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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.
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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,
capacitors.

RC, electrolytic

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 Im/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
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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 uF) at the output stage of the power factor
correction (PFC). The PFC output capacitance value can be
reduced to a small value ~1 uF/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 (K, and K;) 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

L 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
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pumped into the tanks by using two drives. Pumpl 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 /; and
h,. These liquid levels 4; and 4, are the control variables
(CVs) and the inputs are the voltages to the pumps, v; and
v,. The ratio of water diverting to tank 1 and tank 4 is
designated as y; and the ratio of water diverting to tank 2
and tank 3 is designated as y,. 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.

dx, 4 a4 nky

G _ 4 Do +% gk +25, (1
dt 4 &n 4 8 4 (D
4 [2ah, +24 [2gh Lk )
d A4,V 4V
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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 [S]. 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

978-1-7281-8873-7/20/$31.00 ©2020 IEEE

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 (S, S2, S3 & S4) and two bi-directional switches
(S5 & Sg) as shown in Fig. 1. It comprises of three sources
V1, Vo & V3) developing 7-levels output under symmetrical
configuration (V3 = Vo = V3 = V). The proposed circuit
also consists of six relays (R, Rll, Ry, RIQ, R3 and R;,) to
reconfigure the system during switch open circuit faults. The
relays R, Ro, R3 are complement to R/l, RIQ, Ré, respectively.
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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

“For the configuration space equation of the robot
I'=A(9)-4+B(a).9d+C(a)-9” +9(a)
Weset (, =0, =0, =0, this yields

0 =t 4. 6:..0..0.0 ]

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.

Il. 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 3" 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 q,, Qs and

Qg set to zero. The following set of equations is considered
(1). The robotic arm is shown in Fig.1.

[4a]=[4,4,..6,G,...0..0..0..6,7s...0..0..0..0..0..0..0..0..0]

[q2]=[qf...qf...qj...o...o...of,

B(q)qq = [b112 'qqu + b113 'qqu + bl23'q2q3' ' 'b223'q2q3' 0. 'b412 'qlq2 + b413 q1q3 Q.. O]T and

C(q).4% = [c12 G,° +C5.6,° Cpy 8, +Cpply..Cyp 0, +C5p.G,°..0..Cp 0 +c52.q22...0]T

The angular acceleration is found as to be

G = A ()T —|B(a).qq+C(a)-4* +9(@) |

Now let | = {T—|B(q)).dq+C(a).4% + () [}= d = A*(q)
1, =T, — b1 G4, +Duys Gy + by Gy, |- [orp 6,7 +Coa 13

Iz =F2 _[bzzs -q2QS]_[C21-Q12 +023-Q32]_ g,
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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.
Inverter y
(DC-AC

—II~

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

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1



International Conference on Advances in modeling, control and optimization of Electrical Systems (ICAES 2020)

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 11KkV) 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

Asys System failure rate
A base failure rate

7, application factor
Tty quality factor
7, environmental factor.

7T, temperature factor

T junction temperature
T, ambient temperature
6,4 junction to thermal resistance

7 electrical stress factor
7T contact construction factor
T, as capacitance factor
TT 4 Series resistance factor

7, voltage stress factor

Tus hot spot temperature
Ps total power dissipated across the switch
Pp power dissipated across the diode
T4, the ambient temperature

1. 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

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

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.l1. 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.

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

L.

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].

INTRODUCTION

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
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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 arecas
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

Authorized licensed use limited to: University of Exeter. Downloaded on June 08,2020 at 16:37:22 UTC from IEEE Xplore. Restrictions apply.
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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 theStructure,
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 toevaluate 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 aninvaluable 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 ofsocial 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 sparselyconnected
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 themtend to reveal the
processes that have given rise to them [6].
Furthermore, in a social network, thedistribution 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 theanalysis
of the dynamics and structure of the system. The
community structure is closely related
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ABSTRACT

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

* Corresponding author.

https://doi.org/10.1016/j.matpr.2020.10.864
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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 ifsuch
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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National Academic Depository (NAD) is a National System
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are accessible in a secure manner at ali times.

TALK TO TEACHER PROGRAM
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In the present work, we report synthesis, structural, magnetic and dielectric studies of Ruthenium (Ru)
doped BKFO (BiKFe,0s) 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

f\(/leljjlhivz?gf:(:)ic Pbnm). Particle size measured from TEM is observed as less than 100 nm. The EDS spectrum confirms
XRD the presence of all the elements in respective concentrations in the synthesized samples. Enhancement
VSM in Ferromagnetic nature and influence on dielectric behaviour was observed with Ru doping.

