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Abstract—Stable local

feature  detection and
representation is a fundamental component of many image
registration and  object recognition  algorithms.

Mikolajezyk and Schmid recentlyevaluated a variety of
approaches and identified the SIFT algorithm as being the
most resistant to common image deformations. This paper
examines (and improves upon) the local image descriptor
used by SIFT. Like SIFT, our descriptors encode the
salient aspects of the image gradient in the feature point’s
neighborhood; however, instead of using SIFT’s smoothed
weighted histograms, we apply Principal Components
Analysis (PCA) to the normalized gradient patch. Our
experiments demonstrate that the PCAbased local
descriptors are more distinctive, more robust to image
deformations, and more compact than the standard SIFT
representation. We also present results showing that using
these descriptors in an image retrieval application results
in increased accuracy and faster matching.

Index Terms—SIFT, PCA, Feature Extraction, Matching
and Euclidean distance.

I. INTRODUCTION

Object can be recognized by appearance based method and
feature based method. Appearance based methods use
template images of the objects to perform recognition .In
feature based method, a search is used to find feasible matches
between object features and image features. The processing of
object recognition has the following stages: feature extraction
and feature matching. In computer vision, the Scale Invariant
Feature Transform (SIFT) is an algorithm to identify and
characterize local features in images. SIFT is well designed
and derives distinctive image feature descriptors for image
matching but it still suffers from its high cost of computation
and high dimensionality. Yan ke presents a more distinctive
and more compact feature descriptor, PCA-SIFT, which
applies Principal Components Analysis (PCA) to the

normalized gradient patch instead of using SIFT’s smoothed
weighted histograms which results in dimensionality reduction
of the descriptors.

II. RELATED WORKS

There is a long history of research in object recognition that
has modelled 3D objects using multiple 2D views.
Thisincludes eigen space matching [7], which measurcs
distance from a basis set of eigenvalue images; and histogram
matching [9] which summarizes image appearance with
histograms of selected properties. Earlier work [2] by the
author (Lowe, 1999) extended the local feature approach to
achieve scale invariance. Lowe [4, 2, 3] overcome such
problems by detecting the points of interest over the image
and its scales through the location of the local extrema in a
pyramidal Difference of Gaussians (DOG). The Lowe's
descriptor, which is based on selecting stable features in the
scale space, is named the Scale Invariant Feature Transform
(SIFT). In the paper [8], the dimensionality reduction of SIFT
using Principal Component Analysis (PCA) on each object
category is proposed to reduce computational complexity and
memory requirement during training process and investigated
under the proposed bag of feature object categorization
framework. A new strategy to minimize the dimensionality of
SIFT features is proposed [11] and the main idea is to do the
Principal Component Analysis in the keypoint descriptor
computation stage of the standard SIFT.

III. OVERVIEW OF SIFT ALGORITHM

SIFT (Scale Invariant Feature Transform) features are
widely used in object recognition. These features are invariant
to changes in scale, 2D translation and rotation
transformations. To a limited extent they are also robust to 3D
projection transformations. SIFT features have the following
advantages. They are invariant to scale. They are invariant to
2D transformations like transformations and translation and
rotation. Lowe [1], showed that practically these features are
invariant to a limited amount of 3D projection
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transformations. SIFT featurcs arc invariant to changes in
jllumination

The Scale-Invariant Feature Transform (SIFT) is an
algorithm to identify and characterize local features in images.
It allows for correct object identification with low probability
of mismatch and is casy to match against a large database of
local featurcs. The representation of the image features has a
direct impact on the performance of an object recognition
system. Thus, the characterization and evaluation -of SIFT’s
performance is important (o advance the research on object
recognition.

The SIFT algorithm finds extrema points in scale space, and
extracts position, scale, rotation invariant feature vectors. The
major stages of computation of SIFT descriptors are divided
into four major stages [2]): (1) scale-space extrema detection
(i.e., identifying keypoints); (2) keypoint localization; (3)
orientation assignment; and (4) keypoint descriptor
computation. These stages are used to produce the set of
image features. The sections below provide details for these
stages.

A) Scale-Space Extrema Detection

The first stage of calculation is to search over all scales
and image locations. The difference-of-Gaussian function is
used to detect stable key point locations in scale space. This
stage attempts to find those locations and scales that are
identifiable from different views of the same object. This can
be efficiently achieved by using a scale space function.
Furthermore, it has been shown under reasonable assumptions
that it must be based on a Gaussian function. The scale space
of a two-dimensional image is defined by equation (1) as
shown below:

L(X, ¥ 06)=GX ¥, 0) *T (4 ¥) ccoveene (D)
Where * is the convolution operator, G(x, y, 0) is a variable-
scale Gaussian, and I (x, y) is the input image. The parameter
o is the scale of the key point and is also the standard
deviation of the Gaussian function, equation (2).

T B o P N
Glx.v.6) —3¢ (X +y9)/20° .......(2)

The difference of Gaussians function, D(x, y, a), is used to
detect stable keypoint locations in scale space; D(x.y, ) is
computed by using the difference between two images, one
with scale k times the other. Then, D(x, y, o) is given by
equation (3).

D(x. 1. 6) = (G(x. y. ko) - G(x. y. 6)) *I(X. )
=[x V.ko)-LE.Y.0) o (3)
To detect the local maxima and minima of D{x, y, g), each
point is compared with its 8 neighbors at the same scale, and
its 9 neighbors up and down one scale. If this value is the

minimum or maximum of all these points then this point is an
extrema. The extrema is used as a SIFT key point.

B) Key point Localization .
In order to enhance the stability of the follow-up image

feature matching and incrcase the algorithm’s anti-noise
ability, we need to remove the low-contrast and unstable key
points. This stage attempts 10 climinate thc:;c_unstab‘lc key
points from the final list of key points by finding th‘nsltc that
have low contrast or are poorly localized on an edge. This may
be achieved by calculating the Laplacian value for cac_h
keypoint found in stage onc. The location of extrema, z, 1§
given by equation (4).

_a*p~tap
Z_.. d_“-z a‘( Aea ek

C) Orientation Assignment _ ) ‘
This step aims to assign a consistent orientation to the key

points based on local image properties. The kf:y pf}iut
descriptor can then be represented relative to this orientation,
achieving invariance to rotation. The gradient magnitude, m,
and orientation, g, of (x, ) are given in equations (5) and (6)

m(x,y)=
JOE+1y —L(x- Ly +CLExy+1l) -Lkxy-1 })?2
.(5)
U(xy)=

tan™ (L( x,yF1) <(LOy—D/L(x+1,y) —L(x~] ,y()g;

" D) Key point Descriptor Calculation

The local image gradients are measured at the selected scale in
the region around each key point. These are transformed into a
representation that allows for significant levels of local shape
distortion and change in illumination. The local gradient data,
used above, is also used to create key point descriptors. The
gradient information is rotated to line up with the orientation
of the key point and then weighted by a Gaussian with a
variance of 1.5 * the key point scale. These data are then used
to create a set of histograms over a window centered on the
key point. Key point descriptors typically use a set of 16
histograms, aligned in a 4x4 grid, each with 8 orientation bins,
one for each of the main compass directions and one for each
of the mid-points of these directions. This process results in a
feature vector containing 128 elements.

IV. NEED FOR PCA

SIFT features are invariant to scale and 2D
transformations like transformations and translation and
rotation. These features are also invariant to a limited amount
of 3D projection transformations. However SIFT has its own
problems. First, the number of SIFT features that are
generated from an image cannot be controlled. The second
problem is computational as SIFT features are of high
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dimension. Thus the major problem in SIFT is its very high
dimension. The large computational effort associated with
matching all the SIFT features for recognition tasks, limits its
usage to many applications.

There arc two main reasons that we take the PCA-SIFT
descriptor instead of the SIFT descriptor in this paper. First,
the standard SIFT feature vector will contain a great number
of redundant information, which are undesirable for describing
the objects. PCA-SIFT will apply the PCA method to
minimize this redundancy which is mainly derived from the
background features in the local image patches. Also the

shows the dimensionality is reduced for PCA SIFT compared
to other methods [2].

V.PRINCIPAL COMPONENT ANALYSIS

Principal Component Analysis (PCA) is a standard
technique for dimensionality reduction and has been appliedto
a broad class of computer vision problems, including feature
selection object recognition and face recognition. While PCA
suffers from a number of shortcomings such as its implicit
assumption of Gaussian distributions and its restriction to
orthogonal linear combinations, it remains popular due to its
simplicity. The contribution of this paper lies in rigorously
demonstrating that PCA is well-suited to representing key
point patches and that this representation significantly
improves SIFT’s matching performance.

The first three stages of PCA SIFT is same as that of SIFT
algorithm. The difference arises in the third stage which is the
key point descriptor stage. PCA-SIFT applies Principal
Components Analysis (PCA) to the normalized gradient patch
instead of using SIFT’s smoothed weighted histograms. This
algorithm for local descriptors accepts the same input as the
standard SIFT descriptor: the sub-pixel location, scale, and
dominant orientations of the key point. We extract a 41 x41
patch at the given scale, centered over the key point, and
rotated to align its dominant orientation to a canonical
direction.

VI. PCA SIFT DESCRIPTION

PCA-SIFT can be summarized in the following steps: (1)
pre-compute an Eigen space to express the gradient images of
local patches; (2) given a patch, compute its local image
gradient; (3) project the gradient image vector using the Eigen
space to derive a compact feature vector. This feature vector is
significantly smaller than the standard SIFT feature vector,
and can be used with the same matching algorithms. The
Euclidean distance between two feature vectors is used to
determine whether the two vectors correspond to the same
keypoint in different images.

A) Computation of local image gradient for patches

PCA cnables us to linearly-project high-dimensional
samples onto a low-dimensional feature space. For our
application, this projection (encoded by the patch Eigen space)
can be pre-computed once and stored. The input vector is
created by concatenating the horizontal and vertical gradient
maps for the 41 x41 patch centered at the key point. Thus, the
input vector has 2 x39x%39=3042 elements.

More precisely, cach of the patches satisfics the following
properties: (1) it is centered on a local maximum in scale-
space; (2) it has been rotated so that one of the doeminani
gradicnt orientations is aligned to be vertical; (3) it only
contains information for the scale appropriate to this key peint
— i.e., the 41 %41 patch may have been created from 2 much
larger rtegion from the original image. The remaining
variations in the input vector are mainly duc to the “identity™
of the keypoint or to unmodeled distortions. These remaining
variations can be reasonably modelled by low-dimensional
Gaussian distributions, enabling PCA to accurately represent
them with a compact feature representation.

B) Projection of gradient image vecitor

More importantly, projecting the gradient patch onto the
low-dimensional space appears to retain the identity related
variation whilediscarding the distortionsinduced by other
effects. Each was processed as described above to create a
3042-element vector, and PCA was applied to the covariance
matrix of these vectors. The matrix consisting of the top n
cigenvectors was stored on disk and used as the projection
matrix for PCA-SIFT. The images used in building the Eigen

space were discarded and not used in any of the matching
experiments.

C)Feature representation

To find the feature vector for a given image patch, we
simply create its 3042-element the normalized image gradient
vector and project it into the feature space using the stored
Eigen space. It is empirically determined good values for the
dimensionality of the feature space, n to be 20. The standard
SIFT representation employs 128-element vectors whereas
PCA SIFT results in significant space benefits. Thus the PCA
SIFT feature descriptor obtained is dimensionally reduced
compared to that of SIFT descriptor.

VIL IMAGE FEATURE MATCHING

Image matching, also referred to as image correspondence,
plays an important role in many aspects of computer vision.
For instance, objects recognition, image retrieval, stereo
correspondence, building panoramas and so on. Two main
problems prevent us from matching progress. First, the
number of elementary primitives in an image is large. The
other problem is the possible variance between matching
image pairs. Translations, rotations, scales and luminance
changes can cause the difference of two pictures. It is virtually
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impossible to compare two images using traditional methods
such as a dircct comparison between grey valucs,
methods enabling a more reliable comparison have heen
developed:  correlation-based  methods — and feature-based
methods. The correlation-based methods still involve all the
pixels in images but all pixels will be grouped as windows
with certain sizes. On the contrary, feature-based methods just
focus on sparse sets of features, ‘

Feature point matching is done as follows. Given an
interest feature point in one image, the matches of that point in
other image are to be found. The definition of match depends
on the matching strategy. The distance between the descriptors
is the main similarity criterion. The results for distance
threshold-based  matching reflect the distribution of the
descriptors in space, so this strategy is used. If the distance
between the particular pair of feature points falls below the
chosen threshold t, this pair is termed as a match.

The Euclidean distance between two feature vectors is
calculated to determine whether the two vectors belong to the
same keypoint in different images. For each descriptor in
image A the distance to all descriptors in image B is
calculated. If ratio of the distance of the second closest
distance to the closest is greater than or equal to 1.5
(threshold), the descriptor from A is matched to the one from
B, otherwise the descriptor in A is not at all matched. This
criterion is to avoid having too many false matches for points
in image A which are not present in image

Two

VIIL. EXPERIMENTAL RESULTS

The matching is performed for real images pairs using
both SIFT and PCA SIFT by distance ratio method for various
thresholds. Also under different transformations, including
rotation, jpeg compression and noise added. For every
catalogue, a pair of images are taken in the range from small
image transformations to large ones and the transformations
are significant enough to illustrate the features of SIFT and

PCA SIFT. The test images are illustrated in Figure 2a and Fig
2b.

Fig. 2a Image used for test

al Journal of Communications & Electronics
0. I, January-June 2016, ISSN: 2320 - 8996

Fig. 2b Image used for test.

The number of keypoints obtained for the original and
transformed image pairs for various transformations are shown
in the table 2.

