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In recent years, metaheuristic algorithms have revolutionized the world with their better problem solving capacity. Any met-
aheuristic algorithm has two phases: exploration and exploitation. The ability of the algorithm to solve a difficult optimization
problem depends upon the efficacy of these two phases. These two phases are tied with a bridging mechanism, which plays an
important role. This paper presents an application of chaotic maps to improve the bridging mechanism of Grasshopper Op-
timisation Algorithm (GOA) by embedding 10 different maps. This experiment evolves 10 different chaotic variants of GOA, and
they are named as Enhanced Chaotic Grasshopper Optimization Algorithms (ECGOAs). The performance of these variants is
tested over ten shifted and biased unimodal and multimodal benchmark functions. Further, the applications of these variants have
been evaluated on three-bar truss design problem and frequency-modulated sound synthesis parameter estimation problem.
Results reveal that the chaotic mechanism enhances the performance of GOA. Further, the results of the Wilcoxon rank sum test

also establish the efficacy of the proposed variants.

1. Introduction

Optimization is a term which refers to the selection of the
best option amongst the given set of alternatives. Examples
of optimization processes are everywhere such as in busi-
ness, human resource management, challenging engineering
design problems, transportation, profit making proposi-
tions, and industrial applications. Optimization can be done
for the maximization of any proposition or minimization of
any proposition. In engineering problems particularly, the
use of maximization is for efficiency maximization, classi-
fication accuracy maximization, and revenue or profit
maximization, and on the other hand, minimization can
be performed for cost, loss, risk, and execution time of
any engineering process. Apart from these classifications
of optimization, another classification of the optimiza-
tion problem can be done on the basis of constraints.
An optimization problem without any constraints is
called unconstrained optimization; similarly another type
is constrained optimization with linear and nonlinear

constraints. Another classification can be done on the basis
of the objective of the optimization; when an optimization
problem aims towards a single objective, it is called the
single objective optimization problem, and similarly when
it aims towards multiobjectives, the same is called the
multiobjective optimization problem [1]. A recent trend
is to employ metaheuristic optimization algorithms to
solve challenging problems of the real world. The term
metaheuristic refers to problem-independent higher level
heuristic mechanism [2]. In recent years, applications of
metaheuristic algorithms in engineering problems have been
reported. The successful and effective implementation of
these algorithms on real applications has attracted the at-
tention of researchers to work in this direction.

The metaheuristic optimization approaches can be
subdivided into three categories:

(1) Evolutionary computing-based algorithms [3-5]
(2) Physics law-based algorithms [6-8]
(3) Swarm intelligence-based algorithms [9-16]
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Transient stability assessment (TSA) of the power system is a crucial issue with escalating demands and large operational
constraints. Real-time TSA allows for deciding and monitoring of the relevant preventive/corrective control actions depending on
the dynamic behavior of the system components. To assess this, coherency of generating machines is to be found. After de-
termination of the coherent machines, any corrective or preventive action can be initiated by the system operator to maintain
stability of the system during occurrence of any severe contingency. The Transient Severity Index (TSI) introduced in this paper
has proven to be an interesting alternative for determining generator coherency. Furthermore, the numerical values of this index
are employed to construct a supervised learning-based classifier and the ranking method with the help of system load and
generation as input features. This framework employs the support vector machine (SVM) to perform the ranking of the generators
based on severity and classify them into vulnerable and nonvulnerable machines. The results are validated on the IEEE 10-
generator, 39-bus test (New England) system. It is observed that the proposed index and the supervised learning engine give

satisfactory results and both are aligned with the published approaches.

1. Introduction

Modern power network is emerged from the vertically in-
tegrated structure to the deregulated unbundled structure.
This transformation enables consumers and generators to
participate in the competitive business environment. Issues
of power quality, reliability, risk, and security become
prominent in this environment. High power demand has
made an essential criterion to maintain the power system
secure under the stressed operating conditions. Transient
stability (T/S) of the power system is an important de-
nominator and defined by the CIGRE committee [1] as “the
ability of an electric power system, for a given initial op-
erating condition, to regain a state of operating equilibrium
after being subjected to a physical disturbance, with most
system variables bounded so that practically the entire
system remains intact.” Stability studies can be subdivided
into two categories: the first one is assessment and the
second one is control. Ensuring T/S under any unforeseen

contingency is a challenge for a system operator. This fact
initiated the research in the direction of assessment methods
along with preventive control methods for ensuring system
stability.

