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Editorial

The Electronics Industry has significantly grown to become a Global business due to a number of advancements
in modern technology. The industry chiefly encompasses several companies that design and manufacture
consumer electronics, such as mobile telephones, digital cameras, camcorders, portable media players and the
like. Electronic devices have soared to fame since technological advancement began. Today, electronic gadgets
have played a significant role on delivering consumers with compact entertainment and unparalleled
communication, especially those devices that can be brought everywhere. Most electronic devices that have
eventually become part of people’s lives today comprise mobile telephones, portable media players, digital
cameras and camcorders. A mobile telephone can be considered the most important among other devices, serves
as an effective replacement for fixed-line telephones and is primarily used for communicating with your distant
loved ones, therefore allowing you to call contacts even from abroad. You can use a portable media player
enables to listen to your favorite music, watch videos, or even view digital images. A digital camera allows you
to take pictures in the form of digital images as well as store and organize them. A camcorder lets you record
your own favorite videos.
The power industry is undergoing many new and exciting challenges. It is expected that these
challenges will continue to exist and new ones will arise as the systems are pushed for greater efficiencies and
economics. Therefore, as the workforce evolves from one generation to the next, it will be of paramount
importance to have a continuing flow of competent power engineers available for the industry. However, to
accomplish, this is no small matter.
So this conference has been designed to stimulate the young minds including Research Scholars,
Academicians, and Practitioners to contribute their ideas, thoughts and nobility in these disciplines of
engineering. It is a pleasure to welcome all the participants, delegates and organizers to this International
Conference on behalf of IOAJ family members. This conference has received a great response from all parts of
the country and abroad for the presentation and publication in the proceedings.
I sincerely thank all the authors for their valuable contribution to this conference. I am indebted towards the
Reviewers and Board of Editors for their generous gifts of time, energy and effort for the Conference.

Convener:
Er. Ajit Dash
Dept. of IT, IIMT, IRNet
Interscience Campus,
Bhubaneswar, Odisha, India
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A NOVEL ENERGY AWARE ROUTING PROTOCOL IN WSN
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Abstract— Wireless sensor networks (WSNs) are energyand bandwidth constrained. Therefore routing protocols have to
be designed as to increase the network lifetime. Accordingly it has been realized that conventional protocols of
direct transmission, multihop routing etc.may not are optimal for sensor networks. So we present a low energy
adaptive clustering hierarchy (LEACH) a clustering based protocol which utilizes randomized rotation of cluster
heads to evenly distribute the energy load among the sensors in the network. In this paper we simulate the LEACH
protocol for a sensor field & verify energy savings achieved by LEACH.
Keywords-Cluster head, LEACH, Energy model, Radio Signal Strength Indicator (RSSI)

which are energy aware and energy efficient.
Sensor networks can be classified by considering
several architectural factors such as network
dynamics & data delivery model such classification
is helpful for the designer to select the
appropriate infrastructure for the application. The
design of data collection systems must satisfy the
following: first an observer must be able to
communicate with the network in order to retrieve
data second once a query has been formulated by
the observer it must be communicated to the
network & send to the appropriate nodes. Finally
once all the sensors nodes involved in the query
have been reached the query must be executed in
such a way that the observer retrieves the requested
information. The collection of data from the sensors
to the base station requires in most cases the
establishment of a routing structure. The radio
range of sensors is limited& therefore the data
from distinct sensors to the base station must be
relayed by intermediate sensors. The transmission
of data using multiple relay node is called as
multihop routing. The other relevant
routing
concepts which are being researched are as under:
(a) Data Centric Paradigm: At the conceptual level
one of the fundamental differences between WSN
& other networks is that the routing & querying
techniques can be made more efficient if the
communication is based directly on application
specific data content instead of the traditional IP
style addressing.(21) This focus on data content is
referred to as data centric paradigm(28).whose
main characteristic is the routing based on attributes.
(b) Energy Efficiency & Aggregation Services:
Energy consumption depends on the amount &
type of activities performed by sensor nodes. In
order
to
more precisely
control
energy
consumption sensor nodes are usually designed so
that their components can be powered on &off. The
current consumption is lowest in the standby
mode so a simple solution to save energy & extend
the lifetime of a sensor node is to operate the node

I. INTRODUCTION
WSN ha s a good application prospect in the field
of military,
disaster relief, medical
health,
intelligent
home
& ecological
environment
protection because of their(WSN) small volume low
cost & strong ability to acquire information. These
applications have made WSN to become the focus
of research in wireless communication networks.
Commonly a designer uses a routing protocol to
transfer data so the
performances of routing
protocols are closely related to network performance.
Many routing protocols have
been recently
researched & they can be divided into two
categories flat protocol & hierarchical protocols.
Common flat protocols include i) Flooding ii)
Gossiping
iii)
SPIN iv)
DD(Directed
Diffusion).Usually a flat routing protocol requires
maintaining a larger routing table & taking larger
memory space which limit its application in large
scale network on the other hand hierarchical
protocols can resolve these problems to a certain
extend by selecting some head nodes which can
manage& control their neighbor so
as to
coordinate their work (a head node & some
member nodes under its control for a cluster.
LEACH is a mature clustering algorithm from
which many similar algorithms have been evolved
such as TEEN & PEGASIS. This paper is
organized as follows: Section II discusses the
related work followed by the principle & flow of
the LEACH algorithm. In section IV
the
simulation framework is presented
in detail.
The results which highlights the power saving &
hence increase in network lifetime are discussed in
section IV.Finally we analyze the scope for future
work.
II. RELATED WORK
The growing interest in WSN and the continued
emergence of new architectural techniques have
inspired efforts to design communication protocols
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with periodic switching between standby & active
nodes.
(c) S-MAC Protocol.
The medium access decision within a dense network
composed of nodes with low duty cycles is a hard
problem that must be solved in an energy efficient
manner. The S-MAC protocol achieves energy
efficiency by reducing potential energy wastes.

distributed among the nodes. The operation of
LEACH is divided into rounds. Each round begins
with a set-up phase when clusters are organized,
followed by a steady state phase when data are
transferredfrom the nodes to the cluster head & on to
the BS shown in fig 1.

III PRINCIPLE AND FLOW OF LEACH
ALGORITHM
The application that the typical WSN’s support is the
monitoring of a remote environment since individual
nodes data are often correlated in the network the end
user does not require all the(redundant data) rather
the end user needs a high level function of the data
that describes the event occurring in the environment
since the correlation is the strongest between data
signals from nodes located close to each other a
clustering infrastructure is suitable for this purpose &
is the basis for Leach.
This allows all data from
nodes within the cluster to be processed locally,
reducing the data set that needs to be transmitted to
the end user. In particular data aggregation techniques
can be used to combine several correlated data signals
into a smaller set of information that maintains the
effective data of the original signal. For the
development of leach we made some assumptions
about the sensor nodes & the underlined network
model as under:
We assume that all nodes can transmit enough power
to reach the BS(base station) if needed.
The nodes can use power control to vary the amount
of power.
Each node has the computational power to support
different MAC protocols &performs signal
processing function.
For the network, we use a model were nodes always
have data to send to the end user & nodes located
close to each other have correlated data.
In LEACH the nodes organize themselves into local
clusters with one node acting as the cluster head all
non cluster head nodes transmit their data to the
cluster head. While the cluster head nodes receives
data from all the cluster members it performs signal
processing functions on the data(e.g. data
aggregation) & transmits data to the remote BS.
Therefore being a cluster head node is much more
energy intensive then being a non-cluster head node.
If the cluster heads were chosen ‘a priori’ and fixed
throughout the system lifetime these nodes would
quickly use up their limited energy. Once the cluster
head runs out of energy it is no longer operational &
all the nodes that belong to the cluster loose
communication ability. Thus, LEACH incorporates
randomized rotation of the high energy cluster head
position among the sensors to avoid draining the
battery of any one sensor in the network. In this way
the energy load o f being a cluster head is evenly

Next we describe the cluster head selection,
distributed cluster formation algorithms & steady
state operation of LEACH.
IV. SIMULATION FRAMEWORK
As explained above the LEACH protocol is divided
into two main phases: setup phase and steady phase.
Each sensor node generates a random number
between 0 and 1 and then compares it with a given
threshold T(n). If the number is less than the latter
then establish the node as a cluster head node. T(n) is
calculated by the following formula:

In the formula (1), P is the probability of a node
becoming a head node, r is the current round number,
and G is the set of nodes that did not become head
nodes in this round.
To ensure that all nodes are
cluster heads the same no. of times requires each
node to be a cluster head once in N/k rounds on
average. Where k is the number of clusters. If Ci(t) is
the indicator function determining whether or not
node I as been a cluster head in the most recent round
(r/mod N/k) rounds (i.e .Ci(t) =0 if node i has been a
cluster head and one otherwise) then each node
should choose to become a cluster head at round r
with probability:

Therefore only nodes that have not been cluster heads
recently & which presumable have more energy
available
then nodes that have recently performed. This energy
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intensive function may become cluster heads at round
r+1.
A node will broadcast to all its neighbors after it
becomes
a head node and all member nodes answer back to
their determined head node according to the received
signal strength. After the cluster is built up, the head
node then
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V. RESULTS AND ANALYSIS

VI. CONCLUSION
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FACE RECOGNITION SYSTEM USINGDCT-HMMTHROUGH
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Abstract- Through this paper discrete cosine transform along with hidden markov model for face recognition is presented.
The proposed method is implemented on ORL face database of 40 subjects with 10 images per subjects. Only one image per
subject is used for training and rest of the images for recognition. System is able to recognise the correct subject in 85%
cases.
Keywords- Face recognition, hidden markov model, discrete cosine transform, DCT-HMM, face recognition using matlab.

I.

INTRODUCTION

Face recognition is a challenging and interesting
research field with excellent applications such as
human-computer interactions, access control, high
performance surveillance and information security
systems.
Earlier template matching method using eigenface by
Principal Component Analysis (PCA) and fischerface
by Linear Discriminant Analysis (LDA) were popular
for face recognition[1].Some other methods in
literature include neural network[2] and n-tuple
classifiers[5].
As the statistical model hmm was first used in speech
recognition applications and then it was widely use in
the character recognition, face recognition and many
other fields. Samaria and Young [3] first introduced a
luminance based 1-D HMM to solve face recognition
problems. Work of Rabiner [6] on HMM gives the
detailed knowledge on the topic. In order to obtain a
relatively high performance face recognition system
based on HMM [4] uses 75 per cent or even more
overlap. Large extent of overlap produces a large
observation sequence and thus results in more time
for training and identification.
II.

B) HMM Model:
A hidden markov model (hmm) is a statistical markov
model in which the system being modelled is
assumed to be a markov process with unobserved
(hidden) state. In a hidden markov model the state is
not directly visible but output, dependent on the state
is visible. Each state has a probability distribution
over the possible output tokens. Therefore the
sequence of tokens generated by an HMM gives some
information about the sequence of states
HMM are 1-D data modulars and a model λ is
characterised by three parameters (A,B,Π). The
HMM parameter λ (A,B,Π) are defined as follow:
A: It is the TRANSITION PROBABILITY
MATRIX. A first order markov model assumes these
probabilities depend only on the preceding state, thus
a matrix
will exist in which

INVOLVED PRINCIPLES AND TOOL

A) DISCRETE COSINE TRANSFORM:
Discrete Cosine Transform is basically a frequency
domain transformation of 2-D data, best suited for
images. DCTs are important to numerous applications
in science and engineering, from lossy compression
of audio and images to spectral methods for the
numerical
solution
of
partial
differential
equations.Discrete cosine transforms (DCTs) express
a function or a signal in terms of a sum of sinusoids
with different frequencies and amplitudes.
DCT is computed by

B: It is the EMISSION PROBABILITY MATRIX
determining the output observation given that hmm is
in a particular state. Each element of the matrix is the
posterior density of observation at time t given that

Π: It is the INITIAL STATE DISTRIBUTION
MATRIX with
state being in state I at the start of
the
observation.
C)
MATLAB:MATLAB matrix laboratory) is a
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numerical computing environment and fourthgeneration programming language. MATLAB allows
matrix manipulations, plotting of functions and data,
implementation of algorithms, creation of user
interfaces, and interfacing with programs written in
other languages, including C, C++, Java, and Fortran.
III.

PROPOSED WORK

A separate HMM is trained for every subject and
recognition is performed by comparing An image
with those HMMs. DCT based training sequences are
used for training the HMMs.
DCT based training sequences are generated by
selecting some coefficients out of the DCT of the
sub-images of the subject image. A rectangular
window of dimension breadth*h is slided over the
image with a predefined overlap to generate sequence
of the sub-images. The window is slided downwards
from top till bottom end is reached capturing the
pixels thus every position of the window corresponds
to a sub-image of the image. Since HMMs are 1-D
data models and the obtained sub-images of the
image are 2-D so the data thus need to be converted
into 1-D without significant loss of information. DCT
of the sub-images are computed and only few of the
coefficients thus obtained are kept by picking them in
zig-zag manner same as that of jpeg/mpeg coding.
Since the first coefficient of the DCT contains the
most significant information thus it is kept first and
following it rest of the coefficients in order of their
significance. In this way observation vectors are
generated for all sub-images of an image.
All the observation vector thus obtained of the image
of a subject are clusterd into 5 clusters using k-means
clustering algorithm. Each cluster will represent a
state of the observation vector. Each state
corresponds to a section of face viz forehead, eyes,
mouth etc. These clusters are then sorted and each
observation vector is assigned its correct state.
Mean and covariance for each state is calculated.
Now the initial state distribution (π) matrix is
calculated by

Figure 1: procedure for generating sub-images

Same procedure is followed for rest of the objects
generating total 40 hmms, one for each subject. Now
for recognition, the observation vectors for the image
are obtained in same way by taking the sub-images of
same size and overlap and having same number of
coefficients. The observation vectors thus obtained
are clustered using k-means algorithm. Clusters are
sorted again and observation vectors are arranged
according to their distance from sorted clusters. The
cluster numbers allotted to the observation vectors
will thus constitute an observation sequence. Now the
probability of this observation sequence to be the
observation sequence of each subject is calculated by
multiplying the respective relevant coefficients of
emission probability, transition and initial state
distribution matrix. The subject for which the test
image gives maximum probability is the desired or
recognised subject.
IV. EXPERIMENTAL RESULTS
Experiment was performed with 2.3 Ghz Intel Core i3
processor
on
ORL
database
using
MATLABR2010a. Results for various set of
experiments on 400 images of 40 subjects are given
in table1. Only one image per subject was used for
training and different sets of overlap and different
number of dct-coefficients were taken for single
observation vector.
The recognition achieved with this method varies
from 65% to 85% depending upon the image size,
the overlap and number of dct coefficients taken. The
best results were obtained for the image size of
breadth*8 with 88% overlap and taking 15 dct –
coefficients.
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Experimental results

12 dct coefficients

15 dct coefficients

20 dct coefficients

Train time
Test time
Recognition time
Train time
Test time
Recognition time
Train time
Test time
Recognition time

sub-image size
Breadth*8
88%
75%
overlap overlap
7.94 s
7.08 s
3.81 s
3.25 s
79%
78.5%
8.11 s
7.53 s
4.39 s
3.88 s
85%
82%
8.52 s
8.01 s
4.58 s
4.27 s
70.5%
76%

Breadth*16
88% overlap

75% overlap

6.34 s
3.26 s
72%
6.57 s
4.05 s
82.5%
6.91 s
4.33 s
74%

4.21 s
2.84 s
65%
4.89 s
3.75 s
75%
5.06 s
4.14 s
80%

Table 1: experimental results for the proposed work
V. CONCLUSION
[2]. S. Lawarence, C.L. Giles, A.C. Tsoi and A.D. Back. ‘Face
Recognition: A Convolutional Neural Network Approach’.
IEEE trans. On Neural Network, Vol.8, No.1,pp 98-113,jan
1997.

The proposed algorithm gives us a quite reliable
result with lesser computational complexity as
compared to previous algorithms for face recognition
and in future we want to improve the efficiency of the
method and work on the dedicated tools for this
purpose.

[3]. F.S. Samaria and S.Young,’ HMM Based architecture for face
Identification,’ Image and Vision Computing. Vol.12, NO.8,
PP 537-543, oct 1994.
[4]. V.V. Kohir, U.B. Desai, ‘Face Recognition using DCT-HMM
Approach’, Workshop on Advances in Facial I mage Analysis
and Recognition Technology ,Freiburg, Germany, June 1998.
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DISCRETE CONTROLLER FOR HIGH FREQUENCY
BUCK CONVERTER
P.GAYATHIRIDEVI
M.E 2nd Year(PED),Saranathan Collage of Engineering. Saranathan College of Engineering.Trichy , Tamilnadu, India

Abstract— This paper describes buck converter with closed loop discrete Proportional, Integral and Derivative (PID)
controller is designed and simulated. The dynamic performance of the buck converter can be improved by the design of
discrete PID PWM controller. Analog PI & PID Controller of buck converter is designed and simulated whose performance
parameters are compared with the Discrete PID Controller is illustrated. The DC–DC converter can withstand its regulation
performance with the variations in input supply voltage, circuit inductance, capacitance and load resistance.
Keywords—Buck converter, Analog to Digital Converter (ADC), Pulse Width Modulator(PWM), Proportional Integral
Derivative (PID) Controller, Digital Pulse Width Modulator(DPWM),Digital to Analog Converter(DAC).

I. INTRODUCTION
In DC-DCconverter, the main problem is the
semiconductor losses due to the finite duration of the
switching transients and the electromagnetic
Interference problem associated with the high
derivative with respect to time. In order to omit the
audible noise and reduce the output current
harmonics in the power electronic converter,
manufacture strive towards increased switching
frequency. For such high switching frequencies, the
switching losses dominate in the converter.
Fig. 1 Discrete controlled Buck Converter.

In recent days utilization of Switched Mode Power
Supply (SMPS) of controller is inevitable, and
therefore it is extensively used in personal computers,
computer
peripherals,communication,medical
electronics and adapters of consumer electronic
devices to provide different level of DC voltages.
Some disadvantages of the analog controller are
difficulty in control, lack of flexibility to higher
functions and system alteration, and low reliability.

Thereare three specific blocks in Fig. 1 that enable
the digitalcontroller to achieve the highperformanceregulation requirements of an SMPS: i)
the ADCused to sample the error voltageii) the
discrete PID controller that compensates the error
signal iii) DPWM that converts thesampled,
compensated error signal into the gatedrivesignals.
The DAC converts the Digital signal into Analog
signal, which drives the MOSFET switch.
Sub-division of this paper: Section II discusses
about the Design of Discrete controlled Buck
Converter, Section III gives the simulation results,
and discusses the designed Discrete Controller & its
results, section IV & V gives the conclusion and
references respectively.

The design of digital controller offer many
advantages over their analog counterpart [1]-[4].some
of its advantages are(i)
Digital components are less susceptible to aging and
environment variations,(ii)Less sensitive to noise, (iii)
Changing a controller does not require an alternation
in the hardware, (iv) improved sensitivity to
parameter variations, (v) Flexibility of its modifying
controller characteristics, (vi) small drifting of system
parameters. Digital Controller provides stability,
faster response and minimal overshoot in its dynamic
response.
S.Vijayalakshmi
Assistant Professor/EEE,Saranathan College of
Engineering.
Saranathan College of Engineering
Trichy. Tamilnadu, India.
bksviji@gmail.com.

II. DESIGN OF DISCRETE CONTROLLED
BUCK CONVERTER
A. Buck Converter:
Buck converter also known as step – down
converter. The advantages of a Buck converter are
highly efficient, simple to design mostly due to not
having a transformer, puts minimal stress on the
switch, and requires a relatively small output filter for
low output ripple. Fig. 2shows a schematic diagram
of Conventional Buck Converter. The average output
voltage Vois less than the input voltage Vin. It is the

International Conference on Electrical and Electronics Engineering 27th Jan 2013, Goa, ISBN: 978-93-82208-58-7
8

Discrete controller for high frequency Buck converter

Table I
DESIGN PARAMETERS OF BUCK CONVERTER

simplest one, whose efficiency is more than 90%. It
consists of a controlled switch Sw, an uncontrolled
switch D (diode), an inductor L, a capacitor C, and a
load resistance R.

Parameter
Output power Po
Input Voltage Vin
Switching frequency fr
Input ripple current I
Output ripple voltage Vc
Main Inductor L
Main Capacitor C
Duty Cycle δ

Fig. 2. Schematic diagram of Buck Converter

Value
10 W
12 V
400 KHz
0.6 A
20 mV
12µH
10µF
41.66%

In Continuous Conduction Mode of Buck Converter,
Mode I : Sw ON, D OFF
Mode II : Sw OFF, D ON

Fig 4.Results of Open loop (A) Output Voltage and (B) Output
Current
Fig 3. Buck Converter Circuit When Switc:(A) Turns ON (B)
Turns OFF

B. State Variable modellingof Buck Converter:
The state-space averaging is an approximate
technique that can be applied to describe the input
and output relation of a Buck Converter [6]. All state
variables are subscribed ‘s and all sources are
subscribed by u’s. The state equation method as
follows [6].

A simple linear circuit can represent each of the two
states where the switches in the circuit are replaced
by their equivalent circuits during each state. The
circuit diagram for each of the two states is shown in
Fig. 3.
The duration of the ON state,δ × TA= TON(1)
Whereδ is the duty cycle, set by the control circuit,
expressed as a ratio of the switch ON time to the time
of one complete switching cycle, TA.
The duration of the OFF state is called TOFF. Since
there are only two states per switching cycle for
continuous mode,
TOFF= (1–δ) ×TA(2)
The quantity (1–δ) is sometimes called δ’.The above
voltage conversion relationship for Voillustrates the
fact that Vincan be adjusted by adjusting the duty
cycleδ, and is always less than the input because δ is
a number between 0 and 1. A common simplification
is to assume VDS, VD, and RL are small enough to
ignore. Setting VDS,VD,and RLto zero, the above
equation simplifies considerably to:
Vo=Vin* δ(3)
It is assumed that the current rises and falls linearly in
the inductor. In practical circuits, the switch has a
finite, nonlinear resistance and its effect can generally
be negligible in most applications. Depending on the
switching frequency the inductor current could be
discontinuous. The ripple current and ripple voltage
of the buck converter is inversely proportional to the
inductor and capacitor respectively.

Fig 5. Simulation Results of Modelling output voltage

C.Analog to Digital Converter(ADC):
In order to meet the requirement that A/D can sense
the smallest change of the output voltage, the Vq
should not be greater than the smallest change of
output, which means, Vq <∆VO.So the smallest output
change that can be distinguished determinates the
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resolution of ADC.The device that performs the
sampling, quantization, and coding is an A/D
converter. For sampling, Zero–order hold is widely
used in practice which increases the stability margin,
decreases the instability than the higher–order hold.
To avoid aliasing, we choose higher the sampling
frequency is better for the system due to less time
delay fs> 2fr. Even at this case, the zero-order hold
still introduces significant phase lag into the system.
Generally, in order to make the phase delay as small
as possible, we pick up the sampling frequency at
least 10 times greater than the system bandwidth. The
difference between adjacent levels or the quantization
step in terms of the range of the signal is

0

PI

0.45Kcr

1/1.2Pcr

0

PID

0.6Kcr

0.5Pcr

0.125Pcr

A nonlinear one-to-one mapping from the s-plane to
the z-plane, the bilinear transformation defined by

D. Discrete PID Controller
PID controller is versatile enough to control wide
variety of industrial processes. The common practice
is to interface a PID controller to the process and
adjust the parameters of the controller online, by
trial–and–error, to obtain acceptable performance.
The control Algorithm to design discrete PID
controller as follows:
Obtain experimentally the dynamic characteristics of
the process.
1. Based on dynamic characteristics of a
process, tuning rules have been developed
by Ziegler-Nichols method [6], refer Table
II.
2. Equation describing the Analog PID
controller is as follows:

In the continuous-time system, a transfer function for
a PID controller is described as follows:
KP + Ki/s + Kd where KP,Ki&Kd are the proportional,
integral and derivative gains respectively. To map to
the z-plane we substitute the bilinear relation into the
above PID transfer function, so the discrete-time PID
controller becomes.

Table II
ZIEGLER – NICHOLOS TUNING FORMULAE

Ti

∞

Equation (13) represents Analog PID controller
transfer function. The equation (11) can be converted
into discrete PID form [7] by means of bilinear
transformation. The technique, based on finitedifference approximation to differential equations, for
deriving a discrete time system from an analog
system has the advantage that z-transform of the
discrete-time system, is trivially derived from the
Laplace transform of the analog system by an
algebraic substitution.

Fig.6 Analog to Digital Converter

Kp

0.5Kcr

By using Ziegler – Nichols Tuning formulae obtain
control parameters Kp, Ti, & Td . The method to find
Kp, Ti, & Td are given in [5] . The value of Kp, Ti, &
Td. for Buck Converter whose plant model transfer
function (8) is Kp = 0.01, Ti =0.016 & Td=2.537e3where Kc = Kp. Now

In quantization, a word length of 7 bits, an input
signal can be resolved to one part in 2-7, or 1 in 128.
With the availability of converters with resolution 7
bits, the quantization errors do not pose a serious
threat in the computer control of processes. It may be
noted that the quantized discrete – time signal and the
coded signal carry exactly the same information. Fig.
6 shows an error signal e(t) is converted into Discrete
sample signal by an Analog to Digital Converter.

Type
of
Controller

P

Then the discrete–time PID controller transfer
function of the Buck Converter whose KP= 0.01,
Ki=985,Kd= 2.7125e-6 is

Td
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Fig. 9. MATLAB / Simulink diagram of Discrete Controlled
Buck Converter

F.Simulation Results:
The proposed solution has been simulated using
MATLAB/Simulink software for the voltage mode
control of a DC–DC buck converter.
Fig. 7. Discrete PID Controller

E. Digital PWM:
The Digital Pulse Width Modulator also serves as a
D/A converter. The quantizer and saturation block
combindly works as a digital to analog converter. The
digital error signal e(n) at the A/D output is obtained
by quantization of analog error voltage e(t), while the
duty cycle d at the DPWM output is obtained by
quantization of the duty cycle command k. The
characteristic of a quantizer having a continuously
varying input x and an output y = Q (x). The range of
x is divided into binary of width q, where q is the
“quantization level,” or the value of the quantizer’s
least significant bit (LSB). For x in the kth bin, the
output y equals the kth discrete output value (y = kq).
We choose the quantization interval (q) is 1/1024.The
quantized signal is converted into analog signal by
the device of saturation.
The gating signals are generated by an analog
reference signal is compared with the high frequency
carrier signal (400 KHz). The frequency of the
reference signal determines the fundamental
frequency of the output voltage Vo

Fig .10 Discrete PID controller Of (A)Output Voltage and (B)
Output Current

The overshoot of the Discrete PID controller is also
depends upon the reference voltage. If the input
voltage is more, then the peak overshoot is less.
Fig.10 shows the Discrete PID controller output with
Vref = 5V.Load current of the proposed controller is
inversely proportional to the reference voltage.
According to the reference voltage the current is
increased or decreased, provide constant power in the
load. The designed load power is 10W. The fixed
reference (Load) voltage is 5V. The Load current
Discrete PID controlled of buck converter is 2A to
provide the load power as 10W.
The error signal is sampled and quantized by means
of ADC. Fig. 11 shows the quantized error output of
the buck converter. The PWM signal is also
quantized and sampled gives regular output signals
due to any disturbances.

