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A Novel Control Method for Improvement of 
Voltage Utilization Factor in Three-Phase 

Multilevel Inverter Considering the Input Voltage 
Fluctuation

S. Narasimha α & M. Sushama σ 

Abstract- In This paper wind, solar and fuel cells based stand 
alone cogeneration systems are presented for remote area 
utilities applications. This type of co generation system output 
voltages are not constant or stable in always. The generated 
output voltages are directly connected to the loads, without 
battery bank or energy storage devices. The PI, fuzzy control 
method was proposed in this paper using svpwm, such that 
the output voltage of converter circuit is constant even though 
input voltages are fluctuation conditions. A three phase 
multilevel inverter with static and dynamic load was examined 
to validate for proposed work in MATLAB environment. 
Keywords: space vector PWM; PI-controller; FUZZY-
controller; cogeneration systems; cloosed loop control 
system. 

I. Introduction 

he last decades growth in the production of 
electric energy from renewable energy sources has 
led to an increased focus on power electronics. 

Renewable energy sources like photovoltaic, wind and 
wave energy are relying on power converters in order to 
exchange power with the grid. Anyone who wants to 
produce power for the grid has to make sure that their 
facilities are complying with national grid codes. The 
grid codes has strict regulations when it comes to the 
voltage quality, including limits for rapid voltage 
variations, flicker and harmonic distortion. Rapid voltage 
variations and flicker are matters of control of the 
inverter system, but harmonic distortion is created by 
the pulse width modulated switching of the converter. 
Different filters topologies can be used in order to 
reduce the harmonics generated by the switching action 
in the converter. 

The technology growth in the recent years, most 
of the electrical and electronics equipments are playing 
the major role in the social growth. Accordingly more 
and more amount of power demand has an increased. 
One solution that to meet the power demands in rural 
and remote area are cogeneration systems, witch an 
includes  hybrid  renewable  energy  sources.  In  case  of 
 
Author α: Research Scholar, Dept. of E.E.E, JNTUHCEH, India.                       
e-mail: snarasimha.999@gmail.com 
Author σ: Professor, EEE, JNTUHCEH., India.  
e-mail: M73sushama@yahoo.com 

the system power generation with natural energy and 
fuel cell, comparatively large amount of fluctuation is 
generated at the DC voltage.  

The circuit wich converts the DC power in to AC 
power using multilevel inverter circuit was implemented 
considering the input dc voltage fluctuations. However 
the space vector pulse width modulation method was 
applied in order to improve the voltage utilization factor 
and stabilization of output voltage.  

In this paper, the new control method which an 
introduced the control of the output voltage feedback 
control is proposed. It applied to the control circuit, 
multilevel inverter and operational principle with are 
explained. 

II. Diode Clamped Multilevel 
Inverter 

The diode-clamped inverter provides multiple 
voltage levels through connection of the phases to a 
series bank of capacitors. According to the original 
invention, the concept can be extended to any number 
of levels by increasing the number of capacitors. Early 
descriptions of this topology were limited to three-levels 
where two capacitors are connected across the dc bus 
resulting in one additional level. The additional level was 
the neutral point of the dc bus, so the terminology 
neutral point clamped (NPC) inverter was introduced.  
However with an even number of voltage levels, the 
neutral point is not accessible, and the term multiple 
point clamped (MPC) is sometimes applied. Due to 
capacitor voltage balancing issues, the diode-clamped 
inverter implementation has been mostly limited to the 
three level. Because of industrial developments over the 
past several years, the three level inverter is now used 
extensively in industry applications. Although most 
applications are medium-voltage, a three-level inverter 
for 480V is on the market. 

The three phase 3-level diode clamped 
multilevel inverter is the common multilevel inverter used 
for various applications. A three phase 3-level diode 
clamped multilevel inverter is adopted in this project. It is 
obtained from a configuration of twelve switching 
devices and six clamping diodes as shown in figure.  
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The pairs Sa1 Sa1’, Sa2 Sa2’, Sb1 Sb1’, Sb2 Sb2’, Sc1 
Sc1’ and Sc2 Sc2’ are complementary. Therefore, 
Sa1’=1–Sa1, Sa2’=1– Sa2, Sb1’=1–Sb1,Sb2’=1–
Sb2,Sc1’=1–Sc1 and Sc2’=1–Sc2. There are twelve 
active combinations were taken using these switching 
states which produce twelve active voltage vectors. The 
nonzero voltage vectors are

 
from V1 to V12.

 

The sector is identified from three phase 
reference voltage and the corresponding voltage vector 
is selected from the switching table to generate the 
gating pulses for the inverter. The

 
vector sequence is V1, 

V2 , V3 , V4 , V5 , V6 ,V7 , V8 , V9 , V10 , V11 , V12 , V1 
each for 30o. 

The angle of reference is found using equation 

= tan−1 �𝑣𝑣𝑙𝑙𝑙𝑙
𝑣𝑣𝑙𝑙𝑙𝑙
� .

 
In 3-level inverter one cycle is split into 

twelve sectors with each 30o. Sector 1 is from 0 to +30o, 
sector 2 is from +30o to +60o, sector 3 is from +60o to 
+90o, sector 4 is from +90o to +120o, sector 5 is from 
+120o to +150o and the sector 6 is from +150o to 
+180o, Sector 7 is from -180o to

 
150o,sector 8 is from -

150o to -120o, sector 9 is from - 120o to -90o, sector 10 is 
from -90o to -60o, sector 11 is from -60o to -30o and the 
sector 6 is from -30o to 0o 

 

 

 
Figure 1 : 3-level diode clamped inverter 

  
 
 
 
 
 
 

 

Figure 2 : Block diagram of the output voltage control 
system 

From fig 2. It represent the combined 
generation systems of the solar energy, wind power and 
fuel cell systems are consider for the input source to the 
inverter circuit, these are generated power is not 
constant in always. In such cases output voltage suffers 
from its input. In this paper we developed a control 
circuit with PI, Fuzzy controller logic which absolves the 
output voltages, generates the equalant correction 
signal to the pwm circuits. 

III. Space-Vector Pwm 

One of the features of two parallel connected 
inverters is the ability to obtain three levels of voltage 

(phase to neutral) P = VDC, H = 1
2
 VDC and O = 0. 

