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Program

T1.1: Tutorial 1 - Practical Applications of Asymptotic Techniques in Electromagnetics....N/A

The asymptotic techniques have been widely used for solving electromagnetic problems when the
electrical size of the scenario is large in comparison to the wavelength. These techniques are applied to
problems such as the analysis of on-board antennas, computation of the RCS, antenna design or the
study of the propagation in mobile communications. However, the accuracy of these techniques is
related to the fidelity of the geometrical modeling compared to the real scenario. There are two options.
The first option is a simplification of this modeling using canonical structures to simplify the
geometrical treatment associated with these techniques. The disadvantage of this option is a loss of
accuracy in the results. The second option is an exact modeling of the scenario in order to obtain results
that are as accurate as possible. In this case, the price to pay is the computational cost associated with
the solution of the problem. This tutorial attempts to show how this second modelling option can be
applied to obtain very accurate results; combining the electromagnetic techniques with some geometrical
techniques enables the solution of realistic and complex problems with a reasonable amount of
computational resources. With this aim, the tutorial presents the application of high frequency or
asymptotic techniques to the analysis of complex electromagnetic problems. By complex problems we
refer to those that are completely arbitrary in shape. A suitable geometrical modeling of the problem is
then needed. This modeling is performed by means of parametric surfaces called NURBS (Non Uniform
Rational B-Splines) that are commonly used in the world of Computer Aided Graphic Design for
aeronautical and architectural applications. A description of this modeling is included in the tutorial. The
main objective of the tutorial is the application of the asymptotic techniques to the analysis of problems
modeled by these kind of surfaces. Two techniques are described: the Uniform Theory of Diffraction
(UTD) and the Physical Optics (PO). The basic theory of both techniques is explained but with special
focus on their applicability to objects modeled by NURBS. A section is also dedicated to the so-called
ray-tracing acceleration techniques which are very important for addressing complex problems with a
reduced computational cost. The application of these techniques to both UTD and PO are included in the
tutorial.

T2.1: Tutorial 2 - Measurements as Field Sources in Computational Electromagnetics with
Application in Antenna Placement Analysis and EMC....N/A

The source reconstruction, or equivalent source method, provides an accurate near-field representation
of any radiating device in terms of equivalent electric and magnetic currents. The equivalent currents
can be determined from measured near- or far-field data through a post-processing step involving the
solution of an integral equation. The equivalent currents constitute an accurate 3D electromagnetic
model, maintaining near and far field properties of the measured device. A newly created link, enable
the import of such models into several commercial computational electromagnetic (CEM) solvers in the
form of a near-field Huygens box.The tutorial cover the application of the link to the computational
analysis of antenna placement on large structures, and electromagnetic compatibility (EMC) using
commercially available near-field measurement systems, post-processing, and CEM tools. Application
examples are discussed in detail:1. Antenna placements on larger complex structures,2. Pre-compliance
emission analysis of a printed circuit board (PCB). Experimental validations of the computational
processes are shown from measurement results. The tutorial covers the following topics:1. Introduction
to the equivalent source/current method - Near Field measurement techniques - Equivalent source/



current processing of near field data2. Huygens Box link to computational tools and validation
scenarios3. Source antenna measurement and post-processing issues - "Free space" antenna source -
Flush mounted antenna applications4. Application examples - Radiation of flush mounted small antenna
in complex scenario - Emission analysis PCB board in realistic scenarios (EMC)S. Discussion, Next
Steps and Conclusion

T3.1: Tutorial S - Stepped Plane Wave Simulation for some common antenna problems using
exising simulation software....N/A

Traditional antenna simulations use active source or sources together with other structures and the
solution finds the far or near electromagnetic (EM) field distributions. In some cases, it is useful to
perform the inverse operation, which treats the antenna as a passive structure being excited by an
external, controlled EM field. In far-field cases, the external controlled EM field used is a plane wave.
This tutorial will demonstrate how this method can be applied using some existing EM simulation tools.
Examples will include some common antenna problems, solved for comparison both in the ‘traditional’
method and the stepped external field method. Where time permits, some examples will be done as live
simulations.

T1.2: Tutorial 4 - Towards Energy-Efficient Hyper-Dense Wireless Networks with Trillions of
Devices....N/A

The information and communication technology (ICT) data traffic is expected to increase 1,000 fold by
2020. This increasing demand is quickly draining the scarce radio resources and will eventually affect
our nations' economy. This strongly motivates the need for intensive research on the next generation of
wireless networks. Beyond conventional cellular data, machine-to machine (M2M) and device to device
(D2D) communication will be responsible for a big portion of the wireless traffic in the next few years.
This will, in turn, further strain existing wireless infrastructure and require novel designs. According to
recent forecasts, there will be 12.5 billion inter-connected machine-type devices worldwide by the year
2020, up from 1.3 billion in 2012. For coping with such traffic growth, it is well known that the major
technique for meeting a much needed 1000x capacity improvement will be a byproduct of massive
network densification. The idea is to introduce heterogeneous networks (HetNets) having new,
additional nodes, such as small cellbase stations, deployed within local-area range and making the
network closer to the end-users. The integration of macro/micro/pico/small cell base stations (SBSs)
with disparate cell sizes and capabilities, has already been approved as a working item in LTE-advanced
and 5G. Such hyper-dense and heterogeneous networks (HDHNSs) can significantly improve spatial
frequency reuse and coverage, thus meeting the wireless capacity crunch. For example, it is envisioned
that a viral and hyper-dense deployment of low-cost small cells in the near future, with 200-300 small
cells per typical macro cell coverage, approaching one-to-one ratio with the number of UEs. Such
HDHNSs are characterized by two unique features: a) massive number of devices and b) highly dynamic
environment. How to manage, operate, and optimize such hyper-dense, dynamic networks, in an energy-
efficient and sustainable manner, is an important research challenge that has recently received significant
research interest from both academia and industry. The main goal of this tutorial is to introduce different
aspects of designing HDHNs with advanced capabilities while focusing on spectral-efficiency (SE) and
energy-efficiency (EE). In particular, we will introduce a plethora of techniques that include stochastic
geometry, fuzzy logic, and game-theory that are necessary for deploying and operating large-scale, self-
organizing HDHNs that can be used to support various communication systems with seamless mobility.



T2.2: Tutorial 3 - OTA testing of Wireless Devices in RIMP and Random-LOS: Preparing for 5G
Wireless Systems....N/A

The reverberation chamber has through the last fifteen years been used to emulate a rich isotropic
multipath (RIMP) environment, and it has successfully demonstrated its ability to test Over-The-Air
(OTA) performance of multiport antennas and active wireless devices. The latter include e.g., handsets,
laptops and small base stations. The measured throughputs of practical 4G LTE devices with MIMO and
OFDM capabilities have been shown to be in excellent agreement with basic theoretical algorithms.
Now is the time to use this concept to provide a complete characterization of the OTA performance to
cover all real-life environments. This is naturally done by introducing the pure LOS (Line-Of-Sight) as a
complementing limiting edge environment, and by taking into account the statistics of the randomness
introduced by users. The latter plays a major role in pure LOS that thereby rather becomes a random
LOS environment. The two limiting environments are linked together through a pragmatic real-life
hypothesis, and work has started to test this by simulations.It will be shown that the fundamental
characterizing quantity becomes the probability of detection of single or multiple bit streams (for
diversity and multiplexing cases, respectively) over an ensemble of users. This probability of detection
becomes equal to a relative throughput in a multipath environment, readily seen through the simple
threshold receiver model representing an ideal digital receiver. The new approach represents a way to
optimize the wireless networks by taking the statistics of users into account. This will be particularly
important for the next Fifth Generation (5G) wireless systems, which will extend to higher frequencies
at which the Random-LOS gets increased relevance and thereby importance too. The Random-LOS
OTA testing is already in 4G very relevant for automotive applications, and the tutorial will show the
first verification of automotive Random-LOS experimental OTA test setups.

S1.1: Multi-band and wide-band antennas I

A Novel Ultra-Wideband UHF Low-Profile Monopole for UAV Platforms....1
Luca Scorrano (Elettronica S.p.A., Italy); Antonio Manna (Elettronica SpA, Italy); Daniele
Spaziani, Fabrizio Trotta, Pasquale Naglieri and Mauro Ferrari (Elettronica S.p.A., Italy)

Novel Internal High Gain Loop Handset Phone Antenna Design for Satellite and Terrestrial
Integrated Mobile Communications System Applications....4
Wei-Yu Li and Wei Chung (Industrial Technology Research Institute, Taiwan); Hiroyuki Tsuji
(NICT, Japan); Amane Miura (Institute of Information and Communications Technology, Japan)

A Simple Monopole Antenna for Hepta-band LTE/WWAN Metal-framed Mobile Phone....8
Dongho Lee (Yonsei, Korea); Woo Cheol Choi and Young Joong Yoon (Yonsei University, Korea)

A Wideband Microstrip Monopolar Patch Antenna with Compact Size....11
Wang Kai Xu and Hang Wong (City University of Hong Kong, Hong Kong); Jun Xiang
(Information and Communication Technology Centre, Shenzhen Research Institute, P.R. China)

Dual-Band Slot Antenna with Metal Surroundings for WBAN Applications....13
Wonseok Lee and Jachoon Choi (Hanyang University, Korea)

Design and Analysis of 3D Posts Based Antenna....16
Putluru Sravani (III'T-Bangalore, India); Gaurangi Gupta and A. r. Harish (Indian Institute of
Technology Kanpur, India); Madhav Rao (IIIT-B, India)



S2.1: Millimeter-wave antennas and devices I

300 GHz One-Sided Directional Slot Array Antenna on Indium Phosphide Substrate....20
Haruichi Kanaya, Tomoki Oda, Naoto lizasa and Kazutoshi Kato (Kyushu University, Japan)

Dual-Polarization Jerusalem-Cross Slot Type FSS for a Submillimeter-Wave Band....22
Takeshi Manabe (Graduate School of Engineeringl, Osaka Prefecture University, Japan); Ken-ichi
Kikuchi (National Astronomical Observatory of Japan, Japan); Satoshi Ochiai (National Institute of
Information and Communications Technology, Japan); Toshiyuki Nishibori (Japan Aerospace
Exploration Agency, Japan)

140 GHz CMOS On-chip Dipole Antenna with Optimal Ion-Irradiated-Silicon with Vertical
Reflector....25
Junji Sato and Tomohiro Murata (Panasonic Corporation, Japan)

High Efficiency 2x2 Cavity-Backed Slot Sub-array for 60 GHz Planar Array Antenna Based on
Gap Technology....28
Abbas Vosoogh and Per-Simon Kildal (Chalmers University of Technology, Sweden)

Silica-based Post-Wall Waveguide with High-Performance Input and Output Transitions for E-
band Passive Front-end....31
Yusuke Uemichi, Osamu Nukaga, Kei Nakamura, Xu Han, Ryouhei Hosono and Ning Guan
(Fujikura Ltd., Japan)

Computational Simulation of Millimetre Wave Radar with a Modified Ray Tracing Renderer....34
Trevor G Anderson (University of Sydney & Australian Centre for Field Robotics, Australia);
David G Johnson (University of Sydney, Australia)

S3.1: Antenna arrays I

Reduced Sidelobe Multibeam Antenna Array with Broadside Beam Fed by 4x8 Butler Matrix....38
Krzysztof Wincza, Artur Rydosz, Izabela Slomian and Slawomir Gruszczynski (AGH University of
Science and Technology, Poland)

A Waveguide Slot Array Antenna with Integrated T-shaped Filters in the Corporate-feed Circuit....41
Xin Xu, Jiro Hirokawa and Makoto Ando (Tokyo Institute of Technology, Japan)

