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L d
Monday, April 1

Monday, April 19:00 - 10:00
Opening: Opening Session

/ Regular Session /
Room: Oral Sessions: S1 - Krakow
Chairs: Pawel Kabacik (Wroclaw University of Science and Technology, Poland), Cyril Mangenot (Api-Space, France), Wlodzimierz Zieniutycz (Gdansk University of Technology, Poland)

Monday, April 110:00 - 10:40
IK_01 Mo_1: IK_O1 Invited Keynote 1

Other / Regular Session / Propagation
Room: Oral Sessions: S1 - Krakow
Chairs: Romain Fleury (EPFL, Switzerland), Wlodzimierz Zieniutycz (Gdansk University of Technology, Poland)

10:00 Sampling Spatial-Temporal Variability of Electromagnetic Propagation in CASPER-West
Qing Wang (Naval Postgraduate School, USA)

The Coupled Air-Sea Processes and Electromagnetic ducting Research (CASPER) is a multidisciplinary research initiative aimed at quantifying electromagnetic (EM) ducting and the associated atmospheric processes. The project involved two field campaigns on both coasts of the US. Coordinated measurements among research vessels/platforms and at the shore were made in both
field campaigns resulting in a large amount of data for both the atmospheric environment and EM propagation. This paper presents a general overview of the second field campaign, CASPER-West and the ducting conditions encountered during the field campaign. Examples of the measured propagation are also given.

Monday, April 111:10 - 12:30
IK_02 Mo_2&3: IK_02 Invited Keynote 2&3

Other / Regular Session / Propagation
Room: Oral Sessions: S1 - Krakow
Chairs: Ala Sharaiha (Université de Rennes 1 & IETR, France), Anja K. Skrivervik (EPFL, Switzerland)

11:10 Achievable Throughput as the Ultimate Performance Metric of MIMO Antenna Systems: challenges in 5G and beyond
Nicholas E Buris (NEBENS, LLC, USA & Shanghai University, P.R. China)

4G, 5G and Cognitive Radio networks employ Smart Antenna Systems. These use the additional degrees of freedom offered by their multiple antennas to exploit, among other things, multipath in the propagation environment. So, by construction, design of such systems cannot be assessed by simple performance metrics such as antenna gain, polarization and efficiency alone. At a
minimum, performance has to be considered in the context of the nature and degree of the multipath as well as the types of smart algorithms that are employed during their operation in the field. Capacity, the maximum possible achievable throughput, is an appropriate performance metric when the antennas are properly combined with their propagation environment but nothing more is
known about the system. When, additionally, the specific protocol characteristics of the system are taken into account, the actual throughput of the communication link becomes a more appropriate performance metric. A Cross-Layered design approach of Multiple Input Multiple Output (MIMO) antenna systems is presented in this talk. An electromagnetics exact formulation from
baseband-to-baseband of a Smart Antenna System is given. The formulation consists of full wave analyses of the antenna arrays involved on both sides of the link and a plane wave decomposition for the propagation environment. Subsequently, the baseband signals are fed into link simulators, specific for each system of interest, to provide estimates of the Bit Error Rate (BER) and
throughput. lllustrative examples of the methodology will be given for WiFi and cell phone designs. The new Test Plans for MIMO and Transmit Diversity Over-the-Air Performance will also be discussed in the context of this antenna system design approach. The Challenges of 5G with its proposed massive MIMO antenna systems are discussed, especially as they relate to the benefits
and necessity of the Cross-Layered design approach outlined above. Cognitive Radio Spectrum Sharing approaches and Dynamic Spectrum Access algorithms are also discussed. The talk ends with recommendations on research topics to farther the state of the art.

11:50 From Engineering Electromagnetics to Electromagnetic Engineering: Teaching/Training Next Generations

Levent Sevgi (Okan University, Turkey)

The role of Electromagnetic (EM) fields in our lives has been increasing. Communication, remote sensing, integrated command/ control/surveillance systems, intelligent transportation systems, medicine, environment, education, marketing, defense are only a few areas where EM fields have critical importance. We have witnessed the transformation from Engineering Electromagnetics to
Electromagnetic Engineering for the last few decades after being surrounded by EM waves everywhere. Among many others, EM engineering deals with broad range of problems from antenna design to EM scattering, indoor-outdoor radiowave propagation to wireless communication, radar systems to integrated surveillance, subsurface imaging to novel materials, EM compatibility to
nano-systems, electroacoustic devices to electro-optical systems, etc. The range of the devices we use in our daily life has extended from DC up to Terahertz frequencies. We have had both large-scale (kilometers-wide) and small-scale (nanometers) EM systems. Large portion of these systems are broadband and digital, and have to operate in close proximity that results in severe EM
interference problems. Engineers have to take EM issues into account from the earliest possible design stages. This necessitates establishing an intelligent balance between strong mathematical background (theory), engineering experience (practice), and modeling and numerical computations (simulation). This keynote lecture aims at a broad-brush look at certain teaching / training
challenges that confront wave-oriented EM engineering in the 21st century, in a complex computer and technology-driven world with rapidly shifting societal and technical priorities. The lecture also discusses modeling and simulation strategies pertaining to complex EM problems and supplies several user-friendly virtual tools, most of which have been presented in the IEEE AP
Magazine and which are very effective in teaching and training in lectures such as EM Wave Theory, Antennas and Radiowave Propagation, EM Scattering and Diffraction, Guided Wave Theory, Microstrip Circuit Design, Radar Cross Section Prediction, Transmission Lines, Metamaterials, etc.

Monday, April 114:00 - 16:00
CS48 mm-Wave GAP Wave Techn: CS48 Integration and New Applications of mm-Wave GAP Wave Technology

High Data-rate Transfer / Convened Session / Antennas
Room: Oral Sessions: S1 - Krakow
Chairs: Ahmed Kishk (Concordia University, Canada), Daniel Sanchez-Escuderos (Universidad Politécnica de Valencia, Spain)

14:00 2-Dimensional Beam Scanning Gap Waveguide Leaky Wave Antenna Array Based on Butler Matrix in Metallic 3D Printed Technology
Hao Wang (Nanjing University of Science & Technology, P.R. China); Jianyin Cao (Nanjing University of Science and Technology, P.R. China)

Page 3/103


https://edas.info/showPerson.php?p=1664015&c=25108
https://edas.info/showPerson.php?p=590907&c=25108
https://edas.info/showPerson.php?p=1662874&c=25108
https://edas.info/showPerson.php?p=1244097&c=25108
https://edas.info/showPerson.php?p=1536289&c=25108

Program for 13th European Conference on Antennas and Propagation (EUCAP 2019)

In this work, a novel 2-dimensional beam scanning antenna array working at 30 GHz is proposed. The array is composed of four leaky wave antennas and a butler matrix in gap waveguide technology. The beam scanning in x-o-y plane is realized by moving one row of pins around the groove based on gap waveguide concept. The butler matrix is designed to give additional beam
scanning capability in orthogonal direction. The structure is simplified, since both the butler matrix and the antenna are realized in groove gap waveguide technology. In addition, the whole antenna is designed based on metallic 3D printed technology with high integration.

14:20 Single-Layer Dual-Band Slot-Array Antenna in Gap Waveguide Technology

Daniel Sanchez-Escuderos (Universidad Politécnica de Valencia, Spain); Miguel Ferrando-Rocher (Universitat Politecnica de Valéncia, Spain); José Ignacio Herranz-Herruzo and Alejandro Valero-Nogueira (Universidad Politécnica de Valencia, Spain)

This paper presents a dual-band slot-array antenna for satellite on-the-move applications. The antenna is formed by two kinds of slots working in the K band (Rx slots) and in the Ka band (Tx slots). A corporate feeding network implemented in gap waveguide technology is used to feed the slots. The use of this technology minimizes the losses in the structure and avoids mechanical
assembly problems. In order to keep a low profile and a low weight in the structure, the feeding network is designed in one single layer combining adequately the use of ridge-gap and groove-gap waveguides. Dog-bone shaped slots are used in the Rx band to reduce the inter-slot spacing and minimize grating lobes problems. Results show a good return loss level within the two desired
passbands, as well as the absence of grating lobes in the radiation pattern at both operating bands.

14:40 Design of a Holey Metasurface Prism to Reduce Dispersion in Groove Gap Waveguide Leaky Wave Antennas

Nafsika Memeletzoglou and Eva Rajo Iglesias (University Carlos Ill of Madrid, Spain)
The dispersive nature of a leaky waveguide antenna causes the main beam direction to change with frequency. To reduce the main beam squinting effect in a groove gap leaky wave antenna, a holey metasurface prism is introduced. The prism is made of holes instead of pins as it was proposed in the past, to simplify manufacturing at high frequencies. The dispersion characteristics of
the hole unit cell are studied and a first example of design is presented aiming to one degree or less variation of the main beam radiation angle. The example is designed at Ka band and the initial results are very promising.

15:00 An E-band Compact Frequency Division Duplex Radio Front-end Based on Gap Waveguide Technology
Abbas Vosoogh (Chalmers University of Technology, Sweden); Milad Sharifi Sorkherizi (Concordia University, Canada); Vessen Vassilev and Ashraf Uz Zaman (Chalmers University of Technology, Sweden); Zhongxia Simon He (Chalmers University of Technology & Microwave Electronic Lab, Sweden); Jian Yang
(Chalmers University of Technology, Sweden); Ahmed Kishk (Concordia University, Canada); Herbert Zirath (Chalmers University of Technology, Sweden)
A compact module consisting of a novel integration of an antenna, a diplexer, and millimeter-wave active circuits for low latency wireless backhaul links working at E-band is presented in this paper. The proposed radio front-end module is built by four distinct layers which are vertically stacked with no electrical contact requirement between them based on gap waveguide technology. A
16x16 corporate-fed slot array antenna is successfully integrated with a 5th order diplexer, as well as a transmitter (Tx) and a receiver (Rx) monolithic microwave integrated circuits (MMICs) in one package with a novel architecture and a compact form. The integrated radio front-end is able to simultaneously send and receive data by using a frequency division duplex (FDD) transmission
scheme at 71-76 GHz and 81-86 GHz bands. A wireless data transmission is successfully demonstrated showing a data rate of 6 Gbit/s using 64 quadrature amplitude modulated (QAM) signal with a spectral efficiency of 4.4 bit/s/Hz. The proposed radio front-end provides the advantages of low loss, high efficiency, compact integration, and a simple mechanical assembly, which makes

it a suitable solution for small cell backhaul links.

15:20 Gap Waveguide Slot Array Antenna for Automotive Applications at E-Band

Abolfaz|l Haddadi (Gapwaves AB, Gothenburg, Sweden); Carlo Bencivenni and Thomas Emanuelsson (Gapwaves AB, Sweden)

High standards for safety and comfort in the modern vehicles require high precision driving assistance systems. Automotive radars play a key role because they operate also in adverse lighting and climate conditions. Automotive radars operating at mmWave frequencies (76--81~GHz) are particularly attractive because of the small sizes and wide bandwidth. Microstrip patch array
antennas are the common solution, however, high dielectric losses degrade the radar's performance. To remove dielectric losses, waveguide slot arrays can be used, but at mmWaves it is hard to ensure a good electrical contact between split-blocks. Gapwaveguide technology solves this issue and the performance and robustness has been already demonstrated in different application
at these frequencies. Here, we present a high gain ridge gap waveguide slot array antenna for 77~GHz automotive radar. Its narrow width (half of wavelength) allows the proposed antenna to be used in a compact array configuration to implement a bi-static radar with multiple receivers and transmitters.

15:40 Space Reduction Between Parallel Gap Waveguides Using Stacked Glide-Symmetric Metal Sheets

Adrian Tamayo-Dominguez (Universidad Politecnica de Madrid, Spain); Hosnia Azkiou and Jose Manuel Fernandez Gonzalez (Universidad Politécnica de Madrid, Spain); Oscar Quevedo-Teruel (KTH Royal Institute of Technology, Sweden)
This work presents a new configuration to create glide-symmetric structures with the objective of minimize the size of the glide-symmetric unit cell and reduce the space separation between parallel multi-layer waveguides (MLW). A rectangular waveguide transmission line is performed by stacking several thin metal sheets. To package the sheets and reduce leakage, glide-symmetric
structures with different geometry are used. The proposed structure is easy to manufacture, has low transmission losses even at high frequency and reduces the space separation between parallel MLW. To show the viability of the proposed solution a straight line waveguide was designed and simulated using the unit cell proposed.

Monday, April 114:00 - 18:30
CS12 Reflect & Transmitarray: CS12 Reflectarray and Transmitarray Antennas for Emerging Applications

Space / Convened Session / Antennas
Room: Oral Sessions: S2 — Warszawa
Chairs: Angelo Freni (University of Florence, Italy), Paola Pirinoli (Politecnico di Torino, Italy)

14:00 Advanced Synthesis of Reflectarrays Using a Spherical Mapping of the Second Order Phoenix Cell
Raphael Gillard (IETR & INSA, France); Vincent Richard (INSA, France); Renaud Loison (IETR & INSA, France); Hervé Legay (Thalés Alenia Space, France); Maxime Romier (CNES, France); Jean-Paul Martinaud (THALES - AIRBORNE SYSTEMS, France); Daniele Bresciani and Fabien Delepaux (Thales Alenia Space, France)

A general synthesis approach is proposed for reflectarrays using second order Phoenix cells. It relies on an original spherical representation that transforms the optimization domain in a continuous and unbounded space with reduced dimension. This makes the synthesis problem simpler and automatically guarantees smooth variations in the optimized layout. The proposed mapping is
combined with an ANN-based behavioral model of the cell and integrated in a min/max optimization process. As an application, a contoured beam for space communication in the [3.6-4.2] GHz band is considered. The gain improvement compared to an initial Phase Only synthesis (POS) is up to 1.62 dB. Full wave simulation of the final array is provided as a validation.

14:20 Design of Circularly Polarized Reflectarray Antennas Based on MoM Analysis of Multilayered Periodic Structures Involving Split Rings
Rafael Florencio (Universidad de Sevilla, Spain); Rafael R. Boix (University of Seville, Spain); Jose A. Encinar (Universidad Politecnica de Madrid, Spain)
An efficient software has been implemented for the analysis of the scattering by multilayered periodic structures containing concentric metallic split rings in the unit cell. The software is based on the Method of Moments (MoM) in the spectral domain. Edge singularity basis functions are used in the approximation of the current density on the split rings, which makes it possible a fast
convergence of MoM with respect to the number of basis functions. Since the 2-D Fourier transforms of the basis functions cannot be obtained in closed form, judicious tricks are proposed for their efficient computation. The software has been used in the design of circularly polarized reflectarray antennas under the local periodicity assumption. The results obtained in the analysis of
the antennas with our in-house software have been compared with results provided by CST, and good agreement has been found. Our software has proven to be around 25 times faster than CST.

14:40 Ultra-wideband and Multiband Reflectarrays for Intelligent Multi-functional Platforms
Qi Luo, Steven Gao and Wenting Li (University of Kent, United Kingdom (Great Britain)); Xuexia Yang (Shanghai University, P.R. China); Geyi Wen (Nanjing University of Information Science and Technology, P.R. China)

This paper includes two parts. In the first part, a review of techniques for designing wideband or multiband reflectarrays is presented. In the second part, two case studies including the designs of one ultra-wideband (UWB) reflectarray and one multi-band reflectarray are presented. The UWB reflectarray is a novel tightly coupled dipole reflectarray (TCDR) whose unit cell is composed
of a tightly coupled dipole and a delay line. The minimum distance between adjacent cells is about 1/10 wavelength at the lowest operating frequency. The TCDR operates from 3.4 to 10.6 GHz with stable radiation patterns and aperture efficiency. The multiband reflectarray is a novel dual-band, dual circularly polarized (CP) reflectarray. The dual-band operation of the reflectarray is
obtained by using the interleaved circularly polarized triangular patches as the radiating elements. Within each frequency band, two simultaneous shaped beams with different circular polarization and independent control are realized. Both reflectarrays are fabricated and measurement results are presented.

15:00 Low Cost High Gain Folded Reflectarray with Curved Polarizer

Angelo Freni and Agnese Mazzinghi (University of Florence, Italy); Giorgio Carluccio (Delft University of Technology, The Netherlands)
A novel solution for folded reflectarray antennas which uses a curved (spherical) polarizer is presented. The proposed folded reflectarray shows a high gain and stable performances on a large bandwidth. Both the polarizer and the reflectarray are manufactured by using 3D printing technology. This solution allows obtaining an efficient, robust, and compact antenna with low cost
manufacturing process, even for no mass production. Measurements confirm the feasibility of the proposed solution and show its performances.

15:20 A Dual-Band Dual-Circularly Polarized Reflectarray for K/Ka-Band Space Applications

Parinaz Naseri and Sean V Hum (University of Toronto, Canada)
Reflectarrays (RAs) offer not only low-cost and low-profile solutions for point-to-point communications, but they also have a controllable polarization and frequency response. This property of an RA allows to realize polarization-selective and multi-band high-gain apertures. Here, we propose a novel dual-band dual-circularly polarized (CP) RA with a unique set of properties. The RA is
composed of a dual-band dual-linearly polarized (LP) RA and a dual-band LP-to-CP polarizer. By dividing the CP-RA into an LP-RA and a polarizer, we obtain the ability to radiate CP shaped beams or pencil beams at desired directions for any of the dual bands and for each polarization, independently. Moreover, the polarizer has a unique property to convert an LP wave to orthogonal CP
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waves at the two bands. This relaxes the feed complexity and increases the out of band rejection. The underlying unit cell of the proposed RA is designed for 18.2-18.8 GHz and 27.8-28.3 GHz. It provides a 323° phase shift in the lower band and 381° phase shift in the higher band while maintaining a cross polarization level more than 15 dB in both bands, and excellent decoupling

between the two bands. An offset-fed RA is designed and full-wave simulation results are presented and confirm the performance of the proposed structure.

15:40 Electronically-Steerable Transmitarray Antennas for Ka-Band

Antonio Clemente (CEA-LETI Minatec, France); Luca Di Palma (Space Engineering S.p.A., Italy); Fatimata Diaby (Polytech School, France); Laurent Dussopt (CEA, LETI, Minatec, France); Trung Kien Pham (University of Rennes 1 & IETR, France); Ronan Sauleau (University of Rennes 1, France)

This paper reports the design and experimental validation of electronically-steerable transmitarrays at Kaband. Two transmitarrays with 20x20 and 14x14 elements have been prototyped and full characterized, for an operation in switchable circular or linear polarization. They are based on 1-bit and 2-bit phase quantization tunable unit-cells, respectively. To control locally the
transmission phase on the transmitarray aperture, two or four p-i-n diodes have been integrated on each unit-cell for the 1- or 2-bit designs, respectively. The measured broadside gain at 29 GHz of the 1- bit prototype is equal to 20.8 dBic with a 3-dB relative bandwidth of 14.6%. For the 2-bit architecture, the measured broadside gain at 29 GHz is equal to 19.8 dBi with a 3-dB
bandwidth of 16.2%.

16:00 Coffee Break

16:30 Reflectarray Compact Antenna Test Range Concept

Christophe Granet (Lyrebird Antenna Research Pty Ltd, Australia); Min Zhou and Stig Serensen (TICRA, Denmark); Ken Smart (CSIRO Astronomy and Space Science, Australia); John Kot (Young & Kot Engineering Research, Australia); John Ness (EM Solutions Pty Ltd, Australia)
This paper presents a concept for a reflectarray- based compact antenna test range. To demonstrate the concept, a 2.6m square reflectarray operating at Ka-band has been designed to emulate an offset reflector. Preliminary results indicate that a Quiet Zone >45% of the size of the reflectarray can be achieved.

16:50 From Inverse-Source Problems to Reflectarray Design - An Innovative Approach for Dealing with Manufacturing and Geometrical Constraints

Marco Salucci (ELEDIA Research Center, Italy); Angelo Gelmini (ELEDIA Research Center, University of Trento, Italy); Giacomo Oliveri (University of Trento & ELEDIA Research Center, Italy); Andrea Massa (University of Trento, Italy)
An innovative approach for dealing with manufacturing and geometrical constraints in the design of reflectarrays is presented. Towards this end, the synthesis of the reflectarray surface currents is formulated as an inverse-source (IS) problem in order to exploit the non-uniqueness of the solution due to the presence of non-radiating (NR) terms. Differently from state-of-the-art
methods, such a design paradigm allows to take into account specific constraints when designing the surface currents radiating the desired pattern. Some illustrative examples are shown in order to show the effectiveness and the flexibility of the proposed approach.

17:10 Beam Scanning Reflectarrays for DTH Application: Preliminary Results

Paola Pirinoli (Politecnico di Torino, Italy); Thomas Lohrey (Eutelsat S.A., France); Mario Orefice, Michele Beccaria and Gianluca Dassano (Politecnico di Torino, Italy)
In this paper, some preliminary results on the feasibility analysis and prototype tests of a Direct-To-Home (DTH) receiving antenna system based on the use of a planar Reflectarrays with beam scanning capabilities, are discussed.

17:30 Reflectarray Antennas for 5-G Indoor Coverage

Alvaro F. Vaquero (Universidad de Oviedo, Spain); Daniel R. Prado (Heriot Watt University & School of Engineering & Physical Sciences, United Kingdom (Great Britain)); Manuel Arrebola and Marcos R. Pino (Universidad de Oviedo, Spain)
A reflectarray antenna at 28 GHz is proposed to be used as a base station in 5-G indoor communications. The reflectarray is integrated in an office and the near-field radiated over a desktop surface is simulated. Since the near-field is not properly focused on the area defined for 5-G coverage, an optimization of the reflectarray is required. The generalized Intersection Approach
algorithm is employed to optimize the radiated field at the plane of the desktop surface in order to improve the coverage area. Then, a comparison between the near-field before and after the optimization is carried out, showing a significant improvement of the coverage area. In addition, other planes are analyzed, allowing to extend the results from the optimized plane to others.

17:50 Sub-Array Clustering for Reconfigurable Reflectarrays with a Reduced Control Complexity

Amedeo Capozzoli, Claudio Curcio, Giuseppe D'Elia and Angelo Liseno (Universita di Napoli Federico Il, Italy)
A method for the synthesis of reconfigurable reflectarray antennas with sub-array clustering is here presented. The approach is made up by two stages: an aperture synthesis devoted to the determination of the optimal clustering, common to all the beam configurations, and a reflectarray synthesis wherein the reflecting element belonging to the same cluster are driven with the same

command phase.

18:10 Dual Reflectarray Ka-band Multibeam Antenna

Carolina Tienda, Anestis Katsounaros and Simon J Stirland (Airbus Defence and Space, United Kingdom (Great Britain))
This paper describes a Ka-band multibeam antenna systems for a generic Continental US (CONUS) coverage. The configuration is implemented with two dual offset reflectarray antennas, one antenna works in transmit and another in receive. Each reflectarray antenna consists on a flat reflectarray as sub-reflector and a flat reflectarray as main-reflector. This antenna topology is a

reduced cost alternative to a standard parabolic reflector antenna system implemented with four reflectors, also described in the text.

CS22 Reconf Ant: CS22 Reconfigurable Antennas for Compact Devices

Future Applications / Convened Session / Antennas
Room: Oral Sessions: S3-A — Gdansk
Chairs: Joseph Costantine (American University of Beirut, Lebanon), Leonardo Lizzi (University Cote d'Azur, CNRS, LEAT, France)

14:00 Superdirective and Compact Electronically-Beam-Switchable Antenna for Smart Communication Objects
Lotfi Batel (CEA-Leti, France); Antonio Clemente (CEA-LETI Minatec, France); Christophe Delaveaud (CEA-LETI, France)

This paper proposes a directive and compact circular array composed of 9 symmetrical radiating elements (1 fed and 8 parasitic elements) with electronically beam-switching capabilities. Thanks to the superdirectivity principle and the use of a floating ground plane, the proposed closely spaced antenna array achieves a maximum realized gain of 4 dBi steered in 8 directions on the
horizontal plane. The proposed antenna operates at 868 MHz with a maximum directivity of 8.5 dBi and achieving a 1-dB directivity bandwidth of 10 MHz.

14:20 A Method for Determination of Reconfigurable Multiantenna Systems' Performance

Jerzy Kowalewski and Joerg Eisenbeis (Karlsruhe Institute of Technology, Germany); Thomas Zwick (Karlsruhe Institute of Technology (KIT), Germany)
In this paper, a methodology for determination of reconfigurable multiantenna systems' performance is proposed. The method complements the envelope correlation coefficient calculation with channel information for precise statement about antennas performance. The channel information is obtained from ray-tracer simulation. The approach is tested on three antennas and its
effectiveness is proved by channel capacity simulation results. The presented method is a simple and powerful tool for evaluation of reconfigurable antennas and reconfigurable multiantenna systems and can be used during the design process.

14:40 A Reconfigurable Partially Reflective Surface Antenna with Enhanced Beam Steering Capability
Lu-Yang Ji (Northwestern Polytechnical University, P.R. China); Peiyuan Qin (University of Technology, Sydney, Australia); Y. Jay Guo (University of Technology Sydney, Australia); Simone Genovesi (University of Pisa, Italy); Hailiang Zhu (The University of Hong Kong, Hong Kong); Yali Zong (School of Electronic and
Information, Northwestern Polytechnical University, P.R. China)

A reconfigurable partially reflective surface (PRS) antenna with improved beam steering capability is proposed in this paper. Compared with our previous paper, the beam-steering angle can be enhanced from +5° to +17° with less active elements and a much smaller gain variation. It is realized by employing a compact reconfigurable metasurface as the PRS structure, which is located
atop a probe-fed square patch antenna. A prototype antenna operating at 5.5 GHz is fabricated and measured. Good agreement between the simulated and measured results for the input reflection coefficients and radiation patterns is achieved, which validates the feasibility of the design principle.

15:00 Frequency Reconfigurable MIMO Antenna Using SRR for Multi-Band Operation

Rifagat Hussain (KFUPM, Saudi Arabia); Muhammad Umar Khan (National University of Sciences and Technology & Research Institute for Microwave and Millimeter-Wave Studies, Pakistan); Mohammad S. Sharawi (Polytechnique Montreal, Canada)

This work presents the design of a 4-element frequency reconfigurable multiple-input-multiple-output (MIMO) antenna. The individual element is comprised of modified annular slot antenna using split-ring resonator(SRR) loading and a rectangular slot inside the annular slot to achieve miniaturization and multi-band operation. Each slot element is loaded with a varactor diode which
provides the frequency sweep in each of its operating bands. The proposed design operates in three bands covering 1.7-2.28 GHz, 2.5-2.85 GHz, and 2.9-3.1 GHz bands. The antenna is designed on a standard Rogers 4350 substrate size of 60by120by0.76 mm3. A prototype is fabricated whose measured results are in close agreement with the design simulations. The antenna is also
analyzed for envelope correlation coefficient (ECC) where it shows an ECC < 0.5 in all of its operating bands, signifying good MIMO performance. The proposed design is suitable for the second generation cognitive radio applications.

15:20 Meandered H-Shaped Slot-line Quad-Band Frequency Reconfigurable MIMO Antenna
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Rifagat Hussain (KFUPM, Saudi Arabia); Muhammad Umar Khan (National University of Sciences and Technology & Research Institute for Microwave and Millimeter-Wave Studies, Pakistan); Mohammad S. Sharawi (Polytechnique Montreal, Canada)

In this paper, we have proposed a miniaturized meandered slot-line based quad-band multiple-input-multiple-output (MIMO) antenna system. The proposed design consists of 2-elements meandered slot-line antenna with an H-shaped configuration. The antenna is made frequency reconfigurable using varactor diode by reactively loading the slot structure. The quad-band antenna
design is reconfigurable over all the resonating bands. The meandered slot-line structure with reactive loading resulted in a size reduction of 94% as compared to conventional patch antenna and 36% compared to meandered slot antenna. The proposed antenna design operates in the frequency bands from 0.665-1.13 GHz, 1.415-2.005 GHz, 2.42-3.09 GHz, and 3.18-3.89 GHz bands,
thus covering most of the modern communication standards. The proposed 2-element design is fabricated on a substrate board of dimensions 60x120x0.76 mm3 using an RO4350 substrate. The proposed design is well-suited for wireless handheld devices to be used in the second generation cognitive radio (CR) front-end applications.

15:40 Liquid Metal Application for Continuously Tunable Frequency Reconfigurable Antenna
Khaled Yahya Algurashi (Institute for Communication Systems (ICS), University of Surrey, United Kingdom (Great Britain)); Carol Crean (University of Surrey, United Kingdom (Great Britain)); James Kelly (Queen Mary University of London, United Kingdom (Great Britain)); Tim Brown (University of Surrey, United Kingdom
(Great Britain)); Mohsen Khalily (University of Surrey & 5G Innovation Centre, Institute for Communication Systems (ICS), United Kingdom (Great Britain))
This paper presents two different designs for frequency reconfigurable antennas capable of continuous tuning. The radiator, for both antenna designs, is a microstrip patch, formed from liquid metal, contained within a microfluidic channel structure. Both patch designs are aperture fed. The microfluidic channel structures are made from polydimethylsiloxane (PDMS). The microfluidic

channel structure for the first design has a meander layout and incorporates rows of posts. The simulated antenna provides a frequency tuning range of approximately 118% (i.e. 4.36 GHz) over the frequency range from 1.51 GHz to 5.87 GHz. An experimental result for the fully filled case shows a resonance at 1.49 GHz (1.3% error compared with the simulation). Experienced rheological
behavior of the liquid metal necessitates microfluidic channel modifications. For that reason, we modified the channel structure used to realise the radiating patch for the second design. Straight channels are implemented in the second microfluidic device. According to simulation the design yields a frequency tuning range of about 77% (i.e. 3.28 GHz) from 2.62 GHz to 5.90 GHz.

16:00 Coffee Break

16:30 Reconfigurable Wearable Antenna for Compensation of Detuning Effects

Shengjian Jammy Chen and Damith C. Ranasinghe (The University of Adelaide, Australia); Christophe Fumeaux (The University of Adelaide & School of Electrical and Electronic Engineering, Australia)

The presence of objects in proximity of a wearable antenna can detune its operation band. Such detuning effects through a metal object or a human tissue loading for a wearable antenna are firstly experimentally investigated in this paper. The antenna under test is a previously reported reconfigurable wearable antenna based on snap-on buttons with integrated tuning electronics. The
empirical results suggest that the undesired frequency shifts will oscillate with varying distance from antenna to the loading object, but that the fractional detuning will generally remain below 8%. This provides general guidance for required compensation of the detuning effects through frequency tunability of the antenna. In addition, compensation for the observed detuning is further
demonstrated using the antenna's reconfigurability. The presented findings demonstrate that reconfigurable antennas can be beneficial to wearable wireless communication systems where complex dynamic surrounding conditions are expected.

16:50 A New Compact Digitally Tuned Filtenna

Ali Ramadan (Fahad Bin Sultan University, Saudi Arabia); Fatima AlZahraa Asadallah and Joseph Costantine (American University of Beirut, Lebanon); Youssef Tawk (American University of Beirut, USA)
In this paper, a new topology for a digitally tuned filtenna is proposed. The filtenna response is reconfigured by relying on a bridging digitally tunable capacitor (DTC), which is integrated into the stub of a contained coupled line band-pass filter. The contained tunable band-pass filter constitutes the feeding network of a wideband antenna structure. Activating different DTC states result
in altering the electrical length of the band-pass filter's embedded stub. Such alteration tunes the operating frequency of the whole filtenna system and thus yields a narrowband frequency-tunable type of operation. The filtenna maintains acceptable gain figures and minimal distortion in its radiation characteristics across the different DTC configurations.

17:10 Antenna Evaluation for Increased Security in Polarization Modulation

Cara Kataria (Electromagnetics Laboratory, USA); Jennifer T. Bernhard (University of lllinois at Urbana-Champaign & Electromagnetics Laboratory, USA)
This investigation centers on the impact of antenna design on directional polarization modulation (PM) systems for increased wireless network security. Often, new PM methods are proposed without accounting for antenna effects, which unfortunately compromises the accuracy of their evaluation. Polarization state is directly linked to the inherent physical structure of the antenna and
its feed, so we propose benchmarks for comparing several aspects of the radiated polarization state from typical dual-polarized antennas. Applications wishing to relay information via polarization states should take these factors into account in order to achieve the true performance capabilities of the modulation technique.

17:30 A K/Ka Band Frequency Reconfigurable Transmit/Receive Antenna Array
Marios Patriotis (The University of New Mexico, USA); Firas Ayoub (University of New Mexico & COSMIAC - University of New Mexico, USA); Christos Christodoulou (The University of New Mexico, USA)

This paper introduces a broadband right hand circularly polarized (RHCP) 16-element antenna array operating in the frequency band of 20 - 32 GHz. The array elements are truncated patches fed using a sequential rotation power divider (SRPD). The antenna can be used simultaneously in the receiving mode (Rx) and transmitting mode (Tx) by selecting the embedded reconfigurable
filters. A PIN diode reconfigurable bandpass filter (BPF) is used at the Tx port in order to select the band of operation. The antenna array produces a gain of 12 - 15 dB over its operating frequencies and an axial ratio less than 0.56 dB over its operating bands. This reconfigurable antenna array can be used for K/Ka-band CubeSat communication.

17:50 Additively Manufactured Frequency/Radiation Pattern Reconfigurable Antenna Based on Monolithically Printed VO2 Switch
Zhen Su (King Abdullah University of Science and Technology, Saudi Arabia); Mohammad Vaseem (King Abdullah University of Science and Technology (KAUST), Saudi Arabia); Weiwei Li (KAUST, Saudi Arabia); Shuai Yang (King Abdullah University of Science & Technology, Saudi Arabia); Atif Shamim (King Abdullah

University of Science and Technology, Saudi Arabia)

The frequency and radiation pattern reconfigurability in antennas is usually achieved by P-I-N diodes, transistor, micro-electro-mechanical systems (MEMS), etc. based switches which are typically attached to the antennas through soldering or epoxies that leads to reliability issue. In addition, most of these switches are expensive as they are realized with complicated and costly
fabrication processes. To increase the reliability and reduce the fabrication cost, additive manufacturing is a viable solution, where the switch can be simply printed at the desired place without the need of soldering, etc. In this work, we present fully printed frequency and radiation pattern reconfigurable antenna designs using a custom vanadium dioxide (VO2) ink based monolithically
printed switch. In the frequency reconfigurable design, antenna operates at frequencies of 2.32-2.49 GHz and 1.93-2.03 GHz in the "OFF" and "ON" states of the switch, respectively which matches well with the simulations. In the radiation pattern reconfigurable design, an antenna array comprising two elements show a broadside maximum radiation pattern for the switch in the "ON"
state and a broadside null in the "OFF" state at 5.2 GHz. The gain difference between the "ON" and "OFF" state is as high as 8 dB, which is beneficial for direction-finding applications.

18:10 Ultrathin Planar HIS Antenna with Beam Steering Capability for K-Band

Ahmad Almutawa (University of California - Irvine, USA); Hamidreza Kazemi (University of California Irvine, USA); Eilippo Capolino (University of California, Irvine, USA)

This paper presents a wideband, ultrathin, planar high impedance surface (HIS) antenna with a beamforming capability which operates at K-band. The HIS antenna is based on a single grounded substrate with a 2D periodic dogbone shaped metallic patches patterned on the top. The structure is designed to operate at 24 GHz with beam steering capability. The proposed structure is fed
by a phase-controlled excitation network which adds the ability to steer the beam. The proposed antenna is constructed from 12 x 6 unit-cells on a very thin substrate (the overall antenna height is around a 100th of the free space wavelength). Simulation results show a maximum broadside gain of 12 dBi and, despite the ultrathin thickness, a 3dB bandwidth of 1.83 GHz with a 2 dBi gain
difference in steering the beam from 0 to 45 degrees.

CS14 Periodic Structures Higher Symm: CS14 Periodic Structures with Higher Symmetries

Future Applications / Convened Session / Antennas
Room: Oral Sessions: S3-B - Wroclaw
Chairs: Elena Pucci (Ericsson AB, Sweden), Zvonimir Sipus (University of Zagreb, Croatia)

14:00 Closed-Form Analysis of Artificial Dielectric Layers with Non-Periodic Characteristics

Daniele Cavallo and Ralph van Schelven (Delft University of Technology, The Netherlands)
We present a general analysis to describe non-periodic artificial dielectric layers (ADLs). Closed-form expressions for the equivalent layer impedance are given for generic plane-wave incidence, assuming that each individual layer can differ from the others in terms of geometrical parameters. By dropping the assumption of identical layers, the given formulas are of more general
applicability for flexible designs artificial dielectric slabs that are not uniform along the stratification. The analytical expressions account for the interaction between layers due to higher-order Floquet modes, thus remain valid for arbitrarily small electrical distance between layers.

14:20 Resonances and Embedded Eigenstates in Shifted Double Arrays of Strips

Ana Diaz-Rubio, Xin Ma, Viktar Asadchy and Sergei Tretyakov (Aalto University, Finland)
In this presentation we show our results on studies of reflection and transmission properties of double layers of conducting strips of different symmetries, focusing of the glide-symmetric arrays. We find and discuss unique phenomena of merging full reflection and full transmission resonances and creation of bound states in the continuum in glide-symmetric arrays of negligible
thickness.

14:40 Glide-symmetric Printed Corrugated Transmission Lines with Controlable Stopband
Pablo Padilla (University of Granada, Spain); Angel Palomares-Caballero (University of Malaga and University of Granada, Spain); Antonio Alex-Amor (University of Malaga and Technical University of Madrid, Spain); Juan Valenzuela-Valdés (Universidad de Granada, Spain); Oscar Quevedo-Teruel (KTH Royal Institute of
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Technology, Sweden)
Here, we demonstrate that the dispersion properties of printed lines can be controlled by using glide symmetry. Glide symmetry is introduced by means of corrugations in the printed lines. The glide-symmetric configuration provides a more linear propagation constant, avoiding the presence of stopband between first and second propagating modes. Additionally, the breakage of the
glide-symmetric geometry introduces a tunable stopband that can be used for filtering.

15:00 Low-Dispersive Glide-Symmetric Leaky-Wave Antenna at 60 GHz
Oskar Dahlberg (KTH Royal Institute of Technology, Sweden); Elena Pucci (Ericsson AB, Sweden); Lei Wang (Hamburg University of Technology, Germany); Oscar Quevedo-Teruel (KTH Royal Institute of Technology, Sweden)

Here, we demonstrate a method for producing low-loss, non-squinting, directive leaky-wave antennas (LWAs). The scanning of the radiation pattern arises from the dispersive nature of the waveguide mode, which is leaking out when opening the wave guiding structure. We cancel the dispersive behaviour by allowing the leaked waves to refract in a dispersive lens. The proposed
method allows fully metallic implementation of the antenna, resulting in low losses. Furthermore, high directivity is achieved with simple feeding. The corresponding theory is outlined and used to design an antenna operating at 60 GHz. The bandwidth, with less than 1° beam scanning, is 20% in simulations and the realized gain is 17 dB across the entire bandwidth. The design is
proposed as an alternative to obtain high gain antennas for 5G applications, in which low losses and narrow beams are expected to be key features for mm-waves.

15:20 On the Enhancement of Scanning and Gain Flatness of Leaky-Wave Gap-Waveguide Antennas with Glide Symmetry
Lei Wang (Hamburg University of Technology, Germany); Qiang Cheng (Southeastu University, P.R. China); Wenxuan Tang (Southeast University, P.R. China); Xiaoxing Yin (State Key Laboratory of Millimeter Waves, P.R. China); Oscar Quevedo-Teruel (KTH Royal Institute of Technology, Sweden)

The gain of leaky-wave antennas typically has a frequency dependence, since at different frequencies use different amount of the available aperture. The frequencies variations of the gain are more significant when the bandwidth of operation is wider. Here, we propose a leaky-wave antenna in groove gap-waveguide technology with glide-symmetric leaky pins to improve the gain
flatness and scanning angle. To validate this technique, one antenna is designed following this technique. Its realized gain is improved more than 3.0 dB in the frequency band from 8.5 GHz to 14.5 GHz. The 3-dB realized gain bandwidth is enhanced from 4 GHz (36%) to 6.2 GHz (55%), with a enhanced scanning angle from 18.0 degree to 32.5 degree.

15:40 Mimicking Twist Symmetry Properties in Flat Structures

Fatemeh Ghasemifard (KTH Royal Institute of Technology, Sweden); Andreu Salcedo (Polytechnic University of Catalonia, Spain); Martin Norgren and Oscar Quevedo-Teruel (KTH Royal Institute of Technology, Sweden)
Twist symmetry provides an additional degree of freedom to control the wave propagation in periodic structures. However, real twist-symmetric structures are cylindrical structures that have a high cost of manufacturing. In addition, they are not compatible with the available, low-cost and flat technologies, such as microstrip technology. Here, we investigate the possibility of mimicking
the dispersion properties of twist symmetry in flat structures.

16:00 Coffee Break

16:30 Considerations on the Usage of Transmission Matrices to Study the Dispersion Behavior of Glide-Symmetry Structures

Francisco Mesa (University of Seville, Spain); Raul Rodriguez-Berral (Universidad de Sevilla, Spain); Francisco Medina (University of Sevilla, Spain)
Some effects related to the circuit modeling of periodic structures with symmetric properties are explored in this work. In particular, the consequences of introducing a type of higher-order symmetry, the so-called glide symmetry, in the unit cell of a simple periodic structure are explored in terms of the electrical distance between the individual sub-cells involved in the construction of
the glide-symmetric system. The value of this distance is also shown to be very important in order to choose the appropriate method for obtaining the dispersion diagrams of the periodic structure.

16:50 Bloch Analysis of Glide-symmetric Structures Using a Multimode Transmission Matrix

Mohammad Bagheriasl (Sorbonne University, France); Guido Valerio (Sorbonne Université, France)
Glide-symmetric structures have recently been used in the design of planar lenses for ultraband applications or in gap waveguide technology as electromagnetic bandgap structures. We use here a Bloch analysis to propose a method for obtaining the dispersive behavior of these structures. While previous works proposed a monomodal interaction among periodic scatterers, including
higher-order modes is proved here to enhance the accuracy of the solution in dense glide-symmetric geometries.

17:10 Phase Shifter for Millimeter-Wave Frequency Range Based on Glide Symmetric Structures

Angel Palomares-Caballero (University of Malaga and University of Granada); Antonio Alex-Amor (University of Malaga and Technical University of Madrid); Juan Valenzuela-Valdés (Universidad de Granada, Spain); Francisco Luna (Universidad de Malaga, Spain); Pablo Padilla (University of Granada, Spain)

The use of glide symmetry in radiofrequency devices to introduce dispersive effects has been recently proposed and demonstrated. One of these effects is to control the propagation constant of the structure. Here, we propose a mmWave phase shifter whose elements have a glide-symmetric configuration to achieve a greater phase shift in the same waveguide space than the non-
glide-symmetric case. The glide-symmetric phase shifter is implemented in waveguide technology and is formed by rows of metallic pins that produce the desired phase shift. To assess the better performance of the glide-symmetric phase shifter, it is compared to its non-glide-symmetric version whose metallic pins are located only in one of the broad sides of the waveguide. The
operating frequency range of the phase shifter is 67 to 75 GHz. Results show a 180 degree phase shift in regard to the reference waveguide without pins, and 50 degrees more than the non-glide-symmetric version.

17:30 One-Plane Glide-Symmetric Structures over Dielectric Substrate

Adrian Tamayo-Dominguez (Universidad Politecnica de Madrid, Spain); Jose Manuel Fernandez Gonzalez (Universidad Politécnica de Madrid, Spain); Oscar Quevedo-Teruel (KTH Royal Institute of Technology, Sweden)
This work presents a new configuration to create glide-symmetric structures in a single plane, which can be printed on the metallic face of a dielectric substrate. This type of glide symmetry facilitates fabrication and avoids alignment problems in the assembly process compared to traditional glide-symmetric structures based on several planes. The article includes a study of dispersion
diagrams on the appearance of stop-bands by breaking the symmetry. Also, we present simulated S parameters in structures with 10x10 unit cells to study the attenuation in these stop-bands.

17:50 Analysis of Dielectric Structures with Glide Symmetry

Zvonimir Sipus and Marko Bosiljevac (University of Zagreb, Croatia)

Artificial materials and surfaces are widely used in leaky-waves, holographic surfaces, band-gap materials, graded-index flat lenses. However, their practical implementations are usually limited in terms of bandwidth, losses, fabrication precision, input-matching. A straightforward approach overcoming these limitations has recently been proposed through specific higher symmetries in
each cell of the periodic medium. Ultra-wide behaviours and large stop bands can be achieved to implement a novel generation of lenses, gap waveguides and filters. Till now, the focus has primarily been on metallic structures, while many applications require using purely dielectric structures. The presented paper is a first attempt to systematically analyze dielectric periodic structures
with higher symmetry, i.e. with glide symmetry.

18:10 Design of Ku-band Leaky-Wave Slot Array Antenna Based on Ridge Gap Waveguide

Mahsa Hamedani and Homayoon Oraizi (Iran University of Science and Technology, Iran); Davoud Zarifi (University of Kashan, Iran); Amrollah Amini (Iran University of Science and Technology, Iran)
In this paper the low-loss ridge-gap waveguide technology is used to feed system of travelling-wave leaky- wave slot antenna in the Ku bands. The two main section of the 1-D and 2-D planar slot array antennas are designed. The planar 1-to-4 gap-waveguide power divider is designed, where by each of its four branches feeds a linear slot array of the planar array. The computer
simulations are performed by commercial software of CST Studio. The planar array has the broad side spatial scannability in the range of angles from -29 to 29 degrees. The designed slot array antenna has achieved the radiation performance of impedance bandwidth of 56%, in center frequency of 12.5 GHz.

Monday, April 114:00 - 16:00
CS44 Propagat in Rem Sensing: CS44 Propagation Aspects in Remote Sensing

Space / Convened Session / Propagation
Room: Oral Sessions: S4-A - Poznan
Chairs: Michael Schonhuber (Joanneum Research, Austria), Merhala Thurai (Colorado State University, USA)

14:00 Evaluating the Use of X-band Specific Attenuation for Rainfall Estimates Using lowa XPol-5 Radar Scans over a Network of 25 Rain Gauges
Merhala Thurai (Colorado State University, USA); Kumar Vijay Mishra (The University of lowa, USA); Witold Krajewski (lowa University, USA); Viswanathan Bringi (Colorado State University, USA)

We examine the use of specific attenuation A_h at X-band for rainfall estimates obtained from the lowa XPOL-5 radar at locations over 25 gauges for a 9-hour event during the NASA lowa Flood Studies (IFloodS) field experiments. We derive the specific attenuation for each gauge from the attenuation correction procedures applied for the corresponding range profiles. We compare our
method with the rain rates computed using the specific differential propagation phase K_dp. Our results show that both methods yield a good agreement with the gauges but the A_h-based rainfall estimates have lower overall normalized bias than the ones obtained from K_dp.
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14:20 Propagation Through Trees and Vegetation at Millimetre-Waves

Robert J Watson and Jamil Bataineh (University of Bath, United Kingdom (Great Britain))
With the current focus on 5G wireless systems and the move to higher frequency millimetre-wave bands it is likely that the density of base-stations will also increase. This increase in density may well result in deployments in non-optimum locations where there may be significant penetration through trees and foliage even in urban areas as well as more rural ones. This paper reviews the

current modelling approaches to scattering from vegetation and discusses the relevance and assumptions behind these. We also present some results that illustrate some of the limitations of modelling assumptions and give an indication as to how these may be solved.