In the past, various methods have been applied by re-
searchers to assess system stability. Stability analysis-
oriented research is mainly based on the evaluation of the
violation of the limit of power system quantities and the
behavior of the generator under contingency conditions.
Some methods [2-5] proposed for stability assessment in the
latest literature were based on risk or probabilistic, pattern
recognition, and time domain simulation (TDS) techniques.
TSA is directly concerned about the large disturbance. A
risk-based methodology was proposed in [2-4]. A probabi-
listic small-disturbance stability analysis (PSSA) method with
uncertainties was proposed by Preece and Milanovi¢ [2]. In
this approach, the probability density functions (PDFs) were
designed for the damping of the critical oscillatory electro-
mechanical modes by modeling the stochastic variation
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Abstract

Identification of transient stability state in real-time and maintaining stability through pre-
ventive control technology are challenging tasks for the large power system while integrating
deregulation constraints. Widely employment of the phasor measurement units (PMUs) in
power system and development of wide area management systems (WAMS) gives a relax-
ation to monitoring, measurement and control hurdles. This paper focuses on two research
objectives; the first is transient stability assessment (TSA) and second is selection of the
appropriate member for the control operation in unstable operating scenario. A model
based on the artificial machine learning and PMU data is constructed for achieving both
objectives. This model works through prompt TSA status with radial basis function neu-
ral network (RBFNN) and validates it with PMU data to determine the criticality level of
the generators. To reduce the complexity of the model a transient stability index (TSI) is
proposed in this paper. A RBFNN is used to determine the transient stability aspects like
stability status of system, coherent group and criticality rank of generator and preventive
control action, following a large perturbation. PMUs measure post-fault rotor angle values
and these are used as input for training RBFNN. The proposed approach is demonstrated
on the IEEE 10-generator 39-bus, 16-generator 68-bus and 50-generator 145-bus test power
system successfully and the effectiveness of the approaches is discussed.

Keywords: Coherency identification; PMU; Preventive control action; RBFNN; Rotor
angle stability; Transient instability detection & control; Dynamic stability assessment.

1. Introduction

An interconnected power system consists of generating units (which are primarily con-
trolled by governing system), transmission lines, loads, compensating units and HVDC lines.
In recent years, the generation units are added swiftly in existing system to fulfill the es-
calating demands. However, transmission network expansion planning for matching this
generation level is yet taking baby steps. Due to this, the transmission lines are operating
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Abstract

Restructuring of power system has enabled generating companies to sell the power in energy
markets. To avail maximum profit, every generating company frame strategies and bid in
competitive energy markets. Prediction of rival behavior and information of future energy
price is a major difficulty, while exercising the profit making strategies. A powerful opti-
mization tool is required to handle the profit maximization process in dynamically changing
market; keeping this fact in consideration, a new variant of grey wolf optimizer (GWO)
named as intelligent grey wolf optimizer (IGWO) is proposed. This variant employs two
mathematical frameworks first an efficient sinusoidal truncated function and another one
is oppositional based learning concept for ensuring the better exploration and exploitation
properties. The accuracy of IGWO is tested and compared with other contemporary al-
gorithms on 22 benchmark functions. Once proved, the proposed algorithm is applied for
framing bidding strategy in uniform and dynamically changing market conditions. The re-
sults of IGWO are compared with GWO, oppositional-GWO (OGWO)and PSO. The rivals
behaviors are modeled through normal distribution of the bids and two cost models are pre-
pared. Further, Monte Carlo simulations are performed. It is observed that profit obtained
from IGWO is more from OGWO, GWO and PSO for both a single trading hour and a
trading day. A considerable amount of profit can be earned by a generation company by
employing proposed methodology.

Keywords: Bidding strategies, Electricity market, Market clearing price, Monte carlo
simulation, Grey wolf optimization.

1. Introduction

In competitive electricity market, Generating Companies (Gencos) participate in energy
trading on the basis of framed bidding strategies. These strategies are helpful for a company
as they can have impact on profits; in addition to that these strategies also drive market
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In this paper, a novel swarm intelligence-based ensemble metaheuristic optimization algorithm, called Structured Clanning-based
Ensemble Optimization, is proposed for solving complex numerical optimization problems. The proposed algorithm is inspired
by the complex and diversified behaviour present within the fission-fusion-based social structure of the elephant society. The
population of elephants can consist of various groups with relationship between individuals ranging from mother-child bond,
bond groups, independent males, and strangers. The algorithm tries to model this individualistic behaviour to formulate an
ensemble-based optimization algorithm. To test the efficiency and utility of the proposed algorithm, various benchmark functions
of different geometric properties are used. The algorithm performance on these test benchmarks is compared to various state-of-
the-art optimization algorithms. Experiments clearly showcase the success of the proposed algorithm in optimizing the

benchmark functions to better values.