Fig. 8. Discrete PWM Pulse generator

Overall MATLAB / Simulink diagram of Discrete
Controlled DC-DC Converter is shown in Fig. 9.
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Fig 14. Analog PID controller of Output Voltage

Fig. 11Discrete PID controller Of(A)Error and (B) PWM
Fig. 15 Reference voltage and its output voltage of Buck
Discrete PID controller

Fig.12 Discrete PI controller of Output Voltage

In the above figure shows Discrete PI Controller
output, peak overshoot may less but the settling time
and steady state error is more. It has more ripples.
Even though the LPF is used, the amount of ripple is
not controlled considerably.
In the Analog PID & PI Controller, the regulation is
not at all possible for all reference voltages. It means
the regulated output can get only the limited range of
the reference voltage. Both have more settling time,
more steady state error and more ripple than the
Discrete PID Controller.

Fig. 16 Input voltage variations and output voltage response of
Buck Discrete PID controller.

Fig. 13 & 14 shows the output voltage of Analog PID
& Analog PI controller respectively, the controlled
output voltage of buck converter with Vref = 5V.

Fig. 17 Load resistance (Ro) variations and output voltage
response of Buck Discrete PID Controller.
Fig.13 Analog PI controller of Output Voltage
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Table III
COMPARISON OF THE PERFORMANCE PARAMETERS OF
DISCRETE AND ANALOG CONTROLLED BUCK
CONVERTER

Controlle
r

Discrete
PID
Controlle
r
Discrete
PI
Controlle
r
Analog
PID
Controlle
r
Analog PI
Controlle
r

TS
(ms
)

(%)M

TR
(ms
)

Ess
(V)

1

0

1

0

0

5.2

0.2

2

0.0
2

0.008

5.8

0.21

2.65

0

0.05

6.3

0.24

2.69

0.0
1

0.08

P

controller circuit we can obtain the require output
voltage (Vref) in the range of 0.1 V to 11V with the
given input voltage of 12 V. Hence the proposed
discrete PID controller is the most simplest and robust
one also.

Output
Ripple
Voltag
e (V)

III. CONCLUSIONS
This project presents a simple method for
design and implementation of a non-linear discrete
PID controller. It is shown that duty cycle can be
selected based on the input error signal value to
achieve significantly improved dynamic response.
The implementation includes an ADC, DAC and
Discrete PID controller, which is well suitable for
high frequency SMPS controllers. Simulation results
are presented for 10W/400KHz, 12V to 5V point of
load for Buck converter. The response of the system
is much faster compare to analog controller and it
works well for all the possible values of the duty
cycle and the change in the load resistance,
inductance, and capacitance and Input voltage. In
future we can change the load from resistive to
Inductive or motor load. This controller circuit can be
implemented to control different Special machines
like Brushless DC motor, Switched reluctance motor
etc.

G. Discussion
The dynamic parameters of the Discrete PID & PI
Controller, Analog PID & PI controller are given in
TABLE III from the simulation result, which proves
that the Discrete PID controller has good dynamic
performance than the other controller. It has less
settling time, peak overshoot, rise time and no steady
state error, ripple voltage. Fig. 15, Fig. 16 &Fig. 17
shows the response of the system with parameter
variations.
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AUTO-CALIBRATION OF A SF6 CIRCUIT BREAKER FOR POINTON-WAVE SWITCHING AN APPLICATION OF SIGNAL
PROCESSING TO SWITCHGEAR
YOGENDRA NAMJOSHI
Electronic Design Centre, CG Global R&D, Crompton Greaves, Mumbai, INDIA

Abstract—A SF6 circuit breaker is electrical equipment that is required to turn on (CLOSE) and off (TRIP) the power in the
electrical grids. The SF6 circuit breakers operate in the range upto 765kV with future also planned on 1200kV. Although GIS
is strong environment friendly alternative to SF6 circuit breakers, with their lower investments and proven technology the
later claims a wider business. The circuit breakers are also required to operate on specific point on voltage or the current
waveform so as to reduce stresses over the load that is seen by the circuit breaker. The paper visits providing a robust auto
calibration based circuit breaker function to achieve this point on wave switching through signal processing initiatives.
Keywords; Wavelet; SF6 Circuit breaker; Point On Wave Switching; Controlled Switching

I.

dependent on this DC supply or otherwise called as
Control Voltage.
The SF6 circuit breaker is also dependent on the
pressure of two gases – Air and SF6. Based on the
pressure its mechanism requires certain amount time
for actuation. Furthermore the switching phenomenon
is largely based on the angles at which the phases are
CLOSEd or TRIPped. By this we mean that sequence
and angles of switching of phases for a specific load is
important. As discussed the capacitive load requires
closing on the voltage peak when the current is zero
per phase. New applications are being researched that
adapts to different angles dynamically based on the
load type [5]. Thus the overall circuit breaker for point
on wave switching is largely dependent on parameters
such as DC voltage for coil, SF6 pressure, Air
Pressure, load type, frequency of the reference phase.

INTRODUCTION

The power circuit breakers typically SF6 circuit
breakers constitute a major business in the power
systems’ business. Other electrical equipments include
power, instrumental and distribution transformers,
isolators, transmission lines and other equipments.
The power is typically flown through the transmission
lines at higher voltages to avoid losses starting from
400kV, 765kV and now 1200kV. The transmission
and distribution both requires switching (CLOSING
and TRIPPING) of a circuit breaker. It is not preferred
to have a random switching – meaning closing or
tripping of a circuit breaker at an unknown point on
the waveform. For minimal transients on the system
the circuit breakers are to be used with point on wave
functionality [1]. For capacitive effects in
transmission lines the circuit breaker with said
functionality also removes the requirement of preinsertion impedances or PIR on the breaker [2][3].
The point on wave circuit breakers are installed
with an electronic device that monitors the health of
the circuit breaker and takes in the command from the
user in order to CLOSE or TRIP the breaker on the
point of wave of a reference voltage or current. The
point on wave is also called as synchronous switching
or controlled switching.

III.

CHALLENGES

A. Manual Calibration for Compensation Factors
The manual calibration of the circuit breaker
erected on the shop floor followed by calibration on
the site is done in the existing controllers. The
controller without signal processing relies on the X-Y
linear calibration. The linearity of the circuit breaker
against a single parameter is itself not repeatable
across the different circuit breakers. Hence the manual
calibration doesn’t really guarantee the point on wave
switching in the complete span of annual maintenance
contract. Also the manual calibration is further
affected because of spikes during the changeovers
(switching of current/voltage) and is generally taken
as first spike for close and last spike for open as gold a
standard.
The method of calibration of compensation tables
is discussed below. The parameter, say P affects the
breaker in its nominal range in positive slope or
negative slope as far as the linear calibration process
is concerned. For example, the parameter P1 which is

II. PRIOR ART
The point on wave controllers’ bank on data
required to compensate the parameters. A SF6 circuit
breaker is operated through a DC coil that acts as a
trigger to the circuit breaker mechanism. There are
two trip coils [4] and one close coil per pole or per
phase of circuit breaker. All the coils are driven by
DC voltage source. The time required by the DC coil
to activate the mechanism is determined by its DC
voltage source. Hence the total time predictable to
CLOSE or TRIP a breaker’s pole is indirectly
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instantaneous DC Voltage of the coil under operation
rates from 75% upto 120% of the operating voltage.
Approximately 4-5 values are used in the prior art that
states the voltage on X axis and corresponding time
required to switch the breaker on Y axis. This is
depicted in the Table 1. Similarly the other parameters
are input keeping the rest maintained stable and takes
a long time for calibration. It is notable that each
circuit breaker mechanism and material, that may be
supplied by different vendors following different
manufacturing processes, may have slightly different
characteristics than the approximately. However this
slight difference is large enough for our accuracy
window of +1msec point on wave switching.

point on wave switching 400kV SF6 SP-PN circuit
breaker (a) shows
the closing of the breaker on the voltage peak –ve;
(b) shows the
tripping of the break on voltage 45deg as required
by a reactor load
calibration of the compensation and other
parameters on the site. However by and large, it has
been observed that the source of three phase voltage
and currents may have harmonics that impose multiple
zero crossing that creates hassles to the service team.
Thereby they resort on standard three phase voltage
sources such as Omicron® that generates different
voltage/current 3-phase 4-wire supply from a single
phase voltage input. These wires also need to be tied
put to the circuit breaker removing the existing
connections through ground switches. Thus such
operation takes time and skilled labour efforts on the
site which needs to be repeated again during the
annual calibration as planned.
Error! Reference source not found. shows the
harmonics found during a testing on the shop floor
while the crane was operated upon the same supply as
that of the reference. There are multiple zero crossings
in the waveform apart from absence of a fundamental
frequency.
C. Idle Time Compensations

DC Voltage Compensation
Sr
Voltage Close Coil (Vdc)

R close
(msec)

Y close
(msec)

B close
(msec)

1

154

82

83

79

2

195

81

82

78

3

220

80

82

77.5

4

240

79

81

77

Table 1 Compensation Table: DC Voltage compensation
for main close coil

The data shows that the calibration of
compensation parameters records the circuit breaker
timing of make and break. Hence for measuring this
time it is required to find the reaction of breaker to a
trigger command. The trigger command is fed through
the controller or the electronic device to the coil. This
is a pulse of around 100 to 300 msec. The start of the
pulse is recorded on the oscillogram (ttrigger) and the
changeovers of the current signal on respective phases
are determined to be fed into the compensation tables.
B. Harmonics on site
The circuit breaker also needs to be done manual

The compensations as said earlier also dependents
on the idle time of the circuit breaker. The circuit
breaker can have spread of 0.2msec of opening time
over 65 days [6]. This idle time needs calibration on
the fly rather than waiting for annual maintenance. For
this, adaptive technologies are developed that
calculates the next probable point of closer/opening
based on idle time if it occurs through an auxiliary
feedback contacts [7]. However it is required to
analyze the breaking and making point of the breaker
from the command that was issued.

Figure 1: The voltage and current waveforms operated
through a
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interpolation along with time resolution. This is
also called as multi-resolution analysis or MRA and is
more efficient than a single domain signal processing
such as FFT [9][10].
Another benefit of the transform is its simple
computation nature that is based on interpolation and
can be speedily done in the digital signal processor
(DSP) of the electronic device.Lot of new application
processors and digital signal processors come with
multiple-and-accumulate units (MAC) that does
multiplications in the hardware with CPU cycle time
as low as 2 oscillator cycles.
Discussing on the basics of wavelet transform,
continuous or discrete wavelet transforms with 1dimension and 2-dimension is out of the scope of this
paper. The references [9][10] provide comprehensive
literatures that can take care of the readers’ curiosity
on wavelets. This paper will focus its application in
specific case such as detecting peak and zero
changeovers.

IV. AUTOMATIC CALIBRATION USING
WAVELETS
The current waveforms of three phases are used to
check turning on or off of the circuit breaker and
subsequent algorithms are required for an automated
calibration. The current signals stop in a TRIP
command oscillogram and start in a CLOSE
command oscillogram, where oscillogram is the
collection of three phase voltage, three phase metering
current and three phase protection current along with
commands and feedback digital signals. The primary
objective is to get the point on a current waveform that
is exact starting or stopping of the waveform. The
changeovers primarily reflect a high frequency factor
at the samples near the changeover. The researches in
biomedical signal processing has employed wavelet
transform based methods to find out the QRS wave in
an ECG that is primarily the high frequency
component in a normal or abnormal ECG [8].An
effort to utilize the post processing power of a wavelet
transform is an attractive option to find a start-or-stop
of a current waveform in the domain of switchgear.
This is applicable to circuit breaker because ample
amount of offline computation time is available after
the switching happens. The same has been exploited
in this section.

B. Detecting changeovers: Actual Switching Instant
The changeovers in the current waveform are
majorly affected with DC offset and spikes. It is
definitely minimized when a correct point on wave is
achieved however during a calibration process, it is
likely to miss the point by some degree. To enhance
the signal processing, an empirical starting point will
enable lesser noise. A sample data of different phase
current signal via a non-serviced SF6 circuit breaker is
taken up just to simulate the case. Error! Reference
source not found. shows the currents of R, Y, B
phases switched in a sequence that is required by a
Reactor load.

A. Proposition
The wavelet transforms is a great signal postprocessing tools for detection of edges, changeovers,
sharp patterns, performing denoising of the signal,
removal of slow moving offset frequency such as DC
offsets, compression of the signal for transmission and
storage and many more [10]. All of them are required
in our application of a point on wave switching,
because the acquired waveform has lot of switching
noise and may have DC offset at the time of
switching. All of the time domain signal processing
methods prove less beneficial due to noise and DC
offset. The promise of a wavelet is based on
transforming the signal into a domain that has

The clean changeover can be easily detected
ideally by dA/dt method where dA is the change in the
current over the samples or sample time dt. However
this method proves inefficient in the noisy conditions
leading to detection of multiple changeovers.
Furthermore an intelligent algorithm needs to be
appended to the dA/dt signal that may be cumbersome.
Wavelet Transforms have exhaustive methods to
detect changeovers and patterns. The continuous
wavelet transform in 1-dimension is particularly
useful as it speaks about the time resolution of the
transformed signal using analyzing wavelet [11]. The
reference [11] has also enabled to consider the
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application of wavelets in the multiple sinusoidal
signals and hence the changeovers. We have utilized
the continuous wavelet transform of a current signal
using Mexican Hat wavelet of 6th order gives us the
second zero crossing that is equal to the changeover.
The post processing enables non-real time comfort
zone. Ideally a power circuit breaker doesn’t switch
again in few milliseconds, unless it is a protection trip
which is either bypassing the point-on-wave switching
or the controller itself.

odd Gaussian wavelet help to get the peak of the
voltage and hence the ideal instant. The sampling time
of the signal can be further increased to decrease the
resolution error after the transformation.
D. Switching Time: Calibration Data
The time difference between tactual and ttrigger gives
the switching time for the breaker CLOSE or TRIP
based on the compensation parameters that may be
changed. The complete record is stored and Table 1
can be populated by modifying DC voltages to the
system. Minor addition hardware is required to
regulate the parameters that are required to be
populated. Any hardware design can take care of
modifying these parameters. A basic hardware will be
discussed in the appendix section where
miscellaneous blocks required by this application are
discussed.

C. Detecting Peaks and Zeros: Accuracy
The error in the point on wave switching is the
time difference between the changeover instant of the
current i.e. the instant at which the current starts or
stops and the angle on the voltage waveform of the
respective phase. This means if the breaker needs to
CLOSEd at the voltage peak (positive or negative) the
current must start at this point in time resolution. With
a reactive load the current is normally at zero when
there is a voltage peak. The important performance
criterion of the point on wave switching circuit
breaker is achieving +1msec. This needs to be
measured and stored on every switching event. For
this the voltage zero/peak and further the angle
required needs to be processed to find the exact error.
The wavelet transform helps here with its inherent
properties of finding the zero crossing or peaks (slope
zero). We use odd Gaussian wavelet of the 6th order
and the same continuous wavelet transform to find the
zero and peak of the voltage signal. After finding a
peak or zero respective time is added or subtracted to
get the instant (tideal) on which the current is supposed
to make changeover. The sample instant at which we
found the changeover (tactual) gives the error during the
switching event. Error! Reference source not found.
shows how two transforms can be used to find the tideal
and tactual as shown as marked. The Mexican Hat
wavelet helps to get the changeover instant and the

V.

POLYNOMIAL CURVE FITTING

The existing device uses a simple interpolation
method for four different points. Although we
achieve the point on wave switching through this
rudimentary method, having curve fitting of more
than 4th order is beneficial which will supposedly
increase the accuracy of the electronic device.
VI.

REMOVING THE HARMONICS

Fourier transform based techniques provide an
excellent method for individual harmonic isolation,
but it requires a minimum of two cycles of data for
the analysis, does not perform well in the presence of
sub-harmonics which are not integral multiples of the
fundamental frequency and most importantly
introduces phase shifts [12]. A phase delay is not
allowable in the application where the accuracy of

Figure 6: Application of continuous wavelet transform to B phase current and checking the first transition of current at the
second dominant zero crossing of transformed signal followed by finding the nearest peak of the voltage to find the error
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Figure 7: Application of continuous wavelet transform to B phase current and checking the first transition of current at the
second dominant zero crossing of transformed signal followed by finding the nearest peak of the voltage to find the error
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Abstract: To improve the transient response high switching frequency method is employed.Due to the high switching
frequency, the efficiency is reduced because the switching loss is proportional to the switching frequency. Four switched
buck converter is proposed to improve the transient response and efficiency. Simulation results show that the transient
response is greatly improved.
Keywords: buck converter, transient response, efficiency, switching loss, switching frequency

I.INTRODUCTION
II.FOUR SWITCH CONVERTER
In recent years,large growth in the usage of
electronic equipment.All power electronic equipment
generates losses and emit unwanted electric signals if
the switching frequency is high. Due to the above
concern, the efficiency of the equipment is affected.
A dc voltage is reduced by using a voltage divider
circuit[1], but in the voltage divider waste of energy
and bleeding off excess power as heat is occur and
also the output voltage is not regulated. Compared to
voltage divider circuit, buck converter is efficient and
self regulating.
Soft-switching techniques have been introduced
to reduceswitching losses[2]-[5], but the drawback of
these technique is, it can create morefavorable
switching trajectories for active power devices, they
will generally increase the complexity of control .Due
to this control complexity, the realibility of soft
switched converter is reduced
The interleaved operation improves the transient
response but the circulating current problem
exists[6,7]. High frequency switching converter is
proposed to enhance the output voltage response but
switching loss is more because of high frequency.
This paper proposes a four switch buck converter to
improve transient response and efficiency . The novel
topology consists of four switches: three controlled
switch and one uncontrolled switch(Diode). It
consists of inner cell and outer cell. Inner cell has one
controlled switch which operates at low frequency
and the outer cell consists consists of two controlled

Fig.1 Proposed four switch buck converter

By increasing the switching frequency, the transient
response of power converter is improved, but the
efficiency is reduced.
A Four switch buck converter is proposed to
improve the efficiency. This converter consists of an
inner cell and an outer cell. The inner cell switches
works at low frequency and the outer cell switches
works at high frequency. The current in the outer cell
switch is diverted through the inner cell switch. Thus
the switching loss is reduced thereby increasing the
efficiency and exhibits improved transient responses.
The inductor L and the switches S and SDform an
outer cell. The switches s and SDoperatesat higher
frequency. The inner cell consists of La,Sa,and Da, the
switch Saoperates at low frequency. The outer cell is
to enhance the output performance and the inner cell
is to improve the converter efficiency.
Four switching states exists at each low frequency
cycle

switches which operate at high frequency. The outer
cell switches works complementarily. The proposed
converter does not have circulating current problem
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The inductor Voltage VL of the outer cell is positive
and the inductor voltage VLa of the inner cell is zero.
The current flowing through outer cell inductor L
rises linearly and the current flowing through inner
cell inductor La does not change.
The equations are,
VL=Va-Vo
diL/dt= VL/L = Va - Vo / L
VLa = 0
diLa/dt =VLa/La=0
State B:

Fig 4Equivalent circuit of four switch buck converter when
S=OFF, Sa=ON.

The inductor Voltage VL of the outer cell is
negative and the inductor voltage VLa of the inner cell
is positive. The current flowing through outer cell
inductor L decreases linearly and the current flowing
through inner cell inductor La rises linearly.

Fig. 2 Voltage and current waveforms in one switching period
Tsl.

STATE

TABLE I
SWITCHING STATES
ACTIVE SWITCHES
S

Sa

SD

Da

A

ON

ON

OFF

RB

B

OFF

ON

ON

RB

C

ON

OFF

OFF

FB

D

OFF

OFF

ON

FB

The equations are,
VL =- Vo
diL/dt= VL/L = - Vo / L
VLa = 0
diLa/dt =VLa/La=0
State C:

State A:

Fig 5Equivalent circuit of four switch buck converter when
S=ON, Sa=OFF.

The inductor Voltage VL of the outer cell is positive
and the inductor voltage VLa of the inner cell is
negative. The current flowing through outer cell
inductor L rises linearly and the current flowing
through inner cell inductor La decreases linearly.
The equations are,
VL=Va-Vo
diL/dt= VL/L = Vs - Vo / L
VLa = -Vo

Fig 3Equivalent circuit of four switch buck converter when
S=ON, Sa =ON.
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diLa/dt =VLa/La= -Vo/ La.
State D:

The energy stored in inner cell inductor can be fed
back to source through the switch S.
If the load is changed from 8 to 4 Ωat the 0.03s time
instant. A major portion of the increased load current
is diverted to the inner buck cell, while thecurrent
through the outer cell switch remains the same. The
diversion of current enables the reduction of
switching loss in outer buck cell and the efficiency is
improved.
Efficiency Analysis:
The efficiency is analysed using the formula[5,6]
Efficiency= Pout/(Pout + losses)
In the efficiency analysis the following assumptions
are made:
1.The conduction losses of active switch and
diode are estimated, respectively, according to their
conduction
voltages Vonand Vf.
2. Only switching loss is considered here, because
major loss of the circuit is caused by switching
loss.Losses of the output capacitor and output
inductor are not
considered here.
In a single-frequency buck converter, when the input
voltage is Va, duty ratio is D, the inductor average
current is IL, and the switching frequency is fs, then
the total loss
comes from, the conduction lossPscon and switching
loss Pssof the active switch S, and the conduction
lossPdcon and switching lossPsdof the diode, the losses
can be estimated from the equations [8,9]:

Fig 6Equivalent circuit of four switch buck converter when
S=OFF, Sa=OFF.

The inductor Voltage VL of the outer cell is negative
and the inductor voltage VLa of the inner cell is zero.
The current flowing through outer cell inductor L
decreases linearly and the current flowing through
inner cell inductor La remains the same.
The equations are,
VL =- Vo
diL/dt= VL/L = - Vo / L
VLa = 0
diLa/dt =VLa/La=0
The voltage across the outer cell inductor is Va − Vo
when the switch is on, and is −Vo when the switch is
off. The voltage and current waveforms of four
switch buck converter in one low frequency Cycle Tsl
are shown in Fig.2
A. Performance Evaluation:

Pscon = D.VonIL
Pdcon = (1-D).Vf IL
Pss = 1/2 fs .VaIL (ton+toff)
Psd = 1/2 fs.VaIL (ton+toff)
For four switch buck, the losses consist of two
portions: outer cell losses and inner cell losses. The
current
chopped by the outer cell is the difference between
outer cell inductor current ILand inner cell inductor
current ILa. This difference is roughly equal to 0.5
ILapk, where ILapkis the peak–peak low-frequency
inductor current ripple,
because the inductor current ripple of the outer cell is
small compared with that of the inner cell.

fig 7 Four switch buck converter with PID controller

Transient Performance Analysis:
The transient performance of four switched
buck converter is analysed by changing the load
from 2R to R, the current across the load is increased
from IR/2 to IR. The current through the inductor
cannot change abruptly. Due to the increased load
current the output voltage decreases. The inner cell
inductance is larger than the outer cell to reduce the
current ripple iLa .
If the load resistance is changed from R to
2R, the current across the load is decreased from IR to
IR/2. At this transient event, current through inner
celliLacan freewheel through SDif the switch S is OFF.

The switching loss is calculated according to the
following equations:
The losses in the outer cell which has high frequency
are
PsconO = 0.5D.Von ILapk
PdconO = 0.5(1-D).Vf ILapk
PssO = ¼ fh .Va ILapk(ton+toff)
PsdO = ¼ fh .Va ILapk(ton+toff)
The losses in the inner cell which has low frequency
are
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PsconI = D.Von(IL-0.5ILapk)
PdconI = (1-D).Vf (IL-0.5ILapk)
PssI = 1/2 fl .Va(IL-0.5ILapk) (ton+toff)
PsdI = 1/2 fl .Va(IL-0.5ILapk) (ton+toff)
From the above equations the total switching
loss PSFSBC of four switch buck converter is
approximated as
PsFSBC
fl .VaIL (ton+toff)
The total currents flowing through the four switch
buck converter switches and diodes are the same as
that through a single-frequency buck. The total
switching loss is nearly the same as the single lowfrequency buck, and is much smaller than that of the
single high-frequency buck. Hence, the four switch
buck converter improvesthe efficiency by current
diversion to the inner cell

Fig 10Simulation result of four switch buck converter

From the above graph, it is revealed that the Four
switch buck converter improves the dynamic
response when compared to the low frequency buck
converter and high frequency buck converter

B. Simulation Results:

TABLE II
DYNAMIC RESPONSE
Parameters
Low
High
Frequency frequency
Buck
buck
converter
converter
Maximum
22
0.4
Overshoot
Rise Time
0.005
0.025
(secs)
Settling
0.037
0.055
Time (secs)

Four
switch
buck
converter
0
0.02
0.031

From the above simulation results, the Table II is
tabulated. The simulation results shows that the Four
switch buck converter improves the dynamic
response and moreorless equal to that of single high
frequency buck converter and better than the single
low frequency buck converter.