14:40 Water Vapor Retrieval to Support Electromagnetic Wave Propagation Experiments: Results from Different Techniques

Lorenzo Luini and Carlo Riva (Politecnico di Milano, Italy); Laurent Quibus (UCL, Belgium); Danielle Vanhoenacker-Janvier (Université catholique de Louvain, Belgium); Gustavo Siles (Universidad Privada Boliviana, Bolivia); Jose M Riera (Universidad Politécnica de Madrid, Spain)
The accuracy of different techniques in retrieving the integrated water vapor (IWV) is assessed. Specifically, radiosonde observation (RAOBS) data collected in two sites with different climatic conditions (Milan, Italy, and Uccle, Belgium) are used as a reference to evaluate the accuracy of IWV values extracted from the ERA5 database of the European Centre for Medium-range Weather
Forecast, as well as retrieved from a microwave radiometer (MWR) and GNSS receivers. Results indicate that the MWR provides the most accurate estimate of the IWV, but also that all the considered IWV data sources can satisfactorily serve the purpose of supporting the derivation of the total tropospheric attenuation from the received beacon signal in electromagnetic wave

propagation experiment.

15:00 Characterizing Earth Surface Scattering for an Upcoming CubeSat GNSS-Reflectometry Mission

Franz Teschl (Graz University of Technology, Austria)
GNSS-R (Global Navigation Satellite System-Reflectometry) is a remote sensing technique that investigates GNSS signals that are reflected from the Earth in order to measure parameters of the surface. Satellite GNSS-R missions have the potential to detect sea ice, to measure sea surface height on a global scale and thus provide information on ocean circulation and retrieve wind

information. In order to plan measurement missions and to interpret reflected signals the scattering behavior of the various surfaces of the Earth has to be be studied. This paper reviews propagation aspects of sea ice, sea water and soil types and discusses them in the light of an upcoming CubeSat GNSS-Reflectometry Mission.

15:20 Ice Cloud Detection by Millimeter Waves

Joel Flavio (JOANNEUM RESEARCH, Austria); Félix Cuervo (Joanneum Research, Austria); Juan J. Rivera Castro and Antonio Martellucci (European Space Agency, The Netherlands); Armando Rocha (University of Aveiro & Instituto de Telecomunicagdes, Portugal)
The ever increasing demand for larger bandwidths is being pushing the communications satellite systems towards higher frequencies. At such frequencies the signal degradation induced by the atmosphere gets severe and therefore the usage of mitigation techniques reveals itself to be mandatory. A good understanding of the propagation channel properties is therefore required.
Beyond Q-band, ice attenuation might have a role on communication satellites systems design. The present paper addresses a simple method to detect the presence of ice clouds by means of radiometric measurements relying on the difference of the ice scattering properties at 24 GHz and 90 GHz.

15:40 Analysis of Equatorial Rainfall Characteristics by Drop Size Distributions and Rain Rate-Radar Reflectivity Relation

Manhal Alhilali (Universiti Teknologi Malaysia, Malaysia); Hong Yin Lam (Universiti Tun Hussein Onn Malaysia, Malaysia); Siat Ling Jong (Universiti Tun Hussein Onn Malaysia, Malaysia); Jafri Din (Universiti Teknologi Malaysia, Malaysia)
In remote sensing, it is vital to do a proper analysis of rainfall for the retrieval of rain data. The rain-induced attenuation and radar reflectivity mainly rely on drop size distribution (DSD). The rain rate-radar reflectivity (ZR) relation varies broadly over different climatic regions, rainfall regimes, and seasonal characteristics, especially in tropical regions. This study examines a one year of
continuous measurements of DSD using ground-based distrometers at three different equatorial locations and investigates the rain types classification based on the microphysical properties of the rainfall. A large variation in the ZR relation parameters was discovered, highlighting the localized climate nature in the region. Additionally, the accumulated rain amounts were mainly

influenced by convective rain although lower occurrence time of convective rain in comparison with stratiform rain.

Monday, April 114:00 - 18:30
CS36 Prop Ch Veh-to-X: CS36 Propagation Channels for Wide-Sense Vehicle-to-X Communications

Cellular Communications / Convened Session / Propagation
Room: Oral Sessions: S4-B - Lublin
Chairs: Uwe-Carsten G. Fiebig (German Aerospace Center (DLR), Germany), Ke Guan (Beijing Jiaotong University, P.R. China & Technische Universitat Braunschweig, Germany)

14:00 A Stochastic Performance Model for Dense Vehicular Ad-Hoc Networks
Thomas Blazek (GusshausstraBBe 25 & TU Wien, Austria); Taulant Berisha (Vienna University of Technology, Austria); Edon Gashi (University of Prishtina, Kosovo); Bujar Krasniqi (University of Prishtina, Faculty of Electrical and Computer Engineering, Kosovo); Christoph F Mecklenbrauker (Vienna University of Technology,

Austria)
Network level modeling of vehicular networks usually takes one of two paths. Either a mobility simulator is used to generate vehicular movement traces, combined with a network simulator to simulate packet transmissions. Or, simple stochastic assumptions, such as Poisson Point Processes and Manhattan Grids are imposed to allow analytical modeling. In this paper, we use the

combination of mobility and network simulations to derive more accurate analytical models for vehicular ad-hoc networks in dense urban scenarios. Our results show that cars tend to group in clusters with approximately exponential geometric densities. Furthermore, we demonstrate that the process of interference in a dense network can be accurately modeled based on a linear

function of the numbers of neighbors, as well as a Gamma distributed random process.

14:20 Multipath Propagation Characteristics for 5G Vehicular Communications Based on 28 GHz Expressway Measurements

Jae-Joon Park, Juyul Lee, Kyung-Won Kim, Myung-Don Kim and Lee Kwang Chun (ETRI, Korea)
This paper presents multipath propagation characteristics, such as a power delay-Doppler profile, based on measurement data collected in expressway environments considering millimeter-wave 5G vehicle-to-infrastructure communications. With a 500 MHz-channel sounder at 28 GHz, the measurement campaigns were conducted in two expressway roads: a test expressway and an
actual inter-state expressway, which are located parallel to each other in Yeoju, Korea. We investigate the propagation characteristics in terms of delay spread and Doppler frequency expressway for vehicle-to-infrastructure channels. Characteristics such as delay and Doppler frequency of the two expressway roads are compared. The results show that higher Doppler frequency is

observed in the actual expressway environment, which is about 3 times higher than that of the line-of-sight component.

14:40 Channel Characterization for mmWave Vehicle-to-Infrastructure Communications in Urban Street Environment
Danping He and Longhe Wang (Beijing Jiaotong University, P.R. China); Ke Guan (Beijing Jiaotong University, P.R. China & Technische Universitat Braunschweig, Germany); Bo Ai (Beijing Jiaotong University & State Key Lab of Rail Traffic Control and Safety, P.R. China); Junhyeong Kim (ETRI & KAIST, Korea); Zhangdui

Zhong (Beijing Jiaotong University, P.R. China)

Millimeter wave (mmWave) with large bandwidth is a key technology to support high-data rate vehicle-to-infrastructure (V2I) communications. In this paper, 28 GHz V2l channel is characterized for an urban street in Manhattan. By considering the recommendation in 3GPP TR 37.885, the transmitter is fixed on the street lamp with a height of 10 m, the receivers are mounted on top of
the passenger car and bus with a maximum speed of 25 km/h. The ray tracing simulator with calibrated electro-magnetic parameters is employed in this work to practically conduct intensive simulations. The 3D environment model is reconstructed from OpenStreetMap. The key channel parameters, including the power delay profile, path loss, root-mean-square delay spread, K-factor,
angular spreads and cross-polarization ratio, are analyzed and compared between different configurations. This work aims to helps the researchers understand the propagation channel for designing mmWave technologies and communication system in a similar scenario.

15:00 Measurement-based Geometrical Characterization of the Vehicle-to-Pedestrian Channel

Ibrahim Rashdan (German Aerospace Center (DLR), Germany); Fabian de Ponte Muller (German Aerospace Center DLR, Germany); Thomas Jost and Stephan Sand (German Aerospace Center (DLR), Germany)
Reliable vehicle-to-pedestrian (V2P) communications have the ability to provide both vehicles and vulnerable road users (VRUs) with 3600 of awareness to avoid collisions. Accurate channel models are of immense importance for developing reliable communications systems. Therefore, an accurate channel model for the V2P communications is necessary. Our work is a step towards the
development of a geometry-stochastic channel model (GSCM) for V2P communications and fills an existing gap in the literature. This paper presents first wideband channel characterization results. The Kalman enhanced super resolution tracking (KEST) algorithm is employed to track multipath components (MPCs) and estimate their parameters based on the measured data. The

estimated parameters are then used to localize the scatterers in the propagation environment. We then analyze the occurrence of MPCs for a line-of-sight (LoS) and an obstructed LoS (OLoS) V2P link.

15:20 High-speed Vehicle-to-Vehicle Radio Channel Characteristics for Suburban and Municipal Lake Region at 5.9 GHz
Kun Yang and Ning Zhou (Super Radio AS, Norway); Terje Roste (Norwegian University of Science and Technology, Norway); Junyi Yu, Fang Li and Wei Chen (Wuhan University of Technology, P.R. China); Eqil Eide and Torbjorn Ekman (Norwegian University of Science and Technology, Norway); Changzhen Li and Fuxing

Chang (Wuhan University of Technology, P.R. China)

A V2V radio channel measurement campaign with a maximum distance of 6 km was performed in high way of suburban and municipal lake Region, China. In this paper, a detailed description of the channel measurement campaign including antenna setups, channel sounder configurations and other related info is given. The received signal level (RSL) is shown and compared with the
Plain Earth Loss model (PEL) and the Free Space Loss model. It can be found that the PEL model predict the fading dips at short TX-RX distances (within 150 m) well. The Power-delay profiles (PDPs) are demonstrated, from which the mean excess delay and the RMS delay spread are extracted. It can be found that the 90% of the mean excess delay and the RMS delay spread are within
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Poster_05.13 Dielectric Embedded Bandpass FSS Linear to Circular Polarisation Transformers
Sarah Clendinning and Robert Cahill (Queens University Belfast, United Kingdom (Great Britain)); Dmitry E Zelenchuk (Queen's University of Belfast, United Kingdom (Great Britain)); Vincent Fusco (Queen's University Belfast, United Kingdom (Great Britain))
This paper describes a major advance in the design of bandpass anisotropic frequency selective surfaces (FSS) which are engineered to convert linearly polarized (LP) waves into circularly polarized (CP) signals at normal incidence. The thin metal structure operates in transmission mode and is composed of an array of cross slots with unequal arm lengths in the vertical and horizontal

directions. We show that a polarisation converter formed by sandwiching the FSS between two flat PTFE substrates can be designed to give a 3dB axial ratio (AR) bandwidth that is significantly larger than the maximum value previously reported for freestanding topologies. The influence of the two supporting dielectric layers on the passband amplitude shaping and phase responses for
TE and TM waves is investigated for various dielectric slab thicknesses. Numerical optimisation is then used to exploit this additional design parameter to create a polarization transformer that exhibits a 3dB AR bandwidth of about 8% at a center working frequency of 10.33 GHz. Spectral transmission measurements in the 8-12 GHz band will be presented at the conference.

Poster_05.14 Dispersion Analysis of 1-D Periodic Corrugated Metallic Surface Antennas

Despoina Kampouridou and Alexandros Feresidis (University of Birmingham, United Kingdom (Great Britain))
In this paper a complete dispersion analysis and radiation pattern calculation of 1-D periodically corrugated metallic surfaces is presented for the first time. A full-wave periodic method is presented and performed on a setup of corrugated unit cells. Results are compared to an analytical periodic method that consists in the solution of a transverse resonance equation at the level of the
gap openings. Both methods are applied on a corrugated antenna design at 15 GHz and results show a leaky wave radiation effect. The broadside radiation frequency range of the symmetrically fed infinite size antenna can be predicted, considering the beam-splitting condition. The radiation patterns of a practical finite antenna are calculated and are in good agreement with full-wave

simulations.

Poster_05.15 High Inter-port Isolation Dual Circularly Polarized Modified Franklin Microstrip Antenna

Sumantra Chaudhuri (IIT Guwahati, India); Rakhesh Singh Kshetrimayum and Ramesh Sonkar (Indian Institute of Technology Guwahati, India)
A dual circularly polarized microstrip antenna with high inter-port isolation is presented. The design comprises of 12 series-fed radiating patch elements separated by phase shifters arranged in a circular fashion with two ports at the feed-lines connected to terminal patches- one each for transmission (Tx) and reception (Rx). The impedance bandwidth of the antenna is 399 MHz (6.727
GHz to 7.126 GHz) and the axial ratio (AR) bandwidth is 330MHz (6.87 GHz to 7.2 GHz). The inter-port isolation is better than 30.8 dB in the entire band and reaches as high as 59.4 dB. Because of its high inter-port isolation and moderate impedance and AR bandwidth, the design is suitable for usage as a DCP antenna for C-band applications.

Poster_05.16 Intertwined Inductive Frequency Selective Surface: An Application for Satellite Communications

Juan Andrés Vasquez Peralvo and Jose Manuel Fernandez Gonzalez (Universidad Politécnica de Madrid, Spain); Jonathan Michael Rigelsford (The University of Sheffield, United Kingdom (Great Britain))

An intertwined tri-band Inductive Frequency Selective Surface (FSS) configured as Cassegrain sub-reflector for Earth to Satellite communication is presented. The sub-reflector is designed to provide linear polarization independency and maximum transparency to electromagnetic waves in K and Ka band at frequencies 16.4-20.4 GHz and 28.2-32.5 GHz respectively, and provide
maximum reflectivity to electromagnetic waves in K band at frequencies 23.6-25.4 GHz. The sub-reflector is designed using the Jerusalem cross element along with an intertwined shape. The intertwine shape will reduce the second resonant frequency as well as given more angular stability and maximum bandwidth. The transmission and reflection parameters are shown in all
frequencies of interest. Finally, the full structure will be simulated as a flat sub-reflector and placed at the front of horn antennas working at the centre of the frequency bands to compare the radiation pattern against the classical Cassegrain and prime focus configurations. The simulation are carried out using CST Microwave Studio.

Poster_05.17 A Study on the Effect of Gas Pressure and Excitation Frequency of a Cylindrical Plasma Antenna on Its Radiation Efficiency

Fatemeh Sadeghikia, Hamed Mahdikia, Mohammad reza Dorbin, Mahmoud Talafi Noghani and Ali K. Horestani (Aerospace Research Institute, Iran)

This study provides analytical and numerical analysis of the effects of the gas pressure and excitation frequency on the radiation characteristics of a cylindrical plasma antenna. The results show that decreasing the gas pressure leads to a decrease in the plasma loss tangent and an increase in radiation efficiency. It is observed that for the studied case, to achieve the loss tangent
smaller than 0.1, the gas pressure in the chamber should be smaller than 18 mTorr. In addition, increasing the excitation frequency decreases the losses and as a result increases the efficiency of the plasma antenna, especially in lower pressures. Therefore, utilizing low pressures and excitation at relatively high frequencies can be applied to achieve desirable radiation efficiency. It is
shown that a gas pressure less than 18 mTorr and an excitation frequency over the 1 GHz leads to a radiation efficiency in the order or 90% for our structure.

Poster_05.18 Enhancing Radiation Pattern Performance of the Cavity-Backed Lightweight Patch Antenna for Spacecraft Uses

Arkadiusz Byndas, Mariusz Hofman and Pawel Kabacik (Wroclaw University of Science and Technology, Poland)
This paper summarizes experiences we have gained in the area of optimization radiation pattern for the cavity backed patch antenna. The antenna is to meet user requirements for high data rate links operating between satellites and Earth. The electrical performance has been accomplished and at the same time the antenna mass was very low, whereas antenna robustness against

space environment effects have demonstrated outstanding strength.

Poster_05.19 Total Atmospheric Attenuation Statistics for LEO Mega-Constellations Operating at Q/V Bands
Charilaos Kourogiorgas (Science and Technology Facilities Council\RAL Space, United Kingdom (Great Britain)); Apostolos Z. Papafragkakis (National Technical University of Athens, Greece); Pantelis-Daniel Arapoglou (European Space Agency, The Netherlands); Athanasios D. Panagopoulos (National Technical
University of Athens, Greece); Spiros Ventouras (STFC Rutherford Appleton Laboratory, United Kingdom (Great Britain))
In this paper, the cumulative statistics of total attenuation induced in mega-constellations employing Low Earth Orbit (LEO) satellites and operating at Q/V bands are investigated. Mega-constellations can offer seamless global coverage employing hundreds or even thousands of satellites. Given the congestion of Ka-band and the need for high data rates, the mega-constellations could

operate both for feeder and direct-to-user links at Q/V-bands for downlink and uplink. In this paper, a Walker constellation of 132 satellites is simulated and the total atmospheric attenuation statistics are calculated for three different communication scenarios with the LEO satellites. The scenarios differ on whether the ground station has the ability to track a number of LEO satellites
Numerical results for three different locations at Nemea, Greece, Chilbolton, UK and Lagos, Nigeria are presented and commented.

Poster_05.20 Validating Weather-Forecast-Driven Propagation Models at Millimeter Waves Using Multisource Ground-Based Radiometric Data
Luca Milani and Marianna Biscarini (Sapienza University of Rome, Italy); Saverio Di Fabio (CETEMPS, Italy); Klaide De Sanctis (HIMET, Italy); Mario Montopoli (ISAC CNR, Italy); Kevin Magde and George Brost (Air Force Research Laboratory, USA); Frank S. Marzano (Sapienza University of Rome, Italy)

In this work, several sources are used to characterize, in both deterministic and statistical ways, the atmospheric propagation channel in terms of brightness temperature and path attenuation at high frequency bands (such as K- Ka-, V- and W-band). We have used two different models: a weather-forecast-driven 3-dimensional radiative transfer model (RTM) and a stochastic 1-
dimensional model (SNEM) with synthetic clouds dataset provided as inputs. We have compared the outputs of such radiative transfer simulations with actual measurements of two co-located microwave radiometers: a humidity and temperature profiler and a Sun-tracking radiometer. The comparisons show satisfactory results and a good agreement among all sources, with some small
inaccuracies to be investigated in future works. RTM successfully reproduced correlations between brightness temperature and path attenuation at several frequency bands, confirming the advantage of using weather forecast models combined with physically-based radiative transfer models.

Poster_05.21 On Optical Satellite Communication Systems Design: CFLOS Calculation and OGS Selection
Nikolaos Lyras (National Technical University of Athens, Greece); Charilaos Kourogiorgas (Science and Technology Facilities Council\RAL Space, United Kingdom (Great Britain)); Theodore Kapsis (School of Elec. & Com. Engineering, National Technical University of Athens, Greece); Athanasios D. Panagopoulos (National
Technical University of Athens, Greece)
Optical satellite communication systems are severely affected by the cloud coverage. Therefore, for the evaluation of system's availability Cloud Free Line of Sight statistics of the optical ground stations (OGSs) must be estimated. The elevation angles and the altitude of the OGSs should be considered for the accurate prediction and reliable evaluation of the optical satellite network

performance. In this paper, new simple engineering expressions for the estimation of CFLOS in terms of the elevation angle of the slant path, the altitude of the OGS, and the CFLOS of the corresponding vertical link are presented. Additionally, a new selection algorithm of the OGSs for the formation of an OGS Network (OGSN) that would achieve a CFLOS threshold but also mitigating
the turbulence effects, is proposed. The proposed models are evaluated numerically and some interesting conclusions are drawn.

Poster_05.22 Propagation Model for High Altitude Platform Systems Based on Ray Tracing Simulation
Frank Hsieh (Nokia Bell Labs, USA); Marcin Rybakowski (Nokia, Poland)

Satellites and HAPS can be used as a platform to extend connectivity to remote areas and bring about 5G services to under-served populations. We have conducted ray tracing simulations to study signal propagation from HAPS to ground using maps of Chicago downtown and a suburban residential area. Using the ray tracing data, we developed a simple path loss model to estimate the
propagation loss in a combination of free space propagation and terrestrial clutter induced attenuation. The model can be characterized by two environment specific parameters and is applicable to arbitrary vehicle height and elevation angle. We also present in this paper multipath characteristics in suburban and dense urban environments that are useful for fast fading modeling and

system design.

Poster_05.23 Impact of Water Vapor Attenuation on Low Elevation SatCom Links

Luciano M Tomaz, Lorenzo Luini and Carlo Capsoni (Politecnico di Milano, Italy)
The water vapor absorption effect cannot be neglected in satellite communication (SatCom) systems operating at higher frequency bands (e.g. W band). It becomes even more significant when it comes to very low elevation angles, such as those characterizing GEO satellites with ground stations at high latitudes, or MEO/LEO satellites. This paper presents some preliminary results on
the impact of water vapor attenuation AV at different elevation angles, as well as on scaling AV from zenithal pointing to low elevation angles. The results, obtained from an extensive set of large water vapor content maps, show that the customary cosecant scaling approach is accurate down to 5°. Finally, some preliminary results on the impact of AV on a link to a MEO satellite are also

shown.

Poster_05.24 SNO Based Optimization for Shaped Beam Reflectarray Antennas

Alessandro Niccolai and Riccardo Enrico Zich (Politecnico di Milano, Italy); Michele Beccaria and Paola Pirinoli (Politecnico di Torino, Italy)
The design of a shaped beam reflectarray is a challenging issues. The problem can be hardly addressed by deterministic techniques or standard optimization due to the elevated number of design variables and its non-convex nature while can be much easily solved adopting Evolutionary Optimization Algorithms. In particular, in this paper a recently introduced evolutionary approach,
named Social Network Optimization (SNO) has been applied to the design of a reduced size shaped beam reflectarray: the obtained numerical results are promising and prove the effectiveness of the adopted method.
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Poster_05.25 Single Passive Scatters Decoupling Technique for Ultra-High Field Magnetic Resonance Imaging Application

Masoud S. M. Mollaei (Aalto University, Finland); Anna Hurshkainen (ITMO University, Russia); Constantin Simovski (Aalto University, Finland)
In this report, decoupling conditions between two dipole antennas, created by adding either a single passive dipole or single passive split-loop resonator (SLR), for ultra-high field magnetic resonance imaging (MRI) are compared. In contrast to our previously reported work, the decoupling granted by the dipole is advantageous. We numerically and experimentally demonstrate that

parasitic impact of the passive dipole on distributed magnetic field inside the phantom is smaller than that of the passive SLR.

Poster_05.26 Indoor 3D Spherical near Field RCS Measurement Facility: Innovative Technique for Positioner Error Correction

Pierre Massaloux (CESTA, France)
Indoor RCS measurement facilities are usually dedicated to the characterization of only one azimuth cut and one elevation cut of the full spherical RCS target pattern. In order to perform more complete characterizations, a spherical experimental layout has been developed at CEA for indoor Near-Field monostatic RCS assessment [1]. This experimental layout is composed of a 4 meters

radius motorized rotating arch (horizontal axis) holding the measurement antennas while the target is located on a mast (polystyrene or Plexiglas) mounted on a rotating positioning system (vertical axis) [2] . The combination of the two rotation capabilities allows full 3D Near-Field monostatic RCS characterization. The major measurement contributors to uncertainty are due to the near
field illumination [9], the influence of the mast supporting target under test [8], and the uncertainty due to bearing imperfections of the Roll positioner. This error can create undesired movement along the radial dimension of the test range and corresponding errors in the measurement phase. This paper presents the results obtained after the installation of a hexapod under the roll
positioner, allowing correcting the various positioning errors related to the mechanical float, but also to an improper positioning between the positioner roll's center of rotation and the polystyrene mast supporting the target under test.

Poster_05.27 An Investigation of the Mutual Coupling and Tuning of a Miniaturized Metamaterial Absorber
Safiullah Khan (Technical University of Munich, Germany); Thomas F. Eibert (Technical University of Munich (TUM) & Chair of High-Frequency Engineering (HFT), Germany)

This work is related to a metamaterial based microwave absorber design consisting of a single dielectric layer with a rectangular split-ring resonator and a T-type resonator printed on one side and a metal film coating on the other side. The structure is investigated to determine the effect of mutual coupling between the two resonators on the resonance frequencies. Due to the distinct
resonance frequencies of the resonators, the absorber can operate in two frequency bands, i.e., 7.82 GHz and 9.65 GHz. Each of the resonance frequencies can be easily controlled by a single parameter without affecting the other. The surface current distributions at both the frequencies are presented and analysed to better understand the absorber behavior. To realize the absorber, a

standard WR90 hollow waveguide (X-band) measurement setup is used. Simulation and measurement results show similar trends; differences are discussed.

Wednesday, April 3 15:00 - 16:20
Inv_03 Wed: Inv_03 Invited Session 3

Other / Regular Session / Antennas
Room: Oral Sessions: S1 - Krakow
Chairs: Mohammad S. Sharawi (Polytechnique Montreal, Canada), Ville Viikari (Aalto University & School of Electrical Engineering, Finland)

15:00 Dr. Hans Steyskal: A Tribute to His Life and Technical Accomplishments
Jeffrey Herd (MIT Lincoln Laboratory, USA)

This paper chronicles the life, career, and technical accomplishments of Dr. Hans Steyskal. His career as an eminent researcher in the field of phased array antennas spanned over 50 years, with significant contributions in the areas of digital beamforming, adaptive pattern synthesis, EM analysis of arrays, and wideband conformal arrays.

15:40 THz Antennas - Design, Fabrication and Testing
Chi Hou Chan (City University of Hong Kong, Hong Kong)

In this paper, we present an overview of Terahertz (THz) antenna research conducted in the State Key Laboratory of Terahertz and Millimeter Waves (City University of Hong Kong). The ever increasing demand for higher speed and larger data volume is driving wireless communications towards the era of Terabit-per-second (Tbps) in the next decade. To reach capacity equality with fiber
optics by expanding the operating frequency band into the THz regime, high-gain antennas working at THz frequencies are required. In anticipation of the broad applications of THz in wireless communications, spectroscopy and imaging, we started to build our infrastructure for THz research in 2012. Major equipment was acquired and accessories not commercially available were
designed and fabricated in-house or through commercial vendors. Prior to the design of THz antennas, the use of fabrication materials and processes need to be pre-determined. With no exception, the antennas can only be waveguide fed or probe fed with a probe station unless they are used as part of a THz source in on-chip antenna and photoconductive antenna. Limitations
imposed by electrical properties of the material, fabrication process and feeding mechanism are circumvented by design innovation and careful tuning of the geometrical parameters. We have laser circuit structuring systems, 3D printers, and micromachining facilities for fabrications of THz antennas working from 0.3 to 1 THz. We also have frequency extender modules from OML and
VDI covering the frequency bands up to 1.1 THz. For material characterizations, we have time-domain spectrometers that can go up to 20 THz. Depending on the operating frequency, the designed THz antennas can be fabricated by printed-circuit-board (PCB), 3D printing and micromachining technologies and characterized by our purpose-built near-field or far-field antenna testing
platforms. Most of the testing accessories were made in-house by 3D printing while some were fabricated by computer numerical control (CNC) machining via commercial vendors. We have designed low-gain THz antennas that are used as probes for our near-field antenna measurement and imaging platforms. These probes are basically open-ended waveguide (OEWG). The wall
thickness of the probe is tapered, making it a pyramidal shape. Three sets of linearly-polarized (LP) probes for 220-325 GHz, 325-500 GHz and 500-750 GHz have been made using CNC machining by VIVATECH. The probe is inserted into a 3D printed absorber to eliminate the £1dB ripples in the probe radiation pattern due to the reflection from the waveguide flange of the probe. For
other polarizations at 0.3 THz, we have designed modification fixtures fabricated by PCB and attached to a pyramidal OEWG fabricated by CNC machining. For high-gain THz antennas, Fresnel zone plate lens antennas fed by a complementary source feed has been reported. The feed, mounted on an OEWG generates a symmetric and equal E- and H-plane radiation patterns. A meta-
lens fed by an LP horn that can generate circularly-polarized (CP) radiation has been realized for satellite-to-satellite communications. The measured gain is 24.5 dBic but the 3dB axial ratio bandwidth is only 1.6%. Metasurfaces fed by an LP horn can serve as reflectarrays or transmitarrays, depending on the orientation of the feed horn with respect to the principal axes of the
metasurface. The directions of the reflected and transmitted beams can be designed independently. The transmitted beam can also be focused at the focal point for THz imaging. These antennas have been fabricated by PCB technology when operating at no more than 0.3 THz. On the other hand, we can design 0.3 THz lens antennas fabricated by low-cost 3D printers. When fed by an
LP horn, the lens can provide either LP or CP far-field radiation or focused beam, depending on the designed phase distributions on the lens aperture. CP radiation has been achieved by incorporating an anisotropic medium, in the form of dielectric grating, integrated with the 3D printed lens. The CP lens has a broadside gain of 30.8 dBic and 3dB axial ratio bandwidth of more than
18.8%. The 1-dB gain bandwidth is 13.3%. We resort to micromachining when 3D printing could not meet our design tolerance. Anomalous radiation characteristics have been realized using metasurfaces fed by diagonal gain horns up to 1.1 THz. Both 1D and 2D focusing beam arrays have been demonstrated. These metasurface lenses can be used in building imaging system with
electronic beam steering. Using micromachining, we demonstrated a 2-by-2 magneto-electric dipole array operating at 1 THz with 260 GHz absolute bandwidth. The array has a flat gain of 14 dBi. For THz source generation, we have been working on-chip antennas and photoconductive antennas and some of our recent results will be presented in the conference.

Inv_04 Wed: Inv_04 Invited Session 4

Other / Regular Session / Antennas
Room: Oral Sessions: S2 — Warszawa
Chairs: Thomas Kuerner (Braunschweig Technical University, Germany), Ronan Sauleau (University of Rennes 1, France)

15:00 Classic Electrically Small Antennas Versus in/ On-Body Antennas: Similarities and Differences
Anja K. Skrivervik (EPFL, Switzerland)
Electrically small antennas (ESAs) have been discussed since the early radio days, when all antennas were small compared to the wavelength. The boom of mobile phones triggered a second wave of intense research activity on these devices, which continues today where virtually everything has a wireless connection. This intense research activity has produced interesting and usefully
results on the physical limitations of such antennas, design rules and optimal designs. Since the beginning of the century, the number of medical, sports, or security applications (to name just some of them) requiring implantable or wearable communication devices has grown at a high speed, launching the interest for wearable or implantable ESAs. Many interesting designs have been
published to this date, but we only start understanding the fundamentals of such antennas. Neither physical bounds on their radiation characteristics nor optimal designs or design rules are yet available. In this contribution, | will highlight the main similarities and differences between classic ESAs and antennas for wearables and implants, illustrated by practical examples.

15:40 Application of L1 Minimization Techniques to near Field-to-Far Field RCS Transformations

Ilvan LaHaie (Integrity Applications Incorporated, USA)

Image-based near field-to-far field transformation (NFFFT) algorithms developed by the authors and their colleagues have gained wide acceptance for their ability to accurately estimate monostatic far field (FF) radar cross-section (RCS) from wideband monostatic near field (NF) measurements. The algorithms implicitly use the reflectivity density model common to synthetic aperture
radar (SAR) imaging to derive closed form expressions for transforming NF measurements collected a variety of 1D and 2D complete coordinate surfaces to FF RCS on the corresponding surfaces in the far field. While analytically elegant and computationally efficient, these closed form "conventional" NFFFTs suffer from errors in the predicted FF RCS due "edge effects" from the finite
measurement bandwidth and/or truncation of the scan surfaces. The 1D NFFFT algorithms also suffer from errors when the target has appreciable extent perpendicular to the slant range plane. In this paper, we present the use of the basis pursuit denoise (BPDN) L1 minimization technique to mitigate these and other shortcomings of the conventional NFFFT algorithms. The paper begins
with a review of the radar reflectivity density model and its role in formulating the conventional image based NFFFTs. This is followed by examples of FF prediction errors due to finite bandwidth edge effects for the particular case of the 1D circular NFFFT (CNFFFT). We then show how interpreting the reflectivity density model as a linear mapping between the (unknown) reflectivity
density and the (known) NF measurements allows the NFFFT to be reformulated as an underdetermined linear optimization/prediction problem which can be iteratively solved using BPDN. Finally, we show how this approach can mitigate the errors in the CNFFFT examples shown earlier.
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Wednesday, April 316:50 - 18:30

CS16 EM Meth Direct & Inv Scatt: CS16 Electromagnetic methods for direct and inverse scattering involving stratified media

Methods & Tools / Convened Session / Antennas
Room: Oral Sessions: S1 - Krakow
Chairs: Alessandro Fedeli (University of Genoa, Italy), Giuseppe Schettini (Roma Tre University, Italy)

16:50 Microwave Imaging in Stratified Media: A Multifrequency Inverse-Scattering Approach

Claudio Estatico, Alessandro Fedeli, Matteo Pastorino and Andrea Randazzo (University of Genoa, Italy)
The problem of reconstructing dielectric structures embedded in stratified media is addressed in this paper. In particular, an inverse-scattering method operating in constant-exponent Lebesgue spaces is adopted for retrieving the dielectric properties of buried objects located in a three-layer medium. This approach, which features a nonlinear modeling of the scattering effects,
processes data acquired at multiple frequencies at the same time, for improving the imaging performances. Some preliminary results, obtained with synthetic data, are presented in order to validate the method and assess its reconstruction capabilities in this configuration.

17:10 A Multiplicative Regularizer to Incorporate Prior Spatial Data in Microwave Imaging Reconstruction

Puyan Mojabi and Nozhan Bayat (University of Manitoba, Canada)
We present a multiplicative regularized Gauss-Newton inversion algorithm that is capable of incorporating prior spatial information about the object being imaged. In this approach, in addition to the standard weighted L2 norm total variation multiplicative regularizer, we utilize another regularization term to enforce the available structural information. This algorithm is designed so that it
can work with partial (incomplete) prior spatial information.

17:30 Shape Estimation in Stratified Media via Inverse Source and Joint Sparsity

Martina Teresa Bevacqua (Universita Mediterranea di Reggio Calabria, Italy); Tommaso Isernia (University of Reggio Calabria, Italy)
This contribution tackles with qualitative characterization of objects buried in stratified scenario. To this end, a recently introduced approach, aimed to support reconstruction and based on inverse source and joint sparsity, is tailored to the case of stratified media and of different field polarizations. In particular, the proposed joint sparsity promoting approach is able to take advantage
from field polarization diversity by enforcing a coherence amongst the different currents induced by both TE and TM polarized fields.

17:50 Perfect Conversion from Surface Wave to Leaky Wave Through Periodic Metasurfaces

Svetlana Tcvetkova and Sergei Tretyakov (Aalto University, Finland); Stefano Maci (University of Siena, Italy)
We discuss here exact solutions for a lossless and reciprocal surface impedance which ensures full conversion of a single-mode surface wave propagating along the impedance boundary to a single plane leaky-wave propagating along a desired direction in free space above the boundary. In contrast to known approximate realizations of leaky-wave antennas, the optimal surface
reactance modulation which is found here ensures the absence of higher-order modes of the Floquet wave expansion. Thus, all the energy carried by the surface wave is used for launching the single plane wave into space, without accumulation of reactive power.

18:10 Simulation of Electromagnetic Scattering in a Through-Wall Environment

Cristina Ponti and Giuseppe Schettini (Roma Tre University, Italy)

In the modelling of electromagnetic scattering in a Through-the-Wall environment large domains made by walls, and sparse targets are involved. Approximated models based on ray-tracing techniques are mostly employed to reduce computer times, although a more accurate response that takes account of all the interactions between walls and targets may be obtained with full-wave
methods. In this work, the Cylindrical Wave Approach is employed, as full-wave technique for the modelling of Through-the-wall scenarios. The technique is mainly analytical, as targets with circular cross-section are modelled through expansions into cylindrical waves. However, through suitable rules, it is possible to approximate targets with cross-section of arbitrary shape through an
arrangement of smaller circular cross-section cylinders. This may be applied, for example, to the modelling of pieces of furniture, as wall as to introduce further walls in the simulation domain.

Sp_A02 Ant Arr&Systems: Sp_A02 Antenna Arrays and Systems for Space Applications

Space / Regular Session / Antennas
Room: Oral Sessions: S2 — Warszawa
Chairs: Herve Aubert (LAAS, France), Tao Huang (Oxford Space Systems, United Kingdom (Great Britain))

16:50 Circularly-Polarized CTS Arrays
Michele Del Mastro (University of Rennes 1, France); Francesco Foglia Manzillo (CEA-LETI, France); Maciej Smierzchalski (CEA, France); David Gonzalez-Ovejero (Centre National de la Recherche Scientifique - CNRS, France); Pouliguen Philippe (DGA, France); Patrick Potier ((DGA), France); Ronan Sauleau (University of
Rennes 1, France); Mauro Ettorre (University of Rennes 1 & UMR CNRS 6164, France)

This paper proposes a novel concept of circularly-polarized continuous transverse stub (CTS) arrays. The structure consists of long radiating slots in a ground plane, fed by overmoded parallel-plate waveguides (PPWs). Two geometrically-polarized modes are launched for achieving circular-polarization (CP). An efficient in-house tool has been developed to assess the capabilities and
limitations of such antenna concept. The active reflection coefficient and axial-ratio (AR) are provided together with some design guidelines. The results obtained with our tool have been validated using a full-wave commercial simulation software. We show that the proposed antenna exhibits AR better than 3 dB over a +45° field of view. Furthermore, the active reflection coefficient is
lower than -10 dB over a 55.4% operative bandwidth. The proposed concept is appealing for Ka-band terminals for Satcom applications.

17:10 A Low-Profile Low-Cross Polarization Dielectric Dome Antenna for Wide-Scanning Applications
Erio Gandini (TNO, The Netherlands); Fabrizio Silvestri (Eindhoven University of Technology & Nederlandse Organisatie voor Toegepast- Natuurwetenschappelijk Onderzoek TNO, The Netherlands); Alice Benini (University of Siena, Italy); Giampiero Gerini (TNO - Defence, Security and Safety, The Netherlands); Enrica

Martini (Wave Up Srl, Italy); Stefano Maci (University of Siena, Italy); Giovanni Toso (European Space Agency, The Netherlands); Stefania Monni (TNO Defence Security and Safety, The Netherlands)
A dielectric dome antenna design in Ku-band is presented. The dome antenna is based on the combination of a phased array and a dielectric lens with the goal enlarge the field of view of the antenna. In particular, the array is considered to scan up to 60° and the lens is used to enhance the field of view up to 70°. The optimization of the surfaces of the dome is based on a ray-tracing
technique and the performance is evaluated using an in-house physical optics code. The size of the dome is minimized to allow its use for a low-drag aeronautical antenna. Experimental results confirm the predicted performance. The cross-polarization is lower than the one of the illuminating array because of the reduced phase difference of the array elements.

17:30 Circularly Polarized Active Antenna Array System Calibration for Improved Axial Ratio Systems

Miguel Salas-Natera (Universidad Politécnica de Madrid, Spain); Ramon Martinez Rodriguez-Osorio (Universidad Politécnica de Madrid); Leandro de Haro y Ariet (Universidad Politécnica de Madrid, Spain); Manuel Sierra Perez (Universidad Politecnica de Madrid, Spain)

This paper presents a novel calibration technique for circularly polarized active antenna array with improved axial ratio and polarization-agile systems. The proposed algorithm deals with the problem of calibration of active antenna arrays, proposing a calibration technique that can be implemented in off-site or on-site process depending on the system calibration and control design. The
proposed calibration technique starts with the implementation of a complex circular polarization feeding network with the capability to change the response of each of the polarization circuits with signal attenuators. The expansion of equations of the proposed calibration algorithms is also presented. This algorithms deal with the compensation of mutual coupling effect and together
with gain, phase and location errors.

17:50 All-metal Dual Frequency RHCP High Gain Antenna for the Extreme Environments of a Potential Europa Lander
Nacer Chahat (NASA-JPL, Caltech, USA)

A new all-metal dual-frequency RHCP high gain antenna is under development at NASA's Jet Propulsion Laboratory for a potential Europa Lander. The antenna is mainly made of metal so it could survive the harsh environment conditions of Europa (i.e. very low temperature and high radiation and ESD levels). The antenna is flat to meet drastic volume constraints and has efficiencies
higher than 80% at both the uplink and downlink X-band Deep Space frequency bands. This antenna is a key component for the potential mission enabling Direct Link to Earth (DTE) without any relying on an Orbiter to relay the data.

18:10 Towards Direct Radiating Array Utilization for Satellite Missions
Theodoros Kaifas and Dimitrios G. Babas (Aristotle University of Thessaloniki, Greece); John Sahalos (Aristotle University of Thessaloniki, Greece and University of Nicosia, Cyprus)
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Program for 13th European Conference on Antennas and Propagation (EUCAP 2019)

Direct radiating arrays are undisputedly recognized as the final target step in the evolution of the satellite telecommunication antennas. Their performance characteristics are unparalleled but this comes with the cost of high number of controls needed for their implementation. The authors have attacked this problem for a decade now achieving major reduction in the number of controls
needed. For example, for 5 to 6 degrees field of view, the decrease was from roughly a thousand to 6 hundred controls - element radiators. Thus achieving 40% reduction and leading the state of the art. After this first stage, a second one is ongoing were designs with arrays of overlapping elements are pursued. In this case, while the initial anticipated number of controls reduction was
an additional 20%, in the current work we contribute two indicative high performance Direct Radiating Array designs that achieve an additional 35 to 50% reduction in the number of controls. Thus, the contributed results introduce the Direct Radiating Array implementation into the realm of feasibility since those extremely low number of controls needed are well into the reach of current

technology.

F_AO1 Antenna Theory: F_AO1 Antenna theory, computational and numerical techniques

Future Applications / Regular Session / Antennas
Room: Oral Sessions: S3-A — Gdansk
Chairs: Manuel Arrebola (Universidad de Oviedo, Spain), Tomasz P Stefanski (Gdansk University of Technology, Poland)

16:50 Exact Formulas for the Determination of Antenna Local Phase Center

Santi Concetto Pavone (Universita degli Studi di Siena, Italy); Matteo Albani (University of Siena, Italy)
This paper presents exact formulas for the calculation of antenna local phase center. It will be shown that the knowledge of equivalent current distribution on an arbitrary radiating aperture allows the determination of phase center exact position. We will prove that the transverse coordinate (with respect to the observation direction) of phase center can be interpreted as the
electromagnetic barycenter of the electric and magnetic current distributions, whereas (with respect to the observation direction) can be considered the electromagnetic equivalent of the momentum of inertia. Numerical results on the equivalent aperture distribution of a pyramidal horn antenna are presented to validate the technique.

17:10 Full-Wave Synthesis of Modulated Metasurface Antennas
Modeste Bodehou and Christophe Craeye (Université Catholique de Louvain, Belgium); Enrica Martini (Wave Up Srl, Italy); Isabelle Huynen (Université catholique de Louvain, Belgium)
A full-wave synthesis algorithm for modulated metasurface antennas is presented. It is able to provide arbitrary radiation patterns, with any polarization. The algorithm does not use the local periodicity approximation, but is directly based on the electric field integral equation (EFIE). Using Fourier-Bessel basis functions (FBBFs), one can efficiently discretize the surface currents. An
inverse problem based on the EFIE is then formulated to derive the surface impedance from the knowledge of the currents. It has been observed that the FBBFs are also more suited than the Zernike basis for the surface impedance discretization. In the case of antenna applications, only the visible part of the surface currents spectrum is known from pattern specifications. This visible
part can be combined with the nearfield of the average reactance (SW contribution) to derive the required impedance boundary condition (IBC); this latter is constrained to be anti-Hermitian as required for implementation in the absence of losses. An example of shaped beam design is presented and numerically validated.

17:30 Nonlocal and Non-Hermitian Extensions of Transformation Optics

Massimo Moccia, Giuseppe Castaldi and Vincenzo Galdi (University of Sannio, Italy)
We compactly review a body of recent results dealing with possible extensions of conventional transformation optics which enable the systematic modeling and harnessing of nonlocal and non-Hermitian effects in metamaterials.

17:50 Fundamental Performance Bounds for Sub-Region MIMO Antennas

Casimir Ehrenborg and Mats Gustafsson (Lund University, Sweden)
In modern small antenna applications only a small fraction of the device is dedicated to antenna design. This imposes harsh restrictions on the performance for those antennas. However, the current on the antenna element in a small section of the device induces currents on the other, passive, parts. In this conference contribution a method for studying the fundamental bounds on

capacity and mode strength of such configurations is presented. A convex optimization problem for maximal capacity in the current density of the antenna sub-region is formulated and solved semi-analytically. The results are illustrated for a rectangular plate and its sub-regions.

18:10 Approaching Q-Factor Bounds by Combining TM and TE Modes on a Cylindrical Shell

Vit Losenicky, Miloslav Capek and Lukas Jelinek (Czech Technical University in Prague, Czech Republic)
Surface current densities on cylindrical shells are studied in terms of fundamental bounds on Q-factor. It is shown that the optimal current solution is not feasible by means any of practical realization. A solution with the second lowest Q-factor is found using the resonant composition of modes. This current solution is proved to be attainable as a cylindrical helix. Optimal modal
composition is studied with respect to cylinder eccentricity and diameter to length ratio. It is shown that a circular cylinder yields a Q-factor close to fundamental bounds, however, the limiting case of a rectangular plate yields only a Q-factor associated with the TM bound. The physical reasons for this behaviour are explained.

CS15 AMTA: UAV-based Ant CS15 AMTA session: UAV-based Antenna Measurements

Future Applications / Convened Session / Measurements
Room: Oral Sessions: S3-B - Wroclaw
Chairs: Hans-Juergen Steiner (Aeroxess UG, Germany), Giuseppe Virone (Consiglio Nazionale delle Ricerche, Italy)

16:50 Near-Field Phase Reconstruction for UAV-based Antenna Measurements
Lorenzo Ciorba (Institute of Electronics, Computer and Telecommunication Engineering (IEIIT-CNR), Torino & Politecnico di Torino, Torino, Italy); Giuseppe Virone (Consiglio Nazionale delle Ricerche, Italy); Fabio Paonessa (National Research Council of Italy (CNR - IEIT), Italy); Stefania Matteoli (Consiglio Nazionale delle

Ricerche, Italy); Pietro Bolli (INAF - Osservatorio Astrofisico di Arcetri, Italy); Eloy de Lera Acedo and Nima Razavi Ghods (University of Cambridge, United Kingdom (Great Britain)); Jens Abraham (Norwegian University of Science and Technology, Norway); Edgar Beltran (Cavendish Laboratory, United Kingdom (Great
Britain)); Kristian Zarb Adami (University of Oxford, United Kingdom (Great Britain)); Alessio Magro (University of Malta, Malta); Oscar A. Peverini (Istituto di Elettr. e di Ingegneria dell'Inform. e delle Telecom. ( IEIIT- CNR ), Italy); Giuseppe Addamo (Istituto di Elettr. e di Ingegneria dell'Inform. e delle Telecom. (IEIIT-CNR),

ltaly); Giorgio Giordanengo (lIstituto Superiore Mario Boella & Politecnico di Torino, Italy); Marco Righero (LINKS Foundation, Italy); Giuseppe Vecchi (Politecnico di Torino, Italy)
A non-tethered Unmanned Aerial Vehicle equipped with a RF source has been used as a near-field scanner in the VHF band. In this configuration, the source is not phase-locked to the receiver local oscillator/clock. A reference antenna, placed at a proper distance from the antenna-under-test, has thus been exploited to reconstruct the phase. Experimental results at 175 MHz for the

central element of the Pre Aperture Array Verification System of the Square Kilometre Array are shown. The comparison with simulations shows very good agreement.