Devising a Horizontal Chamber Array for Automotive OTA Tests in Random Line-Of-Sight....43
Andrés Alayon Glazunov and Per-Simon Kildal (Chalmers University of Technology, Sweden);
Madeleine Schilliger Kildal (Chalmers University of Technology & Bluetest AB, Sweden)

Planar Multi-layer Passive Retrodirective Van Atta Array Reflectors At X-band....47
Kin Shing Bobby Yau (Defence Science and Technology Group, Australia)

Design of Butler Matrix Integrated with Antenna Array for Beam Forming....51
Fitri Yuli Zulkifli, Nurul Chasanah and Basari Basari (Universitas Indonesia, Indonesia); Eko Tjipto
Rahardjo (University of Indonesia, Indonesia)



Design of a Cavity-backed Slot Array Unit Cell on Inverted Microstrip Gap Waveguide....55
Jinlin Liu, Abbas Vosoogh, Ashraf Uz Zaman and Per-Simon Kildal (Chalmers University of
Technology, Sweden)

Beam-Steering Array for Handheld Devices Targeting 5G....59
Alexandru Tatomirescu (Aalborg University, Denmark); Adriana Oprian (APNET, Denmark);
Stanislav Stefanov Zhekov and Gert Pedersen (Aalborg University, Denmark)

S4.1: Small antennas I

Fabrication of F-Inverted Compact Antenna Using a 3D Printer....63
Adrian Caldow and Laura Audino (Defence Science and Technology Organisation, Australia)

A Simple Planar Monopole Antenna for Mobile Handset Applications....67
Khaled Mahbub Morshed, Karu Esselle and Michael Heimlich (Macquarie University, Australia);
Markus Dominik Mueck (Intel Mobile Communications, Germany); Stuart G Hay (CSIRO ICT
Centre, Australia)

Injection Locking in Active Antenna....70
Madhur D Upadhayay (Shiv Nadar University, India); Ananjan Basu (Indian Institute of
Technology, Delhi, India); Mahesh Abegaonkar (IIT Delhi, India); Shiban K Koul (Indian Institute
of Technology Delhi, India)

A Novel UWB Dielectric Resonator Antenna with Dual Notched Bands....74
Yinyan Chen and Yuehe Ge (Huaqiao University, P.R. China); Trevor S. Bird (Antengenuity &
CSIRO, Australia)

Circularly Polarized Small Microstrip Antenna for Wireless Sensor Network....78
Takafumi Fujimoto, Takuma Tsuruoka, Tomoyuki Fujishima, Yoichi Ishizuka, Satoshi Sugimoto
and Takuya Sasamura (Nagasaki University, Japan)

Modelling the Effect of A Thin Shorting Post in an Arbitrary Position Along the Outer Radiating
Edge of A Rectangular Patch Antenna....80
Budhaditya Majumdar and Karu Esselle (Macquarie University, Australia)

Electromagnetic Simulation of a Gold Nano-Cylinder Chain....83
Shinichiro Ohnuki (Nihon University, Japan); Kazuya Nagasawa and Ryo Takahashi (Nihon
university, Japan)

S5.1: Antennas for biomedical and healthcare applications

Development of Hybrid Surgical Device Combining Microwave and Radio Frequency Current....85
Sho Suzuki, Kazuyuki Saito and Koichi Ito (Chiba University, Japan)

Recent Developments in Antennas with Full Ground Planes for Wireless Body Area Networks....87
Syed Muzahir Abbas, Yogesh Ranga and Karu Esselle (Macquarie University, Australia); Stuart G
Hay (CSIRO ICT Centre, Australia)



Design of Implantable Antenna on the Dielectric/Ferrite Substrate for Wireless Biotelemetry....90
Dong-Wook Seo and Jae-Ho Lee (Electronics and Telecommunication Research Institute (ETRI),
Korea); Hyoungsu Lee (ETRI(Electronics and Telecommunications Research Institute), Korea)

Challenges in the Localization of a UHF Radio Pill in the Gastro-Intestinal Tract....93
Camille Aubry (University of Lorraine, France); Hugo G Espinosa and David V Thiel (Griffith
University, Australia); Esmaeil S Nadimi (University of Southern Denmark, Denmark)

Miniature Implantable PIFA for Telemetry in the ISM Band: Design and Link Budget Analysis....97
Farhad Gozasht (University of Technology, Sydney & Sahand University of Technology, Australia);
Ananda Sanagavarapu Mohan (University of Technology Sydney (UTS), Australia)

A Compact Implantable Antenna for Bio-Telemetry....101
Sumyea Sabrin, Karu Esselle and Khaled Mahbub Morshed (Macquarie University, Australia)

Orthogonally Rotated Radiating Array for Improving Heating Uniformity in Hyperthermia
System....105
Woo Cheol Choi, Seonho Lim and Young Joong Yoon (Yonsei University, Korea)

S5.2.1: Keynote 1 - Antenna and Wireless Technologies for Safeguading Australia....N/A

Antenna technology is critical for defence and national security. Chief Defence Scientist Dr Alex
Zelinsky outlines cutting edge defence applications of smart antenna technology for surveillance,
communications, electronic warfare and direction finding. The proliferation of broadband wireless
communication technology poses new challenges that require antennas to adapt to changing operating
conditions. DST Group has a long history of radar research and is continuing to find innovative
applications in collaboration with international partners and Australian industry and universities. The
presentation reflects on the traits of an ideal antenna and what's possible in the near future.

S5.2.2: Keynote 2 - Recent Medical Applications of Antennas....N/A

In recent years, various types of medical and healthcare applications of antennas have widely been
investigated and reported. Typical recent applications include:(1) Information / Wireless power
transmission: - Wearable or Implantable vital data sensor / monitor - Wireless telemedicine / Mobile
health system - Wireless capsule endoscopy(2) Diagnosis: - High intensity MRI (Magnetic Resonance
Imaging) - Microwave CT (Computed Tomography) for cancer detection - Wireless sleep monitor / ECG
(electrocardiogram) monitor(3) Treatment: - Thermal therapy (hyperthermia, ablation, etc) - Wireless
brain stimulator - Surgical device (coagulation device, microwave knife, etc)In this presentation, some
practical medical applications of antennas which have been studied in our laboratory are introduced.
Firstly, a wearable dual-mode antenna for vital data monitoring systems is presented. A key technology
for the antenna is body-centric wireless communications. Secondly, an X-band antenna for a microwave
sleep monitor is demonstrated with human-body phantom experiments. A "dynamic" phantom played an
important role for the study. Thirdly, after a brief description of thermal therapy and microwave heating,
a coaxial-slot antenna and an array applicator composed of several coaxial-slot antennas for minimally
invasive microwave thermal therapy are overviewed. A few results of actual clinical trials by use of
coaxial-slot antennas are demonstrated from a technical point of view. Then, as a new therapeutic
application of coaxial-slot antennas, intracavitary hyperthermia for bile duct carcinoma is briefly



introduced. Finally, a few different types of surgical devices using high power microwave energy,
including a new coagulation device which can detect the complete coagulation, are introduced. Heating
characteristics of such microwave surgical devices are evaluated by numerical calculation as well as
some experiments using phantoms, meat and animals.

S1.3: Metamaterials

Synthesizing Broadband Low-loss Artificially Engineered Materials (Aka Metamaterials) for
Antenna Applications....108
Ravi Kumar Arya and Shaileshachandra Pandey (The Pennsylvania State University, USA); Raj
Mittra (University of Central Florida, USA and KAU, Saudi Arabia, USA)

Metaspiral Antenna System....112
Hisamatsu Nakano, Toshio Shimizu and Junji Yamauchi (Hosei University, Japan)

Metamaterial-Inspired Electrically Small Antennas Integrated Into Structural Materials....115
Kelvin Nicholson (Defence Science and Technology Organisation, Australia); Thomas Baum and
Kamran Ghorbani (RMIT University, Australia); Richard W. Ziolkowski (University of Arizona,
USA)

Improvement of Metasurface Continuity Conditions....119
Karim Achouri and Mohamed A Salem (Polytechnique Montréal, Canada); Christophe Caloz
(Ecole Polytechnique de Montreal, Canada)

Anisotropic Reflective Metasurfaces for Manipulating Radiation Beams in Reflection....122
Hui Feng Ma, Yan Qing Liu and Wenxuan Tang (Southeast University, P.R. China); Qiang Cheng
(Southeast University * China, P.R. China); Tie Jun Cui (Southeast University, P.R. China)

Dynamically Controlling Electromagnetic Wave with Tunable Metasurfaces....125
Yijun Feng, Bo Zhu, Ke Chen, Junming Zhao and Tian Jiang (Nanjing University, P.R. China)

Active Metamaterials with Gain Compensation....129
Hao Xin (University of Arizona, USA)

S2.3: Metamaterial and THz antenna research in Europe

Radiation From an Axial Electric Dipole with Oblate Spheroidal Metamaterial Cloak Cover....131
Piergiorgio L.E. Uslenghi, Danilo Erricolo and Tadahiro Negishi (University of Illinois at Chicago,
USA)

Electrically Thin VHF Array Elements for Satellite Applications Using Artificial Magnetic
Material....135
Andrea Giacomini (Microwave Vision Italy (MVI), Italy); Luca Tancioni (MICROWAVE VISION
ITALY, Italy); Francesco Saccardi (Microwave Vision Italy, Italy); Vincenzo Schirosi
(MICROWAVE VISION ITALY, Italy); Lars Foged (Microwave Vision Italy, Italy); Andrea Di
Cintio (CGS, Italy); Nelson Fonseca and Peter de Maagt (European Space Agency, The
Netherlands); Jean-Marc Baracco (Mardel, France)



Applications of Artificial Dielectric Layers for the Design of Planar Integrated Antennas....139
Wagqas Hassan Syed, Daniele Cavallo and Andrea Neto (Delft University of Technology, The
Netherlands)

Dual Band THz-IR Detector for Radio-Astronomy Applications....143
Ramon Gonzalo (Public University of Navarra, Spain); JuanCarlos Iriarte (Public University of
Navarra & Antenna Group, Spain); David Etayo (Das-Nano & Das-Nano, Spain); Ifiigo Ederra
(Universidad Publica de Navarra, Spain)

Leaky-Wave Antenna in Multilayer Structure for Sensor Applications....146
Slawomir Gruszczynski, Artur Rydosz, Jakub Sorocki, [zabela Slomian, Piotr Kaminski and
Krzysztof Wincza (AGH University of Science and Technology, Poland)

Spatial Nonreciprocal and Nongyrotropic Structure....150
Bakhtiar Khan (Ecole Polytechnique de Montreal, Canada); Shulabh Gupta (Ecole Polytechnique
de Montréal, Canada); Christophe Caloz (Ecole Polytechnique de Montreal, Canada)

S3.3: Millimeter wave and THz antennas

Design of Non-uniform Aperture Illumination RLSA and Its Applications in mm-Waves....154
Tung Nguyen, Jiro Hirokawa and Makoto Ando (Tokyo Institute of Technology, Japan)

Feasibility Study on a Slot Array in the Millimeter-Wave Band Based on a Conformal Waveguide....157
Iwai Hiroshi (Panasonic Corporation, Japan); Satoshi Suetsugu and Jiro Hirokawa (Tokyo Institute
of Technology, Japan); Miao Zhang (Xiamen University, P.R. China); Makoto Ando (Tokyo
Institute of Technology, Japan)

Cylindrical Conformal Array Antenna with Fan-shaped Beam for Millimeter-wave Application....160
Kui Fan (Southeast University, P.R. China); Zhang-Cheng Hao (SEU, P.R. China)

Analysis of Intersymbol Interference in a 60 GHz-Band Compact-Range Wireless Access System
Using Various Large Array Antennas....163
Miao Zhang (Xiamen University, P.R. China); Masahiro Wakasa, Kiyomichi Araki, Jiro Hirokawa
and Makoto Ando (Tokyo Institute of Technology, Japan)