Fig 8 Simulation result of low frequency buck converter

Time Vs Voltage
Voltage (volt)

20
10

Voltage (volt)

Current (amp)

0

0

0.01

0.02

0.03
0.04
Time (secs)
Time Vs Current

0.05

0.06

0

0.01

0.02

0.03
0.04
Time (secs)
Time Vs Voltage

0.05

0.06

0

0.01

0.02

0.05

0.06

2
1
0

20
0
-20

0.03
Time (secs)

0.04

Fig 11Simulation result of four switch buck converter with
load side disturbance

Fig 9 Simulation result of high frequency buck converter
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Abstract— In India, most of the villages are not yet connected to the national grid due to their remoteness. For these
communities’ renewable energy sources is the only solution to meet their daily needs. The utilization of renewable energy
sources (RES) are increasing in day-to-day life which are connected in distribution systems using power electronic
converters. In this paper, we present the specification, design and development of distribution generation (DG) supplied by
a hybrid solar - wind power generation. This paper presents a control strategy for achieving better benefits from the
inverters when installed in 3-phase four-wire distribution systems. This inverter performs multiple operations such as: 1)
power converter to inject power generated from RES to the load and battery when required and 2) To compensate current
unbalance, harmonics, reactive power demand and neutral current. With this control, the combination of inverter and the 3phase 4-wire linear unbalanced load at point of common coupling appears as balanced linear load. This new control
concept is simulated with MATLAB/Simulink.
Index Terms—Distribution Generation (DG), PV Array, Wind Turbine, Load balancing, Current Controller.

supplying ac loads in these hybrid wind-solar
schemes, the varying amplitude varying frequency of
the stator voltage of the PM alternator and the
variable dc voltage of the PV array have to be
suitably conditioned using complex power-electronic
interfaces. However, for any off-grid system, it is
desirable to install components and their associated
controls that are maintenance free and economical.
In this situation, schemes employing wind-driven
induction generators with a simple power-electronic
interface have been attempted because induction
machines are robust, inexpensive, require little
maintenance and possess higher power-weight ratio
over dc and PM alternators. wind-driven capacitorexcited induction generators are not preferred in
remote power systems due to their unsatisfactory
voltage regulation and frequency variation. To
overcome these limitations, instead of providing
reactive power using a three-phase capacitor bank,
inverter-assisted induction generators (IGs) were
proposed. Earlier, Enes et al. proposed IG schemes
with PWM inverters where the excess energy was
sent to the utility grid to maintain the stator voltage
and frequency constant or a speed governor to
control the amount of the generated energy was
employed. These schemes require either a utility
network or a constant speed turbine for wind-driven
isolated systems. Subsequently, Olorunfemi Ojo et al.
have proposed a PWM-VSI scheme with a battery
bank or a dc-charged capacitor. In this scheme, there
is a possibility of a voltage collapse in the event of
the battery or the capacitor being deeply discharged
due to persistent low wind speeds during a particular
period of the year. The above system is based on a

I. INTRODUCTION

ALTERNATIVE energy resources, like wind and
solar based energy generation systems are becoming
familiar over worldwide. Because of the rising rate of
conventional fuels like nuclear and coal. Hence, solar
and wind are preferred in future days due to the
environmental benefits like,
reduction of carbon emissions due to the use of
renewable energy sources increased energy efficiency
(less line losses) as well as potential increase of
power quality and reliability.
One way to deal with the variable output of wind
and solar energy generation systems is through the
use of integrated energy generation systems using
both wind and photovoltaic energy, which are also
tightly integrated with distributed energy storage
systems (batteries). For results and references in this
area, several contributions have been made to the
control of solar-based energy generation systems.
However, there are few works that have focused on
the control of standalone hybrid wind-solar energy
generation systems. In previous work a reducedorder nonlinear model was used to design a
controller to regulate the wind power generation to
complement the power generated by a photovoltaic
subsystem and to satisfy a specific power demand.
Recently, a hybrid scheme employing windturbine permanent-magnet (PM) alternator and PV
array was proposed, in which the sources were
connected in series through dc–dc converters.
Subsequently, a simpler configuration connecting the
sources in parallel was also attempted. Further, for
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single resource which is stochastic, and hence, is less
reliable. However, the complementarily of the wind
and solar energy resources can be exploited in a
hybrid scheme employing IG to provide reliable
power. In such schemes, the random sources of
energy, which are individually less reliable, could, as
a whole, combine to have a higher reliability. In this
context, a hybrid scheme consisting of wind-driven
IG and PV array with an inverter interposed between
PV array and IG has been proposed in this paper.
In this paper, due to the integration of solar and
wind, an uninterrupted supply is almost achieved to
the load.

penetration, the IG supplies the load, the excess
energy if any being used to charge the battery. A
dump load can be switched on in the event of a
battery being fully charged and unable to accept this
excess energy. On the other hand, during the
daytime, in the event of the battery being
disconnected to prevent overcharging, the IG and PV
array feed the load. In such conditions, the PV array
in addition to supplying power to the load also
provides the needed reactive power to the IG. It
should be noted that when the battery is disconnected
from the system to prevent a voltage collapse, it is
required to operate the PV array as a voltage source
by load shedding if necessary. The battery would be
deeply discharged only in the event of long duration
of both low wind speed and irradiation, and hence, is
not subjected to cyclic charging and discharging
unlike in PV alone or wind-alone systems. This
results in higher lifetime for the battery bank.
It can be found that the proposed scheme requires
only an inverter for integration whereas in hybrid
schemes employing
asynchronous generator, a rectifier-inverter interface
with complex control is required for obtaining
constant frequency constant amplitude supplies. This
inherent simplicity in the proposed scheme
employing IG and PV array, makes it ideal for
isolated applications. The detailed sizing of each of
the element in the system is beyond the scope of this
paper and the traditional and nontraditional
techniques proposed for this purpose can be made
use of.

II. PROPOSED OFF-GRID HYBRID SYSTEM
CONFIGURATION
The proposed scheme is shown in Fig. 1, where
the PV array charges a battery bank. The battery
voltage is inverted through a three-phase IGBT
inverter and a three-phase fixed amplitude, fixed
frequency supply is obtained to form the local grid to
which the IG is integrated. In the case of remote
supplies, as the local grid voltage is chosen to be low
(110 V/230 V), the copper losses due to the
harmonics inverter are not significant. Further, the
rotor core loss due to these harmonics is also
negligible. For this reason, a PWM inverter, if
employed in the proposed scheme, will not
considerably improve the efficiency of the system.
On the contrary, there would be substantial switching
losses (about 50% of the overall losses of the
inverter) because a switching frequency of about 6
kHz has to be chosen for a PWM inverter to reduce
the harmonic losses of an induction machine. Hence,
square wave inverters are preferred for remote power
supplies, as switching losses in these inverters are
less compared to PWM inverters.

III. PROPOSED SRF BASED CONTROL
SCHEME
The SRF-based control method is one of the
most conventional and the most practical methods.
The SRF method presents excellent characteristics
but it requires decisive PLL techniques. This paper
presents a new technique based on the SRF method
using the modified PLL algorithm and compares its
performances with that of the conventional SRF
method under unbalanced and distorted load
conditions.
A. Modified PLL
The conventional PLL circuit works properly
under distorted and unbalanced system voltages.
However, a conventional PLL circuit has low
performance for highly distorted and unbalanced
system voltages. In this paper, the modified PLL
circuit shown in Fig. 2 is employed for the
determination of the positive sequence components
of the system voltage signals. The reason behind
making a modification in conventional PLL is to
improve the VS-inverter filtering performance under
highly distorted and unbalanced voltage conditions.

Fig. 1. Integrated photovoltaic and wind-driven IG.

The battery acts as a constant voltage load line
on the PV array and is charged both by the IG and
the PV array. Under conditions of low wind speed,
the induction generator is isolated from the system
and the load is fed by the PV array and the battery.
The load is fully supplied by the battery in situations
where there is inadequate wind speed and
irradiation. During nights and under high wind
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Fig.3.Block Diagram of SRF theory based control
Fig. 2. Modified PLL circuit block diagram.

IV. MODELING AND SIMULATION OF THE
HYBRID SCHEME

B. Reference-Source-Current Signal Generation

In the proposed scheme, the PV array is
connected in parallel to the battery bank. Hence, the
operating voltage of the array (Vpv) is fixed to the
battery voltage and the corresponding current in the
V-I characteristics of the array is the PV current. It is
apparent that when the battery is available in the
system, the inverter input voltage is same as the
battery voltage, which is assumed to be a constant,
and hence, the analysis is straightforward.
Nevertheless, in the event of the battery being
overcharged during daytime and is disconnected
from the system, both the operating voltage and
current of the PV array may vary with the wind
speed and irradiation. In order to find the operating
point of the PV array and to study the dynamics of
the system without the battery bank, the PV array
equivalent circuit has been suitably connected to the
synchronously rotating reference frame equivalent
circuit of the induction machine.

The load currents IL, the source voltages Vs, and
dc bus voltage Vdc of VS-Inverter are sensed as
feedback signals. The loads currents in the three
phases are converted into the d-q-0 frame using the
Park’s transformation as in (1)
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i   2 cos  2  sin  2 
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A modified three-phase phase-locked loop (PLL)
is used to synchronize these signals with the source
voltage. The – components are then passed through
low pass filters to extract the dc components of Id
and Iq. The error between the reference dc capacitor
voltage and the sensed dc bus voltage of VS-Inverter
is given to a proportional-integral (PI) controller
whose output is considered the loss component of the
current and is added to the dc component of Id.
Similarly, a second PI controller is used to regulate
the load terminal voltage. The amplitude of the load
terminal voltage and its reference value are fed to a
PI controller and the output of the PI controller is
added with the dc component of. The control strategy
is to regulate the terminal voltage and the
elimination of harmonics in the load current and
load unbalance. The resulting currents are again
converted into the reference source currents using the
reverse Park’s transformation. The reference source
currents and the sensed source currents are used in
the PWM current controller to generate gating pulses
for the switches. For the power factor correction,
only the dc bus voltage PI controller is used in the
control algorithm.

A. PV Array Model
The classical equation of a PV cell describes the
relationship between current Ipv and voltage Vpv of
the cell (neglecting the current in the shunt
resistance of the equivalent circuit of the cell as

 V pv  R sc I pv  
  1  ( 2)
I pv  I L  I o  exp
 


A
 


Assuming,

 V pv  R sc I
exp 
A

I0
 10  9 .
Isc

pv


  1 ,


and I L  I sc Therefore I pv  I sc  I d
Where,


20.7
V pv  R se I pv  (3)
I d  10 9 I sc  exp
Voc


Since, V pv  Voc .
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The above equations can be used to determine the
characteristics of a panel or an array, as it is evident
that the characteristics of a panel made up of
identical cells can be obtained by appropriately
scaling the V-I characteristics of the individual cells.

devices and hence, the proposed system was
simulated using this software. The model of the PV
array as given by (2) and (3) has been implemented
as shown in Fig. 3 in PSB using an independent
current source , a controlled current source ,
measurement blocks, and arithmetic blocks. The
output of the controlled current source depends upon
the terminal voltage (Voc) and current (Ipv) of the
PV array as in (3) and it has been realized in the PV
array model. It should be noted that the powerelectronic simulation platforms viz. PSB, SABER,
and PSCAD, do not have a PV model in their
libraries. Models of the power-electronic switches
and the – axis model in the synchronously rotating
reference frame of the IG are available in PSB [26].
The PV model developed in Fig. 3 is appropriately
connected to the inverter fed induction machine
model and the proposed hybrid system has been
simulated.
The performance of the proposed controller for fixed
wind speed turbine driven isolated asynchronous
generator system and PV array connected through
battery and inverter are together feeding the
balanced/unbalanced – linear and nonlinear 3-phase
4-wire loads. The waveforms of the induction
generator and PV array connected through the
inverter (Vpcc), the generator currents (isabc), load
currents (iload_total=iload_nonlinear+iload_linear),
battery
voltage and voltage across DC capacitor connected
across the inverter are constant given as (Vdc), real
and reactive power delivered by the induction
generator and PV array are also presented.
Initially the induction generator and the PV array
are not loaded until the voltage of the induction
generator is reached to its rated value. The nonlinear
load is connected after a period of time and the
waveforms are observed, then a linear load is
connected to the existing nonlinear load at 0.8s. The
load is made unbalanced at 1s and the corresponding
balanced source currents are observed and hence the
functionality of the controller. The THD of the
source currents are observed as 4.18 % for and
nonlinear load with 36% THD.

B. Wind Turbine Model
The speed of the generator depends on the gain
(N) of the gear box and on the speed of the wind
turbine, and which varies due to varying wind speeds
and operating point at Cp (power coefficient) versus
X (tip speed ratio) curve. Mechanical power
available in a fixed pitch wind turbine to be
converted into electrical form by asynchronous
machine is given as
3
P  0.5AC p U w  ( 4)
where the aerodynamic power is expressed as a
function of the specific density (p) of the air, the
swept area of the blades (A) and the wind speed (uw).
Cp reaches a maximum value (0.48)for a maximum
tip speed ratio (8.1), which yields the maximum
mechanical power available in the wind turbine for a
given wind, speed (9m/s). The polynomical relation
between Cp and λ at particular pitch angle for
considered wind turbine is given as:
C 
 C 
   5i 
2
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C) Modeling of the Battery
Thevenins equivalent circuit of a battery model is
shown at the DC link of the controller. The terminal
voltage of the equivalent battery (Vb) is obtained as
follows
 2
VLL (6)
Vb   2

 3

Where VLL is the line RMS Voltage.
Equivalent capacitance (Cb) can be determined as:

Cb 

kWh  3600  10 3
 (7 )
2
2
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+
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1
+
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Where Vocmax=Max. Open circuit Voltage,
Vocmin=Min. open circuit voltage of the battery under
fully charged and discharged conditions. Rs is the
equivalent resistance of the battery. The parallel
connected Rb and Cb describe the charging and
discharging circuit. Since the self discharging
current of the battery is less hence the Rb is large.
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V. RESULTS AND DISCUSSIONS

1
Ir
Irradiance (W/m^2)

PSB has proven to be a convenient tool to simulate
electrical circuits containing power-electronic

Fig: 4.Simulation Model of PV Array.
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Fig. 6. Simulation Model of the considered Solar and wind hybrid distributed generation system
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Fig. 8.Simulation results for the considered hybrid
DG system showing source voltage (Vsabc), source
currents
(isabc),
load
currents
(iload_total=iload_nonlinear+iload_linear), battery voltage and
voltage across DC capacitor connected across the
inverter are constant given as (Vdc)

VII. APPENDIX
Asynchronous Generator: 5 kW, 415 V,10 A,
s1=0.25, Ls1=1.3mH, Rr1=0.24ohm, Lr1=1.3mH,
Lm=59mH, J=0.035kg-m2
PV Panel: irradians=1000, Temperature=260C,
Model Type: sunpower SPR-305-WHT. Linear Load:
5kW, Non-Linear Load: 3kW
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Abstract- In this paper, the problem of QoS provision is addressed from Call Admission prospective in several modern
communication systems. Call Admission control (CAC) in multimedia wireless communication is to guarantee quality of
service to mobile users & to achieve a high resource utilization efficiency. It is a challenging issue due to user mobility,
limited radio spectrum, and heterogeneous nature of multimedia traffic. In this, a wireless communication system with the
base station (BS) associated by multiple subscribers (SS) is considered, where different subscribers require different QoS.
Although there are many types of multimedia traffic but we consider only voice & data. It studies basic teletraffic theory,
Cellular traffic Model (Markov Chain Model) & passion distribution pattern of new & handoff calls. Then, the problem of
channel assignment in cellular network is investigated. Also we identify some commonly used performance criteria for
comparing CAC schemes.

traffic. It is a preventive Congestion Control
Procedure. It is used in the Call Setup phase. CAC is
a challenging issue due to user mobility, limited radio
spectrum, and heterogeneous nature of multimedia
traffic [3]. This random nature for the demand for
communication is exploited by “Statistical
Multiplexing”. This statistical multiplexing is used to
control large number of users with less numbers of
channels. In the content of communication systems,
this is termed as Trunking. When the number of users
is much greater than number of channels available in
the cell, there is always a finite probability that lines
are occupied. Hence, when a new user requests a
channel for communication it gets blocked as there
are no channels available for communication. This
Probability with which calls are blocked is termed as
“Blocking Probability” or in cellular terms also called
as “Grade of service”. Blocking Probability is key
parameter of cellular communication systems.
Blocking Probability can be derived with teletraffic
theory proposed by the Danish engineers Earlang in
1917. The performance of communication system
rely on simple queuing models to evaluate call
blocking probabilities, & focus on devising methods
for improving the performance of calls during handoffs e.g., assigning higher priority to hand-off calls,
using guard channels, or making reservation ahead of
hand-off instant. In this paper, we define a new
Markov model to take into account hand-off call
blocking. Instead of handling new & hand-off calls
similarly, in this approach, we add the idea of guard
channels. The paper is organized as follows: Section
2 gives a brief introduction to Markov Model, which
can evaluate hand-off & new call blocking
probabilities separately. Section 3 describes the Radio
resource management methods such as various CAC
policies & CAC decision process, while section 4
gives performance criteria for comparing CAC.
Section 5 explains the LFGCP in details. . It describes
the development of LFGCP where handoff calls are

I. INTRODUCTION
A cellular network is a radio network made up of a
number of radio cells (or just cells) each served by a
fixed transmitter, known as a cell site or base station.
These cells are used to cover different areas in order
to provide radio coverage over a wider area than the
area of one cell. Cellular networks are inherently
asymmetric with a set of fixed main transceivers each
serving a cell and a set of distributed (generally, but
not always, mobile) transceivers which provide
services to the network’susers.

The tremendous growth of the wireless/mobile user
population, coupled with the bandwidth requirements
of multimedia applications, requires efficient reuse of
the scarce radio spectrum allocated to wireless/mobile
communications. Efficient use of bandwidth is also
important from a cost of service point of view [1]. It
is expected that the PCS-Personal Communication
system will guarantee a certain level of quality of
service (QoS) to mobile users. In the system, call
admission control (CAC) will be the first control
function imposed on a user for QoS provisioning.
Call admission control is a technique to provide
quality-of-service in a network by limiting the access
to network resources [2] & to prevent congestion in
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given high priority than new calls. Finally this paper
concludes with the CACs role in QoS provisioning in
terms of the signal quality, call blocking and
dropping probabilities, packet delay and loss rate, and
transmission rate.

This above state space diagram shows the transition
of states from 0 to N when call arise. If all channels
are vacant & new call arise then state transition is
done from state zero to one. When one call departs
from state one then it transition from state one to state
zero & so on. No calls are entertained after state N as
all channels are occupied; this is nothing but the
Blocking Probability. Hence, if Pk denotes the
probability that system is in state k then PN is the
Probability that system is in state N in a time
duration ‘Tn’; Blocking Probability

II. MARKOV MODEL
Let us consider cellular network with X no of cells.
Each wireless subnet, commonly called a radio cell
consist of a base station (BS) or access point (AP)
serving a number of mobile terminals (MT’s) within
its coverage area. Cellular network has limited radio
spectrum or number of communication channels &
user mobility. In a wireless cellular network, when a
user moves from one cell to another, the base station
in the new cell must take responsibility for all the
previously established connections. A significant part
of this responsibility involves allocating sufficient
resources in the cell to maintain the needs of the
established connection(s)[4]. In order to model handoffs in this case, we make the assumption that
potential customers are uniformly distributed over the
cellular coverage area. Let us consider, Traffic per
user (A0) & total traffic (A) is measured as Erlang &
can be derived as follows A0 = (User call rate) *
(Average call duration) & A= N * A0 Where, N=
Total number of users For single communication
channel can support maximum traffic of 1 Erlang.
Hence N channels can support a max of N earlangs of
traffic.
Assume a random call arrival process
modelled by the Poisson distribution. Let the Poisson
parameter is rate of call arrival ‘λ’ in the cellular
system. Hence, the probability that ‘k’ calls arrive in
a time duration ‘t’ is given by Poisson Distribution
P(k) or Discrete Distribution defined for k =
0,1,2…… ∞

Similarly, we can find out new call arrival probability
by steady state analysis & Poisson distribution.
Consider an infinitesimally small time interval ∆t,
Probability of one call arrives in ∆t is given by

Since, -λ∆t is very small, we can say that e^-λ∆t ≈1
Pr (One call arrival) ≈λ (∆t) In short Probability one
call arrives in time ∆t is λ∆t. We can define Poisson
distribution of new or handoff calls from Markov
Chain & it can be given by

The state of wireless system is the number of channel
occupied at a given point of time. As the max number
of channel is N then we can say that system can be in
a state of S0 , S1…Sn where S0 is state when no
channels are occupied in system &Sn is all N
channels occupied state. We can also show Sk state
when k number of channels are occupied by system.
We can show this states in following Fig. 2

Where,
i = Number of states in Markov Chain Model
III. RADIO RESOURCE MANAGEMENT
Radio resource management (RRM) plays a major
role in Quality of Service (QoS) provisioning for
wireless communication systems. As a matter of fact,
RRM policies, along with the network planning and
air interface design, determine QoS performance at
the individual user level and the network level as
well. Resource management is essential in Qos
provisioning. It includes flow control , resource
allocation (RA), congestion control, Call admission
control (CAC) etc in order to control the amount of
the assigned resources to each user with the objective
of maximizing some function such as the total
network throughput, total resource utilization, or total

2. State Space Diagram or Markov Chain
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network revenue, subject to some constraints such as
the maximum call blocking/dropping rate and/or the
minimum signal to interference ratio. The
performance of RRM techniques has a direct impact
on each user’s individual performance and, more
importantly, on the overall network performance [5].
Radio resources are managed using various schemes
that can be grouped in three sets. The first set
includes frequency/time resource allocation schemes
such as channel allocation, scheduling, transmission
rate control, and bandwidth reservation schemes. The
second set consists of power allocation and control
schemes, which control the transmitter power of the
terminals and the base stations. The third set
comprises call admission control, base station (BS)
assignment, and handoff algorithms, which control
the access port
connection [5]. We will consider
Call admission control as radio resource management
technique in this paper. Call admission control is a
technique to provide quality-of-service in a network
by limiting the access to network resources [2]. Call
Admission control (CAC) in wireless communication
is to guarantee Quality of Service (Qos) to mobile
users & to achieve high resource utilization
efficiency. Call admission control is a trade-off
between:
Maintaining the quality of the calls already in the
network
Accepting new users into the network When a user
requests a new connection, what the CAC does is to
calculate the amount of resources required by
(i) The users already in the system &
(ii) The pending user.
If the sum of the two is not larger than the total
capacity, then the user's request will be
acknowledged; otherwise, the request will be
rejected. This is equivalent to first reserving resources
for the admitted users and then checking if the
remaining resources are sufficient to support the new
connection. The decision process of CAC can often
be formulated in a high level representation called the
CAC policy[3]. When ever a user requests a new
connection, the CAC policy takes the call request as
input, and based on the current traffic conditions of
the system, decides whether or not to accept the user,
as illustrated in Fig. 3

3. Call Admission Control
Using cellular structure for frequency reuse, there are
two major types of calls that can arrive at any
particular cell: new calls originated from within and
handoff calls coming from adjacent cells. From the
users' point of view, it is better to be blocked in the
beginning rather than dropped in the middle of a
connection. As a result, handoff calls should be given
a higher priority than new calls. There are several
channel allocation schemes of allocating a channel
upon a new call arrival or handoff attempt [4]. The
advantages and disadvantages of these schemes are
shown in the below.
1. Non-Prioritized Scheme (NPS): This scheme does
not differentiate handoff calls from new calls. It is
applicable if the forced termination of handoff calls is
not important, and the implementation cost is low.
2. Reserved Channel Scheme (RCS): This scheme
divides channels into two groups. One group can be
assigned to both the initial access and the handoff
access. The other group can only be assigned to the
handoff access. The purpose is to reduce the
probability of the forced termination. The new callblocking probability for RCS is large than that of PS,
RCS is easy to implement, and it reduces the forced
terminal probability more effectively than NPS, and
the implementation cost is not high.
3. Queuing Priority Scheme (QPS): Because adjacent
cells are overlapped, the Mobile Station (MS) in the
overlapped area can use channels in either of the
adjacent cells. The overlapped area is called the
handoff area. When an MS is in the handoff area, if
the destination cell has no free channels, the MS
maintains the existing channel of the source cell. The
handoff request is queued and sent to the base station
of the destination cell. If a channel in the destination
cell is available before the MS crosses the handoff
area, the channel is assigned to the MS. Otherwise,
the call is forced terminated. QPS effectively reduce
forced terminations, at the expense of increased new
call blocking, the probability of incomplete call from
QPS is slightly lower than that for NPS. It is good
when the BS density is high.
4. Sub-Rating Scheme (SRS): When an MS is in
thehandoff area and the destination cell has no free
channels, an occupied channel in the destination cell
is divided into two sub-channels, one for the original
call and one for the handoff call. These two subchannels will become two channels again when there
are channels available. Compared with other
schemes, SRS has the least forced
IV. PERFORMANCE CRITERIA
In this subsection, we identify some commonly used
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performance criteria for comparing CAC policies [2].
1) Efficiency: Efficiency refers to the achieved
utilization level of network capacity given a specific
set of QoS requirements. Scheme A is more efficient
than scheme B if the network resource utilization
with scheme A is higher than that with scheme B for
the same QoS parameters and network configuration.

the assumption that independent Poisson distributed
call requests are originated from different classes of
service or call types, cell residence time for each call
is exponentially distributed, and each call requires a
predetermined channel bandwidth. The proposed
CAC policy consists of two LFGCPs, one for voice
call & other for data calls. The LFGCP is chosen as it
is simple to implement & gives certain QoS
requirements. LFGCP states as follows:
(i) A new voice call(data call) is always accepted if
i<Tc (j < T ), is accepted with probability βc
(β ) if i=Tc(j=T ), and is always rejected if
i>Tc (j>T ) &
(ii) A handoff voice call (data call) is always
accepted if i < Mc ( j<M ).

2) Complexity: Shows the computational complexity
of a CAC scheme for a given network configuration,
mobility patterns, and traffic parameters. Scheme A is
more complex than scheme B if admission decision
making of A involves more complex computations
than scheme B.
3) Overhead: Refers to the signalling overhead
induced by a CAC scheme on the fixed
interconnection network among base stations. Some
CAC schemes require some information exchange
with neighbouring cells through the fixed
interconnection network.

Where,
Mc= Max number of voice call users
allowed in
cell
M = Max number of data call users allowed in cell
Tc = total number of voice call user over which no
new calls are accepted
T = Total number of data call user over which no
new calls are accepted
βc = Probability of accepting new voice calls when
total number of voice call users are Tc.
β = Probability of accepting new voice calls when
total number of voice call users are T .
i = Current number of admitted voice calls
j = Current number of admitted data calls

4) Adaptively: Defined as the ability of a CAC
scheme to react to changing network conditions.
Those CAC schemes which are not adaptive lead to
poor resource utilization. In this paper we only
consider adaptively to traffic load changes. Typically,
CAC schemes make admission decisions based on
some internal control parameters, e.g. reservation
threshold, which should be recomputed if the load
changes.

