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ABSTRACT This paper reports the experimental investigation of the corona discharge activity of punga

oil under the influence of a local magnetic field and different voltage profiles (AC and DC voltages) using

fluorescent fiber sensor as well as UHF sensor technique. The corona inception voltage (CIV) of punga oil

is higher under negative DC voltage followed by positive DC and AC voltage, with a marginal reduction

in its CIV magnitude observed on the impact of external magnetic field. The dominant frequency of the

UHF signal obtained under AC voltage shifted towards lower frequency (0.6 GHz) with the influence of

magnetic flux density to about 85 mT. The rise time, pulse width and energy content of the fluorescent signal

formed due to corona activity under AC voltage is found to vary under high magnetic fields confirming the

inception results. The fluorescent signals formed due to corona discharge under both AC and DC voltages

have its dominant frequency at 1 MHz with no shift observed in the presence of magnetic field. Also, there

is no variation in the phase resolved partial discharge (PRPD) pattern observed due to corona discharge

(with and without magnetic field) signal using both UHF sensor and the fluorescent sensor. The fluorescent

fiber-based technique provides a better accuracy on detecting the corona discharges in punga oil at an early

stage compared to conventional UHF sensor. The breakdown voltage of punga oil under different voltage

profiles with and without the effect of magnetic field follows normal distribution. The dielectric dissipation

factor and electrostatic charging tendency (ECT) of punga oil is observed to be higher than the limit set for

insulating fluids towards power transformer operation.

INDEX TERMS Corona discharge, magnetic field, fluorescent fiber, UHF sensor, rise time, streaming

current.

I. INTRODUCTION

The insulation design of oil-filled power transformers is vital

for their longevity and reliable operation in a power system

network. Mineral oils have been traditionally used as an

insulant and coolant in the power transformers. However,

with the recent shortfall of the global oil supply and a gen-

eral depletion of non-renewable sources, a serious shortage

may be expected in the near future [1]. While installing the

The associate editor coordinating the review of this manuscript and

approving it for publication was Mira Naftaly .

transformers, fire protection is a primary concern, as they

are frequently positioned in high-risk situations such as

within buildings and underground installations. Neverthe-

less, the higher thermal class of ester fluids [2] compared

to mineral oil makes them suitable to be placed closer to

the buildings, resulting in lower power losses. In view of

this, alternative insulants such as vegetable oils (soybean,

sunflower, punga) are now being tested for transformer

applications [3]. In comparison to the conventional min-

eral oil, these ester-based fluids derived from various plant

seeds have shown better fire class properties with increased
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Abstract: The usage of electric vehicles (EV) has been increasing over the last few years due to a rise in

fossil fuel prices and the rate of increasing carbon dioxide (CO2) emissions. EV-charging stations are

powered by existing utility power grid systems, increasing the stress on the utility grid and the load

demand at the distribution side. DC grid-based EV charging is more efficient than AC distribution

because of its higher reliability, power conversion efficiency, simple interfacing with renewable energy

sources (RESs), and integration of energy storage units (ESU). RES-generated power storage in local

ESU is an alternative solution for managing the utility grid demand. In addition, to maintain the EV

charging demand at the microgrid levels, energy management and control strategies must carefully

power the EV battery charging unit. In addition, charging stations require dedicated converter

topologies, control strategies, and need to follow set levels and standards. Based on EV, ESU, and

RES accessibility, different types of microgrid architecture and control strategies are used to ensure

optimum operation at the EV-charging point. Based on the above said merits, this review paper

presents different RES-connected architecture and control strategies used in EV-charging stations. It

highlights the importance of different charging station architectures with current power converter

topologies proposed in the literature. In addition, a comparison of microgrid-based charging station

architecture with its energy management, control strategies, and charging converter controls are also

presented. The different levels and types of charging stations used for EV charging, in addition to

controls and connectors used, are also discussed. An experiment-based energy management strategy

was developed to control power flow among the available sources and charging terminals for the

effective utilization of generated renewable power. The main motive of the EMS and its control is to

maximize the usage of RES consumption. This review also provides the challenges and opportunities

in EV-charging, and parameters in selecting appropriate charging stations.

