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High Performance Fuzzy Adaptive Control for
D.C. Motor

Ravinder Kumar * & Vineet Girdha®

Abstract - This paper presents speed control of a separately
excited DC motor using fuzzy logic control (FLC) based on
MATLAB Simulation program. This method of speed control of
a dc motor represents an ideal application for introducing the
concepts of fuzzy logic. The paper shows how a commercially
available fuzzy logic development kit can be applied to the
theoretical development of a fuzzy controller for motor speed,
which represents a very practical class of engineering
problems. From this it is seen that the simulation results are
similar to the theoretical results which achieve the optimum
control.

Keywords . DC motor control, fuzzy logic controller,
MATLAB simulation program.

[ [NTRODUCTION

lassic Control has proven for a long time to be
good enough to handle control tasks on  system

control; however his implementation relies on an
exact mathematical model of the plan to be controller
and not simple mathematical operations. The fuzzy
logic, unlike conventional logic system, is able to model
inaccurate or imprecise models. The fuzzy logic
approach offers a simpler, quicker and more reliable
solution that is clear advantages over conventional
techniques. Fuzzy logic may be viewed as form of set
theory. At the present time, MATLAB Simulation
simplifies the scientific computation, process control,
research, industrial application and measurement
applications. Because MATLAB has the flexibility of a
programming language combined with built-in tools
designed specifically for test, measurement and control.

By using the integrated MATLAB environment to
interface with real-world signals, analyze data for
meaningful  information and share results. Therefore

take MATLAB for develop of the control system that
append with fuzzy logic is incoming for modem control
and the advantages in fuzzy control are more robust
control method than usual conventional control to
variation of system parameter. This paper presents the
experimental results of the fuzzy logic controller using
Matlab for speed control of Separately Excited DC Motor
through fuzzy logic controller for speed control is used
to facilitate and efficiency the implementation of
controllers.

Authors o o Department of Electrical Engineering Guru Teg Bhadur
Khalsa Institute of Engineering & Technology, Malout, India.
E-mails . ravinder_fak@yahoo.co.in, vineel2833@yahoo.co.in

[1. SYsTEM DESCRIPTION

a) Motor Model

The resistance of the field winding and its
inductance of the motor used in this study are
represented by R;and L, respectively in dynamic model.
Armature reactions effects are ignored in the description
of the motor. This negligence is justifiable to minimize

20

the effects of armature reaction since the motor used [

has either interpoles or compensating winding. The fixed
voltage V; is applied to the field and the field current
settles down to a constant value. A linear model of a
simple DC motor consists of a mechanical equation and
electrical equation as determined in the following
equations (1) - (2).

T = Jndo/dt +Beo+T, @)
V, =E,+ I,R,+ L, (dl/di) 2]

Where

V, is the armature voltage. (In volt)

E, is back emf the motor (In volt)

l, is the armature current (In ampere)

R, is the armature resistance (In ohm)

L, is the armature inductance (In henry)

T, is the mechanical torque developed (In Nm)

Jm is moment of inertia (In kg/m2)

B, is friction coefficient of the motor (In Nm/ (rad/sec)) ®
is angular velocity (In rad/sec) The dynamic model of
the system is formed using these differential equations.

Lt
Vs

Re

Figure 1 : Separately Excited DC Motor Model
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Figure 2 Block Model of Separately Excited DC Motor
[11. Fuzzy Logic CONTROLLER

Fuzzy logic is a method of rule-based decision
making used for expert systems and process control
that emulates the rule-of-thumb thought process used
by human beings. The basis of fuzzy logic is fuzzy set
theory which was developed by Lotfi Zadeh in the
1960s. Fuzzy set theory differs from traditional Boolean
(or two-valued) set theory in that partial membership in a
set is allowed. Traditional Boolean set theory is two-
valued in the sense that a member belongs to a set or
does not and is represented by 1 or O, respectively.
Fuzzy set theory allows for partial membership or a
degree of membership, which might be any value along
the continuum of 0 to 1. A linguistic term can be defined
quantitatively by a type of fuzzy set known as a
membership  function. The membership function
specifically defines degrees of membership based on a
property such as temperature or pressure. With
membership functions defined for controller or expert
system inputs and outputs, the formulation of a rule
base of IF-THEN type conditional rules is done. Such a
rule base and the corresponding membership functions
are employed to analyze controller inputs and determine
controller outputs by the process of fuzzy logic
inference. By defining such a fuzzy controller, process
control can be implemented quickly and easily. Many
such systems are difficult or impossible to model
mathematically, which is required for the design of most
traditional control algorithms. In  addition, many
processes that might or might not be modeled
mathematically are too complex or nonlinear to be
controlled with traditional strategies. However, if a
control strategy can be described qualitatively by an
expert, fuzzy logic can be used to define a controller that
emulates the heuristic rule-of-thumb strategies of the
expert. Therefore, fuzzy logic can be used to control a
process that a human can control manually with
expertise gained from experience. The linguistic control
rules that a human expert can describe in an intuitive
and general manner can be directly translated to a rule
base for a fuzzy logic controller.

© 2013 Global Journals Inc. (US)
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Figure 3 - Structure of fuzzy logic controller

IV. PROBLEM FORMULATION

A Separately Excited DC motor is taken as a
case study and the control is achieved using intelligent
fuzzy logic based controller. The efficiency is improved
by controlling the speed with fuzzy logic controller and
results are shown graphically.

a) Fuzzy Logic Controller Design

The inputs to the Self-tuning Fuzzy Controller
are speed error "e (1) and Change-in-speed error "de
(" The input shown in figure are described by

e ()=wr (1)-wa (1)
de ()=e(t)-e(t-1)
Using fuzzy control rules the output control is

adjusted, which constitute the self control of D.C.
machine.

V. ADJUSTING Fuzzy MEMBERSHIP FUNCTIONS
AND RULES

In order to improve the performance of FLC, the
rules and membership functions are adjusted. The
membership functions are adjusted by making the area
of membership functions near ZE region narrower to
produce finer control resolution. On the other hand,
making the area far from ZE region wider gives faster
control response. Also the performance can be
improved by changing the severity of rules.

a) Design of Membership Function (MF)
i. Input Variables
a. Fuzzy Sets of Speed Error (E) Variable

Table 7: Membership function of speed error

. Shape of membership
Fuzzy Set Error | Numerical Range function
0.2t005 :
Very Low 1101 Trapezoidal
Instant -0.01100 Triangular
010 0.01




Very High qto1 Trapezoidal b) Output Variables
-05t0-0.2 i.  Fuzzy Set for Contro/
Very Medium 0to0.2 :
ryLOW 021004 Triangular Table 3 Fuzzy Set for Control
VeWHMeﬁium -0(542t0 -0(52 Triangular Output | Numerical | Shape of member-
9 0210~ Range ship function
b. Fuzzy Sets of Chnge in Speed Error (De) Variable Decrease | -30to-25 -
Triangular
. . . A lot -25to0 -20
Table 2 - Membership function of change in InCrease 5010 25 )
speed error A lot 2510 30 Triangular
Fuzzy Set derivative | Numerical Shape of membership Decrease -15t0 -10 T |
of Error Range function Few 1010-5 riangular
; ; -1to-1 i -01t00 .
High Negative Triangular
g g 1100 Hold 0100.1] Triangular
; i Oto1 i Increase 5t0 10 ;
Error High Positive Triangular
9 110 1 9 Few 1010 15 Triangular
c) Design of Fuzzy Rules
i Rule bases for Output Control
e/de Very High Medium High Instant Medium Low Very Low

r

High Negative

Decrease alot

Decrease few

Decrease few

Increase few

Increase alot

High positive

Decrease alot

Decrease few

Increase few

Increase few

Increase alot

Hold

Figure 4 . Rule bases for output control

MATLAB SIMULATION
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D.C. machine
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This paper proposes a straight-forward method
of creating a mathematical model which has been
successfully applied to a variety of membership
functions. This new approach offers a key of advantage
over the traditional methods, which makes it suitable for
several dc motor drive applications. The paper focused
the attention to apply the smooth control of speed in
D.C. Machines up to the 95% and with minimization of
speed error. The simulation and experimental studies
clearly indicate the superior of fuzzy control. It is well
seen in the case of sudden change due to load torque
disturbances because it is inherently adaptive in nature.
The final experimental results clarify the success, the
simplicity and the generality of the design software
controller. The extension of this research is to apply the
neural network techniques for the dc motor applications.
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Logic
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Abstract - Reversible logic is emerging as an important research area in the recent years due to
its ability to reduce the power dissipation, which is the main requirement in low power digital
design. Energy dissipation is proportional to the number of bits lost during computation. The
reversible circuits do not lose information and can generate unique outputs from specified inputs
and vice versa. It has application in diverse fields such as low power CMOS design, optical
information processing, cryptography, quantum computation and nanotechnology. This paper
proposes a reversible design of an 8 -bit arithmetic processor. The architecture of the processor
has been proposed, in which, each block is realized using reversible logic gates. The important
blocks of the processor are control unit, arithmetic and logical unit and register file. Each module
has been coded using Verilog then simulated using Modelsim and prototyped in Xilinx-
Spartan 3E.
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Design of 8-Bit Arithmetic Processor Unit based
on Reversible Logic

A. Kamaraj®, C. Kalyana Sundaram® & J. Senthil Kumar?®

Absiract - Reversible logic is emerging as an important
research area in the recent years due to its ability to reduce
the power dissipation, which is the main requirement in low
power digital design. Energy dissipation is proportional to the
number of bits lost during computation. The reversible circuits
do not lose information and can generate unique outputs from
specified inputs and vice versa. It has application in diverse
fields such as low power CMOS design, optical information
processing, cryptography, quantum computation and
nanotechnology. This paper proposes a reversible design of
an 8 -bit arithmetic processor. The architecture of the
processor has been proposed, in which, each block is realized
using reversible logic gates. The important blocks of the
processor are control unit, arithmetic and logical unit and
register file. Each module has been coded using Verilog then
simulated using Modelsim and prototyped in Xilinx-Spartan 3E.
Keywords : reversible logic, reversible gate, FPGA, xilinx.

