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Guest Editorial: Special Section on Computational
Intelligence in Antennas and Propagation:

Emerging Trends and Applications

COMPUTATIONAL Intelligence (CI) is the theory,
design, application and development of biologically and

linguistically motivated computational paradigms. Machine
Learning (ML), Fuzzy Inference Systems (FIS), and
Evolutionary Computation (EC) have historically been the
three principal pillars of CI. The use of CI has experienced an
increasing impact on solving complex problems in antennas
and propagation (AP).
Artificial Intelligence (AI) approaches and techniques, such

as ML (of which deep learning and reinforcement learning
are specific examples), are the new fundamental enablers for
operating wireless networks more efficiently, for enhancing
the overall end-user experience and for providing innovative
service applications. ML represents a basic functionality to
guarantee the efficiency of future wireless communication
networks and, at the same time, can represent the enabling
technology for several added-value applications and services.
The utilization of ML in wireless communication nodes can
enable several advanced services and quality of service func-
tionalities for the proposed applications. Moreover, the use
of ML techniques has the potential to provide a complete
study and modeling of the radio environment.
Fuzzy Systems (FS) model linguistic imprecision using

human language as a source of inspiration, and solve ambigu-
ous problems based on a generalization of conventional logic
that helps us to perform approximate reasoning. Fuzzy sets
and structures, fuzzy clustering and classification, fuzzy con-
trollers, linguistic summarization, fuzzy neural networks, and
type 2 fuzzy networks, are all part of this research field.
Using biological evolution and swarm intelligence as

a source of inspiration, by generating, evaluating and chang-
ing a population or swarm of possible solutions, the field of
Evolutionary Computation (EC) has been developed to solve
challenging optimization problems. Several Evolutionary
Algorithms (EAs) have emerged in the past decades that
mimic the behavior and evolution of biological entities.
EAs are widely used to solve of single- and multi-
objective optimization engineering problems. EAs have
also been applied to a variety of microwave components,
antenna design, radar design, and wireless communications
problems. These techniques, among others, include Genetic
Algorithms (GAs), Evolution Strategies (ES), Particle Swarm
Optimization (PSO), Differential Evolution (DE), and Ant

Colony Optimization (ACO). In addition, new innova-
tive algorithms that are not only biology-based but also
physics-based or chemistry-based have emerged. The above
algorithms are having an increasing impact on antenna design
and propagation problems. EAs have been combined on sev-
eral occasions with numerical methods in electromagnetics,
producing a plethora of significant and successful results.
Thus, CI techniques such as Nature-Inspired Algorithms,

Decision Trees, Random Forests, Support Vector Machines,
Extreme Learning Machines, Gaussian Processes,
Artificial Neural Networks (ANNs), and Deep Learning
Networks (DNNs) are gaining popularity in the AP
community. Additionally, hybrid combinations of CI and
problem specific methods are also emerging. For example,
cutting-edge applications like the smart radio environment
enabled by Reconfigurable Intelligent Surfaces (RISs) can
become a reality using CI techniques.
In this Special Section, we explore new and trans-

formative applications of CI methods in electromagnet-
ics, antennas and propagation. The papers that follow
demonstrate a range of approaches to a diverse set of
application areas using different CI techniques, and with
usage scenarios ranging from antenna design to biomet-
ric applications. While highly impactful, the body of work
reported on here represents only a fraction of the cur-
rent research, emerging trends and applications of CI. This
special section consists of six research papers. The CI tech-
niques used by the special section authors include Support
Vector Machines (SVM), Naive Bayesian Classifiers (NBC),
Multi-Objective Genetic Algorithms (MOGAs), the Coyote
Optimization Algorithm (COA), Approximate Bayesian
Computation (ABC), Deep Neural Networks (DNN),
Recurrent Neural Networks (RNN), and the Social Network
Optimization (SNO) algorithm.
A flexible shape generation technique combined with

a multi-objective evolutionary optimization algorithm is
presented by Whiting et al. in order to synthesize
geometrically-diverse dielectric resonator antennas. The
authors demonstrate that noncanonical shapes can improve
gain and bandwidth when compared to conventional
dielectric resonator antenna geometries. Moreover, the
proposed approach is compatible with various feed designs,
antenna performance parameters, and 3D printing techniques.
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The prediction problem of the time evolution of
field values in transient electrodynamics is addressed by
Noakoasteen et al. in another paper. The authors develop an
encoder-recurrent-decoder architecture, which is trained with
finite difference time domain simulations of plane wave scat-
tering from distributed, perfect electric conducting objects.
They show that the proposed ML method can emulate a tran-
sient electrodynamics problem with more than 17 times
speed-up in simulation time compared to traditional finite
difference time domain solvers.
Nabulsi et al. explore the application of ML techniques for

