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Absitract - In this paper, a pre-feasibility study of using PV-based hybrid energy system to provide
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power demand of 12.6kWh day-1 with a 2.9 kW peak power demand. The power system used in this
study contains diesel generator, grid connection and PV modules with backup storage. The energy
system was redesigned and optimized as PV based in order to meet the existing user’s power demand at
a minimum cost of energy. Temperature and solar radiation data obtained from Ege University
meteorology station has been used in the simulation process through optimization software, HOMER.
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and grid connected PV system. The proposed systems then were compared regarding on their
operational characteristics and cost values. The comparisons prove that grid connected PV energy
system had the lowest total net present cost and cost of energy, $53,197 and $0.57/kWh, respectively that
makes it the most cost effective system and followed by PV-diesel and stand-alone PV-battery system. It
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Assessment of Economic Viability for PV Based
Hybrid Energy System in West Coast of Turkey

Mustafa Engin® & Dilsad Engin®

Abstract - In this paper, a pre-feasibility study of using PV-
based hybrid energy system to provide electricity to a
residential area in west coast of Turkey is examined. The
selected case study represents a power demand of 12.6kWh
day-1 with a 2.9 kW peak power demand. The power system
used in this study contains diesel generator, grid connection
and PV modules with backup storage. The energy system was
redesigned and optimized as PV based in order to meet the
existing user’s power demand at a minimum cost of energy.
Temperature and solar radiation data obtained from Ege
University meteorology station has been used in the simulation
process through optimization software, HOMER. Three
systems that were considered in this study area are stand-
alone PV-diesel, stand-alone PV-battery and grid connected
PV system. The proposed systems then were compared
regarding on their operational characteristics and cost values.
The comparisons prove that grid connected PV energy system
had the lowest total net present cost and cost of energy,
$53,197 and $0.57/kWh, respectively that makes it the most
cost effective system and followed by PV-diesel and stand-
alone PV-battery system. It can be concluded that the
renewable-based system can become a favorable system
without aid from the grid system and bring advantage in
technical and economic point of view and also suitable to be
applied in the residential application as energy supply if only
the current cost of PV arrays and battery system technology
have been reduced to its minimum rate.

Keywords . photovoltaic, renewable energy, hybrid
system.

I. [NTRODUCTION

he technologies for power production from
Trenewable energy sources such as solar are

available and reliable. The rapid decrease in the
PV module cost during the past few years and the
recent escalation in the price of conventional
petrochemical fuels used for generating electricity,
resulted in the wider usage of PV based energy
systems. The advantages of using solar resources to
generate electricity include the avoidance of pollutant
emissions, silent operation. The amount of annual solar
energy reaching the Earth’s surface is about 10,000
times more than annual global energy demand [1].

Author o. : Ege University, Ege Higher Voocational School Department
of Electronics Technology, 35100, Borrova, lzmir, Turkey.

E-mail : Mustafa.engin8@gmail.com

Author o . Ege University, Ege Higher Vocational School Department of
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Recently, in order to reach sustainable
development, humankind needs to be steady on the
path of low-carbon society. For this reason, in order to
make an efficient use of electrical energy there is a
growing interest in optimizing the design of urban
settlements by means of the exploitation of natural
sources of energy and the development of building
management systems [2]. Additionally, electrical power
nets are in a transition stage where these need to be
more flexible and dynamical at all levels, from power
generation plant to customer level in order to enable
distributed generation, to promote efficient use of
energy at customer level, and to reach an intelligent
demand response [3], [4]. The generation of electrical
energy through of alternative sources such wind and
solar, has become more attractive [5], [6] and is widely
used for substituting fossil fuels in the process of
electrical power energy since 1970s because of the
crisis oil [7]. Nevertheless, such alternative energy
sources have a slow development [8], and the transition
into a new phase of evolution in the electrical power
generation sector appears to be a complex task
because of the different insights of the problem [9], not
only due to environmental, and economic issues, also
because of social and psychological impacts on
people’s behavior [10]. Although PV systems are an
expensive option of generating electricity when
compared to other systems; this technology has been
supported due to its potential benefits, which can be
classified as customer-related benefits, electric utility-
related benefits and environmental benefits. Earning
revenue by selling PV electricity can be given as an
example for the customer-related benefits. The
examples for the electric utility-related benefits are;
reduced transmission and distribution costs and losses,
peak shaving, and meeting peak demand. CO2 savings,
NOX and SO2 savings can be listed as the
environmental benefits of PV systems [11].

At the beginning of 2011, Turkish parliament
adopted a new feed-in tariff policy of equally limited
duration of 10 years, and equally limited objectives of
600 MW of total capacity. The feed-in tariffs for solar
photovoltaic (PV), the most costly of the new renewable
technologies, are only US$0.13/kWh. One divergence
from previous policy, Turkey will now offer incentives for
hardware ‘Made in Turkey’. Solar PV systems made in
Turkey would qualify for a bonus payment of nearly

© 2012 Global Journals Inc. (US)
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US$0.07/kWh [12]. Industry observers have widely
penned the new program to be insufficient to create the
volume necessary to attract manufacturing.

The present study is proposed to design a PV
based hybrid energy system to provide electricity for a
residential house in izmir, Turkey. The system simulation
performed to estimate its operational characteristics,
such as annual electricity production, annual loads
served, excess electricity and capacity shortage. The
proposed systems then were compared concerning on
their operational characteristics and cost value in order
to meet the user’s power demand at a minimum cost of
energy.

1. HysriD POWER SYSTEM

A hybrid energy system generally consists of a
primary renewable source working in parallel with a
standby secondary non-renewable module or grid and
storage units. The energy system components are PV
module, diesel generator, grid, battery and power
converter. Description of these components is given in
the following sections.

a) Electrical Loads

The demand for electricity in each area is
different and therefore depends on numerous factors,
such as the price of electricity, the weather conditions,
the time of day, the type of day and the season. The
load profiles describe the variation of the electricity
demand with time. The hourly load profile provides
crucial information on how electricity is used, and thus
on where and what demand side management
strategies could be potentially effective. Demand side
management is the process of managing the

consumption of energy to optimize available and
planned generation resources.

There are six generic load shape objectives that
can be considered during demand-side management
planning, namely peak clipping, valley filing, load
shifting, strategic conservation, strategic load growth,
and flexible load shape. The desired changes in the
load shape can be obtained by shifting load to a less
expensive time period, or by substituting another
resource for delivered electricity such as solar
PV/Battery systems. [13].

The data were taken from a small house which
is located in Izmir near to solar energy institute building.
The electrical load components include fluorescent
lamps, ceiling fan, television, refrigerator, air conditioner,
and also washing and dish washer machines which are
the main components for a small house. The home
owner uses demand side management by shifting load
to inexpensive hours. The seasonal and daily profiles of
household electricity demand which is measured power
are presented in (Figure 1) and (Figure 2) respectively.

b) Solar Radiation Resources

Renewable energy sources are intermittent and
naturally available due to these factors our first choice to
meet household electric demand will be solar energy.
Weather data are important factor for pre-feasibility
study of PV based hybrid energy system for any
particular site [14]. Hourly solar radiation data for year
2010 was collected from solar-wind meteorological
station which is located on the roof of the Vocational
School Building in Ege University for determining the
local potentials of both solar and wind energy [15].
Using this data, the monthly average daily solar
radiation and calculated clearness index are plotted in
(Figure 3).
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Fig. 1. Seasonal profile of sample household electricity demand.

c) PV based Hybrid System Components

The installation cost of PV arrays may vary from
$3.38 - $3.02 /W. A 1 kW solar energy system
installation and replacement costs are taken as $3380
and $3000, respectively [16]. In this study, various sizes
were considered, ranging from 0-13.5 kW. The lifetime of
the PV arrays are taken as 25 years and no tracking
system was included in the PV system.

2012 Global Journals Inc. (US)

Battery bank is used as a backup system and it
also maintains constant voltage across the load. The
battery pack consists of 6V, 360 Ah batteries connected
in series of 6. For a 1 kWh battery pack, the installation
and replacement costs were taken as $213 and $200,
respectively [16]. During simulation, different sizes of
batteries capacity (0 through 50 kWh) were considered.
Lifetime of a unit was considered to be 10 years with an
efficiency of 85%.
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A power electronic converter needs to maintain
flow of energy between the ac and dc components. For
a 1 kW system the installation and replacement costs
were taken as $715 and $700, respectively [16]. Ten
different sizes of converters (0, 1, 2.5, 3, 3.5, 4, 45, 5
and 7 kW) were considered for the simulation. Lifetime
of a unit was considered to be 15 years with an
efficiency of 95%.

a) Homer

HOMER is an optimization software package
which simulates varied renewable energy sources
system configurations and scales them on the basis of
net present cost which is the total cost of installing and
operating the system over its lifetime [17]. It firstly
assesses the technical feasibility of the RES system.
Secondly, it estimates the NPC of the system. HOMER
models each individual system configuration by
performing an hourly time-step simulation of its
operation for one year duration. The available renewable
power is calculated and is compared to the required
electrical load. Following calculations of one-year
duration, any constraints on the system imposed by the
user are then assessed; e.g. the fraction of the total
electrical demand served or the proportion of power
generated by renewable sources. Net present cost
(NPC) represents the life cycle cost of the system. The
calculation assesses all costs occurring within the
project lifetime, including initial set-up costs, component

replacements within the project lifetime, maintenance
and fuel. Future cash flows are discounted to the
present. HOMER assumes that all prices escalate at the
same rate, and applies an annual real interest rate rather
than a nominal interest rate. NPC estimation in HOMER
also takes into account salvage costs, which is the
residual value of power system components at the end
of the project lifetime.

I11. RESULT AND DISCUSSION

Two different PV based hybrid energy systems
are investigated. First one is stand-alone PV based
hybrid energy system. In this scenario, household load
is supplied with solar energy. HOMER model of the
system is given in (Figure 4-a). Second one is PV grid-
connected hybrid energy system. In this scenario,
household load is supplied with solar energy system
connected to the grid. HOMER model of the
investigated system is given in (Figure 4-b). In this case,
if solar energy is not enough to supply the household
load, the needed energy is supplied by purchasing
energy from the grid. Otherwise, if the energy produced
by PV arrays excesses the energy demand of
household, the excess electrical energy production is
sold to the grid.

The above proposed PV based hybrid energy
systems supply the power to the household
continuously throughout the year. For the analysis of
these hybrid systems, consider three sensitivity
variables: solar irradiation, temperature and renewable
energy fraction. For each of the sensitivity values,
simulate all the systems in their respective. An hourly
time series simulation and configuration for every
possible system type is done for a one-year period. A
feasible system is defined as a solution for hybrid
system configuration that is capable of meeting the load
demand of household. It also allows a number of
parameters to be displayed against the sensitivity
variables for identifying an optimal system type.

According to the first scenario, net present cost
values of optimal system solution for stand-alone
system components are given Table 1. Monthly average
electricity production of stand-alone PV based hybrid
energy system for household demand is shown in
(Figure 4). From the simulation results, the installation of
PV based hybrid system stand-alone configuration is not
suitable for power solutions of residential application in
Izmir region. Considering present cost analysis of a PV
based hybrid system, stand-alone configuration is
suitable for loads which stand more than 10 km far away
from the grid. Total net present cost (NPC), capital cost
and cost of energy (COE) for such a system is $36,150,
$27,469 and $0.940/kWh respectively.

In the second scenario, for the grid connected
PV based hybrid energy system, two different solutions
are obtained as optimal system configurations. First one
is defined according to the lowest energy cost and

© 2012 Global Journals Inc. (US)
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second one is defined with the highest renewable
energy fraction. During simulation, energy purchase
price and sellback prices are used as $0.198/kWh,
$0.13/kWh [18] respectively. In the first solution, detailed
annual electricity production by grid-connected hybrid
system components is shown in (Figure 6) and net
present cost values of optimal system solution for grid
connected configurations are given Table 2. Total net
present cost (NPC), capital cost and cost of energy
(COE) for grid-connected system is $8,073, $3,735 and
$0.208/kWh respectively.

For the second solution, that has the highest
renewable fraction with lowest cost of energy, optimal
system component size and cost values are given in
(table 3) whereas detailed annual electricity production
by grid-connected hybrid system components is shown
in (figure 7). In this solution, energy cost is obtained as
$0.442/kWh with 87% renewable fraction. If we compare
this cost of energy which is obtained from grid
connected hybrid systems solution with Turkish utility
($0.198/kWh) and fed-in tariff prices ($0.13 kWh), it is
relatively high.
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Fig. 4 :HOMER model of (a) Stand-alone (b) PV-grid
connected hybrid energy systems.
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Table 7 :Net present cost of stand-alone system.

Capital Replacement O&M Fuel Salvage Total
Component
$) $) $) $) $) $)
PV 15,100 0 64 0 0 15,164
STATIONARY
BATTERY 10,224 8,772 307 0 -1,174 18,128
Converter 2,145 876 0 0 -163 2,858
System 27,469 9,648 371 0 -1,337 36,150
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Figure 7. Monthly average electricity production of grid-connected PV based hybrid Energy System.

Table 2 : System component size and net present cost of grid-connected system with lowest energy cost.

Size  Capital Replacement  0&M Fuel Salvage Total
Component
$) $) $) $) $) $)
PV 1 kW 3,020 0 13 0 0 3,033
Grid - 0 0 4,087 0 0 4,087
Converter 1 kW 715 292 0 0 -54 953
System 3,735 292 4,100 0 -54 8,073

Table 3 : System component size and net present cost of grid-connected system with highest renewable fraction.

Size  Capital Replacement o&Mm Fuel Salvage Total
Component
$) ($) ($) %) ($) %)
PV 9kw 27,180 0 115 0 0 27,295
Grid 1 kW 0 0 -15,859 0 0 -15,859
Converter 6 kW 4,290 1,753 0 0 -326 5,716
System - 31,740 1,753 -15,744 0 -326 17,152
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II.  CONCLUSION

Alternative power solutions are not commonly
used in residential applications in cities today, but are
actively used for remote and isolated areas worldwide.
The circumstances of each site are studied in order to
decide the feasible combination of alternative energy
resources. With the aid of above mentioned pre-
feasibility study, the PV based hybrid energy system is
found to be an inadequate power solution for household
electricity demand for the selected site over
conventional grid connection. Although the net present
cost is high, the running and maintenance costs are low
as compared to the grid connection. With decreasing PV
module prices, payback times on the PV based hybrid
energy system investment are continuously decreasing.
Considering operating and maintenance costs, an
autonomous site powered by PV based hybrid system
pay-off after 6-8 years in a good sunny location. Also
newly announced Turkish grid connected PV feed-in
tariff prices will descend to a feasible level for investor.
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Teaching and Research
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Abstract - Matrix laboratory can assist the teaching and
research of engineering and science education. This paper
mirrors how the tedious analytical method of arriving at a
solution of mechanical systems and electrical transients can
be made less burdensome using MATLAB. The simulated
results show that velocity changes with displacement and
time. It also highlighted the frictional force or air viscosity
inherent in the system as a result of acceleration or retardation
and further exhibited the effect of transients on circuit charge
and current respectively. The values of this pedagogical tool
will enhance a better comprehension of mechanical and
electrical systems.