1. Introduction

With the ever increasing demand for new and better utility-
driven technologies, the challenges surrounding them are
becoming more and more complex. These optimization
problems were traditionally solved using classical de-
terministic methods [1], which were often quite efficient in
finding the solutions. But the ever increasing complexity of
these problems has made these classical techniques quite
unreliable for various real-world engineering problems.
Here, various metaheuristic optimization [1] algorithms
prove to be quite successful. Often inspired by nature, these
algorithms makes use of various stochastic [2] techniques
for finding the solution. These metaheuristics are higher-
level heuristics that try to find a partial solution called
heuristic representing a sufficiently good solution to the
optimization problem [3-6]. The presence of randomness
drives the algorithms towards promising regions of the
search space. Simplicity of use, high reliability, and high

flexibility has made these algorithms quite popular in last
tew years [7].

Among these algorithms, many are based on multiagent
paradigms. These include various evolutionary algorithms
[8] inspired by the evolutionary mechanisms found in
nature. These algorithms [9-15] use various mechanisms
like crossover, mutation, and selection for solving the
optimization problems. Among the most popular meta-
heuristic, GA [9] was proposed by Holland in 1970s. It
represents the information in the form of genetic repre-
sentation as bits and performs evolutionary processes like
selection, mutation, and crossover on it. Other population-
based algorithms utilize swarm intelligence-based mech-
anisms [16-20] to solve the optimization problem. These
algorithms make use of information distributed in the
individual participants of the swarm. The lack of any
central control structure makes it vital for the distributed
information to be shared amongst the individuals of the
swarm. The interaction between these individuals leads to
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A Compact Coplanar Waveguide Fed Wideband Monopole Antenna
for RF Energy Harvesting Applications

Monika Mathur!> *, Ankit Agrawal', Ghanshyam Singh?, and Satish K. Bhatnagar®

Abstract—For energy harvesting applications a new design of a coplanar waveguide (CPW) fed
monopole antenna is presented. It covers almost all useful band ranges from 900 MHz-9.9 GHz (Radio,
GSM, ISM, UWB bands). It also provides band reject characteristics for the range 3.1 GHz—5.6 GHz
(HIPERLAN, C-Band, and W-LAN) to avoid interference from this range. The new design is based
on the modification of coplanar waveguide (CPW) structure and optimizing the gap between patch
and CPW ground for covering the ultra wideband (UWB) range and other useful ranges (Radio, GSM
and ISM). Bandwidth enhancement and impedance matching for UWB range have been obtained by
chamfering the corners, cutting two slots in CPW ground and dual stubs. The new design incorporates
a parasitic patch above the antenna patch for tunning the desired band rejection. The entire design has
been optimized at various stages during its evolution. The structure is compact in size 50 x 40 x 1.6 mm?3.
It may also be used for mobile, military and satellite applications.

1. INTRODUCTION

1.1. RF Energy Harvesting and Its Demands on Antenna Specifications

In the field of wireless communication the emerging technologies need compact and miniature devices.
Such devices have small batteries that need to be charged well in time. Day by day increase in the usage
of data demands that the batteries be charged frequently. A possible solution is that the batteries are
charged automatically by any technique (for example by energy harvesting technique). RF energy is
present in the ambient practically everywhere. Therefore research is being conducted throughout the
world to harvest this energy. Any RF energy harvesting module will draw RF energy from an available
source and convert it into usable energy for a given application. Most common source is the ambient.
A RF energy harvesting module is the combination of a receiving antenna, RF-DC converter circuit
and impedance matching circuit. Such a combined structure (device) has been named as RECTENNA
by the researchers [1-4]. So a miniaturized structure of antenna is needed to capture energy and to
feed it to the rectifying block of RECTENNA. For maximizing energy output of the antenna the input
should be maximized. However, at any given place, the environment will have limited RF energy per
unit area. Therefore for given dimensions, the energy capturing area of the antenna should be as large
as possible. In the ambient RF energy is present in various frequency bands such as 900 MHz—2 GHz
(Band for radio & television applications, GSM), 2.1 GHz—2.6 GHz (ISM band for various applications)
and 3.1 GHz-10.6 GHz (ultra wideband for satellite applications) [5]. Narrow band systems such as
WLAN (3.1 GHz-4.4 GHz), HIPERLAN (5.1 GHz-5.3 GHz), C-BAND (4.4 GHz-5 GHz) may provide
interference. The rectifying block should incorporate a band reject filter to stop these narrow bands.
Additionally a band reject filter may have to be included after the rectifying diodes to suppress internal
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Abstract