[. INTRODUCTION

n modern VLSI system, power dissipation is very high
due to rapid switching of internal signals. Landauer
showed that the circuits designed using irreversible
elements dissipate heat due to the loss of information
bits [1]. It is proved that the loss of every bit of
information results in dissipation of KT*log2 Joule of
heat energy where K is the Boltzmann constant and T is
the temperature at which the operation is performed.
Bennett showed that this heat dissipation due to
information loss can be avoided if the circuit is designed
using reversible logic gates [1]. A gate is considered to
be reversible only if each and every input has a unique
output assignment. Hence there is a one to one
mapping between the input and output vectors. A
reversible logic gate has same number of inputs and
outputs.

[1. Basic REVERSIBLE GATES

There exist many reversible gates in the
literature. Among them 2*2 Feynman gate, 3*3 Fredkin
gate, 3*3 Toffoli gate and 3*3 Peres gate are the most
referred. The detailed cost of a reversible gate depends
on any particular realization of quantum logic [2].
Generally, the cost is calculated as a total sum of 2*2
quantum primitives used. The cost of Toffoli gate is
exactly the same as the cost of Fredkin gate and is 5.
The only cheapest quantum realization of a complete
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(universal) 3*3 reversible gate is Peres gate and its

costis 4.
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Figure 4 : Peres Gate

[1I. PROCESSOR ARCHITECTURE

The architecture of the 8-bit reversible processor
is shown in Figure.5. The various components included
in the 8-bit reversible processor are as follows:
Accumulator
Temporary Register
ALU Result Register
Status Register
Program Counter
Instruction Register
Register File of 16 registers
Arithmetic And Logical Unit
Control Unit
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Figure 5 . Processor Architecture

The design of the various blocks of the
processor is as follows:

a) Arnthmetic and Logic Unit

The arithmetic and logic unit has 4-bit select
inputs to select one from 16 operations as shown in
Table.1. Two 8-bit data are given as input to the ALU.
The logical operations include all basic logic gates. The
various sub modules in the design are adder/subtractor,
multiplier and a logical unit.

lable 7 Operations in the ALU

3|12 1 |10 | Operation
0|0 0|0 Clear
0O|0| 0 |1 A+B
0|0 1 0 A-B
0|0 | 1 1 A*B

0] 1 0|0 A++

0| 1 0 | 1 A--

0| 1 1 0 Left Shift
0| 1 1 1 Right Shift
10| 0|0 Or
110 0 |1 And
110 1 0 Not
110 1 1 Xor
111 0|0 Nor
111 0 |1 Nand
111 1 0 Xnor
111 1 1 Preset

The 8-bit reversible adder/subtractor has been
designed using Peres gates and Feynman gates [3].
HNG gates and Peres gates are used in the design of
the 8-bit reversible multiplier [6].The left and right shifter
blocks are designed using reversible multiplexers.

b) Register File

The register file includes 16 registers and two 4
to 16 decoders as shown in the Figure.6. The two select
signals ‘load’ and ‘enable’ are used for loading data into
and reading value of data from the individual registers of
the register file respectively. The 4 to 16 decoder is
designed using reversible Fredkin gates [4].
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Figure 6 . Register File

c) Control Unit

The Figure. 7 shows the 10 bit instruction used
in this design. The first two bits correspond to LOAD and
ENABLE. The next 3-bits correspond to DEVICE ID of
the memory component. The DEVICE ID assigned to
each memory component is shown in Table.2. If the
LOAD is 1, then the device specified by the DEVICE ID
will take the input from the data bus. If the ENABLE is 1,
the device specified by the DEVICE ID will output its
content to the data bus. The lower 4-bits of the
instruction carry useful information for both ALU and 16-
bit Register File.

Device Code

[ L]

OpCode
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Arguments

[ 1]
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Output

Cout

Chip Select to ENABLE

Figure 7 Instruction Format

The important block of the control unit is the
instruction decoder, which controls the eight memory
components of the processor. Instruction decoder
consists of two 3 to 8 decoders as shown in Figure.8.
Two select signals ‘load’ and ‘enable’ are used for the
decoders. The 3 to 8 decoder is designed using
reversible Fredkin gates [4].

Table 2 : Device IDs of Memory Components

Device Id Device Name
000 Accumulator Register
001 ALU Result Registers
010 Data Bus Buffer Register




011 Program Counter

100 Instruction Register

101 Status Register

110 Register File

111 Temporary Register
LOAD

ALOAD)
ALU Result Register (LOAD)

Ko 5 —_——m— Data Bus Buffer Reg (LOAD)
K 3 Proaram Counter (PC) (LOAD)
/Tt % Reaister (LOAD)

Status Register (LOAD)
Register File LOAD)

. Temporary register(LOAD)

ENABLE

(ENABLE)
ALU Result Reaister (ENABLEY

[
N

Data Bus Buffer Reg (ENABLE)
Program Courter (PC) (ENABLE)
Register (ENABLE)
Status Register (ENABLE)

L ——————————————— Register File (ENABLE)

AN

32" Docoder

N —_— Temporary register(ENABLE)
Figure 8 Instruction Decoder

a) Memory Components

e The Accumulator is a controlled buffer that stores
intermediate results or it may be used to store an
operand for a binary operation performed by
the ALU.

e Temporary Register is another controlled buffer
register to store the second operand of any binary
operation as performed by the ALU.

e Status Register is a 4-bit buffer register that
represents the four flags (carry flag, overflow flag,
sign flag, zero flag).

e ALU result registers are also controlled buffer register
used to store the result of the ALU operation.

e The Data Bus Buffer is another controlled buffer
register that takes input from memory module. It is
directly connected to the data bus.

[V.  SIMULATION RESULTS

All the blocks are modelled using VERILOG.
The functional verification of the codes is analysed using
ModelSim-Altera 6.4a (Quartus Il 9.0) Starter Edition and
synthesised using Xilinx ISE Design Suite 13.4. The
simulation results of the ALU, Instruction Decoder,
Register File and Memory Components are shown in
Figure.9, 10, 11, 12 respectively.

a) Arthmetic and Logical Unit

Here ‘a’ and ‘b’ indicates the 8-bit data and i’ is
a 4- bit input data that acts as the control signal.
Depending on this value the required output results are
obtained and stored in X" and ‘y’.

D
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Figure 9 . Simulation Result of ALU

b) Instruction Decoder

Here two 3 to 8 reversible decoders are used.
One for controlling the LOAD input ‘I' of each of the 8
memory components and other to control the ENABLE
input ‘e’ of each of the components. Here k is the 3-bit
selection input to address each memory component.

0 ot jib it 100 i o 1
00000001 J00000010J0odanion (00001000 10a0iona0 00100000 |0i0aa0a0 41000aona
00000001 J00a00010 ;00000100 [00001000 100010000 100100000 01000000 420000000

Figure 10 : Simulation Result of Instruction Decoder

10000000
10000000

c) Register File

Since 16 registers are present, 4-bit address ‘s’
is used to select one of the registers. LOAD ‘I' and
ENABLE ‘e’ inputs act as control signals and ‘din’ acts
as the data input to the register file.

Figure 77 : Simulation Result of Register file

d) Memory Components

Accumulator, Temporary register, ALU result
registers, Data Bus Buffer register are the memory
components used in this design. The memory
components are controlled buffer registers with two
control signals LOAD ‘I and ENABLE ‘e’.

00101010
0101010

Bt frobufly

Figure 12 Simulation Result of Controlled Buffer
Register

V. CoNcLUsION AND FuTture WoORK

Reversible circuits are an emerging technology
with promising applications because of the low power
dissipation. In this paper a novel architecture of a
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reversible 8-bit processor has been proposed. Each
block of the processor was designed using the basic
reversible gates.

