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About the Conference

IEMTRONICS 2022

Continuing with the outstanding success of IEEE IEMCON, IEEE CCWC, IEEE
UEMCON, IEMANTENNA we are proud to present IEMTRONICS 2022
(International 10T, Electronics and Mechatronics Conference) which will be held
during 1st- 4th June, 2022 at Toronto, Canada, in online mode. Keeping in
mind the pandemic situation prevalent globally due to Covid 19 and following
the legacy of organizing highly successful conferences, we have planned for the
online conference. The conference aims to bring together scholars from different
backgrounds to emphasize dissemination of ongoing research broadly in the
fields of IOT, Electronics and Mechatronics. Research papers are invited
describing original works in above mentioned fields and related technologies. The
conference will include a peer-reviewed program of technical sessions, special
sessions, tutorials and demonstration sessions.

All accepted papers which will be presented during the parallel sessions of
the Conference will be submitted for publication in IEEE Xplore Digital
Library (Scopus, DBLP, Ei Compendex, Web of Science and Google
Scholar).

This conference will also promote an intense dialogue between academia and
industry to bridge the gap between academic research, industry initiatives, and
governmental policies. This is fostered through panel discussions, keynotes,
invited talks and industry exhibits where academia is exposed to state-of-practice
and results from trials and interoperability experiments. The industry in turn
benefits by exposure to leading-edge research in networking as well as the
opportunity to communicate with academic researchers regarding practical
problems that require further research.



Our Reviewers

IEMTRONICS 2022 followed a rigorous triple-blind review process in order to identify
suitable papers for both presentation and publication. This process helped the organizers to
shortlist good quality papers from diverse regional areas and across various domains. A
detailed review process was possible due to the excellent and enthusiastic support extended by
the strong technical review team of IEMTRONICS 2022. For every stage of submission,
IEMTRONICS had a specific template review procedure to analyze the submissions and
provide suitable comments for the authors to incorporate. The review team which formed the
technical backbone for the selection of submissions for the edited book and the conference

presentation was supervised by:

Amany Abood

Qasem Abu Al-Haija
Naheem Adesina

Md Imtiaz Ahmed
Baker Al Smadi

mMd Ali

Ali Abdullah S. AlQahtani
Nesreen Alsbou
Ahmed Ammari
Mohammad Anees
Vaibhav Anu

Asif Mohammed Arfi
Haissam Badih
Anindya Bal
Kuhaneswaran Banujan
Doina Bein

Aleksandr Belov

La Verne Certeza
Pratik Chattopadhyay
Ritu Chaturvedi
Sangay Chedup
Yuanzhu Chen

Jingyuan Cheng
Sayantika Chowdhury

Al-Esraa University College

Princess Sumaya University for Technology (PSUT)
Louisiana State University

Prime University

Grambling State University

Rider University

North Carolina A&T State University
University of Central Oklahoma

INSAT - Carthage University Tunisia

Xilinx

Montclair State University

University of Yamanashi

Lawrence Technological University

BRAC University

Sabaragamuwa University of Sri Lanka
California State University, Fullerton

National Research University Higher School of Economics
University of Santo Tomas

Indian Institute of Technology (BHU), Varanasi
University of Guelph

Jigme Namgyel Engineering College

Queen's University

University of Science and Technology of China
Jadavpur University

2



Ronnie Concepcion Il
José Cornejo

Monica Costa

Omar Darwish
Arighna Deb

Mohan Dehury
Sukomal Dey

De La Salle University

Universidad Tecnoldgica del Peru
Polytechnic Institute of Castelo Branco
Eastern Michigan University

KIT University

Koneru Lakshmaiah Education Foundation
Indian Istitute of Technology, Delhi

S Dhivya VIT University
Ke-Lin Du Concordia University
Pallav Dutta Aliah University

Mahmoud Elkhodr
Amin Fadlalla
Zainab Faisal

Vilas Gaidhane

Central Queensland University

Mashreq University

Al-Esraa University College

Birla Institute of Technology and Science Pilani, Dubai
Campus, UAE

none

University of Kansas

Jagannath Universuty

George Mason University

Universidad de Ingenieria y Tecnologia - UTEC
Al-Esraa University College

The Islamia University of Bahawalpur
Memorial University of Newfoundland
University of the Witwatersrand

Silicon Institute of Technology, Bhubaneswar

Sebastian Garcia
Soham Ghosh

Rajib Kumar Halder
Maryam Heidari

Deyby Huamanchahua
Maysam Hussein
Qaiser ljaz

Mohammad Tariq Igbal
Ashwini Jadhav

Asif Uddin Khan

Shahriar Khan Independent University
Haruo Kobayashi Gunma University
Moises Levy Florida Atlantic University
Pravir Malik Deep Order Technologies

Olusiji Medaiyese

Morteza Modarresi Asem
Nabilt Moggiano
Bhabendu kumar Mohanta
Erkin Navruzov

Moses Onibonoje
Madhumita Pal
Rajvardhan Patil

Loreen Powell

University of Louisville

Tehran Medical Sciences University

Universidad Continental

GITAM Deemed to Be University

National University of Uzbekistan

Afe Babalola University, Ado Ekiti

Institute of Engineering & Management, Kolkata
Grand Valley State University

Bloomsburg University of Pennsylvania

Kumar Rahul XILINX

Kuvonchbek Rakhimberdiev = National University of Uzbekistan Named After Mirzo Ulugbek
Biplob Ray Central Queensland University

K Himaja Reddy KLEF Deemed to be University

Ashiq Sakib Florida Polytechnic University

Sowmya Sanagavarapu
Daniel Semwayo
Abhijit Sen

Ahmed Shafkat

Lugen Sheet

Sodessa Shonkora

Anna University

University of Witwatersrand
KPU

Fareast International University
UNIVERSTY OF MOSUL
Arba Minch University
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Mayer Silva
Rohit Singh
Kanika Sood

M. Srilatha

Elvis Supo
Sourabh Swarnkar
Tri Tran

Yuan Xing

Wael Yafooz
Lasith Yasakethu
Hasan Yasar

none
University of Colorado Denver

California State University, Fullerton

Vardhaman College of Engineering

Universidad Nacional de San Agustin de Arequipa
Xilinx

Gunma University

University of Wisconsin-Stout

Taibah University

Sri Lanka Technological Campus

Carnegie Mellon University



Sponsors

Society for Makers, Artists, Researchers and Technologists, Canada
IEEE VANCOUVER SECTION

IEEE TORONTO SECTION
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University of Engineering & Management, Kolkata

University of Engineering & Management, Jaipur
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ORGANIZING COMMITTEE

General Chair:

Rajashree Paul
University of Engineering & Management, Kolkata, India

Technical Co-Chair:

Bob Gill
British Columbia Institute of Technology, Burnaby, Canada

Malay Gangopadhyay
Institute of Engineering & Management, Kolkata, India

Finance Chair:

Sanghamitra Poddar
Institute of Engineering & Management, Kolkata, India

Publicity Chair:

Fatima Hussain

Professor, Ryerson university, Canada, Editor IEEE
Newsletter, IEEE Toronto section
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Dr.
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Dr.

Dr.

Dr.

Dr.

Dr.

Dr.

Dr.

Chuck Easttom
Phillip Bradford
Ronald F. DeMara

Fatima Hussain

Ashutosh Datta
Yang Hao
Vien Van
Omar Ramahi
Yahia Antar

Zhizhang (David)

Chen

Dr.

Detlef Streitferdt

Prof. Shahab Tayeb

University

University of Dallas, USA & Georgetown University, USA
University of-Connecticut-Stamford, USA

University of Central Florida, USA

Professor, Ryerson university, Canada, Editor IEEE Newsletter,
IEEE Toronto section

Johns Hopkins University, USA
Queen Mary University, London
University of Alberta, Canada
University of Waterloo, Canada
Royal Military College, Canada

Dalhousie University, Canada

Technische Universitat lImenau, Germany

California State University, Fresno.



TECHNICAL COMMITTEE

Name University

Dr. Nabeeh Kandalaft Grand Valley State University, USA
Dr. Alex "Sandy" Antunes Capitol Technology University, USA
Dr. 1zzat Alsmadi Texas A&M, San Antonio, USA

Dr. Lo’ai Tawalbeh Texas A&M University-San Antonio, USA

Dr. Pratik Chattopadhyay Indian Institute of Technology (BHU), Varanasi

Dr. Doina Bein California State University, Fullerton, USA

Dr. Hasan Yasar Carnegie Mellon University, USA

Dr. Moises Levy West Texas A&M University, USA

Dr. Christian Trefftz Grand Valley State University, USA

Dr. Mrinal Sen Indian Institute of Technology(ISM), Dhanbad
Dr. Petros Spachos University of Guelph, Canada

Dr. Kanika Sood California State University, Fullerton

Dr. Ke-Lin Du Concordia University, Canada

Dr. Wenlin Han California State University, Fullerton

Dr. Ashiq Adnan Sakib Florida polytechnic University, USA

Dr.

Morteza Modarresi Asem

Islamic Azad University, Iran

Dr. Md. Liakat Ali Rider University, USA

Dr. Tarek El Salti Sheridan College, Canada

Dr. Sukomal Dey Indian Institute of Technology, Palakkad
Dr. Maysam Chamanzar Carnegie Mellon University, USA

Dr.

Kean Boon Lee

Sheffield University, UK



Track Topics:

loT & Data Science:

10T and blockchain

10T and big data

Next-generation infrastructure for loT
Cloud computing and 10T

Edge computing and loT

l0T platforms, tools, and applications
10T systems development methodologies
loT applications

Electronics:

Antenna and wireless communication

Microwave Engineering

Photonics

Nano science & Quantum Technology

VLSI and Microelectronic Circuit Embedded Systems
System on Chip (SoC) Design

FPGA (Field Programmable Gate Array) Design and Applications
Electronic Instrumentations

Sensors & Systems

NEMS & MEMS

Integrated circuits & power electronics

Electronic Power Converters and Inverters

Electric Vehicle Technologies

Control Theory, Optimization and Applications
Robotics and Autonomous Systems
Intelligent,Optimal,Robust,Adaptive Control

Linear and Nonlinear Control Systems

Complex Adaptive Systems

Industrial Automation and Control Systems Technology
Modern Electronic Devices

Biomedical devices & Imaging

Energy Harvesting & Conversions

Energy Efficient Hardware systems

Mechatronics:

Sensing and Control Systems
Mechatronics Systems
Mechanical Systems
Acrtificial Intelligence
Applications of Robotics

Information Technology:

Business Intelligence and Applications

Computer Network

Evolutionary Computation and Algorithms

Intelligent Information Processing

Information System Integration and Decision Support
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Image Processing and Multimedia Technology
Signal Detection and Processing

Technique and Application of Database

Software Engineering

Mabile Computing

Distributed Systems

Acrtificial Intelligence

Visualization and Computer Graphic

Natural Language Processing

Deep Learning

Machine Learning

Internet of Things, Data Mining

Data Science

Cloud Computing in E-Commerce Scenarios
E-Business Systems Integration and Standardization, E-government
Electronic Business Model and Method
E-Commerce Risk Management

Recommender system

Semantic Web Service Architecture for E-Commerce
Service Oriented E-Commerce and Business Processes
Data Analytics and Big Data

Software defined networking

Secured distributed systems

Mobile Communication:

Ad hoc networks

Body and personal area networks

Cloud and virtual networks

Cognitive radio networks

Cyber security

Cooperative communications

Delay tolerant networks

Future wireless Internet

Local dependent networks

Location management

Mabile and wireless IP, Mobile computing
Multi-hop networks

Network architectures

Network Security, Information Security, Encoding Technology
Routing, QoS and scheduling

Satellite communications

Self-organising networks

Telecommunication Systems

Vehicular networks

Wireless multicasting, Wireless sensor networks
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Chief Guest of IEMTRONICS 2022

Nobel Laureate

Prof. Takaaki Kajita

Honourable Nobel Laureate, Distinguished University
Professor, Institute for Cosmic Ray Research, The
University of Tokyo, Japan

Bio: Kajita Takaaki, (born 1959, Higashimatsuyama, Japan),
Japanese physicist who was awarded the 2015 Nobel Prize in
Physics for discovering the oscillations of neutrinos from one
flavour to another, which proved that those subatomic particles have mass. He shared the prize
with Canadian physicist Arthur B. McDonald.

Kajita received a bachelor’s degree from Saitama University in 1981 and a doctorate from the
University of Tokyo (UT) in 1986. That year he became a research associate at the International
Center for Elementary Particle Physics at the UT, where he worked on the Kamiokande-I1
neutrino experiment, a tank containing 3,000 tons of water located deep underground in the
Kamioka mine near Hida. Most neutrinos passed right through the tank, but on rare occasions
a neutrino would collide with a water molecule, creating an electron. Those electrons travelled
faster than the speed of light in water (which is 75 percent of that in a vacuum) and generated
Cherenkov radiation that was observed by photomultiplier tubes on the walls of the tank. In
1987 Kajita was part of the team that used Kamiokande-I1 to detect neutrinos from Supernova
1987A, which was the first time neutrinos had been observed from a specific object other than
the Sun.

