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Abstract-  A PID Controller has been designed and incorporated into the Robot based Agricultural 
System. This system comprises of a Robotic Vehicle which navigates through the field in the desired 
direction performing tilling or de-weeding as it moves. The PID control system has been designed for 
automatic steering and speed control of the Robotic Vehicle. The PID control system continuously checks 
and corrects the direction of travel to keep the vehicle on desired track. PID Control equations for Discrete 
Time Domain have been derived and validated by using MATLAB. Functional tests were carried out using 
ModelSim. The hardware results were finally validated using MATLAB again. The direction accuracy 
achieved is better than 0.01%.       
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Design of PID Controller for Direction Control of 
Robotic Vehicle
C. S. Mala α & S. Ramachandran σ

Abstract- A PID Controller has been designed and 
incorporated into the Robot based Agricultural System.  This 
system comprises of a Robotic Vehicle which navigates 
through the field in the desired direction performing tilling or 
de-weeding as it moves. The PID control system has been 
designed for automatic steering and speed control of the 
Robotic Vehicle. The PID control system continuously checks 
and corrects the direction of travel to keep the vehicle on 
desired track.  PID Control equations for Discrete Time 
Domain have been derived and validated by using MATLAB. 
Functional tests were carried out using ModelSim. The 
hardware results were finally validated using MATLAB again.  
The direction accuracy achieved is better than 0.01%.
Keywords: PID controller, robot control, agricultural 
automation, speed control, steering control.

I. Introduction

he Robotic Vehicle is primarily designed to till the 
field to the specified length and breadth. The 
movement of the vehicle in any direction be it 

forward or reverse, should be in a straight line.  
Otherwise, the vehicle may move haphazardly, not tilling 
the ground in a straight line.  If this operation is carried 
out manually, the throughput is painfully low. If the entire 
agricultural operation is carried out using Robotic 
vehicle, such as the proposed one, which is unmanned, 
then great care has to be taken to ensure that the 
movement of the vehicle is in the desired direction 
always.  This calls for an automated feedback system, 
which keeps track of the wheel direction of the vehicle, 
compares it with the set direction, and takes corrective 
measure in case of any deviation from the set direction.  
There are many techniques reported to achieve the 
direction control or speed control of the wheels of 
automatic unmanned vehicles using PID controller.    

A tele_operated, farmland information collecting 
robot [1] was developed using PID Controller and PWM 
principle [2].   An ideal PID controller is described by 
Wang Hongxing [3] for a farm land information 
collecting robot.   For tuning of the PID controller 
parameters, critical proportioning methods are used [4]. 
A PID Controller developed using 8051 microcontroller 
[5-6] has been briefly explained with programming done 
in embedded C.

Author α: Jawaharlal Nehru Technological University, Hyderabad, 
India. e-mail: csmala63@yahoo.co.in
Author σ: SJB Institute of Technology, Bangalore, India.
e-mail: ramachandr@gmail.com

Suying Yang, Miaomiao Gao, Jianying Lin, and 
Zhuohan Li have worked on PID controller IP Core for 
temperature control in System on a Programmable Chip 
(SOPC). The authors have described the PID Control 
algorithm using HDL on FPGA [7]. They have designed 
PID controller IP core to make temperature tests to the 
control object with features of inertia and pure delay. 
Avalon bus is used for connecting processor to the 
peripherals.

Guoshing Huang and Shuocheng Lee have 
explained the PC based PID speed control in DC Motor 
[8] using Lab view. It uses Vis Sim software simulator to 
analyze its response.  The signals have been acquired 
through NI DAQ USB-6008 card. The parameters are 
adjusted to control the motor speed by using the Lab 
view aided PID controller.

Zhen Wang and Lingshun Liu [9] have designed 
a control system using the microcontroller 
TMS320LF2407A for sampling and regulating the speed 
of the DC Motor and have used AT89C51 
microcontroller for inputting and displaying the speed of 
the DC Motor.

Junyao Gao et al. [10] have designed control 
methods for unmanned vehicle. For steering control of 
the wheels, the authors have applied a complex 
mathematics using a multistep neural network.   Fuzzy 
Genetic Algorithm (GA) PID control method is used for 
the turning control of wheels.

An Intelligent Control for a Crawling Unmanned 
Vehicle [11] have been designed by Dr. Kwang Hwa 
Lee.  An adaptive feedback controller is designed by 
using a combination of PID and Adaptive Neural network 
Fuzzy Logic.

Xiaogang Ruan, Qiyuan Wang and Naigong Yu, 
have designed Dual-loop Adaptive Decoupling Control 
for Single Wheeled Robot based on Neural PID 
Controller [12]. They have used Newton-Euler equations 
in their design to achieve wheel control.

Migara H. et al. have designed a Robotic Arm 
with Hydraulic actuators operated by servo valves [13].  
Each joint position is controlled by a PID based system.  
The system was modeled using MATLAB-SIMULINK tool 
box.

M. S. Tsoeu and M. Esmail, have carried out 
research on Unconstrained Model Predictive Control 
(MPC) and PID Evaluation for Motion Profile Tracking 
Applications [14].  The authors have tested optimally 
tuned Model Predictive Control (MPC)  and PID 
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controller for motion profile tracking and have compared 
them using Pareto optimality.  They have found that the 
results of PID Controller are reasonable, whereas MPC 
gives unanticipated outcomes.

Xiaogang Ruan, Qiyuan Wang and Naigong Yu 
have designed Dual-loop Adaptive Decoupling Control 
for Single Wheeled Robot based on Neural PID 
Controller [12]. They have used Newton-Euler equations 
in their design to achieve wheel control.

Migara H. et al. have designed a Robotic Arm 
with Hydraulic actuators operated by servo valves [13].  
Each joint position is controlled by a PID based system.  
The system was modeled using MATLAB-SIMULINK tool 
box.

M. S. Tsoeu and M. Esmail have carried out 
research on Unconstrained Model Predictive Control 
(MPC) and PID Evaluation for Motion Profile Tracking 
Applications [14].  The authors have tested optimally 
tuned Model Predictive Control (MPC) and PID controller 
for motion profile tracking and have compared them 
using Pareto optimality. They have found that the results 
of PID Controller are reasonable, whereas MPC gives 
unanticipated outcomes.

For tracking stabilization of Robot Motion, a new 
variable structure PID controller design is considered 
[15].  A certain PID sliding motion of a controller with PID 
sliding surface is substantiated for a robotic 
manipulator. Lyapunov full quadratic form and upper 
and lower matrix norm inequalities are formulated for 
sliding and global stability.  This control algorithm is 
applied to robot arm through simulations and the 
authors have found that the control function is 
satisfactory.

An approach for a remote PID controller design 
have been presented by Hui Zhang et al [16]. They have 
first developed the design method for Static Output 
Feedback (SOF) Controller, and using this PID controller 
has been designed.  The SOF Controller has been 
designed using Bernoulli random binary distribution and 
matrix inequalities.

Chaoraingern J et al. [17] have designed PID 
Controller using Coefficient Diagram Method (CDM) for 
track following control of hard disk drive.  It is based on 
proper selection of the characteristic transfer function of 
the closed loop control system. They have shown 
through MATLAB simulation results that CDM design is 
quite stable.

Marino R et al. [18] have designed a nested PID 
control for lane keeping autonomous vehicles which are 
vision based. The steering angle is the control input and 
it is designed taking into account yaw rate and the 
central offset measured by a gyroscope and vision 
system respectively. The simulations were carried out on 
Standard Big Sedan CarSim Vehicle model.

Saidonar M. S. et al. [19] have considered only 
differential steering control with proportional control 
methods for a mobile robot. The current velocities of the 

right and left wheel are used to determine the current 
position of the mobile robot The velocity and angular 
velocity of the robot helps to determine the number of 
encoder pulses that have to be fed to the DC motors 
connected to the right and left wheel.  The proportional 
controller is used to produce the same speed for both 
right and left wheel to ensure the movement of the robot 
in a straight line.

Veerachari Mummadi [20] has proposed a 
digital PID controller for H bridge soft switching boost 
Converter.  The author has formulated the mathematical 
models of the H bridge using the system identification 
tool and has used in the PID design.  Designing the PID 
Controller has been done using Pole Placement 
Technique (PPT) together with Sensitivity Function 
Shaping (SFS).  

PID Controller has been designed in this work 
for automatic steering and speed control of the Robotic 
Vehicle. PID Control equations for Discrete Time Domain 
are presented and validated by using MATLAB in this 
section.

The paper is organized as follows. Section 2 
presents the PID Controller and Derivation of Discrete 
Domain PID Controller Equations and MATLAB 
realization of the same. Section 3 presents the Block 
Diagram of the Proposed Robotic Vehicle with PID 
Controller and the Algorithmic state Machine Charts.  
Section 4 presents the architecture of the PID Controller. 
Section 5 presents the Simulation results and the 
Validation of Verilog RTL Design Using MATLAB and 
Section 6 presents the Conclusion.

II. Pid Control System

The PID controller produces an output signal 
comprising three terms-one proportional to error signal, 
another proportional to integral of error signal and the 
third one proportional to the derivative of error signal. 
Fig.1 presents the PID controller in its expanded form.

Design of PID Controller for Direction Control of Robotic Vehicle
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Figure 1 : Block Diagram of PID Controller

PID control may be achieved in continuous time 
domain by computing an error term such as:

    u(t) = Kp e(t) + (Kp/Ti) ∫e(t) dt + Kp Td (d/dt) e(t)    (1)

or 

       u(t) = Kp e(t) + Ki ∫e(t) dt + Kd (d/dt) e(t)           (2)

where, 

u(t) = Total Corrected Error,

Kp    =   Proportional Gain,

Ti    = Integral Time,

Td   = Derivative time,

Ki     = Integral Gain = Kp/Ti and

Kd  = Proportional Gain = Kp Td.

The proportional control stabilizes the gain but 
produces a steady state error.  The integral control 
reduces or eliminates the steady state error.  The 
derivative control reduces the rate of change of error. 
For example, in steering control, if the reference or set 
direction is 180 degrees and if the robot is moving off 
from the set direction, say, to 182 degrees, then the 
controller dynamically corrects the wheel speeds in such 
a manner that the robot moves closer to 180 degrees. 
The frequency at which the measured direction is input 
is called the sampling rate.  Higher the sampling rate, 
greater will be the precision in correcting the error. The 
PID control is also achieved at the same rate.

a) Derivation of Discrete Domain PID Controller 
Equations 

Fundamental PID Controller equations were 
presented in the previous section. In this section, 
discrete domain equations are so derived that it is 
amenable for Verilog RTL coding. To start with, the 
following assumptions are made:

• Number of samples = n,

• Sample rate (say, 25 Hz depending on the sensor 
employed) = SR,

• Desired direction of the Robot = set_dir, and

• Actual measured direction from a digital compass = 
dir (n).

The difference between the set and the 
measured directions naturally is the error expressed as 
Eq. 3.

                          e(n) = set_dir  - dir(n)                 (3)

Overall Error computed by the Proportional, 
Integral and Differential terms of the PID Controller may 
be derived from Eq. (2) and is presented in Eq. (4).

u(n) =  K0 * e(n)  +  K1 * e(n-1) + K2 * integral (n) (4)

where K0, K1 and K2 are constant gain factors 
for the Proportional, Differential and Integral terms 
respectively and

integral (n)  = integral (n-1) +  (set_dir – dir (n))/SR (5)

As an approximation, we get the corrected 
direction: 

                    dirn (n) = set_dir + (K2/K0) * integral(n) – u(n)/K0 + [(u(n-1)/K0)/(K2/(K1*SR) + K0/K1)]                    (6)

Equation (6) gives the corrected direction.

In order to get the value of the corrected 
direction closer to the reference set direction, various 
values of K0, K1 and K2 were experimented with in the 
above equation using MATLAB. Optimum values arrived 
at for these gain constants are presented in the next 
section.

b) MATLAB Realization of PID Controller
The PID Controller equations derived in the 

previous section has been coded in MATLAB and 

results of the corrected direction and the set direction for 
different gain constant values have been presented in 
Fig. 2 for the Optimum Gain constants.  For this set of 
gain constants, the corrected direction is closest to the 
set direction with the least overall error. The values for 
average direction, average error and overall error for 
different sets of K0, K1, and K2 have also been 
computed and presented in Table 1.  

Integrator  

K Proportional

Corrected 
Error

Output

Ref Val Error

-

+

K Integral

Rate Taker Measured 
Val

K Rate

++

+
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Figure 2 : Matlab Results: Comparison of PID Corrected Direction Vs Set Direction for Optimum Gain                         
Constants – Least Error

Table 1 : Comparison of Average Error and Overall error for different values of Gain Constants

Set dir = 350 degrees, No. of samples = 40, Sample rate = 25 Hz, Length of Field = 300 ft

Sl. No. K0 K1 K2 Avg. 
Direction

Avg. Error Overall error
in feet

1 1/8 1/32 2/1 350.0024 -0.0024 -0.0128
2 1/8 0 2/1 350.1875 -0.1875 -0.9817
3 1/8 1/32 0 350.5859 -0.5859 -3.0680
4 1/4 1/32 2/1 350.3446 -0.3446 -1.8042
5 1/16 1/32 2/1 348.0040 1.9960 10.4512
6 1/8 1/16 2/1 348.9060 1.0940 5.7284
7 1/8 1/32 1/4 350.4825 -0.4825 -2.5265
8 1/16 1/32 1/4 350.0093 -0.0093 -0.0488
9 1/8 1/32 1/16 350.5591 -0.5591 -2.9276

III. Block Diagram of the Proposed
Robotic Vehicle with pid

Controller

The block diagram of PID controller designed 
for the Robotic Vehicle is presented in Fig. 3. The 
system comprises the following functional blocks: Digital 
Compass, PID Controller, Robotic Controller and DC 
Motor Controller.

A digital compass is used for measuring the 
earth’s magnetic field. It has a built in UART interface 
and can be readily used with any FPGA, ASIC or 
Microcontroller based design. The measuring range of 
the compass is 0 to 360 degrees and it has a 

              

resolution of 0.1 degree and an accuracy of 

                             

1 degree. The frequency response is 25 Hz. 

                 

The initial reading is set as is convenient for the        

            

field to be tilled. It is the reference direction in 

                     

which the vehicle is continuously expected to navigate. 

The Digital compass output is read every 40 

                          

msec. The output is compared with the reference 
direction. The difference (error) is applied

                                       

to PID controller for error computation. The 

                             

error output of the PID controller is input to

                                

Pulse     Width      Generator    to    produce    pulses
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Figure 3 : Block Diagram of the Robotic Vehicle with PID Control

proportional to the error computed and is applied to the 
DC Motor Drivers to correct the error and align the 
wheels close to the reference direction. The 
communication with the Digital compass is RS232 
based.

The Robotic Controller is responsible for the 
movement of the vehicle in the set direction. It generates 
the Pulse Width for the DC Motors that drives the 
Wheels of the vehicle according to the correction 
required in the direction of motion. The pulse width 
generated is fed to the DC motor driver.

a) Development of Algorithms 
The Robotic Vehicle Controller may be realized 

by developing Algorithmic State Machine Charts for 
various blocks. The Digital compass senses the 
direction of motion and passes on that information 
serially to the Digital Compass ASCII module of the 
Robotic Controller.  The sensor will begin to send out 
the measured direction only on receiving the command 
31 H on its RX line. The value 31 H is transmitted serially 
at 9600 baud rate by the Digital Compass ASCII 
module.

The digital compass starts transmitting the 
measured value serially on its TX line. The reception 
baud rate is also 9600. One direction value is received 
as 7 bytes.  The First and second Bytes are 0D H and 
0A H respectively.  Then the three bytes of data 
representing the measured direction in ASCII format is 
received. This is followed by 2E (being Byte 6) indicating 
decimal point. Byte 7 is the digit after the decimal point.  
As an example, for 350.0 degrees, the third byte to 
seventh byte is 33 H, 35 H, and 30 H respectively. 

Since the ASM charts for the entire design are 
numerous, the ASM chart for the PID Controller only is 

presented as an example in Fig. 4. The main function of 
this module is to read the current direction of the robotic 
vehicle, check for deviation from the set direction at 25 
Hz sample rate, calculate the error and correct the 
direction of the vehicle. The vehicle is kept at the desired 
direction by controlling the pulse width of the right 
wheels, whereas the pulse width of the left wheel is kept 
constant.

The PID Controller starts functioning only after 
receiving a valid “enable_pidc” signal from the main 
controller. Once the module is enabled, it waits for the 
direction data output from the Digital Compass module. 
It acquires the direction data only after getting a valid 
“data_valid” signal. The first direction data received is 
treated as the “set_dir” (meaning set direction) for the 
vehicle. The successive “dir” data received is then 
compared with the “set_dir” and the corresponding error 
“e(n)” is computed. Thereafter, the PID corrected error 
“u(n)” is calculated which is the sum of proportional, 
integral and the differential errors to compute the 
corresponding corrected direction “dirn”. 

Once the corrected direction is calculated, the 
next task of the PID Controller is to derive the pulse 
widths for the left and the right wheels. For this purpose, 
a free running counter “pwidthm” is used, whose 
terminal count corresponds to 100 % duty cycle. For the 
left wheels, the counter value is compared with the 
“set_dir” value, which is equivalent to about 67% duty 
cycle pulse width and a high pulse output is issued at 
output pin “pwidthm_l” for the condition: (start_pwidthm 
= 1) & (pwidthm <= set_dir). Otherwise, Logic “0” is 
output.  Similarly, for the right wheels, a high pulse 
output is issued at output pin “pwidthm_r” for the 
condition: (start_pwidthm = 1) & (pwidthm <= dirn). 

PID 
Controller

Digital Compass

Robot   
Controllerset_dir 

+

_

e(n) u(n)

Input sensor (4 digits ASCII)

y(n) 
dir(n)

PWM outputsu(n) is the PID controller error.   
It controls the PWM output 

DC Motor 
Controller

To DC Motors
Wheels
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Otherwise, Logic “0” is output. The output pins 
“pwidthm_l” and “pwidthm_r” are connected to enable 
pins of DC Motor Driver IC L298, not presented here.

Reset Conditions :

Figure 4 : ASM Chart for PID Controller Module

set_dir = dir 
u(n) = 0 
e(n-1) = 0 
u(n-1) = 0 
integral = 0 
e(n)  = 0 
dirn(n) = 0 

dir_valid = 1 & 
enable_pidc = 1?

no

yes

dir_valid = 1? 

e(n) = set_dir – dir(n)

2

A

0

ierrc = 4 e(n) + e(n)

1

no

set_dir          = 0 
e(n)          = 0 
ierrc          = 0 
integral          = 0 
unt          = 0 
u(n)          = 0 
e(n-1)          = 0 
u(n-1)          = 0 
dirn1          = 0 
dirn2          = 0 
dirn(n)          = 0 
start_pwidthm = 0 
sample_cnt      = 0 

Go to state 0

u(n) = u(n)t + 2*(integral)

dirn1 = set_dir – 8* u(n)
dirn2 = 16 *integral + u(n-1)/4

3

A

dirn(n) = dirn1 + dirn2

4

5

start_pwidthm = 1
e(n-1) = e(n)
u(n-1) = u(n)

integral = (sample_cnt == 40) ? 0 
integral

7

enable_pidc = 1 ?

yes

no

integral = integral + ierrc/128
u(n)t = e(n) /8 + e(n-1) /32

6

Go to state 1

IV. Architecture of pid Controller

The Architecture of PID Controller comprises the 
following modules: Digital Compass ASCII, Digital 
Compass, BCD to Binary conversion and PID controller 
that have been briefly explained earlier. They are 
presented in Fig. 5 to Fig. 8.

Design of PID Controller for Direction Control of Robotic Vehicle



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

     

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   

G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

(
)

F
V
ol
um

e 
 X

IV
  

Is
su

e 
 I
II
  

V
er
si
on

 I
  

  
  
 

  

7

Y
e
a
r

20
14

© 2014   Global Journals Inc.  (US)

Figure 5 : Digital Compass ASCII RTL Module

Figure 6 : BCD to Binary Converter Module

Figure 7 : Digital Compass Module

clock

reset_n

input_data

output_data_valid

TX

Error

output_data D [7:0] 

clock

reset_n

start
eoc

binary_number D [12:0] 
bcd1

bcd2

bcd3

D [3:0] 

D [3:0] 

D [3:0] 

bcd4 D [3:0] 

clock

reset_n

                 RX

TX

dir (n) D [12:0] 

dir_valid

Figure 8 : PID Controller Module

clock

reset_n

enable_pidc

TX

input _data

pwidthm_l

pwidthm_r
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V. Simulation Results

The PID Controller RTL Codes were 
                 designed and simulated using Modelsim and tested
                                    

for several samples of direction data. A 
test bench was written for the purpose of playing the 
role of Digital Compass Sensor

Figure 9 : PID Controller Waveform showing Robot Direction Correction

for transmitting the Robot direction and to carry out 
functional tests. Since the waveforms are too numerous, 
only the most essential one is presented here. The 
waveform for the generation of pulse width signals 
“pwidthm_l” and “pwidthm_r” for left and right wheels 
are presented in Fig. 9. The signals are generated 
based on set direction and corrected values of the 
direction. The generation of the two pulses always starts 
simultaneously. 

The direction is controlled by only the duty cycle 
of the two pulses. This is achieved by keeping the duty 
cycle of left wheel constant (“pwidthm_l” low for 
“pwidthm = 3500”) with respect to set direction (set_dir 
= 3500), whereas the duty cycle of right wheels is 
determined based on the corrected direction value 
“dirn”. When the set direction and the corrected 
direction values are equal, the pulse width for all the four 
wheels is same. In this example, the measured direction 
“dir” is 350.0. It may be noted that when the current PID 
computed Robot direction “dirn” matches (3491 
meaning 349.1 degrees) the current running counter 
value “pwidthm”, then the right wheels pulse width 
output  “pwidthm_r” is forced low, thus correcting the  
Robot direction to 349.1 degrees. Although the actual 
error “e(n)” is zero in this case, the PID computed error 
“u(n)” is -1. This error is made up in the next sample.

VI. Validation of Verilog rtl Design
using Matlab

Various directions such as the set direction 
(set_dir), measured direction (dir), PID corrected 
direction (dirn) and the corresponding pulse width 
(pwidthm_r) that controls the right wheels of the Robot 
are plotted using MATLAB for 40 samples of Digital 
Compass and is presented in Fig. 10.  The waveform 
reveals that the direction correction effected by the RTL 
code is more effective than even MATLAB in spite of 
using less precision in Verilog coding, thus validating 
the Robotic Controller Design.     
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Figure 10 : Robot Controller Verilog RTL Design Validation Using Matlab

VII. Conclusion

A PID Control System for Robot based 
Agricultural System has been designed. As an example, 
the set direction is taken to be 350 degrees and the 
Digital Compass continuously gives out the measured 
direction at the sample rate of 25 Hz. The number                
of samples taken is 40 for testing. The PID control
system continuously checks and corrects the direction 
of travel to keep the vehicle on the desired track.  PID 
Control equations for Discrete Time Domain have been 
derived and coded in Verilog RTL. Functional tests were 
carried out using ModelSim. The hardware results were 
finally validated using MATLAB.  The direction accuracy 
achieved is better than 0.01%.
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Simulator Energy Produced by Photovoltaic 
Panels used in the Validation of Power 

Balance in CubeSats 

Francisco C. P. Bizarria α, Cleber T. Hoffmann σ, Geilson Loureiro ρ & José W. P. Bizarria Ѡ

Abstract- The CubeSats are small satellites with cubic shaped 
structures that are electrically energized only after inserted into 
orbit operation. Due to this condition it is necessary that the 
components of the electrical architecture cubesat are properly 
tested before of the operation in orbit, to highlight the level of 
reliability suitable for the application in question. In this 
context, this paper proposes a model to simulate the energy 
produced by photovoltaic panels in order to make the test 
charge and discharge batteries that are present in the power 
distribution system that supplies the electrical and electronic 
components installed on the cubesat. The validation of the 
simulation discussed in this work is done by testing the 
prototype which has been developed for this purpose. The 
positive results observed in the tests suggest that the 
simulation is able to reproduce the main conditions of energy 
production that is performed by the photovoltaic panel’s 
cubesat in the orbit of operation. 
Keywords: simulator photovoltaic panels, energy 
subsystem, cubesat. 

I. Introduction 

ubeSats are satellites that adopt physical cubical 
in shape with typical dimensions of 10 cm edge 
and maximum mass of 1.33 kg [1]. The interest 

of cubesat (CS) addressed in this work is to act in an 
orbit "sun synchronous" with a duration of 96.5 minutes, 
and the period of 62.73 minutes with the possibility to 
receive solar radiation, and perform 14 laps around the 
Earth each day. 

Photovoltaic panels for energy generation are 
installed on all external surfaces of the structure, 
configured to form a set of four photovoltaic cells 
connected in series circuit that can provide the level of 
voltage of 10.79 volts open circuit and capacity generate 
current under short-circuit of 200.2 mA. 

The CubeSats’s specifications stipulate that 
they  have  to  be placed in orbit with its batteries supply  
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power in the “off” state, and these batteries must only 
be connected to the electrical system when the 
CubeSats are in their final orbits [1]. 

Due to this feature being planned for the launch 
phase and flight of the spacecraft that will carry the 
cubesat (CS) to orbit operation, it is necessary that the 
components and / or subsystems installed on cubesat 
(CS) are tested to evaluate the behavior of electronic 
and electrical components, and mechanical structure 
before operation in orbit, in order to prove a reliability 
level consistent with the application in question. 

In this context, this paper proposes a model to 
simulate the energy produced by photovoltaic panels in 
order to perform the test charge and discharge batteries 
that are provided in the distribution system of energy 
that supplies the electrical and electronic components 
installed in cubesat (CS). 

The validation of the simulation discussed in 
this article is primarily accomplished through dedicated 
tests that are applied on a prototype developed for this 
purpose. 

II. Objectives of the Work 

The main goal of this work is to propose a 
model that can simulate the electricity produced by 
photovoltaic panels to perform the test charge and 
discharge batteries that are provided in the power 
distribution system that supplies the electrical and 
electronic components installed on cubesat (CS). 

Show the first results obtained through 
simulation of the main conditions of energy production 
that is performed by the photovoltaic panel’s cubesat 
(CS) operating in orbit. 

III. Architecture Simulation 

Figure 1 presents the system components used 
in the architecture designed to simulate the conditions 
of production energy that is performed by the 
photovoltaic panel's cubesat (CS) to orbit operation. 
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Figure 1

 

:

 

System components

 

 

As shown in Figure 1, the simulator photovoltaic

 

panel comprises:

 

a)

 

The host computer (HC).

 

b)

 

Communication line with data probabilistic

 

protocol 
(CLP).

 

c)

 

Voltage source (VS).

 

d)

 

Supply line of energy (SLE).

 

The main function of the host computer (HC) is 
to

 

hold the human-machine interface (HMI) at the

 

application layer and to perform data

 

communication 
with the source voltage (VS). To

 

perform the simulation 
cycle of photovoltaic, the

 

system user (USER) must 
preliminarily

 

parameterizes the values related to the orbit 
of

 

the operation cubesat (CS) which will be submitted

 

when operating in the field of windows intended

 

for this 
purpose.

 

The line data communication protocol with

 

probability (LCP) is the physical medium that

 

carries the 
transmission and reception of data

 

between the card 
data communication computer

 

host (HC) and command 
port of the voltage

 

source (VS). This line is dedicated 
and provided

 

with protection against electromagnetic

 

interference.

 

The voltage source (VS) has means for 
receiving

 

data and control signals sent by the 
humanmachine

 

interface (HMI) in order to define a 
range

 

with specific levels of voltage, which is a function

 

of the characteristics for the supply of electrical

 

current 
of the cells present in photovoltaic panel’s

 

cubesat (CS) 
[2].