17:10 Interference Measurements of a High Power Cable-Bound Unmanned Aerial Vehicle
Robert Geise (Technische Universitat Braunschweig, Germany); Alexander Weiss (University of Braunschweig, Germany); Torsten Fritzel and Rudiger StrauBB (Aeroxess UG, Germany); Fabian T. Faul (Technical University of Munich, Germany); Thomas F. Eibert (Technical University of Munich (TUM) & Chair of High-
Frequency Engineering (HFT), Germany)

This contribution describes measurements of possible interference spectra in a high power electrical environment of a large unmanned aerial vehicle as a carrying platform for measurement equipment for electromagnetic fields. The utilized measurement probes are a current monitor probe, which encloses cable structures, and a small loop antenna moved manually around the structure
to cover a large space and identify possible maxima of interfering fields. Measurements are performed for several operating flight modi of one rotor, which is mounted on ground but fully operational. The obtained results give a good overview of interference spectra and intensities, which are a valuable basis for a later design of portable measurement equipment to be mounted on such

flying platforms.

17:30 Monostatic RCS Prediction from Irregularly Distributed Near-Field Samples Using Plane-Wave Field Synthesis
Ole Neitz (Technical University of Munich, Germany); Thomas F. Eibert (Technical University of Munich (TUM) & Chair of High-Frequency Engineering (HFT), Germany)
We present an approach to accurately determine the monostatic RCS of an object under test, by measuring a set of bistatic near-field scattering data, where it is sufficient to sample the scattered field in a small angular range around the transmitting antenna. This is achieved by solving a field synthesis problem for the incident plane wave with respect to the transmitter locations and
using the result to weight the outcome of a series of inverse source problems. By expanding the fields in propagating plane waves on the unit sphere, almost arbitrary scan surfaces can be processed efficiently, including highly irregular ones. Thus, the measurement samples of the scattered field may potentially be collected by the use of unmanned aerial vehicles and it may even
become possible to determine the RCS of large stationary outdoor targets. The paper outlines the theory of the algorithm and demonstrates its capabilities by means of simulated and measured near-field data.

17:50 Advances in the Development of an Industrial UAV for Large-Scale Near-Field Antenna Measurements
Torsten Fritzel, Hans-Juergen Steiner and Rudiger StrauB3 (Aeroxess UG, Germany)
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Program for 13th European Conference on Antennas and Propagation (EUCAP 2019)

The use of multi-rotor UAVs for antenna measurements open up breathtaking and new possibilities in outdoor antenna measurements. Commercial off-the-shelf multi-rotor UAVs provide an excellent ground for research and development activities and for proof-of-concept measurements. In this paper key requirements and a concept of an antenna measurement UAV especially designed
for large-scale and industrial near-field antenna measurements will be explained concluding with its current development status reached so far.

18:10 Advances in Antenna Measurement and Characterization Using Unmanned Aerial Vehicles

Maria Garcia Fernandez (University of Oviedo, Spain); Yuri Alvarez and Fernando Las-Heras (Universidad de Oviedo, Spain)
Recent developments in unmanned aerial vehicles (UAVs) hardware and antenna measurement postprocessing techniques have fostered the development of in-situ antenna measurements using UAVs. Accurate geo-referring of the measurements is one of the most critical issues faced by these systems in order to increase the upper working frequency limit. In this contribution a novel
methodology based on simultaneous acquisition of the near field (NF) amplitude on two measurement surfaces using a dual-probe setup on board the UAV is presented. Thanks to it, acquisition time and measurement uncertainties are greatly reduced. System capabilities have been validated by measuring an offset reflector antenna, comparing the results with measurements at

spherical range in anechoic chamber.

C_P17 Propag Vehicul: C_P17 Propagation for vehicular communications

Cellular Communications / Regular Session / Propagation
Room: Oral Sessions: S4-A - Poznan
Chairs: Jan M. Kelner (Military University of Technology, Poland), Thomas Kurner (Technische Universitat Braunschweig, Germany)

16:50 Experimental Investigation of V2I Radio Channel in an Arched Tunnel

Marwan Yusuf and Emmeric Tanghe (Ghent University, Belgium); Luc Martens (Ghent University - imec, Belgium); Pierre Laly, Davy P Gaillot, Martine Liénard and Pierre Degauque (University of Lille, France); Wout Joseph (Ghent University/IMEC, Belgium)
This paper describes the results of the experimental radio channel sounding campaign performed in an arched road tunnel in Le Havre, France. The co-polar and cross-polar channels measurements are carried out in the closed side lane, while the lane along the center of the tunnel is open to traffic. We investigate the channel characteristics in terms of: path loss, fading distribution,
polarization power ratios and delay spread. All these parameters are essential for the deployment of vehicular communication systems inside tunnels. Our results indicate that, while the H-polar channel gain attenuates slower than the V-polar channel due to the geometry of the tunnel, the mean delay spread of the H-polar channel is larger than that of the V-polar channel.

17:10 Mobile Satellite Propagation Channels at Ka Band for Railway and Highway Environnement

Sebastien Rougerie (CNES, France); Jonathan Israel (ONERA - The French Aerospace Lab, France)

The design and assessment of air interfaces for modern Land Mobile satellite systems between 1 and 20 GHz require the use of reference generative propagation channel models. The ITU-R Rec. P.681, based on the enhanced 2-state MIMO model, has been developed and validated thanks to several experimental datasets collected from 2 to 20 GHz in different environments and for
various elevation angles. In a previous paper, we present new measurements at 20 GHz, especially in railway and highway environments. This paper will present the results of the processing of these data, and in particular the improvement of the ITU-R Rec. P.681 which will now handle railway and highway environments. Moreover, a discussion is done on the wideband behavior of
satellite channel for such frequency.

17:30 An Analytical Raytracer for Efficient D2D Path Loss Predictions

Nils Dreyer (Institute for Communications Technology & TU Braunschweig, Germany); Thomas Kurner (Technische Universitat Braunschweig, Germany)

The communication between two devices (D2D) plays an important role for future networks as Internet of Things (loT) or Intelligent Transport System (ITS). A challenging task is the simulation of the physical layer in highly dynamic networks with plenty of moving devices. Nowadays such simulations are mostly performed using stochastic channel models completely neglecting specific
spatial effects. Ray optical path loss predictions (Raytracing), considering 3D building data, are often seen as not suitable for large networks because of its high complexity combined with its long processing time. In this paper we will introduce a novel calculation method that leads to a significant speed up of Raytracing predictions. The approach analytically investigates a scenario and
precalculates the visibility between all surfaces. The changing propagation paths of moving devices can be quickly determined even for higher orders of reflection.

17:50 Application of Reflecting Panels in Realisation of Antenna Corridor for Train Communications

Nima Jamaly (Swisscom, Switzerland); Stefan Mauron (Swisscom (Schweiz) AG, Switzerland); Ahmed Kishk (Concordia University, Canada)

At the advent of 5G mobile communication systems, reliable and fast wireless communications for the user equipments onboard a train is crucial. One of the desirable cost-effective solutions is to use dedicated antennas installed along the train tracks. This is known as antenna corridor. Usually, the antenna corridor solution is used in combination with an antenna on the roof-top of the
wagon and a repeater plus one (or few) leaky feeder cables inside it. Nevertheless, for certain reasons, it is more desirable to receive signals into the wagon through its window panes directly. The latter causes extra losses due to the wide (i.e., » 90 degrees) arrival angles between incoming waves and the window panes' surface vector. In this paper, we propose to use a passive reflector
which is installed alongside the train track to forward the incoming waves towards the wagon. We use a simple 450 slanted plane reflector and quantify the reduction it yields in pathloss between an arbitrary transmit antenna and an ideal dual-port dual-polarised isotropic antenna within a selected wagon.

18:10 Distributed Massive MIMO Channel Measurements in Urban Vehicular Scenario
David Loschenbrand (AIT Austrian Institute of Technology GmbH, Austria); Markus Hofer (AIT Austrian Institute of Technology, Austria); Laura Bernadd (Austrian Institute of Technology, Austria); Gerhard Humer (AIT Austrian Institute of Technology GmbH, Austria); Bernhard Schrenk and Stefan Zelenbaba (AIT Austrian
Institute of Technology, Austria); Thomas Zemen (AIT Austrian Institute of Technology GmbH, Austria)
We present a measurement framework for rapidly time-varying distributed massive multiple-input multiple-output (MIMO) channels. We introduce a custom-built calibration device to facilitate calibration of multiple transceivers as well as a synchronization structure for distributed massive MIMO arrays. Measurements are performed with two transmit and 32 receive antennas in parallel

with 115\,MHz bandwidth and 1\,ms repetition rate at a carrier frequency of 3.52\,GHz. The transmit antennas are mounted on a car moving through an urban environment while the receive antennas are placed on the rooftop of a building. We analyze the measured channel characteristics and the singular value spread over time for collocated and distributed receive antenna setups. Our
results show that collocated receiver arrays outperform the distributed ones in terms of the singular value spread for the given scenario.

MT_PO2 Propag Exp: MT_PO2 Propagation experimental methods and campaigns

Methods & Tools / Regular Session / Propagation
Room: Oral Sessions: S4-B - Lublin
Chairs: Krzysztof K. Cwalina (Gdansk University of Technology, Poland), Slawomir Hausman (Lodz University of Technology, Poland)

16:50 Distributed Spatial Channel Emulation for Virtual Drive Testing Based on Multiple Software-Defined Radios

Lisa Jager, Philipp Berlt and Christian Bornkessel (Technische Universitat IlImenau, Germany); Matthias Hein (llmenau University of Technology, Germany)

Following a strong trend towards cognitive connected cars, modern automobiles are equipped with a multitude of wireless communication systems. In order to ensure proper functionality, reliability, and resilience of these systems, the development of suitable test facilities and verification methods is of great interest in current research. An established testing method is the concept of
channel emulation, in which temporal and spatial characteristics of mobile communications are reconstructed in a lab environment, in order to allow for reproducible and stable test conditions. Under the roof of the Thuringian Center of Innovation in Mobility in Ilmenau, Germany, the virtual road simulation and test area - VISTA was installed and laid out for virtual drive testing. This paper
presents a distributed spatial channel emulator, which is based on multiple commercially available software-defined-radio modules and can be deployed in an over-the-air measurement setup. Pursuing a cluster-based measurement concept, it allows for reconstructing essential features of electromagnetic wave propagation in the wireless automotive communication channel. In this
paper, the implementation of the distributed channel emulator is described and its feasibility demonstrated in principle.

17:10 Quick Overview of Two Years of Measurements with the Alphasat Q-band Satellite Beacon

Armando Rocha (University of Aveiro & Instituto de Telecomunicac¢des, Portugal); Susana Mota (University of Aveiro & Institute of Telecommunications, Portugal); Elavio M. da Silva Jorge (Instituto de Telecomunica¢des & Universidade de Aveiro, Portugal)
The characterization of the propagation channel at Ka-band and above still needs more experimental campaigns to collect an extensive database to support the development of new models or fine tune available propagation models in all possible geographical sites and climates. The ESA funded Technology Demonstration Payload (TDP5) at Q/V band installed on board of the satellite
Alphasat offered a new opportunity to perform large-scale measurements in Europe at 39.402 GHz. The paper reports the major and preliminary results of two years of propagation measurements collected at Aveiro, Portugal. Some static and dynamic statistical aspects of the propagation channel are briefly addressed.

17:30 High-order XPD Statistical Properties Assessment for Spectral-efficient Space Ka-band Services

Flavio M. da Silva Jorge (Instituto de Telecomunicag¢des & Universidade de Aveiro, Portugal); Antonio Martellucci (European Space Agency, The Netherlands); Armando Rocha (University of Aveiro & Instituto de Telecomunicagdes, Portugal); Carlo Riva (Politecnico di Milano, Italy)
Spectral-efficient communication systems, exploiting either frequency-reuse schemes or polarization diversity techniques, rely on the joint characterization of the radiowave propagation channel in what concerns the channel-induced interference, by means of the well-known cross-polarization discrimination (XPD), and attenuation. This characterization lacks of assessment by means
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of a reliable and long-term propagation experimental database, establishing the basis for the future modelling efforts of the depolarization effects, especially at frequency-bands higher than the Ku-band, where the bandwidth required for the deployment of innovative multimedia services is available. In this contribution, the past assumptions observed from limited data collected by
experiments at Ku-band are evaluated and the current standard models performance is investigated by means of two testing variables that are now proposed. The evidences found are discussed in-line with the requirements of future modelling efforts.

17:50 Low Cost Radio Shielding Effectiveness Using Carbonised Wood

Wilson Conniott (Instituto Politécnico de Leiria, Portugal); Judite Vieira and Silvia Monteiro (Polytechnic Institute of Leiria, Portugal); Rafael F. S. Caldeirinha (Polytechnic Institute of Leiria & Instituto de Telecomunicagdes, Portugal)

This paper presents recent results on the study of a new electromagnetic shielding techniques for existing building materials based on cross-laminated timber (CLT) at frequencies ranging from 680 MHz to 8 GHz. In particular, CLT bounded with carbonised wood has been studied as a means of controlling Radio Frequency (RF) transparency of such structures in a sandwich manner.
Results demonstrate that new electromagnetic shielding techniques based on natural raw materials for application in forest derivatives products can be both efficient and low-cost. Shielding effectiveness of up to 35 dB were observed at key frequency bands, proving its feasibility to applications in Internet of Things (IoT) and 5th Generation (5G) wireless communications. This is sought
to contribute to circular economy by providing additional shielding factor from coarse woody debris and, thus, to reduce the carbon footprint in e.g. developed countries.

18:10 AlphaSat Dual-Frequency Receiving Station in Rome, Italy: Upgrade of the Ka-band Front-End and Case Study Analysis
Augusto Marziani (Sapienza University of Rome, Italy); Fernando Consalvi (FUB, Italy); Gianmarco Fusco (Istituto Superiore delle Comunicazione e delle Tecnologie dell'Informazione, Italy); Frank S. Marzano (Sapienza University of Rome, Italy); Carlo Riva (Politecnico di Milano, Italy); Antonio Martellucci (European Space
Agency, The Netherlands)
The AlphaSat TDP5 experiment, also now as Aldo Paraboni, is a scientific experiment held by the European Space Agency (ESA) to investigate radio propagation channel in the Ka and Q bands. The AlphaSat satellite was launched in orbit in 2013 and since then several European research group have been monitoring the received beacon signals to model physical effects of the

atmosphere on the transmitted electromagnetic field. This article is aimed to describe the AlphaSat receiving station in Rome, focusing on the latest upgrade of the Ka-band receiver. Focused attention will be payed to the new tracking system for the Ka-band receiver and related enhancements of the overall performance. At the end, a case study from the acquired dataset will be
analyzed aiming at the effects on the signal due to the atmospheric turbulence and rain.

L_AO4 Power Transfer |: L_AO4 Wireless Power Transmission and Harvesting |

Localization & Connected Objects / Regular Session / Antennas
Room: Oral Sessions: S4-C - Kielce
Chairs: Davor Bonefacic¢ (University of Zagreb, Faculty of Electrical Engineering and Computing, Croatia), Ahmed Kishk (Concordia University, Canada)

16:50 Phase RelLock - Localization of RFID Tags by a Moving Robot
Anastasios Tzitzis, Spyros Megalou, Stavroula Siachalou and Traianos Yioultsis (Aristotle University of Thessaloniki, Greece); Athanasios Kehagias (Aristotle University Thessaloniki, Greece); Emmanouil Tsardoulias (Centre of Research & Technology & Aristotle University of Thessaloniki, Greece); Alexandros Filotheou,
Andreas Symeonidis, Loukas Petrou and Antonis G Dimitriou (Aristotle University of Thessaloniki, Greece)
In this work, we propose a prototype method for the localization of RFID tags, by deploying RFID equipment on a robotic platform. The constructed robot is capable to perform Simultaneous Localization (of its own position) and Mapping of the environment and then locate the RFID tags around its path. The proposed method is based on properly treating the measured phase of the

backscattered signal by each tag at the reader's antenna, located on top of the robot. More specifically, the measured phase samples are reconstructed, such that the 2pi discontinuities are eliminated. This allows for the formation of an optimization problem, which van can be solved rapidly by standard methods. The proposed method is experimentally compared against the most
accurate reported method in prior-art and the same accuracy is preserved. However, the problem is solved more than one order of magnitude faster, allowing for the applicability of the method in real-time inventorying and localization.

17:10 Variable Capacitive Antenna Loading for Embedded RFID Sensors

Giselle Gonzalez (Universitat Politecnica de Catalunya, Spain); Luis Jofre (Universitat Politecnica de Catalunya, Spain); Jordi Romeu (Universitat Politecnica de Catalunya, Spain); Ignasi Caird (WitekLab, Spain)
In this paper, a self-adaptive folded dipole antenna to work embedded in media with changing physical and chemical properties for RFID applications is proposed. Self-adaptability is provided by taking advantage of the dual-mode behaviour of the folded dipole antenna where variable capacitance diodes are strategically placed to compensate for the change produced in the
electromagnetic properties of the embedding medium. The presented antenna has been optimized at 868MHz.

17:30 Charge Storage Level Sensor RFID Tag: Impedance Matching and Experimental Characterisation

Nikta Pournoori (Tampre University of Technology, Finland); Leena Ukkonen and Lauri Sydanheimo (Tampere University of Technology, Finland); Toni Bjorninen (Tampere University & BioMediTech Institute, Finland)
We present an RF energy harvesting system where two distinct passive UHF RFID microchips provide different tag IDs to detect low and high states of the harvester's charge storage. This enables the backend system to acknowledge when the harvesting system is ready for advanced power consuming operations. Overall, we were able to read the separate IDs of the tag at the distance
of 3 m from an RFID reader that is emitting the regulated EIRP of 3.28 W and charging harvester's storage capacitor to 0.625 V through 8.7 dBi harvesting antenna.

17:50 Read-Range Estimation of UHF-RFID Tags Placed Inside Metal Pipes
Marcos R. Pino (Universidad de Oviedo, Spain); Andrea Michel (University of Pisa, Italy); Guillermo Alvarez Narciandi (University of Oviedo, Spain); Paolo Nepa (University of Pisa, Italy)

In some application scenarios, the detection of UHF RFID tags used to identify objects can not be estimated by using conventional propagation models. In this paper, a propagation model of a UHF RFID signal is analyzed when the tag is placed inside metal structures like drill pipes and aluminum rolls. Theoretical considerations have been discussed to give practical guidelines when a
tagged metal pipe is interrogated by a commercial UHF RFID reader.

18:10 Fingerprinting Localization of RFID Tags with Real-Time Performance-Assessment, Using a Moving Robot
Spyros Megalou, Anastasios Tzitzis, Stavroula Siachalou and Traianos Yioultsis (Aristotle University of Thessaloniki, Greece); John Sahalos (Aristotle University of Thessaloniki, GR, Thessaloniki, Greece & University of Nicosia, CY, Nicosia, Cyprus); Emmanouil Tsardoulias (Centre of Research & Technology & Aristotle

University of Thessaloniki, Greece); Alexandros Filotheou, Andreas Symeonidis and Loukas Petrou (Aristotle University of Thessaloniki, Greece); Aggelos Bletsas (Technical University of Crete, Greece); Antonis G Dimitriou (Aristotle University of Thessaloniki, Greece)

This work is focused on unmanned inventorying and localization, by deploying an RFID-equipped autonomous robot. The robot is able to perform Simultaneous Localization and Mapping (SLAM), thanks to its optical sensors. As the robot moves inside the target area, it continuously interrogates all RFID tags within range. Passive RFID tags, placed at known locations, are used for the
estimation of the locations of the target tags, by properly manipulating the measured backscattered power. The proposed method does not depend on the location of the reader, but only on the locations of the reference tags. Hence, positioning-errors related to SLAM are not accumulated. Mobility of the robot ensures rich collection of measurements. We propose a method for dynamic,
real-time configuration of the parameters of the fingerprinting algorithm and real-time evaluation of the localization error of the unknown tags. This is achieved by treating the reference tags as target tags. Thanks to this property, we further exploit mobility of the robot, repeating inventorying and localization in areas, where poor performance is initially recorded. Measurements indicate
a mean error of 18cm, with standard deviation of 11cm, deploying a single antenna.

R_AO3 Array Ant: R_AO3 Array antennas, antenna systems and architectures

Radars / Regular Session / Antennas
Room: Oral Sessions: S4-D - Bytom
Chairs: Raphael Gillard (IETR & INSA, France), Mario Orefice (Politecnico di Torino, Italy)

16:50 On the Design of a Circularly Polarized Microstrip Antenna Array for CubeSat in the Ka-Band

Giulia Buttazzoni, Francesca Pelusi and Roberto Vescovo (University of Trieste, Italy)
This paper describes the preliminary phases of the design of a planar antenna array to be mounted on a face of a CubeSat operating in the Ka-frequency band. In order to compensate the high attenuation of the millimeter-waves, the antenna is required to be circularly polarized, and the final array is composed of subarrays of sequentially rotated square microstrip patches with
truncated corners. In particular, two candidate geometries are presented for the subarray, which improve a prototype previously realized at the University of Trieste. Then, the performances of three possible configurations for the final array are evaluated.

17:10 Analytic-Based Synthesis of Tiled Arrays

Nicola Anselmi, Paolo Rocca and Andrea Massa (University of Trento, Italy)
The partitioning of phased arrays into tiles reduces significantly the costs of the whole system and allows an easy assembly and maintenance of the antenna. Because of the deployment of phased arrays in many civil radar and communication systems is becoming very attractive, due to the electronic steering and reconfigurability, efficient synthesis techniques able to effectively
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optimize the tiling configuration and the feeding network control points are of great interest in the antenna community. This work aims at reviewing recent synthesis methods for tiled arrays, focusing on analytic-based techniques, and exploiting recent mathematical tiling theory for an efficient synthesis of tiled arrays.

17:30 Review of CPM for Array Clustering - A Unified Approach to Subarraying

Giorgio Gottardi (ELEDIA Research Center, University of Trento, Italy); Giacomo Oliveri (University of Trento & ELEDIA Research Center, Italy); Andrea Massa (University of Trento, Italy)
In this paper, a sub-arraying method which jointly deals with amplitudes and phases of the element excitations for reducing the number of control points (namely, amplifiers and phase shifters) is presented. A synthesis tool based on an excitation matching strategy for jointly defining the subarray architecture and the complex subarray excitations is developed. The k-means algorithm is

employed to determine the compromise solution which minimize the least square distance with respect to the reference excitations.

17:50 Beam-Steerable Phased Antenna Arrays Using Substrate-Integrated Waveguide Phase Shifters

Cheng Zhao (The 50th Research Institute of China Electronics Technology Group Corporation, P.R. China); Christophe Fumeaux (The University of Adelaide & School of Electrical and Electronic Engineering, Australia)
The design of two beam-steerable phased antenna arrays using one-stage and two-stage substrate-integrated waveguide (SIW) phase shifters is proposed in this paper. The phase shifting capability of the SIW phase shifter is achieved by introducing movable metal posts placed in air slots at the input and output ports of the SIW. For illustration, the two antenna arrays are designed for
a resonance frequency of 7.6 GHz using finite-element simulations. For each antenna array, the beam steering is achieved through adjusting the lateral positions of the metal posts in the air slots. Scanning over -8.30 degree to +8.30 degree and -13.80 degree to +13.80 degree is achieved with a steady gain for the one-stage and two-stage realizations, respectively.

18:10 Optimizing Antenna Arrays Using Periodic Structure Loading

Christos Kolitsidas (Ericsson, Sweden); Petros Bantavis (Universite de Rennes 1, France); Lars Jonsson (KTH Royal Institute of Technology, Sweden); George Kyriacou (Democritus University of Thrace, Greece)
Wideband antenna arrays will play an important role in future wireless communication networks due to their ability to support multiple wireless communication systems simultaneously. In this work the utilization of periodic structure loading on wideband antenna arrays is explored. The periodic structural loading is applied to two different arrays a Vivaldi array and a strongly coupled

dipole array - SCDA. The constructed arrays along with measured performance are presented.

H_PO1 Propag Experiment: H_PO1 Propagation Experimental Methods and Campaigns

High Data-rate Transfer / Regular Session / Propagation
Room: Oral Sessions: G1- Gniezno
Chairs: Wout Joseph (Ghent University/IMEC, Belgium), Cezary Ziolkowski (Military University of Technology, Poland)

16:50 Rural Path Loss Measurements and Models for a Fixed Wireless Access TD-LTE Network at 3.7 GHz

Nektarios Moraitis (National Technical University of Athens & Institute of Communications and Computers Systems, Greece); Demosthenes Vouyioukas (University of the Aegean, Greece); Angelina Gkioni and Spyridon Louvros (Mobile Cloud & Network Services - MCNS, Cyprus)

This paper examines the validity and applicability of different path loss models, based on an extensive measurement campaign in a rural environment at 3.7 GHz (3GPP band 43) for line-of-sight (LOS) conditions. The measurements were carried out using a commercial fixed wireless access (FWA) network operating with Time-Division Long Term Evolution (TD-LTE) configuration. From
the path loss analysis, not all of the examined models are appropriate to describe accurately the expected losses. The close-in, WINNER I, and 3GPP/ITU-R models present the best performance. On the other hand, the Extended Hata model is not accurate for the specific area since it over-predicts path loss. Finally, from the statistical analysis the shadow fading is approximated by the
Lognormal distribution with zero mean and a standard deviation of 5.8 dB. An almost excellent fit is achieved regardless of the dissimilar propagation conditions in the specific area.

17:10 High-Efficiency Wideband Millimeter-Wave Channel Sounder System

Jing Li, Peize Zhang, Chen Yu, Haiming Wang and Wei Hong (Southeast University, P.R. China)
For outdoor millimeter-wave channel measurement, a new wideband single input and single output channel sounder system with rotatable high-gain horn antennas is presented. This system operates at various millimeter wave frequencies of up to 40 GHz with signal bandwidth of 500 MHz. Two GPS disciplined Rubidium (Rb) clocks are utilized for frequency and timing synchronization.
Adding an external power amplifier at the transmitter and an external low noise amplifier at the receiver enables long distance channel measurement in outdoor environments. A rapid measurement method is presented to improve data capturing efficiency together with automatic measurement software. Channel measurement campaigns at 27.5 and 39.5 GHz are conducted in an

outdoor-to-indoor scenario. And experimental results are finally analyzed.

17:30 Measurements in a Real Data Centre at 300 GHz and Recent Results

Johannes M. Eckhardt, Tobias Doeker, Sebastian Rey and Thomas Kurner (Technische Universitat Braunschweig, Germany)
In this paper a measurement campaign in a real Data Centre at 300 GHz and recent results are presented. The measurements are performed with a UWB sub-mmWave channel sounder and classified in general characterisation, top-of-rack and intra-rack measurements. The individual measurement setups as well as the methodology are explained. In a first step, the measurements are
evaluated regarding the path attenuation, the power delay profile (PDP) and the power angular spectrum (PAS). The PDP as well as the PAS give comprehensible results, which are explained by the scenario's geometry. The path attenuation shows reasonable results compared to the free space path loss and demonstrates that wireless communication at 300 GHz in a Data Centre is

possible.

17:50 Large-scale Parameter Estimation in Channel Sounding with Limited Dynamic Range

Aki Karttunen and Katsuyuki Haneda (Aalto University, Finland)

In this paper, we examine large-scale parameter (LSP) estimates for spatio-temporal mobile radio channels in the case when the measurement dynamic range is too poor to derive the LSPs for all the measurement locations. Conventionally the LSPs are derived with, e.g., 20 dB dynamic range from the strongest detected multipath component (MPC), but such a measurement dynamic
range cannot be guaranteed in all measurements as some of them suffer from large path loss (PL) and/or variation due to shadow fading (SF). We will show that the LSPs, specifically PL, SF, delay spread (DS), and angular spread (AS), can be considered as incomplete data. Incomplete data can be described either by a maximum or a minimum value (or both) when the measurements are
with poor dynamic range. We show that the incomplete data should be taken into account in deriving the LSP statistics using the maximum likelihood estimation (MLE) rather than omitted as " “outage". Outdoor-to-indoor (O2l) measurements at the 14-14.5 GHz range are used as an example.

18:10 A Four-Year Variability Study for Ka- And Q-band Slant Path Propagation Experiments in Madrid

Domingo Pimienta-del-Valle (Universidad Politécnica de Madrid, Spain); Pedro Garcia-del-Pino (Universidad Politecnica de Madrid, Spain); Jose M Riera (Universidad Politécnica de Madrid, Spain); Gustavo Siles (Universidad Privada Boliviana, Bolivia)
In satellite propagation, variability (the fluctuations of certain parameter or phenomenon over time with respect to its average behavior) is assessed by using some statistical variable such as its variance over the years. In overall, there are few reports on rainfall and attenuation variability and only very few on fade dynamics, due to the need of experimental data for a long period of time
with a high availability (a hard task to achieve) to produce meaningful results. Moreover, most of these reports are focused in the Ka-band. Having data with a high availability ( higher than 97 %) for a concurrent period of 4 years in Madrid for KA-SAT (19.680 GHz) and Alphasat (39.402 GHz) propagation experiments, an study of the variability of rainfall rate, excess attenuation and fade

and inter-fade number of events is carried out in this paper. The results show a high variability of some parameters.

MT_MO2 Ant Meas: MT_MO2 General antenna measurements

Methods & Tools / Regular Session / Measurements
Room: Oral Sessions: G2- Opole
Chairs: Brett Walkenhorst (NSI-MI Technologies, USA), Werner Wiesbeck (Karlsruhe Institute of Technology, Germany)

16:50 Comparative Analysis of Spherical Near-Field Automotive Antenna Measurement Facilities

Muhammad Ehtisham Asghar, Frank Wollenschlager and Christian Bornkessel (Technische Universitat limenau, Germany); Andreas Griesche (Antenna Technology Center (Europe), ATC GmbH, Itzehoe, Germany); Matthias Hein (lIlmenau University of Technology, Germany)

The comparison of measurement facilities is an important instrument to verify measurement accuracy and to study limitations resulting from the different specialized measurement approaches. A rigorous comparison campaign has been conducted for two automotive antenna measurement facilities located in Germany, namely the Virtual Road Simulation and Test Area (VISTA) at the
Thuringian Center of Innovation in Mobility at Technische Universitaet Imenau, and Antenna Technology Center (Europe) ATC GmbH, ltzehoe. These facilities deploy spherical near-field antenna measurement techniques in anechoic and semi- anechoic environment, respectively, to conduct antenna measurements for diverse wireless transmission standards ranging in frequency from 70
to 6000 MHz. Measured realized gain radiation pattern and similarity coefficient are the parameters used for the comparison. The results reveal a convincingly good conformity of the two facilities for a variety of measurements.

17:10 Measuring a 5G Millimeter-Wave Device's Spherical Coverage
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Brett Walkenhorst (NSI-MI Technologies, USA); Prasadh Ramachandran (Keysight Technologies, Finland)

A new over-the-air (OTA) metric called "spherical coverage" is being discussed in 3GPP. The concept is to test the ability of a device to reliably form beams in any direction, offering connectivity in any orientation and polarization. In this paper, we analyze the effectiveness of various test environments for testing spherical coverage at millimeter-wave frequencies for 5G devices.

17:30 Non-Invasive Radiation Pattern Characterisation of an Ultra-Wideband Antenna for Antenna-On-Vehicle Collision Avoidance Applications

Tian Hong Loh (UK, National Physical Laboratory, United Kingdom (Great Britain)); David Cheadle and Divya Unnikrishnan (National Physical Laboratory, United Kingdom (Great Britain))

This paper presents a study on non-invasive radiation pattern characterisations of an ultra-wideband (UWB) antenna for integration into an antenna-on-vehicle platform for collision avoidance applications. The measured operational frequency range of the UWB antenna under test (AUT) is found to be between 3.5 GHz and 10 GHz. A comparison was made between its radiation profiles
at 6.49 GHz while standalone, with a metallic housing and with a pseudo-real vehicle ground platform. All measurements are made in an anechoic chamber. A non-invasive opto-electric field sensor system was employed to minimize distortion of the antenna pattern. The results show that the problem of minimising the effects towards antenna radiation pattern due to proximity effects
and vehicle platform is far from trivial.

17:50 The Effects of a Generator's Active Input Reflection Coefficient in Antenna Gain Measurements

Kyriakos Kaslis, Olav Breinbjerg and Jeppe Nielsen (Technical University of Denmark, Denmark)
The problem of determining the reflection coefficient of a generator while it is operating is being tackled in this paper, with emphasis placed on both theory and practical applications. Two particular methods are investigated which are, relatively, simple to analyze and implement. It is shown that they have a close agreement despite the widely different procedure by which they approach
the same issue. Additionally, the criticality of the generator active input reflection coefficient in determining the gain of an antenna using the gain substitution technique is shown, highlighting the importance to calculate it.

18:10 Far Field Evaluation from Undersampled near Field Measurements Using Numerically Built Basis Functions

Lorenzo Ciorba (Institute of Electronics, Computer and Telecommunication Engineering (IEIIT-CNR), Torino & Politecnico di Torino, Torino, Italy); Giorgio Giordanengo (Istituto Superiore Mario Boella & Politecnico di Torino, Italy); Marco Righero (LINKS Foundation, Italy); Giuseppe Vecchi (Politecnico di Torino, Italy)
We show experimental results on evaluating the Far-Field (FF) pattern from measured Near-Field (NF) samples of a 8GHz reflector antenna, where a radical undersampling on the data is applied. We reach an accuracy comparable to other standard methods. The key point is the use of additional information about the geometry of the antenna to numerically build a set of basis functions
which are used to express the measured samples. Once approximated with these functions, the field can be easily evaluated on a finer grid of points or in the FF. The method can be easily applied with measurements performed on non-canonical grids.

B_MO1 Other Meas: B_M0O1 Other Measurement Topics

Biomedical / Regular Session / Measurements
Room: Oral Sessions: A2- Ustka
Chairs: Robin Augustine (Uppsala University, Sweden), Ali Zamani (The University of Queensland, Australia)

16:50 Electromagnetic Based Fatty Liver Detection Using Machine Learning

Aida Brankovic, Ali Zamani and Amin Abbosh (The University of Queensland, Australia)

Fatty Liver Disease (FLD) is becoming prevalent disease in nowadays lifestyle while not being restricted to individuals with uncontrolled alcohol intake. Early diagnosis can prevent advanced irreversible liver disease, liver failure and ultimately can save lives. Computational methods reduce the operator dependability and hence improve diagnostic reliability. Most of these methods are
based on automated analysis of Computed Tomography (CT), Ultrasound (US), and Magnetic Resonance (MRI) images. Besides the high costs and harmful radiation involved in the conventional imaging tools, the outcome of the automated imaging strongly depends on the image quality. To address the shortcomings of current tools, we propose an electromagnetic system, including an
antenna operating across the band 0.4-1 GHz as a data acquisition device and a supervised Machine Learning (ML) framework to learn an inferring model for FLD directly from collected data. This paper reports the system configuration, ML problem setup and the obtained results, which show an accuracy of more than 97% for the simulated torso model.

17:10 Sensor Antenna for Dielectric Constant Measurement of Materials in Contact with the Structure

Hossein Saghlatoon, Rashid Mirzavand, Mohammad Mahdi Honari and Pedram Mousavi (University of Alberta, Canada)
This paper presents a sensor antenna for dielectric constant measurement of materials in direct contact with the structure while the radiation characteristics of the antenna are not degraded. This is achieved by parasitically loading the antenna while the samples are placed on the parasitic element. The dielectric constant measurement range is studied and the equivalent circuit of the
antenna is proposed. The agreement between the simulation and measurement proves the practicality of the proposed system.

17:30 Three Dimensional Acoustic Contrast Source Inversion Method
Xiaogian Song, Maokun Li, Fan Yang and Shenheng Xu (Tsinghua University, P.R. China); Aria Abubakar (Schlumberger-Doll Research, USA)

In this paper, we extend the improved acoustic multiplicative regularized contrast source inversion (MR-CSI) method to three dimensions. There are mainly three problems that need to be solved. Firstly, due to the increase in unknowns, the ill-posedness of the problem is more severe, and it would be more complicated in reconstructing object of interest. Secondly, the field distribution
changes from two dimensions to three dimensions, that is, the field would also propagate along vertical direction, so the problem is more nonlinear. Besides, the investigated domain also expands from two to three dimensions, so the computational cost and storage increases greatly. For the first two problems, our solution is to choose a stronger regularization to reduce the uncertainty
of the solution. And we also use FFT acceleration to reduce the computational time and storage space. Numerical results show that the three-dimensional improved acoustic MR-CSI method can well reconstruct acoustic parameters of the target.

17:50 Preliminary Assessment of the Origin of Spurious Magnetic Effects in Magnetic Nanoparticle Enhanced Microwave Imaging
Ovidio Mario Bucci (University of Naples, Italy); Gennaro Bellizzi (University of Naples Federico ll, Italy); Sandra Costanzo (University of Calabria, Italy); Lorenzo Crocco (CNR - National Research Council of Italy, Italy); Giuseppe Di Massa (University of Calabria, Italy); Rosa Scapaticci (CNR-National Research Council of
Italy, Italy)
Magnetic nanoparticles enhanced microwave imaging has a great potential in breast cancer diagnosis. In fact, thanks to the non-magnetic nature of human issues, it would allow high specificity diagnosis already at early stages. To meet this goal, a crucial requirement is to design and built an imaging device free of spurious magnetic effects, which could hide the useful signal due to the

magnetic nanoparticles targeted to the tumor or induce false positives. In particular, spurious effect -free measurements must be ensured up to the precision required to gather the very low useful signal. In this communication, we report the preliminary results on an investigation aimed to assess the origin of the possible spurious magnetic signals, in order to devise effective actions for
their elimination.

18:10 Estimation of Average Absorption Cross Section of a Skin Phantom in a mm-Wave Reverberation Chamber

Reza Aminzadeh (Ghent University-imec, Belgium); Jéréme Sol (INSA Rennes, France); Philippe Besnier (IETR, France); Maxim Zhadobov (University of RENNES 1, France); Luc Martens (Ghent University - imec, Belgium); Wout Joseph (Ghent University/IMEC, Belgium)
The average absorption cross section (AACS) of a human skin-equivalent phantom is calculated under diffuse exposure in a reverberation chamber (RC) in the mm-wave band. Two methods are proposed, in the first method the quality factor of the RC is evaluated in the spectral domain. The second method is based on the theory of room electromagnetics and fitting power delay profile
to obtain reverberation time. Similar results were obtained for both methods. AACS values of 225+0.048 cm? and 225+0.017 cm? were derived for the first and second method, respectively. These results are in good agreement.

Thursday, April 4

Thursday, April 4 8:40 - 12:30

CS34 Next-gen Comp EM: CS34 Fundamental challenges and novel methodologies in the next-generation computational electromagnetics

Methods & Tools / Convened Session / Antennas
Room: Oral Sessions: S1 - Krakow
Chairs: Elizabeth Bleszynski (Monopole Resesarch, USA), Francesca Vipiana (Politecnico di Torino, Italy)
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8:40 Grid-robust Discretization of Integral Equations in the Electromagnetic Scattering Analysis of Homogeneous Targets with Geometric Singularities

Eduard Ubeda and Ivan Sekulic (Universitat Politecnica de Catalunya (UPC), Spain); Juan M. Rius (Universitat Politecnica de Catalunya, Spain)

The conventional method-of-moment schemes of discretization for the scattering analysis of homogeneous targets, perfectly conducting or dielectric, rely on edge-based basis functions. This restricts the modelling of the targets to conformal meshes, with all adjacent facets sharing one single edge. Prior to the electromagnetic analysis, edge-based schemes require the execution of
edge search algorithms in order to establish the set of interior edges of the mesh. On the other hand, flaws in the mesh generation may give rise to an incomplete identification of the interior edges and a wrong modelling of the currents. Recently introduced facet-based schemes of discretization of surface integral equations, with volumetric testing, have exhibited improved accuracy in
the analysis of targets with geometric singularities. Since facet-based schemes ignore by definition edges, they are better suited than the edge-based schemes for the robust analysis of slightly defective meshes, e.g. with unconnected vertices or misaligned edges.

9:00 Compressed Projection Bases for Model-Order Reduction of Multiport Microwave Components Using FEM

Martyna Mul (Gdansk University of Technology, Poland); Damian Szypulski (Gdansk University of Technology, Poland); Grzegorz Fotyga (Gdansk University of Technology, Poland); Michal Mrozowski (IEEE, USA)
This paper describes a projection basis compression technique for generating compact reduced-order models (ROM) in the FE analysis of microwave devices. In this approach, redundancy is removed from the projection basis by means of an orthogonal decomposition technique applied to the projected system of linear equations. Compression allows the size of the reduced-order
model to be kept as small as possible without compromising the ROM's accuracy. The effectiveness of the basis compression technique, taking into account memory and time consumption, as well as the size of the resultant ROM, is discussed for both global and local model-order reduction schemes.

9:20 Non-singular Laplacian Representations of Kernels of Electromagnetic Integral Equations and Its Application to Analytical Evaluation of Volume Integral Equation Matrix Elements

Elizabeth Bleszynski (Monopole Resesarch, USA); Marek Bleszynski, Dr (Monopole Resaearch, USA); Thomas Jaroszewicz (Monopole Research, USA)

We present extensions and selected applications and of the method of evaluating matrix elements of electromagnetic volume integral equations with the help of suitably constructed Laplacian-type representations of singular kernels (Green functions) appearing in electromagnetic volume and surface integral equations. The method consists of representing the singular kernels (Green
functions) in terms of a generalized Laplacian operator acting on some auxiliary functions. Such representations allows us, by using Gauss divergence theorem, to convert volumetric and surface integrals representing matrix elements to integrals always involving only non-singular integrands. The task of of finding particular Laplacian representation of different kernels amounts to
solving appropriate ordinary or partial inhomogeneous differential equations. We discuss a particular application of the method in analytical evaluation of matrix elements of the volume integral equation which employs two different Laplacian representations of the integral equation kernels, one applied to reduction of volume integrals over tetrahedrons to surface integrals over
tetrahedra faces and the second one reducing surface integrals over tetrahedra faces to line integrals over tetrahedra edges. We also derive analytical expressions for the resulting line integrals given in terms of elementary functions.

9:40 An Inverse Equivalent Surface Current Solver with Zero-Field Enforcement by Left-Hand Side Calderon Projection

Jonas Kornprobst, Raimund A. M. Mauermayer, Emre Kilic and Thomas F. Eibert (Technical University of Munich, Germany)
The inverse source problem of near-field antenna measurements is often formulated in terms of unknown equivalent electric and magnetic surface current densities. Exploiting just the constraints for the radiated field exterior to a closed Huygens surface results in ambiguous equivalent sources due to the excitation of non-radiating currents during the solution process. Therefore,
enforcing the zero-field or Love side condition for the suppression of non-radiating currents based on a left-hand side preconditioner in the form of a Calderdn projector is proposed. Transformation results based on realistic measurements demonstrate the effectiveness of this approach.

10:00 Efficient Simulation of Metasurfaces Comprising of Truncated Periodic or Quasi-periodic Structures
Raj Mittra (Penn State University, USA); Nathawut Homsup (Electrical and Computer Engineering, University of Central Florid, USA); Abdelkhalek Nasri (Research Unit of Mechatronic Systems and Signals, National Engineering School of Carthage, Tunisia); Yang Su (Electrical and Computer Engineering, University of

Waterloo, Canada)
This paper describes several techniques for enhancing the computational efficiency of Metasurface (MS) modeling when the geometry of the MS is either a truncated periodic structure or it is quasi-periodic, with its elements varying slowly along the surface. The quasi-periodic MS is used to introduce a phase (and amplitude) taper in the transmitted, reflected, or propagating wave
interacting with the MS. The three key approaches proposed in this paper are based on using: (a) macro-basis functions for matrix-size reduction; (b) effective medium to replace the MS element; GPU to speed up the generation of multilayer Green's function and associated MoM matrix computation

10:20 Coffee Break

10:50 Hybrid Integration Scheme for the Evaluation of the Gradient of the Green's Function

Javier Rivero and Francesca Vipiana (Politecnico di Torino, Italy); Donald Wilton (University of Houston, USA); William Johnson (Private Consultant, USA)
In this paper we propose to combined both well-known schemes to evaluate strongly near-singular integrals, such as in the Method of Moment (MoM) discretization of the Magnetic Field Integral Equation (MFIE). The method is relatively simple to implement, first, a subtraction of the singularity \1/R*3\ is applied. The remaining integrand is treated via an appropriate variable
transformation. The method is numerically validated for static and dynamic kernels arising in the MFIE.

11:10 DDM-Assisted Analysis of Large Scale Composite Problems

Victor Martin (Universidad de Extremadura, Spain); Diego M. Solis (University of Vigo, Spain); David Larios (Universidad de Extremadura, Spain); Jose M. Taboada and Luis Landesa (University of Extremadura, Spain); José Rodriguez and Fernando Obelleiro (University of Vigo, Spain)
A tear-and-interconnect surface integral equation (SIE) domain decomposition (DD) preconditioner is applied to the electromagnetic solution of realistic large-scale problems including multi-scale features. The paper focuses especially on complex, realistic radiation problems and composite penetrable objects, such as those found in the context of electromagnetic compatibility (EMC)
studies or in the field of nanoplasmonic applications. A set of well-posed numerical examples will demonstrate the ability of this approach to improve, or even enable, convergence in such kind of realistic applications.

11:30 Hierarchical Implementation of the Analytical Singularity Evaluation Technique

Denis Tihon (Université Catholique de Louvain & ICTEAM Institute, Belgium); Christophe Craeye (Université Catholique de Louvain, Belgium)
Using the Method of Moments, the computation of the near-field interactions requires to evaluate 4D singular integrals. Recently, a method has been proposed to compute these integrals fully analytically, rapidly providing accurate results. In this paper, we reformulate the analytical technique to highlight the different intermediate results that are involved in the full procedure. We show
that, by storing and reusing intermediate results, the evaluation of the singular integrals is accelerated by several orders of magnitudes.

11:50 Low Frequency Stable Integral Equation Method for Electromagnetic Scattering of Perfect Conductors and Dielectrics

Felipe Vico (Universidad Politécnica de Valencia, Spain); Miguel Ferrando-Bataller and Eva Antonino-Daviu (Universitat Politecnica de Valencia, Spain); Marta Cabedo-Fabrés (Universidad Politécnica de Valencia, Spain)
In this paper we present an integral formulation for the calculation of scattering electromagnetic waves in presence of both perfect conductors and dielectrics. The integral formulation is of the second kind, therefore it is immune to high density mesh breakdown, and is stable in low frequency. The formulation uses the electric field as unknown. The resulting integral equation has no
spurious resonances. The only drawback of the formulation is that the scattered magnetic field cannot be recovered in a stable way.