Describing system in the meaning of three voltage levels 
provides similarity to Three-Level Neutral Point Clamped 
Inverter. This similarity allows to approach Space Vector 
Modulation in the same way like for Neutral Point 
Clamped Inverter [1]. 

The large vectors divides the plane into six 
sectors. Each of these sectors can be split into four 
regions as it is depicted in Fig. 3. Combination of 
vectors which should be used to synthesize Vref is 
based on its position. For example, when Vref is in 
region four of sector I, V2, V7 and V14 are used. 

 

Figure 3 : 3-level space vector modulation sectors 

© 2015  Global Journals Inc.  (US)
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The switching table is formed using the sector, 
the corresponding voltage vector and the switch state. 
For example, the angle of the reference voltage is 
between 0o and 30o, it is in sector 1 and it selects the 
voltage vector V1. The corresponding switching state is 
110000. Switches Sa1 and Sa2 are in on state. Switches 
Sb1, Sb2, Sc1and Sc2 are in off state. Switches Sa1’, 
Sa2’, Sb1’, Sb2’, Sc1’and Sc2’ are complementary.

A Novel Control Method for Improvement of Voltage Utilization Factor in Three-Phase Multilevel 
Inverter Considering the Input Voltage Fluctuation



a) Dwell Times 

The following Figure presents reference vector 
transition from sector I to sector II: 

Figure 4 : Voltage reference transition between two 
sectors 

The dwell times calculation for three level SVM 
is similar to two level SVM. Vectors:  V2, V7 and V14 are 
used when Vref is in region four of sector I: 

                   V14Ta + V7Tb + V2Tc = Vref Ts               (1) 

where:                       

V14 =
2
3
VDC𝑒𝑒𝑗𝑗

∏
3𝑒𝑒𝑗𝑗

∏
3 ; V7 =

2
3
VDC𝑒𝑒𝑗𝑗

∏
6

 

;V2=
1
3
VDC𝑒𝑒𝑗𝑗

∏
3

 

;    
2
3
[cos(

∏
3
)+jsin(

∏
3
)]𝑇𝑇𝑎𝑎  +√3

3
[cos �∏

6
� + 𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗(∏

6
)]𝑇𝑇𝑏𝑏+

1
3
[cos(

∏
6
)+jsin(

∏
6
)]𝑇𝑇𝐶𝐶=

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉
𝑉𝑉𝑉𝑉𝑉𝑉

[cos(Ө)+jsin(Ө)]𝑇𝑇𝑠𝑠           

 

(2) 

And splitting into real and imaginary part:

 

b)

 

Real

 

                  1
 3

Ta + 1
2

Tb + 1
6

Tc = Vref
VDC

cos(Ө)𝑇𝑇𝑠𝑠                    (3)

 

c)

 

Imaginary

 

        

 

     √3
3
𝑇𝑇𝑎𝑎 + √3

6
𝑇𝑇𝑏𝑏 + √3

6
𝑇𝑇𝑐𝑐 = 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉

𝑉𝑉𝑉𝑉𝑉𝑉
sin (Ө)𝑇𝑇𝑠𝑠              

 

(4)

 

d)

 

Together with

 

                            Ta + Tb + Tc = Ts

 

               

 

              (5)

 

a set of equations real and imaginary can be created to 
calculate dwell times: Ta, Tb, Tc.

 
The dwell times for 

every region in sector I are presented in Table1.
 

Table 1 :
 
Switching pattern for sector

 

SECTOR -1
 

Segments
 

1
 

2
 

3
 

4
 

1 [OOO]
 

[HOO]
 

[HOO]
 

[HHO]
 

2 [HOO]
 

[HHO]
 

[POO]
 

[PHO]
 

3 [HHO]
 

[PHO]
 

[PHO]
 

[PPO]
 

4 [HHH]
 

[PHH]
 

[PHH]
 

[PPH]
 

5 [HHO]
 

[PHO]
 

[PHO]
 

[PPO]
 

6 [HOO]
 

[HHO]
 

[POO]
 

[PHO]
 

7 [OOO]
 

[HOO]
 

[HOO]
 

[HHO]
 

    O-lower 
 
switching,  H-upper  switching,  P-both 

 
upper and 

 

    lower switching.   

IV.
 

Pi Controller
 

PI controller will eliminate forced oscillations 
and steady state error resulting in operation of on-off 
controller and P controller respectively. However, 
introducing integral mode has a negative effect on 
speed of the response and overall stability of the 

system. Thus, PI controller will not increase the speed of 
response

 

[5]. It can be expected since PI controller does 
not have means to predict what will happen with the 
error in near future [1]

 

[2]. This problem can be solved 
by introducing derivative mode which has ability to 
predict what will happen with the error in near future and 
thus to decrease a reaction time of the controller. PI 
controllers are very often used in industry, especially 
when speed of the response is not an issue. A control 
without D mode is used when

 

a)

 

Fast response of the system is not required

 

b)

 

large disturbances and noise are present during 
operation of the process

 

c)

 

There is only one energy storage in process 
(capacitive or inductive)

 

d)

 

There are large transport delays in the system

 

The pi controller basic mathematical equation is

 

                    U = Kp𝑒𝑒𝑘𝑘 + 𝐾𝐾𝐾𝐾 ∑ 𝑒𝑒𝑘𝑘 + 𝑢𝑢0
𝑘𝑘
𝑗𝑗=0                          

 

(6)

 

 

𝑢𝑢𝑘𝑘 = �𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈(𝑈𝑈 ≥ 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈)
𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈(𝑈𝑈 ≤ 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈) �

 

Kp=proportional coefficient

 

Ki=integral coefficient

 

 

𝑒𝑒𝑘𝑘 =K-th sampling time

 

  𝑢𝑢0=initial value

 

V.

 

Fuzzy

 

Controller

 

The most commonly used fuzzy inference 
technique is the so-called Mamdani method, as the very 
first attempt to control a steam engine and boiler 
combination by synthesizing a set of linguistic control 
rules obtained from experienced human operators. Their 
work was inspired by an equally influential Interest in 
fuzzy control has continued ever since, and the literature 
on the subject has grown rapidly [2]. In this model the 
fuzzy implication is modeling by Mamdani’s minimum 
operator, the conjunction operator is min, the t-norm 
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the working with this model of FLC will be considered 
the example. Where a simple two-input one-output 
problem that includes three rules is examined  

 

        Rule

 

1 : IF x is A3 OR y is B1 THEN z is C1

 

        Rule

 

2 : IF x is A2 AND y is B2 THEN z is C2

 

        Rule

 

3 : IF x is A1 THEN z is C3.  