 

The physical means that established the 
transport

 

of energy equivalent to the amount generated 
by

 

the photovoltaic panels for cubesat (CS) is the

 

supply 
line of electricity (SLE). This line is

 

dimensioned to 
operate with low Joule losses in

 

the steady state, and 
with protection against

 

electromagnetic disturbances 
and over current.

 

IV.

 

Computational

 

Model

 

The computational model was designed to 
establish

 

a curve relating the voltage and electric current

 

similar to those that are generated by the

 

photovoltaic 
panels on the operating condition in

 

orbit cubesat (CS). 
The information contained in

 

this curve are used to carry 
out remote

 

parameterization of the voltage source (VS) 
in

 

order to reproduce the characteristics of voltage

 

and 
current in the supply line of electricity (SLE) of

 

cubesat

 

(CS).

 

Due to the cubesat (CS) considered in this work 
has

 

no attitude control, solar panels will be installed

 

on 
all sides to ensure that at least one face is

 

exposed to 
solar electromagnetic waves.

 

The maximum conversion 
of solar energy to

 

electricity happens when the angle 
between the

 

position of the sun planet and the panel

 

photovoltaic cubesat (CS) is perpendicular. This

 

way it 
was only considered one face to prepare the

 

model 
presented in this work.

 

As shown in Figure 2, the model was developed 
to

 

simulate the energy generated, with perpendicular

 

incidence on one face of the photovoltaic panel

 

provided for in cubesat (CS) in operating condition

 

in 
orbit [3].
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Simulator photovoltaic panel 

USER

HMI

HC

CLP
VS

SLE

CS 

Simulator Energy Produced by Photovoltaic Panels used in the Validation of Power 
Balance in CubeSats



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2

 

:

 

Model for a

 

single face of the solar panel

It can be observed in Figure 2, that the model

 

developed for the electrical characteristics of the

 

set of 
photovoltaic cells is formed by the following

 

components:

 

a)

 

C1 -

 

is the perpendicular incidence of

 

electromagnetic waves on the surfaces of solar

 

photovoltaic cells.

 

b)

 

C2 -

 

photovoltaic cell able to generate

 

electrical 
current proportional to the area of

 

incidence of 
electromagnetic waves.

 

c)

 

C3 -

 

instrument for measuring electrical

 

current with 
optimal operation.

 

d)

 

C6 -

 

instrument to measure voltage with

 

optimal 
operation.

 

e)

 

C4 and C7 -

 

converters physical signs

 

simulated for 
the current vectors (C5) and

 

tension (C8), 
respectively.

 

f)

 

C9 -

 

variable resistance element.

 

g)

 

C10 -

 

block parameterization of initial

 

conditions 
simulation.

 

h)

 

C11 -

 

reference to the model developed.

 

i)

 

C12 -

 

converter values assigned by the ramp

 

generator (C13) to make the adjustment of the

 

variable resistance element (C9).

 

j)

 

C13 -

 

ramp generator with parameterized

 

values.

  

The value parameterized in the component C1 
does

 

not consider losses in the incidence of solar

 

radiation on orbit condition.

 

The value of the efficiency of the photovoltaic 
cell

 

is parameterized in the component C2, considered

 

the value of 28% as typical for the study in

 

question [4].

 

The equivalent current values (C5) and voltage 
(C8)

 

power generated by the association in series of

 

photovoltaic cells over time is monitored by

 

measuring 
the voltage (C6) and electric

 

current (C3).

 

The value assigned to the variable resistance

 

element (C9)

 

is changed over time by the ramp

 

generator (C13) with the goal of obtaining the

 

current vs. 
voltage curve that is characteristic for

 

the patterned 
array of photovoltaic cells. The

 

result of the simulation 
model in question is shown

 

in Figure 3.

 

The values defined in the curve of Figure 3 are

 

parameterized in the voltage source (VS) to

 

reproduce 
the condition that electricity generated

 

by the 
photovoltaic panel’s cubesat (CS) in

 

operating condition 
in orbit.
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C12 C13
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Figure 3

 

:

 

Curve voltage versus current

 

 

V.

 

Prototype

 

The prototype has been developed to validate 
the

 

simulations discussed in this work and it is

 

presented in Figure 4.

 

The set of nomenclatures, components and

 

functions adopted for prototype are the same

 

shown in 
architecture of the Figure 1.
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VS 

HC

HMICS

SLE

Simulator photovoltaic panels 

 

Figure 4 : Components of the prototype

The program that manages the simulator
operations executes the algorithm that contains the 
sequence of steps shown in the flowchart of Figure 5.

Simulator Energy Produced by Photovoltaic Panels used in the Validation of Power 
Balance in CubeSats



 

  

 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 5

 

:

 

Flow chart management

 

It is important to emphasize that observing the 
set

 

of steps contained in the flowchart shown in

 

Figure 
5, the value stored in accumulator that

 

performs the 
orbital cycle count is related to the

 

amount of times that 
occur charge and discharge

 

cycle that the batteries are 
subjected in orbit

 

operation. This number of cycles is 
considered as

 

the main reference in the degradation of 
battery

 

life.

 

a)

 

Graphic Interface

 

Through the graphical interface the system

 

user 
(USER) parameterizes the values that are

 

required to 
perform the simulation of the orbit,

 

the command 
initiation of testing and monitoring

 

of results through 
remote resources.

 

Figure 6 presents the window parameterization

 

which was developed with existing resources of an

 

integrated development environment [5],

 

dedicated to 
this purpose. There are virtual

 

components that allow 
the system user (USER)

 

command, view and 
parameterize information

 

related to:

 

i.

 

P1 (Switch General) -

 

enables the power

 

terminal of 
the supply line of electricity (LSE).

 

ii.

 

P2 (enable orbit) -

 

enables time base to

 

playback 
periods of eclipse, lighted related to

 

orbit operation.

 

iii.

 

P3 (with VISA) -

 

the communication port of

 

the host 
computer (VS) that will be used in the

 

transfer of 
data for the voltage source (VS).

 

iv.

 

P4 (time Illuminated) -

 

defines the time the

 

cubesat 
(CS) will receive solar radiation.

 

v.

 

P5 (time Eclipse) -

 

defines the time the

 

cubesat (CS) 
will be in the shadow of the Earth.

 

vi.

 

P6 (Isc) -

 

the value for the maximum short

 

circuit 
current that will be provided by the

 

array of 
photovoltaic cells.

 

vii.

 

P7 (Output Current) -

 

display of the current

 

value

 

of 
current drawn by cubesat (CS).

 

viii.

 

P8 (voltage output) -

 

display the current

 

value of the 
applied voltage electrical system

 

cubesat (CS).
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START

END

Load voltage and current 
values in the voltage 
source (VS). 

Set values: 
Communication voltage 
source (VS). 
Short circuit current (Isc). 
Time illuminated orbit. 
Time eclipse orbit. 

End Program? 
Y

N

Switch Separation 
Attached ? 

Y

N

Enable output of the voltage 
source (VS) with voltage level 0 
Volts and counter of Orbits. 

Measuring output current of 
voltage source (VS). 

Current = 
0 Ampères? 

Y

N

Set the output voltage of the 
voltage source (VS) with 
maximum value. 

Adjusting the voltage of the voltage 
source (VS) output. Using the 
characteristics of curve of the 
computational model. 

Show values of voltage, current 
and power in the MMI. 

Satellite lit ? 

Y

N Adjust the voltage of voltage 
source (VS)with 0 Volts in 
output. 

Completed an 
orbit? 

Y

N

Increment cycle counter orbit. 

 

Figure 6 : Parameter window

The trend graphs of the voltage and current
applied to the electric system of the cubesat (CS),
during the time of testing are presented by virtual
components contained in the monitoring window, which 
is shown in Figure 7.

P1 P3 

P4 P5 
P6 

P8 
P2 

P7 
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Balance in CubeSats



 
 
 
 

   

 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7

 

: 

 

Monitoring window

 

Virtual components contained in Figure 7 allows

 

the system user (USER) command and monitor the

 

following information fields:

 

i.

 

I1 (Switch Separation) -

 

controls the time

 

that the 
cubesat (CS) is inserted into final orbit

 

operation.

 

ii.

 

I2 (Illuminated) -

 

display indicating the

 

period 
cubesat (CS) receives solar radiation.

 

iii.

 

I3 (Orbit) -

 

display the number of cycles

 

orbits 
performed.

 

iv.

 

I4 (Voltage Panel) -

 

display, with

 

instantaneous 
value, the module voltage

 

provided by the array of 
photovoltaic cells.

 

v.

 

I5 (Trend voltage) -

 

chart with information

 

levels of 
voltage provided by the array of

 

photovoltaic cells 
over time test.

 

vi.

 

I6 (Power Panel) –

 

display, with the

 

instantaneous 
value, the module of the electric

 

current supplied by 
the array of photovoltaic

 

cells.

 

vii.

 

I7 (current Trend) -

 

chart with information

 

levels of 
electrical current supplied by the

 

array of 
photovoltaic cells

 

over time test.

 

viii.

 

I8 (Power) -

 

display the current value of

 

the active 
power consumed by cubesat (CS).

 

ix.

 

Viewers (date, time) indicating the date and

 

time of 
the host computer (HC).

 

b)

 

Operational Tests

 

The validation of the components contained in 
the

 

windows of graphical interfaces was made adopting

 

the following structure:

 

i.

 

Set the voltage source (VS) to communicate

 

with 
human-machine interface (HMI) that is

 

installed on 
the host computer (CH).

  

ii.

 

A program was developed to perform the

 

steps 
contained in the analytical flowchart

 

shown in Figure 5.

 

iii.

 

The layout of virtual components contained

 

in the 
windows of the graphical interfaces

 

shown in Figure 
6 and Figure 7 was adopted.

 

The tests were performed evaluating all the

 

graphics contained in the windows of graphical

 

interfaces for various times. In this context, the

 

phase 
parameter is the preliminary condition

 

necessary to 
perform the activation key

 

insertion (I1) within the 
window that enables the

 

simulation of the operation of 
the photovoltaic

 

panel cubesat (CS) in orbit operation.

 

The prototype made correct simulations of

 

batteries cubesat (CS) charging and discharging in

 

accordance with the program management

 

simulator 
that performs the steps contained in the

 

analytical 
flowchart shown in Figure 5.

 

VI.

 

Conclusion

 

The positive results observed in tests performed

 

with the prototype suggest that the method used

 

to 
simulate the operation of the photovoltaic panel

 

is 
suitable for reproducing the operating conditions

 

of the 
orbiting cubesat (CS).

 

The goals established in this study were 
affected,

 

mainly in what is related to model development

 

and implementation of computer simulation to

 

determine the electrical characteristics of

 

operation of 
photovoltaic cells, and thus determine

 

the voltage curve 
versus electric current that is

 

required to validate the 
mentioned model.

  

The strategy used in this work to determine the

 

curve of voltage versus current electrical and

 

subsequently perform validation through prototype

 

testing is consistent to reproduce the

 

characteristics of 
photovoltaic cells that are

 

installed in panels that convert 
solar energy to

 

electricity in CubeSats.

 

VII.

 

Acknowledgement

 

This work was developed with the equipment of

 

the Laboratory Testing and Integration (LIT)

 

belonging to 
the Institute of National Institute of

 

Space Research 
(INPE).

 

References Références Referencias

 

1.

 

Lee, S. and Munakata, R. Cubesat 

                                 

Design

 

Specification. Rev.12, 2009. Available:

 

G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

(
)

F
V
ol
um

e  
 X

IV
  

Is
su

e 
 I
II
  

V
er
si
on

 I
  

  
  
 

  

16

Y
e
a
r

20
14

© 2014  Global Journals Inc.  (US)

I1 I2 

I3 

I7

I5

I6 

I8

I4 

 

<http://www.cubesat.org/images/developers/cds_r
ev12.pdf>. Date of access:11/03/2013.

2. Agilent Technologies. Agilent E364XA Single Output 
DC Power Supplies - User’s Guide. Rev.8. 2012. 
Available:<http://cp.literature.agilent.com/litweb/pdf
/E3640-90001.pdf>. Date of access:16/05/2013.

3. Math Works, Inc. Start the simulink Software. 2012. 
Available:<www.mathworks.com/help/simulink/gs/s
tar-ting-simulink-software.html>. Date of access: 
13/12/2012.

Simulator Energy Produced by Photovoltaic Panels used in the Validation of Power 
Balance in CubeSats



 
  

  

 
   

 
 

  
 

  

5.

 

National Instruments Corporation. LabVIEWTM

 

-

 

Getting Started with LabVIEW. 2012.

 

Available:

 

<http://www.ni.com/pdf/manuals/373427h.pdf>. 
Date of access: 30/01/2013.

 

G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

(
)

F
V
ol
um

e 
 X

IV
  

Is
su

e 
 I
II
  

V
er
si
on

 I
  

  
  
 

  

17

Y
e
a
r

20
14

© 2014   Global Journals Inc.  (US)

4. Morales, R. Performance of advanced triplejunction
solar cells. Santiago del Chile, Diplomová práce. 
Pontificia Universidad Catolica del Chile, 2005.

Simulator Energy Produced by Photovoltaic Panels used in the Validation of Power 
Balance in CubeSats



 
 

 
 

 
 
 
 
 
 
 
 
 
 

Simulator Energy Produced by Photovoltaic Panels used in the Validation of Power 
G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

(
)

F
V
ol
um

e  
 X

IV
  

Is
su

e 
 I
II
  

V
er
si
on

 I
  

  
  
 

  

18

Y
e
a
r

20
14

© 2014  Global Journals Inc.  (US)

This page is intentionally left blank 

Balance in CubeSats



© 2014. S. Ramesh. This is a research/review paper, distributed under the terms of the Creative Commons Attribution-
Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non commercial use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
 

Global Journal of Researches in Engineering: F 
Electrical and Electronics Engineering                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
Volume 14 Issue 3 Version 1.0  Year 2014 
Type: Double Blind Peer Reviewed International Research Journal 
Publisher: Global Journals Inc. (USA) 
Online ISSN: 2249-4596 & Print ISSN: 0975-5861 

 
Rail Parameters Monitoring for the Fire Safety System in the 
Compartments using Automation Technology       

By  S. Ramesh 
      SRM University, India 

 
 Abstract-  Today in the real time world, transport plays the major role in the human’s life. The transport 

may be air, train, road, either by any one of the following ways. But according to our survey analysis for 
long distance communication people prefer rail transport when compared to air and road. The reason for 
that because rail transport is sophicated way to travel. So all kinds of people prefer rail transport only. So 
for those people we have to give the safety journey. Now-a-days the accidents are occurs in the railways 
perioadically. The accidents means it can occurs in detection, collision, bomb disaster and fire in the 
compartments. Out of all the parameters we are going to discuss about fire safety system alone. Fire 
safety system (FSS) can be implemented through automation techniques. The parameters and analysis is 
allowed for only Indian railway networks alone.

  
     

Keywords: alarm, automation techniques, ECU, fire alert system, LED, zigbee WSN.
 GJRE-F Classification : FOR Code: 290903

 
 

RailParametersMonitoringfortheFireSafetySystemintheCompartmentsusingAutomationTechnology 
 
 

                                    

 

                                                  

Strictly as per the compliance and regulations of :  

 



Rail Parameters Monitoring for the Fire Safety 
System in the Compartments using Automation 

Technology 
S. Ramesh 

Abstract- Today in the real time world, transport plays the 
major role in the human’s life. The transport may be air, train, 
road, either by any one of the following ways. But according to 
our survey analysis for long distance communication people 
prefer rail transport when compared to air and road. The 
reason for that because rail transport is sophicated way to 
travel. So all kinds of people prefer rail transport only. So for 
those people we have to give the safety journey. Now-a-days 
the accidents are occurs in the railways perioadically. The 
accidents means it can occurs in detection, collision, bomb 
disaster and fire in the compartments. Out of all the 
parameters we are going to discuss about fire safety system 
alone. Fire safety system (FSS) can be implemented through 
automation techniques. The parameters and analysis is 
allowed for only Indian railway networks alone. 
Keyterms: alarm, automation techniques, ECU, fire alert 
system, LED, zigbee WSN. 

I. Introduction 

ravel is fascinating, of these train travel is 
comfortable. With the increased comfort level in 
train transport and traffic in rails we are in an 

extremely important situation to improve the safety 
concerns in train travel. This paper explains the safety 
measurements in compartments for the passengers to 
travel. Indian Railways is quite unique and distinctive in 
character, really a microcosm of India. To make it a safe 
and reliable system is an enormous challenge. The 
Railways has the most intricate and involved inter-
dependencies. A single flaw in the 64,600 route kms of 
track that criss-cross the country, a defect in over 9,500 
locos, 55,000 coaches and 2.39 lakh wagons that haul 
about 23 million passengers and nearly 2.7 million 
tonnes of freight every day, an incorrect indication on 
one of the thousands of signals that dot the rail 
landscape, a mistake or an act of negligence by one of 
its staff directly associated with train running, even a 
rash act by one of the millions of road users who daily 
negotiate around odd level crossing gates spread 
across the system, an irresponsible act of carrying 
inflammable goods–any one of these multiple 
possibilities has the potential to cause a major tragedy. 
Added to these are the acts of sabotage by misguided 
elements spanning the whole country. Thus utmost vigil 
is safety in operations and also security of the traveling 

Author:
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public is accorded by the Railways. Despite a number of 
safety drives carried out by railways, fire accidents 
continue to take place, raising serious questions over 
the effectiveness of the national transporter's 
preparedness. There were 10 major fire incidents on 
trains since 2012 which claimed 65 lives besides 
causing a damage to the railways to the tune of around 
Rs 8 crore. Realising the seriousness of the situation, 
the railways is now planning to introduce an Australian 
technology to make fire alarms efficient. On 30 June, 
2012, 35 passengers were killed and 25 others injured 
when a coach of the Delhi-Chennai Tamil Nadu Express 
caught fire near Nellore in Andhra Pradesh Though 
railways claim to have taken various measures to 
prevent fire in trains, recurrence of such mishaps on 
regular basis is a matter of concern for the government 
This paper also explains the possible future in 
automation compartments system in global scale. 
These system design is very cost worth system and on 
implementation can yield better results. India leading in 
the train compartments all over the world and with its 
varsity wills the best place to implement the system. This 
system comes in challenging models with TAS.  

II. Train– Fire Accidents 

The term “accident” envelopes a wide spectrum 
of occurrences with or without significant impact on the 
system. Consequential train fire accidents include 
mishaps with serious repercussion in terms of loss of 
human life or injury, damage to railway property or 
interruption to rail traffic in excess of laid down threshold 
levels and values. These consequential train accidents 
include collisions, derailments, fire in trains, road 
vehicles colliding with trains at level crossings, and 
certain specified types of “miscellaneous” train mishaps. 
Why we have taken this survey there are lot of fire 
accidents happens in train continuously. So in this 
proposed paper we are going to give the basic idea to 
avoid the fire accidents. Here the Table showing the 
trend of train Fire accidents on Indian Railways since 
1960-61 is as follows: 
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Table 1 : Train Fire Accidents on Indian Railways since 
1960-61 

Year Fire in 
trains 

1960-61 405 
1961-62 236 
1962-63 55 
1963-64 81 
1964-65 31 
1965-66 42 
1966-67 50 
1967-68 42 
1968-69 48 
1969-70 47 
1970-71 12 
1971-72 22 
1972-73 25 
1973-74 13 
1974-75 23 
1975-76 27 
1976-77 16 
1977-78 14 
1978-79 12 
1979-80 21 
1980-81 29 
1981-82 23 
1982-83 20 
1983-84 17 
1984-85 30 
1985-86 21 
1986-87 13 
1987-88 12 
1988-89 3 
1989-90 8 
1990-91 9 
1991-92 9 
1992-93 9 
1993-94 3 
1994-95 5 
1995-96 5 
1996-97 4 
1997-98 6 
1998-99 6 

1999-2000 21 
2000-01 17 
2001-02 9 
2002-03 14 
2003-04 14 
2004-05 10 
2005-06 15 
2006-07 4 
2007-08 5 
2008-09 3 
2009-10 2 
2010-11 2 
2011-12 4 

2012-13 (upto 
January 2013 

Prov.) 

8 

Fire on a running train is more catastrophic                   
than on a stationary one, since fanning by winds                        
helps spread the fire to other coaches. 
Moreover, passengers sometime jump out of a running 
train on fire resulting in increased casualties. In case of 
fire in running train, every railway staff available on the 
train or at the site shall immediately try and stop the train 
and plunge into action to save lives and property. 

a) Following Sources are main causes of fire in trains  
• Carrying stoves, sigris, gas cylinders, kerosene oil, 

petrol, fire works etc. in passenger compartments. 

• Lighted match sticks, cigarette ends carelessly 
thrown. 

• Short circuit in electrical wirings. 

All railway staff and passengers should take all 
possible precautions to avoid any of the above mistakes 
so that possibility of fire breaking out can be minimized. 
In general fire originates in a small level. When it is 
surrounded by burning materials with adequate supply 
of air, fire spreads. 

b) Action to be Taken in case of fire in Train 
• First and foremost immediately summon the fire 

brigade. 

• Secondly, if you smell gas or vapour, or even in 
case of excessive smoke, hold a wet cloth loosely 
over your nose & mouth and breath through it in as 
normal a manner as possible. 

III. Literature Review 

a) Existing Methods 
i. Measures to reduce incidents of fire in trains:  

IR have always endeavoured to enhance fire 
worthiness of coaches by using more fire retardant 
furnishing materials such as Compreg Board/PVC for 
coach flooring, laminated sheets for roof, ceiling wall & 
partition panelling, rexene and cushioning material for 
seats and berths, FRP windows and UIC vestibules etc. 
Specifications for such furnishing materials have been 
periodically upgraded to incorporate the fire retardant 
parameters in line with UIC/other international norms. All 
new manufacture of coaches/periodical overhauling of 
existing coaches is being carried out with fire retardant 
specifications of the furnishing materials. With a view to 
improve fire safety in running trains, a pilot project for 
provision of Comprehensive Fire and Smoke Detection 
System has been taken up in one rake of Rajdhani 
Express on East Coast Railway. Similar automatic fire 
alarm system in 20 more rakes for extended field trials 
has also been decided. Guard-cum-Brake Van, AC 
coaches and Pantry Cars in all trains are provided with 
portable fire extinguishers to cater for emergencies due 
to fire accidents. Improved materials for electrical fittings 
and fixtures such as MCB, light fittings, terminal boards, 
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connectors, etc., are being used progressively. Detailed 
instructions have been issued to Zonal Railways for 
observance of safe practices in handling of pantry cars 
and for ensuring periodical inspection of electrical and 
LPG fittings in the pantry cars. Intensive publicity 
campaigns to prevent the travelling public from carrying 
inflammable goods are regularly undertaken. Measures 
have also been taken to prevent fire due to electrical 
short circuits in coaches, which include three levels of 
protection in non AC coaches in case of short circuits. 
Failure of 1st level fuse protection will cause fuse at 2nd 
level and 3rd level to protect the coach from short 
circuit. To enhance electrical safety of coaches, only 
halogen free, fire retardant, low smoke e-beam 
irradiated cable is being provided in new coaches. Two 
separate Fire Safety Audit Teams have been constituted 
recently to plan fire safety audits. 

b) Proposed System 
The proposed system implements the Fire 

Safety system (FSS) using automation techniques. In 
this techniques the train engine wants to be fully 
automated, so we can called (ATE) Automated train 
engine. In this concept ATE is fully automated and 
connected to all the coaches from engine. In all the 
compartments we want to fix the temperature sensor 
and alarm, whenever the temperature exceeds in the 
coaches the temperature sensor will sense and it will 
send the message to the engine through zigbee. At the 
same time (ECU) Engine control unit is fixed with Alarm 
& LED. So the signal will be received from coaches, the 
alarm will blinks and at the simultaneously time the LED 
will shows which compartment is having the fire. Here in 
this scenario we have to take two conditions because in 
all trains we are having two types of coaches AC & Non 
AC.So we will fix the temperature sensor based on the 
coaches. At the same time we want to fix the alarm in all 
coaches to give alert to all passengers. 

IV. Hardware Module 

a) Zigbee WSN 
The sensor is a basic unit and platform of the 

wireless sensor network. A sensor is commonly 
composed of a sensor module, a processing module, a 
ZigBee wireless module and a driver display module. 
The sensor module is responsible for wave Avoidance of 
Fire Accident on Running Train Using ZigBee Wireless 
Sensor 585 electrical conversion and collecting 
parameters such as relative humidity and atmospheric 
temperature. This module processing is used to 
calculate the temperature, sensing alarm node and 
sending the signal to engine driver. The ZigBee wireless 
module is responsible for receiving a reliable signal and 
it illuminates the warning light indicating to stop the train 
by engine driver. The LED display module monitors the 
coaches and prevents the fire accidents by using 
Temperature sensor. In this Sensor, it calculates the 

increased temperature over the atmospheric 
temperature and then it transmits the signal to the 
engine driver through ZigBee wireless technology. 
Simultaneously alert the passenger by alarm. 

b) IR Temperature sensor 
Temperature sensor been common place in a 

variety of automotive applications, enabling the 
enhancements of automotive systems. The ongoing 
trends to improve the systems performance and 
efficiencies, the driver convenience and reduction of 
emissions to drive new temperature sensor applications. 
The paper will discuss the IR temperature sensors how 
to protect the fire compartments in the rails. The IR 
temperature sensor is used to measure the temperature 
of the train coaches. The readings from this sensor are 
then fed back to the Engine control unit (ECU). This 
data from the sensor is then used to find out the 
temperatures position of the Coaches through LED.   

c)
 

LED
 

The led used here is to know for the coach 
temperature position. If temperature is increasing in 
some coaches it will shows in the LED display.

 

d)
 

High Alarm Detection
 

Here we are using high detection to find the fire 
accidents; due to some malfunctions in the coaches the 
alarm will blinks and the engine driver will stop the train. 
At the same time alarm fixed in the coaches it will give 
alert to the passengers.

 

V.
 

Nature
 
of

 
Work

 

Here our work is to design the coaches with IR 
temperature sensor and alarm in the coaches. In trains 
all coaches want to be fixed with the IR temp sensor. 
Before we are going to fix the IR temperature sensor we 
have to fix the sensor in two modules. One module for 
AC coaches and other for the Non AC Coaches. The IR

 

temperature sensor is fixed in all coaches, all sensor are 
interconnected in the serial row with WSN and it will 
send the message to the ECU through Zigbee 
communication. All sensor in the coaches connected to 
the node 1 and node 2, and the nodes are connected 
with the gateway sensory node and then to the Engine 
control unit. If the Temperature will exceeds in the both 
modules, the temperature sensor will sense and it will 
send the signal to the ECU,

 
at the same time ECU is 

fixed with Alarm and LED. So once the signal gets 
received the alarm will blink in engine and in coaches 
also. Now with the help of alarm the driver can stop the 
train and they monitor the coaches with LED which 
coach is having fire alert. Here in this scenario the 
condition will differ for two modules. Because the AC & 
Non AC coaches having different temperature. The 
alarm already fitted in the coaches it will give alert to the 
passengers.

 
 

G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

(
)

F
V
ol
um

e 
 X

IV
  

Is
su

e 
 I
II
  

V
er
si
on

 I
  

  
  
 

  

21

Y
e
a
r

20
14

© 2014   Global Journals Inc.  (US)

Rail Parameters Monitoring for the Fire Safety System in the Compartments using Automation 
Technology

http://en.wikipedia.org/wiki/Engine_control_unit


• Block Diagram 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
• Flow Chart Design 
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Alarm

                                                                                                           LED

              Node 1                                                                                             

  Node 2

Engine 

Control unit

    AC

   coach

Non AC

   coach

ECU Analysis the 
temperatureposition 
of the coaches 
through LED

IR temperature sensor will 
sense the temperature in both 
modules.

