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Contact Email: work@jpier.org
Founding Editor in Chief:
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Hwan Seok Chung, Electronics and Telecommunications Research Institute (ETRI)
Benjamin Eggleton, The University of Sydney
Jason Png Ching Eng, Institute of High Performance Computing,
Agency for Science, Technology and Research (A*STAR)
Dirk Englund, Massachusetts Institute of Technology
Masayuki Fujita, Osaka University
Nathan Gomes, University of Kent at Canterbury
Sailing He, Royal Institute of Technology; JORCEP, Zhejiang University
Hartmut Hillmer, University of Kassel
Sheng-Kwang Hwang, National Cheng Kung University
Sevia M. Irdus, Universiti Teknologi Malaysia
Atsushi Kanno, National Institute of Information and Communications Technology
Kazutoshi Kato, Kyushu University
Tetsuya Kawanishi, Waseda University
lam-Choon Khoo, Pennsylvania State University
Hoon Kim, Korea Advanced Institute of Science and Technology (KAIST)
Christina Lim, University of Melbourne
Ukrit Mankong, Chiang Mai University
Shinji Matsuo, NTT Device Technology Laboratories
Hiroaki Minamide, RIKEN
Tadao Nagatsuma, Osaka University
Ampalavanapillai Nirmalathas, University of Melbourne
Sergei Popov, Royal Institute of Technology
Jin-Wei Shi, National Central University
Andreas Stoehr, University Duisburg-Essen
Shogo Ura, Kyoto Institute of Technology
Joewono Widjaja, Suranaree University of Technology

16



PIERS 2018 Toyama Program

PIERS 2018 Toyama Subcommittee 4
(Antennas and Microwave Technologies)

Koichi Ito, Chiba University (Chair)

Guillaume Ducournau, Institute of Electronics, Microelectronics and Nanotechnology (IEMN) (Co-Chair)
Zhongxiang Shen, Nanyang Technological University (Co-Chair)
Afshin Daryoush, Drexel University

Hiroyuki Deguchi, Doshisha University

Karu P. Esselle, Macquarie University

Fabrizio Frezza, Sapienza University of Rome

Takeshi Fukusako, Kumamoto University

Akimasa Hirata, Nagoya Institute of Technology

Mona Jarrahi, University of California-Los Angeles (UCLA)
Yoshinori Kogami, Utsunomiya University

Long Li, Xidian University

Ning Li, Chuo University

Cyril Renaud, University College London

Kaushik Sengupta, Princeton University

Naoki Shinohara, Kyoto University

Ho-Jin Song, Pohang University of Science and Technology (POSTECH)
Safumi Suzuki, Tokyo Institute of Technology

Manos Tentzeris, Georgia Institute of Technology

Malay Ranjan Tripathy, Amity University Uttar Pradesh

Jan Vrrba, Czech Technical University in Prague

Jianping Yao, University of Ottawa
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PIERS 2018 Toyama Subcommittee 5
(Remote Sensing, Inverse Problems, Imaging, Radar and Sensing)

Leung Tsang, University of Michigan (Chair)

Kun-Shan Chen, Institute of Remote Sensing and Digital Earth (Co-Chair)
Akira Hirose, The University of Tokyo (Co-Chair)

Mohamed Barker, McMaster University

Yang Du, Zhejiang University

Hong Tat Ewe, University Tunku Abdul Rahman

Keigo Ishisaka, Toyama Prefectural University

Woong Kang, Korean Institute of Geoscience and Mineral Resources (KIGAM)
Yoshiya Kasahara, Kanazawa University

Kangwook Kim, Gwangju Institute of Science and Technology (GIST)
Lianlin Li, Peking University

Xiaofeng Li, National Oceanic and Atmospheric Administration

Hai Liu, Xiamen University

Andrey V. Osipov, German Aerospace Center

Robert F. Pfa , NASA/Goddard Space Flight Center

Motoyuki Sato, Tohoku University

Ryoichi Sato, Niigata University

Jian-Cheng Shi, Institute of Remote Sensing Applications

Jun-ichi Takada, Tokyo Institute of Technology

Rachid Talhi, University of Tours and CNRS

Saibun Tjuatja, University of Texas at Arlington

Xiaolan Xu, Jet Propulsion Laboratory

Satoshi Yagitani, Kanazawa University
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PIERS 2018 Toyama Young Scientist Program Committee

Kazuya Kobayashi, Chuo University (Chair)

Weng Cho Chew, Purdue University (Co-Chair)

Sailing He, Royal Institute of Technology; JORCEP, Zhejiang University (Co-Chair)
Tadao Nagatsuma, Osaka University (Co-Chair)

Leung Tsang, University of Washington (Co-Chair)

Meisong Tong, Tongji University (SC1)

Atsushi Sanada, Osaka University (SC2)

Stavros lezekiel, University of Cyprus (SC3)

Koichi Ito, Chiba University (SC4)

Kun-Shan Chen, Institute of Remote Sensing and Digital Earth (SC5)

PIERS 2018 Toyama Local Organizing Committee

Mitsuo Tateiba, Kyushu University (Chair)