12:10 A Uniform Asymptotic Solution for the Diffraction by an Arbitrary-Angled Wedge Coated by Lossy DNG Metamaterials: The Case of Normal Incidence
Gianluca Gennarelli (IREA-CNR, Italy); Giovanni Riccio (University of Salerno, Italy)
The diffraction problem involving an arbitrary-angled perfectly conducting wedge that is coated by a lossy metamaterial slab is solved in the case of plane waves at normal incidence. The solution works in the context of the uniform theory of diffraction and is obtained by means of an analytical procedure that is based on the use of electric and magnetic equivalent surface currents
evaluated under the physical optics approximation. The expressions of the diffraction coefficients are manageable since they are in closed form and contain the geometrical optics response of the structure and the transition function of the uniform theory of diffraction. The corresponding diffracted field is able to compensate the geometrical optics discontinuities at the shadow
boundaries.

Thursday, April 4 8:40 - 10:20
Sp_AO01 Reflect Arrays: Sp_AO1 Reflect Arrays and Transmit Arrays

Space / Regular Session / Antennas
Room: Oral Sessions: S2 — Warszawa
Chairs: Andrea Neto (Delft University of Technology, The Netherlands), Min Zhou (TICRA, Denmark)

8:40 Dual Ka-Band Multiple Beam Reflector Antenna for Western European Coverage
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Salvador Mercader-Pellicer (Heriot-Watt University, United Kingdom (Great Britain)); Francesco Rigobello (University of Padova, Italy); George Goussetis (Heriot-Watt University, United Kingdom (Great Britain)); Louis Dufour (Large Space Structures, Germany); Daniele Bresciani (Thales Alenia Space, France); Hervé

Legay (Thalés Alenia Space, France); Nelson Fonseca (European Space Agency, The Netherlands)
This paper presents a dual-band multiple beam reflector antenna for a Western European coverage. The dual configuration comprises a wire grid sub-reflector and a polarising main reflector that converts the linearly polarised incidence into circular polarisation with orthogonality between bands. The good performance of the wire grid and the polarising main reflector ensure far-field

axial ratio values at the -3 dB region below 1 dB on average without any previous optimisation.

9:00 Reflectarray Design to Generate Two Beams per Feed on Arbitrary Shaped Surface by VRT

Rafael Florencio (Universidad de Sevilla, Spain); Alvaro Somolinos (University of Alcala, Spain); lvan Gonzalez (Universidad de Alcala, Spain); Felipe Catedra (University of Alcala, Spain); Jose A. Encinar (Universidad Politecnica de Madrid, Spain); Rafael R. Boix (University of Seville, Spain)
A design technique has been proposed to generate two closely spaced beams in orthogonal circular polarization using the variable rotation technique (VRT) in reflectarrays printed on arbitrary shaped surfaces fed by a single dual circular polarized (CP) horn. The proposed reflectarray cell for VRT is made of a conductive cross printed on a grounded dielectric. A 1.8-meter offset
parabolic reflectarray has been designed to generate six beams in circular polarization with three dual-CP feed-horns, with very promising results for multi spot beam satellite antennas in Ka-band.

9:20 Improved Bandwidth and Gain Selectivity in Reflectarray Antennas by Using SIW Elements

Eduardo Carrasco (Universidad Politecnica de Madrid, Spain); Jiawei Zang (Beijing Institute of Technology, P.R. China); Alejandro Alvarez-Melcon (Technical University of Cartagena, Spain); Juan Sebastidan Gomez-Diaz (University of California, Davis, USA)

This contribution proposes to improve the response of reflectarray antennas based in aperture-coupled substrate integrated waveguides (SIW) by properly implementing additional slots to the original configuration. By optimizing the number, length and position of rectangular slots, an important improvement in the bandwidth of the reflectarray element can be achieved, while a true-
time delay (TTD) is also kept by adjusting the length of the SIW. This strategy also allows to have a sharp response of the gain in terms of the frequency. The replacement of microstrip lines by a SIW allows low losses when the frequency increases, low profile and confinement of back radiation. With this kind of cells, the bandwidth for a 3-dB gain variation can be larger than 20% with
gain selectivity of at least 18 dB. This features can be interesting in a wide variation of applications, where a frequency-selective channel is required to avoid interference.

9:40 Ultra-wide Beam Scanning Using a Conformal Transmit-array for Ka-band
André Arraiano (Instituto Telecomunicagdes, Instituto Superior Técnico, Portugal); Sergio Matos (Instituto Universitario de Lisboa, Portugal); Jorge R. Costa (Instituto de Telecomunicag¢des / ISCTE-IUL, Portugal); Carlos A. Fernandes (Instituto de Telecomunicacoes, Instituto Superior Tecnico, Portugal); Nelson Fonseca

(European Space Agency, The Netherlands)

A conformal cylindrical transmit-array (TA) for ultra-wide mechanical beam steering is presented. The curved design allows to overcome the effective aperture size reduction caused by the beam tilt - intrinsic to all types of planar arrays. This design must also deal with the aberrations caused by feed displacement relative to the TA focus. Instead of using the usual unifocal approach, the
TA phase correction was designed to have two pseudo-foci. In this way, the intrinsic phase error caused by feed displacement can be smeared among all beams improving the overall scanning performance of the antenna. The TA is composed of a collection of curved 5-layer stacked patches designed for the Ka-band uplink (30 GHz). The aperture has 215x150 mm in plane dimensions
and height variation of 37 mm. The presented solution provides a 28.9 dBi maximum gain and scanning range up to 80° within 3.9 dB scan loss, which far exceeds the scanning performance of conventional planar TA.

10:00 Deployable One-Meter Reflectarray for 6U-Class CubeSats
Nacer Chahat and Ellen Thiel (NASA-JPL, Caltech, USA); Manan Arya (NASA JPL / Caltech, USA); Jonathan Sauder (NASA-JPL / Caltech, USA); Thomas Cwik (NASA-JPL, Caltech, USA)

This paper describes the development of a 1-m deployable reflectarray antenna which is designed to fit in a 6U (10x20x30cm3) class CubeSats. This antenna was designed for a potential Raincube Follow-on mission, that could potentially follow the success of the precipitation radar Raincube. It deploys into a 98.6cm x 82.1cm flat reflector. This antenna provides a gain of 48.2-dBi and
an aperture efficiency of 46%. It consists of a cassegrain reflectarray using a total of 14 deployable panels, a telescoping feed and subreflector.

Thursday, April 4 8:40 - 12:30
CS18 AMTA: Post Processing CS18 AMTA session: Post Processing Techniques in Antenna Measurements

Future Applications / Convened Session / Measurements
Room: Oral Sessions: S3-A — Gdansk
Chairs: Jeffrey Guerrieri (National Institute of Standards and Technology, USA), Francesco Saccardi (Microwave Vision Italy, Italy)

8:40 Probe-Corrected Near-Field to Far-Field Transformation Using Multiple Spherical Wave Expansions

Fernando Rodriguez Varela (Universidad Politécnica de Madrid, Spain); Belen Galocha (Universidad Politecnica de Madrid, Spain); Manuel Sierra-Castaier (Universidad Politécnica de Madrid, Spain)

Near-field to far-field transformations constitute a powerful antenna characterization technique for near-field measurement scenarios. In this paper a near-field to far-field transformation technique based on multiple spherical wave expansions is presented. Thanks to its iterative matrix inversion nature, the approach performs the transformation of fields measured on arbitrary surfaces.
Also, irregular sampling schemes can be incorporated. The proposed algorithm is based on modelling the antenna fields with not one, but several spherical wave expansions distributed over its geometry. Due to the high number of spherical wave expansions, their truncation number can be arbitrarily reduced. Working with expansions of low order allows to incorporate the probe
correction in the transformation in a very simple way, accepting any type of probe and orientation. Only the probe far-field pattern is used, thus working with its full spherical wave expansion is avoided. The algorithm is validated using simulated field data as well as measurements of real antennas.

9:00 Antenna Measurement and Diagnostics Processing Techniques Using Unmanned Aerial Vehicles
Maria Garcia Fernandez (University of Oviedo, Spain); Yuri Alvarez and Fernando Las-Heras (Universidad de Oviedo, Spain)
In-situ antenna measurements using unmanned aerial vehicles (UAVs) has become a research topic of great interest thanks to recent developments in UAV hardware and antenna measurement post-processing techniques for arbitrary geometry acquisition domains. Improvements in UAV positioning and geo-referring systems have enabled in-situ antenna measurements in the near field
(NF) region of the Antenna Under Test (AUT). These NF measurements can be post-processed for antenna diagnostics and for radiation pattern evaluation. This contribution focuses on the analysis and comparison of post-processing techniques for in-situ antenna measurement using amplitude-only information, and the impact of the NF measurement domain in the post-processed
results, namely aperture fields and radiation pattern. Two iterative phase retrieval techniques are compared using an offset reflector antenna as AUT.

9:20 Investigation on Diversity Effects for Phaseless Near-Field Far-Field Transformations
Josef Knapp (Technische Universitat Minchen, Germany); Alexander Paulus (Technical University of Munich, Germany); Thomas F. Eibert (Technical University of Munich (TUM) & Chair of High-Frequency Engineering (HFT), Germany)
Phase retrieval algorithms for phaseless near-field measurements are known to benefit from diversity in a measurement setup. A numerical reconstruction method is utilized to find the number of independent measurement samples in a phaseless NF antenna measurement setup. Certain magnitude and phase difference measurement samples can be linearly reconstructed from previous
phaseless measurements. The reconstruction is possible if the corresponding bilinear form for the new sample is linearly dependent from the bilinear forms corresponding to the previous measurement samples. Any linearly independent bilinear form corresponds to an independent measurement value. It is shown that the diversity in the measurements is continuously increasing with an
increasing number of measurement distances until a saturation distance is reached. Furthermore, it is shown that the far-field magnitudes can be approximately reconstructed by the linear reconstruction procedure from magnitude- only NF measurements. The approximation error decreases if more NF measurement distances are considered.

9:40 Validation of the Fully Probe Corrected Translated-SWE Algorithm for Spherical near Field Offset Measurements with Minimum Sampling

Francesco Saccardi (Microwave Vision Italy, Italy); Francesca Mioc (Consultant, Switzerland); Andrea Giacomini (Microwave Vision lItaly, Italy); Per Iversen (Orbit/FR, USA); Lars Foged (Microwave Vision ltaly, Italy)

The Translated Spherical Wave Expansion (TSWE) is a very effective Near-Field-to-Far-Field (NF/FF) transformation tool for down-sampled Spherical Near Field (SNF) measurements with offset Antenna Under Test (AUT). As presented in previous publications, such tool is well suited to characterize antennas mounted on complex structures such as cars, satellites and airplanes. In case
of electrically small probes and/or small AUT-probe view angles the TSWE can be accurately applied without compensating for the probe effect. Instead, in case of more complex probes, the measured signal is affected by an averaging effect that should be compensated to ensure a good accuracy. In this paper the TSWE technique with full probe correction capabilities is validated
considering measurements of a standard gain horn performed at several frequencies. The horn has been intentionally displaced in an offset configuration and measured in SNF geometry with a first order probe and two different wideband higher-order antennas as probe.

10:00 Effect of the Test Zone Field on the Radiation Characteristics of Antennas

Thomas M Gemmer and Dirk Heberling (RWTH Aachen University, Germany)

Undesired diffractions or reflections within an antenna measurement chamber interfere with the desired signal causing a deviation from the ideal Test Zone Field (TZF). The resulting non-ideal field causes an error in the measured parameters of an antenna under test. In order to analyse the frequency-dependent error caused by the TZF in a Compact Antenna Test Range (CATR), an
evaluation method is introduced which is based on spherical wave expansion. To generate the TZF data, a full-wave technique is applied on the reflector model of the CATR approximating the real existing TZF. Three measured antennas which differ in size and directivity are investigated and the corresponding differences are evaluated using the equivalent-extraneous-error-signal level.
It is demonstrated that test zone field compensation has to be applied in order to enable high-accuracy antenna measurements and to provide additional design possibilities of measurement ranges.

10:20 Coffee Break
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10:50 Reduced Sampling in NF Antenna Measurement Using Numerical Defined Expansion Functions
Maria Alberica Saporetti, Francesco Saccardi and Lars Foged (Microwave Vision Italy, Italy); Jan Zackrisson (RUAG Space AB, Sweden); Marco Righero (LINKS Foundation, Italy); Giorgio Giordanengo (Istituto Superiore Mario Boella & Politecnico di Torino, Italy); Giuseppe Vecchi (Politecnico di Torino, Italy); Damiano
Trenta (European Space Agency, ESTEC, Italy)

This paper presents an advanced RF test methodology for time efficient antenna testing. The measured field is projected over precomputed basis functions obtained with simulations of the antenna platform using fast ray-tracing methods. The source antenna is treated as a black box. As the number of basis functions is significantly reduced with respect to the Nyquist criteria, the
number of NF measurement points is equally reduced, or down-sampled, leading to a significant saving in overall measurement time. The new methodology performs faster antenna measurements, while maintaining a certain level of confidence. It can be directly implemented, without hardware changes in existing spherical near field measurements range. In this paper we introduce the
new methodology for the first time. The method has been validated using actual measurements of a small X-band antenna on a large satellite mock-up. The new methodology achieves a sampling reduction, or down sampling factor of 5-9.

11:10 Reconstruction of the Far Field Radiated by an Offset Mounted Volumetric AUT from Nonredundant Spherical Spiral Near-Field Measurements

Francesco D'Agostino, Flaminio Ferrara, Claudio Gennarelli, Rocco Guerriero and Massimo Migliozzi (University of Salerno, Italy)

This work provides an experimental assessment of the near to far-field transformation (NTFFT) with spherical spiral scan, which properly accounts for the mounting of a volumetric AUT in offset configuration. Such a NTFFT, based on the nonredundant sampling representations of electromagnetic fields using a spherical modelling of the antenna under test (AUT), requires the same
number of near-field (NF) spiral data when the AUT is mounted both in onset and offset configuration, because this number depends only on the area of the modelling sphere. The reported experimental results prove the effectiveness of the developed NTFFT and of the related two-dimensional optimal sampling interpolation scheme used to reconstruct, from the spiral NF samples, the
NF data at the raster grid points required by the classical spherical NTFFT.

11:30 Fast Synthesis of Scattered Waveform Generators in the near Field

Amedeo Capozzoli, Claudio Curcio and Angelo Liseno (Universita di Napoli Federico I, Italy)
We deal with an approach, based on the Singular Value Optimization (SVO) technique, for the synthesis of array-based generators of near-field complex waveforms. The approach selects the grid wherein enforcing the design specifications and the radiator locations to control the ill-conditioning associated to the determination of the array excitation coefficients. Following the SVO
optimization, the array coefficients are determined by a Singular Value Decomposition (SVD). Numerical results are provided for the synthesis of the near-field scattered by a perfectly conducting sphere illuminated by an elementary dipole.

11:50 Spherical Wave Expansion Applied to the Measured Radiation Patterns of Automotive Antennas in the Installed State in the GHz Range

Frank Wollenschlager (Technische Universitat Ilmenau, Germany); Lars Foged (Microwave Vision Italy, Italy); Muhammad Ehtisham Asghar and Christian Bornkessel (Technische Universitat limenau, Germany); Matthias Hein (llmenau University of Technology, Germany)
Automotive near-field antenna measurement ranges face certain limitations in combination with conventional transformation methods. These limitations can be successfully overcome by advanced post-processing methods. Several tests were conducted to verify the feasibility of the translated spherical wave expansion for automotive antenna measurements. These measurements were
compared to standard transformation algorithms as well as reference measurements, and were found to yield promising results.

12:10 Examination of the Effectiveness of Mode Orthogonalisation and Filtering for Scattering Suppression in Antenna Measurements Through Computational Electromagnetic Simulation

Zhengrong Tian (National Physical Laboratory & NPL, United Kingdom (Great Britain)); Stuart F Gregson (Queen Mary, University of London, United Kingdom (Great Britain))

Reflections in antenna measurement ranges comprise the most significant term within the overall uncertainty budget. For over a decade, a frequency domain mode filtering based technique has been utilized to reduce range reflections. Although this technique has been extensively examined and verified empirically by measurements, relatively little verification by computational
electromagnetic simulation is available in the open literature. In this paper, we developed an efficient electromagnetic (CEM) model of the measurement configuration, using a full-wave CEM solver. The purpose of this is to construct a truth-model to provide a firm basis for detailed quantitative examination of the scattering suppression technique. The modelling technique is discussed in
detail and initial results are presented which show very good agreement between the "true" far-field pattern of the antenna in free space and that of the far-field of the antenna when perturbed with the presence of a scatterer and applying the scattering suppression process.

CS39 Signal Processing for Advanced EM: CS39 Signal Processing Techniques for Advanced Electromagnetics Synthesis, Analysis and Measurements

Future Applications / Convened Session / Antennas
Room: Oral Sessions: S3-B - Wroclaw
Chairs: Nicola Anselmi (University of Trento, Italy), Andrea Massa (University of Trento, Italy)

8:40 Low-Cost Dual-Band E-shaped Patch Antenna for Energy Harvesting Applications Using Grey Wolf Optimizer

Achilles D. Boursianis, Sotirios Goudos and Traianos Yioultsis (Aristotle University of Thessaloniki, Greece); Katherine Siakavara (Aristotle University, Greece)
Radio frequency energy harvesting is a well promising technique for proactive energy replenishment in next-generation wireless networks. To meet the challenging requirements of power consumption in future wireless networks, new antennas have to be designed. In this paper, we refer to the antenna design problem for energy harvesting applications, by introducing a low-cost dual-
band E-shaped patch antenna that operates at LoRaWAN and mobile communication frequency bands. The designed antenna is tuned at two different frequencies (866MHz, 937MHz) at a satisfactory bandwidth for both frequency bands.

9:00 A Synthesis Technique for the Beam Scanning with Aperiodic Arrays

Giulia Buttazzoni and Roberto Vescovo (University of Trieste, Italy)
This paper proposes a method to find the optimal positions of the elements of a linear aperiodic array, with the aim of performing the scanning of the beam in an angular region of interest, by phase-only control. A recently proposed Gaussian approach is adopted, in which the desired pencil beam is approximated by a Gaussian function. By a proper formulation of the problem, the
element positions are synthesized in closed form, so as to perform a continuous beam scanning by suitably modifying only the excitation phases. The amplitude distribution of the array elements is uniform, so that the feeding network is simple to realize, and the mutual coupling effects are reduced.

9:20 DOA Estimation in 4D Linear Arrays with Unidirectional Phase Center Motion Using Sparse Signal Reconstruction
Feng Yang (University of Electronic Science and Technology of China & University of Electronic Science and Technology of China (UESTC), P.R. China); Shiwen Yang (University of Electronic Science and Technology of China (UESTC), P.R. China); Yikai Chen (University of Electronic Science and Technology of China, P.R.

China)
A novel DOA estimation method in 4D arrays with unidirectional phase center motion (UPCM) using sparse signal reconstruction is proposed in this paper. In order to reduce the influence of time modulation on noise as far as possible, a unidirectional phase center motion (UPCM) with one element turned on over a period is used. Moreover, the I11-norm with singular value decomposition
(SVD) is used to reduce the computation loads in the sparse signal reconstruction algorithm. An 8-elememnt 4D linear array is used to validate the proposed method. By comparing with other methods, simulation results show that the better performance can be obtained using the proposed method

9:40 Resolution Capabilities of the DBIM-TwIST Algorithm in Microwave Imaging

Ziwen Guo, Syed Ahsan, Olympia Karadima, loannis Sotiriou and Panagiotis Kosmas (King's College London, United Kingdom (Great Britain))
We investigate resolution capabilities of adaptive thresholding methods in the context of iterative microwave imaging algorithms. Our test cases involve two closely located cylindrical targets of high dielectric contrast with respect to the background in a microwave tomography setup simulated in CST. We apply a distorted Born iterative method (DBIM), and compare a two-step iterative
shrinkage thresholding (TwIST) implementation with a conventional conjugate gradient least squares (CGLS) method as linear solvers at each DBIM iteration. Our results demonstrate that applying the TwIST approach can resolve the two closely-located targets much more accurately than the CGLS under identical settings in the DBIM algorithm.

10:00 Compressed Sensing Applied to Non-Ideal Microwave Measurements in Metal Enclosures

Johan Winges (Chalmers University of Technology, Sweden); Livia Cerullo (Chalmers University of Technology, Sweden); Thomas Rylander, Tomas McKelvey and Mats Viberg (Chalmers University of Technology, Sweden)
Compressed sensing can make use of a priori information in the sense that its dictionary may be constructed for an expected object of particular size and shape, should the application deal with the detection and positioning of exactly such expected objects. Here, we test such a compressed-sensing approach on measurements that include objects that are foreign to the dictionary. It is
found that the compressed-sensing approach shows reasonable performance that degrades gracefully as the measurement region is contaminated by dielectric objects that are foreign to the dictionary, where the degradation also becomes more severe as more dielectric material is present in the measurement region due to mutual interactions not accounted for by the dictionary.

10:20 Coffee Break

10:50 Towards a Generic Model for MU-MIMO Analysis Including Mutual Coupling and Multipath Effects

Navid Amani and Henk Wymeersch (Chalmers University of Technology, Sweden); Ulf Johannsen and A. B. (Bart) Smolders (Eindhoven University of Technology, The Netherlands); Marianna lvashina (Chalmers University of Technology, Sweden); Rob Maaskant (CHALMERS, Sweden)
A network model which accounts for antenna mutual coupling and multipath effects in a wireless channel is proposed as a tool to qualitatively evaluate the performance of a multi-user multiple-input multiple-output (MU-MIMO) system. The system performance is assessed when a zero-forcing (ZF) beamformed conventional uniform linear array (ULA) and a sparse array are employed as
one sector of a base station antenna (BSA) in a single-cell network. It is shown that highly correlated user equipments (UEs) in a line-of-sight (LOS) scenario can be decorrelated to some extents, by a scattering environment in a non-line-of-sight (NLOS) scenario. This occurs due to increase of the spatial variation by a multipath effect. Furthermore, in both environments a sparse array
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realized by an increased interelement spacing is also capable for correlation reduction among users due to the narrow beams.

11:10 Efficient Evaluation of Energy Focusing Based on Eigen-Beamforming

Thomas Pairon and Claude Oestges (Université Catholique de Louvain, Belgium); Maxime Drouguet (Université catholique de Louvain, Belgium); Christophe Craeye (Université Catholique de Louvain, Belgium)
We provide an efficient Method-of-Moments analysis of 2D fields radiated in a typical indoor environment which is applied to the wireless power transfer from a multiple-antenna access point to multiple devices. These simulations allow the computation of the correlation matrix obtained at the access point array when several devices are active. Power focusing capabilities from the same
array are then analyzed, including multipath effects. This technique is based on the eigen-analysis of the correlation matrix measured at the access point and presents similarities with time reversal.

11:30 Antenna Near-Field Interpolation Using Matrix Completion

Benjamin Fuchs (University of Rennes 1 - IETR, France); Laurent Le Cog (University of Rennes 1 & IETR, France); Marco Donald Migliore (University of Cassino, Italy)
We propose to formulate the problem of interpolating the antenna near field as a matrix completion one. It amounts to look for the simplest field distribution that fits a set of randomly measured data, which is a reasonable assumption in absence of a priori knowledge on the radiating structure. Experimental results of antenna near field interpolation and the derived far field computation
show that the proposed approach could be an interesting first step towards the development of fast antenna characterization procedures.

11:50 Near-Field Reconstruction Using Aperture Probe Correction Technique for mm-Wave Devices

Johan Lundgren, Jakob Helander and Mats Gustafsson (Lund University, Sweden)

Accurate, efficient and robust measurement techniques of the near-field are important for applications ranging from nondestructive testing of structural components to electromagnetic field exposure assessment of everyday devices. This work presents, a near-field reconstruction technique suitable for devices operating around millimeter wave (30-300 GHz). The technique is used to
estimate field values and power density values at an arbitrary plane in the near-field. Two measurements, one of a device under test and one of a small aperture as a calibration measurement, are required to obtain calibrated values and a third measurement of a known antenna is needed in order to obtain absolute calibrated values. The technique utilizes an inverse scattering
formulation, where equivalent source currents on a pre-defined surface - representing the radiating aperture of the device under test - are constructed by means of the truncated singular value decomposition method. These currents are then used to generate and propagate the electromagnetic fields to an arbitrary surface, in this work a plane, and further compute the fields and power
density. Measurement data are obtained through a planar scan of a 60 GHz standard gain horn antenna, and results are presented and compared with simulations to provide a benchmark case. Good agreement can be observed between the measured and simulated results.

12:10 Planar Arrays Diagnosis Through Phaseless Measurements: A Compressive-Sensing-Inspired Approach

Roberta Palmeri (Universita Mediterranea of Reggio Calabria, Italy); Andrea Francesco Morabito (University Mediterranea of Reggio Calabria, Italy); Tommaso Isernia (University of Reggio Calabria, Italy)
A sparsity-promoting technique for the diagnosis of faulty elements in planar array antennas from amplitude-only far-field measurements is presented and assessed. By profitably exploiting the Compressive Sensing theory as well as a proper relaxation of the involved constraints, the diagnosis is cast as a Convex Programming problem. A rule of thumb about the minimum number of
needed measurements in order to achieve a satisfactory fitting between reference and reconstructed data is also given.

CS20 ISAP: Asian Ant&Prop CS20 ISAP session: Recent Advances in Asian Antennas and Propagation Research

Cellular Communications / Convened Session / Antennas
Room: Oral Sessions: S4-A - Poznan
Chairs: Jiro Hirokawa (Tokyo Institute of Technology, Japan), Ronan Sauleau (University of Rennes 1, France)

8:40 60-GHz 2D Scan Phased Transmitarray with High Gain and Low Profile
Peng-Yu Feng (UESTC, P.R. China); Shi-Wei Qu (University of Electronic Science and Technology of China, P.R. China)

Due to the restricted transmit power and high propagation loss, highly directional antennas are urgently required in 60-GHz frequency band. In this paper, a low-loss transmitarray antenna (TAA) fed by a 6x6 phased array antenna (PAA) for high-gain conical beam scanning is proposed at 60 GHz. The TAA element is with the arrow-shaped metallic pattern in the middle layer and two
polarizers in the upper and bottom layers. The PAA feed element is the printed patch antenna with equivalent metallic cavity, showing an advantage of ease of integration with the control circuits. The proposed PAA-fed TAA features a peak simulated gain of 29.89 dBi in the broadside direction, corresponding to the aperture efficiency of 53.9%, together with a narrow conical beam
scanning with a ~2 dB beam crossover. Furthermore, the gain degradations caused by the surface waves on the PAA feed are analyzed in detail, providing some guidance for the PAA feed design.

9:00 Dual-Polarized Ring-Slot 5G Millimeter-Wave Antenna and Array Based on Metal Frame for Mobile Phone Applications

Shengjie Wu, Anping Zhao and Zhouyou Ren (Shenzhen Sunway Communication Co., Ltd, P.R. China)

In this paper, a dual-polarized ring-slot 5G millimeter-wave antenna and its array are proposed. The antenna consists of a cavity-backed ring-slot and two micro-strip feeding branches which are mutually orthogonal. The 45 degree dual-polarized modes are obtained by coupled feeding the ring-slot with the two feeding branches. The -10dB impedance bandwidth of the proposed
antenna is from 27.5GHz to 28.35GHz. The realized gain is 4.86dBi and difference between the co- and cross-polarized level is better than 15dB at 28GHz. For the 1x8 linear array composed of the antenna element, the realized gain and side lobe level of the array in the two polarized modes are pretty good, when the scanning angle varies from 0 to 50 degrees. The proposed antenna
array can be integrated with the metal frame of handset devices, which can achieve good end-fire radiation at the same time.

9:20 A MMW Reconfigurable Antenna with Switched Beams Using Functional Materials

Hang Wong and Qing-Yi Guo (City University of Hong Kong, Hong Kong); Laure Huitema (Xlim Laboratory, France); Aurelian Crunteanu (XLIM, CNRS/ University of Limoges, France)

This paper introduces a novel reconfigurable antenna with switched beams by using integrated phase-change material (PCM). Two PCM GeTe-based parasitic patches considered as switchable elements between amorphous and crystalline states are applied to operate with a driven patch radiator. The proposed antenna achieves three switched beams at 0°, 20° and 60° with respect to
the broadside direction with realized gains of 7 dBi at 30 GHz. Obtained result shows that the proposed technique is effective to control the tilted beam angle of the antenna by the amorphous-to-crystalline activation of the GeTe patch which can be realized by an optical source, making the antenna simple and compact without extra bias circuit. Hence, the antenna is suitable for
millimeter-wave applications.

9:40 Circularly Polarized Multi-beam Transmitarray Antenna Using Metasurface

Chang-Hyun Lee, Viet Hoang, Sang Wook Chi, Sun-Gyu Lee and Jeong Hae Lee (Hongik University, Korea)

This paper presents a circularly polarized quad-beam transmitarray antenna using metasurface. A unit cell of metasurface based on the Jerusalem cross-shaped patch is miniaturized and optimized through equivalent circuit analysis and its performance is further verified through generalized sheet transition conditions. The 4 layered metasurface is a 17 x 17 array of unit cells at the
operation frequency of 5.8GHz. The principle of superposition was used to simply obtain quad-beam. Finally, a low profile transmitarray antenna with 0.2 of F/D was designed by choosing the feed antenna with the optimum gain. The designed transmitarray antenna with quad-beam has the peak gain of 12.1 dBic, and the aperture efficiency and 1 dB gain bandwidth were found to be
30.7% and 3.5%~5.5% at four beams, respectively.

10:00 Ultra Thin Triple-Layer Square Slot Element for Conformal Transmitarray Design
Lizhao Song (University of Technology Sydney, Australia); Peiyuan Qin (University of Technology, Sydney, Australia); Y Jay Guo (University of Technology Sydney, Australia)

A triple-layer transmitarray element at 25 GHz is presented in this paper. The element consists of three layers of identical square slots. The entire thickness of the element is 0.508 mm which is equal to 0.043 wavelength in the free space at 25 GHz. Despite of the very thin feature of the element, a full transmission phase range of 360° can be achieved with a maximum 3.8 dB loss. The
element is applied to a curved transmitarray conformal to a cylindrical surface. A peak gain of 19.6 dBi at 25.5GHz is realized.

10:20 Coffee Break

10:50 Path Loss Model in Crowded Indoor Environments Considering Multiple Human Body Shadowing of Multipath at 4.7 GHz and 66.5 GHz

Mitsuki Nakamura (NTT Corporation, Japan); Motoharu Sasaki (NTT Access Network Service Systems Laboratories, Japan); Wataru Yamada (Nippon Telegraph and Telephone Cooporation, Japan); Yasushi Takatori (NTT Network Innovation Laboratories, Japan)

In this paper, we report the propagation loss estimation model in the congested environment and also show the estimation formula to make it possible to derive the estimation result easily. We obtained propagation loss characteristics in the 4.7 GHz and 66.5 GHz bands around the Kamioka station ticket gate, which is an indoor congested environment. The RMS error of the calculation
result of the propagation loss estimation formula proposed by the authors and the measured value improved by about 1 dB on average as compared with the free space loss and the RMS error of the measured value. The propagation loss estimation formula proposed by the authors can be said to be able to estimate the propagation loss characteristics with high accuracy even in indoor
environments.

11:10 Recent Progress in Metasurface Antennas Using Characteristic Mode Analysis

Page 71/103


https://edas.info/showPerson.php?p=1357179&c=25108
https://edas.info/showPerson.php?p=11539&c=25108
https://edas.info/showPerson.php?p=321645&c=25108
https://edas.info/showPerson.php?p=326867&c=25108
https://edas.info/showPerson.php?p=320845&c=25108
https://edas.info/showPerson.php?p=258805&c=25108
https://edas.info/showPerson.php?p=541747&c=25108
https://edas.info/showPerson.php?p=1446778&c=25108
https://edas.info/showPerson.php?p=1165765&c=25108
https://edas.info/showPerson.php?p=192873&c=25108
https://edas.info/showPerson.php?p=1357195&c=25108
https://edas.info/showPerson.php?p=541115&c=25108
https://edas.info/showPerson.php?p=189129&c=25108
https://edas.info/showPerson.php?p=1352089&c=25108
https://edas.info/showPerson.php?p=135550&c=25108
https://edas.info/showPerson.php?p=1623331&c=25108
https://edas.info/showPerson.php?p=1509487&c=25108
https://edas.info/showPerson.php?p=1626079&c=25108
https://edas.info/showPerson.php?p=862171&c=25108
https://edas.info/showPerson.php?p=1102445&c=25108
https://edas.info/showPerson.php?p=420651&c=25108
https://edas.info/showPerson.php?p=1350793&c=25108
https://edas.info/showPerson.php?p=1628378&c=25108
https://edas.info/showPerson.php?p=1628695&c=25108
https://edas.info/showPerson.php?p=1462075&c=25108
https://edas.info/showPerson.php?p=1628701&c=25108
https://edas.info/showPerson.php?p=833369&c=25108
https://edas.info/showPerson.php?p=1629327&c=25108
https://edas.info/showPerson.php?p=789861&c=25108
https://edas.info/showPerson.php?p=192404&c=25108
https://edas.info/showPerson.php?p=1504768&c=25108
https://edas.info/showPerson.php?p=688329&c=25108
https://edas.info/showPerson.php?p=286495&c=25108
https://edas.info/showPerson.php?p=12374&c=25108

Program for 13th European Conference on Antennas and Propagation (EUCAP 2019)

Feng Han Lin, Teng Li and Zhi Ning Chen (National University of Singapore, Singapore)
This paper reviews the recent progress in metasurface (MTS) antennas using characteristic mode analysis (CMA), including the modeling, modal analysis, modal excitation, modal manipulation, and modal synthesis of metasurfaces. The characteristics, operating mechanisms, and functions of MTS antennas based on the combinations of multiple modes are reviewed and summarized.

The unique technical merits of MTS antennas are addressed.

11:30 Optically Transparent 1-D EBG Antenna Using Sub-Skin Depth Thin-Film Alloy in the Ka-Band
Jae-Yeong Lee (Pohand Unversity of Science and Technology, Korea); Sohyeon Jung and Youngno Youn (Pohang University of Science and Technology, Korea); Junho Park (Pohang University of Science & Technology, Korea); Wonpyo Kwon (Pohang University of Science and Technology, Korea); Wonbin Hong (Pohang

University of Science and Technology (POSTECH), Korea)

This paper describes an optically transparent one dimensional (1-D) electromagnetic bandgap (EBG) antenna using sub-skin depth thin-film alloy for millimeter-wave frequencies. The measured attenuation factor of RF testing devices fabricated with sub-skin depth thin-film alloy is characterized to be less than 0.3 dB/mm at 30 GHz. To ensure high directivity in the end-fire direction, 1-

D EBG unit cells are implemented on the top surface of the thin-film alloy.

11:50 Measurements of Window Penetration Loss and Building Entry Loss from 3.5 to 24 GHz
Young Chul Lee (Mokpo National Maritime University, Korea); Soon-Soo Oh and Hwa Choon Lee (Chosun University, Korea); Chul Woo Byeon (Wonkwang University, Korea); Sung-Won Park, IlI-Yong Lee, Jong-Hyuk Lim and Jong-Il Lee (National Radio Research Agency (RRA), Korea); ByungLok Cho (Sunchon National

University, Korea)
This paper presents the results of a window penetration loss (WinPL) and building entry loss (BEL) of a traditional office building from 3.5-24 GHz. In order to investigate the factor that most affected BEL frequency-dependence, the WinPL of an on-site window was measured and analyzed using a penetration loss simulation of the double-glazed glass. Both experiments show an

oscillatory dependence of the loss on frequency. A cumulative distribution function (CDF) generated from the BEL data at different frequencies was analyzed in terms of depth within the building. As the results, as a receiver (Rx) moved deep inside the building, the BEL increased. For 50 % values extracted from the CDF data, the frequency characteristics of all locations were similar to
those of the WPL. As with WinPL, the BEL is high at 6 and 18 GHz, and low at 3.5, 10, and 24 GHz. For the traditional office buildings with double-glazed external windows, the BEL frequency-dependence is directly affected by the WPLs of the windows

Thursday, April 4 8:40 - 10:20
MT_MO1 RF mat char: MT_MO1 Techniques and tools for RF material characterisation

Methods & Tools / Regular Session / Measurements
Room: Oral Sessions: S4-B - Lublin
Chairs: Filippo Costa (University of Pisa, Italy), Bernd Gabler (German Aerospace Center (DLR), Germany)

8:40 Detection of Surface Cracks in Metallic Materials Using an Enhanced Symmetrical Split Ring Resonator
Rammah A. Alahnomi (Universiti Teknikal Malaysia Melaka (UTeM), Malaysia); Zahriladha Zakaria, Noor Azwan Shairi, Zulkalnain Mohd Yussof and Amyrul Azuan Mohd Bahar (Universiti Teknikal Malaysia Melaka, Malaysia); Ammar Alhegazi (University Technical Malaysia Melaka (UTeM), Malaysia)
An enhanced sensor based on symmetrical split ring resonator (SSRR) functioning at microwave frequencies has been proposed for detecting and characterizing the cracked surface of the metal materials. The enhanced SSRR sensor is modelled using a High Frequency Structure Simulator (HFSS) and the reflection S11 is performed for testing the aluminum metal with crack and without
crack at the frequency range of 100 MHz to 3GHz. Variation of crack width and depth has been investigated and the most obvious finding emerged from this study is that the ability of detecting a minimum of sub-millimetre crack width and depth which is a round 10 pm width or depth where the minimum shift of reflected frequency is recorded at 6 MHz and 3 MHz for crack width and
depth respectively. The enhanced SSRR provides high capability of detecting small crack defection by utilizing the interaction between coupled gap resonators and it is useful for various applications such as aircraft fuselages, nuclear power plant steam generator tubing, and steel bridges and for others that can be compromised by metal fatigue.

9:00 Effect of SEY in Low Energy Region on Multipactor Threshold of the High Frequency Microwave Components
Guanghui Miao (China Academy of Space Technology (Xi'an) & National Key Laboratory of Science and Technology on Space Microwave, P.R. China); Wanzhao Cui (China Academy of Space Technology Xi'an, P.R. China)
The secondary electron emission yield (SEY) in the low energy region (0-50eV) has always been an important parameter that restricting the performance of electron accelerators, high power microwave sources and space microwave devices. In this paper, a new method of approximate measurement of secondary electron emission yield with "double-meter method" at incident energy
less than 50 eV is introduced based on the commonly used measurement methods and the inherent conditions and structural characteristics of existing equipment. According to the experimental results and the data published in the international research, the accuracy of the measurement theory and experimental operation is verified, and a set of SEY curves of common metals in low
energy region are obtained. Finally, the impedance transformer is designed to simulate the multipactor and compare with the measured results, which is used to study the influence of low-energy secondary electron emission coefficient on the threshold of multipactor. It is found that the SEY curve containing the low-energy region greatly improves the simulation accuracy of multipactor.

The error between the simulation value and the measured value is less than 2%.

9:20 Rigorous Equivalent Circuit of a Patch Loaded Coaxial Permittivity Sensors

Harshitha Thippur Shivamurthy, Marco Spirito and Andrea Neto (Delft University of Technology, The Netherlands)
The design of a patch loaded coaxial sensor in planar technology can be a challenging task. More so if the material under test (MUT) is very dense and the frequency of operation is high. In this paper, the coaxial loaded sensor is characterized using an equivalent circuit that provides the complete picture (qualitative and quantitative) of the fields. The entire patch with the ground plane
is modelled as a parallel plate waveguide with a frequency dependent transformer used to describe the coupling from the coaxial cable to the parallel plate waveguide. The impact of the MUT is accurately included in the evaluation of the end point load of the transmission line. This load is evaluated resorting to an in-house tool based on a dedicated Method of Moments (MoM)

procedure. The transmission line model is validated with the equivalent results obtained by full wave simulations performed via a commercial tool based on Finite Differences in time domain

9:40 Depolarizing Chipless RFID for Non-Contact Material Heath Testing
Filippo Costa (University of Pisa, Italy); Antonio Lazaro (URV, Spain); Simone Genovesi (University of Pisa, Italy); Ramon Villarino and David Girbau (Universitat Rovira i Virgili, Spain)
Depolarizing Chipless RFID for Non-Contact Material Heath Testing

10:00 Nuclear Magnetic Resonance Volumetric Antenna
Achraf Waguaf (ENSEIRB MATMECA, France); Ludivine Fadel, Valerie Vigneras and Francois Demontoux (Universite de Bordeaux, France); Abdoulaye Fall (Université Paris-Est, France); Hakim Takhedmit (Paris-Est Marne-la-Vallée University, France); Marjorie Grzeskowiak (ISAE Supaero, France)
The paper proposes NMR antennas. The idea is to realize antenna dedicated to the study of unsaturated granular material. The aim is to design volumetric antenna whose small size allows increasing the measurement sensibility. The objectives are twofold: enhance the H-field homogeneity and the Signal-to-Noise Ratio.

Thursday, April 4 8:40 - 12:30
CS11 GNSS Ant: CS11 GNSS antennas and antenna systems

Localization & Connected Objects / Convened Session / Antennas
Room: Oral Sessions: S4-C - Kielce
Chairs: Loic Bernard (ISL, France), Slobodan Jovi¢ (Defence R&D Canada, Canada)

8:40 Design of GNSS Antenna Using Polarizer
Mohamad Mantash and Tayeb A. Denidni (INRS-EMT, Canada)

In this paper, a novel wideband circularly polarized global navigation satellite system (GNSS) antenna, operating in the frequency band 1 - 1.6 GHz is presented. An artificial magnetic conductor (AMC) reflector is employed for directing the radiation of the antenna only in the positive z-plane. The proposed antenna uses a simple single layer 2D frequency selective surface (FSS) polarizer
to convert the linearly polarized wave radiated by the antenna into a circularly polarized wave. This polarizer consists of an array of 11 x 11 "T" shaped unit-cells that works in the 1 - 1.7 GHz frequency band at normal and oblique incidence. To demonstrate the validity of the antenna, simulation results by placing the "T" shaped polarizer in the broadside direction of the antenna have been
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shown. An axial ratio (AR) smaller than 3 dB is obtained in the desired GNSS frequency band from 1 to 1.6 GHz with gain enhancement, demonstrating the effectiveness of the polarizer.

9:00 A Novel Circularly Polarized GNSS Antenna with Broadband Feed Network
Tao Zhou and Qing-Xin Chu (South China University of Technology, P.R. China)

A novel broadband GNSS antenna is presented. A new type broadband feed network, combined with four large fan-shaped copper sheets which corners are cut off is used to realize the broad bandwidth.

9:20 Using a Bio-Inspired Algorithm for Efficient Angle-of-Arrival Estimation of GNSS Jammers

Elizabeth Lloyd and Robert J Watson (University of Bath, United Kingdom (Great Britain))

This paper presents a novel use of the Invasive Weed Optimisation algorithm: to quickly locate GPS jammers using a low power, low cost, small system. GPS jammers are often used by criminals and as such, there is a requirement from law enforcement agencies for such a system. In this paper a small, two element antenna array is used with a low power, digitally controlled beamformer.
An Invasive Weed Optimisation algorithm controls the beamformer to find the Angle of Arrival of a GPS jamming signal from a real jammer. The system is able to determine the angle of arrival of the jammer in less than half the time required for a full exhaustive sweep.

9:40 Circularly-Polarized Metasurface Antenna in Cavity for GNSS Applications
Laura Garcia-Gamez (IETR Institute of Electronics and Telecomunications of Rennes & ISL French-German Research Institute of Saint-Louis, France); Loic Bernard (ISL, France); Ronan Sauleau, Sylvain Collardey and Kourosh Mahdjoubi (University of Rennes 1, France); Pouliguen Philippe (DGA, France); Patrick Potier
((DGA), France)

An innovative circularly-polarized (CP) compact antenna is presented here, with the aim to cover three GNSS systems simultaneously, namely Galileo E1, GLONASS G1 and GPS L1, corresponding to a minimum impedance bandwidth of 60 MHz. The proposed design consists of a metasurface-inspired antenna, embedded in a metallic cavity, with a total aperture size of 0.21 A0 x 0.21 A0
centered at the frequency of 1578 MHz. The simulation results demonstrate that it is possible to reach a much wider bandwidth (180 MHz). Experimental results successfully validate the proposed design.

10:00 A Miniaturized GNSS Controlled Reception Pattern Antenna Array with AMC Virtual Ground Plane

Andrej Konforta, Steven Horn, Thomas Bertuch and Peter Knott (Fraunhofer FHR, Germany)
In this contribution, the feasibility of a size-reduced Controlled Reception Pattern Antenna (CRPA) that incorporates seven radiators and an Artificial Magnetic Conductor (AMC) is investigated. The presented design is tailored for satellite navigation signal reception within the L1-Band. It allows for spatial-selective noise suppression to achieve an increased robustness against jamming
equipment while maintaining small outer dimensions. The design of a miniaturized CRPA as well as measurement results of the implementation are presented.

10:20 Coffee Break

10:50 28GHz Dual Polarized Beam Steering Antenna with Substrate Integrated Frequency Selective Structure

Halim Boutayeb (Huawei Technologies, Canada); Wen Tong (Huawei Technologies Canada Co., Ltd., Canada); Fayez Hyjazie (Huawei Technologies Co. Ltd., Canada)

we propose a new type of mm wave beam steering antennas that permits larger steering angular range and almost no gain dispersion versus steering angle. Indeed, the limited angular range and the gain decrease when the steering angle increases are the main drawbacks of conventional planar phased arrays. The proposed design method starts with a substrate integrated waveguide
which has a switchable frequency selective structure. The next design steps consist on a dual polarized conformal arrays, the feeding port structure of a power divider in a radial waveguide, the transitions to the radiating elements, the substrate integrated circular frequency selective structure and finally the full antenna. Based on this design methodology, a dual polarized beam steering
antenna operating at 28 GHz is presented.

11:10 GNSS Reflectometry Systems for Soil Permittivity Determination

Patrizia Savi, Silvano Bertoldo and Albert Milani (Politecnico di Torino, Italy)

Global Navigation Satellite System Reflectometry (GNSS-R) can be successfully used to obtain information about the composition or the properties of ground surfaces, by analyzing GPS signals reflected by the ground. The received power of these signals is proportional to the moduli of the perpendicular and parallel polarization Fresnel coefficients, which in turn depend on the
incidence angle and the ground's permittivity, a parameter related to the ground surface's physical properties. The goal is then to obtain the value of permittivity from the known value of the angle of incidence and the values of the Fresnel reflection coefficients, as measured by an automatic GNSS-R system. In general, the permittivity is a complex number: in some cases (e.g. for non-
dispersive soils), its imaginary part can be neglected, and the permittivity can be assumed to be a real number. In this case, it is possible to solve the Fresnel reflection coefficients explicitly in terms of the permittivity. The corresponding solution formulas can then be used also to verify the validity of other empirical methods of determination of the permittivity. In this work, we present
these formulas, and present a set of their verification, against know values of the permittivity obtained by independent measurements.

