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Monday, March 16

Monday, March 16 9:00 - 10:00
OC: Opening Ceremony

//
Room: oral sessions: room 01

Monday, March 16 10:00 - 10:40
IK01: Keynote 1

//
Room: oral sessions: room 01

10:00 Present and Future Trends in Electromagnetics and Metamaterials
Andrea Alu (CUNY Advanced Science Research Center, USA)

In this talk, | will discuss recent trends and opportunities in the context of electromagnetics research and metamaterials, with particular attention on the opportunities offered by nonlinearity, gain and spatio-temporal modulation to overcome some of the outstanding limitations of conventional approaches. We will discuss opportunities stemming from commutated switching networks and from modulation of the electromagnetic properties of artificial materials to enable non-reciprocal responses for guided and
radiated waves, as well as to leverage parametric phenomena. We will also discuss possible applications of this technology from radio-waves to nano-optics.

Monday, March 16 11:10 - 11:50
IK 02: Keynote 2

/7
Magnus Frodigh, Ericsson

Room: oral sessions: room 01

Monday, March 16 11:50 - 12:30
IK 03: Keynote 3

//
Room: oral sessions: room 01

Monday, March 16 13:30 - 15:30
CS02: Advanced Antenna Arrays for 5G and Beyond

TO02 Millimetre wave 5G / Convened Session / Antennas
Room: oral sessions: room 01

13:30 Beam Steerable Reflectarray Enabling CubeSat Internet of Space: Conceptualization and Design
Junbo Wang and Vignesh Manohar (University of California, Los Angeles, USA); Yahya Rahmat-Samii (University of California Los Angeles (UCLA) & UCLA, USA)

The vision of Internet of Things (IoT) has evolved the needs of providing seamless connectivity between devices across the globe. A potential solution to this requirement is to launch a CubeSat constellation that can provide broadband Internet access to rural and undeveloped areas (Internet of Space (10S)). This has escalated the need for low-cost, low-profile antennas with wide angle beam steering capabilities. In this work, we elaborate on the design of a broadband, circularly polarized reflectarray capable of
dynamic beam steering in the frequency range of 17.8-20.2 GHz. The reflectarray unit cell consists of a set of four copies of rotated Archimedean spiral arms, and the desired phase shiftis obtained by suitably switching between these arms through PIN diodes. Representative prototypes have been fabricated and measured, and beam scans up to 60 have been achieved.

13:50 A Wideband Differentially Fed Multi-beam Antenna Array
He Zhu and Y. Jay Guo (University of Technology Sydney, Australia)

A differential Butler matrix is presented in this paperusing anew type of wideband unbalanced-to-balanced power dividers. The differential Butler matrix has the merit of high levels of common-mode signal suppression. A differential array with four elements is also designed, fabricated and tested. By feeding the differential array with the differential Butler matrix, two beams are produced in the E-plane radiation pattern. The differentially fed array achieves very low cross-polarization level due to the excellent common-
mode suppression from the Butler matrix. The design approach is verified experimentally, and the measured result agrees well with the predicted one, demonstrating the application potential for the presented differential beam-forming networks.

14:10 On the Design of a 27-dBi Phased Array for 5G Point-to-Point Communications

Huasheng Zhang, Sjoerd Bosma and Andrea Neto (Delft University of Technology, The Netherlands); Ulrik Imberg (Huawei Technologies, Sweden AB, Sweden); Nuria LLombart (Delft University of Technology, The Netherlands)
In this contribution the design of a27-dBigain dual-polarized phased array for point-to-point 5G communications is presented. The 4x4 array achieves the desired gain, thanks to the wide spacing between the feeding elements. Grating lobes are suppressed by using movable dielectric lenses that provide directive and steerable element patterns. The array is also capable of scanning electronically to 10 degree in two main planes, suffering only 2 dB of degradation in gain, thanks to the simultaneous shifting of the

lenses by a few millimeters.

14:30 3-D Printed High-Efficiency Wideband 2X2 and 4X4 Double-Ridged Waveguide Antenna Arrays for Ku-Band Satcom-0n-The-Move Applications

Francesco Filice (Polytech'Lab, University of Nice & ST Mricroelectronics Crolles, France); Nour Nachabe (University of Nice Sophia Antipolis, France); Frédéric Gianesello (STMicroelectronics, France); Guillermo Alvarez Narciandi (University of Oviedo, Spain); Jaime Laviada (Universidad de Oviedo, Spain); Fernando Las-Heras (University of Oviedo, Spain); Cyril Luxey (University Nice Sophia-Antipolis, France)
The development of Low-Earth-Orbit (LEO) satellite communications aims at delivering low-cost worldwide internet connection. The development of compact and low-cost user terminals on Earth represents a fundamental step to reach the consumer mass-market. Here, we present the design, fabrication and test of a 3D-printed 2x2 double-ridged waveguide (DRWG) antenna array with waveguide feeding network, working at Ku- Band (10.75 - 14.5 GHz) with simulated total efficiency > 70%. A 4x4 array is also
designed leveraging the previous concept with simulated total efficiency > 60% and realized gain of ~ 16 dBi, paving the way for innovative low-cost antenna solutions for user's terminal.

14:50 Circularly Polarized Antenna Array Based on Microstrip Ridge Gap Waveguide at 60 GHz

Abdelmoniem Hassan and Ahmed Kishk (Concordia University, Canada)
A high gain, circularly polarized 4x4 antenna array, is proposed. A circularly polarized magneto-electric (ME) dipole element is used as a radiating element. The 4x4 antenna array excited by slots and feeding networks of microstrip ridge gap waveguide (MRGW). A compact design is archived with including the effect of the mutual coupling. The simulated 4x4 array achieved an impedance bandwidth 0f 20.8% for |S11|< -10 dB with amaximum gain of 20.3 dBi, which is higher than any reported 4x4 array antenna.

An axial ratio bandwidth of 18.3% is achieved.

15:10 Millimeter-Wave Dual-Polarized Slot Array Antenna Using a TE210 and TE120 Mode

This paper presents a millimeter-wave dual-polarized slot antenna array by using a SIW cavity supporting TE210 and TE120 modes. A crossed slot is etched over the cavity. The antenna element can be excited from two orthogonal directions to realize dual-polarization. Thanks to the orthogonality between TE210 and TE120 mode, high isolation and low cross-polarization are achieved in the antenna. A prototype of the designed antenna array is demonstrated at the center frequency of 25 GHz. The measured
and simulated results are in good agreement showing that the antenna array has high radiation efficiency, high portisolation and low cross-polarization.

Monday, March 16 13:30 - 18:00

T02-P09: Propagation Channels for Wide-Sense Vehicle-to-X Communications

T02 Millimetre wave 5G / / Propagation
Room: oral sessions: room 02

13:30 60 GHz V2l Channel Variability for Different Elevation Angle Switching Strategies
Herbert Groll and Erich Zéchmann (TU Wien, Austria); Markus Hofer (AIT Austrian Institute of Technology, Austria); Hussein Hammoud (University of Southern California, USA); Seun Sangodoyin (Georgia Institute of Technology, USA); Thomas Zemen (AIT Austrian Institute of Technology GmbH, Austria); Jiri Blumenstein (Brno University of Technology, Czech Republic); Ales Prokes (Brno University of Technology
& Sensor, Information and Communication Systems Research Centre, Czech Republic); Andreas Molisch (University of Southern California, USA); Christoph F Mecklenbrauker (TU Wien, Austria)

We report results based on millimeter wave vehicle-to-infrastructure (V21) channel measurements carried out in an urban street environment, down-town Vienna, Austria. Signal to noise ratios (SNRs) have been acquired at 60 GHz with 100 MHz bandwidth. Two horn antennas were used on a moving transmitter vehicle: one horn emitted a beam towards the horizon and the second horn emitted an elevated beam at 15-degrees up-tilt. This configuration was chosen to assess the impact of beam elevation on V2I
communication channel variability. The variability of the V21 channelis shown by density estimates of the channel transfer function magnitudes. The channel changes severely along the vehicle trajectory in an urban street scenario. Density estimates in the region with clear wide-angle view are bimodal and motivate a TWDP fading model for V2| communication with horizontal and elevated antenna beams. We compare three different strategies for beam switching: fixed, geometry-based, and SNR-based.

13:50 Emulation of End-To-End Communications Systems in Railway Scenarios: Physical Layer Results
Juan Moreno (Metro de Madrid S.A. & Universidad Politécnica de Madrid, Spain); Sofiane Kharbech (University of Lille, France); Laurent Clavier (Institut Mines-Telecom, Telecom Lille & IEMN / IRCICA, France); Redha Kassi (University of Lille, France); Raul Torrego, Aitor Arriola and Ifiaki Val (IK4-IKERLAN, Spain); Marion Berbineau (IFSTTAR, COSYS, LEOST & University Lille Nord de France, France); Jose Soler and
Ying_Yan (Technical University of Denmark, Denmark)

The complexity of modern communication systems is remarkable, and the efforts needed to putinto service anew one are substantial as well. In some industrial sectors, circumstances are even harder. For example, in railways, the tests to be done are costly due to the integration in the rolling stock plus the need to have physical access to the railway tracks. Therefore, it is worth having a suitable emulator that considers many different radio-access technologies (RAT) in several railway scenarios (viaducts, tunnels,
rural, hilly, etc.). Moreover, it should be able to do an end-to-end emulation, absolutely transparent for the application layer (this is, considering not only the physical layer but the network one as well). In this paper, we highlight the physical layer aspects considered in the construction of this emulator. Integration with the network layer is briefly mentioned, as well as the whole architecture.

1/31/20, 3:21 PM
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14:10 Millimeter-Wave Channel Characteristics for V2V Communications in the Garage Entrance

Xue Zhang and Pan Tang (Beijing University of Posts and Telecommunications, China); Lei Tian (Beijing University of Posts and Telecommunications & Wireless Technology Innovation Institute, China); Jianhua Zhang (Beijing University of Posts and Telecommunications, China)
To design fifth-generation (5G) millimeter-wave (mm-wave) vehicle-to-vehicle (V2V) communication systems for the future intelligent transportation system (ITS), the knowledge of channel characteristics in various vehicular communication environments is essential. In this paper, we present achannel measurement at 28 GHz in acommon scene, a typical underground garage entrance, and analyze the channel characteristics, including path loss, shadow fading, and root mean square (RMS) delay spread (DS).
Statistical results of these channel characteristics are presented. Differences between our measurement-based channel characteristics and those of the existing results are discussed. Furthermore, we investigate the change trend of the RMS DS along the garage entrance, and find that the special structure of the garage entrance has a apparent effect on the RMS DS. These results are helpful to design the physical layer for the future V2V communication systems.

14:30 Millimeter-Wave Channel Characterization for Vehicle-to-Infrastructure Communication
Lina Wu, Danping He, Ke Guan and Bo Ai (Beijing Jiaotong University, China); Junhyeong Kim (ETRI & KAIST, Korea (South)); Hee Sang_Chung (ETRI, Korea (South))

The vehicle-to-infrastructure (V2I) communication can capture infrastructure data and provide travelers with real-time traffic information, which can significantly improve road safety. Millimeter-wave (mmWave) with large bandwidth has been introduced as a key technology to achieve ultra-reliable, low latency, and high-data-rate V2I communication. In this paper, the V21 communication in mmWave band (22.1GHz-23.1GHz) is characterized for typical urban and highway scenarios. By considering the different
deployments involving overtaking and traffic flow, the simulations are conducted by employing the self-developed ray-tracing. The key channel parameters, including received power, Rician K-factor, root-mean-square delay spread and angular spreads, are analyzed and compared between different deployments. Moreover, the impacts of the multiple antennas and beam switching technologies at the vehicle are evaluated as well. This work aims to help the researchers understand the channel characteristics of the

V21 communication in mmWave band and support communication system design for vehicular communications.

14:50 Large Scale Fading Characteristics for Vehicle-to-Cyclist Channel in Urban Environment at 5 GHz

lbrahim Rashdan and Michael Walter (German Aerospace Center (DLR), Germany); Wei Wang (Chang'an University, China); Giuseppe Caire (Technische Universitat Berlin, Germany)
Vehcile-to-vulnerable road users (V2VRU) communication provides 360 degree of awareness for both vehicles and vulnerable road users (VRUs). A realistic and accurate channel model for V2VRU in critical accidents scenarios is of great importance for developing reliable V2VRU communication systems. This paper presents a large scale fading characterization based on awideband channel measurement campaign in urban environment considering a collision scenario between avehicle and a cyclist. A dual-slope
path loss modelis proposed, and a zero-mean Gaussian distribution is found to best fit the shadow fading. Additionally, for more realistic system-level simulations, the spatial correlation of shadow fading are calculated. The underlying correlation is captured by using 2-dimensional spatially correlated shadow fading maps.

15:10 28-GHz High-Speed Train Measurements and Propagation Characteristics Analysis
Jae-Joon Park, Juyul Lee, Kyung-Won Kim and Myung-Don Kim (ETRI, Korea (South))

In this paper, we investigate millimeter-wave propagation characteristics of high-speed moving train based on field measurements in a tunnel and viaduct scenario. The measurements were carried out at $28$ GHz emulating for a 3GPP-like high-speed train (HST) deployment scenario where a transmitter is positioned next to a track and a receiver is mounted on the rooftop of a train carriage. Based on the measurement data, we analyzed path loss (PL) and observed the PL is almost constant with respect to
distance in thetunnel. Other channel parameters, such as delay spread and Doppler shift were studied as well. Multipaths were periodically observed in the analysis results. It was caused by objects regularly installed along the tracks, such as overhead power line equipments.

15:30 Coffee Break

16:00 Architecture and Performance of the Base Station Prototype for MN Systems
Sung_Woo Choi (ETRI, Korea (South)); Junhyeong Kim (ETRI & KAIST, Korea (South)); Seon-Ae Kim (Electrics and Telecommunications Research Institute, Korea (South)); Hee Sang_Chung (ETRI, Korea (South)); llgyu Kim (ETRI of KOREA, Korea (South))

This paper presents current updates of Moving Network (MN) system. The MN has been developed to escalate passenger's Internet access speed in buses. It uses wide spectrum of millimeter waves to get higher network throughput but undergoes severe deterioration of signal in the urban road environment. In this paper, the system architecture and features of physical layer specification are provided. And simulation results of physical uplink channels are given to evaluate the uplink performance. We show the
architecture of MN prototypes which have been produced recently. From indoor test, the base-station throughput was estimated to reach 3 Gbps with 6 component carriers. By using these prototypes, all specifications of MN will be tested and outdoor experiment will be started.

16:20 Shadowing and Multipath-fading Statistics at 2.4 GHz and 39 GHz in Vehicle-to-Vehicle Scenarios

Hui Wang, Xuefeng_Yin and José Rodriguez-Pifieiro (Tongji University, China); Juyul Lee and Myung-Don Kim (ETRI, Korea (South))
In this paper, a recently conducted measurement campaign aiming at 39 GHz millimeter wave (mmWave) and sub-6 GHz vehicle-to-vehicle (V2V) propagation channel characterization is introduced. Simultaneous signal tranceiving at both mmWave and sub-6 GHz were performed in the measurements in order to evaluate the different influences of common environments and vehicle-flowing modes on channel characteristics at two distinctive bands. Four typical vehicle flow modes are considered in our
measurements. Channel parameters investigated include shadowing, fast fading, and their space coherent behaviors. The results obtained show that most shadowing and fast fading segments follow truncated Gaussian distributions in most vehicle-flow modes and propagation scenarios considered. In most scenarios, the spacial consistency of 2.4 GHz channel can be maintained in larger distances than in the case of 39 GHz.

16:40 Bi-directional Vehicle-to-Vehicle Radio Channel Characteristics over Bridge at 5.9 GHz
Kun Yang and Ning Zhou (Super Radio AS, Norway); Terje Rgste (NTNU, Norway); Junyi Yu, Fang_Li and Wei Chen (Wuhan University of Technology, China); Egil Eide and Torbjorn Ekman (Norwegian University of Science and Technology, Norway); Changzhen Li and Fuxing Chang (Wuhan University of Technology, China)

A V2V radio channel measurement campaign with a maximum distance of 2 km was performed over bridge between two urban areas in Wuhan city, 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 RSL is extracted from the measured data and interpreted. The APDP are demonstrated, from which the mean excess delay and the RMS delay spread are extracted and shown. It can be
found thatthe 90% of the mean excess delay and the RMS delay spread are within 758 ns and 1.18 micro s, respectively. The best-fit amplitude distribution of the small-scale fading is estimated by using amodel selection algorithm based on the Akaike Information Criterion (AIC). The TWDP, Rayleigh and Rician model are found to be the best-fit models at different TX-RX distances and the physical interpretation is given.

17:00 Measurement and Diffuse Multipath Analysis of V2V Propagation Channel at 5.9 GHz in Tunnel Area
Suying Jiang, Xu Zhang and Wei Wang (Chang'an University, China); Mi Yang and Ruisi He (Beijing Jiaotong University, China)
Vehicle-to-vehicle (V2V) communication is an essential fundament of intelligent transportation systems (ITS). Therefore, evaluating the influence of the radio propagation channel of ITS is of great interest. So far the diffuse multipath in V2V propagation channel in tunnel area has not been thoughtfully studied. This paper presents channel measurements and analysis of V2V channel characteristics at 5.9 GHz in tunnel. We evaluate and compare the received power and root mean square (RMS) delay spread for
outside and inside tunnel. Further, we use the space-alternating generalized expectation-maximization (SAGE) based channel parameter estimator with the autoregressive (AR) filter to estimate the specular and the diffuse multipath components. Results reveal that the diffuse multipath inside tunnelis not dominant in the line-of-sight (LoS) case. The ratio between the diffuse multipath component (DMC) power and the total received power has amean value of 10.56% and a standard deviation of 8.7 %.

17:20 Comparison of a Fast Analytical Ray Tracer and Channel-Sounder Measurements for V2V Communications

Nils Dreyer (TU Braunschweig, Germany); Thomas Kiirner (Technische Universitdt Braunschweig, Germany)
Ray optical path loss predictions for Ad-hoc networks (Device-to-Device) are stillacomplex and time consuming task. In past publications we introduced a new predictor concept that is based on visibility analysis, leading to ahuge predictor speed up forthe computation of reflected rays. In this paper we present our new extensions of the simulation framework, introducing a methodology to apply the same visibility concept on side-building diffraction and non-specular reflection. Our approach is fast enough to
be applied on scenarios with a realistic number of communication pairs in the future. We further evaluated our predictor for the first time by applying the model on an intersection scenario and comparing the result with a measurement campaign performed in 2009 in the Swedish city Lund. The result of the Power Delay Profile offers a good agreement between measurement and simulations, however we could observe difference of the power distribution.

17:40 Path Loss Models and Large Scale Fading Statistics for C-Band Train-to-Train Communication

Paul Unterhuber, Ibrahim Rashdan and Michael Walter (German Aerospace Center (DLR), Germany); Thomas Kiirner (Technische Universitdt Braunschweig, Germany)

The profound knowledge of wireless propagation is essential for wireless communication between vehicles. To evolve and test communication standards we need channel models in representative environments to neither over-, nor underestimate the effect of the surrounding environment and the movement of the vehicles; typical environments for railway communication are railway station, open field and hilly environments. We introduce train-to-train (T2T) path loss models and large scale fading statistics
based on channel sounder measurement data as a first step towards a geometry-based stochastic channel model (GSCM). The models represent the mentioned typical environments for railway applications. We compare the results with previous published intelligent transportation system (ITS-G5) measurementbased models and highlight the differences.

SWO04: COST Session CA18223 (HiMat): Periodic Structures with Higher Symmetries

T11 Fundamental research and emerging technologies / Convened Session / Electromagnetics
Room: oral sessions: room 03

13:30 High Scanning Rate Leaky Wave Antenna Based on Glide Symmetry for 77 GHz Automotive Radar

Adrian Tamayo-Dominguez (Universidad Politecnica de Madrid, Spain); Jose Manuel Ferndndez Gonzdlez (Universidad Politécnica de Madrid, Spain); Oscar Quevedo-Teruel (KTH Royal Institute of Technology, Sweden)
This work presents a leaky wave antenna at W band with glide-symmetric protrusions that enhance the scanning ratio of previous works. Also, a conventional leaky wave is designed for comparing the results in terms of required bandwidth and steering range. Both prototypes are based on gap waveguide technology to prevent the leakage due to air gaps between layers. In order to reduce the manufacturing cost, the designs are aimed to 3D-printing. A Tayloramplitude modulation is conducted in the two cases
to reduce side lobe levels. The glide-symmetric leaky wave provides a variation of the steering angle from 12.14° to 50.84° in aband from 74.2 GHz to 79.8 GHz. The scanning ratio compared with the simple leaky wave is enhanced by a factor of 6.4 1. This rapid variation of the steering angle in anarrow band (7%) is of interest for automotive radars.