Keywords . MATLAB, Mechanical, Systerm, Transient,
Electrical, Analysis.

I. [NTRODUCTION

he application of science in the design, planning,
construction and maintenance of manufactured

entity is called Engineering. Engineering education
is the training of engineers for the purposes of initiating,
facilitating and implementing the technological
development of a nation. In Nigeria, the training of
engineers has witnessed formidable challenges ranging
from poor funding to inadequate facilities, loss of
qualified human capacity due to the brain drain
syndrome and poor staff training and retention profiles.
Other challenges include an almost non-existence of
university/industry  partnership, defective  curricula,
traditional approach to teaching, poorly equipped
laboratories, and poorly developed local codes and
monitoring standards for the training of prospective
engineers as well as inadequate ICT environment[1].
Technological advancement serves as a major
key to a nation's development. On the other hand,
proper engineering knowledge (acquired through
appropriate structures) plays a major role in the
attainment of a high level of technological advancement.
Most developing countries find it difficult to impact
adequate knowledge and training to engineers at
different levels of training [2].
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Today technology has permeated every aspect
of social life and virtually everything revolves around it.
For a developing country like Nigeria, engineering
education thus assumes vital importance in the
development of relevant technology for societal growth.
This kind of education is obtained by attendance of a
tertiary institution, a university, college or polytechnic.
Since technology is constantly being updated and
improved in other parts of the world, the challenge of
this millennium for engineering education in Nigeria
requires our learning systems to undergo changes so
that engineering graduates will be equipped to cope
with these global changes and societal needs [3].

As part of the changes in the learning system,
matrix laboratory (MATLAB) was introduced as it plays
an important role in the design, analysis and evaluation
of engineering and sciences problems.

MATLAB was designed and developed for
engineering and science applications by Math Works Inc
and is a widely used simulator. The combination of
analysis capabilities, flexibilities, reliability and powerful
graphics makes MATLAB the premier software package
for engineers and scientists .The most important feature
of MATLAB is its programming capability, which is very
easy to learn and to use, and which allows user-
developed functions.

In the light of the above, MATLAB was applied
in steady and transient states thermal analysis of
induction machine at blocked rotor operation [4],
software  simulation  techniques  for  teaching
communication systems [5] etc.

The authors hence applied MATLAB as a
pedagogical tool in analysis of electrical transients and
mechanical systems.

[I.  ANALYSIS OF MECHANICAL SYSTEMS

MATLAB program for handling and improving
mechanical systems was developed using the state
variable equations which describe the spring-mass
system shown in figure 1 and can be written in vector-
matrix form as in equation (1).
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I1I.  ANALYSIS OF ELECTRICAL TRANSIENTS

The most important mathematical operations in
electrical transients which gives rise to differential
equation is the investigation of when the transient state
has passed, giving way to a steady state. MATLAB was
applied in figure 2 to solve transient problems in R-L-C
electrical circuit. The MATLAB program was developed
using the developed equations.

t=0, ©
X

Figure 2 . R-L-C Circuit
di 1
. —+ = | idt = 2
Rl+Ldt+Cfldt V(t) @)

With V(t) = E (a DC Voltage) and

daQ

Substituting i = o and dividing by L,

We can rewrite equation (2) in terms of charge Q as

d’Q RdQ 1 E
L 0=_ 3
dt2+Ldt+LCQ L ©)

First, we reduce the given expression:

d*Q 2dQ
— X+ 4+0=0.37 (4)
e + at +Q=0.375

into two first order differential equations:

Let us define X; =Q

X,=0Q

© 2012 Global Journals Inc. (US)

X,=0Q
~X1=Q=X, ©

The given expression becomes:
X, =0.375 - X, — 2X, (6)

Where  X; = charge

X, = current

We now use equations (5) and (6) to develop the
MATLAB function program.

IV.  DEVELOPMENT OF MATLAB SCRIPTS

Mechanical system and Electrical transient
algorithm of a spring-mass system and R-L-C circuit
respectively has been developed using the MATLAB
package version 7.5.

a) Tutorial 1- Mechanical Systems

MATLAB was applied to the spring-mass
system in Figure 1 initially at rest, a force of 40 Newtons
is applied at time t=0. Assume that the mass M=2kg,
frictional coefficient B1= 2.5N/m/sec and the spring
constant K=10N/m. A MATLAB test program to
computes the displacement (X1) and velocity(X2) of the
system at t=0(0.02) 15.0 with the initial conditions at
X1(0) = X2(0) = 0 was developed and shown in Table 1
and Table 2.

Table 7 . MATLAB Function Program

%Function file that defines the given
function

%save as example 1.m

%represent the function as xDot=Ax+Bu
function xDot=examplel(t,x)
xDot=zeros(2,1);

x1=[x(1); x(2)];

B1=2.5;

k=10;

F=40;

M=2;

A=[0 1;-k/M -B1/M];

B=[0; 1/M];

U=F;

xDot=A*x1+B*U;




Table 2 . MATLAB Calling Program

%calling program that evaluates the function
from t=0 to t=3.0 save as
%example 1a.m

t0=0;

tf=15;

tinterval=0.02;

x0=[0 0];

tspan=tO:tinterval:tf;

[T,x]= ode23('examplel’,tspan,x0);
% we now generate the first graph
figure(1)

plot(T,x(:,1),'k")

grid on

xlabel('Time[s]")
ylabel('Displacement,Velocity')
hold on

plot(T,x(:,2),'ok’)
legend('Displacement’,'Velocity')
figure(2)

plot(x(:,1),x(:,2),'k")

grid on

xlabel('Displacement')

ylabel('Velocity')

title('Graph of Velocity against Displacement')

b) Tutorial 2- Transients in R-L-C Circuit

MATLAB was applied to a series R-L-C circuit in
Figure 2 in which both the charge Q and the current are
initially zero and contains the elements R=8Q, L=4H,
C=0.25F. If a constant voltage E=1.5V is suddenly
switched into the circuit current and charge against time
at t=0(0.01)10. A MATLAB program to perform this was
developed and also shown in Table 3 and Table 4.

Table 3 : MATLAB Function Program

%function file that defines equations ( 5)
and (6)

%save as exaple2.m
function dx = example2(t,x);
dx = zeros(2,1);

dx(1) = x(2);

dx(2) = 0.375-x(1)-2*x(2);
dx = [dx(1);dx(2)];

Table 4 . MATLAB Calling Program

%calling program that evaluates the functions to
save as 2a.m

t0=0;

tf = 10;

tinterval = 0.01;

tspan=t0:0.01:tf;

x0=[00];

[t,x] = oded5('example2',tspan,x0);
% we now plot the graphs
Q=x(:,1); % charge

I =x(:,2); % current

figure (1)

plot (t,Q,'k")

grid on

xlabel('Time[s]")

ylabel ('Chargel[c]')

figure (2)

plot(t,l,'k")

grid on

xlabel('Time[s]")

ylabel('Current[A]")

V.  SIMULATED RESULTS AND DISCUSSIONS

The system output for spring-mass system and
electrical transients are shown in figures 1, 2, 3 and 4
respectively.

Figure 1 shows velocity-displacement graph for
the spring-mass system. It is seen that the mass is
displaced from zero metre till it attains its full velocity at
2s. The spring-mass system finally decelerates to zero
at 4s. Furthermore, in figure 2 the velocity changes as
well as displacement after one second and two seconds
respectively followed by a deceleration and a struggle
for stability due to external or built-in influences until
stability is maintained after seven seconds. Considering
figure 3, it is seen that the circuit charge rises steadily
from zero second and remains constant after six
seconds. Likewise current rises steadily from zero
second to one second after which there is a sharp fall
due to transients and remains constant after eight
seconds.
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VI.

CONCLUSION AND RECOMMENDATIONS
The potentials of MATLAB in teaching and

research have been explored and certified very efficient

in
pro

solving wide range of engineering and science
blems. It has been shown that the use of MATLAB

software package in mechanical systems and electrical
transients could make their analysis less tedious, more
accurate and more speedily.

all-i

Therefore, in order to encourage the use of this
mportant software by students and staff in Nigerian

higher institutions, the following recommendations are
considered inevitable:

1.

1.

MATLAB should be introduced in the nation’s
engineering faculties and made compulsory for all
engineering students.

Postgraduate engineering students should be
made to carry out one or two projects on MATLAB
before embarking on their final thesis.

MATLAB groups among students should be
encouraged in all the nation’s universities. These
groups should be involved in discussions about
problems encountered and successes made
while solving a particular problem.

Engineering faculties should encourage their
teaching staff to attend workshops/seminars on
the recent versions of MATLAB.

Calculations and analysis done using MATLAB
should be well documented for future references.

Inter-university and inter-departmental
competitions among students on MATLAB and its
programming application should be encouraged
to stimulate interest in the use of the software.

MATLAB just like any other engineering software,
is very expensive for a department to purchase it,
therefore Deans of Faculties should be made to
bear the financial burden-especially in securing
the necessary software toolboxes.

COREN and NSE can ensure that
recommendation number one is achieved through
appropriate legislation.
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Absiract - Based on the concept of the external power system
dynamic equivalent for the study system, this paper proposes
a novel evolutionary method for the identification of the
equivalent’s parameters, comparing the answers of the
complete network and its equivalent following the small
disturbances which emerged in the study system. The
proposed method is demonstrated and compared with the
original system using the 10 machines 39 buses New England
test system. The comparison shows that the proposed
approach can preserve all dynamic properties of the original
network.

Index Terms . Dynarmic equivalents, Dynamic modeling,
Genelic  algorithm, Nonlinear identification,  Multi-
machine system, Parameter identification, Power
systern, Structure preservation.

I. INTRODUCTION

= lectric power systems have long been perceived
=== and exploited like national entities or regional
areas. The interconnections between such zones
being mainly used with the aim of help in case of failure
in a nearby zone. In the new context of the electricity
sector, this situation has changed since the
interconnections are increasingly used in order to
maximize the exchange of electricity through power
exchanges recently introduced. This leads the
transmission system operators (TSOs) to operate their
systems increasingly close to their limits. In an individual
way, each TSO is obliged to re-examine its way of doing
the usual studies on its own network. In particular, a
more refined modeling of the influence of neighboring
systems on its own should be considered. Moreover, the
process of extension of the synchronous area which
continues today, led to a significant increase in the size
of dynamical systems to study. Besides the difficulty
posed by the size, new structural phenomena occur
from this extension as the electromechanical oscillations
of low frequency observed between generators remote
network.

Many dynamic equivalence techniques have
been developed over the years [1]-[9]. More research
focused on coherency equivalents and modal
equivalents nowadays, however, they need detailed
data of the external system which may be difficult to get
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in the power market environment. Some estimation
methods are based on available information from the
boundaries nodes and do not require any knowledge
detail of the external network. The classical estimation
methods are mainly based on the linearization of the
system around an operating point with theoretical
constraints validity [10] - [12]. Consequently, they are
limited by their validity in nonlinear practical
applications, offline and online applications. This paper
proposes a new evolutionary approach for estimating
parameters to determine a dynamic equivalent model of
an external power system from synchronized
measurements of disturbance occurred in internal
system, which obtained by PMUs (Phasor Measurement
Units). This approach was applied to 10 machines 39
buses New England test system [13]. Comparing the
properties of the equivalent system with ones of the
original system, the result shows that the reduced
system can represent dynamic behaviors of the original
system well, for any kind of disturbance.

II.  DyNAMIC EQUIVALENTS

The equivalent is represented by a model with
unknown parameters. In operation, the power system is
often perturbed by small random disturbances. The
estimation of unknown parameters of the equivalent
model is operated by comparing the measurements
obtained from the real network, and the same
measurements made on the equivalent network by
minimizing some objective function.

a) Dynamic equivalent mode/

The basic requirement of the dynamic
equivalents is that the response of the equivalent system
can fit the original system dynamically and
approximately when faults happen in the internal
system. In our equivalent system, equivalent generator
represents dynamic effect of the external system on the
internal system located at the boundary bus (Fig.1).
When there are multiple boundary buses connecting the
external system with the internal system, multiple
generators are adopted to represent dynamic influence
of the external system on the internal system, with an
equivalent generator located at each boundary bus [14].
Parameters to be estimated are: Xq,Xq,X'a,H,D,T 40,
voltage regulator gain K, and its time constant T,.
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Fig. 1.a : Original System Fjg. 7.0 : Equivalent System

The equivalent generator model can be

expressed by the following equations:

W= i(Tm —E I+ (Xq _X’d)ldlq —Dw—-1)) (1)

8 = wy(Aw — 1) (@)
E'y = 5 (Erg = Ka = X' Iy — E'g) 3)
Efd =%(Ka(vref -V +VS) — Efq) 4)

b) Parameter identification of equivalent mode!

The parameters identification for nonlinear
systems includes deterministic and evolutionary
methods. Evolutionary methods offer greater ease of
adjustment problems and other advantages over
deterministic methods because they:

- Require only the calculation of the objective
function, without this last being forced to be
continuous or differentiable.

- Easily adaptable to multi-objective problems
optimization, and complex systems with very
important unknown number of parameter.

- Have great theoretical probability to find the
global optimum.

- Offer great simplicity of implementation.

An evolutionary approach based on genetic
algorithms is presented in this document, to identify the
dynamic equivalent model parameters, by minimizing
the range of speed variation, electrical power variation
and terminal voltage variation produced in all generators

of the internal system between the original and the
equivalent system.

i. Error function
The original system equations are generally written:
Ax = AAx + BAu
Ay = CAx )
Where:
A= State matrix (4mx 4m).
B = Control matrix (4mx2m).
C = Output matrix (2mx 4m).
Ax
= [Aw; .. Awy, A8, .. A8y, AE 1 A gy AEpgy . AEpgy |

© 2012 Global Journals Inc. (US)

Au = [AT,yq ... AT,y AU ... AU, T
Ay = [Aw; ...Aw,, APe; ..APe,, AV, ...AV,,]"
with :
e A Absolute angle rotor variation (rad. elec/sec).
e Aw Angular velocity rotor variation (pd).
e AE'q Internal voltage variation (ou).
e AEfd Internal excitation voltage variation (pd).
ATm Mechanical torque variation (pd).
e AUs Order excitation systems variation (pd).
e APe Active power variation (pu).
e AVt Change in terminal voltage generators (pu).
The equations describing the dynamic
equivalent system are expressed similar to those of the

original system (5), but with a simplified structure and
less parameters.

