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Abstraci— The rise in popularity of self-driving cars can be
attributed to advancements in modern technology. The surge in
interest in self-driving cars has led to an increase in their
development, but this has also brought some challenges. A large
part of the solution to these problems is satellite remote sensing
and GIS technology. Optical data remote sensing technologies
alone have limited potential for long-term forest management
sustainability. Active Synthetic Aperture Radar (SAR) remote
sensing technology has grown in importance in forestry because
of its uniqueness and rapid advancement. For example, SAR has
an all-weather capability that is sun light independent, cloud
and rain-resistant, and highly penetrating. SAR and optical,
SAR and LiDAR, optical and LiDAR remote sensing have all
been shown to be useful for accurate forest AGB estimation
when com pared to single sensor data. These types of sensor data
integrations are becoming increasingly common. This is made
possible by the fact that the scattering process heavily influences
the polarimetric signatures that can be observed. The inclusion
of SAR polarimetry improves classification and segmentation
quality compared to conventional SAR with a single channel.
Decomposition products' outputs have been classified.

Keywords— Synthetic Aperture Radar, LiDAR, Autonomous
Vehicles,

I. INTRODUCTION

Because it makes use of microwaves. imaging RADAR
technology known as Synthetic Aperture Radar (SAR) creates
images with a high resolution and is able to capture RADAR
images regardless of the weather. The speckle effect, which is
induced by the coherent processing of backscattered signals.
is to blame for the noisy appearance of SAR images. Speckles
are a type of background noise that are present in every single
SAR image. Before utilising the photographs, remove the
background noise. The elimination of noise is one method for
improving the appearance of digital photographs. The
objective of the method is to lessen the amount of noise while
maintaining the integrity of small details like edges. Soft
computing methods are being more and more frequently used
for the purpose of reducing noise in SAR images [1]. We have
conducted research into a variety of methods for filtering
speckle noise in SAR images, and we have presented speckle
noise filters that are based on soft computing. A device that
can detect and find things is known as a RADAR, which
stands for radio detection and ranging. Vision in humans can
be improved so that it works better in low light, rain, and other
adverse conditions. The foundation of a RADAR system is

comprised of the antennas for both the transmitter and the
receiver. The transmitter is responsible for emitting
electromagnetic waves into space so that they can be used to
pinpoint the target. The energy that was diverted by the target
is brought into the receiving antenna so that it can be
processed. The quantity of energy that an item reflects can be
affected by a number of factors. including its physical
properties. its structural properties. and its chemical properties
[2]. There is a correlation between the radiation’s strength.
wavelength, and angle of incidence. [3] The receiver is
responsible for processing the reflected energy. also known as
echoes, in order to retrieve target identifying parameters such
as range. velocity, and angular location. It wasn't until the
early 1920s that RADAR was first put to use to spot ships and
aero planes in the sky.

Fig. 1. Geometry of SAR viewing

In the 1970s, search and rescue (SAR) technology was
made accessible to the general population. The majority of the
time, a SAR system will be mounted on ecither a spaceship or
an aero plane [4]. It illuminates the surface being scanned in a
direction perpendicular to its plane by means of a beam of
coherent electromagnetic pulses. When the illuminated
surface sends back an echo, the SAR receiver is able to pick it
up. file it away in its memory, and then use it as input for
image processing to produce an image of the target surface.
Because it is impractical for a spaceship to carry a very large
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PREFACE

This new book, Applied Chemistry (Drugs, Health, Petroleum). examines studies
on the petroleum processing sector, possibly useful pharmacological compounds,
and medical data. The application of informatics technologies for applied chemistry,
specifically towards petroleum research, drug molecule syntheses, and emergency
health records management, is presented in this new book together with creative
research, new concepts, and fresh advancements. Has several chapters on drugs,

petroleum, and health.

Chemical engineers, researchers, graduate students, and those interested in the field
of applied chemistry (drugs, health, petroleum), can all benefit from the knowledge
provided. The synergistic methods to optimise oil and gas well cementing are
discussed in the first chapter. The second chapter talks about the Optimized
stimulation techniques in oil and natural gas production. The third and fourth
chapters discuss about the Design, Synthesis, Molecular Docking and Biological
Evaluation of 1-(Benzo[d]thiazol-2-Ylamino) (Phenyl)methyl) Naphthalen-2-ol
Derivatives as antiproliferative agents and novel chalcone derivatives along with
their QSAR studies. The fifth chapter explains the present scenario of electronic
health records challenges in the Indian healthcare scenario towards data science
application. The sixth chapter discusses the progress and challenges of hydraulic
fracturing application. This volume will be a valuable resource for faculty and
advanced students in petroleum engineering, drug synthesis, and health management

as well as other researchers, scientists, and industry professionals in related areas.