LFGCP defined using Markov Chain model is given
by,[3]

5) Stability: Stability is the CAC insensitivity to short
term traffic fluctuations. If an adaptive CAC reacts
too fast to any load change then it may lead to
unstable control. For example during a period of time
all connection requests are accepted until a
congestion occurs and then all requests are rejected. It
is desirable that network control and management
avoid such a situation.
V. LIMITED FRACTIONAL GUARD
CHANNEL POLICY

Where,

The performance of call admission control (CAC) in
cellular network is specified by the blocking
probability of new calls in a cell and dropping
probabilities of handoff calls entering a cell[6].
Limited Fractional Guard Channel Policy divides
channels into two groups. One group can be assigned
to both the initial access and the handoff access. The
other group can only be assigned to the handoff
access. The purpose is to reduce the probability of the
forced termination. The new call-blocking probability
for RCS is large than that of NPS, RCS is easy to
implement, and it reduces the forced terminal
probability more effectively than NPS, and the
implementation cost is not high. In this paper, CAC
schemes are analyzed using Markov chain models
based on circuit-switched network architecture with

Pc (0) is Normalization constant which is given by,
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estimated correctly. This newly proposed LFGCP
Markov chain model gives us the flexibility of
calculating the new & hand-off calls separately. This
LFGCP gives priority to hand-off calls over new calls
since dropping an ongoing call is generally more
objectionable to a mobile user than blocking a new
call request, a higher priority is normally assigned in
CAC for handoff calls over the new ones to minimize
the call dropping probability. The new call-blocking
probability for LFGCP is large than that of NPS,
LFGCP is easy to implement, and it reduces the
forced terminal probability more effectively than
NPS, and the implementation cost is not high.

The new call blocking probability & handoff call
dropping probability for voice calls in the cell can
then be derived as
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VI. CONCLUSION
In this paper, we investigate call admission control
strategies for the wireless networks. Call admission
control (CAC) is such a provisioning strategy to limit
the number of call connections into the networks in
order to reduce the network congestion and call
dropping probabilities. We have defined a new
Markov Model to calculate the call blocking
probabilities for new & handoff calls. LFGCP
defined by Markov chain model is studied in this
paper. It is important for the design of cellular
systems to know the new & hand-off call blocking so
that the up & down link & transit capacities could be
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Abstract-In this paper we plan to undertake a multidisciplinary research project which basically focuses on the fields of
wireless controlled communication, embedded software technologies and automation each playing a vital role in their own
kind. The project is titled “Stereo Localizing and Mapping based Wireless Security System” basically comprises of a well
equipped land vehicle installed with a two ray night vision camera, 3D sonar sensors, RF transmitter and receiver, infrared
sensors(for directional purposes), ARM processor chip, control signal modules, power supply control module, GUI
interface and DC motors. The land vehicle will act as the destination station, In addition to this there will be a flexible base
station with an authentic security key provided to fully access the land vehicle. The land vehicle will have the ability to
create a mind map of the terrain in which it is functioning and its movement accordingly will be judged on basis of SLAM
(Stereo localizing and mapping) algorithm. The SLAM algorithm will be implemented by the application sciences of 3D
sonar sensors.
Keywords:-GUI(Graphical User interface),SLAM(Stereo\Simultaneous
frequency),3D(Three dimension), DC(Direct current)
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I. INTRODUCTION
This paper work comprises of three essential
technologies i.e. wireless systems, embedded
software technologies and automation techniques.
The wireless communication is used to establish a
communication protocol between the base station i.e.
laptop, any cellular based system etc. using the
essential transmitters, receivers and modulation
techniques. The embedded system technology i.e.
ARM processor[2] and embedded C programming is
used to program the land vehicle. The programming
implemented on the land vehicle is to cause its multi
directional roles, turning and rotational movements
about its central axis[1]. The automation process[5,8]
is used to frame the designated logic for the
movement of the land vehicle in a particular terrain.
The SLAM algorithm technology[2] is also used in
combination with the three technologies mentioned
above which causes the formation of the rough map
or mind map of terrain to a high certainty and also
accomplishes efficient locating of desired coordinates
and obstacles. The embedded ‘C’ and ARM processor
programming basically includes the application of
digital data responsible for the operation of the land
vehicle. There is an involvement of separate
methodology for detecting the lateral and angular
views. Many factors such as the object orientation,
horizontal and vertical bearing angles, corners, edges
and point edges localization are considered by this
algorithm. This algorithm is valid both for 2D and 3D
views which makes its operation flexible and a much
easier approach for implementing it.

Fig 1- An overview of the system structure

The paper comprises of the following sections i.e. [II]
The SLAM Algorithm that explains the concept of
the algorithm. Its implementation in the automated
and wireless behaviour of the land vehicle and the
solution for the defined problem are explained in
section [III]. The results are explained in section [IV].
The conclusion of the paper is given in section [V].
II. THE SLAM ALGORITHM
SLAM stands for Stereo or Simultaneous Localizing
and Mapping .The stereo\simultaneous localization
and mapping problem with evolutionary algorithms is
translated to a multi-objective immune optimization
problem since it inherently possesses of multiobjective characters, and in order to efficiently solve
the stereo localization and mapping problem, a local
searcher with immunity is constructed. The local
searcher employs domain knowledge of the problem,
which is named as a key point grid pulling that is
developed in the paper. The experiment results of a
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real mobile robot indicate that the computational
expensiveness of designed algorithms is less than
other evolutionary algorithms of single-objection and
multi-objective optimization problem without
immunity for simultaneous localization and mapping
and accuracy of obtained maps are higher. The
current system that is generally used for security
purposes are CCTV cameras. These cameras are used
for monitoring the present environment in which they
are installed. They have a limited range usage
capability as they are fixed at certain points. They
pass on the visual information state to GUI interface
which is manually controlled by the user in a control
room. They have to be regularly monitored by the
user and their main disadvantage lies in the fact that
they are stationary i.e. immovable and their range of
operation is limited. They can easily be destroyed by
external influences and has the lacking dynamic
factor.

sensor array is really formed refer to the following
figure:-

Fig 3- Vector receiver with target

Considering both the receivers R1 and R2 we can
calculate the required bearing angle as shown in Fig 5
above in the following manner:-

III. SUGGESTED SOLUTION PATH
In this case the distance and bearing estimates made
by the vector receiver is with due regard to the virtual
image rather than dealing with the real transmitter.
The accuracy of the DOF factor can be increased
considerably by use of a suitable correlation
technique which provides an appropriate value of the
bearing angle and a proper separation distance
between the receiver
spacing of 35mm
approximately.

The solution path framed for the static based problem
for the existing system is implemented with the help
of SLAM algorithm which provides a dynamic
behaviour to the proposed model. This will help the
land vehicle to determine its current location and
mind map of the entire terrain. The solution path is
elaborated in the following sections which explain the
concept of the mathematical model.
A. The Mathematical Model-Sonar Sensors(2D &
3D)

B. Target Classification
Two transmitters and two receivers are required to
classify targets into planes, corners and edges.
Following is a diagrammatic depiction of a 2D sonar
sensor array consisting of a transceiver (TR0),
Transmitter (T1) and Receiver (R1). TR0
and R1 form a vector receiver.

Fig 2- Vector receiver representation

The principle measurement that is involved by a
sonar sensor in association with SLAM algorithm in
2D is ultrasonic imaging. A parameter called as Time
of Flight (TOF) is defined which indicates the
transmission time of an ultrasonic pulse obtained
from the sensor to travel from the struck object to the
receiver. The TOF estimation is done with the help of
maximum correlation between the received ultrasonic
pulse and some predefined templates stored before in
the memory which is also referred to as the matched
filter. By using a matched filter, TOF estimation can
be performed to a sub sample precision. The Distance
of flight (DOF) is simply obtained by multiplying the
speed of sound with the TOF. Now, If we want to see
how the virtual image through a vector receiver of the

Fig 4:- 2D Sonar sensor array

C. Detection of Planes, Corners and Edges

Fig 5:- Geometry of plane reflector
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The r1 shown in the fig 5 above represents the
distance from TR0 (Transceiver) to its virtual image.
The DOF from R1 to virtual image of TR0 is not
shown for simplicity. Using the bearing angle
equation defined in the above section the alpha 1
angle from the vector receiver to the virtual image of
the T1/V’ can be determined. Using alpha 1 and r1 an
estimate of B,a2’ and r2’ can be made from the
equations as follows:Fig 7- A 3D sonar sensor array

In the figure depicted above i.e. fig 9 TR0, R1 and T1
forms a horizontal 3D sonar sensor array whereas
TR0, R2 and T2 forms a vertical sensor array.

For each r2 where it denotes the DOF from the virtual
images of T1 to TR0 an estimate of a2 can be
obtained. If their exists an (r2,a2) within certain error
bounds then the target is classified asa plane.A corner
can be analysed in a similar fashion via SLAM except
the virtual image is reversed and the B angle value of
the corner is equal to B angle value of the plane.The
B angle of edge is found to be zero due to its
structure.D. Three Dimensional TargetsThere are
three basic target categories namely planes, lines and
points. Line targets are formed by the intersection of
two planes. Point targets are formed by intersection
of three planes. Line and point targets can be
subdivided into corners and edges. When viewed
from the sensor a corner is a concave orthogonal
intersection of planes whereas an edge is a convex
intersection of planes.There are various parameters in
this regard that are obtained if we consider a simple
room structure as given below:-

Fig 8- A 2D projection plane

Fig 10 shows the 3D sonar sensor array with its
associated projection plane. It projects the target from
the 3D space onto the projection plane. Alpha denotes
the horizontal bearing angle whereas B(beta) will
depict the vertical bearing angle as shown in fig
above.
F. Target Classification
Each target is classified as a corner, plane, edge or
unknown for both individual perspectives of
horizontal and individual views. As a result there can
be 16 different target types out of which nine of them
will have a positive classification in both the views,
six are semi-classified whereas one remains
unclassified. When a sensor locates a 3D plane it
indicates the normal and a point on it. Vertical planes
are predominantly seen by the sensor. No
assumptions can be derived about the orientation of
the planes. Locating of vertical corners and edges can
lead to the establishment of the structure in the 3D
plane. The equation for the bearing angle and the
DOF remains the same as in 2D sonar sensor array
arrangement

Fig 6- A simplified room structure

Here, A vertical line corner =Concave intersection of
two vertical planes A horizontal line corner=Concave
intersection of a horizontal plane with vertical plane
There are convex intersections in horizontal line edge
and vertical line edge. A point corner in a concave
intersection of two vertical and one horizontal plane.
A point edge has convex intersection of two vertical
and one horizontal planes. A complex plane
constitutes of intersection between both concave and
convex planes. E. Target classification and
localising(3D)

Fig 9- A graphical representation of the autonomous vehicle
working
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Multiple wireless robotic vehicles will be used for
studying and observation of a particular area where
security measures are necessary. The mobile land
vehicles will be controlled through GUI interfaces by
their respective base stations having a security
authentic key and well established communication
protocol to be accessed by the RF transmitter and
receiver. Once the security key is approved at the
base station the control of the vehicle is started. The
3D sonar sensors get activated which generate a
rough map of the terrain or area with the utilisation of
SLAM algorithm which simultaneously helps in
location of any kind of foreign objects or movement.
The algorithm implemented helps in determining the
current coordinates of the land vehicle and also helps
in locating the objects nearby. The robotic vehicle is
wirelessly controlled by a protocol from the base
station, A DC motor of 100-150 rpm is attached to it
which enable its movement. In addition to
thisinfrared sensors are used which helps in the
directional movement and turning of the vehicle.

Fig 11- An indication of the object displacement from
its original position indicated by an orange arrow

V. CONCLUSION
Thus with the plan of this paper we have concluded to
design a security system with a combination of
embedded system, wireless technology and
automation. With the use of 2D or 3D sonar sensors
and GUI interface a user can control the land
vehicle’s movement in any direction making it
mobile thus increasing its range. The detection of any
intrusion in a defined map by using Stereo Localizing
and Mapping (SLAM).The moderate cost of the
hardware leads to one time Investment but overall
reduction in time usage and results in reliable
Immune system. The Cortex M3 ARM processor is
well suited as compared to other processors in option
such as AVR, PIC etc. due to its various positive
features such as 32-bit RISC instruction set, faster
speed of the processor, easy system design flow,
simple and efficient programming and its ready
compatibility with autonomous robotics. The land
vehicle will be made immune from hazardous
conditions by giving it a 2-inch plastic coating with
respect to the system components placed around the
processor. The equipped land vehicle will have the
desired mobility so as to implement effective changes
in the access points and its location. The scope in this
field can be extensively increased by creating an
advanced base station such as cellular devices, Iphones, I-pads, android, Symbian and java enabled
mobile phones etc.

IV. RESULTS
Stereo or Simultaneous localizing and mapping
algorithm will be implemented in the working of the
land vehicle by the help of 2D or 3D sonar sensors
which will emit radiations in a radially symmetric
manner once accessed. The particular sensor will be
attached on top of the land vehicle and once it is
placed in a closed room it will capture its own current
coordinates and the reference coordinates of the
objects or people in the room. The current scenario
will be conveyed to the user via SLAM outfield
acting as a GUI interface. During its operation course
it will convey the change in coordinates of any type
of object present by sounding an alarm to the user in
order to persuade him\her to take the necessary
action. It will play a major role in cracking down
thefts and for safeguarding of money, jewelry vaults
etc. Let us take a well descripted example of the
above mentioned theory explained in the succeeding
two figures below:-
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Abstract -Agriculture has increasingly become dependent on chemical pesticides to control the pests that damage the crops.
Heightened concern over the environmental effects of pesticides, coupled with increased pest resistance and secondary pest
outbreaks, severely limits the effective pesticides available to farmers. As weather patterns change, crops mature, and cattle graze
pastures for food, farmers must decide when to irrigate pastures, apply fertilizer, or move cattle to another pasture. A farmer
relies on a combination of experience, visual observation, intuition and he has to perform periodical surveys over a widespread
plantation which is a time consuming activity. Acoustic detection technology is a far better substitute to these laborious tasks.
Sugarcane takes 10-18 months to grow and is therefore liable to be attacked by a number of insects, pests and diseases. Its
production declines by 19 - 20 % by their attacks. To increase the crop productivity, management of insect-pest and diseases is of
great significance. Sugarcane is infested by about 288 insects of which nearly two dozen causes heavy losses to the quality as
well as quantity of the crop. In this project we will be focusing on a pest control and monitoring system for efficient sugarcane
crop production, which is a staple crop grown in Pune. The main pests that affect sugarcane are top shoot borer, stalk borer, rood
borer and sugarcane wooly aphid. Apart from this, the main diseases that affect sugarcane crop are Red rot, Smut, Grassy Shoot
and Wilt. The system uses an acoustic device sensor which monitors the noise level of the pests and gives an indication to the
farmer through an alarm when the noise crosses a threshold. The dissemination of is done via a network of wireless sensors
connected to a control room computer. Transmission and reception of field data is through ZigBee 802.15.4 digital
communication device standard. The system covers large areas with very low energy consumption.
Keywords-SNR-Signal to Noise ratio, AMDF- Average Magnitude Difference Function, ZibBee-802.15.4 protocol for data
transmission.

spatial information for entire crop fields at frequent
intervals during the cropping season. It is already
known that important changes in plant growth and
function caused by nutrient and water stress, disease
symptoms, etc. are detectable through their canopy
reflectance (especially in the near infrared) much earlier
than these effects become visible to the human eye.
Besides the above mentioned technologies, acoustic
detection is the best and most cost-effective. Acoustic
sensors are able to distinguish between various pests
which give this technology an edge over others. India
is the 2nd largest producer of sugarcane (Saccharum
spp.) with production of 277,750,000 tons in the world.
It is major cash crop of Maharashtra. The main reasons
for loss in production are pests and insects. Sugarcane
is infested by about 288 insects of which nearly two
dozen causes heavy losses to the quality as well as
quantity of the crop, as detail given below in Table.1.
The scenario of insect pests and diseases varies in subtropical and tropical belt of sugarcane. Top borer and
stalk borer are found pre-dominantly in sub-tropical
areas whereas internodes borer and early shoot borer
and among disease rust & eye spot are prevalent in
tropical region. Several management strategies have
been developed as a result of research and development

1. INTRODUCTION
1.1 BACKGROUND AND CONTEXT
Pests and diseases cause great economic loss to farmers
through reduced yields and increased costs of pesticides
and other control measures. The early detection of
hotspots of insect or disease attack in crop paddocks is
critical for timely and targeted application of pesticides.
Precise knowledge of areas where pest or disease
activity has started would enable the farmer to apply
just the right amounts of pesticides to the affected areas,
thereby yielding both economic and environmental
benefits. The common method for detection of pest or
disease damage in crops is by visual inspection of the
foliage in the field. Such methods are labor intensive
and costly, and only a limited number of field samples
can be examined at any one time. Also with field
scouting methods small areas of pest/disease onset in
healthy paddocks may often go undetected.
Furthermore the effects of many pest/disease
infestations are often not noticeable to the human eye,
until it reaches an advanced stage when it becomes too
late to control the outbreak. Remote sensing provides
an alternative cost effective method to obtain detailed
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work. In order to save environment from chemical
pollution, use of bio-control has been given utmost
attention. The management technologies have been
integrated as per need for increasing the efficiency

Fig 2. Block Diagram

Some of the important features of the acoustic sensor
that makes it the sensor of our choice are: Listening
Device, self-monitoring system, radio Frequency
remote access, wireless Network functionalities, long
battery lifetime / Low power system, no need for
specialists
on
the
field.

Table.1: Extent Of Losses Due To Different Insects &
Pests In India

Fig 3 .Received Signal Waveform

1.2 A BRIEF HISTORY OF WSN AND PEST
CONTROL
The first recorded instance of pest control takes us back
to 2500BC when the Sumerians used sulphur to control
insects. Then around 1200BC the Chinese, in their great
age of discovery towards the end of the Shang Dynasty,
were using chemicals to control insects. The Chinese
continued to develop ever more sophisticated chemicals
and methods of controlling insects for crops and for
people's comfort. No doubt the spread of pest control
know-how was helped by the advanced state of Chinese
writing ability. Although progress in pest control
methods undoubtedly continued, the next significant
scrap of evidence does not come until around 750BC
when Homer described the Greek use of wood ash

Fig 1. Sugarcane Borer

Any type of pest control activity is divided into
three main segments, which are: Analysis of the
symptoms causing pests as well estimating the extent of
damage caused by them, Identification of pests and
differentiating between their types i.e. detection,
Management of the detected pests using biological
control and other available environment friendly
methods. The block diagram given below describes the
general structure of acoustic detection systems:
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spread on land as a form of pest control. Around 500BC
the Chinese were using mercury and arsenic
compounds as a means to control body lice, a common
problem throughout history. In 440BC the Ancient
Egyptian's used fishing nets to cover their beds or their
homes at night as a protection from mosquitoes. . From
300BC there is evidence of the use of use of predatory
insects to control pests, although this method was
almost certainly developed before this date. The
Romans developed pest control methods and these
ideas were spread throughout the empire In 200BC,
Roman censor Cato encouraged the use of oils as a
means of pest control and in 70AD Pliny the Elder
wrote that galbanum resin (from the fennel plant)
should be added to sulphur in order to discourage
mosquitoes. In 13BC the first recorded rat-proof grain
store was built by the Romans. The first known instance
where predatory insects were transported from one area
to another comes from Arabia around 1000AD where
date growers moved cultures of ants from neighboring
mountains to their oasis plantations in order to prey on
phytophagous ants which attacked date palm. At this
point pest control was carried out by farmers and some
householders as an everyday activity. By the early
nineteenth century however, this changed as studies and
writings started to appear that treated pest control as a
separate discipline. Increasing use of intensive and
large scale farming brought matching increases in the
intensity and scale of pest scares such as the disastrous
potato famine in Ireland in 1840. Pest control
management was scaled up to meet these demands, to
the point that dedicated pest controllers began to
emerge throughout the 20th century. In 1921 the first
crop-spraying airplane was employed and in 1962
flying insect control was revolutionized when Insect-ocuter started selling fly killer machines using ultra
violet lamps. Pest control is still carried out by farmers
and householders to this day. There are also pest control
specialists (sometimes called pasties’); many are oneperson businesses and others work for large companies.
In most countries the pest control industry has been
dogged by a few bad practitioners who have tarnished
the reputation for the highly professional and
responsible majority.

to another pasture. A farmer relies on a combination of
experience, visual observation, intuition and he has to
perform periodical surveys over a widespread
plantation which is a time consuming activity. Acoustic
detection technology is a far better substitute to these
laborious tasks. Main problem of the project can be
defined as the establishment of an acoustic pest
detection system comprising of acoustic sensors which
are deployed in the sugarcane field or farm area and are
connected through a wireless sensor network (WSN) to
a computer which runs a database management
software and detection algorithm. Outdoor field trials
of WSNs pose problems that do not occur in lab
experiments. Some of the reasons are harsh
environmental conditions (e. g. low temperatures),
long-term unattended operation, and complex
deployment process, connection to the wired world, and
large number of nodes. This section discusses the setup
of a field trial of a WSN and evaluates different
alternatives. There is a wide range of sensor node
hardware available, ranging from small devices with 8bit microcontrollers as CPUs, 2–100 KB of working
memory, 64–1024 KB of flash secondary storage, and a
low-power radio operating at 10 Kbit/s up to larger
devices with 32-bit CPUs, megabytes of working
memory and secondary storage, and supporting the
Bluetooth wireless standard, such as the Intel Mote.
Obviously, the performance of an algorithm will
strongly depend on the selected hardware; especially
the quality of the transceiver and communication
technology is of high importance. Outdoor applications
present an additional set of challenges not seen in
indoor experiments. Most sensor node hardware is still
of prototypically nature and does not come with a
packaging suitable for outdoor deployment. To
withstand variable weather conditions, protective
packaging that minimally obstructs the sensing and
communication functionality has to be provided. In
most cases custom enclosures are too costly. If the
accuracy of sensor values is not of importance, off theshelf rain-proof boxes with a rubber seal, antennae
inside, wrapped in plastic are sufficient. The effect of
the packaging on the quality of the communication
must be analyzed prior to deployment. Another aspect
that is usually not present in indoor experiments is the
variation in temperature during the trial. Temperature
directly affects battery voltage, which in turn affects
radio communication.

2. MOTIVATION AND PROBLEM DEFINITION
Agriculture has increasingly become dependent on
chemical pesticides to control the pests that damage the
crops. There is heightened concern over the
environmental effects of pesticides, coupled with
increased pest resistance and secondary pest outbreaks,
severely limits the effective pesticides available to
farmers. As weather patterns change, crops mature, and
cattle graze pastures for food, farmers must decide
when to irrigate pastures, apply fertilizer, or move cattle

3. MAJOR CONTRIBUTIONS
Pest control plays a crucial role in farming for without
it, plants will die or not bear fruit. Pests are a natural
enemy to farmers because they hinder farm production.
Farmers have to use different methods of controlling
pests. Common forms of pest control involve traps,
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field burning, air guns, hunting, poisoned bait, natural
rodent control, destruction of infected plants, poison
spray, sterilization, and eliminating breeding grounds
via drainage of still water or proper management of
waste. By implementing one of these methods, farmers
can fully maintain the sound health of their farms and
agricultural produce. Monitoring pest insect population
is currently a key issue in crop protection. At farm level
it is routinely operated by repeated surveys by a human
.This is a labor and time consuming activity, and it
would be of great advantage for farmers to have an
affordable system of doing this task automatically. This
system is using an acoustic device sensor that is able to
monitor the noise level of pests and gives an indication
to the farmer through an alarm when the noise crosses a
threshold.

each and every part of the field and perform periodical
surveys over widespread plantation. This will help to
reduce time and increase the productivity and help to
grow better and healthier sugarcanes. The collection of
the noise levels will be done using a number of wireless
sensor nodes spread over an area.

4. AREAS BEING INVESTIGATED

Table 2. Complexity Measurements For Different Parts
of The AMDF

Major Insect Pest Management Of Sugarcane Crop
Sugarcane is a long duration crop of 10-18 months and
therefore is liable to be attacked by a number of insect
pests and diseases. According to an estimate, sugarcane
production declines by 20.0 and 19.0 % by insect pests
and diseases respectively.
To increase the crop
productivity, management of insect-pest and diseases is
of great significance. Due to diversity in agroecological conditions the importance of insect pests and
disease varies and therefore, management strategy
should be adopted accordingly. Sugarcane is infested by
about 288 insects of which nearly two dozen causes
heavy losses to the quality as well as quantity of the
crop, as detail given below in Table.1. The scenario of
insect pests and diseases varies in sub-tropical and
tropical belt of sugarcane. Top borer and stalk borer
are found pre-dominantly in sub-tropical areas whereas
internodes borer and early shoot borer and among
disease rust & eye spot are prevalent in tropical region.
Several management strategies have been developed as
a result of research and development work. In order to
save environment from chemical pollution, use of biocontrol has been given utmost attention.
The
management technologies have been integrated as per
need for increasing the efficiency.

These wireless sensor nodes will be connected to a base
station to which the sensors will transmit the noise
levels whenever the noise level crosses a threshold level
after comparison through a comparator. The base
station will then transmit the information to the control
room computer which will indicate to the farmer where
the infestation is occurring so that the necessary action
can be undertaken. The transmission and reception of
the data is done through zigbee 802.15.4 digital
communication standard. We would like to highlight
the details of the setup.