Ax(a) = A(a)A%(a) + BAu
AJ (@) = C(a)Az(a) ©)
A(a),C(a),Ax(a)et A¥(a), are all functions of a, the

equivalent system parameter vector to be identified.
Therefore, an error function may be defined by:

e(a) = Ay — Ay(a) (7)

Where Ay represents the responses of the
original system, which are directly measureable.

And Aj(a), must be calculated by simulating the
equivalent system with the same disturbance.

i. Objective function

The idea is to minimize the error function (7)
between the measure and the model output for all
machines belonging to the internal network. The
mathematical model of the optimization problem is a
multi-objective  function and can be formulated as
follows:

[min] e(a) = [el (a): €z ((Z), ---fe3(m—nex)(a)]

a>0
Where:
tfin

e.(a) = Z Ay (D) = A (@, DD ; i = 1,2, ...,3(m — nex)

By weighting the measurements by a weighting
factor Ai, our objective function becomes:

{[mm] e(@) = X074, 21, 14y (©) - A3 (a, O]

Where:
a = [Xd,Xq,X,d; H; D’ T,do'Ka'Ta]



Ay =
T
[Aw) .. AW ey APe; . APy oy AViy e AV (e |

Ay =
~ ~ — — ~ ~ T
[A®) ... ABpy—nex APey ...APEy oy AV oo AV (o]

m = number of machines belonging to the complete
system.

m—nex= number of machines belonging to the study
system (internal system).

ii. Encoding and initial population

The encoding of individuals is an important
parameter in population research methods. These are
represented as a strings (chromosomes) containing
characters or genes of a predetermined alphabet. There
are different ways to code a solution. In our study, the
individual is represented by eight parts of chromosome
corresponding to the eight parameters to be estimated,
each gene (parameter) is represented by its physical
value, which means that, the real coding is adopted
(fig.2).

The GAs requires an initial population to start
search process. Applied methods generate randomly a
set of solutions belonging to the following area:

Tmin <a< Xmax

(10)
Where:

[ 2 Xai ] [ 2575 Xai ]
2(m—nex) (m—nex)
e X 25m X
2(m nex) (m—nex)
DHERAP O 250 K
2(m—nex) (m—nex)
ymoner g, 2ymoner y,
2(m—nex) . _ (m—nex)

Amin Em —nex p, s Tmax = = sz nex p,
2(m—nex) (m—nex)

I T o 280" T 4o
2(m—nex) (m—nex)
ymoner g 23mIne K
m W
Zm —nex 23moner T,

L 2(m nex) (m—nex)

The individuals’ number in the initial population
is chosen such that:

Nind > Nmes * (m - nex)

(11)
Where:

Nies = Number of
considered (w,Pe,Vt)=3.

m= Total number of machines belonging to the
complete network.

nex= Number of machines belonging to the
external system.

A representation of Mind individuals (solutions)
in an initial population is shown in fig.2.

measures  nature

Initial Population

0.0200/0.2300/0.4000/ 0013 /1.000/0.1020/
0.1201/0.0340/0.2020/0323/2.030/0.0030/

23.78/0.0500
10.79/0.0410

0.1500 /0.0441 /0.1460/ 0020/ 0.031 / 0.0280/104.7 / 0.1001 Nind

Xd / Xq / Xd / H/ D / Tdo / Ka/ Ta

Fig. 2 Organization and coding of individuals in initial

population.

iv.  Evaluation mechanism

With a fitness function or adaptive function the
evaluation is done in a closed interval [to,tfm] uSing
each time a new dynamic simulation of the equivalent
system for each population individuals.

fila) = 4, 2™ 18y, (8) — Ay (e, ) (12)

Where:
1

f— s i=12, ..
SAG)!

A= s Nines * (m — nex)

v. Evolution mechanism

a. Parents selection
Among initial population individuals, we choose:

- A number of individual « Nmes* m—nex »;
To form a group of (Local parents), in which
each parent "/"satisfied the fitness function minimum:

parent; = min;_; y, . i (Ind )] (13)
Where:
i=12,..,Nye * (m—nex)
— A number of individual « Nmes » ;
To form a group of (Global parents), in which
each parent 'k”satisfied the fitness function minimum:

parent, = min;j_; y, (Z?’z’”fs *(m_nex)fl-(lndj)) (14)

Where: k=1,.2,.

mes

The local parents group includes the favorable
solutions for each type of measure that corresponds to
each machine belonging to the internal system.
However the global parents group includes the
favorable solutions for each type of measure that
corresponds to all the machines belonging to the
internal system. The population called, ‘Parents
population” is made up of the two groups (Global
parents & Local parents).

b.  Multi-parent recombination

Recombination is used mainly in evolutionary
strategies. Contrary to k points crossover operators,
which exchange information between two parents, the
recombination creates the descendants, by weighting
many parents components’. We define three weighting
operators:

© 2012 Global Journals Inc. (US)
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0p1 (ChT) — Pryq (chr);—Prz (chr)

Op,(chr) = max(Pn (chr), Pry (chr)) +
Ops(chr) = min(Pr1 (chr), Pry (chr)) -

|Pry(chr)—Pry(chr)|

|Pry(chr)—Pry(chr)|
2

Where:

chr : Integer belonging to [1,8], which represents
crossed chromosome order.
Pri,Prz : Two individuals of local parents group.

We generate Nind individuals for construct the
new population (generation) from the two groups' "/local
parents' and "global parents', with the following steps:

1. We reproduce the same individuals in the global
parents group for construct, Numq individuals of the
new population (Fig. 3).

Begin

New Pop (1, ) = Global Parents{j, : ) |

Fig. 3 - New population from the group Global Parents

2. For each individual "/ " belonging to the new
population:

- A random integer number of weighted point "k" is

generated between 1 and 8*T aiv.

- In each weightings j=1,2... .k :
- we choose a random pair of individuals from the
local parents group.
- a crossed chromosome is chosen randomly «
chr »,
-a random real number, “h”, is generated between
0 and 1, to select the weighting operator (Fig. 4).

| Tec,

TeC; | 50% " 50%.

1— mut

TeC,

mut
Fig. 4 - Recombination operator distribution's

- the value obtained by the weighting operator is
assigned to the individual's chromosome "i(chr)" of the

new population, if this value satisfies the constraint:
a>0 (15)

- we move to the next individual "i +1" when the
number of weighting point "k" of the individual "i" is
complete.

© 2012 Global Journals Inc. (US)

3. Accordance with the procedure for selection of
parents, the best individuals evaluated by the
fitness function (12) between parents population
and this new population, construct the new
parents population and clear the old parents
population for the next generation (elifist strategy).

III.  ALGORITHM

The complete algorithm of the proposed
method is given below:

Step? . Introduction of static and dynamic data of the
complete system.

Step2 : Power flow calculation, linearization, disturbance
choice and network dynamic simulation.

Step3 : Border node choice and equivalent system
linear model construction from results of the power flow.
Step4 : Generating the initial population according to the
procedure specified in subsection (//.5.3).

Step5 - Run equivalent system dynamic simulation and
evaluate all individuals by fitness function (12).

Step6 : Construct the population of parents following the
procedure described in paragraph (#.B.5.a), with
equations (13,14).

Step7 . While the number of generation has not reached
the maximum number N gen:

Step7.1 : Generate the new population using described
procedure in paragraph (l11.B.5.b).

Step7.2 . Run equivalent system dynamic simulation
and evaluate all individuals by fitness function (12).
Step7.3 Select the new individuals in parents
population following described procedure in paragraph
(I.B.5.b.3).

Step8 End while.

Stepd : Select best individuals in parents population with
the objective function (9), and display the results.

Table.l, represents the most
parameters that characterize this algorithm.

significant

Table | . Control Parameters

Control parameters Definition
Nina Number of individual in a population
Nyen Maximum number of generation
Tyiv Weighting rate
recy,recy, recy Recombination rate
Opy, Op,, Op3 Recombination operator

IV.  APPLICATION

To validate the proposed approach, developed
algorithm was used to build the dynamic equivalent of
transmission network IEEE New-England 39 bus [13]. It
represents a simplified New England transmission
network (northeastern United States) that is part of real
U.S. network. This network consists of 10 generators
(PGtotal= 6.19 GW, QGtotal= 1.28 GVAr) and 39 bus
with 19 load bus. The original system structure is as
Fig.5.



Fig.5 . Original system IEEE-39 bus

In Fig. 5, the shaded part is the internal system
and the rest is the external system to be reduced. There
are a boundary bus 16 and two tie lines 16-15 and 16-17
between the internal and the external systems. Fig. 6 is
the sketch of the equivalent system.

6o ) @
0 (~) ~

g + ar
&)

Réseau Interne

~\__‘ ¥
Gy % _ 3 ERN BT ;’L\(ip
= | s 18 . -

¥ 'C_'/-E

Fig. 6 . Equivalents system

a) Simulation

The network linear model is used by the
algorithm for solutions evaluation in estimation
procedure. The proposed algorithm programming and
dynamic linear model simulation was implemented in
Matlab.V7  environment. The algorithm  control
parameters are summarized in Table Il. These
parameters were obtained after several tests with an
appropriate adjustment.

Table /I - Control Parameter Values

Control parameters Values
Ning 80
Ngen 60
Taip (%) 100
recy,recy,recy 0.5,0.25,0.25

To allow a better parameters estimation,
different disturbances were applied in different parts of
the internal system. Each proposed disturbance has a
period of 10s. An event is generated each time to the
first second of the simulation. The algorithm verifies the
equivalents behavior in period of 10s, by comparing its
response with the response of the original system. If the
equivalent response exceeds some level relatively to the
original systems response in a new disturbance, the
equivalent generator parameters are recalculated and
updated. Each solution obtained by applying the
previous disturbances must be part of the initial
population of the next estimation procedure. The
estimated parameters of the equivalent generator are
presented in Table |ll.

b) Validation

A small  perturbation represented by
disconnecting the line 3-18 is applied to bus18 of the
equivalent system and the original system respectively
at time, t=2s and lasted for about 12 cycles. Time
domain dynamic simulations were performed both on
the two systems.

Table /Il : Equivalent Generator Parameters

Parameter
Dist. | X, X, | X4 H D | Ta | K T,
3 0.471 | 0.043 | 0.060 | 135.0 | 2.5 7.898 | 155.0 | 0.068
8 8 3 9 -1075 6 8 5

Dynamic responses are shown in fig. 7 to fig. 9.
The boundary node voltage is shown by fig. 7, The
angle of the machine n°10 is shown in fig. 8 and angular
velocity of the machine n°8 in fig. 9.

1.0768
1.0766
1.0764

1.0762

W {pu)

1.076

1.0758

1.0756

) S T NN N NS NN S S N N
\]

t(s)

Flg. 7 :Voltage variation at bus 16
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Fig. 8 - Angle of the machine 10

In order to verify the performance of the
proposed dynamic equivalent approach in the case of
the large disturbances, three-phase fault was applied to
bus 30 of the equivalent system and the original system
respectively at time t=2s, and the fault lasted for about
3 cycles. Time domain dynamic simulations were carried
out on the original system and the equivalent system,
and dynamic responses are shown in fig. 10 and fig. 11.
The angle of the machine n°10 is shown in fig. 10 and
angular velocity of the machine n°8 in fig. 11.

&ipu)

1(s)
Fig. 9 - Angular velocity rotor variation of machine 8
0.25 ------ P SREEEEE RN P R R .

—— Original system :
—— Equivalent System| !

&Deltarad)

Fig. 70 . Angle of the machine 10
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EW(pu)

t(g)
Fig. 77 . Angular velocity rotor variation of machine 8

The simulation results of equivalent system with
estimated parameters are encouraging and show the
effectiveness of the developed algorithm and the ability
of the estimated equivalent to reproduce the influence of
the external system on internal system for small and
severe disturbances.

V. (CONCLUSION

In this study, we proposed a nonlinear
estimation method for parameters, based on an
evolutionary algorithm. In order to obtain the external
system dynamic equivalent, several dynamic simulation
disturbances were applied to increase the accuracy of
the model estimated by the developed algorithm. The
proposed approach does not require data of external
system. This approach requires only configuration
information, settings and operating status of the internal
system. Dynamic simulation was performed on both the
original system and the equivalent system under
different operating conditions, and the results show that
the obtained equivalent system can represent the main
dynamic characteristics of the original system well.
Thus, the approach proposed is proved to be feasible
and has potential for tackling the complex practical
application in power system.
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A Qualitative Approach to Design Multi Channel
UART Using FPGA and FIFO Technologies

C.K.Hemantha Lakshmi®, C.K.Hemantha Rama® & C.K.Mahesh Babu®

Absiract - To meet modern complex control systems
communication demands, my paper presents a multi channel
UART controller based on FIFO (first in first out) and FPGA
(field programmable gate array).The paper presents design
method of asynchronous FIFO and structure of controller.This
controller is designed with FIFO circuit block and UART
(universal asynchronous teceiver transmitter) circuit block with
in FPGA to implement communication in modern complex
control systems quickly and effectively. This controller can be
used to implement communication when master equipment
and slaver equipment are set at different baud rate. It can also
be used to reduce synchronization error between sub systems
in asystem with several sub systems. The controller is
reconfigurable and scalable. The whole scenario is simulated
using VHDL coding.

. [INTRODUCTION

oday, owing to availability of state-of-the—art
Tmicrocontrollers and digital signal

processors(DSPs), complex control algorithms can
be easily implemented to attain the desired system
performance [3].But in actual control systems it is
difficult to attain the expected result for various factors
affect the control systems such as control algorithms
itself, capability of implement equipment and states of

control  circumstance. Except those  factors,
communication parameters of control  systems
including baud rate, BER (bit error rate) and

synchronization between sub systems also engender
great effect .In order to improve precision of control

system and make good use of modern control
algorithms ,we should pay much more attention on
communication in control systems[1].

In several control systems, UART a kind of serial
communication circuit used widely. A universal
asynchronous receive transmit is an integrated circuit

which plays most important role in serial communication.

It handles the conversion between serial and parallel
data. Serial communication reduces the distortion of a
signal therefore makes data transfer between two
systems separated in great distance possible[2].