In future, this design can be extended to any
number of bits. This paper provides the circuit level
implementation of the reversible processor. Further this
design may be extended to transistor implementation
which would help in easier analysis of power.
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Towards High Efficiency Solar Cells: Composite
Metamaterials

Galib Hashmi*, Masudul Haider Imtiaz ® & Shahida Rafique "

Abstract - Classification &  Applicability of various
metamaterials found to be promising in designing high
efficiency solar cells. Also light absorption & polarization of
electromagnetic energy have been found very prominent in
case of metamaterials. Theoretical modeling of metamaterial
solar cell has been developed in this study to achieve high
efficiency. Hence, composite metamaterials have been
investigated and metamaterial property like negative refractive
index has been thoroughly studied. It has been found that if
anti-reflective coating of solar cell is made of metamaterial,
and its refractive index is 1 then no reflection occurs and the
efficiency increases without any polarization effect. Also it has
been realized that by using sawtooth structure in the second
layer of metamaterial solar cell, the band gap can be tuned
thus covering the whole solar spectrum and increasing
efficiency. The simulation of the proposed model has been
done utilizing PC1D, Wx AMPS and Matlab. Metamaterial solar
cell shows promising future and this research work can be
successfully used to design & develop metamaterial based
highly efficient solar cells.
Keywords anti-reflective
refractive index, solar cell.

coating, metamaterial,

L. [NTRODUCTION

Droviding enough energy to meet an ever-
increasing demand is one of the greatest

problems the world is now facing. Energy is the
key to an industrialized economy, which calls for a
doubling of electrical output every ten to twelve years.
Meanwhile, the days of cheap abundant and
environmentally acceptable power may be coming to an
end. Coal is plentiful but polluting, natural gas is scarce
and oil is not found everywhere. Nuclear power now is
costly and risky. In many countries of the world, keen
interest is being shown in alternative energy sources. A
promising source of energy which would be able to
solve a part of the energy crisis for the present & future,
by instructively looking at the current technical and
economic energy picture as well as sustainable energy
is solar cell. But on an average single p-n junction solar
cell efficiency is not more than 20% [1] as it cannot use
the whole solar spectrum. Making a highly efficient solar
cell is always a challenging task for today’s scientists
and engineers. [2] A lot of research works have been
carried on and quite a few approaches have found
efficient like: (1) To select the semiconductor materials
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with appropriate energy gaps to match the solar
spectrum optimizing their optical, electrical, and
structural properties; and (2) the innovative device
engineering which enables more effective charge
collection as well as better utilization of the solar
spectrum through single and multi-junction approaches.
However, both approaches haven’t confirmed the
utilization of entire spectrum of sunlight simultaneously,
from the infrared to the ultraviolet and hence limit the
efficiency of the solar cell.

Metamaterials might have a huge impact in this
regard. These are artificial materials engineered to have
properties that may not be found in nature which would
be advantageous to utilize whole solar spectrum. Also,
metamaterial is insensitive to polarization which can be
used to precisely control the path of visible light
regardless of the polarization of the light. Responding
these motivations authors were intended to propose a
new innovative approach to integrate metamaterials as
anti-reflection coating with traditional p-n junctions. The
design parameters of metamaterial based solar cell are
conventional semiconductor parameters, emitter &
base, grid pattern, anti-reflective coating, doping, band
gap, carrier concentration, diffusion coefficients,
diffusion length, air mass etc. Simulation results also
support the whole design in terms of efficiencies and
usability.

[1. BACKGROUND STUDY

a) Basics of Solar Cells

A solar cell (also called a photovoltaic cell) is an
electrical device that converts the energy of light directly
into electricity by the photovoltaic effect. Photovoltaic
effect is the production of current due to the voltage
difference across a p-n junction, as a result of the
absorption of photons on the top layer of n-type
material. This N-type material is often made of a shiny
reflective material so it may send photons bouncing

lass
Metal contacts /
Anti-reflective coating

N-doped silicon

P-n junction

P-doped silicon
Metal backing

Flgure 7 Basic structure of a silicon solar cell. [3]
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away before they enter into the p-n junction; which is
undesirable, so an anti-reflective coatingis often applied
to reduce those losses, to limit the reflection of sunlight.
There are also finger like contacts in top layer to reduce
series resistance. While the P-type material is layered to
a conductive back contact made of aluminum or some
alloy. These metal contacts and the fingers on the top
electrode are constructed to facilitate ample sunlight to
enter into the n- and p-type layer and also a pathway for
electrical flow out of current. Figure 1 shows the basic
structure of solar cell.

b) Limitations of the Solar Cells

Even the best of today's silicon solar cells
cannot use about 30 percent of the light from the sun:
that's because the entire spectrum of sunlight, from
infrared to ultraviolet, covers a range of about 0.0012 eV
to about 4 eV, the semiconductors do not respond to
the entire spectrum of sunlight. Solar cell works only in
the visible spectrum. Photons with at least the band gap
energy will be able to free electrons to create a current.
Photons with energy less than material's band gap pass
through the cell and are not absorbed, which wastes
incoming energy. Also some sunlight is always reflected
off the surface of the cell even though the surface is
usually texturized and coated with an anti-reflective
coating. Furthermore, some energy is lost from local
recombination of newly created holes and electrons.
Finally, there are some losses due to manufacturing
impurities in the solar cell.

c) Concepts of MetaMaterials

In recent years, there has been much interest in
the development of artificial electro-magnetic structures
called “metamaterials” which can vyield values for
permittivity € and permeability p not achievable in nature.
Metamaterials usually gain their properties from
structure rather than the composition, using small
inhomogeneities to create effective macroscopic
behavior. Metamaterials can be classified according to
the response in the presence of Electromagnetic field,
broadly on the macroscopic parameters ¢ and p of
these materials. The classification is graphically
illustrated in Figure 2 which indicates positive refractive
index metamaterials are only in the first quadrant, all the
other quadrants are of negative refractive index
metamaterials. Most dielectrics are included in the DPS,
Double Positive group (¢ > 0, p > 0). In certain
frequency regimes, many plasmas and gyrotropic
material respectively exhibit the characteristics of ENG,
Epsilon Negative (e < 0, u > 0) and MNG, Mu Negative
(e > 0, p < 0) group. A medium with both permittivity &
permeability less than zero (e < 0, u < 0) are called as
Double negative (DNG) or Left Handed medium(LHM).
These DNG/LHM  materials have only been
demonstrated with artificial constructs. As light
propagation must occur through metamaterial solar cell,

© 2013 Global Journals Inc. (US)

double negative refractive index metamaterial (i.e. LHM)
is rationally proposed in this study.
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Figure 2 Classification of different metamaterials
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d) Applicability of Metarmaterial on Solar Cells

i, Metamaterials of Sawtooth Structure

According to Nicholas X. Fang, the Brit (1961)
and Alex (1949) d’'Arbeloff, Associate Professor of the
Department of Mechanical Engineering, MIT, the
thinnest materials used to fully capture light are limited
to a very narrow range of wavelengths and the angles of
incidence. They proposed a design composed of a
pattern of wedge-shaped ridges whose widths are
precisely tuned to slow and capture light of a wide range
of wavelengths and the angles of incidence. These
metamaterials could be made extremely thin, saving
weight and cost. Also, Kin Hung Fung, an MIT postdoc
has proposed a design of multilayer sawtooth structure
to absorb a wide range of frequencies with an efficiency
of more than 95 percent [4].

Figure 3 made from
alternating layers of metal and insulating material
deposited on a surface, can produce a metamaterial
that is tuned to a range of specific frequencies of light.
Light of different wavelengths is absorbed by the
material at different levels, where the light's wavelength
matches the width of the ridges. Designed in MIT’s
Department of Mechanical Engineering

Sawtooth Tapered ridges,

In the case of a general solar cell we get only
one band gap and only a portion of visible light can be
absorbed by solar cell. Using sawtooth structure in



metamaterial band gap can be tuned. Figure 4 shows
the general Band gap vs refractive index curve of this
equation

n=v[1+{A/(E, +B)}]

Where A is hydrogen ionization energy = 13.6
eV, Bis 3.47 eV and n is the refractive index. The curve
is continuous, leads to the efficient utilization of solar cell
by utilizing metamaterial grooves (sawtooth) structure.

n (Refractive Index)

Eg (Bandgap)

Figure 4 : Typical band gap vs refractive index Curve

ii. Polarization and Absorption Effect

L. Huang and H. Chen, the Electromagnetics
Academy at Zhejiang University, have shown that the
metamaterial absorber is almost insensitive to the
polarizations of the incident wave due to the symmetric
pattern of the closed rings [5]. Figure 5 shows the
performance of the metamaterial absorber for different
polarizations of the incident wave. It is found that,
refractive index « change from 0= to 40= (the
measurement for « from 50+ to 90+ is same to that
from 0= to 40+ due to the rotational symmetric of the
closed rings), the absorption frequency only shift 0.8%
and the absorptions are all lower than 15 dB, reflecting
the insensitiveness of the metamaterial absorber to the
wave polarizations. Because metamaterial has no
polarization effect, by using metamaterial in solar cell,
efficiency has to increase.
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Figure 5 . Measured reflection coefficients of the
metamaterial absorber for different polarizations of the
incident wave. [Photo courtesy: The Electromagnetics
Academy at Zhejiang University]

Also Yang liu, Yitung chen, Jichun li, UNLV
Center for Energy Research have shown that absorption
due to silicon nitride (SiN) metamaterial is higher the
than normal material. (Figure 6-7 shows the parametric
study and the data comparison with other materials.) So

metamaterial solar cell absorption capability would be
higher and the efficiency would be bound to increase.