Image Keypoints
Detected

Giraffe 1528

Rotated giraffe 1421

Table 2. Number of Keypoints obtained for image pairs

50 100 150 200 250 300 350 400 450 500
Fig. 3 Matching for the rotated image pair for threshold of 0.8
. Matches obtained by PCA SIFT

SIFT PCA SIFT
Dimensionality High Low
Dimension Value | 128 20 or less
Computation Less Low
Memory High Low
Requirement

Table3. Comparison between SIFT and PCA SIFT
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IX. CONCLUSION

In this paper, local feature descriptor matching based on
SIFT and PCA SIFT are done. By implementing PCA in SIFT,
the dimensionality of the features is reduced. The matching
points are also increased so as the accuracy as shown in the
table 3. The performance evaluation and the matching local
image descriptors by Singular Value Decomposition method
instead of Euclidean distance method are considered to be the
future work.

REFERENCES

[1] C. Schmid, R. Mohr, “Local Gray value Invariants for Image
Retrieval”, IEEE Transactions on Pattern Analysis and Machine
Intelligence, Vol.19,PP.530-534,1997

[2] D.G. Lowe, “Distinctive Image Features from Scale Invariant
Keypoints”, Int’l J. Computer Vision, vol. 2, pp. 91-110, 2004

[3] D.G. Lowe, “Local Feature View Clustering for 3D Object
Recognition”, Proc. of the TEEE Conference on Computer Vision and
Pattern Recognition, Hawaii, 2001 ,pp.682-688.

[4] D.G. Lowe, “Object Recognition from Local Scale Invariant
Features”, Proc. Seventh Int’l Conf Computer Vision Kerkyra,
1999,pp. 1150-1157.

[5] H. Bay, T. Tuytelaars, L. Van Gool, “SURF, Speeded Up Robust
Features", Journal of Computer Vision and Understanding,Vol, 110,
pp. 346-359, May 2006

[6] K. Mikolojczyk and C. Schmid, "A Performance Evaluation of
local descriptors”, IEEE Transaction on Pattern Analysis and
Machine Intelligence, 2005, pp.1615-1630

[7] Murase, Hiroshi, and Shree K. Nayar, “Visual leaming and
recognition of 3-D objects from appearance”, International Journal of
Computer Vision, Vol. 14, pp. 5-24,1995

[8] N. Watcharapinchai , S. Aramvith , S. Siddhichai and S.
Marukatat, “Dimensionality Reduction of SIFT using PCA for Object
Categorization”, International Symposium on Intelligent Signal
Processing and Communication Systems, Bangkok, Feb 2008,pp. 1-4.
[9] Schiele, Bernt, and James L. Crowley, “Recognition without
correspondence using multidimensional receptive field histograms”,
International Journal of Computer Vision,Vol.36,pp. 31-52, 2000 .
(10] Sai K. Vuppala, Sorin M. Grigorescu, DanijelaRistic, and Axel
Graser, “ Robust color Object Recognition for a Service robotic Task
in the System FRIEND II”, 10th International Conference on
Rehabilitation Robotics - ICORR'07,Noordwijk,June 2007,pp. 704-
713,

[11] Y. Ke and R. Sukthankar, "PCA-SIFT: a more distinctive
representation for local image descriptors", IEEE Computer Society
Computer on Computer Vision and Pattern Recognition, June 2004,
pp. 506-513.



@ KIET IJCE KIET International Journal of Communications & Electronics

Volume. No. 4, Issue No. 1, January-June 2016, ISSN: 2320 - §996

Microwave Photonics: - Analytic Study

) Rishabh Rai,
Assistant Professor, Department of Electronics & Communication Engineering
Vidyadaan Institutc of Technology & Management, Ariaon, Buxar, Bihar, 802119
rishabh.rahul00 | (@ email.com

Abstract — Optoclectronics/photonics is integrated with microwave
signals for their transmission and processing because low loss
wide bandwidth capability of optoclectronics system has become
an attractive technology for microwave transmission. The
microwave photonics can be defined as the study of optoelectronics
devices and system operating at microwave frequency. The key
components require for microwave photonics applications include
optical sources which can be modulated by high frequency, high
speed photo detector, optically control microwave devices and
suitable transmission media, Directly modulated semiconductor
lasers are used to modulate frequency up to 40 GHz whereas
external modulator are used for modulator frequency up to 100
GHz while photo detector operating at 10 THz modulation
frequency has been realized. The modulation and transmission
in the frequency band between 100 GHz and 10THz is the area of
interest. The transmission in microwave band has lot of loss and
it can be compensated by using optical communication modulated
by microwave frequencies. So combination of radio wave
technology and photonics has become a necessity.

Government of India has installed a national broadband facility
in which optical fiber communication is used to transmit data
from National Capital to 6000 block centers passing through
State headquarters and various cities but there is no solution to
connect blocks with Panchyat in various villages. Microwave
photonics can provide the above connectivity solution by
transmitting data from block centers to various Panchyat through
radio waves.

Keywords: Optoelectronics, Microwave, Photonics

I. INTRODUCTION

Microwave signal is modulated using optical carrier
frequency for low loss wideband transmission. The signal at
the transmitted end is again converted into radio waves &
transmitted or else, microwave signal can be transmitted directly
to the receiver using single mode/multimode optical fibers.

In one case, the radio waves at receiver end are detected &
sent using optical fiber cables over long distances and
reconverted at the end into audio/video/data. In another case,
the optical carrier is directly sent at receiver end & reconverted
into required output such as audio/video/data & text. The block
diagram of basic structure of system of microwave photonics
is given in figure 1.

ats Chapat

: n sm——
hata Lymtral \"',r v [oste TN
Staten_—1 | ¥l AW o | Ry
Oulput -~ A Ul B
| Optical i @ opmem | _f i 1'1:‘:'-:._"' \
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Data \m\_____ e " \f‘ \_ Moabde | /
Input l/\ / '."I .‘:‘. ;r._. ! /
e Rl
ata lnpat \

Fiber link 2 SEERYIE
l Radie SltLCL\!_]

Figure 1. Basic block dingram.

Typical radio-wave application system is illustrated in Fig. 2.
Wireless communication link consists of a transmitter (Tx) and
a receiver (Rx) as shown in Fig. 2(a), and some kind of object is
placed between the Tx and Rx in applications to measurement,
testing, and sensing as shown in Fig. 2(b). Now, what happens
when we introduce photonic technologies in Tx and Rx?

Figure 3 shows a block diagram of MWP-based transmilter,
that is, a photonically assisted radio-wave transmitter. First,
the optical (O) signal, whose intensity is modulated at
microwave (MW) and/or millimeter-wave (MMW) frequencics,
is generated by the optical MW/MMW signal source, and is

MMM
Free Space I

Transmitter Recelvet
(Tx) (Rx)
(a)

(Tx) (Rx)
(b)

Figure 2. Radio-wave system (a) communication and
(b) Measurcment
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delivered through optical fiber cables, and converted 1o the
clectrical (E) signal by a high-frequency O-1 converter such
a photodiode. The converted signal is followed by a power
amplifier and/or a frequency multiplicr, and is finally radiated
into free space by an antenna, The antenna unit can be
scparated and remotely controlled by optical fiber cables,

s

h S
(2 \\"'\.

| A=

P -

Antenna
n
Optical ‘7
Fiber O/E Etleelrical
p— mplifiers
o Converter E Multiplier
Optical
Microwave/
Millimeter- O: Optical Signal
wave signal E: Electrical Signal

Figure 3. Photonically-assisted MW/MMW Transmitter.
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Figure 4. Photonically-assisted MW/MMW receiver,

Figure 4 shows two types of photonically-assisted radio-wave
receivers; onc employs a photonic mixer pumped by photonic
local oscillator (LO) signals. Typical photonic mixer is a bulk
electro- optic (EQ) crystal, and optical modulator devices such
As Electro-absorption (EA) modulator. Here, the
optical intermediate frequency (IF) signal is converted to

as a LINDO  waveguide EO modulator and a semiconductor
the clectrica) [F signal by a slow photodiode. The other type
is based on a nonlincar electrical mixer such as a Schottky-
diode mixer, and a superconducting (SIS) mixer. The LO
signal is penerated by a  high-frequency  photodiode
followed by the optical MW/ MMW signal source, as is
uscd in the transmitter (Fig. 3).

I1. ENABLING DEVICE TECHNOLOGIES

As for the optical MW/MMW source in Fig. 3, there are lots of
options such as optical heterodyning using two frequency-
tunable laser diodes, optical heterodyning using two modes
filtered from a multi-frequency (wavelength) optical source or
optical frequency comb generator (OFCG), the combination of
a continuous-wave (CW) laser with an external modulator, and
semiconductor mode-locked lasers (Fig. 5). Low-phasc-noise
and frequency-tunable optical MMW generators based on the
optical heterodyning technique is shown in Fig. 6 [2].

Methed Frequency Tunabdity Stenility/
naise
Hetercdyning Excellant Saxcellant Mﬁd —-—
two LDs >10 THz >10 THz T r-f,-..",-“},
Qvio Fair Fair Exctﬁ;::;
53 <100 GHz < i feterrinec
External modulator e 100 GHz oy elecirenics
Mode-locked Good
laser dicde Patave >1 TH? Sad . Excellent
{pascive/active) Active 240 GH= <1 GHz enly for pctive
Optical comb
(OFCG) Excelleqt Excellant ?Ccll;nll;
N > 1THz >1THz determine
Filter by electron's

Figure 5. Comparison of CW optical MW/MMW sources.
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Figure 6. Example of Optical Heterodyning Techniques.
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Figure 8. Example of Photonic MMW Emitter.

An O-E converter is a key device in the system. Since optical
amplifiers with a high gain of over 30 dB and a large bandwidth
of over 1 THz are now readily available, a high-power O-E
converter to boost the signal generator performance is needed.
An ultrafast photodiode called a uni-traveling-carrier
photodiode (UTC-PD), whose band diagram is shown in Fig. 7
[3] s used. Fig. 8 depicts an example of photonic MMW emitter,
where the UTC-PD and the antenna are integrated [4].

As a good example of the photonic MMW receiver or detector,
the electro-optic (EO) sensor made of a bulk EO crystal offers
the largest bandwidth extending to the terahertz frequency
region. The operation of the EO sensor is analogous to that of
the down-converter in the electronic mixer operation as shown
in Fig. 9(a). Fig. 9(b) shows the EO sensor attached to the
optical fiber [5]. Highly sensitive EO materials used at an optical
wavelength of 1.55 pm are CdTe and DAST. This EO sensor is
also applicable to microwave regions, and is proven to be useful
in the specific absorption rate (SAR) measurement at cellular
phone frequency (1.5 GHz~2 GHz) [5].

I11. SYSTEM APPLICATIONS

The photonic MMW transmitter is applied to the 120-GHz-
band wireless link system to realize a 10-Gbit/s transmission

(> 1 km) transmission, The wireless link can support the optical
network standards of both 10 GB/s (10.3 Gbit/s) and OC-192
(9.95 Gbit/s) with a bit error rate of 10", The above is successful
demonstrated in the wircless transmission of 6-channel
uncompressed high-definition television (HDTV) signals using
the link.

capacity [6]. Fig. 10 shows a block diagram of the wircless link.
A high-gain Cassegrain antenna is used for a long distance
The ultralow-noise characteristics of the photonically
generated MMW/THz-wave signal have been verified through
their application to the LO for superconducting mixers in
receivers used for radio astronomy. Radio-astronomical signals
from the universe have been successfully observed using a
97.98-GHz photonic LO [7].

MIMW/THz  EO Crystal Optical
Signal \ {E} }‘-’a\rep'.ate Signal
L} — 4
'V\N\J umn@ Y W
N T f
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E—-.'..‘-..‘;i.x‘e.;-...'..-i phom‘we (510-”’
: ; AVAVAVAVEE S |
: RF Lo; w8
: IF :
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(a)
EO Crystal Lens Optical Fiber
el i T -.—-:-—L
- * .e
e en
o 1 mm
Mirror
Input Light
{(Optical Signal)
(b)

Figure 9. Electro-optic sensor as photonic MMW down-converter,
(a) Block diagram, (b) example of EQ sensor.

A great advantage of photonic LOs in spectroscopic
measurement systems is their wide tun-ability. For this purpose,
a wideband receiver has been tested with the same combination
of superconducting mixers and a photonic LO at frequencies
from 260 to 340 GHz [8). MMWs/THz waves generated by
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the optical heterodyning using the OFCG and UTC-
pp arc successfully applied (o

the spectroscopy
measurement [9,10].
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Figure 10. (a) Block diagram of 120-GHz-band wireless link.
Photographs of (b) ficld trial and (c) application scene.

1V. CONCLUSION

A brief overview of microwave and millimeter-wave photonics
systems is described along with key devices incnrporatu‘i in
the system. The fusion of wireless and optical-fiber-based wired
telecommunications technologics will continue to steadily.
The Technology for the optical gencration and deteetion of
radio waves will become essential for various ficlds of
measurement, as it facilitates the handling of ultra-high-
frequency radio waves, which has been difficult with
previoustechnologics.
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Abstract— Quantum-dot cellular automata (QCA) technology
has become an alternative to CMOS technology for future digital
designs because it give low power dissipation, high density and
no leakage current compared to CMOS Designs. Many circuits
are studied in QCA technology. But how to examine that which
QCA Design is better than any other QCA design is not
considered yet. Until now, parameters and area-delay cost
functions are directly used from CMOS technology to compare
QCA designs. This is not an appropriate approach because both
the technologies are different. Therefore in this paper, several
cost parameters are proposed which helps in evaluation of QCA
Designs. And through these parameters it is found that the
number of QCA logic gates, the delay and the number and type

of crossovers, are the main parameters which effect QCA designs

and must be' considered before choosing any design for an
application.

Keywords— Quantum-dot cellular automata (QCA), cost
functions, parameters.

I. INTRODUCTION

Quantum-dot cellular automata (QCA) [1] technology have
become possible replacement to CMOS technology. QCA
provides various advantages like fast speed, low power
consumption and high density, which have the capability to
maintain the trend of Moore’s Law. Many novel approaches
are offered by QCA in computation and communication which
are “processing-in-wire” and “memory-in-motion” [2] and so
it is used as an nanoscale technology for the development of
digital systems.