TEM © 2019 Elsevier Ltd. All rights reserved.

Dielectric properties
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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 BiFeOs; (BFO) multiferroic attract researchers
due to its high Curie and N'eel temperatures (Tc=1103K,
Tn=643K) [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 Fe?* 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-

* Corresponding author.
E-mail address: rajeshb@udec.cl (B.R. Babu).

https://doi.org/10.1016/j.matpr.2020.04.035
2214-7853/© 2019 Elsevier Ltd. All rights reserved.

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.

Selection and peer-review under responsibility of the scientific committee of the First International conference on Advanced Lightweight Materials and Structures.
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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 (IIl) 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 NH4,OH 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 EVO MAT10. 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 (5T 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 Ko radiation with 20 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 A, b=7.9841 A and c = 6.0138 A) and Ru doped
BKFO (a=8.4488 A, b =7.9617 A and c = 6.004 A) multiferroic. The
experimental lattice parameters are found to decreased with the
substitution of Ru due to the difference in the ionic radii of Bi**

and Ru®* 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 Bi>" are both nonmagnetic, these magnetic features
must be attributed to the Ru** and Fe*" 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 (¢') and loss tangent (Tan §)as a function of
applied frequency in the 100-1 MHz.

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

g =Cpd/e,A (1)

where ¢, is permittivity of free space, C,, parallel capacitance, d is
thickness of the film, and A is area of the device. Dielectric loss
was calculated using (2):

Tand = 1/27 f&6p (2)

Fig. 2. TEM image of (a) BKFO and (b) Ru doped BKFO multiferroic.

Fig. 1. (a) XRD patterns (b) EDS of BKFO and Ru doped BKFO multiferroic.
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Fig. 3. Hysteresis loops of (a) BKFO and (b) Ru doped BKFO multiferroic at 5 K.

Fig. 4. Dielectric constant and loss of (a) PVDF-BKFO and (b) Ru doped PVDF-BKFO multiferroic film.

where p is the resistivity of the film and f is frequency of the applied
field. It was observed that both ¢’ and Tan & 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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Chapter 4 )
Green and Ecofriendly Materials oy
for the Remediation of Inorganic
and Organic Pollutants in Water

Tetiana Tatarchuk, Mohamed Bououdina,
Basma Al-Najar and Rajesh Babu Bitra

Abstract The widespread of organic and inorganic pollutants in wastewater from
various industries, are responsible for serious environmental problems meanwhile
represent a danger for human being. Therefore, the search of cost-effective methods
of wastewater treatment containing in particular heavy metals and dyes, become of
great importance. Noteworthy, adsorption has proven to be most effective tech-
nology for purification of wastewater from organic and inorganic pollutants. In this
review, different types of green and ecofriendly materials (biosorbents,
graphene-based composites, metal oxides, etc.) for dyes and heavy metals
adsorption will be discussed. The biosorbents such as agricultural waste materials
(waste seeds, orange peel, exhausted coffee ground powder, wood apple shell,
sweet potato peels, wheat straws, etc.), activated carbon prepared from different
types of agricultural waste (coconut husk, forest and wood-processing residues,
papaya seeds, magnetic biochar etc.), graphene-based adsorbents and their
derivatives, obtained by eco-friendly green synthesis, have been discussed and their
adsorption activity has been described in details.
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Comparing Apache Spark and Map Reduce with
Performance Analysis using K-Means

Satish Gopalani

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

Rohan Arora

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
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Fig 3: Map phase in Map Reduce
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An 10T based Smart Object Picker using
Android App

N.Sharmili, G.Ramakrishna, N.Swapna

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 (l1oT) 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 10T 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. 10T 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 10T
an advanced automation system was developed to control the
appliances in the house.
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The challenge in 10T 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 WIiFi connectivity. An android phone is
used as an extended user interface for the 10T 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 loT device through WiFi.

Recently, various researchers have designed 10T 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 Il
presents the the required design modules for implementation of
smart object picker. Section Il describes the detailed
implementation of smart object picker. The results are
discussed in Section IV. Finally, conclusions are given in
Section V.