5. SYSTEM DESIGN AND FRAMEWORK
Fig 4. Placement of sensor nodes over an area

We are proposing a pest monitor and control system for
efficient sugarcane crop production. The system will be
using an acoustic device sensor which will monitor the
noise level of the pests and whenever the noise crosses
the threshold it will notify the farmer of the area where
the infestation is occurring. This will help to induce
automation in the field of farming and reduce the
efforts of farmers. Through acoustic detection
technology there will be no need of the farmer to go to

APPLICATION
The acoustic detection systems can be applied to other
fields such as termite detection in homes, wetland
monitoring thus making it quite a diverse detection
technology for pests and insects.
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5.1 WIRELESS DATA TRANSMISSION USING
ZIGBEE 802.15.4
TECHNOLOGY

ZigBee Smart Energy, ZigBee Home Automation,
ZigBee Telecom Service. The ZigBee Gateway
specification was focused to meet the common
functionality essential to a gateway for ZigBee
standards, or public application profiles

Most algorithms developed for wireless sensor
networks must take into account efficiency because of
the limited resources available on the mote. In fact, a
number of algorithms are available that attempt to
reduce energy consumption in WSNs [17]. In an effort
to maintain acceptable performance and speed, we have
analyzed the complexity of the energy and AMDF
calculations on the mote. In Table 2. we list a number
of operations performed in the program and the
corresponding required clock cycles and time. It is
apparent that the operation requiring the most clock
cycles is the AMDF. This is because of the nested loops
(0(n2) complexity) required to implement it. For future
implementations of the algorithm, we are seeking less
costly ways of computing pitch periods of acceptable
quality. Taking into account all computations, for a
single frame of 64 samples, a total of 11312 clock
cycles are required, which translates to approximately
2.8 Msec in actual time.In this analysis, additions,
multiplications, and lower level subroutines that are
called as TinyOS are not taken into account. Although
the additions and multiplication may not change total
complexity of the algorithm significantly, the lower
level subroutines can potentially have a large impact.
As there are a number of Issues related to the efficient
transmission of the acoustic data over the wireless
network, thus we are aking use of the zigbee
technology. The acoustic wireless device sensor will
send the information over the Zigbee network in an
FFT algorithm format The Zigbee Gateway Device is a
stand-alone device that can meet the IP connectivity
requirements of most applications. The specification
and hence the devices that stem from the specification
were purposely designed to be generic in nature,
stopping at a level that was in no way Zigbee public
application profile specific. This flexibility allows host
applications to use generic gateways to communicate
with any public application profile installation without
modification. Application-specific details are relegated
to the host. However, it was also envisioned that the
Zigbee Gateway specification and the resulting
implementation would serve at an Application
Programming Interface specification so that developers
of Gateways could build application-specific devices.
The main idea was that the specification would provide
a foundation so that developers could add their
application-specific code, whether in the form of an
energy service portal or an in-home device, to allow
homeowners to interact with any number of
applications, including lighting or entertainment control
infrastructure. This would allow for standardized
gateways to be used in any Zigbee standards, including

5.2 INDICATION AT THE RECEIVER END
Thus data from the various sensor nodes will be
displayed at the operators end in the form of FFT
format of the audio signal as shown in Fig 4. Thus the
operator can continuously observe the noise level being
collected by the various sensors and a comparator that
is set to a particular threshold level, if it detects a sound
level above this threshold level , it will immediately
give an alarm signal to turn inform the operator about
abnormal situation of the pest attack over a particular
area of the field. We have given a snapshot of the
operator’s screen monitoring the signal form various
nodes in Fig 5.

Fig5. FFT waveform of the audio signal from sensor node

In this analysis, additions, multiplications, and lower
level subroutines that are called as TinyOS are not
taken into account. Although the additions and
multiplication may not change total complexity of the
algorithm significantly, the lower level subroutines can
potentially have a large impact. As there are a number
of Issues related to the efficient transmission of the
acoustic data over the wireless network, thus we are
making use of the zigbee technology. The acoustic
wireless device sensor will send the information over
the Zigbee network in an FFT algorithm format The
Zigbee Gateway Device is a stand-alone device that can
meet the IP connectivity requirements of most
applications. The specification and hence the devices
that stem from the specification were purposely
designed to be generic in nature, stopping at a level that
was in no way Zigbee public application profile
specific. This flexibility allows host applications to use
generic gateways to communicate with any public
application profile installation without modification.
Application-specific details are relegated to the host.

International Conference on Electrical and Electronics Engineering 27th Jan 2013, Goa, ISBN: 978-93-82208-58-7
44

Pest Monitor and Control System using Wireless Sensor Network (with Special Reference to Acoustic Device Wireless Sensor)

However, it was also envisioned that the Zigbee
Gateway specification and the resulting implementation
would serve at an Application Programming Interface
specification so that developers of Gateways could
build application-specific devices. The main idea was
that the specification would provide a foundation so
that developers could add their application-specific
code, whether in the form of an energy service portal or
an in-home device, to allow homeowners to interact
with any number of applications, including lighting or
entertainment control infrastructure. This would allow
for standardized gateways to be used in any Zigbee
standards, including ZigBee Smart Energy, ZigBee
Home Automation, ZigBee Telecom Service. The
ZigBee Gateway specification was focused to meet the
common functionality essential to a gateway for ZigBee
standards, or public application profiles

7. CONCLUSION
Our primary objective is to create a pest monitoring and
control system for Sugarcane using WSN in order to
check the infestation and notify the agriculturist of the
area of the field where the infestation is taking place so
as to reduce the efforts of farmers to go to every part of
the field and check the growth of pests. This will help
farmers make optimal decisions pertaining to efficient
use of pesticides. This results in inducing automation
in the field of farming in order to grow better and
healthier Sugarcanes.
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5.2 INDICATION AT THE RECEIVER END
Thus data from the various sensor nodes will be
displayed at the operators end in the form of FFT
format of the audio signal as shown in Fig 4. Thus the
operator can continuously observe the noise level being
collected by the various sensors and a comparator that
is set to a particular threshold level, if it detects a sound
level above this threshold level , it will immediately
give an alarm signal to turn inform the operator about
abnormal situation of the pest attack over a particular
area of the field. We have given a snapshot of the
operator’s screen monitoring the signal form various
nodes in Fig 5.
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Abstract—The periodic opening and closing of the vocal folds results in the harmonic structure in voiced speech signals.
The rate of vibration produced by the vocal cords is called a fundamental frequency (F0) or pitch. Pitch estimation has the
application areas such as speaker verification, speech coding, speech recognition, clinical assessment of disordered voices,
music, communications, text-to-speech synthesis, linguistics, gender recognition, age recognition etc. The objective of this
paper is to review some of the above applications.
Index Terms—Hearing aids, Pitch applications, speaker verification, speech encoding.

I. INTRODUCTION
II. FUNDAMENTAL FREQUENCY (F0):
Speech sounds are sensations of air pressure
vibrations produced by air exhaled from the lungs and
modulated and shaped by the vibrations of the glottal
cords and the resonance of the vocal tract as the air is
pushed out through the lips and nose. Speech is an
immensely information-rich signal which conveys
information about words, speaker identity, accent,
expression, style of speech, emotion and the state of
health of the speaker [1]. The rate of vibration
produced by the vocal cords is called a fundamental
frequency (F0) or pitch [1][2]. The pitch period
estimation is to determinate the fundamental
frequency. The various techniques of pitch estimation
are time domain techniques such as peak and valley
measurements, zero-crossings and autocorrelation.
Generally these techniques are noise sensitive.
Periodicity in the time domain results in useful
impulses in the frequency domain at the fundamental
and its harmonics. Frequency domain techniques use
short-time analysis to extract the frequency
information, these techniques are sensitive to the
length of the analysis window. In hybrid techniques
the former two techniques combined, for instance
spectral flattening together with autocorrelation.
However, this combination does not readily solve the
above mentioned weaknesses. These techniques are
affected differently by the issues such as the glottal
excitation waveform is not a perfect periodic train of
impulses implying non-stationarity even of the
excitation. Pitch vary within a speaker and can
sometimes drop or rise significantly. This may happen
for example during glottalization or at the end of a
phrase. The vocal tract transform and glottal excitation
are not independent processes, nasals being such a
case. The vocal tract transform can be assumed
stationary only for time periods of less than 30 ms.
The objective of the paper is to review the various
application areas of speech processing where pitch of
the human voice plays an important role. This paper
mainly deals with the applications such as speaker
verification, speech coding, hearing aids, music,
gender recognition, effect of age on pitch.

The periodic opening and closing of the vocal
folds results in the harmonic structure in voiced
speech signals. The inverse of this pitch period is the
fundamental frequency of speech. Pitch is the
sensation of the fundamental frequency. The pitch of
the voice is determined by four main factors. These
include the length, tension, and mass of the vocal
cords and the pressure of the forced expiration also
called the sub-glottal pressure. The pitch variations
carry most of the intonation signals associated with
prosody (rhythms of speech), speaking manner,
emotion, and accent [1][2]. The average pitch for
females is about 200 Hz whereas the average pitch for
males is about 110 Hz. Children have a high pitched
signal of 300-500 Hz.[2]
III. APPLICATIONS OF PITCH
A.
Automatic Speaker Recognition:
Automatic speaker verification (ASV) is the use of
a machine to verify a person’s claimed identity from
his voice. In automatic speaker identification (ASI),
there is no a priori identity claim, and the system
decides who the person is, what group the person is a
member of, or that the person is unknown [3][4].
Wildermoth and Paliwal in their paper [5] have
implemented Speaker Recognition application by
Pitch Information. The voice and pitch is extracted by
uniformly dividing the higher portion of the
autocorrelation function in a number of parts and
computing the maximum autocorrelation value in each
of these parts. These maximum autocorrelation values
(MACVs) are used as features for speaker recognition.
B.
Speech Coding:
The objective is to achieve savings in the required
memory storage space, transmission bandwidth and
transmission power by reducing the number of bits per
sample such that the decoded speech is perceptually
indistinguishable from the original speech. Vaseghi in
[2] gave a model-based speech coder as shown in fig.
1 where pitch estimation is one of the important stage.
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Fig. 3 Computer controlled System [8].

Only 1 solenoid was activated at any given time,
and the stimulus consisted of constant amplitude
square waves of frequency F0/2. Input to the display
was by direct electrical connection. A video-recorded
story was used for training. The percentage of words
correctly repeated under the lipreading-alone
condition rose only slightly, from around 65 percent
to around 70 percent. Under the supplemented
condition the rose to around 85 percent by the end of
training.

Fig. 1 Block diagram of a Speech Coder [2]

C.
Hearing Aids:
Hearing impaired persons lack auditory feedback
and hence they are unable to speak. In the speech of
hearing impaired persons the intonation i.e. pitch
patterns are incorrect. Hence there is a need for
training for improvement in intonation patterns [6].
Speech-training is based on either tactile feedback or
visual feedback of estimated pitch. The tactual
displays are designed to be applied to the skin and to
stimulate cutaneous receptor. Body sites to which
tactile displays have been applied include the
fingertip, hand, wrist, forearm, collarbone, thigh,
stomach, and recently the pinna. The visual displays
may include displays of some pictures, patters, or
may use games for correct and in correct intonation.
These aids help hearing impaired persons in
lipreading, to control their pitch, to learn new things
etc.
Boothroyd and Hnath in their paper [7] have
implemented tactile display application for
lipreading. As shown in Fig. 2 the multichannel
display employs an input transducer, a pitch
extractor, a pitch-period meter, and, as output
transducer, an eight- Channel solenoid array. Only
one solenoid vibrates at a time for 80 to 350Hz.
Trainer and the trainee provided input to the tactile
display from throat-mounted accelerometers. The
hand wearing solenoid array was placed in a foam
rubber tube. The number of words recognized by
each subject under each of the three lipreading
conditions, during each of the six sessions are
recorded and is found speech reading with tactile
supplements is better than without.

Willemain and Lee in their paper [9] have
implemented tactile display for pitch control. Throat
microphone detects voiced speech, its output is
amplified, low-pass filtered, and converted to a
square wave pulse train by a Schmitt trigger.

Fig. 4 Test Setup [9]

Two sets of experiments were conducted with a
total of 26 profoundly deaf 13-17 year old boys and
girls as shown in fig.4. Each spent one half hour per
week with the device over a period of up to four
weeks pitch to lower frequencies.
Park et. al. in their paper [10] have implemented
monitor display for speech training. This is an
integrated speech training system which can display
the vocal tract shapes and other speech parameters
such as intensity, fundamental frequency, nasality,
and log spectra. Fundamental frequency and nasality
were detected using vibration sensors. Wearing the
sensor attachment tools, the trainee only needs to
handle a microphone. The error correction messages
were displayed. The intensity is determined by log
energy of speech. Fundamental frequency and
nasality are detected by obtaining the vibrations of
the throat and the nose with well-designed devices.
Fig. 5 is the block diagram of monitor display.

Fig. 2 System Block Diagram [7]

Boothroyd and T. H. Chisolm [8] used a desk
version of the tactile display as shown in fig.3. The
spatial patterns were presented to the medial surface
of the left forearm, using a 16-channel array of
solenoids.

Fig. 5 Monitor Display [10]

Petersen et. al. in their paper [12] have implemented
musical ear training after cochlear implantation. Here
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the three groups matched according to age, duration
of deafness, and test results are used. Perception of
melody and rhythm is tested in a “same” or
“different” paradigm by comparing pairs of short
patterns of music. Perception of pitch is tested by a
pitch ranking test in which the subject is asked to
name which one of two notes of music is the higher.
Positron emission tomography (PET) is used as a
method to detect regional cerebral blood flow (rCBF)
in auditory brain areas with relation to music and
speech. Scan and test procedures are repeated after 3
and 6 months, respectively.

Shandilya and Rao in their paper [14] have
implemented application for polyphonic audio. The
melody of the song is typically carried in the timevarying pitch of the singing voice. The particular type
of background instrument are: percussion or nonpercussive. Percussive sounds may have strong
partials but are not strictly harmonic. Segments
containing singing voice almost always contain
purely percussive instruments in the background.
These instruments contribute to the rhythm but not to
the melody of the music. So accurate pitch-contour of
the voice in the presence of percussive sounds only is
found. Further, in the paradigm of Indian music, the
percussions belong to one of two categories:
membranous percussions coming from instruments
with struck membranes and non-membranous
percussions coming from instruments which have
solid resonators. Percussive sounds belonging to the
class of membranous percussions are characterized by
sharp increase in instantaneous energy followed by an
exponential decay. These sounds are extremely
dynamic in nature and they disturb the harmonic
structure of the singing voice when they occur. In the
frequency domain these onsets are detected by a
smearing across frequency. Percussions of these
kinds don’t pose a big problem as the effect dies
down very quickly, and pitch estimate may go wrong
for only a small fraction of the duration of the note.
The percussions of non-membranous variety leave a
trail of strong partials in some regions that decay only
slowly. This can cause the pitch estimate to go
haywire over a significant portion of the note.
Candidate pitch values are estimated by
Autocorrelation function (ACF) time-domain
methods for many filter outputs. Then summation of
all ACF gives pitch.

D.
Music:
Pitch estimation has application in music. Hsu and
Jang in their paper [13] have implemented singing
voice separation application. This method utilizes the
vibrato (periodic variation of pitch) and tremolo
(periodic variation of intensity) characteristics to
discriminate the vocal partials from the music
accompaniment partials. This technique is applied to
the singing pitch extraction. Fig. 6 shows, the
sinusoid partials are first extracted from the musical
audio signal. The vibrato and tremolo information is
then estimated for each partial. After that, the vocal
and instrument partials can be discriminated
according to a given threshold, and the instrument
partials can be therefore deleted. With the help of
instrument partials deletion, the trend of the singing
pitches can be estimated more accurately. The
normalized sub-harmonic summation (NSHS) map
which is able to enhance the harmonic components of
the spectrogram is computed, and the instrument
partials which are discriminated with lower
thresholds are deleted from NSHS map. After that,
the global trend is applied to the instrument-deleted
NSHS map. The energy at each semitone of interest
(ESI) is then computed from the trend-confined
NSHS map. Finally, the continuous raw pitches of the
singing voice are estimated by tracking the ESI
values using the dynamic programming (DP) based
pitch extraction.

Nielsen et. al. in their paper [15] have
implemented sound classification application. A
sound is classified into music, noise and speech. The
harmonic product spectrum is used for pitch
estimation and a simple probabilistic model is used
for the actual classification. The harmonic product
spectrum (HPS) is when down sampling the spectrum
the harmonics align with the fundamental frequency.
When the original spectrum is multiplied with the
down sampled spectra the HPS appears. The pitch is
estimated by taking the maximum of the HPS. The
advantage of HPS is speed and lack of noise. A
measure of pitch error is called reliability r
=epitch/eHPS. This measure gives close to zero when
there is very little pitch in the signal and close to
unity when the pitch is well defined. Features are
build on top of the two signals, p and r. A total of 28
features are found. A probabilistic model, based on
the softmax output function, is used for actual
classification.
Goto in his paper [16] has implemented musicscene-description application. Detecting melody and

Fig. 6 System Overview [13]
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bass lines in real-world audio signals containing the
sounds of various instruments is done. The
predominant-F0 estimation method called PreFEst
estimates the relative dominance of every possible F0
(represented as a probability density function of the
F0) by using MAP (maximum a posteriori
probability) estimation and considers the F0_s
temporal continuity by using multiple-agent
architecture. A description consisting of subsymbolic
representations as: Melody line represents the
temporal trajectory of the melody and Bass line
represents the temporal trajectory of the bass. This is
a continuous representation of frequency and power
transitions. The melody line has the most
predominant (strongest) harmonic structure in
middle- and high-frequency regions and the bass line
has the most predominant harmonic structure in a
low-frequency region. The melody and bass lines
tend to have temporally continuous trajectories: the
F0 is likely to continue at close to the previous F0 for
its duration.
As shown in Fig. 7, the PreFEst-front-end first
calculates instantaneous frequencies by using
multirate signal processing techniques and extracts
frequency components on the basis of an
instantaneous-frequency related measure.

structure. This estimation is carried out using MAP
estimation and the EM algorithm. Finally, in the
PreFEst-back-end, multiple agents track the temporal
trajectories of promising salient peaks in the F0_s
PDF and the output F0 is determined on the basis of
the most dominant and stable trajectory.
E.
Gender Recognition :
Rakesh et. al. in their paper [17] have implemented
gender recognition application. In finding the gender
of a speaker acoustic measures are used from both the
voice source and the vocal tract, the fundamental
frequency (F0) and the first formant frequency (F1)
respectively. Adult males exhibit lower formant
frequencies than adult females due to vocal tract
length differences [2]. Linear predictive analysis is
used to find both F0 and F1 of each speech frame.
The mean of all the frames is calculated to obtain the
values for each speaker. The distances of the
speaker’s values from the mean of each class (male
and female) were found using the Boolean, Numeric
and Comparison palletes.The least of the two
distances determines whether the speaker is male or
female.

Fig. 8 Pitch Detection with LPC Method [17]

As in Fig. 8, the method uses inverse filtering to
separate the excitation signal from the vocal tract and
uses the real cepstrum signal to detect the pitch.
F.
Age Factor on Pitch:
Marko and Bona in their paper [18] have studied
the effect of age on pitch. The effect of age on speech
in the case of two speech types such as read text and
spontaneous narratives of 7 old and 7 young females
is found. Fundamental frequency patterns and voice
characteristics were analyzed in both speech samples.
Results show that (i) the F0-values had a wider range
with older than with younger subjects in spontaneous
speech, while (ii) the F0-values had a wider range
with younger than with older subjects in reading
aloud, and (iii) the frequency of glottalization is
subject (and not age) dependent. As a person
progresses in age, the whole organism becomes older:
a fact that affects the person’s speech, too. Human
voice production, and speech production in general,
undergoes significant changes after 60 years of life.

Fig. 7 An overview of PreFEst [16]

Two bandpass filters (BPFs) are used to limits the
frequency range to middle and high regions for the
melody line and to a low region for the bass line. The
PreFEst-core then forms a probability density
function (PDF) for the F0 which represents the
relative dominance of every possible harmonic
structure. To form the F0_s PDF, it regards each set
of filtered frequency components as a weighted
mixture of all possible harmonic structure tone
models and then estimates their weights which can be
interpreted as the F0_s PDF; the maximum-weight
model corresponds to the most predominant harmonic

IV. SUMMARY
Pitch estimation has applications in many areas
that involve processing of sound: automatic speaker
recognition, speech coding, hearing aids, music,
gender recognition, age etc. In speaker verification
pitch is used to verify a person’s claimed identity
from his voice. Speech coding is used for efficient
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[9]

use of bandwidth where pitch helps in binary coding
of speech signal. In hearing aids pitch is used as
feedback to visual and tactile displays to improve
intonation. In music pitch can be used for singing
voice separation, music retrieval, auto tagging of the
songs etc. Gender can be recognized by pitch
information. Age can be recognized as adult or child
by using pitch of a person.
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ANALYSIS OF HARMONIC CONTRIBUTIONS IN RESIDENTIAL AND
INDUSTRIAL LOAD-A CASE STUDY
H.H. KULKARNI1, V.S.JAPE2 & D.G.BHARADWAJ3

Abstract-This paper presents measurement of harmonics in residential and industrial sector. readings are taken with harmonic
analyzer fluke 41b and compared with present day energy meter to find out error due to presence of nonlinear loads. the
readings are then analyzed to find out amount of energy consumed due to different harmonic components and different
relations are plotted. The results shows that current harmonics are mainly caused by non-linear loads, the energy consumed
due to only harmonics is about 2 units/day/house for residential and minimum 20 units/day/industry for small scale Industrial
consumer, which is unbilled and hence results in economical loss to consumer or energy supplying utility. In metering
technology more emphasis is given to the class of meter, it is proposed to give equal importance to restructuring of present
day energy-meter and its tariff considering harmonics.Consumer should be forced to compensate the effect of non-linearity by
using appropriate filter.
Keywords- Harmonic distortion, Energy loss, Nonlinear load, Harmonic standard, Point of common coupling

II.

I. INTRODUCTION
In first generation the Induction type energy meter,
calibrated for fundamental frequency is used to
measure energy . If such meters are used in non-linear
loading condition then energy recorded is erronous [9].
In present day these meters are replaced by static
electronic energy meters, which are comparitively
more accurate. Due to presence of harmonics, these
meters reads low energy consumed than the actual and
are in favour of consumer [4]. In today’s Indian
scenario electronic devices are extensively used in
Industrial and Residential applications, which are very
sensitive to harmonic distortion. When the load is nonlinear then, even if the applied voltage is sinusoidal,
the resultant current is distorted. Normally power
systems have low system impedance and well
regulated voltage and hence the effects of harmonics
on voltage waveform distortion is within limit as per
IEEE std.519-1992. i.e.Total VTHD < 5% .The total
current distortion is of great importance as it is
violating the limits of ITHD > 5% . In power system, the
presence of harmonics leads to excessive heating of
appliances because of increased iron losses due to
higher frequencies. It also creates pulsating torques in
motors resulting in torque reduction. In short, the life
of the equipments connected in the system is reduced
by 20-25% because of overstressing due to
harmonics[1]. Hence due care has to be taken by
manufacturers and Engineers in designing the
appliances to be connected in Residential system and
consumer should take remedial measures by using the
appropriate filters to control the harmonics[2]. In the
present paper only odd harmonics have been
considered because the even harmonics are not present
in a distorted waveform and hence omitted.

IMPORTANT TERMINOLOGIES AND
STANDARDS

In order to study the problem undertaken it is
necessary to explain the various associated terms;
Point of Common Coupling (PCC) : PCC is the
point or a node where more than one consumers are
served. Evaluations
of harmonic distortion are
usually performed at PCC. If multiple customers are
supplied from the primary of transformer PCC is
located at primary of the Transformer and if multiple
customers are served from the secondary of the
transformer the PCC is located at the secondary [6].
Standards for Harmonics: Every country has its own
standards organization, working on National and
International level. These organizations provide
guidelines and common universal criterion for
Engineers, manufacturers and research organizations
along with the recommended practices. The following
standards are commonly referred for harmonics in the
power system.
A. IEEE 5190-92 B. IEC 61000-3-2C. IEC 61000-3-4
D. IEC 61000-3-6
E. NRS 048-2
F. EN 50160
These standards restricts the consumers from polluting
the supply voltage and current at the Point of Common
Coupling (PCC) [7],[8 ].
III. EXPERIMENTAL WORK AND RESULTS
To verify the accuracy in measurements two cases
have been considered and discussed below.
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TABLE 1. RESIDENTIAL NON-LINEAR LOADING

It is to be noted that for each load 50 samples at an
interval of 10 sec are taken for each average value. Fig
1 depicts the relationship between measurements of
Electronic meter and harmonic analyzer.

Fig. 2: Calibration Curve (Residential Load)

To study the performance of Industrial load, furnace
industry is considered. Observations are taken and it is
tabulated in table 2.

Fig. 1: Energy (Kwh) Vs Load Current(IL) For Residential
Load

The difference between the actual observation by
energy meter and standard power analyser (error) is
shown graphically in Fig.2
TABLE 2. INDUSTRIAL NONLINEAR LOAD (INDUCTION FURNACE)
IL (Amp) E1(Kwh E3(Kw E5(Kwh E7(Kwh E9(Kwh EM Analyser(Kwh) ERRO %ERROR
)
h)
)
)
)
(Kwh
R
)
0.1150 17.69
10.3734 0.56241 0.0210 0.013474 0.0303
0.02526 0.65 0.765041
49.7698

0.85911

0.0932

0.007579 0.0064

0

0.85

0.954447

0.1044 12.28

50.1880

0.89286

0.3235

0.02622

0.9

0.98368

0.0836 9.29

51.3203

0.94749

0.1320

0.010526 0.0404

0.075
0

0.95

0.988976

0.0389 4.10

0.0331

Fig 3 depicts the relationship between actual
measurements by electronic energy meter and

harmonic analyser and Fig. 4 shows error comparing
both
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experimental results obtained thus leads to the
following conclusions
 It is necessary to create the awareness
regarding harmonics, causes and its ill-effects.
CFLs are being promoted as a part of energy
conservation programs without considering the
quality and type of CFL. Harmonic standards
should also be imposed on manufacturers to
get the energy conservation without hampering
the power Quality.
 The present day energymeter and tariff must
be restructured considering the effect of
harmonics to provide fare billing to
consumer,utility and also to maintain good
power quality.

Fig. 3: Energy (Kwh) Vs Load Current (IL) For Induction
Furnace.
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Fig. 4: Calibration Curve (Industrial Load) % Error Vs
Load current

It is observed that the process involved in sudden
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short duration. It results in vast variation in current
Total Harmonic Distortion i.e. 6% to 24.65%.Due to
this fundamental current waveform gets distorted to
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DISCUSSION AND CONCLUSION

The amount of energy loss due to only harmonics is
about 2 units/day/house and 20 units/day /industry.
This unbilled energy which leads to either consumer
or energy providing utility at loss. It is observed that
the Harmonic analyser reads higher as compared to
Electronic energy meter. It does not account for the
different harmonics (tabulated in table-1) where as
the power analyser takes care of all the harmonics. It
is also observed that the difference between the
observations goes on diminishing as the load
increases indicating that the harmonic power is more
pronounced at 20-30% of loading. In non-linear
Industrial applications,the energy consumed due to
only harmonics is about 35%. Fig. 4 depicts the the
percentage error against the load current and
supports the statement made above. The
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Abstract: Outage of a heavily loaded transmission line or tripping of large generating unit may lead the system toward
collapse. Under such circumstances, compared to other measures, load shedding procedure is an efficient method to make
the power system voltage stable when the system is nearly voltage collapse because of some faults occurred. This paper
introduces the concept of the continuation power flow analysis to be used for load shedding using power world
simulator.The appropriate load buses for the shedding are identified by sensitivities of voltage stability margin using P-V
curves at different buses. Then, the amount of load shedding at each bus is determined. It uses the P-V curves to find the
knee point of a certain bus. The proposed approach has been tested and examined on IEEE-14 bus test system.
Keywords: Load Shedding; Voltage Stability; PowerWorld Simulator; P-V curves.

instability phenomenon [8]. Obviously, dynamic
simulation is time-consuming and is suitable for
special cases such as transient voltage-instability
analysis. In addition, it is more difficult to incorporate
a time simulation study into an optimization model.
The second group tries to determine a minimum load
for shedding by estimating dynamic load parameters.
In this approach, results are very sensitive to dynamic
load model parameters. Finally, in the third group,
minimum load shedding is determined using optimal
power-flow equations based on a static model of the
power system. The dynamics associated with voltage
stability are often slow, and hence static approaches
may represent a good approximation. The basic idea
behind this approach is to identify a feasible solution
to the power-flow equations [9-12].