Keywords: microgrid; electric vehicle; energy management controls; renewable energy sources;

energy storage unit

1. Introduction

Electric vehicles are becoming popular due to their less emissions and lower fossil-
fuel dependency [1]. The renewable energy sources used in distribution networks, in

Electronics 2021, 10, 1895. https://doi.org/10.3390/electronics10161895 https://www.mdpi.com/journal/electronics

Administrator
Highlight



echT PressScienceComputers, Materials & Continua

DOI:10.32604/cmc.2022.021477

Article

Gaussian Support Vector Machine Algorithm Based Air Pollution Prediction

K. S. Bhuvaneshwari1, J. Uma2, K. Venkatachalam3, Mehedi Masud4, Mohamed Abouhawwash5,6,* and

T. Logeswaran7

1Department of Computer Sceince and Engineering, Karpagam College of Engineering, Coimbatore, 641032, India
2Department of Electrical and Electronics Engineering, M. Kumarasamy College of Engineering, Karur, 639113, India

3Department of Applied Cybernetics, Faculty of Science, University of Hradec Králové, Hradec Králové,

50003, Czech Republic
4Department of Computer Science, College of Computers and Information Technology, Taif University, Taif,

21944, Saudi Arabia
5Department of Mathematics, Faculty of Science, Mansoura University, Mansoura, 35516, Egypt

6Department of Computational Mathematics, Science, and Engineering (CMSE), Michigan State University, East Lansing,

MI, 48824, USA
7Department of Electrical and Electronics Engineering, Kongu Engineering College, Erode, 638060, India

*Corresponding Author: Mohamed Abouhawwash. Email: abouhaww@msu.edu

Received: 04 July 2021; Accepted: 17 August 2021

Abstract: Air pollution is one of the major concerns considering detriments

to human health. This type of pollution leads to several health problems

for humans, such as asthma, heart issues, skin diseases, bronchitis, lung can-

cer, and throat and eye infections. Air pollution also poses serious issues to

the planet. Pollution from the vehicle industry is the cause of greenhouse

effect and CO2 emissions. Thus, real-time monitoring of air pollution in

these areas will help local authorities to analyze the current situation of the

city and take necessary actions. The monitoring process has become efficient

and dynamic with the advancement of the Internet of things and wireless

sensor networks. Localization is the main issue in WSNs; if the sensor node

location is unknown, then coverage and power and routing are not optimal.

This study concentrates on localization-based air pollution prediction systems

for real-time monitoring of smart cities. These systems comprise two phases

considering the prediction as heavy or light traffic area using the Gaussian

support vector machine algorithm based on the air pollutants, such as PM2.5

particulate matter, PM10, nitrogen dioxide (NO2), carbon monoxide (CO),

ozone (O3), and sulfur dioxide (SO2). The sensor nodes are localized on the

basis of the predicted area using the meta-heuristic algorithms called fast

correlation-based elephant herding optimization. The dataset is divided into

training and testing parts based on 10 cross-validations. The evaluation on

predicting the air pollutant for localization is performed with the training

This work is licensed under a Creative Commons Attribution 4.0 International License,
which permits unrestricted use, distribution, and reproduction in any medium, provided
the original work is properly cited.
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Abstract

In the last decade, numerous energy management techniques have been pres-

ented. All of them have common objectives of minimizing the cost, PAR, and

carbon emissions. In this manuscript, an optimal energy management

(EM) on grid connected micro grid (MG) choosing energy scheduling with low

emission and cost using hybrid technique is proposed. The proposed system is

combination of Side-Blotched Lizard Algorithm (SBLA) and Chaos Game Opti-

mization (CGO) Algorithm; thus it is called SBLA-CGO technique. The micro

grid system consists of Photo-Voltaic (PV) system, Wind Turbine (WT), Battery

Storage (BS), and Fuel cell (FC). The needed load demand of the grid con-

nected MG system is continuously measured by SBLA method. Perfect combi-

nation of MG is increased via CGO along forecasted load demand

circumstance. Moreover, the renewable energy (RE) predicting errors are

assessed twice by micro grid EM to diminish the control. Several renewable

energy source (RES) are considered by MG scheduling process to reduce the

cost of electricity utilizing first method. The second method consists of

balancing the power flow (PF) and reducing the effects of forecast errors

according to rule given as programmed power reference. The major purpose of

proposed method is assessed through the incorporation of FC, variation of

hourly power of electrical network, cost of operation through preservation of

system of microgrid linked to the network. According to RES, the power

requirement and SOC of storage elements are the conditions. Batteries are

List of Symbols and Abbreviations: ηPV , efficiency of comparative units of PV; pPV , PV array of output power; pMPV , under standard condition the