Software-defined Reconfigurable Antenna Using Slotted Substrate Integrated Waveguide for Ka-
band Satellite-on-the-Move Communication....165
Yifan Wang (University of Queensland, Australia); Amin Abbosh (The University of Queensland,
Australia)

An E-band Circularly Polarized Antenna Array Fed by Substrate Integrated Coaxial Line (SICL)....168
Li Cheng and Hong Wei (Southeast University, P.R. China); Zhang-Cheng Hao (SEU, P.R. China)

Metamaterial Antenna Integrated to LiNbO3 Optical Modulator for Millimeter-Wave-Photonic
Links....171
Yusuf Nur Wijayanto (Indonesian Institute of Sciences, Indonesia); Atsushi Kanno (National
Institute of Information and Communications Technology, Japan); Ashif Aminulloh Fathnan
(Indonesian Institute of Science, Indonesia); Pamungkas Daud (Indonesian Institute of Sciences,



Indonesia); Tetsuya Kawanishi (National Institute of Information and Communications Technology,
Japan); Dadin Mahmudin (Indonesian Institute of Sciences (LIPI), Indonesia); Naokatsu Yamamoto
(National Institute of Information and Communications Technology, Japan)

S4.3: Microwave techniques for medical diagnostic and therapeutic applications I

Recent Advances in Designing Balun-Free Interstitial Antennas for Minimally-Invasive
Microwave Ablation....175
Hung Luyen (University of Wisconsin-Madison, USA); Yahya Mohtashami, James Sawicki and
Jacob Shea (University of Wisconsin Madison, USA); Susan C. Hagness (University of Wisconsin,
Madison, USA); Nader Behdad (University of Wisconsin-Madison, USA)

Wavelet-Based Compressive Sensing for Head Imaging....179
Lei Guo and Amin Abbosh (The University of Queensland, Australia)

Frequency Domain Artifact Removal Technique for Multistatic Microwave Head Imaging....182
Ali Zamani and Amin Abbosh (The University of Queensland, Australia)

Feeding Network for Microwave Hyperthermia Treatment of Brain Tumor Using Wideband In-
Phase Power Divider....185
Ummee Ahmed, Beada’a Mohammed and Amin Abbosh (The University of Queensland, Australia)

Microwave Coaxial Antenna for Cancer Treatment: Reducing the Backward Heating Using a
Double Choke....188
Hulusi Acikgoz (KTO Karatay University, Turkey); Raj Mittra (Penn State University, USA)

Review of Systems for the Detection and Monitoring of Accumulated Fluids in the Human Torso....192
Sasan Ahdi Rezaeieh and Amin Abbosh (The University of Queensland, Australia)

A Microwave Technique with an Implantable Open Cylindrical-Rectangular Antenna for
Therapeutic Biomedical Applications....196
Robert Salama (Western Sydney University, Australia); Sergey Kharkovsky (University of Western
Sydney & UWS, Australia)

S5.3: Reconfigurable antennas I

2D Beam Scanned Optical Leaky Waveguide Antenna....200
Hiroyuki Arai (Yokohama National University, Japan)

Voltage Beam-Steerable Leaky-wave Antenna Using Magnet-less Non-Reciprocal Metamaterial
(MNM)....202
Yuhi Yokohama and Toshiro Kodera (Meisei University, Japan)

On the Tuning Range of a Reconfigurable Half-Mode Substrate-Integrated Cavity Antenna....205
Nghia Nguyen-Trong (University of Adelaide, Australia); Leonard Hall (Defence Science and
Technology Organisation, Australia); Christophe Fumeaux (The University of Adelaide & School
of Electrical and Electronic Engineering, Australia)



Switchable-Feed Reconfigurable Ultra-Wide Band Planar Antenna....209
Soumya Sheel and Jacob Coetzee (Queensland University of Technology, Australia)

Direction Controlled Planar Reconfigurable Antenna Using Flared Radiators....212
Md. Shahidul Alam and Amin Abbosh (The University of Queensland, Australia)

Frequency and Polarization Reconfigurable Antenna for Airborne Application....215
Sachin Jain and Sivarami Reddy (DRDO, India); Pummy Ratna (Defence Research & Development
Organization, India); Usha P Verma (DRDO, India)

S1.4: Multi-band and wide-band antennas I1

Experimental Study on Load Resistance Design of a Differential Rectenna....219
Jun Takahashi, Eisuke Nishiyama and Ichihiko Toyoda (Saga University, Japan)

Design of Tapered Slot Antenna Divided Into Some Parts....222
Kuniaki Suto (Saitama Institute of Technology Graduate School, Japan); Akinori Matsui (Saitama
Institute of Technology, Japan)

Compact UWB Dielectric Resonator Antenna with WLAN Band Rejection....225
Mohammad Abedian (Universiti Teknologi Malaysia (UTM) & Wireless Communication Centre,
Malaysia); Sharul Kamal A. Rahim (Universiti Teknologi Malaysia, Malaysia); Shadi Danesh
(Wireless Communication Centre, Faculty of Electrical Engineering, Universiti Teknologi
Malaysia, Malaysia); Tharek Abdul Rahman (Wireless Communication Centre, Malaysia)

Design of Sector Antenna with Wideband 2D Hat-fed Reflector for Wireless Communications....229
Zhixing Chen, Jian Yang and Per-Simon Kildal (Chalmers University of Technology, Sweden)

A Triple-Band Compact Antenna Based on CSRR and LHTL....233
Jiaran Qi, Chang Liu and Shanshan Xiao (Harbin Institute of Technology, P.R. China)

Evaluation of Two- To Eight-element Antenna Array in Mobile Terminal....236
Azremi Abdullah Al-Hadi (University Malaysia Perlis, Malaysia); Mohamad Kamal A. Rahim and
Noor Asmawati Samsuri (Universiti Teknologi Malaysia, Malaysia)

Wideband Decoupling Network for Antenna Coupling with Large Group Delay....240
Hidetoshi Makimura, Kengo Nishimoto, Takashi Yanagi, Toru Fukasawa and Hiroaki Miyashita
(Mitsubishi Electric Corporation, Japan)

S2.4: Wireless power transmission and energy harvesting

Oval Double Spiral Coil for High Wireless Power Transmission Efficiency....244
Shun Hasegawa and Hisao Iwasaki (Shibaura Institute of Technology, Japan)

Long Range and Safe Wireless Power Transmission with Matched Rectifier....247
Brock DeLong (The Ohio State University & ElectroScience Laboratory, USA); Qiaowei Yuan
(National Institute of Technology, Sendai College, Japan); John L. Volakis (Ohio State University,
USA)



Semi-Elliptical Dipole Antenna for RF Energy Scavenging....249
Kashka Irani (Royal Melbourne Institute of Technology University, Australia); James Scott and
Kamran Ghorbani (RMIT University, Australia)

Compact Filtenna with Defected Ground Structure for Wireless Power Transfer Application....253
Mursyidul idzam Sabran, Sharul Kamal A. Rahim and Chee Yen (Bruce) Leow (Universiti
Teknologi Malaysia, Malaysia); Tharek Abdul Rahman (Wireless Communication Centre,
Malaysia); Akaa A Eteng (Universiti Teknologi Malaysia, Malaysia); Noorlindawaty Md Jizat
(Universiti Teknologi Malaysia Skudai & Multimedia University, Malaysia)

Selective Wireless Power Transfer Using Two Transmission Coils Sandwiching Reception Coils....257
Akira Yoshida, Eisuke Nishiyama and Ichihiko Toyoda (Saga University, Japan)

Simplified Near-Magnetic Field of the Resonators in Wireless Power Transfer....260
Jung Ick Moon (Electronics and Telecommunications Research Institute, Korea)

S3.4: Antenna arrays II

Relay Multiplexing Enhancement Using a Nonreciprocal Antenna Array....263
Rui Zang (University of Electronic Science and Technology of China, P.R. China); Christophe
Caloz (Ecole Polytechnique de Montreal, Canada); Qingfeng Zhang (South University of Science
and Technology of China, P.R. China)

A Parallel Plate Slot-Pair Array Dual Polarization Antenna for Small Satellite SAR....266
Vinay Ravindra (University of Tokyo, Japan); Prilando Akbar (Institute of Space and Astronautical
Science/ Japan Aerospace Exploration Agency, Japan); Hirofumi Saito (Institute of Space &
Astronuatical Science Japan, Japan); Miao Zhang (Xiamen University, P.R. China); Jiro Hirokawa
(Tokyo Institute of Technology, Japan)

A Simple Single-Feed Array of Uniform Half-Width Microstrip Leaky-Wave Antennas for
Boresight Radiation....270
Debabrata Kumar Karmokar and Karu Esselle (Macquarie University, Australia); Stuart G Hay
(CSIRO ICT Centre, Australia); Trevor S. Bird (Antengenuity & CSIRO, Australia); Michael
Heimlich (Macquarie University, Australia)

A Linearly Polarized Radial Line Dielectric Resonator Antenna Array....273
Lin Yuan (Beijing University of Posts and Telecommunications, P.R. China); Ming Su (Being
University of Post and Teleommunication, P.R. China); Yuanan Liu (Beijing University of Posts and
Telecom, P.R. China); Shulan Li (Beijing University of Posts and Telecommunications, P.R. China);
Xiaoyan Miao (Beijing Institute Information and Control, P.R. China)

Integrated Feeding Network for Excitation of Dual-Linear Polarization in Series-Fed Antenna
Lattice....277
Krzysztof Wincza, Izabela Slomian, Artur Rydosz and Slawomir Gruszczynski (AGH University of
Science and Technology, Poland)



S4.4: Microwave techniques for medical diagnostic and therapeutic applications II

Developments of Tomography and Radar-based Head Imaging Systems....280
Ahmed Toaha Mobashsher and Amin Abbosh (The University of Queensland, Australia)

SAR Analysis Around an Implanted Cardiac Pacemaker Induced by EM Wave of VHF Band....283
Kazuyuki Saito and Ryota Akiyama (Chiba University, Japan); Soichi Watanabe (National Institute
of Information and Communications Technology, Japan); Koichi Ito (Chiba University, Japan)

Clutter Rejection Techniques for Microwave Head Imaging....285
Ali Zamani and Amin Abbosh (The University of Queensland, Australia)

Low Cost Microwave Imaging System Using Eight Element Switched Antenna Array....289
Jayaseelan Marimuthu, Konstanty S Bialkowski and Amin Abbosh (The University of Queensland,
Australia)

Rapid Prototyping of an Electrically-Small Antenna for Binaural-Hearing Instruments....292
Andrea Ruaro (Technical University of Denmark & GN ReSound A/S, Denmark); Jesper Thaysen
(GN ReSound A/S, Denmark); Kaj Bjarne Jakobsen (Technical University of Denmark, Denmark)

Focusing Techniques in Breast Cancer Treatment Using Non-invasive Microwave Hyperthermia....296
Phong Nguyen (University of Queensland, Australia); Amin Abbosh (The University of
Queensland, Australia)

Low-Energy Bluetooth Beacons for Lifespace Assessment of People with Neurological Conditions....299
David Ireland (CSIRO, Australia); Jacki Liddle (University of Queensland, Australia); Fleur
Harrison, Perminder Sachdev and Henry Brodaty (University of New South Wales, Australia)

S5.4: Reconfigurable antennas I1

Pattern Reconfigurable Fabry-Perot Cavity Antenna....302
Luyang Ji (Xidian University, P.R. China); Y. Jay Guo (University of Technology, Sydney,
Australia); Ting Zhang (CSIRO, Australia); Peiyuan Qin (University of Technology, Sydney,
Australia); Can Ding (University of Technology Sydney (UTS), Australia); Guang Fu (Xidian
University, P.R. China); Shuxi Gong (National Laboratory of Antennas and Microwave Technology,
P.R. China)