Kamiokande-11 could also observe neutrinos generated by cosmic rays, high-speed particles
(mainly protons) that collide with nuclei in Earth’s atmosphere and produce secondary
particles. Those secondary particles decay and produce two of the three flavours of neutrinos:
electron neutrinos and muon neutrinos. In 1988 Kajita and the other Kamiokande scientists
published results showing that the number of muon neutrinos was only 59 percent of the
expected value.

Kajita joined the UT’s Institute for Cosmic Ray Research in 1988 as a research associate and
continued his work at Kamiokande-11. He became an associate professor at the institute in 1992.
That same year he and his team published results confirming the deficit of atmospheric muon
neutrinos. They suggested that neutrino oscillations in which the “missing” muon neutrinos
changed into the third neutrino flavour, tau (which could not be observed by Kamiokande-I11),
could be the culprit. Neutrinos were thought to be massless, but, in order to oscillate flavours,
they must have a very small mass. In 1994 Kajita and his team found a slight dependence of
the number of detected muon neutrinos on direction, with more neutrinos coming down than
coming up.
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In 1996 Kamiokande-Il was replaced by Super-Kamiokande, which contained 50,000 tons of
water, and Kajita led the studies of the atmospheric neutrinos. After two years of observations,
his team definitively confirmed that the number of muon neutrinos coming down from the
atmosphere is greater than the number of muon neutrinos coming up from Earth. Since
neutrinos rarely interact with matter, the number of neutrinos observed should not depend on
the arrival angle. However, that angle effect proved the existence of neutrino flavour
oscillations and thus neutrino mass. The neutrinos coming up through Earth travel a longer
distance, thousands of kilometres, than the neutrinos coming down, which only travel a few
dozen kilometres. Therefore, the up-going neutrinos have more time to undergo an oscillation
into tau neutrinos than those coming down.

Kajita became a professor at the Institute for Cosmic Ray Research and director of the Research
Center for Cosmic Neutrinos there in 1999. He became director of the institute in 2008.
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Guest of Honour of IEMTRONICS 2022

Nobel Laureate

Prof. Konstantin Novoselov

Honourable Nobel Laureate, Professor at the Centre for
Advanced 2D Materials, National University of
Singapore,Langworthy Professor in the School of Physics and
Astronomy, University of Manchester, Manchester, United
Kingdom

Bio: Kostya Novoselov made it into a shortlist of scientists with multiple hot papers for the
years 2007-2008 (shared second place with 13 hot papers) and 2009 (5th place with 12 hot
papers).

In 2014 Kostya Novoselov was included in the list of the most highly cited researchers. He was
also named among the 17 hottest researchers worldwide—"individuals who have published the
greatest number of hot papers during 2012-2013".

Novoselov joined the National University of Singapore’s Centre for Advanced 2D Materials
in 2019, making him the first Nobel laureate to join a Singaporean university.

Awards and honours

e 2007 Nicholas Kurti European Science Prize “to promote and recognise the novel work of
young scientists working in the fields of Low Temperatures and/or High Magnetic Fields.”

e 2008 Technology Review-35 Young Innovator

o 2008 University of Manchester Researcher of the Year.

e 2008 Europhysics Prize, jointly with Geim, “for discovering and isolating a single free-
standing atomic layer of carbon (graphene) and elucidating its remarkable electronic
properties.”

e 2008 International Union of Pure and Applied PhysicsYoung Scientist Prize, “for his
contribution in the discovery of graphene and for pioneering studies of its extraordinary
properties.”

e 2010 Nobel Prize in Physics, jointly with Andre Geim, “for groundbreaking experiments

regarding the material graphene.” Novoselov was the youngest Nobel laureate in physics

since Brian Josephsonin 1973, and in any field since Rigoberta Menchu (Peace) in 1992.

2010 Knight Commander of the Order of the Netherlands Lion

2010 Honorary Fellow of the Royal Society of Chemistry(HonFRSC)

2010 Honorary Professor of Moscow Institute of Physics and Technology

2011 Honorary Doctorate from the University of Manchester

2011 Honorary Fellow of the Institute of Physics(HonFInstP)

2011 Elected Fellow of the Royal Society (FRS)

2011 W. L. Bragg Lecture Prize from the International Union of Crystallography “... for

his work on two-dimensional atomic crystals”

e 2012 Knight Bachelor in the 2012 New Year Honours for services to science.

e 2012 Chosen among “Britain’s 50 New Radicals” by NESTAand The Observer
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e 2012 The Kohn Prize Lecture “...for development of a new class of materials: two-
dimensional atomic crystals”

e 2013 Appointed Langworthy Professor of Physics, University of Manchester

e 2013 Leverhulme Medal (Royal Society)®“...for revolutionary work on graphene, other
two-dimensional crystals and their heterostructures that has great potential for a number of
applications, from electronics to energy”

e 2013 Awarded Honorary Freedom of the City of Manchester “for his groundbreaking work
on graphene”, see List of Freedom of the City recipients

e 2013 Elected a foreign member of the Bulgarian Academy of Sciences

e 2014 2nd place in the Discovery Section of the National Science Photography Competition.

e 2014 included in a list of the most highly cited researchers. He was also named among the
17 hottest researchers worldwide — “individuals who have published the greatest number
of hot papers during 2012-2013".

e 2014 awarded the Onsager Medal.

o 2015 elected to be a member of the Academia Europaea.

o 2016 awarded the Carbon Medal.

e 2016 awarded the Dalton Medal.

e 2019 elected a foreign associate of the US National Academy of Sciences

e 2019 elected to be a member of the Asia Pacific Academy of Materials

e 2019 Otto Warburg Prize and Lecture by The Otto Warburg Chemistry Foundation “for the
discovery of the unusual quantum properties of one atom thick two-dimensional materials”

His certificate of election to the Royal Society in 2011 reads

Kostya Novoselov’s research interests cover a wide range of topics from mesoscopic
superconductivity and ferromagnetism to materials science and biophysics. He studied vortex
structures in mesoscopic superconductors, observed atomic-scale movements of ferromagnetic
walls, monitored heartbeats of individual bacteria and mimicked gecko’s adhesion mechanism.
His breakthrough moment was the discovery of graphene. Novoselov is now widely recognised
to be one of the pioneers in this field (as a number of international awards prove) and, together
with Prof Geim FRS, leads research on various applications of this new material ranging from
electronics, photonics, composite materials, chemistry, etc. Prof. Novoselov is strongly
committed to disseminating science through public lectures and media interviews.
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Keynote speakers

Dr. Xiaodong Wang

Professor, Columbia University,New York

Bio: Dr. Xiaodong Wang is a professor of electrical engineering
in Columbia University in the city of New York. His research
interest includes statistical signal processing, genomic signal
processing, machine learning, wireless communications, and
information theory.

Among his publications is a book entitled ‘“Wireless
Communication Systems: Advanced Techniques for Signal Reception”, published by Prentice
Hall in 2003. He has served as an associate editor for the IEEE Transactions on
Communications, the IEEE Transactions on Wireless Communications, the IEEE Transactions
on Signal Processing, and the IEEE Transactions on Information Theory. He is a Fellow of the
IEEE and listed as an ISI Highly-cited Author.

Wang received the 1999 NSF CAREER Award, the 2001 IEEE Communications Society and
Information Theory Society Joint Paper Award, and the 2011 IEEE Communication Society
Award for Outstanding Paper on New Communication Topics.
Xiaodong Wang received the Ph.D degree in Electrical Engineering from Princeton University.
He is a Professor of Electrical Engineering at Columbia University in New York.
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Dr. Kenneth Paterson

Professor, ETH Zlrich, Switzerland

Bio: Dr. Kenneth Paterson obtained a B.Sc. in 1990 from the Uni-
versity of Glasgow and a Ph.D. from the University of London in
1993, both in Mathematics. He was then a Royal Society Fellow at
the Institute for Signal and Information Processing at the Swiss Fed-
eral Institute of Technology, Zurich, from 1993 to 1994. After that,
he was a Lloyd’s of London Tercentenary Foundation Research Fel-
low at Royal Holloway, University of London from 1994 to 1996.

In 1996, he joined Hewlett-Packard Laboratories Bristol, becoming a project manager in 1999.

He then joined the Information Security Group at Royal Holloway in 2001, becoming a Reader
in 2002 and Professor in 2004. From March 2010 to May 2015, he was an EPSRC Leadership
Fellow working on a project entitled Cryptography: Bridging Theory and Practice. In May
2015, he reverted to being a Professor of Information Security.

In April 2019, he joined the Department of Computer Science at ETH Zurich. Since 1 January
2021, he have held the role of Associate Department Head. In addition, he is director of the
CAS/DAS in Cyber Security and the Masters programme in Cyber Security.
His research over the last two decades has mostly been in the area of Cryptography, with a
strong emphasis being on the analysis of deployed cryptographic systems and the development
of provably secure solutions to real-world cryptographic problems. He co-founded the Real
World Cryptography series of workshops to support the development of this broad area and to
strengthen the links between academia and industry. From 2014 to 2019, he was co-chair of
the IRTF’s research group on Cryptography, CFRG. This group is working to provide expert
advice to the IETF in an effort to strengthen the Internet’s core security protocols.

His research on the security of TLS (the Lucky 13 attack on CBC-mode encryption in TLS and
attacks on RC4) received significant media attention, helped to drive the widespread adoption
of TLS 1.2 with its support for modern encryption schemes, and was an important factor in the
TLS Working Group’s decision to abandon legacy encryption mechanisms in TLS 1.3.

He is lucky to have been the recipient of several prizes and awards for my research. These
include a Google Distinguished Paper Award for his joint work with Nadhem AlFardan
presenting plaintext recovery attacks against DTLS published at NDSS 2012; an Applied Net-
working Research Prize from the IRTF for his work with Nadhem AlFardan on the Lucky 13
attack; and an Award for Outstanding Research in Privacy Enhancing Technologies for his
work with Mihir Bellare and Phil Rogaway on the Security of symmetric encryption against
mass surveillance published at CRYPTO 2014. My work with Martin Albrecht, Jean Paul De-
gabriele and Torben Hansen on symmetric encryption in SSH won a best paper award at ACM
CCS 2016. In 2018, his work won best paper awards at CHES and IMC.

Other career highlights include being selected as Programme Chair for EUROCRYPT 2011,
being an invited speaker at ASIACRYPT 2014, and being editor-in-chief of the Journal of
Cryptology from 2017 to 2020. He was made a fellow of the IACR in 2017.
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Dr. Gil Zussman

Professor, Columbia University, New York

Bio: Gil Zussman received the B.Sc. degree in Industrial
Engineering and Management and the B.A. degree in Economics
(both summa cum laude) from the Technion — Israel Institute of
Technology in 1995. He received the M.Sc. degree (summa cum

: laude) in Operations Research from Tel-Aviv University in 1999
and the Ph.D. degree in Electrical Engineering from the Technion — Israel Institute of
Technology in 2004. Between 1995 and 1998, he served as an engineer in the Israel Defense
Forces. Between 2004 and 2007 he was a Postdoctoral Associate in LIDS and CNRG at MIT.

In 2008 he joined the faculty of the Department of Electrical Engineering at Columbia
University where he is now a Professor. His research interests are in the area of networking,
and in particular in the areas of wireless, mobile, and resilient networks. He has been an
associate editor of IEEE Transactions on Control of Network Systems, IEEE Transactions on
Wireless Communications and Ad Hoc Networks, the Technical Program Committee (TPC)
co-chair of ACM MobiHoc’15, IFIP Performance 2011, and a member of a number of TPCs
(including the INFOCOM, MobiCom, SIGMETRICS, and MobiHoc committees).

