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Preface

The International Conference on Communication and Computing Systems (ICCCS-2016) took place at
Dronacharya College of Engineering, Gurgaon on September 9-11, 2016. The purpose of the confer-
ence was to establish a platform for interaction among the knowledge holders belonging to industry,
academia and various areas of society to discuss the current scenario of the advancements in the field of
communication and computing systems. The Conference theme was chosen to facilitate discussions and
personal interaction between academics involved in engineering and technology from different cultural
backgrounds. The theme allowed the participants to identify and present best collaborative research and
innovative ideas, as well as examples relevant to the main theme.

This book is a collection of accepted papers. The papers presented in the proceedings were peer-
reviewed by 2-3 expert referees. This volume contains 5 main subject areas: 1. Signal and Image Process-
ing, 2. Communication & Computer Networks, 3. Soft Computing, Intelligent System, Machine Vision
and Artificial Neural Network, 4. VLSI & Embedded System, 5. Software Engineering and Emerging
Technologies. The committee of ICCCS-2016 would like to express their sincere thanks to all authors for
their high quality research papers and presentations. Also, we would like to thank the reviewers for their
valuable comments and advises. Finally, thanks are expressed to CRC Press/Balkema as well for produc-
ing this book.

Organizing Committee of ICCCS-2016

Conference Chair Dr. K.K. Singh & Dr. Neelam Ruhil
Dronacharya College of Engineering, Gurgaon
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Organization

Dronacharya College of Engineering, Gurgaon was established in 1998. The college has accepted educa-
tion as a highway to achieve its long cherished goals. It is one of the best technical institutions in the state
of Haryana. Founded by prominent educationalists and industrialist, Dronacharya College of Engineer-
ing strives to maintain high standards in providing quality education. All through the years of its exist-
ence, we have been making remarkable contributions in moulding the young minds socially responsible
and productive human resource serving the needs of the country. Our college has the proud privilege of
the following accreditations, affiliations and certificates: Approved by All India Council for Technical
Education (AICTE), Permanent Affiliation to Maharashi Dayanand University, Rohtak, Accreditation
by National Board of Accreditation (NBA) and National Assessment & Accreditation council (NAAC),
Certification by ISO-14001-2004 Environment Management System & Certification by ISO-9001-2008
Quality Management System.
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DCT, DWT, SVD & integrated DCT-DWT based robust digital image

watermarking algorithm

Kamini Negi & Rahul Chauhan

ECE Department, Graphic Era Hill University, Dehradun, Uttrakhand, India

ABSTRACT: Paper presents a comparative analysis of various digital image watermarking techniques
like DCT, DWT, Integrated approach of DCT-DWT and SVD. The experimental results demonstrate
the superiority of SVD based watermarking over DCT, DWT and Integrated approach of DCT-DWT
watermarking techniques on the basis of visual quality of watermarked images and also on the basis of
PSNR and MSE by changing the value of embedding factor. The performance of proposed techniques
are compared on the basis of two performance metrics one is imperceptibility another is robustness. The
imperceptibility is analyzed through PSNR and MSE calculation and robustness of techniques is checked

by various signal processing attacks.

1 INTRODUCTION

Digital watermark is a technique which allows an
individual to add hidden copyright information
or other verification message to digital media. It
is inserted visibly or invisibly into another image
so that it can be extracted later as an evidence of
authentic owner. The watermark may be a label,
logo or a random number (sequential). A typical
good watermarking scheme should extract the
embedded watermark efficiently under various
watermark attack in real domain (Podilchuk &
Delp, 2001, p. 346).

Basically the imperceptibility and robustness
are defined as fundamental properties of embed-
ded watermark. If host image and watermarked
image is not distinguishable then it called imper-
ceptibility. Similarity between host image and
watermarked image defines the imperceptibility. If
it difficult to remove or destroy watermark from
watermarked image then it said to be robustness.
Digital image watermarking schemes can be placed
under two categories one is blind watermarking
techniques which do not require original image
and non-blind watermarking that requires original
image to exist for detection. Robustness, Percep-
tual transparency, capacity and blind watermark-
ing are four essential factors to determine quality
of watermarking scheme. Two major applications
of watermarking are copyright protection (proving
ownership of data) and data authentication (Baisa
& Mali, 2011). There are two main classes in water-
marking techniques, namely the spatial domain,
embed the watermark by directly modifying the
pixel values of the original image. The transform

domain technique, data is embedded by modulat-
ing the transform domain signal coefficients. Fre-
quency based schemes spread the watermark over
the whole spatial extent of the image, and thus fre-
quency domain has an advantage over the spatial
domain and is therefore less likely to be affected by
attacks. Hence the transform domain techniques
are most successful and popular for image water-
marking (Barni & Bovid, 2001).

In this work a comparative analysis of vari-
ous digital image watermarking algorithms based
on two-dimensional Discrete Cosine Transform
(DCT2), 2-dimensional Discrete Wavelet Trans-
form (DWT?2), Singular Value Decomposition
(SVD) and integrated approach of DCT-DWT are
evaluated and analyzed. Various performance indi-
ces like Peak Signal to Noise Ratio (PSNR) and
Mean Square Error (MSE) (Lin, 2009) are used for
evaluation. And further quality of watermarked
image is analyzed for various signal processing
attacks and variation in PSNR is evaluated.

2 PROPOSED WATERMARKING
ALGORITHM

This paper study and analyzes four different types
of watermarking algorithms in transform domain
which are:

2.1 Discrete Cosine Transform (DCT) algorithm

The Fundamental property of Discrete Cosine
Transform (DCT) is that it converts a signal
into elementary frequency components. ‘Energy



compaction Property’ is the special property that
most of the visually significant information of the
image is concentrated in just a few coefficients of
the DCT (Tsai & Hung, 2005). Techniques based
on DCT watermarking are more robust as com-
pared to spatial domain watermarking techniques
(Harish, Kumar, Kusagur (2013)). Joint Photo-
graphic Experts Group (JPEG) standard, which
is a file format that is widely used on the Internet
utilize DCT as a compaction algorithm. And thus
ensures that the watermark is robust against JPEG
compression. The 2-D DCT and 2-D IDCT trans-
forms is given by equation (1) and (2).

M-1IN-1
F(uy)=a(u)a(v) 3, X f (m.n)
m=0n=0
cos|:(2m+1)u”:|cos|:(2n+l)v”} W
2N 2N
2-D inverse DCT (IDCT) is obtained as
M-1IN-1
Flman)= 3 Safu)a()F(us)
m=0n=0
(Zm + l)u/rj| |:(2n + 1) v;z}
cos cos Q)
2N 2N
where,
1
a(u)=12
1
L x=0

where, x = (4, v) Frequency components.

Watermark insertion algorithm for DCT

Step 1. Read original image or host image H (to
be watermarked) and the watermark image
w.

Step 2. 2-DCT is applied on original image and
watermark image.

Step 3. The value of embedding factor defined to
be suitable for invisible watermarking.

Step 4. The DCT coefficient of the original
image and watermark image is modified
using the following equation.

H,,=H_ +oW,, ij=1,..n 3)

The IDCT of modified coefficients give the
watermarked image.

To extract the watermark applying the following
equation:

W, =(H,;-H;)/o )

2.2 Discrete Wavelet Transforms (2-Dwt)

Discrete wavelet transform, decomposed the
image into different space and in different fre-
quency sub images (Wang, Su & Kuo, (1998)).
The digital image through a two-dimensional
discrete wavelet transform, the sub image can
get four space of equal size: high-frequency
component sub images of horizontal HF1, low-
frequency approximation sub graph LF1, verti-
cal high-frequency sub images VF1 and diagonal
high-frequency DF1.

High-frequency detail sub images of DFl1
obtained by wavelet transform in digital image
of the 3 sub—HF, LF and DF. And the diago-
nal contains the main image texture background
and other details of the original image; generally
the human perception is low in this region. Bet-
ter invisibility can achieve in this part of the infor-
mation by watermark embedding operations. But
this part of the information in image processing
operations is subjected to noise interference, and
therefore cannot guarantee the robustness of algo-
rithm; most of the energy of the original image
lies inside the low-frequency sub image LF And
the image processing operations in general will
not be disturbed, so the watermark is embedded
into the low-frequency approximation sub image
in to obtain better robustness, but because the
human visual perception is sensitive to this part
of the information, thus the watermark informa-
tion directly in the region of the embedded opera-
tion cannot guarantee the imperceptibility of the
watermark (Zhu & Lin, 2015).

Watermark insertion Algorithm for DWT

Step 1. Read Cover image (Img) and watermark

image (W).

Step 2. 2-DWT is applied to obtain the first level
decomposition matrix of the cover image
(Img).

Step 3. Modify the DWT coefficients in the LL
band:

LL,  =LL +aw,

wi,j

is.i:]:~~'sn (5)

Step 4. Watermarked cover Image Ic,, is obtain
by Inverse DWT to watermarked image.

Extraction Algorithm

Step 1. Read the input Watermarked image.



Step 2. First level decomposition of the water-
marked cover image Ic, is obtain after
applying DCT.

Step 3. Extract the binary visual watermark from
the LF band:

w,=(LL,, -LL,)/ (6)

2.3 Integrated approach of Dct-Dwt

Watermark Insertion Algorithm

Step 1. Read host image H and the watermark
image W .

Step 2. 2-DCT is applied on host image and then
2-DWT.

Step 3. 2-DCT is applied on watermark image.

Step 4. Modify the DWT coefficients in the LL
band of host image.

LL =LL,+aW, (7)

Step 5. Inverse DWT then IDCT is applied to
obtain the watermarked image W, ,(Rah-
man, 2009).

Extraction Algorithm

Step 1. Following equation is applied to obtain
the watermark image (Jianshengl,
Sukangl & Xiaomei, 2009)

W, =(LL,-LL,)/a (8)

2.4 Singular Value Decomposition (Svd)

Imperceptibility, perfect reconstruction and a
robustness is achieved if watermark is embedded

© (d

Figure 1. (a) Original image (Gonzalez & Woods, 3rd
edition) (b) Watermark image (c) Watermarked response
evaluated at embedding factor (&) = 0.8 (d) Extracted
watermark.

into a singular value of selected sub band. SVD is
a linear algebraic numerical technique and used to
form diagonalizable matrices in numerical analysis.
Characteristic equation is formed in Singular value
matrix and the degree of characteristic equation is
equal to the dimension of column or row of the
image. The SVD decompose 4 matrix into three
matrices i.e. R, Sand V.

A=RSVT )

where A is a m X n matrix

S'is a m X n diagonal matrix in which the entries
along the diagonal of S are singular values of A.
Singular value of a matrix is calculated by taking
square root of its Eigen value.

S in matrix form

s 0 .0
0 s, 0 O
(10)
.0 s, O
0 0 0 s

n

R is am X m matrix containing left singular vec-
tors of 4 and

V'is a n X n matrix containing right singular vec-
tors of A.

R and V are orthonormal matrices which means

RRT=TandVVT =1 (11)

The singular values are arranged along the diag-
onal of Sin such a way that

Sy 28, 28 25,20 (12)
And s, =V 4,
where A fori=1, 2,.......... , N are the eigen values

of image matrix 4.
Insertion Algorithm for SVD

Step 1. Read host image H (to be watermarked)

and watermark image W.
Step 2. SVD is applied on host image.

H=R hS_ hV_h

Step 3. SVD is applied on watermark image.

W=RwS_ wV_w

Step 4. Modify the singular values of the host
image with the singular values of water-

mark image.

S hW=S_h+aS_w



where o is embedding factor, S_i and S_w are the

diagonal matrices of singular values of the host

and watermark images, respectively.

Step 5. Inverse SVD is applied on the transformed
host image with modified singular values
to obtain the watermarked image (Wangl
et al., 2009).

Extraction Algorithm

Step 1. SVD is applied on watermarked image
W_ex=W,W,W, (13)
Step 2. SVD is applied on host image
H,=H,H H, (14)

Step 3. Extract the singular values from water-
marked and host image

S_ex=(Wy-H)l o (15)

Step 4. Inverse SVD is applied to obtain water-
mark image (Zhang & Li, 2009).

3 RESULT ANALYSIS

Simulation of watermarking algorithms is car-
ried out on digital image processing toolbox in
MATLABR2013a. Results are analyzed on the basis

Figure 2. (a) Original image (b) Watermark image
(c) Watermarked response evaluated at (@) = 0.002 (d)
Extracted watermark at (o) = 0.002.

of visual similarity & dissimilarity between water-
marked image and original image. Further robust-
ness is checked by various watermark attacks.

3.1 Discrete Cosine Transform (DCT)

Result shows that when the value of « is taken
as 0.002 there is no visual degradation on image
that watermarked by DCT based techniques or
the embedding watermark is totally invisible in
watermarked image, hence good imperceptibility
achieved in Fig. 2(c). And Fig. 2(d) shows extracted
watermark similar to original.

3.2 Discrete Wavelet Transforms (2-DWT)

Simulation results of DWT show that when the
value of « is taken as 0.002 the embedding water-
mark is totally invisible in watermarked image

Figure 3.
Watermarked response evaluated at (o) =0.002 (d) Extracted
watermark at () = 0.002 (e) Watermarked response evalu-
ated at (@) = 1.5 () Extracted watermark at (@) = 1.5.

(a) Original image (b) Watermark image (c)



(d)

Figure 4. (a) Watermarked response evaluated at
(o) = 0.002 (b) Extracted watermark at () = 0.002
(c) Watermarked response evaluated at () = 1.5 (d)
Extracted watermark at (o) = 1.5.

as same in case of DCT and the image is similar
to original image hence good imperceptibility
achieved in Fig. 3(c). And Fig. 3(d) shows extracted
watermark similar to original.

By increasing the value of or=1.5 the embedding
watermark is somewhat visible in watermarked
image as visualize in Fig. 3(e) due to this impercep-
tibility is degrade but the extracted watermark is
similar to original watermark as in Fig. 3(f).

3.3 Analysis of integrated DCT-DWT

When the value of o is taken as 0.002 the embed-
ding watermark is totally invisible in watermarked
image as same and hence good imperceptibility
achieved in Fig. 4(a) and Fig. 4(b) shows extracted
watermark which is distorted and totally different
from the original one.

By increasing the value of o= 1.5 the embedding
watermark is visible in watermarked image as visualize
in Fig. 4 (c) hence in this case both watermarked and
extracted watermark visible performance is poor.

3.4 Singular Value Decomposition (SVD)

When value of o= 1.5 the embedding watermark is
not visible in watermarked image but image is over-
saturated as visualize in Fig. 5 (c) due to this imper-
ceptibility is degrade but the extracted watermark
is similar to original watermark as in Fig. 5 (d).

Figure 5. (a) Original image (b) Watermark image
(c) Watermarked response evaluated at () = 1.5 (d)
Extracted watermark at (o) = 1.5.

Table 1. Comparison between PSNR (in db) Values of
DCT, DWT, DCT-DWT and SVD.

Value of PSNR (peak signal to noise ratio)
Embedding

factor (o) DCT DWT DCT-DWT SVD
0.0005 2634 2944 2944 INF
0.002 26.32 29.43 29.44 INF
0.003 2632 29.33  29.44 57.53
0.005 26.30 29.37 29.43 46.06
0.02 2599 2874  29.39 39.66
0.5 10.78 1527 2444 14.84
1.5 8.57 8.21 16.88 8.01

4 PERFORMANCE ANALYSIS OF
WATERMARKING TECHNIQUES

The performance evaluation of proposed water-
marking techniques are based on two performance
metrics one is imperceptibility another is robustness.

4.1  Measuring imperceptibility

Imperceptibility represents a measure of similarity
between the original and watermarked image. For
analyzing the performance of watermarked image
PSNR (Peak Signal to Noise Ratio) and MSE
(Mean Square Error) is chosen as a performance



Table 2. Comparisons between MSE (mean square
error) Values of DCT, DWT, DCT-DWT and SVD.

Table 3. PSNR (in db) for various Attacks on water-
marked image.

Value of MSE (Mean square error)

Embedding

factor () DCT DWT DCT-DWT SVD

0.0005 150.86 73.90 73.9040 0

0.002 151.44 74.13 73.9053 0

0.003 151.48 74.34 73.9086 0.11

0.02 163.65 78.11 74.8313 7.025

0.5 5.4311le  1.9317e 233.60 2.1334¢
+03 +03 +03

1.5 9.0377¢  8.9479% 1.3335¢ 1.0284e
+03 +03 +03 +03

PSNR (in db)

Embedding factor (o) = 0.002
Watermark
attacks DCT DWT DCT-DWT SVD
Crop 8.03 991 7.50 3.90
Average 8.19 2897 29 3.90
Median 8.11 37.01 37.02 3.90
Noise 8.03 2549 2539 3.99
Rotate 8.09 18.68  18.69 3.92
Shear 489 43 43 2.46

criteria. It is calculated for various values of
embedding factor, o (ranges from 0.0005 to 1.5).
When PSNR approaches infinity, the origi-
nal image and output image are totally the same.
Hence, large PSNR and small MSE is desirable

max (H (i,j))2
MSE

PSNR =10*log,, (16)

m—1 m-1

MSE =

H,(i.j)]

(17

i=0

Watermark results are analyzed on the basis of
PSNR and MSE values for different digital water-
marking techniques i.e. Discrete Cosine Transform,
Discrete Wavelet Transform, SVD and combined
DCT-DWT, algorithm were implemented using
MATLAB In the procedure of watermarking the
value of embedding factor () is taken in such
a way so as to produce almost visually similar
watermarked image to the original image with-
out appearance of watermark behind the original
image and also analyze results of watermarked
images for different values of . As the value of
embedding factor is scaled down a good visual
quality of watermarked image is obtained. When
ais taken as 0.002 best result is achieved in terms
of PSNR and MSE values as well as in terms of
imperceptibility.

The simulation results of combined DCT-DWT
are analyzed and observe that the extracted water-
mark is degrade and different from the original
one. And in SVD based technique it is observed
that the visual quality of watermarked image is not
degraded by watermark in fact watermark is not
visible in the host image for the value of o taken
same in case of other techniques.

In the Table 1 for different values of embedding
factor PSNR is evaluate for all proposed techniques
and observed that the watermarking by proposed
SVD based method have superior performance in

terms of PSNR value and also in terms of MSE as
well as in terms of imperceptibility.

4.2 Measuring robustness

Robustness test of watermarking techniques are
carried out by applying different signal processing
attacks like crop, average filtering, median filter-
ing, noise attack etc. The different values of PSNR
for different attacks are listed in Table 3.

After different attacks watermarked image is
affected visually and also PSNR is degrade. In case
of SVD the watermarked image is not much affected
by attacks which is clear from PSNR Table 3.

5 CONCLUSION

The experimental results show that better impercep-
tibility and robustness is achieved in SVD based tech-
niques against various watermarking attacks. And
also by comparing the values of PSNR at different
values of embedding factor (), it is concluded that
the SVD technique is much better than other pro-
posed techniques. For various values of embedding
factor, and also from the analysis it has been found
that for the value of ¢=0.002 and below same PSNR
and MSE is obtained i.e. INF and 0 respectively.
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ABSTRACT: The distributed computation for problem statement requires a programming model.
MapReduce is one of these computation models. Google MapReduce and Hadoop MapReduce are pop-
ular MapReduce implementations on the global market. This paper provides in-depth logs analysis for
both implementations of MapReduce programming model.

1 INTRODUCTION

The Big Data is set of large data in various Vs.
There are 4 Vs in the Big Data according to IBM
data scientists. (IBM Big Data & Analytics Hub,
2016). These 4 Vs are volume, variety, velocity
and veracity. The volume describes the scale of
the data, the variety describes different forms of
data, the velocity is an analysis of streaming the
data and veracity is regarding the uncertainty of
data. The MapReduce is one of top 10 hot Big
Data technologies in the list prepared by Forbes
Magazine. (Forbes Magazine, 2016) MapReduce
is the programming model for distributed envi-
ronment. It was first implemented by Google
Inc and later on Yahoo under Apache Founda-
tion built Hadoop MapReduce as an open source
framework.

This paper is divided into six sections. The
section I provide an introduction of Big Data,
MapReduce and other related terms and tech-
nologies. The section II describes the distributed
programming in detail. The section III provides
insight of the Google MapReduce similarly the
section IV provides for Hadoop MapReduce. The
section V compares the Google MapReduce and
Hadoop MapReduce. The section VI makes a con-
clusion of the log analysis of both implementations
of MapReduce.

2 DISTRIBUTED PROGRAMMING

The distributed programming is the programming
where data is stored different system and computation
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is done on these distributed systems rather than a sin-
gle piece of hardware. The MapReduce programming
model takes input key-value pairs and computes them
to produce the output key-value pairs. The MapReduce
consists of two stages and they are mapped stage and
reduce stage. The input is taken in map stage and the
output is produced on reduce stage.

3 GOOGLE MAPREDUCE

The Google MapReduce was designed by Google
Inc. (IBM Big Data & Analytics Hub, 2016) It has
used various Google products like Google Search,
Gmail, Google Plus and other Google products.

Features

The Google MapReduce is programming model
for distributed data processing on the commodity
hardware. It provides the Big Data computations
for various usages.

Architecture

The architecture of the Google MapReduce con-
sists of two functions. These functions are Map
stage and Reduce stage.

Map stage

The map stage reads the spited files as an input
from Google Distributed File System (GFS). The
worker in map stage converts the raw data into key
value pairs.



Input Files @ Output Files

Figure 1. Diagram showing Google MapReduce
(Ghemawat, Sanjay et al. 2003).

Reduce stage

The reduce stage merges the larger set of key-value
pairs from intermediate files to a smaller set. The
usual mirage results in one key-value pair.

Performance

The Google MapReduce can be implemented
Google App Engine using Java or Python lan-
guage. The Google MapReduce is not open source
product, so we implemented the same in the App
Engine for performance.

Incidents @ Create Alerting Policy %

OPEN (0) ACKNOWLEDGED (0)

@ Noopen incidents

Pub/Sub Topic - Publish Request Count

*** Loading graph data o

apm sPu sPM 7PM ®sPu 9PM

Events © Filter AddEvent X

Today

! @ AccountMapReduce added by Chitresh Verma

Figure 2. Screenshot showing logs-based metrics for
MapReduce project on App Engine.

The MapReduce project is created on App
Engine which uses Google MapReduce. The
logs of the MapReduce project are mentioned
below.

{
"@type":"type.googleapis.com/google.clou

d.audit.AuditLog",
"authenticationInfo": {
"principalE-
mail":"chitreshsrmcem@gmail.com"

}s

"service-
Name":"appengine.googleapis.com",

"method-
Name":"com.google.appengine.legacy.app
created",

"resourceName":"apps/mapreduce-1261",

"serviceData": {

"@type":"type.googleapis.com/google.appe
ngine.legacy.AuditData",
"eventMessage":"Created the applica-
tion",
"eventData": {
"title":"MapReduce"

}
}

The log provides the details of MapReduce
project. The principal email, is mentioned which
is chitreshsrmcem@gmail.com. The service name
is appehgine.googleapis.com. The resource name is
mentioned, which is apps/mapreduce—1261.

However this log does not return info like file reads
and writes MapReduce job details. Thus may not be
suitably considered we have explored in the subse-
quent section about the Hadoop logs that retrieve in
substantial info and the same are deliberated.

) Google Cloud Platform  EEET=m——s -

Where to find documentation

,,,,,,,,,,,,

Figure 3. Screenshot showing the Google MapReduce
for App Engine.

4 HADOOP MAREDUCE

The Hadoop MapReduce is the programming
model in Hadoop framework. It also consists of
two functions and they are map and reduce.


http://appehgine.googleapis.com
mailto:chitreshsrmcem@gmail.com

Features

The 80% of the contribution of HDFS and
Hadoop MapReduce was by Yahoo Inc. (Ricky
Ho., 2016) Although Hadoop is open source
license product.

Architecture

The architecture of Hadoop MapReduce also con-
sists of two functions. These functions are Map
stage and Reduce stage.

Map stage

The map stage reads the raw data from the Hadoop
Distributed File System (HDFS). (Shvachko,
Konstantin et al. 2010).

Reduce() )
582 : 2e@
g8a ~ d S A
==X Reduce() o- I

Figure 4. Diagram showing Hadoop MapReduce
(Hadoop Wiki, 2016).

Reduce stage

The reduce stage is second stage in Hadoop
MapReduce. It combines the resulted key-value
pairs for output data which is stored on the
HDFS.

Performance

The Hadoop MapReduce can be used by down-
loading the Hadoop from Apache Hadoop web-
site. The Hadoop version 2.4.1 with Ubuntu Linux
version 14.04 LTS are used for performance meas-
urement of the Hadoop MapReduce. The Hadoop
MapReduce job ID and counters provide below as
logs.

INFO mapreduce.Job: Job
job_1458909437881 0001 completed successtully
INFO mapreduce.Job: Counters: 49
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Screenshot showing the Hadoop MapReduce
runs on Ubuntu Linux.

Figure 5.

Application Overview of word count applica-
tion on Hadoop MapReduce:

Table 1

User: Chitresh

Name: WordCountNewAPI. jar
Application Type: MAPREDUCE

State: FINISHED

Final Status: SUCCEEDED

Started: 25-Mar-2016 18:13:50
Elapsed: 4 mins, 33 sec

Tracking URL: History

The logs related to the file system are given below.

File System Counters

FILE: Number of bytes read=111177
FILE: Number of bytes written=3195140
FILE: Number of read operations=0
FILE: Number of large read operations=0
FILE: Number of write operations=0
HDEFS: Number of bytes read=73421
HDFS: Number of bytes written=81665
HDEFS: Number of read operations=96
HDEFS: Number of large read operations=0
HDEFS: Number of write operations=2

File Operations
3500000

3000000

2500000

2000000

1500000

M File Operations

1000000

500000

o T
Number of bytes read Number of bytes written

Figure 6. Column chart showing comparisons of file
operations.



The output logs of the application are provided
below.

Job Counters
Launched map tasks=31
Launched reduce tasks=1
Data-local map tasks=31

Total time spent by all maps in occupied slots
(ms) =1355869

Total time spent by all reduces in occupied
slots (ms) =59079

Total time spent by all map tasks (ms)
=1355869

Total time spent by all reduce tasks (ms)
=59079

Total vcore-seconds
tasks=1355869

Total vcore-seconds taken by all reduce
tasks=59079

Total megabyte-seconds taken by all map
tasks=1388409856

Total megabyte-seconds taken by all reduce
tasks=60496896

taken by all map

Map-Reduce Framework
Map input records=1796
Map output records=7376
Map output bytes=96418
Map output materialized bytes=111357
Input split bytes=3932
Combine input records=0
Combine output records=0
Reduce input groups=1263
Reduce shuffle bytes=111357
Reduce input records=7376
Reduce output records=7376
Spilled Records=14752
Shuffled Maps =31
Failed Shuffles=0
Merged Map outputs=3 1
GC time elapsed (ms) =38206
CPU time spent (ms) =33820
Physical memory (bytes)
shot=4967350272
(bytes)

snap-

Virtual
shot=11721990144

Total committed heap
=3772837888

memory snap-

usage (bytes)

Shuffle Errors
BAD_ID=0
CONNECTION=0
10 ERROR=0
WRONG_LENGTH=0
WRONG MAP=0
WRONG_REDUCE=0

File Input Format Counters
Bytes Read=69489

File Output Format Counters
Bytes Written=81665
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The logs related to MapReduce Framework
shows the number of input and output records
that are mapped as well as same kind of data for
reduce function is provided.

The shuffle errors are also provided in the logs.
They can be used for tests and improvement of the
algorithm. The file format counter for both input
as read and output as written bytes are also avail-
able for analysis.

Map-Reduce Framework
m Map-Reduce Framework

GC time elapsed (ms) |4

Shuffled Maps
= 7376
Reduce input records [K
1263 111357
Combine output records "
Map output materialized bytes

Map input records

Figure 7. Bar chart the

Framework.

showing Map-Reduce

Table 2. Processor configuration used for performance
measurement.

Vendor ID: Genuine

Processor: 2 Intel
CPU family: 6 model: 37
Model name: Intel(R) stepping: 5

Core(TM) i3 CPU 540 @
3.07GHz

microcode: 0 X 616

cache size: 6144 KB

CPU MHz: 3058.238
physical id: 0

siblings: 2 core id: 0

CPU cores: 2 apicid: 0

initial apicid: 0 fdiv_bug: no
f00f_bug: no coma_bug: no
fpu: yes fpu_exception: yes

CPU id level: 5
bogomips: 6116.47
cache alignment: 64

wp: yes

clflush size: 64

address sizes: 36 bits
physical, 48 bits
virtual

5 COMPARSION OF GOOGLE
MAPREDUCE AND HADOOP
MAPREDUCE

The various terms related to MapReduce program-
ming model describe below in detail.

Key-Value pair

The key-value pair sets of data. Each data entity
is stored in key-value pairs during the mapping



stage. Key is used for reference and value stores the
actual value.

Mapper stage

The mapper stage is an input processing stage. The
input file is taken from the user and split into small
chucks of data. These small data sets are stored on
the Hadoop distributed file system. This data set is
called intermediate data.

Shuffling and sorting

Shuffling is the first phase on the intermediate data
sets. It combines all values into a collection associ-
ated with same key. Sorting is the second phase on
the intermediate data sets. It sorts the pairs (key-
value). Due to shuffling and sorting all the unique
keys will able to compare with each other which
result in output in same sorting order.

Logged in as: drwho

Application Overview
: chitresh

: WordCountNewAPLjar
MAPREDUCE

: FINISHED
: SUCCEEDED

Scheduler

» Tools

About Apache Hadoop

Figure 8. Screenshot showing results of the Hadoop
MapReduce.

Reducer stage

The reducer stage processes the data after shuffling
and sorting. It generates new output data set. It
stores the output data set in the Hadoop distrib-
uted file system.

In Reducer stage, the data are processed with
intermediate values for a particular key generated in
Mapper Stage and the processed data is stored as
output.

oogle Cloud Platform &

@ AppEngine Dashboard

Figure 9. Screenshot showing the Dashboard of App
Engine which uses the Google MapReduce.
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The comparison of both implementation of
MapReduce is provided below in the context of
various parameters.

Table 3.
Feature = Google Hadoop Observation
MapReduce MapReduce
Developer Google Inc. Apache Hadoop
Software MapReduce
Foundation  has 80% con-
tribution
by Yahoo.
(Ricky Ho
2016)

Year 2003 2006 First Google
MapReduce
came

Language C++ Java Google MapRe-
duce has C++
implementa-
tion in their
paper. (Ghe-
mawat,
Sanjay et al.
2003)

License  Proprietary Apache

License
2.0
DFS Google HDEFS DFS stands for
DFS distributed
file system.
Usage Google Used by many Google has
products companies  stopped using
mainly like Adobe,  the Google
EBay, MapReduce
Facebook, in 2014.
1BM, (Sverdlik,
LinkedIn, Yevgeniy
The New 2014)
York
Times,
Twitter and
Yahoo.

6 CONCLUSION AND FUTURE SCOPE

This paper compared the Google MapReduce
and Hadoop MapReduce in context of feature,
architecture and performance. The Google Inc has
stopped using the Google MapReduce in favor of
a new system called Cloud Dataflow. (Sverdlik,
Yevgeniy 2014) While Hadoop MapReduce con-
tinue to power many big names like Adobe, EBay,
Facebook, IBM, LinkedIn, The New York Times,
Twitter and Yahoo. (Kadirvel, S. et al. 2015). Thus,
the Hadoop MapReduce being an open source



under the Hadoop framework continues as a pop-
ular solution while Google MapReduce has been
shelved by Google itself. This paper can used for
log based analysis of any algorithmic behavior
in context of MapReduce. The analysis may be
related to security, forensics and optimization of
the algorithm.
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Temporal effects in collaborative filtering for recommendation systems
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ABSTRACT: This paper attempt to explore the various techniques used to build a recommendation
systems. Since the need of an efficient recommendation systems is rising with respect to the increment in
the volume of database on e-commerce websites. These database consists of millions of data about differ-
ent items and it becomes difficult for users to browse through it to find a desired item. A lot of research
had been done to build a more accurate recommendation system till now, but very rare have considered
the time-dependent collaborative filtering approach. In this paper we highlight some previous research
work done in this field and discuss about the importance of time-dependent collaborative filtering.

1 INTRODUCTION

With the constant rise in e-commerce websites,
people are getting attracted more towards browsing
and purchasing products online such as mobiles,
books, clothes etc. The Ecommerce websites pro-
vides each user a variety of products to choose
from with just one click. These websites maintains
extremely large database having information about
their products which get updated with time. Often
this causes difficulty for a user to browse for the
products of his/her interest from various different
items. To deal with this issue recommendation sys-
tems were build which make recommendations to
the user with respect to its past browsing behavior.

Recommendation Systems (RS) are the web
applications which are basically used to deal with
the excess of data maintained by the e-commerce
websites related to their items/products. These
application aims to make recommendations for
an active user based on his browsing behavior or
its interest. It helps user to avoid grossing through
various items and suggest products which a user
may find interesting.

The recommendation system allows different
users to rate different items on the website accord-
ing to their interest. These ratings are recorded
in the database and based on these ratings a rec-
ommendation is made for a specific user. Some
recommendation may not use the rating criteria
rather they focus on the visits or browsing done
by a particular user, in that case it record the links
which the user has viewed.

A recommendation may be designed to, either
search a set of similar users with respect to an active
user and recommend the products liked by similar
users to the active user or it may find the items
similar to the items liked by the active user and
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recommend those items. Both of the approaches
has been used by many recommendation systems.
These based on these approaches recommendation
systems are broadly classified in 3 major types:-

1.1

Content-based filtering is concerned with the
detailed information about the item that is various
features and characteristics of an item associated
with it. This approach attempts to search for the
items which are similar to those liked by a user previ-
ously. It exploits the different features of the item by
breaking down them in a set of keywords in the form
of linguistic grammar. These keywords of an item
are compared with others to calculate the similarity
among them. Depending upon the items previously
liked by the user and the keywords related to these
items, a user profile is made which is used to deter-
mine the interests of a user which further helps in
searching for items which user may find interesting.

They keywords formed by various features of
items are quite specific to a domain. This means if
the recommendation system is developed to recom-
mend mobile phones, the features of each item will
be related to the basic features of mobile phones
like camera quality, storage, battery backup etc.
It is necessary so as to make more accurate com-
parisons among different products and to find the
appropriate recommendation. This property of
content-based filtering is also its biggest drawback
as this makes a content based filtering domain
restricted. Since it will be very difficult to match
a book with a mobile phone based on their fea-
tures so a book recommendation system can work
effectively in the domain of books and the mobile
phones can only be used to recommend the mobile
phones only.

Content based filtering



1.2 Collaborative filtering

In collaborative filtering instead of finding similar
items as in content-based filtering, a set of similar
users is identified. In this approach ratings of differ-
ent users on various items is considered, and a set of
similar users is determined based on these ratings. It
works on the assumption that users having similar
behavior in past will have similar behavior in future.
This means if two users had rated similar items in
the past will tend to like similar items in the future.

The collaborative filtering first find the simi-
lar users with respect to an active users. The users
which rated or viewed similar items as compared
to an active user are considered to be similar. The
similarity between the users can be determined by
various operations like using correlation coeffi-
cients and the users with highest similarity with the
active user are considered. Then at last the items
which the most similar users have rated highly are
recommended to the active user.

It is a simple technique which doesn‘t require
any prerequisite information about an item or to
make any used profile to make recommendations.
It only considers the ratings provided by different
users on various items. This feature of collabora-
tive filtering overcomes the limitation of content-
based filtering for being domain restricted since
collaborative filtering can give effective results
regardless of the domain.

Major issues with collaborative filtering:-

. Cold start: This issues occurs when there is
a new user to the system and it has not rated
many items yet. It becomes difficult to make
comparisons between the new user and existing
user due to lack of ratings, thus recommenda-
tion becomes a challenging task.

. Scalability: The recommendation systems are
designed to work on database consisting of
millions of data so a large amount of intensive
computations is required.

. Sparsity: Since the database on websites gets added
with more and more new items everyday which
causes the isolation of old items. This means due
to the introduction of new items sometimes old
items may get fewer ratings this may lead to isola-
tion of those items and they may not be consid-
ered for recommendation to any user.

1.3 Hybrid recommender system

As the name suggests the hybrid recommender
system uses both content-based and collaborative
filtering. It exploits the best features of both the
pure techniques used for making recommenda-
tion systems. Hybrid approach can either calculate
the results using both collaborative filtering and
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content based filtering and then combining their
results to achieve recommendations for a user or it
can combine the features of both the methods and
form a new model for making recommendations.

Recent studies have indicated that hybrid recom-
mender systems can provide much better results as
compared to both pure approaches of collabora-
tive filtering and content based filtering but these
models are found to be more complicated to build
as compared to models using a single approach.

Traditionally many recommendation systems
have been build, each using different approaches,
using different statistical coefficients like, Jaccard‘s
coefficient, Pearson‘s coefficient etc., also consider-
ing various factors like demographic data, multi-cri-
teria etc., but very few have considered time as factor
for computing the similarity. Since this paper focuses
on collaborative filtering, we will comment on the
importance of time in collaborative filtering.

Time-dependent behavior of users can also be
an effective factor while using collaborative fil-
tering. A profile for each user can be maintained
keeping record of each time when the user rate a
product. Based on the timeline related to an active
user, a set of similar users can be identified having
similar behavior in that timeline. This can improve
the comparisons between the users as. It considers
the timely behavior of each user and it can be use-
ful to compare a new user (rated few products) and
old user (rated many products).

Our paper will first highlight the various research
been done on different types of recommendation
systems. Then a small discussion about an issue in
recommendation systems when timely behavior of
users are not considered while calculating similar-
ity between different users while using user based
collaborative filtering method for making predic-
tions about items.

2 RELATED WORK

Recommendation systems became an important area
of research in mid-1990°s. A Personalized elearning
material Recommender System (PLRS) was pro-
posed by Lu (2004) which was designed to identify
the best studying material for the students. A record
of student’s personal information was maintained
which was used to determine the requirements of the
student and based on the material were suggested to
the individual student. PLRS dealt with major prob-
lems of recommender system like sparsity and was
quite accurate in identifying the required materials.

2.1

A photo recommendation system was built by
Peng (2010) which used a content based filtering

Content based recommendation



approach and used the concept of weighted uni-
directional graph. The graph represented the simi-
larity between the items which was computed with
the use of content-based filtering with the use of
semantic relations. A ranking list for each item in
the neighbor node was made and based on which
the recommendations was made.

Adnan & Chowdury (2014) implemented a fuzzy
based approach to find the similarity between
the articles. They used fuzzy logic based system
to compare various articles on the basis of their
attributes. The attributes of articles were identified
and based on the set of fuzzy rules and content
based filtering similarity among these articles was
computed and hence the recommendations were
made for a user.

Blanco-Fernandez & Pazos-arias (2008) applied
content-based fileting and semantic reasoning to
perform recommendations. They collected a large
information about the users preference based on
the semantic reasoning and compared it with the
details of an item to find the appropriate match
for the user. They overcome the overspecialization
caused by the syntactic metrics.

A news recommendation system by Moerland
et al. (2013), where news was represented as key-
word vector, where each keyword is associated
with a corresponding TF-IDF value. Removing
of stop words, tokenizing and stemming etc. were
performed before computing the value of TF-IDF.
A user profile is created based on his browsing
behavior. The user profile is then compared with
the news articles using Jaccard similarity or Cosine
similarity. The news articles were represented as
a list of words which lack the semantic relations.
Goossen et al. (2011) extended the TF-IDF meas-
ure by adding various ontological concepts.

2.2 Collaborative filtering recommendation

Collaborative filtering makes use of the ratings pro-
vided by the users to identify the accurate item for
the user. A set of similar users is made and items
which are highly rated by them as recommended to
the browsing user. Resnick et al. (1994) collected the
ratings of different users to determine the rating of
the news article for a specific user. It assumed that
the browsing behavior of the users remains con-
stant that is the interest of similar people always
remains the same. Jiang et al. (2015) proposed a
Bayesian model which considered both user rat-
ings and review exhaustively which linked collabo-
rative filtering with a topic model. By employing a
topic model with the review text and aligning user
review topics with user attitudes (i.e., abstract rat-
ing patterns) over the same distribution they show
great results and in addition solved the cold start
problem was alleviated to a large extend.
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Kaushik & Tomar (2015) evaluated the similar-
ity functions using user based collaborative filter-
ing. A rating matrix was taken as input, similarity
between the users was determined by use of Eucli-
dean distance, city-block distance, Pearson‘s cor-
relation and adjusted cosine relation.

Then the nearest neighbor were selected based
on the above similarity functions and hence the
recommendations were generated. This paper also
conducted a comparative analysis between the sim-
ilarity functions to identify the best function.

Sneha & Mahadevan (2015) integrated the con-
cept of multi-criteria rating in recommendation
system where every item has ratings for different
characteristics. They used two different approaches
that is a clustering approach and weighted correla-
tion approach. The former one uses Spearman‘s
rank correlation, Euclidean distance metrics and
Karl Pearson‘s correlation. This will provide the
list of similar users from clustering on the bases of
mentioned metrics. The second approach assigns
certain weights to the criterions depending on the
time stamp. And finally the best recommendation
were made for users.

Hu et al. (2014) proposed a cluster based col-
laborative filtering which aimed to recruit similar
services in several groups called the clusters. The
method executed in two steps, firstly the services
were divided into small-clusters according to their
similarity by using agglomerative hierarchal clus-
tering algorithm also known as the bottom-up
clustering and in the second step collaborative
filtering was computed by Pearson‘s correlation
among these clusters.

The approach instead of considering an item as
a whole entity it considers the multiple parameters
of an item and based on the ratings of these param-
eters the average rating of the item is calculated.
This method lead to a more efficient and accurate
result about recommending an item. Hwang (2010)
proposed a system which integrates multi-criteria
into collaborative filtering algorithm with the help
of genetic algorithm for optimal feature weight-
ing. This technique used collaborative filtering and
genetic algorithm to compute the prediction for
individual criterion and aggregates the final pre-
diction by weighting values respectively.

Parveen et al. (2015) proposed a multi-criteria
recommendation system using fuzzy integrated
meta-heuristics which recommends the relevant
item to the user with the help of fuzzy multi-
criteria decision making approach. This approach
was based on the domain of movies which has mul-
tiple characteristic as Actor, Actress and director.
These multiple characteristics are assigned some
linguistic variables which the users uses for provid-
ing their preferences. These variables are then fuzzi-
fied using triangular membership functions. Users



are then allowed to provide their ratings for each
characteristic and a user-item matrix is maintained.
Then to rank the items for a user defuzzification is
done. Based on the normalized weights ranks are
provided to the list of items on the basis of ranks
provided by other users. Finally the best possible
item is selected and is recommended to the user.
Ge & Ge (2012) presented a model to deal with
the most common problem of collaborative filter-
ing by using Singe Value Decomposition (SVD)
based collaborative filtering. They used the lower-
rank approximation to eliminate the noisy data
which is caused due to the irregularities in the
browsing behavior of users. They achieved good
results of recommendations with their model.

2.3 Hybrid recommender system

It combines best features of both content-based
filtering and collaborative filtering to make more
accurate suggestions to the user. It overcomes the
disadvantages of both the techniques and can be
more effective and efficient in recommending items
to the users. For example Liu et al. (2010) proposed
a Bayesian framework which uses browsing behav-
ior of the user and the news trends of all the users
to predict the user‘s current news interest. It used
both content based and collaborative filtering for
creating user profile and generating new recom-
mendations respectively.

Reddy et al. (2014) proposed a novel algorithm
based a hybrid approach where clustering is used
to cluster the similar users on the basis of their lis-
tening history and then the items which are closely
related are identified by the use of association rule
mining. At last the items are recommended using
strong association rules.

Wang & Blei (2011) proposed a recommenda-
tion system based Collaborative Topic Regression
(CRT). They combined the use of both collabora-
tive filtering and content based filtering. The best
features of collaborative filtering and LDA were
used to make interpretable user profiles and latent
structures for items to make recommendations for
scientific articles.

McAuley & Leskovec (2013) considered the
review text along with user ratings for building a
hybrid recommendation system. They combined
the latent ratings dimensions and latent review
topics with a help of a transformation function,
to obtain interpretable textual labels to compare
the user ratings with their reviews and thus make
predictions for products. Their results were better
than those approaches which ignores the review
text and considers ratings only for prediction.

Ling et al. (2014) proposed a hybrid model of
recommendations system. They emphasizes on
both review text and the ratings provided by the
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users. They overcome the problem of cold start by
applying topic modelling methods and using the
information present in the review text. To improve
their predictions they aligned the topics and asso-
ciated them with latent item factors.

3 COLLABORATIVE FILTERING BASED
ON TIME

Traditionally many research has been proposed for
building a more accurate and more efficient rec-
ommendation system as we have discussed above
by highlighting various different types of method
used to develop a recommendation system. Some
of them have used collaborative filtering, some
applied content-based and also hybrid approach,
many have focused on association rules, fuzzifica-
tion/defuzzification, clustering etc. Many factors
have been exploited previously such as review text,
ratings, sentiments, demographic details etc. to
compare different users and items for measuring
the similarity to generate the most appropriate rec-
ommendations for a user.

Time as a factor has been rarely used in com-
puting the similarity among the users or items. In
earlier approaches specially in the case of collabo-
rative filtering a set of similar users is identified
based on their browsing behavior. This means the
ratings provided by the users are considered for
computing the similarity among different users.

The collaborative filtering pre-assumes that
the users having similar interest in the past tends
to have similar interest in future. But what hap-
pens when any two users having similar behavior
in past, in future tends to have a slightly deviated
browsing behavior? The predictions will be made
for them on the basis of their past behavior which
will not generate accurate results.

Since we cannot ignore the similar behavior
of users in the past and considering the question
raised above, we can use time as factor for deter-
mining the similar users. As discussed the brows-
ing behavior of user may change with time so it
highlights the importance of considering time as
factor calculating similarity among the users. Time
factor can also be useful in comparing a new user
(have liked less items) and an old user (have liked
much more items).

Yingyuan et al. (2015) raised a problem in their
paper that suppose there are two users ‘a’ and ‘b’
and they have to be compared for similarity. Here
‘a’ is a new user and have liked Na items and user
‘D’ being an old user have liked Nb items, such that
Na << Nb. To compare the similarity among the
both the user we use a simple metrics called the
Jaccard's correlation coefficient. It is given by:



| Na~ Nb|
| Na~ Nb|

According to the formula above the similarity is
calculated by dividing the items common to both
of the users by the total number of items they have
liked. Suppose user a and user b have similar inter-
ests in past and have liked similar items. Since b
is an old user and have liked much more items as
compared to the new user a. Due to this the set
of similar items is much smaller than the set of
items which are liked by both the users. The result
of Jaccard‘s coefficient will now result in a very
small similarity between the two users. This shows
that despite of having similar behavior in the past
the similarity may not be always constant. What if
we have considered the time factor of comparing
these two users? What will happen if we check for
the similarity between the users based on the time
news user have been active on the system?

To answer these questions a news recommen-
dation was built by Yingyuan et al. (2015), which
calculates the time-dependent similarity among
the users and uses a Time-Ordered Collaborative
Filtering (TOCF) to predict the news articles for
the users. They made a profile for each user having
the record of at what time a specific user read an
article. Based on this profile a time interval is made
for each user and the similarity is computed on the
basis of user‘s behavior during that time interval.
Using above example, for determining the time-
dependent similarity between users a and b, the
time when they both first read a news article and
the time they last read a news article is considered.
The lower value of the time interval is determined
by the maximum (first time of a, first time of b)
and the upper value of interval is determined by
minimum (last time of a, last time of b). Now to
compute the similarity Jaccard‘s correlation is used
but only the articles read between the time inter-
vals defined are considered. This provides the time-
dependent similarity between the users which can
compare a new user to a very old user and it can
even deal with timely changing browsing behavior
of the users.

After determining the time-dependent similarity
are Time Ordered Collaborative Filtering (TOCF)
is executed in which the set of time-dependent sim-
ilar users is taken as input and the articles which
are highly rated by these similar users are recom-
mended to a user considering the fact the articles
must have been read after the upper interval of the
timeline.

The method discussed is the one recently made
approach for developing a recommendation system
which uses time as an important factor for deter-
mining the similar users and recommending articles
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to the user. Since they have use the Jaccard's corre-
lation coefficient which only considers the number
of articles which are similar between the users and
ignore the ratings which the users have provided on
those articles. This highlights a point what if the
users have read similar articles but have rated them
with extremely different rating? What if, on a simi-
lar article one user has provided very low rating and
other provided a very high rating? The Jaccard‘s
correlation will simply considered the news articles
that are common to both the user despite of what
ratings have been provided to those articles which
can hamper the accuracy of recommendation. So
there is need to use some other correlation metrics
which can be used to for calculating the similarity
between the users by considering the ratings pro-
vided by them, this could lead to more accurate
results and together with the time-dependent col-
laborative filtering can result in much better recom-
mendations for the products as compared to other
traditional approaches used. Some good result has
been displayed by Time Ordered Collaborative Fil-
tering (TOCF) developed by Yingyuan et al. (2015),
as compared with simple collaborative filtering
approaches and has the capability of improving
by considering the preferences provided by differ-
ent users on the news articles while computing the
similarity between users instead of their viewing
behavior on different news articles.

4 CONCLUSION

We concluded that, previously many research work
has been done to build more accurate recommen-
dation systems using various methods and metrics
and considering various factors to achieve better
performance but very rare have given importance
to the time as factor for making recommendations.
The use of time factor can be very useful along with
the collaborative filtering method. Since the brows-
ing behavior may deviate for different users with
time which makes it very difficult to make accurate
comparisons between the users. But if we consider
timelines for each user and use it while comparing
them we can obtain much better results.

5 FUTURE WORK

Recommendation systems can be built by exploit-
ing time as an important factor for making better
recommendations for users. Some other metrics
can be used to calculate the similarity between the
user which not just dependent on the number of
items liked by users as in case of Jaccard‘s correla-
tion coefficient, but also consider the ratings pro-
vided by different users on different items. This can



improve the recommendation results as it may deal
with issue of users browsing similar items but rat-
ing them in different ways.
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Study on the formation of wrinkles in the panel drawing operation

using FEM
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ABSTRACT: Sheet metal forming process is widely used technique in deep drawing for producing parts
from sheet metal blanks in a variety of fields such as aerospace and automobile. Wrinkling and tearing are
common surface defects in sheet metal forming. In experimental methodology, three basic steps were car-
ried out to find out the cause of defect in the drawn component. In the first step, the process was studied
to explore the various causes for the wrinkle formation. In the second step, Taguchi method was used to
design the set of experiments that were to be carried out for defect analysis of the drawn component. In
the third step, simulation of the experiments gave results in the form of thickness distribution, effective
stress distribution, effective plastic strain distribution and the yield stress distribution. Using signal to
noise ratio, the optimum level of each parameter was decided. Further, the contribution of each param-
eter to the quality of the drawn component was studied.

1 INTRODUCTION

Sheet metal forming is one of the most widely
used manufacturing processes in many industries,
but, the improper design of process parameters
can lead to defects such as wrinkles and tearing.
Various parameters that affect the drawing opera-
tion are blankholder force, lubricity, drawbeads
contour and location, material properties of the
blank, friction, die radius, punch die clearance
and sheet thickness. In the present paper, these
parameters were varied to find out the actual rea-
son that caused wrinkling. The modeling of dies
was done by using Pro/E and simulation was done
using Simufact application software. Drawing is
a technological process during which a flat piece
of sheet-metal material (i.e., blank) is transformed
into a hollow, three-dimensional object. Such
transformation can be produced either in a single
step, or in a sequence of operations, each of them
changing the shape but partially. During the proc-
ess of drawing, the material is forced to follow the
movement of a punch, which pulls it along, on its
way through the die. At first, the drawn material
has to overcome its own elastic limit, succumbing
to plastic deformation right afterwards. Draw-
ing of irregular shapes is a complex process that
always demands many special considerations.
Irregular shapes, such as covers, car fenders, and
many other such elements, demand a tight con-
trol of the dimensional stability of the die, cou-
pled with a proper material flow during drawing.
Since production of many of these parts is further
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complicated by cosmetic requirements pertaining
to their exposed surfaces, no defects of any kind are
often acceptable on such parts. For these reasons,
the metal flow must be tightly controlled. Where
unrestricted flow of material will tend to create
wrinkles, draw beads have to be added selectively,
where needed. The degree of bead restriction may
be altered by varying the bead contour and height
(Ivana Suchy, 2006).

2 LITERATURE SURVEY

Feng et al. (Yang Feng, Xiaochun Lu and Bing
Gao, 2011) investigated the deep drawing of irregu-
lar square cup by studying different blankholder
forces and blank shapes in the numerical model and
accurately predicted the wrinkle formation through
experimentation of blankholder force and forming
limit diagram. Murali et al. (A. Murali G., B. Gopal
M. and C. Rajadurai A, 2010) used finite element
method to optimize the location of circular and
rectangular drawbeads and analyzed the strain and
thickness variations during the cup drawing process
using Dynaform and Ls-Dyna. Watanbe et al. (Aki-
hro Watanabe, Hisaki Watari, Takehiro Shimizu,
Yuji Kotani and Takanori Yamazaki, 2010) investi-
gated the effects of variable blank holding force on
press formability and compared it to the use of con-
ventional press machine using FEM and observed
wrinkling for different loading conditions. Aye and
Xing (Winn Wah Wah Aye and Li Xiao Xing, 2010)
optimized the forming process for transiting part of



combustion chamber by using ABAQUS software
and investigated the influences of friction coefficient
and blankholder force in wrinkling. The values were
optimized toeliminate wrinkles. Rajuetal. (S. Raju, G.
Ganesan & R. Karthikeyan, 2010) discussed the cup
drawing and studied the effect of equipment and
tooling parameters and discussed the resulting com-
plex deformation mechanism in sheet metal forma-
bility using the Taguchi’s signal-to-noise ratio. Ayari
et al. (F. Ayari, T. Lazghab and E. Bayraktar, 2009)
developed a parametric study to predict accurately
the final geometry of the sheet blank and the dis-
tribution of strains and stresses and also to control
various forming defects, such as thinning as well as
parameters affecting strongly the final form of the
sheet after forming process using ABAQUS/Explicit
standard code. Ji et al. (Lianqing Ji, Zhiyuan Zhang
and Qian Li, 2009) suggested that that unbalanced
compressive forces resulted in wrinkling. The results
described that the reasonable selection of mould
clearance, blank holder force, drawing speed, etc.
could effectively control the distortion during draw-
ing of components. Paunoiu and Nicoara (Viorel
Paunoiu & Dumitru Nicoara, 2003) presented the
technological test used for characterizing the friction
coefficient in deep drawing. The numerical simula-
tion was used and the influences of clearance and
friction coefficient value on the deep drawing force
were explained. Hu et al. (Z. Hu, H. Schulze Nie-
hoff and F. Vollertsen, 2003) investigated the sheet
metal forming process in detail and described about
the influence of friction between the workpiece and
tool on the process. Liu et al. (Gang Liu, Zhongqin
Lin and Youxia Bao, 2002) optimized the design of
the drawbead which affected the strain and thick-
ness distributions in the formed part. Wong et al.
(C. Wong, R.H. Wagoner and M.L. Wener, 1997)
investigated the influence of die corner geometry on
the attainable draw depth of rectangular parts using
3D FEM and optimum rectangular blanks. In the
present paper, the drawing simulation of a dashboard
top was done using Simufact application software.
The modeling of the dies was done in Pro/Engineer.
The paper aimed at the elimination of wrinkles that
appeared in the corners of the dashboard after the
drawing operation.

3 METHODOLOGY

3.1

Design of experiments is a structured, organized
method that is used to determine the relation-
ship between the different factors (Xs) affect-
ing a process and the output of that process (Y).
The parameters that were selected for analysis were
corner radius, clearance between punch and die, die

Design of experiments
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entry radius, drawbead height, friction coefticient
between punch and workpiece, and blankholder
force. The low, medium and high levels of the con-
trol factors are given in Table 1.

The L18 array was selected based upon the
number of design factors and their levels, as
designed by Taguchi. The workpiece was a sheet of
size 500 mm X 470 mm X 1.2 mm. The material of
sheet was IS: 513 EDD grade (Extra Deep Draw)
Cold Rolled Close Annealed steel. The cad models
of the dies were imported into Simufact in stereo-
lithographic (.stl) format. The meshing of the sheet
was done using sheetmesher with 5 mm element
size. A stroke of 100 mm was defined. Multifrontal
Sparse solver was used to carry out the simulation.
The outputs for the various results obtained with
actual process parameters are shown in Figure 1.

The thickness distribution pattern shows that the
thickness after the drawing operation varies from
about 0.139 mm to 1.25 mm. So, the maximum
thickening of metal is in the flange region and the
region near the corner radius. It can be observed
that the region where the value of effective plastic
strain is maximum is the same region at the side
walls where the maximum thinning of the sheet has
occurred. It can be noticed that the value of effec-
tive stress is maximum at the side wall region where
the maximum thinning of the sheet has occurred.
It can be observed that the region where the yield
stress is maximum is the same region of the side
wall where the maximum thinning of the sheet has
occurred. The thickness distribution obtained by
simulation and photo-graph of the actual compo-
nent with wrinkles are shown in Figure 2.

It can be observed from the Figure 2 (a) that the
thickness distribution of the metal is fairly gradual
at most of the regions. But, the local thickening of
metal at the corners shows that the region would
be susceptible to wrinkles. As explained earlier, the
region where local thickening occurs is the same
region where the effective stress is maximum. So,
the corner regions can be clearly defined as the
problematic area. The same results are shown in
Figure 2(b), which shows wrinkles in the corners
of the component which actually appear after the

Table 1. Levels of control factors.

Levels
Design Factors 1 2 3
A (Corner Radius) (mm) 15 20 25
B (Die Punch Clearance) (mm) 1.2 1.35 1.5
C (DieEntry Radius) (mm) 6 7 8
D (Drawbead Height) (mm) 2.2 2.6 3
E (Friction Coefficient) 0.01 0.08 0.15
F (Blankholder Force) (kN) 100 125 150
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Figure 1. Results obtained in terms of (actual case) (a)
Thickness (b) Effective stress (c) Effective plastic strain
and (d) Yield stress variations.

@) (b)

Figure 2. Comparison of (a) Simulated result (actual
case) and (b) Actual component.

drawing operation. So, it may be concluded that
the simulation results are valid. For comparing the
results obtained using optimum parameter values
with those obtained with current parameter values,
in terms of thickness and thickness variation of
the region prone to wrinkles, a grid of points was
identified, shown in Figure 3(a). This grid was used
for measuring the thickness of the part after the
simulation at specified points for obtaining com-
parative results. The thickness measurements were
obtained at two corner regions, one on the narrow
side (p) and the other on the broader side (q) of
the drawn component, as shown in Figure 3(b).
Since the component is sym-metrical about the sec-
tion XX, the thickness distribution in the corners
opposite to p and q will be similar.

The thickness and thickness variation of the
wrinkled regions at the corners was plotted using
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thickness values measured at 300 grid points, which
are given in Figure 4.

Figure 4(a) and (b) show thickness in corner
regions p and q, respectively. The surface of cor-
ner q is more uneven than that of corner p which
shows that the variation in thickness is more in case
of corner q than corner p. The figures give values of
the thickness at different points on the corners. To
obtain a clearer picture of the thickness variation,
the plots (c) and (d) were plotted about the mean
thickness of the component. The unevenness of the
surface reduces in both plots, but, the variation in
corner q is still more than in corner p. Thus, the
thickness obtained at the grid points gives a quanti-
tative measure of the wrinkles at the corners.

3.2 Signal-To-Noise ratio and response of process

One of the quality criteria in sheet metal formed
parts is thickness distribution. The objective is to
reduce thickness variation in deep drawn part as
well as minimize thinning. Therefore, in this study,

15 x 20 Grid

Figure 3. (a) Grid used for thickness measurement
(b) Corners for thickness measurement.
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Figure 4. (a), (b) Thickness and (c), (d) Thickness vari-
ation of actual case.



the response selected from the experiments is the
thickness distribution. It analyzes the joint effects of
control and noise factors, and for this purpose, pro-
posed a performance criterion called signal-to-noise
ratio (S/N). Defectives due to wrinkles and excessive
localized thinning alter the product geometry from
the designed one, causing difficulties in joining and
assembly of sheet products, and limiting the prod-
uct serviceability. Therefore, thickness of the deep
drawn component should be as uniform as possible,
i.e. the nominal values are preferred throughout the
section. If the nominal value for a characteristic is
the best, then the designer should maximize the S/N
ratio, accordingly the S/N ratio chosen was given be-
low (Winn Wah Wah Aye and Li Xiao Xing, 2010):

S/N=1()log(y—22]...‘ )
s

Szzzn:(y,—ym)z/(n—l).... )
yzziyi/n..... 3)

where y is the measured value of thickness, and n is
the number of experiments.

The thickness of the drawn component varies in
a different manner along different contours. It thins
along the side walls, while, it thickens along the cor-
ner edge. The optimum value of parameters would
depend on the thickness values considered. So, along
different profiles, there would be different results.
Therefore, the S/N ratios were calculated along two
profiles on the component as shown in Figure 5.

For Computing The Signal To Noise Ratio The
Thickness Values Were Measured At 12 Points
Along The Profile I. The S/N ratios that were cal-
culated from equations 1 to 3 are given in Table 2.

The percent contribution measures proposed
by TAGUCHI were used for the interpretation of
experimental results. The calculated values of level
average for all the parameters are given in Table 3.

The mean value of S/N ratio in all experiments
is given as S/N_, 9.947374. The optimum levels for
the significant factors, for the most even wall thick-
ness distribution are given in Table 4.

The contribution of the control factors is given
in Figure 6.

Finally, the comparison of the actual values
of control factors and the optimum values as
described from the results is shown in Table 5.

Simulation of the Drawing Operation using
Optimized Parameters (Case 1)

The setup of simulation was done using the
optimum parameters as defined by Table 5. The
result of case 1 is shown in Figure 7.
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Figure 5. Thickness values taken along two profiles
case-1: signal-to-noise ratio along profile I.

Table 2. S/N ratios for experiments (case 1).
Expt. No. S/N Ratio Expt. No. S/N Ratio
1 11.91202 10 8.132855
2 8.067483 11 10.13141
3 9.804496 12 9.855615
4 8.131779 13 9.730056
5 12.68915 14 10.40492
6 9.928137 15 7.623429
7 11.46781 16 7.659717
8 11.24959 17 11.12385
9 10.68021 18 9.046293
Table 3. Level averages of S/N ratios (case 1).
Control factors Level SIN,,.
A (mm) 15 9.650647
20 9.751245
25 10.22125
B (mm) 1.2 9.522373
1.35 10.61107
1.5 9.489697
C (mm) 6 9.933783
7 10.14273
8 9.546619
D (mm) 22 10.48177
2.6 8.781269
3 10.3601
E 0.01 10.63321
0.08 9.077257
0.15 9.912669
F (kN) 100 10.55027
125 9.39059
150 9.68227

On comparison of the actual case and case 1,
it was found that the minimum thickness in case 1
was 0.417 mm which was more than the actual case
where the minimum thickness was 0.139 mm. So,



Table 4. Optimum parameter values (case 1).

Parameter Optimum value
Corner Radius 25 mm
Clearance 1.35 mm

Die Entry Radius 7 mm
Drawbead Height 2.2 mm
Friction Coefficient 0.01
Blankholder Force 100 kN

CONTRIBUTION%

= A(Corner Radius)
 C(Die Entry Radius)
B E(Friction Coefficient)

 B(Clearance)
B D(Drawbead Height)
B F(BlankholderForce)

Figure 6. Contributions of parameters (case 1).

Figure 7. Thickness distribution of case 1.

the thinning was reduced along the side wall. But,
the wrinkled region at the corners was almost the
same. The thinning is not giving any problem at
pre-sent, so, only the wrinkled region was focused.
The thickness and thickness variation measured at
grid points in the wrinkle prone region were plot-
ted, as shown in Figure 8.
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From the comparison of thickness distribu-
tion and thickness variation (Figure 8) with those
obtained in the actual case (Figure 4) it is observed
that the minimum and maximum thickness values
obtained with optimized parameters are 1.05 mm
and 1.22 mm, respectively whereas, those obtained
with actual case are 1.08 mm and 1.20 mm, respec-
tively in the wrinkle prone region on the narrow
side. This indicates an improvement in the thick-
ness distribution. However, the thickness variation
about mean does not show any improvement as
compared to actual case. On the broader side, the
minimum and maximum thickness values obtained
with optimized parameters are 1.05 mm and
1.25 mm, respectively whereas, those obtained with
actual case are 1.06 mm and 1.20 mm, respectively
in the wrinkle prone region on the broader side.
Thus, the thickness values as well as the thickness
variation about the mean indicate that the results
have not improved with the new parameters. For
computing the Signal to Noise ratio the thickness
values were measured at 15 points along profile
I1. The S/N ratios that were calculated from equa-
tions 1 to 3 are given in Table 6.

The calculated values of level average for all the
parameters are given in Table 7.

The mean value of S/N ratio in all experiments
is given as S/N,, 14.05351. The optimum levels for
the significant factors, for the most even wall thick-
ness distribution are given in Table 8.

The contribution of the control factors is given
in Figure 9.
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Figure 8. (a), (b) thickness and (c), (d) thickness varia-
tion of corners in case 1.



Table 5. Comparison of actual values with optimum
values (case 1).

Actual Optimum
Parameter value value
Drawbead Height (mm) 2.2 2.2
Friction Coefficient 0.01 0.01
Clearance (mm) 1.2 1.35
BHF (kN) 100 100
Corner Radius (mm) 20 25
Die Entry Radius (mm) 8 7
Table 6. S/N ratios for experiments (case 2).
Expt. No. S/N Ratio Expt. No. S/N Ratio
1 12.74322 10 13.11521
2 13.86883 11 16.0617
3 16.3681 12 12.44249
4 13.29376 13 12.19386
5 16.84759 14 13.03901
6 13.5431 15 14.99935
7 16.25178 16 14.16467
8 13.24656 17 13.45652
9 13.60767 18 13.71979
Table 7. Level averages of S/N ratios (case 2).
Control factors Level S/N,,,
A (mm) 15 14.09993
20 13.98611
25 14.0745
B (mm) 1.2 13.62708
1.35 14.42004
1.5 14.11342
C (mm) 6 14.02704
7 14.22072
8 13.91278
D (mm) 2.2 14.22643
2.6 13.26483
3 14.26483
E 0.01 12.93763
0.08 13.44071
0.15 15.7822
F (kN) 100 13.80744
125 14.2058
150 14.1473

Finally, the comparison of the actual values
of control factors and the optimum values as
described from the results is shown in Table 9.

The setup of simulation was done in Simu-
fact using the optimum parameters as defined
by Table 9. The result of case 2 is shown in
Figure 10.

Table 8. Optimum parameter values (case 2).
Parameter Optimum value
Corner Radius 15 mm
Clearance 1.35 mm

Die Entry Radius 7 mm
Drawbead Height 3 mm

Friction Coefficient 0.15
Blankholder Force 125 kN

CONTRIBUTION% .

Figure 9. Contribution of parameters (case 2).

Table 9. Comparison of actual values with optimum
values (case 2).

Parameter Actual value Optimum value
Friction Coefficient 0.01 0.15

Clearance (mm) 1.2 1.35

Drawbead height (mm) 2.2 3

BHF (kN) 100 125

Die Entry Radius (mm) 8 7

Corner Radius (mm) 20 15

On comparison of the actual case and case 2,
it was found that the wrinkled region at the cor-
ners had decreased. Though, the thinning region
increased, but still, the minimum thickness was
0.287 mm which was more than the actual case
where the minimum thickness was 0.139 mm. So, it
was concluded that the wrinkles could be reduced
by using the optimized parameters of case 2. The
thickness and thickness variation at the wrinkled
region were plotted, as shown in Figure 11 below.

From the comparison of thickness distribu-
tion and thickness variation (Figure 11) with those
obtained in the actual case (Figure 4) it is observed
that the minimum and maximum thickness values
obtained with optimized parameters are 1.12 mm
and 1.20 mm, respectively whereas, those obtained
with actual case are 1.08 mm and 1.20 mm, respec-
tively in the wrinkle prone region on the narrow
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Figure 10. Thickness distributions in case 2.
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Figure 11. (a), (b) thickness and (c), (d) thickness vari-
ation of corners in case 2.

side. This indicates an improvement in the thick-
ness distribution. However, the thickness variation
about mean shows significant improvement when
compared to actual case. On the broader side, the
minimum and maximum thickness values obtained
with optimized parameters are 1.08 mm and
1.20 mm, respectively whereas, those obtained with
actual case are 1.06 mm and 1.20 mm, respectively
in the wrinkle prone region on the broader side. The
thickness variation about mean on the broader side
is marginal.

Thus, the thickness values as well as the thick-
ness variation about the mean indicate that the
results have improved with the new parameters.
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Since, the dial gauge panel is fitted on the the
broader side, the wrinkle prone regions are covered
by the frame of the panel. Therefore, the rework,
which is carried out on the narrow side of the
dashboard, will not be required if the dashboard is
drawn with the optimized parameters of case 2.

From the analysis of the results, it may be con-
cluded that the optimized parameters obtained
using S/N ratios computed for points along profile
IT are suitable for reducing wrinkles. The results
were experimentally verified.
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Metaheuristics: Modeling variant of ant colony optimization
for image edge detection using self adaptive approach
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ABSTRACT: Ant Colony Optimization (ACO) algorithm is nature inspired that relies on the way the
ants make a route to reach the destination with food. The principle lies in the fact that as ants make a way
they release a chemical substance known as pheromone that helps other ants to follow the shortest path.
ACO also holds an application in the area of edge detection in an image by creating the pheromone matrix
that represents the intensities of the pixels of the image. The manner in which the ants move is analogous
to the way the variation is seen in the intensity values of image. In this paper a variant of ant colony has
been proposed that modifies the way the global path is updated thereby making the edge detection to be
more precise and accurate. Experimental results have been shown and been compared with the previously

existing techniques.

1 INTRODUCTION

As metaheuristics algorithms came into the domain
with a view to obtain global optimization, ant col-
ony optimization was one of these algorithms that
mimics the traits of the natural ants (MaulikUjjwal,
2009) (Glover F. and Kochenberger G. A, 2003).
Ants find their route to reach the food by randomly
searching the different paths. As each moves, it
deposits the substance called pheromone along the
path. On the basis of the length of the path, the
concentration of pheromone varies. The other ants
choose the path that has the highest concentration
of pheromone. The varying randomness deter-
mines the optimal solution. In this paper, ACO has
been used to detect and deal with the edge detec-
tion problem, with a view to detect the edges in the
image as they provide really important information
(MaulikUjjwal, 2009). It considers the ants that
make a move on the image as the intensity of the
pixels vary thereby generating a pheromone matrix.
There has not been much work done in this par-
ticular direction except some of it being shown in
(Collet Pierre & Jean-Philippe, 2006). The difference
that has been shown in our approach in the way
the pheromone matrix is updated. In this updation
has been done combining it with the self-adaptive
approach thereby detecting the edges more clearly.
The following Figure 2 shows the various pos-
sibilities encountered by the ants while foraging.

1.1  Mathematical model of ant colony algorithm

ACO focusses on finding the global optimum solu-
tion through a guided search mechanism i.e. with
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the movement of the ants by generating the phe-
romone matrix.

At the nth construction-step of ACO, the kth
ant shows movement from the node i to the node j
as per the probabilistic action rule. The transition
probability will be as follows in equation 1. Whenthe
tour of the ants is completed, the pheromone val-
ues are updated as per the following equation 2.

1.2 Proposed approach

In the following four equations, lambda value
determines curve of the function used for calcu-
lating heuristic value. To determine best result, 4
lambda values are considered: 5, 10, 15, 20.

When new heuristic value is found which is
best, then updation for single ant is carried out. It
includes “memory” factor (rho) which means for
how long the path will remain in ant’s movement
path. This local updation is carried out by ant in
program using:

(1-p)- 750+ p- A

[V

if (i, j) isvisited by
zf)’/'.’” = the current k-th ant;

z‘}_’}’”, otherwise.

where right side of eqn. is existing pheromone path
and after updation for each ant, overall update
takes place, which determines the final extension in
existing path. This new extension is corrected using
genetic algorithm in program using:

p’:(l+1

P exp(—y- N{0. 1))}
p




After this extension is merged with existing path
in program using:

delta_p = (delta_p + (delta_p_current > 0))>0;
p = (1-phi).*p;

2 RESULTS AND ANALYSIS

2.1  Parameters for comparison

2.1.1  Pratts figure of merit
R=1/1,%1/ad>

where I = max{Ii,Ia} where Ii and Ia are expected
and actual edge map points, d is the distance
between actual edge point and ideal edge points. a
is the scaling factor. Basically the quality of Edge
detector is analyzed

2.1.2  Shannon’s entropy
Image entropy is a quantity that refers to the
amount of information.

Entropy = —ZPLogP

In the above expression, P i is the probability
that the difference between 2 adjacent pixels and
Log 2 is the base 2 logarithm. It compares the Ideal
image and our output image.

[7, ()", 1
Y a7 O1 ()

Pi)=

if j belongs to allowed otherwise 0

7, (t+n)=pr()+ Az,

Where rho is the evaporation rate as pheromone
evaporates over a period of time.

m
— k
Az, = E Az',.j.
k=

Where left hand side shows the quantity of phe-
romone on edge (i,j) and is calculated as:

Arq ="
v L

k

if kth ant uses (i,j) in tour or 0 otherwise. Now to
calculate heuristic value for that location, Vi,j is
calculated as:

¢

V.= ((Iifz,/u e IR RE Y A _Ii+2_/‘—l|)

The function f(.) is determined using the four
functions mentioned below:

S
S

x)=Axforx=>0

x)=Ax?* for x>0

=sinAx/2A

~

X

X

(x)=
(x)=
()
f(x¥)=

Here I is the intensity and whole equation inside
f() in 1st equation, is calculated using intensity of
neighborhood positions.

Table 1. Four functions considered.

Image Lena(128%128)
Func 1 AX

Func 2 A x2

Func3 sinA x/2 A
Func 4

Hxsion//\

Table 2. Basic algorithm.

Basic (A =) 5 10 15 20
Func 1 0.662 0.682 0.681 0.667
Func 2 0.430 0.482 0.399 0.427
Func 3 0.665 0.707 0.685 0.680
Func 4 0.470 0.450 0.418 0.501
Table 3. Modified algorithm.

Modified (A =) 5 10 15 20
Func 1 0.648 0.701 0.693 0.664
Func 2 0.430 0.442 0.442 0.443
Func 3 0.699 0.695 0.718 0.659
Func 4 0.462 0.456 0.402 0.453

Table 4. Comparison with other algoithms.

Algorithm Pratts FOM Entropy
Edison 0.5461 0.6777
Rothwell 0.5184 0.7438
LoG 0.4721 0.8114
SUSAN 0.5115 0.7928
Roberts 0.3592 0.5124
Sobel 0.3761 0.5303
Genetic Ant 0.7180 0.4546
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Figure 1. Comparison of algorithms.
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Modified Ant

Figure 4. Maximum value of Pratt’s figure of merit is
when using func3 with A = 15 using modified ACO Algo-
rithm: 0.718042.
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Improving medical image classification model using data mining technique
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ABSTRACT: A huge increase in medical image database volume has set new challenges to clinical rou-
tine for patient’s record about diagnosis, treatment & follow-up, and with help of data & image mining it is
possible to assist or automate the radiologist for diagnosis. Therefore research should be done in this area
of data mining and its methods can help as remedy in this circumstances. This paper discusses about an
improved method of classification using glem features to classify medical images especially retinal fundus
images. Here for various image pre-processing techniques and for the purpose of calculating and extract-
ing various intensity related features MATLAB tool is used. Pre-processed retinal fundus images are used
to model the classifier and classification accuracy and area under the ROC curve are used as performance
metrics in order to compare the existing kNN classifier with proposed classifier.

1 INTRODUCTION mining is a better technique among all as men-
tioned by Gandhi (2015). The idea of using statis-
Data Mining is the process where one tries to  tical features was derived from Satej (2013). kNN
retrieve information or find out the hidden pat-  algorithm is simple to implement & execute and
terns in a data set in order to predict future. So  also gives better accuracy, therefore kNN method
many advancements has been done in the field of  was pursued. The concept of adding a weighting
image processing that can help in analyzing anom-  technique for the kNN algorithm was derived from
alies/irregularities in images using their pixel val-  Satej (2013) which also considered weights of the
ues. Numerical data can be extracted from images  training instance while classifying test instance.
by using statistical methods, which can be further =~ This method is effective but lack the selection of
used for classifying images. One such tool is KNN  better features for classification. The idea of using
classifier, where k nearest neighbors are considered ~ some new features came from Kumar (2015) and
while predicting the class of a new test instance.  Aggarwal (2012).
But the problem arises when we have even value of
k and also the class labels of the nearest neighbors
are equal in number. In such a case random class 3 PROPOSED WORK
label is chosen by the kNN classifier. In this paper
an improved kNN model for classifying retinal In the below figure overall classification model
fundus images has been used as proposed by Satej  for classifying medical images as proposed in this
(2013) along with some additional features. Reti-  paper has been mentioned. The initial step of clas-
nal fundus images are specific class of images used  sification includes image pre-processing followed
in medical studies that provides the details of the by feature extraction and feature selection (feature
inner lining of a human eye. The model proposed  scaling (optional)). Once all this has been done, the
will help to identify a patient affected by diabetic =~ mentioned k nearest neighbor algorithm is then
retinopathy. applied on the data set which we obtained as a
result set containing reduced set of features. The
process of image processing, feature extraction
2 RELATED WORK and feature selection is performed on test images
as well before feeding to classifier.
Medical images can be classified using various
techniques and these are categorized into Neural
Network classification, Texture-based classifica-
tion, and Data Mining as mentioned by Smitha  For this paper retinal fundus images are used where
(2011). Neural network classifier has a shortcom-  thereis a high variation in the pigment colors of the
ing that they don’t perform well when we have large  eye therefore image pre-processing step is applied
datasets as mentioned by Hosseini (2012). Data  in order to counter the non-uniformity in color

3.1 Image pre-processing
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Figure 1. Flowchart of medical image classification.

distribution. So gray scaling of the image is done
and then for adjusting the variation in contrast an
adaptive histogram equalization process is applied.
Gray scaling is a process where instead of convert-
ing a color image to black/white, image is converted
to various shades of gray with black being dark-
est and white being lightest. Adaptive Histogram
equalization is a process of contrast adjustment of
smaller regions in the image.

3.2 Feature extraction

The data set consisted of images of size 1500 x 1152
pixels. So, images were resized to 576 x 720 pixels
and these were used for building the classifica-
tion model. Then images were further divided into
smaller 128 sub-images and the size of the sub-im-
age being 36 x 90 pixels. After this from each block/
sub-image features are extracted as mentioned in
equations 1-10 below. Two types of features were
extracted from the images, first order statistical
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features which include mean, median, mode, vari-
ance, Skewness, kurtosis and second order statis-
tical features i.e. glem (gray level co-occurrence
matrix) features which include contrast, energy,
correlation and homogeneity. While extracting
glem features the image was divided into sub-
images of size 36 x 36 pixels leading to 320 sub-
images and an offset of 17 pixels is considered
in four directions only, also images were divided
into sub-images of size 36 x 90 pixels leading to
120 sub-images. Glecm features were calculated and
extracted using MATLAB.
Features extracted are:

1. MeanZ/I:ZX,- ()
i=1
Z(Xi - )?)2
2. Variance = =L ———— 2
N
3. Skewness = l—(x_fl)_ 3)
n o
1 (x-)'
4. Kurtosis = | ——~—2[-3 )
N ot
5. Energy = E‘p(i,j)2 (5)
i
6. Contrast = Z“Ii—jl2 p(l}j)z (6)
ij
7. Median (7
8. Mode @®)
9. Correlation = z (=) = #))pG,J) ©)
ij o-lo-j
10. Homogeneity = ZM (10)
ij 1+ | i— ] |

3.3 Algorithm

Algorithm 1: Calculating weights of all instances in training set
Requirements: X_train_ temp weight, total_weight, Weight. k
Output: Addition of Weight column in X_train

/[ * Steps * /

for each instance 1 € X_train do
find k neighbors of 1 and put it in a list N
for each neighbor b € N do
if (class (b) = class (1)) then
add 1 to temp_weight
else
add 0 to temp_weight
- end if
9: end for
10:  total weight (i) = temp_weight * (1/k)
11:  add total_weight (1) to Weight
12: end for

1:
2
3
4
3:
6
7
8




Algorithm 2: Improved KNN

Requirements: X_test. X_train, Neighbor_weightage, class0, classl, Q,D
OQutput: Predict class of test instance

/ *Steps * /

1: for each instance q € X_test do
2: find k neighbors of q with their Euclidean distances in X_train and
put neighbors in Q & their respective distances in D

3: for each neighbor z € Q do

4 Neighbor_weightage (z) = Weight (z) * (1/D (z) +0.1)
5: if (class (z) == 0) then

6: append Neighbor_weightage (z) to class0
7: else

8: append Neighbor_weightage (z) to class1
9: end if

10:  end for

11:  if (sum (class0) > sum (class1)) then

12: return 0

13:  else

14 return 1

15:  endif

16: end for

Here first algorithm assigns a weight to each
training instance and second algorithm uses
those weights in order to predict the class of its
test instance. While applying the second algo-
rithm 10 fold cross—validation is used in order
to have unbiased results. For first algorithm 10%
neighborhood size is considered. While applying
Monte Carlo simulation only second algorithm is

considered.

3.4 Feature selection

Feature Selection is a major step that helps out in
improving the quality of data by selecting the most
valuable/distinguishing features for classification.
For this various feature selection techniques were
applied in order to obtain the best features and it
was observed that they resulted out mostly same

set of features.

Various techniques applied are:

1. “CfsSubsetEval” with “Best First Search”
in Forward direction which resulted in 19

features.

2. “CfsSubsetEval” with “Greedy Search Forward

Selection” which resulted in 19 features.

3. “CfsSubsetEval” with “Greedy Search Forward
Selection” on the result of “Information Gain”
with “Rank Search” (zero threshold) which

resulted in 19 features.

4 PERFORMANCE METRICS

The Analysis of the performance of the proposed
classifier is done using following performance met-

ric tests, as mentioned below:
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1. Accuracy: The classification accuracy is calcu-
lated by comparing the predicting class with the
actual test class. The formula is given below

Accuracy(%o) = % *100 (11)

where T,, denotes total number of correct pre-
dictions and N is the total number of instances
in the test dataset.

2. Precision: It is defined as the number of true
positives (7,) over the number of true positives
plus the number of false positives (F),).

p=_1lr (12)
T,+F,

3. Recall: It is defined as the number of true posi-
tives (7,) over the number of true positives plus
the number of false negatives (F)).

R= T (13)
T, +F,

4. Receiver Operating Characteristic (ROC)
and Area Under the Curve (AUC): ROC is a
graphical plot with FPR on X axis and TPR
on Y axis as mentioned in Fawcett (2006).
FPR s False Positive Rate and TPR is the True
Positive Rate of a classifier. By calculating the
Area Under this Curve (AUC) one can meas-
ure the classifier performance. The case where
AUC < = 0.5, denotes poor classification.
For an AUC > 0.5 the classifier is considered
to be good. When we have a TPR equal to 1
and FPR equal to 0, resulting in AUC being
1 means perfect classifier.

5 EXPERIMENTATION RESULTS

The experiment was done using 38 pre-processed
images where 21 images were of ‘Normal’ category
and rest of ‘Severe’ category. Dataset was acquired
from DIARETDBO which is a diabetic retinopa-
thy image database available at http://www.it.lut.fi/
project/imageret/diaretdb0/.

Dataset consists of 130 images out of which
only 21 are Normal images. A sample of the raw
images of each category is shown below.

Image 120, 121 are Normal whereas 45, 46 are
Severe conditions. Here only proliferative diabetic
retinopathy stage has been considered as Severe
class. Data about the state of retina condition was
acquired from “groudtruth” file which was pro-
vided with the dataset.


http://www.it.lut.fi/project/imageret/diaretdb0/
http://www.it.lut.fi/project/imageret/diaretdb0/

Using feature extraction techniques proposed
in section 3, seven types of datasets were prepared
where first four and sixth one resulted in 512 fea-
tures, fifth one with 1280 features and last one with
768 features in total:

1. One containing <Mean, Variance, Skewness,
Kurtosis> as features with each sub-image of
size 36 x 90

2. One containing <Mean, Standard Deviation,
Skewness, Kurtosis> as features with each sub-
image of size 36 x 90

3. Another one containing <Median, Standard
Deviation, Skewness, Kurtosis> as featureswith
each sub-image of size 36 x 90

4. Another one containing <Mode, Standard
Deviation, Skewness, Kurtosis> as features with
each sub-image of size 36 x 90

5. Another one containing <Contrast, Correla-
tion, Energy, Homogeneity> as features with
each sub-image of size 36 x 36

6. Another one containing <Contrast, Correla-
tion, Energy, Homogeneity> as features with
each sub-image of size 36 x 90

7. Last one containing <Contrast, Correlation,
Energy, Homogeneity, Mean, Standard Devia-
tion, Skewness, Kurtosis> as features

From each of the thirty eight images, features
were extracted and the existing features set was
updated by adding the class label of each image.
The features were then brought down to minimum
features (including the class label) by using various
feature selection algorithm as mentioned in sec-
tion 3. Then it was observed that scale of stand-
ard deviation was larger in comparison to other
features therefore, MinMax feature scaling was
applied on the dataset. The table columns repre-
sents the features and the rows represent feature
vectors of an image. The feature value is the inter-
section of a column and row. The data set was then
divided on 60%-40% basis i.e. 60% of the data will

imagel20 imagel21
image045 image046

Figure 2. Sample images.
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be treated as training data and 40% will be used as
test data. Also 10 fold cross validation was applied
in order to have better results. Then the weighted
K nearest neighbor was modelled as mentioned in
section 3 to predict the class of each image that
are present in the test set. And all this process was
simulated using Monte Carlo Simulation, where
500 simulations were run and plotted as well.

Firstly it was observed that replacing variance
with standard deviation and applying feature scal-
ing improved the classification performance a little
bit. See Figures 3 & 4.

It was also observed that while using the second,
third and fourth data sets i.e. feature vector con-
sisting only statistical features replacing mean with
median or mode does not enhance the accuracy of
classifier.

But when feature vector comprises of only
glem features i.e. the fifth data set then accuracy
increases. See Figures 5, 6 & 7.

Another interesting thing observed was that
when the data set was shuffled before splitting into
test and train datasets and 500 Monte Carlo simula-
tions were performed then accuracy spread over an
interval of +/— 5%. One can observe Figures 8, 9.

It was observed that glcm features are so pow-
erful that when each sub-image is of size 36 x 90
pixels (i.e. 6th dataset) then also accuracy of the
classifier increases in comparison to first order
statistical features. Also noticeable difference in
accuracy can be observed between simulation of
fifth and sixth datasets. See Figure 10.

Figure 11 shows that when both first order and
second order statistical features were used together
for classification, performance degrades.

Naive Bayes when applies on fifth dataset also
resulted in 92.1% accuracy with 0.2 RMSE and
0.989 as ROC area (using WEKA). A comparison
chart is shown in Figure 12.
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Dataset | k | Classification | RMSE | Precision | Recall | ROC| False | True
Accuracy AUC | Positive | negative
| 4 789 037 0.81 0.79 | 0.96 1 7
I 4 815 0.37 0.83 0.81 |0.94 1 6
n |4 815 0.37 0.83 0.81 (094 1 6
v |4 815 0.37 0.83 081 | 094 1 6
\ 4 921 0.26 092 092 | 097 1 2
Vi |4 815 0.37 0.82 0.82 |0.88 2 5
Figure 12. Comparison chart of datasets.
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6 CONCLUSIONS AND FUTURE WORK

Here in this paper an effort has been made to
improve image classification of retinal fundus
medical images. The model uses an improved kNN
algorithm. The model was applied to differentiate
between “Severe” and “Normal” class of images.
Classification accuracy and AUC helped in evalu-
ating the model’s performance. The results with the
use of glem features extracted have shown better
performance with the improved kNN model lead-
ing to classification accuracy of around 90% while
classifying retinal fundus images.

Novelty of the work is that in previous papers
mostly statistical features were extracted from reti-
nal fundus images for classification purpose but
here Monte Carlo simulation and second order
statistical features viz. contrast, correlation, energy
and contrast along with weighted kNN algorithm
are used for improving the classifier performance.

One can improve the model by improving the
feature set or improving feature weighting schemes
or both.
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ABSTRACT: Biometrics provides more secure method for identification as compared to old traditional
methods. Iris is found to be most secure and accurate biometric among all biometrics. This paper includes
method of recognition of individuals by their unique iris patterns. In this paper, transform domain tech-
nique is used to extract features of transformed iris image. Hybrid transform are used which are generated
using the Kronecker product of any two existing orthogonal transform matrices. Here we use various
combinations of Walsh, DCT and Haar transform matrices to extract features of iris image. Combination
of two transforms is generally gives better result than when used alone as properties of both transforms
are applied together. Energy compaction technique is used where threshold value of energy reduces the
size of feature vector. By varying the threshold values of cut-off energy, we get up to 100% efficiency with
the help of hybrid transform using Haar-Walsh transform.

1 INTRODUCTION In earlier methods of iris recognition there are
three main stages which are image preprocessing,
In today’s world security has become most impor-  feature extraction and template matching. Many
tant issue. We can bring more secure methods  systems utilize the patented Daugman’s algorithm.
with the help of biometrics because these are dif-  Iris recognition consists of image acquisition,
ficult to replace or steal; in fact their duplication  image preprocessing, iris segmentation, normali-
is virtually impossible. Traditional identification  zation, iris feature extraction, comparison and
methods were not so secure these can be divided  matching process.
into two parts: one of them is based on something Image is acquired for preprocessing, which
the user has i.e. smart card and another is based includes iris localization, normalization etc. Iris
on something the user known such as passwords.  localization detects the inner and outer boundaries
But these traditional methods suffer from several  of iris. The region covered by eyelids and eyelashes
drawbacks such as password may be hacked or key  is detected and removed. Iris localization include
may be stolen. In order to get rid of these kinds  different methods such as Integro-Differential
of problems we move to identification based on  operator, Hough transform, Discrete circular active
biometric information. This is unique for each  contour, Bisection method and Black hole search
individual. Authentication systems based on bio-  method. Iris segmentation is the process of locating
metrics uses physiological characteristics such as  iris region in acquired input image. Normalization
finger print, iris, face or ear shape or, behavioral is transformation of image from Cartesian coor-
characteristics such as voice gait or signature to  dinates to polar coordinates. Image enhancement
identify the person. Human body parts can be used  process is generally used to improve the results of
as biometric information such as fingerprint, iris,  normalization process because iris image has low
speech, face, retina, teeth etc. which provide reli-  contrast and non-uniform illumination which can
able performance. be caused by the position of light source which
Human eye can provide a huge amount of are compensated by enhancement process. Nor-
information to identify the individual. Iris can be = malization includes Homogeneous rubber sheet
a better option to identify an individual because = model. In feature extraction features are extracted
its pattern is unique for each individual. Also it  from normalized image which extract the signifi-
remains unchanged with age and it is different for ~ cant features of the iris for identification purpose.
twins also. It can act as a living password. Itis also ~ Feature extraction can be done with the help of
known as eye iris pattern recognition technology.  Gabor filters and wavelet transform, Laplacian
It can act as most promising biometric identifica-  of Gaussian filter, Hilbert transform and DCT.
tion technologies with high uniqueness and stabil- ~ And then template matching compares the input
ity, non-invasiveness, anti-falsification and many image with database images. Matching results
other qualities. tells whether input image is accepted or rejected.
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Figure 1.

Iris image.

Template matching can be done with help of Ham-
ming distance, weighted Euclidean distance, Nor-
malized correlation, nearest feature line.

In this paper we design an iris recognition
algorithm based on hybrid transforms. Hybrid
transform [10] is formed by using two different
transforms so that we can use properties of both
the transforms to get better results. In this paper
we use different combinations of Walsh, DCT and
Haar. Walsh is preferred because it has only real
values while others such as DFT consists of com-
plex values which can increase the complexity of
computation. DCT is also a real valued function,
its basis functions are only cosines and it gives
maximum compression among other transforms.
Haar transform gives lossless compression.

The first step is to represent the captured iris
image in frequency domain. Using energy compac-
tion analysis, features of all the database images
are extracted and saved as energy map then feature
of test image is extracted and then these test image
features are compared with features of database
images. A decision is then made whether input test
image is accepted or not. (i.e features of test image
are matched with database image or not.)

This paper contains following sections: section
IT describes the generation of hybrid transform,
Methodology of feature vector generation, fea-
ture extraction, feature matching is explained in
section III. Section IV evaluates the results and V
concludes the paper.

2 GENERATION OF HYBRID
TRANSFORM

Hybrid transform is generated using Kronecker prod-
uct i.e. we apply Kronecker product on two different
transform matrices to form single hybrid transform
matrix. If A and B are existing orthogonal transform
matrices, Kronecker product is given by H where,

H=A ® B =][aij B]
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a,B a,B a,B

a,B a,B a,B
[H]=

a'lmB a‘mZB amm]3

If matrix A and B are orthogonal then matrix H
is also orthogonal.

Here we are using DCT, WALSH and HAAR
matrices as different input transform matrices.
Say T is hybrid transform matrix and T1 is Walsh
matrix (2 X 2) and T2 is DCT matrix (3 x 3) then
Kronecker product of T1 and T2 is given by:

11
Tl=

0.5574 0.5574 0.5574
T2=]0.7071 0 —0.7071
0.4082 -0.8165 0.4082
T=T ®T, =
05574 05574 05574  0.5574 05574  0.5574
07071 0  -0.7071 0.7071 0 07071
04082 -0.8165 04082 04082 —0.8165 0.4082
05574 0.5574 05574 —0.5574 —0.5574 -0.5574
07071 0 -0.071 0071 0 0.071
04082 -0.8165 04082 —0.4082 0.8165 -0.4082

The row and column size of T is given by the
product of row and column sizes of T1 & T2. In
this case the size of T is (6 X 6).

Since the size of iris images are (512 x 512). In
this paper we are using combinations of Walsh
(16 x 16) and DCT (32 x 32) and Haar (32 x 32).

3 METHODOLOGY

3.1

These are database images stored in the system for
valid users.

Input training image

3.2 Input test image

These images are those images which we want to
authenticate.

3.3 Transform matrix

Here transform matrix is hybrid transform matrix
formed by Kronecker product of two different
transform matrices (DCT or WALSH or HAAR).



