacks and if the attack is 
known then attack analyser will execute the Scenario attack graph algorithm 
 
4.BDD Approach and Hashing: 
In the proposed system,BDD approach and hashing is used for to reduce repeated packets.BDD approach is used 
for optimization. 
 
5.Tracking of unauthorized user by honeypot : 

Honeypot tracker is nothing but an application with bogus IP and data. Whenever an attacker tries for 
some illegal access of the system or tries to attack. the tracker traces the activity. This tracker keeps track of the 
path of the attack. The tracker stores the information about attackers Source IP, Source Port, Destination IP and 
Destination Port. When the attacker attacks, attacker feels that attacker has gained access to the data but in 
reality it is redirected to some bogus IP. Furthermore countermeasures are applied depending on the scenario by 
selecting from countermeasure pool. This increases the security of the cloud. The attacker in this case has no 
knowledge of his activities getting trapped. When a certain threshold value is crossed referring to a predefined 
threshold, then countermeasures like blocking the port etc. can be done after redirecting to honeypot. 
Countermeasure like port blocking etc. increases the security of the cloud as the attacker is unable to proceed 
further due to block. 
 
6. Virtual Machine  Profiler model [12] 

The profiler contains the information of any open port on the network and it also contains history of 
open ports. The attacker with some technique can exploit any open port on a virtual machine by applying 
various ways like running port scanning program. Therefore it very much essential  to keep an eye on  open port 
which can be only done by admin. 

 
IV.  Methodology 

There are two algorithms that are required to be used here depending on a known or an unknown attack. These 
includes : 
 
Algorithm 1:  BDD approach for packet filtering and scenario updating in SAG (Scenario attack Graph) 
  Require: AG, SAG, alert generated when attack is detected  
  1: BDD approach and hashing is used to reduce repeated packets 
  2 : When new alert is generated then it is recorded in the alert graph 
  3: create node which is new attack in Attack Graph (AG) and trap information of the attacker 
  4: Increment SAG (scenario attack graph) according to new attack. 
  5: Create new path containing information about attacker  
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  6: Update depending on new attacks AG(Alert graph) and SAG(Scenario attack graph) 
  7: finally return new path of attack 
 
Algorithm 2:  Parallel Programming and Hashing to reduce optimization  
Require:Graph(Counters,Attacktypes), CounterMeasureCM,Alert 
1.If attack is detected by NICE agent, then trap details of the attacker. 
2. Parallel Programming is used to give instructions to cores and speed up the process of trapping. 
3. Attack gets redirected to Honeypot 
4: Set probability of alert is equal to 1 when attacker does attack.    
5:Risk_Probrability (T) or probability of risk  is calculated     
6: Initialize benefit received when appropriate countermeasure is applied.  
7: Risk Probability is risk in attack performed and detection be calculated as every attack type which has 
different impact on the   vulnerable system             
8: Hashing is used for optimization 
 

V. Results 
1)FIN  ATTACK :  
When more than 8 FIN packets are sent from zero length window, IDS detects the attack as FIN attack. 

 
Fig(a) Time required to detect FIN  Attack 

 
As shown in Fig (a), the execution time of algorithm increases as FIN packets increases. When maximum no. of 
FIN packets increases for example 200 then time increases to 7 seconds whereas base paper requires 10 seconds. 
 
2) SYN ATTACK:  
When more than 8 SYN packets are sent from zero length window, IDS detects the attack as SYN attack. 

 
Fig (b) Time required detecting SYN Attack 

 
As shown in Fig (b), the execution time of algorithm increases as FIN packets increases. When maximum no. of 
FIN packets increases for example 200 then time increases to seconds 10 whereas base paper requires 13 
seconds. 
 
3) KEYLOGGER AT TACK:  
Key logger is an illegal activity which runs in background. This is the application where the words characters 
passwords etc similarly any key pressed are recorded. 
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Fig(c) Time required detecting Key logger Attack 

 
As shown in Fig.(c),the execution time of algorithm increases as number of times Keylogged words 

increases. When maximum no. of Key logged words increases for example 4000 then time required to execute 
the algorithm increases to 25 seconds whereas base paper requires 28 seconds. 
 
4) USB ATTACK :  
USB Attack is illegal act. It is a type of attack where USB is connected to server by unauthorized user 

 
Fig(d) Time required to detect USB Connected 

 
As shown in Fig.6.3, the execution time of algorithm increases as number of times USB Attack 

increases. When maximum no. of USB attack increases for example 150 then times required to execute the 
algorithm increases to 12 seconds whereas base paper requires 17 seconds. 
 
5)BUFFER OVERFLOW ATTACK :  
Ping packets are sent from one source IP to target IP. When threshold of 8 is crossed, it is considered as 
overflow attack. IDS detects it as Buffer Overflow attack and creates alertform that buffer overflow has 
occurred. 

 
Fig (e) Time required to detect Buffer Overflow Attack 

 
As shown in Fig.6.4,the execution time of algorithm increases as number of times repeated packets  

increases. When maximum no. of repeated packets increases for example 400 then time required to execute 
algorithm increases to 8 seconds whereas base paper requires 12 seconds. 

VI.  Conclusion 
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Using cloud, it becomes easier to send knowledge to a different person. Storing personal knowledge 
includes security issues. However issues like different types of attacks like DDOS attacks and anomaly 
primarily based attacks hampers the confidential knowledge and exploits the system by disabling the system 
services. Existing system contains NICE model that develops a mirroring based mostly, traffic capturing 
framework so as to attenuate the disturbance by taking facilitate of switch techniques. Design of the detection 
�P�R�G�H�O�� �1�,�&�(�� �K�H�O�S�V�� �W�K�H�� �F�O�R�X�G�� �W�R�� �S�X�E�O�L�V�K�� �H�[�D�P�L�Q�D�W�L�R�Q�� �P�R�G�H�O�V�� �I�R�U�� �V�X�V�S�L�F�L�R�X�V�� �9�0�¶�V�� �L�Q�� �N�H�H�S�L�Q�J�� �Z�L�W�K�� �W�K�H�L�U��
vulnerability state. This model determines acceptable actions betting on the behaviour of the VM within the 
SAG. The good model contributions square measure to develop a pleasant model based mostly multi-phase 
distributed, network intrusion and detection of attacks and framework of hindrance in an exceedingly virtual 
atmosphere that may examine malicious traffic while no interruption of the users applications and cloud 
services. NICE includes a package switch answer to discover and examine suspicious VMs for additional 
Investigation. Using BDD approach can filter the packets. Parallel programming is used to give instructions to 
the cores. This speeds up the process and execution is done with more speed. In parallel programming there is 
no context switching so lot of confusion of switching instructions is avoided and more accuracy is achieved. 
Hence there is no false alarm generation. In future host based IDS can be implemented so that whole network 
can be covered. 
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focuses on image contrast metric, UCIOE and UIOM are specifically designed metrics for underwater image 

assessment. UCIQE metric quantifies threc characteristics of underwater images namely non-uniform color cast, 

blurring, and low-contrast. UIQM addresscs colorfulness, sharpness and contrast. 
In June 2018 Kohei Nomura; Daisuke Sugimura; Takayuki Hamamoto, [11] proposed "Underwater 

Image Color Correction using Exposure-Brackcting Imaging". As light passes under deep sea water it starts 

causing severe color distortion. Due to larger wavelength, rcd component of light ray diminish sooner compared 

to other components. The proposed method intends to restorc lost information using estimated grey information. 
The techniquc used is exposure-bracketing imaging [||] which acquires several images of same scene at 

different times with varying exposure level. It ensures sufficicnt in formation about red channel is gathered. 
Initially multiple images of sccne arc capturcd using exposure -bracketing imaging [1 1]. Then image shot at 
long-exposure is taken to obtain red component information and that with short-exposure to obtain green and 
blue component information. Thesc selected images are fused into single image. To correct misalignment, it 
uses dense adaptive self-correlation descriptor (DASC) |121. Grey information of resultant image is extracted 
and outliers are removed using truncation parameter. Finally color correction is performed by applying linear 
regression method to grey information. 
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Underwater imaging has applications in several fields of research and study. However processing these 
imagcs is highly challenging task. Underwater images suffer from poor visibility resulting from the attenuation 
of the propagated light mainly due to absorption and scattering effects. The absorption substantially reduces the 
light energy, while the scattering causes changes in the light propagation direction. As a consequence captured 
visuals suffer foggy appearance and contrast degradation. 
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Many researchers have attempted in past to process such degraded underwater images in order to 

restore their natural visual appearance. In some of the previous works, the problem has been tackled by using 
specialized hardware and polarization filters These methods provide signiticantly improvement, however they 
Sulfer fronm a number of issues such as equipment cost, procesing time which reduces ther practical 
applicability. Other group of researchers proposed single or multiple image nethods using combination of 
Slatistical and fusion techniques. The results shows beller etficiency both in terms of visual appearance as well 
as procCssing tine needed. llowever they suffer fron poor edges, amnplified noise and unnatural look Therefore 
there is a need of an efficient method which can restore natural visuals of images captured under deep sea with 
Convenlional hardware and in near-real ume. 
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Abstract: Under water image enhancement has been a topic of scope since last few decades. Several attempts 
have been made by various researchers and organizations to improve the accuracy and thereby enhance the 
visibility of underwater images. Normal images which are taken outside water in open emvironment have 
sufficient light to capture the scene and hence they have good visibility. However under the water light 
propagation is affected mainly due to absorption thereby reducing light energy and scattering effect caused by 
moving water which causes change in direction of light propagation. Another major factor that added noise to 
underwater image is turbidiry of water. To handle such situations and restore the visibility of underwater 
images, a lot of work has been carried ou in past. Number of methods such as statistical models, histogram 
equalization, exposure analysis and single or multi-image restoration approach has been proposed This survey 
article studies such methods and techniques for underwater image enhancement. 
Keywords: Image fusion, underwater image, histogram equalization 

Underwater imaging has applications in various areas such as adventure photography, study of marine 
creatures, scientific research, rescue operations and control of watercraft. plays a major role in management 
and maintenance of man-made infrastructure laid underwater such communication network links, pipelines and 
bridges. 

Various technology advances have been introduced in recent past that allows us to capture images and 
videos under water. Using waterproof cameras, people can capture memory while scuba diving, visiting 
underwater parks and adventure ganmes underwater. 

Dopthin 
meterS 

When light hits water surface, some portion is reflected reverse and other enters the water vertically. 
Further, as light passes deeper in water its energy starts decreasing due to absorption. This not only causes 
reduction in the quantity of light signal but also starts dropping off different colors depending on the color 
wavelength. For example, first at the depth of 3m red color gets disappeared then orange color at Sm depth and 
yellow at the depth of 10m. Finally green and purple colors disappear as light passes further [1]. 
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Light penetration in open ocean 

Fig.l light penetration in ocean water 

Fig.J illustrates penetration of light ray in ocean water and causing individual colors to shade ott as it 
woes deeper, Due to the short wavelength of blue color as we can see in Fig. 2, it travels deeper into the water 
making underwater images bluish. This causes images to appear foggy with degraded brightness and contrast. 
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Even though there exists many image enhancing techniques such as white balance, histogram 
equalization and color correction, they cannot be fully utilized as the underwater images have different physical 
properties than images taken outside water. This triggers demand for more sophisticated methods for handling 
underwater images. 

II. Literature survey 
This section reviews related work that have been done for processing and restoring the visibility of 

underwater images. In 2011 Hung-Yu Yang; Pei-Yin Chen; Chien-Chuan Huang; Ya-Zhu Zhuang; Yeu-Horng 
Shiau, [2] proposed "Low Complexity Underwater Image Enhancement Based on Dark Channel Prior,". The 
proposed method is based on dark channel prior which is a one of the widely used de-hazing technique. It 
employs median filter for analyzing image and estimating its depth map. The advantage of using median filter 
over the soft matting algorithm is it requires less number of iterations for optimization process thereby reducing 

the computing resources needed, but it doesn't work efficiently when amount of impulse noise is more. 
Subsequently method of color correction is applied for better visibility of objects in underwater image. The 
proposed method claimed to be real-time and enhance visibility with reduced execution time. 

In 2013 M. Hitam; W. Yussof; E. Awalludin; Z. Bachok, [3] researched on "Mixture contrast limited 

adaptive histogram cqualization for underwater image enhancement,". It utilizes the modified technique of 

histogram equalization for improving visuals of underwater image. The working principle of histogram 

cqualization method is to map each pixel to an intensity value based on surrounding pixels. Drawback of basic 

method is it is slow and sometimes increases the contrast of noise present in image producing undesirable 

effects. Modified versions such as adaptive histogram equalization (AHE) [4] and contrast limited adaptive 

histogram equalization (CLAHE) [3] were proposed to overcome this issue by working on different regions of 

image rather than working on entire image. However they could not solve the problem efficiently. The proposed 

method named mixture contrast limited adaptive histogram equalization (CLAHE-Mix). Original CLAHE 

technique can operate on both RGB and HSV models. CLAHE-HSV restores visual sense more efficiently that 

CLAHE-RGB, however images looks unnatural. To reduce this unnatural effect, the proposed method joins the 

results of CLAHE-RGB and CLAHE-HSV using Euclidean norm. The results were tested both subjectively and 

objectively. In objective evaluation, mean square error (MSE) and peak signal to noise ratio (PSNR) metrics 

used to assess efficiency of restored underwater images. The results show improved visibility with low MSE and 

high PSNR. 
In 2016 Xiaopeng Liu; Guoqiang Zhong; Cong Liu; Junyu Dong, [5] researched on "Underwater image 

color constancy based on DSNMF". Wavelength of light is generally altered as it passes through deep water 

mainly due to turbidity, depth and water movement making captured scene blurred. The proposed method 

named deep sparse non-negative matrix factorization (DSNMF) [S] is designed to measure illumination of 

different patches of an underwater image. Initially source image is divided into distinct patches and expressed as 

an [R, G, B] matrix and then using grey image (GI) and estimated illumination matrix (Rillum, Gillum, Bilum) 

calculated using DSNMF [5], the visibility of image under examination is improved. The performance is 

evaluated using color root mean enhancement (CRME) (6] and an underwater color image quality evaluation 

metric (UCIOE) [7]. The results illustrates under no use of any other image for reference the proposed method is 

effective and simple to implement. 
In January 2018 Codruta 0. Ancuti; Cosmin Ancuti; Christophe De Vleeschouwer; Philippe Bekaert., 

[8] researched on "Color Balance and Fusion for Underwater Image Enhancement". The proposed method 

requires only single image and does not require any additional information. The original underwater image is 

first white-balanced, which is then processed using Gamma correction and edge sharpening [8] independently 

deriving two intermediate images. Finally resultant images are fused using multi-scale method of image fusion. 

Multiple images and videos taken underwater using various devices and professional photographers were tested 

using proposed method. Images processes were having 8-bit data format [8] as the case with most of the 

cameras commonly in use. The method is evaluated using UCIQE |7], PCQI [9), and UIOM |101. PCQI is 
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Tocuses on image contrast metric. UCIOE and UIOM are specifically designed metrics for underwater image 

aSseSsment. UCIQE metric quantifics thrce characteristics of underwater images namely non-uniform color cast, 

blurring. and lovw-contrast. UIQM addresses colorfulness, sharpness and contrast. 
In June 2018 Kohei Nomura; DDaisuke Sugimura: Takayuki Hamamoto, [I1] proposed "Underwater 

lmage Color Correction using Exposurc-Bracketing Imaging". As light passes under decp sea water it starts 

causing severe color distortion. Due to larger wavelength, red componcnt of light ray diminish sooncr cormpared 

to other components. The propOsed method intcnds to restorc lost information using estimatcd grey information. 

The technique used is exposure-bracketing imaging LL which acquires several images of same scene at 

diflerent times with varying cxposure level. It ensures sufficicnt information about red channel is gathered. 

Initially multiple images of scene are capturcd using exposurc-bracketing imaging |11] Then image shot at 
long-exposure is taken to obtain red component information and that with short-cxposure to obtain green and 

blue component information. These selected images are fused into single image. To correct misalignment, it 

uses dense adaptive self-correlation descriptor (DASC) 121. Grey information of resul tant image is extracted 

and outliers are removed using truncation parameter. Finally color correction is performed by applying lincar 
regression method to grcy information. 
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Underwater imaging has applications in several fields of research and study. However processing these 

images is highly challenging task. Underwater images suffer from poor visibility resulting from the attenuation 

of the propagated light mainly due to absorption and scattering effects. The absorption substantially reduces the 

light energy, while the scattering causes changes in the light propagation direction. As a consequence captured 

visuals suffer foggy appearance and contrast degradation. 
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Many researchers have attempted in past to process such degraded underwater images in order to 

restore their natural visual appearance. In some of the previous works, the problem has been tackled by using 

specialized hardware and polarization filters. These methods provide significantly improvement, however they 

suffer from a number of issues such as equipment cost, processing time which reduces their practical 

applicability. Other group of researchers proposed single or multiple image methods using combination of 

statistical and fusion techniques. The results shows better efficiency both in terms of visual appearance as well 

as processing time needed. However they suffer from poor edges, amplified noise and unnatural look. Therefore 

there is a need of an efficient mnethod which can restore natural visuals of images captured under deep sea with 

conventional hardware and in near-real timne. 
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To further enhance the accuracy and restore visibility of underwater images existing work can be 

extended. Proposed method initially acquires multi-exposure underwater images using high dynamic range 

(hDK) Imaging. Traditional imaging, like LDR, is unable to store and display high-contrast scenes. This is 

because common LDR formats. like JPEG, PNG, don't contain enough information to reproducc brightness, 

Contrast, and sharpness of original scene. This can be overcome using high fidelity HDR techniques. 

Proposed method can be summarized as: 

Further color correction can be done by using multi-scale fusion [8] and followed by HDR contrast 

enhancement operation to improve the brightness quality of the output image. Using this approach proposed 

method is expected to accurately restore the natural look of the scene. 

2. 

3 
4 

[2]. 

[3]. 

[4]. 

5. Apply HDR contrast enhancement operation to enhance global image contrast. 

|5). 

|6]. 

This review paper studied various factors affecting visibility of underwater images such as light 
absorption, scattering and attenuation. It has reviewed various techniques of underwater image enhancement 
using multiple approaches used for color correction, contrast enhancement, noise removal and visual pleasure. 

|7). 

Survey: Underwater Image Visibility Restoration Techniques 

It reviewed depth estimation using dark channel prior followed by color correction to improve the 
image contrast and reduce undesired noise. Studied single and multi-image approaches for recovering lost 
features of images degraded due to extreme conditions under water. It has reviewed technique of recovering 

shaded colors, especially red component, to restore original visuals of underwater images. It also illustrated 

contrast enhancement matrix factorization and CLAHE-Mix to restore natural look of the scene. 

Finally limitations of existing methods are discussed and need in future to extend existing work to invent 

optimal techniques for restoring more sharper, natural and accurate images. 

[8]. 

IV. Proposed method 

[9). 

|10. 

|11]. 

Take multiple HDR images at different exposure time. 

[12] 

Use long-exposure image for extracting red component and relatively short ones for extracting blue and 

green component. 
Use Fourier method for adjusting misalignment. 
Fuse resultant images using multi-scale fusion. 

V. Conclusion 
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Abstract: The size of patient record and other healthcare data is increasing rapidly. The data is collected using 

wearable devices to keep track of patient health. The storage and sharing of data is becoming complex and also 

data needs to be easily accessible and sharable. To overcome this problem cloud is used to store data. But the 

main concern is security and privacy prolection of data stored in cloud As cloud computing provides fast data 

storage and sharing. The privacy and security of data in cloud is maintained by using various encryption 

techniques. In this paper will survey different techniques to maintain privacy and security of data. 

Keywords: cloud computing, data sharing, data security, wearable devices, privacy 

Introduction 

Cloud computing is an information technology which is provided commercially by organizations like 

Amazon, Microsoft and Google operated on internet. It relies on data sharing and helps companies to reduce IT 

infrastructure. Also provides easy maintenance of infrastructure. 
With development of cloud computing as well as wearable devices it became easier to collect patient 

data and can be stored effectively. By using wearable we can collect data like heartbeat, blood pressure etc. Also 

the data which collected during x-ray, CT scan and MRI are stored in cloud for future reference. Doctors can use 

Previously, social networking sites are used for health care. Those sites provide real time information 

about patients. The data can be shared from anywhere and also doctors can access it. The primary concern is 

loss of sensitive data or data is stolen. The main concern is about data privacy and protection during data 

sharing. The data is collected from wearable devices and is sent to cloudlet and from cloudlet it is sent to remote 

cloud. Cloudlet is a data center to provide cloud computing services. The data is encrypted at client side and 
then data is shared on cloud. By providing encryption data security is maintained. 
This paper studies various types of cloud data sharing using secure techniques. 

II. Literature Survey 

Min Chen, Yongfeng Qian proposed [1] a cloudlet based healthcare data sharing The processing of 
healthcare include data collection, data storage and data processing. A novel based health care system is 
developed by using cloudlet and data collected through wearable devices. We utilize number theory research 
unit (NTRU) which encrypts the data collected from users. Then a trust model is developed so that users can 

communicate efficiently and helps similar patients to know about their treatment. And also a collaborative 
intrusion detection system (IDS) used to prevent attacks on cloud. 

Rongxing [(2] proposed a method with development of smartphones and wireless body sensor networks 
(BSN), it provides better health care monitoring but still there are many challenges like information security and 
data privacy. He proposed a privacy-preserving opportunistic framework (SPOC).it helps smart-phones to 
include computing power and energy gathered to process personal health information (PHI). An effective and 
efficient user-centric privacy access control used in SPOC framework which uses attribute based access control 
and also privacy-preserving scalar product computation to decide type of treatment. 

L.Griffin and E. De Laster [3] has proposed data sharing in social network which includes instant 
messaging (IM) to has highly interactive and context sensitive delivery environment. In this buddy lists is used, 
also presence of IM bots. Mapping is done to deliver a communication platform for information sharing, 
monitoring and execution. Buddy lists acts as care groups, also presence becomes patient context (e.g. blood 
sugar level) and IM-bots become E healthcare services, capable of delivering appropriate contextual information 
to care groups. 

Ning cao [4), proposed multi rank keyword search encryption scheme. In this data is encrypted before 
outsourcing and by replacing plain text with encrypted data. They chose the efficient similarity measure of 
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"coordinate matching," i.e., as many matches as possible, to capture the relevance of data documents to the 

search query. Also use "inner product similarity" to quantitatively evaluate such similarity measure. 