If the temperature is normal 
in two modules, it will give 
the information about the 
coaches

Temperature 
information about the 
coaches displayed in 
the  LED 

ECU unit will 
monitors the 
temperature via LED

If the temperature 
exceeds it will send  the 
information to the ECU 
they can monitor the fire 
alert of the coach via 
LED

After the signal received to the 
LED, alarm will blinks and the 
driver can stop the train, at the 
same time  the alarm fixed with 
coaches it will give alert to 
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• Overall View Process 
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Fire

IR temperature 
sensor senses &, 
transmits signal 
to the engine 
driver about the 
fire

Through zigbee it 
will send the 
message to the 
ECU,alarm will blinks 
and driver can stop 
the train

It will shows that 
incase no fire 
accidents also it 
will shows the 
status of the 
coach to the LED 
display unit

LED will show the 
status of the 
coach

Rail Parameters Monitoring for the Fire Safety System in the Compartments using Automation 
Technology



VI. Conclusion
 

Safety has come to be recognized as the key 
issue for the railways and one of its special attributes. 
No railway system can survive by ignoring this vital 
aspect as safe and timely transit is not only significant 
for passenger traffic but also for transportation of 
materials, in today‟s highly competitive environment. In 
recent years, safety of railways is becoming over arching 
concern in major countries like USA, England, Australia 
and those governed by the European Commission. In 
the working of railways system in these countries, the 
trend is to statutorily ensure that safety is accorded 
highest priority. Thus, the above scenario presents a 
strong case for immediate steps to bolster safety 
orientation of Indian Railways along with inculcating a 
culture of zero tolerance of accidents. The constant 
Endeavour of the Indian Railways is to become the 
leader in the nation‟s transportation sector by providing 
modern, reliable, safe, customer-led and customer-
focused services to the nation. Safety is an ethos that 
should pervade all activities of railway operations and 
maintenance. There are lot of train accidents happens 
like Detection, collision,

 
derailment,

 
fire. Here we can 

take the analysis for fire safety system and the proposed 
model also discussed. The survey taken from Indian 
railway networks alone and solution also discussed for 
this only. To reduce the fire accidents this methods will 
definitely applicable. Once we tried this design in real 
time it will helpful for railway to reduce the fire accidents 
in the coaches at the same time we can assure that it 
will save the fire accidents.
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Study of the Power Consumption of a Digital-
Front-End using Random Sampling 

M. Diop α, Deng Xiaoyu σ & J.-F. Diouris ρ

Abstract- Recently, irregular sampling techniques have been 
proposed for the design of digital front-end of a radio receiver. 
This front-end consist in the interface between the analog 
front-end and the baseband processing. The advantage of 
these techniques is the simplification of the sampling 
frequency conversion and the channel selection. The objective 
of the proposed work is to study if a gain in power 
consumption is also obtained. In this paper, the major 
research is the digital-front-end power consumption by using 
random sampling. Firstly, we introduce the methods of 
random sampling JRS (Jitter random sampling) and ARS 
(Additive random sampling). Then we use these methods to 
generate the random clock, select the hardware as mixed 
platform with ADC and FPGA and implement different 
solutions. At last, we measure the power consumption of 
different solutions and make a comparison. 
Keywords: JRS, ARS, FPGA, ADC, power consumption. 

I. Introduction 

efore digital signal processing, the signal must be 
presented in the appropriate digital format. 
Therefore the original analog signal, before 

processing, has to be converted into a digital one, i.e. it 
has to be digitized. Once a signal is digitized, the 
features of the obtained digital signal are fixed and 
nothing can be done to change them. In an ideal world, 
these features would exclusively depend and actually 
would copy the features of the original analog signal. 
The reality is different. The two basic operations of any 
analog to digital conversion, both sampling and 
quantization, impact the characteristics of the digital 
signal substantially. The characteristics of the analog 
signal at the ADC input and of the digital signal at its 
output are just similar rather than identical. How large 
and significant the difference between them depends on 
the digitizing methods and their implementations. 

Information carried by an analog signal can be 
represented in a digital form by a sequence of 
instantaneous values measured at discrete time 
instants. These signal readings are usually considered 
as signal sample values and the process of taking them 
is referred as sampling. The instants at which the 
samples are obtained form a stream of events, which 
can be demonstrated graphically as a sampling point 
process. Characteristic features of the  sampled  signals  
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to a large extent depend on the patterns of the point 
processes generated and used for sampling. When 
sampling is mentioned in the technique of DSP, usually 
it is assumed that it is deterministic and uniform 
(equidistant). The model of sampling according to which 
signal samples are separated by time intervals with a 
constant and known duration is the most popular. This is 
readily comprehensible because such a sampling 
approach appears to be the most natural and obvious. It 
also has a number of attractive advantages. 

However, as was established relatively long 
ago, the application of periodic sampling alone is not 
sufficient. The periodic sampling model is not applicable 
when fluctuations in sampling instants cannot be 
ignored or when signal samples can be obtained only at 
non-uniform or even random time intervals. Studies have 
indicated that randomness in sampling is not always 
harmful, random irregularities in sampling sometimes 
can even be beneficial [1]. These irregularities, if 
properly introduced, provide, for instance, such a useful 
effect as the suppression of aliasing. And such 
sampling itself usually is considered as non-uniform. 
Depending of the required performance specification of 
the signal processing system to be developed and 
given both in functional and performance quality terms, 
sampling can be adapted by taking the following 
decision: the choice of either periodic or non-uniform 
sampling. 

While periodic sampling is preferable, in high 
frequency signal processing cases, the required 
periodic sampling rate might be too high. Then usage of 
non-uniform sampling might be better. However special 
and more complicated signal processing algorithms 
have to be used in that case. Therefore adapting the 
sampling operation to the specific signal processing 
conditions comes down to a trade-off between the 
complications caused either by high sampling rate or 
more complex algorithms. 

Uniform sampling is preferable whenever the 
spectrum of the signal can be restricted as required by 
the Sampling Theorem. Firstly, periodic sampling is the 
simplest method of performing this procedure and is 
easy to implement. Secondly, periodic sequences of 
signal samples are well suited to digital processing. 
Note only that, many highly efficient fast algorithms are 
applicable. 

Random sampling may prove to be more 
profitable when it is undesirable or even impossible to 
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pre-filter signals before their analog digital conversion, 
when the signal to be processed contains components 
at frequencies exceeding half of the sampling rate. 
However the essence of randomized sampling is taking 
the signal sample values at unknown random time 
instants. Therefore application of randomized sampling 
is limited to the relatively cases where the information 
about the exact sampling instants is not relevant. 

Pseudorandom sampling is the most often used 
non-uniform sampling based anti-aliasing technique. 
The indications for its usage are the same as for the 
randomized sampling except that the sampling instants 
in this case are known with high precision.  

The significance of the sampling operation is 
determined by the fact that many essential digital signal 
characteristics, impacting the whole signal processing 
process substantially depend on the methods and 
techniques used to perform it. In the traditional DSP 
case, the only way to reduce this often undesirable 
dependence is increasing the sampling frequency. 
However, the possibilities then are poor and limited. In 
addition, this approach in many cases produces an 
increased number of bits requiring more complicated 
hardware for the subsequent processing of the obtained 
in these way digital signals. Deliberate introduction, 
when necessary, of an element of randomness into the 
sampling operation helps a lot in obtaining the flexibility 
essential for adaptation of the analog-digital conversion 
to the conditions of the given specified signal 
processing task. Therefore the application of non-
uniform sampling is more flexible then use of traditional 
uniform sampling. 

In this paper, we propose to use the random 
sampling method implemented by original design of a 
Pseudorandom Signal Sampler circuit for controlling 
ADC to relax constraints of receiver circuits supporting 
multiband signal processing. This new idea of using 
non-uniform sampling technique for multiband signals 
sampling allows the main advantage of suppressing 
spectral aliases at integer multiples of sampling 
frequency produced by conventional uniform sampling 
technique. We expect this reduces the constraints on 
the anti-aliasing filter, relaxes the automatic gain control 
dynamic range, and decreases the ADC dynamic power 
consumption.  

Non-uniform sampling theory and techniques 
are presented in various publications [1-3] and used for 
some applications such as duty cycle measurement and 
spectrum analysis. For practical implementation of non-
uniform sampling, some non-uniform signal sampler 
solutions are proposed in the literature [4-7].   

The rest of the paper is organized as follows. In 
section two the theory of random sampling is presented. 
Three methods of generation of the non-uniform clock 
and implementation with VHDL on FPGA are detailed in 
the section three. An analysis of power consumption is 
presented in section four and comparison is done under 

different frequencies and using regular and irregular 
sampling. Finally, a conclusion is given with some 
directions for future works. 

II. Theory of Random Sampling 

The properties of random sampled signals are 
mainly defined by the mode of generation of point 
streams used for the implementation of sampling, that 
is, the selection of points in time for signal readout. 
Although there are a relatively large variety of known 
non-equidistant spaced point processes, only a few of 
them actually have the characteristics required for high 
performance sampling. The available expertise in 
application of various random point streams suggests 
that the most advisable technique for producing 
sampling instants is based on additive random point 
process. It is really well suited for the purposes of 
deliberate sampling randomization. This point process 
has such remarkable properties and is so flexible that it 
suits random sampling applications very well. 
Specifically, sampling carried out in this way ensures 
that all parts of any input signal are sampled with equal 
and constant probability. Therefore such sampling is 
signal-independent. And it provides for unbiased (no 
systematic errors) estimation of signal parameters, 
including spectral parameters. However, there are 
several other point processes which should also be 
considered because they are connected to relatively 
frequently observed and important effects such as 
fluctuation of uniform sampling instants or random 
selection of uniformly spaced samples. 

i. Jitter Random Sampling  
Fluctuation of sampling instants is a fairly 

common occurrence [1]. It can even be said that it is 
always present. In the case of uniform sampling with 
jitter, signal samples { kt } are taken at time moments   

kt = kT+ kτ , T>0, where T is a period of uniform 

sampling, but { kt } is a family of identically distributed 

independent random variables with zero mean. This 
sampling scheme is illustrated in Figure 1. It shows the 
probability density functions ( )kp t  of time intervals                    

(
0kt t− ). As can be seen from Figure 1(d), this particular 

function has multiple peaks. Note that as t increases the 
peaks shown do not decrease.           

To understand the meaning of the function
( )kp t , imagine that a narrow time window ∆t is moved 

along the t-axis. Under the condition ∆t →0, the function 
( )kp t  at any arbitrary time instant is equal to the 

probability that one of the sampling points will fall within 
this window. Therefore if a signal is sampled at the 
instants which are determined by the statistical 
relationship illustrated by Figure1 (d) some parts of the 
signal will be sampled with a higher probability than 
others. This is obviously undesirable, as it will lead to the 
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signal processing errors. There is an exception. If the 
time intervals (

0kt t− ) are distributed uniformly in the 

intervals (kT ± 0.5T) respectively, then the resulting 
sampling point density function is constant. But in fact 
this method of generating non-uniform sampling point 
stream has a number of substantial disadvantages, 
which prevent its wide application:  

• The random variables { kt } should be distributed 

strictly uniformly within the given intervals 

 
  

 b)

 
Additive

 

Random Sampling

 In the case of additive random sampling, signal 
samples are taken at time moments 

1k k kt t τ−= + , 

where { kτ } is a family of identically distributed 

independent positive random quantities

 

[1]. Such a non-
uniform point stream can be easy implemented to 
suppress the overlapping effect. The degree of 
randomization can be varied through appropriate 
selection of only one parameter /σ µ− ,

 

whereσ and µ
are the mean value and standard deviation of the 
intervals between sampling points, respectively. 
Obviously the mean sampling rate is equal to 1/ µ .

 

The 
additive random sampling scheme itself is illustrated by 
Figure 2.

 Probability density function of time interval:

 
0 1 2k kt t τ τ τ− = + + ⋅⋅⋅+

 

in this case can be 

calculated as 1( ) ( ) ( )k kp t p t p tτ−= ∗ , where the

 
asterisk * denotes the convolution  operation, and

1( ) ( )p t p tτ =

 

is a density function of { kτ }

 

distribution. 
As the random variable 0 1 2k kt t τ τ τ− = + + ⋅⋅⋅+

 

represents the final result of a linear sum of statistically 

independent constituent variables, then whatever 
probability density function these variables may have, 
the probability density of 

0( )kt t−

 

will approach the 

normal form as k approaches infinity.

 

As can be seen 
from Figure 2,

 

the sampling point density function in the 
case of additive non-uniform sampling with t increasing 
will always tend to become flat. The value of this 
constant level is equal to 1/μ. When non-uniform 
sampling

 

is selected for application in a given case, an 
appropriate sampling rate has to be set up. The criteria 
for the choice of an appropriate sampling rate, in the 
case of non-uniform sampling, completely differ from 
those commonly used for periodic sampling.

 

The 
spectral component of the signal with highest frequency 
to be non-uniformly sampled and processed actually is 
not a criterion then.

 

The mean sampling rate is 
calculated by evaluating the number of signal samples 
needed and the longest time interval during which those 
samples have to be acquired for one signal realization.

 

While the minimum of the signal samples to be taken at 
periodic sampling actually is equal to the required 
number of them in the case of non-uniform sampling, 
excessive samples often are taken at periodic sampling 
just to avoid aliasing

 

[1]. 

 
 
 

 

 

 

 

 
 
 
 
 
 

  
 

 

c)

 

Multiband signal reconstruction based on SVD  

 

The multiband signal x=x(t) has a Fourier 
transform vanishing outside of measure B

 

[2]. Using 
ARS as the sampling method, write T for the observation 
interval

1nt t− . A reconstruction of the following form is: 

                              
2'( ) kj f t

kx t c e π= ×∑                               (1)
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• Time intervals between any two sampling instants 
may be very short.

Figure 1: Probability density functions characterizing 
periodic sampling with jitter. a), b) c) probability              

density functions of a sum of 1, 2 and 3 time intervals, 
respectively; d) resulting sampling point density function

Figure 2 : Probability density functions characterizing 
additive random sampling. a), b) c) probability 

density functions of a sum of 1, 2 and 3 time intervals, 
respectively; d) resulting sampling point density function

In which the (
kf ) lie in the B bandwidth and 

with in each subinterval, are equally spaced. The kc is 

found by minimizing the square-error 



  

  

 

               
2 2| |isE AC x= − , ( )2 k ij f t

ikA e π
=      

 

   (2)

 

The optimum is obtain from the following 
formulary:

 

                        H H
SA A C A X× × = ×                       (3)

 
HA

 

is the conjugate matrix of A.

 With the matrix calculation,
 
we can obtain: 

 
                     

1( )H H
SC A A A X−= × × ×                   

 
(4)

 
( )HA A×   is a singular matrix,

 
so we should 

use a suitable algorithm to solve C.
 SVD

 
(singular value decomposition) method is a 

proper way to resolve the problem.
 

SVD algorithm 
decomposes A into three matrices:

 
                                        HA S V× ×                            (5)  

U and V are matrices with dimension N and M, 
in addition, 

       H H H HU U U U V V V V I× = × = × = × =      (6) 

S is a diagonal matrix: S=diag( 1 2, Pσ σ σ⋅⋅⋅ ), and 

p=min(M,N), 
1 2 0Pσ σ σ≥ ⋅⋅⋅ ≥ ≥ . 

Suppose HZ V C= ×  and H H
SY S U X= × × ,  

the Eq. (3) is equivalent to: 

                                HS S Z Y× × =                            (7)  

then we can obtain:   

                            
2
k

k
kk

YZ
S

=
,  k ε [1,…p]                     (8) 

Finally, we can obtain the coefficients kc :        

                                C V Z= ×                                    (9) 

In [3], the following empirical results were obtained: 

• Good reconstruction was obtained when the design 
matrix is of full column rank, that is, the columns are 
independent, and rank (A)/m = 1. A necessary 
condition is that the sampling rate exceed the 
Nyquist-Landau rate (or else n < m and the matrix 
cannot be of full column rank; the rank of a matrix 
cannot exceed either of its dimensions).  

• Regular sampling, sampling in allowed region. The 
functions are independent with regard to the 
sampling set, and rank (A)/m =1. 

• Regular sampling, sampling rate in disallowed 
region but above the Nyquist-Landau rate. The 
functions become folded on top of each other in 
frequency space, and the columns of A become 
dependent; therefore, rank (A) falls by an amount 
proportional to the degree of overlap. However, rank 

(A)/m> (1/2) because the maximum degree of 
overlap is seen when one band sits exactly on top of 
the other, and then, only half the columns become 
redundant. 

• Random sampling. When the average sampling rate 
was a little over the Nyquist-Landau rate (q < 1; we 
found q = 0.9 to give acceptable results), the 
design matrix was of full column rank, and good 
reconstruction was obtained. However, we did not 
investigate the effect of having large gaps in the 
sampling; one would expect these to significantly 
reduce the quality of reconstruction. 

We consider the reconstruction of a multiband 
of five QPSK modulated carrier signals, show in the 
Figure 3, each at a symbol rate Rsym =4 sym/s and 
with a raised cosine filter excess bandwidth factor of 0.5. 
Each carrier is separated by 8 Hz; therefore, the group 
band occupies a theoretical bandwidth of 38 Hz. We 
construct the original signal using a fine regular 
sampling grid (

kτ ) at 1000 Hz. A typical realization of 

the signal and its power spectral density (PSD) is shown 
in Figure 4 when the center frequency is 175Hz.  

 

Figure 3 : QPSK modulated signals 

 

Figure 4 : Power Spectral Density 

To obtain the sampled signals, we decimate the 
original sample set in two ways: regularly and irregularly. 
In the first case, the sampling rate is 100 Hz; in the 
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second, the average sampling rate is 100 Hz. So we 
sample the QPSK signal by using regular, ARS and JRS 
and reconstruct the signal based on SVD.  

Figure 5 illustrate the signal sampled by ARS 
and reconstruct with SVD. 

 

Figure 5 : Method SVD with ARS 

In Figure 6, it show that signal sampled by JRS 
and reconstruct with SVD. 

 

Figure 6 : Method SVD with JRS 

And in Figure 7, it demonstrates the regular 
sampling and reconstructs the signal using SVD.  
We also calculate the average SNR and error of each 
way: 
SNR (ARS) = 58.657809, E (ARS) =0.0109 
SNR (JRS) =59.662221, E (JRS) =0.0076 
SNR (unif) =67.479956, E (unif) =0.0066 

With these result, we can consider that the 
randomized sampling scheme can be used for the 

multiband signal without the restrictions on sampling 
rate. 

 

Figure 7 : Method SVD with regular sampling 

III. Generation of Random Clock and 

Implementation of fpga 

Based on the previously chapter, we have two 
ways to generate the random sampling. In the following 
parts, we introduce three methods to generate the non-
uniform clock, and implement with VHDL on FPGA. 

a) Pseudorandom Clock Generation 

i. Non-Uniform Processing Formulation 
In [4], non-uniform sampling process, used in 

this work, converts a continuous analog band pass 
signal x(t) into its discrete representation xs(t) as 
describe in eq.(10):    

                    
( ) ( ) ( )s k

k
x t x t t tδ

+∞

=−∞

= −∑                      (10) 

The sampling instant sequence {
kt } is defined 

as { ,kt k Z∈ } ≠ { ,skT k Z∈ } with 
sT  the mean of the 

sampling period. This random sequence can be defined 
by either jitter random sampling (JRS) [1], or additive 
random sampling (ARS) [1]. To obtain kt  in JRS 

scheme, we add a random time 
kτ  to deterministic 

instants 
skT . However, to obtain 

kt
 in ARS scheme, we 

add 
kτ  to the previous sampling instant 1kt − . If 

irregularities are appropriately chosen, they could 
provide the aliasing suppression. Alias-free processing 
is met when the sampling point density function 
assumes a constant value equal to the mean sampling 
frequency fs given by equation (11):  

                0

1( ) ( )k s
k s

p t p t f
T

+∞

=

= = =∑                       (11) 
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where ( )kp t  is the probability density function 

of the random sampling point kt . This stationary 

condition is accomplished in case of ARS scheme, and 
in case of JRS scheme only for uniform probability 
density over [

,
1 1
2 2s ST T− ].  

Nevertheless, random sampling is not 
convenient to generate and precisely recover uniform 
sampling instants. In most non-uniform sampler 
implementations, the sampling instants are, either 
randomly or pseudo randomly, analogically generated. 
Then, the sampling generated instants are digitized 
before being used in digital recovering process [6]. In 
[1], Wojtiuk proposed the time quantized random 
sampling scheme. Each random time kτ , is quantized to

,q kτ and represented by Eq. (12) according to Eq. (13): 

                 ,q k nτ = ∆  with  s

T

T
q

∆ =                       (12) 

                 ( 1/ 2) ( 1/ 2)kn nτ− ∆ < ≤ + ∆              (13) 

Where 
Tq  is the quantization time factor and n 

a positive integer number. The TQ-RS in case of JRS 
scheme for Tq =4 is illustrated in Fig.8 [7]. 

 

Figure 8 : Time-Quantized Random Sampling                       
(TQ-RS) for 

Tq =4 

ii. Circuit of Pseudorandom Signal Sampler 
To sample non-uniformly, we define several 

sampling phases instead of conventional uniform 
sampling. The solutions based on phases, noted                       

{
0 1 1, ,

Tq −Φ Φ ⋅⋅⋅ Φ } and it present the required phases 

for TQ-RS for 8Tq =  in Fig.9. The delay between the 

two successive clock phases is the minimum spacing 
∆  defined in Eq. (12), and the phases duty cycles are 
equal. 

We propose a design to generate the random 
clock using these different phases but the same 
frequency clocks. Fig.10 illustrates the block diagram of 
the circuit [5]. 
 
 
 

 

Figure 9 : TQ-RS for Tq =8 

 
 

Figure 10 : Block Diagram for random clock 
a. Counter and Combiner 

To overcome overlap, it is better to use gray 
counter outputs combined to deliver the needed phase 
for the non-uniform sampling. The sampling time is the 
rise edge of the available phases. The counter is 
controlled by CLK and is based on a shift register with 

2log Tq  flip-flops. In this case, the resulting generated 

phases for non-uniform sampling are presented in fig.9. 
b. Linear Feedback Shift Register (LFSR) 

Phases generated, from the counter and 
combiner, are selected according to a random number. 
Linear feedback shift registers make extremely good 
pseudorandom pattern generators. When the outputs of 
the flip-flops are loaded with a seed value (anything 
except all 0, which would cause the LFSR to produce all 
0 patterns) and when the LFSR input a clock, it will 
generate a pseudorandom pattern of 1and 0. A LFSR 
with n length characteristic polynomial G[x] generates a 
binary pseudorandom sequence each period 

2 1np = −  when initial state is non zero. LFSR 
synthesis requires at least n flip-flops. Here we propose 
to generate pseudorandom numbers using an LFSR 
composed of 2log Tq  flip-flops at CLK/ Tq  rate. In our 

previous example, we need an LFSR as represented in 
fig.11. The characteristic polynomial is given by Eq. (14) 

                        
3( ) 1G x x x= + +                                (14) 

CLOCK 
Counter and 

Tq
phases generation  

Frequency 
divide by

Tq    

LFSR  

N bits 

0Φ
 

1Φ
 

Tq −⋅⋅ ⋅Φ
 

L0 

L1
 

L(N-1) 

Clk_NUS 

Selective 
combiner
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Figure 11 : LFSR architecture 

c. Selective Combiner 

Having the different sampling phases and the 
pseudorandom number, we have to introduce a 
selective combiner to select the phase according to the 
delay iΔ where i is the pseudorandom number 
generated by the LFSR being in the set 

                           

{
10,1 Tq −⋅⋅ ⋅ }. The selective combiner is a multiplexer 

Tq  inputs to one output controlled by 
2log Tq  signals. 

d. General Results 

In fig.12, phases generated by the counter and 
combiner ( 0 1 1, ,

Tq −Φ Φ ⋅⋅⋅ Φ ), pseudorandom numbers "

2 1 0L L L " and the result pseudorandom clock CLK_NUS 

are given. 

 

                       
Figure 12 :

 

General Results

 

b)

 

Random Clock Generation

 

Previously in the chapter 3， we use 
pseudorandom number to generate the non-uniform 
clock，the algorithm of the method is approximate JRS. 
In the following part, we propose to generate another 
random clock, it is approximate ARS. 

Figure 13 gives the architecture of the circuit. In 
this case, the component of Random clock generator 
contains a register, in Figure 14, which have N bit, and 
from the N-1 to N-M-1 

Bits are ‘1’, the others are ‘0’. From this register, 
we can define the average sampling frequency: 

                                 
s o

Mf f
N

= ×
                            (15) 

of 
is the frequency of FPGA original clock.

 

 
Figure 13 :  Random clock generator 

With the LFSR, we propose to use the longer 
length LFSR. Because with this we can generate the 
long periodic number which can improve the sampling 
to the full extent of randomization. In this design, when 
the LFSR generate a number, meanwhile it will select the 
correspond position in the register, and if the position is 
‘1’, the clk_out will output ‘1’. 

 
Figure 14 : Register of Random clock generator 

For example, if N=32 and M=7, the LFSR can 
generate 5 bits pseudorandom numbers, with the 
program; in fig.15, there is the simulation of the 
application. 

Furthermore, if we want to obtain more precise 
result, we can modify N and M, for instance, N=512 and 
M=10, LFSR can generate 9 bits pseudorandom 
numbers, according to Figure 16, the simulation show 
that pseudorandom sampling in long period is better 
than in short one, it is more close to the real random 
sampling. 

 
 

 1      
 
….         1                 0                                          ….                       0

 
 

      
 

                               
 
                          

 
                                

 
 

N-1     ….      N-M-1      
 
N-M-2                                 

 
     ….                        0

 

 

 

 

Register 

 

  

     

        Clock LFSR (logN bit) 

Clk_out 

M
U

X
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Figure 15 : LFSR: Generation of 5 bits pseudorandom 
numbers



 
 

 
Figure 16 :

 

LFSR: Generation of 9 bits pseudorandom 
numbers

 
IV. Comparison

 

of

 

the

 

Power

 

Consumption 

Based on the generation of random clock, we 
can make a measurement of power consumption with 
ADC and FPGA platform, and comparison the power 
consumption under different clock frequencies, also 
compare the regular sampling and irregular power 
consumption.

 
a)

 

Results of using pseudorandom clock

 

The input signal to ADC equal to 750 KHz, 
amplitude is 2.6V. We measure the voltages

 

and 
calculate the currents with sampling frequency equal to 
1.56MHz, 3.12MHz and 6.25MHz. In Figures 17-18, it 
demonstrates the results both uniform and non-uniform.

 

(a)

 

Figure 17

 

:

 

Comparison results with pseudorandom 
clock

 
 

 

AVDD

 

Current 
(mA)

 

DVDD

 

Current 
(mA)

 

A DI I+

 
 1f

=1.56MHz

 

Nonuniform

 

25.641

 

3.061

 

28.702

 

Uniform

 

26.666

 

3.265

 

29.931

 

2f
=3.12MHz

 

Nonuniform

 

26.154

 

3.078

 

29.232

 

Uniform

 

27.180

 

3.278

 

30.458

 

3f Nonuniform

 

28.718

 

13.27

 

41.988

 

=6.25MHz

 

Uniform

 

29.750

 

15.31

 

45.060

 

(b)

 

Figure 17 :

 

Comparison results with pseudorandom 
clock

 

b)

 

Results of using approximately random clock

 

The input signal of ADC equal to 500 kHz, 
amplitude is 2.6V. We measure the voltages and 
calculate the currents with a sequence of sampling 
frequency. Figures 19-20 illustrate the results both 
uniform and non-uniform.