CONTENT

1. Studies on Synergistic Approaches to Optimize Oil and Gas Well Cementing
- R V. V. Ramana Murthy, Hussain Al. Abkari, Murthy Chavali, Jonnala Sandhya

.......................................................................................... 1

L0555 150 UG OUR A 2
1.2 Materials and Methods: .........cocevieieiiiiiiieeeec e 5
1.2.1 Class “g” CemENt.......ccovuiiiiiiiiiiierisieieeere e 5

122 NODOASTIION: wunccsmsmmmmmsnssnsssnib s ais iR s srmernsnsarmapasassmsessmamsnsenosie 6

1.2.3 Cenosphere: ....... ettt e s et e ee e e et e e e e s ane e e e e srees 6

L2 NHCTOUSHIRERL occinnisesmsmmmmssyismasimaises s s 7

1.2.5 Weighting AZENt:......cc.ccoieiirieiireeecieectiiteereeeeseeeseeseeseassseeseessssnses 7

1.2.6 Expanding Agent (CXP-1) ..o 8

1.2:7 Lie-fonmed \gentt. .. o iz 9

1.2.8 Anti-Settling ANt .....cooeeeeiiiiiiicceecieeeeeeee e e e 9

1.2.9 Cement Extender -Bentonite:................c.cooeveeeeeeeeecveeeeeeeeeeennnnnn 10

Lo TR RorRlerBOn: s mmmssss it siisissss isinsammensms s nessmmns 11

1211 DISPETSAIL: i:iciciisisnssnransassassnssssssssonenmesonsvsnessenssssssrsssssasssmssasssmmsees. 11

1.2.13 Cement Slurry Fluid Loss Additive: .............coovvvveeeeiieeieeennnn. 12

1.2.14 Gas Migration Controlling Agent-Latex: ............ccceevvveeerrereranennnn 12

1.2.15 Latex Stabilizer (NFC-1L):u cueoeeieieeiieieeceeeee e 13

12,16 REArdEr: ....oeiiviiiiiiiieseste ettt en e 14

1.3 EXperimental StUAIEs: ........cccveiimiiicssiosesssnmsmmnsnsnssssssassossssssenssssneeesssssssssssssens 15
1.3.1 Ultrasonic Cement ANalyzZer:.............ocvoeeeeeoreveeeseeeeeeeeeeeeeeeeeerenns 16

1.3.2 Thickening Time ConSiStOMELEr: ...........cccovevvevecirrrrereeeeereeeessesesenns 16

1.3.3 Batch MIXINE: ..c..oeiiiiiiiiiiieceieceeeee et en s 1.7

I-3.4 HEsHation Squeeze: ..o mmrmssmmmansssssimyiasias i 17

1.4 Results and DISCUSSION? ....cvimeraeniuisasnssimsnsmsarssossmennensnsmsssnsassesssrvaserss 17
1.4.1 Slurry design with Retarder R-7: ..........c.cooovvuiiecieiiiiiceeeieeessnn 18

1.4.2 Cement Designed- R-5 (Retarder): ........c.oouiesiiiississssssssisssssnasaassnens 19

L83 T AT iiunicias sanmmanmmnssnssnesnonsssensysssensimmy owesssaoemasssnss shasmanasasonss 20

1.4.4 UCA (Ultra-Sonic Cement Analyser Graph) ...........cccoeveveveeenn.. 20

1.5 Methods and Experimental Method of Low-Density Slurry 85 Pcf: .............. 28
1.5.1 Conventional-Well Information:............c.cccoovevueveevueeeereeeeeererenn 28

1.5.2 SIUITY DIeSIZN: ..eiviiiiiiiiciee ettt era e 29

1.6 Compressive Strength Methods: ............cccceuiieieeeeeeeeeeeesseesseeseeeese e 30
1.6.1 Ultra-Sonic Cement Analyser (Non-Destructive Méthode) :........... 30