Muhnnad Quwaider and Yaser Jararweh [5] they proposed to collect large scale data of wireless body 

area networks (WBAN) at user end or service provider in reliable manner. In this virtual machine (VM) and 

virtual cloudlet proposed for efficient data collection. They proposed a prototype system to provide scalable 

storage and infrastructure processing for large wireless body area networks (WBAN) System. This infrastructure 
It provides cost effective 

efficiently handles large size data of data generated from WBANS system. 
communication technologies of WiFi and cellular which are supported by WBANs and VC systems. 

For first time [6] they proposed priority based health data aggregation for privacy preserving in cloud 

assisted WBANS. The WBANs provide promising health-care system and timely monitor human physiologicál 

parameters. With limitations of communications, power, storage and computation a cloud assisted WBAN is 

proposed. It provides reliable, real-time, and intelligent health-care service for patients and mobile users. First, 

special spots are explored to forward health data and helps users to select according to social sites. Based on 

different priorities, adjustable forwarding strategies selected to forward user's health data to cloud servers with 

They achieved data privacy and security by using approaches like user centric on attribute based 

encryption. On social network by using instant messages and buddy list. The privacy of data is obtained by 

Imulti rank keyword search on data. 
In proposed method data security maintained by using encryption on client side during uploading data on cloud. 
Then by applying collaborative IDS on whole system to prevent attacks. 

Serial no 

6 

Paper title 
Privacy protcction and intrusion 
avoidancc of mcdical data in 
cloudlet. 
SPOC: A secure and privacy 
prescrving opportunistic 
framework for mobile health care 

cmergency. 

Social networking healthcare 

Privacy prescrving multi-keyword 
ranked scarch over encryptcd data 

Cloudlet-bascd efticient data 
collection in wireless body area 
networks 
PHDA: A priority based health data 

aggregation with privacy 
preservation for cloud assisted 
WBANs 

III. 

Table 1: Survey table: 
Method used 

From remote cloud doctor can access data. 

Number theoretic 
rescarch method 
used(NTRU) 
Uses user-ccntric 
privacy access control 
method based on 

attribute based access 
control. 
Uses instant messaging 
and buddy list 

Co-ordinate matching 

Vitual machine and 
virtualized cloudlet is 
uscd. 
Used health data 
aggregation 

Advantages 
Has flexibility to use 
cloudiet for data storage 
and provde security 
Provide cfficient user 
centnc approach and 
improves performance 

Mcets the evolving 
necds of patients 

It has low overhead on 

computation and 
communication 

Provide cost effective 
communication. 

Low delay and less 
communication cost 

Proposed Method 

Disadvantages 
IDS might fire false 
alarm 

Need to have 
smartphone always. 

No guarantee of 
security and privacy of 
data. 
Integrity of the rank 
order in cloud search is 
not trustable. 

Maintenance cost is 

high 

Time consuming 

First data is collected from user by using wearable devices and then collected data is sent to cloudlet. 
Before sending data to cloudlet it is encrypted and then stored. From cloudlet it is sent to the remote cloud. 

For sharing data in cloudlet a certain threshold is set so that certain trust level can be built and also patient with 
similar disease can communicate eficiently. 
To protect the whole system from malicious attacks collaborative intrusion detection system is used. 

To maintain security the data is encrypted by using Number Theoretic Research Unit (NTRU) Which is 
combination of RSA and ECC. NTRU algorithm has two parts: NTRU encrypt for data encryption and NTRU 
sign for digital signatures. 
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|3] 

Figl: System Frarmework 

This paper review various challenges of outsourcing data in cloud. Also various techniques for achieving data 
security and privacy. 

|4| 

IV. 

First review by sharing data in cloudlet and using NTRU encryption on client side and also by applying 
collaborative intrusion detection system. Then maintained data privacy by using user-centric approach on 
attribute bascd to reduce communication cost and increase performance. Studied sharing of data on social 
nctworking sites by using instant messaging and buddy list. Focuses on searching of keyword based on rank by 
using coordinate matching. Studies about collection of data through WBANS and by using virtual machine 
(VM) and virtual cloud (VC) cfficicnt data collection is obtained. By using an effective method data security 
and privacy is obtained. 

Conclusion 
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Abstract- Due to increase in problems like space 
allocation, web hosting, hardware failure which results 
in the loss of data. This problem can be solved by new 
technologies in cloud computing. With the passing of 
time and the advancements in technology, the usage of 
cloud storage has increased tremendously which has 
resulted in the increase of the threats on cloud. 
Attackers can easily find vulnerabilities present in the 
system and exploit the data that it holds by using a port 
scanner. In such a way the DDOS (Distributed Denial of 
Service) attack will compromise the machine. In such 
type of attacks, multi-step exploitation, low frequency 
vulnerability scanning, compromises other machines to 
develop zombie systems. Lastly, the attacks that are 
caused by those compromised machines are the 
problem seen in such type of attacks. To detect and 
prevent an attack on the system, a network intrusion 
detection selection is done on them with the help of 
honeypots. Honeypots lure attackers away from the 
main system preventing it from the attack and 
protecting its integrity.A Nice-A agent continuously 
monitors the network. The VM Profillerwill update the 
database forsuch attacks taking place on open ports in 
the network. This attack type is analysed by attack 
analyser. After recognizing the type of attack, it gives 
notification to network controller and suggest the 
countermeasure to be taken. The attack is further 
directed to honeypot. A security mechanism honeypot 
which detects and deflects an unauthorized user trying 
to access the information system. Honeypot thus tracks 
the attacker IP and its signature attack. 

Keywords:-Cloud 
Computing,Networking,Security,,Virtual 
Machine,DataSharing,Data Privacy.Honeypots 

I.INTRODUCTION 

Previously systems were controlled bysystem 
administrators and so vulnerabilities could be 
detected and prevented in a centralized manner where 
as in cloud data centres there exists a patching called 

as security holes. These cloud users handle the 
�V�R�I�W�Z�D�U�H�� �L�Q�V�W�D�O�O�H�G�� �R�Q�� �W�K�H�L�U�� �9�0�¶�V�� �D�Q�G�� �L�W�� �P�L�J�K�W�� �Q�R�W��
work efficiently which can violate the Service Level 
Agreement (SLA). In addition to this, cloud users can 
install vulnerable software using cloud,creating 
loopholes in cloud security. The main challenge is to 
develop an IDS which will accurately identify the 
attacks and to help minimize these attacks.The 
infrastructure of a cloud system is shared across 
approximately a million users which results in it 
benefitting �D�W�W�D�F�N�H�U�V�� �D�V�� �W�K�H�\�� �H�[�S�O�R�L�W�� �W�K�H�� �F�O�R�X�G�¶�V��
vulnerabilities and use their resources to deploy 
several such attacks in a simpler manner.Such attacks 
cause much more damage as storage on cloud is open 
source and can be easily shared amongst people like 
sharing the data storage and file systems when being 
connected through the same switch. To prevent this a 
Honeypot is used in collaboration with the 
NICE(Network Intrusion Detection and 
Countermeasures Selection) defence. TheNICE 
model which includes attack graph analytical 
procedures into the intrusion detection processes for 
better resultsIf any attack takes place,the attack is 
redirected to honeypot which includes bogus IP and 
some data.The attacker does not come to know 
whether it is bogus or valid IP,but attackers Source IP 
,Source Port,Destination IP,Destination Port is 
trapped without attacker knowing about his 
information getting trapped.Remembering the design 
of NICE is not designed with an intention to 
improvise any of the existing intrusion detection 
algorithms but, NICE gives a reconfigurable 
networking of virtual machines approach for 
detection  and to take countermeasures to 
compromise VMs. There are two main parts to the 
NICE which is:[12].On every  cloud server to analyse 
and capture cloud traffic, a mirroring-based 
lightweighted agent of network intrusion(NICE-A) is 
deployed within a cloud server. After a particular 
period of time,a NICE-A scans and monitors  the 
vulnerabilities of the virtual system  repeatedly  to 
create specific  Scenario Attack Graph (SAGs), and 
afterwards at the end  depending on the severitywise 
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of identified vulnerability, NICE will come to a 
conclusion whether or not to put a VM in networking  
inspection state. [13] Deep Inspection of packet is 
applied once a VM goes in the inspection state and/or 
virtual network reconfigurations can be implemented 
to the inspecting VM to make the attack behaviour 
prominent. NICE model improves the network 
IDS/IPS significantly with the assistance of a 
programmable virtual networking approach that lets 
the system develop a dynamic reconfigurable IDS 
system. The NICE mode develops a mirroring based, 
traffic capturing framework in order to minimize the 
disturbance by taking help of switching techniques. 
Architecture of the Detection model NICE model 
helps the cloud to publish inspection models for 
�V�X�V�S�L�F�L�R�X�V�� �9�0�¶�V�� �D�F�F�R�U�G�L�Q�J���W�R�� �W�K�H�L�U�� �Y�X�O�Q�H�U�D�E�L�O�L�W�\��
state. These models can determine on appropriate 
actions depending on the behaviour of the VM in the 
SAG.Using this approach in the earlier stages, the 
NICE did not need to block the traffic flows of a 
suspicious VM. The  NICE model contributions  are 
to  develop a NICE model based multi-phase 
distributed, network intrusion and detection of attacks 
and framework of prevention  in a virtual 
environment that will inspect malicious traffic 
�Z�L�W�K�R�X�W�� �L�Q�W�H�U�U�X�S�W�L�R�Q�� �R�I�� �W�K�H�� �X�V�H�U�¶�V�� �D�S�S�O�L�F�D�W�L�R�Q�V�� �D�Q�G��
cloud services.NICE includes a software switching 
solution to detect and inspect suspicious VMs for 
further protection and investigation. By using 
network approaches the NICE model improves the 
attack detection and resistance probability to the VM 
refraining from interrupting normal cloud 
services.Further when the attacker is redirected to 
Honeypot,the selective countermeasures are applied 
with keeping in mind the Return of 
Investment(ROI).This is the preventive measure from 
further exploitation of cloud data and its 
resourses.The attacker also cannot get access further 
access from honeypot as countermeasures are applied 
depending upon the scenario. 
 

II. LITERATURE SURVEY 

In this section, a survey of the other related 
researches based on NICE models is made that will 
cover topics like attack graph construction and 
security analysis, zombie detection and prevention 
and software defined measure for attack 
countermeasures.In the paper[1] spam zombies were 
monitored by system SPOT which is based on the 
tool Sequential Probability radio test.SPOT has 
bounded the false positives and false negative error 
rates. Evaluation study was done on email trace in 
FSU Campaigns. 
 

A survey based on other related researches with 
respect to the NICE model cover topics based on the 
construction of graphs that show the attacks and 
analyse the detection of zombies and their 
prevention. It also detects the software procedure of 
counter measures for these attacks.In the paper[1] 
spam zombies were monitored by system SPOT 
which is based on the tool Sequential Probability 
radio test.SPOT has bounded the false positives and 
negation error rates. Evaluation study was done on 
email trace in FSU Campaigns. SPOT uses 
Sequential probability test to detect the various types 
of attack and checks its probability but fails to detect 
few attacks and also fails to generate the alarm when 
attack occurs.In the paper[2] BOTHUNTER is like 
an application is designed to trace  the 
communication flows which is two way between 
internal assets and external entities. BotHunter does 
the identification of  the spiders or crawlers that 
works for search engines.BotHunter uses three 
malware focused network packet sensors,each of 
which specializes in various phases of malware 
infection,including inbound scanning,exploit 
usage,egg downloading,outbound bot coordination 
dialogs and outbound attack propagation. The 
�%�R�W�+�X�Q�W�H�U�� �F�D�Q�Q�R�W�� �G�H�W�H�F�W�� �W�K�H�� �%�R�W�¶�V�� �D�F�W�L�Y�L�W�\�� �L�I�� �L�W�� �V�H�H�V��
�W�K�H���W�U�D�I�I�L�F�¶�V���S�U�R�[�\. Only if a sniffer is placed after the 
proxy can it be detected in the Bot activity but will 
�U�H�S�R�U�W�� �R�Q�O�\�� �W�K�H�� �S�U�R�[�\�¶�V�� �D�G�G�U�H�V�V�� �D�V�� �W�K�H�� �Y�L�F�W�L�P�� �,�3��
address. In the paper[3], the BotSniffer technique is 
used.BotSniffer is a mechanism that allows the 
BOTMASTER to permit actions of bots in the 
botnets. In this the BOTMASTER controls the 
Botnets action in BotSniffer. BotSniffer is a 
technique which shows many correlation and 
algorithms with similar analysis to check network 
traffic,also identifies the crowd of the hosts which 
shows  strong correlation in their activities as Bots of 
the same botnet. BotSniffer requires multiple rounds 
of response crowds. If there are few response 
behaviours then the accuracy of the algorithm may 
suffer.It is time consuming.In this paper[4] the tool is 
designed to group the types of attacks and generate 
the attack graph.It uses the symbolic model checking 
algorithm automatically.It also helps to understand 
which attack would be most cost effective to guard 
against. It sometimes fails to generate or to create the 
attack graph automatically for unknown bugs.In the 
paper[7] the tool,MulVal is designed to generate the 
scenario attack graphs. It conducts 
multihost,multistage vulnerability analysis on a 
network. It fails to identify attacks which are not 
stored in the datalogs and so cannot create or fails to 
create the scenario attack graphs. 
Such attack graph methods prevent the system from 
several attacks.By adding Honeypots to the 
system,the chances of attacks being faced on the 
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network reduces drastically as it redirects these 
attacks to another bogus IP protecting the integrity of 
the system to an even greater extent.at the chances of 
facing these attacks reduces to a majority extent by 
using the security mechanism Honeypots.Honeypot 
prevent the attack which takes place on the 
vulnerable machine and track the signature of an 
attack and record it. 
 
III. PROPOSED SYSTEM 
 
In the above  part, we have explained about how 
these models provide as a protection for the network 
against security threats and vulnerabilities in the 
system.To overcome some disadvantages,we  
propose a NICE model using honeypots based on the 
network approach to avoid being exploited. A NICE-
A on every piece of  physical cloud server contions 
the following :a controller of network, a Virtual 
Machine profiling server,analyzer which detects 
attack and application of honeypot. The NICE-A 
agent reports any attack to the Attack 
Analyzer.Attack Analyzer creates attack graph and 
update in SAG and immediately redirect it to 
Honeypot,thus protecting the 
system.Countermeasures are selected based on 
severity.VM profiler will check if any port is open, 
services running etc,.The Attack.The Network 
Controller collects  information of network present 
openflow network. 
 
1. Threat Model:[12] 
 
This is the first model that is explained. Here, let us  
assume that the attacker may be internal or outsider 
�R�I�� �W�K�H�� �Y�L�U�W�X�D�O�� �Q�H�W�Z�R�U�N�� �V�\�V�W�H�P���� �(�Y�H�U�\�� �D�W�W�D�F�N�H�U�¶�V��
prominent  goal is the exploit the vulnerabilities of a 
networking system to gain intel of the data existing in 
the system. Our threat model focuses on the attack 
detection and the reconfiguration of the solutions so 
as to improve  the resistance of the zombie machines. 
�7�K�L�V�� �P�R�G�H�O�� �G�R�H�V�Q�¶�W�� �L�Q�F�X�O�F�D�W�H�� �W�K�H�� �X�V�D�J�H�� �R�I�� �,�'�6�� �R�Q�� �D��
host based system in order to avoid addressing the 
encrypted traffic for detecting attacks. The proposed 
solution is launched in an Infrastructure-as-a-Service 
(IaaS) cloud networking system and is under  
assumption  that the one who is the service provider 
of the cloud network has begun. It is also assumed 
that the cloud users have installed any OS . Manually 
protecting a cloud network is impossible. We assume 
that we have secured the hypervisor and freed it from 
any further vulnerabilities. The chances of any 
unregistered host attacking the system will be 
directed to a bogus IP due to the presence of 
Honeypots in the network system and secures the 

network. These protect the cloud system to an 
appropriate  extent from unknown threats. 
 
2. Attack Graph Model[12] 
The attack graph is a special tool that is used to 
explain all the possible multi stage, multi host attacks 
that are important to understand these threats and 
then decides appropriate measures. In this model, 
each node displays the existing conditions or their 
resulting preventing measures of the exploit. These 
�D�F�W�L�R�Q�V�� �D�U�H�Q�¶�W�� �Q�H�F�H�V�V�D�U�\�� �W�R�� �G�L�V�S�O�D�\�� �W�K�H�� �D�W�W�D�F�N�V�� �D�V��
normal interactions can also be used as a preventive 
measure. This system is helpful in identifying the 
probable threats and known vulnerabilities within the 
existing system.By the result of such actions,the 
attack is represented in a way  that extend the 
notation of logic of the MulVAL in the graph of 
attacks that is shown by X. Ou et al and is defined as 
Scenario Attack Graph (SAG). If the attack is new 
type of attack,then attack analyzer will refer 
algorithm of Alert Correlation graph and it will 
update ACG and Scenerio Attack graph.If the attack 
is known or if the attack resembles the signature of 
previous attacks,then attack analyzer will execute the 
Scenerio attack graph algorithm 
 
 
3.Honeypot Tracker : 
Honeypot tracker is an application with bogus Ip and 
data.Whenever an attacker tries to attack or tries for 
some illegal access of the system,this tracker traces 
the path of the attack.In the tracker,the information 
about attackers Source IP,Souirce Port,Destination IP 
and Destination Port is traced.With this attacker feels 
that attacker has gained access to the data but actually 
redirected to some bogus Ip.Futher countermeasures 
are applied selecting from countermeasure pool 
according to the scenario.Applying countermeasure 
after redirecting to honeypot is appropriate as it 
increases the system or clouds security.The attacker 
also has no knowledge of his intentions getting  
trapped.A certain threshold value is considered and if 
it is crossed,then after redirecting to honeypot 
countermeasures like blocking the port etc can be 
done.This increases the security of the cloud as the 
attacker cannot proceed further due to block. 
 
4. VM Profiling[12] 
It is the profiler which contains the information of 
any open port on the network and history of open 
ports.The attacker can exploit any open port on a 
virtual machine by running port scanning 
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program.Therfore it is important to keep an eye on  
open ports. 
Connectivity metric of a VM is decided by evaluating 
incoming and outgoing connections.VM states are 
defined as Stable,vulnerable,exploited and zombie 
 

DIAGRAM : 

 

 

 

 

Fig (a) Network Intrusion Detection and 
countermeasure selection using Honeypots 

IV. METHODOLOGY 

There are two algorithms that are required to be used 
here depending on a known,unknown attack and 
Scenerio.. The attacker is redirected to Honeypot 
application and then selective countermeasures are 
selected which includes port blocking,traffic 
redirecting etc. 
These includes : 
 
a) Alert Correlation Graph 

This algorithm is used when the attack taken 
place is by an unknown source and update it in SAG 
 
b)Honeypot Redirection and Countermeasure 
Selection 

. 
Algorithm 1 :Alert_Correlation[12] and  Updation in        
SAG(Scenerio attack Graph) 
  Require :ACG,SAG, alert ac 
  1: if (ac is new alert)   then it should 
  2: create node which is ac in Attack Graph(ACG) 
  3: n1�Åvc belongs to mapping of (ac) 
 4: for each n2 which belongs to parent of node(n1)      
do 
 5: Generate an edge E (n2.alert.ac) 
 6: for every  Si which contains a then   do 
 7: if  the element which is last  in Si is a  then 
 8:  append Si to ac 
 9: else condition 
10:create a new  path Si+1={subset(Si,a), ac alert} 
11: if condition end 
12: end for condition  
13:add following   alert ac to n1.alert of the scenario 
14: for condition end 
15: end if condition  

16: finally return S 
17:If new attack then,Update SAG(scenario alert 
Graph). 
18:Alertform is generated Showing type of attack. 
 