Here we use Walsh (16 x 16) and DCT (32 x 32),
Walsh (16 x 16) and Haar (32 x 32), DCT (32 x 32)
and Walsh (16 x 16), Haar (32 x 32) and Walsh
(16 x 16) to form hybrid transform matrix.

3.4 Transformed image

Transformed image is obtained by using this
equation:

I=T*i*T

where

i =1image in spatial domain

T = transform matrix

Tt = transpose of transform matrix

Each image is converted in transform domain
using this equation and then further processing is
done on transformed image.

The Figure 2 explains the flow of method used.

3.5 Average energy matrix

Energy matrix of transformed image is gener-
ated for each of database image. Energy matrix is
formed by squaring the transformed image. Aver-
ages of energy matrices of all database images are
calculated.

3.6 Average energy block matrix

Energy block matrix is formed by using energy
matrix. Here blocks of 8 x 8 are taken form

L
L
-
-
L
L
-
»
=
" .
L
.
-
- -
-
-
= o
] o -

Input training
image
Input testimage
Transform L
matrix l " o
Transformed Transform matrix Figure 3. Energy matrix for all the database images.
image
¥ l - )
Energy matrix Transformedimage
Energy map matrix Energy map
Feature extraction Feature extraction
Y Y .
Comparisonand decision '
making e
Comparison and decision
making
Figure 4. 512 x 512 energy matrix with 8 x 8 block
Figure 2. Process flow of method. shown.
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512 x 512 and average of each block is computed.
The average energy block matrix of size 64 X 64 is
generated.

One 8 x 8 block is shown in Fig. 4 with solid
outlines.

The average energy block matrix is converted
into column matrix (4096 x 1). The second column
for this matrix consists of the sequence no. from 1
to 4096 for ordering purpose.

Then we got 4096 x 2 matrix which is shown in
Figure 5.

The values of first column are arranged in
descending order, their cumulative sum was taken
and then thresholding was applied by choosing a
threshold value. Threshold values are varied to get
better results.

Due to this thresholding we get zero at some
places whose value doesn’t contains much infor-
mation (shown in Figure 6. with dark cells). This
matrix is converted back into 64 x 64 matrix to
obtain energy map matrix (64 x 64). All energy
coefficients below the threshold value are made
zero to reduce the size of feature vector.

3.7 Feature extraction

Features of each database images are selected
according to the energy map. Based on threshold
value only some blocks of energy map are selected
(i.e. which are non zero). Again convert each data-
base image into transformed image and standard
deviation of the same 8§ x 8 block is calculated to

La| de | | B2 =

energy
values
below
threshold
are zero

Figure 5. 4096 x 2 energy column matrix.
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o I

Figure 6. Energy map matrix (64 x 64).

convert database image into 64 x 64 matrix. Fea-
tures are then standard deviation values of the
same block which are selected from energy map.
These features are stored as. mat file. Similarly this
analysis is done for all the database images.

3.8 Generate the transform and energy matrix
for test image

Transform matrix is same for test image also as in
database image. Energy map of test image is calcu-
lated in the same way as in database image to find
the features of test image.

3.9 Feature extraction of test image

Features of each test image are selected as features
of database image as explained above.

3.10 Comparing and decision making

Features of test image are compared with each
of database image by finding the Euclidian dis-
tance between two images i.e. test and all database
images. The image which is having least Euclidian
distance is selected as authenticated image.

3.11

Image is accepted or rejected based on result of
Euclidian distance calculated between test images
and training images.

Accept reject

4 RESULTS

The database consists of iris samples for both left
and right eye of around 90 samples (of 15 per-
sons 3-3 samples each for their left and right eye
image) one of the sample is considered as test
image which is used to test the efficiency of pro-
posed method.

To analyze performance of proposed method
energy threshold is varied i.e. the percentage energy
of energy matrix which is considered as threshold



Table 1. Comparison between efficiencies using Walsh,
DCT and Haar transforms.

Efficiency values for different

combinations
Threshold Walsh, DCT, Walsh, Haar,
(%) DCT Walsh Haar Walsh
99 95.4% 90.9% 95.4% 95.4%
98 95.4% 90.9% 95.4% 100%
95 95.4% 90.9% 95.4% 90.9%
91 90.9% 86.3% 90.9% 86.3%
‘ wmalch Haar
T
931 iy Wil 4
i T
s J
: | | ! | | | !
] f] [ u % % g F] F]

Theshold

Figure 7.
transforms.

Threshold vs. efficiency plot for different

for selection of feature vector. Along with percent-
age energy we analyze performance of system by
using different transforms combinations in hybrid
transform technique such as (Walsh and DCT),
(DCT and Walsh), (Haar and Walsh), (Walsh and
Haar) etc. threshold is varied between 91% to 99%
and efficiencies up to 100% is obtained by using
Haar and Walsh combination when its threshold
value is 98%.

For each combination we take different thresh-
old values and get different values of efficiency as
shown in Table 1. We got same efficiency values for
(Walsh, DCT) and (Walsh, Haar) combination so
their graph coincides with each other.

5 CONCLUSION

In this paper we have used transform domain
technique to extract features of iris images.
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Hybrid transform is used as a transform matrix
which is Kronecker product of any two existing
transform matrices. We have used three trans-
form matrices Walsh, DCT, Haar and use their
different combinations to generate hybrid trans-
form matrix. Such as Walsh and DCT, Walsh
and Haar, DCT and Walsh, Haar and Walsh.
No preprocessing of iris image is required in this
method. By varying the energy threshold values
in different combinations of transform matrices
we get different efficiencies. Efficiency as high as
100% is obtained by using Walsh and Haar trans-
form combination.
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SIMO and MISO universal filters employing OTRA
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ABSTRACT: This paper introduces two universal filter employing operational trans-resistance ampli-
fier. One proposed filter configuration is of single-input and multiple-output type whereas other one is
multiple-input and single-output type filter. Both the biquadratic filters operate in trans-resistance mode
and all the employed passive components are virtually grounded. The availability of output voltage at the
buffered port makes the circuit more reliable. Circuits offer independent tunability of quality factor and
bandwiidth. PSPICE simulations have been performed to ensure its workability. Non-ideal analysis and

sensitivity analysis also have been included.

1 INTRODUCTION

The analog world around us necessitates the use
and creation of analog devices in the electronics
industry. Various devices have been realised that are
capable of processing the analog electrical signals
and modifying them according to their properties.
These devices can be utilised to obtain circuits hav-
ing different transfer functions corresponding to
useful applications like amplifiers, summers, filters,
oscillators, wave generators etc. (See Allen 1995,
Salama & Soliman 1999, Elwan, & Soliman 1997,
Kerwin, Huelsman & Newcomb, 1966, Altuntas &
Toker 2002, Senani, Singh & Singh 2013, Soliman
1996, Arora & Sharma (2016) Salama & Soliman
2000 and references cited therein)

Electronic filter is one of the important appli-
cations of analog signal processing. Afilter allows
electrical signals having certain frequencies to pass
through depending upon their type, which can be
Low Pass (LP), High Pass (HP), Band Pass (BP),
Band Reject (BR) or All Pass (AP) filter. A filter
that is capable of performing two or more types
of filtering is called a multifunction filter whereas
the one that can perform all five types of filter-
ing is called a universal filter. Further, a filter
can be of Single-Input-Single-Output (SISO),
Single Input-Multiple-Output (SIMO), Multiple-
Input-Single-Output (MISO) or Multiple-Input-
Multiple-Output (MIMO) type. One way of realis-
ing a SIMO or MISO multi function filter is using
the KHN (KerwinHuelsman Newcomb) filter
technique [4]. Various filters have been realised
that utilises the properties of KHN state variable
technique and use different active building blocks
such as Current Feedback Operational Amplifier
(CFOA), Current Conveyorsto achieve it. Some
of the eminent references are Altuntas & Toker
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(2002), Senani, Singh & Singh (2013), Soliman
(1996), Arora & Sharma (2016) and their cited in.
Any filter circuitthat is based on the KHN filter
Signal Flow Graph (SFG) contains two integra-
tors and one summer. An active device like OTRA
(Operational transresistance Amplifier) (Salama &
Soliman 1999) can be combined with some passive
components like linear resistors and capacitances
to make a summer or an integrator (Salama &
Soliman 2000). These can be then used to design
a multi function filter or universal filter. The good
stability, low sensitivity, low requirement, of com-
ponents and independent tunability of quality
factor and simultaneous availability of different
outputs is what makes such a design better than
some other filter designs.

Various second order filter functions have been
realized using OTR A but most of them suffer from
one or the other problem. Kiling, Keskin & Cam
(2007), for example, have proposed a multifunction
filter that requires a hardware change every time a
different filter response is required and although
single OTRA has been used to design the multi-
function filter, each filter response requires cer-
tain conditions to be satisfied in terms of passive
component values and node potentials. Gokgen,
KilincCam (2011), and Salama & Soliman (1999)
have proposed universal filters using two and three
OTRAS respectively but different conditions need
to be satisfied to get a different filter response.
Pandey, Pandey, Paul, Singh, Sriram & Trivedi
(2012) have proposed a circuit where all the five
response can be achieved by employing as many
as five OTR As but is suffers from the drawback of
using a large number of passive components.

Here, we propose two universal filters of SIMO
and MISO type that utilises the properties of clas-
sical KHN signal flow graph and its adjoint form.



Both filters have been designed using Operational
Transresistance Amplifier (OTRA) as the active
building block. SIMO filter can give all five fil-
ter responses (LP, HP, BP, BR and AP) at differ-
ent points on the circuit. MISO filter also gives all
filter responses without changing any hardware
configuration at a single output port depending
upon the node(s) at which input current is given.
The proposed circuits do not require any hardware
change every time while obtaining a different filter
response, work in trans-resistance mode, employ
virtually grounded passive components and pro-
vide independent tunability of quality factor. The
output is available at buffered port.

The next section gives a brief introduction to
OTRA. Section 3 gives the proposed circuit designs
of both filters and the equations describing the fil-
ter properties. Section 4 shows the non ideal analysis
of the proposed circuits. The sensitivity analysis is
provided in section 5. Section 6 gives the simulation
results of the proposed circuits which is done using
PSPICE. Conclusion is provided in the last section.

2 OTRA—AN INTRODUCTION

OTRA (Operational Transresistance Amplifier) is
a three-terminal device that provides high transre-
sistance gain and makes the output potential pro-
portional to the differential input current (Salama &
Soliman 1999). Symbolic representation of OTRA
is shown in Figure 1. Vo is the output potential and
I+ and I- non-inverting and inverting input cur-
rents respectively.

The characteristic equations of the device and
the input-output relationship is shown by (1)

v,1 o o o]L
vi=slo o olfr )
v.| |[R, -R, OfT1,

The equations contained by the above matrix,
when written individually give the equations as
given in (2). The input potentials V+ and V- are
virtual grounds and the output potential Vois
dependent on the differential input current.

Figure 1.

Device symbol of OTRA.
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Vo

Ipe—

Rm(Ip-In)

In,

Figure 2. Circuit of ideal OTRA.

V+=V-=0& Vo=Rm(I+-1-) (2)

Ideally, the transresistance gain Rm approaches
infinity and thus the input currents I+ and I- are
equal. This type of representation of the device is
shown in Figure 2 where R, — oo

The characteristics of the device can be obtained
using MOS transistors connected in certain con-
figurations. One such implementation of OTRA is
discussed in section 5.

3 PROPOSED CIRCUITS

We propose two biquadratic universal filters oper-
ating in Transresistance mode. First one is a univer-
sal filter of Single-Input-Multiple-Output (SIMO)
type. It is based on properties of classical KHN
signal flow graph (Kerwin, Huelsman & Newcomb
1966) which is redrawn in Figure 3. The proposed
filter circuit is shown in Figure 5.

The second one isa universal filter having multi-
ple inputs and single output and is based on prop-
erties of adjoint KHN signal flow graph redrawn
in Figure 4. The proposed MISO filter circuit
shown in Figure 6 has been realised using OTRA
as the active building block.

In the above single input, multiple output fil-
ter shown in Figure 5(a), the HP, BP and LP fil-
ter responses can be obtained as VHP, VBP, and
VLP respectively. The transfer functions of this
filter can be obtained by using the characteristic
equations of the device given in (1) and (2). The
obtained transfer functions of HP, BP and LP fil-
ter are given by (3a), (3b) and (3c) respectively. The
BR response can be obtained by the summation of
the HP and LP responses as given by (3d). Simi-
larly, all pass response can be obtained by the sum-
ming the HP and LP response while subtracting
the BP response as given by (3¢). A simple voltage
summer circuit can achieve this. One such possibil-
ity is shown in Figure 5(b). Here, Vo is the BR filter
output when the BP input key K is closed and AP
filter response when K is open.
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Figure 3. Classical KHN signal flow graph. R
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Figure 4. Adjoint KHN signal flow graph. The apgular frequency (w) and quality factor
(Q) are given by (4).
“)

It can be seen that the quality factor Q is inde-
Figure 5(a). Proposed SIMO filter with 3 basic filter ~ pendently tunable. Varying the value of R5 will
outputs. vary the quality factor proportionally. This makes
the bandwidth (w/Q) to be independently tunable
R as well.
Vi In the above Multiple-Input-Single-Output
R (MISO) universal filter, the HP, BP and LP
Vie £ e responses are obtained at output terminal when
K. R . ° input current is given at I1, I2 and I3 respectively.
Vs - ‘ BR output will be obtained when equal input
R currentis given at both 11 and 13 (I1 = I3 = Ia)
whereas AP response would be obtained when
Figure 5(b). Extension of 5(a) to get all universal filter 1Ir;p_ut_IC;J r_rtir;t(ls_%ll;/)en at all three inputs such that
outputs. The obtained transfer functions of HP, BP, LP,
BR and AP filter are given by (5a), (5b), (5¢), (5d)
and (5e) respectively.
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\A _ RCR,C, ’ (5¢)
I, D(s)

s°R, + R,
Vn - RICIR2C2 (Sd)
I, Dfs)

szR3 _ sR, R,
v, _ R,C, R.CR,C, (5e)
I, D(s)
D(s) =s2+ S &+ ! R (5)

R2C2 R4 R1C1R2C2 Rs

The expressions of angular frequency () and
quality factor (Q) for MISO filter are given by (6).

(6)

Similar to the previous filter, the quality factor and
bandwidth of this filter are independently tunable
and can be changed by changing the value of R4.

3.1

When non-idealities are considered, the transre-
sistance gain of OTRA is considered to be finite
(here Rm) instead of infinity. The individual gains
of different parts of the signal flow graph are mul-
tiplied by the following factors.

Non-ideality analysis

1

Integrator non ideal error = o = I (7a)
1+
R, Sc
. 1
Summer non ideal error = § = R (7b)
R
R

m

Here, Rf is the feedback resistance in summer
and C is the integrating capacitance. The signal
flow graph of the filter, considering these errors is
shown in Figure 7.

The non-ideal analysis of the SIMO filter rep-
resented by signal flow graph in Figure 7 (and its
OTRA circuit equivalent shown in Figure 5) leads
to the value of angular frequency and quality fac-
tor given by (8a) and (8b).

R
Riz(BzO‘lO‘z)

o == —e 8a
non—ideal V RICIchz 1™ ideal ( )
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(where, €, =/B,0,0.,)

(1 aﬁBﬁ\
o= — = = I.}{<
non—ideal kﬁl\/ (Xl } 5
a2y

R]CI
R,C,R R,

Q

= &,Qigeas

(8b)

(where, &, =5/

Both error factors €, and ¢, (corresponding to
angular frequency and quality factor) are same for
the proposed MISO filter shown in Figure 6. These
factors are close to unity, thus making the errors
extremely small.

3.2 Sensitivity analysis

The sensitivity analysis of the SIMO proposed cir-
cuit shown in Figure 5 gives the following results.

1
S%,RZ.R(,LI C T _S(EA = _E (%a)
S =1 (9b)
1
ng Cy Ry Ry _Sgl o= _5 %)

Sensitivity analysis of MISO proposed circuit
shown in Figure 6 gives the following results.
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Figure 7. Adjoint KHN signal flow graph with non
ideal gains.
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Figure 8. CMOS implementation of OTRA.
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For the non ideal case, sensitivity analysis of the
both SIMO and MISO circuits gives the following
results.

Dnon-ideal 1
Sauxz,ﬁzl :E (lla)
S Quon-ideal — l (11b)
az.Bs 2
sSlnon—idcal = _l (1 IC)
sl(;lnon—idcal =1 (1 ld)

It can be noted form the above equations that
that the values of passive sensitivities are all less
than or equal to 1 in magnitude

4 SIMULATION RESULTS

The proposed circuits shown in Figure 5 and
Figure 6 were tested for their responses using
PSPICE simulation. OTRA was designed using
CMOS transistors as proposed by Mostafa &
Soliman (2006).The 0.5 um process parameters
provided by MOSIS (AGILENT) for CMOS
were used during the simulation. The CMOS
circuit defining OTRA has been redrawn in Fig-
ure 8. The transistor aspect ratios and the proc-
ess parameters for the circuit used were same as
used in proposed modified OTRA by Mostafa
& Soliman (2006). Responses of filters using the
non ideal OTRA are plotted along with their ideal
responses. Both of the proposed filters were tested
at IMHz centre frequency. For the Single-Input-
Multiple-Output (SIMO) filter shown in Figure
5, the obtained responses for HP, LP, BP, BR
and AP are shown in Figure 9. The component
values used during simulation were: R1 = 28KQ),
R2 = 56KQ, R4 = R5 = R6 = 50KQ, C1 = 4pF
and C2 = 4pF The supply voltages of OTRA
used were: +V,,;, ==V =1.5V. The constant bias
voltage was —0.5V. The continuous line shows the
non-ideal filter response whereas the ideal filter
response is shown by dashed lines.

The difference between the ideal and non-ideal
curves occur due to non ideal errors discussed in
section 4. Any small difference between ideal and

51

non ideal response in centre frequency and quality
factor can be explained by non ideal expressions of
angular frequency and quality factor given by (8a)
and (8b) respectively. The Q-factortunability of the
circuit was also tested by varying the value of RS.
The variation of quality factor with R5 is shown in
Figure 10.

For the Multiple Input Single Output (MISO)
universal filter shown in Figure 6 the components
values used during the simulation were: R1 = 56K,
R2 =28KQ, R3 = R4 =R5=50KQ, Cl =4pF and
C2 = 4pF. The filter response for HP, LP, BP and
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Figure 9. Ideal and non ideal responses of SIMO filter.
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Figure 10. Variation of Q factor with RS.
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Figure 11. Ideal and non ideal responses of MISO
filter.
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Figure 12. All pass magnitude and phase response of
MISO filter.

BR filter are shown in Figure 11. The non ideal
response is given by continuous line where as ideal
response is given by dashed lines. Figure 12 shows
the magnitude as well as phase response for the all
pass filter.

5 CONCLUSION

This paper proposes two new universal filters
employing OTRA and virtually grounded passive
components. The filters have been implemented in
PSPICE program to verify its theoretical proper-
ties. The proposed filters show various useful char-
acteristics like independent tunability of quality
factor and bandwidth. The availability of single-
input-multiple-output design as well as multiple-
input-single-output design and the simultaneous
availability of all filter responses in the proposed
SIMO filter ensure the ease of use and the circuits’
capability to work in different situations without
changing their hardware configuration. The opera-
tion of circuits’ in trans-resistance makes them cur-
rent to voltage convertor. Thus, these can be used
to interconnect two circuits working in current
mode and voltage mode. Moreover, the circuits
show low sensitivity value. The simulated as well
as the theoretical results are agreement with each
other to a high degree.
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Modeling of brain tumor detection using image processing
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ABSTRACT: In this paper, a technique for Detection and analysis of tumor in human brain from
MRI-Magnetic Resonance Imaging has been proposed without any manual intervention. MRI technique
is best suited for diagnosis and treatment planning. In this, first stage is acquisition of an image followed
by preprocessing and post processing steps. Segmentation is basically used to extract the features. Image
segmentation helps in simplification or modification of an input image. For the initial segmentation,
we have used thresholding technique. Others segmentations such as watershed and texture are used to
further produce the richer results. Set of morphological operations are been applied to extract out the
degenerated tissue. Our detection and segmentation methodology plays an important role in detection
and performance analysis.

1 INTRODUCTION In this paper we propose a methodology for
detecting the region of interest i.e. the tumor and
Medical Image Processing is the standard method  then performing segmentation to extract it. The
to detect the abnormal tissue. The key benefit of  proposed methodology is described in three phases:
this field is reduction of manual work and early  First-phase is Preprocessing for the enhancement
detection of the disease. Medical Imaging provides  of the image. Second-phase is Post Processing
the facility of analyze the inner parts of the body  which includes division of an image into top and
and to diagnose them. The main goal of medical  bottom, histogram plotting to analyze the plot
imaging is to advance the quality of images of and location of tumor. Then various segmenta-
inner body parts for interpretation by humans. tion techniques and morphology operators such as
Human body consists of various cells. Brain  erosion and dilation are used to extract the tumor
is the most important and highly sensitive organ.  region.
Tumor is very harmful disease that leds to dimin-
ished speech, hearing and various other problems.
Tumor is basically any abnormal growth of the 2 METHODOLOGY
tissue in any organ. It can be classified as benign
or malignant type. The benign tumor is non-  This algorithm for the detection and analysis of
cancerous and somewhat less harmful and malig-  tumor region is been proposed. Preprocessing and
nant is cancerous one. Malignant tumor can be  Postprocessing are been further categorized. After
further divided into two categories as primary and  the tumor detection area and volume of the abnor-
secondary tumor. The Benign type tumor is less  mal tissue is calculated using MATLAB.
dangerous than malignant. The malignant tumor
spreads so easily entering nearby cells of the brain
hence, worsening the condition of the patient. Due
to the complex structure of the brain, detection  In this module, series of steps are followed such as
of abnormal tissue is very difficult task in medi-  skull stripping in which non brain regions are been
cal image processing. There are various types of  removed. Secondly input image is converted into
medical imaging modalities such as X-Ray, Mag-  gray scale to change its original form. Then various
netic Resonance Imaging (MRI), and Computer  enhancement techniques are applied such as con-
Tomography Scan (CT Scan) are present to cap-  trast stretching techniques known as Histogram
ture the images. MR is best suited technology for  equalization that stretch out the intensity values.
collecting the internal data of the human body for  In this module, we are basically concerned with the
diagnosing. location of the tumor.

2.1  Preprocessing
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Inputimage
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Skull Stripping
Transforminputinto gray
scaleimage

Image Enhancement

4

Post Processing

Image Division
Histogram Plotting
Segmentation

d

Degenerated Tissue

Volumetric Calculations

Figure 1. Flow chart of methodology.

3 POST PROCESSING

In this section, we have divided the image into

two halves top and bottom so as to categorize and

extract features from each half.
The algorithm followed to accomplish this task

is:

i. Take two variables as A and B for storing the
number of rows and columns.

ii. Take some other variable C that contains the
number of columns divided by 2.

iii.Using the command “imcrop()”, output
image will convert into half of the input
image.
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Contrast Streched Image

Figure 2. Preprocessing steps.

3.1

In medical imaging, Histogram Plotting is a graph-
ical depiction between scale of pixels and the inten-
sity of pixels of the image. This histogram is a chart
showing the number of pixels in an image at each
different intensity value found in the particular
image. In the figure, the horizontal axis shows the
scale of pixels and vertical axis shows the intensity
of pixel present in the image. Figure 3 (a), (b), (c)
shows the histogram graph of the original image
and the plot of both halves. It is clearly visible that
the bottom half has more deviation around 200.
Figure 4 indicates that abnormal tissue is present
in the bottom part of the image.

Histogram plotting



3.2 Threshold segmentation

Threshold segmentation is the common and easi-
est segmentation which is widely used. In this we
are basically concerned with images which have
lesser objects of interest. This method is based
on getting binary image out of gray scale image.

i

Figure 3. Original Image and its Histogram.

g

Figure 4. Top half and its histogram.

L §63884883

Figure 5. Bottom half and its histogram.
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To segment abnormal tissue we are using thresh-
olding as segmentation algorithm. In this first of
all, select a threshold value such as T for initial seg-
mentation. Various methods are present for this
task such as K-means clustering, Otsu’s method.
Using K-means clustering, representation of an
image can be made which is somewhat easier to
analyze the results. This is basically used to locate
boundaries and objects. As in Figure 7(b), objects
in the image are very less, therefore thresholding
segmentation is best suited. Then we have “grad-
mag” matlab toolbox function to create bounda-
ries of an image.

3.3 Compute watershed segmentation

In this transformation, image is considered as
a topographic surface and the gray level of the
image represents the altitudes. Regions with a con-
stant gray level constitute the flat area of an image

100 120 200 =0

Figure 6. Difference of two histograms.

Mg b by st ik

Figure 7. (a) Object in cluster index. (b) Objects in clus-
ter. (c) After thresholding technique.



Watershed transform of gradient magntude (Lrgb)

Figure 8. Result of over segmentation.

Figure 9. Tumor region as final output.

and region edges depict high watersheds and low
rise region depicts catchment basis. Every part has
their own minima, and even if single drop of water
falls on one plane of the watershed, minima of that
region will be reached. Watershed lines represent
the boundaries of the object.

3.4  Morphological operators

Morphological operations such as dilation and
erosion are used as an image processing tools for
sharpening the regions. Morphological image
processing relates to the shape or morphology of
features in an image. In this we have used two func-
tions as erosion operator to shrink the objects in
the image and dilation function for thickening the
objects in the image. Size and shape of the struc-
turing element is been controlled by this opera-
tion. Structuring element plays an important role
in both of the operations. Then we have applied
the operations such as opening and closing formed
from combining these two (dilation and erosion)
operations. After applying all these operations, we
can clearly figure out the tumor (abnormal) region
present in the brain.

3.5 Performance analysis

Performance analysis is the measure of accuracy of
the proposed work. Various performance measures
are true positive, true negative, false positive and
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Figure 10. Calculated size or area of detected tumor.

false negative. Based on these parameters accuracy,
sensitivity and specificity can be calculated.

o True Positive (TP) — Count of correct cases iden-
tified correctly.

True Negative (TN) — Count of correct cases
identified as incorrect.

False Positive (FP) — Count of incorrect cases
identified as correct.

False Negative (FN) — Count of incorrect cases
identified as incorrect.

Sensitivity— is the quantity that a diagnostic test
is positive when patient has tumor.

Sensitivity = TP / (TP + FN)

Specificity — is the amount that a diagnostic test
is negative when patient does not have tumor.

Specificity = TN / (TN + FP)

Accuracy — is the quantity that a diagnostic test
is correctly tested.

Accuracy = (TP +TN) /(TP + TN + FN + FP)

The proposed work has been performed on 20
Brain MRI images, in which 10 images are abnor-
mal (tumor is present) and others are normal.

The proposed system provides an accuracy of
94.4%, sensitivity of 100% and specificity of 90%.

3.6  Volume calculation

For volume calculation first we need to calculate
the area of the degenerated tissue. Then volume
is calculated using the area and thickness of the
image slice by both. We have taken the thickness of
image slice as 5 mm. After detection of tumor, its



Table 1.

Shows the value of sensitivity, specificity and accuracy.

Normal Abnormal TP TN FP FN Sensitivity Specificity Accuracy
10 10 8 9 1 0 100% 90% 94.4%
size or area is calculated. And on the basis of sizeit REFERENCES

is classified as either it is in critical or not. The size
of tumor is calculated using the formula:

Size _of _tumor,S = [(ﬁ) 0‘264}mm2

where, P = no-of white pixels; 1 Pixel = 0.264 mm
The size or area of the tumor in this case is
14.5930 mm~”2. If the area or size or tumor is
greater than 6 mm”2 then it is considered in criti-
cal stage. So the detected tumor is critical.
For volume calculation,
Volume of abnormal tissue = Area * 0.5
Therefore, Volume = 14.5930 * 0.5 = 7.2965

mm?.

4 FUTURE SCOPE

In this work the image processing approach has
been used to detect the abnormal tissue or tumor
from the human brain image. We can extend the
work in different ways as detecting the degenerated
tissue for some other image formats. And second
some other segmentation approach can be used to
detect brain tumor with better efficiency.
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Improved advanced modified decision based unsymmetric trimmed
median filter for removal of salt and pepper noise

K. Sharma & S.K. Malik
SRM University, Delhi NCR, Sonepat, Haryana

ABSTRACT: Noise removal from images is an interesting field of research. IAMDBUTMEF (proposed)
by means of global trimmed mean approach removes the salt and pepper ensuring that the mean and
median for the image is calculated from the non noisy pixels. The proposed algorithm shows better results
when compared with standard Median Filter (MF), Adaptive Median Filter (AMF), Decision Based
Algorithm (DBA), Decision Based Unsymmetric Trimmed Median Filter (DBUTMF) and Advanced
Modified Decision Based Unsymmetric Trimmed Median Filter (AMDBUTMF) on the basis of IEF v/s

noise density and PSNR v/s noise density values.

Keywords:

1 INTRODUCTION

Also familiar as black and white noise, the salt and
pepper noise replaces the image pixels with black
(as 0 - minimum pixel intensity) and white (as 255 -
maximum pixel intensity) dots. Salt and pepper
noise can occur in the image at any step of image
capturing and transferring which makes it impor-
tant to process an image. There are many filters
like gaussian filter, mean filter, median filter, adap-
tive filter, wavelets, wiener filter which are used to
get rid of the noise in image but median filter is the
most popular filter. In the literature many tech-
niques are described to deal with salt and pepper
noise. Standard Median Filter (MF) (Astola et al.
1997) which is effective only for low density. Better
than MF, Adaptive Median Filter (AMF) (Hwang
et al. 1995) works efficiently but only at low level.
The Switching Median Filter (SMF) (Karim
et al. 2002) (Ng et al. 2011) works with the help
of pre defined threshold value but the robustness
is hard to find. The solution is given by Decision
Based Algorithm (DBA) (Ebenezer et al. 2007)
but repeated replacement of neighboring pixels
used in this algorithm produces streaking effect.
To surmount the streaking effect difficulty Deci-
sion Based Unsymmetric Trimmed Median Filter
(DBUTMF) (Ebenezer et al. 2010) is proposed but
it doesn’t provides better visual quality. To avoid
this problem Modified Decision Based Unsym-
metric Trimmed Median Filter (MDBUTMF)
(Esakkirajan et al. 2011) as well as Advanced
Modified Decision Based Unsymmetric Trimmed
Median Filter (AMDBUTMF) (Sreenivasulu
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mean filter, image filtering, image denoising, median filter, salt and pepper noise

et al. 2014) is proposed which again does not pro-
duces much better performance. IAMDBUTMF
(proposed algorithm) by means of global trimmed
mean approach provides better results as com-
pared others.

The rest of paper is organised as follows: a brief
description of advanced modified decision based
unsymmetric median filter is given in section 2,
explanation of global trimmed mean is discussed
in section 3, IAMDBUTMF (proposed algorithm)
is described in section 4. Illustration of IAMD-
BUTMEF is described in section 5. Analysis and
simulation results are shown in section 6. Finally
conclusion is made in section 7.

2 ADVANCED MODIFIED DECISION
BASED UNSYMMETRIC TRIMMED
MEDIAN FILTER

This algorithm describes the preservation of edge
details by increasing the size of image by add-
ing zeros to the all the four sides of the image
(Sreenivasulu et al. 2014). Hence the image size
increases from 256 x 256 to 258 x 258. Now the
image is made through filtering process by select-
ing a window matrix of size 3 x 3 with the cen-
tral pixel as processing pixel P. If P =0 or P = 255
then it is considered to be noisy else noise free.
If the matrix consists of all the elements as 0’s as
well as 255’ then swap the processing pixel with
mean value of the matrix window. If there are
some of the non noisy elements in the matrix then
remove all 0’s as well as 255’s from the matrix and



interchange the central pixel with the median of
the remaining non noisy pixels. For entire image
the process is repeated.

3 GLOBAL TRIMMED MEAN APPROACH
When the elements in the selected matrix consist of
all the 0s as well as 255’s then the processing pixel
is interchanged by the mean value of the matrix.
The mean value is obtained from the 0’s and 255’s
only which are noisy elements and hence proves
that the noise impact is not reduced (Veerakumar
et al. 2012). So the global trimmed mean is used
to decrease the effect of noise which describes that
when entire matrix is noisy then instead of con-
sidering the selected matrix to measure the mean
consider the whole noisy image and remove all the
noisy elements in the corrupted image and inter-
change the processing central pixel with the mean
value of the left over non noisy elements of the
image.

4 PROPOSED ALGORITHM

The IAMDBUTMEF filters the image by initially
increasing the image size and then by process-
ing the image. It then detects the noisy pixels
followed by filtering only the noisy pixels. Inter-
change the central pixel of the matrix with the
global trimmed mean of image if the selected
matrix consists of all the noisy pixels. Also swap
the central pixel with trimmed median of the
selected matrix if it contains some of the non
noisy pixels.

Algorithm

Step 1: Add additional zeros around the sides of
image.

Assume P as the processing pixel in the
selected 3 x 3 matrix 2-D window.

If 0 < P <255, the pixel is non noisy and is
kept unaffected.

P is considered noisy if P = 0 or 255 and
there may be following cases:

a. If entire matrix is mix of 0’s as well as 255%s,
interchange the processing pixel with global
trimmed mean of image.

b. If entire matrix is either only 0’s or only 255,
interchange the processing pixel with the glo-
bal trimmed mean of image.

c. If there are some of the non noisy pixels in the
window, interchange the central pixel with the
trimmed median of the selected matrix.

Step 5: Repeat steps 2 to 4 until entire image is
processed.

Step 6: Remove the additionally added 0’s from the
image.

Step 2:
Step 3:

Step 4:
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Add zeros to first row,
first column, last column
and last row of the noisy

(4]

Consider the 3x3 window with central
pixel P as processing pixel

If selected window
have all 0’s and
255’s or both

JYes

Read noisy image; abolish all
the 0’s along with all 255°s
from the noisy image

|

Replace the central pixel P
with mean of left over non

No

Abolish all the 0°s along
with all 255°s from the
window

l

Replace the central pixel P

with median of left over non

noisy pixels in the window

Filtered Image

Flowchart of improved AMDBUTME.

noisy pixels in image

Figure 1.

5 ILLUSTRATION

To preserve details as described in the algorithm,
the image is surrounded by adding extra zeros to the
image, thus making the image size from 256 x 256 to
258 x 258 after which noisy pixels are detected.

Casel: If the central element is neither 0 nor 255
then P is non noisy and is kept unaffected.
If the central pixel P is noisy (0 or 255) and
matrix is mix of noisy and non noisy pixels
then P is interchanged by trimmed median of
the selected matrix. To measure the trimmed
median, for instance, consider the array in the
selected window as M [100 0 255 150 0 200 10
50 50] with central pixel 0 as processing pixel.
Eliminate all 0’s as well as 255’s. Rearrange the
matrix array as [100 150 200 10 50 50] which
contains only the non noisy pixels and cal-
culate the median. The median value of this
array is 75. Replace the noisy pixel 0 with 75.
(a) If the central pixel P is noisy (0 or 255)
and matrix contains combination of 255’ as
well as 0’s. Interchange the processing pixel
by global trimmed mean i.e. the trimmed
mean of image.

Case2:

Case3:
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Figure 4. PSNR values of IAMDBUTMF with DBA.

b. If the matrix contains either only 0’s or 255’
then; interchange the central pixel by trimmed
mean of image.

To measure the trimmed mean of image, for
instance, consider the array in the selected window
as M [0 025500 2550 255 255] with central pixel
0 as processing pixel. Now as the entire matrix
contains noisy elements, instead of measuring the
mean of this matrix, the noisy image is considered
for filtering and all the noisy elements in the image
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are removed. For instance consider the noisy image
array as N [100 0 255 150 200 110 0 0 255 50 60 O
025520 850 255 25540 0 0 255 255 0]. Remove
all the noisy elements from the image array and
rearrange to form a new array as [100 150 200 110
50 60 20 85 40] and calculate the trimmed mean
which comes out to be 90. Replace the noisy ele-
ment 0 as 90.



Table 1.

PSNR measure at varied noise density for lena image.

Noise varied in % MF AMF DBA DBUTMF AMDBUTMF PA
10 26.34 28.43 36.4 36.94 38.54 38.54
20 25.66 27.40 32.9 32.69 35.28 35.28
30 21.86 26.11 30.15 30.41 32.60 32.61
40 18.21 24.40 28.49 28.79 30.68 30.76
50 15.04 23.36 26.41 26.52 28.53 28.68
60 11.08 20.60 24.83 2491 26.03 26.80
70 9.93 15.25 22.64 22.97 22.50 24.05
80 8.68 10.31 20.32 20.44 18.57 20.81
90 6.65 7.93 17.14 17.56 14.55 17.28
Table 2. IEF measure at varied noise density for lena

image.

Noise varied in % AMDBUTMEF[8] PA

10 225.23 225.23

20 205.38 205.38

30 167.93 168.15

40 142.53 145.07

50 108.64 114.28

60 73.12 87.44

70 38.10 54.42

80 17.68 29.68

90 7.87 14.76

Figure 8. a) Uncorrupted image (b) 50% corrupted
image (c) 70% corrupted image (d) 80% corrupted image.

6 SIMULATION RESULTS AND ANALYSIS

The IAMDBUTMEF is tested only for salt and
pepper noise by 256 x 256 grayscale image and
the performance is calculated in terms of PSNR
(Peak Signal to Noise Ratio) in decibel(dB) which
is shown in Table 1 and IEF (Image Enhancement
Factor) shown in Table 2 which describes the
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Figure 9. (a) Uncorrupted image, Image restored by
AMDBUTMEF at (b) 50% (c) 70% (d) 80%.

Figure 10. (a) Uncorrupted image, Image restored by
TIAMDBUTMF at (b) 50% (c) 70% (d) 80%.

visual quality of image. Visual quality improved
due to the proposed algorithm is shown through
the images (Figures 8, 9 and 10). The mean and



median measured only from the non noisy ele-
ments ensure the decrease of noise impact which
improves the visual quality and increase in PSNR
and IEF values. The experiment is performed in
MATLAB. Density of noise is assorted from 10%
to 90% and is inspected with some of the existing
methods. Results show better performance than
some of the existing algorithms.

7 CONCLUSION AND FUTURE SCOPE

IAMDBUTMEF proposed in the paper reduces the
noise impact by replacing the processing pixel with
the trimmed mean and trimmed median measured
only from non noisy elements hence reducing the
noise impact. Because of the global trimmed mean
approach, when noise density increases from 60%
it becomes time consuming as the mean is calcu-
lated from the image and not from the selected
window and hence further studies can be carried
out by future researchers.
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ABSTRACT: Medical imaging plays a revolutionary role in the field of medical science. In present sce-
nario Image processing is frequently used in diagnosis. The main reason for this is that it extract abnormal
tissues from normal tissues clearly and consuming less time. Image quality is enhanced and it provides a
great help to the doctor to identify the diseases. A Tumor may lead to cancer, which is major leading cause
of death and responsible for around 13% deaths worldwide. Automation of tumor detection is required
for detecting tumor on right stage. This paper reviews the process and techniques used in detecting tumor
based on medical images such as CT scan, MRI with the help of gray scale image. We applied morphologi-
cal operator, edge detection and threshold segmentation approach for detecting tumor. We use MatLab

R2013a to show the result.

1 INTRODUCTION

Image processing is used to extract the edges of
affected part of human body for better diagnosis.
Brain is responsible for controlling all over function-
ing such as memory, learning, emotions, and blood
vessels. Sometime unnatural growth in the form
of lump is found and this growth may be benign
or malignant. Identifying tumor affected part
within brain is called brain tumor detection. With
the help of image processing doctors can identify
tumor shape and size which is used for diagnosis.
Image processing is used to enhance image quality
to extract information from acquired image. Brain
tumor is a dangerous disease commonly found in
human being. Unwanted cells are detected through
image processing for diagnoses purpose. By image
processing death ratio is decreased. For finding
tumor size, shape, and type MRI and CT scans are
commonly used. In this paper we use MRI images
for finding affected area in brain. MRI is used to
show the internal structure of the body. MRI shows
the difference between normal tissues and abnormal
tissues. In this paper we used threshold segmentation
for tumor detection and morphological operator.

1.1

Abnormal cell in brain are called tumor. There are
three stage of tumor -

Tumor
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1.1.1  Benign
In this type normal tissues are not affected by abnor-
mal tissues. When it detect it can be diagnosis.

1.1.2 Pre-malignant
If it not diagnosis properly. It can convert into
cancer.

1.1.3  Malignant
It is cancer and cause to death.

1.2 Magnetic Resonance Imaging ( MRI)

It is used to show the internal structure of human
body. It is used to detect abnormal tissues in brain.
It gives better result than CT and commonly used
to take images of brain.

1.3 Threshold segmentation

It is commonly used for image segmentation. It is
used to discriminate foreground from the back-
ground. First of all an image is converted into gray
scale and then into binary image. In this technique
a threshold value T is selected from binary image.
Histogram is frequently used to select T value from
binary image. Threshold technique is global and
local threshold. In global threshold a single value
is selected and multiple values are selected in local
threshold.



1.4  Morphological operator

>1It is used on binary image for background
subtraction.

> [t is also used on gray value images.

>t is good for noise removal in background.

> [t is suitable for removal of holes in foreground
and background.

Common Morphological Operations—
Shrinking the foreground (“erosion”), Expanding
the foreground (“dilation”), Removing holes in
the foreground (“closing”), Removing stray fore-
ground pixels in background (“opening”), Finding
the outline of the foreground, Finding the skeleton
of the foreground.

2 LITERATURE REVIEW

Hiran and Doshi, Authors were developed a technique
for image enhanced for brain tumor detection. Their
algorithm was based on digital image segmentation.
This algorithm was used to present edge pattern and
segment of brain tumor through MRI images. Using
this technique they were successful to find the size
and region of tumor. They were used preprocessing,
image enhancement, Thresholding and Morphologi-
cal operation. They were used color image and then it
was converted into gray for processing. (Kamal Kant
Hiran & Ruchi Doshi, 2013).

Syed and Narayanan proposed a method for
Brain Tumor Detection based on artificial neural
network categorized into Multi-layer perceptron
neural network. They were used segmentation for
feature extraction. They developed this method to
discriminate normal and abnormal tissues through
MRI scan images. It was helpful to doctor to ana-
lyze stage of cancer and less time consuming. They
were used preprocessing, histogram, binarization,
thresholding, Morphological operation, GLCM
based feature extraction and BPN based classifier.
(Aghsa Q. Syed & K. Narayanan, 2014)

Viji et al. developed an effective modified region
growing technique. Comparative analyses were made
for the normal and the modified region growing using
both the Feed Forward Neural Network (FFNN)
and Radial Basis Function (RBF) neural network.
The results were better than normal technique. Tech-
nique was applied on MRI images for tumor detec-
tion. For evaluation of the proposed method the
sensitivity, specificity and accuracy values were used.

Malakooti et al. proposed a method which com-
bines both Neural Network and fuzzy clustering
method. Using the proposed method they classi-
fied tumor region from non tumor candidate areas.
They used morphological operation for extracting
candidate abnormal areas and used this technique
for brain tumor MRI images. They found better

result compared to existing methods. The pro-
posed technique then increased correctness for
brain tumor MRI image for diagnosis.

Hoseynia et al. proposed a method to minimize
the error in the process of image segmentation
and for improving edge detection in MRI (brain
tumor) images, combining fuzzy c-means algo-
rithm with watershed algorithm. They found better
results by using this method and accuracy helped
them to improve images, edge detection and noise
reduction in brain tumor MRI images. The results
indicated that using this combination method,
presented more accuracy helped them to improve
images, edge detection. They applied fuzzy algo-
rithm before applying watershed makers and they
proposed high accuracy in images.

3 PROPOSED METHOD

Input MRI images which includes range of brain,
a dark black background and signs. Convert this
image into grey scale image for this segmentation
is used. Segmentation is used to provide division
between regions and categories. Type pixels are
presented in similar grey scale and different pixels
are presented with different value. For segmenta-
tion threshold is used. Threshold is commonly
used in segmentation. It provides discrimination
between foreground and background. Here images
are converted into grey scale and then into binary
image. Binary image is required to reduce the com-
plexity of data. It provides actual shape and posi-
tion of the object. Using threshold segmentation
feature extraction is done. Tumor segmentation is
done on the basis of affected cells. This process is
done on the basis of different behavior of pixels
in brain image. Different behavior is found accord-
ing to their shape, brightness and color. Feature
extraction is done for brightness, shape and tex-
ture. Threshold segmentation is one of the simplest
segmentation methods. The input gray scale image

N\
I Convert Mor- EdgeDe
nput . . holog "
mage [ ino ey ) pholos [3 e
MRI ¢ inary ga tl(?n(per
Image image pera- witt)
tor
/U
Apply Tumor
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old _V fication
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Figure 1. Flow chart for proposed method.



is converted into a binary format. The method is
based on a threshold value which will convert gray
scale image into a binary image format. The main
logic is the selection of a threshold value.

There are no individual techniques for detecting
tumor. For different body part different segmen-
tation techniques are used. A combination of two
techniques always shows a better result than other.
We used threshold with morphological operator.
Steps which are carried out for detection of tumor
are enlisted below:-

Step 1: Consider MRI scan image of brain of
patients.

Convert image into gray image and then
binary for segmentation.

Apply morphological operator.

Apply edge detection technique.

Apply threshold technique on binary image
and find the results.

Tumor is classified.

Step 2:
Step 3:
Step 4:
Step 35:

Step 6:

4 EXPERIMENTAL RESULT

} tumor_detection_usingtheeshold

Figure 2. Raw image, binary, edge detection, morpho-
logical operator.
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Figure 3. Histogram of image.
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) [tumor_detection_usingthreshold

Figure 5. Split image with tumor.

) tumor_detection_usi

Figure 6. Image with tumor.

Raw image is input for process then histogram and
histogram equalization is applied as follows:-
MATLAB: A =imbhist(I); B = histeq(I);

4.1

This is used to fill the gap of binarized image. Four
morphological operator s are used for sharpen region
9dilation, erosion, opening, closing. In our research
wok we used erosion. This is used to convert pixel
into background pixels which is near to background
pixels. After applying this objects become smaller.
Mathematically representation is as follows:-

Morphological erosion

(ABB)(x) = {xe X,x=a+b:aecAbeB}

A-Matrix of binary image
B-Mask MATLAB: = imerode (BWI1, SE);
where SE is structuring element



Edge Detection reduces the unwanted data from
image. Four types are used for edge detection (sobel,
prewitt, canny, Roberts). We used prewitt edge detec-
tion algorithm for image processing as follows:-

MATLAB: BW1 = edge(gray, ‘prewitt’);

After that tumor is extracted using thresholding
technique, which is very clear image.

5 RESULT AND DISCUSSION

In this section we are showing are result find by
proposed technique:-

iIHE
BiHONDY

Figure 7. Raw image, binary, edge detection, morpho-
logical operator.
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Figure 8. Histogram of image.
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Figure 9. Split image.
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Figure 10. Split image with tumor.

fitiul
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Figure 11. Image with tumor.

6 CONCLUSION

Segmentation techniques are used to detect brain
tumor. Ii is very helpful in patient treatment. Brain
tumor detection and classification is successfully
implemented by using the image processing tool
box in MAT Lab. We present an automated recog-
nition system for the MRI image using the thresh-
old and morphological operator. It is observed that
results are improved than the individual technique.
In image processing thresholding is very important
technique. By this objects are extracted from back-
ground. It provides fast processing, smaller storage
space, and easy to manipulate. The considerable
iteration time and the accuracy level are improved
as compared to individual technique.
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FPGA implementation of low power & high speed accurate ECG
signal detection using DABLMS algorithm
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ABSTRACT: Biomedical Signals are such kind of signals which play a vital role in the analysis of the
human health diagnosis. This Signal includes such as ECG Signal for analysis of heart rate, PCG signal for
analysis of heart and blood, VAG signal for analysis of Knee Joint, EMG Signal for analysis of muscle fib-
ers, EEG signal for analysis of brain activities. The paper analyzes the Distributed Arithmetic (DA) based
Block LMS (BLMS) based on that we propose iteration of LUT sharing reduces the energy consumption
and provides higher speed to detect the accurate ECG signal. The FPGA implementation is carried out
on virtex board having 5 grade speed xc2vpx70-5ff1704. The result focuses on the low power and low
memory is required for implementation which provides higher speed and accuracy.

1 INTRODUCTION Nol

Xp = =D+ Y. b, 2"
It is known that in real world there are different n=1
kinds of the signals. All these signals consist ) ) )
of Varieties of information which are ease to By having the bit level rearrangement in the
diagnosis. The number of different techniques is ~ equation. The Final DA formulation can be
available for analyzing, interpreting, manipulating ~ obtains as
and processing this signal so as to obtain the faith- . .
ful information from it. ECG signal analysis is the _ . ~
easiest way to check the condition of heart beat Y= _EAA' o)+ 2{{
rate. The signals generated from human certainly B "
carry the information about the human health
activities. This information helps to understand
the condition of human health where the process-
ing of this signal is to be required to obtain the
accurate health monitoring.

K
2 Ak *bkn:| 2
k=1
This final equation shows that how the bit level
rearrangement reduces the computational mathe-

matical operation thereby increasing the speed of
performances.

1.2 Block LMS (BLMS)

BLMS algorithm permits processing of data over
a wide range at a processor complexity and cost
as low as that of a fixed-point processor. BLMS
algorithm is based on appropriate representation
of the filter coefficients and the data. The filter
coefficients and the filter output can be evaluated
to obtain the faster processing.

The mathematical formulation for BLMS is

1.1 Distributed Arithmetic (DA )

Distributed Arithmetic is an efficient technique
for calculation of inner product or Multiplies and
Accumulates (MAC). The MAC operation is com-
mon in Digital Signal Processing Algorithms the
direct method involves using dedicated multipliers.
Multipliers are fast but they consume considerable
hardware. DA is the bit level rearrangement of the
inner products which reduces the computational :
. - given as

requ}llrement;of mgltlphfe rs. lati P . For updating of filter weights at k" iteration in
giv"gnz . mathematical formulation for DA is block LMS filter is

Wi =W, +Aw,

k
— *
y= ZAk Xk L
k=1 where Aw, is given as

where x, is an N-bit scaled twos complement — Aw, = zX[ * e
number
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e, and w, are error vector and weight vector for k'
iteration it is given as

where W is the step size and X, is the input matrix
which is derived from the current input block
[x(kL), x(kL -1), ,x{(kL - L+1)] of length L
and (N — 1) past samples is given by

x(kL)
x(kL-1)

x(kL-1)
X(KL -2)

x(kL—N+1)
x{kL—N)

x(.kL—N+l) ;c(kL—L) ...... x(k.L—L—N+2)
The error vector is calculated as

e, =d, —y,

where the desired response vector d, is given as

d, =[d(kL).d(KL~1)........d(L(k-1)+1)]

The final iteration k™ block of filter output y, is
calculated by matrix vector product as

Ve =X Ew,

1.3 Distributed Arithmetic Block LMS ( DABLMS)

DA techniques require less multipliers which
reduce the hardware requirement thereby reduces
the power requirement. Thus the computational
analysis is reduces which increase the higher
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Figure 1. DA based BLMS architecture.
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performance and higher efficiency is obtained
using DA. BLMS adaptive filter reduces the itera-
tion period, which reduces the hardware resources
requirement. As hardware resources are reduces it
also reduces the energy consumption for the same.

The figure shows the block diagram for the
DA based BLMS adaptive filter. Since if we
combine both the DA and BLMS it increase the
speed, reduces the power consumption which gives
higher accuracy for the detection of the signal. in
this paper we have considered in ECG signal. this
technique can be applied to different medical, com-
munication application which can widely increase
the performance as per the application.

2 LITERATURE SURVEY

The signal processing involves algorithms imple-
mentation to analyze the biomedical signals. Since
there are many problems in acquisition, analysis and
processing of biomedical signals, this paper (Ran-
gayyan R. M. 2002) resembles on this various diffi-
culties approach. The number of different methods is
available to solve this problem. Segmentation method
is use to solve nonstationary problem and parametric
modeling method is used to solve the stochastic prob-
lem. The segmentation is efficient method to analyze
with nonstationary signals (Rangayyan R. M. 2002)
(Ahmadi B. et al. 2008) (Moussavi Z. M. K. et al.
1996) and parametric modeling method to analyze
with random time series (Rangayyan R. M. et al.
1997) (Tavathia S. et al. 1992) (Akay M. et al. 1990).
FPGA (Field Programmable Gate Array) tech-
nology is developed significantly and obtained
more preference due to the functional advantage
of FPGA. FPGA application is widely spread in
different areas such as digital signal processing,
computer vision, ASIC prototyping, aerospace,
bioinformatics, medical imaging. EDA tools are
flexible and highly efficient design methodology
applied C to FPGA (Moussavi Z. M. K. et al.
1996), Matlab to FPGA (Camera K. 2002) (Haldar
M. et al. 2001), State flow to FPGA (Diaby M.
et al. 2004), Simulink to FPGA (Haldar M. et al.
2001) (Sun X. et al. 2006). This paper focuses on
Simulink to FPGA design is used to implement
two biomedical algorithms for autoregressive
modeling and adaptive segmentation algorithms.
The Simulink to FPGA is the combination of Xil-
inx system generator and implementation tools to
implement the design in graphical and flexible.

3 IMPLEMENTATION AND RESULTS

In this paper DA based BLMS adaptive filter is
presented for medical application for ECG signal



monitoring. The filter gets the input ECG signal
from the database having a finite length. This sig-
nal is added with the noise signal and applied to
the input to filter to recover the original signal. The
signal is converted into values using the Matlab.
The response of the filter signal is obtained for
various normal, abnormal and severe conditions.
Based on it the performance measure response of
the proposed method is calculated.

The Figures 2 and 3 shows the input signal for
two conditions normal and severe conditions of the
ECG signal respectively. These signals are applied
DA based BLMS adaptive filter for the exact anal-
ysis of the ECG signal. The response of proposed
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method provides the various results to obtain the
physical condition of the health. The performance
measures shows the result for Accuracy, Specificity,
Sensitivity, false negative rate FNR, false discovery
rate FDR, detection error rate DER.

3.1 Performance measures

To Evaluate the Performance of the proposed
algorithm, several terms are considered as FP
(False Positive) which means false heart beat detec-
tion and FN (False Negative) which means failed
to detect true heart beat rate.

3.1.1 Accuracy

Accuracy is used as a statistical measure of how
a classifier and filtering techniques identifies the
condition. The accuracy is the proportion of
true results both true positives and true negatives
among the total number of cases examined.

TP+TN
TP+ FN+TN + FP

Accuracy = x100%

3.1.2  Specificity
Specificity is related to the ECG signal condition
is normal (no disease). High Specificity shows that
the Monitoring System obtains the Normal Con-
dition as Normal.

Specificity = x100%

TN + FP

3.1.3  Sensitivity

Sensitivity is related to the ECG signal condition is
abnormal (disease). High Sensitivity shows that the
Monitoring System obtains the Abnormal Condi-
tion as Abnormal.

TP

Sensitivity = x100%
TP

+FN

3.1.4 False Negative Rate

The false negative rate is the proportion of events
that are being tested for which yield negative test
outcomes with the test, i.e., the conditional prob-
ability of a negative test result given that the event
being looked for has taken place.

False Negative Rate = FN/(TP+ FN)=1-TPR

3.1.5 False Discovery Rate

The False Discovery Rate (FDR) is one way of
conceptualizing the rate of type I errors in null
hypothesis testing when conducting multiple com-
parisons. FDR-controlling procedures are designed



to control the expected proportion of rejected null
hypotheses that were incorrect rejections.

False Discovery Rate = FP /(TP + FP)=1—- PPV

3.1.6 Detection Error Rate

Detection error rate gives the error response of the
system where it detects the error in calculating the
heart beat rate

Detection Error Rate = FP + FN/CompleteQRS

4 RESOURCE UTILIZATION AND FPGA
IMPLEMENTATION

The Table 1 shows the minimum period and fre-
quency requirement for implementation of the
design on virtex 2pro. The design is implemented
on virtex 2p board with a grade speed xc2vpx70-
5ff1704. Alongwith the detail timing analysis results
are also shown which give the time required for the
performance after and before the clock signal. It
also gives the combinational path delay time.

The Device Utilization Summary includes
various logic utilization factors obtained by explor-
ing the Synthesis report of the Xilinx ISE tool.
Device utilization summary provides complete

Table 1. Time utilization for implementation on Virtex
board.
Estimated
Parameter values
Frequency 25.643 MHz
Minimum period 38.997 ns
Minimum input arrival time before clock  30.302 ns
Maximum output required time after 17.144 ns
clock
Maximum combinational path delay 8.499 ns
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Figure 4. Graphical representation of the performance
measures.

information of 4 input LUTs, Slices, IOBs, MUL-
T18X18SI0s, GCLKs utilization. The graphical
representation of the synthesis report is shown.

Since the utilization of synthesis is under the
requirement utilization means not overflowed we
can implement the design on board and gener-
ate obtain the complete design consisting of RTL
schematic and complete place and route ant gen-
eration of files.
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0 - M Available
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Figure 5. Graphical representation of 4 input LUTs,

Slices & Slice flip flops synthesis on virtex board.
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Figure 6. Graphical representation of IOBs, MUL-
T18X18SI10s, & GCLKSs synthesis on virtex board.
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Figure 7a. Internal view of synthesis results at Register
Transfer Level (RTL).
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the board.

Internal flow of the placing and routing on

The Figure 7a and b shows the RTL Schematic
of the DA based BLMS adaptive filter obtained
using Xilinx ISE tool. The figure also shows the
complete internal flow of the placing and routing
on the board.

5 CONCLUSION

The DA based BLMS algorithm is presented that
ensures simple Functional and statistical operations
in most of the computations while maintaining
wide dynamic range via a block exponent. Over-
flow by a new upper bond in the step size should be
prevented. A analysis of DA based BLMS adap-
tive filter to reduce the LUT size. The block sizes
can be varied which reduces the LUT size leads to
the saving of LUT, respectively. FPGA implemen-
tation on virtex board show s the utilization of
resources and performance measures for the accu-
rate detection of the ECG Signal A faster realiza-
tion of the proposed scheme can be extended by
having suitable modification of the FFT-based
FBLMS algorithm can be used.
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Robust vehicle detection and localization using normalized

color illumination
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ABSTRACT: The vehicle detection and license plate localization are the techniques to extract the
number from the number plate image containing a multiple vehicles on the road. The traffic surveillance
cameras are utilized to obtain the vehicular image data from the roads in the multiple lanes and the vehi-
cles travelling in both directions. The traffic surveillance includes the various vehicle object localization
and number plate localization. In this paper, the optimized solution has been proposed to improve the
number plate localization accuracy over the traffic surveillance data obtained from the various sources.
The proposed model is designed along multiple factor analysis in a sequence and extract a vehicle object

in the day and night images.

1 INTRODUCTION

It basically defines the significance of number plate
Recognition system. It also defines the structures of
Number Plate Recognition System. It defines that
what has been described for the type it inherits since
its development in the recent years. With increase
number of vehicles on route, it is unmanageable
manually for control the traffic flow. Numbers of toll-
plaza are manufactured on routes & in some parking
areas, at there we stop a vehicle and give some fees
for safe parking, and also check the speed of vehicles
etc. All these problems having a solution to improve
this. To improve such a scheme, very important to
discover the particular vehicle. The Question is that
can we realize the any vehicle? And its simple Answer
by Number Plate or License Plate.

In each Country, every vehicle has their own
number plate. That License Plate Number distinguish
it from others i.e useful to identify if two of these are
same make and model. By extracting Number Plate
from vehicle it is easy to collect the information about
the owner of vehicle & by using information model
should be little in size, portability form and ability to
access the data at particular rate. Simply in this we
use binary process concept i.e 0 and 1. One (1) is for
white where zero (0) is for Black. The segmentation
process used to simply extract the particular charac-
ter or number from the Number Plate.

2 RELATED STUDY

Jingyu Dun and Sanyuan Zhang et al. (2015)
proposed a system called China license plate locali-
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zation at multilane along difficult background based
on attendant colors. A color plays very important
role on number plate. In this system we mainly
follows blue and yellow plates. It follow the basics
steps as described below-First to convert the color
image into grayscale form and then highlight the
yellowish and bluish areas of the actual image, and
at the end using color attendant property and tran-
sition between the backdrop and words, duplicate
plates will be abstracted and original plates will be
restrained. By using this system the chances of accu-
racy to get good results and more & we can remove
unoriginal plates by using kinship b/w width and
size of words on number plate. This system use two
basic techniques-globally. Threshold technique and
adaptive block threshold technique. This algorithm
decide which method has to be used by it. This algo-
rithm with difficult backdrop as on images along
uneven illumination. In this we test the proposed
technique having approx 1315 daytime images and
approx 894 nighttime and (ALR) average location
rate is 96.0% and it surpasses the other techniques.

Hitesh Rajput and Tanmoy Som et al. (2015)
proposed a model which overcome the limitations
of existing model. In this we follow mainly 3 steps
first capture the image, second to detect the char-
acters and third is segmentation i.e Recognition
of characters. In this, we follow the processing-
Binarized image processing, Gray level processing
and third one is colored processing. In this we take
different-different models of vehicles having dif-
ferent structures, sizes and colors of plate under
different circumstances it works & give accuracy
about 87% result.

Abdul Mutholib and Teddy Surya Gunawan
et al. (2012) proposed a system using android appli-



cation which works on different steps. Firstly cap-
ture the image using good quality camera, which
may capture the image static or dynamic form then
to recognize the characters using Neural Network
Algorithm and atlast using contrast enhancement,
filtering and straightening recognition of charac-
ters takes place. It gives result 88% accurate and
store the data i.e characters on number plate online
in database. This system is used for Malaysia cars
in that country, The model is figure in IDE eclipse
and SDK android using API7 for realization of
plates.

Kamalaruban P, Ranga Rodrigo et al. (2013)
proposed an automatically number plate pickout
system that uses settlement camera to acquire
(detect) the better caliber images to pass through
it. In this 3 steps are mainly follows, first to local-
ized the plates second characters are segmented
and last the recognition of characters to identify
the vehicle. This system produces very less accu-
rate result due to the quality of images. In this we
follow the two techniques to improve the result
as well as to improve the quality of image. These
techniques are image processing and domain
knowledge technique. Best thing of this system is
to operate in real time. In this we get 90% accurate
result to detect the image from the car and results
as well. Apart from these techniques another
algorithm also used for video taking with regular
cameras. These algorithms are—Viola Jones and
Kalman filter. Another algorithm used i.e SVM
also use for multiple detection of plates for char-
acter recognition.

Jian Yang, Bin Hu et al. (2013) proposed a
system called LPR license plate realize based on
machinary vision which is popularly used in smart

3 COMPARISON TABLE

parking system & ITS intelligent Transportation
System. The main steps followed by this system
is to detect the image, segmentation of charac-
ters and to recognize the characters. For better
result we improve the effect on binarized images
processing technique. In this we solved distinctive
features about character segmentation & for char-
acter realize to amend the condition or truth. At
last we only adopted image realizable to realize the
eccentric(characters). To clear the result we take
a plate having blue background & white charac-
ters on it. First we enlarge the number plate area,
which decrease the difficulty of localization and
increase of pixels happen while we do enlarge. For
this we use about 97 samples of plate from which
the number of accurate segmentation gives 73 and
number of precise recognition give 64 from 97.
Christos-Nikolaos E. Anagnostopoulos et al. pro-
posed, A license plate realizable system which use
an algorithm to detect the images or still images
or video. It follows the following 3 steps—first
to extract of license plate of a vehicle second the
segmentation of plate characters of a vehicle and
third the recognition of character one by one. This
task is difficult sometimes because of using differ-
ent background or the stylish form of characters
or color illumination on characters due to certain
conditions. Number of techniques are used to get
the results accurate from still image or videos the
main purpose of this system is to categrise or access
the result. It overcomes such problem like Access-
ing time, computation ability and recognizable
rank. This supports mainly the system perform-
ance valuation in the scientific profession world-
wide & allows the system developers to know what
techniques are helpful in particular application.

Problem
addressed

Author publication
and year

Techniques
proposed

Merits Demerits

Jingyu Dun et al., To situate the license

Global threshold

This algorithm is One problem is

IEEE, 2012 plates in multi-lane method & adaptive  used to made a full that the
with complicated block threshold use of the color bounding box
background method attendant property &  of plateisa
Modulation b/w much larger,
the characters and 80 it is not so
backdrop. precise.

Hitesh Rajput and To keyout vehicles Use formula Method which gives It is focus on
Tanmoy Som, et al., and gives a matching or higher accuracy single-level
WWW.COMPUTER. denotation for erudition-based and indicate wavelet translate,
ORG/COMPUTER, further Vehicle in classification technique’s and have proven
2015 tracking and algorithm. effectiveness it to be efficient.

activity analysation.

in real-life uses.
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Abdul Mutholib, To draw out the
Teddy Surya numbers or
Gunawan et al., alphabets from
(ICCCE 2012) number plate.

ANPR algorithm,
Android SDK,
Neural network.

System is made for

keyout Malaysia
number plates & the
system is checked
for multiple images
and gives accuracy
84.1% for the
partition of the
characters & 92.1%
for the realizable
unit, giving an
complete system
performance of 89%
realizable rank.

An algorithm or
techniques used
in it work for
only Malaysian
number plates
only.

Kamalaruban P, High declaration Viola-Jones for Getting 90.1% Equipment cost
Ranga Rodrigo and cameras to get number plate realizable rate is more.
Ajanthan T, et al. good caliber images  localizable with in data set that is
1EEE, 2013. of the vehicles the Kalman filter. unbelievable for us.

passing from.

Jian Yang, To draw out the Template matching ~ Sweep up the image The number plate
Bin Hu et al. preciseness of method recognition to must be bluish
IEEE, 2013. the license plate realize the words, with backdrop

position. along not and white words.
significant Also image
vulnerability. should atleast in
the object area.

Christos-Nikolaos E. To improve the Morphological LPR may also hold Problems such as
Anagnostopoulos, variety of plate operation called intelligence vehicle accessing time,
Member et al. formatting and “top-hat, and manageable. computation
IEEE, 2008 the non uniform edge statistics ability, and

outside illumination  and morphology recognition
situations during rate are also
visualize accusive. addressed.

4 SYSTEM DESIGN

In this research, at very initial stage a detailed lit-
erature survey is being carried out with which all
the earlier described methods analyzed in detail
and an algorithm with better result can be devel-
oped. In this, first an image is captured, it may be
colored also or we can say complex background,
firstly convert this color background into gray
color or then into binary i.e. 0 and 1. This can be
used as double fashion purpose. First we can find
or see the size & location of the character, it can
be done using Morphological Algorithm and sec-
ond Adaptive color illumination with boundary
detection, in this the color histogram, histogram
equilization, Canny edge and Sobel edge detection
technique are used. More than two or more frames
are detected per second. At last performance of
proposed Algorithm is measured on some Param-
eters like location rate, false positive rate, elapsed
time, accuracy, & Precision. Automatic vehicle des-
ignation is an necessary stage in Intelligence traf-
fic system. As we know that now a days, a huge
traffic is present on roads everywhere, to control
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such a flow, we design a system to control these
traffic problems. Automatic License plate system
helps for this effective controls. This system use
image processing techniques to detect the plates
from the vehicle. This system maintains some laws
for public on roads also. Uniquely every vehicle has
their own personal number plate, no other thing is
used by which it is recognize by the system. In the
existing model, the complex background based on
concomitant colors method has been realized for
the vehicle detection in the multi-lane system.
Initial step to that side of research is the detail
study of the already existing algorithms for Auto-
matic License Plate Recognition Systems (ALPR).
It comprises of Segmentation (Number Plates
Extraction), Optical Characters Recognizable
(OCR) from the extracted number plate and Deci-
sion Logic (Process Successful or Failed). Litera-
ture study will help us for the development of an
ALPR system. The Project would be carried out in
MATLAB Simulator. A proper performance will
check including its security, if any failure occurs,
first to detect it and then to recover that failure. N
number of Algorithms were developed in Previous



Image Capturing

Extraction the plate region
using Edge detection algorithm
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Partition of the
image

y

Words/Characters
recognised

Flowchart 1. Working of traditional number plate rec-
ognition systems.

few years. Every algorithm has their own pros and
cons. Arth et al. (1) describes a method in which
license plate is detected very confidentially. As
we know we can detect this multiple times detec-
tion for a single plate, a model is used called Pre-
Processing to combine all these detected regions,
with the help of trackers, a particular area can be
detected in the image. Kwasnicka et al. (2) gives a
method for detecting the unuseful region from an
image. In this approach, Firstly image is detected
then convert it into binarized form based on con-
trast between words and backdrops in license plate.
When binarized the image happen, it is divided
into 2 regions black and white n(0 and 1). Based on
these two colors, actual output take place.

Algorithm 1: Neural network based number plate
character recognition method

1. Load the input test image from given dataset

2. Load the training data into the training matrix

3. Find the ROI containing the number plate
region with morphological operations

4. Calculate the rationale component analyzation
over training image

5. Calculate the rationale portion analysation over
test image

(o)}

. Compute the total offset from the PCA feature
descriptor for training and testing data.
. Apply feature preprocessing over the Test and
Training image features
. Compute the early stage similarity between
the testing and training samples and return the
early pruning result matrix
. Perform fuzzy logic method to early eliminate
the non-matching training elements than the
minimum matching threshold
10. Run the neural network feed forward back
propagation classification
11. Return the matching sample according to deci-
sion logic
12. Return the matching text samples

3

[ee]

Nel

5 RESULT ANALYSIS

In this research project, the work has been per-
formed using the proposed model for the character
recognition in the natural scene. The natural scene
text extraction procedure has used several morpho-
logical methods amalgamated with the principle
component analysis for character recognition. The
text region is extracted using the proposed model’s
centrally weighted morphological operations. The
natural scene text recognition can assist the vehicle
drivers, and make their ride easy and informative
to read all of the traffic messages flashed on the
road. This can provide the critical information to
the drivers and hence can assist them to avoid the
traffic hours, road blockage due to accidental haz-
ards, etc.

We have changed over the picture into grayscale
from its hued particular. At that point we have
utilized middle channel to de-clamor the auto pic-
ture in the event of any commotion created in the
picture securing procedure. Subsequently, we have

Figure 1.
recognition.

The figure from the dataset for number plate



Table 1. Showing performance of proposed system on
per sample basis.

Correctly Character level
File Total detected accuracy in
index characters characters percentage
1 10 10 100
2 19 16 84.21
3 38 25 65.78
4 15 15 100
5 4 4 100
6 9 1 11.11
7 13 8 61.53
8 13 13 100
9 16 10 62.5
10 9 9 100
11 12 12 100
12 10 10 100
13 10 0 0
14 8 8 100
15 5 0 0
16 5 5 100
17 8 4 50
18 16 8 50
19 5 4 80
20 4 4 100
Average accuracy 73.25

Table 2. Overall performance parameters of proposed
system.

Correctly
Overall character Total detected
level accuracy mean characters characters
73.25% 229 166

utilized picture widen morphological strategy to
improve the splendor of the picture to highlight
the number plate district. Later, we have utilized
article sketching out determination strategy with
the end goal of extraction of the different protests
in the picture. In the last step, we have utilized the
number plate extraction area utilizing the most
noticeable articles chose in the recent step and uti-
lizing it with littler article evacuation strategy for
morphological picture handling.

The proposed calculation is intended to give
back the slipped by time per revolution and aggre-
gate reaction time for all pivots. The precision of
the project is figured on the premise of sort 1 and
2 factual mistakes. Sort 1 & 2 factual slips incor-
porate the genuine positive, genuine negative, false
positive and false negative qualities. On the premise
of the recent parameters, specificity and affectabil-
ity are likewise figured.
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The above results table has demonstrated aggre-
gate characters, effectively recognized characters,
character level precision rate. The character recog-
nition in the scene text model has been evaluated in
the details in this result analysis module.

6 CONCLUSION

In this paper, the proposed model has been
designed in order to overcome the shortcomings
of the existing models. The proposed model has
been aimed at solving the problem of false detec-
tion or no detection cases over the vehicular image
obtained from the multiple lanes camera. The
proposed model has been designed to improve
the issue of uneven color illumination in order to
improve the number plate region localization. The
existing model has been designed to work on the
basis of the uneven illumination for the purpose
of multiple number plate detection on the multiple
vehicles captured in the single frame. In each Coun-
try, every vehicle has their own number plate. That
License Plate Number distinguish it from othersi.e
useful to identify if two of these are same make and
model. By extracting Number Plate from vehicle it
is easy to collect the information about the owner
of vehicle & by using information model should be
little in size, portability form and ability to access
the data at particular rate. Simply in this we use
binary process concept i.e 0 and 1. One (1) is for
white where zero (0) is for Black. The segmentation
process used to simply extract the particular char-
acter or number from the Number Plate.

The existing model has been designed to work in
the multiple rounds to compute the number plate
region and then uses the various mathematical and
morphological operations to extract the vehicle
number on the detected license plate. The location
rate of almost 94% has been recorded on an aver-
age for the detection of vehicles during day and
night. But the existing model is not very capable in
the recognizing the number plate regions where it
posts false positive rate of almost 48% during day
and 35% during the night. Also the elapsed time of
the existing model is little higher as it takes nearly
1 second to process the one frame, where it can be
applicable over the camera capturing more than 1
frame every second, which is generously required
to achieve the best of the recognition.
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Digital image forgery detection using the wavelet decomposition and
low level feature points
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ABSTRACT: The image copyright protection is the important issue to protect the digital ownership of
the image or video data. The copyright bypassing by using the several data hijacking techniques, such as
copy-move forgery, splicing forgery, etc, are utilized primarily to forge the copyright of the digital data.
The object are moved, cloned or the new objects are inserted in the image matrix to edit the original image.
The image forgery detection techniques utilize the various color based or low-level feature based methods
to detect the digital image forgery. The image forgery detection techniques must be capable of detecting
the objects on the whole image by generating the local feature vectors from everywhere in the image. In
this paper, the robust low level image forgery detection method has been proposed by using the low-level
feature points over the decomposed component with the wavelet decomposition. The proposed model
design is expected to improve the forgery detection results of the existing models by improving its ability
to detect the higher level of feature.

1 INTRODUCTION i. Active approach

ii. Passive approach.
Image forgery detection is the technique of devel-
oping or matching objects with the objective to
receive the for the sake of transformed or to make
some profit. Concept of forgery is necessarily
related with a distributed or exercised object. In
this technically leading world, capturing image
instructions is very common. Instructions of an
image are captured in form of digitalized picture of
forgery detection, it completely emphasize on the
authenticity and originality of an image. There are
plenty of image editing software’s that can modify
an image according to its own malicious intentions.
Such software’s are like MS-Paint, Photoshop etc.
Digitalized images plays vital role in our daily life.
These are being used for capturing the information
that is used in many fields like magazine, newspa-
per, medical etc. So the authenticity to be achieved
is must.

Forgery is of two types i.e. copy move is one in
which area of an image is copied from a particu-
lar point or place and is pasted on the other point
of similar image and other one is image splicing
forgery also known as Image splicing. This is very
similar to Copy move. The only difference lies in
that here one of the region of an image is copied
and pasted into some another distinct image.

The two basic approaches for forgery detection
are

In active approach a small piece of information
is interspersed into digital signatures. This is also
titled as Reference based or intrusive technique.
The Passive approach discovers the passive ways to
attest the integrity of digital images. Also Entitled
as Non-intrusive or blind approach. This docu-
ment describes the introduction and related work
about the image forgery detection techniques. The
introduction section describes the basic idea of
the image forgery detection along with its popu-
lar methods. The financial losses have also been
discussed due the image forgery based copyright
material tampering and hijacking.

Nowadays, the era of the technically advanced
world has been reached, where capturing pictorial
information of any event in the form of digital
images has become very simple. Currently, digital
images play significant role in the everyday life,
where they are being used as means for captur-
ing pictorial information and are being employed
in various domains such as medical diagnosis,
daily newspapers, magazines, and as the evidence
at court or for insurance claims. Because of the
widespread applications of digital images, very
powerful and easy-to-use image editing tools
like Photoshop are available. Using these tools
even a novice can alter the digital contents of a
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digital image without leaving any visible traces,
which can be noticed by human eyes. The digital
contents are often altered with illicit designs in
mind by hiding or adding important information
to an image. Therefore, the authenticity of dig-
ital images cannot be taken for granted, it needs
verification and is an object for research. Copy-
Move Forgery (CMF) is the most common type
of image forgery; in this case one region is copied
from one place and pasted to another place of the
same image in order to conceal important infor-
mation. Sometimes, the copied region is modified
by pre-processing operations like scaling, rotation,
adding noise, etc. to make it matching with the
surrounding region so that the tempering is not
visible. In another similar kind of forgery, a part
is copied from one image and is pasted to a dif-
ferent image. This type of forgery is called image
splicing.

Authenticating digital images is a very seri-
ous issue and so far the researchers developed
many methods, which can mainly be classified
into (1) intrusive (active) and (2) non-intrusive
(blind or passive) techniques. Further, intrusive
methods can be divided into two classes based
on (1) embedding a watermark and (2) incorpo-
rating digital signature in an image. In each of
these techniques, a piece of information is inte-
grated into digital images as an aid for authenti-
cating digital contents and security rights. Once
the digital contents of an image are changed, the
incorporated information is also modified. The
authenticity of an image is validated by ensur-
ing that the embedded information is unaltered.
Though these methods are robust, their domain
of application is restricted because all digital
cameras are not equipped with the feature of
embedding digital signature. These limitations
and constraints of active methods motivated the
research to propose non-intrusive methods for
authenticating digital images. This class of meth-
ods do not take into consideration any kind of
embedded information (such as watermarks or
signatures) to validate the authenticity of a digital
image. Instead, these methods draw their conclu-
sions about the originality of the digital content
of images using its structural changes, which take
place due to tempering.

2 RELATED STUDY

Jian Li, Xialong Li Proposed a model for the
detection of copy-move forgery in the images
by obtaining some major key points for their
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comparison. It is typically different from the
already existing methods, because in this firstly
the image is segmented to the semantically inde-
pendent patches and giving priority to its key
point extraction. In this matching is done in two
stages: first, the pairs of mistrustful patches are
matched then second, the E-M based algorithm
is proposed to affirm the presence of copy-move
forgery and it produces a better results with better
performance.

Abhishek Kashyap, B. suresh described the
concept of detection of image splicing forgery. As
the Authentication of an image is a major issue,
so it is important to secure the images, a power-
ful methods or models are required to detect for-
gery from the damaged images. In this paper the
authors has proposed a new model which uses the
method of block matching and gives the accuracy
of 87.5%.

Andrea Costanzo, Irene Amerini has worked
upon the attacks of the removal of the SIFT, key
points in an image, with which one has to com-
promise with the correctness of the image. In this
paper, three novel forensic detectors have been fol-
lowed to recognize the image. Firstly, the valida-
tion of methods is done, second their robustness
is assessed and then the detectors are applied and
gives a better efficiency and exposure to the new
upcoming tools.

David Cozzolino, Giovanni Poggi has pro-
posed a modified and unique model for the correct
detection and place of copy-move forgery. In this
paper the detection is based on rotation invariant
features, which has been computed densely on an
image, which guarantees the remarkable perform-
ance and this has been done by analyzing on the
online available databases and gives very accurate,
robust and faster technique.

Chi-Man Pun, seni proposed an integration
of booth key-point based and block based for-
gery detection methods. Firstly, the segmenta-
tion of the host image is done then all its feature
points has been extracted from blocks as features
of block. For accurate results the forgery region
extraction algorithm is used, which gives the
correct results.

E. Ardizzone, A. Bruno has given the concept
of copy-move forgery detection by matching trian-
gles of key points, it is done in case of alteration
of digital images. In this paper a hybrid approach
is followed in which there is a comparison between
triangles is done in single points. These meth-
ods are being proposed for the robust geometric
transformations and produces better and accurate
results.



3 COMPARISON TABLE

Merits

Demerits

Author,

publication Problem Techniques

and year addressed proposed

Jian Liet al., To detect the Matching process
1EE, 2014 copy-move and E-M based

forgery in algorithm.
an image.

Abhishek Detection of Wavelet
kashyap, et al., splicing-forgery decomposition
ICCCA, 2015 in an image. and block

matching.

Andrea Analysis of SIFT  Three novel
Costanzo et al., key point forensic
1EEE, 2014. removal and detectors.

injection.

Davide Dense-field Nearest-neighbor
cozzolino et al., copy-ove search algorithm
IEEE, 2015 forgery and patch

detection. matching.

Chi-Man Image forgery Adaptive over-
Pun et al., detection. segmentation
IEEE, 2015 and feature

E. Aridzzone
etal.,
1EEE, 2015.

Copy-move forgery
detection.

point matching.

Matching triangles
of key points.

This algorithm segments
the test image and gives
prior to the key point
extraction, leads to
good performance.

Efficiency is increased
with block matching
and gives up to 87.75%
accuracy.

Detectors are effective
for both key point
removal and injection
of fake key points.

This scheme efficiently
deals with invariant
features, high
robustness and also
works on rotated or
scaled images.

This proposed scheme
achieves better
detection results even
under challenging
and complex
conditions like
geometric
transformations.

This method robust
the geometric
transformations
as compared to
other matching/point
based methods.

Computational complexity
of the combination of
matching and algorithm
is very high and
detection speed is low.

This doesn’t works on the
larger sized images and
cannot find all the little
discrepancies and cannot
work on scaled or rotated
spliced images.

In some attacks, it would
allow to counter those
applications that, unlike
copy-move detection,
rely on less numerous
but more robust key
points.

Its features fail to
guarantee the invariance
properties and are
ineffective in case of
larger images.

This scheme is not
efficient in other types
of forgery such as
splicing or other type
of media like video
and audio.

It does not work on
complex scenes where
the number of detected
triangles and key
points are higher and
results into worse
performances.

4 SYSTEM DESIGN

In this research, at the first stage a whole litera-
ture survey is reviewed from the existing system
so that problems of existing system can be miti-
gated. In this paper, contrast between two images
is done for forgery detection i.e. one is the original
image and other is the suspected image. On both
image ‘Dyadic Wavelet Transformation (DWT)
is applied for decomposition of both images
and with the help of “Canny Edge Detection
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Technique” objects and shapes are recognized
from the decomposed parts of both images. After
that a robust SURF feature technique is used for
feature description and after that KNN technique
is applied on that which will perform 2-level classi-
fication i.e. to classify the similarity and injection
probability between both the original and sus-
pected image. Sat last performance of proposed
algorithm is measured on some parameters like
precision, true position, recall false positive, false
negative and false positive rate etc.



To mitigate the problems of the existing system,
we propose the use of pixel based image region
localization and neighbor pixel and neighbor region
analysis to find the abnormalities in the pixel based
pattern in order to detect the image forgery along
with Speeded-Up Robust Features (SURF) and
Discrete Wavelet Transform (DWT). The k-nearest
neighbor algorithm can be used to match and find
the matching pixel groups based upon the region
localization. k-NN (k-Nearest Neighbor) algo-
rithm has been used between the SUFT and DWT.
The DWT has been used to decompose the image
into multiple coefficients. All of the image coeffi-
cient will be examined using the k-NN and SURF,
and feature descriptor vectors have been generated
on the basis of k-NN over SURF. These descrip-
tor vectors have been analyzed on the final stage
and compare with the feature descriptor vectors
obtained from the target image. Then the results
have undergone the final matching and return the
forged regions in case any forged (matching region
or similar region) regions are found in the scanned
image. The performance of the proposed algo-
rithm has been measured on the basis of Precision,
Recall, False positive rate, true positive, true nega-
tive, false positive and false negatives.

Algorithm 1: SURF points based image forgery
detection

1. Load the original image
2. Get the size of original image
3. If original image depth is 3
a. Convert the image to grayscale
. Apply SURF over the original image
. Get the SURF data matrix from the SURF
function
. Load the suspected image
. Get the size of suspected image
. If suspected image depth is 3
a. Convert the image to grayscale
. Apply SURF over the suspected image
. Get the SURF data matrix from the SURF
function
. Evaluate the point locations between the point
location arrays obtained from original and
suspected image using the k-Nearest Neighbor
(kNN) algorithm.
The Euclidean distance is calculated using the
kNN algorithm
Evaluate the point descriptors on the location
where it matches.
Return the matching points
Return the non-matching points in original
image (Points of Removal)
Return the non-matching points in suspected
image (Points of Injection)

12.

13.

14.
15.

16.
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5 RESULT ANALYSIS

The above table (Table 1) is demonstrating the
general execution of the proposed framework.
The proposed framework has been ended up being
more exact than the current framework. The pro-
posed framework is 73.25% exact match ratio. The
proposed framework is turned out to be equipped
for accurately recognizing the 166 images out of
229 aggregate images.

Sensitivity (RECALL): True Positive/(True Posi-
tive + False Negative)

Positive: True Positive + False Positive

Negative: False Negative + True Negative

Precision or Positive Predictive Value: True Posi-
tive /(True Positive + False Positive)

In the Table 2 and Table 3, the measurable
mistakes have been gotten from the after effects
of proposed calculation. The aggregate number
of images, accurately and dishonestly recognized
images, not distinguished numbers, genuine posi-
tives, genuine negatives, false positive and false
negative properties have been gotten from the

Table 1.
system.

Overall performance parameters of proposed

Overall image level
accuracy mean

Correctly detected

Total images  images

73.25% 229 166

Table 2. Type 1 and 2 statistical errors.

Category Result
Total images 229
Correctly detected images 166
False detected images 41
Not detected images 22
True positive 166
True negative 0
False positive 41
False negative 22

Table 3. Statistical indices calculated
on the basis of Type 1 & 2 errors.
Statistical error type Value
Positive 207
Negative 22
Sensitivity (recall) 88.30%
Precision 80.19%
Positive likelihood ratio 0.88
Negative likelihood ratio 0
Result prevalence 82.10%




Result

o . O

Correctly
Detected

etected Notdetected  True Postive  True Negative o

Faise Positve  False Negative

Figure 1. The result chart of the image forgery detec-

tion model.

consequences of the proposed calculation. The
Total positive messages and aggregate negative
messages have been acquired from the outcomes.
Likewise the specificity and affectability has been
computed on the got results. Additionally the posi-
tive probability proportion, negative probability
proportion and ailment pervasiveness has been
computed. From the got results, the precision of
the proposed calculation has been demonstrated.

6 CONCLUSION

The existing system is based upon the two level
analyses of the images to find the copy paste for-
gery. The SIFT has been used after the image seg-
mentation in patches in the first stage. The existing
model has used to EM clustering in the second
level to reevaluate the copy move forgery again.
The authors have combined the EM-segmentation
with SIFT matching points for the purpose of for-
gery detection. The authors have used these two
techniques in the series defined as the difference
of Gaussian, SIFT points, k-NN and Expectation
Maximum (EM). The existing system is time con-
suming as well as less accurate due to the use of
image segmentation techniques. The image segmen-
tation techniques are based upon the pixel to pixel
variation or similarity in the images, but the problem
lies in the cluster center selection, which are usually
selected randomly. The randomly extracted clusters
always produce the different results on the same
image, which makes the system inefficient in terms
of accuracy. A variety of the experiments have been
performed over the proposed model to evaluate its
performance. The results have proved the efficiency
of the proposed model while evaluated on the basis
of various performance parameters.
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Binary image reconstruction using the adaptive hybrid mechanism
with swarm optimization
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ABSTRACT: Theimage reconstruction is the procedure to reproduce the image from the image contents
provided in the form of projections or damaged image matrix. The image matrix damages are produced
due to many internal or external factors which cause the image degradation. The image compression is
also one the primary reasons behind the image reconstruction. The image reconstruction from the projec-
tion data is incorporated using the iterative reconstruction mechanisms. The data matrix processing and
matrix regeneration is the iterative process to regenerate the matrix by estimating the data values from
the provided projections. The projection data in obtained in the multi-dimensional format which includes
the 2-D, 3-D or N-D projection data obtained from the various types of images. The proposed model is
aimed at solving the problem of the binary matrix reconstruction by estimating the pixel values from the
projection data. The swarm optimization techniques would be incorporated to effectively regenerate the
image matrix. The proposed model design has been aimed at improving the performance of the existing
models by eliminating the shortcomings of the existing schemes.

1 INTRODUCTION

Binary Image Reconstruction outlines the tech-
niqueyof re;g)roducing an image from the traced So»r - o’
image. This traced image is acquired in the struc-
ture of projections such as diagonal, vertical and
horizontal. These projections are absolutely based -

on the type of an image that may be 2-D or 3-D - ‘
image. This involves the concept of binary image
reconstruction. A binary image is a digitalized
image containing on white and black pixels where
white pixels corresponds to binary value 1 & black
pixels corresponds to binary value 0.

In binary images, Image reconstruction is a
mathematical process that produces images from
Horizontal-Vertical projection data derived from Analytical Reconstruction constructs an image
the different angles. Image reconstruction has a  in a single step. The widest use of this projection is
major influence on image quality also on radia- in the field of clinical binary image scanners. The
tion noise. For a radiation dose it is necessary to ~ major reason behind its use is its numerical stabil-
reconstruct images with the lower noise without ity and computation efficiency whereas Iterative
sacrificing spatial resolution and image quality. =~ Reconstruction constructs an image in multiple
Reconstructions methods that improve image  steps but provides a complete solution which leads
quality can be converted into a decrease of radia-  to efficient reconstruction of an image as com-
tion dose as images of acceptable quality can be  pared to filtered back projection. Also it decreases

Figure 1. Example showing differences between filtered
back projection (right half) and iterative reconstruction
method (left half).

reconstructed at lower dose. the image artifacts like beam hardening and metal
There are plenty of techniques of image recon-  artifacts.
struction. Mostly used are: The existing work is done on simulated anneal-

ing that uses the two level solution for reproduc-

i. Analytical Reconstruction or Filtered Back ing an image. The simulated annealing inhibits
Projections (FBP). the concept of metallurgy where it is enforced on

ii. Iterative reconstruction. glass or metal. This provides the excellent strength
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Min. Norm

Figure 2.
images.

Reconstruction example over the MRI

Figure 3. A single frame from a Real-time MRI movie
of a human heart. a) Direct reconstruction b) iterative
(nonlinear inverse) reconstruction.

in glass with accurate flexibility. In this, there are
more chances of occurring error while reconstruc-
tion phase. As a result of which there is a need of
single efficient initial solution algorithm that will
produce more accurate results.

This paper emphasizes on iterative reconstruc-
tion of binary images from HV projections ana-
lyzed from different angles. It also emphasizes on
obtaining the more efficient results as the solution
of optimization problem or to a set of equations
which are concluded in a iterative loop.

2 RELATED STUDY

Patel, Divyesh et al. (2015) describes a technique
for the reconstruction of h-convex binary images
form its horizontal and vertical projections using
the idea of simulated hardening. In this research,
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the use of convexity property in case of binary
images is represented and it also downside the
reproduction of h-convex binary image from its
vertical and horizon ions. This downside is altered
into two completely different optimization prob-
lems by the concept of two acceptable objective
features. Then the two simulated hardening algo-
rithms to untangle the two atomization problems
are constructed by this algorithm. The sturmarbe-
iteilung algorithm are verified on infinite aimlessly
generated test images. These algorithm verifies the
weedy pictures.

Shiv Kumar Verma et al. (2013) The Branch
and Bound method has been carried efficiently
and effectively over the convex binary images in
the discrete tomography. The authors laid empha-
sis on the diagonal and anti-diagonal projections
and afterwards the results are compared with the
traditional horizontal-vertical projections. With
the use of Branch and Bound method, if number
of elements increases, then the trees grows expo-
nentially but this works efficiently well for images
having matrix order below 10. Also the bound is
computed at each branching point and also on
intermediary node points to limit the unbound
expansion of tree. Only if the diagonal and anti-
diagonal vectors sums are consistent, only then
reconstruction of unique binary images is possible.
The authors analyzed that in HV-convex images,
the number of nodes and execution time increases
exponentially but while using diagonal and anti-
diagonal convex images, execution time decreases.
No doubt the height of tree is larger as compared
to HV-projections. This method has slower conver-
gence rate as compared to the other methods but it
works efficiently on 50 x 50 matrices.

Abris Nagy et al. (2014) The authors recom-
mended an algorithm for the reconstruction of
convex bodies from booming X-Ray computation
with a complete evidence of convergence. He pre-
sented some advanced walk into the direction of
reconstruction. The continuity features are used
for transmitting the connected dense HV-convex
sets possessing the similar axis parallel bounded
box to the correlated generalized conic function.
These results are used to schedule an algorithm for
the reconstruction of densely connected bodies.
Greedy and Anti greedy variants are also presented
with quota system strategy. The co-ordinates of
X-Ray are determined by generalized conic func-
tion that are related to a dense planar set. The gen-
eralized methods of reconstruction are established
on the Fourier transformation while the algebraic
reconstruction are carried out in case of pixel
based objects.

Shiv Kumar Verma et al. (2012) discussed the
difficulties encountered while reconstructing a
binary image only from the sums of line disposed



in two orthogonal projections. These two projec-
tions may be diagonal (45°) and anti-diagonal
(135°) or horizontal and vertical projections. Using
diagonal and anti-Diagonal projections provides
better and accurate information about the image
which further lessens the number of solutions. The
authors suggested this algorithm and further test
this on sample images of varying size and patterns.
After that the obtained results are contrast with
the horizontal-vertical projections using Chang’s
algorithm in terms of misclassifications. No doubt
both the algorithms works and performs in identi-
cal manner, the only variation can be seen in mis-
classification parameter which is because of only
particular image patterns are selected leaving the
others, therefore the tie breaks and weights gener-
ates the variations.

Norbert Hantos et al. (2013). In this, the recon-
struction of binary images using Morphologi-
cal skeleton over Horizontal-Vertical projections
is proposed. If only the two directions are given,
to satisfy these two directions there may be many
exponentially Horizontal-Vertical convex 4-con-
nected images. Also if the morphological skeleton
is known in advance, one can decrease the number
of possible solutions. According to the author,
the reconstruction solution can only be find out
in polynomial time and in last and final step one
needs to validate if the morphological structure of
the reconstructed images lies in the set. The author
defines horizontal-vertical convex images in terms
of object co-ordinates. If in binary image (F), the
object co-ordinates are chronological in every col-

3 COMPARITIVE ANALYSIS

umn (row), then F is known as V-convex (H-con-
vex) image. And the binary image is anti-diagonal
(diagonal) convex, if the object co-ordinates are
chronological in every anti-diagonal (diagonal).
The authors concluded that even if the morpho-
logical skeleton is known the reconstruction of
HV convex is not unique. No doubt for a certain
parameter value this can be possible.

