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Graphic Interface Applied to the front
Suspension Assembly Process for Automobile

Francisco C. P. Bizarria® José W. P. Bizarria®, Rogerio Oliveira de Paula® & Ariadne Arrais Cruz®

Absiract- This paper proposes a graphical interface to be
integrated into the physical architecture that has been
established to receive a specific process of assembling the
front suspension to the automobile. The physical architecture
contains many cells with the necessary means to enable
workers to carry out assemblies of various types of
suspensions. In the development of the graphical interface are
considered means for defining the formal sequence of
assembly of each type of suspension in order to increase the
production capacity and decrease losses by undue
assemblies. The layout set for virtual components and also the
choice of resources are planned to increase the
expressiveness and ease of use of each window contained in
the graphical interface. The validation of the operational
features of the graphical interface is obtained by carrying out
practical tests on a prototype that uses the basic elements that
are specified in the aforementioned physical architecture. The
positive results observed in practical tests suggest that the
graphical interface will be able to increase productivity in the
front suspension assembly process for automobile.
Keywords.  graphical  interface, front  suspension
assembly, autormobile.

I. INTRODUCTION

he current scenario of the global economy
Testablishes a condition in which the industries

have to invest financial resources in the production
lines to overcome seasonal variations of production
demands that are imposed by consumer markets and
also to maintain adequate quality standards, reduce
losses in production, minimize lead times, lower costs
and increase flexibility in manufacturing [1].

The management of a multinational company to
meet the characteristics of the global economy and also
keep the jobs, promoted the study to develop an
assembly line of the front suspension for automobiles in
order to supply the Latin American market.

The preservation of jobs is the requirement that
aims at minimizing the social impact within the
community in which the company operates, and
improve local trade and also the infrastructure and also

Author a. Asst. Professor in Electrical Engineering Department -
Taubaté University (UNITAU), Brazil. e-mail: fcpbiz@gmail.com
Author o: Asst Professor in Computing Department - Taubaté
University (UNITAU), Brazil. e-mail: jwpbiz@gmail.com
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and Technology of Sao Paulo (IFSP), Brazil.
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the and also the infrastructure as a whole. The very high
initial  financial cost was another important factor
considered to limit the level of automation for production
line.

In this context, this work proposes a graphical
interface to be integrated into the physical architecture
that has been established to receive a specific process
of assembling the front suspension to the automobile.

The physical architecture was designed with
many cells to meet production line. Each cell contains
the necessary means so that a single worker performs
assemblies of various types of suspensions that are
produced by the company.

In  developing the graphical interface are
established every means to assist the worker who uses
the resources of the physical architecture in conducting
formal sequence to assemble each type of suspension
in order to increase production capacity and reduce
losses due to improper assembly.

The layout set for virtual components and also
the choice of resources are planned to increase the
expressiveness and ease of use of each window
contained in the graphical interface by the worker.

The validation of the operational features of the
graphical interface is obtained by carrying out practical
tests on a prototype that uses the basic elements that
are specified in the aforementioned physical
architecture.

[I. OBJECTIVES OF THE WORK

The aim of this paper is to present a proposal
for a graphical interface to be integrated into the
physical architecture that has been established to
receive a specific process of assembling the front
suspension to the automobile.

Present the first results that were obtained on
the practical tests performed with the prototype that
adopts the basic elements contained in the
aforementioned physical architecture.

[1I. PHYSICAL ARCHITECTURE

Figure 1 shows the principal components of a
production cell that belongs to the physical architecture
that has been established to receive a specific process
of mounting the front suspension to the automobile.

© 2016 Global Journals Inc. (US)
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Fig. 1. Physical architecture of the cell.

The acronyms contained in the physical
architecture that is shown in Figure 1 have the following
meanings:

a) Host Computer (H_C).

b) Graphical Interface (G ).
Video Line (V_L).

Data Communication Line (DC L).
Control Module (C_M).

) Sensor Line (S_L).

g) Actuators Line (A _L).

h) Box Components (B_C).

) Visual Signal (V_S).

) Component Button (C_B).

k) Assembly Time Button (AT _B).

The function of the Control Module (M_C) can
be performed by a Programmable Logic Controller
(PLC) that is equipped with Central Processing Unit
(CPU) capable of controlling the inputs and outputs,
digital and / or analog, working with wide range
amplitudes and frequencies of electrical signals [2].

In Control Module (C_M) is loaded the software
that performs the management of the main activities
planned for use of resources of the physical architecture
[3]. The software performs all tasks in accordance with
the parameter setting sequence which was held for the
assembly of each type of suspension, including the
activation of alarms and signals required for the process
in question.

All control module outputs uses the Actuators
Line (A_L) to control the activation of each Visual Signal
V, S, V, S, .., V,_S) that is installed in each Box
Components (B C,, B C,, ..., B_C,). The visual signal is
activated with the purpose of assisting the worker in
identifying which box has the component to be used in
the present suspension assembly time. Each box
components must store a single type of component that
is used during assembly of the suspension.

Control module inputs receive the signals from
each Component Button (C, B, C, B, ..., C, B) that is
installed in each Box Components (B C;, B C,, ...,
B C,), as well as the Assembly Time Button (AT _B). It is

© 2016 Global Journals Inc. (US)

worth mentioning that the Assembly Time Button (AT _B)
is used by the worker to start or stop or ending time
count which is used for assembly each suspension.

The main functions of the Host Computer (H_C)
are concentrated in hosting the Graphical Interface (G )
and also make the transmission and reception of
information that are related to the states of variables in
the software installed on the Control Module (C_M).

The Graphical Interface (G_I) consists of several
windows that should work with the resources available in
the operating system of the Host Computer (H_C).

Within the windows contained in the Graphical
Interface (G_I) are present virtual components that
allow: access to the system, make changes, start the
system, set the sequence for carrying out the assembly
of each type of suspension, activate alarms and visual
signals to be used during the production cycle. The
Data Communication Line (DC L) is the means that the
Graphical Interface (G_I) uses to communicate with the
Control Module (C_M).

IV. PROTOTYPE

A view of the prototype that was produced
validate the graphical interface to be integrated on the
physical architecture that has been established to
receive a specific process of mounting the front
suspension for the automobile is shown in Figure 2. The
tests with the prototype were concentrated on the
evaluation of the operational capacity of each virtual
component contained in the graphical inter face.

Fig.2 . Prototype view.

As shown in Figure 2, the main modules
provided in the prototype are: graphical interface (G_I),
host computer (H C) development system (D_S),
external voltage source (EV_S) and cable for serial
communication  (S_C).The number of modules
contained in the prototype is lower when compared to
the one defined for the physical architecture of Figure 1,
but this condition is not sufficient to cause significant
impact on the validation.The graphical interface (G _I)
used in the prototype was developed through the
resources contained in the Supervisory, Control and



Data Acquisition (SCADA) system, that is called by
Elipse SCADA [4]

The host computer (H_C) used in practical tests
is the portable type (notebook) with 64-bit, Intel
architecture and Microsoft® Windows 7 operating
system

The development system (D_S) chosen for the
prototype is called by CUBLOC STUDY BOARD 1, as
the same is capable of performing the cycle as well as
the processing functions that are typical for
Programmable Logic Controller (PLC), and can generate
and receive electrical signals that are related to the
sensors and actuators contained in the physical
architecture [5]

The external voltage source (EV_S) has the
function to provide electric power that is consumed for
operating the development system (D S) in direct
current

The cable for serial communication (S_C) is the
physical means by which the development system (D_S)
and the graphical interface (G_l) transfer data with each
other, through communication protocols defined by
Electronic Industries Alliance (EIA).

a) Management software

The information management software is
designed to meet the practical tests performed with the
prototype. The software considers a sequence specific
activity that the worker must perform to assemble a kind
of suspension.

Each step in the assembly sequence is
recognized by development system (D_S) by stimuli that
are applied to the digital buttons (D_B), the digital key
(D_K) and potentiometers (A _P), according to the
details presented in Figure 3

LR}

Fig.3 . Details development system.

In response to the stimuli applied to the buttons
and switches, the graphical interface (G_l) presents the
pictures and other details that are related to each phase
of the suspension assembly sequence.

The analytical flowchart containing a specific
sequence of actions foreseen in the management
software that was used in carrying out practical tests of
this work is shown in Figure 4

© 2016 Global Journals Inc. (US)
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Fig.4 : Flowchart to test the graphical interface.

The acronyms contained in the flowchart shown
in Figure 4 have the same meanings as those shown in
the prototype view (Figure 2).

b) Graphical interface

The main function of the graphical interface
(G_I) is concentrated in presenting visual signals in
sufficient expressivity to assist the worker in the task of
fetching items and also to assemble every suspension

© 2016 Global Journals Inc. (US)

component. The main window of this interface is shown
in Figure 5. It is worth mentioning that the figures of the
suspension components used in the practice tests were
obtained from the system called AUTODESK® [6].

The window shown in Figure 5 has two columns
of virtual objects. The Column-1 is divided into groups
which are called: FETCH, DETAILS and UTILITIES.



ASSEMBLY SYSTEM OPERATION

FETCH

By Murnber

Box Position

10

L1.C3

Component Yiew

5

Estimated Time (s)

Elapsed Time (s}

ASSEMBLY

Suspension Type

Estimated Time (s}

Estimated Time Total {min}

FRONT

15

45

Tatal Components

Elapsed Time ()

Elapzed Time Total {mirm)

40

10

25

Current Component

Suspension State

10

ASSEMBLING

4

Suspension Assembly Yiew

State Fetch

DETAILS

4

UTILITIES

Date Haur Warker Name
2370172015 13:15:31 Bruno
Quantity Assembled Start Time Feriod
8 08:01:15 FIRST

\______,______ \§
—-—-——-\’-—————_
Column-1 Colurfin-2

Fig.5 - Main window of the graphical interface.

The FETCH group contains means for the
worker is able to identify the physical position of the box
with the component to be assembled on the table, the
removal of component of each component box, and
also carry out the definition and measurement of the
fetch time of each suspension component.

The virtual objects designed to meet the
aforementioned purposes are designated:

a) Box Number.

b) Component View.

Box Position.

Estimated Time, in seconds.
Elapsed Time, in seconds.
f) State Fetch.

It is worth mentioning that the virtual object
named by State Fetch shows the message "CURRENT",
if the current step is the fetch component, and the
indication "PERFORMED", if the Component Button
(C_B) is activated by the worker to indicate that the fetch
task was completed.

~

c
d
e

~_— = =

The intermediate stage between the fetch task
and assembly of the component on the table is served
by the DETAILS group, which may have a figure
containing comments relevant to the realization of the
assembly.

The additional information in the window is
performed by UTILITIES group which has called virtual
objects:

a) Date.

b) Hour.

c) Worker Name.

d) Quantity Assembled, this field is related to the current
number of assembled suspensions.

e) Start Time.

f) Period, this field is related to the period that the
worker is exercising activities in the company.

The information presented on the mentioned
group are based on parameter values and obtained
from the host computer (H_C).

© 2016 Global Journals Inc. (US)
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It is worth mentioning that Start Time and
Quantity Assembled display information which are
related to the time elapsed from the activity start time of
the worker and the amount of suspensions assembled
at this time.

The Column-2 has virtual objects related to the
type of suspension, the component to be assembled,
the number of components assembled on the table, the
assembly time for each component, the suspension
assembly time, the component assembly signaling and
also signaling for assembly the suspension.

The virtual objects designed to meet the
mentioned signs are called:

) Suspension Type.
Total Components.
Current Component.

a
b)
c)

d) Estimated Time, in seconds.

e) Elapsed Time, in seconds.

f) Component State.

g) Estimated Time Total, in minutes.
h) Elapsed Time Total, in minutes.

i) Suspension State.

i) Suspension Assembly View.

Due to the importance for the successful
operation of the graphical interface (G_l), the virtual
object named by the Suspension Assembly View
occupies the largest area; it has the function to show the
figures represented in three dimensions that are related
to the components mounted on the table.

¢) Practical tests

The procedures adopted in carrying out
practical tests related to the graphical interface (G_I)
that is proposed in this paper are as follows:

a) Make the connections of the modules contained in
the prototype is shown in Figure 2.

b) Develop software in ladder language for
development system (D_S), which follows the steps
contained in the flowchart shown in Figure 4.

c) Prepare graphical interface containing the window
shown in the Figure 4.

By means of the inputs contained in the
development system (D_S) that is shown in Figure 3, the
set of stimuli was applied to simulate the assembly
sequence of the suspension in the physical architecture
shown in Figure 1.

As consequence of applied stimuli was
observed that the graphical interface (G _I) at the host
computer (H C) is able to properly display the visual
signals expected for that type suspension assembly.

Some of the stimuli were applied with the goal
of simulating an incorrect sequence of assembly in

order to evaluate the system's ability to identify this
situation, which actually occurred.

© 2016 Global Journals Inc. (US)

The results of the practical tests were positive
because the graphical interface (G_I) was able to
display all the virtual components in the correct
sequence to assist the worker in the assembly task of
the front suspension to the automobile.

It is very important to emphasize that the
simulations with the incorrect assembly of components
for the suspension were identified by the graphical
interface (G_I), which allows the worker to correct and
execute the exact sequence.

V. CONCLUSIONS

Satisfactory results observed in practical tests
show that the proposal presented in this paper is
feasible and can be carried out for the application to
which it is intended. The objectives planned for this
phase of the study were achieved, especially with regard
to propose a graphical interface to assist the
development of the activities performed by the worker in
a physical architecture that was established to receive a
specific process of assembling the front suspension to
the automobile.

The graphical interface when integrated into a
real physical system may contribute to increase
production, to reduce the suspension assembly time, to
minimize errors and also facilitate the implementation of
activities by the worker.

The layout adopted, the quantity and clarity of
the virtual objects provide an intuitive and meaningful
environment for the worker carry out the suspension
assembly.
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Simulation and Analysis of Power Quality
Improvement using Multilevel Unified Power
Quality Conditioner

G. Annapurna “ & G. Tulasiramdas °

Abstract-  Unified Power Quality Conditioner (UPQC) is an
effective device to solve the power quality problems. The
UPQC is a combination of series and shunt filters which
simultaneously compensate load voltage and source current
imperfections. This paper presents harmonic mitigation using
three level Neutral Point Clamped inverter based Unified
Power Quality Conditioner. The use of three level Neutral Point
Clamped converters allows a better performance of equipment
by reducing harmonics and the ripple of the generated oltages
and currents. The performance of UPQC in the reduction of
harmonics is evaluated when employed with Multi carrier
based SPWM and three level novel SVPWM techniques.
Simulation results based on MATLAB/SIMULINK are presented
to verify the effective compensation of harmonics using the
two different modulation techniques.

Keywords.  active  filters, neutral point  clamped
converters, ftotal harmonic distortion, power quality,
SVPWM.

I. INTRODUCTION

he increased use of non-linear loads deteriorate
Tpower system voltage and current waveforms as

they inject harmonics into the system. This results
in increased losses, lower efficiency, failure of
equipment etc. in the power system. Apart from voltage
and current harmonics, voltage sag, voltage swell,
voltage outage also can lead to poor quality of power
[1]. Harmonic compensation and voltage regulation
have become more important as imbalance in the
voltage and presence of harmonics have been serious
issues. Hence, there is a great need to mitigate these
power quality issues.

The introduction of advanced power electronics
technology has led to the development of active power
filters which are viable solution to these power quality
problems[1,2].

The general arrangement of Unified power
quality conditioner is shown in Fig.1. The main function
of a UPQC is to compensate voltage and current
harmonics.

