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ABSTRACT 
 
In this paper, a detailed analysis of several major 
works related to study and analysis of 
Electroencephalography (EEG) signals using 
imaging and data mining techniques have been 
presented. The state-of-the-arts methods like spatial 
analysis, wavelet analysis, frequency domain 
analysis, artificial neural networks, deep neural 
networks etc have been discussed with associated 
contributions in the literature. A comprehensive 
comparison of all such mechanisms have been done 
and presented in a tabular manner. This paper also 
discusses about the existing challenges, shortfalls in 
present techniques, and future demands of EEG 
analysis through imaging and data mining 
techniques. 
 
Keywords: EEG; image processing; data mining; 

medical diagnostics. 
 
1. INTRODUCTION: 
 
Human brain comprises of a huge number of neurons 
which assume significant job for controlling in 
general functionalities and conduct of human body 
regarding inward and outer upgrades. These neurons 
demonstrate like data transporter from human body 
to cerebrum. These activities can be captured by 
Electroencephalography (EEG) as image and signals. 
The gathered signs and information can be helpful 
for getting to the human condition yet at the same 
time it requires the computational knowledge 
calculation and a model to determine the valuable 
data. In present age of artificial intelligence, the 
advancement of the robotized master framework is 
expected to help the expert master while breaking 
down the huge measures of physiological 
information which is required for the wellbeing 
applications. There are major neurological ailments, 
for example, Epilepsy, seizure, bruxism, sleeping 
disorder, rest apnea, quick eye development conduct, 
night time frontal epilepsy, and brain stroke. 
Numerous works have been presented so far towards 
study and analysis of EEG signals through imaging 
and data mining techniques. These works have 
significantly contributed towards the advancement in 
medical science.  

The brain of human being is the important organ of 
the human material structure, and with the spinal 
string makes up the central indisputable framework. 
The Framework is the basic steps of the EEG signal 
processing .Initially the signals are captured with the 
help of EEG Machine. The pre processing is done for 
removing the unwanted and noisy data. The feature 
and characteristics are analysed in feature extraction. 
The feature selection and optimisation is computed 
by Data mining, image processing, machine leaning 
tools and classifiers. 
 

 

 

  

 

 

 
 

 

Figure 1 An overview of EEG Signal Processing. 

1.1 Electroencephalography (EEG) 

EEG was recorded on creature cerebrum in 1875 by 
Richard Catton. It was first recorded on human mind 
by Hans Berger in 1929. EEG is the most utilized 
sign securing strategy due to the high fleeting goals, 
wellbeing, and convenience. 10-20 standard cathodes 
position is utilized in EEG signal securing. EEG has 
low spatial goals and is non-stationary in nature. 
EEG signals are endangered to ancient rarities 
brought about by eye squints, eye developments, 
heartbeat, strong exercises and the electrical cable 
impedances.  

1.1.1. Analysis EEG signals:  

The EEG technique is easy, pleasant and overall 
protected. Besides having tangled hair and possibly 
feeling to some degree exhausted, you normally 
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Abstract — Now a days, flickering in LED is a challenge for researchers 
as it has adverse effect on human health. Using electrolytic capacitor was 
the initial solution for flickering. However, electrolytic capacitors are not 
preferred for LED driver owing to short lifetime and more prone to fault. 
There exists several ripple cancellation (RC)  techniques discussed in 
literature. However, they suffer from complex control structures and 
high stress across the switches. In this regard, this paper proposes a novel 
series current RC method to eliminate the double line low frequency 
ripple and also have removed the electrolytic capacitor. The key features 
of the proposed RC method include UPF operation throughout without 
any external circuitry by using the multilevel converter, simple control 
and reduced smoothing capacitance value. The validation of the proposed 
method in simulation has been presented.  
             Index Terms — flickering, LED driver, RC, electrolytic 
capacitors. 
 

I.  INTRODUCTION 

In this new era, meeting the ever-increasing demand for 
electricity is a growing challenge. Government policies 
worldwide have been formed and implemented to reduce the 
lighting consumption which is around 25% of the total 
electricity consumption globally [1]. The various lamps used 
for lighting purpose are- incandescent lamps, halogen lamps, 
CFL(s), high-intensity discharge lamps (HID) etc. However, 
the efficiency of these lamps degrades with the increase in 
temperature. In this regard, highly efficient lamps that can 
operate at high temperatures are essential. In recent years, 
LEDs that work on electroluminescent principle have turned 
to be highly efficient, reliable and alternative lighting source. 
Moreover, there are LEDs having efficacies as high as 100 to 
150 lm/W and longer lifetimes typically 80,000h, available 
[2]. They have characteristically low energy consumption, 
high luminous efficiency, small size, longer lifetime, 
pollution-free and faster switching than conventional lamps 
[2]-[4]. Although, LED lamps are expensive than other lamps 
but their higher efficiency and longer life (50,000 to 80,000 
hours) make them economically more viable to use. LEDs 
have certain limitations also such as temperature dependence, 
voltage sensitivity, electrical overstress (over-voltage or 
current), area light source etc. Moreover, LEDs are low-
voltage lighting sources, where a small voltage change 
produces a considerable variation in current and is not 
desirable. Thus, LEDs are fed from the grid by an electronic 
circuit known as LED driver which supply constant DC 

voltage at constant current. The conventional LED drivers 
have been characterized into two categories; i) two-stage [5] 
and ii) single-stage configuration [6]. The two-stage 
configuration usually achieves high power factor (According 
to Energy star [7], power factor should be higher than 0.9 for 
the commercial applications and 0.7 for residential 
applications) and it is designed specifically to control the load 
current. However, the system's performance is degraded in 
terms of  poor efficiency and low power density. To overcome 
such things, a high capacitance electrolytic capacitors are 
required (∼4700 μF) at the output stage of the power factor 
correction (PFC). The PFC output capacitance value can be 
reduced to a small value ∼1 μF/W [8] but in the process  
voltage ripple increases. So, there is a trade-off between 
output capacitance value and voltage ripple. 
      Single-stage driver circuits still requires a large electrolytic 
capacitors because of the AC-DC driver’s circuit may transmit 
the 100 or 120Hz ripple to the LEDs, which can cause the 
double line frequency LED flicker [9]. Flicker can have a bad 
effect on human body including eyes and headaches. 
However, electrolytic capacitors are not preferred for LED 
driver as it suffers from the short lifetime (<5000h [10]), limits 
the reliability of the driver circuits. According to [10], the 
electrolytic capacitor life is a degraded when the operating 
temperature is high. Some solutions have been proposed in the 
state-of-the-art for reducing this ripple and remove or reduce 
the electrolytic capacitors. 
        One method is proposed to inject  odd harmonics into the 
input current side  [11],[12], to remove or minimise the double 
line current ripple in LED drivers. Another RC method is 
proposed in [13],[14]. The summary of the above current RC 
methods are that to trade-off between reducing a double line 
low frequency current ripple and achieving a high power 
factor. Irrespective of that, these driver circuits have 
compromise with complex control strategy, high voltage stress 
across the switches and high switching frequency which will 
increase the losses.   
      In this work, a novel current RC method has been 
proposed to eliminate the double line low frequency ripple and 
removed the electrolytic capacitor as shown in Fig. 1. The 
proposed RC method is based on an H-Bridge inverter coupled 
with bridge rectifier circuit. H-Bridge inverter is used to 
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Abstract— Regulation of the load voltage of inverter for 
intermittencies in source and load is a tedious task. For this 
purpose, various techniques have been discussed in the state of 
the art. Among the various methods, the PI controller is widely  

used. However, the major limitation of this method is complex 
computations involved in obtaining the values of proportional 
and integral gains. In this regard, this paper focuses on hysteresis 
voltage control for inverters in which no complex computations 
are involved. The major advantage of the hysteresis control is that 
the load voltage always follows the reference waveform 
irrespective of the intermittencies. The implementation of the 
controller for basic inverter topologies has been investigated.   

Further, the possibility of implementing the hysteresis voltage 
control for multilevel inverters has been investigated. This 
method has been applied for a basic half-bridge and full-bridge  

inverters in the MATLAB/Simulink environment. Further, it has 
also been validated for the T-type multilevel inverter for various 
intermittencies.  
 
Index Terms—Hysteresis voltage control, simulations of half-
bridge, full-bridge inverters and T-type multilevel inverter. 
 

I. INTRODUCTION 

The DC to AC power electronic converter 
termed as the inverter is in wide use in various 
industrial applications. The major applications 
include UPS, home inverters and even more widely 
in renewable energy integration [1, 2]. Renewable 
energy systems are the major harness for electrical 
power generation in the present scenario due to their 
reliability and cost competitiveness with the 
conventional thermal generation systems.  

In most of the renewable energy systems, the 
DC-DC converter is adopted for realizing maximum 
power from the source. The DC power extracted is 
converted to AC for commercial applications.  

However, maintaining the regulated voltage at the 
load terminals for load intermittencies is essential. 
For this purpose, the gate signals generated are 
varied using the different control strategies. Among 
them, most widely used control strategies are linear 
PI control, predictive dead-beat control and 
hysteresis control [3]. The linear PI control requires 
tuning of control parameters for obtaining the 
optimal gain values (Kp and Ki) for the desired 
transient and steady-state response. These 
parameters can be determined using several methods 
like Zeigler-Nichols method and optimization-based 
methods. However, these methods involve high 
computational efforts for obtaining the optimal 
values. The dead beat controller even though not 
widely adopted is as famous as PI controller. 
However, it does not ensure a zero steady-state 
error. Whereas, the hysteresis control technique 
ensures optimal tracking of the reference trajectory. 
Moreover, this technique requires no prior 
information of load parameters and has a quick 
response current loop. Further, the hysteresis control 
is more competent with respect to switching loss, 
fault tolerance, and total harmonic distortion. 

Hysteresis current control (HCC) has proven 
to be the most conventional and widely adopted 
hysteresis control technique. This technique ensures 
efficient tracking of the load current resulting in a 
sinusoidal current to the load connected at the 
inverter terminals [4] - [13]. Even though the current 
is well regulated and tracked, voltage regulation is 
equally important.  However, HCC fails to regulate 
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Abstract—The present paper is control of quadruple tank 
system using nature inspired Grasshopper algorithm. 
Modeling of quadruple tank system has non-linear dynamics 
and is controlled by conventional PID controllers. The gains 
of these controllers are optimally tuned by minimizing the 
integral square error. In this work Grasshopper algorithm is 
used for this purpose and the optimally tuned PID gains are 
used for the control the levels of the quadruple tank system. 
The results are demonstrated using MATLAB/Simulink.  

Keywords—Four tank system, grasshopper algorithm, level 
control, optimization                                                                                    

I. INTRODUCTION 
Quadruple Tank System is widely adopted system by 

many researchers since two decades. Control of such 
system is still a challenge in terms of learning due to non-
linearity in the model. The system comprises of four tanks, 
two drives for pumping of fluid, one reservoir, and control 
valves. Level in the lower two tanks is the output and 
voltages to the drives are the input. Johansson [1] has 
introduced this system as laboratory experiment in his 
study. Different control strategies that can be implemented 
in this system provided a wide scope of learning at 
undergraduate level [2]. Many researchers have proposed 
controllers to reduce or eliminate the interactions prevalent 
in the system, decentralized robust control, MIMO PID 
tuning method [3] and modified PI-D controller 
implementation [4]. In the recent past, optimization 
techniques are used for enhanced control of this system. 
Thamallah [5] has proposed a new constrained PSO for 
fuzzy predictive control of quadruple-Tank process; data 
based predictive control scheme in which weights are 
optimized is studied in [6]. Speed control of BLDC motor 
has been implemented using optimization methods [7]-[9]. 

However, it seems from the literature that still 
optimization techniques for control of this system need to 
be explored more. The present work proposes recently 
developed Grasshopper optimization method for level 
control of quadruple tank system. In which PID controller 
gains are optimally tuned and implemented in off-line. The 
validity of the work is done by simulating the system using 
MATLAB/Simulink environment.  

II. QUADRUPLE-TANK SYSTEM 

A. Four tank system considered for study 
Fig. 1 depicts the setup of the said system [1].  The 

system consists of four tanks. Liquid from the reservoir is  

 

pumped into the tanks by using two drives. Pump1 pumps 
the liquid from the reservoir into tank 1 and tank 4. Pump2 
pumps the liquid from the same reservoir into tank 2 and 
tank 3. Liquid in the tank 4 falls into tank 2 by gravity and 
liquid in the tank 3 falls into tank 1 by gravity. Thus 
interaction is established in the system. The purpose of 
control theory implementation to this system is to maintain 
the liquid level in the tanks 1 and 2, designated as h1 and 
h2. These liquid levels h1 and h2 are the control variables 
(CVs) and the inputs are the voltages to the pumps, v1 and 
v2. The ratio of water diverting to tank 1 and tank 4 is 
designated as γ1 and the ratio of water diverting to tank 2 
and tank 3 is designated as γ2. These are also known as 
flow ratios.  

 
Fig. 1. Quadruple Tank System 

 

B. Model  
The system dynamics can be modeled by ordinary 

differential equations, the dependent variables (state 
variables) being the height of liquid level in each tank.  
Equation (1) – (4) represents the mathematical model. 

1
1

11
3

1

3
1

1

11 22
A
kgh

A
agh

A
a

dt
dx  (1) 

2
2

22
4

2

4
2

2

22 22
A
kgh

A
agh

A
a

dt
dx  (2) 

200

2020 IEEE India Council International Subsections Conference (INDISCON)

978-1-7281-8734-1/20/$31.00 ©2020 IEEE
DOI 10.1109/INDISCON50162.2020.00049

20
20

 IE
EE

 In
di

a 
Co

un
ci

l I
nt

er
na

tio
na

l S
ub

se
ct

io
ns

 C
on

fe
re

nc
e 

(IN
DI

SC
O

N
) |

 9
78

-1
-7

28
1-

87
34

-1
/2

0/
$3

1.
00

 ©
20

20
 IE

EE
 |

 D
O

I: 
10

.1
10

9/
IN

DI
SC

O
N

50
16

2.
20

20
.0

00
49

Authorized licensed use limited to: Robert Gordon University. Downloaded on May 28,2021 at 07:47:00 UTC from IEEE Xplore.  Restrictions apply. 



1

A Reliable Fault Tolerant Inverter
Santosh Kumar Maddugari∗, Member, IEEE, Vijay B Borghate†, Senior Member, IEEE,

Sidharth Sabyasachi∗, Member, IEEE and G S R Sanjeevini‡
∗Engineer, EIS-Automotive, TATA Consultancy Services, Pune, India.