Zoltan Ozsvar et al. (2013) The authors proved
the problem of reconstruction of binary images
from Horizontal-Vertical projection is NP-Hard.
The authors examined the various heuristic algo-
rithms of reconstruction and also contrast the
results from the perspective of reconstruction qual-
ity and execution time. The quality of reconstruc-
tion not only depends on the size of binary image
but also on the positions and number of its com-
ponents. The authors also revealed that the time of
reconstruction is also concerned with the number of
switching components which are present in a binary
image. A binary image contains of only black and
white regions. The authors assumed the object which
is examined is unvarying i.e. homogenous then the
image must consists of only white (background)
pixels and black (objects). This can generate images
of superior quality even from little quantity of data.
Many experiments are performed to contrast vari-
ous algorithms of reconstruction of binary images.
The authors wind up with the result that for fast and
efficient reconstruction algorithm of Horizontal-
Vertical convex images, the various feature such as
localization of components, core-shell operator and
switching operators to be combined.

Table 1. The comparison of various techniques has been shown in the table below.
Author, publication Techniques
and year Problem addressed proposed Merits Demerits
Divyesh Patel To reconstruct the Simulated The simulated More probability of
et al., IEEE, binary images from  annealing annealing provides occurring error
2015 the image traces the apt. strength in during the reconstruction
i.e. its Vertical metal or glass with process and also the two
and Horizontal appropriate optimization solutions
Projections flexibility mess up with each other.
Shiv Kumar Reconstruction of Branch and Execution time and Height of tree is large as
Verma et al., convex binary bound Number of nodes well as the converges
Research Gate, images from technique in a tree decreases rate is slow.
2013 Diagonal and to a great extent.
Anti-Diagonal Works well for
projections. up to 50 x 50
matrices size.
(Continued)
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Table 1. (Continued).

Author, publication Techniques

and year Problem addressed proposed Merits Demerits

Abris Nagy et al., Reconstruction of Use of Continuity Work well on Noisy The proposed algorithm
Journal of HV-convex sets properties and data as well as. considers the
mathematical with the help of Greedy and measurements of

imaging and
vision, 2014.

their co-ordinate
X-ray functions.

Anti-Greedy
algorithms of

only in a finite
points of sets.

reconstruction.

Shiv Kumar Reconstruction of Reconstruction More Information The proposed solutions
Verma et al., convex binary projection about the image has been found lacking
International images from algorithms from these two in the ability to
Journal of Diagonal and projections that accurately reconstruct
Tomography Anti-Diagonal lessens the no. of the non-centrally
and Statistics, projections. possible solutions. weighted image.

2012 Gives Better

Norbert Hantos Reconstruction of

Polynomial Time

et al., IEEE, the binary images calculation
2013 Vertical and method
Horizontal
Projections and
morphological
skeleton
Zoltan Ozsvar Reconstruction of Kernel-Shell
etal., Acta the HV-Convex method,
Cybern, 2013. binary matrices simulated
using Horizontal annealing

and Vertical
Projections.

reconstruction when
contrast with other
algorithms.

For Finding the
solutions, There
exists a polynomial
time technique.

If the morphological
skeleton is known is
addition even then the
Reconstruction of
HV-convex polynomies
is not unique

The efficiency of
reconstruction is
determined by Size,
number and location
of components.
Hence, a fast and
efficient algorithm
is proposed.

Objects to be examined
must be unvarying
i.e. they must be
homogenous.

4 SYSTEM DESIGN

In this research, at very initial stage a detailed lit-
erature survey is being carried out with which all
the earlier descriptor methods analyzed in detail
so that an algorithm with better precision can be
developed. A new approach has been proposed
for image reconstruction having unique optimi-
zation and initial solution design techniques for
the binary images. The image will be regenerated
using the image traces. These traces are acquired
in the form of horizontal and vertical projec-
tions. The proposed algorithm is a hybrid method
of image reconstruction that will be utilizing the
pixel labelling and pre-shape analysis based on
initial solution which derives the initial combina-
tions to satisfy the projection data. The projection
data is then further used to recreate the projected
binary image in the iterative context which then
runs the whole program and finds the various
combinations to recreate the initial image matrix.
This will be done using the “Iterative Reconstruc-
tion method” and “Chang or Reyser working”.
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The results obtained from this initial solution are
then passed onto optimization stage. The optimi-
zation will be performed using either the “Genetic
Algorithm” or the “PSO (Particle Swarm Opti-
mization)”. At last the results are compared with
the existing work (stimulated annealing) using the
performance parameters such as accuracy, elapsed
time, Correction factor etc.

Algorithm 1: Genetic Algorithm with Noise
Purification

i. Input binary image
ii. Read the binary image and convert into image
matrix data
iii. Compute the projection vectors
iv. Acquire the projection vector
v. Apply the condition of the horizontal and
vertical summation difference to zero
vi. If iteration count is 1
vii. Compute the binary compositions in the
given sized matrix (N x M)

viii. Otherwise



ix. Update the binary composition in the given
sized matrix (N x M)
x. If condition satisfies
xi. Return from the Iteration
xii. Apply the genetic programming over the
constructed binary matrix
xiii. Perform the new population selection
xiv. Compute the solution
xv. Calculate the solution fitness
xvi. Optimize the matrix components by apply-
ing the computed solution
xvii. Return the Optimized image matrix
xviii. Check the pixel conditions in the given
window of 3 x 3.
xix. Check the density of the surrounding pixels
xx. Update the center value according to the
condition received condition
xxi. Return the finally regenerated matrix

Table 2. Results obtained from the proposed model
simulation.

Reconstruction Elapsed
Image size accuracy (%) time (sec)
20 x 20 79.54 5.31 seconds
30 x 30 81.32 7.59 seconds
40 x 40 78.36 9.42 seconds
50 %x 50 84.65 11.95 seconds
60 x 60 90.75 14.23 seconds
80 x 80 73.17 17.19 seconds
100 x 100 82.77 20.22 seconds
Reconstruction Accuracy
100
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Figure 4. Reconstruction accuracy measured in the
percentage.
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Figure 5. Elapsed time for the reconstruction accuracy.

5 RESULT ANALYSIS

We have implemented our algorithms using the
MATLAB simulator over the windows 7. The
experiments were run on an Intel Core-i3 CPU
based PC with 6 GBs of memory. The program
has been specifically built for the requirement of
the binary image reconstruction using the iterative
pixel guessing solution with data matrix reconstruc-
tion. The following Table 2 describes the results
obtained from the proposed model in the form of
the accuracy of reconstruction and elapsed time.

The reconstruction accuracy has been measured
over each reconstructed image matrix against the
original image. The image reconstruction accuracy
depicts the accuracy of the results obtained from
the proposed solution. The proposed solution
has been evaluated in the graphical form in the
Figure 4, which describes the overall accuracy of
all 7 reconstructed images.

The elapsed time graph has been obtained from
the proposed model. The elapsed time has been
measured in the seconds for the entire solution
over the input image data.

6 CONCLUSION

The horizontal, vertical and diagonal projections
can be obtained from the image data. The projec-
tion data contains the sum-ups of the rows and
columns in the 2-D or 3-D formation according to
the type of images. The binary images are the 1-bit
images which contain only two types of combina-
tions or 1 and 0. The binary image reconstruction is
based upon the initial solution which computes the
initial combinations to satisfy the projection data.
The projection data is utilized to recreate the pro-
jected binary image in the iterative context which
runs the whole programs and computes the various



combinations to recreate the initial image matrix.
The matrix result obtained from the initial solu-
tion is then passed on to the genetic algorithm for
the matrix optimization. The GA is responsible for
returning the optimal solution with best combina-
tion available according to the projection data. The
results of the proposed model have been analyzed
in the form of various performance parameters
such of reconstruction accuracy and elapsed time.

In this paper, the use of swarm intelligent solu-
tion has been suggested for the image matrix
reconstruction. The image reconstruction process
has been aimed to producing the image matrix
from the projection data obtained from the binary
images. The hybrid image matrix regeneration
sequence will be utilized to improve the overall
quality of the image matrix reconstruction. The
proposed model is aimed at solving the problem of
improving the stability of the iterative solution in
the lowest possible regeneration process time.
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Application of signal processing to optimize EM attack on AES
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ABSTRACT: EM attack is one of the most effective Side Channel Attack techniques. It does not require
the close proximity of the adversary to the crypto systems to acquire the EM signals radiated. This paper
contains brief implementation detail of AES on FPGA and illustrates the EM signals measurement proc-
ess. This explains briefly about the philosophy of correlation EM analysis attack technique and presents
totally algorithmic approach to reduce the requirement of EM signals acquired by placing EM probe in
the vicinity of the FPGA device executing AES algorithm to extract the key. This cost effective approach
includes different signal processing techniques i.e. moving average, low pass filtering, harmonics removal,
spectral band pass filtering, combination of more than one of them, etc. The application of these tech-
niques on EM signals eliminates/suppresses noise contents. Effectiveness of these techniques depends on
the clock frequency of the board. The requirement of EM signals has been reduced up to 43% with lesser
computational overheads and without use of additional complex equipments.

1 INTRODUCTION (SEMA) attack, which deduces some secret infor-
mation of crypto system by visual inspection of few
Side Channel Attack is a newer and fast evolv- EM signals with detail knowledge of the system.
ing technological field used to extract the secret  Secondis Differential EM Analysis (DEMA) attack,
information of crypto systems with lesser compu-  which is analogous to Differential Power Analy-
tational efforts and time as compared to classical  sis (DPA) (Kocher et al., 1999) attack technique.
cryptanalysis techniques. It deduces information = DEMA (Mathews, 2006) attack uses statistical tool
by acquiring and analyzing data dependent side  to deduce the secret key by analyzing EM signals.
channel leakages like power consumption (Kocher It needs less details of crypto system. It forms two
et al., 1999), EM radiation (Gandolfi et al., 2001),  groups of EM signals based on intermediate data
execution time (Kocher, 1996), etc. of a crypto  values and computes average of each group. Finally,
algorithm running on electronic circuitry. it generates differential signal by subtracting the
Most of the electronic circuits are based on  averaged EM signals. In the case of correct guessed
CMOS technology (Kang & Leblebici, 2002) where  key, dominant peaks are found in the differential
state of the circuit changes with the data being signal. An improved version of DEMA attack is
processed. The change of the states causes varia-  known as Correlation EM Analysis (CEMA) attack
tion in the transient current drawn. This results in ~ which is similar to the Correlation Power Analysis
variation of power consumptions and EM radia-  (CPA) (Brier et al., 2004) attack. CEMA attack
tions, which are exploited to extract the secret key =~ compares measured EM signals with the EM sig-
of the crypto algorithms. AES (Stallings, 2003)  nals computed using a hypothetical model.
algorithm is being widely used due to its robust- EM attack is now being considered more effi-
ness towards crypt analysis and its ease of imple-  cient attacks method because EM emissions are
mentation either in S/'W or H/W. FPGA based  very rich source of information (Maistri et al.,
platforms are becoming natural choice of crypto  2013.), (Rao & Rohatgi, 2001) and measurement
systems because of their reconfigurable feature.  of EM emissions is contactless process. EM attack
But FPGA based crypto systems have been found  does not require the close proximity of the attacker
leaking information through power consumption to the crypto systems as required in the case of
(Berna et al., 2003) and EM radiation (Carlier = power attack to measure the power consumptions.
et al., 2004.). This enables adversary to mount the =~ EM signals of a crypto system can be acquired
power/EM attack and extract the secret key. from distance (Mangard, 2003) with the help of
EM Analysis (EMA) (Quisquater & Samyde, appropriate antenna and data acquisition card or
2001), (Gandolfi et al., 2001), (Agrawal et al., 2002)  oscilloscope. Thus monitoring of EM emissions is
or EM attack extracts information by analyzing easier and less detectable (Maistri et al., 2013).
EM signals using statistical tool. EM attack is of But problem with EM attack is the channel
two types. First is known as Simple EM Analysis  noise. With the increase of distance, EM radiations
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are buried in a lot of noise due to interferences of
radio signals and radiations of other electronic
equipments put in the reception area of the receiver
used by the adversary. The more problem is posed
by dominant emissions from power supply grid of a
cryptographic device (Mangard, 2003). This inhib-
its the extraction of information from emissions of
specific part of a device. Combined effect of these
noises make difficult task to detect compromising
EM signals of a device and hence retrieval of infor-
mation by mounting EM attack becomes highly
tedious job. This necessitates further actions to be
taken to address this problem. Towards this, some
ideas have already been proposed in the literature
(Mangard, 2003), (Rao & Rohatgi, 2001) including
the use of heterodyne receiver of variable band-
width and tunable with large frequency values. In
order to exploit these noisy emissions, it was pro-
posed to tune the receiver to clock frequency or to
one of its harmonics, down convert the side-bands
to some intermediate frequency and analyze down
converted signal like in power analysis attacks.
This paper proposes software oriented approach
to reduce the requirement of EM signals measured
from close proximity (near field) of the crypto-
graphic device running the crypto algorithm with-
out employing additional complex equipments.
Various signal processing techniques like Moving
Average, Low Pass Filtering, Harmonics Removal,
Spectral Band Pass Filtering and combination of
more than one of them are applied on EM signals
emitted from FPGA board executing AES.
Remaining part of the paper is structured as fol-
lows. Next section of the paper contains brief imple-
mentation details of the AES on FPGA (Spartan
3E) board. Measurement process of EM signals
is given in section 3. Section 4 contains the phi-
losophy of CEMA attack. Effect of different signal
processing techniques on EM signals captured at
different clock frequencies is presented in section 5.
Section 6 includes conclusions of the paper.

2 IMPLEMENTATION OF AES ON FPGA

AES algorithm is a symmetric block cipher used
to encrypt electronic data. Its execution starts with
add key operation followed by nine similar rounds
of processing (Singh et al., 2015). Each round con-
tains substitute byte, shift rows, mix column and
add round key operations. Mix column operation
is not used in final (tenth) round processing.

FPGA is configured for 128 bits AES algorithm
using VHDL and Xilinx tool. Ten round keys are
generated in ten clocks before the encryption starts.
One clock is used in processing of each round and
full encryption process consumes ten clocks.

Byte wise XORing of key with plaintext (Singh
et al., 2015) is the first step of encryption process
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Figure 1. AES encryption core on FPGA (Singh et al.,

2015).
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Figure 2. Simulation window of AES encryption core.

followed by substitute byte, shift rows, mix column
operations. Bytes resulting from mix column oper-
ation are XORed with the corresponding bytes of
round keys in add round key operation. The output
bytes of shift rows operation are byte wise XORed
with the respective bytes of the tenth round key in
last round processing.

Figure 1 shows the AES encryption core on
FPGA (Singh et al., 2015). This core performs
encryption in continuous manner. Appropriate
waiting time has been inserted between encryp-
tions. Each encryption process starts with gen-
eration of a trigger signal which remains at high
logic value during the whole encryption time. This
is illustrated in Figure 2 with the help simulation
window. Simulation window shows clock, reset,
trigger, key, input, output and encryption count
signals starting from the top. This core produces
plaintext of random nature during the waiting
time to serve as plaintext for next encryption.

3 MEASUREMENT OF EM SIGNALS

EM radiations (leakages) are captured using
appropriate magnetic sensors (Masoumi & Reza-
yati, 2015) and they are digitized with the help of



suitable ADC or oscilloscope. These digitized data
of leakages are stored for further processing/analy-
sis purposes. Care is required during measurement
process. Representation of each intermediate result
requires sufficient numbers of samples. Use of
optimum number of samples improves the analysis
results (Singh et al., 2015). Using either too large
or too less numbers of samples increases analysis
time and computations.

Figure 3 depicts the measurement setup (Singh
et al., 2015) to measure EM signals emitted from
FPGA board. It consists of workstation, oscillo-
scope (DPO 7254), FPGA board and EM probe
fixed on the top of FPGA with the help of EM
probe station. Specific part of the FPGA board,
where radiations are strong and possesses unique
patterns of AES processing, is identified for pick-
ing the EM signals. PC communicates with FPGA
board using JTAG port. Xilinx tool at PC gener-
ates application (bit) file, transfers it to the board
and executes it. EM signals radiated during encryp-
tions time are captured with the help of probe and
oscilloscope. The start of algorithm’s execution
and capturing time of EM signals is matched by
employing a trigger signal. Trigger signal is pro-
duced in FPGA at the moment when execution
starts. It is sent to one of the inputs of oscilloscope
to activate it for acquisition of EM signals. Tektro-
nix make Oscope tool is used to transfer the data
acquired by oscilloscope to the PC. In order to
avoid the overwriting of present encryption data
(EM signals) of oscilloscope with the data of next
encryption, a appropriate waiting time (1.5 s) is
introduced between encryptions.

Figure 4 below depicts screenshot of the oscillo-
scope containing trigger and EM signals for single
encryption of AES. It shows that the trigger signal
remains high for full encryption time.

Figure 5 shows the plot of the EM signals (Singh
et al., 2015) radiated at various clock frequencies
of the FPGA board. Improvement in radiation
quality with the increase of clock frequency is
observed. It exhibits that the clarity and visibility
of distinct patterns of AES processing enhances
with the increase of clock frequency. Improvement

Figure 3. Measurement setup for acquisition of EM
signals (Singh et al., 2015).
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(Singh et al., 2015).

in radiation reduces the requirement of EM signals
obtained at higher clock frequency to deduce the
key used in the crypto device.

4 CORRELATION EM ANALYSIS ATTACK
PHILOSOPHY

The correlation EM analysis attack philosophy
is based on existence of statistical correlation of
leakages with operations and data being used by
the cryptographic devices. Measurement and anal-
ysis of leakages i.e. power consumptions and EM
signals, captured when execution of cryptographic
algorithms takes place, results in revealing the
secret information. CEMA attack performs com-
parison between measured and predicted EM sig-
nals. Development of a suitable model is needed to
predict the leakages. Quality of a model is depend-
ent on skills and knowledge of the adversary.
Hamming Weight and Hamming Distance (HD)
models (Brier et al., 2004), (Peeters et al., 2007) are
well known. Among them, the HD model is mostly
used for devices based on CMOS technology. HD



model assumes a kind of linear relation between
the leakages and changes of states taking place
in the devices. According to the HD model, the
number of change of states (0 — 1 and 1 — 0) are
proportional to leakages. This model proposes that
the same amounts of leakages are resulted from
the both type of change in states. The HD model
Predicts Leakage (PL) using equation 1 for two
successive intermediate values (let Z, and Z,) of an
algorithm under consideration.

PL=HD(Z, Z,)=HW(Z, ® Z,) (1)

where HW stand for Hamming Weight, @ indi-
cates exclusive—OR operation. Part of key (Ks)
and plaintext (PT) are involved in producing the
intermediate values Z, and Z,.

Equation 1 is used to predict leakage PL for dif-
ferent plaintexts and guessed keys. Real EM signal,
RLj, is measured for each plaintext at different time
j- These real EM signals are correlated to the pre-
dicted leakages. The correlation is measured using
Pearson’s correlation coefficient (Clarke & Cooke,
1998) between predicted leakage PL and measured
EM signal RLj using the formula given as:

E(PL,RLj)- E(PL).E(RLj)
JVar(PL)Var(RLj)

2

where E and var represent average and variance
operation respectively. RLj has little correlation
with the corresponding PL when Ks is not the cor-
rect key guess. When Ks is the correct key guess,
the RLj shows highest correlation with the corre-
sponding PL.

Part of EM signals representing tenth round of
AES processing is used for CEMA attack. Guessed
key byte which shows highest correlation value is
considered as actual key byte. All 16 key bytes of
AES algorithm are extracted by analysing 8450
EM signals which are acquired at 5 GS sampling
rate of the oscilloscope when 1 MHz was the clock
frequency of the FPGA board. Table 1 contains
the results of EM attack mounted on EM sig-
nals of several clock frequencies of FPGA board
(Singh et al., 2015) and sampling rates of the oscil-
loscope. This shows that the need of EM signals at
4 MHz is larger than at 10 MHz. This is the result
of improved radiation quality.

Table 1. Result of CEMA attack at different clock fre-
quencies and sampling rates (Singh et al., 2015).

Clock Frequency/ No. of samples/  No. of
S.No. Sampling rate Clock Traces
1 1 Mhz/5.0GS 5000 8000
2 4 MHz/2.5 GS 625 17500
3 10 MHz/2.5GS 250 7500
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5 SIGNAL PROCESSING OF EM SIGNALS

The CEMA attack needs substantially large amount
of EM signals as compared to the amount of power
waveforms required by CPA attack (Singh et al.,
2015) to extract the AES key. The reason for this
is the presence of surrounding noises. This inspired
to explore some cost effective techniques to reduce
the requirement of EM signals without employing
additional equipments and significant increase in
computations. Hence, the use of software oriented
signal processing approach is finalized to achieve the
goal by removing/suppressing the noise contents.

Based on spectrum and spectrogram analysis
of EM signals acquired at several clock frequen-
cies of the FPGA board, some techniques namely
Moving Average (MA), Low Pass Filtering (LPF),
Harmonics Removal (HR), Spectral Band Pass Fil-
tering (SBPF) and combination of more than one
of them have been tried. These techniques have
considerably reduced the amount of EM signals
required to reveal the secret key.

One thing needs to be mentioned here that all
these techniques are not equally effective in reduc-
ing the requirement of EM signals of all clock fre-
quencies. Different techniques are found effective
for EM signals of different clock frequencies. The
effective techniques for EM signals of 1, 4 and 20
Mhz frequencies are discussed below in case 1, case
2 and case 3 respectively.

Case 1: 1 Mhz frequency.

In this case, processing is performed at 1 MHz which
is derived from 4 MHz clock frequency through
software means. HR technique followed by LPF
technique has enabled in reducing the amount of
signals needed to deduce the full key. HR technique
is used to remove the 4 MHz clock frequency com-
ponent and low pass filtering removes the high fre-
quencies noise components. EM signal along with
signal resulting from HR+LPF technique for last
three rounds of AES processing are shown in Fig-
ure 6. EM signal of only last three rounds of AES
is chosen to improve the clarity. Second reason is
the way of mounting the attack. CEMA attack has
been mounted on last round. Figure 6 shows that
the signal resulting from HR+LPF technique has
become smooth due to removal of unwanted noise
signals. This technique has reduced the amount of
EM signals from 8450 to 7000, which indicates that
the requirement of signals has reduced by 17.2%.

Case 2: 4 MHz frequency.

Here, both processing and clock frequency are
same (4 Mhz). In this case, LPF technique is found
effective in reducing the requirement of EM sig-
nals by removing/suppressing the high frequen-
cies noise signals. The plots of the EM signal for
last 3 rounds of AES, average spectrum of EM
signals, signal resulting from the LPF technique
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After applying LPF technique on a, d) Average spectrum MA 12500
of c. HR+LPF 10500
SBPF (0-450 MHz) 8000
. . . 4 20 MHz/5GS NIL 11350
and its average spectrum are shown in Figure 7. MA 11000
From this figure, it is obvious that the signal result- LPF 11000
ing from LPF technique and its average spectrum SBPF(20-250 MHz) 10000
have become smooth due to elimination of noise SBPF (0 to 350 MHz) 6500
contents. Therefore, the number of EM signals 5 40 MHZ20GS NIL 9500
required has reduced from 17725 to 12000. It MA 9000
implies that 32.3% less amount of EM signals is Others No
required, which is significant quantity. improv.

Case 3: 20 MHz frequency.

In this case also, both processing and clock fre-
quencies are same. Only difference is the clock fre-
quency value. In place of 4 MHz, 20 MHz clock
frequency has been used. The plots of EM signal
of 20 MHz clock frequency, spectrum of EM sig-
nal and the average spectrum of EM signals are
depicted in Figure 8. Average spectrum of EM
signals (100) exhibits that the signal is concen-
trated in the frequency range from 0 to 350 MHz.
Therefore, application of SBPF technique with
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frequency range 0 to 350 MHz on EM signals has
greatly reduced their requirement to extract the
key. The requirement of number of EM signals has
decreased from 11350 to 6500. Here, maximum
43% of reduction in the requirement of number of
EM signals is noted down.

The effect of different signal processing techniques
on EM signals of different clock frequencies is shown
in Table 2. From this table, it is obvious that LPF



technique is effective for EM signals of low clock fre-
quency values (1 and 4 MHz). For the clock frequency
having medium values (10 and 20 MHz), SBPF tech-
nique becomes more effective in terms of reducing
the amount of EM signals to reveal the secret key. In
the case of high value of clock frequency (40 MHz),
none of the techniques (except MA) is able to reduce
the requirement of EM signals. MA technique has
offered insignificant amount of improvement.

6 CONCLUSIONS

Compromising EM signals are radiated from the
FPGA chip executing AES algorithm. The secret
key is revealed by mounting CEMA attack on EM
signals representing tenth round of AES processing.
Huge amount of EM signals are needed to deduce
the key successfully by mounting CEMA attack
due to presence of surrounding noises. To reduce
the amount of EM signals required to extract the
key with minimal computational overhead, cost
effective approach is explored. This completely
software oriented approach includes signal process-
ing techniques namely moving average, low pass fil-
tering, spectral band pass filtering and combination
of more than one of them. The application of these
techniques on EM signals of FPGA board execut-
ing AES algorithm enables in minimizing their
requirement to break the system. The requirement
of EM signals has been reduced up to 43% with-
out employing additional complex equipments and
increasing significant amount of computations.
Different techniques are found effective in reducing
the requirement of EM signals of different clock
frequencies by eliminating/suppressing the noise
contents. LPF and SBPF techniques are found
more effective for low (1 & 4 MHz) and medium
(10 & 20 MHz) clock frequency values respectively.
At high clock frequency value (40 MHz), none of
the techniques has emerged as a winner.
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ABSTRACT: A new current mode universal filter is being proposed in this paper. The operational
transconductance amplifier and third generation current conveyor are used here as an active building
blocks. This second order biquadratic filter has used only two capacitors as passive components and
they both are grounded, which is good for integrated circuit implementation. The current input is at low
impedance port and current output is at high impedance port, making this circuit a better composition.
The circuit is able to produce all the five basic filtering function i.e. low pass, high pass, band pass, band
reject and all pass responses, without changing any hardware configuration as well as any component
matching condition. PSPICE simulation has been done to test and verify the theoretical results.

1 INTRODUCTION

Despite the advancement in digital signal process-
ing and their applications in real world, analog
signal processing still cannot be replaced with it,
because of its certain advantages. There are vari-
ous processing of natural signals that should be
carried-out with analog signal processing only,
such as amplification, rectification etc. (Senani
et al. 2014). Various devices have been realized
that are capable of processing the analog electri-
cal signals and modifying them according to their
properties. These devices can be utilized to obtain
circuits having different transfer functions cor-
responding to useful applications like amplifiers,
summers, filters, oscillators, wave generators etc.
(Senani et al. 2014). Electronic filter is one of the
important application of analog signal processing.
A filter allows electrical signals having certain fre-
quencies to pass through it depending upon their
type, which can be “low pass” (LP), “high pass”
(HP), “band pass” (BP), “band reject” (BR) or “all
pass” (AP) filter. “Current-mode (CM)”, “voltage-
mode (VM)”, “trans-conductance-mode (TC)” and
“trans-resistance-mode (TR) filters” are the vari-
ous available modes of the filter operation. A filter
that is capable of performing two or more types of
filtering functions is called a multifunction filter
whereas the one that can perform all five types of
filtering functions is called a universal filter. Fur-
ther, a filter can be of “Single-Input-Single-Output”
(SISO), “Single-Input-Multiple-Output” (SIMO),
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“Multiple-Input-Single-Output” (MISO) or “Multi
ple-Input-Multiple-Output” (MIMO) type.

Various universal filters based on Operational
Transconductance Amplifier (OTA) and third gen-
eration current conveyor (CCIII) are available in
literature, for instance (Horng & Jiun-Wei 2003,
Kumngern et al. 2013, Siripruchyanun & Jaikla
2009, Tsukutani et al. 2007) and they are cited in.
In (Horng & Jiun-Wei 2003) only 3 active devices
has been utilized but suffers from the drawback of
using floating capacitors. In (Tsukutani et al. 2007)
proposes a universal filter using OTA and Current
Conveyor (CC), but they employed three OTA and
one CC, to get all the five responses. In (Kumngern
et al. 2013, Siripruchyanun & Jaikla 2009, Tsuku-
tani et al. 2007) simply OTA has been employed to
get a second order standard filtering function, but
uses a large number of active devices.

The authors propose one such proposition that
eliminates all the above mention criteria. This cir-
cuit proposes a universal filter that gives all the five
basic responses i.e. “LP”, “HP”, “BP”, “BR” and
“AP”, simultaneously. This CM circuit offers elec-
tronic tunability of quality factor and frequency of
operation. All the utilized capacitors are grounded
in nature, which makes this circuit useful for their
implementation and use in the form of integrated
circuit. The current mode outputs are available
explicitly, which makes the circuit good for the use
of making higher order filter.

Introduction of the employed active building
block, utilized in the designed filter, is given in



section 2. Section 3 shows the “block diagram” and
“transfer functions” of the proposed filter circuit.
Section 4 provide the “sensitivity analysis” and
section 5 depicts the graphical “simulation results”
of the proposed resistor-less filter circuit that has
been carried out using the software “PSPICE”.
The conclusion is presented in section 6.

2 INTRODUCTION TO OTA AND CCIII

The Operational Transconductance Amplifier
(OTA), symbolically shown in Figure 1, is charac-
terized by
I,=%g,(V,-V) 1)
The transconductance factor is defined by g,
and it is controlled by the bias current inside the
circuitry of the OTA. The polarity symbol + or —
used before the transconductance parameter repre-
sents the direction of the current at the output.
A “third generation current conveyor” (CCIII),
symbolically shown in Figure 2, is characterized by

I, 0 - 0|V,
v.|=|# 0 o1 @)
I;t 0 + 0 V;r

where @, [ and y represent non-ideal port trans-
fer ratios of X, Y and Z terminals respectively and
ideally o= f=y=1.

3 CIRCUIT CONFIGURATION

The proposed second order universal filter using
OTA and CCIII, by utilizing all grounded passive

Vi
\=
Controlling
Signal
Figure 1. Symbolic notation of OTA.
k I+
VY Y zZ+ VZ#
CCIII
Ix 1z
VX X Z VZ-
Figure 2. Symbolic notation of CCIII.

components is shown in Figure 3. By using the
port’s relationships given in (1) and (2), routine
analysis yields derivation of all the “transfer func-
tions” as given in (3-6). The “natural angular fre-
quency” @, and the “quality factor” Q of the
filter are presented in (7).

(gmlgml ]
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The summation of I | and I ; will give the BR
response whereas summation of currents I, I,
and I, will provide an AP response. It is very
much evident from the given equations (3-7) that
all the filter responses, namely “high-pass” (HP),
“band-pass” (BP), “low-pass” (LP), “band reject”
(BR) and “all pass” (AP) can be obtained in the
proposed filter circuit, with an ease. Any proposed
universal filter must give all the said five basic filter
responses. It is very much evident from (7) that &,
and Q have electronic tunability and their value
can be changed by varying the value of g or g ,.
In section 5 we have presented simulation results
depending upon the proposed filter configuration.

4 SENSITIVITY ANALYSIS

By the sensitivity analysis of the realized network
it was found that the proposed configuration has
a very low sensitivity for all the active and passive
components employed. Therefore, this analysis jus-
tified the performance of our network.

1

S& =8SH =—— 8(a)

1 -2 2
o X oz fol
Iin anr | G o

Y Z1>—e
L I(BI QI

Figure 3. Proposed universal filter configuration.
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Figure 4. CMOS realization of the OTA (Senani et al.

2014).
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Figure 5. Third generation current conveyor (CCIII).
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5 SIMULATION RESULTS

The testing and the workability of the proposed
design have been checked, for the “current-mode”
response of the proposed filter circuit of Figure 3,
on “PSPICE” software. The CMOS versions of
OTA (Senani et al. 2014) and CCIII (Arora &
Sharma 2016) are shown in Figure 4 and Figure 5
respectively, for the use of making a universal filter.
The mode of operation of MOS transistors utilized
in Figure 4 and Figure 5 is saturation —-mode. The
“aspect ratios” of all the MOS transistors, utilized
in Figure 4 and Figure 5, are given in Table 1 and
Table 2 respectively. The 0.18 um CMOS model
parameters used for the PSPICE simulations have
been taken from (Arora & Sharma 2016). The
selected supply voltage has been V,, =—V=1.0V
for OTA and V,,=—V=1.45V for the CCIII. The
bias current is taken as 4 ¢ A for the OTA to get the
valuesof g, =g ,as42.8 u. The &, chosen for the
design was 1MegaHz and the passive component
values chosen were C, = 3.41 pF and C, = 13.46

Table 1. Aspect ratios of CMOS utilized in OTA.

MOSFET W(um) L(um)
MI, M2 5.76 0.72
M3, M4, M5, M6, M7, M8 2.16 0.72
M9, M10, M11, M12 1.44 0.72

Table 2. Aspect ratios of the MOSFETs of CCIII.

CMOS Transistors W(um) L(um)
M1-M4 5.714 0.43
MS5, M6, M7, M8, M13-M16, 9.285 0.43
M21-M24, M27, M28, M31,
M32, M37-M40

M9-M12, M17-M20, M25, M26, 18.571 0.43
M29, M30, M33-M36

10° 107 10°

Frequency (Hz)

Figure 6. Frequency response curves of the proposed filter circuits.
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Figure 7. Magnitude and Phase response of an all pass filter configuration.
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Figure 8. Tunability of Q, on the band pass filter response.
Table 3.  Different component values for Q, tunability. ie. magnitude and phase response are shown in
Figure 7. One can inspect in Figure 6 and find
S.No. Conditions Q , that ideal responses and simulated are very close to
each other. The tunability of Q while keeping the
1 Et = & = %2 1MHz  value of @, fixed is shown in Figure 8, by taking
C=Cn, C =2C the different combination values of g_,, g.,,C, and
2 81 =2 8 82 = 8 1 IMHz  C, as shown in Table 3.
C,=2C.C,=C
3 G = & &2 =2 8 2 1 MHz
C=2CC,=

)

pF. Simulation results based on the Figure 3 of the
proposed “current mode” filter for “LP”, “BP”,
“HP” and “BR”are shown in Figure 6. Dotted line
in Figure 6 shows the ideal or theoretical outputs
whereas continuous line represents the simulated
values of the outputs of the proposed filter con-
figuration. For an “all-pass” (AP) filter, the gain
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6 CONCLUSION

The paper proposes a new and novel current-
mode universal filter based on OTA and a CCIII.
It has been simulated using Orcad PSPICE soft-
ware. The circuit offers several advantages such
as, 1) The circuit does not have any resistor as a
passive component, 2) requirement of minimum
number of capacitors i.e. only two, 3) to achieve
all 5 responses it does not require any matching



conditions for passive components, 4) all the five
responses can be achieved without changing any
hardware configuration, 5) the use of all grounded
passive components, 6) this current mode circuit
has an electronic tunability of Q,, 7) explicit out-
puts available at high impedance port makes it a
better proposition for cascading, 8) The proposed
second order filter operates on extensively high
range of frequencies. The theoretical results and
the obtained practical results are very much close
to each other and thus justified the design.
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ABSTRACT: Detecting human faces from digital images are of great significance as faces represent
important and meaningful information which play a vital role in all face analysis systems. Face detection
is the first step in any face processing system. This field has gained enormous attention by the researchers
due to its wide variety of applications. Performing face detection is a challenging task due to certain prob-
lems associated with it. This paper presents, a survey and comparison of various approaches available for
the process of face detection along with the challenges associated with it.

1 INTRODUCTION

The field of face detection from digital images
has gained enormous interest from researchers
in recent areas. It has became a popular area of
research in computer vision due to its wide range
of applications such as human face recognition,
surveillance systems, human computer interfaces,
video conferencing, lip tracking, gender classifica-
tion [8] and so on.

Face Detection as defined by Yang M.H et al.
(2002) can be defined as the process to determine the
presence of any faces in a given image and if present,
return the location and extent of each face. It is the
first step to build any face processing system such as
face recognition, face tracking, pose estimation and
expression classification. Although it appears to be
an easy task for humans but it is a very challenging
task for computers due to various difficulties associ-
ated to it. The challenges associated with automatic
facial detection can be listed as follows:

a. Pose: Relative camera-face position can cause
part of face to be occluded partially or even
wholly.

. Occlusion: Occlussion is obstructions to the
faces in images. Facial features can be occluded
by beard, spectacles etc.

. Facial expression: Different expressions can
directly affect the facial appearance.

. Imaging Conditions: Factors like camera char-
acteristics and lighting conditions affect the
facial apperances in images.

. Illumination: The lighting and the angle of light
may cause faces to appear different in different
light conditions.

This paper contains a survey on different
approaches to face detection i.e. knowledge based
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approach, feature invariant approach, template
based approach and appearance based. Section 2
contains a literature review on different approaches
and methods for face detection. Section 3 provides
a comparison between the approaches listing their
merits and demerits.

2 REVIEW OF APPROACHES FOR
FACE DETECTION

2.1

Knowledge based approach for face detection as
discussed by by Yang M.H et al. (2002) is a rule
based top-down approach. Face detection using
this approach is done based on certain rules which
are derived from researcher’s knowledge of human
faces. These rules describe the facial features and
relationship between them in terms of their rela-
tive distances and positions. For instance, a facial
image can be described as a combination of two
eyes that are symmetrical to each other, a nose and
a mouth. Thus, an image which satisfies these rules
can be considered as human face. It is a top-down
approach as it works by first extracting the features
from the face followed by the complete facial detec-
tion based on the derived rules. Advantage of using
this approach is that it is easy to come up with sim-
ple rules to define human face. But on the other
hand this approach also suffers certain setbacks i.e.
if the derived rules are too general, it may result in
false positives and if the rules are too strict, it may
fail to detect faces that don’t pass all the rules.

A face detection method is proposed by] Nam
M et al. (2006), which used a context based face
detection method to identify facial regions from an
image. The context-based face detection method

Knowledge based approach



works by first reducing the search space of the
image by finding regions of face color. Later,
the remaining regions are searched upon using the
multiple Bayesian classifiers under varying illu-
minations. Image is organized into sub-bands for
processing. As the facial images have variant illumi-
nations, the proposed model used multiple classifi-
ers which carry the face illumination information.
It was observed that multiple classifiers yielded bet-
ter results as compared to single classifier.

Jung J & Horace H.S (2007) presented a scale
independent technique to detect the locations of
human faces in images. It is a hierarchical approach
which is performed in three different levels. At level
1, certain rules are derived using the eye model to
find out the presence of human face in the image.
Level 2 uses an improved Yang’s mosaic image
model to check the consistency of features with
respect to human face. Finally, SVM based face
model is applied at the third level to eliminate false
positives obtained from second level.

Khanum. A et al. (2008) proposed a method to
detect multiple faces in image invariant to scale
and position. It combined human skin color detec-
tion technique with knowledge based approach.
The search space of the input image is reduced
by extracting the skin coloured clusters from the
image. The resultant dataset is processed by neural
networks which are trained to detect features like:
left eye, right eye, nose and mouth. Finally when
both colour and human features match the input
image, facial region is detected.

Another method presented by Wang D, Ren J
et al. (2008) works by firstly detecting the skin pix-
els in an image using supervised learning. After the
skin regions are detected, they are labeled to obtain
the outer boundary rectangle and no. of pixels in
each region. Regions are subjected to a threshold
condition i.e. the regions having pixels less than the
threshold value are removed and are then filtered
based on SR parameter which defines rules based
on width and height of the regions. These regions
are then fed as an input to an algorithm which
contains simple rules based on relationships of the
facial features present in human face.

An efficient method for facial detection is pre-
sented by Devadethan S et al. (2014) which works
by detecting the eye region from the image. After
detecting the facial region, feature points are
extracted and distance between them is used to
find a possible face candidate. At first eye regions
are processed to verify the possible eye regions in
the image and then the further processing is done
in order to find out the face candidate.

2.2 Feature based approach

Yang M.H et al. (2002) discussed feature invari-
ant approach as a bottom up approach i.e. based
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on the assumption that humans can effortlessly
detect faces in varying poses and lighting condi-
tions, so there must be certain properties that are
independent of these variabilities. These methods
aim to extract facial features like eyes, nose, mouth
and hairline using edge detection and corner detec-
tion methods and then, building a statistical model
based on them to describe their relationships in
order to judge the presence of a human face. One
disadvantage of using this approach is that image
features can be severely corrupted due to condi-
tions like illumination, noise and occlusion.

Skin color is widely used as an efficient feature
for face detection although different people have
different skin colours. But studies have shown that
the difference is based on their intensity rather than
their chrominance. Multiple feature method uses a
combination of facial features to detect faces.

A feature-based approach by Gizatdinova Y &
Surakka V. (2006) is used for detection of facial
landmarks which successfully detected eyes from
facial images regardless of the expressions. The
method extracts the oriented edges and constructs
edge maps at two resolution levels. Landmark can-
didates are then obtained by selecting regions with
characteristic edge pattern.

Face detection by Miry L.D.A.H. (2014) is per-
formed by first segmenting the skin region from
the image using three different colorspaces RGB,
YCbCr and HIS and then in order to extract fea-
tures, high information segments of facial images
are selected by comparing it with ORL image using
Euclidean distances. It also incorporated fuzzy
systems to determine presence of face or not. This
method showed a detection accuracy of 94.74%.

Yan X, Chen X.W. (2009) used skin color and
wavelet express of images along with PCA to
obtain Eigen vectors. These eigen vectors distin-
guish the face and non-face regions. In order to
detect multiple faces from input image, modified
Bayesian classifier is used.

An algorithm for robust and efficient face
detection is proposed by Abdellatif Hajraoui &
Mohamed Sabri (2014). The algorithm contains
2 modules. The first module uses watershed seg-
mentation method to detect skin pixels and the sec-
ond module determines the presence of face in each
region of skin with a cascade of Gabor filters.

Another high level skin detection technique is
presented by Mohd Zamri Osman et al. (2016)
based on online sampling where offline training is
not required. It uses a dynamic skin detector which
is a combination of multicolor spaces in order to
reduce false positives and increase the precision rate
of detection as compared to single color space.

Taylor M. J. & Morris T (2014) adopted a Viola-
Jones feature based face detector in high precision
configuration to eliminate false positive results.
The segmentation step begins with the detection



of faces and then defining sub region within the
obtained regions. These pixel regions are then fil-
tered according to their luma values in order to
obtain skin pixels within the set.

2.3 Template based approach

In Template based approach as mentioned by Yang
M.H et al. (2002), certain standard patterns of face
are stored which describe the face as a whole or facial
feature separately. Face detection is performed by
calculating the correlation values between the input
image and the stored patterns. Advantage of using
this approach is that it is very simple to implement
and easily determines facial regions using the corre-
lation values. However it is inefficient to detect faces
in the conditions of variation in scale, pose and
shape. Multiscale, sub templates and deformable
templates have been proposed where the templates
are deformed by translation, rotation and scaling in
order to achieve scale and shape invariance.

A hierarchical model is proposed by Wang J
& Yang H (2008) for face detection which uses
template matching algorithm along with 2DPCA
algorithm. At the first level, a rough classifier is
used to filter out the non-face regions and the out-
put of this step is fed into the second level which
uses a core classifier based on 2DPCA algorithm
in order to detect the facial regions the image.

Tripathi Smitha et al. (2011) combined the skin
colour detection and template matching method.
After the skin areas are detected, sobel edge detec-
tor is used to detect edges and finally the trained
images are used in template matching to find out
the location of eyes, nose, mouth and discard the
non-face regions.

T. Venugopal & T. Archana (2015) compared
template based approach with a statistical based
approach i.e PCA over the images of FERET
database. It was observed that the recognition rate
of PCA was only 70-75% and it failed to detect
faces in changes in illumination, pose, in plane
rotation whereas template matching is a very sim-
ple approach and gave results 20% better and even
recognized faces efficiently invariant to all factors.

A system is proposed by Sharma S (2013) where
users can backup and compress their database
servers remotely. The system works by capturing
the image of user and exhaustively matching it by
comparing each pixel of the captured image to the
template saved on server. The exhaustive matching
procedure utilizes the neural networks algorithm
and template matching.

Another method propose by Nikan Soodeh &
Ahmadi Majid (2015) works by localizing the par-
tial template face image based on the similarities
between the intensities of partial face and gallery
samples. ZNCC and NSSD techniques are pro-
posed for template matching. Then, feature extrac-
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tion and classification approaches are incorporated
to find the best match.

2.4  Appearance based approach

Yang M.H et al. (2002) explains appearance based
methods are similar to template matching but
instead of using predefined templates, they adopt
machine learning techniques to extract faces. Image
vector is considered as a random variable having
some probability of being a face or not a face.
Another approach is to define a discriminant func-
tion between facial and non-facial regions. Some of
the most relevant methods of this approach are:

a. Eigen faces: A. R. Mohan et al. (2009) built
a classifier to filter the non-face regions by
boosting a set of weak classifiers constructed
by projection into eigen vectors of face space.
An efficient algorithm is proposed by Tayal
Yogesh et al. (2013), where weight and Eucli-
dean distance of input image is considered to
compute the features under varying lighting
and backgrounds.

. Neural Networks: Neural Networks is success-

fully used for face detection due to its feasibility
to train a system to capture complex class condi-
tional density of face pattern. A.Bouzalmat et al.
(2011) proposed BPNN with gabor wavelet for
face detection. Feature vector is extracted based
on Fourier Gabor filter and is then fed in as
input to BPNN for recognition. Another method
proposed by Bailing Zhang et al. (2015), detects
the occluded facial features based on convolu-
tion NN with multitask learning. This approach
operates directly on the image pixels and is based
on end to end principle and is thus extremely
effective as well as optimal from system point of
view.
Support Vector Machine: A method is used by
Ruan J & J. Yin (2009) which filters the skin
regions from the image and then uses linear
SVM to exclude the non-facial regions. Face
candidates are finally selected by detecting fea-
tures like eyes and mouth. Deep feature face
detection for mobile network is performed in
[16] where DFFDM algorithm extracts deep
features from facial images using Alexnet lay-
ers. Faces are detected by feeding different sized
sliding window into SVM i.e trained for each
window size.

. SNoW classifier: Nilsson M et al. (2007) and
Somashekar K et al. (2011) performed face
detection in three steps. In the first step, pixel
info of an image is obtained. Second step uses
local SMQT features as feature extraction for
object detection. Finally the task of face detec-
tion is accomplished by combining the feature
and the fast SNoW classifier.



3 COMPARATIVE STUDY

Table 1 lists the discussed approaches along with
their merits and demerits.

Table 1. A comparative study of face detection
approaches.
Approach Merits Demerits

1. Knowledge (i) Based on user’s (i) If the rules are

based interpretation too detailed, it
approach of human face may fail to detect
geometry. faces.
(ii) Simple rules. (i1) If the rules are
(iii) It is an efficient  too general, it
method to detect  may result in false
frontal faces. positives.
(iv) It is a Top- (iii) It is unable to
down approach. detect faces in
different poses.

2. Feature (i) Features are (i) Features can
Invariant invariant of vari-  be severely
approach ability’s of poses  corrupted due

and lighting to illumina-
conditions. tion, noise and
occlusion.

(i) Shadows can
cause strong
edges and thus
weaken feature
boundaries.

(iii) It is difficult to
detect features
in complex
background.

3. Template (1) Simple method. (i) It is not suitable
Based (ii) Requires less to detect faces if
approach data points for there is obstruc-

tion in front of
face.

(if) More templates
are required to
cover more views
of face thus
increasing detec-
tion time.

(iii) Depends on
size, scale and
rotation.

(i) Learning
requires a lot of
positive and neg-
ative examples.

(ii) The architecture
has to be exten-
sively tuned to
get exceptional
performance.

face detection.

4. Appearance (i) Fast, efficient
Based and robust.
approach (i) Uses powerful

machine learning
techniques.

(iii) Works effi-
ciently in differ-
ent poses and
orientation.

(iv) Provides good
empirical results.

4 RESULTS

This section shows some results of the different
approaches discussed in this paper:

Table 2. Results of using different approaches.

1.Knowledge based approach

Search window decision

\

Feature Extraction

J

Multiple Illuminant Classifiers

y

Face or Non Face decision

Figure.1(a)Proposed architecture for face detection

Figure.1(b) Input image

JaERdl
R

Figure.1(c) Before post processing

Figure.1 (d) After post processing

(Continued)
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Table 2. (Continued)

Table 2. (Continued)

2.Feature invariant approach

4.Apperance based approach

Skin Detector

v

Skin connected regions seg-
mentation using watershed

v

Skin regions location

Gabor filter Cascade

v

Face/ No face decision

Figure. 2 (a) Proposed methodology

Figure. 2 (b) Face detection results

3.Template based approach

Figure.3(a)Ilnput image
image

Figure.3(b)Template

Figure.3(c)Image after offsets Figure.3(d)Output image
at x and y coordinates are set

(Continued)
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Non
Maxinum
Suppression

LE

Duttl Fce-
ndeimge

Figure.4(c) Negative examples of face detection

5 CONCLUSION

This paper shows a survey of different techniques
for face detection. Face detection is the process
of identifying faces in digital images and return-
ing its position. It is an interesting and active area
of research. Various methods are discussed in this
paper. A comparative study of different approaches
is done to list out the merits and demerits of using
each approach. The future scope of this area is
to make an efficient and robust face detection
system which can provide accurate results in any
circumstances.

REFERENCES

Abdellatif Hajraoui & Mohamed Sabri. 2014. Face
Detection Based On Skin Detection, Watershed
Method and Gabor Filters. International Journal of
Computer Applications. 94(6):.33-39.

Bailing Zhang et al. 2015. Face occlusion detection based
on multi-task convolution neural network. In Proceed-
ings of 12th International Conference on Fuzzy Systems
and Knowledge Discovery (FSKD). Pp. 375-379. IEEE.

Bouzalmat, Anissa et al. 2011. Face Detection And Rec-
ognition Using Back Propagation Neural Network
And Fourier Gabor Filters. Signal & Image Process-
ing: An International Journal (SIPIJ). 2(3):15.

Devadethan S et al. 2014. Face detection and facial fea-
ture extraction based on a fusion of knowledge based
method and morphological image processing. In Pro-



ceedings of Annual International Conference on Emerg-
ing Research Areas: Magnetics, Machines and Drives
(AICERA/ICMMD).pp. 1-5.1EEE.

Gizatdinova Y & Surakka V. 2006. Feature-based detec-
tion of facial landmarks from neutral and expressive
facial images. IEEE Transactions on Pattern Analysis
and Machine Intelligence. 28(1):135-139.

Jung J & Horace H.S Ip. 2007. A real time hierarchical
rule based approach for scale Independent human
face detection. In Proceedings of Electronic Imag-
ing, International Society of Photo-Optimal Instru-
mentation Engineers (SPIE) Conference Series 2007.
pp-64960p-64960p.

Kaushal A & Raina JPS. 2010. Face Detection using
Neural Network and Gabor Wavelet Transform.
International  Journal of Computer Science and
Technology.1(1).

Khanum A et al. 2008. A Heuristically Guided Hybrid
Approach to Face Detection for Context Based Image
Retrieval in Internet Images. In Proceedings of 4th
International Conference on Emerging Technologies.
p.237-41.

Miry L.D.A.H. 2014. Face Detection Based on Multi
Facial Feature using Fuzzy Logic. 4l-Mansour Jour-
nal. Issue(21).

Mohan, A. R. & N. Sudha. 2009. Fast Face Detection
Using Boosted Eigenfaces. In Proceedings of IEEE
Symposium on Industrial Electronics and Applications
(ISIEA 2009). Vol. 2:1002-1006.

Mohd Zamri Osman et al. 2016. Improved Dynamic
Threshold Method for Skin Colour Detection Using
Multi-Colour Space. American Journal of Applied Sci-
ences. 13(2): 135-144.

Nam M et al. 2006. An efficient face and eye detector
modeling in external environment. Artificial Intel-
ligence and Soft Computing-ICAISC. 4029:841-9.
Springer Berlin Heidelberg.

Nikan Soodeh & Ahmadi Majid. 2015. Partial Face
Recognition Based on Template Matching. In pro-
ceedings of 11th International Conference on Signal-
Image Technology & Internet-Based Systems (SITIS).
pp-160-163.

Nilsson M et al. 2007. Face Detection using Local SMQT
Features and Split Up SNOW Classifier. In Proceed-
ings of IEEE International Conference on Acoustics,
Speech and Signal Processing (ICASSP), Vol.2. pp.I1
- 589.

Ruan J & J. Yin. 2009. Face detection based on facial
features and linear support vector machines. In Pro-
ceedings of the International Conference on Com-

112

munication Software and Networks ICCSN’09. pp:
371-375.1EEE.

Sarkar, S., Patel, V.M. and Chellappa, R., 2016. Deep
Feature-based Face Detection on Mobile Devices.
ar Xiv preprint ar Xiv:1602.04868.

Sharma S. 2013. Template Matching Approach for Face
Recognition System. International Journal of Signal
Processing Systems. Vol. 1(2).

Somashekar K et al. 2011. Face detection by smqt fea-
tures and snow classifier using color information.
International Journal of Engineering Science and Tech-
nology. 3(2):1266-1272.

Tayal Yogesh et al. 2013. Face Recognition using Eigen-
face. International Journal of Emerging Technologies in
Computational and Applied Sciences (IJETCAS). Vol.
3 (1).pp: 50-55.

Taylor M. J. & Morris T. 2014. Adaptive skin segmen-
tation via feature-based face detection. In Proceed-
ings of SPIE Photonics Europe— Real-time Image and
Video Processing. pp: 91390p-91390p.

Tripathi Smitha et al. 2011. Face Detection using Com-
bined Skin Color Detectorand Template Matching
Method. International Journal of Computer Applica-
tions. 26(7): 5-8.

Venugopal, T. & T. Archana. 2015. Face recognition:A
template based approach. In Proceedings of Interna-
tional Conference on Green Computing and Internet of
Things (ICGCIoT). pp.966-969. IEEE.

Wang D, Ren J et al. 2008. Skin Detection from Differ-
ent Color Spaces for Model Based Face detection.
Advanced Intelligent Computing Theories and Applica-
tions: With Aspects of Contemporary Intelligent Com-
puting Techniques. Vol.15:487-94.

Wang J. & Yang H. 2008. Face Detection Based on Tem-
plate Matchingand 2DPCA Algorithm. In Proceedings
of Congress on Image and Signal Processing( CISP).
Vol. 4. pp.575-579.

Wong K.W. et al. 2001. An Efficient Algorithm for
Human Face Detection and Facial Feature Extraction
under Different Conditions. Pattern Recognition, Vol.
34:1993-2004.

Yan X, Chen X.W. 2009. Multiple faces detection
through facial features and modified Bayesian clas-
sifier. In Proceedings of International Conference on
Multimedia Information Networking and Security.
Vol.1. p.73-7.

Yang M.H et al. 2002. Detecting Faces in images: A Sur-
vey. In IEEE Trans. On Pattern Analysis and Machine
Intelligence. Vol. 24(1):34-58.



Communication and Computing Systems — Prasad et al. (Eds)
© 2017 Taylor & Francis Group, London, ISBN 978-1-138-02952-1

Improved iris biometric system by exploring iris texture features

N. Rathee
Maharaja Surajmal Institute of Technology, New Delhi, India

A. Rathee
IIT, Delhi, India

ABSTRACT: In the present era of automation, biometrics has drawn the interest of researchers work-
ing in the field of computer vision and robotics. The features, which has been popularly accepted for
biometrics, include facial features (iris, ear), palm, thumb and gait. Among the above mentioned features,
iris is the most reliable feature for biometrics as the texture features of eyes are consistent and independ-
ent of age. In the presented approach, texture features of iris have been explored for iris biometrics.
The KAZE features have been used for extracting the iris features. The extracted multiple features from
the same eye are checked for consistency. The inconsistent features are removed using the mask and the
consistent features are fused together to generate a feature vector. The extracted features are applied to
support vector machine for iris recognition. The proposed approach is evaluated on the Chinese Academy
of Sciences—Institute of Automation database and the results are compared with the recently proposed
methods to prove its efficacy.

1 INTRODUCTION ing phase information of iris texture at vari-

ous scales using quadrature wavelets (Daugman
Biometric has drawn the interest of researcherssince 2001 & Daugman 2004). For iris recognition, he
last many decades and had achieved great success.  adopted template matching based on Hamming
The biometric techniques, which were earlier based  distance. Later, many researchers have worked in
on finger print recognition, have been developed  this area mainly for performing two tasks: iris fea-
now by using other features also. The commonly  ture extraction and iris classification. The iris fea-
used features can be classified as physiological fea-  ture extraction is done in literature by Laplacian
tures and behavioral features. The physiological Pyramid (Wildes 1997), wavelet transform (Boles
features such as palm print, face, lips and iris are & Boashash 1998), circular symmetric filters (Ma
capable of representing static characteristics and et al. 2002), log Gabor filters (Yao et al. 2006)
are hereditary in nature. The behavioral features and by using the random and uniqueness proper-
represent dynamic characteristic and are produced  ties (Daugman 2006). Other research in this area
by a person unconsciously. The most commonly include improvement in image acquisition (Matey
adopted behavioral features are handwriting, speech et al. 2006 & Park & Jim 2005), iris segmentation
and gait. The behavioral methods can mislead as  algorithm [Sung et al. 2004 & Proenca & Alexan-
they can be copied and are less reliable. dre 2006).

Recently, iris, which is one of the most reliable For iris recognition, template matching is widely
physiological features, has been increasingly used for ~ adopted. The similarity between the features is
biometric (Jain et al. 2004) due to the consistency of = measured by computing the distance between the
iris pattern of a person. Moreover, it needs a small ~ base template and the input image; and score of
region of face to be processed and hence reduces the  matching for the classes is computed. The average of
computation in comparison with complete face. the matched scores is used for iris recognition [Ma

Recently, iris, which is one of the most reliable et al. 2003, 2004). Another approach is suggested
physiological features, has been increasingly used by Krinchen et al. (Krichen et al. 2005) by adopt-
for biometric (Jain et al. 2004) due to the consist-  ing minimum value of score fusion. In contradiction
ency of iris pattern of a person. Moreover, it needs  to this, Schmid et al. (Schmid et al. 2006) computed
a small region of face to be processed and hence  average of distance for matching. To further improve
reduces the computation in comparison with com-  the performance of the system, Hollingsworth et al.
plete face. (Hollingsworth et al. 2006) suggested to acquire

The pioneering work in iris biometric area is  multiple codes from the same eye and to remove the
done by Daugman (Daugman 1993) by extract- redundant data by masking the inconsistent bit.
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Figure 1. Block diagram of the proposed iris biometric

system.

From above mentioned brief literature survey,
it is clear that for an efficient iris recognition sys-
tem, three criteria should be taken care of: com-
putation cost, computation time and accuracy.
In the proposed approach, iris features have been
extracted using KAZE features. The dimension
of the extracted features is reduced by removing
the inconsistent features and taking the consist-
ent features as representative of iris features. The
processed features have been applied to support
vector machine for iris recognition. The proposed
approach is evaluated on Chinese Academy of Sci-
ences—Institute of Automation (CASIA) dataset
for biometric purposes.

The approach presented in this paper is organ-
ized as follows: section 2 describes the preproc-
essing step. The KAZE feature extraction and
generation of base template by post processing
the extracted features is presented in section 3.
The brief of SVM classifier used for biometric is
explained in section 4. The CASIA database, used
to evaluate the proposed approach is mentioned
in section 5. Experimental results are discussed
in detail in section 6 and finally conclusion are
drawn in section 7. The overview of the proposed
approach is well depicted in Figure 1.

2 PREPROCESSING

The pre-processing step is the primary step, which
is taken prior to the feature extraction. For the
proposed approach, pre-processing involves two
main tasks: iris segmentation and iris normaliza-
tion. The images from the CASIA dataset include
pupil, eyelashes, eyelids and sclera. The iris is local-
ized in the region between the iris and sclera (outer
boundary) and iris and pupil (inner boundary).
So, iris segmentation needs localization of the
iris as well as pupil. In literature, Hough trans-
form has been frequently adopted to accomplish
the same. The major challenge in iris localization
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Figure 2. Result of iris segmentation using Hough
Transform.

is specular reflection caused by occlusion of upper
and lower parts of the iris by eyelids and eyelashes,
respectively. This results in distortion of eye pat-
tern, which may deteriorate the performance of iris
biometric system. To handle the above issue, linear
Hough Transform with threshold is applied. The
results for iris segmentation are shown in Figure 2.

The next step in pre-processing is normalization
in terms of size and illumination. The inconsist-
ency in size is due to varying distance between
camera and variation in illumination. The varying
illumination may cause dilation or contraction of
pupil, thus affecting the size and pattern of iris.
The size normalization is needed for faithful com-
parison of iris templates.

To avoid the inconsistency in iris size, iris is mod-
elled as a rubber-sheet (flexible) and this rubber
sheet is unwrapped into a rectangular block with
constant polar dimension with the assumption
that variation in size of iris is linear during dilation
and contraction. The mathematical formulation
for mapping cartesian coordinates (x,y) of the iris
features to polar coordinates (r, 6) is given as

(1=r)x_r(6)+rx_i(6)
(l - r) yl,(é’) +ry, (6’)

(M
2

where (xr(0), yr(8)) are the set of pupillary bound-
ary points, and (xi(0), yi(0)) are the set of limbus
boundary points and the boundary condition on
polar coordinates are: 0 <r < 1 and 0 <6 < 360°.

3 FEATURE EXTRACTION AND
POSTPROCESSING

3.1

The previous feature descriptors such as SIFT
and SURF depicted features at various scale lev-
els by constructing or rounding off the Gaussian
scale space of an image. But the borderline of the
objects are smoothened to the same extent as that
of both details and noise thereby severely affect-
ing localization accuracy and distinctiveness. The
object boundaries can be preserved by making

KAZE feature extraction



blurring locally adaptive to the image data without
severely affecting the noise reducing capability of
the Gaussian blurring.

From the previous research, (Weickert et al.
1998 & Romeny 2008) it is duly known that non-
linear diffusion approaches yield better results
than linear ones and astonishing results have been
obtained in the applications such as image seg-
mentation (Weickert 2001) and denoising (Qiu
et al. 2011). Therefore, 2D features are detected in
a nonlinear scale space by the means of nonlinear
diffusion filtering. The expansive computations
and high number of iterations because of small
step size limited the usage of the nonlinear diffu-
sion filtering from practical computer vision com-
ponents such as feature detection and description.
This limitation is overcome by the use of Additive
Operator Splitting (AOS) techniques (Alcantarilla
et al. 2012). By means of AOS schemes we can
obtain stable nonlinear scale spaces for any step
size in a very efficient way.

The classic nonlinear diffusion formulation is
depicted in equation 3.

0K /0t =div(o(x.y.t) . VK) ©)

where div and V are respectively the divergence and
gradient operators. The diffusion is made adaptive
to the local image structure due to conductivity
function (o) in the diffusion equation. The func-
tion c is dependent on the local image differential
structure. The scale parameter is represented by t.

The scale space in logarithmic steps that are
arranged in a series of C Octaves and L sub-levels
are discretized. Downsampling is not performed at
every new octave as was the case with SIFT, thus
the original image resolution is maintained. The
sub-level indexes are usually identified by a dis-
crete index ¢ and a sub level 1 and are mapped to
their corresponding scale f by:

j{](C,l)ZfOZHZ, (4)
cel0...C-1], I€[0...L-1],je[0...M]

where f0 represents the base scale level and N gives
the total number of the filtered images. The non-
linear diffusion filtering is defined for time domain
thus the set of discrete set levels in pixel units fj
is converted to time terms. Convolving an image
with Gaussian of standard deviation f is similar to
filtering the image for time = f*2/2. A set of evolu-
tion times is obtained and the scale space is trans-
formed to time units through the mapping given
below f; —¢;

(=g 2= {0 M), 5)

A given image is convolved with a Gaussian Ker-
nel having a standard deviation f_0 for reduction
of noise. Image gradient histogram is computed
and a contrast parameter is obtained. Finally, the
position of key points is estimated. The non-linear
scale space is built in an iterative way using the
AOS schemes as following

K= [J—(r,ﬂ )34, <1<f>] K/ ©

The response of scale normalized determinant
of Hessian is calculated at multiple scale levels. The
set of differential operators has to be normalized
with respect to scale for the purpose of multiscale
feature detection by:

Ky = 17 (K K, - K2) @)

where and K, are second order vertical and
horizontal derivatives where as K_xy is the sec-
ond order cross derivative. From the set of filtered
images from nonlinear scale space Kj the detector
response is analyzed at different scale levels f_j.
The maxima is searched in all images except where
j=0and j=M. The output of the filter is checked
over a window of 3 X 3 and consecutive Schurr fil-
ters have been adopted to approximate the second
order derivatives at desired co-ordinates.

The features from iris region possess high degree
of freedom, so the features from different individu-
als are quite different and of the same person are
highly correlated. This property is explored in the
proposed approach for iris biometric.

3.2 Post Processing of extracted features

The KAZE features extracted from iris images are
large in dimension and contain redundant infor-
mation. The motive of the post processing step
is to extract the consistent features from the vari-
ous iris images of the same eye and to remove the
inconsistent features.

The Euclidian distance is computed between
all the KAZE features extracted from the various
images of an iris. A threshold is taken to select
the consistent features and rest of the features are
assumed to be inconsistent and discarded. By fus-
ing the consistent features of an image a base tem-
plate is generated that represent the characteristic
feature of the iris of a person. Similarly base tem-
plate for all the subjects are computed and used to
train the classifier.

4 SUPPORT VECTOR MACHINE

Support Vector Machine (SVM) is the maximum
margin classifier. The SVM classifier applies the
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Figure 3. Sample images from CASIA-Iris-Interval.

kernel trick, which uses dot product, to keep com-
putational loads reasonable. The kernel functions
enable the SVM algorithm to fit a hyperplane with
a maximum margin into the transformed high-di-
mensional feature space. SVM is a unique discrimi-
nating approach that models the boundary between
classes of training data in higher dimensional space.
The data are classified by finding a hyperplane with
a maximum margin between the classes. Several
kernel functions have been proposed. Some of the
most popular kernels are linear kernel, polynomial
kernel, Gaussian Radial Basis Function (RBF) ker-
nel, and sigmoid kernel. Since, it is assumed the var-
iation in iris size is linear so linear kernel of SVM is
adopted for subject recognition.

Since the size of data set is very small so we have
computed leave-one-sequence-out cross validation
accuracy for evaluating the proposed approach. In
leave one sequence out approach, one image is used
for testing and rest of the data is used for training.
The accuracy of the SVM is computing by taking
average of the test accuracy of all the images. An
SVM is originally designed for binary classification;
however, it is applied for multiclass SVM in the pro-
posed approach by adopting one against one tech-
nique of LIBSVM toolkit (Chang & Lin 2012).

5 CASIA DATASET

To evaluate the performance of the proposed
approach, CASIA-Iris-Interval dataset (Set 2007)
is used. The dataset is recorded by using a special
camera having circular NIR LED array and is
having sufficient luminous flux. Due to the above
mentioned feature the iris images are suitable for
texture analysis of iris images.

The contribution towards database is made
by 249 volunteers and a total of 2651 iris images
were captured. The size of the acquired images is
320x280 and each pixel is represented by 8 bits. A
few samples from the iris database are represented
in Figure 3.

6 EXPERIMENTAL RESULTS

The images from the CASIA dataset are pre-proc-
essed to segment the iris and to normalize their size
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Table 1. Comparison of various feature extraction

methods.

Sr.No. Features DEC AUC EER (%)
1 KAZE 1.01 0.80 25.87

2 LBP 0.99 0.76 31.87

3 DWT 0.90 0.75 31.20

4 SIFT 0.87 0.74 32.09

so that variation due to different size may not affect
the performance of the iris biometric system. The
pre-processed images are used for KAZE feature
extraction. The dimension of the KAZE features is
reduced by generating a template of the extracted
features from the various images of the same iris.
The final feature vector is applied to support vector
machine for evaluating the discriminative ability of
the KAZE features. The cross validation accuracy
achieved by the proposed approach is 92%, which
represent the recognition accuracy of the KAZE
features.

The efficacy of the proposed approach is further
measured by using three parameters: Area Under
the Curve (AUC), DECidability (DEC) and Equal
Error Rate (EER). The area under the curve is the
integration of area between x-axis and y-axis. The
decidability is represented by taking the difference
between mean of inter class and intra class and
dividing the same by the square root of the differ-
ence of square of standard deviation of inter and
intra class iris images. The EER represent the value
where false positive and false negative are equal.

All the above mentioned values have been com-
puted for KAZE features and represented in Table 1.
To prove the improvement using KAZE features, all
the above parametric measures have been computed
using Local Binary Pattern (LBP), Scale Invariant
Feature Extraction (SIFT), Discrete Wavelet Trans-
form (DWT) and are represented in Table 1 for
comparison. Though the KAZE features are better
in terms of all the three performance parameters but
improvement is significantly high in terms of EER.

7 DISCUSSION AND CONCLUSION

In this paper, KAZE features have been explored
for iris biometrics. The KAZE feature are extracted
by building a nonlinear scale space with a variable
conductance diffusion up to a maximum evolution
time. The features are more robust as compared to
the other popular features. In most of the iris bio-
metric systems, mask is used to remove the noise
caused due to occlusion and it increases the com-
putation complexity. The KAZE features are robust
to these occlusion and avoid this masking step.



Another concern of biometric systems is accuracy.
The SVM classifier results in 92% for biometric
purpose. The discriminative ability of the KAZE
features is measured in terms of AUC, EER and
DEC and compared with the other features also.

The presented approach for iris biometric is
based on KAZE features. In future, KAZE fea-
tures will be fused with other popular descrip-
tors so as to increase the recognition accuracy.
Moreover, the evaluation of the proposed approach
may be extended to the other database also.
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ABSTRACT: Face identification or Face Recognition (FR) is emergent research area because of wide-
ranging of applications in the fields of business and regulation enforcement. Conventional FR methods
are facing different challenges of types like object lighting, position dissimilarity, appearance variations,
and lead to decrease in performance of object identification and verification. To prevail over all these
challenges, Hyperspectral Image Set (HIS) may be used in human FR. The HIS minimize the several
limitations because the skin spectra derived with these cubic dataset depicts the unique features for an
individual. In this paper a modest and effective technique is discussed to take out the set of Attributes
Vectors (AVs) with HIS and correspondingly to decrease the size of HIS. PCA is applied as FR method
to extract the AVs in these large data sets. PCA has been proved as a capable tool in Hyperspectral Image
Processing (HIP) as well as to minimize the dimensions of data set. Research is conducted by means of
CMU hyperspectral dataset by considering the image wavelength in NIR region of Infrared Spectrum
(IRS). A successful attributes extraction technique using PCA is studied intended for HIS and investiga-
tional outcomes are presented with AVs.

1 INTRODUCTION This scheme can be well-defined in relations of the

preliminary processing and some more phases. In
FR is a challenging task in which the face image is  preliminary processing, the HIS are kept and signi-
recognized by analyzing and comparing patterns.  fied by means of a vector of picture element values.
Generally the appearance is our key attention of con- ~ PCA is the method to discover the maximum dif-
sideration, in community association, having main  ference in the unique space. The linear conversion
part in carrying uniqueness and feeling (M. Turk, maps the unique space on a multi-dimensional
1991). Frequently there are three steps in FR. Oneis  feature space to identify the AVs as well as storing
acquisition, in which the facial images are captured  them in face recognition module. PCA is also use-
from various sights. Another is normalization, in  ful to compress the data by dropping a number of
which the segmentation, arrangement and consist-  layers deprived of any loss of data and similarly
ency of facial images are performed. Third step is  can be applied in reduction of the size of an image.
Facial Recognition, in which illustrations, modeling ~ The detailed features of PCA are depicted through
of unfamiliar facial descriptions are performed and  Table 1. Other popular methods such as Eigenface
correspondingly links them with well-known models ~ method (Sharma 2015) and Fisherface method can
to offer the identities. Attributes extraction is main
step in FR for which a face picture need to be listed

in a regular extent prior the processing is performed. Table 1. Detailed features of principal component

HIP practices has intricacy that hinge on straight analysis.

on a total of spectral layers in the acquired HIS.  Features Principal component analysis
Because HIS contains a number of layers, so it is

always a primary objective to use such type of tech-  Perception Accomplishes the whole data for
nique which converts the HIS into low dimensions among classes  the primary components study
without the loss of information. These methods are deprived of taking into attention

familiar with the common name of attributes extrac- ] the major class. )

tion (Pan, 2003). Attribute withdrawal is through by ~ Calculation for  Not require large computations
. . huge data

whichever choosing some layers by means of an alter

that yields the attributes by way of groupings of lay- Focus Studies the components having
PCA d traichtf d i1 extensive deviations
ers. provides a straightiorward, nonparametric Applications In the major arenas of culprit analysis

scheme of taking out pertinent data with huge HIS.
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also be used to take out the attributes, but the sig-
nificance of these methods are not much effective
as compared to PCA. In this paper, the core empha-
sis is to take out AVs from CMU hyperspectral face
image data set using PCA.

2 METHODOLOGY FOR
FEATURE EXTRACTION USING
HYPERSPECTRAL IMAGES

The AVs taking out method is the significant phase
in FR. Because the vector space is much high, it
is not easy process to find the Covariance Matrix
(COVM) for these HIS. PCA technique shows a
great significance to achieve this which is based on
image matrices. The image matrices and its trans-
formation have vital significance in image AVs
extraction as well as in the reduction of dimensions.
PCA is used to take out AVs as well as decrease
the sizes of HIS (Arya, 2015). Figure 1 points the
methodology of planned practice. Suppose the HIS
comprising of total P images taking a dimensions
of p x q picture element. At this point, the major
objective to calculate AVs with fewer calculations.
Here the suggested technique is demonstrated to
take out the AVs for verification of face images by
calculating EVALs and EVs. To find the match, the
selected sample HIS is compared with hyperspectral

Hyperspectral Facial
Data/Images

U

Selection of HIS

I

Principal Component Analysis

g

Calculation of COVM

g

Calculation of EVALSs and
EVs

~—

Calculation of AVs for HIS l

Figure 1. Flow Chart for PCA based AVs Extraction
using Hyperspectral Images.
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data base images. The selected set of input images
having n pixels in each image can be pointed as a
t-dimensional region or appearance region. The
specific vertical value in every appearance depicts
strength of every picture element and also make a
row direction. The row direction is formed by com-
bining the pixels of each and every row to a size of
128 by 128. This is a type of linear mapping which
selects a novel axis position intended for the HIS
by a way with the purpose that first difference by
mapping of the HIS occur on principal axis i.e. 1st
Principal Elements (PEs). Similarly 2nd difference
on the next axis i.e. 2nd PEs and so on. Dimen-
sions reduction using PCA can be performed by
removing the PEs which explore the less informa-
tion (Pandey, 2011). Generally the later PEs are
removed because of having the less information.
PCA provides a methodology to diminish a HIS to
the lesser appearance size (Uzair, 2013). A sample
of HIS is considered with the CMU HIS (Denes,
2002), TDS = (imagel, image2, image3 ... image P)
with P imageries and every have q picture elements.

We have represented HIS as p x q matrix where
every row signifies to a single image. Because the
hyperspectral images are mapped into a subset of
area, the identification and verification accuracy
of HIS may be obtained with mapping the set of
query HIS into subset of area and the resulting
imageries closer to the query HIS may be selected.

2.1 Computing Primary Elements ( PEs)

PEs is calculated with the help of EV and EVAL of
concerned COVM. It is similar as to discover the
coordinate position where the COVM is slanting.
Though generally the HIS have a number of lay-
ers (Robila, 2008), and objective of analyzing these
HIS is to check the relationship between these
dimensions. Covariance represents association
among these layers in the HIS (Uzair, 2013) and
is calculated among two dimensions. Each row in
the matrix represents each dimensions of a specific
kind W, as well as every single column points to a
number of layers at a time. Because of the positive
value of covariance, the resulting COVM is a slant-
ing matrix or also called as diagonal matrix. First
of all PCA pick out a stabilized path in t-dimension
area such that the discrepancy in W is exploited.
Again it selects one more direction, in which the
variance W is maximized. Similarly in this way, p
directions can be designated and the resulting set
yields to the PEs.

(Wf - W:”.g)(Zi - Z:/vz)

(¢-1)

Covariance (W, Z) = 2
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Generally the COVM signify interdependence
structure and basically in the form of a matrix of
square type. The EV having the biggest EVALs is
the path of difference and is measured 1st PE. Sim-
ilarly the 2nd biggest EVALs with the next maxi-
mum difference is considered as the 2nd PE and so
on. Suppose P is matrix of size n X n. The EVsel,
e2 ... en span on to the eigen space and also called
as orthonormal vectors. The EVsel is the EVs of P
having EVALs Al. Similarly the EVs e2 is the EVs
of P having EVALs A2 and so on. The next step is
to arrange them on the basis of EVALSs from high-
est to lowest.

2.2 Brief summary about HIS

In this study, CMU hyperspectral image set is used
in which the image wavelength vary from 450 nm
to 1100 nm and having sixty five spectral layers
(Denes, 2002). The available portion of the CMU
database contain imageries for fifty four diverse
subjects. The thirty six subject images were cap-
tured in two different slots on the different days.
Moreover, a subgroup of images are available for
several sessions i.e. twenty eight subjects for three
sessions, twenty two subjects for four sessions and
sixteen subjects for five sessions (Denes, 2002).

2.3 Experimental outcomes

Herein study, CMU Hyperspectral Image Set
(Denes 2002) is selected to pull out AVs. The
images are selected at a wavelength interval of
10 nm. The experiment is carried on two phases.
In Phase 1, four images of CMU data base in NIR
region of Electromagnetic Spectrum is selected.
Here in suggested scheme, the sample HIS are con-
sidered in the form of a matrix and each particular
hyperspectral image is saved in a particular row in

the matrix. So it results that the four hyperspectral
images will be saved in four different rows. Here
the single hyperspectral image is nearly of 301 Kb
having 640 rows, 480 columns (640 x 480). Subse-
quently accumulation for four hyperspectral images
would become 4 x 640 x 480. By using PCA, the
COVM is calculated.

In phase 2, six images are considered. Similarly
according to the suggested scheme, the hyperspec-
tral images are retrieved in the form of row and
column and one hyperspectral image is saved in a
particular row.

2.4 Developing attributes vectors by selecting
principal elements

PCA is a promising tool to calculate the AVs as well
asin the area of FR. The Main objective of PCA isto
reduce the number of layers in HIS which introduce
the simplicity in computations. To take out AVsis an
essential phase in FR (Pratap, 2014). The size of all
face images are same and each pixel is treated as a
variable and analyzed with PCA. Here by using the
suggested scheme, the EVs having biggest EVALSs is
calculated and points to the association in the mid-
dle of the data sizes. After calculating EVs from the
COVM, subsequent step is arrange the AVs on the
basis of their EVALSs in non-increasing order. This
provide the components by their significance. Now
the AVs is formed in the form of a matrix called as
vector matrix. This is through by selecting the EVs
with the help of list and constitute a AVs matrix.

Figure 2. Four Face Image of CMU Hyperspectral
database in NIR (750 nm—780 nm) (Denes, 2002).
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Figure 3. Six Face Image of CMU Hyperspectral data-
base in NIR (750 nm-780 nm) (Denes, 2002).



AVs = (eigen 1, eigen 2, eigen 3 ... eigen n)

Result of Phase 1 using four images in NIR of
Electromagnetic Spectrum:

The EVALSs are = [5.4391, 3.0067, 2.290, .7567]

The AVs matrix:

30139974 —-.0868 .0672
5624 2589 2107 .9849
7487 -.0714 8238 —-.3665
6942 —-2709 -.7885 -.5091

Result of Phase 2 using Six Images in NIR of
Electromagnetic Spectrum:

The EVALs are [6.5099, 3.1190, 3.3361,
0.8189, 0.7928, 0.4629]

The AVs matrix:

[.2828 —9968 —.2269 .0799 —.0053 .0499 |
4961 2589 —3546 7793 —-.6779 .0627
6917 1699 6185 4199 6622 —-.0628
6125 2597 —-.8369 -4372 4155 -.0354
2919 —.0448 2478 —-.3344 -3942 -9132

| .4442  .0177 3528 5452 —.4494 4228 |

3 CONCLUSIONS

Through this study, a straightforward method to
take out the Attributes Vector is explored, centered
on PCA. PCA is one of the utmost important
approach, widely used in matching applications
and is applied to collect attributes as well as
decrease the sizes of hyperspectral face image set
for the face recognition. This study successfully
uses the PCA to take out the set of attributes vector
by selecting and analyzing a number of layers from
the HIS. The investigational outcomes on CMU
hyperspectral database in two phases is described
to demonstrate the attributes vector matrix.
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ABSTRACT: This paper represents designing of Operational Amplifier using a composite cascode stage
which operating in subthreshold region and gives gain of 97 dB at 20 uW power consumption. The design-
ing is done on Cadence Virtuoso 6.1.5 180 nm process technology with supply voltage 1.8 volt. The circuit
eliminated the need of compensation capacitor. The main benefits of the proposed design include high
voltage gain, low quiescent current with low power, low noise and reduced hardware. As the proposed archi-
tecture use very low power and provide high gain with lower bandwidth range, it is beneficial for bio medical
application which required high gain at low power consumption with frequency range of mHz-kHz.

1 INTRODUCTION

In past few years, area optimization of any design
is of increasing interest in low-power applications
like biomedical instrumentation amplifiers, sen-
sors, comparators and ADC. Amplifiers are the
most basic building blocks for these instruments or
applications. Biomedical applications required high
gain, low power consumption, low bandwidth with
reduced chip area (Rajput et al, 2002), (Comer et al,
2010). In this work the amplifiers are in sub thresh-
old region operation which provides high gain and
low noise with less power consumption and low chip
area. This design eliminates the need of compensa-
tion capacitor which reduced the area overhead. As
CMOS circuits grew in popularity, BJT architec-
ture was applied to CMOS designs. Transconduct-
ance of the MOS devices is low as compared to the
BJT. The fabrications are much easier of the MOS
devices compared to BJT. Generally two stages of
voltage amplification are used, voltage gain of the
two stage op amp is relatively low. To increase the
overall gain we need to add more gain stages, if do
this the circuit are more complex and other factors
are effected on our designs.

2 CONVENTIONAL OPERATIONAL
AMPLIFIER ARCHITECTURE

The earlier operational amplifier was designed in
1964. The conventional operational amplifier has
a high voltage gain differential input stage with a
second stage having high voltage gain with a last
stage called buffer stage. Buffer stage provides
stumpy voltage gain and large current gain. The
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first two stages are responsible for providing the
overall voltage gain of the operational amplifier
circuit. This operational amplifier circuit some-
times called as the Widlar architecture (Johns et al,
1997). Compensating capacitor is placed between
the output of the first stage and the input of the
second stage (Allen et al, 2002). The conventional
type of operational amplifier is shown in Figure 1.

CMOS circuit is basic building block for designing
operational amplifier because CMOS circuits have
various advantages over BJT including power con-
sumption and noise reduction. The .CMOS required
less fabrication steps then BJT. Two stage operational
amplifiers have low voltage gain. To increase the
overall gain we need to add more gain stages, if do
this the circuit are more complex and other factors
are effected on our designs Proposed architecture

Uin

Figure 1.
architecture.

T vop
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Conventional  operational  amplifier



provides large CMOS op amp gain without adding
gain stages. Proposed design works in sub threshold
region (Comer et al, 2004), (Comer et al, 2010).

The proposed design eliminates the need of
compensation capacitor by virtue of which chip
area reduced. Proposed design required low dc
current for differential input stage so it has less dc
power consumption. Operation in the subthresh-
old region of MOS devices can also lead to lower
harmonic distortion than saturation region.

THE SINGLE ENDED, COMPOSITE
CASCODE LOAD, COMPOSITE
CASCODE STAGE

In conventional cascode structure, the gain is
increased by increasing the output impedance.
But the conventional cascode structure face limi-
tations in low voltage applications and low power
due to limited output swing & bias voltage require-
ment. The composite cascode circuit proposed by
(Comer et al., 2010) is shown in Figure 2.

MNI1 and MN2 shows the n type of transistors
and MP1 and MP2 shows the p type of transistors.
V4 1s external operating voltage and Vin is signal
source. The transistors MN1 and MN2 are driven
by the same input and bias voltage. The transistors
MP1 and MP2 are load and biased by a voltage
source Vbias2.

3.1

The high gain is obtained by the composite cas-
code stage operates in subthreshold region. The

Operation in subthreshold region

Vbias2

Vout

Vin

L

Figure 2.

Vhiaszl

Single ended composite cascode stage.
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first stage of differential pair is design by using
composite cascode stage. The subthreshold region
has become an important aspect of low power
circuit design. High voltage gain and low current
draw are some of the most important features of
the MOSFET operating in weak inversion regions
(Comer et al, 2004), (Comer et al, 2010). The
Inversion Coefficient (IC) of a device is calculated
by using

IC=1,/1,

Where I, is drain current through device, I,
is technology current, W is width, L is length of
device. The technology current is calculated by

I,=2un C, U;?

where W is carrier mobility, C, is the capaci-
tance per unit area, n is substrate factor; U,* is
the thermal voltage of silicon (26 mV at room
temperature).

If the value of Inversion Coefficient (IC) is
larger than 10 the device will be in saturation
(strong inversion) region. The value of an IC is less
than 0.1 the device will be in subthreshold region.
If the value of IC falls even lower value, the device
may enter the sub threshold region that is a subset
of the weak inversion region where the channel has
barely left the depletion region.

4 PROPOSED ARCHITECTURE

In proposed op amp architecture the gain is most
important features so design of op amp to achieve
97 dB gain. The aspect ratio chose such a way
that some of the transistors are in subthreshold
region and some are in strong inversion (satura-
tion region) and drain current ID set to appropri-
ate value (Comer et al, 2004), (Rajput et al, 2002).
Aspect ratio for subthreshold region;

w1

M D

L 1IC

aspect ratio for weak inversion region.
The current equation of n-MOS for saturation
region;
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The transistor MN1, MN2, MN3 and MN4
are the differential pair and MP1, MP2, MP3,
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Figure 4. Proposed architecture of composite cascode
stage op-amp.

MP4 are the active current mirror load and I,
is tail current source. The second stage consist of
current source I, and transistor MN5 and MNG6.
The second stage is followed by a buffer stage
MNY7. This proposed architecture MN1, MN3,
MP1, MP3 and MN6 are in subthreshold region.
Rests of the transistors are in saturation region.

The drain current 200 nA flow through tail cur-
rent source Id1 and the value of current source
Id3is 10 uA.

5 SIMULATION RESULTS

The operation of composite cascode stage opera-
tional amplifier simulated with Cadence Vir-
tuoso 6.5.1. The overall gain of this op amp is
97 dB and the bandwidth is 495 kHz. The fre-
quency response graph includes magnitude and
phase plot is shown in Figure 5 that shows the
Phase Margin (PM) of 60° for supply voltage of
1.8 volt.

Voltage gain of proposed amplifier is 97 dB
as shown in Figure 5. The power consumption is
20 uW and bandwidth is quite low. PM is 60° that
is sufficient for stability of the op amp. The voltage
gain of proposed amplifier varies from 95 dB to
105 dB over the temperature variation from —10°C
to 50°C.

Table 1. Result analysis.

Open Loop Gain, dB 97
Phase Margin, degree 60°
Unity Gain Bandwidth, KHz 495
Power Dissipation, pW 20

Temperature variation, C° —10to 50

) sgpicains s syen @ & (£

Qi #  wrn s wes

cadence

Figure 5.

Output.



The chip area of this operational amplifier is
minimized by removing the Compensating capaci-
tor (Cc).

6 CONCLUSION

The proposed work represents the possibility of
composite cascode stage, working in the sub-
threshold region. The proposed design provide
gain 97dB, low power 20 uW and low bandwidth
requirement. It removes the need of the Compen-
sation capacitor (Cc). It has also low nonlinear dis-
tortion, low noise and reduced chip area. It is very
efficient in terms of power consumption and high
gain requirement, so it can be used in bio-medical
application which requires high gain with very
small power consumption.
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Early detection of symptoms in tongue cancer through image

processing
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ABSTRACT: Oral Cancer is one of the most common diseases in the world. It has its effect on various
parts of mouth such as tongue, lips, inner chicks & throat. Tongue cancer is common among all to occur
and spread easily. It increases due to insufficient detection of symptoms at the initial levels. In this paper
various image processing has been done on different images at different angle to detect the early stage in

tongue cancer.

1 INTRODUCTION

Cancer is an abnormal division of cells in tissues.
Cancer can have impact on any part of human body
with endless limitations and conditions such as oral
cancer, urine cancer etc. Tongue cancer is common
in Oral cancers. Early stage of Tongue cancer, it’s
hard to identify. They are painless and symptoms
are not very visible. The first sign is developing a
red and white patch on the tongue surface. Along
with it a sore throat that does not go away, a sore
spot (ulcer) or lump on the tongue that does not
go away, pain when swallowing, numbness in the
mouth that will not go away, unexplained bleed-
ing from the tongue (that is not caused by biting
your tongue or other injury), pain in the ear (rare)
diagnosis in the later stages. Basically these symp-
toms are common for any diagnosis so normally a
person does not go for the X-ray and other higher
treatment until it occurs in cancer. Medical image
processing helps to identify these symptoms as the
turning point of cancer at the earlier stage. The
various processing done on the samples of diag-
nosis helps a person to take the correct treatment
at correct time.

2 MOTIVATION AND SCOPE

Cancer being a common disease has the higher
death rates due to failure in detection of early
stages. In this case medical image processing helps
to identify the early stages of the cancer at the pos-
sible extents so that right treatment can be taken at
the right time. This helps to extent the livelihood
of a person though it is not possible to avoid the
death.
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3 LITERATURE REVIEW
3.1 A survey on the imaging systems, pattern
recognition and classification techniques used
in the detection of oral cancer [Rajesh et al.,
2014]

It has been found out that highest average sensi-
tivity is seen in fusion of PET and CT imaging
whereas highest average specificity is in fusion of
MRI and CT imaging. Applications of various
image processing techniques, pattern recognition
and classification algorithms to detect and classify
cancers are being reviewed.

3.2 Oral cancer staging established by magnetic
resonance imaging [ Rogerio et al, 2011 ]

This paper is all about comparison of clinical
staging and Magnetic Resonance Imaging (MRI)
staging for oral cancer, and to assess inter-
observer agreement between oral and medical
radiologists.

3.3 Oral cancer early detection and stages using
various methods ( G. Visalaxi, 2007 )

This paper emphasizes on various aids indiagnos-
ing potentially malignant lesions or early oral can-
cer along with their critical evaluation. The visual
detection of premalignant oral lesions remains
problematic. Recent advances have shown that
the risk of malignant transformation is associated
with chromosomal aberrations. The proposed
work has explored different enhancement tech-
niques to improve the quality of images capturing
devices.



3.4  Oral cancers at an earlier stage—A literature
survey (K Anuradha & K Sankarnarayan,
2012)

In this paper, a comparison has done between vari-
ous methods for the identification and classifica-
tion of cancers. The proposed work has explored
techniques to improve the quality of images cap-
turing devices.

3.5  Prevalence of oral cancer in India
( Varshitha, 2015 )

This paper gives an idea on burden, prevalence,
regional variation in India, cause, symptoms and
prevention of oral cancer. The lifetime risk for
mortality from cancer in India for both males and
females is 61%. People less than 40 years who are
habitual cigarette smokers, alcohol consumers,
and betel quid chewers must undergo oral mucosa
screening regularly so that oral cancer can be iden-
tified as early as possible.

3.6 Research gap

In the reviewed papers mentioned above, the work
related to pattern recognition and comparison
of different stages of oral cancer using different
modules has been done. Basically the whole work
is about the types & pattern of oral cancer could
occur. In this paper we are dealing with early stage
detection so that we could tackle the cancer cells at
initially stage itself.

3.7 Research objectives

The sample images taken on which the various exper-
iments such as MRI, CT scan, X-Ray have been
done does not give the good result image in terms of
brightness and visibility. In context of image process-
ing, it helps to enhance the given sample image into
an effective image by removing the various distur-
bances like blurring of image, noise presence etc. for
better future references in terms of treatment.

Figure 1.

Original sample.

Power Law
Transformation

Histogram
Equalisation

Noise

Zooming Effect

Unsharp masking.

Figure 3.

3.8  Research methodology

The methodology used for visibility and contrast
enhancement of the sample taken of the affected
person such as unsharp masking, power law trans-
formation, histogram equalization, edge detection,
salt & peeper noise, zooming effect with RGB, high
pass filtering.

4 TECHNIQUES USED

4.1 Unsharp masking consists simply of generat-
ing a sharp image by subtracting from an image
a blurred version of itself using frequency
domain terminology this means obtaining a
high pass filtered image by subtracting from
the image a low pas filtered version of itself
(R Gonzalez & R Wood, 2007).

4.2 A high-pass filter is a filter that passes high
frequencies well, but attenuates frequencies
lower than the cut-off frequency. Sharpening
is fundamentally a high pass operation in the
frequency domain.

4.3 Histogram Equalization is a simple and effec-
tive image enhancement technique. Image
enhancement is a process of changing the
pixels’ intensity of the input image to make
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Figure 6. Power law transformation.

the output image subjectively look better.
Contrast enhancement is an important area in
image processing for both human and compu-
ter vision.

4.4 In poor contrast images, the adjacent char-
acter’s merge during binarization. We have
to reduce the spread of the characters before
applying a threshold to the word image. Hence,
we introduce power-law transformation which
increases the contrast of the characters and
helps in better segmentation.
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Figure 7. Salt & pepper noise.
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Figure 8. Gaussian image.
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Figure 9. Zooming factor in RGB.

4.5 Salt & Pepper noise is also known as impulse
noise. This noise can be caused by sharp and
sudden disturbances in the image signal.

4.6 Gaussian filtering is used to blur images and
remove noise and detailed. It defines a prob-
ability distribution for noise or data. It is
a smoothing operator (S. Jayaraman et al,
2010).

4.7 The zooming operation helps to view fine
details in the image. Zooming is equivalent
to holding a magnifying class in front of the
screen. The simplest zooming operation is
through replication of pixels (S Jayaraman
et al, 2010).

4.8 Edge detection is a process of locating an edge
of an image. Detection of edges in an image is
a very important step towards understanding
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Figure 10. Edge detection.

Table 1. Experiment observations.
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1 HgPsHer Low feqeay mse 2 Se ramiel mmee

cenoved (3188)
Eshanag mresms by meesmgprve] mimsity (1089)
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image features. Edges consist of meaningful
features and contain significant information.
It significantly reduces the image size and fil-
ters out information that may be regarded as
less relevant, thus preserving the important
structural properties of an image.

5 RESULTS AND DISCUSSIONS

Number of experiments are being done with the
sampled image and the various observation corre-
sponding to each experiment has been taken. The
observation of the respective experiments is shown
in Table 1 given above.