 

 

(a)

 

Figure 18 :

 

Comparison results with approximately 
random clock

 
 

AVDD

 

current  
(mA)

 

DVDD  
Current 

(mA)

 

A DI I+

 
 

1f =

 

6 MHz

 

Nonuniform

 

27.95

 

3.88

 

31.83

 

Uniform

 

29.23

 

3.98

 

33.21

 

2f
=5MHz

 

Non-
uniform

 

27.69

 

3.67

 

31.36

 

Uniform

 

28.72

 

3.78

 

32.50

 

3f
=4MHz

 

Nonuniform

 

27.18

 

3.47

 

30.65

 

Uniform

 

28.46

 

3.57

 

32.03

 

4f
=3MHz

 

Nonuniform

 

26.93

 

3.265

 

30.195

 

Uniform

 

28.21

 

3.47

 

31.68

 

5f
=2MHz

 

Nonuniform

 

26.67

 

3.16

 

29.83

 

Uniform

 

27.69

 

3.37

 

31.06

 

6f
=1MHz

 

Nonuniform

 

26.15

 

3.11

 

29.26

 

Uniform

 

27.18

 

3.265

 

30.445

 

7f
=500kHz

 

Nonuniform

 

25.64

 

3.07

 

28.71

 

Uniform

 

----

 

----

  

(b)

 

Figure 18 :

 

Comparison results with approximately 
random clock

 

Nun/Un

 

A/D

 

Frequency

 

A/D

 

Nun/Un

 

Frequency
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V. Conclusion 

According to these result above, we can 
observe in Fig.18-20 that the current increases when the 
sampling frequency increases. While compare the 
currents between the uniform and non-uniform, the 
former is larger than the latter one. 



 

Compare the results which are deduced from 
the two kind of non-uniform clocks, when we use the 
same sampling frequency, the current is not the same. 
Aim to prove the second random clock is more precise 
than the first one, with the second clock used in &

 

3.2, 
we propose to M=1&N=8 and M=16&N=128; with 
these two groups, the 

avf

 

both equals to 6.25MHz. 

Implemented on the ADC, the first group M&N obtains 
the result as same as using the first method (&3.1.2), 
while with the second group M&N, the result I measured 
is lower than the result of first group. Obviously we can 
consider that the second method is more precise than 
the first one. 

 

In conclusion, with nonuniform clock, the 
current is lower than using the uniform clock, we can 
consider that random sampling can decrease the ADC 
dynamic power consumption. 

VI. Future

 

Work

 

In this case, if we can verify the reconstruction 
of the signal with the random sampling, it will be more 
compellent. So I propose to obtain the samples and 
sampled time form the FPGA card and demonstrate in 
the oscillograph, to be certain that using random 
sampling can decrease the power consumption of ADC 
and also reconstruct the signal completely. After these 
work, we can continue to measure the power 
consumption on FPGA and make comparison among 
the different situations.
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design of a radar system used for heartbeat detection. The broad variety of tissues and their frequency 
dependent behavior makes accurate attenuation prediction very difficult without the support of an 
appropriate model. In this paper, two frequency dependent planar electromagnetic models viz. intrinsic 
impedance model (a classical model) and impedance transformation model, both incorporating 
dispersive dielectric properties are discussed. Signal attenuations in both models are estimated and 
compared. This estimation can be helpful in the design of an ultra wideband (UWB) radar system meant 
for cardio-pulmonary activity related applications.
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Abstract- Detection of the heartbeat rate and/or respiration 
rate are very important for most radar based applications like 
lie-detection, life-detection etc. The prediction of signal losses 
is a fundamental aspect in the design of ultra wide-band 
radars. The effect of body tissues surrounding the heart is 
important in the design of a radar system used for heartbeat 
detection. The broad variety of tissues and their frequency 
dependent behavior makes accurate attenuation prediction 
very difficult without the support of an appropriate model. In 
this paper, two frequency dependent planar electromagnetic 
models viz. intrinsic impedance model (a classical model) and 
impedance transformation model, both incorporating 
dispersive dielectric properties are discussed. Signal 
attenuations in both models are estimated and compared. 
This estimation can be helpful in the design of an ultra 
wideband (UWB) radar system   meant for cardio-pulmonary 
activity related applications.  
Keywords: ultra wideband (uwb), radar, modeling, signal 
attenuation, reflection coefficient, power budget etc. 

I. Introduction 

or many applications such as lie detection, life 
detection etc. remote detection/monitoring of 
cardio-pulmonary features of a human being such 

as heartbeat rate, breath rate, and blood flow rate etc. 
are necessary. This can be done to good accuracy 
using high resolution radars like ultra wide-band radars. 
Moreover, human body monitoring using UWB 
technology can permit the subject to be in absolutely 
free space as it uses radiated field unlike other methods 
e.g. functional-MRI (f-MRI) uses induced EM field. A 
summary of the existing models found in the literature 
are presented below. 
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Radar monitoring of human physiologic 
functions started in early 70’s as mentioned in [1] but 
further progress was stopped as the technique was 
expensive. Micro-power Impulse Radar (MIR), an UWB 
radar model was developed by Thomas E. McEwan at 
Lawrence Livermore National Laboratory (LLNL) during 
1993 which was able to detect the movements of heart 
wall from the difference of reflection magnitude between 
various tissue interfaces. This model proposed in both 
of the patents on medical UWB radar awarded to 
McEwan [2-3], did not account for the various living 
tissues through which the UWB pulse travels before it 
strikes the heart wall and hence is quite ingenuous. 
Another more accurate model described in [4] was 
found at Tor Vergata University of Rome, Italy that 
accounted for thickness, impedance, linear attenuation 
and wave velocity of six superimposed living tissues (air, 
fat, muscle, cartilage, deflated lung and heart) 
encountered by the UWB pulse passing through the 
chest from skin to heart. This model was based on the 
data taken from Visible Human Project [5] and Gabriel’s 
data book of dielectric properties of tissues [6]. As an 
immediate application of this model the author of this 
model [4] developed the UWB radar based stealthy lie 
detector [7]. The attenuation predicted by the model 
given in [4] was linear but the imaginary part of reflection 
coefficient and multiple reflections were ignored. In [4], 
author himself mentioned that this new model remains 
intrinsically wrong as the dielectric properties used were 
measured on living tissues using a continuous-wave 
(CW) of frequency 1500 MHz. The analysis was based 
on only one frequency and therefore was frequency 
independent. Hence the author suggested for a more 
effective model by using ultra wide-band dielectric 
properties instead of narrow band ones for which a 
convolution method or a Finite Difference Time Domain 
(FDTD) technique should be used and also by 
considering both the real and imaginary parts of the 
reflection coefficients at the boundaries because the 
UWB receiving correlator, working in the time domain, is 
strongly sensitive to phase errors. In 2006, two 
frequency-dependent EM modeling techniques: planar 
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technique and FDTD technique were presented [8] 
which could predict the response of a four layer 
biological model with three layers of normal tissue and 
one layer of cancerous soft tissue to input UWB signal. 
The thickness of each layer in the models was taken 
from the Visible Human Project [5] and dielectric 
properties of tissues from Gabriel’s data book [6] as 
followed by the earlier model presented in [4]. As far as 
the planar technique is concerned the authors 
mentioned that the technique produces reasonable 
results for applications of less number of layers but not 
very accurate for more complex layers as it does not 
consider to model multiple reflections and hence 
suggested that the planar technique could be extended 
to include provision for multiple reflections.  

A circuital model for monitoring of cardio-
pulmonary activity with UWB radar of operating 
frequency range of 0.1 to 3 GHz was presented in 2008 
by Pisa et.al [9]. This model was developed taking the 
signal source, transmitting and receiving antenna 
properties as well as a planar model of human thorax 
into account. The thorax model considered the same 
tissues: air, fat, muscle, cartilage, lung and heart as 
used in the model employed in [4]. The attenuation of 
the air-heart-air path was evaluated over the ultra 
wideband frequency of 0.1 to 3 GHz for two types of 
lungs: deflated lung and inflated lung. It was found that 
the model has predicted attenuation increase with 
frequency and moreover the amount of attenuation 
increase is more in case of deflated lung than that in 
case of inflated lung [9]. This planar model was a 
circuital model but, an electromagnetic (EM) model 
could be a more approximate model over circuital 
model.  

Both the UWB models reported in [4] and [9] 
ignored the skin tissue in the thoracic modeling but 
attenuation due to skin tissue is also significant because 
skin is also one of the greatest electromagnetic field 
absorbing tissues like muscle and blood in the human 
body as reported in [10]. Moreover, the circuital model 
given in [9] is frequency dependent whereas the model 
described in [4] was developed for a continuous wave 
of 1.5 GHz and hence was a frequency independent 
model. A frequency dependent planar model described 
in [8] considers skin but did not include the 
phenomenon of multiple reflections. 

Also, calculations pertaining to incident, 
reflection and transmission components of power at 
every interface are considered, which are not calculated 
and reported by any of the models. An investigation of 
these effects such as accounting for the 
electromagnetic information due to skin, the 
phenomenon of multiple reflections, frequency 
dependence of signal attenuation

 

is the subject of this 
paper. 

 

In this paper, two frequency-dependent planar 
electromagnetic models of human thorax: the intrinsic 

impedance or classical model and the impedance 
transformation model are reported in which both models 
incorporate the dispersive behavior of selected 
biological tissues including skin. When the impedance 
transformation model takes care of the effect of multiple 
reflections, the classical model does not consider that 
effect. First, without including skin in the modeling, the 
signal attenuation results are obtained and compared 
with the attenuation results reported in the circuital 
model of [9]. Then the signal attenuation results from 
the heart with skin included in both the models are 
analyzed and compared.

 

As skin tissue is included in the thoracic 
modeling and particularly, the multiple reflections are 
also taken care of by the impedance transformation 
model the signal attenuation results predicted by the 
models presented in this paper are considered to be 
more realistic than the model-predicted attenuation of 
the circuital model reported in [9].

 

II. Theoretical

 

Background

 

In order to study the behavior of the 
backscattered field from a human body illuminated by 
plane electromagnetic waves of a radar transmitter, 
simplification of the problem is considered by modeling 
the human body as a series of biological tissue layers of 
complex impedances. Knowing the dielectric properties 
of the biological tissues, and by utilizing the basic 
principles of electromagnetic wave propagation in 
accordance with the physical processes that determine 
the speed of propagation and the amount of 
attenuation, the power received by the radar receiver, 
the electric field (E-field) reflection coefficients at every 
interface and power reflection coefficient of the heart 
can be determined.
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a)  Electromagnetic Modeling of Human Body  
In order to model the electromagnetic response 

of human body to radar waves, it is necessary to know 
with sufficient precision the electromagnetic 
characteristics of typical biological tissues used to build 
the body. For this purpose, the transverse section of 
human anatomy taken from web [11] as shown in Fig.1 
is referred. The figure depicts the human thorax showing 
the contents of the middle and the posterior 
mediastinum. The pleural and pericardial cavities are 
exaggerated since normally there is no space between 
parietal and visceral pleura and between pericardium 
and heart. Various tissues like sternum, hard cholesterol, 
muscle, ribs, costal pleura, pleural cavity, pulmonary 
pleura, pericardium cavity, heart, pulmonary artery (left 
and right), aorta, internal mammary vessels, thoracic 
aorta, esophagus, bronchus, thoracic duct, body of 
thoracic vertebrae, lungs (left and right) etc. encounter 
in the path of propagation partly or fully, when the 
human body is illuminated by the radar wave. Let us 
consider only some of the major biological tissues such 
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(a)

(b)

Figure 2 : Tissue structure for EM modeling of human 
body (a) forward propagation (b) backward propagation

The anatomical thickness values of the tissue 
layers (Table 1) considered in both of the models are 
based on the Visible Human Project [5] like those 
already employed in the UWB models of [4], [7-10].

Table 1 : Anatomical thickness of tissue layers

Tissue name Thickness (mm)
Air 200

Skin(Dry) 1.5
Fat 9.6

Muscle 13.5
Cartilage 11.6

Lung 5.78

b) Frequency dependent dielectric properties of 
tissues in human thorax

Based on the Cole and Cole equation as 
mentioned in [9] that describes the dispersive behavior 
of tissues, the frequency dependent dielectric bodies of 
human body tissues are computed as given in the 
Gabriel’s data book of dielectric properties of tissues [6] 
and are also reported on the web [13].

In our work, the dielectric properties such as 
complex relative permittivity, conductivity, attenuation 
constant, phase-shift constant, complex impedance and 
velocity of wave propagation of the selected tissues for 
modeling  at all frequencies of  0.1 to 3 GHz ultra-
wideband are taken from [6]. The variations of the above 
dielectric properties as a function of frequency are 
plotted in Fig.3. It is seen that as frequency increases, 
relative permittivity decreases, but conductivity, 
attenuation constant, phase-shift constant and intrinsic 
impedance increase as shown in Fig. 3(a) – (e) 
respectively.

(a)

as skin, fat, muscle, cartilage, lungs (deflated and 
inflated separately) and heart as the fundamental layers 
for a simple one-dimensional modeling of human body. 
As electromagnetic behavior due to heartbeat 
movements are of interest, assuming the radiation 
exposure from anterior of the of the human body to the 
posterior through heart, the tissue structure considered 
in view of the electromagnetic body modeling is as 
shown in Fig.2.

Figure 1 : Transverse section of human thorax [11]

(b)
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(c)

(d)

(e)
Figure 3 : Variation of (a) relative permittivity (b) 

conductivity (c) attenuation constant (d) phase-shift 
constant (e) impedance of tissues with frequency

III. Electromagnetic Analysis

When an electromagnetic wave is incident on 
an interface between two consecutive tissue layers a 
part of the EM energy is transmitted and the remaining 
is reflected [8] as shown below in Fig.4. The amount of 
reflection and transmission of energy depends on the 
frequency dependent dielectric properties of the layers 
on either side of the interface. 

Figure 4 : Intrinsic Impedance Model

As biological tissues are lossy media, from an 
electromagnetic point of view they are characterized in 
terms of the attenuation constant, phase-shift constant, 
conductivity, complex permittivity, complex impedance, 
complex reflection coefficient etc. These 
characterization parameters are highly frequency 
dependent. Therefore, the reflected and transmitted 
power at all tissue interfaces calculated at every 
individual frequency of the ultra wide-band range using 
the concept of  EM wave propagation in lossy media are 
as described in [14]. 

a) Propagation  in Lossy Media  
Wave losses due to electric field are described 

through complex permittivity, ϵ. Similarly, complex 
permeability, µ is used to model the losses owing to 
medium response to the magnetic field.

But from wave propagation point of view in 
most of the materials, the magnetic response is usually 
very weak compared to the dielectric response. 
Therefore, 

µ ≅ µ0  i.e.  µr
' =1, µr

'' = 0 

Consequently, wave losses can be confined to 
the   loss due to the complex permittivity only assuming 
µ entirely real for the analytical loss calculation.
As in [14-15], for a lossy dielectric media

                                    D = ϵE                                             (1)
                                    

J = σE                                             (2)
                                           

B = μH                                           (3)
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where

         ϵ,Complex permittivity = ϵ'- jϵ''= ϵ0�ϵr
' - jϵr

''� (4)

and

        µ,Complex permeability=µ'-jµ''=µ0(µr
' -jµr

'' )         (5)

b) Characterization of loss 
Considering the human tissues as

homogeneous, isotropic, and dispersive media, the 
characterization parameters such as complex 
propagation constant (γ), complex attenuation constant 
(α), complex phase-shift constant (β) and complex 
intrinsic impedance(𝜂𝜂) as defined in [14-15] are given 
as below.

Propagation constant, 

                                                                      (6)

Now,

Re {γ} = α, attenuation constant

                                   (7)

and
Im{γ} = β, phaseshift constant

                           (8)

where    LossTangent (9)

The characteristic impedance of a medium is 
given by

                                                               (10)

Magnitude of complex impedance, can be 
given by,

                                    
                       (11)

Phase of complex impedance can be given by,

                                                            (12)

                                      (13)

In this way the electromagnetic propagation 
through a medium is modeled.  

IV. Power Calculations

Using the power relations given in [14-15] as a 
general rule for average power transfer per unit area 
through reflection and transmission about an interface 
separating two lossless dielectric regions 1 and 2, 
incident, reflected and transmitted power for every 
interface can be determined.

                  Incident power,                     (14)

      
Reflected power,     (15)

Transmitted power,              (16)

γ = α + jβ = ω�μϵ = ω�μ(ϵ'-jϵ'') 

=�μϵ' �1-j
ϵ''

ϵ'� 

=ω�
μϵ'

2
 ��1+ �

ϵ''

ϵ'�
2

-1�

1 2⁄

 

=ω�
μϵ'

2
 ��1+(LossTangent)2-1�

1 2⁄
 

= ω�
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2
 ��1+ �
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ϵ'�
2

+1�
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=
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σ

ωϵ' 
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|η|=
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2
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=|η| ejθη    

θη= 1
2

tan-1 � σ
ωϵ
�



 
  

 

 
 

 

 

   

 

 

  

 

 

     

  
    

 

 
 

  

 

 

 

  
 

 

 

  

 

 

  

  

 

 

G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

(
)

F
V
ol
um

e 
 X

IV
  

Is
su

e 
 I
II
  

V
er
si
on

 I
  

  
  
 

  

40

Y
e
a
r

20
14

© 2014  Global Journals Inc.  (US)

Frequency Dependent Planar Electromagnetic Modeling of Human Body and Theoretical Study on 
Attenuation for Power Budget Estimation of UWB Radar

When the power carried by the radar wave is 
incident on any interface, ‘n’ separating the two tissue 
mediums ‘n’ and ‘n+1’, known as incident power during 
forward propagation, LPni

+, part of it is transmitted to the 
next layer in the same forward direction, known as 
transmitted power, L Pnt

+ and the remaining power is 
reflected into its previous layer in the backward direction 
known as reflected power component, LPnr

− . The amount 
of power reflected from every interface keeps getting 
retransmitted in a backward propagation mode and is 
finally received at the receiver. Such retransmitted power 
components from each of the interfaces received by the 
radar receiver in a backward propagation mode is 
known as reflected power component during backward 
propagation, (LPnr

− )′. The transmitted power or the 
reflected power respectively through or from every 
interface during any mode of propagation, forward or 
backward should be multiplied by the power attenuation 
factor of the corresponding layer before entering into the 
next tissue layer. 

V. The Planar Models

Two planar techniques for modeling the 
propagation of electromagnetic waves (i.e. the UWB 
pulses) through human tissues are presented: the 
intrinsic impedance model (or classical model) and the 
impedance transformation model. It will be shown that 
both of the planar models can predict better signal 
attenuation as they take into account several important 
factors missing in the earlier models. However, the 
impedance transformation model predicts more subtle 
phenomena such as multiple reflections and hence is a 
more appropriate model. First, a five layer configuration: 
fat-muscle-cartilage-lung-heart is used to study 
attenuation of signal from heart and then the analysis is 
repeated for a six layer configuration: skin-fat-muscle-
cartilage-lung-heart to know the attenuation contributed 
due to inclusion of skin. Both deflated and inflated lung 
types are used separately for a comparison. 

a) Intrinsic Impedance Model  
This is a multi-layered model having layers of 

different dielectric properties as depicted in Fig.4. The 
thickness and dielectric properties of the individual 
layers of the tissue structure are the constitutive 
parameters of the model. The velocity of propagation of 
a signal depends on the tissue permittivity and both 
permittivity and conductivity determine the attenuation of 
the signal. The reflection and transmission of signals 
take place at the interfaces between consecutive tissues 
and is obtained from the difference in impedance of the 
layers on either side of the interface. The intrinsic 
impedance of tissue layers separated by interfaces as 
shown in Fig.5 depends on the frequency dependent 
dielectric properties and hence is frequency dependent 
as well.

 

 

 

  

  

  

In general, considering a multi-layer system and 
assuming normal incidence, the E-field complex 
reflection coefficient of n-th layer is given by 

                                                (17)

where Γn is the reflection coefficient of the 
interface n between the layers n and n + 1; nn and nn+1

are the complex impedances of layers, n and n+1 
respectively according to the concept of reflection of 
uniform plane waves at normal incidence. The electric 
field (E-field) reflection coefficients during forward 
propagation for every interface between consecutive 
layers of the model are obtained using the Eq.17 which 
will be useful for calculation of powers across the 
interfaces.

b) Impedance Transformation Model  
In the event of wave reflection from multiple 

interfaces, impedance transformation method considers 
complicated sequence of multiple reflections in every 
region or layer as explained in [14]. Following the three-
interface case related to the concept of wave reflection 
for multiple interfaces as shown in Fig.5 and using the 
boundary conditions at the tissue interfaces, we can 
have,

Figure 5 : Impedance Transformation Model 

Input impedance at n=2,

                                                 

                   (18)

Input impedance at n=1,

                                          

                   (19)

Now, reflection coefficient at interface n=1 can 
be given by,

                                                                (20)

Γn=
Enr

Eni

=|Γn| ejφn=
ηn+1- ηn
ηn+1+ ηn

ηin,2 = η3
η4cosβ3l3+jη3sinβ3l3
η3cosβ3l3+jη4sinβ3l3

ηin,1 = η2

ηin,2cosβ2l2+jη2sinβ2l2
η2cosβ2l2+jηin,2sinβ2l2

Γ1=
ηin,1-η1

ηin,1+η1



 
Similarly, considering the six-layered tissue 

system of both of the models the input impedance and 
reflection coefficient corresponding to every other tissue 
interface are obtained using a MATLAB program and are 
then used for power calculations. 

VI. Results  

The backward reflected power from the heart 
i.e. the heart-lung interface of the air-heart-air path is the 
attenuation due to the UWB pulse echo for the 
frequencies in the band 0.1 to 3 GHz are calculated. 
This attenuation predicted by both classical model and 
impedance transformation model are obtained 
separately for the cases of deflated lung and inflated 
lung. Such attenuation results are also obtained for both 
lung types separately for without-skin and with-skin 
cases to know the contribution of skin tissue to 
attenuation. All attenuation results thus calculated are 
analyzed and compared with each other and also with 
the attenuation results reported by the circuital model [9] 
as well.  

A comparison of conductivity, reflection 
coefficients at the lung-heart interface of both intrinsic 
impedance model and impedance transformation model 
is shown in Fig.6. It is clear that the conductivity of both 
deflated lung and inflated lung increase with frequency, 
the reflection coefficients of both lung types decrease 
with frequency. Also, at any frequency, deflated lung has 
higher conductivity and hence lesser reflection 
coefficient than inflated lung. 

 

(a) 

 

(b) 

Figure 6 : Variation of (a) conductivity (b) reflection 
coefficient at the heart-lung interface – Deflated lung Vs 

Inflated lung 

Attenuation increases with increase of 
frequency for both cases of without-skin and with-skin 
and moreover an additional attenuation in the order of 5 
to 8 dB is found due to the inclusion of skin in the 
classical model [Fig. 7(a) and (b)]. Additional 
attenuation exclusively due to inclusion of skin is found 
in case of the impedance transformation model also 
[Fig. 8(a) and (b)]. However, in the later model, the 
amount of additional attenuation due to inclusion of skin 
is smaller at some frequencies as compared to that 
found in case of the classical model. 

 

(a) 
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(b) 

Figure 7 : Comparison of classical model predicted 
signal attenuation in decibels between without skin and 

with skin cases (a) deflated lung (b) inflated lung 

The comparative analysis between deflated 
lung and inflated lung cases of both classical model as 
well as impedance transformation model each 
considering without-skin and with-skin cases are shown 
below in Fig. 9(a)-(d). 

 
(a) 

 
(b) 

Figure 8 : Comparison of impedance transform model 
predicted signal attenuation in decibels between  

without skin and with skin cases (a) deflated lung (b) 
inflated lung

 

 

(a)

 

 

(b)

 

 

(c)

 

 

(d)

 

 

G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

(
)

F
V
ol
um

e 
 X

IV
  

Is
su

e 
 I
II
  

V
er
si
on

 I
  

  
  
 

  

42

Y
e
a
r

20
14

© 2014  Global Journals Inc.  (US)

Frequency Dependent Planar Electromagnetic Modeling of Human Body and Theoretical Study on 
Attenuation for Power Budget Estimation of UWB Radar

Figure 9 : Comparison of signal attenuation between 
deflated lung and inflated lung types for (a) classical 
model (without skin case) (b) classical model (with 
skin case) (c) impedance transform model (without 

skin case) (d) impedance transform model (with 
skin case)



 

 

In both of

 

the models it is found that the 
increase of attenuation is higher in case of deflated lung 
than that in case of inflated lung for both without-skin 
and with-skin cases. This is due to the fact that deflated 
lung has higher conductivity [Fig.6(a)] and hence lesser 
reflection coefficient than inflated lung [Fig.6(b)].The 
amount of increase of attenuation from inflated to 
deflated lung at a particular frequency is the same 
between without-skin and its corresponding with-skin 
case of the same model. Such an increased attenuation 
characteristics from inflated to deflated lung was 
reported in the circuital model [9] but the models 
presented in this work predict more attenuation for both 
deflated and inflated lung cases.   

 

VII. Conclusions 

Remote monitoring applications based on 
detection of heart and breath rates are effective because 
it is difficult to suppress completely the heartbeat and 
respiration related subjects’ motions. Also, the 
propagation of waves through the subjects’ body is 
mainly governed by the electromagnetic characteristics 
of body tissues. The electromagnetic response of the 
human tissue is highly frequency dependent. 

 

In this paper, both of the frequency dependent 
electromagnetic models of human body presented 
incorporate the electromagnetic properties of body 
tissues including the skin tissue corresponding to a 0.1 
to 3 GHz ultra wide-band (UWB) radar. The lossy power 
coefficients at all tissue interfaces are evaluated during 
both forward and backward propagations of UWB 
pulses. The reflection from the cardiac structure i.e. the 
heart wall has been quantified and a comparative 
analysis on attenuation due to the pulse-echo intensity is 
presented. The complex reflection coefficients and 
complex impedances of tissue layers are considered in 
this one-dimensional analytical solution as they are 
important for the validity of power budget analysis. The 
advantage of the planar impedance transformation 
model is the implicit inclusion of the electromagnetic 
wave phenomenon such as multiple reflections, taking 
place during propagation through multiple interfaces. 

 

Owing to the inclusion of the effect of skin tissue 
in the planar modeling along with the implicit provision 
for multiple reflections, the impedance transformation 
model can have better prediction ability of signal 
attenuation in the design of UWB radars. Future work will 
involve the application of impedance transformation 
model for other biological applications for study of 
signal attenuation. Results of such complex and 
sophisticated biological models shall help to build and 
test signal processing techniques in non-invasive, 
remote monitoring applications like home health care, 
emergency rooms, intensive care units (ICUs) in 
hospitals, pediatric clinics to alert for sudden infant 
death syndrome (SIDS), radar based lie detection, 
remote life detection etc. the heartbeat signal power 

thus derived can be processed further to obtain heart 
beat information.
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locate STATCOM in 
330kV Nigerian Network. The Ant Colony Optimization (ACO) algorithms used the STATCOM parameters 
and probabilistic model to generate solutions to the problem of siting STATCOM in Nigerian network. The 
optimal location of STATCOM in Nigerian network is evidenced in bus voltage profile enhancement and 
minimization of transmission losses. The probabilistic model is called pheromone model which consists of 
a set of model parameters, often referred to as pheromone values. At run-time, the ACO algorithms try to 
update the pheromone values from previously generated solutions in such a way that the probability to 
generate high quality solutions increases over time. Finally, the graph of pheromone trail and path treaded 
by the ants along the various nodes are captured whose codes are validated using the Matrix Laboratory 
Software (MATLAB) environment. 
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Optimal Location of STATCOM in Nigerian 
330kv Network using Ant Colony Optimization 

Meta-Heuristic 

Aribi Fughar α & Nwohu, M. N. σ 

Abstract- This paper introduces the ant colony meta-heuristic 
technique to optimally locate STATCOM in 330kV Nigerian 
Network. The Ant Colony Optimization (ACO) algorithms used 
the STATCOM parameters and probabilistic model to generate 
solutions to the problem of siting STATCOM in Nigerian 
network. The optimal location of STATCOM in Nigerian 
network is evidenced in bus voltage profile enhancement and 
minimization of transmission losses. The probabilistic model is 
called pheromone model which consists of a set of model 
parameters, often referred to as pheromone values. At run-
time, the ACO algorithms try to update the pheromone values 
from previously generated solutions in such a way that the 
probability to generate high quality solutions increases over 
time. Finally, the graph of pheromone trail and path treaded by 
the ants along the various nodes are captured whose codes 
are validated using the Matrix Laboratory Software (MATLAB) 
environment. 
Keywords: STATCOM, 330kv nigerian network, ant 
colony optimization (ACO), FACTS devices & MATLAB. 