†Professor, Department of Electrical Engineering, Visvesvaraya National Institute of Technology, Nagpur, India.
‡Assistant Professor, Department of Electrical and Electronics Engineering, Gayatri Vidya Parishad College of

Engineering for Women, Visakhapatnam, India.

Abstract—A reliable fault tolerant inverter is presented to
overcome switch open-circuit faults. The proposed circuit consists
of four uni-directional and two bi-directional switches. The
proposed topology delivers 7-levels output voltage in symmetrical
configuration. It has six solid-state relays to isolate the faulty
switch. These relays help in maintaining output voltage and
power magnitude for an open circuit fault in any switch. A
comparative analysis of the proposed topology is performed
with Cascaded H-Bridge (CHB) in terms of number of switches,
number of relays, output voltage magnitude and reliability. The
proposed inverter is simulated in MATLAB/SIMULINK and its
reliable nature is justified using a developed hardware setup.

Index Terms—Fault tolerance, Multilevel inverter, Open-circuit
fault, Reliable inverter.

I. INTRODUCTION

The basic Multilevel inverter (MLI) topologies such as
flying capacitor (FC), cascaded H-bridge (CHB) and neutral
point clamped (NPC) are very popular for their reduced
filtering requirements with improved power quality [1]. These
features of MLI intensified the scope of research in reducing
switch and component counts to generate maximum number
of levels [2]. Various reduced switch topologies are proposed
in a view to reduce cost and size of the circuit with enhanced
number of output voltage levels [3], [4]. The increase in
number of levels further improves the quality of output voltage
thereby reduction in cost incurred on filters [5]. The reduction
in number of switching devices led to increase in voltage stress
across each switch. This enhanced stress on switching devices
would increase open-circuit faults in the switches [6].

In conventional MLI, there are redundant states for each
level i.e., each voltage level could be obtained by multiple
switching combinations. But, with reduced switch topologies,
these redundant states are absent leading to cease in operation
during switch open circuit faults [7]. To address this issue,
the concept of fault tolerant MLI evolved to optimize the
component count and redundant states to enable operation
of MLI even when there is an open circuit fault in certain
switches [8]. Fault tolerant structure based on FC topology
is presented in [5], [6]. A bidirectional switch or relay is
added across the output of each bridge of a conventional CHB
inverter to isolate the corresponding faulty bridge for an open
circuit fault in any one of the switches in the bridge [9].
The clamping diodes are replaced with the active switching
elements in a basic single phase NPC structure to enhance
its fault tolerance [10]. Fault tolerant topologies to address

open circuit faults in switches are proposed in [11], [12]. A
three phase asymmetrical fault tolerant topology is proposed to
address open circuit faults in switches [13]. In [14], one leg of
NPC and one leg of CHB are joined with a bidirectional switch
to develop a fault tolerant inverter. Maintaining the output
power and output voltage magnitude is one of the common
issue identified among all these topologies from literature.
To address it, this paper proposes a reliable MLI to isolate
open-circuit faults in switches by maintaining output voltage
magnitude and output power.

Semiconductor switches contribute to 40% of the faults in
the inverters and open-circuit faults are the most common
faults in inverters [15]. Open-circuit faults occur due thermal
stress and lifting contacts with age & stress [15]. Gate driver
fault results in stoppage of gate pulse making it a switch open-
circuit fault. Short-circuit faults need additional protective
components to address them [15]. So, this paper presents a
reliable fault tolerant inverter to address switch open-circuit
faults.

II. RELIABLE INVERTER

A reliable MLI structure is presented with four uni-
directional (S1, S2, S3 & S4) and two bi-directional switches
(S5 & S6) as shown in Fig. 1. It comprises of three sources
(V1, V2 & V3) developing 7-levels output under symmetrical
configuration (V1 = V2 = V3 = V ). The proposed circuit
also consists of six relays (R1, R

′

1, R2, R
′

2, R3 and R
′

3) to
reconfigure the system during switch open circuit faults. The
relays R1, R2, R3 are complement to R

′

1, R
′

2, R
′

3, respectively.

Fig. 1. Proposed reliable fault tolerant inverter.
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Abstract -Adaptive sliding mode control has been successfully 

applied to the PUMA robotic arm. Nowadays robots are integral 

part many industrial applications. Hence control of these plays 

crucial role. PUMA robots are well known and in this present 

work, adaptive sliding mode control is used to control the 

position. The efficacy of the presented controller has been 

validated using MATLAB simulations. 

 

Keywords – PUMA – robot – adaptive sliding mode control. 

 

I. INTRODUCTION 

Programmable Universal Machine for Assembly (PUMA) 

was well known for its robotics.  The PUMAs were the most 

popular robots of last decades of twentieth century.  The 

design of such robots was classified into three categories viz., 

200 series, 500 series and 700 series.  The 200 series 

comprises of smaller units of desktop size.  The 500 series 

were designed to reach a height of 2 meters and were the 

most popular ones.  The last one among these categories is 

700 series which were developed for carrying out works such 

as paint, welding, assembly line etc.  One common thing for 

all these categories is that the design contains two parts: (i) 

the mechanical arm and (ii) the control system.  These two 

parts are generally interconnected by two multi-conductor 

cables where in one cable supplies power to the servo motors 

and brakes and the second one exercises feedback positioning 

for each joint of the assembly. 

 

II. MODELING OF PUMA ROBOTIC ARM 

 

The general for of 6-DOF (Degrees of freedom) configuration 

equation is only utilized in the present work to make into a 3-

DOF robot.  Here, the lass three joints were kept blocked i.e., 

the initial states of these joints were assigned zero, however 

the robot will be moving.  This leads to formation of 

equations for the kinematics of 3-DOF robot which permit us 

to define a new D-H coordinate system that can be 

implemented.  Here a homogenous transformation matrix 

relating the 
rd3  coordinate frame to the first coordinate 

frame is developed. However, the 3-DOF PUMA will have 

the same kinematics of its 6-DOF convenient with 
54 ,qq and

6q set to zero. The following set of equations is considered 

(1).  The robotic arm is shown in Fig.1. 

 

“For the configuration space equation of the robot 

)().().().( 2 qgqqCqqqBqqA +++=   

We set 0654 === qqq , this yields 

 Tqqqq 0...0...0......... 321
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 TqqbqqbqqbqqbqqbqqbqqqB 0...0........0..........).( 314132141232223321233111321112
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The angular acceleration is found as to be 

  )().().().( 21 qgqqCqqqBqAq ++−= −   

Now let   ++−= )().().( 2 qgqqCqqqBI  IqAq ).(1−=  

   2

313

2

21232123311132111211 ..... qcqcqqbqqbqqbI  +−++−=  

    2

2
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2

1213222322 ... gqcqcqqbI −+−−=   
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ABSTRACT 

In the present paper a multi-input DC-DC converter with three inputs including one battery storage unit 

is proposed. This non-isolated converter has shown the significant improvement in the voltage gain. It is 

suitable for hybrid electric vehicle and Vehicle-to-Grid applications in which two power sources and 

third input source is battery energy storage unit. The power control is proposed to achieve the better 

efficiency. The validity of the present work is done through many simulations. 

 
Keywords: High Gain, DC-DC converter, Vehicle-to-Grid applications 

 

1. INTRODUCTION 

Air pollution in cities due to vehicle exhausts is rising at an alarming rate, especially Indian cities it is 

just like an emergency condition. These pollutants create severe health problems and melting of glaciers. 

Therefore, mitigation of the air pollution by two or three wheelers, cars and trucks can be done through 

shifting to electric vehicles (EVs). EVs are better than conventional petrol or diesel vehicles in some 

areas such as low maintenance cost due lesser moving parts, low noise levels, good acceleration of 

electric drive. However, EVs at present have drawbacks of large battery weight or size, large charging 

time of batteries, low battery life and high initial cost of the vehicle etc. The schematic diagram of the 

EV with proposed converter is shown Fig.1. 

The EV shown Fig.1 consists of different subsystems in which Battery, Fuel cell & Solar PV as Energy 

storage and voltage sources respectively, multi-input DC-DC converter as power conditioner, and 

Electric Motor drive. The present paper is inspired by [1] and is modified to get better voltage gain. The 

efficacy of the proposed converter is checked trough many simulations using MATLAB/Simulink. The 

power management of the converter is also described for charging and discharging of the Energy Storage 

unit. 

Multi-Input

DC-DC

Converter

Inverter

(DC-AC

Fuel Cell

Motor

 
 

Fig.1 Schematic diagram of multi input converter based EV [1] 

 

There are many works on MIMO converters in the literature. Recently published works are in [2]-[10]. 

 

In the present paper, an improved version of power converter is proposed with more voltage gain. This 

work is inspired by the recent work proposed by []. 
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Abstract. The deficiency of power is an enormous issue due to higher growth demands among the 
utility customers which led the focus on renewable energy sources for electricity generation. Solar 
energy has gained high popularity due to highly abundant, clean, economical and sustainable when 
compared to other alternative energy sources. The DC-DC converter topologies are used in solar 
photovoltaic (PV) applications for power conversion due to less cost, highly reliable, highly 
efficient, and robust operation. These converters incorporate a wide variety of voltage variations 
and protection against overvoltage. In the recent times, solar power converters using various soft 
switching techniques due to high switching frequencies which reduce the size, cost, weight and 
loss of the converter. The series resonant power converters are one such soft switching converter 
which is widely employed due to their high - efficiency with the benefit of low switching losses. 
The paper confers on the analysis of Series Loaded Resonant Converter with low loss switching by 
applying solar PV as an input source. The converter behaviour is observed in various operating 
modes concerning the resonant frequency. The design parameters of the proposed converter are 
validated in MATLAB/SIMULINK environment. 

1.  Introduction 
The demand for energy is increasing at a considerable rate in every country. Higher demand for electrical 
energy and depletion fossil fuels necessitates the use of renewable energy [10],[11]. This environmental 
aspects put restrictions on the use of conventional energy sources. Various types of power converters are 
used in such applications. For applications involving PV and battery, DC-DC converters are commonly 
used. In certain instants, there may be need to step-up and step-down the dc input supply. In some 
applications, there is need for bidirectional power transfer. They are used to match the loads of the power 
supply.  Because of this ease, today the DC-DC converters are increasingly found in applications such as 
regulated power supply, domestic, automobile, battery charging, etc. These converters are also useful as 
power sources with multiple outputs for control circuits. [1]. 
 
In the last few decades, the attempts were redirected towards the use of resonant converters. The idea was 
to include a resonant tank in the converter to create sinusoidal waveforms of current and/or voltage using 
lossless/soft switching [4]. These low loss switching such as zero-voltage switching (ZVS) or zero-
current switching (ZCS) can be shaped for power switches for achieving transient free waveform and also 
allows the switches to work at higher frequencies and  in turn reduces electromagnetic interference (EMI). 
The performance of SLRC will undergo low loss switching, when the switching frequency is higher or 
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Abstract - With the increased demand of energy, the grid 
integrated renewable systems have gained high popularity in 
the recent past. This integration has increased the use of 
power electronic converters in the power system, which 
increased the control complexity of the systems. The 
increased semiconductor count in tracking the maximum 
power point, conversion process decreases the efficiency and 
increases the size, cost and controller requirements of the 
system.  In this regard, this paper proposes a grid connected 
PV system without DC-DC converter and power angle based 
MPPT controller. Further, this paper also proposes a 
distribution transformer based multi-level inverter 
(DTMLI) which produces two different levels of AC voltages 
(415 V and 11kV) to integrate with grid and supply the local 
AC loads in a distribution system. The objectives of MPPT 
and switching pulses of DTMLI are controlled by the 
proposed power angle controller. The use of DTMLI reduces 
the semiconductor count and since only a single controller is 
used for dual purpose the control complexity of the system 
will be significantly reduced. The proposed system with the 
power angle controller has been validated in the MATLAB/ 
Simulink environment for source and load intermittences. 

Keywords - DTMLI, power angle, MPPT 

I.  INTRODUCTION 
 In the recent years, with the depletion of fossil fuels, 
demand for renewable energy resources is increasing day 
by day[1]. At present, one of the key research areas in 
renewable energy are grid connected photovoltaic systems 
(GCPS). The cost reduction of photovoltaic (PV) panels, 
environmental benefits, increased demand of energy, 
integration with existing grid, and advances in power 
electronics are some of the reasons for the focus on the 
grid connected photovoltaic systems. In a grid connected 
photovoltaic system, the key performance criteria are 
conversion efficiency, maximum power point (MPP) 
tracking, and total harmonic distortion (THD) of the 
power injected into the grid. All these performance 
criteria are highly dependent on the choice of the inverter 
topology and the control technique utilized for the 
inverter. 
 Inverter plays a vital role in energy conversion 
process from DC to AC in grid connected system. In past 
decade, multilevel inverters have gained high popularity 
in renewable energy application. Generally three types of 
multilevel inverter topologies namely diode clamped 
MLI, flying capacitor MLI and the cascaded H-Bridge 
MLI are utilized for high voltage and high power 
application. In diode clamed MLI, diode count increases 
with increase in the output voltage levels, in flying 
capacitor MLI capacitor count has its dominance and in 
CHB the number of DC sources[2], [3]. Reduced switch 

multilevel inverter topologies have developed to 
overcome the drawback of conventional multilevel 
inverter topologies regarding the component count. A 
potential drawback of all these topologies is high number 
of independent floating DC voltage sources that makes 
their practical use quite questionable. In this regard this 
paper mainly concentrates to eliminate the utilization of 
multiple DC sources in multilevel inverter topology with 
reduced count of semiconductors and passive elements.  
 In existing Medium voltage(MV) Grid connected PV 
system consisting of DC-DC converter to extract 
maximum power from PV array, inverter / multi-level 
inverter to convert DC to AC and distribution transformer 
to match the inverter voltage to grid voltage[4], [5]. In 
this paper a new structure and adaptive controller is 
proposed for integration of PV system to grid. In this 
structure, DC-DC converter and MLI are replaced by 
distribution transformer based multilevel inverter 
(DTMLI). Further, to reduce the number of controllers, a 
power angle based controller is proposed to extract 
maximum power point (MPP) from PV array. 
 