6 CONCLUSION

In this paper, we have analyzed the efficiency vari-
ous medical imaging systems withrespect to the

detection of tongue cancer. Applications of vari-
ous image processing techniques to detect early
stage of tongue cancer are reviewed. Various pat-
tern recognition and studies are being done with
the enhanced resultant sample of the affected
person by the specialist. This helps him to decide
whether the person has to undergo the X-ray, MRI
or any other required treatment to conquer the
diagnosis at the early stage itself.
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ABSTRACT: This paper presents the comparative study of adaptive wavelet technique using Global
and Baye’s Thresholding method to de-noise an image corrupted with speckle noise of different variance
values. Speckle noise is of great concern for a large community of researchers & academia’s because it
causes degradation in Medical Ultrasound Images, Synthetic Aperture Radar (SAR) Images and Optical
Coherence Tomography Images etc. So, it is essential to provide a best solution for the problem. Adaptive
Wavelet Technique remove speckle noise by distinguishing it from the image and the results are obtained
after the implication of adaptive wavelet technique on test image for different noise variance. Compari-
son of PSNR values for different noise variance shows that the ‘dmey’ wavelet with Baye’s Thresholding
method provides best Peak Signal to Noise Ratio as compared to Mean and Median filter.

1 INTRODUCTION

Digital images play a vital role in daily life appli-
cations such as satellite television, ultrasound
image, magnetic resonance imaging, radar images
and computer tomography as well as in areas of
research and technology such as astronomy, geo-
graphical information systems and many more.
Images collected by camera sensors are gener-
ally corrupted by noise and degrade the data &
information of interest. So, de-noising is often
an essential. It is the first step to be taken before
the evaluation of image data. So, it is requisite to
apply an efficient denoising algorithm to compen-
sate for such data contamination. The main objec-
tive of image de-noising algorithms is to remove
the noise by distinguishing it from the signal. In
any noisy image, Speckle Noise comes into exist-
ence when a returning wave suffered from interfer-
ence at the transducer aperture. This interference
may be constructive or destructive which depends
on relative phases of scattered waveform, result
in bright and dark spots in the image. There are
numerous advantages of image de-noising; one of
it is improvement in quality of medical image that
may provide help in medical diagnosis.

1.1

Recently, many DWT based de-noising algorithm
have been proposed to de-noise an image

Previous work

131

contaminated with different types of noises. Some
previous works are presented here that are related to
process of image de-noising by implementing wave-
let transform. In 1998, Zhaohui in collaboration with
colleagues proposed a de-noising algorithm for SAR
images corrupted with Speckle noise which can be
reduced by using discrete wavelet transform, Baye-
sian estimator (Zeng, Zhaohui., & Cumming, lan.
1998). The evaluation of SAR images was done by
considering two measurements: (1) Standard Devia-
tion to Mean Ratio and, (2) Target to Clutter Ratio.
They concluded that the estimator depends on two
key factors: sub band decomposition & the statistical
model of wavelet coefficients. Also, the noise from
the image can be removed efficiently by the careful
choice of mother wavelet function. Mohideen et al.
2008 implemented the image de-noising algorithm
on natural images contaminated with Gaussian noise
using wavelet technique with modified Neigh shrink
thresholding method (Mohideen, S. Kother., Peru-
mal, Dr. S. Arumuga., & Sathik, Dr. M. Mohamed.
2008). The experimental results showed that modi-
fied Neigh shrink provide better result than Neigh
shrink, Weiner filter and Visu shrink. In 2003, X. H.
Wang and his colleagues presented a new approach
for microarray image de-noising which was Station-
ary Wavelet Transform approach (Wang, X. H.,
Istepanian, Robert S. H., & Song, Yong Hua. 2003).
According to him, microarray imaging is considered
as an important tool in analysis of gene expression
to easily identify the diseased gene for diagnosing



critical diseases. But Stationary Wavelet Transform
approach due to its time invariant property plays
a wonderful role in image de-noising. His results
showed that the stationary wavelet de-noising has
16% better performance than Wiener filter which
is widely used in commercial de-noising software
system.

In this work, Adaptive Wavelet Technique is
used along with Baye’s and Global thresholding
method to calculate the threshold for each sub
band. Then, original image is reconstructed after
applying Inverse transform. Adaptive Wavelet
Technique is adaptive in behaviour which is decided
by the thresholding method as some methods of
choosing thresholds are adaptive to different spa-
tial characteristics and found to be more efficient
than the global one. Effectiveness of an algorithm
is also depends more on choice of thresholding
method. Adaptive behaviour of wavelet makes
it more effective in process of image de-noising.
Adaptive Wavelet Technique performs remarkably
in process of de-noising due to its energy com-
pactness property. Due to this property a major
portion of signal energy is incorporated in a few
large wavelet coefficients whereas small portion of
energy is incorporated in large number of small
wavelet coefficients. These coefficients of wavelet
are threshold by applying appropriate shrinkage
method for de-noising of image.

1.2 Wavelet transform

A wavelet is a wave like structure or oscillation that
has amplitude. Its energy is concentrated in time
and provides a tool for the analysis of non station-
ary, time varying or transient phenomenon. It has
an oscillating nature but still it has capability to
allow frequency and time analysis simultaneously.
It gives complete three dimensional information of
any signal i.e. what different frequency components
present in a signal and what are their respective
amplitude and at time axis where these different
frequency components exists. In wavelet transform,
there will be use of wavelet for series expansion of a
function or signal like Fourier transform and a dis-
crete time version is developed by this series expan-
sion that is similar to discrete Fourier transform.
But the wavelet transform has the zooming prop-
erty which is not supported by Fourier transform
and Short Time Fourier Transform (STFT); as the
window width in these transform are constant and
non-adaptive (Hans-George Stark. 2005).

1.3 Image decomposition by wavelet

In image processing, Discrete Wavelet Trans-
form (DWT) perform the multi-differentiated
decomposition of image. After performing it on

image, sub-images are produced. DWT transform
decomposes the image into four frequency band,
among these one with low frequency components
is termed as LL and other three with high fre-
quency components are LH, HL and HH (Sendur,
Levent & Selesnick, Ivan W. 2002) and illustrated
below in Figure 1.

These three high frequency sub-images also
known as detailed sub-bands are corresponding to
orientation in three different directions such as LH
in Horizontal, HL in Vertical and HH in Diago-
nal direction. The low frequency sub-band LL is
termed as approximation. Multilevel decomposi-
tion can be achieved by continuous application of
decomposition on LL band in a similar manner as
shown in Figure 2.

Due to the addition of noise into the image;
the information present in the detail coefficients
gets destroyed as a result the edges of the objects

LPF on column

| APPROXIMATE 1L

IMAGE

LPF onrow HORIZONTAL
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INAGE HPF oncolumn | DETAL
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Figure 1. First level decomposition of image by DWT.

Decoposition
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LHL | LHH
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Figure 2. Multilevel decomposition hierarchy (Levent
Sendur et al., 2002).
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present in the image get destroyed or become invis-
ible. There is no such major effect can be seen in
approximate image, this is due to the fact that high
frequency component much more effected by the
noise and approximate image is a sub band of low
frequency.

1.4 Thresholding

Thresholding is a nonlinear process which helps in
removing the noise present in the signal. Thresh-
olding is simple process because it operates on
one wavelet coefficients at a time (Mahalakshmi,
B.V., & Anand, M.J. 2014). In wavelet threshold-
ing by discarding insignificant coefficients noise is
removed from the image. The selection of thresh-
old method determines the efficiency of de-noising
to a great level.

1.4.1  Global thresholding
It is a uniform and simple thresholding method.
The threshold

Aoy =N2INN o (1)

(N being the signal length, ¢ being the noise
variance) is well known in wavelet literature as the
Universal threshold.

1.4.2  Baye’s thresholding

This method was proposed by Chang, Yu and
Vetteli. In this a threshold can be calculated using
Bayesian framework and suggested a simple and
approximation formula to calculate the threshold
[10] as defined below:

)

T, =2 )
O-S

where, o, is the noise variance and o, is

the variance of original signal without noise.
The estimation of noise variance is done by the
median estimator from the sub-band such as HH
sub band—

_ median (|HH|)

3
" 0.6745 ®)

Further, the additive noise in the signal can be
represented as:

w(a,b)=s(a,b)+n(a,b) )

But, the signal and noise are independent of
each other, it can be expressed as:

o,=0,+0, (%)

o2 can be calculated as depicted below:

w

1 n
O-‘T = —2 ab-1
n X

w{(a.b) (6)

Now, signal variance can be calculated as:

0, =/Max(0? - 62),0 (7

v

2 PROCESS OF IMAGE DE-NOISING
USING BAYE’S & GLOBAL
THRESHOLDING

The image de-noising subroutine which is used
in this work is shown in form of flow chart in
Figure 3. Removal of speckle noise from the image
contaminated with different noise variances has
been carried out using image denoising algorithm.
In this algorithm, a mathematical transforma-
tion i.e. Discrete Wavelet Transform (DWT) is
applied for image analysis and it also preserve the
important features of image effectively. The Dis-
crete Wavelet Transformation of image has been
performed using different wavelets such as: Haar
and Dmey. Two thresholding methods (Global and
Baye’s) are selected and implemented to shrink the
noisy coefficients. Later, Inverse Discrete Wavelet
Transform (i.e. IDWT) is applied to obtain the
original image.

Stepwise methodology of the Image De-noising
algorithm is described as follows:

1. Corrupt original image by speckle noise with
different noise variance.

2. Perform Discrete Wavelet Transformation of the
noisy image using Haar and Dmey wavelets.

| Noisy Image |
v

| Forward Wavelet Transform |

v
| Apply Wavelet Noise Thresholding |

v

| Apply Image De-noising Procedure on Degraded Image |

v

| Inverse Wavelet Transform to Reconstruct the |

v

| De-noised Output Image |

Flow chart for De-noising of image.

Figure 3.



3. Calculate threshold for each sub band with
Baye’s and Global thresholding method using
above equations.

4. Apply denoising procedure on degraded image
to shrink the noisy coefficients.

5. Perform the inverse DWT to reconstruct the
denoised image.

The evaluation of Image quality is carried out
on the basis of two measurements—Peak Signal
to Noise Ratio (PSNR) which is calculated using
formula—

2552
PSNR=10*log,, —— 8
%80 1S (8)

& Mean Squared Error as—

MSE = ﬁii[x(a,b) ~X’(a,b)] ©)

bh=1 a=1

where, X”(a.b) is the original signal without any
noise and X{a,b) is the estimate of the signal
(Sendur, Levent., & Selesnick, Ivan W. 2002).

The conclusion is based on the PSNR value
obtained for all the wavelets which are used. All
the results are compared and best wavelet with best
thresholding method is selected. After obtaining
the best wavelet technique with optimum thresh-
olding method, a comparison is made with Mean
and Median filter.

3 RESULTS AND DISCUSSION

The simulation of speckle de-noising code is per-
formed in MATLAB tool. Here, original image
corrupted by Speckle noise with different noise
variance 0.01, 0.02, 0.03 and 0.04 is used. The
performance analysis of denoising algorithm is
done by measuring Peak Signal to Noise Ratio
and comparison of PSNR is performed as given
in Table 1.

From the results in Table 1, it is observed that
Dmey Wavelet with Baye’s thresholding method
provides best result. The best PSNR value is
achieved in Dmey wavelet while using Baye’s
threshold method for denoising of image because
adaptive nature of this thresholding method makes
the Dmey wavelet more efficient in performance as
clearly observed from the Figure 4.

In Figure 5, the comparison is depicted among
Dmey wavelet, Mean and Median filter. Here, it
can be clearly analysed that Dmey wavelet is much
efficient in image de-noising as compared to Mean
and Median filter because these filters introduce
blurring in edges of image.

384
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2 3l —— Haar (Global Thresholding)
o —— Haar (Baye's Thresholding)
% 33 —— Demeyer (Global Thresholdi
% .
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® \
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Figure 4. PSNR vs variance for Haar and Demeyer
wavelet with Baye’s Thresholding and Global
Thresholding.

/

—— Demey (Baye's Thresholding)
—— Median Filter
—— Mean Filter

PSNR (db)
3

//
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Figure 5. PSNR vs variance for Dmey wavelet (Baye’s
Thresholding), Median and Mean filter.

4 CONCLUSION

It is concluded from the comparative study among
the filters that the use of the wavelets with Global
Threshold method gives poor results as, it is fixed &
non-adaptive in behavior, on the other hand use
of Bayes Threshold method improve the perform-
ance of wavelets to a great extent as it has adaptive
nature. Dmey wavelet provides better result as
compared to other wavelets because wavelet is
capable to differentiate infinitely and also adequate
for non-stationary signals. The wavelet technique
provides 16% better result as compared to mean
filter. In near future research will be carried in the
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Table 1.

PSNR values for different noise variance by using MATLAB.

Wavelet Filtering technique Variance (0.01) Variance (0.02) Variance (0.03) Variance (0.04)
Noisy Image PSNR (Speckle noise) 30.67 29.64 29.18 28.91
Haar Global Thresholding 32.27 31.42 30.8 30.34

Bayes Thresholding 37.27 36.26 35.6 35.14
Dmey Global Thresholding 32.98 31.96 31.21 30.69

Bayes Thresholding 38.22 36.9 36.12 35.7
Non-Linear Median 32.82 31.09 30.44 30.02
Linear Mean 33.81 32.34 31.44 30.84
Visual comparison

nolsy image denoised image by global thresholding

(a) Original Image

denoised image by bayes thresholding

(d) Haar (Baye’s)

(b) Noisy Image

denoised image by global thresholding

(e) Demeyer (Global)

(g) Median

(h) Mean
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(c) Haar (Global)

dencised image by bayes thresholding

(f) Demeyer (Baye’s)




area of image de-noising via implementation of
Wiener Filter in Wavelet Domain, especially for
two conditions: (a) When noise variance is known;
(b) When noise variance is unknown.

For further enhancing the performance of
de-noising algorithms through wavelet domain
with various other types of shrinkage methods
and appropriate threshold techniques would be
employed in image processing so that more detail
information can be extracted from the noisy image.
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ABSTRACT: In this era of Internet and communication technology, sharing information through dig-
ital images has become the importunate technique. But transmission over public network requires high
level of security to protect the digital images from unauthorized access. Image enciphering is a widely
used technique to provide the security. Advanced Encryption Standard (AES) is a well-known block
cipher encryption algorithm. National Institute of Standards and Technology (NIST) has declared AES
as one of the most secure algorithm. AES gives best results for text encryption but it has some drawbacks
for image encryption because of the presence of high correlation among the pixel values in it. AES suf-
fers from pattern appearance problem and requires high computation. In order to remove these draw-
backs some modifications have been proposed in this paper. Firstly, modification of mix columns step
of AES algorithm to decrease the encryption time is made. Second modification is to scramble the image
before encryption to avoid pattern appearance problem. Third modification is done by decreasing some
rounds of AES algorithm to reduce computations and hence enciphering time and security is enhanced
by encrypting the hash value of key instead of using the original key. Ruth Rendell said that AES is very
simple algorithm. But if you don’t know the key is it is virtually indecipherable (Stallings 2005). So, the
focus of the work is not only on the secure encryption but also on the secure key exchange. Cipher Block
Chaining (CBC) mode of encryption algorithms is used in the proposed work to enhance the security.
Experimental results proved that the proposed method is highly secure and faster than the existing encryp-
tion algorithms.

Keywords: Advanced Encryption Standard (AES), ciphering modes, Electronic Code Book (ECB),
hashing, image enciphering, Modified Advanced Encryption Standard (MAES), steganography

1 INTRODUCTION symmetric key based block cipher algorithm. AES

gives best results for text encryption but does not
With the rapid growth of internet and communica-  give optimum results for image encryption because
tion technology, people share information through  of high correlation present among the pixels. AES
digital images. A digital image is a group of pix-  suffers from some drawbacks like pattern appear-
els that are arranged in the form of matrix. Image  ance problem and high computations (Wadi &
encryption is used in various fields e.g., in military ~ Zainal 2013). Figure 1 shows the pattern appear-
communication, data transfer should be highly ance problem after encrypting the image using
secure so that no one can breach the security. In  AES (ECB mode). By looking the encrypted image
the field of medical, a small change in patient’s we can easily predict the content of image. So, in
report can misdiagnose the patient and this can  order to remove these drawbacks several attempts
lead to the patient’s death. Transmission over pub-  have been made but proposed work is more effi-
lic network requires high level security and encryp-  cient in terms of security and encryption time.

tion is the most efficient technique to provide the Kamali et al. (2010) proposed the modification
security. Encryption algorithms make the informa-  of shift rows transformation of AES algorithm but
tion indiscernible. the focus of the work was only on one problem of

Various encryption algorithms have been  AES. Their work reduced the pattern appearance
emerged like DES, 3DES, RSA etc. (Gupta et al.  problem but require too much time and high com-
2014). But these algorithms suffer from some  putations. Wadi & Zainal (2013) used single S-box
drawbacks. Security of DES has already been for both encryption and decryption process to
cracked because of its small key length. 3DES  reduce memory requirement. They used only one
has replaced DES but it is not efficient in terms  round of AES but theoretically it has been found
of encryption time. It takes too long to encrypt  that AES algorithm can be cracked by the reduced-
the data. Then, AES has replaced 3DES. AESisa  round adversary in 2'? iterations if number of
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Figure 1. (a) Original image (b) Encrypted image.

rounds reduced to 7. Therefore, reducing number
of rounds can make this algorithm non-resilient
to this type of attack (Wadi & Zainal 2014). Tran
et al. (2008) modified the S-box to improve the
security level by applying the gray code conversion
to S-box. But this improvement increased the com-
putation cost of algorithm. Huang et al. (2011)
and Telagarapu et al. (2011) modified the algo-
rithm to reduce pattern appearance problem using
compression. The focus of all the previous work is
on secure and efficient encryption only but as the
key plays a crucial role in encryption algorithm so
present work considers the secure key transmission
also. As we know AES is the most secure algorithm
but after some modifications the complexity of
algorithm reduces and it affects the security level
of the algorithm. In order to maintain the security,
security is provided at multiple levels and achieved
time efficient encryption algorithm.

The organization of this paper is as follows. Sec-
tion 2 and section 3 give brief description of initial
existing AES algorithm and modified AES algo-
rithm respectively. The detailed discussion of the
proposed system is done in section 4. Experimen-
tal results and evaluation of security parameters
is discussed in section 5. The conclusions of this
paper are in section 6.

2 EARLIER VERSION OF AES

Before starting the discussion on proposed modi-
fications, the working of earlier version of AES is
stated first.

2.1 Salient features of AES

e AES is a symmetric key based algorithm with
block length of 128 bits developed by Joan Dae-
men and Vincent Rijmen.

e It consists of 10, 12 or 14 rounds with different
key lengths. 128-bit key is used for 10 rounds,
192-bit key is used for 12 rounds and 256-bit key
is used for 14 rounds.

e Each round includes 4 operations—substitute
bytes, shift rows, mix columns and add round
key.

2.2 The overall structure of AES

Figure 2 (Kak 2015) represents the overall working
of AES algorithm for encryption and decryption.
128-bit input is passed through 10, 12 or 14 rounds
to generate the ciphertext. On the other side cipher-
text is passed to generate the original plaintext.

2.3 Four steps in each round of processing

2.3.1 Substitute bytes

A simple substitution of each byte is performed
using S-box of 16 x 16 bytes which is constructed
using defined transformation of values in GF (28).
Each byte of state array is replaced by the value of
S-box indexed by the row (first four bits of byte of
state array) and column (next 4 bits of byte of state
array) e.g., byte {82} is replaced by the 8th row and
2nd column of S-box whose value is {13}.

2.3.2  Shift rows

Since state is processed by columns, this step per-
mutes bytes between the columns (Kak 2015). First
row remains unchanged. Each byte of second row
shifts left one position. Each byte of third row
shifts two positions in left direction. Similarly, each
byte of fourth row shifts three positions in left.

2.3.3  Mix columns

The value of each byte of a column is replaced by
a new value which is a function of all four bytes in
that column (Kak 2015).The columns are consid-
ered as polynomials over GF (2%) and multiplied by
a fixed polynomial a(x) modulo x* +1 given by (1):

(x)=1{03}x* +{01}x2 + {01} x + {02} (1)

The mix columns operation is defined by the fol-
lowing matrix multiplication (Stallings 2005).

128 bit plaintext block

128 bit plaintext block

Add round key Round 10

W— W W— W
0 3 0

Round 1

Round 9

W—w W_— W
4 7 4 7

JMpayos Aoy

W—W
8 11

Add round key

!

128 bit ciphertext block

| Round 10 I W — W C—r
l 40 43— 10 4

128 bit ciphertext block

Figure 2. The overall description of AES algorithm.
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01 01 02 03|[s,5 Sy Sy, Sy3
03 01 Ol 02]|835 S5 S35 Si3

where, value of each byte can be calculated using (2):

Sg.; =(205,,)®(305,)Ds,,; Dy
S{/ =5, (-D(Z'S]_j)GB(?”Sz,j)@Slj
=8, @5, @205, )O(3es, )

s§j =(3es,,)®s5 @5, @205, )

(@)

0.

In inverse mix columns step each column is
multiplied by a fixed polynomial b(x) modulo x*
+1 given by (3):

b(x)={0B}x* +{0D}x> +{09}x + {OE} 3)

The inverse mix columns operation is defined by
the following matrix multiplication (Stallings 2005).

OE OB OD 09 5070 S071 SO,Z S0,3
09 O0E OB O0D|s, S S,
0D 09 O0FE OB |[S50 S5 Syn Sy3

2.3.4 Addround key
The state array is XORed with 128-bits of
expanded key.

2.4 Key expansion

In key expansion, a master key of 128-bit is con-
verted into 10, 12 or 14 128-bit keys for each round
of AES algorithm. Each column of 32-bit is repre-
sented as a word w and four words are expanded into
44 words. The key expansion operation is performed
to ensure that a change in one bit of the encryption
key affects the round keys for several rounds (Kak
2015). Master key can be expanded using (4):

Wy =w, ®glw,;) )

So0| So1 | Soz2| So3 Soo| Sz S22 S13
S1,0 | St,1 | S12| Su,3 |_> S1,0 | So|S32 | S23
S20 | Szt | S22| S23 S20 | Sui]Soz | S33
S30 | S31 |S32| S33 S3,0 | S2,1|S12 | So3

Figure 3. Modified mix columns step.

3 A MODIFIFIED VERSION OF AES

Modification is done in mix columns step and
reduces two rounds of AES algorithm to make the
algorithm efficient in terms of encryption time and
computations. A lot of computations are required
in mix columns step which makes the algorithm
slow. In order to make it time efficient algorithm
mix columns step is modified in a similar way as
shift rows step in AES algorithm. First column
remains unchanged. Second column shifts one
step downwards cyclically and so on. At the time
of decryption inverse mix columns step from sec-
ond column onwards involves shifting upwards
cyclically. Figure 3 shows the modification in mix
columns step. This modification simply mixes the
values of the column but reduces the security of
AES algorithm. In order to recompense security is
provided at multiple levels in efficient time.

4 PROPOSED SYSTEM

Figure 4 shows the proposed system for image
encryption and secure key transmission. In this
paper, several modifications have been proposed to
provide fast and high level security to image trans-
mission over public network.

The following steps will be performed for secure

transmission of digital images.
Sender side

Step 1: Select the input image.

Step 2: Scramble the image pixels using the
property of XOR given in (5). Original
image is XORed with random image that
is already stored in receiver’s system.

original ® random = result ®)

So, this step will diffuse all the pixels of image
to remove pattern appearance in the standard AES
caused by the same intensity pixel values.

Step 3: Now encrypt the scrambled image using
modified AES as discussed in above
section.

{Encryption is done using the hash value of key

instead of original key and this information is only
known to the receiver so that this technique can
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Figure 4. Proposed system.

swindled the attacker. Here, SHA-256 algorithm
is used to calculate hash value because collision
attack has been found in other hashing algorithms
like MD5, SHA-1 etc. First 128-bits of hash value
are used as a key for encryption and next 128-bits
are used as initialization vector (iv) in CBC mode
of AES algorithm.}

Step 4: Convert the encrypted image from
spatial domain to frequency domain
because processing in frequency domain
is more secure as compared to spatial
domain.

Embed the original key into the DCT
coefficients of encrypted image for
secure transmission of key.

{Steganography is used to embed the key into the
image. Several attacks can be possible on embed-
ded data in spatial domain like noising, image
compression, smoothing, sharpening, rotation
and other type of attacks to disturb the embedded
content. That is why frequency domain is used for
embedding.}

Step 6: Transmit encrypted image over public

network.
Receiver side

Step 1: Receive the encrypted image with key
embedded in the image.

Convert the received image from spa-
tial domain to frequency domain and
extract the embedded key.

Calculate the hash value of extracted
key using SHA-256 algorithm and use

Step 5:

Step 2:

Step 3:
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initial 128-bits as a key and next 128-bits
are used as initialization vector (iv).
Decrypt the encrypted image using
modified AES as discussed in section 3.
Descramble the encrypted image using
(6) and get the original image sent by
the sender.

Step 4:

Step 5:

random @ result = original

(6)

5 EXPERIMENTAL RESULTS AND
SECURITY ANALYSIS

It is proved here experimentally that the proposed
method is more efficient and secure than the ini-
tial version of AES algorithm and other State-
of-the-Art by evaluating various parameters like
histogram analysis, entropy, simulation time, pat-
tern appearance and correlation between original
image and encrypted image.

Various attacks can be possible while transmit-
ting the images (Sun et al. 2008). The effects of some
of these attacks on the embedded content at the
time of decryption are shown in Figure 5. Results
show that embedded content is not disturbed how-
ever some noise is observed present in the results.

5.1

This problem arises due to the pixels of same inten-
sity values. It can be reduced by using the CBC

Pattern appearance

(b) Data for embedding

(c) Salt-pepper attack on
embedded image

T
(f) Extracted data

The effects of attacks on the embedded

(e) Cropping attack

Figure 5.
content.



(b)

Figure 6. (a) Encryption by AES with pattern appear-
ance problem (b) Encryption by proposed method.

(®)

Figure 7. Histogram analysis of results obtained from
earlier version of AES (a) Original and encrypted image
with pattern appearance (b) Histogram of original and
encrypted image.

mode of AES but takes long strands of time that’s
why we have used scrambling with modified AES.

5.2 Histogram analysis

Statistical attacks can be possible by analyzing the
histogram values. Uniform distribution of values
in histogram represents that the algorithm is resist-
ant to statistical attacks. Results in Figure 7. and
Figure 8. proved that proposed system is more
secure than earlier version of AES.

5.3 Entropy

It can be defined as the degree of randomness
which can be used to characterize the texture of
image. The number of gray levels for grey scale
image is 256 or 2% (Wadi & Zainal 2013). Using (7),
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(b)

Figure 8. Histogram analysis of results obtained from
modified AES (a) Original and encrypted image (b) His-
togram of original and encrypted image.

Table 1. Entropy values.
Image 1 Image?2 Image3 Image4
Original image  2.6797 7.8362 7.2226 5.9484
Encrypted 6.5719  7.9988 7.9992  7.8325
image Using
initial AES
Encrypted image 7.9993  7.9993  7.9994  7.9993
using method
by Kamali
et al. (2010)
Encrypted image 7.9993  7.9994 7.9994  7.9994

using proposed
method

the ideal value is 8. Better the encryption tends the
entropy value towards 8.

K
E(x)=-Y " P(x)log, P(x,) %
where P(x,) is the probability of the i pixel and
K is the number of pixels in an image. Results in
Table 1. show that the calculated entropy values

using proposed method and proposed method by
Kamali et al. (2010) are near to 8.

5.4 Correlation between original and
encrypted image

A good encrypted image should have very low cor-
relation with the original image. Equation (8) is
being used to calculate correlation between origi-
nal and encrypted image (MathWorks).

2. >(4,,—A)B,, ~B)

r= ot =
\/(EZ(AW A XY

__ ®)
(B,,~ BY)

mn



Table 2. Correlation coefficient between original and encrypted image.

Image 1 Image 2 Image 3 Image 4
Encrypted Image using initial AES —-0.2048 —0.0004202 0.0017145 —-0.015924
Encrypted image using method by Kamali et al. (2010) -0.000249 0.0005630 0.001404 0.0034004
Encrypted Image using proposed method 0.0014188 —0.0030691 0.0017545 —0.000366
Table 3. Encryption and decryption time (in seconds).

Image 1 Image 2 Image 3 Image 4
Encrypted Image using initial AES 469.76892 472.98429 490.40811 466.770302
Encrypted image using method by Kamali et al. (2010) 518.96447 495.43535 497.47588 507.205127
Encrypted Image using proposed method 73.482489 76.926034 87.096232 83.769738

where A, B are the mean of gray values of origi-
nal image and encrypted image respectively, m and
n refer to the pixel location in original/encrypted
image.

5.5 Simulation time analysis

A good algorithm is one which takes less time
and gives optimum results. Proposed work takes
approximately 85% lesser time in comparison to
initial version of AES.

All the simulations have been done using MAT-
LAB R2010a on a laptop with specifications: Intel
Core 13-4010U 1.70GHz processor with 2GB ran-
dom access memory, S00GB hard disk and Win-
dows 7 Home Premium 64-bit. All the images for
simulation have been taken from Berkeley standard
database of images.

6 CONCLUSIONS

Several attempts have been made to modify AES
algorithm. But all these algorithms take too long
for the encryption process. In this paper, modifica-
tions are made to remove the mentioned drawbacks
and make the algorithm time efficient. Scrambling
is done to remove the existing pattern appearance
problem. SHA-256 algorithm is used to calculate the
hash value of key for the encryption process. Stega-
nography is used to hide the key in the encrypted
image so that the key can be transferred securely.
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ABSTRACT: Mobile Ad Hoc Network is a network which does not contain any infrastructure and
have wireless communications. Every device in the network can freely move in any direction. By reason
of dynamic nature of this network, it is very essential to secure network from adversaries. Anonymity is
an issue which must be considered while securing communication in MANET. Anonymous on demand
routing protocols secure the network from both active and passive attacks. But these protocols contain
some vulnerability such as modification of packets, DOS attacks which can be removed by providing
Authentication with the help of Group Signature. AASR introduces authentication as well as maintains
anonymity but it experiences the problem of packet delay. A trust model with AASR is helpful to resolve
this problem.

Keywords: MANET, on demand routing, anonymity, onion routing, group signature

1 INTRODUCTION a precise route message. While communicating in
MANET environment during the route request
Making the communication secure in networking  phase an encrypted layer is added to RREQ mes-
environment is an important aspect. In MANET  sage by the forwarding node. Due to this, the actual
maintaining security is quite difficult as compared  source and destination remain disclosed which
to wired network because MANET is configured  establish an anonymous route.
automatically and exist without any infrastructure.
Another important feature of this type of network is
that it contains mobility nature of the various nodes
and dynamic topology. In MANET, nodes itself ~ Anonymous routing provides various anonymity
works as the server as well as the client. This nature  such as (a) Identity Anonymity: In this, identity of
helps it to be used in military battlefield, emergency  the nodes which are taking part in the communica-
operations such as fire, flood. Due to the range limi-  tion remains hidden from forwarded packets. (b)
tation of the nodes in MANET, it requires routing  Route Anonymity: The nodes cannot be mapped
to communicate with different nodes. Many active  to the route. The source intermediate and destina-
and passive attacks could occur from external envi-  tion nodes contain information regarding the pseu-
ronment by malicious hosts or from compromised  donyms only. Even participating nodes don’t know
hosts inside the network (M. Yu et al. 2009). about the information of entire route. (¢) Topology
So many On-demand routing protocols have = Anonymity: Even in the case of network traffic
been anticipated for securing routing and data  analysis number of participating nodes, hop count
content. Including anonymity factor makes these  can keep of sight by making location anonymous.
protocols much better for the security of the net-
work. Though anonymity introduces unidentifi- 13 Trapdoor
ability and unlinkability over the network but it ’ P
is vulnerable to modification of data packet ille- A trapdooris an ordinary idea in cryptographic func-
gally and DOS attacks. For this authentication can  tions which describes a one-way function between
be provided by group signature scheme. The fine  two sets. A global trapdoor reflects a method to col-
points of the concepts are as follows: lect information in which intermediate nodes may
append information, like node ID’s with the trapdoor.
Only some of the nodes like the source and destina-
tion can decipher and recover the elements by means
Onion (M.G Reed et al. 1998) is a kind of data  of pre-established secret keys. The procedure of trap-
structure which is based on layered approach. door needs an anonymous end-to-end key acknowl-
The source node setup the root of an onion with  edgment between the source and destination.

1.2 Anonymous routing

1.1  Onion routing
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1.4 Group signature

Group trusted authority issues a pair of group
public and private keys which every member of
the cluster may contain. Group Signature scheme
allows a member of a group to produce its signa-
ture with the help of its private key which can be
verified by other members of the group by keeping
identity of signer unrevealed.

Though numerous anonymous routing proto-
cols exist such as ANODR (J. Kong et al. 2003),
ASR (B. Zhu et al. 2005), ARM (S. Seys et al.
2009) have been introduced. But most of them do
not add authentication to the protocols. In the lack
of authentication, an adversary can behave mali-
ciously without any kind of restrictions during the
route discovery. To grant anonymity & authentica-
tion simultaneously is difficult for authentication
identity of signer is required during verification
process. Group signature scheme provides authen-
tication without revealing identity of nodes.

2 RELATED WORK

In existing On Demand Routing protocols AODV
(C. Perking et al. 2003) and DSR (D. Jhonson,
2007) adversary can easily detect the identities of
the nodes. DSR is observable by a single eaves-
dropper as it adds routing information in packet
headers. While in AODV information is stored in
routing tables as an alternative of packet headers.
ANODR (J. Kong & H. Kong, 2003) was proposed
to avoid adversaries from following a packet flow
to the source or destination. It is an anonymous
routing protocol which is based on route pseudo-
nymity approach. This approach allows unlinking
the node’s location and identity.

Another secure distributed anonymous rout-
ing protocol SDAR (A. Boukerche et al. 2004) is
introduced in which public key algorithm is used
which makes the system very unscaleable as each
intermediate forwarding node need to attempt
decryption of the trapdoor during route discovery.
In AnonDSR (R. Song et al. 2005), three protocols
are introduced i.e. security parameter establish-
ment, anonymous route discovery and anonymous
data transfer in which a cryptographic onion is cre-
ated for anonymous communication data protec-
tion. In MASK (Y. Zhang et al. 2006) a clear plain
node ID is used for route discovery. It provides
neighbourhood authentication but it cannot sign
the routing packets. This protocol is based on new
cryptographic concept known as ‘pairing’ which
allows authenticating neighbouring nodes without
disclosing their identity.

ASR (B. Zhu et al) provides supplementary prop-
erties on anonymity i.e. Identity anonymity and
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Strong location privacy by using shared secrets
between any two consecutive nodes. Some small
size information known as TAG is sent combined
with the data packet so that forwarding node
can verify that information instead of the whole
packet. No node identity involved in ASR, as
well as external & internal nodes, cannot detect
the location of source and destination. Another
protocol proposed as ARM (S. Seys & B. Preneel,
2009), in which random padding and time to live
values for RREQ messages are used. Padding is
applied to stop an adversary about the number of
hops to source or destination of RREQ or REEP
messages. The source randomly chooses a padding
length as per the probability distribution proposed
by author. Distribution function is used with high
probability that a node will select a padding length.
Another scheme used is TTL field in which source
adds a random value to the required TTL size to
reach destination. The TTL remains randomized
not to reveal the distance between source and
destination.

Some of the vulnerabilities such as modifica-
tion of data packet data & DOS attacks may
occur which is reduced by introducing authentica-
tion with anonymity proposed in A3RP (J. Paik
et al. 2008). The routing and data packets are pre-
served by Group Signature scheme (D. Boneh et al.
2004). Secure hash functions are also implemented
for mapping keys and node pseudonyms along a
route. Session key between source and destination
is established for secure data transmission after
route discovery. In Group signature scheme, every
member of the group can generate its own signa-
ture by its own private key which is issued by trust
authority.

Previous protocols use hash function which is
not that much scalable. In AASR (Liu Wei & Yu
Ming, 2014) encrypted onion mechanism is used
which records discovered route. It creates an
encrypted secret message to authenticate RREQ-
RREP linkage. Group Signature scheme is used for
authenticating the RREQ packet per hop as well
as prevent the intermediate nodes from modifying
any routing packet.

3 EXISTING SYSTEM

The Authenticated Anonymous Secure Routing
(AASR) protocol is the extended version of AODV
element which maintains some cryptographic
operations (William et al. 2006). AASR provides
improved hold up for secure communications with
high throughput and lower packet loss. AASR can
be further modified by combing trust-based rout-
ing (M. Yu & K. Leung, 2009) which will reduce
end to end packet delay.



The routing algorithm of the existing system
can be achieved on the basis of current on-demand
ad-hoc routing protocol like AODV or DSR. The
fundamental strategy of routing procedure can be
described step by step as follows:

e A source node transmits an RREQ packet dur-
ing route discovery phase.

e In the case of receiving the RREQ packet by
intermediate nodes, it cross checks the RREQ by
utilizing its group public key and integrates one
coat on top of the key-encrypted onion. Same
procedure is rechecked until the RREQ packet is
not received by the destination or gets expired.

o After receiving RREQ by the destination node,
it verifies the RREQ and then collects RREP
packet to broadcast it back to the source node.

e Validation of the RREP packet is done by each
intermediate node on the path from destination
to source and updates its routing and forward-
ing tables. Then it peel off one layer on the top
of the key-encrypted onion and pursues broad-
casting the updated RREP.

e At the time of receiving the RREP packet by
source node, it authenticates the packet and
rejuvenates its routing and forwarding tables
which results the completion of route discovery
phase.

e The source node starts transmitting data in the
conventional route. The route pseudonym is uti-
lized for forwarding the data packets by each
intermediate node.

4 PROPOSED WORK

4.1 Assumptions

The network for the proposed work is assumed as
symmetric i.e. if node A comes in range of node
B then node B also comes in the range of node A.
Each group as well as group in the network con-
tains its public/private keys issued by PKI (Pub-
lic Key Infrastructure) or different Certificate
Authority (CA).

4.2 Model

e Source node S has information in the format of
<Network Size, Traffic, Message>
e While Destination node D will have following
details:
<Node, PKR, PKS, T, R,,.i,» Intermediate,
Node>
Where PKR, PKS are packets received and
packets send respectively.
Ry, 18 the rate of data transfer.
e Node’s pseudonym have been generated with the
help of node’s private key.

e Next hop is selected as per the trust value in the
terms of packet loss. Trust calculation is done
as per indirect observation i.e. on the basis of
neighbour nodes.

t=pow(e, ) M

where, t is trust value, e is packet loss & f = 0.5
e can be calculated as a = dest (X,)-source (X,)

b=a*a

c=dest (Y,) —source (Y,)
d=c*c

e=b+d

4.3 Protocol design

The neighbour node which will have minimum t
value will be selected as next hop as it results into
more trustworthiness.

o Selected node will send ACK (acknowledge-
ment) to the source node.

e Routing table has various attributes in the form
of <Source, RREQ_ID, pseudonym, Dest_
address, hop count, route record>

e Route Reply will flow over the network with
details i.e. <source_address, RREP_Id, route
record>
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Figure 1. Protocol design of proposed scheme.



5 SIMULATION

5.1 Network configuration

To simulate our protocol, 1000 m x 1000 m net-
work space has been mediated having thirty-five
nodes which are uniformly distributed. Maximum
numbers of packets in Interface Queue (IfQ) are
fifty. Nodes can check packet integrity with the
help of Link Layer (LL). MAC Layer is used to
tell node how to share broadcast medium.

5.2 Evaluation metrics

¢ End To End Delay:

End to End delay can be defined as the average
time taken by the data packet to arrive at the desti-
nation. This can be caused due to buffering during
route discovery latency, queuing at the interface
queue. Average End to End delay can be calculated
with the help of following formula i.e.

Avg EED = S/N 2

where, Avg EED: Average End to End delay

S: sum of the time spend to deliver packets to each

destination i.e. Y, (Arrive time-Spend time).

N: Number of packets received by all destina-
tion nodes. Low End to End delay results
better performance.

e Throughput:

Throughput can be defined as the total number
of packets delivered over the total simulation time.
It can be calculated as:

Throughput = N/1000 3)

where, N: Number of bits received successfully by
all destinations.
e Packet Loss:

The total number of packets dropped during
the simulation is known as packet loss. It can be
calculated as:

Figure 2. End to end packet delay.

Figure 3. Throughput.

Figure 4. Packet Loss.

Packet Loss = No. of packet send—No.
of packet received 4)

5.3 Results

Simulation results are shown in the following
graph by comparing metrics of proposed scheme
with AASR (existing scheme).

In graph (a), End to End delay is represented
between delay and time. Graph (b) shows high
throughput of proposed method shown between
Packet delivery ratio and time which results into
better connectivity over the network. Packet Deliv-
ery Ratio (PDR) can be calculated as:

PDR =Y Number of packet received/y,
Number of packet send 5)

where as graph(c) denotes lower packet loss which
increase the efficiency.

6 CONCLUSION

In this paper, we incline to approach associated

genuine and suggest routing protocol for. The
route request packets are authenticated by cluster
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signatures, which might protect the potential active
innominate attacks while not unveiling the node
identities. The key-encrypted onion routing with a
route secret verification message is proposed to not
solely record the innominate routes however con-
jointly prevent the intermediary nodes from infer-
ring the consequential destination. By combining
trust model in AASR utilizes trust values to favour
packet forwarding by maintaining a trust breach for
every node. In this scheme, we compare trust value
with other node’s trust value and finding the best
node for the route which reduces End to End delay
and gives high throughput with lower packet loss.
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Sparse filter design techniques: A review
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ABSTRACT: Digital filters have a wide variety of applications in signal processing field and commu-
nication field. Research is being focused now a day, to improve the implementation efficiency of digital
filters. To achieve this, designing sparse filters i.e. filters having small number of non-zero coefficients
in its impulse response, is a good solution, where the adders and multipliers corresponding to the zero
value coefficients are simply omitted. In this paper an extensive literature survey is being done on design
of sparse digital filters. Various techniques and algorithms that are used in the literature to design sparse
filters are investigated and discussed.

Keywords:  FIR filter; sparse filter; compressed sampling; implementation efficiency

1 INTRODUCTION Another way to improve the implementation
efficiency is by designing FIR filters with a least
Digital filters are being used these days in various  number of non-zero coefficients, as the number
signal processing applications and communication  of additions and multiplications depend on the
applications like in radar, sonar, biomedical signal number of non-zero coefficients and the adders
processing, image processing, consumer electron- and multipliers corresponding to the zeroed
ics and many more (Mitra & Kaiser 1993). Dig-  value coefficients may simply be omitted from the
ital filter design has remained an ongoing research  design. This leads to a desire for sparse designs
field. Researchers aim to design digital filters with  i.e design with fewer non-zero coefficients. Sparse
desired level of performance along with minimizing  FIR filters tend to obtain better performance com-
complexity. Computation time, power consump-  pared to non-sparse optimum filters by designing
tion, hardware required and circuit area utilized  a higher order filter but setting some of the coef-
are some of the factors that must be taken care of  ficients to zero value. Sparse filters thus improve
while designing a digital filter. the implementation efficiency and hence possess
To design Finite Impulse Response (FIR) digital ~ real time application potential while being cost
filters a number of algorithms have been proposed.  effective also. Sparse filter designs have proved to
The traditional or conventional FIR filter design-  be efficient in terms of cost of computation, hard-
ing methods take total number of coefficients also ~ ware utilized and power consumed. Many authors
called as order of the filter as a measure of com-  have worked upon this target area to find the most
plexity. Minimizing order of the filter minimizes efficient solution for the sparse FIR filter design
the computation time and memory required. Thus, = problem.
all traditional filter designing algorithms such as The remainder of the paper is presented as fol-
Parks-McClellan aim to obtain an optimal filterthat ~ lows. In Section II, we describe the problem of
minimizes error of the designed filter with respect  interest. In Section III, a brief literature review is
to desired frequency response under some criteria  presented. In Section IV, applications of sparse fil-
with a specified filter order (McClellan et al. 1973).  ters are discussed. Finally, in Section V conclusion
With the recent advancements and demands in the  is being presented.
field of signal processing, there is a need to focus
on improving the implementation efficiency, which
can be achieved by reducing number of arithmetic = 2 PROBLEM FORMULATION
operations, especially multiplications. To achieve
this, some authors have tried to eliminate multipli- ~ Given a desired frequency response H (jw), optimal
ers by restricting impulse response coefficient to  FIR filters are aimed to minimize error between the
take either binary values (Lim & Parker 1983) or  designed response H(jw), and the desired response in
composed of power-of-two terms (Chen & Willson  either least-squares or minimax (Chebyshev) sense.
1999, Lim et al. 1999, Li et al. 2002). Some researchers have also worked to minimize the
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L, norm of the error (Grossmann & Eldar 2007).
But to design a sparse filter objective function must
be set to minimize, the error and the number of
non-zero filter coefficients.

Consider an order ‘N’ linear-phase FIR filter
with impulse response coefficient vector denoted
as h = A, {for i = 0,1...N}. The transfer function
H({z) of the filter is defined as follows:

H{z)= ihlz" 1)
=0

The impulse response vector h for a FIR filter
is called as sparse impulse response if significant
number of A,’s exactly equals to zero. The impulse
response vector is understood as K-sparse if it
consists of only K number of nonzero coefficients.
The p-norm of vector h denoted as || 4|, or L, for
p = 1, is defined as:

1/p
p)

Also the 0-norm, written as L, can be defined

.
||h||,,=(

>|A
i=0

n

2

as

3)

k| ,=lim| &|?
1llg=Timn | 1

The L,norm of filter coefficientsis generally used
for the sparsity measure of filter impulse response
coefficients, which actually counts the number of
nonzero coefficients. The objective function for
designing a sparse FIR filter can be defined in a
manner to minimize the L, norm of filter coeffi-
cient vector. But sparse FIR filter design problems
defined using L, norm can be highly non-convex, as
L, norm is non-differentiable (Xie & Hu 2013). So,
it would be difficult to find the optimum solution
using the conventional optimization algorithms.
By doing exhaustive search optimal solution may
be obtained, but this could lead to large amount
of computation. Thus, better way is to look for
locally optimal solutions. A sparse filter design is
also inspired by the advancement in the field of
sparse representation of signals (Donoho 2006)
and compressive sensing (Elad 2010, Zibulevsky &
Elad 2010), so the techniques and algorithms devel-
oped for sparse coding of signals can be utilized to
design sparse filters. So some of the techniques like
hard-thresholding, Orthogonal Matching Pursuit,
Basis Pursuit, Iterative shrinkage and thresholding
algorithms, Branch and bound algorithms, Itera-
tive Reweighted Least Square algorithms, which
were utilized in sparse and redundant representa-
tion of signal are also being utilized in the litera-
ture to design sparse filters.
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In general, to solve the objective problem, the
authors in the literature have proposed a two step
process, in the first step the those coefficients are
identified that could be set to zero while minimally
affecting the optimal filter performance, using an
appropriate optimization algorithm and in the
second step the sparse FIR filter is designed that
minimizes the error while constraining the identi-
fied coefficients to be zero.

3 LITERATURE REVIEW

(Mattera et al. 2002) defined the sparse FIR fil-
ter designing problem as a Linear Programming
Problem. The problem aims at designing a FIR
filter that tends to minimize the weighted error in
Chebyshev sense with imposed constraints of set-
ting KO number of filter coefficients as zero. For
choosing the set of filter coefficients that need to
be set to zero OMP (Orthogonal Matching Pursuit)
procedure is employed. This algorithm is a greedy
algorithm that sequentially keeps on adding one
additional coefficient to a set of zero-valued coef-
ficients, while minimizing the lingering approxi-
mation error. Moreover, there is no guarantee of
achieving convergence. This paper solves the opti-
mization problem with the help of MINOS, which
is a commercial software package to solve linear
and non-linear problems.

(Gustafsson et al. 2007) have defined the prob-
lem of sparse filter designing as a Mixed Integer
Linear Programming problem. The objective func-
tion is defined that tends to minimize the weighted
error in Chebyshev sense subject to constraints
that tends to minimize the filter order and the
number of non-zero coefficients. These two con-
straints are weighted, with more weight given to
obtain sparse impulse response. Different weight-
ing may be used, to obtain a different trade-off
between sparsity and order of the filter. To solve
the MILP problem either branch-and-bound or
branch-and-cut algorithm is being used. Simula-
tion experiments have been performed by varying
passband ripple. Results show that filter order is
larger than the optimal non-sparse filter, but the
number of non-zero valued coefficients has signifi-
cantly reduced. It can also be concluded from the
results that as the passband ripple is increased, the
number of zero value coefficients also increases.

(Tseng & Lee 2009), utilized the constrained L,
minimization method used in compressed sam-
pling for designing the sparse filter. The filter
design problem is specified in the form of standard
compressed sensing equation. It is demonstrated
in the paper that minimizing the L, norm of the
filter coefficients leads to a sparse filter design with
the reduced range of filter coefficients and reduced



maximum value of the filter output. So the objec-
tive function is defined that tends to minimize the
L, norm of the filter coefficients for obtaining a
sparse impulse response subject to a condition that
L, norm of the error between the desired response
and designed response is less than a specified
error ‘e’. Design examples are presented in the
paper which demonstrate the flexibility of the new
design method compared to the conventional Least
Squares design. In a similar paper (Tseng & Lee
2012), the Orthogonal Matching Pursuit (OMP)
algorithm is being utilized to design a constrained
sparse FIR filter. The authors try to obtain trade-
off between sparsity of filter coefficients and
magnitude response errors by defining an error
bound that can be suitably chosen. Simulation
examples are given for sparse FIR notch filter.
(Tseng & Lee 2011) again utilized the OMP algo-
rithm to design a digital differentiator. In a similar
paper (Tseng & Lee 2013), authors have worked
to design digital differentiator using improved
Iterative Hard-Thresholding (IHT) by defining a
smooth thresholding curve. In the improved THT
the number of elements thresholded to zero value
increases gradually as compared to conventional
IHT that is greedy. Simulation results have proven
that filter designed using this technique has less
error than standard OMP or IHT based designs.

(Lu & Hinamoto 2010) defined the objective
function for the sparse filter design as to mini-
mize the weighted summation of either the L_ or
L, norm of the error between the desired response
and designed response and L, norm of the filter
coefficients. The L, norm term help produce a
sparse impulse response. This technique is inspired
by the Basis Pursuit used in compressive sensing,
where because of non-convexity of L, norm, we
can use L, norm. The defined objective function is
a convex problem and solved using SeDuMi. After
solving the objective function hard-thresholding is
applied on the obtained coefficients with appropri-
ate threshold to obtain sparse impulse response.
Design examples are presented in the paper that
proves the improved sparsity of the designed fil-
ter. In a similar paper (Lu & Hinamoto 2011),
authors have worked to design a sparse IIR filter.
The objective function minimizes the L, norm of
the coefficients of numerator to promote spar-
sity subject to stability of transfer function. The
objective function is a standard second-order cone
program is solved using efficient convex program
solver SeDuMi. After solving the objective func-
tion hard-thresholding is applied to obtain zero-
valued coefficients.

(Wei 2009) adopts a method to design sparse
FIR filter that sequentially minimizes the p-norm
of coefficient vector with p gradually decreasing
from 1 toward 0. Since the p-norm of a vector is
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highly non-convex for p < 1, this problem is over-
come by appropriately initializing each subprob-
lem. Design examples demonstrate that the filters
obtained using method for a given set of specifica-
tions posses an optimal level of sparsity. (Wei &
Oppenheim 2010) defined the objective function
for sparse filter design to obey two constraints,
first minimizes the weighted least squares error
of the frequency response and second maximizes
the signal-to-noise ratio so that detection of sig-
nal in the noisy environment is possible. Both the
problems are combined to form a single quadratic
constraint. Simultaneously to maximize the spar-
sity, the L, norm of the filter coefficient vector
is minimized. In a similar paper (Wei et al. 2013)
have defined the objective function to obey three
constraints; first minimizes weighted least-squares
error of frequency response, second constraint
minimizes the mean squared error for estimation,
and third maximizes the signal-to-noise ratio for
detection. The design problem is thus defined that
maximizes the sparsity while following the three
above defined performance constraints, which
can be reduced to a single quadratic constraint.
Authors in this paper try to develop efficient
and exact solution. Examples are presented for
wireless channel equalization and distortion less
response beamforming. In a similar paper, (Wei &
Oppenheim 2013) proposed a method based on
Branch and Bound algorithm to solve a combi-
natorial optimization problem. Design experi-
ments demonstrate that techniques used in this
paper decrease the complexity of designed filter
dramatically.

(Baran et al. 2010) proposed two approaches
in this paper. In the first approach, the impulse
response of non-sparse filter is iteratively thinned.
Two rules called as minimum increase rule and
smallest coefficient rule are defined by the authors
that will in each iterative step, set the value of
one or more filter coefficients to be zero. In the
first rule, the coefficient with the smallest mag-
nitude is set to zero, while second rule searches
for a coefficient whose value if set to zero results
in the minimum increase of error. The second
approach, firstly intends to obtain smaller magni-
tude filter coefficients by minimizing the L,-norm
of impulse response, and then re-optimization is
done by setting the K smallest magnitude coeffi-
cients to zero. The algorithms are evaluated by the
authors in the context of array design and acous-
tic equalization. In both the approaches filter is
being designed using direct form structure and
compared with standard Parks McClellan algo-
rithm. Because of the iterative nature of both the
approaches, the drawback is that, for designing
higher order filters, there is a need of high com-
putational effort.



(Jiang et. al 2012a) have defined sparse fil-
ter design problem that tends to minimize the L,
norm of the coefficients subject to minimizing the
approximation error in minimax sense. To solve the
design problem Iterative Shrinkage and Thresh-
olding (IST) algorithm is employed. In IST algo-
rithms optimization problem is decomposed into
set of independent scalar optimization problems.
Subproblems in a simpler form are defined in each
iterative step and respective dual problems of these
nonconvex subproblems are constructed using
Lagrangian function. This dual problem now can
be easily solved. The design procedure is succes-
sively run for several times to achieve better results
and is continued until more sparsity can’t be further
obtained. Simulation results of filter design exam-
ples are presented and results are compared. The
results show that the sparsity of the designed filter
is improved but at a cost of slight increase in the fil-
ter order. A similar approach is being used in paper
(Jiang et. al 2012b). In paper (Jiang & Kwan 2012)
defined the objective function to minimize the L,
norm of the coefficient vector subject to a WLS
approximation error constraint. To solve the objec-
tive function IST algorithm is being employed. An
iterative algorithm called successive activation algo-
rithm is proposed that constructs a simplified sub-
problem. The design method can be used to design
linear phase, as well as nonlinear-phase FIR filter
designs. Authors have proposed a similar design
strategy in paper (Jiang & Kwan 2013) as of the
previous paper. In paper (Jiang et al. 2014) authors
aim to optimize the order and the sparsity of an
FIR filter simultaneously, so that both the group
delay and complexity is being reduced. The basic
idea to reduce the filter order is to force some initial
coefficients of the impulse response to zero and to
achieve this a regularization term is being integrated
in the objective function. So the objective function
acquires the form of a weighted L, norm optimi-
zation problem. To solve the objective function an
efficient numerical method is proposed which is
based on the Iterative-Reweighted-Least-Squares
(IRLS) algorithms. In the IRLS algorithms the L,
norm of a vector is replaced its L, norm, which is
its convex relaxation form, and can be more eas-
ily solved. Example designs are presented and the
results are compared. It is proven that the proposed
method is jointly optimizes both the filter order
and sparsity of the filter as well. In paper (Jiang
et al. 2015), the authors share the similar idea as of
previous paper but with a slight modification in the
objective function.

(Matsuoka et al. 2014) proposes design of sparse
filter that minimizes the error in the least square
sense. But according to well know Gibbs phenom-
enon, a filter designed using Least-squares criteria
posses large error near the cut-oft frequencies. To
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minimize this error, authors have imposed con-
straints on the peak value of error in the frequency
response of the designed filter, without increas-
ing the transition band. So, a two-step approach
is being proposed by the authors to design con-
strained sparse FIR filter. In the first step, opti-
mal sparse coefficients are obtained using the
Graduate Non-Convexity algorithm. The second
step, while restricting the zero valued coefficients
obtained in first step to zero value, aims to reduce
the peak error of the filter by optimizing the values
of left over coefficients. Experimental results dem-
onstrate that the proposed design approach jointly
obtains a sparse impulse response and minimizes
the peak error as compared to a conventional least
squares design.

4 APPLICATIONS OF SPARSE FILTERS

In the literature, numerous applications of sparse
filters have been explored by various research-
ers. The frameworks in which these applications
are explored include beam forming, frequency
response approximation, speech coding, channel
equalization, signal detection, estimation and linear
phase acoustic equalizer. The reason behind using a
sparse filter depends on the application area where
the filter is being used. For example, in situations
where large amount of computation needs to done,
the use of sparse filters can reduce the computa-
tion complexity. Similarly, if a filter is required for
a wireless application, where power consumption
is a primary concern, the use of sparse filters can
reduce the power consumed, as fewer computations
are done. In integrated circuit implementations,
circuit area is of prime concern, the use of sparse
filters decrease the circuit area and hardware uti-
lized. In sensor array design, where the fabrication
and operation of the individual sensors determines
the cost and capabilities of the array, a maximally
sparse array design can be very cost effective. So,
based on above discussion, it can be concluded that
the sparse design can be utilized in variety of appli-
cation areas, being efficient and cost effective.

5 CONCLUSION

Sparse FIR filters can dramatically improve the
implementation efficiency of digital filters. Vari-
ous techniques for sparsity maximization of FIR
digital filter are discussed. Based on the discussion,
there is a need to design optimized sparse filters
that maximize sparsity, minimize complexity with
an optimum filter order that maintains a negoti-
able group delay. Future work can be done in the
direction of improving the sparsity of IIR Digital



filter, notch filters, 2-dimensional filters and adap-
tive filters.
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ABSTRACT: One of key research area in the field of Image Processing & Computer Vision is Image
mosaicing. When image mosaicing used for medical diagnosis purpose it is called as Biomedical Image
Mosaicing. This paper takes an overview of how image mosaicing is used in medical application such
as X-Ray stitching, Visualization of Tissue structure, Robotically-assisted Biomedical image mosaicing

system, Blood Vessel image, whole Body MRI.

1 INTRODUCTION

Image Stitching is the technique to stitch vari-
ous images having overlapped fields of view to
construct a panoramic image. Process of Medical
Image stitching is similar to creation of panorama
image of a scene by using several images of that
scene. Creation of Panorama Image is done in two
stages (Banarase 2013). First stage is to combine
two or more images, identified and registered. In
second stage the corresponding pixels of the images
are blended. The central step is image registration.
It is done to align the images in a precise way and
this can be achieved through a combination of dif-
ferent techniques (Brown 1992), (Vercauterene T.
Pennec 2007), (Vercauteren,. Pennec, Perchant &
Ayache (2008). Biomedical image stitching is
mainly used in clinical diagnosis, such as diagnosis
of cardiac, retinal, pelvic, renal, abdomen, liver, tis-
sue and other disorders. As advances in technology
in the field of computer science have led to reli-
able and efficient image processing methods use-
ful in medical diagnosis, treatment planning, and
medical research. In clinical diagnosis, Subheading
integration of useful data obtained from separate
images is often desired.

2 BIOMEDICAL MOSAICING

2.1 Visualization of tissue structure

Itis done in three steps namely Pair wise Mosaicing,
Global Optimization & Local Optimization.

In Pair wise mosaicing, we assume that two
image is having 80% overlap section. Correct the
scan distortion, then track each frame. Select
the image only if minimum motion exceeds or
max number frame elapsed. Now use fine tune
registration using template matching & pyramidal
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blending. In Global Optimization, first apply pair-
wise mosaicing. Template matching is used to check
nearby images for cumulative error. After enough
error accumulations perform optimization &
updates mosaic. Local Optimization starts with
global optimization. In local optimization, next
step is partition images into matches & register
overlapping patches. Here intermediate step is run
local optimization. In a last step, wrap the images
using radial basis function & update mosaic.
Fig. 1 shows image wrapping with radial basis
function. Local optimization algorithm is applied
toward in vivo imaging with a miniature confocal
microendoscope (Lowke 2011).

This technique is implemented to improve phy-
sician confidence during in vivo pathology, it will
be essential to visualize tissue at micro-meter scale
resolution across centimeter-sized fields of view
for larger tissue coverage.

2.2 Stitching of X-Ray images

X-Ray systems cannot cover all the parts of body.
Here we take several X-Ray images of body part and

» L] " ' = &

> > - [ ] v »
T

+ . 4 - g S »

Figure 1. Image wrapping with radial basis function.
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Stitching of Medical X-Ray image (Xing

Figure 2.
2007).

generate a single high resolution image. It is shown
in Figure 2. It has two main stage namely Image
matching & Image Blending. Two commonly used
image matchingalgorithmis SIFT & SURF. SIF T is
slow process, suffers from illumination changes but
scale invariant, rotation & affine transformation.
While SURF requires high computation time but
invariant to illumination change. Combination of
SURF & SIFT gives better panoramic image with
good features. Stitching of Medical X-Ray image is
as shown in Figure 2.

Stitching of Medical X-ray image is done as
follows.

Find out features in both image using SIFT &
SURF, correlates those features. Now correct
the features using RANSAC from each image.
RANSAC removes unwanted features point. Cor-
relate correct feature point. Apply RANSAC on
these feature points to obtain the stitched image of
input images. In last step apply the image blending
process to remove the seam between the stitched
images. Image blending techniques removes the
visible seam between the stitched images.

2.3 Robotically-assisted Biomedical image
mosaicing system ( Vercauteren 2008)
( Xing 2007 )

It involves fields of projective geometry, camera
calibration, sensor-based robot kinematics, hand
eye calibration, and image mosaicing algorithms.
Here camera takes picture of planner space in 3D
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space. The camera is allowed any arbitrary move-
ment with respect to the scene as long as it stays in
focus and there are no major artifacts that would
cause motion parallax. Now obtain image point
using word point through perspective projection
and rigid transformation. Then find out homo-
graphic matrix. In camera calibration method, first
task is to find out the homography between image
pairs which gives intrinsic camera parameter. Now
crop the image to remove blurred edges caused by
the large focal length at near-field. In Robot kin-
ematic step we use the Phantom forward kinemat-
ics to measure the rotation and translation of the
point where the 3 gimbal axes to obtain robot’s ref-
erence frame Hand eye calibration is used to find
out rigid transformation between the end-effector
and the camera’s optical center, which is the same
for all views. It is denoted by 4 X 4 matrix com-
posed of rotation & translation. Hand-eye calibra-
tion is solved during camera calibration to find out
hand eye equation. After solving this equation we
get hand eye transformation (H).

Image mosaicing algorithm used is Leven
berg- Marquardt (LM) (Szeliski 1996). The LM
algorithm requires an initial estimate of the hom-
ography in order to find a locally optimal solu-
tion, making it an ideal candidate for integrating
our position sensing. The initial estimate is often
obtained using optical flow, feature detection, or
correlation based techniques in the spatial or fre-
quency domain. With robotic position sensing, we
get an accurate estimate of the homography that
requires relatively few iterations of the LM algo-
rithm for optimization. Position sensing eliminates
cumulative error. If each new image is aligned to
the previous image, alignment errors will propagate
through the image chain (Fleischer 1997), (Lowke
2011, Szeliski 1996, Vercauterene T. Pennec 2007)
becoming most prominent when the path closes a
loop or traces back upon itself.

2.4 Blood vessel image

It has two main stages namely image stitching &
image blending. In image, stitching stage, the first
step is generation of relative position of acquired
image and creation of empty array where his
image is stored. Then the point of best correla-
tion is searched, by sliding adjacent image edges
in both the directions until the best match of edge
features is found. It is required to choose an opti-
mum search space where search is performed for
the best correlation. If images are of equal dimen-
sion then to stitch it is adequate to extract a thin,
narrow strip from the edge of one image and to
correlate this with a larger rectangle from the other
image. In Image Blending stage feathering algo-
rithm is used. It is used to improve visual qual-



Figure 3.

Image after cross relation & blending.

ity of the composite image and making the edges
invisible. Position of image is determined by cross-
correlation between the new image and the compos-
ite image. The blending algorithm is then applied
and the process is repeated for all the other images.
Now, blending algorithm is repetitively applied
on all the other images. For overlapped area the
image blending algorithm calculates the contribu-
tion of the new image and the composite image at
every pixel. It creates a look up table for each new
image. This look up table has the size and shape of
the overlap. Look up table is normalized to define
proportion of intensities of two overlapped region.
This overlapped region is used to generate a new
composite image. This approach is used on three
types of images namely RGB images, and 8bit
gray scale images. RGB images is first decomposed
into three-band planes, the blending algorithm is
applied to each band and lastly image planes is
recombined again Fig. 3 shows result.

2.5 Whole body MRI

Speeding up the acquisition for WB-MRI with
large FOV images leads to significant distortions
towards the boundaries. The use of simultaneous
deformable registration in a mosaicing scenario
is useful. Key for the simultaneous registration is
the creation of a linear weighted average, each of
the two images is registered to. The unaltered clini-
cal workflow integrated into further MR scanner
generations.

3 CHALLENGES OF BIOMEDICAL IMAGE
MOSAICING & SOLUTION

The main challenges associated with image mosai-
cing in medical applications: Cumulative image
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registration errors To deal with cumulative errors
a global alignment algorithm that draws upon
techniques commonly used in probabilistic robotic
Scene deformation. To accommodate scene defor-
mation, a local alignment algorithm is used to
corporates deformable surface models into the
mosaicing framework.

4 CONCLUSION

Image mosaicing is useful for a variety of tasks
in Computer vision, Image processing and com-
puter graphics. Due to the wide range of appli-
cations, image mosaicing is one of the important
research area in the field of Biomedical. Then it
is Biomedical Image mosaicing Here we have pre-
sented some of the very fundamental and basic
techniques used in Biomedical image mosaicing.
This paper presents a various process for Bio-
medical image mosaicking. We also discuss some
of challenges of Biomedical Image Mosaicing.
One of Biomedical Image Mosaicing application
is Clinical diagnosis. A lot of research needs to be
done in this area.
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ABSTRACT: Clustering is a very fundamental problem in machine learning. Many algorithms have
been proposed but none is more popular than the k-means algorithm developed by Lloyd around 50 years
ago. K-means is a fast and simple algorithm but often gives a sub-optimal clustering. This is due to the
initialization that is employed in the simple K-means algorithm. K-means++ provides a new way to seed
the k-means algorithm that is O(log k)-competitive with optimal clustering. In this paper we use Particle
Swarm Optimization to find the initial seeds of k-means algorithm. Our approach basically tries to select
the k centroid points as far away as possible from each other so that good clusters are generated.

1 INTRODUCTION

Swarm Intelligence (SI) is the collective behavior of
decentralized, self-organized systems, natural or arti-
ficial. This concept is employed in work in artificial
intelligence. SI systems consist typically of a popu-
lation of simple agents or bodies interacting locally
with one another and with their environment. The
inspiration often comes from nature, especially bio-
logical systems. (Kennedy et al. 1995, 2002, F van
den Bergh, 2002). Swarm Algorithms can be applied
to a variety of problems like optimization problems,
scheduling problems, clustering problems etc. In this
paper we propose to apply swarm algorithms to data
clustering and cluster analysis problems.

Cluster analysis falls into unsupervised learning
ategory of machine learning. Here we do not have
any prior information about the category labels of
the data points. The task is to cluster the data points
in such a manner that, data points falling into the
same cluster are related to each other. One metric
that we use to specify good clustering is that the
intra cluster distance between the data points should
be small and the inter cluster distance must be large.
Clustering has a lot of applications in the scientific
fields ranging from Computational Biology and
Medical Imaging to Market Research, etc.

One of the most popular clustering algorithms
is K-means. This algorithm is still widely used
despite being proposed more than 50 years ago.
There have been many more clustering algorithms
invented since then, but the simplicity and scalabil-
ity of k-means algorithm makes it one of the most
widely used clustering algorithm even today.

K-means++ algorithm is an addition to the
k-means algorithm to give us an even better clus-
tering on the data. More precisely it gives a (logk)
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competitive bound with the optimal clustering. The
strategy that k-means++ algorithm employs is in
the initialization of the clusters. k-means++ tries to
select k initial cluster points in such a manner that
each cluster point i is chosen at random from the
weighted probability distribution of the distances
of point i from the other i-1 points. This initializa-
tion strategy makes k-means++ give a (logk) com-
petitive bound with the optimal clustering (Arthur,
David & Vassilvitskii, Sergei, 2007).

2 RELATED WORK

The clustering problem and k-means algorithm
have a very rich history. Because k-means algorithm
is very simple and has a good observed speed, it is
one of the most widely used clustering algorithms
ever since being introduced by Lloyd (Lloyd, 1955).
The simplicity and scalability of k-means algo-
rithm implied that it was very widely adopted peer
reviewed in the computer science community.
K-means begins with k centers that are cho-
sen randomly from the data points. Each point
is assigned to a centroid, and then we compute
the centroids again, to the mean of all the points
assigned to that centroid. This process is done
repeatedly until the algorithm converges. (Lloyd,
1982 & Jain, 2010). The problems that came to be
associated with k-means was the random initializa-
tion step. The optimal clustering is given by k-means
algorithm only when each initial point was part of
one cluster. This means the number of iterations
for k-means initialization should be increased when
the number of clusters were more (Arthur et al.
2006 & Dasgupta, 2003). But the probability that
each initial cluster centroid was part of one cluster



in the final clustering was still small. Hence increas-
ing the number of iterations still not helped and we
were left with suboptimal clustering.

K-means++ algorithm solved the problem of
suboptimal clustering by focusing on the initiali-
zationtechnique of k-means. Instead of randomly
initializingthek-cluster points, David Arthuretal.
proposed in their remarkable paper that initial-
izing k particles based on the probability of dis-
tance of the new cluster from the existing cluster
points gives a more “optimal” clustering. The
larger the distance of particle from currently
chosen points, the greater is its probability of
getting selected as a cluster point (Arthur, David
& Vassilvitskii, Sergei, 2007). This paper analy-
ses mathematically the benefits of using such an
initialization, and they arrive at the conclusion
that using such an initialization gives us an O(log
k) competitive algorithm to optimal clustering.

The k-means++ initialization technique, is an
NP hard problem known as the k-center problem
in the computer science literature. The k-center
problem is defined as following: Given n cit-
ies with specified distances, we want to build k
warehouses in different cities such that the sum
of maximum distance of a city to a warehouse
is minimum. (Dasgupta, 2013) analyses the
approximate methods to solve the k-center prob-
lem using Farthest First traversal and Cover-
ing Numbers. The initialization technique used
by David Arthur et al. is a probabilistic variant
of the greedy method Farthest first traversal.
K-means++ has a further advantage in that it
can be made extremely scalable by parallelizing it
as referenced in the paper by Sergei Vassilvitskii
et al. (Bahmani 2011, Zhang 1996).

We plan to apply Particle Swarm Optimiza-
tion technique, to find the solution of the k-center
problem and use it to initialize the k-means algo-
rithm (Cui, 2005). Particle Swarm Optimization
(PSO) is a novel algorithm developed by (Kennedy,
1995). PSO was introduced to optimize continu-
ous nonlinear functions. Though now there are
many variants of PSO that can work in differ-
ent settings like dynamic environment of PSO,
Multi-objective optimization and Discrete PSO.
PSO was discovered by simulating behaviours in a
social setting. In PSO we allow particles to wander
in a search space. PSO tries to optimize the given
fitness function.

Given this function, particles remember their
personal best and global best position values, on
the basis of which a converging point for all parti-
cles is obtained which is the solution to the equa-
tion which was described by the fitness function.

PSO has been applied in data clustering by Van
Der Merwe et al. (Merwe, 2003). They use PSO
to initialize the k-centroids and then extend this
method to apply k-means.

160

3 A BRIEF REVIEW OF K-MEANS+ AND
HYBRID K-MEANS/PSO TECHNIQUES

This section provides a brief review of the
k-means++ algorithm, Hybrid PSO with k-means
and other techniques that have been used in litera-
ture up until now.

3.1 k-means++ algorithm

The k-means++ algorithm starts by choosing the
first centroid arbitrarily. (Arthur, David & Vassil-
vitskii, Sergei, 2007). Let D(x) denote the shortest
distance of a data point to the Cluster we have
already chosen, then k-means++ initialization is
defined as follows:

1. Choose an initial center ¢ uniformly at random

from X.

Choose the next center c,, selecting C, =
D{x)?

> cex D(x)?

x € X with probability
. Repeat Step 1b until we have chosen a total of k
centers.

2.

3.2 Hybrid k-means PSO

Swarm Intelligence algorithms have been applied
to wide range of algorithms in the literature and
hybrid techniques have been developed. (Kennedy
2002, Goel et al. 2012) In the Hybrid k-means PSO
technique, the strategy adopted while performing
PSO is to concatenate the dimensions of the k cen-
troid points to get into a k*d dimensional space.
Then the optimal centroid point is found using PSO
with the sum of squared distance error as the fit-
ness function metric which represents the optimal
solution. Here is the algorithm (Merwe, 2003):

1. Initialize each particle to contain N, randomly
selected cluster centroids.
2. Fort=1tot,, do

(a)
(b)
(1) Calculate the Euclidean Distance
d(z,, m;) to all the cluster centroids C;
(2) assign z, to cluster C; such that d(z,, my) =
min c=1to Ne{d(zp’ mic)}
3. Calculate fitness using eqn 3.

For each particle x do
For each data vector z, do

(c) Update the global best and local best
positions

(d) Update the cluster centroids using equa-
tions (1) and (2).

Vit + 1) =wHv, () +¢rp (D(y;, (D) — X, (D)
+¢, 1, (DF, (O — %, (D)
xl(l+1):x,[1)+v,(l+l)

(1)
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But the idea of concatenating so many dimen-
sions gives rise to an inefficient algorithm and we
plan to improve on this strategy with our method.

4 PROPOSED METHOD
In this section we describe our main algorithm.

4.1 Challenges

Since the standard PSO works on the continuous
space and our problem involves choosing k points
from the set of n points, we needed to find a suitable
mapping from the continuous space to the discrete
space. We decided to map the n points which were
originally in the continuous space to a binary ceil
(Ig n) dimensional hypercube whose vertices encode
the data points in the original euclidean space. This
restricts the movement of search agents to the n
points only.

Next was the problem of adapting the PSO
algorithm for this modified search space. The
Optimum point to which the PSO search agents
must converge to represents the configuration of
the k particles. So ideally this required us to move
to another higher dimensional search space where
each point represents a configuration of the k
points, as seen in [8]. Since this would be a costly
affair both in terms of time and space, we decided
to use the hypercube as search space only.

In our modified approach the k particles play a
dual role. They are search agents of the PSO algo-
rithm which not only explore the search space but
whose final configuration in the hypercube represents
the position the k selected points. This deviation from
the original PSO required us to modify the optimizing
function so that we could make sense of the particles
positions. Two different optimising functions were
used i.e. one for calculating global best and one for
calculating local best of the particles. Our selection of
the functions is crucial as the algorithm finally needs
the local and global best positions to converge.

Also, the meaning of velocity and distance between
particles needs to redefined for particles in a hyper-
cube because the particle is constrained to move only
at the corners of the hypercube and nowhere else.
We define the distance or separation between the
particles as their edit distance, as described in the
next subsection.

4.2 Approach

We aim to use PSO to disperse the ‘k’ centroids
as far away from each as possible. The standard

PSO algorithm (Kennedy, 1995) leaves a fixed
number of agents in the search space which fol-
low a particular heuristic rule to explore and
exploit the search space. Since we want to select
k points as initial centroids our metric of choos-
ing a good solution is the sum of inter particle
distances.

To find the optimum configuration of the parti-
cles, we modify our PSO algorithm so that instead
of the particles converging at a single point rep-
resenting the optimum configuration in a higher
dimensional space (as seen in (Merwe, 2003)), the
configuration of the particles in the search space
itself becomes the optimum configuration. The
PSO is performed in the discretized space in the
hypercube, where each data point is at the cor-
ner of the hypercube. This constraints the PSO
particles to move only inside the hypercube. The
changed “interpretations” of position and velocity
inside the hypercube were described as follows: Let
key of any data point be denoted by k. Position
of particle inside the hypercube is defined as the
binary representation of key k. Velocity of parti-
cle inside the hypercube is a integer number n. To
move the particle at position p with velocity v, we
flip randomly v bits of the particle from the binary
position vector p.

The global fitness function maximizes the
distance of PSO agents from each other. The local
fitness function maximizes the fitness of one par-
ticular particle.

4.3 Pseudocode

Below is the pseudocode of our algorithm followed
by a comprehensive flowchart.

Algorithm 1. K-means PSO.

: procedure KMEANS PS(X, k)

: iterations + 1

: n + number of data poinis

: Map the data points randomly to a hypercube

: of ceil(lg(n)) dimentions

6: Define the global and local fitness functions as:-
T e J(X)= T Tiei Il — 2

o H(zy) = TE, ||zi — 2

D oE W N e

8: while iterations < mazx_iterations do
9: Update the position of particle using the PSO equations
10: for all particles i do
11: v; = v; + ¢l = rand(—1, 1) * (pbest; — position;)
12: +c2 # rand(—1, 1) * (gbest; — position;)
13: Xi=X;+v
14: if H(position;) < J(pbest;) then
15: phest; = position;
16: else if J(X) < H(gbest) then
17: gbest; = position;
18: end if
19: end for
20: iterations « iterations + 1
21: end while

22: return gbest as the seeds to initialize kmeans algorithm
23: end procedure




5 RSEULTS

We performed k-means clustering using ran-
dom initialization (number of iterations = 300),
k-means++ initialization and PSO initialization.
Following SSE (sum of squared errors) scores were
obtained on the standard data sets (Blake, 1998) as
shown in Tables 1-3. The first and second datasets
are 12 dimensional. The third is the iris dataset is
4 dimensional. We perform the above algorithms
on 3 values of k. In each case the first value is the
number of natural clusters that are there in a data-
set. Then we increase the number of clusters in the
other 2 experiments and compare the SSE errors.
We can see that our algorithm per forms compa-
rable to state-of-the-art on real world datasets. A
lower SSE implies better clustering (Jain, 2010).
The datasets are described as follows below:

Map to hypercube
with ceil(ig n)
dimensions

Run PSO on
hypercube using
equations in
psuedocode.

Calculate gbest and
pbest from fitness
functions

No

if gbest > J(X) or
pbest > H(x)

Update pbest and
gbest accordingly.

Converged or
erations completed?

Figure 1. Flowchart.
Table 1. Comparative results on whitewine-dataset.
k k-means-random k-means++ k-means-pso

1544327.8491 1544327.8491
1141490.8237 1139974.6475
899171.39676 897445.64313

6 1544344.6209
9 1146811.0615
12 941364.00364

Iris plants database: This is a well-understood
database with 4 dimensions, 3 natural clusters and
150 data vectors.

White-Wine: This is a classification problem
with well behaved class structures. There are 12
dimensions, 6 natural clusters and around 5000
data vectors.

Wine dataset: This dataset has 2 natural clusters
redwine and whitewine. It has 13 dimensions and
around 7000 data vectors.

We show the clustering visualization [Figure 3]
using our algorithm on the iris dataset along with
the ground truth [Figure 2]. The algorithm gives
optimal clustering.

In Figure 4 and Figure 5 we compare the per-
formance of k-means-random and k-means++
with k-means-pso (the algorithm that we propose
in this work). Relative SSE is plotted on the y-axis
and number of clusters is varied on x-axis. Relative
SSE of algorithm a w.r.t algorithm b is defined as:
Relative SSE = SSE, — SSE,.

Positive Relative SSE of k-means-random
and k-means++ w.r.t k-means-pso implies that
k-means-pso gives better clustering (lower SSE)
than k-means++ and k-means-random.

Table 2. Comparative results on whitewine-redwine-
dataset.

k k-means-random k-means++ k-means-pso

8589514.6373  8589514.6373
2041432.8925 2041680.3178
1370097.5526  1364864.6436

6 8589514.6373
9 2041453.5289
12 1365612.9213

Table 3. Comparative results on iris-dataset.

k k-means-random  k-means++ k-means-pso

78.918808773
38.856319175
28.150368578

78.918808773
38.856232051
28.383452381

6 78.918808773
9 38.882367282
12 28.294123636

Petal length

Ay te/

Figure 2. Ground truth for Iris dataset.
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Petal length

Figure 3. Clustering result using k-means-pso.
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Figure 4. Relative performance of K means PSO on
whitewine dataset.

4000

— vs. kmeans++
3500 vs. kmeans_random
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sse acheived by algorithm
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Figure 5. Relative performance of k-means PSO on
wine dataset.

6 CONCLUSIONS AND FUTURE WORK

In this work we have introduced a novel algo-
rithm to solve the k center problem and applied
it for selecting the k centroids for initializing the

k means algorithm. We have presented a modified
PSO algorithm to select k initial points to feed into
the k-means means algorithm as the seed points. In
future we would like to make this approach more
scalable and robust by providing parallel imple-
mentations of our approach. Also we would like
to analyze different methods that we can use in our
hypercube space by which we can have greater cov-
erage of particles in lesser number of iterations.
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Color image segmentation using MST based approach

Arpita Kumari & Suneeta Agarwal
Motilal Nehru National Institute of Technology, Allahabad, India

ABSTRACT: In this paper we have proposed a novel graph based approach for segmentation of color
images. Our algorithm adapts a minimum spanning tree based clustering approach which results in divid-
ing the image into various regions on the basis of color and spatial distance. Key feature of the approach
used is that the shape and size of segmentation depends on the surrounding color variation in the image.
It is very fast and can be applied to megapixel sized images in a matter of seconds. The performance of
proposed algorithm is tested on the Berkeley dataset and compared with state-of-the-art segmentation
algorithm. The proposed algorithm yields better segmentation with respect to compactness of segments.
The new approach offers a significant speedup over Simple Linear Iterative Clustering (SLIC) based
segmentation.

Keywords:  Cluster Difference, Clustering, Image Segmentation, Minimum spanning tree

1 INTRODUCTION and condition of organs and tissues using scans
obtained from their patients) to multimedia appli-
Image segmentation is division of an image into  cations (where robust segmentation results benefits
meaningful disjoint regions. It is a challenging immensely in image and video encoding, leading
problem in computer vision and it is normally used  to more efficient image transfer and storage) and
for finding objects and their boundaries in images.  even encompasses fields like machine learning,
Each pixel of the image is assigned a label such that ~ physics, engineering and pattern recognition, where
pixels with same label share certain properties. [tis ~ image segmentation, as a tool, provides the proving
used as principal step in object recognition, image  ground for realization of ideas. It is well accepted
analysis, image mining and many other image that there exists no general algorithm which caters
processing tasks. A wide range of segmentation to all the needs effectively. Since image segmenta-
approaches exists; each has its own advantages and  tion is domain specific hence algorithms which are
disadvantages, which are the deciding factor forits  highly successful for a particular scenario might
suitability in a particular application. not work at all for the other. Thus, these algorithms
Everyday vision spans a wide range of abilities ~ may have to be highly altered or adapted to serve a
including motion detection, shape identification,  particular scenario in order to achieve better per-
learning the cues to the size of distant objects, formance with respect to specific application.
measuring distance and speed etc. Vision is more Goal of the approach proposed is to develop a
than just scanning what meets the eye; it’s the ability =~ graph based segmentation approach that should
to understand, what we see, almost instantly; and  capture visually important components or regions,
this happens in brain. A human brain reads proc-  while reflecting global aspects of an image. Graph-
esses and analyzes enormous amount of informa-  based segmentation is known to consider the
tion as fast as it can and simultaneously segments  global image properties as well as local spatial
or divides the visual image into related objects. The  relationships. Now the problems that arise are to
same process becomes extremely difficult when it provide description of what is visually important,
has to be performed by a machine using an algo-  to define what a developed segmentation approach
rithm. An effective image segmentation algorithm  does and accurate definition of the features of a
efficiently reduces the amount of visual informa-  resulting segmentation, so as to better understand
tion that is to be processed and hence reduces the approach as well as compare it with different
object identification time in a visual scan. approaches. The segmentation approach should
The field of image segmentation has a promising  run in nearly linear time and with low constant
role in multifarious applications ranging from med-  factors. It should run at speed closer to edge detec-
ical image processing (where doctors use modali-  tion or other visual processing techniques so that
ties such as CT Scan and MRI to measure the size  the new approach is of practical importance. Also,
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the visual quality of segmentation needs to be
preserved.

This paper presents a graph based image seg-
mentation using efficient Minimum Spanning Tree
(MST) based clustering approach. The proposed
approach has adapted (Jana et al. 2009) approach
for the purpose of segmentation. The problem of
segmenting the image is modeled in terms of cluster-
ing the nodes of the graph into various subgraphs
such that each represents a significant region in the
image. The proposed approach, segments an image
by collecting the similar pixels together. The results
have been tested on a number of natural images
from Berkeley Image Database as well as some
synthetic images from online sources. This method
is very fast and more memory efficient. Apart from
being faster, the approach is easy to use and it can
be easily extended for higher dimensions as well.

The organization of this paper is as follows.
Section II includes the previous work. Section III
focuses on the proposed approach where the work-
ing of the MST based algorithm for segmenting
an image is described along with its pseudo code.
Section IV emphasize on the experimental results
along with comparison of the obtained results fol-
lowed by the discussion about the experimental
results. Section V addresses the conclusions.

2 PREVIOUS WORK

A lot of work has been done on segmentation
and clustering, having its application in tasks that
require analysis of images such as object detection,
object recognition, Optical Character Recognition
(OCR), medical imaging and so on. In this sec-
tion the work that is most related to the proposed
approach is described: (i) Efficient Graph based
Image Segmentation proposed by Felzenszwalb
et al. (ii) improvements to it (Zang & Alhajj 2006,
Riemersma 2012) and (iii) an approach which
focuses on conversion of pixels into superpixels
(Achanta et al. 2012).

The image segmentation method in (Felzen-
szwalb & Huttenlocher 2004) uses a simple adapta-
tion of Kruskal’s algorithm. A predicate is defined
for evaluating whether there is an evidence of a
boundary between two components in segmenta-
tion. The defined predicate measures the dissimi-
larity between pixels that are along the boundary
relative to dissimilarity among pixels that are
within each of the two regions. An important prop-
erty of the method is its ability to preserve details
in low variability region while ignoring details in
high variability regions in the image. However,
the method (Felzenszwalb & Huttenlocher 2004)
has various drawbacks: (i) the internal difference
is calculated based on the extreme values of edge
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weights in the components which does not give
accurate description of the components; (ii) It is
very difficult to choose an appropriate threshold
value k for expected size of segment. This value
specifies minimum number of pixels in a region.
Zang et al. proposed some significant refine-
ments for method in (Felzenszwalb & Huttenlocher
2004). The method was proposed for sensor devices
which are used for monitoring purposes. The inter-
nal difference, which previously was used to define
the property of the component, is redefined to
give more accurate description of the components.
The threshold function which in (Felzenszwalb &
Huttenlocher 2004) was used to determine the size
of the component is also redefined. The threshold
value is adapted during the segmentation thereby
making the process independent of edge weight
scale. This method overcomes all the drawbacks
of method in (Felzenszwalb & Huttenlocher 2004)
and also increases its efficiency and effectiveness.
Edge Weight is mainstay in the construction of
graph, which governs the segmentation result. The
methods in (Felzenszwalb & Huttenlocher 2004) &
(Zang & Alhajj 2006) use Euclidean metric to cal-
culate weight of the edge connecting any two pix-
els. The article on color metric (Riemersma 2012)
proposed the use of weighted Euclidean Distance
in RGB color space since, if color images are taken
into consideration, it is not just enough to take the
spatial distance between the two pixels. RGB image
contains three components viz. red, green and
blue. Thus it is needed to assign some weight to
each component in the RGB color space. The edge
weight is calculated as in (1) (Riemersma 2012):

|AC|=V2x AR* +4x AG® + 3x AB? (1)

A new superpixel algorithm, SLIC is proposed
in (Achanta et al. 2012) which adapt k-means
clustering to produce superpixels. Two distinctive
characteristics of SLIC are, firstly, the number of
distance calculations is greatly reduced by reduc-
ing the search space and secondly, the edge weight
is a combined measure of both spatial and color
proximity so as to control the size and compact-
ness of the superpixels. It also has a user specified
parameter k as the count of number of superpix-
els that should be formed. In order to produce
approximately equal sized superpixels, a grid inter-
val S =+ (N/k) is used. Like k-means, k initial clus-
ter centers are sampled S pixels apart. The similar
pixels are searched in the region 2S x 2S around
the superpixel center. Each pixel gets associated
to the nearest cluster center whose search space
spans the pixel. After all the pixels are associated
to nearest cluster center an update step adjusts the
cluster center as the mean vector [/ ab x y] of all



the pixels in the cluster. In the final postprocesing
step, all the disjoint pixels are assigned to the clos-
est superpixel.

3 PROPOSED ALGORITHM

We propose a new MST based approach for seg-
menting an image into various regions. The pro-
posed method uses an adaptation of an efficient
MST based clustering method (Jana & Naik 2009).
The clustering approach used in this algorithm has
following major differences from efficient MST
based clustering method:

The number of distance calculation between
pixels is decreased to a great extent. The distance
of a pixel is calculated with its neighbors within
a radius of r pixels.

The weighted distance measure is calculated on
the basis of color distance and spatial distance.
The step size is removed in order to reduce the
number of iterations required. Therefore, next
threshold is based on the minimum weight edge
from the removed edges.

Graph based approach is easy to use and has
been proved to be more efficient for segmenting an
image. Since it is a clustering based approach, there-
fore it clusters the similar pixels together. The pixels
are considered similar when they are of almost the
same color and are also close to each other.

3.1 Algorithm

For color images, first the image is converted in
CIELAB color space. Although RGB color space
is most commonly preferred, it does not cover the
entire visible color spectrum and also it is device
dependent color space. A color space is device
dependent when the color produced depends on
both, the device that is used for display and the
parameters used. CIELAB color space has been
used for this approach as it is perceptually uniform
as well as device independent. Also CIELAB has
the advantage of a gamut that encompasses all the
colors the human eye can perceive.

Next, a proximity graph G (V, E) is constructed
where each node v, ¢ V represents a pixel; each edge
(v;,v;) e E is the set of weighted edges connecting
the neighboring pixels. Each edge (v;,v;)¢E hasa
weight w(v,,v;) which is the measure of dissimi-
larity between the neighboring pixels v, and v;. The
distance measure defined in (Achanta et al. 2012)
has been modified in this approach, where instead
of using the count of superpixels in the image,
a handy variable r is used (2), which defines the
maximum acceptable distance between any two
pixels. Therefore the weight (2) is calculated as the
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distance of a pixel with only those pixels which are
at less than or equal to r distance from it.

> (ds; P
B (dcﬁ) +(—J] ctif ds; <r
Wij = T

0 otherwise

@

Each pixel in CIELAB is represented
as [labx y]T. dc,(3) is Euclidean color distance
between pixels v; and v.. ds; (4) is Euclidean spa-
tial distance between pixels v; and v;.

\/(ljfli)2 +(aJ 7ai)2+(bj 7bi)2
S )

By using handy variable ‘c’ in distance measure
(2), helps us to weigh the relative importance of
color similarity and spatial proximity. When c is
large, spatial distance gains importance over color
difference. However, if ¢ is small, only similar color
pixels fall together.

By using this distance measure, smaller weight
values are assigned to edges between pixels which
are close to each other as well as have similar color
value. Each pixel is connected with pixels that are at
distance less than or equal to r from it. Therefore, the
maximum number of edges in the graph is [V/|xr2.
Therefore, the complexity to construct graph is equal
to O (V) because of the sparseness of graph.

After the graph is constructed, the minimum
spanning tree T is obtained for the graph for identi-
fying the inconsistent edges i.e. edges whose weight
is larger than weight of nearby edges in the tree.
Here Prim’s algorithm is used for finding MST.
However any other algorithm for constructing MST
can also be used. The cost of constructing MST
using traditional algorithms is O (E log V) where E
is the count of edges in the graph and V is the count
of vertices in the graph. Some efficient algorithms
(Gabow et al. 1986) for constructing MSTs, have
already been researched which promise an almost
linear execution time under different assumptions.

A threshold value t is calculated as the sum of
mean weight W of all the edge weights in the mini-
mum spanning tree and standard deviation ¢ of
all the edge weights in the minimum spanning tree.
All the edges in T having weight greater than the
threshold value t are removed. This results in a set
S of edges and disjoint sets of subtrees T,, T,, ...
generating various clusters C;, C,, ....

The Efficient MST based Clustering Algo-
rithm is a nearest-centroid based approach. Let z,
be arbitrarly selected cluster center for cluster C.
Intra cluster distance (5) is calculated as spatial

dc. =

1

3)
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distance of the pixels in a cluster from the cluster
center. Inter cluster distance (6) is spatial distance
between two cluster centers. The cluster difference
(7) is calculated as the ratio between the maximum
intra cluster distance and minimum inter cluster
distance. It is used to finally determine best number
of clusters/regions in the image. After the clusters
are generated, cluster difference is calculated.

1 & 5
Intra:ﬁzizlzxecl(x_zi) ®)
. 2
Inter = min|z; — zj) (6)
Cluster Difference(CD) = Intra (7
Inter

For cluster validation, find the minimum weight
edge from removed set S’ of edgesi.e. the edges with
w>W +0o and use this edge weight as the thresh-
old value for next iteration. Using this edges weight
as the next threshold value, add all the edges with
weight equal to threshold to the S, this produces
clusters C,,C,,.... Again the cluster difference is
calculated using the inter cluster and intra cluster
distances of the new clusters formed after adding
the edges. The addition of new edges to S is done so
as to reduce the number of iterations and thereby
reduce the overall time to O (V) because the edge
count is [V|xr2. A low value of cluster difference
means that the clusters are too close to each other,
and thus clustering is not proper. A high value of
cluster difference means that the clusters so formed
are more likely to be valid. Thus the threshold
value which leads to maximum cluster difference is
found. This procedure is performed until either no
edge remains in S’ or the cluster difference is more
than the threshold t (Peter J. S. 2011).

The steps involved are as follows:

Read the color image.

. Convert the RGB image to LAB space.

3. Create a graph G (V, E) such that each pixel v,
is connected to most similar pixels that are at
most r Euclidean distance from it.

4. Find MST for the proximity graph obtained
in step 3.

5. The edges that are part of MST are denoted
as E’.

6. Calculate threshold using the average weight

and standard deviation of E’.

Repeat Steps 8 to 19 until CD < threshold

Add all edges from E’ with w < threshold to

set S.