Reconfigurable Antenna with Parasitic Layer Containing 8-element Dipole Array....305
Md. Shahidul Alam and Amin Abbosh (The University of Queensland, Australia)

Electronically-Reconfigurable Horizontally Polarized Wide-Band Planar Antenna....308
Soumya Sheel and Jacob Coetzee (Queensland University of Technology, Australia)

Wideband + 45° Polarization Reconfigurable Aperture-Fed Patch Antenna....312
Wei Lin and Hang Wong (City University of Hong Kong, Hong Kong)

Design of the Transmission and Reception Antennas for Beamed Power Transfer....315
Tadashi Takano (Nihon University & JAXA, Japan)



Low Profile Switched Beam Utilizing A Ring-Parasitic Antenna....318
Pichaya Chaipanya (Srinakharinwirot University, Thailand)

S1.5: Computational electromagnetics I

Radiation Performance Enhancement of a Compact Fabry-Perot Cavity Antenna Using Particle
Swarm Optimization....322
Maria Kovaleva, Basit Ali Zeb, David Bulger and Karu Esselle (Macquarie University, Australia)

Interpretation of Complex Frequencies in Propagation Problems....325
Walid Dyab (Polytechnique Montreal, Canada); Christophe Caloz (Ecole Polytechnique de
Montreal, Canada); Simon Otto (University Duisburg-Essen, Germany)

Multiple Edge Interaction Effect to Plane Wave Scattering by a Wide and Thick Slit....329
Masayuki Shimizu and Hiroshi Shirai (Chuo University, Japan); Ryoichi Sato (Niigata University,
Japan)

Simultaneous Estimation of DOA and Angular Spread of Incident Radio Waves by DOA-Matrix
Method with SLS and SAGE Algorithms....332
Makoto Jomoto, Nobuyoshi Kikuma and Kunio Sakakibara (Nagoya Institute of Technology, Japan)

Analytical Evaluation of Reflection Characteristics of Metal Plate Loading FSR with Diagonal
Incident Wave....334
Shuhei Iwakata, Shigeru Makino, Keisuke Noguchi, Tetsuo Hirota and Kenji Itoh (Kanazawa
Institute of Technology, Japan)

Quantitative Analysis of the Amplitude Difference Between Near and Far Field Directivity....338
Thierry Gilles (Royal Military Academy & LEMA, Belgium); Tran Dung (Royal Military
Academy, Belgium)

Well-conditioned EFIE-TDS Surface Integral Equation....340
Yi-Ru Jeong and Jong-Gwan Yook (Yonsei University, Korea); Ic Pyo Hong (Kongju National
University, Korea); Kyung-Won Lee (Yonsei University, Korea); Sam Yeul Choi (LIG Nex1 Co.,
Korea)

S2.5: Mobile and indoor propagation I

Indoor Propagation Estimation Combining Statistical Models with Ray-Tracing....343
Takahiro Hashimoto, Yasuhiro Nishioka, Yoshio Inasawa and Hiroaki Miyashita (Mitsubishi
Electric Corporation, Japan)

Outdoor-to-Indoor Path Loss Model for 8 to 37 GHz Band....346
Minoru Inomata (NTT Corporation, Japan); Wataru Yamada (Nippon Telegraph and Telephone
Cooporation, Japan); Motoharu Sasaki (NTT Access Network Service Systems Laboratories,
Japan); Takeshi Onizawa (NTT Corporation, Japan)



Time-Reversal Based Routing in Dispersion Code Multiple Access (DCMA)....350
Lianfeng Zou (Ecole Polytechnique de Montreal & Poly-Grames Research Center, Canada);
Shulabh Gupta (Ecole Polytechnique de Montréal, Canada); Christophe Caloz (Ecole Polytechnique
de Montreal, Canada)

Measurement of Indoor Channel Characteristics At 20 GHz Band....354
Ngochao Tran, Tetsuro Imai and Yukihiko Okumura (NTT DOCOMO, INC., Japan)

TDOA Fingerprinting for Localization in Non-Line-of-Sight and Multipath Environments....358
Johannes Schmitz (RWTH Aachen University, Germany); Florian Schroder (SmartWireless GmbH
& Co. KG, Germany); Rudolf Mathar (RWTH Aachen University, Germany)

Performance Evaluation of Active Propagation Control in a Three-Dimensional Indoor
Environment....362
Kenichiro Kamohara, Hisato Iwai and Hideichi Sasaoka (Doshisha University, Japan)

S3.5: Radar and satellite systems I

Radar Target Recognition Using Selective Resonance Excitation....366
Chad Hargrave (CSIRO, Australia); Vaughan Clarkson (The University of Queensland, Australia)

Dimension Estimation of Polygonal Dielectric Targets From Surface Reflection RCS....370
Kisumi Asuka and Hiroshi Shirai (Chuo University, Japan)

Interferometric Three-Dimensional Imaging for Spinning Targets Based on Narrow-Band Radar....372
Chao Sun, Baoping Wang and Yang Fang (Northwestern Polytechnical University, P.R. China)

Incoherent Scattering Analysis for Radar Clutter....376
Jae-Ho Lee and Dong-Wook Seo (Electronics and Telecommunication Research Institute (ETRI),
Korea); Mi-Ryung Park (ETRI, Korea)

A Study on Metal-Insensitive Antenna for Closed Space Wireless Communications....379
Yuta Nakagawa, Shingo Tanaka, Tatsuo Toba, Tsuneto Kimura and Kenji Shirasu (Yazaki
Corporation, Japan); Takashi Oki and Naoto Nishiyama (National Defense Academy, Japan);
Hisashi Morishita (National Defence Academy, Japan)

Dual Circularly Polarized Waveguide Antenna Array for Satellite Communications in the X Band....383
Yong-Qing Zou, Hong-Tao Zhang, Wei Wang and Mou-Ping Jin (East China Research Institute of
Electronic Engineering, P.R. China)

An Industrial Application of Ground Penetrating Radar for Coal Mining Horizon Sensing....386
Jonathon Ralston (CSIRO Energy, Australia)

S4.5: EBG, metamaterials and periodic structures I

A Loop Resonator for 3-D Frequency Selective Structure....390
Ahmed Abdelmottaleb Omar and Zhongxiang Shen (Nanyang Technological University, Singapore)



Design of a Dielectric Phase-Correcting Structure for an EBG Resonator Antenna Using Particle
Swarm Optimization....392
Ali Lalbakhsh, Muhammad Usman Afzal, Basit Ali Zeb and Karu Esselle (Macquarie University,
Australia)

Novel Three-Dimensional Frequency Selective Surface with Incident Angle and Polarization
Independence....395
Cheng Wang (Nanjing University of Science and Technology, P.R. China); Wei Zhuang and
Wanchun Tang (Nanjing Normal University, P.R. China)

Electromagnetic Scattering Properties of Cylindrical Frequency Selective Surface....398
Zhi-Hang Liu, Shuang Ma, Guohui Yang, Shao-Qing Zhang and Wu Qun (Harbin Institute of
Technology, P.R. China)

A Switchable FSS Based on Modified Jerusalem-Cross Unit Cell with Extended Top Loading....402
Hijab Zahra and Syed Muzahir Abbas (Macquarie University, Australia); Muhammad Farhan
Shafique (COMSATS Institute of Information Technolgy, Pakistan); Karu Esselle (Macquarie
University, Australia)

Ultra Wide Band Frequency Selective Absorber with Asymmetric Absorbing Performance....404
Tao Hong (Xidian University, P.R. China); Qiang Chen (Tohoku University, Japan); Shuxi Gong
(Xidian University, P.R. China)

S5.5: RFID and wireless sensing I

Topology Optimization of Tag Structures for Chipless RFID....407
Yuta Watanabe (Tokyo Metropolitan Industrial Technology Research Institute, Japan)

On-road Slot Antenna with Corrugated Ground for Road-Curtain Machine-to-Machine RFID
Application....410
Yifan Wang (University of Queensland, Australia); Amin Abbosh (The University of Queensland,
Australia)

Development of Nearby Cluttered Tags Detection Unit with UHF-RFID Technology....412
Kyosuke Mayama and Yoshinobu Okano (Tokyo City University, Japan)

Small-size Tag Antenna for UHF Active RFID System....416
Jui-Han Lu and Hai-Ming Chin (National Kaohsiung Marine University, Taiwan)

Detection Range Enhanced Antenna Using a Triple Polarization Switching for Mobile UHF RFID
Applications....419
Lee Dongjin (Korea Advanced Institute of Science and Technology(KAIST), Korea); Seung-Tae
Khang and Soo-Chang Chae (KAIST, Korea); Soo-Ji Lee (Korea Advanced Institute of Science and
Technology(KAIST), Korea); Jong-Won Yu (KAIST, Korea)

Compact Chipless RFID Metamaterial Based Structure Using Textile Material....421
Mohd Ezwan Jalil, Mohamad Kamal A. Rahim, Noor Asmawati Samsuri and Raimi Dewan
(Universiti Teknologi Malaysia, Malaysia)



Short Time Fourier Transform (STFT) for Collision Detection in Chipless RFID Systems....425
Rubayet Azim (Monash University, Australia); Nemai Karmakar (MONASH University, Australia);
Emran Amin (Monash University, Australia)

S5.6.1: Keynote 3 - The Mesmerizing Evolution of Reflector Antennas in Diverse Applications: A
Passage from the Ancient Past to the Renaissance and the Present....N/A

A casual Internet search yields over one million web sites associated with the phrase "reflector antenna".
This author was so fascinated by a typical reflector antenna shape that when he designed the winning
IEEE Antennas and Propagation Society Logo he used a rendition of a reflector antenna in the logo
artwork. This logo design now appears on thousands of publication materials related to the IEEE
antenna publications, symposia flyers and books, etc. This depiction of an antenna is the most
recognized form of any antenna by the general public. Throughout the history of mankind, the reflector
antenna has seen a wide range of applications since among other antenna configurations it provides the
highest gain, widest bandwidth, and best angular resolutions at the lowest costs. Simply stating, the
primary role of a reflector antenna is to confine or radiate most of the electromagnetic energy over its
aperture into a focal plane in receive mode or radiate to the far fields for communication or energy
transfer in transmit mode. Typical reflector antennas use conic sections, the parabola, ellipse, hyperbola,
and sphere, to either focus or efficiently radiate electromagnetic waves. Reflector antennas are typically
categorized according to radiation pattern type, reflector surface type, and feed type. Pencil-beam
reflectors are the most popular and are commonly used in point-to-point microwave communications
and telemetry, since they yield the maximum gain and typically their beam directions are fixed at the
time of antenna installation. In satellite communication systems, the uplink pencil-beam is typically
steered by moving the reflector, or steering over a limited range using the feed. Recent generations of
satellite reflectors have produced other popular types of radiation pattern classifications: contour
(shaped) beams and multiple beams. These applications require reflectors with improved off-axis beam
characteristics and non-standard conical shapes. Demand for high performance large reflector antennas
for space applications have necessitated the development of various deployable concepts, such as, mesh
and inflatable designs. Radio astronomy and deep space communications have also resulted into
fascinating reflector antenna developments and engineering. In this keynote talk, the development of
reflector antennas, from the ancient past to the Renaissance to the present, is reviewed in a concise and
novel fashion, along with inferences to present and future developments. The material presented in this
overview talk is the summarized version of many journal and conference papers and book chapters co-
authored by the author and his contributions to the original designs of many currently functioning
communications, remote sensing, and radar antenna systems.