Gil received the Knesset (Israeli Parliament) award for distinguished students, the Marie Curie
Outgoing International Fellowship, the Fulbright Fellowship, the DTRA Young Investigator
Award, and the NSF CAREER Award. He was the PI of a team that won the 1st place in the
2009 Vodafone Foundation Wireless Innovation Project competition. He is a co-recipient of
seven best paper awards, including the ACM SIGMETRICS / IFIP Performance’06 Best Paper
Award, the 2011 IEEE Communications Society Award for Advances in Communication, and
the ACM CoNext’16 Best Paper Award.
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Dr. Kin K. Leung

Professor, Imperial College, London, United Kingdom

Bio: Dr. Leung had completed his Ph.D. in computer science, Univ.
of California, Los Angeles in 1985; M.S. in computer science, Univ.
of California, Los Angeles in 1982 and B.S. in electronics, The
Chinese Univ. of Hong Kong, Hong Kong in 1980. His major

Honors and Awards are:

IEEE Communications Society Leonard G. Abraham Prize, 2021

S.—UK Science and Technology Stocktake Award for the DAIS ITA Team, 2021
IET Fellow, 2021

Member of Academia Europaea, 2012

IEEE Fellow Evaluation Committee for Communications Society: Member 2009-
2011, Chairman 2012-2015

Royal Society Wolfson Research Merit Award, 2004-2009

IEEE Fellow for contributions to “Performance analysis, protocol design and control
algorithms for communications networks,” 2001

Lanchester Prize Honorable Mention Award, 1997

Bell Labs Distinguished Member of Technical Staff Award, 1994

He is Journal Editor of the following:

ACM Computing Survey (2009-now)

Journal of Sensor Networks (2005-now)

IEEE Trans. on Mobile Computing, Steering Committee Chairman (2020-2022) and
Member (2014-2016)

IEEE Trans. on Communications (1997-2011)

IEEE Trans. on Wireless Communications (2001-2009)

IEEE Journal on Selected Areas in Communications: Wireless Series (1999-2001)
Guest editor: IEEE Wireless Communications, 2007

Guest editor: Journal of Wireless Communications and Mobile Computing, 2005
Guest editor: Journal on Special Topics in Mobile Networking and Application
(MONET), 2003

Guest editor: IEEE Journal on Selected Areas in Communications, 1997

His current Research Interests includes:

Machine learning, distributed optimization, stochastic modeling and queueing
theory.

Wireless communications: resource allocation, power control, spread spectrum,
MIMO/beamforming antennas, cross-layer designs, link adaptation, MAC, wireless
TCP/IP, QoS, network protocols, and sensor, vehicular, ad-hoc and mesh networks.
Wireless technologies: GSM, EDGE, 3G, 4G and 5G cellular networks, and IEEE
802.11, 802.16 and 802.15 networks.

Communication networks: TCP/IP, mobility management, real-time applications,
network control protocols, traffic modeling.
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Professor, University of Waterloo, Canada

Bio: Dayan Banis a full Professor in Electrical and Computer
Engineering and is a researcher at the Waterloo Institute for
Nanotechnology.

His expertise lies in the conversion of near infra-red light directly to
visible light, design and fabrication of high-performance quantum
devices and the development of ultra-sensitive surface plasmon
Sensors.

Professor Ban successfully improved the efficiency of hybrid organic/inorganic devices by
more than one order of magnitude and applied time-domain terahertz spectroscopy to study the
device physics of terahertz quantum cascade lasers. Professor Ban’s research has also
accomplished the fabrication of prototype hybrid organic/inorganic devices by direct tandem
integration and the study of the effects of interfacial states on device performance. These
devices are responsible for the conversion of near-infrared light directly to visible light (green)
at room temperature.

Professor Ban pioneered the development of new methods in scanning probe microscopy to
observe, with nanometric spatial resolution, two-dimensional profiles of conductivity and
potential inside actively-driven lasers. He also resolved the nanoscopic reason for anomalously
high series resistance encountered in ridge waveguide lasers. In addition, Professor Ban
reported the first direct experimental observation of electron overbarrier leakage in operating
buried heterostructure multi-quantum-well —lasers. His work has provided the first
experimental visualization of the inner workings of operating semiconductor lasers, and has
also provided a platform for enabling tools for quantum semiconductor device and
nanotechnology research.

Research Interests

e Semiconductor quantum

e devices

e Photonics

e THz technology

e Nanotechnology

e Atomic force microscope

e Fiber-optical communication system
« Silicon Devices

e Terahertz Quantum

e Cascade Lasers

e Biophotonics

e Scanning Probe

e Microscopy

e Connectivity and Internet of Things
o Nanofabrication

e |loT Devices

e Application domains

20



Education
e 2003, Doctorate, Ph.D., University of Toronto

e 1995, Master’s, MS, University of Science and Technology of China
e 1993, Bachelor’s, BA, University of Science and Technology of China

21



Dr. Torsten Hoefler
Professor, ETH Zirich,Switzerland

Bio: Torsten Hoefler directs the Scalable Parallel Computing
Laboratory (SPCL) at D-INFK ETH Zurich. He received his PhD
degree in 2007 at Indiana University and started his first professor
appointment in 2011 at the University of Illinois at Urbana-
Champaign.

Torsten has served as the lead for performance modeling and analysis in the US NSF Blue
Waters project at NCSA/UIUC. Since 2013, he is professor of computer science at ETH Zurich
and has held visiting positions at Argonne National Laboratories, Sandia National
Laboratories, and Microsoft Research Redmond (Station Q).

Dr. Hoefler’s research aims at understanding the performance of parallel computing systems
ranging from parallel computer architecture through parallel programming to parallel
algorithms. He is also active in the application areas of Weather and Climate simulations as
well as Machine Learning with a focus on Distributed Deep Learning. In those areas, he has
coordinated tens of funded projects and an ERC Starting Grant on Data-Centric Parallel
Programming.

He has been chair of the Hot Interconnects conference and technical program chair of the
Supercomputing and ACM PASC conferences. He is associate editor of the IEEE Transactions
of Parallel and Distributed Computing (TPDS) and the Parallel Computing Journal (PARCO)
and a key member of the Message Passing Interface (MPI) Forum.

He has published more than 200 papers in peer-reviewed international conferences and journals
and co-authored the latest versions of the MPI specification. He has received best paper awards
at the ACM/IEEE Supercomputing Conference in 2010, 2013, and 2014 (SC10, SC13, SC14),
EuroMPI 2013, IPDPS’15, ACM HPDC’15 and HPDC’16, ACM OOPSLA’16, and other
conferences. Torsten received ETH Zurich’s Latsis Prize in 2015, the SIAM
SIAG/Supercomputing Junior Scientist Prize in 2012, the IEEE TCSC Young Achievers in
Scalable Computing Award in 2013, the Young Alumni Award 2014 from Indiana University,
and the best student award 2005 of the Chemnitz University of Technology. Torsten was
elected into the first steering committee of ACM’s SIGHPC in 2013 and he was re-elected in
2016. His Erd6s number is two (via Amnon Barak) and he is an academic descendant of
Hermann von Helmholtz.
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Bio: M. Jamal is a Distinguished University Professor and
Senior Canada Research Chair in Information Technology at
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the Director of the Micro- and Nano-Systems Laboratory. His
research specialty are in the broad areas of electrical engineering and applied physics. He has
done his Ph.D. (Electrical Engineering and Applied Physics) from Case Western Reserve
University, Cleveland, OH, U.S.A in 1985; M.S. (Electrical Engineering and Applied Physics),
from Case Western Reserve University, Cleveland, OH, U.S.A in 1982 and B.Sc.
(Physics/Mathematics), from University of Guyana, Turkeyen, Guyana in 1978. His expertise
includes Micro-/Nano-/Opto-Electronics, Nanotechnology and Data Analytics for Health and
Environmental Applications, Bioimagers, Biosensor; his areas of specializations are Imaging,
Sensing and Detection, Integrated Systems, Biomedical, Microelectronics, Communications,
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o Distinguished University Professor; Professor and Senior Canada Research Chair in

Information Technology ;

2017 Distinguished Visiting Fellowship Award from Royal Academy of Engineering, UK;

2017 PIFI Distinguished Scientist Award from Chinses Academy of Sciences;

2017 Overseas Academic Masters Scholar Award,;

2014 IEEE Canada Ham Outstanding Engineering Educator Award;

2013 IEEE Canada AGL McNaughton Gold Medal;

2013 UWI Vice-Chancellor’s Award;

2013 Faculty of Engineering Research Achievement Award from McMaster University;

2011 IEEE Canada R.A. Fessenden Silver Medal Award;

2011 Electronics and Photonics Divison (EPD) Award from the Electrochemical Society ;

2009 Technology Achievement Award from the Indo-Canada Chamber of Commerce;

2008 Eadie Medal from The Royal Society of Canada;

2008 Guyana Award from the Academic Excellence Guyana Awards Council — Canada;

2006 Humboldt Research Award from the Alexander von Humboldt Foundation;

2006 IBM Faculty Award from IBM Corporation, USA,;

2002 Distinguished Lecturer from IEEE Electron Device Society;

2002 Thomas D. Callinan Award from the Electrochemical Society.

Doctor — Honoris Causa E| Instituto Nacional de Astrofisica, Optica y Electronica, Puebla,

Mexico, 11 Nov 16.

Doctor — Honoris Causa Universitat Rovira | Virgili, Tarragona, Spain, 7 March 2014.

o Doctor — Honoris Causa Universidad de Granada, Granada, Spain, 25 May 2012.

o Doctor of Engineering — Honoris Causa University of Waterloo, Waterloo, Ontario,
Canada, 18 June 2011.
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Abstract—While computational methods offer great potential
in predicting drug-drug interactions (DDIs), such predictions as
of yet have limited utility in supporting clinical decision-making;
in particular, there exists especial difficulty in deriving
interaction mechanisms from the vast abundance of available
information on potential DDIs. Here, we present a
backward-chaining inference algorithm that operates on a
knowledge graph integrating multiple types of mechanistic
information, from metabolizing enzymes to genetic variants.
Given two drugs of interest, this algorithm applies complex rules
to identify evidence supporting their potential interaction, which
in turn suggests their mechanism of interaction. An evaluation of
the ruleset using two widely-used drugs with a suspected
interaction, the antibiotic levofloxacin and the chemotherapeutic
irinotecan, successfully identified pharmacological and
biomedical features that support and may explain their
interaction. This algorithm represents a first step toward
effectively assessing the clinical relevance of identified DDIs, and
of identifying pairs of interacting drugs that may be validated in
the experimental setting to support clinical decision-making and
ultimately improve medication safety.

Keywords—artificial intelligence, decision support, rule-based
inference, knowledge graph, drug-drug interactions

I. INTRODUCTION

Adverse drug events contribute to patient morbidity,
mortality, and healthcare costs, and are becoming of greater
concern as the role of drug therapy expands and polypharmacy
becomes more frequent. These include drug-drug interactions
(DDIs), for example, toxicity or reduced efficacy, which may
result when a patient is co-administered two or more drugs. In
the US alone, DDIs were implicated in 231,000 emergency
room visits in a 26-month period [1] and nearly a quarter of
hospital admissions [2]. Accordingly, there is great interest in
using available computational resources and published
material to 1) efficiently identify combinations of drugs that
can produce clinically meaningful effects and 2) effectively
share that information with clinicians so as to make decisions
that minimize patient risk. Realizing both of these objectives
at once is challenging for extant methods of identifying DDIs.

Classically, DDI discovery has been carried out by means
of single-pathway studies using either in vivo or in vitro
approaches. These have often focused on cytochrome enzymes

(CYPs) and disregarded other possible interaction
mechanisms; in addition, most are undertaken during clinical
trials, hence typically consider few confounding factors and
involve small sample sizes [3]. Thus, while traditional
methods provide clinically meaningful information, they are
low-throughput and limited in scope, making for a
considerable bottleneck in DDI discovery. In silico methods of
DDI prediction have become of great interest as a solution to
this bottleneck. Such methods often begin with knowledge of
pharmacologic properties and statistical associations of drugs
with health outcomes; extant approaches have considered
numerous features [4], [5] and utilized a wide variety of
techniques [5]-[10]. However, they also have a common flaw
in producing vast lists of prospective DDIs with uncertain
clinical relevance. New tools are needed to resolve the critical
challenge of accurately identifying clinically meaningful
DDIs.

Here, we constructed a rule-based inference algorithm with
the goal of simultaneously predicting DDIs and explaining
their mechanisms, the better to elucidate the clinical
significance of any prospective interaction. Rule-based DDI
prediction systems have demonstrated considerable promise in
this regard [11]; the present algorithm improves on prior
efforts by simultaneously accounting for two different
mechanistic layers and sourcing supporting evidence from a
wide selection of available resources, thereby drawing upon an
expansive knowledge base and distilling it into meaningful
explanations of a prospective interaction. Thus, this algorithm
represents a key step forward in leveraging the abundance of
available information to efficiently identify DDI pairs with
prospective clinical relevance and appropriately prioritize
them for experimental validation.

II. METHODS

A. Creation of the knowledge graph

The inference algorithm applies rules on a knowledge
graph encompassing four core categories of information
relating to drug interaction mechanisms: biomolecular,
physiological, pharmacological, and genetic. Included
biomolecular and physiological information originated with
Gene Ontology terms, the National Drug File Reference
Terminology, and the National Cancer Institute Thesaurus
[12]-[14]. Genetic and pharmacological information were
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sourced in November 2021 from the Pharmacogenomics
Knowledge Base and DrugBank respectively [15], [16]. All
items in the graph were either included in the Unified Medical
Language System (UMLS) or were mapped to UMLS concept
unique identifiers [17]. All told, this graph represented six
kinds of mechanistic information: physiology, biological
processes, molecular functions, proteins, genes, and SNPs. To
validate the graph, we employed the Protégé tool to construct
an ontology and checked its consistency with the Pellet
reasoner [18], which determined it to be appropriately
consistent.