In the present study, a four-stroke cycle gasoline engine is redesigned and converted into a six-stroke cycle engine and exper-
imental study has been conducted using gasoline and acetylene as fuel with water injection at the end of the recompression stroke.
Acetylene has been used as an alternative fuel along with gasoline and performance of the six-stroke spark ignition (SI) engine
with these two fuels has been studied separately and compared. Brake power and thermal efficiency are found to be 5.18 and
1.55% higher with acetylene as compared to gasoline in the six-stroke engine. However, thermal efficiency is found to be 45%
higher with acetylene in the six-stroke engine as compared to four-stroke SI engine. The CO and HC emissions were found to be
reduced by 13.33 and 0.67% respectively with acetylene as compared to gasoline due to better combustion of acetylene. The NOy
emission was reduced by 5.65% with acetylene due to lower peak temperature by water injection. The experimental results
showed better engine performance and emissions with acetylene as fuel in the six-stroke engine.

Keywords Acetylene fuel - Six-stroke engine - Exhaust heat recovery - Water injection - Engine performance

Abbreviations

SI Spark ignition
CcO Carbon monoxide
HC Hydrocarbon
NO,  Nitrogen oxides
CO, Carbon dioxide
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LPG  Liquefied petroleum gas

CA Crank angle

TDC  Top dead center

NDIR Non-dispersive infrared radiation
MEP  Mean effective pressure

FC Fuel consumption

BP Brake power

BTE  Brake thermal efficiency

Nomenclature

Waete Net work (watt)

Vaisp  Displacement volume (m>)
N Speed (RPM)

ng Number of crank revolution
P Power (Watt)

T Torque (N-m)

Introduction

Today, the world is facing a crisis of fossil fuel and environ-
mental degradation. The spark ignition (SI) engines used in
transportation as well as in small power generation running on
conventional fossil fuels are emitting pollutants such as HC,
CO, CO,, and NO,. The global warming is particularly
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Abstract

Purpose — Prolonged working in repetitive and awkward postures can result in musculoskeletal disorders
among workers involved in labour-intensive jobs like those of brick kiln workers. Unlike other labour-
intensive sectors, workers in this particular sector have a lack of awareness about musculoskeletal problems.
Therefore, the purpose of this paper is to explore musculoskeletal issues and associated risk-factors among
brick kiln workers.

Design/methodology/approach — A questionnaire survey was conducted among 217 male and 111 female
workers aged between 17 and 53 years. They were employed in traditional brick kiln units situated in
Rajasthan, India. Postures were analysed by Rapid Upper Limb Assessment and Rapid Entire Body
Assessment methods. Binary logistic regression was used to find the association between musculoskeletal
problems and risk-factors.

Findings — For the mould evacuating task, wrist (76.2 per cent) and lower back (56 per cent) issues were the
most frequently reported musculoskeletal problems, while in spading task, lower back (62.4 per cent) and
shoulder (57.7 per cent) problems were prominent. Musculoskeletal symptoms in one or more body regions
were associated with personal and work-related factors including the type of task and experience.
Research limitations/implications — Kiln workers are exposed to high musculoskeletal and postural risks,
particularly in spading and mould filling tasks. To reduce these risks, ergonomic interventions are needed.
Originality/value — It is recognised that the musculoskeletal health of brick kiln workers is a cause for
concern. The present study provides the evidence of the prevalence of musculoskeletal symptoms
experienced by brick kiln workers and the association of symptoms with various risk-factors, which has not
been addressed in previous studies.

Keywords Logistic regression, Musculoskeletal disorders (MSDs), Brick kiln, Risk-factors
Paper type Research paper

1. Introduction

The clay brick making process requires a large number of repetitive manual activities which
are continuously performed in awkward postures (Trevelyan and Haslam, 2001). In India,
fired clay bricks are produced in traditional kilns which fall under the category of
unorganised small-scale industries (Bandyopadhyay and Sen, 2016; Sett and Sahu, 2014).