Until now, the circuits having only local interaction in
QCA have been implemented Designs. In this interaction both
electrostatic interaction (molecular, semiconductor, and
atomic) and magnetic interaction QCAs have been
implemented and investigated. At present semiconductor
QCA can only work at low temperatures. However, as the
technology is developing, the temperature range may vary.
Arithmetic circuits, memory, and simple processors have been
designed and analyzed with QCA Designer [2]. But the
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manner in which to compare and analyze QUA designs are
studied.

As addition is considered as the hearl of compute
arithmetic calculation, and a designer would like to make the
best adder in their designs, but what defines the “best™ adder
in QCA technology? In previous research it was found that
multilayer QCA circuits are preferred over the coplanar
circuits because they offer better area, latency, and the number
of cells [3], which are directly used from CMOS parameters.
But the difference between both the multilayer crossovers and
coplanar crossovers is not considered and there are no
parameters provided for their comparison. Multilayer
crossovers consume less area compared to coplanar crossovers
and the cost of fabrication of multilayer crossovers is more
compared to that of coplanar crossovers. As CMOS and QCA
technologies are both different so previous parameters and
area-delay cost functions can’t be used for true comparison.
So, new parameters and specific cost functions for the QCA
circuits need to be investigated that can help in guiding the
optimization of the QCA circuit designs.

In this paper, the evolution of the cost parameters of CMOS
technology is considered so that the ideas are generated for the
cost parameters of QCA Designs. Based on this analysis of all
present parameters, a group of new QCA cost functions is
proposed. The proposed cost functions can be used to
examining the performance of any QCA circuit. Adder
designs are selected in QCA Designs because adder designs
are the heart of the computer calculations. Than in future
QCA adders are compared based on these parameters and then
examined with both the CMOS area-delay cost function and
proposed QCA cost functions in terms of the overall cost. And
final comparison results show that the selection of the “best”
adder is based on the design of application and also differs
between technologies. This paper is a first step to evaluate the
overall cost of QCA circuit design and it is anticipated that
further consideration of cost functions for QCA designs will
be inspired by this paper.

The remainder of the paper is organized as follows. Section
II presents the QCA basics. In Section I11, several comparison
parameters are studied. Section IV provides the proposed
QCA cost functions. Conclusions are given in Section V.
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I1. QCA BASICS

4. QCACell

A basic QCA cell that is made of four quantum dots which
can bind clectron within it is shown in Fig. 1(a). All the dots
are connected with each other via a tunneling wire through so
that clectron can tunncl among all four dots. First two extra
free clectrons are added within QCA cell and as the clectron
repulsive force between them are placed at antipodal position
within QCA cell. Depending on this position of electrons two
different structures of QCA cell may exist, called polarization
of the QCA cell and denoted. P=+1 and P=-1 indicates the
binary logic values “1*and ‘O‘respectively and P=0 specifies
an un-polarized cell in Fig. 1(b) i.¢., contains no information.
The rotated cells are used for coplanar crossings as shown in
Fig. 2.
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Fig 1. QCA Regular cell polarization
PFCREPeN
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Fig 2. QCA Rotated Cell

B. QCA Wire and Logic Gates

In contrast to a physical wire, a QCA “wire” is a chain of
cells where the cells are placed adjacent to each other as
shown in Fig. 3. The QCA logic gates are three-input majority
gates and inverters. An inverter is designed by diagonally
placing cells from each other and different structures are also
present as shown in Fig. 4(b). Inverters can usually be
included in the interconnections and do not provide any
additional delay. A three-input majority gate consists of five
QCA cells which have the function of M (a, b, c)=ab+bc+
a c as shown in Fig. 4(a). A 2-input OR gate or a 2-input AND
gate can be implemented by fixing one of the majority gate
inputs to “1” or “0”, respectively. In combination with
inverters, these two logic components can be used for
implementation of logic function.
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C. QCA Wire and Logic Gates

QCA clocking is made of four phase shift by 90° as shown
in fig.4 which creates a new path to design nano-circuits. T lTe
clock signals of QCA circuits are generated by an electric
field which is applied to the QCA cells to modulate the
tunneling barrier between dots (i.e., inter dot barrier). The
physical raising and lowering of the barriers depends on the
actual phase of technology. Four phases of clock are as
follows:

Switch phase— the barrier between dots of QCA cell is
increased. The quantum dots are influenced by the electron of
its neighboring and electron starts tunneling between dots. So
the QCA cell becomes in polarized state.

Hold phase— barrier of the cell remains high and electron
can‘t tunnel between dots and the cell maintains its current
states (fixed polarization).

Release phase— barrier between dots are decreased,
electron can tunnel through dots and QCA cell become in un-
polarized state.

Relax phase— barrier stay at lowered and cell remains in
un-polarized state.

The smallest unit of delay in QCA is a clocking zone delay
that is quarter of a clock cycle.

Two types of clocking floorplans can be used in QCA
circuit implementations, namely columnar regions and zone
regions as shown in Fig. 5. The columnar approach is
considered to be more practical for physical implementation
than that of zone approach. However, it has difficulty in
realizing high circuit densities and short feedback loops. On
the other hand, the zone approach can achieve all this. Smaller
zones are more difficult to implement, but are considered as
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more area efficient. Using large clocking zones reduces the
clock speed for reliable operation and increases the delay of
the circuit.
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Fig6. QCA clocking floorplans: (a) columnar
Region and (b) zone Region.

Therefore, there is a tradeoff between the size of clocking
zones and the circuit stability and efficiency. For
semiconductor QCA, it is possible to clock QCA cells
individually. As a result, small zones can be used for clocking.
However, for magnetic and molecular QCA, columnar
clocking zones are generally used. This study is based on
semiconductor QCA. Therefore, small zones are used for the
QCA designs.
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Fig 7. Crossovers in QCA: (a) Coplanar crossovers
and, (b) Multilayer crossovers.

D. QCA Wire Crossings

In semiconductor QCA technology, two wire crossing
options are available, that are multilayer crossovers and
coplanar crossings. A coplanar crossing was proposed [4] as a

unique property of a QCA layout which implements the
crossovers by using only one layer, as shown in Fig. 7(a). A
coplanar crossing can use both regular and rotated cells that
do not interact with each other when they are properly aligned.
The other alternative is multilayer crossing , which uses more
than one layer of cells as shown in !‘w 8(b). However,
multilayer crossovers are not easy 1o fabricate due to the
structure of multiple layer. The cost of fabricating a multilayer
crossover is expected to be significantly greater than that of a
coplanar crossing because of difficulty to fabricate it.

NI.COST PARAMETERS

Area, delay, and power consumption are considered as the
main parameters for CMOS circuits and on the basis of these
parameters the quality of CMOS circuits are measured. In the
past, the main concern of a CMOS circuit was as the area of
circuits because it was directly related to the cost of the design.
But as the feature size is decreased very much due to the
advancement in the fabrication technology and now area is not
the major concern and the main goal has changed to the speed
and performance of the device. Thompson has proposed
various models of the area-time [7] and he proposed the
CMOS cost function as:

Cost Area—Delay=4 XT" ,0 <n <2

(1)
Where A is the area and T is the delay of a CMOS circuit.
Based on Mead and Rem’s VLSI model theory of bisection
problem Lower bounds of cost functions were derived [9]. For
a QCA also a minimum unit of time is needed to transmit
information in QCA wires, which is a clocking zone delay
(equal to a quarter of a clock cycle) . This suggests that the
models of (1) may also be applicable to QCA technology.
Transistor size can improve the speed of a circuit while at the
same time it increases the power dissipation. Therefore, cost
functions that involve power delay are as follows :

Cost PowerDelay = P" X T" 2
Where P is the power dissipation and it is determined by

dynamic power dissipation in CMOS technology. The
dynamic power dissipation is given as:

Poynamic = & C; (Vad'f (3)

Where a is the activity factor, C; is the load capacitance, ¥,
is the supply voltage, and f is the clock frequency. As
irreversible power dissipation from bit erasures (which is
negligible in CMOS) dominates the total power dissipation in
QCA, the power dissipation issue is different from that of

12
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CMOS must also be considered. Similar to CMOS, the cost  which consumes less power. The irreversible dissipation

metrics for QCA circuits need to be carcfully investigated as
these can significantly affect the choice of QCA designs. In
this section, some new metrics including the number of logic
gates, the irreversible power dissipation, and the number of
crossovers arc investigated.

A. Delay

Delay is considered as an vital parameter for assessing the
performance of circuits. Various circuits are applied with the
same clock rate, so the number of clocking zones present in
the circuit is considered as the measure of the latency i.e
Delay. And it is determined as the number of clocking zones
times the clock period along its path of information flow and
better QCA circuit designs use fewer clocking zones.
Therefore, the delay of a QCA circuits should also be included
in a cost function. The minimum delay in QCA is a clocking
zone delay and it is 1/4 of a clock cycle.

B. Area/Complexity

The number of-cells in QCA circuits is similar to the
number of transistors in CMOS circuits. In a QCA circuit
logic components and connecting wires are both combination
of QCA cells. Therefore, the number of cells in a QCA circuit
is considered to be directly proportional to its area and
including both the logic components and the QCA wires
would result in a double weighted area parameter [4]. So, any
one of them can be used to measure the complexity of a QCA
circuit. The area of QCA designs is mainly dependent on
types of crossovers present in the circuit. Therefore, if only
area is considered for comparison of QCA Designs it will lead
to wrong result. Therefore to measure the complexity of a
QCA circuit, the numbers of logic gates and crossovers are
best parameters. Therefore, the circuit complexity in QCA is
actually the sum of the three elements: majority gates,
inverters and crossovers.

C. Irreversible Power Dissipation

In integrated circuits the major limiting factors is the power
dissipation. Even the power dissipation in QCA designs is
very small, but QCA circuits have thermal problems due to
high density. Bit erasures generate “irreversible dissipation”
which is negligible in the traditional technology, it becomes a
major limitation in computers with ultrahigh density at
nanoscale integration. It has been proved experimentally that
the power dissipated in the clocking wires is small [4].

QCA “wires”, are combination of QCA cells, and each cell
can be considered as shift registers which stores the values
and which have one input and one output and due to this it is
reversible cell and therefore it dissipates little power [5].
Similarly, the inverter gate is also a logically reversible unit,
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mostly occur in the three-input majority gate, because _ii h:}w.
threc input but only onc output $0 there is no balancing
between input and output and duc to this there is significant
information loss and unavoidable powcr dissipation, which is
equivalent to the activity factor (). Different algorithrus and
architectures use different numbers of majority gates, which
leads to different activity factors. Therefore, majority
reduction methods should be employed in QCA designs 50
that less cost efficient design is obtained [5].

logic

D. Number of Crossovers

Crossover refers to the two separate signal wirces in the
circuit at the same point and it also very important parameter
in QCA technology. The coplanar crossings use only one layer,
but require careful alignment of cells during fabrication and
the other crossing is the multilayer crossover. Gin etal
discovered the original idea of multilayer QCA circuits, which
is applied to multilayer crossovers in many QCA designs.

For a multilayer crossover, minimum of three layers are
required to implement the crossings and the distance between
two vertical neighboring layers needs to be arranged properly
so that the kink energy is matched to that of normally adjacent
cells, which is difficult to obtain. As a result, complexity
increases in fabrication of multilayer crossovers compared
with coplanar crossings.

To do clocking in both crossover types is very difficult
during operation. For coplanar crossings, very fine clocking
zones are required for signal propagation. The clocking of
multilayer crossovers is also very difficult. Thus, when more
crossovers are used in a QCA circuit, it becomes more
difficult to fabricate the circuit [10].

And the cost of a multilayer crossover is greater than that of
a coplanar crossing, which suggests a cost model as follows:

Cmf =m X Cr:p (4)

Where, C,, is the cost of a multilayer crossover, C,, is the cost
of a coplanar crossing, and m is a coefficient to reflect the
higher cost of a multilayer crossover to coplanar crossing. If a
multilayer crossover uses at least three single layers, m is
assumed to be 3 or more. Minimizing the number of
crossovers is always desirable in QCA circuit design [10].
Thus, the number of crossovers is very important parameter in
QCA that must be included in QCA cost functions.

IV.PROPOSED QCA COST PARAMETERS

Based on the above cost parameters either the number of
cells or the area can be used as the cost function for
comparison of the designs. So to measure the complexity of a
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QCA circuit, the numbers of logic gates and crossovers
considered as the parameters. The majority gates have
jrreversible power dissipation and crossovers are associated
with fabrication difficulty. Therefore, they should have higher
weightings. Delay is always important due to the performance
considerations. For these reasons, the delay, number of logic
gates, and number of crossovers are used as a measure of the
performance, complexity, irreversible power dissipation, and
the fabrication difficulty of a QCA circuit. A generalized
QCA cost function is as follows:

are

Cost QCA=(M‘+1+C) X T, 1 <k 1 p (5)
Where, M is the number of majority gates, J is the number of
inverters, C is the number of crossovers, T is the delay of the
circuit, and , /, p are the exponential weightings for majority
gate count, crossover count and delay, respectively. A
constant weighting of “1” ig assigned to the number of
inverters, as inverters only affect the complexity of QCA
circuits. These cost functions are similar to the CMOS area-
delay cost functions as in (1). The cost functions prioritize
different parameters according to the weightings , /, and p.
For example, if speed is a primary concern, more weight can
be given to the delay parameter, ie., a higher value of p. If
fabrication cost is more important, the value of / should be
higher than that of p and k and so on. Therefore, the weight

values can be adjusted depending on the overall design
optimization goal.