Kazuya Kobayashi, Chuo University (Co-Chair)

Tsuneki Yamasaki, Nihon University (Co-Chair)

Satoshi Yagitani, Kanazawa University (Secretary)

Makoto Ando, National Institute of Technology

Yasuhiko Arakawa, The University of Tokyo

Kiyomichi Araki, Tokyo Institute of Technology

Kaori Fukunaga, National Institute of Information and Communications Technology
Kazuo Hotate, Toyota Technological Institute

Ryuji Kohno, Yokohama National University

Yasuo Kokubun, Yokohama National University

Masanori Koshiba, Hokkaido University

Toshimi Okada, Toyama Prefectural University

Masakazu Sengoku, Graduate Institute for Entrepreneurial Studies
Toshitaka Tsuda, Waseda University

Susumu Yoshida, Kyoto University
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PIERS 2018 Toyama Local Steering Committee

Kazuya Kobayashi, Chuo University (Chair)

Tsuneki Yamasaki, Nihon University (Co-Chair)

Akira Komiyama, Osaka Electro-Communication University (Co-Chair)
Keigo Ishisaka, Toyama Prefectural University (Secretary: Local Arrangements)
Ryoichi Sato, Niigata University (Secretary: Finance)

Jun-ichi Takada, Tokyo Institute of Technology (Secretary: Publicity)
Tadao Nagatsuma, Osaka University (Secretary: Technical Program)
Satoshi Yagitani, Kanazawa University (Secretary: General A airs)
Shinichiro Ohnuki, Nihon University (Secretary: Registrations)

Takashi Nagasaka, Chuo University (Assistant Secretary)

Keiji Goto, National Defense Academy

Akimasa Hirata, Nagoya Institute of Technology

Akira Hirose, The University of Tokyo

Koichi Ito, Chiba University

Atsushi Kanno, National Institute of Information and Communications Technology
Yoshiya Kasahara, Kanazawa University

Tetsuya Kawanishi, Waseda University

Yoshinori Kogami, Utsunomiya University

Michiko Kuroda, Tokyo University of Technology

Shinji Matsuo, NTT Device Technology Laboratories

Taketoshi Miyake, Toyama Prefectural University

Masahiko Nishimoto, Kumamoto University

Yoichi Okuno, South China Normal University; Kumamoto University
Motoyuki Sato, Tohoku University

Naoki Shinohara, Kyoto University

Hiroshi Shirai, Chuo University
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PIERS 2018 Toyama Local Technical Program Committee

Tadao Nagatsuma, Osaka University (Chair)

Michiko Kuroda, Tokyo University of Technology (Co-Chair)
Hiroshi Shirai, Chuo University (Co-Chair)

Safumi Suzuki, Tokyo Institute of Technology (Secretary)
Masayuki Fujita, Osaka University (Secratery)

Hiroyuki Deguchi, Doshisha University

Keisuke Fujita, National Institute of Technology, Yuge College
Takeshi Fukusako, Kumamoto University

Koichi Hirayama, Kitami Institute of Technology

Yasushi Horii, Kansai University

Tatsuya Kashiwa, Kitami Institute of Technology

Kazutoshi Kato, Kyushu University

Hiroshi Kubo, Yamaguchi University

Ning Li, Chuo University

Akira Matsushima, Kumamoto University

Naobumi Michishita, National Defense Academy

Hiroaki Minamide, RIKEN

Osamu Sakai, The University of Shiga Prefecture

Atsushi Sanada, Osaka University

Toshihiko Shibazaki, Tokyo Metropolitan College of Industrial Technology
Masahiro Tanaka, Gifu University

Hiroyuki Toda, Doshisha University

Satoshi Tomita, Nara Institute of Science and Technology
Tetsuya Ueda, Kyoto Institute of Technology

Toru Uno, Tokyo University of Agriculture and Technology
Shogo Ura, Kyoto Institute of Technology

Koki Watanabe, Fukuoka Institute of Technology
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SYMPOSIUM VENUE

The 2018 Progress In Electromagnetics Research Symposium will be held in Toyama during August 1{4, at \Toyama
International Conference Center" and \ANA Crowne Plaza Toyama".

REGISTRATION

The PIERS technical sessions will begin at 08:30 on Wednesday, August 1, 2018. You may come to register during
12:30-18:30 on Tuesday, July 31, 2018, and during 08:00-18:00 on Wednesday, August 1, 2018, at the registration
counter, Toyama International Conference Center. Registration is also available from 08:00 to 18:00 on August 2
and 3, and from 08:00 to 17:00 on August 4, 2018.

The on-site registration fee is USD 690, and the reduced registration fee for a student is USD 450 (a valid student
ID is required). Please be reminded that the on-site payments will be collected in Japanese Yen. If you have pre-
registered and paid, your name badge and symposium program will be ready for you to pick up at the registration
counter during the symposium. Please wear your name badge throughout the meeting. Access to the co ee break,
interactive areas, and technical sessions will be prohibited if a name badge is not visible.