The authors declare no conflict of interest. There is no specific funding from any provider source for
this study. The authors would like to thank all the experts for their valuable suggestions in
questionnaire development. The authors would also like to acknowledge the enormous support of kiln
workers, managers and owners during the present study.
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Abstract
The present study is aimed to investigate the musculoskeletal issues and association of risk-
factors with these problems among manual brick kiln workers. A modified Nordic
Questionnaire was administered among 376 traditional brick kiln workers to collect data.
Logistic regression was used to determine the association between musculoskeletal problems
and risk-factors. Majority of workers (76.19%) involved in mould evacuating task reported
wrist issues whereas lower back issues were reported by 62.35% of spading task workers.
Age was a factor associated with musculoskeletal symptoms in the majority of the body
regions. Gender was significantly associated with lower back (OR=3.71, CI:1.51-9.11)
MSDs. Spading task was associated with the wrist (OR=2.42, CI:51.03-5.66), and lower
back (OR=3.97, CI:1.75-8.98) problems. Mould filling was a contributing factor for the wrist
(OR=4.27, CI:1.81-10.09) and knee (OR=6.88, CI:2.40-19.70) issues. MSDs in wrist
(OR=12.22, CI:4.82-30.98) and fingers (OR=3.57, CI:1.23-10.36) were significant in mould
evacuating workers. Workers having less than five years of experience were less prone to the
neck (OR= 0.03, CI: 0.00-0.72) and upper back (OR = 0.08, CI:0.01-0.76) MSDs. For
prevention of problems, ergonomic interventions such as workers’ training, use of protecting

aids, modification in hand tools and work practices are needed.

Keywords: brick kiln; ergonomics; logistic regression; musculoskeletal disorders; MSDs;

risk factors.
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Abstract:

Purpose: The current research was carried out to determine the grip strength (GS) with change
in posture and upper—limb muscle activity of manual workers and find out the impacts of these
changes.

Methods: For the current research, 120 male and 80 female participants were selected and GS
was-assessed using digital hand grip dynamometer in various conditions.

Results: The outcomes showed that male participants had higher GS as compared to female
participants. Maximum GS was found in standing posture with the fixed forward shoulder in 45°,

elbow at 90° and neutral position of wrist and forearm for all participants.
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Abstract

Photonics provides a key solution to limit the myriads of challenges offered by existing silicon technology. Here, we propose a simple
2-channel Plasmonic demultiplexer with Metal-Insulator-Metal (MIM) waveguide geometry. The demultiplexer is capable to separate
two fundamental optical windows (i.c., 1310 nm and 1550 nm). An FDTD (finite difference time domain) method is used to investigate
the structure numerically. The optical properties of the demultiplexer are also investigated. The performance of the proposed demul-
tiplexer is measured using crosstalk and quality factor. The minimum value of crosstalk is — 30 dB and maximum quality factor is 60.
The maximum transmission is limited to 45% due to large metallic losses. The proposed demultiplexer is ultra-compact in size and is
capable to provide sub-wavelength confinement. It is suited for WDM applications and can pave a way to design the photonic

integrated circuits.

Keywords Plasmonic - Demultiplexer - Metal-insulator-metal (MIM) - Crosstalk - Quality factor