V. CONCLUSIONS

Many cost related parameters are specified in QCA circuits
which must be considered while comparing the QCA designs.
Based on the above analysis, the delay, the number of
majority gates, and the number of crossovers are the important
parameters of a QCA design can be used as cost function for
circuits. A family of cost functions was proposed, Cost = (M*
+1+C) X T°, for the comparison of QCA circuits, Based on
these cost functions the performance, complexity, irreversible
power dissipation, and the fabrication difficulty of a QCA

Electronics
1, January-June 2016, ISSN: 2320 - 8996

circuit can be measured. And this can be used as the basis for

telling which QCA Designs are optimized according 1

to need

of the application.
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Abstract- This paper represents the designs and analysis of epsilon
negative zeroth order resonant antenna. In this paper, design with
vias and without vias are implemented and analysed to extend the
pandwidth of proposed ZOR antenna which can be used for
wireless applications like WLAN, WiMAX, Bluetooth etc. ZOR
phenomena is used to reduce the physical size of proposed antenna
(0.27Ax 0.53 x0.017 4).

Keywords: zeroth order resonanace(ZOR), extended bandwidth,
epsilon negative transmission line (ENG-TL), microstrip.

I. INTRODUCTION

Nowadays, microstrip patch antennas are widely used and its
study has made great progress in recent years It has a wide
number of applications like GPS, Bluetooth, missile systems,
military purpose, WiMAX, WLAN, WiFi etc. due to its less
complexity, less sensitivity, low volume, small size, light
weight, affordable cost and easy implementation. And we are
designing for wireless applications like WiMAX, Bluetooth, 3G,
4G, WLAN.

Metamaterials are those materials whose properties are
defined from their internal structure rather than the matter of
which it is composed of. It allow us to manipulate the wave
propagation by changing its internal structure in different ways,
either mechanically or electrically. They exhibits some unique
properties like antiparallel phase and group velocities, and a
zero propagation constant [2],[4],[5].

The zeroth order resonant antenna are based on CRLH
transmission lines or epsilon negative transmission lines. Since
the resonant frequency is independent of antenna size, we have
an advantage of size reduction of ZOR antenna. But ZOR
antennas suffer narrow bandwidth and low radiation efficiency

which is bane for its wide applications. However, bandwidth
depends on shunt inductance and capacitance and hence on
manipulating these shunt elements bandwidth can be improved.
As a result we get the better bandwidth for our wireless
applications like WiMAX, Bluetooth, 3G, 4G, WLAN .

II. GENERAL ENG THEORY

Ly

................

| NS

A

Figure 1 : Circuit Model of an ENG-TL

An equivalent circuit model of an ENG-TL is shown in Fig.
1, which consists of series inductance Ly , shunt capacitance Cp
and shunt inductance L; . The immittances of the ENG-TL are

given by
(1)

@

A =j(ﬂLR

Y=joCr-5)

The same theory is presented in [1] where the extension of
bandwidth of both ZOR and FOR antenna takes place.
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By applying Bloch and Floquet theory to the unit cell of
periodic structures, the dispersion relation is determined by

2 2
—3 -1 __w_ K
By=cos™(1- zw'ﬁ+ﬁ%) 3)
Where,
1
WR= 7= 4
1
sh = == ®)

B is the propagation constant for Bloch waves, and is the
length of the unit cell. The resonance of the ENG-TL for
resonance modes can be obtained by the following condition:

n

=}

_ nllp
Brp ===

(6)

W_here N and / are the number of unit cells and the total
physical length of the resonator, respectively. Considering an

open-ended boundary condition, the resonant frequency is given
by[1L[31,[5]:

=

1: 2 nil
= (Z+ L_;;(l = cos—))
(thre nzoylxzs-"-sN'l) (7)

When n is zero, the propagation constant becomes zero and
zeroth-order resonance occurs.

-1 w? L‘uz
co l_ —_— Zshy —
o ( Zmﬁ_ Zmi) 0

@®)
W= Wep ()
The resonant frequency of the ZOR is given as
_ 1
YTt (10)

When n=1, first-order resonance occurs and propagation
constant is:

By =11 (1)
Hence,
w? ol
1- ;o?k+;§§_ (12)

16

2 2
= +Zh =9 (13)
2up 'Zu)f; /

the resonant frequency is given by:

0= G+ (14)

When n is zero, the wavelength becomes infinite and the
resonant frequency of the zeroth-order mode becomes
independent of the size of the antenna, while the shortest length
of the conventional open ended resonator is one half of the

wavelength. Thus, an antenna with a more compact size can be
realized.

III. ANTENNA DESIGN & SIMULATIONS

According to the ENG-TL theory, the resonant frequencies
are only determined by the ENG circuit parameters. In this
work, it fully consider the balances of Ly L, and Cp .
Introducing a large L; and small Cr can extend the bandwidths
of the ZOR. Since the gain bandwidth product is constant hence
the gain is reduced.

For design and simulation of the antenna, we selected the
FR4 substrate with € = 4.4 and tand = 0.02.

Dimensions: L=26mm, W=50mm, We=6.3mm, W,=2.6mm
» & = 2mm, g; = 0.6mm, 1,=1.8mm, 1, = 4.6mm, 5= 20.5mm,
Ls=16mm, p=5mm, d;=0.3mm, S$,=0.3mm

N _®

(zn)

i_____------___;--

'
[
[
1
1
1
i
1
]
1
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]
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1
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Figure 2: Dimensions of proposed ZOR antenna with vias: (a) Top view

(b) Bottom view
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XY Pigt |
: Figure 6: simulated Polar Plot of proposed ZOR antenna with vias at [~ 3.2
b Gliz
The overall size of radiation aperture is 0.464 x 0.90 1 «x
s | N | 0.028 A (26mm x S0mm x 1.6 mm ) at £=5.4 GHz.
Figure 4: simulated Sy graph of proposed ZOR antenna with vias, According to [1], the presence of harmonic resonances which

, ; i i ich is th 1
At £=5.4Ghz, the radiation efficiency of proposed ZOR anrenna interfere the designed ZOR and FOR which is the only

with via is 85.47% with radiated power and accepted power are dramisack of mieandet liocs.

810.45 mW and 948.2 mW respectively, where the normalized Table 1: Frequency Parameters of Proposed ZOR Antenna with Single Via

peak gain and normalized peak directivity are 0.39917 and

PARAMETERS VALUES

0.46702 respectively. Peak Directivily 0.46702
Peak Gain 0.39917
Peak Realized Gain 0.3785
Radiated Power 0.81045 W
Accepted Power . 0.9482 W
Incident Power 0.99998 W

. Radiation Efficiency 0.85472
Figure S: simulated 2-D Radiation Pattern of proposed ZOR antenna with vias at Frequency 5.4Ghz
f=5.4GHz
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(a)

(b)
Figure 7:Dimensions of proposed ZOR antenna without vias: (a) Top view , (b)
Bottom view
Dimensions: L=26mm, W=50mm, W; = 6.3mm, W,= 2.6mm
, 81 = 2mm, g; = 0.6mm, |,=1.8mm, |, = 4.6mm, ;= 20.5mm,
Ls=16mm, p=5mm, d,;=0.3mm, S;=0.3mm

anuary-June 2006, ISSN: 2320 - 8994

al Journal of Communications & Electronies

¥¢ Piot)

W

-180
Figure 10: simulated 2-D Radiation Pattern of proposed vialess
ZOR antenna at £=3.2GHz

Figure 8: Top and Bottom view of fabricated ZOR vialess antenna

18

Figure 11. simulated Polar Plot of proposed vialess ZOR antenna at f = 3.2
GHz
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Table 2 Frequency Parameters of Proposed Vialess ZOR Antenna

PARAMETERS VALUES

Peak Directivity 0.076717

Peak Gain 0.071518

Peak Realized Gain 0.071361

Radiated Power 0.93016 W

Accepted Power 0.99779 W

Incident Power 0.99997 w

Radiation Efficiency 0.93222

Frequency 3.2Ghz

The overall size of radiation aperture is 0.271 x 053 1 «x
0.017 4 (26mm x 50mm x 1.6 mm ) at £=3.2 GHz.

At £=3.2Ghz, the radiation efficiency is 93.22% with radiated
power and accepted power are 930.16 mW and 997.79 mW
respectively, where the normalized peak gain and normalized
peak directivity are 0.071518 and 0.076717 respectively.

ZOR does not depend on the physical size, this makes it is
possible to design a smaller resonant antenna than the traditional
microstrip resonator antenna. The design without via gives
better result than the design with via.

This antenna has a zeroth-order resonant frequency at f, =
3.2GHz and radiation efficiency was approximately 93.22%.
The proposed antenna is fabricated on a FR4 substrate with a
dielectric constant of 4.4 and thickness of 1.6 mm.

IV. CONCLUSION

In this paper, it is demonstrated the bandwidth enhancement
of proposed ZOR antenna. The size of proposed antenna can be
reduced because of its zeroth order resonance. The circuit model
of proposed ZOR antenna was derived and analyzed inorder to
study the bandwidth enhancement. The bandwidth is enhanced
because of the merging of zeroth order resonance and first order
resonance, Here zeroth order resonance makes the antenna
compact and first order resonance increases the directivity and
gain. Also as the bandwidth increases gain decreases
simultaneously. Since the proposed theory and results show
good agreement with each other hence the proposed antenna can
be used for modern wireless communication system.

anuary-june 2016, ISSN: 2320 - 8994
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Abstract-Recent advancement in wireless communications and
electronics has enabled the development of Clustering routing
protocols in wireless sensor network. The Wireless sensor
networks can be used for various application areas (e.g., health,
military, home).For different application areas; there are
different technical issues that researchers are currently
resolving. In this review paper, we examine currently proposed
clustering algorithms for Wireless Sensor Networks. We will
briefly discuss the operations of these algorithms, as well as
draw comparisons on the performance between the various
schemes. Specifically, we will examine the performance in terms
of the power and quality aspects of these schemes. This review
paper should provide the reader with a basis for research in
clustering schemes for Wireless Sensor Networks.

Index Terms - Clustering algorithms, Energy efficient clustering,
Network lifetime, Wireless sensor networks.

L INTRODUCTION

A wireless sensor network is a collection of sensor nodes
interconnected by wireless Communication channels. Each
Sensor node is a small device that can collect data from its
surrounding area, carry out simple Computations, and
communicate with other Sensors or with the base station
(BS). [2] Such networks have been realized due to recent
advances in micro-electromechanical systems and are
expected to be widely used for applications such as

20

environment monitoring, home security, and earth quake
warning. Wireless sensor networks consist of a large number
of low power multifunctional sensor nodes with sensing,
limited computation and Wireless communications
capabilities. Recent advances in sensor technology have
enabled the development of small, low-cost and low power
sensors that can be connected via a Wireless networks.[5] In
wireless sensor networks, Sensors are densely deployed so
that it can be Applicable to a variety of fields that include
surveillance, military, national security, and chemical or
biological detection. Many routing protocols have been
proposed for wireless sensor networks. The main goal the
routing protocols in wireless sensor networks is to find ways
for improvement of energy efficiency and reliable
transmission of sensed data to the Sink. Almost all of the
routing protocols can Be classified according to the network
structure as flat, hierarchical, or location based. And
hierarchical routing protocols can be classified again
according to the clustering tactics as distributed or centralized
fashion. For example, LEACH (Low-Energy Adaptive
Clustering Hierarchy), HEED (Hybrid Energy-Efficient
Distributed clustering) use distributed tactics and LEACH-C
(LEACH-Centralized) use centralized tactics. The main goal
of cluster-based routing protocol is to efficiently maintain the
energy consumption of sensor nodes by involving them in
multi-hop communication within a cluster and by performing
data aggregation and fusion in other to decrease the number
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Uﬁmnsmiltcd messages 1o sink and transmission distanee of
sensor nodcs.

ILCLUSTERING

The grouping of sensor nodes into clusters has been widely

arsucd by the rescarch community in order to achicve the
network scalability objective.[6] Every cluster would have a
eader, often referred to as the cluster-head (CH). Although
many clustering algorithms have been proposed in the
literature for ad-hoc nctworks, the objective was mainly to
generate stable CILIS[CI:S in environments with mobile nodes.
Many of such techniques care mostly about node reach
ability and route stability, without much concern about
critical design goals of WSNs such as network longevity and
coverage. Recently, a number of clustering algorithms have
been specifically designed for WSNs. These proposed
clustering techniques widely vary depending on the node
deployment and bootstrapping schemes, the pursued network
architecture, the characteristics of the CH nodes and the
network operation model. A CH may be elected by the
sensors in a cluster or pre-assigned by the network designer.
A CH may also be just one of the sensors or a node that is
richer in resources. The cluster membership may be fixed or
variable. CHs may form a second tier network or may just
ship the data to interested parties, e.g. a base-station or a
command center.

IIL.CLUSTERING OBJECTIVE

Many protocols have been proposed for energy-efficiency in

WSN in the last few years. Clustering based schemes are
believed to be the most energy efficient routing protocols for
wireless sensor networks. As defined previously, Clustering
is grouping of similar objects, or the process of finding a
natural association among some specific objects or data. [5]
The structure of a general cluster scheme is shown in the
following Figurel. In each cluster, one node is elected as the
cluster-head (CH) while the rest of the nodes are member
nodes. Member nodes in their respective clusters sense the
ambient conditions in the environment and transmit the
measured data to their corresponding cluster-head.

21
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Cluster Head
@ Member Nade

Figurel.Clustering in Sensor Network

Cluster-heads handles the responsibilities to collect data from

their member nodes, to aggregate them, and finally to

forward the aggregated data either to neighboring cluster-

head (multi hop) or directly (single hop) to sink/base station.

Clustering leverages the advantages of small transmit
distances for most of nodes, requiring only a few nodes to
transmit far distances to the sink/base station. Thus clustering
along with the reduction in energy consumption improves the
network life-time. Along with clustering, the concept of
hierarchical clustering also plays a very important role in
developing energy efficient schemes for WSN.Clustering has
many objectives which are:

1. Allows Aggregation

2. Limits data transmission

3. Load balancing

4, Fault-tolerance

5. Increased connectivity and reduced delay

6. Minimal cluster count

7. Maximal network longevity

8. Facilitates the reusability of the resources

9. Gives impression of smaller and stable networks

10. Reduces network traffic and contention for the channel
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11. Forms virtual backbones for inter cluster rout;

ng using
CHs and gateway nodes

{a} v}

—
- . .

ic) )

Figure2: Sensor information forwarding with and
without clustering and aggregation (a) Single hop without
clustering (b) Multihop without clustering (c) Single hop

with clustering(d) Multihop with clustering.