I. Introduction 

enerally, in Engineering the concept of exactness 
and specific location for device placements is of 
paramount importance. As a result, certain 

measures/algorithms are being developed to achieve 
such goal.  

In recent years, many research works have 
been devoted to the use of optimization technique, 
particularly as regards power system applications. 
Owing to the cost effectiveness of the FACTS devices 
generally, the installation of STATCOM in power system 
network should be done in such a way as to select the 
optimal locations to enhance system parameters and 
maintain proper control of them once installed beside 
the capital cost [3]. These reasons have made many 
researchers to propose various techniques of Heuristics 
methods for siting the FACTS device. Among these 
techniques of Heuristics methods are the Genetic 
Algorithm and Ant-Colony [3]. 

Many researchers have shown that colonies 
behaviour can be seen as natural model of collective 
problem solving. The analogy between the way ants 
look for food and combinatorial paradigm, which                        
is 

  

called 

  

ant 

  

colony 

  

meta-heuristic 

  

elucidates 

  

the  

Author :

 

Department of Electrical and Electronics Engineering,

 

Federal 
University of Technology, Minna. e-mail:

 

aribifughar@yahoo.com

 

appropriateness of this technique in siting FACTS 
devices [1]. 

Nwohu, [7] explored a sensitivity based FACTS 
device placement for improving static and transient 
stability, whereas in obtaining the finest location of 
installation, the research used a sensitivity index for 
selecting the suitable buses. 

The ant colony approach optimization to shunt 
capacitor placement on distribution systems under 
capacitor switching constraints, indicates that the 
optimum capacitor allocation solution is possible for the 
system of feeders fed through their transformer and not 
for any individual feeder [9]. 

The Ant Colony Optimization (ACO) technique 
for Optimal Reactive Power Dispatch (ORPD) has also 
been made to improve voltage stability condition along 
with transmission loss and voltage profile monitoring. 
They pointed that there is a set of cooperating agents 
called “ant” to find the optimal point of reactive power 
dispatch [5]. 

However, in this paper it is aimed to come up 
with an algorithm that will be suitable in placing the 
STATCOM on the Nigerian 330kV transmission grid 
system. The Ant Colony Optimization Technique is 
found to be appropriate in the optimal placement of 
STATCOM on the Nigerian grid system. 

II. The Nigerian Grid System 

The Nigerian Grid System constitutes the 
principal core study system in this research work. 
Herein, the grid system is conveniently zoned into four 
geographical areas in conformity with operational 
structure of the electric utility [6, 8]. The three hydro 
power stations are situated in Area 1 while Area 2 has 
thermal power station located in it and areas 3 and 4 
have gas power stations located in them. The Nigerian 
National Grid is characterized by poor voltage profile in 
most parts of the network (especially in the Northern 
region), inadequate dispatch and control infrastructure, 
radial and fragile grid network, frequent system 
collapse, and exceedingly high transmission losses.  

The current social impacts of the 330kV 
Nigerian Transmission Grid system and the growth in 
environmental requirements have not only called for the 
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expansion of the existing grid but demanded more for 
the optimization of the grid [2]. 

α σ



 
 
 

 

Figure 1.0 :

 

Structure of the Nigerian Grid System as at 2007

 

 

a)

 

Operational problems of Nigerian power system

 

Almost all electricity consumers in Nigeria have 
expressed concern over the deterioration of quality of 
electrical power supply in Nigeria. Power utilities are 
required to provide electrical energy to consumers as 
economically and reliably as possible with high 
efficiency and according to load schedules. However, 
frequent interruption of electrical power supply in Nigeria 
has become a regular feature that constitutes problem 
of loss of goods and services for consumers and the 
power utilities.  Undoubtedly, this situation has led to the 
rapid growth of standby electric power supply in large 
consumer premises and domestic dwellings. Even when 
power is available from the distribution network,

 

problems of low voltage have damaged a lot of voltage-
sensitive industrial plants and instruments as well as 
domestic appliances. Therefore, in order to ameliorate 
the situation of instability of the Nigerian power network, 
an appropriate FACTS device is introduced to the 
system, hence, STATCOM. This, of course, will make the 
system stable and reliable [10, 4].

 

III. Ant-Colony

 

Heuristic Approach

 

Research has proven that insect colonies 
behaviour

 

can be seen as natural model of collective 

problem solving. The analogy between the way ants 
look for food and combinatorial paradigm is called ant 
colony meta-heuristic.

 

This meta-heuristic uses the ant colony 
optimization (ACO) method. The ant colony can be seen 
as a simulation of a set of agents that cooperate to find 
a solution of an optimization problem by means of 
uncomplicated communications.

 

The inspiration was taken from the observation 
of real ants. Ants are social insects living in colonies. It 
was observed that a moving ant deposits some 
pheromone (in variable quantities) on the ground; hence 
making the path it follows [1].

 

Next ant moving towards the feeding area can 
identify the pheromone left by the previous ant, decide 
with high probability to follow it, and reinforce the 
selected trail with its pheromone. This form of indirect 
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communication mediated by pheromone lying is called 
stigmergy. 

Ants make use of pheromone in order to find a 
shortest path between two points connected with two 
branches. If there is no pheromone, ants decide 
randomly which path to choose. Therefore, more 
pheromone deposited on the lower path determines the 
number of new ants that will choose this path willingly 

Optimal Location of STATCOM in Nigerian 330kv Network using ant Colony Optimization Meta-Heuristic



 
[1].

 

However, the ants in the ant system are different 
from natural ants. They have memory, they are not 
completely blind, and they live in an environment where 
time is discrete or discontinuous.

 

Characters of the ACO algorithms use the 
device parameters and probabilistic model to generate 
solutions to the problem under consideration. The 
probabilistic model is called pheromone model. The 
pheromone model consists of a set of model 
parameters, which are called pheromone values.

 

At run-time, the ACO algorithms try to update 
the pheromone values in such a way that the probability 
to generate high quality solutions increases over time. 
The pheromone values are updated using previously 
generated solutions [1].

 

a)

 

Ant Colony Algorithm

 

The key idea is that, when a given ant has to 
choose between two or more paths, the path that was 
more frequently chosen by other ants in the past will 
have a greater probability of being chosen by the ant. 
Therefore, trails with greater amount of pheromone are 
synonyms of shorter paths.

 

Figure 1.1a, 1.1b, 1.1c and 1.1d demonstrate 
how real ants find a shortest path.

 

In Figure 1.1a, the ants are moving from food 
source L to the nest R on a straight line and arrive at a 
decision point. 

 

Once an obstacle appears as shown in Figure 
1.1b, some ants choose the upper path and some the 
lower path. The

 

choice is random. Figure 1.1c depicts 
the fact that since ants move at approximately a 
constant speed, the ants which choose the lower, 
shorter, path reach the opposite decision point faster 
than those which choose the upper, longer, path. That 
is, will collect larger amount of pheromone than the 
longer. In Figure 1.1d, as Pheromone accumulates at a 
higher rate on the shorter path, the number of dashed 
lines is approximately proportional to the amount of 
pheromone deposited by ants.

 

Therefore, more ants will be increasingly guided 
to move on the shorter path. Due to this autocatalytic 
process, very soon all ants will choose the shorter path. 
This behavior forms the fundamental paradigm of the 

 

 

  

 

Figure 1.1b :

 

Decision Stage

 

 

Figure 1.1c :

 

Progressive Stage
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Figure 1.1a : Initial Stage

ant colony search algorithm [1]. Figure 1.1d : Updating Stage

Optimal Location of STATCOM in Nigerian 330kv Network using ant Colony Optimization Meta-Heuristic



 

 

Below is a flow chart describing the processes 
or stages to actualizing the algorithm as shown in Figure 
1.2.

 

 

Figure 1.2 :

 

Flow chart for Ant Colony Optimization

 

• The initialization step:

 

In this step ants are placed in 
the initial position and an amount of τ0 is taken for 
initial pheromone.

 

• Tour calculation:

 

The distance between parameters 
is calculated by generating the first Node (bus) 
randomly. The first node selected further generates 
random numbers according to a uniform distribution 
ranging from 1 to n; n>0.

 

• Model estimation (Transition Rule): In this stage, the 
ant located at the current node will choose the next 
node and if the system is not satisfactory, the ant 
will move to the next location based on the 
probabilistic transition function and pheromone is 
converged.

 

• Local Updating Rule: The optimal location of FACTS 
Device is achieved as ants visit edges and change 
their pheromone level. 

 

• Fitness Evaluation:

 

This is performed when all ants 
have completed their tours.

 

• Global Updating Rule: This figure out the best ant 
tour which gives the best fitness among all the ants.

 

• Repeating Criterion:

 

The algorithm stop the iteration 
when a maximum number of iteration have been 

performed, otherwise, the tour calculation process is 
repeated.  

 

IV. Analysis

 

of

 

the

 

Case

 

Study

 

by

 

Load

 

Flow under

 

Fault

 

Condition

 

In order to demonstrate the effect of the 
STATCOM on the network under consideration, certain 
scenarios are considered and analyzed in PSCAD 
environment as follows.

 

a)

 

Without STATCOM

 

A single line-to-earth fault was initiated at 0.2sec 
and cleared at 0.75sec; the system experiences a sharp 
swing which gradually leads to a total collapse of the 
entire network. During the fault on the system, the fault 
current increases leading to a decrease on the power 
flow along the transmission line

 

and hence, a decrease 
in bus voltage profile (See Figure 1.6a).

 

b)

 

With STATCOM

 

During fault condition and with STATCOM 
installed on the network, the fault current though 
experiences a swing but in this case, the compensation 
effect of the STATCOM enhances the power flow on the 
network as well as the bus voltage profile by damping 
the swing. This is shown in Figure 1.6b.

 

      
  

 
 

      
   

 
 
 
 

     Figure 1.6a: Bus Voltage at Bus 6  

 

       

 

           
Figure 1.6b: Fault Current at Bus 6
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Figure 1.6a : Bus Voltage at Bus 6

Figure 1.6b : Fault Current at Bus 6

FAULT ANALYSIS AT BUS 6 WITH FAULT APPLIED AT 0.2sec AND CLEARED AT 0.45sec
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V. Simulation and Results

 

The ant colony code developed was 
incorporated and performed on the MATLAB 
environment; the following results were obtained for 
various cases.

 

Also, the algorithm when simulated for the 
minimum number of iterations required for convergence, 
finally presents the best results of the optimal bus 
located by the ant tour and pheromone trail 
demonstrated graphically in Figures 1.4 and 1.5.

 

a)

 

Case I

 

Considering IEEE 14-Bus system, the algorithm 
is performed with number of bus (Nbus = 13) and 
converges at the 50th

 

iteration with the optimal bus 
located at Bus 6. The result of the ant tour and the 
pheromone trail is demonstrated in Figure 1.4a an 
Figure 1.4b. 

 

ACO Algorithm MATLAB Display for a 14 Bus 
System with Optimal Bus as Bus 6. 

 

Figure 1.4a :

 

Bus 14 Ant tour plot

 

 

 

 

Figure 1.4b :

 

Bus 14 Ant Pheromone plot

 

b)

 

Case II

 

Considering a Nigerian 30-Bus system, the 
algorithm is again performed but in this case with 

number of bus (Nbus

 

= 30) and converges at the 150th

 

iteration with the optimal bus located at Bus 12. The 
results of the ant tour and the pheromone trail are 
demonstrated in Figure 1.5a and Figure 1.5b 
respectively.

 

ACO Algorithm MATLAB Display for a 30 Bus 
System with Optimal Bus at Bus 12. 

 

Figure 1.5a :

 

Bus 30 Ant tour plot
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Figure 1.5b : Bus 30 Ant Pheromone plot

VI. Conclusion 

In conclusion, this paper has given us a 
pragmatic approach to STATCOM placement in 
Nigerian Grid system by Ant colony optimization 
technique. This can also be used in application to other 
systems networks outside the scope of this study.

Also, with the optimal placement of STATCOM 
in a transmission line, most of the bus voltage profiles 
increase considerably. The optimal placement of the 
STATCOM is also valid under contingency conditions in 
both system under study and the IEEE 14- bus systems. 
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Number of ants

 

30

 

Number of Nodes/Buses

 

13

 

Minimum number of iterations before 
convergence

 

50

 

Pheromone decay

 

5%

 

Pheromone update

 

0.21

 

Total pheromone update

 

150

 

Percentage of visibility

 

>=95%
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Hazard of Electromagnetic Fields in Biosphere 

Marko S. Markov 

Abstract- The contemporary conditions of life put the 
biosphere, in general, and mankind, in particular, to a strong 
dependence of various physical factors, including 
electromagnetic fields (EMF). During their phylogenetic and 
ontogenetic development the living organisms are exposed to 
various magnetic fields with Earth and space origin. The 
natural magnetic/electromagnetic fields are characterized with 
their continuous and comprehensive action throughout the 
evolution of life on the planet. The beginning of the XXIst 
century is characterized with exponentially increasing pollution 
of the atmosphere with various new means of communications 
which place the entire civilization into uncontrolled action of 
high frequency electromagnetic fields.   

I. Introduction 

he contemporary science has enough evidence 
that the life originated and developed in the 
presence of a number of physical factors with 

terrestrial and space origin including magnetic and 
electromagnetic fields. One of the most important 
factors is the Geomagnetic field, formed during the 
geological evolution of the planet. At the same time, the 
Earth has been exposed to the influence of ionizing and 
nonionizing radiation. Due to space limitations, the 
evolutionary role of magnetic fields will not be a subject 
of discussion in this paper. However, we will continue 
our discussion having in consideration the presence in 
biosphere of natural magnetic and electromagnetic 
fields. 

During the last 120 years the biosphere has 
been exposed to increasing number and variety of 
electromagnetic fields related to discovery of industrial 
methods for generating electricity and further 
innovations in technology, communication, 
transportation, home equipment, and education. 

More than 45 years ago brilliant Soviet 
magnetobiologist Yuri Kholodov wrote a book “Man in 
the magnetic web”. (Kholodov, 1976) Long before 
occurrence of mobile communications, Kholodov 
pointed out that the entire biosphere is immersed in the 
ocean of the electromagnetic waves. 
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EMF and represent a serious hazard for public health 
today. Today the mankind participates in a global 
experiment conducted by the industry without 
regulation, rules and control.  

The reaction of the American newsmedia, 
politicians and society to publication of Wertheimer and 
Leeper (1982) was so strong that in 1992 the Congress 
of the USA passed Energy Policy Act and dedicated 60 
million of dollars for investigation of the potential hazard 
of electricity for human health. Unfortunately, after 5 
years and 41 million dollars spent the conclusion was 
“we do not have conclusive evidence to link 
electromagnetic fields to cancer initiation”. It would be 
fair to say that this failure is result of the fact that the 
project due to the lack of general direction of the 
research and funding the individual study proposals                  
(it was coordinated by 7 different institutions and had a 
chairman representative of the society who was never 
seen before at such meetings). 

The hazard of EMF is discussed mainly from the 
view point of mobile communication and the effects on 
biosphere are usually neglected. A quarter of century 
ago, the man-made EMF were named as “factor of new 
ecology” because of the substantial, even unntoticeable 
action on the entire biosphere. (Markov, 1988).  

II. Mobile  Communications  and  

wifi  Tecnologies  

I was astonished attending in 1997 the Second 
World Congress of Electricity and Magnetism to hear 
from the Chairman Prof. Andersen that in 2010 more 
than 75% of the World communication will be wireless. It 
sounded as an unbelievable dream.   

However, the industry went even further.  By the 
2010 in the USA, 285 million mobile phone subscribers 
have been registered (for a little bit more than 300 
million inhabitants). As of August 2013 there were 210 
millions cell phone in Brazil (with population of 193 
millions). The estimate for the world is more than 5 
billion mobile phone users at approximately 7 billion 
people living on this planet.  

Having this in mind,
 

the evaluation and 
prediction of the potential adverse effects from using 
wireless communications (any mobile device, including), 
especially by

 
children, becomes a question of crucial 

importance. The twenty-first century is marked with 
exponentially increasing development of technologies

 

that provide wireless communications. To the pollution 
of the atmosphere with radio and TV

 
signals, not only 

T 

G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

(
)

F
V
ol
um

e 
 X

IV
  

Is
su

e 
 I
II
  

V
er
si
on

 I
  

  
  
 

  

51

Y
e
a
r

20
14

© 2014   Global Journals Inc.  (US)

During the last quarter of century voices 
became raised that electromagnetic fields (EMF) might 
be detrimental for biosphere and human life. After 1976 
two serious problems immerged in the public health 
discussion – potential hazard of low frequency EMF 
from power and distribution lines (in the late 1970’s and 
1980’s) and mobile communications (mobile phones, 
Wi-Fi Internet, base stations) that utilize high frequency 



satellite communications but also any varieties of the Wi-
Fi networks are added.  

It is not well known fact that a cellular telephone 
delivers a power density of radiofrequency radiation 
about 2 billion times greater than occurs naturally in the 
environment. Since the mobile phones are designed to 
operate at the side of the user’s head, a large part of the 
transmitted energy is radiated directly into that person’s 
brain. Therefore, the absorbed energy potentially could 
cause within the brain dangerous and damaging 
biological effects. The small cellular telephones 
effectively deposit large amounts of energy into small 
areas of the user’s head and brain. 

The fast development of satellite 
communications, followed by wireless communications 
and recently WiFi technology dramatically changes the 
electromagnetic environment. To continuous action of 
complex and unknown (by sources, amplitudes, 
frequencies) electromagnetic fields is exposed entire 
biosphere and every organism living on this planet. We 
usually neglect this complex that includes radio and TV 
transmissions, satellite signals, mobile phones and base 
stations, wireless communications.  

The search for specificity of the WiFi technology 
can point to the following:  

• Popular technology that allows an electronic device 
to exchange data wirelessly (using RF EMF) over a 
computer network, including high-speed Internet  

• A device that use Wi-Fi can connect to a network 
resource such as the Internet via a wireless network 
access point. Such an access point has a range of 
about 20 meters indoors and a greater range 
outdoors.  

As a result  

• Brains of 7,000,000,000 people are exposed to 
unknown spectrum of EMF 

• There is no criteria for hazard levels 

• No monitoring 

• No research 

• No prevention 

The fast development of satellite 
communications, followed by wireless communications 
and recently Wi-Fi technology dramatically, changes the 
electromagnetic environment. To continuous action of 
complex and unknown (by sources, amplitudes, 
frequencies) electromagnetic fields is exposed entire 
biosphere and every organism living on this planet. We 
usually neglect this complex that includes radio and TV 
transmissions, satellite signals, mobile phones and base 
stations and wireless communications. (Markov and 
Grigoriev, 2013). 

I want to make clear in the beginning of this 
paper that my fear from the potential hazard of the 
mobile communication is related more to the non-

thermal effects of this physical factor, unknown to 
mankind until half a century ago.  

Speaking on the potential hazard of Wi-Fi 
technologies, one should not forget that it includes not 
only mobile phones but also more importantly all means 
of emitters and distributors of Wi-Fi signals, mainly 
antennas, base stations and satellites. In many public 
locations, own systems are introduced in order to 
facilitate the work performance. Well, this might be 
understood. However, why Wi-Fi communications are 
secured in the subway tunnels? When I was writing this 
paper, the USA news media are discussing the 
possibility to allow use of mobile devices during the 
flight.  It obviously requires high and oriented power to 
which are exposed all passengers in the trains and 
planes. Just to make comfortable the users of mobile 
devices. It is forgotten that in the conditions of confined 
subway tunnels and planes, to use mobile signal 
significant increase of the delivered power of the signal 
is needed. 

Well, one may agree or disagree with the idea 
that use of mobile communication devices is hazardous 
for his health. But the point of hazard for entire 
biosphere, including humans should not be missed. We 
are not talking here for the hazard of devices, but for the 
hazard of means of delivery the signals. It would be 
plausible to remind once again the words of Kholodov 
that we exist in the ocean of electromagnetic waves. 
From newly born baby to the century old gentlemen – 
everybody is exposed to unknown and frequently 
changing combination of EMF.  

Now, let look what the science is doing in 
clarifying the situation so important for mankind. The 
major guidlines established by the engineering 
community, IEEE (Institute of electrical and electronic 
engineers) in 2005 and ICNIRP (International 
commission on non-ionizing protection) in 2009 provide 
approach and terminology which are not acceptable for 
physics and biological communities, but nevertheless 
remain the guiding rules (mainly for the industry). One 
can only wonder how is possible to speak about 
potential “health effects” of RF instead of “health 
hazard”. The misuse of the term “health effect” 
completely neglects the fact that a physical/chemical 
factor could have either positive (beneficial) or negative 
(hazard effect). I am suspicious that this is done by 
purpose not to alarm the general public about the 
hazard of use microwave radiation in close proximity to 
the human brain. 

It has been pointed elsewhere (Markov, 2006) 
that the engineering committees statement that 
“Nonthermal RF biological effects have not been 
established” basically are guiding science and society 
into wrong direction. To decline possibility of nonthermal 
effects is not reasonable, but more important is that they 
mixed “effect” and “hazard”.  During the last half a 
century laboratory and clinical research was performed 
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that indicate the possibility of non-thermal effect, even in 
greater degree than thermal effects. Israel et al. correctly 
pointed out that even definition of thermal effect by 
these international bodies is not accurate. (Israel et al., 
2013). 

It should be reasonable to mention that this 
problem is not new. It was noted in 1995 by Kane 
“Never in human history has there been such a practice 
as we now encounter with the marketing and distributing 
of products hostile to the human biological system by 
an industry with foreknowledge of those effects.” (Kane, 
1995) What may be added to this powerful statement – 
R. Kane was high level Motorola executive. 

One of the first papers on the absorption of 
electromagnetic energy was published by Schwan and 
Piersol, in which they connected this absorption with the 
tissue composition (Schwan and Piersol, 1954) It is 
important to note that tissue composition is a very 
complex one and varies from organ to organ, from 
person to person. From biophysics point of view the 
energy absorption also depends on the depth of 
penetration for the specific frequency range (for 825-845 
MHz the penetration depth into brain tissue is from 2 cm 
to 3.8 cm). (Polk and Postow, 1986). 

Fourthy years ago Michaelson (1972) wrote "It 
should be understood that a cumulative effect is the 
accumulation of damage resulting from repeated 
exposures each of which is individually capable of 
producing some small degree of damage. In other 
words, a single exposure can result in covert thermal 
injury, but the incurred damage repairs itself within a 
sufficient time period, for example hours or days, and 
therefore is reversible and does not advance to a 
noticeable permanent, or semi-permanent state. If a 
second exposure or several repetitive exposures take 
place at time intervals shorter than that needed for 
repair, damage can advance to a noticeable stage." 

In other words, the repeated irritation of a 
particular biological area, such as a small region of the 
brain, can lead to irreparable damage. Given the 
existence of energy absorption "hot spots" then each 
damaging exposure to radiofrequency radiation 
provides a new opportunity that the damage will 
become permanent. Part of the problem is that an 
exposed person would never know of the penetration 
and damage. 

Interestingly enough, the basic science from the 
1950’s to 1990’s reported evidence that high frequency 
EMF can have harmful effects on human organisms and 
especially on human brain. It has been even detailed in 
respect of the frequency range: 900-2500 MHz. Number 
of studies had pointed out that electromagnetic energy 
in the 900 MHz region may be more harmful because of 
its greater penetrating capability compared to 2450 
MHz, therefore more energy in the 900 MHz frequency 
range is deposited deeply within biological tissue. In 
1976 Lin concluded that 918 MHz energy constitutes a 

greater health hazard to the human brain than does 
2450 MHz energy for a similar incident power density. 
(Lin, 1976). 

It has been reported that diathermy applications 
consistently show that electromagnetic energy at 
frequencies near and below 900 MHz is best suited for 
deep penetration into brain tissue. The depth of 
penetration is noticeably greater at this frequency range, 
which includes the portable cellular phone frequencies 
as compared with higher frequencies. What is also 
important, it was proven that deep tissue heating is 
obtained without detecting significant heating in the 
surface tissues. By their nature the frequencies that 
provide the best therapeutic heating would also be 
frequencies that could be most hazardous to man in an 
uncontrolled situation. High absorption in inner tissue 
such as the brain occurs while fat and bone absorption 
is many times less. (Johnson and Guy, 1972). 

Let me remind the readers that these studies 
have been performed and published before mobile 
communications technologies originated. At once, 
everybody forget this information.  An obvious question 
arises: If science had developed such knowledge 
decades ago why today these questions are not at the 
priority list for research? We would point here two major 
reasons: The political power of the industry and the 
failure of the scientific community. 

For more than half a century, a very serious 
group of policy makers and even scientists are playing 
around the term SAR. The Specific Absorption Rate 
given in terms of Watts per Kilogram (W/Kg) or milliwatts 
per gram (mW/g), is assumed to provide a measure of 
absorbed energy in a given tissue. Absorption, not 
delivery. This term is particularly advantageous for the 
industry since the energy absorption in biological bodies 
and specific organs is non uniform and frequency-
dependent. However, up today SAR is more often used 
to describe the energy generated by the source of the 
electromagnetic field (EMF). One can only wonder how 
a device may be characterized by SAR. Let repeat, the 
specific absorption rate (SAR) identifies the amount of 
energy that is absorbed in a gram of tissue.   

The inappropriate use of the SAR leads 
proponents of WiFi technology to affirm that since there 
is not heating of brain by radiofrequency EMF, there is 
no hazard for the human brain, completely neglecting 
the fact that most of biological effects are non-thermal. 
We are convinced that the safety standards would need 
to be restated in terms of internal energy absorption. 

 

III. EMF
 
in

 
Biosphere

 

Very often the news media discuss how 
dangerous electromagnetic/magnetic field might be for

 

human health, especially in relation to cancer initiation. 
The

 
hazard should be considered in respect to the 

continuous exposure to electromagnetic fields in 
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workplace and/or occupational conditions, while at the 
same time short, controlled exposure to specific 
electromagnetic fields makes possible therapeutic 
benefit.  

Concentrating on human health, today science 
practically neglects the possible ecological effects of 
RF-EMF. I personally prefer using the term “biosphere” 
instead “ecology“ since it includes not only wild life, but 
human population, as well. However, it will be used the 
term ecological for easy understanding the effects in 
living nature. 

Many ecological endpoints (e.g. fertility, 
reproduction and growth) studied at the level of the 
individual animal, are crucial from an ecological point of 
view. It should be pointed that the ecology studies all 
living organisms, at all organizational levels (i.e. from the 
smallest molecular system to the largest ecosystem 
levels). By definition ecology focuses on the higher 
organizational levels of populations, communities and 
ecosystems. 

This field of research is of crucial importance for 
the understanding of

 
mechanisms of interaction 

between complex ecosystems and the environment. 
(Cucurachi et al, 2012). Animal studies have still been 
identified as a major research

 
agenda point by the WHO 

(Van Deventer et al., 2011). The WHO stated that high 
priority in the field should be given to research on the 
effects of RF-EMF on development and behavior, on 
ageing and reproduction of animal subjects. The result 
of these studies might be ecologically interpreted, 
because they include ecologically relevant endpoints.  

It is important to remember that the entire 
biosphere exists at “optimal” conditions. This means 
that when the perturbations in the existing factors (in 
increase and decrease of the values) could be 
compensated to certain extent. If, however, the changes 
are strong enough, the compensation could not be 
possible.

 

The most comprehensive review of the lower 
band MW EMF ecological effects was published by 
(Cucurachi et al, 2012)

 
using two databases: ISIWeb of 

Knowledge and Google
 
Scholar. In overall 65% of the 

studies
 
reported a statistical significant effect of

 
RF-EMF 

on ecological relevant endpoints.
 