rated power of PV; n, maximum size of PV panels; gt, faculty of global irradiance of tilted plane; pWG, optimum unit of wind power; vRated, vcut and vCi,

rated wind speed, minimal wind speed, cut out and cut in wind speed; ηCharge, efficiency of battery charging; eRES Tð Þ, the overall energy produced;

eLoad, overall provided energy; cPV , cWT , cFC , annualized cost of system is expressed as c, the annual cost of the PV, WT and FC; cGS, cGP , overall cost of

electricity; Cwt , unit cost of the WTs; Awt , wind turbine generator blades swept area; CMnt�wt , each WT annual maintenance cost; Cwt , sum of the WT

installation fee and the WT price; CMnt�FC , FC annual maintenance cost; CHM�FC , hourly maintenance cost of FC; NBt , number of batteries; CMnt�Bt ,

annual maintenance cost of battery; ACO, Ant Colony Optimization; ANFIS, adaptive neuro fuzzy inference system; BESS, Battery Energy Storage

System; BFA, Bacteria Foraging Algorithm; BS, Battery Storage; CGO, Chaos Game Optimization; DER, Distributed energy resource; DR, demand

response; EDE, Enhanced Differential Evolution; EM, energy management; FC, Fuel cell; GA, Genetic Algorithm; GSA, Gravitational Search

Algorithm; GWO, Grey Wolf Optimization; HSA, Harmony Search Algorithm; j, rate of interest; LC, line capacity; LF, Load Forecasting; MG, micro

grid; MGA, microgrid aggregator; n, life of the system; Ni-MH, nickel-metal-hydride; PF, power flow; PI, proportional-integral; PSO, Particle Swarm

Optimization; PV, Photo-Voltaic; RE, renewable energy; RES, renewable energy source; SBLA, Side-Blotched Lizard Algorithm; SOFC, solid oxide

fuel cell; UC, unit commitment; WT, Wind Turbine.
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ABSTRACT This paper presents the design and implementation of Modular Multilevel Inverter (MMI)

to control the Induction Motor (IM) drive using intelligent techniques towards marine water pumping

applications. The proposed inverter is of eleven levels and has the ability to control the speed of an IM

drive which is fed from solar photovoltaics. It is estimated that the energy consumed by pumping schemes in

an onboard ship is nearly 50% of the total energy. Considering this fact, this paper investigates and validates

the proposed control design with reduced complexity intended for marine water pumping system employing

an induction motor (IM) drive and MMI. The analysis of inverter is carried out with Proportional-Integral

(PI) and Fuzzy Logic (FL) based controllers for improving the performance. A comparative analysis has

been made with respect to better robustness in terms of peak overshoot, settling time of the controller and

Total Harmonic Distortion (THD) of the inverter. Simulations are undertaken in MATLAB/Simulink and

the detailed experimental implementation is conducted with Field Programmable Gate Array (FPGA). The

results thus obtained are utilized to analyze the controller performance, improved inverter output voltage,

reliable induction motor speed control and power quality improvement by reduction of harmonics. The

novelty of the proposed control scheme is the design and integration of MMI, IM drive and intelligent

controller exclusively for marine water pumping applications.

INDEX TERMS Field programmable gate array, fuzzy logic controller, induction motor drive, modular

multilevel inverter, proportional-integral, total harmonic distortion.

I. INTRODUCTION

In worldwide, considerable efforts been taken by the mar-

itime and shipping industries to deteriorate the level of

atmospheric emissions and energy consumption. The deter-

rence of pollution in the marine environment and accidental

The associate editor coordinating the review of this manuscript and

approving it for publication was N. Prabaharan .

causes are strictly followed by certain rules which are framed

by International Convention for the Prevention of Pollution

from Ships organization (MARPOL) [1], [2]. Due to climate

change and global greenhouse gas emissions, the shipping

contribute about 3% of global CO2 emissions from diesel

engines involved in marine sectors [3].