In figure 2(a) Show single hop without Clustering, there is
sensor direct communicate with the base station but in figure
2(b) sensors communicate first with other sensor nodes and
finally communicate with base station, there is without
clustering all sensor nodes communicate with base station. In
figure 2(c) Clustering is shown, there is a area is divided into
many clusters and every cluster has a cluster head, all sensor
hodes communicate with cluster head first and then cluster
head of every cluster communicate with base station, there is
cluster head communicate with base station directly. In figure
2(d) all cluster head communicate with each other and finally
send data to base station. Hierarchical clustering is an
efficient way for lowering energy consumption within a
Cluster. It is mainly a two-level routing where one level is

22

anuary-June 2016, ISSN: 2320 - 8996

used to select cluster heads and other is for routing. Lowes
energy consumption within a cluster is achieved by

aggregation

tdata
and fusion to decrease the number of
transmittable messages. Also clustered Network allows
coverage of large area of phenomenon and additional load

balancing without degrading the performance of the network.

IV.CLUSTERING PROTOCOLS

A.  LEACH-Distributed

Low-Energy Adaptive Clustering Hicrarchy (LEACH) was
proposed by Heinzelman [1] and is one of the first cluster-
based routing approaches for WSNs. LEACH has inspired
many subsequent cluster-based routing schemes. The main
goal of LEACH is to select sensor nodes as cluster heads by
rotation, so that high energy dissipation in communicating
with the base station is spread to all sensor nodes in the
network. The nodes organize themselves into local clusters,
where one node acts as the local base station or cluster head.
LEACH also performs local data compression, reducing the
amount of data sent from the clusters to the base station,
which further reduces energy dissipation and enhances
system lifetime. Sensors elect themselves as local cluster
heads with a certain probability at any given time. These
cluster-head nodes then broadcast their status to all the other
sensors in the network. The sensor nodes then determine
which cluster they want to join by choosing the cluster head
that requires the minimum communication energy. After all
the nodes are organized into clusters, each cluster head
creates a schedule for the nodes in its cluster. Once the
cluster head has the data from its nodes, the cluster head
aggregates the data and then transmits the data to the base
station. This is a high-energy transmission because the base
station is far away. Because being cluster head drains the
battery of that node, the cluster heads are not fixed, so that
energy usage can be spread over multiple nodes. The
operation of LEACH breaks down into rounds. Each round
has two phases: the setup phase and the steady-state phase.
During the setup phase, clusters are organized; during the
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steady-state phase, data transmission is performe, LEACH
is a totally distributed approach and requires no globg

informarion.
Advaniages of LEACH

M) Each node has an equal chance to become g cluster head
put cannot be selected as cluster head in a subsequent round
so the load is shared between nodes.

(2) Because LEACH uses Time Division Multiple Access
(TDMA), it keeps cluster heads from unnecessary collisions.
) LEACH can avoid a lot of energy dissipation by opening
and closing members’ communication interfaces in
conformity with their allocated time slots,

Limitations of LEACH

(1) Because LEAQH uses single-hop communication, it
cannot be deployed in networks spread over large distances.

(2) Because cluster heads are elected only on the basis of
probability, not taking energy into consideration, LEACH
cannot provide actual load balancing.

(3) Because cluster heads are elected on the basis of probability,
uniform distribution cannot be ensured. So, there is a chance that the
clected cluster heads are concentrated in one part of the
network and some nodes might not have any cluster heads in
their vicinity.

(4) The idea of dynamic clustering brings extra overhead.

B. HEED

Hybrid Energy-Efficient Distributed (HEED) clustering was
introduced by Younis and Fahmy.[2] The main goal of
HEED is to prolong network life. The main difference
between HEED and LEACH is cluster head election; cluster
head election in HEED is not random. The construction of
clusters is based on residual energy of the node and intra-
cluster communication cost. Cluster heads have higher
average residual energy than the member nodes. The
communication technique of HEED is the same as LEACH.

Advantages of HEED

dNuary-
—_—
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(1) HEED is

a fully distributed cluster-based routing
technique,

(2) P_IF-ED achieves load balancing and uniform cluster head
distribution due to lower power levels of clusters

(3) HEED achieves high energy cfficiency and scalability by
communicating in a multi-hop fashion.

Limitations of HEED

(1) Energy consumption is not balanced because more cluster
heads are generated than the expected number.

(2) As with LEACH, massive overhead is created due to
multiple rounds,

(3) HEED also has additional overhead owing to several
iterations being done to form clusters.

C. PEGASIS

Power-Efficient Gathering in Sensor Information Systems
was proposed by Lindsey et al[12] and is an improved
version of LEACH. The main idea behind PEGASIS is that
each node communicates only with its close neighbors and
becomes the leader for transmission to the sink, one by one.
The nodes are randomly located, and each sensor node has
capabilities for data detection, wireless communication, data
fusion, and positioning. Energy load is evenly distributed
among all the sensor nodes in the network. In PEGASIS, the

nodes are organized into a chain, which can either be
assigned by the sink and then broadcast to all the nodes or
accomplished by the nodes. themselves using a greedy
algorithm. If the nodes form the chain themselves, the nodes
can first get the location data of all nodes and locally form
the chain using the same greedy algorithm.

Advantages of PEGASIS

(1) PEGASIS has the ability to outperform LEACH
because it reduces the overhead due to dynamic
cluster formation, and decreases the number of data
transmissions due to the chain of data aggregation.

The energy load is distributed uniformly in the

network. To make sure that the fixed sensor node is
not selected as the leader and thus to prevent the

@)
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subsequent carly death of this sensor node, all
sensor nodes take turns acting as leader.

Limitations of PEGASIS

(1) PEGASIS is not suitable for networks with time-varying
topologies. In PEGASIS, it is essential to have a complete
view of the topology at each and every node for chain
construction.

D. LEACH-Centralized

Low-Energy Adaptive Clustering Hierarchy-Centralized was
proposed by Heinzelman [13].LEACH offers no guarantee
about the placement and/or number of cluster heads. In, an
Enhancement over the LEACH protocol was proposed. The
protocol, called LEACH-C, uses a centralized clustering
algorithm and the same steady-state phase as LEACH.
LEACH-C protocol can produce better performance by
dispersing the cluster heads throughout the network. During
the set-up phase of LEACH-C, each node sends information
about its current location and residual energy level to the
sink. In addition to determining good clusters, the sink needs
to ensure that the energy load is evenly distributed among all
the nodes. To do this, sink computes the average node
energy, and determines. The sink finds which nodes have
energy below this average. Clusters using the simulated
annealing algorithm to solve the NP-hard problem of finding
k optimal clusters. This algorithm attempts to minimize the
amount of energy for the ordinary nodes to transmit their data
to the cluster head. Once the cluster heads and associated
clusters are found, the sink broadcasts a message that obtains
the cluster head ID for each node. If a cluster head ID
matches its own ID, the node is a cluster head; otherwise the
node determines its TDMA slot for data transmission and
goes sleep until it’s time to transmit data. The steady-state
phase of LEACH-C is identical to that of the LEACH
protocol. Although LEACH and LEACH-C protocols act in a

good manner, they also suffer from many drawbacks like the
following.

(i) CHs’ selection is random, which does not take into
account the residual energy of every node or need
the support of BS.

(i) The high frequency of reclustering wastes a certain

amount of energy.
It cannot cover a large area.

(iif)
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(2) It is assumed by PEGASIS that every sensor nede is able
to communicate with the sink d
nodes use multi-hop communication
the sink.

(3) Communication has very long delays, which ¢
node to become a bottieneck.

(4) The network is not very scalable becaus _. a1l the .
must have global knowledge of the network and use (he

greedy algorithm.

CHs are not uniformly distributed, where CHs can
be located at the edge of the cluster.

(iv)

E. EEPSC

Energy-Efficient Protocol with ~ Static ~ Clustering) was
proposed by Amir Sepasi Zahmati [6] and it is a
hierarchical static clustering based protocol, which
eliminates the overhead of dynamic clustering and engages
high power sensor nodes for power consuming tasks and
a a result prolongs the network lifetime. In each cluster,
EEPSC chooses the sensor node with maximum energy as
the cluster-head (CH); thus, not only there is always one
CH for each cluster, but also the overhead of dynamic
clustering is removed. EEPSC is a modified version
of the Low-Energy Adaptive Clustering Hierarchy
(LEACH) protocol presented in LEACH uses the paradigm
of data fusion to reduce the amount of data transmitted
between sensor nodes and the base station. Data fusion
combines one or more data packets from different sensors
in a cluster to produce a single packet. It selects a small
number of CHs by a random scheme which collects and
fuses data from sensor nodes and transmits the result to
the base station. LEACH uses randomization to rotate the
CHs and achieves a factor of 8 improvement compared to
the direct approach before the first node dies.

The main difference between EEPSC and LEACH are
described below:

(i) EEPSC benefits a new idea of using temporary-CHs

and utilizes a new setup and responsible node selection
phase.
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(i)  EEPSC utilizes static clustering scheme, therefore
climinates the overhead of dynamic clustering

V. COMPARISON BETWEEN CLUSTERING
PROTOCOLS

Table 1 Highlight the comparison between cluster-based
routing protocols on the basis of energy efficiency, cluster
stability, scalability, delivery delay, load balancing.

Protocol

Cluster | Scalability | Delivery | Energy Load

Name Stability Delay Efficiency | Balancing

LEACH | Medium | Very Poor | Very Very Poor | Medium
Small

HEED High Medium Medium | Medium Medium

PEGASIS | Poor Very Poor | Very Poor Medium
Large

LEACH- | High High Medium | Medium Medium

C

EEPSC High High Very High High
Larpe

Table 1: Comparison between clustering protocols

VI. CONCLUSIONS

In this paper we have examined the current state of proposed
clustering protocols. In wireless sensor networks, the energy
limitations of nodes play a crucial role in designing any
protocol for implementation. In this paper, we present an
overview of cluster-based routing algorithms in WSNs. We
discuss the advantages and taxonomy of cluster-based routing
algorithms in WSNs. In addition, we compare different
approaches on the basis of various performance measures. It
is clear that the different cluster-based routing algorithms

mentioned above can be used to improve the performance of
WSNEs.
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Abstract—Machine-to-Machine  (M2M)  communications
enable networked devices and services to exchange
information and perform actions seamlessly without the need
for human intervention. They are viewed as a key enabler of
the Internet of Things (IoT) and applications, like mobile
healthcare, telemetry, or intelligent transport systems.
Wireless communications services, cellular communication
systems are going towards small cells with small transmit
powers. Meanwhile device-to-device communication (D2D) is
seen as a promising idea to increase the performance of
wireless networks. In D2D, users in vicinity communicate
directly without going through base station. In this paper we
review the concept of M2M communications using D2D
communications in cellular networks. We use full duplex D2D
communication with up-link and down-link required in D2D
in cellular systems.

Keywords— Device-to-Device (D2D) communications, full-
duplex, Machine-to-Machine (M2M) communications, up-link,
down-link

I. INTRODUCTION

Increasing demand for wireless communication is leading to
congestion of radio spectrum, which is an expensive and
scarce resource. So better utilization of radio spectrum
becomes more important and new technologies are required
for this purpose. Device-to-Device communication is seen
as a new technology component which can improve the
spectral efficiency of the cellular systems.

In device-to-device communication, users directly
communicate with each other instead of going through base
station. UEI, UE2, UE3 are the users. Since now a days
users require high data rates specially for local connectivity
services like gaming, video sharing, offloading the data
transfer from base station and establishing direct
communication between users will be highly beneficial for
the system. Fig.l1 shows the general idea of D2D
communication.

D2D is categorized into two groups, in-band and out-
band shown in Fig. 2. In out-band, D2D links use
unlicensed band such as ZigBee or Wi-Fi, while in-band,
D2D link uses licensed cellular bands. The connection is
establishing in out-band D2D which is called autonomous
out-band or by the base station which is called controlled
out-band [2].

26

US (User)

Fig. 1 Device-to-Device (D2D) Communications [1]

Device-to-Device
Communication

v v

In-band Out-band
Underlay Overlay Controlled Autonomous

Fig. 2 Device-to-Device (D2D) Classification

In-band D2D also has two categories, D2D users can have
share the same resources as some of the cellular users
which is called as underlay in-band or dedicated radio
resources, which is called overlay in-band.

The problem of deciding on whether D2D users should
communicate through base station (cellular mode) or
directly (D2D mode) is an important issue. The problem of
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deciding on whether D2D users should communicate
through BS (cellular mode) or directly (D2D mode) is an
important issue.

During the last two decades, the trend in wireless
communication technologies has shifted from the traditional
voice-centric “man-to-man™ mobile communications to
data-centric “man-to-machine” mobile communications and
further shift towards “machine-to-machine”. A typical
example of machine-to-machine mobile communications is
car-to-car  (C2C)  or vehicle-to-vehicle (V2V)
communications, As the name refers, in M2M
communication systems, all entities in the network are in

motion. These entities can either be mobile users or
vehicles [3].

D oo

5 0
T "t 4

em
_
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Fig. 3 Machine-to-Machine Communication [4]

Machine-to-Machine (M2M) communication describes
algorithms, mechanisms and technologies that enables
networked devices, wired and wireless, and services to
exchange information or control data without explicit
human intervention. M2M communication is an important
aspect of traffic control, remote control, logistic services,
supply chain management and telemedicine. It forms the
basis for a concept known as the Internet of Things (IoT).
Key components of an M2M system include RFID, sensors,
a Wi-Fi cellular communications link and autonomic
software programmes to help a networked device interpret
data and make decisions.