 

Step 1: Fuzzification  

The first step is to take the crisp inputs, x0 and 
y0, and determine the degree to which these inputs 
belong to each of the appropriate fuzzy sets. According 
to Fig 5 one obtains. 

 
 

                                          

µA1(x0) = 0.5, µA2 (x0) =

 

0.2, µB1 (y0) = 0.1, µB2 (y0) = 0.7                     

 

                 (7)

 

 

Figure 5 : Fuzzification

 

Step 2: Rules evaluation  

 

The fuzzified

 

inputs are applied to the 
antecedents of the fuzzy rules. If a given fuzzy rule has 
multiple antecedents, the fuzzy operator (AND or OR) is 
used to obtain a single number

 

that represents the result 
of the antecedent evaluation. To evaluate the disjunction

 

of the rule antecedents, one uses the OR fuzzy 
operation. Typically, the classical fuzzy operation unions 
used.

 

                   µA∪B(x) = max{µA(x), µB(x)}                   

 

(8)

 

Similarly, in order to evaluate the conjunction of 
the rule antecedents, the AND fuzzy operation 
intersection is applied. 

 

                   µA∩B(x) = min{µA(x), µB(x)}                  

 

(9)  

 

The result is given in this Figures

 

 

Figure 6 :
 
Rules evaluation

 

Now the result of the antecedent evaluation can 
be applied to the membership function of the 
consequent. The most common method is to cut the 

consequent membership function at the level of the 
antecedent truth; this method is called clipping. 
Because top of the membership function is sliced, the 
clipped fuzzy set loses some information. However, 
clipping is preferred because it involves less complex 
and generates an aggregated output surface that is 
easier to defuzzify. Another method, named scaling, 
offers

 

a better approach for preserving the original 
shape of the fuzzy set

 

[3][9]. The original membership 
function of the rule consequent is adjusted by 
multiplying all its membership degrees by the truth value 
of the rule antecedent see in fig 7. 

 

Figure 7 :

 

Clipping and scaling

 

 

Step 3: Aggregation of the rule outputs

 

The membership functions of all rule 
consequents previously clipped or scaled are combined 
into a single fuzzy set. fig 8.

 

 

Figure 8 : Aggregation of the rule outputs 

Step 4: Defuzzification 

The most popular defuzzification method is the 
centroid technique used in this paper. It finds a point 
representing the center of gravity (COG) of the 
aggregated fuzzy set A, on the interval [a, b]. 

A reasonable estimate can be obtained by 
calculating it over a sample of points. This fuzzy logic 
controller is 3- level system so it has two inputs, n-level 
system has (n-1) inputs and (𝑛𝑛 − 1)2 rules are used so 
in this fuzzy logic controllers. 
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from compositional rule is min and for the aggregation 
of the rules the max operator is used. In order to explain 
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  This fuzzy controller has two errors one is (E) 
error another one is (CE) counter error both are called 
input layer these are connected to hidden layer it means 
both inputs are compared as following rules

 If (E is Negative) and (CE is Negative) then (u is Min)

 If (E is Negative) and (CE is Positive) then (u is Zero)

 If (E is Positive) and (CE is Negative) then (u is Zero)

 If (E is Positive) and (CE is Positive) then (u is Max)

 U id the output of fuzzy controller it is

 

giving the 
pulses to pwm, this fuzzy controller is based on the 
input errors.

 VI.

 

Results

 a)

 

PI controller

 

 Figure 10 : Simulation diagram of PI controller

 

 

 

 

 

 

Figure 11 : Space vector pulse width modulation 
simulation diagram

 

 

Figure 12 : Simulation results of Multilevel inverter using 
PI controller. (a) Input fluctuated DC voltage, (b)

 

Inverter 
output voltage

 

(Vrms) (c) The output voltage

 

(Vavg)

 

From fig.

 

no. 12.

 

(a) The constant input DC 
voltage is applied from 0sec. to 0.4sec. then the  time 
scale from 0.4sec. to 0.5sec.the input voltage is 
decreased from704.29V to 586v. then the time scale 
from 0.5sec. to 0.62sec. the DC voltage is gradually 
decreases from586v to 469.49V. Then after the input DC 
voltage magnitude is remains constant from 0.62sec. 

              

to 1sec.  

 

From fig.

 

no. 12.

 

(b) it shows the output (Vrms) 
voltage from 0sec. to 0.4sec. the DC voltage magnitude 
is constant, voltage (Vrms) is oscillated nature settiled 
upto 0.3sec, then from 0.4sec.to 0.5sec.DC voltage 

               

is gradually decreases but output voltage (Vrms) 
fluctuated from 415v to 411v. Then after input DC 
voltage is decreased from 0.5sec. to 0.62sec. The 
voltage (Vrms) is also decresed upto 408V. Then from 
the time scale 0.62sec. to 1sec, input DC voltage is 
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Figure 9 : Rules of the fuzzy logic controller

remains constant 469.49v and output (Vrms) voltage 
reaches the constant magnitude  of 415v.

From fig.no.12(c) we can observe that 0sec. to 
0.4sec. input DC is constant, output voltage  is maintain 
constant magnitude. From 0.4sec. to 0.62sec. the input 
DC voltage is decreases. in this case the output voltage 
magnitude is small decreased. Than after time scale 
from 0.62sec. to 0.8sec.the output voltage has 
increased to meet the rated value of magnitude. after 
0.62sec. to 1sec. DC voltage is 20% lesser than the 
applied voltage magnitude even through this period 
output voltage magnitude is reached the rated voltage 
and remains constant voltage magnitude. Using 
SVPWM method which is helps to improve the output 
voltage magnitude to maintain rated voltage with fast 
switching cycles.      

A Novel Control Method for Improvement of Voltage Utilization Factor in Three-Phase Multilevel 
Inverter Considering the Input Voltage Fluctuation



 

 

 

 

Figure 13 : Simulation results of Multilevel inverter using 
PI controller with zoom scale of fig12. (a) input DC 

voltage,(b) Inverter output voltage

 

(Vms) (c) the output  
voltage

 

(Vavg)

 

 
  

  

 

Figure 15 :

 

Rotor speed of induction motor (rpm)

 

 

Figure 16 :

 

Rotor speed of induction motor with zoom 
scale(rpm)

 

 

Figure 17 :

 

THD with static load
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Figure 14 : PI controller error signal

Figure 18 : THD with Induction motor load

From fig. no. 15, we conclude that using PI 
control method the 20% input DC voltage fluctuation 
was  an effectively absorbed  and improved the output 
rated voltage magnitude considering dc voltage 
fluctuation, induction motor load was running with 
constant rotor speed even though dc voltage fluctuation 
cases.