I. INTRODUCTION
As power systems become more complex and heavily
loaded, voltage stability becomes an increasing
serious problem.
Voltage problems have been a
subject of great concern during planning and
operation of power systems due to the significant
number of serious failures believed to have been
caused by this phenomenon. Voltage stability refers
to the ability of a power system to maintain steady
voltages at all buses in the system after being
subjected to a disturbance from a given initial
operating condition [1]. The present paper
concentrates on long-term voltage instability, since
this type of instability has become a major threat in
many systems. Generally, there are two ways to
provide voltage stability, which are classified as
preventive and corrective actions. In the first
approach, the security margin is estimated with
respect to credible contingencies with a reasonable
probability of occurrence, and then appropriate
preventive actions are taken by re-adjusting the most
effective controls to provide a sufficient margin when
needed. Corrective control actions, on the other hand,
are usually used for correction of security acceptable
only in the presence operating conditions violate
some constraints and no control action is available.
According to the classification of power system states
(i.e. normal, alert, emergency, extreme emergency
and restorative), load shedding would be allowed
under the emergency and extreme emergency states,
when many system variables are out of their normal
ranges, and hence the system is driven toward
collapse [5]. The load-shedding schemes proposed so
far can be classified into three categories. In the first
group, the amount of load to be shed is fixed a priori.
This scheme is similar to the under-frequency load
shedding scheme. Here, the minimum amount of load
to be shed is determined using time simulation
analysis, incorporating dynamic aspects of the

II. THE PROPOSED METHODOLOGY
Voltage instability is generally triggered by either of
two types of system disturbances: component outage
and load increase. Such disturbances increase the
reactive power demand of the transmission network.
Outage of a heavily loaded transmission line or
tripping of a large generating unit may lead the
system toward collapse. Under such circumstances,
load shedding is usually initiated after exhausting all
other countermeasures in an attempt to arrest a
voltage collapse condition. Usually, computation of a
minimum load to be shed is carried out through an
OPF framework. In this approach, the main objective
is “interruption cost minimization”, while voltage
stability refers to voltage and transfer limits.
However, such an approach cannot guarantee
sufficient margin to the collapse point. Here, we
attempt to develop a structure to cover these flaws.
The main objective is modified to consider both the
technical and economic aspects of each load. A
loading margin is used to ensure voltage stability. For
a particular operating point, the amount of additional
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load in a specific pattern of load increase that would
cause a voltage collapse is called the loading margin.
To ensure selection of the most effective loads, we
incorporate first-order sensitivity factors of the load
margin with respect to active and reactive loads into
the objective function. These factors are calculated at
the saddle node bifurcation point [14]. To ensure
voltage stability, the loading margin is considered as
a soft constraint into the model. Using this indicator,
the operator ensures that reactive power is provided
locally. The overall aim of load shedding is depicted
in Fig. 1. Suppose that the system is normally
operated at point 1. Following the occurrence of a
contingency, the P–V curve changes in such a way
that the new margin becomes unsafe, although both
voltage and transfer limits are allowable. The aim of
load shedding is to readjust the initial operating point
to provide a sufficient margin (i.e. moving back P0
(point 2) to P0−▲Pshed (point 3)).

In this situation, load shedding is triggered if the
other controls are exhausted. To identify a more
sensitive area, the sensitivity of the loading margin
with respect to active and reactive power is calculated
at each bus (∂λ/∂P).
III. SIMULATION RESULTS
The IEEE 14-bus system is used throughout this
paper. The IEEE 14-bus network topology, as well as
data for generators, loads and transmission lines, can
be found in [2]. It has 2 generators, 3 synchronous
compensators and 11 loads. This system is simulated
using Power World Simulator and loaded according
to base case [15].

Fig. 1 The load shedding scheme.

A flow chart of the proposed optimal load shedding is
shown in Fig. 2. According to this procedure, after
occurrence of a contingency, the loading margin and
its sensitivities are calculated by a continuation
power-flow method. Under such a condition, when
this margin is less than a predefined level (λmin), the
power system is voltage-unstable.

Fig. 3 Simulation diagram of the IEEE 14-bus system.

Now PV curves for bus 12 and bus 14 are plotted by
continuation power flow method such that power
factor remains constant.

Fig. 4 PV Curve for bus 12 using CPF.

Fig. 4 shows that current operating point is (84MW,
102kV) and bifurcation point is (90MW, 79kV) for
normal condition. So loading margin during normal

Fig. 2 Flow chart of the load-shedding procedure.
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condition is 6MW.
In this system a sudden
disturbance causes the outage of transmission line 9–
14. Post-Contingency curve shows that bifurcation
point is (79MW, 81kV) and current operating point
loading is more than this so it moves system towards
voltage instability.
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4

11

115.6
7
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112.3
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107.1
8

12

Fig. 5 shows that operating point is (87MW, 99kV)
and bifurcation point is (95MW, 81kV) for normal
condition. After outage of transmission line it moves
to point 2(87MW, 89kV) and bifurcation point moves
to (89MW, 76kV). So loading margin is 2MW and to
maintain the same voltage a load, Pshed(6MW) is cut
down and system moves to point 3.
Now system loading is increased to 1.4 times of the
base case to 335MW where all voltage profiles and
line flows are within the limits.
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For the voltage stability enhancement load shedding
scheme is employed as control tool. In this case three
buses are selected for load shedding which are found
out using Genetic Algorithm. The optimal amounts of
load shed for different buses are tabulated in Table 2.

Table 1 Power flow of IEEE 14-bus system during
Normal Conditions
Volta
ge(kV
)
138.0
0
132.9
4

30

Table 1 shows that all parameters like voltage profile
and line flows are within specified limit. From PV
curve loading margin can be found out i.e. maximum
load at a bus which can be added without voltage
collapse. If loading crosses saddle node bifurcation
point, system moves towards instability. In this
loading condition a sudden disturbance causes the
outage of transmission line between buses 9 and 14. It
results in unstable case where voltage profile on
buses 6, 11, 12, 13 and 14 are below specified limits
as shown in Table 4.3. If no control action is taken
voltage collapse on buses 12, 13 and 14 is inevitable.
Table 2 Load Shedding for IEEE 14-bus system
Bus
Amount of load shedding(MW)
No
11
10

Fig. 5 PV Curve for bus 14 using CPF.

Bu
s
No
.

29.7
2
31.4
4
34.2
8
37.9
2
37.6
38.2
7

Table 3 Voltage Comparison for IEEE 14-bus system
Bus Voltage(kV)
Voltage(kV) Voltage(kV)
No
PrePostAfter load
contingency
contingency
Shedding

1

2

2

11

7

2
3
4
0

100

0

52.4

5
6
7
8
9
10

138.0
132.94
131.59

138.0
130.643
128.094

138.0
131.987
133.173

124.07
124.44
123.85
125.24
138.0
119.27
117.24

119.391
118.171
101.15
122.211
138.0
114.917
108.995

126.193
125.569
118.493
127.932
138.001
120.209
112.765
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11
12
13
14

115.67
128.94
112.35
107.18

99.318
78.169
78.044
50.79

115.007
100.233
101.602
80.063
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Table 3 shows voltage profiles of all buses for
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Abstract — This paper investigates a portable systems for remote monitoring of cardiac activity. In this paper we present a
low cost, handheld device with wireless transmission for real time ECG acquisition, archiving and visualization both in a
mobile phone and a PC. With the recent advance in technology, we create small sized wireless ECG system capable of
transmitting ECG signal via Bluetooth technology to laptop.
Keywords— Wireless, ECG, Bluetooth, Zigbee

the remote hospital central by mobile wireless
communication device. An Electrocardiogram (ECG)
Monitor which ideally has 12 cables connected to a
patient could potentially be implemented as a
wireless system. An ECG reading is proven
worldwide to be the most accurate data used to
determine a patient’s heart condition.
The use of wireless communication between
mobile users has become increasingly popular due to
the advancements in computer and wireless
technologies. Implementation of wireless technology
in the existing ECG monitoring system eliminates the
physical constraints imposed by hard-wired link and
allows users to conduct own check up at anytime
anywhere. The usage of mobile phone has been
recognized as a possible tool for telemedicine since it
has become a commercially available household
article.The availability of new low power, highly
flexible wireless protocols paved the way for many
innovative applications in telemedicine.

I. INTRODUCTION
Telemedicine can make available the benefits
of new technologies, especially information and
communications, in providing medical care. Mobile
telemedicine systems are becoming more important
all the time, especially in the care of patients that are
isolated or travelling, far from a reference hospital.
These systems must be embedded in low cost, small
devices with a low power consumption, and should
have an interface that is usable by the patient.
Incorporating
technologies
such
as
Bluetooth, GPRS, GSM or Wi-Fi to these systems
allows the wireless transmission to health or control
centers. Advantages of this are a low cost, portable
system with wireless transmission capabilities for the
acquisition, processing, storing and visualization in
real time of the electrical activity of the heart to a
mobile phone, a PC. The aim of this technology is to
reduce the number of cables and wires which may be
tedious and often even hazardous.
Heart disease is the main cause of early
disability and premature death in western countries
and its incidence increases with age. Most of the
cardiac deaths occur outside of the hospital and new
strategies are needed to reduce the time before
treatment and to detect as early as possible the onset
of cardiac events. The ECG is the only useful
diagnostic tool that is immediately available to assess
the probability of cardiac events. Therefore many
studies have been focused in the design of a highly
intelligent, extremely friendly and easy to use,
personal portable device for the early detection and
interpretation of ECG
Wireless technology [1] has been replacing
cables and allowing increased patient mobility for
decades through ambulatory patient monitors.
Portable patient monitors, infusion pumps, surgical
foot switches, and dozens of other medical devices
currently use wireless connectivity to maintain a
connection to monitoring systems. The wireless
mobile healthcare system is a kind of flexible system
that permits users real-time monitor the important
biological signals and transmits the analysis results to

II. LITERATURE SURVEY
There are numerous wireless communications
protocols on the market for which an application such
as ECG monitoring can be used. Table 1.1 [9] shows
a comparison of several Wireless protocols available.

Table 1.1: Comparison of existing Wireless
Protocols
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(ii)Micromedical
Micromedical [7] has also attempted to implement a
wireless ECG monitor where a three-node system (as
a single device) takes the ECG reading and is capable
of connecting to a mobile phone. The ECG wave is
then transmitted to the treating Doctor. Although this
implementation is not ideal for hospital situations, it
can be used as general checkups for patients in
remote locations.
(iii)FM Based ECG system
Another ECG system encountered is where several
nodes are connected as a system (placed on the
patients chest) to calculate the patients ECG and
relays this through the tissue of the body (using FM
modulation) to a transmitter located on the patients
wrist and is transmitted to a base station. Figure 1.2
illustrates this concept.

As it can be seen, the table presents technologies
where the throughput is high. However, in an attempt
to make the electrode nodes wireless, this is not the
only consideration. It is also noted, that the protocols
presented above consume a considerable amount of
power.
Bluetooth
The Bluetooth [3] protocol enables short range, lowcost and low power wireless communications
between Bluetooth devices. Designed primarily as a
cable replace technology, it enables ad-hoc wireless
networking, which allows formation of a network
without base stations. The Bluetooth radio uses a
low-powered transceiver that supports digital wireless
communications at the 2.4GHz ISM band allowing
data rates of 721kbps.
Zigbee
Zigbee [9] is a recently developed two-way wireless
communications protocol designed to meet very low
power consumption and low cost requirements. The
Zigbee protocol operates in the three different
frequency bands (2.GHz, 915MHz USA ISM band
and 868MHz -Europe), which employs DSSS for
transmission and reception of data.
Existing Wireless ECG Systems
There have been numerous attempts to develop a
wireless ECG monitoring system where the patient
being examined is to be free of wires. The first
implementation encountered during research used a
completely different idea for a wireless ECG monitor.
The following methods use a slightly different
implementation in that electrodes are physically
connected together, and then an ECG signal is
calculated. This processed data is transmitted
wirelessly from the patient to a mobile base station.
The final implementation uses Bluetooth technology.

Figure 1.2: FM based ECG

This implementation obtains extremely low power
consumption due to the method used for signal
transmission; however it suffers from the method of
producing the ECG wave before transmission.
(iv)Bluetooth based Solution
This system expands on a previously developed
Internet based database which collects ECG data
from patients. The Bluetooth communications
protocol is used in the system to send the digitised
ECG data to a WEB server via GSM phone modem
(v)BlueNurse
In this, Bluetooth wireless communications protocol
is used to send an ECG signal from the patient to
mobile station (laptop). The architecture used for this
implementation involved using conventional ECG
signal acquisition circuitry (ECG system which
measures and filters an ECG signal with analogue
circuitry before A/D converting). Also, the node
meant for transmitting the ECG signal consisted of
three electrodes [8] all of which returned to this node.
Still the system was unable to show an ECG reading
of a patient wirelessly. That is, the Bluetooth wireless
link was functional , however the ECG application
was not interfaced to the communications link.

(i)Heart monitoring of clothed Person
The first implementation encountered uses a
completely wireless system where a heartbeat sensor
was devised that works without electrical connections
to the patient.

Figure1.2: Monitoring the heart of a fully clothed person
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Abstract— CDMA consistently provides better capacity for voice and data communications than other commercial mobile
technologies, allowing more subscribers to connect at any given time, and it is the common platform on which 3G
technologies are built. CDMA has certain limitations like limited data rate bit error, SNR etc. whereas for future wireless
networks these requirement to be overcome.OFDM is leading member to fulfil these requirements. OFDM is one of many
multicarrier modulation techniques, which provides high spectral efficiency, low implementation complexity, less
vulnerability to echoes, high tolerance to multipath spread and non-linear distortion. Due to these advantages of the OFDM
system is vastly used in various communication systems like DAB, DVB, WLAN, and WiMAX. A new form of
broadcasting called Digital Radio Mondale for the long medium and short wave bands is being launched and this has also
adopted COFDM. The OFDM is being proposed as the modulation technique for fourth generation cellular network.In this
paper we have investigated efficiency, reliability and feasibility of OFDM as compared to existing technologies. Simulations
are carried out using computer simulation performed using MATLAB
Keywords— OFDM, CDMA, Wireless network, BER,Digital communication

Standards

I. INTRODUCTION
In the recent years, the well-known multi carrier
transmission technique (OFDM) has not only been
applied to broadcast systems like digital terrestrial
television and radio(DVB,DAB), but has also been
discussed for use in mobile communications. Since
the performance of a multi-user system highly
depends on a suitable multiple access technique, the
question arises as to concepts for an efficient multiple
access scheme specific for the OFDM transmission
technique.
For single carrier systems, a variety of techniques
is known, such as the conflict-free access methods
FDMA,TDMA and CDMA. In this paper, different
multiple access scheme are described and compared
the multi-carrier system techniques namely CDMA
and OFDM. Simulation results with respect to Bit
Error Rate(BER), Peak Power Clipping and Signal to
Noise ratio.The principles of the different multiple
access schemes are outlined with its applications in
different generations of digital communication
networks.
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CDMA basically employs spread technology
&analog to digital converter process. Hence every
channel uses the full available spectrum unlike in
case of TDMA & FDMA.
CDMA employs analog-to-digital conversion (ADC)
in combination with spread spectrum technology.
Audio input is first digitized into binary elements.
The frequency of the transmitted signal is then made
to vary according to a defined pattern (code), so it can
be intercepted only by a receiver whose frequency
response is programmed with the same code, so it
follows exactly along with the transmitter frequency.
There are trillions of possible frequency-sequencing
codes, which enhances privacy and makes cloning
difficult.
CDMA (Code-Division Multiple Access) refers to
any of several protocols used in so-called secondgeneration (2G) and third-generation (3G) wireless
communications. As the term implies, CDMA is a
form of multiplexing, which allows numerous signals
to occupy a single transmission channel, optimizing
the use of available bandwidth. The technology is
used in ultra-high-frequency (UHF) cellular
telephone systems in the 800-MHz and 1.9-GHz
bands.
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2.5G ("second and a half generation") is used to
describe 2G-systems that have implemented a packetswitched domain in addition to the circuit-switched
domain. It does not necessarily provide faster services
because bundling of timeslots is used for circuitswitched data services (HSCSD) as well. The first
major step in the evolution of GSM networks to 3G
occurred with the introduction of General Packet
Radio Service (GPRS). CDMA2000 networks
similarly evolved through the introduction of 1xRTT.
The combination of these capabilities came to be
known as 2.5G. GPRS could provide data rates from
56 kbit/s up to115 kbit/s.

symbol rate is low which means that the signal has
high tolerance to multi path delay spread reducing the
possibility of inter symbol interference (ISI)which is
the requirement for today’s communication systems.

W-CDMA (Wideband Code Division Multiple
Access),UMTS-FDD,UTRA-FDD,
or
IMT-200
CDMA Direct Spread is an air interface standard
found in 3G mobile telecommunications networks.
W-CDMA transmits on a pair of 5 MHz-wide radio
channels, while CDMA2000 transmits on one or
several pairs of 1.25 MHz radio channels. Though WCDMA does use a direct sequence CDMA
transmission technique like CDMA2000, W-CDMA
is not simply a wideband version of CDMA2000. The
W-CDMA system is a new design by NTT DoCoMo,
and it differs in many aspects from CDMA2000.
From an engineering point of view, W-CDMA
provides a different balance of trade-offs between
cost, capacity, performance, and density.

Fig.1 The next Generation Mobile Communication Systems
Features

III. COMPARISON OF CDMA AND OFDM

Simulation results of OFDMand CDMA
The simulation results presented here show the
overall Symbol Error Rate (SER) rather than the Bit
Error Rate (BER) as indicated on the graph results
and discussions. For BPSK the SER equals the BER,
however for QPSK the BER will be approximately
half the SER. This is because two bits of information
are transferred for each QPSK symbol and typically
only single bit errors occur when suitable mapping is
used (gray coding) and the noise level is low. This

b. Orthogonal Frequency Division Multiplexing
OFDM is basically combination of Modulation &
multiplexing that encodes data onto a radio frequency
signal. Here modulation refers to the mapping of the
information on changes in the carrier phase,
frequency or amplitude or combination &
multiplexing is method of sharing a bandwidth with
other independent data channels. OFDM is a special
case of Frequency Division Multiplexing Scheme
utilized as digital multi-carrier modulation method.
OFDM is a method of encoding digital data on
multiple carrier frequencies. OFDM has developed
into a popular scheme for wideband digital
communication, whether wireless or over copper
wires, used in applications such as digital television
and audio broadcasting, DSL broadband internet
access, wireless networks, and 4G mobile
communications.

approximation is valid for a SER below
approximately 1x10-2. For 16PSK the same
argument applies, thus the true BER is
approximately one quarter the SER). The
parameters and values used in simulation of OFDM
are given below table
Parameter
Carrier Modulation Used
FFT Size
Number of carrier used
Guard Time
Guard Period Type

The OFDM is the modulation scheme having multi
carrier transmission techniques here the available
spectrum is divided into many carriers each one being
modulated at a low rate data stream. The spacing
between the carriers is closer and the carriers are
orthogonal to one another preventing interferences
between the closely spaced carriers hence OFDM can
be thought of as a combination of modulation and
multiplexing techniques, each carrier in a OFDM
signal has very narrow bandwidth so the resulting

Value
DBPSK,
DQPSK,
D16PSK
2048
800
512 samples(25%)
Half zero signal, half
a cyclic extension of
the symbol

a. Multipath Delay Spread Immunity
It can be seen from Figure 2 that the BER is very low
for a delay spread of less than approximately 256
samples. In a practical system (i.e. one with a 1.25
MHz bandwidth) this delay spread would correspond
to ~80 m sec. This delay spread would be for a
reflection with 24 km extra path length. It is very
unlikely that any reflection, which has travelled an
extra 24 km, would only be attenuated by 3 dB as
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used in the simulation, thus these results show
extreme multipath conditions.

Fig. 2 Delay Spread tolerance of OFDM

Fig. 4 Peak Power Clipping of OFDM

Below figure shows the effect of delay spread on the
reverse link of a CDMA system. It can be seen that
the BER is essential flat for delay spreads of greater
than one chip time (0.8msec), which is to be expected
as the reflected signal becomes uncorrelated.

If a transmission technique is tolerant to peak power
clipping, then it allows the signal to be clipped. This
clipping of the signal reduces the peak to RMS signal
power ratio thus allowing the signal power to be
increased for the same sized transmitter. Figure 37
shows the effect of peak power clipping on both the
reverse and forward links for CDMA.

Fig. 5 Peak Power Clipping of CDMA
Fig. 3 Delay Spread tolerance of CDMA

b. Gaussian Noise Tolerance of OFDM
It was found that the SNR performance of OFDM is
similar to a standard single carrier digital
transmission. The bit error rate BER gets rapidly
worse as the SNR drops below 6 dB. However, using
BPSK allows the BER to be improved in a noisy
channel, at the expense of transmission data capacity.
Using BPSK the OFDM transmission can tolerate a
SNR of >6-8 dB. In a low noise link, using 16PSK
can increase the capacity. If the SNR is >25 dB
16PSK can be used, doubling the data capacity
compared with QPSK.

a. Peak Power Clipping
It was found that the transmitted OFDM signal
could be heavily clipped with little effect on the
received BER. In fact, the signal could the
clipped by up to 9 dB without a significant
increase in the BER. This means that the signal is
highly resistant to clipping distortionscaused by
the power amplifier used in transmitting the
signal. It also means that the signal can be
purposely clipped by up to 6 dB so that the peak
to RMS ratio can be reduced allowing an
increased transmitted power.

International Conference on Electrical and Electronics Engineering 27th Jan 2013, Goa, ISBN: 978-93-82208-58-7
64

A Comparative Approach to Evaluate Performance Parameters of OFDM and CDMA

are uncorrelated with each other as each user uses a
unique pseudo random sequence code, resulting in the
signal appearing a noise to other users.

IV. CONCLUSION:
Figure6 Signal to Noise Ratio of OFDM

In wireless communication, OFDM has large number
of area which is still need undiscovered. In present
paper we show the combining OFDM with CDMA, it
has been synergistic effect, such as enhancement
of robustness against frequency selective fading and
high scalability in possible data transmission
rate. MIMO technology holds the potential to
drastically improve the spectral efficiency and link
reliability in future wireless networks while the OFDM
transmission scheme turns the frequency-selective
channel into a set of parallel flat fading channels,
which is an attractive way of coping with InterSymbol-Interference. The combination of MIMO and
OFDM has been designed to improve the data rate and
the QoS of the wireless system (ISI).Discrete Wavelet
Transform (DWT)-OFDM may use for best achievable
BER.
While concludingmy paper I can say the
present challenges of
wireless
communication,
OFDM serve the solution

In CDMA technique, the BER of each of the lines (10
user, 20 users and 30 users) approaches
approximately the same BER at a SNR of 0 dB. At
0dB the effect noise of the channel is the same as
adding an additional 64 users to the cell, thus the
difference between 10, 20 and 30 users becomes
insignificant. The BER is very bad for more than 10
users regardless of thechannel SNR, thus making 20
or 30 users unusable. However, for 10 users the BER
becomes greater the 0.01 at approximately a SNR of
14 dB, which is the maximum BER that can be
normally tolerated for voice communications.
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Fig.7 Signal to Noise Ratio of CDMA

The reverse links of a CDMA system, from the
mobiles to the base station, use non-orthogonal codes,
which are pseudo random noise codes (PN codes).
This leads to the signals from each user interfering
with each other. The signals transmitted by each user
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Abstract- The hybrid system composed of a Photovoltaic (PV) array and a Proton exchange membrane fuel cell (PEMFC) is
considered. Two operation modes, the unit-power control (UPC) mode and the feeder-flow control (FFC) mode, can be
applied to the hybrid system. Renewable energy is currently widely used. One of these resources is solar energy. The
photovoltaic (PV) array normally uses a maximum power point tracking (MPPT) technique to continuously deliver the
highest power to the load when there are variations in irradiation and temperature. In order to overcome these inherent
drawbacks, alternative sources, such as PEMFC, should be installed in the hybrid system. By changing the FC output power,
the hybrid source output becomes controllable. Therefore, the reference value of the hybrid source output must be
determined. The proposed operating strategy with a flexible operation mode change always operates the PV array at
maximum output power and the PEMFC in its high efficiency performance band, thus improving the performance of system
operation, enhancing system stability, and decreasing the number of operating mode changes. A simulation software known
as MATLAB SIMULINK has been used to simulate the system performance.
Index Terms- Distributed generation, fuel cell, hybrid system, microgrid, photovoltaic, power management.

I.INTRODUCTION

II. SYSTEM DESCRIPTION

The photovoltaic (PV) array normally uses a
maximum power point tracking (MPPT) technique to
continuously deliver the highest power to the load
when there are variations in irradiation and
temperature. Renewable energy is currently widely
used. One of these resources is solar energy. The
disadvantage of PV energy is that the PV output
power depends on weather conditions and cell
temperature, making it an uncontrollable source.
Furthermore, it is not available during the night. The
hybrid system can either be connected to the main
grid or work autonomously with respect to the gridconnected mode or islanded mode, respectively. In
the grid-connected mode, the hybrid source is
connected to the main grid at the point of common
coupling (PCC) to deliver power to the load. When
load demand changes, the power supplied by the
main grid and hybrid system must be properly
changed. The power delivered from the main grid and
PV array as well as PEMFC must be coordinated to
meet load demand. The hybrid source has two control
modes: 1) unit-power control (UPC) mode and
feeder-flow control (FFC) mode. In the UPC mode,
variations of load demand are compensated by the
main grid because the hybrid source output is
regulated to reference power.
The present operating strategy is to coordinate the
two control modes and determine the reference values
of the UPC mode and FFC mode so that all
constraints are satisfied. This operating strategy will
minimize the number of operating mode changes,
improve performance of the system operation, and
enhance system stability.