Telemetry is the most well-known type of M2M
communication, which has been used since the early part of
the last century to transmit operational data. In Fig. 3
shows, M2M communications, all machines like mobile,
van, home, laptop, computer, ambulance etc are first send
the signals to the BS and then they are communicate with
each other. In this paper, we communicate two devices
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directly without send the data to BS and later into M2M
communication in cellular networks.

1. LITERATURE REVIEW
Mobile M2M communications face many
challenges despite the promising benefits in terms of
revenue opportunities and cost reductions in maintenance
and resources. M2M devices are usually small in size and
not expensive, introducing energy, bandwidth, computation,
and storage constraints to communications [5].

technical

A.D2D Supports in Cellular Networks

Now 'clay’s cellular networks offer wide coverage areas,
high data rate, and decreasing latency, and therefore they
are a key enabler of D2D communications. D2D
communication is considered to be onec of the key
technologies in future wireless systems to increase spectral
Efficiency. Providing direct communication between
devices will decreases latency and also offload data from
base station. The problem of radio spectrum congestion due
to increasing demand for wireless communications services,
cellular communication systems which have small transmit
power and are going implemented in device-to-device
communication are investigated and it was shown by results
that currently available full-duplex radios can be used in
device-to-device communication, Power control, resource
allocation and interference-limited-area are used to deal
with the interference that is the result

[2].

of resource sharing

B. D2D Communications and Network Coding

In 2009, the author Afif et al. [1] Introduced two concepts
which have not been present in cellular systems for IMT-
Advanced so far-Device-to-Device (D2D) communication
and network coding. Both of these concepts are used to
increase the efficiency of cellular communication systems,
especially from a network point of view. The result is to
achieved sufficient SINRs multi

-antenna receivers are
required that allow device-to

-device communication when
the D2D connections re-use cellular resource within the

cell. The author shown that user grouping in a multi-user
networks improves substantially the capacity of network
coding. As a solution, introduced a low complexity user
grouping strategy and showed that when applied with a
window size of 6, the user grouping algorithm provided

mean capacity gains of 34% and 16% as compared to
random network coding,

C. Cooperative D2D Communications

Shalmashi et al. proposed a cooperative device-to-device
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communications in order to combat the problem of
congestion in crowded communication arcas such as
shopping mall and open air festivals.

The idea is allowed a D2D transmitter which is act as
an in-band rclay for a ccllular link and at the same time
transmits its own data in the downlink. It observed that the
D2D receiver is able to cancel the cellular user signal which

can improve the achieved data of the D2D link in most
cases [6].

D. Formation of Devices

The device-to-device communications have several
benefits. The author Pankil et.al.Discussed what can be
their blocking probability in cellular cells as well as
formation of D2D group [7]. The blocking probability
describes for D2D communication which devices are ready
for communicate with each other. It was concluded that the
all devices get connected it means there is no blocking of
the devices for communication when the traffic load is less.

As the load increases, the blocking probability also
increases.

E. Survey on D2D

The surveyed literature showed that D2D communication
can improve the spectrum efficiency greatly. The
authorArash Asadi et.al categorised D2D communication in
two major groups, namely, in-band and out-band [8]. He
faced the major issue in underlay D2D communication is
the power control and interference management between
D2D and cellular users. Overlay D2D communication does
not have the interference issue because D2D and cellular
resource do not overlap. And the interference level of the
unlicensed spectrum which is called as out-band is

uncontrollable, hence QoS is a challenging task in highly
saturated wireless areas.

F.M2M Support in Wireless Networks

M2M devices using radio technologies have some problems
from cellular networks and wireless networks. In mobile-to-
mobile cooperative communication systems, the author
Batool Talha introduced the analysis of a large variety of
M2M fading channels and presents the state-of-the-art
regarding the modelling in cooperative systems. In this, the
author modelled and analysed narrowband M2M fading
channels in cooperative network systems under line-of-sight
(LOS) as well as non-line-of-sight (NLOS) propagation
conditions. The performance of dual-hope-multi-relay
cooperative systems introduced over M2M fading channels
with Equal Gain Combining (EGC) and line-of-sight
propagation conditions was evaluated. It is concluded that,
0 a dual-hope-relay-system with Equal Gain Combining
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(EGC), improves the systems performance of line-of-sight
components in the transmission links [9].

G. M2M Support in Cellular Networks

The cellular networks offer wide coverage areas which have
high data rate, and decreasing latency, and thercfore they
are enabler of M2M communications. Marwat et al. [10]
argue that, even in the presence of regular mobile MZM
traffic and LTE traffic cannot be considered negligible, and
it can have some impact like dramatic impact on the LTE
network performance in terms of Quality of Service (QoS).

H. Energy Efficient and Reliable M2M

Now a days energy efficient communications are extremely

important in challenging areas where access to mains power

is difficult. Andrius et al. proposed a new approach which is

called as Clone-to-Clone (C2C) has the potential to reduce

the traffic between end points, improve network
performance and reduce power consumption of device. In
[11], it was shown that, the M2M communication is much
more powerful than that and C2C is an new approach to
solve the issues hindering development of the network
applications in the next generation.

The author Andrius et al, introduced Energy Efficient and
Reliable (EER) and all research issues related with the
deployment of M2M architecture of M2M communication.
“Green Allocation with Zone Algorithm” (GAZA), this
algorithm used to achieve Energy efficient and Reliable
M2M system for energy efficient and dynamic traffic
grooming in WDM networks [12].

I M2M in Vehicular Networks

In [3], the author Booysen et al. shown that M2M
communications in the vehicular networking context and he
was investigated areas where M2M principles can improve
vehicular networking. Since connected vehicles are network
of machines that are communicating with each other,
preferably autonomously, vehicular networks can benefit a
lot from M2M communications support. Then they
highlighted the specific applications, requirements and
protocols relating to M2M based vehicular networks.
Finally, they performed analysis of the challenges faced
by M2M systems. The standardization of communication
interfaces in a network was the most significant challenge
with high mobility and variability of components.

Managing privacy and security in such a dynamic network
requires further attention.
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1. European Telecommunleation Standards
Institute(ETSI) M2M ARCHITECTURE

The European  Telecommunication  Standards  Institute
(ETSI) M2M  architecture is  currently  the  reference
architecture for plobal, end-to-end, M2M service level
communications, and is being adopted by main European
telcos [13]. The system architecture is based on current
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Fig. 4 European Telccommunications Standards Institute (ETSI) Machine-to-Machine (M2M) high level system overview [15]

protocols, or support of remote management of gateways
and devices [14]. Fig. 4 shows the high level ETSI M2M
system architecture as defined in ETSI Technical Standard
(TS) [15]. the key entities in M2M are

A.M2M Gateway: - M2M devices interconnection to the
network and their inter-operability.

B. M2M Device:- a device that runs application using M2M
capabilitics and network domain functions.

C.M2M Area Network: - it provides connectivity between
the M2M devices, ETSI M2M gateways, compliant and
non-compliant with ETSI M2M.

D.M2M  Applications: - applications that use Service
Capabilitics accessible via open interfaces and run the
service logic.

E.M2M Network and Application Domain: - it provides
connectivity between M2M applications and M2M
gateways.

F.M2M  Network  Applications:- applications, in the
Network and applications domain, that use Service
Capabilitics accessible via open interfaces and run the
service logic,

The Network and Application Domain is formed by the
Transport Network, the M2M Core, and the Access
Network. The Access Network provides connectivity
between the M2M Device,

T hf’ Transport Network, Domain and Core Network
Provides connectivity within the Application Domain and
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the Network. Satellite, UTRAN, UWB, WLAN, or
WiMAX technologies are used in the Access Network. The
M2M Cores are composed by the M2M Network SCs and
Core Network (CN). The Core Network provides IP
connectivity, roaming capabilities within the M2M Core.
The technologies provided by TISPAN or 3GPP can be
used in the CN.

The M2M Device domain is formed by M2M Area
Network, M2M gateways and M2M devices. The M2M
devices are connected directly to the network and
application domain using the Access Network, or they can
connect first to an M2M gateway using the M2M Area
Network. In first case, the devices are run an M2M
applications and an SCL, and provides access to Access
Network for the M2M Device, since the M2M Device has
only an M2M Application running, but no SCL, and it is not
compliant with ETSI. The Area Network provides
connectivity between M2M gateways and M2M devices,
and can be built on Bluetooth, ZigBee, M-BUS, UWB or
IEEE 802.15.4 technologies.

To better illustrate some entities, the author described a
map and storyboard in M2M. Fig. 5 shows an high-level
view of storyboard [13]. In an M2M ecosystem, J onathan, a
user, connect his smartphone which acting as an M2M
Gateways, to collect information from sensor, M2M
devices, over Bluetooth using an M2M Application.

The M2M Gateway send the data to a Network SCL
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(NSCL) using 3G, which have main function is to managpe
the data. In this case, for the backup storage purpose | the
NSCL stores the data and send the content to o medical
Network Application,

The M2M Management functions are all the functions
required to manage M2M SCs and M2M applications in the
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Fig. 5 High-level view of the storyboard [13]

management includes removing, upgrading and installing
applications in the M2M Gateway or Device. The M2M
Device  management includes the configuration
management of the M2M Gateways or Devices. The M2M
Area Network management includes configuration
management for the M2M Arca Networks.

IV.  PROBLEM FORMULATION

Mary papers arc published related to D2D and M2M
communications scparately. And more research also carried
out in these two different topics. Now, in this paper we
combine D2D and M2M communications. First we
communicate two devices directly instead of going to base
station, increase the spectral efficiency and then they are
communicate with M2M in cellular network.

V. FULL-DUPLEX D2D COMMUNICATION WITH
A UP-LINK RESOURCE

Consider that D2D users are using the same radio resources
as uplink transmissions in the cell. In this case, base station
receives interference from D2D transmissions. D2D
receivers  will also receive interference from uplink
transmissions of the cellular users that share the same
resources as D2D link. In Ajand A,are interferencelimited
areas for D2D users D1 and D2, and radius of these areas
ared;and d, respectively refer Fig.6. Throughput of the
system in the presence of D2D link is increased, the amount
of this gain depends on the resource allocation and power
con‘troi methods. On other hand, while using full-duplex
radios, throughput is affected by the residual of self-
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interference. Zt is total throughput of the system when
D2D link is activated

For half-duplex (HD) D2D:
Zyup = Z¢+ Zgup + Zpun(l)

For full-duplex (FD) D2D:
Zypp = Zc+ Zgjpp + Zpgp (2)

In the above equation, Z:is throughput of cellular users that
are not sharing resourceswith D2D users,Z¢j ypand
Zg; porate of cellular users that exploit thesame resources as
D2D users in half-duplex and full-duplex mode
respectively. Rate of half-duplex D2D link is Zp yp and for
full-duplex D2D denote the rate byZp gp.

We consider yi to be the SNR of CUi at BS, Yinp and
Yjrp tO be the SINR of the cellular users that share the same

resources as D2D users while D2D is in half-duplex and

full-duplex mode. So the rates for cellular and D2D users
are

L= loga(1 +7,)

i=1,i#j

&)

M
Zejup = zmgz (1 + Yjup) (4
i=1
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(he SINR of D2D user D, as vy, Rae of e D2D link is
Loyn = log, (1 + ) (6)
When D2p users use full-duplex mode both of D2D

Fig. 6 D2D System Model [2]

users transmit and receive at the same time ang the
throughput of FD D2D link rate is
2

Lpgp = log, (1 + Ym)
I=1

(7

In SINR equations for cellular transmissions, we consider
Fito be the transmit power of CUjand Gg; g channel gain
between CUjand BS. Pis the transmit power of cellular user
that is using the same resources as D2D users and
the channel gain betweenCUjand BS, and
interference from D2D transmissions to CU;.

SINR for half-duplex mode is

GCj.BS 1S
Ipicjis

Pej. Gej s

Yiup =
Nﬂ + IDZ}C}

8
SINR for full-duplex mode is

Pej Ge;ps

Yipp = ——— 0
No + Ip1,cj+lna

9
N

ois additiye white Gaussian noise in all the equations.

% DOWN.LINK REsoURCE
Iﬂ_lhls Presents the downlink transmission resources are
being g,

Shared with D2D users. In this case, D2D receivers
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will receive interference coming from base station. Cellular
users, which share the same resources as D2D users, will
also have interference because of D2D transmissions.
Selecting the cellular users for resource sharing is important
because  of these interferences.  Since  cellular
communications is the primary service, quality of service in
cellular downlink transmissions needs to be guaranteed. For
this purpose interference limited area method is used to
select a group of users for resource sharing that would not
face harmful interference from D2D transmissions. To
minimize the interference on D2D link, we select the user
with minimum transmit power from the group of users
selected in ILA (Interference-limited-area) method. System
model of D2D communication with downlink resource
reuse. In the system model, AjandA, are interference
limited areas for D2D usersD; andD,and radius of these
areas are presented byd, and d, respectively refer Fig. 6.
The rates in the system can be written as

M
Zomw= ) log(+ym)  (13)
=1
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log2 (1 + v, pp) (14)
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Zejrp =

en D2D users operate in half-duplex mode, D2D yger
is transmitting and D2D user D,is receiving. SINR of
g; p user D; is denoted as yp,. Rate of D2D Jink i

Zpup = l0gz (1 +v,)) (15)

when D2D users use full-duplex, both of D2p users
ransmit and receive at the same time and D2D link rate is

2
IpFp = z logz (1 +v,) (16)
=1

In SINR equations for cellular transmissions, we consider
P to be the transmit power of CU; and Ggs cichannel gain
petween BS andCU;.F; is the transmit power of cellular user
that is using the same resources as D2D users andG
the channel gain between BS and Cy;, andlp; ¢;is
interference from D2D transmissions toCU;. ICI is the Inter-

cell interference. SINR for the cellular users in downlink
without interference from D2D is

BS,CjiS

_ Pei-Gps,ci

W= N+

7

SINR for cellular users with half-duplex D2D resource
sharing is
Pej. Gps ¢

Yisp = No + IDZ,Cj + ICI

(18)

SINR for cellular users with full-duplex D2D resource
sharing is

Pej- Gs cj

Y = No + Ipy,cjtIngg + ICI

(19)

VI. M2M FADING CHANNELS UNDER
A LINE OF SIGHT (LOS)

Modelling of M2M channels with line-of-sight (LOS)
components have motivations behind this comes from the
fact that such models are flexible enough to accommodate
aymmetric channel conditions. Besides, LOS fading
channel models easily reduce to those models that
comespond to NLOS propagation conditions. Modelling
M2M fading channels with LOS components is more
feasonable, since such models can be reduced to those
associated with NLOS propagation conditions. It is not
Necessary that LOS propagation conditions are available in
all the transmission links. However, LOS M2M models

Provide reasonable flexibility to accommodate mixed LOS
and NLOS conditions in different machines.
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B. NON LINE oF SIGHT (NLOS)
The M2M communicati
(NLOS) propagation ¢
be .dcveloped based on the geometry of the scattering
environment. The m

: ultipath propagation channel in any
mobile system and  wireless

efficiently described with the h
models. For

ons describe under non-line of sight
onditions. This channel models can

communication system

elp of proper statistical
example, the Rayleigh distribution is
considered to he suitable for model fading chanuels under
NLOS propagation conditions in classical cellular networks.
NLOS Propagation conditions are considered for all
transmission links. It is further assumed that there is no
direct transmission link between the source mobile station
and the destination mobile station,

TABLE 1
SUMMARY OF LITERATURE

Proposal

Work |
Full-duplex device-to-device communication.