13:50 Holey Glide-Symmetric Waveguide Filters for 5G Communication Systems at Millimetre Wave Frequencies

Alberto Monje-Real (KTH Royal Institute of Technology, Sweden); Nelson Fonseca (European Space Agency, The Netherlands); Oskar Zetterstrom (KTH Royal Institute of Technology, Sweden); Elena Pucci (Ericsson AB, Sweden); Oscar Quevedo-Teruel (KTH Royal Institute of Technology, Sweden)
In this paper, we present a holey, fully-metallic, glide symmetric waveguide filter. This solution is low-loss, cost-effective, robust and suitable for applications at millimetre wave frequencies (e.g. Kaband). We also explore here the possibility to break the glide symmetry as an additional degree of freedom to control the pass and stopbands. Finally, adenserkind of glide symmetry, named braided glide symmetry, is introduced to enhance the attenuation per unit cell.

14:10 Ultra-Wide Band Non-Dispersive Leaky-Wave Antenna Based on Glide-Symmetric Meandered Transmission Lines
Mahsa Ebrahimpouri and Oscar Quevedo-Teruel (KTH Royal Institute of Technology, Sweden); Mauro Ettorre (University of Rennes 1 & UMR CNRS 6164, France); Anthony Grbic (University of Michigan, Ann Arbor, USA)

We present an ultra-wide band planar Luneburg lens based on glide-symmetric meandered transmission lines. In order to make the structure radiate, a non-dispersive leaky-wave structure is designed. The whole structure produces a pencil beam with steering capabilities from -60- to 60- in the azimuth direction from 10 to 20 GHz.

14:30 A Frequency-Controlled Fast Beam-Scanning Antenna with Glide-Symmetric Feeding

Wenxuan Tang and Qianggiang Shi (Southeast University, China); Qiang Cheng (Southeastu University, China); Tie Jun Cui (Southeast University, China)

This paper presents a frequency-controlled fast beam-scanning antenna fed with a glide-symmetric transmission line of spoof surface plasmon polaritons. Split ring resonators are located close to the transmission line as radiators. Due to the glide-symmetric property, negative-group-velocity waveguiding is supported on the transmission line and continuous beam scanning from backward to forward is realized. Directive beam is observed in simulation to scan from -52 to 32 degree when frequency varies from
9.21t010.22 GHz.

14:50 Holey and Pinned Structures Comparison for Waveguide Phase Shifters

Angel Palomares-Caballero (Universidad de Granada, Spain); Antonio Alex-Amor (Technical University of Madrid, Spain); Juan Valenzuela-Valdés (Universidad de Granada, Spain); Pablo Padilla (University of Granada, Spain)
This paper presents the applicability of using structures to control the phase shiftin awaveguide phase shifter. By means of dispersion diagrams, different phase shift unit cells are analyzed. Glide symmetry is also applied to some of these unit cells to evaluate its effects in the propagating modes. Then, unit cells with best dispersive behaviour are selected to design two waveguide phase shifters, one by pinned unit cells and the other by holey pinned unit cells. Both waveguide phase shifters are wellmatched in the
frequency range from 50-75 GHz with insertion losses lowerthan 0.5 dB. The phase shift produced by both waveguide phase shifter is also evaluated. Pinned waveguide phase shifteris more dispersive compared to the holey waveguide phase shifter, producing a phase shift deviation over 180° of +-50° and +-10°, respectively.

15:10 Design of Antenna Arrays Using Groove Gap Waveguide Technology Implemented with Glide Symmetric Holes

Luis Fernando Herran (University of Oviedo, Spain); Astrid Algaba Brazdlez (Ericsson Research, Ericsson AB, Sweden); Malcolm Ng_Mou Kehn (National Chiao Tung University, Taiwan); Eva Rajo-lglesias (University Carlos Ill of Madrid, Spain)
There is an explosion designs of high directive antennas (mainly arrays) based on the use of gap waveguide technology. In most of them, the periodic structure used as Electromagnetic Band Gap (EBG) to control the leakage is the Bed of Nails. We present here another option where glide-symmetrical holes are used as EBG to design Groove Gap Waveguide (GGWG) based antennas. The use of this unit cell that is much bigger that the pins is beneficial for the manufacturing aspects but poses some challenges in
the design of compact components or arrays. Two examples of antenna designs will be presented, one of them includes the design of acompact 1 to 4 power divider.

15:30 Coffee Break

16:00 Reconfigurable Microwave Components Using Glide-symmetric Pin-loaded Parallel Plates

Mohammad Bagheriasl (Sorbonne University, France); Julien Sarrazin and Guido Valerio (Sorbonne Université, France)
Glide-symmetric structures have recently gained a lot of interest in the design of electromagnetic bandgap materials due to their high attenuation in the stopband region and for their capability to support an almost dispersionless wave propagation. In this paper, we propose areconfigurable waveguide using a glide-symmetric structure with pins. We show how the wave propagation in this waveguide can be enabled or suppressed by a mere adjustment of the displacement between the two metallic plates of the
waveguide. In addition, we demonstrate how this structure can be used to design a phase shifter.

16:20 Higher-Order Cylindrical Leaky Waves in Planar Structures

Paolo Burghignoli, Walter Fuscaldo and Davide Comite (Sapienza University of Rome, Italy); Paolo Baccarelli (Roma Tre University, ltaly); Alessandro Galli (Sapienza University of Rome, Italy)
The main features of the recently-introduced class of cylindrical leaky waves having arbitrary azimuthal order (higher-order cylindrical leaky waves, HOCLWSs) are presented. Canonical continuous ring sources are described, capable of exciting such waves in general multilayered structures. The relevant electrodynamic potentials are derived and analytical formulas are provided for their radiation patterns in the far-field region. Guidelines for the design of discrete ring sources, i.e., circular phased arrays, for the
excitation of HOCLWs up to a desired maximum order are also provided.

16:40 Mode-matching Analysis of Loaded Transmission Lines with Twist Symmetries

Oskar Zetterstrom (KTH Royal Institute of Technology, Sweden); Guido Valerio (Sorbonne Université, France); Francisco Mesa (University of Seville, Spain); Fatemeh Ghasemifard, Martin Norgren and Oscar Quevedo-Teruel (KTH Royal Institute of Technology, Sweden)
This paper studies the propagation characteristics in twist-symmetric structures by means of amode-matching approach. The studied structures are coaxial transmission lines periodically loaded with 1- and 3-fold twist-symmetric infinitely thin sectorial sheets. The mode-matching formulation is validated with the commercial software CST Microwave Studio. In addition, the impact of adding twist symmetry to a coaxial line on the coupling of the higher order TM modes is discussed.
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Carlos Molero (IETR-INSA Rennes, France); Lionel Simon (SWISSto12 SA, Switzerland); Esteban Menargues (SWISSto12, Switzerland); Tomislav Debogovic (SWISSto12 SA, Switzerland); Maria Garcia-Vigueras (IETR-INSA Rennes, France)
A metallic periodic screen is here proposed that allows for dual-band operation and polarization conversion. The unit-cell structure is monolithic and three-dimensional, and it consists of a section of metallic waveguide loaded with perforations at its lateral walls. The geometry of the unit cell allows forindependent control of incident fields with horizontal or vertical orientation. This feature is employed to manipulate the polarization of the illuminating wave. An equivalent circuit is proposed in orderto model the cell
behavior. Three design examples are proposed with different polarization conversion capabilities. One of the examples concerns a dual-band polarizer providing orthogonal sense of circular polarization at each of the bands. Such a design is manufactured and some preliminary measurements are shown in order to validate the proposed concept.

17:20 Exceptional Points of Degeneracy in Electromagnetic Waveguides and the Role of Symmetries
Tarek Mealy, Mohamed Y Nada, Ahmed F. Abdelshafy, Ehsan Hafezi and Filippo Capolino (University of California, Irvine, USA)

We show the relation between reflection and glide symmetry in periodic waveguides and the existence of various orders of exceptional points of degeneracy (EPDs). We use an equivalent circuit network to model each unit-cell of the waveguide. Assuming that a coupled mode waveguide supports N modes in each direction we derive the following conclusions. When N is even, we show that a periodic waveguide with reflection symmetry may exhibit EPDs of maximum order N. To obtain a degenerate band edge
(DBE) with only two coupled waveguides, reflection symmetry must be broken. Forodd N, N+1 is the maximum order that may be obtained, and an EPD of order N is not allowed. We present an example of three coupled microstrip transmission lines and show that by introducing glide symmetry we enable the occurrence of a stationary inflection point (SIP) which is an EPD of order three.

17:40 Analysis of Glide-Symmetric Dielectric Corrugated Structures - Properties of TE and TM Propagating Modes

Zvonimir Sipus and Marko Bosiljevac (University of Zagreb, Croatia)
Tailoring dispersion properties of different waveguiding structures using glide-symmetric properties has shown huge potential. Our interest in this paperis focused on the analysis and design of such dielectric glide-symmetric structures. The analysis method separates the analyzed structure into different regions and describes the EM field in each region with suitable modes. These representations are then connected using symmetry properties which results in an efficient approach for determining dispersion
properties and gives a clear physical insight into the propagation mechanisms in such waveguides. The developed approach is verified using the results of commercial solver and this is followed with the analysis of differences between TE and TM modes and the obtainable properties.

Monday, March 16 13:30 - 15:30

CS21: Challenges in Leaky Wave Antennas and Novel Approaches to Solve Them

T11 Fundamental research and emerging technologies / Convened Session / Antennas
Room: oral sessions: room 04

13:30 Quasi-Optical Excitation of a Circularly-Polarized Metasurface Antenna at K-band
Jorge Ruiz Garcia (Université de Rennes, France); Marco Faenzi (Université de Rennes 1, France); Adham Mahmoud (Institut d'Electronique et de Télécommunications de Rennes, France); Mauro Ettorre (University of Rennes 1 & UMR CNRS 6164, France); Patrick Potier ((DGA), France); Pouliguen Philippe (DGA, France); Ronan Sauleau (University of Rennes 1, France); David Gonzalez-Ovejero (Centre National de la
Recherche Scientifique - CNRS, France)

This paper presents a new concept of modulated metasurface (MTS) antenna for satellite communications. As opposed to using cylindrical surface waves (SW) to excite circular apertures, we employ a quasi optical beamformer to launch a plane SW. This architecture enables an efficient illumination of rectangular apertures. In addition, the use of anisotropic MTS elements allows us to obtain circularly-polarized beams with excellent characteristics in terms of cross-polarization discrimination. We present the
design process of aprototype at K-band and the obtained simulation results, which prove the suitability of this antenna for satellite data links.

13:50 Leaky Wave Analysis of Periodic Corrugated Metallic Plates with Complex Shapes

Despoina Kampouridou and Alexandros Feresidis (University of Birmingham, United Kingdom (Great Britain))
The leaky wave analysis of corrugated metallic structures is presented in this work. Two known analytical periodic methods are compared with the results of the Matrix Pencil Method, which is applied for the first time for this type of leaky wave antenna. The complex wavenumber of the leaky mode is extracted fortwo corrugated antenna cases designed for operation around 30 GHz. From the calculated dispersion the farfield characteristics of the leaky wave antenna and its design procedure can be indicated.

14:10 Near-field Focusing Through Higher-order Cylindrical Leaky Waves

Davide Comite, Walter Fuscaldo and Paolo Burghignoli (Sapienza University of Rome, Italy); Paolo Baccarelli (Roma Tre University, ltaly); Alessandro Galli (Sapienza University of Rome 1, Italy)
The possibility of generating a higher-order nondiffracting Bessel beam by means of a fast backward spatial harmonic is discussed in this work. The focusing features of the radiated near field are achieved by the excitation of a higherorder cylindrical leaky wave supported by an annular metal-strip grating placed on a grounded dielectric slab, which is excited by a circular arrangement of elementary sources. By properly phasing the array elements, the azimuth order of the radiated beam is controlled, offering the
possibility of generating a focused beam of arbitrary order n carrying anonzero orbital angularmomentum. Full-wave simulations of a prototype are developed using acommercial code and the field profiles are compared with the ideal beam supported by an infinite aperture.

14:30 Near-Field Beamforming in Leaky-Wave Resonant Antennas
There is a large interest in utilizing lens arrays for many applications in the mm- and submm- wavelength ranges. The efficiency of the excitation of dielectric lenses increases significantly when the feeding structures support leaky-wave radiation mechanisms. Leaky-wave feeding structures based on resonant cavities can generate very high directivity in a dense medium. Many scenarios require lenses of moderate size and typically the focusing surface needs to be in the near field of the radiators. In this
contribution, we analyse the near-field radiation mechanism of such leaky-wave feeds and provide guidelines to design moderate size lenses.

14:50 Prism-based Leaky-Lens Antennas at 60 GHz for 5G Point-to-Point Communication Links
Qiao Chen (KTH Royal Institute of Technology, Sweden & State Key Laboratory of Millimeter Wave, Southeast University, China); Oskar Zetterstrom (KTH Royal Institute of Technology, Sweden); Francisco Mesa (University of Seville, Spain); Pablo Padilla (University of Granada, Spain); Angel Palomares-Caballero (Universidad de Granada, Spain); Elena Pucci (Ericsson AB, Sweden); Xiaoxing_Yin (State Key
Laboratory of Millimeter Waves, China); Oscar Quevedo-Teruel (KTH Royal Institute of Technology, Sweden)
Two cost-effective implementations of a leaky-lens antenna at 60 GHz are proposed for high-throughput 5G communication links. The leaky-wave feed is realized in gap-waveguide technology, where the radiation from the slit is controlled with glide-symmetric holes. The beam-squint of the leaky-wave radiation is mitigated, owing to the coupling of a complementary-dispersive prism. Here, two prisms are implemented, one with glide-symmetric holes, and another with substrate-integrated-holes (SIHs), both
integrated in parallel plates with the leaky-wave feeding. Thanks to glide symmetry, better control of the leakage rate, lower costs, and better tolerance to manufacturing are achieved in comparison with the non-glide holey counterpart. In addition, the SIH-based design exhibits substantially enhanced bandwidth with even better robustness. In the analysis of the leaky-wave feed, more accuracy and reduced computational time is achieved by using a mult-mode method. Both antennas show stable radiation
patterns, featuring high efficiency, high gain, and low side lobe levels.

15:10 Direct Synthesis of Frequency-Scanned Monopulse Half-Width Microstrip Leaky-Wave Antennas

Alejandro Gil Martinez (Technical University of Cartagena Cartagena, Spain); Miguel Poveda-Garcia (Technical University of Cartagena, Spain); Jose-Luis Gdmez-Tornero (Polytechnic University of Cartagena, Spain)
We propose a synthesis technique for half-width microstrip leaky-wave antennas (HWM LWAs) producing frequency-scanned monopulse patterns with two channels. The election of the substrate thickness and dielectric constant is of key importance to obtain the desired angular scanning in the prescribed frequency band, and with high radiation efficiency. Using the two far advertising channels of Bluetooth Low Energy (BLE) protocol in the 2.45 GHz band, we demonstrate that wide and narrow scanning
designs can be directly obtained with the proposed approach, while dispensing from any numerical optimization. Itis examined how different dielectric laminates and antenna sizes are convenient for each design.

TO7-A: Antenna theory and system design

TO7 Defence and security / / Antennas
Room: oral sessions: room 05

13:30 Analysis of Compensation Methods and the Capability Boundary for Element Position Errors in Electrically Scanned Arrays
Josef Ydreborg (European Space Agency, ESTEC, The Netherlands); Bengt Svensson (Saab AB, Sweden); Jian Yang (Chalmers University of Technology, Sweden)

Mechanical translational tolerances have negative effects on the radiation patterns in sensor and antenna arrays. Methods for restoring the radiation pattern of an array with element position errors to the designed one without the position errors have been investigated and the limits of their capabilities in different scenarios of real array configurations explored. A proof of concept has been established by manufacturing an intentionally erroneous antenna array and applying investigated compensation methods.
Conclusion is that the possibilities of compensating for mechanical errors are greatly enhanced with increased digitalisation of the array antenna system. Analog systems may achieve a fullcompensation in a smaller solid angle, while digital systems can achieve a fullcompensation covering almost the half space.

13:50 Novel Dual-mode SIHC Based Filtering Antenna

Prasun Chongder (NIT Rourkela, India); Soumava Mukherjee (Indian Institute of Technology Jodhpur, India); Animesh Biswas (lIT Kanpur, India)
In this paper, a compact dual-mode substrate integrated hexagonal cavity (SIHC) based integrated filtering antenna is proposed. The design utilizes perturbation in a high Q dual-mode cavity to introduce radiation nulls in the antenna response thereby improving selectivity. The measured resonant frequency of the proposed filter is at 8.9 GHz with 290 MHz (-10 dB S11) impedance bandwidth (3.26%) and reflection coefficient is below 15 dB in the filtering passband. The gain of the filtering antenna is flat
throughoutthe operating band (4.33 dBi) and has one radiation nullat 8.65 GHz which is at the left side of the passband edge of the filter and thereby improving selectivity. The measured cross-polarization levelis below 18 dB. Here the efficient use of higher order mode of SIW cavity to realize compact filtering antenna that makes it suitable for low profile wireless communication applications.

14:10 Axial-ratio Tuning in Nano-Dielectric Resonator Antenna for Optical Band Applications
Shailza Gotra (NIT Delhi, India); Rajesh Yadav (National Institute of Technology Delhi, India); Vinay Pandey (NIT Delhi, India); Rajveer Singh Yaduvanshi (AIACTR, India)

A rectangular circularly polarized nano- dielectric resonator antenna (NDRA) is presented in the proposed work. The Gaussian pulse excitation is given through the nanostrip feedline. The excitation position is chosen at the edge of the feedline having width equivalent to the quarter wavelength. This will split the field components into the quadrature phase difference travelling at the sides of the feedline. The travelling field with orthogonal components coupled inside DR resulting in the circular polarization. Further,
this technique is utilized to tune the axial-ratio of the antenna within different optical bands by changing the excitation position. The rectangular DR allows the generation of specific mode similar to the analogy of mode in the cylindrical DR. The proposed NDRA is designed forthe optical L, C, and S-band applications.

14:30 Design of a Wide-Scan Lens Based Focal Plane Array for Sub-millimeter Imaging Systems Using Coherent Fourier Optics

Shahab Oddin Dabironezare, Muhan Zhang and Giorgio Carluccio (Delft University of Technology, The Netherlands); Angelo Freni (University of Florence, Italy); Andrea Neto and Nuria LLombart (Delft University of Technology, The Netherlands)
Future sub-millimeterimagers will use large format focal plane arrays (FPAs) of lenses to increase their field of view and the imaging speed. This abstract employs a spectral technique based on Fourier Optics for analyzing lens based FPAs. Here, the method is applied to optimize the scanning performance of an imager with monolithically integratable lens feeds without employing any optimization algorithms, by doing a field match by atunable leaky resonant antenna. The synthesized FPA achieved scan losses
much lowerthan the ones predicted by standard formulas related to the direct field coming from the reflector. In particular, a FPA with scan loss below 1 dB while scanning up to +-17.5° is presented with directivity of 52 dB. A prototype of the described design using realistic antenna feeders is also presented.

14:50 Experimental Demonstration of Artificial Magnetic Conductors Constructed of Magnetically Coupled Helices

Pavel Petrov and Alastair Hibbins (University of Exeter, United Kingdom (Great Britain)); lan Youngs (Platform Systems Division, Dstl, Salisbury, United Kingdom (Great Britain)); Mario Lima (Antenna Applied Research, Electronics Division, Leonardo, United Kingdom (Great Britain)); John Sambles (University of Exeter, United Kingdom (Great Britain))
An Artificial Magnetic Conductor (AMC) is atype of metamaterial that can be used to enhance the performance in several antenna and microwave design applications. In this work we propose anovel geometry of AMC constructed of magnetically coupled helical elements that are smaller than those previously suggested and which may be optimized to achieve abroadband performance. Numerical results (obtained using COMSOL) are shown to be in good agreement with experimental ones.

15:10 3D Printed Broadband Double-Ridged Waveguide to Coax Transition

Karina Hoel (FFI & University of Oslo, Norway); Stein Kristoffersen (FFI, Norway)
A broadband double-ridged waveguide to coax transition, specifically designed for 3D printing manufacturing is demonstrated. The transition employs a shorted-probe excitation topology. VSWR < 1.8:1 over the entire bandwidth of 6-18GHz is achieved. A sensitivity analysis to the design parameters is presented and some fabrication issues are discussed. Excellent repeatability is obtained with measured results closely resembling theory.