Introduction

Light waves can be used to transport information to distance
apart with numerous merits like large bandwidth, high-speed
immunity to interference [1]. The ever-increasing demand of
data rate stems the need for multiplexing scheme [1-3]. In
recent era, wavelength division multiplexing (WDM) or
demultiplexing techniques have emerged as a key technology
to effectively utilize the capacity of optical fibers. But, the ad-
vancements in technology demand miniaturization of compo-
nents [3, 4]. The flow of optical signals in the dielectric wave-
guide is constrained to the diffraction limit; hence, the size of
the device cannot be scaled beyond this limit ~ [5, 6]. A new
chip-scale technology (i.e., Plasmonics) plays a vital and critical
role in the field of fast information transport [5]. It lends a hand
to bridge the gap between high-speed Photonics and nano-sized
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electronic [6, 7]. Plasmonics is a new branch of nano-science
that witnesses the interaction of electromagnetic energy with
free electrons of metal at a sub-wavelength scale [6—8].
Plasmonics offers the inherent feature to conquer the funda-
mental diffraction limit and it is considered as an efficient plat-
form to realize future photonic integrated circuits. Therefore,
several optical solutions based on Surface Plasmon Polaritons
(SPPs) were investigated theoretically and experimentally
[9-12]. Recently, plasmonic-based plasmonic polarizer [13,
14], absorber [15], polarization rotators [16], polarization beam
splitter [17], plasmonic microcavity [18] are proposed. The
MIM (Metal-Insulator-Metal) waveguide geometry of SPP acts
as a promising technique to realize on-chip optical/photonic
components such as filters, demultiplexers, buffers, and sensors
[19, 20]. The fascinating property of sub-wavelength confine-
ment in MIM waveguide helps to offer ultra-small feature size.
The dream of optical integrated circuits can come true with the
use of plasmonic MIM waveguide [20-22]. The demultiplexer
is an integral part of optical integrated circuits. Different
plasmonic-based demultiplexers have also been proposed pre-
viously [23-26]. In this paper, we have utilized MIM wave-
guide geometry to design a compact plasmonics demultiplexer
that will demultiplex 1.3 and 1.55 wm. The performance of the
demultiplexer is measured in terms of crosstalk and quality
factor. A comparison of the performance of proposed device
is also carried out in this paper.
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Abstract

We have presented all-optical XOR, XNOR, and NOT gates using metal-insulator-metal (MIM)-coupled ring resonator. The
performance of the device is evaluated by finite difference in time-domain (FDTD) method. The proposed gate utilizes a unique
phenomenon of Fano resonance to excite logic OFF/ON state. Fano resonance has quite asymmetric resonance profile and the
transmission spectrum of Fano profile abruptly drops to a minimum value at the resonance condition. Due to this unique
resonance phenomenon, a large value of contrast ratio is obtained. The proposed XNOR gate offers a contrast ratio (C.R.) of
20.66 dB while XOR and NOT gates offer C.R. 12.8 and 18.8 dB respectively. The variation of contrast ratio is also studied
against different input wavelength and it is reported that the obtained value of contrast ratio is an optimum value for the proposed
structure. The device is compact sized with small dimension 0.31 Ay%, where Ao = 1.55 pm. The proposed device opens up the

avenues for designing on-chip optical gates in the field of high-speed optical communication networks.

Keywords XNOR, XOR, and NOT gates - FDTD method - Fano resonance - Contrast ratio

Introduction

Recently, all-optical signal processing is being the area of
intense research due to its potential application in replacing
the low-speed electronics with high-speed photonics or optics.
The basic end-to-end technology in fiber optic system is prone
to optical-electrical-optical (O-E-O) conversion at the trans-
mitter and receiver terminal [1]. The high latency is involved
in this conversion which is a bottleneck in the high-speed
optical system. This latency can be reduced if all-optical de-
vices are involved in the communication system. In this re-
gard, photonics and its devices have emerged as a key tech-
nology to facilitate the optical/photonics on-chip integrated
circuits [2]. The myriads of challenges of O-E-O conversion
can be combated using all-optical devices such as optical
multiplexer/de-multiplexer (MUX/DEMUX) [3], optical fil-
ters [4], modulators and switches [5], and optical gates [6].
Among all these optical components, all-optical logic gates
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play a vital role in optical computing, signal regeneration,
and so on [7-9]. All-optical gates can be designed using sev-
eral variants of optical-based solution, viz. semiconductor op-
tical amplifiers (SOAs) [7, 8] and photonic crystals [9]. But,
SOA-based solution offers a challenge in terms of operational
speed of gates [7, 8]. Also, the nonlinearity associated with
nonlinear materials demands high power requirement [8]. In
recent years, the interest of researchers has been enthused by
photonic crystal structures in designing and manufacturing
optical logic gates because of its inherent merits in terms of
high switching speed and the possibility to create optical inte-
grated circuits using them [10, 11]. Recently, noble metals are
also being used in realizing several optical devices and com-
ponents [3—5, 12]. The interaction of electromagnetic energy
with free electrons of metal lies in the realm of a new branch of
optics called as Plasmonics [2]. The metal-insulator-metal/
metal-dielectric-metal (MIM/MDM) waveguide geometry of
Plasmonic waveguide has the unique feature to confine an
optical signal far beyond the diffraction limit [2]. The fasci-
nating features of Plasmonics help to exploit the unique opti-
cal properties that allow the manipulation of the flow of light
or photons [2, 12, 13]. Recently, it is proposed with experi-
mental and simulated results that electronics components like
buffers, modulators, routers, and logic gates can be realized
using MIM Plasmonic waveguide [2-5, 12, 13]. Fu. et al. have
also realized all-optical XNOR, XOR, NOT, and OR logic