The UPQC combines series and shunt active
filters with a common dc link. The series active filter

suppresses voltage distortions while the  shunt filter
cancels current distortions such that this combination

allows simultaneous compensation of voltages and

Author a. e-mail: gootyanu@gmail.com

currents supplied to the sensitive load to see that they
are sinusoidal and balanced.

9

Vs

veac |
controller !

Fig. 1 . General configuration of UPQC

Multilevel inverters play an important role in the
reduction of harmonic content in the voltages and
currents. The multilevel inverters can synthesize high
output voltage from smaller voltage levels and thus the
current ripples and voltage harmonics are reduced. The
UPQC presented in this work consists of three level
converter topology [3,4]. The performance of UPQC can
be optimized because of reduction in the size of passive
components and transformers [4].

1. THE UpQCc CONTROLLER

The UPQC controller is composed of PLL
circuit, Reference Voltage Algorithm and Reference
Current Algorithm [4,5,6].

The PLL circuit has the system voltages Vab
and Vcb i.e (Vab =Vas - Vbs, Vcb = Vcs - Vbs) as
inputs and the outputs are the signals PIl_a, PIl b and
Pll_c as shown in Fig.2.
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Fig. 2. The synchronizing ciruit

The PLL circuit guarantees the load voltages
and source currents to be balanced sinusoidal
waveforms at fundamental frequency.

The reference current control strategy is shown
in Fig.3. The reference currents algorithm control block
determines six reference currents  (igef ibreft jorert)  @NA
(lareizs brstrlcre2) Y USING the outputs of PLL (Pll-a,Pll-b,PII-
c), the DC link voltages (Vq4e1,Vae2) @nd the load currents
(lalole) @s inputs. The shunt active power filter will then
synthesize the reference currents.
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Fig. 3 . Reference current algorithm control strategy

The “reference voltage algorithm” shown in
Fig.4 calculates, the reference voltages (Varers Virets Versr)
by using system input voltages (Vae, Vies: Ves) and PLL
outputs(pll-a, pll-b, pll-c) that will be synthesized by
the series power converter.
[ ]

Voltage
Detector vbl

132+

- vaTer
Vel
wevel

Danping
Algontlun

Fig. 4 . Reference voltage algorithm control strategy
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SWITCHING STRATEGY OF THREE LEVEL
CONVERTERS

[11.

In order to illustrate the switching control
technique applied to the series and shunt active power
converters, a basic three level NPC (Neutral Point
Clamped ) topology as shown in Fig. 5 is used [7,8].

w
=4

I

) )
LA o L e

o
o
o
T
= L o

Fig. 5 Three level Neutral point clamped converter

Each leg has four switching devices connected
in series. As an example, phase “a” is considered to
explain the behavior of the circuit.

The output of the inverter can take three voltage
levels based on the switching states of the devices. The
output Va is positive when switches S1a and S2a are
ON, it is negative when S3a and S4a are turned ON, and
it is ‘0" when switches S2a and S3a are ON. The
switching states of the devices and the corresponding
output voltages with respect to the dc mid-point are
indicated in the following Table I.

The switching strategy of the series active filter
is shown in Fig 6. In this technique, the reference signal
is compared with measured signal, the error is amplified
and processed by PWM generator to obtain Va_ PWM.
This signal is compared with two triangular waves of
different limits having unit magnitude.

Table./ : Switching states and output voltages

SWITCHING STATES OUTPUT
VOLTAGE
Sla S2a S3a Sda Va
ON ON OFF | OFF +Vdc/2
OFF | OFF | ON ON -Vdc/2
OFF | ON ON | OFF 0

The switching control strategy of the shunt
active converter is shown in Fig 7. This strategy
compares the two reference signals larefl and laref2
with measured currents, the errors are then amplified
and processed by PWM generator to produce / a7-pwm
and | a2-pwm. These signals are compared with two
triangular trigger waves of different limits having unit
magnitude.
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Fig.7 - Shunt switching control strategy

IV. MODULATION STRATEGY
a) Sinusoidal Pulse Width Modulation

i. Carrier based PWM schemes

In carrier based PWM schemes, for m- level
inverter, (m-1) carrier waves are used. The carrier base
PWM schemes are classified into two, they are, (i) Phase
shifted multi carrier modulation, (i) Level shifted multi
carrier modulation. The level shifted multi carrier
modulation schemes are again classified into three, they
are, (i) In phase disposition method (ii)Alternative phase
opposition disposition method and (iii) Phase opposition
disposition method.

In this work, Phase Disposition  multicarrier
scheme is applied to Sinusoidal PWM. In this
modulation, the reference sine wave is compared with
the level shifted carrier triangular waves for producing
the pulses. For a three level inverter, two triangular
carrier waves of same frequency and amplitude are
compared with the reference wave.

b) Space Vector Pulse Width Moadulation

i Space Vector diagram of 3-level SVPWM inverier
The space vector diagram of 3-level inverter is
shown in Fig.8 [9,0,11].

Fi1g.8 : Space vector diagram of three-level inverter

The plane is divided into 6 triangular major
sectors numbered | to VI each of 60° of fundamental
cycle. There are 4 minor sectors within each major
sector such that 24 minor sectors are there in the plane.

The vertices of these minor sectors represent
the voltage vectors. In the above plane, VO is the zero
voltage vector, large voltage vectors are represented by
V13, V14, V15, V16, V17, V18 and V7, V8, V9, V10, V11,
V12 are the medium voltage vectors. To determine the
location of the command vector V* in a given major
sector, first space vector phase angle’ o’ is calculated
and then sector is determined. The determination of
major sector is done as follows:

Table | . Determination of major sector

Range of ‘a " Major sector number
0<a<60° |

60 < a < 120° I

120 < a < 180° Il

180 < o < 240° [\

240 < a < 300° V

300 < a < 360° VI

Let us consider space vector diagram of
sector | as shown in Fig .9. It contains 4 minor triangles
D1, D7, D13 and D14. The reference vector can be
located in any of these 4 regions, where each region is
limited by three adjacent vectors.

If the triangular sector where the command
vector lies is defined by vectors Vx, Vy, and Vz
assuming their durations Tx, Ty, and Tz respectively
and Tx + Ty + Tz = Ts ,then V*= Vref can be
synthesized by Vx, Vy, and Vz as follows :
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Fig.9 . Space vector diagram of Sector - |

Vref = V* = Vx (Tx/ Ts) + Vy (Ty/ Ts) + Vz (Tz/ Ts)
Tx/Ts + Ty/Ts + Tz/ Ts =1,
Tx/Ts=X,Ty/Ts=Yand Tz/ Ts = Z
Where, Ty is the switching period.
Based on vector synthesis principle,
following equations can be written.
X+Y+Z=1, WX+VWY+VzZ=V*
The equations for the boundaries of

modulation ratio Mark |, Mark 2, and Mark 3 can be
obtained as follows:

the

_ V3/2
Mark 1 = V3cos8 +sind

B2 o <6

Mark 2 = V3cos —sind

_ B ,TT/6<0 < 1/3

sin@
Mark 3 = Vs

V3cosh +sind

Case 1 :If the modulation ratio m<Mark1, the rotating
voltage vector V* lies in sector D1 and the same can
be synthesized by vectors VO, V1, and V2. Then the
following equation is obtained

%X + % (cos60® + | sinB0% Y = m(cos + | sin 0)

We can obtain X, Y, and Z as follows:

_ sin®
X—2m4. [osse— %]
Y:m% »
Z = 1-2m [cos (0) + 2

V3
Case 2 :when (Mark1 < m < Mark2), V* lies in sector

D7 and can be synthesized by vectors V1, V2, and V7
. The corresponding X, Y, and Z are:

4 sin®
V3

sin®

Y = 1-2m. [cos 6- W}]

X=1-m

_ sin®
Z =-14+2m [cos (0) + \/3]

© 2016 Global Journals Inc. (US)

Case 3. When (Mark2<m<Mark3) and (0<0<m/6), V*
lies in sector D13 and can be synthesized by V1, V13,

and V7. are selected to synthesize V*. The
corresponding X, Y and Z are obtained as follows:
- sin®
X =-1+2m [cos (0) - 7]
_ 4 sin®
Y=m V3
Z = 2-2m [cos (0) + T;’]
Case 4: When (Mark2 < m < Mark3) and

(m/6<06<m/3), V* lies in sector D14 and can be
synthesized by Vectors V2. V7, and V14. X, Y, and Z
can be determined as follows:

_ sin®

X =2m [cos (0) - 7
- 4 sin® o sin0.
Y—-1+m\/3 Z—2-2m[oos(6)+—J3]

Similar argument can be applied ,when the
reference vector lies in the others major sectors. The
above calculations for the entire coordinate plane can
be obtained by replacing 8 by 6 -60° 6 -120° 6 -180°,
0 -240° and 0 -300° respectively.

V.  SIMULATION RESULTS

Simulations were carried out in MATLAB/
SIMULINK on three-level Neutral Point Clamped Unified
Power Quality Conditioner connected to a non-linear
load employing Sinusoidal Pulse Width Modulation and
Space Vector Pulse Width Modulation techniques and
the results are presented below. FFT analysis is carried
out in order to measure %THD in the load voltage and
source current.

To study the performance of the UPQC, 5" and
7" harmonics are deliberately injected into the system
and simulations were carried out to show the response
of the UPQC.

a) Simulation results of 3level UPQC with SPWM

Fig. 10 : Sourcevoltage



SIMULATION AND ANALYSIS OF POWER QUALITY IMPROVEMENT USING MULTILEVEL UNIFIED POWER
QUALITY CONDITIONER
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Fig. 12 Load voltage after connecting UPQC

Fig. 10 shows source voltage where 5™ and 7"
harmonics are deliberately injected to study the ability of
the UPQC in reducing the harmonics. Fig.11 indicates
the voltage injected by the series inverter and Fig.12
shows the load voltage after compensation. If we
observe Fig. 10 and Fig.12, the load voltage is same as
source voltage till 0.2 sec where series filter is ‘ON’ and
harmonics are reduced after 0.5 sec when both shunt
and series filters are ‘'ON’.
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Fig. 13 : Current injected by shunt inverter

The shunt inverter is switched on at 0.5sec and
it started injecting current as shown in Fig.13.

SwACE CliENT

Fig. 14 : Source current

As it is seen in the above Fig.14, the source
current harmonics are reduced from 0.5 sec when both
filters started operating.

FFT analysis of load voltage

Selected signal: 50 cycles. FFT window (in red): 1 cycles
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FFT analysis of load voltage before connecting UPQC
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“FT analysis

Fundamental (S0Hz) = 412 | THD= 2.01%

15

Mag (% Of Fundamenta)

0 5 10 15 20
Harmonic order

FFT analysis of load voltage after connecting UPQC

The series inverter is put into operation at
0.2sec and shunt inverter at 0.5sec.FFT analysis is
carried out on the load voltage at 0.1sec and the THD is
found to be 12.32%. In the second analysis, FFT is done
at 0.8sec i.e. after connecting UPQC and THD s
reduced to 2.01%

o) Display selected signal e Dizplay FFT wincowy
Selected signal: 50 cycles. FFT window (in red): 1 cycles
100F ! !
a0
0
E0H
0 02 0.4 0B 0.8 1
Time (s)
FFT analysis of source current
— FFT analysi

Fundamental (50Hz) = 86.22 |, THD= 33.97 %

Mag (% of Fundamental)

u] & 10 15 20
Harmonic order

FFT analysis of source current before connecting
UPQC

o Display selected signal o Dizplay FFT wwinchow

Selected signal: 50 cycles. FFT window (in red): 1 cycles
100 F T T

50
0
Ao H

0 02 0.4 06 08 1
Time (s)

FFT analysis of source current after connecting UPQC
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— FFT analy
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FFT analysis is carried out on the source current
at 0.1sec before connecting UPQC and the THD is
found to be 33.97%. In the second analysis, FFT is done
at 0.6sec after connecting UPQC and THD is 2.01%

b) Simulation results of Slevel UPQC with SVPWM
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Fig.16 : Voltage injected by series inverter

The series filter is switched ON at 0.1 sec and it
started injecting voltage.
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Fig. 77 Load voltage after connecting UPQC

Fig. 15 shows source voltage with 5™ and 7"
harmonic injection. Fig.16 indicates the voltage injected
by the series inverter from 0.1 sec and Fig.17 shows the
load voltage after compensation.
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Fig. 19 : Source current

From Fig. 19, it is clear that the harmonics are
reduced to some extent after 0.1 sec where series filter
is switched ON and from 0.25sec onwards there is a
considerable reduction in the harmonics as both filters
are in operation.

FFT analysis of load voltage

Selected signal: 35 cycles. FFT window (in red): 1 cycles
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FFT analysis of load voltage before connecting UPQC

Selected signal: 35 cycles. FFT window (in red): 1 cycles
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FFT analysis of load voltage after connecting UPQC

FFT analysis is carried out on the load voltage
at 0.06sec before switching ON series and shunt
inverters and the THD is found to be 12.32%. FFT
analysis of load voltage again carried out at 0.3sec after
connecting both series and shunt filters and THD is
found to be 1.27%.

FFT analysis of source current

Selected signal: 35 cycles. FFT window (in red): 1 cycles

a0

A0

0 0.1 02 03 D.d 05 0B 07
Time (s

FFT analysis

Fundamental (S0Hz) = 86,22 | THD= 33,97 %

8 b8 &

Mg (% of Fundameta)

- L.LL_LL.

Harrmari n nrdnr

FFT analysis of source current before connecting UPQC
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FFT analysis of source current after connecting UPQC

FFT analysis is carried out on the source current
at 0.07sec before connecting UPQC and the THD is
found to be 33.97%. In the second analysis, FFT is done
at 0.6sec after connecting UPQC and measured THD is
0.61%

Table./l . Results of UPQC with SPWM and SVPWM

Control Load voltage Source current
Scheme
%THD %THD %THD %THD
Before After Before After
compen | compe | compen | compen
sation nsation sation sation
SPWM 12.32 2.01 33.97 2.01
SVPWM 12.32 1.27 33.97 0.61

The above results are shown in the form of
graphs for better understanding

THD IN LOAD VOLTAGE AND SOURCE CURRENT

—-—:

Fa

[y

- L k2 [l
[ ]
un

YWTHD

SPWM SVPWM

The above table and graphs clearly show that
the % THD of both load voltage and source current is
less with SVPWM when compared to SPWM and within
the prescribed limits of IEEE — 519.