A Novel Control Method for Improvement of Voltage Utilization Factor in Three-Phase Multilevel 
Inverter Considering the Input Voltage Fluctuation



  

 

b)

 

Fuzzy logic controller

 

 
 

Figure 20 :

 

Sub system diagram of Fuzzy logic 
simulation block

 

 

 

 

 
  

 
  

 

Figure 22 : Imulation results of dynamic load rotor 

 

speed using fuzzy-controller

 

From fig.

 

no. 21.

 

(b) it shows the output (Vrms) 
voltage from 0sec. to 0.4sec. the

 

DC voltage magnitude 
is constant, voltage (Vrms) is less oscillated. Then from 
0.4sec.to 0.62sec.DC voltage is gradually decreases but 
output voltage (Vrms) also decresed very smoothly. 
Then after input DC voltage is constant magnitude with 
22% lesser value. From 0.62sec. to max time scale, the 
voltage (Vrms) is has an increased to reached the rated 
value magnitude of 417v within very less time 
comparatevily PI control method.

 

From fig.no.21(c) we can observe that 0sec. to 
0.4sec. input DC is constant, and the output voltage is 
maintain constant magnitude. From 0.4sec. to 0.62sec. 
the input DC voltage is decreases. In this case the 
output voltage magnitude is small decreased. Than after 
time scale from 0.62sec. to 0.8sec.

 

the output voltage 
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Figure 21 : Simulation results of Multilevel inverter using 
Fuzzy controller with 22% dc voltage fluctuation.(a) input 

DC voltage,(b) Inverter output voltage (Vrms) (c) the 
output  voltage (Vavg)

Figure 19 : Simulation diagram of Fuzzy- controller

has increased to reach the rated value of magnitude. 
after 0.62sec. to 1sec. DC voltage is 22% lesser than the 
applied voltage magnitude even through this period 
output voltage magnitude is remains constant voltage 
magnitude.

Figure 23 : Fuzy controller error signal

A Novel Control Method for Improvement of Voltage Utilization Factor in Three-Phase Multilevel 
Inverter Considering the Input Voltage Fluctuation



 

 
  

 

Figure 24 :

 

THD of the dynamic load using Fuzzy 
controller

 

 

Figure 25 : Static load parameters(6Kw)

 

 

 

Figure 26 :

 

Dynamic load parameters

 

Table 2 :

 

Results comparison between PI    
and Fuzzy controller

 

Input DC 
voltage 

fluctuation

 

(%)

 

Control 
methods with 

Load

 

Total 
Harmonic 
Distortion

(%)

 

No.

 

of 
cycles to 

reach 
rated 

voltage

 

20

 

PI with Resistive

 

0.12

 

12

 

20

 

PI  with 
Induction motor

 

0.21

 

12

 

22

 

Fuzzy with 
Resistive

 

0.20

 

8

 

22

 

Fuzzy

 

with 
Induction motor

 

0.20

 

8 

VII.

 

Conclusion

 

From table

 

2. Comparison of PI and FUZZY-
controllers, The advantage of PI controller is less THD 
than fuzzy. The advantage of Fuzzy -controller is taking 
the less number of cycles to reach the rated output 
voltage magnitude considering input dc voltage 
flutuation. Fuzzy control is 22% of voltage fluctuation 
more DC voltage utilization and dynamic, static load 
response is very smooth manner than the PI control. So 
that fuzzy-control method is an effective one considering 
dc voltage fluctuation cases to improve the output 
voltages of converters with very fast response time, low 
THD value, and the supporting results are an examined 
in this paper with 6Kw resistive and 5HP induction motor 
loads.

 

VIII.

 

Feature

 

Scope

 

Future work will focus on the fast response time

 

to reach the rated voltage magnitude considering input 
DC voltage fluctuation, low value of THD. Can be an 
implement the other hybrid techniques control algorithm. 
For improving the voltage utilization factor and power 
quality. 
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Power Factor Detection using Android 
Application via Bluetooth
    

Abstract-  In present days Technological advancement and its 
incorporation is becoming a significant role in human life. Now 
Electrical power is very precious but due to the addition of 
Inductive load the reactive power is increasing rapidly as a 
result the industrialization has been affecting the efficiency of 
the electric power system. To minimize the reactive power 
consumption the power factor detection system is became a 
serious issue. The developed module will be an ideal 
possibility in the upcoming future with minimal cost and 
flexibility. In this project we have used atmega16 
microcontroller, LCD, current sensor, voltage sensor, 
Bluetooth Module and Android Application. The 
microcontroller is used to measure the phase voltage and 
current by using ADC as well as it detect the power factor by 
measuring the phase difference between voltage and current 
using delay. The current sensor is used to measure the current 
respectively voltage sensor for voltage. The LCD is used to 
show the measured data and the Bluetooth module is to send 
the data. The android application is used to show the data in 
smart phone which is specially developed for it. This is a part 
of smart grid. The ultimate objective of the project is to monitor 
the consumer end status continuously with minimum cost.  
Keywords: microcontroller, transformer, LCD, bluetooth 
module, bridge rectifier, zero crossing detector, android 
application.  

I. Introduction 

ower factor is the ratio between the kW and the 
kVA drawn by an electrical load where the kW is 
the actual load power and the kVA is the apparent 

load power. Simply, it is a measure of how efficiently the 
load current is being converted into useful work output 
and more particularly is a good indicator of the effect of 
the load current on the efficiency of the supply system. 
The value for the power factor can theoretically vary 
between 0/% and 100%, where a value of 100% also 
called unity power factor – delivers all of the power as 
active power. A value of 0% would mean all the power is 
supplied as reactive power; no motors would turn and 
no useful work could be accomplished. A high power 
factor is important. But if the power factor is low the 
Current will be increased, and this high current will 
cause to the following disadvantages.  