The marine shipping diesel engines emits 2.8% of Carbon

dioxide (CO2), 15% of Nitrogen Oxides (NOX), 13% of

88524
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The high-gain DC to DC Converter widely used in industrial and power system applications. In particular, the

non-isolated converters are highly prepared due to their size and cost. The application such as photo-voltaic

(PV) and wind power system, the combination of non-isolated converter and inverter are used. These converters

are selected for the specific applications depend on the circuit complexity, reliability and cost. With respect to

PV applications, the simple boost wider range voltage gain DC to DC converter is better choice to meet the

DC-link voltage of the PV inverters. Comparing with conventional inverters, multi-level inverters (MLIs) are

the worthy option, as it has a superiority to suppress the voltage and current harmonics. Even though the

reduced switch MLIs are well-established for medium voltage PV system, still the challenges beside to improve

voltage harmonic, voltage enhancement, increasing the inverter efficiency etc. Hence, in this paper proposes the

PV Power system with single switch non-isolated high-gain DC to DC converter and reduced switch seven-level

MLI inverter. The proposed converter is developed with the mixtures of boost and cuk converter; hence it has

wider range of control with good efficiency. The experimental study of 400W PV system is established. The

experimental results are conformed the theoretical investigation.

Keywords: DC - DC Converter, Multilevel Inverter, PV Powered power converter, Integrated DC – DC Converter

http://dx.doi.org/10.6180/jase.202106_24(3).0017

1. Introduction

The photo-voltaic (PV) power structure, power electronics

converters role is unavoidable to converter electrical power

DC-DC-AC. There are varieties of converter (DC to DC)

and inverter (DC to AC) is recommended by the researchers

including with basic boost converter and conventional two-

level inverter [1]. Usually, the energy conversion from the

photo-voltaic system is implicit to be in a close-fitting area

of the maximum power point (MMP) in the PV voltage-

current characteristic due to the maximum power point

tracking (MPPT). Therefore, this is a significant point to

be well-thought-out in the identification of the PV equiva-

lent parameters of a typical model for the voltage- current

characteristic. Several of methods of MPPT method are

used in several applications. Subjected to the PV convert-

ers and its applications, different aspects are considered to

enhancing the PV power [2, 3]. In additional more accurate

MPPTs techniques and more sensors are essentials. Gen-

erally, in PV to measure the voltage sensing is easier than

current. The temperature sensors or irradiance sensors are

very expensive and unusual.

The MPPTs techniques might be dependent (indirect) or

independent (direct) on PV array parameters. In the direct

measurement methods uses the voltage and/or current
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ABSTRACT The presence of harmonics in solar Photo Voltaic (PV) energy conversion system results

in deterioration of power quality. To address such issue, this paper aims to investigate the elimination of

harmonics in a solar fed cascaded fifteen level inverter with aid of Proportional Integral (PI), Artificial Neural

Network (ANN) and Fuzzy Logic (FL) based controllers. Unlike other techniques, the proposed FLC based

approach helps in obtaining reduced harmonic distortions that intend to an enhancement in power quality.

In addition to the power quality improvement, this paper also proposed to provide output voltage regulation in

terms of maintaining voltage and frequency at the inverter output end in compatible with the grid connection

requirements. The simulations are performed in theMATLAB / Simulink environment for solar fed cascaded

15 level inverter incorporating PI, ANN and FL based controllers. To exhibit the proposed technique, a

3 kWp photovoltaic plant coupled to multilevel inverter is designed and hardware is demonstrated. All the

three techniques are experimentally investigated with the measurement of power quality metrics along with

establishing output voltage regulation.

INDEX TERMS Harmonics, intelligent control, multilevel inverter, photo voltaic’s, power quality, voltage

regulation.