Monday, March 16 13:30 - 18:00
T05-A12/1: Wearable and implantable antennas

TO5 Biomedical and health / / Antennas
Room: oral sessions: room 06

13:30 Low-Profile and High-Gain Linear Polarized Loop Antenna

Ali Khaleghi (Norwegian University of Science and Technology (NTNU) & Oslo University Hospital, Norway); llangko Balasingham (Norwegian Institute of Science and Technology, Norway)
A loop antennaon top of a metal plate can provide a higher gain than that of a dipole antenna. A low depth profile multi-loop antenna geometry is proposed with a thickness of 0.02 wavelength to the back metal plate. The designed loop antenna is self-matched to the 50-ohm impedance of a source and provides a high directional gain of 8.2 dBi. The antenna gain is increased to 10.0 dBi by using a dual multi-loop geometry. Sample antennas are designed and manufactured for operating at 2250 MHz. The
antennas are measured and characterized forthe return loss, radiation pattern and gain. The proposed antenna can be used as a wearable antennain wireless body area network (WBAN), in which the backside radiation is reduced and the antennaimpedance characteristics are not affected by the background tissues.
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13:50 Multilayer Ultra-Miniature Loop Antenna for Insertable Pill Application

Amine Samoudi (Ghent University & IMEC, Belgium); Gunter Vermeeren (Ghent University, Belgium); Denys Nikolayev (Ecole Polytechnique Fédérale de Lausanne, Switzerland); Minyoung Song (Holst Centre/IMEC, The Netherlands); Yao-Hong Liu (Imec-nl, The Netherlands); Wout Joseph (Ghent University/IMEC, Belgium); Luc Martens (Ghent University, Belgium)

An ultra-miniaturized multilayer loop antenna for insertable pill applications is presented. The antennais designed for the Medical Device Radiocommunications service (MedRadio 401-406 MHz) and makes use of the three metal layers of the antenna board to increase its electrical length within acompact size of 16.2 mm2 (3.3 x4.9 mm). The realized gain is-38.3 dBiin @10-cm muscle-equivalent spherical phantom, and the radiation efficiency reaches 0.06%. Antenna adaptation to manufacturing (extra Rogers
2929® substrate layer and vias diameter increased) resulted in an efficiency of 0.05%. Finally, different approaches are discussed to increase the antenna efficiency while keeping the space constraint unchanged.

14:10 Body Matched Dipole-Loop Composite Antenna with Reconfigurable Focused Field for Non-Alcoholic Fatty Liver Disease Diagnosis Systems

Sasan Ahdi Rezaeieh and Amin Abbosh (The University of Queensland, Australia)

A body matched antenna with reconfigurable field focusing capability for electromagnetic-based non-alcoholic fatty liver diagnosis systems is presented. The antenna utilizes a combination of three distinct methods to achieve unidirectional radiation, miniaturize the size of the antenna and reconfigure field focusing. To achieve unidirectional radiation and wide operating bandwidth, a loop-dipole configuration is utilized to eliminate the need for conventional bulky reflectors. The dipole is matched to the body to
miniaturize the size of the antenna. To avoid using dielectric loading to cover the distance between the loop and the dipole, the loop is meandered and designed in athree-dimensional structure. Finally, to alter electric field intensity to scan different regions inside thorax, the dipole is designed as three sub-elements that are electronically switched.

14:30 Robustness Analysis of the Polymer-Conductive-Mesh Composite for the Realization of Transparent and Flexible Wearable Antennas

Abu Sadat Md. Sayem (Macquarie University, Australia); Karu Esselle (University of Technology Sydney, Australia); Raheel Magsood Hashmi (Macquarie University & IEEE, Australia)

In this paperthe morphology of the polydimethylsiloxane (PDMS)-flexible-conductive-mesh composite has been studied to evaluate its suitability in the realization of robust, flexible, transparent, wearable antennas that can withstand multiple bending operations. We have utilized conductive mesh made out of VeilShield from Less EMF which has about 70% light transmittance and is highly flexible. On the otherhand, PDMS is a highly flexible and optically transparent polymer. Uncured PDMS is in liquid form and
upon curing it transforms to arobust flexible substrate and forms a strong bonding with the conductive mesh, VeilShield. We have examined the composite through Scanning Electron Microscope (SEM)images during and after multiple bending operations. Later, we have designed a simple patch antenna operating at 2.45 GHz band using our selected materials. For performance evaluation the antenna is tested in both free space and under bent conditions and the results are presented in this paper.

14:50 Frequency Reconfigurable Multi-Band Antenna Using 1-D EBG Structures with BST Chip Capacitors

Jae-Yeong_Lee (Pohang Unversity of Science and Technology (POSTECH), Korea (South)); Kyung-Bin Lee (Gwangju Institute of Science and Technology (GIST), Korea (South)); Celso Leite (Samsung Electronics, Korea (South)); Seung-Han Kim (Defense Agency for Technology and Quality, Korea (South)); Jae-Hyung Jang (Gwangju Institute of Science and Technology, Korea (South))

This paper describes amonopole antenna using one-dimensional electromagnetic bandgap structures with barium strontium titanate chip capacitors for frequency reconfigurable operation in multi-band. Despite the absence of an RF choke and DC blocking capacitor, a frequency reconfigurable antenna featuring high radiation performance with low DC power consumption is realized. The frequency tuning ratios are 25% in low frequency band and 4.6% in high frequency band. The antenna exhibits low power
consumption less than 1 uW and high antenna efficiency (more than 40%).

15:10 Miniaturized CPW-fed Bowtie Slot Antenna for Wearable Biomedical Application

Amir Arayeshnia (Imam Khomeini International University, Iran); Alireza Madannejad (Research Assistant, University of Tehran, Iran); Javad Ebrahimizadeh (University of Uppsala, Sweden); Fatemeh Ravanbakhsh (Student, Islamic Azad University, Iran); Mauricio D Perez (Uppsala University, Sweden & National Technological University, Argentina); Robin Augustine (Uppsala University, Sweden)

A miniaturized, low-profile, flexible, and wearable ultra-wideband antenna for biomedical applications is proposed. The antenna is designed to operate in wearable conditions with the presence of multilayer biological tissues. A meandering technique is employed to reduce the electrical size of the antenna. The operational band of the proposed antennais 0.5-4.5 GHz, while its dimensions are as small as 21x19.25x0.025 mm3. The antenna is simulated using a commercial full-wave simulator (CST Microwave
Studio), fabricated on Polyethylene terephthalate (PET), and tested in realistic scenarios. The simulation and measurement results are in good compliance with each other

15:30 Coffee Break

16:00 Rectenna at 2.45 GHz for Wearable Applications

Monica Borgoios-Garcia, Ana Lopez-Yela and Daniel Segovia-Vargas (Universidad Carlos Ill de Madrid, Spain)

This paper presents the design and implementation of a 2.45-GHz wearable integrated rectifier antenna (rectenna) for far-field wireless powering for low-power sensors. A circular patch antenna resonant at 2.45 GHz is designed, manufactured and characterized. The performance of the fabricated antenna is studied when it is placed over body tissues for wearable applications. A Spice model for a Schottky diode, which is part of the rectifier, is implemented and tested in different rectifying circuits for low input
powers, ranging from -20dBm to 0 dBm. A rectifying circuit at 2.45 GHz is fabricated and measured in terms of power-conversion efficiency. The rectifierimpedance is analyzed as a function of dc load and input power. Finally, the antenna and rectifier are integrated as a rectenna, and the total efficiency evaluated forincident power densities up to 7 uyW/cm2 at2.45 GHz.

16:20 A Wide-band Slot-based Frequency Agile Yagi-Like MIMO Antenna System

Rifagat Hussain (KFUPM, Saudi Arabia); Syed Jehangir (United Arab Emirates University, United Arab Emirates); 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 work, we propose a wide-band slot-based frequency agile 2-layer Yagi-like multiple-input-multiple-output (MIMO) antenna system. The MIMO system consists of 4 identical pentagonal slot-line based active antenna elements reactively loaded with varactor diodes to achieve frequency reconfigurability. The proposed antenna could be tuned over a wide frequency band from 1.5 - 2.1 GHz. To achieve Yagi-like directional characteristics of a slot antenna, a parasitic metallic reflector layer was used below the
substrate. This helped in suppressing the back-lobe radiation and thus a front-to-back ratio (FBR) of 5 - 13 dBis achieved within the entire frequency band of operation. The proposed 4-element design is compact with an overall size of 100*100*20 mm3, and a reflector size 0of 110*110 mm2. The antenna system also shows good MIMO performance with high portisolation and very low envelope correlation coefficient (ECC) values within the operational band.

16:40 Applications of Mixed Powder Dielectrics in Prototype 2.45GHz Pendant Antenna Design and Manufacture

John Brister, Robert Michael Edwards and Jacky Brister (Loughborough University, United Kingdom (Great Britain))

In this paper anew type of tissue emulating phantom that is usefulin the study of on-body and close to body antennas is presented. The use of pressure agglomerating dielectric powders within abespoke 3D printed enclosure are discussed for rapid prototyping. Particular attention is given to attempting to avoid the effects of reactive near field de-tuning in antennas constantly in contact with the body. The method of using high permittivity mixed dielectric powders in the size reduction of acommon dipole and
acompact spherical helical antenna with a balanced feed are discussed.

17:00 A Biodegradable Implant Antenna Detecting Post-Surgical Infection

Kivanc Ararat, Omer Altan, Sanberk Serbest, Oguzhan Baser and Sema Dumanli (Bogazici University, Turkey)

Biodegradable implants have proven to be attractive where the patient will not need to go through an additional operation for the removal of the implant. Here biodegradability is utilized further where the biodegradation process has been part of the device's operation. An implant antenna is designed to detect post-surgical infections which increase the acidity inside the human body. The implant antenna is provisioned to be located in the operation site where it degrades at different paces depending on the
existence of infection ornot. The Mg antennaiis tested in cow's minced fat where the degradation is monitored using a wearable slot antenna used as areader. The detection was possible for an implant depth of 1cm with 14 MHz resolution.

17:20 Protective Coating Methods for Glove-Integrated RFID Tags - A Preliminary Study

Zahangir Khan, Han He, Xiaochen Chen, Leena Ukkonen and Johanna Virkki (Tampere University, Finland)

In this study, machine washing durability of working glove-integrated passive RFID tags is evaluated. These glove-tags are embedded inside 3D-printed thermoplastic polyurethane platforms. The results are compared to platforms embedded inside brush-painted encapsulant platforms. For a preliminary washing reliability evaluation, both types of glove-integrated platforms are washed in awashing machine for 5 times. Although both platforms can protect glove-tags from the effects of water, the main reliability
challengeis found to be the fragile antenna-IC attachments. This paperintroduces the two platform materials and the achieved washing test results. These preliminary results determine the future direction of this research: The next step is to study suitable methods to strengthen the interconnections, so that these glove-tags can survive the harsh environment inside awashing machine.

17:40 A Low Profile Button Antenna with Back Radiation Reduced by FSS

Bappaditya Mandal (Uppsala University, Uppsala, Sweden); Ayan Chatterjee (National Institute of Technology Sikkim, India); Pramod K B Rangaiah (Researcher & Uppsala University, Sweden); Mauricio D Perez (Uppsala University, Sweden & National Technological University, Argentina); Robin Augustine (Uppsala University, Sweden)

In this article, a button antenna with a reflective frequency selective surface(FSS) is proposed to reduce its back radiation. The proposed antenna is low in profile, circularly polarized and designed for Wi-Fiand WLAN applications. The radiating element is made of copper sheet, while a transparent acrylic fibre sheet is used as a substrate. The antennais fed by a coaxial line, and the FSS layer is designed on jeans material. The patch type FSS with split ring shape has also been designed to operate in the Wi-Fiand
WLAN frequency band (5.250-5.850 GHz) with the centre frequency of 5.51 GHz. The FSS reduces back radiation ofthe antenna by 4 dB. The antenna with FSS is fabricated, and a measured gain of 2.9dBiis obtained that matches well with the theoretical value. The antennais miniaturized by around 61.15% by the slits.
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13:30 Recent Developments in Automotive Antenna Measurements

Manuel Sierra-Castafier (Universidad Politécnica de Madrid, Spain)
This overview paper summarizes the recent advances in automotive antenna measurements during the last years. This topic has been importantin the past, butthe development of new communication systems, specially the fifth generation (5G) cellular systems means ahuge number of antennas and sensors placed in allthe vehicles. During the last year several research groups, connected with the industry have shown advances in measurement architecture, hardware and post-processing algorithms.

13:50 Exploiting Spatial Derivative Information in Phaseless Near-Field Far-Field Transformations
Alexander Paulus (Technical University of Munich, Germany); Thomas F. Eibert (Technical University of Munich (TUM) & Chair of High-Frequency Engineering (HFT), Germany)

By exploiting information about the spatial derivative of magnitude data, we increase the reliability of phaseless near-field far-field transformations. While existing techniques operate on the measured magnitudes, the presented formulation puts restrictions on the first-order spatial derivative of the measured magnitudes. This potentially allows to utilize hidden information about the antenna near fields and, thus, increase the chances of a successful phaseless transformation. Preliminary simulation results for an
implementation based on the fully-analytic equations for the spatial derivatives of the magnitude of fields caused by Hertzian dipoles are presented. The comparison as well as combination with atypical phaseless solver not using the spatial derivatives showcases the potential of the new formulation.

14:10 Accurate 3D Phase Recovery of Automotive Antennas Through LTE Power Measurements on A Cylindrical Surface

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

Phaseless antenna measurements have been gaining much interest in the past. In the course of increasing integration of antennas with frontends and digital signal processing units on chipsets, the measurement of the phase pattern becomes challenging since a RF connection to the antenna feed pointis missing and common measurement methods with a vector network analyzer cannot be applied. This paper deals with a phase recovery technique exploiting intrinsic communication signals from a LTE user
equipment, following the approach of indirect holography in spatial domain. Phase recovery is applied on a cylindrical measurement surface, scanning in both vertical and horizontal polarization. Comparison to a conventional phase measurement with a vector network analyzer shows excellent agreement on the entire measured surface. Thus, this approach is a promising alternative and has high potential for further signal processing, e.g. nearfield to far field transformation or localization of the antenna within the
measurementvolume.

14:30 Modeling of a Far-Field Automotive Antenna Range Using Computational Electromagnetic Tools
Daniel N Aloi and Ehab Abdul-Rahman (Oakland University, USA)

Vehicle-level antenna performance standards are being established for vehicle-to-everything (V2X) communications that support safety of life applications for automobiles. Once these antenna performance standards are established, there must be confidence that automotive antenna measurement systems can make accurate and repeatable measurements. In this paper, a full-wave, three-dimensional electromagnetic field solver based on the method of moments (MOM) was utilized to create a simulation model
of the antenna measurement process at Oakland University's outdoor automotive antennarange. Initial results for the comparison of this model against measurements are provided in this paper for a directive monopole antenna on aone-meter diameter ground plane. This type of tool willbe useful to establish uncertainty levels for vehicle-level antenna gain measurements.

14:50 Experimental Comparison of Vehicular Antenna Measurements Performed over Different Floors

Per Iversen (Orbit/FR, USA); John Estrada (MVG, USA); Francesco Saccardi and Lars Foged (Microwave Vision Italy, Italy); Francesca Mioc (Consultant, Switzerland); Michael Edgerton and Janalee Graham (General Motors, USA)

Large truncated spherical near-field systems with conductive or absorbing floors are typically involved in the measurement of the performances of vehicle installed antennas. The main advantage of a conductive floor systems is the ease of accommodation of the vehicle under test, but their performances are often degraded by the strong interaction with the reflecting floor. Instead, absorbing-based systems emulating free-space conditions ensure better accuracy, but generally require longer setup times,
especially at lower frequencies (70-400 MHz), where bulky absorbers are typically used to ensure good reflectivity levels. Considering scaled measurements of a vehicle model, the performance of these two typical implementations are analysed in the 84-1500 MHz range and compared to free-space measurements. Absorbers with different dimensions and reflectivity have been installed in the scaled measurement setup, and measured data have been investigated with proper post-processing to verify the
applicability to realistic systems.

15:10 Wideband Radio Channel Emulation Using Band-stitching Schemes

Yilin Ji, Wei Fan and Gert Pedersen (Aalborg University, Denmark)

In the fifth-generation (5G) new radio specifications, large signal bandwidth e.g. 400 MHz for frequency range 2 (FR2), is expected to be utilized. Therefore, there is a need to develop channel emulators that can support such large bandwidth. In this paper, we revisit the band-stitching scheme, i.e. combining multiple logic channels of small bandwidth to form a larger total bandwidth.We put a focus on the calibration stage of this scheme, and the effect of the phase jump atthe junctions of adjacent subbands on
the stitching performance is investigated through simulation.
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13:30 Two-Element Biomimetic Antenna Array Design for Power Extraction / Phase Amplification Tradeoff
Richard J. Kozick (Bucknell University, USA); Fikadu Dagefu (US Army Research Laboratory, USA); Brian Sadler (Army Research Laboratory, USA)

Two-element arrays composed of closely-spaced antennas with mutual coupling have recently been investigated in conjunction with electrical coupling networks that amplify the phase difference in the measurements. These systems have biomimetic analogies to the hearing mechanism in small insects that exhibit exceptional direction finding capabilities. Several coupling networks have been considered with varying complexity and performance relative to the fundamental tradeoff between power extraction
and phase difference amplification. In this paper we present a general design method that establishes the achievable region for the power extraction / phase amplification tradeoff, and we present a four-port Picoupling network that realizes the entire achievable region. An example illustrates the design method fortwo closely-spaced dipole antennas at 40 MHz.

13:50 Axially-Corrugated X-Band Horn Design with Integrated TE21 Monopulse Tracking in Corrugation

Christophe Granet (Lyrebird Antenna Research Pty Ltd, Australia); John Kot (Young & Kot Engineering Research, Australia)
A new conceptto generatethe TE21 monopulse tracking signal by integrating the tracking couplerinto the first corrugation of an axially corrugated horn is presented. This new concept allows for acompact design while maintaining isolation between the communication and tracking networks.

14:10 Adaptive GNSS Antenna Matching for Low-Cost Applications

Thomas Kaufmann and Rod Bryant (U-blox AG, Switzerland)

This paper presents a methodology for adapting the global navigation satellite systems (GNSS) antenna resonance frequency to different environments at a minimal cost. De-tuning effects of GNSS antennas due to the environment or manufacturing tolerances, especially for very compact narrow band antennas, significantly reduce the carrier-to-noise ratio of navigation signal. This has a detrimental effect on the acquisition, tracking and finally navigation performance of the system. This methodology contains an
RF switch with different pre-defined matching components. A supervisory system uses knowledge of the received signal and switches between the matching options to maximize the realized RHCP gain. This increases the signal quality and finally improves the performance of the GNSS receiver. It is shown that the de-tuning of a single-band antenna due to ground plane effects can be successfully compensated. Furthermore, it is demonstrated that the resonances of a dual-band antenna can be shifted
independently with the same approach.

14:30 Wide-Angular Scanning Performance Enhancement in Linear Arrays via Combining Integrated In-line Subarrays and Amplitude Tapering

Fannush Shofi Akbar and Gamantyo Hendrantoro (Institut Teknologi Sepuluh Nopember, Indonesia); Leo Ligthart (Delft University of Technology, Italy); loan E. Lager (Delft University of Technology, The Netherlands)
An advanced design, adding a significant first sidelobes level (FSLL) improvement to a previously introduced wide-angular-scanning, linear array prototype with demonstrated scan-loss compensation (SLC) and sidelobes suppression features is discussed. The linear array makes use of in-line subarrays for SLC and an additional amplitude taper in its central, uniform region for lowering the FSLL with as much as 4dB at +60° scanning (13dB at +20° scanning). Several Taylor-type amplitudes tapers are compared,
the best overall performance improvement being observed fora-18dB prototype taper. The advocated solution is highly suitable to high-sensitivity radars requiring a fast-scanning, fan-shaped beam.

14:50 Element Mutual Coupling Effect in a Wideband Planar Aperiodic Sparse Phased Array

Shaoging Hu, Chao Shu and Xiaodong_Chen (Queen Mary University of London, United Kingdom (Great Britain)); Kai Wang (East China Research Institute of Electronic Engineering, China)
This paper presents our study on a planarwideband aperiodic sparse phased array and the effect of element mutual coupling. The planar aperiodic sparse array in a circular disk with a diameter of T0A0 was optimized by using covariance matrix adaption evolutionary strategy (CMA-ES) together with Danzer tiling to generate the peak SLL(Side Lobe Level) of array factor less than -13 dB without the main beam steered and -9.5dB with the main beam steered to 60,away from the broadside in aband from f0 to 10f0.
Then, the array using the rectangular patch antenna as the element has been simulated by using CST Microwave Studio to study the effect of mutual coupling when the elements are separated by A0/2 at f0. Basically, the peak gain degrades a little bit, while SLL has large degradation in some specific directions, resulted from the mutual coupling between the array elements.