Parametric Study

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

Figure 6 . Photo Courtesy, UNLV Center for Energy

Absorption in
SiN s a-Si Poly-Si
Visible Region®e
Au | §2.35 SH.03 58.53 SH.64
Cu | 81.97 54.78 56.07 56,33
Ni | 5429 65.52 67,90 68.22
w 5428 62.51 64.92 65.01
Absorption over
SiN =i a-si Foly-5i
Solar Spectrum®s
Au | 74,92 53.76 48.37 47.05
Cu | 74.47 45,35 46,00 44,82
i | TTAE 56.51 56.70 S6.01
w 76,85 53.53 54.08 s3.02

Figure 7 . Data Courtesy, UNLV Center for
Energy Research

e) Proposed Solar Cell Mode/

Figure 8 shows the schematic of the proposed
multi-junction solar cell with an anti-reflecting coating
followed by a layer of metamaterial of saw tooth
structure. The anti-reflective coating is also made of the
metamaterial with refractive index 1 equivalent to the air
refractive index. As the shiny n type layer may send
photons bouncing away before they've done their job,
an anti-reflective coating is applied to reduce those
losses. And because of refractive index is one, the
anti-reflective coating would be transparent to the
incoming light; no reflection would carried out to
decrease the efficiency. Also anti-reflective coating on
glass cover would prevent solar cell from temperature
variation, dust and other natural disturbance.
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Figure 8 - Proposed metamaterial solar cell, where P-N
junction can be normal or composite metamaterial

The second layer is made of the metamaterial of
sawtooth structure. Each sawtooth has a different
negative refractive index. As the band gap and refractive
index are inversely proportional to each other, thus
tuning the refractive index, any band gap can be
achieved. Thus the whole solar spectrum -0.5t0 2.9 or 0
to 4 eV can be achieved by this sawtooth structure.
Solar ray incident on the multilayer cell and get
absorbed. The PN junction layers followed by sawtooth
layer could be normal P-N junction layers or
metamaterial PN junction layers. Metamaterial PN
junction layer would make the solar cell more efficient
but it might be costly. The normal PN junction layers
could be used in those cases.

7)) Design Parameter of Metamaterial Solar Cell

For an efficient solar cell design, the technical
standards should be met and must to satisfy the design
parameters. The central semiconductor parameters that
determine the performance of a solar cell are:

i) Concentrations of doping atoms: A, and N, - the
concentration of donor & acceptor atoms
respectively. These concentrations determine the
width of a space-charge region of a junction.

i) Mobility () and diffusion coefficient (0) of charge
carriers that characterize the carriers’ transport due
to drift and diffusion respectively. Typical electron
and hole mobility for Si at room temperature (300’'K)
is respectively 1400 cm?/ (V-s) and 450 cm?/ (V-s).

i) Lifetime, 7, and diffusion length, L, of the excess
carriers that characterize the recombination-
generation processes.

iv) Band gap energy, £, absorption coefficient, a, and
refractive index, »n, that characterize the ability of a
semiconductor to absorb visible and other radiation.

v) The name Emitter & Base is used in the software
approach instead of typical P & N type. If we use
300 micrometer p, n should be 1-2 micrometer. The
ratio is very much similar in nanometer range. But if
nanometer range considered, then surface energy
effect must be taken into consideration.

© 2013 Global Journals Inc. (US)

vi)  All available states in the conduction and valence
band can be represented by an effective density
of states N; and an effective density of states Ny
respectively. The range of N is around 1x10'® to
4x10" and range of N, is around 4x10'® to 8x10'®.
The Air Mass (AM) quantifies the reduction in the
power of light as it passes through the
atmosphere and also absorbed by the air and
dust. The solar industry uses AM-1.5 for all
standardized testing of terrestrial solar panels, so
AM-1.5 is used in case of metamaterial solar cell.
Figure 9 shows the solar radiation spectrum of
different air mass.

vii)

w —— AM15Dlect
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Figure 9 Solar radiation spectrum of different air mass

q) Simulation and Analysis

In this work, PC1D (Photovoltaic cell 1
dimension) & WxAMPX (Analysis of microelectronic &
photonic structure, Wx - widget provided) softwares
were used to simulate the whole process. PC1D was
used to check the impacts of the layer wise refraction
index variations with the changing of layer wide in nano
scale change. Figure 10 shows the screenshot of the
Reflectance changing option of PC1D software. Current
| or Power P vs Voltage V curves found from PC1D are
shown in the figure-11 and the numerical results also are
in Table-1.

Reflectance S|
Frort Extemal ] Rear Edemal | Intemal Reflectance |
~ Fixed
o =
Coated
Broadband Reflectance |0 %
thlcknes_s Anm} index
Outer Layer 100 [1
Middle Layer [50 .7
Inner Layer |50 B

Effect of surface texture is not included in extemal
reflectance calculation for coated surfaces.

Extermal

o 1

Eerdd ] | Help J

Figure 10  Refractive index change in PC1D
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Refractive Index vV Max.
Outer Middle (ngts) Power
layer layer (watts)
1 -2 0.6455 1.711
1 -2 0.6437 1.571
1 -1.5 0.6462 1.774
-2 3 0.6454 1.703
5 Transient Convergence
1 2 ) Failure
1 2 3 Tran&ent.Convergence
Failure
al =il.1 2 0.645 1.669
1 -1.8 -2 0.6469 | 1.746
1 -1.7 2 0.6461 | 1.767
2 1.7 2 2565 | 0.6396 | 1366
3 1.7 2 -2.154 0.635 | 1.143

Impact of the anti-reflecting coating refractive

index change in Isc, Voc and Max Power can be found
by considering the last 3 data of the table 1, where only
the anti-reflecting coating refractive index column has
the different values. Band gap 3.5 with refractive index is
2.21 is often used as anti-reflective coating of anormal
solar cell. So assuming that refractive index is 2 for a
normal solar cell a comparison has been made. If the
anti-reflective coating has refractive index 1 instead
of 2.21,

Current Increased: 100 =

27.945%

Voltage Increased: [(0.6461-0.6396)/0.6396] * 100 =
1.016%

Efficiency Increased: [(1.767-1.366)/1.366] * 100 =
29.356%

[(3.269-2.555)/2.555] *

If the anti-reflective coatings refractive indexwas
chosen 3 instead of 2 then the metamaterial solar cell
efficiency would be decreased by [(1.366-1.143)/1.366]
*100 = 16.325%.

So, refractive index 1 is the best choice for
anti-reflective coatings. Efficiency would increase to 30%
and 60% for choosing refractive index 1 over 2 and 3
respectively.

Also the efficiency would show better results if

there is tuned multilayer metamaterial architecture
and no
MaterialDlg E
name um !-\a\;farl
= .ia-;erz i Bevical | pefect Optical | Advanced
2 [layer2 0,010
Permittivity 1.9
3 |laver3 0.38
4 [layerd 0.01 & = y
5 |lavers 0.025
Affinity 3 -
Me 2,5¢20 i
M 25220 =
-
un | 1\]‘ tm2fufs
e L m2fifs
N e
Cancel

Dialog box for material configuration
in WXAMPS

polarization effect. As it is not possible to have
visualization of the constituent layers, WxAMPS
simulator was used to visually investigate the layer
architecture to configure layer parameter individually.
Figure-12 shows a sample layer parameter configuration
option in WxAMPS.

WxAMPS follows the Maxwell's equations that
the refractive index, n = ¢, %y %
As the relative permittivity for optical frequencies is
considered 1 [, "% = 1], the equation becomes, n = g *

Here a solar cell is also simulated with CdS
(cadmium sulfide - n type), CdTe (cadmium telluride — p
type) with metamaterial Tin oxide (SnO,) layer (with
refractive index =1). It is found that the efficiency is
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13.0968% (From the |-V characteristics curve shown in
Figure 13) whereas in normal solar cell efficiency is 7%.
So we can notice a definite increase of efficiency in the
metamaterial solar cell.

Figure 13 : Cds — CdTe metamaterial solar cell |-V curve

h) Limitations and Future Work

As there has been a very little work on
metamaterial solar cell research, the main emphasis of
this work was to demonstration theoretically whether
metamaterial on solar cell would increase the overall
efficiency or not. Also, most thin materials used to
capture sunlight are limited to a very narrow range of
wavelengths and the angles of incidence. The proposed
design uses a pattern of wedge-shaped ridges whose
widths are precisely tuned to slow variation and thus
made enable to capture light of a wide range of
wavelengths and angles of incidence. Because of using
metamaterial, there is no polarization effect of
unpolarized sunlight, thus the efficiency has increased
manifold.