1.6.2 Curing Chamber (Destructive Method):..........cccoeovveveeeieeieceaineann, 31

1.6.3 Viscosity Readings: .uuissiiisissisiinmmsssissommssnrenmsnsssnsnnemessesnes 32

1.6.4 Gel SIrengthi ..o 33

1.6.5 Fluid Loss AdditiVe:....cc.ovvivieireiiiiiiiieee e 33

‘,‘.
\\. \ '\'\\
‘\ 1J
; anciP® . oo
o



1.6.6 Consistency Time: ....cocoiiiiiiiiiioieiiie et nee e 34

1.6.7 MICTo STHCA (6.5 L) ueeeeeeeeeiiie et 35
1468 G CRUBPIRTIRS v iR B RS P AR A bt 35
1.7 CONCIUSION: ottiiiiiiiiiiece e et e e bae e e enne e eaasaesennaas 37
1.8 Refertnees: i wuimmmsicamssimasemsssmvrssassiaies s i st 37

2. Studies on Synergistic Approaches to Optimize Stimulation Techniques in
Oil and Natural Gas Production - R. V. V. Ramana Murthy, Murthy Chavali,

Jonmala: Sandhydt v sisinsssssssvivsviis T — 41
2.1 Introductionsewsmurmmmasnms e I R R 41
2.2 Materials and Methods: ... .....oeiiiiiiiiieeeeeeee e esee e e e e e e e e e e s e eeesesaeees 44
22,1 MAeITalS: ..oviiieeee ettt e e 44
2.3 METhOAS? vuvomronmesmmmmsmes o e v T e T A S R e e T3 S £ S 48
2.3.1 Water ANalysSiS:i.uuiiiseereieeeeiiee e e e e 48
2.3.2 ACIAIZATION: 1eeiiiiieeieee et e e e e e e e e aaaan 48
2.3.3 Acid Mixing Method for 1200 Gallons:..........ccccocveveveeeiriciennn.n 49
2.4 Results and DiSCUSSION: ......ecveeieieiis et e et eeee e e eaeeeees 49
2.8 ConBIUSTONT i i e T s e e 60
20 R OTIICES: ..ottt ettt ettt e et e e aa e 60

3. Design, Synthesis, Molecular Docking and Biological Evaluation of 1-
(Benzo[d]thiazol-2-Ylamino) (Phenyl)methyl) Naphthalen-2-ol Derivatives as
antiproliferative Agents - Jonnala Sandhya, B. V. Subba Reddy, Murthy Chavali,

N. Bhasker, R.V. V. RamMana MUFtRY ....ceevseesesssresseessessessessesees .63
. 64
32 WHDIINBLS 1oiciimi005s i i viamieinsio masssssmnsamesassammsmsss s e s AR S SR PER 64
3.3 Benzothiazole:........cccoiiviiiiiiiniiiie e 68
3.3.1 Derivatives of Benzothiazole:.........ccmminiiimimimmessin sosseemsenns 70
3.4 Literature Background:..........cccooeviiiiniiiiiecieeece e 73
3.4.1 Present WOTK: ...ocuoviiieriieeeeete ettt ena e 74
314.2 Result:and DisSCUSSION . .xvusivsesrieasaoiisnsesssiaiiiis it sommesmnmannes 74
3.3 BHOMOEY: cinsisisssncsisissisnisssmermrnrsvessnsossnssnsssnsasnsassasenassensenssassinesesavssessronsoresssrssd 81
S0 Eetenil Methedi ooy 81
3:8.2 Docking StAY: i s s isnisss s snsasnssrsserssss 84
3.5.3 Experimental SECtiON: .......ccecueeuieiiiiiieieciciceiccicr e 90
3.6 CONCIUSION: vttt ettt e e e e eenees 93
3.7 Structural Elucidation of Compounds: ..........ccccovveiviiiivioricceececeseeeeee e 93
3.8 Spectra of Compounds:..........coeviriiiiiiiiinieiieece s 103
R L 119

4. Synthesis and Biological Evaluation and QSAR Studies Of Novel Chalcone
Derivatives - Jonnala Sandhya, B. V. Subba Reddy, Murthy Chavali, N. Bhasker,