S5.6.2: Keynote 4 - Antennas and Quasi-optics For Space Terahertz Instrumentation....N/A

This paper will give an overview of some of the antennas and quasioptical components that are used in
space instruments. Herschel and Planck observatories will be used as an example to demonstrate the
hurdles that had to be overcome. Several Earth observation instruments and astronomical missions
which use millimetre and submillimetre wavebands, have been developed or are being planned by ESA.
These instruments have many commonalities in their design and construction techniques. One of the
issues that the above missions have in common is that they require state-of-the-art technology to achieve
their ambitious goals; the highest resolution, the highest sensitivity, the highest frequency of operation.
Although technology is advancing at a rapid pace in this frequency range, the requirements for these
instruments go well beyond those of related existing (sub)millimetre wave instruments. This has resulted



in the need for new antenna configurations and in the refinement of existing configurations and
technologies for top performance. Furthermore, it has to be recognized that there are also no standards or
calibration reference sources in this field which complicates the procedures to verify the RF
performance under flight conditions. Antenna performance is a critical aspect in millimetre-wave and
submillimetre-wave limb sounding, since it determines the resolution and accuracy with which the
concentration profiles of atmospheric species can be retrieved. Antenna performance is also a critical
aspect of millimetre-wave and submillimetre-wave astronomical missions. For pointed observatories,
which seek to map point-like or not very extended objects, the emphasis is then on beam efficiency and
the control of main beam shapes. For survey missions, the level of far side lobes also becomes very
important and in some cases (such as PLANCK) this exerts a critical influence on the success of the
mission. The paper will discuss a range of THz applications and will present the antenna, their feed
assemblies and quasi-optical components and systems that are utilised for the frequency region. It will
also highlight the procedure that had to be adopted in order to verify RF performance under flight
conditions. ESA's Herschel and Planck observatories will be used as an example to highlight some of the
hurdles that had to be overcome for verification of flight-performance.. Some scientific results that have
been obtained from the recent missions will also be shown. Upcoming mission will be discussed.

S1.7: Microwave imaging for biomedical and other applications I

Microwave Heartbeat Detection by Suppressing Respiration Component....429
Shinya Yonezawa and Naoki Honma (Iwate University, Japan); Kentaro Nishimori (Niigata
University, Japan)

Automated RF Tomographic Imaging of Utility Poles Above and Below Ground....431
David G Johnson and Graham Michael Brooker (University of Sydney, Australia)

Improved DORT for Breast Cancer Detection in Low Contrast Scenarios....435
Md Delwar Hossain (Faculty of Engineering and IT, University of Technology Sydney (UTS),
Australia); Ananda Sanagavarapu Mohan (University of Technology Sydney (UTS), Australia)

Human Head Modelling At Microwave Frequencies Using Open-Source Electromagnetics Solver....439
Yifan Wang (University of Queensland, Australia); Amin Abbosh (The University of Queensland,
Australia)

Robust Spectral-Domain EM Modeling of Distributed-Source Sensors in Planar-Layered Media....441
Kamalesh Sainath (Ohio State University & ElectroScience Laboratory, USA); Fernando Teixeira
(Ohio State University, USA)

Microwave Imaging of Composite Materials Using Image Processing....445
Azadeh Noori Hoshyar (Institute for Infrastructure Engineering, University of Western Sydney,
Australia); Sergey Kharkovsky (University of Western Sydney & UWS, Australia); Bijan Samali
(Institute for Infrastructure Engineering, Western Sydney University, Australia)

Source Reconstruction From Near Field Scan Data of Stripline Structures....449
Wolfgang Hauser and Manfred Albach (Friedrich-Alexander-Universitit Erlangen-Niirnberg,
Germany)



S2.7: Phased arrays and smart antennas

Optimum Tilt of a Phased Array Antenna for Elevation Scan....453
Randy Haupt (Colorado School of Mines, USA)

Superconducting Linear Phase Shifter for the Phased Array Antenna....456
Hiroyuki Kayano (Toshiba Corporation, Japan)

A Dual Polarized Suspended Stripline Fed Open-Ended Waveguide Antenna Subarray for Phased
Arrays....459
Narihiro Nakamoto (Mitsubishi Electric Corporation & Information Technology R&D Center,
Japan); Toru Takahashi, Araki Ono, Masao Nakashima, Masataka Ohtsuka and Hiroaki Miyashita
(Mitsubishi Electric Corporation, Japan)

Limited Area Communication Using Sum & Differential Patterns....463
Mitoshi Fujimoto, Kenji Takemoto and Toshikazu Hori (University of Fukui, Japan)

Multi-beam Massive MIMO Using Analog Beamforming and DBF Based Blind Algorithm....465
Kentaro Nishimori (Niigata University, Japan); Takefumi Hiraguri (Nippon Institute of Technology,
Japan); Tomohiro Seki (Nihon University, Japan); Hiroyoshi Yamada (Niigata University, Japan)

Direction Finding and Calibration Method Based on Time Modulated Array....468
Chong He and Ronghong Jin (Shanghai Jiao Tong University, P.R. China); Xianling Liang and
Junping Geng (Shanghai Jiaotong University, P.R. China); Jingfeng Chen (Shanghai Jiao Tong
University, P.R. China)

A Compact Beam Steering Planar Array with Broadband and High Gain....472
Xuexia Yang, Luqi Di, Ying Shen and Jifu Huang (Shanghai University, P.R. China)

S3.7: Antennas for 4G/5G applications

Three Principles of Designing Base-Station Antennas....475
Qing-Xin Chu, Yu Luo and Ding-Liang Wen (South China University of Technology, P.R. China)

Joint Mutual Coupling Characterization and Swarm Optimization for Efficient Base Station
Antenna Beamforming....478
Doudou Samb, Shi Lei, Zhonglin Wu and MuLin Liu (Tongyu Communication Inc., P.R. China)

High Frequency and High Gain Two-Element Collinear Antenna Array....482
Quan Xue and Shaowei Liao (City University of Hong Kong, Hong Kong)

Element Design for Dual Circularly Polarized Reflectarrays with Dual Linearly Polarized Feed....485
Geng-Bo Wu (UESTC, P.R. China); Shi-Wei Qu (University of Electronic Science and Technology
of China, P.R. China); Chi Hou Chan (City University of Hong Kong, Hong Kong)



Initial Measured OTA Throughput of 4G LTE Communication to Cars with Roof-Mounted
Antennas in 2D Random-LOS....487
Madeleine Schilliger Kildal (Chalmers University of Technology & Bluetest AB, Sweden); John
Kvarnstrand (Bluetest AB, Sweden); Jan Carlsson (SP Technical Research Institute of Sweden,
Sweden); Andrés Alayon Glazunov (Chalmers University of Technology, Sweden); Amir
Majidzadeh (Volvo Car Corporation, Sweden); Per-Simon Kildal (Chalmers University of
Technology, Sweden)

A 28 GHz FR-4 Compatible Phased Array Antenna for SG Mobile Phone Applications....491
Naser Ojaroudiparchin and Ming Shen (Faculty of Engineering and Science, Aalborg University,
Denmark); Gert Pedersen (Aalborg University, Denmark)

Low Cost 3D-printed Monopole Fluid Antenna....495
Kin-Fai Tong (University College London, United Kingdom); Cristina Borda Fortuny (UCL, United
Kingdom); Jingyi Bai (UCL, University of London, United Kingdom)

S4.7: Miniaturized antennas for communications

A Compact Polyhedron Dipole Antenna for Multi-Band Mobile Communication....499
Hyunsoo Kim and Seungjae Lee (HCT, Korea); Muhammad Kamran Khattak (Incheon National
University, Korea); Sungtek Kahng (University of Incheon, Korea)

Dual-band Composite Broadband Absorbing Material Based on Frequency Selective Surface....501
Wen Jiang and Mao Long (Xidian University, P.R. China); Bochao Yang (Xi'an Research Institute
of Navigation Technology, P.R. China); Tao Hong and Shuxi Gong (Xidian University, P.R. China)

Reduction of Head Effect in Mobile Devices....503
Hongkoo Lee and Jihwan Jeon (Hanyang University, Korea); Hyung-Hoon Kim (Kwangju
Women's University, Korea); Hyeongdong Kim (Hanyang University, Korea)

Printed Monopole Slot Antenna for WWAN Metal-Rimmed Smartphone Applications....506
Yong-Ling Ban, Yan-Li Yang, Ming-Yang Li and Li-Wan Zhang (University of Electronic Science
and Technology of China, P.R. China); Hanyang Wang (Huawei Technologies, United Kingdom)

A Dual-band Slot Quasi-Yagi Antenna with Very Low Profile....510
Liu Hu, Ying Liu and Shuxi Gong (Xidian University, P.R. China)

S5.7: Multiband and wideband antennas, and emerging antenna technologies

Hyper-Wideband Four-arm Antenna....513
Hisamatsu Nakano, Masaki Takeuchi and Junji Yamauchi (Hosei University, Japan)

A Grid Array Antenna with Parasitic Monopoles....516
Toru Kawano (National Defense Academy, Japan); Hisamatsu Nakano (Hosei University, Japan)



Evaluation Related to Finger Position and Rotation of Wearable Dual Band Inverted-F Finger
Ring Antenna....518
Naohiro Noda (Graduate School of Engineering and Science Shibaura Institute of Technology,
Saitama, Japan); Hisao Iwasaki (Shibaura Institute of Technology, Japan)

A Wideband MIMO Antenna Using Leaf-Shaped Monopole and Notch Antennas....522
Manabu Yamamoto and Shohei Maeda (Hokkaido University, Japan)

High-Gain Wideband Circularly Polarized Resonant Cavity Antenna....526
Huy Hung Tran and Ikmo Park (Ajou University, Korea)

Effectiveness of a Dipole Feeder for the Cross Spiral Antenna Which is a Circularly and Linearly
Polarized Planar Antenna....529
Mayumi Matsunaga (Ehime University, Japan)

A Millimeter-wave Antenna with Wideband Mode-transition Between Microstrip-line and
Waveguide....531
Ryohei Hosono (Fujikura, Ltd., Japan); Yusuke Uemichi and Xu Han (Fujikura Ltd., Japan); Yusuke
Nakatani and Ning Guan (Fujikura, Ltd., Japan)

S1.8: Microwave imaging for biomedical and other applications I1

Microwave Mammography with a Small Sensor....535
Yoshihiko Kuwahara and Naoyuki Ozawa (Shizuoka University, Japan)

Three-Dimensional Near-Field Microwave Imaging Approach Based on Compressed Sensing....539
Yang Fang, Baoping Wang and Chao Sun (Northwestern Polytechnical University, P.R. China)

Electro-Biomechanical Breast Phantom for Hybrid Breast Imaging....543
Bassem Henin, Amin Abbosh and Wael Al Abdulla (The University of Queensland, Australia)

Planar Microstrip Antenna Array for Hybrid Electro-Biomechanical Breast Imaging....546
Bassem Henin (University of Queensland, Australia); Amin Abbosh (The University of
Queensland, Australia)

Matching Medium for Biomedical Microwave Imaging....549
Hoi-Shun Lui (The University of Queensland, Australia); Andreas Fhager and Mikael Persson
(Chalmers University of Technology, Sweden)

Comparison Study of Microwave Patch Antennas At 434 MHz for Intra Cavitary Hyperthermia
Applicator Design....552
Tharrini Rajendran and Kavitha Arunachalam (Indian Institute of Technology Madras, India)

Microwave Tomography Using DBIM with Double Mesh Scheme....556
Latifah Mohamed (Universiti Malaysia Perlis, Malaysia); Yoshihiko Kuwahara (Shizuoka
University, Japan)



S2.8: Diversity antennas, MIMO antennas and systems

MIMO Array for Space Division Duplex....560
Kentaro Murata and Hisashi Morishita (National Defense Academy, Japan); Naoki Honma (Iwate
University, Japan)