Some difficulties had been faced during this
study. The first and foremost is that there was no open
source reference software that could be used for
designing metamaterial solar cell. Also there was not
any complete metamaterial solar cell model to compare;
also the lack of physical implementation in the third
world country likes Bangladesh. Despite of all the
difficulties, proposed metamaterial model shows
promising feature for achieving high efficiency solar cell;
hopefully this work would be beneficial to the scientists
and engineers.

[1I.  CONCLUSION

A theoretical model of metamaterial solar cell is
developed, simulated and discussed above. It was
found that if the anti-reflective coating of solar cell is
made with metamaterial and its refractive index is made
1 then efficiency of the metamaterial solar cell is
maximum. Furthermore, sawtooth structure, polarization

© 2013 Global Journals Inc. (US)

effect and metamaterial absorption are taken into
consideration. And it can be concluded that
metamaterial solar cell is highly efficient. Time has come
to look forward and work in these fields to produce
highly efficient solar cells rather than depending wholly
on conventional method because metamaterial solar cell
shows promising future in solving world’s power crisis
problem.
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MC-CDMA PAPR Reduction using a Modified
Exponential Companding Transform with

Clipping

B. Sarala® D. S. Venkateswarulu® & B. N. Bhandari®

Absiract - Multicarrier Code Division Multiple Access (MC-
CDMA) system has the inherent problem of a high Peak to
Average Power Ratio (PAPR), which results in nonlinear
distortion at the High Power Amplifier (HPA) and consequently
reduces power efficiency, performance degradation at the
receiver. High PAPR causes lowers battery life, and requires
HPAs. HPAs result in increased cost, reduced battery life,
increased co-channel interference and Inter Symbol
Interference (ISl). This paper analyzes a new idea that is
combination of exponential companding transform and
clipping concept to obtain a new Modified Exponential
Companding with Clipping Transform (MECCT) technique for
MC-CDMA PAPR reduction. This method evaluates
performance analysis of MC-CDMA while considering linear
companding and exponential companding (nhonlinear) with the
Additive White Gaussian Noise (AWGN) channel and is
simulated using MATLAB. The simulation results show that the
proposed algorithm reduces the PAPR by 2.0 dB, and are able
to improve Bit Error Rate (BER), reduced Power Spectral
density (PSD), and improvement in spectral bandwidth.

Keywords - MC-CDMA, PAPR, HPA, BER, MECCT.

[. INTRODUCTION

n recent years, Multicarrier Code Division Multiple

Access (MC-CDMA) system has been receiving wide

spread interests for future wireless communications.
Combining Orthogonal Frequency Division Multiplexing
(OFDM) modulation and Code Division Multiple Access
(CDMA), a new scheme is developed which reaps the
benefits of both the techniques. A patented 4th
Generation (4G) wireless technology like higher spectral
efficiency, result in higher bit rates and multiple access
capability, robustness in case of frequency selective
channels. MCCDMA is a multiple access scheme used
in Orthogonal Frequency Division Multiplexing (OFDM)
telecommunication systems, allowing the system to
support multiple users at the same time. The main idea
of the MCCDMA system relies on transmission of data
by dividing the high data rate stream into several low
data rate subcarriers. MC-CDMA spreads each user in
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the frequency domain [1, 2]. MC-CDMA modulation
causes high Peak to Average Power Ratio (PAPR),
which results in nonlinear distortion at the High Power
amplifier (HPA) and consequently degradation of BER
performance at the receiver. It requires a linear amplifier
with a large dynamic range. However, this linear
amplifier has poor power efficiency and is very
expensive. Power efficiency is required for wireless and
mobile communication as it provides adequate
coverage area, saves power consumption and allows
portable terminals etc. Hence, a better solution is to try
to prevent the occurrence of interference by reducing
the PAPR of the MC-CDMA transmitted signal. PAPR
reduction results in reduction of cost and consumes less
power, low BER, and improvement in spectral
bandwidth by wusing few companding transform
techniques. To reduce the PAPR of MC-CDMA system,
many techniques are proposed [3].

This paper uses companding techniques for
PAPR reduction. The companding transformation is
applied at the transmitter to attenuate the high peaks
and increase low amplitude of the MC-CDMA signal,
before transmission. At the receiver, the de-companding
method is applied through the inverse companding
function in order to pick up the original signal.
Companding systems are useful for reducing PAPR in
MC-CDMA transmitted signal. Companding method
describes compression in the transmitter and expansion
in the receiver. Transmitter and receiver requires
compander and expander [4].

This paper analyzes a modified exponential
companding with clipping technique for PAPR reduction
of MC-CDMA transmitted signals and compares with
exponential and linear companding schemes, in terms
of PSD, BER, and PAPR. The proposed companding
technique reduces PAPR and minimizes Out of Band
Interference (OBI) and also improves BER.

The rest of the paper is organized as follows:
Section | describes MC CDMA system PAPR analysis.
Section A describes proposed MC-CDMA system; in
section B related works are discussed. In section C a
newly introduced MECCT companding and de-
companding algorithms are discussed. In section D
Computer simulations are presented and in section I
finally, conclusions are listed.
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[I. MC-CDMA PAPR ANALYSIS

In MC-CDMA system, entire system bandwidth
is divided into several orthogonal subcarriers with
narrow bandwidth, and K user data symbols are
modulated by Phase Shift Keying (PSK) and transmitted
independently on subcarriers. In the MC-CDMA
transmitter, a group of Nlog, M input bits are encoded
into block of N; symbols x, (I = 0... N,-1), where symbol
duration is T, (sec) and MC-CDMA-array modulation, is
considered. These symbols are converted from serial to
parallel (S/P) form and modulated using N, subcarriers
whose frequencies are regularly spaced with
Af = (HZ) Where T is the symbol period; N, is the
number of subcarriers. Thus MC-CDMA signal x(t) for a
block of duration N.T; (sec) may be represented as

Ne—1

X)) =

VNe 3

Where x, represents the I modulated data
symbol and Af represents the 1" subcarrier frequency.

By discretizing x (t) in equation (1) at t=ITs (I =
0,...,Nc-1) then the discrete MC-CDMA signal as
given as

s ™t (0<t<NT, (1)

Ne—1

1 .
x() = x(T) = — > sl @)
¢ 1=o0

Equation (2) is equivalent to N, point Inverse
Fast FourierTransform (IFFT) of Nc symbols xl, followed
by parallel- to-serial (P/S) converter. Thus, a fast
implementation using IFFT may be employed, at the
receiver, and subcarrier demodulation can be effectively
implemented by Nc —point Fast Fourier Transform (FFT).

The transmitted MC-CDMA signals x(t) follow a
Gaussian distribution when the number of subcarriers N,
are large , resulting in high PAPR, the PAPR of
continuous frequency domain MC-CDMA signals are
generally defined as

MaXo<t<N¢Ts (1x(D)]2)

1 NcTg
[x(t)|2dt
Nery Jo

PAPR = &)

From equation (3) it is observed that PAPR
reduction of MC-CDMA signals is mainly obtained by
decreasing the maximum instantaneous signal power

The variation of the envelope of a multicarrier
signal can be defined by Peak to Average Power Ratio
(PAPR) , which is given as

max|x,,|?

PAPR =T o
E Em;() |xm|2 (4)

© 2013 Global Journals Inc. (US)

The values x, m=0... Nc-1, are the time
samples of an MCCDMA symbol.
The relation between Crest Factor (CF) and

PAPR is given as
CF = \PAPR ®)
PAPR for MC-CDMA Up-link as represented as

(1 ek e )
L

PAPR < 2max (6)

The PAPR of an MC-CDMA down-link signal
with k users and N, = L can be represented as
[5, and 6].

(Bt ot ermem '}

L

PAPR < 2max (7)

a) Proposed Mc-Cdma System

Figure 1.shows MC-CDMA transmitter with
companding technique. The companding transformation
is applied at the transmitter after Inverse Fast Fourier
Transform (IFFT) and Cyclic Prefix (CP) block so as to
attenuate the high peaks and increase low amplitude of
the MC-CDMA signal, accordingly decreasing the PAPR.