The most represented 

groups include vertebrates, (predominantly rats, mice 
and rabbits), then birds and plants. Articles

 
which report

 

significant effects of RF-EMF were found more 
frequently

 
in the case of birds, insects (i.e. mostly honey 

bees and fruit
 
flies) and plants. 

 

Interestingly enough, many
 

studies on birds 
were performed in the laboratory. Amongst the more 
recent

 
laboratory studies, evidence of an effect of RF-

EMF on mortality
 
and development of embryos was in 

all cases found at both high
 
and low dosages. In al

field studies was found a significant effect
 
of RF-EMF on 

breeding density, reproduction or species composition.
 

The animal systems commonly used in 
laboratory studies include rats (Wistar albino rat and 
Sprague Dawley rat), mice (Balb/c and Balb/c/f), rabbits 
(White New Zealand Rabbit), rhesus monkeys (Macaca 
mulatta). A total of 27 experiments (43%) showed no 
significant results of an impact of RF-EMF under the 
physical and experimental settings used. The power 
density ranged from 0.6×10−6 to 20 mW/cm2, which 
was the maximum value measured for MW CW 
exposures.  

A large share of the studies on vertebrate 
animal models focused on changes in behavior as a 
result of exposure. This choice may be related to 
investigating of possible influences of RF-EMF on the 
behavior and cognitive performance of humans, who 
use mobile phone devices in close proximity to their 
heads. Some commonalities between human and rat 
response to noxious substances have been explored by 
other fields of science. Lai et al. (1994) suggested that 
rats suffer from a deficit in spatial working memory 
function when exposed to RF-EMF (50% decreased 
performance compared to control).  

The articles by Lee et al. (2009, 2012) and Imai 
et al. (2011) are the only studies focusing on the impact 
of the frequencies network standards found in 3G 
mobile communication (Collins and Smith, 2001), 
working with protocols like wideband code division 
multiple access (W-CDMA) or CDMA. All experiments, 
on mice and rats, did not have any observable adverse 
effect on development, reproduction or mutation of 
tested subjects. These studies represent the first 
attempt to investigate the effects of wireless 
communication on health. 

The influence of the earth's natural magnetic 
field or that of superimposed artificial magnetic fields on 
plants has been known for many years. Static magnetic 
fields, in fact, have been proven to have a beneficial 
impact on the stimulation of growth and germination of 
plants (Dulbinskaya, 1973; Pittman, 1965; Savostin, 
1930), or inhibitive impact depending on the species 
and their physiological state (Krizaj and Valencic, 1989). 
According to Soltani et al. (2006), until now no proper 
physiological explanation has been provided for the 
described effects, though the biological effects of weak 
static MF do not depend only on the physical conditions 
of the exposure, but also on the environmental 
conditions in place. 

In most of the field studies information for the 
values of local magnetic field(s) is missing. One 
anecdotal example might be found in experience from 
former Soviet Union: It was decided to bring in the area 
of Kursk corn from Kazaxstan know with higher yield. 
However, the yield in new place failed in 50%. Nobody 
paid attention that in Kursk the value of geomagnetic 
field was 2 Gauss, while in Kazaxstan only 0.5 Gauss. 
When returned back, the seed slowly (within 3 years) 
returned to previous yield.  
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Probably here I should mention the report of 
Pavlovich(1976) who place in a mu-metal container a 
colony of microorganisms with 24 hours reproduction 
cycle. At day 7 he observed mutation in the culture. The 
reason? This container shields the colony from ambient 
magnetic field. Several generations grew in conditions of 
absence of usual magnetic field and started to search 
for accommodation to new condition and find this way in 
mutation.      

The analyzed literature considered that plants 
are continuously exposed to RF-EMF as they cannot 
avoid them, by moving away from the source of 
emission. In total, 16 studies and 29 experiments were 
selected by Cucurachi et al. (2012) based on the 
ecological relevance of the endpoints studied.  

The frequency investigated ranged from as low 
as 10 MHz to 2450 MHz with power density from 0.015 
mW/cm2 to 50 mW/cm2. A Latvian group of researchers 
(Balodis et al., 1996; Magone, 1996; Selga and Selga, 
1996) focused on the area of Skundra, Latvia, where a 
radio location station had been operating for 20 years. 
The three studies provide a unique experience of a 
complete set of experiments and field studies 
conducted around a radio station in the short as well as 
in the long term. The studies also assessed RF-EMF 
effects at different distances from the station. As a 
result, the non-thermal RF-EMF under investigation 
indicated that the effects of short term exposure (i.e. up 
to five days) are dependent on the stage of growth of 
great duckweed at the time of exposure.  

The vegetative growth of young plants 
decreased as a consequence of exposure, while it even 
accelerated in the case of older plants. The exposed 
population of adult plants was on average growing 
150% more than the control unexposed samples. The 
effects of RF-EMF emitted by the radio station were 
analyzed using retrospective tree ring data in Balodis et 
al. (1996): a significant negative correlation between the 
measured electric field at specific sample locations and 
the mean relative additional annual increment of pines 
has been identified. Selga and Selga (1996) found 
significant cytological and ultra-structural changes in 
exposed pine needles and cones. 

A connection between exposure and very rapid 
molecular stress responses was made in the studies 
performed by Roux et al. (2006, 2008) focusing on the 
molecular responses of tomato plants. The study was 
based on the use of several stress related transcripts 
(e.g. energy charge and protease inhibitor). Great 
differences were found in the exposed population 
compared to the control (up to 300%). The data 
supports the evidence that plants respond to exposure 
as they would respond to any other injurious treatment. 
Even though the RF-EMF used was non-thermal and the 
total power used was low, results, as the authors 
commented, are strikingly similar to those found when 
plants are wounded, cut or burned. 

To summarize: The number of studies finding 
effects was highest for plants (90%) and insects (90%), 
lower for birds (70%), other vertebrates (56%) and other 
organisms (50%). In all the available field studies 
significant effects of RF-EMF were found. In laboratory 
experiments, birds and vertebrate animal subjects were 
in most cases tested at higher frequencies than smaller 
organisms (e.g. fruit flies) and plants.  

One serious obstacle in evaluating effects of 
EMF in biosphere and even in laboratory is insuficiant 
reporting of the parameters of the study which makes 
difficult, if not impossible to compare results from 
different studies.  Some studies only provided the 
frequencies of the RF-EMF emitting device and one 
dosage parameter (e.g. power density in mW/cm2). A 
limited number of studies supplied the full list of physical 
parameters needed for an adequate description of the 
exposure (e.g. modulation, spatial connotation of field, 
polarization, field pattern and measuring techniques). 
The reporting of the measured or extrapolated power 
density values and relative electric field values were 
discordant and no precise information was given on 
measurement or calculation procedures. Also relevant 
biological parameters such as size of the target, tissue 
dielectric properties, geometry, and relation to 
polarization are often neglected. In a critical review of 56 
reports, Colbert et al. (2008) found that only 2 papers 
correctly explained 10 parameters of the exposure.  

The ICNIRP guidelines (1998, 2010) provide 
limiting values as basic restrictions and reference levels 
for the exposure of humans to RF-EMF. These 
guidelines have been adopted by most European 
countries which have imposed limits (EU Commission 
implantation Reports, 2008). There are currently no 
guidelines for the exposure of biodiversity to RF-EMF. 
The available data has so far been inadequate to judge 
whether the ICNIRP guidelines and other environmental 
standards should be the same or significantly different 
from those appropriate to protect human health. 

No clear relationships, in fact, could be 
declared between dosage and effects because of a 
wide variety of exposure strengths, durations, 
conditions, frequencies, time between exposures, 
assessment methods, measurement systems, 
replications efforts, and adequate dosimetry. Some 
authors consider that in the older laboratory studies the 
interpretation of results needs to be filtered by the 
consideration of a lack of control of temperature. In the 
other studies the balance of experimental evidence 
points towards a non-thermal effect of RF-EMF 
exposure. 

At the current state of our knowledge, there is 
an urgent need for repetitions of experiments and field 
studies by other research groups in order to confirm the 
presence/absence of effects. ICNIRP statement of 
(2010), suggests that results can only be accepted ‘for 
health risk assessment if a complete description of the 
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experimental technique and dosimetry are provided, all 
data are fully analyzed and completely objective, results 
show a high level of statistical significance, are 
quantifiable and susceptible to independent 
confirmation, and the same effects can be reproduced 
by independent laboratories’ (Repacholi and Cardis, 
1997).  

Experiments evaluating the impact of newer 
wireless technologies (e.g. WiMAX, WLAN and WiFi), 
together with studies analyzing new generations of 
mobile phone technologies (e.g. 3G and 4G) would 
shade some light on the impact of these technologies 
for ecosystems. To our knowledge solely the study on 
mice by Lee et al. (2009) investigated the possible 
impacts of these technologies. In order to minimize the 
uncertainties as efficiently as possible a number of 
situations with limited number of studies should be 
investigated: the long-term monitoring of selected 
species and/or ecosystems, field studies under a 
controlled system of exposure, laboratory studies 
following given recommendations, and studies on 
important ecological groups, other than those here 
analyzed, would be a solid base on which to focus 
future studies. 

The physical parameters usually reported 
regarded the measured level of power flux density and 
specific absorption rate (SAR). These parameters were 
either measured using probes or specific detectors or 
were based on the information of the manufacturers of 
the exposure devices. All the reported physical 
parameters varied greatly across studies. The estimated 
SARs ranged between 0.001 W/kg and 140 W/kg. I 
wonder what actually means “estimated SAR”.  Let me 
point that SAR means specific absorption rate. In other 
words this is characteristic of the specific absorption of 
the energy in the target tissue or organ. Since biological 
systems are effectively non-linear systems it is hard to 
accept that the term “estimated SAR” represents a term 
to be believed. 

SAR was introduced as an attempt to evaluate 
the energy deposition in a given tissue with the 
presumption that the RF effects are only thermal. This 
definitely leads in wrong direction, since plenty of 
studies demonstrated non-thermal character of 
interactions between RF EMF and living tissues. 

IV. Electromagnetic Hypersensitivity 
(ehs) 

There is a small fraction of human population 
that is supersensitive to exposure to EMF. Even having 
in mind that it is 1-3% of population, it is important that 
public health system take care for these people. On the 
other hand, studying the adverse reactions of these 
people, scientists might pay more serious attention to 
entire civilization. This problem is real, the attitude of 
science and industry – not. What the science says: “The 
symptoms are real, but what causes them is a mystery”. 

The industry is even more severe: “It is just psychology, 
nothing is real”. The same mantra is propagated by 
WHO, ICNIRP and numerous expert committees. Dr. 
Darius Lezchinsky (private communication) wrote: “I 
have the feeling that this mantra was introduced to the 
EMF research area few years ago for the sole purpose 
to

 
“get the EHS people off our backs”. Designers of this 

mantra assumed that by showing compassion for the 
suffering of EHS people they will alleviate tensions that 
exist between EHS sufferers and decision-makers.”

 Let discuss here the problem of identifying the 
EHS and helping the victims. First of all, EHS is not a 
well defined ailment. The list of symptoms claimed to be 
caused by EMF is long and very unspecific. The same 
symptoms can be caused by a variety of factors, 
including simple, life accompanying, stress. 
Distinguishing which stressor is responsible for EHS 
symptoms might be challenging even for well trained 
general practitioners. Therefore, patients are referred to 
psychologists and psychiatrists. This leads to 
generation of research studies that by design are unable 
to detect EHS. Using methods of psychology or 
psychiatry will not answer whether biochemically 
physiology of our body is affected by the exposure to 
EMF. 

 Unfortunately, the diagnosis of EHS is difficult 
because we all are exposed to enormous variety of EMF 
that surround every living creature. It is not only wireless 
communication-emitted radiation, but a whole range of 
professional utilities and home appliances. It will be fair 
to say that we are surrounded by the ocean of EMF with 
different amplitudes, frequencies and duration of action. 
Due to increasing development of new and new means 
and devices for WiFi communications, the entire world 
population is participating in a global “experiment: 
without control and protocol of the study. (Markov and 
Grigoriev).  

 Since we do not know what might be the 
physical parameters of exposure that triggers EHS 
symptoms it is difficult to identify the specific EMF 
source that causes the problem. But this should not be 
the reason to claim the lack of causality between EHS 
and EMF. The existence of EHS is a simple fact of life. 
The only question is what exposure parameters are 
sufficient to trigger EHS. For every radiation type, every 
chemical, every environmental pollutant there exist sub-
populations of people who are more sensitive than 
others. This phenomenon, known as individual 
sensitivity, is encoded in our genetic diversity. Ironically, 
the only case where the individual sensitivity is denied is 
when it affects the interests of the wireless 
communications industry.

 
V. Recent

 
Development
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At the end of March 2014 The European 
Commission organized a workshop in Athens, Greece 
on EMF electromagnetic fields and health effects 
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focused on public awareness, conciliating scientific 
findings and uncertainties in policy making. The event 
included presentations from various parties from the 
European Commission, WHO, public authorities, 
industry, operators, environmental and consumer 
associations and academia. The goal of the conference 
was to reach a common approach for the future in order 
to respond to public concerns about electromagnetic 
fields, to enhance information dissemination and 
discuss new studies and scientific evidence in relation to 
EMF, and to identify knowledge gaps needed for sound 
policy making. In this context, the new SCENIHR draft 
opinion on EMF and potential health effects was 
presented.

 

SCENIHR, the Scientific Committee on 
Emerging and Newly Identified Health Risks, has been 
charged with providing reports for the European 
Commission and Members of the European Parliament 
which may be relied upon by all participating 
governments. Furthermore the 500 million citizens of 
Europe are relying on SCENIHR’s review.

 

Unfortunately, SCENIHR’s review clearly cherry 
picked their own research and promoted it as gold 
standard while heavily criticizing Lennart Hardell’s 
research.”

 

The Hardell Group published five ground 
breaking studies in 2013, that are the first to correlate 
mobile phone usage with incidences of brain tumors 
over a 20+year period of time, longer than any other 
epidemiological studies. They found a clear correlation 
between cell phone usage and two types of brain 
tumors, acoustic neuromas and the deadliest of all brain 
cancers, gliomas. While the Hardell’s studies have been 
accepted prior to 2013, including

 

taking into 
consideration when the IARC scientists almost 
unanimously voted for the 2B “possible carcinogen to 
humans” classification for the entire RF EMF Spectrum, 
now situation  changes. In my opinion it happened after 
the long delay of the final report of the INTERPHONE 
multinational study leads to separation of the 
participants in the project into two groups. One may 
wonder how the multiyear project that supposed to be 
conducted under same protocol can lead to completely 
different opinions.

 

The scientific dispute brings to the scene the 
highest court in Italy which favoured Hardell’s position

 

over the 2010 Interphone Studies, considering

 

Hardell’s 
studies more reliable and independent than the 
Interphone study which had been part funded by the 
mobile phone industry.

 

Moreover, Paolo Rossi, Italian Ministry of Health 
said, “Children should not use mobile phones as a toy”.  
I completely agree with such position. Unfortunately, 
while mobile phones were a tool for communication a 
decade ago, now the different WiFi items might be seen 
in the hands of children as young as 3 years.

 

For years scientists have been offering 
incomplete, inconsistent and contradictory information, 
leading to confusion for the public and policy makers, 

resulting in members of the public seeking justice via 
the courts. “There is a lack of responsibility taken with 
policy makers saying they are relying on government 
and industry funded scientific reports from scientists. 
Then these same scientists say it is the duty of policy 
makers to

 

protect public health. At the same time, 
important reports fail to do a thorough review of  
literature on non-ionizing electromagnetic fields (EMF) 
and biological health effects. Only selected papers were 
evaluated using ambiguous criteria. Most of the 
following publications since 2007 were not considered 
by SCENIHR.

 

a)

 

Genetic Effects

 

 RFR: 114 papers (65% reported effects)

 

 ELF EMF: 59 papers (83% reported effects)

 

b)

 

Neurological Effects

 

 RFR: 211 papers (68% reported effects)

 

 ELF EMF: 105 papers (90% reported effects)

 

c)

 

Oxidative Status

 

 RFR: 106 papers (88% reported effects)

 

 ELF EMF: 110 papers (88% reported effects)

 

Lai and Levitt said, “It is outrageous to ignore 
any effect of EMF exposure on human health and a 
crime to humanity not to recommend any action to 
curtail the exposure.”

 

“The world urgently needs to be informed that 
these five papers by the esteemed Hardell Group were 
dismissed and ignored by Schüz, by IARC, by WHO, 
and as we witnessed in Athens, by SCENIHR,” Eileen 
O’Connor stated. “These papers have been placed 
directly into the hands of the EU Commission along with 
the report from Lai and Levitt outlining hundreds of 
missing research papers demonstrating positive results 
in the hope that policy makers can hold SCENIHR 
accountable.”

 

She said “’Failure is not an option.’ These are 
the famous words from the Apollo 13 control room chief 
officer Gene Kranz and these words have followed me 
since meeting him in 1999.” The rocket scientist 
continued, “Our European Community is being 
irradiated by microwaves; people

 

are becoming ill and 
suffering with many conditions including 
electrosensitivity. The World Health Organization has 
also declared a possible correlation to cancer in 
humans. It’s not rocket science. It’s just common sense 
and sound science.”

 
Eileen O’Connor

 

stated: “As of March 28, 2014 
representatives of the telecom industry, government 
officials, and WHO scientists absolutely, irrefutably have 
the latest science from Hardell and know that Hardell 
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himself is calling for RF to be classified a Group 1 
carcinogen. The clock has now started ticking on 
liability. No more excuses. SCENIHR, The industry, the 
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EU Commission, and WHO are now fully informed.“ 
Once adopted, this opinion will update previous 
Scientific Committee opinions of 19 January 2009 and 6 
July 2009 in light of newly available information. 

 

VI. Precautionary

 

Principle

 

Generally speaking, we do not know if or to 
which extent the WiFi radiation alters physiology of 
normal, healthy organisms. The situation became more 
complex when we are asking about the influence on 
children, on aging adults or sick individuals. 

 

Every evaluation of the “hazard” as well as 
every standard for the permissible level of exposure 
should be done following the precautionary principle: If 
we do not know that a given food, drink, medication, 
physical, or chemical factor is safe, we should treat it as 
potentially hazardous. 

 

If this approach is applicable in so many areas 
of life, in production of food and drinks, in approval of 
medications, why it is not applied in the EMF generating 
devices? My own explanation is that the regulatory 
organs neglected the potential hazard of exposure to 
EMF of living creatures – from microorganisms to 
elephants, to humans.

 

The hazard issue is frequently represented as 
“controversial”, and it is absolutely incorrect. It is not 
controversial issue, it is conflict of interest of industry on 
one side and mankind and environment on the other. 

 
It is remarkable that IARC (International Agency 

of Research on Cancer) in the summer of 2011 
classified radiofrequency electromagnetic fields as 
possible cancerogene.

 
It is not too late yet to recognize the potential 

hazard from electromagnetic fields acting in biosphere 
and especially on

 

the human population. Scientists and 
policy makers should recognize that especially with 
development of satellite and wireless communication, all 
living creatures in the biosphere are exposed to 
continuous action of electromagnetic fields.  
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   Abstract-  The demand on the electric power for the household, commercial and industrial loads is on the 
increase. Also, the management of electric distribution system is becoming more complex. Lack of 
information at the base station regarding status of the distribution network has been identified as the 
major bottleneck to its effective monitoring and control. The work described is a development of 
Microcontroller-based Protection of

 

Electric Distribution system for the purpose of effective monitoring 
and control of distribution system. A powerful GSM networking is designed to send data from Distribution 
side to the Sub-station and a Matlab GUI system has been develop to show the data. In general, the 
proposed design is developed for the user to easily recognize the distribution transformer is safe or 
unsafe and the distribution line that is suffered by fault. The ultimate objective is to monitor the distribution 
line status continuously and hence to guard the fault of distribution line due to the constraints such as 
overvoltage, under voltage, SLG, DLG faults. If any of these does occurs then a message will be sent to 
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Fault Analysis and Electrical Protection of 
Distribution Transformers 

Md Asaduzzaman Nur α, Mehdi Hasan Sourov σ, M. S. Muhit ρ & Md Khaled Hossain Ѡ

Abstract- The demand on the electric power for the household, 
commercial and industrial loads is on the increase. Also, the 
management of electric distribution system is becoming more 
complex. Lack of information at the base station regarding 
status of the distribution network has been identified as the 
major bottleneck to its effective monitoring and control. The 
work described is a development of Microcontroller-based 
Protection of Electric Distribution system for the purpose of 
effective monitoring and control of distribution system. A 
powerful GSM networking is designed to send data from 
Distribution side to the Sub-station and a Matlab GUI system 
has been develop to show the data. In general, the proposed 
design is developed for the user to easily recognize the 
distribution transformer is safe or unsafe and the distribution 
line that is suffered by fault. The ultimate objective is to monitor 
the distribution line status continuously and hence to guard the 
fault of distribution line due to the constraints such as 
overvoltage, under voltage, SLG, DLG faults. If any of these 
does occurs then a message will be sent to the designed 
controlling unit or substation.  
Keywords: microcontroller, transformer protection, GSM 
module, GUI, bridge rectifier, wireless monitoring & 
control.  

I. INTRODUCTION 

rotection system’s main function is to clear faults 
from the power system at high speed to ensure 
safety, minimize equipment damage and maintain 

power system stability[2]. Protection of power systems 
requires an understanding of system faults, their 
detection, and safe isolation of the faulted device. By 
taking an inventory of all the essential electrical loads 
and doing a basic electrical load evaluation [2], an idea 
regarding how much power our system needs to 
produce has been obtained. We are also aware about 
the power fluctuation situations also that means what 
voltage minimum / maximum we are getting from the 
A.C supply mains. In doing this project we would be 
using concepts of microcontrollers, GSM network and 
GUI of MATLAB.  

II. Fault Types and Protection 

a) Single-Line-to-Ground Fault  
A short circuit between one line and ground, 

very  often caused by physical contact,  for example due  
 
Author  α  σ  Ѡ: Student, Electrical and Electronic engineering 
department, AIUB, Dhaka, Bangladesh 1. 
e-mail: nur.aiub@yahoo.com 
Author ρ: Faculty, Electrical and Electronic engineering department, 
AIUB, Dhaka, Bangladesh 3.  

to lightning or other common means. The single line to 
ground fault can occur in any of the three phases [1]. 
However, it is sufficient to analyze only one of the cases.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 :

 

Single Line to Ground fault

 

b)

 

Line-to-Line Fault 

 

A short circuit between lines, caused by 
ionization of air, or when lines come into physical 
contact[1], for example due to a broken insulator. For a 
Line-to-line fault, the currents will be high, because the 
fault current is only limited by the inherent (natural) 
series impedance of the power system up to the point of 
faulty (refer Ohms law). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 :

 

Line to line fault
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c) Double-Line-to Ground Fault 
Two lines come into contact with the ground 

(and each other), also commonly due to stormy weather 
or some other means [1]. 



  

  
 
 
 
 
 
 
 
 
 
 
 

Figure 3 :

 

Double line to Ground Fault

 

d)

 

Transformer Protection  
Transformers are a critical and expensive 

component of the power system. Due to the long lead 
time for repair of and replacement of transformers, a 
major goal of transformer protection will restrict the 
damage to a faulted transformer & also protect it from 
thieves to avoid long term area blackouts. The 
comprehensive transformer protection provided by 
multiple function protective relays is appropriate for 
critical transformers of all applications [2]. Organized 
theft of electric transformers from live transmission lines 
is widespread throughout the country making power 
distribution agencies and consumers counting losses in 
several millions of BDT and great sufferings. In the last 
10 years, electric transformers worth BDT 2000 Million 
had been stolen. So, for

 

an improved power system 
stability and efficiently innovative technology, a micro 
controller based protection system should be achieved 
to protect transformers. 

 

e)

 

Lower Voltage 

 

Low voltage is a relative term, the definition 
varying by context. Different definitions are used in 
transmission and distribution line, and in the electronics 
industry. Electrical safety codes define "low voltage" 
circuits that are exempt from the protection required at 
higher voltages. These definitions vary by country and 
specific code. Lower voltage is defined as incoming line 
voltage at the point of use which is smaller than the 
Public Service Commission’s mandated legal limits; 
and/or smaller than the voltage ratings of the connected 
equipment. Lower voltage is considered a safety hazard 
by all industry standards and can cause premature 
failure of connected equipment. Devices could be 
damaged by lower line voltage. 

 

f)

 

Over Voltage 

 

Overvoltage is defined as incoming line voltage 
at the point of use which is greater than the Public

 

Service Commission’s mandated legal limits; and/or 
greater than the voltage ratings of the connected 
equipment. Overvoltage is considered a safety hazard 
by all industry standards, and can cause premature 
failure of connected equipment. Overvoltage has been a 

widely known industry problem for many years, but it is 
not generally understood by many who have to deal with 
it. Power companies have been unable to control it 
adequately. Overvoltage occurs most often during 
severe cold winter weather for the following reasons: (1) 
Inadequate size of power distribution systems; (2) slow 
reaction time for power company’s distribution systems 
to regulate voltage during extreme load variations; and 
(3) abrupt reductions of loads 

 
III. Block

 

Diagram

 

Arrangement

 
In figure 4, the basic arrangement of the 

implemented project can be found. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 :

 

Block diagram arrangement of the project

 

Among the major components required to 
establish the project, few of them are the power 
transformers (step down),

 

microcontroller ATMEGA 16 
and GSM module, Bridge rectifier. 

 

a)

 

Transformer 

 

Transformer is an electrical device used to step 
up and down the AC voltages. There are two types of 
transformers: Step up and step down transformer. Step 
up transformer increases the magnitude of voltage while 
step down transformer decrease

 

the magnitude of 
voltage. Depending on the ratio of the number of turns 
in the primary & secondary winding a transformer is 
characterized as step up or step down. For this project 
purpose, considering 1Ф

 

voltage to be around 220 V, 3 
step down power transformer of rating 220/12 has been 
used to represent a realistic representation of the 3 Ф

 

system. 
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Figure 5 :

 

220v/12v transformer

 

b)

 

Microcontroller ATMEGA 16 

 

Brain of this project is Atmega16 micro-
controller. It is a 8 bit Micro controller with RISC 
architecture. Its speed is up to 16MIPS throughput at 
16MHz. It has 16K bytes of flash and 512

 

bytes 
EEPROM. Operating voltage 2.7v -5.5v, in active mode it 
consumes only 1.1mA & in sleep mode it consumes 
less than 1uA current which made it a perfect choice for 
his project

 

[3]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

c)

 

GSM

 

Module  
Sim900 has been used as GSM module. 

SIM900 module is a complete Quad-Band GSM/GPRS 
module which combines GPS technology for satellite 
navigation. The compact design which integrated GPRS 
and GPS in a SMT package will significantly save both 
time and costs.

 

Power consumption (GSM engine in 
sleep mode) around 1.5mA and Power consumption 
(GSM engine in idle mode) around 77mA [4]. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 7 :

 

GSM module Sim900

 

d)

 

Bridge Rectifier  
An AC power source is required for powering 

major appliances but almost all electronic circuits 
require a steady DC supply. A simple rectifier circuit 
described in this project converts the input from AC 
source to DC voltage. Firstly, the AC input from mains is 
stepped down to a lower value of voltage. This AC 
supply is then passed through a rectifier circuit to 
remove the negative cycle of AC waveform. The 
resulting signal is then filtered to get the DC output. The 
major part of the circuit is connected to

 

the secondary 
coil of the transformer which is comprised by diodes 
and capacitor. While the diodes act as a rectifiers, 
capacitor filters out the DC component from the circuit. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8 :

 

Bridge rectifier

 

IV. Simulation

 

The initial stage, the circuits have been 
designed and simulated in PROTEUS. The circuit have 
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Figure 6 : Atmega16 microcontroller

been utilized to analyze the line to line, single line to 

Fault Analysis and Electrical Protection of Distribution Transformers



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9 :

 

Circuit Simulation

 

V. Hardware

 

Implementation

 

In reference to figure 4, the transmitting and 
receiving side can be described as follows: 

 

a)

 

Transmitting Side  
Heart of the project is the microcontroller 

ATMEGA 16. In general the normal distribution phase 
voltage is 220 V, in this project we used a step down 
transformer 220/12 V for converting the phase voltage 
from 220 V to 12 V. Then, a bridge rectifier has been 
used for converting the 12 V ac to 12 V dc; after that, 
applied voltage divider converts the 12 V to 5 V because 
the microcontroller works at maximum 5 V. By this 
process the three distribution phase is connected into 
three microcontroller pins and the power transformer is 
connected by a narrow wire between 2 pins of the 
microcontroller. At cases, when the distribution side is in 
load shedding protection of transformer must be 
ensured, which is why the microcontroller power is given 
from an external power

 

source (5 V battery) backup and 
also the GSM module power is given from external 
power source(9V battery) because GSM module 
consumes lots of power. GSM module communicates 
with atmeg16 through UART. RXD of GSM module is 
connected with TXD of atmega16 and

 

TXD of GSM 
module is connected to RXD of atmega16. 