 
 

 
 
 

 

 
 
 

 
Fig.1. Block diagram of conventional system 

 
 

II. PROPOSED PV INTEGRATION SYSTEM 
The proposed PV integration system is depicted in Fig.2. 
consists of two three phase three winding transformers to 
produce multilevel output[3]. The primary windings of 
the three winding transformer is connected to PV array 
through power electronic switches and remaining two 
windings in the transformer is used to create two AC 
buses. AC bus-1 is high voltage bus which connected to 
11kV utility grid and AC bus-2 is low voltage bus and 
feeds the local loads. Further, the 
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Abstract—Multi input converters (MICs) emerged as an 
alternative to the conventional single input DC-DC converters and 
are widely used for integrating renewable energy sources. MIC 
topologies have evolved and are still evolving for different 
applications. The state of art reported different topologies, 
however, a limited literature details about the performance and its 
life time under different operating conditions. The estimation of 
current state of health and life time remaining helps to reduce the 
maintenance cost and gives an idea on suitability for real time 
implementation. In this regard, this paper aims to carry out the 
analysis of reliability for a MIC which possesses simple and 
modular structure and provides high control flexibility. The 
estimation procedure adopted could be used to estimate the 
reliability of any power converter. Further, the effect of 
parametric variation of the components used on reliability has also 
been discussed.   

Keywords— Multi input converter, Reliability, rate of failure 

NOMENCLATURE 

sys system failure rate 
b base failure rate 

A  application factor 

Q  quality factor 

E  environmental factor. 

T  temperature factor 
TJ  junction temperature 
Ta  ambient temperature 

JA junction to thermal resistance 

S  electrical stress factor 

C  contact construction factor 

C  as capacitance factor 

SR series resistance factor 

V voltage stress factor 
THS  hot spot temperature 

PS total power dissipated across the switch 
PD power dissipated across the diode 

TA, the ambient temperature 

I.  INTRODUCTION  

 The multi input converter (MIC) has been paid tremendous 
attention of researchers in the recent past, especially to integrate 
sources. The MICs possess the key features of modular and 
simple structure, high control flexibility among the loads and 

sources[1]–[4]. The initial development of MICs mainly focused 
on the development of topologies for integration of sources with 
different voltage-current characteristics for grid connected 
applications. Later, the development has focused on the 
topologies employing energy storage systems for electric 
vehicle applications and photovoltaic applications as a solution 
for partial shading problems.  

Despite of the various topologies discussed for various 
applications, the traditional single input converters are widely in 
use in most of the applications. One of the major reasons might 
be the limited literature on calculating the effect of the 
parameters and their contribution in the performance of the MIC. 
One of the most important attributes of performance is 
reliability.  

Reliability in [5], [6] is defined as the possibility of a device 
to carry out the necessary functions for an anticipated time 
period under stated operational and environmental conditions. A 
system’s reliability is highly dependent on the time and typically 
decreases with progress in time. It also depends on other factors 
like the devices and power modules that are used in the power 
converter. Further, this analysis also quantify the level of risk 
involved and determines the critical components/parameters, 
and also their maintenance strategy. 

An exhaustive survey on reliability of power electronic 
converters has been discussed in [7]. In [8] a survey on reliability 
of power converters has been presented and also, the statistical 
reports on fragile components report that are more prone to fault 
parts are capacitors and semiconductor switching devices [9] 
illustrated in Fig.1. Further, the reliability analysis of the 
converter estimates the present state of health [8].  

The advancements made especially in the power 
semiconductor sector increased the efficiency of power 
converters nearly above 98%. However, the reliability of the 
converters is of major concern especially in the renewable 
energy systems like photovoltaic applications [10], [11]. This is 
due to the fact that the PV panels have about 20 years of life time 
and hence the converters should have low failure rates in the 
entire period.  Hence, a reliable power converter is essential to 
reduce the risks of failure under operation which results in 
reduced maintenance cost. This motivates the researchers to 
develop reliable power converter topologies or evaluate the 
reliability of the existing power converters to validate their real 
time implementation.  

978-1-7281-4997-4/20/$31.00 ©2020 IEEE

2020 First International Conference on Power, Control and Computing Technologies (ICPC2T)

235

Authorized licensed use limited to: University of Exeter. Downloaded on May 06,2020 at 20:19:43 UTC from IEEE Xplore.  Restrictions apply. 



 

Review on General Architecture and Selection of 
Multiple Input Converters

 

Allamsetty Hema Chander  

Department of  EEE,  
GVP College of Engineering for 
Women, Visakhapatnam, India 

ahemachander01@gmail.com 

 

Lalit Kumar Sahu, Member IEEE 

Department of  Electrical Engineering  
National Institute of Technology Raipur 

Raipur, India 

lkumar.ele@nitrr.ac.in 

 

Phani Teja Bankupalli 

Department of  EEE  
Aditya Institute of Technology and 

Management, Tekkali, India 

bphaniteja123@gmail.com 

Abstract—DC-DC converters are the major power 
electronics interface units that are being widely used in diverse 
fields. With the increase in demand for renewable energy 
sources, the demand for converters that integrate these sources 
led to the transformation to multiple input converters (MICs) 
from single input converters (SICs) to in the recent past. MICs 
penetrated into several applications ranging from millivolt to 
kilovolts and milliwatt to megawatt for effective and efficient 
integration of sources with different voltage-current 
characteristics. With the advent increase in MIC topologies, it 
becomes quite challenging and confusing to select one with 
desired specifications for a specific application. Depending on 
the characteristics, MICs have been categorized and each of 
them possesses both advantages and limitations. The general 
categorization and comprehensive review based on the 
characteristics of MIC have been presented in this paper.  The 
idea of the paper is to present a clear picture, general rules and 
framework of MIC topology for selection with respect to the 
application. Further, the advantages and limitations of few 
recently proposed MIC topologies, followed by the selection for 
different applications are discussed. 

Keywords— Multi Input Converters, Non-isolated, Gain  

I. INTRODUCTION 

With the drastic increase in usage of renewable energy 
sources (RES) in both medium and high level power 
generation, the demand power electronic converters 
proportionally increased to meet the requirements of regulated 
voltage and power levels. Moreover, solar or wind 
individually fails to meet the load requirements due to high 
intermittencies in the environmental conditions, which 
compels the integration of various energy sources [1]. 
Employing individual converters for integrating the sources to 
a common dc bus is conventional means. This technique, even 
though highly popular and widely used, it suffers from major 
difficulties in designing a complex controller for each source 
and also, has high component count, that increases the cost 
and control complexity of the overall system [2]. Further, 
when adopted in grid-connected/ standalone applications, 
establishment of communication among the sources is one of 
the major limitation resulting in a complex control and 
increased cost [3]. 

In order to address these issues, a family of new 
converters, named as MIC has evolved. These converter 
topologies have been developed so as to integrate multiple 
sources and connect them to the common dc bus [3]. These 
converters effectively integrate sources possessing dissimilar 
characteristics. The key features of MIC that made them to 
gain high popularity include simple and modular structure, 
low device count, reduced number of conversion stages and 
high degree of control freedom. The several applications of 
MICs include electric/hybrid vehicles, uninterrupted power 
supplies, satellite and aerospace applications, grid, and 

standalone systems, and hybrid systems with and without 
energy storage [3]–[7].  

With the technological development, employing MICs, for 
various applications, this has become one of the prime areas 
of focus for researchers [8], [9], [18]–[20], [10]–[17]. With 
this increasing demand, the researchers have developed and 
are still developing topologies with more emphasis on 
application. In general, an MIC selected can be adopted for a 
group of applications, and similarly, an application can adopt 
more than one MIC, which is a challenging task to pick one 
up from the state-of-art topologies for desired application. 
Further, every MIC topology has its unique feature(s) and area 
of applications and hence finding a solution satisfying all the 
needs is quite challenging. In this regard, this review will be a 
valuable source for industry and academic readers as well to 
realize MIC for precise applications and identify their 
respective advantages and limitations. Motivated by the 
approach for application-oriented developed in the state of the 
art, this paper intends to offer “one-stop” solution for selection 
of a MIC topology for an application.  

The paper is organized as follows: Section 2 categorizes 
the MICs based on their characteristics. Further, Section 3 
provides guidelines for the selection of proper MIC topology 
for a specific application. A brief discussion on the 
applications has been discussed in Section 4 followed by 
remarkable conclusions in section 5. 

II. CATEGORIZATION OF MICS 

 The general categorization of MICs is depicted in Fig.1 
and discussed in this section 

(a) Based on Isolation Requirement 
(i) Non-isolated 
 “Non-isolated” imply the absence of isolation between the 
source and the load. Non-isolated converters are simple in 
design and control aspects whose general structure is 
illustrated in Fig.2. The combination of source with diode or 
switch or both is referred to as “cell.” A number of such cells 
are combined to develop a converter and then connected to a 
dc bus. Due to the absence of transformers, these converters 
possess the benefit of less cost and weight. The structures are 
developed with either a common ground [9], [19] or with few 
inputs grounded [6], [20] while few others have return paths 
connected through the ground, however, the ground is not 
electrically connected. These non-isolated structures are 
formed both with and without magnetic coupling for several 
applications. If the application demands high gain, 
magnetically coupled MIC is advantageous else MIC without 
magnetic coupling is highly preferred, to reduce the cost of the 
system. For high power applications, MIC with high gain 
using magnetic coupling is preferred to improve the system 
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Abstract

Renewable energy systems with individual converters have drawn the attention
of researchers in the recent past due to several reasons. However, individual
converter for sources increases the size, control complexity and cost of the
system. In this regard, this paper proposes a multiple input converter that
integrates PV and battery. The proposed converter possesses the advantages
like simple structure, high control flexibility and efficient integration of
sources. Most of the emerging MIC topologies fail to estimate the lifetime of
the converter which is an essential parameter for real-time implementation.
Therefore, this paper aims to evaluate the reliability and effect of various
parameters on reliability of the proposed MIC. Further, the reliability of the
system depends on various factors such as on the on-state resistance of the
switch, junction temperature and values of passive elements. In this regard, the
effect of major factors on reliability has been discussed and the mean time to
failure has been evaluated. This evaluation aids in estimating the failure rate of
the components and thereby improving the reliability of the proposed MIC.
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Abstract: 

The modern Science of Social Networks has brought significant advances to our understanding of the Structure, 

dynamics and evolution of the Network. One of the important features of graphs representing the Social 

Networks is community structure. The communities can be considered as fairly independent components of the 

social graph that helps identify groups of users with similar interests, locations, friends, or occupations. The 

community structure is closely tied to triangles and their count forms the basis of community detection 

algorithms. The present work takes into consideration, a triangle instead of the edge as the basic indicator of a 

strong relation in the social graph. A simple triangle counting algorithm is then used to evaluate different metrics 

that are employed to detect strong communities. The methodology is applied to Zachary Social network and 

discussed. The results bring out the usefulness of counting triangles in a network to detect strong communities 

in a Social Network. 

Keywords: Strong, communities, Triangle counting, Social Networks, Clustering Coefficient. 

1. Introduction 

In recent years, there is a growing interest in 

understanding the structure, dynamics and evolution 

of complex Networks such as World Wide Web 

(www), Biological Networks, Technological 

Networks, Social Networks etc., [1]. A network is 

basically a set of items called the vertices or nodes 

with connections between them called edges. As 

graphs are a ubiquitous data representation that can 

be used to model complex relations in a wide variety 

of applications ranging from Social Sciences to 

Information Systems [2], graph theory can be used 

to study the complex networks modeled as graphs. 

The social network provides a record of global 

human interactions at a scale that is hitherto 

unprecedented and these are an invaluable resource 

for analyzing social allegiances, discovering 

entities with shared interests and identifying the key 

players in the social media [3]. It is observed that 

the size of social networks such as Facebook, 

Twitter, Instagram etc. with hundreds of millions of 

users and billions of social connections are growing 

day by day and an analysis of such networks is 

highly difficult. However, Graph theory provides 

techniques for fruitful analysis of these networks. 

Social network analysis can be used to identify 

important social actors, highly or sparsely connected 

communities and interactions among the various 

entities in the underlying network [4]. The Social 

networks differ from most other types of networks 

in two important ways namely network transitivity 

and assortative mixing or positive correlations [5]. 

Social networks are often seen as emerging from 

various social processes or mechanisms and the 

pattern of network ties in them tend to reveal the 

processes that have given rise to them [6]. 

Furthermore, in a social network, the distribution of 

edges is not only globally, but also locally 

inhomogeneous 

With high concentration of edges within special 

groups of vertices and low concentration between 

these groups leading to the concept of community 

structure [7]. The community structure plays a 

significant role in the analysis of social networks 

and intense studies on this, is bound to reveal 

important patterns in the network aiding the analysis 

of the dynamics and structure of the system. The 

community structure is closely related 
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A B S T R A C T   
 

Digital image processing today has become simple thanks to powerful computers, advanced tech services 

for photo-editing and equipment for high resolution photography. Verifying the credibility of pho- 

tographs and identifying tampering traces without requiring additional and significant prior understand- 

ing of the image material or any embedded watermarks is Scope of Science. An effort is made to research 

the new trends in the world of digital identification of picture forgery and also full bibliography on blind 

approaches for detection in Forgery. No clear prior data is required for blind or passive approaches about 

a N image. In this paper a novel Image Integrity verification method is proposed by combining RSA and  

Hash Based Message Authentication. In the proposed method images are key-hashed and stored in 

chronological chained fashion The verification process is done in same manner by generating hash values  

which are compared with hashes stored on blockchain. This research is significant in establishing the 

trust between any two parties. 

© 2021 Elsevier Ltd. All rights reserved. 

Selection and peer-review under responsibility of the scientific committee of the Emerging Trends in  

Materials Science, Technology and Engineering. 

 
 

 
 

1. Introduction 

 
The fast development in applications for image recognition and 

large-scale developments in digital cameras have given rise to 

quantities of doctored photographs with no visible signs, generat- 

ing a strong market for the identification of automated forgery 

algorithms to assess the reliability of a applicant graphic. The 

validity of photos has an significant position as these images are 

widely used as supporting facts and historical documents in a 

growing phase shown in Fig. 1. The number and large range of 

forensic applications Investigation, news photography, criminal 

investigation, insurance premiums and medical allegations, law 

enforcement. Detection of Digital Image Forgery the area has 

received great interest [1] from the science community. Owing to 

the technological progress in recent years, legislation it was impor- 

tant for law enforcement to keep up to date with emerging techno- 

logical advances and their use in science about violence. 
SWGIT offers information about the appropriate usage of multi- 

ple imaging tools in the criminal justice system and employee usage. 