—>[ QAM MAPPER ]—P[ SPREADING ]—P[ s/P ]—T
I—P[ IFFT ]—V[ P/s, CP ]—P[ COMPANDING ]—D[ DAC & HPA

Figure 1 - MC-CDMA transmitter with companding

—P[ ADC H DE-COMPANDING ]—b[ CP REMOVAL & S/P ]—P‘
L’[ FFT ]—-P[ P/S ]—-P[ DE-SPREADING ]—V[ DE-MAPPER ]—V

Figure 2. MC-CDMA receiver with de-companding

Figure 2 shows MC-CDMA receiver with de-
companding. At the receiver, the de-companding
method is applied through the inverse companding
function before CP removal and Fast Fourier Transform
(FFT) block in order to pick up the original signal. The
transmitted signal power is amplified by using HPA [7].
Companding technique is an attractive technique to
reduce PAPR of MC-CDMA signals due to its simplicity
and effectiveness.

b) Related Work

Sulaiman, et.al proposed linear companding
transform for PAPR reduction in Orthogonal Frequency
Division Multiplexing (OFDM) signals. In this scheme,
the proposed technique utilizes a new Linear
Companding Transform (LCT) to reduce the PAPR of the
OFDM signal. A new LCT with more design flexibility
than Linear Non Symmetrical Companding Transform




(LNST) was investigated. The authors proposed a LCT
that has one —tone mapping of input and output
transformed signal. The proposed scheme degrades
Power Spectral Density (PSD), lower PAPR and BER
than LNST [8]. Tao Jiang, et.al proposed a new
nonlinear companding technique, called “exponential
companding”, to reduce PAPR of OFDM signals. The
exponential companding scheme can offer better PAPR
reduction, BER, and phase error performance, and less
spectrum side lobes [9].

Earlier we proposed the technique for the use of
DCT/DWT in combination with companding in order to
achieve a very substantial reduction in PAPR of the MC
CDMA signal. In this scheme, in the first step, the data is
transformed by a Discrete Cosine Transform (DCT) or
Discrete Wavelet Transform into new modified data. In
the second step, this scheme also uses the
companding technique further to reduce the PAPR of
the MC CDMA signal. The DCT may reduce PAPR of an
MC CDMA signal, but does not increase the BER of
system. The proposed scheme uses the spreading
codes for MC CDMA like Walsh codes, Gold codes, and
Maximal length Pseudo Noise (PN) codes, in order to
minimize the BER, and to reduce Multiple Access
Interference (MAI) and has implemented the same
proposed techniques to reduce the PAPR and PSD for
MC CDMA system [3, and 4].

This paper analyzes a new idea that combines
exponential companding transform and clipping
concept to obtain a new Modified Exponential
Companding with Clipping Transform (MECCT) for MC-
CDMA PAPR reduction. This method evaluates
performance analysis of MC-CDMA while considering
linear companding and exponential companding. The
proposed algorithm reduces the PAPR by 2.0 dB, and is
able to improve Bit Error Rate (BER), Out-of Band
Interference (OBI).

This paper first compares the PAPRs of MC-
CDMA original, MC-CDMA with linear companding, MC-
CDMA with exponential companding and a newly
introduced MCCDMA with MECCT. Simulation results
show that the PAPRs of MC-CDMA with MECCT system
have low PAPR when compared with other companding
based MC CDMA systems. The power spectral density
of the resultant signal has 10 dB less in main and side
lobes which minimize interference between signals when
compared with the LCT based MC-CDMA system. The
MECCT technique reduces PAPR, without degradation
in BER performance.

¢) Modified Exponential Companding with Clipping
Transform

This new idea is a combination of clipping
concept which has a value of threshold and exponential
concept. It generates a new algorithm named as a
Modified Exponential Companding with  Clipping
Transform  (MECCT). The MECCT companding
algorithm as given below:

Step1: Calculate threshold value at the transmitter is
given by

B median(|x,|)

(8)
1 o_x 2

Gxnz is a variance of (standard deviation)?,
| x| is modulus of the MC-CDMA transmitted symbol,
Ty is the threshold value.

Step2:
, ©)
x, = T, +log(x, |- T, + 1)
Step3:
X = X,,When0<|x,|< T,
x, ,when|x,| > T, (10)
Step4:

X = x| €7°

(11)

When =0 :tan—l(b;) and X, is in the form of ax, +jbx,

At the receiver, the inverse companding
transform operates on the received signal to obtain an
estimation of the transmitted signal. The MECCT de-
companding algorithm as given below:

Step1: Calculate threshold value at the receiver is
given by

_ median(|r,|)
=

(12)

2
O'xn

csxnz is a variance of standard deviation,
|ra| Is modulus of MC-CDMA received symbol, is the
threshold value at the receiver.

Step 2 :

Tml = ’[‘2 -1+ 10(|7"n|—T2) (1 3)

Step 3: When=0 =tan™! (b) and ryis in the form of

a

ar, + jbr, (14)

Step4 The original after de-

companding

received signal

—~

X, = 1,,when|r,| <T,

r 'el® when|r |>T 19)
m 4 n 2

d) Simulation Results

Original MC-CDMA, MC-CDMA with Linear,
exponential, and newly introduced MECCT systems are
implemented using MATLAB with the following
specifications: number of symbols are 256, 512, 1024,
4096 symbols, IFFT size is 256, and number of
subcarriers are 128, 64, 32 and spreading codes are PN
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codes, Gold codes, Walsh Hadamard codes and
modulation used Quadrature Phase Sift Keying (QPSK).
This paper evaluates the performance of PAPR using
complementary cumulative distribution of PAPR of MC-
CDMA with different codes and companding
techniques. The results are compared with original MC-
CDMA, MC-CDMA with Linear companding, and MC-
CDMA with exponential companding, and MCCDMA
with newly introduced MECCT.

i.  CCDF Perforrmance

This paper evaluates the performance of PAPR
using cumulative distribution of PAPR of MC-CDMA
signal. The Complementary Cumulative Distribution
Function (CCDF) is one of the most regularly used
parameters, which is used to measure the efficiency of
PAPR technique.

Figures 3, 4, 5 show that, using MC-CDMA with
MECCT technique and PN codes PAPR is reduced by
1.75dB, and 1.5 dB when compared with the original
MC-CDMA (no companding), and MC-CDMA with linear
and exponential companding techniques. If the numbers
of subcarriers are doubled the PAPR is increased by 2.0
dB. Figures 6, 7, 8 show that, using MC-CDMA with
Gold codes and MECCT technique PAPR is reduced by
2.5dB, and 2.0dB when compared with the original MC-
CDMA (no companding), and MC-CDMA with linear and
exponential companding techniques. If the numbers of
symbols are increased, the PAPR is further reduced by
0.5dB.

10° e —

CCDF

—— No companding 3\

—— Exponential Companding

——— Linear companding
newly introduced mecct

T T T

107

o 1 2 3 4 5 6 7 8
—————— PAPR(dB)

Figure 3 . Nsym=512, nfft=256, nsub=64, p
=0.825,d=1.1, QPSK, PN codes
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Figure 4 - Nsym=512, nfft=256, nsub=128, u
=0.825,d=1.1, QPSK, PN codes
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Figure 12 - Nsym=4096, nfft=256, nsub=64, n=0.825,

d=1.1, QPSK, Walsh codes

Figures 9, 10, 11, 12 show that, using MC-
CDMA with Walsh codes and MECCT technique PAPR
is reduced by 0.75dB, and 1.0dB when compared with
the original MCCDMA (no companding), MC-CDMA with
linear, and MCCDMA with exponential companding
techniques. If the number of symbols is increased, the
PAPR is further reduced by 0.5 dB. If the numbers of
subcarriers are doubled, the PAPR is increased by
2.25 dB.
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Figure 13 - Power Spectral Density comparison

The simulation results of Power Spectral Density
(PSD) in figure 13 shows that the MECCT based MC-
CDMA system has 10 dB less in lower side and main
lobe when compared with the original MC-CDMA
system, and MCCDMA with linear companding. MC-
CDMA with exponential companding has less mean
amplitude and system maintains constant main lobe
bandwidth compared to other MC-CDMA systems.

o
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[ newly introduced mecct

a —> LNST
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2 4 6 8 10 12 14
Ebno

o

Figure 74 : BER analysis of newly introduced MECCT
with Linear companding technique

The simulation result of BER Using PN codes
of the MCCDMA and MECCT with AWGN channel is
shown in figure 14. Found BER 10-4 at 12 dB, the MC-
CDMA with linear companding found BER is 0.8*10-3 at
12 dB. A newly introduced MECCT with MC-CDMA
system has ideal BER when compared with the original
and MC-CDMA with linear companding technique.
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[11. CONCLUSIONS AND FUTURE WORK

In this paper, a newly introduced MC-CDMA
system using MECCT to reduce the PAPR about 2.0 dB
for Gold codes and PN codes and 0.75 dB for Walsh
codes, decrease the BER over linear companding
technique, and improve the spectrum efficiency. This
technique found that the MECCT based MC-CDMA has

10 dB less in side and main lobe when compared with
the MC-CDMA based linear companding and Original
MC-CDMA system. MC-CDMA based MECCT technique
reduces the PAPR substantially by 2.0 dB without any
data loss in the system performance. Proposed
companding technique is of much less implementation
complexity when compared with the exponential
companding, and requires no side information.