Algorithm 2 :Honeypot redirection and  
 Countermeasure_Selection [12] 
Require:Graph(Edges,Vertices), 
CounterMeasureCM,Alert 
  1.If attack is inspected by NICE Agent,then 
construct graph 
  2.Attack redirected to Honeypot 
  
  3: Assume T=D(valert)U valert(all reachable nodes are       
  collected in T) 
  4: Set Pr(valert) is equal to 1(attacker performed  
      attack)     
  5: Risk_Probrability(T)should be calculated 
  6: Let the benefit of {|T|,|CM|]}=Ø 
 7: for every  t which belongs to T   do 
 8: for every cm belongs to CounterMeasureCM do      
 9: if condition  cm.condition(t)   then 
 10:ProbabilityPr(t)=Pr(t)*(1-    
cm.(countermeasure)effectiveness) 
 11: Risk_Prob(Descendant(t)) should be calculated 
 12: �û�3�U���W�D�U�J�H�W�B�Q�R�G�H��=benefit[t,cm] 
 13: end if condition 
 14: end for condition 
 15: end for condition  
 16: Let Return Of Investment[|T|,|CM|]= Ø 
 17: for each t belongs to T do 
 18: for every cm belongs to CM do 
 19:  ROI[cm,t]= benefit[cm,t] 
         Cost of cm+intrusiveness of cm 
 20: end for condition 
 21: end for condition 
 22:  Update_ACG  andupdate_SAG 
 23: return ROI  
 
V.SCREENSHOTS 

 
 
 
 

 

 

 

Fig(b)Port Scanning by administrater 
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Fig(c)DDOS attack alertform 

   

 

 

 

 

 

Fig(d) USB attack performed  by attacker 

 

 

 

 

 

Fig(e) Attacks redirected to Honeypot 

VI.  CONCLUSION 

In recent times the usage of the cloud service has 
increased tremendously. Using cloud, it becomes 
easier to send data to another person. In our project, 
we have used the  private cloud for uploading and 
downloading  data and for showing attack 
redirection..Here, the system is attacked from 
different sources thereby making services or 
resources unavailable to intended user. In this paper, 
we have discussed the usage of several technologies 
like BotHunter, BotSniffer, SPOT etc in order to 
detect the attacks that take place in the network and 
find appropriate countermeasures. In certain papers it 
�L�V�� �I�R�X�Q�G�� �W�K�D�W�� �V�R�P�H�W�L�P�H�V�� �W�K�H�V�H�� �D�W�W�D�F�N�V�� �Z�H�U�H�Q�¶�W��
detected accurately. At times a false alarm was also 
generated due to these attacks. In this paper,Detection 
of Network Intrusion and Countermeasure selection 

in Virtual Network System by using honeypot, 
imposing an honeypot will help prevent such 
attacks.After this,countermeasure is applied 
according to the scenario.The VM profiler keeps 
checking for ports open,services running,etc and 
update its database.. Attack analyzer detect the type 
of attacks. This attack analyser then constructs the 
graph accordingly and then selects appropriately 
when such attacks takes place.It checks for new 
attack or known attack and after this the attack is 
forwarded to Honeypot. If this is a new attack, then it 
�U�H�F�R�U�G�V���L�W�¶�V���V�L�J�Q�D�W�X�U�H���L�Q���W�K�H���9�0���3�U�R�I�L�O�H�U���Z�L�W�K���W�K�H���K�H�O�S��
of these honeypots. 
Appling Countermeasure will help gaining more 
security to the cloud. Introducing this solution 
reduces the risk to a greater extent to the cloud 
system from being exploited as well as also preserves 
the confidential data. 
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Abstract: There were different methods for perceiving copies in sOCial information, however just a few courses of action concentrate on seeing copics which has complex distinetive levcled structure, as XML infornmation. In this paper, we show another method for perceiving XML copies, accepted XMI. duplication utilizing Xpath. using XML duplication Xpath techniquc uses a Bayesian framework to close the probability that two xml parts are duplicates, in light of the information inside the segments and other information made in the XML. What's morc, to fabricate the capacity of the web usage, the pruning system was made. This strategy will increment most extraordinary points of interest over non-figuring caleulation. This stratey can be used to assemble the ability of perceiving duplicates and remove it, so there will not be duplicate record. by numerous examinations, our computation can achieve high precision and recoup check in a couple of XML dataset. XMI, duplication using Xpath technique can outflank another methodology for recognizing duplicates, in capacity and quality. 
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Information in Electronic mcdium assumes a vital part 
in this day and age for business procedures, applications and settling on brisk choices. As we are concentrating on how the 
information is to be fundamental and we necd to trade off on 
various sorts of mistakes which come in various portrayals [|. 
In this paper we arc concentrating on various sorts of blunders 
that can be happencd in Data. We will or the most part 
concentrate on fluffy copies or copy records. Copy records are 
numerous portrayal of same truc protest that are distinctivcly 
spoken to. All these records are fairly uniquc in relation to cach 
other. These records traits distinction somchow from one 
another in XML archive. 

V78-1-5386-4304-4/18/83L.00 ©2018 1:E: 

Duplicate detection implics discovering these 
distinctive portrayals of same truc question. Duplicate detection 
is an extreme errand to discover copy records. The regular 
examinations caleulation to discover the copies can't be utilized. 
so find diverse conceivably coordinating technique to look at, 
with the goal that they arc alluding to a similar question or not, 

In this paper, the cmphasis is on whiclh perhaps 
COordinating procedurc can discover lo recognize copy records. 
The Emphasis ought to have the capacity to coordinate the 
diverse portrayal of data at a reasonable level. Take xml dataset 
for looking at changed potential outcomes. A XML record or 

dataset incorporates an arrangement of hubs in the archive. It 
comprises of source hub and child hubs. It begins with an initial 
tag (Ex. <A>) and an finish tag (Ex. </A>). 

<Customer> 

<Country>United States</country> 
</Customer> 
<Customer> 

Prof. V. B. Gaikwad 
Departncnt of Computer 

Engincering, Terna Engincering 
College, Navi Mumbai-400 706, 

India. Email: vb_2k@rodiffmail.com 

<Country>US</country> 
</Customer> 

Figure 1: Attribute Seope 
T'wo records are showed up in the above figure for two 

changed XML records. However, the two reccords are speaking 
to a sinnilar nation so there can be plausibility that in XML 
dataset or report it can be available. So discover diverse such 
potential outcomes that speak to a similar question. Copy 
records are precisely sanne by printed data. In any case, in the 
cvent that they are marginally changed, the data are not 
preciscly copies. Another issue is that XML can be introduced in various structures so the likelihood of tinding the copies turns out to be high. A XML archive contains one root component and number of tyke component, however kid componcnt can likewise have diverse youngster componcnts ct cetera. In this paper, a novel strategy is exhibited which can be utilized to identily XML duplication of same certifiable question. Rest of the paper is dealt with as takes atler: Zone ll the related work is discusscd. Zone III depicts the proposed work. Zone IV portrays the numerical model. Zone V displays the execution investigation. Segment VI demonstrates graphical model. Scgment VIl finishes up the paper. 

II. RELATED WORK 
lnformation cleaning or information purging nanages distinguishing and cvacuating mistakes, abnomalities from information are spoken to such that it can debase the nature of information. Information quality issues are there in single information records, for example, databases or XML File ex Because of incorrect spelling amid section of infomation, invalid infornation or somc missing duta. When incorporating various document inlormation to coorduate into one document then it ought to have the capacity (o get a solitary document that is lree lrom copy rccords[71. 



2.1 Taking out Fuzzy Duplicates in Data Warehouses In information distribution centers substantial databascs are incorporated ex. worldwide electronic data framework, combined database frameworks so there can be a plausibility of copy records. The requirement for information cleaning process turns into an imperative factor for getting the exact records with no duplication. The copy records or repetitive records are spoken to in various portrayals. So as to get the information precise and steady, joining diverse sorts ol information and converging into one information and dispose O1 the copy information turns into a fundamental stride for quicker handling of information., Right off the bat discover the distinctive conccivable outcomes of information that can be 
spoken in various structure with the goal that different 
archives when join together will shape a solitary report which is free from copy records. 

In Table 1 there are records that comprise of f 
(firstname), nation and email. Record A101 and A102 are 
Correct copics in light of the fact that their fa, nation and email 
esteems are same so we can state they are correct (100 %) 
copies, so we can without a lot of an extend say they are 
duplicates and can be easily removed. Record A101 and A103 
are not correct copies on the grounds that their f and email 
csteems are samne, however not nation esteems are same. Be that 
as it may, in record A103 the nation esteems are indicated in 
various organization, yet it alludes to same record. Hence, find 
such copies. These copies are called as fluffy(fuzzy) copies (9]. 

Table 1: Correct Duplicates and in addition Fuzzy 

Record 
A101 

Al02 
A103 

FN 
Peter 
Peter 
Peter 

Duplicates 

Nation 
United States 
United States 
US 

Email 

peter@yahoo.com 
peter@yahoo.com 
peter@yahoo.com 

2.2 Duplicates are Tracks down in XML by Dogmatix 
this, dogmatix depicts a overall structure for 

observing the duplicates. In this, records are checked whether they are copies or not founded on their qualities. In certifiable, records are spoken to in numerous examples for same question. A dogmatix structure is adaptable to take a shot at various calculations and new strategies can be added to enhance this 
system [10]. The structure comprises of three sorts, 

Duplicate definition: Defines when two articles are 
copies. 

II. 

Duplicate discovery: Defines How Duplicates are 
looked. 
Candidate definition: Defines which archive ought to 
be analyze. 

PROPOSED WORK 

3.1 XML Duplication Using XPath 
Every tuple in a social table has precisely one 

incentive for cach property. Most copy discovery approaches 
intended for a solitary connection iteratively analyze sets of 
tuples as tails: They initially think about trait esteems match 

carefully by processing an esteem likeness, and 

afterward join these similitudes to an aggregate tuple 
comparability. In the event that the closeness is over a 
predetermined limit, tuple sets speak to copies, else they speak 
to non-copies. This correlation approach is known as a limit 

closeness measure approach. 

Cust1 

Read 

pid 

pname 

XML 

DOB 

Write 

POB 

XML 

Add 

3.2 Types of Parsers 

Feature 

API Type 

CRUD 

Add2 

Fwd Only 
CPU & 
Memory 

Xpath 
Capability 

Y 

Y 

Cust Details 

N 

Cust 2 

Y 

pid 

Figure 2: Customer Details XML 
DTD are a strict portrayal or set of principles for XML. 

XML can be spoken to by a tree structure as appeared in Fig. 2. 
In the CustDetails is the root component and client are the kid 
components. The tyke components have 7 propertics as pid. 
pname, DOB, POB, eid, Addl, and Add2. 

Good 

pname 

Today, XML is utilized as a part of many web 
applications. The notoriety of xml has expanded in view of its 
stage free, less space and simple to utilize capacity. XML is for 
the most part utilized for information stockpiling and quick 
exchange of information. 

N 

DO8 

POE 

On web there are different sorts of parsers are 

accessible for parsing the XML record. Some of them are 
cxtraordinary in a couple of features and some of them are 
certainly not. In the Table 2 unique sorts of parser arc utilized 
for parsing, however some parser are outline for read just 
access. In any case, in this paper, a novel approach is proposed 
for parsing the XML record and finding the corcct copies or 
fluffy copies and evacuating the copies, with the goal that 
unadulterated XML archive must be framed. SAX parser, STAX 
parser, DOM parser and so forth are utilized for parsing. In 
Table 2 how these parsers contrast from each other. The 
documentation for the accompanying Table 2 can be utilized as 
create, read, update, delete = crud, Y = Yes, N = No. 

Table 2: Features Table 
SAX STAX 

Streaming, Push Streaming, 

Add1 

Add? 

Cust n 

Y 

Good 

pname 

N 

pld 

DOt 

POB 

Addl 

Add2 

Pid 

Y 

DOM 

InMemoryTree 

N 

Y 

Varies 

Pull 



3.3 XMLDOM Parser 
The structure of Dom parser can be identified using 

the following diagram. 

Initializer 

DOM 
Parsing 
Process 

3.4 XML Duplication Using Xpath Algorithm 

DOM, also known as document object model. It is 
mostly used for XML operation today. The obligation of a 
DOM parser is to peruse the XML report determined and 
change over that into a tree structure reasonable for traversal. 
Inside, a DOM parser takes assistance from SAX parser to 
peruse the record and the analyzes the XML against the DTD 
or the diagram, with the goal that connections between parent 
kid labels can be set up and the label tree is incorporated with 
the memory. DOM inilially copies XML into memory before 
pars1ng lt, So It is an a word of wisdom to have expansive load 
size to evade exemptions. 

Figurc 3: XML Dom Parser Structure 

In this, we depict how the calculation works and how 
it can recognize copies in XML dataset and expel the copies 
from the XML. 

Steps in xml duplication using XPath algorithm, 
Begin; 

3) Current score =0 

Else 

2) Read the kid hubs of xml record. 

4) For every hub n in L do 

1) Read the xml document and get the requested rundown of 
parent hubs (L). 

Totally copy 

Dataset 
Records 

XML 

No duplicate 

Parser 

5) If (traits of youngster hubs = cdge esteem) at that point 

Time Depth 
Dupl1caton Search 
Sot Set 
Duplication record 
of Deduplication 

Oterall Time 

6) Expel every copy hub and spare the new xml record. 

Supplier 
1000 

Table 3: Results for Customer, Suplier and Order Dataset 

3 Seconds 

| 2.S76 Seconds 
0.13 Seconds 

1.565 Seconds 

IV 

Order 

1000 

Document 

2.933 Seconds 

XML 

2.872 Seconds 
0 0S9 Seconds 

1.496 Seconds 

MATHEMATICAL MODEL 
1. Identify XML records R 

2. For record N, identify nodes 

Customer 

1000 

2.973 Seconds 

2.873 Seconds 
0.091 Seconds 

1.532 Seconds 

Where N is main set of nodes for a record 
3. Duplicate Node DN Probability 

Now If 

4. Identify the Duplicate nodes DN 

Where, Probability of core set is P. 

Where DN is main set of the duplicate nodes 
5. Identification of Duplicate records for DR 

Where DR is main set of the duplicate records 
6. Calculation of Total Duplication Time 

5.1 Test Case I 

Record 1 

<Customer> 

In this paper, the experiments perform on customer, suplier and 
order datasets. The customer data set contains the properties as 
pid, pname, dob, pob, eid, addl, add2. The supplier dataset 
contains the qualities supkey, name, address, nationkey, phone. 
acchal, comment. Custkey, ordkey, ordstatus, orddate, 
tolalprice, clerk and ordpriority is the Order data set. 

Duplicate 

V. 

<pid>101<pid> 

In custdetails file there are few attributes they are pid, pname, 
pob, dob, eid, addl and add2. At the point when parsed the 
custdetails XML document then which components are correct 
copies then that records are copies. 

<pname>Order#0000190</pname> 

PERFORMANCE ANALYSIS 

<dob>23/10/1994</dob> 

</Customer> 

<pob>United States</pob> 
<eid>order190@vaho0.com</eid> 

Record 2 

<Customer> 

<Add|>Bamako Place</Add|> 
<Add2>Washingtons/Add2> 

<pid>101</pid> 
<pname>Order#0000 190</pname> 

<dob>23/10/1994</dob> 

</Customer> 

Then that is 

<pob>United States</pob> 
<eid>order 190.@yahoo.com</eid> 

<Addl>Bamako Place</Addl> 
<Add2>Washington</Add2> 



Above both rccords arc cxactly sane then they are 
exact duplicales. In any case, if properties spots of Addl and 
Add2 are changed then readings as 
Record 3 
<Customer> 

pid>101</pid> 
<pname>Ordert#0000190</pname> 
<dob>23/10/1994</dob> 
<pob>Unites States</pob> 
<cid>order190@yaho0.Con1</eid> 
<Add|>Bamako Place</Add|> 
<Add2>Washington</Add2> 

</Customer> 

Record 4 
<Customer> 

<pid>101</pid> 
pname>Order#0000190</pnamc> 

<dob>23/10/1994</dob> 

<pob>United States</pob> 
cid>orderl90@yahoo.com</eid> 
<Add|>Washington</Add|> 
<Add2>Bamako Place</Add2> 

<Customer> 

It shows that, they are not an cxact Duplicates, because 
of their address places have been changed, but they are 
duplicates. They are spoken to in various way so they speak to 
same protest. 

5.2 Test Case 2 
In CustDetails, interchange names for nations are 

given, so it can be effectively recognized whether it is copy 
records or not. 

Nation 

Canada 
China 
India 

Table 4: Alternate Names for Countries 

United Kingdom 
Unites States 
Sri Lanka 
France 
lceland 
Mexico 
Australia 

Record 1 
<Customer> 

<pid>101</pid> 

Altermative Names 
CA 
CN 
IN 
UK 

<Customer> 

US 

Lk 
FR 
IS 
MA 
AL 

<pname>Order#0000190</pname> 
<dob>23/10/1994</dob> 
<pob>United States</pob> 
<eid>order 1 902 yahoo.com</eid> 

<Addl>Bamako Place</Add|> 
<Add2>Washington</Add2> 

Smallcase Name 
Ca 

cn 

1n 

uk 

1 

fr 

mx 

au 

Record 2 
<Customer> 

<pid>101</pid> 
<pname>Order/0000190</pname> 
<dob>23/1I0/1994</dob> 

<pob>US</pob> 
<cid>orderl900@yaho0,Com</eid> 
<Add1>Bamako Place</Add1> 

<Add2>Washington</IAdd2> 
</Customer> 

Record 3 

<Customcr> 
<pid>101</pid> 
<pname>Orderi0000190</pname> 
<dob>23/1I0/1994</dob> 
<pob>us<pob> 
<eid>order190@yaho0,com<leid> 
<Add|>Bamako Place</Add|> 
<Add2>Washington</Add2> 

</Customer> 

These records arc not cxact Duplicates, because the countries 

names are different, but all they raise to same country, so above 

3 records are duplicates. Table No. 3 shows the performance 
results. 

VI CONCLUSION 

In this paper, we introduce the calculation to decide if 

two records are copies or not founded on a given limit. For 

finding the copies the Algorithm utilizes a Bayesian Network 
system. Xml duplication utilizing Xpath requires little client 
association, since client just needs to give the Xml dataset 
document and in view of that record the client needs to give the 

edge esteem. However this procedure is extremely adaptable for 
copy identification in XML information. 

These methods will ready to take care of the issue of 
copy information. These days an ever increasing number of 
information is produced, in light of different gadgets so there is 
heaps of information to be kept up in the database so there can 
be copy records for a solitary record. To evade the issue of 
productivity of system, this procedure can be valuable to 
decrease the system stack. This strategy is performed under 
different tests to discover copy esteems. These trials are 
performed on both simulated and genuine dataset and 
demonstrated that XML duplication utilizing Xpath is great 

system. The procedure of duplication and Deduplication of 
records utilizing Xpath strategy can dominate other parser, for 
example, (Ex. DOM, SAX, and STAX Etc.). 
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Abstract: The paper explains Enhanced Histogram of oriented gradients, a feature extractor which extract the 
relevant features and gives better performance in terms of Accuracy, Computation time, error rate when applied 
with Neural Network for classification. It has been observed through Analysis or experimentation that it gives 
better performance in detection of EUS(Epizootic ulcerative syndrome) disease. 
Keywords: EUS (Epizootic ulcerative syndrome), EHOG(Enhanced Histogram of oriented Gradients),Neural 
Network(NN), PCA(Principle Component Analysis)  
 

I. Introduction  
Aquaculture is one of the most rapidly growing food production sectors in the world providing 

nutritional security for millions. India is the second largest fish producer in the world after china playing a vital 
role in the social-economic development. West Bengal is the second largest fish production state in India (after 
Andhra Pradesh)[1,2]. The system is being facing by serious threat due to severe intensification and unscientific 
management. One of the major deterrents in the aquaculture sector due to fish disease that is caused by virus[3], 
bacteria and fungus resulting loss of more than 1000 crores to the Indian agricultural export value. In India, the 
EUS(Epizootic Ulcerative syndrome) has been reported in Assam, West Bengal, Odisha, Andra Pradesh, Tamil 
Nadu, Uttar Pradesh, Karnataka, Bihar, Maharashtra and Punjab and EUS is serious fish disease problem[4]. In 
India, fresh and brackish water is the uniform transmission of meddlesome fungus which is link with Epizootic 
Ulcerative Syndrome (EUS). In monsoon and post monsoon season EUS infection was occurred. It may due do 
mixing of polluted water from domestic waste, fecal matter and Sewage through rain runoff. It is a disease 
definitive diagnosis. Huge loss of production in aquaculture is occurring because of many reasons. Among these 
causes, a disease is the most serious constraint that causes damage to the livelihood of farmers, loss of job, 
reduced incomes, and food insecurity. To overcome losses because of infectious diseases in aquaculture, it is 
necessary to act upon every health constraint based on scientifically proven and recommended as well as locally 
applicable ways [5�@���� �$�V�� �³�S�U�H�Y�H�Q�W�L�R�Q�� �L�V�� �E�H�W�W�H�U�� �W�K�D�Q�� �W�U�H�D�W�P�H�Q�W���´�� �L�W�� �L�V�� �D�G�Y�L�V�D�E�O�H�� �W�R�� �I�R�F�X�V�� �R�Q�� �S�U�H�Y�H�Q�W�L�Q�J�� �W�K�H��
occurrence of disease rather than treating it [6]. Fish is also a livelihood of millions of people so that prevention 
of fishes is very necessary [7]. The disease is still misidentified by the people. Traditional method was very time 
consuming and it is done by the experience of fish farmers or fish veterinarians. There are number of methods or 
technique to automatic detection of disease in less time. In pattern recognition and image processing, initially 
the first step is image pre-processing where filtering, noise removal, and conversion of color to gray scale. It 
may have dramatic positive effect on the quality of feature extraction. The common step in many feature 
descriptor methods is the image pre-processing that is analogous to the mathematical normalization of data set. 
To improve the image analysis and feature extraction the pre-processing step in image processing plays an 
important step. Segmentation is also a part of image processing [8] and it is also of different kind of 
segmentation e.g. depth segmentation, super-pixel method binary method, gray and color. There are many 
applications for image pre-processing e.g. removal of illumination noise, binarization, thresholding, resizing and 
normalization etc. The main purpose of the normalization is to enhance the image. To the recognition system an 
image will be captured using a camera and fed as probe. The image is then pre-processed to enhance its quality. 
Enhanced Histogram oriented techniques has been applied in the paper. The features are extracted using suitable 
schemes. Classification algorithm are used to classify after extracting the features from the feature extractor, 
feature classified through classification algorithm [9]. Then transformed the data to minimize the number of 
features representation and if the data is large in number then it may be redundant of the data into minimum 
number of features. 
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II.  Feature Extraction 
Feature Extraction is the process of transforming the input data into a set of features. Information 

relative to color, shape, texture or context that belongs to the features, Many feature extractor algorithm has 
been used to extract the feature of the fish.  
There are two types of feature extraction Low level feature extraction and High level feature extraction. 

 
 

Finding the points, lines, edge in low level feature extraction etc while high level feature extraction 
provide more significant information for further processing of Image analysis and it  also use the low level 
feature. There are different feature extraction technique that is based on transform, spatial, boundary, edge, 
color, shape and texture features. In finding shapes and objects in computer images high level feature extraction 
is responsible. According to chosen (or specified) conditions as the extraction generally seek invariance 
properties, whatever their position, their orientation, or their size that implies in finding objects the extraction 
result does not vary. The values of any parameter that can control the appearance of a shape through technique 
as it find shape reliably and robustly. To change the level in the illumination level: to find a shape whether it 
dark or light. Features extraction and classification learning is the fundamental for classification. Extracting the 
most relevant information from the data available is the first part. 