VI. CONCLUSION

The performance of three level UPQC has been
evaluated using Sinusoidal Pulse Width Modulation and
Space Vector Pulse Width Modulation techniques. To
prove the effective compensation by UPQC, harmonics
are deliberately injected into the source voltage and the
UPQC has successfully reduced harmonics from load
voltage and source current. The %THD content in the
load voltage and source current after compensation is
very less and comply with I[EEE-519. The simulation
results show that the Total Harmonic Distortion of the
load voltage after UPQC is put into operation is less in
case of SVPWM compared to SPWM.
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A Study on the Eigen-Property of the Cylindrical
Coaxial Cavity by FEM

Yeong Min Kim

Abstract- The eigen-properties of the cylindrical coaxial cavity
have been investigated by FEM. The eigen-equation has been
constructed basing on tangential edge vectors of the
tetrahedral element. It was retreated with the shift-invert
strategy to maintain the calculation stability. Krylov-Schur
iteration method has been applied to it in order to obtain the
eigen-pairs of TM and TE modes. Eigen-modes were
calculated from the unitary similar transforming matrices of this
iteration loop. Eigen-values have been determined from
diagonal components of the Schur matrix. The eigen-pairs
have been revealed as a result in the schematic
representations for each modes. The eigen-modes were so
complex that the surface features also have been shown in
accompanying with them to identify their characteristics.
Keywords.  eigen-pair, FEM, Krylov-Schur iteration
methoa, TM, TE, Galerkin method, Helmholtz equation

[. INTRODUCTION

t has been well known that the knowledge about

eigen-mode is one of the most important thing

designing the resonant cavity. Acquiring an
information about the eigen-property is indispensable in
the process of developing more valuable product. There
are several factors influencing the eigen-property in the
cavity. Among others, the geometrical structure has
been considered as the most dominant factor
influencing on the eigen-property. Its structure
determines the eigen-mode which characterizes the
resonant electromagnetic field. The cavity would be
taken a variety of form in accordance with its applying
purpose. Previously, we have studied the eigen-
properties of cylindrical and rectangular resonant
cavities using FEM (Finite Element method) [1] [2].
These studies have revealed the several prominent
eigen-modes and corresponding eigen-values for each
TM and TE modes. The spectra have been shown
visually with the 3-Dim (Dimensional) schematic
representation. These results have suggested that the
similar method may be carried out on varied 3-
dimensional cavities and give valuable information
understanding the physical property of more
complicating system. In this study, FEM has been
performed on the cylindrical coaxial cavity as like the
previous study. The mesh element was a simple
tetrahedron and the shape functions were constructed
with constant tangential edge vectors. The matrix eigen-

Author : Dept. of Elecronic Physics, Kyonggi University, Korea.
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equation was established basing on the vector
Helmholtz equation. For a three-dimensional problem,
the number of variables increases drastically comparing
to a two-dimensional problem. It may be very difficult
problem to calculate the huge dimensional matrix
equation by common eigen-solving method. Krylov-
Schur iteration method has been known as one of the
most important and actively developing algorithms for
calculating the large dimensional eigen-equation [3] [4].
This method compresses and transforms similarly the
eigen-matrix into the Shur form. Even using personal
computer, this method was easily carried out on the
calculation obtaining the several prominent eigen-pairs.
Accompanying with it, the shift-invert strategy add more
helpful benefit to obtain the specific eigen-mode. So,
Krylov-Schur iteration method has applied to the matrix
eigen-equation in this study. As the results, the spectra
for each eigen-pairs have been visualized with the
schematic representations as like the previous study.
The spectra were so complex that surface components
of the field vector separated and presented side by side
to each spectra.

II. FINITE ELEMENT FORMULATION

The calculation for the eigen-mode is the same
as describing in previous studies. The formulation can
be followed by using either E(electric field strength) or
B(magnetic field strength) field. For a convenience of
calculation, only E would be considered in the following
discussion. The vector Helmholtz equation would be
used in determining the wave property of the resonant
cavity. It is described as following equation [5] [6]

V x (:—rV N E) — k%¢,E = 0(1)

where k, u. and g, is the wave number, relative
permeability p/u, and relative permittivity g/g,
respectively. The eigen-equation is constructed from
FEM basing on the tetrahedral elemental mesh. The
cylindrical coaxial resonant cavity and the tetrahedral
mesh is shown in the Fig.1. In the calculation, the lateral
surface of the cavity has been assumed to be PEC
(perfect electric conductor). This boundary condition
makes TM and normal derivative for TE components to
be vanished at the lateral surface. The Galerkin method
of weighted residual has been used to construct a linear
equation [7]. The equation resulting from this method is
given as following
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Fig. 1: Schematic representation of the 3-Dim mesh of
the coaxial cylindrical cavity

Jﬂi(ﬁx?}-(ﬁxﬁ)dv

=k§srfﬂT-Edv 2)

Where T is a weighting function. To avoid the
spurious solution attributed to the lack of enforcement of
divergence condition forE, basis functions have been
constructed with constant tangential edge vectors Wm of
the tetrahedral element

Wi = Iy (N1 VN2 — NpaVNgy ) m=1,2,3,4,5,6. (3)

In this representation, N,;and N, are the
simplex coordinates associated with the 1st and 2nd
nodes connected by edges m, and 1, is the length of
edge m. The simplex coordinates for a given elementary
mesh are

N, =a, +b,x+c,y+d,z n=1,273,4 4
And the gradient of any coordinate is
VN, =b,R+c,§ + d,2 (5)

The simplex coefficients are calculated by
inverting the coordinate matrix

ap by ¢ dy 11 1 17"

az by ¢ dy _|X1 Xz X3 X4 6)
az; by c3 dj Yi Y2 V3 Va

a, by ¢4 dy Z1 Iz I3 Z4

Where (x,,¥n,2,) iS @ rectangular coordinate of

the node n of the tetrahedral mesh. Each edge and
node for element mesh are related with each other as
illustrated in Fig.2. The electric field strength in a single
tetrahedral element is calculated with the tangential
edge vector as

m=6

E:Zemv_l/’m

(7

Fi1g.2 : The tetrahedral element mesh
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The six unknown parameters e, ..., egare
associate with tangential edges of the tetrahedral
elemental mesh. Substituting equation (7) into equation
(2), the eigen-equation of one tetrahedral element can
be written in matrix form

[Seille] = k?[Te/le] ®)
Where the element matrices are given by

1 - o = —
[S.] = ﬂ M—(VxW)-(VxW)dV ©)

[T] =& [[f W -Wdv (10)
The evaluation of the element matrix requires
the curl product for each basis function Wm
V x Wm =Vx Un (N1 VN2 = Nip2 VN 1)
= 21, VN,,; X VN,,,
= Zlm((cmldmz - Cmdel)jc\ + (bmzdml - bmldmz)y
+ (bn1Cmz — bmatn1)2)

= 21w, (11)
And from it
[Sel]mn = 4lman(Wm ' Wn) (12)

To obtain the element matrix [T,;], the scalar
product between W,, and W, may be calculated as
Wm ' W/;Q = lm(Nm1VNm2 - NmZVle)

: ln (anﬁNnZ - anﬁan) (13)

=lul, [lean(me,nZ = N1 Nn2@man1 — N2 Na1 @iz
+ NmZNnZ(pml,nl] (14)
Where q)mi,nj = VNmi ' VNn] = bmi bn] + Cni Cn]' + dmi dn]

In the process of [T,;] calculation, following
volume integration for 3-Dim simplex coordinates may
be used

[l vy avy v avyav
3Liljlktl!
“Gritjrkrn’

(15)

These integrals can be simply summarized in
the following matrix form [8]

[M;] =%fﬂ1v,-1vjdv =%

From the equations (13), (14) and (16), the
element matrix can be written as following

1
(16)

NN
_ RN e
RN, e
[ERNEN

[Tel]mn = Vlm ln [(me,nZMml,nl - (me,nlel_nz -

(17)
Pmin2Mpzny T Pmin1Mmanz]

These element matrices are assembled over all
tetrahedral elements in the 3-Dim cavity to obtain a
global eigen-matrix equation.

[S1le] = k?[T][e] (18)



I11. RESULTS AND DISCUSSION

The following discussion is similar to the
previous studies. The same FEM formulation was
applied to the cylindrical coaxial cavity. But it is confirm
that the mesh structure was differently constructed from
these studies and the results sufficiently reflected on the
characteristics of the present cavity.

In this study,FEM has been used to construct
the eigen-equation. The variable of vector Helmholtz
equation was the vector edge of the tetrahedral mesh.
The vertices of the tetrahedron were arranged following
the right hand rule to obtain the positively determinant
value of the element mesh. The dimension of the eigen-
matrix equation was so large that the Krylov-Schur
iteration method has been used to obtain several
prominent eigen-modes. The calculation was more
efficiently promoted in finding specific eigen-pairs by
imploring the shift-invert strategy as following [9]

__ [ _
Ale] = m[e] = [M]l[e] (19)
where A = kzl—a' As mentioned in the previous study, the

sparsity and symmetry of the eigen-equation would be
lost. But by this strategy, the convergent rate was further
increased at the specific value o. The Krylov-Schur
iteration method has been performed on this square
matrix [M]. By this iteration method, the matrix [M] has
been transformed into a Schur matrix. The eigen-modes
were the column vectors of the similar transforming
matrix which convert the square matrix [M] to the Shure
form. The wave numbers were calculated by converting
each diagonal component of the Schur matrix into
valuesk? = % — 0. As a result, the eigen-pairs have been

schematically represented in Fig. 3. The wave numbers
were written in the blanket under each spectrum. As can
be seen in the spectra, eigen-mode has shown the
complicating distribution of electromagnetic fields. So,
the surface components were separated from each
spectra and positioned side by side to them. From these
spectra, it could be identified that the field strength
components were oriented to a specific direction. The
mode type could be determined readily by investigating
the direction of these field strength. These mode type
are shown under each spectrum accompanying with a
wave numbers. The lateral surface component of TM
modes was not depicted definitely in the figure. The
reason for it has been on PEC boundary condition which
did not permitted tangential magnetic fields on the
lateral surface.

V. CONCLUSION

The 3-Dim eigen-equation of the cylindrical
coaxial cavity has been constructed by FEM. Eigen-
pairs have been calculated by applying the Krylov-Schur

iteration method to the shift inverted matrix. As a result,

the spectra have been represented schematically in the
figure. To identify the mode type, the surface
component were separated from the 3-Dim spectra. The
mode type and wave numbers have been written under

R

TE 101 (1.1561) T™M 101 (0.6336)

each spectra. From these results, it could be identified
that the spectra reflect the characteristics of the coaxial

o iﬁ%

o

TE 111 (2.1754) ™ 111 (0.8175)

cylindrical cavity.

TE 111 (1.3726)

™™ 131 (1.6753)

Fig.3 : The schematic representation of the eigen-
modes and corresponding wave numbers
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Maximum Power Point charge Controller for DC-
DC Power Conversion in Solar PV System

Md. Nasir Uddin ¢, M. M. Rashid °, M. A. Aziz® & N A Nithe ©

Absiract- A charge controller that includes an input interface
that receives input DC electrical signals. A converter section
converts the input DC electrical signals to output DC electrical
signals. Control means is operably coupled to the converter
section. The control means includes means for operating the
converter section at an estimated maximum power point of the
input DC electrical signals. The estimated maximum power
point is derived by a novel control scheme that quickly adapts
to changing conditions and thus affords optimum energy
harvest from the source and improved energy conversion
efficiencies.

Keywords. charge controller, DC, AC, PV, Solar, PWM,
MPPT, SHS.

[. INTRODUCTION

hotovoltaic production becomes double every two
years, increasing by an average of 48 percent
each year since 2002. For this reason it becomes
the world's fastest-growing energy technology [1].
Photovoltaic efficiency is very important for solar
application. Photo-voltaic (PV) panels (sometimes
referred to as photovoltaic modules) produce current at
a specific voltage depending on the amount of solar
radiation hitting the cells of the panel. The theoretical
maximum amount of power from the sun at the earth's
surface is about 1 KW per square meter at the equator
on a clear day. To make the electrical power useful
when the sun is not available, it must be stored, typically
in batteries. The nature of the PV panels is that they
have a specific Voltage xCurrent curve that changes
with the temperature and on the amount of sunlight or
the angle at which the sun strikes the panel. Higher
temperatures lower the voltage and more sunlight
increases the output current. Distributed photovoltaic
generation, in the form of roof-top domestic systems, is
being installed at an increasing scale [2-4]. Significant
power quality issues, especially voltage rise and voltage
unbalance have been widely studied [5, 6]. Higher
penetrations or renewable generation within the
distribution network can be achieved by the addition of
intelligent control, storage or regulatory devices, [7].

In this case charge controller plays a vital role to
protect the battery [8]. A series charge controller
disables further current flow into batteries when they are
full. A shunt charge controller diverts excess electricity to
an auxiliary or "shunt" load, such as an electric water
heater, when batteries are full [8, 9].For increased

Author e o p @ : Department of Mechatronics Engineering, Faculty of
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system efficiency, it is desirable to operate PV panels at
the voltage and current levels that produce the peak
power, which is referred to as the Maximum Power Point
[8, 10].The Proposed charge controller performs DC-DC
power conversion typically utilizing Pulse Width
Modulation (PWM) control of the electrical energy
produced by the PV panels in order to transform such
energy into a suitable form [11].

|

: P |
= load

+ j & iy
[« 5
2 Y

g DY il Solar Charge

St F¥ g ~ | Controlter = battery
=
15

o
Figure 1A . SHS with series controller/8]

Db

LJ load
Solar Charge
Controller = battery
[4
switching MOSFET

Figure 1B . SHS with shunt controller Charge[8]

A charge controller is needed in photovoltaic
system to safely charge sealed lead acid battery [12].
The most basic function of a charge controller is to
prevent battery overcharging. If battery is allowed to
routinely overcharge, their life expectancy will be
dramatically reduced [13]. A charge controller will sense
the battery voltage, and reduce or stop the charging
current when the voltage gets high enough [14]. This is
especially important with sealed lead acid battery where
we cannot replace the water that is lost during
overcharging. Unlike Wind or Hydro System charge
controller, PV charge controller can open the circuit
when the battery is full without any harm to the modules
[15]. Most PV charge controller simply opens or restricts
the circuit between the battery and PV array when the
voltage rises to a set point [16]. Then, as the battery
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absorbs the excess electrons and voltage begins
dropping, the controller will turn back on [17].
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Figure /C : Basic image of controller and battery
wiring[18]

Charge controller has been regarded as one of
the important devices in stand-alone photovoltaic
systems to prevent the battery from damage due to
over-charging and over-discharging [20]. Besides that,
the unstable voltage from photovoltaic systems may
spoil the load [19]. Studies show that the life time of the
battery is degraded without using charge controller [21].
Therefore, a charge controller should be designed to
prolong the battery's life time and stabilize the voltage
from photovoltaic panel [22].

[I. BACKGROUND OF THE INVENTION

a) Field of the Invention

This invention relates broadly to charge
controllers that perform DC-DC power conversion. More
particularly, this invention relates to charge controllers
for solar applications, including converting DC electrical
energy provided by photo-voltaic means for charging
electrochemical batteries and for direct output [23-29].

b) State of the Art

Photo-voltaic (PV) panels (sometimes referred
to as photovoltaic modules) produce current at a
specific voltage depending on the amount of solar
radiation hitting the cells of the panel. The theoretical
maximum amount of power from the sun at the earth's
surface is about 1 KW per square meter at the equator
on a clear day. To make the electrical power useful
when the sun is not available, it must be stored, typically
in batteries. The nature of the PV panels is that they
have a specific VoltagexCurrent curve that changes
with the temperature and on the amount of sunlight or
the angle at which the sun strikes the panel [30-36].
Higher temperatures lower the voltage and more
sunlight increases the output current.

For increased system efficiency, it is desirable
to operate PV panels at the voltage and current levels

© 2016 Global Journals Inc. (US)

that produce the peak power, which is referred to as the
Maximum Power Point. Loads such as batteries, on the
other hand, have a need for voltage and current which is
independent and often different from what the PV panel
is producing. A charge controller (which can also be
referred to as a charge regulator or regulator) is
connected between the PV panel(s) and the batteries or
load in order to deal with this miss-match. The charge
controller performs DC-DC power conversion typically
utilizing Pulse Width Modulation (PWM) control of the
electrical energy produced by the PV panels in order to
transform such energy into a suitable form. For example,
for battery charging applications, the PWM control is
used to adjust the voltage levels and current levels
output the battery [37-42]. More particularly, as the
battery reaches full charge, the PWM control is used to
limit the voltage level supplied to the battery such a not
to the harm the battery (i.e., inhibiting the boiling of the
electrolyte of the battery, which can destroy the battery).
Early charge controllers were only able to reduce the
amount of voltage from the PV panels if too high for the
batteries. Since the voltage from the PV panels would be
lower at high temperatures, the PV panels had to be
over sized to ensure that the minimum voltage at high
temperatures would be at least as high as the battery to
be charged plus voltage headroom enough to force
current into the battery [43-48]. At any temperature lower
than the maximum, the excess voltage from the PV
panels would have to be discarded by the charge
controllers. Because PV panels are the most expensive
component of the system, the need for extra (or larger)
PV panels negatively impacted the cost-effectiveness of
such PV power systems [49-55].