R.Y.. V. Ramone Mrthy e awevmnessssossisssssiomsosssasisissssssssnssisssssssssvspsspsnssissnss 122
4.1 lntroduction:.............,,,..........................................l...T .................................. 123
! NN
Principal

Vaageswarl College of Er'rg:,:ﬁe; i
KARIMNAGAR-SOS 57



4.2 Chemistry of ISAtin: .......coiviiiiiiiiiiies e 123

4.3 Derivatives of ISATIN: .....ooiiiiiiiiiieie e 125
B4 ChBlOoIE s couvimvamssssos suustsvassasesss s S T T s S s bsa 0 133
4.4.1 Derivatives of Chalcones:............ooveeevieeiicieiicccccccecieee e 133
L bR S (1 OO Y — 136
B0 Prosenit WOTKS oo i mmiesiiiiiiisisismen s ntssssossss sspoasssssesssss 141
4.7 Result and DiSCUSSION: .......coviiiiiiieiiiiiiiis sttt e e te e eeeree s 141
T —— 144
4.9 QSAR ANALYSIS: .oveovieiierieieiieriets ettt et ae e e eesesaeseeenesresreerens 147
4.10 Experimental Sechiont. ..t it 152
4.10.1 Materials and Methods: ..........ccoveeeeiiiiiieieeeee e 152
4.10.2 General procedure for synthesis of 3-(benzo[d]thiazol-2-ylimino)-
iIndolim-2uomel Ia-1B o i s it siranmme 153
4.10.3 General Procedure for synthesis of I-acetyl-3-(benzo[d]thiazol-2-
viiino)-indolin-2-one Casdbl:. ...unnmnnmisamsmnmser 154
4.10.4 General procedure for synthesis of 3-(benzo[d]thiazol-2-ylimino)-1-
((E)-3-(phenyl) acryloyl) indolin-2-0ne (5a-50): .....ccvevveveeeeeeeeeeeeeannn 154
11 ConeluSION: ..o s s s s 155
4.12 Structural Elucidation of Compounds: ............coocveveviivoieeeeeeeeeeeeeeeene 156
4.13 Spectra of COmMPOUNGS: ......ccoiiiiiiiiiiiiieiece ettt eae s 163
B AE Referenmuest s s o e i A 555 rbmeamennnn 165

5. Electronic Health Records Challenges with Indian Healthcare Scenario:
Data Science Application - Silpi Sarkar, Debasish Debnath, Murthy Chavalli,

G.D.V. Kusuma, B. RAVI KUM@ ..ccceereerrereererssssssssssssssesssssssssssssssssssssessersessassasns 168
s L L R — 169
5.2 Health Care Industry Scenario in India: ..........cooeevveveeeeeeeeeeeeeeeeserseeeen, 170
5.3 Utilization of Big data and EHR in Health Care:.................coccoovevveeenecnn. 171
5.4 Data Science Applications for Healthcare: ............c.oooovveiiiiiiiveeeceenn, 173
5.5 Electronic Health Record (EHR):.....c.ooviviiiiiiiiiiice e, 173
3.6 EHR in Developed Conmtries s assmsssmasmmosnim i s st it sasis 175
.7 EHR 0 IS inmavisssmniimmmsmrmrssssmaassemsrsssmsssssosesmmmsnssnsssssasses 1 10
5.8 EHR Resources for System Development: ............ccooeevieiveeveveeieereennn, 177

SB.1 Dbt MOTEL: ..convoimmiimsssnsismani s i ismmassssssssossassessamsssesssnsants 177

5.8.2 Electronic Medical Record Adoption Model (EMRAM)............... 178

3.8.3 Case Study in HER: c...ocouvmimsosmmissmmsmssssismsss s pisiissisieis 179

5.8.4 Automatic Surveillance: ...........ccocevviiiveeeieecceeeee e 179
5.9 ChalleN@eS: ....ueiiiierieierereste sttt ettt ettt e et et s ere e e ee e e et eeees 182
A0 omolOSEOMES o cnsssmmvisnis mt s R R 184
Sl | D UIIMIIBEN S ccoimossmmis s aiiuii s ant s namm s A AR SRR R SRR A S 184
512 REFEIENCES: ..ottt ettt ae s e e et e see e aeeneens 185