 
III.  Classification  

Classification of the data after the feature extraction is a hefty work of machine learning area. There are 
ma�Q�\���D�S�S�O�L�F�D�W�L�R�Q�V���R�I���P�D�F�K�L�Q�H���O�H�D�U�Q�L�Q�J���H���J�����³�I�L�Q�D�Q�F�L�D�O���I�R�U�H�F�D�V�W�L�Q�J�´�����³�R�U�J�D�Q�L�]�D�W�L�R�Q�´���D�Q�G���³�U�H�W�U�L�H�Y�D�O���R�I���P�X�O�W�L�P�H�G�L�D�´��
�D�Q�G���³�E�L�R�L�Q�I�R�U�P�D�W�L�F�V�´�����,�Q���W�K�H���P�D�F�K�L�Q�H���O�H�D�U�Q�L�Q�J, training data is manually partitioned and is subsequently used as 
reference for classification of new data and hence known as supervised classification method. It is widely 
divided into three categories: Neural Network, texture classification, and data mining techniques. By means of 
�W�H�[�W�X�U�H���S�U�R�S�H�U�W�L�H�V���R�I���D�Q���L�P�D�J�H���³�W�H�[�W�X�U�H���F�O�D�V�V�L�I�L�F�D�W�L�R�Q�´���D�Q���L�P�D�J�H���S�U�R�F�Hssing technique helps to identify different 
regions of image. To do the different kinds of traditional classification neural network are promising alternative. 
�7�R�� �G�H�W�H�F�W�� �K�L�G�G�H�Q�� �S�D�W�W�H�U�Q�� �³�G�D�W�D�� �P�L�Q�L�Q�J�´�� �L�V�� �R�Q�H�� �R�I�� �W�K�H��domains �Z�K�L�F�K�� �X�V�H�V�� �³�P�D�F�K�L�Q�H�� �O�H�D�U�Q�L�Q�J�´���� �³�V�W�D�W�L�V�W�L�F�D�O�´����
�³�Y�L�V�X�D�O�L�]�D�W�L�R�Q�´�����R�W�K�H�U���H�[�W�U�D�F�W�L�R�Q���W�H�F�K�Q�L�T�X�H�V��[7]. In the paper classification algorithms have been used to classify 
�W�K�H���³�(�8�6�´���D�Q�G���³�1�R�Q-�(�8�6�´���I�L�V�K���G�D�W�D�V�H�W��through  NN (Neural Network). Neural Network has high computational 
power and gives good accuracy as compared to other algorithms. To enhance the performance and efficiency, 
modified feature extractor (EHOG) has been used which extracts more information and helps in improving the 
classification accuracy. 

 
IV.  Methodology 

 
Figure 1: Flow chart of EHOG Feature Extractor Method 

 
The above figure 1 shows that the method of Enhanced feature extractor (EHOG), first collects the 

images of EUS and Non-EUS fish. After that extract the different features and then applied the classification 
algorithm which divides the dataset into training and testing dataset for classification through Neural Network. 
After classification find the accuracy for positive and negative values in terms of performance measures. 
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�¾ Sample of training Dataset 

 
Figure 2: Sample of Training Dataset (EUS Infected Fish) 

 
In Figure 2 shows the Sample of EUS (Epizootic Ulcerative Syndrome) infected fish which is used in 

�H�[�S�H�U�L�P�H�Q�W�D�W�L�R�Q���D�Q�G���W�K�H�V�H���L�P�D�J�H�V���D�U�H���F�R�O�O�H�F�W�H�G���I�U�R�P���³(NBFGR, Lucknow) and ICAR-Central Inland Fisheries 
Research Institute (CIFRI), Kolkata 
 
�¾ EHOG (Enhanced Feature Extractor) 
The Enhanced Feature Extractor is the Modified feature extractor of Histogram of Oriented Gradients. 
The Steps to Explain the EHOG: -  
�x Extract the image and then divide the image into cells (4*4) and combine it into the blocks (2*2). 
�x After that compute the gradient and Magnitude in terms of intensity and gradient magnitude is affected by 

illumination changes, but its direction is not. 
�x The magnitude of the image gradient changes when one increases or decreases the intensity. The orientation 

�R�I�� �W�K�H�� �L�P�D�J�H�� �J�U�D�G�L�H�Q�W�� �G�R�H�V�� �Q�R�W�� �F�K�D�Q�J�H�´���� �G�L�U�H�F�W�L�R�Q�� �R�I�� �W�K�H�� �³�J�U�D�G�L�H�Q�W�� �D�U�U�R�Z�V�� �D�U�H�� �I�L�[�H�G�� �Z�K�H�U�H�D�V�� �W�K�H�� �V�L�]�H��
changes. 

�x �$�I�W�H�U���W�K�D�W���F�D�O�F�X�O�D�W�H�� �G�L�U�H�F�W�L�R�Q�V�� �D�Q�G���R�U�L�H�Q�W�D�W�L�R�Q�V���R�I�� �E�L�Q�V���� �³�L�Q�F�U�H�D�V�H�� �W�K�H�� �Q�X�P�E�H�U���R�I�� �E�L�Q�V���� �L�Q�F�U�H�D�V�H�V���W�K�H�� �V�L�]�H�� �Rf 
�W�K�H�� �I�H�D�W�X�U�H�� �Y�H�F�W�R�U�´�� �Z�K�L�F�K�� �U�H�T�X�L�U�H�´�� �P�R�U�H�� �W�L�P�H�� �W�R�� �S�U�R�F�H�V�V���� �V�H�O�H�F�W�L�R�Q�� �R�I�� �R�U�L�H�Q�W�D�W�L�R�Q�� �Y�D�O�X�H�V�´�� �V�S�H�F�L�I�L�H�G�� �D�V�� �D��
�³�O�R�J�L�F�D�O���V�F�D�O�D�U�´�����V�R���W�K�D�W���D�G�M�X�V�W���W�K�H���Q�H�D�U�H�V�W���D�Q�J�O�H���������������������������G�H�J�U�H�H���� 

�x �:�K�H�Q�� �V�H�W�� �W�K�L�V�� �³�S�U�R�S�H�U�W�\�� �W�R�� �W�U�X�H�´���� �³�R�U�L�H�Q�W�D�W�L�R�Q�� �Y�D�O�X�H�V�� �D�U�H�� �H�Y�H�Q�O�\�� �W�U�X�H�� �L�Q�� �E�L�Q�V between -180 & 180 degree 
�³�D�Q�G���Z�K�H�Q���V�H�W���W�K�L�V���³�S�U�R�S�H�U�W�\���W�R���I�D�O�V�H�´�����W�K�H�\���D�U�H���H�Y�H�Q�O�\���V�S�D�F�H�G���I�U�R�P���³�����W�K�U�R�X�J�K���������´�� 

�x �³�7�K�H���Y�D�O�X�H���R�I���W�K�H�W�D���W�K�D�W���D�U�H���O�H�V�V���W�K�D�Q�´�������D�U�H���S�O�D�F�H�G���L�Q�W�R���D���W�K�H�W�D�������������Y�D�O�X�H���E�L�Q���X�V�L�Q�J���V�L�J�Q�H�G���R�U�L�H�Q�W�D�W�L�R�Q���F�D�Q��
�K�H�O�S���G�L�I�I�H�U�H�Q�W�L�D�W�H���O�L�J�K�W���W�R���G�D�U�N�´���D�Q�G���³�G�D�U�N���W�R���O�L�J�K�W�´���W�U�D�Q�V�L�W�L�R�Q���Z�L�W�K�L�Q���L�P�D�J�H���U�H�J�L�R�Q���� 

�x To set the value of threshold T low =0.075, if the value higher than the given value then  it will take more 
time and skip more blocks, then compute the edges with the connected blocks. 

 
V.  Neural Network Classifier 

�x Neural Network (Pattern Recognition) 

 
Figure 3: Pattern Recognition 

 
It extracts the 4356 features in order to get a neural network to successfully learn task, it must be 

trained first. The training database is divided into training and testing set. The training set is used to train the 
neural network. To get the better results, train the neural network many times and get the average of 
classification accuracy. In which 10 cross validation have been used. The input or feature extracted by the 
feature extractor is 4356 and has taken 10 hidden layers which give the output. Testing set is used to test the 
neural network. To find the hidden neurons, in an architecture the dataset is divided into training set which is 
Ttraining and testing set which is Ttesting. The test set is used to test the ability of the network which is 
Network pattern recognition. [10]. 
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The classification of EUS and Non-EUS fish is done by Neural Network and the features are extracted 
by the EHOG feature Extractor, which gives better accuracy, error rate and computation time as compared to the 
other Feature extractor. 
 
�¾ EHOG-PCA-NN: 

EHOG (Enhanced Histogram of oriented Gradients) is combined with the PCA (principle of 
component Analysis) and then classify by Neural Network. PCA is used to reduce the dimensions as 
correlations between features in data can be found using a statistical method and linear technique for 
dimensionality reduction. 

Reduction in dimensionality of data by done by eliminating irrelevant data from the dataset & is 
frequently used in both machine learning technique & image processing. Neural Network divides the dataset 
into training and testing set to train the network as it gives average classification based on 10 cross validation . 
 
�¾ Analysis of Performance Measure of EHOG-PCA-NN 

Table 1: Performance Measure of EHOG-PCA-NN 
Technique Accuracy Error Rate Computation Time 

EHOG-PCA-NN 98.7% 1.25 0.00719 
 
The Table 1 shows the Analysis of performance Measure of EHOG-PCA-NN in Accuracy, Error Rate and 
Computation Time. 
 

                                       
Figure 4: Performance Measure of  EHOG-PCA-NN 

 
In the above figure 4 shows that the Analysis of  performance measure of  EHOG-PCA-NN ,it shows the 
Accuracy of EHOG-PCA-NN = 98.7% ,Error Rate = 1.25, Computation Time  = 0.00719.  

 
VI.  Conclusion 

The EHOG (Enhanced Histogram of oriented Gradients) gives better result in detection of EUS 
disease. As EUS is misidentified by the people and it is necessary to prevent the mortality of fish because fish is 
the livelihood of millions of people. The EHOG-PCA-NN gives better results in terms of Accuracy it gives 
98.6%, in computation time it gives 0.00719 and in error rate it gives 1.25.The best feature extractor will help in 
better classification. 
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Abstract : - Information technology discoveries have revolutionized various sectors of our social life. 
Specifically, machine learning research in healthcare through data mining has improved the quality of care 
provision. Manifestation of Machine learning in healthcare has basically been used to explore insights of 
patient's health in a such extend that it can predict is recurrence in the future. This paper includes survey on 
predictive models which are built using deep learning algorithms to predict diabetes. The diabetes is lifestyle is 
disease and it can be can be controlled once diagnosed it. Deep learning is advanced part of machine leaning 
concepts. This paper is written to contribute in researchwork that is going in the direction of predicting diabetes. 
and its conditions. However, it can also be said this-work will help to those who are working to improve clinical 
predictive models throughdeep learning algorithms. 

I. 

Keywords: - Machine learning, deep learning algorithms, Data mining, Hadoop, Diabetes predictive 
model 

INTRODUCTION 
Recent advances in biotechnology is transforming human health conditions. These advancements are 

becoming more and more helpful as it started using medical and clinical Data". Consequently, the abundance 
of data has strengthened considerably data-oriented Tesearch in biology. In such a hybrid field, one of the most 
important research applications is prognosis and diagnosis-related to human-threatening and/or life quality 

reducing diseases: One such disease is diabetes mellitus (DM) [1], which is a chronic condition that occurs when 

the body can:n0t produce enough or cannot effectively use insulin. Insulin is a hormone produced by pancreas 

and is needed by our body to 
metabolize glucose. When the glucose level in body is not metabolized properly, it keeps on circulating 

in the blood and causes damage to various tissues. High blood glucose level in diabetes is associated with long 

term damage and/ or dysfunction, and/or failure of various organs, especially the kidneys, eyes, nerves, heart, 

and blood vessels [2,3]. Numerous epidemiological and publichealth studies regarding the associations between 

anthropometric measurements-and type2 diabetes _have been= condücted. These_ studies have attempted to 

identify anthropometric. measurements-that-can better-predietetype:2 diab�tes based on ethnicity, gender, and 

nationality [4). However, the majority of these studies focused= on the analysis ofonly one or several 

anthropometric measurements and risk faciors suitable for the Tdentification of type 2 diabetes [5). Some of 

observational studies were performed through administered questionnaire to describe the profile of T2DM 

patients form with the variables such as socio demographic factors, presenting symptoms, family history of 

diabetes, physical activity and behavioural profile. The results revealed that many factors such as obesity, family 

history of diabetes, uncontrolled glycaemic status; sedentary life styles were prevalent among the T2DM 

patients [6,7]. Applying machine learning and data mining methods in T2DM research is a key approach to 

utilizing large volumes of available diabetes-related data for extracting knowledge. The severe social impact of 

the specific disease renders T2DM one of the main priorities in medical science research, which inevitably 

generates huge amounts of data [8,9]. Undoubtedly, therefore, machine learning and data mining approaches in 

T2DM are of great concern when it comes to dingnosis, management and other related clinical administration 

aspects. Knowledge discovery in databases (KDD) is more significant tor T2DM preiiction which comprising 

theories, methods and techniques, trying to make sense of data and extract usetul knowledge from them [10,I1). 

It is considered to be a manifold process such as selection, pre-process, lranstormation, data mining, and 
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interpretation evaluation. The most important step in the entire KDD process is data mining, exemplifying the 
application of machine learning algorithms in analysing patient profile and clinical data [12j. Hence, in the 
research study, efforts were made to analvse tine current literature on machine learning and data mining 
approaches and in T2DM research and propose rew way of solutions through soft computing based deep 

learning approaches. 
II. 

III. 

MOTIVATION 
Predictive modeling is a key component -of-s0lutions to many healthcare probiems such as early 

prediction of T2DM. Among all predictive modeling approaches, machine learning methods often achieve the 

highest prediction accuracy, but suffer from a long-standing open problem precluding their widesprcad use in 
healthcare. Most machine learning mode's give no explanation for their prediction results, whereas 
interpretability is essential for a predictive model to be adopted in typical healtheare settings. Predictive 
modeling can be conducted through several approaches [13] including using rules developd by ridial experts, 
statistical methods such as logistic regression. and machine leaming algorithms that automatically improve 
themselves through experience, such 2s neural network, Bayes network, support vector machine, decision tree. 
random forest, and boosted regression tree. Among these approaches, machine learming methods otten achieve 
the highest prediction accuracy. In fact, with less strict assumptions on data distribution, machine leaming can 
sometimes double the prediction accuracy when compared to statistical -methods. Despite its superior 
performance, machine learning is far from being as widely-used in healthcare applications-as. it should. be. 
because it suffers from a long-standing open problem. Most-machine-ièärning models are complex and give no 
explanation for their prediction results. Nevertheless, interpretability is essential for a predictive model to be 
adopted in typical healthcare settings. At present, several explanation methods for machine learning predictive 
models exist, but they are model specific and decrease accuracy. Recent methods witheut additional 
optimization and refinement, the method wili not pcrform satisfactorily. Also, it remains to be seen how 
effective the method is. The main motive of this research is to fill these gaps through soft computing based deep 
learning techniques. 

LITERATURE REVIEW 
Tao Zheng et al. [14) have developed a Machine Learning-based Framework to ldentify Type 2 

Diabetes through Electronic Health Records (EHR) The developed data informed tramework identifying 
subjects with and without T2DM from EHR Via feature engincering and mach1ne learning. The framework 
identification performance is evaluated through wiáely-used machine learning models, including k-Nearest 
Neighbours, Naive Bayes, Decision Tree, Random Forest, Suppt Vecto Machine and Logistie kegression. 
The experimentation was conducted cn 300 patient samples (161 cases, 60 controis and 79 unconfirmed 
subjects), randomly selected from 23,28I diabetes related cohort retrieved from a regional distributed EHR 
repository ranging from 2012 to 2014. The obtained results indicated that the framework achieved high 
identification performances, which are much highêr than thë state-of-the-art algorithm. 

Beatriz Lopez et al. [1s] have proposed a Single, Nucleotide Polymorphism (SNP).rolevance learning. 
with Random Forest technique for Type 2 diabetes risk prediction. The:Random Forest (RF) technique used-to 
search for the most important attributes (SNPs) related to diabetes, giving a weight (degree of importance), 
ranging between 0 and 1, to each attribute. The experimentation was performed on a set of 677 subjects. RF is 
able to handle the complexity of features' interactions, over fitting, and unknown attribute values, providing the 
SNPs' relevance with an up to 0.89 area under the ROC curve in terms of risk prediction. The proposed RF 
based technique performance had been compared to Support Vector Machines and Logistic Regression. 
Furthermore, the relevance of the attributes obtained through the use of RF had been used to perform preictions 
with k-Nearest Neighbour method weighting attributes_ in the similarity measure according to the relevance of 
the attributes with RF. 

Jia Zhu et al. [16] have proposed an improved early detection method of type-2 diabetes mellitus using 
multiple classifier system: The proposed method focused-on employing-multiple classifier svstems to improve 
the accuracy of detection for complex diseases, such as T2DM. The dynamic weigh cd voting scheme called 
multiple factors weighted combination for classifiers' decision combination and considers not only the local and 
global accuracy but also the diversity among classifiers and localized generalization error of each classifier. The 
experimentation conducted on two real T2DM data sets and other mcdical data sets. The proposed method 
provided favourable results compared to individual classifiers and other fusion methods. 
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patient's BG measurements, for 

a 30 or 60-min prediction The method 
is testedon a.time series 

containing glucose values measured 
every minute, and evaluation 

is again done through the classical 
EGA grid 

BP-MLP=78% 

PNN=85.5% 

-PNN achieved better result. 

SVM=96% K-mean and F 
Cmean=87%and 95% 

PNN=93% 

SVMclassifier can be 

chosen and developed upon it to obtain 
a very high accuracv. the results that 
the SVM classifier generates more 

precise results than the others 

Logistic Regression=65.2% 

CNN=77.5% 

MLP=72.5%* 

CNNISperformed well 

DPP is better than MLP when used 
with drop out method 

DNN=88.5% 

Mean absolute difference percent 
(MAD%) is used to calculate 
accurarncy. 

The CGM(Continuous glucose 
monitoring) dataset used for the 
training of the neural network nodel 

2 validation sets of 9963 images and 
1748 images, at 

the operating point selected for high, 
specificiy, thu algorithm had 
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IV. CONCLUSION 

90:3%and 87:0%6sensitivity and 
9s.1%and 98.5°ospecificity for 
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Abstract: Nowadays mobile phones have become a promising tool in agriculture because the cost of the device 
is accessible and their computing power allows a variety of practical application to assist diverse farming tasks. 
According to the observations, Information and Communication Technologies (ICT) state that the cell phones 
�S�O�D�\�� �F�U�X�F�L�D�O�� �U�R�O�H�� �L�Q�� �I�D�U�P�H�U�V�¶�� �O�L�Y�H�V���� �7�K�H�� �W�U�D�G�L�W�L�R�Q�D�O�� �P�H�W�K�R�G�V�� �X�V�H�G�� �E�\�� �W�K�H�� �I�D�U�P�H�U�V�� �D�U�H�� �Y�H�U�\�� �V�O�R�Z�� �D�Q�G��
undependable, especially in India. This results in considerable portion of crop getting affected by the bacterial 
attacks and lack of information, harming the land and degrading its productivity as well. On an average, 
damage to crops and agricultural production due to these reasons exceeds 40% of the total yearly production. 
Our key idea is to provide subsidy to the farmers who are Below Poverty Line (BPL) for buying pesticides and 
fertilizers by scanning their ration card. The presented paper also suggests various ways in which a farmer can 
utilize Mobile Computing (MC) on their handsets using application ca�O�O�H�G���³�$�*�5�2�´�����W�R���D�V�V�L�V�W���W�K�H�P���I�R�U���U�H�O�D�W�L�Y�H�O�\��
better cultivation, yield and merchandise.   
Keywords: Android Application, Below Poverty Line (BPL), Farming Assistance, Image Processing, Products  
(Pesticides), SQL Database 
 

I. Introduction  
 Agriculture is the basic reason of production of food and raw material, which eventually is the reason 
of survival of the population. In India, agriculture is the primary occupation and most of the population is 
dependent on it. However, here is also need to review and revitalize the mechanism for updating the technology. 
In the upcoming years agriculture will see major changes. Unlike the earlier 'green revolution' which had a 
foundation of advanced pesticides and fertilizers, now the agriculture will be revolutionized with the help of 
technology. Every developing economy has agriculture sector as irreplaceable pillar and so does India. In India 
the agriculture sector contributes close to 20% of Gross Domestic Product (GDP). Either directly or indirectly, 
60%  of total population of India depends on agriculture. The majority of Indian farmers, which includes small-
scale producers, are often unable to access the information and technological resources that could increase the 
yield and lead to better prices for their crops and products. The widely spread network of mobile phones could 
be the game changer in this problem. It will put agriculture field at its peak. The main purpose of this project is 
to develop a mobile phone-based solution that helps in farm management, which will lead to improvement in 
agricultural yield and helps in maintenance of the farms.  
 

II.  Related Work  
 The main aim of modern farming technique using android application is to enhance transparency in the 
agriculture commodity marketplace by providing market price information, facilitating collective buying of 
inputs and collective selling of product. Farmers most depend on weather forecast to decide as what work to do 
today and tomorrow.  
Earlier approaches which focused on how illiterate n Below Poverty Line farmers would get help are referred as 
follows: -  
1. �:�H�� �U�H�I�H�U�U�H�G�� �S�D�S�H�U�� �³�.�L�V�D�Q�9�L�N�D�V�´�� �L�Q�� �Z�K�L�F�K�� �L�W�V�� �P�D�L�Q�� �I�R�F�X�V�� �Z�D�V�� �R�Q�� �L�Q�I�R�U�P�D�W�L�R�Q�� �D�Q�G�� �F�R�P�P�X�Q�L�F�D�W�L�R�Q��

technology (ICT) and e-governance application that will help- farmers. The objective of the application was 
to provide government helplines, weather forecasts, news, mandi (market) prices of crops to the farmer. 
There is also an in-built database in which the farmer can keep a track of his inventories, harvests, seeds 
and fertilizer purchases, vehicles and equipment, etc.  

2. �7�K�H�� �V�H�F�R�Q�G�� �S�D�S�H�U�� �U�H�I�H�U�U�H�G�� �L�V�� �³�0�D�K�D�� �)�D�U�P�´�� �Z�K�L�F�K�� �D�O�V�R�� �I�R�F�X�V�H�V�� �R�Q�� �V�D�P�H�� �D�J�U�L�F�X�O�W�X�U�H�� �D�F�W�L�Y�L�W�L�H�V�� �V�X�F�K�� �D�� �F�U�R�S��
data, market prices, weather and new update. The only difference is that it updates news by RSS feed.  