Investigation of Polarization Deficiencies in SIMO Systems in Random-LOS Propagation
Channels....564
Aidin Razavi, Andrés Alayon Glazunov, Per-Simon Kildal and Jian Yang (Chalmers University of
Technology, Sweden)

Basic Performance of Massive MIMO in Indoor Scenario At 20-GHz Band....567
Rryochi Kataoka and Kentaro Nishimori (Niigata University, Japan); Ngochao Tran and Tetsuro
Imai (NTT DOCOMO, INC., Japan)

Combination Benefits of Short-Time Diversity and Adaptive Satellite Power Control....571
Peeramed Chodkaveekityada and Hajime Fukuchi (Tokyo Metropolitan University, Japan)

THP Based on Cholesky Factorization with Unitary Transformation for Multiuser MIMO....573
Satoshi Denno and Tatsuya Itakura (Okayama University, Japan)

Accurate Design of High-Performance Diplexers for Mobile Communication Base Stations
Applications....575
Dawei Zhang and Xumin Ding (Harbin Institute of Technology, P.R. China); Baofu Jia and Bin Yu
(University of Electronic Science and Technology of China, P.R. China); Wu Qun (Harbin Institute
of Technology, P.R. China)

S3.8: Antenna measurements I

Extending the Bandwidth of a Superdirective First-Order Probe for Spherical Near-Field
Antenna Measurements....579
Oleksiy S. Kim (Technical University of Denmark, Denmark)

Improved Cavity Perturbation Technique for Accurate Measurement of Complex Permittivity....582
Chulki Kim and Byeong-Yong Park (KAIST, Korea); Seong-Ook Park (Korea Advanced Institute
of Science and Technology, Korea)

Antenna Measurements in Reverberation Chambers and Their Relation to Monte Carlo
Integration Methods....585
Robert Rehammar, Anton Skérbratt and Christian Lotbéack (Bluetest AB, Sweden)

Study of Near Field for WPT System....588
Sangbong Jeon (ETRI, Korea)

Influence of Microstrip Probe Pad Design on Planar Measurements Using On-Wafer Probes....591
Patrick Seiler and Bernhard Klein (Technische Universitit Dresden, Germany); Dirk Plettemeier
(Dresden University of Technology, Germany)



Estimation of RF Leakage to Oncoming Train Cars From Wireless Access Point Operating in
Bullet Train Passing Through a Tunnel....595
Masami Shirafune, Takashi Hikage, Manabu Yamamoto and Toshio Nojima (Hokkaido University,
Japan); Minoru Inomata (NTT Corporation, Japan); Motoharu Sasaki (NTT Access Network
Service Systems Laboratories, Japan); Wataru Yamada (Nippon Telegraph and Telephone
Cooporation, Japan); Takeshi Onizawa (NTT Corporation, Japan)

Measurement of Dipole Antenna in Deionized Water....597
Hiroyasu Sato (Tohoku University, Japan)

S4.8: Novel materials for RF devices

Nonreciprocal Graphene Magnetoplasmons: Latest Advances....600
Nima Chamanara and Christophe Caloz (Ecole Polytechnique de Montreal, Canada)

A Highly Flexible and Efficient Dipole Antenna Realized in Methanol-Treated Conductive
Polymers....603
Shengjian Jammy Chen (The University of Adelaide, Australia); Christophe Fumeaux (The
University of Adelaide & School of Electrical and Electronic Engineering, Australia); Pejman
Talemi (The University of Adelaide, Australia); Benjamin Chivers and Roderick Shepherd (The
University of Sydney, Australia)

Effect of a Flexible Polymer Dielectric and Magneto-Dielectric Composite Substrates in Antenna
Array....607
Abdulrahman Shueai Mohsen Algadami (University Malaysia Perlis (UniMAP), Malaysia); Faizal
Jamlos (Universiti Malaysia Perlis, Malaysia)

Radio Frequency Performance and Strain Testing of an Iron-On Fabric Shielded Stripline....611
Deshan Govender (University of Adelaide & Defense Science & Technology Organisation,
Australia); Jon P Arnold (Defence Science and Technology Organisation & University of Adelaide,
Australia); Wayne Martinsen (Colleague, Australia)

Connection Strategies for Wearable Microwave Transmission Lines and Antennas....615
Sree Pramod Pinapati (University of Adelaide, Australia); Thomas Kaufmann (The University of
Adelaide, Australia); Ian Linke (University of Adelaide, Australia); Damith C. Ranasinghe (The
University of Adelaide, Australia); Christophe Fumeaux (The University of Adelaide & School of
Electrical and Electronic Engineering, Australia)

Plasmonic Ship-Wake on Graphene....619
Xihang Shi and Baile Zhang (Nanyang Technological University, Singapore)

Dual Resonance Circular Ring-Shaped Metamaterial Absorber with Wide Operating Angle....623
Osman Bin Ayop, Mohamad Kamal A. Rahim, Noor Asniza Murad and Noor Asmawati Samsuri
(Universiti Teknologi Malaysia, Malaysia)



S5.8: Radio wave propagation I

Measurement of Time-Spatial Characteristics Between Indoor Spaces in Different LOS Buildings....

Hideki Omote (Softbank Corp., Japan); Masayuki Miyashita (SoftBank Corp., Japan); Ryo
Yamaguchi (SOFTBANK Corp., Japan)

Measurements on FM Waves From Japan and Korea for Estimating Overreach Interference
Sources of Terrestrial TV Waves....631
Masahiro Nishi, Shotaro Taniyama, Koichi Shin and Teruaki Yoshida (Hiroshima City University,
Japan)

An Efficient Amplitude Fluctuation Model for the Wave Propagation in Solar Corona Based on
Rytov's First Iteration Method....635
Guanjun Xu (Harbin Institute of Technology, P.R. China); Zhaohui Song (East China Normal
University, P.R. China)

ISM Band 2.45 GHz Propagation Studies in a Coastal Environment....639
Nicholas Jackson and David V Thiel (Griffith University, Australia)

Influences of Scattered Field Caused by Buildings to ILS Localizer in Airport....643
Junichi Honda (Electronic Navigation Research Institute, Japan)

Path Loss Characteristics Between Indoor Spaces in Different LOS Buildings....647
Masayuki Miyashita (SoftBank Corp., Japan); Hideki Omote (Softbank Corp., Japan); Ryo
Yamaguchi (SOFTBANK Corp., Japan)

S-band Radio Propagation Characteristics in Urban Environment for Unmanned Aircraft
Systems....651
Fumie Ono and Kenichi Takizawa (National Institute of Information and Communications
Technology, Japan); Hiroyuki Tsuji and Ryu Miura (NICT, Japan)

S1.9: Antennas for base stations and handheld devices

Beamwidth Control of Base Station Antennas Employing Reflectors and Directors....655
Can Ding (University of Technology Sydney (UTS), Australia); Sun Haihan (University of
Technology Sydney (UTS), P.R. China); Y. Jay Guo and Peiyuan Qin (University of Technology,
Sydney, Australia); Yintang Yang (Xidian University, P.R. China)

Dual-Wideband Open-Slot Antennas with Two Open Ends for the LTE Metal-Framed Tablet
Device....658
Kin-Lu Wong (National Sun Yat-Sen University, Taiwan); Chih-Yu Tsai (National Sun Yat-sen
University, Taiwan); Pei-Rong Wu (National Sun Yat-sen Unievrsity, Taiwan)

45° Polarized Slot Array Antenna with Differential Dual-End Feeding Network for Vehicle
Applications....662
Hao Zhou (Southeast University & State Key Lab. of Millimeter Waves, P.R. China); Hong Wei
(Southeast University, P.R. China)
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A MIMO Antenna Using Interdigital Technique for LTE and Wi-MAX on Mobile Applications....665
Pongsathorn Chomtong (King Mongkut's University of Technology North Bangkok, Thailand);
Prayoot Akkaraekthalin (KMUTNB, Thailand)

Bandwidth Enhancement of HF Antennas Mounted on Military Platforms Using a Characteristic-
Modes-Based Design Approach....669
Ting-Yen Shih and Nader Behdad (University of Wisconsin-Madison, USA)

Back to Back Patch Antenna Operated Orthogonal Polarization for Repeater Use....672
Kazuo Komaki and Hisao Iwasaki (Shibaura Institute of Technology, Japan)

S2.9: Multi-band and wide-band antennas II1

Comparative Analysis of Broadband Pulses for an UWB Dielectric Resonator Antenna....674
Mian Igbal and Karu Esselle (Macquarie University, Australia)

Elliptical UWB Antenna with Quad Band Notch Functionality....677
Rashid Saleem and Tayyab Shabbir (University of Engineering and Technology, Taxila, Pakistan);
Sabih ur Rehman (Charles Sturt University & School of Computing and Mathematics, Australia);
Muhammad Farhan Shafique (COMSATS Institute of Information Technolgy, Pakistan)

High-efficiency Wideband and Compact Circularly Polarized Microstrip Antenna with Wide
Beamwidth....680
Xi Chen, Guang Fu and Long Yang (Xidian University, P.R. China)

A Novel High-Gain Quasi-Yagi Antenna with a Parabolic Reflector....683
Zong Hua, Gu Haichuan, Li Hongmei, Liu Beijia, Liu Guanjun and Wu Qun (Harbin Institute of
Technology, P.R. China)

Tunable Decoupling of Tri-band LTE700/GSM850/900 MIMO Antenna with a Parasitic Scatterer
for Handheld Devices....686
Simon Stanev, Alexandru Tatomirescu and Gert Pedersen (Aalborg University, Denmark)

A Dielectric Biconvex Lens Design for High-gain Spiral Antenna....690
Kyeong-sik Min (Korea Maritime and Ocean University, Korea)

S3.9: Small antennas I1

AMC Substrate Inspired Small Antenna MACKEY....694
Tetsuo Moroya, Masaki Kotaka, Shigeru Makino, Keisuke Noguchi, Tetsuo Hirota and Kenji Itoh
(Kanazawa Institute of Technology, Japan)

Compact Dual-Band Parasitic Dipole Antenna for Harmonic Transponders....698
Pascal Hirsch (University of Tasmania & CSIRO, Australia); Andrew R Weily (CSIRO, Australia);
Paulo de Souza (CSIRO Computational Informatics, Australia)



A Tree Shaped Monopole Antenna for GPR Applications....701
Abubakar Sharif (GC University Faisalabad, Pakistan); Hassan Tariq Chattha (University of
Engineering & Technology Lahore Faisalabad Campus, Pakistan); Noman Aftab (UET Lahore,
Pakistan); Rashid Saleem (University of Engineering and Technology, Taxila, Pakistan); Sabih ur
Rehman (Charles Sturt University & School of Computing and Mathematics, Australia)

Constant Near-Field Gain for Folded Loop Antennas in Normal Saline At 6.78MHz....704
Nozomu Ishii (Niigata University, Japan); Lira Hamada and Soichi Watanabe (National Institute of
Information and Communications Technology, Japan)

Ultra-wideband Dielectric Resonator Antenna with Circular Patch Feed....707
Beijia Liu (Harbin Institute of Technology & School of Electronics and Information Engineering,
P.R. China); Jinghui Qiu (Harbin Institute of Technology, P.R. China); Shu Lin (Haerbin Institude of
Technology, P.R. China); Nan-nan Wang, Shengchang Lan and Alexander Denisov (Harbin Institute
of Technology, P.R. China)

Occupied Bandwidth Comparison of BBOST-CPM with Two Transmit Antennas....709
Kazuyuki Morioka, Naoki Kanada, Shunichi Futatsumori, Akiko Kohmura, Naruto Yonemoto and
Yasuto Sumiya (Electronic Navigation Research Institute, Japan); David Asano (Shinshu
University, Japan)