A. Structure of Grid-Connected Hybrid Power System
The system consists of a PV-FC hybrid source with
the
main grid connecting to loads at the PCC as shown in
Fig. 1.The photovoltaic [3], [4] and the PEMFC [5],
[6] are modeled as nonlinear voltage sources. These
sources are connected to dc–dc converters which are
coupled at the dc side of a dc/ac inverter. The dc/dc
connected to the PV array works as an MPPT
controller. Many MPPT algorithms have been
proposed
in the literature, such as incremental conductance
INC), constant voltage (CV), and perturbation and
observation (P&O). The P&O method has been
widely used because of its simple feedback structure
and fewer measured parameters [7]. The P&O
algorithm with power feedback control [8]–[10] is
shown in Fig. 2.
The maximum power point can be achieved by
changing the reference voltage by the amount of
∆Vref.
.
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The overall ohmic voltage drop Vohm can be
expressed as

The ohmic resistance Rohm of PEMFC consists of
the resistance of the polymer membrane and
electrodes, and the resistances of the electrodes. The
concentration voltage drop Vconc is expressed as

D. MPPT Control
Many MPPT algorithms have been proposed in the
literature, such as incremental conductance (INC),
constant voltage (CV), and perturbation and
observation (P&O). The two algorithms often used to
achieve maximum power point tracking are the P&O
and INC methods. The INC method offers good
performance under rapidly changing atmospheric
conditions. However, four sensors are required to
perform the computations. If the sensors require more
conversion time, then the MPPT process will take
longer to track the maximum power point. During
tracking time, the PV output is less than its maximum
power.
This means that the longer the conversion time is, the
larger amount of power loss [7] will be. On the
contrary, if the execution speed of the P&O method
increases, then the system loss will decrease.
Moreover, this method only requires two sensors,
which results in a reduction of hardware requirements
and cost. Therefore, the P&O method is used to
control the MPPT process. In order to achieve
maximum power, two different applied control
methods that are often chosen are voltage-feedback
control and power-feedback control [8], [9]. Voltagefeedback control uses the solar-array terminal voltage
to control and keep the
array operating near its maximum power point by
regulating the array’s voltage and matching the
voltage of the array to a desired voltage. The
drawback of the voltage-feedback control is its
neglect of the effect of irradiation and cell
temperature. Therefore, the power-feedback control is
used to achieve maximum power.
The P&O MPPT algorithm with a power-feedback
control [9], [10] is shown in Fig. 2. As PV voltage
and current are determined, the power is calculated.
At the maximum power point, the derivative is equal
to zero. The maximum power point can be achieved
by changing the reference voltage by the amount of
∆Vref.
In order to implement the MPPT algorithm, a buckboost dc/dc converter is used as depicted in Fig. 3.
The parameters and in the buck-boost converter must
satisfy the following conditions [11]:

B. PV Array Model
The mathematical model [3], [4] can be expressed as

Equation (1) shows that the output characteristic of a
solar cell is nonlinear and vitally affected by solar
radiation, temperature, and load condition.

C. PEMFC Model
The PEMFC steady-state feature of a PEMFC source
is assessed by means of a polarization curve, which
shows the nonlinear relationship between the voltage
and current density. The PEMFC output voltage is as
follows [5]:

where EN is the “thermodynamic potential” of Nerst,
which represents the reversible (or open-circuit)
voltage of the fuel cell. Activation voltage drop Vact
is given in the Tafel equation as

where a,b are the constant terms in the Tafel equation
(in volts per Kelvin)
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The buck-boost converter consists of one switching
device (GTO) that enables it to turn on and off
depending on the applied gate signal D. The gate
signal for the GTO can be obtained by comparing the
saw tooth waveform with the control voltage [7]. The
change of the reference voltage ∆Vref obtained by
MPPT algorithm becomes the input of the pulse
width modulation (PWM). The PWM generates a
gate signal to control the buck-boost converter and,
thus, maximum power is tracked and delivered to the
ac side via a dc/ac inverter.

output power and the constraints are fulfilled. Once
the constraints (PFClow,PFCup and PFmax ) are known,
the control mode of the hybrid source (UPC mode
and FFC mode) depends on load variations and the
PV output. The control mode is decided by the
algorithm shown in Fig. 7, Subsection B. In the UPC
mode, the reference output power of the hybrid
source depends on the PV output and the constraints
of the FC output. The algorithm determining is
presented in Subsection A.
A.Operating Strategy for the Hybrid System in the
UPC Mode
In this subsection, the presented algorithm determines
the hybrid source works in the UPC mode. This
algorithm allows the PV to work at its maximum
power point, and the FC to work within its high
efficiency band. In the UPC mode, the hybrid source
regulates the output to the reference value. Then

III . CONTROL OF THE HYBRID SYSTEM
The control modes in the microgrid include unit
power control, feeder flow control, and mixed control
mode. The two control modes were first proposed by
Lasserter [12]. In the UPC mode, the DGs (the hybrid
source in this system) regulate the voltage magnitude
at the connection point and the power that source is
injecting. In this mode if a load increases anywhere in
the microgrid, the extra power comes from the grid,
since the hybrid source regulates to a constant power.
In the FFC mode, the DGs regulate the voltage
magnitude at the connection point and the power that
is flowing in the feeder at connection point Pfeeder.
With this control mode, extra load demands are
picked up by the DGs, which maintain a constant load
from the utility viewpoint. In the mixed control mode,
the same DG could control either its output power or
the feeder flow power. In other words, the mixed
control mode is a coordination of the UPC mode and
the FFC mode.
Both of these concepts were considered in [13]–[16].
In this paper, a coordination of the UPC mode and the
FFC mode was investigated to determine when each
of the two control modes was applied and to
determine a reference value for each mode.
Moreover, in the hybrid system, the PV and PEMFC
sources have their constraints. Therefore, the
reference power must be
set at an appropriate value so that the constraints of
these sources are satisfied. The proposed operation
strategy presented in the next section is also based on
the minimization of mode change. This proposed
operating strategy will be able to improve
performance
of the system’s operation and enhance system
stability.

Equation (11) shows that the variations of the PV
output will be compensated for by the FC power and,
thus, the total power will be regulated to the reference
value. However, the FC output must satisfy its
constraints and, hence, must set at an appropriate
value. Fig. 4 shows the operation strategy of the
hybrid source in UPC mode to determine. The
algorithm includes two areas: Area 1 and Area 2. In
Area 1, is less than, and then the reference power is
set at where

B. Overall Operating Strategy for the GridConnected Hybrid system
It is well known that in the microgrid, each DG as
well as the hybrid source has two control modes: 1)
the UPC mode and 2) the FFC mode. In the
aforementioned subsection, a method to determine in
the UPC mode is proposed. In this subsection, an
operating strategy is presented to coordinate the two
control modes. The purpose of the algorithm is to
decide when each control
mode is applied and to determine the reference value
of the feeder flow when the FFC mode is used. This
operating strategy must enable the PV to work at its
maximum power point, FC output, and feeder flow to
satisfy their constraints. If the hybrid source works in
the UPC mode, the hybrid output is regulated to a
reference value and the variations in load are matched
by feeder power. With the reference power proposed
in Subsection A, the constraints of FC and PV are
always satisfied. Therefore, only the constraint of
feeder flow is considered. On the other hand, when
the hybrid works in the FFC mode, the feeder flow is
controlled to a reference value

IV. OPERATING STRATEGY OF THE HYBRID
SYSTEM
As mentioned before, the purpose of the operating
algorithm is to determine the control mode of the
hybrid source and the reference value for each control
mode so that the PV is able to work at maximum
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the load is lower than, the redundant power will be
transmitted to the main grid. Otherwise, the main grid
will send power to the load side to match load
demand. When load increases, the feeder flow will
increase correspondingly. If feeder flow increases to
its maximum , then the feeder flow cannot meet load
demand if the load keeps increasing. In order to
compensate for the load demand, the control mode
must be changed to FFC with respect to Area II.
Thus, the boundary between Area I and Area II is

When the mode changes to FFC, the feeder flow
reference must be determined. In order for the system
operation to be seamless, the feeder flow should be
unchanged during control mode transition.
Accordingly, when the feeder flow reference is set at
, then we have

In the FFC area, the variation in load is matched by
the hybrid source. In other words, the changes in load
and PV output are compensated for by PEMFC
power. If the FC output increases to its upper limit
and the load is higher than the total generating power,
then load shedding will occur. The limit that load
shedding will be reached is

Equation shows that is minimal when PV output is
at 0 kW. Then

V. SIMULATION RESULT AND DISCUSSION
Simulation Block without hysteresis:

and, thus, the hybrid source will compensate for the
load variations. In this case, all constraints must be
considered in the operating algorithm. Based on those
analyses, the operating strategy of the system is
proposed as demonstrated in Fig. 7. The operation
algorithm in Fig. 7 involves two areas (Area I and
Area II) and the control mode depends on the load
power.
If load is in Area I, the UPC mode is selected.
Otherwise, the FFC mode is applied with respect to
Area II. In the UPC area, the hybrid source output.If
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RESULTS:
Operating strategy of the hybrid source without
hysteresis

Operating strategy of the hybrid source with
hysteresis

Simulation Block with hysteresis

PMS_REF without hysteresis

PMS_REF with hysteresis
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always operates at maximum output power, PEMFC
operates within the high-efficiency range and feeder
power flow is always less than its maximum value.
The change of the operating mode depends on the
current load demand, PV output and the constraints of
PEMFC and feeder power.
With the proposed operating algorithm, the
system works flexibly, exploiting maximum solar
energy; PEMFC works within a high-efficiency band
and, hence, improves the performance of the system’s
operation. The system can maximize the generated
power when load is heavy and minimizes the load
shedding area. When load is light, the UPC mode is
selected and, thus, the hybrid source works more
stably.
It can improve the performance of the system’s
operation; the system works more stably while
maximizing the PV output power.

X-axis:TIME
Y-axis:POWER
PMS without hysteresis
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Abstract: - In this article we present a design of micro strip antenna for DUAL BAND operations in wireless
communications systems. Here the ground and patch of MSA are modified.The proposed MSA design includes a U-shape
ground plane on FR4 substrate and to achieve multiband operation the patch is modified with E-Shape. Thus Compact
DUAL BAND Omni-directional MSA is simulated by using the ‘Ansoft HFSS’and then the results such as Sparameter,VSWRand return loss are obtained. The proposed MSA with dual frequencies 2.4GHz and 5.1GHz can be used
for WLAN.

I. INTRODUCTION:

A feed micro-strip line is matched in both sides
using λ/4 transformers. Here the dimensions of
proposed MSA are Wf = 2.8 mm,Wm = 1.7 mm,
Wp1 = 2 mm, Wp2 = 15 mm, Ws = 1 mm, Ws1 = 4
mm, Ws2 = 2 mm, Lf = 5 mm, Lm = 22 mm, Lp1
=7.2 mm, Lp2 = 6.6 mm, Ls = 0.5 mm, Ls1 = 2.2
mm, Ls2 = 4.7mm, Lstrip = 6 mm, Lstrip1 = 1.5 mm,
Lstrip2 = 4 mm, Wstrip = 1 mm, Wstrip1 = 4 mm,
Wstrip2 = 2 mm, For the ground Wg = 15 mm, Wg1
= 3 mm, Wg2 = 4.5 mm, Lg = 13.1 mm, Lg1 = 11.9
mm, Lg2 = 0.5 mm,.

G. A. Deschamps first proposed the concept of the
Micro-strip Antenna (MSA) in 1953. The Micro-strip
Antenna is also call as ‘Printed Antenna’. However,
practical antennas were developed by Munson and
Howell in the 1970s.Multiband operations inwireless
communicationssystems have developed rapidly[1].
Various antennas with multibandfunctionality,
including inverted-F antennas, monopoleantennas,
planar antennas and slot antennas, have
beendescribed. [1]–[7].
Printed antennas can be operated at multiple
frequency bands. MSA can support dual-band
operation in the wireless local area network (WLAN)
communication systems [1]–[3]. The printed antennas
proposed in this paper have a simple configuration
and this proposed MSA with dual frequencies
2.4GHz & 5.1GHz can be used for WLAN.The rest
of the paper is organized as; in part II we discuss
design of MSA, part III gives the results and
discussions& part IV gives Hardware design & its
results.

Fig.1 Top View MSA

Fig.2 shows the U-shape Wu = 2.3 mm.Wu1 = 1.7
mm, Lu = 6 mm, Lu1 = 8 mm and T = 5 mm, which
is simulation, using Ansoft HFSS simulation
electromagnetic software, the dimensions of the
antennas are determined and then verified. The
designs with U-shaped are investigated.

II. DESIGN OF MSA
The printed monopole antennas have been studied by
many researchers due to their amazing characteristics
such as wide impedance bandwidth, compact size and
stable radiation properties [2]. Including all these
properties we want to obtain Dual band operation
which is our aim.
The geometry of the proposed MSA is shown in Fig.1
below. Thesimulation is done using the Ansoft HFSS
(Ansoft High Frequency Structure Simulator)
electromagnetic waves simulating Software.On a 1.5mm-thick FR4 substrate with a relative permittivity
of 4.4 and dimensions 45 × 15 mm², the antenna is
printed. Thus MSA design includes a U-shape ground
plane on FR4 substrate & modifying the patch with
E-Shape.

Fig2.Bottom View of MSA
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Higher frequency fc2=6.6GHz with return loss= 14dB.
Central frequency for Higher band fc2 = 6.6GHz.
The % BW for higher frequency band = 33%
And central frequency for lower frequency band;
fc1=m1=1.8GHz .
The % BW for lower frequency band = 18%
As percentage bandwidth is greater than 25% for
higher frequency band, then the frequency band is
called as Ultra Wide Band.

III. RESULTS AND DISCUSSIONS
Simulation of MSA uing Ansoft HFSS, the Air Box
used in simulation for FAR FIELD Operation, as
shown in Fig3.

The VSWR plot is as shown in Fig.5 below.The
VSWR must be in between 2:1, i.e. it must be less
than 2 , here we observed the minimum “value of
VSWR= 1.3” at central frequency “ fc1 = 1.81GHz ",
which will be achievement in MSA design. Minimum
value of VSWR= 1.3 is our achievement.
.
Fig3. Top View of MSA with AIR BOX

As for far field operation the Height is equal to
H= 2D2/ λ. Thus the H is selecting as:H = 0.75 λ or
H= 1λ Where,H=Height of Air Box,D=Distantce of
Patch elementandλ=Wavelangth. The obtained graph
for S-parameter is shown in Fig4.

Fig 5. VSWR of MSA using HFSS S/W

The three dimentional radiation pattern is shown
below. Fig. 6
Fig.4. S-Parameters of MSA using HFSS S/W.

The S-parameters are obtained as given below in
fig.4.The values of Frequency at various points i.e.
m1, m2, m3, m4, m5, m6 and respective Return loss
are shown in table1.
Table1.Values of Frequency and Return loss for
S-Parameter plot.
Frequency
Points on
Graph
m1
m2
m3
m4
m5
m6

X
(Frequency
GHz)
1.8100
5.5300
4.4050
6.8350
1.6750
2.0500

Y (Return
Loss in dB)
-16.5800
-14.6453
-10.0937
-9.9864
-9.5152
-9.8219

Fig.6 Omni-directional Radiation Pattern of MSA

For antenna, the patch is modified by inserting Eshape
and ground is modified by inserting the U-shape.
Various parameters i.e. design specifications of
the
proposed
MSA which are obtained by simulation
.
and calculations are as given in Table2.

Lower frequency fc1=1.81GHz with return loss= 16dB
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Table.2 Parametersof the proposed MSA obtained
by simulation
MSA’s Parameters
Specifications
Gain
0dB TO 3dB
Centre Frequency(fc) Lower
fc=2.4GHz
and High fc = 5.5GHz
Impedance
BW1=0.46GHz
&
Bandwidth
BW2=2.46 GHz
% Bandwidth
19% AND 46%
Radiation Pattern
Omni -directional
VSWR
2:1
Polarization
Linear Polarization as
MSA is Single Feed
Coating material
Nickel or Gold
Application in Brief
Indoor applications as
WLAN
Environment
Indoors , COMPACT

Fig.7.c MSA with SMA connector.

The experimental results are carried out on VNA of
Agilant made (Serial 8714ET). The Network
Analyzer results of MSA are as given below in
Fig8.a and Fig.8.b

The %BW of our Proposed MSA is maximum at
the ‘Higher central frequency’, i.e. Maximum %BW
achievement which is possible here is 46% that
means this MSA can be used for UWB operation.
.IV. HARDWARE DESIGN:
Using PHOTOLITHOGRAPHIC PROCESS the
antenna is designed by printing it on FR4 substrate
and after connecting SMA connector the MSA is
tested using Network analyzer.
The fabricated antenna is shown inFib7.aTop layer of
the fabricated antenna and SMA connector and
Fig7.bBottom layer of the fabricated antenna.

Fig.8.aMeasured S-parameters of MSA

Fig7.a Top layer of the fabricated antenna.

Fig.8.b Measured Smith chart of MSA

V. CONCLUSION
MSA is successfully simulated for Dual band
(2.4GHz and 5.1GHz) which can be used for WLAN.
The S11(i.e. return loss graph) shows the % bandwidth
greater than 45%.Thus the %Band Widths for Dual
band Omni-directional MSA is improved and we
can say that it may be used for UWB operation as the
% BW of this MSA is greater than 25% , and also
the Return is be reduced upto -35dB.

Fig7.b Bottom layer of the fabricated antenna.

Also the Fig.7.c
SMA connector.

shows micro-strip antenna with
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Here 3D Omni-directional radiation pattern is
observed. The gain is less and its serious issue
because of Gain-Bandwidth trade-off.
It is concluded that by inserting the
Alphanumeric shapes in the patch and modifying
ground surface with U-shape the multiband operation
of MSA is obtained.
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Abstract: The objective of the paper is to identify the strengths and weaknesses associated with Centralized Generation
(CG) and Distributed Generation (DG) infrastructure for the futureelectric grid system. There are many reasons for
considering the extent to which a planning andoperation decision about CG and DG should be based. This will involve the
development ofindices for an economical scale study of DG relative to CG, and consider which is the mostcost-effective to
accommodate new markets. In order to assess the robustness of DG and CGunder different load conditions, different indices
for measuring the combination of CG/DG withrespect to their capability and resilience to handling unforeseen events.
Keywords: Centralized Generation; Distributed Generation;Expected Unserved Energy; Load Probability;Resilience.

researchers and policy-makers. TheCG has been in
dominant use in the legacy system, serving large
consumptions of power but with a variety of
problems including its cost, sustainability, and
resiliency challenges in the long run. On the other
hand, the DG is smaller in design and power
generation, primarily designed for renewable energy
resources (RER) such as wind and solar energy
resources[2].In addition, some components ofDG,
such as wind, solar, and biomass, make significant
improvements to sustainability. During extreme
events, the sustainability of the power grid is limited
with DG. The development of new DG technologies,
have sparked broader interests in distributed
generation.DG is power generation built near the
consumers. DG sources include small-scale,ecofriendly technologies (e.g., photovoltaic and wind)
installed on and designed primarily to serve a single
end user’s site. But when reliability and power
quality issues are critical, DG most often includes
more traditional fossil fuel fired reciprocating engines
or gasturbines.Both a centralized generated grid
system and a distributed generated grid system have
their merits and demerits.The role of CG, if
elimination of emission is possible, is considerable.
Therefore, a combination of the CG and DG is open
for discussion. There are many reasons for
considering the extent to which a planning and
operation decision about CG and DG should be
based. This will involve the development of indices
for an economical scale study of DG relative to CG,
and consider which is the most cost-effective to
accommodate new markets. Thus, this paper aims at
enumerating both positive and negative aspects of the
grids as well as addressing the challenges posed by
the grids. This analysis helps to assess the best option
that may enhance the reliability, resiliency and
sustainability of the current grid architectures.

I. INTRODUCTION
The limited generation in the power sector has
continually been exacerbated by load growth, power
demand, and limitations in the ability to lay new
transmission lines, limitations in the abilityto
construct large scale generation due to increased
environmental regulation, and lack of technology
development to meet the new requirements.
Manpower is required to achieve the development of
a sustainable, secured, and economically-viable
society and infrastructure. The growth in developed
and developing countries has created an energy
divide in terms of wealth. The major disparities of
energy consumption per capita are reflected in
developing countries. The universal electrification
challenge to meet the world’s population growth in
order to attainits current per capita electricity
consumption will require massive increases in
electricitygeneration capacities[1].In some cases,
properly planned and operated DG can provide
consumers, as well as society, with a wide variety of
benefits. These include economic savings because of
government subsidies and improved environmental
performance. Many utilities have installed DG on
their systems and support federal funding of research
to develop new technologies.Centralized Generation
or CG is the electric power production by central
station power plants that provide bulk power. Most of
them use large fossil-fired gas or coal boilers, or
nuclear boilers to produce steam that drives turbine
generators. In some cases, large hydro is also used.
These enormous plants require costly management of
large infrastructures. CG plants are susceptible to
unreliability and instability under unforeseeable
events, and are often vulnerable to attacks. Their
limitations, in terms of efficiency and environmental
impact as well as stability to sustain them, have given
rise to renewable energy resource options for
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that energy reliability could be enhanced with
DG.Even though DG has the enumerated benefits, a
proper interconnection to the power grid is necessary
to forestall undesirable consequences to local electric
system operations. The usage of proper
interconnection and control devices can be done to
ensure a seamless transition when theDG is not
operating.
In a Centralized Generated (CG) power system
network, the transmission of power is carried over
long distances from the centralized system before
making the generated power available to consumers
through distribution networks. At the generating end,
power should be generated with different sources
such as: hydropower, nuclear power, thermal power,
and more. In regions where a Centralized Generated
system is quite far from users, a need arises for such
centralized systems to be decentralized. This act
reduces transmission of power losses.

II. TECHNICAL AND ECONOMIC ISSUES
FACING CG/ DG
Generally some distributed generation systems are
geographically distributed and can be locatednear to
region of power consumers. This reduces
transmission and distribution losses by robust terms
based upon the very large numbers of individual
generators and statistical robustness of such a
collection compared to centralized generation[3,4].
This is a simple technology when compared to CG.
However, the RER still has limitations which include:
• The cost of electricity in some cases is higher than
the ones from CG (i.e., “hidden costs”).
• In general, they cannot be dispatched except
biomass.
•CG’s distributed nature may require restructuring of
the electricity supply infrastructure.

III. ECONOMIES OF SCALE OF CG/ DG

• Evolution of the electricity networks will be found
in future distribution networks where automatic
network reconfiguration schemes aimed at facilitating
high penetration of DGwhile reducing systems down
time due to faults[5].

The widespread need for an increasing power demand
has increased the need for better economies of scale
[7]. Most power plants are built due to a number of
economic, health and safety, logistic, environmental,
geographical and geological factors. For example,
coal power plants can be built far from cities to
prevent their heavy air pollution from affecting the
populace. These plants are often built near collieries
to minimize the cost of transporting coal.
Hydroelectric plants are usually limited to operating
at sites with sufficient water flow. Power plants are
often considered to be too far away for their waste
heat to be used for heating buildings. Low pollution is
an important advantage of the combined cycle plants
that burn
Natural gas. The low pollution assists the plants in
being used close to a city for district heating
andcooling. Another approach for promoting
economies of scale is localized generation for
Distributed Generation. The amount of energy lost in
transmitting electricity is reduced because the
electricity is generated near to where it is used,
sometimes even in the same building. This also
reduces the size and number of power lines that need
be constructed. Typical distributed power sources in a
Feed-in Tariff (FIT) scheme [8] have low
maintenance, low pollution and high efficiencies, but
because most FIT tariffs require use of intermittent
renewable resources, reliability and power quality
issues become important.

• Fault levels will increase when the DG is installed.
This of course will economize the size of DG.
• Voltage level of radial type system supply a number
of distributed consumers with DGat different
locations which will increase local voltage level and
cost implications.
• Network stability issues under fault condition leads
to system dynamics which may cause instability
depending on the characteristics of the DG[6]. If this
occurs, appropriate control systems have to be
included at a cost to overcome the instabilities.
Additional benefits of DG (not including RER)
interconnection to the future grid include:
• Electric system reliability increases
• Supplies urgent power demands
• Peak power reduction
• Power quality improvements
• Infrastructure resilience improvement
• Land use effects reduction
• Vulnerability reduction.
The vast majority of electric power generated by DG
as described in this paper is provided directly to
consumers without being transmitted or distributed by
means of the power grid. SuchDGs supplying
consumers’ power are termed “stand-alone”, while
those that are connected tothe power grids are
referred to as “grid-connected”. This clearly shows

A.) ECONOMIES OF SCALE IN POWER
DEMANDS
As power demands increase, the ability of the power
grid to enhance power reliability becomes
indispensable. To ensure power system resiliency,
sustainability and reliability, the present grid has
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diversified the technologies of power production.
This technology has necessitated the demand for
growth in the number of Distributed Generators. The
same could be said about the Centralized Generators.
However, due to the higher installed capacity and the
increased sitingand permitting obstacles, CG becomes
more expensive or impossible to increase the number
ofCG operating in a region of power demand. Hence,
as power demands increase, it costs less installing a
DG to meet the increased power compared to CG.
Recall also that the transmission of power cost for
CG makes it highly non-economical when there is a
new power production facility to be installed. A nonintermittent DG, on the other hand, has no need for a
transmission network, thereby eliminating losses in
transmission. It then becomes apparent by installing
new power capacity plants: a DG has better [9]
economies of scale than a CG.Estimating the
worldwide share of distributed generation can lead to
significant divergence in
results. This is due to the differences in the
definitions used. The differences can yield significant
adjustments in the estimate of the total share of
Distributed Generation. The inclusion or exclusion of
large cogeneration facilities can significantly affect
the results. For instance, the total share of Distributed
Generation is 2.5% in California if cogeneration
capacities larger than 20MW are excluded. If
included, the share goes up to 17% of the total net
peak demand [10]. The bone of contention here is
whether this large cogeneration capacity often
connected to the transmission grid can be considered
as Distributed Generation. The impact on the result is
even more significant as the capacities of such
facilities tend to be high. Traditionally, generated
power sources produced by non-utilities are mostly
used in emergency situations and standby power
systems. These Distributed Generators though have
minimum impact with the utility’s power. At present,
the hardware to implement distributed generation
interconnection to the grid has increased the
utilization of DG output in meeting various energy
needs, thereby offering nonutility-generated power
sources, such as emergency and standby power
systems.

more valuable at or very near the retail price of
generated electricity since it displaces utilityprovided power. A small power generation project
like DG is also less likely to have negative impacts on
land uses. This goes a long way justify installing
more DG than CGs.Given the same region of power
to be supplied, the cost involved in using either
Centralized Generation system or Distributed
Generation system [11]. Provided that consistent
electricity and heat loads are available, DG is the
lowest cost technology. By restricting thetechnologies
available to the model, optimal system solutions
using DG can be compared to an energy system using
conventional
electricity-only
and
heat-only
technologies.
V.