15:10 A Broadband Circularly Polarized Antenna with Triple-Mode Characteristics
Wei Hu, Xuekang_Liu and Hao Wu (Xidian University, China); Steven Gao and Lehu Wen (University of Kent, United Kingdom (Great Britain)); Yuan-Ming_Cai (Xidian University, China)

A novel circularly polarized (CP) antenna based on the triple-mode characteristics is presented in this paper. First, by utilizing three resonant modes, a compact antenna element is designed to realize a wide impedance bandwidth of 80%. Then, for the purpose of obtaining broadband CP radiation, the sequential feeding method is employed in the design. By sequentially exciting four antenna elements with a progressive 90° phase shift, a wideband CP windmill-shaped antenna is developed. The proposed
antenna exhibits awide impedance bandwidth (104 %), a wide axial ratio (AR) bandwidth (80%), and alow profile (0.18A, A is the wavelength in free space at the lowest operating frequency). Such awideband and low-profile CP antennais a promising candidate for modern broadband CP applications.

15:30 Coffee Break

16:00 A Method of Side-lobe Suppression for Reactance Modulated Antennas

Peng-Yuan Wang (University of Duisburg-Essen, Germany); Meng_Fan-Yi (Harbin Institute of Technology, China); Yue-Long Lyu (The 14th Research Institute, CETGC, China); Andreas Rennings and Daniel Erni (University of Duisburg-Essen, Germany)
This paper reveals the mechanism of the high side-lobe level (SLL) phenomenon in reactance modulated antennas (RMAs) and proposes a method to suppress the sidelobe for RMAs. The wave-guiding mode in RMAs is a surface wave with considerable EM field exposed to the free-space. We found that it is the exposure of EM power results in the slow-wave radiation (SWR) phenomenon deteriorating the SLL. To eliminate the SWR, a‘complementary decoupling' method is proposed by introducing another
RMA with inverse periodic variation to the original one. The two parallel antennas are excited with equal amplitude and reversed phase forming a complementary radiation pair. With the proposed method, the SWRiis eliminated and the SLL is improved. Meanwhile, all of the even radiation modes are also suppressed. Especially forthe -2nd mode, which also carries considerable power and often appears in most RMAs.

16:20 Pattern Shifting and Size Control in Offset Reflector Antennas with Microstrip Array as Matched Feed

Kaushik Debbarma (IIT Guwahati, India); Ratnajit Bhattacharjee (Indian Institute of Technology, Guwahati, India)
This paper presents details of a dual-layered microstrip based matched feed array for an offset reflector. The top layer of the proposed feed consists of 9 TM11 mode operating circular microstrip patch antennas (CMPA) arranged in a centered circular array configuration. The second layer contains a CMPA operating in TM21 mode located below the central element of the circular array. The excitation ratio between the TM21 and TM11 mode patches is varied to achieve a low cross-polar level at the asymmetric plane
at different array radius. An investigation has been done to show that by exciting selective array antenna elements, beamwidth and beamshift reconfigurability in the reflector pattern can be achieved while maintaining the cross-polar levels below -38 dB by having a proper mode excitation ratio. A maximum beamshift of 0.4 degree (approximately 31% of 3dB beamwidth ) from the principal axis has been achieved in the reflector pattern.

16:40 Direction of Arrival Estimation Using Hybrid Spatial Cross-Cumulants and Root-MUSIC

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 anovel Direction of Arrival (DOA) estimation technique called Cross Cumulant-MUSIC (CC-MUSIC) which jointly employs higher order cumulant statistics and the root-MUSIC algorithm to perform high-resolution DOA estimation in low Signal-to-Noise Ratio (SNR) scenarios. From the simulation results based out of a4 element uniform linear array and a far-field narrowband signal source, CC-MUSIC outperforms second-order DOA estimation techniques such as root-MUSIC and ESPRIT with
aminimum average of 10.99% to 46.33% depending on the snapshot values at SNR of <15dB for a single signal source scenario and 39.1% to 83.8% for a multi-signal source scenario respectively when contaminated with an Additive White Gaussian Noise (AWGN). The work presented here has implications of future studies for optimization and real-world application where SNR environment is noisy while requiring accurate DOA estimation.

17:00 Frequency Diverse Array Information Geometry Analysis

Haifeng_Yu and Qinglong Han (Beijing Institute of Space Craft System Engineering, China); Xiaoning_Ji (Air Force Research Institute, China); Zhibin Wang (Beijing Institute of Space Craft System Engineering, China); Wen-Qin Wang (University of Electronic Science and Technology of China, China)
Different classic phased-array that generates only angle-dependent transmit beampattern, frequency diverse array (FDA) offers both angle-dependent and range-dependent transmit beampattern. This paper adopts the information geometry theory to study the fundamental information resolution for a general FDA radar system. The information resolution, associated with the waveform, measurement and noise model and characterized by the Fisher information metric, provides a statistical measure forthe FDA
radar system. Numerical results show that FDA radarindeed outperforms conventional phased-array radar in information geometry resolution capability.

17:20 RSS-based AoA Estimation System for IoT Applications Using Rotman Lens

Noori BniLam, Arne Aerts and Dennis Joosens (University of Antwerp - imec, IDLab Research Group, Belgium); Jan Steckel (University of Antwerp - Cosys-lab Research Group, Belgium); Maarten Weyn (University of Antwerp - imec, Belgium)
In this paper, we present anew Angle of Arrival (AoA) estimation system for Internet of Things (IoT) applications. The proposed system utilizes the received signal strength (RSS) to estimate the AoA of the received signalin the 868 MHz frequency band. The system consists of two sub-systems: Sub-system 1 utilizes a Rotman lens to provide analog beamforming capabilities and Sub-system 2 utilizes the sparsity-based regularized minimization technique to estimate the AoA of the received signal based on the
RSS values. An experiment has been conducted in an anechoic chamber to validate the AoA estimation accuracy. The experimental results reveal that the proposed system can accurately estimate the AoA of the received signals based on the RSS values.

17:40 RSS-Based DoA Estimation Using ESPAR Antenna for V2X Applications in 802.11P Frequency Band

Damian Duraj (Gdansk University of Technology, Poland); Mateusz Rzymowski (Gdansk University of Technology & WiComm Center of Excellence, Poland); Krzysztof Nyka (Gdansk University of Technology, Poland); Lukasz Kulas (Gdansk University of Technology, Faculty of Electronics, Telecommunications and Informatics, Poland)
In this paper, we have proposed direction-of-arrival (DoA) estimation of incoming signals for V2X applications in 802.11p frequency band, based on recording of received signal strength (RSS) at electronically steerable parasitic array radiator (ESPAR) antenna's output port. The motivation of the work was to prove that ESPAR antenna used to increase connectivity and security in V2X communication can be also used for DoA estimation. The numerical simulation results show that for every proposed radiation
pattern we can obtain acceptable DoA estimation results, even with radiation pattern without strong maximum and deep minimum.
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13:30 Compressed Lenses via Transformation Optics for Mobile Satellite Communications

Oskar Zetterstrom (KTH Royal Institute of Technology, Sweden); Nelson Fonseca (European Space Agency, The Netherlands); Oscar Quevedo-Teruel (KTH Royal Institute of Technology, Sweden)
In this paper, the design of a volumetric Luneburg lens antenna is described. Transformation optics is used to compress the height of the lens. A moderate compression of 30\% is applied to facilitate an all-dielectric realization. A gain of almost 20 dBiis obtained in simulations with alens diameter of 4 free space wavelengths before compression. Compared to a spherical Luneburg lens antenna with the same height (i.e. with a smaller diameter), the gain of the compressed lens is about 2 dB higher. The antennaiis
intended for satellite communications on-the-move through low Earth orbit constellations.

13:50 Experimental Validation of the Beam Pattern of a Wide Band Quasi-Optical System for DESHIMA Spectrometer
Shahab Oddin Dabironezare (Delft University of Technology, The Netherlands); Kenichi Karatsu, Stephen Yates and Vignesh Murugesan (SRON, The Netherlands); David Thoen (Kavli Institute of NanoScience, Delft University of Technology, The Netherlands); Jochem Baselmans (SRON, The Netherlands); Nuria LLombart (Delft University of Technology, The Netherlands)

DESHIMA is a spectrometer for astronomical applications targeting sources at sub-mm wavelengths from 240GHz to 720GHz. In this work, the quasi optical system for this spectrometer is presented. This design is based on hyperhemispherical leaky lens antenna. The design procedure is based on afield matching technique in reception. By employing this methodology, the performance of the design is rapidly optimized over the whole 1:3 relative bandwidth. The achieved average illumination efficiency over
the band is approximately 70%. The directivity patterns in the sky are also estimated. The leaky lens antennais fabricated, and the measurement of the system is ongoing. The beam pattern of the system atthe beginning of the and is presented in this abstract. This beam pattern is obtained directly from the response of the super conductive Kinetic Inductance Detectors coupled to the antenna. The rest of the measurement will be presented at the conference

14:10 Analysis of Wide Band Wide-Scanning Quasi-Optical Systems Based on Fourier Optics

Shahab Oddin Dabironezare, Giorgio Carluccio, Andrea Neto and Nuria LLombart (Delft University of Technology, The Netherlands)
Sub-millimeter imaging systems with wide frequency bandwidth of operation as well as large steering capabilities are required for future security and space imaging applications. In this paper, a Quasi-Optical (Q0) system with multiple refractive components is proposed to achieve these requirements. The system which consists of hyper-hemispherical lenses antenna feeders at its focal plane. Double-sided hyperbolic free-standing lenses are then used to link to the rest of QO chain. A fast and accurate method
based on Fourier Optics combined with Geometrical Optics is proposed to analyze these type of surfaces. The tool is validated against time consuming multi surface Physical Optics with excellent agreement. As the result, the proposed method can be used to design and optimize the performance of such QO systems. To demonstrate the capability of the method, an example case is also presented, and its performance is evaluated.

14:30 Rotman Lenses with Ridged Waveguides in Q-Band

Sophie-Abigael Gomanne, Nelson Fonseca, Petar Jankovic and Jaione Galdeano (European Space Agency, The Netherlands); Giovanni Toso (European Space Agency, ESA ESTEC, The Netherlands); Piero Angeletti (European Space Agency, The Netherlands)
This paper provides a discussion on ridged waveguide Rotman lenses for satellite applications in Q-band. Two transition designs from the ridged waveguide feeding ports to the parallel plate waveguide lens cavity are compared. Whereas the longer transition provides slightly better return loss, the shorter transition reduces phase errors in the lens, translating into more accurate beam pointing and lower scan losses. S-parameters and normalised array factors are reported over the frequency range from 37.5 GHz to
42.5 GHz forboth lenses, confirming the benefits of shorter transitions.

14:50 Design of an Impedance-Matched Horn Antenna with Enhanced Directivity Using Conformal Transformation Optics

Hossein Eskandari (Ferdowsi University of Mashhad, Iran); Tomas Tyc (Masaryk University, Czech Republic); Juan Luis Albadalejo-Lijarcio, Oskar Zetterstrom and Oscar Quevedo-Teruel (KTH Royal Institute of Technology, Sweden)
In this work, conformal transformation optics is employed to enhance the directivity of a horn antenna. The phase error at the horn's aperture is mitigated using a dielectric graded-index lens designed by the conformal transformation. The design not only leads to a negligible phase error at the aperture but also has an excellentimpedance match to the vacuum. Simulation results show that for a typical horn antenna with length and aperture width equalto 10 wavelengths, our method can enhance the directivity
more than 5 dB.

15:10 All-Metal Graded Index Gutman Lens Antenna - A More Compact Luneburg Lens

Petros Bantavis (Universite de Rennes 1, France); Cebrian Gonzalez (Idonial, Spain); Ronan Sauleau (University of Rennes 1, France); George Goussetis (Univerity, France); Ségoléne Tubau (Thales Alenia Space, France); Hervé Legay (Thalés Alenia Space, France)
The present work introduces an all-metal Gutman lens antennain a parallel plate waveguide (PPW) technology for space applications at Ku band. Compared to the Luneburg lens, the Gutman lens provides more compact size up to 35%. To achieve this compactness an optimized unit cell with glide symmetry is utilized. Single ridge waveguides are proposed to excite the lens along its focal arc to obtain afield of view with high beam overlap level between adjacent beams. Finally, the antenna presents broadband
performance up to 40% with low losses and high directivity which makes it an excellent candidate for satellite missions.
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13:30 Dual-band Anomalous Reflection with Interleaved Metagratings

Gengyu Xu, Sean V Hum and George V. Eleftheriades (University of Toronto, Canada)

A new metagrating topology is proposed to enable perfect anomalous reflection of electromagnetic plane waves at two independent bands at microwave frequencies. Two reactively loaded segmented single-band gratings are interleaved together to form a composite metagrating. The constituent halves are electromagnetically shielded from each other through incorporation of PEC baffles, allowing them to be designed independently. Furthermore, isolation between the two frequency channels is achieved with
dual-resonant grating wires which can be tuned to be inactive at prescribed frequencies. A dual-band metagrating that performs perfect anomalous reflection at 10 GHz and 15.11 GHz is designed and numerically verified.

13:50 Reconfigurable Sparse Metasurface: Beamforming Beyond Phase Gradient Heuristics

Vladislav Popov (SONDRA, CentraleSupélec, Université Paris Saclay, France); Badreddine Ratni (Univ Paris Nanterre, France); Fabrice Boust (ONERA, France); Shah Nawaz Burokur (LEME, France)

We presentthe design of areconfigurable sparse metasurface operating at microwave frequencies (X-band). The operating principle of the metasurface does not rely on established phase gradient along its surface such that it allows one to overcome common limitations of the phase-gradient-based devices. Instead, we have developed arigorous microscopic approach that allows one to take into account the interaction between the neighboring elements and engineer the individual response of each scatterer to
meet arequired functionality. By varying the applied bias voltage, we experimentally demonstrate beam steering as well as generation and steering of two (and more) beams with a single feeding horn antenna.

14:10 Spoof Plasmon Polariton Coupler Based on the Metasurface with Nonlinear Reflection Phase

Xiaobo Liu, Xiaoming_Chen, Hongyu Shi and Anxue Zhang (Xi'an Jiaotong University, China)

A dual-band polarization-independent unidirectional spoof plasmon polariton coupleris designed based on H-shaped metasurface. The results of simulation and measurement demonstrate the maximal conversion efficiency of 99% in coupling both the x-polarized and y-polarized incident waves into spoof plasmon polariton at 8.80 GHz and 10.63 GHz. Compared to the previous spoof plasmon polarition couplers, the metasurface shows nonlinear reflective phase distribution in a period. This phenomenon is
mainly caused by two aspects. On the one hand, the spoof plasmon polariton will also influence the unit cells of the metasurface when incident waves are coupled into spoof plasmon polariton, which means that the designed reflective phases may notbe adaptable. On the other hand, the coupled spoof plasmon polariton can include high-order modes except first-order mode. Thus, the nonlinear reflection phase distribution can also resultin spoof plasmon polariton coupling.

14:30 An Efficient Anisotropic Metasurface for Linear and Circular-Polarization Conversion Applications

Afzal Ahmed (National University of Sciences and Technology, Pakistan); Hattan F. Abutarboush (Taibah University & Communications and Electronics Engineering, Saudi Arabia); Fahad Ahmed (National University Of Science and Technology & School of Electrical Engineering and Computer Sciences, Pakistan); Faroog A. Tahir (National University of Sciences and Technology, Pakistan)

A reflective metasurface exhibiting both crosspolarization conversion (CPC) and linear-to-circular polarization (LP-to-CP) conversion is presented in this paper. The proposed metasurface is composed of 45° tilted T-shaped unit cell having a circular ring at its center. The proposed metasurface converts linearly-polarized wave into its orthogonal counterpart over two frequency bands; 6.2-9.7 GHz, and 15.5- 16.5 GHz with more than 90% CPC efficiency. The metasurface also transformed linearly-polarized wave
into circularlypolarized wave at frequency bands; 5.6-5.8 GHz and 11.5-14.5 GHz. The metasurface is insensitive to incident angles up to 30° forboth CPC and LP-to-CP conversion.

14:50 Cold Sintered CaTiO3-K2Mo04 Microwave Dielectric Ceramics for Integrated Microstrip Patch Antennas
Dawei Wang (University of Sheffield, United Kingdom (Great Britain)); Shiyu Zhang (Loughborough University, United Kingdom (Great Britain)); Ge Wang (University of Sheffield, United Kingdom (Great Britain)); J (Yiannis) Vardaxoglou, William Whittow and Darren Cadman (Loughborough University, United Kingdom (Great Britain)); Di Zhou (Xi'an Jiaotong University, United Kingdom (Great Britain)); Kaixin Song

(Hangzhou Dianzi University, United Kingdom (Great Britain)); lan Reaney (University of Sheffield, United Kingdom (Great Britain))

CaTi03-K2Mo04 (CTO-KMO) dielectric composites were successfully cold-sintered at 150 °C for 30 min with a uniaxial pressure of 200 MPa. As KMO concentration increased, the temperature coefficient of resonant frequency (TCF) and relative pemittivity (er) decreased but the microwave quality factor (Qxf) increased. A near-zero TCF composition was obtained for CT0-0.92KMO composites which exhibited er ~ 8.5 and Qxf ~ 11,000 GHz. A microstrip patch antenna was designed and fabricated using the
cold sintered CT0-0.92KMO as a substrate (40x40x1.4 mm) with a radiation efficiency of62.0% at2.51 GHz.

15:10 Fabrication of Artificial Dielectrics via Stereolithography Based 3D-Printing

Jack McGhee, Tom Whittaker, Jacob Moriarty, Jamie Northedge, Shiyu Zhang, Darren Cadman, William Whittow and J (Yiannis) Vardaxoglou (Loughborough University, United Kingdom (Great Britain))

In this research, stereolithography (SLA) based additive manufacturing (AM) has been investigated as a fabrication method for producing artificial dielectrics. Initially, the effect of the curing time on the microwave electromagnetic properties (X-band) on the photoinitiated resin used was measured and found to be negligible after 15 minutes of UV curing. Artificial dielectric isotropic and anisotropic lattice structures were then designed and fabricated, allowing for varying permittivity between 1.23 and 2.80 through
the control of the structure's density. As ademonstration of the ability to grade permittivity through a high-resolution printing process, lattice structures were embedded into solid substrates. The ability to do this allowed for the printing of a graded permittivity substrate which is showcased in a design for a circularly polarized patch antenna.

15:30 Coffee Break

16:00 Complementary Metasurfaces for Waveguide Applications

Xin Ma (Northwestern Polytechnical University, China); Mohammad Sajjad Mirmoosa and Sergei Tretyakov (Aalto University, Finland)

Metasurfaces have shown a strong potential for controlling electromagnetic waves in a desired fashion and provided us with different new functionalities. For example, they can be used to design novel waveguide structures for transferring electromagnetic energy. In this talk, we willintroduce and discuss guiding structures which consist of two parallel penetrable metasurfaces whose surface impedances are "complementary" to each other. We theoretically investigate guided modes which propagate along the
structure and show the corresponding dispersion curves. As one of the study results, we show that there is a possibility to excite two modes with orthogonal polarizations which have the same phase velocity within abroad frequency range.

16:20 Design and Simulation of Polarization-Sensitive ENNZ-Lined Apertures for Visible-Light Metasurfaces

Mitchell Semple and Ashwin K. lyer (University of Alberta, Canada)

Many proposed visible-light metasurface designs are limited in their ability to confine light on a subwavelength scale, which reduces their maximum efficiency due to discretization errors. Plasmonic metasurfaces show great promise in this regard, as their unit cells can be made deeply subwavelength. Unfortunately, current designs are limited to simple structures due to fabrication difficulty, and are forced to rely on limited-efficiency polarization conversion effects. In this work, we extend the concept of ENNZ-lined
apertures that has been used to create metasurface unit cells in the near-IR regime to the visible regime by relaxing the requirement that the unit cells be polarization-insensitive.

16:40 Enforcing Local Power Conservation for Metasurface Design Using Electromagnetic Inversion

Trevor Brown (University of Manitoba, Canada); Yousef Vahabzadeh and Christophe Caloz (Ecole Polytechnique de Montreal, Canada); Puyan Mojabi (University of Manitoba, Canada)

A method based on electromagnetic inversion is extended to facilitate the design of passive, lossless, and reciprocal metasurfaces. More specifically, the inversion step is modified to ensure that the field transformation satisfies local power conservation, using available knowledge of the incident field. This paper formulates a novel cost functional to apply this additional constraint, and describes the optimization procedure used to find a solution that satisfies both the user-defined field specifications and local
power conservation. Lastly, the method is demonstrated with a two-dimensional (2D) example.