9. Store the removed edges in S’.

10. if S’is empty {

11. gotostep 20

}

b —

[ BN ]

12. The MST is broken into disjoint subtrees T,
T,,.... Each subtree represents a cluster.

13.  Find maximum Intra cluster Distance

14.  Find minimum Inter cluster Distance

15. Calculate CD

16. If CD > previous CD value{

17. Store the clustering obtained using this
threshold value.

}

18. Threshold = min-edge-weight(S’)

19. Now set E’ equal to edges removed from
MSTie E=S

20. Exit

4 EXPERIMENTAL RESULTS

We have performed comparison of proposed
method with the method in (Achanta et al. 2012).
The presented approach focuses on improving
the quality of segmented images in less time. The
methods are compared in terms of time as well as
segmentation results.

Test images from Berkeley Segmentation dataset
(Berkeley EECS) and also images available online
have been used for performance evaluation.

From the results in Fig. 1., it can observed that
results obtained using the proposed approach is
closer to ground truth than the results obtained
from SLIC based method.

4.1  Performance evaluation

Results obtained from (Achanta et al. 2012) have
been compared with results obtained from the pro-
posed approach. The objective evaluation param-
eters described in (Monteiro & Campilho 2006)
and (Shivani & Agarwal 2016) have been used
here for performance evaluation of segmentation
approach. Precision and recall values (Monteiro
& Campilho 2006) are to identify the agreement
between the pixels of region boundaries of two
segmentations.

Let S, be the result of any segmentation algo-
rithm and S, is the ground truth. Precision is
directly proportional to the fraction of boundary
elements from S, that matches with the boundary
elements of ground truth S,, and recall is propor-
tional to the fraction of the boundary pixels from
S, for which a acceptable match was found in .

Presicion(P) = %f&’%) ®)
1

Recall | Sensitivity(R) = %{Sﬁj}) )
2



Figure 1. (a) Input Image “45096. jpg” (b) Ground
truth for input (c) Segmentation result using SLIC super-
pixel based segmentation (d) Segmentation result using
the proposed approach.

2XRXP
R+ P

F —measure =

(10)

Precision (8) is the probability that the result
is valid while recall (9) is the probability that
ground truth data is detected. A low precision
value indicates the over-segmentation. Similarly,
a low recall value indicates under-segmentation.
The two values are combined into one (10) as
F-measure.

The advantage of using precision and recall
values for the evaluation of segmentation results
is that the segmentation produced by different
methods can be compared. Also comparison of
segmentation produced from the same algorithm
using different input parameters is easier.

Some of the error metrics (Shivani & Agar-
wal 2016) are used for objective evaluation. Let
Nip,Nyn>Nppand N, are the total number of
true positive, true negative, false positive and false
negative with respect to corresponding pixels in the
two images that are to be compared respectively.
The following parameters (11), (12), (13) are used
for performance evaluation and comparison of
approaches.

Specificity = Nix (11
T Nep

BCR =0.5%(Specificity + Sensitivity) (12)

BER=100x (1 BCR) (13)

The Negative Rate Matrix (NRM) (14) is based
on pixel wise mismatch between the corresponding
pixels of the ground truth and the result of seg-
mented image.

Table 1. Comparison of the methods on the evaluation
parameters.
Segmentation
Ideal SLIC based using proposed
values segmentation approach
Precision 1 0.807 0.841
Recall/Sensitivity 1 0.844 0.704
Specificity 1 0.382 0.660
F-measure of 100 52.45 66.96
Sens/Spec (%)
BCR 1 0.614 0.682
BER (%) 0 38.64 31.85
NRM 0 0.386 0.318
Geometric 1 0.567 0.680
Accuracy
Segmentation - 18.83 11.58
Time
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_NR, +NR,

NRM = 3 (14)

where,

NR,\n — L (] 5)
NFN + NTP

NR, = (16)
NFP + NTN

Table 1 shows the results calculated on images
of size 200 x 250 on Intel Core 1.87 GHz proc-
essor with 2 GB RAM using MATLAB R2014a.
The average values obtained by testing on a large
number of images have been used in the table.

5 CONCLUSIONS

In this paper, efficient MST based clustering method
(Jana & Naik 2009) is adapted to obtain segmenta-
tion of color images. An empirical comparison of
the proposed approach with SLIC based segmenta-
tion method in terms of time and evaluation param-
eters has been done. The better values of precision,
F-measure, specificity, BCR and NRM for proposed
approach in Table 1 indicate that the new approach
gives comparatively better segmentation. Unlike the
other segmentation algorithms, this approach does
not require any prior count of number of segments.
This algorithm creates best number of clusters. It
needs less computational work because it uses MST
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therefore requires lesser time. Thus, the approach
gives better segmentation in lesser time.
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ABSTRACT: Glaucoma is persistent eye disease leading to permanent loss of vision. This paper
presents a methodology to extract optic cup and optic disc for fundus retinal images of healthy and
glaucomatous subjects. The automatic segmentation is performed that includes preprocessing and mor-
phological operations. The database of fundus retinal images of 50 subjects is collected from internet
repository. This database is divided into healthy and diseased class each consisting of 25 subjects. In the
initial stage, extraction of the green and red plane followed by morphological operations is performed on
retinal images for higher accuracy. The Cup To Disk Ratio (CDR) is the key indicator of this disease and
is compared with the threshold value for detecting glaucoma. CDR is evaluated for the segmented images
for better visual and clinical diagnosis.

1 INTRODUCTION The risk of visual loss due to glaucoma can be
minimized by careful monitoring and early diag-
Medical imaging is the visual diagnosis of various  nosis of progression of disease. The ocular exami-
body organs for treatment. The techniques of imag-  nation for glaucoma involves measurement of the
ing include the fields of nuclear medicine, radiology  intraocular pressure, evaluation of anterior cham-
and optical imaging. The fundus imaging is the tech- ~ ber angle by Gonioscopy and structural assess-
nique of capturing the picture of the inside of the = ment of the optic disc. One of the key components
eye consisting of optic disc, posterior pole, fovea,  of optic disc assessment involves measurement of
macula and retina (Yu et al. 2012). Glaucoma and  the vertical cup to disc ratio.
diabetic retinopathy are amongst the leading causes The optic disk morphology is a structural indi-
of blindness in today’s world (Welfer et al. 2010). It  cator for evaluating the existence and severity of
is estimated that there are around 60 million sus-  retinal disease like Glaucoma. The optic disc is
pected cases of glaucoma and 93 million people suf-  pinkish orange in color and marks the point of exit
fer from Diabetic Retinopathy (DR) worldwide. for the axons of the ganglion cells from the eye.
Glaucoma is a chronic neurodegenerative dis-  The normal disc is vertically oval in shape. There
ease of the optic nerve. It can be potentially blind-  is a central depression, of variable size devoid of
ing if left untreated (Maldhure & Dixit 2015).  neuroretinal tissue called the optic cup (Tielsch
It is a condition in which the increase in Intra- et al. 1998). In glaucomatous eye, the optic cup
Ocular Pressure (IOP) results in optic nerve  grows larger and deeper. The CDR is defined as
damage (Mahalakshmi & Karthikeyan 2014a, b, ratio of area of optic cup to that of optic disk and
Whardana & Suciati 2014). Glaucoma is charac-  is the clinical indicator of glaucoma. In healthy eye
terized by apoptosis of the retinal ganglion cells.  images, CDR< = 0.3 and it exceeds 0.3 in patients
One of the major causes of this is a rise in the  suffering from glaucoma (Kwon et al. 2009).
IOP. The increase in pressure occurs when aque- The ancillary investigations for glaucoma include
ous humor doesn’t circulate normally in the front  visual fields, stereo-disc photographs, optic nerve
part of eye. Normally, this fluid flows out of eye  head tomography (Heidelberg Retina Tomography)
through a mesh like channel known as trabecu- and the Optical Coherence Tomography (OCT)
lar meshwork. If this channel becomes blocked,  based peripapillary nerve fibre layer thickness (Chau-
fluid builds up causing glaucoma. The disease can ~ han et al. 2001a, b, Schuman et al. 1995). Most of
be treated either by medication or surgery (Heijl  these require individual and costly equipment which
et al. 2002). may not be readily available. The ophthalmologists
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perform the examination manually in mass screening
of subjects limiting its use in early detection of glau-
coma (Joshi et al. 2011). The fundus retinal images
are routinely obtained for both healthy and diseased
persons to enable documentation of disease as well
as to allow comparisons over time.

Thus, in modern ophthalmology, segmentation
of retinal image structures is of interest as a non-
invasive diagnostic method (Gonzalez et al. 2014).
There are methods that help in automatic detection
of glaucoma. However, these are generally unavail-
able at local clinics due to high cost (Welfer et al.
2010). Hence, such equipments do not provide a
solution for mass screening program. The aim of
this study is to develop a method for automatically
detecting glaucoma.

The algorithm discussed in this paper for seg-
menting optic disk and cup is basically carried out
in three steps viz. preprocessing, morphological
operations and optic disc/cup detection.

2 LITERATURE SURVEY

In the previous papers, various authors have dis-
cussed CDR computation with different methods.
Few of them are discussed below.

Wong et al. (Wong et al. 2008) worked on Glau-
coma diseased images in which images of optic disc
and cup were segmented by applying variation level-
set approach. The initial contour images were pre-
processed to reduce noise in the boundary detected.
The presence of retinal vasculature traversing the
disc and cup boundaries which can cause inaccu-
racies in contour was marked. The study was con-
ducted on 104 images and Cup to Disk Ratio (CDR)
was evaluated. It was observed that 0.2 CDR units
were attained near to manually marked samples.

Similar study was done by Liu et al. (Liu et al.
2008). A vibration level set method was used with
the initiative of marking the cup by evaluating
two methods namely color intensity and threshold
level. The dataset of 73 retinal images was taken
and accuracy of 97% by thresholding and 18%
improvement results were attained as compared to
the state of art methods.

Another related study for segmentation of optic
disc and cup was proposed by Kavita et al. (Kavita
et al. 2010) in which the Region of Interest (ROI)
and the component analysis methods were used. The
final extraction was done by active contour for plot-
ting the boundary. The glaucomatous and healthy
images were differentiated by calculation of CDR.

However, the major drawback for the above
methods was that the manual CDR calculation was
marked by a single ophthalmologist. However, it
should have been marked by 2-3 ophthalmologists
and then the average should have been taken.
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Aquino et al. (Aquino et al. 2010) proposed a
template based method using morphological, edge
detection techniques and circular hough trans-
form for calculation of boundary with accurate
measurement of CDR in nearly 99% of cases with
a minimum average time of 1.67 s and deviation
of 0.14 s. The circular methodology gave better
results as compared to elliptical based methods.
However, this method failed to deform on certain
images where CDR was quite high.

Joshi et al. (Joshi et al. 2011) proposed auto-
matic optic disk segmentation based on parame-
terization technique. A multi-dimensional space of
features was evaluated on each point of retina to
minimize changes in the optic disk region. A very
important feature of vessel bending named as R
bending was also included in this research. A wide
dataset consisting of 33 normal and 105 glauco-
matous images was used and cup-to-disk diameter
ratio of 0.09/0.08 and cup-to-disk area ratio of
0.12/0.10 was attained. However, small error rate
existed as compared to the average results by three
ophthalmologists.

Cheng et al. (Cheng et al. 2013) proposed a sub-
pixel based methodology followed by histograms and
center surround calculations to classify each super
pixel as disc or non-disc for segmentation of optic
cup and disc. Total of 650 images with optic disc
and optic cup boundaries were manually marked by
trained professionals. An overlapping error of 9.5%
and 24.1% in optic disc and optic cup segmentation
existed respectively. The achieved areas calculated
were in the range of 0.800-0.822 which is much
higher as compared to other state of art methods.
However, this method used the prior information of
location of cup which is always not possible.

In this paper, automated method of segmenta-
tion based on morphological operations is used. It
segments optic cup and disk by extracting green
plane and red plane respectively from colored
retinal fundus image giving better results for CDR
evaluation. The methodology for the proposed
work is discussed in next section.

3 METHODOLOGY

This paper presents a methodology (as shown in
Fig. 1) in which certain operations are performed
on fundus images to obtain the desired results.

3.1

Image data is collected from internet repository. It
includes retinal fundus images of healthy subjects
and Glaucoma patients. These images are acquired
by trained ophthalmic technician/ophthalmologist
on a fundus camera.

Image acquisition
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OPTIC CUP AND DISC
EXTRACTION

A

y

GLUCOMATOUS
PATIENTS

HEALTHY SUBJECTS

Figure 1. Flow chart for methodology.

3.2 Pre-processing

The pre processing stage is used to enhance the ret-
inal images by contrast enhancement for improved
visual quality (Choukikar et al. 2014). The Optic
Disk (OD) segmentation is normally carried out
in red plane as it shows better contrast between
optic disk and the non-disk region. The optic cup
segmentation is more difficult as the cup is inter-
woven with retinal blood vessels and tissues sur-
rounding it. Thus, it is carried out in green channel
plane as it shows least visibility of blood vessels.

a. RGB to bit plane conversion

The red channel and green channel are extracted
from colored RGB image for optic cup and disc
segmentation respectively. The contrast enhance-
ment process is applied to respective bit channels
of fundus images.

b. Thresholding

It is simple way of partitioning an image into back-
ground and foreground pixels. This technique isolates
object by converting grayscale images into binary
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images. The level of threshold is set and the gray scale
or bit plane image is converted into binary image.

3.3 Morphological operations

The binary image from step 3.2 consists of some
irregular gaps. The gaps can be filled by using mor-
phological operations like dilation, erosion, open-
ing and closing. In these operations, an image is
searched with a structuring element, i.e., disk with
a different value for every operation.

The erosion of A4 by structuring element B is
denoted by 4© B and is given by equation
AO©B={z[(B). c 4} (M

It states that erosion of A4 by B is a set of all
points z, so that B, displaced by z, is contained
in A. Since B is not sharing any element common
with the background pixels, another expression for
erosion is given by
AOB={z|(B.)Nn A=} 2
where, A¢ is the compliment of set 4 and & is
null set.

The dilation of A4 by B is denoted by 4A® B,
with 4 and B being sets of Z2, and is defined as

A®B={z|(B)n A=} 3)
where, A is the set to be dilated and B is the
structuring element. B element is reflected about
its origin and this reflection is shifted by z. The
dilation of 4 by B is the set of all displacements,
such that B and A overlap by at least 1 element.
Mathematically,

A® B={z|[(B). ~ 4] 4} )

The closing of set A4 by structuring element B,
denoted by A e B, is given by
AeB=(A®B)OB )
which states the dilation of 4 by B and further the
erosion of result by B.

3.4 Cup to Disk Ratio (CDR)

Cup to Disk Ratio (CDR) is a key identifier for
confirming glaucoma in a subject (Yin et al. 2012).
In this paper, CDR is calculated as ratio of area
(in pixels) of optic cup to that of optic disk. The
CDR value obtained is thus compared with certain
threshold value to detect whether the subject is
healthy or diseased.



4 EXPERIMENTAL SET UP

The three set of experiments are performed to ana-
lyze the proposed methodology.

Experiment 1: The dataset of 25 healthy subjects
consisting of 25 images is considered for this
set up. Morphology based segmentation is per-
formed to segment optic cup and disc on given
dataset.

Experiment 2: The dataset of 25 images of 25
patients suffering from glaucoma is used in this
experiment. The segmentation based on morpho-
logical operations is applied on the available data-
base to extract the optic cup and disc.

Experiment 3: Comparison Analysis of cup to disc
ratio (CDR) is performed.

4.1

The fundus retinal images of size 250*250 are col-
lected from internet repository (1). Total database
consists of 50 images of which 25 are of healthy
subjects and 25 are of glaucoma patients.

Database details

4.2  Software development

An Image Processing Toolbox integrated in MAT-
LAB software package R2014a running on 64 bit
operating system (Windows 8.1) is used for segre-
gating optic cup and disc for evaluation of CDR.

5 RESULTS AND DISCUSSIONS

The following section includes the results of seg-
mentation specified under section 4.

Experiment 1: Segmentation of optic cup and disc
for healthy subject is shown by images obtained
at each step of algorithm. These are depicted in
Figure 2 and 3.

Figure 2 depicts the steps of optic cup segmenta-
tion. The colored retinal fundus image is shown in
Figure 2(a). It is preprocessed in which green plane
is extracted for cup segmentation as shown in Fig-
ure 2(b). Figure 2(c) depicts the thresholded binary
image. The final stage includes the segmented optic
cup after the application of morphological opera-
tions shown by Figure 2(d).

Similarly, Figure 3 shows the various stages of
optic disc extraction. Figure 3(a) shows colored
fundus image, Figure 3(b) shows the red plane
extracted out of colored image. This contrast of
this red plane is enhanced using histogram equali-
zation and is depicted in Figure 3(c). Figure 3(d)
shows the thresholded binary image. Figure 3(e)
shows the segmented optic disc of healthy image.
Similar steps are applied on remaining 24 healthy
subjects.

Experiment 2: Glaucomatous subjects are taken
and segregation of optic cup and disc is done. It is
observed from the experiment that the size of optic
cup in glaucoma patients is larger than the size of
optic cup in healthy subjects. The results are shown
by Figure 4 and Figure 5.

Figure 4 demonstrates the different stages
involved in optic cup extraction of glaucomatous
image. Figure 4(a) shows the colored retinal fun-
dus image. The green plane is extracted from the
RGB image in preprocessing step as depicted by
Figure 4(b). This green plane is thresholded to
binary image as shown in Figure 4(c). Figure 4(d)

(a) (b) (c) (d)

Figure 2. Healthy image (a) normal fundus image (b) green plane (c) thresholded image (d) optic cup extracted.

(a) (b)

Figure 3.
(e) optic disc extracted.
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(d) (e)

Healthy image (a) normal fundus image (b) red plane (c) histogram equalized image (d) thresholded image



(@ (b) (© ()

Figure 4. Glaucomatous image (a) colored fundus image (b) green plane (c) thresholded image (d) optic cup

extracted.
(a) (b)

Figure 5. Glaucomatous image (a) colored fundus image (b) red plane (c) histogram equalized image (d) thresholded
image (e) optic disc extracted.

Table 1. CDR of healthy subjects.

shows the optic cup extracted by applying morpho- Cup Area Disk Area
logical operations.

Figure 5 displays the results of various steps S No. No. of pixels  No. of pixels ~ CDR
in optic dlgc extraction of images of glaucoma ] 261 920 0.283
patients. Figure 5(a) shows the colored fundus 5 216 924 0.933
image of eye. Figure 5(b) shows the preprocessed 3 260 1013 0.256
image in which the red plane is extracted from ’

. 4 217 672 0.322
the colored fundus image. The contrast of the s 250 665 0375
red plane is enhanced using histogram equaliza- '
. . . . . 6 211 675 0.312
tion technique as depicted in Figure 5(c). The
. . . . 7 222 765 0.290
histogram equalized image is thresholded and ] 193 669 0288
converted ipto bina}ry image as shown in Fig- 9 168 695 0241
ure 5(d). Finally, Figure 5(e) displays the result |, 143 492 0.290

of segmented optic disc after application of mor-
phological operations that refine the output and  For 25 healthy subjects
ignore certain portions that are not required.  Average CDR =0.2905
Similar results are obtained for other 24 glau-  Standard deviation =0.0363.

coma patients. Table 2. CDR of Glaucoma patients.

Experiment 3: The CDR is calculated which is Cup Area Disk Area
given by ratio of area of optic cup to that of disc.

The number of pixels is calculated for both optic ~ S. No. No. of pixels ~ No. of pixels CDR
cup and disc.

1 351 835 0.420

Among 25 subjects, CDR of 10 subjects for 2 214 547 0.391

each healthy and glaucoma patients is shown in i ‘3‘22 gg; g;‘gg

Table 1 and Table 2. The following parameters are 5 138 1007 0434
calculated for 25 healthy subjects and 25 glaucoma :

patients. 6 193 470 0.410

It is observed from the above calculations that . 235 540 0.435

. . 8 151 416 0.362

CDR for healthy subjects is less than 0.3 and 9 273 788 0346

CDR for glaucoma patients is more than 0.3 on 10 357 209 0503

an average. Thus, the results evaluated in this sec-
.tion for both hea}lthy and glaucoma subjects are  For 25 glaucoma patients

in accordance with the standards acknowledged  Average CDR = 0.4129
globally. Standard deviation = 0.0471.
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6 CONCLUSION

In this paper, methodology based on morphologi-
cal operations was developed to extract optic cup
and disc from retinal fundus images of healthy and
glaucomatous subjects. The database of 50 images
was collected from internet repository of which 25
images were of healthy subjects and 25 images were
of glaucoma patients. This method made use of bit
plane extraction followed by morphology for seg-
mentation of optic cup and disc. It is observed from
the experimentation that clear cut peripheries of cup
and disc were extracted. Further, calculation of Cup
to Disc Ratio (CDR) with mean 0.2905 and standard
deviation 0.0363 was obtained for healthy subjects. It
is demonstrated that CDR mean is 0.4129 and stand-
ard deviation is 0.0471 for glaucomatous subjects.
The gold standards (i.e. CDR< = 0.3 for healthy eye
and CDR > 0.3 for glaucomatous eye) confirm the
results. The results were further confirmed by experi-
enced ophthalmologist of PGIMER. The outcomes
of the methodology may assist medical fraternity for
better visual and clinical diagnosis.
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ABSTRACT: Electrocardiogram (ECG), a typical non-stationary signal, is used for diagnosis of cardiac
disorders. The electrical activities such as depolarization and re-polarization of heart are reflected in P,
QRS complex and T waveforms. The minute changes in duration, rhythm and amplitudes of these waves
indicates pathological alterations of heart viz arrhythmia. A number of sophisticated ECG arrhythmic
beat detection algorithms have been proposed so far aimed at high classification accuracy. However, recent
advancements are more focused at algorithms suited to mobile, battery operated ECG analyzing systems.
With the change in application, now the requirements are to develop not only accurate, but also fast and
less complex algorithms. The purpose of this paper is to study the recent trends and asses the performance

of existing algorithms.

1 INTRODUCTION

One of the most investigated fields in biomedical
engineering is the automatic analysis of the Elec-
trocardiogram (ECG) and, inside that, the detec-
tion of arrhythmic heart beats (Silipo& Berthold
2000). An ECG Signal shown in Figure 1 is char-
acterized by mainly P, QRS complex, T and some-
times U waveform. P, Q, R, S, & T waves represent
the atrial depolarization, septal depolarization,
early ventricular depolarization, late ventricular
depolarization, and repolarization of the ventri-
cles respectively.

Cardiovascular Diseases has drawn attention
worldwide due to its increased incidence and preva-
lence. Arrhythmias commonly occur due to cardiac
rhythm disturbances. These cardiac arrhythmias
can be non-invasively diagnosed using ECG sig-
nal. Cardiac arrhythmia is a collective term for
heterogeneous group of conditions in which there
is abnormal cardiac electrical activity. In case of
fetal and life threatening arrhythmias like ventricu-
lar techy-arrhythmia, accurate and early detection
is must (Martis et al. 2012).

The automatic beat detection systems are useful
not only at diagnostic phase where long term ECG
is analyzed for early recognition of cardiac disease
but also in intensive care units where real time
monitoring is required for treatment of patients.
Ability to process real time data accurately is an
attribute of automatic beat detection system.
Other than that, in today’s scenario, it is expected
that holter devices will be replaced by portable,
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Figure 1. ECG waveform.

and wireless ECG systems such as mobile phones
in the near future (Elgendi et al. 2014).

A plenty of research has been done over ECG
beat detection systems. ECG beat analysis con-
sists of following modules also shown in Figure 2:
(i) Preprocessing (ii) Feature Extraction (iii) Fea-
ture selection (iv) Classification. The objective of
this paper is to get an insight into these module’s
state-of—the art methods and techniques.

This paper is organized as follows: We discuss
the availability of ECG signals in terms of stand-
ardized database in section 2. In section 3 recent
trends in the pre-processing techniques are dis-
cussed. Section 4 covers the feature extraction and
feature selection module. Classification module
is discussed in section 5. Section 6 describes the



Training set
Database
Test set

Feature Selection

T
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Figure 2. ECG beat detection system modules.

performance measures. Section 7 gives a quick dis-
cussion over literature. Finally paper is concluded
in section 8.

2 ECG DATABASE

Human heart can be exposed to three pathological
alterations: Hypertension, Cardiac ischemia and
cardiac arrhythmia. Plenty of standard Databases
exist to train and test the automatic system. These
database signals are well annotated and validated
with patient specific information, type of beat,
and other sampling rate related information. MIT-
BIH database, AHA database, CSE database, PTB
database are few of benchmark databases reviewed
well in (Kohler et al. 2002).

The MIT-BIH Database (Mark & Moody
1997) provided by MIT and Boston’s Beth Israel
Hospital, is the most used database by research-
ers for cardiac arrhythmia detection. It contains
48 recordings, each of 30 min, of annotated ECG
of two leads. Signals are sampled at 360 Hz and
having 11 bit resolution. Each recording is sup-
ported with header file having detailed informa-
tion about source lead, sampling frequency &
patient details etc. Other than that each recording
is annotated by experts for validation of automatic
system performance. There are over 110157 labeled
arrhythmic beats from 15 different heartbeat types.
The database is not uniformly distributed. There
is huge difference between number of examples
belonging to different classes causes biased results
from classifier.

3 PRE-PROCESSING

While recording, the ECG signal gets interfered by
various types of noises. Mainly ECG signal noises
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can be classified in three types: (i) Baseline drift/
wander (ii) Power Line Interference (PLI) (iii)
EMG (Electromyogram) Interference also known
as Muscle Artifacts.

3.1 Baseline drift/wander

This is a low frequency noise generated by human
breathing and motion at the time of recording. It
mainly exists in frequency range 0-0.5 Hz. This
noise causes drift in baseline of original ECG sig-
nal. In presence of Baseline wander, detection of
low amplitude fiducial points such as P, S & T wave
is affected. Studies reported miss and false detection
of true R-peak with less effective baseline removal
in ECG signals. Thus suitable pre-processing meth-
ods are needed for removal of Baseline wander.

3.2 Power Line Interference (PLI)

This kind of noise signal is caused by coupling of
human body distribution capacitance with power
lines connected with the ECG recording instru-
ment. American Heart Association (AHA) sug-
gests operating range from 0.67 Hz—150 Hz for the
ECG recorders (Butt, Akram& Khan 2015). PLI
noise lies in range of 50-60 Hz depending on the
power line frequency used in that region. PLI gen-
erates impulses of said frequency in ECG signal
and thus affects the ECG analysis.

3.3 EMG (Electromyogram) interferencelmuscle
artifacts

This high frequency noise is caused by electrical
activity of muscles or muscle tension in contact
with electrodes. The amplitude of EMG noise
depends upon rate of the muscle movements (Butt
et al. 2015). It exists in frequency range 20 Hz-100
Hz. Several pre-processing techniques exist in lit-
erature based on filtering (Butt et al. 2015, Mar et al.
2011, Qiao et al. 2014), Neural Network (Singh
et al. 2015), Wavelet transform (Su & Zhao 2005,
Zhang et al. 2010, Martis et al. 2013) for elimina-
tion of noise.

In automatic arrhythmia detection systems, the
pattern is to use filtering based pre-processing.
(Mar et al. 2011, Chazel et al. 2004) used two
median filters for removal of baseline wander.
High frequency noise and power line interference
is removed using a 12-tap FIR low pass filter with
cut-off frequency 35 Hz. A cascade of filters is
used for ECG signal preprocessing. 1) a high-pass
filter with 3 db frequency of 1 Hz to suppress
residual baseline wander (2) a 2nd order Butter-
worth low-pass filter with cutoff frequency 30 Hz
to overcome high frequency noise, and (3) a notch
filter to eliminate PLI (Qiao et al. 2014).



In today’s world, when ECG analyzing system
has emerged from ICU to mobile handsets for
easy monitoring by the patients themselves, the
Pre-processing should be efficient and should offer
less computational load. Wavelet transform based
de-noising techniques seems more promising as
the coefficients can be reused for feature extraction
exerting less computational load on system.

Su & Zhao (2005) discussed two kinds of wave-
let denoising techniques. One technique based on
Modulus Maxima method and other is Threshold
Dependent technique. Modulus Maxima method
have tradeoff of efficiency and complexity. Theo-
retically there are two thresholding techniques:
hard thresholding illustrated by Equation 1 and
soft thresholding illustrated by Equation 2.

- M
0 |x/,1<<h|
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where x%j,k, and xj, k are wavelet coefficients
after and before threshold comparison. Limita-
tion of hard-thresholding is oscillatory nature of
re-constructed signal whereas soft-thresholding
causes reduction in amplitude of ECG waveform
especially R peak (Su & Zhao 2005). An improved
thresholding technique is proposed in (Su & Zhao
2005) given by Equation 3.
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(Zhang et al. 2010) pointed out the importance
of choice of wavelet basis function and decom-
position scale. The selective approach towards
choice of wavelet basis function directly affects
the accuracy and efficiency. The knowledge of
frequency range of ECG signal and noise signal
helps in deciding the decomposition level. Coif3
(Zhang et al. 2010), Doubechies 6(db6) (Martis
et al. 2013), and Symlet (Su & Zhao 2005) are the
mother wavelets used frequently. (Su & Zhao 2005)
used 4 scale of decomposition whereas 8-9 levels
of decompositions are suggested in (Su & Zhao
2005, Zhang et al. 2010). 9th level approximation
of frequency range 0-0.351 Hz refers to baseline
wander. First two level detailed coefficients show
main line interference and high frequency noise
(Martis et al. 2013).
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Combinations of wavelet transform with filters
do exist in literature. (Zhang et al. 2010) proposed
wavelet transform with notch filter to remove PLI
at 60 Hz having transfer function given by Equa-
tion 4. (Qiao et al. 2014) proposed combination of
DWT with wiener filter

z2—z+1

H(z)=—2 -2+
()= 359+ 081
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4 FEATURE EXTRACTION
AND FEATURE SELECTION

4.1

An expert cardiologist analyzes the ECG signal by its
shape, amplitude and duration of PQRST complex.
The amplitudes of all the samples of a beat are raw
features of an ECG signal. Such raw features can be
cost effective in terms of complexity but they tend to
scatter in classification space if R-positions are not
correctly detected (Emanet 2009). For an automatic
system, a category of most effective feature extrac-
tion methods is to decompose the signal into vari-
ous components such that valuable features can be
uncovered from the otherwise hidden details (Yu &
Chen 2009). The feature extraction should represent
the data in such a way, that the differences among
data samples of the same class are reduced and the
differences among the classes enhanced (Osowski
& Hoai 2004). Features can be categorized into
morphological features, temporal features, features
based on transformation such as wavelet transform,
Hilbert transform, statistical features, Hermite poly-
nomial, and vector cardiogram features.

Temporal features include interval based fea-
tures like RR interval, QRS duration etc. Morpho-
logical features are related to shape of waveforms
measured in terms of area, power, or extrema
(Mar et al. 2011). Morphological variations among
beats distinguish them from normal beats. e.g.
VPC affected beat have prolonged QRS duration
than normal beat. (Mar et al. 2011) have proved
the significance of temporal and morphological
features in classification. Detection of R peak or
one can say QRS complex is first milestone for
feature extraction and segmentation. Most beat
detection algorithms proposed by researcher uses
Pan-Tompkins algorithm (Pan & Tompkins 1985)
for QRS complex detection. New QRS complex
detection detection algorithm proposed in (Arefin
et al. 2015, Ramakrishna et al. 2014) offer less
computational load than (Pan & Tompkins, 1985)
(Pan & Tompkins, 1985). Sometime QRS complex
detection, segmentation and fiducial point
detection are considered as part of pre-processing
module only.

Feature extraction



Frequency domain features are obtained by
transformation of time-domain signal. Trans-
formed features do not scatter in classification
space. Their limitation is complexity. Wavelet
Transform represents the time domain signal in
both time & Frequency plane. Wavelet analysis
inherits and develops the localization idea of short-
time fourier and changes the window with the vari-
ant of frequency (Guangying & Yue 2010).

Wavelet Transform of function f, with respect to
a given mother wavelet, ¢ is defined as:

wf(a.b)=| " flop*,, () dt (5)
with

1 t—b
Do = ﬁ¢7(7) (6)

where a and b are the scale (dilation) and transla-
tion parameters, respectively (Shyu et al. 2007).
The ability of WT to extract ECG features has
been demonstrated by several studies (Martis et al.
2012, Emanet 2009, Guangying & Yue 2010, Shyu
et al. 2004, Banerjee & Mitra 2014). Mother wave-
let should have morphological similarity with ECG
signal. Researches’ findings prove superiority of
Doubenchis and Spline wavelet for their smoothness
and performance (Shyu et al. 2007). Importance of
WT features can be infer from abundant use of
DWT at various stages whether it is pre-processing,
QRS complex detection or feature extraction. Com-
putational cost of using DWT gets balanced by its
coefficient reuse throughout classification.

All types of beats occupy similar range of
amplitudes and frequencies. It is, thus, difficult to
separate one from the other on the basis of only
time or frequency representations (Osowaski et al.
2004). Another important feature is Statistical
features include mean, variance, entropy etc. of
higher order cumulants. The cumulants are the
coefficients of the Taylor expansion of the cumu-
lant generating function (Osowaski et al. 2004).
By comparing HOS characteristics of different
rhythm types, it was observed in (Osowaski et al.
2004) that the differences among them have been
increased and they are easier to distinguish.

Features extracted from Vector cardiogram does
seem promising keeping in mind today’s require-
ments. Vector cardiogram is nothing but X-Y mode
representation of signal from two leads of ECG.
So information of two leads can be analyzed from
one graphical signal. Features from ECG complex
network along with temporal and morphological
features are utilized in (Queiroz et al. 2015). Results
catch the attention of researchers due to perform-
ance and cost effectiveness.

180

4.2 Feature selection

This module controls the dimensionality of feature
set. Generally combination of feature extraction
methods are applied creating very large feature set.
Further a classifier complexity increases with fea-
ture set. It is said that lower dimensional systems
have better generalization capability. To overcome
dimensionality curse feature selection or detection
methods are used. These methods involve a process
wherein a number of subsets of the available fea-
tures are evaluated, and the best one is selected for
application on the learning algorithm. “The best
subset contains the least number of dimensions
that most contribute to the application’s perform-
ance; the remaining, unimportant dimensions are
discarded” (Mar et al. 2011).

Various feature selection techniques are Principle
Component Analysis (PCA) (Martis et al. 2013),
Independent Component Analysis (ICA), Linear
Correlation Based Filter (LCBF), Linear Discrimi-
nant Analysis (LDA) (Yu & Chen 2009), & Qual-
ity measures (Osowski & Hoai 2004). Investigators
find optimization techniques such as Ant Colony
Optimization (ACO) (Dogan & Koriirek 2012), Par-
ticle Swarm Optimization (PSO) (Melgani & Bazi
2008), Genetic Algorithms (GA) promising for fea-
ture selection and to find optimized parameters for
modeling.

5 CLASSIFIER

This module generates a model of system based
on the training data feature set. A number of
classifiers have been reported in literature. These
methods include Feed Forward Neural Network
(FFNN) (Martis et al. 2012, 2013), Probabilis-
tic Neural Networks (PNN) (Martis et al. 2012),
Support Vector Machine (SVM), Least Square
Support Vector Machine (LS-SVM) (Silipo &
Berthold 2000, Martis et al. 2012), Self-Organiz-
ing Map networks (SOM) (Lagerholm et al. 2000),
Extreme learning machine (Karpagachelvi et al.
2011), Fuzzy Neural Network (FNN) (Shyu et al.
2004), Radial Basis Function Neural Network
(RBF NN) (Guangying & Yue 2010), random
Forest algorithm (Emanet 2009), multiple SVM
(Zellmer et al., 2009), and the combination of dif-
ferent Neural based systems, called hybrid systems
(Shyu et al. 2007).

Fuzzy Neural Network is nothing but a hybrid
of Neural Network and Fuzzy System. The
repeated use of ANN systems justifies the gener-
alization capability of neural networks. Support
Vector Machine (SVM) is another frequently used
classifier by the researchers. Random Forest Algo-
rithm (Emanet 2009) is from family of Decision
tree based algorithms.



Another popular Neural Network, RBF Neural
Network is characterized by its simple topological
structure and fast learning rate as compared to
multilayer feed-forward neural networks. The RBF
neural network has one input layer, one hidden
layer followed by output layer. Gaussian density
function is used as its activation function.

The network works on basis of the following
Equation 6-7 (Guangying & Yue 2010):

y(x)= z wk/hj(x) +w,, @)
where
I “2
“x =z,
hy(x) = exp —lzgzi— (8)

Usually the number of hidden nodes is equals
the number of classes.

Another Simple but fast classifier suitable for
low power devices is Linear Discriminant Classifier
(LDC). The model parameters are determined by
maximum likelihood estimates from the training
data. The relative proportions of the classes of the
available training examples influence the perform-
ance of an LD classifier. SVM is considered as
state-of-the-art solution for classifier using different
kernel functions viz linear, quadratic, polynomial
and RBF kernel. (Martis et al. 2012, 2013) com-
pared Least-square SVM, a modified SVM using
different kernel functions, with FFNN and PNN.

Different sensitivities and specificities for dif-
ferent type of beats like Normal (N), Ventricular
(VCO), Super Ventricular (SVAB) beats for the same
classifier proves the no free lunch theorem.

6 PERFORMANCE MEASURES

The performance of the classifier is evaluated
using confusion matrix. Sensitivity (Se), Specifi-
city (Sp), Positive Predictivity Value (PPV) and
classification Accuracy (Ac) are used as perform-
ance measures of automatic ECG beat classifier.
These are

Pp— 9)
TP+ FN
ppy=— 1P (10)
TP+ FP
P—L a1
TN + FP
TPi
A=) — 12
=Y (12)

T = total no of beats used for testing

where TP is true positive, No. of normal beats
classified as normal correctly. TN is true negative,
no. of abnormal beat not classified as normal (i.e.
LBBB, RBBB, PVC etc not classified as NORM).
FN is false negative, denotes the no. of beat mis-
classified i.e. normal beat classified as abnormal.
FP is false positive, represents the no of abnormal
beats classified as normal.

7 DISCUSSION

The objective of automatic ECG arrhythmia beat
classifier is to categories long term test signal into
5 classes as given by AAMI/ANSI:57 standard.
Overall performance of beat classifier depends on
performance of pre-processing, feature extraction
and classification algorithms. Table 1 lists some of
work reported by researchers. It is possible to infer
from Table 1 that Probabilistic neural network
classifers report highest classification accuracy
(Martis et al. 2013). Applicability of WT is evinced
from Table 1 at both pre-processing and feature
extraction stage.

Table 2 is zest of Work done by (Martis et al.
2012, 2013). Accuracy of LS-SVM with RBF
kernel varies with the feature extraction method
chosen. The classification performance reported
to degrade when principal components of DWT
or DCT coefficients are used as features as com-
pared to principal components of segmented
beats only. Thus the same classifier performs
differently for different feature sets. Highest
accuracy is reported for PNN classifier using
principal components of DCT coefficients as
features. Complexity constrained of the methods
is not reported.

(Ghahremani 2010) reported 99.5% classi-
fication accuracy using PNN classifier. Katz
fractal algorithm at feature extraction stage pro-
vide noise robustness, thus no pre-processing is
required. This technique not only provides noise
robustness but also offers less computational
load.

Recent work by Queiroz et al. 2015 reports only
84.1% classification accuracy. Degradation in
accuracy is compensated by simple pre-processing
method and feature set. Thus complexity of sys-
tem reduces, making it suitable for mobile, battery-
operated ECG systems.

To overcome the biasing of result due to differ-
ent percentage of examples for different beats in the
training and testing set, cross-validation methodol-
ogy is adopted. 22 fold cross-validation adopted by
(Chazel et al. 2004) is also implemented by (Quei-
roz et al. 2015). 10 fold cross-validations is adopted
by (Martis et al. 2012, 2013).



Table 1.

Reference type of beat pre-processing exr::::;zn sﬁ:z‘ltli::l classifier sensitivity specificity accuracy ppv
DWT+katz'
(Ghahremani 2010) 4 type no need fractal (noise _ PNN _ _ 99.5 -
robust)algo
parst
(chi 2012) 6 type _ COMPLEX PCA Fuzzy logic _ _ 94.03 _
FEATURE
Wavelet Transform PCA of
Martisetal 2017)  CUPCAAML b6 Glevelpan (g, LSSYMEBE g 9.1 9811 9961
standars tompkins qrs tieis kernel)
detection
median filter+notch  kemalized fuzzy Supervised
(Dogmi2012) cype filter c-mean HACO classifier (NN) .76 = = =
third order
(karpagachelvi et al. 5 type AAMI commulant, AR
2011) standars - model, variance - ELM - - BM -
of DWT (db5)
WT dbé6 9 level
% ANNOVA
(Martis etal. 2013) ) "s’mmw d‘iﬁg;"é‘ga“' DCT+PCA  +Fisher PNN 98.69 %991 952 9958
detection inex
WT db6 9 level
e ANNOVA
Matisetal, 2013) O UPCAAML - decompositontpan-  porpey e SSYMEBE o000 g0 ge als
standars tompkins QRS e kemel)
detection
(Banerzee & Mitra XWT, WCS Threshold based
b Nand abnormal IMI DWT rioost _ el 973 9.8 976 _
: 5 type AAMI VCG+temporal+
(Queiroz et al. 2015) standars common filter morphological _ SVM _ _ 86.2 _
: 5 type AAMI VCG+temporal+
(Queiroz et al. 2015) shindars no filter moribaioaieal _ SVM _ _ 84.1 _
Table 2.

Reference Features Classifier Class Accuracy in %
(Martis et al. 2012) DWT+PCA FENN S Stfyn;eard‘“d 3 94.9
(Martis et al. 2013) DCT+PCA LS-SVM with RBF kemel ~ ~AM St;np‘lea‘d‘sed : 96.61
(Martis et al. 2012) DWT+PCA LS-SVM with RBF kemel ~ AAM Sttay“pdeard‘sed 3 96.88

. AAMI standardised 5
(Martis etal. 2012) PCA FFNN type 97.58
(Martis et al. 2012) PCA LS-SVM with RBF kenel ~ AAM Stgnp‘i“dlsed 3 98.11
(Martis et al. 2013) DCT+PCA FENN AAMI St:;“}i"“d‘sed 3 99.12
(Martis etal. 2013) DCT+PCA PNN AAMI St:;“p‘i"“d‘sed 3 99.52

& CONCLUSION

ECG Signal processing have moved a long way.
However, requirements of each system changes
with time. This paper gives a detailed understand-
ing of ECG beat classification problem in context
of recent trends and requirements. The ECG beat
classification is a cascade of three modules viz.
pre-processing, feature extraction and classifier.
Recent advancements and algorithms used at each

stage are reviewed giving a clear bird eye view to
someone new to this field.
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Mobile biometrics using face recognition: A survey
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The Northcap University, Gurgaon, India

ABSTRACT: Security management on mobile devices is of great significance and challenging task as
they contain lot of private information such as photographs, payment information and other important
details. In this paper a survey on security management on mobile phones using face recognition techniques
is presented. An overview of developed face recognition methods implemented and tested on mobile
devices is also studied. The effectiveness of the methods used in terms of the database experimented on,
algorithms applied for face recognition and the result obtained is also summarized in this paper. Methods
implemented for providing online security management on mobile phones and integration of different
biometric methods have also been presented in this paper.

Keywords:

1 INTRODUCTION

Biometric technology came to existence since 1998
but faced many challenges in order to achieve sig-
nificant adoption rates. Nowadays Mobile phones
provides access to various services and applications
in daily life for people. Security management should
be necessary on mobile phones extending from tra-
ditional Personal Identification Number (PIN) to
user authentication level. Various online applica-
tions are provided on mobiles which can solve our
daily problems like online billing services, inter-
net banking, e commerce etc. These applications
are accessed through internet. So online security
management should also be taken into considera-
tion to make the network secure to avoid frauds
or any other criminal offense. The most significant
biometric technologies which can provide security
on mobile phones presented by Gofman, M. L.,
et al. S. (2016) are Face recognition, Voice recog-
nition, Iris recognition, Fingerprint recognition,
Keystroke recognition, Hand, Signature and Gait
recognition. Using these characteristics of indi-
vidual mobile phones can be accessed by recogniz-
ing the identity of that individual. Among all these
recognition technologies this paper focuses mainly
on face recognition biometrics. As almost all the
mobile phones are provided with cameras which
helps in image acquisition, faces can be captured
in form of images or videos and can be saved on
these mobiles. To meet security, usability and costs
requirements face recognition is most effective bio-
metrics for now. Face Recognition is a process in
which we locate human face and extract features
for matching it in database of human faces. The
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reason for choosing facial biometric method is
because this trait is most acceptable by users and
hardware resources provided by mobile devices
are better suited in case of facial biometrics. Wide
applications using facial recognition biometric
methods have been developed and implemented so
far. Due to this aspect this paper presents a sur-
vey on recent biometric technologies and methods
used for implementing face recognition techniques.
A simple mobile biometric system consists of four
basics components presented by Delac & Grgic
(2004):

1. Sensor Module: Mobile sensors like cameras
perform image acquisition.

2. Feature Extraction: The features are extracted
from acquired images.

3. Template Matching: The extracted features are
compared with the stored templates.

4. Decision making: The claimed identity is

accepted or rejected.

The block diagram illustrates the proposed
framework: There are two modes, in the first step
one to one identification is performed and in sec-
ond one to many verification is performed. The
mobile sensors acquire images which are further
pre processed and features are extracted for tem-
plate matching wherein the extracted features are
compared with stored templates which tests the
user’s identity and verifies the correct individual.

Based on number of sensors used we can cate-
gorize our system into two types:

1. Unimodal Biometrics: It uses single sensor to
capture the human characteristic for recognition
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Figure 1. Block diagram of mobile biometrics using
face recognition.

for example: face, iris, and fingerprint. Single
human characteristic is used to verify the cor-
rect individual.

. Multimodal Biometrics: To overcome the limi-
tations of unimodal system multimodal system
was developed which uses multiple sensors for
image acquisition. It is the combination of bio-
metrics like voice recognition combined with
face recognition or any other combination of
biometrics.

2  WHY USE FACE RECOGNITION FOR
MOBILE BIOMETRICS

Biometric based techniques are prominently used
for recognizing individuals. To provide access to
virtual domains using passwords, PIN’s, smart
cards and so forth methods have been adopted.
It is a difficult task to remember these passwords,
PINs also they can be hacked, or misplaced so
physiological characteristics and behavioural traits
are better to be used. Face recognition offers sev-
eral advantages over other recognition techniques
such as: It is a passive technique since it does not
require users presence during action since faces
can be acquired at a distance from cameras which
is beneficial in security and surveillance applica-
tions. Data acquisition is simpler and efficient
as compared to other biometric techniques as
for example hands and fingers can be useless as
they can be damaged in some way, iris and retina
require expensive equipments, voice recognition is
affected by background noises, and signatures can
be modified or forged. Face recognition requires
inexpensive cameras also they are non intrusive
and free from health risks presented in the work by
Jafri & Arabnia (2009).
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3 RELEVANT WORKS ON FACE
RECOGNITION

With the improvement of mobile devices capabili-
ties, security of data stored on them has become
very important. Face recognition schemes provide
user with flexible security as there is no need to
remember passwords. In this section works done
so far to provide mobile security using face recog-
nition is presented.

An open source face recognition system named
XFace was designed and implemented by Jiawei
Hu et al. (2015). It was designed and implemented
on Android platform. It was based on open CV
(open source computer vision) SDK to provide
security. Haar based and local binary patterns
(LBP) techniques were used for face detection and
features were extracted using Eigen faces and Prin-
ciple component analysis (PCA). Finally the faces
were recognised using Linear Discriminant Analy-
sis (LDA). Satisfactory performance was achieved
in providing security using XFace method on
Android platforms. They used 20 face images of 2
persons under different emotions as shown:

A method using sparse representation for face
recognition on mobile devices was proposed by
Chou et al. (2014). Sparse representation method
used for information generated from cameras
achieved high performance. They also developed
applications for Android platforms. The Viola
Jones technique was used for face detection and
features were extracted using Eigen faces and
sparse representation technique was used for rec-
ognition of faces.

Powell et al. (2014) in their paper provided
online security on mobile devices using CAPTCHA
(Completely Automated Public Turing test to tell
Computers and Human Apart) technique. In this
technique they combined touch based input meth-
ods with genetically optimized face detection tests.
It provided high level of security in applications
like email, instant messaging, text message spam.
They also prevent password attacks.

Barra et al. (2013) proposed a method for Face
Authentication for Mobile Encounter (FAME).
FAME was embedded on mobile devices to pro-
vide face verification and identification. It also

Figure 2. Face images of 2 persons under different
environments.



supported social activities like finding doubles
in social network like facebook. The proposed
method performs image acquisition, spoofing,
face detection, face segmentation, feature extrac-
tion and matching. It was implemented real time
on Android platform. An example screenshot of
FAME and finding a double is shown in figure 3.

Kremic et al. (2012) proposed a client server
model for providing network security on mobile
devices using face recognition. The proposed
model was also compared with recent client server
models and was tested on Android OS platform
and DROID emulator. They used eigen faces and
Principle Component Analysis (PCA) technique in
their paper for feature extraction and recognition
of faces. This methodology aimed to reduce fraud
with cell phone authentication.

Chen et al. (2012) implemented a fast face
recognition system on mobile phones. Initially the
pictures taken using mobile phone camera faces
can be detected using adaboost algorithm with
some pre processing techniques and Local Binary
Patterns (LBP) are used for face recognition.
Haar—Ilike features are also used in the system. It
was implemented on Nokia 5230. The main inter-
face of the system can be as shown:

Xi et al. (2010) proposed a hierarchical correla-
tion based face verification (HFV) with its usabil-
ity on low end mobile phones with memory less
than 1 Mb. This method performed better than
conventional correlation schemes. This method
consumed less resources, performs partial correla-
tion output peak analysis (analyse relation among
multiple cross relation peaks) which are generated
from selected regions of faces. This method was
implemented on nokia S60 CLDC emulator using
Java ME programming.

Tao et al. (2006) in their method use face detec-
tion, registration and authentication process to
provide security on mobile phone device. They used
Viola Jones face detection method for face detec-
tion and registration and subspace metrics proc-
ess was used for face authentication. This method

Figure 3.
network.

Screenshot of FAME + finding double in a

Figure 4. Interface of face recognition system on
mobile phone.
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Figure 5.

Shows feature extraction procedure.

proved efficient using simple rectangular binary
features also eigen faces using single value decom-
position was used. It provided secure, convenient
and efficient connection in personal network.

Figure 5 Feature Extraction procedure (top to
down) face detection, feature extraction, registra-
tion and masking.

Ijri et al. (2006) used face recognition in two dif-
ferent steps of verification and identification but
used only verification step for mobile devices. They
proposed their OKAO vision algorithm for provid-
ing security on mobile devices. This method had
advantage that users don’t have to adjust their face
to predefined points. It contributes to usability
and supports 4 major environments: symbian OS,
embedded Linux, ITRON, BREW.

Al. Baker et al. (2005) proposed a system which
uses General Packet Radio System (GPRS) used in
mobile phones or PDA for providing security. In
this method a mobile phone with GPRS activated
acquires images from camera, user sends these
images for automatic face recognition. Template
matching was used for required recognition. This
method can be applied to real time criminal identi-
fication, wireless home surveillance, imaging secu-
rity services. An efficient way to provide GPRS
based online security can be as shown:

Tresader et al. (2012) proposed integrated real
time face and voice verification for better security



of personal data stored or accessible from mobile.
It provides a software that uses both voice and face
captured from mobile to ensure your identiy. The
integrated performance was better than individual
recognition performances. Figure 7. Demonstrates

e

Mobile/PDA

Database

Figure 6. GPRS based security management.

Figure 7.

Mobile biometrics interface demonstration.

Table 1. Summary of proposed algorithms for mobile biometrics using face recognition.
Modes for

Author Database recognition Recognition algorithm

Jiawei Hu et al.  Face dataset captured from Google Unimodal Haar—Based, LBP, Eigen faces, PCA,
Nexus 5. LDA.

Kuan-Yu Chou Sfeffield Face database, Cohn— Unimodal  Viola Jones, Eigen faces, Sparse representa-

et al. Kanade database, ORL database. tion of L2 norm minimisation.

Brian M. Powell LFW face database, photobucket.com Unimodal  Genetic Algorithm Optmization technique

et al. used.

Silvio Barra Face dataset captured on mobile. Unimodal  Viola Jones, Self Quotient Image Algorithm

et al. (SQI), Spatial Correlation.

Emir Kremic Small database developed consisting ~ Unimodal  Eigen faces, Principle Component analysis

et al. of face images. (PCA).

Bin Chenetal. 100 pictures of 10 people in different Unimodal  Adaboost face detection algorithm,
illumination and background, Local Binary Patterns (LBP) for face
each with 10 pictures were used. recognition.

Kai Xi et al. Yale Face Database. Unimodal  Hierarchical Correlation based Face

Verification (HCFV) Algorithm.
Qian Taoetal.  BiolD Face database. Unimodal  Viola Jones, Subspace metrics, eigen faces.
Yoshihisa Ijri Images of wide variation of genders ~ Unimodal  Fast rotation invariant Multiviewadaboost
et al. and ages were used. face detection algorithm,
ScoreNormaliastion, OKAO vision.
O. Al. Baker Human face images captured using Unimodal = Template Matching, Dual Mode recognition
et al. images at AT&T laboratory schemes.
Cambridge.
Phil BANCA, XM2VTS dataset. Bimodal Active appearance mode (AAM),
Tresader et al. Mel Frequency cepstral coefficient
(MFCC), Gaussian Mixture mode
(GMM), fusion was done using boosted
slice classifier.

Chris McCool ~ MOBIO Database. Bimodal Probabilistic Linear Discriminant Analysis

et al. (PDLA), Local Binary Patterns.

Dong-Ju King  Database collected via a smart-phone. Multimodal 2D-DCT, Embedded Hidden Markov

et al.

model (EHMM), Adaboostalgorithm,
MFCC, GMM algorithm. Fusion:
K-NN fisher, weighted summation.
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Table 2. System performance of implemented methods.

Author System performance

Jiawei Hu et al.

Training set—100% accuracy.
Test set—96% to 93.8% accuracy.

Kuan-Yu Chou et al. High recognition rates.

Frontal view—90 to 95%.

High recognition rates achieved.

Varying illumination—70 to 72%.
Different poses—95 to 99%.
Different expression—99%.

Brian M. Powell et al.

Recognition studied under distortions such as height scaling and rotation. 88% human

success rate was achieved with 0% attack rate.

Silvio Barra et al.

For overall accuracy of system values obtained were FAR = 0.055 & FRR =0.177.

Also doubles can be found on social networks using FAME.

Emir Kremic et al.

Identity authentication provided for access control and prevention of unauthorised

mobile phone 88.88% of accuracy was achieved.

87% recognition rate was obtained using this method. It can handle only frontal and

This method consumed 1/10 memory, 1/6 storage space, 3.5% processing time. An

Bin Chen et al.

near frontal images.
Kai Xi et al.

equal error rate of 1.2% was reported.
Qian Tao et al.

validation test.
Yoshihisa Ijri et al.

Reported equal error rate for face authentication test was abot 1.2% and almost 0 for

On basis of threshold set, if threshold is increased proposed method accepts more

number of users. False rejection rate decreases and false acceptance rate increases.

0. Al. Baker et al.
Phil

Tresader et al.
Chris McCool et al.

System was sensible to head rotation greater than 20 degrees along x and y axis.
97% of true faces were recognised.

Face and speaker recognition can be performed in a mobile environment and using

score fusion can improve the performance by more than 25% in terms of error rates.

Dong- Ju King et al.
rate.

The results obtained showed that fusion error rates outperforms single modality error

face detection, face feature localization, user inter-
face with automated login and logout for social
networking.

McCool et al. (2012) proposed a real time face and
speaker recognition on mobile phone. The score fusion
technique was used to combine individual face and
speaker recognition results which improved perform-
ance by more than 25% in terms of error rate. The
method was implemented real time on NokiaN900.

Kim et al. (2010) proposed an enhanced multi-
modal personal authentication system for mobile
device [11]. The information’s obtained from teeth,
face and voice were fused together to give better
recognition accuracy. The overall performance of
the system was improved. The table summarises
the standard database for mobile recognition, algo-
rithms used for face identification, verification and
fusion of biometric methods and also highlights
the result obtained using each methodology.

4 PERFORMANCE ANALYSIS

The geometry changes, imperfect imaging condi-
tions, noise and environmental changes, processor
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used in mobile can affect the performance of the
system. System errors can be measured in terms of:
False Acceptance Rate (FAR) and False Rejection
Rate (FRR). Based on these factors the table shows
performance of developed systems studied so far.

5 CONCLUSION

Biometric based face recognition is gaining impor-
tance in our daily business applications. Data
on mobile is secured using mobile biometrics by
extracting facial characteristics. Various face rec-
ognition algorithms for unimodal, bimodal and
multimodal have been studied in this paper. A com-
parative study of these algorithms reveals that mul-
timodal approach outperforms other approaches.
So multimodal approach is the future research area
wherein there is scope for mobile biometrics.
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Coverage of underwater sensor networks in shadowing environment
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ABSTRACT: Coverage being one of the indicators of Quality of service refers to the extent to which a
given area is tracked by sensors. Objective of the paper is to determine the coverage of underwater sensor
networks in shadowing environment. We come up with a channel model which considers the impact of
shadowing on the coverage of underwater sensor networks.

1 INTRODUCTION

A Wireless Sensor Network (WSN) is a collection
of sensor nodes that monitor physical or environ-
mental conditions, such as temperature, pressure,
etc. Nodes in this network cooperatively pass their
data through multiple hops to a main location
(Akyildiz, Su, Sankarasubramaniam, & Cayirci
2002) (Hossain, Biswas, & Chakrabarti 2008). An
Underwater Sensor Network (UWSN) consists of
a number of underwater sensor nodes and Auton-
omous Underwater Vehicles (AUVs) with sensors
that perform monitoring and exploration over a
given area in the ocean (Ghosh & Das 2008).

Coverage is a confronting issue in designing a
WSN and refers to how well sensors monitor the
events of interest (Mao, Anderson, & Fidan 2007),
(Zhu, Zheng, Shu, & Han 2012), (Wang, Xing,
Zhang, Lu, Pless, & Gill 2003), and (Xing, Wang,
Zhang, Lu, Pless, & Gill 2005).

There are many kinds of signals that can be used
for underwater communication such as acoustic sig-
nal, seismic signal, radio waves, and optical waves
(Tsai 2008). These signals are affected by various
factors like noise, interference, reflection of signals,
obstructions in the propagation path, and movement
of other objects. The power loss due to the above
factors leads to large deviations in the received signal
strength. The deviation in the received signal strength
due to obstructions in propagation path is known as
shadowing.

Efficient communication underwater among
UWSN is one of the critical issues. Underwa-
ter communication systems can use sound, elec-
tromagnetic (EM), or optical waves to transmit
information. Acoustic communication is the most
versatile and widely used technique in underwater
environments due to low attenuation (signal reduc-
tion) of sound wave in the water.

Almost all of the known research works have
considered coverage problem for terrestrial sen-
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sor networks. To the best of our knowledge, no
study has focused on the impact of shadowing
on the network coverage in underwater sensor
networks.

We derive coverage probability in the presence
of shadowing using mathematical model based
on received signal strength. The rest of the paper
is organised as follows: Section 2 presents the
research work related to coverage problem already
reported in the literature. In Section 3, the details
of proposed sensing channel model are presented.
In Section 4 analytical and simulation results for
the proposed model are explained. The conclusion
of the work is given in Section 5.

2 RELATED WORK

The research work in the area of sensing coverage
for underwater sensor networks under shadowing
fading has received almost no attention till now.
However, significant work has been done in the
area of terrestrial sensor networks. In (Lanbo,
Shengli, & Jun-Hong 2008), the authors derive
sensing coverage under shadowing-fading environ-
ment with asymmetric sensing ability of sensors
in a wireless sensor network. Some work relating
to electromagnetic waves through soil and water
is presented in (Daniels 1996) where D. Daniels
introduces the empirical attenuation and relative
permittivity values for soil at 100 MHz frequency
range. The Propagation of electromagnetic waves
1 of frequency range from 1 to 2 GHz through soil
is also studied in (Weldon & Rathore 1999). In
(Tsai 2008), the author describes sensing coverage
under shadowing-fading environment with asym-
metric sensing ability of sensors in a randomly
deployed wireless sensor network. The coverage
probability has been determined using lognormal
shadowing fading for variation in the received sig-
nal power.



3 CHANNEL MODEL

We assume that each sensor has a constant sensing
range and the sensing region of a sensor is a sphere
of volume v = 4/3mr3 and the sensor nodes are ran-
domly deployed and static. A sensor can sense and
detect the event within its sensing range. A target is
said to be covered if it is within the sensing range
of a sensor. Figure 1 describes the sensing area.
The probability of target detection by arbitrary
sensor is defined as the ratio of sensing volume to
network volume. Therefore, it can be expressed as
d = v/V, where V is network volume in which sen-
sor nodes are deployed uniformly. The probability
(P,) of target detection (Coverage Probability) by
at least one of the sensors can be expressed as

P=1-(1-P)" )

As shown in the below figure, a sensor is posi-
tioned at distance r from the target placed at the
origin of the circle. Rmax is the maximum sensing
range of a sensor. R is an average sensing radius
of the sensor.

As we know from the equality approximation
[1 = x]* = e™ for large n, the above equation can be
rewritten as

3
R,:i—exp(—]\;/;: ) ®)

We can get the profile of the received signal
from the transmitted signal by a channel model as
it captures the characteristics of the medium. We
assume uniformly deployed sensors in a sphere
with sensing field of volume V" having non-uniform
sensing range. Sensors are homogenous having the
same sensing threshold power A (in dB). The sens-
ing threshold is defined as that least strength of

Target i:} Sensor @

Figure 1. Sensing area.

the signal that can be justly decoded at the receiver.
The sensing field or range of a sensor is determined
by the transmit power of a sensing signal, sensing
threshold power, and power attenuation. The sens-
ing signal power (transmitted power) generated by
an event is assumed to be P, (in dB). In this work,
we have adopted log-normal shadowing fading
model for the proposed sensing channel model.
We present the derivation for Probability detection
and coverage for acoustic signals. The received
signal power P(r) (in dB) at a sensor according
to log-normal shadowing can be expressed as in
(Rappaport et al. 1996) (Joshy & Babu 2010).

P()=E - mslogm(di] ~10rloga(N)+y, ()

0

where s is a path loss exponent that represents the
rate at which path loss increases with the distance
and a(f) denotes absorption losses. d, is the refer-
ence distance and r is the distance between a sensor
and its target. y_ is a Gaussian random variable (in
dB) with zero mean and variance o® and represents
lognormal shadowing effects. P, represents trans-
mitted power. The received signal power P(r) (in
dB) usually demonstrates a Gaussian distribution.
The reference distance d, in wireless sensor network
is generally assumed to be 1 meter, and therefore d,
becomes a constant. The parameters s and odepend
on environmental factors. The path loss exponent
(spreading factor) s is very important parameter for
coverage and assumed to be constant. The spread-
ing factor s typically takes values of 1, 1.5 and 2
depending on whether it is spherical, cylindrical
or practical spreading. Threshold is assumed to be
power threshold and not SNR threshold as noise is
not being taken into consideration.

The probability that a sensor S detects an event
occurring at r can be expressed as

P(r)=P(F(1)>9) )
where d denotes the power threshold value.
Pr)=P(y, >0— P +10slog,r+10rlog,a(f)) (5)

where P denote the probability function. y, is a
Gaussian random variable with zero mean and
variance 6%, and represents shadowing effect in the
propagation path. Therefore, the detection prob-
ability P (r) can be expressed as

el ]y

- 1
Bir)= j 10slogior +10(logipa(f) [ 75
3 Q(IOSlogmr +(r1 ()logma(f))

(6)

o
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Assumption includes that a sensor is positioned
at distance r from the target which is located at the
origin of the sphere. R, is the maximum sensing
range of the sensor. The distance r is continuous.
When dr approaches 0, the chance that the target
is found by a random sensor placed in the stated
volume 4mr’dr of network area A4 can be calculated
as follows

Riax

P, = AJ' _, Bn)xazdr

®)

~ (M10log,ga(f)

o

1 (R - 10slog,,r
P == J" ( 107

(€

The coverage probability P, can be expressed as

P =1-exp
N oy Q( 10slog,,(r )—(r)lOloL,ma( f)}, ]

R

J

A

v
\
(10)

4 RESULTS AND ANALYSIS

In this section, we present the simulation and
numerical results to show the impact of sensing
channel model under shadowing environment on
the network coverage. All the simulations are done
using Matlab. In the simulation, the entire sens-
ing field is assumed to be a sphere with volume
V=150 x 50 x 50 m’. The maximum sensing radius
R, s assumed to be 10 m. The parameters along
with their values as used in simulation are shown
in Table 1.

Figure 2 shows coverage probability and number
of sensor nodes for variable shadowing parameter.
We can clearly interpret for decreasing shadowing
the number of nodes required to achieve a cover-
age probability of 1 also decreases. As shadowing
decreases, therefore the number of nodes to pro-
vide full coverage also decreases.

Figure 3 highlights the outcome of coverage
probability for normalized sensing radius node
deployment is obtained using derivation given in
(10). It is observed that coverage probability is
directly proportional to normalized sensing radius
and thus increases with the increase in normalized
sensing radius r/Rmax. The maximum sensing
coverage = 1 can be achieved when sensing radius
maximum or /R, = 1.

] x 4zr* dr
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Table 1. Parameters.

Parameter Value

No of sensors 0to 550
speed of light 3 x 10® m/sec
s (Path loss exponent/spreading factor) 2

a(f) absorption coefficient 34

Coverage Probability vs No. of Sensor Nodes
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Figure 2. Coverage probability vs no. of senor nodes.

Coverage Probability vs Normalized sensing radius
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radius.

Coverage probability vs normalized sensing

Figure 4 shows coverage probability and sens-
ing radius for fixed shadowing. We interpret that in
shadowing environment the coverage probability
increases for increase in sensing radius and reaches
a maximum of 1 for sensing radius of approx.
23 m.



Coverage Probability vs Sensing Radius
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Figure 4. Coverage probability vs sensing radius.

5 CONCLUSIONS

We propose a channel model which considers the
impact of fading on underwater sensor networks.
We derive a mathematical model for calculating
coverage probability. We observe that in shadow-
ing environment the coverage probability increases
for increase in sensing radius. We also observe that
as shadowing becomes less, less number of sensor
nodes are required for the full coverage. As the
proposed sensing model provides good coverage
for shadowing environment, it will be more useful
to evaluate the performance of wireless sensor net-
works in realistic environment with interference.
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ABSTRACT: Today’s business scenarios are made up of global needs, complex designs, complex inte-
grations and products, and very fast changing trends and customer requirements for different market
segments. In this scenario when technology is changing so fast, it is inevitable for everyone to work and
collaborate with each other. If different stakeholders are not communicating to each other the situation
may land up into a situation where technology has advanced as thought and assumed by researchers and
engineers but of not much useful for the business or end users. All systems, technological innovations
must respond appropriately to the business needs continuously. Convergence of business and technology

is must to benefit all stakeholders.

1 INTRODUCTION

Technological advances have a real meaning for
the business world only if it is helping in economic
value creation in some sense. New business models
must ultimately return value of their technology
investments. On one hand if software technology
evolution is completely based on customer needs
it may become counterproductive and response of
technology to business would be reactive and is not
an evolution in real sense. On the other hand if evo-
lution in technology is independent of user needs
it may become incoherent. Degree of incoherency
may be of two natures. One is incoherent as per
todays need but coherency level is improved with
time and finally it matches with business evolution.
Another is incoherent and becomes further inco-
herent with time and never meeting business evo-
lution and expectations. The study presented here
would focus on coherence of software development
w.r.t. business needs and Return on Investment
(ROI) correlation w.r.t. level of coherence factor.

2 REVIEW OF LITERATURE

Formally the software evolution was first proposed
by Dr. Meir Lehman in 1980. Fundamentally Leh-
man stated that Software requirements change
continuously as they are never static in nature.
Lehman’s laws describe “the software evolution
as a force responsible for driving new and revising
developments in a system” (Lehman, M. M. 1980).
Lehman did the classification of all software sys-
tems into three types. First classification is static
(S-Type) where solutions are well understood and
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less likely to change, Second classification is practi-
cal systems (P-Type) where solution is not imme-
diately clear. Third classification is E-type, which
is embedded software systems (Lehman, M. M.
1980 & Lehman, M. M. et al. 1997). According to
study done in (Rajesh Vasa et al. ICSM 2009) to
explore the role of software matrices, it was derived
that developers prefer to organize their solutions
around a limited set of design options. Several stud-
ies have been done around innovation patterns and
co-evolution with business strategies. Long back,
Ettlie et al. discussed with an analogy with “jigsaw
puzzle” for these two types of innovation models.
More conventional model is the Incremental inno-
vation model where the changes are limited to the
individual jigsaw pieces that actually not transform-
ing the total picture, while the radical innovation is
innovation in real sense which is the act of reconfig-
uring the whole jigsaw and its pieces. Natural evolu-
tion of systems happens when the business Change
Requests (CRs) are carried out to meet immediate
demands. These CRs along with current technol-
ogy develops islands of automation and a complex
mosaic of bridges with lot of redundancies. Many
other authors focus on organizational strategy.
More fine-grained framework proposed by Hend-
erson and Clark, 1990 is discussed here below, who
distinguish four types of innovations. Incremental
when the design is reinforced by improving only
at the individual component level. Architectural is
core design is untouched and linked modules are
changed together. Modular innovation is when
only the core design concepts of a technology are
changed, not the linkages. Radical is a completely
new design establishment with a new set of core
design concepts. The large and complex classes do



not get bigger and morecomplex (internally) purely
due to the process of evolution, rather there are
other contributing factors that determine which
classes gain complexity and volume (Vasa & Rajesh,
2010). Evolution models have organizational spe-
cificities as well. Normally designers and architects
face a situation in which they have to consider the
desired functional requirements as well as project-
specific and organizational principles governing
local development practices and styles (Vasa et al.
ICSM 2009 & Yasir et al. 2016). Focuses if evolu-
tion has to base on open source software.

3 PROPOSED WORK

The study presented in this paper would focus
on coherence of software evolution models w.r.t.
business needs and ROI correlation w.r.t. level of
coherence factor. This paper would illustrate the
fact on case study of software products evolu-
tion used in hi-tech industry. Based on this study
the software technology and product evolution is
divided in three main categories:

3.1 Reactive Evolution Model (REM )

This s the typical software product/technology devel-
opment model which simply starts answering what is
needed today. So this model has perfect coherence
on day 1, but along with evolution of business it
becomes less and less useful and finally the level of
coherence with business needs goes down and after
certain time it finally goes for end of life. In most of
the cases ROI is achieved in this model but due to
early end of life this model is not able to pay back
much. However RO is fastest in this model and this
is the reason why most of the companies and man-
agement teams get attracted to this model.

3.2 Proactive Evolution Model (PEM)

This is a software product/technology develop-
ment model which is developed with most vision-
ary thoughts. It does best speculations in business
evolution over a future horizon and technology
evolution follows the similar path and trend. In
this model when it starts it’s life looks less coher-
ent with business needs but it pulls/guides the busi-
ness evolution in it’s own direction and with time
the level of coherence increases. It requires more
money and resources to develop and evolve and
hence ROI is reached in longer horizon. However
it does not reach to end of life so fast. In long term
it pays off the organization.

3.3 Corrective Evolution Model (CEM)

This is a mixed model. It starts with a Proactive
Evolution Model (PEM) but during course of
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time it is realized that business needs are diver-
gent to the predictions of evolution. A correction
feedback is supplied but still the generic imple-
mentation remains the key. Normally it results
due to mistakes in understanding the future
business evolution. In this case the technology
development is started with certain assumptions
on business evolution but they don’t follow later.
Finally business evolution goes in different direc-
tion. Hence it starts with incoherence and the
level of incoherence increases with time. It need
to applied a correction soon else it goes below the
threshold of ‘end of life’ line. ROI is normally
achieved very late as it requires duplicate effort
for correction.

This study is based on the application evolution
and roadmap on actual projects executed in world
class hi-tech electronics company. Consider the
fact that the applications under study are not com-
mercial applications being sold to customers but
are used for internal world-wide operations. Fol-
lowing are the typical custom definitions of cer-
tain terms used in the organization. Remedy data
of past 5 years is used to conclude this study.

3.4 Degree of coherence

Degree of coherence is indicator for application
behavior vs. business needs. It is normalized to
highest value 1. Degree of coherence one indi-
cates that application under consideration is in full
coherence with the then business needs. It is com-
puted on monthly basis based on the remedy data.
It’s basically function of Change Requests (CRs)
by business, incident tickets assigned by business
to ICT support and number of question tickets
assigned by business to business champion and
ICT support.

DoC (degree of coherence) = Function
( CRs, Incident ticket count, Question ticket count)

Actual computation considers the increase of
above three parameters over past one month data
and normalized to one.

3.5 Point of ROI

With respect to the roadmap on set of applica-
tions, certain applications are chosen for evo-
lutionary development or new application
development with allocation of budget for each
application. Beyond this development budget,
there is a certain maintenance budget for each
application for next few years (which is x% of
development budget). In the half yearly exercise
product owner (business owner) confirms if ROI
has met or not based on level of increased auto-
mation and usage of application as foreseen at



Table 1. Degree of coherence data for 60 months for
applications under REM, PEM and CEM.

Degree of coherence (Software evolution vs. Biz evol.)

Grand

Month REM PEM CEM total
1 1 0.5 0.65 2.15
2 1 0.5 0.65 2.15
3 1 0.5 0.65 2.15
4 1 0.5 0.65 2.15
5 1 0.5 0.65 2.15
6 1 0.5 0.65 2.15
7 0.9 0.5 0.65 2.05
8 0.9 0.5 0.65 2.05
9 0.9 0.55 0.65 2.1
10 0.9 0.55 0.65 2.1
11 0.8 0.6 0.65 2.05
12 0.8 0.6 0.65 2.05
13 0.8 0.6 0.65 2.05
14 0.8 0.6 0.6 2
15 0.8 0.6 0.6 2

16 0.8 0.6 0.5 1.9
17 0.8 0.65 0.5 1.95
18 0.7 0.65 0.5 1.85
19 0.7 0.65 0.5 1.85
20 0.7 0.65 04 1.75
21 0.7 0.65 04 1.75
22 0.7 0.65 04 1.75
23 0.7 0.7 04 1.8
24 0.6 0.7 04 1.7
25 0.6 0.7 04 1.7
26 0.6 0.7 0.4 1.7
27 0.6 0.7 0.3 1.6
28 0.6 0.75 0.3 1.65
29 0.6 0.75 0.3 1.65
30 0.6 0.75 0.3 1.65
31 0.6 0.75 0.3 1.65
32 0.6 0.75 0.3 1.65
33 0.5 0.8 0.3 1.6
34 0.5 0.8 0.3 1.6
35 0.5 0.8 0.3 1.6
36 0.5 0.8 0.3 1.6
37 0.4 0.85 0.3 1.55
38 0.4 0.85 0.3 1.55
39 0.4 0.85 0.3 1.55
40 0.4 0.85 0.3 1.55
41 0.4 0.85 0.3 1.55
42 0.4 0.85 0.3 1.55
43 0.4 0.85 0.3 1.55
44 0.4 0.85 0.3 1.55
45 0.4 0.85 0.3 1.55
46 0.4 0.9 0.3 1.6
47 0.4 0.9 0.3 1.6
48 04 0.9 0.2 1.5
49 0.3 0.9 0.2 1.4
50 0.3 0.9 0.2 1.4
51 0.3 0.9 0.2 1.4

(Continued)
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Table 1. (Continued)

Degree of coherence (Software evolution vs. Biz evol.)

Grand
Month REM PEM CEM total
52 0.3 0.9 0.2 1.4
53 0.3 0.9 0.2 1.4
54 0.2 0.9 0.1 1.2
55 0.2 0.9 0.1 1.2
56 0.2 0.9 0.1 1.2
57 0.2 0.9 0.1 1.2
58 0.2 0.9 0.1 1.2
59 0.2 0.9 0.1 1.2
60 0.2 0.9 0.1 1.2

Point of ROI *

1 4 7 10131610 22 25 28 31 34 37 40 43 46 49 52 55 58

Trama v

Figure 1. REM, PEM and CEM s/w technology evolu-
tion graph vs. ROI and ‘End of Life.

the time of release definition. At the same time
ICT confirms if the maintenance cost is under the
budget for developed application release. If above
both parameters confirmed by business and ICT,
this is called a point of ROI.

4 RESULTS AND VALIDATION

Based on the analysis presented in this study, it is
very evident that level of coherence in software
technology is crucial and plays a big role in achiev-
ing the ROI with greater sustenance. Proactive
and visionary evolution model is found to be the
best. This study tells us the fact that even the high-
est degree of technological advances won’t help if
they are not in line with what is the benefit for the
purpose it is to be used for? REM is best when it is
known that full technology is to be replaced after
certain period of time and is given preference even
over PEM in such scenarios. As cost of following
the path of REM evolution model is lowest but less
sustainable. Phasing out applications must target
to reduce cost and stay sustained.
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Figure 2. Applications BM and SGAO06 transformed to
DRP reduced drastically the CRs.

Case studies have been performed under this
work related to all three models: REM, PEM and
CEM. It is proven by the study that products fall-
ing under CEM were requiring often the correction
else they are scrapped very fast. REM is the most
usual model and every team by default goes into
this safe trap. However few products categorized as
CEM were STAR products even if many of them
were recognized much later than they were deployed
and adopted. The products developed during the
recession periods were mostly fallen in the category
of REM due to pressures on ROIL. Two applications
Backlog Management (BM) and Key Customer
Contract (SGA06) were resulting into several change
requests (CRs) and development activities every
year for the evolution in more reactive way. Typi-
cally in 2012 these two applications had 37 change
requests and in year 2013 they met with 43 CRs. But
after transforming the solution with PEM it met
only 8 CRs in 2014 while in 2015 just met 1. This
shows that if proactive evolutionary model is devel-
oped with all considerations and parameters with
well understanding of business needs and trends it
results to better model which suits the need.

However the work done here is for internal
software used in more predictable environment
and predictable business scenarios. Going in PEM
model in general software development models is
much more difficult and study to be reviewed for
those complex scenarios and results to be proven.

5 CONCLUSION

Based on the study done it’s clear that the require-
ment management is key to any technology
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evolution model. Anything developed which is
incoherent to the current business needs and also
not converging in future with business evolution it
is bound to DIE. It reaches end of life without giv-
ing it’s ROI. For making the investments viable for
technology evolution partnering with non-techni-
cal or business stakeholders is must. Technology
roadmap definition team must constitute practi-
tioners, technical experts, architects and visionary
people. Even if future coherence is not perfectly
predictable yet it can be improved if degree of
coherence is thought when building the roadmap.
In summary it can be concluded —

e Nothing can move in isolation, coherence is
required in full ecosystem

e Incremental innovations
incoherency

e Time to respond and showing the sensitivity is
less and less in current situations

e Thought process of innovation must have the
parameters of full ecosystem.

does not result
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ABSTRACT: Cloud computing provides users a place required to store their large and valuable data.
Cloud computing is a utility aware service which is based on pay as you use methodology. The stored user’s
data and information must be kept secured and the customers must have privilege to retrieve and process
their data as and when required from anywhere. So, besides security, cloud computing has many features.
Flexibility, works from anywhere, disaster recovery are some to name from others. Resource provisioning
is very important in context of clouds. Allocating as well as managing of resources is the responsibility of
cloud service providers. While allocating resources to a already waiting job, the service provider must keep
into consideration the predefined SLA promised with customers. SLA, a Service Level Agreement which
is signed initially between the customer and service provider to ensure QoS to customers. So, completing
a request within the defined SLA is a big challenge in cloud computing. This paper aims at reducing SLA
violation while also decreasing the waiting time of jobs. This is fulfilled through an auction based policy
with SJF.

1 INTRODUCTION management of software and hardware resources.
Resource provisioning should be done in an effi-
Cloud computing is a new computing paradigm cient manner such that it avoid Service Level
which gained momentum in late of 2007. Cloud  Agreement (SLA) violation by meeting Quality
computing refers to delivery of resources on inter-  of Service (QoS) parameters such as availability,
net. Because of utility based nature, cloud offers  response time, throughput, security, etc.
computational services whenever users need it. In grid environment, resources are accessed based
Thus transferring to more commoditized utili-  ona queuing model which provides best-effort QoS.
ties like water, gas, electricity etc. Users pay for  Jobs are put in the queue till the resources the jobs
whatever they use there is no need to purchase require are freed. As jobs have to wait for resources
whole infrastructure. Computing resources are to become available, this approach results in long
distributed worldwide so that companies are able  delay. These delays vary according to the number
to access their applications and services anytime  of jobs any application have. To improve QoS for
from anywhere. Due to reduced computational  workflow application (more number of jobs) a
cost, high degree of reliability and flexibility cloud = model for resource allocation based on provision-
has become one of the exciting technologies. ing can be used which allows a single user to gain
In cloud computing resource provisioning is  total control of the resources for a given period.
the process of assigning resources to the needed  This minimizes queuing delay. Provisioning is more
applications over the internet. Resource Provision-  complex than queuing in the way it requires more
ing means the selection, deployment and runtime  sophisticated resource allocation decisions.
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2 RELATED WORK

There are many resource provisioning techniques
detailed so far. These were analyzed on various
aspects. (Buyyaetal. 2011, Gargetal. 2012, Dhingra
et al. 2013, Vecchiola et al. 2011, Munteanu et al.
2013, Changet al. 2013) are more SLA centric. The
techniques of (Vecchiola et al. 2012, Dhingra et al.
2013 and Munteanu et al. 2013) focus on reducing
the application and execution time while those
discussed in (Dhingra et al. 2014 and Dhingra et al.
2014) reduce energy consumption. (Li et al. 2012
and Chang et al. 2013) explains better ways for
optimizing QoS while (Buyya et al. 2011, Xu et al.
2007 and Dhingra et al. 2014) explains cost opti-
mization techniques. Profit is the main concern of
techniques in (Xu et al. 2007, You et al. 2009 &
Chang et al. 2013). Resource utilization in a bet-
ter way is discussed in (Xu et al. 2007 and Chang
et al. 2013).

3 PROPOSED WORK

3.1

Resource provisioning is done here through an
auction mechanism. This allows jobs to not wait
for longer in the for resources. If the resources
are not available with the service provider, then
through the use of auction policy, a service pro-
vider can lease resources from other cloud vendors
and in turn pay rent to the vendors. The system
architecture of the auction model consists of many
cloud vendors. Among the available vendors some
are taught to be bidders. So, auction model comes
into play when a request arrives. Different com-
ponents like Billing system, Monitor, Clients SLA
Decision, Local VM Scheduling and Coordinator.
Coordinator performs the main role as it provide
communications between various cloud, status of
resources at particular time and migration of jobs
to other cloud vendors.

When a request arrives to a particular cloud, the
cloud checks if the available resources are enough
to fulfill the request or not. Job is scheduled using
SJF policy if resources are enough otherwise an
auction policy is called upon. Bidder checks for
the amount of resources required by a job and
accordingly calls the desired vendors to participate
in auction. The vendor which gives it resources at
minimum possible price wins the bid and hence-
forth it leases its resources to the job and in turn
the service provider will have to pay a rent to the
vendor.

System architecture
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Figure 1. System architecture of auction mechanism.

3.2 Flow chart of proposed model

Do SIF Scheduiing

Figure 2.

Flow chart of the proposed model.

3.3 Proposed Job Allocation Algorithm with SLA
(JAS Algorithm)

Input:CloudletList,CloudletProfitList,CloudPenalty
List,VendorsList, VendorsInitialPricingList,
BidderList, VendorsResourcesList,VendorsDirectBuy




List

Return:Profit, Penalty, Execution time, Rent,

1.

15.

16.

17.

18.

19.

20.

Directbuyprice, Vendors
CloudletList  {j1,j2, ...,jN};
CloudletProfitList  {pl, p2, ..., pN};
CloudletPenaltyList {11, 12, ..., IN};
Vendors List  {V1, V2, ..., VN};
VendorsIPList  {VIR1, VIR2, ..., VIRN};
VendorsResourceList ~ {VRI, VR2, ...,
VRN};
Bidder List  {B1, B2, ..., BN};
VendorsDirectBuyList {VDBI1, VDB2,
..., VDBN};
for Cloudlets from j1 to jN in Cloudlet List
do {

if (own available resources >= request)
then
Calculate estimated execution time
If (estimated execution time =<

deadline)

. SJF(Scheduling);

. record execution time;

profit = CloudletProfit

else
Pay Penalty
Determine the predefined maximum
waiting time of job from SLA.

while (waiting time > predefined
waiting time)

do {

21. Pay Penalty

22.}
23. else
24. call x = {rent, direct buy price, vendors}
25. if (x == null) then
26. penalty = CloudletPenalty;

27. end if
28. endif }
29. return profit, penalty, execution time, rent,

direct buy price, vendors

3.4 Performance analysis using a case study

We tried to simulate our work in CloudSim soft-
ware. For this we created seven clouds with two
working as bidders (Cloud 2 and Cloud 3). Suppose
that all the clouds posses specific characteristic as
CPU, memory and storage. The seven clouds are
listed below:

There are 10 jobs to be executed on both the bid-
ders. Besides deadline, profit, penalty and others
among the variables, the jobs have specific char-
acteristics and requirement. All the cloud vendors
have their initial rents and resource utilization and
they host one or more virtual machines on them.
Now when the jobs come, the bidders execute them
on their specific VMs. If the bidders fall sort of
resources, they go for auction among the available
vendors. First the bidders check for the availability
of resources among them, this condition satisfies
the SLA with respect to availability. Second if
resources are not available with the bidders, they

Table 1. Seven clouds with their specific charac-
teristics.

Clouds CPU Memory Storage
Cloud 1 1 4GB 150 G
Cloud 2 1 2 GB 100 G
Cloud 3 2 2GB 120G
Cloud 4 1 2GB 110G
Cloud 5 1 2 GB 90 G
Cloud 6 2 4GB 100 G
Cloud 7 2 4GB 200 G
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lease resources from vendors and as such takes
into consideration the waiting time of a job and
thus satisfying the reduced waiting time SLA con-
straint. Deadline SLA parameter is also met as by
leasing resources, the jobs are taught to be executed
before their respective deadlines. The requirements
of 10 jobs are shown below:

The proposed model considers three SLA
parameters namely deadline, waiting time and
availability and so is better than the existing auc-
tion model. Further we are trying to implement
it using SJF scheduling. This ensures that shorter
jobs will never face starvation.

To elaborate it further, let us define the constraints
associated with each job. We define the deadline, total
execution time, predefined waiting time, actual waiting
time and penalty. Deadline is the time in which a job
is taught to be executed successfully. Total execution
time is the actual time of execution of a job includ-
ing the time for which the job remains idle. Predefined
waiting time is the waiting time confronts with the cus-
tomer in SLA and actual waiting time is the time for

Table 2. Ten jobs with different requirements.

which the job actually waits for resources to be avail-
able. Penalty is the cost which a cloud provider will
have to pay if it does not complete the job in time. We
have taken to pay Rs 10 as a penalty, if the job exceeds
the deadline by 1 ms. Similarly, if the job exceeds the
predefined waiting time by 1 ms, the provider will have
to pay a penalty of Rs 10. All time are in Millisecond
(ms) and. We have also done the calculation of FCFS
scheduling and have compared it with our model.

3.5 Comparison graph

300
250 A IA\ Total
200 I \ I Execution
150 Time SJF
100 vl&lg Total
50 < Execution
O T T T T T T T T T 1 Time FCFS

Processing
Job id unit required Ram Storage 200
Job 1 1 2GB 70 G 150 ——\Waiting Time
Job 2 1 2GB 50G 100 m SIF
Job 3 1 2GB 30G
Job 4 1 4GB 150 G 50 - ~ Waiting Time
Job 5 2 4GB 125G o FCFS
Job 6 2 2GB 110G o3 s 79
Job 7 2 4GB 100 G
Job 8 1 4GB 90 G (b)
Job 9 1 2GB 120 G
Job 10 2 2GB 115G .
Figure 3. (Continued).

Table 3. Comparison of SJF and FCFS scheduling.

Actual waiting

Execution time time Penalty
Arrival _— Predefined

Job id time Deadline SJF FCFC waiting time SJF FCFC SJF FCFC
Job 1 0 95 100 70 40 30 0 50 0
Job 2 2 110 50 50 65 0 0 0 0
Job 3 5 70 30 95 30 0 65 0 600
Job 4 8 240 240 150 100 90 0 1000 100
Job 5 10 130 125 125 40 0 0 0 0
Job 6 12 200 150 150 130 40 40 0 0
Job 7 15 200 100 100 50 0 0 0 0
Job 8 16 200 90 232 80 0 142 0 940
Job 9 19 250 263 263 150 143 143 130 130
Job 10 22 210 208 208 100 93 115 0 150

Total penalty 1180 1920
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Figure 3. Graphs showing the difference between the

two approaches. a) shows the relation between total exe-
cution time for both SJF and FCFS scheduling; b) depicts
the relation between both in terms of waiting time while;
c) shows that in terms of penalty & Figure 4 shows the
overall relation between these two policies.

4 CONCLUSION AND FUTURE WORK

By comparing the results of the two scheduling
approaches, we conclude that SJF and FCFS poli-
cies go hand by hand as far as total execution time
is considered. But, SJF gives slightly better result
in terms of waiting time, Further, it can also be
concluded that SJF is far better than FCFS when
penalty is concerned.

In the future we would like to implement the
above mechanism using other scheduling poli-
cies such as priority scheduling, credit based
scheduling.
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ABSTRACT:

In this article, we present an energy efficient routing algorithm for Wireless Sensor Net-

works (WSNs). Proposed algorithm finds the next hop in each round which is based on the residual
energy. The proposed algorithm selects the next hop based on residual energy in each round. The param-
eters residual energy and distance make the algorithm energy efficient and other parameters i.e. number
of predecessor and successor also improve the chances that each node equally act as the next hop. Experi-
mentally, it is demonstrated that the performance of proposed algorithm is better than existing algorithms
in terms of inactive relay nodes, data packet send to BS and consumption of energy in each round.

1 INTRODUCTION

In the last decade wireless sensor networks had
gained massive attention due to varied applications
in the area of health-care, military, environment
monitoring, underground mining etc. (Akyildiz &
Vuran 2010, Akyildiz, Su, Sankarasubramaniam,
& Cayirci 2002, Yick, Mukherjee, & Ghosal 2008).
WSN is a network of interconnected small sensor
nodes which are equipped with limited computa-
tional power, sensing capabilities and limited power
source. Therefore, energy consideration of nodes
in one of the most important challenges. Gener-
ally sensors are randomly deployed in such region,
where human intervention is almost negligible.
Due to less human intervention, it is almost impos-
sible to replace the battery of sensors. Therefore,
energy of sensor node is one of the most important
challenge. To reduce the energy consumption, clus-
tering is one of the important method (Akyildiz &
Vuran 2010, Anastasi, Conti, Di Francesco, & Pas-
sarella 2009). In clustering sensors are grouped and
formed a cluster, in each cluster there is a Cluster
Head (CH) and every sensor forwards the sensed
data to respective CH. An example of clustered
WSN is pictorially represented in Figure 1. Gen-
erally CHs are selected amongst the sensor nodes,
but due to extra workload, e.g. aggregating the
data, these CHs die quickly. So in past few years,
many researchers have proposed the use of relay
nodes as CHs and these relay nodes are provisioned
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with extra energy as compared to the normal sen-
sor nodes. The role of CHs is to collect the sensed
data from the member sensor nodes, aggregate the
data and forward it to BS directly or via multi hop
communication (Akkaya & Younis 2005a, Pra-
bhu & Sophia 2011, Jiang, Yuan, & Zhao 2009).
However, energy of relay nodes is also one of the
most important constraint, because relay nodes
are also battery operated and failure of relay nodes
due to complete depletion of energy may parti-
tion the network even if other relay nodes have
sufficient energy for forwarding the data. So, with
the help of energy efficient routing algorithm we
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may conserve the energy of relay nodes as in WSN
energy consumption is directly proportional to
square of the distance between sender and receiver.
So, during routing selection of proper next hop is
the most important.

In this research article, an energy efficient rout-
ing algorithm for wireless sensor networks has
been proposed by us using a distributed approach.
In proposed work, for selecting the next hop we
mainly consider four parameters 1) residual
energy of next hop 2) distance between sender and
receiver 3) distance between next hop and BS 4)
number of predecessor and successor nodes. First
three parameters makes the algorithm energy effi-
cient and last two parameters try to minimize the
participation of that node which has higher prob-
ability to act as CH and having minimum number
of possible next hop.

The rest of the paper is organized as follows.
Related work is discussed in section 2. System
model and used terminologies are explained in
section 3. The detailed description of proposed
algorithm is presented in section 4, followed by dis-
cussion about the experimental results in section 5
and paper is concluded in section 6.

2 RELATED WORK

Many researchers have proposed various routing
algorithms for WSN that are based on centralized
and distributed approach (Akkaya & Younis 2005D,
Al-Karaki & Kamal 2004, Heinzelman, Chandra-
kasan, & Balakrishnan 2000, Zungeru, Ang, & Seng
2012, Chakraborty, Das, & Abbott 2012, Shukla,
Chandel, Gupta, Jain, & Bhansali 2015, Gupta &
Jana 2015, Gupta, Kuila, & Jana 2013). In central-
ized approach, all decisions about routing are taken
care by the base station and base station is able to
take the decision only when the geographical coor-
dinates of all the nodes is well known in advance.
However, this approach is not providing the scal-
ability of the network. In distributed approach, the
decisions for selection of next hop is taken by the
nodes in each round and proposed work is based on
distributed approach, so we only discuss the exist-
ing routing algorithms which are based on distrib-
uted approach. In (Heinzelman, Chandrakasan, &
Balakrishnan 2000), authors have presented cluster
based routing algorithm named as LEACH (Low-
energy adaptive clustering hierarchy). LEACH
dynamically assigns the responsibility of cluster
heads amongst the sensor nodes. The drawback of
this algorithm is that it assigns the role of CH to a
sensor node which has very low energy, due to this
sensor may die quickly. In Minimum Hope Routing
Model (MHRM) (Chiang, Huang, & Chang 2007),
authors presented an algorithm where individual
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relay nodes find the path with minimum number
of intermediate relay nodes. The disadvantage of
this method is that entire relay nodes communi-
cate with the farthest relay nodes, due to this long
haul communication relay nodes die quickly. In
DFCR (Azharuddin, Kuila, & Jana 2013), authors
discussed about clustering and routing algorithm
simultaneously using distributed approach. In
routing every relay node selects the next hop using
a cost function. This cost function is based on
residual energy, distance between sender and pos-
sible next hop with distance between next hop to
BS and also consider hop counts. However they did
not consider the energy balancing or avoiding the
bottleneck situation.