B. Development of the backward-chaining inference
algorithm

We developed a rule-based model of the mechanisms by
which drugs interact and used a backward-chaining inference
algorithm to identify potential interactions through
mechanisms. Emulating human decision-making, the
algorithm starts from a hypothesis (that a given drug pair
interacts), searches the knowledge graph for supporting
evidence defined according to a set of if-then rules, and finally
either accepts or rejects the hypothesis [19]. Our algorithm
considered two potential levels of interaction: convergent
pharmacological effects (inhibition or induction of a necessary
transporter or enzyme) and sharing of some features in the
four biomedical categories.

The ruleset employed by the algorithm was thus designed
to elucidate potential DDIs and the mechanism by which they
occur, illustrated in Fig. 1. These six rules were validated by a
clinician and specifically identified the following situations:

Layer 1: Pharmacological

e Inhibition of one drug by the other at metabolism or
transporter levels

e Induction of one drug by the other at metabolism or
transporter levels

Layer 2: Biomedical features

e The drug pair has a pharmacological target in common
e The drug pair have common biomolecular features

e The drug pair have common physiological pathways

e The drug pair have common influencing genetic
variations

A given pair of drugs were considered prospective
interactors if found to have any positive hit in the
pharmacological layer AND if they also fully shared features
within at least two of the four categories of the biomedical
layer.

C. Validation of predictions

To evaluate and validate the performance of the inference
algorithm in predicting drug interactions, we tested it on a pair
of drugs that are administered to cancer patients and that
evidence suggests have potential to interact. The first,
irinotecan, is an antineoplastic chemotherapy agent. The
second, levofloxacin, is a broad-spectrum quinolone antibiotic
frequently used to treat infections in cancer patients and, in
those at high risk of febrile neutropenia, as a
post-chemotherapy  prophylactic [20]. The respective
indications of these drugs mean they are likely to be
concurrently administered. In addition, both drugs have
well-documented pharmacokinetics profiles, which provide a
wealth of data for the algorithm to consider. While no study
has yet reported a conflicting interaction of irinotecan and
levofloxacin in practice, there is some indication that
concurrent administration of antineoplastic agents and oral
quinolone antibiotics may lead to reduced plasma
concentrations of the latter, and hence reduced therapeutic
effect [21], [22]. Thus, this drug pair constitutes a likely
candidate for interaction.
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I11. RESuULTS

Running the inference algorithm on the candidate
interactors levofloxacin and irinotecan successfully identified
potential mechanisms of interaction for these drugs on both
pharmacological and biomedical feature levels. On the
pharmacological level, the algorithm identified two proteins
that mutually interact with the two drugs. First, the
monooxygenase Cytochrome P450 Family 3 Subfamily A
Member 4 (CYP3A4) utilizes irinotecan as a substrate and is
inhibited by levofloxacin; and second, the transporter ATP
binding cassette subfamily B member 1 (ABCBI, also known
as P-glycoprotein) transports irinotecan and is inhibited by
levofloxacin. Thus, these proteins represent two points of
potential pharmacological conflict for this drug pair when
concurrently administered to a patient.

On the biomolecular feature level, our algorithm also
identified irinotecan and levofloxacin as sharing three
features. First, if a patient is allergic to either of the drugs,
administration of the other is also contraindicated; this
represents a shared reaction of the body to the two drugs.
Second, both drugs adversely affect DNA integrity, which
constitutes a shared biomedical impact. Third, the two drugs
have in common several classes of molecular groups and
structures such as benzene rings, hydroxyl compounds,
carboxylic acids and derivatives, hydroxyquinolines, and
others; hence, they share chemical characteristics, which may
relate to common interactions (as with CYP3A4) or effects of
the two drugs.

IV. DiscussioN

Current state-of-the-art methods for DDI prediction
typically yield associations on either pharmacodynamic or
pharmacokinetic bases alone; in addition, they consider few
features and reference only a fraction of the biomedical
resources available [23]-[25]. However, it is also true that
existing DDI resources frequently have little overlap in their
reported DDIs and may specialize in particular interaction
types or mechanisms [26]. Our algorithm thus stands apart
from extant methods in that it focuses on the process of
evaluation and leverages four different categories of potential
interactions to explore and explain DDI mechanisms on
multiple levels simultaneously. Applied to irinotecan and
levofloxacin as a case study, our algorithm identified two axes
through which those drugs may interact: on the
pharmacological level, mutual interactions with endogenous
proteins, namely the enzyme CYP3A4 and transporter
ABCBI, and on the biomedical feature level, commonalities
in three feature patterns.

As the incidence of polypharmacy increases, there is
potential for exponential growth in associated health risks
[27]. Tt is straightforward to contraindicate concurrent use for
drug pairs that have an overt adverse interaction documented
in a clinical setting; however, not all DDIs are necessarily
overt in their effects, and with the ever-increasing array of
drugs on the market and in development, it is not practical to
empirically test even a fraction of possible combinations. In
addition, as DDIs are an important consideration during drug
development and approval, it is imperative to be able to
predict interactions before a drug sees wide clinical use. Thus,

it is urgently necessary to understand not only reported but
also unobserved and potential DDIs and the mechanisms by
which they occur, which in turn necessitates the development
of new methods [6]. On top of this, it is essential to identify
the clinical relevance of a hypothesized interaction so as to
effectively inform regulatory and clinical decision-making.
The algorithm presented here represents a first step towards
development of a prediction tool that highlights prospective
explanatory mechanisms and can be used by clinicians as well
as researchers, and so may potentially bring substantial
decision support value to present practice.

While this algorithm utilizes a relatively simplistic
combined similarity determination in assessing sharing of
biomedical feature patterns, that very simplicity represents a
springboard on which future work can elaborate and expand.
For example, each biomedical feature is currently given the
same importance, with the implication that if drugs share a
greater number of shared features, there is greater concern of
their interaction [28]. As a basic premise this appears sound,
and the false alarms reasonably low despite only relatively low
similarity being required; however, there may be benefit in
employing more comprehensive in silico methods to enhance
or even replace the current similarity determination. Thus, our
work not only constitutes a solid proof of concept but offers
potential for further development that can help realize an
effective DDI prediction system with utility in accelerating
new drug approvals and facilitating clinical decision-making.
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Abstract— The reliability of the electrical network and the
need to minimize economic losses due to unexpected power
outages have led electricity distribution companies to introduce
diagnostic and preventive maintenance programs to assess the
condition of facilities under normal working and power
conditions in order to be able to react quickly in unexpected
conditions (fire and floods). The developed system is composed of
different types of sensors characterized by their very low power
consumption, which detect anomalies in the operation of medium
voltage (30Kv) and high voltage (220Kv) line installations located
in underground utility tunnels for electricity distribution.

This article describes and develops a very low power
communication system in the IoT field which improves the
energy efficiency of radio communications between sensor nodes
(WSN) by integrating systems that facilitate the operation of
multiple hops of the wake-up signal. This provides a longer
overall lifespan in comparison to other monitoring systems.

The developed WSN sensor network is installed and tested in
an underground service utility tunnel including medium and
high voltage transmission lines that belongs to the Endesa group
(ENEL) and is located in the city of Barcelona. A web-type user
environment has been designed to view the data sent by the
sensor network.

Keywords: Wake-up, Mesh network, IoT, Low-voltage charge
pump, WuRx and WuTx radio.

1. INTRODUCTION

Energy efficiency is one of the most important criteria in
the design of a wireless sensor network (WSN). Nowadays,

WSNs are applied in a wide range of fields, such as
environmental monitoring, machine surveillance, health
monitoring, and traffic control. However, sensor nodes are
generally battery-powered and therefore have a very limited
lifespan if power management is not performed. Some
problems found in most of the currently available applications
are the limited time of operation and the need for short-term
maintenance (change of batteries). Radio transmission and
reception are the two main sources of power consumption. So
when a node is up and waiting to receive data, it wastes energy
due to listening idle. Therefore, it is essential to investigate
new methodologies to avoid wasting the energy of the entire
node.

WSNs are typically operated across multiple hops to
provide an extended range of coverage. Multi-hop operation
must coordinate multiple nodes to allow data to pass through
each hop to the destination node, which requires sensor nodes
to switch from receive to transmit modes based on the
received trigger signal.

Through the efficient communication mechanisms in the
sensor nodes, you can turn off your radio and set your
microcontroller (MCU) to sleep power mode when it is idle
and wake it up when there are possible transmissions. To wake
up a sensor node, two methods can be used: a periodic sleep
method programmed by the microcontroller with the help of a
timer or the integration of an ultra-low power or passive
auxiliary radio called wake-up radio (WuRx) to the sensor
node waiting for the trigger signal sent by the trigger radio
transmitter (WuTx).

Basically, our aim is to design a multi-hop ultra-low power
sensor network in line topology, based on starting from the
WuRx passive auxiliary radio integration method. In order to
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carry out this method, the characteristics of currently existing
WuRx will be improved, so they can be integrated in

entation with a coverage range similar to the main radio.

The fact that these underground utility tunnels are not
straight along their entire route, having curves to the left and
to the right and unevenness, as well as the fact that they are
underground difficult the communication between nodes and
the output of information to the outside. In addition, inside the
underground tunnel, a local network of sensors that
communicates with an end point (gateway with internet
connection) should be created to process the data flow and
send it to the web server.

II. LOCATION OF WSN NODES

A mesh network, capable of routing data based on
DigiMesh [1], has been used as topology. Digimesh is an
alternative proprietary protocol to Zigbee [2], which uses
2.4GHz XBee S1 pro modules [3] that allow that Packet
routers can also sleep and can be synchronized with the rest
times of the Network. This technique consists in
synchronizing time periodically to save energy in the nodes of
the WSN network.

The underground utility tunnel has a route of 2.4 km. The
profile is shown in the following figure.

250 m 310 m

Loty Gularis 200 m

260 m

Fig. 1. Undergrown utility tunnel profile.

Fig. 2. Some photos of the underground utility tunnel route.

Currently, the network is made up of 27 nodes distributed
along 2.4 km, which is the total length of the tunnel. Each node

commercial [oT radios. In addition, this process is required to
achieve a multi-hop implem

works in the following way: firstly, the node takes
measurements and send them, then enroutes the packets sent
by other nodes to the network hub, and finally synchronizes
with the sleep times established by the network. The system is
divided into three sections, each section is made up of 9
DigiMesh sensor nodes and a gateway.-Figure 3 illustrates the
block diagram of a section of the implemented sensor
network.
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Fig. 3. General diagram of installed WSN

Most of the DigiMesh sensor nodes have been located
taking into account the need of measuring environmental
conditions in conflicting areas such as junction chambers or
water pumps; the rest are located in less conflictive areas and
all of them form the DigiMesh network. The gateways have
been located at the tunnel entrances to take advantage of the
coverage of the mobile network operator. Figure 4 shows the
location in meters of each node following the route from the
beginning of the tunnel.

SECTIONL | |

GSM 1 2150 m
Node 1 2142m
Node? 2040 m
Node 3 1950 m
Node 4 1840 m
Node 5 1720m
Node 6 1670m
Node 7 1640 m
Node § 1580m
Node 9 1490m
SECTION 2
Node 10 1420m
Node 11 1330m
Node 12 1230m
Node 13 1110m
Node 14 1060 m
1050 m
Node 15 990 m
Node 16 910m
Node 17 830m
Node 18 780 m
SECTION 3
Node 1 700 m
Node 2 570m
Node 3 550 m
Node 4 480m
Node 5 390m
Node 6 280m
Node 7 150m
Node 8 90m

Node 9 20 m

Fig. 4. Location of the sensor nodes installed in the underground utility
tunnel

The distribution of the sensor nodes has been based on the
simulation of the Wireless InSite® program [4], where it is
possible to configure the environment taking into
consideration relevant parameters of mobile communications
such as reflection and propagation coefficients of the
materials, antennas, losses, transmitter and receiver, etc. We
have applied the parameters so the transmission conditions
that may be found in an underground utility tunnel are
reproduced, meaning this that the parameters have been
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configured in order to reflect the worst possible transmission
conditions. chosen the worst transmission case that can be
found inside a tunnel as a 90 degree curve. (figure 5)
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Fig. 5. 90° curve Simulation Scenario. a) 3D design. b) 2D design.

Some simulation results, such as received power and gain
versus distance, are illustrated in figure 6 below.

nel. The designed system could be adaptable to any low
consumption WSN network.

In figure 7, the essential block diagram of the proposed sensor
node is shown.
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Fig. 7. General block diagram of the proposed sensor node.
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Fig. 6. 90° curve Simulation Scenario. a) Received signal power. b) gain

In the graph of Fig. 6, an attenuation of 19 dBm is
observed in the tunnel curve.