3. �7�K�H�� �W�K�L�U�G�� �S�D�S�H�U�� �U�H�I�H�U�U�H�G�� �L�V�� �³�$�Q�G�U�R�L�G�� �E�D�V�H�G�� �V�R�O�X�W�L�R�Q�� �I�R�U�� �,�Q�G�L�D�Q�� �D�J�U�L�F�X�O�W�X�U�H�� �P�D�Q�D�J�H�P�H�Q�W�� �G�H�V�L�J�Q�� �S�D�S�H�U�´���� �,�Q��
�W�K�L�V���S�D�S�H�U���W�K�H���D�S�S�O�L�F�D�W�L�R�Q���G�H�Y�H�O�R�S�H�G���K�H�O�S�V���I�D�U�P�H�U���W�R���N�H�H�S���W�K�H���W�U�D�F�N���U�H�F�R�U�G���R�I���Z�K�D�W�¶�V���K�D�S�S�H�Q�L�Q�J���L�Q���I�D�U�P���D�Q�G��
what needs to be done next. Its major focus is on language that is it provides different language for 
interaction between farmers and application. It also allows users to plan activities, organize staff, monitor 
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Agri - inputs and agricultural machineries use, undertake economic and financial analysis of activities i.e. 
allows farmers to record cropping, machinery procedures and access this information.  

4. �7�K�H�� �I�R�X�U�W�K�� �S�D�S�H�U�� �U�H�I�H�U�U�H�G�� �D�V�� �³�.�U�L�V�K�L�� �9�L�O�O�H�´. It takes care of the updates of the different agricultural 
commodities, weather forecast updates, agricultural news updates. The application has been designed taking 
Indian farming in consideration.    

 
III.  Research Challenges In Agricultural Domain 

 Indian farmers are troubled by several problems. They can be natural problems or can be   a problem 
occurred by human being. The major problem of Indian agriculture is that they are not highly literate which 
causes big issue in farmers for understanding different and new forms of farming technique. Pollution and 
environmental issues are also the different forms faced by Indian agriculture.  
1. Indian farmers never use proper management for crop cultivation. A further problem is a lack of 

coordination along the agricultural value chain from farm inputs to farm processing, which increases the 
cost of production and lower down revenue for farmers.[1]  

2. Farmers also rely on weather forecast as what to do now and what not to which causes them to wait for 
cultivation and farming.[2]  

3. The farmers do not get full benefits of government services, so advances in Information Communication 
Technologies (ICT) to foster e-governance is important as the farmers will get the full benefits of services 
provided by the government.[3]  

 
IV.  Proposed Methodology  

1. In the proposed system, a farming assistance application based on android operating system is developed 
which is platform independent.  

2. Here, the farmers will first register and then use this application.   
3. Farmers can access different functions such as information of the weather and can get details of different 

crops.   
4. Farming tools on rent will also be available through the application. 
5. Farmers will upload the image of ration card and the admin will verify whether the respective farmer is 

BPL or not [Figure 1] [Figure 10.1] [Figure 10.2].  
6. The government will provide 50 % subsidy for BPL farmers while buying pesticides [Figure 4].  
 
The flow of the proposed framework is as follows:   
1. The application will help farmers who are Below Poverty Line, by scanning ration card color through which 

government will provide subsidies to them. For this purpose, Registration will be done with help of android 
registration GUI page [Figure 1].  

2. After registration, the farmer can access their account with the help of Login page [Figure 2].  
3. They will also get an expert advice or a message by just clicking or putting up their query on application 

[Figure 7].  
4. They will be updated with the weather information on daily basis.  
5. The farmers can ask for the farming tools by updating a query in the application.  
6. After updating the query, the customers (farmers) will revert back based on his/her requirement [Figure 7].  
 

 
Fig. 1.Registration page for User        Fig. 2.Login page for User 
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Fig. 3.Home screen with different options               Fig. 4.List of various products(Pesticides) 

 

 
Fig. 5.Details of the product                  Fig. 6.Products added to the cart 

 

 
Fig. 7.Queries and their solutions                                Fig. 8. Password reset page 

 



Improvement in Productivity and Income Using Farming Assistance  

10th International Conference on Intelligent Systems and Communication Networks (IC-ISCN 2019)     23 | Page 
Thakur College of Engineering and Technology, Kandivali east Mumbai -400101, Maharashtra 

 
Fig. 9. Login page for Admin to access the database 

 

 
Fig. 10.1.Webpage displaying categorialdatabases 

 

 
Fig. 10.2. Data added by the user is stored in User information which is used for verifying the user 

 

 
Fig. 11.List of products(Pesticides) the user can buy 
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Fig. 12.1. 

 

 
Fig. 12.2 

Fig. 12.1. and Fig. 12.2. Details of the products(Pesticides) added by the admin 
 

V. Conclusion 
 Different applications are developed and used by farmers for their specific tasks. All these applications 
have different functionalities and need to be used separately. Our application is a one stop solution to all that 
agricultural requirements and needs. Through this application, location specific information is also provided. It 
provides a highly authentic and reliable database on agriculture. This location specific data is accurate and is 
acquired from reliable sources. Existence farming applications are static in nature; our application is dynamic 
and will prove to be better for use. All the required information and functionalities are bundled in single 
application along with support of native language for the farmers, it becomes easy for utilisation.  
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Abstract—Silicon based Photonic Crystal (PhC) has attracted 
a lot of research interest in telecommunication network due to 
miniaturization, speed of operation and long life. In this paper, a 
1X2 photonic based power splitter for TE polarized light has 
been designed and analyzed. The structure consists of hexagonal 
lattice of Silicon rods in air background with radius 0.2µm and 
lattice constant 0.7µm. The Simulation is performed for 1550nm. 
Plane Wave Expansion (PWE) method is used to analyze the 
Photonic Band Gap and the device performance is evaluated 
using Finite Difference Time Domain(FDTD) method. Further, 
the device has been optimized to improve performance. The 
splitting ratio is enhanced using bi-periodicity of silicon rods in 
the Y junction. The device offers a splitting ratio of 0.5 which can 
be used for free space optics. 

 
Index Terms—Photonic Crystal, PWE, PBG, Power Splitter 

 
I. INTRODUCTION 

The need for fast data transfer and radiation free communi- 
cation can be fulfilled by optical network based on integrated 
optic devices. Photonic crystals (PhC) have emerged as a 
promising technology in the path towards large scale photonic 
integrated circuits[1]. PhC are artificial periodic structures 
whose dielectric properties vary periodically in the order of 
light wavelength. The main concept of the PhCs is the periodic 
reflections and refractions at the boundaries of alternating 
dielectric materials. Since the periodicity is in the order of 
light wavelength, the phase difference of the interfered waves 
is an important factor that determines the optical response of 
such a structure. This can be used to establish destructive 
interference where light cannot propagate through the structure 
at certain frequency bands. These frequency bands at which 
the waves cannot propagate are referred as Photonic Band 
Gap(PBG)[2]. By creating some defects in PhC structure, that 
particular range of wavelength of light can be guided through 
the structure. These defects are of mainly two types 

1. Point Defect or Microcavity 
2. Line defect or Waveguide 

In this paper, Section I deals with  introduction  to  PhC  
and PBG. Section II discusses the design, material used for  
the PhC and PBG calculation. In Section III, performance 
analysis is done for the three types of power splitters  

 

 

 namely conventional Y splitter, Y splitter with radius of 
rods adjacent to guiding path reduced and Y splitter with 
biperiodicity in rods is incorporated. Section IV presents 
the conclusion. 

II.  DESIGN 

The 2D photonic crystal considered has a hexagonal lattice 
that comprises of silicon rods with n=3.45. The number of 
Silicon rods is 15x15. Silica has been used as buffer layer  
with a thickness of 1µm and guiding layer of silicon with 
0.69µm. A wafer dimension 12x12µm is considered as shown 
in Fig. 1. 

 

Fig. 1. Structural Diagram of PhC 
 

The rods have a radius ‘r’ called as cell radius and are 
separated by a distance ‘a’ called as lattice constant. PWE 
band solver is used for determining the bandgap of the struc- 
ture. The bandgap width depends on the wafer, dielectric rod 
material, lattice constant and cell radius. To achieve bandgap 
in the desirable range, the radius as well as the lattice constant 
were varied. The required bandgap was found for a=0.7µm and 
r=0.2µm. The band diagram before introduction of defects for
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Transverse Electric (TE) and Transverse Magnetic (TM) are as 
shown in Fig. 2 and 3. 
 

 
Fig. 2. TE band diagram before introduction of defects 

TABLE I TYPES OF PBG AND ITS NORMALISED FREQUENCY AND 

WAVELENGTH RANGE 
 

 
 

 
 

Fig. 3. TM band diagram before introduction of defects 
 

The ranges of PBGs for both Transverse Electric(TE) and 
Transverse Magnetic (TM) modes and their corresponding 
wavelengths are listed in Table 1. The first TE PBG is 
employed for design. 

III.  RESULTS AND DISCUSSION 

The 2D PhC structure designed above is further used to 
design a 1X2 PhC based Y power splitter as shown in Fig. 4 
by creating line defects. 

The input signal is launched into the input port and transmis- 
sion is observed at output ports 1 and 2. A Gaussian Modulated 
Continuous Wave(GMCW) is employed as an input signal with 
wavelength 1.55µm. The GMCW has a Half width set to 0.8e- 
14 sec and Time offset set to 3e-14 sec. 

Investigation of the field distribution inside the PhC is done 
by 2D FDTD method. FDTD is a popular computational mod- 
elling technique and is considered one of the most advanced 

method for computation of propagation of electromagnetic waves 
in PhC. It is based on the discretization of Maxwells equation in 
differential form in free space. The simulation is performed for 
the TE mode. The  boundary  condition used for the simulation 
was Anisotropic Perfectly Matched Layer (APML). The 
corresponding Electric field distribution and Poynting vector is 
illustrated in Fig. 5. 
 

Fig. 4. Layout and refractive index profile of designed Y splitter 
 

From the electric field distribution and power distribution  
it can be observed that the input signal spreads through the 
crystal and gets attenuated gradually. From the power spec- 
trum, the absolute value of power(W/m) measured at the input 
and output ports are 10.9e-5,3.4e-5and 3.55e-5 respectively. 
The overall efficiency of the device is 63.76%.The designed  
Y structure has poor transmission at the bends, hence there is a 
need to modify the above structure. The modification proposed 
is to change the radius of the rows adjacent to the guiding path 
to 0.1 m [3]. The modified structure is as shown in Fig. 6. 

The corresponding Electric field distribution and power 
distribution for the modified structure is shown in Fig. 7. 

The absolute values of power from the power spectrum in 
W/m for input is 6.14e-5. The power in the output ports 
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Fig. 5. Electric field distribution and power distribution of conventional 
waveguide 

 
 
 
 

 
Fig. 6. Refractive index profile of modified waveguide 

 
 
 
 

 
Fig. 7. Electric field distribution and power distribution of modified waveg- 
uide 

are 2.87e-4 and 2.59e-5 . The efficiency of the device has 
improved considerably to 88% . 

However, to further optimise the splitting at the junction it is 
proposed to introduce biperiodicity of rods at the Y junction. 
Biperiodicity is carried out by introducing new rods in between 
rods at the Y junction. The modified structure is as shown     
in Fig. 8. The corresponding Electric field distribution and 

 
 

 
Fig. 8. Structural design of 1x2 power splitter 

 
Poynting vector is illustrated in Fig. 9. In this case, the mea- 

 
 

Fig. 9.  Electric field distribution and power distribution of 1x2 power  splitter 

 
sured values of input power and output power from the power 
spectrum are 13.68e-5, 6.46e-5 and 6.44e-5 respectively.The 
power also divides equally in the output ports, thus achieving 
a splitting ratio of 0.5. 

 
IV. CONCLUSION 

The proposed Y junction based 1x2 power splitter using 
PhC is analysed by using PWE band solver and 2D FDTD 
computational method. The conventional Y splitter has poor 
transmission and hence modifications are proposed. The first 
proposed modification is to alter the radius of  rods adjacent  
to the guiding path, which improved the performance consid- 
erably. Introducing biperiodicity in the rods at the Y junction 
has led to performance enhancement with a splitting ratio of 
0.5 and efficiency of 95%. 
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Low ProÞle, High Gain and Wideband Circularly Polarized Antennas
Using Hexagonal Shape Parasitic Patches

Shishir D. Jagtap 1, * , Rajashree Thakare 2, and Rajiv K. Gupta 3

Abstract „This paper proposes low pro“le, high gain and wideband circularly polarized (CP)
microstrip antennas (MSA), using gap coupled parasitic patches (PPs) on superstrate layer. Printed
and suspended probe fed, CP MSAs are designed on a 1.59 mm thick FR4 substrate, and an array of
closely spaced hexagonal PPs are printed on the bottom side of the 1.59 mm thick FR4 superstrate
and placed at a height about � 0/8 above the ground plane, where� 0 is the free space wavelength,
corresponding to the central frequency of the operating frequency band. The gap coupled hexagonal
PPs are not only used to enhance the axial ratio bandwidth (AR BW) and gain of the antenna, but
also used to reduce impedance and gain variation of the antenna over the operating frequency band.
•Ant9• is a suspended MSA with 7 hexagonal PPs. A prototype •Ant9• is fabricated and tested, which
provides a peak gain of 9 dBi,S11 < Š10 dB, gain variation < 1 dB, and AR < 3 dB over 4.9 to 6.45 GHz
frequency band. ARBW of 27.3% is achieved. The proposed •Ant9• covers three frequency bands viz.,
5.15 to 5.35 GHz, WLAN band, 5.725 to 5.875 GHz, ISM band, and 5.9 to 6.4 GHz, Satellite C band.
The space fed antenna con“guration reduces the cross polar radiation level (CPL) and increases the
e�ciency of the antenna. The measured results agree with the simulation ones. The overall size of
•Ant9• is 0.96� 0 × 0.96� 0 × 0.136� 0.

1. INTRODUCTION

Antennas are the fundamental component of any wireless system. CP antennas have many advantages
over linearly polarized (LP) antennas. However, the design of a compact, directive and wideband CP
antenna is always challenging, as compared to LP antenna. A single diagonal fed CP MSA is compact
and simple to design; however, it provides narrow ARBW. A multi-fed CP antenna provides more AR
BW than a single fed antenna. However, it increases the design complexity and cost of the antenna.
Several BW enhancement techniques have been reported in [1…12, 14…16]. The AR BW of a CP MSA
can be increased by using a thick and low permittivity dielectric substrate. A wideband single fed CP
stacked MSA is proposed in [1]. It comprises a single diagonal fed MSA, with PP placed above the
antenna. The antenna o�ers a peak gain of 7.5 dBi and ARBW of 13.5%. The AR BW of CP MSA
is enhanced by using a multilayer aperture coupled antenna con“guration in [2]. The aperture coupled
PPs are printed on stacked dielectric layers, with each one being rotated by 30� from other. The antenna
provides an ARBW of 33.6% and peak gain of 8 dBic; however, the antenna design is complex and has
high pro“le with high SLL and low F/B lobe ratio.

A wideband single feed, truncated square patch CP antenna with PPs has been reported in [3].
Five square PPs are placed above the antenna, and one PP is placed beside the antenna. A stub is
also used to provide better impedance matching over wide BW. A wideband dual feed, square ring CP
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antenna with PPs is designed in [4]. Four square PPs are placed above the antenna, and an L-shaped
parasitic patch is placed beside the antenna. However, dual feed CP antenna not only increases the
design complexity, but also increases the CPL, as compared to single feed CP antenna.

A wideband slotted square CP MSA with a slotted PP placed above the antenna is proposed
in [5]. The slot on the microstrip patch is used not only to provide circular polarization but also to
reduce the size of the antenna. Several gain and BW enhancement techniques of LP and CP MSAs
are reported in [6]. Proximity fed LP MSA, with stacked gap coupled patches and square ring antenna
array, provides signi“cant enhancement in gain and BW of the antenna; however, it su�ers from high
pro“le [7]. A non-radiating edge gap coupled MSA, using small size PPs, is designed to achieve wide
BW [8]. A compact high gain 2 × 2 gap coupled array antenna is also designed. Low pro“le, printed
wideband antennas are designed in [9…12]. A printed, high gain and wideband LP Yagi antenna, using
tapered dipole as a driven element with tapered re”ector, is reported in [9]. A wideband and wide beam
CP printed microstrip antenna is proposed in [10]. This antenna o�ers a peak gain about 6 dBi, and
impedance BW greater than 50% is achieved.

A compact CP double ring Yagi like antenna is designed in [11]. A square ring is used as the
driven element, and a hybrid coupler is used to excite orthogonal modes. A single feed, high gain,
wideband printed CP Yagi array antenna formed by horizontally and vertically polarized array elements
is proposed in [12]. However, its radiation pattern has signi“cant undesired radiations. Fabry Perot
antennas (FPAs) are popular for gain and BW enhancement [13…15]; however, FPAs have high pro“le.
A CP MSA using space fed array antenna in FPC is also proposed in [13]. The gain and gain variation
of FPA increases, with increase in number of space fed PPs on the PRS layer [13]. The use of shaped
ground plane decreases the gain variation of FPA over the operating frequency band [14]. However,
design of this antenna is complex. A hexagonal ring based reactive impedance surface as a ground plane
is used for antenna miniaturization and ARBW enhancement in [16].

In this paper, a simple, probe fed, circularly polarized suspended MSA, using an array of gap
coupled hexagonal parasitic patches, is proposed to increase the AR BW and gain of the antenna with
small antenna size and cross polar radiation levels. Also, the antenna o�ers wide beamwidth in both
azimuth and elevation planes and small gain variation over the operating frequency band. The following
sections present antenna geometry and design theory of the printed and suspended MSA with hexagonal
PPs.

2. PRINTED MSA DESIGN WITH HEXAGONAL PPS

The proposed antenna is developed systematically. The step by step evolution of the proposed antenna
is shown in Fig. 1. A diagonal fed rectangular patch antenna is designed on a 1.59 mm thick FR4
dielectric substrate, and gap coupled hexagonal parasitic patches are fabricated on the bottom side of
a 1.59 mm thick FR4 dielectric superstrate and placed at about 0.11� 0 above the ground plane. The
antenna is fed through a coaxial probe of 50 �. The antenna structures, with and without parasitic
patches, are optimised using method of moment based IE3D simulator.

3. ANTENNA DESIGN THEORY

Initially, a CP probe fed, nearly square patch antenna is designed on a 1.59 mm thick FR4 substrate
to operate over 5.725 to 5.875 GHz frequency band. This antenna is termed as •Ant1•. The optimized
•Ant1• has patch dimensions of 11.3 mm× 12.1 mm on a square ground plane of side 40 mm. Its diagonal
feed position is (x, y) = (2 .1 mm, 2.1 mm). This •Ant1• provides a peak gain of 4.8 dBi,S11 < Š10 dB
over 5.5 to 6 GHz frequency band and AR< 3 dB over 5.76 to 5.872 GHz frequency band. The global
BW of 112 MHz is achieved. The overall size of •Ant1• is 0.77� 0 × 0.77� 0 × 0.03� 0, where � 0 is the free
space wavelength (mm), corresponding to 5.75 GHz.

Now, the 1.59 mm thick FR4 dielectric superstrate is placed above the patch at a height about
0.11� 0 from the ground plane. This antenna structure is termed as •Ant2•. The dielectric superstrate
not only reduces the phase variation of waves over operating frequency band but also con“nes the
waves towards broadside direction. The decrease in the phase variation results in increased BW. The
tendency of the waves to bend towards the normal when passing from a low permittivity medium to
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(a)  `Ant1' (b)  `Ant2' (c)  `Ant3'

(d)  `Ant4' (e)  `Ant5'

(a)  `Ant1' (b)  `Ant2' (c)  `Ant3'

(d)  `Ant4' (e)  `Ant5'

(i)  Side view

(ii)   Top view

Figure 1. (i) Side view and (ii) top view of •Ant1• to •Ant5• ( h2 = h4 = 1 .59, h3 = 4 .41, L p = 11.3,
L w = 12.1, R = 5 .25, S = 1, L Gm = 40, L G = 50 (all dimensions are in mm)).

a high permittivity medium con“nes the wave towards broadside direction, which results in the gain
enhancement of the antenna. •Ant2• provides a peak gain of 6 dBi,S11 < Š15 dB over 5.5 to 6 GHz
frequency band and AR< 3 dB over 5.715 to 5.865 GHz frequency band. The global BW of 150 MHz is
achieved. The overall size of •Ant2• is 0.96� 0 × 0.96� 0 × 0.145� 0.

Thereafter, a single hexagonal parasitic patch (PP) inscribed in a circle of radiusR is fabricated on
the bottom side of an FR4 superstrate. This antenna structure is termed as •Ant3•. The optimised value
of R is about 0.25� , where � is the wavelength in dielectric. The space fed parasitic patch is equivalent
to parallel L-C circuit. As the dielectric loaded shorted wave transmission between microstrip patch
and the parasitic patch gives shunt inductance and shunt capacitance is formed between the parasitic
patch and ground plane separated by dielectrics. Therefore, parasitic patch and ground plane together
form a resonant cavity. The cavity resonant frequency is lower than the antenna resonant frequency.
The cavity resonant frequency primarily depends on the size of the parasitic patch and the distance
between parasitic patch and ground plane. The cavity inductance increases with increase in distance
between the ground plane and parasitic patch, which in turn reduces the cavity resonant frequency and
vice versa. The higher BW in •Ant3• is achieved due to electromagnetic coupling between the antenna
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resonant frequency and parasitic patch resonant frequency as shown in Fig. 2(a). •Ant3• provides peak
gain of 6.7 dBi, S11 < Š15 dB over 5.5 to 6 GHz frequency band, and AR< 3 dB over 5.63 to 5.84 GHz
frequency band. The global BW of 210 MHz is achieved.

Now, to further increase the gain and BW of the antenna, two more hexagonal shape PPs are
placed in close proximity, and this antenna is termed as •Ant4•. These patches form a gap coupled
space fed array antenna. The gap coupled patches not only increase the BW and gain of the antenna
but also reduces the size and gain variations of the antenna. The BW of this antenna depends on the
gap between the PPs and its height from the antenna. The gap between the patches should be much
smaller than the wavelength, when the driven element is narrow band antenna [6]. The inductance
and capacitance of the cavity formed between PPs and ground plane increase, with increase in number
of PPs. Also, capacitance is formed between parasitic patches. Therefore, with increase in parasitic
patches on the superstrate, the overall L and C of the antenna increase, and consequently, the resonant
frequency of the antenna decreases. The values of L and C can be controlled by adjusting the shape and
size of the parasitic patch, gap between the parasitic patches, and distances of parasitic patches from
antenna and ground plane. The cavity resonant frequency primarily depends on the size and shape of
the PP, gap between PPs, and the distance between parasitic patch and ground plane. The antenna and
parasitic patches couple electromagnetically and provide wide BW. The parametric study is carried out,
to optimize and understand the impedance behaviour of the antenna structures. The e�ect of change
in (a) spacing between ground plane and parasitic patch, (b) parasitic patch shape and size, and (c)
the gap between the parasitic patches on the cavity resonance is studied. This antenna with 3 parasitic
patches o�ers, a peak gain of 7.7 dBi,S11 < Š10 dB over 5.5 to 6 GHz frequency band and AR< 3 dB
over 5.62 to 6.02 GHz frequency band. The global BW of 400 MHz is achieved.