The authors of (Ok, Lee, Mitra, & Kumara
2009) have discussed a data forwarding algorithm
known as DEBR (Distributed Energy Balanced
Routing). This algorithm provides the balanced
energy consumption in the network. However the
disadvantage of this method is that a node selects
that next hop which does not have any node with
in communication range of it. Liu et al. have pre-
sented a energy aware routing algorithm known
as ESCFR (Exponential and Sine Cost Function
based Route) in (Liu, Ren, Li, Chen, & Shen 2012).
The cost function of ESCFR is designed in such a
manner that it reflects the large changes if there
is a small changes in nodal remaining energy. The
function is as follows:

EC, =e,;*exp(1\sin(z—(7\2)*(E]\ E,)

However, the working of ESCFR very similar to
DEBR (Ok, Lee, Mitra, & Kumara 2009), so in
ESCFR same problem persists as in DEBR.

3 SYSTEM MODEL AND
TERMINOLOGIES

Itis assumed that all the sensor nodes are randomly
deployed with some relay nodes in 2D area, after
deployment it is assumed that the sensors and relay
nodes are stationary. After deployment of these
nodes clusters are formed after execution of algo-
rithm as discussed in (Gupta, Kuila, & Jana 2014).
The data gathering operation is divided in round as
similar to LEACH (Heinzelman, Chandrakasan, &
Balakrishnan 2000). One round is completed only
when entire sensor nodes transmit the data to BS,
in proposed work network lifetime is considered
in terms of rounds when first relay node dies. In
proposed work, we use same energy model as dis-
cussed in LEACH (Heinzelman, Chandrakasan, &
Balakrishnan 2000).

The following terminologies is used in proposed
work.



1. R={,r,...r,} represents set of relay nodes and
BS is represented by .-

2. The maximum communication range is denoted
by CR.

3. Dist(r,r;) represents the distance between relay
nodes 7; and 7;-

4. The residual energy of relay 7. is represented by
REn(r,).

5. Next(r,) represents the set of all those relay
node(s), which may act as next hop of 7 as well
as within the communication range of 7. It can
be also defined as follows:

N BS If Dist(r;, BS) < CR
H(r)=
exi(r,) r, If Dist(s;, ;) < CR;Vr;eR

v '

6. NextHop(r)={r,}; represents that r, is the
next hop of r; r, € Next(r) and r,r, € R with
hop count to reach BS from 7; is less than hop
count to reach BS from 7. Also BS may act as
the next hop of any relay node.

7. HCount(r,) : It represents the number of inter-
mediate nodes required to forward the data the
BS from r,. If distance between r, and BS is
less than the communication range of 7, then
Hcount(r;) is one, otherwise it is recursively
defined as follows:

HCount(r)
L NextHop(r,) =1,,,
" |1+ HCount(r)). NextHop(r)=r, @)

8. Pred(r;): Tt denotes the set of relay nodes,

which may select 7; as next hop. In other words,
we can define Pred(r;) as follows:

Pred(r;))=1{n | j#k & &Dist(r,,,) <CR &
& HCount(r,) > HCount(r,)}

9. Succ(r;) : It denotes the set of that relay nodes,
which may act as next hop of ;. In other words,
we can define Suce(r;) as follows:

Succ(r,) =1 | j #k & &Dist(r,,5,) < CR &
& HCount(r, ) < HCouni(r,)}

4 PROPOSED WORK

4.1 Cost function

cosi(r;,, r,) : It represents the cost involved when
selects 7; as next hop for forwarding the data to
sink. The cost function is based on residual energy,

distance, number of predecessor and successor

node of possible next hop. By considering possible
number of predecessor and successor node we try
to minimize participation of such node which has
maximum number of predecessor node and mini-
mum number of successor node. Higher predeces-
sor value of a node indicates the higher probability
to act as a next hop. Higher successor value indi-
cates that node has maximum option for next hop.
Moreover it also helps during the failure of some
node(s). The cost function is calculated with fol-
lowing equation (refer eq. 2).

REn(r,)
COS[(I;, r/) = T (2)
where X = Dist(r,,r,) x Dist{r,, BS)x| Pred(r;) | x

| Suce(r,)|

4.2 Boot strapping

The process of bootstrapping, start with flooding
the hop packet by BS. Each hop packet contains a
counter which represents the hop value, initially the
value of this counter is one. When a node receives
the packet then node increments the counter value
by one and again broadcast the packet. The said
procedure repeats until entire nodes do not aware
about their hop values. This hop value plays a vital
role when a node selects the next hop for sending
the data to BS. However, a node may receive mul-
tiple copies of hop packet, in this situation a node
discards the packet if counter value is greater than
the count value stored at a node. If the counter
value is less than the count value stored at a node
then node increment the new value by one and
store it. After a predefined time this process is over
and hop value stored in each node is final. After
calculation of the hop count, the routing process
will be taken place. The detailed discussion about
routing is discussed in following section.

4.3 Next hop selection

In routing setup phase every node finds its next hop
for forwarding the data. The selection of next hop
depends on cost between sender and receiver and the
cost function depends on four parameters, namely
residual energy of possible next hop, distance
between sender and receiver, number of successor
and predecessor nodes of next hop. The proposed
algorithm is distributed in nature, so in every round
next hop may be changed. The detailed algorithm is
presented as follows (refer algorithm 1).

Lemma 1. Next hop selection by proposed algorithm
is energy efficient.

Proof. The cost function of proposed algorithm
(refer section 2) is based on parameters, namely
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residual energy, distance, number of predecessor
and successor nodes. Moreover, the cost is ratio
of residual energy and distance, number of suc-
cessor and predecessor nodes. Therefore, the value
of variable cost is maximum only when either
residual energy of next hop is maximum or dis-
tance between sender and receiver is minimum. It
means a node select the next hop in such a man-
ner that next hop is either having higher residual
energy or distance between both node is compara-
tively less. Moreover, other two parameters namely
number of successor and predecessor also makes
the algorithm energy efficient by minimizing the
participation of node having morepredecessor and
successor nodes. Suppose node i has comparatively
higher number of predecessor nodes then there is a
higher probability that node i act as next hop, such
node quickly deplete the energy due to receiving
and forwarding the data. So, by considering this
parameter we try to minimize the participation of
such node, which has higher number of predecessor
nodes. O

Algorithm 1 : Next hop selection by proposed algo-
rithm.

Initialization: m = 0; count = 0; max = —oco
Input: relay node 7;
Output: NextHop of relay node r;

procedure :
if (Dist(r;, BS) < CR) then
NextHop(r;) = {BS}

for (V r; € Next(r;))
X[m] = cost(ry,r;);Y[m] = j;m =
m + 1; count 4+ +;

1:
2
3:
4: else
5
6

7: end for

8: end if

9: for (P =1 to count)
10: if (maz < X[P]) then
11: NextHop(r;) = ry[p);maz = X[P];
12: end if
13: end for

14: NextHop(r;) = ry(p);
15: end procedure

Lemma 2. The runtime complexity of proposed
algorithm is linear.

Proof- The run time complexity of above algorithm
(refer algorithm 1) is linear. As in algorithm there
are two for loops started at line number 5, 9 and
ended at line number 7, 13. Both the loops are
executed individually and execution of both loops
is up to number of nodes in worst case. So, the
worst case complexity for individual loop is &n),
n represents the number of relay nodes in network.
Therefore, the worst case run time complexity

of proposed algorithm is &(n) + &n) =2 X Gn) =
o(n). a

5 EXPERIMENTAL RESULTS

For the simulation purpose we have used all the
parameters, same as described in (Heinzelman,
Chandrakasan, & Balakrishnan 2000). For the
simulation purpose, we select two different scenar-
ios WSN#1, WSN#2 with size of 300 x 300 and
500 x 500 met* respectively. In WSN#1 scenario,
sink is placed at (200, 100) and in scenario WSN#2
the BS is placed at corner of the scenario i.e. (0, 0).
For the results comparison purpose, DEBR (Ok,
Lee, Mitra, & Kumara 2009) and ESCFR (Liu,
Ren, Li, Chen, & Shen 2012) algorithms are also
executed.

Figures 2, 3 and Figures 4, 5 demonstrate the
comparison of algorithms in terms of data packet
sent in a round and from the figures it is clearly rep-
resented that the performance of proposed algo-
rithm is better than others, because we consider
residual energy and distance to make algorithm
energy efficient in contrast to DEBR and ESCFR
as the cost function of these algorithms only con-
sider remaining energy of node as a parameter.

Figures 6 and 7 demonstrate the energy con-
sumption and from the figures, it is noted that the
proposed algorithm performs better than DEBR
and ESCFR because to make the algorithm energy
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70k i ) -
2 60 -
=
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= S50
2, Proposed
£ 40 — DEBR
2 ESCFR
~ 30r b
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s 20F 1
a

10} L

0k i ] S
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Figure 2. Comparison in terms of data packet sent per
round in WSN#]I.
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Figure 4. Comparison in terms of total data packet
sent in WSN#1.

efficient we consider distance and residual energy
of possible next hop. However both DEBR and
ESCFR only consider the residual energy of pos-
sible next hop as parameter due to which a node
transmits the data to such node which compara-
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Figure 6. Comparison in terms of total energy con-
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tively far away and possibly drains the energy
quickly due to long haul communication.

Figures 8 and 9 demonstrate the comparison of
EEBR, DFBR and ESCFR in terms of inactive
sensor nodes. The proposed algorithm performs
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better than other because EEBR always selects
such next hop which has less chances to act as next
hop as well as has maximum number of possible
next hop.
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in WSN#2.

6 CONCLUSION

In proposed work, we have presented the energy
efficient routing using distributed approach. The
algorithm is energy efficient by considering the
parameter e.g. residual energy, distance and also
tried to select that next hop which has minimum
number of predecessor node with maximum
number of successor node. Moreover, the run time
complexity of proposed algorithm is linear. The
presented routing technique is also tolerate the
failure of next hop, as it is distributed in nature.
Experimentally, it is shown that the performance
of presented algorithm is better than DEBR and
ESCFR. As a future work, we extend the work in
mobile scenario with consideration of Quality of
Service (QoS) parameter.
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ABSTRACT:

h

In this wireless world, there is a challenge for wireless services to give high data rate, qual-

ity of services and security. Worldwide interoperability for microwave access provides these features but
the selection of proper routing as per avail environment is necessary. A lot of routing: Proactive, reactive
and hybrid are there. In this paper, there is an analysis of different routing with possible parameter at

national and international level for future use.

1 INTRODUCTION

WiMax stands for Worldwide Interoperability for
Microwave Access can support both fixed and
mobile wireless broadband having two types: Non
line of sight and Line of sight. Line of sight serv-
ices is just like a transceiver and receiver structure
using antenna, tower etc. Non line of sight services
is like a WI-Fi services having no fixed resources.
LOS is stronger than NLOS for providing higher
frequency.

2 WIMAX REFERENCE MODEL

WiMax reference model is divided into three
parts:

2.1 Mobile Stations (MS)

It is used by end user for accessing service from
BSs.

2.2 Access Service Network (ASN)

Access service network contain one or more than
one BSs. BS is required for providing interface to
all MSs and also manage mobility function, hand-
off (within or out of network), traffic classification,
session management, resource management etc.

2.3 Connectivity Service Network (CSN)

It can provide connectivity with internet and other
networks such as PSTN or corporate network.

3 WIMAX ARCHITECTURE

WiMAX has layered architecture as:
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3.1 Physical layer

This layer allows FDD and TDD for system imple-
mentation. FDD (Frequency Division Duplexing)
uses lot of frequency and cover unlimited range.
TDD (Time Division Duplexing) is required for
short range and less costly. Physical layer sup-
port both half and full duplex (TDD and FDD).
Instead of this, it can encrypt data (scrambling),
reordering of data (interleaving), addition of
information to electronic and optical carrier
(modulation) etc.

UPPER LAYER

CONVERGENCE SUBLAYER

COMMON PART SUBLAYER

PRIVACY SUBLAYER

PHYSICAL LAYER

3.2 Mac layer

It is a package of three sub layers: Privacy sub
layer, Common part sub layer and Convergence
sub layer.

3.2.1 Privacy sub layer

It can perform authentication of two nodes,
encryption of message to be sent and function of
management of keys.

3.2.2  Common part sub layer

This layer can setup a connection, allocate band-
width, Automatic Retransmission Request (ARQ)
and functioning for Quality of services.



3.2.3  Convergence sub layer

This layer provide compatibility with upper layer
for map address from upper layer address to
WiMAX protocols address and maintain TCP/IP
based traffic regulations.

3.3 Upper layer

Upper layer functioning is similar to TCP/IP
layer.

4 ROUTING PROTOCOLS IN WIMAX
Many types of routing protocols can be used by

WiMAX network such as Proactive, Reactive and
Hybrid.

4.1 Proactive routing protocols

4.1.1 Destination sequence distance vector
Mobile Node (MN) has table containing entries
(Dstn, hop, Sq no sent by destination node).
Updation occurs after modification periodically or
event drive. Each mobile node broadcast packet to
neighbor node. Updation can be in full dump or
incrementally.

4.1.2  Wireless routing protocol

It is based on shortest path algorithm. Each MN has
2 to last of shortest path to each destination. Rout-
ing contain distance, route, cost, Retransmission
table. Update occurs, all nodes wait for best path.

4.1.3  Hierarchal state routing

Use location management scheme, divide network
into cluster. Only Cluster head communicate with
each other.

4.1.4 Fisheye state routing
Use fisheye structure. Basic idea is to update only
nearer node instead of far node.

4.1.5 Optimized link state routing

Can deliver packet to a movable node having pre-
dictable speed that neighbor can analyze. It is more
optimized.
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4.2 Reactive routing protocols

4.2.1 Associatively Based Routing (ABR)

It is based on association stability of node. MN
send beacon message to Neighbor Node (NN) for
show existence. NN increment associative tick with
each beacon. Increment in tick shows node is sta-
ble. If MN moves from its location, Tick value will
be reset.

4.2.2  Temporarily ordered routing algorithm

This is similar of proactive method for searching
destination. Use “height” parameter as a distance
b/w responding node and destination. Response of
query provides route table with height to destina-
tion comes from multiple nodes.

4.2.3  Cluster based routing

New MN send hello to Cluster Head (CH). CH
send ‘hello’ to MN. CH maintain all nodes infor-
mation. MN can be a CH if it has bidirectional
links with 1 or more nodes.

4.2.4  Dynamic source routing
Each MN checks route cache before route discov-
ery. Broadcast discovery message, get response.

4.2.5 Ad hoc On demand Distance
Vector(AODYV)

AODV is an improvement of DSDV. Match desti-

nation address, If not same, broadcast it to next.

Reply with similar path.

4.3 Hybrid routing protocol

4.3.1 Adaptive distance vector
Use adaptive mechanism to mitigate the effect of
periodic transmission during changes. MN will ON
receiver flag. Source send packet to active MN, get
receiver alert packet in reverse.

4.3.2 Zone Routing Protocol (ZRP)

ZRP is useful for large span. Each node having
HOP =1 comes under a zone. Proactively maintain
routes table in local region. No blind broadcasting,
use control mechanisms with “cover nodes”.

4.3.3  Sharp hybrid adaptive routing protocol

All MN in zone radius are member of zone, store
their data in central node. Use Proactive method in
zone. If MN not avails, use query-reply method.

4.3.4  Neighbor aware multicast protocol

Use tree structure. It can perform three operations:
tree creation, maintenance, joining and leaving.
Every MN has two hop information. Secondary
Forward List (SFL) having intermediate node
detail for reverse path.



5 PERFORMANCE ANALYSIS IN WIMAX

Performance can be done into two categories:
National and international level.

5.1 At national level

All routing protocols with various perform-
ance matrices like packet delivery, delay, energy,
throughput etc can be analyzed on various simula-
tors by varying nodes, time, and speed/mobility. It
can be concluded as:-

5.1.1 On the basis of nodes

When topology changes from low to high node
densities, AODV is more favorable for throughput,
packet delivery and end to end delay instead of
DSDV [1]. OLSR is better than DSDV for packet
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delivery, end to end delay and throughput [15].
When node increase with CBR then DSR gave
more throughputs, less jitter and end to end delay
[17]. Similarly, OLSR is better than DSR and ZRP
for throughput, end to end delay, and jitter and
packet delivery (Suresh et al. 2013) (Figs. 1, 2, and
3). OLSR is also better than AODV and DSDV
when network is large for successful delivery of
packets (Dubey and Patel 2012). DSR provides
better throughputs, delay and jitter than FSR.
In integration of Wi-Fi and Wimax, DYMO’s
throughput is greater than Bellman Ford, AODV,
DYMO, OLSRv2-NIIGATA, OLSRv2, RIP
(Fig. 4) but more end to end delay (Fig. 6) and jit-
ter (Fig. 5).

5.1.2  On the basis of time

For high load application FTP, BGP is more favo-
rable for throughput than OSPF and IGRP.OSPF
has less end to end delay than BGP (Kaur and
Kaur 2015). AODV provides maximum through-
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Figure 4. Throughput for Bellman ford, AODY,
DYMO, OLSRv2, RIP.
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put than DSDV and DSR. AOMDV provide
maximum packet delivery (Fig. 7) than AODYV,
DSR and DSDV, TORA and less end to end delay
(Fig. 8) with respect to time in on demand multi
path routing (Seethalakshmi and Kumar 2013).

— T

PR T DL PR FUA T

P i

Figure 7. Packet delivery in DSDV, DSR, AODV,
AOMDYV, TORA.
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Figure 9. Throughput for AODV, DSDV, OLSR
according to BPSK, QPSK, QAM.
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5.1.3  On the basis of speed/mobility

According to change in speed, AODV have less
variation than DSDV and OLSR when different
modulation is applied on them. QPSK modula-
tion is better than BPSK and QAM (Abdullah
and Singh 2015) (Fig. 9). Similarly when mobile
node has different speed, path and class, result for
throughput, end to end delay and jitter vary with
various modulation (Hamodi et al. 2014). For high
mobility, DSR is better than AODV and DSDV
but for low mobility, DSDV is not good. DSDV
is best for end to end delay and throughput with
varying mobility model (Rahel and Shukla 2013)
(Figs. 10, 11, 12).

Other parameters that can be analyzed are:-

1. Network Load: In a computer network the load
is a measure of the amount of computational
work that a computer system performs (Mishra
et al. 2015).

2. Media Access Delay: It is the time taken by
nodes in routing to access resources and to
complete services required by them includes all
delays: transmission delay, queuing delays and
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Figure 10. Comparison with Low/High Mobility b/w
AODV, DSDV, DSR in term of End to end delay.

Figure 11. Comparison with Low/High Mobility b/w
AODYV, DSDV, DSR in term of Throughput.

Figure 12. Comparison with Low/High Mobility b/w
AODV, DSDV, DSR in Packet delivery ratio.



delays due to contentions and back offs (Kaur  5.2.2  On the basis of time
and Kaur 2015). DSDV performs better than AODV and DSR for
3. Retransmission Attempts: It is a total attempts  packet delivery and throughputs but with more
done by network for retransmission of packets end to end delay (Fig. 15) (Rasheed et al. 2010).
until it will reach successfully or rejected after
long delay (Kaur and Kaur 2015). 5.2.3  On the basis of mobility
4. Packet loss: In this, sum of corrupted, lost, or ~ OHLAR perform outstanding than AODV and
excessively delayed packets received at receiver ~LAR for maximum packet delivery and less end
end divided by the total number of packets send  to end delay and control overhead (Liao and Jung
by sender side (Hamodi et al. 2014). 2008). ZRP gave better results than AODV, DSR
5. Energy consumption: It can be calculated by = and OLSR for packet delivery ratio (Fig. 16). OLSR
dividing consumed energy by individual node is best for routing overhead and end to end delay
to total energy (Seethalakshmi and Kumar than other but DSR is good in throughput than
2013). AODYV and ZRP ( Figs. 17, 18) (Anwar et al. 2008).
6. Number of Packets dropped: It is a calculation Other parameters that can be analyzed are:
of failed packets that was not reached at desti- . . .
nation within a fixed tme (Seethalakshmi and |- “ireless User Background Work Traffic: It is
Kumar 2013). a calculation of data sent by server node for
7. Channel Utilization: It is the ratio of received

bandwidth out of total bandwidth available at - - -
network (Prasad et al. 2013). o=t | SRR § = |
8. Blocking Probability: It is the ratio of number o ::"" —
of rejected request to the total requests done by £ = - _.—;-:'-"' —4
nodes in routing (Prasad et al. 2013). LV iy R g : 1}
e = ry-—"
e o T .i."' e i
5.2 At international level (=) -

5.2.1 On the basis of nodes )
When nodes increase, DSDV is better than AODY ~ Figure 15, PDF for DSR, DSDV, AODV.
and DSR for packet delivery and less end to end
delay ( Figs. 13,14) (Rasheed et al. 2010). OHLAR
performs outstanding than AODV and LAR
because it can provides maximum packet delivery
and less end to end delay when density of node is
high (Liao and Jung 2008).

Pkl Dalivary Halio
e B B B

o | - | i Madelry o)
e e e - 31—
o | \ S AT R By L HEORRE | Figure 16. Packet delivery for AODV, ZRP, DSR,
- G & [Tee, OLSR.
=) - - T
i o | e bR -4 s8]
Figure 13. PDF for DSR, AODV and DSDV. 5 T s g™ K L
5 b & -
- “5 P J E'—\- 21
el B ] = F i P
i | | 2 :n‘% 'I " L ' - ;
- o 2N ™ \ /
i- | 1 AN A N
| | ey N
g1 { o ® ¥ B & © ® N © ©
-~ i i i Mobaty i)
o Bl - - - - .l - NCRLY RrWT)
()
Figure 17. End to End delay for AODV, OLSR, ZRP,
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background process only instead of any mean-
ing task for example for checking network,
node, and resources availability before routing
(Anouari and Haqiq 2014).

2. Delay: Delay at client as well as at server side
(Anouari and Haqiq 2014).

3. Routing Load: It can be calculated by deter-
mining overhead bytes to delivered data bytes
(Dubey and Patel 2012).

6 CONCLUSIONS

This paper should be very useful for beginners in
the selection of parameter and their effect on dif-
ferent Wimax routing protocols. The most impor-
tant propositions of the paper are detail of routing
protocols with their graph on the basis of three
parameter: Increment in nodes, time and mobility.
This paper also shows work done on wimax rout-
ing done at national as well as international level.
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Cross layer based data delivery mechanism over heterogeneous
wireless networks

A.S. Dhama & S. Sharma
Gautam Buddha University, Greater Noida, India

ABSTRACT: As the number of wireless network user are increasing so do the different type of wireless
network, as a result whenever we receive some data it has to travel through different wireless network.
Therefore a Heterogeneous Wireless Network (HWN) supporting video data will be considered. A Cross
Layer (CR) between data link and transport layer and another CR between network and transport layer
will be suggested to increase the overall throughput of wireless network and also to decrease the overall
packet loss and end to end delay. This paper features Stream Control Transmission Protocol (SCTP)
based video delivery over network. A noticeable improvement in the throughput and in the end to end
delay was achieved while simulating over mechanism over two different HWN. The simulator used here to
implement the mechanism is NS2.

Keywords: Heterogeneous Wireless Networks; NS2; Cross Layer

1 INTRODUCTION second CR is between the network layer and the
transport layer (Dhama S). We propose a queue at
The increase in the number of user using wireless  the transport layer that will be activated in case of
technologies has pushed over existing networks to  congestion and by using CR the packet of network
its limit, therefore whenever we receive data in over  layer will be buffered in the queue. This will result
mobile it had travelled through different network  in the decrease of the packet dropping rate and
using different wireless technologies. The data that ~ energy consumption. In our proposed design the
we receive can be voice, text or video. Video data  received packets are being sent to CR queue at the
require more bandwidth than any other type of  transport layer and after the congestion or when
data that we receive and it is also delay sensitive.  the node finds a new path they are sending back
So to transfer video over a network the throughput  to network layer and restart the transfer of data.
should be high and end to end delay must be low  Apart from these problems there are security issues
and also our bit error rate should be low. The SCTP  which can be overcome by techniques like authen-
has been considered to be a better transport layer  tication with CR approach (Sharma S). Also when
protocol than the existing protocol to transfer video  a packet get dropped even in the ideal condition its
over a HWN (XuC). The route through which our  frame is transported to the higher layer while its
data travel are not very reliable because packet get  parent in the lower layer is missing (Eddine N), so
dropped very often even in ideal condition also the it is useless to carry such frames and these frames
route are unstable because the receiver is most of  will not be included because they increase the bur-
the time in motion. So to counter these many diffi-  den of network. So by not including these packets
culties a CR mechanism is proposed. There are two ~ we will decrease the load of network and increas-
CR between the data link and transport layer and  ing band width efficiency.
second CR between the network and the transport
layer. In first CR (XuC) we will get the frame error
rate from over data link layer and from there we 2 RELATED WORK
will calculate bit error rate. Now according to over
bit error rate we will select or deselect the route. If ~ As we have discussed in our earlier paper (Dhama
bit error rate of that particular route get increased  S) on the basis of past research the following route
due to any reason a queue will be activated at the  failure and congestion can be categorized into flow-
transport layer to store the packets. If the bit error  ing types based on their working principle. One of
rate crossed the threshold than existing route will  the types uses a backup route for all active routes.
be changed and a new route will be considered. The ~ When primary route fails backup route is used.
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The example of this type of protocol is AODV-BR
(Wahi C), but this category suffers from problem
like the maintenance of multipath is difficult, costly
and energy efficiency is less as a result the perform-
ance get effected. Other type uses secondary route to
send the packets (Akintola A. A.). For example in
DSR protocol when congestion occurs, it split traf-
fic and mitigates congestion; this will increase QoS
for the network and as a result the overall main-
tains of network increases decreasing the through-
put. The third type focuses on local recovery. For
example, in case of (Harshada A), a node check the
signal coming from other nodes if signal are low, it
starts a local recovery and finds a new route instead
of sending error message for the transmitting node.
Here neighbor node stores information as a backup
node, due to this the adjacent node keeps the packet
without any reason and at the end more than one
adjacent node can transmit packets after finding the
new route. This results in decrease of network effi-
ciency. The last type is most recent that focuses on
the CR approach. For example a cross-layer design
for resource allocation in (Alima PK.) and RCECD
proposed in (Hassan M. M.). We are proposing a
design using this CR approach which will have a
queue at the transport layer as proposed in (Dhama
S). There are other future aspects of CR (Sharma
S) also by the help of which users can access the
information over different network. We can also
work in field of security (Sharma S) where we can
provide security to our wireless network using CR
(Sharma S). Research in the field of transport layer
protocol (SCTP) has increased in recent year (Stew-
art R). Some have researched in the field of conges-
tion window management (Wallace) and concurrent
multipath transfer (Huang) of the data in HWN.
The research is also being done on SCTP concurrent
multipath transfer and showing its capability for
video transfer as transport layer. Other techniques
like round robin scheduling (Perotto) are used to
transfer the data with lowest transmission time. But
these all focus on the transport layer QoS parameter
they does not make any noticeable difference with
the throughput, end to end delay or packet loss. So
it is hard to use them with wireless network.

3 THE CROSS LAYER TECHNIQUE

The proposed CR approach uses two CR for
transfer of packets in HWN. Here we combine the
data link layer and transport layer and second CR
combines the network layer and transport layer
with each other, hence named CR. At the trans-
port layer we are going to buffer our packet during
route failure, congestion and when bit error rate is
high of a particular route. So in these case nodes
will generate a message that will indicate the prob-
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lem and all respective node will start buffering the
packet in their respective transport layer.

3.1

Figure 1 shows the architecture overview of the
CR design. The sender and receiver are connected
with each other through wirelesslink.

Architecture overview

3.2 Buffering of packets at the transport layer

In our simulation model nodes will act as a receiver
as well as the transmitter, so when it is going to
receive the data, in our CR, the nodes will have a
Transport Layer Queue (TLQ) to store the packets.
Now this TLQ will only be used in case of conges-
tion and it case of high BER when there is no con-
gestion the normal operation will take place, this can
be seen clearly in Figure 2. But when a node detects
congestion or node detects that the intermediate
link between two nodes is broken, nodes will start
using their TLQ to buffer the packet until a new
route is formed or there is no more congestion.
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Figure 1. Architecture Design.
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Figure 2. Interface between transport queue and net-
work queue.



In the above Figure 2 we can see the mecha-
nism of CR. Our interface will have two compo-
nents, receiver interface NT (network to transport
layer) and TN (transport layer to network layer).
Our first interface NT receives packet from the
network layer queue and transfers the incoming
data to TLQ, NT only works in case of route fail-
ure, congestion and high BER. In second case the
packet from transport layer is transferred from
transport layer queue through TN interface that
will on getting the information that congestion is
over or in case of rote failure that a new route is
found, TN transfer will send the data to network
layer queue. Let us take an example that there is a
route which has two intermediate nodes C and D.
Now take a condition that the link between both
the nodes is broken. Now C will detect that the
link between both of the nodes is broken, so it will
start buffering the packets from the network layer
to transport layer queue, and C will send a message
to other nodes that the route is failed and a RF
(route failure) message will be sent. Now as soon as
other nodes get the RF message they will also start
buffering the packet to their transport layer queue.
Now all the source will stop there transition and
wait for the new route notification message. Now if
node C finds a new local path it will send a message
New Route (NR) to all the nodes. After getting this
message all the nodes will send data through TN
interface to the network layer queue from their
respective transport layer queue and after that
normal operation will begin. This mechanism will
decreases packet dropping rate. If no new route
is found node C will send a No New Route mes-
sage (NNR). The source node on receiving this will
start a new route discovery. The procedure to start
a new route will be same as finding the route first
time, the source node floods the RREQ (Route
Request) packet all over the network in case of not
finding the destination node. After that from the
single RREQ it may receive many (RREP) route
reply. A route reply carries the source identifier, the
destination identifier, the source sequence number,
the destination sequence number, the broadcast
identifier and the time to live field. Based on the
number of hop count and time to live the source
node will reply with ACK (Acknowledgement)
packet and then data packets will be sent. After all
packets will be sent the destination node will send
an ACK packet.

3.3 BER calculation at data-link layer

The calculation of BER at the physical layer require
bit by bit comparisons of all the frames which is
very complex so we will use the FER at the data
link layer instead. The frame error rate can be cal-
culated as follows:
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FER = (error frame/total frame) (1)
where error frame are lost frame and total frame
are total frame send by sender. Now BER can be
calculated [13] as:
FER =1-(1 - BER)* 2

Here L is defined as the number of bytes in a
data frame. From equation two we can find the
value of BER. From here we can get the bit error
rate of a particular path and according to the BER
we can change the path of that route. If the BER
of a particular route has increased due to known
or unknown reasons we can activate the queue at
the transport layer by comparing the value of BER
to a threshold value or a pre-defined value. By
doing so we can save the packet loss and thereby
increase the throughput.

3.4 Detection of congestion level

Our CR design detects the congestion so that at
time of congestion the packet can be buffered in the
transport layer queue. At each intermediate node
we measure the amount of data that is in queue of
the network layer, on the basis of this information
we measure the level of congestion and according
to this the action are taken. A two bit flag is used
in both the packet; the packets are data packets
and the acknowledgement of data packet. This is
known as congestion level CL flag. The value of
our flag is measured on the basis of the Table 1.
To determine the congestion we set minimum
and maximum threshold, Qmin and Qmax, respec-
tively, for the data present in queue by as follows:

3)
“)

Qmin = 0.4 x Qsize;

Qmax = 0.9 x Qsize;

If the current size of queue is less than Qmin,
then we can say that there is no congestion, if
the queue size is greater than Qmin but less than
Qmax, then it is light congestion, and if packet
length exceeds Qmax, then there is congestion. We
introduce another parameter Qwarn, for warning
stated below:

Table 1. Congestion notification (Cl).
Value of CL Congestion level
00 No congestion
01 Light congested
10 Heavy congested
11 congested




Qwarn = w x Qsize; 5)

where w is a weight factor, we choose w = 0.8. We
then calculate average queue occupancy of a node
after every certain interval using exponentially
weighted moving average formula as follows:

Qavg = (BER) x Qavg + Qcurr x o 6)

where o is a weight factor and Qcurr is the current
queue size. Now, on the basis of the value of Qavg,
the value of CN flags is as follows:

¢ if Qavg < Qmin then CN = 00

e if Qavg> = Qmin and Qavg < Qwarn then
CN =01

o if Qavg> = Qwarn and Qavg< = Qmax then
CN=10

e if Qavg > Qmax then CN =11

There can be a one more case where the queue
size of transport layer and network layer queue is
full and in the meantime if No New Route is found
node will send a no new route message (NNR).
The source node on receiving this will start a new
route discovery. So we can say that the threshold
to determine failure of the route will be the queue
size of transport layer and when TLQ queue size
is equal to packet queued during congestion then
route is fail. On the basis of above calculation we
can make a congestion control mechanism as given
below in Table 2.

4 PERFORMANCE EVALUATIONS

We have evaluated our performance on three
parameters that are the throughput, end to end
delay and packet loss by our network. To evaluate
result we have shown the graphs against the proto-
col that have the proposed mechanism to the one
that does not have the mechanism.

4.1 Simulation setup

The simulator used here is NS2. To simulate a hetero-
geneous network we have chosen two different wire-
less technologies. The two different technologies are
the IEEE 802.11 and IEEE 802.16. The receiver trav-

Table 2. Action taken by node in case of congestion.

Congestion level Action by node

No congestion Normal operation

Light congested Do no send RREQ
Heavy congested Warning message to sources
Congested Enable TLQ

els from the first network to the other network while
sender and the receiver remain constant. So there
will be over all two different paths by which data will
travel. The path parameter is given in Table 3.

After getting the results we can see the difference
between the throughput of our CR approach and
traditional approach, the one that does not include
the CR approach. In the simulation scenario, we
have considered square area of size 500% 500 m?,
where 16 random moving nodes. The time for our
simulation is 80 s. Nodes with transmission range
of 250 m. Our source node will send random mes-
sage at constant interval of time. By this we can
check the connectivity of link. Table 4 gives the
simulation parameters.

4.2 Simulation results

From the analysis, discussion and the simulation
results shows that our proposed approach perform
better than the one without CR.

In Figure 3 we can see that end to end delay of
proposed solution in low than that of normal solu-
tion. We can see that there is a spike in the delay at
the starting of the simulation but as the queue starts
buffering the packets the delay decreases because
our mechanism not only stores the packet but also
finds the new route if BER is high of that route.

In Figure 4 we can see that packet loss of pro-
posed solution in nearly zero whereas the packet

Table 3. Path_parameter_in_the_simulation.
Parameters Path_A Path_B
Wireless __technology IEEE_802.11 IEEE_802.16
Access__bandwidth 2 Mbps 10 Mbps
Access_link delay 10-20 _ms 10-20 _ms
Access_queue_limt 50 50

Table 4. Simulation parameters.

Parameter Value

Network area 500 m*500 m
Number of nodes 21

Number of sources 1

Transmission range 250_m

Transport layer protocol SCTP

MAC layer protocol IEEE_802.11/802.16
Control packet size 100_bits
Bandwidth 10, 2 Mbps

Data burst size 2_Mbytes/flow
Packet size 512_bytes
Propagation model Free space
Weight factor 0.20

Simulation time 80s
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Figure 3. Packet delay at the receive comparession
between solution and normal protocol with Access band-
width of 2 Mbps.
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Figure 4. Packet loss at the receive comparession
between solution and normal protocol with Access band-
width of 2 Mbps.

loss of normal protocol is not nearly zero. We can
see that there is a approx. no packet loss in our simu-
lation because we have super cross layer here which
activate as network layer starts having congestion
or BER of increases. The decrease in the packet loss
helps the overall increase in the throughput.

In Figure 5 we can see that throughput of pro-
posed solution is higher than the normal solution.
Our throughput is high because our packet loss is
very less as well as the delay. The queue in the trans-
port layer plays a very important role in this because
of the buffering of the packet which gets delivered
for sure thereby increasing the throughput.

In Figure 6 we can see that packet loss of pro-
posed solution in nearly zero whereas the packet
loss of normal protocol is not nearly zero. We can
see that there is a approx. no packet loss in our simu-
lation because we have super cross layer here which
activate as network layer starts having congestion
or BER of increases. The decrease in the packet loss
helps the overall increase in the throughput.

In Figure 7 we can see that end to end delay of
proposed solution in low than that of normal solu-
tion. We can see that there is a spike in the delay at
the starting of the simulation but as the queue starts
buffering the packets the delay decreases because
our mechanism not only stores the packet but also
finds the new route if BER is high of that route.

I
N
&

Throughput (Path A)

o
Ny

e
&

o

—2Mbps Normal
—2Mbps solution

Average throughput(Mbps)
&

o

0 1 2 3 4 5 6 7 8 9 10
Simulation time(sec)

Figure 5. Throughput at the receive comparession
between solution and normal protocol with Access band-
width of 2 Mbps.
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Figure 6. Packet loss at the receive comparession
between solution and normal protocol with Access band-
width of 10 Mbps.
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Figure 7. Packet delay at the receive comparession
between solution and normal protocol with Access band-
width of 10 Mbps.

In Figure 8 we can see that throughput of pro-
posed solution is higher than the normal solution.
Our throughput is high because our packet loss is
very less as well as the delay. The queue in the trans-
portlayer plays a very important role in this because
of the buffering of the packet which gets delivered
for sure thereby increasing the throughput.

In the above given results we have divided the
result in two main part. Fig. 3, Fig. 4 and Fig. 5 are
of path A where we have taken Wireless technol-
ogy IEEE 802.11 and access bandwidth of 2 Mbps
on the hand path B uses Wireless technology IEEE
802.16 and result are shown by figure Fig. 6, Fig. 7
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and Fig. 8. In the above results we have compared
the normal protocol with the modified one.

5 CONCLUSION AND FUTURE WORK

Our paper proposed a congestion aware reliable
data delivery mechanism over heterogeneous wire-
less network using two CR between transport layer
and network layer and second between the data
link layer and transport layer. The transport layer
protocol used here to transfer video data is SCTP.
This paper focus on the network layer where we
have proposed a queue that stores the packets from
network layer at the time of congestion or failure of
route. So a CR design is introduced between these
layers. Our design get activated only at the time of
congestion or failure of route, upon the discov-
ery of any of these two factor the packet that are
being received by node are transferred to the TLQ
and after resolving the problem the data in queue
in transferred to network layer queue and normal
operation begin. This has increased our through-
put as shown by result at different bandwidth. For
future work we can transfer the data using concur-
rent multipath transfer SCTP where same data is
sent through different paths at the same time and
we can also employ the CR design at the receiver.
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Simulation and analysis of OCDMA system using fiber bragg grating

technique
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ABSTRACT: Tremendous growth of communication accelerated the access network capacity by widely
deployment of broadband solution and the consequent increase in internet traffic which has motivated
the need of new technology. This trend is instrumental to the high increment of number of users in net-
work communication. In this paper, we present a design of optical spectral coding scheme for OCDMA
communication. These OCDMA codes have been designed in the Fiber Bragg Grating (FBG) with appro-
priate encoder/decoder scheme. With this scheme, an intended receiver will discard all interfering signal
from intending users and obtain orthogonality between users with OCDMA. However, there may be
degradation in the network by Multiple Access Interference (MAI) effects which is induces by non-ideal
FBG coders that lead to reduction in average error probability in the system performance. Simulated sys-
tem shows the signature codes for six users with data rate of 200 Mbps. The performance is analyzed by
comparing transmitter and receiver signal for the intended user.

1 INTRODUCTION
Data access security, bursty data transmission
and connectivity to abundant bandwidth are main
forces that generate interest in OCDMA tech-
niques to transport information from one place
to another. Multiple users can access asynchro-
nously on same optical fiber with no delay with
OCDMA technique (J. A. Salehi. 1989). There are
many methods to achieve passive OCDMA which
include optical orthogonal codes and modified
prime sequence codes through Phase/amplitude
masks employing spectral coding OCDMA sys-
tem has an important role in high speed commu-
nication which not only allow increased number of
users and simultaneous communication subscrib-
ers in a network, improving the performance of the
network, but also simplify the network control and
management, reducing processing time and allevi-
ating the complexity and cost of hardware imple-
mentation (Vincent J. Hernandez et al. 2005)-(J.
Faucher et al.). A unique signature code is assigned
to intended user and that code will be modulated
by the data of corresponding user. All the users of
the network combine signals and transmitted on
a single optical fiber and broadcast to each user.
A block diagram of OCDMA system that most
commonly used, is shown in Figure 1 and a basic
diagram of multi-user shown in Figure 2.

The proposed OFDMA system is based on
fiber Bragg grating to control the incoherent opti-
cal broadband signals by using On-Off shift key-
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Figure 1. Block diagram of OCDMA system.
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Figure 2. OCDMA transmission for N number of
users.

ing with data (M. Kavehrad and D. Zaccarin.
1995)-(K.O. Hill and G. Meltz, 1997). Decision
of reflected and transmitted components from
the —high or —low frequency chip band is done
by accurate spectral filtering of FBG. Here, FBG
decoder is configured to overcome the MAI effect
on by pseudo orthogonal codes. We establish an
optical network by assigning N number of cycles of
M number of sequence signature codes to N users.
The spectral frequency pattern are determined by
Signature code for the intended user that are cen-
tered about the grating frequencies. The ability to



Table 1. Signature codes for three users.

Users Number Signature code

1 FBGI1 + FBG3
2 FBG2 + FBG3
3 FBGI1 + FBG2

decode the signal with decreasing MAI depends on
number of users.

2 DESIGN OF CODE

Simulation of OCDMA network has been done for
three users at 200 Mbps and 1550.1 nm frequency
for FBG. If data is send by user no 1, then userl
and user2 are ON and user3 is OFF.

All the transmitted signals are multiplexed by
the combiner and send through 10 Km optical
fiber. Decoding is at receiving end, photo detectors
are used to decode the signal with low pass filter
by keeping user1 and user2 off. Similarly, signature
code for 7 users can be given as in Table 2.

The desired input signal can be received by
obtaining autocorrelation and cross correlation
of the received OCDMA signals which reduced
the MALI effect. The autocorrelation of the code
should high and the cross correlation value should
low as possible.

The signature code given by code vector Z ,

Y ATV /R R — ) (1) where N = length of the code
Zine {01} for 0<n<N-1

The spectra of received signal (r) can be express as

r= Zﬁz, akZk 2 where a;€ {0,1} fork=1.2,.........

Table 2. Signature codes for seven users.

length for seven users. Figure 4 shows the block
diagram of encoder for userl in which four FBGs
at different wavelengths, spacing of 0.5 nm are
used to extract the signature code for each user.
Similarly, Figure 5 shows the decoder for user] in
which four FBGs are used to achieve the transmit-
ted signal.

Subsystem: Decoder 10101010 | Sweep Iteration: 1/1

Uniform Fiber Bragg Grating 7
Frequency = Waveldnathd nm
Bandwidth = bandwidfh nm

Uniform Fiber Braga Grating 8
Frequency = Wavelengthd nm
Bandwidth = bandwidth nm

Uniform Fiber Braga Grating 5
Frequency = Wavelength2 nm
Bandwidth = bandwidth nm
Uniform Fiber Bragg Grating 4

Frequency = Wavelength! nm

Bandwiith = bandwidth nm

Encoder

Sutsystem: Ercocer 10101010

[Seses teator. 17

Decoder

Optical power splitter is used on each output
port which equally splits the incoming signal
on each receiver’s end. Seven users multiplexed
their signature code into the fiber and decoder
matched the received code to any of the seven
transmitters. The received code intended to par-
ticular user is selected and Multiple User Inter-
ference (MUI) is rejected. Hence, degrading of
MALI is achieved.

Users Address Transmitting
Number Sequence Data Bit Bit

1 1010101 0 10101010

2 1100110 0 11001100

3 1001100 1 10011001

4 1111000 0 11110000

5 1010010 1 10100101

6 1100001 1 11000011

7 1001011 0 10010110

3 SYSTEM SIMULATION

Figure 3 shows schematic of FBG based OCDMA
system at 200 Mbps data rate and 10 Km fiber

Figure 3. FBG based OCDMA system.
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4 RESULT

FBG based encoding and decoding OCDMA sys-
tem has been revealed for seven users at 200 Mbps
data rate. Figures 4-10 shows the simulation results
of transmitting signal, signature code and received
signal for each user. The intended user can match
the output signal with the input one by achieving
high autocorrelation value. Hence MAI and trans-
mission impairments can be degraded at a satisfac-
tory level. The results show that the performance of
the OCDMA system depends on number of users,
data rate and length of the optical fiber. As the
number of users increases, the received signal dete-
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riorates and the matching of the signal become dif-
ficult which further results in increment of MAI.

The comparison of Quality Factor vs. length of
the Fiber is shown in Figure 11. It has been ana-
lyzed that Quality factor decreases with the incre-
ment of the fiber length. Here, we also observed
that Quality factor at 200 Mbps data rate is more
than at 300 Mbps which shows that as the data rate
increases, quality of the signal decreases.

The comparative results between BER and fiber
length are shown in Figure 12 and Figure 13 for data
rates of 200 Mbps and 300 Mbps. The graphs can
be analyzed that User?2 is affected much than Userl,

(a) Transmitted (b) Signature (c) Received
signal code signal
Figure 8. For UserS5.
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Figure 11. Quality factor vs. Fiber length.
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when data rate is increases from 200 Mbps to 300
Mbps. Also, it can be analyzed that BER is much
more in case of data rate of 300 Mbps. When data
rate further increased, BER becomes dominant and
the data may distorted. Therefore, MAI increases as
the data rate and number of users increases.
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A comparative difference can be seen from
Figure 14 and Figure 15 between Quality factor
and number of users for data rates of 200 Mpbs
and 300 Mbps. As the number of users increases,
received power weakens and continuously dete-
riorates as the fiber length increases. Moreover,
the quality factor diverted more at data rate of
300 Mbps than at 200 Mbps.

5 CONCLUSION

An OCDMA system based on FBG is presented
in this paper for asynchronous transmission. The
design and analysis of OCDMA system shows sig-
nificant stability and scalability improvement with
vulnerable degradation in MAI. These interference
problems are produced because each user occupies
different wavelength distribution. This system sup-
ports seven simultaneous users and gives accept-
able signature codes. The transmitted code can
be recovered with less MAI effect through proper
encoder and decoder configurations. This system
can be used for low data transmission with at a
very low expense.
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ABSTRACT: Satellite communication subsystem is one of most important subsystem which is responsi-
ble to earn the revenue for the satellite designer. The revenue obtained by selling the total channel capacity
is used to pay the whole cost of satellite. So it is one of important research field to improve the communi-
cation channel capacity within available limited resources (limited power). If the satellite communication
subsystem adopts the Multiple Input Multiple Output (MIMO) technology’s features it is sure that the
communication channel capacity as well as energy efficiency will improve. The satellite MIMO commu-
nication subsystem will have high data transmission rate, high channel capacity, more energy efficiency,

diversity.

1 INTRODUCTION

A satellite communication subsystem provides
channel for data transmission the data may be
audio, video or any other signal format, to users
thus it generates revenue for satellite designer. So
one should think about to increase channel capac-
ity without increasing the power consumption.
To improve the channel capacity many successive
satellites are introduced with large capacity, lower
cost but the number of users are increasing day by
day need more channel bandwidth and higher data
transmission rate. So transponders are used with
communication satellite to full fill user demand.
Early transponders of 250 or 500 MHz were used
to provide bandwidth at 6GHz uplink and 4GHz
downlink. Further satellites use the transponder
which provides more bandwidth at 14/11GHz.
For more improvement in channel capacity, band-
width and signal to noise ratio there may be com-
bination of MIMO with satellite communication.
The satellite designer may inherit the properties of
MIMO technology in the design of transponder.
Thus it may provide more bandwidth within lim-
ited resources. In satellite MIMO communica-
tion subsystem the available bandwidth can be
used very efficiently without any more additional
power requirement and with high signal to noise
ratio. Because the MIMO supports very impor-
tant feature that is Diversity. Diversity means
‘link reliability’. There are multiple paths between
earth station and the satellite transponder uplink
antennas. By using MIMO the system will able
to choose most efficient (bandwidth, power) path
to transmit/receive the data due to link reliability.
Thus the path having highest SNR will be chosen.
So there will be maximum utilization of available
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bandwidth at minimum power consumption. Basi-
cally MIMO in based on Beam forming, spatial
multiplexing and Diversity coding.

2 MIMO SATELLITE COMMUNICATION
SUBSYSTEM DESIGN

MIMO satellite communication subsystem design
is based on design of transponder. The transponder
design (Fig. 1) contains uplink antenna, LNA (Low
Noise Amplifier), BPF, Down converter, BPF, IF
(Intermediate Frequency), up converter and HPA
(High Power Amplifier). The LNA gives high out-
put power and removes noise from upcoming data
stream. BPF is used to remove unwanted signals.
Further down conversion process is done. An IF
amplifier is used for further operation. A up con-
verter is used to upgrade the output of IF ampli-
fier. HPA is used to provide redundancy. This is
major component to provide life to satellite. Most
HPAs have very large bandwidth than the allocated
frequency band so it able to amplify the signal.
And the last component is the downlink antenna.
In MIMO satellite communication subsystem the
both ends may adopt the properties of MIMO to
increase the channel capacity, data rate and high
SNR.

3 MIMO CHANNEL CAPACITY

This fig shows the relationship between the chan-
nel capacity and signal to noise ratio. The black
line shows the relationship in capacity and SNR
for a SIMO system which is very less as compare to
MIMO system. There are three different cases of



MIMO in order of number of antennas are used.
The red line shows MIMO system having 2 x 2
antennas. The green and yellow line show MIMO
system with 3 x 3 and 4 x 4 respectively.

Thus it can be easily say that increment in
the number of antennas will improve the capac-
ity as well as SNR. One can use these properties
in satellite transponder to provide much larger
bandwidth.

In this Fig. the black line shows the results of
SISO system which is very low. Blue and purple
shows the results of MISO for 2 x 1 and 3 x 1
antennas. It shows that 3 x 1 MISO has high
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Figure 1. Simplified double conversion transponder for

14/11 GHz band.
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capacity and SNR. The red and green line shows
the results of MIMO system MIMO capacity is
increasing by increasing the number of antennas
and there is also increment in the average SNR.

Fig. 3 shows the relation between SNR and the
data transmission rate. It shows that the increas-
ing number of antennas (MIMO) gives higher sig-
nal to noise ratio which provides very low fading
environment and thus gives very high speed data
transmission rate. The MIMO system supports
the unique feature called diversity. In which the
data is to be transmitted from transmitter chooses
the most efficient path (high SNR, low fading).
Thus it increases the over all channel capacity
which is the main task of satellite communication
subsystem.

MIMO Capacity

Capacity (bit/s/Hz)

Figure 3. SISO Vs MISO Vs MIMO capacity.
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Figure 4. Energy efficiency and Spectral efficiency of
MIMO system.



4 ENERGY EFFICIENCY AND SPECTRAL
EFFICIENCY OF MIMO SYSTEM.

This Fig shows the results that the increment in
the number of antennas always gives higher spec-
tral efficiency as well as higher energy efficiency.
In this Fig the purple line shows the results when
single antenna used which is very low. The green
line shows the value of EE (Energy Efficiency)
and SE (Spectral Efficiency) when 100 anten-
nas are used. And red and blue shows the high
EE and SE.

5 FUTURE SCOPE

Traditional satellite communication subsystem
can be replaced by MIMO satellite communica-
tion subsystem. This will provide high data trans-
mission rate, diversity, high channel capacity and
low power consumption. And thus there will be
increment in revenue generated by selling the
channel.
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6 CONCLUSION

This paper highlights that the all cost of satellite
earned by the selling of channel capacity which is
generated by the transponders. Transponders are
the major part of the communication subsystem.
This paper shows if the designer implements the
features of MIMO in communication subsys-
tem then the channel capacity and data rate will
improve which will generate more revenue.
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Energy efficient heterogeneity overlap sensing ratio

Sandeep Sharma & Amit Shandilya
Gautam Buddha University, Greater Noida, India

ABSTRACT: In wireless sensor network directional and Omni-directional mobility have the ability to
sense the region of the directional sensor node. It also provides a better efficiency effect on the cover-
age enhancement. Mobility or movable ability can overcome the coincided field of views and void areas
occurring for the duration of the initial positioning. These are created on the random wave point measur-
ing device or sensor model, used to estimate the performance of sensor nodes. Through the experimental
results, in projected algorithm we will merge the overlap-sense ratio (OSRCEA) with enhance coverage
overlap-sense ratio in Monte Carlo simulation (EEHOSR-—MCS) in a direction to improve the network
connectivity and the coverage ratio of the sensored area. Our lower energy shifting propagation loss
model comprises of path loss function with randomly distributed shadowing, independent across with
AWGN channel, which is simulated in MATLAB 2012a.

1 INTRODUCTION

In the field of wireless sensor network, the presen-
tation of an MSN (Multimedia Sensor Network)
is strongly associated with the position of separate
combination sensors. In specific, alignment of a
discrete multimedia sensor (way of its identifying
element) is most significant for the sensor network
used in the instruction to capture the complete net-
work of the field. This is done to achieve the allo-
cated detecting tasks positively. Nodes, by virtue of
their position, have to cover and confide the net-
work area to specific point locations, also known  Figure 1. The directional sensing model of maximum
as the complete mark sensing zone. The method  directional area coverage.

is used by an associated network over multi-hop

wireless infrastructures. In a system, the sensors 1. In wireless sensor network each parameter of

can be classified as directional and omnidirectional sensor is uniform. These include sensing radius,
sensors. Omnidirectional sensors can correspond- communication radius and sensing angle.

ingly identify the nearby situation with their omni- 2. Every indicator sensor can intellect one frac-
directional projections. On the other hand, the tional of Omni-direction angle only.
Omni-directional sensors in the field of the direc- 3. All directional sensors are secure and can
tional sensor have a restricted collection of sens- exchange random viewpoint regarding the sens-
ing and communication abilities; meanwhile, it can ing area.

perceive only a particular field of an idea in a nar- 4. The message or communication range is dou-
row way. A decent amount of applied directional ble than the identifying ranges such that sensing
sensor nodes is now accessible in the real time, neighbors can dependably connect.

including cameras, electromagnetic and ultrasonic
sensors (Wang, Z et al. 2009). In the field of DSN,
the communication zone of a measuring device is a
segment rather a disk. Directional sensors progress ~ As sensors yield their places on wireless nodes,
the feature of sensing and scale the interfering and ~ omnidirectional identifying range senses the sup-
disappearing, which in turn, improve the system  position losses processed meaningfully. A charac-

1.1  The sensing coverage

shown, by way of the network period. teristic coverage sensor has is a sectoral insight and
Demonstration of the directional sensors &  gets strongly affected by nearby obstacles. Multi-
their characteristic of: sensors, such as a controlling multi-dimensional.

237



In this work, the assumption of sensors nodes
have a secure lenses only if field of vision with
angle O, and they can only regulate their FoV. The
use in terms of “sensors” for easiness to signify
wireless sensors including MCS and OSR sensors
consuming directional view. Each node is prepared
to study its position evidence via any weak node
localization method for WSN (M. A. Guvensan
and A. G. Yavuz, 2011).

1.2 Network lifetime

In the wireless network, we identified that most
Sensor nodes suffer due to its partial battery power
volume. If sensor nodes are smaller in size than
present batteries, nodes of sensor do not last as
extensive as preferred. Then maneuvering sensor
nodes have various occupied instructions, rotat-
able powered project is compulsory to use all
engaged directions. Indeed, physical program con-
sumes considerable extra power than other actions
(Kansa et al. 2007). So, tangible accomplishments
like revolving a sensor node about it reduce or
affecting it to an alternative location should be well
deliberate to reduce the energy feeding.

1.3 Additive White Gaussian Noise (AWGN )

The Additive white Gaussian noise is a sound fre-
quency. It is a simple model of the imperfections
that a communication channel consists of the dis-
turbance caused by the Thermal noise is modeled
as Additive White Gaussian Noise.

This sound frequency is decent for cable and
profound space communication but not for experi-
enced communication in multipath, land obstruc-
tive and interfering.

AWGN is used to pretend contextual noise
(sound) of channel. In time domain the noise gets
added in the transmitted signal so the established
signal can be represented as—r (t) = s(t) + n(t),
wherever s(t) is conveyed signal and n(t) is con-
textual noise (sound). C AWGN = W log2 (1+P/
NO W) bits/Hz.

360
o

(a)

(b)

Figure 2. Design of 2 (a) and (b) dimensional field of
view of a software sensor node, where « is the perpen-
dicular angle to the border edge of FoV, © is the FOV
top angle, and Rs is the supreme software sensing range.
Sensors that can sense a directional view, typically called
Field of View (FoV).
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2 PROBLEM STATEMENT

In WSN, the analysis of coverage issue is the fore-
most concern of the entire network. The problem
of Omni-directional sensor networks has intensively
been deliberated in the previous decade (Friis, H.T.
1946) In this part, we discuss the primary approaches
for coverage development in omnidirectional sensor
grids. Similarly, coverage difficulties in DSNs need
more precise explanations since maneuvering sensor
nodes prepared through ultrasound, electromag-
netic and audiovisual sensors may affect in various
instructions. Manipulating mobility ability of those
nodes is one of the simple solutions. A casually
organized Directional sensor network; the power
can be overlay zones and blocked areas after the ini-
tial positioning. A DSN through motility corrects its
occupied position beside x, y, and z-axis. Therefore,
the node delivers them through a new FoV deprived
of affecting to a unique position. This novel direc-
tion points towards an entirely improved coverage
by (i) minimizing overlapped regions and (ii) if an
occlusion-free field of view.

The accessible explanation for the coverage issues
movement is slightly better than motility because of
its insignificant rate and less energy feeding.

(Y. Mohamed and K. Akkaya, 2008) Subse-
quently, a directional sensing node preserves its envi-
ronmental location whereas correcting its Field of
View; the node does not need another driving device
or GPS device. This efficiently reduces the entire
manufacture price of the sensing node. Simulation
results display that the best point for the positioning
price and the coverage development relation can be
attained by making use of a certain number of inac-
tive, motile, and mobile nodes. Therefore, it proposes
an EEHOR-MCS to enhance the area coverage. This
research aims to exploit the space coverage of a ran-
domly located DSN. The issue of occupied direction
forecast to cover best areas, also known as Maximum
Directional Area Coverage (MDAC) is complex. We
define the directional sensing ideal and schemes for
the Maximum Directional Area Coverage (MDAC)
problem. In DSN model, every directional sensor
cannot sense the complete spherical zone.

Channel
TRx Signal =k-/‘
y'y
AWGN noise (sound)
Figure 3.  AWGN channel (frequency).
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3 SYSTEM MODEL

Viewing targets or sensing area grid of weak nodes,
the FoV (field of view) of sensor nodes might over-
lay. In other words, when the field of view of two
or multiple nodes crosses, the same object observed
by more than one visual sensor, frequently from
diverse directions and standpoints. In such a proc-
ess, requests can describe severance built on the
field of view overlaying. In the meantime measur-
ing device with overlay identifying areas considers
the same objective, but from different viewpoints.
Therefore, they don’t save same information.

4 PROPOSED IMPLEMENTATION

1. The segments for lower energy node consump-
tion formulation & 2 categories of important
things to estimate the k-coverage probability in
a network with log-normal investigation (how-
ever the shadowing distribution can be slightly
random and without coverage sensing area of
higher energy shifting nodes.

2. Sensors node uses quadrature technique or a
modest analytic formula for coverage sense with
advance node energy.

3. The new composite high-dimensional uses
inquadrature approaches for low dimensions
and quasi-random integration for higher (n > 2)
computes coverage probability for a network
with Rayleigh fading (exponentially circulated
with unit mean) and log-normal shadowing.

4. We present a modification of variables moti-
vated by the dimensional spherical coordinates.

4.1  Algorithm for EEHOR-MCS

. Find neighboring sensors nodes in grid;

. If dead node occurrences;

3. Shift advance node due to dead node in
another grid or area;

4. Set parameter for state = 1

. While (overlap == 1)

6. Calculate OSR;

DN —

9]

7. The Nodes are overlap optimal angle accord-
ing to the rotation angle function
8. If (network is equilibrium)
9. Overlap =0;
10. End
11. End
12. Calculate OSR;
13. While (OSR> = predefined threshold)
14. Calculate priority;
15. If (priority is highest)
16. State =0;
17. Send state information to its neighboring
sensors
18. Else
19. Calculate OSR;
20. End

5 RESULTS AND DISCUSSIONS

In this part we show the outcome of the proposed
(EEHOR-MCS) algorithm, with the using of Ran-
dom approach in terms of each sensor being excel-
lent in sensing track arbitrarily.

In Figure 6 sensor area predict the minimum
energy node which is executing towards low or
dead.

In Figure 7, higher energy node is shifting
towards weak node in the void grid or single sen-
sor node in a network.

In Figure 8, when higher energy node shifts
towards weak node then network updates the
shifted position.

In Figure 9, after updating entire network, it
views like hexagonal grid. The position of node
changes to avoid any kind of intrusion.

In Figure 10, average energy of nodes in
EEHOSR-MCS is higher in comparison to
Energy of nodes in OSRCEA for the same round
numbers.

Table 1. Simulation parameter.
Simulation parameters Values
Network of field size (area) 200*200
Number of sensor nodes (N) 100
Number of advanced nodes (an) 0.2
Number of normal nodes(nn) 0.8
Energy of a normal node (E,) 0.5
Location of the dual base station X, Y
Sensor network deployment type Random
Simulator software Version 2012a
Mobility model Random
wave-point
Sensing range 100
Grid radius 3.5
Fading AWGN
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In Figure 11, the coverage ratio is getting
improved with respect to time-step at initial stage to
gain better improvement when coverage increases
in response to time as compare to Grid Based Data
Aggregation (GBDAS).

In Figure 12, as per the graph, the EEHOSR-
MCS shows the less failure probabilty as compared
to existing techniques (OSRCEA,VCFECA).

6 CONCLUSIONS

In this paper, we worked on the grid based enhance
coverage ratio with overlap sensing connected to
associated coverage in directional WSNs. Specifi-
cally, we investigated the dead node problem. Fur-
thermore, we proposed the Enhanced Coverage
Overlap Sensing Ratio (EEHOR-MCS) method,
created on the dimension of an overlay area among
directional sensors. The experimental outcomes
prove that our planned procedures outperformed
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for the coverage enhancement and overcame the
dead node occurrence.

Impending work will focus on merging the algo-
rithm with an energy consumption model to give
deliberation to both coverage and lifetime per-
formance in mobile and direction-rotatable direc-
tional sensor networks.
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On energy-spectrum efficiency trade-off in 5G cognitive radio system

Sandeep Sharma & Anupam Kumar Yadav
Gautam Buddha University, Greater Noida, India

ABSTRACT: Cognitive Radio (CR) is a technique which makes use of radio spectrum in a more efficient
way by intelligently exploiting licensed spectrum. In cognitive radio cellular networks, we combine cellular
radio and cognitive radio into a system for fifth generation cellular systems. Cellular radio resources also
known as licensed band, they have small bandwidth, high transmission power and high reliability. Whereas
cognitive radio also known as unlicensed band and have broad bandwidth, low transmitting power and
low reliability. In this research paper our challenge is to jointly utilize both the bands to increase the
system performance. We will also perform EE and SE trade-off in CR Cellular networks at different
architecture levels. For future cognitive cellular networks, we have illustrated four different examples for

SE and EE trade-off using Matlab R2015a.

1 INTRODUCTION

There is increase in number of smart-phones, lap-
tops and PDAs every year, which have different
Quality of service requirement like web browsing,
faster internet, multimedia downloads etc. So we
have started research on fifth generation technology
for wireless communication in order to meet there
increasing demand. This fifth generation cellular
technology is expected to be deployed beyond 2020
C.X Wang (2014). According to a survey economy
of the world can be improved by proper utilization
of Information and Communication Technology
(ICT) advancement. It will also allow easy and fast
access to the technology (2012). Advancement in
the field of wireless communication technology has
improved ability of people to communicate over
long distance in both commercial and social aspect.
1G cellular network was analog system, invented
during 1980s with working frequency of 150 MHz.
Whereas 2G cellular network was launched on
GSM standard in Finland. 2G supports technolo-
gies like GPRS, CDMA and GSM. It also supports
digital encryption of data. 3G is the third gen-
eration in cellular network, which uses wideband
wireless network and for data transmission it uses
packet switching. 3G also enables devices like PDAs,
mobile phones and mobile dongles to deliver broad-
band speed internet. This mobile broad band allows
its customers to download files, browse internet,
download music, videos and email with extremely
fast speed. 3G is the third generation in cellular net-
work, which uses wideband wireless network and
for data transmission it uses packet switching. 3G
also enables devices like PDAs, mobile phones and
mobile dongles to deliver broad-band speed internet.
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This mobile broad band allows its customers to
download files, browse internet, and download
music, videos and email with extremely fast speed.

4G cellular network was launch in 2008. This
system not only provides voice and other 3G serv-
ices but also provides ultra-broadband network
access to various mobile devices. Their applica-
tions vary from IP telephony, HD Mobile Televi-
sion, live video conferencing to gaming services
and other cloud computing operations.

As we know energy and spectrum both are
natural and limited resources. So the challenge
for 5G cognitive cellular network is to utilize both
the resources judiciously, in order to meet future
requirements. Cognitive cellular network utilizes
both licensed and unlicensed band for data trans-
mission and reception, to increase the system
performance. Here SE means how efficiently band-
width of the system’s network can be utilized, while
EE measures how efficiently it consumes energy
F. Heliot (2012). We also know that SE and EE
are inversely proportional to each other, increasing
either of them means degrading the other resource.
So a trade-off between them is taken.

2 CAPACITY OF COGNITIVE CELLULAR
NETWORK

In cognitive cellular network we have two types
of natural resources spectrum (Bandwidth) and
energy (Power). For SE unit is bits per second
per hertz and for EE we make use of bit per joule
capacity Hong (2014). In this paper centralized
fifth generation cellular network capacity is classi-
fied into three different levels.
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Figure 1. Levels in cognitive cellular network.

In cognitive cellular network we have two types
of natural resources spectrum (Bandwidth) and
energy (Power). For SE unit is bits per second
per hertz and for EE we make use of bit per joule
capacity Hong (2014). In this paper centralized
fifth generation cellular network capacity is classi-
fied into three different levels.

3 ENERGY EFFICIENCY

Here trade-oftf between Energy efficiency and
Spectrum efficiency is studied with the help of
different architecture combinations, levels and
capacity, which is still an open research field.
This EE and SE has become one of the key per-
formances to be used as evaluation criteria in a
communication system. These two are conflicting
criteria, but with the help of trade-off they can be
linked. Here improvement of one of them means
degradation of other. So in order to get better
performance a balance is to be achieved between
two desirable but incompatible features like
spectrum efficiency and energy efficiency. We have
considered three examples of these combinations.
Architecture for Cognitive radio in Cellular Net-
works (CCN) can be categorized broadly into two
types I. Humor (2011). Non-Cooperative cellular
network and Cooperative cellular network.

4 NON-COOPERATIVE ARCHITECTURE
IN CCN

This Architecture makes use of two different
radio interfaces, licensed band and cognitive radio
resource. Here base station can utilize both or sin-
gle interface. It mainly supports communication
from short-to-medium range and capacity of this
CCN is the combination of two networks 1. Ku
(2013). We have assumed different scenarios for
different users. For those users which are closer to
a macro-cell base station uses power limited cogni-
tive radio resources. But for users which are further
away from macro-cell base station make use of

licensed radio resources. Similarly, this architec-
ture provides services with strict Quality of Service
requirement to the licensed RR while services with
relaxed Quality of Service requirement are given to
the cognitive radio interfaces.

5 COOPERATIVE ARCHITECTURE
IN CCN

This architecture also uses both licensed and unli-
censed radio resources, the only difference is that it
allows processing and relay information of distrib-
uted users in a coordinated fashion. As compared
to non cooperative architecture this has got more
system capacity for longer range of communica-
tions. In this architecture we make use of relay in
order to communicate to base station. Cognitive
radio resources are used for local coverage. It also
makes use of Virtual Antenna Array (VAA), where
a base station array consists of several antennas
placed together to form several independent VAA
groups. Here useful information is extracted by
individual antenna from the group of signals and
then forwarded to other antennas.

6 EE-SE TRADE OFF IN CCN

To study further about cognitive cellular networks
we have combined different architectures, levels and
capacities which is still an open research field CX
Wang (2013). These combinations not only give us
information about EE-SE Trade-off, it also reflects
the latest research progress in the field of CCN J. G.
Andrews (2011). Following are the combinations:

1. System level + Non Cooperative Cognitive
2. Cell Level + Cooperative Cognitive
3. Link level + Cooperative Cognitive

7 SIMULATIONS AND RESULTS

For the simulation purpose MATLAB R2015a is
used. In order to detect signal and estimate per-
formance we find Probability of detection (Pd)
and Probability of false alarm (Pfa). Input given to
the detector is combination of signal + noise.

For better performance we add Additive
White Gaussian Noise (AWGN) to the chan-
nel. With number of observations N = 100 and
SNR = -10 dB.We obtain a graph between prob-
ability of detection is taken on y axis and prob-
ability of false alarm on x axis as shown in Fig. 3,
here performance is defined by Receiver Operating
Characteristics (ROC). As the value of Pd and Pfa
increases same time threshold value decreases.
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8 NON-COOPERATIVE SYSTEM LEVEL

Here we consider non-cooperative system level out-
age capacity of small cells. Outage Capacity is the
highest rate of reliable communication for some
fixed outage probability (p), it is find out by (1 —p).
Our interest is to study EE-SE trade off in non
cooperative architecture. We consider density of
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EE - SE Trade Off At lambda = 1e-4
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Figure 4. Normalized EE vs SE.
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Figure 5. Normalized EE vs SE.

cognitive Base stations as lambda under Rayleigh
fading channel. Here EE-SE is derived from out-
age capacity. Three factors that affect EE-SE are
Base station density (lambda), outage probability
(p) and reliability (k = 1) K. Xue (2013).

We observe that BS density (lambda) has got lit-
tle impact on Normalized energy efficiency. With
the increase in the value of outage probability
(p) SE-EE also increases linearly. So more outage
probability better EE-SE trade-off.

9 COOPERATIVE CELL LEVEL

Here we consider Cooperative cognitive VAA Cell
level system. Reliability is assumed to be (k = 1),
in MIMO network we have multiple mobile users
and BSs. We consider that all BSs are having n
number of antennas and each mobile user is hav-
ing a single antenna. They use Rayleigh fading
channel for transmission of signals. EE-SE Trade
oft depends upon the Theta = bandwidth ratio and
p = transmitting power L. Musavian (2010).

There is no inter cell interference. We observe
from the graph that when we increase the value
of power (p) and bandwidth ratio (theta) we
get EE-SE trade off for a small region i.e. when
power = 100 dB and bandwidth ratio is 0.1.



Rogimes of bandwidth and energy allocation
T T T

Bandvicth o of elay o sourcs theta

Figure 6. Power ratio vs Bandwidth ratio.

10 COOPERATIVE LINK LEVEL

Here we consider cooperative cognitive relay link
level system. In this example we consider the role of
relay and three nodes. Nodel known as source node
broadcasts its message to node2 which is relay node
using licensed radio resources. Then node2 (relay
node) forwards information to the destination
node using unlicensed radio resources. Rayleigh
fading channel is used S. Sridharan (2008).

Here we calculate EE-SE trade off with different
values Cognitive bandwidth ratio (theta) and power
ratio (phi) where reliability constant k is assumed to
be 1. We observe that capacity of relay channel is
quite limited, we can only achieve EE and SE trade
off region when values of theta and phi are relatively
small X. Hong (2010) and X. Hong (2013). On com-
bining all three parameters EE, SE and Capacity we
get required trade-off region for better system per-
formance. This region would contribute increase in
cell through put and also increase in data rate.

11 CONCLUSION AND FUTURE WORK

From our above results we can see that EE-SE
trade off study is a powerful tool, for getting us
know about the fundamental limits, pros and cons
of cellular cognitive radio. It also offers theoretical
knowledge about various CCN levels and architec-
tures. Study tells us how our natural resources like
energy and spectrum can be properly utilized and
managed in fifth Generation (5G) cognitive cellu-
lar networks. This will allow accommodating more
number of mobile users in the same spectrum at the
same time. In future this fifth generation technol-
ogy will contribute to increase data rate, throughput
and further improvements in spectral and energy
efficiency. In future for better performance we can
use Nakagami fading channel and Rician fading
channel which not been discussed in this paper.
These channels can be used in different CCN archi-
tectures in order to study system performance. With
the help of this 5G technology everything in our life
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becomes more connected. From our mobiles to our
fitness trackers from cars to robotic manufacturing
plants and banking. 5G will enable capabilities that
will revolutionize how we live our life.
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Energy minimization using NP-completeness Lower Energy Adaptive
Aware Sink Relocation (NP-LEASR) in wireless sensor network

Sandeep Sharma & Jitendra Kumar Sonkar
Gautam Buddha University, Greater Noida, Uttar Pradesh, India

ABSTRACT: WSN has numerous application like traffic monitoring, temperature monitoring, health-
care monitoring and so on. In WSN, Sink mobility is important term for relocation scheme in different
sensing node application. Sink creates hot-spot to distribute load from one to another node, in this way
energy consumption in sensing node application is less and increases the lifetime of the sensor network.
As we know that in WSN energy and bandwidth resources are limited and these are the main parameter
used for efficient increasing Sink mobility Scheme and lifetime of the Sensor Network. In the previous
EASR method there is gradually increasing and decreasing energy which comes under the transmission
range. In this paper we proposed method i.e. LEASR (LOWER ENERGY SINK RELOCATION) for
minimize energy consumption, comparison of the existing EASR method with proposed method LEASR
and increases the performance of the network. Thereby we further discuss numerical methods to extend
the lifetime and result plotted in MATLAB software.

Keywords:  'WSN, Energy, Network lifetime, Sink mobility

1 INTRODUCTION

Sink Mobility Node scheme are the best solu-
tions for the improving effective the lifetime of the
Wireless sensor network only when sink is in mov-
ing position (J. Luo and J. P. Hubaux, 2005). Base
station (mobile agents) aims to solve the problems
hot—spot of the WSN where first hop neighbor
node of the moving sink node is depletion due to
the fast forwarding message. In order to create
distributed forwarding load of the traffic through
all the sensor nodes sink must be mobile through
all the region of the transmission range, informa-
tion is stored in moving node. Researcher said
for the last few years many of the energy efficient
protocol and increases the performance of the
networks in terms of lifetime, energy and so on.
Although the mobile sink when its moves accord-
ing to load balancing. Shifted to other nodes is
the eight half quadrant for specific movement of The paper is explained as follows. In section 2,
the sink (L. Sun et al., 2006). Multiple Sink mobil-  we describe about works related to Sink Relocation
ity is major term for sink relocation and used in  method. Section 3 describe related work. Section 4
the many high gathering data collection applica-  presents proposed work. Section 5 describe the
tion and also small application in WSN (Chu-Fu  Numerical Analysis and finally, we discuss about
Wang et al. 2014). Sink mainly depend upon the  Conclusion part in 6.

residual battery and for the forbid placement of
nodes check nearest to the low energy nodes. To
our best knowledge work under sink relocation
mainly focus on optimal location of the sink
according to the initial battery energy and area of
the network setup.

Figure 1. Operating Scheme for WSN.

2 RELATED WORK FOR SINK
DISPLACEMENT

In EASR scheme or technique focus on Sink
Displacement Mechanism and Energy Aware
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transmission range and with 8 fan shaped sec-
tor decide when to move Sink with half quadrant
based method. In this first we discuss Energy Con-
sumption model and further discuss about the
Maximum Capacity Graph

2.1  The energy consumption modelwsn

Firstly we consider Energy Consumption model for
the proposed method LEASR and for this first order
ratio model and by using this model we perform var-
ious simulation and performance parameter. In this
two terms are used for transmitting and receiving
of total energy sensed in the sensor node with the
separation of a distance d respectively according to
the proposed method LEASR i.e. Ey and Egy. E;«
can be divided into two parts, first one is energy that
is consumed for the message transmitting is equal
for the electronic component of transmit and receiv-
ing circuit, second one is used for the component
of amplifier loss and is equal to the € ,, x k x d".
Summary of the above theory part as below in the
mathematical equations as shown below:

ETX (k7 d) = Eelec * k + Samp + k * dn (1)
ERx (K) = Eclcc * k * k (2)

2.2 Load balancing model

As we know that for the increases the lifetime of the
sensor network we should talk about energy saving
mode and this is the main key issue of the WSN
network. In WSN, routing protocol for the sensing
and reporting message to the node generally clas-
sified in two technique static routing and dynamic
routing. In the static routing reporting message to
the different node is fixed and sensed according
to the routing fixed in the loop of the network. On
the other side dynamic routing transmission can be
done through no of rounds and current position of
the sensor nodes. Dynamic routing is used in this
proposed method LEASR and energy consump-
tion rate is much achievable amount. Dynamic
routing i.e. Maximum capacity graph Jan (Sandeep
Sharma and Rajesh Mishra, 2015) is taken as load
balancing and this is the main underlying scheme
for the proposed method LEASR. The description
of MCP graph briefly discuss in this paper through
illustration diagram as show in the Figure 2 and
explained the procedure one by one of the MCP
Method. According to the MCP (Maximum C,
actual residual battery energy represent in the form
of set equation G = (U, Y) where set U represents
sensing nodes heap of the network and Y represent
desirable forthright transmission through other
node of the network. Suppose that - U — Y* may
be function actual extra battery energy. For the ex
the node with sink S with infinity energy for the
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large capacity in the network The MCP mainly
consist of three procedure steps. (1) The graph G
should be mapped in the network N. (2) Determin-
ing MCP for every sensor node network (3) Loop
performance and actual residual battery energy
should be up-to-date. Above all these steps repeated
again and again reporting each round of the mes-
sage of the neighbor nodes. In the Fig. (1) The
mapped graph for MCP operations are explains as
follows. Suppose that level no be L, with every sen-
sor node v € V express minimal path length form v
up to Sink S. As seen in the first figure L,=L, =4
and La = L; = 1, these analysis done through lay-
ered network graph N from G. So we delete that
edges (b, a) and (h, g) from the mapped layered
network graph G. As we goes through procedure
and find minimal path we must removes edges and
obtained final result in the 3 figure of MCP rout-
ing. The procedure repeat until each round on the
sensed node will exhaust its battery energy.

LEVEL 1 2 3 4 5

LEVEL 1 3 4 5

2
(») Q) Q
)
(— )@
LEVEL 1 2 3 4 5
() 0
O—0)—®

Figure 2. An Explanation of MCP routing.



3 RELATED WORK

J. Luo and J. P. Hubaux (2005) Joint Mobility
Routing work on the circular trajectory with uti-
lization of the WSN. It mainly work on the con-
stant velocity with respect to circular trajectory
movement. In this JMR two approaches are used
fast mobility and slow mobility to increase the
performance of the network. Distinguished based
on the speed moving sink and delay of distributed
data. This mainly work on the mobility of the Sink
with avoidance traffic and decrease the load of the
network.

L. Sun et al. (2006) Moving scheme for the sink
is describe in this paper. It mainly discuss about the
sink position and condition related to when sink
actually move with the half quadrant Based mov-
ing scheme. Half quadrant based moving work on
the 6 fan shaped sector with miry (one sector must
be quasi-hotspot) and clean sector (none sector be
quasi-hotspot).

I. S. AlShawi et al. (2012) discussed about life
span of the sensor network by utilizing combi-
nation Fuzzy approach and A-star algorithm. In
this paper approaches is to determine the optimal
routing path with the maximum battery capacity,
less number of nodes and jam loads on network.
In this every sensor nodes are distribution random
nodes in the given area and suppose all the sensor
nodes its own position as well as that of its neigh-
bor and the sink as well as the nodes lies with the
same transmission range and additionally nodes
queue application launch to wait for the forward
transmission. Overall this paper to achieve network
lifetime elongate of the network and distribution
of energy consumption equal through limiting
energy cost.

KOC and korpeoglu (2015) discussed about two
main method i.e MSMA (Multiple Sink Move-
ment Algorithm) & PMA (Prevent & Move Away)
This paper explains about the much improvement
in irregular and immobile sink of different cases.
These two methods decrease the load and traffic
load forwarding to the next level of node.

4 PROPOSED WORK

Our proposed technique mainly resolve problems
of the sink relocation with a new technique or
method NP-LEASR algorithm. NP-LEASR algo-
rithm moves the sink approaches to the maximum
area respectively in the overall network system.
The battery exhaust out nodes may cause several
problems such as, coverage hole and communica-
tion hole problems which can be validate by higher
energy cluster node from the sink which improve
the network life span, the sink is moved towards
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the last-hop relays which are the most involved in
packet transmitting by using NP-Completeness
problem. In this proposed paper polynomial time
algorithms t give better performance for packet
transmission. This NP-LEASR improve the aver-
age jitter as well as other parameter like end to end
delay, energy consumption and so on.

4.1  Alogrthim for proposed NP-LEASR

Procedure for NP-LEASR
v=Actual Communication range
Z = Startup battery energy
t = Communication range
i= No of iteration per nodes
k (v) = Actual residual battery energy
n = Total no of nodes
N, = No of specific nodes
V = Collection of sensor node
N = the neighbor collection of s with y
Now, we suppose have a N, in r(u)
Set nodes of with y with two conditions
\* Communication Range adapt */
1. While
2.4
3. CaseO:
4. |
5. Case 1:
6. (0<k(v)<Z/3)
7. t=vYE}
8. Case2:
9. (Z/3<k(v)Z/2)
10. t=vYE}
11. Case 3:
12. (Z2<k(v)<Z)
13. t=v
14. End Case

{
16. While (true)

*/ data collecting /*

Find the mapped communication graph G &
calculated communication range for every node of
the network and inspection MCP p*  and its best
capacity amount ¢ (P",) Ve V;

/* group residual energy
17. r(u) V, ev;

18. if (3, N, C (P*,) * 10 log (P,,,4,) *10 log
(Prandom) < B/2

19. or

20. X, .n(w)/N < B/2)

21. Or

22, %, on T (C ypap) * 100

23. Then

24. Compute the neighbor set

25. N, N2 .......... N

1°
26. Subset N, (1 <i<N))



Table 1. Sink mobility management comparison.

Routing Centralized/
Reference Description Technique strategy ~ Metrics Distributed Advantage
3 6 fan shaped sector HUMS Multi hop Energy/Delay Distributed Determination
when sink to move (half quadrant of sink when to
according to moving strategy) move according
various condition to condition of
half quadrant
strategy
5 Lifetime enhancement Fuzzy approach Shortest  Energy/Delay Distributed Improve lifetime
by using A-Star and  and A-Star path enhancement
fuzzy approach algorithm in wsn
2 Sink relocation Distributed Multi-hop Delay/Energy Distributed Increases lifetime
with multiple localized of the sensor
predetermined solutions & with the 4.86%
hexagon hexagon trajectory efficiency rate
trajectory technique as the static sink
8 Optimal energy Energy saving Multi-hop Delay/Energy Distributed More no of packet
strategy opportunistic transmission for
source to
destination in
minimum energy
6 Relocation EASR METHOD  Multi-hop Delay/Energy Distributed Increases lifetime
technique of the Network
description as well as rate

of efficiency is
increased

For each assignment n € {I, .., Nn} for all
je XP"
With € Eo do
27. 4
28. Store r (u) in the table of signatures for N
29. }
30. If
31.
32. nu(i)=0ori=tthen {
33. Complete a designation ui=(1 ... N)}}
34. End while (true) loop
35.

5 RESULT ANALYSIS

Analysis of LEASR method performance differ-
ent simulations methods are conducted by various
Non-polynomial value. In the previous method
EASR energy consumption rate is high as seen in
the graph transmission range Vs. Network lifetime
rapidly increasing and decreasing energy level as
some point value on x-axis and y-axis plotting. In
this paper mainly focuses on the energy consump-
tion rate for both previous and proposed work
i.e. EASR AND LEASR. It also focus on the end
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to end delay of the nodes and different param-
eter like average jitter, bit error rate, Sink load
minimization and throughput through graph for
both method EASR and LEASR as shown in the
graph. Analysis is done through for both method
and compared which one is better for increasing
the lifetime of the network. As shown in the next
page different comparison graph with different
parameter and show that the NP-LEASR is more
efficient for increasing the life span of the network
as compared through the previous work EASR. In
the first scenario energy consumption rate is low
in the proposed work i.e. NP-LEASR take average
of the x-axis (50) and see there is difference for
both NP-LEASR AND EASR, for EASR (0.51
Jbit/s) & NP-LEASR (0.43 Jbit/s). Assume com-
parison always take form the average of the graph.
In scenario 1 BER for NP-LEASR (1.4) & EASR
(1.9). Similar scenario comparison 3, 4, 5, 6 take
average and show that NP-LEASR is more effi-
cient than EASR for increasing the lifetime of the
network. According to energy level we gain 0.82
ratio in the form of percentage and show that 82%
improvement and throughput we can say that 16%
more improvement approx. as per NP-LEASR
method.
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6 CONCLUSION

Depletion speed of battery exhaust of every sensed
nodes affect the life span of the sensor network.
Researcher main aimed focus on the energy aware
routing to increase the life span if save the battery
energy for long duration. A NP-LEASR is another
method of approach for increasing the life span of
the sensor network with move of multiple sinks
of optimal position. This is not generally create
problem of hotspot in the NP-LEASR. Compari-
son shows with different parameter like end to end
delay, energy consumption rate, and average jitter
and so on give better performance of the network.
For the NP-LEASR, Reliability and Efficiency is
increased in the proposed method as compared to
the existing method EASR. As discuss in terms of
Reliability overall increment in Energy rate, BER
and throughputs, the proposed method is much
more reliable and efficiency is increased as above
graph in terms BER, throughputs, Average Jitter.
So we say that the proposed method increases
the life span of the network and minimize energy
consumption as compared to the existing method
EASR.
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Security mechanism in cognitive radio ad hoc networks
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Gautam Buddha University, Greater Noida, India

ABSTRACT: Cognitive Radio (CR) technology is designed to solve the problems arising from limited
available spectrum in wireless networks. It can ease the problem of spectrum shortage by allowing unli-
censed users (secondary users) to use the same spectrum with imperative users in licensed spectrum bands
without creating any interference in imperative communications. A lot of research has been done in Spec-
trum Sensing of CRs but not much research has been done regarding its security against selfish attacks. In
CR network a selfish node is a serious issue which occupies a part or full resources (pre-occupation prob-
lem) in the multiple channels, and forbids other legitimate cognitive nodes from consuming the resources.
The performance of CR network is degraded by these selfish nodes by capturing the licensed resources
reserved for licensed users. In this article we will study about the various security threats to a CR network
and will study the relation between the no. of nodes and detection rate of a cognitive radio network by
using mechanism of cooperative neighboring cognitive radio nodes.

1 INTRODUCTION technique enables the cognitive radio to be pro-
grammed dynamically. Because of this a cognitive

COGNITIVE RADIO is a wireless technology radio is used to transmit and receive on various

designed to meet the ever increasing demand of  frequencies thus increasing the efficiency.

spectrum. Unlike the conventional radio it is an

intelligent radio which allows a Secondary User

(SU) to use unused spectrum unoccupied by a pri- 2 SECURITY CHALLENGES IN CR

mary (licensed) user by detecting the presence of NETWORK

a spectrum hole. Most of the spectrum is reserved

for licensed users in traditional spectrum man-  Cognitive radio are network are prone to several

agement. CR technology search for available or  security challenges which acts as a hindrance in

unused spectrum for unlicensed users by spectrum its functioning. This hindrances acts as a barrier

sensing technology. When any licensed spectrum  in its performance and leads to the loss of valu-

is not being used, it is considered to be available.  able spectrum. So additional functions must be

Now the available unused bands are given to sec-  implemented in CR network like proper sensing

ondary users (unlicensed) by Dynamic Spectrum  protocol, correct decision making and appropriate

Access (DSA). switching to face these security challenges.

In Dynamic Spectrum Access unlicensed users
or secondary users use the available spectrum and
Dynamic Spectrum Access allows CR to use the
best available spectrum through its two main fea-  Spectrum sensing is main aspect in a CR network.
tures: Cognitive Capability and Reconfigurability. Because of spectrum sensing unlicensed secondary
makes use of unused licensed bands by not caus-
ing any interference with licensed primary users.
Effective spectrum sensing ensures a CR network
In radio technology it refers to the ability to sense  detects and differentiates between a secondary user
and capture the information from the environ- and a primary user otherwise the attackers may
ment. Unused spectrum can be identified and best ~ emulate the signals of PUs thus selfishly occupy-

2.1 Security challenges in spectrum sensing

1.1  Cognitive capability

available band can then be used. ing the spectrum.
1.2 Reconfigurability 2.2 Challenges in spectrum mobility

While above capability is used for spectrum detec-  Spectrum mobility ensures seamless and smooth
tion and selecting best available spectrum, this  handoff from one channel to another.
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When attackers launches this attack, the wait-
ing time involved in achieving a proper handoff
increases, thus leading to loss of channels.

2.3 Challenges in spectrum sharing

CR Ad hoc networks are infrastructure- less net-
works, without any central entity. This central
infrastructure provides security among users. This
decreases the probability of successful communi-
cation among SUs. SUs are the unlicensed users
prone to attackers, which might leads to loss of
spectrum of PU as well. This issue becomes more
critical without any central entity and PUs have to
give unused spectrum to SUs without any authen-
ticity. If any SU turns out to be selfish, then it may
occupy the spectrum reserved for PU.

A lot of research has been going on for devel-
oping security mechanism in centralized Cogni-
tive radio network. But the main issue is that no
research has been carried out in developing secu-
rity mechanism for decentralized Cognitive radio
network.

3 TYPES OF SELFISH ATTACKS
IN COGNITIVE RADIO NETWORK

Selfish attack is an attack of MAC layer in wire-
less network in which nodes launch a series of false
behaviors to degrade the performance of the net-
work. These selfish attacks are launched to gain an
unfair advantage to maximize channel usage and
minimize their energy consumption. In CR net-
work there is always a competition among nodes
to sense and acquire the available channel. But
some unlicensed users (secondary users) turns out
to be selfish and then will try to acquire channels at
the cost of other channels. These attacks are done
by broadcasting fake channel information or fake
signals. If any PU is using the channel, the second-
ary user will not use the channel. But a selfish sec-
ondary user will prohibit other potential SUs from
sensing and using the channels. Second attack is
carried out by selfish SU sharing fake channel
information among other SU. Thus legitimate SU
senses the channel and when it finds no available
channel it eventually gives up sensing channel, thus
giving selfish SU hold of all the available channels.
All the selfish attacks are discusses in detail below.

3.1

In this type of attack a secondary user gets pro-
hibited from making use available channels. This is
carried out by selfish SU acting as a PU or techni-
cally emulating primary user signal characteristics.
Upon sensing the faked signals, a legal SU gets to

Type 1 attack (primary user emulation attack)
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know that PU is active and is using the channels,
thus doesn’t sense channels.

This PUE attack is possible due to highly flexible
software-based air interface of CR network which
makes the CRs highly reconfigurable. An attack-
ers makes use of this and modifies the cognitive
radio interface to mimic the signal characteristics
of a primary user. Thus causing the secondary user
to identify attacker as a primary user. Therefore
this attack is known as Primary User Emulation
(PUE) attack. So this attack can be overcome by a
scheme that can distinguish between legitimate PU
and fake primary users.

The main challenge in spectrum sensing is to
make difference between PU signal and SU signals.
The current schemes use technique based on energy
detectors. But still these techniques are not strong
enough to prevent these attacks. Soto thwart this
attack a transmitter verification scheme is used
which can be integrated into spectrum sensing
scheme to detect PUE attacks.

3.2 Type?2 attack

This attack is similar to PUE attack in which selfish
secondary user emulates the characteristics of a PU
signal. But dynamic spectrum access is used to carry
out this attack. In normal Dynamic Signal Access
(DSA) process, secondary user sense the current
band and check whether if primary user is using the
channel or not. But in this attack which is carried out
by dynamic multiple channel access, instead of peri-
odically sensing the channels, the channels are sensed
continuously by using a chain of fake signal attack
on various channels like in continuous fashion. Thus
an attacker can restrict legitimate secondary user
from sensing and identifying available channels and
limiting it to use available spectrum channels.

3.3 Type 3 attack

This type of attack occurs in Common Control
Channel (CCC). This channel is used for handling
information related to exchange of information
among the CR users. Spectrum sensing coordina-
tion, neighbor discovery and exchange of local
measurements between the CR users is done with
help of Common Control Channel (CCC).This
attack is known as channel pre-occupation attack.
In this attack a selfish SU broadcasts fake avail-
able lists of channels to legitimate secondary users
which are in line to occupy a part or all of the free
available channel. Thus selfish users restricts legiti-
mate users from using available channels. Suppose
there are 10 channels in a network out of which
primary user is using 4 channels. This means
that there are 6 available channels which can be
occupied by secondary user. But a selfish user can



broadcast fake information regarding free available
channels. Even though it will use only 3 channels out
of the remaining 6 channels but it will broadcast fake
list of all the 6 occupied channels. Therefore a legiti-
mate secondary user will think that all the free avail-
able free channels are occupied and gives up sensing
channels. Thus a selfish SU gets to use all the avail-
able 6 channels. This attack reduces the efficiency of
any cognitive radio network as the selfish user gets to
occupied all the available channels thus compromis-
ing the performance of the CRN network.

4 DETECTION MECHANISM AND
ALGORITHM OF TYPE 3 ATTACK

The detection mechanism works on the exchanged
channel allocation among neighboring second-
ary users. Cooperative behavior among nodes is
the core of this mechanism. Suppose a network
consists of 5 nodes referred to as NU_Node. Out
of these nodes a node is selected as a target node
referred to as TU_Node. Thus remaining 4 nodes
becomes neighboring nodes as NU_Node 1, NU_
Node 2, NU_Node 3 and NU_Node 4. Now this
target node and all other 4 neighboring nodes will
exchange the channel allocation information list.
All the neighboring nodes will send individual
information regarding how many channels it is cur-
rently using. In return the target node, TU_Node
will send channel list to each individual neighboring
node about how many channel it is currently using.
If there is any discrepancy between the information
shared by target node, TU_Node and neighboring
nodes, NU_Node then all the neighboring nodes
will reach the conclusion that this node is the selfish
node. This behavior is carried out using cooperative
behavior among nodes. Thus all the neighboring
nodes will come to know about the selfish behavior
of the target node. Once a decision is made regard-
ing target node of being selfish or not, another
neighboring node is made target node and the same
mechanism will be applied on it. Thus one by one
all the nodes will be tested of selfish behavior and
each node gets to become the target node.