11:30 Radiation Characteristics of Differentially-Fed Dual Circularly Polarized GNSS Antenna

Markus Berg (University of Oulu & Excellant LTd., Finland); Jiangcheng Chen and Aarno Parssinen (University of Oulu, Finland)

This paper discusses the method to create a dual circular polarized antenna for GNSS applications. First time, the differentially-driven circular patch is demonstrated to create a feasible cross-polarization discrimination (XPD) for phase accurate antenna structure. Traditional choke rings are applied to control the radiation pattern characteristics. A separate feed network is used to obtain
simultaneous left and right hand circular polarizations for the corresponding coaxial connectors of the antenna. The operation of the feed network is described by using a block diagram. Resulting antenna radiation parameters include max. gain of 6.2 dB, axial ratio <3 dB over the upper hemisphere for the frequency range 1.55-1.61 GHz. The simulated antenna response for right hand
polarized plane wave excitation demonstrate 27-29 dB isolation between the left and right hand antenna ports.

11:50 A Dualband Smart Antenna Set for Precise GNSS Applications in Car

Sebastian Matthie (Universitat der Bundeswehr Minchen, Germany); Stefan Lindenmeier (Universitat der Bundeswehr, Germany)
A micro-diversity-set of two dual-band antenna radiators for high gain reception of the most important GNSS services like GPS, GLONASS and BeiDou in L1 and L2 band is presented. It allows high precision navigation by offering of three decoupled antenna signals which can be constructively combined by a diversity system. The smart construction allows its placing underneath tiny
housings of typical automotive applications. With a lean design based on two punched bent metal sheets the antenna set enables an easy realization. Simulated and measured results of the laboratory and anechoic chamber show its high capability of reception of RHCP waves and high suppression of unwanted reflected LHCP waves for GNSS reception.

12:10 Annular Dielectric Resonator-Based Antenna for Multifrequency GNSS Applications Details on the Engineered Surface Inset

Slobodan Jovi¢ (Defence R&D Canada, Canada); Michel Clénet (Defence Research and Development Canada, Canada); Yahia Antar (Royal Military College of Canada, Canada)

This paper focuses on the design of a 'decoupling network' used for the concept of a novel wideband compact antenna for multi-frequency Global Navigation Satellite Systems (GNSS) application and possibly L-band satellite communications, covering 1.15 to 1.62 GHz. The antenna is based on ring dielectric resonator (DR) with a conformal cylindrical engineered surface, the so-called
'‘decoupling network’, inserted on its inner diameter. The antenna is excited with 4 ports fed with a 900 phase difference to achieve good circular polarization over a wide beamwidth. The engineered surface plays the role of a decoupling network for the feeds, and contributes to the antenna gain and impedance bandwidth enhancement. The engineered surface has been extensively
investigated to better understand its impact on the antenna radiation and matching. Some results of this study are provided in this paper.

Thursday, April 4 8:40 -10:20
R_A0O4 Radar ant: R_A0O4 Radar antennas

Radars / Regular Session / Antennas
Room: Oral Sessions: S4-D - Bytom
Chairs: Muhammad Ali Babar Abbasi (Queen's University Belfast & The Institute of Electronics, Communications and Information Technology (ECIT), United Kingdom (Great Britain)), Shengjian Jammy Chen (The University of Adelaide, Australia)

8:40 Circular Array Retrodirective Action Using a Rotman Lens Beamformer
Anil Chepala (Queen's University of Belfast, United Kingdom (Great Britain)); Vincent Fusco (Queen's University Belfast, United Kingdom (Great Britain)); Muhammad Ali Babar Abbasi (Queen's University Belfast & The Institute of Electronics, Communications and Information Technology (ECIT), United Kingdom (Great

Britain))
We present the first use of a circular array for retrodirection covering full 360°. In particular, we discuss the attributes of the circular array when combined with Rotman beam forming. For reference the characteristics of the circular array when performing retrodirective action using local per element conjugation is also demonstrated. Simulated and measurement results at X~band are
presented. The retrodirective circular array provides the advantage of 360° coverage when compared to other retrodirectors based on uniform linear arrays, as these typically allow only up to +40° sector coverage.
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9:00 Imaging System for Automotive Radome Characterization

Santi Buitrago (CommSenselLab, Universitat Politecnica de Catalunya, Spain); Sebastian Blanch Boris and Jordi Romeu (Universitat Politécnica de Catalunya, Spain)

In this paper, a setup to obtain an image of the attenuation and the reflectivity of an automotive radome in the 77 GHz band is presented. The characterization of the reflectivity is becoming an important issue to be considered in an automotive radome design because the important effects it can produce in the radar sensor performance such as a false detection of a target or even a
blindness of the radar sensor. In addition, the characterization of the attenuation is also important because the reduction in safety due to a possible non-detection of a target. For that reason, a setup to obtain an image of the attenuation and the reflectivity of a radome at the same time is presented. This system can be used to test prototypes in the design process or in the verification
of manufactures samples.

9:20 Selective Metallization of Graphene-based Polymers for Volumetric 3D-printed Antennas

Dmitry Filonov and Pavel Ginzburg (Tel Aviv University, Israel)

Modern 3D-printing techniques allow efficient exploration of the third space dimension, providing advantages over conventional planar architectures. In particular, volumetric electromagnetic antennas can outperform their planar counterparts. Here a new approach to fabrication of electromagnetic devices is developed and applied to antennas, implemented on B-spline surfaces. The
antenna skeleton and the support were simultaneously printed with different polymer materials - PLA mixed with graphene flakes and pure PLA, respectfully. Weakly DC-conductive graphene PLA-based skeleton was post-processed and high quality conductive layer was selectively electrochemically deposited on it. The antenna devices were found to demonstrate radiation
performance, similar to that achievable with conventional fabrication approaches. However, additive manufacturing of RF antennas provides superior capabilities of constructing tailor-made devices with properties, pre-defined by non-standardized end users.

9:40 A Two-Port Microstrip Sensor Antenna for Permitivitty and Loss Tangent Measurements

Mohammad Mahdi Honari, Rashid Mirzavand, Hossein Saghlatoon and Pedram Mousavi (University of Alberta, Canada)
A two-port microstrip sensor antenna is presented for characterizing different materials. The proposed sensor antenna can estimate both permittivity and loss tangent of a sample under test (SUT). The permittivity of material has huge impact on the antenna resonance, while its loss tangent affects power transmitted to the second port. Therefore, by finding out the antenna resonance
and the level of transmission response, one can characterize the materials. The results show that the antenna radiation pattern is not deteriorated for samples with different permittivities and loss tangents.

10:00 UWB Horn Antenna Array Fabricated in Additive Manufacturing Technology

Christian Canestri (Elettronica S.p.A., Italy); Francesco Scattone (Microwave Vision Group (MVG), Italy); Pietro Bia, lvan Russo and Domenico Gaetano (Elettronica S.p.A., Italy); Antonio Manna (Elettronica SpA, Italy)

This work investigates the capabilities of Additive Manufacturing (AM) technology applied to the fabrication of an ultra-wideband (UWB) horn antenna array that works in the C frequency band. A comparison between standard Electrical Discharge Machining (EDM) or milling processes and AM is presented considering several parameters such as cost, feasibility, specific weight and
process accuracy. The antenna array consists in 3x16 horn antennas having a lattice with alternated shift on the elevation plane to reduce the mutual coupling. The measured performances of the AM array are compared with the CST simulations of the full-aluminum array. The results demonstrate that, besides the technological advantages, the presented AM process provides
electromagnetic equivalence with respect to conventional full metallic arrays.

H_AO1 MIMO Smart: H_AO1 MIMO, Diversity, Smart Antennas & Signal Processing

High Data-rate Transfer / Regular Session / Antennas
Room: Oral Sessions: G1- Gniezno
Chairs: loan E. Lager (Delft University of Technology, The Netherlands), Yevhen Yashchyshyn (Warsaw University of Technology, Poland)

8:40 Single RF Chain MIMO Receiver Using Beam-Steering Time Modulated Antenna Array

Grzegorz Bogdan, Konrad Godziszewski, Yevhen Yashchyshyn and Sebastian Koztowski (Warsaw University of Technology, Poland)
Typically, MIMO systems require multiple antennas and multiple radio frequency (RF) chains in order to obtain uncorrelated spatial channels. This leads to cumbersome designs which are expensive to fabricate and consume a lot of energy. This paper shows a MIMO receiver with only one RF chain, which can significantly reduce cost of a MIMO system. Proposed single-RF MIMO receiver
is based on a time modulated antenna array. Diverse channels were obtained by periodical ON/OFF switching. Beam-steering was used to further improve the performance of a MIMO system by focusing the main beam of the receiving antenna toward some desired direction in space.

9:00 Dual-Band MIMO Antenna System for 5G Mobile Terminals

Zhouyou Ren, Anping Zhao and Shengjie Wu (Shenzhen Sunway Communication Co., Ltd, P.R. China)
A dual-band eight-antenna system for multiple-input multiple-out (MIMO) applications in future 5G mobile terminals is presented in this paper. The proposed antenna system consists of eight antenna elements which are placed along two long edges of the mobile terminal. Good antenna total efficiency is obtained for both the low band and high band, while the isolation is better than
15dB between each port. Envelope correlation coefficient (ECC) and channel capacity (CC) are also used to evaluate the MIMO performances of the proposed MIMO antenna system. Antenna prototype is fabricated and measured; and quite good agreement between simulation and measurement is obtained.

9:20 28 GHz Multi-Beam Antenna Array Based on Wideband High-dimension 16X16 Butler Matrix

Xiaozhou Wang (Technical University of Dresden, Germany); Martin Laabs and Dirk Plettemeier (Dresden University of Technology, Germany); Keishi Kosaka (NEC, Japan); Yasuhiko Matsunaga (NEC Corporation, Japan)

28 GHz multi-beam array system employing a wideband high-dimension 16x16 Butler matrix as the Beamforming Network (BFN) is presented for wireless communication with high data rate. The complexity of high-dimension 16x16 Butler matrix is significantly reduced by utilizing a simple three-layer Microstripline (ML) structure to ease the design and fabrication. The proposed multi-
beam array system based on wideband components can operate in a frequency range of 25 GHz to 30 GHz with the insertion loss of 4.8 dB at 28 GHz. 16 orthogonal beams with enhanced directional characteristics, i.e. 16 dBi main beam gain and 7 degree Half Power Beam Width (HPBW) covering a spatial angle range of +68 degree are experimentally achieved. In addition, the
measured radiation patterns at the different feeding frequencies (27 GHz, 28 GHz and 29 GHz) are compared to evaluate the true-time-delay effect in Butler matrix.

9:40 Performance Evaluation of Mobile Hotspot Network Prototype System
Sung Woo Choi (ETRI, Korea); Junhyeong Kim (ETRI & KAIST, Korea); llgyu Kim (ETRI of KOREA, Korea)

This paper presents performance evaluation of mobile hotspot network (MHN) prototype system. The MHN was proposed to provide passenger's Internet access in railways. The system architecture and features of physical layer specification are provided. The evaluation is realized using hardware prototypes in roads for low speeds and using computer simulations for high speeds. The
simulation results show the MHN-E system of 1GHz bandwidth can provides about 3.6 Gbps at 500 km/h. Furthermore, we conducts experiments to specify the effect of cross interference of polarized antennas. The results show the presence of that factor will affect the quality of the signals and degrade the data throughput.

10:00 Pulsed EM Field Radio: The Low-Power, Ultra-fast Bridge to Ubiquitous Fiber Networks

loan E. Lager (Delft University of Technology, The Netherlands); Domenico Zito (University College Cork & Tyndall National Institute, Ireland)
The suitability of pulsed electromagnetic (EM) field radio as a low-power, ultra-fast instrument for bridging the gap between mobile terminals and ubiquitously deployed fiber-optic networks is investigated. An in-depth study of the present trends in fifth generation (5G) mobile communications strategies is carried out, by highlighting the crucial role of Terahertz (THz) and 'low-GHz'
ultra-wideband (UWB) radio implementations. Upon recognising the low-power capabilities of 'low-GHz' UWB solutions, the contribution zooms in on the pulsed EM field transfer and on the features of a monocycle pulse generator that is deemed conditional for future physical realisations of the concept.

F_A11 Future ant 2: F_A11 Future antennas 2

Future Applications / Regular Session / Antennas
Room: Oral Sessions: G2- Opole
Chairs: Manuel Arrebola (Universidad de Oviedo, Spain), Mario Orefice (Politecnico di Torino, Italy)

8:40 An Efficient Trust-Region Algorithm for Wideband Antenna Optimization

Slawomir Koziel and Anna Pietrenko-Dabrowska (Gdansk University of Technology, Poland)

Simulation-driven design closure is a necessary step in the design of modern antenna structures. It is typically realized using parameter sweeping. Application of numerical optimization routines brings better results but it may be computationally expensive due to numerous electromagnetic (EM) analyses involved in the process. Reduction of the optimization cost can be achieved using
various methods, e.g., surrogate-assisted techniques, reduction of the problem dimensionality, etc. Yet, either the main task or its sub-problems (e.g., surrogate model optimization) have to be solved directly. Here, an improved trust-region algorithm working with numerical derivatives is proposed that permits considerable reduction of the number of EM simulations in the optimization
process. Our approach utilizes a smart management of antenna response Jacobian updates derived from relative changes of geometry parameters during subsequent iterations. Our methodology is demonstrated using a benchmark set of wideband antennas. Comparison with a conventional trust-region routine is provided along with a comprehensive analysis of algorithm performance
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involving multiple starting points. The impact of control parameters is also investigated. The average computational savings across the benchmark set are around 50 percent with acceptable degradation of the solution quality.

9:00 Design of a Reconfigurable Array of Monopoles for the Netherlands China Low-frequency Explorer
Michel Arts (ASTRON, the Netherlands Institute for Radio Astronomy, The Netherlands); David S Prinsloo (ASTRON & Netherlands Institute for Radio Astronomy, The Netherlands); Mark Ruiter and Albert Jan Boonstra (ASTRON, The Netherlands)

The Netherlands China Low-frequency Explorer (NCLE) is a scientific payload hosted on the Chang'e 4 relay satellite, part of the Chinese Lunar Exploration Program. It is a pathfinder for a low frequency Moon-based interferometer for frequencies between 80 kHz and 80 MHz. The antenna of NCLE consists of three monopoles with a length of 5 meter. Each pair of monopoles can be
configured as a dipole. This will be done in the digital domain. In this paper the design considerations taken into account during the development of the NCLE antenna system will be presented. Furthermore the sensitivity and polarimetric performance achieved over the operating frequency band of the NCLE antenna system are shown and design considerations for future space-based

low-frequency radio telescopes will be discussed.

9:20 Comparison Between Analytic Derivative and the Technique of Differential Contributions in Reflectarray Phase-Only Synthesis

Daniel R. Prado (Heriot Watt University & School of Engineering & Physical Sciences, United Kingdom (Great Britain)); Manuel Arrebola and Marcos R. Pino (Universidad de Oviedo, Spain); George Goussetis (Heriot-Watt University, United Kingdom (Great Britain))

Many algorithms for the optimization of array antennas need the calculation of a gradient to minimize a cost function. Usually, the best approach is to compute analytically the derivatives, since that way computations are faster. However, sometimes the derivatives are cumbersome to obtain or they cannot be calculated, such as when directly optimizing the layout in reflectarrays for
cross-polarization improvement. In those cases, derivatives are evaluated using numerical techniques such as finite differences. In this work, we present the numerical technique of differential contributions (DFC) to accelerate gradient based algorithms when the derivatives are calculated with finite differences, achieving a complexity time scaling of the same order as the analytical
derivatives. The technique is applied to a far field phase-only synthesis for reflectarray antennas using the generalized Intersection Approach, and it is compared with the analytic derivatives and the use of finite differences with the FFT. The DFC technique shows superior performance in all cases, even than the analytic derivative.

9:40 The Effect of Non-Uniform Conductivity on Radiation Characteristics of a Monopole Plasma Antenna

Mahsa Valipour, Fatemeh Sadeghikia and Ali K. Horestani (Aerospace Research Institute, Iran); Hajar Ja'afar (Universiti Teknologi MARA, Malaysia)

This study examines the effects of the tapered conductivity of plasma in a surface-wave excited plasma antenna on its radiation characteristics including resonant frequency, bandwidth, gain and input impedance. It is observed that if the plasma density in a uniform plasma column is considerably smaller than the equivalent plasma density of copper the resonant length of the plasma
antenna is smaller than its equivalent metallic antenna. The results also indicate that a tapered conductivity distribution along the column (which can be formed in a surface-wave excited plasma) decreases the resonant length of the antenna up to around 20 %. It is shown that a tapered conductivity plasma antenna has also a slightly wider bandwidth. However, these advantages are
achieved at the cost of lower of lower radiation gain, which is due to higher loss in the plasma column.

10:00 Multi-Beam Frequency Tunable Antenna Based on Plasma-Nested Helix

Fatemeh Sadeghikia, Mohammad reza Dorbin, Ali K. Horestani and Mahmoud Talafi Noghani (Aerospace Research Institute, Iran); Hajar Ja'afar (Universiti Teknologi MARA, Malaysia)
A frequency tunable antenna supporting multiple beams based on plasma technology is presented in this letter. Key components of the proposed antenna are an axial mode helical antenna and a nested plasma column antenna inside the helix. The antenna has the potential to operate in the frequency range of VHF (200-400 MHz), with a broadside radiation pattern and L band (900-
1500 MHz) with an end fire radiation pattern. The proposed structure has the ability to restrict its performance in the only L band frequency range. The radiation characteristics are analyzed and investigated using the finite integral technique.

Thursday, April 4 8:40 - 12:30
CS33 Horizon 2020 (EMERALD): CS33 Horizon 2020 research and innovation session (EMERALD): ElectroMagnetic imaging for a novel genERation of medicAL Devices

Biomedical / Convened Session / Propagation
Room: Oral Sessions: A2- Ustka
Chairs: Lorenzo Crocco (CNR - National Research Council of Italy, Italy), Panagiotis Kosmas (King's College London, United Kingdom (Great Britain))

8:40 Advancing Microwave-Based Imaging Techniques for Medical Applications in the Wake of the 5G Revolution

Jean-Charles Bolomey (Supelec Université de Paris Sud XI, France)
This paper is to serve as introduction to a convened session dedicated to the ElectroMagnetic imaging for a novel genERation of medicAL Devices project (EMERALD). It consists in a brief review of the current status of microwave-based imaging techniques and aims to identify their possible future evolution scenarios within the frame of the expected development of 5G and other loT

wireless devices.

9:00 Phantoms for a Novel Generation of Medical Microwave Imaging Devices
Soroush Abedi (Group of Electrical Engineering - Paris, France); Nadine Joachimowicz and Qlivier Meyer (Group of Electrical Engineering - Paris / CentraleSupelec, France); Dominigue Picard (EDF R&D, France); Hélene Roussel (Sorbonne Université, L2E)
This paper shows that the manufacturing process presented in our previous work which was used for building time-stable and remotely reproducible breast and head phantoms, opens up new avenues for mimicking any type of biological tissues in the frequency range of [500 MHz - 3 GHz]. Moreover, the numerical version of the phantom (STL format file) enables to test its conformity,
as well as experimental configurations. The study is placed in the framework of the European project EMERALD.

9:20 Development of an EM Device for Cerebrovascular Diseases Imaging and Hardware Acceleration for Imaging Algorithms Within the EMERALD Network

David O. Rodriguez Duarte, Mohammad Amir Mansoori, Jorge Alberto Tobon Vasquez, Giovanna Turvani, Mario Roberto Casu and Francesca Vipiana (Politecnico di Torino, Italy)
This paper is presenting the first months of research activities within the Marie Sktodowska-Curie Innovative Training Network "EMERALD" developed by the Politecnico di Torino group. Our research work is related to the development of an electromagnetic device for cerebrovascular diseases imaging and to the hardware acceleration of the implemented imaging algorithms via field-
programmable gate arrays or application-specific integrated circuits coupled with regular multicore central processing units and even graphics processing units.

9:40 Early-stage Dielectric Characterisation of Renal Cell Carcinoma for Positive Surgical Margin Detection
Alessandra La Gioia (National University of Ireland Galway, Ireland); Muhammad Adnan Elahi (National University of Ireland, Galway, Ireland); Anna Bottiglieri (Translational Medical Device Lab & National University of Ireland, Galway, Ireland); Niko IStuk (National University of Ireland, Galway, Ireland); Catherine Dowling
and Frank D'Arcy (University Hospital Galway, Ireland); Martin O'Halloran (National University of Ireland, Galway, Ireland); Emily Porter (National University of Ireland Galway & Translational Medical Device Lab, Ireland)
Partial nephrectomy is preferred to total nephrectomy for clinically localised renal cell carcinoma. Currently, the risk of positive margins during partial nephrectomy is minimised with the use of intraoperative ultrasound. In this study, dielectric spectroscopy is proposed for the detection of positive margins. Specifically, the feasibility of using an open-ended coaxial probe operating at

microwave frequencies is evaluated for in vivo differentiation between positive and negative surgical margins. Due to the lack of dielectric properties of renal cancerous tissue in the literature, early stage ex vivo dielectric measurements were conducted on five human renal samples immediately after excision. A wide range of dielectric measurement results were obtained due to the
heterogeneity of renal samples and the different longitudinal location of the cancerous tissue across the samples. This outcome suggests the need to refine the protocol for dielectric characterisation of renal cell carcinoma and highlights the limitations of a coaxial probe at detecting renal tumour margins.

10:00 Advances Towards the Development of a Brain Microwave Imaging Scanner

Syed Ahsan (King's College London, United Kingdom (Great Britain)); Maria Koutsoupidou (King's College London, UK); Eleonora Razzicchia (King's College, United Kingdom (Great Britain)); loannis Sotiriou and Panagiotis Kosmas (King's College London, United Kingdom (Great Britain))
This paper presents some hardware advances towards a microwave system for brain imaging. In particular, we present a new antenna array design for efficient propagation of microwave signals in the head, as well as a metamaterial structure designed for transmission enhancement through impedance matching. The presented system is modelled in CST Microwave Studio, using a
specific anthropomorphic mannequin (SAM) head model to analyse performance. Simulations results suggest that our designs can be useful in designing a microwave scanner for brain imaging applications such as stroke detection and monitoring.

10:20 Coffee Break

10:50 Survey and Classification of Antennas for Medical Applications
Tushar Singh Singh (University of Belgrade & WIPL-D, Serbia); Marija Nikolic Stevanovic (School of Eletrical Engineering, University of Belgrade, Serbia); Branko Kolundzija (University of Belgrade, Serbia)
In this paper we give a detailed survey of various antenna types used in microwave medical applications. This is the first step towards a development of a thorough numerical library containing various components used in microwave medical systems such as antennas, phantoms, matching media, etc. The goal of this effort is to enable researchers in this field, to efficiently and easily test
their algorithms and/or hardware using standardized components. In addition, such a library would encourage considering the whole system instead of partial approach in which e.g., developing imaging algorithms ignored the physical sensors etc. Here, we consider various antenna designs that have emerged in the last twenty years. In particular, we discuss the chronological evolution
of antennas for hyperthermia, biotelemetry and microwave imaging. We also classify antennas with respect to utilized frequency band, such as Medical Implant Communication Service (MICS), industrial, scientific and medical (ISM) radio bands, and ultra wide-band (UWB).

Page 75/103


https://edas.info/showPerson.php?p=321315&c=25108
https://edas.info/showPerson.php?p=996619&c=25108
https://edas.info/showPerson.php?p=551831&c=25108
https://edas.info/showPerson.php?p=358768&c=25108
https://edas.info/showPerson.php?p=1178465&c=25108
https://edas.info/showPerson.php?p=321755&c=25108
https://edas.info/showPerson.php?p=320317&c=25108
https://edas.info/showPerson.php?p=195899&c=25108
https://edas.info/showPerson.php?p=1618469&c=25108
https://edas.info/showPerson.php?p=1449041&c=25108
https://edas.info/showPerson.php?p=1532601&c=25108
https://edas.info/showPerson.php?p=814365&c=25108
https://edas.info/showPerson.php?p=1449041&c=25108
https://edas.info/showPerson.php?p=1589703&c=25108
https://edas.info/showPerson.php?p=1532601&c=25108
https://edas.info/showPerson.php?p=1589702&c=25108
https://edas.info/showPerson.php?p=814365&c=25108
https://edas.info/showPerson.php?p=188660&c=25108
https://edas.info/showPerson.php?p=1629080&c=25108
https://edas.info/showPerson.php?p=322005&c=25108
https://edas.info/showPerson.php?p=1179199&c=25108
https://edas.info/showPerson.php?p=1266939&c=25108
https://edas.info/showPerson.php?p=981469&c=25108
https://edas.info/showPerson.php?p=1629157&c=25108
https://edas.info/showPerson.php?p=1629295&c=25108
https://edas.info/showPerson.php?p=691771&c=25108
https://edas.info/showPerson.php?p=1537805&c=25108
https://edas.info/showPerson.php?p=214008&c=25108
https://edas.info/showPerson.php?p=325977&c=25108
https://edas.info/showPerson.php?p=1535046&c=25108
https://edas.info/showPerson.php?p=1179221&c=25108
https://edas.info/showPerson.php?p=1590956&c=25108
https://edas.info/showPerson.php?p=1581161&c=25108
https://edas.info/showPerson.php?p=1629419&c=25108
https://edas.info/showPerson.php?p=1629421&c=25108
https://edas.info/showPerson.php?p=833577&c=25108
https://edas.info/showPerson.php?p=322625&c=25108
https://edas.info/showPerson.php?p=1355346&c=25108
https://edas.info/showPerson.php?p=1174675&c=25108
https://edas.info/showPerson.php?p=1629438&c=25108
https://edas.info/showPerson.php?p=1629355&c=25108
https://edas.info/showPerson.php?p=350171&c=25108
https://edas.info/showPerson.php?p=1241993&c=25108
https://edas.info/showPerson.php?p=1631793&c=25108
https://edas.info/showPerson.php?p=321840&c=25108

Program for 13th European Conference on Antennas and Propagation (EUCAP 2019)

11:10 Innovative Imaging Tools and Devices for Clinical Monitoring Within the EMERALD Network

Selcuk Ozgiir (CNR - National Research Council of Italy, Italy); Rosa Scapaticci (CNR-National Research Council of Italy, Italy); Marta Cavagnaro (Sapienza University of Rome, Italy); Paolo Rocca (University of Trento, Italy); Lorenzo Crocco (CNR - National Research Council of Italy, Italy)
The Marie Sktodowska-Curie Innovative Training Network "EMERALD" is a recently started project aimed at progressing the state of the art of microwave imaging devices for medical applications. In this framework, the goal of the project tasks based at CNR-IREA is twofold. First, ad-hoc imaging algorithms tailored to the prototype devices for clinical follow-up and image-guided
treatment designed and realized within the network will be developed. Second, a microwave imaging device for monitoring and guiding microwave ablation treatments will be designed, realized and tested. This paper presents the initial research activities carried out by the CNR-IREA team within the EMERALD project.

11:30 S-parameter Calibration Procedure for Multiport Microwave Imaging Systems

Manuel Kasper, Mykolas Ragulskis and Ferry Kienberger (Keysight Technologies, Austria)
Multitude of antennas are typically used in microwave imaging systems. Here we outline a simple and effective way for calibrating multiport imaging systems. By using only one additional component, an electronic calibration module (ECal), one port is calibrated and the calibration plane is thereby moved to the antenna connector. Assuming all antennas interact with the test phantom in
the same way, the one-port calibration is transferred to all other antennas. For full calibration including the transmission path, the "unknown thru" technique is used. This calibration procedure is simple and can be performed more frequently, as it can be fully automated, and no RF components are perturbed.

11:50 Numerical Study of Differential Temperature Measurement in Human Muscle Tissue Using UWB Radar
Ondrej Fiser, Jr. (Czech Technical University in Prague & Faculty of Biomedical Engineering, Czech Republic); Vojtech Hruby (Czech Technical University in Prague, Czech Republic); Sebastian Ley and Marko Helbig (Technische Universitat lImenau, Germany); Jurgen Sachs (llmenau University of Technology, Germany);
Jan Vrba (Czech Technical University, Czech Republic)

This paper deals with the numerical study of the differential temperature measurement by means of ultra-wide band (UWB) radar in the muscle tissue. The temperature range of interest corresponds to the hyperthermia tumor treatment (up to 45 °C). A 1D model based on Mason graphs and a simplified sandwich structure are introduced to observe the expected usable frequency band
and differential signal dependence on the temperature change. Results show a linear dependence of the received radar signals on temperature change in the human muscle phantom. We numerically proved that it is possible to detect temperature changes inside the UWB signals backscattered from heated region.

12:10 Functional Microwave Imagining System Based on Cognitive Scanning for Brain Activities Monitoring: A Feasibility Study
Mohammad QOjaroudi (University of Limoges/CNRS, France); Stéphane Bila (XLIM UMR 7252 Université de Limoges/CNRS, France); Philippe Leveque (CNRS & XLIM, France); Philippe Carré (University of Poitiers, France)

This paper presents a new concept of cognitive scanning using hybrid MIMO-phased array radar (HMPAR) for functional near-field imaging of brain activity in the framework of algorithm/architecture co-design. In the proposed paradigm, the communication challenges of cognitive scanning are concurrently searching, detecting and tracking the activated brain regions. The proposed
system model is a HMPAR approach including MIMO array for target detection and MIMO-phased sub-array for tracking the detected targets in the allocated subarrays. In the current paper, we assess the feasibility of using a waveform and pattern (beam-forming and beam-steering) diversities for developing the proposed framework. In order to improve the resolution, contrast and
accuracy of a characteristics target inside a biological phantom, some initial methods are employed for 1D time domain reflectometry and 2D visualization. Simulated results show that the proposed framework could be feasible for functional microwave imaging application.

Thursday, April 4 10:50 - 12:30
CS49 UWB Feed and PAF Radio Telescopes: CS49 Development of UWB Feed and PAF Technologies for Future Radio Telescopes

Space / Convened Session / Antennas
Room: Oral Sessions: S2 — Warszawa
Chairs: Dirk de Villiers (Stellenbosch University, South Africa), Jian Yang (Chalmers University of Technology, Sweden)

10:50 Design of Octave-bandwidth Phased Array Feed for Large Radio Telescope
Jin Fan (National Astronomical Observatories, CAS, P.R. China); Jian Yang (Chalmers University of Technology, Sweden); Yihua Yan (National Astronomical Observatories, Chinese Academy of Sciences, P.R. China); Kai Zhu and Peng Jiang (National Astronomical Observatories, CAS, P.R. China); Hailin Cao (Chongqing

University, P.R. China); Jun Ma (Xinjiang Astronomical Observatory, P.R. China); Bin Li (Shanghai Astronomical Observatory, P.R. China)
This paper presents design scenarios of Octave-bandwidth Phase Array Feed (PAF) based on a novel wideband dual polarized tightly-fed Bowtie antenna element. The PAF are optimized for the 4 - 8GHz band aiming to possible later integration in the SKA pathfinder PHAROS2. The proposed design can be a good candidate of PAF for the Five hundred meter Aperture Spherical
Telescope (FAST) and Qi Tai Telescope (QTT) as well as other large radio telescopes.

11:10 Wideband Feed Performance Limits on Shaped and Unshaped Offset Gregorian Reflector Antennas

Robert Lehmensiek (Cape Peninsula University of Technology, South Africa); Dirk de Villiers (Stellenbosch University, South Africa)
This paper investigates by means of a full parametric study the performance limits of both the classical conic section (unshaped) and shaped offset Gregorian reflector antenna systems with a theoretical ideal (and realistic) wideband feed at the focus. The ideal feed is optimized on each reflector system for maximum receiving sensitivity. It is shown that the difference in performance of
shaped versus unshaped systems is significant, and that the optimum shaped reflector system exhibits a large and flat optimum region in the shaping parameter space.

11:30 Surrogate Based Optimization of Wideband Reflector Feed Antennas

Dirk de Villiers and Fahmi Mokhupuki (Stellenbosch University, South Africa)

This paper presents a surrogate based optimization strategy for the rapid design of reflector antenna feeds. A multi-fidelity optimization scheme is employed, where the fast coarse model of the aperture efficiency is based on an interpolant of the Characteristic Basis Function Pattern (CBFP) coefficients. The training points of the interpolation model are selected by an expected
improvement sequential design strategy, with the minimization goal function in this case, the negative aperture efficiency, penalized by the probability that the reflection coefficient magnitude exceeds a pre-defined limit. A Kriging model of the reflection coefficient magnitude is constructed from all available training data, which includes statistical information of the apparent model
confidence over the full design space. An example of a quad-ridge flared horn design is presented, highlighting the efficiency of the suggested method.

11:50 Pattern Measurements of Cryogenically Cooled Ultra-Wideband Feed Horn
Ken Smart (CSIRO Astronomy and Space Science, Australia); Alex Dunning (CSIRO, Australia); Stephanie Smith (CSIRO & Astronomy and Space Science, Australia); Nick Carter and Michael Bourne (CSIRO Astronomy and Space Science, Australia); Paul Doherty (CSIRO, Australia); Santiago Castillo (CSIRO Astronomy and

Space Science, Australia); Bin Dong (National Astronomical Observatories, Chinese Academy of Sciences, P.R. China)
Thermal changes can have an effect not only on the dimensional stability of mechanical parts but also on their dielectric properties as well as the phase and amplitude of active components. An ultra-wide-bandwidth receiver has been developed for the Parkes Radio Telescope. Radiation patterns of the feed were measured at cryogenic temperatures in the CASS anechoic chamber at
Marsfield. The internal features of the final design were adjusted to account for dimensional changes of the materials at cryogenic temperatures.

12:10 Sensitivity Simulation and Measurement of the SKA Band 1 Wideband Feed Package on MeerKAT
Jonas Flygare (Chalmers University of Technology, Sweden); Adriaan Peens-Hough (SARAO, South Africa); Leif Helldner (Chalmers University of Technology, Sweden); Magnus Dahlgren (Onsala Space Observatory, Chalmers, Sweden); George Smit and Pieter Kotze (SARAO, South Africa); Ronny Wingden, Tobia Carozzi,
Ulf Kylenfall, Lars Pettersson and Miroslav G. Pantaleev (Onsala Space Observatory, Chalmers University of Technology, Sweden)
Advances in wideband feed technology for radio telescopes enable high sensitivity observations over large bandwidths. The wideband quad-ridge flared horn (QRFH) feed package for Band 1 of the Square Kilometre Array (SKA) was optimized for high sensitivity. The 3:1 feed package covers 350-1050 MHz and is a complete room temperature system with low-noise amplifiers

integrated inside the ridges of the horn. The QRFH is dual-linear polarized and designed with spline-defined profiles for the horn and ridge shape. Measured feed s-parameters show input reflection less than -11 dB across the band with good port isolation. In this paper we present the first measured sensitivity levels of the Band 1 feed package, which was tested on the SKA precursor
reflector MeerKAT. We also present measured aperture efficiency and intrinsic cross-polarization (IXR). The measured results show good agreement with simulations.

MT_AO8 Metamat: MT_AO8 Metamaterials, metasurfaces and EBG for antennas

Methods & Tools / Regular Session / Antennas
Room: Oral Sessions: S4-B - Lublin
Chairs: loan E. Lager (Delft University of Technology, The Netherlands), Zvonimir Sipus (University of Zagreb, Croatia)
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10:50 Frequency Reconfigurable Self-Oscillating Active Integrated Antenna Using Metamaterial Resonators and Slotted Ground Radiator

Tzyh-Ghuang Ma, Yu Wei Chang, Huy Nam Chu and Wen-Jiao Liao (National Taiwan University of Science and Technology, Taiwan)
In this paper, the concept of a frequency reconfigurable self-oscillating active integrated antenna is proposed and experimentally validated by means of metamaterial resonators and slotted ground radiator. By controlling the switch on and off, the metamaterial resonator is reconfigured between a composite right-/left-handed (CRLH) structure and a Mu-negative (MNG) structure, with
or without the shunt-to-ground inductance included. The oscillation property responds accordingly. The design concept and preliminary experimental results are introduced and discussed.

11:10 THz Thin Film Sensing with Labyrinth Metasurface Absorber

Irati Jaurequi-Lopez (Universidad Publica de Navarra, Spain); Pablo Rodriguez-Ulibarri (Asociacion de Industria Navarra, Spain); Aitor Urrutia (Public University of Navarre, Spain); Sergei Kuznetsov (Novosibirsk State University, Russia); Miguel Beruete (Universidad Publica de Navarra, Spain)

In this work, a labyrinth metasurface sensor operating in the Terahertz (THz) band is presented. The strong electric field confinement leads to an excellent performance of this structure as thin film sensor. The sensing capability of the designed structure is numerically and experimentally measured. As the analyte thickness is increased, a frequency shift of the fundamental resonance is
observed. Two different designs are studied both of them with excellent performance. An experimental average Figure of Merit (FOM) of 5093 (mm/RIU)-1 and 3111 (mm/RIU)-1 are obtained for both designs, improving the results obtained in the literature for structures fabricated with the same manufacturing techniques. Next, a numerical study of the behavior of the metasurface
depending on the polarization characteristics is presented. The polarization angle of the incident E-field is varied between 0° and 90° showing a stable response in terms of the reflection coefficient. This aspect presents great advantages for thin film sensing, and could be extended to biological sensing in the future.

11:30 Experimental Verification of a Leaky-Wave Antenna Based on a Bianisotropic Huygens' Metasurface

Elena Abdo-Sanchez (University of Malaga & E. T. S. |. Telecomunicacion, Spain); Michael Chen (University of Toronto, Canada); Ariel Epstein (Technion - Israel Institute of Technology, Israel); George V. Eleftheriades (University of Toronto, Canada)

In this communication, the experimental verification of a leaky-wave antenna that uses a Huygens' metasurface to have a control on the radiation parameters is addressed. The antenna consists of a parallel-plate waveguide in which the top plate has been replaced by an omega-type bianisotropic Huygens' metasurface, in order to transform the guided mode into the desired leaky-mode
with arbitrary choice of the leakage rates, pointing direction and waveguide height. The physical implementation of the metasurface is explained. Two design examples, radiating at broadside with different leakage factors, are implemented, manufactured and measured. Simulated and experimental results of the achieved directivity, scanning performance and radiation patterns are
provided, experimentally corroborating the concept.

11:50 Analysis of Curved Metasurfaces with Spatially-Varying Impedance Distribution

Zvonimir Sipus (University of Zagreb, Croatia); Dominik Barbaric (Ericsson Nikola Tesla dd, Croatia); Marko Bosiljevac (University of Zagreb, Croatia)

Metasurfaces have garnered significant attention in recent years since they act as electromagnetic devices that direct waves, manipulate the polarization of transmitted or reflected waves, or influence the spectrum properties of those waves. Till now most of the attention was focused on the development of planar metasurface structures, however, many demanding electromagnetic
applications require the implementation of curved structures. We consider curved metasurfaces that are not homogeneous, i.e. metasurfaces that have spatially-varying distribution of surface sheet impedance. The proposed formulation also covers metasurfaces that do not encompass the entire canonical curved surface. The results are verified through several experimentally
characterized cylindrical metasurface examples.

12:10 Volume Coil for MRI Based on Metasurface

Anton Nikulin (PSL Research University, France); Benoit Larrat (CEA, Universit”e Paris Saclay, France); Julien de Rosny (Institut Langevin, ESPCI Paris, CNRS, France); Abdelwaheb Ourir (Institut Langevin ESPCI Paris CNRS, France)

Conventional birdcages are radiofrequency coils for magnetic resonance imaging (MRI). Analyzing these coils in terms of metasurface leads to engineering their properties as will and achieve original applications. To that end, we control the intrinsic impedance and the phase shift of each unit cell. As a demonstration, we use this concept to break the periodicity of the structure in order
to provide a wide aperture allowing an easy access to the region of interest. We show that this coil, that we have called opencage, achieves good isolation between two driving ports and high homogeneity of the magnetic field. The results of measurements realized with phantom and in-vivo in MRI are presented. These results have confirmed the good performances predicted by our
theoretical approach and the numerical calculations. This opencage coil could be used for many applications such as preclinical imaging of small animals or human head clinical imaging.

F_PO6 Body Propag: F_PO6 Body-area propagation

Future Applications / Regular Session / Propagation
Room: Oral Sessions: S4-D - Bytom
Chairs: Slawomir J. Ambroziak (Gdansk University of Technology, Poland), Kenan Turbic (IST - University of Lisbon & INESC-ID, Portugal)

10:50 Ultra Wideband in Vivo Channel Modelling with Respect to Ex Vivo Antenna Location
Muhammad llyas and Oguz Bayat (Altinbas University, Turkey); Muhammad Ali Imran and Qammer H Abbasi (University of Glasgow, United Kingdom (Great Britain))

This article presents mathematical channel modeling for in-vivo communication in terms of the change in the position of the ex-vivo antenna at ultra-wideband frequencies. It is shown that the location dependent characteristics are not only dependent on the in-vivo devices placed inside the human body but also the position of ex-vivo devices can impact the channel. Results are
calculated using the mathematical model and curve fitting technique by calculation of the Root Mean Square Error (RMSE). The statistics of error prediction among the measured data and the proposed model is RMSE = 14.46 for the right lateral and RMSE = 11.63 for the left lateral respectively. These results will help the system designer in accurate link budget calculation for designing
enhance implantable devices.

11:10 A Statistical Model for On-Body Channels in Indoor Considering Rooms Geometry and Subject Location

Badre Youssef (Télécom ParisTech-Institut Mines-Télécom & LTCI, France); Manel Berrah (Télécom ParisTech, France); Christophe Roblin (Telecom ParisTech & LTCI - Institut Mines-Télécom, France)
The influence of the surrounding environment on the characteristics of the on-body channel for three radio links of Wireless Body Area Networks is considered in this article. A comprehensive measurement campaign was driven in various rooms focussing on the influence of rooms geometry on the Path Loss, the on-body shadowing and the small scale fading. Simple quantitative
models depending on a single parameter representing rooms geometry are proposed.

11:30 Magnetic Nanoparticle-Guided Blind-Focusing in Microwave Hyperthermia: Numerical Assessment in the Case of Neck Tumors

Gennaro Bellizzi (University of Naples Federico Il, Italy); Ovidio Mario Bucci (University of Naples, Italy)
This paper concerns with a recently proposed approach of blind focused microwave hyperthermia, exploiting magnetic nanoparticles as contrast agents, and aims at numerically assessing the approach in the clinically relevant case of the treatment of neck tumors. To this respect, a realistic scheme, inspired by the prototypal system called Hypercollar, has been adopted. The well-
known Zubal phantom has been exploited as human model. The numerical results show that the proposed approach works well also in a realistic and complex situations like the one considered in this study.

11:50 Experimental Study on the Phase Analysis of FMCW Radar for Vital Signs Detection

Mostafa Alizadeh (University of Waterloo, Canada); George Shaker (University of Waterloo & Spark Tech Labs, Canada); Safieddin Safavi Naeini (University of Waterloo, Canada)
In this work, we address the challenge of the FMCW radar phase analysis known as the phase wrapping. A new solution is proposed based on a recursive phase correction, which does not resort to differentiation or integrations. In addition, the method is implemented and tested for a subject in order to detect heart and breathing rates in a bedroom environment. On the other hand, we
derive the cardio-respiration waveforms for the subject to demonstrate the feasibility of using the radar for clinical applications.

12:10 Development of a Biometric IntraBody Communication

Romain Huet (University of Nancy, France); Philippe Levionnais and Olivier Lepetit (Orange, France); Radu Ranta and Valerie Louis (CRAN, France)
The paper presents the development and the evaluation of a biometric device using IntraBody Communication (IBC). The receiver is presented as a mobile phone casing and can be plugged into a smartphone. The emitter is a fixed antenna whose distance to the user hand may vary in time, depending of the user's movements. The main objective of this device's development is to
evaluate whether the gesture of approach and contact antenna is an inter-individual signature. A comparison is made between conventional IBC devices and our prototype (called Orange prototype). A way of making a biometric identification is also developed in this paper.

H_AO04 Meta & EBG: H_A04 Metamaterials, metasurfaces and EBG

High Data-rate Transfer / Regular Session / Antennas
Room: Oral Sessions: G1- Gniezno
Chairs: Astrid Algaba Brazalez (Ericsson Research, Ericsson AB, Sweden), Traianos Yioultsis (Aristotle University of Thessaloniki, Greece)
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10:50 Design of Millimetre Wave Phase Shifting Element Using Air-Bridged Schottky Diodes

Evangelos Vassos, James Churm and Alexandros Feresidis (University of Birmingham, United Kingdom (Great Britain))
A novel design using diodes for tuning periodic phase shifting surfaces at millimetre-wave frequencies is proposed. The presented design consists of a unit cell simulation of a periodic surface with embedded diodes, placed over a ground plane. The tuning is achieved by means of an air-bridged Schottky diode; by varying the reverse bias, the impedance response of the metasurface
can be altered, enabled by the variable junction capacitance. Simulations have been carried out using CST Microwave Studio to extract and evaluate reflection losses and the tuning range of the proposed phase shifter.

11:10 Correlation Reduction in a 4-Element MIMO Antenna Using Partially Reflective Surface
Tayyab Hassan (Research Institute for Microwave and Millimeter-Wave Studies, National University of Sciences and Technology, Islamabad); Muhammad Umar Khan (National University of Sciences and Technology & Research Institute for Microwave and Millimeter-Wave Studies, Pakistan); Nosherwan Shoaib (Research

Institute for Microwave and Millimeter-Wave Studies (RIMMS) & National University of Sciences and Technology (NUST), Pakistan); Rifagat Hussain (KFUPM, Saudi Arabia); Mohammad S. Sharawi (Polytechnique Montreal, Canada)
This works presents the reduction of the correlation coefficients in a four element (2x2) multiple-input-multiple-output (MIMO) antenna using a partially reflective surface (PRS). The PRS has a phase gradient in two dimensions and is used above the radiating elements in a Fabry-Perot cavity configuration with reduced height. The system is designed for operation at 10 GHz. The
effectiveness of the technique is demonstrated by computing and comparing the correlation coefficients based on far-fields, for with and without the PRS. The proposed structure results in more than 65% reduction in each of the three correlation coefficients, thus projecting enhanced MIMO performance.

11:30 A Transmission Metasurface for Generating High-efficiency Broadband Millimeter Wave OAM Beams
Zhongling Ba (Shanghaitech, P.R. China); Xiong Wang (ShanghaiTech University, P.R. China)

This paper presents a transmission type broadband millimeter wave orbital angular momentum (OAM) generator. A three-layer metallic metasurface structure is proposed to implement the broadband OAM generator. The middle layer mainly modulates the phase of transmitted wave to achieve broadband desired features by properly adjusting dimensions of unit cells. The other two
layers are made of metallic gratings that aim to improve transmission efficiency of the metasurface. Two metasurface-based OAM generators with mode numbers of 1 and 2 are designed and simulated. Good transmission efficiency and spiral phase profile are observed in the entire design bandwidth from 55 and 65 GHz. Mode spectra is also calculated to demonstrate the favorable
quality of the millimeter wave OAM beams. This work can find potential applications in a bunch of areas like communications and object detection in the millimeter wave regime.