•Ant4• is further modi“ed by adding four more parasitic patches as shown in Fig. 1(e), which not
only increases gain and BW of the antenna but also makes it more symmetric to have a broadside
radiation. This antenna is termed as •Ant5•. This antenna with 7 patches o�ers, a peak gain of 8.8 dBi,
S11 < Š20 dB over 5.5 to 6 GHz frequency band, and AR< 3 dB over 5.46 to 6.01 GHz frequency band.
The global BW of 550 MHz is achieved. The gain variation< 0.5 dB over the operating frequency band
is achieved. •Ant5• also provides gain enhancement of 2.8 dBi and BW enhancement of 400 MHz over
•Ant2•.

S11 and antenna e�ciency of •Ant1• to •Ant5• structures are shown in Fig. 2. The gain and AR
BW of these antennas increase, with increase in number of PPs on superstrate layer, as shown in Fig. 3.
The gain of the antenna increases from 4.8 dBi to 8.8 dBi for •Ant1• to •Ant5•. ARBW of these antennas
increases from 112 MHz to 550 MHz for •Ant1• to •Ant5•. The gain variation of •Ant5• over 5.5 to
6 GHz frequency band is only about 0.4 dB. The real and imaginary parts of impedance variations of
these antennas are shown in Fig. 4, and the impedance variation of the antenna decreases with increase
in number of hexagonal patches on the superstrate layer. •Ant5• has maximum number of parasitic
patches; therefore, it has very little variation in the impedance as shown in Fig. 4. FlatS11 < Š20 dB

(a) (b)

`Ant1' `Ant2' `Ant3' `Ant4' `Ant5'(                                                                                                            )

Figure 2. (a) S11 (dB) and (b) e�ciency variation vs. frequency.
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(a) (b)

`Ant1' `Ant2' `Ant3' `Ant4' `Ant5'(                                                                                                            )

Figure 3. (a) Gain and (b) AR variation vs. frequency.

(a) (b)

`Ant1' `Ant2' `Ant3' `Ant4' `Ant5'(                                                                                                            )

Figure 4. Impedance variations (a) real and (b) imaginary part of impedance.

is achieved in •Ant5•, which in turn reduces gain variation of •Ant5•.
The radiation patterns of •Ant1• to •Ant5• are shown in Fig. 5. The proposed antenna is a gap

coupled space fed array antenna; therefore, it does not include a feed line network to feed the antenna
elements, which reduces cross polar radiations due to feed line network. The radiation characteristics
of •Ant1• to •Ant5• are tabulated in Table 1. CPL < Š16 dB is achieved in all the antenna structures

4. DESIGN THEORY OF PARASITIC PATCHES

MSA with hexagonal PPs provides better ARBW than square PPs. Since the hexagonal PP provides
rotation to the current induced in the patch, thereby, giving circular polarization over wide band. These
PPs are space fed antenna elements; therefore, initially, a hexagonal patch inscribed in circle of radius
R = 0 .25� is designed, where� is the wavelength in dielectric at frequency 5.8 GHz. The side of the
patch is optimized to achieve wide BW response.

Also, antenna with circular PPs is symmetric; however, the gap between patches will not be uniform,
which may cause tilt in radiation pattern from broadside direction. Therefore, hexagonal shaped PPs
are preferred over other shapes. The current distributions of the proposed antenna with square and
hexagonal PPs are shown in Fig. 6 and Fig. 7, respectively.

ARBW is further enhanced by designing a simple, probe fed, CP suspended MSA, using space fed
array of gap coupled hexagonal PPs. The proposed antenna o�ers ultra-wide BW and wide beamwidths
in both azimuth and elevation planes with less gain variation over the operating frequency band. The
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Table 1. Radiation parameter of Ant1 to Ant5 structures at 5.8 GHz.

Antenna
Gain
(dBi)

S11 < Š10 dB
BW (MHz)

AR BW
(MHz)

CPL
(dB)

Antenna size
(mm3)

•Ant1• 4.8
> 435 MHz

(5.56 to 6 GHz)
112 MHz Š18.2 40× 40× 1.59

•Ant2• 6
> 500 MHz

(5.5 to 6 GHz)
150 MHz Š16 50× 50× 7.59

•Ant3• 6.7
> 500 MHz

(5 to 6 GHz)
210 MHz Š17.2 50× 50× 7.59

•Ant4• 7.7
> 500 MHz

(5 to 6 GHz)
400 MHz Š17.8 50× 50× 7.59

•Ant5• 8.8
> 500 MHz

(5 to 6 GHz)
550 MHz Š18.5 50× 50× 7.59

(a)  ̀ Ant1' (b)  ̀ Ant2' (c)  ̀ Ant3'

(d)  ̀ Ant4' (e)  `Ant5'

E-left, E-right at � = 0   and E-left, E-right at � = 90o o(                                                                                                                       )

Figure 5. Radiation patterns of antenna structures at 5.8 GHz.

following sections presents the antenna geometry, design theory, antenna analysis, and simulation,
fabrication, and measurement results.

5. SUSPENDED MSA DESI GN WITH HEXAGONAL PPS

The step by step evolution of the proposed antenna is shown in Fig. 8. It comprises a diagonal fed
rectangular patch antenna printed on a 1.59 mm thick FR4 dielectric substrate. The substrate is
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(a)  t = 0 (b)  t = 0.25 T

(i)  5.8 GHz

(c)  t = 0.5 T (d)  t = 0.75 T

Figure 6. Current distribution of •Ant4• with hexagonal patches.

(a)  t = 0 (b)  t = 0.25 T

(ii)  5.8 GHz

(c)  t = 0.5 T (d)  t = 0.75 T

Figure 7. Current distribution of •Ant4• with square patches.

(a)  `Ant6' (b)  `Ant7' (c)  `Ant8' (d)  `Ant9'

(i)  Side view

(ii)   Top view

(a)  `Ant6' (b)  `Ant7' (c)  `Ant8' (d)  `Ant9'

Figure 8. (i) Side view and (ii) top view of •Ant6• to •Ant9• ( h1 = 1, h2 = h4 = 0 .59, L p1 = 14,
L w1 = 16, h3 = 4 .41, h5 = 3, R = 6, R1 = 5 .75, S = 1, S1 = 3, G = 50 (all dimensions are in mm)).
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suspended 1 mm above the ground plane, and the gap coupled hexagonal PPs are fabricated on the
bottom side of a 1.59 mm thick FR4 dielectric superstrate and placed at about 0.11� 0 above the ground
plane. The antenna structure is fed through a coaxial probe of 50 �. Initially, •Ant1• discussed in
Section 3 is modi“ed to suspended MSA to improve the gain and ARBW of the antenna. A single
probe fed CP MSA is designed on a 1.59 mm thick FR4 substrate and suspended at a height of 1 mm
above the metal plated ground plane. This antenna is termed as •Ant6•. This •Ant6• provides a peak
gain of 7.67 dBi, S11 < Š10 dB over 5.47 to 6.29 GHz frequency band, and AR< 3 dB over 5.64
to 5.82 GHz frequency band. The global BW of 180 MHz is achieved. The overall size of •Ant6• is
0.77� 0 × 0.77� 0 × 0.05� 0.

Now, to increase ARBW, similar to the antenna design in Section 3, •Ant6• is modi“ed by placing
a 1.59 mm thick FR4 dielectric superstrate at a height about 0.13� 0 above the ground plane. An array
of 1× 1, 1× 3, and 1× 7 hexagonal shape PPs are printed on the bottom side of this FR4 superstrate,
and these antennas are termed as Ant7•, •Ant8•, and •Ant9•, respectively. Hexagonal PPs are inscribed
in circles of radii R and R1. The optimised values ofR and R1 are 6 mm and 5.75 mm, respectively.
The overall size of •Ant7• and •Ant8• is 50× 50× 8.59 mm3. The optimized dimensions of the •Ant9• are
„ radius of the hexagonal PP is R1 = 5 .75 mm; spacing between PPs isS1 = 3 mm; and height of the
superstrate layer ish3 = 3 mm. The overall size of the •Ant9• is reduced to 50× 50× 7.18 mm3.

S11 and e�ciency variations of these antennas are shown in Fig. 9(a) and Fig. 9(b), respectively.
Real and imaginary parts of impedance variations of •Ant1• and •Ant6• to •Ant9• structures are shown
in Fig. 10. Impedance variation of the antenna decreases, with increase in number of parasitic patches

(a) (b)

`Ant1' `Ant6' `Ant7' `Ant8' `Ant9'(                                                                                                                               )

Figure 9. (a) S11 (dB) and (b) antenna e�ciency vs. frequency.

(a) (b)

`Ant1' `Ant6' `Ant7' `Ant8' `Ant9'(                                                                                                                               )

Figure 10. Impedance variations (a) real and (b) imaginary part of impedance.
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on superstrate layer, as evident from Fig. 10.
The gain and AR variations of these antennas are shown in Fig. 11(a) and Fig. 11(b), respectively.

The gain variation of •Ant8• is < 0.5 dB, and •Ant9• is < 1 dB, over the entire operating frequency
band. •Ant9• is designed with more parasitic patches than •Ant7• and •Ant8•; therefore, it resonates at
lower frequency as evident from Figs. 9(a) and 11(b), respectively. AR BW of the antenna increases
signi“cantly, with increase in parasitic patches on dielectric superstrate layer, as shown in Fig. 11(b).

The radiation patterns of •Ant8• and •Ant9• at 5.35 GHz, 5.8 GHz, and 6.15 GHz are shown in
Fig. 12 and Fig. 13, respectively. CPL < Š10.8 dB is achieved over the wide frequency band. The
gain of the antenna increases from 7.67 to 8.74 dBi, and half power beam width (HPBW) decrease from
72.4� to 55� with increase in PPs from 1× 1 to 1 × 7. E and H plane beamwidths are nearly same for
•Ant6• and •Ant7•, respectively as shown in Table 2. The radiation patterns of •Ant8• and •Ant9• tilt
slightly from the broadside direction, due to its asymmetric antenna con“guration. The distance from
the microstrip patch to the PPs is not uniform; this introduces phase delay in the induced signal, which
causes tilt in main lobe of a pattern from broadside direction.

In •Ant9•, the superstrate height is decreased; therefore, the path di�erence between the radiating
edges of the microstrip patch and outer parasitic patches is signi“cant, which therefore, introduces
signi“cant phase delay and causes tilt in the main beam of the radiation pattern as evident in
Fig. 13. Also, at higher frequencies, wavelength is smaller. Therefore, the phase delay is signi“cant at
higher frequencies, and the radiation beam maxima tilt signi“cantly from broadside direction at higher
frequency, as evident in Fig. 12 and Fig. 13.

(a) (b)

`Ant1' `Ant6' `Ant7' `Ant8' `Ant9'(                                                                                                                               )

Figure 11. (a) Gain and (b) AR variation vs. frequency.

E-left, E-right at � = 0   and E-left, E-right at � = 90o o(                                                                                                                      )

(a) (b) (c)

Figure 12. Radiation patterns of Ant8 at (a) 5.35 GHz, (b) 5.8 GHz and (c) 6.15 GHz.
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(a) (b) (c)

(                                                                                                                             )E-left, E-right at � = 0   and E-left, E-right at � = 90o o

Figure 13. Radiation patterns of •Ant9• at (a) 5.35 GHz, (b) 5.8 GHz and (c) 6.15 GHz.

Table 2. Radiation parameters of the proposed antenna structure.

Ant
Gain
(dBi)

S11 < Š10 dB
BW (MHz)

AR < 3 dB
BW (MHz)

CPL
(dB)

F/B
(dB)

HPBW
(E/H plane)

Antenna
size (mm3)

•Ant1• 4.74
> 435 MHz

(5.56 to 6 GHz)
110 MHz

(5.76 to 5.87 GHz)
Š18.1 37 85.2� /85.2� 40× 40× 1.59

•Ant6• 7.67
820 MHz

(5.47 to 6.29 GHz)
180 MHz

(5.66 to 5.84 GHz)
Š18.3 35 72.4� /70.2� 50× 50× 2.59

•Ant7• 7.87
1330 MHz

(5.17 to 6.5 GHz)
470 MHz

(5.5 to 5.97 GHz)
Š15.2 28.8 66.4� /67 � 50× 50× 8.59

•Ant8• 8.4
> 1500 MHz

(5 to 6.5 GHz)
1360 MHz

(5.14 to 6.5 GHz)
Š12.3 25.2 64.2� /58.7� 50× 50× 8.59

•Ant9• 8.74
> 2000 MHz

(4.5 to 6.5 GHz)
1510 MHz

(4.84 to 6.35 GHz)
Š10.9 25.8 55� /55.5� 50× 50× 7.18

(a) (b) (c)

Figure 14. Photographs of the prototype •Ant8• and •Ant9•. (a) Side view, (b) top view of MSA, (c)
7 hexagonal PPs.

6. FABRICATION AND MEASUREMENT RESULTS

A prototype structure of •Ant9• is fabricated and tested. Photographs of the fabricated antenna are
shown in Fig. 14. The simulated and measuredS11, AR, and gain variations of •Ant9• are shown in
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(a) (b) (c)

(a)(a)

Figure 15. Simulated and measured (a)S11 (dB), (b) A.R and (c) gain vs. frequency of •Ant9•.

(a) (b) (c)

(                                                                                                                            )E-left, E-right at � = 0   and E-left, E-right at � = 90o o

Figure 16. Measured radiation patterns of •Ant9•. (a) 5.25 GHz, (b) 5.8 GHz, (c) 6.15 GHz.

Fig. 15.
S11 < Š10 dB, gain variation < 1 dB, and AR < 3 dB over 4.9 to 6.45 GHz frequency band are

achieved. The measured radiation patterns of •Ant9• at 5.25, 5.8, and 6.15 GHz are shown in Fig. 16.
Broadside radiation patterns are obtained with little variation over the operating frequency band. The
radiation patterns of •Ant9• have SLL < Š15 dB, CPL < Š10 dB, and F/B lobe ratio > 25 dB. CPLs of
•Ant9• are more than •Ant5• due to longer probe feed length than •Ant5•. The variation in simulated
and measured results may be attributed to fabrication errors and/or alignment errors. The variation
may be accounted for dielectric constant variation of the available substrate and dielectric constant
assigned to substrate and superstrate during simulation. Also the variation may be due to some errors
in superstrate height.

The proposed •Ant9• is compared with reported antennas as shown in Table 3. •Ant9• has less gain
variation over the operating band than the antennas in [1…5, 10…12]. The proposed antenna pro“le is
smaller than the antenna in [1]. Also, the AR BW and gain of the proposed antenna are signi“cantly
larger than the antenna in [1]. The AR BW of the antenna in [2] is higher than the proposed antenna;
however, the proposed antenna has low pro“le and o�ers higher gain with low SLL. The sizes of the
antennas in [3, 5] are smaller than the proposed antenna. However, gain, AR BW, and SLL of the
proposed antenna are superior to the antennas in [3, 5]. The antenna in [4] is compact and provides
higher ARBW than the proposed antenna. However, the SLL, gain, and F/B lobe ratio of the proposed
antenna are superior to the antenna in [4]. The antennas in [10…12] are in low pro“le; however, the
proposed antenna provides signi“cantly large gain and AR BW with low SLL, as compared to antenna
in [10…12]. Also, the proposed antenna provides higher gain and lower SLL than the antennas in [10…12].
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Table 3. Comparison of proposed antenna with reported antennas (NR „ Not reported).

Reference
Antenna

Radiation parameters of the antenna
Gain
(dBi)

S11 < Š10 dB
BW (%)

AR BW
(%)

SLL (dB)/
CPL (dB)

F/B
(dB)

Size of the antenna
(� 3

0)/Antenna pro“le ( � 0)
[1] 9 21 13.5 NR NR NR/0.15� 0

[2] 8 (dBic) 48 33.6 Š2/NR > 2 NR/0.34� 0

[3] 7.9 > 30 20.7 � Š 9/NR > 20 0.81� 0 × 0.81� 0 × 0.09� 0

[4] 8.4 38 28.1 Š9/ Š 12 > 17 0.82� 0 × 0.82� 0 × 0.08� 0

[5] 7 (dBic) 21 13.4 NR > 14 0.6� 0 × 0.6� 0 × 0.895� 0

[10] � 5 > 9.5 11.3 � (Š10/ Š 7) > 17 1.55� 0 × 1.45� 0 × 0.03� 0

[11] 4.75 10.9 2.84 � (Š9/NR) > 12 0.25� 0 × 0.25� 0 × 0.0625� 0

[12] 8 (dBic) 13.1 10.51 � (Š9/NR) > 12 0.96� 0 × 1.13� 0 × 0.05� 0

[13] 17.3 > 8 2.6 Š25/ Š 26 > 20 5� 0 × 5� 0 × 0.5� 0

•Ant9• 9 > 35 27.3 Š15.6/ Š 10.8 > 20 0.96� 0 × 0.96� 0 × 0.136� 0

The gain of the antenna in [13] is signi“cantly large than the proposed antenna. However, this antenna
has very large size and narrow AR BW.

7. CONCLUSION

A simple, compact, high gain, CP UWB MSA, using 1× 7 hexagonal shape PPs, is designed to operate
over 5.15…5.35 GHz WLAN band, 5.725…5.875 GHz ISM band, and 5.9…6.4 GHz Satellite C band. •Ant9•
is a space fed array antenna, which avoids the design of a complex feed line network, losses, and cross
polarization due to feed network. The superstrate layer used in the antenna structure acts as a radome
to the antenna. •Ant9• provides a peak gain of 9 dBi and 27.3% of AR BW. •Ant9• also o�ers wide
beamwidths in E and H planes.
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Abstract - This paper presents accuracy 
enhancement   of Algorithm Design for MIMO -
OFDM system. In order to overcome pilot 
contamination problem the channel estimation 
method must be more accurate. In t his paper, 
Bayesian Channel Estimation Algorithm design 
using Space-Time-Block-Coding (STBC) 
technique and Singular Value Decomposition 
(SVD) based subspace approach is proposed. 
Further Unique-Word (UW) technique instead 
of using conventional cyclic prefix (CP) method 
is presented to boost the throughput of the 
MIMO -OFDM system. We also analyze UW 
performance for  different constellation 
techniques such as 4-QAM, 8-QAM and 16-
QAM , QPSK.  

Key Words�± MIMO -OFDM system, Bayesian 
Channel Estimation, STBC technique , SVD 
subspace  approach, Unique-Word. 

NOMANCLATURE  

{.} T      Transpose Operation 

{.} H   Conjugate Transpose 

IK   K
HK Identity matrix 

X�TY Kronecker product of X 
and Y 

vec(X)   Vector form of X 

I. INTRODUCTION  

In modern wireless communication Multiple input 
multiple output (MIMO) system exploits the 
spectral efficiency of wireless channels and 
provide high data rates. MIMO system comprise of 
Base Station (BS) which serves several de-
centralized Mobile Stations (MSs) [2]. In MIMO 
technology, multiple antennas are used at the both 
transmitter and receiver link ends to reduce 
additional spectrum and transmit power 

requirements. Because of this spectrum efficiency   
and link capacity gains increase. Channels with 
Spatial property are added to exploit space time 
coding (STC). The fading effects such as-  
reflection,  scattering, shadowing etc. are reduced 
using spatial diversity that improves the reliability 
of link. 

OFDM (Orthogonal Frequency Division 
Multiplexing) system plays vital role in modern 
wireless communication technology. Orthogonality 
is a property which allows us to transmit multiple 
information signals over a common channel and 
then detected by receiver. MIM O-OFDM is a 
multicarrier modulation technique which carry 
some important features, e.g. robustness, high 
spectral efficiency, and easy to implement in multi 
user communication. OFDM system deals with 
ISI(Inter Symbol Interference) and ICI(Inter 
Carrier Interference) problems effectively. 

Pilot contamination in the MIMO-OFDM system 
degrades the reliability of transmission. In order to 
Mitigate pilot contamination, we need to enhance 
accuracy in algorithm design for Channel 
Estimation process. Recently few Compressive 
sensing (CS) methods are introduced in order to get 
accurate channel estimation [4]-[6]. Earlier works, 
CS techniques are used in [4], [5] to estimate 
channel from multi-user MIMO systems to reduce 
overhead of feedback of Channel State Information 
(CSI). There are few solvers present in CS 
literature e.g. the orthogonal matching pursuit 
(OMP) solver [7] and the �•-1 optimization (L1) 
solver [8]. In Bayesian channel estimation method 
few more techniques are present in literature such 
as Least Square (LS), Mean Square Error (MSE), 
Linear Minimum Mean Squared Error (LMMSE). 
The LS channel estimator allows us simple 
implementation which does not need any prior 
knowledge of channel state. But in LMMSE 
channel estimator prior knowledge of channel 
covariance matrices is required. The LMMSE 
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estimator provides better channel estimation, but 
exhibit's higher complexity in implementation.  

As the demand of multi-antenna communication 
systems is increased, the Space Time Block Coding 
(STBC) classification becomes an important part of 
transmission parameters estimation. Bayesian 
channel estimation based on STBC technique takes 
advantage of channel diversity using proper 
encoding of the data symbols into structural blocks 
[9]. Also with STBCs, this paper proposes the SVD 
based maximum likelihood (ML) algorithm to get 
the composite channel estimation. 

The recent works are based on inclusion of Cyclic 
Prefix (CP) in order to deal with ISI and ICI. 
Instead of using CP we proposed Unique Word 
(UW)-OFDM scenario [10], to attain better 
throughput as well as better spectral efficiency. 