In some complex systems, communications
between the master controller and slaver controllers are
implemented by serial or parallel port. Parallel
communication needs a lot of multi-bit address bus and
data bus and it is only convenient for short distance
transmission. Serial communication is another way of
communication used extensively because of its simple
structure and long transmission distance .But
sometimes a common serial port could not meet
requirements of complex systems with different baud
rates equipments even some special baud rate
equipments. It is impossible to implement this multi
baud rate communication system without a special
baud rate converter[3].

a) Proposed system is
e RTL design and verification of RS 232.
¢ Interfacing digital clock manager.

| ety oY TORE

Figure 7 . Multi Channel UART
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I1. DESIGN IMPLEMENTATION

a) Designing of Asynchronous FIFOs

An asynchronous FIFO refers to a FIFO design
where data values are written to a FIFO buffer from one
clock domain and data the data value are read from the
same FIFO buffer from another clock domain, where the
two clock domains are asynchronous to each other.
FIFOs are always used for data cache, storing
differences of frequency or phase of asynchronous
signals. Asynchronous FIFOs are often used to quickly

wr_data

wellk

Status

and safely pass data from one clock domain to another
asynchronous clock domain. In asynchronous clock
circuit, periods and phases of each clock domain are
completely independent so the probability of data loss is
always not zero.

b) Structure of Asynchronous FIFO

A FIFO consists of a RAM array block status
block writer pointer (WR_ptr) and a read pointer (RD_pitr)
and its structure is shown below figure

— rd_data

Empty
»

Reat

LA
el

Figure 2. Asynchronous FIFO

A RAM array with separate read and write ports
is used to store data .The writer pointer points to the
location that will be written next, and read pointer points
to the location that will be read currently. A write
operation increments the writer pointer and read
operation increments the read pointer. On reset, both
pointers are rest to zero, the FIFO is empty. The write
pointer happens to be the next FIFO location to be
written and read pointer is pointing to invalid data. The
responsibility of status block is to generate the EMPTY
and FULL signals to the FIFO [4]. If the FULL signal is
active then the FIFO cannot accommodate more data
and if the EMPTY is active then the FIFO cannot provide
more data to read out. When writing data into the FIFO
2welk“will be used as the clock domain and when
reading data out of the FIFO ,rclk™ will be used as the
clock domain. These both clock domains are
asynchronous.

c) Factors for the design of Asynchronous FIFO

In the designing of asynchronous FIFOs, two
important factors are considered. One is how to judge
FIFOs status according to the writer pointer and read
pointer. The other is how to design circuit to synchronize
asynchronous clock domains to avoid metastability.

d) Status of empty and full of FIFO
Creating empty and full signals is the most
important part of designing a FIFO. No matter under

© 2012 Global Journals Inc. (US)

what circumstance, the read and write pointers cannot
point to the same address of the FIFO. So the empty
and full signals play very important roles within FIFO that
they block access to further read or write respectively.
Generally, in an ordinary FIFO, when the read pointer
equals the write pointer the FIFO is empty. But in a
circular FIFO it is either empty or fll when both of the
pointers are equal. Because the FULL and EMPTY
signals can not only be decided by the pointers value
but also influenced by the operation that caused the
pointers to become equal. If a reset or read makes the
pointers equal to each other, the FIFO is really empty. If
a write makes the pointers equal, the FIFO is full.

One design technique used to distinguish
between FULL and EMPTY is to add an extra bit to each
pointer. When the write pointer increments past the final
FIFO address, the write pointer will increment the
unused MSB while setting the rest of the bits back to
zero as shown In below figure(the FIFO has wrapped
and toggled the pointer MSB).The same is done with the
read pointer. If the MSBs of the two pointers are
different, it means that the write pointer has wrapped
one more time that the read pointer. If the MSBs of the
two pointers are the same, it means that both pointers
have wrapped the same number of times.



¥ Vi S e || When -
15 | (waddr[3:0] == raddr{3:0]) | | %5 93
14 | the FIFO is either 14 02 \
o | FULL or EMPTY = =) Y
12 ; 12 50 Y
11 : 11 80 y
10 : 10 40 |
] { ] 20 !
s ey =5 | 1f (wadar[4] = raddria)) |
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/ 3 & cc 7
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s 2 2 BA /
/ ¢ g
v 1 1 1 FF »
raddr—»| 0 «— waddr raddr—» O 00 | +—  waddr

| On reset, waddr<=0 EMPTY
| and raddr<=0 if (waddr == raddr}:

| FULL
| if ({~waddr{4].waddr[3:0]} == raddr);

Figure 3 . FIFO organization

Using n-bit pointers where (n-1) is the number
of address bits required to access the entire FIFO
memory buffer. As shown in above figure the FIFO is
empty when both pointers, including the MSBs are

equal. And the FIFO is full when both pointers. Except
the MSBs are equal. The FIFO design described here
uses n-bit pointers for a FIFO with 2(n-1) write-able
locations to hep handle FULL and EMPTY conditions.

e) UART circuit block and structure
Status Reg
Control
Control Reg
L
Relk ; Telk
_RXD,| [ Receive Shift | | Transmit Shift | |22
I 7
SZ 3
Data Bys| Receive Transmit Data Bus
é——'-3> Buffer Buffer

Figure 4 . UART Block diagram

7 Software structure

We can use software codes in VHDL to design
FPGAs hardware structure, it is easy to create and
adjust to satisfy requirements of applications. There are
one UART used to communicate with PC or other main
MCU and there are also four other UARTs used to
communication with sub MCUs [5]. Each channel has
two FIFOs one for receiving data and the other for
transmitting data. Each FIFO*s depth is 64 bytes. The
software flow chart is shown in figure 6.
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Figure 5 Proposed method Flow Chart

As shown in figure ,when FIFO is full we cannot
write any more byte into the FIFO.At this time, the status
detector will set CS high to indicate that the FIFO is full
and when FIFO is full you cannot write any more byte
into the FIFO. At this time, the status detector will set CS
high to indicate that the FIFO is full and stop writing to
the FIFO. When FIFO is empty we cannot read from it
any more. Then the status detector will set empty high to
indicate the status of FIFO and stop reading from it
[6117].

When FIFO is not full or empty it will be written
or read data according to the control order. After
finishing all write or read operation it will stop until next
access is coming.

End Time:

25 ns 125ns 225nS

Ll

3R nread

325ns

|
T

[11. SIMULATION RESULTS

a) Simulation And Verification

To verify design of the controller a test bench is
written to make verification in modelsim .Data received
from the PC or other main MCU will be stored in FIFO*s
within FPGA till the controller will set a kind of baud rate
according to commands desired. The controller is
receiving data and store the data received to different
FIFO waiting for read. When sub-controllers are required
to receive data at different baud rates, the controller can
set each channel at its required baud rate to transmit
data. The controller sends data at the same time but at
different baud rate.
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625ns 726ns l
|l

525 ns
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—
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—
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Figure 6 Simulation results for single FIFO
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Figure 7 Simulation results for digital clock manager
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Figure 8 : Simulation results for same baud rates

End Time:
1000 ns
gﬁ"#Fs%_CLK

e ot
géﬁ?ﬁbm[f}ﬁ“ :

IREMPTY

125ns 225ns 325ns 425ns 525ns

625ns 725
|

825ns  925ns

925 ns
[

826 ns

~ AMEMPTY2

 ANEMPTY3

JMEMPTY
AFULLY

JRFULL2

T

e

W RS AL LR P Y

Global Journal of Researches in Engineering ( F ) Volume XII' Issue VII Version I E July 2012

JMFULLI

©ARFULLY

i g€ DOUT1(7:0]
@ g DouT2(7:0]
@ ¥ DOUT3(7:0]
& §X DOUT4(T:0]

Simulation results for different baud rates

Figure 9 .

© 2012 Global Journals Inc

(s



July 2012

N
(e)]

(F) Volume XII Issue VII Version I

oineering
1neer ln,O

S

Global Journal of Researches in En

IV. CONCLUSION

This paper introduces a method to design a
method to design a asynchronous FIFO based on
FPGA. And wusing asynchronous FIFO technique
implements a multi channel UART controller within FPGA
based on SRAM wit high speed and reliability .The
controller can be used to implement communications in
complex system with different baud rates of sub
controllers. And it also can be used to reduce time
delays between sub controllers of a complex control
system to improve the synchronization of each sub
controller. The controller is reconfigurable, so the
controllers fault is that it would be influenced by the
radiation from surroundings and by short time pulses
easily.
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Design and Implementation of General Purpose
Remote Terminal Unit (R.T.U)

Eng. Wael E. Matti * & Dr.Jabir S. Aziz°

Abstract - This paper introduce the design and development of
multifunctional sensor nodes, the design based on
microcontroller which represent the heart of any low cost
R.T.U. A small size R.T.U can be used as a server provides the
required data in the remote area. The proposed R.T.U is of low
cost, low power, easy to implement and efficient to be used in
different applications.

[.  INTRODUCTION

elemetry is the science of gathering information at
Tsome remote location and transmitting the data to

a convenient location to be examined and
recorded, when telemetry is used both to monitor and
control, the term supervisory control and data
acquisition (SCADA) is often used to describe the
system.[1]

Telemetry system consists of three parts, which
are: central unit, RTU and communication media.[2]

A remote terminal unit (RTU) is a
microprocessor-controlled  electronic  device  that
interfaces objects in the physical world to a central unit
or SCADA by transmitting the required data to the
system and sometimes by using messages from the
central unit to control connected objects.[2]

The remote terminal unit consists mainly from
three major parts (sensors, microprocessor or controller,
Communications parts), Each R.T.U composed from the
sensors that provide the required data for a certain
application, the microcontroller which is the most
important part of the R.T.U that collect the data from the
sensors, process it and give it to the communication
part for delivering it to the central unit.[2]

Microcontrollers are devices also known as
computer in a chip, the design in cooperates all of the
features found in a microprocessor (CPU, ALU,PC,SP
and all registers) it has also other added features need it

to be a complete computer : Rom, RAM, serial and
parallel I/O, counters and a clock circuit. The prime use
of the microcontroller is to control the operation of the
R.T.U using a fixed program which is stored in ROM.[3]

The microcontroller is an embedded system
which is used by individuals, who are, in the main,
unaware that the system is a computer-based. The
microcontroller is not flexible, it does not have an
operating system; it's programmed to perform the
required task.[4]

The microcontroller inside the R.T.U itself can
not send data over any transmition media unless it is
interfaced with parts or IC’s capable of doing that [1].

To make the proposed R.T.U send data over
computer networks, the controller inside the R.T.U need
to have a TCP/IP protocol in the code memory making it
an Ethernet node, well the controller also needs special
parts that allow us to reach this media.[5]

Ethernet is the technology for LANSs,
Standardized in IEEE 802.3. In the OSI reference
system, Ethernet is at the Data Link layer. used to
connect computers in home and offices. It is also
possible to interconnect networks by router and
Gateways end with WANSs. [6]

TCP/IP is a suite of protocols used in the
internet to allow communication between computers, it
is a layered protocol based on the open system
interconnection OSI model, The term TCP/IP refers to
communications that use TCP and IP protocols.[5]

[I.  HARDWARE DESIGN OF THE PROPOSED
SYSTEM
a) The Hardware Design of the R.T.U.
The propose hardware design of the R.T.U is
shown in figure (1)

Analogue and
Digital Sensors I:D U
Microcontroller | | Ethemet = ¥ Computer
1
Keypad — Interface P Networks
LCD Display [

Figure 1. The block diagram of the proposed R.T.U
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The proposed R.T.U was implemented by using
the following electronic components

» PIC16F887 Microcontroller.

» LM35 and DS18s20 as a temperature sensors.
» ENC28J60 as the Ethernet controller.

» Keypad and LCD

The PIC16F887 microcontroller has an 35-1/0
pins, 14-1/0 pin can be programmed to be either
analogue or digital inputs, the other 1/O pins can
interface digital inputs. [7]

The first step of implementing the proposed
design of FEthemet system is to interface the
microcontroller (PIC16F887) with sensors, accessory
part and the Ethernet controller 28J60. These interfaces
include the hardware connections and programs reside
in the mind of the microcontroller, the details can be
summarized by the following sections

i. qata collection part

The data collection section is performed by
interface the PIC16F887 with sensors. The sensors
identify which data is to be collected such as
temperature, pressure, humidity, force and etc. LM35
and DS18s20 were selected as examples of analogue
and digital sensors respectively.

The LM35DZ is an analogue sensor that is used
for reading temperature range from -55 °© to + 150 °.
The PIC16F887 microcontroller has a built in Analogue-
to-digital (ADC), so that the sensor’'s analogue signal
can be connected directly to the analog input of the
microcontroller.

DS18S20 is an example of digital sensors that
read temperature provides 9-bit centigrade temperature
measurement range from -55° to +125°,

In the implemented R.T.U two LM35 and two
DS18S20 were connected to the PIC 16F887.

ii. Accessory Part

Adding a keypad and LCD display to the
proposed R.T.U give to it aesthetic, not only this, in
some applications the user want to interact with the
R.T.U such as give it a new |IP address or see some
results, in the designed and implemented Ethernet
R.T.U keypad and LCD display were added for security
assigning a password to R.T.U.

iii. Ethernet module part

The PIC16F887 microcontroller can be
connected to the computer network media via an
Ethernet controller unit.

Microchip ENC28J60 is a stand- alone Ethernet
controller with SPI (Serial peripheral interface). The ENC
28J60 meets all of the IEEE 802.3 specification, support
one 10BASE-T port full duplex mode. ENC28j60 was
used in the implementation of the proposed R.T.U.

b) The Hardware Design of the Central Unit

The main function of the central unit is to
receive, process, store and display the data received
from the R.T.U.

© 2012 Global Journals Inc. (US)

The implemented hardware consists of PC with
NIC (network interface card) and |IP address
192.168.1.67.

I1I.  THE SOFTWARE DESIGN

a) The Software Design of R.T.U.

The general flow chart of the implemented
program is shown in figure (2), complex functions were
given in subroutines. These routines easily give a good
understanding of the main program. This program was
implemented to reside in the ROM of the PIC16F887
which perform the operation of data collection from
sensors and transmitting these data to the central unit
via the communication media.

L ]

Wait for request

l

Call Read Analogue
subroutine to get the
required data from
the two analogue
sensors

v
Call Read Digital
subroutine to get
the required data
from the two digital
sensors

h 4

Pass the data to
TCP/IP subroutine

!

Call TCP/IP
subroutine to send
the frame

Figure 2 : The implemented program in the mind of
RT.U

There is no end stage in this flow chart because
the R.T.U will always waiting for any request from the
central unit.

With interfacing (hardware and software) with
Ethernet controller the PIC now has NIC (network



interface card), the Ethernet system was become a
R.T.U which is capable of sending the collected data.