o~



6. Hydraulic Fracturing Progress and Challenges Application - R. V. V. Ramana

Murthy, Hussain Al. Abkari, Murthy Chavali, Jonnala Sandhya .......eeessesenes 192
6.1 INtrodUCTION: . ...iiiiiiiiii et 192
6.2 Materialsand MEMOBS; i i e 195
6.2.1 Vegetable (canola-oil):..........ccevvieecieces e 195
6.2.2 Anti-settling AZenti.......ccoeveiiriiveiieeeeeeeceeeee e 195
6.2.3 ButTering AOemt: ....c...ooimvismimimsimniasessssmmsssenasse ssopssnassasnnssns 195
6.2.4 GUMMING AZENT: ...ooviiiiiiiiiieieese et 195
6.2.5/ Lincar gel Breakers: .....mmsssnssssiimiimasnisosmis 195
0.2.6 OXIZING ABOIL iiuuiiiriinsiiscstsmmerssstresspsrsssassessarassasesssnsnessessapsss 196
6.2.7T ENZYMES: ....ooviiiiiiiiiiiiiiece ettt 196
6.2.3 Flowback (2as-How) s cmsmsamasiinsssiminssassaassm 196
6.2.9 Anti-Bacterial AZeNt:........ccevvivviieeeericeeetiece s 196
6.3 20/40 SAN: ...t 196
6.3.1 Viscosity Measurement: ..............ceeeeeuererieeieeeieneeeseeseeeenseereeneens 197
6.4 Results and DiSCUSSION: ...c..oueiiiiiiiceiiee e 197
6.4.1 Preparation of XLFC (Cross linked Linear Fracturing Concentration)
D 000 S 660 K pmnns ame o SR RS S A S SNBSS R A AR 197
6.4.2 Preparation of Hydraulic Fracturing Linear gel: ............cc.ccocveve.. 198
643 Conversion FaBlOrS . o o ot et essssmrsrasessasans 199
6.4.4 Fragmentation Reaction: .............cccvooiiioriovioeie e 199
6.5 CONCIUSION: ...ttt et eeeeeens 200
007 ROFEIBIIOBE .. c.sisiommimin irrmmvis s s sisiisanpass nenesess sass sussms ssmsssimtoms s¥ssmsas ey 200
L
A
\ NV
v\“\_j A
Principal

VaageswarICoHegeof Engineeri
ngineerin~
KARIMNAGAR-SOS 527.



Applied Chemistry (Drugs, Health and Petroleum) hitps: www.kdpublications.in
ISBN: 978-93-94570-63-4

1. Studies on Synergistic Approaches to Optimize
Oil and Gas Well Cementing

R. V. V. Ramana Murthy

TAQA Well Services Company,
Well Cementing laboratory,
Dammam, Kingdom of Saudi Arabia.

Hussain Al. Abkari

TAQA Well Services Company,
Well Cementing laboratory,
Sharnbasva University,
Dammam, Kingdom of Saudi Arabia.

Murthy Chavali

Research Division of Chemistry,
Faculty of Science & Technology,
Alliance University, Chandapura-Anekal,
Bengaluru, Karnataka, India.

Jonnala Sandhya

Department of Chemistry,
Vaageswari College of Engineering,
Karimnagar, Telangana, India.

Abstract:

Nano silica, when combined with cement slurry aids in improving its compressive strength
even, reduces the wait-on-cement time for cement plugs. This study focuses on the combined
effect of nano silica used in natural oil and gas well cementing. 4 comparative study is
conducted on the performance of cement slurry (conventional 118 pef (15.8 Ibm/gal) with
nano silica and cement slurry without nano-silica.

The cement slurry combined with nano-silica has shown an early compressive strength
development in cement slurry at different concentration of silica fume at 10% and 20% by
weight of cement. This study also focuses on other areas for improvement including slurry
stability, free fluid reduction, lower fluid loss value, fine rheology, appropriate thickening
time and higher ultimate compressive strength development. The cement slurry with nano-

silica has shown improvement in the compressive strength due to the increased rate of

hydration, thus thickening time was within 3hrs.