1I. 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
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Comparative Analysis of Image Processing
Algorithms for Visual Prosthesis

N.Sharmili, N.Swapna and G.Ramakrishna

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,
Epiretinal prosthesis, RIRS, Vision prosthesis.

Edge Detection,

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 Il summarizes
the system architecture of the EP. Section Ill describes the
Image processing strategy for EP using different image
processing techniques. Section 1V represents the comparative
analysis and results of EP. Finally, Section V concludes the
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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®" and Mg?") 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 AB,O,4, 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 (MgFe,O,) 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

K. RAJASEKHAR
BABU, Department of
Physics, Andhra

M.V.K.MEHAR
Department of Physics,
GDC, Alamuru, E.G.Dt.,
AndhraPradesh

Visakhapatnam, Andhra

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
C00,5Mgo,5_xCUXFEZO4 (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(NOs)2.3H,0),
Magnesium  nitrate  (Mg(NO3),.6H,0),
cobalt nitrate (Co(NO3),.3H,0) and ferric
nitrate (Fe(NO3)3.9H,0) 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°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.

3.1 Lattice constant and cation
distribution

The X-ray diffraction pattern of
COolsMgols-XCUolsFezo4 (XZO.O to 04 in
steps of 0.1) nanoparticles sintered at
1050°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
CoFe,0,4 and MgFe,04, respectively) and
found to be (220), (311), (400), (442),

3. RESULTS AND DISCUSSION (511) and (440).
[311)
1511}
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Fig .1 X-ray powder diffraction for CoysMgo 5xCuxFe,0,4 samples

@ 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
‘0, inter planar spacing‘d’, the values of
lattice parameter “a,” and listed in Table
1[6]. The lattice constant of pure
CoosMgosFe,04 is  8.3793A(0.002A),

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 (A) and crystallite size (nm) and cation

distribution
Lattice | Crystallit
Cu concentration | constant e size
(X) (A) (nm) A-site B-Site
0.0 8.3793 88 Mg~ o1 Fe¥¥oo Co%*o5 Mg“ o4Fe® 11
Mg**0.12CU” 0,04 Co™05CU""0.06
0.1 8.3808 96 . N
Fe* .04 Mg?0.28Fe%"1 16
Mg®*0.17 Cu®*0.06 Co™05CU""0.14
0.2 8.3843 90
Fe* 077 Mg?i013Fe* 1 23
Mg?*0.115CU**0 12 Co®*95Cu**0 18
0.3 8.3872 100 ' ' ' '
Fe* 0765 Mg?+0.085F€%"1 235
Mg?*0.025CU" 0.2 Co™05CU" "0,
04 8.3906 79 i n
Fe* 0175 Mg?.0075F€> 1,205

Crystallite initially increases with Cu?*
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 CosMQos5xCuosFe,04

ferrites are listed in Table 2. The bulk
density ‘dp’ 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 CopsMggs-
xCUxFe, 04 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 Cogs5Mgos.xCuxFe,04 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=|Mg-Ma|.

Fig.4 Room temperature hysteresis loops of CogsMgo s.xCuxFe,O4 samples

In general, Cu®* ions are preferentially
occupy A-sites, while Co®* and Mg?* ions
have a strong preference to occupy the B-
sites, and Fe** ions are occupy both A and
B-sites [10]. The increase in magnetization
is expected because Cu?* (2uB) ions
replace some of non-magnetic Mg®* (OuB)
ions on octahedral sites. With increasing
the concentration of Cu, the migration of a
fraction of Cu?* ions towards A-site,
would lead to the increase of Fe®"

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?* 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 CopsMgo5.xCuxFe,O4 samples.

Concentration Ms Mr Hc o db
(x) (emul/g) (emul/g) (Oe) g/cc g/cc
0 14 4.4 325 491 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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ABSTRACT

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.
E-mail address: ravikumardwarapu@gvpcew.ac.in (D.V.A.N. Ravi Kumar).

http://dx.doi.org/10.1016/].ijle0.2016.01.196
0030-4026/© 2016 Elsevier GmbH. All rights reserved.

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 improvementin 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 (MGBEKEF). 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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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

© 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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http://dx.doi.org/10.1016/j.ijle0.2015.11.217
0030-4026/© 2015 Elsevier GmbH. All rights reserved.

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) Egs. (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].
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These measured terms results are considered to compare
with the first two moment approximations which are
presented here. The new converted measurement Kalman
filter (CMKEF) [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
(CDMKEF), 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).

Il. 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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