11:50 Spherical Active Frequency-Selective Surface for 3-D Beam-Scanning Antenna
Ali Hassan (SVUIS, Syria); Omran Abbas (Damascus University, Syria)

This paper presents a novel design of active frequency-selective surface (AFSS) in a spherical form where an omnidirectional planar monopole antenna is placed at the sphere's center. The proposed design can achieve beam steering in both the azimuth and elevation planes. Hexagonal cells are used with incorporated high frequency PIN-Diodes to form the spherical (AFSS) surface.
Every cell can reflect incident EM waves in the operating frequency band when diodes are in ON state and be transparent when diodes are in OFF state. The antenna beam is formed by activating the appropriate cells and making a dish reflector which is focusing the EM waves in the desired direction. The reflecting dish can be formed freely from any part of the spherical (AFSS) surface
for realizing the switched beam antenna.

12:10 Implementation of a Compact Ka-band Parallel Plate Luneburg Lens Based on a Hybrid Dielectric/metasurface Unit Cell

Astrid Algaba Brazalez (Ericsson Research, Ericsson AB, Sweden); Lars Manholm and Martin Johansson (Ericsson Research, Sweden); Martin Mattsson and Oscar Quevedo-Teruel (KTH Royal Institute of Technology, Sweden)
The complete implementation and numerical validation of a compact cost-effective multiport parallel plate Luneburg lens antenna operating at 28 GHz is described in this paper. The lens design consists of two parallel plates separated by a gap where each of them contains a metasurface structure based on a new type of combined dielectric/holey unit cell periodically arranged in a
glide-symmetric configuration. The required refractive index is modulated by only varying the height of the holes. The simulations of the final prototype including a flare to ensure a smooth wave transition from the parallel plate configuration to air, as well as a coaxial-to-waveguide-to-parallel plate feeding, show a 20% bandwidth for 11.5 dB return loss, and the crosstalk remains below

-15 dB for the same frequency band.

F_AO7 Future ant: F_AO7 Future antennas

Future Applications / Regular Session / Antennas
Room: Oral Sessions: G2- Opole
Chairs: Daniele Cavallo (Delft University of Technology, The Netherlands), Paola De Carlo (University of Padova, Italy)

10:50 Synthesis Algorithm for "Quasi-Planar" Dielectric Lenses

Susana Loredo (University of Oviedo, Spain); German Ledn (Universidad de Oviedo, Spain)
In this work a phase-only synthesis algorithm based on a planar aperture model is proposed to design "quasi-planar" dielectric lenses with different radiation characteristics, either with a one-beam or two-beam pattern. The model is initially validated with both GO and full-wave simulations, and then with the measurement of a manufactured prototype in anechoic chamber. Both

simulations and measurement show good agreement with the model results.

11:10 L-band Plasma Turnstile Antenna for GPS Applications

Giulia Mansutti (Universita degli Studi di Padova, Italy); Paola De Carlo, Antonio-D. Capobianco and Davide Melazzi (University of Padova, Italy); Fabio Trezzolani (University of Padua, Italy); Alberto Tuozzi (ASI - Italian Space Agency, Italy)

This work presents the preliminary results of a crossed dipole antenna that works in the L-band and that exploits plasma technology to generate and receive a circularly polarized electromagnetic field. The study considered in a first stage a simplified plasma crossed dipole and successively it included a more realistic design that comprises the plasma generation equipment, more
realistic glass vessels and the electrodes used to generate the plasma. The simplified design can achieve good results in terms of axial ratio (i.e., circular polarization), directivity, and input impedance if compared to its metallic counterpart. However, when the more realistic antenna is considered, a down-shift in the operation frequency can be observed. Furthermore, the influence of
the plasma parameters on the antenna parameters has been analysed. All the results have been obtained through full-wave numerical simulations in CST Microwave Studio.

11:30 Advanced Teaching in EM - Towards an Integration of Theoretical Skills and Applicative/Industrial Skills
Alessandro Polo (ELEDIA Research Center, University of Trento & ELEDIA Research Center, University of Trento, Italy); Marco Salucci (ELEDIA Research Center, Italy); Angelo Gelmini and Giorgio Gottardi (ELEDIA Research Center, University of Trento, Italy); Giacomo Oliveri (University of Trento & ELEDIA Research Center,

Italy); Paolo Rocca and Andrea Massa (University of Trento, Italy)
This paper introduces some novel educational approaches and tools for motivating, training, testing the students and supporting the teaching staff in the field of Electromagnetism and Engineering science. The proposed activities have been experimentally validated within Bachelor and Master degree courses by the ELEDIA Research Center, but they are of interest also for the advanced
training of industry personnel and usability within product development.

11:50 Design of Nonmagnetic All-mode Waveguide Coupler with Perfect Transmission Using Transformation Optics

Hossein Eskandari (Ferdowsi University of Mashad, Iran); Oscar Quevedo-Teruel (KTH Royal Institute of Technology, Sweden); Amir Reza Attari and Mohammad Saeed Majedi (Ferdowsi University of Mashhad, Iran)
Using transformation optics method together with employing the basic properties of Maxwell equations, a compact nonmagnetic waveguide coupler is designed that can ideally couple all TMn modes. Two proposed compression functions provide a perfect smooth transition to the waveguides. This coupler can be used to guide and compress the wave from a vacuum waveguide to a
smaller waveguide with a predefined higher dielectric constant. The design method is validated by simulating several examples using COMSOL Multiphysics.

12:10 Pascal Arrays
Goran Molnar and Marko MatijasCi¢ (Ericsson Nikola Tesla d. d. & Research and Development Centre, Croatia)
In antenna array design, linear arrays forming pencil beams are usually considered. For their design, various optimization and analytical methods have been developed. Despite many efficient optimization techniques, the analytical methods are preferable since they ensure fast and robust design. The simplest analytical method is polynomial approximation. In this paper, we propose a
class of symmetrical linear arrays that approximate the pencil beam by using the Pascal polynomials. The proposed arrays bring very low far-out sidelobes even for a small number of elements. On the other hand, such sidelobes increase the dynamic range ratio with an increase in the array size. However, for a small number of elements, the ratio is reasonably low. Furthermore, the
proposed arrays exhibit higher beam efficiency than do many known low-sidelobe arrays. Such behavior is paid by somewhat wider beamwidth and slightly lower directivity.

Thursday, April 4 13:30 - 15:00
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Poster 06: Poster 06

Wireless Networks and Defense and Security / Poster Session / Antennas
Room: Poster Sessions: P1 - Odra
Chairs: Slawomir J. Ambroziak (Gdansk University of Technology, Poland), Pavel Pechac (Czech Technical University in Prague, Czech Republic)

Poster_06.1 Dual Band Printed Monopole Antenna for Wi-Fi Communications Systems

Tiago Varum (Instituto de Telecomunicagdes, Portugal); Lucas Leitdo and Jodo Matos (Instituto de Telecomunicacdes, Universidade de Aveiro, Portugal)
The number of connections of wireless communications systems over Wi-Fi networks has grown extensively given the increasing number of equipment's and sensors used by each user nowadays. The need for use other frequency bands to reduce interference and cope with higher data rates led to the allocation, in the recent standards, of two bands at 2.4GHz and 5.2GHz for Wi-Fi
networks. In this paper a dual-band printed monopole is presented, with a feed network that allows it to be completely matched along the two operation bands, to be used in the various devices connected to Wi-Fi networks

Poster_06.2 Impact of Effective Antenna Pattern on Millimeter Wave System Performance in Real Propagation Environment
Kamil Bechta (Nokia Networks, Poland); Marcin Rybakowski (Nokia, Poland); Jinfeng Du (Nokia Bell Labs, USA)

Utilization of large antenna arrays in millimeter wave bands is one of the main differentiators in the forthcoming 5G deployment. However, the prevailing simulation practice for inter-site interference and co-existence studies is to use nominal antenna pattern rather than the effective pattern (reshaped by channel angular spread), leading to inaccurate link budget and interference level
estimation. We visualize the impact of 3GPP UMa and UMi street canyon channel models on effective antenna array patterns and find that the downlink SINR can be overestimated by 10 to 17 dB when using nominal beam pattern rather than effective pattern.

Poster_06.3 Wearable Textile Fractal Tree Antenna for C-band and X-Band Applications
Paulo Fernandes da Silva Junior (Universidade Estadual do Maranhdo, Brazil); Ewaldo Santana (University of State of Maranhao, Brazil); Alexandre Serres and Edmar Gurjdo (UFCG, Brazil); Raimundo Freire (Universidade Federal de Campina Grande - PB, Brazil); Camila Caroline Rodrigues de Albuquerque (Federal

University of Campina Grande, Brazil); Paulo Silva (Federal Institute of Education, Science and Technology of Paraiba, Brazil); J. Gilberto Gomes (Instituto Federal da Paraiba, Brazil); Joabson Nogueira de Carvalho (Instituto Federal de Educacao, Ciéncia e Tecnologia da Paraiba, IFPB, Brazil)
In this paper is presented a wearable textile fractal tree patch antenna, generated by L-systems for C-Band and X-band application. The proposed structure used L-systems up to 4 interactions, it was built in denim, a wearable, textile and flexible substrate with laminate cooper on top. The antenna works between the C-band (4 - 8 GHz) and the X-band (8 - 12 GHz) frequencies. The
proposed fractal tree patch antenna presented a 5.95 GHz bandwidth and a maximum gain of 9.46 dBi.

Poster_06.4 Performance Evaluation for Direction of Arrival Estimation Using 4-Element Linear Array

Murdifi Muhammad (University of Glasgow, Singapore); Minghui Li and Qammer H Abbasi (University of Glasgow, United Kingdom (Great Britain)); Cindy Goh (University of Glasgow, Singapore); Muhammad Ali Imran (University of Glasgow, United Kingdom (Great Britain))

This paper presents the performance evaluation of Direction of Arrival (DOA) estimation techniques such as Root-MUSIC, Root-WSF and Beamspace-ESPRIT (BS-ESPRIT) algorithms under common Wi-Fi conditions such as operating in the IEEE radio frequency spectrum of 5 GHz band, the presence of noise and correlated, closely sourced signals. In addition, we will consider the
computational time required for these algorithms to complete the estimation process. Results have shown that the 3 techniques provide a mean of 98.8% accuracy in detecting closely-sourced signals. Although Root-WSF has the longest average computational time of 36.7ms as opposed to BS-ESPRIT and Root-MUSIC at 29.4ms and 22.5ms respectively, Root-WSF technique is the
most optimal algorithm in detecting coherent signals with 99.78% accuracy as compared to BS-ESPRIT at 95.27% and Root-MUSIC at 64.77%.

Poster_06.5 A Wideband Beam Forming Antenna Array for 802.11Ac and 4.9 GHz

Moh Chuan Tan (University of Glasgow & RFNet Technologies Pte Ltd, Singapore); Minghui Li, Qammer H Abbasi and Muhammad Ali Imran (University of Glasgow, United Kingdom (Great Britain))
In this work, a wideband high gain 1x4 beamforming (BF) antenna array has been proposed for 5.17 - 5.85 GHz ISM band and extended coverage for 4.92 - 4.98 GHz licensed band. The key antenna performances of 13.6 dBi realized gain, 24.4° Beamwidth, 12.9 dB Sidelobe at 0° beam and +40° beam steering capability has been achieved. The proposed antenna intended to provide the
enhanced wireless link between the ground base station and the mobile terminals with beamforming concept that allow beam steering to focus on targeted direction and null the interference direction with small beam width. The proposed antenna can be further re-configured with different gain and steering beam to cater the dynamic transportation environments.

Poster_06.6 New Feed Mechanism for Dual-Polarized Microstrip Ring Patch Antenna

Po-Kai Wang, Ting-Hung Ko and Jeen-Sheen Row (National Changhua University of Education, Taiwan)

A novel feed mechanism for microstrip patch antennas is presented. The structure of the feed can be regarded as a coaxial balun, and it can be resonant in a one-wavelength loop mode. When the loop mode is properly coupled with the fundamental mode of the microstrip antenna, a broad impedance bandwidth and a symmetrical radiation pattern can be obtained. For the proposed
feed, parametric analyses are first performed when it is applied into a square-ring patch antenna. Based on the simulation results, a dual-polarized ring patch antenna is then developed, and its prototype is constructed. Both measured and simulated results indicate that the antenna prototype has a gain of higher than 8 dBi and a cross polarization level of lower than -25 dB within an
impedance bandwidth of about 12 %. In addition, the two orthogonal input ports has an isolation level of smaller than —-30 dB across the whole operating frequency band.

Poster_06.7 Beam Steerable Dipole Antenna Using Varactor Diodes for WiMAX Application
Ju-lk Oh and ByungKuon Ahn (KAIST, Korea); Hye-Won Jo (Korean Advanced Institute of Science and Technology, Korea); In-June Hwang (Korea Advanced Institute of Science and Technology(KAIST), Korea); Jong-Won Yu (KAIST, Korea)

This paper presents a beam-steerable dipole antenna using varactor diodes for WiMAX applications. The proposed antenna consists of dipole antenna, two parasitic elements, and varactor diodes. To realize a beam steering feature, varactor diodes are inserted in parasitic elements, which makes the electrical length of the parasitic elements change by adjusting the bias voltage. The
proposed antenna can cover wide area in both elevation and azimuth plane by using beam steering feature. For validation of the proposed antenna, simulations were conducted, and the antenna was fabricated and measured.

Poster_06.8 From the Characteristic Modes Analysis to the Design of a Radiation Pattern Reconfigurable Antenna

Zakaria Mahlaoui (Cadi Ayyad University & Universitat Politecnica de Valéncia, Spain); Eva Antonino-Daviu (Universitat Politecnica de Valencia, Spain); Adnane Latif (Cadi Ayyad University, Morocco); Miguel Ferrando-Bataller (Universitat Politecnica de Valéncia, Spain)
A reconfigurable radiation pattern antenna is proposed. Preliminary investigations are performed with the characteristic modes analysis to understand the physical behavior of the antenna. The presented antenna has the ability to switch from a directional beam to a bidirectional pattern by turning PIN diodes from ON to OFF state. A varactor diode is placed at the top plate to adjust the
frequency and match the impedance. A prototype has been designed, fabricated, and measured. Results show good radiation pattern agreement on XZ plane, S11 parameter of the antenna is below -10 dB in the common band from 5.45 to 5.55 GHz.

Poster_06.9 Manipulation of Multi-Mode Orbital Angular Momentum Based on Transmission Metasurface

Kuang Zhang, Yueyi Yuan, Xumin Ding and Guohui Yang (Harbin Institute of Technology, P.R. China); Badreddine Ratni (Univ Paris Nanterre, France); Shah Nawaz Burokur (LEME, France); JiaHui Fu, Wu Qun and Mengxi Wang (Harbin Institute of Technology, P.R. China); Liang Zhang (Jimei University, P.R. China)
In this paper, transmission-type ultra-thin metasurfaces are proposed to generate and manipulate vortex beam carrying multi-mode orbital angular momentum (OAM) in microwave region. By adopting different meta-atoms with regular spatial orientation, phase interruption is introduced to the cross-polarized transmitted wave to manipulate the mode and direction of multi-OAM. The
transmission efficiency can reach 80% around working frequency, guaranteeing the high performance of the manipulation of multi-mode OAM.

Poster_06.10 Development of a Dual-band Printed Antenna Based on a Nanocomposite Material Made of Polyaniline Charged by Iron-Nickel Nanopowder
Zahir Hamouda (Institut Aéronautique, Université de Blida, Algeria); Jean-Luc Wojkiewicz (Université Lille Nord de France, France); A Pud (Institut of Bioorganic Chemistry and Petrochemistry of NASU, Ukraine); Lamine Kone (University of Lille, France); S Bergheul (Laboratoire des Sciences Aéronautiques, Université de

Blida, Algeria); Tuami Lasri (IEMN - University of Lille, France)

One of the major challenges of printed electronics is to develop materials for flexible devices. Among these latter, antennas occupy a place of choice because of the new applications which are emerging. In this paper a flexible antenna based on a new nanocomposite, Polyaniline (PANI) charged by nanopowder of Iron-Nickel (Fe-Ni), operating in dual-band ([2.4-2.48] and [5.15-5.825]
GHz) is proposed. This antenna, triangular/circular shaped with a coplanar waveguide (CPW) feeder to achieve wideband performance is printed on a 130um thick Kapton® substrate. The nanocomposite fabricated (PANI/Fe-Ni), whose morphology was studied via scanning electron microscopy, has a conductivity of 9600 S/m. The performance of the antenna is analyzed through
simulations and measurements which demonstrate a good agreement between each other. A maximum gain of 2.8 dBi for a 90um thick nanocomposite is obtained.

Poster_06.11 Circularly Polarized Annular Slot Antenna Design on Deformed Ground Plane with Top Loading Using Characteristic Modes

Arka Bhattacharyya and Bhaskar Gupta (Jadavpur University, India)
This work utilizes the effects of deformation of finite ground plane geometry for achieving miniaturization of an embedded slot antenna as well as to obtain circularly polarized radiation using characteristic modes. The antenna is top loaded with a circular patch for gain improvement. Appropriate characteristic modes for the slotted structure are identified and their proper excitation leads
to the antenna design.

Poster_06.12 Patch Size Optimization for Random Patch RCS Suppression Design
Yuan-Chang Hou (NTUST, Taiwan); Wen-Jiao Liao and Tzyh-Ghuang Ma (National Taiwan University of Science and Technology, Taiwan); Hsi-Tseng Chou (National Taiwan University, Taiwan)
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Poster_06.25 Ceiling- Or Wall-Mounted Access Points: An Experimental Evaluation for Indoor Millimeter Wave Communications

Seong Ki Yoo and Lei Zhang (Queen's University Belfast, United Kingdom (Great Britain)); Simon Cotton (Queen's University, Belfast, United Kingdom (Great Britain)); Hien Ngo (Queen's University Belfast, United Kingdom (Great Britain)); William G. Scanlon (Tyndall National Institute, Ireland)

This paper compares the received signal characteristics obtained for two access point (AP) mounting arrangements commonly encountered in indoor millimeter wave wireless networks, namely ceiling- and wall-mounted APs. To facilitate this, we consider three key user equipment (UE) usage scenarios, in which a user imitated making a voice call, operating an app and carrying the
device in a pocket. For each of these UE cases, we investigate the fading characteristics of the millimeter wave channel at 60 GHz as the user walk toward and then away from the ceiling- and wall-mounted APs. Following this, the lognormal and k- distributions are shown to provide a good fit to the shadowed and multipath fading, respectively. Based on the parameter estimates and
model fitting, it is found that the choice between a ceiling- and wall-mounted position for the AP is dependent on the UE use case and whether the device is in line-of-sight (LOS) or non-LOS (NLOS).

Poster_06.26 Scintillation Characteristics from Experiment on 11 GHz Terrestrial Path

Martin Grabner (Czech Metrology Institute, Czech Republic)
Scintillation of electromagnetic waves is studied by statistical analysis of received power fluctuations measured on the terrestrial microwave path operating in 11 GHz band. The obtained cumulative distributions of standard deviation of attenuation are shown to follow log-normal distribution model. Structure constant of refractive index of air is derived by two methods - from the radio

signal fluctuations and from the vertical profiles of meteorological data. A good agreement is achieved between annual statistics of structure constants derived by both methods.

Poster_06.27 Asymmetrical-Slot Antenna with Enhanced Gain for Dual-Band Applications

Adrian Bekasiewicz and Slawomir Koziel (Gdansk University of Technology, Poland)

Dual-band operation is an important feature of antennas to be applied in modern communication systems. Although high gain of radiators is rarely of concern in urban areas with densely located broadcasting stations, it becomes crucial for systems operating in more remote environments. In this work, a dual-band antenna with enhanced bandwidth is proposed. The structure consists of
a driven element in the form of an asymmetrical radiator/slot pair suspended over the ground plane. The antenna operates within 2.4 GHz to 3.2 GHz and 4.9 GHz to 6.4 GHz bands with the average gain of 9.7 dBi and 10.4 dBi, respectively. High performance of the structure is achieved through a rigorous two-stage numerical optimization. The antenna lower band covers the industrial,
scientific and medical (ISM) radio band which is widely utilized by WiFi, Bluetooth and other systems. The upper band covers all four ranges of the unlicensed national information infrastructure (U-NIl) spectrum, applications of which include WiFi 5 GHz, or amateur radio. The proposed structure is compared with other dual-band structures with enhanced gain in terms of size and

performance. The effect of the separation between the radiator and ground-plane on the antenna performance is also investigated.

Poster_06.28 A Novel Isolation Improvement Technique for Wideband MIMO Antenna Systems
Muhammad ul Hag (Reykjavik University, Iceland); Slawomir Koziel (Gdansk University of Technology, Poland); Qingsha Cheng (SUSTC, P.R. China)

In this paper, a novel technique for improving element isolation in wideband multiple-input-multiple-output (MIMO) antennas in a parallel configuration is presented. Our methodology is based on ground plane alterations, in particular, introduction of an n-section rectangular slit below the feed line combined with a multi-stage EM-based adjustment of antenna geometry. The technique is
demonstrated using a representative set of four wideband MIMO antennas with an intention to analyse the relevance of the approach for various radiator geometries. To maintain a compact antenna size while ensuring acceptable electrical performance, rigorous EM-driven optimization is carried out involving all antenna geometry parameters. The numerical results indicate a clear
advantage (in terms of isolation improvement) of increasing the number of the slit sections but also a saturation effect beyond n = 2. The antenna optimization process aims at satisfying two performance specifications: reflection |S11| <= -10 dB, and isolation |[S21| <= -20 dB, both within the entire operational bandwidth. Other important figures obtained for the optimized designs, such
as Envelop Coefficient Correlation (ECC < 0.005), diversity gain (DG > 9.99 dB), and total efficiency approximately > 80%, confirm suitability of the proposed technique in the context high-performance compact MIMO antenna design.

Poster_06.29 Compact Band-pass Filter with RSIW Cavity

Maraiza dos Santos (Federal University of Campina Grande, Brazil); Raimundo Freire (Universidade Federal de Campina Grande - PB, Brazil); Henry Baudrand (ENSEEIHT, France); Georgina Karla de Freitas Serres and Alexandre Serres (UFCG, Brazil); Samuel Morais (Federal University of Campina Grande, Brazil)
This paper presents a compact band-pass filter with RSIW cavity and CPW transitions. The filter design is based in a single-mode resonant cavity with a ridge symmetrically inserted into the center of the dielectric substrate. The filter was fabricated on a FR4 substrate (er = 4.2 and tand = 0.02) and the metallic vias were connected to the metal surfaces using a silver conductive epoxy,
as well as the cylindrical posts of the ridge, that were filled with the same material. This added an efficient and innovative idea for this type of structure. The design was simulated in ANSYS® HFSS. Even though a low cost dielectric was used, the results were satisfactory, achieving a measured insertion loss lower than -3 dB and a return loss of -44 dB with a bandpass of 1.7 GHz; all with

a compact physical structure of only 2'"'x1.38'x0.07", respectively, length, width and height.

Poster_08: Poster_08

Future Applications / Poster Session / Antennas
Room: Poster Sessions: P2 - Wisla
Chairs: Thomas Kuerner (Braunschweig Technical University, Germany), Thomas Pairon (Université Catholique de Louvain, Belgium)

Poster_08.1 Multiband Corrugated plus Shaped Inverted halfCylindrical Dielectric Resonator Antenna Fornumerous Wireless Applications
Monika Chauhan (IlITDM & Jabalpur, India); Anil Rajput (PDPM IIITDM Jabalpur, India); Biswajeet Mukherjee (Indian Institute of Information Technology, Design & Manufacturing, Jabalpur, India)

A corrugated plus shaped inverted half cylindrical dielectric resonator (CDRA) antenna is analyzed for wireless applications. Proposed antenna targets IEEE 802.11p standard wireless access in vehicular environments (WAVE) allocated applications bands. Less contact base area to ground plane for inverted half cylindrical DRA & deployed corrugation plays an essential role for
enhancement of the bandwidth and gain. In proposed antenna HE116, HE126, HE123 & HE142 hybrid modes are investigated. The presence of higher order modes contributes to enhancement of the gain. A low loss dielectric material, Rogers TMM10 (er=10.2) is used to construct the antenna. This antenna attributes cover the multiband frequency responses, it has been operated at 4.5
GHz (4 - 5.5 GHz), 6.75 GHz (6.6 - 6.9 GHz), 7.9 GHz & 11.5 GHz (7.7- 11.8 GHz) resonant frequency respectively. 10.52 dBi peak gain achieved at 8.4 GHz frequency. All the operating band it offered has more than 6 dBi gain.

Poster_08.2 A Planar Horn Antenna for TM Surface Wave Launching Using Substrate Integrated Waveguide Technology
Zain Shafig and Maksim Kuznetcov (Heriot Watt University, United Kingdom (Great Britain)); Victoria Gémez-Guillamén Buendia (Heriot-Watt University, United Kingdom (Great Britain)); Dimitris E. Anagnostou (Heriot Watt University, United Kingdom (Great Britain)); Symon K. Podilchak (Heriot-Watt University, United
Kingdom (Great Britain))

We present a planar substrate integrated waveguide (SIW) horn antenna for efficient TM surface wave (SW) launching at microwave and millimeter-wave frequencies. A design approach is presented by selecting the correct substrate material and operating frequency as well as the SIW horn aperture. In addition, simulations and measurements of a demonstrator prototype for operation
at 24 GHz are reported. This type of planar surface wave launcher (SWL) can have multiple applications such as feeding leaky-wave antennas and other SW-based structures. The proposed SIW horn can also be used as a standalone antenna to radiate at end-fire.

Poster_08.3 Analysis of Quasi-Periodic Effect in the Design of the Nanorod Metasurfaces

Hanwei Wang, Maokun Li, Fan Yang and Shenheng Xu (Tsinghua University, P.R. China)
Periodic boundary condition is commonly implemented in element simulation for metasurface design. However, the actual boundary condition deviates from this assumption. This results in phase error from the design. This paper offers a theoretical analysis of the quasi-periodic effect of the nanorod metasurface. Efficiency and element phase error of the metasurface are both studied

to evaluate the quasi-periodic effect. The result shows that quasi-periodic effect can induce phase error up to 80 degrees, and efficiency of the metasurface decreases up to 40%.

Poster_08.4 Improved Gain Graphene Based Leaky Wave Antenna Loaded by Dielectric Slab in THz Regime

Zahra Hamzavi-Zarghani (University of Shiraz, Iran & Politecnico di Torino, Italy); Ladislau Matekovits (Politecnico di Torino, Italy); Alireza Yahaghi (University of Shiraz, Iran)
A sinusoidally modulated graphene microstrip line based leaky wave antenna that operates in the THz regime is presented. The dispersion diagram of the unit cell of the antenna is obtained by numerical simulation with commercial software. As a second step, the radiation pattern of the designed leaky wave antenna is calculated: the main beam angle scans with the operating frequency
according to the dispersion diagram. To increase the gain, the antenna is loaded with a dielectric slab on top of it acting as a partially reflecting surface. By optimizing the height and distance of the slab, increase in the gain is achieved as it is demonstrated by numerical simulations.

Poster_08.5 An Unequal Power Divider Based on Ridge Gap Waveguide
Yu Quan (Nanjing University of Science and Technology); Jian Yang (Chalmers University of Technology, Sweden); Hao Wang (Nanjing University of Science & Technology, P.R. China); Ashraf Uz Zaman (Chalmers University of Technology, Sweden)

This paper proposes a novel unequal power divider based on the ridge gap waveguide technology. Different from the conventional T-junction power divider, the unequal power divider is realized by using a half-height pin structure with an inserted conductor plane. The conductor plane is printed on a thin substrate for the mechanical feasibility. The power division ratio can be controlled
by the position of the inserted conductor plane. In this paper, a 1:2 power divider is designed to verify this topology. The reflection coefficient is below -20 dB from 26 GHz to 32 GHz with 20.7% impedance bandwidth and the amplitude discrepancy between the two output ports is about 2.92 dB. Meanwhile, the maximum value of the phase difference is below 12°.

Poster_08.6 Tackling the Issues of Millimeter-wave On-chip Antenna Measurements

Haoran Zhang and Atif Shamim (King Abdullah University of Science and Technology, Saudi Arabia)
On-chip antennas are becoming more and more important due to the high level of integration and lower costs they offer as part of System-on-Chip solutions. However, the accurate characterization of mm-wave on-chip antenna is difficult because the probe-based measurement is easily influenced by the coupling and interference effects from the integrated circuits and the probe itself.
In this paper, the measurement of a monopole on-chip antenna is reported. Then the reasons for the discrepancies in return loss and radiation pattern measurements are analyzed through modified simulation model. Furthermore, we characterize the probe self-radiation pattern and then propose the method of covering the probe with an absorber to improve the measurement accuracy.
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Poster_08.20 Half-Mode SIW Variable PIN Diode Attenuator

Gabiriela Luciani and Jens Bornemann (University of Victoria, Canada)
A half-mode substrate integrated waveguide (HMSIW) variable attenuator for operation in the 6 GHz to 10 GHz frequency range is presented. Different levels of attenuation are achieved by adjusting the level of the dc bias applied to four surface mounted PIN diodes. After fine adjustment of the PIN diode's equivalent circuit, the simulation and measured results are in good agreement,
and the initial goal of up to 6 dB attenuation is achieved and verified by measurements of a prototype circuit.

Poster_08.21 Extrusion Based High Performance Low Temperature Sintered Ceramic Materials for Microwave Applications
Shiyu Zhang (Loughborough University, United Kingdom (Great Britain)); Dawei Wang (University of Sheffield, United Kingdom (Great Britain)); Avishek Ghosh, George Chi-Tangyie, Annapoorani Ketharam, Reza Gheisari, Athanasios Goulas, Chih-Kuo Lee, Tom Whittaker and Darren Cadman (Loughborough University,
United Kingdom (Great Britain)); lan Reaney (University of Sheffield, United Kingdom (Great Britain)); Bala Vaidhyanathan, Daniel Engstrom, William Whittow and J (Yiannis) Vardaxoglou (Loughborough University, United Kingdom (Great Britain))

This paper presents 3D printed low temperature sintered (< 700 °C) ceramic materials for microwave applications. The advantages of using cold sintered ceramics include better material compatibility with conductive elements in future multi-material additive manufacturing for microwave devices. Molybdate based ceramics have been synthesized and prepared in slurry form that can be
printed by using extrusion based additive manufacturing facilities. Dielectric measurement indicates that the sintered ceramic substrates offer relative permittivity up to 76 with low loss tangents less than 0.001.

Poster_08.22 A Dual-Polarized Printed Dipole Antenna with Low Profile for Wideband Base Station Applications

Zhaorui Zang (Beijing University of Posts and Telecommunications, P.R. China); Ming Su (Being University of Post and Teleommunication, P.R. China); Hongguang Zhang (Beijing University of Posts and Telecommunications, P.R. China); Yuanan Liu (Beijing University of Posts and Telecom, P.R. China)
A compact dual-polarized antenna is presented and fabricated for wideband base station systems. A coupling ring is proposed surrounding two printed dipoles to earn lowprofile property. Similarly, two baluns are loaded to excite the dipoles. By etching some semi-ellipses into baluns, a good impedance performance can be produced. These structures are manufactured on FR4
substrate and the entire dimension is small with a low-profile. Measured results show this antenna has a 36.7% impedance bandwidth (VSWR < 1.5) with a port isolation more than 30 dB. Furthermore, a peak gain of 7.811.3 dBi is achieved. Results show the proposed antenna has potential value to be further studied and used in Base station applications.

Poster_08.23 Highly Compact Microstrip Lowpass Filter with Wide Suppression Level Using Diamond and Flag Resonators
Nisamol A, Abdulla P and Aanandan K (Cochin University of Science & Technology, India); Raphika P M and Jasmine P M (MES College Marampally, India)

This paper presents highly compact lowpass filter with wide stopband and sharp roll-off level using the structure consists of diamond and flag shaped resonators (DSR and FSR) and the results show that the proposed structure is in good agreement with the characteristics. The frequency selectivity of each resonator is utilized to obtain sharp roll-off with low return loss in the stop
band. The main attraction towards the proposed structure is its compactness. It can be effectively utilized in areas of research where the space limit is a criterion. Considering all the parameters the fabricated structure can be effectively referred to communication system

Poster_08.24 Mitigation of Parasitic Reflections over Periodic Surface Impedance Modulated Panels

Hassan Haddad (INSA-Rennes, France & Lebanese University, Lebanon); Renaud Loison and Raphael Gillard (IETR & INSA, France); Ali Harmouch (Lebanese University, Faculty of Engineering First Branch El Arz Street Tripoli, Lebanon); Akil Jrad (LEPA, Lebanese University, Faculty of Sciences, Branch 3, Tripoli, Lebanon)
This communication addresses the issue of parasitic reflections from reflecting panels using Surface Impedance Modulation (SIM). These reflections are due to Floquet harmonics appearing because of the periodicity in the modulation. Different SIM panels made of microstrip dipoles are compared at f=8GHz using ANSYS® HFSS®. New metrics are proposed to assess the dipole
performance with regards to Harmonic Lobe levels (HLL). Design rules are derived, which permit to mitigate higher order harmonics in unwanted directions.

Poster_08.25 Exploiting Channel Hardening and Sphere Hardening for Large Antenna Arrays

Jocelyn Aulin (Huawei Technologies Sweden AB, Sweden); Said Mikki (University of New Haven, USA)

When transmitting signals with multiple antennas in a region, it has been shown that the transmission medium needs to be modelled in space-time [1]-[3]. From this perspective, we would like to re-examine, using a stochastic MIMO channel model, implications of using large Massive Multiple Input Multiple Output (MIMO) antenna arrays, such as those that extend across a large surface.
It is known that the use of linear precoding at a Massive MIMO transmitter enables the received signal at the end user to experience channel hardening, where the signal fading variations approaches zero in the limit as the number of transmit antennas becomes very large. However, the effects of additive noise at the receiver for Massive MIMO systems have not been fully addressed. In
this paper, we present a system model that achieves both channel hardening and noise sphere hardening. With channel hardening, the receiver does not need channel state information at the receiver (CSIR), for a sufficiently large transmit array. With receiver noise sphere hardening, the variations of the length of the noise vector is constrained to very small values, enabling error free
communication above an average signal-to-noise ratio (SNR), for sufficiently large receive antenna array. Such systems are advantageous for applications with low latency requirements where at a given time instant, data can be received with improved reliability.

Poster_08.26 Investigating Correlation of Rough Surface Diffuse Scattering in Frequency Domain
Yang Miao (Southern University of Science and Technology, P.R. China); Mingming Gan (Huawei, Shanghai, P.R. China); Claude Oestges (Université Catholique de Louvain, Belgium); Katsuyuki Haneda (Aalto University, Finland); Ke Guan (Beijing Jiaotong University, P.R. China & Technische Universitat Braunschweig,

Germany); Andrés Alayon Glazunov (University of Twente, The Netherlands & Chalmers University of Technology, Sweden); Wei Wang (Chang'an University, P.R. China); Yi Gong (South University of Science and Technology of China, Shenzhen, P.R. China)

This paper investigates numerically the correlation function in the frequency domain due to diffuse scattering originated from rough surfaces. The scattered fields are computed by means of physical optics methods. The irregularities of the rough surface are modeled as a correlated Gaussian process. The correlation of the channel transfer function comprising only diffuse scattering
components is analyzed. In the analysis, radio propagation channels comprising orthogonally oriented dipoles at the link ends are considered while assuming different Gaussian roughness profiles. This study offers a useful characterization of the channel behavior in a multipath-rich environment due to diffuse scattering. The presented results are of particular interest to wireless
systems based on orthogonal frequency-division multiplexing.

Poster_08.27 On the Processing of Loss-Of-Lock Attenuation and Rain Rate Statistics
George Brost (Air Force Research Laboratory, USA); Kevin Magde (AFRL, USA)

Satellite beacon data is important for development and validation of attenuation prediction models and determining link budgets. The paper examines the impact of how loss-of-lock conditions are processed on the experimental attenuation and rain rate statistics. Not treating loss-of-lock as high attenuation results in a distorted attenuation CCDF up to 20 dB below the dynamic range
and a significant underestimate of the exceedance probability

Poster_08.28 Effects of Post-Processing Treatments on the Microwave Performance of Additively Manufactured Samples

Richard Gumbleton (Cardiff University, United Kingdom (Great Britain)); Kenneth Nai (Renishaw PIC, United Kingdom (Great Britain)); Sam Hefford and Adrian Porch (Cardiff University, United Kingdom (Great Britain))
Several flat metal samples, produced by selective laser melting (SLM), have under-gone a variety of post-processing techniques. Microwave surface resistance values at a nominal frequency of 7.5 GHz are used as a comparison between techniques, whilst also performing a comparison against traditionally manufactured copper and aluminium samples. Measured values are then used to
create a 3D simulation of a C-Band waveguide filter, utilising measurements from both horizontally and vertically built samples. Overall performance (quantified via low measured surface resistance) was found to be best in the traditionally manufactured copper samples. However silver plating was able to bring some SLM samples to comparable value of low surface resistance.

Poster_08.29 Dual-Band, Dual-Fed Self-Diplexing Antenna
Arvind Kumar (National Institute of Technology, Trichy India & National Institute of Technology, Trichy India, India); Divya Chaturvedi (NIT Trichy, India); Raghavan S (NIT, India)

A compact half-mode substrate integrated waveguide (HMSIW) cavity-backed self-diplexing antenna is demonstrated for 5.2/5.8 GHz applications. HMSIW cavity uses one open-end rectangular slot inserted on the top cladding which divides the cavity into two unequal apertures. Each aperture produces two different resonant frequencies around 5.2 and 5.8 GHz when fed by two
discrete microstrip feeds. By appropriately optimizing the antenna dimensions, an isolation of better than 25 dB is realized which aids to introduce the self-diplexing property. The proposed design is realized on a single-layered dielectric substrate with the help of low-cost printed-circuit-board process and experimental study is performed, which shows unidirectional and similar
radiations at the both resonances with the respective gain values of 3.23 and 4.38 dBi.

Poster_08.30 Selecting Frequency Method of High Frequency Surface Wave Radar Based on EMD and SVM
Hongzhi Li (Harbin Institute of Technology, P.R. China); Changjun Yu (Harbin Institute of Technology(Weihai), P.R. China); Xin Zhang (Harbin Institute of Technology, P.R. China)

High frequency surface wave radar (HFSWR) works in the shortwave band, and the electromagnetic environment is very complicated, so it is difficult to find a "Quiet Frequency" for ensuring HFSWR work stably for a long time. Frequency monitoring system is introduced into the radar system to provide the best operating frequency real-time. This paper proposes a method based on
Empirical mode decomposition (EMD) and Support vector machine (SVM) to forecast the spectrum of the next accumulation cycle, and then get average power spectrum and fluctuation information by sliding window, finally select the best frequency. Through simulation and actual data confirmation, the method forecasts spectrum accurately and works well. It provides a good method to
select the optimal frequency in HFSWR.
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Poster_Awards.24 Advances in Antenna Measurement and Characterization Using Unmanned Aerial Vehicles

Maria Garcia Fernandez (University of Oviedo, Spain); Yuri Alvarez and Fernando Las-Heras (Universidad de Oviedo, Spain)

Recent developments in unmanned aerial vehicles (UAVs) hardware and antenna measurement postprocessing techniques have fostered the development of in-situ antenna measurements using UAVs. Accurate geo-referring of the measurements is one of the most critical issues faced by these systems in order to increase the upper working frequency limit. In this contribution a novel
methodology based on simultaneous acquisition of the near field (NF) amplitude on two measurement surfaces using a dual-probe setup on board the UAV is presented. Thanks to it, acquisition time and measurement uncertainties are greatly reduced. System capabilities have been validated by measuring an offset reflector antenna, comparing the results with measurements at
spherical range in anechoic chamber.

Poster_Awards.25 Measurement Based Determination of Parameters for In-stationary TDL Models with Reduced Number of Taps

Nina Hassan, Martin Kaske and Christian Schneider (llmenau University of Technology, Germany); Gerd Sommerkorn (Technische Universitat Imenau, Germany); Reiner S. Thoma (llmenau University of Technology, Germany)
This paper proposes a new strategy of extracting parameters for tapped delay line channel models for vehicle to X channels from measurements. The proposed approach is based on an already existing method to derive parameters for a non-stationary tapped delay line model using first-order Markov chains. It will be shown that with a different method of choosing active-taps and the

number of taps necessary to regenerate the delay spread of a channel can be significantly reduced. The feasibility of the method will be confirmed using channel sounding measurements.

Thursday, April 4 15:00 - 16:20
Inv_0O5 Thu: Inv_05 Invited Session 5

Other / Regular Session / Antennas
Room: Oral Sessions: S1 - Krakow
Chairs: Pawel Kabacik (Wroclaw University of Science and Technology, Poland), Giuseppe Vecchi (Politecnico di Torino, Italy)

15:00 Optimal Design of Array Antennas for Therapeutic Applications of Electromagnetic Fields

Ovidio Mario Bucci (University of Naples, Italy)

In medicine, non ionizing electromagnetic fields are exploited both in therapy, to induce some kind of biological effect in a region of interest, and in diagnostics, to obtain information of clinical interest from signals generated in response to an external electromagnetic excitation. This lecture deals with the therapeutic applications of microwaves, in particular with the design of the phased
arrays exploited to generate the required fields. The main aim is to enlighten the conceptual points lying behind the optimal design of such apparatuses, putting in evidence the peculiar challenges which must be faced. First, the region of interest is located in the near-field zone of the array, quite always inside it. Second, the region of interest and the array (whose geometry is dictated
by the anatomy of the considered part of the body) are usually embedded in a matching medium, which is possibly lossy. Third, the region of interest is an electrically heterogeneous 3-D domain, characterized by high losses, whose features vary from patient to patient. These circumstances entails the need of a reformulation of the classical array synthesis problem, and put absolute
limits to the achievable performances. After presenting such reformulation, we review some recent results providing a procedure for addressing, in the case of microwave hyperthermia, the optimal design of the system layout, i.e., the choice of the number and locations of the array elements. We also report some examples to show how the procedure can be carried out in practice,
putting in evidence the limits of the achievable performances and the problems which are still open.

15:40 Differentially-Fed Dual-Polarized and Shaped Beam Antennas for Satellite Communications
Quan Xue (South China University of Technology, P.R. China)

Satellite communication and navigation have greatly changed the world. In recent decade, small satellite has become an important trend for satellite technology, making the space on small satellites even more precious. Therefore, highly integrated payloads, such as miniaturized antennas, are in great demand for small satellites. For some special applications, satellite is also required to
provide service for a certain area on the earth, which necessitates the radiation beam under a specified shape, such as the earth-coverage-beam antenna. The conventional reflector and phased array designs are bulky and costly, making them unsuitable for small satellites. Therefore, in this speech, a differentially-fed dual-polarized magnetic dipole antenna with a wide beam will be
proposed firstly. Then, a compact earth-coverage-beam antenna will be introduced, aiming to realize earth-coverage-beam and provide stable connection within the 1000 beamwidth. The compact structure and good performance within the specified beamwidth make the two antennas appropriate for satellite communications.

Inv_06 Thu: Inv_06 Invited Session 6

Other / Regular Session / Antennas
Room: Oral Sessions: S2 — Warszawa
Chairs: Miloslav Capek (Czech Technical University in Prague, Czech Republic), Andrzej A. Kucharski (Wroclaw University of Technology, Poland)

15:00 Joint Design and Co-integration of Antenna-IC Systems

Marianna lvashina (Chalmers University of Technology, Sweden)
Conventionally, microwaves and antennas have developed as separate disciplines, using distinct modeling methodologies and relying on good isolation between individually optimized system components. However, the past decade has seen a dramatic departure from classical methodologies towards system-level optimal designs, as needed to meet high-performance demands of future
emerging applications (e.g., 5G and future connectivity, autonomous driving, Space exploration). Antenna systems for such applications typically involve arrays of many antenna elements and active front ends, with power amplifiers (PAs) and low noise amplifiers (LNAs) in the proximity to the antenna or even integrated with the antenna. Such systems require a combined circuit-

electromagnetic modeling approach, and these are nonreciprocal. Furthermore, array beamforming and signal processing should be considered from the start to enable full system analysis and design optimization. | will present a modern approach to the design of active beamforming array antennas in the receiving situation that reflects the state-of-the-art in the academic literature and
is included in the new textbook 'Phased Arrays for Radio Astronomy, Remote Sensing, and Satellite Communications,' Cambridge, July 2018, published in collaboration between Profs. K.F. Warnick (BYU), R. Maaskant (Chalmers), D.B. Davidson (Stellenbosch/Curtin), B.D. Jeffs (BYU), and this presenter. Techniques for the optimal noise match of a multi-channel receiver to an array
antenna, in the presence of antenna mutual coupling effects and associated noise coupling phenomena, will be discussed. This includes trade-offs, common misconceptions, and practical examples. Afterwards, the latest studies highlighting some of the current research involving circuit-antenna co-integration solutions for active beamforming transmitting array antennas will be
presented. | will focus on integration strategies which are tailored to high-efficiency PA architectures and suited for applications with demanding performance requirements (e.g. the next generation mobile systems at sub-6GHz and mm-wave frequencies). An antenna-integrated high-efficiency (Doherty) PA utilizing active load modulation will be taken as an on-antenna power
combining example, including optimization aspects and over-the-air characterization methods. Other examples will cover novel mm-wave circuit-antenna transitions employing a direct antenna-PA impedance matching technique.

15:40 Metasurfaces: From Numerical Models to EM Devices

Stefano Maci (University of Siena, Italy)

Metasurfaces constitute a class of thin metamaterials, which can be used from microwave to optical frequencies to create new electromagnetic engineering devices. At microwave regime they are obtained by a dense periodic texture of small elements printed in a stratified medium. Changing the dimensions of the elements, being the sub-wavelength 2D-periodicity equal, gives the
visual effect of a pixelated image and the electromagnetic effect of a modulation of the equivalent local reactance. The modulated metasurface reactance so obtained is able to transform space, surface or guided waves into different wavefield configurations with required properties. The modulation of the metasurface reactance allows for a local modification of the dispersion equation
and, at constant operating frequency, of the local wavevector. We may identify three main design of MTSs, in which the objective is to control: (i) space-wave; (ii) leaky-wave, and (iii) surface wave. The first type of MTSs control impinging spatial waves by refracting, deflecting, focusing or controlling the polarization of an impinging space wave. The second class of MTS is designed in
order to convert a bounded surface wave (SW) into a curvilinear wavefront leaky-wave (LW), where impedance BCs are modulated in a locally-periodic fashion. MTSs for SWs manipulation control their propagation path, changing the SW wavefront. Combining these different design into microwave devices IThis presentation will start from the basic theory and illustrates numerical
models in a design loop, to end-up to several new design of high-gain, low cross-pol antennas, Gaussian horns, multibeams, lenses, deflector, metaradomes and ultrawideband antennas. Examples of adaptive MTSs, composed of dynamically reconfigurable materials, would allow to explore new reconfigurable-beam antennas all be also shown.