 

b)

 

Receiving Side  
In receiver circuit another GSM Modem is 

connected with PC via USB-To-Serial converter. The GUI 
in MATLAB software has been is used such that it will 
read the message and the data will save it in an excel 
file and it will show a graph according to the data by 
using the interface. If any fault occurs, it is also capable 

to generate an alarm and a fault message box 
according to the fault. 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 10 :

 

Implemented Hardware model

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 11 :

 

LCD status indicator

 

As viewed from figure 10, the system was found 
to be balanced three phase system. In figure 11, the 
corresponding representation appears in the LCD 
display with the phase voltages in all the phases to be 
around 219 V. The view from GUI interface is also shown 
in figure 12. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 12 :

 

GUI interface from PC
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ground, double line to ground, open conductor, over 
voltage and under voltage in the sides of the 
transformer. The circuit diagram can be found in figure 
9. 

Fault Analysis and Electrical Protection of Distribution Transformers



VI. Future Prospects 

In view of a wide range of possibilities on the 
basis of microcontroller based protection system, a few 
has been depicted below:  
a) Fault detection of a wind turbine.  
b) GPRS based network using internet for tracking 

transformer.  
c) Improvements to human-machine interface  
d) Improvements in computer-based protection of 

Industry automation  
e) Long distance Data transmission.  

VII. Conclusion 

Microcontroller and GSM based protection 
system is a reliable technique for monitoring and 
controlling the electric distribution system, the 
microcontroller works up to 100 ⁰C temperature. For 
long distance data transmission, GSM technology is a 
reliable and robust one. Any kind of fault occurring in the 
distribution system results the GSM modules to send 
instant messages automatically to the base station. 
Frequent fault occurrence can be a problem; in this 
case the cost of sending sms will increase resulting in 
account recharge in the GSM SIM number. This can be 
sloved in mutual agreement with telecom companies in 
Bangladesh (such as GP, Airtel, Banglalink, etc,). 
Nonetheless, GSM based microcontroller protection 
system will serve as a reliable, easy and cost effective 
solution for monitoring and controlling the electric 
distribution system.  
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   Abstract-  The paper presents design of monopole arm microstrip spiral antenna that operates in the 
range of 2.93 to 7.25 GHz. The antenna is fed by an SMA connector from side, which is connected to a 
monopole i.e. main arm of spiral antenna. This monopole has a width of /4, which provide impedance 
matching thereby avoiding the need of balun for spiral antenna. To achieve enhancement in multiple band 
response, two designs have been proposed. The effect of increasing the number of turns of a spiral 
antenna is demonstrated here. The antenna is fabricated on FR-4 substrate with dielectric constant of 4.3 
and loss tangent of 𝜹𝜹=0.025. The designed antenna when tested, is working in 8 frequency bands 
ranging from 2 to 8 GHz providing the total bandwidth of 1.4 GHz. This multiple band antenna is suitable 
for upcoming cognitive radio systems.   

Index Terms: cognitive radio, spiral antenna, multiple bands, microstrip transmission line.
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Multiple Band Monopole Arm Microstrip Spiral 
Antenna for Cognitive Radio 

        

Abstract- The paper presents design of monopole arm 
microstrip spiral antenna that operates in the range of 2.93 to 
7.25 GHz. The antenna is fed by an SMA connector from side, 
which is connected to a monopole i.e. main arm of spiral 
antenna. This monopole has a width of 𝝀𝝀𝒈𝒈/4, which provide 
impedance matching thereby avoiding the need of balun for 
spiral antenna. To achieve enhancement in multiple band 
response, two designs have been proposed. The effect of 
increasing the number of turns of a spiral antenna is 
demonstrated here. The antenna is fabricated on FR-4 
substrate with dielectric constant of 4.3 and loss tangent of 
𝜹𝜹=0.025. The designed antenna when tested, is working in 8 
frequency bands ranging from 2 to 8 GHz providing the total 
bandwidth of 1.4 GHz. This multiple band antenna is suitable 
for upcoming cognitive radio systems. 

 cognitive radio, spiral antenna, multiple 
bands, microstrip transmission line. 

I. INTRODUCTION 

URRENTwireless technologies require wide bands 
for personal wireless networks and selective 
bands for applications like WiMax (3.3-3.7 GHz), 

WLAN (5.15-5.825GHz), GSM (900-1800 MHz). Both 
wide band and selective band applications require 
different antennas. Today’s wireless communication 
systems are expecting simple designs, higher data rates 
and low power consumption. The solution to these 
expectations was first proposed by Joseph Mitola III in 
1998 which was cognitive radio. A cognitive radio is an 
intelligent radio that can be programmed and 
configured dynamically. It is transreceiver is designed to 
use the best wireless channel in its vicinity. Such a radio 
automatically detects available channels in wireless 
spectrum accordingly changes its transmission or 
reception parameters to allow more concurrent wireless 
communication in a given spectrum band at one 
location. Hence a multiple band response antenna is 
needed that can be used for cognitive radio. An antenna 
that operates over a wide frequency range with multiple 
bands separated by guard bands will be the most 
suitable one to support cognitive radio system. So that 
one single antenna can be used for above mentioned 
applications. Modern wireless communication systems 
that rely on multiple band antennas are becoming more 
popular for their ability to serve multiple standards using 
a  single  compact  antenna,  allowing  a reduction in the  
 
Author α σ: Thakur College of Engineering & Technology, Jaiganga, 
Near Charkop Police Station, Charkop Kandivali (West), Mumbai. 
e-mail: taklechitra@gmail.com 

dimensions of the wireless device and more space to 
integrate with other electronic components. Spiral 
antennas being the broad band antennas are the most 
suitable candidate for such applications. 

Spiral antenna was first introduced by J.D. 
Dyson in 1959 which was based on Rumsey’s principle 
[1] of frequency independent antennas [2]. Later, 
varieties of spiral antennas were introduced by many 
authors those were used for various applications [3-
6].Different shapes of spiral antennas like Archimedean, 
rectangular, conical, logarithmic, slot spiral are being 
used for broad band applications to support high data 
rates [7-11]. Rectangular spiral antennas are the 
popular ones because of their geometry. Rectangular 
spiral antennas are easy to develop in simulation 
software, easy to fabricate. Many rectangular spiral 
antennas have been developed by authors that are 
useful for multiple purposes [12-14].  On the same lines 
a rectangular spiral antenna having multiple bands in 
different frequency bands that can be used for multiple 
applications is aimed to implement in this paper. Main 
aim is to get more number of resonances by increasing 
the number of turns. 

II. Design of Monopole Arm 
Rectangular Spiral Microstrip 

Antenna 

The equation defining the well-known geometry 
of a round Archimedean spiral used in antenna designs 
is given as: 

                                 ρ = aα + b                                 (1) 

Where ρ and a are the conventional polar 
coordinates in the x- z plane (ρ is the distance measured 
from the origin and a is the angle measured from the x 
axis), a is the growth rate and b is the starting point of 
spiral curve on the x axis. From the equation it is 
obvious that the Archimedean spiral arms have a 
constant amount of growth rate at each turn.  

a) Basic Monopole Rectangular Spiral Antenna 
Square spiral approximates the round 

Archimedean spiral in this manner and therefore it 
always has the same distance between its arms [14]. 
The spiral arms are configured as rectangular monopole 
of λg/4 width to provide impedance matching with 
standard 50Ω and this eliminates the need of wideband 
balun design to feed the antenna. For the design of 

C 
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monopole the dimension width is more important and 
since the antenna is spiral so it’s independent of the 
total length and only depends of spiral rotation. Width of 
the antenna has been calculated using microstrip 
transmission line equation [15]. The resonant frequency 
 𝑓𝑓𝑟𝑟  is chosen to be 9.2 GHz. The substrate used is FR4 
so dielectric constant  𝜀𝜀𝑟𝑟  is 4.3, with these values 𝜆𝜆𝑔𝑔 

comes to be 0.02. Therefore,  
𝜆𝜆𝑔𝑔

4�
 = 5mm. 𝜆𝜆𝑔𝑔 is guide 

wavelength. The width and length of ground plane is 
given by 𝑊𝑊𝑔𝑔  and 𝐿𝐿𝑔𝑔  in Eq. (4) and Eq. (9) [15]. The 
ground plane should be greater than or equal to both 
𝑊𝑊𝑔𝑔  and 𝐿𝐿𝑔𝑔 . The lowest frequency is taken into 
consideration while calculating the dimensions of 
ground plane. So the lowest frequency is considered to 
be 1 GHz. Height of the substrate is taken to be 1.6 mm 
since we are using FR4 substrate. The width comes to 
be 92 mm, effective dielectric constant is 2.65 and Width 
(Wg) and length (Lg) of the ground plane is calculated 
101.6 mm and 100.14 mm respectively. Hence the 
ground plane dimensions are taken to be 157 mm and 
126 mm. Assuming the higher operating frequency of 
spiral as 9.2 GHz the width is calculated. Fig.1. shows 
the dimensions and geometry of microstrip spiral 
antenna.  

 

Figure 1 : Basic rectangular microstrip spiral antenna                     
and its dimensions 

b) Increased turns in Basic Monopole Rectangular 
Spiral Antenna 

The current on spiral arm decays exponentially. 
More there’s a scope for current to decay lesser are the 

multiple-resonances in frequency response. The bends 
of the spiral introduce sudden discontinuity in the 
current. When the next segment starts the current 
increases at the bend and again starts decaying till next 
bend. This increase and decrease of current gives 
multiple bands in the frequency response. So for more 
number of bands there should be more discontinuities 
i.e. more number of turns. The turns were too low in the 
previous design; when numbers of turns are increased 
the current distribution doesn’t exponentially decreases 
incontinuous manner as its travel through the arms. As a 
result, multiple bands are obtained. 

Fig. 2. shows the geometry of increased turn 
antenna. The length of second arm is approximately half 
of first arm. Second arm onwards, each arm length is 
decrease by 10 mm, till the arm vanishes. Here initially 
the current distribution should get a peak value, however 
the as the physical length increase (N increases), the 
current eventually start to decay exponentially.  

 

Figure 2 : Increased turns rectangular microstrip                  
spiral antenna 

III. RESULTS & DISCUSSION 

The simulations are done in Computer 
Simulation Tool Microwave studio (CST MWS) due to the 
fact that it provides a flexible GUI interface, various 
available numerical techniques like time domain, 
frequency domain, integral equation, asymptotic modes 
and Eigen mode. The simulation for proposed antenna 
are done using time domain solver of the CST MWS 
which saves the simulation time by using Finite Integral 
Numerical Technique. Since our main concern is to 
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design a single antenna suitable for multiple 
applications that requires different frequencies, 
reflection coefficients are analysed and tested.  

a) Results of Basic Monopole Rectangular Spiral 
Antenna (Simulated) 

The plot of reflection coefficient (S11) for basic 
monopole rectangular spiral antenna is shown in the 
Fig.3. It is seen that the antenna is strongly resonating at 
four resonances at 3.74, 4.39, 4.78 and 5.8 GHz. The 
bands obtained below -10 dB are given in Table1. It is 
noted that the frequency response is weak above 
5.5GHz due to the non-continuous decay of surface 
current along the spiral arms. Table 1 shows the 
frequency bands specifications for response shown in 
Fig.3. The total bandwidth obtained is 1.92 GHz. The 
numbers of resonances obtained are 7. 
 

 
 

Figure 3 : Plot of reflection coefficient of Basic Monopole 
Rectangular Spiral Antenna (Simulated) 

Table I : Band specification for Basic Monopole 
Rectangular Spiral Antenna.(Simulated) 

 

Sr. 
No. 

Bands 
Obtained 

(GHz) 
Resonances 

at (GHz) 

1 3.64 to 3.81 3.74 

2 4.3 to 4.47 4.39 

3 4.7 to 4.92 4.78 

4 5.66 to 5.93 5.8 

5 6.02 to 6.31 6.21 

6 6.75 to 7.16 6.91 

7 7.23 to 7.62 7.45 

 

b) Result of Increased Turns in Basic Monopole 
Rectangular Spiral Antenna (Simulated) 

The plot of reflection coefficient (S11) for 
increased turn design is shown in Fig.4. It depicts the 
changes in the frequency response due to increased 
turns. The antenna is resonating strongly at three 
resonances, 3.04, 3.73 and 4.34 GHz. Here, the number 
of selective bands that were observed below 5 GHz has 
been increased than previous design. This because, the 
current decays along each arm and experiences 
discontinuity at each bends. When the current 

distribution reaches a peak value we get resonance in 
the reflection coefficient. Increasing the number of turns 
increases the number of arms. At each arm, the current 
distribution reaches a peek value and again dies out at 
the end of the arm, which gives us more number of 
resonances in the reflection coefficient. Also increasing 
the number of turns causes the antenna size to increase 
which shifts the frequency response to lower frequency. 
In basic design the first resonance occurred at 3.74 GHz 
where in increased turn design the first resonance has 
occurred at 3.04 GHz. The analysis of bands obtained 
below -10 dB is shown in Table 2. The total bandwidth 
obtained is 2.28 GHz. 

 

Figure 4 :
 
Plot of reflection coefficient of increased turns 

Basic Monopole Rectangular Spiral Antenna (Simulated)
 

Table II
 
: Band specification for increased turns in Basic 

Monopole Rectangular Spiral Antenna.
 
(Simulated)

 

Sr. 
No

 Bands 
Obtained 

(GHz)

 Resonances 
at (GHz)

 

1 2.94 to 3.1

 

3.049

 

2

 

3.63 to 3.8

 

3.73

 

3 4.24 to 4.42

 

4.34

 

4

 

4.6 to 4.98

 

4.75

 

5

 

5.7 to 5.93

 

5.82

 

6

 

6.09 to 6.32

 

6.21

 

7 6.78 to 7.1

 

6.96

 

8

 

7.32 to 7.6

 

7.5

 

9

 

7.84 to 8

 

7.94

 
 

The increased turn antenna has been fabricated 
on FR4 substrate. The copper material on the substrate 
is coated with a thin layer of tin to prevent the oxidation 
of copper due to environmental affect. The fabricated 
antenna is shown in figure. A Standard 50 Ω SMA 
connector has been used to feed RF signal to the 
antenna. Fig.5. shows the photograph of fabricated 
antenna.

 

The fabricated antenna is tested on a 
spectrum analyzer that can test the antenna up to 8 
GHz. The results taken from the device are depicted in 
Fig.6.
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Figure 5 :
 
Photograph of fabricated increased turns 

rectangular microstrip spiral antenna
 

The analysis of bands obtained below -10 dB is 
shown in Table 3. Fig.7. shows the test setup for 
fabricated antenna. Table 4 shows the comparison of 
bands obtained by simulating and testing the antenna. It 
can be seen from Table 7 that the numbers of bands 
have been increased in fabricated antenna. If Table 1 
and Table 2 are compared it is seen that the number 
resonant bands increase if the number of turns are 
increased. This is because of the number of bends 
occurring at each turn of the spiral. 

 

 

Figure 6
 
: Plot of reflection coefficient of increased turns 

Basic Monopole Rectangular Spiral Antenna (Tested on 
Rohde & Schwarz spectrum analyser)

 

Table III
 
: Band specification for increased turns in 

Basic Monopole Rectangular Spiral Antenna (Tested)
 

Sr. 
No

 
Bands 

Obtained 
(GHz)

 
Resonances 

at (GHz)
 

1
 

2.93 to 2.98
 

2.96
 

2
 

3.4 to 3.46
 

3.43
 

3 3.64 to 3.72
 

3.69
 

4
 

4.22 to 4.31
 

4.26
 

5 4.49 to 4.53
 

4.51
 

6
 

4.67 to 4.77
 

4.72
 

7 5.54 to 5.58
 

5.55
 

8
 

5.64 to 5.97
 

5.72
 

9
 

6.19 to 6.47
 

6.39
 

10
 

6.82 to 7.25
 

7.08
 

 

 

Figure 7 : Test setup for fabricated antenna

 

It is observed from the Table 7 that the 
resonances of simulated and tested results are not the 
same. This must have occurred due to the fabrication 
inaccuracies. However, our main goal of increasing the 
number of resonances has been fulfilled. This single 
antenna can support

 

various applications in different 
band since it has multiple resonances.
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Bands Obtained 
(Simulated) 

(GHz) 

Bands Obtained 
(Tested) 
(GHz) 

2.9 to 3.1 2.93 to 2.98 
3.63 to 3.8 3.4 to 3.46 
4.24 to 4.42 3.64 to 3.72 

4.6 to 4.98 4.22 to 4.31 
5.7 to 5.93 4.49 to 4.53 
6.09 to 6.32 4.67 to 4.77 
6.78 to 7.1 5.54 to 5.58 

7.32 to 7.6 5.64 to 5.97 
7.84 to 8 6.19 to 6.47 

- 6.82 to 7.25 
Number 

of 
bands 

9 10 

IV. CONCLUSION 

The proposed antenna works in IEEE C band 
and IEEE S band as well with multiple resonances. The 
resonances obtained in result includes worldwide 
interoperability for microwave access i.e. WiMax (3.3 -
3.7 GHz), IEEE 802.11a in the United States (5.15 – 5.35 
GHz, 5.725-5.825 GHz) and HIPERLAN/2 in Europe 
(5.15 – 5.35 GHz, 5.47 – 5.725 GHz). Since the antenna 
has multiple band response, the proposed antenna is 
also suitable to be used in future cognitive radio 
systems. This antenna can also be used for beam 
switching in a particular direction to increase the gain 
towards an access point. Beam switching can be 
implemented with use of switching action provided by 
the use of microwave switches to change the physical 
and electrical length of the antenna. 

References Références Referencias 

1. H. Rumsey, “Frequency independent antennas,” 
IRE National Convention Record, pt. 1, pp. 114-118, 
1957. 

2. John D. Dyson, “The unidirectional equiangular 
spiral antenna,”  IRE Transaction on Antenna and 
Propagation, vol. AP-7, no. 4, pp. 329–334, October 
1959. 

3. R. Bawer and J. J. Wolfe, “The spiral antenna,” IRE 
Int. Convention Record, pp. 84–95, New York, 
March 1960. 

4. J. A. Kaiser, “The Archimedean two-wire spiral 
antenna,” IRE Transaction Antennas Propagation, 
vol. AP-8, no. 3, pp. 312–323, May 1960. 

5. H. Nakano, K. Nogami, S. Arai, H. Mimaki, and J. 
Yamauchi, “A spiral antenna backed by a 
conducting plane reflector,” IEEE Transaction 

Antennas Propagation, vol. 34, pp. 791–796, June 
1986. 

6. C. A. Balanis, Antenna Theory: Analysis and Design. 
New York: Wiley, 1997. 

7. Michael McFadden, Waymond R. Scott Jr., 
“Analysis of the equiangular spiral antenna on a 
dielectric substrate,” IEEE Transactions On 
Antennas And Propagation, vol. 55, no. 11, pp. 
3163-3171, November 2007. 

8. Dominikus J. Müller, Kamal Sarabandi, “Design and 
analysis of a 3-arm spiral antenna,” IEEE 
Transactions on Antennas and Propagation, vol. 55, 
No. 2, pp. 258-266, February 2007. 

9. P. Piksa, M. Mazánek, “A self-complementary 1.2 to 
40 GHz spiral antenna with impedance matching,” 
Radioengineering, vol. 15, no. 3, pp. 15-19, 
September 2006. 

10. Thorsten W. Hertel, Glenn S. Smith, “Analysis and 
design of two-arm conical spiral antennas,” IEEE 
Transactions On Electromagnetic Compatibility, vol. 
44, no. 1, pp. 25-37, February 2002. 

11. Thaysen, J., K. B. Jakobsen, and Appel-Hansen,       
“A logarithmic spiral antenna for 0.4 to 3.8 GHz,” 
Applied Microwaves and Wireless, pp.32-45, 2002. 

12. Cheng-Nan Chiu, Wen-Hao Chuang, “A Novel Dual-
Band Spiral Antenna for a Satellite and Terrestrial 
Communication System”, IEEE Antennas and 
Wireless Propagation Letters, vol. 8, pp. 624 – 626, 
2009. 

13. K. Q. da Costa, V. Dmitriev, C. Rodrigues, “Fractal 
Spiral Monopoles: theoretical analysis and 
bandwidth optimization”, SBMO/IEEE, MTT-S, 
IMOC, Brasília-DF, Brasil, July 2005. 

14. K. Q. da Costa, V. Dmitriev, C. Rodrigues, “Fractal 
Spiral Monopoles: theoretical analysis and 
bandwidth optimization”, SBMO/IEEE, MTT-S, 
IMOC, Brasília-DF, Brasil, July 2005. 

15. K. Praveen Kumar, K. Sanjeeva Rao, “Effect of 
feeding techniques on the radiation characteristics 
of patch antenna: design and analysis”, 
International Journal of Advanced Research in 
Computer and Communication Engineering, Vol. 2, 
Issue 2, February 2013. 

 
G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

(
)

F
V
ol
um

e 
 X

IV
  

Is
su

e 
 I
II
  

V
er
si
on

 I
  

  
  
 

  

71

Y
e
a
r

20
14

© 2014   Global Journals Inc.  (US)

Table IV : Comaprison of Band specifications for 
increased turns in Basic Monopole Rectangular Spiral 

Antenna

Multiple Band Monopole Arm Microstrip Spiral Antenna for Cognitive Radio
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   Abstract-  In this paper, a new particle swarm search algorithm is proposed to solve the optimal reactive 
power dispatch (ORPD) Problem. The ORPD problem is formulated as a nonlinear constrained single-
objective optimization problem where the real power loss and the bus voltage deviations are to be 
minimized separately. As an optimization technique, particle swarm optimization (PSO) has obtained 
much attention

 

during the past decade. It is gaining popularity, especially because of the speed of 
convergence and the fact that it is easy to realize. To enhance the performance of PSO, an improved 
hybrid particle swarm optimization (IHPSO) is proposed to solve complex optimization problems more 
efficiently, accurately and reliably. It provides a new way of producing new individuals through organically 
merges the harmony search (HS) method into particle swarm optimization (PSO). During the course of 
evolvement, harmony

 

search is used to generate new solutions and this makes IHPSO algorithm have 
more powerful exploitation capabilities. In order to evaluate the performance of the proposed algorithm, it 
has been tested on IEEE 30 bus system.   
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of Real Power Loss in Transmission Lines  by 
using  Improved Hybrid Particle Swarm 

Optimization-Based on Harmony Search 
Algorithm 

K. Lenin α, Dr. B. Ravindranath Reddy σ & Dr. M. Surya Kalavathi ρ 

Abstract- In this paper, a new particle swarm search algorithm 
is proposed to solve the optimal reactive power dispatch 
(ORPD) Problem. The ORPD problem is formulated as a 
nonlinear constrained single-objective optimization problem 
where the real power loss and the bus voltage deviations are 
to be minimized separately. As an optimization technique, 
particle swarm optimization (PSO) has obtained much 
attention during the past decade. It is gaining popularity, 
especially because of the speed of convergence and the fact 
that it is easy to realize. To enhance the performance of PSO, 
an improved hybrid particle swarm optimization (IHPSO) is 
proposed to solve complex optimization problems more 
efficiently, accurately and reliably. It provides a new way of 
producing new individuals through organically merges the 
harmony search (HS) method into particle swarm optimization 
(PSO). During the course of evolvement, harmony search is 
used to generate new solutions and this makes IHPSO 
algorithm have more powerful exploitation capabilities. In order 
to evaluate the performance of the proposed algorithm, it has 
been tested on IEEE 30 bus system.  
Keywords: modal analysis, optimal reactive power, 
transmission loss, particle swarm, harmony search 
metaheuristic. 

I. Introduction 

n recent years the optimal reactive power dispatch 
(ORPD) problem has received great attention as a 
result of the improvement on economy and security of 

power system operation. Solutions of ORPD problem 
aim to minimize object functions such as fuel cost, 
power system loses, etc. while satisfying a number of 
constraints like limits of bus voltages, tap settings of 
transformers, reactive and active power of power 
resources and transmission lines and a number of 
controllable   Variables [  1, 2].   In   the   literature, many  
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methods for solving the ORPD problem have been done 

up to now. At the beginning, several classical methods 
such as gradient based [3], interior point [4], linear 
programming [5] and quadratic programming [6] have 
been successfully used in order to solve the ORPD 
problem. However, these methods have some 
disadvantages in the Process of solving the complex 
ORPD problem. Drawbacks of these algorithms can be 
declared insecure convergence properties, long 
execution time, and algorithmic complexity. Besides, the 
solution can be trapped in local minima [1, 7]. In order 
to overcome these disadvantages, researches have 
successfully applied evolutionary and heuristic 
algorithms such as Genetic Algorithm (GA) [2], 
Differential Evolution (DE) [8], Particle Swarm 
Optimization (PSO) [9] and harmony search algorithms 
[10-11].This paper formulates the reactive power 
dispatch as a multi-objective optimization problem with 
loss minimization and maximization of static voltage 
stability margin (SVSM) as the objectives. Voltage 
stability evaluation using modal analysis [12] is used as 
the indicator of voltage stability. Function optimization 
has received extensive research attention, and several 
optimization algorithm such as neural networks [13], 
evolutionary algorithms [14], genetic algorithms [15] 
and swarm intelligence-based algorithms [16-17] have 
been developed and applied successfully to solve a 
wide range of complex optimization problems. Most 
stochastic optimization algorithms including particle 
swarm optimizer (PSO) [18, 19] and genetic algorithm 
(GA) [15] have shown inadequate to complex 
optimization problems, as they rapidly push an artificial 
population toward convergence. That is, all individuals in 
the population soon become nearly identical. To 
improve PSO performance, several methods have been 
proposed. Many of these methods concerned 
predefining numerical coefficients, consisting of the 
maximum velocity, inertia weight, social factor and 
individual factor, which can affect various characteristics 
of the algorithm, such as convergence rate or the ability 
of global optimization. Recently, some hybrid 
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methods. NM-PSO (Nelder- Mead-PSO) [20] comprises 
NM method at the top of level, and PSO at the lower 
level. CPSO

 
(Chaotic PSO) [21] applies PSO to perform 

global exploration and chaotic local search to perform 
local search on the solutions produced in the global 
exploration process. These methods can equip PSO 
with extra facilities. In this paper, an improved PSO 
(IPSO) based of harmony search (HS) [22, 23] is 
proposed to solve complex optimizations. The PSO 
algorithm includes some tuning parameters that greatly 
influence the algorithm performance, often stated as the 
exploration-exploitation trade off: Exploration is the 
ability to test various regions in the problem space in 
order to locate a good optimum, hopefully the global 
one. Exploitation is the ability to concentrate the search 
around a promising candidate solution in order to locate 
the optimum precisely. Facing complicated 
optimizations, it’s difficult to explore every possible 
region of the search space. Recently, harmony search 
(HS) algorithm imitates the improvisation process of 
music players and had been very successful in a wide 
variety of optimization problems [24-25], presenting 
several advantages with respect to traditional 
optimization techniques such as the following [24]:(a) 
HS algorithm imposes fewer mathematical requirements 
and does not require initial value settings of the decision 
variables. (b) As the HS algorithm uses stochastic 
random searches, derivative information is also 
unnecessary. (c) The HS algorithm generates a new 
vector, after considering all of the existing vectors, 
whereas the genetic algorithm (GA) only considers the 
two parent

 
vectors. These features increase the flexibility 

of the HS algorithm and produce better solutions. In this 
study, one of the ways of integrating the concepts of 
these two optimization algorithms for solving complex 
optimization problems is explored.  The performance of 
IHPSO has been evaluated in standard IEEE 30 bus test 
system and the

 
results analysis shows   that our 

proposed approach outperforms all approaches 
investigated in this paper.