At the same time achieves subsequent PAPR
reduction and BER performance is also improved.
Additionally, the technique is efficient, easy to
implement, and does not require any complex
optimization algorithm. The simulation results show that
the PAPR reduction is improved by using a newly
introduced MECCT based MC-CDMA system can also
improved BER, reduced PSD and improved spectral
bandwidth. This paper concludes that MECCT based
MCCDMA system reduced by 2.0dB at the transmitter.
At the receiver using MECCT de-companding algorithm
expands by the 2.0 dB in BER analysis and also
improves BER.

This research will continue in PAPR reduction of
MCCDMA by improved performance, low data rate loss,
and less complexity and efficient use of channel. Further
it is implemented with the Raleigh fading channel.
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M2M: GSM Network for Robots using DTMF

Md. Nasimuzzaman Chowdhury * & Md. Khaled Hossain®

Abstract - In recent world cellular mobile communication
system has developed significantly. In almost all sector we use
mobile phones for communication. Two main reasons for vast
mobile communication are mobility and coverage area. We
use mobile to talk, share our status, asks for help and so on. In
this paper we have developed a system where robots can call
each other, communicate with each other, ask their positions,
ask for help, can increase their database of phone numbers of
other robots asking each other and lots more. The number of
robots can communicate with each other is unlimited and
distance between robots to communicate is also unlimited.
Wherever GSM network is available robots can communicate
with each other. Any robot from U.S.A can communicate with
any robot from Bangladesh. But obviously the robot should
have credits in its mobile to make the call. Since only mobile
phone is used as transmitter & receiver, the system is much
simple, cost effective and easy to implement.

Keywords . microcontroller, DTMF, robots, communi-
cation, network, M2M.

[. [NTRODUCTION

umbers of robots & wireless communication
N protocols are increasing day by day. But most of

the communication protocols are complex and
only valid for short distance communication. Keeping it
in mind that communication between robots should not
be bounded by area or should not be bounded by
number of nodes we have implemented this project. In
this project we have implemented a way of
communication between robots by DTMF (Dual-Tone
Multi-Frequency) and atmega8 microcontroller. As
humans call to one another robots will generate call and
send data through DTMF. Lots of research work has
been published on DTMF control system. Yun Chan Cho
and Jae wook Jeon [1] used DTMF of mobile phone. D.
Manojkumar et.al. [2] controlled a robot by a mobile
using DTMF tone. To control domestic systems DTMF
has been used [3]. Smart phones also have been used
to control mobile robots [4]. Human-Robot interaction
mechanisms that allow a human commander to control
a mobile robot via cellular phone have been developed
and successfully tested by Ali Sekmen et.al. [5] and T.
Kubik et.al. [6].

Tho Nguyen and Linda G. Bushnell have
implemented DTMF communication For Robots using
DTMF transceiver [7]. But all of them are used as limited
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controlling signal. Only 9 buttons has been used just to
control relay, cars or communicate etc. In our project
using DTMF tone we have implemented complete ASCII
chart. Communication between robots can be initiated
from any one anytime. First robot will generate the call
and receivers mobile will remain in auto receive mode.

After receiving the call both the robot will start
sending DTMF tones to communicate. Both the robots
will use DTMF transceiver. From transmitting side the
ASCII value of information will be encoded and transmit
through DTMF tone. Receiver side will receive DTMF
tone and decode it into ASCII value. As both the robots
are using DTMF transceiver they can transmit or receive
data during the course of a call. But this is a half duplex
communication system. ATmega8 is used to encode
information into DTMF digits, MT8880 DTMF transceiver
will receive the digits and generate DTMF tones and
Mobile will transmit the tone. At receiver end Mobile will
forward the tone to MT8880 transceiver and it will
decode DTMF tone. From the transceiver
Microcontroller will receive 4 bit data and it will decode
these data into ASCII value.

The figure below  describes DTMF
communication between two robots. First robot consists
of DTMF transciever, microcontroller and a mobile.
Second robot also consists of same parts.To stablish a
communication microcontroller makes a call through cell
phone. But data is sent to DTMF transciever from
microcontroller for encoding. Communication between
microcontroller and DTMF transciever is bidirectional.
DTMF transciever encode it and transmit dual tone to
cell phone. Communication between cell phone and
transciever is also bidirectional. In recieving mode
transciever recieve tones from mobile and decode it to
microcontroller. The delay to stablish a communication
depends on the delay of call generation and connection
establishment.

Communication establishment time between
two robots under one operator takes less time than
different operators. In this communication good network
connection is required to avoid data loss.
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Figure 7 - DTMF communication between two robots
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Figure 2 Fully Connected Network Between Robots

In this communication protocol robots can  phone book of the mobile and dial yes button. Adding
establish a fully connected network.Any robot can  more button of phone pad will give robot to add a new
communicate with any robot anytime. number.

Cell numbers of robots need to be saved in If any robot finds another robot busy or waiting,
mobile previously.lf Any robot wants to communicate it it will generate call again after 5 minutes by default.
needs to select the desired robot cell number from

© 2013 Global Journals Inc. (US)
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Flgure 3 :Main Circuit Diagram
I1. CircuiT DESCRIPTION When robot 2 receives start bits it sends back

MT8880C is the DTMF transceiver and Atmega8
is the microcontroller used in this circuit. Both the IC is
given +5v power input. MT8880C takes DTMF input by
pin IN- & GS. And gives DTMF output by pin Tone. TTL
Data pins from DO to D3 are connected with PDO to PD3
of atmega8. Some control pins like IRQ_bar, RSO,
CS_bar, R/W_bar etc are connected with PORTB GPIO
pins. PB6 and PB4 pins are connected to the base of
BC548 transistors. In each keypad button there are two
circles. The outer circle of the button work as negative
terminal and the inner circle of the button work as
positive terminal [9]. When the positive and negative
terminal is shorted corresponding button works as
pressed. In this circuit two transistors are connected
with two buttons of mobile those are accept & reject
buttons. When any voltage is passed through the base
of transistor, two terminals of the button gets shorted
and the button is pressed.

To transmit any information at first 1% robot
initialize a call sending voltage to PB6 pin twice. At first
press, mobile goes to its dialed list and at second press
it initiate a call to the last dialed number. Desired robots
number can be saved in dialed list manually or we can
connect more 10 transistors to 0 to 9 buttons of mobile.
And these 10 buttons can be controlled by
microcontroller to press a new number.

At 2" robot terminal mobile is in auto receive
mode. Transmitting microcontroller checks that receiver
accepted or rejected the call through sending start bits.

acknowledge bits and robot1 starts to send information
in DTMF tones. Microcontroller sends data through PDO
to PD3 and MT8880C converts the data into DTMF tone.
Trough microphone of mobile DTMF tones is
transmitted. At receiving terminal Mobile receive the
tone and transmit the tone to MT8880C through
speaker.MT8880C converts the tone into 4bit data and
send the data to microcontroller. If robot2 wants to
communicate it also sends start bits and after getting
acknowledges bits it starts transmission. When robot2
finish sending data it sends terminate bits. When robot1
also sends terminate bit both the microcontroller send
voltage to PB4 bit and terminate the call.

The circuit Diagram of this system consists of
the following equipments:

a) Mobile:

Our goal is to establish long distance
communication between robots. DTMF tones are our
information data. To transmit & receive DTMF tones
from long distance we have used mobile phones. And
also to initialize or receive a call mobile is the easiest
and simplest way to perform the task. As mobile phones
are portable both stationary and mobile robots can use
mobile phones.

b) DIMF Transceiver:

The MT8880C is a monolithic DTMF transceiver.
It is fabricated in Mitelis ISO2- CMOS technology, which
provides low power dissipation and high reliability [8].
This IC can be interfaced with microcontroller easily.

© 2013 Global Journals Inc. (US)

2013

(F) Volume XIII Issue X Version IE

g
S

[

Global Journal of Researches in Engineerin



F) Volume XIII Issue X Version | B Year 2013
@

gimeerin g

S

Global Journal of Researches in En

Internal counters provide a burst mode such that tone
bursts can be transmitted with precise timing. Digit
sequence consists of all 16 DTMF tones & all 16 tone
pairs decode them into 4bit BCD code. Tone
duration=40 ms. Tone pause=40 ms. error rate of less
than 1in 10,000 [8].

c) Atmega8 Microcontroller:

Brain of this project is Atmega8 micro-controller.
It is a 8 bit Micro controller with RISC architecture. lIts
speed is up to 16MIPS throughput at 16MHz. It has 8K
bytes of flash and 512bytes EEPROM. Operating
voltage 2.7v -5.5v, in active mode it consumes only
3.6mA & in sleep mode it consumes less than 1uA
current [10] which made it a perfect choice for this
project.

[TI.

a) DTMF Tone:

DTMF generation is a composite sinusoidal
signals of two tones between the frequency of 697Hz
and 1633Hz [11]. The DTMF keypad is arranged such
that each row will have it's own unique tone frequency
and also each column will have it's own unique tone.
Below is a representation of the typical DTMF keypad
and the associated row/column frequencies.