By releasing documents such as the best SWGIT Documents on 

procedures 
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2. Forgery detection approaches 

 
Different methods of identification of image forgery are classi- 

fied in Fig. 2. The object of image forgery detection is to verify 

authenticity of a visual picture. The solution for image authentica- 

tion is divided into two groups. (1) Responsive and (2) Passive or 

blind. An recognised authentication uses aggressive forgery identi- 

fication methods, such as digital watermarking or digital signa- 

tures. Code inserted before the images in the picture material 

they’re sent via an insecure public platform. Through testing  if such 

an authentication code is available, authentication can be shown 

through contrasting it with the original inserted code. How- ever, in 

order to inject the authentication code into the image before the 

image is transmitted, this approach involves specific hardware or 

software. The technique of passive or blind forgery detection 

utilises the image collected for determining its validity through 

Integrity, without any signature or watermark from the sender of 

the original picture. It is built on the premise that although digital 

forgeries-not leave any contextual hints, they will most definitely 

be disrupted after being tampered with. 
The property of the underlying statistics or picture accuracy of a 

image of a natural scene that adds new objects this leads in multi- 

ple types of contradictions. One may use these inconsistencies to 

classify the forgery. This technique is popular because no prior 
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a b s t r a c t

In the present work, we report synthesis, structural, magnetic and dielectric studies of Ruthenium (Ru)
doped BKFO (BiKFe2O5) multiferroic nanocomposite. The Multiferroic nanopowders were synthesized
using coprecipitation method and annealed powders were dispersed in Polyvinylidene fluoride (PVDF)
matrix. The heat treated nanopowders were characterized using X-ray Diffraction, Transmission
Electron Microscopy, Vibration Sample Magnetometer, and Dielectric measurements were carried out
on films. All the reflections from XRD spectrum are indexed with orthorhombic structure (space group
Pbnm). Particle size measured from TEM is observed as less than 100 nm. The EDS spectrum confirms
the presence of all the elements in respective concentrations in the synthesized samples. Enhancement
in Ferromagnetic nature and influence on dielectric behaviour was observed with Ru doping.
� 2019 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the First International
conference on Advanced Lightweight Materials and Structures.

1. Introduction

Multiferroics are the next generation intelligent materials and
exhibit simultaneous ferroelectric and ferromagnetic effects,
which makes them suitable to serve in wide range of applications
like sensors, phase shifters, amplitude modulators, optical wave
devices, photovoltaic and other multifunctional devices. Among
these, single phase BiFeO3 (BFO) multiferroic attract researchers
due to its high Curie and N’eel temperatures (TC = 1103 K,
TN = 643 K) [1]. The presence of room temperature ferroelectric
nature and weak ferromagnetism (G-type) makes them unanimous
choice for multifunctional applications. On the other hand, achiev-
ing pure, room temperature saturation magnetization, low coerciv-
ity and reducing leakage current are the important challenges to
obtain rich functionality at device level [2]. The leakage current
in BFO is prominently due to the valence fluctuations in Iron (be-
tween Fe2+ and Fe3+). Attempts have been made and reported in
terms of modifying chemical composition, synthesis and substitut-
ing several dopants in place of Bi to reduce the drawbacks of BFO
[3-6]. Y.Wang et.al. reported Influence of alkali metal ions like K+,
Na+, and Li+ in BFO [7]. Syed et. al. observed enhancement in ferro-

magnetic nature and strong influence on dielectric nature with
increasing Potassium substitution in place of Bismuth [8]. BKFO
was recently studied brownmillerite multiferroic composite with
orthorhombic structure, derived from BFO having lower band gap
suitable for energy harvesting application. Zhang et.al reported
low band gap of 1.6 eV with good multiferroic and photosensitive
properties [9]. The BKFO possibly crystallize in to two different
crystal systems namely, Orthorhombic and Monoclinic, depending
on the temperature and pressure conditions.

Recently, Ru has attracted a special interest due to its conduc-
tive 4d electron because of wide energy band, enhances ferromag-
netic nature and reduced the leakage current in BFO ceramics and
films [10-14]. Ru complexes absorb light rays of visible spectrum,
and useful in manufacturing solar cells. The substation of Ru in
BKFO significantly modifies the structural and magneto-electric
properties due to the Interaction between 4d (Ru) and 3d (Fe) elec-
trons. In the literature, to the best of our knowledge, there are so
far no reports on Ru doped BKFO multiferroic synthesized via
coprecipitation method. In this work, we report preliminary results
of Ru doping on structural, magnetic and dielectric properties of
BKFO multiferroic.
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2. Experimental details

2.1. Synthesis of BKFO and PVDF-BKFO

Polycrystalline Ru doped BKFO nanopowders were prepared
using simple inexpensive coprecipitation route. Bismuth (III)
nitrate, Potassium nitrate, Iron (III) nitrate and Ruthenium (III)
chloride were weighed as per the stoichiometric equation and dis-
solved in deionized water separately. These individual nitrates and
chlorides are stirred vigorously for 30 min. The final metal precur-
sors were combined and again stirred for one hour to achieve
homogenous solution. Further, 2 M of NH4OH added drop wise to
this metal nitrates solution, until the pH of the solution reached
to 9.3. A thick brown colored precipitate has been formed and this
precipitate was collected and washed several times with deionized
water. The final precipitate was dried in oven at 60 �C for 1 hr. The
as prepared powders were then annealed at 700 �C for 3 hr in a
muffle furnace with a heating rate 5 �C/min and naturally cooled
to room temperature. The final nanopowders were ground and dis-
persed in Polyvinylidene difluoride (PVDF) dissolved in N,N-
Dimethylformamide (DMF) solvent and casted in circular Petri
dish. These are dried at room temperature to develop flexible
nanocomposite films.

2.2. Characterization

The crystal structure and phase of the nanopowders were char-
acterized by X-ray powder diffraction (XRPD) using a Bruker D8
Advance with Cu-Ka radiation (40 kV, 40 mA). The powder samples
were scanned over a range from 20� to 60� (0.02/step). The compo-
sitional details of the samples were achieved using energy disper-
sive X-ray spectrometer (EDS) model ZEISS EVOMA10. Particle size
and shape of nanopowders were analyzed using JEOL JEM-1400
Transmission Electron Microscope. Low temperature magnetic
measurements were carried out using a vibrating sample magne-
tometer (5 T mini VSM from Cryogenic Ltd.). Further, PVDF films
were electrode by air dry Ag paint to form electrodes on both sides
of the films. The electrode specimens were characterized for their
dielectric measurements room temperature using PSM-1735 Impe-
dance Analyzer.

3. Results and discussions

The phase and crystalline nature of the annealed nanopowders
were determined X-ray Diffraction with Cu Ka radiation with 2h in
the range 20� to 60� is shown in Fig. 1a.The XRD spectrum was
indexed by orthorhombic structure (space group Pbnm) for both
pristine (a = 8.4588 Å, b = 7.9841 Å and c = 6.0138 Å) and Ru doped
BKFO (a = 8.4488 Å, b = 7.9617 Å and c = 6.004 Å) multiferroic. The
experimental lattice parameters are found to decreased with the
substitution of Ru due to the difference in the ionic radii of Bi3+

and Ru3+ ions. The sharp diffraction peaks are evident for high crys-
talline nature, which is also resembled in TEM. Fig. 1b represents
the Energy dispersive spectra of Ru doped BKFO multiferroic. It is
clear that all the elements are present in the in respective concen-
trations in the sample.

Fig. 2 shows typical TEM image of pristine and Ru doped BKFO
sample. It is clear that, nanoparticles are well crystallized and the
sizes are about 100 nm. The size and shape of the nanoparticles are
influenced by Ru doping.

The magnetization versus magnetic field (M�H) hysteresis loop
of pure and doped BKFO nanopowders with a maximum applied
magnetic field of 4kOe at temperature 5 K is shown in Fig. 3. It is
evident that Ru doping enhances the ferromagnetic nature, rem-
nant magnetization and the narrow loop suggests the low loss.
Since K+ and Bi3+ are both nonmagnetic, these magnetic features
must be attributed to the Ru3+ and Fe3+ atoms. It is also observed
that magnetic saturation is not achieved in the test range applied
magnetic field. In this study, the observed results are in consistent
with the literature where Ru doped in respective multiferroics
[12,13,15].

The dielectric constants of thin films are influenced by orienta-
tion and size of grains and grain boundaries, porosity. In order to
understand the functionality of material, pure and doped BKFO
nanopowders were dispersed in PVDF using solution casting
method. Dielectric measurements are carried out on pure and Ru
doped PVDF-BKFO films using PSM-1735 Newton 4th Ltd. in the
frequency range 100 Hz to 1 MHz. Fig. 4 shows room temperature
dielectric constant (e’) and loss tangent (Tan d)as a function of
applied frequency in the 100–1 MHz.

The value of dielectric constant is calculated from the following
Eq. (1)

e0 ¼ Cpd=eoA ð1Þ
where eo is permittivity of free space, Cp parallel capacitance, d is
thickness of the film, and A is area of the device. Dielectric loss
was calculated using (2):

Tand ¼ 1=2p f eoeq ð2Þ

Fig. 1. (a) XRD patterns (b) EDS of BKFO and Ru doped BKFO multiferroic.

Fig. 2. TEM image of (a) BKFO and (b) Ru doped BKFO multiferroic.
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where q is the resistivity of the film and f is frequency of the applied
field. It was observed that both e’ and Tan d show similar trend with
increasing frequency, and slight enhancement in dielectric constant
was observed in doped composition, which can be speculated due
to the presence of multiple cations at A-site in BFO [15]. On the
other hand, presence of oxygen vacancies and displacement of
charge carriers between ferrous and ferric ions may also responsible
for the observed increase in dielectric constant at lower frequencies
for Ru doped BKFO.

4. Conclusions

Ruthenium doped BKFO multiferroic successfully synthesized
through chemical coprecipitation method. X-ray diffraction con-
firmed orthorhombic phase and lattice constant decreased with
the substitution of Ru due to smaller ionic radii of Ru compared
to Bi. Enhancement in ferromagnetic nature was due to the pres-
ence of Ru in the sample. A distinct difference in dielectric constant
at lower frequencies and lower dielectric losses suggest the syn-
thesized multiferroics are suitable for energy harvesting applica-
tions. These samples are under further investigation, which
includes ferroelectric and photovoltaic measurements.
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4bstract.: In Commmmnicationspstemthere is less security while transmitingthe information To avoid this, we 
hae to uNe technique called SteganographyThe art of hiding information in order to prevent detection of 
hidden messages is called SteganographyA novel approach for steganographyis proposed using a reversibleTexture oreation In contrast to existing steganographyalgorithm, our algorithm conceals the source texture image annB embeds secret messages through the process of texture creation. Ilere the embedded message may he brid vrsion ic. text or inmage. The process of texture creation comverts a smaller lexture image into a new exure image with similar local appearanceand an arbitrary size. To conceal secret messages in seganography.we use texure creation process. This allows us to extractthesecret messagesand the sourcetexture from a stego sy' nthetic texture. The source image is divided into mumber of blocks and we have to compase new large image by randomly pastes all blocks of source texture image into some blocks of new image Thase locationsare stored in index table. The renmaining blocks are filled with secret message that may he text or image. For exracting message, we have to generate index table and we get back the source texture, and wve have to perform texture creation, and extracting and authenticating the secret messages which is hidden in the stego synrhetictexture. 

Kewords: Steganography.synthetic, texture, authenticating, extracting. 
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I. Introduction
In the last decade many advances have been made in the area of digital media, and much concern has arisen regardingsteganographyfor digital media. Steganographyis a singular method of information hiding techniques.It embeds messages into a host medium in order to conceal secret messages so as not to arouse suspicionby an eavesdropper.A typical steganographyapplication includes covert communicationsbetween two parties whose existenceis unknown to a possible attacker and whose success depends on detectingthe existenceof this communication[]]. In general, the host medium used in steganographyincludes meaningful digital media such as digital image, text, audio, video, 3D model, etc. A large number of image steganography algorithms havebeen investigated with the increasing popularity and use of digital images. Most image steganography algorithms adopt an existing image as a cover medium. The expense of embedding secret messages into this cover image is the image distortion encountered in the stego image. This leads to two drawbacks. First, since the size of the cover image is fixed, the more secret messages which are embedded allow for more image 

Distortion [2]. Consequently,a compromisemust be reached between the embeddingcapacityandtheimage quality which results in the limited capacityprovided in any specific cover image. Recall that image steganalysis is an approach used to detect secret messages hidden in the stego image [3]. A stego image contains some distortion, and regardless of how minute it is, this will interfere with the natural features of the cover image. This leads to the second drawback because it is still possible that an image steganalytic algorithm can defeat the image steganography and thus reveal that a hidden message is being conveyed in a stego image. In this paper, we propose a novel approach for steganography is proposed using a reversible texture creation. A texture creation process resamples a small texture image which synthesizes a new texture image with Similar local appearance and an arbitrarysize. We weave the texture creation process into steganography concealing secret messages as well as the source texture. In particular, in contrast to using an existing cover image to hide messages, our algorithm conceals the source texture image and embeds secret messages througn the process of texture creation. This allows us to extract the secret messages and the source texture from a stego synthetic texture. To the best of our knowledge, steganography taking advantage of the reversioy s been presented within the literature of texture creation. 
Our approach offers three advantages. First, since the texture ereation can synthesize an arbilray slzce 

of texture images, the embedding capacity which our scheme offers is proportional 
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ABSTRACT In an attemptto includethe effectsof naturalporsity of lungparenc hy ma into the mathermaticai 

stady of lang dugnostics, a model descnibing the propagation of kow frequeny Raylevgh waves im relationt 

the porous architecture of the lung parenchyma is presented The wave motion 1s analy sed by assuming that 
the lung parenchyma behavesas an isotropic elastic half-space containing a drstribution of vacuouspores 

with the ViNCeral pleura as a taut clasticmembranein smooth contactwith the half-space The thinnessof the 

pleuralmembranein comparison with the large surfacearca of contactenablesit to be modeled as a materal

surfacein contactwith the parenchyma Utulizing the perturbation technique. an approximate formula fur the 