Newer and more efficient charger controllers
have emerged that provide a better match between the
PV panels and their load. Their goal is to use all the
power from the PV panel(s) regardless of the voltage
and current at any amount of insolation or at any
temperature. The newer charge controllers employ a DC
to DC converter section that is adapted to dynamically
charge the battery (or to directly power a load) at the
exact voltage and current that is most appropriate for
that battery (or load). Although the newer charge
controllers provide improved system efficiencies relative
to the older models, they too often suffer from several
shortcomings. More particularly, the charge controllers
are slow to adapt to changing conditions of the PV
panel(s) over the course of any given day, including low
light conditions in the morning, evening and during
cloud cover and also temperature changes sometimes
associated with the changes in insolation. The edges of
clouds create particularly issues because they cause a
rapid change in lighting which may be followed by a
relatively rapid change in temperature. Because they do
not quickly adapt to changing conditions, the charge
controllers have limited efficiency, which results in the



need for extra (or larger) PV panels to be used for a
given power output and high costs.

[1I.  SUMMARY OF THE [NVENTION

It is therefore an object of the invention to
provide a charge controller that quickly adapts to
changing conditions and thus affords improved energy
conversion efficiencies.Ilt is another object of the
invention to provide such a charge controller which can
be adapted for use with a wide range of PV panels.ltis a
further object of the invention to provide such a charge
controller which can be adapted for use with a wide
range of DC loads including batteries for energy storage
and DC-AC inverters for direct output.In accord with
these objects, which will be discussed in detail below, a
charge controller is provided that includes an input
interface that receives input DC electrical signals. A
converter section converts the input DC electrical
signals to output DC electrical signals. Control means is
operably coupled to the converter section. The control
means includes means for operating the converter
section at an estimated maximum power point of the
input DC electrical signals [56-62]. The estimated
maximum power point is derived by a control scheme
that includes the following operations:

i) storing an input voltage level corresponding to the
estimated maximum power point;

ii) varying the input voltage of the input DC electrical
signals over a sequence of sample points from a first
voltage level to a second voltage level, and deriving
and storing an output current value of the output DC
electrical signals at each sample point;

i) selecting the maximum output current value from the
output current values stored in ii), and identifying the
particular input voltage level corresponding thereto;
and

iv) varying the input voltage of the input DC electrical
signals over a sequence of sample points from the
second voltage level to the particular input voltage
level identified in iii); and

v) updating the stored input voltage level corresponding
to the estimated maximum power point to the
particular input voltage level identified in iv).

In the preferred embodiment, for each given
sample point in ii), the output current value for the
sample point is derived by averaging a plurality of
output current measurements at the given sample point,
and the first and second voltage levels of ii) are derived
from the measured open circuit voltage.

In another aspect of the invention, the control
scheme carried out by the charge controller derives the
estimated maximum power point by the following
operations:

a) storing an input voltage level corresponding to the
estimated maximum power point;

b) varying the input voltage of the input DC electrical
signals over a number of sample points around the
input voltage level stored in a), and deriving and
storing an

C) output current value of the output DC electrical
signals at each sample point;

d) selecting the maximum output current value from the
output current values stored in b) and identifying the
particular input voltage level corresponding thereto;
and

e) updating the stored input voltage level corresponding
to the estimated maximum power point to the
particular input voltage identified in c).

f) The number of sample points in b) include a first
plurality of sample points at input voltage values less
than the input voltage level stored in a) and a second
plurality of sample points at input voltage values
greater than the input voltage level stored in a).

In the preferred embodiment, for each given
sample point in b), the output current value for the
sample point is derived by averaging a plurality of
output current measurements at the given sample point,
and the voltage differences between the sample points
of b) is on the order of 100 mill volts [63-69].

In yet another aspect of the present invention,
the control scheme carried out by the charge controller
updates an input voltage level corresponding to an
estimated maximum power point at a frequency of at
least 500 Hz.It will be appreciated that the maximum
power point control operations of the present invention
quickly adapt to changing conditions and thus afford
improved energy conversion efficiencies.

In the illustrative embodiment, the converter
section comprises a buck converter topology having
input reservoir capacitance, at least one series switching
element (e.g. an FET field effect transistor or IGBT
insulated gate bipolar transistor), at least one
synchronous rectifier switching element, at least one
inductor, and gate drive circuitry that selectively
switches the at least one series field effect transistor and
the at least one synchronous rectifier field effect
transistor between ON and OFF states in response to
pulse width modulation control signals supplied thereto.

The control means (e.g., a microcontroller,
microprocessor, digital signal processor or other control
logic) is operably coupled to the gate drive circuitry for
varying the duty cycle of the pulse width modulation
control signals supplied to the gate drive circuitry in
order to vary the input voltage level of the input DC
electrical signals.In the preferred embodiment, the
control scheme carried out by the control means
includes an MPPT (Maximum Power Point Tracking)
charging mode aswell as a bulk charging mode, an
absorption charging mode, and a float charging mode.

In the MPPT charging mode, the control means
regulates the input voltage of the input DC electrical
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signals such that it is maintained at the input voltage predetermined absorption charging mode voltage level.
level corresponding to the estimated maximum power In the float charging mode, the control means regulates
point as determined and stored by the control scheme.  the output voltage of the output DC electrical signals
In the bulk charging mode, the control means regulates  such that it is maintained at a predetermined float
the output current of the output DC electrical signals  charging mode voltage level [70-72].

such that it is limited to a predetermined maximum Additional objects and advantages of the

current limit.

invention will become apparent to those skilled in the art

In the absorption charging mode, the control  upon reference to the detailed description taken in
means regulates the output voltage of the output DC  conjunction with the provided figures.
electrical signals such that it is maintained at a

V. DESCRIPTION OF THE DRAWINGS

FIG. 1

Photo-voltaic
Array

PV Module [

£l

4 100 7
/\/
_— [t
N DC Load {8.g.,
Protection Charge
Battery Bank, DC-
Circuitry Controller AC Inverter)
=] el

Fig. 7 .is a block diagram of a solar electric generator system in which the present invention can be embodied.

e Ll

g

Phass B Gate
Drvive Grouliry

Fig. 2 :is a high-level schematic diagram of a charge controller in accordance with the present invention, which can
be used as part of the solar electric generator system of FIG. 1 to convert the DC electrical signals generated by the
photovoltaic array into a DC form suitable for supply to the DC load.
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Flgs. 34 and 35 . collectively, is a flow chart illustrating automatic battery charging operations carried out by the

charge controller of FIG. 2 in accordance with the present invention;
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Fig 4a : is a pictorial illustration of the |-V curve of a typical photovoltaic module;

Fig 4b is a pictorial illustration of exemplary scanning operations that are carried out by the charge controller of FIG.

2 for deriving an input voltage for estimated maximum power point conversion operations in accordance with the
present invention;
Fig 4c . is a pictorial illustration of exemplary perturbation and observation operations that carried out by the charge
controller of FIG. 2 for deriving the input voltage for estimated maximum power point conversion operations in
accordance with the present invention;
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MPPT Mode
FIG.5 Control
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update Vmpp) Vmpp)

Fig. &5 . is a flow chart illustrating operations carried out
by the charge controller of FIG. 2 for deriving the input

voltage for estimated maximum power point conversion
operations in accordance with the present invention.

V. DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Turning now to FIG. 1, there is shown a
functional block diagram of a solar power conversion
system 1 which includes a photo-voltaic (PV) array 3
capable of generating direct current electricity from
incident solar radiation. The photo-voltaic array 3
typically includes a number of PV modules 4 each
comprising a number of series-connected solar cells.
The PV modules 4 can be connected in a parallel
configuration as shown so that sufficient power can be
generated under minimum radiation conditions. The DC
electrical signals generated by the PV array 3 are
supplied to a number of series-connected components
including protection circuitry 5, a charge controller 100
and a DC load 7. The protection circuitry 5 provides for
protection against lightning strikes and other faults
(typically by shunting fault current to ground through
MQOVs and the like) and can also provide protection for
reverse-polarity faults. The protection circuitry 5 may
also be responsible for limiting the maximum voltage
which can otherwise be higher than the maximum

allowable voltage for the components in the next stage.

© 2016 Global Journals Inc. (US)

The open-circuit voltage (Voc) of the PV array 3 is about
20% to 30% higher than the operating voltage of the
same array and the increased voltages at low
temperatures represent the worst case. The charge
controller 100 converts the DC electrical signals
generated by the PV array 3 into DC electrical signal
suitable for output to the DC load 7. The DC load 7 can
be a bank of one or more batteries for energy storage
and/or a DC-AC inverter for direct output.

As shown in FIG. 2, the charge controller 100
includes a system housing 101 supports a synchronous
buck converter section 103 interfaced 1o a
microcontroller 105. The synchronous buck converter
section 103 utilizes two switching elements (a series
field effect transistor (FET) and a synchronous rectifier
FET) to store energy into (and extract energy from) an
inductor. The series FET and the synchronous rectifier
FET are driven by gate drive circuitry to alternate
between two states, a charging state and a discharging
state. In the charging state, the series FET is turned ON
and the synchronous rectifier FET is turned OFF such
that the inductor is connected to a DC source voltage to
store energy in the inductor. In the discharging state, the
series FET is turned OFF and the synchronous rectifier
FET is turned ON in order to discharge the energy
stored in the inductor to the load. The gate drive circuitry
that controls the operation of the series FET and the
synchronous FET must prevent both switches from
being turned on at the same time, which is a fault known
as “shoot-through”. During operation, the cooperation of
the switching action of the series FET, synchronous
rectifier FET and the inductor reduce the DC source
voltage level by a factor which is controlled by the duty
cycle for the charging state of both FETs. This duty cycle
is controlled by pulse width modulation (PWM) control
signals supplied to the gate drive circuitry as is well

known. . .
A multiphase synchronous buck converter is a

topology whereby multiple buck converter circuits as
described above are placed in parallel between the
source voltage and the load and controlled to out of
phase with each other. For example, two parallel circuits
are set to switch such that one circuit is ON while the
other is OFF. In other words, the two circuits are 180
degrees out of phase with one another. The primary
advantage of this multiphase topology is that the load
current can be split among the circuits or phases, thus
allowing for increased load currents. Another equally
important advantage is that the output ripple is reduced

by the number of phases, thus allowing for easier
filtering and lower output ripple. Each of these “phases”

is tuned ON at predetermined intervals over the
switching period.

In the illustrative embodiment shown, the buck
converter section 103 employs a two phase topology
with two high current paths (phases A and B) each
having input capacitance 107, a series FET 109, a



synchronous rectifier FET 111, gate drive circuitry 113,
an inductor 115, output capacitance 117, and an output
relay 119. The input capacitance 107 and the series FET
109 of the two phases are connected to an input path
121 as shown. The output relays 119 of the two phases
are connected to an output path 123 as shown. The
input capacitance 107 filters unwanted high frequency
noise components. The output capacitance 117 filters
the current flowing from the inductor in the discharge
state with the series FET 109 turned OFF and the
synchronous rectifier FET 111 turned ON. The output
capacitance 117 also provides low impedance for
transient load current changes, thus reducing steady-
state output ripple.

An input connector 125 provides for supply of
the positive (+) and negative (=) DC voltage signals
generated by the PV array 3 of FIG. 1. Input reservoir
capacitors 127 are connected between these two DC
voltage signals via the input connector 125. The positive
(+) terminal of the connector 125 and the positive
terminal of the input reservoir capacitors 127 are
connected to the input path 121 of the buck converter
section 103 as shown. The input reservoir capacitors
127 are charged in the charging state (when the series
FET 109 for the two phases is OFF) and discharged in
the discharging state (when the series FET 109 for the
two phases is OFF and the synchronous rectifier FET
111 for the two phases is ON). The input reservoir
capacitors 127 witness pulsed current with an amplitude
equal to the load current. It is common practice to select
the input reservoir capacitance with an RMS current
rating more than half the maximum current load. If
multiple capacitors are paralleled, the RMS current for
each input reservoir capacitor should be total current
divided by the number of input reservoir capacitors.

The output path 123 of the buck converter
section 103 is connected to the positive (+) terminal of
an output connector 127. The negative (—) terminal of
the output connector 127 is grounded as shown. The
output connector 127 provides for supply of positive (+)
and negative ) DC voltage signals generated by the
buck converter section 103 to the DC load of FIG. 1,
which can be battery bank and/or an DC-AC Inverter or
other DC load.

Power supply circuitry 129 can be connected to
the positive (+) terminal of the output connector 127 as
shown. The power supply terminal transforms the DC
voltage signal carried by the positive (+) terminal of the
output connector 127 to internal bias voltage levels for
supply to electrical components of the converter 100 as
needed. Output protection circuitry 129 can also be
provided between the positive (+) and negative (—)
terminals of the output connector 127 to provide for
overvoltage protection and possibly backflow current
protection.

The microcontroller 105 supplies PWM control
signals to the gate drive circuitry 113A, 113B of the two

phases via control lines 141A, 141B. These PWM control
signals effectuate desired control over the duty cycle of
the charging state of the series FETs 109A, 109B for the
two phases. The gate drive circuitry 113A, 113B for the
two phases also controls the operation of the
synchronous rectifier FETS 111A, 111B for the two
phases based upon the PWM control signals supplied
thereto. In the preferred embodiment, the series FETs
109A, 109B and the synchronous rectifier FETs 111A,
111B of the two phases are switched at a frequency of
30 KHz or greater when combined in order to keep
noise above human hearing

For battery charging operations (e.g., Bulk
Charging, Absorption Charging, Float Charging), the
microcontroller 105 controls duty cycle of the PWM
control signals supplied to the gate drive circuitry 113A,
113B (and thus controls the duty cycle of the charging
state of the series FETs 109A, 109B for the two phases)
based upon the input voltage provided by the PV array,
the output voltage level and the output current level
supplied to the DC load (i.e., the battery bank), and the
battery current produced by the battery bank. The input
voltage is measured by the input voltage sense circuit
133, which supplies a signal representative of the input
voltage to the microcontroller 105 via path 143 for
conversion into digital form therein. The output voltage is
measured by the output voltage sense circuit 135, which
supplies a signal representative of the output voltage to
the microcontroller 105 via path 145 for conversion into
digital form therein. The output current is measured by
the output current sense circuit 137, which supplies a
signal representative of the output current to the
microcontroller via path 147 for conversion into digital
form therein. The battery current is measured either by
an internal current sensing device such as a shunt
resistor or hall effect device, or alternatively by an
external shunt at the battery bank (not shown), which
supplies a signal representative of the battery current to
the microcontroller via connector 149 for conversion into
digital form therein.