 
 
 

  
Department, AIUB, Dhaka, Bangladesh. 
e-mails:  faysalchowdhury05@gmail.com, 
sayeedul.mursalin@gmail.com, jubair_aiub@hotmail.com, 
ador1207@gmail.com  

• Large Line Losses (Copper Losses) will occurs.  
• Large kVA rating and Size of Electrical Equipment’s 

will be required. 
• Greater Conductor Size and Cost will be needed  
• Poor Voltage Regulation and Large Voltage Drop.  
• Low Efficiency.  
• Penalty from Electric Power Supply Company on 

Low Power factor.  
This Project focuses on the design and 

implementation of power factor Detection using 
Atmega16 microcontroller chip, determine the power 
factor of the loaded power system, and generate proper 
action to calculate Capacitor. Also we would be using 
concepts of Bluetooth Module and Android Application.  

II. Proposed System 

Microcontroller base automatic Detection of 
power factor with load monitoring is shown in fig.1  

 
Figure 1 :  Block diagram arrangement of the project 

The principal element in the circuit is Atmega16 
microcontroller. The current and voltage are measured 
from the main AC line (L) by using Hall Effect current 
sensor and Potential Transformer. The potential 
transformer and current transformer are used to 
measure the phase difference between voltage and 
current. The signals from potential transformer and 
current transformer are pass in to the zero crossing 
detector IC (ZCD I & ZCD V) individually that transposed 
square-wave of current and voltage and connect it to the 
Microcontroller to observe the zero crossing of current 
and voltage at the same time instant. Bridge Rectifier is 
used to convert the AC voltage to DC voltage. Voltage 
divider applied to convert the dc voltage to 5v. Hall 

P 
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Effect current sensor gives the digital signal of current. 
Microcontroller read the value for both of voltage and 
current. The microcontroller internal timer read the time 
difference between voltage and current and convert it to 
phase angle and measures the power factor. The load 
monitoring status are shown in LCD and send it via 
Bluetooth module through UART for android application.  

III. Circuit Design Arrangement 

In figure 1, the basic arrangement of the 
implemented project can be found.  

Among the major components required to 
establish the project, few of them are the power 
transformers (step down), microcontroller ATMEGA 16 
and Bluetooth module, Bridge rectifier, Zero crossing 
detector.  

a) Transformer  
Transformer is an electrical device which 

transfer energy from one circuit to another circuit without 
change its frequency but in different voltage level. In this 
project we have 230v to 12v step down transformer. 
Step down transformers convert electrical voltage from 
one level usually down to a lower level. A step down 
transformer has less turns on the secondary coil that the 
primary coil. The induced voltage across the secondary 
coil is less the applied voltage across the primary coil or 
in other words the voltage is “stepped-down. Step down 
transformers are made from two or more coils of 
insulated wire wound around a core made of iron. When 
voltage is applied to one coil (frequently called the 
primary or input) it magnetizes the iron core, which 
induces a voltage in the other coil, (frequently called the 
secondary or output). The turn’s ratio of the two sets of 
windings determines the amount of voltage 
transformation.  

 
Figure 2 : 220v/12v transformer 

b) Microcontroller ATMEGA 16  
ATmega16 is an 8-bit high performance 

microcontroller of Atmel’s Mega AVR family with low 
power consumption. Atmega16 is based on enhanced 
RISC (Reduced Instruction Set Computing, Know more 

about RISC and CISC Architecture) architecture with 131 
powerful instructions. Most of the instructions execute in 
one machine cycle. Atmega16 can work on a maximum 
frequency of 16MHz. ATmega16 has 16 KB 
programmable flash memory, static RAM of 1 KB and 
EEPROM of 512 Bytes. The endurance cycle of flash 
memory and EEPROM is 10,000 and 100,000, 
respectively.ATmega16 is a 40 pin microcontroller. 
There are 32 I/O (input/output) lines which are divided 
into four 8-bit ports designated as PORTA, PORTB, 
PORTC and PORTD.ATmega16 has various in-built 
peripherals like USART, ADC, Analog Comparator, SPI, 
JTAG etc. Each I/O pin has an alternative task related to 
in-built peripherals [3].  

 

Figure 3 : Atmega16 microcontroller
 

c) Bluetooth module  

HC-06 has been used as Bluetooth module. 
The Baud rate is 9600. Master and slave mode can’t be 
switched in this Module. HC-06 module have paired 
memory to remember last slave device. The working 
voltage is 3.3V, but it can work at 3.00-4.2v.The Current 
pairing 20~30mA, connected 8mA [4][8]. 

 

 

Figure 4 : Bluetooth module HC-06 
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d) Bridge rectifier  
A bridge rectifier is an arrangement of four or 

more diodes in a bridge circuit configuration which 
provides the same output polarity for either input 
polarity. It is used for converting an alternating current 
(AC) input into a direct current (DC) output. A simple 
rectifier circuit described in this project converts the 
input from AC source to DC voltage. Firstly, the step 
down transformer converts the AC mains supply of 230V 
to 12V AC. This 12V AC is applied to the bridge rectifier 
arrangement such that the alternate diodes conduct for 
each half cycle producing a pulsating DC voltage 
consisting of AC ripples. A capacitor connected across 
the output allows the AC signal to pass through it and 
blocks the DC signal, thus acting as a high pass filter. 
The output across the capacitor is a smooth DC                  
signal [8].  

 

Figure 5 : Bridge rectifier 

e) Zero crossing Detector  
The zero crossing detector is a device that is 

used to detect the point where the voltage and current 
crosses zero in either direction. The reference voltage in 
this case is set to zero. The output voltage waveform 
shows when and in what direction an input signal 
crosses zero volt. If input voltage is a low frequency 
signal, then output voltage will be less quick to switch 
from one saturation point to another. And if there is 
noise in between the two input nodes, the output may 
fluctuate between positive and negative saturation 
voltage Vsat. Here IC LM358n is used as a zero crossing 
detector.  

 

Figure 6
 
:
 
zero crossing detector

 

The output of the zero crossing detector circuit 
is shown in Fig 7.  

 

Figure 7
 
:
 
Zero crossing detector circuit output

 

IV.
 

Simulation & Flow Chart
 

The initial stage, the circuits have been 
designed and simulated in PROTEUS. The circuit have

 

been utilized to detect the power factor using Android 
application via Bluetooth module. The circuit diagram 
can be found in figure 8. 