But this detection mechanism has one major
drawback. Since this technique is based on coop-
erative behavior of nodes, so it will be less reliable
for more than 1 neighboring selfish SU. This is
because 2 neighboring selfish nodes can exchange
false information of channel allocation among
them. It would become tough to know from where
the fake information is coming from. Thus it will
cause disparity in the network and reduce reliabil-
ity. But it can be overcome by increasing the no. of
legitimate neighboring nodes because in that case
more genuine information will be broadcasted and
good detection rate can be expected.
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Detection Algorithm - Let Channel T_Node
denotes sum of channels used as reported by the
targetnode to each node around it and Channel N_
Node denotes the sum of currently used channels
reported by neighboring node to the target node.
Suppose these four neighboring nodes are currently
using 2, 2, 3, 2 channels respectively such that

NU_Nodel =2
NU_Node2=2
NU_Node3 =3
NU_Node4 =2

So ChannelN_Node = (NU_Nodel + NU_
Node2 + NU_Node3 + NU_Node4). Therefore
ChannelN_Node=2+2+3+2=9

And let the no. channels used reported by tar-
get node to each neighboring node be 2, 2, 5, 2
respectively.

Therefore ChannelT Node=2+2+5+2=11

Since ChannelT_Node>ChannelN_Node as
11 > 9, therefore the selected target secondary is
detected as a selfish node. After this the next neigh-
boring node will be made as a target node and the
same algorithm will be made to run on that node.
Every time a node gets checked, the loop incre-
ments by 1. After the selfish node is identified all
the communication with that node is halted. This
detection procedure continues till all nodes of the
following network are verified and checked.

5 SIMULATION RESULT AND ANALYSIS

In order to study the effect of SUs on detection rate
of network, simulation is conducted on MATLAB
to check this mechanism’s efficiency. This is calcu-
lated by detection rate. This is the ratio of no. of SU
detected to the no. of actual SSU. The number of
SU used in the experiment were 50, 100 and 150 and
detection rate is calculated for each of these SUs.
The effect on detection rate with the increasing no.
of secondary users is negative. As the no. of nodes
increases, detection rate of this mechanism falls rap-
idly. This is because the probability of having more
than one selfish secondary user in the neighbor
increases with the increasing SU. If more than one
selfish secondary user exists in the network, wrong
channel allocation information can be exchanged
among them. Thus forcing the network to make
wrong decision due to faked exchanged informa-
tion. As observed from the Figure 1 network with
50 nodes have less selfish secondary user density as
compared to network with 100 and 150 nodes. Total
no. of nodes in a neighbor also effect selfish user
detection accuracy. Detection accuracy will be high
if there are more no. of neighboring nodes in the
network, as genuine nodes can share correct channel
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Figure 1. DR vs selfish secondary user density (%).

Table 1. Simulation parameters.

Parameters Settings

Omni antenna

3000 m * 3000 m

2%, 4%, 6%, 8%, 10%,
12%, 14%, 16%

Type of antenna
Size of network
Selfish secondary users

CCC 1
Data rate of channel 11 Mbits/S
Secondary users 50, 100, 150

allocation information among them. Thus increas-
ing the detection rate of the CR network. Thus we
did the simulation with 2 to 5 neighboring nodes.
Network with five neighboring node achieve high-
est accuracy as probability of sharing more correct
channel allocation information increases. 4 neigh-
boring SU achieve very good accuracy. But CR
network with two neighboring nodes gets seriously
affected by the number of actual selfish secondary
users. Therefore for avoiding selfish attack and to
increase the detection rate more than 3 secondary
users are recommended.

Detection rate = Detected selfish secondary
user/Actual selfish secondary users

6 CONCLUSION AND FUTUREWORK

In this paper we studied a selfish attack in which self-
ish user broadcasts fake channel allocation informa-
tion to other neighboring nodes who are waiting to
occupy the available channels. It detection mechanism
is based on cooperative behavior among neighboring
nodes in which all the neighboring nodes share chan-
nel allocation information with the target node and
in return receives the same from target node and we
proposed a detection algorithm for it. Results of this
algorithm are very high and reliable. But this mecha-
nism has some limitations as it gives less detection
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accuracy as no. of nodes increases. Also if there are
more than selfish users in the network the accuracy
of this cooperative behavior mechanism decreases.
So for future work a proper authentication system
should be provided in which primary user should
deliver information securely to secondary users. In
this method a cryptographic link signature to its sig-
nal to authenticate primary users. This scheme will
give better results and a better detection rate and
accuracy as the malicious secondary users will not
be able to decode the cryptographic signature modu-
lated with the signal. Thus protecting primary users
from selfish secondary user attacks.
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ABSTRACT: Wireless sensor networks can be seen as an effective base for pervasive intelligent comput-
ing but due to their unique characteristics, these networks face many implementation challenges. One of
the major design constraints is its shorter network lifetime. This paper explores different parameters of
OSI protocol stack. An algorithm to uniformly cluster the sensor nodes and thereby appropriate selec-
tion of modulation scheme for different members of the clusters has been proposed in this paper. Matlab
Simulation results indicate the proposed scheme not only enhances energy efficiency of WSNs but also
helps in expanding the network lifetime to a desirable level.

1 INTRODUCTION

Wireless Sensor Networks (WSNs) are composed
of large number of tiny intelligent low-cost, low-
power multi functional sensor nodes deployed over
a wide geographical area in an arbitrary fashion.
Each sensor node in WSN is equipped with a small
processor, radio transceiver and a battery as an
energy source. To replace or recharge the batteries
of these sensor nodes is almost infeasible.

The various factors contributing to energy dis-
sipation of sensor nodes can be channel loss, hop
distance, large number of hops, coding/modulation
scheme, packet size and fixed energy cost to run
transmission and reception circuitry (Rapparport
1996). In order to make best possible use of avail-
able energy of sensor nodes lower layers of OSI
protocol stack can be explored.

2 RELATED WORK

Authors (Heinzelman et al. 2002) suggested that
with the increase of hop distance channel loss
increases and with the increase of number of hops,
the circuit’s energy cost also increases.

(Kun Yang et al. 2012) explored different coding
and modulation techniques like BPSK, 16QAM,
QPSK and 64QAM to achieve better system
performance.

(Sami et al. 2011) advocated selection of location
aware modulation with error control codes for energy
efficient WSNs. Authors used an Adaptive Modu-
lation and Coding (AMC) in WiIMAX to achieve
higher throughputs when covering long distances.

(Ammer et al. 2006) defined Energy Per Useful
Bit (EPUB) metric where in impact of preamble on
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the effectiveness of system is taken into considera-
tion. But a more complex MAC can outweigh the
gains of energy conservation.

Authors (Cui et al. 2005) suggested that for
short transmission distances un-coded linear
modulation schemes can be beneficial but for long
transmission distances coded non-linear modula-
tion schemes prove to be energy efficient.

(Shih 2001) explored various trade-off between
modulation scheme and complexity of circuit,
power consumption & transmission time and
suggested that binary modulation scheme with
an effective startup power dominant condition is
more energy-efficient for WSNGs.

(Korhonen et al. 2005) recommended optimiza-
tion of packet size for adapting radio parameters
to not only improve link performance but also
minimizing energy consumption.

3 PROPOSED MODEL

The wireless sensor network comprises of some
sensor nodes and base station at every half quarter.
The entire sensing area is partitioned into different
clusters with ordinary sensor nodes, cluster heads
and gate-way nodes as its members.

To form uniform clusters of the entire sensing
area, the base station dissects the sensing area into
a defined angle and the sensor nodes falling under
this defined angle can be grouped into number
of clusters. The average distance of all the sensor
nodes is taken into consideration for the selection
of cluster heads and the selection of gate-way nodes
is based on set theory.

By following the steps provided in flow chart,
the sensing area can be split into uniform clusters.
The cluster architecture is depicted in Figure 3. The
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Figure 1. System model.

base station broadcasts the routing information of
the clusters to all the sensor nodes including cluster
heads and gate-way nodes. Based on the number
of sensor nodes within the cluster, the cluster head
allocates the time schedule in the form of TDMA
to all its members. Hence each sensor node has its
own routing table and TDMA schedule, to follow.

The sensor nodes of the cluster transmit data to
their cluster heads during their allocated TDMA
schedule. The cluster heads after collecting data
from all the member sensor nodes, compress &
aggregate the data into a single packet and forward
it to gate-way node. In a similar manner cluster
head of adjacent cluster forward its data packet to
this particular gate-way node. With this way one
gate-way node (which is supposed to be member of
at least two neighboring clusters) receives two data
packets each from two clusters and send it to base
station. This algorithm helps in reducing the over-
head of selecting cluster heads after every round
and also saves cluster head’s energy by providing
gate-way nodes within the clusters.

Optimization of Physical Layer Parameters

Proposed Physical layer packet structure: Tra-
ditional physical layer data packets of wireless
networks contain 4 bytes preamble for symbol
synchronization (Proakis et al. 2007), 1 byte as
delimiter for frame synchronization, 1 byte as
PHY header for length of actual data packet
and up to 127 bytes of actual data. To reduce
packet size, bytes of preamble can be removed
as there is no need for symbol synchronization
in case we apply pre-determined hop distance
(using proposed cluster formation algorithm).
Instead of preamble, a pattern sequence (11 or
00) for the estimation of channel condition can
be added for better synchronization between
transmitter and receiver. Figure 4 depicts the
proposed packet structure.

Energy Model: Energy consumption during
single data packet transmission (Holland et al.
2009) can be given as:

ii.

E=0E_d"+E;.4 (1)
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Each node using Global Positioning System (GPS)
sends its location & Unicpue Identification No. (UID)
to its respective base station.

v
To calculate the accurate distance (d) of each sensor
node from the base station (X,Y), equation

d= J(Xx - xl)l +(¥ — yl)rcanbe used, where
(31,31 )are the location co-ordinates of a sensor node.

v

On the basis of distances of sensor nodes, a Center Location
“C’ canbe cakulated as

™

dy vy b

c where nis the mumber of sensor
nodes and to calculate the co-crdinates of ‘C” equ,at'nnM
where X, is the coordinate of sensor node 1

v
To form clusters, distance of sensor nodes form a set
suchas {dy, dyz, __ _ _ _chg} =Dy, where Sup Dy =

dyg & dyg is a threshold value. Similarly different sets
would be formed like {dp, dgz, ___ _dy} =Dy
where Sup Dj < dgg & dyg is a threshold value and so
on. With this way nuraber of clusters formed like Dy,
)7 SO W

v

To choose a Cluster Head (CH) of these clusters,

. _ gttty -

equations: Cgy = ———",Cgz =

dutdnt-44, Cro = Sartdnattdn
7 > “Hu = X

canbe used.

v
To select gate-way nodes (which ar supposed to be member
of at-least two chusters), base station will pick distance of
those sensor nodes whose d= dig, du, ... ..,dao.

No
If each sensor
node is in
cluster

Figure 2. Flow chart of the initial cluster formation.
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Gate-way node
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Figure 3. Cluster architecture.

where o is the amplifier co-efficient, E_ is the
energy consumption during the reception of per
data packet, d is the hop distance (distance cov-
ered by data packet) and E_, is the fixed energy
required by transmitter/receiver to transmit or
receive one data packet. Time taken to transmit a
data packet of r bits is given by:



A

%

Tr=
bB B

2
where r, are actual data bits and r, are overhead
(delimiter/header and pattern sequence) bits and
B is the signal bandwidth. Total energy consumed
during transmission/reception per data packet in
terms of bits can be given as:

E = (EIX + EFX)TI'

I3 I,
E=E, +E )}(-+-+2L
(B, +E )G+ 5)

©)
4)

From equations (1) and (4) it is clear that the
total energy consumption during transmission/
reception per data packet is directly proportional
to the number of bits contained in data packet and
the hop distance. So, the energy consumption of
WSNs can be reduced by reducing packet sizes and
hop distance among sensor nodes.

iii. Proposed modulation schemes: From equation
(1) it is clear that energy efficiency is directly
proportional to the distance covered by data
packet. So, picking one modulation scheme for
the entire network may result in lots of energy
wastage, as the sensor nodes within the sensing
area might be at different distances from their
respective cluster heads and gate-way nodes.
Modulation schemes (Kazem et al. 2007) such
as MSK, BPSK, 16PSK and 64QAM were ana-
lyzed in two scenarios:

Scenario-1

e Each modulation technique was used on all sen-
sor nodes of the sensing area.

Constant Bit Error Rate (BER) value was main-
tained in all the modulation techniques.
Eachmodulationscheme was used in White Gaus-

sian Noise Channel (AWGN) environment.

In this scenario, MSK and BPSK modulation
techniques being very simple to generate and
demodulate performed good in terms of energy
efficiency but proved fairly in-effective in terms of
channel throughput whereas 16PSK and 64QAM
modulation techniques being complex to design
provided high channel throughput but at the cost
of energy consumption of the network. This way it
is highly recommended that modulation schemes

T, bits

R bits

_ o

r, bits

Figure 4. Physical layer packet structure.
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should be picked according to the optimal hop dis-
tance and the applicability of the network.

Scenario-11

¢ Dissimilar modulation techniques were applied
on different sensor nodes (ordinary sensor
nodes, cluster heads & gate-way nodes).
Constant Bit Error Rate (BER) value was main-
tained in all the modulation techniques.
Eachmodulation scheme wasusedin White Gaus-

sian Noise Channel (AWGN) environment.

In this scenario, it was observed that when the
information transmitted with in a distance of up
to 40 mi.e. between ordinary sensor nodes to their
cluster heads and then packets (with optimized
packet-sizes as is discussed above) transmitted to
the gate-way nodes the energy consumption by
all the modulation schemes was almost same but
when the data packets were sent to the base sta-
tion, the distance covered was more than 100 m,
the conventional modulation schemes i.e. MSK &
BPSK performed well in terms of energy efficiency
but at the cost of channel throughput whereas
advanced modulation schemes such as 16PSK
& 64QAM performed well in terms of channel
throughput but with degraded energy efficiency.

4 PERFORMANCE ANALYSIS

In this study, 1000 sensor nodes were distributed
randomly in a sensing area. The base station con-
trolled uniform clustering of the sensing area was
performed in accordance to the algorithm given
above with the selection of cluster heads and
gate-way nodes for each cluster. The initial bat-
tery energy of each sensor node is taken to be 2 J.
BER to SNR ratio have been calculated for all the
modulation techniques and it can be seen in the
Figure 5 given below that MSK & BPSK modula-
tion techniques are about 6db better than 64QAM
or 16PSK. Hence MSK or BPSK can be applied
for short distance transmissions.

It is evident from equation 1 that distance is
directly proportional to energy, Figure 6 gives us
the fair idea about energy consumption and trans-
mission time for short distance. Figure 7 illustrates
energy efficiency of different modulation schemes
during changing distance.

Above figures clearly shows that during short
transmission distance, consumption of energy by
any of the modulation scheme is very less, though
it may rise complexity of circuitry design in case
of 16PSK or 64QAM. Therefore, it is highly
recommended that MSK or BPSK modulation
techniques being simple to design and demodulate
can be picked during data transmission of distance
less than 50 meters i.e. from ordinary sensor nodes



to their cluster heads and from cluster heads to gate-
way nodes of the cluster. But as the transmission
distance from gate-way node to base station exceeds
50 meters say more than 100 meters, 16PSK or
64QAM modulation techniques can be preferred.
No doubt there is a trade-off between bandwidth
efficiency and energy efficiency. Modulation tech-
niques like 64QAM, 16PSK provided higher channel
throughput but at the cost of increased power con-
sumption whereas modulation techniques such as
MSK and BPSK proved to be energy efficient but at
the cost of channel throughput. Now it is up to the
applicability and resources of WSNs that if the target
is high channel throughput, power consumption of
the network increases by using 64QAM or 16PSK but
if the target is energy efficiency then MSK or espe-
cially BPSK modulation techniques can be used.

BER to SNR ratio

0.1} —e—8Psk

—6— MSK

005} —+—PsK

QAM
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Figure 5. BER to SNR ration.
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5 CONCLUSION

This paper explored different parameters of physical
layer to enhance the network lifetime. Firstly the hop
distance to transmit data between different nodes
has been reduced by splitting the sensing area into
uniform clusters. With the role of each node defined
within the cluster, the need for preamble of packet
doesn’t arise here instead the provision of pattern
sequence for the estimation of channel condition
with lesser bits has been included in the packet struc-
ture. This way our packet size reduces and so is the
energy consumption. Matlab simulation results indi-
cate that if different modulation schemes are used
by different members of the clusters it will enhance
the network lifetime to a considerable length though
there is trade-off between energy efficiency and high
channel throughput and the same can be decided on
the basis of applicability of WSNss.
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ABSTRACT: Secondary transmitter, numerous secondary relays secondary destination are the main
elements of cognitive radio in the occurrence of an unlicensed invader. By the help of secondary relays,
secondary transmitter is transmit the data to secondary destination. So the secondary transmission is inter-
rupted by an unlicensed invader in the cognitive radio. By the help of single-relay and multi-relay selection,
we need an accurate relay selection to give the secure transmission from secondary transmitter to second-
ary destination in the occurrence of an unlicensed invader. To sending the secondary transmission from
secondary transmitter to secondary destination, we need only a specific relay after the particular transmit
collection scheme and similarly to sending the secondary transmission from secondary transmitter to sec-
ondary destination, we need numerous secondary relays from multiple relay selection. During the second-
ary transmission, the intercept and outage probability will be analyzed on behalf of the particular transmit
and numerous transmit collection scheme in realistic spectrum sensing channel. Uninterrupted communi-
cation plays as a benchmark scheme and artificial noise based methods and will do the comparison between
uninterrupted communication and particular transmit and numerous transmit collection scheme. So in
the numerical analysis when the intercept probability undisturbed so the outage presentation increases
of uninterrupted communication, noise based schemes and particular and numerous transmit collection
scheme and when the intercept probability is disturbed so the outage presentation of shortest communica-
tion, noise based schemes and the particular and numerous transmit collection scheme decreases. So in the
secondary transmission the security and the reliability tells us about a trade-off which is also called as secu-
rity reliability trade-off in the occurrence of an unlicensed invader. Basically it proves that the particular
transmit and numerous transmit collection scheme have good security reliability trade-off in comparison
of classic direct transmission. In the occurrence of an unlicensed invader, during the secondary commu-
nication particular transmit and numerous transmit collection scheme gives the good security. Because of
the particular transmit and numerous transmit have good security reliability trade-off if we increased the
number of secondary relays. By the numerical analysis, we have observed that numerous transmit collection
have good security reliability trade off in comparison of particular transmit collection.

1 INTRODUCTION But snooping is also a major problem in front of

protecting the data Privacy. Secured transmission
In cognitive radio networks, Security problems can be achieved by cryptographic techniques in
Plays an important role. Primary user emulation  contrast to an unlicensed invader. By the easily
attack plays an important role in cognitive radio,  decryption of cryptographic techniques they can’t
this attack was introduced in {S. Anand, 2008, provide the secure and reliable communication in
K. Bian, Nov. 2008, R. Chen, 2008, Z. Jin, 2009}.  the occurrence of an unlicensed invader. Because
Cognitive radio networks are unprotected because  of the broadcast nature of wireless channels, the
of the internal and external attackers, due to this  Problems of security and privacy or reliability have
reason, cognitive radio networks are highly acces-  taken on an increasingly important role in wire-less
sible to malignant nature. An unlicesnsed invader  networks, mainly in Military and homeland secu-
user may deliberately impose interference for the  rity applications. Legitimate

sake of artificial tarnishing the CR environment. Physical layer security using an information-
So the unlicesnsed invader try to hack the confi-  theoretic point of view is considerable recent atten-
dential information in CR networks. tion in this context. By the use of wiretap channel

So in spectrum sensing, Cognitive radio net-  spanning, we can get the secure and reliable trans-
work face security threats. From the earlier stud-  mission at the logical destination, the maximal
ies that they are basically supported that we can  secrecy rate can be obtained, this is to referred as
secure the transmission in cognitive radio from pri-  the secrecy capacity. Variance among the size of
mary user emulation attack and denial of service.  the central network and the spy network is called
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secrecy capacity. And previous research studies
are dedicated to improve the security in wireless
network. So we will analyze the tradeoff between
security and the reliability in CR network, where
the secondary transmitter, secondary destination,
numerous secondary relays are the main elements of
Cognitive radio in the occurrence of an unlicensed
invader, by the help of secondary relays, second-
ary transmitter is transmit the data to secondary
destination. So in the occurrence of accurate band
detecting we will focus on the investigation of band
detecting dependability in cognitive radio. Security
and reliability was obtained in the term of intercept
and outage probability and also non cognitive wire-
less networks. Security and dependability tradeoff
analysis of cognitive radio networks revealed from
this work. There are some main points which plays
an important Characterstics in this paper.

e To secure the secondary transmission in the
occurrence of an unlicensed invader, there are
basically two schemes first one is single-relay
transmission and second is known as multi-relay
selection scheme.

o To sending the secondary transmission from sec-
ondary transmitter to secondary destination, we
need only a specific relay from particular relay
selection and similarly we need numerous sec-
ondary relays from the multiple relay selection
to sending the secondary transmission from sec-
ondary transmitter to secondary destination.

e The occurrence of accurate band detecting we
will analyze the scientific security reliability
trade-off of the particular transmit collection
and numerous transmit collection schemes.

e Uninterrupted communication and artifi-
cial noise based schemes are considered as the
benchmark schemes and basically used for the
comparison between classic direct trans-mission
and particular transmit and numerous transmit
collection scheme, security and reliability are
measured in term of interrupt possibility and
outage possibility to the communication over
Rayleigh fading channel.

e By improving the security reliability trade-off
of particular transmits collection and numerous
transmit collection so the band detecting reli-
ability is increased.

e We have seen from the numerical results that the
security reliability trade-off of particular trans-
mit collection and numerous transmit collec-
tion scheme have good results in comparison of
benchmark schemes.

Basically the paper is described as follows.

Section 2 will discuss about physical layer secu-
rity structure exemplary, single relay and multiple
relay selection schemes and uninterrupted commu-
nication scheme in Cognitive radio.
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Section 3 shows the related work of security reli-
ability trade-off of particular transmit and numer-
ous transmit collection schemes with accurate
band detecting above Rayleigh fading channel.

Section 4 shows the numerical results part,
where we will check the SRT analysis comparison
between the shortest communication, the SRS and
MRS schemes

2 AN UNLICENSED INVADER AND
RELAYSELECTION IN CR NETWORK

This part shows the whole structure exemplary,
physical layer security, direct transmission scheme
which will serve as a benchmark scheme and also
will discuss about the particular and numerous
relay selection scheme in the occurrence of an unli-
censed invader.

2.1 Structure exemplary

From the Figure 1, basically we have a structure
exemplary. The main elements of this structure
exemplary are primary network and secondary
network. So in the primary network, multiple
primary user and a primary base station where
the multiple primary user are communicate with
the help of primary base station over a licensed
spectrum. And in the secondary network where
we have secondary transmitter, secondary des-
tination and an unauthorized attacker, with the
help of spectrum sensing, secondary transmitter
is transmit the data to secondary destination. If
secondary transmitter will detect that licensed
spectrum is engaged or not, if licensed spectrum
is engaged by primary base station so second-
ary transmitter will not transmit the data and if
licensed spectrum is not engaged by primary base
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Figure 1. The coexistence of primary and secondary
network.



station so secondary transmitter will transmit the
data to secondary destination, in the occurrence
of an authorized attacker where the secondary
transmission may be interrupted by an unauthor-
ized attacker.

Let us assume that R, and R, present the event.
During an exact time slot, R, and R, represent that
the licensed spectrum is engaged and free by pri-
mary base station

If the permitted band is free by main base sta-
tion so it shows that

R=R,

If the permitted band is engaged by main base
station so it shows that

R=R,

2.2 Direct communication scheme

An uninterrupted communication scheme is basi-
cally considered as a benchmark scheme. Where x,
and x, are the random symbols transmitted by the
primary base station. From the theory, as we know
that

The licensed spectrum is free by primary base
station so it shows that

R=R,

It means that secondary transmitter will trans-
mit the data to secondary destination and the sig-
nal received at destination point in cognitive radio,
so in the numeric term we can write it as

Zy =Ly DXy +tpd\/;/ppx,, +n, (1)

From the channel spanning between source to
destination where 7, and 7, are the fading coeffi-
cients of the channel and nd, It shows that AWGN
received at secondary destination and o is a ran-
dom variable.

If the licensed spectrum is engaged by primary
base station so it shows that

R=R,

By transmitting the signal of primary base sta-
tion which is ended with a licensed spectrum so the
secondary transmitter signal is heard by an unau-
thorized attacker because of the broadcast nature
and in the numeric term we can write it as

2=t px, +t, Nap,x, +n, )
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From the channel spanning where 7, and 7,, are
the fading coefficients of the channel secondary
transmitter to an authorized attacker, ne it shows
that the AWGN received at at-tacker node.

2.3 Single-relay selection

To sending the secondary transmission from sec-
ondary transmitter to secondary destination, we
need only a specific relay from particular transmit
collection Let us assume as secondary destination
and an authorized attacker behind the secondary
transmitter.

To be specific, only a specific relay is selected from
particular transmit to frontward the message to sec-
ondary destination. Where the licensed spectrum is
free by primary base station so it shows that

R=R,
So we can write the equation as
z,= tﬂ.\/pixs +1, \/;/ppxp +n; 3)

From the channel spanning, Where 7, and ¢, are
the fading Coefficients of the channel secondary
transmitter to single relay selection ST and ni it
shows that the AWGN received at single relay.

2.4  Multi-relay selection

We need numerous secondary relays from the
multiple-relay selection to sending the secondary
transmission from secondary transmitter to sec-
ondary destination.

So we can write it as equation (4)

li —
it = pw H x, + x/a'pphpdxp +n,

| secompasy
f——NETWONK

Figure 2. Multiple primary user, primary base station
and secondary transmitter, secondary destination ele-
ments in CR.



And the signal, which is received at attacker
node, we can write it as equation (5)

it =\ pw H X, +~ap,h,x, +n,

3 RELATED WORK

3.1 To check the craft-off among security and
dependability

This part will analyze the results of security depend-
ability craft-oft of particular transmit and numer-
ous transmit collection scheme in the occurrence
of ac-curate band detecting above Rayleigh failing
channel. And the security and dependability are
measured in the form of interrupt possibility and
outage possibility and in this case when secondary
transmitter will detect a spectrum hole so it will start
the trans-mission in Cognitive radio network.

4 MATHEMATICAL OUTCOMES
AND DISCUSSION

The section shows the SRT analysis comparison
between the shortest communication, the SRS and
MRS schemes. And we will also analyze the com-
parison between artificial noise based methods and
relay selection scheme. Relay selection schemes and
the equal power allocation method are used for
numerical analysis. Figure 3 shows Graph between
intercept and outage probability of SRS and MRS
scheme with different probability density and false
alarm probability.
Band detecting reliability’s where

(P, P)=(0.9,0.1), (P, P)=(0.99, 0.01)

By enhancing the band detecting reliability
from

(P, P,)=(0.9,0.1) to (P, P, ) = (0.99, 0.01)

So we have observed that spectrum sensing
reliability is increased because of SRS and MRS
schemes have good SRT.

Figure 4 shows that, to increase the number of
secondary relays after N =2 to § we have obtained
that single relay and multi relay selection have
good SRT. So we have ob-served from the numeri-
cal results, to increase the number of secondary
relays the security reliability trade-off of single
relay selection and multiple relay selection schemes
are improved and the multiple re-lay selection
scheme have good SRT in comparison of single
relay selection.

IF versus OF of the SRS and the MRS schemes for difierent (Pd PT)
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Figure 3. Graph between intercept and outage prob-

ability of SRS and MRS scheme.

P wersys OP of the direct transmission, the SRS and the MRS schemes for difierent N with PO= 08
10 - ! ' i - | . !
F = %

#
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Figure 4. Graph between intercept and outage

probability of SRS and MRS scheme with Po = 0.8.
*DT = Direct Transmission.

5 CONCLUSION

So we have observed from the numerical results, to
increase the number of secondary relays the secu-
rity reliability trade-off of single relay selection and
multiple relay selection schemes are improved and
we have also observed that multiple relay selection
scheme have good SRT in comparison of particu-
lar single relay selection. Basically the secondary
transmitter, numerous secondary relays, secondary
destination are the main elements in the occur-
rence of an authorized invader, where the intercept
probability and outage probability are measured in
the form of security and reliability.

As we have seen that outage probability is high of
direct transmission so we can take direct transmis-
sion to as our future work where we will not manually
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define the value of SRS and MRS. We will identify
outage probability for multiple-relay selection.
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MIMO based routing and optimization in ad-hoc networks
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ABSTRACT: Ad-hoc networks are one of the most subtle networks. To deal with them u have to cre-
ate a balance of power consumption, bit error rate, delay and efficiency. So in this paper we will be using
power control technique and MIMO based routing. In present scenario the nodes are extensively using
the high power while transmitting the signal (which is basically a waste). So we can rather conserve the
power by dynamically regulating the amount of transmission power according to the neighboring nodes
and average power of network. And then we need to introduce the MIMO routing algorithm to further

increase the performance of our system.

1 INTRODUCTION

MIMO is one of the most advanced technologies
in field of wireless networking. It is high time that
we introduce this technology in field of ad-hoc
networks. But the major issue is the power con-
sumption, which we are also going to handle in our
work. There has been an issue of link breakages in
Ad-hoc network and our route is most vulnerable
when only one route is selected as there is motion
all the time we can get changes in routes. But when
implementing MIMO we introduce multiple routes
to our destination. So even if route changes we
have information coming from multi routes. There
has been a paper on power control technique in
Ad-hoc networks, which we are going to imple-
ment in our project but with slight modification.

2 MIMO BASED ROUTING AND CLPC

2.1

MIMO is a concept which includes various con-
cepts. Spatial diversity, time diversity, frequency
diversity and spatial multiplexing are few concepts
of that are used in MIMO. We will use few of these
concepts in Ad-hoc networks to improve the per-
formance of our network. By using this technology
we are basically increasing the spectral efficiency.
When we talk about ad-hoc network we are using
antennas which are omnidirectional in nature. We
can use this to our advantage to make improve-
ments in our routing protocol technology. We
will be using special multiplexing in our protocol.
This is basically the making use of channels more
efficiently to create a more reliable data trans-
mission. This decreases the bit error rate in our

Concept
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channel very effectively. This exploits the multip-
ath nature of wave propagation in scattered envi-
ronment to create a high reliability model. This will
be the main focus of our research. MIMO based
routing includes the concept of sending the Data
through multiple routes at the same time. In this
using various routes if we get an error at anyone
of the routes, the holes is filled up by other routes.
There are a lot of channels in our network that go
unused or we can say wasted but if we can make
use of these unused channels we can improve the
efficiency of our network such that we make use of
every possible thing. This technique uses help of
nodes ability to broadcast data to multiple nodes
at the same time. So we can use up the free nodes
to formulate a route to the destination and create
a highly efficient network. This technique will not
only create a dynamic use of nodes according to
the traffic present in our network but also create a
more reliable approach towards the network. We
are going to use reduces the bit error rate by send
message through multi routes and reconcile them at
the end node, which will eliminate the retransmis-
sion of the message. Our objective will be mainly:

e To explore the tradeoff between the MIMO
based routes and power consumption.

e Reduce effect of route breakages.

e Increase the throughput to its maximum.

e Reduce the Bit error rate.

2.2 CLPC modified concept

We will be using the modified version of CLPC
in this research paper. CLPC is cross layer power
control concept as given in research paper (A.
Sarfaraz Ahmed et al. 2015). Here we will be send-
ing hello packets throughout the network and
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check the RSSI value of each node. On basis of
Lowest RSSI value of node we are going to set the
power of each node in the network as the lowest
value of RSSI was achieved.

Then what we will do is we will see what all
transmission power of nodes were near the value
of Max_avg power and according to that we will
increase the transmission power of that node. This
thing will help us in getting a better bit error rate
performance over the previous protocol that we
were using. The major difference will be that earlier
we had aa few nodes which had a borderline range
and it lead to node becoming unusable in some
cases. This was because of very low RSSI values
especially due to the mobility in our network this
caused some reliability of link issues. The power
control we are using will be used hand in hand
with MIMO based routing. The usage of MIMO
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complements the power control concept because
it will reduce the overall power usage and at same
time increase the efficiency of network in terms of
power consumption and reliability of network.

23 LDPC

Low Density Parity Check Protocol (LDPC)
(H. Futaki & T. Ohtsuki 2003) is used to encode
and decode the message. It is a low power consum-
ing protocol that we are using. In ad-hoc networks
when using multi channels it has shown great results
while implementing LDPC with turbo codes giv-
ing a very high performance, low bit error rate. The
LDPC codes can be decoded using a probabilistic
propagation algorithm. These codes are especially
useful when being used with MIMO because they
are highly efficient.

3 IMPLEMENTATION

3.1 LDPC

First we are going to encode the signal using LDPC
(H. Futaki & T. Ohtsuki 2003). In this we are going
to interleave the data with the first encoder and
the second encoder. Then the output of both the
encoders are mixed using a multiplexer and modu-
lated. Here S1, P1, P2 are the information bits and
parity bits.

At the receiver side the data is decoded by
demodulating the data and then demultiplexing it
into ys, ypl, yp2 where the ys ——— is the informa-
tion bit and ypl and yp2 is the parity bits.

Then they are passed through the first decoder
where we get the Ps(t) which is the likelihood of
received bits corresponding to information and
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Ps(k) is the likelihood of the interleaved bits which
will be decoded by second decoder. From the out-
put of second decoder we get the message signal
that was originally transmitted by the transmitter.

3.2 Power control

In this section we will be adjusting the power for all
the nodes in our network. For that we are going to
use following algorithm. In this algorithm power
control is implemented.

Algorithm 1

1. Node initiates Hello packet for gathering Neigh-
bors RSS value
2. Get number of neighbors and their RSS value
3. Receiving node checks its routing table neigh-
bors RSS value
4. If value present
Update routing table
5. Else
Store as a new value
6. Calculate Average of RSS
7. If neighbors RSS value < Average RSS
Find Lower Average value say AMin_RSS
8. Else if neighbors RSS value > Average RSS
Find Upper Average value say AMax_RSS.
9. Segregate three Transmission regions
a. Average of RSS region
b. Amax_RSS region
¢. Amin_RSS region
10. Every node adjusts its transmission Power
based on Amax_RSS value

Algorithm 2

1. Initialize all nodes by sending hello packet gath-
ering node routes

2. Initialize source and destination.

3. Calculate various routes from Source to
destination.

4. Select the shortest 3 paths for transmission.

5. Start encoding the Data for transmission with
LDPC-TD encoder.

6. Create a routing overhead and include the infor-
mation of all the nodes on above route.

7. Start packet transmission to the nodes calcu-
lated above.

8. Keep broadcasting to nodes as specified in
above routing overhead.

9. Reject the Packet if already received.

10. If packet reaches destination
Initiate an acknowledgement.
Start decoding the packets using LDPC-TU
decoder

11. Use the shortest path to send the
Acknowledgement.

12. If the acknowledgement received Stop.

13. Data transmission is complete
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4 PERFORMANCE ANALYSIS

When listing facts use either the style tag List signs
or the style tag List numbers.

4.1 NS-2 simulator configuration

We will be including the impact of Rayleigh fad-
ing. This will be conducted using collision model
as specified in NS-2. This will help determine the
effects on the packet error rate. This is necessary
in calculating the packet delivery ratio with high
accuracy with respect to realtime environment.
We are here describing a method to evaluate the
reliability of our network in a harsh environment.
This is basically a kind of stress test on the proto-
col. We will generate the scenario using a method
called as random waypoint model. We will take dif-
ferent readings varying different parameters. First
of all we will vary the speed of node and take read-
ing based off that. Then we will vary the number
of nodes and take the reading with as we slowly
increase the number of nodes.

4.2 Mobility in network

When we introduced mobility in nodes increasing
speed from 0-30 m/s there were high link break-
ages. But as we had a multipath propagation of
data it will not impact our transfer of data as much
as other protocols. This simulation will be done by
randomly moving the nodes and checking parame-
ters like throughput. Here we will see what kind of
impact mobility has on parameters like through-
put. This evaluation is important to see if our pro-
tocol it is worth switching to our or not. This will
give results with which we can get results which will

Table 1. Parameters of the network.

Network parameters Range
Speed 0-30 m/s
Load 20% network size

Packet rate

1-10 Packets/s

Terrain size 1000*1000
Max propagation range 300 m
Receiver sensitivity -90 dBm
Mac protocol IEEE 802.11
Routing protocol MIMO, AODV,
CLPC
Packet size 512 bytes
Transport layer protocol TCP/UDP
Application CBR
Simulation time 900 s
Node density 10-120

Channel propagation
Mobility

Two ray model
Contunues mobility




represent a practical behavior of our model. As this
is a multi-hop network we get a lot of routes. These
routes change when there is mobility and the node
goes out of range and comes in range of another
node. When we vary the size of network meaning
increase the number of nodes we get different kind
of results. As the number of node increases the
complexity of network also increases. The size of
network and mobility together gives us results of
a real time scenario. The greater the network the
higher the probability of breakage is there. The
networks packet delivery ratio is ideally calculated
this way. The reason why the MIMO-PC will give
better results than CLPC and AODV is because as
the network size increases it becomes more favo-
rable condition for MIMO network because it is
designed to utilize such kind of environment more
effectively. The scattering effect of model is going
to send signals to different nodes at different times
and this is effectively going to improve the spatial
diversity of our network. So in short we have the
technology required to implement the MIMO net-
work. This will also test the decoding capability of
the code that we are using. Turbo codes LDPC is
going to kick in when the network size increases
and improve the quality of received message signal
and decode is successfully.

4.3 Varying the size of network

When we vary the size of network meaning
increase the number of nodes we get different kind
of results. As the number of node increases the
complexity of network also increases. The size of
network and mobility together gives us results of
a real time scenario. The greater the network the
higher the probability of breakage is there. The
networks packet delivery ratio is ideally calculated
this way. The reason why the MIMO-PC will give
better results than CLPC and AODV is because as
the network size increases it becomes more favo-
rable condition for MIMO network because it is
designed to utilize such kind of environment more
effectively. The scattering effect of model is going
to send signals to different nodes at different times
and this are effectively going to improve the spa-
tial diversity of our network. So in short we have
the technology required to implement the MIMO
network. This will also test the decoding capability
of the code that we are using. Turbo codes LDPC
is going to kick in when the network size increases
and improve the quality of received message signal
and decode is successfully.

4.4  Results

These results are based on simulation done in Net-
work Simulator-2.34.
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From Figure 5 we can clearly see that MIMO
and MIMO-PC are giving better results as com-
pared to CLPC and AODV. In Figure 5 we com-
pare the throughput of various protocols with
respect to number of nodes. We vary the number
of nodes from 5-25 and check what throughput we
are getting for different values. Initially we started
with 20 nodes then we increased the number to
40, 60, 80, and 100. We observed that we are get-
ting very close results for MIMO and MIMO-PC
but we are getting a huge difference from AODV.
We are getting a close values between CLPC and
MIMO when at 100 nodes but still MIMO is able
to outperform CLPC.

In Figure 6 Throughput vs mobility we are able
to see the performance improvement of MIMO
and MIMO-PC. Here we can see that even when
there are a lot of breakages it is having a less impact
on MIMO and MIMO-PC as compared to AODV
and CLPC. Due the multiple routes that we have
implemented in our protocol it is more immune
to breakages because even if one path breaks then
second route still remains unharmed by it.

Throughput vs Nodes
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Figure 5. Throughput vs Number of nodes.
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Figure 7. Packet delivery ratio.

Packet Delivery Ratio: It is calculated by number
of packets received by the receiver to the number
of packets that were transmitted by the receiver.

In Figure 7 we are comparing the packet delivery
ratio. Here we observe how the number of nodes is
going to affect the number of packets received. In
this scenario we can get a very close result when
there is less number of nodes. But as the number
of nodes increase the performance of CLPC and
AODV drastically goes down but the MIMO and
MIMO-PC still show consistent packet delivery
ratio even when number of node are high. This
shows the performance difference between the
newly introduced protocol and conventional ones.

5 CONCLUSIONS

It has been observed that when the number of
nodes increases the effectiveness of our protocol
also increases. So when having nodes >20 the true
purpose of our protocol can be seen. It has also
been seen that it gives are constant throughput as
we reach the 1.8 Mbps mark. When mobility was
introduced our protocol was able to give us sur-
prising results. We were able to achieve 1.2 mbps
of Data rate at speed of 30 m/s. That is a.3 mbps

of improvement over the CLPC protocol. We have
also observed in Figure 7 that we are getting pretty
close results at 10 nodes in CLPC and MIMO.
But the story changes as the number of nodes sig-
nificantly increase the packet delivery ratio shows
better result over AODV and CLPC. This is a step
towards MIMO based Ad-hoc networks. There is
still room for improvement in power saving. The
protocol can further be improved by reducing the
routing overhead. There can be further improve-
ment in how the rerouting is done in case of break-
ages as of right now traditional methods were
used.
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Intermediate node selection by using energy saving—opportunistic
routing algorithm

Sandeep Sharma, Deepak Kumar Katiyar & Pranjal Katiyar
Gautam Buddha University, Greater Noida, India

ABSTRACT: Wireless Sensor Network are the network in which a lot of sensor nodes are deployed with
a limited and a non-rechargeable battery power in the regions of consideration. So how to utilize available
energy for the sensor node up to the maximum extent had always been a major concern for the design and
practical implementation of the Wireless Sensor Network. So in this paper, we have focused on a routing
protocol i.e. Energy Saving Opportunistic Routing Protocol for optimization of energy consumption of
sensor node which focuses on minimizing energy consumption and maximizing network lifetime for a
sensor node acting as data relay in one-Dimensional (1-D) queue network which is used for comparatively
dense network. Selection of intermediate nodes is a crucial part for optimizing the energy efficiency of
network. Opportunistic routing improve all over performance of network on the grounds of energy saving
with a large margin on comparison to other protocols which are used in Wireless Sensor Networks.

1 INTRODUCTION 2 PRIMARY OPERATIONS OF
OPPORTUNISTIC ROUTING
Sensor nodes are designed with the basic opera-
tions like sensing the data, processing it and trans- 2.1 Candidate selection
mitting the collected data to intermediate node
which is selected by the designated routing algo-
rithm to the sensor node. Intermediate nodes col-
laborate with each other on the basis of the packet
forwarding maintaining the uniformity in the proc-
ess of sending the data to the other intermediate
nodes by using the desired routing protocol which
is designated to them in order maintain the opti-
mal characteristics of the particular network. The
main aim of using opportunistic routing protocolis 2.2 Candidate priority assignment
the selection offorwarding candidate node and co-  gelection of nodes is consideredwhen next inter-

ordination among the node to deliver the data  mediate node (next-hop forwarder) is not found.
packet to their desired and intended destination  Gelection of next-hop forwarder depends on prior-
which is based on the calculations performed by iy of candidate which is decided by the list which
the sensor nodes. Consequently, these protocolsare a5 created in previous step. If forwarder candidate
efficient for mult}ple path selqctlonls and intermedi- g of higher priority than forwarding candidate is
ate node calculations, so that it achieve larger trans-  ¢ajected as next-hop forwarder else if forwarder
mitting range with efficient energy consumption. candidate is of lower priority then forwarding

Opportunistic routing protocol which is used  candidate is not selected as next-hop forwarder.
after the various comparisons with the protocols

like MTE, GeRaF on the various ground and then
overall comparison is made between the protocols
which proved Opportunistic Routing protocol as  In opportunistic routing protocol, transmission of
the best. This protocol broadcasts a data packet  packets is based on the packet distribution tech-
to all intended forwarder candidate, then one of = nique which is broadcasting in nature.This packet
forwarder candidates among the ones present suc-  distribution technique focusses on the reception of
cessfully receives the data packet. Further these  packet from different neighboring node. However
forwarder candidates declare a next forwarder for =~ some opportunistic routing protocol are helped
data transmission using this routing protocol only. by channeling of unicast packet so that they can

The source select a group of nodes for transmis-
sion of data packet from source to destination.
These group of sensor nodesor relays are known
as the forwarding candidates. Forwarder candidate
creates a list with the residual energy and distance
for the other nodes present in the network for find-
ing the next-hop forwarder.

2.3 Data transmission
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received from selected node. Data packet is trans-
mit by higher priority of node that is called next-
hop forwarder.

2.4 Receiver coordination

There will only be just one relaying node for the
particular packet among all the forwarding candi-
dates. That relay node will also authorized for data
reception at the MAC layer. The selection of the
intermediate node is allotted with the assistance
of the distributed procedure within the nodes.
The purpose of this selection is choose a highest-
priority relay to receive the packet successfully.
Thus some modification are tired, for currently
(S. Jain & S. Das, 2005) a listing of four fields are
enclosed within the RTS messages. The candidates
then respond with one CTS message respectively.
Then, the supply elect a node to work as forwarder
to transmit the information to the chosen node.
Normally this arrangement is followed however
there also are alternative ways that don’t use this
arrangement. As (M. Zorzi and R. R. Rao, Oct/
Dec. 2003) refers that every node can decide about
work as candidate node according to their location
and the final destination of the package. After that
selection of nodes can be done without supervi-
sion of the source node As shown in Figure 1, an
illustration of an information gathering system of
traffic pattern which is widely spreading among
the group of people or is covering a particular area

Traffic managemem center

ST

A) (X ))j

((A
Intermediate
Node

B

Node

Source Node Node Node Node

Figure 1. Diagram explaining the designing of cluster
of intermediate nodes in 1-D Queue fashion.
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which is based on 1-D queue network platform, in
which the nodes acting as the intermediate nodes
are deployed linearly and along the road. As far
as we know that most of the existing traditional
traffic gathering system are deployed by not con-
sidering the power-saving mechanism into consid-
eration and are basically designed for a specific
purpose only. With the time, where the develop-
ment of the cities and town is of prime importance
an smart city is the requirement and for which
the energy optimization is a prime requirement
and the task of information gathering must be
done with minimum energy consumption. In the
analysis performed further, when the primary node
responsible for detection of the vehicle in its range,
acquires the relevant information such as velocity
of the vehicle, volume of the traffic, density of the
traffic and etc. information, it sends the collected
traffic information to the intermediate nodes and
then the intermediate nodes forwards this data
along the path which is more efficient in terms of
the energy towards the sink node which is further
sent to the traffic management center. In the mean-
time the Traffic Management Center will select the
information required for offering that informa-
tion to the purchaser with the help of the network
present at the sink.

The model discussed above also finds its rel-
evance of extending the lifetime of the network
because of saving the energy of the sensor nodes
in 1-D queue network and can be implemented in
WSN based infrastructure.

3 RELATED WORK

As far as the advancements in recent years, vari-
ous studies of the 1-D queue networks various
parameters which are related to routing, like
parameters related to connectivity and density
of the distributed nodes can be studied easily.
Also, more studies (P. Piret, Sep. 1991) and (E. P.
Santi and D. M. Blough, Jan/Mar. 2003) on uni-
form and independent distribution based on the
assumption of fixed transmission range among
nodes of the sensor.

Few energy-efficient approaches are analyzed
in the abstract (V. Ramaiyan et al., 2012), and
(Y. Keshtkarjahromi et al., 2013) As major part
of the energy of the sensor node is consumed in
transmitting data when compared to the other
processes performed by the sensor nodes, thus a
mechanism of saving of energy is realized by the
calculation of the path which is consuming mini-
mum energy between the sources and sink in the
considered WSN’s. In (V. Ramaiyan et al., 2012)
the discussion of the optimal distance for forward-
ing and also the power control for single hop is



done after analyzing that there is a regular pattern
variation between the nodes using the high power
and hop lengths which are longer and the nodes
which using the low power and having hop lengths
which are shorter in regards of the sensor network
size considered. The minimum energy consump-
tion is achieved when the optimal distance for
transmission of data is calculated by the sensor
node from the other nodes in the dense multi-hop
WSNs. In (S. Dulman et al., 2006) the approach of
for 1-D queues network is also considered which
is named as MFR, which deals with the concept
of choosing the node which is the farthest as the
next forwarder among all the neighboring nodes
which ultimately resulted in the lesser delay and
also lesser energy consumption because of multi-
hop. In (H. Liu et al., 2009) another concept was
discussed which focused on reduction of the total
energy consumed based on the two objectives i.e.
allocation of bits and selection of path. Because of
networks nature of being wireless, major problem
faced in the wireless network is the unreliability of
the link. In (S. Biswas and R. Morris, 2005) the
solution for this problem using the opportunistic
routing is explained. In (M. Zorzi and R. R. Rao,
Oct/Dec. 2003), (L. Cheng et al. 2014) (X. Mao
et al., 2011) the opportunistic routing is further
improved by the concept of Ex-OR, GeRaF, and
EQ-GOR which are of more advantage when
compared to the traditional best path routing as
it takes into consideration the broadcast nature
of the sensor networks and also allows multiple
neighbors, which can enhance the problem in
forwarding of the packet in the network and can
result in overheat in transmission of the packets
further. Further the issues like selecting the par-
ticular forwarding node or rejecting it to minimize
the consumption of energy and optimizing the
design of opportunistic routing protocol for wire-
less networks was not addressed by protocols dis-
cussed above. Mao et al. & Trevino-Cabrera et al.
2011 introduced EE-OR which was strategically
more energy efficient which focused on the con-
cept of selecting the forwarder set of nodes and
prioritizing the particular set of nodes by using
the solution of forwarding data to sink nodes by
energy saving optimization solution.

Along with finding the best possible way of
routing methods which emphasizes on improving
the efficiency of the individual node which can be
implemented in improving the efficiency of the
whole network, it is also necessary to keep an eye
on other objectives such as lifetime of the network
and the energy left out in the intermediate node.
Thus, the concept of the left out energy after per-
forming the particular task or residual energy of
the sensor nodes which is also acting as primary
parameter is also considered for analysis.
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4 EFFECTIVENESS OF OPPORTUNISTIC
ROUTING IN MULTIHOP WIRELESS
NETWORK

4.1

Optimal Energy strategy can be achieved by des-
ignating optimal hops for determining the optimal
transmission distance. While choosing the unoc-
cupied next hop forwarder, additional factors
like energy-balancing of a system and remaining
energy of nodes also are considered.

Achievement of optimal energy strategy

4.2 Assignment of each candidate priority

To maximize the progress of every transmission
following priority based mostly forwarding is
being employed. The packet transmitted by the
sender specifies an inventory of forwarding nodes
in associate increasing order of ETX towards the
destination. Each packed detected by the node is
initial checked whether or not it’s present in the
forwarding list or not. If it’s not present then it dis-
carded otherwise packet sets the forwarding timer
proportional to its position in the forwarding list.
The results of that is that the node with lower ETX
towards the destination forwards the packet previ-
ous and therefore the alternative nodes, that were
antecedently hearing the forwarding, cancels their
forwarding timer and therefore the packet is being
aloof from the queues, avoiding the duplicate
forwarding.

4.3 Formation of farwarding candidate list

The forwarder list is fixed by the supply supported
the priority order of the expected price of deliver-
ing a packet from every node in the list to the des-
tination. Price metric is outlined because the range
of transmissions needed to maneuver a packet on
the most effective traditional route from node to
destination by reckoning hops and retransmissions
furthermore. The only distinction between ExOR
(Opportunistic MultiHop Routing for Wireless)
and ETX (Estimated transmission count) is that
ExOR only uses the forward delivery chance.
Complete set of inter-node loss rates are used for
scheming ETX values by ExOR.

If in an exceedingly network the range of nodes
are too many then the expected number of a batch’s
packet that any given node is to blame for forward-
ing could also be near zero also. If this is the case,
then ExOR’s agreement and programming proto-
cols can have high overhead because the price is
proportional to the quantity of nodes. This can
be the explanation why the ExOR supply includes
only a sub set of the nodes in the forwarder list.
ExOR simulation that relies on the link loss



possibilities is employed for running the supply and
it selects only the nodes that transmit minimum of
10 percent of the full transmissions in the batch.

5 NETWORK MODEL, ENERGY MODEL
AND OPTIMAL TRANSMISSION
TECHNIQUE

5.1 Network model

In a 1-D queue model, We suppose that our strat-
egy goes to work for comparatively dense network
i.e., all intermediate node have a lot of surround-
ing nodes and that they all have some information
concerning the situation information of their sur-
rounding nodes and site of source and sink node.
Each wireless device node has fastened most trans-
mission vary r and minimum transmission vary D
min. The 1-D queue network is then build by an
attached graph G = (T, N), wherever T could be a
bunch of nodes placed linearly and N is about of
links between nodes used for communication.

5.2 Energy model

The energy used may be written as below:

E,=(E,, +&,,d")B (M

elec amp
where,

E,,. - Fundamental energy used of sensing node
to power up the circuit for transmitter device or
receiver device,

£,,, 18 energy vanished in the transmit amplifier,

d 1s the space between transmitter device and
receiver device,

- 18 the channel path-loss exponent of the antenna,

Referred as energy used to transfer a B-bit mes-
sage in a space d.

Energy used by receiver E, may be evaluated
as:

E.=E, B 2)

elec

5.3 Optimal distance

In the network of WSNs considered above the nodes
are uniformly and independently distributed and
optimal distance ( ) for any node “h” is defined as

n

dop:M_xhzz(‘xi_xifl) (3)

i=1

where is defined as the position of the sensor
node “h”

6 PERFORMANCE METRICS

6.1  First dead node

FDN is connectivity of the network defined for
evaluating the influence of the connectivity of the
network.

The connectivity of the network becomes lousy
once the primary energy drained node seems
and also the chance of the network partition will
increase.

6.2 Network lifetime

When the receiver becomes unable to receive the
packet sent by the supply, it is called Network
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lifetime of a 1-D queue network. High balance of
energy consumption and network partition can be
achieved by higher network lifetime. Thus, network
time period is strictly associated with the consump-
tion of energy and network partition.

6.3 Receiving Packets Ratio (RPR)

The quantitative relation of variety of packet
received by the receiver to the total packets sent
by the supply is well-known as Receiving Packet
Ratio (RPR). For avoiding the network partition
adequately, most of the packets sent by the source
should be received by sink node which ends up in
good connectivity of the network. Overall per-
formance comparison of all three protocols on the
basis of time in Fig. 5.
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7 CONCLUSION

Because of its efficient characteristics when com-
pared to other protocols like simple implementation
and low maintenance within WSN this protocol
is mainly used for observance and management
application in our lifestyle. But because of the
limitation of the battery life of the sensor nodes,
it is only the reason why Energy saving optimiza-
tion becomes one among the main considerations
in WSN routing protocol style. In our research, we
mainly focused on reducing the energy used and
increasing the network time period of 1-D queue
network with already allocated sensor nodes. For
doing this we tend to used timeserving routing
protocol tomaximize the network energy efficiency
with the help of distance (called as optimal dis-
tance above) between the sensor nodes acting as
relay nodes and sink and also the energy remain-
ing in each node is also considered. We focused
this scheme after considering that the relay node
cannot move and hence the optimal transmission
distance is not changed and this indeed resulted
in increased network lifetime. So, our aim is to
work on developing an energy efficient opportun-
istic routing scheme that consumes the minimum
power and hence the relay nodes with could save
lot of energy which can increase the lifetime of the
network. Various graphs and results shown above
concludes that ENS_OR can help us in increasing
the level of power saving and network partition in
a better way with respects to other existing routing
protocols considered for comparison.

& FUTURE WORK

This routing protocol can further be modified by
introducing various modifications in the routing
protocol and the way in which the data is processed
such as:

8.1 Replacing the source nodes used to sense the

data with VANET's

Since the designing of the specialized sensor
nodes requires a lot hard work for finding its effi-
cient and practical implementation and after that
also the sensor nodes designed are mainly capable
of doing single task. Considering this fact only
Vehicular Ad-Hoc Networks (VANET’s) can be
used which are based on the fact that vehicles
which normally run on the roads can act as sensor
nodes and can get equipped with the sensors act-
ing as intermediate nodes to send the data towards
the sink. This implementation can increase the
practical consideration of this protocol and its
design.



8.2 Replacing the 1-D approach with
multihopping and efficient path calculation

The major consideration which we did for this
protocol is considering that the network is a
1-dimensional network and which is used for send-
ing the data towards the sink node. This approach
of 1-D network can be replaced by considering the
more efficient way of sending the data and go for
the multi-hop approach in the network.

This approach can be included in out technique
in the process of maintaining the forwarder table
in which the count of minimum number of hops to
sink can be included which can help in deciding the
best possible path to the sink and also path with
going to sink with passing through the multiple
hops with least energy consumption.

8.3 Development of most efficient traffic system

With the data which is stored on the network which
was processed with the minimum possible energy
consumption with protocol suggested above can
be used in various ways such as broadcasting the
information in a particular area, connecting the
display devices which can display the traffic den-
sity of a particular area, and etc. which can be fur-
ther be used in designing the efficient traffic system
which is the mandatory requirement as there is an
exponential increase in the population and hence
the traffic on the road.
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ABSTRACT: In this paper a technique is shown in which the resources of the spectrum has been effi-
ciently used by using a protocol that dynamically allocates the channel to Ad-hoc users in order to increase
the overall capacity of the channel. In order to maintain the quality of the cellular network, management
of the interference plays a vital role. We design an on-demand spectrum allocation protocol for the ad-hoc
user, which helps them to access licensed spectrum without causing interference in the channel. Firstly,
we must estimates the gain over the channel so that the level of the interference has been calculated for
ad-hoc users. Then information of the network has been distributed by using route finding packets either
by single-hop manner or multi-hop manner in a variable access manner. Failure rate has been decrease
while finding a route with the help of network information. With the help of route finding packets, the
ad-hoc users can communicate over a licensed spectrum with minimum possibility of outage while the
cellular network has not been affecting. In this method, we can save the total transmission power of the
ad-hoc user which is directly connected to each other without using the cellular main station.

1 INTRODUCTION reuse via different channel through near-by base
stations. In ad-hoc network, transmission capacity
Device-to-Device (D2D) networking allows explicit ~ plays a vital role to study performance metric and
communication link between cellular networks, it shows the area spectral efficiency constrained
thus it bypasses the base station. As compared to by the outage probability (Weber S.P, Dec 2005)
the new spectrum sources obtained by the service =~ A method is recognize in that will allocate spec-
providers, the number of wireless customers is on  trum resources to number of frequencies in order to
the peak. So we adopt new techniques in order increase the rate of transmission and also decreases
to increase their performance. IMT and LTE are interference throughout the channel. Moreover, a
some new techniques in order to fulfill the increas-  similar technique is developed in which the device-
ing demand of the users but still it require more  to-device user can pick particular frequency over
efforts. In this paper, we use Dynamic spectrum  which it passes the information. In order to specify
access techniques to fulfill the high requirement  the physical region for the licensed users, a method
for service. For improving the whole performance  has been used in where unlicensed users can also
of the customer network, different ways has been  access the spectrum for licensed users.
used in (Middleton G.B, 2006). In a process to We are trying to understand how ad-hoc device-
reorganize surplus users over frequency channel to-device communication is possible over a partic-
with excess capacity has been given in (Jha S, Aug  ular frequency when the licensed spectrum channel
2011). A similar work is done in (Lien S.Y, July isidle. The unlicensed users broadcast the discovery
2011) where femtocell unit have been formed when  packets for the route mapping, hence it is possible
we placed fixed relay station in a cell. A protocol  to access the channel and restrict the total power
is designed in (Middleton G.B, 2007) for assign-  of ad-hoc devices. But our first priority is, how to
ing the basic resources to licensed user. By using  manage interference that cellular users receive so
this protocol cellular users can connect straight to  that the level of interference should be minimum
one another without passing through Base Station ~ while unlicensed user also access the same chan-
(BS). In order to make a direct link between the nel according to the availability. For interweave
device-to-device users, a protocol has been devel-  spectrum sharing, the impacts of spectrum sensing
oped by RI. in the interweave spectrum sharing to the primary
We can also use a different method in which unli-  transmission were acknowledged by evaluating
censed user can dynamically access licensed spec-  the characteristics of the aggregate interference.
trum in (Satapathy D.P, 1996). A simple model of  Interference is often controlled by providing the
cellular network is formed in (Liang Y, 2007) that  unlicensed users with frequency resources that
help us to understand the phenomena of frequency  are dislocate to those of the licensed network via
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completely different frequency band or a subset of
the same band that is presently not in use.

In our technique, we make a dynamically allo-
cating spectrum protocol to facilitate direct com-
munication. We examine the scenario for the
whole frame in which the path condition is fixed
for a system. Furthermore, we use specific coding
methods to grant us the power level of the net-
work. D2D user will try to find either a single-hop
route or multiple hop routes, and according to the
requirement it provides power for transmission. In
order to increase both efficiency and success rate
of route discovery, network information has been
used. If the path is establish between the device-to-
device users, and then we are able to calculate out-
age probability and saving in power consumption
of D2D network.

Our results conclude that the count of neces-
sary transmissions is reduced while discovering a
route and also decrease the possibility of failure in
ending a route while using the information of the
route. To determine the lower bound on the prob-
ability of outage, we are acknowledging perfect
route inversion method. Moreover, ad-hoc users
are trying to communicate over more concise route
that consumes lesser power rather than using the
base station.

Now the rest part of our paper is standard-
ized as given. We will explain about the channel
model and its structure in the next section. Later
we describe about the device-to-device communi-
cation and power management in Section III. The
analytical implementation of the outage probabil-
ity and will study about the performance of the
discovery packets and its simulation in Section IV.
Conclusion and future work shows in Section V.

2 NETWORK STRUCTURE

2.1

We comprises a networking structure that have
seven round microcells and a main station that is
equipped with Omni-directional antenna that is
consider at the centre of the microcell. Here we
mainly think about the uplink frequency of the
network and distributed the channel in N Orthog-
onal channels. In order to organize a cellular link
with respect to the main station, we must have the
minimal S1 NR of um. We assume that a minimum
margin of interference x is present at each main
station. This level of margin helps us to check the
maximum interference that can channel handle
without any distortion.

Macro user is the basic category of users that
creates a network path between the main stations
and accordingly the data has been send to the
prior receiver. The basic users can utilize the main

Framework of the channel

280

station by signaling that is also in use by the cel-
lular system. The next type of user is ad-hoc user
that creates the route by broadcasting the discov-
ery packets and accordingly mapped the network
for single-hop or multi-hop in a given range of cel-
lular dimensions. When the ad-hoc users utilizing
the same channel that is also used by the macro
user, then we must check the interference should be
in allowed range and it will not harm the S1 NR of
active licensed users.

2.2 Infrastructure of the network

Structure of the network also remains same for our
channel model. We are assuming three different
users, in which transmitter is referring as i, receiver
is referring as j and accordingly interferer by k.
When the channel is influenced by multiple fading
and Gaussian white noises, we must calculate the
pathloss of the data. If we want to estimate the
large scale fading, we must use distance formula
of Euclidian for d; for source and receiver and
also for exponential of interferer i.e. .. Here our
main purpose is to calculate the minimum power
required by the user and accordingly the SI NR
estimation for the network connections. Therefore,
we define jth user’s S1 NR as
I, =Pd;h; ()
where d; " is the pathloss for the signal, P, is the
power used by transmitter and h; is the channel
gain. Furthermore, interferer’s power consump-
tion is denoted by P, and d;* is loss in path and
hij is denoted for gain over the channel, which is
the link between the destination and interferer. In
order to manage the interference of the signal, we
use fading control techniques and check the condi-
tion of the channel by applying random environ-
ment for the channel.

3 RELATED WORK

3.1 Device-to-Device (D2D) communication

In this type of communication, we are trying to
use on-demand spectrum allocation protocol so
that the ad-hoc device can form a direct link with
the licensed user over a similar frequency channel.
By using this protocol, ad-hoc devices can transmit
data only if the interference remains in the allowed
margin while using cellular spectrum. There are
two primarily steps that are discussed in our paper.
First step is to control power consumption of the
unlicensed user so that they can manage to trans-
mit packets over device-to-device the channel when
it works on the same bandwidth as of the macro



user. But to compute the performance of the pro-
tocol, we must look upon the power consumption
by each D2D user. If we calculate the transmission
energy of the source user, we will further work on
the route discovery and different methods of hop-
ping to reach their expected destination. Later
we will study about the working of the channel
component.

But to compute the performance of the proto-
col, we must look upon the power consumption by
each D2D user. If we calculate the transmission
energy of the source user, we will further work on
the route discovery and different methods of hop-
ping to reach their expected destination. Later
we will study about the working of the channel
component.

3.2 Power management for unlicensed user

To establish a link between the main station and
macro-unit user, a minimal S1 NR is required that
is denoted as um.

But in this process of link establishment, there
is an interference change noted, called interference
margin x is introduced in the network. To get the
required SI NR of um by an ideal power source of
the macrocell, ad-hoc user must control the interfer-
ence. When the macrocell user increases the trans-
mitting power by interference margin, then only this
type of outcome has been obtained. Hence, there is
a condition when there is no interference margin
K, and then the ad-hoc user can link a path with
other users and will achieve the required S1 NR. In
order to analyze the effect of interference margin
over a link that is established by the macrocell user,
we must observe on the power used for the trans-
mission and accordingly find out the S1 NR value
of the network. It helps us to virtually notice the
power consumption of microcell users as:

d

/o

)
(=)

()
(=)

Figure 1. Realization of Ad-hoc network with cellular
infrastructure.
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where d,;;*is denoted as the loss over the path and
h,,; is denoted as gain in channel between the ad-
hoc user and cellular users. In this part, we have
to calculate the gain in the channel that is exhibit
through the main station with minimum error
cause over the ad-hoc user. But in practical, esti-
mation of the route may cause some sort of inter-
ference in the channel, therefore the macrocell user
burst into outage. Hence the ad-hoc network must
have autonomous level of outage value.

In a present scenario, we have to check the value
of S1 NR of an ad-hoc connection for any variable
unlicensed user. Let us assume that ad-hoc user as
a source.

If we take P, or P, (i.e. source power) that should
be minimal in (2), then re-ordering the equation,
we will get

a2
P 2 xp, dyy® hyp' ©

Ps dSBiu hSB + 62 2 Hm (4)
where dg; is denoted as the loss over the path in
between source and base station and hg is the total
gain over the channel.

3.3 Duplex channel allocation for ad-hoc users

In our network, we are using on-demand channel
allocation routing protocol that is used to dynami-
cally access the channel and make a direct link
between two D2D users.

DSR is a route on-demand packet based discov-
ery protocol which broadcasts the network with
discovery packets and hence, it swaps the destina-
tion address of every node in the system so that
the receiver must have a brief idea about the path.
There are number of route discovery protocol
like DSR in which the source node broadcast the
packet in order to reach the destination and must
have the address of each node so that it is possi-
ble for source to reach at the right destination. The
similar results showed when route detail is passed
over one node to other node with shortest path dis-
tance through the link that helps us to tell about the
route existence.

3.4 Total power gain estimation

In order to access the bounded dimension of the
network and do not travel again and again over
a same path, DSR protocol has been used which
avoid the formation of loop. Moreover, D2Ds
operate CSMA/CA to assure that only one D2D
approaches the channel at a given time. If we want
to access only one device at a time, CSMA/CA
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technique has been used by the ad-hoc device-to-
device user. In order to decrease the level of inter-
ference and overhead, these methods should be
apply and the total numbers of discovery packets
reduces through the source.

Our priority is to calculate the power transmit
by the source and also power dissipated by the
interferer that manages the node address given by
the route discovery packet. In the starting of the
process, a packet has been broadcast to the destina-
tion which contains the transmission power Ps and

interference 1s that is measured by the each node.
Node j is used to resemble the received packet of
the jth ad-hoc node user.

For analyzing the impact of these two power, we
look at

Ii=Ij+02 (5)

where Tj is denoted as S1 NR and Pj is denoted as
received power at the node j. The calculated power
of interference has been represented as at node j
with Ij.

dsj-a hsj=Tj (I+62) (6)

which gives the solution for both path-loss and
gain of the channel. In some topologies and chan-
nel conditions, the value of Pj is null so that a
full duplex channel between ad-hoc users can be
possible.

If node j is the unlicensed user’s destina-
tion address, then single hop route has been laid
between the ad-hoc users. The discovery packets
broadcast the route request until a path has been
found or go for multi-hop process. Whenever,
there is a possibility for a full duplex channel, the
protocol has been started for searching for near-by
node. Both, power of transmission and power of
interference has been included whenever discovery
packets has been sent.

3.5 Results and discussions

In MATLAB, around 106 variable topologies have
been simulated by using our channel scheme. There
are different parameter that has been used for sim-
ulation process is mentioned in Table 1. In order to
see the work of the central macro unit that is kept
between the other 6 macro units has been show
via number of simulation results. For a mutual
connection between the two end users, not all the
nodes participate for any value that is given for Ny,.
Number of failure has been decreased when the
value of N increased. The efficiency of finding

Table 1. Network parameters.
Channel parameter Value
Radius of a microcell (R) 2000 m
Radius of cluster (r) 500 m
Total channels (N) 30

Total MUs (N,,) 30

Noise in the network (6?) —104 dBm
SINR of base station (B;) 10dB
SINR of D2D user (B,,) 5dB
Interference (k) 3dB
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a duplex path can be significantly improves when
we have the information about the network with
the help of route-request and route-reply packets
that is shown in the Figure. We can also calculate
the time saving during the transmission of route-
request packet as

T

save

=T-Ty @)
where T is the time interval in which the route-
request packet is not present in the Network Infor-
mation (NI) and Ty is the time interval in which
route request is present in the NI. These values are
used to find T, for a given node.

save

4 CONCLUSIONS

We present in our paper that how is it possible
for an ad-hoc user that linked with other ad-hoc
devices, can opportunistically access the same
source of frequency as a fully weighted licensed
user network. We develop a practical protocol for
D2Ds to use this scheme in a distributed manner
and with no coordination from the base station.
In order to use Ad-hoc device to device network
structure in a shared manner, this protocol has been
used. There is no need for the main station to estab-
lish a link between the ad-hoc users over a cellular
spectrum. If we want to control the interference at
the main station, then we should minimize the con-
sumption of power used for the transmission of data
packets. For establishing a route between the source
and the destination, a protocol has been used which
uses packet for finding the route with the minimum
power for transmission. Route-request and route-
reply packets significantly reduces the probability
of failure in order to find a route and also lower
the total power needed for transmission of packet,
which includes the information about the network
structure. We can also calculate the outage over a
channel when the ad-hoc network has been linked
with other devices that already provide us the route
between source and destination. Hence we display
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in our results that the unlicensed user can fully
access the spectrum, which improves the trade-off
between the networks and also increase the overall
efficiency of the spectrum. Moreover, simulation
results show that significant power savings can he
gained using D2D mutes rather than connecting to
the cellular base station. Moreover, the saving in the
power can be achieved when we are using ad-hoc’s
node to node connection rather than using the main
station via licensed users that has been showed in
our simulation results.
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Performance analysis of multichannel OCDMA-FSO network under

different pervasive conditions
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ABSTRACT: To meet the growing need of high data rate and bandwidth, various efforts has been made
nowadays for the efficient communication systems. Optical Code Division Multiple Access over Free
space optics communication system seems an effective role to provide transmission at high data rate with
low bit error rate and low amount of multiple access interference. This paper demonstrates the OCDMA
over FSO communication system upto the range of 7000 m at data rate of 5 Gbps. Initially, the 8 user
OCDMA-FSO system is simulated and pseudo orthogonal codes are used for encoding. Also, the simula-
tive analysis of various performance parameters like power and core effective area that are having effect
on the Bit Error Rate (BER) of system is carried out. The simulative analysis reveal that the length of
transmission is limited by the Multi-Access Interference (MAI) effect which arise when the number of

users increases in the system.

1 INTRODUCTION

FSO is an optic technology that propagates light
in free space to provide data transmission between
two points. The technology is very useful where the
physical connectivity by means of fiber cables is
not practicable (Kumar et al. 2012). FSO commu-
nication has major advantages over fiber commu-
nication and terrestrial microwave communication
because of high carrier frequencies, high data rate,
high capacity, secure communication (Kumble et al.
2011; Sangmaet al. 2012). FSO communication can
be used in many applications such as communica-
tion between various buildings, ships and aircrafts.
CDMA has become a very popular system for
wireless mobile communication for the reason of
its high bit rate, security, very low BER and system
capacity increases (Kennedy et al. 2011). The very
intelligent integration of FSO and optical CDMA
is proposed and this is OCDM-FSO communica-
tion system (Singh et al. 2011). OCDMA-FSO com-
munication plays an effective role to provide high
data transmission very low amount of multiple
access interference (Menninger et al. 2013).

(Mahajan et al. 2013) propesed a work that
2.5 Gbps signal is generated with the NRZ
modulation.

(Nadhila et al. 2013) reviewed a concepts related
to challenges a system designer has to consider
while implementing an FSO system and atmos-
pheric effects are also studied. (Phao et al. 2011)
presenting a demonstration of fading resistant
FSO system using simulative bed test employing
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FSO link with acceptable BER with the highest
stream rate of 2.5 Gbps. (Rang et al. 2015) pre-
sented a view to evaluate the quality of data trans-
mission using Wavelength Division Multiplexing.

The FSO transmits invisible eye safe light beams
from sender to the receiver using very low power
lasers in the terahertz spectrum. FSO can function
over kilometers (Rhag et al. 2014).

FSO communications provides cost effective
optical connectivity (Smphawamb et al. 2014). It
provides the economical valuable optical solutions
systems to fulfill the demand of telecom users
(Singh et al. 2015; Wang et al. 2013). The FSO
system has more flexibility in providing intra cam-
pus connectivity and connection between various
LANSs (Vang et al. 2015; Vakaya et al. 2015). FSO
system has high accessibility to provide high capac-
ity links to businesses (Zazumdar et al. 2015).

2 SYSTEM MODEL AND WORKING

The system design shown in Figure 1 represent-
ing the block diagram for the 8 users OCDMA
over FSO systems. The system design consists of
sine generator, summer, electrical generator, DM
lasers, pre-amplifier and optical Multiplexers.
The sine wave generator produces the rectangular
pulses of the light. The electrical generator pro-
duces electrical pulses of short amplitude, discrete
mode laser used to provide narrow beam width
optical frequency pulses, pre amplifier boost
the small electrical pulses for future process of
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Figure 1. Block diagram of 8 users OCDMA over FSO communication system.

amplification. In the designed OCDMA-FSO
communication system (Figure 1), 5Gbps signal
is generated with NRZ modulation format. The
signal is then further modulated by means of the
Mach-Zender Modulator (MZM) used to modu-
late the signal and then provide the transmission
over FSO by providing means of a four mode-
locked lasers used for creating a dense WDM
multi-frequency source of light of 3 mW operat-
ing at 1550-1551.2 nm.

Then OCDMA signal is transmitted over FSO.
The 8 different signature codes for the 8 OC-48
users are required. Pseudo Orthogonal (PSO)
matrix codes (Singh et al. 2015) are very popular
for OCDMA applications primarily as they also
retains the correlation advantages of PSO linear
sequences (Wang et al. 2013) while reducing the
need for the bandwidth expansion. PSO codes
also generates the larger code sets of various sig-
nature codes efficiently. In this simulation model,
an extensive time-slot reuse sequences are used
for user 1 to user 8. There are four time slots used
without guard-band which gives the chip period
of 100 ps. At the base station, the PSO codes are
retrievable using decoder and the optical signal
gets converted into electrical signal and data is
recovered successfully.

3 RESULTS AND DISCUSSIONS

The analysis are performed by observing two
cases: case (I) demonstrates an effect of Multiple
Access Interference (MAI) in designed system
under different data rates, case (I1) investigated the
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optimized design with different parameters under
different pervasive conditions.

The various parameters used in the designed
system are data rate = 5 Gb per second, core effec-
tive area = 300 cm?, transmitted power = 9 mW,
sigma add = 1.9 divergence angle = 0.25 mrad.
These systems are implemented with the OPT-SIM
software.

Case I: To compare and analyze the impact of
Multiple Access Interference (MAI) in designed
system.

The crosstalk among various users sharing
the common FSO channel is particularly known
as Multiple Access Interference (MAI). It is the
significant source of bit errors in the proposed
OCDMA over FSO system (Phao et al. 2011; Rang
et al. 2015). Initially, (Figures 2a, b) and (Fig-
ure 3a, b) indicates the graph of Q values and BER
versus distance with and without effect of MAI in
OCDMA over FSO communication system.

In first case of without MAI effect, from
(Figure 2a), it has been observed that that there is
significant decrease in the value of Q factor which
lies with values 18 to 12 at 5 Gbps in without MAI
at one user. (Figure 2b) depicts that there is signifi-
cant increase in the value of BER which lies within
107 to 107 at 5 Gbps in without M AT at single user
users for transmission distance of 1000-7000 m.
Further from (Figure 3a), which also indicates the
graph between Q factor value versus distance with
MALI effect at eight users in optical CDMA over
FSO system, it has been observed that Q-factor
lies between 4 and 1. From (Figure 3b) shows the
BER analysis which depicts that with the increase
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in number of users, BER lies within 10-'? to 10 at
5 Gbps which depicts sharply increase in the BER
value in the plot. It shows that the Multi Access
Interference (MAI) has an impact on OCDMA-
FSO network. The (Figures 4a, b) depicts the eye
diagram for data and voice in case of with and
without MAI. Eye diagram shows that the width
and height of the eye opening is large which means
that the received signal is very much clear. If we
increase the number of users then our data and
voice distorted and become error full.

So, the results have shown that there is less distor-
tion in the system with less number of users and it
will further increase with the increased MAT effect.

Case II: To investigate the performance of an
optimized design with various parameters under
different pervasive conditions:

In this case, we are analyzing the designed sys-
tem by varying the various parameters such as
various power levels and attenuation levels.

From (Figure 5a), it has been predicted that
there is significant increase in the value of BER
with the increase in power transmission, which lies
within range 10 to 10 and 10! to 107 for trans-
mission distance from 1000 to 7000 m in case of
power levels 1| mW from 9 mW respectively.

(Figure 5b) depicts the graph between Q-factor
versus distance at different transmitter power.

e IstmpAt Amp1 Eye Diagram

Signal (W)

Time (s)

(@

IstmpEye Eye Diagram

Signal (W)

Time (s) x10'10

(b)

Figure 4. (a, b) Eye diagram analysis of of received sig-
nal for single user taking NRZ signal without MAI and
with MAI at eight users.
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power levels.

From results, it has been observed that the Q factor
value decreases which lies within 18 to14 and 13 to
3 for transmission distance of 1000-7000 m in case
of 9 mw to 1 mw respectively.

(Figure 6a) indicates that there is valuable
increase in the BER, which lies within range
10 to 10! and 10 to 10! for transmission dis-
tance from 1000 to 7000 m in case of attenuation
0.2 dbm to —1.0 dbm.

(Figure 6b) indicates the graph between Q fac-
tor value versus distance at different power levels.
From results, it has been observed that the Q factor
value decreases sharply which lies within range of
17 tol6 and 12 to 8 for transmission distance of
1000 to 7000 m in case of attenuation —0.2 dbm to
—1.0 dbm respectively.

So, the analysis of Bit Error Rate (BER) and Q-fac-
tor value with respect to the distance reveals that the
significance decrease in the value of the Q-factor level
and there is an increase in the value of the BER as far
as transmission distance varies upto 7000 m.
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Figure 6. (a) Evaluation of BER value versus distance
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4 CONCLUSION

The design of an OCDMA over FSO communica-
tion system at data rate of 5 Gbps for 7000 m length
is presented. Performance investigation of this
designed OCDMA over FSO system was carried
out using NRZ modulation with different param-
eters and with and without MAI for comparative
study. It is concluded that NRZ give us better per-
formance in optical CDMA over FSO communica-
tion system. Further transmission range increases
with the increase in transmitter power.

The eye diagrams for single and eight users are
shown in (Figure 4a, b). It has been observed that



the efficiency of the system is degraded with the
increase of users. Thus it is determined that MAI
play the key role in OCDMA over FSO communi-
cation system.
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ABSTRACT: A network of sensors is a collection of sensor nodes in a particular region. The sensor
nodes collect data and send it to the sink. Initially data transmission takes place smoothly but after some
time the problem of energy hole occurs. The energy of sensor nodes near the sink depletes faster as com-
pared to the sensor nodes away from the sink as they have to send their data as well as the data collected
from far off nodes also to the sink and this is known as the Energy Hole problem. Hence in order to get
rid of this problem this paper proposes the concept of Mobile Sink. This concept divides the entire sen-
sor network into smaller regions and the Mobile Sink goes into each region, collects data and thus saves
energy. This concept is collectively known as Stable Election Adaptive Immune Algorithm. This algo-
rithm increases both network lifetime as well as stability period of WSNs.

1 INTRODUCTION

A network of sensors is a wireless infrastructure
consisting of devices that sense, compute and
communicate information to an administrator by
recording data in a specific environment. Sensor
nodes are sometimes also called motes. The power
efficiency of WSNs is being increased by employ-
ing following measures: low duty cycle operation,
reduction in data volume by in network process-
ing and using multi-hop networking. The working
operation of a node is given step by step—after
sensing physical changes in the environment elec-
trical signals are produced in the transducer. These
are analyzed and kept in a microcomputer. As soon
as the microcomputer gets command it transfers
this data to the centralized computer where this
information is processed.

The proper placement of nodes and the prob-
lem of energy depletion can be solved with the
help of clustering protocols. In this paper, a Sta-
ble Election Adaptive Immune Algorithm has
been given to enhance the working life of WSNs
and to remove the energy-depletion problem.
SEAIA uses the Adaptive Immune Algorithm
(ATA) to get the proper placement of the mov-
ing sink and the required number of CHs. This
is achieved by decreasing the amount of energy
required in performing the communication proc-
ess and also to manage the overhead control
packets. Further we have done literature survey
in section (II). Advantages of mobile sink and
proposed mobility path pattern are described in
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section (IIT) and (IV). Network model and pro-
posed protocol is given in (V) and (VI). Section
(VII) and (VIII) tell about performance meas-
ures and simulation results. Conclusion and
future work along with references in (IX) and
(X) finally end the paper.

2 RELATED WORK

Various clustering methods in which both the
nodes as well as the sink remain stationary are
already present. Starting of clustering methods is
done by Low-Energy Adaptive Clustering Hier-
archy (LEACH). Information is gathered by the
CHs and then directly given to the sink and thus
completing the mechanism of LEACH. Random
selection of CHs is the main drawback of LEACH
protocol. Whether a node becomes Cluster Head
or not is determined by the probability given by
the user. However, the optimal probability of CHs
(p,,) 1s found by applying Genetic Algorithm based
LEACH. Even though LEACH-GA enhances the
CHs threshold function but it is not able to pick
CHs by following a proper defined mechanism.
The amount of energy left in a node at a particular
time is not considered while picking CHs. Election
of CHs by using a well-established mechanism and
improvement in the alive time of multi-level hierar-
chical heterogeneous WSNs is done in the Amend
LEACH protocol. To reduce signal overhead and
efficient data delivery to the sink Intelligent Agent-
based Routing was proposed.



3 ADVANTAGES OF MOBILE SINK

This section will list some of the advantages of
having a mobile sink. A mobile sink does not stays
at a place for a long time. It keeps on changing its
position over time and this makes almost impos-
sible for the attacker node to extract confidential
information from it. Another usefulness of mobile
sink is that it goes close to the location where the
sensor nodes are present. As a result less number
of hops are required for packet transfer between
sensor nodes and the sink.

4 PROPOSED MOBILITY PATH PATTERN

A movingsinkisused in this algorithm that decreases
the amount of energy lost by each node. To pre-
vent unnecessary wastage of energy information
is transferred in lesser number of hops by dividing
the given area into smaller regions. This mechanism
not only decreases the number of packets lost but
also the time required to send data from nodes to
the sink. Now sensor nodes with small transmission
range are required in comparison to the situation in
which the whole sensor area is present where sensor
nodes with extremely large transmission range are
required to have a link between the nodes and sink.
Here, we take three types of division of regions. The
first and second type are moving sink with 4 paral-
lel regions and 4 square regions and the last one is
8 boxes regions.

5 ASSUMPTIONS

To get proper functioning from this algorithm
these assumptions are being made:

e The location of each sensor node is provided
by a GPS module or a certain localization tech-
nique and each one of them is stationary.

e Data aggregation techniques are used to join
various correlated signals into one fixed length
packet and this makes intra-cluster sensed data
is extremely symmetric.

e Same energy is required to send a message
between any two nodes which makes the com-
munication channel symmetric.

Parameter Notation
Length of overhead control packet (bits) Kep
Residual energy of the sensor node Egs
Number of member nodes for CH m,

Size of the sensing field MxP
Path loss p

Total number of sensor nodes in the network N

Initial energy of each sensor node E,

o The location of the sink keeps on changing and
it has the highest energy among the various sen-
sor nodes.

6 STABLE ELECTION ADAPTIVE
IMMUNE ALGORITHM

The right movement of the sink along with the
correct election of CHs are the main two criterion
by which the amount of energy lost by a node can
be minimized along with enhancement in the alive
time of the nodes. Hence Stable Election Adaptive
Immune Algorithm is used to get rid of these prob-
lems. Various rounds are run to find the function-
ing of the proposed protocol. One single round
consists of three parts-

e Prepare Phase: To have uniform distribution of
CHs in the sensor field and to achieve energy
efficiency this step is used.

e Set-up Phase: Proper placement of CHs and
sensor nodes is done

e Steady State Phase: Framing of data packets
and then transmission to the sink is performed.

Algorithm for one round of SEAIA protocol
Notations:

N: Number of sensor nodes in the sensor field
E: Initial energy

k: Number of bits in the message

kcp: Number of bits in control packet

M x P: Size of sensor field

Algorithm for SEAIA
1: //Initialize the network//
2: xm=100;
3: ym=100;
4: sink.x=0.5%*xm;
5: sink.y=0.5*ym;
6: N=100;
7://Divide the sensor field in R equal regions//
8: rectangle(‘Position’,[0 0 50 50]);
9: rectangle(“Position’,[50 50 50 50]);
10: rectangle(‘Position’,[0 50 50 50]);
11: rectangle(‘Position’,[50 0 50 50]);
12 //Creation of random sensor network//
13: for i=1:1:n
14:  S(i).xd=rand(1,1)*xm;
15: XR(1)=S(i).xd;
16:  S(i).yd=rand(1,1)*ym;
17:  YR@@)=S(i).yd;
18: end for
19://Election of Normal Nodes//
20: if (temp_rnd0>=m*n+1)
21:  S(i).E=Eo;
22:  S(i).ENERGY=0;

(Continued)
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Algorithm for SEAIA (Continued)

23:
24:
25:
26
27:
28:
29:
30:

plot(S(i).xd,S(i).yd,'0");
end if
//Election of Cluster Heads//
iif (temp rndO<m*n+1)
S(i).E=Eo*(1+a)
S(1).ENERGY=1,;
plot(S(1).xd,S(i).yd, +;);
end if
31: //Data transmission//
32: if (Cluster Head=1) //Create TDMA
33: { packets TO BS=0;
34: packets TO CH=0; }
35: end if
36: elseif (Cluster Head=0)
37: S(i).min_dis=min_dis; //Wait for info.
about TDMA
38: end if
39: //Checking the coverage capacity of mobile
sink//
40: if (min_dis<do) /If all regions not visited

41: Go to Step 7
42: end if
43:  elseif (min_dis>do) /If all regions visited

44:  Go to Step 46

45: end if

46: //Analyzing energy profile of nodes//
47:while (S(i). ENERGY==1)

48: Go to Step 7

49:elseif (S(1). ENERGY==0)

50:end if

51: //Dividing the whole sensor network into dy-
namic area regions//

52: [vx,vy]=voronoi(X,Y);

53: plot(X,Y,'r*',vx,vy,b-");

54: /[End//

7 PARAMETER ANALYSIS

The following parameters are being checked:
Network lifetime
Stability Period
Instability Period
First Dead Node (FDN)
Half Dead Node (HDN)
Last Dead Node (LDN)
Number of Cluster Heads per Round
Number of Alive Nodes per Round
Throughput
Packet Lost Ratio
Packet Transmission Ratio
Packet Delay

8 SIMULATIONS AND RESULT

The efficiency of the proposed algorithm and its
comparison with the other protocols is done in
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this section with the help of MATLAB software.
In these tests, we assume that all the sensors are of
the same type and every sensor is making one data
packet per round to be sent to the sink.

A Analysis of dividing in regions

Here, we analyse the movement of the sink to find
the performance of this protocol. So we consider
four cases:

1. stationary sink

ii. moving sink with 4 parallel regions
iil. moving sink with 4 square regions
iv. moving sink with 8 box regions

The simulation consists of 100 nodes (with start-
ing energy of 0.5 J) placed within a 100 x 100 m?
sensor field. 2000 message bits along with 100 con-
trol bits are being sent.
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Figure 3. Moving sink with 4 square regions.
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Figure 4. Moving sink with 8 box regions.
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Figure 7. FDN, HDN and LDN results.

B Alive time and stability period

The time period till which the nodes remain alive as
well as they give effective performance is checked
in this test. 100 sensor nodes of the same type with
starting energy of 0.3 J are placed randomly within
a 100 x 100 m? sensor field. 3000 bits of message
was transmitted.
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C  Moving sink vs Stationary sink

Number of Cluster Heads per Round

In this test, the data transmission capabilities of
LEACH, A-LEACH and LEACH-GA is com-
s pared with the proposed protocol. With starting

0 10 20 30 40 50 60 70 80 90 100

Number of Rounds energy of 0.5 J, 100 nodes are being kept in an area
of 50 x 50 m2. 60 bits of control packets together
—— Stable Election Adaptive Immune Algorithm with 2500 data packets are being transmitted.

t Mobile Sink with 8 boxes regions
——— Mobile Sink with 4 square regions
—+— Mobile Sink with 4 parallel regions

D Delivery of packets and delay

With stating energy of 0.2 J, 150 nodes are being
Figure 10. Number of Cluster heads per Round. placed in an area of 100 x 100 m? sensor field. 3000
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data packets are being sent. The number of packets
delivered and the number of packets lost is being
checked in this test.

9 CONCLUSION AND FUTURE WORK

Enhancement in the packet transmission rate
along with a considerable decrease in the number
of packets lost is achieved with this protocol as
compared to the other protocols. This is basically
due to the reduction in the distance between the

sink and nodes. For future work we would like to
have both the sensor motes as well the base station
with travelling capabilities so that their effect on
the protocol can be analyzed.
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Optimization of communication parameters in wireless sensor network
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ABSTRACT: Nowadays, opportunistic routing is being used as an important parameter. It improves
the network parameters which are used to forward the data packets from source to sink in more efficient
and optimized way through Opportunistic Routing (OR), the data can be forwarded from one node to the
second and, selection of more prioritized node is possible. Here, in this paper the focus is on optimization
of network parameters for better results. The protocol used is for Energy Optimization Opportunistic
Routing (ENO-OR). The protocol evaluates the best test results with the proposed routing scheme. The
constraint parameters have been used are; lifetime of the network, Residual Energy, Packet Received,
dead nodes received. Here we compared wireless connectivity with the other existing wireless sensor net-
work routing schemes.

Keywords: opportunistic routing, ENO-OR, Network lifetime, residual energy

1 INTRODUCTION et al. 2000). To modified the performance of energy
efficiency for sending the data from the transmit-
Nowadays, WSN is very commonly used in com-  ter end, a number of former presented energy-
mercialized and industrial areas because their efficient protocols are used to acquisition very less
application used in biological observation, habitat  energy route between transmitter to receiver to the
observation, health care, process observation, and  accomplish most advantageous energy utilization
surveillance. The military area, we are capable of  (Hoang, Duc Chinh, et al. 2014, LoBello, Lucia,
use WSN to check a human action. When an event  and Emanuele Toscano 2009, V 2014). However,
is occurred the source node i.e. transmitter sense  the layout of the process an energy-efficient rout-
it and throw the data to the initial place to sink  ing protocol, since it involves not alone award the
by communication through connections present in ~ minimum consumption of energy route from the
the scenario. The utilization of WSN is growing single sensor node to the destination, but as well
every day as well as at this moment it faces some  acclimation the administration of balance activity
difficulties main crisis is force constraints with  of the accomplished arrangement (Ren, Fengyuan,
restricted battery lifetime. Since every connection et al. 2011).
going on force to the actions, it is becoming the Additionally, undependable wireless network
leading problem in WSN. Not a success process to  could be loss of packet and assorted retransmis-
connection could be communication the absolute  sions in a preselected acceptable aisle (Behnad,
system or application. Each detection connection  Aydin, and Said Nader-Esfahani 2011).
could dynamic form the half transmittal actions The network can be optimized by applying
sleep along with idle mode. In the active form  the Opportunistic routing theory using the one-
of connections consume force when receiving or ~ Dimensional (1-D) network that used should be
transmission data. Here idle manner connections  kept focused to the destination in order to forward
devour approximately to the similar sum of money  the data that is listed and should not concentrate
of force within the dynamic mode, although in  on the extra data traffic in Figure 1. Priorities are
sleep mode; connections closure to the radio of  set by the nodes and if the same packet is transmit-
keeping the physical phenomenon. ted by different nodes the one with lower priority
In adjustment to cooperatively adviser concrete ~ will be ignored and higher priority node will be
or ecological conditions, the most important func-  accepted. While making the forward list is also a
tion of sensors which are deployed in a particular ~ concern, the issue is raised in a selection and set-
area or region is to collect and address the data. It  ting the priority on the transmission list that would
is well acknowledged that sending data from the enable to save energy over all the sensors.
transmitters end consumes lot of energy as com- The Figure 1 shown above is vehicle informa-
pared to receiving data at the receiver end (Pottie  tion system through relay nodes. In this network
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Destjndtion

Figure 1. A relay network that showing the communi-
cation between source to destination.

a source node S which carries the information like
information about vehicle average speed, vehicle
density etc. and forward the data by using relay
nodes R placing between source and destination D
so that the destination can proceed it for further to
the traffic management system. This study is con-
centrated on how to select and arrange the forward
node list so the energy could be saved.

1.1  Related work

There are lots of methods in the literature deal-
ing with routing in WSN. Some papers are also
proposing energy efficient routing protocols. The
sensor will sense the traffic information in their
range, and pass it on to the sink. When it is passed,
it should be sent through the energy efficient path.
(Luo, Juan, et al. 2015) proposes an energy efficient
routing scheme ENSOR for such 1-D networks.