17:00 Impedance Matching Network Based on Bianisotropic Metasurfaces for Antennas Operating at High Microwave, Millimeter-Wave or Terahertz Frequencies
Mohammad Alibakhshikenari (Universita degli Studi di Roma "Tor Vergata“, Roma - ITALY, Italy); Bal Virdee (London Metropolitan University, United Kingdom (Great Britain)); Chan H. Hwang See (Edinburgh Napier University, United Kingdom (Great Britain)); Raed A Abd-Alhameed (University of Bradford, United Kingdom (Great Britain)); Francisco Falcone (Universidad Publica de Navarra, Spain); Ernesto Limiti

(University of Rome Tor Vergata, Italy)

In this paper a bianisotropic metasurface unit-cell is theoretically modelled and boundary conditions determined that show it's possible to utilize bianisotropic metasurfaces for wideband impedance matching such as for antennas operating that operate at high microwave, milimeter-wave or terahertz frequencies. Analytical equations are derived for the image impedances and the corresponding insertion-loss of the bianisotropic metasurface unit-cell. Also derived are expressions that determine the effective
electric and magnetic responses and the magnetoelectric coupling for achieving wideband impedance transformation when realized with transmission-line stubs.

17:20 Propagation Through Metamaterial Temporal Slabs: Transmission, Reflection and Special Cases

Davide Ramaccia (RomaTre University, Italy); Alessandro Toscano (University Roma Tre (IT), Italy); Filiberto Bilotti (University Roma Tre, Italy)

Time-varying metamaterials are artificial materials whose electromagnetic properties change over time. In earlier studies, the equivalent reflection and transmission coefficients at atemporal interface have been derived. Here, we extend the study to atemporal slab, i.e., a uniform homogeneous medium that is present in the space for a limited time. We derive the transmission and reflection coefficients for a metamaterial temporal slab as a function of the refractive indices and application time. Similarly to the role
played by the electrical thickness for spatial slabs, we show that the response of the temporal slab can be controlled through the application time. The preliminary results reported here may pave the way to several novel devices based on temporal discontinuities.

17:40 Propagation Characteristics in Substrate Integrated Holey Metasurfaces

Fatemeh Ghasemifard (KTH Royal Institute of Technology, Sweden); Francisco Mesa (University of Seville, Spain); Guido Valerio (Sorbonne Université, France); Oscar Quevedo-Teruel (KTH Royal Institute of Technology, Sweden)

In this paper we discuss the dispersion properties of a particular type of holey metasurfaces, named here "substrate integrated holey" (SIH) metasurface. SIH is a metallic holey structure manufactured in printed circuit board (PCB) technology by using densely metallized posts. We demonstrate that, differently to the case of holes fully covered with metal, in SIH, the height of the holes has a significant effect on the dispersion properties. In addition, in SIH metasurfaces, apart from the conventional stopband caused
by its periodicity, there are stopbands due to the resonance modes trapped in the hole due to the posts. These stopbands are narrow and have a high rejection.

Monday, March 16 13:30 - 15:30

CS64: Trends and Advances in Machine Learning for Applied Electromagnetics
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13:30 Modelling Ray Tracing Propagation Data Using Different Machine Learning Algorithms

Sotirios Goudos (Aristotle University of Thessaloniki, Greece); Georgia E. Athanasiadou and George Tsoulos (University of Peloponnese, Greece); Vasileios Rekkas (Aristotle University of Thessaloniki, Greece)

In this paper, we apply different machine learning methods for the prediction of path loss in urban environment for cellular communications with UAVs. We generate the training set using aray tracing technique assuming a flying base station at different heights within the city of Tripolis, Greece. We produce prediction models for the path loss using three different learners the k-Nearest Neighbors (kNN), the Support Vector Regression (SVR)and the Random Forest (RF). The obtained numerical results are compared
with the original data from the test dataset using representative performance indicators and overall they exhibit good precision.

13:50 A Comparison of Machine Learning Classifiers for Human Activity Recognition Using Magnetic Induction-based Motion Signals

Negar Golestani and Mahta Moghaddam (University of Southern California, USA)

Human activity recognition (HAR) is a growing research field with a wide range of applications. Magnetic induction-based human activity recognition system (MI-HAR) is a wearable-based HAR system proposed for capturing human motions and detecting activities based on the collected data. In this work, we focused on the performance analysis of different machine learning classifiers using synthetic magnetic induction-based motion (MI-motion) signals. The main aim of this analysis is to compare the
performances of six commonly used classifiers for HAR applications. Furthermore, we compared the classification performance using MI-motion data with the result reported in other studies using accelerometer data correspond to the same actions. Our results showed that Random Forest obtained the best performance of 91.5% on MI-motion data. Also, k-SVM and KNN models have respectively achieved accuracy 0f91.4% and 86.4% on MI-motion data, which are both higherthan the reported accuracy of
85.4% and 81.75 on accelerometer data.

14:10 A Learning-by-Examples Method for Rapid Estimation of Surface Currents in Microstrip Antenna Arrays

Marco Salucci (ELEDIA Research Center, Italy); Giulia Mansutti (Universita degli Studi di Padova, Italy); Alessandro Polo (ELEDIA Research Center, University of Trento & ELEDIA Research Center, University of Trento, Italy); Paclo Rocca (University of Trento, Italy)

An innovative Learning-by-Examples (LBE) methodology is presented to efficiently and accurately predict the surface currents in printed microstrip arrays. More in detail, the proposed technique is based on an orthonormal representation of the surface currents and on the generation of a fast surrogate model with high generalization capabilities. Thanks to such an approach, it is possible to accurately estimate the surface currents on the antenna under test (AUT) without the need for time-consuming full-wave
simulations nor a perfect matching of its characteristics with the nominal ones (e.g., due to manufacturing errors/inaccuracies). A preliminary numerical example is shown to assess the effectiveness and potentialities of the proposed LBE methodology.

14:30 Near-Field Multi-Focused Arrays Using Support Vector Regression

Rafael Gonzalez Ayestaran (Universidad de Oviedo, Spain); Fernando Las-Heras (University of Oviedo, Spain)

Support Vector Regression, a powerful framework in the field of Machine Learning, is proposed for Near-Field Focusing using antenna arrays. It allows creating a model of an array relating the weights required in the elements of an array and the corresponding near-field distribution, focused on one or more positions of interest. A previous learning process concentrates the computational cost so that the trained system operates without relevant cost and fast enough for applications where adaptation must be fast,
forexample because moving devices are involved. The learning capabilities of Support Vector Machines are increased with respect to other machine learning tools, allowing the use of areduced number of training samples that may be generated with an adaptive system or any full-wave electromagnetic analysis tool, so that realistic effects such as coupling or non-uniformities can be accounted for. lllustrative examples are also presented to test the performance of the method.

14:50 SNO Optimization Technique Applied to Reflectarray Antennas Design
1/31/20, 3:21 PM Michele Beccaria (Politecnico di Torino, Italy); Alessandro Niccolai (Politecnico di Milano, Italy); Andrea Massaccesi (Politecnico di Torino, Italy); Riccardo Enrico Zich (Politecnico di Milano, Italy); Paola Pirinoli (Politecnico di Torino, ltaly)
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This communication presents some numerical results on the optimized design of a passive reflectarray with scanning beam capabilities. The proposed approach is based on the use of an efficient pseudo-stochastic optimization algorithm, the Social Network Optimization (SNO) and by a definition of a proper cost function, that allow the simultaneous optimization of the antenna radiation pattern for different pointing directions. The results relative to two different configurations, with increasing size, prove the
effectiveness of the method, also confirmed by the full-wave analysis of the smallest antenna.

15:10 Bayesian Active Learning for Electromagnetic Structure Design

Jixiang_Qing, Nicolas Knudde, Ivo Couckuyt and Domenico Spina (Ghent University, Belgium); Tom Dhaene (Ghent University & IMEC, Belgium)
A novel design framework based on Bayesian active learning is presented in this contribution. The proposed approach allows one to identify a set of design configurations satisfying the chosen specification. In particular, the entropy search-based active learning strategy, which relies on a Gaussian Process model, is able to minimize the number of time-consuming computer simulations or expensive design trials necessary to reach this goal. A suitable application example validates the proposed method.
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13:30 A Subwavelength Microwave Bandpass Filter Based on a Chiral Waveguide
Maliheh Khatibi Moghaddam (Ecole Polytechnique Fédérale de Lausanne (EPFL), Switzerland); Romain Fleury (EPFL, Switzerland)

Wave manipulation at subwavelength scale has recently attracted significant interest, especially for low-frequencies. Recently, a few methods using locally resonant metamaterials have been proposed, foreseeing new technologies for ultra-compact passive components, e.g. in satellite communications. In this paper, we aim at exploiting such a technique for designing a miniature microwave filter, which guides modes at the interface between two locally-resonant metamaterials with opposite chirality, so-called
chiral waveguide. It has been recently demonstrated that a chiral waveguide has inherent robustness against imperfections in both the position and resonance frequencies of the local resonators, which can be leveraged for realizing robust subwavelength systems. We use this property to realize a bandpass filter with improved RF parameters, by purposely integrating subwavelength resonators directly into the active region of the filter and also dispersion-engineering methods. Therefore we enhance the order of
thefilterand suppress spurious bands, functionalities conventionally obtained by cascading bulky stages.

13:50 Broadband Offset-Reflector Beamformer on BCB in the 300-GHz Band

Adham Mahmoud (Institut d'Electronique et de Télécommunications de Rennes, France); David Gonzélez-Ovejero (Centre National de la Recherche Scientifique - CNRS, France); Mauro Ettorre (University of Rennes 1 & UMR CNRS 6164, France); Ronan Sauleau (University of Rennes 1, France); Frédéric Aniel, Nicolas Zerounian and Anne-sophie Grimault (Université Paris Sud, France)
This paper presents the design of a broadband offset-reflector beamformer on a polymer substrate operating at submillimeter frequency bands. The offset reflector is used to excite a leaky-wave antenna array (LWA). The full system is fabricated in substrate integrated waveguide technology (SIW). Benzocyclobutene (BCB) is used as a substrate due to its excellent electrical properties in this frequency range. A simulated field of view of 580 and a realized gain of more than 14 dBi are achieved over a 25% fractional
bandwidth, from 260 GHz to 340 GHz. The antenna efficiency is estimated to be 17 %.

14:10 Matched Waves at Metaboundaries

Ari Sihvola (Aalto University, Finland); Ismo V Lindell (Aalto University, School of Electrical Engineering, Finland)
Electromagnetic boundary conditions require connections between the components of the electric and magnetic at this boundary. In the following, generalized boundary conditions are analyzed which define the connection between combinations of the tangential and normal components of the electric and magnetic fields. In particular, the focus is on matched waves: single waves which by themselves satisfy the given boundary condition.

14:30 Mini- And Multi-Dimensional Metamaterials

Sergei Tretyakov (Aalto University, Finland)
Recently, metamaterial science and technology has been developing fast, with the emphasis on metasurfaces as two-dimensional metamaterials. Also, external time modulations have been actively studied, and this technique can be viewed as expanding the space of design parameters into the fourth dimension, that of time. In this conceptual review talk | will discuss the notion of dimensionality of meta-atoms, metasurfaces, and metamaterials, emphasizing possible different understandings of this term in
electromagnetics of complex space-time varying media.

14:50 A Method for Extending the Bandwidth of Modulated Metasurface Antennas

Marco Faenzi (Université de Rennes 1, France); David Gonzdlez-Ovejero (Centre National de la Recherche Scientifique - CNRS, France); Stefano Maci (University of Siena, Italy)
Modulated metasurface (MTS) antennas can provide a broadside pencil beam at the frequency where the cylindrical surface wave (SW) wavelength matches the period of the impedance modulation. The mismatch between the SW wavelength and the period of the modulation imposes a limitation on the product bandwidth-gain. Here, we overcome this limitation by acting on the function that provides the local period for a given radial distance. Doing so, we generate annular active regions on the antenna
aperture. Such regions typically move from the antenna center to the circular rim as the frequency decreases. This paper shows that one can optimize the profile of the local periodicity function to obtain broadside pencilbeams over large bandwidths, while preserving the flatness of the gain versus frequency response. The presented results prove that these antennas can provide high broadside gain over bandwidths difficult to reach by other flat antennas based on printed technology.

15:10 Analytic Design of Dual-Band, Dual-Polarized LP-to-CP Polarization Converters
Michele Del Mastro (University of Rennes 1, France); Mauro Ettorre (University of Rennes 1 & UMR CNRS 6164, France); Anthony Grbic (University of Michigan, Ann Arbor, USA)

A systematic procedure for the design of dualband, dual-polarized linear-to-circular polarization converters is presented. This class of polarizers can convert linear polarization to orthogonal circular polarizations in two separate frequency bands. The polarization converter is composed of three electric admittance sheets. The frequency response of each sheet is determined using an analytic approach, without relying on any optimization. A representative example is proposed in the Ka-band for Satcom
applications. The polarizer converts a45° linearly-polarized plane-wave to left-handed and right-handed circularly-polarized waves within the downlink and uplink of the Ka-band. Specifically, relative bandwidths of 19% and 7% are achieved within the downlink and uplink, respectively, fornormal incidence. Stable responses are demonstrated in simulation underoblique incidence up to 60° in elevation.

15:30 Coffee Break

16:00 Graphene Plasmonics with a Drift-Current Bias

Tiago Morgado (Instituto de Telecomunicagdes and University of Coimbra, Portugal); Mario Silveirinha (Universidade de Lisboa - Instituto de Telecomunicagdes, Portugal)
We present anovel route to achieve strong nonreciprocal responses and regimes of optical gain at the nanoscale. We theoretically demonstrate that the biasing of a graphene sheet with a drift electric current gives rise to the emergence of one-way surface plasmons. Furthermore, we demonstrate that by coupling the drift-current biased graphene sheet to another plasmonic slab (e.g., a semiconductor slab), it is possible to obtain regimes of negative Landau damping wherein the surface plasmons are pumped by
the drifting electrons.

16:20 Stable Positive/negative Capacitor for Use in Active Artificial Structures

Silvio Hrabar (University of Zagreb, Croatia); Dominik Zanic (University of Zagreb, Croatia); Igor Krois (University of Zagreb, Croatia)
Recently, a'bandpass' non-Foster negative capacitor with improved stability properties, intended for use in active metamaterials and antennas, has been introduced. Here, a simple extension that enables stable switchable negative/zero/positive capacitance operation, is proposed and verified by realistic SPICE simulation.

16:40 Virtual Perfect Absorption Through Adiabatically Modulated Cavities

Dimitrios Sounas (Wayne State University, USA)
Virtual perfect absorption refers to the complete transfer of the energy an incident wave to a lossless cavity without reflection. However, the approaches proposed so far require either exponentially increasing waves, which are hard to maintain forlong times, or extreme forms of time modulation. Here, it is shown that virtual absorption can be achieved for signals of any shape by applying slow adiabatic modulation to the coupling coefficient between a cavity and a waveguide. The proposed approach consists a
simple yet efficient way for trapping electromagnetic pulses and it may have applications in energy storage, energy conversion and quantum information processing.

17:00 Spatial and Spatio-Temporal Modulations for Advanced Wave Control with Metasurfaces
Younes Radi and Adam Overvig (CUNY Advanced Science Research Center, USA); Yoshiaki Kasahara (University of Texas at Austin, USA); Andrea Alu (CUNY Advanced Science Research Center, USA)

In this talk, we review our recent work in the context of metasurfaces to control electromagnetic waves. Spatial gradients of surface impedance, and careful engineering of the spatial dispersion, are shown to implement metasurfaces for efficient beam steering, focusing and wavefront control. Adding temporal modulations to this picture provides interesting opportunities to break time-reversal symmetry and reciprocity, frequency mixing and wavefront transformations in space-time. Opportunities for new radio-
wave and optical technology, as well as physical insights into the functionality of these metasurfaces, willbe discussed during the presentation.

17:20 Investigation of Surface Waves on Anisotropic Self-Complementary Metasurfaces

Vladimir Lenets, Andrey Sayanskiy and Stanislav Glybovski (ITMO University, Russia); Enrica Martini (University of Siena, Italy); Juan Domingo Baena (Universidad Nacional de Colombia, Colombia); Stefano Maci (University of Siena, ltaly)
In this paper, we show through a numerical investigation that an anisotropic self-complementary metasurface constituted by a sequence of capacitive and inductive strips supports at low frequency two degenerating quasi TE- and TM surface-waves modes with identical dispersion characteristics. It is also seen that group velocity drastically changes depending on the direction of propagation of the surface waves, becoming extremely low for direction of propagation orthogonal to the strips. The phenomenon
can be used in dual polarized leaky wave antennas

17:40 High Speed Metasurface Reconfigurability Under Optical Control

Houssemeddine Krraoui (ESPCI, France); Charlotte Tripon-Canseliet (Université Pierre et Marie Curie, France); Stefano Maci (University of Siena, Italy); Jean-Maurice Chazelas (Thales Aerospace Division, France)
A contactless technique to configure the Metasurface structure printed on photoconductive semiconductor substrate is proposed. This technique is based on the phenomenon of photon absorption into a high resistivity semiconductor material. A free space bi-static measurement system operating in the 40- 60 GHz frequency range is developed to measure the reflection coefficients of planar samples. The measurement system consists of transmit and receive antennas in the bi-static configuration, two
focusing lenses to minimize the diffraction effects atthe edges of the sample, piezelectric, precision coaxial cable, laser source at wavelength of 805 and 971nm and the network analyzer
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16:00 Dual-Polarized Dielectric Resonator Antenna Array for 5G Mobile Radio Base Stations

Jerzy Kowalewski (Karlsruhe Institute of Technology, Germany); Alisa Jauch (Karlsruhe Institute of Technology (KIT), Germany); Joerg Eisenbeis (Karlsruhe Institute of Technology, Germany); Séren Marahrens (Karlsruhe Institute of Technology (KIT), Germany); Karina Schneider (Karlsruhe Institute of Technology, Germany); Thomas Zwick (Karlsruhe Institute of Technology (KIT), Germany)
Large-scale antenna arrays operating in the millimetre-wave (mmW) regime are required for mobile radio base stations of the next generation. These arrays should support dual-polarization and cover the large available bandwidths. Two dual-polarized antenna concepts are compared to addressing these challenges. The presented dielectric resonator antenna (DRA) is characterized by 3D printed resonator elements, whereas the stacked patch antenna array features a classical multilayer printed circuit board (PCB)
structure. To verify the proper functioning a2x2 DRA antenna array prototype around 28 GHz is built. The investigations show that both antenna designs can meet the requirements of 5G mmW large-scale antenna arrays, whereby the DRA antenna approach reduces the number of PCB layers and thereby lowers manufacturing costs.

16:20 Dual-band Dual-polarized Antenna for mm-Wave 5G Base Station Antenna Array

Zeeshan Siddiqui (University of Oulu & Centre for Wireless Communications, Finland); Marko Sonkki and Jiangcheng Chen (University of Oulu, Finland); Markus Berg (University of Oulu & Excellant LTd., Finland); Marko E Leinonen and Aarno Péarssinen (University of Oulu, Finland)
A dual-band dual-polarized antenna suitable for 5G millimeter-wave base station antenna array is presented in this paper. It operates on all the commercial milimeter wave frequencies allotted in 5G NR from 24.25 GHz up to 40 GHz. The antenna is based on a novel stacked square ring patches arrangement to achieve wide dual band and stable radiation pattern. The antenna offers a sharp roll-off and a filter like response between the operating bands due to the strongly coupled resonators. Antenna design

principle and simulated performance are discussed in detail. The-10 dB impedance bandwidth ofthe lowerband starts from 24.25 GHz to 29.5 GHz while the higher band covers the 37 GHz to 40 GHz. The realized gain remains stable between 5 to 6 dBi at all the operating frequencies. The isolation between the ports and cross-polar discrimination remain betterthan 20 dB in all the covered frequency range.
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16:40 Subarray Antenna Fed by Analog Beamforming Network for 5G Picocell Applications

Danelys Rodriguez-Avila (Microwave and Antenna Group (MAG), Ecole Polytechnique Fédérale de Lausanne, Switzerland); Anja K. Skrivervik (EPFL, Switzerland)
In this paper a subarray fed by an analog beamforming network for 5G picocell applications is proposed. Design requirements are presented taking into account frequency band operation, bandwidth, radiation pattern shape and both, antenna element and transmission line technologies. The synthesis and implementation of the analog beamforming network are described, and the final subarray architecture is provided. The proposed antenna, verified by simulation, operates at 26 GHz with a bandwidth larger

than 25%. The subarray gain is higherthan 16 dB with cross-polarization better than -28 dB. Its radiation pattern in elevation fulfills the desired csc2 shape with side lobe level below -15 dB. The performance of the proposed antenna meets the requirements of the defined application.

17:00 A Photonic Beam-Steerable Mm-wave Antenna Array for Radio over Fiber Applications

Alvaro J Pascual (University of Rennes 1 & IETR, France); Muhsin Ali, Luis Enrique Garcia Mufioz and Guillermo Carpintero (Universidad Carlos Ill de Madrid, Spain); David Gonzalez-Ovejero (Centre National de la Recherche Scientifique - CNRS, France); Ronan Sauleau (University of Rennes 1, France)
We present a photonic-fed transmitter at E-band for radio over fiber (RoF) applications. The transmitter includes four 2x2 sub-arrays fed independently by four photodiodes. Thus, the proposed configuration enables 2D beam steering. Simulation results on a simplified 2x1 prototype, which is under assembly, show a reflection coefficient below -10 dB between 70.7 GHz and 84.7 GHz, with sidelobe levels betterthan 10 dB and a minimum gain of 15 dBiin this frequency band.