ECONOMIC PRICING BENEFITS FOR
CG AND DG SYSTEMS.

Another approach to determining the value of DG
over CG is to determine the benefit [12] marginal
price of DG over CG to the customer, and to the
utility to determine the value of reliability. This is an
area of research worth pursuing. This effort will also
allow us to compute the outage cost to determine the
value of DG to improve reliability of the network.
Locational marginal pricing that addresses the need
for transmission congestion clearly defines that a
need arises to limit power flows in a transmission
system. This is essential so that resulting stability and
voltage are kept within acceptable limits. In a
situation where an incremental load has a cost
associated with it such that the bid price of the next
unit in an economic order, then the lowest associated
cost generator will not be sufficient to supply loads
increment at some locations. Since a generator pays
nodal prices and load pays the nodal prices, then the
congestion charge is associated with difference
between generator and load nodal prices. This price is
rather low with a DG system compared to a CG
system. Hence, a DG system supplying power in
same region as a CG has a lower congestion charge
implying that the DG network is prone to power
system stability as against the CG system.
Centralized Generated (CG) systems have a high cost
of installation and maintenance; however its usage is
mainly from a central location. When compared to
several installations and
maintenance of a DG system, clearly a CG could be
considered less expensive. [13]For a region with a
CG system and same region with DG, it is less
expensive to supply power to users with the CG
though losses in the CG architecture would be greater
than DG system comprising up to about several
dispersed generation evenly to meet the demands of
power consumption. In consideration of the
economies of scale involved for the CG and DG
system, the combination of both CG and DG would
prove to attain a better scale. In regards to this,
consideration should be given to densely populated

IV. COST IMPLICATION FOR CG AND DG
With the technologies involved for Centralized
Generation and Distributed Generation, it becomes
essential to compare the costs that could be incurred
in a typical design layout of both
CG and DG. Since DG will continue to be a potential
source of viable energy that enhances uninterruptible
power, expanding the role of DG in the power grid of
the future could totally be
based on whether the cost of DG is lower than
CG.For capturing small niche markets of power
demands, by producing power directly at the site of
usage, power by Distributed Generations would be
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regions. Either the CG system is installed closer to
such a densely-populated region to minimize losses
or a DG is installed at such location to minimize same
effect. This combination therefore will further ensure
less installed capacity for either a DG or a CG
system, thereby optimizing the cost implication
involved in their set up.

A. MEASURES OF RESILIENCE IN CG/ DG
Resilience metric is defined as:
( , ) =

[

( , )]

This could be used as assessment of the resiliency of
DG or CG systems where fi(.) is the routine task, such
as power supply and transmission transactions, and/or
communication services, with weight coefficient ci as
an associated cost at a given time scale; x and u are
the state and control variables, respectively.DG is
expected to be more resilient than CG; a higher
metric of resiliency is understandable in agrid with
CG and DG networks[15]. Resiliency in DG systems
is high due to better self-healing capability as
compare to CG. In extreme cases of natural disasters
such as hurricanes and tornadoes leading to faults on
the grid, a CG-based network would likely be more
affected withless effect on a DG network with
planned islanding capabilities.

VI. RESILIENCE OF CG AND DG SYSTEMS
Resilience is the ability of a system to respond and
recover from an event. In other words, it is the
response of the system to recover from a catastrophic
event such as a hurricane, or earthquake. The
resilience prevalent in either a CG or DG system is
the property associated with the system such that
increased or decreased load demand is appropriately
compensated with increased or decreased supplied
power. Resilience required in a CG is therefore not
the same as that necessary for a DG. This is because
the load demand required for a CG is higher than a
DG.In compensating this higher load demand for a
CG, recall that that the installed capacity for theCG is
greater than DG.
Today’s energy availability to users is largely
dependent on the resiliency of the power grid
supplying the need of the consumers. The study of
economics has proved that provision needs to be
taken into consideration should power demand
exceed power generated. In a particular region under
consideration, required energy consumption increases
with population. Therefore, a need arises to have a
power grid expansion options during the installation
of either a DG or
CG system. We could argue that the unit commitment
approach to power system planning and operation is
the solution to this challenge. The unit commitment
only takes into consideration the optimization of
generated or supplied power to consumers [14]. Both
DG and CG systems could be optimized to meet the
everyday need of power consumers. However, in the
advent of population increase, a need arises to
increase the capacity of either the CG or DG
commensurate with increased power consumption.
Since CG is larger and covers more diverse types of
loads, the diversity factor is an advantage for
CG.Given the fact that losses are prevalent in a CG
system and the cost of installation is on the high side,
a better option to cater to the need of ever increasing
power demand would be the DGsystems. A
decentralized option for DG could very well be an
option, but the expense involvedin the setting up of a
DG with nature replenishable renewable energy
makes the CG more preferable. It should be noted
that resiliency expands on vulnerability and may be
viewed as theability of a CG or DG system to return
to its fail-safe state in the shortest time possible. To
attain measure of resilience of CG or DG, a
performance matrix is proposed, including reliability,
stability and their contribution to resilience.

B. ENHANCING THE RELIABILITY OF
POWER GRID
As CG/DG systems continue to grow in size and
capabilities, the current state of art in power system
reliability is being pushed to its limit. While power
engineers try as much as possible to ensure that there
is constant power availability to users, considerations
of some natural disasters such as earthquakes,
hurricanes, tornadoes, and snow storms, continually
mitigate the availability of continued power being
supplied to these consumers. A Centralized
Generated system has a central location of power
being generated before the generated power is
transmitted, distributed and made available to
consumers. Clearly, power generated at the central
station cannot be the same as the total sum of power
supplied toconsumers.A Distributed Generated
system on the other hand has its location closer to
power users. The architecture there is not dependent
on the transmission network. Hence, losses inherent
in DGarchitecture are far less than the CG system. In
determining the reliability of a DG, indices are
necessary to have accurate understanding of the
extent of reliability.
C. MEASURES OF RELAIBILITY
Some measures of reliability [16] are defined as:
i.

Expected UnnervedEnergy (EUE): Measure
of transmission system capability to
continuously serve all loads at all delivery
points while satisfying all planning criteria.
It requires the following information for its
computation:
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1. Frequency of each contingency
(outage/year)
2. Duration of each contingency (hour
/outage)
3. Unserved MW load for each contingency

of DG according to the overall concept of sustainable
electric power development.
Sustainability metric could be defined as:
T
[

EUE = sum of all the probabilistic weighted
unserved MW for each contingency.

EUE =
EUE = Expected Unserved Energy (MW-hours/hour)
N = the number of Monte Carlo simulations for the
period, which is typically one year using hourly level
of granularity
Y = number of years in the study
D = number of days in each year that are simulated
H = number of hours in each day that are simulated
Eh = the amount of unserved energy for this hour (in
megawatt-hours)
Nh = the total number of hours simulated in the
Monte Carlo study.
Loss of Load Probability (LOLP): in units
of percent, measures the probability that at
least one shortfall event will occur over the
time period being evaluated.

Where;
LOLP =
LOLP = Loss of Load Probability (%)
Se = Simulation in which at least one significant
event occurs.
N = the number of a Monte Carlo simulations for the
period, which is typically one year.
VII. SUSTAINABILITY
SYSTEMS

IN

CG

AND

=

P

(Sr)
]-1

(f

(Sr))-1

=

[

]

This could be used to measure the level of
sustainability of either a DG or CG networks where
contingencyj at certain load level is characterized
with probability pjand transition rate
is from and
to other system states j, r. There are several and
important drivers that aim at mitigating fossil fuel
dependency thereby substituting these fuels for more
sustainable sources of energy.
If the voltage isproportionate with the generated
voltage by a constant ratio, then the power quality is
said to bebetter. However, if the end user’s voltage
fluctuates constantly while the generated voltage
remains constant, the power quality for such a system
is very poor and thus a need arises for the assessment
of such power quality. Power quality in a power grid
network needs proper assessment as reliability of the
grid is also based on the level of power quality in the
grid.
The inclusion of power quality study to assessing the
role of DG and CG based on fundamental criteria
(that include steady state voltage rise, voltage
fluctuation, voltage dip, generator start-upand static
voltage stability) could be embarked on as selection
of best power grid topology that minimizes cost of
incorporation of DG, CG or both systems [18].Recall
that CG networks are over long distances as
compared to DG networks. It therefore follows that a
CG network system is more prone to voltage
fluctuations, voltage dip, and instability when
compared to a DG system designed to support the
voltage. This, however, does not limit power quality
challenges to a CG system. DG networks are
excellent power grid networks that can be used to
address a grid power quality challenges by the
incorporation of storage systems (e.g., flywheels and
super-capacitors,) and equipment usable as a power
conditioner. Enhancing power quality can take on
several approaches.

Where;

ii.

(Sr)

DG

Sustainability of a power system network is the
capacity of the power grid to withstand load
requirements and meet the power consumer’s
need[17]. Previous evaluations of CG and DGshow
that more installation capacity is required for a CG
than a DG since the CG has morepower demand on it
than a DG. But considering the cost of installation
and ease of resource availability, DG systems could
very well serve as a better option to meeting the
increasing needs of consumers. Sustainability means
the capability of critical infrastructures to persist
functions or services in a longer term. The use of DG
has gained significance attention in a liberalized
electricity market. It is expected to make a particular
contribution to climate protection. This section of the
paper investigates the advantages and disadvantages

Table 1: Some Power Quality Indices [19]
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VIII. CONCLUSION
This paper compared the merits and costs of cooptimizing DG and CG in a future electric grid. The
various assessments of technology, cost, and
maintenance have been identified to determine the
extent to which DG or CG should be used to meet
different uncertainties in demand growth. To provide
answers to the posed objectives of this paper, it
becomes important to evaluate theeconomies of scale
for DG and CG technology. The factors (such as cost
of maintenance, economies of scale, resiliency, and
sustainability) have been discussed in this paper. The
optimization scheme thatincludes power game and
analytic hierarchy process (AHP) determine to what
extent or mixtureof CG and DG to be used in the face
of unforeseen attacks have also been discussed. This
again has led to an evaluation of power quality and
sustainability indices which help to determine the
minimum combination which may not pose any
hazards. The combined CG and DG network in terms
of sustainability, resiliency, economics of scale, and
cost are calculated to be used in determining the
optimal combination of DG and CG in the future grid.
To this end, an open forum discussion in addressing
strategic activity in achieving a future development of
co-optimization of CG/DG that leads to a future grid.
The issue of regulation, standards, and human
capacity building are part of the outstanding issues in
order to promote the development of this future grid.
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Abstract:In this paper we describes the conversion preserves feature discriminability and reasonable color ordering, while
respecting the original lightness of colors, by simple optimization of a nonlinear global mapping. Experimental results show
that our method produces convincing results for a variety of color images. The required luminance adjustments are small and
always lie within 1% of the mean luminance. Since all adapting lights are of the same luminance, zero luminance
adjustments (dashed lines) are predicted for the asymmetric color matches under the hypothesis that adaptation is confined to
the L–2M, the S – (L + M) and the L + 2M.The recovery of shape from texture under perspective projection. This is made
possible by imposing a notion of homogeneity for the original texture, according it which the deformation gradient is equal
to the velocity of the texture gradient equation this work studies a method called Normalized Cut and proposes an image
segmentation strategy utilizing two ways to convert images into graphs: Pixel affinity and watershed transform.
Keywords:Automatic test pattern generation (ATPG), design for testability (DFT), functional power, power-sensitive scan
cell, scan-based test, test power, timing closure.

I. INTRODUCTION
The color-to-gray conversion is required in many
applications [1], including black-and-white printing,
single channel image processing, and nonphotorealistic rendering with black-and-white media.
The conversion should preserve the appearance of
original color images in the resulting gray-scale
images. Unfortunately, a traditional method using the
intensity channel (e.g., CIE Y) may fail to achieve
this goal by losing feature discriminability in isoluminant regions.
To retain feature discriminability in color-to-gray
conversion, color differences in the input image
should be reflected as much as possible onto the
converted gray-scale values. Several color-to-gray
conversion methods have been proposed, which can
be divided into two main categories: local mapping
and global mapping [2]. In a local mapping method,
the color-to-gray mapping of pixel values is spatially
varying, depending on the local distributions of
colors. Although a local mapping has advantages in
accurately preserving local features, constant color
regions could be converted in homogeneously if the
mapping changes in the regions (Fig. 1(b)). In a
global mapping method, the same color-to-gray
mapping is used for all pixels in the input. It
consistently maps the same colors to the same
grayscale values over an image, guaranteeing
homogenous conversion of constant color regions.
However, it would be more challenging to determine
such a global mapping that preserves local features at
different locations at the same time (Fig. 1(c)).

Figure 1: Comparison of color-to-gray
image conversion results. (a) Input image. (b)
Local mapping. (c) Linear global mapping. (d)
Nonlinear global mapping.
The color-to-gray conversion algorithm considers
the following criteria to preserve the visual appearance
[3] of a color image:
mapping consistency: Same colors should be
mapped to the same gray-scale values.
Feature preservation: Features in the color
image should remain discriminable in the
gray-scale image.
Ordering preservation: Reasonable ordering
of colors should be respected in their
converted gray-scale values.
Lightness fidelity: Color and gray-scale
images should have similar lightness stimuli.
The notion of using Planckian radiators as a
yardstick against which to judge other light sources is
not a new one [4]. In 1923, writing about "grading of
illuminants with reference to quality of color…the
temperature of the source as an index of the quality of
color", Priest essentially described CCT as we
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understand it today, going so far as to use the
term apparent color temperature, and astutely
recognized three cases[5]:
those for which the spectral distribution of
energy is identical with that given by the
Planckian formula."
"Those for which the spectral distribution of
energy is not identical with that given by the
Planckian formula, but still is of such a form
that the quality of the color evoked is the same
as would be evoked by the energy from a
Planckian radiator at the given color
temperature."
"Those for which the spectral distribution of
energy is such that the color can be matched
only approximately by a stimulus of the
Planckian form of spectral distribution."

occur (seemingly) at random and transient faults
which occur sporadically, perhaps depending on
operating conditions (e.g. temperature, power supply
voltage) or on the data values (high or low voltage
states) on surrounding signal lines. The single stuckat fault model is structural because it is defined based
on a structural gate-level circuit model.
A pattern set with 100% stuck-at fault coverage
consists of tests to detect every possible stuck-at fault
in a circuit. 100% stuck-at fault coverage does not
necessarily guarantee high quality, since faults of
many other kinds—such as bridging faults, opens
faults, and transition (aka delay) faults—often occur.
Combinational ATPG:
The combinational ATPG method allows testing
the individual nodes (or flip-flops) of the logic circuit
without being concerned with the operation of the
overall circuit. During test, a so-called scan-mode is
enabled forcing all flip-flops (FFs) to be connected in
a simplified fashion, effectively bypassing their
interconnections as intended during normal operation.
This allows using a relatively simple vector matrix to
quickly test all the comprising FFs, as well as to trace
failures to specific FFs.

When observing a static monocular image, we
perceive the 3D structure of a scene through a
combination of shape cues, especially shading,
occlusion, and texture. Shape from texture, first
introduced 50 year ago by Gibson[6], studies the
recovery of the 3D coordinates of a surface in a
scene, by analyzing the distortion of its texture
projected in an image [7][8][9][10]. The shaoe from
texture problem is generally broken down into two
independent steps. The first step is to measure the
texture distortion in the image and the second is to
recover the surface coordinates from this texture
distortion. Segmentation is performed by combining
wavelet and watershed transform. If only watershed
algorithm be used for segmentation of image, then we
will have over clusters in segmentation [11]. To solve
this, we used an approach. First we used the wavelet
transformer to produce initial images, then watershed
algorithm was applied for segmentation of the initial
image, then by using the inverse wavelet transform,
the segmented image was projected up to a higher
resolution, in this way, we could only capture the
large objects. Since wavelet decomposition involves
low-pass filter, the amount of the noise can be
decreased in image which in turn could lead to a
robust segmentation.

Sequential ATPG:
Sequential-circuit ATPG searches for a sequence
of vectors to detect a particular fault through the
space of all possible vector sequences. Various search
strategies and heuristics have been devised to find a
shorter sequence and/or to find a sequence faster.
However, according to reported results, no single
strategy/heuristic out-performs others for all
applications/circuits. This observation implies that a
test generator should include a comprehensive set of
heuristics.
Even a simple stuck-at fault requires a sequence
of vectors for detection in a sequential circuit. Also,
due to the presence of memory elements, the
controllability and observability of the internal
signals in a sequential circuit are in general much
more difficult than those in a combinational logic
circuit. These factors make the complexity of
sequential ATPG much higher than that of
combinational ATPG, where a scan-chain (i.e.
switchable, for-test-only signal chain) is added to
allow simple access to the individual nodes.

II. BACKGROUND
In the past several decades, the most popular
fault model used in practice is the single stuck-at fault
model. In this model, one of the signal lines in a
circuit is assumed to be stuck at a fixed logic value,
regardless of what inputs are supplied to the circuit.
Hence, if a circuit has n signal lines, there are
potentially 2n stuck-at faults defined on the circuit, of
which some can be viewed as being equivalent to
others. The stuck-at fault model is a logical fault
model because no delay information is associated
with the fault definition. It is also called a permanent
fault model because the faulty effect is assumed to be
permanent, in contrast to intermittent faults which

III. SYSTEM DESIGN MODEL
A. Color conversion system
Before the advent of powerful, personal computers, it
was common to estimate the correlated color
temperature by way of interpolation from look-up
tables and charts.[2]
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SMW were run on an Adage frame buffer controller
and the stimuli were displayed on a Tektronix
690SRcolor monitor. For subject RP, the stimuli were
displayed on a Barco Calibrator television monitor
and computer-controlled by
a modified Vista board employing the Post q
operating system. Experiments were run in a dark
room and only the screen of the monitor was visible.
The viewing distancewas 1 m. The mean luminance
was kept constant throughout the experiment at
approximately35 cd/m2.
C. Calibration
The power spectrum of the phosphor primaries were
measured with a Spectroradiometer (Photo Research
PR- 700-SpectroScan) which outputs the CIE 1931 (2
deg field) tristimulus values based upon the Juddmodified V(l) function. The Smith and Pokomy
transformation (Smith &Pokorny, 1972) was used to
obtain the L, M and S cone signals for each phosphor.
For the BARCO monitor, the CIE chromaticity
coordinates (x,y) and the maximum luminance for the
red phosphor were: X = 0.619, y = 0.348, maximum
luminance= 19.65 cd/m2; for the green phosphor: x =
0.3, y = 0.592, maximum luminance= 44.90 cd/m2;
for the blue phosphor: x = 0.15, y = 0.069; maximum
luminance = 5.52 cd/m2.The chromaticitiesfor the
Tektronix color monitor were very similar. The
conversions from CIE space to cone space were done
for each monitor separately, hence taking into
account the small differences in the chromaticity
coordinates. Luminance was defined by the CIE 1931
standard observer, that is, iso-luminanceis defined as
photometric iso-luminance using the Judd-modified
V(A) function. Since the precise knowledge of the
iso-luminance point was not crucial in the present
experiments, the iso-luminance point was not
measured for each individual observer by
heterochromatic flicker photometry; the major
purpose was to study chromatic adaptation without
substantial adaptation effects due to luminance
differences.

Fig: 2.Computation of the CCT Tc corresponding
to the chromaticity coordinate
in the CIE
1960 UCS.
The most famous such method is
Robertson's,[2] who took advantage of the relatively
even spacing of the mired scale (see above) to
calculate the CCT Tc using linear interpolation of the
isotherm's mired values:[28]

where and
are the color temperatures of the
look-up isotherms and i is chosen such
that
.
(Furthermore,
the
test
chromaticity lies between the only two adjacent lines
for which
.)
If the isotherms are tight enough, one can
assume
, leading to

D. Spatial and temporal structure of stimuli
The spatial structure of the stimuli is shown in Fig.
2(a). This figure depicts the arrangement of the
adapting lights (a, P) and the test (AT)and match
(AM)increments on the screen. Adapting light a was
always identical to the grey background; the other
adapting light (B) was always chromatic. Between the
two adapting lights was a smooth chromatic ramp
ranging from the adapting light u (always grey) to the
color of the adapting light ~. Test (T= a + AT) and
match (M=/?+ AM)lights were discs with a 0.5
degree diameter. The chromatic adapting light (~)
was a two-dimensional Gaussian with an aspect ratio
of 2:1; hence it looked like a vertically elongated
ellipse with blurred edges slowly fading into grey.

The distance of the test point to the i'th isotherm is
given by

where
is the chromaticity coordinate of the
i'th isotherm on the Planckian locus and mi is the
isotherm's slope. Since it is perpendicular to the
locus, it follows that
where li is the slope
of the locus at
.
B. Apparatus and subjects
Two subjects, the author and a naive observer,
participated in the experiment. Both subjects had
normal color vision. The experiments with subject
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skin pixels after colorspace transformation. The
YCbCrcolorspace was found to perform very well in
3 out of the 4 peformance metrics used1, so we
decided to use it in our color segmentation algorithm.
Here is the equation for transforming from RGB to
YCbCr.

To transform back…

This is a plot of the skin distribution against
Cr and Cb in the YCbCrcolorspace. If the sample size
is large enough, it will be a probability distribution
for the image. However, our data was restricted to the
training pictures we had and we did our best to find
the best filter. Attempts were made to retrieve online
databases for reference to generalize our filter,
however it was found that the values that work best
were still those derived from the training data at the
loss of generalization.After extracting the pixels
based on their color values, we performed the
following binary operations on the color mask to
remove noise:
• Close
• Fill holes
• Remove small areas
• Texture Filtering using variance thresholding
Aspect ratio criterions are found to be
unreliable because the faces are too clustered, and
may give false aspect ratios on regions. Binary
operations, when applied in excess, will cause us
to lose generality of the mask and give good
results only for a specific image. Thus we
discarded the former and used the latter sparingly,
especially erode and dilate operations since it was
impossible to justify the structuring elements used
and the number of operations performed
convincingly.

Fig: 3. Spatial and temporal properties of test, match and
adapting stimuli (a) Spatial profile (b) Time course.

A dark dot of 2 min diameter was present
continuously between test and match lights and
served as a fixation target. Informal observations
suggested that a smooth spatial onset and offset of the
adapting light facilitates adaptation, that is, in most
cases the entire chromatic adapting area fades to grey
within less than 1min. Under these conditions, when
small eye movements occurred, adaptation usually
remained stable and the chromatic adapting light
continued to look grey. A smooth transition between
the adapting lights has a very similar effect to
stabilizing the image on the retina (Krauskopf, 1963).
Edges are important in determining the color
appearance of an image and when no edges are
provided+ ither due to retinal stabilization or a
smooth onset and offset-the color within the
E. Color Segmentation
The aim of color-space transformation is to increase
the separability between skin and non-skin classes
while decreasing the separability among skin tones.
Hopefully it will bring robust performance under
varying illumination conditions. However, there are
many color-spaces to choose from and a large number
of metrics to judge whether they are effective.
Some potential color-spaces that we were interested
in :
• CIEXYZ
• CIEXYZ
• YCbCr
• YUV
• YIQ

IV. SEGMENTATION USING WATERSHED
AND NORMALIZED CUT
A. Pixel affinity
The overall quality of the segmentation depends on
the pair wise pixel affinity graph. The chosen
properties were the intensity and position approach
presented. In this formulation, each pixel corresponds
to one node in a graph. Because the graph must be not
cyclic, the affinity between
a pixel and itself is 0. Equation (1) shows the formula
to calculate the affinity matrix WI (i, j).

A performance metric that others have used includes
the computation of the separability of clusters of skin
and non-skin pixels using scatter matrices. Another is
to do a histogram comparison of the skin and non-
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where Xi and Xj are vectors containing the x,y
positions of the pixels i and j; Ci and Cj are vectors
containing theRGB values (or gray-level values) of
these same pixels.

violating timing. By freezing all flip-flops
simultaneously at the RTL, we allow the synthesis
tool to automatically optimize for timing closure.

B. Watershed Transform
We consider the gradient image as a topographic
surface. In the watershed method, an image is
segmented by constructing the catchment basins of its
gradient image. The gradient image is flooded
starting from selected sources(regional minima) until
the whole image has been flooded.

Figure 4. (a)Yeast original image; (b) yeast segmentation by
WT and N-Cut; (c), (d) yeast segmentation grouped by area.

A dam is erected between lakes that meet
with others lakes. At the end of the flooding process,
we obtain one region for each catchment basin of the
gradient image. Hierarchical Watershed creates a set
of nested partitions, i.e., a hierarchy. In this case, a
partition at a coarse level is obtained by merging
regions of the fine partition. The watershed problem
can be modeled using graphs. The gradient image is
represented by a weighted neighborhood graph,
where a node represents a catchment basin of the
topographic surface.
We use Hierarchical Watershed in order to
reduce the number of nodes (super segmentation
problem)in the correspondent graph. After the
conversion, we use the area and average gray-scale
level of each region to set the edges weights between
them.

Figure 5. Simulation Results

V. CONCLUSION:
It is concluded that the method, which
involves multi-resolution template matching, region
clustering and color segmentation works with high
accuracy with the training images which actually
reflect conditions due to the high clustering factor of
the faces, presence of profile faces, rotated faces etc.
we have introduced an estimator for the deformation
gradient and demonstrated the shape from texture
algorithm on photographs. Once you can represent
the problem using a graph and determine the
similarity matrix, the grouping algorithm will be
similar. In this way, the properties chosen to
compute the edge’s weights are import ants for the
final result. In order to improve our results, future
works can combine the image conversion methods
presented and consider the region’s shape as a
similarity criterion.

IV. RESULTS AND CONCLUSIONS
In this paper, we have presented and analyzed
a method for reducing switching activity during scan
shift by freezing a small subset of all flip-flops at the
RTL. We have shown that large reductions in
switching activity can be achieved with very lowarea overhead. The amount of scan flip-flops that are
going to be frozen can be decreased/increased
depending on the design’s overhead budget. In
comparison with previous methods, which freeze
these flip-flops at the gate level, timing closure can
be more easily met. When flip-flops are frozen at the
gate level, as was done in [40], individual timing
analysis have to be implemented to determine
whether or not each flipflop could be frozen without
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