The self-interference cancelation requirements
used for full-duplex radios to be implemented in
device-to-device communication are

investigated,

Samad Ali

Introduced two concepts which have not been
present in cellular systems for IMT-Advanced

so far: Device-to-device (D2D) communication
and network coding.

Afifet.al

Introduced and survey on classification of

device-to-device communication such as in-
band and out-band,

Asadi et al.

A cooperative device-to-device communications
in order to combat the problem of congestion in
crowded communication areas such as shopping
mall and open air festivals.

S. Shalmashi et
al.

Modelled and analysed narrowband M2M
fading channels in cooperative network systems
under line-of-sight (LOS) as well as non-line-of-
sight (NLOS) propagation conditions.

Batool Talha

32

Proposed a new approach which is called as
Clone-to-Clone (C2C) has the potential to
reduce the traffic between end points, improve
network performance and reduce power
consumption of device,

Andrius et al.

Introduced Energy Efficient and Reliable (EER)
and all research issues related with the
deployment of M2M architecture of M2M
communication.

Prasad et al.

Described M2M communications in the
vehicular networking context and The author
Booysen investigated areas where M2M ‘
principles can improve vehicular networking.

Booysen et al.

Blocking probability in cellular cells as well as

Taranekar et al. formation of D2D groups.
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Vil. CONCLUSION

i paPE, we described concepts key to the de
nt \ and D2D communications systemg, In
0 municate two devices directly without g

velopment
this papcr
com

oin
wfi jater into M2M comm-unit.:alion in cellular ncgt\:rzr}iss
iding direct communication between devices will
oorcases latency and also offload of data from BS, A D2D
;cr provides higher spectral efficiency but algq causes
unmﬁl interference between cellular and D2D yg

- ers by
si0g full-duplex technique.
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Jistract - In this work, a ultra-wideband planar monopole
ptenna with tri notch along with a metamaterial structure has
been proposed with substrate height of 0.8mm.The antenna
onsist of semicircular radiating patch and a CSRR loaded
ground plane. For verifying the implemented metamaterial
sructure possess the negative value of permeability and
permittivity, Nicolson Ross Weir Method (NRW) has been used.
By etching round shape slots on patch we get the characteristics
st WLAN band(2.4-2.483GHz),(5.470-5.725GHz), WiMax
band(2.5-2.69GHz),(5.25-5.85GHz) and C-band at uplink
frequency of (5.9-6.4GHz).To get the notches at X-band having
uplink and downlink(7.9-8.4GHz),(7.25-7.55GHz) respectively a
pair of CSRR has been loaded on ground plane. The measured
impedance bandwidth ranges is from 2.4-11.94GHz having the
return loss of less than 10dB. The proposed antenna exhibits
omnidirectional radiation pattern in the H-Plane and dipole like
Rediation Pattern in E-Plane. The simulated Gain observed is

stable output at UWB application. Software HFSS version 16
has been used for Simulation purpose.

Keywords - Complimentary Split Ring Resonator (CSRR)
Nicolson Ross Weir, Ultra Wide Band (UWB), Microstrip
intenna, Metamaterial Antenna (MTM).

L. INTRODUCTION

Although, - the Microstrip patch Antenna have various
adv‘an.tages (low profile, low cost and Omni - directional
'2lion pattern) it exhibits some disadvantage like narrow
ma;::;th_a“d low gain[4],[5]. To overcome this concept of
erials have been cvolved by Veselgo. These

Materj . ‘ ; .
erials do not exist in nature but their properties do exists.

moniktronics@gmail. com, jyotimishral3@rediffmail.
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The simulated result of metamaterial structures has been

implemented on MS-Excel approaching NRW Method, in

which the negative value of permittivity and permeability has

been shown. After that, this structure has been loaded on the

ground of proposed patch antenna .As to enhance the data

rate in wireless communication UWB antenna has been taken

as the wide interest and the Federal Communication
Commission(FCC) has released 3.1 to 10.6GHz as an

unlicensed band for radio Communication[1].Due to low
power emission level UWB can be easily interfered with
WiMax band (2.5-2.69GHz), (5.25-5.85GHz), WLAN band
(2.4-2.483GHz), (5.470-5.725GHz), C-band at uplink
frequency of (5.9-6.4GHz) and X band uplink and downlink
(7.9-8.4GHz), (7.25-7.55GHz) respectively. By the literature
survey we came to know that by etching different slots on
radiating patch and ground plane single, double, triple notch
can been attain in UWB region. The notch band
characteristics are obtained by radiating two round shape
slots on patch and a pair of CSRR loaded on ground
plane[3].The dimension of slot has been varied and the
optimized result has been shown. The proposed Antenna
exhibits nearly omnidirectional radiation pattern in H-Plane
and dipole like radiation pattern in E-Plane.

II. NRW APPROACH

To find the value of permeability and permittivity, NRW
method has been used. The value of Mu and epsilon is

evaluated using equation 1,2and3. To extract the value of S-
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eter the structure is placed in a waveguide. To create '

P"a,m (ernal environment of waveguide Perfect Electric and
the Iﬂetic boundaries have been formed around the structure
-.ﬂ (8) The simula.ted' S-parameters h?s been exported on
M;,Excel for verifying the properties of metamaterial
” sations for calculating permittivity and permeability using
NRW Methcld.

_ Zc(l—vz)
Fr odil+v,) )
’ +2S“ci
£, =U, +——
od @)
v2 =S21_-Sl'l (3)

Where

£, =Permittivity

U, = Permeability

@ =Frequency in Radian
d=Thickness of the Substrate
c=Speed of Light

V,=Voltage Minima

IIl. ANALYSIS OF METAMATERIAL STRUCTURE

This structure has been analyzed on 7x7mm? Patch with the
0.8mm FR-4 Substrate Thickness. The width of the slot has
been taken as 0.7mm.The simulated value of S11.and S21
has been exported on Ms-Excel and the negative value of

Permittivity and permeability has been verified by the above
Stated formu]as.

35

ry-June 2016, ISSN:-
Table .Dimensions of Unit Cell
Parameter Dimension in mm :l
L 7 |
i
— |
W 7 |
X 6
Y 6
g 0.7

Figure 1: Design of Metamaterial Structure




:: @ KIET IJCE KIET International Journal of Communications & Electronics

-~ ; lucol Permeability versng Frequency from the MS-Exce
1 ()hlmnﬂi vil cel
able’:
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Janu,

program,
F;f;‘;-_. Frequency(Gliz) Permeability
=3 1. @ 1030511794
5 | 4.1 -949859018.7
3 4.2 -495348491 9
4 | 43 -334692726
5 4.4 -253966697.6
6 4.5 -205273597.2
B 4.6 -172541014.5
g 4.7 -148907874.3
9 4.8 -130960167.3
10 4.9 -116808649.7
11 5 -105322784.4
12 5.1 -95784114.14
13 532 -87713708.7
14 53 -80779615.91
15 5.4 -74744151.65
16 5.5 -69432357.05
17 5.6 -64712319.48
18 5.7 -60482447.29
19 5.8 -56662976.96
20 5.9 -53190138.68
21 6 -50012033.63

Table3. Obtained value of Permittivity versus Frequency from the MS-Excel

program
S.No. | Frequency(GHz) | Permittivity

1 4 995420565.8
2 4.1 -980368390.5
3 42 -521739162.2
4 43 -357351258.1
5 44 -273219130.1
6 45 -221397777.1

7 46 ~185776041.6
8 4.7 -159461354.1

L9 48 -139013811.6
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Realvalue of epsilon
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10 49 | -122520628
| s -108839126.1
12 51 | 9722938124 \
L 3] 53 | -87201102.12
14 5.3 -78410633.29
15 5.4 -7060983.89
16 5.5 -63614484.69
17 5.6 -57283850.74
18 57 -51508222.54
19 5.8 46199948 78
20 59 -41287420.57
| 21 6 -36710691.8
1.5E+Q9
1E+09 : - '.
'i
i
5 10 15
N Fren;l;é:_l-cﬁé-ﬂz) \

Figure 2: Permeability versus Frequency Graph
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Figure 3: Permeability versus Frequency Graph
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. DESIGN AND ANALYSIS LOADED WITH
METAMATERIAL STRUCTURE

e Antenna has @ size of 27x25mm? Ty, antenna s
dﬁigned on FR-4 Substrate of 0.8mm thickn

ess having
jicectric constant 0f 4.4 and loss tangent 0.02.The proposed
atenna shows the advancement made ip design[

1].
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Figure 4:Proposed Antenna

Table 4.Dimensions of proposed Antenna

;rameter Dimension(mm)
L 27
W 25
D 5.5
L 6
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V. RESULTS AND DISCUSSION

The Simulation has been done on Ansoft HFSS version
16.Two round slot S1 and S2 has been etched on a radiating
patch, with a pair of CSRR Loaded on ground plane shown in
fig.4.CSRR dimensions are taken same as described in NRW
approach. The band in WiMax and WLAN range is achieved
due to S1 and S2 Slot on radiating patch, the band achieved
in X band and C band uplink range is due to CSRR loaded on
ground plane. The gap of CSRR has been optimized using
the e and d as optimizing variables shown in fig 5.The fig.6
shows the optimized simulated results. Fig.7 shows the gain
vs frequency plot, which provides the stable gain while fig.8
shows the graph of radiation efficiency in upto 85%
efficiency is attain in X band while 95% efficiency in
WLAN, WiMax frequency ranges. The Radiation Pattern has
been plotted in in different pass band frequencies like
2.5GHz, 3.3GHz, 4.4GHz, 5.5 GHz, 7.5GHz, 8.5GHz which
provides bidirectional radiation pattern in E-plane and
Omnidirectional in H-Plane. Current distribution has been
observed at frequency ranges of our antenna applications. At
2.4GHz and 5.5 GHz surface current is distributed is over

slot s1 and s2 while a very high current is observed at CSRR
around 7.5GHz and 9.4GHz.



@ KIET IJCE KIET International Journal of Communications & Electronic
s

Volume. No. 4, Issue No. 1.1

anuary-june 2016, ISSN: 2320 - 8996
e XY Pt L e

W st
o D
®

-

| |
4
) : ——
I\ n
ﬂi‘-; | JI I!
’ 1 E -t I‘_ Il
f . -
P % 2 { f /
A & |
i TR
sk [s5 1 1
Y . 4 |
1 — @3 1 i
o Sazt Sawet | Tt ||
b 4 lI
g ¥ s y == = ik 'y W i
o 1 i ‘ Freatet e L)‘ 0 Frre——— E
. F AT . Figure 8: Radiation efficiency plot
Figure 5:811 with optimizing variable o 2
D e T
X
-

: B \.\-.,_‘_‘ |
E‘il’: — ] |
' = Sy |.
fe |
ad A

3 (B
£x- -

- .“‘3:':

E I il 3% 2% 1% 7
FrealFd
Figure 6:S11 with optimized variable
e .
m= \ M~ !

3 \

= /_\ \ i
13 A /J m |
=¥ |
14 1

ws/ |

7 1 ..

P !|| |

K ‘-

’ i% Ly, b i 0 un Ll

Figure 7:Gain vs Frequency

38




| T ITCE k1et 1 ;
@ KIE ] nternational Journal of Communication & El
s ectronics

Volume. No. 4, Issye No. 1, ]

/’/Figul'e 10: At 44GHz

anuary-June 2016, ISSN: 2320 - 8996

I |.1[J._|- ] k r_-‘ ~ —_-__F-'::‘_"--“_ =1 |
— i A "
e 1 R 1
. l , w il
L | / '
» i f |
' I.
" | \I
3 4 1 ‘
iy !
& 1
B X |
L l |
F\'-'I-: )
B
e fwm E. -
| L
. i
1. 4
; B i oo
STl
] ‘1l

23
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Figure 18: Current Distribution at 9.4 GHz

~ghie &: List of Parameter extracted from simulated result at mid frequency
of the applications covered by design antenna

ﬂm VSWR | Gain(dB) | Directivity(dB) | Efficiency
{GHz)
——: -10.47 18 -5 45 96%
55 | -11.79 1.6 0 0.035 92%
6 -14.07 14 0.6 1 92.7%
75 | -15.45 14 2.05 26 89%
§ -17.56 13 3.15 34 90%

VI CONCLUSION

On the basis of simulated results, it is observed that we attain
better results by loading CSRR on ground as compare
0{1]The proposed design covers the WLAN and WiMax
fanges as in[1),as well as it covers the whole X band
including C band uplink frequency range. Improvement in

anuary-June
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Abstract- This paper presents the design of proposed antenna
for X-band and Wi-Max (Worldwide Interoperability for
Microwave Access, 3.2-3.8 GHz) applications. In proposed
antenna slots created in ground planc and top patch provides
wide bandwidth (4.6GHz) in X-band. This design approach is
meant for satellite communication, amateur radio, military
communication and middle band of Wi-Max applications.