a biometric application. In this article, the authors generate
a data set using an 8-antenna (Wi-Fi) system and by collect-
ing microwave samples from human volunteers’ forearms.
They apply Support Vector Machines and Naive Bayesian to
classify the data. Their results indicate that human identifi-
cation via microwave signals is possible even with a subset
of the above mentioned 8-antenna configuration.
Bharti et al. propose an estimation procedure for stochas-

tic radio channel models from 60 GHz indoor mea-
surement data using machine learning techniques. More
specifically, the authors apply Approximate Bayesian
Computation (ABC) and deep learning, for fitting stochastic
channel models directly to data. The authors report that ML
methods can learn the parameters of the model accurately
in simulations.
The design problem of beam-scanning passive reflectar-

rays is addressed by Niccolai et al.using the Social Network
Optimization (SNO) algorithm.The authors analyze all aspects
of the optimization environment. They evaluate the proposed
design procedure by comparing the SNO performance with
other well established Evolutionary Algorithms.
Finally, Boursianis et al. design a multiband antenna for

RF energy harvesting applications using the Coyote
Optimization Algorithm. The obtained solution oper-
ates satisfactorily in the LoRaWAN (Long Range Wide
Area Network) and in the cellular (GSM-1800 and UMTS)
communication frequency bands. The authors report that
the proposed antenna exhibits an acceptable performance
(multiband frequency operation, maximum gain of 3.94 dBi,
broadside operation) that make it a strong candidate for
various RF energy harvesting applications.

In closing, the Guest Editors would like to thank the
authors and reviewers for their efforts in making this section
a timely one and hope that the work presented here will
inspire new applications of CI in electromagnetics, anten-
nas and propagation with opportunities that have not yet
been explored. We would especially like to thank the IEEE
OPEN JOURNAL OF ANTENNAS AND PROPAGATION Editor-
in-Chief and Senior Editor Prof. Nikita and Prof. Kiourti,
respectively, for their valuable support that has made this
Special Section possible.
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SOTIRIOS K. GOUDOS (Senior Member, IEEE) received the B.Sc. degree in physics, the
M.Sc. degree in electronics, and the Ph.D. degree in physics from the Aristotle University
of Thessaloniki in 1991, 1994, and 2001, respectively, the master’s degree in information
systems from the University of Macedonia, Greece, in 2005, and the Diploma degree in
electrical and computer engineering from the Aristotle University of Thessaloniki in 2011. He
joined the Department of Physics, Aristotle University of Thessaloniki in 2013, where he is
currently an Associate Professor. He is the Director of the ELEDIA@AUTH lab member of
the ELEDIA Research Center Network. He is currently serving as the Chapter/AG Coordinator
for IEEE Greece Section. He is the author of the book Emerging Evolutionary Algorithms for
Antennas and Wireless Communications (Institution of Engineering and Technology, 2021).
He has authored or coauthored more than 200 papers in peer-reviewed journals, international
conferences, and book chapters. His research interests include antenna and microwave structures
design, evolutionary algorithms, machine learning, wireless communications, and semantic Web

technologies. He is the founding Editor-in-Chief of the Telecom open-access journal (MDPI). He is currently serving as an
Associate Editor for IEEE ACCESS and IEEE OPEN JOURNAL OF THE COMMUNICATION SOCIETY. He is also a member
of the Editorial Board of the International Journal of Antennas and Propagation, the EURASIP Journal on Wireless
Communications and Networking, and the International Journal on Advances on Intelligent Systems. He is also a member
of the topic board of the Electronics open-access journal.

226 VOLUME 2, 2021



DIMITRIS E. ANAGNOSTOU (Senior Member, IEEE) received the B.S.E.E. degree from the
Democritus University of Thrace, Greece, in 2000, and the M.S.E.E. and Ph.D. degrees from
the University of New Mexico, Albuquerque, NM, USA, in 2002 and 2005, respectively.
From 2005 to 2006, he was a Postdoctoral Fellow with the Georgia Institute of Technology,