@ Springer
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Plasmonics-Based Refractive Index Sensor for
Detection of Hemoglobin Concentration

Rukhsar Zafar, Sarfaraz Nawaz, Ghanshyam Singh, Senior Member, IEEE,
Antonio d’Alessandro, and Mohammad Salim

Abstract— An ultra-compact plasmonics-based sensor is inves-
tigated which is excited by Fano resonance. The structure
is numerically simulated by the finite-difference time-domain
method. The sensor utilizes unique waveguide geometry named as
metal-insulator-metal (MIM) waveguide geometry which has an
intriguing feature to confine signal far beyond diffraction light.
Thus, it is used to devise ultra-compact optical circuits. The MIM
waveguide is coupled to a pair of elliptical ring resonators and
the interaction between the resonators excites special mode which
is known as Fano resonance mode. It is a unique phenomenon
which exhibits asymmetrical resonance profile and supports ultra
narrow line width. Because of its exciting feature, a large value
of sensitivity = 1100 nm/RIU and figure of merit = 224RI1UL
is obtained for the proposed sensor. The sensing performance of
the device can be further enhanced by tailoring the geometrical
parameters. The applicability of the device is also tested to detect
the concentration of hemoglobin in blood. Thus, the device is well
suited to design on-chip optical sensors.

Index Terms— Plasmonics, metal-insulator-metal (MIM), Fano
resonance, sensitivity, figure of merit (FOM), hemoglobin.

I. INTRODUCTION

ECENTLY, Fano resonance is garnering a great interest

of researchers due to its exciting applications in the
field of biological and chemical sensing [1], switching [2],
Electromagnetically Induced transparency [3], generation of
slow light [4], etc. Fano resonance was initially defined as
a quantum mechanics phenomenon and is given by Fano [5].
It is defined as the interaction between two existing (direct and
indirect) pathways of atomic excitations and the interaction
give rise to an asymmetrical resonance profile [5]. Later,
the phenomenon is also explained classically in some of
the physical system [6]-[8]. The phenomenon is recently
demonstrated in Plasmonics system which is excited by
propagation of SPPs (Surface Plasmon Polaritons) along the
metal/dielectric interface [9]. SPP is defined as the coupled
state of incident photons and freely available surface elec-
trons along the surface of the conductor. It is excited along
the interface of two material having dielectric constants of
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opposite sign [9]-[11]. The Plasmonics is the new branch
of nanoscience which bridges the gap between high-speed
photonics and ultra small-sized electronics and helps to bring
photonics on-chip [10]. In previous years, Plasmonics is
greatly used for exciting Fano resonance effect [4], [11], [12].

Fano resonance effect emerges due to the coupling and
interference of a non-radiative or dark mode with bright or
continuum of the radiative spectrum [13]-[15]. The Fano inter-
ference based resonance is quite distinct from the conventional
Lorentzian shaped resonance because Fano resonance based
systems do exhibit an asymmetrically shaped profile [12]-[15].
One of the most peculiar features of Fano resonance is an
ultra large value of Quality factor which increases the photon
lifetime in the resonator and leads to enhanced light-matter
interaction with the MUT (material under test). This feature
is best suited for sensing characteristics [12], [16]. Recently,
He and Yang [16] demonstrates Fano line for application in
nano-sensor. The performance of the sensor is quantified by
its sensitivity which is measured as a change in resonance
condition for per unit change in input parameter (i.e. refractive
index). Zhao et al. [17] also has reported a tunable Fano reso-
nance in asymmetric MIM waveguide for the large sensitivity
of 718 nm/RIU. The sensitivity is a vital parameter of the
sensor. However, the better accuracy of the sensor can be
claimed with an ultra large value of FOM (Figure of Merit)
[16]-[18]. Zhang et al. [19] investigated a compact Plasmonic
nano-sensor with a large value of FOM. Therefore, FOM
is reported as the most important quantifying parameter for
enhanced accuracy and improved selectivity [18]-[24].