The designed and implemented Ethernet R.T.U
has the following features:-

a. Port Address 80:- the port address operates in
transport layer guaranty the delivery of the data to
the collect application in the PC. Port 80 is a HTTP
(hypertext transfer protocol) function as a request-
respond protocol in the client server model.

b. IP Address 192.168.1.60:- the IP address operate
in the network layer guaranty the delivery of the

network, each device on the computer network
must have a unique IP address.

c. MAC Address 00.14.A5.67.19.3F h: - the MAC
address operates in data link layer guaranty
delivery of the frame to the correct device in local
area network. Each device in the LAN has a
unique MAC address.

d. The Speed of R.T.U:- is 10Mbs which is a good
data transfer rate, this  good data rate allow the
R.T.U to transfer images and videos.

b) Software Design of Central Unit

packet to the correct device in the wide area The software was designed and implemented in
visual basic program as shown in figure (3).
BT r v—— o Y — — el
temp2 | termpd tempd plessure | date time: year

hat connect| not connect | not connect | nat connect
not connect | not connect | not connect | not connect
28.2219 28.2219 282219 28.2219
28.2219 28.2219 28.2219 28.2219
2318074 2318074 23718074 2318074
28.2219 28.2219 282219 28.2219
28.2219 28.2219 28.2219 28.2219
not connect| not connect | not connect | not connect
282219 28.2219} 28.2213] 28.2219

4713/20124:08:56 PM
47132012 41316 PM
471472012 12:53:30 PM
4/14/2012 12:55:14 PM
4/714/2012 12:56:19 PM
41472012 12:57:20 PM
4/14/2012 12:59:52 PM
4/14/2012 12:59.52 PM
4/14/2012 1.0110 PM

coooooooo

onnect records

temp1 | not connected First .
time
temp2 | not connected Last date
temp3 | not connected Next year
temp4 |not connected Previous
pressure | 0 Add
Delete

I—
l—
I—

i1:02:53 PM

| 4/14/2012

| 2012

Figure 3 . The designed and implemented central unit program

Programming in visual basic is a combination of
visually arranging components or controls on a form and
writing additional lines of code for the functionality. The
Winsock control can be used for TCP communications,
properly must be set for TCP protocol, the IP address
and port number of the target device are stored in the’
Remote Host’ and ‘Remote Port’ properties, these
properties can be set either on design time or run time.

The flow chart of the implemented central unit
program is shown in figure (4).
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Define a (Winsock) object
Assign IP address

Clickon Connect
command

yes

received data

Show the data on Templ1,
Temp2,Temp3,Tempd

there

l W l
Winsock gets the Show message

(error)

Templ Temp2,Temp3
Temp4d ‘not connected’

h

h

Clickon
Add command

Clickon
Delete command

L

The current data on Templ,
Temp2, Temp3, Temp4d, are
add to the data base with
time and date

The selected row in the
data base is removed

Figure 4 . Flow chart of the central unit program

V. RESULT AND DISCUSSION

The Ethernet R.T.U was designed and
implemented successfully as shown in figure (5). The
technical specifications for the R.T.U are:

e Supplied voltage: - 5volt.
e Operating frequency: - 5Mhz.
e Qutput current: - 100mA.

© 2012 Global Journals Inc. (US)

Bit rate: - 10Mbs.

Number of input: - 2 analogue signal, 2 digital
signal.



] A ¢

PIC 16F

Figure 5 The implemented Ethermet R.T.U

Figure (6) shows a connection between R.T.U and central unit over a WAN . A router was added to allow access to
WAN and internet networks.

Central Unit ==

UTpP
Cable

|

b

Figure 6 The implemented telemetry system over WAN
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DESIGN AND IMPLEMENTATION OF GENERAL PURPOSE REMOTE TERMINAL UNIT (R.T.U)

When the R.T.U is switched ON the LCD display
shows a “Enter the password “message. The password
should be entered by the user correctly. Then LCD
shows a “OK” message and activate the other part of
the R.T.U.

When the implemented R.T.U is connected to
central unit, clicking on the connect command field will

start a connection and request the implemented R.T.U
to send its data to central unit, the R.T.U collects the
data from the sensors process it and send it to central
unit.

In the central unit the data has been received
from R.T.U is displayed in Temp 1, Temp 2, Temp 3 and
Temp 4 fields as shown in figure (7).

slconnect records

| 5 RTU
temp2 [ temp3 [ tempd [presswe | date [ time [ year
hot cannect | ot connect | nat connect | not conhect 0 413/2012 20356PM 20
not cannect | not connect | nat connect | nat connect 0 413/2012 41316PM I
282213| 282213 282213 282218 0 #14/2012 125338 PM|
282213| 282213 282213 2822135 0 4A14/2012 125514 PM|
2318074 2318074 2318074 2318074 0 414/2012 125619 FM
28.2219) 282713 282113 282113 0 4114/2012 | 25728 M|
8279 282N3 28INS 28INS 0 414/2012 | 25352 PM|
not cannect | not connect | nat connect | nat connect 0 414/2012 125352 PM|
282219 282219 282213 2829 0 414/2012 1:01:10PM

temp1 28.2219 First )
time
temp2 Last
i p 28.2219 date
| temp3 28.2219 Noxt year
| temp4 28.2219 Previous
pressure 0 Add
Delete

4/14/2012

{717

1:06:31 FM

2012

Figure 7 : The central unit program shows the data received

A data base and access files were constructed
which modify and update by the implemented central
unit program, the access sheet is shown in figure (8).

The data base and the access sheet store the
received data at the exact time and date on which the
data was collected.

The benefit of having a data base is to provide

reliable persistent storage and the ease of extract data
to obtain reports.
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DESIGN AND IMPLEMENTATION OF GENERAL PURPOSE REMOTE TERMINAL UNIT (R.T.U)

| Home | Create External Data Diatabase Tools Datasheet

' w0 f | | calibri Oy [=iNew  ETotals || ] ¥z Sefection = | [/ % &
%‘ S |]’__[HJ|_: I H Bsae % speling || L . = [ﬁ
. u peling | §) | 7 Vadvanced

L et

| = | : i it
View || Paste T -- b7 ||| Refresh ’ [ ilter ; Sizeto  Switch Find
== | 7S, |A -] B = ' : |i A= | X Delete v ElMore | %) of TogaleFilter || £t Form Windows ~ | W
| | ==t I | | [ [
| Views | cipbosrd 5 | b R Sl Beid Sl SorthRe | Window | Find

[ 5
:@ Security Waming Certain content in the database has been disabled | Optians.. |

Tables )
g SENSOrS
7 sensors
templ v_' temp2 -| ftempd ~-| tempd - | pressure - date - | ftime =~ year -
3| ‘not connected not connected not connected 0 4f13/2012 L08:56 M 2012
__‘ not connected not connected not connected not connected 0 4f13/2012 L1316PM 2012
| 28.2219 28.2219 28.2219 28.2219 0 af14/2012 12:53:38PM 2012
_‘ 28.2219 28.2219 28.2219 28.2219 0 a/14f2012 12:55:14PM 2012
| 23.18074 23.18074 23.18074 23.18074 0 af14/2012 12:56:19PM 2012
_‘ 28.2219 28.2219 28.2219 28.2219 0 4/14/2012 125728 PM 2012
_‘ 28.2219 28.2219 28.2219 28.2219 0 4f14/2012 12:59:52PM 2012
___‘ not connected not connected not connected not connected 0 a/14/2012 12:59:52PM 2012
1282219 28.2219 28.2219 28.2219 0 af14/2012 1:01:10 PM 2012
*
‘ i )
Datasheet View | B
I — .= T R = = —

Figure 8 : Constructed access files

A web page was constructed in the central unit to show the received data in the internet pages as shown in
figure (9).
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= senzors
templ temp2 temp3 tempd - | pressure - date «| time «| year
WGlIEwED not connected not connected not connected 0 413/2012  408:56PM 2012
not connected not connected not connected not connected 0 4132012 41316PM 2012
28.2219 28.2219 28.2215 28.2213 0 4/14/2012 12:53:38PM 2012
| 28.2219 28.219 28.219 28.219 0 4/14/2012 12:55:14PM 2012
23.18074 23.18074 23.18074 23.18074 0 411412012 1256:19PM 2012
28.2219 28.2219 28.2219 28.2219 0 4/14f012 1257.28PM 2012
‘ 28.219 28.219 28.2219 28.2219 0 4/14/2012 12:59:52PM 2012
not connected not connected not connected not connected 0 4/182012 12:59:52PM 2012
28,2219 28,2219 282219 28.2219 0 a14fa012 LOL10PM 2012

Figure 9 : The constructed web page

V. (CONCLUSIONS

In this paper a telemetry system was designed

and implemented. The remote terminal unit which was
designed and implemented has the following features:

Low cost and small size RTU unit.

PIC16F887 microcontroller gives the proposed
system the ability to be used in different
applications.

The use of Ethernet facilitates the communication
mechanism allowing the proposed system to run
over any computer network infrastructure.

The designed software in the central unit allow
data to be stored in a database which provide
reliable persistent storage. This allow The ease of
extract data and obtain reports and the ease of
data management to some level of quality.

The use of Internet Browser allows the data to be
shared in many locations that have access to the
designed web page.

The use of TCP ensured the delivery of packets
on the contrary of the use of UDP which is
unreliable.
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New Techniques for Hardware Implementations
of SHA

V.C.Madhavi® Dr.Ch.Ravi Kumar° & G.Rama Krishna Prasad®

Abstract - Secure Hash Algorithms are one of the forms of
cryptographic algorithms. SHA hash functions are widely used
security  constructs. However, they are software
implementations of SHA. This paper proposes techniques for
hardware implementation of SHA. In order to provide security
and improve performance, these methods are used in
hardware reutilization and operation rescheduling. The
purpose of implementing SHA at hardware level is to improve
throughput. The empirical results revealed that the throughput
is increased by 29 to 59% in case of SHA-1 implementation.
The throughput is further increased up to 100% when SHA-2 is
implemented and used. Thus it is evident that hardwahre
implementation of SHA has more speed when compared with
software implementations of SHA.

Index Terms Secure Hash Algorithm  (SHA),
cryptography, hash functions, hardware implementation,
FPGA, software implementation.

I. [NTRODUCTION

ryptography is the branch of computer science
that deals with security. It supports operations

such as encryption and decryption. The
cryptography is implemented in the form of hash
functions, symmetric key algorithms, and public key
algorithms. The symmetric and public key algorithms
are used for encryption and decryption while hash
functions are one way functions as they don't allow the
retrieval of processed data. As MD5 and SHA are the
two mostly used algorithms in the industry, this paper
focuses on secure hash algorithms. MD5 can avoid
collision attacks [1] with computational feasibility while
SHA -1 attacks also computationally expensive [2]. As
SHA-1 is not fully secure, the SHA -2 was introduced [3].
At hardware level in order to improve the performance,
GPPs (General Purpose Processors) are used. SHA
improvement has been done [10], [11]. This paper
introduces the implementation of SHA algorithm at
hardware level using techniques described here. They
are pipeline techniques [5], [18]; embedded memories
used to store constant values [8]; improved addition
and balanced delays [4], [12]; unrolling techniques [5],
[9], [10], [12]; balanced carry save address and parallel
counters [4], [5], [7].

Author o. . M.Tech (VLS & ES), Department of E.C.E, Prakasam
Engineering College, Kandukur, Andhra Pradesh, India.

E-mail : madhavi.vakkalagadda@grmail.com

Authoro : M.E, Ph.D, H.O.D of E.C.E, Prakasam Engineering College,
Kanaukur, Andhra Pradesh, India. E-mail . ravi_ece99@yahoo.com
Author p - M.Tech (VLSI) Assistant Professor, Department of E.C.E, K.
L. University, Guntur, Andhra Pradesh, India.

E-mall : ramgudai978@gmail.com

This paper proposes two architectures that can
be used with hardware. This is meant for achieving high
throughput. The results of implementation of SHA-1and
SHA-2 algorithms at hardware level provide more speed
when compared with software implementations.

II.  HAsH FUNCTIONS

Since from its inception in 1993, the hash
algorithms are improved further to have SHA, SHA-1
and SHA-2. The original SHA was revised in 1995 [15]
and named as SHA-1 while SHA-2 WAS INTRODUCED
IN 2001 which makes use of DM thus making it more
robust to security attacks. SHA functions are available
with 128, 256 and 512 bits. From the given input
message SHA-1 can produce 160 bit message digest
as output. Final DM of 256 bits is the output of SHA 256.
The computation of SHA 512 is identical to that of SHA
256. The difference is in the size of operands that means
it uses 64 bits instead of 32 bits. Moreover the DM of
this algorithm has 512 bits the logical function used are
also different [15]. Fig. 1 and Fig. 2 show the round
calculations of SHA-1 and SHA-2. SHA-1 needs 80
rounds while SHA 256 uses 64 rounds.
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Fig. 2. Shows round calculation of SHA-2

a) Design for SHA 1.

Each round of SHA-1 requires value from
previous round. As rounds are data dependent, it is
essential that rounds are carried out sequentially. By
unrolling each round computations [10] attempts to
speed it up. Another approach increases throughput as
it makes use of pipelined structure [11]. As described in
[13], high throughput is achieved in SHA-1. Operations
rescheduling with respect to this paper has operations
rescheduling, hash value initialization, and improved
Hash Value Function. The whole computation of SHA-1
is in the A as the rest do not need any computation. The
required values are provided by previous round values
of various A to D. By adding zero to initialization vector,
the internal hash value of first data block can be
initialized. Later on this value is loaded into internal
registers through multiplexer. In this case instead of the
value to the register, it is set to zero as described in [6].
Improving hash value addition is done after all the
rounds have been computed for a given data block.
Here the internal variables are to be added to the current
DM and it needs four additional adders. Finally SHA-1
data block expansion is described here. 512 bits of each

original data for first 16 rounds and computed values for
the rest of rounds.

b) Design for SHA 2.

As done in SHA-1, the functional rescheduling
can also be applied to SHA-2 as well. However, its
computational complexity of it is more. In each round
values are calculated as and when required. As
described in [19], the part that has to be computed is
identified. With respect to operational rescheduling
values for B, C, D, F, G and H are obtained directly.
However, A and E values can't be computed until they
are computed in the previous round. With respect to
hash value addition and initialization, similar to SHA-1,
the internal variables of SHA-2 also have to be added to
the DM. It needs eight adders. For each SHA 256 and
SHA 512 of 32 bits and 64 bits respectively an adder is
required. The empirical results reveal that DM addition
with a shift is more efficient. With respect to SHA-2 data
block expansion done by data block expansion unit, it is
similar to SHA128 in terms of computations. The XOR
operation is replaced by arithmetic addition.

[1I. [MPLEMENTATION

The SHA designs described above has been
implemented as processor cores on a Xilinx VIRTEX I
Pro FPGA. The FPGA embedded RAMs (BRAMSs) are
used in order to implement ROM used to store SHA256
and SHA512. Register — based structures can also be
used alternatively. One is based on circular fashion in
which memory blocks addressed while the other one is
based on FIFOs (First — inputs —first — outputs).