Keywords- Satellite Communication, Wi-Max Defected ground
structure, circular polarized antenna.

I. INTRODUCTION

Presently microstrip patch antennas became the most famous

due to their applications and merits like less fabrication cost,

light weight, compact shape and covers wide range of
frequencies. Moreover it has some drawbacks such as narrow

bandwidth, low gain and low efficiency etc. Many

researchers preformed to overcome these demerits. In this

paper microstrip fed dual band antenna is designed by loaded
with meander line in the radiating patch and introducing
partially defected ground (PDGS) in the ground plane to
enhance the bandwidth. The proposed patch antenna is
operating in middle band of Wi-max frequency range (3.2-
3.8GHz) and X-band (8-12GHz). In this paper, a good
bandwidth is achieved for X-band using partial defect in
ground. Moreover radiation characteristics, realised gain,
axial ratio and VSWR are obtained by using HFSS with
satisfying result values. To design an efficient microstrip
paich antenna (MPAs) for satellite communication required
to design at specific range of frequency as C band, X, Ka, Ku
and S-band with suitable feeding techniques and dielectric
substrate[6]. Circular polarisation is often needed for satellite
communication application for reduction of any orientation
telated problem of the receiving based station antennas. In

our design AR < 3 is achieved, which is necessary condition

for circular polarization.

[I. ANTENNA GEOMETRY AND DESIGN

The geometry of the proposed antenna with microstrip feed
line is shown in the figure 1. In this paper the proposed
antenna is printed on an FR-4 (dielectric constant is 4.4 and
loss tangent is 0.02) substrate with size 22 x 28.8 X 1.6
mm’.To achieve 50 € characteristic impedance, the width of
the microstrip line is 1.4mm.

Fig 1: Schematic diagram of microwave-fed meander line loaded MPA
placed over PDGS

Length and width of the ground for the proposed microstrip
patch antenna is calculated as:

(1)
@

L=Lp+6
W=Wp+6

In this paper, meander line is etched on the radiating patch

and the crossed strip line are etched on the ground plane of
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g

he Microstrip patch antenna creating partially defect in
ground plane fig 2.

Wpe

-

Fig 2: (a) design parameters of meander line: Lp=19.2mm, W=12.4mm,
w=0.5mm, a=3mm, b=4mm

L4

v (BRI e DR R T

Fig 2: (b) design parameters of PDGS: 8,=0.8mm, S;=0.7mm, p. =4.6mm,
py=4.2mm

II1.SIMULATION AND RESULT

The all results of proposed antenna were simulated by HFSS
(high frequency simulator structure) version 16. The
simulated return loss and VSWR versus frequency of the
proposed antenna is depicted in fig 3. It is observed from the
result that microstrip patch antenna resonate at the 3.37-
349GHz which encompasses the middle range of WiMAX
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(3.2-3.8GHz) and 6.78-11.3GHz which covers the entire X
band (Uplink 7.9-8.4GHz and Downlink 7.25-7.75GHz) as
well as Amateur Radio band (10.450-10.50GHz) and
Military communication band (8.5-10.5GHz), this shows that
MPA is working in two bands.
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Fig 3 (a) return loss versus frequency (b) VSWR versus frequency

»

The radiation characteristics of proposed MPA such as
realised gain, axial ratio, radiation pattern, efficiency and
directivity have also been measured in a far field range. The
realised gain, shown in fig 4(a) of the proposed antenna at
7.5GHz is 2.03dB and at 8.05GHz is 2.61dB. For Amateur
communication region (10.45-10.50GHz), it is 1 dB. The
efficiency of the proposed antenna is approximately one
which is shown in fig 4(b). Fig 4 (c) shows the axial ratio of
the MPA with respect to the frequency. From graph it is
observed that at uplink and downlink frequencies of the

proposed antenna is optimized for best CP radiation (AR <
3).
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i Fig 4(c): Axial Ratio of proposed MPA

- ' ) ]

| N The radiation pattern at (a) 3.4GHz (b) 7.5GHz (c) 10.5GHz
have plotted in fig 5. And fig 6 shows the 3-D radiation
pattern for the above resonant frequencices.
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IV.CoNCLUSION

In this paper we designed a dual band microstrip patch
antenna. By introducing crossed strip lines in ground plane
and meander line at patch we improved the return loss (S,,)
and VSWR with amazing bandwidth (4.6(}%{2}‘ in
comparison with reference antenna [2]. This antenna also
works in middle range of Wi-Max applications. We also
analyse the axial ratio, radiation pattern, gain and polar plot
for all resonant frequencies. We observed from graph for
uplink (7.9-84GHz) and downlink (7.25-7.75GHz)
frequencies the average gain in 1.5dBi and the axial ratio is

near to one that implies circular polarisation in this range (X-
band).
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Y rgct-In  this paper 2 metamaterial-inspired dual-mode interdigital capacitor loaded and arectangular CSRR etched
on the ground plane. The entire structure is implemented on
an FR4 epoxyglass substrate (e,= 4.4, tan 6 = 0.02) with
ot frequency at which ZOR mode is achieved using 1.6mm thickness. Analysis is carried out inorder to achieve

stenna using rectangular type CSRR is proposed, Here it is
|

«n that an increase in series capacitance will decrease the
§

optimized design dimensions of the proposed antenna. The
rectangular type CSRR .The resonant frequency of antenna is

optimal design parametersof the proposed MTM antenna are

110 GHz with reflection coefficient up to 21 dB. The electrical shown in Tablel.

size of antenna is 0.5310.0% 0.2724;% 0.010/5and ZOR mode is

L
observed at 1.25 GHz. The proposed antenna has gain of 0.8 dB "

v

with radiation efficiency of 63%.

I. INTRODUCTION

70R is an attractive feature of CRLH transmission line to
miniaturize the antenna size [3, 4].MTM antenna is a class of
antennas which use the properties of metamaterial to enhance
antenna performance and size reduction. A lot of research is
reported based on CRLH TL’s in [6, 9] and It is el?scrved
that bandwidth can be increased by combining dlffer(?ut
radiating modes. Several CPW-fed ZOR antennas with
extended bandwidth are demonstrated. A compact ZOR
antenna using CSRR was proposed which includes an
interdigital capacitor loaded on patch of antenna and
rectangular type CSRR etched on ground plane [5].

II. ANTENNA DESIGN AND ANALYSIS

The geometry of the proposed MTM antenna usirfg
interdigital capacitor and rectangular type CSRR as shown. in
Figure 1. This structure comprises a patch on which

(b). Bottom View
Figure 1: Geometry of proposed antenna, (a) Top view,
(b) Bottom view
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Table 1: Dimensions of proposed antenna

7 x 1
Volume. No. 4, Issue No, 1]

anuary-June 2016, ISSN: 2320 - 8996

parameter | Unit(mm) | Parameter Unit(mm) |
L 76 W 17

W, 40 Le 12

Es 30 We 9

W, 20 Lo 18

s 73 W, 15

W3 1 G 0.4

Ly 9.25 S 0.8

W, 1 H 1.6

Ls 30 T 1

v

Figure2: Simulated input reflection coefficients of proposed antenna by
varying interdigital capacitor finger length L;

Figure 3: Simulated input reflection coefficients of proposed antenna by
varying CSRR thickness T

This antenna design is based on CRLH metamaterial
transmission line structure which has two modes by using
IDC and CSRR. By using analysis get that n=0 mode is
found due to rectangular type CSRR as shown in Figure 2
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and n=1 mode¢ is due to coupling between interdigital

capacitor and rectangular type CSRR, Figure 3 shows that

first order resonant frequency can be tuned by varying the
length of inter-digital capacitor while ZOR frequency
remains unchanged. This is because increase in length of
interdigital capacitor responds to decreases our antenna
resonant frequency (increase series capacitan

Nce, decrease

scries inductance). Similarly, by increasing CSER thickness
ZOR frequency increased (decreases the shunt capacitance,
increases shunt inductance) .coupling capacitance act

between patch and ground also play a great role in varying
the ZOR frequency.

ILANTENNA THEORY

Equivalent circuit model of the proposed antenna is shown in
Figure4 in which Interdigital capacitor is modeled by series
capacitance, Ly is modeled by inductance associated with
Interdigital capacitor and feed line, which make series LC
circuit. CSRR forms the parallel LC tank circuit. Cg
represents the coupling capacitance between patch and
ground. These parameters are used in tuning the resonant
frequency and electrical size of the antenna. It is realized that
ZOR frequency can be tuned by Cc, Ly, and Cr while first
order frequency can be controlled by series parameters i.e.
Lr , Cpand C¢ .Therefore, it can increase the bandwidth of

antenna by introducing a high shunt inductance and a small
shunt capacitance.

Generally it has been seen, ZOR antennas have narrow
bandwidth; this is because Q-factor of a ZOR antenna is
depends only on Cy and L; .The narrow bandwidth is due to
small L; and large Cg ,To solve this problem or to extend
bandwidth a thick substrate having low permittivity is used
but this causes more complex fabrication and reduces design
freedom. All these can be overcome by proposed antenna
design which is based on large Ly and small Cg, which
enhanced bandwidth without decreasing radiation efficiency.
This structure provides easy fabrication and offers more
design freedom. The dispersion relation for proposed antenna
can be obtained by [13]
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M :is“'lib“‘liﬂn of the proposed MTM antenna at 2.10GHz.It can
€ clearly seen that first order resonating i
, . . . g irequency is due to
e 5 SHOWS -dls.pcrsu?n diagram of the proposed antenna coupling between Interdigital capacitor and ground plane, It
o On g variation with respect t°. frequency dispersion 1 also scen that ZOR frequency is due to the rectangular type
bf’s has two regions 1. RH region (B>0),2.L.H region CSRR.

0.1t found that RH modes achieve after 2.10 G and

The overall electrical size of the antenna is 0.5314%
\ modes may be achieved below 1.25 GHz,
I

0.2722x 0.0104,. Figure 6 shows the simulated reflection
coefficients where the resonant frequency is at 2.10 GHz.

Lr/2 203 20 Lp'2 Moreover, the bandwidth, radiation cfficiency and gain are
r"n:r'r\——‘ \T( *—\M‘\-._.o -
(-r

3.9%, 63% and 0.8 dBrespectively. From Figure 7, the
Tesonance frequency is 2.10 GHz, the frequencies f) and
are given by 2.0210GHz and 2.1440 GHz respectively. Then,

the fractional bandwidth can be calculated as 5.9% by using
the expression

Cr L L:

BWY = "'*f;f‘xmo @)

o

Figure 4: Equivalent Circuit of proposed antenna

Freq [GHz] |
g——3 - |
6 25 |
£ 2 |
g 15 2
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Figure5: Dispersion diagram of the proposed MTM antenna

IV.RESULTS
The simulated reflection coefficient of the proposed afn;e;n/a .
i in Fi i i dwidth of 5.9 %
1s shown in Figure 7. Showing fractional ban. _ ‘ o
(at the centre frequency 2.08GHz) is found with an extensmr:;l Figur : rototype of bricted anenna, 1) Top view
from 2.02GHz to 2.14GHz. Figure 9 shows the E-fiel

(b) Botiom view
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Table 2: Summary of the proposed ZOR antenn

1 b m i

frequencies
Frequency (GHz) 1.25 2.10
Bandwidth (%) 32 5.9
Gain (dB) -13.66 -0.81
Efficiency (%) 28 63
=

(a)

|

T

(b)
Figure 9: E-field distribution of proposed antenna, (a) for CSRR,
(b) ) for interdigital capacitor at 2.10 GHz
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rable 4: Comparison with earlier published work

/e| Frequency Bandwidth | Electrieal size of | Feeding
pﬂ"‘ (G112) (%) the whole | Technlque
Iﬁ antennan
|55 .
% 210 . 0.53140%0,2720« | Microstrip
il I 0.010/0
= i A 53 0.32150% 0.285/0 | Microstrip
{ (E——— #0.011.0
T8 4.9 0.50540 » 0.4420 | Microstrip
fioy % 0.0240
T],-""‘”2 66 4.1 0.3540 # 0350 = | CPS-like
f 0.01340
-"__..r‘_f_'ﬁ"'v"r—-'
B
v
w/ [
[ Ilfl'
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an |- t._ : N
‘i, Vs
\ /
\.\ |
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(b)

Figure 10: Simulated radiation pattem of the proposed antenna at 2.10 GHz,
(a) at xz-plane, (b) at yz plane
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V. CONCLUSION

A MTVI antennz using rectangular type CSRR and
Interdigital capacitor is proposed here. It is seen that
dimensions (size) of antenna can be miniaturized by varying
the length of Interdigital capacitor. It is observed Khl'{
operating frequency of antenna can be tuned by varying
CSRR  thickness. relations are found by

calculating fi5. The overall size of the antenna is 0.5314yx

Dispersion

0.27245* 0.0104,, Impedance matching is achieved at 21 dB
with fractional bandwidth of 5.9%. The proposed antenna has
antenna gain of 0.8dB with 63 % simulaied antenna radiation
efficiency at the operating frequency of 2.10 GHz. The
proposed metamaterial antenna e
with first band centered at 1.25GHz and second band
centered at 2.10 GHz Radiation patterns of field are
consistent throughout the entenna working band shown in
Figure 10. With all these features, proposed antenna can be
operated at various wireless standards such as GPS, UTMS,
and CNSS.

sits dual-band behavior
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