I. INTRODUCTION

Providing electrical energy access to rural zones is a

fundamental requirement as a means of improving sustain-

able living standards topping the agenda in many develop-

ing countries [1]–[4]. Energy efficiency, electricity supply

and sustainability are the most important research topics

in society. The energy that is sustainable, renewable, cost-

effective, reliable and secure is the fundamental requirement

The associate editor coordinating the review of this manuscript and

approving it for publication was Alfeu J. Sguarezi Filho .

for economic growth, human and industrial development of

a country. Ecological concerns, exhausting petroleum

reserves and expanding reliance on fossil fuels from unstable

locales have expanded the significance for more efficient use

of energy. Sources like thermal, nuclear that has been used for

some time now for the generation of electricity has its own

merits and demerits. The developing attention to decrease the

carbon footprint (CO2) has added to the expanding interest

for research on non-fossil based fuel as a source of energy.

Thus, a more sustainable energy supply is required across

all sectors viz. residential, transportation, industrialisation

178360 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/
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a b s t r a c t

The growth of the renewable energy sector with solar energy resources playing a pivotal

role, the proliferation of waste generated from the industry is a cause for concern.

Globally the installed solar capacity is over 500 GW and is expected to rise further to

5000 GW by 2050. This phenomenal growth is expected to generate huge solar waste

of up to 15% given the anticipated life span of 25 years. While the recent trends in solar

research are aimed at improving little efficiency importance is given to waste disposal of

dismantled solar power panels. Though recycling is an option, few companies are capable

of handling recycling efficiently. To address this problem while ensuring environmental

conservation and resource availability & recycling, the technologies adopted in the field

are discussed and reviewed in this article. By 2050 60 million tons of solar waste will be

there if it is not recycled properly. There view provides an in-depth assessment and the

various technical aspects of the solar panel waste recycling and recovery, environmental

protection, waste management. The economics of solar power recycling, impact on

health and environmental and policies are discussed to ensure feasible and non-toxic

technology for further development.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

The growth of the renewable energy sector offers numerous benefits in the form of safety, reliability, efficiency,

effects on the environment and so on. Solar energy technology has witnessed tremendous growth in the recent past,

with investments ranging over billions of dollars. The user of solar power has also contributed tremendously towards the

reduction in emissions, and it is this feature that has attracted governments across to spend, invest and attract investments

in the sector. It is expected that the solar power will make up and replace a significant amount of energy generated by

non-renewable energy sources (Bakhiyi et al., 2014) worldwide and is likely to aid in meeting energy demands across

households. The entire world is working together in the process of implementing large scale solar power plants to satisfy

the energy demand (Chi et al., 2014). According to world data (Table 1), the total solar energy generated accounted for
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Design of a Novel Boomerang Trajectory for Sliding Mode Controller
Kamalesh MS* � , Senthilnathan Nattuthurai, and Bharatiraja Chokkalingam

Abstract: Sliding Mode Controllers (SMC) is widely known for its robustness and controllability for a non-linear

system during transient conditions. The main advantage of SMC is that of sliding a control variable along the trajec-

tory and converges to zero or nearest to zero and make the system to attain a stable condition. Various methodologies

and approaches like discontinuous controllers, second-order sliding modes, twisting algorithms, etc. are available

for the SMC implementation. However, every algorithm is facing the problem of convergence and error tracking in

a finite amount of time. The primary purpose of this paper is to formulate and design an SMC with a new trajectory

which overcomes the drawback of the existing methodologies. This paper proposes a novel boomerang trajectory,

which omits the reaching phase and follows a semi-elliptical and semi-circular path for a quick convergence. SMC

with boomerang trajectory is analyzed for its stability at transient conditions, and the results show significant im-

provement in terms of convergence time when compared to the existing trajectories and also it is asymptotically

stable. The entire system is simulated in Matlab / Simulink and the same prototypical setup has been designed, and

implemented for evaluation purpose using dSPACE-MicroLabBox-ACE-DS1202 platform.

Keywords: Boomerang trajectory non-linear system, sliding mode control, trajectory control, twisting algorithm.

1. INTRODUCTION

SMC evolved from Variable Structure Control (VSC)

consisting of many sub-systems, changing its structures

based on some control criteria. Also, an essential feature

of SMC is that of having an undeviating system for any

uncertain disturbances. SMC’s are widely employed for

the stabilization and control of various linear and non-

linear systems such as satellite-carrying shuttle vehicles,

underwater submarine vehicles, robotic manipulators and

actuators, aircraft, satellites in the orbit, electrical motor

control, etc. [1, 2]. SMC features are as follows; 1) sta-

bilized dynamics even under uncertain perturbations, 2)

robust control law for switching states on the desired slid-

ing surface, 3) gain of the transfer function may be dy-

namically changed, contributing the continuity in the slid-

ing plane or surface [3]. SMC design is a state space ap-

proach [4], consists of two significant steps, i.e.,

Step 1: designing a state trajectory for the system on

the hyperplane.