17:20 Low-profile Millimeter-Wave Wideband Circularly Polarized Spiral Antenna Array

Huakang Chen, Yu Shao, Keyao Li, Changhong Zhang and Zhi-Zhong Zhang (Chongging University of Posts and Telecommunications, China)
A single fed low-profile millimeter-wave (mmW) wideband circularly polarized (CP) spiral antenna 2x2 array is presented. By employing the regular parallel feeding network technique to excite each CP spiral element with equal amplitude and phase, the proposed array achieves the impedance bandwidth (IBW) of 6.47 GHz about 23.1% of 28 GHz. A cross slotis introduced at the bottom layer for decoupling. The bandwidth of axial ratio (AR) lowerthan 3 dBis 6.95 GHz (24.8% referring to 28 GHz) from 24.87 GHz

t0 31.82 GHz. The polarization sense at the top side and bottom side are left-hand circular polarization (LHCP) and right-hand circular polarization (RHCP), respectively. The gains of the whole desired frequency band (from 25 GHz to 31 GHz) are higherthan 10 dBiwith a peak gain of11.98 dBiat29.5 GHz.

17:40 28 GHz Millimeter Wave Multibeam Antenna Array with Compact Reconfigurable Feeding Network

Yihua Zhou (Queen Mary University of London, United Kingdom (Great Britain)); Vedaprabhu Basavarajappa (University of Surrey, United Kingdom (Great Britain)); Shaker Alkaraki (Queen Mary University Of London, United Kingdom (Great Britain)); Yue Gao (University of Surrey, United Kingdom (Great Britain))
A switchable multibeam antenna array with acompact planar feeding network is presented. Operating within 1 GHz bandwidth at 28 GHz, this 4x4 antenna can generate one-beam, two-beam and four-beam patterns based on two phase states, which are controlled by the reconfigurable feeding network. The whole structure is validated by simulating in CST Studio. The antennais a promising candidate in millimeter-wave Massive MIMO for applications where multiple beams are required simultaneously.

T04-A08: IoT antennas
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Room: oral sessions: room 04

16:00 Integrated Design of Dual-Band Antenna with Uni-/Omni-Directional Radiations

Chun-Xu Mao (University of Surrey, United Kingdom (Great Britain)); Mohsen Khalily (University of Surrey & 5G Innovation Centre, Institute for Communication Systems (ICS), United Kingdom (Great Britain)); Pei Xiao (University of Surrey, United Kingdom (Great Britain))
A multifunctional antenna with diverse radiation patterns in different frequency bands (2.45/5.8 GHz) is presented in this paper. The antenna has a low profile but exhibits an omni-directional radiation pattern in the low-band operation and uni-directional pattern in the high-band operation. Forthe high-band operation, a2 x 2 patch arrays are designed by employing an out-of-phase feeding method. The low-band operation with the omni-directional pattern is achieved by exciting four open-ended slots in-phase.
The four slots are slitin the ground of the high-band array and in this way, this footprint of the antennais maintained. The operating principles of the antenna are studied with the aid of equivalent circuit model and the current distribution. The antennais prototyped and measured, demonstrating good results in terms of bandwidths, inter-channelisolation, radiation characteristics.

16:20 On the Way to Green IoT Antennas: Compact Ultra-Thin CPW-Fed Monopole on Tencel

Maria Elena de Cos Gémez and Alicia Flérez Berdasco (Universidad de Oviedo, Spain); Humberto Fernandez Alvarez and Fernando Las-Heras (University of Oviedo, Spain)
A compact ultra-thin eco-friendly antenna for loT applications around 2.45GHz is presented based on both simulations and measurements. The use of a botanical textile named Tencel is explored and its suitability is evaluated through comparison of the novel antenna's performance using Tencel versus a conventional RO3003 dielectric with similar relative dielectric permittivity. A comparison with recently published wearable antenna suitable for 10T at the same band is included to assess the relevance of this

contribution, notonly in terms of reducing the ecological footprint and skin comfort, but especially in terms of size reduction and radiation efficiency.

16:40 Miniaturized Planar Inverted-F Antenna Using Minkowski Pre-Fractal Structure

Sandra Costanzo and Adil Masoud Qureshi (University of Calabria, Italy)
In this paper, a Miniaturized Planar Inverted-F Antenna (PIFA) is presented. Miniaturization is achieved by transforming the square radiating element in to a Minkow ski Pre- Fractal. As aresult, the antennaresonates at alower frequency, in comparison with a square PIFA of the same size. Simulated and measured return loss values are presented. A brief explanation of the miniaturization effect of the Minkow ski pre-fractal is also presented.

17:00 Inexpensive 3D-Printed Radiating Horns for Customary Things in loT Scenarios

Diogo Helena and Amélia Ramos (Universidade de Aveiro, Instituto de Telecomunicagdes, Portugal); Tiago Varum and Jodo Matos (Instituto de Telecomunicagdes, Universidade de Aveiro, Portugal)
The increase of data-traffic capacity demands for better performance of the new generation of mobile communications (5G) drives new antenna technologies. The main challenge is to produce user devices which easily integrate a 5G network and its inherent services, without compromising neither cost nor performance. 3D printing is a good solution for these issues, as it can produce high accuracy objects while maintaining low production costs. This work presents several horn antennas operating in the 28

GHz band, allmanufactured with 3D printing technology. Two techniques were used to metallize the antennas: with copper tape and with conductive ink. All prototypes achieved proper results forintegrating the upcoming loT scenarios.

17:20 3D Antenna-on-Package for Near-Isotropic Radiation Shielded from Embedded Electronics
Maria M Bermudez, Kirill Klionovski and Atif Shamim (King Abdullah University of Science and Technology, Saudi Arabia)

Internet of Things devices can be placed anywhere and with random orientations. This raises a need for an antenna on package design that presents high isotropy, while minimizing interference from the embedded electronics. In this paper we present a microstrip patch based cubic antenna system with near-isotropic radiation pattern. The system is designed with six patch antennas on the faces of a 3D cube. All patches are matched for radiation at 2.45GHz. The cube is a hollow structure with metal covered
internal walls. The metal covering acts as both ground for the radiating elements and shielding for the embedded electronics. By applying specific phases to each patch we show high isotropy both in gain pattern (6.6dB of gain variation), and electric field polarization (>90% of LP coverage). Our design allows for planar fabrication, thus making it low cost, and is highly suitable for various loT applications.

17:40 Design of an Array Antenna Consisting of Three Dual Antenna Sets with a Narrow Array Distance for Interference Mitigation

Tae Heung_Lim (Hongik University, Korea (South)); Byung_ Jun Jang (Kookmin Univ, Korea (South)); Hosung Choo (Hongik University, Korea (South))
In this paper, we propose a circular array antenna consisting of three dual antenna sets to maximize the number of the array elements in a limited platform size for interference mitigation application. The dual antenna set contains two radiators of a rectangular loop patch and a monopole antenna, which are integrated almost in the same place. The measured peak gains in the upper hemisphere of the monopole and patch elements are 4.7 dBi and 7.0 dBi, respectively. The nulling performance is observed to

mitigate the five interference signals with optimum weights of each element. In this null pattern, the minimum nulldepth of-64.6 dB and the maximum null width of 15 deg are achieved among the five nulling points.

T07-A17: Multiband, wideband and array antennas

TO7 Defence and security / / Antennas
Room: oral sessions: room 05

16:00 A Copper Strip Array Loaded Multiband Square Slot Antenna
Princy Paul (NIT, Suratkal, India); Krishnamoorthy Kandasamy (National Institute of Technology Karnataka, SURATKAL, India); Mohammad S. Sharawi (Polytechnique Montreal, Canada)
A simple copper strip array loaded multiband square slot antenna with microstrip line feed is proposed in this paper. The slot antennais designed to radiate at 2.28 GHz. The slot is loaded with a uniform array of rectangular copper strips to produce otherresonances at 2.2 GHz, 3.4 GHz, 4.6 GHz, 5.4 GHz, 6.6 GHz. The proposed antennais modeled and simulated using HFSS. The antenna prototypes are fabricated and tested. Good agreement is obtained between the measured and simulated results. The surface
current distributions at the various resonant frequencies are simulated. The principle of operation is explained based on the distributions obtained and using analytic equations. An equivalent circuit model is also studied. Impedance bandwidths of 500 MHz, 300 MHz, 600 MHz, 400 MHz, 600 MHz and a gain of above 3 dB is obtained at the five resonant frequencies.

16:20 Preliminary Co-Design of L and X-band Stacked Arrays with Scanning Capabilities

Brandon Sun (Insa de Rennes, France); Renaud Loison and Raphael Gillard (IETR & INSA, France); Eric Estebe (Thales DMS France, France); Christian Renard (Thales Systémes Aéroportés, France)
The design of L and X-band stacked arrays is presented in this paper. The design of the X-band element is first detailed. The use of stacked patches leads to scan angles up to 60° in E-plane, and 54° in H-plane, in the 9.5-10.5 GHz band (active reflection coefficient <-10 dB). Secondly, the design of the L-band source is presented. The use of stacked dipoles results in scan angles up to 60° in the H-plane, for the two Identification Friend or Foe (IFF) bands, at 1.03 and 1.09 GHz (with 3.6 MHz bandwidths). Finally,

the L-band dipoles are placed above the X-band array and the performances of the stacked arrays are analyzed in the L and X-bands.

16:40 Multichannel Dynamic Directional Modulation with Software Defined Radio

Edith Annette Cabrera-Herndndez and Josep Parrén Granados (Universitat Autonoma de Barcelona, Spain); Alan Tennant (University of Sheffield, United Kingdom (Great Britain))
Dynamic Directional Modulation (DDM) has become an attractive option to achieve physical layer security. In this contribution, we evaluate the generation of DDM with software defined radio for transmitting simultaneously two uncorrelated signals along two different observation angles. The generation of DDM relies on the knowledge of the channel vector and an accurate adjustment of the weights that feed the phased array, for that reason, the components of the transmitter need to be characterized accurately.

Experimental results that assess the performance of the system for the observation angles under consideration are shown.

17:00 Research on a Kind of Asymmetric Scanning Phased Array Antenna

Hong-yin Zhang (The 14th Institute of China Electronics Technology Group Corporation, China)
In this paper, a technique for asymmetric scanning of phased array antenna by beamforming of antenna elements is discussed, and this technique has been applied in practical engineering. The proposed Ya-gi antenna element centered in the large scale array provides good radiation performance in the range of 0 - 70 degree, thus realizing the asymmetric reshaping of the element pattern. Additionally, a 7x7 array prototype is fabricated. The measured results agree well with the simulated results, which prove its

effectiveness.

17:20 A Distinct Approach Exploiting Collapse Distribution Colligated with Genetic Algorithm for the Synthesis of Thinned Planar Antenna Arrays
Veer S Gangwar (LRDE(DRDO), India); Juhi Modi (IIT(ISM) DHANBAD, India); Jatin Narde (NIT Rourkela, India); Kundan Suman (IIT ISM, India); Ashwin. P ((DRDO), Bangalore, India)

In this paper, authors propose a distinguishable technique, which synthesizes Thinned Planar Antenna (TPA) Arrays with maximally reduced peak side lobe level (PSLL). Authors employed Collapse Distribution Technique amalgamated with Genetic Algorithm (CDT-GA) in order to reduce optimization complexity and to obtain efficient control of PSLL. 8x8- and 10x20-element TPA arrays are numerically analyzed to verify the effectiveness and examine the distinguishable features of the proposed strategy. The
numerical results obtained through CDT-GA evidence that it outmatches the similar designs available in the literature. In order to further ascertain and validate the performance of CDT-GA in practical scenarios, authors realized an 8x8-element TPA array and carried out experimental evaluation. The obtained empirical results are found nearly in agreement with corresponding numerically computed and electromagnetically simulated ones. Index terms Collapsed distribution technique combined with genetic

algorithm (CDT-GA), peak side lobe level (PSLL), thinned planar antenna (TPA) arrays.

17:40 High-Performance Wideband Horn Antenna for Direction Finding Arrays
Saeed Manshari (Engineering Optimization & Modeling Center, Reykjavik University, Iceland); Slawomir Koziel (Gdansk University of Technology, Poland); Leifur Leifsson (lowa State University, USA); Andrés Alayén Glazunov (University of Twente, The Netherlands & Chalmers University of Technology, Sweden)
In this paper, a structure and design procedure of anovel double ridged horn antenna with a Gaussian amplitude radiation pattern and stable phase center for two-element direction finding arrays is presented. The radiation properties of the structure are improved through appropriate profiling of the ridge taper and utilization of an elliptical aperture. Furthermore, rigorous numerical optimization is employed to adjust the antenna geometry parameter values. The achieved impedance bandwidth (VSWR < 2) is from
1.5 GHz to 12 GHz (8:1). The antenna exhibits 7 dBito 20 dBi gain, betterthan 85% aperture efficiency, > 10 dB side lobe level, as well as low phase center variation (< 5 cm over the operating band). The aforementioned features make the proposed antenna suitable for the amplitude and phase hybrid direction finding applications. The design is validated numerically in CST Microwave Studio.

T06-MO03: Near-field, far-field, compact and RCS range measurement techniques

T06 Aircraft (incl. UAV, UAS, RPAS) and automotive / / Measurements
Room: oral sessions: room 07

16:00 Experimental Validation of the Translated-SWE Technique Applied to Automotive Measurements over PEC-Floor at Arbitrary Height

Francesco Saccardi (Microwave Vision ltaly, ltaly); Francesca Mioc (Consultant, Switzerland); Per Iversen (Orbit/FR, USA); John Estrada (MVG, USA); Lars Foged (Microwave Vision Italy, Italy)
Automotive antennatesting performed on large, truncated spherical near-field systems, able to host the entire vehicle under test, are an industry standard. The truncated scanner is often terminated to a conductive floor where the vehicle is staged for testing. Despite the strong interaction with the reflective floor, such systems are often employed because of the ease of car accommodation and measurement setup. Moreover, if the conductive floor lies on the horizon plane, truncation errors can be easily reduced in
the near-field to far-field transformation by simply mirroring the measured field (image theory). Due to mechanical constraints, or extension of the operational mode of some systems (e.g. absorber-based systems), sometimes the floor position doesn't correspond to the horizon plane, and advanced techniques are needed to extrapolate the truncated area. The Translated-SWE technique, already presented in the past, is proposed for such purpose and will be validated experimentally considering scaled

automotive measurements.

16:20 Near-field Measurement and Far-field Characterization of a J-band Antenna Based on an Electro-optic Sensing
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Shintaro Hisatake and Yusuke Tanaka (Gifu University, Japan); Cybelle Belem (Universite” de Lille, France); Cyril Luxey (University Nice Sophia-Antipolis, France); Frédéric Gianesello (STMicroelectronics, France); Guillaume Ducournau (IEMN, University of Lille, France); Akihiko Hirata (Chiba Institute of Technology, Japan)
In this paper, we present a near-field pattern measurement based on an electro-optic sensing at 300 GHz band. The measurement system is based on a self-heterodyne technique and non-polarimetric frequency down-conversion technique. The far-field radiation pattern of ahorn antenna calculated from the measured near-field pattern is compared with the far-field pattern measured with a conventional measurement system using open-ended waveguide probe.

16:40 A New Method to Measure the Absolute Gain Patterns of a Log-Periodic Antenna at a Reduced Distance Without Considering the Phase Center in a Single-Cut Near-Field Far-Field Transformation
Masanobu Hirose and Satoru Kurokawa (National Institute of Advanced Industrial Science and Technology, Japan)

We propose anew method to measure accurately the absolute gain patterns of a log-periodic antenna over the operating frequency band at a reduced distance and a fixed setup position in a single-cut near-field far-field transformation (called the Kim method). By combining the Kim method and a source reconstruction method, our method does not require the information of the phase-center position of the antenna. Therefore, we can measure the absolute gain patterns accurately over the frequency band
without re-setting the antenna position to each frequency. At 1.3 GHz, our method makes it possible to determine the maximum absolute gain within 0.1 dB and the patterns errors below - 20 dB over all angles at a measurement circle radius of 1.5 m.

17:00 Relative Phase Reconstruction Based on Multiprobe Solutions and Post-Processing Techniques
Ruben Tena Sanchez (Technical University of Madrid, Spain); Manuel Sierra-Castafier (Universidad Politécnica de Madrid, Spain); Lars Foged (Microwave Vision Italy, Italy)

In aprevious paper areferenceless measurement set-up based on a reference antenna was used for characterizing the near-field radiation of antennas in the planar and spherical multiprobe systems. This paper proposes an alternative technique based on exploiting the intrinsic characteristics of multiprobe systems. One of the antennas from the multiprobe arch is used to retrieve the relative phase between measurement points. Post-processing is needed since the relative phase between azimuth cuts is lost. The
advantages, limitations and results are shown. The results demonstrate that the technique is very promising for characterizing devices under certain conditions.

17:20 MetOp-SG Scatterometer Antenna Testing - Golden Standard Measurement 2019
Javier Fernandez Alvarez, Kyriakos Kaslis, Jeppe Nielsen and Olav Breinbjerg (Technical University of Denmark, Denmark)

This work presents the 2019 campaign of investigatory measurements, which goalis to assess the robustness of the measurement setup when mounting large masses on the AUT positioner, such as will be the case forthe 300 kg MetOp-SG antennas, as well as the long-term reproducibility of the measurements. To this end a full measurement was performed, including complete uncertainty measurements, of the DTU Golden Standard array antenna (GS) in two configurations, unloaded and loaded with 303 kg
of dummy weight. The measurements of the unloaded and loaded configurations were compared and itis demonstrated that the AUT positioneris capable of assuming an antenna with a mass comparable to the MetOp-SG without suffering any impact to its accuracy. For the long-term reproducibility. measurements were compared with a previous investigatory campaign of the same antenna dating from 2017.

17:40 On the Accuracy of Standard Gain Horn Measurement

New measurement accuracy results are presented for a Standard Gain Horn in a profession-level system, the MVG Stargate 64. This system offers calibration options, and draws on the user's knowledge to choose the most appropriate one. An ideal measurement in an ideally calibrated system should be perfectly repeatable and independent of the choice of calibration method, but the variations caused by real-world effects are of interest. The measurements include the use of a coaxial feed cable with a multitude of
ferrite beads (to suppress any currents on the cable outer), and the cable with no beads, and with an optical fiber feed system for eliminating the scattering contribution of the measurement cable. We also compare patterns taken at different times and temperatures. The pattern comparison basis is the vector pattern correlation coefficient (inner product). The worst-case pattern variations appear to be related to the temperature variation of the system.

TO05-EQ5: Microwave imaging

TOS Biomedical and health / / Electromagnetics
Room: oral sessions: room 09

16:00 Robust Multi-Resolution Microwave Imaging Through an Over-Constrained Approach
Marco Salucci (ELEDIA Research Center, Italy); Paolo Rocca and Andrea Massa (University of Trento, Italy)

This work presents an innovative iterative multi- resolution (MR) methodology to solve fully non-linear inverse scattering (IS) problems. More in detail, an over-constrained (OC) formulation is adopted to enforce additional constraints on the solution in order to mitigate the occurrence of false solutions/local minima at each multi-zooming step. Thanks to such an OC-MR procedure, progressively acquired information on the imaged domain can be effectively exploited to counteract both non-linearity and ill-
posedness of the IS problem, yielding accurate and reliable guesses with aremarkable robustness to noise. A preliminary numerical benchmark is presented to assess the potentialities of the proposed method, as well as to compare it with a standard MR solution approach.

16:20 Multiple Moving Targets Tracking Based on Kernel Localization and Group Trackers for Envisioned Functional Microwave Brain Imaging Applications
Mohammad Ojaroudi (University of Limoges/CNRS, France); Stéphane Bila (XLIM UMR 7252 Université de Limoges/CNRS, France)

This paper presents anew concept of multiple target tracking using hierarchical trackers based on kernel localization for envisioned functional microwave brain imaging application. For this purpose, the performance of brain activated regions tracking using fMRI video is improved. In the first stage, all of the moving regions in the fMRI video frame are detected. Then, by using the group tracking, histogram and distance corresponding to the moving-targets in the previous frame, the directions of moving-regions are
determined. After determining the exact number of moving objects and tracking them, one by one, the direction of each vector is extracted. In addition, due to the kernel labelling, the proposed method has capability of separation and merging by group tracking in conditions of motion paths interfere with each other. The simulated results validate the effectiveness of the proposed methods for precisely tracking of the activated regions.