Atlanta, GA, USA. In 2007, he joined as an Assistant Professor with the South Dakota School
of Mines and Technology, Rapid City, SD, USA, where he was promoted to an Associate
Professor with tenure. In 2016, he joined the Institute of Signals, Sensors, and Systems,
Heriot-Watt University, Edinburgh, U.K., where he is currently an Associate Professor. He
has also worked with Kirtland AFB, NM, USA, in 2011 as an AFRL Summer Faculty
Fellow, and with the Democritus University of Thrace as an Assistant Professor. He has
authored or coauthored more than 150 peer-reviewed journal and conference publications,
and holds two U.S. patents on MEMS antennas and on optically scannable antennas. His
research interests include reconfigurable antennas and arrays, miniaturized and electrically

small antennas, antennas for wearable, and space/satellite applications, radars and wireless sensing for assisted living,
microwave circuits and packaging, functional phase-change materials such as VO2 for reconfigurable electronics, direct-
write electronics on organics, RF-MEMS, and applications of artificial neural networks, deep learning and signal processing
in electromagnetics and healthcare.
Dr. Anagnostou has received the 2010 IEEE John D. Kraus Antenna Award, the 2011 DARPA Young Faculty Award by

the U.S. Department of Defense, the 2014 Campus Star Award by the American Society for Engineering Education (ASEE),
the 2017 Young Alumni Award by the University of New Mexico, and four Honored Faculty Awards by SDSMT. Most
recently, he received the prestigious H2020 Marie Skłodowska-Curie Individual Reintegration Fellowship (MSCA-IF-RI)
for research on wireless vital sign monitoring. His students have also been recognized with IEEE and university awards
(Engineering Prize, HWU, Best Ph.D. Thesis, SDSMT, and other). He serves or has served as an Associate Editor for
the IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION from 2010 to 2016 and the IET Microwaves, Antennas, and
Propagation since 2015. He was a Guest Editor of IEEE ANTENNAS AND WIRELESS PROPAGATION LETTERS (Special
Cluster on Antennas Using Advanced Materials). He is a member of the IEEE AP-S Educational Committee, and of the
Technical Program Committee of the IEEE AP-S International Symposia. He is a member of the HKN Honor Society,
ASEE, and of the Technical Chamber of Greece (registered Professional Engineer).

ZIKRI BAYRAKTAR (Senior Member, IEEE) received the B.Sc. and M.Sc. degrees in elec-
trical engineering and the Ph.D. degree in electrical engineering (minor in computational
science) in 2011 from Pennsylvania State University (Penn State). He is a Senior Research
Scientist and machine learning lead with Schlumberger-Doll Research Center, Cambridge, MA,
USA, focusing on artificial intelligence and machine-learning-based solutions to engineering
problems at various scales ranging from borehole scale to seismic scale primarily focusing
on computer vision and natural language processing. He is also an alumnus of the Schreyer
Honors College Integrated Undergraduates/Graduated program with Penn State. After gradua-
tion, he completed a year-long postdoctoral assignment with Penn State and then joined IBM
Semiconductor Research and Development Center in 2012 as an Advisory Engineer focusing
on the production of IBM server microchips. Since 2014, he has been with Schlumberger
initially in the Computational Electromagnetic Group and currently in the Automated Geology
Department. He has published more than 45 journal and conference papers with multiple

patent submissions focusing on machine learning applications in oil and gas industry. He is a member of the HKN Honor
Society, ACM, Society of Petroleum Engineers, and Society of Petrophysicists and Wirelog Analysts (SPWLA). He is also
served as one of the SPWLA Distinguished Speakers in 2020.
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SAWYER D. CAMPBELL (Member, IEEE) was born in Normal, IL, USA. He received the
B.S. degree in physics from Illinois Wesleyan University, Bloomington, IL, USA, in 2008, and
the M.S. and Ph.D. degrees in optical sciences from the University of Arizona, Tucson, AZ,
USA, in 2010 and 2013, respectively. He was an Undergraduate Researcher with the Intense
Laser Physics Theory Unit, Department of Physics, Illinois State University from 2004 to 2008.
He was then a Graduate Research Associate with the La Casa de Creative Electromagneticists
Group, Department of Electrical and Computer Engineering, University of Arizona, under the
advisement of Prof. R. W. Ziolkowski. In 2014, he joined the Computational Electromagnetics
and Antennas Research Laboratory, Department of Electrical Engineering, Pennsylvania State
University, as a Postdoctoral Scholar under the advisement of Prof. D. H. Werner. Since 2018,
he has been with the Department of Electrical Engineering, Pennsylvania State University as
an Assistant Research Professor. He has extensive experience in the computational modeling
and inverse design of metamaterial- and transformation optics-based devices at RF, infrared,

and optical frequencies. He is an expert in the application of multiobjective and surrogate-assisted optimization techniques
to challenging problems in both the RF and optical regimes. He has published over 80 technical papers and proceedings
articles and is the co-editor of one book and author/coauthor of three book chapters. His current research interests include
light scattering, plasmonics, transformation optics, geometrical optics, gradient-index lens design, topological- and surrogate
model-assisted optimization and inverse design of nanoantenna- and metasurface-based devices, and applications of deep
learning to RF and optical inverse-design problems. He is a member of APS, OSA, and SPIE and is the past Chair and
current Vice-Chair/Treasurer of the IEEE Central Pennsylvania Section.