The microcontroller 105 can also measure
and/or  maintain  information  regarding  other
characteristics of the battery bank, such as temperature
of the battery bank and the battery terminal voltage
measured by Kelvin connections. In the exemplary
embodiment, a temperature sensor at the battery bank
supplies a signal representative of the battery bank
temperature to the microcontroller 105 via connector
149 for conversion into digital form therein. Similarly, a
Kelvin connection at the battery bank supplies a signal
representative of the terminal voltage of the battery bank
to the microcontroller 105 via connector 149 for
conversion into digital form therein. The Kelvin
connection allows for more accurate monitoring of the
terminal voltage of the battery bank, especially during
high current charging operations. In such high current
charging operations, there can be a significant voltage
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drop across the output of the converter, which causes
the output voltage sense circuit 135 to underestimate of
the true battery voltage. The Kelvin bridge circuit
eliminates these inaccuracies as it provides an accurate
measurement of the terminal voltage of the battery bank
during such high current charging operations. The high
accuracy battery voltage measurements are used in the
preferred embodiment to provide more accurate battery
charging.

The microcontroller 105 also interfaces to a
temperature sensor 153 internal to the system housing
101 to measure the internal temperature of the system
housing 101. This temperature can be used to activate,
deactivate and control the speed of a fan 155 that blows
air from outside the system housing to the interior space
of the system housing for cooling as is well known. The
microcontroller 105 can also interface to a temperature
sensor (not shown) to measure the temperature on the
interior or of the heat sink. This temperature too can be
used to control the speed of the fan 155 (or additional
fans) for cooling as needed.

The microprocessor 105 also interfaces to a
front panel display and/or LED 157 and user input
buttons 159 for presenting status information to the user
as well as carrying out user interaction and control. The
front panel display and/or LED 157 preferably presents
status indications of a multiplicity of parameters
including PV voltage, PV current, battery voltage,
charging current, charging status, energy harvest
history, battery energy status, energy used, etc.

In accordance with the present invention, the
charge controller 100 of FIG. 2 can be adapted for use
in a wide range of applications, including the charging
of a battery bank for the storage of electrical energy
therein and/or the direct output of electrical energy to a
DC-AC inverter and the like. FIGS. 3A and 3B,
collectively, is a flow chart illustrating exemplary control
operations carried out by the microcontroller 105 for
automatic charging of a battery bank. The control
operations employ five charging modes: Off, Bulk
Charging Mode (for a highly discharged battery),
Absorption Charging Mode, Float Charging Mode, and
Maximum Power Point Tracking (MPPT) mode.

a) Off Mode

In the Off mode, the microcontroller 105 opens
the output relays 119 such that no current is passed
through to the battery bank.

b) Bulk Charging Mode

In the bulk charging mode, the microcontroller
105 regulates the output current (as measured by the
output current sense circuit 137) such that it is at the
maximum current limit of the converter (which is referred
to herein as Imax and is designed to prevent overload).
The maximum current Imax is preferably a parameter
that is set and possibly updated by user input;
alternatively, it can be stored as a constant value. The
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microcontroller 105 regulates the output current by
controlling the duty cycle of the PMW control signals
supplied to the gate drive circuitry 113A, 113B. The Bulk
charging mode is used to charge a battery that is in a
relatively low charge state.

¢) Absorption Charging Mode

In the absorption charging mode, the
microcontroller 105 regulates the output voltage level
(as measured by the output voltage sense circuit 135 or
by the Kelvin connection), such that it is maintained at a
predetermined absorption voltage level (referred to
herein as Vabs). The predetermined absorption voltage
level is preferably a parameter that is set and possibly
updated by user input; alternatively, it can be stored as
a constant value. The microcontroller 105 regulates the
output voltage by controlling the duty cycle of the PMW
control signals supplied to the gate drive circuitry 113A,
113B. The Absorption charging mode is used to charge
a battery at a relatively high charge state.

d) Float Charging Mode

In the float charging mode, the microcontroller
105 regulates the output voltage level (as measured by
the output voltage sense circuit 135 or by the Kelvin
connection), such that it is maintained at the
predetermined float voltage level (referred to herein a
Viloat). The predetermined float voltage level is
preferably a parameter that is set and possibly updated
by user input; alternatively, it can be stored as a
constant value. The microcontroller 105 regulates the
output voltage by controlling the duty cycle of the PMW
control signals supplied to the gate drive circuitry 113A,
113B. The float charging mode is used to charge a
battery at a full or substantially full charge state

e) MPPT Mode

In the MPPT mode, the microcontroller 105
regulates the input voltage level such that it is
maintained at or near the peak power point on the
current-voltage curve for the PV array 3 connected
thereto. This voltage level is referred to herein as
“Ympp”. The microcontroller 105 regulates the input
voltage by controlling the duty cycle of the PMW control
signals supplied to the gate drive circuitry 113A, 113B.

The automatic battery charging operations of
FIGS. 3A and 3B are performed on a periodic basis,
preferably at least every 2 milliseconds or shorter. Such
timing can be controlled by an interrupt timer or other
timing circuitry. The operations are carried out using a
state variable “Mode” that is set to correspond to the
given operational mode, which can be either a
predetermined value for the Off mode, a predetermined
value for Bulk Charging, a predetermined value for
Absorption Charging or a predetermined value for Float
Charging. Because the MPPT mode can be used in
conjunction with any one of the Bulk, Absorption and
Float charging modes, a status flag (*“MPPT mode



FLAG”) is also used. The MPPT mode flag is set to true
when the MPPT mode is active and set to false when the
MPPT mode is inactive.

When the Mode variable is set, the
microcontroller 105 automatically transitions to carry out
the corresponding control operations for the particular
mode as described above. In the Off mode, the
microcontroller 105 opens the output relays 119 such
that no current passes through from the input path 121
to the output path 123 and to the battery bank. In the
Bulk charging mode, the microcontroller 105 regulates
the output current such that it is at the maximum current
limit Imax. In the Absorption charging mode, the
microcontroller 105 regulates the output voltage level
such that it is maintained at a predetermined absorption
voltage level Vabs. In the Float charging mode, the
microcontroller 105 regulates the output voltage level
such that it is maintained at the predetermined float
voltage level Viloat.

When the MPPT mode flag is set to true, the
MPPT mode operations override the charging mode
operations  (Bulk, Absorption or Float charging
operations) as dictated by the Mode variable. Such
override processing causes the microcontroller 105 to
regulate the input voltage level such that it is maintained
at or near the Vmpp value as described herein. When
the MPPT mode flag is set to false, the override
processing is avoided such that the charging mode
operations dictated by the Mode variable are performed.

The operations begin in step 302 where the
microcontroller 105 uses the input voltage sense circuit
133 to measure the input voltage (Vin), uses the output
voltage sense circuit 135 to measure the output voltage
(Vout), and uses the output current sense circuit 137 to
measure the output current (lout). For reverse current
protection, the output relays 119 are switched OFF in
the event that the output current lout is less than a
minimal threshold current, for example 2 amperes. The
output relays 119 are switched ON for power conversion
in the Bulk Charging, Absorption Charging, Float
Charging and MPPT modes.

In step 304, the microcontroller 105 determines
if the Mode variable is set to the “Off” value. If the
determination of step 304 is false, the operations
continue to step 310. If the determination of step 304 is
true, the operations continue to step 306 where the
microcontroller 105 checks whether the input voltage Vin
is less than the output voltage Vout. If the decision of
step 306 is true, the microcontroller 105 in step 308 sets
the Mode variable to the “Bulk” value and the operations
continue to step 344. If the decision of step 304 is false,
the microcontroller 105 continues to step 344.

In step 310, the microcontroller 105 determines
if the Mode variable is set to the “Bulk” value. If the
determination of step 310 is false, the operations
continue to step 320. If the determination of step 310 is
true, the operations continue to step 312 where the

microcontroller 105 checks whether the input voltage Vin
is less than the maximum power point voltage Vmpp. If
the decision of step 312 is true, the microcontroller 105
in step 314 sets the MPPT Mode flag to true and the
operations continue to step 344. If the decision of step
312 is false, the microcontroller 105 continues to step
316 to check whether the output voltage Vout is greater
than the absorption voltage Vabs. If the decision of step
316 is true, the microcontroller 105 in step 318 sets the
Mode variable to the “Absorb” value and the operations
continue to step 344. If the decision of step 316 is false,
the operations continue to step 344.

In step 320, the microcontroller 105 determines
if the Mode variable is set to the “Absorb” value. If the
determination of step 320 is false, the operations
continue to step 334. If the determination of step 320 is
true, the operations continue to step 322 where the
microcontroller 105 checks whether the input voltage Vin
is less than the maximum power point voltage Vmpp. If
the decision of step 322 is true, the microcontroller 105
in step 324 sets the MPPT Mode flag to true and the
operations continue to step 344. If the decision of step
322 is false, the microcontroller 105 continues to step
326 to check whether the output current lout is greater
than the maximum output current Imax. If the decision of
step 326 is true, the microcontroller 105 in step 328 sets
the Mode variable to the “Bulk” value and the operations
continue to step 344. If the decision of step 326 is false,
the operations continue to step 330 to check if an
absorption timer has expired. The absorption timer is
automatically set when the microcontroller 105
transitions from the Bulk mode to the Absorption mode.
The initial absorption timer value is preferably a
parameter that is set and possibly updated by user
input; alternatively, it can be stored as a constant value.
If the test of step 330 is true, the microcontroller 105 in
step 332 sets the Mode variable to the “Float” value and
the operations continue to step 344.

In step 334, the microcontroller 105 determines
if the Mode variable is set to the “Float” value. If the
determination of step 334 is false, the operations
continue to step 344. If the determination of step 334 is
true, the operations continue to step 336 where the
microcontroller 105 checks whether the input voltage Vin
is less than the maximum power point voltage Vmpp. If
the decision of step 336 is true, the microcontroller 105
in step 338 sets the MPPT Mode flag to true and the
operations continue to step 344. If the decision of step
336 is false, the microcontroller 105 continues to step
346 to check whether the output current lout is greater
than the maximum output current Imax. If the decision of
step 346 is true, the microcontroller 105 in step 342 sets
the Mode variable to the “Bulk” value and the operations
continue to step 344.

In step 344, the microcontroller 105 checks
whether the MPPT status flag is set to true. If the test of
step 344 fails, the operations end. If the test of step 344

© 2016 Global Journals Inc. (US)

Global Journal of Researches in Engincering (F) Volume XVI Issue I Version I E Year 2016



2016

H Year

Version I

[

Issue

XVI

Global Journal of Researches in Engineering (F) Volume

is true, the operations continue in step 346 to check
whether the output current lout is greater than the
maximum output current Imax. If the decision of step
346 is true, the microcontroller 105 in step 348 sets the
Mode variable to the “Bulk” value and clears the MPPT
Mode flag to false and the operations end. If the
decision of step 346 is false, the operations continue to
step 350.

In step 350, the microcontroller 105 checks
whether the Mode variable is set to the “Absorb” value.
If the test of step 350 is false, the operations continue to
step 360. If the test of step 350 is true, the
microcontroller 105 continues to step 352 to check
whether the output voltage is greater than the Vabs. If
S0, the operations continue to step 354 to set the Mode
variable to the “Absorb” value and clears the MPPT
Mode flag to false and the operations end. If not, the
operations end.

In step 360, the microcontroller 105 checks
whether the Mode variable is set to the “Float” value. If
the test of step 360 is false, the operations continue to
step 366. If the test of step 360 is true, the
microcontroller 105 continues to step 362 to check
whether the output voltage is greater than Vfloat. If so,
the operations continue to step 364 to set the Mode
variable to the “Float” value and clears the MPPT Mode
flag to false and the operations end. If not, the
operations end.

In step 366, the microcontroller 105 checks
whether the input voltage is greater than the output
voltage. If so, the Mode variable is set to the “Off” value
and clears the MPPT Mode flag to false and the
operations end. If not, the operations end.

In each one of the Bulk Charging Mode,
Absorption Charging Mode and the Float Charging
mode, the PV array may not be able to supply the
required power to achieve the desired voltage or current
limits set by the charging operations. Under these
conditions, the microcontroller 105 transitions to the
MPPT mode. For example, for the Bulk Charging Mode,
the microcontroller 105 automatically transitions to the
MPPT mode in steps 312 and 314. In the Absorption
Charging Mode, the microcontroller 105 automatically
transitions to the MPPT mode in steps 322 and 324. In
the Float Charging Mode, the microcontroller 105
automatically transitions to the MPPT mode in steps 336
and 338.

For the MPPT mode, the microcontroller 105
regulates the input voltage level such that it is
maintained at or near the peak power point on the
current-voltage curve for the PV array as shown
graphically in FIG. 4A. This voltage level is referred to
herein as “Vmpp”. In the preferred embodiment, the
Vmpp voltage level is derived from a scanning step as
well as perturbation and observation steps. The
scanning step is graphically illustrated in FIG. 4B and
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the perturbation and observation steps are graphically
illustrated in FIG. 4C.

The scanning step establishes the open circuit
voltage of the PV array together with an initial value for
Vmpp. The perturbation and observation steps vary the
input voltage to multiple sample points about the initial
“VYmpp” value established by scanning and measures
the output current at each sample point. The sample
point with maximum output current is selected as the
new “Vmpp” value.

In the illustrative embodiment, the scanning
steps include the following sequence of operations:

the duty cycle of the converter section 103 is reduced to

zero such that the switching devices remain OFF for a

predetermined sampling period such that the input

voltage sense circuit measures the open circuit voltage

Voc of the PV panel. The microcontroller 105 reads this

measurement via input path 143.

i) the microcontroller 105 sweeps the input voltage
over sample points within a predetermined voltage
range based on the Voc measured in i); for
example, the predetermined voltage range can be
from Voc to 50% to 60% Voc (or to 130% of the
battery terminal voltage, whichever is greater); in the
preferred embodiment, the microcontroller 105
ramps down the input voltage on 1 volt steps every
400 milliseconds.

i) at each one of the sample points in ii), the
microcontroller 105 measures and stores the output
current; and

iy the microcontroller 105 analyzes the stored output
current values over the sample points of the scan to
identify the sample point with the maximum output
current value. This highest output current value,
denoted Impp establishes the initial voltage level
“Vmpp” that provides peak power; and

iv) the microcontroller 105 then slowly increases the
input voltage level from the floor (low point) of the
scan to the “Vmpp” level. The slow adjustment to
the input voltage level (which is preferably on the
order of 1 volt every 200 milliseconds) prevents
rapid changes in current which can cause overshoot
and errors in the control routine.

In alternative embodiments, it is contemplated
that the scanning operations can start at the bottom of
the range and sweep the input voltage by ramping up
the input voltage. At the top of the range, the
microcontroller can then ramp down the input voltage to
the Vmpp voltage level.

In the illustrative embodiment, the perturbation
and observation steps include the following sequence of
operations:

i) the output current is measured a number of times
(for example, 128 times in one embodiment) to
reduce any inaccuracies due to noise and the
average is stored as the maximum current point



Impp (which is labeled P3 for purposes of illustration
in FIG. 4C);

i) the input voltage is reduced by 200 mV by adjusting
the duty cycle of the PWM control signals supplied
to the gate driver circuitry 113 and the output
current is again measured many times, averaged
and recorded (this point is labeled P1 for purposes
of illustration in FIG. 4C);

iy the input voltage is increased by 100 mV by
adjusting the duty cycle of the PWM control signals
supplied to the gate driver circuitry 113 and the
output current is again measured many times,
averaged and recorded (this point is labeled P2 for
purposes of illustration in FIG. 4C);

iv) the input voltage is increased to 100 mV above the
voltage value for the Impp point in i) by adjusting the
duty cycle of the PWM control signals supplied to
the gate driver circuitry 113 and the current is again
measured many times, averaged and recorded (this
point is labeled P4 for purposes of illustration in FIG.
4C);

v) the input voltage is increased to 100 mV by
adjusting the duty cycle of the PWM control signals
supplied to the gate driver circuitry 113 and the
current is measured again many times, averaged
and recorded (this point is labeled P5 for purposes
of illustration in FIG. 4C); and

vi) The stored output current values for the steps i)-v)
above are processed to select the highest output
current value and the voltage value for that selected
sample point is stored as the new Vmpp value.