III. SENSOR NODE OPTIMIZATION USING ULTRA LOW POWER

The proposal described below aims to reduce energy
consumption in the sensor nodes of the system developed in
the underground tunnel. The network configuration designed
and installed in the tunnel has a line topology, where the nodes
have serial communication. Our proposal, unlike other
solutions, provides an improvement in range, sensitivity and
energy performance, as well as hardware reduction. This can
be achieved by eliminating WuTx in WSN sensor nodes in a
difficult RF propagation environment, such as an underground
electrical utility tun

Each sensor node proposed in the WSN works as a multi-
hop node, both for wake-up signals and data signals. However,
first all sensor nodes send a wake-up signal to wake up other
nodes in case of detecting anomalies, comparing the sensor
measurements of the node with the thresholds set by the client
or the reception of a transmitted wake-up signal by another
sensor node. In other words, the sensor node wakes up from
sleep mode through a wake-up signal received in its WuRx or
an anomaly detected by the average measurements of the
sensor node. Therefore, two scenarios are contemplated in this
design due to the need to incorporate the detection of
anomalies for the activation of a sensor node. These are the
following:

Activation due to an anomaly: It is a signal to activate the
MCU, generated from a continuous comparison of the analog
measurements of the sensors integrated in the proposed sensor
node with a fixed threshold. Once the MCU is activated, the
analog measurements are processed passing through the ADC
converter and the antenna is selected to work with the main
radio through the switches, then the MCU activates the main
radio, Xbee, to send a wake-up signal to activate the next one
within range. Then, the Xbee radio waits for an ACK signal
and once the signal is received, it sends the data. Finally, it
returns to the initial state until listening to a new wake-up
signal by WuRx, so that energy is saved.



IEMTRONICS 2022 (International IOT, Electronics and Mechatronics Conference)

Activation with a wake up signal: Wake-up signal
activates the MCU generated by the WuRx radio alarm clock.
When activating the MCU, the sensor and comparator blocks
are deactivated and the main Xbee radio is activated and sends
the ACK signal, waiting at the same time to receive the
measurement data. Then a wake-up signal is sent to the next
node to wake it up, and so on until the hub is reached. It should
be noted that in this case the sensor node behaves like a data
router equipped with the WuRx radio alarm clock.

1

P
.

Fig. 8. Different way to activate the transmission node.

The main difficulty of the multi-hop enablement
techniques is the complexity of the WuRx and WuTx
hardware previously described. However, this level of
complexity is necessary in order to guarantee a proper
consumption [5]. In this system, the modulation technique
used in the transmission of the wake-up signal is the same as
the one used in the WuTx and WuRx modes. In this way, the
main radio of an Xbee module can be used.

IV. WAKE-UP SIGNAL MODULATION

The proposed radio frequency module, Xbee, is a Digi
implementation based on the Zigbee protocol under the IEEE
802.15.4 standard. The IEEE 802.15.4 standard specifies the
type of modulation in its physical layer (PHY). In the case of
the proposed Xbee of the 2.4Ghz band, the modulation used is
the quadrature phase shift O-QPSK (Offset Quadrature Phase
Shift Keying) with a bit rate of 250 kb/s, a symbol rate of 62.5
Ksymbol/s and the total number of symbols, 16-array
orthogonal.

The wake-up signal transmitted by Xbee is modulated in
OQPSK; in theory it would have to be demodulated at the
receiver in OQPSK. In this development, OOK (On-Off
Keying) digital amplitude demodulation is used for the correct
detection of wake-up signals. So, you have to look for an
OQPSK modulated signal capable of demodulating it with
OOK technology.

OOK modulation is the simplest and most common form
of ASK modulation. Its operation can be understood as that of
a switch that turns the carrier signal on or off, in such a way
that the presence of a carrier indicates a binary 1 and its
absence a binary 0. The modulated signal follows the
following equation:

"1" binary 1)

S() Asin(2xft)
"0" binary

An example of OOK modulation is illustrated in Figure 9.

Carrier signal

Modulating signal

11 00 11 11 00 11 00 00

Modulated signal

N1
VAV, 4)

Fig. 9. Amplitude Shift Modulation.

The OQPSK modulated wake-up signal is demodulated
with an OOK receiver. The idea is based on taking advantage
of the operating characteristics of OOK and OQPSK
modulations to build a wake-up signal with the collaboration
of a micro and hardware, capable of modulating it again using
OOK technology. With OQPSK modulation, a sinusoidal
signal can be sent in phase with a fixed amplitude over time,
simulating a sequence of high bits “1” following equation 2.

S(t) = A sin(2nft + g) (2)

In this case, the phase shift (6/4=0) can be neglected
because it is not significant when constructing the signal that
could be demodulated with the OOK technology. With which,
it has been possible to build a carrier signal (equation 3),
sending a sequence of binary "1" during a known time (tx).

S(t) = jo“A sin(2nft) dt 3)

The next task is based on the OOK modulation of a bit
frame to get the wake-up signal using a microprocessor and a
time-controlled switch. The construction of a modulated
signal in OOK of a frame of bits, is carried out by cutting the
transmission of the carrier signal S(t) during the time it takes
to send the binary "0"; for this, a switch controlled by the
microprocessor is used. An example of a binary frame is
shown in Figure 10.

Carrier signal

(\ '\’\l\lll‘\ “’\" |“ \"4\‘ ’:\ ';“| f".\' |""\ ‘(‘ “'“‘ "“'l |'>"||“||‘ M \“lfllﬂ'\
HH\“H‘UI“H\|‘Il‘ul‘»‘lu“\\‘l"ll‘

\

Modulating signal

Fig. 10. OOK modulation example with two bits
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In figure 11 you can see the block diagram of the WuTx
including the controlled switch.

Modulated signal in 00K

Carrier signal In OQPSK

Sieep RO pin

Sequence of “1” Binary

111111111111

Fig. 11. WuTx block diagram

V. WAKE-UP SIGNAL DEMODULATION

The WuRx receiver design is based on the decoding of the
wake-up signal. A wake-up signal is generated by detecting a
data signal (wake-up) on a carrier frequency. The
communication node has two receive paths, one to process a
wake-up signal and one to communicate with the main radio
of the node. The receive path is activated depending on the
antenna switch. This switch is controlled through an output
port of the microcontroller used in the design. Before entering
low power mode, the controller configures the switch so that
all incoming signals are routed to the WuRx circuit. After
impedance matching, rectification, and low-pass filtering,
only the envelope signal remains, which is connected to the
input of the demodulation block. In the event of a valid
wakeup signal and a positive correlation of the sent address
with an internally saved bit stream, the WuRx receiver
interrupts the microcontroller from its sleep mode. The Figure
12 shows the WuRx receiver block diagram.

Impedance e

Matching IR

an,
Rectification.

fiske-up Wake-Up Signal

Microcontroller
rocen Demodulator.

Main Rx./ WuTx

Sensors

Fig. 12. WuRx receiver block diagram.

The objective of the receiver design is to minimize the
energy consumed that is related to the frequency spectrum to
be used in the transmission. If low frequencies are used, lower
consumption is achieved in the receiver circuit, but larger
antennas are required at low frequencies. Therefore, to
compensate for this practical situation, a carrier signal of 2.4
Ghz with an OOK modulation of 125 KHz is chosen. The 2.4
GHz carrier is then turned on and off so that the resulting
envelope represents a 125 kHz square signal. In addition, said
signal contains additional modulated address information.
Figure 13 shows OOK carrier modulation as described.

125 kHz Period

2.4 Ghz

n.”” l\HI'HW”

I

0 0 0 1
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Fig. 13. 2.4Ghz carrier and 125 Khz OOK modulation

The WuRx circuit includes the blocks shown in
Figure 14.

2.4 Ghz

Impedance Matching Network  Voltage Rectifier-Multiplier Comparator
[ T ‘
— — . -
[ -l Wake-Up Signal
a T 1 Demodulator

!

| o

H \

! '

Fig. 14. WuRx circuit blocks. Details.

The Voltage Multiplication and Rectification Block [6] is
simply an envelope detector that demodulates the 2.4 Ghz
wake-up signal sent by WuTx to extract the 125 Khz signal.
Since the RF energy at the rectifier input is very weak, a multi-
stage rectifier is designed as shown in Figure 15.

Jdie e N Tl

Fig. 15. RF signal collection circuit, 5 stages

—1_
-

w P

If an ideal collection system is considered and it work in
open circuit, that is, with an infinite load, the output voltage
Vout can be expressed as equation 3 where Vp is the peak
voltage at the input. With this equation, for a 5-stage
multiplier, Vout is ideally 10 times the peak voltage.

Vout =V0xn=2Vpxn 4)

The Impedance Matching Network Block is formed by an
inductive-capacitive filter whose objective is to transfer the
maximum power between the antenna and the rest of the
circuit.
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Fig. 17. Plot Vout(V) vs Pin(dbm), 5 stages with coupling circuit. a)
RL=300K, b) RL=100K, ¢) RL= 50K, d) RL=20K

The Voltage Compare Block which uses a comparator
device to compare the 2.4 Ghz envelope output signal to a
configurable reference level. In addition, it serves to protect
the next circuit block against a voltage surge generated by the
voltage multiplication and rectification block.

V. MONITORING SOFTWARE

For the treatment of the information, a web application has
been designed and developed to monitor the measurements in
real time, which is accessible through a browser in the form of
a histogram and a table. Figure 18 illustrates the
measurements of all the points of the underground utility
tunnel in the form of a histogram.

Temperatus{"C) Vs Humedsd(’) del Tramo 1
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Fig. 18. Histogram of the temperature and humidity measurements of the
service tunnel

In addition, scripts have been developed within the web
page for the generation of alarms (email and SMS) in case of
exceeding the thresholds and the configuration of sensor
thresholds (temperature, humidity and temperature increase)
and registration of new accounts. of user or administrator type
through authentication for, for example, the reception of alarm
notifications.

VI. FEATURED RESULTS

The maximum energy consumption in the transmitting
node is generated in the RF emission period. This
consumption is much higher than that produced in the sensor
block and the microcontroller. The estimation of the
autonomy of the device in different scenarios and a
comparison with other devices is illustrated below (Table 1).
The best performance is due to the use of the developed Wake-
up techniques.

Table 1. ESTIMATION OF THE AUTONOMY OF THE
DEVICE IN DIFFERENT SCENARIOS
Battery | Scope | Sleep | Enable | Autonomy(dies)
(mAh) (m) time time
(h) (s)

MH-REACH- 3600 9,1 4 3 413
Mote [7]
prototype (a) | 3600 100 4 3 631,34 (+53%)
prototype (b) | 19000 100 24 2 3492 (+750%)
Other 3600 100 4 3 265,07 (-36%)
Prototypes
(State of art)

10
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VII. CONCLUSIONS

A monitoring system has been developed using very low
consumption communication nodes. Its operation has been
installed and verified in an underground utility tunnel
including medium and high voltage lines. This scenario
requires a line network topology that makes the design
difficult. Performance has been increased by lowering the
power consumption required by each transmission node;
Wake-up techniques are used to achieve this. There is a
passive auxiliary radio in all nodes, WuRx, capable of
receiving the wake-up signals, and also another radio, WuTx,
to transmit another wake-up signal in order to wake up the
other nodes. To take advantage of a previous system, the main
radio of the sensor node has been redesigned so that it
transmits the Wake-up signals. A passive energy capture
system has been incorporated, taking advantage of radio
frequency to activate the sensor node. Although the
transmission range between nodes can be improved, the tests
are positive. As a line of future research, it is desired to deepen
the study of the RF Wake-up system, which is essential to
reduce energy consumption. It will also be studied how to
improve the renewable energy system constituted by the
capture of tuned radiofrequency to enable the transmission
node that is part of the [oT structure.
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Abstract— With the growth of world communication, wireless
communication has become one of the most prominent sectors. The
design and simulation result of the 24 GHz (ISM band) antenna has
been developed in this article. Many publications have addressed this
research and developed antennas utilizing arrays. However, the
proposed design provides a novel model of a small size patch antenna
that is easier to build and has improved return loss, efficiency, and
gain than previous research studies. The recommended patch
antenna design is 18mmXx2.451mmx0.257mm. The substrate
material for this antenna is Roger RT5880 (lossy), which has a
permittivity of 2.2. According to the simulation results, this design
has a return loss of -28.96 dB, a VSWR (Voltage Standing Wave
Ratio) of 1.08497, a gain of 5.152 dB, and an antenna efficiency of
67.026%. The patch antenna is expected to function effectively and
may be used for wireless communication based on simulation results.

Keywords—CST, 5G, Gain, ISM band, Radiation efficiency,
Surface current, VSWR.