Rayieighwave velocity in the parenchyma with allowance for surfacetension,mass density., and porosity is 

derved In addition, the eftect of the tension in the pleuralmembrancand the porosity in the parenchyma on 

the propagation of the low-frequency Rayleigh waves is broughtout through the dispersion spectrum t is 

hoped that the results of this paper would enable a better understand1ng of the porosity and surface-tension 

effectson lung parenchyma 

INDEX TERMS Pleural membrane. porous lung, low-frequency, material with voids, Rayle1gh waves 

tissues with application to medical diagnuss s elastogra 

phy [5). A general approach un elastography 1s to perturb 

the state of the tissue under the study using a quaSi-staic. 
INTRODUCTION 

The mechanical properties of biological tissues are known 

to provide information about their pathological condition 

and have been clinically used for diagnostic purposesin 

numerousorgans [1]. Of all he internal organs, the lung 

has the strongest 
connection betweenphysiologic function

and mechan1cal bebhavior 12]. It is well real1zedthat lung 

clastic recoil plays a crucial role in breathing and hence, 

ung mechanics. partucularly elasticity during physiolugy, has 

receivedlarge attention in the literature 12]. 131. Techniques 

are being developed to contrastand quantutychangesin the 

macroscopic properties of the lung that are indicative of dis 

ease and may be linked to bchavioral and structural changes

at the microscopic 
level |4] 

A most common nane for techniques developed to non 

invasively assess the mechanical properties ol biwlogical solt 

harnonic or transient nechanical source and then inter 

the biomechanical properties trom the neasured mecham- 

cal response using a nodel [o]. Current elastographic tech- 

niques enable elasticty estumaton by detemnung the phase 

speed of shear/surtace waves propagating in the üssue 

Shear/Surtace wave dispersivn denved tron the elastography 

lechnique can be used to estumate the elast1c/vISCUelaste 

parameteIs with an assume imodel ot the issue ln the 

nodel, the prvblem ot wave propagatioa oa the su! face of 

he issue is generally appuaimated as wave propagathun in 

a 
sem-nlinle 

elustic/VIScoelastic 
medum under hamona 

CAatom 

The Rayleighsuulavewaves [S| have pooven lw be applca 

ble m muny anvas suuh as ultrasvna s, setstnology, 
matenal

The associatr edilur crdnal.ng the viCw ul ths manum ipt and 

approvingl for publucaluonwas Tao luu 

slene dnd ncda ul diuguwstius to nale u lew A belter 

undertandng ot the surface wave behavior on and in soft 
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Blockchain Based Smart Contract for Sealed--Bid Auction
BLVVKumar, k Raja Kumar 

other hand, a smart contract takes care of a treacherouslecad 

Abstract: In this growing world, Internet has changed so much to an extent thai it urned into a powerful tool in every aspecs of our lives. E-auction is one of those thigs which helps the bidders to take part in an auction online over the air. In a sealed bid third parties need to pay an evTra cost to help the buyers and sellerscarr out their exclhange without any hassle. But there tcchnique into the bidding system. In order to justify the 

can be a breach of trust by the third parties. Owners of the auction or the company that is auctioningcan have direct entry to it when The auction is run on a decentralized platform. When the users auction off something on the chain, the smart contract takes control of the auctionedasset and thereafter it manages the bids associated. In this paper, we evecute a smart contract for a verifiable sealed-bidauction on the Ethereum blockchain. The A. Traditional Bidding System pe of auction used is sealed-bid in which the bidders submit their bids privately and each bidder can participate only once. As per the biddings received, the highest bidder wins and pays the highest corresponding highest submitted bid. Additionally, before the auction ends the bidder can withdraw the bid after submitting it. In such a case the bidder will have another chance to place the bid. This smart contract implementation abides by the true essence of a sealed-bid, to be precise, no information about the biddings is leaked to the bidders ercept for the highest bid 

bidder. Some rules are not supposed to be unveiled before the deadline.This paper is organized as follows. Section 2 illustratesthe traditional bidding system and the blockchain Section 3 shows how do we incorporate the blockchain 
proposed method, we conduct the experiments in Section 4 and we draw our conclusionsin Section 5. 

I1. E-AUCTION 

E-auction follows the same approach as the traditional manual auction, but as the name suggests it takes place online. So, the assets or goods that to be auctioned are sold through online competitive bidding. The e-auction starts and ends within a given tinme interval which is managed by the 
controlling person. Once the e-auction begins, paticipants must submit their bids within the closing time via the internet. After the e-auction ends, a report is generated and the winners with highest bid are declared. The successful bidders then 
deposit their bid amount, after which the auctioned item is can 
be collectedfrom the seller. 

Inder Terms: Blockchain, Ethereum, Metamask, Remix 1DE, Smart Contract, Sealed-bid Auction. 

E-auction can be divided into two types, namely public bid 
and sealed bid'. Public bid is that in which bidders could 

I. INTRODUCTION 

The principle of Blockchain underlies at the integration of 
network techniques into the bidding system to reduce the cost 
of transaction. E-auction system comprisesof bidders, third 
parties and the auctioneers. All the centralized third parties 
help in providing platform for the bidders and the auctioneers 
for advertising their products, checking the current highest 
bidding price etc. Companies like E-bay and Yaho0 make 
revenues out of this kind of bidding system. However E 

auction has mainly two problems. Firstly, centralized third 
parties charge a whole lot of money which can increase the 
transaction cost. Moreover, the privacy of the personal data 
and transaction history which are supposed to be stored in the 
database might be at stake. Secondly, in a sealed envelope the 
bidders have no clue whether the lead bidder is trust worthy.
This paper discusses about the application of block chain 
technique into the E-auction to solve the issues. This 
technique follows peer to peer access structure which implies
each point in the structure can individually communicate. 

authenticate and transferdata to any other point which is a 
site in this case without any need for an actual centralized 

intermediary thereby reducing the transaction cost. On the 

increasetlhe price to bid the products. Thus, the bidding price 
grows continuously till no bidders are interested to pay a 
greaterprice. A bidder is declaredas a winner if he bids the 
highestprice for such a product. During public bid, bidders
can bid many times. Thus, public bid is also called as a 

multi-bidding auction.Sealed bid is that biddersencry pts thhe 
bill and only end the bill once at a time. If there is time, the 
auctioneer comparesthe bills. The bidder who bids for the 
highest price is the winner of the sealed bid. Since bidders 
only can bid once, it is also called single-bidding auction. In 
the seal bid, all bidders'costs are sealed until the bid opening 
date is compared to the costs of all bidders. 
There is a common problem in electronic seal ticket auctions 
i.e.; we cannot make sure if the prices of the other biddersare 
leaked before the deadlineor not. 

B. Blockehain 

It is a technology" which accesses, verifiesand transmits 
network data through distributed nodes. It utilizes a 
peer-to-peer network to gain a decentralized data operation 
and preservation plattorm. 
The block chain is mainly based on the following 
technologies as the operating base: 
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Robust segmentation of optic disc and optic cup using 
statistical Kurtosis test 
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Abstract 

Glaucoma is a chronic and irreversible eye disease that leads to the loss of 

vision. Evaluation of the Cup to Disc Ratio (CDR) plays a prominent role in the Gayatn Vidya Parishad College of 
Engineening for Women. Visakhapatnam. 

early detectionof glaucoma.This paper presents a novel algorithm to compute 
India 

the CDR for the fundus images.In order to calculate the CDR, the vertical diam 
eter of Optic Disc (OD) and the vertical diameter of the Optic Cup (OC) are cal- 

Raghu Engineenng College 
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culated from the segmented OD and segmented OC, respectively. This study 
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presents OD and OC segmentationalgorithmsbased on a new statistics-based 

kurtosis test. A unique OC boundary segmentationmethod is presented, which 

is the combination of partial cup extraction and the cup boundary under the 

Central Retinal Blood vessels (CRBV). A novel preprocessing technique is intro 
duced to extract the CRBV from the automated Region of Interest (ROI). The 

experimental results confim that the proposed algorithm outperforms the state 

of-art OD and OC segmentation on the three publicly available datasets: 

ORIGA, DIARETDB0, and DIARETDB1. The proposed OD and OC segmenta 
tion achieve accuraciesof up to 0.99 and 0.97, respectively. In addition, the pro- 

posed model achieves excellent CDR evaluation with an average error 

percentage reduced to up to 9.6496 for the considered datasets. 

KEYWORDS 

central retinal blood vessels (CRBV), cup to disc ratio (CDR), kurtosis, optic cup (OC). optic 

disc (OD) 

1 INTRODUCTION 

The optic nerve is a part of the central nervous system and 

carries visual information from the eye to the brain. Glau 
coma is a chronic eye disease that damages the optic nerves. 

Due to the death of ganglion cells in the optic nerves, the 

degeneration of the optic nerve head takes place, resulting 
in permanent loss of vision. As it is an eventual and irrevo- 
cable blindness,'it is necessaryto detect and treat this dis 
ease at the earlier stage."° Glaucoma is also named "silent 
thief of sight" because it leads to eventual blindness with 
Out any symptoms of occurring glaucoma." Worldwide, 

glaucoma stands as the second leading blindness causing 

disease" after cataracts. By 2020, it is estimated that around 
80 million people will sufer from glaucoma." The input 
fundus images are shown in Figure 1. 

Segmentation of OD (optic nerve head) boundary and 
OC boundary are the most important aspects of the evalua- 

tion of CDR. The Vertical Cup Diameter (VCD) is compara- 
tively greater in case of a glaucoma eye rather than the 
normal eye, as shown in Figure lB and Figure 1C. The OC 

region increases gradually, resulting in the progression oft 

glaucoma. There are mainly three methods for the detection 
of glaucoma." 

T Int J Imaging 5yst Technol. 20191-17. wileyonmlinelibrary com/journal/ima 2019 Wiley Periodieals. Ine 
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Collaboration of Blockchain and 
Machine Learning in Healthcare 

Industry 
BLVVKumar, k Raja Kumar 

Abstract: The purpose of this paper is to explore the applications of blockchain in the healthcare industry. Healthcare sector can become an application domain of blockchain as it can be used to securely store health records and maintain an immutable version of truth. Blockchain technology is originally built on Hyperledger, which is a decentralized platform to enable 
secure, unambiguous and swift transactions and usage of medical records for various purposes. The paper proposes to use blockchain technologr to providea common and secured platform through which medical data can be accessed by doctors, medical practitioners, pharma and insurance connpanies. In order to 
provide secured access to such sensitive data, blockchain ensures 
that any organization or person can only access data with consent 
of the patient. The Hvperledger Fabric architecture guaranyees that the data is safe and privale br permiting the patients to grant multi-level access to their data. Apart from blockchain 
lechnology, machine learning can be used in the healthcare sector 
1o understand and analyze patterns and gain insighis from data. 
As blockchain can be used to provide secured und authenticated 
data, machine learning can be used to analyze the provided data 
and establish new boundaries by applying various machine 
learning techniques on such real-time medical data. 

is scattered among various hospitals and medical 
organizations making it difficult for the organizationsto maintain proper updated information and leaving the patient in an ambiguous state. This lack of coordinated data 
management lcaves the data shattered. To overcome these 
barriers, a digital platform like EHR where the patients and 
medicine practitioners can access the data efficiently. The Electronic Health Records System is a digital platform of a patient's medical history. It is maintained by the 
healthcare providers. These records include information on 
diagnosis, medical history, lab tests and other medical data. 
Major uses of enforcing the usage of EHR is maintenance of 
updates medical information, reduced errors, quick access to 
patients records and increased involvement of patients in their 
healthcare. 

II. BLOCKCHAIN IN HEALTHCARE 

Although EHR has many benefits, it stores data from various 
workflows, hence the security of data is not guaranteed. This 
hinders the trust environment in medical fraternity. The nature 
of sensitivity associated with the data along with the
challenged of interoperability and health information 
exchanged has built opportunities for advancement of 
blockchain in this domain of industry. 
deployment of the application of blockchain in healthcare 
allows secured transition of data in an efficient and coherent 

Keyword: healthcare industry, Hyperledger, decentralized 
platform, doctors, medical practitioners, pharma andinsurance 
companies. 

The successful 

I. INTRODUCTION. 

manner. The advantage of using blockchain technology is that 
every organization does not require to maintain a distinct 
database to store the records of their patients. The 

allows 

The main reason blockchain technology is preferredin 
order to achieve quality data maintenance is due to its 
distributed public ledgers which secure encrypted immutable 
data.This technology of distributed ledgers is preferred for decentralized behavior of blockchain 
broad variety of use cases ranging from data storage, financial authenticated participant to access the data. Blockchain's 

ransactions to real estate and asset management. . Though architecture provides patients with complete control over the 
blockchain technology has been under research from many 
years, it has become an interest to huge number of people afler 
its applications of cryptocurrencies such as Bitcoin. Many 
market players have presented various applications of 
blockchain to the industry. One such application of insights on the secured and quality data provided using blockchain is Electronic Health Records (EFHR), which is blockehain technology. explored through this paper. 

Patients visit many healthcare organizations depending on 
their círcumstances in life, thus leaving traces and bits of their 
medical data scattered among various organizations. In such a 
scenario, it is difficult if not impossible for the patient to 
retrieve their past medical history. The palient's medical data providing treatment to a disease. Many algorithms and 

any 

access and data exchange in EHR. 

II. MACHINE LEARNING IN HEALTHCARE 

Machine Learning can be used to provide the doctors with 

With increasing number of 
applications of machine learning in various domains, 
healthcare allows is to glimpse at the future where data 
analytics and innovation together help people in large 
numbers by making smart decisions and analysis. The main 
application of machine learning is identification and 

techniques in ML are implemented to analyze the symptoms, 
test results and condition of the patient to identify the disease. 
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Comparing Apache Spark and Map Reduce with 

Performance Analysis using K-Means 
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ABSTRACT 

Big Data has long been the topic of fascination for Computer 

Science enthusiasts around the world, and has gained even 

more prominence in the recent times with the continuous 

explosion of data resulting from the likes of social media and 

the quest for tech giants to gain access to deeper analysis of 

their data. This paper discusses two of the comparison of - 

Hadoop Map Reduce and the recently introduced Apache 

Spark – both of which provide a processing model for 

analyzing big data. Although both of these options are based 

on the concept of Big Data, their performance varies 

significantly based on the use case under implementation. 

This is what makes these two options worthy of analysis with 

respect to their variability and variety in the dynamic field of 

Big Data. In this paper we compare these two frameworks 

along with providing the performance analysis using a 

standard machine learning algorithm for clustering (K-

Means).  

General Terms 

Big Data, Machine Learning, K Means. 

Keywords 

Big data, Hadoop, HDFS, Map Reduce, Spark, Mahout, 

MLib, Machine learning, K-Means. 