Note that for the perturbation and observation
step described above, the number of sample points, the
voltage difference between the sample points, and the
order in which the sample points are measured can be
changed as desired and are proved for illustrative
purposes.

Also note that for the perturbation and
observation step described above, one of the sample
points is the Vmpp point itself, multiple sample points
are provided at voltage levels above the Vmpp point,
and multiple sample points are provided at voltage
levels below the Vmpp point. Such sampling quickly
locates the maximum power point and thus reduces the
processing time and delays associated therewith. Such
reduction in processing time improves the efficiency of
the power conversion process, especially in dynamic
conditions (e.g., changing sunlight due to moving cloud
cover and the like).

FIG. 5 is a flow chart illustrating exemplary
control operations that are carried out by the
microcontroller 105 in order to calculate and update the
Vmpp value as described herein. Such operations are
preferably performed on a periodic basis when the
MPPT mode flag is activated in accordance with the
operations of FIG. 3 as described above. Such timing

can be controlled by an interrupt timer or other timing
circuitry. In the illustrative embodiment, the operations of
FIG. 5 are performed on a period basis every 2
milliseconds or shorter, which corresponds to a
frequency of 500 Hz or greater. In this manner, the
Vmpp values are updated at least every 2 milliseconds
or less (or at a frequency of 500 Hz or greater), which
enhances the efficiency of the conversion process
especially during dynamic conditions.

In step 501, the microcontroller 105 checks
whether the Vmpp has been initialized. If no, the
microcontroller 105 performs as initial scanning step as
described above with respect to FIG. 5B. This scanning
step calculates the initial Vmpp value for the MPPT

mode processing.
In step 508, the microcontroller 105 checks

whether the input voltage Vin is within a predetermined
voltage range (for example between 50% Voc and 90%
Voc. If not, the operations continue to step 505 to
perform a scanning step as described above with
respect to FIG. 5B followed by a perturbation and
observation step as described above with respect to
FIG. 5C. The scanning of step 505 updates the open
circuit voltage Voc and the Vmpp value, and the
perturbation and observation of step 505 updates the
Vmpp value. From step 505, the operations end.

If the results of step 503 indicate that the input
voltage Vin is within the predetermined voltage range,
the operations continue to step 507 to perform a
perturbation and observation step as described above
with respect to FIG. 5C. The perturbation and
observation of step 507 updates the Vmpp value. From
step 507, the operations end.

There have been described and illustrated
herein an embodiment of charge controller for solar
applications and methods of operating same. While a
particular embodiment of the invention have been
described, it is not intended that the invention be limited
thereto, as it is intended that the invention be as broad
in scope as the art will allow and that the specification
be read likewise. Thus, while particular control
operations (including particular control states and
transitions between control states) have been disclosed,
it will be appreciated that other control operations can
be used as well. In addition, while particular buck-type
converter topologies have been disclosed, it will be
understood that the general control operations
described herein can be used with other PWM-
controlled converter topologies or other non-PWM

converter topologies.
Also, while it is preferred that the control

operations of the charge controller be carried out by a
microcontroller element, it will be recognized that other
control elements and control systems can be used
(such as a microprocessor, a digital signal processor,

an ASIC, a CPLD, an FPGA, or other digital logic
device).
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VI.  CONCLUSION

It is preferably that the control operations be
realized as a program of instructions that are loaded into
the firmware of the microcontroller or other programmed
logic device. Furthermore, while the embodiments
described above utilize field effect transistors as
switching devices, it will be understood that other
switching devices such as IGBT insulated gate bipolar
transistors can be similarly used. In addition, while
particular solar applications have been disclosed, it will
be understood that the charge controller described
herein can be adapted for other energy conversion
applications such as wind energy harvesting, wave-
energy harvesting, hydroelectric energy harvesting,
thermoelectric energy harvesting, etc. It will therefore be
appreciated by those skilled in the art that yet other
modifications could be made to the provided invention
without deviating from its spirit and scope as claimed.
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Global Energy: Need, Present Status, Future
Trend and key Issues

Md. Nasir Uddin® MM Rashid °, MG Mostafa®, Belayet H®, SM Salam* & NA Nithe®

Abstract- Human beings, unlike other biological species, had
always and still have the universal desire or instinct of
improving quality of life. This inherent instinct has caused
previously unimagined explosion of amenities of life, change in
life style, improvement of standard of living and resulted sharp
growth of global population and life expectancy. Better quality
of life requires more works to be done to cook food, build
housing, construct roads, and produce clothes and lighting
and primarily to generate motive power to produce present
day goods and services. Energy sources are needed to fulffill
the ever-increasing human needs.

Traditional sources of energy e.g. firewood and
vegetable wastes, animal power, wind, sun and the traditional
ways of using these sources could not match with the
increased energy demand. Commercial energy sources: coal,
oil and gas are presently playing the dominant role. But the
reserves of these sources are finite. New and renewable
energy sources like: hydro, nuclear, solar, wind, hydrogen,
synthetic oils etc. are also contributing to meet the rising
global energy demand but the contribution of these sources is
still very limited.

Electricity is the most preferred from of energy to
meet the end use. The growth rate of electricity is the highest
and is likely remain so in the coming years. The paper
primarily discusses, in brief, the global energy need, present
status, future trend and the key issues involved with energy
development that have to be confronted in meeting the
sustainable development as well as to achieve the Millennium
Development Goals (MDGs).

[. INTRODUCTION

= nergy is the capacity to do work. It is an essential
=== gclement to produce the goods and services
e required for higher quality of life. Energy in various
forms is needed to grow food crops to cook food, to
produce clothes, to build houses, construct roads and
bridges, for transportation, for lighting and even to
compute and send information and signals in the
present day of information and communication
technology. All these activities need sources of energy
to perform the desired activities.

The primary energy sources are geographically
unevenly distributed. Economic development depends
on the available opportunities. Availability of final energy
increases or widens the choices or opportunities. The
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explosion of global population and the economic
activities have created tremendous pressure on the
commercial sources. Use of fossil fuels is causing
global warming and environmental degradation. The
cost of large-scale use of renewable energy sources is
still economically prohibitive.

Energy affects health and environment. Global
warming and climatic change and the environmental
pollution are linked with energy. Commercial sources
are finite. The question of sustainable development as
such is a challenge before the world community.

Wide disparities exist among states and among
communities within a state. “Today, citizens of the ten
wealthiest countries are at least 75 times richer than
those who live in the ten poorest ones, and the chasm is
widening” [1]. Millennium Development Goals (MDGs)
have been set to reduce poverty, hunger, and diseases
to half by 2015 [Annex- I]. Energy is linked with the
fulfillment of MDGs [2].

Comprehensive assessment and analyses with
knowledge and wisdom from the perspective of present
and future global and regional needs are essential to
address energy related issues.

II. ENERGY

The universe constitutes of two fundamental
things: matter and energy. These are inter- convertible.
The dynamic universe is evolving at the expense of
energy. The paper deals with human centered energy
only. Lots of works are and have to be carried out in
order to maintain and improve quality of life. Without
energy no work can be done.

a) Energy Terms

While the subject is being explored further, the
meaning and perceptions of some (the reaming ones
may be seen at Annex — Il) of the terms that are often
used in energy domain should be clear. Some of these
terms are discussed below([3].

Energy System. may be defined as all the activities
starting form the exploration of the primary energy
sources to the end wuse including processing,
transportation, conversion, distribution etc. The Fig.1
shown below helps to understand the energy system

(4].
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Fig. 1. Energy System, Source: p.22 Scientific American, September 1990

Energy Services: are used to describe consumer
benefits, which include: lighting, air- conditioning,
refrigeration, cooking, transportation, providing motive
power etc.

Energy Chain: includes activities that link the primary
energy to deliver energy services.

Energy Security: may be defined as the national policy
actions assuring the availability of all energy forms at
affordable prices and in sufficient quantities for a
reasonable future period (30 to 50 years, depending on
many factors).

Energy Intensity. is the ratio of the quantity of energy
consumed for producing unit of gross domestic
product.

Primary energy consumption in 2003: 275 m toe

Other renewable
energies and balance
5%

Hydraulic electricity
2%

Oil

Nuclear electricity (excludil
export)
39%

Natural gas
15%

34%

Commercial Energy: is the energy that is subject to a
commercial transaction and thus can be accounted for.
Biomass: is the organic non-fossil material oil or gas of
biological origin, which constitutes an exploitable energy
resource.

Primary Energy: is the energy extracted directly from
nature e.g. crude oil, hard coal, natural gas, wood,
solar-wind-hydro power, uranium (as we receive from
nature) etc.

Final Energy: is the energy delivered to the customer
often after processing e.g. electricity, gasoline, diesel,
coal, gas, compressed natural gas etc. The primary and
final energy situation of France shown in Fig.2 may help
in clearing the ideas behind the terminology [5].

Final energy consumtion in 2003: 159 m toe

Thermal renewable
energies
%

Coal
4%

Electricity
22%

46%

Natural gas
21%

Fig. 2 Primary and Final Energy , Source: [5]

Heserves : are those occurrences of energy sources or
minerals that are identified and measured as
economically and technically recoverable with current
technology and prices [5].

Resources . are those occurrences of energy sources
or minerals with less certain geological and/or
economic/technical recoverability characteristics, but
that are considered to become potentially recoverable
with  foreseeable economic and technological
development.

© 2016 Global Journals Inc. (US)

b) Sustainable Development

The world community committed (Agenda 21)
for achieving human centered Sustainable Development
at the United Nations Conference on Environment and
Development held in Rio de Janeiro in 1992. More than
175 states are now parties to this programme [6 ].

The World Commission on Environment and
Development defines sustainable development as
development that “meets the needs of the present
without compromising the ability of future generations to
meet their own needs” (p.8.); also “as a process of
change in which the exploitation of resources, the



direction of investments, the orientation of technological
development, and institutional change are all in harmony
and enhance both current and future potentials to meet
human needs and aspirations” (p.46). In broad sense
the report notes, “the strategy for sustain able
development aims to promote harmony among human
beings and between humanity and nature” [7 ].

c) Energy Forms

There are different forms of energy, gas, coal,
oil, hydro, nuclear, electricity, light, heat, potential,
kinetic etc. The selection or suitability of the form will
depend on the end use. Electricity is the most preferred
form.

[T1.

a) Population Growth

It took about 600 thousand years (form early
Java man) for the human population to cross the limit of
1 billion around 1800 AD, but the same increased by
4 billions in just 55 years (from 2.48 billions in 1950 to
6.46 billions in 2005). The 2™ and the 5" billion were
added to the global population in just 123 and 13 years
respectively [8].

The population growth is much more significant
in the developing countries (90% growth is taking place
in this region) than the developed world [8]. This trend
will remain so in the coming years. The world
population, though the growth rate is declining due to
fall in reproduction and fertility rates, is expected to rise
to 10.1 billion by 2050 [8]. More energy will therefore be
needed for the expanding global population.

ENERGY NEED

b) Quality Living

A full grown person needs about 2200
kilocalorie of energy per day, which is generated
through food intakes. Human beings are the only bio-
species, which presently consume on the average about
75 gigajoule of energy which, is about 22 times more
energy than what is required for living. The excess
amount is required to maintain the life style and the
standard of living. The urge for better living is a universal
human instinct. Easy availability of plentiful and
affordable different forms of energy allows many people
to enjoy unprecedented comfort, mobility and
productivity. Consequently the quality of living is
improving and the energy consumption rate per person
is also increasing.

The desire for the improvement of quality of life
is universal. The effect of globalization, particularly the,
electronic media and information and communication
technology has strengthened this urge of better life.
Energy is needed to fulfill this urge.

c) Knowledge Explosion

The ever expanding knowledge and
understanding of physical laws and chemical behavior
of matter, the application of more and more
sophisticated technology in production and services led

to the previously unthinkable living standard (at least for
those living in the developed world), higher life
expectancy and a consequent sharp rise of global
population. The world knowledge is doubling every five
years as more and more persons are engaged in
research and development works [9 ].

d) Demographic Transition

Just over 100 years ago 95 % of the USA
population were engaged in agriculture and food related
activities. The percentage has dropped to 5% now [9].
The process of urbanization and social transition is a
logical trend to support the changed economic
activities. This trend is true for the developing world as
well. Besides, people living in areas with lesser
economic opportunities have a general tendency of
migration to areas of better economic opportunities.

e) Disparities

Wide disparities exist among the states as well
as within communities or groups of a state. The world’s
richest 500 hundred individuals have a combined
income greater than that of the poorest 416 million [10 ].
The 2.5 billion people living on less than 2% a day and
comprising 40% of the global population —account for
only 5% of the global income while the richest 10%
mostly living in developed countries account for 54%.
More than 1 billion people live in acute poverty and
hunger with less than 1$ a day [11].

The disparity in energy consumption between
developed and developing countries is actually a
reflection of economic development status [Fig.3].
Ensuring energy availability and affordability to the
population at large living in rural areas of the developing
world is one of the important challenges which has to be
addressed. This is required for removing disparities and
ensuring sustainable growth. About 2 billion global
populations do not have access to even electricity.
These people live almost entirely on traditional energy
sources.

Source: p.23 Scientific American, Septermber 1990

Fig. 3 . Disparity in Energy Consumption between
Developed and Developing Countries
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1) Consumption Limit and Conservation

There is still (although there was and still there
is an effort in some developed countries like to limit the
energy consumption rate to 1500 watt per capita) no
limit set or established for the human consumption of
energy. Efforts are on for quite some time to conserve
energy sources by improving efficiency and avoiding
wastage. But the savings due to conservation measures
are largely offset by the growing demand.

ag) MDGs

‘When we consider The  Millennium
Development Goals..... such as the eradication of
poverty and hunger, universal access for fresh water,
and improved health care — it is quickly evident that the
availability of energy overall, and electricity in particular
is central to our ability as an international community to

deliver on each of these goals” [12]. The fulfill ment of
MDGs are closely linked with availability and affordability
of final energy sources. Please see Annex-lll [13].

h)  Energy-Economy Linkage

The economy is directly linked with energy. The
global economy is expanding and will continue to
expand. So the energy demand will also increase.
Among the different forms of energy electricity is the
most preferred form and it will remain so in the coming
years. The Fig.4 shows the changes in gross domestic
product, population, primary energy use and electricity
use by region for the period 1971 to 1997 [14]. The
figure reveals how the economic growth is linked with
energy particularly electricity. The energy demand
growth of developing regions in the Asia and Pacific
regions, specifically of China is clearly significant.