 
II.

 
Voltage

 
Stability

 
Evaluatio

 
a)

 
Modal analysis for voltage stability evaluation

 The linearized steady state system power flow 
equations are given by.

 

  
                                �∆𝑃𝑃∆𝑄𝑄� = �

𝐽𝐽𝑝𝑝𝑝𝑝
  

    𝐽𝐽𝑝𝑝𝑝𝑝  
𝐽𝐽𝑞𝑞𝑞𝑞   

   𝐽𝐽𝑄𝑄𝑄𝑄   
   �

                              (1) 

Where 

ΔP = Incremental change in bus real power.
 

Δ = Incremental change in   bus   reactive 

Power injection 

Δθ = incremental change in bus voltage angle. 

ΔV = Incremental change in bus voltage 
Magnitude

 Jpθ

 
, J PV

 
, J Qθ

 
, J QV

 
jacobian matrix are   the   

sub-matrixes    of   the System  voltage  stability 
 
is

 affected 
 
by

 
both P and

 
However at

 
each

 
operating

 point
 
we

 
keep P constant

 
and evaluate

 
voltage stability

 by
 

considering
 

incremental relationship
 

between
and

 
V.

 To reduce (1), let ΔP = 0 , then.
 

                  ∆Q = �JQV − JQθ JPθ−1 JPV �∆V = JR∆V                   (2)
 

                                 ∆V = J−1 − ∆Q                              (3) 
Where 

                            JR = �JQV − JQθ JPθ−1 JPV�                       (4) 

JR  is called the reduced Jacobian matrix of the 
system. 

a) Modes of Voltage instability 
Voltage Stability characteristics of the system 

can be identified by computing the eigen values and 
eigen vectors  

Let 

                                                 JR = ξ˄η                                  (5) 

Where, 

ξ = right eigenvector matrix of JR 

η = left eigenvector matrix of JR 

∧ = diagonal eigenvalue matrix of JR and 

                                       JR−1 = ξ˄−1η                                 (6) 

From (3) and (6), we have 

                                       ∆V = ξ˄−1η∆Q                               (7)                                  

or 

                                      ∆V = ∑ ξ iη i
λ i

I ∆Q                               (8) 

Where ξi is the ith column right eigenvector and  
η the ith row left  eigenvector of JR.  
 λi   is the ith eigen value of JR. 

The  ith  modal reactive power variation is, 

                                          ∆Qmi = Kiξi                                 (9) 

where, 

                                         Ki = ∑ ξij2j − 1                           (10) 

Where 

ξji is the jth element of ξi 

The corresponding ith modal voltage variation is 

                               ∆Vmi = [1 λi⁄ ]∆Qmi                              (11) 

In (8), let Δ = ek   where ek has all its elements 
zero except the kth one being 1. Then,  

Improved Hybrid Particle Swarm Optimization-Based on Harmony Search Algorithm
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                           ∆V =  ∑
ƞ1k   ξ1   

λ1
i                                   (12) 

ƞ1k     k th element of ƞ1      

V –Q sensitivity at bus k  

                            ∂VK
 ∂QK

= ∑
ƞ1k   ξ1   

λ1
i  = ∑ Pki

λ1
i                        (13) 

III. PROBLEM FORMULATION 

The objectives of the reactive power dispatch 
problem considered here is to minimize the system real 
power loss and maximize the static voltage stability 
margins (SVSM).  

a) Minimization of Real Power Loss 
Minimization of the real power loss (Ploss) in 

transmission lines of a power system  is mathematically 
stated as follows. 

                    Ploss = ∑ gk(Vi
2+Vj

2−2Vi  Vj  cos θ ij )
n

k=1
k=(i,j)

                (14) 

Where n is the number of transmission lines, gk 
is the conductance of branch k, Vi and Vj are voltage 
magnitude at bus i and bus j, and θij is the voltage angle 
difference between bus i and bus j. 

b) Minimization of Voltage Deviation 
Minimization of the Deviations in voltage 

magnitudes (VD) at load buses  is mathematically stated 
as follows. 

                Minimize VD = ∑ |Vk − 1.0|nl
k=1                     (15) 

Where nl is the number of load busses and Vk is 
the voltage magnitude at bus k. 

c) System Constraints 
In the minimization process of objective 

functions, some problem constraints which one is 
equality and others are inequality had to be met. 
Objective functions are subjected to these constraints 
shown below. 

Load flow equality constraints: 

    𝑃𝑃𝐺𝐺𝐺𝐺 – 𝑃𝑃𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑖𝑖 ∑ 𝑉𝑉𝑗𝑗𝑛𝑛𝑛𝑛
𝑗𝑗=1

�
𝐺𝐺𝑖𝑖𝑖𝑖 cos𝜃𝜃𝑖𝑖𝑖𝑖

+𝐵𝐵𝑖𝑖𝑖𝑖 sin𝜃𝜃𝑖𝑖𝑖𝑖
� = 0, 𝑖𝑖 = 1,2 … . ,𝑛𝑛𝑛𝑛    (16) 

                                          

     𝑄𝑄𝐺𝐺𝐺𝐺  − 𝑄𝑄𝐷𝐷𝐷𝐷  𝑉𝑉𝑖𝑖 ∑ 𝑉𝑉𝑗𝑗𝑛𝑛𝑛𝑛
𝑗𝑗=1

�
𝐺𝐺𝑖𝑖𝑖𝑖 cos𝜃𝜃𝑖𝑖𝑖𝑖

+𝐵𝐵𝑖𝑖𝑖𝑖 sin𝜃𝜃𝑖𝑖𝑖𝑖
� = 0, 𝑖𝑖 = 1,2 … . ,𝑛𝑛𝑛𝑛      (17) 

                                            
where, nb is the number of buses, PG and QG 

are the real and reactive power of the generator, PD and 
QD are the real and reactive load of the generator, and 
Gij and Bij  are the mutual conductance and susceptance 
between bus i and bus j.  

Generator bus voltage (VGi) inequality constraint 

                            𝑉𝑉𝐺𝐺𝐺𝐺  
𝑚𝑚𝑚𝑚𝑚𝑚 ≤  𝑉𝑉𝐺𝐺𝐺𝐺 ≤ 𝑉𝑉𝐺𝐺𝐺𝐺𝑚𝑚𝑚𝑚𝑚𝑚 , 𝑖𝑖 ∈ 𝑛𝑛𝑛𝑛                      (18) 

Load bus voltage (VLi) inequality constraint 

                      𝑉𝑉𝐿𝐿𝐿𝐿  
𝑚𝑚𝑚𝑚𝑚𝑚 ≤  𝑉𝑉𝐿𝐿𝐿𝐿 ≤ 𝑉𝑉𝐿𝐿𝐿𝐿𝑚𝑚𝑚𝑚𝑚𝑚 , 𝑖𝑖 ∈ 𝑛𝑛𝑛𝑛                      (19) 

Switchable reactive power compensations (QCi) 
inequality constraint: 

                        𝑄𝑄𝐶𝐶𝐶𝐶  𝑚𝑚𝑚𝑚𝑚𝑚 ≤  𝑄𝑄𝐶𝐶𝐶𝐶 ≤ 𝑄𝑄𝐶𝐶𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚 , 𝑖𝑖 ∈ 𝑛𝑛𝑛𝑛                        (20) 

Reactive power generation (QGi) inequality 
constraint: 

                        𝑄𝑄𝐺𝐺𝐺𝐺  𝑚𝑚𝑚𝑚𝑚𝑚 ≤  𝑄𝑄𝐺𝐺𝐺𝐺 ≤ 𝑄𝑄𝐺𝐺𝐺𝐺𝑚𝑚𝑚𝑚𝑚𝑚 , 𝑖𝑖 ∈ 𝑛𝑛𝑛𝑛                     (21) 

Transformers tap setting (Ti) inequality 
constraint: 

                      𝑇𝑇𝑖𝑖 𝑚𝑚𝑚𝑚𝑚𝑚 ≤  𝑇𝑇𝑖𝑖 ≤ 𝑇𝑇𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚 , 𝑖𝑖 ∈ 𝑛𝑛𝑛𝑛                              (22) 

Transmission line flow (SLi) inequality constraint: 

                     𝑆𝑆𝐿𝐿𝐿𝐿  𝑚𝑚𝑚𝑚𝑚𝑚 ≤ 𝑆𝑆𝐿𝐿𝐿𝐿𝑚𝑚𝑚𝑚𝑚𝑚 , 𝑖𝑖 ∈ 𝑛𝑛𝑛𝑛                                    (23) 

Where, nc, ng and nt are numbers of the 
switchable reactive power sources, generators and 
transformers.  

IV. STANDARD PSO 

PSO is a population-based, co-operative search 
meta-heuristic introduced by Kennedy and Eberhart. 
The fundament for the development of PSO is 
hypothesis that a potential solution to an optimization 
problem is treated as a bird without quality and volume, 
which is called a particle, coexisting and evolving 
simultaneously based on knowledge sharing with 
neighbouring particles. While flying through the problem 
search space, each particle modifies its velocity to find a 
better solution (position) by applying its own flying 
experience (i.e. memory having best position found in 
the earlier flights) and experience of neighbouring 
particles (i.e. best-found solution of the population). 
Particles update their positions and velocities as shown 
below: 

𝑣𝑣𝑡𝑡+1
𝑖𝑖 = 𝜔𝜔𝑡𝑡 .𝑣𝑣𝑡𝑡𝑖𝑖 + 𝑐𝑐1.𝑅𝑅1 . �𝑝𝑝𝑡𝑡𝑖𝑖 − 𝑥𝑥𝑡𝑡𝑖𝑖 � + 𝑐𝑐2.𝑅𝑅2. �𝑝𝑝𝑡𝑡

𝑔𝑔 − 𝑥𝑥𝑡𝑡𝑖𝑖�    (24) 

                                        𝑥𝑥𝑡𝑡+1
𝑖𝑖 =  𝑥𝑥𝑡𝑡𝑖𝑖 + 𝑣𝑣𝑡𝑡+1

𝑖𝑖                        (25) 

Where
 
𝑥𝑥𝑡𝑡𝑖𝑖

 
represents the current position of 

particle i in solution space and subscript t indicates an 
iteration count; 𝑝𝑝𝑡𝑡𝑖𝑖

 
is the best-found position of particle i 

up to iteration count t and represents the cognitive 
contribution to the search velocity 𝑣𝑣𝑡𝑡𝑖𝑖   . Each component 
of 𝑣𝑣𝑡𝑡𝑖𝑖

 
can be clamped to the range to control excessive 

roaming of particles outside the search space; 𝑝𝑝𝑡𝑡
𝑔𝑔  

is the 
global best-found position among all particles in the 
swarm up to iteration count t and forms the social 
contribution to the velocity vector; 𝑟𝑟1

 
and 𝑟𝑟2

 
are random 

numbers uniformly distributed in the interval (0,1), 
where𝑐𝑐1   and𝑐𝑐2   are the cognitive and social scaling 
parameters, respectively;𝜔𝜔𝑡𝑡

 
is the particle inertia, which 

is reduced dynamically to decrease the search area in a 
gradual fashion [25]. The variable

 
𝜔𝜔𝑡𝑡   is updated as
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          𝜔𝜔𝑡𝑡 = (𝜔𝜔𝑚𝑚𝑚𝑚𝑚𝑚 − 𝜔𝜔𝑚𝑚𝑚𝑚𝑚𝑚 ). (𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚 −𝑡𝑡)
𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚

+ 𝜔𝜔𝑚𝑚𝑚𝑚𝑚𝑚                   (26) 

Where𝜔𝜔𝑚𝑚𝑚𝑚𝑚𝑚  and 𝜔𝜔𝑚𝑚𝑚𝑚𝑚𝑚  denote the maximum and 
minimum of 𝜔𝜔𝑡𝑡  respectively; 𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚  is a given number of 
maximum iterations. Particle i fly toward a new position 
according to Eq. (24) and (25). In this way, all particles 
of the swarm find their new positions and apply these 
new positions to update their individual best 𝑝𝑝𝑡𝑡𝑖𝑖    points 
and global best 𝑝𝑝𝑡𝑡

𝑔𝑔   of the swarm. This process is 
repeated until termination conditions are met. 

V. HARMONY SEARCH 

Harmony search (HS) algorithm is based on 
natural musical performance processes that occur when 
a musician searches for a better state of harmony, such 
as during jazz improvisation. The engineers seek for a 
global solution as determined by an objective function, 
just like the musicians seek to find musically pleasing 

 
The steps in the procedure of harmony search 

are as follows: 

Step 1:  Initialize the problem and algorithm parameters.  
Step 2:  Initialize the harmony memory (HM). 

Step 3:  Improvise a new harmony from the HM. 
Step 4:  Update the HM. 

Step 5: Repeat Steps 3 and 4 until the termination 
criterion is satisfied. 

VI. THE REALIZATION OF IHPSO BASED OF HS 

This section describes the implementation of 
proposed improvement in PSO using HS approach. The 
proposed method, called, IHPSO (improved hybrid 
particle swarm optimization) is based on the common 
characteristics of both PSO and HS algorithms. HS 
algorithm provides a new way to produce new particles. 
Different from PSO and GA, HS algorithm generates a 
new vector after considering all of the existing vectors. 
HS algorithm can produce new solution and the 
parameters of HMCR and PAR are introduced to allow 
the solution to escape from local optima and to improve 
the global optimum prediction of the algorithm. 
Enlightened by this, the HS realization concept has been 
used in the PSO in this paper to exploration the potential 
solution space. In summary，the realization of improved 
PSO algorithm for solving reactive power dispatch is 
described as follows: 
Step 1: Initializing the parameters of PSO and HS; 

Step 2: Initailizing the particles; 
Step 3: Evaluating particles according to their fitness 
then descending sort them; 
Step 4: Performing HS and generating a new solution; 

Step 5:  If the new solution is better than the worst 
particle then replacing it with the new one; 
Step 6: Update the particles by using equation’s (24) & 
(25) 

Step 7: The program is finished if the terminations 
conditions are met otherwise go to step3. 

Improvising a new harmony from the HM can be 
realized as follows:  

A New Harmony vector 𝑥𝑥′ = {𝑥𝑥1
′ ,𝑥𝑥2

′ , ˄,𝑥𝑥𝑁𝑁′ }  is 
generated from the HM based on memory 
considerations, pitch adjustments, and randomization. 
For instance, the value of for the new vector can be 
chosen from any value in the specified HM rang  
(𝑥𝑥1

1 − 𝑥𝑥1
𝐻𝐻𝐻𝐻𝐻𝐻 ). Values of the other design variables can be 
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harmony as determined by an aesthetic [26]-[27]. In 
music improvisation, each player sounds any pitch 
within the possible range, together making one harmony 
vector. If all the pitches make a good solution, that 
experience is stored in each variable’s memory, and the 
possibility to make a good solution is also increased 
next time. HS algorithm includes a number of 
optimization operators, such as the harmony memory 
(HM), the harmony memory size (HMS, number of 
solution vectors in harmony memory), the harmony 
memory considering rate (HMCR), and the pitch 
adjusting rate (PAR). In the HS algorithm, the harmony 
memory (HM) stores the feasible vectors, which are all 
in the feasible space. The harmony memory size 
determines how many vectors it stores. A new vector is 
generated by selecting the components of different 
vectors randomly in the harmony memory. For example, 
Consider a jazz trio composed of saxophone, double 
bass and guitar. There exist certain amount of preferable 
pitches in each musician’s memory: saxophonist, {Do, 
Mi, Sol}; double bassist, {Si, Sol, Re}; and guitarist, 
{La, Fa, Do}. If saxophonist randomly plays {Sol} out of 
{Do, Mi, Sol}, double bassist {Si} out of {Si, Sol, Re}, 
and guitarist {Do} out of {La, Fa, Do}, that harmony 
(Sol, Si, Do) makes another harmony (musically C-7 
chord). And if the New Harmony is better than existing 
worst harmony in the HM, the New Harmony is included 
in the HM and the worst harmony is excluded from the 
HM. This procedure is repeated until fantastic harmony 
is found. When a musician improvises one pitch, usually 
he (or she) follows any one of three rules: (a) playing 
any one pitch from his (or her) memory, (b) playing an 
adjacent pitch of one pitch from his (or her) memory, 
and (c) playing totally random pitch from the possible 
sound range. Similarly, when each decision variable 
chooses one value in the HS algorithm, it follows any 
one of three rules: (i) choosing any one value from HS 
memory (defined as memory considerations), (ii) 

choosing an adjacent value of one value from the HS 
memory (defined as pitch adjustments), and (iii) 
choosing totally random value from the possible value 
range (defined as randomization). The three rules in HS 
algorithm are effectively directed using two parameters, 
i.e., harmony memory considering rate (HMCR) and 
pitch adjusting rate (PAR).

Voltage Profile Augmentation and Minimization of Real Power Loss in Transmission Lines by using 



chosen in the same manner. Here, it’s possible to 
choose the new value using the HMCR parameter, 
which varies between 0 and 1 as follows: 

𝑥𝑥𝑖𝑖′ ← �𝑥𝑥𝑖𝑖
′ ∈ �𝑥𝑥𝑖𝑖1,𝑥𝑥𝑖𝑖2,˄,𝑥𝑥𝑖𝑖𝐻𝐻𝐻𝐻𝐻𝐻 � 𝑤𝑤𝑤𝑤𝑤𝑤ℎ 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 
𝑥𝑥𝑖𝑖′ ∈ 𝑋𝑋𝑖𝑖  𝑤𝑤𝑤𝑤𝑤𝑤ℎ 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 1−𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻            

�    (27) 

The HMCR is the probability of choosing one 
value from the historic values stored in the HM, and (1-
HMCR) is the probability of randomly choosing one 
feasible value not limited to those stored in the HM. For 
example, an HMCR of 0.95 indicates that the HS 
algorithm will choose the design variable value from 
historically stored values in the HM with a 95% 
probability and from the entire feasible range with a 5% 
probability. An HMCR value of 1.0 is not recommended 
because of the possibility that the solution may be 
improved by values not stored in the HM. This is similar 
to the reason why the genetic algorithm uses a mutation 
rate in the selection process. Every component of the 
New Harmony vector  𝑥𝑥′ = {𝑥𝑥1

′ ,𝑥𝑥2
′ , ˄, 𝑥𝑥𝑁𝑁′ }   is examined to 

determine whether it should be pitch-adjusted. This 
procedure uses the parameter that set the rate of 
adjustment for the pitch chosen from the HM as follows: 
Pitch adjusting decision for 

            𝑥𝑥𝑖𝑖′ ← �𝑌𝑌𝑌𝑌𝑌𝑌 𝑤𝑤𝑤𝑤𝑤𝑤ℎ 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑦𝑦 𝑃𝑃𝑃𝑃𝑃𝑃       
𝑁𝑁𝑁𝑁 𝑤𝑤𝑤𝑤𝑤𝑤ℎ  𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  1− 𝑃𝑃𝑃𝑃𝑃𝑃

�               (28) 

The Pitch adjusting process is performed only 
after a value is chosen from the HM. The value (1-PAR) 
sets the rate of doing nothing. A PAR of 0.3 indicates 
that the algorithm will choose a neighbouring value with 
probability. If the pitch adjustment decision for 𝑥𝑥′ is Yes, 
and 𝑥𝑥′ is assumed to be 𝑥𝑥𝑖𝑖(𝑘𝑘) i.e., the kth element in  𝑋𝑋𝑖𝑖 , 
the pitch-adjusted value of𝑥𝑥𝑖𝑖(𝑘𝑘)  is: 

                                       𝑥𝑥′ = 𝑥𝑥′ + 𝛼𝛼                                  (29) 

Where 𝛼𝛼 − the value of is  𝑏𝑏𝑏𝑏 х (1,−1),  𝑏𝑏𝑏𝑏 is 
an arbitrary distance bandwidth for the continuous 
design variable, and u (−1, 1) is a uniform distribution 
between -1 and 1. The HMCR and PAR parameters 
introduced in the harmony search help the algorithm 
escape from local optima and to improve the global 
optimum prediction of the HS algorithm. After 
improvising a new harmony, evaluating the new one and 
if it is better than the worst one in the HM in terms of the 
objective function value, the new one is included in the 
HM and the existing worst harmony is excluded from the 
HM. The HM is then sorted by the objective function 
value. 

VII. SIMULATION RESULTS 

The accuracy of the proposed IHPSO Algorithm 
method is demonstrated by testing it on standard IEEE-
30 bus system. The IEEE-30 bus system has 6 
generator buses, 24 load buses and 41 transmission 

lines of which four branches are (6-9), (6-10) , (4-12) and 
(28-27) - are with the tap setting transformers. The lower 
voltage magnitude limits at all buses are 0.95 p.u. and 
the upper limits are 1.1 for all the PV buses and 1.05 
p.u. for all the PQ buses and the reference bus. The 
simulation results have been presented in Tables 1, 2, 3 
&4. And in the Table 5 shows the proposed algorithm 
powerfully reduces the real power losses when 
compared to other given algorithms. The optimal values 
of the control variables along with the minimum loss 
obtained are given in Table 1. Corresponding to this 
control variable setting, it was found that there are no 
limit violations in any of the state variables.  

Table 1 : Results of IHPSO – ORPD Optimal Control 
Variables 

Control variables Variable setting 
V1 
V2 
V5 
V8 
V11 
V13 
T11 
T12 
T15 
T36 

Qc10 
Qc12 
Qc15 
Qc17 
Qc20 
Qc23 
Qc24 
Qc29 

Real power loss 
SVSM 

1.040 
1.041 
1.040 
1.030 
1.003 
1.041 
1.01 
1.00 
1.0 
1.0 
3 
4 
4 
0 
3 
4 
3 
3 

4.2985 
0.2482 

 
ORPD together with voltage stability constraint 

problem was handled in this case as a multi-objective 
optimization problem where both power loss and 
maximum voltage stability margin of the system were 
optimized simultaneously. Table 2 indicates the optimal 
values of these control variables. Also it is found that 
there are no limit violations of the state variables. It 
indicates the voltage stability index has increased from 
0.2482 to 0.2498, an advance in the system voltage 
stability. To determine the voltage security of the 
system, contingency analysis was conducted using the 
control variable setting obtained in case 1 and case 2. 
The Eigen values equivalents to the four critical 
contingencies are given in Table 3. From this result it is 
observed that the Eigen value has been improved 
considerably for all contingencies in the second case.  
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Table 2 : Results of   Ihpso -Voltage Stability Control 
Reactive Power Dispatch Optimal Control Variables 

Control Variables Variable Setting 
V1 

V2 

V5 

V8 

V11 

V13 

T11 

T12 

T15 

T36 

Qc10 
Qc12 

Qc15 

Qc17 

Qc20 

Qc23 

Qc24 

Qc29 

Real power loss 

SVSM 

1.043 

1.044 

1.042 

1.031 

1.005 

1.035 

0.090 

0.090 

0.090 

0.090 

4 
4 
3 
4 
0 
3 
3 
4 

4.9690 

0.2498 

Table 3 :  Voltage Stability Under Contingency State 

Sl.No
 

Contigency
 

ORPD 
Setting

 VSCRPD 
Setting

 

1
 

28-27
 

0.1410
 

0.1425
 

2
 

4-12
 

0.1658
 

0.1665
 

3
 

1-3
 

0.1774
 

0.1783
 

4
 

2-4
 

0.2032
 

0.2045
 

Table 4 :
 
Limit Violation Checking of State Variables

 

State 
variables

 limits
 

ORPD
 

VSCRPD
 

Lower 
 

upper
 

Q1
 

-20
 

152
 

1.3422
 

-1.3269
 

Q2
 

-20
 

61
 

8.9900
 

9.8232
 

Q5
 

-15
 

49.92
 

25.920
 

26.001
 

Q8
 

-10
 

63.52
 

38.8200
 

40.802
 

Q11
 

-15
 

42
 

2.9300
 

5.002
 

Q13
 

-15
 

48
 

8.1025
 

6.033
 

V3
 

0.95
 

1.05
 

1.0372
 

1.0392
 

V4
 

0.95
 

1.05
 

1.0307
 

1.0328
 

V6
 

0.95
 

1.05
 

1.0282
 

1.0298
 

V7
 

0.95
 

1.05
 

1.0101
 

1.0152
 

V9
 

0.95
 

1.05
 

1.0462
 

1.0412
 

V10
 

0.95
 

1.05
 

1.0482
 

1.0498
 

V12
 

0.95
 

1.05
 

1.0400
 

1.0466
 

V14
 

0.95
 

1.05
 

1.0474
 

1.0443
 

V15
 

0.95
 

1.05
 

1.0457
 

1.0413
 

V16
 

0.95
 

1.05
 

1.0426
 

1.0405
 

V17
 

0.95
 

1.05
 

1.0382
 

1.0396
 

V18
 

0.95
 

1.05
 

1.0392
 

1.0400
 

V19
 

0.95
 

1.05
 

1.0381
 

1.0394
 

V20
 

0.95
 

1.05
 

1.0112
 

1.0194
 

V21
 

0.95
 

1.05
 

1.0435
 

1.0243
 

V22
 

0.95
 

1.05
 

1.0448
 

1.0396
 

V23
 

0.95
 

1.05
 

1.0472
 

1.0372
 

V24
 

0.95
 

1.05
 

1.0484
 

1.0372
 

V25 0.95 1.05 1.0142 1.0192 
V26 0.95 1.05 1.0494 1.0422 
V27 0.95 1.05 1.0472 1.0452 
V28 0.95 1.05 1.0243 1.0283 
V29 0.95 1.05 1.0439 1.0419 
V30 0.95 1.05 1.0418 1.0397 

Table 5 : Comparison of Real Power Loss 

  

 
 

  

 
 

 
 

 
 

 
   

VIII.
 

CONCLUSION

 

In this paper, one of the recently developed 
stochastic algorithms  IHPSO has

 

been demonstrated 
and applied to solve optimal reactive power dispatch 
problem. The problem has been formulated as a 
constrained optimization problem. Different objective 
functions have been considered to minimize real power 
loss, to enhance the voltage profile. The proposed 
approach is applied to optimal reactive power dispatch 
problem on the IEEE 30-bus power system. The 
simulation results indicate the effectiveness

 

and 
robustness of the proposed algorithm to solve optimal 
reactive power dispatch problem in test system. 
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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 l rather than 1.4 × 10-3 m3, or 4 mm somewhat than 4 × 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:                                 

         

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

   

XII



 

 
 

 
 

 
 

• 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

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background 

details with clear goal and 

appropriate details, flow 

specification, no grammar 

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data, 

appropriate format, grammar 

and spelling errors with 

unorganized matter

Out of place depth and content, 

hazy format

Methods and 

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well 

structuring of paragraph, no 

grammar and spelling 

mistake

Complete and embarrassed 

text, difficult to comprehend

Irregular format with wrong facts 

and figures

Discussion

Well organized, meaningful 

specification, sound 

conclusion, logical and 

concise explanation, highly 

structured paragraph 

reference cited 

Wordy, unclear conclusion, 

spurious

Conclusion is not cited, 

unorganized, difficult to 

comprehend 

References

Complete and correct 

format, well organized

Beside the point, Incomplete Wrong format and structuring
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