1. INTRODUCTION 
Apache Hadoop [1] is an open source framework that 

provides solutions for handling big data along with extensive 

processing and analysis. It was created by Doug Cutting in 

2005 when he was working for Yahoo at the time for the 

Nutch search engine project. Hadoop has two major 

components named HDFS (Hadoop Distributed File System) 

[2] and the Map Reduce [3] framework. Hadoop Distributed 

File System is said to be inspired by Google’s The Google 

File System (GFS) [4] and provides a scalable, efficient, and 

replica based storage of data at various nodes that form a part 

of a cluster. 

HDFS is based on a master slave architecture where 

‘namenode’ is the master and ‘datanodes’ are the slave nodes 

where the actual data resides (quite possibly replicated data). 

The replication factor by default is of three, but can be 

configured as per the need of the user and the usage type. The 

second vital component, which is Map Reduce is the 

processing model for Apache Hadoop which allows 

successful processing of the replicated data in parallel based 

on the former programming language techniques of map and 

reduce. Map is the phase which is implemented to distributed 

portions of a dataset to various ‘mappers’ that work in parallel 

to provide the achievability for the essence of big data 

computation. The outputs from these mappers are exposed to 

sorting and shuffling which takes the flow to the next phase, 

called the ‘Reduce’ phase where data is aggregated to find out 

the result to our initial problem statement [5].  

Although recently, the world of Big Data has seen a dynamic 

shift from this computing model with the introduction and 

stable release of Apache Spark [6], which provides a user 

friendly programming interface to decrease coding efforts and 

provide better performance in a majority of the cases with 

problems related to big data. Spark not just provides an 

alternative to Map Reduce, but also has options for SQL like 

querying with Shark and a machine learning library called 

MLib. The performance and working of spark is considerably 

different from that of map reduce, but is also dependent on the 

constraints of parallelism, the types of problems in context, 

and the resources available. 

Apache Spark [7] started as a research project at UC Berkeley 

in the AMPLab, was started with a goal to design a 

programming model that supports a much wider class of 

applications than MapReduce, while maintaining its automatic 

fault tolerance. 

Spark offers an abstraction called Resilient distributed 

Datasets (RDDs) [8] to support these applications efficiently. 

RDDs can be stored in memory between queries without 

requiring replication. Instead, they rebuild lost data on failure 

using lineage: each RDD remembers how it was built from 

other datasets (by transformations like map, join or groupBy) 

to rebuild itself. RDDs allow Spark to outperform existing 

models by up to 100x in multi-pass analytics. RDDs can 

support a wide variety of iterative algorithms, as well as 

interactive data mining and a highly efficient SQL engine 

Shark [9].  

2. DIFFERENCE BETWEEN 

MAPREDUCE AND SPARK 

 

Fig 3: Map phase in Map Reduce 
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Check tor upates 

Abstract. In this work, the problem of free longitudinal vibration of rods with variable 
cross-sectional area and material properties is investigated using the pseudospectral method. With 
the gradation of material properties like modulus of elasticity and mass density in the axial 
direction, the results corresponding to a functionally graded axial bar are obtained using the 
proposed pseudospectral formulation. The pseudospectral fomulation used is relatively easy to 
implement and powerful in analyzing vibration problems. With the help of several numerical 
examples, the non-dimensional natural frequencies of rods obtained using the pseudospectral 
method are compared with those obtained by the analytical solution, generalized finite element 
method, the discrete singular convolution method and differential transformation method. The 
numerical results obtained show that the proposed technique allows boundary conditions to be 
incorporated easily and yields results with good accuracy and faster convergence rates than other 
methods. 

Keywords: vibrations, inhomogeneous rod, graded axial bar, numerical, pseudospectral. 

1. Introduction 

Functionally graded (FG) material structures find extensive use in modern engineering as their 
material properties can be tailored to meet the requirements of different applications [I]. The FG 
axial bars are a class of inhomogeneous rods/bars with material properties vary ing continuously 
in desired spatial directions. The inhomogeneous rods are known to provide a suitable distribution 
of strength and weight for engineering structures [2]. A study of the vibration characteristics of 
these rods is a subject of considerable scientific interest that has wide applications in aero space. 
civil and mechanical engineering [3-5. 

The governing differential equations of motion for longitudinal vibration of non-uniform rods 
have variable coefficients introduced by variable cross-sectional area. In addition. for functionally 
graded tapered axial bars, the varying material properties add up to the previous variable 
coefficients in the governing equation increasing the complexity in vibration analy sis of these 
bars/rods. In general, methods of vibration analysis are classified as analytical and numerical 
methods while some are semi-analytical that use a combination of both the approaches 
generally agreed that obtaining analytical/closed-form solutions of this vibration problem is 
possible only for some specific geometric and material functions and are often cumbersome. 
Application of numerical methods becomes essential to obtain the solution of the problem for 
general cases. There are many different methods for the numerical solution of differential
equationswhich include Finite Element Method (FEM), Differential Quadrature Method (DQM). 
Differential Transformation Method (DTM). Discrete Singular Convolution (DSC) method and 
Spectral/Pseudo Spectral methods. Several studies have been dedicated to the problem of 
exac/analytic solutions for longitudinal vibrations of non-uniform rods [6-13] while some 
researchers [3, 14-17] have developed numerical methods. 

Eisenberger [6] obtained the exact longitudinal vibration of a rod with polynomial variation in 

It is 
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     

    Abstract—With the rapid advancements in sensors and 

embedded systems, Automated technology is aiding to our life and 

making it easier in all aspects. Internet of Things (IoT) is one of 

the latest emerging technology in automation field that offers a 

communication paradigm for the devices in all areas of life such 

as military, healthcare...etc. via the internet. In the competitive 

world, everyone’s life is being so hectic that no one has time for 

anything. To make the busy life smoother, an IOT based 

reminding tool is proposed which helps him/her to manage their 

time in worth full manner for picking object s like remote, 

mobiles, keys .etc. In this paper an IOT based smart object picker 

for the elderly people and persons with disabilities is being 

proposed.  In this proposed model, it consists of two parts. One is 

object picker device and the other is object sensor board.   From 

object picker, to sense or pick the desired object, the control 

signals or input data commands are sent by the user to the object 

sensor board through internet or mobile based android app. An 

arduino board is taken as sensor board which is connected to the 

objects like keys or remote is responded for object picker with led 

light or buzzer sound. The developed system can also be used to 

monitor the home appliances from anywhere and anytime using 

internet compatible devices 
 

Index Terms—Internet of Things, Home Automation, Smart 

Object Picker, Disabled, internet, Microcontroller. 

I. INTRODUCTION 

NTERNET OF THINGS is an accentuated automation 
technology that began just a few years ago. It is gradually 
improving our quality of life with reality. IOT was 

introduced by Kevin Ashton from Procter & Gamble in 1989. 
IOT is a communication process between internet and physical 
objects such as home appliances, health care equipment, etc. 
with embedded sensors so that the objects can take signals and 
do their tasks while you are busy with other activities. 

The emergent technological innovations in wireless 

technology are RFID, ZIGBEE, Bluetooth, GSM and Wi-Fi 

(802.11) [1-3]. Each technology has their own unique features 

and applications. Considering the advantages of Wi-Fi and IOT 

an advanced automation system was developed to control the 

appliances in the house. 
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The challenge in IoT products is that they are not having a 

display, keyboard and user interface. These headless devices 

need a method to obtain the network name and password from 

the user for getting WiFi connectivity. An android phone is 

used as an extended user interface for the IoT device, allowing 

the user to provide the network information using the display 

and the keypad of the the phone. An android application is 

designed as an user interface in phone for sending commands 

to IoT device through WiFi.  

Recently, various researchers have designed IoT based 

Home Automation System to assist the people with physically 

disabilities and aged and providing facility to control electrical 

appliances [11-16]. In present situations day to day life of each 

and every person is being so hectic that no one has time for 

anything. So, this situation requires a reminding tool  which 

help him/her to manage their worth full manner to pick object s 

like remote, mobiles, keys for doing their basics tasks of daily 

life. It also help aged people and people with memory loss 

problem. The practical goal of this paper has been to desing 

and develop a prototype IOT based smart object picker for the 

aged people and person’s with disability. In this proposed 

model arduino board is used to turn on or off the led or buzzer 

attached to the desired searching object. The control signals or 

input data commands are sent to user through internet or the 

android app in the android based mobile to the Arduino to 

control all the home appliances or sense objects. Using this 

system user can sense sound or visible light coming from the 

attached buzzer/led of the searching object and also able to 

monitor home appliance from anywhere and anytime using 

internet compatible devices. 

The rest of the paper is organized as follows. Section II 

presents the the required design modules for implementation of 

smart object picker. Section III describes the detailed 

implementation of smart object picker. The results are 

discussed in Section IV. Finally, conclusions are given in 

Section V. 

II. DESIGN MODULES OF SMART OBJECT PICKER 

Fig.1 shows Proposed System using Android Application[3]. 

In this System we are using Arduino Uno, Wi-Fi module, 

Relays, LCD display, Buzzer and bulb. 
 

A. WORKING:  

In this proposed system shown in Fig. 1 the main objective is 

to detect various objects like keys and remotes for AC or TV 

etc..using an Android application that is installed in our 

An IoT based Smart Object Picker using 

Android App 
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    Abstract—Visual prosthesis is one of the emerging technology 

in biomedical implants which helps to restore useful vision for 

visually impaired people suffering from retinal degenerative 

diseases. The visual prosthesis consists of two parts. One is 

external and the other is internal (surgically implanted). The 

external part includes a camera, image processor and a 

transmitter. The image processor captures the video using a 

camera, encodes the captured information to data forms that can 

be recognized by implanted stimulator and transmits the coded 

data through transmitter. The internal implanted part includes a 

receiver and electrode array. The receiver converts the received 

bit stream into electrical signals and stimulates the survival parts 

of the retina using electrical signals applied through the electrode 

array. The survival parts then sends a signal to the brain where it 

is interpreted as image/video. The researchers suggested that an 

array of 600-1000 electrodes are required to do some basic 

forms of vision such as reading large letters, recognizing 

faces..etc. The image processor is the crucial part of visual 

prosthesis where it captures high resolution image data from 

camera, and resizes it into 1024 resolution image. To extract 1024 

pixel vital information, the related image processing algorithms 

include RGB to Gray conversion, Gamma encoding, Edge 

Detection and down sampling are reported in this paper. The 

comparative analysis of image processing algorithms provided 

here will drive an image processing strategy with less 

computational complexity of achieving better performance that is 

suitable to implement on MIPS based microcontroller. 
 

Index Terms—BWIP, Image Processing, Edge Detection, 

Epiretinal prosthesis, RIRS, Vision prosthesis. 

I. INTRODUCTION 

ISUAL prosthesis is currently being developed world 

wide ameliorate more than 40 million blind individuals in 

the world whose plight would be due to incurable retinal 

degenerative diseases. The retinal neuro degenerative diseases 

such as Age-related Macular Degeneration (AMD) and 

Retinitis Pigmentosa (RP) are the predominant causes of 

human blindness due to progressive degeneration of 

photoreceptors in the retina but internal layers of the eye are 

still healthy. Visual prosthesis is an electronic device designed 

to bypass the damaged parts of the retina by electrically 

stimulating the surviving healthy parts of the retina i.e. 
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ganglion cells using electrical pulses applied through an 

electrode array. Ganglion cells generate a nerve impulse and 

transmits to the optic nerve, which carries it to the brain where 

the electrical signals are interpreted as a visual image [1-3]. 
Visual prosthesis consists of an external part and an internal 

implant, which are connected by a transcutaneous inductive 

link. The external image processing unit processes the camera-

captured image and transmits the processed information 

serially to internal implant through wireless link. The internal 

implant takes the serial image information, transforms it into 

electrical pulses and delivers them to the electrode array. The 

electrodes stimulate the healthy neurons in eye, and visual 

sensations are perceived.   

Epiretinal Prosthesis (EP) mentioned in this paper is one of 

the dominant approach in visual prosthesis where majority of 

researchers or working. The commercially available Epi-

Retinal Implant (ARGUSII at $115,000) was unable to restore 

useful vision to patients due to its 60 electrodes resolution. 

Present day retinal prosthesis projects are mainly aimed to 

develop an implant with several hundreds of electrodes (even 

up to 1024 due to limited space to implant on the surface of 

retina), so that the blind can read letters, navigate a room and 

recognize faces [4][5][7]. Research in this paper is focused on 

image-processing in external part in addition to implant design 

for better visual perception [3]-[11].  

The captured image from camera is having large number of 

pixels (640*480 image having 307200 number of pixels). 

These pixels have to be reduced to 1024 number of pixels i.e. 

the number of electrodes implanted in internal part of EP. Best 

image processing strategy is needed to extract useful 

information from 32x32 resolution images for improving 

visual perception and ability to conduct visual tasks daily. This 

paper presents a best image processing strategy by analyzing 

and implementing different image processing algorithms such 

as gray conversion, smoothing and edge detection and down 

sampling are studied and implemented for object recognition 

and feature extraction... etc. However the internal implant 

design with real electrodes for electrical stimulation is beyond 

the scope of this paper and it can be developed by standard 

approach as described in research articles[7].  

The paper is organized as follows. Section II summarizes 

the system architecture of the EP. Section III describes the 

Image processing strategy for EP using different image 

processing techniques. Section IV represents the comparative 

analysis and results of EP. Finally, Section V concludes the 

paper. 

Comparative Analysis of Image Processing 
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TICLE INFO ABSTRACT 

In the present paper, new analytical, numerical and approximate methods have been presented for the 

determination of Rayleigh wave speed in isotropic and anisotropic media. The Lagrange's method is used 
to provide exact expression for the roots of the secular equation for Rayleigh waves in isotropic media. 