II. REVIEW OF UW -OFDM: SYSTEM 
MODEL AND UNIQUE WORD 

GENERATION  

A. OFDM System Model 

In OFDM system, N data symbols are 
simultaneously transmitted over N orthogonal 
subcarriers. For each channel, OFDM require small 
bandwidth frequency which is equivalent to huge 
time period. In OFDM system a high-rate data 
stream is divided into N lower-rate data streams. 
Orthogonal behavior of OFDM system include the 
individual sub-streams are orthogonal to each other 
which sent over N parallel sub-carriers. This 
property helps to deal with ISI.  

B. UW-OFDM Symbol Generation   

(a)

(b)                                                                                            
Figure-1: Transmit data structure for (a) CP-OFDM symbol and 

(b) UW-OFDM symbol 

The difference between the structure of 
conventional CP-OFDM transmit symbol and the 
UW-OFDM transmit symbol is shown in Figure-1. 
Some key differences between a UW and a CP 
based OFDM system :                                            

1- The CP lies outside the DFT window  while the 
UW lies inside the DFT window.    

2- As the OFDM data symbol varies from symbol 
to symbol, the random CP is observed, in each 
transmit data symbol.                                              
3- The UW is same for all OFDM data symbols as 
the generated UW is deterministic.           

Let's discuss about the mathematical formulation of 
CP and UW symbols. First we consider CP-OFDM 
system, the QAM/QPSK modulated complex data 
symbol vector �@�7���Ð�%�Ç�Ï 
H�5 is defined in frequency 
domain. In OFDM symbol at the DC position and 
at the band edges zero subcarriers are inserted. 
Thus frequency domain OFDM symbol �T�7���Ð�%�Ç
H�5

 

can be written as :                                                                           

�����������������������������������������������������������������������T�7
L �$�@�7                                    (1)                                                
Where, �$���Ð�%�Ç
H�Ç�Ï ��comprise unit row vectors at 
the position of data subcarriers and zero row 
vectors at the position of zero subcarriers. The 
DFT/FFT window length is shown by N. Now the 
time domain symbol �T���Ð���%�Ç
H�5 is given as follows  

                                   �T
L���(�Ç
�?�5�T�7                                                      (2) 

Where �(�Ç
�?�5

  is N-point DFT/FFT matrix and given 

by - �>�(�Ç�?�Þ�á�ß
L �A
�7�Õ�.
��Ö�×

�¿ . Now for any OFDM system 
the procedure discussed above is applicable. As we 
know UW is a deterministic sequence generated 
and is represented as �T�è �Ð�%�Ç�à
H�5�ä   And at the end 
of each time domain OFDM symbol this 
deterministic UW sequence is inserted.  
Formulation of this can be: 

���������������������������������������������������������������������T
L���>�T�×
�Í �T�è

�Í �?�Í                                             (3) 

Where �T�×���Ð���%�:�Ç�?�Ç�à�;
H�5
 represents a vector which 

has the random time domain samples that are 
affected by the data �@�7. The two-step approach is 
helpful to generate UW-OFDM symbol.  

Step-1 : A time domain OFDM symbol having a 
zero UW is generated such that  

�����������������������������������������������������������������T
L���>�T�×
�Í ���1�Í �?�Í                                        (4) 

Here we ��can obtain �T from following equation   
                                            �T
L���(�Ç

�?�5�T�7                                                     (5) 

Step-2 : By adding UW sequence �T�è to the vector 
�T we can get final desired UW-OFDM time 
domain symbol as :   

                                                 �T�ñ
L �T
E���>�1�Í ���T�è
�Í �?�Í                                (6) 
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Now this OFDM symbol having UW is now passed 
over the wireless channel. At the receiver side 
subtracting the influence of inserted UW we can 
get re-sorted received vector. 

III.  CHANNEL ESTIMATION PART  

A. Channel Model 

In this paper we consider wireless transmission 
system having M transmit antennas and L receive 
antennas. The signal transmits through Rayleigh 
fading AWGN channel and �. 
H�/  complex matrix 
H is a channel coefficient matrix. In order to get 
expected output at the receiver we required to 
estimate channel properly. 

So many techniques are available for channel 
estimation. From those techniques we are using 
STBC based Bayesian channel estimation 
technique. Also SVD is used to estimate channel. 
The main goal of STBC is to get benefit of channel 
diversity. It can be achieved through encoding data 
streams into few structured blocks.  

B. Recognition of STBC 

At the receiver side we receive column vector �; , 
which is also known as measurement vector. In 
order to get the STBC candidates of transmitted 
signal, ML method is used. Now the recognized 
STBC �%�� is used in order to maximize the Log-
Likelihood function given below,                                  

                �%�� 
L �=�N�C�I�=�T
�¼�Ð��

�H�K�C���:�É�>�; ���%�á�: �?�;         (7) 

Where �H�K�C���:�É�>�; ���%�á�: �?�; is a log- likelihood 
function of �;  which is conditioned on STBC  �%�� and 
communication parameter  �: .  

Let's Consider that �0�Õ= (N/l) is the total no. of 
received blocks �U�7�é. Thus the log-likelihood 
function can be expressed as bellow, 

�H�K�C���:�É�>�; ���%�á�: �?�; 
L���Ã �H�K�C���:�É�>�U�7�é���%�á�: �?�;
�Ç�Í
�é�@�5      (8) 

 
Space Time Block Code (STBC) [13], [20] maps a 
data vectors  �T�&  into M
HK (K>=M) code matrix  �% 

with n symbol entries. Each of K columns of �% is 
given as 

           �#�Þ���T�&�Ë 
E���F�$�Þ�T�&�Â
L���>�#�Þ���F�$�Þ�?�ã�ç�ä�ç�å
�� �¼�Ö

��
d
�T�&�Ë
�T�&�Â


h
��
�� �ë�&

                 (9) 

Where  �T�&�Ë is real part and �T�&�Â  is imaginary part of 
transmitted symbol vector �T�&. However, �#�Þ and �$�Þ 

includes set of fixed M��
H��n complex valued 
modulation matrices known to both the transmitter 
and receiver sides. The received data is corrupted 
by additive white Gaussian noise (AWGN) thus the 
overall received signal can be written as 

�U�&
L 
f

�* �%�5
�* �%�6

�ã
�* �%�Ä


j �T�&
E�ñ�,�,�&
L �:�+�Ä �T �* �;
f

�%�5
�%�6
�ã

�%�Ä


j

��
�� �¼

�T�&
E�ñ�,�,�&           (10) 

 Where �ñ�,�,�& denotes White noise vector. Let channel 
remain constant over l received symbol vectors �U�&�� 
having K code-word. From (10) we can write 
receive matrix as follows 

Y 
L �:�+�Ä �T �* �; C X +  �9            (11)      
Where �; ���� �>�U�5�,�,�,�,�&�����U�6�,�,�,�,�&�å���U�ß�,�,�,�&�? channel output data 
symbol matrix and �: �� �>�T�5�,�,�,�,�&���T�6�,�,�,�,�&�å���T�ß�,�,�,�&�?  is input data 
symbol matrix. Also �9 
L �>�ñ�5�,�,�,�,�,�&���ñ�6�,�,�,�,�,�&�å���ñ�ß�,�,�,�,�&�? is white 
noise vector. 
 
C. Alamouti Code Design 
 
In STBC redundancy measurement through space 
time correlation and automatic classification is 
performed. This classification is done using 
Alamouti encoding technique [14]. Consider 
Alamouti code which is designed for (2x2) matrix. 
We form matrices as follows:  

�#�5 
L���$�5 
L���B�s �r
�r �s

�C�á�� 

�����������������������������������������������#�6 
L��
F�$�6 
L���B�r 
F�s
�s �r

�C                  (12) 

Now we stack the received signals from two 
epochs assuming channel H is constant. Thus we 
get  

           �; 
L��
d
�* �:�#�5�T�&�Ë 
E���F�$�5�T�Â�,�,�,�&�;
�* �:�#�6�T�&�Ë 
E���F�$�6�T�Â�,�,�,�&�;


h
E���J�K�E�O�A         (13) 

After the estimation of unknown parameter H we 
get �*
á. Several techniques are used to estimate 
channel in that we proposed Subspace channel 
estimation method is in detailed described in [15]. 
Here we do not consider the noise added to system 
while estimating channel. 
First we extract basis NL for left null space of Y 
without any noise consideration. Exciting data 
matrix (i.e. X with full row rank), Thus we get 
      �0�Å

�Á�:�+�Ä �T �* �;���%���: �^ �0�Å
�Á�:�+�Ä �T �* �;�%
L �r          (14)   

The solution of this linear equation gives H 
estimate. Blind algorithm we consider here is same 
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as proposed in ref. paper [15]. Let's recall blind 
equation and express it in vector form 
                       �%�Í �T �0�Å

�Á�ä�R�A�?�:�+�Ä �T �* �; 
L �r�,�&                      (15)  
After simple manipulation we can get expression as                    

           �Ã �%�Þ
�Í �T �:�0�Å

�Á���' �Þ�;
�Ä
�Þ�@�5

�é�í�í�í�í�í �ê�í�í�í�í�í �ë
�� �Ô

���R�A�?�:�* �;�é�í�ê�í�ë
�� �Á
á


L �r�,�&                      (16) 
 
Finally to get an estimate �*
á, the channel vector H 
is obtained by Singular Value Decomposition 
(SVD) of  ��  in (16). The singular vector at right 
side of SVD equation which is corresponds to the 
least singular value of  ��  is collinear to �*
á. 

 
V. EXPEREMENTATION AND RESULTS  

 
In this paper we have designed OFDM system with 
20MHz bandwidth, 5.6MHz sampling frequency. 
The AWGN Rayleigh flat fading channel is  used. 
We used convolution encoder with the industry 
standard rate half (1/2), constraint length 7 code 
with (133,171) generator polynomial. Total 100 
frames are transmitted. SNR loop chosen is 0 to 40 
dB. A soft decision Viterbi algorithm is applied for 
decoding purpose. 
 
A. Channel Estimation 

We proposed STBC and SVD based channel 
estimation method, shown in Figure-2. First we 
implemented previous Bayesian channel estimation 
method based on CS scenario as described in [1] 
(method-1). Then we compare it with our 
investigated approach mentioned in section III 
(method-2) and plotted BER graphs. In method-1 
Frame size used is 96 and FFT size used is 64 but 
we have extended it to 128 in method-2. 
Accordingly few parameters are changed and some 
of them are listed in Table-1. 

Table-1: Comparison of PHY parameters used in method-1 and 
method-2 

Parameters Method-1 Method-2 
Channel Bandwidth 20MHz 20MHz 
Frame size 96 128 
Coding rate 1/2 1/2 
FFT length 64 128 
Occupied subcarriers 52 68 
Data subcarriers 48 64 
No. of Pilots 4 4 
Redundant 
subcarriers 

16 16 

Modulation Mode 4-QAM, 8-QAM, 
16-QAM, QPSK 

4-QAM, 8-QAM, 
16-QAM, QPSK 

OFDMSymbol 
duration 

3.2 �…�• 4 �…�• 

As freme size increased we need to increase FFT 
length up to 128. We can extend it up to 512 FFT 
length.   

 

Figure-2: Compare BER of Bayesian channel estimation based 
on method-1(CS) and method-2(STBC-SVD). 

B. BER comparison 
 
We can see BER performance of UW-OFDM 
system is evaluated against CP-OFDM system in 
Figure-3 and the theoretical values are listed in 
Table-2.  BER is a function of SNR 0 to 40 dB.  
BER for UW varies from 0-10-4 while BER for CP 
varies from 0-10-3.  This result shows BER of UW 
is degraded as compare to conventional CP 
approach. 
 

 
 
Figure-3: BER comparison for CP-OFDM and UW-OFDM 
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Table-2: Theoretical BER result for CP-OFDM and UW-          
OFDM system 

 
 BER 

SNR CP-OFDM UW-OFDM 
 

0 0.4160 0.4591 
5 0.3766 0.4284 
10 0.2746 0.3711 
15 0.1338 0.3084 
20 0.0250 0.2464 
25 0.0017 0.1226 
30 0.0002 0.0136 
35 0 0.0022 
40 0 0 

 
 
C. Throughput comparison 
 
The throughput of CP-OFDM system is compared 
with the UW-OFDM system, shown in Figure-4 
and theoretical values are listed in Table-1. The 
UW-OFDM system can carry more data bit with 
same channel capacity than CP-OFDM system. 
  

 
 

Figure-4: Throughput between CP-OFDM and UW-OFDM 
system 

 
 

Table-3: Theoretical value comparison of throughput of CP-
OFDM and UW-OFDM system 

 
 Throughput 

Distance 
dsr (meters) 

CP-OFDM UW-OFDM 

0 40.36 40.38 
5 40.82 42.84 
10 40.21 43.26 
15 40.30 43.32 
20 40.70 43.75 

 
 
 
 

D. Analysis based on Constellation types 
 
Further we analyzed the performance of various 
constellation/modulation types used for UW-
OFDM system. Here Figure-5 shows that increase 
in modulation order degrades the BER 
performance of OFDM system.  
 

 
 

Figure-5:  BER analysis for constellation performance of     
UW-OFDM system   

 

VI. CONCLUSION  

In this paper we tried to enhance the accuracy in 
channel estimation algorithm. The Bayesian 
channel estimation based on STBC and SVD 
technique outperform the CS based approach. The 
BER performance of method-2 is outperform the 
BER performance of method-1 indicating the 
accuracy enhancement in channel estimation for 
MIMO-OFDM system. Further by using STBC 
technique full-diversity along with diversity gain at 
high transmit rate is achieved. Inter antenna 
interference can be avoided with the help of STBC. 
Use of STBC improves power efficiency. Also we 
implement ISI-free Singular Value decomposition 
(SVD) method to estimate channel coefficient 
matrix.   

This paper investigates the advantages of changing 
extension i.e. cyclic prefix (CP) to the unique word 
(UW). As we discussed in section II-B UW is a 
deterministic sequence, so we can use it for 
synchronization and channel estimation purposes. 
The UW was found to have better throughput than 
CP. The reason behind this is that in UW-OFDM 
the guard interval is a part of DFT interval which is 
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not in the case of CP-OFDM. Another advantage is 
more symbols are packed in UW frame than that in 
CP frame. Thus we can use UW in price of 
degradation of BER performance but in favor of 
high throughput and spectral efficiency.  
 
Further we studied the effect of use of different 
constellation types such as 4-QAM, 8-QAM, 16-
QAM, QPSK on BER performance. Since the order 
of modulation increases from 4-QAM to 8-QAM, 
16-QAM and QPSK the capacity of system 
carrying bit per symbol also increases. More bits 
are transmitted per each symbol. There are some 
applications where the data rates offered by the 
QAM are beyond the rates offered by lower 
ordered QAM. The higher order constellation 
provides greater distance between the adjacent 
points in I-Q plane by distributing the points more 
evenly. In this way higher order modulation can 
achieve faster data rates and high spectral 
efficiency but degradation in BER performance. 
The higher order modulation schemes are less 
resilient to interference and noise. In spite of these 
drawbacks the higher order constellations are used 
in many radio communication and data delivery 
applications like DVB (Digital Video 
Broadcasting), LAN, MAN, 4G and 5G mobile 
wireless communication etc.. 
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Abstract�² Measuring the Electrocardiogram (ECG) signal is 
an important method for the identification of Heart diseases.The 
ECG signal has the knowledge of the degree of how much heart 
perform its function. The existing devices cannot store the ECG 
information, which results in loss of ECG information. In this 
paper, using Internet-of-things (IoT) we propose a new 
methodology for ECG recording and monitoring. A wearable 
monitoring node gathers the ECG information and using Wi-Fi 
technology is transmitted directly to IoT cloud and is stored on 
SD Card for offline storage. The ECG wave is displayed through 
the local LCD and developed Web Interface/Mobile-Application. 
The ECG information  can be conveniently acquired using smart 
devices with a web browser, which has diminished the cross-
platform issue. 

Keywords�² ECG, IoT cloud, Health monitoring, Wearable Sensors. 

 

I. INTRODUCTION 

 
The heart diseases are one of the foremost reason for 

unexpected deaths. Thus, various medical devices have been 
developed by the engineers to diagnose and scrutinize various 
diseases. The Healthcare has become one of the most 
substantial issue for both individuals and government due to 
brisk growth in human population and medical expenditure. 
Many factors such as Age, fitness activity, cholesterol level, 
diabetes, cardio vascular diseases, body size, body position etc. 
may influence the heart rate of an individual. In this way, how 
to recognize human sicknesses in a convenient and exact way 
with ease has been given careful consideration. Because of the 
predominance in the detection of the heart linked sicknesses, 
ECG wave observing and analysis has been commonly utilized 
in the clinics, hospitals and pathology labs [1]. 

The Electrocardiogram is physiological signal ensuing from the 
body surface. Electrocardiograph is a device used to evaluate 
and monitor the ECG signal. Electrodes placed noninvasively 
on the body surface are being used to obtain information about 
the electrical activity produced by the heart [2]. In most of the 
medical institutions, Electrocardiogram is observed using 
bulky and fixed instruments. This sort of hardware normally 
utilizes twelve electrodes to gather Electrocardiogram Records 
because of their great execution and accuracy in less time [3]. 
However the equipment isn't compact, which implies that 
patients' movements are constrained at the time of data 
gathering. As these devices are costly and cumbersome for 
home utilization, patient need to visit the hospital on regular 
basis, which will increase the load on clinics and hospitals. In 

this manner, a minimal effort convenient ECG detecting 
framework is exceptionally required. 

In this study, using Internet-of-things (IoT) cloud, the 
architecture of ECG monitoring system is put forward. In 
perspective of this design, we plan and execute an adaptable 
ECG checking framework. The ECG data, which is gathered 
from the human body will be sent directly to the Internet-of-
Things Cloud storage, utilizing Wi-Fi convention and SD card 
for offline data storage.A Graphical userinterface and local 
LCD is enforcedin order to provide simple access for each 
patient as well as doctors. 

 

II. ARCHITECTURE 

 

 
 

Fig. 1 Architecture of ECG Recording Framework 
 
The Fig.1 illustrates the IoT-based ECG Recording 
Framework Architecture. 

A. Data Collection Network  

The Data gathering structure is the base of the total 
framework, that is committed for gathering the anatomical 
data from the surface of the body. As Wi-Fi protocol can give 
higher data esteems and more extensive inclusion regions, the 
ECG information assembled from the sensors are sent to IoT 
Cloud by methods of Wi-Fi convention [3]. 

 
B.  Data Storage and Display 
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An SD card is used for offline storage of ECG information as 
it is very suitable to implement, since its communication is 
based on advanced nine pin interface and its design is operated 
in a low voltage. A Thin film transistor (TFT) LCD is 
Interfaced in order to display the Real Time ECG Wave.   
 

C.  Cloud Server  

The ECG information can stored and inspected enough and 
successfully with the enhancement of the progressed Internet-
of-Things systems. With the help of an Internet-of-Things 
Cloud, information activities and scrutinities can be done in 
high power servers, which incredibly decreases the heap on 
smart gadgets.. 

 
D.  Graphical User Interface 
 
The Graphical User Interface is in charge of information 
perception and administration. It gives easy comprehensibility 
to the data inside the Internet-of-Things cloud. Basically, two 
kinds of Graphical User Interface are available i.e. mobile 
application and Webpages. 

 

 
 

Fig. 2 Main Components of ECG Tracking system 
 

III.  IMPLEMENTATION 

 
Based on Architecture proposed,an IoT-based ECG Tracking 
framework is Implemented utilizing propelled strategies. Bits 
of knowledge about the ECG Tracking Node, Cloud Server & 
Graphical UI are displayed: 
 

A.  ECG Tracking  node 

 
The ECG Tracking node is accountable for gathering of 
Electrocardiogram information from the human skin and after 
that sending these information through an unguided media. As 
appeared in Fig. 2 the ECG Tracking node for the most part 
incorporates: 1) ECG Sensor module; 2) Microcontroller 
module; 3) Communication Module; 4) Offline Storage 
Module 5) Display module 6) Power Module. 
 
1) ECG Sensor module: The sensor module is the basic 
component of the system that collects ECG information from 
the human body. With the AD8232 ECG Sensor guide and 
certain peripheral circuits, sensitive signals can be linked to 
adequate precision. Since the ECG signal frequency ranges 
from 0.5 Hz to 100 Hz, a band pass channel is used in 
AD8232 to clear the commotion outside the frequency 
band[3]. Using an op-amp, the filtered signal is increased. The 

Fig. 3 displays the AD8232 ECG sensor together with 
Electrodes. 

 

 
 

Fig. 3 AD8232 ECG Sensor and ECG Electrodes 
 
2) Microcontroller module: The Signal handling algorithms 
are executed by a superior Controller Unit i.e., Arduino Uno. 
The Arduino Uno is an ATmega328-supported 
microcontroller board. It contains 20 propelled data / 
performance pins (of which six can be used as PWM 
performance, and six can be used as straightforward sources of 
information), a 16 MHz resonator, a USB affiliation, an ICSP 
header, and a reset button. At first, using sampling and ADC 
the analog signal is converted to digital. The ECG information 
is saved in the buffer before it is packaged.Afterwards the 
ECG information transmission to the Communication Module 
is initiated through UART [3]. 
 

 
 

Fig. 4 Arduino Uno interfacing other module
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3) Communication Module:The Wi- Fi device can get the 
ECG medical information through the UART. The Wi-Fi 
device provides quick and efficient web access that can send 
and receive consistent electrocardiogram information to the 
IoT cloud. 
 
4) Offline Storage Module: SD card can be controlled with 
SPI mode which is a serial communication. The 
communication can be done with only three serial line i.e., 
serial out (SO), Serial in (SI) and clock. [4]. 
 
5) Display module: A TFT (Thin Film transistor) Display is 
interfaced in order to display the ECG Wave output. 
 
6) Power Module: The power module supplies dependable 
power to each and every module in the ECG Tracking node. 
 

B. Cloud Server 

 
At this point when the framework gets a lot of 
Electrocardiogram information through the tracking node, an 
IoT cloud gives a quick and appropriate approach to deal with 
these stored information in cloud, and to show the ECG signal 
when necessary.Therefore, based on the approach of website 
assistances, cloud and data storage, an Internet-of-Things 
cloud is enforced. 
 