Effect of Different Substrates on Slotted Log Periodic Fractal Koch Antenna....713
Nur Akmal Abd. Rahman and Faizal Jamlos (Universiti Malaysia Perlis, Malaysia)

S4.9: Millimeter-wave antennas and devices 11

A Frequency Invariant Beamformer for Channel Parameter Estimation in Millimeter Wave
Bands....716
Ines Carton, Wei Fan and Gert Pedersen (Aalborg University, Denmark)

Multilayer Substrate-Integrated-Waveguide Aperture-Coupled Antenna Array for Millimeter-
Wave Handset Device....720
Seong Jin Park, Dong Hun Shin and Seong-Ook Park (Korea Advanced Institute of Science and
Technology, Korea)

On-Chip mm-Wave Single Pixel Imager for Biomedical Applications....723
Mostafa Zaky (Faculty of Engineering, Cairo University, Egypt); Islam Eshrah, Ahmed Mohieldin
and Ahmed Eladawy (Cairo University, Egypt)

A Metamaterial Absorber for Reducing False Image in 24GHz Automotive Radar System....727
Eun Jeong, Jinpil Tak and Jachoon Choi (Hanyang University, Korea)

A Novel 24GHz Microstrip Array Module Design for Bioradars....730
Shengchang Lan, Yang Xu, Hongjun Chu, Jinghui Qiu, Zonglong He and Alexander Denisov
(Harbin Institute of Technology, P.R. China)



Effects of mm-Wave Propagation Channels on Technology Choices for 5G on-Frequency
Repeaters....733
Shabbir Ahmed, Robabeh Antiohos and Mike Faulkner (Victoria University, Australia)

S5.9: Antenna arrays II1

Gain Enhancement of a Dual Feed Microstrip Array Antenna Using Parasitic Elements....737
Hiroshi Satow (University of Saga, Japan); Eisuke Nishiyama and Ichihiko Toyoda (Saga
University, Japan)

The Design Method of Low-cross-polarization Reflectarray Antenna....741
Yuka Fujii, Shigeru Makino, Tetsuo Hirota, Keisuke Noguchi and Kenji Itoh (Kanazawa Institute of
Technology, Japan)

A Hybrid Technique Linear Sparse Array Antenna Design Approach....744
Efri Sandi, Fitri Yuli Zulkifli and Basari Basari (Universitas Indonesia, Indonesia); Eko Tjipto
Rahardjo (University of Indonesia, Indonesia)

A Simple Reconfigurable BiICMOS Active Inductor and Its Implementation in A Phase-Shifter
Unit Cell....747
Sudipta Chakraborty, Budhaditya Majumdar, Michael Heimlich and Karu Esselle (Macquarie
University, Australia)

Design of a Two-Dimensional Quasi-Yagi Array Antenna with Low Sidelobe....750
Jingtao Zhu, Guanghua Lu, Jian Guan and Chunsheng Luo (University of Science and Technology
of China, P.R. China)

Radiation Characteristics of an Aperiodic Array Antenna Using One Type of Diamond Tile....754
Takahiro Yamamoto, Shigeru Makino, Tetsuo Hirota, Keisuke Noguchi and Kenji Itoh (Kanazawa
Institute of Technology, Japan)

Blind Signal Separation Using SOBI Algorithm Under the Effect of Mutual Coupling of Array....758
Keita Matsubara, Nobuyoshi Kikuma and Kunio Sakakibara (Nagoya Institute of Technology,
Japan)

S1.10.1 - Invited: Broadband 3D metamaterial carpet cloak....N/A

We propose and demonstrate ultra-broadband three dimensional carpet cloaking for full polarization.
Based on rigorous nonlinear transformation optics, we obtain a group of inhomogeneous constitute
parameters. A non-resonant metamaterial, which exhibits broadband magnetic and electric anisotropy
with little dispersion, is used as a main building block in the cloak design. Nearly perfect cloaking
performance is confirmed over a broad bandwidth with frequency scanning measurement. In particular,
the experimental result shows that phase is well preserved by the cloak.



S4.10.1 - Invited: Enhancing the sports experience: Electromagnetics for Fun, Profit & Audience
Engagement....N/A

A majority of Australians, regardless of age, ethnic background or wealth, get seriously interested in
elite sport during major international events (the Olympic Games, World Championships, Test series,
Grand Slams, etc) through to developmental child activities in very early years. Sophisticated wireless
systems and other electronics are now in the affordable mass consumer market through smart phone
apps or fashionable sports bands. Griffith University's SABEL Laboratories in the Engineering School
continue to develop electronic systems for sports performance monitoring based on low cost, wearable
technologies. Player activity, player position, player physiology and player fatigue are of great interest to
the viewing public and the coaching staff as well as the athletes themselves. There is much to be gained
from this new technology. This talk presents an overview of radio communications and sensing systems
used in training and competition and the benefits of technologies to a sports obsessed public.

S5.10.1 - Invited: Reconfigurable Magneto-electric Dipole Antennas....N/A

With the rapid development of wireless communications in the past decades, various new antenna
techniques are investigated to meet the requirements of fast developing wireless communication
systems. By adapting the operating frequency or the radiation characteristics, reconfigurable antennas
can cope with the changing system requirements or environmental conditions. Therefore, reconfigurable
antennas can significantly improve the efficiency of spectrum usage and also provide additional levels of
functionality for the systems.Various antenna structures have been utilized for the design of
reconfigurable antennas, such as patch antennas, slot antennas, monopole and dipole antennas, etc.
However, only a few of these designs can achieve good unidirectional radiation fulfilling the
requirements of antennas for some fixed infrastructures, such as base stations. Recently, a new class of
wideband antennas designated as the magneto-electric dipoles was proposed. These antennas were
designed based on the complementary antenna concept. The basic structure consists of a planar electric
dipole and a shorted quarter-wave patch antenna. These novel antenna elements have many attractive
features, including wide impedance bandwidth, low cross polarization, low back radiation, nearly
identical radiations in the two principal planes, stable radiation pattern, and constant antenna gain over
the operating frequency range. Considering their excellent performances, the magneto-electric dipole
antennas are very competitive candidates for reconfigurable unidirectional antennas. In this talk, the
latest development of the reconfigurable magneto-electric dipole antennas will be presented, including
frequency reconfigurable and beamwidth reconfigurable designs.

S1.10.2 - Invited: Metamaterial-Based Electromagnetic Space, Time and Spacetime Dispersion
Engineering....N/A

Everything in our universe occurs in space, time, and spacetime where space and time are
interdependent. These concepts are therefore fundamental across all areas of human activities, including
history, economy, philosophy, arts and sciences. The author believes systematic endeavours in
manipulating waves in space, time and spacetime will bring about considerable opportunities towards
the development of tomorrow's electromagnetic science and technology. Manipulation waves in space
essentially consists in engineering their spatial frequency (k) spectrum, which may be performed using
conventional electromagnetic structures, such as apertures, antennas, lenses, polarizers, photonic
crystals, Talbot imagers, optical masks, etc. However, the frontiers of spatial dispersion engineering may



be pushed far beyond the current state of the art, particularly using the novel concept of metasurfaces.
The talk will present several innovations in this area, including magnetless nonreciprocal gyrotropy,
generalized refraction, multiple wave transformation, multi-refringence, and orbital angular momentum
multiplexing. In time, manipulating waves essentially consists in engineering their temporal frequency
(?) spectrum, as partly done in ultrafast optics where oscillations are too fast to be handled by digital
signal processors, and where real-time chirping and nonlinear materials and devices have therefore to be
used instead. Such concepts have been little explored in electromagnetics, and may represent a solution
to the exploding demand for faster and more reliable radio if sufficient progress is made. The author
developed in his group metamaterial-inspired structures called phasers, which provide specifiable group
delay versus frequency responses to perform unprecedented temporal dispersion engineering. The talk
will present the related Radio Analog Signal Processing (R-ASP) concept and technology, and
demonstrate a number of related applications, such as spectrum sniffing, real-time Fourier analysis, and
dispersion code multiple access. Aforementioned concepts typically concern monochromatic spatial
dispersion engineering and mono-directional temporal dispersion engineering. Combining the two
aspects in simultaneous space and time dispersion engineering, as nature does it in rainbows and humans
in holograms, will open up further horizons in electromagnetics processing. The talk will also address
this area, first introducing the fundamental concept of temporal to spatial frequency mapping, and next
describing a few recent applications, including real-time spectrogram analysis and two-dimensional
mapping for the processing of ultrafast waves. Finally, novel concepts in electromagnetic spacetime
discontinuities, where space and time are interdependent as in the theories of special and general
relativity, will be introduced and discussed as a potential platform for future developments in
electrodynamics.

S4.10.2 - Invited: Advanced Phased Arrays and Reflector Antennas for 21st Century Satellite
Communication Payloads....N/A

21st century has so far seen several new satellite services such as local-channel broadcast for direct
broadcast satellite service (DBS), high capacity K/Ka-band personal communication satellite (PCS)
service, hosted payloads, mobile satellite services using very large deployable reflectors, high power
hybrid satellites etc. All these satellite services are driven by the operators need to reduce the cost of
satellite and pack more capability into the satellite. Antenna sub-system design, mechanical packaging
on the spacecraft, and RF performance become very critical for these satellites. This talk will cover
recent developments in the areas of antenna systems for FSS, BSS, PCS, & MSS satellite
communications. System requirements that drive the antenna designs will be presented initially with
brief introduction to satellite communications. Phased array antenna and reflector antenna designs will
be covered in this talk. Advanced antenna system designs for contoured beams, multiple beams, and
reconfigurable beams will be presented. Contoured beam antennas using dual-gridded reflectors, shaped
single reflectors, and shaped Gregorian reflectors will discussed. The figure of merit of these antennas
using gain-area-product (GAP) will be addressed. Multiple beam antenna (MBA) concepts and their
advantages compared to conventional contoured beams will be introduced. Various designs of the MBA
for DBS, PCS, and MSS services will be discussed along with practical examples. Recent advances in
feed technology and reflector technology will be addressed and few examples. Advances in multi-band
antennas covering multiple bands will be presented. Topics such as antenna designs for high capacity
satellites, large deployable mesh reflector designs, low PIM designs, and power handling issues will be
included. Introduction to remote sensing antennas with examples will be included in the talk. Advanced
high power test methods for the satellite payloads will be addressed. Brief introductions to TT&C
antennas, passive inter modulation products (PIM) and multipaction for satellite payloads will be given.



Antenna test ranges and software tools required for test and design of 21st century satellite antennas will
be presented. Future trends in the satellite antennas will be discussed. At the end of this talk, engineers
will be exposed to typical requirements, designs, hardware, software, and test methods for various
satellite antennas.

S5.10.2 - Invited: Metamaterial-Inspired Electrically Small Antennas Integrated Into Structural
Materials....N/A

An electrically small Egyptian axe dipole antenna has been designed and integrated into a glass fiber
reinforced polymer (GFRP), a structural material now commonly found in most mobile platforms. The
integration is accomplished by sewing the antenna with conductive threads into the GFRP prepreg and
accounting for dimensional variations after curing under high temperature and pressure in an autoclave.
The simulated and measured reflection coefficient values and radiated field patterns are in good
agreement. These comparisons demonstrate that the antenna is nearly completely matched to the source
without any matching circuit and radiates as an electric dipole.