CHANGES IN GDP, POPULATION, PRIMARY ENERGY USE,
AND ELECTRICITY USE BY REGION, 1971-97 (INDEX: 1971=1)

a
n World China
26 ;)
24 x
Electricity
2.2 s
20
GDP 5
1.8 - b=
o~ 4
1.6 —
al 3 # Primary -
1.4 Population 3 :"’l-:‘_mhl.l__ﬁf_,..-‘
g Populatic
2 Primary enargy use SpLanLon
1 T T LI T T
10 I S A o o T In T I
1871 i I'IQITEI 'IBITQ IQIB.'i 1987 1991 1885 187 1975 1978 1983 1987 1891 1985

Economies in transition

Population

] L, T [ L L T
1971 1975 1979 1083 1987 1991 1986

Developing countries

P T o L e L LT T ) L e [
1871 1975 1979 1883 1887 1991 1995

Africa

1.0 e C T
1871 1975 1979 1883

T T ) o
1867 1991 1995

Latin America

Electricity

Primary energy use

GDP
15 e —

e

Population

P L L
1987 1881 1885

1.0 T

T L] P
1971 1975 1978 1983

Fig. 4 : Changes in Gross Domestic Product, Population, Primary Energy Use and Electricity Use by Region for the
Period 1971 to 1997, Source:[23 ]
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i) Driving Force

The prime driving force is economy and market
forces. The rate of growth and energy supply scenario
as well as the relative share of the constituting energy
sources may, however, be affected or changed due to
geopolitical situation and the technological inventions
and innovations. The growth rates may also be affected
by country’s regulatory framework and environmental
considerations.

The demand of energy will therefore continue to
rise to fulfill the growing economic needs of expanding
global population and for meeting other global and the
United Nations’ goals discussed in the preceding
paragraphs.

Iv. EVOLUTION OF ENERGY SCENARIO

a) Evolution

The ‘use of oxen multiplied the power available
to a human being by a factor of 10. The invention of the
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R ATE OF PRIMARY ENERGY USE and the relative contribu-
tions of different sour.es reflect the evolution of technology
well as the growth of the human population. The rapid rise
il alter World War 11, for example, is indicative of the rise
< transportation and industry. Similarly, the growth of

ritily in the late 1 60's parallels the rise of a services-ori

TN AR September 1990
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¥

ented economy.
mary energy

it pro \u!ui more than 70 percent of all the
oil's share peaked in the carly
40 percent. Natural gas, which is less polluting than
orcoal ise

vertical wheel increased productivity by another factor of
6, the steam engine by another order of magnitude’[14].

The energy scenario with the consequent
growth of types and quantities of primary energy
sources actually evolved over the years as the world
economy evolved with technological inventions and
innovations. The scientific  knowledge and the
technology also affected the transition of economic
activities from predominantly agricultural to production
sector during post industrial revolution period and now
to service sectors. This evolution is shown in the Fig. 5

(4]
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xpected to contribute more 1o global encrgy usc

Fig. 5 : Evolution of Energy, Source: [4 ]

Motor vehicles and airplanes reduced
transportation time and the cost. Recent explosion of
information and communication technology (ICT)
resulted electronic speed in exchange of data and
information. The barrier of distances has greatly been
reduced. The earth is becoming smaller and smaller.

b) Resource Constraints

It may be seen that the use of traditional fuels
remained static since 1880 as the industrial revolution
started. The fossil fuels dominated and still dominate the
primary energy supply. Coal's share peaked around
1920, when it provided more than 70% of all fuel
consumed; oil’'s share peaked in the early 1970’s at
slightly more than 40% [4 ]. In the recent background of
price hike of oil the share of gas, which is the least
polluting, is increasing fast. The share of coal may also

peak as the gas and oil reserves are stressed and the
prices of these two sources compared to coal are
escalating.

The fissile or nuclear sources however remained
largely untapped. There are issues of safety,
safeguards, proliferation and waste management. But
the principal reason appears to be geo-politics.

c) Energy Intensity

The energy intensity is decreasing globally
particularly in developed countries as the economy is
gradually shifting from predominantly production
oriented to service oriented activities. The increased
efficiency of the energy systems also contributes to this
end. Yet the rate of expansion is higher than the effect of
decline due to the lessened energy intensity. This may
be seen at Fig. 6.
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Fig. 6. Final Energy Intensity of a few Countries, Source: [5 ]

V. PRESENT STATUS

a) Energy Sources
The energy sources are usually categorized
into: primary, final and commercial groups.

i. Primary Sources
The primary energy sources consists of the following —

Traditional sources (fire woods, vegetable wastes
etc.);

Commercial sources or the fossil fuels (coal, oil and
gas);

Renewables (solar, wind, tide, geothermal etc.) and

Nuclear/Fissile sources (Uranium and Thorium)

ii. Final Sources
The final energy sources are processed olil,
coal, gas, heat, light, radiation, electricity etc. The most
important and preferred one of the final energy sources

Commercial Sources

The commercial sources: oil, gas and coal are
presently the dominant types of energy sources. The
trend will continue in the coming years (at least in the
next 2 to 3 decades). The energy use pattern is primarily
dependent on the demand and supply situation (profit)
and the market forces. The regulatory frame works and
the environmental effects of the use of these source
influence the use. The geopolitical situation also affects
the energy scenario. The reserves are maturing i.e. the
discovery now fails to match with the consumptions rate.

b) Energy Reserves and Resources

Nature took more than 3 million years to
produce the fossil fuels. The fossil fuels are now being
depleted at a rate that is 100,000 times faster than they
are being formed [4 ]. This is not sustainable. The
reserves depend on various factors: available
technology, demand and the economic cost. The Fig. 7
reproduced below will help in understanding the
dynamics of energy reserve and resource situations.

PRINCIPLES OF

is electricity.

Demonsirated
Meaanured

Identified rescurces

indicated

Undiscovered resources
Probabllity range
Hypothatical Speculative

Increasing seonamic fensibiity

Fig. 7. Principles of Reserve & Resource Classification, Source: [23 ]
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i.  Fossil and Nuclear Fuels
The summary of the world fossil fuels and
nuclear fuel reserves are shown in Table-2 .The nuclear
source in the table does not include the fissile materials
that exist in seawater. It may be noted that nuclear

source is still very much untapped. The proper use of
this source may ease the global energy supply situation
for transition to a pseudo infinite source like fusion
source.

Table-2 - Summary of Global Fossil & Nuclear Sources, Source: [23]

SUMMARY OF GLOBAL FOSSILE AND FISSILE RESOURSES (THOUSANDS OF EXAJOULES) ;

Consumed Consumed Reserves Resources Resource Additional
by end 1998 in 1998 base? occurrences
Qil 514 0.14 T 21.31 3242 45
Conventional 4.85 0.13 6.00 6.07 12.08
Unconventional 0.29 0.01 5.1 15.24 2035 45
Gas 2.38 0.08 14.88 34,93 49.81 930
Conventional 235 0.08 5.45 11| 16.57
Unconventional 0.03 0.00 9.42 23.81 3324 930
Coal 599 0.09 20.67 179.00 199.67
Fossile total 13.51 0.32 46.66 23524 281.89 975
Uranium
Open cycle in thermal reactors® n.e. 0.04 1.89 3.52 541 7ige
Closed cycle with fast reactors? = = 113 211 325 426
Fossile and fissile total® n.e. 0.36 48 446 575 1,400

n.e. Not estimated. — Negligible.

2. Sum of reserves and resources. b. Calculated from the amount in tonnes of uranium, assuming 1 tonne = 589 terajoules (IPCC, 1996a). ¢. Does not
include uranium from seawater or other fissile materials. d. Calculated assuming a 60-fold increase relative to the open cycle, with 1 tonrie = 35,340

terajoules. e. All totals are rounded.

ii. Renewable Energy Sources

The summary of the global potential of
renewable sources is shown in Table-3. The share of
these sources in the global energy demand is likely to
remain low key because of many technical and
economic reasons. But this is undoubtedly a vast
untapped area.

Table-3 - Summary of the Renewable Energy
Potential, Source: [23]

_ SUMMARY OF THE RENEWABLE
RESOURCE BASE (EXAJOULES A YEAR]

Current Technical Theoretical
Hosouicn use? potential potential

Hydropower 9 50 147
Biomass energy 50 > 276 2,900
Solar energy 0.1 >1,575 3,900,000
Wind energy 0.12 640 6,000
Geothermal energy 0.6 5,000 | 140,000,000
Ocean energy n.e. n.e. 7,400
Total 56 7,600 | >144,000,000

n.e. Not estimated. - -
a. The electricity part of current use is converted to primary energy with an
average factor of 0.385.  Sowrce: duthors calculations from previous chapter ables.

Source: Author's caloulations from previous chapler tables

c¢) Geographical  Distribution, Production  and
Replenishments
The world fossil fuels are geographically very
much unevenly distributed. Some countries like Japan,
France, ltaly etc. are largely dependent on imported
energy sources and others like Middle East Russia sell
the excess energy[15]. This necessitated a flourishing
worldwide trade in energy commodities. The distribution
networks [pipe lines for gas and oil, processing facilities
for CNG, LPG, oil distillates, transmission and
distribution lines] had to be developed and are still
required to be developed to deliver desired forms of
energy to the customers or users.
i. Oif
The global distribution of oil and the flow of the
sources from the producing to consuming regions are
shown in Figs.8 & 9 respectively. The oil production or
demand in different years is shown in Fig. 10. The
replenishments of the sources in USA and in the world

are shown in Fig. 11 and Fig.12 respectively.
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Fig. 8 : Oil Energy Reserve & Geographical Distribution
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Fig. 9 : Global Oil Trade
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i. Gas
The global gas reserves and the gas producing
regions are shown in Fig.13. The gas production or
demand in different years is shown in Fig.14. The
replenishments of the sources in USA and in the world
are shown in Fig.15 and Fig.16 respectively.
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Fig. 10 : Oil Demand Scenario

1200 1148
908

1000 1
800+
600+

40041
68

200+

0 ™0

1947 Reserves 1948-03 2003 Reserves
Production

Fig. 12 :World Oil Production & Replenish
ment



GLOBAL ENERGY: NEED, PRESENT STATUS, FUTURE TREND AND KEY ISSUES

Proved reserves

Percentage Trillion cubic metres
180
5. & Cent,
Amenca 160
Morth America 4.1%
4.2%
Asia Pacific 140 I
7.7%
Africa 1z
T.8% Middle East
40.8% 100
—
80
Europe & 60
Eurasia
35.4%
40
20
o B3 a3 03
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Fig 16 World Gas Oil Production & Replenishment, Source: [21]
ii. Coal
The global estimated reserves and resource of
coal and the distribution shown at Tables 4 & 5
respectively.
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Table 4 :World Estimated Coal
Reserve

ESTIMATED COAL RESERVES
(MILLIONS OF TONNES)

Regh n“uﬁﬂ- T e Lignit: Total
on nous (incl. ami- gnite

cita) nous (exaloules)
North America 115,600 103,300 36,200 6,065
Latin America 8,700 13,800 200 533
and Carlbbean
Weastarn Europa 26,300 600 47,700 1,178
Gentral and 15,400 5,600 10,700 T4
Eastern Eurcpe
Former Soviet Union 97,500 | 113,500 46,700 4,981
Middle East and 200 20 L] -3
North Africa
Sub-Saharan Africa 61,000 200 = 100 1,465
Pagific Asia 900 1,600 5,100 10
South Asia 72,800 3,000 2,000 1,641
Centrally 62,700 34,000 18,600 2,344
planned Asia
Pacific OECD 48,100 2,000 41,600 1,729
Total 509,200 | 277,600 198,900 20,666

Source: [23]
vi. ELECTRICITY

a) Growth Trend

Electricity as stated earlier is the most preferred
form of energy. The electricity demand is growing at
much faster rate compared to other final energies. Yet, 2
billion people or every 2nd person out of the 6 persons

Table 5 :World Estimated Coal
Resource

ESTIMATED COAL RESOURCES
(BILLIONS OF TONNES OF COAL EQUIVALENT)

Fiergtan :::l‘ ’.;::rlcl::u tca:rc::m
North America 674 201 25,638
Latin America a7 2 1,143
and Caribbaean

Weastaern Europe 337 11 10,196
Central and 106 14 3.516
Eastern Eurcpe

Former Sowviat Union 3.025 57 110,637
Middle East and 1 1 58
North Africa

Sub-Saharan Africa 181 <=1 5,303
Pacific Asia [ S 3n2
South Asia 84 1 2,491
Centrally 429 3s 13.595
planned Asia

Pagcific QECD 139 687 6,030
Total 5,021 1,089 178,959

Mote: Includes reserves,

of the world do not have any access to electricity.
‘Energy analysts are looking at the pace and price of
progress-at a time when electricity demand is rising ever
higher’ [16]. The world net electricity production and the
past trend of growth as well as the contribution of
different sources are shown in the Fig.17.
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.§ 86— 56
x
=
Z
Toe- 22
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o7 0.3
i ] () 01
Fossil Fuels Hydroelectric Power  MNuclear Electric Other!
Power
Fig. 77 . World Electricity Production & Growth Rate, Source: [21]

b) Investrment Outlook

The World Energy Investment Outlook of the
International Energy Agency EIA projects an investment
of $16 trillion (about 1% of the global GDP) over the
period 2001-2030 to meet primary energy demand
growth of 1.7% and electricity demand of 2.4%.
Electricity will require 60% of the total investment.
Compared to the estimated annual investment of $410
billion in 2000, it will rise $ 550 billion in the current

(Us)

decade and to $630 billion during 2021 to 2030 [16].
The summary of electricity investment, as projected is
shown in Fig.18. The cumulative investment in energy by
fuel is shown in Fig. 19.



Investment in Electricity, Worldwide, 2001-2030
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tions of supply and demand contained in the IEA's World
Energv Outlook 2002,

Fig. 18 . World Investment in
Electricity Source: [18]

The fuel wise generation of electricity is shown
in Table-6.

Table 6 . World Electricity Balance, Source: [18]

Electricity Balance," Worldwide, 2000-2030

Average
annual growth

2000 2010 2020 2030 2000-2030(%)

Grossgeneration (TWh) 15391 20037 25578 31,524 T

Coal 5989 7,143 9075 11,590 22

il 1,241 1,348 1371 1326 0.2

Gas 2,676 4,947 1,696 9973 45

Hydrogen-fuel cells 0 0 15 349 na

Nuclear 2,586 2,889 2,758 2,697 0.1

Hydro 2,650 3.188 3,800 4,259 16

Other renewables 749 521 863 1,381 59

Own useand losses (Mtoe) 235 304 388 476 24
i _J._ e ’.~ J.; mm e e ——

c) Supply Reliability

Uninterrupted and quality power supply at an
affordable price is a key component for smooth
economic growth of a country. In industrialized
countries, consumers demand 100% reliability, while the
power supply systems in developing countries suffer
frequent disruptions as well as poor quality (voltage and
frequency fluctuations). The cost burden of the
disruptions is enormous.

The electricity blackouts make headlines in
Europe and North America. But such blackouts are
common in any developing countries. The reliability of
electricity supply,therefore, was highlighted as a priority
issue in the Sydney World Energy Congress of
September 2004 [Annex-V].