Then, a simple non-iterative type quadrature method is used to numerically determine the Rayleigh wave 
speed in isotropic and anisotropic media. Further, an approximate method is presented to determine the 
velocity of Rayleigh waves. The discrete least square approximation on Chebyshev Gauss - Lobatto 
nodes is suggested to transform secular equations to quadratic equations, thereby, providing improved 
approximations to the Rayleigh wave speed. The analysis is complemented with numerical examples 

o 2016 Elsevier B.V. All rights reserved. 
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Elastic surface waves in isotropic solids, discovered by Lord 
leigh [1]. has been studied extensively in recent years, due to 
wide range of applications in seismology, acoustics, geophysics, 
communications and material science to name a few [2]. The 
hnological applications of Rayleigh waves in electronic devices 
h as filters, resonators, delay lines etc. [3] has had far- 
ching effects on many modern gadgets. The propagation condi- 
for the existence of Rayleigh waves in an elastic half-space 
its in the secular equation for Rayleigh waves (Rayleigh equa- 
and its solution gives the Rayleigh wave speed [4]. Since the 
en's function for many elastodynamic problems for a half-space 
uires the solution of the Rayleigh equation, formulas for the 
leigh wave speed in various elastic media is of great theoretical 
practical interest |5. The Rayleigh wave equation is a cubic 
ation in the squared wave speed and its significance has 
acted researchers to find exact, approximate analytical expres- 
h for the Rayleigh wave speed. 
Rahman and Barber [6] first provided an exact expression for 
roots of the Rayleigh equation in isotropic solids using the the- 
of cubic equations (Cardano's method). Since that time, a num- 
of authors have sought to develop alternative expressions for 
Rayleigh wave speed [7]. Nkemzi |4] provided an alternative 

exact expression for the Rayleigh wave speed using the theory of 
Cauchy Integrals, but Malischewsky [8] observed some misprints 
in 4 and obtained a formula for the wave speed using the advan- 
tages of computer algebra and Cardano's formula. Vinh and Ogden 
19] obtained a formula solely based on the theory of cubic equa- 

tions and have explained the Malischewsky formula 181. Malis- 
chewsky Auning [10] obtained a formula for the Rayleigh wave 
velocity without the signumfunction but with an irrational term 
in the denominator and has shown its equivalence with the for- 
mula in [8]. Royer |11], used the root locus to provide a simple 
means for investigating the behaviour of the roots of the secular 
equation. Nkemzi [12], used a factorization technique based on 
the Reimann problem to derive a simple formula for the speed of 
Rayleigh waves. More recently, Liu and Fan [13] utilized a form 
of Cardano's formula (referred to in [13] as Shejun'sformula) to 
obtained a new formula for the wave speed. 

Considering anisotropic elastic solids, we note that Stoneley |14] studied the propagation of surface waves in an elastic medium 
with orthorhombic symmetry. The Rayleigh waves propagating in 
principal directions on free surfaces that are principal planes were 
studied. Royer and Dieulesaint [15] established that the secular
equationfor surface waves in orthorhombic crystals derived by Sveklo [16] could account for 16 different crystal configurations.Destrade [17] derived an explicit secular equation for surface acoustic waves in monoclinic elastic crystals using the method of first integrals. The speed of subsonic surface waves was then com- puted for 12 specific monoclinic crystals. Later Destrade [18] 
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Abstract With a revolutionary change in data analytices it 
requirestechniques that can equallyextend with the trending 
data processing methods. To keep in pace with this elated 

progress in information evaluation, calibration and storage 
patterns, development and implementation of large scale 
algorithms for data processing is gaining importance. In 
datamining, association rule minin 
wellutilised methodology for identifying overwhelming 
relations from data in large scale analytics. Apriori algorithm 
is one such erucial algorithm to mine the frequent item sets 
which form the basis for finding asso ciation rules among the 
data. Analyzing frequent item sets is a crucial step to find 
rules and association between them. This stands as a primary 
foundation for crucial decision making. With the advent of 
Hadoop Map-Reduce, parallel processing and efficient 
memory utilisation has come into order. This paper aims to 
identify the potential of Apriori Algorithm which is 

implemented as one-phase and k-phase Apriori algorithms in 

MapReduce framework and further an Optimised Apriori 
Algorithms(0AA) has been implemented which has a full-

fledged MapReduce benefits and it has been identified that 

Optimised Apriori Algorith m has yielded better efficiency and 

reduced time complexity. 

programming model designed for parallel processing of 
large volumes of data by breaking the job into independent 
tasks across a large number of machines. MapReduce 
programming is inherited form the list processing 
languages e.g. LISP, that consists of two functions Mapper 
and Reducer which runs on all machines in a Hadoop 
cluster. The input output of these functions will be in form 
of <key, value> pairs. The Mapper reads the input <ki, vi1, 
from HDFS and produces a list of intermediate values <kh, 
v2. An additional Combiner function which is optional is 

applied to reduce communication complexity in 

transferring intermediate outputs from mappers to reducers. 

Generally the output pairs of mapper are sorted locally and 

grouped on same key and applied as input to the combiner 

to make local sum. 

and classification is 

With its efficient and rapid processing capabilities Hadoop 
has become a predominant tool for Data mining and 

knowledge discovery to extract useful, hidden and 
unknown patterns and knowledge from large database. 

There are many areas in datamining that generally 
considered for decision making. Association Rule mining is 
one such concept where Aprioriis the basic and most 

popular algorithm for association rule mining proposed by 
R. Agrawal and R. Srikanth for finding frequent itemsets 
based on candidate generation. Candidates are itemsets 

containing all frequent itemsets. The name of the algorithm 
Apriori is based on the Apriori property which states that 
all nonempty subsets of a frequent itemset must also be 

frequent. The core step of the algorithm is generation of 

candidate k-itemsets Ck from frequent (k 1-itemsets
L-1.[1][2][3]There has been a wide variations in the 
implementation of Apriori Algorithms. In this paper we 
have implemented an Optimised Apriori Algorithm (OAA) 
and evaluated its performance against the One-Phase 
Apriori and K-Phase Apriori algorithm where the results 
have evidently proven that the performance of OAA is 

better when compared to the other two 

Index Terms: Apriori Algorithm Optimised Apriori Algorithm, 
MapReduce 

INTRODUCTION 
Recent technical trends in storage, processing and 
networking technologies lead to rapid growth of huge 
volumes of data in both scientific as well as commercial 

domains. Organizations are more inclined to make better 
use of this data and the data processing techniques to 

efficient decision making. Since the data is voluminousit 

requires appropriate and potential computing environments 

and framework to increase the precision that directly 
influence the decision making in real time scenario. 

Hadoop Framework is one such large-scale distributed 
batch processing infrastructure for parallel processing of 
voluminous data which is otherwise called as BIG DATA 

that flows over huge cluster of commodity computers. 

Hadoop is an open source project of Apache that 

implemented Google's File System as Hadoop Distributed 
File System (HDFS) and Google's processing framework 
as Hadoop MapReduce programming model. All the 
algorithms in this paper were implemented on Hadoop 
using MapReduce paradigm. MapReduce is a parallel 

much 

algorithms.[4][5]16] 

Related Work 
Apriori Algorithm: One-phase and K-Phase 
As the outline of the paper discussed earlier, since the 
Apriori lacks in efficiency while dealing with the 
voluminous data sets and even most of the optimized 

techniques of Apriori using MapReduce has elated its 

www.ijert.org 1136 JERTVOIs060431 

(This work is licensed under a Creative Commons Attribution 4.0 International License.) 
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ABSTRACT 

The influence of Cu substitution on structural and 

magnetic properties of Co-Mg mixed nano ferrite 

synthesized by using a wet-chemical combustion 

method is presented. Significant modifications in 

crystallite size and density are observed. Cation 

distribution estimated form X-ray intensity 

calculations show that Cu influence the 

preferential site occupancy of Mg ions. It is found 

that Cu and Mg simultaneously occupy tetrahedral 

(A) and octahedral (B) sites with different ratios. 

Particle size calculated using TEM for undoped 

Co-Mg ferrite is about 80 nm. Saturation 

magnetization increases initially and reaches a 

maximum value (x=0.3) and then decreases. The 

observed variation is explained on the basis of 

redistribution of cations (Cu
2+

 and Mg
2+

) among 

the tetrahedral (A) and octahedral (B) sites.  

Keywords: Co-Mg ferrite; XRD; TEM; Cu 

substitution; Combustion method;  

 

1. INTRODUCTION 

 The general formula for spinel 

ferrite is described as AB2O4, where A, B 

correspond to tetrahedral site and 

octahedral site, respectively. The 

substitution of different cations with 

different ratios in to A and B sites improve 

the electromagnetic properties of the spinel 

ferrite. Among the spinel ferrites, 

magnesium ferrite (MgFe2O4) is one of the 

most versatile ferrite system and used in 

high frequency applications, due to its high 

electrical resistivity and low eddy currents 

[1]. These properties are strongly 

depending on distribution of cations 

among tetrahedral (A) and octahedral (B) 

sites. The substitution of Cobalt in Mg 

ferrite enhances the magnetic properties 

and decreases the dielectric losses [2-5]. 

Though enormous work has been reported 

on the magnetic and electric properties of 

cobalt and magnesium ferrites, work 

related to Cu doped Co-Mg mixed ferrite 

prepared by wet-chemical combustion 

method is still lacking. Therefore, in the 

present paper, we have attempted to 

investigate the influence of Cu on 

structural, magnetic properties of nano 

Co0.5Mg0.5-xCuxFe2O4 (x = 0.0, 0.2, 0.4, 

0.6, 0.8, 1.0) ferrites.  

 

2. EXPERIMENTAL  

2.1. Sol-gel auto combustion method 

A series of Co-Mg-Cu ferrite nanoparticles 

were prepared through wet-chemical 

combustion method using citric acid as 

combustion agent. Stoichiometric amounts 

of copper nitrate (Cu(NO3)2.3H2O), 

Magnesium nitrate (Mg(NO3)2.6H2O), 

cobalt nitrate (Co(NO3)2.3H2O) and ferric 

nitrate (Fe(NO3)3.9H2O) were dissolved in 

minimum amount of de-ionized water. The 

citric acid solution was mixed with metal 

nitrates solution (molar ratio of citric acid 

to metal nitrates was taken as 1:3). Then 

the mixed solution was heated to transform 

into very viscous brown gel and 

automatically ignited, burnt with glowing 
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flints. These powders sintered at 1050
o
C 

for 4 hrs in air atmosphere. The X-ray 

diffraction measurements were carried out 

by X-ray diffractometer (PAN Analytical 

Xpert Pro). Particle was estimated using 

Transmission Electron Microscope (CM 

200 :: at an operating voltage of 20kV). 

The magnetic measurements were made on 

Lakeshore VSM 7410 vibrating sample 

magnetometer. 

 

3. RESULTS AND DISCUSSION  

3.1 Lattice constant and cation 

distribution 

The X-ray diffraction pattern of 

Co0.5Mg0.5-xCu0.5Fe2O4 (x=0.0 to 0.4 in 

steps of 0.1) nanoparticles sintered at 

1050
o
C for 4 hours is shown in Figure 1. 

All the peaks are indexed with reference to 

the standard pattern (JCPDS card Nos. 79- 

1744 and 73-2410 for the end ferrites 

CoFe2O4 and MgFe2O4, respectively) and 

found to be (220), (311), (400), (442), 

(511) and (440). 

Fig .1 X-ray powder diffraction for Co0.5Mg0.5-xCuxFe2O4 samples 

(a) x=0.0, (b) x=0.1, (c) x=0.2 (d) 

x=0.3 and (e) x=0.4 

No other secondary phase could be 

identified by XRD for all the sintered 

samples. From the experimental values of 

„θ‟, inter planar spacing„d‟, the values of 

lattice parameter “ao” and listed in Table 

1[6].  The lattice constant of pure 

Co0.5Mg0.5Fe2O4 is 8.3793Å(±0.002Å), 

which is in good agreement with the 

earlier reported values [5,7]. The observed 

increase in lattice constant is due to the 

difference in the ionic radii of Cu and Mg 

ions. Crystallite size of all the samples are 

estimated using Scherrer formula to get the 

crystallite size and listed in Table 1 [6] 
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Table 1 Cu concentration (x), Lattice constant (Å) and crystallite size (nm) and cation 

distribution 

Cu concentration 

(x)  

Lattice 

constant 

(Å) 

Crystallit

e size 

(nm)        A-site B-Site 

0.0 8.3793 88 Mg
2+

0.1 Fe
3+

0.9 Co
2+

0.5 Mg
2+

0.4Fe
3+

1.1 

0.1 8.3808 96 
Mg

2+
0.12Cu

2+
0.04  

Fe
3+

0.84 

Co
2+

0.5Cu
2+

0.06 

Mg
2

+0.28Fe
3+

1.16 

0.2 8.3843 90 
Mg

2+
0.17 Cu

2+
0.06 

Fe
3+

0.77 

Co
2+

0.5Cu
2+

0.14 

Mg
2

+0.13Fe
3+

1.23 

0.3 8.3872 100 
Mg

2+
0.115Cu

2+
0.12 

Fe
3+

0.765 

Co
2+

0.5Cu
2+

0.18 

Mg
2

+0.085Fe
3+

1.235 

0.4 8.3906 79 
Mg

2+
0.025Cu

2+
0.2 

Fe
3+

0.775 

Co
2+

0.5Cu
2+

0.2 

Mg
2

+0.075Fe
3+

1.225 

 

 Crystallite initially increases with Cu
2+

 

concentration up to x=0.3, when compared 

with pure Co-Mg ferrite, and then 

decreases when x>0.3. The observed non-

uniform variation in the crystallite size is 

due to difference in cation distribution 

over tetrahedral (A) and octahedral (B) 

sites.  

 The distribution of cations among A and 

B sites was estimated from the analysis of       

X-ray line intensities adopted from 

Buerger method [8]. The proposed cation 

distribution over tetrahedral (A) and 

octahedral (B) sites are summarized in 

Table 1. It is found that the experimental 

and calculated intensities are consistent 

with each other. The proposed cation 

distribution also supports the changes in 

magnetic properties and crystallite size.  It 

is well reported that cation distribution 

affected by the method of preparation, 

sintering temperature and doping 

concentration.  

3.2 Density 

The bulk density and X-ray density with 

copper content of Co0.5Mg0.5-xCu0.5Fe2O4 

ferrites are listed in Table 2. The bulk 

density „db‟ of each sample was measured 

using Archimedes principle and X-ray 

density from the standard relation [9].  The 

X-ray density increases as the Cu (x)  

concentration increases, where as bulk 

density increases initially, reaches to a 

maximum at x=0.3, and then decreases. 