 

 

Figure 8

 

:

 

Circuit Simulation

 

The output of the Bluetooth Module (Via UART) 
is shown in Fig

 

9. 
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Figure 9
 
:
 
Bluetooth Module output (Via UART)

 

The flow chart of the proposed automatic power 
factor Detection using Android application via Bluetooth 
module is shown in Fig 10.

 

 

 

Figure 10

 

:

 

Flow Chart of the Project

 

As can be seen from the flow chart, the 
sequence of operation depicted clearly. The process 
runs continuously in accordance with obtained logic. 
Vrms and Irms are read by the Microcontroller using 
ADC ports. After the zero crossing of voltage and 
current Signals, which are converted to square-waves, 
are provided to Microcontroller. Power Factor is 
measured by the Microcontroller from manipulating of 
capture module for V and I signals. After measuring the 
Power factor then microcontroller calculate the real 
power, reactive power, apparent power and value of 
capacitor. All the measured value are transmitted via 
UART. 

 
 
 
 

V. Hardware Implementation 

In reference to figure 1, the transmitting and 
receiving side can be described as follows:  

a) Transmitting side  

Heart of the project is the microcontroller 
ATMEGA 16.For measuring the line Voltage in this 
project we have used a step down transformer 
(220/12V) to converting the line voltage from 220V to 
12V. Then, a bridge rectifier has been used to 
converting the 12 V ac to 12 V dc; after that, voltage 
divider have been applied to converts the 12 V to 5 V 
because the microcontroller works at maximum 5 V after 
that we connect it into a microcontroller pins. For current 
here we used a Hall Effect current sensor and connect 
the sensor output to another microcontroller pin. From 
this two pin the microcontroller measures the line 
voltage and current through ADC. For measuring zero 
crossing of voltage and current here we used a current 
transformer and potential transformer and the output 
ZCD are connected with microcontroller pins and 
microcontroller measures the phase angle between 
voltage and current .the Bluetooth module power is 
given from external power source (4V battery). Bluetooth 
module communicates with atmeg16 through UART. 
RXD of Bluetooth module is connected with TXD of 
atmega16 and TXD of Bluetooth module is connected to 
RXD of atmega16.  

b) Receiving side  

In receiver Side an Android Phone is available 
which is connected with transmitting side via Bluetooth 
Module CI Android Apps [6]. The apps can 
communicate with Bluetooth Module HC-06. The 
password of the module is 1234. The communication 
protocol is UART and baud rate is 9600[4].  

In view of the descriptions above, the 
implemented hardware can be found in figure 10.  

 

Figure 11

 

:

  

Implemented Hardware model
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As viewed from figure 11, Automatic Power 
factor detection system to be found. In figure 12, the 
corresponding representation appears in the LCD 
display with the Voltage, Current, Power factor, real 
power, reactive power and the value of Capacitor. The 
view from Android Phone is also shown in figure 12.  

 

Figure 12
 
:
  
Android Phone output

 

VI.
 

Future Prospects
 

In The view of a wide and short range of 
possibilities on the basis of Bluetooth based power 
factor Detection system, a few has been depicted 
below: 

 

•
 

Improvements to human-machine interface. 
 

•
 

Load controlling. 
 

•
 

Load status checking and fault detection. 
 

•
 

Capacitor Switching etc. 
 

Also this project work has not been tested on 
synchronous motor because of the requirement of 
considerable expense. It needs the further enhancement 
of the system. Finance is a critical issue for further 
enhancement. 

 

VII.
 

Conclusion
 

This Project has proposed the advanced 
method of the power factor Detection by using the 
Atmega16 and Android application via Bluetooth 
module which has the many advantages over the 
various conventional methods of the Power factor 
compensation. The microcontroller always monitor 
power factor, voltage and current and it always send the 
current status of the load via Bluetooth module. This 
project gives more reliable and user friendly power 
factor detection. Thus we have presented the Possible 
advanced method

 
for the detection of the power factor. 
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Four Ports Wideband Pattern Diversity MIMO 
Antenna 

Ramling P. Manurkar α & Veeresh G. Kasabegoudar σ 

Abstract- In this paper a broadband four ports MIMO antenna 
with pattern diversity is presented. To obtain pattern diversity, 
four microstrip feeding lines are printed on one side of the 
substrate where as the modified ground plane is printed on 
the other side. These microstrip lines generate orthogonal 
radiation patterns. In annular slot four shorts are placed 
between the microstrip lines to maintain isolation more than 
25dB. The antenna operates in the range of frequencies from 
2.3GHz to 12.6GHz (nearly 139%) which covers FCC defined 
wireless applications. Besides FCC, the proposed antenna 
covers WLAN and Wi-Max applications. A design and 
optimization of proposed geometry is done in Ansoft’s HFSS 
13. Simulated and measured reflection coefficients, coupling 
coefficients and radiation patterns are presented. 
Keywords: broadband antenna, pattern diversity 
antenna, slot antenna and ultra wide band (UWB) 
antenna. 

I. Introduction 

ne important challenge to design a compact 
antenna for multiple applications is smaller and 
thinner terminals with increasing operating 

frequency bands and performance. Bandwidth 
enhancement is major requirement to design printed 
antenna for different applications, like WLAN, cellular 
and cordless phones. These applications are used in 
urban environments where multipath propagation and 
fading may occur.    

To mitigate channel fading and improve 
transmission quality, antenna diversity technique is 
efficient. There are several types of diversity, such as 
pattern, polarization and space diversity has been used 
[1, 2]. The signals are combined in several ways to 
optimize the output signal power or signal to noise 
ration. In diversity method, selection includes combining 
of signals, where highest SNR is selected. The signals 
from all branches are compared with respective 
received signal [3]. 

The correlation between received signals shows 
the diversity performance [4]. If correlation is high then 
the combining efficiency is reduced. In spatial diversity 
method, decoupling between signals is achieved by 
maintaining separation between antennas. This scheme 
is difficult to implement in mobile handsets because                
of space restriction. To overcome this drawback               
pattern diversity and  polarization diversity schemes  are  
 
Author α σ: P. G. Dept., MBES College of Engineering, Ambajogai, 
India. e-mails: ramling.manurkar@gmail.com, 
veereshgk2002@rediffmail.com 

investigated [5, 6]. These techniques use two or more 
co-located antennas with different radiation patterns. To 
receive signal horizontally and vertically, dipole or 
microstrip antennas are used [7]. Microstrip antennas 
are widely used for diversity schemes due to their low 
cost. However, these suffer from narrow bandwidth. To 
extend bandwidth, many solutions are proposed 
including impedance matching networks, substrates 
with low dielectric constants or parasitic patches on the 
top of main patch [8] etc. 