It introduces a concept called EEN (Energy
Equivalent Node). A forwarder set list is prepared
based on the residual energy of the neighbors. The
nodes in the forwarder set rank themselves on
the basis of distance from the EEN. Specifically,
the Energy Saving through the Opportunistic
Routing (ENS_OR) algorithm is created to protect
minimum power consumption during data trans-
mission and also protect the nodes with low resid-
ual energy. Extensive simulations and authentic test
results show that solution of ENO_OR can con-
siderably improve the performance on energy and
lifetime of network in comparison with the other
existing routing scheme. Opportunistic routing for
WSN is dealt in (Biswas et al. 2005, Chachulski,
Szymon, et al. 2007). In ExOR (Biswas et al. 2005)
the opportunistic routing concept is used for reduc-

ing the total cost of the route. The forwarder is
adopted based on following a stringent scheduling
mechanism so that only one node is forwarding the
data and others will discard it. Packets are mixed
randomly before transmission in MORE (Cha-
chulski, Szymon, et al. 2007), so that same packet
is not forwarded by all. In (Mao, Xufei, et al. 2011)
opportunistic routing is used for minimizing the
energy cost by appropriately selecting a forward-
ing list. It also explains the usage of opportunistic
routing for adjustable and non-adjustable power
models. The proposed approach of this paper is
used opportunistic routing for selecting the relay
nodes, which the total cost of the route is reduced
and hence network lifetime is increased.

Some energy-efficient approaches have been
prospected in the literature (Ramaiyan, Venkatesh,
Anurag Kumar, and Eitan Altman. 2012, Keshtkar-
jahromi, Yasaman, Rashid Ansari, and Ashfaq
Khokhar. 2013). The Most Forward within Range
(MFR) (Dulman, Stefan, et al. 2006) routing pro-
tocol can select and choose the distant neighboring
node as the next node and results in minimizing the
delay and power consumption. Another approach
ENO_OR in (Keshtkarjahromi, Yasaman, Rashid
Ansari, and Ashfaq Khokhar. 2013) which mini-
mizes total energy consumption based on path
selection and bit allotment.

An Extremely Opportunistic Routing (ExOR),
a new uni-cast routing technique for multi-hop
wireless networks. EXOR specify which node from
all the nodes that opportunely received that trans-
mission is the node most proximate to the sink.
That most proximate node transmits the packet
(Biswas, Sanjit, and Robert Morris. 2004). Simula-
tions based on measured radio characteristics (De
Couto, Douglas SJ, et al. 2003) suggest that ExXOR
minimize the total number of transmissions by
approximately a factor of two with best possible
pre-determined path.

2 PROPOSED ALGORITHM

Here build a contrast of ENS_OR and ENO_OR
Model idea to assorted data.

Algorithm: ENO_OR Algorithm

Event: Node n contains data to send data packet
to the destination.

Step 1:set the coordinates
transmission

Step 2: cost function calculation to
forwarder

Step 3: set transmission for forwarder node
between the neighboring nodes

Step 3: for i = 1: length(x0) where i = 1:1:node,
x0 is the energy of the node

for the node

select
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[min_node, I] = min (cost_function);
Node_num =1;
node_sel (r) = node_num;
end
Step 4: check energy of node and compare with
the threshold energy
if node energy >threshold energy
Then node forwarder
End
Step 5: set direct transmission if nodes energy
decreases below the threshold.
Step 6: set the priority to forwarder node by
using Optimal Energy;
Step 7: set the broadcast of data packet;
Step 8: check the node priority
if highest priority node n received the
data packet successfully then
reply an ACK signal to inform the sender
to get the data packet
else
if priority timer expires then
set n = lower-priority;
back to the start of the loop step 8
Step 9:if no forward node has received the
packet successfully then
if the retransmission timer expires then
Drop the packet;
Back to step 2
Step 10: return

3 ENERGY MODEL AND SIMULATION
PARAMETERS

We utilize the parallel radio model concerned
in (Rappaport, Theodore S. 1996) that is initial
order radio model. The radio has power control
and can spend the lowly necessary energy to get
to the ENO_OR recipients. The radios can be

Table 1.
model.

Relative table for ENS_OR and ENO_OR

Parameters ENS_OR ENO_OR

Average of Low
Residual
Energy (ARE)

Standard
Deviation
of Residual
Energy (SRE)

Receiving
Packet Ratio
(RPR)

First Dead
Node (FDN)

Network Lifetime
(NL)

High

Minimum Minimum

High Very high

Low Low

High Very high
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twisted off to avoid in receipt of accidental
transmissions.

The equations that we have used here for calcu-
lating transmission costs and in receipt of cost the
consumption of energy at transmitter end is given
by E;y and for receiver end E,

E, (LD) = (E,, E;D") ! (M
E. ()=E,l @
E, = E,,. is the energy required for the func-

tionality of transmitter and receiver circuit board,
EB = €, is the energy required for transmitter
amplifier, D is the distance from transmitter to the
receiver, @ is the path loss due to transmission chan-
nel [Efficiency, Aperture. 1994] value of and satis-
fies the condition 2< ¢ <4. /is size of the packet.
The above Figure 2 shows the data transmis-
sion, where the next optimal node is selecting the
next node for data transfer. EEN (Energy Equiv-
alent Node) is used to find the minimum energy
consumption of the nodes by replacing them.
Corresponding optimal transmission distance

d, for node n is given by

op

3)

D,,<D,<R

here, x, is position of the sensor node (x, <<m).
where m is last sensor position.

For simulation, the software which is being used
is MATLAB. The experiment is for 8 nodes uni-
formly distributed in one dimensional. Each node
has firmware character E, and E; in (1) is set as
5*0.000000001 J/bit and 1.97*0.000000001 J/bit/m?,
respectively. Hence, the value of optimal transmis-
sion distance D, in (3) is approximately 0.1 m. Since
E, and E, are stable and permanent, no matter if the
distance between two most proximate node changes,
D, still will be 0.1 m, without change. In this single

Figure 2. Optimal transmission distance between
nodes.



dimensional network, a node between the transmit-
ter and receiver only acting as relay node. To ana-
lyze the performance of our proposed protocol i.e.
ENO_OR, we compared it with the existing one that
is ENS_OR, which represent the power transmis-
sion strategy with minimum transmission power, to
ensure the Quality of Service (QOS).

4 SIMULATION METRICS AND DOMAIN

The simulation is of 2.5*6 feet. Here, we define five
main quantifiable metrics to estimate the efficacy
of ENO_OR algorithm for packet forwarding in
one dimensional network. Table (2) shows the dif-
ferent parameters through which the performance
metrics can be evaluated. In according to the above
simulation domain parameters we, thus optimize
the results of our performance metrics.

4.1 Residual Energy (RE)

The sensor nodes that have moreover residual energy
show that all nodes are alive and in working condi-
tion for more time period, that increase the life of the
network. Figure 3 presents the average saved power in
terms of time when all the elements in the system are
fully utilized. The figure shows that when the time in
simulation increases the saved energy decreases. (1) &
(2) interprets the explanation, when the size of the
data packet increases gradually over the time, it can
transmit data in a specific distance with more time
period. As compared to ENS_OR this technique
can achieve optimized residual energy, because of
its opportunistic routing method and its optimized
energy using the technique. These customized ENS_
OR techniques keep the power usage at the lowest
possible level. A higher lifetime can be achieved by
reducing the energy usage by using this technique.

4.2 Standard deviation of Residual Energy (SRE)

To quantify the power consumption standard devi-
ation is used as a metric for the routing protocol.

Table 2. Simulation domain.

Parameters Parameter’s values
Bit rate 2048 bit/sec.
Deployment distribution Uniform
Frequency 2.4GHz
No. of nods 8

Source node 1

Sink node 1

Channel AWGN
Tolerance factor 1.67 mJ
Packet size 1024 bit

It’s been observed that high standard deviation in
calculating saved energy shows that sensor nodes
are using the unbalanced energy and it’s important
to reduce the SRE for the routing protocol. In Fig-
ure 4 it is observed that the standard deviation of
ENO_OR technique and ENS_OR is nearly same.

4.3 Receiving Packets Ratio (RPR)

It is the proportion of the number of data pack-
ets received to the packets sent by the source. The
sink must receive the most number of the packets
from the source, presents the good connection of
the network and also escape from the network divi-
sion. Figure 5 shows the different time period of
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Figure 5. Comparison of packets received at sink with
time between two proximate nodes.
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receiving packets. While when the 5 seconds time
increases it displays the average at sink increases in
next 10 seconds and then gradually starts decreas-
ing in time period, it presents the better receiving
ratio with respect to the ENS_OR method, so
that the ENO_OR method is better in receiving
the data packets as compared to ENS_OR, and it
can more efficiently reduce the network partition
and also connectivity of the network increases.
As more packets are received it shows that more
energy should be consumed. It shows the direct
relationship between the data transmitted and the
consumption of energy.

4.4 First Dead Node received (FDN )

It is defined to measure the effect of the net-
work connections. When the energy drained node
appears the chances of the division of network
increases, there is bad connectivity of the network.
As in Figure 6, presents that energy exhausted
node appearance in discussed method is later than
ENS_OR.

4.5 Network Lifetime (NL)

It determined the time period when transmitter
and receiver cannot establish connections any-
more. A lifetime of the network is dependent
on the power usage and network division. To
increase the lifetime, we need to be at optimized
energy usages point and the network partition is
also going to occur. The relationship among the
FDN and NL is very strong. As we prolong the
network lifetime the appearance of the first dead,
not id also going to be slowed. Figure 7 shows
that the discussed method’s lifetime is longer than
ENS_OR. As the optimized use of energy will res-
cue the low energy sensors, the discussed method
performs better. So the ENO_OR method ensures
the extended lifetime as well as the optimal use of
energy.

—e—ENSOR |
ENO-OR [

First dead node

15 20 25

10
Distance between nodes
Figure 6. FDN comparison with minimum time
between two nodes.
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Figure 7. NL comparison according to the least dis-
tance between two proximate nodes.

5 CONCLUSION

In this paper, the concentration was on optimized
energy usage and increase network life of one
dimensional network, where the areas of sensors
are fixed and cannot be changed. The optimiza-
tion through opportunistic routing (ENO_OR)
was used in simulation to suppose the sensors,
as in real world node location cannot be changed
to the optimal level. So by using this method the
lifetime of the network can be increased extend.
However, the focus was to make an optimization
of opportunistic routing plan that guarantees the
less energy is used and also saves sensors with low
power. Different simulation figures and test results
present that the discussed ENO_OR method can
reduce the energy usage and network division also
exists.
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ABSTRACT: Improving Quality of Service (QoS) in MANET is very complicated due to its constantly
changing topology and unpredictable network behaviours. This work proposes a QoS-aware compres-
sion technique for improving the performance and efficiency of a Mobile Ad-hoc Network (MANET).
Proposed system implement Mpeg traffic compression over routing protocol that used for multimedia
data transmission. Network parameters effecting on QoS like network delay; throughput; Packet Deliv-
ery Ratio (PDR) are being taken in to consideration for this study. This work suggested the comparative
analysis over different compression techniques and provides the best effort performance in terms of QoS
in MANET. Simulations are carried out on Network Simulator (NS-2) tool and the result matrix of our
proposed compression based protocol clearly outperforms the existing protocols with respect to QoS
parameters of the network.

1 INTRODUCTION Data compression
Mobile-ad-hoc networks are formed using group
of mobile routers that are capable of developing
a self-configuring infrastructure less network in

which nodes are linked via wireless channel and Mpeg-4 Mpeg-2 H.264
they move autonomously in any direction. One
of the demanding tasks in MANET is to offer a
relevant QoS supported network, due to lack of
network resources and frequent changing topol-
ogy. QoS is a term that widely used in the area of
ad-hoc networks as well as multimedia stream-  data traffic. These techniques are applied at the
ing networks. QoS defines the combined effect of  time of traffic generation on any network and pro-
service performance which determines the scale of  vide a improve network traffic with respect to dif-
contentment of a user of that specific service. For ~ ferent network parameters.
the enhancement of the performance in MANET,
Quality of Services (QoS) must be increased in 12 Mpeo-d
order to construct a faster and fluent real time : peg-
communication network. To formulate the data  Mpeg-4 is a compression technique that defines
transmission more effective and QoS radiant, the  compression of multimedia data of a multime-
network allows different data compression tech-  dia network in an effective manner. It compresses
niques for effectual enhancement of parametric  any audio visual data of a network and also take
performance and network effectiveness. a major role for transmit it in network as a traffic
generator. It supports better reliability as compare
to the preceding techniques of Mpeg for enhance-
ment of QoS in multimedia streaming. MPEG-4
Any compression algorithm converts the actual  data can be transmit and stream into other signal
data from an accessible arrangement to one opti-  types according to compatible with available net-
mized identical data format for compactness. Due  work. Different levels and profiles are categorized
to compression, the number of bits can be reduced  for performing compression of respective data.
to maximum extend so that the memory and band-
width of the entire network remain less and that 13 Mpea-2
tends the network to an improvised network in ) peg
terms of performance parameters. Mpeg-2 is implemented by “the generic coding of
Figure 1 elaborates the data compression tech-  moving pictures and ISO/IEC 13818 Mpeg-2 sup-
niques that are applicable in scalable multimedia  ported modern ISO standard. It incorporates with

Figure 1. Categorization of video compression.

1.1  Data compression
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the lossy video compression which allow storage
and transmission of data within a lower transmis-
sion bandwidth. MPEG-2 compression is very less
effective for low bit-rates, especially less than 1
Mbit/s at standard definition resolutions.

1.4 H.264 coding

The intent of the H.264/AVC project was to cre-
ate a standard capable of providing good video
quality at substantially lower bit rates than pre-
vious standards (i.e., half or less the bit rate of
MPEG-2, H.263, or MPEG-4 Part 2), without
increasing the complexity of design so much that
it would be impractical or excessively expensive
to implement. An additional goal was to provide
enough flexibility to allow the standard to be
applied to a wide variety of applications on a wide
variety of networks and systems.

Table 1. demonstrate the existing compression
techniques that are used for video traffic according
to their respective bit rate. [ISO standards demon-
strate the configuring details of the each existing
protocol.

Figure 2 shows various compression techniques
and their respective compression ratio according
to their individual bit-rate. The comparative graph
exhales that the performance of Mpeg-4 compres-
sion is better in bit rate of 6-8 mbps as compare
to Mpeg-2 and H.264 which are works on the bit-
rate of 2-4 mbps and 1-2 mbps. Improvement of
bit rate as well as compression ratio precedes the
remarkable perfection on QoS parameters in mul-
timedia MANET.

Table 1. Overview table.
Compression
techniques  Description Standard  Bit-rate
Mpeg-4 Coding of ISO/IEC  >2 mb/sec
audio-visual 14496
objects
Mpeg-2 Generic coding  ISO/IEC  Variable
of moving 13818 bit rate
pictures and
associated
audio
information
H.264 Covers all forms ISO/IEC ~ 10-100
of digital JTCl1 kb/sec
compressed Moving
video from Picture
low bit-rate Experts
Internet Group
streaming (MPEG)
applications

to with nearly
lossless coding
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Figure 2. Compression techniques.

The remnants of this paper are prearranged
respectively according section 2 gives the literature
review of different mechanisms that are used for
supporting QoS. In section 3 proposed protocol
and compression methodology with relevant algo-
rithm are to be discussed. Implementation and
simulation results are exhibited in section 4 by
using network simulator-2(NS2); the paper ends
up with conclusion and future recommendations
of researchers.

2 RELATED WORK

In the recent past lot of researches had been done
for improving QoS in MANET and also many
compression techniques were applied for data
compression individually. This proposed research
mainly focuses on combined study of QOS param-
eters as well as the invoking Mpeg4 lossless com-
pression on video data to enhance the performance
of data transmission to improve the QoS.

A review of all types of QoS parameters that
are supported in MANET are demonstrated by M.
Abbas. Different types of QoS constraints of dif-
ferent network layer like adaptive, multiplicative,
concave that are effecting on network are discussed
in this work.

Different constraints to enhance quality of
service in term of video streams over wireless net-
works are discussed by M. A. Malgi. Cross layer
designing and Integrated Cross-Layer Optimiza-
tion Algorithm and Adaptive Dynamic Mapping
Algorithm optimally used the control parameters
at different protocol layers.

T.Vishnu Priya discusses the block coding
interference of Mpeg-2 compression over scal-
able network in variable transmission conditions.
Mpeg-2 compression works successfully on lower
bandwidth as well as lower bit-rate compres-
sion from 2-10 mbps. The author exhibits the



profiles and levels categorization of MPEG-2.
MPEG 2 supposes compression of the raw frames
into three kinds of frames: Intra-coded frames
(I-frame), Predictive-coded frames (P-frames), and
Bidirectional-predictive-coded frames (B-frames).
This format defines 4 profiles and 4 levels that cor-
respond to the quality and resolution.

R.B. Mamata proposed some recently computed
video compression techniques that are applicable
for Mpeg format. H.264 technique is applied on
video data in which bit rate is less than the existing
protocol like mpeg. H.264 also provides significant
improvements in coding efficiency, latency, com-
plexity and robustness. The paper also provides
new possibilities for creating better video encod-
ers and decoders that provide higher quality video
streams at maintained bit-rates T. Samanchuen
exhibits the proposed video data transmission
and sends the transmission back to the predefined
server and stream through the different frames.
It also proposes the Mpeg-4 technique and other
H.263 algorithms that are frequently used on client
server architecture.

3 ANALYSIS OF EXISTING ALGORITHMS

Several researches have been done over different
compression techniques according to the network
behavior and network scenario.

3.1 Mpeg-4

Mpeg-4 is one of the important and new featured
compression techniques that supported lower
bandwidth and reduced delay rate Data Commu-
nication between different scalable nodes is set
Mpeg-4 traffic that Improve the network perform-
ance from source to destination.

Figure 3 illustrate how actually Mpeg-4 com-

Convert video frames From RGB to YUV
conversion

Y =0.299R+0.587G +0.144B (D

U=0492(B-Y) 2)

V=0871(R-Y) 3)
It can also be represented as:

Y =0299R+0.578G+0.114B “

U=-0.147R-0.289G +0.436B ®)

V =0.615R-0.515G-0.100B 6)

32 MPEG-2

The MPEG-2 video compression algorithm intro-
duces efficient rates of compression at the mini-
mum bit-stream rate of 1.5-6 mb/s by reducing the
redundancy of respective frames in video informa-
tion. MPEG-2 removes both the temporal redun-
dancy and spatial redundancy which are present
during the video transmission.

Figure 4 exhibits the characteristics of redundancy
that are affecting on the video streaming as well as
QoS parameters. Redundancy degrades the perform-
ance of QoS in case of loss rate and delay rate.

Block diagram on Figure 5 demonstrate the
overall compression techniques of Mpeg-2 com-
pression. Video samples are first simplified in
respective frames and then spatial and temporal
redundancy is removed.

Table 2 gives the comparative study of both
compression techniques on different parameters
and exhibits the resulting parameters of existing
protocols.

Temporal Redundancy

pression works in case of any video input. Differ- | Spatial
ent video frame (I, B and P) first converted from o %) Redundancy
RGB to YUV color coding. Any error in video ﬁ\ /
frame are displayed and simplified on error block.
Motion estimation block finds the best matching
block for all the reference frames for enhancing the  Figure 4. Demonstration of redundancy.
performance. Entropy coding is finally performed
for getting the actual compressed data.
. Rate control
> Col Error T Entrop Sampling of
—p olor rror Term y deo fi
o | FpeT - A
RGB -YUV J ‘ l
Motion
o Compressed Removal of Quantization Compres-
Estimat
SHmAer Dt Redundancy — e sion buffer
Figure 3. Mpeg-4 compression. Figure 5. Mpeg-2 compression.
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Table 2. Comparative parameters.

Parameter Mpeg-4 Mpeg-2

Bit-rate error >1 in 10 mb/sec >1.51n10 mb/sec
Packet delay Less than 500 ms Less than 300 ms
Bandwidth 10 kb/s 5 kb/sect

PSNR 18.4% 25.1%
Transmission time 60 sec 20 sec

Bit-rate 2 mb/sec 1.5 mb/sec
Partitioning 16 x 16 micro blocks 4 x 4 blocks
Scalability 100 nodes 100 nodes
mobility 35 10.5

4 OVERVIEW OF PROPOSED ALGORITHM
COMPRESSION

As per previous extensions and discussion of differ-
ent compression mechanism Mpeg-4 and Mpeg-2
traffic compression on multimedia data over large
range of scalability and different QoS parameters
for improvement of network performance.

Figure 6 exhibits the proposed flowchart of the
entire system. The overall mechanism of the sys-
tem performed according to this flowchart for the
effective improvement of QoS parameters of the
network.

5 SIMULATION SETUP

Network simulator (NS2) is simulation tool which
is used to study the performance of different com-
munication networks. This paper evaluates the
performance matrices of Mpeg-4 and Mpeg-2
compressions over MANET. Different network
parameters that are effecting on QOS improve-
ment are evaluated.

Table 3 give the corresponding network param-
eters and their preceding values that are used for
effective and successful fulfillment of simulation.

Figure 7 shows the simulation scenario having
200 nodes in the entire network. In the network
scenario, node 0 having green color indicates the
source node.

6 RESULTS AND DISCUSSIONS

The simulation result of the entire network is gener-
ated by routing protocol AOMDVc and AOMDV.
This work is based on Mpeg4 and Mpeg-2 com-
pression traffic simulation in NS2. Different QoS
effecting network parameters are calculated over
scalable nodes.

Parametric results show that AOMDVc proto-
col with the invocation of Mpeg-4 compression
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Table 3. Simulation table.

Parameter Value

Topology 1000 * 1000

Number of nodes 5, 10, 50, 100, 150, 200
MAC protocol MAC/802_11

Propagation model
Routing protocol
Antenna type
Data traffic
Packet size

Random way point

AODV, AOMDYV, AOMDVc¢
Omni-Antenna

CBR, FTP

1500

Compression Mpegd, Mpeg-2
Mobility 2.3

Connection UDP

Frame rate 5

Initial seed 0.4

Bandwidth 11 mb

improves the throughput of the large multimedia
network as compare to the Mpeg-2 compression in
the same protocol.
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Figure 7. Simulation scenario.

6.1  Packet drop

Packet drop of any network make the network less
effective and less reliable. In case of any large net-
work the amount of packet drop is increases with
respect to the different network parameters like
network delay, network congestion.

Packet drop in the entire network in different
scalable nodes are shown by the color histogram
at the time of invocation of the of Mpeg-4 and
Mpeg-2 traffic.

6.2 Throughput

In the above experimental result, Figure 9 elabo-
rates the throughput of the network in respec-
tive nodes with the successful implementation
of Mpeg-4 and Mpeg-2 compression technique.
Resulting graph and parametric results show that
AOMDVc¢ protocol with the invocation of Mpeg-4
compression improves the throughput of the large
multimedia network as compare to the Mpeg-2
compression in the same protocol.

6.3 Packet Delivery Ratio (PDR)

High degree of PDR in any network is necessery
for improvement of network effectiveness and QoS
enhancement. Packet Delivery Ratio (PDR) of the
network in the proposed system is shown in Fig-
ure 10. The result of PDR is very satisfectory in
both he cases of Mpeg-4 and Mpeg-2 compression.
Performance of Mpeg-4 providing a better result
in some extend as compare to the other ones.

6.4 End-To-End delay

Figure 11 defines the avg. delay of the network after
implementing Mpeg-4 and Mpeg-2 compression.
Graphical result exhibits the betterment of result
in case of Mpeg-4 as compare to the Mpeg-2.
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Figure 8. Packet drop histogram.
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All the evaluated parameters shows the perform-
ance and efficiency of mpegd4 compression that
resulting better than Mpeg-2 compression when



it implemented video traffic for providing QOS
radiant network. After calculate all the network
parameters results and graphs clearly exhibits that
proposed work over Mpeg-4 is better than the pre-
vious conventional counterparts.

7 CONCLUSION

Invocation of Mpeg traffic compression on the
proposed AOMDVc protocol provides a QoS
attentive network platform over multimedia
video transmission. Advancement and improve
compression techniques enhanced the perform-
ance and efficiency of network by providing the
enhanced results on parameters like jitter, packet
drop,delay,throughput and PDR.The perform-
ance of network reagents depend on the different
scalability. All the simulation result and statistical
studies pretends relatively improved performance
of Mpeg-4 over Mpeg-2 compression in case of
different QoS parameters.
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Low complexity service optimization reliable routing algorithm
for Vehicle Ad-hoc Network (VANETS)

Deepak Kumar & Praveen Pandey
Gautam Buddha University, Greater Noida, India

ABSTRACT: Vehicular specially appointed Systems (VANETS) are a specific type of remote system
made by vehicles imparting among themselves and with roadside base stations. An extensive variety of
administrations has been created for VANETs going from security to infotainment applications. A key
necessity for such administrations is that they are offered with Nature of Administration (QoS) ensures as
far as administration unwavering quality and accessibility. QoS steering assumes a crucial part in distin-
guishing courses that meet the QoS necessities of the offered administration over VANETSs. For scanning
the achievable routes it subject to different QoS imperatives is all in all a NP-hard problem. Besides, the
dependability of the routing should be given extraordinary consideration as correspondence connections
as often as possible in VANETSs. In present scenario, the most existing QoS routing algorithms are been
intended for stable systems without considering the security and safety of the routing process. In this
way, they are not suitable for applications in VANETs. The above issues are tended to firstly by building
up a connection unwavering quality model taking into account the topological and numerical properties
of vehicular developments and speeds. The VANET communication graph in evolving graph theory is
utilized to model and coordinate the formed connection dependability model into it. In light of the subse-
quent amplified advancing chart demonstrate, the most dependable course in the system is picked. How-
ever course determination does not guarantee great transmission too. Thusly low complexity optimized
service reliable routing algorithm is created to guarantee to lessen transmission repetition with utilization
of Subterranean insect State calculation with better after effects of route choice and transmission taking
into account better inquiry and sorting algorithms in the proposed work algorithm for very dynamic sys-
tems with less many-sided quality in assessment with preferred information transmission over alternate
QoS calculations as exhibited by the outcomes.

Keywords: VANETs, graph theory, Qos, low complexity optimization

1 INTRODUCTION tive information transmission and unwavering
quality of the information. To guarantee wellbe-
Wireless network which are a particular form of  ing different information must be exchanged. It
network made by communicating among the base  is important to guarantee better administration
station and among themselves an extensive variety  accessibility and dependability that is Nature of
of administrations has been created for VANETs  Administration. The extraordinary qualities of
it is ranging from safety to various infotainment = VANETSs raise imperative specialized difficulties
applications. A key necessity for such administra-  that should be considered with a specific end goal
tions is that they are offered with Quality of Serv-  to bolster the transmission of various informa-
ice (Qos) it ensures the administration unwavering  tion sorts.
quality and accessibility. In distinguishing routes The most difficult issue is possibly the high
that meet the QoS necessities of the offered admin-  portability and the successive changes in the sys-
istration service over VANETs Qos routing plays  tem topology. The topology of vehicular systems
an important role. could fluctuate when vehicles change their speeds
Extensive variety of work has been done for  and/or paths. These progressions rely on upon the
organization in VANETs to guarantee produc-  drivers, street circumstances, and activity status
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and are not booked ahead of time. Thusly, asset
reservation can’t be utilized to give QoS ensures.
The steering calculations that might be utilized
in VANETSs ought to have the capacity to build
up courses that have the properties required to
meet the QoS prerequisites characterized by the
offered administration. Directing unwavering
quality should be given unique consideration if
a dependable information transmission ought to
be accomplished. Be that as it may, it is a con-
founded assignment to procurement depend-
able courses in VANETSs on the grounds that it
is affected by numerous elements, for example,
the vehicular versatility design and the vehicular
movement circulation the routing unwavering
quality, directing calculations ought to likewise
give a conclusion to-end delay compelled infor-
mation conveyance, particularly for postpone-
ment bigoted information. The current QoS
routing they are generally intended for stable
systems, for example, MANETSs and remote sen-
sor systems are not suitable for applications in
VANETs. Without loss of all inclusive statement,
distinguishing a doable course in a multi-jump
VANETSs environment subject to various added
substance and free QoS requirements is a Multi-
Compelled Way (MCP) issue. The MCP issue is
turned out to be a NP-hard. Besides, it is regu-
larly sought to distinguish the ideal course among
the possible courses found by the directing calcu-
lation as per a particular rule, e.g., the briefest
way. This case is known as the Multi-Compelled
Ideal Way (MCOP) issue, which is additionally
a NP-hard and for the MCOP issue is likewise
an answer for the MCP issue however not as a
matter of course the other way around. Build-
ing up a Multi-Obliged QoS (MCQ) algorithm it
encourages the transmission of various informa-
tion sorts as per different QoS limitations is one
of the essential worries to send VANETSs viably.
Moreover, because of the absence of insurance
of VANETS’ remote channels, outer and inward
security assaults on the directing procedure could
essentially debase the execution of the whole
system. Hence, the configuration of the created
MCQ routing ought not add additional security
dangers to manage but rather gives focal points
while actualizing security instruments.

In VANETS, security instruments are required
to ensure the MCQ directing process and give a
powerful and dependable steering administra-
tion. These key difficulties rouse us to propose
a novel secure multi-obliged QoS dependable
steering calculation that locations them. In this
exploration, we concentrate on vehicle-to-vehicle
correspondences on roadways, i.e., the main sys-
tem hubs are the vehicles. Thruways are relied
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upon to be the principle focus for the organiza-
tion of vehicular correspondence systems to give
security, help with movement administration,
and offer Web availability to vehicles by means of
portable passages. We expect that vehicles move
at variation speeds for long separations along
a thruway and are permitted to quicken, decel-
erate, stop, turn, and leave the roadway as in a
genuine circumstance.

2 RELATED WORK

For systems are information driven in nature the
routing traditional algorithms are given the unat-
tended and un-fastened nature of systems, informa-
tion driven steering must be community oriented
over the entire system. In this system worldview,
the system gadgets work together to accomplish
regular system wide objectives, for example, course
unwavering quality and way length while minimiz-
ing singular expenses.

The model can be utilized to characterize the
nature of directing ways in the system which por-
tray results on getting ways with limited shortcom-
ing alongside a few heuristics for acquiring solid
ways the advancement of calculations for around
ideal solid directing is an open issue that can be
investigated further. Three forms—uncast, telecast
and multicast-of the steering issue have gotten
huge consideration in the writing. The general
target of these calculations is to either expand the
information unwavering quality or the limit of the
system (measure of information movement con-
veyed by the system over some settled time of time)
(Akyildiz et al. 2002).

The optimizer algorithm is being used, here to
maximize simulation parameters.

ACO Algorithm (Zhang et al. 2004) is used for
the local search is binary algorithm to reduce the
complexity (Haanpii et al. 2007)

Step 1: [Initialize] the initial parameter Elimi-
nate from graph theory G every edge (u,
v) here u and v are used for edge and
vertex. Let L is list of possible values for
maximum data reliability.

In this step we used Binary Search. The
parameter of L is find the maximum
value, which is used for max pheromone
ant, path P from source to destination
that uses at most z¥*Pmin energy. Here test
a value q from L, and then find a shortest
path from source to destination path.
[Wrap Up] here no path is found in Step
2, and then uncast is not possible. Oth-
erwise, use the path P corresponding to
max.

Step 2:

Step 3:



Algorithm start

Step: 1 set the antcoly function based on capacity
number of Ants
Step: 2 Set parameter {lambda=0.1; phero= [ ]; [m,
n]=size(A)}
fori=1: m clients(i)=i; end
Step 3; calculate the best feasible path
best_feasible = pfih_sol;

Step 4: calculate best feasible cost=
totalCost(best_feasible, B, 0);
Step 5 make a path from source to destination
[best_route, phero]=make way(capacity, clients, A,
B, phero, tauZero);
Step 6: estimate current_cost=
totalCost(current_route, B, truck value);
Step 7: compare the current cost and best feasible
cost

if current_cost<best feasible cost

best_feasible=current_route;

best_feasible cost=current cost;

a=0;

end

end
step 7: store the first cost and best feasible cost.
first_cost = totalCost(pfih_sol, B, 0)
best_feasible cost = totalCost(best feasible, B, 0)
Step 8: find the best optimal path
Route=best feasible;

2.1  Solution construction

The rules followed by ANTS for computation of
probabilities during ants’ solution construction
have different form that used in other ACO algo-
rithms. In ANTS, an ant k that is positioned at city
i choose the next city j with a probability given by

[, VT, ()
Y v 7 OVIT (O
0

_ if C e N(C)

(M

All
Pix
otherwise

While searching for possible routes, ants select
next hop. They arrive at intermediate nodes based
on the stochastic mechanism called the state transi-
tion rule. The probability function is given as:

[7, )T, (1)) C eNC)
o s J .
pUAk = QSAZ’(‘C,‘)[Z}F(Z)] [’I-Z(‘(t)]ﬂ (2)
0 otherwise

In the hyper-cube framework the pheromone
trails are forced to stay in the interval %20; 1. This
is achieved by adapting the standard pheromone
update rule of ACO algorithms. Let us explain
the necessary change considering the pheromone
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update rule of AS [Equations (1) and (2)]. The
modified rule is given by

m

7, (1= )z, + pd AT,
k=1

1/C*

AT; = 211:1(1/Ch)
0,

if are (7, j) is used by ant k;
otherwise.

This process update rule guarantees that shows
trails remain smaller than 1 and new pheromone
vector can be interpreted as a shift of the old
pheromone vector toward the vector given by the
weighted average of the solutions used in the phe-
romone update.

2.2 Service optimized reliable routing algorithm
This algorithm comprises of 2 main stages:

1. Selection stage optimized by ant colony algo-

rithm and link stage.

Basically computes feasible routes according
the constrained parameters to maximize the
data efficiency. The possibility of some route ter-
minate while data transmission then algorithm
process next best route for data transmission.

. The algorithm also checks if a better link is
established then primary link due to moving
vehicle then the primary link is updated by the
new link for data accuracy and minimum delay
design.

3 SIMULATION RESULTS

The performance of our result is shown by
given Table 1 in which we have considered some
parameters.

3.1

Figure 1 demonstrates the recreation results for the
directing calculations analyzed in this re-enactment.

Simulation A—effects of network density

Table 1. Simulation metrics.
Simulator MATLAB
Routing protocol Reliable SAMQ

Optimization protocol
Data

Acs (with binary search)
Random generation

Packet size 1024 bytes
Communication range 500 m
Simulation time 200s

MAC layer IEEE812.11P
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Figure 2. Routing control overhead versus number of
vehicles.

By and large, higher system thickness adds to a
superior PDR of the directing calculations since
more vehicles infer more potential connections;
consequently, there are more alternatives from
which to register achievable courses to the destina-
tion. Besides, higher system thickness enhances the
association length the other way for vehicles, which
expands the PDR too. It can be seen in Fig. 1 that
the PDR of the proposed directing calculation is
higher than past calculation of SAMQ.

Figure 2 demonstrates the directing control over-
head proportion produced by each steering calcu-
lation analyzed in this reproduction. It is foreseen
that the steering control overhead would increment
when the system thickness increments since more
hubs are accessible for directing solicitations to
navigate. The proposed routing keeps up the mini-
mum directing control overhead in contrast with
past algorithms in the base paper.

At last, Figure 3 obviously demonstrates the
benefit of SAMQ in keeping away from dropped
information bundles in contrast with Blemish
DYMO and VACO. To keep away from higher rates
of dropped information bundles at the destination
hub, they chose plausible course ought to have the
capacity to convey information parcels as indicated
by their QoS necessities. The execution of SAMQ
in this figure demonstrates the effectiveness of its
ACS rules in distinguishing attainable courses.
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3.2 Simulation B—effects of dynamic changes
in network topology

The point of this re-enactment is to research the
effect of expanded elements of the vehicular sys-
tem on the directing calculation execution when
higher speeds are presented. It is appeared in
Figure 4 that the normal PDR diminishes detect-
ably for all directing calculations when the normal
speed in the third path begins to surpass. This
decrease originates from the way that the system
topology turns out to be more dynamic, and con-
sequently, interfaces/courses are more helpless
against disengagement.

In Figure 5, it can be watched that all the direct-
ing calculations are influenced by the dynamic
changes in the system topology. Be that as it may,
proposed calculation keeps up the minimum direct-
ing control overhead among the inspected steer-
ing calculations in this figure. In Figure 6 higher
Re-enactment Transmission delays is shown.
SAMQ excellently keep the minimum delay of
transmission.

In Figure 7, Reproduction Dropped informa-
tion parcels. Vehicular speeds build the elements of
the system topology and expansion the likelihood
of disengagement of built up connections/courses.
Along these lines, it is key for a directing calcula-
tion to be set up to react to such element changes in
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the system and pick the most solid courses between
the conveying vehicles.

4 CONCLUSION

In this paper, we have explored the highlighted
obliged QoS routing issue in VANETSs. All the more
particularly, we proposed the low unpredictability
and solid directing calculation for VANETSs taking
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into account the enhanced and les complex ACS
calculation instruments. This calculation expects
to choose the best course over numerous processed
plausible courses between the conveying vehicles
subject to various QoS requirements, if such a
course exists. However its low multifaceted nature
conduct displays that gives a system to enhanc-
ing QoS directing. The execution of the proposed
directing calculation is assessed through broad re-
enactments of irregular information transmission
on virtual urban interstate and contrasted and
past proposed SAMQs. The calculation demon-
strates promising results as far as accomplishing
a higher PDR and, subsequently, ensuring more
solid directing of information bundles. It has been
apparent that using better ACS because of sort
and hunt show down VANETSs is exceptionally
encouraging to accomplish a ceaseless and stable
information transmission.
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Energy analysis of efficient power aware AODV routing protocol

in MANET
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ABSTRACT: Mobile ad-hoc networks is an area in the communication networks which is mostly
referred as MANETs. In this network, there are independent nodes which are self organizing and they
are able to send messages between themselves. The main challenge faced in this type of network is limited
battery energy. The nodes rely on the limited energy, meaning as soon as the battery energy is depleted, the
nodes will die. All communication is brought to a halt. The authors in this paper have come up with a pro-
posed protocol which we name Efficient Power Aware Ad-hoc on-Demand Distance Vector (EPAAODV)
protocol. This paper presents an energy consumption analysis of the proposed protocol. This proposed
protocol is the modification of the well known Ad-hoc on-Demand Distance Vector protocol. Packet
Delivery Ratio (PDR) and throughput will also be analyzed on the proposed EPAAODYV protocol and

AODV protocol using network simulator (NS2).

1 INTRODUCTION

Nodes in MANET are able to setup connection
and route messages between themselves. Due to
their ease of deployment, MANETSs have found use
in many applications which include but not limited
to: battlefield, natural disaster rescue operations
and sensor networks. Mohapatra & Kanungo
(2012) suggest that two main routing protocols are
implemented in MANET; Reactive and Proactive.
To get the good traits of the two types, both reactive
and proactive protocols combine to form a Hybrid
protocol. Example of hybrid protocol is Zone Rout-
ing Protocol (ZRP) described in (Buruhanudeen
et al. 2007, Giannoulis et al. 2005).

Many routing protocols only concern with
latency; they put less importance on energy con-
sumption. As highlighted in (Safa et al. 2014,
Sumathi & Priyadharshini 2015), once node
drains all its energy, it virtually becomes dead, and
cannot send or receive any messages. However
various techniques that are concerned with energy
consumption as well as making sure that lifetime
of a node is increased, have been proposed.

Load distribution and Transmission power are
two main approaches which are used for minimizing
energy consumption during active communication.
In the Transmission power approach, stronger
transmission results in an increase in transmis-
sion range and a reduction in the hop count.
Weaker transmission power may result in parti-
tioning of network and also high end-to-end delay
due to increase in hop count. (Sofi et al. 2012,
Yu et al. 2003) lists examples such as: Online Max-
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Min Routing (OMM), Smallest Common Power
(COMPOW) and Power Aware Localised Routing
(PLR). In Load Distribution Approach, the aim
will be balancing of energy usage by mobile nodes
through selection of route with nodes which are
underutilized rather than shortest route. (Sofi et al.
2012, Yu et al. 2003) lists examples which include:
Localized Energy Aware Routing (LEAR), Floor
Augmented Routing (FAR) and Conditional Max-
Min Battery Capacity Routing (CMMBCR). The
method of Sleep/Power down is used for energy
consumption minimization during inactivity.
Spanning Tree (SPAN) and Geographic Adaptive
Fidelity (GAF) are examples of this approach
given in (Sofi et al. 2012, Yu et al. 2003).

The paper will be organized as follows; section
(2) presents related work; while section (3) presents
the proposed work; section (4) presents the simu-
lation set up; section (5) details the results and
analysis from the simulation, whilst section (6)
contains the conclusion.

2 RELATED WORK

Lots of progress has been achieved before in this
area, in this section, we take a look at some past
algorithms that have already been proposed.
(AL-Gabri et al. 2012) proposed an energy
model that ensured all nodes were balanced in their
energy consumption for the purpose of prolonging
the network’s lifetime. The node would compare
its battery level with a predefined threshold (6).
If (6 ) <power_level, it would respond to the RREQ



as usual, else, it would simply drop the request. This
approach is local since each node makes a decision
basing on local information only. Results indicated
improved performance with better network lifetime
as a result of low energy consumption.

(Halder et al. 2014) proposed a protocol employ-
ing use of “Rank” parameter

Rank = Residual capacity/Rate.

Route Requests are rerouted on basis of RREQ
with high “Rank” parameter. Results revealed
comparable residual capacity differences between
nodes, thereby indicating a balanced distribution
of energy consumption resulting in a longer net-
work lifetime.

The method proposed by (Maleki et al. 2003)
was a prediction algorithm which took its basis
from past activity and use of the Simple Moving
Average; each node tried estimation of battery life-
time. Results revealed an increase in network life-
time by 32%.

(Maleki et al. 2002) proposed protocol that
extended service life of a MANET. The link cost of
a RREQ which is lowest is forwarded. Similarly at
the destination node, link with lowest cost is used
to send a RREP. The result showed that network
lifetime by using PSR was increased by 30%.

(Othmen et al. 2014) developed protocol to select
many paths that had longest lifetime in network
without performance degradation on delay time. The
Cost (C) of each route was found by the equation:
C =44 where: ML is minimum remaining life of
route and NH is number of hops. The source node
selected primary route with the greatest C value and
other routes are saved as secondary routes which
can only be used in case of fault in the primary path.
The results when compared with MAODYV showed
better throughput and low end to end delay.

(Pappa et al. 2007) proposed a modified pro-
tocol for ad-hoc sensor networks. Link cost was
mainly used for selecting a path; destination node
sends a RREP using route having minimum link
cost. Results had a decrease in energy consump-
tion without affecting other network parameters.

(Poongkuzhali et al. 2011) proposed a protocol
that consisted of two phases: Finding Node Stabil-
ity using Relative Mobility and also finding node
which has more power and minimum hop count.
The results selected a shortest path with longer
overall battery lifetime.

Tarique & Tepe (2009) proposed a combination
of two protocols. The duty of MEDSR protocol
was energy consumption reduction in MANET
while maintaining connectivity in the network
whilst HMEDSR is responsible for MEDSR over-
head reduction. The overall result is that energy
spend in transmitting overhead packets is reduced.
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The results obtained showed 25% energy consump-
tion per data packet.

Vijayakumar & Poongkuzhali (2012) proposed a
protocol whereby a node will rebroadcast messages
according to high probability of not having more
nearby nodes. Rebroadcast probability is high
in sparser areas, whilst it is low in denser areas.
Results indicated a 95% or higher packet delivery
fraction using EPAB in all scenarios, giving a sug-
gestion that EPAB is effective in route discovery
and maintenance.

(Yitayal et al. 2014) proposed an algorithm
which combined threshold, summation of residual
energy, minimum residual energy and hop count
cost metric. These metrics were integrated into
AODV in an efficient way. They added fields:
Minimum Residual Energy (MRE) and Sum of
Residual Energy (SRE) into the RREQ header. An
Energy Difference (D) field, which stores difference
between either Average Minimum residual Energy
(AME) and Threshold (Th) or Average Sum of
residual Energy (ASE) and Threshold (Th), was
also added on the routing table of the destination
node. The result was network lifetime increase, due
to increase in time taken for death of first node
which is greater compared with other protocols.

3 PROPOSED WORK

The processing of an incoming RREQ packet by
an intermediate node in proposed EPAAODV

Oy Surwoduy

Drop
RREQ

resEnegy >= 0 No

Store RREQ and Wait for some time ¢

Receive other RREQ

Compare the resEnergy field

Compare the hop count field

If New RREQ resEnergy >= Old RREQ resEnergy
&& New RREQ hop count <= Old RREQ hop count
Forward new RREQ

Else Forward Old RREQ

SNk LN -

N

Figure 1. Proposed epaaodv RREQ processing by an
intermediate node.



routing protocol differs from the normal AODV
protocol. The flowchart below shows the proposed
model algorithm for an intermediate node when it
has received a RREQ.

In the proposed scheme, there is an addition of
the residual energy (resEnergy) field packet header.
When an intermediate node receives a RREQ
packet, it will check the resEnergy field of RREQ
packet header. If the resEnergy value is > = thresh-
old energy (0), then the request is stored and con-
sidered as eligible candidate for forwarding, else
the RREQ is dropped. The RREQ is then stored
in cache of intermediate node for some time ().
Intermediate node will then receive other RREQs
during waiting time period. The intermediate
node then compares the resEnergy field of the
new incoming requests with that RREQ already in
cache routing table. If the resEnergy of new RREQ
is higher and hop count is low compared to stored
old RREQ, then the new RREQ is forwarded.
Otherwise, if the conditions mentioned above are
not met, and the waiting period expires, then the
old RREQ stored in routing table is forwarded.
In this way, a RREQ with high resEnergy value
and low hop count is always selected, thereby cre-
ating stable routes which are also fast. This result
in not only longer network lifetime but also short-
est path is selected.

4 SIMULATION SETUP

NS2.35 simulator is used to simulate the proposed
EPAAODV protocol and the conventional AODV
protocol and also to analyze energy consumption
of the above mentioned protocols. Between source
and destination node, we applied constant bit rate.
Itis applied over a User Datagram Protocol (UDP).
Nodes in sizes of 5; 50; 100 and 300 nodes are used.

Table 1. Simulation parameters.

Number of nodes
Speed of nodes

Area

Protocol

Packet size

Initial energy

TxPower

RxPower

Idle power

Sleep power

Mobility model for movement
Simulation time
Antenna model

Path loss model

MAC Protocol

Physical layer radio type

5; 50; 100; 300
5m/s; 10 m/s; 15 m/s
(1000 * 1000) m
epaaodv; aodv
1000

1007J

1.4 W

1.0W

0.7W

0.01 W

Random waypoint
100 sec
Omni-directional
Two ray point
IEEE802.11
IEEES02.11b
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The nodes are given different movement speeds of
5; 10; and 15 m/s in square field (1000*¥1000) m.
The whole simulation parameters are shown below.

5 SIMULATION RESULTS & ANALYSIS

This section outlines results obtained from the
simulation of proposed EPAAODV and AODV
protocol with 5, 50, 100 and 300 nodes.

In Figure 2, proposed protocol has a low energy
consumption compared to the conventional
AODV protocol. When 5 nodes are simulated,
the proposed EPAAODV consumes an aver-
age of 80 J compared to 100 J consumed by the
AODV protocol. This shows a reduction of 20%
in consumption.

In all other simulated scenarios of 50; 100
and 300 nodes; EPAAODV consumes less energy
compared to AODV. This means proposed proto-
col, uses less energy, thereby increasing network
lifetime.

Our proposal also shows a reduction in percent-
age of dead nodes, as illustrated in Figure 3. With
increase in number of simulated nodes, the dead
nodes are reduced. In all situations, the proposed
shows less percentage of dead nodes. Since less
node number use up all their energy in the pro-
posed work, it means network lifetime is greatly
increased.

Packet delivery ratio is higher compared to the
conventional protocol as illustrated in Figure 4.
This could be due to stability of path in our pro-
posed protocol. Since our proposal prolongs net-
work lifetime, it means there are less link breakages,
and our protocol guarantees that most of the send
packets are delivered. In all scenarios simulated,
our proposed EPAAODV has high packet delivery
ratio compared to conventional AODV.

Average Energy Consumption vs Number of Nodes
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Figure 2. Average energy consumption of epaaodv and
aodv.
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Figure 5. Throughput of epaaodv and aodv using 5
nodes.

In Figure 5, throughput of proposed work is
slightly higher compared to conventional AODV
protocol. When 5 nodes are simulated, during first
30 seconds, throughput is low, and then it starts
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Figure 6. Throughput of epaaodv and aodv using 300
nodes.

to increase with time. In Figure 6, throughput of
proposed work when 300 nodes are simulated is
always better compared to conventional protocol.
Reason for our proposed work having a slightly
higher throughput is the increased network life-
time, meaning in our network, there is no need for
reconstruction of new path.

6 CONCLUSION

From the results it is deduced that our proposed
EPAAODV outperforms the conventional AODV
protocol in many aspects. Proposed protocol saves
more energy; has less dead nodes; better packet
delivery ratio and better throughput; compared to
conventional AODV. It is also concluded that both
proposed EPAAODV and conventional AODV, are
suitable in high dense networks, as performance in
node scenarios of 100 and 300 nodes is better com-
pared to scenarios of 5 and 50 nodes. The purpose
of prolonging network life time is achieved by the
proposed EPAAODV protocol because the proto-
col consumes less energy.
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ABSTRACT: The mobility and ease of deployment of Wireless Local Area Networks (WLANs) make
them widely useful in present time. However, due to their open nature and undefined boundaries, their
users themselves are challenge in insuring complete security to them. Under detailed exploration into the
subject, jamming attacks involving ‘Media Access Control’ (MAC) Layer Denial of Services (DoS) and
De-authentication and Disassociation emerge as the main concern. The management frames carrying
non encrypted MAC addresses of the Client or Access Point (AP) being vulnerable facilitate launch of
such attacks. To prevent them there is need of such mechanism which does not change in the standard
protocol and the hardware of the system. In the subject research it is attempted to strengthen the MAC
layer against such attacks using an innovative strategy, titled “Anti-spoof Passkey-MAC Switching Strat-
egy”, the hybrid of two strategies identified through problem analysis and literature survey. The first one
uses an algorithm to identify the intruder and gives the solution for MAC spoofing DoS attacks with
using the passkey values in the communication. And the second involves use of dynamically changing
MAC addresses without any change in 802.11 protocols. The hybrid strategy developed under the subject
research utilizes only the advantageous features of the two base strategies. The results have been success-
fully validated through simulation.

1 INTRODUCTION layer of the Data Link layer. A multiple access,
shared medium is used to communicate by net-
A wireless network is a type of computer network  work nodes. This medium is provided due to MAC
that uses wireless data connections for connecting  sub layer addressing system e.g. an Ethernet net-
network nodes. Wireless telecommunication net-  work. The hardware that implements the MAC is
works are generally implemented and administered  referred to as a Media Access Controller.
using radio communication. Their implementation The MAC sub-layer acts as an interface between
takes place at the physical level (layer) of the Open  the Logical Link Control (LLC) sub-layer and the
System Interconnection (OSI) Model Network-  Network’s Physical Layer. The MAC layer emu-
structure. The users under a Wireless Local Area  lates a full-duplex logical communication channel
Network. in a multi-point network. This channel may pro-
A user is still connect to the network while he/  vide unicast, multicast or broadcast communica-
she is moving around the coverage area of the  tion services.

WLAN:Ss. IEEE 802.11 is the standard protocol, The problem targeted under the subject research
mostly used by the various Wi-Fi brands in the  was founded by going through a vast literature
market. review about WLANS. After analyzing the prob-

WLANSs being built upon a shared medium lems therein, the objective of the research was
become easier for adversaries to let them conduct  mapped. According to which strengthening of
radio interference or jamming attacks towards = MAC layer security to prevent jamming attacks in
them that effectively cause a Denial of Attack WLANS is a task of utmost requirement. But the
(DoS) of either transmission or reception func-  traditional or the two base strategies merged in the
tionalities. Such attacks are generally accomplished ~ subject research into “Anti-spoof Passkey-MAC
by either bypassing Media Access Control (MAC)  Switching Strategy” have their own disadvantages
Layer Protocol, or emitting a radio signal targeted  and compromises with their limited benefits when
at a particular channel for jamming. used separately and alone.

OSI (open system interconnection) model have The strategy that uses exchange of passkey to
7 layers: Application layer, Presentation layer, Ses-  protect WLAN from any of such attack is useful
sion layer, Transport layer, Network layer, Data  only till the attacker becomes aware about it and
link layer, and Physical layer. MAC layer is the sub  hacks the passkey. Because after that the attacker
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can also use that passkey to send the bunch of
extra data packets to jam the network. This way,
the lone passkey strategy fails. The second strategy
of using a dynamic MAC for each session, though
works better, it has its own disadvantage of com-
promising with the network performance.

Thus, by all and both such ways, prevention of
jamming attacks in WLANSs poses as a very dif-
ficult task resulting in conceptually compromising
problem in strengthening of MAC layer security. It
leads toward the requirement of a hybrid strategy,
the Anti-spoof Passkey-MAC Switching Strategy,
that overcome the disadvantageous phases of the
two identified strategies and works with them only
till their use is advantageous by switching from the
first to second.

2 THE FIRST BASE STRATEGY

This strategy (Arockiam & Vani 2013) secure
the WLAN from the attacks basically attempted
on MAC Layer such as de-authentication attack
and dis-association attacks. Due to the openness
of the system these attacks are launched to spoof
the management frames and the MAC address
of the client or Access Point (AP) which are not
encrypted with security system. The algorithm
developed under this strategy detects and prevent
MAC spoofing DoS attacks by exchanging pass-
key values.

It uses an authentication method for each de-
authentication request and response. An integer
generated randomly and consider as a passkey,
which is used for identify the genuine client, while
communicate between the legitimate client and
AP. The passkey is random integer so that the
intruder cannot easily predict it. Though the MAC
address of the client is spoofed by the intruder, it
is impossible to make dummy node of the same
client. Every time when the intruder makes a de-
authentication request, every time it is it has to
exchange the passkey.

This way, it not only protects the WLAN com-
munication, but also improves the performance of
WLAN by increasing the throughput and reduc-
ing the packet resend rates to a greater extend. The
recovery time also gets reduced as compared with
the existing method.

3 THE SECOND BASE STRATEGY

In WLANSs, MAC address authentication of nodes
is not completely secure because the intruder can
make the dummy node by knowing the author-
ized MAC address of any node connected to the
network. Under this strategy (Bicakci & Uzunay
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2008), MAC address spoofing attacks are prevented
using dynamically changing MAC addresses that
are usable for only one session. There is no need
for any changes in 802.11 protocol but it compro-
mise with the performance a bit. This way, no third
person can connect in any communication sessions
of the same client by using MAC addresses. So, the
strategy is preferable also with respect to the user
privacy.

To protect the MAC address encryption is not
the best option if viewed in depth. The secret used
should be secure. If not so, its security is in doubt.
In such a scenario, there is only one alternative left:
only one-time usable secret. So, if somebody some-
how gets it, it cannot be used for another time. The
One-time Password Scheme is its example.

In the design of the algorithm developed under
this strategy, the size limit of the MAC addresses
field is 48 bits. It is so due to the requirement of con-
forming to 802.11standards. It has been observed
that the hash chain based solutions are not enough
secured, for their only 48-bits security. But in their
capability to make the server free of any secret and
hold only public information to verify the secrets,
they have the security advantage over the secret-
key alternatives. In the design, it is assumed that
the servers in the system can be kept secure so that
the secret information remains safe.

4 LIMITATIONS OF THE BASE
STRATEGIES

Although, the two base strategies provide signifi-
cant protection against a variety of jamming attack
on WLAN, they have their own disadvantage and
compromise, too, when used separately and alone.

The first strategy that uses exchange of passkey
to protect WLAN from any of such attack is useful
only till the attacker becomes aware about it and
hacks the passkey. Because after that the attacker
can also use that passkey to send the bunch of
extra data packets to jam the network. This way,
the lone passkey strategy fails.

The second strategy of using a dynamically
changing MAC for each session, though works
better in terms of protection, it compromises a bit
with the network performance.

5 ANTI-SPOOF PASSKEY-MAC
SWITCHING STRATEGY

In a wireless network, the client communicates
with the AP by authorization, so that only the
authorized users can communicate. If in between
the communication, any intruder tries to do de-
authentication or disassociation attack, it can create



a big problem as the DoS attack. The hybrid strat-
egy works by utilizing the advantageous features of
the both base strategies in optimum phases during
the WLAN communication. The hybrid algorithm
developed under this strategy has been tested on
NS2, a network simulation tool.

Initially, under the first strategy, the Passkey
Exchange Strategy, a passkey is attached with the
every frame at the sending time and checked on
the receiving time. If the frame and packet have
the passkey (both should have the same passkey),
the data packets are real, otherwise those are con-
sidered as fake. The passkey can be any randomly
generated static key, or a timestamp, or a numeric
or alphanumeric key. This way, the authentication
of passkey is done. It is shown in Figure ‘1°.

The finding of the fake packets conveys that
someone is trying to do spoofing in the network.
Thereon the data packets without passkey would
not be processed in the network communication.
After three without or with wrong passkey attempts
from a node, the situation would be declared as an
attack. Figure 2" shows a Node’s 3 attempts with-
out passkey under the Passkey Exchange Strategy.

From this point of time, the hybrid algorithm
would switch the task of security to the second
selected strategy, Dynamically Changing MAC
Strategy. The intruder node is isolated and WLAN
communication continues under this second strat-
egy as shown in Figure ‘3",

In case of the algorithm under the first strategy,
the process starts with the passkey between user
and AP, and it sets the parameters zero as the de-
authentication and the number of attacks, and then
initializes the process. If the initial authentication
is not successful for the security, the process will
go for the next one and after successful authenti-
cation the communication will start with applying
this strategy. The process runs continuously till the
communication is on.

After its switching to the second strategy, upon
declaration of an attack, the communication
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communication under the Dynamically changing MAC
Strategy.

Intruder node isolation and beginning of

remains on till manual switching back of the task
of attack prevention to the first strategy.

Through Anti-spoof Passkey-MAC Switching
Strategy, the task of prevention of jamming attacks
is initially done under the first strategy, which does
so without compromising with the network per-
formance. Later, after detection of an attack, the
second strategy provides better protection, though
with a bit overload on the network’s performance.
It can be overcome by manually switching back the
WLAN under the protection of the first strategy.

6 RESULTS

The Anti-spoof Passkey-MAC Switching Strategy
has been tested on network simulator tool NS2.
Under the implementation of the strategy, total
16 nodes were generated. One among these nodes
was the AP, and 12 other nodes that were pre-con-
nected were denoted as ‘clients’.

Upon initialization of connectivity, 2 nodes
among the rest 3 nodes sent frames for getting



connected. Both nodes, with valid passkey got con-
nected to the network. The then MAC address of
each node was displayed in the simulation.

The remaining one node attempted to get
authenticated without passkey, but got response:
‘authentication failure_1’. Its request was dumped.
The node tried again without correct passkey and
‘authentication failure_2’ message sent by AP
with again dumping its packet. When the node
attempted third time without passkey or with
invalid passkey, AP dumped its request packet
again and sent response: ‘authentication failure_3’.
At that point of event, the network declared it an
attack, and the node that tried getting connected
thrice without a valid passkey was denoted as
‘intruder’. This attack and intruder information
was sent to all nodes.

At this point, the strategy that used dynamic
changing MAC address became active. All genuine
nodes in the network started changing their MAC
address after each session. Thereon the MAC
address of each node was checked by the AP. Upon
knowing whether a node had valid MAC or not,
the authentication/association ‘success’ or ‘failure’
responses were sent and further communication
took place.

During the communication, each node changed
its MAC address after completion of each session
successfully.

It is, thus, successfully resulted that the Anti-
spoof Passkey-MAC Switching Strategy can work
according to expectation for strengthening of
MAC layer security to prevent jamming attacks in
WLANS.

7 CONCLUSION

The hybrid algorithm developed under the Anti-
spoof Passkey-MAC Switching Strategy has been
implemented on NS2.

The utility of the subject hybrid algorithm may
prove its place wherever WLANSs require smart
protection against the jamming attacks target at
MAC layer security.

8 FUTURE DIRECTION

The hybrid algorithm developed under the subject
strategy is itself capable of providing enhanced
security to WLANSs against the jamming attacks
targeted through MAC layer. Being an innova-
tive solution in the particular field, feasibility
of improving it for a few left limitations will be
worked out.

A research may be initiated in future to do so
by introducing few measures in the code to auto-

324

matically bring the network back on the Passkey
Exchange Strategy from the Dynamically Chang-
ing MAC Strategy after a certain time, so that the
network could overcome the performance over-
head imposed by dynamically changing MACs.
In case of further attacks, the network can again
switch to the Dynamically Changing MAC Strat-
egy, and return back after a defined time.
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ABSTRACT: Cognitive Radio (CR) is a modernistic approach of wireless communication which per-
mits frequency spectrum to be used more efficiently. This becomes feasible by using dynamic spectrum
access in which the spectrum is allocated to different users dynamically rather than statistically. Within
the area of cognitive radio, in order to attain the most favorable system different characteristics of the
system must be considered. This involves the techniques for spectrum sensing i.e. the spectrum is available
or not, sensing the best channel to use, determining the time for data transmission. This paper reviews
various spectrum sensing methods (cooperative and non-cooperative methods) and the challenges relating
to spectrum sensing. The energy detection and cyclostationary feature detection methods under Rayleigh
fading are mainly discussed in this paper with experimental setup based results in Matlab.

Keywords: cognitive radio, cooperative sensing, fading, non cooperative sensing, spectrum sensing

1 INTRODUCTION unlicensed user to use license frequency band with-
out interrupting licensed user.
Radio spectrum is a section of electromagnetic In terms of cognitive radios, Primary User (PU)

spectrum and it lies 3 KHz and 300 GHz frequen-  is a licensee of a particular frequency band and has
cies. Spectrum is divided into bands and different  higher priority to use that band. Secondary User
bands are used for different applications. It is an

essential medium for wireless communication. . ; : ; ‘ .
Presently wireless communication is highly in

demand and this demand leads to constraint on 100
accessible radio spectrum. The significant amount
of the spectrum is not fully utilized as illustrate in
Figure 1. It has been ascertained, at frequencies less
than 3 GHz the use of spectrum is more enormous
and harsh as compared to the frequencies between
3 to 6 GHz bands i.e. in these bands the spectrum
is underutilized. The traditional approach used
for the allocation of radio spectrum is static or
fixed approach. It does not let an unlicensed or
secondary user to utilize scarcely used spectrum
assigned to licensed or primary user. This results
in underutilization of radio spectrum and reduces

system flexibility. To make substantial use of spec- ’
trum, the spectrum should be allocated dynami- uk. | ‘ ;

cally rather than statistically. To make use of 2 3 4 5
dynamic spectrum allocation, a technology called Frequency [Hz] x 10’
as Cognitive Radio (CR) is used. Cognitive radio

is a technology which provides effective utilization  Figure 1. The Spectrum utilization (Carbic D et al.
of unused radio spectrums or bands. It makes an  2004).

8

2

Measured power [dB]
5
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(SU) is an unlicensed user which opportunistically
utilize spectrum without causing interference to
or from the primary user and has lower priority.
Therefore, SU requires cognitive capabilities and
reconfigurability to sense a specific geographical
area for the presence of primary user. The cogni-
tive radio is a radio for wireless communication in
which transmission and reception parameters of a
network or a node can be changed to communi-
cate efficaciously without interfering licensed user
(Wang & Ray Liu 2011).

The main challenge for cognitive radio network
is to identify the licensed or primary users over a
considerable range of spectrum at a specific time.
The free bands or generally called spectrum holes
are then allocated to secondary or unlicensed user
for proper utilization of spectrum as shown in
Figure 2.

For this purpose various spectrum sensing tech-
niques are considered. The cognitive radio is an
emerging technology which provides an idea for
flexible radio system, multiband, reprogrammable
and reconfigurable by software for Personal Com-
munication Services (PCS).

1.1  The cognitive radio has a few basic functions
which are as follows (Shabham & Mahajan
2015)

e Spectrum Sensing: it the way to recognize the
existence of free spectrum and licensed user.

e Spectrum management: The use of frequency
bands is managed by spectrum management i.e.

Frequency
L
-

[]: Spectrumin Use

"1 Under-utilized spectrum or Spectrum Holes

Figure 2. Spectrum Holes.

how long the unlicensed user can use the free fre-
quency band.

o Spectrum sharing: it the process of sharing fre-
quency bands of primary users with the second-
ary users. So the spectrum can be used more
efficiently.

o Spectrum Mobility: The working frequency
of an unlicensed user can be different while
transmission.

2 SPECTRUM SENSING

Spectrum sensing is sensing the environment for
underutilized spectrum or spectrum holes in time,
frequency, space and code dimensions (Ghasemi &
Sousa 2008). Spectrum sensing alludes to learn,
measure and be aware of availability of spectrum,
noise, temperature, power and interference in the
operating environment. It is an important feature
of cognitive radio, as spectrum will be efficiently
used only if spectrum is sensed well. This leads
to high Quality of Service (QOS) for the Primary
User (PU).

2.1 Challenges in Spectrum sensing

Before getting into the complete detail of spectrum
sensing techniques, there are few challenges in
spectrum sensing that must be considered. Which
are described in this section.

2.1.1 Hidden primary user problem

This problem is almost identical to the hidden
node problem in Carrier Sense Multiple Access
(CSMA) (Yucek & Arslan 2009). While examin-
ing the transmission of primary user, many fac-
tors such as multipath fading and shadowing are
responsible for this problem. This may affect the
wireless communication.

Hence the existence of primary user is not
detected by secondary users. This leads to decrease
the accuracy of the system. Hidden primary user
problem happens when a node at access point is vis-
ible to other nodes but cannot communicate within
the distance of communication (Reddy 2012).

2.1.2  Hardware requirement

In cognitive radio applications, spectrum sensing
requires Analog to Digital Converters (ADCs)
with resolution and high energy range, fast signal
processors and high sampling rate. Unlike noise/
interference estimation problem in which receiv-
ers have potential to process transmission over
narrow bands with low power processors and low
complexity, CRs requires terminals which should
process transmission over much wider band for
proper utilization if spectrum holes. Hence CRs
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must have capability of capturing and analyzing a
wider band for spectrum holes. This requires addi-
tional radio frequency components. Moreover, for
executing signal processing task with relatively
low delay, high speed processing units (DSPs or
FPGAs) are used. A few available hardware and
software platforms for cognitive radio are GNU
radios (Blossom 2004), Universal Software Radio
Peripherals (USRP) and shared spectrum XG
radios (McHenry et al. 2007).

2.1.3  Sensing duration and frequency

As the cognitive radio make use of frequency bands
of Primary User (PU) for the transmission. But
these can by asserted by PU at any time for their
transmission. The CR must be capable for vacat-
ing that frequency bands to circumvent the inter-
ference to or from the licensed users. This becomes
sensible if CR is that much intelligent to discern
the actuality of PU as fast as possible. Despite the
facts that this condition places some complexity
and challenges in cognitive radio design. Selection
of sensing parameters carries a tradeoff between
the reliability of sensing and speed i.e. sensing
time. Sensing frequency is an essential parameter
which should be selected inventively. It describes
how often sensing should be achieved by cognitive
radio. The slow change in the status of primary
user makes sensing frequency requirement flexible.
For example, TV channels detection. Generally,
the existence of station is not often changes unless
a present station goes offline or new station starts
broadcasting. In IEEE 802.22 WRAN (wireless
regional area network) standard, a sensing period
of 30 seconds is chosen. In this standard, the chan-
nel detection time, channel moving time and other
timing parameters are considered along with sens-
ing frequency (Cordeiro et al. 2006). Interference
tolerance is another factor that affects sensing
frequency. Sensing time affects the performance
of secondary user or CR. In non-adaptive sensing
methods, sensing duration is reduced.

2.1.4  Detecting spread spectrum primary users

The two major types of wireless technologies are
fixed frequency transmission and spread spec-
trum. Spread spectrum is the combination of
Frequency-Hopping Spread Spectrum (FHSS),
Direct-Sequence Spread Spectrum (DHSS), Time-
Hopping Spread Spectrum (THSS). Narrowband
or fixed frequency transmission is easy to imple-
ment and has a fixed carrier frequency. Whereas, in
Frequency Hopping Spread Spectrum (FHSS) the
signal’s frequency changes periodically and FHSS
devices distribute their energy by using single
band. Licensed users that utilizes spread spectrum
signaling, spreads the power over a wide frequency
range. This becomes challenge for secondary user
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to detect the tenancy of PU. By knowing the per-
fect hopping pattern and proper synchronization
this problem can be avoided.

2.1.5 Occurrence of false detection

The signal strength of received signal is changes
or decreased by multipath fading, shadowing and
noise. Due to this change in signal strength, spec-
trum sensing become difficult and causes interfer-
ence to or from the primary license holder.

2.1.6  Decision fusion in cooperative sensing

It is a challenging task in cooperative sensing to
share data among cognitive radios and merging
results from different measurements The shared
information by each cognitive device can be soft or
hard decisions. Soft information decision has bet-
ter performance than hard information decision in
terms of missed opportunity probability. But the
results are in favor of hard decision if the numbers
of users are increased. The decision of each cogni-
tive radio is considered for the information fusion
at Access Point (AP).

2.1.7 Security

In CRNs, a signal with high power can be trans-
mitted or some features of primary user can be
imitated by an attacker to delude the primary user
detection. Therefore, an incorrect identification of
primary user is made a secondary user and the fre-
quency band remains underutilized. Such a attack
is termed as Primary User Emulation (PUE)
attack. It has harmful effect on CRs. To prevent
this attack, the primary user must be authenti-
cated i.e. using primary user identification. The
PU needs to transmit a public key or a signature
along with transmitted signal which is produced by
private key. This key is used for formalize the pri-
mary user. Furthermore, the secondary user must
be capable of demodulate for synchronize primary
users signal.

3 CLASSIFICATION OF SPECTRUM
SENSING METHODS IN CRN

Sensing techniques are the fundamental element
of Cognitive Radio (CR). Sensing techniques can
be classified into two main categories: cooperative
spectrum sensing and non-cooperative spectrum
sensing. In cooperative sensing, a prior knowledge
of primary user is compared against received signal
for consistent detection of primary user. In coop-
erative sensing priori knowledge is not required for
detection purpose. There are many other sensing
techniques such as interference based detection,
wavelet based detection, filter bank based spec-
trum sensing, radio identification based detection,



multi taper spectrum sensing and estimation are
developed. This paper mainly focuses on coopera-
tive and non cooperative sensing techniques.

3.1

In this technique, a decision on channel is made
by each cognitive radio by its sensed data and this
is achieved by sensing itself (Sharma & Katoch
2015). Non cooperative sensing includes:

Primary transmitter detection

Cognitive radio ought to specify that the signal
from primary detector is present locally in definite
spectrum. This approach involves matched filter,
cyclostationary feature and energy detection.

Non cooperative spectrum sensing

3.1.1 Energy detection

Energy detection is a signal detection in which
radio frequency energy in a media is required to
calculate the absence and presence of licensed
users. Then the calculated energy or received signal
is estimated against a threshold value and there-
fore occupancy of channel is made. The existence
of Primary User (PU) is indicated if obtained sig-
nal is larger than the threshold value. There is no
preliminary knowledge of PU hence this method is
known as non coherent detection. The evaluation
of energy detection is given as in equation 1.

1 ¢ 2
E=p§ (k)|

where, the size of observation vector is represented
by N. By comparing the decision metric E with the
threshold factor A, the occupancy of the frequency
band is determined. This is the simplest and most
popular method among all the non cooperative
methods. However, energy detection coincides with
some disadvantages (i) performance of this method
depends upon the noise power uncertainty. (ii) High
sensing time is required to attain a given probability
of detection. (iii) Unable to differentiate primary
user from secondary user and noise thus second-
ary user must be properly synchronized. (iv) Detec-
tion of spread spectrum primary users is difficult
(Akyildiz et al. 2011). (v) Performance of energy
detection degrades under low Signal to Noise Ratio
(SNR). Regardless of all these problems, energy
detection is most commonly used detection method
in non cooperative sensing. SNR is the major fac-
tor that influences the decision threshold. If the
noise level in the channel is high, the measurements
of energy detection can be distorted. Thus false
detection may occur. Energy detection is basically
used in time and frequency domain (Jiang et al.
2012). The block diagram below shows the basic
functions in energy detection method.

M
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Where, the Band Pass Filter (BPF) is subject to
remove the out-of-band noise. The received energy
signal is measured by the squaring device and inte-
grator is therefore decides the observational inter-
val of time. The output of the integrator is called as
test stats which are compared to a threshold value
to determine the PU’s presence and absence.

3.1.2  Cyclostationary feature detection

In this detection method, by exploring the cyclosta-
tionary features i.e. periodicity of received signal,
the detection of primary license holder or free
spectrum is done. This can be achieved by examin-
ing the cyclic autocorrelation function of received
signal z (t) as shown in equation 2.
Rf(t):EEZ(l)Az* (1- z‘)ie’/‘z””] (2)
where z (t) is received signal, [.] is expectation
operator, * is complex conjugate and a cyclic fre-
quency is o. Fourier transform expansion i.e.
Cyclic Spectral Density (CSD) function is utilized
to characterize Cyclic Autocorrelation Function
(CAF) which is given in equation 3.

Input Squaring
—*  PD BPF :
Signal — Device
Threshold
HyH, ¢ Comparator — Infegrator
Figure 3. Block diagram of energy detection (Jiang
et al. 2012).
Input
oY BF — NPGntFT — Conelaion
Signal
> () Feature Average over
' Detection € T
<k (H)

Figure 4. Block diagram of cyclostationary feature
detection (Rebeiz et al. 2013).
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The fundamental frequency of transmitted sig-
nal is equivalent to cyclic frequency. CSD function
demonstrates the peaks. There is no peak under H,
hypothesis (Rebeiz et al. 2013). The modulated signal
is incorporating with sine wave, hopping sequence,
cyclic prefix, pulse train etc. Because of this perio-
dicity feature the periodic statics i.e. mean and auto
correlation function of cyclostationary signal are
revealed which cannot be found in interference and
stationary noise (Lunden et al. 2009). These features
are deliberately introduced to give assistance to
spectrum sensing. The block diagram for cyclosta-
tionary feature detection is shown below.

In spite of using Power Spectral Density (PSD),
thus method uses Cyclic Correlation Function
(CCF) for detection of signal in given frequency
band. It distinguishes noise from the primary sig-
nals hence it can detect weak signals at low SNR.
This method is highly immune to noise uncertainty.
The performance of this method is highly reliable
when no information of primary user is there.
However, this method has some cons: slow sens-
ing, implementation and computation is complex
as compared to energy detection method.

3.1.3  Matched filter detection

Matched filter technique is a well known technique
of range detection for primary user signals. In
other words, it is an ideal scheme if the secondary
user has information about the primary user. In
order to detect the primary user, a know PU signal
is correlated with the received signal. For maximiz-
ing the SNR in presence of noise channel, match
filter is an optimal linear. Matched filter detection
is convolving received signal q (t) with unknown
signal of time-reversed version (Ejaz et al. 2013) as
expressed in equation 4.

q(t)xr(T-t+7) )
(1) AWGN Mixed
Channel Signal

q(®)

Matched
Filter

Hi(> 4m)

<«+—— Threshold «+———

Hy(< 4m)

Figure 5. Block diagram of Matched Filter Detection
(Ejaz et al. 2013).

where q (t) convolving with r (t), T is time duration
and shift. The estimation of matched filter detec-
tion is shown is equation 5.

)= ih(n— 1y (k) (5)

The unknown signal r is convolved with impulse
function h, this matches the impulse response of
matched filter with reference signal for increasing
SNR.

The above figure shows the block diagram of
matched filter detection. Where there are two main
functions of convolution in equation 5. Firstly,
a single value output is produced by placing one
function over another function. Secondly, it car-
ries first function at extremely small distance and
establishes another value. Finally the comparison
between the output M of matched filter with a
threshold value A4 is made to determine whether the
PU is present or not as shown in Figure 5. In this
technique secondary users must demodulate the
received signal. Thus, an appropriate knowledge
such as operating frequency, modulation type,
frame format, pulse shaping and bandwidth of PU
is required (Jaglan et al. 2015). This makes it inap-
propriate detection.

3.2 Cooperative spectrum sensing

Cooperative Spectrum Sensing (CSS) is generally
deals with: Sensing and reporting (Sun et al. 2007).
In sensing, by using some detection methods each
cognitive user severally performs spectrum sensing.
In reporting session, a common channel or central
user gathers all local sensing observations and then
the decision about the presence (H,) and absence
(H,) of the licensed user is made. For each cogni-
tive user CSS needs a control channel to describe
its sensing observations. The ultimate goal of
cooperative sensing is to identify the unused por-
tion of spectrum temporally and spatially. Coop-
erative sensing can be classified as centralized and
distributed.

3.2.1 Centralized cooperative sensing
In centralized cooperative sensing, there is a
Fusion Center (FC) called common node or base
station that mainly performs three tasks: sensing,
reporting and decision as illustrated in Figure 7. In
centralized sensing, CR1, CR2, CR2, CR3, CR4
and CR5 are the cooperating cognitive users which
are connected to a common receiver CRO (FC) as
shown in Figure 6 (a).

CR1-CRS5 performs sensing and result is
reported to CRO. A sensing channel in which all
the secondary users are tuned to a selected licensed



Figure 6.

SENSING: choosing a frequency band or
channel for sensing and command all the
secondary or cognitive users to perform
sensing separately

REPORTING: report observations from

all cooperating cognitive radio users to

control center i.e. fusion center (FC)

DECISION: combining all the received
sensing report and occupancy of PU is
decided. The decision is sent back to all
the cooperating users.

Figure 7. Tasks of centralized cooperative sensing.
channel is used for local cooperating sensing. For
detection of primary signal, a point to point link
is established between the primary users. A con-
trol channel is used for reporting purpose where
all the CR users are connected via a point to point
configuration. A reporting channel which send the
decision back to all the cooperating users.

3.2.2 Distributed cooperative sensing
In distributed sensing, there is no need to relay on
FC for decision making. In this case, all users are

(a) Centralized cooperative sensing (b) distributed cooperative sensing.

connected to one another. A unite decision is made
on the existence of primary user or nit. A sensing
result is shared between CR1-CRS and other users
within their range of transmission as shown in Fig-
ure 6 (b). On the basis of distributed algorithm,
each user exchanges their data with each other and
combine that information with their own data then
decides whether a PU is present or not. If the com-
bined data is not matched, other iteration is takes
place until the algorithm coincides and a decision is
attained. Hence distributed sensing takes some itera-
tions to achieve a consentient cooperated decision.

4 FADING

The transmission of radio signals is affected by

channel or medium through which it is transmit-

ted. Some of the channels are affected by fading:
slow fading and fast fading

o Slow fading: the signal is faded by shadowing
effects which are caused by building, moun-
tains and many other obstacles in range of
transmission.

o Fast fading: the amplitude of the signal at out-
put is fluctuated rapidly and it is caused by mul-
tipath propagation of the signal.

Fading causes distortion in amplitude and phase
of the signal in wireless medium. This may cause
the high error rates by degrading the performance
of the communication system. Some fadings are
described below.

4.1 Rayleigh fading model

Due to the scattered nature of signal transmission
over a channel, there are random amplitudes and
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angles of the received signal. This occurs when
there is no Line-of-Sight (LOS) between receiver
and transmitter. The Probability Density Function
(PSD) of

Rayleigh fading is given in equation 6.

py<y)=lexp(‘y ) ©)
o? 207

where, is o variance of quadrature and in phase
element and y represents the amplitude of the
signal.

4.2 Racian fading model

The distribution models when there is a line of
sight with rayleigh distribution. The PDF of racian
distribution is given in equation 7.

_y A (A
p(»)= ;eXP(T] I, (; (7

4.3 Nakagami-m fading model

This distribution model covers a wireless environ-
ment in a wide range and often used to specify
the transmitted signal statics via multipath fading
environment (Carvalho et al. 2015). The PDF of
nakagami-m distribution is given in equation 8.

_ 2mm iyt —-my?
p,(y)= (e exp( Q ) (3)

where, m is the fading figure which is given as
follows.

2
mziQ And Q=E[)*]
E[y* -]

5 SIMULATION RESULTS

The effect of fading over cognitive transmission
is discussed in this section. In this paper, energy
detection and cyclostationary feature detec-
tion techniques are considered under rayleigh
fading.

Firstly the gain of the antenna is considered
and then set the samples accordingly. Simulate the
detection under Monte Carlo simulation rule by
initiating a specific sample space in the spectrum
and apply gaussian channel. Furthermore, simulate
the effect of fading under rayleigh rule. Simulation

results of energy detection and cyclostationary fea-
ture detection under rayleigh fading is presented
below in Figure 8. This shows the curve for prob-
ability of detection and false alarm detection. Ini-
tially the gain is set to be —10dB and 200 samples.
From the graph below it is shown that the probabil-
ity of false alarm at given probability of detection
is more in case of energy detection as compared
to CDE.

For the value of P,i.e. 0.4, 0.6, 0.8 and 1, the P,
for CFD is 0.02, 0.07, 0.29 and 0.97 and For ED
P, is 0.03, 0.2, 0.5 and 1. This shows that the Pd is
more relevant in case of Cyclostationary Feature
Detection (CFD) as compared to Energy Detec-
tion (ED) and Pfa is more in ED.

In Figure 9, the effect of fading is considered
with 200 samples and SNR at —15dB. The prob-
ability of detection of cyclostationary detection
is more as compare to base technique and for the
values of Pd i.e. 0.2, 0.4, 0.6, 0.8 and 1, the P, for
CDF is 0.02, 0.15, 0.38, 0.68 and 0.98 and for ED
itis 0.05, 0.22, 0.51, 0.8 and 1. From these observa-
tions it is it is shown that the probability of false
alarm in energy detection is higher in comparison
with cyclostationary feature detection.

The Figure 10 shows the probability of detec-
tion and probability of false alarm in ED and
CFD. The P, for CDF is 0.05, 0.2, 0.42,0.75 and 1
whereas for ED theses values are 0.1, 0.3, 0.6, 0.85
and 1. These values are for the Pd i.e. 0.2, 0.4, 0.6,
0.8 and 1. Hence rayleigh fading effects the per-
formance of energy detection more.
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Figure 8. The probability of detection (P,) as a func-

tion of probability of false alarm (P,) for ED and
CFD subject to Rayleigh fading with —10 dB SNR and
200 samples.
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Figure 9. Rayleigh fading with 200 samples and —15 dB.
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Figure 10. Rayleigh fading with 200 samples and —20
SNR.

6 CONCLUSIONS

Cyclostationary feature detection and energy
detection spectrum sensing techniques are ana-
lyzed for fading channel i.e. rayleigh fading chan-
nel. A simulation result shows that energy detector
measurements are degraded with fading channel.
The simulations are done with different SNR. The
performance evaluation is made in all scenarios
while the best performance has been ascertained at
value of —10db SNR. It has been concluded that
cyclostationary feature detection outperforms the
energy detection if fadings are considered and in
case of detection of spectrum or spectrum space.
The probability of detection is more in case of
CDF and the probability of false alarm is less in
case of CDF as compared to ED.
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lifetime of wireless sensor networks

Ankit Thakkar

Computer Science and Engineering Department, Institute of Technology, Nirma University, Ahmedabad,
Gujarat, India

ABSTRACT: Wireless Sensor Network (WSN) consists of energy constraint sensor nodes, and it
is difficult to replace or recharge batteries of these nodes when they operate in hostile environments.
Hence, prolonging the lifetime of WSN nodes is an important issue for any WSN. Cluster based rout-
ing techniques improve the lifetime of WSNs, wherein longer stability and shorter instability periods are
important aspects to measure network lifetime. Stable period ensures reliability of the data received from
the network, as all nodes are alive during this period. This paper discusses a novel distributed adaptive
clustering approach, Skip that guides every node to take part in the Cluster Head (CH) election process
or not for the current epoch, based on residual energy of a node. Extensive simulations have been car-
ried out to compare the proposed approach with prominent clustering techniques such as Low Energy
Adaptive Clustering Hierarchy (LEACH), Stable Election Protocol (SEP) and enhanced Stable Election
Protocol (SEP-E). Simulation results show that the proposed approach outperforms to LEACH, SEP and
SEP-E protocols. The proposed approach Skip provides longer stability and does not deteriorate instabil-
ity period. The performance of Skip is also validated using statistical test.

1 INTRODUCTION the lifetime of the WSN such as sleep scheduling,
MAC protocols, routing protocols, data aggrega-
Now days, Wireless Sensor Network (WSN) is  tion, topological control, etc. (Li et al. 2010). This
gaining popularity among researchers because of  paper mainly focuses on routing techniques to pro-
the improvement in communication and sensor  long the lifetime of WSNss.
technology that makes sensor nodes inexpensive Routing protocols can be classified as flat-based
(Thakkar and Kotecha 2014b). This encourages routing, hierarchical-based routing and location-
use of sensor networks in a wide variety of appli- based routing depending upon the underlying
cations such as military applications, environment  network structure used by the routing protocol
monitoring, inventory control, human-centric  (Al-Karaki and Kamal 2004). This paper focuses
applications, agriculture applications, structural on hierarchical routing schemes as it is scalable
health monitoring, and many more (Arampatzis  and provides energy efficient communications (Al-
et al. 2005). Depending upon the requirement of  Karaki and Kamal 2004, Thakkar and Kotecha
the underlying application, WSN nodes can be  2015). In a hierarchical routing scheme, protocol
deployed either in a pre-planned manner or ran-  operation is divided into rounds. During a par-
domly. The first approach is called structured ticular round, few nodes elect themselves as Clus-
WSN, while the other is known as unstructured ter Heads (CHs) and the remaining nodes act as
WSN (Yick et al. 2008). This paper focuses on ~ member nodes. The member nodes transmit their
unstructured WSN. In unstructured WSN, sensor  data to either a selected CH or Base Station (BS),
nodes are randomly placed in the Region of Inter-  whichever is energy efficient. This reduces a long
est (ROI) which is hostile in nature in most cases.  distance communication and provides pronged
In addition, nodes are densely deployed in the network lifetime (Thakkar and Kotecha 2015,
ROI to increase reliability of the required infor-  Karkvandi et al. 2011). A group of few rounds
mation provided by the network. Because of the  makes an epoch. During every epoch, each alive
dense deployment of the WSN nodes in a hostile  node elects itself as CH once per epoch (Heinzel-
environment, it is difficult to replace or recharge = man et al. 2000, Smaragdakis et al. 2004, Thakkar
batteries of the WSN nodes. This makes prolong-  and Kotecha 2014a, Aderohunmu et al. 2011).
ing the lifetime of the WSN as the prime focus In this paper, a novel self-guided adaptive clus-
irrespective of the application being served by the  tering scheme Skip is proposed, which allows/
network. There are many techniques to prolong  disallows nodes to become CH during the current
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epoch based on their own energy level and number
of members served by it when it was elected as CH
in the recent past. The proposed approach Skip
improves the stability period (the time between
network setup and death of the first node (Sma-
ragdakis et al. 2004)) and does not deteriorate
instability period (the time between death of the
first node and death of the last node (Smaragdakis
et al. 2004)). The proposed approach is compared
with prominent clustering schemes such as LEACH
(Heinzelman et al. 2000), SEP (Smaragdakis et al.
2004) and SEP-E (Aderohunmu et al. 2011).

The major contributions of the paper are as
follows:

e A novel self-guided adaptive clustering scheme
Skip is proposed in the paper, which reduces the
probability of electing less energy nodes as CH

o The proposed approach Skip is compared with
prominent clustering schemes such as LEACH,
SEP and SEP-E by doing extensive simulations

o The result have been statistically verified

The rest of the paper organized as follows: Existing
cluster-based routing protocols are discussed in sec-
tion 2, a novel self-guided adaptive clustering scheme
Skip is discussed in section 3, Simulation parameters
and result discussions are given in section 4, and
Concluding remarks are given in section 5.

2 RELATED WORK

Low Energy Adaptive Clustering Hierarchy
(LEACH) (Heinzelman et al. 2000) is a pioneer
cluster-based routing protocol that improves the
network lifetime of WSNs. LEACH works well
for the homogeneous network!, but fails to pro-
vide sufficiently prolonged network lifetime when
works in heterogeneous network environments?.
This is because of the same CH election probabil-
ity assigned to all the nodes of a network.

The problem of LEACH is overcome by Stable
Election Protocol (SEP) (Smaragdakis et al. 2004)
by assigning different probability to the different
group of nodes as per their initial energy. SEP has
defined new parameter to measure the lifetime of
the WSN named stability period and instability
period. Stability period refers to the time between
the network setup to the death of the first node
and instability period refers to the time between the
death of the first node and death of a last node. This
is mainly important for the applications wherein
feedback from the network must be reliable.

Many protocols have been proposed by extend-
ing LEACH protocol to enhance the lifetime of the

'All nodes in the network have same initial energy.
A fraction of the total nodes has higher initial energy
than the remaining nodes.

WSNs using different metrics such asuse of coverage
preservation (CVLEACH (Thakkar and Kotecha
2012a), CPCHSA (Tsai 2007), WCALEACH
(Thakkar and Kotecha 2012c)), use of two level
clustering scheme (TL-LEACH (Loscri et al. 2005)),
considering energy while electing CHs (ALEACH
(Ali et al. 2008), LEACH with deterministic Clus-
ter Head Selection (Handy et al. 2002)), considering
number of alive nodes in the network (AL-LEACH
(Thakkar and Kotecha 2014a)), use of weighted
clustering scheme (WEEC (Behboudi and Abhari
2011), WALEACH (Thakkar and Kotecha 2012b),
WCALEACH (Thakkar and Kotecha 2012c)), etc.
Also, many protocols have been proposed to extend
stability period and to minimize instability period
such as E-SEP (Aderohunmu et al. 2009), SEP-E
(Aderohunmu et al. 2011), T-SEP (Kashaf et al.
2012), Extended SEP protocol with three levels of
clustering (Islam et al. 2012), zonal based stable
election protocol (Z-SEP) (Faisal et al. 2013), to
name a few.

The proposed approach Skip is compared with
LEACH (Heinzelman et al. 2000), SEP (Sma-
ragdakis et al. 2004) and SEP-E (Aderohunmu
etal. 2011) protocols, and hence, they are discussed
in detail in this section.

2.1 Low Energy Adaptive Clustering Hierarchy
(LEACH)

LEACH works in rounds, and each round is divided
into cluster setup phase and steady state phase.
During cluster setup phase, each node assumes
a random number rnd, between 0 and 1, and it is
compared with the threshold value T(n) given by
the equation 1. A node elects itself as CH, if rnd
is less than 7'(n), otherwise it works as a member
node. Once a node elected as CH during a particu-
lar round of an epoch, it works as a member node
for the remaining rounds of the same epoch.

+ ifneG

T(n)= l—pkrmodp] (1)

0 Otherwise

Here G is the set of nodes, which are yet to be
elected as CH for the current epoch, r is the current
round, p is the optimal cluster head selection prob-
ability, and it is 5% for LEACH. During the first
round the value of 7(n) is 0.05, and it increases
with increase in the round number. T(n) attains
the value of 1 during the last round of every epoch.
Once a node is elected as CH, it informs its status to
other nodes. Each non-CH (member) node sends a
join message to the selected CH if the selected CH
is nearer to the member node as compared to BS;
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otherwise, node transmits its data to BS directly
during steady state phase. After receiving join mes-
sages, each CH node prepares a TDMA schedule,
and informs to its member nodes. During the steady
state phase, each node sends its data either to BS
or the selected CH, whichever is energy efficient.
Each CH node aggregates the data and sends it to
BS, after receiving data from its member nodes.

2.2 Stable Election Protocol (SEP)

Like LEACH, SEP also works in rounds. As stated
earlier, LEACH does not work well in heterogene-
ous network environments because the same opti-
mal cluster head election probability (p) is assigned
to all the nodes. SEP assigns o times higher energy to
m fraction of total nodes (n) called advanced nodes
and the remaining nodes are called as normal nodes.
SEP defines different optimal cluster head election
probabilities for advanced nodes and normal nodes,
which is given by equation 2 and 3 respectively.

PDopt 1+«
Padv = %ﬂn) (2)
prm=+ f ;’m 3)

Here, p,,, and p,,, denote the optimal CH elec-
tion probability for the advanced nodes and normal
nodes respectively. The threshold value for advanced
nodes and normal nodes are also different, and it is
given by equation 4 and 5 respectively.

Padv U( ne G”
T(Sut) =31~ pats (rmod ] 4)
Padv
0 Otherwise
Prnrm lf‘ ne G”
T(Sm'm) =J1- Prm (r mod P ] (5)
0 Otherwise

Here, T(S,,) and T(S,, ) denote the thresh-
old value for advanced nodes and normal nodes
respectively. G” is the set of nodes, which are yet to

be elected as CH for the current epoch.

2.3 Enhanced Stable Election Protocol (SEP-E)

SEP-E defines three level of nodes’ heterogeneity
by extending SEP protocol. In SEP-E, nodes are
classified in three groups named normal nodes,
advanced nodes and intermediate nodes depend-
ing upon the initial energy given to the nodes.
Intermediate nodes have initial energy higher than

normal nodes, but lower energy than advanced
nodes. SEP-E defines three different optimal clus-
tering probabilities for advanced, normal and
intermediate nodes.

SEP-E assigns o times higher energy to m frac-
tion of total nodes (n) called advanced nodes, B
times higher energy to p fraction of total nodes
(n) called intermediate nodes, and the remaining
nodes are called as normal nodes. SEP-E defines
different optimal cluster head election probabilities
for advanced nodes, intermediate nodes and nor-
mal nodes, which is given by equation 6, 7 and 8
respectively.

Pai = M (©6)
1+am+ fu
opi(1+ 44
Pint = M )
1+om+ fu
Popt
nrm — ————————————————— 8
P 1+am+ fu ®

Here, p ., P, and p,,,. denote the optimal CH
election probability for the advanced nodes, inter-
mediate nodes and normal nodes respectively and
D, 1s the optimal CH election probability, which is
10% for SEP and SEP-E. The threshold value for
advanced nodes, intermediate nodes and normal
nodes are given by equation 4, 9 and 5 respectively.
SEP-E takes the value of p,,, p,.. and p,,,, defined
by the equation 6, 7 and 8 respectively.

P int !f}’[ EG”
T(Sim) ={1- pint (l‘ mod » im] (9)

0 Otherwise

Here, T(S,,) denotes the threshold value for

intermediate nodes.

3 SKIP PROTOCOL

Skip protocol works in rounds like prominent
clustering schemes. However, Skip has proposed
a new threshold value by extending LEACH, SEP
and SEP-E, and it is discussed later in this section.
Apart from this modification, Skip works similar
to LEACH, SEP and SEP-E.

LEACH, SEP and SEP-E allows each alive
node to become CH once per epoch. This results
in insufficient improvement in the network life-
time as residual energy of a node is not considered
while electing the node as CH. This results in the
early death of a node. To overcome this issue of
LEACH, SEP and SEP-E protocols, 