Thursday, April 4 16:50 - 18:30

CS3 Gen MoM-based Eigen Probl: CS3 Generalized MoM-based eigenvalue problems for antennas and scattering
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Chairs: Mats Gustafsson (Lund University, Sweden), Kurt Schab (Santa Clara University, USA)

16:50 Generalized Theory of Characteristic Modes for non-PEC Media

Pasi Yla-Oijala, Henrik Wallén, Dimitrios C Tzarouchis, Seppo Jarvenpaa and Ari Sihvola (Aalto University, Finland)
Generalized theory of characteristic modes is proposed for the PMCHWT integral equation formulation of a homogeneous penetrable body. By properly expressing the weighting operator of the generalized eigenvalue equation in terms of the external radiation-related integral operators, any symmetrization or other modifications of the equations is not needed. Numerical examples are
presented to demonstrate the validity of the proposed method. The obtained characteristic modes are shown to have the desired properties of physically meaningful eigenvalues and orthogonal far field patterns.

17:10 Modal Crossing Treatment Using Group Theory

Michal Masek, Miloslav Capek and Lukas Jelinek (Czech Technical University in Prague, Czech Republic); Kurt Schab (Santa Clara University, Santa Clara, USA)
Detecting modal crossings and crossing avoidances between eigenvalue traces in modal tracking is solved based on group theory. Rules based on the presence of symmetry are applied to predictively determine mode behavior over a frequency range. The procedure can be used for a large class of generalized eigenvalue problems and is demonstrated by an example of characteristic
modes. An approach leveraging this procedure to accelerate computation is also discussed.

17:30 A Comparison Between QCQP-relaxation Methods to Determine a Lower Bound on a Small Antenna Q-factor

Lars Jonsson (KTH Royal Institute of Technology, Sweden)

Quadratically constrained quadratic programming (QCQP) can be used to determine the best Q-factor for small antennas with constraints on the antenna efficiency. Constraints on the total directivity and a given front-to-back ratio can also be expressed as QCQP. Such problems are non-convex and hence challenging to solve. Their solution gives the best Q-factor available for any
antenna within the considered volume. Thus this type of problem solution provide a tool, that before the design, can predict the best possible antenna performance within a given volume of a device. It is hence important to investigate methods to solve this class of QCQP problems. In this paper we compare and investigate two relaxation methods, the Lagrangian dual and semidefinite
relaxation, to estimate lower bounds on the Q-factor. The former method is here reduced to solving a generalized eigenvalue-problem. Properties of the different relaxation methods are illustrated and compared. We focus on in this paper Q-factor and its relation to efficiency, as expressed by the dissipation factor. However, these tools also apply to a larger class of problems including

constraints on the directivity and other far-field conditions.

17:50 Characteristic Mode Analysis of Planar Dipole Antennas

Hanieh Aliakbari and Buon Kiong Lau (Lund University, Sweden)
Planar monopole antennas are popular due to their attractive properties, but their operating mechanisms are still not well understood. Based on image theory, planar monopoles can be analyzed using their dipole counterparts. Here, the bandwidth and radiation pattern of planar dipoles is studied in detail using characteristic mode analysis for different design parameters. The results
show that insignificant modes can help to improve the bandwidth without contributing to the radiation property. Moreover, a tradeoff is observed between pattern stability and impedance bandwidth as the dipole width varies. Furthermore, it is found that an offset in the feed point leads to a degradation in both the modal and impedance bandwidths.

18:10 Augmenting Characteristic Mode Orthogonality via Iteratively Applied Constraints

Kurt Schab (Santa Clara University, USA); Miloslav Capek (Czech Technical University in Prague, Czech Republic); Mats Gustafsson (Lund University, Sweden)
Affine constraints are iteratively applied to enforce multiple orthogonality conditions on currents satisfying a general eigenvalue problem. As an example, the characteristic mode eigenvalue problem is iteratively solved with constraints simultaneously enforcing orthogonality in the loss, radiation, and reactance operators. The resulting modes share many properties with standard

characteristic modes.

CS6 AMTA: Sat&Aerosp Ant Meas CS6 AMTA session: Satellite and Aerospace Antenna Measurements

Space / Convened Session / Measurements
Room: Oral Sessions: S2 — Warszawa
Chairs: Tao Huang (Oxford Space Systems, United Kingdom (Great Britain)), Christian Hunscher (Airbus DS GmbH, Germany)

16:50 NISAR Flight Feed Assembly Measurement Campaign

Paolo Focardi (Jet Propulsion Laboratory & California Institute of Technology, USA)

NISAR (NASA ISRO SAR, National Aeronautics and Space Administration, Indian Space Research Organization, Synthetic Aperture Radar) is an Earth science project currently in its final development phase at NASA Jet Propulsion Laboratory (JPL) and at ISRO. Due for launch in 2022, it will assess how our planet changes overtime by measuring differences in the Earth's solid surface due
to factors like climate change, movement and melting of glaciers, earthquakes, land-slides, deforestation, agriculture and others. The enabling instrument for this mission is a dual band radar (L-Band and S-Band) that feeds a 12m deployable mesh reflector. This paper describes the antenna measurement campaign of the L-Band feed array developed at JPL. The S-Band feed array is
developed by ISRO and is not part of this paper. While Measurements of the Engineering Model have been published before, this paper focuses on the first measurements done with the Flight Model.

17:10 Fast Measurement Methodology for near Field Satellite Testing

Francesco D'Agostino, Flaminio Ferrara, Claudio Gennarelli and Rocco Guerriero (University of Salerno, Italy); Maria Alberica Saporetti, Francesco Saccardi and Lars Foged (Microwave Vision Italy, Italy); Damiano Trenta (European Space Agency, ESTEC, Italy)

In this paper, we present a fast measurement methodology applicable to near field testing of satellite in planar and spherical geometry using non-canonical scanning and irregular sampling. The planar measurements have been accomplished by the planar wide-mesh scanning approach, while the spherical measurements have been performed at the points of a nonredundant raster grid.
In this grid, the number of the sampling parallels, as well as of the sampling point on them are drastically reduced. Both the nonredundant sampling representations are based on the two-bowls modelling of the antenna under test. Different test cases from satellite telecommunication (ku-band highly-shaped and pencil beam reflectors and navigation antenna) are presented . The Near-
Field to Far-Field transformation accuracy of the fast methodology has been investigated The time improvement factor of the new measurement methodology is dependent on the antenna under test and ranges from a minimum of 2.6 to a maximum of 7.5.

17:30 Advances in Characterizing Complex Frequency Responses of Frequency Converting Payloads in Planar Near-Field Test Ranges
Patrick Pelland (NSI-MI Technologies, USA); Daniél Janse van Rensburg (NSI-MI Technologies & Nearfield Systems Inc, USA); Edwin Barry (ARL, USA)

This paper provides an overview of a planar near-field test methodology for measuring typical system level characteristics of transceiver payloads. Measuring parameters such antenna gain, equivalent isotropic radiated power, saturating flux density, group delay and channel frequency response is the objective. We describe how transfer functions are derived for the antennas in
question, allowing one to compensate for the fact that measurements are being performed in the near-field of both uplink and downlink antennas. Practical implementation aspects like near-field probe selection, probe positioning and RF sub-system modification are addressed. We also present a concept simulated payload, since this is critical to system verification and facility-to-facility

comparison.

17:50 Interlaboratory Millimeter-Wave Channel Sounder Verification
Jeanne Quimby (NIST, USA); David G. Michelson (University of British Columbia, Canada); Mustahpha Bennai (Communications Research Centre, Canada); Kate A. Remley, Joshua Kast and Alec Weiss (NIST, USA)
The channel sounder verification program within the National Institute of Standards and Technology-coordinated 5G mmWave Channel Model Alliance aims to place channel sounders on a sound metrological foundation by using well-established laboratory verification methods coupled with modern waveform metrology tools. To provide comparison-to-reference verification of channel
sounder hardware measurements, we begin by measuring deterministic conducted channels, established using a channel sounder verification artifact and temperature control unit. This artifact produces multiple stable and repeatable environments to compare the channel sounders' hardware performance to a reference measurement provided by a vector network analyzer. The
reference vector network analyzer measurements have an uncertainty analysis including systematic and random components to verify the channel sounder performance. General insights and common problems are provided using measurements of the verification box from a range of channel sounders in the Alliance.

18:10 An Effective Phaseless NF Antenna Measurement Approach

Amedeo Capozzoli, Claudio Curcio, Giuseppe D'Elia and Angelo Liseno (Universita di Napoli Federico Il Italy)

Recently, a phaseless near-field antenna characterization approach has been proposed. It exploits an "effective" representation of the unknowns, able to reduce the overall number of parameters to be sought for and with signicant beneficial effects on both accuracy and reliability. At the same time, on taking advantage of the a priori information on the scanning geometry through a non-
uniform sampling of the nearfield, beneficial effects are obtained on the stability of the inversion process, on the rejection of the environmental clutter and on significantly reducing the overall number of near-field phaseless measurements to be performed. Experimental results at 75 and 94GHz concerning the nearfield phaseless characterization of millimetre-wave antennas are
presented. The results results show the feasibility of phaseless antenna characterization also in the millimetre frequency range. The aim of this paper is to numerically point out the accuracy and reliability of the proposed algorithm, with particular reference to millimeter-wave applications.

F_AO3 MM, Sub-mm & THz Ant: F_A03 Millimeter, sub-millimeter and TeraHertz antennas
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Future Applications / Regular Session / Antennas
Room: Oral Sessions: S3-A — Gdansk
Chairs: Pawet R. Bajurko (Warsaw University of Technology, Poland), Adam Narbudowicz (Wroclaw University of Science and Technology, Poland & TU Dublin, Ireland)

16:50 Wideband Low-Profile Aperture Antenna for 5G- Applications Comprising of a Slotted Waveguide Array and an Integrated Corporate Feed

Donia Oueslati (ICTEAM Institute, Université Catholique de Louvain, Belgium); Raj Mittra (Penn State University, USA); Hatem Rmili (King Abdulaziz University & Faculty of Engineering, Saudi Arabia)
This paper presents a design of a low-profile high gain aperture array antenna for 5G-Network communication applications (Ka-band). The antenna is comprised of a slotted waveguide array with an integrated wideband feed, and its low-profile makes it a good candidate as a replacement of a reflector, a flat lens or a reflectarray. The array is designed by using a waveguide antenna with

10 slots and a single feed. The waveguide antenna is proposed as a unit element of the aperture array. The prototype of a 4x10 waveguide array antenna has been simulated by using the EM solver "HFSS". The array is excited by using a wideband 4:1 power divider. The aperture array achieves an impedance bandwidth of 70.75% by using matching networks, a low side lobe level and a
high gain at an operating frequency of 30 GHz, which is further enhanced by using a dielectric superstrate layer.

17:10 Pulsed Photoconductive Connected Array for Generating mW Average Power in the Sub-Mm Wavelength Band
Alessandro Garufo (TNO & Delft University of Technology, The Netherlands); Paolo Sberna and Giorgio Carluccio (Delft University of Technology, The Netherlands); Joshua R Freeman (University of Leeds, United Kingdom (Great Britain)); Dave Bacon (University of Leeds, The Netherlands); Juan Bueno (SRON
Netherlands Institute for Space Research, The Netherlands); Jochem Baselmans (SRON, The Netherlands); E. Linfield (School of Electronic and Electrical Engineering, University of Leeds, United Kingdom (Great Britain)); Alexander Davies (University of Leeds, United Kingdom (Great Britain)); Nuria LLombart and Andrea

Neto (Delft University of Technology, The Netherlands)

A novel pulsed photoconductive THz source is presented that is able to radiate mW-level average powers, over a large bandwidth by exploiting both the optical and electrical properties of photoconductive sources and the ultrawideband properties of connected antenna arrays. An optical system composed of a micro-lenses array splits the laser beam into N x N spots that host the active
excitation of the antenna arrays. An "ad hoc" network is introduced to bias the array active spots in order to implement a connected antenna array configuration. The array feeds a silicon lens to increase the directivity of the radiated THz beam. A dipole and a slot array are designed. Prototypes have been fabricated and measured. Power and spectrum measurements of the prototypes
are in excellent agreement with the expected results. The proposed solutions achieve excellent power radiation levels by exploiting accurate electromagnetic design. Thus, they can offer enhancements to any active system relying on pulsed photoconductive antennas.

17:30 Generation of Broadband THz Airy Beams Applying 3D Printing Technique
Dajun Zhang and Beng Chen (ShanghaiTech University, P.R. China); Zhongling Ba (Shanghaitech, P.R. China); Shuo Ni (ShanghaiTech University, P.R. China); Juncheng Cao (Shanghai Institute of Microsystem and Information Technology, P.R. China); Xiong Wang (ShanghaiTech University, P.R. China)

Non-diffraction beams like Airy beams have been widely explored in various disciplines owing to its fascinating features. A broadband generator for THz Airy beam operating from 90 to 110 GHz is investigated in this work. It is composed of three lenses and fabricated by 3D printing technique using polymer. Experimental characterization is conducted to validate the effectiveness of the
fabricated Airy beam generator. Obvious curved propagation trajectory of the Airy beam is observed in the operation bandwidth, implying successful generation of the broadband Airy beam. Potential applications like broadband THz wave manipulation and imaging can be developed based on the proposed technique.

17:50 A 120 GHz Antenna for LTCC Package with Via-Less Contact Pads for Probe Measurements

Jakub Sobolewski and Pawet R. Bajurko (Warsaw University of Technology, Poland)

This paper presents two 120 GHz Low Temperature Co-fired Ceramics (LTCC) antenna designs with eliminated metallic connections (vias) between structure's layers. The first design is a single element rectangular patch antenna while second is a two element series-fed patch antenna array. Elimination of vias provided more robust construction less susceptible to identified
manufacturing issues of mm-Wave devices in LTCC. Presented antennas were manufactured using substrate materials and techniques of ,zero shrinkage" LTCC process, significantly improving quality of the structures. Measurements of the structures showed all samples operating similarly to simulated results with slight de-tuning, even though no additional processing like laser
ablation was used to enhance screen printing resolution. Different influence of surface roughness compared to microstrip lines was also observed.

18:10 An Investigation of THz Backscattered Side-Channels Measurement at a Distance

Sinan Adibelli (Georgia Institute of Technology, USA); Chia-Lin Cheng (Georgia Tech, USA); Prateek Juyal and Alenka Zajic (Georgia Institute of Technology, USA)

This paper presents the measurement setup and the investigation on the backscatter side-channel signal detected and received, at 300GHz, from an activated FPGA board. First, the ellipsoidal reflector, used as an incident source, with a spot size of 0.7mm is designed and fabricated. Next, a region on the FPGA chip is divided geometrically into various cells with cell dimensions
corresponding to reflector spot size. Finally, it was shown that the backscatter side-channel signal can be detected by a diagonal horn antenna placed at a distance from the FPGA board. The received signal behavior is investigated in terms of absolute signal strength, measured noise power level and signal to noise ratio. This provides deeper insight into the detected backscatter side-
channel emanating from the FPGA board.

F_A20 Frequency and PSS: F_A20 Frequency and polarization selective surfaces

Future Applications / Regular Session / Antennas
Room: Oral Sessions: S3-B - Wroclaw
Chairs: Raymond Dickie (Queens University Belfast, United Kingdom (Great Britain)), Alfrédo Gomes Neto (Instituto Federal da Paraiba - IFPB & Grupo de Telecomunicagdes e Eletromagnetismo Aplicado - GTEMA, Brazil)

16:50 A Miniaturized Stop-Band Frequency Selective Surface Based on Sub-wavelength Slow-Wave Dipole

Da Yi and Xing-Chang Wei (Zhejiang University, P.R. China); Yan-Bin Yang (Zigong Innovation Center, Zhejiang University, P.R. China)

This work introduces a novel band-stop frequency selective surface (FSS) based on slow-wave dipoles. By controlling the dispersion of the slow-wave structure, the working frequency of the FSS could be controlled within 3 to 5 GHz without altering the dipole length. Beneficial from the slow-wave property, this design could reduce 18% length of the traditional rectangular dipole unit
cell and eliminate the grating lobe effect.

17:10 Varactor-Tunable Four Arms Star Bandstop FSS with a Very Simple Bias Circuit

Alfrédo Gomes Neto (Instituto Federal da Paraiba - IFPB & Grupo de Telecomunicagdes e Eletromagnetismo Aplicado - GTEMA, Brazil); Jefferson Costa Silva (Instituto Federal de Educacao, Ciéncia e Tecnologia da Paraiba & IFPB, Brazil); Amanda Barboza (Federal Institute of Paraiba, IFPB, Brazil); Deisy Mamedes

(Federal Institute of Education, Science and Technology of Paraiba & GTEMA, Brazil); lanes Coutinho (Instituto Federal de Educagdo, Ciéncia e Tecnologia da Paraiba (IFPB), Brazil); Marina Alencar (IFPB, Brazil)

In this paper a varactor-tunable bandstop FSS based on the four arms star geometry is presented. Besides the resonant frequency tuning, an interesting feature is that practically no bias circuit is required. The four arms star geometry is described, including initial design equations. The adopted varactor model is depicted. A FSS prototype is designed, fabricated and characterized, with
numerical and experimental results, observing a good agreement. Despite the simplicity of the considered varactor model, the difference of 6.5% between numerical and experimental results, could be easily decreased, adapting the capacitance value, but this fine adjust it is not the objective of this work. The varactor-tunable bandstop FSS prototype achieved a resonant frequency
varying from 3.4 GHz to 3.8 GHz. With the herein proposed FSS, using appropriate varactors and basic cell dimensions, different resonant frequency ranges can be obtained, a very attractive characteristic, with potential applications in the current telecommunication systems.

17:30 Silver Nanowires Based Transparent, Broadband FSS Microwave Absorber
Weiwei Li (KAUST, Saudi Arabia); Atif Shamim (King Abdullah University of Science and Technology, Saudi Arabia)

An optically transparent microwave absorber with broadband absorption based on frequency selective surface (FSS) have been proposed and fabricated using a simple, cost-effective, and controllable inkjet printing assisted patterning technique. The FSS and ground layers are made of silver nanowires (AgNWs) conductive networks with desired patterns. This new device exhibits
broadband absorption performance with an optimized 90% absorption bandwidth over the frequency range of 9.1 to 12.2 GHz in X-band. Besides, due to the patterning of AQNWs FSS and ground layers, the optical transmittance of the fabricated absorber exceeds 83% at 550 nm wavelength, which is the highest among the transparent absorbers in literature. Based on the easy-
processing, high performance, and excellent transparency, the proposed absorber shows great promise for various applications relating to transparent absorbers, such as photonic detectors, antennas, and solar cells.

17:50 New Electronic Switching Arrangement for (sub)mm-Wave Radiometer Calibration

Raymond Dickie and Robert Cahill (Queens University Belfast, United Kingdom (Great Britain))

This paper describes a new quasi-optical switching method for more efficient calibration of millimetre and submillimetre wave Earth Observation (EO) radiometers. Passive remote sensing instruments must be calibrated regularly to ensure high measurement accuracy and current systems require switching between known hot and cold reference target loads using large and heavy power
hungry motor driven mechanical systems. The proposed switching method is based on a reconfigurable Frequency Selective Surface (FSS) which is composed of a thin dielectric slab placed above a periodic array of polarisation independent slot elements. The spacing between the FSS and the high permittivity dielectric is adjusted to provide a good impedance match to free-space and
hence high transmission for the 'ON' state, whereas for the 'OFF' state the separation distance is chosen to degrade the match and hence suppress the signal transmission by -30 dB mid band. Numerical predictions and experimental results in the frequency range 316 - 334 GHz are presented to demonstrate the operation of the FSS switch.

18:10 Sensitivity of Frequency Selective Surfaces Made on Dielectric Substrate to Thermal Loads
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Pawel Kabacik, Arkadiusz Byndas and Mariusz Hofman (Wroclaw University of Science and Technology, Poland)
Frequency Selective Surfaces (FSS) can find important applications in remote monitoring, nondestructive inspections and process automation in a case FSS electromagnetic structure become able to reveal their deformation due to mechanical and thermal loads in a remotely measurable form. In this paper we present results of our investigations into split elliptic FSS strcutures exposed
to high thermal loads

C_P03 MMWave Propag: C_P03 Millimetre-wave propagation for wireless networks

Cellular Communications / Regular Session / Propagation
Room: Oral Sessions: S4-A - Poznan
Chairs: Andrew C M Austin (The University of Auckland, New Zealand), Jose M Riera (Universidad Politécnica de Madrid, Spain)

16:50 60 GHz Millimetre-Wave Channel Characterisation for Indoor Office Environments

Andrew C M Austin, Damla Guven, Michael J Neve and Kevin W Sowerby (The University of Auckland, New Zealand)

A 60 GHz swept-tone channel sounder with 1 GHz measurement bandwidth has been developed. The sounder has been used to analyse millimetre-wave propagation in a compact indoor office environment. Profiles of the power angle-of-arrival have been measured for a number of different transmitter and receiver configurations to identify the dominant propagation paths. It was found
that the power carried on specular single- and double-bounce reflections from objects in the office (e.g., door frames and whiteboards) are typically 15-20 dB below that carried on the line-of-sight (LOS) path. A further experiment with an absorber phantom (representing the human body) showed the LOS path can be readily shadowed at 60 GHz. However, the attenuation introduced
by an internal wall consisting of drywall mounted on timber frames was measured to be between 11-22 dB, leading to the conclusion that internal walls may be insufficient to isolate co-channel systems if the LOS path is otherwise occluded.

17:10 Multi-band Indoor Propagation Characterization by Measurements from 6 to 60 GHz
Diego Dupleich (lIlmenau University of Technology, Germany); Robert Muller and Sergii Skoblikov (TU limenau, Germany); Christian Schneider (llmenau University of Technology, Germany); Jian Luo (Huawei Technologies Duesseldorf GmbH, Germany); Giovanni Del Galdo (Fraunhofer Institute for Integrated Circuits IS &

Technische Universitat lImenau, Germany); Reiner S. Thoma (llmenau University of Technology, Germany)
We introduce simultaneous multi-band ultra wideband directional measurements at 6.75 GHz, 30 GHz, and 60 GHz in an indoor environment with different visibility conditions. Large scale parameters and path-loss has been analysed for the different bands considering the propagation channel, and later the influence of the system aspects in the radio channel. We have observed that the
major differences between bands are introduced by the characteristics of the targeted system

17:30 Assessment of Drop Size Distributions Obtained by Different Instruments and Their Application to W-Band Propagation Studies

Santiago Pérez-Pefa, Jose M Riera, Ana Benarroch and Marta Munilla-Diez (Universidad Politécnica de Madrid, Spain); Jose Garcia-Rubia (Virginia International University, USA)
The Drop Size Distributions (DSDs) allow the characterization of rainfall phenomena and prediction of rain attenuation. In this paper, long-term measurements from a vertical Doppler radar (MRR-2) and an optical disdrometer are used to obtain and compare the statistics of DSDs in Madrid in periods of at least ten years. The process to obtain the DSDs from the optical disdrometer
spectrum is analyzed in detail, providing recommendations about the most appropriate particles filtering. Rain attenuation is calculated from the DSDs obtained from both instruments and the results are compared with rain attenuation time series measured in a W-band horizontal radio link at 75 GHz and 85 GHz.

17:50 Indoor Path Loss Measurements at the 5G Millimeter-Wave Bands of 26 and 39 GHz

Domingo Pimienta-del-Valle, Sergio Herndndez-Sdenz, Pedro Saiz Coronado and Luis Mendo (Universidad Politécnica de Madrid, Spain); Pedro Garcia-del-Pino (Universidad Politecnica de Madrid, Spain); Jose M Riera (Universidad Politécnica de Madrid, Spain)
Several millimeter-wave frequency bands have been identified to be used in the 5G wireless communication standard. The use of such high frequencies is one of the pillars of this new technology. Experimental measurements have been taken in the Universidad Politécnica de Madrid at 26 and 39 GHz, two of the bands selected for 5G, and are presented in this paper. Since the
propagation campaign in Madrid is at an initial stage, the main equipment characteristics and data processing are presented thoroughly. The measurements were gathered in an indoor hallway scenario with line-of-sight conditions. With them, the propagation loss has been estimated and regression fittings and model comparisons have been carried out with good results.

18:10 System Distortion Model for the Cross-Validation of Millimeter-Wave Channel Sounders
David G. Michelson (University of British Columbia, Canada); Camillo Gentile (NIST, USA); Andreas Molisch (University of Southern California, USA); Jack Chuang and Anuraag Bodi (NIST, USA); Anmol Bhardwaj (University of British Columbia, Canada); Ozgiir Ozdemir, Wahab Ali Gulzar Khawaja and Ismail Giivenc (North
Carolina State University, USA); Zihang Cheng (Tsinghua University, P.R. China); Thomas Choi (University of Southern California, USA); Robert Muller (TU llmenau, Germany)

Because millimeter-wave directional channel measurements are time-consuming and expensive to collect, there is considerable interest in combining measurement data obtained with different channel sounders in order to yield more comprehensive datasets. The simplest way to verify that the results obtained with these different instruments in a given environment are comparable
would be to transport the channel sounders to that environment, collect and process measurement data, and then compare the results. Because this is rarely feasible, we propose an alternative method that is much more practical. It involves: 1) Generating an ideal three-dimensional channel impulse response that corresponds to a scenario of interest, 2) Degrading the ideal response by
applying a distortion model that capture the factors that limit the spatio-temporal resolution and dynamic range of each channel sounder, and 3) Applying the multipath component (MPC) extraction techniques used by the channel sounder to the distorted response. After the last step, one will observe: a) correctly estimated, b) incorrectly estimated, c) missing, and d) spurious MPCs.
Discrepancies between the ideal and distorted responses will be readily apparent and the performance of the channel sounders can be easily compared in a given environment. The effort required to fully characterize the three-dimensional patterns of the transmitting and receiving antennas is considerable and further work is required to determine the corresponding accuracy

requirements.

MT_AO2 Ant Theory 2: MT_AO2 Antenna Theory 2

Methods & Tools / Regular Session / Antennas
Room: Oral Sessions: S4-B - Lublin
Chairs: Andrzej A. Kucharski (Wroclaw University of Technology, Poland), Guilherme S. Rosa (Pontifical Catholic University of Rio de Janeiro, PUC-Rio, Brazil)

16:50 Geometric Algebra Formulation of the Calderon Projector

Hector Lopez-Menchon (Universitat Politecnica de Catalunya (BarcelonaTECH), Spain); Juan M. Rius (Universitat Politecnica de Catalunya, Spain); Eduard Ubeda (Universitat Politécnica de Catalunya (UPC), Spain); Alexander Heldring (Polytechnical University of Catalunya, Spain)
Geometric Algebra provides a mathematical frame- work that allows to express many equations of physics in a more compact way. It unifies the electric and the magnetic field in a single mathematical object: a multivector. Then, the four Maxwell's equations can be written as a single one. Here we study how the integral formulation of the electromagnetic field in Geometric Algebra
naturally embeds the Calderon Projector when the field is evaluated in a surface.

17:10 Analysis of Transient Electromagnetic Field Propagation in Well-Logging Environments via an Efficient Mode-Matching Technique

Guilherme S. Rosa (Pontifical Catholic University of Rio de Janeiro, PUC-Rio, Brazil); Jose R Bergmann (PUC-Rio, Brazil); Fernando Teixeira (The Ohio State University, USA)
In this paper, we present a study on the response of well-logging sensors exploiting transient electromagnetic sources in complex subsurface formations by using a combined frequency-domain mode-matching technique with a numerical inverse Fourier transform in a computationally efficient manner. We present five representative examples to validate and explore the time evolution of
the received waves in view of it velocity and attenuation. Preliminary conclusions are presented and the potential of this approach for the study of the time-domain response of logging-while-drilling sensors in realistic problems with radial and axial stratifications is then summarized.

17:30 Perfect Electric Conductor Implementation in 3D Lebedev FDTD
Farzad Bordbar and Mike Potter (University of Calgary, Canada); Michal Okoniewski (University of Calgary & Acceleware Ltd, Canada)

In modeling of anisotropic materials, the Lebedev grid is an alternative method to regular Yee grid with collocated field components. This complicates handling Perfect Electric Conductor (PEC) interfaces because normal field components need to be accounted for. In this paper, the implementation of 3D PEC boundaries such as outside edges is presented. The accuracy of the method is
verified by simulating a ridged resonator filled with an anisotropic material.

17:50 A GO/FO Tool for Analyzing Quasi-Optical Systems in Reception

Huasheng Zhang, Shahab Oddin Dabironezare, Giorgio Carluccio, Andrea Neto and Nuria LLombart (Delft University of Technology, The Netherlands)
In this work, a graphical user interface (GUI) is presented to analyze Quasi-Optical (QO) systems in reception and their coupling to antenna elements. This goal is achieved by using Fourier Optics (FO) and Geometrical Optics (GO) based methods. Specifically, the FO method represents the field focalized by a QO component on its focal plane as a Plane Wave Spectrum (PWS) when the
component is illuminated by an incident field. This PWS is related to the field scattered by the QO component which is calculated here using a GO method. By using this spectral representation of the scattered field, the tool estimates the power received by an antenna placed at the focal plane of the QO component. By obtaining this received power, the performance of the antenna-
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coupled QO system in reception can be evaluated. In addition, the proposed tool is validated by using full-wave simulation software.

18:10 Modal Characteristics of Plasmonic Transmission Lines in Multi-Layered Media Using the Method of Moments

Mai Sallam (The American University in Cairo & Katholieke Universteit Leuven, Egypt); Guy Vandenbosch (Katholieke Universiteit Leuven (KU Leuven), Belgium); Georges Gielen (KU Leuven, Belgium); Ezzeldin Soliman (The American University in Cairo, Egypt)
This paper presents an integral equation formulation used to obtain the mode characteristics of plasmonic transmission lines. These lines can have any topology and are generally located in multi-layered structure of metallic or dielectric layers. The developed solver calculates the attenuation and phase constants of the lines using the method of moments technique which is
characterized by its accuracy and high speed compared to other numerical techniques. The solver also calculates the current components inside the metallic strips constructing the transmission lines. The solver is examined on a number of transmission lines to ensure its accuracy. The obtained results agree very well with the commercial software CST.

L_PO1 Loc & Ranging: L_PO1 Localization & Ranging

Localization & Connected Objects / Regular Session / Propagation
Room: Oral Sessions: S4-C - Kielce
Chairs: Krzysztof K. Cwalina (Gdansk University of Technology, Poland), Raffaele D'Errico (CEA, LETI, Minatec Campus & Univ\. Grenoble-Alpes, France)

16:50 Comparison Between Opportunistic Measurement and Nominal Link Budget for Aeronautical Surveillance Signal

Junichi Naganawa and Hiromi Miyazaki (Electronic Navigation Research Institute, Japan)

Automatic Dependent Surveillance - Broadcast (ADS-B) is one of the next generation aeronautical surveillance systems for air traffic control. ADS-B requires aircraft to periodically broadcast own position to other aircraft and ground stations, thereby enabling more accurate and frequent surveillance. In this paper, the received signal strength of ADS-B signal is measured and analyzed
for opportunistic flights with a focus on the link budget. The measurements are compared with predictions based on the link budget model in the international standards of International Civil Aviation Organization (ICAO). Because the model involves some nominal parameters, differences between the measurements and predictions appear. The bias in the differences is evaluated and
statistically characterized for 167 arrival aircraft. Since all the aircraft has a positive bias except for one outlier aircraft, the result verifies that the prediction method is effective for coverage design. Also, another interpretation of the result is given as the accuracy of path loss estimation from received signal strength measurement.

17:10 Periodic LoRa Signal Fluctuations in Urban and Suburban Environments

Thomas Ameloot (Ghent University - imec, Belgium); Patrick Van Torre and Hendrik Rogier (Ghent University, Belgium)
In the interest of deploying large-scale, low-power wireless sensor networks, both theoretical and practical research on the performance of sub-GHz communication technologies is being conducted all over the world. This contribution presents the performance analysis of four LoRa links in an urban/suburban environment. During this study, unexpected, periodic drops in received power
levels were found for a 10.6 km, 434 MHz suburban link. These fluctuations are enlarged and comprehensively discussed. They are found to be a propagation phenomenon, most probably related to daily changes in the composition of the troposphere.

17:30 Empirical Indoor Propagation Models for LoRa Radio Link in an Office Environment

Silvano Bertoldo, Miryam Elizabeth Paredes Quintanilla, Lorenzo Carosso, Marco Allegretti and Patrizia Savi (Politecnico di Torino, Italy)

LoRa (Long Range) is one of the most promising candidate technology for Internet of Things (loT). It support a high number of communication devices spread across large areas. In this paper, we present some indoor measurements performed in a standard office environment using LoRa links. The aims of the work is to assess the indoor propagation performance of LoRa technology and
to indicate the best model to be used for a preliminary design of a LoRa based radio link in an office environment. The measured data highlight that LoRa technology can be used in office environment to realize a wireless sensor network. Five commonly used propagation models were also analyzed and their results compared with the measurements. This analysis highlighted that the
Motley-Keenan's is the best model to describe indoor propagation.

17:50 Large Scale Channel Parameters in Industrial Environment

Jessen Narrainen (CEA LETI & Université Grenoble-Alpes, France); Raffaele D'Errico (CEA, LETI, Minatec Campus & Univ\. Grenoble-Alpes, France)
This paper presents the channel characterization in an industrial environment in a bandwidth covering 2 GHz to 6 GHz. Measurements were performed with a VNA, with virtual arrays used at both the transmitting and receiving side. Characterization of the path loss, delay and angular spreads are presented for three considered propagating conditions: LOS, OLOS and NLOS.
Furthermore, the angular spread statistics of clusters are determined.

18:10 HAPEE, a Prediction Model of lonospheric Scintillation in Polar Region

Vincent Fabbro (ONERA, France); Knut Stanley Jacobsen (NMA, Norway); Sebastien Rougerie (CNES, France)

The main objective of this study is to propose a forecasting model of scintillation indices for the polar region. A first proposition has been done in previous EUCAP publication (2014), with a simple empirical model driven by the Kp geomagnetic index, and where the main output was the instantaneous mean ROTI value. Here, an updated model is proposed, where the main inputs are the
solar wind parameters pressure p and Bz (the z component of the Earth magnetic field). A distribution of predicted ROTI (5 minutes or 1 hour prediction) or o index is provided instead of a mean value. Thus, the model allows estimating the percentage of time of occurrence for a level of ROTI (or o¢) to be exceeded in the next 5 minutes or 1 hour, or the exceeded ROTI (or o¢) for a
corresponding percentage of time.

F_PO5 Imaging: F_P0O5 Imaging and inverse scattering

Future Applications / Regular Session / Propagation
Room: Oral Sessions: S4-D - Bytom
Chairs: Dominique Lesselier (L2S UMR 8506 (CNRS - Supélec - Université paris Sud 11), France), Sergei P. Skobelev (Radiophyzika, Russia)

16:50 Diagnostic Within a Dielectric Micro-Structure Time-Reversal and Sparsity-Constrained Imaging

Peipei Ran, Zicheng Liu and Dominiqgue Lesselier (Laboratoire des Signaux et Systemes, France); Mohammed Serhir (GeePs, CentraleSupelec, France)

Computational imaging of micro-structured systems as a grid-like set of a finite number of circular cylindrical dielectric rods is considered. How to achieve meaningful localization, resolution-enhanced or, even, super-resolved, vs. the wavelength(s) of operation if defects or radiators are to be found within is discussed here. That is, the set can be seen from all around when either a line
source inside an intact system of rods is to be localized, or when, now illuminated by exterior line sources, there is an unknown distribution of missing rods. One-shot time-reversal (mostly reduced as time-harmonic back-propagation, though cases involving broadband transient data will be proposed in the presentation) and iterative sparsity-constrained joint source imaging are
analyzed as solution tools in both TE and TM polarizations.

17:10 UWB Device for Microwave Imaging: Validation Through Phantoms
Alessandro Vispa (UBT - Umbria Bioengineering Technologies, Perugia, Italy); Lorenzo Sani (UBT - Umbria Bioengineering Technologies, Perugia, United Kingdom (Great Britain)); Martina Paoli and Alessandra Bigotti (UBT - Umbria Bioengineering Technologies, Perugia, Italy); Giovanni Raspa and Navid Ghavami (UBT -

Umbria Bioengineering Technologies, Italy); Mohammad Ghavami (London South Bank University, United Kingdom (Great Britain)); Gianluigi Tiberi (London South Bank University, United Kingdom (Great Britain) & UBT - Umbria Bioengineering Technologies, Italy)

Breast cancer detection is still a challenging subject, and this has forced physical, chemical and engineering research to explore new detection modalities. In this context, microwave imaging has received increasing attention in the last decades. Such effort has been encouraged by the fact that, at microwave frequencies, it is possible to distinguish between tissues with different
dielectric constant values. In such framework an innovative microwave instrument, is presented here. The apparatus, consisting of 2 antennas operating in air, is completely safe and non-invasive since it does not emit any ionizing radiation and it does not require any breast crushing. We use Huygens Principle to provide fresh understanding into breast cancer detection. The algorithm
based on this principle provides inhomogeneity maps of the dielectric properties (dielectric constant and/or conductivity) of different tissues, highlighting their contrast in the resulting final image. The experimental results on phantoms with different dielectric constants and inclusions are presented here. Moreover, on the basis of this analysis, we establish a modality to detect the
presence of inclusions inside phantoms.

17:30 Lightweight Low-Cost UAV Radar Terrain Mapping

Eric Ye (University of Waterloo, Canada); George Shaker (University of Waterloo & Spark Tech Labs, Canada); William Melek (University of Waterloo, Canada)
Aerial 3D scene mapping can be done using vision-based methods where many 2D images are combined to create 3D maps. However, these methods have certain disadvantages, especially in scenarios where there is limited or inconsistent lighting, few image features, or fast motion. The low cost and wide availability of automotive 77 GHz allow it to be used in conjunction with
unmanned aerial vehicles to achieve terrain mapping with Synthetic Aperture Radar (SAR) techniques. We investigate the feasibility of using such a radar to complement or replace maps generated from vision-based methods. This technique is tested outdoors on a drone flight with real targets.
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17:50 A Combined Algorithm for High Resolution Microwave Breast Imaging Using Eigenfunction-based Prior
Nasim Abdollahi, Joe LoVetri and lan Jeffrey (University of Manitoba, Canada)

A new algorithm for quantitative microwave breast imaging and cancer detection is presented that is based on creating prior information for the finite element contrast source inversion using a non-iterative eigenfunction-based technique. The prior information is introduced as a numerical inhomogeneous background that modifies the contrast and contrast sources variables being

inverted by the finite element contrast source inversion. It is found that this type of specialized physics-based prior, that uses the eigenfunctions of the Helmholtz operator, ensures the stability of the subsequent contrast source inversion and produces high-accuracy and high-resolution breast images. The performance of the combined algorithm is verified by simulation studies of a 2D
MRI-derived anthropomorphic breast model.

18:10 Comparative Features of Cylindrical Electromagnetic Black Holes with Positive and Negative Refractive Indexes

Sergei P. Skobelev (Radiophyzika, Russia); Yana Chizhevskaya (Moscow Institute of Physics and Technology, Russia)

A problem of plane wave scattering by cylindrical electromagnetic black holes with radial profile of relative permittivity and permeability in the form eps(r)=myu(r)~1/r*2 is considered. The problem is solved both analytically for a basic model of the hole and numerically with use of the one-dimensional finite element method for a modified model. It is shown that the absorption efficiency
for the cylinder with a negative refractive index at realistic parameters of losses only insignificantly exceeds the absorption efficiency for the similar cylinder with a positive refractive index in comparison with the case of extremely low losses at the outer surface and extremely high losses at the cylinder axis considered in the previous publications.

H_A08 Metamat: H_AO08 Metamaterials, metasurfaces and EBG for antennas

High Data-rate Transfer / Regular Session / Antennas
Room: Oral Sessions: G1- Gniezno
Chairs: Stefano Maci (University of Siena, Italy), Enrica Martini (Wave Up Srl, Italy)

16:50 A 40dBi-Gain Flat Metasurface Antenna

Gabriele Minatti (Wave Up S. r. I. & University of Siena, Italy); Francesco Caminita (Wave-Up SRL, Italy); Enrica Martini (Wave Up Srl, Italy); Cristian Della Giovampaola (Wave Up srl, Italy); Marco Sabbadini (Esa Estec, The Netherlands); Fabrizio De Paolis (ESA, Italy); Stefano Maci (University of Siena, Italy)

Metasurfaces have been successfully applied to design very high gain flat antennas for VSAT communications in the Ka band. The antennas consist of printed grounded dielectric slabs fed at the center by a coaxial connector. Antennas for both the transmitting and the receiving band have been designed, fabricated and tested. For the first time for this kind of technology, a measured
gain as high as 39.5 dBi has been measured at 30 GHz.

17:10 Design of a Groove Gap Waveguide to Microstrip Inline Transition

Jose M. Perez (Universidad Publica de Navarra, Spain); Alicia E. Torres-Garcia and Ramon Gonzalo (Public University of Navarra, Spain); Iiigo Ederra (Universidad Publica de Navarra, Spain)

In this paper the design of an inline transition between microstrip and groove gap waveguide operating at W-band is presented. The transition consists of two sections: a tapered microstrip line and a Chebyshev transformer. The simplicity of this design makes this transition appropriate for MMIC packaging at millimeter frequencies and above. Experimental validation has been carried out
in the W-band. Good performance has been achieved: return loss better than 10 dB and mean insertion loss lower than 2 dB.

17:30 Design of Substrate Integrated Waveguides Supporting Degenerate Band-Edge Resonances

Tianyu Zheng (Sorbonne University, France); Massimiliano Casaletti (Sorbonne Universités UPMC, France); Ahmed F. Abdelshafy and Filippo Capolino (University of California, Irvine, USA); Zhuoxiang Ren and Guido Valerio (Sorbonne Université, France)

A degenerate band edge is a resonant dispersive behavior of coupled transmission lines arising from a fourth-order degeneracy due to the coalescence of two propagating and two evanescent modes. It leads to a so-called giant resonance resulting in field enhancement inside the transmission line. In this paper, we propose a SIW periodic line supporting a degenerate band edge and we
study the impact of losses. Conductor and dielectric losses are analyzed in the full-wave simulations of the unit cell and of truncated structures.

17:50 Millimeter-wave Huygens' Metasurfaces Based on All-dielectric Resonators for Antenna Beam-forming

Shulabh Gupta (Carleton University, Canada); Takashi Tomura and Soichi Sakurai (Tokyo Institute of Technology, Japan); Daniel King (Carleton University, Canada); Jiro Hirokawa (Tokyo Institute of Technology, Japan)

A novel mm-wave all-dielectric structure based on Huygens' metasurfaces is proposed to engineer the radiation fields of a 2D slot array antenna, and demonstrated using full-wave simulations. The proposed metasurface consists of elliptically-shaped resonators whose geometrical dimensions can be engineered to enable rich wave transformation capabilities. They are placed on top of
the slot antenna array in its near-field zone and designed to transform the intrinsic uniform field distribution of the antenna to desired radiation patterns. A beam tilting example has been presented to demonstrate the proposed principle.

18:10 Dual Broadband Coplanar Waveguide-Fed Slot Antenna for 5G Applications

Asmaa Ibrahim Afifi (EJUST, Egypt); Dalia Elsheakh, dalia (Electronics Research Institute & ElTahrir St. Dokki Giza, Egypt); Adel B. Abdel-Rahman (EJUST, Egypt); Ahmed Sayed Ahmed Abdelhamid Allam (Egypt-Japan University of Science and Technology (E-JUST), Egypt); Sabah Ahmed (Egypt-Japan University of
Science and Technology, Egypt)

In this paper a dual broadband CPW-Fed slot antenna is presented for 5G applications. This antenna operates at the lower and the millimeter (mm) wave bands, especially the 28/38 GHz of the mm-wave bands of the 5G wireless communications. The proposed antenna is compact with a size of 20 x 15 mm2. It has two bands which are extended from around 3.4 to 7.3 GHz and upper

band extended from 20 to 38 GHz. These bands are achieved by using a rectangular slot with a triangle strip, two shunt stubs and a rectangular patch inside the slot. The results show that this antenna has impedance bandwidth of 80% and 66.6% for the lower and upper bands respectively. CST Electromagnetic simulator is used to simulate the proposed antenna which it provides
omni-directional pattern and good gain over the operating two bands.

S_A26 3D Print Ant: S_A26 3D-printed antenna technologies

Space / Regular Session / Antennas
Room: Oral Sessions: G2- Opole
Chairs: Shengjian Jammy Chen (The University of Adelaide, Australia), Oscar Quevedo-Teruel (KTH Royal Institute of Technology, Sweden)

16:50 Additive Manufactured Three Dimensional Luneburg Lens for Satellite Communications

Oskar Dahlberg (KTH Royal Institute of Technology, Sweden); Oskar Bjorkqgvist (KTH Royal Insitute of Technology, Sweden); Oscar Quevedo-Teruel (KTH Royal Institute of Technology, Sweden)

A method for designing gradient refractive index (GRIN) lenses with additive manufacturing or 3D-printing at K,, band is presented. To demonstrate the potential of the method, we designed a Luneburg lens using a single low-loss dielectric material available for 3D-printers. The gradient index is realized by varying the local material fill density of the lens. We demonstrate with full wave
simulations that the structure is able to transform a spherical electromagnetic wave to a plane wave. When the lens is fed with a rectangular waveguide, the overall antenna has a gain of 23 dBi with side lobe levels of -12.5 dB in K,, band. This lens, when integrated with a circular polarized feeding system, could find application for ground satellite communications.

17:10 Sidelobe Level Reduction in Ridged Leaky Waveguide Through Stereolithography

Aurélie Dorlé (Institut d'Electronique et de Télécommunications de Rennes UMR CNRS 6164, France); Raphael Gillard (IETR & INSA, France); Esteban Menargues (Ecole Polytechnique Fédérale de Lausanne (EPFL), Switzerland); Maarten van der Vorst (European Space Agency, The Netherlands); Emile de Rijk (SWISSto12
SA, Switzerland); Petronilo Martin-Iglesias (European Space Agency, The Netherlands); Maria Garcia-Vigueras (IETR-INSA Rennes, France)

This article presents a single-polarized directive leaky-wave antenna at Ka-band providing low sidelobe level. The considered structure is original and consists in a slotted and ridged waveguide, which is excited by a single mode through a rectangular-to-square transition. By properly modulating the length of the slots and the height of the ridge along the antenna, it is possible to
achieve full control over the complex illumination. The additive manufacturing process of stereolithography is used to print the low sidelobe level prototype. Measurements are presented and show nice agreement with full-wave simulations, reaching a sidelobe level of - 15.3 dB at 30 GHz.

17:30 Additively Manufactured Triple-Band Fractal Antenna-on-Package for Ambient RF Energy Harvesting
Azamat Bakytbekov and Atif Shamim (King Abdullah University of Science and Technology, Saudi Arabia)

Billions of wireless sensing devices must be powered for the Internet of Things (loT) applications. Collecting energy from ambient RF spectrum to power sensor nodes is one of the possible solutions. In this work, we present an antenna for RF energy harvesting applications which operates at multiple bands and has been realized through additive manufacturing (combination of 3D and
screen printing) on a package, thus optimizing the space and cost requirements. The antenna design utilizes the cantor fractal approach which enables it to operate at three frequencies (GSM900, GSM1800 and 3G at 2100MHz) simultaneously. Decent gain, triple-band performance, lower cost and compact size makes this antenna a promising candidate for ambient RF energy
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harvesting applications.