SPECIAL EVENTS

Symposium Reception

On Wednesday evening, August 1, all conference participants are invited to a welcome reception at the conference
hotel. The tickets are free and handed out on a rst-come- rst-served basis. Please make reservation in advance
for the reception by July 10.

Symposium Banquet

On Friday evening, August 3, symposium banquet is planned for PIERS participants and their guests. A limited
number of banquet tickets will be available. For all participants, the price is USD 80 per person. Please make
reservation and pay in advance for the banquet by July 10.

PIERS ONLINE

Information on PIERS 2018 Toyama and future PIERS is posted at www.piers.org.
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GUIDELINE FOR PRESENTERS

Oral Presentations

Load and TEST presentation les in advance:

All Oral Presenters must load and test presentation les in their own session room computers no later than 12
hours before the scheduled talk. Presenters are not allowed to detach the session computer and attach their
own notebook/laptop to the LCD projector in session room.

Presentation les format:
PDF, Power Point are recommended. Movies or animations in MPEG, Windows Media, and etc, should be
tested in PIERS computer in PIERS OFFICE no later than half-day before the session.

USB disk, CD-ROM, DVD:
Presentation les in USB disk, CD-ROM, DVD are acceptable by PIERS Computer.

Report to Session Chair:
Presenters are required to report to their session chairs at least 10 minutes prior to the start of their session.

Length of your talk:
In a regular session, the time length for each talk is 20 minutes. In a focus session, the presentation time limit
is 30 minutes for a keynote talk, 20 minutes for an invited talk, and 15 minutes for a contributed talk.

DO NOT change presentation sequence:

Session Chairs, please be present in the session room at least 15 minutes before the start of the session
and must strictly observe the starting time and time limit of each paper and refrain from changing paper
presentation sequence.

NO picture request:
When such a request is made by the presenter, the session chair and session helpers will do their best to
ensure that no pictures will be taken at the presentation.

Poster Presentations

Presenters should post time slots of their presence on the panel and be present for interactive questions at the given
time. Each poster can be posted at 8:30{11:30 and 14:00{17:00, and all presenters are suggested to be present at
least during 10:40{11:00 and 15:40{16:00.

One panel area of 47:2% (W)  82:7% (H) or 1200 mm (W) 2100 mm (H) will be available for each poster.

All presenters are required to mount their papers 30 minutes before the session and remove them at the end of their
sessions.
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GENERAL INFORMATION

LANGUAGE

The o cial language for the Symposium is English.

CURRENCY AND CREDIT CARDS

The local currency is the Japanese Yen (JPY) and the exchange rate is 1 USD for about 110 JPY (as of June 1,
2018). Credit cards and cash are acceptable for payments. International credit cards are acceptable in most shops,
restaurants etc.

TAX AND TIP

Please do not tip a waiter/waitress or a taxi driver and other persons who provide regular service. All advertised
merchandise prices normally include tax.

TAXI

Usually, a taxi is available along the roadsides (while you wave for it) or right in front of a hotel.

BUSINESS OPENING HOURS

Post O ce
Opening hours: usually 08:30 { 17:00, from Monday to Friday.

Bank
Opening hours: usually 09:00 { 16:00, from Monday to Friday.

Store
Opening hours: usually 10:00 { 21:00, from Monday to Sunday. There are 24 h service shops also.

Public Transportation
Operating hours: generally 05:30 { 23:30

ELECTRICITY

In Toyama area in Japan, the standard outlets provide AC of 100V/60 Hz.
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PIERS 2018 TOYAMA ORGANIZERS AND SPONSORS

Sponsored by:
The Institute of Electronics, Information and Communication Engineers (IEICE)

The Electromagnetics Academy

Science Council of Japan

Technically co-sponsored by:

Institute of Electrical and Electronics Engineers (IEEE)

IEEE Geoscience and Remote Sensing Society (IEEE GRSS)

IEEE Antennas and Propagation Society (IEEE AP-S)

IEEE Geoscience and Remote Sensing Society All Japan Joint Chapter

The Electromagnetics Academy at Zhejiang University

In cooperation with:
Association for Promotion of Electrical, Electronic and Information Engineering

The Institute of Electrical Engineers of Japan
The Laser Society of Japan
The Remote Sensing Society of Japan

Supported by:
Ministry of Internal A airs and Communications

Japan Tourism Agency

Japan National Tourism Organization
Toyama Prefecture

Toyama Prefectural Board of Education
Toyama City

Toyama Convention Bureau

University of Toyama

Toyama Prefectural University
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Financial Supporters:
National Institute of Information and Communications Technology (NICT)

The Telecommunications Advancement Foundation

Support Center for Advanced Telecommunications Technology Research, Foundation (SCAT)
The Murata Science Foundation

Toyama Prefecture

Toyama City

Toyama Convention Bureau

Exhibitors:
IEEE AP-S

Nippon Eletex Co., Ltd.
SkyPhone
(as of July 13, 2018)

Donations by:
Denyosya Corporation Co., Ltd.