16:40 Validation of Multilevel 24-Port Microwave Imaging System for Brain Stroke Monitoring on Synthetic Numerical Data
Jan Tesarik and Jan Vrba (Faculty of Biomedical Engineering, Czech Technical University in Prague, Czech Republic)

Microwave imaging (MWI) could provide a great opportunity for early stroke diagnosis and thus reduce the health consequences caused by stroke. Based on different dielectric properties of healthy and stroke hit tissue MWI systems can help to differentiate the type of stroke. The main purpose of this contribution is to validate the newly designed multilevel 24-port MWI system on numerical data. Inside the 3D human head phantom, the different stroke phantom types (HEM - haemorrhagic or ISCH - ischemic)
with different diameters were placed. Using the reconstruction algorithm based on Born Approximation and TSVD the stroke phantoms can be followed and distinguish. The numerical analysis of MWI system proved promising results where positions, diameters and types of stroke phantoms were successfully reconstructed. The system showed some limitations as disability to detect objects with size lower than half of used wavelength which can be and willbe eliminated in the future.

17:00 Microwave Imaging of Cervical Myelopathy: A Preliminary Feasibility Assessment

Chiara Dachena (University of Genoa, Italy); Alessandro Fanti (University of Cagliari, Italy); Alessandro Fedeli (University of Genoa, Italy); Giuseppe Mazzarella (University of Cagliari, Italy); Matteo Pastorino and Andrea Randazzo (University of Genoa, Iltaly)
Microwave imaging is acquiring agrowing importance in several biomedical applications, such as breast and brain stroke diagnosis and monitoring. In this work, a preliminary feasibility analysis concerning the application of such atechnique to the monitoring of cervical myelopathy is reported. In particular, suitable working conditions are defined on the basis of a simplified multilayer model of the neck and afirstinversion result, aimed at assessing the possibility of retrieving the spinal cord size, is shown.

17:20 Effectiveness of Folded Quasi Self-Complementary Antenna to Microwave Imaging

Yoshihiko Kuwahara and Akira Nozaki (Shizuoka University, Japan)
We examined the application of Folded Quasi Self-=Complementary Antenna (FQSCA) to a microwave imaging system aimed at breast cancer detection. Itis presented that FQSCA can reconstruct high-fidelity diagnostic images that are robust to manufacturing errors compared to the printed dipoles.

17:40 Real-Time Three-Dimensional Electrical Inpedance Tomography of the Human Chest
Marco Salucci and Davide Marcantonio (ELEDIA Research Center, Italy); Alessandro Polo (ELEDIA Research Center, University of Trento & ELEDIA Research Center, University of Trento, Italy); Maokun Li (Tsinghua University, China)

An approach forthe diagnosis of the human chest in real time based on electricalimpedance tomography (EIT) is hereby applied on a fully three-dimensional (3D) imaging scenario. The methodology adopted for performing EIT data inversion is based on the learning-by-examples (LBE) paradigm and exploits a profitable combination of a feature reduction strategy based on partial least squares (PLS) with an adaptive sampling based on the output space filling method (OSF). Some preliminary results are shown
to assess how the 3D-EIT problem can be efficiently, accurately, and robustly solved thanks to the proposed methodology.

CS43: Near- and Far-Field Wireless Power Transfer

T11 Fundamental research and emerging technologies / Convened Session / Electromagnetics
Room: oral sessions: room 11

16:00 Wireless Power Transfer in Japan: Regulations and Activities
Naoki Shinohara (Kyoto University, Japan)

Japan has along history of research and development (R&D) in wireless power transfer (WPT) technologies. Recently, based on a WPT R&D agreement, there are interesting new WPT R&D and WPT research projects in Japan, and are discussed in the course of this paper. . WPT technologies and its applications can make significant advancements not only through R&D and commercialization, but also in discussion of new radio regulations. Japan not only contributes in discussions of regulation of the WPT
within its shores, but also in the International Telecommunication Union Radiocommunication Sector (ITU-R). The status of the discussion in the new regulation of the WPT is further discussed in the course of this paper.

16:20 High-Efficiency Rectifiers with Wide Input Power Range and Application on Powering Wireless Sensors
Xiuyin Zhang and Jun-Hui Ou (South China University of Technology, China); Mo Huang (University of Macau, China)

In order to enhance the efficiency stability of a rectifierin MPT application with movable TX/RX systems, this paper proposes several effective approaches for the rectifier to maintain high efficiency when input power varies. The ideas are divided into two types:improve matching performance of the rectifier, or recycle the power which is reflected from the rectifier due to impedance mismatch, when input power varies. Mechanism of these approach is introduced briefly, while acomparison is carried out to illustrate
the differences between each approach. To demonstrates the effectiveness of extending input power dynamic range, RF powered wireless sensors are integrated, and an MPT system is formed. The measurement shows that even though the locations of sensors are changed significantly, the rectifiers operates efficiently, and the sensors are successfully function.

16:40 3D Antenna Array for SWIPT Sensing with WPT Capabilities

Diogo Rafael Pinto Pires and Daniel Belo (Universidade de Aveiro & Instituto de Telecomunicacgdes, Portugal); Marina Jordao (Instituto Telecomunicacdes - Universidade Aveiro, Portugal); Pedro Tavares Pinho (ISEL & ISEL - Instituto Superior de Engenharia de Lisboa, Portugal); Nuno Borges Carvalho (University of Aveiro/IT Aveiro, Portugal)

In this work, the design and development of an alternative three-dimensional array is presented. This arrangement aims to improve some Wireless Power Transmission (WPT) systems and to provide advantages when integrated into a Wireless Sensor Network (WSN) architecture. The conceived 3D antenna array consists of eight antenna elements operating at 5.65 GHz that are attached in a 3D printed heptagonal prism. With this structure, it is intended to achieve as close as possible to an omnidirectional
radiation pattern with considerable gain, avoiding power losses. The experimental measurements carried out are in line with the performed electromagnetic simulations and validate the array operation. A full azimuth coverage was ensured with an average realized gain of 6.7 dBi. For some azimuth directions, this gain can reach approximately 8.35 dBi. This array proves to be areliable solution to fed multiple low-power sensors that are placed over the 360 azimuth angles.

17:00 A Novel Duplexing Antenna for Feedback Wireless Power Transfer

Sumin David Joseph and Yi Huang (University of Liverpool, United Kingdom (Great Britain)); Shuohung Hsu (National Tsinghua University, Taiwan); Manoj Stanley (National Physical Laboratory, Teddington, United Kingdom (Great Britain)); Ahmed Alieldin and Chaoyun Song (University of Liverpool, United Kingdom (Great Britain))

In this work, a novel duplexing antenna is proposed for feedback wireless power transfer (WPT) applications. The proposed antenna has the capability to receive RF power at fundamental frequency 0.915 GHz and transmit the second harmonic at 1.83 GHz as a feedback signal simultaneously. Fundamental and harmonic resonances of a dipole antenna are utilized to design the dual-band antenna. A 0.5\ microstrip line resonator is coupled to the feed of the antenna to realize the duplexing action of the
proposed antenna. Port 1 is for0.915 GHz frequency band and has a measured bandwidth of 60 MHz (from 0.895 to 0.955 GHz). Port 2 is for 1.83 GHz frequency band (from 1.815to 1.905 GHz). The worst-case isolation between the two ports is betterthan 13 dB atboth bands. The proposed duplexing antenna exhibit similar gains and radiation patterns with good isolation, making it suitable for feedback WPT applications.

17:20 Electromagnetic Field Modeling for Wireless Power Transfer in Biological Tissue
Tom van Nunen and Rob Mestrom (Eindhoven University of Technology, The Netherlands); Mark Bentum (Eindhoven University of Technology & ASTRON, The Netherlands); Hubregt J. Visser (imec The Netherlands, The Netherlands)

We present a mathematical model that can be used to model the electromagnetic fields generated by a vertically oriented magnetic dipole located above a conductive half-space, such as biological tissue. The model was compared to a full-wave simulation in CST. The difference is shown to be below 8.1% on average for frequencies ranging from 13 MHz to 5 GHz. It executes over 50 times faster than a full-wave solver, using more than 20 times less memory, and can be adapted to model more realistic magnetic
sources without much extra effort. This model can improve the design process of inductive or radiative links significantly, enabling rapid design iteration. Itis well suited for biomedical applications. Extension to magnetic sources with arbitrary orientation, as well as electric sources, is possible.

17:40 100 W 6.78 MHz Inductive Power Transfer System for Drones

Lingxin Lan, Christopher H Kwan, Juan Arteaga, David Christopher Yates and Paul Mitcheson (Imperial College London, United Kingdom (Great Britain))
This paperreports on the design and development of a wireless charging solution fora DJI Matrice 100 quadcopterdrone. The developed system is capable of delivering power to the drone at the same rate as the cable charger over a wide range of misalignment and any orientation. The system has a typical end-to-end efficiency of 70% and allow the drone to operate with complete autonomy without human interference

IWO01: IW01 Key Advantages of Combining Measurements and Simulations for Antenna Applications

T12 Scientific/Industrial Workshops
Room: oral sessions: room 13
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T02-A04-2: Millimetre wave arrays for mobile teminals

T02 Millimetre wave 5G / / Antennas
Room: oral sessions: room 01

8:30 Embedded 5G Wideband Dual-Polarized mm-Wave Antennas in Non-mm-Wave Antennas Integrating a Package (AiAiP) for a Metal-Framed Cell Phone

Zhimin Zhu (vivo Mobile Communication Co., Ltd, China); Huan-Chu Huang (vivo Mobile Communication Co., Ltd, Taiwan); Yijin Wang, Xianjing_Jian and Rongjie Ma (vivo Mobile Communication Co., Ltd, China)

4 embedded wideband dual-polarized mm-Wave antennas as a linear array in anon-mm-Wave antennaintegrating a package (AiAiP) for 5G cell phone with a metal frame as an LTE antenna and a high display A.A.-to-body ratio beyond 91.7% is presented. For simulated |Snn|<-10 dB, bandwidths of the ports in the 5G mm-Wave antenna array for both the dual polarizations at ¢ =45° and ¢ =-45° range from 24.19 GHz t0 29.62 GHz and from 35.67 GHz to 40.24 GHz. All5G mm-Wave bands n258,n257,n260
and n261 in 3GPP can be covered. Bandwidths for |Snn|<-6 dB of the LTE antennarange from 878 MHz to 971 MHz and from 2258 MHz to 2763 MHz so Band 8, Band 40, and Band 41 are supported with efficiencies higherthan -3.03 dB in Band 8 and higherthan -1.30 dBin Bands 40 and 41.

8:50 Embedded 60-GHz mm-Wave Antennas in Non-mm-Wave Antennas Integrating a Package (AiAiP) for Motion Recognition in a Full-Screen Metal-Framed Cell Phone

Huan-Chu Huang (vivo Mobile Communication Co., Ltd, Taiwan); Heng_Zha and Yijin Wang (vivo Mobile Communication Co., Ltd, China)

4 embedded 60-GHz mm-Wave antennas in anon-mm-Wave antenna integrating a package (AiAiP) for motion (e.g., gesture) recognition in a full-screen phone with a metal frame as an LTE antenna, 100% front glass coverage, and a high display-to-body ratio beyond 91.7% is presented. For [Snn| < -6 dB, simulated bandwidths of the 4 antennas range from 56.91 to 64.30 GHz so the 60-GHz band is supported. In-band peak gains of 3 antennas as a receiving array are higher than 6.68 dBiwith the peak 0f9.17
dBi. Simulated bandwidths for[Snn|<-6 dB of the LTE antennarange from 879 to 963 MHz and from 2281 to 2751 MHz to cover Band 8, Band 40, and Band 41 with efficiencies higherthan -3.91 dBin Band 8 and higherthan -1.85 dBin Bands 40 and 41. The design is promising to compatibility of motion recognition and full-screen features.

9:10 Dual-Polarized mm-Wave Antenna Solution for Mobile Phone

Resti Montoya and Juha Ala-Laurinaho (Aalto University, Finland); Ville Viikari (Aalto University & School of Electrical Engineering, Finland)

This article describes a novel dual-polarized mm-wave antenna for mobile phone devices. The mm-wave antenna module consists of a 4-layer PCB, an extra metallic piece acting as a reflector, and four metallic pins. The four metallic pins are placed on the top layer of the PCB acting as an array of vertically polarized monopoles. On the bottom layer an array of horizontally polarized dipoles are fed using microstrip lines. The two middle layers act as ground. Simulations show very good performance in the 27 to0 29.5
GHz range. In this frequency range, the horizontally and vertically polarized arrays provide betterthan -1.5 dB efficiency, and higherthan 11.5 dBirealized gain. Also, the reflection coefficientis mostly below -10 dBin the 27 to 29.5 GHz range for each individual antenna element. Beam-steering is possible up to 35 degrees for both polarizations with a scan loss below 3 dB.

9:30 Dual-Band Dual-Polarized mm-Wave Slot Antenna Array for Mobile Handsets

Joni Kurvinen (Aalto University School of Electrical Engineering, Finland); Anu Lehtovuori (Aalto University, Finland); Ville Viikari (Aalto University & School of Electrical Engineering, Finland)

Fifth generation (5G) mobile networks utilize millimeter-waves (mm-waves) to achieve higher data rates. This paper presents a dual-polarized antenna array that operates at 28 GHz (27.5-29.5 GHz) and 38 GHz (37-39 GHz) bands and is usable in mobile handsets. The array is based on slot antennas with separate feeds for each polarization and band. The multi-feed structure allows us to improve isolation between bands. The dual-polarized array has a peak realized gain of 10-13 dBiand it is capable of beam-
steering forup to 35° or 50° at 28 GHz and 38 GHz bands, respectively. The performance of the array in the presence of a smartphone chassis is also studied.

9:50 A Novel Lens Antenna Design Based on a Bed of Nails Metasurface for New Generation Mobile Devices

Carla Di Paola (Aalborg University, Denmark); Kun Zhao (Sony Research Center Lund, Sweden & Aalborg University, Denmark); Shuai Zhang and Gert Pedersen (Aalborg University, Denmark)

This paper presents alens antenna concept with multibeam performance in the mm-wave band for the next generation mobile devices. The lens consists of metallic vias, etched in the substrate with different height, to obtain different permittivity. The goal is to correct the phase distribution of the incoming electromagnetic wave, to radiate towards the desired direction with high gain. The-10 dB impedance bandwidth of 4 GHz is achieved around the central frequency of 38 GHz. Three beams pointing different
directions allow to coverthe angle range of 68° in azimuth with realized gain higherthan 5 dBi. Simulations of the lens antenna placed on the top left corner of amobile phone PCB confirm the performance of the prototype. Moreover, the total scan pattern (TSP) highlights wide coverage of 110° in elevation, where the gain is overall more than 6 dBi, reaching peak values of 9.4 dBi.

10:10 Coffee Break

10:40 Frequency Reconfigurable Endfire Vertical Polarized Array for 5G Handset Applications
Jin Zhang, Shuai Zhang and Gert Pedersen (Aalborg University, Denmark)

This paper proposes a frequency reconfigurable phased array with endfire vertical polarized radiation pattern for 5G handset applications. The array element consists of amagnetic dipole and two reconfigurable strips, which are controlled independently by two PIN diodes. By combining the two PIN diodes, three resonanting frequencies are achieved from 24 GHz to 27 GHz. An eight-element array is then constructed based on the proposed antenna. The scanning angle is from 130 deg to 220 deg with realized
gain ranging from 7 dBito 9 dBi. Moreover, the array has low profile of 0.508 mm and small clearance of 3.35 mm. The performances of the proposed antenna and array are verified by simulations.

11:00 A Beam-Steerable Antenna Array with Radiation Beam Reconfigurability for 5G Smartphones
Naser Ojaroudi Parchin (University of Bradford, United Kingdom, United Kingdom (Great Britain)); Raed A Abd-Alhameed (University of Bradford, United Kingdom (Great Britain)); Ming_Shen (Aalborg University, Denmark)

A radiation-beam switchable phased array antennais proposed for 5G mobile terminals. The design consists of eight discrete-fed slot radiators placed at the top edge of the mobile phone PCB. The configuration of the antenna element is composed of an I-shaped slot radiator with a single director. By implementing and biasing RF switches (D1&D2) across the I-shaped slot radiators of the main design, the radiation beams of the phased array can be switched from end-fire to broad-side radiation modes. The
proposed design can provide a2 GHz impedance-bandwidth with S11 <-10 dB at 28 GHz (5G candidate band) and generates high-gain radiation beams in both end-fire and broad-side modes. Fundamental characteristics of the design in terms of S-parameters, radiation patterns, efficiency, and antenna gain are investigated. The obtained results showed promising performance of the array under different states of the switches.

11:20 A Millimeter-Wave Dual Band Antenna with Circular Polarization

Samaneh Sadeghi-Marasht (University College Dublin, Ireland); Mohammad S. Sharawi (Polytechnique Montreal, Canada); Anding Zhu (University College Dublin, Ireland)

This paper presents a high efficiency dual band single layer antenna structure for MIMO array applications. The e-shape patch that is surrounded by two conductive walls is designed on an R0O5880 substrate with thickness of 0.508 mm. The operating frequencies of this antenna are 28 GHz and 38 GHz. Circular polarization is achieved by designing the specific shape of the inner patch and cutting the edge of the outerring. The reflection coefficient is less than -10 dB at 25.9-28.6 GHz and 36-58.5 GHz with
maximum gain and efficiency of 6.31 dB and 92% at 28 GHz and 5.2 dB and 71% at 38 GHz. This low-profile and lightweight antenna can be used in many 5G communication systems.

11:40 Substrate Integrated Dual Linearly Polarized End-Fire Antenna Array Operating at 28GHz

Halim Boutayeb (Huawei Technologies, Canada); Wen Tong (Huawei Technologies Canada Co., Ltd., Canada); Fayez Hyjazie (Huawei Technologies Co. Ltd., Canada); Wenyao Zhai (Huawei Technologies Canada Research Center, Canada); Xin Feng (Huawei Technologies Co., Ltd., Canada)

We present a new cost-effective technique for designing mm wave dual linearly polarized end-fire antennas and antenna arrays using multi-layer printed circuit boards. For vertical polarization (VP) we propose a modified inverted F antenna with plated through holes. Horizontal polarization (HP) is obtained with quasi Yagi-Uda printed dipole. VP and HP elements cross each other to ensure low coupling and size reduction. A conformal dual polarized array is fed by using a parallel plate horn feeding circuit.
Transition from exciting ports to parallel plate horn and from horn to radiating elements were designed by using metallic vias. For cost reduction, no buried vias are used in the design. Based on this design methodology, an optimized dual polarized beam steering antenna operating at 28 GHz is presented. Applications of this work include the design of beam-steering antennas with wide scanning angle.

12:00 Wideband Dual-Polarized Patch Antenna with Capacitive Coupling for mm-Wave Bands

Marko Sonkki (University of Oulu, Finland); Danping_He (Beijing Jiaotong University, China); Zeeshan Siddiqui (University of Oulu & Centre for Wireless Communications, Finland); Marko E Leinonen (University of Oulu, Finland); Ke Guan (Beijing Jiaotong University, China)

This paper presents a planar wideband dual-polarized antenna structure integrated on PCB. The patch itself is fed by capacitive coupling with smaller patches. Whereas the simulations predicts 24-40 GHz 10 dB impedance bandwidth, the measured ones shows 24.75-42.75 GHz bandwidth. The results are corresponding to 50% relative -10 dB impedance bandwidth. The patch antennais on the ground plane of size 4.7 mm x 4.7 mm, and the corners of the ground plane are cut to gain better XPD. The
manufactured prototype antennais measured and simulated with a 50 Q coaxial feed. Simulated total efficiency and XPD are presented as a function of frequency. The total efficiency shows betterthan 0.8 dB (83%) efficiency, whereas the simulated XPD is betterthan 14 dB. The simulated 3D radiation patterns are presented at 24 GHz, 32 GHz, and 40 GHz with gains of 2.8 dBi, 5.0 dBi, and 4.3 dBi, respectively.

CS35: IET/IRACON Session: Propagation Measurements and Modelling for 5G and Beyond

T02 Millimetre wave 5G / Convened Session / Propagation
Room: oral sessions: room 02

8:30 Investigation of Resonance Based Propagation Loss Modeling for THz Chip-to-Chip Wireless Communications

This paper proposes a path loss model for THz chip-to-chip wireless communication in desktop size metal enclosures with respect to transceivers positions. This path loss model accounts for the attenuation due to the signal spreading, resonant modes inside the cavity, and the radiation pattern of the antenna. Measurements were performed in LoS and 2-D and 3-D misalignment propagation scenarios. The model prediction shows a good agreement with measured results, which proves the validness of the
model.