PAOLO ROCCA (Senior Member, IEEE) received the M.S. degree (summa cum laude) in
telecommunications engineering and the Ph.D. degree in information and communication
technologies from the University of Trento, Italy, in 2005 and 2008, respectively.
He is currently an Associate Professor with the Department of Information Engineering and

Computer Science, University of Trento, the Huashan Scholar Chair Professor with Xidian
University, Xi’an, China, and a member of the ELEDIA Research Center. He received the
National Scientific Qualification for the position of Full Professor in Italy and France in
April 2017 and January 2020, respectively. He is the author/coauthor of one book chapter,
140 journals, and more than 270 conference papers. He has been a visiting Ph.D. student with
Pennsylvania State University, USA, and the University Mediterranea of Reggio Calabria, Italy,
and a Visiting Researcher with the Laboratoire des Signaux et Systèmes (L2S@Supèlec),
France, in 2012 and 2013. He has been an Invited Professor with the University of Paris
Sud, France, in 2015 and with the University of Rennes 1, France, in 2017. His main interests

are in the framework of artificial intelligence techniques as applied to electromagnetics, antenna array synthesis and analysis,
and electromagnetic inverse scattering. He has been awarded from the IEEE Geoscience and Remote Sensing Society and the
Italy Section with the Best Ph.D. Thesis Award IEEE-GRS Central Italy Chapter. He served as an Associate Editor for the
IEEE ANTENNAS AND WIRELESS PROPAGATION LETTERS from 2011 to 2016 and the Microwave and Optical Technology
Letters from 2019 to 2020 and has been serving as an Associate Editor for the IEEE Antennas and Propagation Magazine
since 2020 and Engineering since 2020. He was a Guest Editor of the IEEE ANTENNAS AND WIRELESS PROPAGATION

LETTERS for the 2020 Special Cluster on “Space–Time Modulated Antennas and Materials.”
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DOUGLAS H. WERNER (Fellow, IEEE) received the B.S., M.S., and Ph.D. degrees in
electrical engineering and the M.A. degree in mathematics from Pennsylvania State University
(Penn State), University Park, in 1983, 1985, 1989, and 1986, respectively. He holds the John L.
and Genevieve H. McCain Chair Professorship with the Department of Electrical Engineering,
Pennsylvania State University. He is the Director of the Computational Electromagnetics
and Antennas Research Lab (CEARL: http://cearl.ee.psu.edu/) as well as a Faculty Member
of the Materials Research Institute, Penn State. He holds 20 patents, has published over
900 technical papers and proceedings articles, and is the author/coauthor of seven books and
35 book chapters with several additional chapters currently in preparation. He was presented
with the 1993 Applied Computational Electromagnetics Society (ACES) Best Paper Award
and was also the recipient of the 1993 International Union of Radio Science (URSI) Young
Scientist Award. He received the Pennsylvania State University Applied Research Laboratory
Outstanding Publication Award in 1994. He was a coauthor (with one of his graduate students)

of a paper published in the IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION which received the 2006 R. W. P. King
Award. He received the inaugural IEEE Antennas and Propagation Society Edward E. Altshuler Prize Paper Award and
the Harold A. Wheeler Applications Prize Paper Award in 2011 and 2014, respectively. He received the DoD Ordnance
Technology Consortium Outstanding Technical Achievement Award in 2018, the 2015 ACES Technical Achievement Award,
the 2019 ACES Computational Electromagnetics Award, and the IEEE Antennas and Propagation Society 2019 Chen-To Tai
Distinguished Educator Award. He was the recipient of a Penn State College of Engineering PSES Outstanding Research
Award and Outstanding Teaching Award in March 2000 and March 2002, respectively. He was also presented with an
IEEE Central Pennsylvania Section Millennium Medal. In March 2009, he received the PSES Premier Research Award. He
is a Fellow of IET, OSA, ACES, and the PIERS Electromagnetics Academy. He is also a Senior Member of the National
Academy of Inventors, URSI, and SPIE.
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