Step 2: deriving a control law for the system to slide

and follow the trajectory and reach a stable condition with

minimum or zero reaching time (tr).

The problem in designing a state trajectory starts with

the declaration of state variables and their parametric vari-

ations. Always the state trajectory begins with an initial

condition of the state variable and tracks towards the slid-

ing surface. The sliding variable σ(x), derived from the

state variables x1, x2, . . ., xn tries to achieve the com-

pensated dynamics based on the control law. The first

and foremost property of σ(x) is to have a stable differ-

ential equation, which converges to zero with respect to

change in error. There are many approaches discussed in

the literature like adaptive linear sliding control [5,6], inte-

gral sliding surface [7], multi-segment SMC [4, 8], fuzzy-

based gain scheduling SMC [9], fuzzy-based state feed-

back system [10], adaptive fuzzy sliding control law [11],

etc. Most of the above-said techniques employ a linear

sliding surface with different control laws based on the

application requirement. The literature mentioned above

with the linear sliding surface suffers from exponential

convergence and compromises the inclusion of reach-

ing phase and reaching time leading to increased con-

trol gain. In such systems, a variable starting from any

initial position moves monotonically towards the switch-

ing hyperplane and converges after the required reaching

time. These complications were addressed by employing

a non-linear curvature-based trajectory like parabolic tra-
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Abstract
Purpose – This paper aims to examine the design and control of a symmetric multilevel inverter (MLI) using grey wolf optimization and differential
evolution algorithms.

Design/methodology/approach – The optimal modulation index along with the switching angles are calculated for an 11 level inverter. Harmonics
are used to estimate the quality of output voltage and measuring the improvement of the power quality.

Findings – The simulation is carried out in MATLAB/Simulink for 11 levels of symmetric MLI and compared with the conventional inverter design. A
solar photovoltaic array-based experimental setup is considered to provide the input for symmetric MLI. Field Programmable Gate Array (FPGA)
based controller is used to provide the switching pulses for the inverter switches.

Originality/value – Attempted to develop a system with different optimization techniques.

Keywords Solar cells, Harmonics, Power converter, Differential evolution (DE), Grey wolf optimization (GWO),
Field programmable gate array (FPGA), Maximum power point tracking (MPPT), Modulation index (ma), Total harmonic distortion (THD)

Paper type Research paper

Introduction

The modern generation system having the power demand for

electrical energy to the public and expanding applications in

industrial and residential needs. The challenging task to meet

the developing force request could be to expand the producing

limit of a power plant. It involves thousands of crores as the

venture and expands the number of years for its power

generation (Umer Akram et al., 2018).

The energy of natural fuel such as coal or gas has not a

worthy resource to address completely the requirements of

today’s human beings. Fossil fuel has caused major

environmental damage and enervation. This issue has imitated

the alternate energy source radically (Liming Liu et al., 2014).

Other great arrangements would be the utilization of non-

conventional or renewable sources are the most successful

technology to furnish the above challenge for power demand.

One best discovery of more popular technology is solar

photovoltaic (SPV) systems (Leon et al., 2016; Samadaei et al.,

2016). Modern renewable power generation has variable

nature of power flow from such as solar and wind becoming

very popular demanding. SPV and wind energy have two

extremely developing renewable energy sources, exclusively

solar has attained more acceptance due to the dramatic

reduction in its price over the past decade. There are many

advantages such as noiseless process and low preservation

compared to other non-renewable energy sources. It also

provides eco-friendly and zero pollution for an environment.

The fundamental of the multilevel inverter (MLI) is divided

into three main configurations, namely, neutral point clamped

MLIs (NPC-MLI), flying capacitor MLIs (FC-MLI) and

cascade H-bridge MLIs (CHB-MLI). In 1981, the NPC-MLI

has introduced the first MLI for medium voltage applications.
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