The bulk density is lower than of X-ray 

density due to the existence of pores, 

which were formed and developed during 

the sample preparation or the sintering 

process  

3.3 Particle size 

Figure 3 depicts the TEM micrograph of 

undoped Co-Mg ferrite. Most of the nano-

particles are spherical in shape and are 

agglomerated. Agglomeration of nano-

crystals may be due to the tendency of 

nano particles to aggregate to achieve a 

low free energy state by reducing the 

specific superficial area by lessening the 

interfaces with other particles. The particle 

size obtained from this image is about 80 

nm, which is in good agreement with the 

crystallite size calculated from Scherrer 

formula.  
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Fig.3. TEM micrograph of Co0.5Mg0.5-

xCuxFe2O4 for x=0.0 

3.4 Saturation magnetization 

Figure 4 shows the typical magnetic 

hysteresis loops Cu substituted Co-Mg-

ferrite in the applied field ranging from -10 

to +10 kOe. The hysteresis loop explains 

the soft ferromagnetic nature of the 

synthesized Co0.5Mg0.5-xCuxFe2O4 by sol-

gel auto combustion method. Various 

magnetic parameters like saturation 

magnetization-Ms (Maximum value of 

magnetization), Remanance 

Magnetization- Mr (Magnetization at zero 

field), Coercivity-Hc (magnetic field 

required to reduce the magnetization of 

that material to zero after the 

magnetization of the sample has been 

driven to saturation) are estimated and 

tabulated in Table 2.  As can be seen from 

the Table 3 that, the magnetization of 

undoped Co-Mg ferrite is (x=0.0) 14 

emu/g and increases to a maximum value 

45 emu/g (x=0.3), and then decreases for 

higher concentrations (x=0.4). 

Magnetization in nanoferrite is strongly 

influenced by the site preference of the 

ions. In spinel ferrites, the net magnetic 

moment of the A and B sub-lattices is the 

difference between the magnetic moments 

of B and A sublattices, i.e., M=|MB-MA|.  

  

Fig.4 Room temperature hysteresis loops of Co0.5Mg0.5-xCuxFe2O4 samples 

In general, Cu
2+

 ions are preferentially 

occupy A-sites, while Co
2+

 and Mg
2+

 ions 

have a strong preference to occupy the B-

sites, and Fe
3+

 ions are occupy both A and 

B-sites [10]. The increase in magnetization 

is expected because Cu
2+

 (2 B) ions 

replace some of non-magnetic Mg
2+

 (0μB) 

ions on octahedral sites. With increasing 

the concentration of Cu, the migration of a 

fraction of Cu
2+

 ions towards A-site, 

would lead to the increase of Fe
3+

 

concentration in B-sites. This causes an 

increase in the magnetic moment of B site, 

which is responsible for the observed 

increase in net magnetization. The 

redistribution of Mg
2+

 ions in to B-sites for 

x=0.4, resulting in the weakening of A–B 

exchange coupling, and thereby decreases 

the net magnetic moment.  
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Table 2 Saturation magnetization (Ms), remanent magnetization (Mr), Coercivity (Hc) 

of Co0.5Mg0.5-xCuxFe2O4 samples. 

Concentration  Ms  Mr  Hc      
dx db 

(x) (emu/g) (emu/g)    (Oe) g/cc g/cc 

0 14 4.4 325 4.91 4.12 

0.1 39 12.3 285 4.99 4.29 

0.2 43 12.4 264 5.07 4.43 

0.3 45 7.4 166 5.16 4.63 

0.4 25 11.9 959 5.24 4.21 

4. CONCLUSIONS 

 Cu substitution for Mg in Co-Mg 

mixed ferrite has been shown to have 

strong effects on both structural and 

magnetic properties.  The substitution of 

Cu redistributes the occupancy of Mg ions 

though they have a strong octahedral site 

preference. This brought significant 

changes in the magnetization, coercivity, 

permeability and magnetic anisotropy.. 

The observed variation of all these 

magnetic properties can be interpreted in 

terms of the cation distribution.  
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a  b  s  t  r a  c t

A  novel  stochastic  algorithm  using  pre-processing  technique  is  proposed  in this  paper  to deal  with  the
problem  of underwater  target tracking  using  passive  Sonar.  Pre-processing  is  a concept of reducing  the
variance  of noise present in  the  measurements  given by  sensors.  This  key step  is performed ahead of con-
ventional estimation  algorithms. Pre-processed  measurements  are  obtained  by  taking  weighted average
of present  measurements  and  projected  previous measurements.  The method is  expected to  bring down
the variance  of noise  to a great  deal based  on  the  fact that  the  sensor errors  are  unbiased  by  nature. The
most  attractive  feature  of this  algorithm  is the  capability  to  track long range targets in heavy noise  envi-
ronments.  The algorithm  is tested by  running  Monte Carlo  simulations  in Matlab  R2009a  environment.
There, it is  shown  that  the  estimation  error and the  time  of convergence  of the  pre-processing  technique
based algorithms like  pre-processed  Unscented  Kalman Filter (PP-UKF) and Integrated  Unscented Kalman
filter  (PP-IUKF) are  much  less compared  to  their non-pre-processing  counterparts  namely UKF and  IUKF,
thus  indicating  the  importance  of the  proposed  novel method.

©  2016 Elsevier  GmbH.  All rights  reserved.

1. Introduction

Tracking is the most essential signal processing task performed
at the time of wars. It  is the concept of estimating the position
of a moving target using noise corrupted sensor measurements.
This important task is  performed with the help of a Radar when
dealing with the targets which are on or  above the ground and Sonar
while dealing with underwater targets. Sonar primarily operates in
two different modes namely active and passive. Active mode Sonar
operation normally involves active transmission of signal and echo
reception to find the position of a moving target while Passive mode
operation is concerned with the reception of the noise generated
by the propeller of the enemy’s vehicle to get an idea of the targets
location. The target tracking is possible with a single moving sensor
as shown by Aidala [9] or by  a  set of stationary sensors using a
concept of triangulation. This paper deals with tracking underwater
targets using Towed array measurements given by a passive Sonar.

Modern era of the underwater tracking started by using the cel-
ebrated work of Kalman [1,11]. The problem with this filter when
dealing with the active tracking is, the generation of undesired bias

∗ Corresponding author. Tel.: +91 8985482118.
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during the conversion of measurements from the available polar to
the Cartesian form. This bias is properly computed and eliminated
by Lerro and Bar-Shalom [7] to get considerable improvement in the
results. Suchomski [16] have extended the work to make Kalman
filter useful for tracking in  three dimensional case. Lerro et al. [7]
tried to apply Kalman filter in  a  different way by keeping the state
and measurement equations in different coordinate systems. By
doing so the measurement equation is turned to a non-linear one
which creates problem to  apply (KF) directly. The problem is tackled
by converting the non-linear measurement equation to a linear one
by Taylor series expansion. This way of implementing Kalman filter
is called the Extended Kalman filter (EKF). The same procedure is
followed for passive target tracking by Aidala et al. [5] and named
the algorithm as Cartesian coordinate EKF. The stability problem
developed by the ill conditioning of the covariance matrix is  also
solved in the same paper by the proper choice of  the elements of the
state vector. This algorithm is named as the modified polar coor-
dinate EKF [5]. Song and Speyer [6] has introduced a  time varying
gain function in the EKF to get improved results in terms of stability.
This filter is called Modified gain Bearings-only EKF (MGBEKF). A
much simpler version of MGBEKF is derived by  Galkowski and Islam
[10].  Nardone et al. have applied two batch processing algorithms
namely Pseudo Linear estimator (PLE) and Maximum Likelihood
Estimator (MLE) to solve the problem of Bearings-only tracking
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a  b  s  t  r a  c t

Under  water  moving target  is  usually tracked using the  Traditional non-linear  estimators  such as
Extended Kalman filter  (EKF)  and Unscented  Kalman filter  (UKF) with  the  help of  noisy  measurements
given  by  a  SONAR operating in passive  mode.  Here  in this  paper an Integration  Technique  based  approach
which works  on the  principle  “Collective  Opinion  is better  than individual” is proposed  to  improve  the
performance  of the  existing  algorithms.  In  this  novel method multiple  UKFs accept measurements  from
towed  array  and the  estimates of these  different  UKFs  are  integrated  using  least squares  estimator,  and
hence  the  algorithm  is named as  Integrated Unscented Kalman filter  (IUKF).  Monte Carlo  simulation
in  MATLAB R2009a  is carried  out to compare  the  performance  of the  proposed  IUKF  with  the  existing
traditional  nonlinear  estimators  EKF  and  UKF for two  different scenarios  to show the  superiority  of the
proposed  method.

© 2015 Elsevier  GmbH.  All rights  reserved.

1. Introduction

Tracking is a sophisticated process of estimating the state (i.e.
position and velocity) of a  moving target as close to the true state
as possible using the available noisy measurements. This is  essen-
tial in the war environment for two main reasons, One to escape
ourself from being attached, and second to demolish the enemy.
The noise corrupted measurements can be received from SONAR
in active or passive mode. Active mode involves a process of inten-
tional release of signal, Reception of echo and getting an idea of
Range and Azimuth of the target while passive mode SONAR is
restricted only to listen and hence it gives only Azimuth measure-
ments of the target. The drawback associated with active SONAR
is, the concept of releasing the signal at enemy can cause us to
be detected prior to the enemy being detected. This setback is not
associated with passive SONAR due to  the absence of signal trans-
mission. The advantage of using active measurements over passive
measurements is that, the tracking with former can be done easily
due to the availability of range measurement along with the bear-
ing measurement which is not the case with the later. The pros and
cons are associated with both the measurements. So an intensive
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research is going on in  the field of Target Tracking using both types
of measurements with an edge of passive over active tracking.

The Traditional Kalman Filter (KF) Eqs. (5.17), (5.18) and (5.19)
of [1] can be used to track an underwater Moving Target with active
SONAR measurements where the state and measurement equa-
tions are linear with the simple assumption that the measurement
Gaussian noise mean is  zero even after conversion of measurements
from polar to Cartesian systems as shown in [7].  The improved per-
formance is  achieved by applying (KF) after proper calculation of
actual mean and covariance of the measurement noise in Carte-
sian system and subtracting this mean from the measurements to
make the mean of measurement noise zero. The resulted (KF) with
debiasing is  applied for active tracking in  [7].

Tracking a  target with passive measurements cannot be done
by traditional (KF) due to the incapability of  (KF) to  deal with
nonlinear measurement equation associated with passive mea-
surements. A nonlinear version of (KF) named as extended kalman
filter (EKF) does this job  by approximating the non-linear mea-
surement equation to a linear one with the help of Taylor Series
Expansion. Application of (EKF) in modified polar coordinates to
BOT is  available in [5].  The performance of Bearings-only Tracking
(BOT) using passive measurements with EKF is brought to  a  new-
level by introducing a  modified gain function in  a covariance matrix
of state vector which prevents the occasional divergence and esti-
mator instability. The resulted estimator is  called as Modified Gain
Bearings-Only extended Kalman filter (MGBEKF) [6].
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Abstract - Estimating the target path with Radar and 

Sonar, when it is in a motion is a nonlinear state estimation 

problem. The target parameters are measured with sensors. 

This sensor gives us the polar coordinates values like range, 

range rate, and about two angles. To avoid nonlinear filters, 

the polar coordinate values are converted to Cartesian 

coordinates gives better performance in estimating the target 

path. This conversion of polar to Cartesian is referred as 

converted measurement Kalman filtering (CMKF). Here two 

contributions are taken for conversion of parameters. One is 

converted Doppler measurement Kalman filter (CDMKF) for 

exploiting range rate measurements and other is converted 

position measurement Kalman filter (CPMKF). Taking these 

two methods parallel tends to new state estimator called Fused 

Kalman filter (FKF). The resulting states of CDMKF and 

CPMKF are combined by static minimum mean squared 

error estimator results final state estimates. This work refers 

to conversion of dynamic nonlinear estimation problem to 

dynamic linear estimation followed by static nonlinear fusion. 

In this work, we derive the discrete temporal evolution 

equation of the pseudo state vector, defined by the converted 

Doppler (the productive of target true range and range rate) 

and its first derivative, for the constant turn (CT) motion. The 

resulted linear state equation allows using of linear Kalman 

filter to extract information from the pseudo state of a target 

moves with constant speed and constant turn rate. The 

method is referred to as FKF. This proposed CT model is 

demonstrated by assessing the performance of the CDMKF 

and FKF. Comparative results show the superior 

performance of the proposed method especially in challenging 

scenario with large position measurement errors.  

I. INTRODUCTION  

The radar gives us the polar values like range, range rate, 

and angles of a particular target. These parameters are 

taken during its motion. Estimating with these 

measurements is somewhat complicated. So these 

parameters are converted as polar to Cartesian. During this 

conversion, we get some errors. Then the Cartesian 

components errors in the converted measurements are 

correlated with each other are explored in [4, 5, 9, 11, 13, 

and 14]. In this approach we have to consider the 

measurements of the target state estimation in a nonlinear 

fashion, which results the mixed coordinate filter [7], [8].  

 

These measured terms results are considered to compare 

with the first two moment approximations which are 

presented here. The new converted measurement Kalman 

filter (CMKF) [14], is having estimation errors, which are 

compatible with the calculated covariance of the measured 

terms. The EKF is different from this method, because it is 

consistent only for small errors. So that the CMKF is 

having the correct covariance, it processes all the target 

measurements with a gain, which is nearly optimal and 

gives   smaller errors compared with the EKF [3]. In the 

moderately accurate sensors, the EKF performs very poorly 

in tracking the target at long range for RMS azimuth error 

of 1.5degrees or more [10]. But the CMKF [12] is 

consistent for 10° RMS azimuth error also.  

In this paper to rectify these shortcomings, a new 

method is proposed. In the proposed method, the use of the 

nonlinear recursive filtering methods is avoided during the 

processing of Doppler measurements [6]. In the first one, a 

pseudo state vector is considered, which is the existing 

converted Doppler measurements of the target are linear 

functions and then they are constructed. These pseudo state 

vectors consist of the converted Doppler measurements and 

its derivatives [7], [8]. The pseudo state equations are 

derived from the measurements and proven to be linear in 

two commonly used target motion models. The other one is 

done by using extended Kalman filter (EKF) presented in 

[3, 6, 8, 10, 12, and 13]. One model is the constant velocity 

(CV) and the other one is constant acceleration (CA) 

models. Now adding the constant turn rate (CT) method to 

these converted Doppler measurement Kalman filter 

(CDMKF), is proposed to estimate the pseudo states [7]. 

This is also used for filter the noise in the converted 

Doppler measurements kalman filter. Finally, the CDMKF 

is combined with that constant rate method [14, 13] to 

construct a new filter which gives a new state estimator 

called as Fused Kalman Filter (FKF). 

II. PROBLEM DESCRIPTION 

In Cartesian coordinates target’s parameters are 

considered by depending on the conversion measurements 

of the target from polar coordinates to Cartesian. It is 

modeled as:   
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