1. INTRODUCTION

Wireless communication technology is getting developed
with the enhancement of 5th generation communication as it has
the benefit of having large bandwidth, and a high-speed data
rate. To support this, it is required to develop and design more
improved characteristics of antenna such as high gain, beam
width, VSWR, radiation efficiency, and return loss and needed
to balance them with antenna size, cost, and design [1-3]. In
addition, the Microstrip antenna contains low characteristics,
light weight, moderate cost, light volume, low fabrication
expense, smaller size, and flexible design. [4]. The proposed
antenna is designed at 24 GHz which is within the range of
industrial as well as scientific (ISM) bands. The ISM band 24-
24.25 GHz is available for worldwide application, and licensed
users of this frequency include earth exploration satellite
services and armature satellite radiolocation. This frequency
band is quite useful in high-performance and lower-cost health
care sensors, radar applications, and communications [5-7]. The
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recommended Microstrip patch antenna in this article has a high
gain of 5.152 dB and a significant return loss of -28.91 dB,
which are required for future 5G Wireless Communication
Systems. The recommended model has an efficiency of 67.026%
along with a bandwidth of 0.769 GHz. Among several
previously completed works, the antenna model has a strong
gain and a larger return loss, implying that the suggested design
work is more efficient.

This paper is organized as follows: Section II describes the
theory and methodology, section III illustrates the proposed
antenna design, Section IV describes the simulation and
analysis, and a comparative study is given. Finally, section V
concludes the paper.

II. THEORY AND METHODOLOGY

The frequency range taken for the proposed Microstrip patch
antenna is from 23 GHz to 25 GHz where the operating
frequency is 24.068 GHz to have better performance and this is
under the ISM band. Here, Fig. 1 delineates the geometric
configuration of the designed antenna in free space.

W,

W,

Fig. 1. Structure of the recommended microstrip patch model for free space.
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Fig. 2. (a) and (b) are the configurations of the designed antenna including

slot size, depth, and feedline width in free space.

Roger RT5880 (lossy) is chosen as substrate with permittivity
2.2. Necessary formulas for the calculation of parameters are
given below [8]. Patch antenna’s width and length are being
measured by using Eq. (1).

W =
2f,

€y
&+ 1

2

Here,

W= Patch’s width

C = Light Velocity = 3x 103m/s
f= Resonant frequency

&= Substrate’s dielectric constant

The effect permittivity erand the effective length, Les are
calculated by equations (2) and (3) respectively.

&+1
2

& —2
2

L L
eff = —. ——
Zfr\/ Ereff

Where Leir= Effective length. The extension of length is given
by Eq. (4).

h 0.5

€)

(F +0.264) (eerr +0.3)

AL = 0.412
(£retr — 0.258) (% + 0.813)

4)
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AL= extension length.

The length of the patch is calculated by Eq. (5) below.

III. ANTENNA DESIGN

CST software is used to design the antenna. Designed antenna
views from different angles such as perspective, front, and rear,
left and right, and top and bottom views are shown in Figures 3
to Figure 8.

<]

Fig. 3. Standpoint vision of the antenna.

b grang

Fig. 4. Antenna’s front view.

Fig. 5. Rear view of the antenna.
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Fig. 6. Left & Right vision of designed antenna sequentially.
Fig. 7. Antenna’s top view design.
Fig. 8. Recommended antenna’s bottom view design.

Related specifications of the proposed antenna are shown in the
following Table I.

TABLE L THE PROPOSED MODEL’S PARAMETERS
Parameter descriptions and Measurements
symbols (mm)
Antenna Patch’s width, W, 18
Width of Single Patch, W, 3.6
Length of Patch, L, 2451
Ground plane’s width, W, 20
Ground plane’s length, L, 20
Slot size, a 22
Slot size, b 0.15
Slot size, ¢ 3
Slot size, d 1.8
Height of Substrate, hy 0.257
Feedline width 0.695
Ground Thickness, h; 0.045

IV. SIMULATION AND ANALYSIS

After designing the antenna, to run the simulation, two options
can be selected. From the home section, an author can select
setup solver or start simulation. For setup solver, the accuracy
level has been kept at -40 dB. After that start option has been
pressed. Besides, the start simulation option also can be pressed
which will lead directly to the simulation process.

A. S-Parameter

S-parameter or return loss gives information about the amount
of reflected power caused by impedance discontinuity and the
acceptance range for return loss of an antenna is greater than -
10 dB [9]. The value of return loss of this antenna is -28.96 dB
which is quite good for a Microstrip antenna at the operating
frequency of 24.07 GHz shown in Fig. 9. The bandwidth is
frequency ranges within it, and the antenna radiates. Return loss
is -10 dB at 23.4 GHz and -10dB at 24.169 GHz, as indicated

14

in Fig. 10. To determine the antenna's bandwidth, an axis
marker is placed on both frequencies. The maximum frequency
is 24.169 GHz, while the lowest frequency is 23.4 GHz. The
bandwidth has been determined as the difference between the
highest and lowest frequencies, which is 0.769 GHz.

S-Parameters [Mognitude in dB]

51,1:-28.564023

7\

2 132 23.4 n6 38

24 2400

Frequency { GHz

242
Fig. 9. S, parameter in free space.

S-Parameters [Magnitude in 8|

2[24068] 242 %4
Frequancy | GHz

I;E
Fig. 10. Bandwidth in free space.

B. VSWR

The definition of voltage standing wave ratio-VSWR is the
determination of the amount of matched impedance between
antenna and transmission line. The least acceptable value is 1
for the VSWR [10]. For the proposed antenna the VSWR value
is 1.08497, supporting the value shown in Fig.11.

Vokage Standing Wave Rato (VSWR)

2[24068] 22 44 46
Frequency / Ghz

Fig. 11. VSWR vs. the Frequency in port 1.

b 22

38

C. Gain & Directivity

Gain and directivity are one of the most important parameters
for antenna performance. The antenna’s gain determines the
quantity of power transmitted at the peak radiation direction
[11]. Directivity is the term that explains about directivity of
antenna radiation patterns [12]. Gain for the designed antenna
is 5.152 dB and directivity 7.699 dBi shown in Figures 12-16.
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Fig. 12. Farfield gain plot of the designed antenna at 24.068 GHz (3D).

Farfield Gain Abs (Phi=90)

forfield (f=24.068) [1]
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Main lobe magnitude = 5.22 dB
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Fig. 13. Farfield gain plot of the antenna at 24.068 GHz (2D).
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Fig. 14. Radiation-Pattern in three dimensions at 24.068 GHz (Directivity).
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Fig. 15. Radiation pattern in 2D at 24.068 GHz (Directivity).
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Fig. 16. Gain vs. Frequency Curve of the antenna in free space.

D. Overall and Radiation Efficiency

From Fig.17, the overall efficiency is -2.57 dB, while the
radiation efficiency is -2.568 dB. The ratio of gain to directivity
can be used to calculate antenna efficiency.

10 Resuly Efciences (Magntudein &,

2596 i V
a8 a8 B 29 uss El 20 2404 206 006 240
Frequanecy /Gt

Fig. 17. Radiation and Total Efficiency Curve of the designed antenna in free
space.

E. Surface Current

The definition of surface current is the electric current induced
in a metallic antenna due to an enforced electromagnetic field
that drives charges at its surroundings [13]. Here, the surface
current has shown in fig.18 which is 1360 A/m.

-

F. Smith Chart

Smith's chart illustrates the relationship between transmission
line impedance and antenna via frequency. This helps to
understand more about changes in transmission line
impedances [14]. Smith chart for this antenna is 49.8 ohm
shown in Fig. 19. Impedance mismatches are noticed as a result
of shape complexity. Finally, Table II gives the parameters
summary of the proposed designed antenna.

Fig. 18. Surface current.

0 23 (1558, 13.1) Ohm
® 24999596 (5,35, -5.43) O
Froquency / GHz

—— 51.1(49.8 O

Fig. 19. Smith chart of the antenna (Impedance View).
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TABLE IIL OBTAINED PARAMETER’S SUMMARY OF THE DESIGNED
ANTENNA.
Specifications of Values
Antenna

Sii -28.96 dB
Bandwidth 0.769 GHz

VSWR 1.08497

Gain 5.152 dB
Directivity 7.699 dBi
Efficiency 67.026%
Surface Current 1360 A/m
Radiation Efficiency -2.569 dB
Total Efficiency -2.574 dB

V. COMPARATIVE STUDY

Table III summarizes and compares different parameters of the
antenna. Different antenna characteristics are compared and
examined with other research articles, including S1,1, operating
frequency, bandwidth, band, gain, and efficiency. Circular
Polarization Antenna Array is designed for 24 GHz wireless
communication and has 42% efficiency and a high gain of
20dBi, according to ref. [15]. The array antenna for 24 GHz has
been presented in the majority of research articles. In ref. [6], a
Microstrip patch antenna was built for 24GHz, although it has
a return loss of -22dB.

TABLE III. COMPARATIVE ANALYSIS WITH OTHER RESEARCH PAPERS
S S &
SRR E T s |8
~ “ I 2 Q S <
Sl 5 5
[15] -19 24.5 GHz 2 GHz - 20 42%
dB dBi
[6] -22.1 24.2 GHz 1.2 ISM 5.95 -
dB GHz dBi
[7] -25dB 2.4Ghz 160 ISM - -
MHz
[16] -24 24 GHz - - 13.5 -
dB dBi
[17] | -23dB | 24.15GHz | (24.07- | ISM 18 -
24.27) dBi
GHz
This | -28.96 24.068 0.769 ISM | 5220 | 67.02
work dB GHz GHz dB 6%

In contrast to other research papers, this article has a better
return loss, a better gain, and a higher efficiency. An array
antenna's design is complicated, but a Microstrip patch
antenna's design is simple and easy to fabricate. This research
has resulted in improved simulated findings for the 24GHz
(ISM  band), which will be advantageous for wireless
communication and medical applications.
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TABLE IV. COMPARISON OF OBTAINED RESULTS WITH RECENT
RESEARCH PAPERS.
s |5 .
% |8 W LY | e
S | §SF 5| &% S 5|2
< | f¥9:%)5f |2§)8
§ § § SRS Q g A
T & | & 2
[15] 30mmx - Roggers/ 2.2 HFSS
30mm duroid
5880
[6] - 0.787 Roggers/ 2.2 HFSS
duroid
5880
[7] 30mmx 1.63 FRO4 4.4 HFSS
40mm
[16] 65mmx | 0.813 Rogers 3.38 HFSS
23mm RO4003C
[17] - 0.508 Teflon - 22 3D
fiberglass electromag
netic
simulator
This | 20mmx | 0.257 Roggers 22 CST
work 20mm 5880
(lossy)

Table IV evaluates the ground architectures, substrate heights,
materials, dielectric permittivity, and software applied in
antenna design. The majority of research articles used HFSS
software to build antennas, while this work has used CST
software to simulate and design [15, 6]. Roggers/duroid 5880
was chosen as a substrate material in the majority of the
research publications. Different substrate materials, such as
Rogers RO4003C [16] and Teflon —fiberglass [17] have been
implemented in numerous research publications. A very thin
substrate is recommended for a low-profile construction and
lightweight antenna; this paper has also proposed an antenna
with thin substrate materials and a lower substrate height. [15]
However, recent investigations have found that different
substrate materials provide different results. As a consequence
of the aforementioned comparisons, it can be determined that
the projected antenna would be a preferable alternative for the
wireless network to earlier versions.

VI. CONCLUSION

The proposed microstrip patch antenna can be considered to be
compatible with forthcoming 5G wireless communication and
medical applications. The recommended antenna's working
frequency is 24.07GHz, with a return loss of -28.91 dB, a
bandwidth of 0.769 GHz, a gain of 5.152 dB, directivity of
7.699 dBi, surface current of 1360 A/m, and 67.026%
efficiency. The operational frequency of 24.07GHz is part of
the ISM band, which spans 24 GHz to 24.25 GHz. Most of the
researchers have focused on array antennas, but minorities have
focused on Microstrip patch antennas, which is a novel idea in
the 5G communication system. However, the proposed antenna
in this study has a basic design that is easy to fabricate and
improves overall simulation results. After analyzing all of the
findings and simulations, it can be concluded that this study can
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be used as a model for future communication and other research
works.
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Abstract—Coronavirus 2019, also known as COVID-19,
has recently had a negative influence on public health and
human lives. Since the second world war, this disastrous
consequence has changed human experience by initiating an
increasingly more devastating and unexpected health calamity.
The world's condition has become a catastrophic epidemic due
to uncontrolled infectious properties within society. Therefore,
the initial stage and accurate identification of the virus may be
a good strategy for tracking and suppressing the illness from
spreading due to the lack of medication. During the pandemic,
computed tomography (CT) imaging has been extensively used
to detect the percentage of infection. Artificial intelligence-
assisted CT- image analysis could be a better option which can
be achieved using a convolutional neural network (CNN). This
is one of the prominent modes that can be effectively used in
such applications. In this paper, an artificial-intelligence-based
approach has been presented to investigate the coronavirus
infection in the human body. The various experiments are
carried out on the freely available dataset. It has been observed
that the results are better indicating adequate performance for
prediction.