IV. PERFORMANCE ANALYSIS AND RELATED
WORK

The resulting cores have been implemented in
different Xilinx devices in order to compare the
architectural gains of the proposed SHA structures. SHA
-1 core, SHA 256 core and SHA 512 core performance

data block is expanded in hardware for efficiency Ccomparisons are provided in tables |, Il and |l
reasons as described in [1]. It can be implemented respectively.
using XOR operations and also registers. Final output is
Design Lien[11] Lien[11] Our-Exp. CAST[20] | Helion[21] Our-Cst. Our+1v
Device Virtex-E Virtex-E Virtex-E XCV2P2-7 XCV2P-7 XCV2P30-7 XCV2P30-7
Expansion no no no yes yes yes yes
\Y Cst. Cst. Cst. Cst. Cst. Cst. yes
Slices 484 1484 388 568 564 533 565
Freq.(MHz) 103 73 135 127 194 230 227
TrPut.(Mbps) 659 1160 840 802 1211 1435 1420
TP/Slice 1.4 0.8 2.2 1.4 21 2.7 2.5

© 2012 Global Journals Inc
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Table 1 . Shows SHA-1 Core performance comparisons




Architecture Sklav[22] Our McEv.[13] Our Helion[23] Our
Device XCV XCV XCaVv XCav XC2PV-7 XC2PV-7
Y Cst Yes Cst Yes Cst Yes
Slice 1060 764 1373 797 815 755
BRAMS >=1 1 >=1 1 1 1
Freq. 83 82 133 150 126 174
Cycles n.a. 65 68 65 n.a. 65
Throughput 326 646 1009 1184 977 1370
TP/Slice 0.31 0.84 0.74 1.49 1.2 1.83
Table 2 : Shows SHA256 Core performance comparisons
Architecture Sklav[22] Lien[11] Lien[11] Our McEv.[13] Our Our
Device XCV XCV XCV XCV XC2v XCaVv XC2VP
Expension Yes no no Yes Yes Yes yes
Y Cst Cst Cst Yes Cst Yes Yes
Slice 2237 2384 3521 1680 2726 1666 1667
BRAMS n.a. n.a. n.a. 2 >=1 1 1
Freg. 75 56 67 70 109 121 141
Cycles n.a. n.a. n.a. 81 84 81 81
Throughput 480 717 929 889 1329 1534 1780
TP/Slice 0.21 0.3 0.26 0.53 0.49 0.92 1.01
Table 3 - Shows SHA512 Core performance comparisons
V.  INTEGRATION WITH PROCESSOR

SHA algorithms that have been implemented
are integrated with a processor known as MOLEN
polymorphic processor and its operation [14], [16] is
based on the coprocessor architectureal paradigm
which allows SHA cores to be embedded in a
reconfigurable coprocessor with the GPP. This
implementation is similar to the one given in [17]. When
compared with software implementations, it is capable
of achieving throughputs such as 5 Mbit/s and 4 Mbit/s
for SHA 256 and SHA 128 respectively and overall
speed is increased by 150 times.

VI. CONCLUSION

We have implemented SHA-1 and SHA-2
algorithms at hardware level. This achieves the
reutilization and rescheduling of hardware in terms of
area and speed. Critical path can be reduced with the
help of operation rescheduling. It leads to the very good
usage of pipeline structure. The SHA-2 which makes
use of DM causes the reduction of reconfigurable
resources. This also hides the extra clock cycle delay.

The results of implementation reveals that the hard ware

implementation of the hash algorithms are many times

better than the software implementations of the same.
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Abstract - It is often required to compute the power consumed
by an application to avoid later surprises of low battery life, or
high temperature a device reaches while running the
application; potentially damaging the device. There are three
ways to find power consumed by a system for executing a
particular application. 1) Run application on a reference board
and measure the power dissipated. 2) Simulate the power
consumed by the target system by running standard
applications on it, but simulations can be time consuming. 3)
Use heuristic formulas based on pre-analyzed simulation
data. In this paper we come with some empirical formulas to
calculate the power of a particular application, So that we do
not need to run extensive simulations.

Keywords : VLSI, Xscale, XEEMU.

I. [NTRODUCTION

Power consumed by a particular application running on
a device defines:

1) Battery life of the device

2) Maximum temperature device can reach while
running the application

Dower dissipated in embedded systems can be
reduced with multiple hardware optimization

techniques, such as transistor resizing, low-
voltage design techniques and frequency control
methods. There is a considerable amount of work done
in hardware power optimization; however these
techniques are only applied in early design steps such
as VLS| design and synthesis. Embedded software
transformations are another way to reduce power
consumption, since software is responsible for driving
the circuits and components of the system. In terms of
software optimization techniques, power dissipation can
be reduced with compiler, instruction-level, and source
code-level optimization methods. Most of the work done
to reduce power consumption has been oriented to
compiler optimization where several techniques have
been created and incorporated into compilers. Source
code and instruction-level optimizations are an
alternative in  low power consumption analysis.
Although instruction-level optimizations give excellent
results with respect to low power consumption, source
code optimizations have advantages in terms of
portability, readability, and maintenance. Some studies
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done in embedded software optimization have shown
that source code optimization techniques tend to
diminish power consumption.

11. [NSTRUCTION LEVEL POWER ANALYSIS

The increasing popularity of power constrained
mobile  computers and embedded computing
applications drives the need for analyzing and
optimizing power in all components of a system.
Software constitutes a major component of systems
where power is a constraint. In light of this, there is a
clear need for considering the power consumption in
systems from the point of view of software. Software
impacts the system power consumption at various levels
of the design. However, in order to systematically
analyze and quantify this impact, it is important to start
at the most fundamental level — the instruction level. Just
as logic gates are the fundamental units of computation
in digital hardware circuits, instructions can be thought
of as the fundamental unit of software. Accurate
modelling and analysis at this level is the essential
capability needed to quantify the power costs of higher
abstractions of software. Traditional power analysis tools
are not suited for power analysis of software. Accurate
tools exist only for the lower most levels of the design,
but they can be slow and cumbersome to use, and often
these cannot even be applied, since the lower level
information is not available to the software or embedded
system designer. These problems can be overcome if
the current being drawn by the CPU during the
execution of a program is physically measured. An
instruction level power analysis technique based on this
idea has recently been developed. This technique helps
in formulating instruction level power models that
provide the fundamental information needed to evaluate
the power cost of entire programs.

The average power, P, consumed by a
microprocessor while running a program is given by:

P=1xVCC, (1)

Where, /is the average current and Vec is the
supply voltage.

The energy, E, consumed by a program is
further given by:

E=PXNXxr, 2
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Where, Nis the number of clock cycles taken by
the program and T'is the clock period.

Thus, the ability to measure the current drawn
by the CPU during the execution of the program is
essential for measuring its power/energy cost.

A simple and practical technique has been
developed to measure this current. The power supply
connections to the CPU are isolated from the rest of the
system. The program under consideration is put in an
infinite loop and executed on the CPU. The current
waveform will now be periodic and an average value can
be visually obtained from a standard off the shelf digital
ammeter. [3]

[1I. MiI-BENCHMARKS

A benchmark is a program used as reference to
make comparisons about the performance of a system.
Benchmarks represent real applications which are run
on computing systems. Although the concept of
benchmarking is widely used in the area of computing
systems performance, it can also be used when
measuring other metrics such as power consumption. A
benchmark has three important features:

1. Benchmark programs are easy to use.
2. Small size.
3. May run on different platforms.

These benchmarks were divided in six groups
that represent embedded systems market:

e Automotive

e Consumers

o Office

e Networking

e  Security

e Telecommunications [5]

IV.  SELECTED BENCHMARKS

For the purposes of this work, a subgroup of the
benchmarks explained before was chosen. The
benchmarks used in this study are shown in table

Table 7. Selected from Mi-Benchmarks for the study of
Power Consumption

BENCHMARK GROUP
Jpegtran Consumer
Basicmath1 Automotive
Basicmath3 Automotive
Basicmath4 Automotive
QSORT Automotive
String search office

Susan Automotive

V.  SIMULATION TooL USED

We have used XEEMU (Xscale power simulator)
to find the power consumed by a software program.

© 2012 Global Journals Inc. (US)

XEEMU is a fast, cycle-accurate simulator for the XScale
architecture. In contrast to many other existing power
simulators, which simulate power and performance of
theoretical microprocessor architectures, XEEMU aims
at the most accurate modelling of the XScale
architecture possible, trading off flexibility for much more
reliable results. XEEMU proves to be more accurate
than the other power simulators in terms of runtime and
energy estimation, due to its improved pipeline and
power model and the cycle accurate simulation of the
SDRAM subsystem. It offers a high flexibility through
freely and independently configurable frequencies for
the core clock and the memory. [6]

V.  METHODOLOGY

Let the total energy consumed by a program is
E, energy consumed by a particular type of instruction is
l, and N; is the number of times the instruction
consuming |, energy is executed in the program. We can
write following formula:

zlj*szE (3)

To solve the problem, we will use:

1) A power simulator, to find the total energy
consumed (E) by a software program

2) Aninstruction trace generator to find
a. Types of instructions executed (to derive the
correct range of )
b. Total number of times, a particular type of
instruction is executed (N

We will run power simulator and instruction
trace generator on standard programs to come up
multiple equations; we can decide to run 6 programs to
generate 6 equations in 1 variable). We will then solve
the available equations and find power consumed by
each instruction (). Once we know the power
consumed by instruction, |, we need not run time
consuming simulation to find E. Instead, we can
compute the approximate Energy consumed from the
instruction trace. We took 6 Mi-benchmark programs
and calculated the power of each.

VII.  ANALYSIS

In this analysis, we assume that all instructions
consume equal amount of energy to execute. Since, we
have 6 MI-Benchmarks; we have 6 equations in 1
variable.

Table 2 Number of Instructions

Program Number of instructions
Jpegtran 6129891
Basicmath1 515034
Basicmath3 327723
Basicmath4 29329196
QSORT 10878448
String search 11564494




Table 3 : Energy of programs from Simulator

Program Energy
Jpegtran 0.0083
Basicmath1 0.0005
Basicmath3 0.0004
Basicmath4 0.0288
QSORT 0.0134
String search 0.0129

Table 4 : Test programs Data

Programs Instructions | Energy
Susan 32308776 0.0340
Matrix add 10172676 0.0104
Matrix 12138715 0.0127
multiplication

VIII. EXPERIMENTAL RESULTS

We used GNU Octave to solve Over-determined case of

Equations to get the following results.

ALL_INSTRS = [6129891; 515034; 327723;
29329196; 10878448; 11564494,

SIMULATED_ENERGY = [0.0083; 0.0005 ; 0.0004;
0.0288; 0.0134;  0.0129];

Energy per inst = ALL_INSTRS\SIMULATED ENERGY

= 1.0354e-009
test_program total instr1 =32308776;
SIMULATED _ENERGY1 = 0.0340;

empirical_energyl =
Energy per inst*test program_total instr1= 0.0335

test program_total instr2=10172676
SIMULATED_ENERGY2 =0.0104

empirical_energy2 =
Energy per inst*test program total instr2=0.010532

test program_total instr3=12138715
SIMULATED ENERGY3= 0.0127

empirical_energy3 =
Energy per inst*test program total instr3=0.012568

[X. ERROR CALCULATION

%Error=[(Theoretical Value-Experimental
Value)/Theoretical Value] * 100

1) E1 =[(0.0340-0.0335)/ 0.0340] x 100
El= 1.4705

2) E2 = [(0.0104-0.010532)/ 0.010532] x 100
E2=-0.0132

3) E3 = [(0.0127-0.012568)/ 0.0127] x 100
E3=1.0393

X.  FuTurRe WORK
We will perform different analysis by dividing the

instructions into multiple categories:
1) Memory instructions.

) Non memory instructions.

) ALU instructions.

)

)

A W N

Branch instructions.

)}

Register Transfer instructions.

Now we will calculate the energy consumed by
each type of instruction. We have multiple equations in
2,3,4,5 variables. By solving them we get the energy
consumed by one instruction of each type. By this
information we can calculate the energy of a particular
program only by the knowledge of number of
instructions executed of each type.
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Abstract - Orthogonal Frequency Division Multiplexing (OFDM)
is a promising technique for high data rate wireless
communications because it can combat inter-symbol
interference caused by the dispersive fading of wireless
channels. A FDM channel is like water flow out of a faucet, in
contrast the OFDM signal is like a shower. In a faucet all water
comes in one big stream and cannot be subdivided. OFDM
shower is made up of a lot of little streams.

The demand for high speed mobile wireless
communications is rapidly growing. OFDM technology
promises to be a key technique for achieving the high data
rate capacity and specitral efficiency requirements for wireless
communications of the near future which was a source of
motivation for this project. Here in this paper, we simulate a
cyclic prefix OFDM system with Binary Phase Shift Keying
Modulation on each subcarrier. CP-OFDM system includes a
repetition code and interleaving across subcarriers as well as
a Rayleigh fading channel model with exponentially decaying
power profile.

I. [NTRODUCTION

igh speed communications over broadband
wireless channels has emerged as a key feature

of future communications systems due in part to
the explosive interest in information technology
applications, including wireless networks, mobile
computing, high speed mobile internet, and video
transmission over wireless channels. The demand for
higher information capacity in these and other similar
applications has motivated the use of broadband
wireless channels in order to provide wider bandwidth
and higher data rates.

OFDM is a widely recognized modulation
technique for high data rate communications over
wireless links. Because of its capability to capture
multipath  energy and  eliminate  inter-symbol
interference, OFDM has been chosen as the
transmission method for several standards, including
the IEEE 802.11a wireless local area network (WLAN)
standard in the 5-GHz band, the IEEE 802.11g WLAN
standard in the 2.4-GHz band. Also, the OFDM-based
physical layer is being considered by several
standardization groups, such as the I|EEE 802.15.3
wireless personal area network (WPAN) and the IEEE
802.20 mobile broad-band wireless access (MBWA)
groups. The heightened interest in OFDM has resulted
in tremendous research activities in this field to make
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the real systems more reliable and less costly in
practice.

OFDM has been practically implemented in the
United Kingdom in the form of digital Video
broadcasting- Terrestrial (DVB-T) for quiet sometime
now and it has been found useful there. In addition to
that earlier this year this technology has given birth to a
new concept known as "telemedicine" where doctor and
patient can be in different parts of the globe but the
patient can still consult the doctor. There can be nothing
more to humanity! This is made possible by the high
speed data transfer offered by this technique. We feel
OFDM is a potential candidate for the physical layer of
4G mobile communication.