Hokuden Information System Service Company, Inc.
Hokuriku Electric Industry Co., Ltd.
Hokushin Co., Ltd.

INTEC Inc.

IPEC Co., Ltd.

Musenparts Co., Ltd.

Nippon Electronics Service Co., Ltd.
Nippon SEC Co., Ltd.

Shikino High-Tech Co., Ltd.

Tamagawa Electronics Co., Ltd.
Tateyama Kagaku Industry Co., Ltd.
Tateyama Machine Co., Ltd.

Todoroki Industry Co., Ltd.

Toyama Television Broadcasting Co., Ltd.
UCM Co., Ltd.

(as of July 13, 2018)

27



Progress In Electromagnetics Research Symposium

Tow IVCI§7?

University

OO®C ,iuiEisA
00

see BEBRBIEERY

The Telecommunications Advancement Foundation

Toyama Convention Bureau

N

N3 vEa-A-

NTO </\
— (Q/< AR

Tourism Organization

_ summis HESHEAND

The Murata Science Foundation

Support Center for Advanced Telecommunications
Technology Research

AToyama Prefecture / cnr

28



PIERS 2018 Toyama Program

MAP OF CONFERENCE SITE
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PIERS 2018 Toyama Venue
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GENERAL LECTURES

General Lecture 1 (11:00-12:00, Wednesday, August 1, 2018)
Venue: Main Hall, 3rd oor, Toyama International Conference Center

Mathematics, Physics, Engineering, and Electromagnetics
Speaker: Weng Cho Chew, Purdue University, USA

Chaired by Yury V. Shestopalov, University of Gavle, Sweden
Abstract

In this lecture, we will discuss mathematics issues that commonly emerge in solving electromagnetics and engineering
problems. Approximation methods, convergence of approximation methods, existence of solutions, stability of time-
stepping methods are often encountered. The understanding of linear vector spaces, such as Hilbert spaces, and
Sobolev spaces becomes important in understanding the underlying behaviors of many approximation or numerical
methods.

Due to the advent of computers, fast solution methods have been of interest to many researchers. Hence, matrix or
operator factorization becomes an important topic of research. Many of the modern fast methods can be thought
of matrix or operator factorization techniques. Acceleration of convergence through multi-level multi-grid also
becomes the prerogatives of many researchers.

In addition, the use of di erential geometry or exterior calculus has been connected to electromagnetics for many
years. But recently, a discrete version of exterior calculus has been developed. It seems that this exterior calculus
is a superset theory of classical calculus.

In physics, many theories are postulated instead of been derived. For instance, quantum postulates give rise to
quantum theory that is a superset theory that describes the world from a new perspective. It will be good for
mathematicians to investigate if all physical theories have superset theories. They can lead to a richer description
of the world.

Also, there are many mathematical theories that are developed independently of physics and engineering applica-
tions. Examples of these are complex variable theory, topology, Lie algebra. The use of topology concepts like
Chern number is replete in many literatures on topological insulators.

It will be important that bridges be built between mathematics, physics, engineering, and electromagnetics so that
this set of knowledge permeates for real-world applications more readily.

Pro le

W. C. Chew received all his degrees from MIT. His research interests are in wave physics,
specializing in fast algorithms for multiple scattering imaging and computational elec-
tromagnetics in the last 30 years. His recent research interest is in combining quantum
theory with electromagnetics, and di erential geometry with computational electromag-
netics. After MIT, he joined Schlumberger-Doll Research in 1981. In 1985, he joined
U IHllinois Urbana-Champaign, was then the director of the Electromagnetics Lab from
1995{2007. During 2000{2005, he was the Founder Professor, 2005{2009 the YT Lo
Chair Professor, and 2013{2017 the Fisher Distinguished Professor. During 2007{2011,
he was the Dean of Engineering at The University of Hong Kong. He joined Purdue
U in August 2017 as a Distinguished Professor. He has co-authored three books, many
lecture notes, over 400 journal papers, and over 600 conference papers. He is a fellow of
various societies, and an ISl highly cited author. In 2000, he received the IEEE Graduate Teaching Awar, in 2008,
he received the IEEE AP-S CT Tai Distinguished Educator Award, in 2013, elected to the National Academy of
Engineering, and in 2015 received the ACES Computational Electromagnetics Award. He received the 2017 IEEE
Electromagnetics Award. He now is the 2018 IEEE AP-S President.
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General Lecture 2 (11:00-12:00, Thursday, August 2, 2018)
Venue: Main Hall, 3rd oor, Toyama International Conference Center

Challenges in Metamaterial and Metasurfaces Design for Practical Antenna Applica-
tions

Speaker: Raj Mittra, University of Central Florida, USA
Chaired by Ari Sihvola, Aalto University, Finland
Abstract

Metamaterials (MTMs) were introduced to the EM world by Veselago in a seminal paper back the 60’s, in which he
argued that materials with DNG (double-negative) characteristics, whose e and m are both negative, would exhibit
exotic properties such as subwavelength resolution, when used in devices such as lenses. Since then other interesting
properties of MTMs have been identi ed, and their applications to cloaking, performance enhancement of small
antennas, and related areas, have been proposed. More recently, there has been considerable interest in the topic
of Metasurfaces (MTSs), as opposed to volume-type materials, that have been employed to control the propagation
of EM waves with applications to communication antennas.