In this paper, the sensing characteristics of Plasmonics based
RI sensor is investigated. The structure comprises of a MIM
waveguide coupled to a pair of elliptical ring resonators.
The coupling between resonators is maintained in such a
manner that Fano resonance is excited with better sensing
performance. The sensitivity and FOM are also studied for
changing geometrical parameters of the structure. The large
value of sensitivity and FOM opens the pathway to design
highly sensitive on-chip sensors. Therefore, the structure is
also investigated as a biological sensor to detect the concen-
tration of hemoglobin level in human blood group.

II. WAVEGUIDE GEOMETRY AND THEORETICAL ANALYSIS

Fig 1 (a & b) shows the 3D geometry and 2D layout of
the proposed structure with the given parameters respectively.
It comprises of MIM waveguide coupled to a pair of elliptical
resonators with the following assumed parameters: Ry, Ry is

1558-1748 © 2018 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.
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“Abstract: The need for the present study arouse due to the increased demand for application of higher treatment
technalogies for reuse/recvcle of sewage meeting water demand 1o maintain green stretch in urban areas. In this study

a comparative Life Cyele
carried out for a period of

Cost (LCC) analysis of secondary treatment methods such as ASP, MBBR and SBR has been
20 vears at different rates of interest hy assessing some treatment plants of each technology.

LCC of ASP plants was found to be lower as compared to the MBBR and SBR plants. LCC analysis of five disinfection

“reatments was also carried out for five

options, namely, chlorination, ozonation, ultraviolet (UV) irradiation, hybrid

qucﬂion A(Cl/0) and hybrid disinfection B'Cl/UV). Chlorine disinfection process is found to be most cost effective

%;ampamd 10 others. Both ozonc and UV have
Foxicity risk to aquatic organisms of the

chilorine, these processes need optimizafion.
were evolved to avoid high doses of chlorine by
found 10 be lower as compared to Ozonation an
LCC cost of'. secondary and tertiary treaiment, it
more cost effective compared 1o similar com
‘for choasing appropriate technology for sewage tr

‘Key Words: Life Cycle Cost; Sewag

1. INTRODUCTION

As the population and its living standards increase, the
need for water also increases. Waste Water treatment plays
a vital role for fulfilling the demand of water. New norms
effluent have been introduced CPCB
(2017) in which the standards for fecal coliform have been
introduced first time in October 2017. Therefore tertiary
(reatment has become necessary for every treatment plant

for disposing the effluc
As per Koul and John (
has evolved as on¢ of tt
suitability for use of a

of disposing the

2015), Life Cycle Cost analysis
1e measures for determining the

particular type of wastewater
treatment technology. Different treatment processes can
be used for any particular type of wastewater generated
from any source. Most of the times the efficiency or the
degree of treatment for a treatment technology may be
almost similar to other ‘technology or the difference may
not be much significant. In such cases, Cost analysis may
come of use as o determine which treatment process can
be preferred over other. Life Cycle Cost analysis helps to
evaluate the cost of a treatment technology over its design
period to help selection of the most suitable one. This is

nt in metro and class I cities of India.

a benefit that no residuals are left after treatment, hence do not pose any
receiving waters. However, due to their relatively higher cost as compared to:
Hvbrid disinfection A (Cl /0 ) and hybrid disinfection B (Cl/UV) strategies’:
adopting a two-step treatment. L CC of hybrid disinfection strategies was.
d UV treatment for 20 years at different rates of interest. On combiningif
was found that LCC of ASP,  followed by five disinfection strategies was
bination with SBR and MBBR. These data would help in decision making
eatment and reuse in the changing scenario. !

¢ Treatment; ASP; MBBR: SBR; Tertiary T rgdr(rxenr.' Hybrid Disinfection.

particularly helpful in areas where sclection of wastewater

treatment technology may be restricted due to financial

constraints. One tool to assess environmental impacts

resulting from shifting from one design choice for WWT to

another is by conducting Life Cycle Analysis (LCA) of all

considered designs/systems. An LCA study considers all the

environmental impacts associated with a product or system
throughout its life cycle (i.e., from cradle to grave) (Pirani
et al., 2012). Life Cycle Costing (LCC) is used as decision-
making tool while constructing any STP. The LCC results
will be helpful for raising the funds when constructing a
new plant with same technology (Bhoye et. al., 2016).
The present study aims to carry out economic analysis of
secondary and tertiary treatment technologies so that a cost
effective option can be selected for the treatment of sewage
in the changing scenario.

2. LOCATION OF WASTE WATER
TREATMENT PLANTS AND DATA
COLLECTION

The Activated Sludge Process, MBBR and SBR secondary
treatment plants were considered in this study. The ASP
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