Keywords: Nano silica, Low density slurries, viscosity, cement thickening time, cement-
compressive strength, formation permeability.
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Abstract— The most widely used approach for replacing
traditional batteries and extending battery life is radio
frequency energy harvesting (RFEH). However, the power
density in the immediate environment is low thus the antenna
with multiband features is essential to gather a huge amount of
RF power from the low-density atmosphere. This paper
presented a multiband dual-polarized dielectric resonator
antenna for smart city applications using RFEH technology. The
proposed DR antenna covers the frequency bands of WLAN 5.2
GHz, Wi-Fi 5.8 GHz, and future 6 GHz Wi-Fi bands of 6.2 GHz
and 6.6 GHz. A rectangular dielectric resonator (DR) is
fabricated using a K10 material and it is designed on a low-cost
epoxy FR4 substrate (having £=4.4). A coaxial probe feeding
approach is used for excitation purposes. The substrate and DR
material dimensions are 66 mmx68.2 mmx1.6 mm and 13.6
mmx11.4 mmx6.35 mm respectively. A spiral metallic coil is
stuck on two faces (front and bottom) of a DR material to
operate the antenna in the desired band of frequencies. The
proposed technique is used to bring down the axial ratio (AR)
value below 3dB level in two resonant bands. The maximum
gain of 6.72 dB is observed experimentally at 5.2 GHz frequency.

Keywords— Radio frequency energy harvesting (RFEH),
single-band antenna, circular polarization (CP), spiral facet,
smart city

I. INTRODUCTION

A smart city brightens the city’s efficiency and
sustainability structurally and functionally, which assures the
quality of citizens' health and life. To establish a smart city,
widespread deployment of wireless networks that are
intecrated with sensing elements is essential to monitor our
breathing surroundings, e.g., smart lighting system, health
condition of the structural buildings, or the condition of
weather report [1-5]. Besides, closely associated sensor nodes
in the wireless sensor networks (WSNs) also helped in
monitoring the sound, temperature, localization, and so on
[6]. The most important task of the sensor nodes is
monitoring the information from the ambient environments
and sharing that information with an associated network [7].
These sensor nodes are depending on conventional batteries
for powering themselves. The energy consumption increases
with increasing sensing nodes connected in the WSN to
perform various functions of the smart city. The lifetime of
the conventional batteries is limited, and thus these batteries
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are to be replaced periodically. However, frequent
replacement of batteries may not practicable all the time. To
afford sustainable monitoring by maintaining an adequatc
energy supply for these sensing elements of a WSN in the
smart city is an important issue [8]. To release this problem
of driving the sensors in the WSNs of a smart city, green
technology or energy harvesting techniques have been
employed.

In energy harvesting (EH) technology. energy is collected
from various ambient energy sources such as sun, wind,
acoustic, motion, and electromagnetic (EM) energies, etc..
and this collected energy is converted into a suitable form of
electrical energy for energizing small electronic devices [9-
10]. Among various EH approaches, RF energy harvesting
approach has gained more popularity due to the creation of
more radiating renewable resources [11]. Rectenna, also
known as rectifying antenna, are specialized types of
equipment used in the RFEH technique to gather
electromagnetic (EM) energy from environmental sources
and transform it into a form that can be used to power
electronic devices. The antenna and a rectifiers are the main
elements of the rectenna system. Electromagnetic energy
from the environment is collected using an antenna or aerial,
and alternating energy is converted to direct current (DC)
using a rectifier circuit. The rectenna's aerial gathering
capability largely determines how well it performs.

The dielectric resonator antennas (DRAs) exhibit a wide
bandwidth, flexibility in shapes and feeding techniques, and
also exhibits a large radiation etticiency over microstrip patch
antennas. A multilayer configuration of DRA’s has been
investigated for RFEH applications in [12-13]. Here this, the
designed antenna operates at a single band of frequencies. A
single band antenna can only receive a finite amount of
ambient power, and because of its particular operating
frequency, its biggest drawback is interoperability with all
geographical regions. Thus, designing a multiband antenna
with an enhanced harvesting ability is an important issue for
energy harvesting applications. Agrawal et al. [14] have
proposed a slot-loaded DRA with dual-band characteristics.
The designed antenna suffers from a large antenna
dimension, and it is a LP antenna. The polarization diversity
approaches are more demanded over single polarized antenna
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Abstract— This work presents a dual-polarized
dielectric resonator antenna (DRA) operating over two
frequency bands that cover LTE1800 and LTE2500
bands for radio frequency energy harvesting (RFEH)
applications. An Eccostock HIK K10 material with a
dielectric constant of 10 is used to create a DRA. The
dimension of DRA is 9%16.1x5.5 mm® placed over the 1.6
mm thick FR4 substrate (2.=4.4). The area of the
substrate material is optimized as 60x50 mm®. A Bow-tie-
shaped slot is created into the ground plane to help bring
down the resonant frequency to 1.95 GHz and also helps
in increasing the reflection coefficient performance. One
more resonance is observed by placing a reflecting plane
having an equal dimension to the antenna substrate at a
gap of 20 mm from the antenna ground plane. In addition
to this, an improvement in the antenna gain is also
observed with a reflecting surface. The reflecting plane
helps to increase the gain value. The maximum possible
gain value is 8.36 dB at 2.6 GHz frequency. The proposed
antenna exhibits omnidirectional radiation properties,
thus it is suitable to harvest ambient EM energies
available at LTE bands.