MAIN TECHNOLOGY USED

HIGH GROUP TONES

L4=941Hz| » 0 #

H1= H2= H3= H4=

1209 1336 1477 1833

Hz Hz Hz Hz

r=-—n

L1=697Hz]| 1 2 3|1 A

| |

Ll |

L2=770Hz | 4 5 Bl 1B

o ol

LOW GROUP e =y
TONES L3=852Hz| 7 8 g 19:
r=n"

1D1

L |

Figure 4 . DTMF Keypad Layout
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Figure 5 . DTMF frequency when one digit is pressed

b) Interface between MT8880C & Microcontroller

Write cycle consists of the following steps
(starting with the MT8880’s CS pin high to deselect
it) [12]:
1) Put the data pins into output mode
2) Write the data to the bus
3) Setup RSO: 0 = write data; 1 = write instructions
4) Clear the RW bit to request a write
5)
6)

Clear CS to activate the MT8880
Set CS to terminate the write operation and
deactivate the MT8880.

Reading the MT8880 is similar. Starting with CS
high, the steps are:

1) Put the data pins into input mode
Set the RW bit to request a read
Set up RSO: 0 = read data; 1 = read instructions

)
3)
) Clear CS to activate the MT8880
)
)

a b

Read the data from the bus
Set CS to terminate the read operation and
deactivate the MT8880.

MT8880C is also interfaced with mobile. An
earphone is plugged in cell phone audio port. Two
wears of earphone are Ring and Tip.

Input from the earphone is interfaced with IN-
pin and output with TONE pin of MT8880C.

Table 7 :MT8880C DTMF transceiver truth table

597 1209 1 1 0] o o 1
697 1336 2 1 8] o 1 O
597 14FF 3 1 9] O 1 1
Tro 1209 < 1 o L 8] o
FFr0 1336 o 1 o] 1 o] 1
Tro 1477 5 T O 1 1 O
852 1209 i 1 8] 1 1 1
852 1336 8 1 1 ] 8] a ]
852 147FF L=} 1 1 O o 1
S1 1209 o 1 1 o 1 o
S 1 1336 B 1 1 O 1 1
S41 1475 # T 1 | o] o
597 1533 A 1 1 1 8] 1
] 1633 B 1 1 1 1 0}
852 1633 c 1 1 1 1 1
S41 1633 ) 1 8] o} o] o

- - A ] = pra = =
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c) Our Software Defined DTMF

Figure 6 . DTMF keypad with digits E, F added

In our project we have eliminated * & # button
and added E & F button. Now this keypad contains all
16 digits of BCD (binary coded decimal) digits. We
have also changed the table value of DTMF tones
according to BCD values. Bellow is the chart of values of
all 16 digits.

Table 2 : Software defined DTMF tone values

Microcontroller receives original DTMF value but
it converts the original value into the above value using
look up table. To form a ASCII character we need two
BCD digits. To represent any digit robot1 has to send
two DTMF tones. For Example if robot1 wants to send a
character ‘H’ it will send DTMF tones 4 & 8 as the hex
value of ‘H’ is 0x48. In this way robots can send any
character it wants from ASCIl table. Bellow we have
shown the ASCII chart and corresponding DTMF tones
in red color.

Before transmitting each digit MT8880C makes
strobe pin high. which indicates that one tone is
available for input.

This tone certainly helps to reduce errors
detecting zero or repeated tones. Some of the ASCII
values are reserved for specific use. Like to indicate
start bits robots use 0x00,0xEE is used as acknowledge
bits.This acknowledge bits helps a robot to understand
the call is received or not. To terminate a call robots use

KEY TOE Gy Qa Q> Q4 terminate bits OxDD.If both the robots send terminate
a 1 oo oo bits means there are no more data to transmit or
1 1 o|lo | o] , . .
2 1 o|lo |1 4] receive. Both the robots terminate the call pressing no
ﬁ : 8 ? a E:'r button in mobile.

5 1 o|1 o |1
5] 1 ol 1 o]
7 1 o1 1 1
a8 1 1 |lo |o| o
=] 1 1|lo o |1
A 1 1 |o |1 o
B 1 1 |o | 1 1
[ 1 1|1 o| o
D 1 1|1 o |1
E 1 1|1 1 o
F 1 1|1 1 1
ANY 0] Flz |z | =
Table 3 . Complete ASCII chart using DTMF tones only
0 1 2 3 4 5 5] 7 2] 9 A B C D E F
O | NUL [ SOH | §TX | ETX | EOT | ENQ | ACK | BEL | BS | HT | LF VT | FF | CR | SO 5l
0x00 | 0x01 Ox0OF
1| DLE | DC1 | DC2 | DC3 | DC4 | NAK | SYN | ETB | CAN | EM | SUB | ESC | FS | HS | RS us
2 [ spc | 1 « T & wm | &] " ( Bl * | | | % ]| ¥
3 0 1 2 3 4 5 6 7 2] 9 : = < = > ?
4 @ A B C D E F G H | ] K L %l M O
5| P Q R S T U v | w X |y Z [ V1T o _
6 ' a b c d e f g h i i k | m n o]
7 P q r 5 t u W w X y ¥ { | 1 ~ | DEL
8| £ : f , + > “ | % | § ¢ | @® z
9 i ] it " . _ _ ] ™ H 5 e ¥ \(
A i ¢ £ o ¥ : g © a « - " ® -
B a + 2 3 4 !J- ﬂ . 1 [+] » % 1 % é
C| A A A A A Al £ | C E E 3 E | i f T |
D| B M o] 0| o6 o} o) x @ | U | U O [0 | Y | b B
E A g 3 a a a &= C & é é & i i i i
F 3 fi o} o} O o} G + @ U u ] ua | v b i
OxFO OxFF

© 2013 Global Journals Inc. (US)

(F) Volume XIII Issue X Version IE Year 2013

g
S

=

Global Journal of Researches in Engineerin



F) Volume XIII Issue X Version | [N Year 2013
o

gineering
lllkk,llnb

S

Global Journal of Researches in En

d) Timing Diagram
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DTMF is half duplex two way communication
system. When the transmitter sends information the
receiver needs to listen and wait for the transmission to
complete. This communication system can use hand
shaking technique or it can use only acknowledgement
bits. Here bellow a timing diagram has show of
communication.

The timing diagram is shown here is after call
has established between two robots. Robot1 has send
start bits 0x00 then robot2 has replied acknowledge bits
0x06. After receiving robot1 sends end bits OxFF. When
both the robots completed their communication they
confirm it sending terminate bits OxFE.

IV. HARDWARE IMPLEMENTATION

Figure 8 - Robot 1 Transmitting

In this experiment we have used Arduino
instead of atmega8 for easy prototyping. These two
microcontrollers are almost same in operation. Here
robot1 transmitted “Hello! It's fun”.Robot1 generated the
call through shorting yes button twice as number of
robot2 was the last dialed number in phone list, a call
initiated to robot2. Robo t1 transmitted start bits 0x00
and robot2 resend acknowledge bits OxEE. Robot1
starts transmitting data through DTMF. Tones for “Hello!
It's fun” are “ 48 65 6C 6C 6F 21 90 69 74 27 73 90 66
75 6E”. Robot2 received these tones, decoded it and
displayed in LCD. Then robot2 transmitted terminate bits
0xDD. Robot1 confirms there is no more data for
transmission and resend 0xDD. Both the robots shorted
‘NO’ button of mobile and terminated the call.

© 2013 Global Journals Inc. (US)

Figure 9 : Robot 2 Receiving

V. FURTHER APPLICATION

and share
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Robots community  development
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GPRS based network using internet.
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Wireless Robot Control.
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5) Industry and home automation (unlimited switches
control).

6) Long distance Data transmission.

7) Military communication through encrypted data of

DTMF values.



VI.  CONCLUSION

DTMF is a reliable technique for very long
distance data transmission. Though Genave Super Fast
rate of 20/20 (25 tons per second) from an automatic
encoder or Genave decoder responding to a code sent
at a blazing DTMF rate of 20/5 also known as 40 digits
per second)[13]. But MT8880C is capable of 12tones
per second means around 48bits per second. If the bits
rate can be increased then DTMF will become a good
communication way for short distance also. But for long
distance and unlimited node communication it is very
reliable, easy, cheap solution for small amount of data
transmission.
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and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about this field
from your supervisor or guide.
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asking several questions to yourself, like Will | be able to carry our search in this area? Will | find all necessary recourses to accomplish
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.
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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.

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.
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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
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.
e 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.
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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

e |[nsertion a title at the foot of a page with the subsequent text on the next page
e  Separating a table/chart or figure - impound each figure/table to a single page
e  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.
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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
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
® Asaoutline 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

e  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:

e  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.

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

XV



®  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.

e  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
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 If 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.

e |f 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.
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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.

e  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.

® Do not present the similar data more than once.
®  Manuscript should complement any figures or tables, not duplicate the identical information.

e Never confuse figures with tables - there is a difference.
Approach

e Asforever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
e  Put figures and tables, appropriately numbered, in order at the end of the report

e |f 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.
®  Tryto 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?

e  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.
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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.

. 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.

e 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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