Slot antennas traditionally demonstrated a large 
bandwidth than microstrip antennas. For example in [9], 
slot with two feeding ports for pattern diversity 
applications is used. Pattern diversity antennas have 
been proposed in many literatures and carried out with 
different methods. In [10] two monopoles were used to 
provide pattern diversity. The T-shaped network was 
used to feed antenna with operating frequency range of 
1790-2200 MHz, was achieved. In [11], a planar dual 
port diversity antenna was presented, which operates 
with broadside and conical radiation patterns in H-
plane. In this geometry, operating bandwidth of 50% is 
achieved for diversity. In [12] pattern diversity is 
achieved by dual ports microstrip antenna with two 
shorts to maintain isolation above 15dB between these 
two ports. The annular slot is used for pattern diversity. 
The total bandwidth is increased up to 120%. 

In this paper, we extended the work reported               
in [12]. Here, we designed annular ring slot with four 
ports. Furthermore, geometry of [12] uses air gap which 
makes the whole geometry as delicate and difficult to 
assemble. To overcome this FR4 material is used to 
fabricate the proposed prototype. Also, the substrate is 
easy to handle as compared to air dielectric material. 
The simulated and measured return loss, isolation 
between ports, and radiation patterns are presented.  
Antenna geometry is presented in Section 2.                
Section 3 presents geometry optimization procedure. 
Experimental results and discussions are covered in 
Section 4. Finally, the work is concluded in Section 5. 

II. Antenna Design 

In this section, the annular slot antenna which 
generates four orthogonal patterns is proposed for 
diversity applications in multipath fading environment. 
The proposed annular slot microstrip antenna, 
wideband behavior was achieved. To obtain wideband 

O 
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with pattern diversity, two more ports have been inserted 



in [12] geometry as shown in Figure 1. Four shorts are 
placed in antenna, in order each shorts between feed 
lines. These shorts are placed to obtain high isolation 
between ports. Good isolation between ports is 
achieved when single short is placed between ports. 

The proposed antenna is printed on FR4 
dielectric material with thickness of 0.8 mm. The annular 
slot is etched on square chassis of 100 x 100 mm2. The 
antenna is fed with four microstrip lines printed on 

bottom side of substrate and shown in Figure 1. The 
microstrip feed lines terminated with sub-tuned patches 
to match the antenna to characteristics impedance of 
microstrip line. 

Table 1 : Dimensions of the optimized geometry 

Parameter L Rin
 Rout

 Lfeed
 L1

 Wfeed
 W1 

Value (mm) 100 12 26 25.6 9.4 1.2 7.2 

 

Figure 1 : The proposed geometry of annular slot antenna                                                                                                           
(light grey: bottom view; darker grey: top view)

III. Geometry Optimization and 
Discussions 

In this section parametric study is conducted by 
optimizing the proposed geometry of antenna. The key 
design parameters used for optimization are inner 
radius Rin, patch length L1, patch width W1, and feed 
width Wfeed. All simulations were carried out in HFSS 13 
software. Here the parameters of Rin, L1, W1, Wfeed are 
considered (one at a time keeping other parameters 
constant) to investigate the effect of each of these 
parameters on the antenna’s performance.  

a) Effect of Inner Radius 
The inner radius (Rin) of the circle is varied in 

steps of 1 mm from 10 mm to 13 mm by keeping all 
other parameters constant. The simulated results of 
reflection coefficient of antenna with varying Rin are 
shown in Figure 2. From these characteristics it may be 
noticed that the good bandwidth of antenna is obtained 
for Rin= 12 mm.  
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b) Effect of Patch Length
In this study, keeping inner radius (Rin) constant, 

the patch length L1 was varied (9mm to 9.8mm in step of 
0.2mm) to investigate its effect on the antenna 
geometry. Results of this study are presented in 
Figure 3. These results indicate that the geometry offers 
good bandwidth for L1=9.4 mm. 

c) Effect of Patch Width
In another effort, the patch width W1 is varied 

(6.8mm to 7.6mm) in steps of 0.2mm. The simulated 
reflection coefficient characteristics of this study are 
shown in Figure 4. From these simulated results, it may 
be noticed that optimum bandwidth can achieved for
W1 =7.2mm. 
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Figure 2 : The effect of inner radius Rin on reflection coefficient characteristics.

Figure 3 : The effect of patch length L1 on reflection coefficient characteristics
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Figure 4 : The effect of patch width W1 on reflection coefficient characteristics.

d) Effect of Feed Width
Finally, keeping all parameters discussed in 

earlier subsections constant, feed width (Wfeed) of
antenna was varied from 1mm to 1.4mm in steps of 

0.2mm. The simulated characteristics for various feed 
widths are presented in Figure 5. By observing these 
characteristics it may be noted that the bandwidth of 
antenna is optimum for feed width equal to 1.2mm.

Figure 5 : The effect of feed width Wfeed on reflection coefficient

From the parametric study conducted, it may be 
noted that the geometry with its dimensions listed in 
Table 1 offers optimum performance. The reflection 
coefficient characteristics and mutual coupling 
coefficients of the proposed optimum geometry are 
depicted in Figure 6. From these results it may be noted 
that the antenna offers 139% impedance bandwidth. 

Also, the mutual coupling is well below -20dB 
throughout the band of operation.
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(a)

(b)

Figure 6 : Simulated results (a) Reflection coefficient (b) Coupling coefficient

IV. Experimental Validation of the 
Geometry and Discussions

The proposed geometry shown in Figure 1 with 
its optimized dimensions listed in Table 1 is fabricated 
on FR4 substrate having dielectric constant of 4.4 and 
thickness of 0.8mm. The photograph of fabricated 
prototype is shown in Figure 7. In Figure 8, the setup of 
measurement of reflection coefficient of antenna in 

             real environment is shown. Reflection coefficient 
characteristics of measured results are compared with 

simulated values in Figure 9. In Figure 9 only S11 is 
presented as all ports are symmetrical. The measured 
results slightly mismatch with the simulated values 
which may be due to inaccuracies in the fabricated 
prototype. Simulated radiation patterns at different 
frequencies in the operating band are presented in 
Figure 10. From these patterns it may be noted that the 
patterns remain nearly stable across the band of 
operation. Also, omni-directional patterns are obtained 
in the H-plane suitable for broadcasting applications.
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Figure 7
 
:
 
Photograph of fabricated prototype (a) Front side (b) Back side

 

 

Figure 8
 
:
 
Photograph of measurement setup

 

Four Ports Wideband Pattern Diversity MIMO Antenna

© 2015  Global Journals Inc.  (US)

G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
  

  
 

(
)

V
ol
um

  
  
 

  
Y
e
a
r

20
15

22

F
e 

 X
V
  

Is
su

e 
II
I 
 V

e r
si
on

 I
  

           
           



 

Figure 9 : Comparison of simulated and measured S11
 

 

(a)
 

Radiation patterns at 2.7GHz.
 