Keywords— CT scan images; Convolutional neural
network; Coronavirus; Dense-Net; Image Processing.

[. INTRODUCTION

Recently, the coronavirus disease outbreak has already
been identified as a significant worrying patient safety
diversion. This virus is first discovered in late 2019 in
Wuhan, China, and quickly spread to over 200 nations,
prompting the Department of Health (WHO) to declare a
pandemic emergency. Medical professionals, as well as
regulations, were unable to control the spreading of the virus
in the society which results in the quick death of individuals,
due to significant infectious qualities among people in
intimate contact. Since subsequent illnesses in communities
are caused by close personal dealings, it is critical to quickly
isolate and characterize the infectious disease and institute a
social lockdown. As a result, early diagnosis of virus
occurrences is critical for help in managing efforts to reduce
infectious hazards and spreading, organize clinical treatment,
and coordinate prompt care assistance. This could be crucial
in improving national healthcare. This will have a direct
impact on the virus's removal from the planet.

During the pandemic time, due to the lack of particular
treatments and vaccinations, it was critical to identify the sick
person so that prompt isolation can be taken. The real-time
polymerase chain reaction analysis is widely adopted for the
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identification of the virus in healthcare. Nevertheless, a low
incidence of positive RT-PCR results and findings could be
attributed to any evidence collecting and transportation
bottlenecks, which are both time-consuming procedures. The
patients with severe situations (those in the emergency ward
(ICU)) may be missed by this method. An additional
disadvantage of the RT-PCR evaluation methods is that
traditional PCR tests take more time to detect disease. As this
COVID-19 virus has a powerful transmitted character, an
infected individual could become a carrier and pass the
infection to other healthy, common citizens or medical
practitioners. On the other hand, emerging economies have
inadequate technical capabilities and a lack of healthcare
technicians and specialists. Although there are few resources
available to combat a pandemic, the COVID-19 performance
indicators are a potential solution that reflects real
requirements. Imaging techniques are a conventional
technique for finding pneumonia that gives a more reliable
judgement than RT-PCR. In this regard, CT image
classification become a potential alternative approach for
detecting viruses, particularly in patients with acute illnesses.
According to the research, the accuracy of RT-PCR is lower
than the accuracy of CT [1].

The major goal of this study is to develop an accurate
method for identifying the coronavirus infection in the
patients using CT images and a convolutional neural network
(CNN). In recent days, several machine vision models using
CNN presented good results [2-3]. Because of its opportunity
for self-training, CNN has become more popular in medical
image processing. Based on its superiority,
convolutional neural techniques for COVID- 19 detection
have been presented in the literature [4-6]. Unlike all the
other image datasets, the imaging techniques database uses a
small number of training examples. CNNs have now been
boosted with different techniques such as data augmentation
to reach ground-breaking performance upon those datasets
[7].

In this work, to investigate the patients with COVID-19,
a relatively new strategy called CNN is used, wherein the
process of learning is constructed using the interconnection
of densely linked CNN architectures commonly called as
Dense-Net. The fundamental justification for using
DenseNet-121 is that it solves the degradation problem,
increases feature reuse, and reduces variable usage, all of
which are beneficial for creating deep learning algorithms.

several
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DenseNet-121 has also been shown to be useful in identifying
disorders using imaging technology [8]. To optimize the
design flow, Dense-Net would've been driven by linking all
components to just about every other layer below it. This
method allows CNN to make judgements based across all
levels rather than just one previous layer. In comparison to
typical image recognition technologies, Dense-Net is much
more advanced and can gather sensory information in a
bigger sense.

II. CNN MODEL

A convolutional neural network (CNN) is a multilayer
perceptron artificial neural network and it is superior in
processing large dataset. It has structure consisting of
different structures such as convolution, pooling, flattening,
and connected layers. A generalized architecture of CNN is

demonstrated in Fig.1.
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Fig. 1. Convolution neural network architecture

In the CNN architecture, the learnable filters in the
convolution layer plays an important role and demonstrate the
learning skill of network. Fig. 2 explain the operation of
convolution operation.

1 K I*K

1|1]1]0]0]0]0

ojoj1r|rjrjojo 2131331
ojojo|rjrjrjo 0 1| 2| 4| 3|3
00| 0|1 |1]|O]|O]|=*0]L]0l=1f2]3]4|1
ojoj1r|rjojojo 0 1| 31311
o|1]1{0]0]|0]O 4137 1{1]0
1|1 1]0]0]0]0

Fig. 2. An example of a convolution operation

In Fig. 2, the notations /, K and [ * K represent the pixel
values of an image, filter and feature map, respectively.
Another crucial component in a network architecture is
pooling layer that lowers the computational issues. Here,
average and minimum pooling are generally preferred in
many applications. Fig. 3 depicts the operation of max-
pooling.
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Fig. 3. Max pooling operation
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The next block after max-pooling in CNN architecture is
fully connected layer. The previous layer neurons are fully
interconnected to the next layer. In this, the input data need
to be flattened before entering to this layer. Fig. 4 shows such
data flattering operation.
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Fig. 4. Flattening operation

From literature, it has been observed that the development
of CNN model is big challenge for researches and it is a time-
consuming task. However, use of pre-trained network
architecture may be a reasonable solution to these issues. The
pretrained model can be effectively used for different
applications particularly for feature extraction and
classification applications. The pre-trained networks such as
ResNet 18, GoogleNet and ResNet 50 are most comely used
in the literature. The details pre-trained models are
summarised in Table I.

TABLE 1: FEW FEATURES OF THE PRE-TRAINED MODELS FOR THE INPUT
IMAGE SIZE 224224 PIXELS

Model Depth Size (MB) Parameters (Millions)
ResNet 18 18 44 11.7
GoogleNet 22 27 7

ResNet 50 50 96 25.6

III. PARAMETERS OPTIMIZATION ALGORITHM

In CNN, the various parameter needs to be optimized to
the make the model more efficient for the particular
application. The grid search (GS) approach is one of the
effective techniques which can be used for the optimization
of the parameters. In this approach, the different possible
values of the parameters are calculated in the required or
predefined range and feed to the defined model to start the
optimization process [9].
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Fig. 5. Parameter sets in the search space for GS
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IV. GRID SEARCH BASED CNN ALGORITHM

An effective model based on the GS and CNN approach
is shown in Fig. 6. It consists of image dataset, parameters
set, pre-trained supported model, and evaluation phase.
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Fig. 6. GS and transfer learning supported CNN model

The first step in the presented model is the image data set
collection. Here, freely data set available online websites like
Kaggle or GitHub is used for the experimentations. The
dataset needs to split into three subsets: training, validation,
and testing and randomly percentage of each subset can be
selected. The next task is the parameter sets optimization. It
can be achieved using grid search algorithm. This step, help
to optimized the parameters and can be used as an input to the
CNN model. In the next phase, the CNN model is trained
using the training data and optimized parameters. In the last
phase, the trained CNN is evaluated on testing dataset and
conclude the final results in the form of classification and
confusion matrix.

Moreover, extensive work in literature depicts that most
of the approaches to holding down a process before using the
pre-trained models. As data augmentation is one of the
important steps of the training procedure for profound
learning models, it is used for our benefit and employed as an
extra measure. In addition, the Dense-Net study obtained
quality precision for CT images. Compared to other learning
models, Dense-Net enhances a smaller set of parameters.

For greater accuracy, the Dense Net model with 121
perceptions can be used in the application [8]. It has been
observed that the Dense Net-based CNN approach might be
a useful detection approach for identifying infected patients
using CT images. The CNN model could attain favorable
outcomes. However, a CNN model-based application with
sizeable training data for classification remains a challenge
and hence, the motivation for the researchers. Therefore,
Dense-net can be used as an alternative to achieve good
results.

A. Dense-Net - A Pre-Trained Network
A Dense-Net is a modified CNN generally exploited in

object identification [10]. It is somewhat analogous to Res-
Net. Dense-Net combines the future layer and previous layer
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output with its concatenated (-) attributes. The conventional

CNN aims to obtain the i* output layers using a non-linear

transformation Q,.(-) with respect to the previous layer
(£ -1) output [2].
E=0(R-1) (1

Dense-Net achieve an efficient information flow between
the different layers. Eq. (1) can be modified [11]

P=Ql[R,B,P,P_] )

where [P),B,P,,---P_] represents a concatenation of

previous layer output maps [14].

Data augmentation is one of the approaches that facilitate
the user to expand the diversity of data available for training
sets, eliminating the need to acquire more data. Data
augmentation is a strategy for increasing the number of
training specimens by modifying photos whilst preserving
semantic features, and it allows for bias-free image data.
Basic changes such as horizontal flipping, random cropping,
and color augmentations are generally used for model
training. Further, data augmentation allows the designer to
understand a more diversified set of characteristics, which
expands the dataset and helps to keep the model from getting
overfitted. The data augmentation to increase image
categorization accuracy has also been made.

In this paper, image augmentation is employed to boost
training benefits while reducing network regularization. A
commonly known data augmentation method is used. Images
were arbitrarily trimmed to the 64X 64 original image size,
with a random rotational range of 3600 pixels on each side.
Horizontally and vertically duplicated images are mixed
throughout.

B. Image Dataset

Large image datasets are available on websites like
Kaggle or GitHub. This is an open source dataset that contain
349 Covid-19 CT images 463 non-Covid CT images from
216 individuals. These images are different in size and shapes
and categorized into two types: effected and non-affected.
Fig. 7 shows a few cases of CT images for patients that are
COVID-19 positive/negative that compose the dataset. The
patient with positive results has age, male and female
information [16].

C. Model and Applied mechanism

In this work, to categorize corona using DenseNet-121
architecture-based CNN, a dataset comprising images of real
patients is used in this study.

The pre-processing can be carried out by normalizing and
changing the size of the image for further processing. There
are many kinds of pre-processing techniques that can be used
for developing our model. In the presented model, the process
of image resizes, and normalization is being done on
MATLAB through image processing techniques.
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Fig.7. An example of Covid 19 CT images

In the presented model, 36x36 pixel values are being
used in the dataset. Typically, most of the dataset values lie
between 0 and 255 but due to the network model, it is
preferred to perform in the range 0 and 1 which will be the
best fit for the model [2]. The technique helps in the reduction
of the complexity of the model. Eq. (3) can be used to
normalize the images [12-15].

norm
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1

The presented COVID-19 classification model is
designed using MATLAB software with required packages
such as neural networks and image processing. The aim of
COVID-19 patients’ identification is the
positive/negative test. For experimentations, dataset is
subdivided into validation (15%), training (70%), and testing
(15%) [2]. The systematic procedure for COVID-19
prediction is presented in Fig. 8.
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Fig. 8 procedure for predicting COVID-19 is presented
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The results of specimens of each category correctly and
incorrectly classified can be compiled as a confusion matrix.
Accuracy can be determined based on the confusion matrix.
The performance of the model is calculated using four
performance parameters: recall, precision, G-Mean and Fi-
Measure. All these performance parameters are defined using
the following equations.

T, +T,

— (4)
T,+T,+F,+F,

Accuracy =

where T,, T, , F, and F) represents true positive, true

negative, false positive and false negative, respectively.

2X PrecisionX Recall
F_measure = (5)
Precision+ Recall
T,+T,
G mean= |—L""N  —.[Precisionx Recall
- T,+T,+F,+F,
(6)

V. RESULTS AND ANALYSIS

The various experiments are carried out on the publicly
available dataset. Each DenseNet-121-based CNN
architecture is trained for various epochs on grayscale image
data sets. Grayscale test images were used to evaluate
DenseNet-121's performance. Table 2 shows the performance
of the presented model.

TABLE 2: PERFORMANCE PARAMETERS FOR DENCENET

Data set Accuracy Recall Gmean F_Score
Non-covid 0.963 0.852 0.92 0.9
covid 0.857 0.953 0.9 0.89

Fig. 9 (a) and Fig. 9 (b) show the comparison of image
prediction for COVID-19 along with non-COVID-19.

(b)

Fig. 9. (a) affected by Covid-19, (b) Non-affected by COVID-19

Generally, the performance calculation and the
verification of the presented approach can be demonstrated
using the concept of confusion matrix [17]. Thus, the
confusion matrix can be used to show the accuracy of the
presented approach. The confusion matrix is particular square
table which demonstrates and visualized the classification
accuracy of multiple classes. In this paper, two classes are
classified: Covid positive and Covid negative, respectively.
Fig. 10 shows classification accuracy based on the confusion

matrix for 25 sample images. It is observed from Fig. 10 that
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the DenseNet-121 performs better as classifier and achieved
96% to 100% accuracy.

Confusion Matrix
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Fig. 10 confusion matrix.