Despite a ood of publications on MTMs and related topics | literally thousands during the last 10 years | the
number of real-world applications in which MTMs and MTSs have been utilized have been rather limited. The
primary reason for this is the lack of availability of the materials needed to fabricate devices such as those that
reduce the size of antennas without compromising their performance in terms of gain, bandwidth, and e ciency, for
instance, or shrouds (cloaks) that suppress the electromagnetic scattering from radar targets, to name just a few. A
similar situation arises when one attempts to design an antenna, or a similar device, using Transformation Optics
(TO), a relatively new concept which was recently introduced by Pendry, among others. In this approach, the
transformation of one coordinate system to another is used to modify the geometry of an antenna, without altering
its performance, by replacing the original material properties with new ones that can be rigorously determined by
applying the principles of TO to Maxwell’s equations. An example of such a device is a at Luneburg lens which
is derived by transforming the conventional spherical Luneburg lens, to render it easier to fabricate. The caveat is
that the TO algorithm calls for e and m materials that are not available naturally, e.g., MTMs. The same is also
true for a wide variety of other devices, such as at GRIN (graded index) lenses and Re ectarrays (RAs), which
require materials that are unavailable o -the-shelf and, hence, must be synthesized arti cially.

In light of this background on MTMs, this presentation will focus on the topic of arti cial synthesis of materials
with real-world applications in mind. We will review the di erent strategies that have been proposed, will identify
the ones that have been successfully implemented, provide several practical examples of the same, and go on to
discuss the challenges that still need to be met | not the least of which is cost-e ective fabrication | to satisfy
the ever-increasing demands posed by emerging technologies, such as loT and 5G.

The topic of Additive Manufacturing for low-cost fabrication of MTMs also being pursued a by several groups
around the world will be covered, and some issues particularly related to this topic will be examined.

Pro le

Raj Mittra is a Professor in the Department of Electrical Engineering & Computer Sci-
ence department of the University of Central Florida in Orlando, FL., where he is the
Director of the Electromagnetic Communication Laboratory. Prior to joining the Uni-
versity of Central Florida, he worked at Penn State as a Professor in the Electrical and
Computer Engineering from 1996 through June, 2015. He was a Professor in the Electri-
cal and Computer Engineering at the University of lllinois in Urbana Champaign from
1957 through 1996, when he moved to the Penn State University. Currently, he also
holds the position of Hi-Ci Professor at King Abdulaziz University in Saudi Arabia.

He is a Life Fellow of the IEEE, a Past-President of AP-S, and he has served as the Editor
of the Transactions of the Antennas and Propagation Society. He won the Guggenheim
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Fellowship Award in 1965, the IEEE Centennial Medal in 1984, and the IEEE Millennium medal in 2000. Other
honors include the IEEE/AP-S Distinguished Achievement Award in 2002, the Chen-To Tai Education Award in
2004 and the IEEE Electromagnetics Award in 2006, and the IEEE James H. Mulligan Award in 2011.

Recently he founded the e-Journal FERMAT (www.e-fermat.org) and has been serving as the co-editor-in-chief of
the same. Dr. Mittra is a Principal Scientist and President of RM Associates, a consulting company founded in
1980, which provides services to industrial and governmental organizations, both in the U.S. and abroad.

36



PIERS 2018 Toyama Program

General Lecture 3 (11:00-12:00, Friday, August 3, 2018)
Venue: Main Hall, 3rd oor, Toyama International Conference Center

Advances in Quantum Dot Photonics

Speaker: Yasuhiko Arakawa, The University of Tokyo, Japan
Chaired by Tadao Nagatsuma, Osaka University, Japan
Abstract

Since the rst proposal of the concept of the quantum dot in 1982, the quantum dots have been intensively studied
for both fundamental solid-state physics and advanced device applications. Fully discretizing the energy levels
of electrons by quantum dots has enabled the realization of high performance quantum lasers, high-sensitivity
quantum dot infrared detectors, and quantum information devices such as single photon sources. Quantum dots
can be applied to solar cells with a forecasted conversion e ciency over 75% for the future sustainable renewable
energy system. Moreover, embedding a single quantum dot inside the photonic nanocavity provides a new platform
for studying solid-state cavity quantum electronics (cavity-QED).

In this lecture, we overview recent progress in quantum dot technology, including practical implementation of
quantum dot lasers and demonstration of single photon sources operating above room temperature. Moreover,
advances in quantum dot cavity-QED and prospects of the future quantum dot photonics are also discussed.