 

 

(b)
 

Radiation patterns at 6.8GHz.
 

-50

-40

-30

-20

-10

0

2 4 6 8 10 12 14

S1
1 

(d
B

)

Frequency (GHz)

Simulated Measured

Four Ports Wideband Pattern Diversity MIMO Antenna

           
            

© 20 15    Global Journals Inc.  (US)

G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

(
)

V
ol
um

e 
 X

V
  

Is
su

e 
II
I 
 V

er
si
on

 I
  

  
  
 

  

23

Y
e
a
r

20
15

F



 

(c)
 

Radiation patterns at 10.7GHz
 

Figure 10

 

:

 

Radiation patterns at different frequencies in

 

the operating band (Red (solid-line): E co-poln.; Blue 
(dashed-line): H_co-poln.; Cyan (dotted-line): E cross-poln.; Magenta (dash-dot-line): H cross-poln.)
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V. Conclusions

Four ports wideband pattern diversity antenna 
has been presented. The antenna is etched on chassis 
of 100x100mm2 fed with four microstrip lines printed on 
backside of the substrate. Four shorts are inserted to 
increase the isolation between the ports & to improve 
the performance of antenna. Various characteristics of 
the antenna are presented and satisfactory performance 
was achieved. The antenna covers the FCC defined 
UWB band of frequencies. The proposed antenna offers 
an impedance bandwidth of 139% in the frequency 
range of 2.3GHz to 12.6GHz. Also, the geometry 
produces stable and omni-directional patterns with 
good gain over the band of operation. Besides this the 
antenna exhibits good performance for all four ports, 
and hence the geometry is suitable for diversity 
applications.
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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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• 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. 

• 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. 

• One should avoid outdated words. 

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

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

Acknowledgements: Please make these as concise as possible. 

 References 

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

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

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

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

 Tables, Figures and Figure Legends 

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

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

 Preparation of Electronic Figures for Publication 

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

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

 

 

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 I be able to carry our search in this area? Will I find all necessary recourses to accomplish 
the search? Will I 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.

 

 

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it. 
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16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present 
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will 
confuse the evaluator. Avoid the sentences that are incomplete. 

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

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. 

 

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.  

18.
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sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers. 
Amplification is a billion times of inferior quality than sarcasm. 

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

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on 
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical

 

remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further 
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples. 

 

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

 

Key points to remember:  

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

Final Points:  

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

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

 

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. 

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, I 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                    

29.
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Separating a table/chart or figure - impound each figure/table to a single page 
Submitting a manuscript with pages out of sequence 

In every sections of your document 

· Use standard writing style including articles ("a", "the," etc.) 

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

 

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

 

· Align the primary line of each section 

 

· Present your points in sound order 

 

· Use present tense to report well accepted  

 

· Use past tense to describe specific results  

 

· Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives  

 

· Shun use of extra pictures - include only those figures essential to presenting results 

 

Title Page: 

 

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

 
 

 

 

 

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

General style: 

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

To make a paper clear 

· Adhere to recommended page limits 

Mistakes to evade 

Insertion a title at the foot of a page with the subsequent text on the next page 
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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 
Significant conclusions or questions that track from the research(es) 

Approach: 

Single section, and succinct 
As a outline of job done, it is always written in past tense 
A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table 
Center on shortening results - bound background information to a verdict or two, if completely necessary 
What you account in an conceptual must be regular with what you reported in the manuscript 
Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics) 
are just as significant in an abstract as they are anywhere else 

Introduction:  

 

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

Explain the value (significance) of the study  
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its 
appropriateness from a abstract point of vision as well as point out sensible reasons for using it. 
Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them. 
Very for a short time explain the tentative propose and how it skilled the declared objectives. 

Approach: 

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is 
done.  
Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a

 

least of four paragraphs. 

 

 

Abstract: 

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references 
at this point. 

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught 
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.  

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written? 
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can 
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to 
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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. 
If use of a definite type of tools. 
Materials may be reported in a part section or else they may be recognized along with your measures. 

Methods:  

Report the method (not particulars of each process that engaged the same methodology) 
Describe the method entirely 
To be succinct, present methods under headings dedicated to specific dealings or groups of measures 
Simplify - details how procedures were completed not how they were exclusively performed on a particular day.  
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.  

Approach:  

It 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. 

 

Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the 
whole thing you know about a topic. 
Shape the theory/purpose specifically - do not take a broad view. 
As always, 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 
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Do not present the similar data more than once. 
Manuscript should complement any figures or tables, not duplicate the identical information. 
Never confuse figures with tables - there is a difference. 

Approach 
As forever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report  
If you desire, you may place your figures and tables properly within the text of your results part. 

Figures and tables 
If 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  
In spite of position, each table must be titled, numbered one after the other and complete with heading 
All figure and table must be adequately complete that it could situate on its own, divide from text 

Discussion: 

 

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

Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain." 
Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work  
You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea. 
Give details all of your remarks as much as possible, focus on mechanisms. 
Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted. 
Try to present substitute explanations if sensible alternatives be present. 
One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain? 
Recommendations for detailed papers will offer supplementary suggestions.

Approach:  

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

Content 

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.  
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate. 
Present a background, such as by describing the question that was addressed by creation an exacting study. 
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if 
appropriate. 
Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form. 

What to stay away from 
Do not discuss or infer your outcome, report surroundings information, or try to explain anything. 
Not at all, take in raw data or intermediate calculations in a research manuscript.                    
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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. 

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. 

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

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get
rejected.  
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CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

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 

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

Topics Grades
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