S1.10.3 - Invited: MetaLine, MetaSpiral, and MetaHelical Antennas....N/A

Normally, electromagnetic properties in nature are right-handed. Antennas having this property are
designated as natural antennas. On the other hand, antennas having electromagnetic properties that are
not found in naturally occurring materials are designated as metamaterial-based antennas (simply
referred to as metamaterial antennas). This talk is composed of three chapters and discusses
metamaterial-based antennas. Chapter 1 reveals that a metamaterial-based straight line antenna
(MetaLine antenna) forms a linearly polarized (LP) beam that scans from the backward direction,
through the broadside direction, to the forward direction (BBF scanning) with change in operating
frequency. It is also revealed that the MetaLine can realize a circularly polarized (CP) BBF scanning
beam. These BBF scanning behaviors cannot be achieved with a corresponding natural straight line
antenna having a right-handed property. The metamaterial-based spiral (MetaSpiral) antenna presented in
Chapter 2 and the metamaterial-based helical (MetaHelical) antenna presented in Chapter 3 are shown to
create a left-handed CP beam across a specific frequency band and a right-handed CP beam across a
different frequency band. In other words, each of the MetaSpiral and MetaHelical radiates a counter
dual-band CP beam. It should be emphasized that the antenna height for the MetaSpiral is approximately
1/100 of the wavelength at the lowest operating frequency, in contrast to the 1/4 wavelength antenna
height of conventional antennas backed by a conducting plate (reflector).

S4.10.3 - Invited: Developing 5G for Mission Critical Machine Communications....N/A

The talk describes a multitenant network and services vision and the most important 5G wireless,
wireline and media enabling technologies, leveraging Software Defined Networking (SDN), Network
Functions Virtualization (NFV), High Performance (HPC) and Mobile Edge Computing (MEC). Special
focus will be plance on Mission Critical Machine Communications (MCC) and the main research
challenges to achieve higher speed and lower latency with a high degree of reliability. Conclusions will
be drawn on the main standardization activities and roadmap towards the IMT for 2020 and beyond.



S5.10.3 - Invited: Meta-Atom Materials for RF Microwave Substrates Using Additive
Manufacturing (3D Printing)....N/A

Metamaterials which are essentially periodic structures with metallic/dielectric and/or magnetic
inclusions in a host material, produce truly novel electromagnetic (EM) properties, such as artificial
dielectrics and magnetics, lenses etc. These can be in planar form to represent a bespoke RF/microwave
substrate, as well as spherical formations for dielectric lenses (e.g. Luneburg) and imaging horn
antennas. Placing these novel structures into the complex electronic design world such as multilayer
circuits or radiated antennas will open up a new way of designing and manufacturing electronics, aiming
towards a single process function from CAD to manufacture. The focus of this paper is on the generic
synthesis of metamaterials, by placing these so called meta-atom inclusions in an ordered and systematic
manner, analogous to compiling the ‘periodic table' of metamaterials. The inclusions are of the order of
microscale dimensions clustered together to form unique patterns. This opens up a plethora of new
structures to be formed which do not currently exist. These will not only will aid in improving existing
applications but it will break existing boundaries for new applications to be formed. Depending on the
ability to make these in small, medium and large scale, the frequencies span from RF/Microware to THz.
The impetus of this research is to make a step change in current application of metamaterials and a
discernible improvement to the communications link through increasing the capacity for more data
improving functionality and productivity. We will present engineered structures with various
manufacturing technologies using conventional photolithography and additive manufacturing (3D
printing).

S1.11: Antenna measurements I1

Measurement Jig Using Semi-Rigid Cable for Differential Impedance Measurement by S-
Parameters....760
Ryuta Tozawa, Takayuki Sasamori, Kazuma Endo, Teruo Tobana and Yoji Isota (Akita Prefectural
University, Japan)

Study on Multiple Antenna Combining for Sequentially Switched Antenna Array Receivers....764
Takahiro Fujita and Shinichiro Yamamoto (University of Hyogo, Japan); Satoru Aikawa (Hyogo
University, Japan); Satoshi Tsukamoto (ATR, Japan); Julian Webber (Advanced
Telecommunications Research Institute International, Japan); Tomoaki Kumagai (ATR, Japan)

Measured Aperture-Array Noise Temperature of the Mark II Phased Array Feed for ASKAP....767
Aaron Chippendale, Andrew Brown, Ron Beresford, Grant Hampson, Robert Shaw, Douglas B
Hayman, Adam Macleod, Ross Forsyth, Stuart G Hay, Mark Leach, Chris Cantrall, Michael
Brothers and Aidan Hotan (CSIRO, Australia)

A Corrugated Horn Antenna with A Dielectric Lens for High Gain Performance....771
Hojoo Lee, Juneseok Lee and Jachoon Choi (Hanyang University, Korea)

A Study on the Effective Pattern of Magnetic Sheet Considering Their Characteristics Attached
on NFC Antenna....773
Takaho Sekiguchi and Yoshinobu Okano (Tokyo City University, Japan); Naoki Ohmura and
Satoshi Ogino (Microwaveabsorbers inc., Japan)



An Analytical Approach for Antenna Performance Evaluation for MIMO Systems....777
Chaowei Wang (Beijing University of Posts and Telecommunications & Schoole of Electronics
Engineering, P.R. China); Songsong Xiao (Beijing University of Posts and Telecommunications,
P.R. China); Weidong Wang (Beijing Unversity of Posts and Telecommunications, P.R. China);
Cheng Wang (Beijing University of Posts and Telecommunications, P.R. China); Shuaijun Liu
(Beijing University of Posts and Telecommunications & Information and Technology Lab, School
of Electronic Engieering, P.R. China)

Tidal Level Estimation Using a SGHz Band Wireless Access System....781
Hiroaki Taka (Future University Hakodate, Japan); Masaaki Wada (Future University-Hakodate,
Japan)

S2.11: Computational electromagnetics 11

Multi-objective Particle Swarm Optimization for the Realization of a Low Profile Bandpass
Frequency Selective Surface....785
Ali Lalbakhsh, Muhammad Usman Afzal, Karu Esselle and Basit Ali Zeb (Macquarie University,
Australia)

Accuracy Improvement of Ray Tracing Method for Between 0.8 and 37 GHz in Street Cell
Environment....789
Nobutaka Omaki (NTT DOCOMO INC., Japan); Tetsuro Imai, Koshiro Kitao and Yukihiko
Okumura (NTT DOCOMO, INC., Japan)

A Novel Marching-on-in-Time Algorithm for Analyzing Arbitrary-Structure Thin-Wire Antennas....

Xiaolin Zhang (East China Research Institute of Electronic Engineering, P.R. China); Huotao Gao
(Wuhan University, P.R. China)

Efficient RCS Measurement Technique by Near-Field Far-Field Transformation Which Utilize
2-D Plane-Wave Expansion....797
Shuntaro Omi (Tokyo University of Agriculture and Technology, Japan); Toru Uno (Tokyo
University of Agricultural Technology, Japan); Takuji Arima (Tokyo University of Agriculture and
Technology, Japan); Takao Fujii (Fujitsu System Integration Laboratories Ltd., Japan)

Scattering From a Finite Array of Axially Magnetized Ferrite Cylinders....799
Kenichiro Yashiro (Chiba University, Japan)

Calculation of Permeability Tensor of Ferrites Using HE111 Mode....803
Tae-Wan Kim and Byeong-Yong Park (KAIST, Korea); Seong-Ook Park (Korea Advanced Institute
of Science and Technology, Korea)

S3.11: Microwave and RF devices I

Design of Waveguide Short-Slot 2-Plane Couplers....807
Dong-Hun Kim, Jiro Hirokawa and Makoto Ando (Tokyo Institute of Technology, Japan)

Design of Wideband Microstrip-Slot Six-Port Complex Ratio Measuring Unit....810
Muhamad Azrul Abdullah and Norhudah Seman (Universiti Teknologi Malaysia, Malaysia)
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Transmission Bandwidth Enhancement Using Lateral Displacement in a Thin Flexible Single
Layer Double Sided FSS....814
Aliya A. Dewani, Steven O'Keefe and David V Thiel (Griffith University, Australia)

Studies on Filtering Characteristics of X-shaped Photonic Crystal Waveguide in Two-Dimensional
Triangular Lattice by Microwave Model....818
Yuting Bao (Fukuoka Institute of Technology, Japan)

An Efficient Design Method of Microstrip Filtering Antenna Suitable for Circuit Synthesis Theory
of Microwave Bandpass Filters....822
Masataka Ohira and Zhewang Ma (Saitama University, Japan)

Decoupling Method for Two-element MIMO Antenna Using Meander Branch Shape....826
Keisuke Okuda (Chiba University, Japan); Hiroshi Sato (Panasonic System Networks, Japan);
Masaharu Takahashi (Chiba University, Japan)

S4.11: Radio wave propagation II

Dual Frequency Use Technique for 40-GHz Satellite Communication During Rainfall Attenuation....828
Wataru Chujo (Meijo University, Japan); Takeshi Manabe (Graduate School of Engineeringl, Osaka
Prefecture University, Japan); Kenji Suzuki (National Institute of Information and Communications
Technology, Japan)

Impact of Wind Turbine Rotor Forward Scattering on 16-QAM Based Communication System....831
Muhammad Bilal Raza and Thomas Fickenscher (Helmut Schmidt University, Germany)

Identification of Line of Sight by Cross Polarization Characteristic....835
Atsuki Morita, Hisato Iwai and Hideichi Sasaoka (Doshisha University, Japan)

DOD-based Localization Technique Using RSSI of Indoor Beacons....839
Naoki Honma, Kazuki Ishii and Yoshitaka Tsunekawa (Iwate University, Japan); Hiroto
Minamizawa and Atsushi Miura (Embedded Resource Integration, Japan)

Comparison of Phase Scintillations During Low and High Solar Activity Periods....841
Nur Mahfuzah Abdul Rashid and Mariyam Jamilah Homam (Universiti Tun Hussein Onn Malaysia,
Malaysia)

Study on Extension to Higher Frequency Band of 3GPP Outdoor-to-Indoor Path Loss Model....845
Tetsuro Imai and Koshiro Kitao (NTT DOCOMO, INC., Japan); Nobutaka Omaki (NTT DOCOMO
INC., Japan); Yukihiko Okumura (NTT DOCOMO, INC., Japan)

Statistic Properties of Rainfall in Tokyo for Millimeter-Wave Wireless Network - Rain Duration
Analysis -....848
Takuichi Hirano, Jiro Hirokawa and Makoto Ando (Tokyo Institute of Technology, Japan); Riichiro
Nagareda and Akira Yamaguchi (KDDI R&D Laboratories Inc., Japan); Hitoshi Nagahori and Toru
Taniguchi (Japan Radio Co., Ltd., Japan)



S5.11: RFID and wireless sensing 1T

Diversity Reception of 920MHz RFID Reader Antenna in Smart-Shelf System....851
Kuan-hua Chen and Qiang Chen (Tohoku University, Japan); Kunio Sawaya (Tohoku University &
School nof Engineering, Japan); Machiko Oouchida and Yoshiaki Hirano (Teijin Limited, Japan)

Design and Feasibility Analysis of Conventional Planar Antennas as Chipless RFID Strain Sensors....854
Shuvashis Dey (Monash University, Australia); Nemai Karmakar (MONASH University, Australia)

A Serpentine PIFA Antenna for Implantable RFID Tag....858
Shahidul Islam, Karu Esselle and Khaled Mahbub Morshed (Macquarie University, Australia);
Ladislau Matekovits (Politecnico di Torino, Italy); Sumyea Sabrin (Macquarie University,
Australia)

Propagation Modelling of RFID Systems for Road Monitoring Applications....861
Konstanty S Bialkowski and Amin Abbosh (The University of Queensland, Australia)

MUETSenses: A Wireless Sensor Network Based Indoor Environment Monitoring System....864
Javed Baloch (Mehran University of Engineering & Technology, Pakistan); Saira Ahmed, Sikandar
Shigri and Jalil Bhatti (Mehran University Of Engineering And Technology Jamshoro, Pakistan)

Null Mitigation of Planar RFID Tag Antennas....868
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