17:50 Conformal Space-Filling Electromagnetic Skins for the Wireless Monitoring of 3D Object Integrity

Simone Nappi (University of Rome Tor Vergata & Radio6ense srl, Italy); Pier Paolo Valentini (University of Roma Tor Vergata, Italy); Gaetano Marrocco (University of Rome Tor Vergata, Italy)

The use of polymer-based objects in a wide range of applications requires a regular monitoring of their health status in order to prevent potential failures during service. The exposure of these objects to mechanical or chemical stressing agents may accelerate their natural aging process. A non-invasive and early monitoring of these aging signs may enable a predictive maintenance in
order to avoid, or at least to minimize, unexpected failures. This paper describes a wireless crack detection method based on space-filling curves working like an electromagnetic second-skin enveloping the object. The conformal sensor permits to remotely transmit the presence of small defects over the object by using Radio Frequency Identification. The proposed idea is corroborated
by numerical modeling and by experimentations with a plastic pipe joint coated by a three-cells sensing skin made by silver conductive paint that is suitable to enable a wireless crack detection system up to 1.5m distance.

18:10 Ku-Band SFB-Cluster Manufactured by Additive Manufacturing Techniques

Michael Kilian, Andreas Schinagl-WeiB3 and Alexander Sommer (Airbus Defence and Space GmbH, Germany); Christian Hartwanger and Michael Schneider (Airbus, Germany)
This paper investigates the use of novel manufacturing techniques for high throughput satellites. An entire feed cluster including waveguide runs was developed regarding design rules for novel additive layer manufacturing to use that cluster for prospectively upcoming applications with increased needs for frequency re-use factors like inflight connectivity. Based on strong experience in
antenna design and the additive manufacturing process, a tradeoff between RF performance and mechanical parameters was made to get a low mass component with sufficient accuracy and RF performance.

B_AO2 Imag Sensing: B_A02 Imaging, Sensing, and Radar Antennas

Biomedical / Regular Session / Antennas
Room: Oral Sessions: A2- Ustka
Chairs: Declan O'Loughlin (National University of Ireland Galway, Ireland), Kuwahara Yoshihiko (Shizuoka University, Japan)

16:50 Microwave Mammography Enabling Pathological Diagnosis

Kuwahara Yoshihiko, Yuhji Nakada and Akira Nozaki (Shizuoka University, Japan); Kimihito Fujii (Aichi Medical University, Japan)

Because the microwave tomography which solves the inverse scattering problem, reconstructs a tomographic image of the electric constant distribution of an object, it is expected to be applicable to an apparatus used for pathological diagnosis. We measured and analyzed the complex permittivity of breast tissue surgically removed from a breast cancer patient. It was found that the
conductivity distribution of the cancer tissue is separated from the distribution of other tissues when expressed based on parameters of the Debye model instead of the frequency-dependent complex permittivity. The distribution of the Debye model parameters in the breast can be estimated by solving the inverse scattering problem. Herein, we show that it is possible to identify
cancerous areas through a computer simulation.

17:10 Advantages and Disadvantages of Parameter Search Algorithms for Permittivity Estimation for Microwave Breast Imaging

Declan O'Loughlin (National University of Ireland Galway, Ireland); Barbara L. Oliveira, Martin Glavin, Edward Jones and Martin O'Halloran (National University of Ireland, Galway, Ireland)

Multiple clinical investigations of radar-based breast imaging devices have been demonstrated in recent years, including two competing commercial systems which are currently being tested in clinics. Expected enrollment using MARIA is expected to be 994 and will include women with both dense and non-dense breasts which can have different average dielectric properties. Numerous
studies have shown that the normal variance in the dielectric properties of the breast between women can impact both the image quality and the expected sensitivity which can be achieved using radar-based breast imaging. This paper examines the potential to use parameter search algorithms to improve the sensitivity of radar-based breast imaging. Although these parameter search
algorithms have been shown to improve image quality in a limited number of test cases, this is the first analysis of the potential impact of realistic dielectric properties estimation on the sensitivity of radar-based imaging.

17:30 Design of a Millimeter-Wave Near-Field Probe for Early-Stage Skin Cancer Detection

Giulia Mansutti (Universita degli Studi di Padova, Italy); Ahmed Toaha Mobashsher (The University of Queensland & LicenSys Pty Ltd, Australia); Amin Abbosh (The University of Queensland, Australia)

This work presents the design of a practical and low-cost near-field probe for early-stage skin cancer detection. The device utilizes substrate integrated waveguide (SIW) technology to ensure an easy and cheap fabrication process. Moreover, the adoption of a high dielectric constant substrate material provides a good match with the skin. This in turn allows to use the probe in direct
contact with the investigated area, making it a practical and effective tool for scanning a suspected body area in an in-vivo scenario. The tip of the device, i.e., the part that is in direct contact with the skin, is capable of concentrating the electric field on a small region thanks to a tapered design, and in this way a sub-millimeter lateral resolution of 0.2 mm can be achieved. The probe is
designed to operate between 35 and 45GHz, and to achieve a penetration depth of 0.4 mm in order to detect small cancer lumps. The device operates according to a differential approach, i.e., it senses relative changes in the dielectric properties of a suspect area with respect to its healthy surroundings. In this way, the effectiveness of the probe is granted for all the individuals and
body regions, and regardless of the hydration level or thickness of the skin. The design has been realized and tested through full-wave numerical simulations in CST Microwave Studio.

17:50 Study of Penetration Ratio Using UWB Antenna with an in Vivo Subject

Hamza Benchakroun (iTeam, Universitat Poltécnica de Valéncia & Information Technology and Modeling Laboratory, National School of Applied Sciences, Cadi Ayyad University, Spain); Marta Cabedo-Fabrés (Universidad Politécnica de Valencia, Spain); Miguel Ferrando-Bataller and Sergio Castell6-Palacios (Universitat
Politecnica de Valencia, Spain)

This paper presents a study of the penetration ratio through the human tissue for Body Area Network (BAN) applications of a compact antenna with directive behavior and wide impedance matching. The antenna is a coplanar UWB monopole covering the band from 2.8 GHz to 13.8 GHz. To analyze the penetration ratio of the antenna, two experiments using a phantom and an in vivo
subject have been carried out. According to the experiments and the measured results, the antenna with enhanced radiation pattern and wide impedance matching, leads to a very good penetration into the human tissue. Measurements have been performed to demonstrate the validity of the simulated antenna performance through two experiments. The optimized UWB antenna displays
a penetration ratio up to 17 cm in pure fat phantom and up to 16 cm in an in vivo subject, combined with a matching band of more than 10 GHz.

18:10 Design of A Compact Ultra-Wideband Antenna for Super-Wideband Technology
Majed Dwairi and Amjad Hendi (Faculty of Engineering Technology Al-Balga Applea University, Jordan); Mohamed S. Soliman (Taif University, Saudi Arabia); Mahdi Nisirat (Albalga'a Applied University, Jordan)

This paper presents a monopole ultra-wideband (UWB) patch antenna with enhanced bandwidth performance for super-wideband applications. The reference antenna has a modified circular radiator consists of a circular patch integrated with two circular shapes at 5mm from the main patch center with radius of 5.35mm. The modified patch is mounted on a FR4-epoxy substrate with a
relative permittivity of 4.4 and a dielectric tangent loss of 0.024 and fed by a microstrip feed line of 50 Q characteristic impedance. The other side of the substrate has a partial ground plane. Parametric study is done to estimate the proper dimensions of the proposed antenna. Four different slot configurations: rectangular, circular, torus, and a drinking cup shape, with proper
dimensions have been inserted to the partial ground plane under the feed line to modify the reference antenna bandwidth characteristics. The simulation results using CST-EM software package prove that the antenna fractional bandwidth of the reference antenna is 129.9% while for the four different antenna models are changing from 160.6% to 167.45%, that means that the proposed
antennas bandwidth increases from 31.7% to 37.55%. The antenna maximum gain, directivity and far field radiation pattern also investigated.

Friday, April 5

Friday, April 5 8:40 - 10:20
Sp_A03 Refl, Feed, Comp for Space: Sp_AO03 Reflector, Feed Systems, and Components for Space Application

Space / Regular Session / Antennas
Room: Oral Sessions: S2 — Warszawa
Chairs: Christophe Granet (Lyrebird Antenna Research Pty Ltd, Australia), Donia Oueslati (ICTEAM Institute, Université Catholique de Louvain, Belgium)

8:40 Large Deployable Spaceborne Reflector Antennas in Europe: Progress Status and Perspectives
Jean-Christophe Angevain (ESA, The Netherlands); Alexander Ihle and Gongalo Rodrigues (European Space Agency, The Netherlands); Julian Santiago-Prowald (European Space Agency (ESTEC), The Netherlands)
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Due to the limited volume available under the launcher fairing, large spaceborne reflector antennas need to have their RF radiating aperture unfurled once the satellite is placed on its orbit. This is the case for reflector antennas with aperture diameters above 3-4 meters for conventional geostationary satellites but it may also apply to reflectors with smaller diameter when embarked on a

small or micro satellite. The need for larger radiating apertures is mainly driven by increased gain and/or higher resolution and sensitivity required by the advanced satellite telecommunication payloads or microwave instruments for Earth Observation and Science missions. It is proposed in this paper to provide the current progress status of large deployable spaceborne reflector
antennas in Europe in terms of research and development. Future outlooks in Europe regarding this technology are then presented.

9:00 Design of a Hybrid Linear-Array Fed Doubly Curved Reflector Antenna with a Hexagonal Beam Lattice

Nelson Fonseca (European Space Agency, The Netherlands); Etienne Girard (Thales Alenia Space, France); Hervé Legay (Thalés Alenia Space, France)
In this paper, a design procedure to generate a hexagonal beam lattice from a linear-array fed doubly curved reflector antenna is described. When all linear arrays are identical, this reflector antenna configuration naturally generates a square lattice of beams, which is not optimal as a multiple spot-beam coverage for communication satellites. By an adequate adjustment of its design
parameters, it is possible to obtain the desired hexagonal beam lattice while maintaining all the advantages of the proposed antenna configuration, mainly its feed system simplicity when compared to alternative imaging reflector configurations. The proposed design procedure is illustrated through a specific numerical example at Ka-band.

9:20 Performance Aspects of Large-Deployable Reflector Antennas Based on Surface Deformations Simulated for Tandem-L

Patrick T.P. Klenk, Jens Reimann and Marco Schwerdt (German Aerospace Center (DLR), Germany)

Based upon the needs of the scientific community, the next generation of Earth observation synthetic aperture radar satellites will focus on comparatively longer wavelengths such as L- or even P-band. Due to operational constraints, instruments currently under development will likely be constructed as a phased array antenna feed paired with a large deployable reflector (LDR) / boom
assembly. Compared to traditional planar antenna array based instrument designs, this leads to a series of novel challenges which have to be addressed. In this presentation we discuss several LDR performance aspects related to SAR-based Earth observation from low Earth orbits. Based upon the present reference scenario for Tandem-L, a current proposal for a future high
performance SAR mission, we find that expected intra-orbit thermo-elastic deformations should have a tolerable impact on the SAR signal after digital beamforming in terms of gain and phase variations. Furthermore, the potential for reflector shaping opens a trade space which has to be carefully assessed.

9:40 Uncertainty Quantification for Modern Antenna Systems

Oscar Borries, Erik Jargensen, Min Zhou and Jakob Rosenkrantz de Lasson (TICRA, Denmark)
Many modern antenna systems, particularly for applications in telecommunication or earth observation, have significant mechanical complexity. This entails an often lengthy and detailed design process, where the design is carefully revised to ensure the best performance for the intended application. In particular, the electrical design often needs to take into account uncertainties in the
mechanical design. In this paper, we present an efficient way of quantifying the effects of uncertainties by using electromagnetic simulation of the antenna design with mechanical uncertainties added to the model of the antenna. The methods shown here far outperform the conventional Monte-Carlo techniques, both in terms of accuracy and computational time.

10:00 Application of the Riemann-Silberstein Vectors and Source Matching Method to a Beam-Waveguide Vector Field Analysis

Igor Belkovich and Boris Kogan (National Research University Moscow Power Engineering Institute, Russia)

In antenna theory, there is traditionally a problem of rigorous vector analysis of the electromagnetic field in electrically large antennas. Such an analysis is always time-consuming and requires significant computational resources, or done with the use of approximation methods. In this paper, theoretical foundations and techniques of solving such problems utilizing the Riemann-
Silberstein vectors (RS vectors) and the method of rigorous analytical solution of Maxwell's equations - spherical wave expansion are presented. In homogeneous space, the two RS vectors describe vector fields of ideal circular polarization (RHCP and LHCP) and propagate independently. The vector spherical expansion technique in terms of the RS vectors is developed using the helical
coordinate system and the generalized spherical harmonics. The expansion is symmetrical and has a simpler mathematical description compared to the classical multipole expansion. A method of expansion coefficients definition directly from a source current distribution is developed, which allows to simplify field calculation in reflector antenna systems. The purpose of this paper is to
show advantages of the RS vectors utilization and to present efficient algorithms of the accurate electromagnetic field analysis for applied electromagnetics problems.

F_AO4 Theory for Future Apps: F_A04 Antenna Theory for Future Applications

Future Applications / Regular Session / Antennas
Room: Oral Sessions: S3-A — Gdansk
Chairs: Andrea Neto (Delft University of Technology, The Netherlands), Jorge A. Tobon Vasquez (Politecnico di Torino, Italy)

8:40 Acceleration of Finite Periodic Structures Analysis Through Matrix Compression Techniques

Alberto Serna (University of Extremadura, Spain); Jorge A. Tobon Vasquez and Javier Rivero (Politecnico di Torino, Italy); Luis Landesa (University of Extremadura, Spain); Francesca Vipiana (Politecnico di Torino, Italy)
Slotting the impedance matrix to perform the matrix-vector product through the use of FFT, procedures named slotFFT techniques, is an efficient way to accelerate the solution of electromagnetic analysis of finite periodic structures through the SIE-MoM framework. This work presents the combination of a slotFFT technique with two different matrix compression methods, one based
on full domain power-decoupled macrobasis, and other based on skeletons to increase the achieved acceleration, showing the versatility of the proposed slotFFT algorithm to be integrated with different frameworks.

9:00 The Observable Field for Generalized Incidences

Arturo Fiorellini Bernardis and Andrea Neto (Delft University of Technology, The Netherlands); Angelo Freni (Universita degli studi Firenze, Italy); Nuria LLombart (Delft University of Technology, The Netherlands); Diego Emer (Technische Universiteit Delft, Italy)

The Observable Field is the portion of the incident field that can contribute to the signal received by an antenna. Recently, the Observable Field was estimated for a plane wave incidence. Here, the procedure is extended to a general incident fields expressed as a superposition of multiple plane waves. As a case study we consider a communication scenario which involves a base station
and distributed receivers embedded in a complex scattering environment. The Observable Field concept provides clear guidelines for the design of the receiving terminal antennas. In particular, it emerges that to maximize the received power, the pattern in transmission of the antenna should be synthesized to reproduce the angular pattern of the Observable Field. This is specifically
relevant in cases of non-line of sight at high frequencies, where the power received can drop by several orders of magnitude.

9:20 Equivalent Circuit Models of Finite Slot Antennas
Ralph van Schelven, Daniele Cavallo and Andrea Neto (Delft University of Technology, The Netherlands)
We propose a systematic approach to describe slot antennas, embedded in generic stratified media. An equivalent transmission line model for the slot is proposed, based on a spectral domain analysis. We introduce a method of moments solution to model semi-infinite or finite slots. The solution entails two basis functions, one at the feed and one at the terminations. The latter basis
function is chosen to properly account for the field diffractive behavior at the antenna end points. An approximate circuit model is then introduced, which describes the main mode propagating along the slot as an equivalent transmission line. Lumped impedances are extracted to accurately describe both the reactance of the feed and the termination, and the radiation emerging from
these points. This procedure can be used to derive the input impedance of planar antennas with arbitrary length in generic layered media or the interaction between multiple feeds within one slot.

9:40 Limitations and Optimization of Supergain End-Fire Arrays
Alexandre Debard (University of Grenoble Alpes & CEA-LETI, France); Antonio Clemente (CEA-LETI Minatec, France); Christophe Delaveaud (CEA-LETI, France); Patrick Potier ((DGA), France); Pouliguen Philippe (DGA, France)

In this paper, the possibility to optimize supergain end-fire arrays is numerically investigated. Firstly, the optimization problems in terms of directivity and gain are introduced. Then, infinitesimal-dipole based end-fire arrays have been optimized as a function of the number of elements and inter-element spacing. It is shown that, their radiation efficiency can be predicted and, for close
inter-element spacing, even optimized to provide a higher gain than the one obtained with the classical directivity optimization methods. The numerical analysis is detailed and validated by full wave simulations in the case of three half-wave dipoles.

10:00 A Concept Study of Near-Field Imaging Using Frequency Modulated Continuous Wave Radar
Arslan Azhar (Technical University of Munich, Germany); Thomas F. Eibert (Technical University of Munich (TUM) & Chair of High-Frequency Engineering (HFT), Germany)

The paper presents a concept for near-field imaging of a scatterering device under test using measurements taken by a Frequency Modulated Continuous Wave (FMCW) radar that has linearly increasing frequency with time. A suitable formulation of a near-field transformation for the monostatic FMCW observations is also discussed. A scattering model based on ideal point scatterers
and point observations is used to describe the involved steps. Finally, a numerical example is included to demonstrate the imaging performance.
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8:40 Study on Miniaturized Super Low frequency(SLF) Transmitting Antenna
Yunxiao Xu (Shanghai Jiao Tong University, P.R. China); Junping Geng (Shanghai Jiaotong University, P.R. China); Kaijie Zhuang (Shanghai Jlao Tong University, P.R. China); Haobo Wu and Jiawei Han (Shanghai Jiao Tong University, P.R. China); Kun Wang (Sahnghai Jiao Tong University, P.R. China); Han Zhou and
Ronghong Jin (Shanghai Jiao Tong University, P.R. China); Xianling Liang (Shanghai Jiaotong University, P.R. China); Weiren Zhu (Shanghai Jiao Tong University, P.R. China)

A new type of SLF antenna based on motor rotator is proposed. The size of the antenna is no longer limited by frequency. The antenna consists of a rotating magnetic dipole. The frequency of the signal can be controlled by the rotational speed. In order to facilitate analysis and understanding, the rotating magnetic field generated inside the motor can be equivalent to a rotating
magnetic dipole which is a miniaturized SLF antenna. The simulation fields at SLF band are consistent with the theoretical derivation, which also proves that the derivation is correct.

9:00 Application of Tensor Decomposition Methods to Antenna Array Calibration Measurements for De-Noising and Narrowband Modelling

Stephan Hafner (Technische Universitat IlImenau, Germany); Reiner S. Thoma (llmenau University of Technology, Germany)
Narrowband modelling of an antenna array's response is often considered for parameter estimation or modelling purposes. Because the narrowband assumption has to be carefully assigned, a new criterion to justify the narrowband assumption based on array calibration data will be presented. Subsequently, tensor decomposition methods are presented, which are applicable to estimate
a narrowband array model from array calibration measurements while incorporating various assumptions regarding the calibration measurement system or the antenna array. The performance of the proposed decomposition methods will be compared in Monte-Carlo simulations using synthetic as well as measurement data.

9:20 A Method of Reducing Mutual Coupling Using an Extra Coupling Path
Lei Chen, Tianling Zhang, Sadegh Mansouri Moghaddam, Ashraf Uz Zaman and Jian Yang (Chalmers University of Technology, Sweden)

A method of reducing mutual coupling for a large-scale array with the wideband and beam steering characteristics is proposed in this work. An extra coupling path is intentionally introduced to reduce the mutual coupling among adjacent radiating elements. A millimeter wave array is used to verify the proposed method. The simulation results show that the mutual coupling between
adjacent elements can be reduced to below -15 dB over the band of 19-39.5 GHz and this concept is viable even for the beam steering angle range of +45°.

9:40 The Battle for Brown Boveri. Salvaging and Restoration Conception of the SL 61 B3 Long-Wave Transmitter
Tomasz Aleksander Mis (Warsaw University of Technology & Institute of Radioelectronics and Multimedia Technology, Poland); Sebastian Orda-Sztark (Babice Radio Station Culture Park Association, Poland); Piotr Plachta and Lukasz Ostafin (RCN Konstantynow, Poland)
This article presents the Konstantynéw Radio Transmitting Centre - Poland's leading longwave radio broadcasting facility, active between 1974 and 1991 - and its transmitter, the Brown Boveri SL 61 B3. Composed of two parts of 1000 kW each, it is considered one of World's most powerful radio transmitters. Having a five-staged modulator, three-staged high-frequency power circuit,
nuclear standard frequency generators, microwave (5.6 GHz) modulation signal acquisition and elaborated automated control system, it presented the leading technology of radio broadcasting in the 2nd half of the XX century. Its high significance, both historic and technological, led to the unprecedented action of moving the entire (!) transmitter from the Centre (seriously dilapidated
after the collapse of the World's highest radio mast in 1991 due to errors in renovation) to the Babice Transatlantic Radio Station Culture Park Association with the cooperation with the Warsaw University of Technology and other entities. The transmitter, despite the damages caused by devastations and thefts, shall be renovated as a functioning historic equipment with the possibilities
of its use for research purposes.

10:00 Additive Manufacturing of Waveguide Polarizer for K-band Feed System

Stephanie Smith (CSIRO & Astronomy and Space Science, Australia); Ken Smart and Nick Carter (CSIRO Astronomy and Space Science, Australia); Nasiha Nikolic and Andrew Weily (Antenna Engineer, Australia); lvan Kekic (Mechanical Engineer, Australia)
A compact septum waveguide polarizer designed for additive manufacturing is presented. An electroformed prototype has been manufactured with excellent performance achieved. The reflection coefficient of the 3D printed polarizer is predicted to be less than -30dB from 18 - 21.5GHz and the axial ratio is predicted to be less than 1.1dB over the same range.
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8:40 Impact of the Elevation Scanning Angle on the Vertical Compliance Distance of 5G Massive MIMO Antennas

Thomas Kopacz and Dirk Heberling (RWTH Aachen University, Germany)
The evolution of mobile radio networks towards 5G leads to a deployment of massive MIMO antennas which are able to serve spatially separated users with individual beams. For site certification procedures, in Germany for instance, all base station antennas are assumed to radiate with maximum transmit power using a maximum envelope of all possible tilts and scanning angles. For the
expected high scanning range in elevation, this might lead to increased vertical compliance distances. This paper evaluates the dominant factor causing the vertical compliance distance and investigates the impact of the beam scanning range for two designs of a massive MIMO antenna. The results show that the vertical compliance distance is caused by the main lobe, as long as a part

of it is below the horizon. Compared to the case of no electrical downtilt, a vertical scanning range of +15° increases the vertical compliance distance up to 161 %.

9:00 An Architecture Analysis for Millimeter-Wave Optically Steerable Antenna Array

Christian Ballesteros and Marcos Maestre (Universitat Politecnica de Catalunya, Spain); Maria C Santos (Universitat Politecnica Catalunya, Spain); Jordi Romeu (Universitat Politecnica de Catalunya, Spain); Luis Jofre (Universitat Politecnica de Catalunya, Spain)

Emerging 5G applications require technological solutions to provide larger data rates through wireless links. In the millimeter-wave frequency region there is a wide unexploited area open to allocate new services. In consequence, there is a growing interest in investigating efficient and innovative designs at those frequencies. New challenges appear due to the additional losses and
compact, integrated antennas are required. On the other hand, light is a suitable carrier to overcome some of those problems in a guided environment. Moving all processing and transport of the signals to the optical domain can improve both efficiency and capacity. Therefore, mmWave-photonics is an adequate trade-off. The goal of this paper is the design of a planar antenna as an
integrated solution with a highspeed InGaAs PIN photodiode. The received power is improved with a lens-based array structure to increase the gain and steer the radiated beam towards a particular user position.

9:20 A Camouflage Antenna Array Integrated with a Street Lamp for 5G Picocell Base Stations

Ahmed Alieldin, Yi Huang, Manoj Stanley, Sumin David Joseph and Tianyuan Jia (University of Liverpool, United Kingdom (Great Britain)); Fatma Elhouni (The University of Liverpool, United Kingdom (Great Britain)); Qian Xu (Nanjing University of Aeronautics and Astronautics, P.R. China)

This paper proposes a new design of a camouflage dual-polarized antenna for 5G picocell base stations. The antenna covers the frequency band from 3.25 GHz to 3.85 GHz with a good isolation between its ports (= 22 dB) and a low profile. The proposed antenna consists of two layers separated by an air gap (a radiating layer and a feeding layer). The radiating layer uses a transparent
conducting film (Indium Tin Oxide) to form two patches (a radiating patch and a parasitic patch) printed on the opposite sides of a glass laminate. The radiating patch is meshed to improve the transparency of the antenna. The visual transparency of the radiating layer makes it possible to be integrated with the glass cover of the head of a street lamp while the feeding layer is embedded
inside the head for camouflage. A 2 x 2 antenna array is formed to achieve a realized gain of 13.2 dBi and cover a solid angle of 33° x 33° making the proposed design a good candidate for the 5G picocell base stations.

9:40 A 2-By-2 Sub-Array for Scalable 28GHz mmWave Phased Array Horn Antenna in 5G Network
Mark Tan (AAC Technologies PTE LTD, Singapore); Guan Hong NG and Roger Tay (AAC Technologies Pte Ltd, Singapore)
The upcoming 5th Generation (5G) technology in mobile communication has led to many designs of millimeter-Wave (mmWave) Phased Array Antenna that can offer high antenna gain and ability in beamforming at different angles, with the aims to achieve higher data transfer rate and low latency. This paper presents a scalable solution for 28GHz mmWave Phased Array Horn Antenna

for applications in the 5G network. The Phased Array Horn Antenna is made up of M x N numbers of smaller unit of 2-By-2 Sub-Array Horn Antenna, arranging in rectangular array layout. Each 2-By-2 Sub-Array Horn Antenna consists of four horn radiating elements in a 2 x 2 matrix layout, along with a Qual-Core Phase-Shifter Integrated Circuit (IC) that is integrated within the antenna
structure, to introduce phase difference to the four radiating elements in the Sub-Array Antenna for beam-steering purposes. This paper details the design of the 2-By-2 Sub-Array Horn Antenna along with its simulated antenna performance, as well as the different configurations of Phased Array Horn Antenna and their performance characteristics.

10:00 Wide-angle Impedance Matching of Antenna Arrays with Circuit Synthesis and Optimization Tools

Riku Kormilainen and Anu Lehtovuori (Aalto University, Finland); Jussi Rahola (Optenni Ltd, Finland); Harri Varheenmaa (Aalto University, Finland); Ville Viikari (Aalto University & School of Electrical Engineering, Finland)
Future 5G wireless communication requires beam steerable antenna arrays. The challenge of these antenna arrays is the changing input impedance as a function of steering angle, which is difficult to compensate with matching networks. We propose a novel method of designing and matching antenna arrays at different steering angles simultaneously with the combined usage of unit
cell model and Optenni Lab software aimed for matching circuit synthesis and optimization. We apply the method to a linear patch antenna array. The results show the potential of this approach.
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Chairs: Tetsuro Imai (NTT DOCOMO, INC., Japan), Krzysztof Nyka (Gdansk University of Technology, Poland)

8:40 An Improvement of Global Complex Roots and Poles Finding Algorithm for Propagation and Radiation Problems

Maciej Jasinski, Sebastian Dziedziewicz, Maria Jozwicka and Piotr Kowalczyk (Gdansk University of Technology, Poland)
An improvement of the recently developed global roots finding algorithm has been proposed. The modification allows to shorten the computational time by reducing the number of function calls. Moreover, both versions of the algorithms (standard and modified) have been tested for numerically defined functions obtained from spectral domain approach and field matching method. The
tests have been performed for three simple microwave structures (open waveguides and conformal antenna resonator). The results have been verified and the increase of efficiency for the improved version of the algorithm has been confirmed.

9:00 Radio Propagation Prediction Model Using Convolutional Neural Networks by Deep Learning
Tetsuro Imai, Koshiro Kitao and Minoru Inomata (NTT DOCOMO, INC., Japan)

Recently, advancement of artificial intelligence has been remarkable, and many applied researches are attracting attention now. Most of them are based on deep learning. Here, we have proposed radio propagation prediction model using convolutional neural networks (CNN) by deep learning. This paper explains our proposed model in detail, and clarifies its performance by evaluating
behaviors for map-parameters input to CNN.

9:20 Physical Identification of Common Clusters for Outdoor Microcells

Julian Villegas Gutierrez (Université Catholique de Louvain, Belgium); Domingo Pimienta-del-Valle (Universidad Politécnica de Madrid, Spain); Claude Oestges (Université Catholique de Louvain, Belgium)
In geometry-based stochastic models, Interacting Objects (I0s) define scattering obstacles. The identification of groups of waves (clusters) linked to IOs is addressed in this paper, based on measurements conducted in an outdoor microcellular scenario at 3.8GHz.By contrast to the classical approach clustering waves in the parameter space, the proposed approach is able to identify
physical I0s. Moreover, a method to define common clusters at different mobile locations is further described.

9:40 Limitations of the ITU-R P.838-3 Model for Rain Specific Attenuation

Eric Regonesi, Lorenzo Luini and Carlo Riva (Politecnico di Milano, Italy)
The International Telecommunication Union (ITU) recommendation P.838-3 provides a method to calculate the specific attenuation due to rain. Although the model nature is twofold, to hold a physical basis and to maximize the accordance with experimental data, its current implementation comes with some limitations and inaccuracies. In this contribution we highlight some differences
observed when a physically based attenuation model is built and used for comparison. Some nonphysical behaviors of the ITU model are spotted with the variation of rain rate, polarization and elevation angle in a significant frequency range for satellite communication links.

10:00 Noise Figure of a Unidirectional Cloaking Circuit Based on Parity-Time Symmetry

Hassan Farooq, Deepak Nagarkoti and Khalid Z Rajab (Queen Mary University of London, United Kingdom (Great Britain)); Yang Hao (Queen Mary University, United Kingdom (Great Britain))
One-way or unidirectional cloaking is realized in RF circuit design using active and passive components that are linked together in parity and time-reversed pairs otherwise known as parity-time symmetry. Such systems provide cloaking and reflectionless transmission properties at the exceptional point where loss and gain of the system are exactly balanced. Here, we estimate the noise
figure of a two-port unidirectional cloaking circuit (unit cell) and the impact of noise figure on the radar cross section of a cloaked object.

L_AO5 Wear & Implant: L_AO5 Wearable and implantable antennas
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8:40 Bluetooth Antenna for Smart Jewellery with Metal Covers

Rasmus Luomaniemi, Christian Cziezerski and Henri Maki (Aalto University, Finland); Jari Holopainen (Aalto University School of Electrical Engineering, Finland); Ville Viikari (Aalto University & School of Electrical Engineering, Finland)
This paper presents a Bluetooth antenna for a smart jewellery with metallic covers on both sides. The antenna design is based on a non-resonant coupling element antenna. The designed antenna is capable of operating both in free space and near a human body, e.g. in the user's hand. The measured prototype achieves over 55% total efficiency in the free space and over 35% total

efficiency when measured with a hand phantom in the 2.4-2.48 GHz frequency range.

9:00 Fingertip Self-tuning RFID Antennas for the Discrimination of Dielectric Objects

Giulio M. Bianco (University of Roma Tor Vergata, Italy); Gaetano Marrocco (University of Rome Tor Vergata, Italy)

Self-tuning RFID antennas are based on a new family of multi-state microchips capable of automatically adapting an internal reactive network in order to maximize the power harvested by the attached antenna when boundary conditions change. This concept can be applied to develop a radio-frequency fingertip-augmented device (R-FAD) to be used as dielectric- probe on a finger to
discriminate different kinds materials and their discontinuities. When the finger, provided with a self-tuning epidermal tag, comes in touch with an object, the modification of the input impedance of the tag, related to the object's material, can be retrieved by an interrogating reader placed on the wrist. Possible applications concern the aid to impaired people suffering from peripheral
neuropathy or eyesight deficiency, but even the inclusion in robotic prosthesis. The modeling and design and characterization of the epidermal self-tuning tag is here presented for the first time and the idea is corroborated by some experimental tests with a system prototype.

9:20 A Bandwidth Enhanced 915 MHz Antenna for IoT Wrist-Watch Applications
Sanjeev Kumar and John Laurence Buckley (Tyndall National Institute, University College Cork, Ireland); John Barton (Tyndall National Institute, Ireland); Robert Newberry (Sanmina Corporation, USA); Gary Dunlop (Sanmina Corporation, Ireland); Matthew Rodencal (Sanmina Corporation, USA); Carlo Webster (Tyndall
National Institute, Ireland); Brendan O'Flynn (Tyndall National Institude, Ireland)
This paper presents a 915 MHz planar inverted- F antenna (PIFA) topology for a wrist-worn wireless sensor application. When compared with a conventional PIFA implementation, an impedance bandwidth enhancement of more than 100% is achieved. The bandwidth enhancement is realized with inclusion of a parasitic element that excites an additional mode close to the resonant

frequency. A parametric analysis of the key parameters is performed in order to optimize the antenna for 915 MHz operation. The measured results for the on-body prototype antenna show a -10 dB bandwidth of 26.4 MHz and a Peak Realized Gain of -0.57 dBi at 915 MHz. The simulated peak radiation efficiency of 46.8% is achieved. In addition, the design exhibits a low specific
absorption rate (SAR) value of 0.004 W/kg.

9:40 2G/3G Serpentine Shape Inverted-F Antenna for near Body Application

Mehdi Seyyedesfahlan (EPFL, Switzerland); Nuno Pires (Geosatis SA & Instituto de Telecomunicag¢des/Instituto Superior Técnico, Switzerland); Anja K. Skrivervik (EPFL, Switzerland)
In this contribution, we present a miniature antenna placed in a leg bracelet for body worn applications. It operates in both the 820-960 MHz and the 1.7-2.1 GHz bands. The radiating element, based on an inverted-F antenna, occupies a 37 mm x 37 mm area and is printed on a flexible substrate that extends a multilayer circuit board. The serpentine shape helps to widen the bandwidths
as well as minimize the size. The antenna is characterized for different situations: standalone, inside the plastic casing and worn close to the body inside the same casing. Both simulations and measured results are presented, and they agree well. The design steps are reviewed with the aid of current distribution simulation plots.

10:00 Radiation Limitations for Small Implanted Antennas

Marko Bosiljevac and Zvonimir Sipus (University of Zagreb, Croatia); Anja K. Skrivervik (EPFL, Switzerland)

Medical implants with communication capability are becoming increasingly popular with today's trends to continuously monitor patient's condition. This is a major challenge for antenna designers since the implants are inherently small and placed in a communication-wise very lossy environment. Our goal is to determine the fundamental limitations of such antennas when placed inside
human bodies and to develop guidelines for most efficient design. We base our findings on in-house analysis tools based on spherical and cylindrical wave expansion applied to simplified spherical and cylindrical body models respectively. These give us insight into wave propagation and show the maximum power density levels that can be reached just outside the body. Based on the
obtained limits we can propose a useful upper bound for more complex scenarios.

F_MO1 EMI: F_MO0O1 EMI/EMC/PIM chambers, instrumentation and measurements
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8:40 On Power Angular Spectrum Estimation in a Reverberation Chamber

Xiaoming Chen, Teng Li, Ming Zhang, Shitao Zhu and Anxue Zhang (Xi'an Jiaotong University, P.R. China)

The power angular spectrum (PAS) is an important characteristic of the reverberation chamber (RC). Theoretical work suggests that PAS of a well-stirred RC is statistically isotropic, whereas experimental studies show certain degree of anisotropy depending on the RC loading. Since loading is inevitable for both electromagnetic compatibility (EMC) tests and over-the-air (OTA) tests, the
PAS is investigated in both frequency and delay domain in this paper. An important finding of this work is that modest loading does not increase the anisotropy in the delay domain. In addition, we show that directive antenna may not be suitable for PAS estimation in the RC and that the periodogram method (for PAS estimation) used in previous literature is equivalent to conventional
beamformer, suffering from frequency variation. Instead, a frequency invariant beamformer (FIB) is employed. We further show that the compensation filter of the FIB can actually be approximated by Hankel function of the first kind, simplifying the calculation of the FIB.

9:00 Low Passive-Intermodulation Contactless Waveguide Adapter Based on Gap Waveguide Technology
Xiang Chen (Xi'an Jiaotong University & China Academy of Space Technology (Xi'an), P.R. China); Wanzhao Cui (China Academy of Space Technology Xi'an, P.R. China); Yongning He (Xi'an Jiaotong University, P.R. China); Dongquan Sun (Xidian University, P.R. China)

To solve the passive intermodulation (PIM) of waveguide connection caused by metallic contact, a contactless waveguide adapter (CWA) is proposed, basing on gap waveguide. Two artificial magnetic conductor (AMC) surfaces, in the form of bed of nails, are designed to be a back-to-back structure, composing a contactless transition of waveguide connection. The contact nonlinearity
of traditional waveguide flange is dramatically eliminated by contactless design, and PIM is therefore suppressed. The size of the AMC structure is carefully designed to form a proper forbidden band, which prevents electromagnetic (EM) leakage from the contactless air gap. A Ku-band prototype of the CWA is designed and manufactured for standard WR75 waveguide connection. Over
the frequency range from 10 to 15GHz, the measured insertion loss and return loss is better than 0.1dB and 20dB respectively. And the PIM performance is improved better than 20dB compared to common waveguide flange connection.

9:20 Wideband Suppression of SSN Using Spiral-shaped Localized Defected Structures
Zhiyi Zhang, JiaHui Fu, Wu Qun, Kuang Zhang and Ao Li (Harbin Institute of Technology, P.R. China)

A simple topology is proposed for mitigating simultaneous switching noise (SSN) in high-speed circuit system, by employing spiral-shaped localized defected structures (LDS) on ground (or power) plane. An accurate equivalent circuit model of proposed structure is presented to analyze its low frequency performance of SSN suppression, which is proved to match the simulated and
measured results well. Experimentally, with an extremely small lower cutoff frequency of 145 MHz, a wideband suppression of SSN up to 5.66 GHz is achieved under the criterion of -40 dB. Furthermore, signal integration is discussed and it is found that the proposed structure can minimize the influence of SI.

9:40 A Wideband and High Sensitivity Probe Design for Near-Field Scanning
Rui Yang and Xing-Chang Wei (Zhejiang University, P.R. China)

In this paper, a wideband and high sensitivity magnetic probe is designed for the near-field scanning. To achieve the high sensitivity, the size of the probe aperture is fixed as 1 mm by 1 mm. On the basis of the fixed size, reducing the length of the loop wire and optimizing the width of the loop wire are adopted to reduce the parasitic inductance and capacitance, in order to increase the
highest working frequency of the probe. The working frequency of the probe is up to 20 GHz. At the same time, ground planes, metal on sides and shielding vias are used to suppress the unwanted electric field coupling. The tapered trace, shorting via arrays and coax-thru-hole vias are used to improve the performance of the probe further. The probe is fabricated on a four-layered
printed circuit board (PCB) with Rogers substrate and calibrated by a standard microstrip line. Finally, a near-field scanning system with the fabricated probe is set up to measure the magnetic field above a Z-type line. From the near-field scanning results, it can be concluded that the probe can measure the magnetic field accurately.

10:00 Electromagnetic Time-Reversal Technique for Monitoring Skull Healing Stages

Javad Ebrahimi Zadeh (The University of Tehran, Iran); Mauricio D Perez (Uppsala University, Sweden & National Technological University, Argentina); Robin Augustine (Uppsala University, Sweden)

This paper provides a novel non-resonant spectroscopy technique for monitoring of the healing process in skull defects created in a cranial surgery. Currently, there is no such method and information on the healing process, which is vital to avoid further complications and for a better understanding of the process. During the healing, which can take several months, the thickness of the
skull varies and the permittivity of the defects varies as well. The proposed approach makes use of the approximated Dyadic Green's function integral equation for deriving the variations in permittivity of skull. The scattered electric field from the defect is collected using Time-Reversal Array (TRA) in order to produce the Multi-Static-Data Matrix (MDM). The singular value
decomposition on the MDM matrix based on time reversal operator (TRO) decomposition (known under French acronym DORT), provides information of the permittivity of the defect. The problem of the sensing the defect response after the cranial surgery is formulated for multi-layer medium and it will be shown that the dominant singular values are corresponding to the permittivity of
the defect. Finally, the veracity of the theory is clarified by conducting a numerical simulation for a planar multi-layer medium consisting of skin, skull and the brain. A defect is placed within the skull. We showed that the dominant singular values corresponding to the defect permittivity varies significantly, which conclude that the dominant singular value can be a good criterion for
monitoring the skull healing stages.

H_PO3 Propagation: H_P0O3 Propagation modelling and simulation

High Data-rate Transfer / Regular Session / Propagation
Room: Oral Sessions: G1- Gniezno
Chairs: Thomas Cwik (NASA-JPL, Caltech, USA), Jochen Moll (Goethe University Frankfurt am Main, Germany)

8:40 Numerical and Experimental Analysis of Defect Detection in Jointed Electromagnetic Waveguides

Jochen Moll (Goethe University Frankfurt am Main, Germany)

Electromagnetic waves in the microwave and millimeter-wave frequency range are used in non-destructive testing (NDT) and structural health monitoring (SHM) applications to detect material defects such as delaminations, cracks or inclusions. This work presents a sensing concept called jointed electromagnetic waveguide, in which the waveguide forms a union with the structure to be
inspected. Exploiting ultra-wideband signals a surface defect in the area under the waveguide can be detected and accurately localized. This paper presents numerical and experimental results of the jointed electromagnetic waveguide technology with a focus on detecting through holes and cracks with different orientation. It was found that the numerical model qualitatively replicates
the experimental S-parameter measurements for holes of different diameters. A parametric numerical study indicates that the crack parameters such as its orientation and width has a significant influence on the interaction of the incident wave with the structural defect.

9:00 Polarization in Spatial Channel Models at mm-Waves: a Correlation Based Approach
Diego Dupleich (lIlmenau University of Technology, Germany); Robert Muller (TU limenau, Germany); Han Niu and Stephan Hafner (Technische Universitat IImenau, Germany); Christian Schneider (Ilmenau University of Technology, Germany); Jian Luo (Huawei Technologies Duesseldorf GmbH, Germany); Giovanni Del
Galdo (Fraunhofer Institute for Integrated Circuits IS & Technische Universitat Ilmenau, Germany); Reiner S. Thoma (llmenau University of Technology, Germany)
Polarization diversity at mm-waves is under consideration for the new 3GPP release. Since mm-waves systems have higher resolution in the time and angular domain, more accurate intra-cluster models are needed, in which path properties as polarization becomes more deterministic. In the present paper we discuss the limitations of the current modelling of the polarimetric matrix in

spatial channel models (SCM) and we propose a new modelling approach including correlation between the different coefficients through the cross-polarization ratios (XPRs) and co-polarization ratios (CPRs). Since path-level information is necessary for this analysis, and due to the lack of high resolution parameter estimation algorithms (HRPEs) at mm-waves, we have performed
60~GHz cluster level measurements to validate ray-tracing simulations that were later used to derive the model parameters.

9:20 On Channels with Composite Rough Surfaces at Terahertz Frequencies

Fawad Sheikh (Universitat Duisburg-Essen, Germany); Qammer H Abbasi (University of Glasgow, United Kingdom (Great Britain)); Thomas Kaiser (Universitat Duisburg-Essen, Germany)

The paper preliminarily examines the influence of diffuse reflection by composite rough surfaces in ultra-broadband terahertz (THz) communication channels across 300 GHz (0.3 THz) to 310 GHz (0.31 THz) frequency spectrum. At terahertz frequencies, diffuse reflection tends to be higher due to the increased surface roughness and this surface roughness causes an additional
attenuation even in a specular direction of reflection (by the amount that is scattered into non-specular directions). Two most famous modeling approaches, Rayleigh-Rice (R-R) and Beckmann-Kirchhoff (B-K) theories are employed to account for the surface scattering and compared by demonstrating the multipath channel transfer function (CTF) dynamics for line-of-sight (LoS) and
non-line-of-sight (NLoS) conditions in a simple office environment. The R-R vector perturbation approach predicts diffuse reflection from optically smooth surfaces, whilst classical B-K theory in addition attempts to predict the angular distribution of the scattered field from very rough surfaces. The composite rough surfaces considered in this work have a Gaussian probability density
of height and a Gaussian correlation function. Based on these results, it is concluded that the rough surface scattering effects are enhanced at terahertz frequencies and the scattering phenomena show a significant impact, especially in NLoS configuration.

9:40 Modelling of Fade Duration Statistics in Earth-Satellite Slant Paths Using Copulas

Arsim Kelmendi and Andrej Vilhar (Jozef Stefan Institute, Slovenia); Andrej Hrovat (Jozef Stefan Institute, Slovenia); Mihael Mohorcic (Jozef Stefan Institute & Jozef Stefan International Postgraduate School, Slovenia)

Satellite signals in high frequency bands are severely affected by rain, resulting in signal fades. The estimation of fade duration statistics is essential for the design of more efficient fade mitigation techniques for the Earth- satellite communication system. In this paper we present a novel approach for modelling the conditional probability of occurrence of fades and conditional probability
of fade time exceeding certain duration and certain attenuation threshold. The method is based on the copula theory for single site slant paths as well as two or multiple site diversity systems. Several copula functions have been tested with good results in the fitting to experimental data. The proposed method may play an important role in the proposing new models for single site fade
duration with better performance compared to other existing models and new joint fade duration prediction models in site diversity systems which do not exist yet.

10:00 Channel Model Characteristics in D-Band for NLOS Indoor Scenarios

Laura Pometcu and Raffaele D'Errico (CEA, LETI, Minatec Campus & Univ\. Grenoble-Alpes, France)
In this paper we characterize the radio channel characteristics for Line-of-Sight (LOS) and Non-Line-of-Sight (NLOS) indoor scenarios in the 126 - 156 GHz frequency band. Four measurement scenarios have been considered: LOS and NLOS (by human body) in a laboratory and two NLOS (by wall and door blocking) in an office. The power delay profile, angles of arrival, path loss and
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Program for 13th European Conference on Antennas and Propagation (EUCAP 2019)

propagation at separate frequencies and the fusion of the acquired data provide an enhanced perception of the inner, to the skull, regions. The theoretical analysis is performed based on realistic human skull and brain tissue properties, while it is validated via an accurate numerical model, both in A-scan and B-scan modes.

Friday, April 512:30 -13:30
Closing: Closing Ceremony

/ Regular Session /
Room: Oral Sessions: S2 — Warszawa
Chairs: Pawel Kabacik (Wroclaw University of Science and Technology, Poland), Cyril Mangenot (Api-Space, France), Wlodzimierz Zieniutycz (Gdansk University of Technology, Poland)
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