Cumulative Investment in Energy
by Fuel, Worldwide, 2001-2030 ’

Total invesinent:
$16 irillion

Electricity
60%
a6% <~

oot
3

generation
& Distribution

B8% 12%
Mining  Shipping
& Ports

Fig. 19 - World Cumulative Investment in
Energy Source: [18]

Vil. FUTURE TREND

a) Market Forces

The development of energy industry depends
on many factors: economy, advances in technology
related to energy production, distribution and
consumption, policy decisions, regulations and
environmental effects and global demand and supply
position. The key is profit and market force. This is also
dependent on geo-political dynamics. Recently
unthinkable price hike took place in oil sector. The oil
price, which dipped to $10.29 in December 1998
remained stable between $ 20 to 30 for a certain period
and then, crossed $ 70 in August 2005.

b) Energy Outlook

i. USA

The energy trend is presented from the overview
of the Annual Energy Outlook 2005 document published
by Energy Information Administration of the USA [24].
The overview presented the historical growth (from 1970
to 2003) of energy prices and projections for the period
up to 2025 [Fig.20], delivered energy consumption by
sectors [Fig. 21], energy consumption by fuel [Fig. 22],
energy use per capita and per dollar of GDP [Fig.23],
electricity generation by fuel [Fig. 24], total energy
production and consumption  [Fig.25], energy
production by fuel [Fig. 26] and the projected CO2
emissions by sector of fuels [Fig. 27].
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per mitiion [

Fig. 20 . Energy Prices & Projection Fig. 21: Delivered Energy Consumption

* Energy consumption by fuel, 1970-2025
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Source: [24]

Projected U.S. carbon dioxide emissions by
sector and fuel, 1990-2025 (million melric tons)
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Fig. 26 The Projected CO, Emission by Sectors of Fuels, Source: [24]

The summary of the overview is shown in

Table7. The energy trend presented above is designed
for the USA. The oil price forecast for the coming years
($ 28.50 in 2020 and $30.31 in 2025) from the present
day perspectives appears to be highly optimistic. But
there must have been in depth analyses behind these
optimistic forecasts. The information throws light on
future energy trend.
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Table-7 : EIA/DOE Energy Forecast

Total energy supply and disposition in the AEO2005 reference case: summary, 2002-2025

Average annual

Energy and economic factors 2002 2003 2010 2015 2020 2025 | change, 2003-2025
Primary energy production (quadrillion Btu)
Petroleum . ..........ovvuerennnnnn. 14.71 14.38 15.41 14.31 13.83 12.82 -0.5%
B AR GES oo e s SR TS 19.48 19.58 20.97 21.33 22.48 22.42 0.6%
(oo | WU SO 1 7 {1 22.66 25.10 25,56 27.04 29.90 1.3%
NUEIEAr POWEE: o wien wnia s sesns s R 8.14 787 8.49 8.62 8.67 B.67 0.4%
Renewableenergy . ..................... 5.79 5.89 6.85 713 7.57 8.10 1.5%
DB S s s s S R R AT 102 0.97 0.78 0.77 0.82 -0.5%
= 17 = o =y ST gt W bl SN st 71.94 71.42 77.79 77.73 80.35 82.73 0.7%
Net imports (quadrillion Btu)
L= T 2] T o 22.64 24.10 28.61 33.10 36.87 41.11 2.5%
Natiralgas- czonuazrvmnssarsimairames 3:59 5.06 7.19 8.08 8.87 4.6%
Coallother (- indicates export). . ............ -0.47 -0.43 -0.14 0.19 0.25 0.58 NA
Tolal s mearerrss siss st s 25.75 26.99 33.53 40.47 45.21 50.55 2.9%
Consumption (quadrillion Btu)
Petroleum-produets: . . ... ooovp e iiien e 38.41 39.09 44.84 48.07 51.30 54.42 1.5%
NAIUEATGAR s omsem st dce. fags wewes 23.59 22.54 26.11 28.69 30.73 31.47 1.5%
Rl i e e s S 21.98 O 24.95 25.71 27.27 30.48 1.3%
G N DOWOIN s s s o s 8.14 8.49 8.62 8.67 8.67 0.4%
Renewableenergy .............. Seh i 5.79 6.85 713 .57 8.10 1.5%
OB s e AT AR SRARI S 0.07 0.03 0.07 0.06 0.04 41%
Ot o e R T R S e 97.99 98.22 111.27 118.29 125,60 133.18 1.4%
Petroleum (million barrels per day)
Domestic crude production. . .............. 5.74 6.02 5.49 5.21 4.73 -0.8%
Other domestic production .. .......c....vvn 3.60 3.59 3.77 4.00 4.10 0.9%
L T A, 7 D P ey 10.54 11.24 13.37 15.40 1711 19.11 2.4%
Consumption. . .. .. SIS R R e 19.71 20.00 22.98 24.67 26.32 27.93 1.5%
Natural gas (trillion cubic feet)
BIOHIGHON. . o . no s i ey YO8 19.13 20.49 20.85 21.97 21.91 0.6%
NELNROIE oo s e S o 3.50 4.94 7.02 7.89 8.66 4.6%
Consnmplion: =siarrEmny SRlrsnniTEn 22.98 21.95 25.44 27.96 29:95 30.67 1.5%
Coal (million short tons)
P el e v s T s 1,105 1,083 1,238 1,270 1,345 1,488 1.5%
Netimports o - vos s s -23 -9 3 7 20 NA
CORSOMPAOIE o mscmiars pormsespmanpms ey s 1,066 1,095 1,229 1,273 1,352 1,508 1.5%
Prices (2003 dollars)
World oil price (dollars per barrel). . ......... 24.10 27.73 25.00 26.75 28.50 30.31 0.4%
Domestic natural gas at wellhead
(dollars per thousand cubic feet). . .......... 3.06 3.64 4.16 4.53 4.79 -0.2%
Domestic coal at minemouth
{dollars pershortton) ... ...cocovnninnvn. 18.23 17.93 17.30  16.89 17.25 18.26 0.1%
Average electricity price
(cents per kilowatthour). ... .............. 7.4 6.6 6.9 T2 7.3 -0.1%
Economic indicators
Real gross domestic product
{billion:2000 dollars) « v wamwrwn s wain v 10,075 10,381 13,084 15216 17,634 20,292 3.1%
GDP chain-type price index
{index; 2000=1.000) .« wurpivianwavams coes 1.041 1.060 1.218 1.373 1:663 1.814 2.5%
Real disposable personal income
(billion 2000 dollars) . . ... v vvvv v 7,560 7,734 9594 11,192 12,783 14,990 3.1%
Value of manufacturing shipments
(billion 1996 dollars) . . ........ooviiians 5,067 5,105 6,165 6,850 7,633 8,469 2.3%
Energy intensity
(thousand Btu per 2000 dollar of GDP). ... .. 9.73 8.51 7.78 713 6.57 -1.6%
Carbon dioxide emissions
(million metrictons) . ........oiviiianin.s 5,751 5,789 6,627 7,052 7,520 8,062 1.5%

Notes: Quantities are derived from historical volumes and assumed thermal conversion factors., Other production includes liquid
hydrogen, methanol, supplemental natural gas, and some inputs to refineries. Net imports of petroleum include c_ru_de oil, petroleum
products, unfinished oils, alcohols, ethers, and blending components. Other netimports inc\ud_e coal co_ke _and electricity. Some refinery
inputs appear as petroleum product consumption. Other consumption includes net electricity imports, liquid hydrogen, and methanol.

Source: AEQ2005 National Energy Modeling System, run AEQ2005.0102004A.

Energy Information Administration / Annual Energy Outlook 2005

ii. World
The summary of the UNDP World Assessment
report (2000) about the energy projections up to 2100
are shown at Annex- IV [17]. The UNDP projections may
be compared and verified with the EIA/DOE energy
outlook.

iii. ~Energy System Integration and Cooperation
The word is moving though slowly towards
cross —boundary integration of energy distribution
networks of electrical grids and gas and oil pipelines.
Such integration is likely to make energy systems more
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efficient, accessible and affordable. The EU countries in
the past has taken and are taking steps towards this
direction. But for the developing countries will require
more transparency, understanding, consensus of
people and parties at stake for energy system
integration. The actions have to be based mutual trust,
cooperation and ethics.

VIIl. BANGLADESH PERSPECTIVE

a) Energy Status
Bangladesh is the most densely populated
country (among the comparable sized ones) of the



world. Population wise (about146 million) it is the eighth
largest country with an area of only 147570 sqg kms. The
impor- tance of energy, particularly electricity is
recognized in the Constitution (Article - 16) [19]. Yet,
more than 66% of the people do not have access to
electricity. Besides the electrical supply system suffers

from frequent load shedding and low quality. The per
capita energy consumption rate is also very low. The
Table-8 shows energy scenario of some selected
countries and the regions. Most of the people (79.9%)
living in the rural areas depend mostly on primary
energy sources.

Table & . Energy Scenario of Some Selected Regional Countries and Economic Areas

Sl. Country +Traditional Fuel +Per Capita Installed Electricity
No. Consumption (% Electricity Capacity Access to
of total) 2002 Consumption (Mega Population
(kwh/yr. Watt) (%)
1. Bangladesh 61.6 140 4710 40
2. Bhutan 87.8 241 445 30
3. India 20 561 112,058 56
4. Nepal - 63 522 40
5. Pakistan - 479 17,953 56
6. Sri Lanka 41.6 354 1,615 64
9. China 5.3 1484
10. Malaysia 1.5 3234
11. Iran 0.1 2,075
12. OECD 3 8615
13. High Income 4.5 10,198
14. Middle 17 1,653
Income
15. Developing 24.5 1,155
16. Low Income 42.2 399
17 World 7.6 2456 40

+Source. UNDP Human Development Report 2005
quality). Gas is used for production of 89 % of electricity

b) Energy Sources of the country [20]. The rationality may be assessed.

The country has very little energy reserves even
compared to South Asian countries [Table-9]. The most
important commercial energy source is gas (very high

Table 9 : Energy Reserve Base of South Asian Countries

SI.No. Country Population Oil Reserve Gas Reserve Hydro Coal
Million (GigaTons) (Trillion m3) Potential Giga Tons
102 watt hr/Yr.
1. Bangladesh 145 0.007 0.3 2 2.5
2. Bhutan 2 - - 70 -
3. India 1085 0.671 0.77 660 84
4. Nepal 28 - - 158 -
5. Pakistan 164 0.026 0.75 130 2
6. Srilanka 20 - 8 -
7. World 6465 295 502 13945 5579

Source : Oil and Gas Journal, World Energy Council (Energy & Power, p.9, 01.02.05)

¢) Energy Management

The country has notified the Energy Policy in
1995[22]. Several energy studies have been carried out
since 1975. But the recommendations of the national
policy or the studies are not duly reflected in the policy
decisions of energy development. Consensus on the
energy reserve-resources (particularly on gas) is lacking.
The coordination of the activities of the interdependent
energy and consumer sectors is also weak.

The energy demand and supply issues, as
these are closely linked with sustainable development
[Agenda 21], are required to be routinely studied and
assessed with due depth from the energy security
perspectives. The Japanese, South Koreans, French,
Malaysian national energy policies may be examined for
guidance. The uniqueness of Bangladesh in the context
of geo-socio-economic situation are also required to be
critically and routinely examined. Such studies may help
in achieving smooth and sustainable development as
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well as to fulfill the country’s constitutional obligations
(Articles 16 and 19).

1X. Key [SSUES

The issues that are confronted by the world
community were elaborately discussed in the ~ World
Energy Conference held in Sydney, Australia in
September 2004.

a) Goal

While the message of the World Energy Council
(WEC) Conference held in September 1989 in Montreal,
Canada was “Find more energy or perish”; the key issue
of the last WEC Conference held in Sydney was energy
sustainability. But the achievement of sustainable
development in energy sector demands that the access
and security of supply is ensured while avoiding
environmental impacts, which would compromise future
social and economic development.

b) Focal Areas

The increase in energy prices and supply
disruptions and their effects on different energy
development aspects were subjects of discussions and
redress. The conclusions of the Sydney World Congress
are given in Annex-V. Some of the key conclusions are
highlighted below: -

All energy options must be open
More pragmatic market reform
Reliability of electricity supply
Regional integration of energy supply
Research and development

Climate change

Public trust and understanding
Energy security

Energy accessibility and affordability

<

MDGs and Sustainable Developrment

Particularly the accessibility and affordability of
the useful forms of final energy are essential to fulfill the
millennium development goals (MDGs). World is very
much diverse. Each country, particularly the developing
one, has its unique socio-politico- geo-economic
position. The unique features shall have to be taken into
consideration by the policy makers for achieving the
sustainable development.

d) Global Consensus

Global consensus and cooperation among the
states are needed to resolve global warming and
climatic changes and environmental pollution issues
and for more future friendly use of fissile and renewable
sources.

X. CONCLUSION

Energy is essential for continued human
development and economic growth. It ‘is central to

© 2016 Global Journals Inc. (US)

achieving the interrelated economic, social, and
environmental aims of sustainable human development’.

Electricity and final energies are not accessible
or affordable to more than 2 billion people who live in
acute poverty and deprivation. The energy need of this
deprived group has to be addressed in order to achieve
the MDGs.

Energy will be needed in much larger quantities
in the coming years to meet the need of the expanding
global population as well as to meet the growing need
of goods and services are required for better quality of
life. But the reserves of the commercial sources are
finite.

“Much of the world’'s energy.... is currently
produced and consumed in ways that could not be
sustained if technology were to remain constant and if
overall quantities were to remain substantially the
same”.

Proper understanding and consensus among
the parties at stakes on national energy issues from the
country’s energy reserve/resource base and socio-geo-
economic condition are essential for energy security and
sustainable development. The planned energy mix has
to be optimized in the context of the national needs and
aspirations and global perspectives.

Comprehensive assessments and analyses with
knowledge and reliable data and actions with wisdom
will be necessary to address energy related issues. This
is essential for a more stable and livable world,
particularly in this age of globalization and information
and communication technology and expanding global
unrest and terrorism.

The goal is of course achievable if the ethics
based strong commitment, mutual trust and active
support and cooperation of the world leaders and the
multinational economic-giants could be ensured.

XI. ANNEXES

Annex-/: Millennium Development Goals
Annex-Il: Glossary-selected terminology
Annex-lll. Matrix of Energy and
Development Goals

Annex-/V: Summary of three Energy Development Cases
in 2050 and 2100 compared with 1990

Annex-V: Conclusions of World Energy Congress,
Sydney, Australia, 5-9 September 2004

the Millennium
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exposed to and shared with all over the world as we are being abstracted and indexed
worldwide.

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

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

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

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

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

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

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

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed)

Page Size: 8.27" X 11"

e Left Margin: 0.65

e  Right Margin: 0.65

e  Top Margin: 0.75

. Bottom Margin: 0.75

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

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

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

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

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

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

e  First Character must be three lines Drop capped.

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

e Line Spacing of 1 pt

e large Images must be in One Column

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

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

1. General,

2. Ethical Guidelines,

3. Submission of Manuscripts,

4. Manuscript’s Category,

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

1. GENERAL

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

Scope

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

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

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

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

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

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

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

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

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

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

Please mention proper reference and appropriate acknowledgements wherever expected.

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

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

3. SUBMISSION OF MANUSCRIPTS

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

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author,
you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the
instructions.
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To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments.

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

4. MANUSCRIPT’S CATEGORY

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

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

5.STRUCTURE AND FORMAT OF MANUSCRIPT

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Key Words

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

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

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

research paper are very helpful guideline of research paper.

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

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

e One should avoid outdated words.

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

Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references.
Acknowledgements: Please make these as concise as possible.

References

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

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

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

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

Tables, Figures and Figure Legends

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

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

Preparation of Electronic Figures for Publication

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

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi;
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi.

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

XII



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

6. AFTER ACCEPTANCE

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

6.1 Proof Corrections

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

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

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

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

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

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

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

6.3 Author Services

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

6.4 Author Material Archive Policy

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

6.5 Offprint and Extra Copies

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org .

You must strictly follow above Author Guidelines before submitting your paper or else we will not at all be responsible for any
corrections in future in any of the way.
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Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper?
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science
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.

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:

1. Choosing the topic: In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can
have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can be done by
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
e  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.
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®  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

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

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

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

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

What to keep away from

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

Results:

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

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated

in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not
be submitted at all except requested by the instructor.
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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.

®  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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THE ADMINISTRATION RULES

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

XXIII

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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