Pro le

Yasuhiko Arakawa received his PhD degree in Electronics and Electrical Engineering
from the University of Tokyo in 1980. He joined the University of Tokyo as an assistant
professor and became a full professor at the University of Tokyo in 1993. He is now
Professor and the Director of the Institute for Nano Quantum Information Electronics,
the University of Tokyo. He served to the International Commission for Optics (ICO)
as the President and was elected as a Foreign Member of US National Academy of
Engineering (NAE). He has received numerous awards, including Leo Esaki Award (2004),
IEEE/LEOS William Streifer Award (2006), Fujiwara Award (2007), IEEE David Sarno
Award (2009), Medal with Purple Ribbon (2009), C&C Prize (2010), Heinrich Welker
Award (2011), OSA Nick Holonyak Jr. Award (2011), and Japan Academy Prize (2017).
He is a Life Fellow of IEEE and a Fellow of OSA.
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General Lecture 4 (11:00-12:00, Saturday, August 4, 2018)
Venue: Main Hall, 3rd oor, Toyama International Conference Center

Electromagnetic Wave Theory for Wireless Power Transfer
Speaker: Naoki Shinohara, Kyoto University, Japan

Chaired by Satoshi Yagitani, Kanazawa University, Japan

Abstract

A wireless power transfer (WPT) technology is considered as one of game changing technologies. The WPT
technology is basically based on the same theory for a wireless communication. We use an antenna for the WPT.
We use a wave circuit for the WPT. Only the di erence of the technologies between for the WPT and for the wireless
communication is a view point of an e ciency of the power transmission between the antennas and of the power
conversion at the circuit. For example, we put a transmitting antenna and a receiving antenna at distance in which a
mutual coupling between the transmitting and the receiving antenna occurs to increase a beam e ciency. When the
mutual coupling between the transmitting and the receiving antenna is very strong, it is called inductive/capacitive
coupling WPT. In that distance, a magnetic eld or an electric eld is used as a carrier of the power. When
the mutual coupling is weak, it is called a resonance coupling WPT and an evanescent mode wave is used as the
carrier of the power. When the mutual coupling is very weak or negligible, it is called a WPT via electromagnetic
wave in a radiative near eld. In that distance, we cannot apply Friis transmission equation because we cannot
assume a plane wave. All phenomena will occur with the same antenna. Now there are various kind of WPT
commercial applications, e.g., a wireless charger of a smart phone with an inductive coupling WPT, a resonance
coupling wireless charger of an electric vehicle, an RF-ID via microwave power, and an IoT devices whose power is
supplied by an energy harvesting from an ambient radio wave. They seem to be di erent WPT systems. But we
can explain all WPT systems via the same electromagnetic theory.

In this talk, rst of all, current R&D status of the WPT in the world will be described and hopeful future of the
WPT as a game changing technology will be described. Next total electromagnetic theory for the WPT will be
explained. New circuit theory to increase a power conversion e ciency will also described. This talk will give
audiences total knowledge of the WPT theory and technologies.

Pro le

Naoki Shinohara received the B.E. degree in electronic engineering, the M.E. and Ph.D
(Eng.) degrees in electrical engineering from Kyoto University, Japan, in 1991, 1993 and
1996, respectively. He was a research associate in Kyoto University from 1996. From 2010,
he has been a professor in Kyoto University. He has been engaged in research on Solar
Power Station/Satellite and Microwave Power Transmission system. He is IEEE MTT-S
Technical Committee 26 (Wireless Power Transfer and Conversion) chair, IEEE MTT-
S Distinguish Microwave Lecturer (DML), IEEE Wireless Power Transfer Conference
advisory committee member, URSI Commission D vice chair, international journal of
Wireless Power Transfer (Cambridge Press) executive editor, rst chair and technical
committee member on IEICE Wireless Power Transfer, Japan Society of Electromagnetic
Wave Energy Applications (JEMEA) president, Space Solar Power Systems Society board
member, Wireless Power Transfer Consortium for Practical Applications (WiPoT) chair,
and Wireless Power Management Consortium (WPM(c) chair.
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PRE-CONFERENCE WORKSHOP

Prior to the conference, a Workshop will be held on July 31, 2018, where all the paid registrants of PIERS 2018
Toyama are invited to attend without any extra fee nor any advance reservation.

Date: July 31, 2018
Time: 13:30-17:45 (Registration Desk will open at 12:30.)

Venue: Main Hall, 3rd oor, Toyama International Conference Center
Fee: Free (included in the PIERS 2018 Toyama registration fee)

Session WS1 (13:30-15:45)

Chaired by Shinichiro Ohnuki, Nihon University, Japan and Malay Ranjan Tripathy, Amity Univer-
sity Uttar Pradesh, India

Invited Talk 1 (13:30-14:15)

A Simple Collective Ray Description for the EM Radiation by Conformal Phase
Scanned Antenna Arrays on Locally Smooth Convex Surfaces

Speaker: Prabhakar H. Pathak, Professor Emeritus, The Ohio State University, USA
Abstract