Further, the evaluation of the proposed approach can be
carried out using the Receiver Operating Characteristics
(ROC) curve [12]. A binary classification is the basis for the
ROC which results into four possibilities: true positive, true
negative, false positive and false negative, respectively. Fig.
11 shows the results of four classes in the form of ROC curve.

ROC for Classification
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Fig. 11. ROC curve.
The current techniques generally used a smaller dataset,
whereas the applied DenseNet-121 model used a relatively
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large dataset. Various photos and tactics have been validated
using various state-of-the-art approaches. Some multi-class
classification models achieved an accuracy of up to 95% or
higher while being more difficult and computationally
expensive. However, a fair comparison of performance
evaluation results and validation is not possible due to the
differences in data sets.

VI. CONCLUSION

In this paper, an efficient and systematic COVID-19
infection identification is presented. In this, the infected
region can be identified from two different modalities of
medical images. COVID-19 patients are identified based on
the available CT image dataset. In addition, the qualitative
results in the form of four performance parameters: recall,
precision, G-Mean and F1-Measure as well as a confusion
matrix. The results demonstrate higher accuracy in the
classification and detection of infected COVID-19 in CT
image datasets.
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Abstract— This review covers the topics of cognitive
dynamic systems and their definition following Simon Haykin’s
work in the field as well as their application through cognitive
radar, cognitive radio and cognitive control. Furthermore, the
article presents the topic of cognitive IoT and discusses it under
the lens of cognitive dynamic systems referencing research in
the field. It also discusses the needs for interoperability between
IoT architectures and the need to integrate cognitive radio with
future IoT frameworks developments.
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L. INTRODUCTION

The augmentation of physical objects with the power of
the internet has become commonplace in the midst of the
fourth industrial revolution. Many elements are becoming
increasingly intertwined, including wearable technology,
healthcare, home appliances, and transportation. The Internet
of Things (IoT) has been characterised as a deeper integration
of all physical objects with the digital realm, including the
advancement from simple control systems sensing devices
and effectors to more complex systems capable of
exchanging data between devices connected to the internet
for more timely and productive decision-making. The
magnitude of today's IoT applications has posed several
issues in terms of building a system-to-system
interoperability framework. Developing IoT services that are
intended to adapt to the circumstances and self-adjust in
response to unforeseen situations through cooperation. These
should also use the acquired data to extract semantic
notations and optimize the system's effectiveness. In a
general context, the IoT model has been defined as a globally
connected network of uniquely addressable devices
following established communication protocols. This term
refers to a theoretical model of complex multidimensional
systems made up of interconnected and interdependent items
[6]. Smaller subsystems collaborate to achieve results in the
most efficient way possible. Social network analysis is a
study tool that is used to explain the network of relationships
that exists among the numerous objects that make up the
larger Internet of Things, as well as to investigate the effects
on data processing, context extrapolation, and semantic
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derivation. This is especially beneficial in time varying loT
systems like smart cities.

In a point-of-view essay published in the Proceedings of
the IEEE in 2006, Dr. Simon Haykin initially suggested the
concept of a dynamic cognitive system (CDS) [3]. He went
on to write "Cognitive Radio: Brain Enabled Wireless
Communication" [2] and "Cognitive Radar: A Way of the
Future" [3], both of which were hugely significant. The
author of these defines CDS as systems that learn from
repeated enduring interactions with the environment to
develop norms of behaviour over time, allowing them to deal
with environmental uncertainty. Following Fuster's work on
cognition, Haykin refined this concept in [4], outlining the
distinction between adaptation and cognition by outlining the
norms by which a cognitive dynamic system is defined, the
perception action cycle (PAC), memory, attention, language,
and intelligence.

Novel cyber-physical systems (CPS) are continually
being launched in this new era of greater connectivity,
upgrading things with the ability to control the world around
them, compute the data acquired, and share it through the
internet. This transformation affects a wide range of sectors
and services, prompting the development of novel IoT
architectures targeted at efficiently capturing and processing
data to improve process efficiency. The concept of cognitive
IoT (CIoT) has been introduced as a way to enhance current
IoT systems with cognitive capabilities in order to better
leverage the vast volumes of data being collected and tackle
scalability issues. To better examine variables that impact
functionality and data gathering, semantic computing,
cognitive computing, and perceptual computing can be used
[5]. The goal of CIoT is to make IoT systems capable of
understanding environmental elements and capable of
contextual awareness. This new paradigm aims to apply the
principles of human cognition to IoT dynamic systems. The
process of learning, reasoning, and understanding the
physical and social environments by embedding cognition
processes into IoT seeks to build a new class of systems
capable of operating with minimal human intervention [7].
Some present obstacles for a scalable and reliable IoT must
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also be faced and answered beforehand in order to build such
systems. The existing constraints of wireless technology and
mobile networks are the first major worry in terms of
scalability of such systems. Regarding future large-scale loT
systems, the restricted range, data capacity, and spectrum
availability are major concerns [8]. These difficulties will
likely intensify in the coming years, given the rapid
development of IoT.

Cognitive Radio (CR) and Cognitive Radio Networks
(CRN) have sparked the interest of academic and business
communities in recent years as a potential solution to many
of these issues [8]. Spectrum sensing, spectrum decision,
spectrum management, and spectrum mobility are the main
processes of cognitive radio, with the goal of taking full
advantage of licenced spectrum bands through the effective
application of dynamic allocation to fill present spectrum

gaps.

A further constraint in vast IoT network is the
complexity of aggregating data from multiple sources. Since
data collected in a multi-sensor IoT system can be
heterogeneous, adaptive analytics approaches must be
considered. Collecting such diverse datasets to get a holistic
picture of the system can be difficult. The data collected can
also be nonlinear, multidimensional, or partial, making its use
for intelligent decision-making and services provisioning
much more difficult [7][1]. This problem is addressed by
Cognitive IoT, which adapts to the data type, situation, and
setting, utilising techniques like association analysis,
clustering analysis, and regression, for contextual data
analysis. Big-data-driven applications, on the other hand,
necessitate more intelligent decision-making to enable more
efficient and flexible operations via cooperative self-
organized and self-optimized behaviours. Moreover, for
large-scale IoT systems, centralized data handling is a
significant barrier. The challenges associated with central
data processing include single-node failure, restricted
scalability, and massive trade overhead [7].

II.  RELATED WORK AND MOTIVATION

Because of the wide range of disciplines to which loT
may be applied, developments in architectural design for IoT
systems have primarily been targeted to individual
applications. As a result, cooperation amongst [oT systems is
constrained, thereby restricting advancement toward a bridge
architecture [9].

Although cognitive 0T is still a new topic, it is growing
in prominence because of scientific research in cognitive
dynamic system and cognitive control. This new paradigm
could be used as a model for developing new IoT designs and
as a framework for addressing specific IoT concerns. In
principle, CIoT aspires to provide IoT systems with a
cognition component that allows them to learn, reason, and
comprehend both physical and social realms [7], bringing
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together a variety of professions and areas such as computer
science, mathematics, cognitive science, neurology, and
engineering. CloT may improve the interconnection of
diverse IoT networks and be applied beyond disciplines and
sectors, spanning the physical and cyber worlds to improve
smart distribution of resources, autonomous process controls,
and intelligent service provisioning.

The Internet of Things can be viewed as a macro-level
development of ubiquitous computing combined with CPS.
At the moment, [oT can only use permitted spectral bands,
which are presumably already being used, posing an
impediment for large-scale [oT implementation. As trillions
of objects become more interconnected in the near term, we
can anticipate the issue to intensify [14]. In turn, by
significantly increasing IoT data transmission using
cognitive radio and incorporating machine learning, signal
processing, and other technologies, effective distribution of
data transmission within 4G and 5G licenced available
spectrum could be an answer [13].

Cognitive Radio is a promising enabling
communication technology for IoT, dealing with issues such
as wireless access network conflict and severe congestion, as
well as automaticity, scaling, dependability, energy
consumption, and service quality [14]. The most immediate
advantage of CR for IoT is that it allows for more efficient
spectrum allocation and administration, which improves
accessibility, usability, flexibility, and interconnectivity.
Addressing efficient and flexible networks and addressing
heterogeneity concerns are the two types of CR techniques,
with flexible networking referring to the optimal use of
available spectrum via spectrum aware optimization to
enhance QoS. While addressing diversity, the aim is to
strengthen  environment  discovery, self-organization,
adaptability, and nodal cohabitation.

Devices in both centralised and decentralised networks
will require routing in order to convey data to a
predetermined destination. However, traditional single-hop
and multi-hop routing algorithms are incompatible with
cognitive radio systems because they lack additional
functions like flexible spectrum allocation. CR mesh
networks (semi-static) and CR ad hoc networks (adaptable
and self-reconfiguring using P2P interactions) have both
been discussed in the literature [14]. By accessing data about
interference zones and relaying this to the underlying
common infrastructure or cluster leader, spectrum knowledge
would be readily available to all nodes in centralised
networks. Delay, hop count, energy usage, bandwidth, and
route stability will be among the network parameters which
will be collaboratively optimised. Simultaneously, single-
hop, D2D networking will most likely be used in centralised
networks provided thatthe transmitter's range is not
surpassed.
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A. Cognitive Dynamic Systems and Cognitive Control

Dr. Simon Haykin was the first to propose the concept
of a cognitive dynamic system as an answer to the radio
spectrum's utilisation inefficiencies. Prospective bandwidth
users' capacity for using non - utilized bandwidths is
constrained due to government organisations' control of
electromagnetic bands in the nature of licences [2]. Cognitive
radio was created to maximise the usage of existing radio
frequencies by taking advantage of spectral gaps. The study
describes it as a smart wireless communication technology
that learns from the surroundings and adjusts its settings in
real-time using the approach learning by building.

By assessing the electromagnetic environment, finding
channels, and transmitting data through dynamic bandwidth
control, cognitive radio seeks to maintain high reliability in
connectivity utilising the radio spectrum efficiently. The
radio scene analysis is performed by the receiver, which
surveys the surroundings to detect spectrum holes and
calculates the interference temperature. Dynamic
beamforming is used for inference control in this passive
activity, which requires interpreting non - stationarity
temporal signals to accommodate for the spatial
characteristics of radiofrequency inputs. This strategy relies
on constant spectrum observation and the computation of
alternate paths to recognised spectrum holes since it offers
resilience whenever a main user requires the spectrum for its
own purpose.

Difficulties in the channel estimation problem are solved
by adopting semi-blind receiver training, resulting in a
receiver with two modes: supervised learning and tracking.
The first option acquires and estimates the channel value
using a quick training cycle. The other, on the other hand, is
intended to be used in operating condition and repeatedly
evaluates the channel state. The computations are performed
using a state-space model of the channel parameters, with the
premise of linearity, utilising the process equation and
measurement equation. Choosing an effective monitoring
approach and filter choice addresses AR coefficients,
dynamic noise, and measurement noise.

Cognitive radio might have to function in a distributed
mode via a cooperative system that accomplishes
collaboration among nearest neighbors in constant
interaction, widening the reach of its application and making
it easier for multiple users to adopt and implement the
technology to existing networks. The challenge of transmit-
power regulation for different users can indeed be viewed as
a game-theoretic problem. The author suggested Nash
equilibrium and water-filling procedures as remedies. The
transmit-power regulation problem affects the dynamic
spectrum management system in a similar fashion. The
transmitter handles each of these components of the
operation, thus it employs the very same methods to address
it.

26

Figure 1: Cognitive Radio operational representation. [2]

In [15] authors considerations are raised regarding
modulation techniques and traffic control, with a focus on
OFDM. Orthogonal frequency-division multiplexing
(OFDM) is a powerful modulation approach for cognitive
radio and a cost-effective way to enable dynamic bandwidth
allocation. Co-channel interference must be avoided when
using an OFMD, which necessitates the inclusion of a traffic
control system in the dynamic spectrum management
algorithm. This system will be able to anticipate the length of
time the spectrum gap would be empty, as well as predicting
traffic patterns, based on previous data. More information
regarding routing protocol, gateways and more can be found
in [16]-[19]

Following the new paradigm outlined by the five
principles of cognition, a system is deemed cognitive if it can
perform the five basic cognitive processes: perception-action
cycle (PAC), memory, attention, language, and intelligence.
The perception-action 's cycle concept ties to feedback loops,
using sensing devices to extract data regarding the system's
condition and functioning, which is then used to trigger
predetermined events that affect the environment and the
system itself within the context of the Internet of Things. To
reach intelligent decision-making, this approach employs
advanced data analytics and the other components of
cognitive dynamic systems. Expanding on the PAC, by using
relevant stored information about the surroundings, the
system, and past behavior, which are stored in order to
improve the system’s reaction to hypothetical situations.
perceptual, executive, and working memory are the three
types of memory.

The PAC and memory elements of CDS are responsible
for attention. This refers to the cognitive system's ability to
comprehend data and properly optimise all preceding
operations. In a cognitive dynamic system, attention is the
systematic method for prioritising the distribution of




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