C. Graphical User Interface for ECG Monitoring 

 
The ECG information can be obtained through the use of a 
web browser of any operating system and through access to a 
certain web site by logging on to the Internet cloud.Therefore, 
the Internet-of-Things cloud can be accessed by all smart 
devices including smartphones, desktops and laptops [3]. The 
users can also obtain the past information along with the real-
time ECG signal. 
 

IV. EXPERIMENTAL RESULTS 

 

A. ECG Wave Analysis 

 
Conventional twelve lead equipment are generally applied in 
medicinal foundations, which can record precise ECG signals. 
Because of this, there may rise a negative impact on the solace 
of the patient and transportability of the equipment. A 3-lead 
position is sufficient to capture the key highlights of the 
Electrocardiogram signal. ECG electrodes should be placed 
around the heart as a triangle for the best ECG wave 
sample.The 3-lead placement utilized in the framework is 
represented in Fig. 5. 
 
Steps for ECG Reading:- 
 
1. P wave examination 
2. PR interval measurement 
3. QRS complex measurement 

4. Identify the Rhythm 
5. Determine the Heart Rate 

 
Fig. 5 3-lead ECG electrode placement 

 
 
The electrocardiogram signal is made up of five waves, i.e. P, 
T, Q, R and S, as shown in Fig. 
 

 
 

Fig. 6 Standard ECG signal 
 
 
According to [7] [8], the typical estimations of ECG 
parameters are recorded in Table I 
 
 

Table I 
 Typical Estimations of ECG parameters 

 
Features Description Normal 

Range 
(Sec) 

RR Interval Identify the period of 
ECG signal 

0.6-1.0 

PR Interval Measure the time from 
the P to the beginning of 

the QRS 

0.12-0.20 

QT Interval The range between the 
beginning of Q and the 

end of T 

0.32-0.44 

QRS duration Related to the 
depolarization of the 

ventricle, which consists 

< 0.12 
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of three waves. Q, R, S 

 
For Regular Rhythm 6 second Rule is used, 
 
Heart Rate= Distance between R*10 
 
For Irregular Rhythm Big Box method is used, 
 

Heart rate = 
�7�4�4

�Ç�â���â�Ù���»�Ü�Ú���Õ�â�ë�Ø�æ���Õ�Ø�ç�ê�Ø�Ø�á���6�Ë�ñ�æ
 

 
 

B. Significance of QRS Complex 

 
In the identification of problems with the functioning of the 
heart, the QRS complex plays a vital role.QRS is complex 
because of the high frequency components in the ECG signal. 
The QRS complex's duration will work also correctly if the 
ventricles work correctly.If heart problems arise, the QRS 
complex will be lengthened or expanded or shortened. If the 
atria's ventricles contain more muscle mass, the QRS complex 
is larger than the P wave. 
 

C. Results 

 
Table II 

Results of the ECG test performed 
 

Comparison 
Parameters 

Expected 
Reading 

Recorded 
data 

through 
portable 

device for 
Normal 
Person 

Recorded 
data 

through 
portable 
device 

for 
Person 
with 

Asthma 
RR Duration 0.6 sec - 1.0 sec 0.9sec 0.45sec 

QRS 
Duration 

0.06 sec - 0.12 
sec 

0.10 0.162 

ECG 
Rhythm 

Regular/Irregular Regular Irregular 

Heart Rate 60-100 74bpm 133bpm 
 
The proposed system was analyzed with the help of CRO. 
Table II shows the normal person ECG monitoring data. We 
have used big box method to calculate the heart rate. Heart 
beat reading can be seen on TFT LCD module. Also data is 
stored in SD card offline for reference check. Through Real 
time monitoring condition ECG signal is monitored. If any 
abnormal condition occurs than it will notify through mobile 
to the concern person. 
 

 
 
 
 
 

 
 

V. CONCLUSION AND FUTURE SCOPE 

 

A. Conclusion: 

We designed and implemented an ECG tracking system based 
on IoT techniques. Firstly, we discussed the 
systemarchitecture. An IoT-based ECG system was initiated 
based on the proposed architecture. The real-time ECG signal 
can be collected with suitable accuracy using a wearable 
monitoring node with three electrodes. As Wi-Fi can provide 
higher data rates and wider coverage areas, the ECG data 
gathered from the sensors are send to IoT Cloud 
throughESP8266 module and stored the data on SD Card for 
Offline Storage. The IoT cloud server visualize the ECG 
information and store these information for further analysis. 
The ECG output was displayed on developed web interface 
and local TFT LCD. 

 

B. Future Scope: 

The project can be further modified by 9 or 12 ECG leads for 
more accuracy. Various conditions can be analyzed and based 
on that prediction patient will get the alert message. 
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Abstract— Internet of things (IoT) is considered as the next 
evolution of the Internet. IoT is considered as a global network 
of things, having a distinct identity, and these are 
interconnected via a wide range of the network to exchange 
data and present it into vital information. IoT is an emerging 
technology that shaping the development of the ICT sector at 
large. The Internet of Things can also be considered as a 
uniquely recognizable smart object and their virtual 
representation in an Internet-like structure. To interchange 
data, IoT resources using the internet makes use of multiple 
interconnected technologies like Wireless Sensor Network 
(WSN) and Radio Frequency Identification (RFID). Also, 
integration of IoT with cloud provides improved services to 
end-user. For beneficence to the growing body of research on 
IoT, authors have presented the four-layered architecture of 
IoT, services offered by IoT, current IoT applications as well as 
issues and challenges of IoT technology in detail in this paper. 

Keywords— IoT, Smart things, RFID, WSN

I. INTRODUCTION 

Gradually use of smart devices is gaining popularity 
around the globe. People use the internet as a global platform 
to allow smart objects and machines to send and receive data 
and to maintain coordination among them [31]. Smart things 
like smart homes, smart grid, smart wearable, and smart 
healthcare are the emerging application of IoT which are 
connected to smart grids. These smart devices are responsible 
for the creation of large smart systems [2]. In 1999, the term 
Internet of Things was introduced. According to the survey 
results of the European Commission, 50 to 100 billion 
devices will link to the internet by 2020. In the year 2008, it 
was a rough estimate that the number of things connected to 
the Internet was more than the total population on earth [11]. 
IoT consists of self-adjustable intelligent nodes that are 
interconnected with each other in a global and dynamic 
infrastructure of the network. Development of internet 
protocols, communication technologies and embedded 
devices improves communication, processing and sensing 
capabilities of smart objects [13]. Thus, it allows smart 
objects to sense environmental activities, transfer data over 
the internet and to make actuation according to the shared 
data. A smart device is nothing but an independent thing that 
has a sensor for sensing external parameters, an actuator for 
performing required corrected action autonomously, a 
transceiver for data transmission and a microcomputer for 
processing. Both academia and industry are affiliated towards 
IoT [3]. Over the last five years, there is a rise in sensor 
implementation, because of advances in cloud and sensor 
technology, storage and processing capacity and reduced 
sensor manufacturing cost. As per the definition of IoT, it 
allows things and people to get connected with anything, at 
any time and any location by making use of any service and 

any network/path. IoT is driven by advances in technology 
and not by user needs or applications. To interact with smart 
objects without any physical connection, low power wireless 
connection is useful [11]. While maintaining their identity, 
smart mobile things can travel around physical space. To 
make smart things, location and time-aware global 
positioning system (GPS) is used. IoT allows connected and 
pervasive smart things to interact autonomously while 
delivering smart services to the users [26]. 

The impetus of this paper is to present current IoT 
services, applications as well as issues and challenges of IoT 
technology. The composition of this paper is as follows: In 
section 1, we have introduced IoT technology. Enabling 
technologies of IoT i.e., Radio frequency identification 
(RFID), wireless sensor technology (WSN), and cloud 
computing is briefly described in section 2. In section 3, we 
have discussed the four-layered architecture of an IoT. 
Emerging IoT services are discussed in section 4. Current 
application of IoT like smart waste management, smart 
agriculture, healthcare, weather forecasting, monitoring 
environmental parameters, smart homes, smart grid are 
discussed in section 5, and in section 6 we have discussed 
issues and challenges of  IoT, such as scalability, 
interoperability, security & big data.  

II. ENABLING TECHNOLOGIES OF IOT 

Collecting information from the surrounding environment 
to analyze, control, and making correct action is the main 
idea for IoT. To interchange data, IoT resources using 
internet makes use of multiple interconnected technologies 
like wireless sensor network (WSN) and radio frequency 
identification (RFID). IoT consists of smart objects, which 
can be read, locate, address, and control through the internet 
using RFID, wireless LAN, or some other means. An 
amalgam of IoT with cloud also helps them to overcome 
their technological limitations [2] Thus further, we have 
described RFID, WSN, and cloud computing technologies 
briefly: 

A. Radio frequency identification 
To eliminate human assistance and to automate the 

identification of objects, the electronic tag, also called an 
RFID tag, which can be read by RFID-reader from a small 
distance had been developed. RFID-reader does not require a 
direct line of sight to read the RFID tag. A distinct Electronic 
Product Code is stored in every RFID tag of the attached 
object [25]. By acting as a gateway to the internet, RFID-
reader sends an object's real-time and location-enabled 
identity to a remote computer system to manage an extensive 
database. Due to this advantage, the RFID system has been 
widely applied in logistics, such as package tracking, supply 
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chain management, healthcare applications, etc. The passive 
RFID tag and Active RFID tag are the two types of RFID 
tags. Active RFID tags are provided with their power supply 
in the form of battery. While passive RFID tags are not 
provided with any power supply, they get power from energy 
harvested out of the electronic field which is directed on a tag 
by RFID-reader [7] 

B. Wireless sensor network 
Wireless sensor technology is the 21st century's one of the 

most needed technology. A sensor network consists of 
spatially distributed connected sensor nodes, which makes a 
network for data receiving and transmission within them [13].
A recent development in the micro electro-mechanical 
system, low power communication, and low power 
microelectronics is capable of making integrated small-sized 
smart things also considered as sensor nodes [26]. This sensor 
node consists of a sensor, wireless communication controller, 
and small microcontroller. To measure environmental 
parameters, sensor nodes can acquire multiple biological,
chemical, and physical signals. Until the least number of 
nodes are working, and by maintaining the connection of 
working nodes with one of the base stations, the sensor 
network can keep operational. Sensor nodes consist of 
network management components and operating system 
components [10]. To accommodate network dynamics and to 
manage the topology of the network, the routing protocol 
plays an important role. WSN can be used in many operations 
like transport monitoring, military applications and weather 
forecasting [2]. 

C. Cloud computing 
Cloud computing technology is provided with virtually 

unlimited processing and storage capability as well as cloud 
provides on-demand services which are ubiquitously 
available than ever before. Thus this technology allows IoT to 
overcome its technological limitation of limited storage and 
processing capability [30]. Cloud makes use of the internet 
for delivery of services i.e., provides infrastructure, platform, 
and applications through the internet. Now it becomes a new 
trend, which provides access to shared computing resources 
[4]. Nowadays, computing resources become cheaper, robust, 
and ubiquitously available than before, because of increased 
development of processing technology, storage, and the 
internet [19]. Over the last few years, cloud technology had 
put a huge impact on the information technology industry, 
large enterprises like Amazon, Google, IBM, and Microsoft 
trying to improve their business strategy and to get benefits 
from this new technology by providing more reliable, robust 
and cost-efficient cloud platforms. Cloud can be considered 
as a new operating model to drive business differently by
bringing existing technologies together [17]. 

III. IOT ARCHITECTURE 

In this section, the authors have discussed the four-layered 
architecture of IoT, as shown in Fig. 1, which consists of a 
perception layer, which we can also call as a physical object 
layer whose primary purpose is data collection. The second 
layer is the network layer, whose function is to perform 
transmission of data over the network [31]. For data 
processing, there is a middleware layer. This data user can 
access at the application layer and using this data, and one 
can build business strategies in the Business layer [20]. 
Further, in this section, this four-layered architecture is 
explained in detail: 

A. Perception Layer 
This layer is also called a device layer or sensor layer. 

This layer consists of sensor-enabled physical objects in an 
IoT based system. These connected devices are the real 
endpoints for IoT. It is the actual hardware of an IoT system. 
This layer provides functionalities such as sensing, actuating, 
communicating, monitoring, and controlling [20]. Sensors 
can be barcodes, RFID tags, and infrared sensors. As per 
application requirements, these sensors are used to get 
information regarding location, time & environmental 
changes (temperature, humidity, pressure) [1]. To securely 
transfer this collected data to the data processing unit, this 
information is transferred to the network layer [31]. 

Fig. 1. Four layered IoT architecture 

B. Network Layer 
This layer is also called as a connectivity layer or edge 

computing layer, which defines various communication 
protocols, connectivity of networks, and edge computing [9].
This layer is used to transfer the information securely from 
sensor devices to the data processing unit. Wired or wireless 
transmission modes can be used to transfer data over the 
internet [20]. Also, technologies like ZigBee, Wifi, 
Bluetooth, infrared, 3G, 4G & 5G can be used depending 
upon the sensor devices. In this layer, IoT data is distributed 
and is processed at the edge of the network. Thus, this 
network layer sends the data from the Device/sensor layer to 
the middleware layer [31]. 

C. Middleware Layer 
This layer is responsible for receiving the data from the 

network layer and storing it in the database. This received 
information can be analyzed by advanced data analytics. The 
middleware layer is used mainly for service management 
since these IoT devices are implemented to serve different 
IoT services. Each smart object connects and communicates 
with only those other smart objects which are involved in the 
same type of service. This layer performs data processing, 
ubiquitous computation, and automatic decision making 
based on the results [20]. This layer is compatible with cloud 
infrastructures, as IoT is integrated with cloud services. This 
received information can be analyzed with advanced data 
analytics. Thus this layer is mainly responsible for processing 
and storage using cloud computing. In other words, big data 
storage and high computing applications can be placed at this 
layer [29]. 
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D. Application Layer 
An IoT system manages various things and notifies the 

user about any conditions or generates results based on 
sensed data. Applications are needed to represent such data 
relevant to the user. Applications are also used to control and 
monitor such IoT systems [31]. This is the front end part of 
an IoT application that is accessible to the user. This layer 
allows the management of the applications depending on the 
data processed in the middleware layer. The applications 
implemented by IoT can be a smart home, smart city [32],
smart healthcare, smart farming, smart retail & intelligent 
supply chain [6].

IV. IOT SERVICES 

A. Sensing as a service 
From this service, we can get ubiquitous access to sensor 

data [4]. SaaS model consists of four layers sensor & sensor-
owner, sensor publisher, extended service provider, and 
sensor data user, as shown in Fig. 2. Various sensors record 
the data as per their specifications, and then sensor publishers 
after taking permission from the sensor owner publish that 
data in the cloud. When sensor data user needs data from 
different sensors, extended service providers contact with 
various sensor publisher for getting sensor data and provide 
that data to data consumer [5]. 

Fig. 2. Sensing as a service model [5] 

B. Sensing and Actuation as a Service (SAaaS)  

This service provides automatic control logic 
implemented in the cloud [2]. Sensing cloud provides virtual 
actuators and sensors, which are used to manipulate actual 
resources. Using SAaaS, user gets complete control over 
allotted virtual actuators and sensors through their service 
API [23]. 

C. Video Surveillance as a Service (VSaaS) 

It provides access to recorded videos in the cloud. VSaaS 
is considered as a smart monitoring activity for security and 
related applications as shown in Fig. 3. Because of the 
cloud’s storage and processing capability, the analysis of 
complicated videos becomes easy. In this service from video 
capture, storage, and management of video information from 
the camera until delivery through the internet is done by 
using load balancing and fault tolerance [3]. 

Fig. 3. Cloud-based architecture for VSaaS [3] 

D. Sensor Event as a Service (SEaaS)  
It provides messaging service actuated by sensor events 

[2]. The term SEaaSwere introduced to provide a process of 
making sensor events of interest available to applications 
and/or clients through cloud infrastructure [4]. 

E. Sensor as a Service (SenaaS) 
Sensor primarily translates parameters like humidity, 

temperature, etc. into electrically measurable signals [26].
Through this service, we can control and monitor remote 
sensors ubiquitously using a web browser through user 
interface [4]. 

V. APPLICATIONS 

A. Smart Waste Management 
One of the major issues that modern cities are facing is 

waste management. It consists of multiple processes like 
managing and monitoring waste, transport, collection, 
disposal, etc. These processes are costly and time-consuming. 
One can optimize these processes to reduce cost, which can 
be used for solving other issues that smart cities can be deal 
with. In cities, there are many parties interested in the 
management of waste like recycling firms, the council of 
cities, safety & health-related authorities, etc. Instead of 
implementing sensors individually, and getting information, 
sensing as a service allow them to share information and bare 
infrastructure cost collectively. The city council uses this 
information to optimize garbage collection strategies to 
reduce the fuel cost of a garbage truck. While safety and 
health authorities can supervise and monitors the processes of 
waste management without going for manual inspection. For 
these activities, various sensors needed to be installed in 
places like trucks or cans of garbage, which can detect type 
and amount of garbage [5]. 

Fig. 4. Waste management using IoT

3
Authorized licensed use limited to: Terna Engineering College - Navi Mumbai. Downloaded on May 20,2023 at 05:04:10 UTC from IEEE Xplore.  Restrictions apply. 



B. Smart agriculture  
To satisfy the need for food of the ever-growing 

population, we should be getting the best yield out of the 
framing, and this can be achieved with the help of IoT. Data 
analytics of smart agriculture i.e., land condition, weather 
situation, and type of soil, collected from the IoT network can 
provide practical information if used in combination with 
data captured by sensors, which measures the level of water 
resources, heat, moisture, chemicals, water stress, pump 
status, etc. This enables farmers to utilize fertilizer, water,
and pesticides in most accurate quantities, at precise positions 
and with effective time scheduling to improve agricultural 
outputs. Smarter use of water like monitoring and supervising 
water capacity, location, timing, and period of flow based on 
data analytics, helps to increase irrigation efficiency, thus 
resulting in lower costs. Other benefits of IoT include 
efficient uses of pumps, boosters, lighting, etc. It can also 
remotely control the working conditions, the status, and 
equipment performance [16].

C. Smart Home 
To reduce user’s interference in controlling and 

monitoring home settings as well as home appliances, smart 
home is an emerging application [14]. A smart home provides 
many features for the user like measuring home conditions 
(i.e., light intensity, temperature, heating, etc.), operate 
home’s Heating, Ventilating, and Air Conditioning (HVAC) 
appliances and control them with reduced human interaction 
[22]. Paper [18] presented procedure to develop a smart home 
by combining IoT with cloud computing and web services, 
use Arduino platform for implanting intelligence in actuators 
as well as in sensors and facilitates interaction within smart 
things using cloud services. 

D. Monitoring environmental parameters 
As the environmental parameters like temperature, 

humidity, and moisture differ time to time and place to place. 
Therefore, it is become important to monitor quality level of 
perishable goods like dairy products, fresh-cut produce, fruits 
and meat, etc. during its transportation from production to 
consumption site. This vital task can be easily performed with 
sensors and pervasive computing technologies. It also 
improves the efficiency of the food supply chain [12]. 

E. Weather Forecasting 
To predict the state of the atmosphere for a future time 

and for a given location, weather forecasting is very 
important. Weather forecasting and monitoring consist of a
collection of data, assimilation of data, and forecast 
presentation. Sensors at weather station used to sense 
humidity, temperature wind speed, the moisture of soil, the
intensity of light, radiation, etc. Data coming from these 
sensors is huge in size and difficulty in monitoring. The 
integration of this sensor infrastructure with cloud increases 
its storage and computational capabilities. It also provides 
effective solutions for monitoring and presentation of data 
[6]. 

F. Health Care 
Sensors of pervasive healthcare applications make use of 

cloud computing and IoT to allows a machine to machine 
communication to be done location independently [8]. 
Nowadays, in modern hospitals, various body sensors are 
used to measure and monitor physiological data of the 
patients. This sensitive collected data is maintained for future 

diagnosis of patient. In some hospitals, this data is 
maintained at the local database. Due to this, doctors who are 
called to handle critical cases unable to analyze disease. After 
visiting to the patient only they can give proper treatment. 
However, using cloud, this issue can be solved i.e., data of 
patients can be maintained and shared with doctors who are 
abroad, so that they can treat the patient, independent of 
location. [26] 

G. Smart grid 
Today most of the power supply system is manually 

operated, and due to some human error, there is loss of 
power. These small losses result in massive outrage of power 
supply. This loss can be brought under control, and a 100% 
efficient power transfer system can be designed using IoT, 
and it is known as the Smart grid. It is a fully automated 
system based on blockchain technology, which is entirely 
robust & encrypted. This power is divided into channels for 
each individual, and this channel is wholly encrypted with its 
stash key, which is to be decrypted. This results in an 
equalized power supply throughout the grid without any 
power loss [24]. 

VI. ISSUES AND CHALLENGES 

A. Scalability 
The growing idea of IoT which generates a tremendous 

amount of data for processing and storage guide to enormous 
leap in the forthcoming year, and hence it becomes insistent 
on making the scalable system. The vast application of IoT 
has increased the number of devices being connected to the 
internet; which meets the concern to consider various 
complications that are arising in connectivity [30]. As new 
technology progresses to an altogether different level, it 
becomes inevitable to make the device more scalable both 
horizontally and vertically [21]. Horizontal scalability can be 
referred as the potential to increase the device to work as a 
single logical unit by connecting multiple hardware or 
software entities.” It can be accomplished by adding more 
nodes to a system, such as adding a new computer to 
distributed software applications [28]. For example, 
Cassandra runs of hundreds of commodity nodes, which help 
to scale out horizontally as it is spread across different data 
centers. Because of the commodity hardware, Cassandra does 
not have a single point of failure. Vertical scalability is 
referred as the potential to increase the capacity of the 
software or the existing hardware when we add more 
resources to it. For instance, to make it faster we can add 
processing power to it. It was adopted when the database 
could not handle large amounts of data. For example, 
MySQL- amazon RDS it allows vertically scaling to shift 
from small to bigger machine [31].  

B. Interoperability 
As the data sharing among smart devices is increasing 

day by day, it is necessary to manage these data transfer 
properly among the system [10]. Interoperability can be 
considered as the potentiality of two systems to 
communicate, exchange information, or program, or transfer 
the data among each other and to implement the given data 
[15]. It is the exchange of information among different 
computers through wide area networks or local area 
networks. It is critical for IoT as most of the communication 
takes place as a machine to machine [14] Interoperability is 
classified into multiple levels containing: 
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