[I.  NICETIES

a) Channel Modeling

In order to evaluate the effectiveness of a given
channel coding and processing technique before actual
implementation, some model of the channel must be
developed that adequately describes the environment.
Such analysis reduces the cost of developing a complex
system by reducing the amount of hardware that has to
be developed for evaluation of performance. By
examining the details of how a signal is propagated
from a transmitter to a receiver, we can effectively
generate a better hardware of transmitter and receiver
as physical processes can be judged which modify the
transmitted signal.

It is usually described by three components: An
input alphabet, an output alphabet and a transition
probability ‘p’ (i,0).

b) Multipath Fading

Modern During propagation, radio signals
weaken with distance. This is due to the wave front of
the radio signal expanding and thus reducing in power
density. In free space, the propagating wave expands
as a sphere and thus the power density reduces in
proportion to the surface area of this sphere. If the
signal is transmitted using a directional antenna, the
signal still expands as a sphere, except that the energy
density is concentrated to one or more areas (see
Figure). If we transmitted the same energy from an
omnidirectional as a direction antenna, the integrated
energy over the surface area of the RF sphere, the
energy would be the same. The figure shows an
expanding RF pulse, if we were to imagine a sinusoidal
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transmission (single frequency) it would be continuous
stream of expanding spheres, with the power of these
following a sinusoid waveform.

(a) (b)

c) Multipath Fading

Mathematically, Fading is modeled as a time-
varying random change in amplitude and phase of
transmitted signal. It is the distortion that a signal
experiences.

If the path from the transmitter to receiver either
has reflections or obstructions, we get fading effects. In
this case, signal reaches the receiver from many
different routes, each a copy of original. Each of these
rays, called multipath signals/waves, has a slightly
different delay and slightly different gain. This results in
either constructive or destructive interference, amplifying
or attenuating the signal power at receiver. Strong
destructive interference is frequently referred to as a
deep fade and thus SNR drops significantly.

v
‘ ‘ Faded path . '
\ T
\ e a, = Secondary path gain
4 @, = Line of sight path gige—__ Y £ , 2 i
Tl 1, = Secondary path delay
\ 7, = Pathdelay o
\ -4
B = -Fi;t-'\s:vscnmmpa;h f
||\ @, = Secondary path gain N
% r, = Secondary pathdelay

h(t)= Eak‘\j(f -7
k=0

a, = Complexpath gain
7, = Normalized path delay relativeto LOS
A, =1, — 1, difference in pathtime

ad) Delay Spread

Delay spread is a measure of the spread in the
time over which the multipath signals arrive. It is a
measure of the time dispersion of a channel, and is very
important in determining how fast the symbol rate can
be in digital communications. A symbol is a period over
which one or more groups of bits of information are
sent. For a single carrier transmission, using Binary
Phase Shift Keying (BPSK) as the modulation scheme,
each symbol carries one bit of information. The symbol
corresponds to the period required to send the phase
information as 0° or 180°, which corresponds to the
digital information of zero or one respectively. The faster

© 2012 Global Journals Inc. (US)

the phase is varied the faster the symbol rate and the
higher the data rate and bandwidth. For OFDM
transmission, each symbol corresponds to a parallel
transmission of many low bandwidth carriers. The
symbol time in this case corresponds to the period over
which the amplitude and phase of the data carriers is
remained fixed corresponding to one data vector. Delay
spread results in time blurring, where energy from
previous data symbols becomes mixed in with current
symbols. This causes interference, known as Inter-
Symbol Interference (IS), because previous symbols are
uncorrelated, effectively adding noise to the signal.
Single carrier transmissions are particularly prone to
problems caused by delay spread as it normally sets the
upper limit on symbol rate. This is because the bit error
rate (BER) increases as the delay spread time becomes
a significant fraction of the symbol time. Simple
modulation schemes such as BPSK can tolerate a delay
spread of approximately 10 - 20% of the symbol period;
anymore and the BER is too high.

However, higher modulation schemes such as
16-QAM, 256-QAM, etc, which have a higher spectral
efficiency, are much more sensitive to ISI and thus the
delay spread must be less than several percent of the
symbol period.

Direct Signal
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e) Equalization

One method to overcome the limitations of
delay spread for single carrier transmission is to use
equalization. The aim of equalization is to find an inverse
filter that compensates for the ISI so that all the
multipath signals become shifted and aligned in time,
rather than being spread out. For example, the GSM
phone system, which uses 270 k symbols/s (3.7 ms
symbol period), can tolerate a delay spread of up to 15
ms. This is a delay spread of over four symbol periods.
The problem with equalization is that it becomes
increasing difficult, as the ISI is spread over more
symbols. Errors in equalization, particularly for delay
spreads over more than one symbol, make it difficult to
use higher modulation schemes in  multipath



environments. OFDM systems work by resolving the
frequency domain so that the width of the subcarriers is
much narrower than frequency selective fading of the
radio channel. This makes the frequency response over
the bandwidth of each subcarrier effectively flat. Only
simple equalization is required for each subcarrier for
data transmission as the flat fading on each subcarrier
only results in an amplitude scaling and a phase
rotation. For coherent transmissions, equalization is
implemented by transmitting reference pilot symbols or
tones, which are set to an amplitude and phase known
by both the transmitter and receiver. The channel
response is then estimated by dividing the received
subcarrier 1Q vector of the pilot symbol or tone by the
known transmitted vector. This measured channel
response is then used to equalize the transmitted data.
No equalization is needed for transmissions using
differential phase modulation. With this method, the
amplitude of the subcarrier is not used for carrying
information and so its value is not important. With
differential phase modulation the data is transferred as a
phase difference between successive symbols. This
compensates for any phase offset caused by the
propagation channel.

7 Principle of OFDM System

OFDM is a parallel transmission scheme, where
a high-rate serial data stream is split up into a set of low
rate substreams, each of which is modulated on a
separate SC (FDM). Thereby, the bandwidth of the SCs

becomes small compared with the coherence
bandwidth of the channel; that is, the individual SCs
experience flat fading, which allows for simple
equalization.

This implies that the symbol period of the
substreams is made long compared to the delay spread
of the time-dispersive radio channel. By selecting a
special set of (orthogonal) carrier frequencies, high
spectral efficiency is obtained because the spectra of
the SCs overlap, while mutual influence among the SCs
can be avoided.

The derivation of the system model shows that
by introducing a cyclic prefix, the orthogonality can be
maintained over a dispersive channel.

i i
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g) Orthogonality

Orthogonal Frequency Division Multiplexing
(OFDM) is a multicarrier transmission technique, which
divides the available spectrum into many carriers, each
one being modulated by a low rate data stream. In
Communications,  multiple-access  schemes  are
orthogonal when an ideal receiver can completely reject
arbitrarily strong unwanted signals using different basis
functions than the desired signal. One such scheme is
TDMA, where the orthogonal basis functions are non-
overlapping rectangular pulses (‘time slots"). Another
scheme is orthogonal frequency-division multiplexing
(OFDM), which refers to the use, by a single transmitter,
of a set of frequency multiplexed signals with the exact
minimum frequency spacing needed to make them
orthogonal so that they do not interfere with each other.
Well known examples include a and g versions of
802.11 Wi-Fi; Wimax; ITU-T G.hn, DVB-T, the terrestrial
digital TV broadcast system used in most of the world
outside North America; and DMT, the standard form of
ADSL.

One major limitation faced by OFDM is its high
sensitivity to phase noise introduced by local oscillators.
Phase noise is the phase difference between the phase
of the carrier signal and the phase of the local oscillator.
The distortion caused by this phase noise is
characterized by a CPE term and an ICI term. CPE term
represents the common rotation of all constellation
points in the complex plane, while the ICI term behaves
like AWGN.

Response
of channel

Spactrum
of signal

Figure (a) & Channel

Signal
Response are well matched (b) Data lost due to Fading
(c) With OFDM, only a small subset of data is lost due to
fading due to a number of sub-carriers.

Frequency

h)  Pilot Symbols

A Pilot is a signal, usually a single frequency,
transmitted over a communication channel for
supervisory or control or reference purposes. A pilot
tone of 19 KHz indicates that there is information at
19*2=38KHz. The receiver doubles the frequency of the
pilot tone and uses it as a phase reference to
demodulate information. Normally a guard band of
+4KHz is used to protect the pilot tone from
interference. Pilots are used in OFDM for frame
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detection, carrier frequency offset estimation, and

channel estimation.

1) OFDM Generation & Reception

OFDM signals are typically generated digitally
due to the difficulty in creating large banks of phase lock
oscillators and receivers in the analog domain. Figure
below shows the block diagram of a typical OFDM
transceiver. The transmitter section converts digital data
to be transmitted, into a mapping of subcarrier
amplitude and phase. It then transforms this spectral
representation of the data into the time domain using an
Inverse Discrete Fourier Transform (IDFT). The Inverse
Fast Fourier Transform (IFFT) performs the same
operations as an IDFT, except that it is much more
computationally efficiency, and so is used in all practical
systems. In order to transmit the OFDM signal the
calculated time domain signal is then mixed up to the
required frequency. The receiver performs the reverse
operation of the transmitter, mixing the RF signal to base
band for processing, then using a Fast Fourier
Transform (FFT) to analyze the signal in the frequency
domain. The amplitude and phase of the subcarriers is
then picked out and converted back to digital data. The
IFFT and the FFT are complementary function and the
most appropriate term depends on whether the signal is
being received or generated. In cases where the signal
is independent of this distinction then the term FFT and
IFFT is used interchangeably.

I
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J) Interleaving

Let's understand this concept with the help of
an example. Suppose there are four families (each
having four members) going on a holiday in there four
cars. In each of the cars there is exactly one family. Now
if unfortunately a car meets with an accident then one
whole family will be finished. But suppose if they were to
be seated differently i.e. if each car had exactly one
member of each family and then the accident were to
happen then no single family would be finished. The
loss would be equal for all the families. This is certainly
better. Same is with our data. If we send our data this
way then we can eliminate some noise effect like burst
noise effect.

2012 Global Journals Inc. (US)

k) Cyclic Prefix

In an OFDM, the cyclic prefix is a repeat of the
end of the symbol at the beginning. The purpose is to
allow multipath to settle before the main data arrives at
receiver. The receiver is normally arranged to decode
the signal after it has settled because this is when the
frequencies become orthogonal to each other. The
length of cyclic prefix is equal to guard interval.

[1I.  SYSTEM OVERVIEW

Wireless multi-carrier transmission system is
based on Orthogonal Frequency-Division Multiplexing
(OFDM) including a simple channel coding scheme for
error correction and interleaving across subcarriers for
increased frequency diversity.

a) Some Assumptions
e Usage of Cyclic Prefix

¢ Impulse response of the channel shorter than cyclic
prefix.

e Slow fading effects so that the channel is time
invariant over the symbol interval.

e Rectangular windowing of the transmitted pulses.
e Perfect Synchronization of transmitter and receiver.
e Additive, White, Gaussian Noise channel.

e Data Rate of OFDM signal: 1Mbps/carrier

e Guard Length: 16

e Guard Type: Cyclic Extension

b) Values of Constants

Nieal 10,000 OFDM symbols
N 128 subcarriers

Nen 10 channel coefficients
Cat 2 for channel profile

The basic communication model used in this
research paper is as shown in the figure:
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A CYCLIC PREFIX OFDM SYSTEM WITH BPSK MODULATION

IV.  FINDINGS

We obtained the following graphical results:
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V. CONCLUSION

The results show that using QPSK the
transmission can tolerate a SNR of >10-12 dB. 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.

The simulations shown above calculated the
signal to noise ratio based on the power of the time
domain signal waveform and the power of the time
domain noise waveform, with no consideration of the
signal bandwidth. At the receiver the signal is filtered by
the FFT stage, thus making the receiver only see noise

within the signal bandwidth. The simulations were
performed using 800 carriers and generated using a
2048-point IFFT. The nyquist bandwidth is half the
transmission sample rate as the signal is real (i.e. no
imaginary components) and so the nyquist bandwidth
corresponds to 1024 carriers. The signal bandwidth is
thus 800/1024 = 0.781 or 78.1% of the nyquist
bandwidth. Since the receiver was only seeing 78.1% of
the total noise the error rate is lower than it should be.
The correct SNR values can be found by adding 1.07 dB
(10log10(0.781)) to the scale in Figure (f).

Also we noted down that to achieve the same
BER performance, SNR must be higher. SNR
performance loss reduces almost proportionally with
number of pilot tones, thus the loss when using 4 pilot
tones is 4 times lower (in db).

Table /. SNR Required and Bit Rate for a Selection of Coding & Modulation Schemes

Subcarrier Code Rate SINR for Bit Rate(MWDbps) Bit Rate(Mbps)
Modulation BER=2*104 at Guard period  at Guard period
duaration, 1/4 duration, 1/32
BPSK Lz s.4 4.98 6.03
QPSK L 16.3 8.71 10.56
16PSK Lz 22.8 17.42 12.06

Table /- B: BPSK Modulation, Q: QPSK Modulation, P: 16PSK Modulation

Number of pilot BER 1102

BER 1103

BER 1~10-4

BER 1105

syvinbols
B o P B o P B o B o P B o P
1 1 1 1.55 2.5 2.7 1.2 2.4 2.9 1.0 2.4 3.0 0.8 2.35 3.2
2 2 2 0.6 1.3 1.5 0.35 1.3 1.6 0.2 1.2 1.7 0.15 1.2 1.7
3 3 3 0.3 0.85 1.0 0.2 0.8 1.1 0.15 0.8 1.1 0.12 0.7 1.1
4 4 4 0.2 0.65 0.8 0.15 0.6 0.8 0.1 0.6 0.8 0.10 0.45 0.8
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PROCESS OF SUBMISSION OF RESEARCH PAPER

The Area or field of specialization may or may not be of any category as mentioned in
‘Scope of Journal’ menu of the Globallournals.org website. There are 37 Research
Journal categorized with Six parental Journals GJCST, GIMR, GJRE, GJMBR, GISFR,
GJHSS. For Authors should prefer the mentioned categories. There are three widely
used systems UDC, DDC and LCC. The details are available as ‘Knowledge Abstract’ at
Home page. The major advantage of this coding is that, the research work will be
exposed to and shared with all over the world as we are being abstracted and indexed
worldwide.

The paper should be in proper format. The format can be downloaded from first page of
‘Author Guideline’” Menu. The Author is expected to follow the general rules as
mentioned in this menu. The paper should be written in MS-Word Format
(*.DOC,*.DOCX).

The Author can submit the paper either online or offline. The authors should prefer
online submission.Online Submission: There are three ways to submit your paper:

(A) (1) First, register yourself using top right corner of Home page then Login. If you
are already registered, then login using your username and password.

(1) Choose corresponding Journal.
() Click ‘Submit Manuscript’. Fill required information and Upload the paper.