Keywords— radio frequency energy harvesting (RFEH),
dielectric resonator antenna (DRA), reflecting plane, Bow-tie
shape of a slot

I.  INTRODUCTION

The concept of smart cities is now becoming a reality:
cities are increasingly associated and bright with smart cities,
with fast advancements in distinct fields including sensing,
municipal services, transportation, etc. These can allow
facilities to be carried more reliably and efficiently, inspiring
visitors® and dwellers” experiences, and the data created can
be exploited for pioneering applications. While several
sensing elements allow these applications can be grid-
powered, there is an enhancing demand for independent
sensing devices [1], [2]. Whereas these systems are usually
driven by conventional batteries. But, conventional batteries
suffer from a limited lifetime, hence the frequent replacement
of batteries is needed which increases the system cost and
complexity. An energy harvesting (EH) approach is found to
be a good solution for energizing low-power devices [3], [4].

Energy Harvesting (EH) is a technique in which ambient
energy emanated from various sources such as solar, acoustic,
thermal. wind, mechanical. and radio frequency (RF), etc. is
harvested using a receiving element, and it is converted into
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the electrical form of energy as suitable 10 run low power
devices. Based on the type of source used. they are classified
as solar EH, acoustic EH, thermal EH, wind EH, mechanical
EH, and RFEH. Each EH technique has some merits and
demerits. However, the RFEH approach has more advantages
over all other EH approaches due to its continuous
accessibility and increasing availability due to the
establishment of multiple RF transmitters. and especially the
RFEH is suitable for operation in the indoor atmosphere also

[51. [6].

The RFEH is the process of utilizing RF energy to enable
low-power devices using rectenna. The rectenna avoids
frequent replacement of the battery by extending the device
lifetime, so maintenance cost reduces. In the RFEH. the
rectenna (or antenna and the rectifier combinedly) is the basic
and essential component. The overall performance is relying
primarily on the antenna [7] and rectifying circuit [8]. The
antenna captures the RF energy from the surrounding. Thus.
the overall rectenna performance is determined by the power
captured by the antenna. Usually, the power received by the
antenna increases using a high-gain antenna. However. a high
gain antenna is possible with a large antenna dimension [9].
[10]. This increases the overall rectenna dimension too.
which limits the applications of rectenna.

Alternatively, a multi-band configuration is suitable to
increase the antenna received power. Many dual-band
antennas have been reported for RFEH applications. A
multilayer structure with a reflecting plane [11]. an
elliptically shaped slot-loaded circular microstrip patch
antenna in [12], a multi-port dual-band differentially driven
microstrip patch antenna in [13], and a quasi-yagi antenna
with a split-ring resonator in [14] were designed for dual-
band operation. The reported designs in [11-14] suffer from
various limitations such as large antenna dimensions.
complexity. and low gain. Besides this, However. losses
associated with microstrip patch radiators are more due to the
conductive portion involved. Thus, dielectric resonator
antennas (DRA’s) have attained more popularity. A
pentagonal-shaped DRA has been proposed in [15]. A notch
including a rectangular slot helps to achieve desired
performance. However, the implemented antenna suffers
from a large antenna dimension. In addition to the
aforementioned specifications, the antenna having dual-
polarized characteristics is an added advantage of receiving
any polarized wave from the surrounding air. A dual-
polarized dual-band DRA is reported in [16]. Crossed slots
are etched in the ground plane below the dielectric resonator
to help in achieving dual-polarized characteristics. However.
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