A collective uniform geometrical theory of di raction (UTD) ray solution is described for e ciently analyzing
the radiation from large phase scanned antenna arrays mounted conformally on locally smooth convex surfaces.
This collective UTD describes the radiation from an entire, large, phased array in terms of just a few rays; this
is in contrast to the brute force array element by element eld summation via UTD. In so doing, the collec-
tive UTD provides a vivid physical description for the array radiation mechanisms. The UTD solution is useful
in predicting the radiation performance of large conformal phased arrays on larger locally convex but otherwise
complex platforms which may occur in modern applications. The basic ideas are demonstrated via the analy-
sis of canonical problems involving the radiation by nite size linear periodic phased arrays placed either along
the axial or along the circumferential directions on a PEC circular cylinder, and excited with a uniform ampli-
tude and appropriate phase distribution for scanning in a given direction. An asymptotic high frequency anal-
ysis, which is applicable here, is seen to yield a collective UTD description for the elds of the array in terms
of basically three rays which arrive at an observation point in the near or far zone in the region external to
the array but not too close to it. One such ray originates from an appropriate point interior to the array and
constitutes the Floguet modal ray which exists as if the axial array was in nitely long, or the circumferential
array completely wrapped the cylinder. The remaining two rays arrive from each end of the nite linear ar-
ray and thus constitute the Floquet modal di racted elds arising from the array truncation. An extension of
this work to tapered array source distributions and to surface array distributions (as opposed to linear arrays)
will also be brie y discussed.

Pro le

Prabhakar H. Pathak received his Ph.D. (1973) in Electrical Engineering from
the Ohio State University (OSU). Currently he is Professor Emeritus at OSU,
and Adjunct Professor at the Univ. of South Florida. Prof. Pathak is regarded

as a codeveloper of the uniform geometrical theory of di raction (UTD). His re- ‘l'ﬂl lwx
search interests continue to be in the development of new UTD ray solutions in ' |3
both the frequency and time domains, as well as in the development of fast beam
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Invited Talk 3 (15:00-15:45)

Metamaterials, Anapoles and Flying Donuts

Speaker: Nikolay Zheludev, University of Southampton, UK & Nanyang Technological University,
Singapore

Abstract

Metamaterials have been the platform for experimental development of a new chapter in electrodynamics devoted
to toroidal and anapole modes of excitation and the generation of electromagnetic ying donuts. Electromagnetic
toroidal dipoles can be represented as currents owing on the surfaces of tori. They provide physically signi cant
contributions to the basic characteristics of matter including absorption, dispersion, and chirality. They give rise to
dynamic anapoles, illusive non-radiating charge-current con gurations. Toroidal excitations also exist in free space
as spatially and temporally localized electromagnetic pulses propagating at the speed of light and interacting with
matter in a way di erent from conventional electromagnetic transvers pulses. We discuss these recent ndings and
the role of localized and propagating electromagnetic toroidal excitations in light-matter interactions, spectroscopy
and telecommunications.

Pro le

Nikolay Zheludev, directs the Centre for Photonic Metamaterials at Southampton Uni-
versity, UK and Centre for Disruptive Photonic Technologies at Nanyang Technological
University, Singapore. He is also deputy director of the Optoelectronics Research Cen-
tre at Southampton and co-Director of the Photonics institute at NTU, Singapore. His
research interests are in nanophotonics and metamaterials. He is Fellow of the Royal
Society and his personal awards include the Thomas Young Medal for \global leadership
and pioneering, seminal work in optical metamaterials and nanophotonics™, Senior Pro-
fessorships of the Engineering and Physical Sciences Research Council (UK) and the Lev-
erhulme Trust and the Royal Society Wolfson Research Fellowship. Professor Zheludev
is the Editor-in-Chief of the IOP \Journal of Optics" and advisor to the Nature-Springer
publishing group.

hBreaki (15:45-16:15)
Session WS2 (16:15-17:45)

Chaired by Yury Shestopalov, University of Gavle, Sweden and Leung Tsang, University of Michigan,
USA

Invited Talk 4 (16:15-17:00)

Contribution of Electromagnetics to Humanitarian Demining and UXO Clearance
Speaker: Motoyuki Sato, Tohoku University, Japan
Abstract

Humanitarian demining and UXO clearance have gathered interest all over the world last 20 years, however, it is
still quite important activity in many mine/UXO a ected countries. Since the Ottawa treaty established in 1997,
land mine problems have been widely known, and we have continued e orts to demolish all the landmines including
buried mines in mine a ected countries. Even though, we have noticed that in many mine a ected countries, mine
clearance is not an easy task and we have to continue this e ort. It is reported that accidents caused by landmines
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occurred in 56 countries in 2016, and more than 9,000 people were killed or injured. As of November 2017, landmines
remains in 61 countries.

In order to detect buried landmines and UXO, electromagnetic techniques have widely been used. Electromagnetic
Induction Sensor (EMI sensor) is one of the most commonly used sensor for detection of metal objects. Most of
UXO are made of metal and most types of landmines contain metal components, which can be detected by EMI
sensor. In addition, recently, Ground Penetrating Radar (GPR) has also been used for humanitarian demining,
because it can detect non-metal objects. In this workshop, at rst | will introduce these techniques.