(B) If you are using Internet Explorer, then Direct Submission through Homepage is
also available.

(C) If these two are not conveninet , and then email the paper directly to
dean@globaljournals.org.

Offline Submission: Author can send the typed form of paper by Post. However, online
submission should be preferred.
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PREFERRED AUTHOR GUIDELINES

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed)

Page Size: 8.27" X 11"

e  Left Margin: 0.65

e  Right Margin: 0.65

e  Top Margin: 0.75

. Bottom Margin: 0.75

e  Font type of all text should be Swis 721 Lt BT.

e  Paper Title should be of Font Size 24 with one Column section.

e Author Name in Font Size of 11 with one column as of Title.

e  Abstract Font size of 9 Bold, “Abstract” word in Italic Bold.

e Main Text: Font size 10 with justified two columns section

e  Two Column with Equal Column with of 3.38 and Gaping of .2

e  First Character must be three lines Drop capped.

e  Paragraph before Spacing of 1 pt and After of O pt.

e Line Spacing of 1 pt

e large Images must be in One Column

e Numbering of First Main Headings (Heading 1) must be in Roman Letters, Capital Letter, and Font Size of 10.
e Numbering of Second Main Headings (Heading 2) must be in Alphabets, Italic, and Font Size of 10.

You can use your own standard format also.
Author Guidelines:

1. General,

2. Ethical Guidelines,

3. Submission of Manuscripts,

4. Manuscript’s Category,

5. Structure and Format of Manuscript,
6. After Acceptance.

1. GENERAL

Before submitting your research paper, one is advised to go through the details as mentioned in following heads. It will be beneficial,
while peer reviewer justify your paper for publication.

Scope

The Global Journals Inc. (US) welcome the submission of original paper, review paper, survey article relevant to the all the streams of
Philosophy and knowledge. The Global Journals Inc. (US) is parental platform for Global Journal of Computer Science and Technology,
Researches in Engineering, Medical Research, Science Frontier Research, Human Social Science, Management, and Business organization.
The choice of specific field can be done otherwise as following in Abstracting and Indexing Page on this Website. As the all Global
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Journals Inc. (US) are being abstracted and indexed (in process) by most of the reputed organizations. Topics of only narrow interest will
not be accepted unless they have wider potential or consequences.

2. ETHICAL GUIDELINES
Authors should follow the ethical guidelines as mentioned below for publication of research paper and research activities.

Papers are accepted on strict understanding that the material in whole or in part has not been, nor is being, considered for publication
elsewhere. If the paper once accepted by Global Journals Inc. (US) and Editorial Board, will become the copyright of the Global Journals
Inc. (US).

Authorship: The authors and coauthors should have active contribution to conception design, analysis and interpretation of findings.
They should critically review the contents and drafting of the paper. All should approve the final version of the paper before
submission

The Global Journals Inc. (US) follows the definition of authorship set up by the Global Academy of Research and Development. According
to the Global Academy of R&D authorship, criteria must be based on:

1) Substantial contributions to conception and acquisition of data, analysis and interpretation of the findings.
2) Drafting the paper and revising it critically regarding important academic content.
3) Final approval of the version of the paper to be published.

All authors should have been credited according to their appropriate contribution in research activity and preparing paper. Contributors
who do not match the criteria as authors may be mentioned under Acknowledgement.

Acknowledgements: Contributors to the research other than authors credited should be mentioned under acknowledgement. The
specifications of the source of funding for the research if appropriate can be included. Suppliers of resources may be mentioned along
with address.

Appeal of Decision: The Editorial Board’s decision on publication of the paper is final and cannot be appealed elsewhere.

Permissions: It is the author's responsibility to have prior permission if all or parts of earlier published illustrations are used in this
paper.

Please mention proper reference and appropriate acknowledgements wherever expected.

If all or parts of previously published illustrations are used, permission must be taken from the copyright holder concerned. It is the
author's responsibility to take these in writing.

Approval for reproduction/modification of any information (including figures and tables) published elsewhere must be obtained by the
authors/copyright holders before submission of the manuscript. Contributors (Authors) are responsible for any copyright fee involved.

3. SUBMISSION OF MANUSCRIPTS

Manuscripts should be uploaded via this online submission page. The online submission is most efficient method for submission of
papers, as it enables rapid distribution of manuscripts and consequently speeds up the review procedure. It also enables authors to
know the status of their own manuscripts by emailing us. Complete instructions for submitting a paper is available below.

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author,

you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the
instructions.
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To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments.

Complete support for both authors and co-author is provided.

4. MANUSCRIPT’S CATEGORY

Based on potential and nature, the manuscript can be categorized under the following heads:
Original research paper: Such papers are reports of high-level significant original research work.
Review papers: These are concise, significant but helpful and decisive topics for young researchers.
Research articles: These are handled with small investigation and applications

Research letters: The letters are small and concise comments on previously published matters.

5.STRUCTURE AND FORMAT OF MANUSCRIPT

The recommended size of original research paper is less than seven thousand words, review papers fewer than seven thousands words
also.Preparation of research paper or how to write research paper, are major hurdle, while writing manuscript. The research articles and
research letters should be fewer than three thousand words, the structure original research paper; sometime review paper should be as
follows:

Papers: These are reports of significant research (typically less than 7000 words equivalent, including tables, figures, references), and
comprise:

(a)Title should be relevant and commensurate with the theme of the paper.

(b) A brief Summary, “Abstract” (less than 150 words) containing the major results and conclusions.

(c) Up to ten keywords, that precisely identifies the paper's subject, purpose, and focus.

(d) An Introduction, giving necessary background excluding subheadings; objectives must be clearly declared.

(e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit repetition;
sources of information must be given and numerical methods must be specified by reference, unless non-standard.

(f) Results should be presented concisely, by well-designed tables and/or figures; the same data may not be used in both; suitable
statistical data should be given. All data must be obtained with attention to numerical detail in the planning stage. As reproduced design
has been recognized to be important to experiments for a considerable time, the Editor has decided that any paper that appears not to
have adequate numerical treatments of the data will be returned un-refereed;

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing.
(h) Brief Acknowledgements.
(i) References in the proper form.

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more
likely to be accepted, if they are cautiously designed and laid out, contain few or no errors, are summarizing, and be conventional to the
approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial
correction.
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness.
It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines.
Format

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable,
that manuscripts should be professionally edited.

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary.
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater.

Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed
by the conventional abbreviation in parentheses.

Metric SI units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration,
1.4 | rather than 1.4 x 10-3 m3, or 4 mm somewhat than 4 x 10-3 m. Chemical formula and solutions must identify the form used, e.g.
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear.

Structure
All manuscripts submitted to Global Journals Inc. (US), ought to include:

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces),
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining
and indexing.

Abstract, used in Original Papers and Reviews:
Optimizing Abstract for Search Engines

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most
public part of your paper.

Key Words

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and
Internet resources.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible
keywords and phrases to try.

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing

research paper are very helpful guideline of research paper.

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as
possible about keyword search:
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e One should start brainstorming lists of possible keywords before even begin searching. Think about the most
important concepts related to research work. Ask, "What words would a source have to include to be truly
valuable in research paper?" Then consider synonyms for the important words.

e It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most
databases, the keywords under which a research paper is abstracted are listed with the paper.

e One should avoid outdated words.

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are
bound to improve with experience and time.

Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references.

Acknowledgements: Please make these as concise as possible.

References

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions
will cause delays.

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the
Editorial Board.

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not
being noticeable.

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management
and formatting.

Tables, Figures and Figure Legends

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used.

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers,
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them.

Preparation of Electronic Figures for Publication

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible).

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi;
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi.
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Color Charges: It is the rule of the Global Journals Inc. (US) for authors to pay the full cost for the reproduction of their color artwork.
Hence, please note that, if there is color artwork in your manuscript when it is accepted for publication, we would require you to
complete and return a color work agreement form before your paper can be published.

Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore,
the first 100 characters of any legend should notify the reader, about the key aspects of the figure.

6. AFTER ACCEPTANCE

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the
Global Journals Inc. (US).

6.1 Proof Corrections

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must
therefore be provided for the related author.

Acrobat Reader will be required in order to read this file. This software can be downloaded
(Free of charge) from the following website:

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for
any corrections to be added. Further instructions will be sent with the proof.

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt.

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please
note that the authors are responsible for all statements made in their work, including changes made by the copy editor.

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles
cannot be cited in the conventional way.

6.3 Author Services

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article -
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is
provided when submitting the manuscript.

6.4 Author Material Archive Policy

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as
possible.

6.5 Offprint and Extra Copies

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org .
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the search? Will | be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper.
They are here to evaluate your paper. So, present your Best.

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and
automatically you will have your answer.

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper
logical. But remember that all points of your outline must be related to the topic you have chosen.

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the
supervisor to help you with the alternative. He might also provide you the list of essential readings.

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious.

7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose
quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet.

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model
research paper. From the internet library you can download books. If you have all required books make important reading selecting and
analyzing the specified information. Then put together research paper sketch out.

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth.

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier.

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it.

12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and
always give an evaluator, what he wants.

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it
either in your computer or in paper. This will help you to not to lose any of your important.

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those
diagrams, which are made by your own to improve readability and understandability of your paper.

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but
if study is relevant to science then use of quotes is not preferable.
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16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will
confuse the evaluator. Avoid the sentences that are incomplete.

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be
possible that evaluator has already seen it or maybe it is outdated version.

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that
suits you choose it and proceed further.

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your
target.

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use
language that is simple and straight forward. put together a neat summary.

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with
records.

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute
will degrade your paper and spoil your work.

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot.

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in
trouble.

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also
improve your memory.

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have
several ideas, which will be helpful for your research.

29. Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits.

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their
descriptions, and page sequence is maintained.

31. Adding unnecessary information: Do not add unnecessary information, like, | have used MS Excel to draw graph. Do not add
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be
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sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers.
Amplification is a billion times of inferior quality than sarcasm.

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way
to put onward earth-shaking thoughts. Give a detailed literary review.

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical
remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples.

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

®  Submit all work in its final form.
®  Write your paper in the form, which is presented in the guidelines using the template.
®  Please note the criterion for grading the final paper by peer-reviewers.

Final Points:

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections,
submitted in the order listed, each section to start on a new page.

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness
of prior workings.

Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation,
and controlled record keeping are the only means to make straightforward the progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines.

To make a paper clear

- Adhere to recommended page limits

Mistakes to evade

Insertion a title at the foot of a page with the subsequent text on the next page
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®  Separating a table/chart or figure - impound each figure/table to a single page
®  Submitting a manuscript with pages out of sequence

In every sections of your document
- Use standard writing style including articles ("a", "the," etc.)

- Keep on paying attention on the research topic of the paper

- Use paragraphs to split each significant point (excluding for the abstract)

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

- Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives
- Shun use of extra pictures - include only those figures essential to presenting results

Title Page:

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed
lines. It should include the name(s) and address (es) of all authors.

Abstract:

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--

must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references
at this point.

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.
Write your summary when your paper is completed because how can you write the summary of anything which is not yet written?
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can

maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to
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shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no
more than one ruling each.

Reason of the study - theory, overall issue, purpose

Fundamental goal

To the point depiction of the research

Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results
of any numerical analysis should be reported

e  Significant conclusions or questions that track from the research(es)

Approach:

Single section, and succinct

As a outline of job done, it is always written in past tense

A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table
Center on shortening results - bound background information to a verdict or two, if completely necessary
What you account in an conceptual must be regular with what you reported in the manuscript

Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics)
are just as significant in an abstract as they are anywhere else

Introduction:

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction,
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the
protocols here. Following approach can create a valuable beginning:

®  Explain the value (significance) of the study
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its
appropriateness from a abstract point of vision as well as point out sensible reasons for using it.

®  Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them.
Very for a short time explain the tentative propose and how it skilled the declared objectives.

Approach:

®  Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is
done.

®  Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a
least of four paragraphs.

®  Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the
whole thing you know about a topic.

®  Shape the theory/purpose specifically - do not take a broad view.

®  Asalways, give awareness to spelling, simplicity and correctness of sentences and phrases.

Procedures (Methods and Materials):

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section.
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic

© Copyright by Global Journals Inc.(US) | Guidelines Handbook .

XV



principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the
whole thing you did, nor is a methods section a set of orders.

Materials:
®  Explain materials individually only if the study is so complex that it saves liberty this way.
®  Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.
® Do not take in frequently found.
e |f use of a definite type of tools.
®  Materials may be reported in a part section or else they may be recognized along with your measures.

Methods:

Report the method (not particulars of each process that engaged the same methodology)

Describe the method entirely

To be succinct, present methods under headings dedicated to specific dealings or groups of measures

Simplify - details how procedures were completed not how they were exclusively performed on a particular day.

If well known procedures were used, account the procedure by name, possibly with reference, and that's all.

Approach:

® |t is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use
third person passive voice.

®  Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences.

What to keep away from

®  Resources and methods are not a set of information.
®  Skip all descriptive information and surroundings - save it for the argument.
®  Leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the
outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated
in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not
be submitted at all except requested by the instructor.

Content

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation an exacting study.

Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if
appropriate.

®  Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form.
What to stay away from

® Do not discuss or infer your outcome, report surroundings information, or try to explain anything.

L] Not at all, take in raw data or intermediate calculations in a research manuscript.
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® Do not present the similar data more than once.
®  Manuscript should complement any figures or tables, not duplicate the identical information.
®  Never confuse figures with tables - there is a difference.
Approach
®  Asforever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
®  Put figures and tables, appropriately numbered, in order at the end of the report
e If you desire, you may place your figures and tables properly within the text of your results part.
Figures and tables
e |f you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix
materials, such as raw facts
®  Despite of position, each figure must be numbered one after the other and complete with subtitle
® |n spite of position, each table must be titled, numbered one after the other and complete with heading
e Allfigure and table must be adequately complete that it could situate on its own, divide from text
Discussion:

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally  accepted information, if  suitable. The implication of result should be  visibly  described.
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that.

®  Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain."

®  Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work

You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea.
Give details all of your remarks as much as possible, focus on mechanisms.
Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted.
Try to present substitute explanations if sensible alternatives be present.
One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain?
®  Recommendations for detailed papers will offer supplementary suggestions.
Approach:

®  When you refer to information, differentiate data generated by your own studies from available information
®  Submit to work done by specific persons (including you) in past tense.
®  Submit to generally acknowledged facts and main beliefs in present tense.

ADMINISTRATION RULES LISTED BEFORE
SUBMITTING YOUR RESEARCH PAPER TO GLOBAL JOURNALS INC. (US)

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get
rejected.
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The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis.

Do not give permission to anyone else to "PROOFREAD" your manuscript.

Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.)

To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XIX

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

E-F

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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