Then, we introduce more actual activities. Tohoku University has developed ALIS for humanitarian demining.
ALIS is a handheld \Dual sensor" which combines EMI sensor and GPR. This is a hand held sensor, equipped
with position tracking system, therefore ALIS can acquire the EMI and GPR signal together with its position
information, while it is scanned on the ground surface by an operator by hand manually. Then, the data can
be processed using Synthetic Aperture Radar (SAR) processing (migration) and can reconstruct 3-D subsurface
image. GPR of ALIS operates at 1{3 GHz, and the penetration depth of the GPR is 20{50cm. The development of
ALIS started in 2002, and after evaluation test in some mine a ected countries including Afghanistan, a long-term
evaluation test has been conducted in Cambodia since 2009. We found that the prototype of ALIS is capable for
imaging buried mines, and can reduce the false alarm ratio drastically. We have detected more than 80 buried land
mines in Cambodia mine elds. The ALIS is based on these practical evaluation conducted together with CMAC
(Cambodian Mine Action Center). The new ALIS system is compact and light weight which is less than 3.1kg,
and can be used for more than 6 hours. It was evaluated in CMAC test site in 2018, and we demonstrated its high
performance.

Pro le

Motoyuki Sato received the B.E., M.E degrees, and Dr. Eng. degree in information engi-
neering from the Tohoku University, Sendai, Japan, in 1980, 1982 and 1985, respectively.
Since 1997 he is a professor at Tohoku University and a distinguished professor of Tohoku
University since 2007, and he was the Director of Center for Northeast Asian Studies,
Tohoku University during 2009{2013. In 1988, he was a visiting researcher at the Federal
German Institute for Geoscience and Natural Resources (BGR) in Hannover, Germany.
His current interests include transient electromagnetics and antennas, radar polarimetry,
ground penetrating radar (GPR), borehole radar, electromagnetic induction sensing, in-
terferometric and polarimetric SAR. He has conducted the development of GPR sensors
for humanitarian demining, and his sensor ALIS which is a hand-held dual sensor, has ~
detected more than 80 mines in mine elds in Cambodia. He received 2014 Frank Frischknecht Leadership Award
from SEG for his contribution to his sustained and important contributions to near-surface geophysics in the eld
of ground-penetrating radar. He received IEICE Best paper award (Kiyasu Award), and IEEE Ulrich L. Rohde
Innovative Conference Paper Awards on Antenna Measurements and Applications both in 2017. He is a visiting
Professor at Jilin University, China, Delft University of Technology, The Netherlands, and Mongolian University of
Science and Technology.

Invited Talk 5 (17:00-17:45)

Computational Bioelectromagnetics: Human Safety, Healthcare and Medical Appli-
cations

Speaker: Akimasa Hirata, Nagoya Institute of Technology, Japan

Abstract

The adverse health e ects caused by the electromagnetic eld exposures at low- and radio-frequencies are the
stimulation and thermal e ect, respectively. International guidelines/standards for human exposure safety have
been set to prevent from the e ects. In the guidelines/standards, the limits are prescribed in terms of the internal
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physical quantities; in-situ electric eld at low frequencies and speci ¢ absorption rate (SAR) at radio frequencies.
The SAR is a surrogate of the temperature elevation.

When providing the rational for the guidelines/standards, the threshold for inducing the health e ect should be
assessed. The computational electromagnetics, in addition to the thermodynamics faadio-frequency exposure,
is powerful and essential tool in the standardization. Computational techniquesfor electromagnetics in human
have been developed for exposure safety; magneto-quasi-static approximatidechniques at low frequencies and
full-wave analysis at radio frequencies. A committee on EMF dosimetry modelinghas been formed under the IEEE
International Committee on Electromagnetic Safety. Combining computational electromagnetics with modeling
techniques of human body from medical images, integrated computational techniquesra used for healthcare and
medical applications. For example, in the non-invasive brain stimulation (e.g, transcranial magnetic stimulation,
transcranial direct current stimulation etc), personalized electrostimulation strategy using combined computational
techniques becomes common. This is the same for hyperthermia, radio-frequency ablati, etc.

In this talk, computational techniques for bioelectromagnetics in di erent frequency ranges will be reviewed rst,
and then the role of computational bioelectromagnetics for setting the limit in the safety guidelines will be explained,
together with current research agenda. A risk management system of heat-relatedliless and diagnosis systems for
the brain function will be reviewed, together with future perspective in this reseach eld.

Pro le

Dr. Hirata is Director and Professor of Research Center of Bioelectromagetic Engi-
neering, Nagoya Institute of Technology. He serves as WHO Expert and a memberfo
the main commission of International Commission on Non-lonizing Radiaton Protection
(ICNIRP) where he leads a project group on dosimetry (engineering/physics modeling)
He also serves administrative member and chairperson of subcommittee 6 tEEE Inter-
national Committee on Electromagnetic Safety. He won several awards includingapan
Academy Medal (2018), IEEE EMC-S Technical Achievement Award (2015), Prizes dr
Science and Technology (2014 Public Understanding Category and 2011 Research Cate-
gory) from Ministry of Education, Culture, Sports, Science and Technology, Japan. He

is Fellow of IEEE and Institute of Physics.
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