8:50 A Hardware-in-the-Loop Evaluation of the Impact of the V2X Channel on the Traffic-Safety Versus Efficiency Trade-offs

Alessandro Bazzi (University of Bologna, Italy); Thomas Blazek (TU Wien, Austria); Michele Menarini (CNR-IEIIT, ltaly); Barbara M Masini (CNR - IEIIT & University of Bologna, Italy); Alberto Zanella (Istituto di Elettronica e di Ingegneria dell'lnform. e delle Telecomunicazioni, Italy); Christoph F Mecklenbrauker (TU Wien, Austria); Golsa Ghiaasi (Norwegian University of Science and Technology, Norway)

Vehicles are increasingly becoming connected and short-range wireless communications promise to introduce a radical change in the drivers' behaviors. Among the main use cases, the intersection management is surely one of those that could mostly impact on both traffic safety and efficiency. In this work, we consider an intersection collision warning application and exploit an hardware-in-the-loop (HIL) platform to verify the impact on the risk of accidents as well as the average time to travel a given distance.
Besides including real ITS-G5 compliant message exchanges, the platform also includes a channel emulator with real signals. Results show that the risk of collisions can be drastically reduced, with an overall trade-off between safety and traffic efficiency. Atthe same time, itis shown that the presence of real channel conditions cannot guarantee the same condition of zero-risk as with ideal channel propagation, remarking the importance of channel conditions and signal processing.

9:10 Multipath Characteristics of Outdoor-To-Indoor Propagation Based on 32-GHz Measurements
Juyul Lee, Kyung-Won Kim, Myung-Don Kim and Jae-Joon Park (ETRI, Korea (South))

This paperinvestigates measurement-based multipath characteristics of millimeter-wave (mmWave) outdoor-to-indoor (021) propagation. The measurement campaigns were conducted in atypical office building with a 500-MHz bandwidth channel sounder operating at frequency 32 GHz. The multipath propagation characteristics are analyzed in spectrum-based approaches in temporal (delay) and spatial (angular) domains. In our measurement, we considered the effect of the transmit incidence angles on the
multipath characteristics. In the perpendicular incidences, we observed regularly recurring multipath components reflecting from the back-side and the front-side windows. However, in non-perpendicular incidences, it was hard to identify the sources of multipath reflections from the spectrum-based approach. From the measurement data analysis, we also observed that the delay spread and the angular spread do not have any meaningful dependency on the incidence angles; these are more relevant to the
surrounding indoor environments near the RX.

9:30 Penetration Loss at 60 GHz for Indoor-to-Indoor and Outdoor-to-Indoor Mobile Scenarios
Sung_Yun Jun (National Institute of Standards and Technology, USA); Derek Caudill and Jack Chuang (NIST, USA); Peter Papazian (NIST Division 673, USA); Anuraag_Bodi (National Institute of Standards and Technology, USA); Camillo Gentile, Jelena Senic and Nada Golmie (NIST, USA)

This paper investigates the penetration loss of an office building in indoor-to-indoor and outdoor-to-indoor mobile scenarios. The measurements were collected using our 60-GHz double-directional switched-antenna channel sounder. During measurement, the transmitter, mounted on atripod, was placed in an office and outside of the building, while the receiver, mounted on a mobile robot, moved along an interior hallway. The penetration loss for a variety of building materials was predicted versus incident
angle by electromagnetic propagation theory using the ITU-R Recommendation P.2040 model parameters and compared with the measurementresults. The wooden door, plasterboard wall, and interior glass were observed to have penetration losses ranging from 26 dBto 41 dB, 12 dB to 32 dB, and 8 dB to 18 dB, respectively, while the exterior building materials exhibited even larger penetration losses, ranging from 30 dBto 67 dB.

9:50 Hybrid Channel Modeling for Intra-Wagon Communication in Millimeter-Wave Band

Xiping Wang, Danping He, Ke Guan and Bo Ai (Beijing Jiaotong University, China); Juan Moreno (Universidad Politécnica de Madrid, Spain); Cesar Briso (Universidad Politecnica de Madrid & ETSIS Telecomunicacion, Spain)

Millimeter-wave (mmWave) wideband communication is considered as a potential candidate to meet the increasing data rate demands of the onboard passengers in the metro. Channel modeling is important for the system design and evaluation in such environment. Ray-tracing (RT) modeling can accurately trace propagation paths, and has been proven successfulin many works. However, it is complicated and time-consuming to work in harsh environments, where dense multi-path components exist and the
reverberation effects can happen. To tackle this problem, an hybrid channel modeling approach, which combines the RT method and the propagation graph (PG) method, is proposed and introduced in this work. According to the evaluation results, the proposed method performs better than eitherthe RT orthe PG alone modelin terms of accuracy and efficiency.

10:10 Coffee Break

10:40 Experimental Characterization of the Underframe Area of a Passenger Train with an UWB Channel Sounder: Preliminary Results

César Calvo Ramirez (Universidad Politécnica de Madrid, Spain); Juan Moreno (Metro de Madrid S.A. & Universidad Politécnica de Madrid, Spain); Cesar Briso (Universidad Politecnica de Madrid & ETSIS Telecomunicacion, Spain)

In this paper we present a testbed for Ultra-Wide Band (UWB) measurements of the radio channel plus some early results taken on a very singular scenario: the underframe area of a passenger train. This area is heavily populated with heavy mechanical elements key for the safe movement of the train (axles, wheels, brakes, suspensions, etc.) which are prone to the installation of sensors in order to know the condition of these mechanical elements. The channel sounder is based on acommercial module (Decawave
DWM1001)intended forindoorlocation but with some tinkering could be used to obtain channel measurements.

11:00 Irregular MultiFocal Reflector for Efficient mmWave Propagation in Indoor Enviroments
J. Samuel Romero-Peiia (Universitat Politécnica de Valencia, Spain)

In future implementations of 5G systems, it is essential the use of the spectrum in the range of mm-Waves frequencies, in order to offer to the users the bandwidth proposed in the standard. However, using this frequency range lead to many technical difficulties in which the mostimportant challenge is the critical attenuation of the signal in non-line-of-sight (NLOS) environments in indoor environments. Therefore is essential to plan strategies that allow us to mitigate the problem of signal attenuation in this kind
of complex environments and ensure the viability of using this technology in short term. Then the objective of this research is the design of a passive reflector that allow us to redirect the energy of the transmitting antenna efficiently in order to avoid the obstacles of the environment ,and therefore avoid excessive losses .

11:20 Measurement and Characterization of an Indoor Industrial Environment at 3.7 and 28 GHz

Mathis Schmieder (Fraunhofer Heinrich Hertz Institute, Germany); Taro Eichler (Rohde & Schwarz, Germany); Sven Wittig (Fraunhofer Heinrich Hertz Institute, Germany); Michael Peter (Fraunhofer Institute for Telecommunications, Heinrich Hertz Institute, Germany); Wilhelm Keusgen (Fraunhofer Heinrich Hertz Institute, Germany)
1/31/20, 3:21 PM 13 of 77



Fifth generation (5G) mobile networks are expected to play an increasing role in industrial communication with private mobile communication networks deployed on company premises. For planning, standardization and product development, it is crucial to to thoroughly understand the radio channel characteristics of such environments. Frequencies around 3.7 GHz were already reserved by regulation authorities and to meet the increasing demand for higher bandwidths, spectrum in the millimeter wave range
around 28 GHz is targeted. This paper presents awideband channel measurement campaign at both 3.7 and 28 GHz with direction-of-arrival information at 28 GHz. The results are compared to the 3GPP TR38.901 Indoor Factory model and to two otherrecent papers. Evaluation of path loss and RMS delay and angle spread show the unique nature of industrial indoor environments.

11:40 Channel Modelling Based on Game Engines Light Physics for mmW in Indoor Scenarios

Saul Inca, Danaisy Prado, David Martin-Sacristdn and Jose F Monserrat (iTEAM Research Institute, Universitat Politécnica de Valéncia, Spain)
Theimportance of Millimeter Waves (mmW) band for the Fifth Generation (5G) of mobile and wireless communications has motivated alot of work in mmW channel modeling. In this paper, we assess the use of the light physics modeling of agame engine to calculate the propagation losses at mmW band in an indoor scenario. With that aim, we propose a model that we refer to as Light Intensity Model (LIM), in which a detailed 3D scenario is created in agame engine, radio transmitters and receivers are replaced
by light sources and detectors, and the received light intensities are translated to received radio signal powerthrough a translation function which is the key of the model. The results obtained corroborate the validity of the assessed approach to model propagation losses in indoor scenarios.

12:00 Path Loss Models and Delay Spread Parameters for the Millimetre Wave Channel in Indoor Environments

Sana Salous and Saied El-Faitori (Durham University, United Kingdom (Great Britain))
This paper presents results of path loss and r.m.s. delay spread in two indoorenvironments based on measurements in three bands from 12 GHz to 73 GHz using the multiband custom designed channel sounder developed at Durham University. Results are presented fora corridor environment and for a factory environment both in line of sight and non-line of sight set ups.

CS38: ISAP Session: Recent Advances in Asian Antennas and Propagation Research

T02 Millimetre wave 5G / Convened Session / Antennas
Room: oral sessions: room 03

8:30 Reconfigurable Terahertz Reflectarray Based on Graphene Radiating Patches

Tiaoming Niu, Jingwei Zhang, Lin Cheng, Pengfei Cao, Ruoyu Cui and Zhonglei Mei (Lanzhou University, China)
A reflectarray antenna based on graphene radiating patches is proposed for reconfigurable radiation patterns at 1 THz. The all radiating elements of the reflectarray are geometrically identical, and the graphene patches in the same row are connected in series to a particular bias electrode. The phase response of the radiating elements can be controlled by changing the value of the bias voltage due to the property of graphene. Forthe TE polarization, the simulated phase curve shows that a cycle phaserange of 360
degreeis obtained, while the magnitude of the reflected field is above 5.6 dB. Based on the phase response, each electrode biasing is accurately programmed to build up the required progressive phase distribution for a particular beam pattern. The numerically simulated results demonstrate that the designed reflectarray can reconfigure the deflection direction of the normal TE incident plane waves with excellent performance.

8:50 Achieving Wider Inpedance Bandwidth Using Full-Wavelength Dipoles
Can Ding (University of Technology Sydney (UTS), Australia); Haihan Sun (University of Technology, Sydney, Australia); He Zhu and Y. Jay Guo (University of Technology Sydney, Australia)

This paper investigates the use of full-wavelength dipoles (FWD) to achieve wider bandwidth than half-wavelength dipoles (HWD). Two dual-polarized antennas are built based on FWDs for base station applications as examples. The first antenna is an isolated cross-dipole employing two FWDs with simple configuration. Itis able to coverthe lowerband for cellular communication from 698 to 960 MHz. The second antenna has four FWDs arranged in a square loop array form and tightly coupled with each other.
The employed full-wavelength dipoles are bent upward to maintain a small aperture size, so that the realized element still fits in traditional base station antenna (BSA) array. The antenna can be matched across the band from 1.65 to 3.7 GHz, which can coverboth the 3G/4G band from 1.7 to 2.7 GHz and the 5G (sub-6 GHz) band from 3.3 to 3.6 GHz simultaneously.

9:10 Single and Dual Beam Waveguide Slotted Antenna Using 3D Printing Technique for 5G Application
Muataz Watheg Almeshehe (Faculty of Electrical Engineeri, Universiti Teknologi Malaysia, Malaysia); Noor Asniza Murad (University Technology Malaysia, Malaysia); Mohamad Kamal A. Rahim (Universiti Teknologi Malaysia, Malaysia); Farid Zubir (Universiti Teknologi Malaysia & Faculty of Electrical Engineering, Malaysia); Osman Bin Ayop and Mohd Fairus Mohd Yusoff (Universiti Teknologi Malaysia,

Malaysia); Huda A. Majid (Universiti Tun Hussein Onn Malaysia, Malaysia); Mohamed Nasrun Osman (Universiti Malaysia Perlis & Universiti Malaysia Perlis, Malaysia); Mohamad Zoinol Abidin Bin Abd Aziz (Universiti Teknikal Malaysia Melaka & Hang Tuah Jaya, Malaysia)
This paper compares between four 3D metal printed antennas at Ka-band. The four antennas are two horns and two slotted antennas. The horn and slotted antenna are wellknown for their high gain characteristic. The antennas are designed based on WR-28 waveguide standard. The proposed antennas are 3D metal printed using direct metal laser melting printing technique. The performances of the 3D printed antennas are investigated in terms of reflection coefficient, gain, efficiency, and radiation pattern. The
printed antennas are validated using standard VNA. The measured performance of the antennas prototypes are agreed well with the simulation results with reflection coefficient of less than -10 dB for allantennas. The measured gain of ranging 7-14 dB for all the prototypes are obtained with more than 90 % of antennas efficiency. These 3D metal antennas are suitable for Ka-bands applications such as 5G cellular network.

9:30 Deionized Water Based Insulator Loaded UWB Implanted Antenna for Gain Improvement

Geonyeong_Shin (Chungnam National University, Korea (South))
We propose anovel configuration of an insulator forhuman-head implanted UWB antenna. The insulatoris 3D printed with abiocompatible material and is filled with a deionized water of high dielectric constant and exceptionally low loss tangent. The dimension of the antennais 10.0 x11.0 x 1.0 mm3 and shows a high average gain of-20 dBi in the boresight region in the target frequency of 3-5 GHz band.

9:50 Microwave Metasurface-based Lens Antennas for 5G and Beyond
Zhi Ning_Chen (National University of Singapore, Singapore); Teng_Li (Southeast University, China); Wei E. |. Liu (National University of Singapore, Singapore)
Lens antennas have long been used at milimeter-wave bands and above because of their excellent power focusing performance, aperture sharing, and simple feeding structures. However, the conventional high-gain dielectric lens at microwave bands usually are too bulky. With the development of metasurfaces, the lens design has been replaced by single or multiple layered planar structures such as patterned PCB boards. This paper first briefs the mechanism of metasurfaces in the design of aplanarlens. Then
microwave lens antennas recently developed by ourteam from National University of Singapore are summarized to show the progress in this field. After that, one design for 5G NR (the fifth-generation new radio) demonstrates the feasibility of metasurface-based lens in multibeam antenna design. The progress of microwave metasurface lens antennas shows us the huge potential of metamaterial-based antennas (metantennas in short) in advanced wireless systems.

10:10 Coffee Break

10:40 Modified Binomial Power Distribution Beamformer for Switched-Beam Circular Array

Sheng-Wei Wu, Kun-You Lin and Shih-Yuan Chen (National Taiwan University, Taiwan)
In this paper, we proposed a modified binomial power distribution circular beamforming network (BFN) with a single input port at the center and 12 antenna ports uniformly located along the outer rim of the BFN for full 360° azimuth coverage switched-beam circular antenna array. By combining and interleaving three modified binomial power distribution circuits (PDCs) with three two-way power combining circuits, a compact full horizontal plane coverage beam-switching beamformer is formed. While six
switches are needed in the proposed BFN, a simplified prototype BFN without the switches is fabricated and tested for preliminary verification. Measured results agree well with those simulated. The proposed 1x12 modified binomial power distribution circular beamformer possesses several advantages over conventional circular BFN designs, including compact size, single-layered structure, and awide bandwidth up to 11.4% centered at 5.6 GHz.

11:00 Metal Stamped Antenna-in-Package for Millimeter-wave Large-scale Phased-array Applications Using Multiphysics Analysis
Junho Park (Pohang University of Science & Technology, Korea (South)); Wonbin Hong (Pohang University of Science and Technology (POSTECH), Korea (South))

This paper presents a metal stamped AiP concept forenhanced cooling in millimeter-wave phased array systems. To verify the proposed AiP concept, the POC model is designed and fabricated using standard PCB and metal stamping process. The fabricated POC model achieves impedance bandwidth of 0.7 GHz with a center frequency of 28.5 GHz. Good agreement is achieved between the measured and simulated radiation patterns with the measured gain of 14.01 dBi. The effect of the fabrication error on
EM properties is discussed to explain the difference between the simulated and measured results of the gain. The two-dimensional array is demonstrated to verify the feasibility for a practical application of mmWave Massive MIMO systems with main beam scanning range of + 30° in both elevation and azimuth planes. Computational fluid dynamics simulation confirms that the proposed AiP reduces the maximum surface temperature of the package by more than 11 °C.

11:20 Antennas and Propagation Technologies of V2V Communications for Platooning

Kazuma Tomimoto and Koichi Serizawa (Softbank Corp., Japan); Masayuki Miyashita (SoftBank Corp., Japan); Ryo Yamaguchi (SOFTBANK Corp., Japan); Takeshi Fukusako (Kumamoto University, Japan)
As a use case that takes advantage of the high reliability and low delay characteristics of 5G mobile communications (5G), its utilization for platooning (V2V direct communication) is being studied. Accordingly, we need to clarify propagation characteristics and study antenna configurations. This paper shows that the propagation loss characteristics in V2V application differ from those of conventional mobile communication. An antenna configuration suitable for V2V propagation loss characteristics is studied.

11:40 Novel Millimeter-Wave Phased Array Antenna for 5G Wireless Communications

Fan Yang, Shenheng Xu, Yezhen Li and Yongli Ren (Tsinghua University, China)
A novel phased electromagnetic surface antenna (PEMSA) is presented and experimentally verified for 5G millimeter-wave wireless communications. The PEMSA integrated with a high-efficiency feed and a wave control circuit can perform real-time beam scanning by reconfiguring the phase of each electromagnetic surface unit. A prototype of the PEMSA is fabricated and measured to demonstrate the feasibility of this approach. The measurement results indicate that the PEMSA achieves high gain and fast-
beam-steering. Compared to the conventional phased array antenna, the proposed PEMSA has the advantages of low power consumption, low cost, and conformal geometry. Due to these characteristics, The PEMSA is promising for wide applications in 5G millimeter-wave communication systems.

12:00 Highly-Integrated Dual-Band mmWave Antenna Array for 5G Mobile Phone Application

Wei-Yu Li and Wei Chung (Industrial Technology Research Institute, Taiwan); Kin-Lu Wong (National Sun Yat-Sen University, Taiwan)
A highly-integrated 28 GHz and 39 GHz array antennas for 5G mobile phone applications is presented. The 28 GHz array consists of dual open-slots antennas as array elements and the 39 GHz array consists of folded loop antennas as array elements. This article demonstrates that 0.25 wavelength slot mode of the open-slots antenna and 1.5 wavelength loop mode of the folded loop antenna are promising candidates for generating directional radiation patterns fulfilling beam-scanning applications. And by
properly designing the 0.25 wavelength slot mode to cover 28 GHz band and the 1.5 wavelength loop mode to coverthe 39 GHz band, the proposed 28 GHz and 39 GHz array antennas can be compatible and coexisted at a limited side space of amobile phone with keeping independent beam scanning operations for a higher space utilization rate. This willbe useful and attractive for future multiband and multimode millimeter wave mobile phones.

CS16: Antennas in loT Wireless Devices: Modelling and Industrial Considerations

T04 loT and M2M / Convened Session / Antennas
Room: oral sessions: room 04

8:30 A Small Metamaterial Dual-Band Dipole Antenna Fed by Small Metamaterial Balanced-Feed

Changhyeong Lee, Heejun Park and Gwang-Gyun Namgung (Incheon National University, Korea (South)); Yejune Seo (Inchoen National University, Korea (South)); Sungtek Kahng (University of Incheon, Korea (South))
In this paper, a new design method is introduced to make a planar metamaterial dual-band dipole antenna fed by a small metamaterial balanced feed, which is adoptable to compact multi-function devices. Firstly, the balanced feed is made as a Composite Right and Left-Handed (CRLH) dual-band balun. Its operation frequencies are 2.4 GHz and 5.2 GHz. Secondly, while it is hard to make a dipole resonate at two frequencies not in harmonic relations, we let the dipole radiate at 2.4 GHz and 5.2 GHz as a
metamaterial which avoids growth in size. match at the two frequencies The antenna gain above -1dB and radiation patterns almost equal to all directions are obtained as a very compact structure and though to be proper for wireless communication.

8:50 Design of a Quad Band CPW - Fed Compact Flexible Patch Antenna for Wearable Applications
Bashar Bahaa Qas Elias (Universiti Malaysia Perlis (UniMAP), Malaysia); Ping_ Jack Soh (Universiti Malaysia Perlis (UniMAP) & Katholieke Universiteit Leuven, Malaysia); Azremi Abdullah Al-Hadi (University Malaysia Perlis, Malaysia); Rahil Joshi and Yuepei Li (Heriot Watt University, United Kingdom (Great Britain)); Symon K. Podilchak (Heriot-Watt University, United Kingdom (Great Britain))

A compact and flexible coplanar waveguide-fed (CPW) monopole antenna designed to operate in four different wireless bands is presented. The patch is designed based on a simple rectangular patch which is then integrated with multiple L-slots to enable multiband operation at 1.22,1.56, 2.45 and 3.42 GHz offering a reflection coefficient of-10 dB. Modeling is performed using FEKO, a commercial software, based on two approaches: the method of moments (MoM) and characteristic mode analysis (CMA).
Results shows that satisfactory agreements in term of predicted resonant frequencies. In addition, results of the radiation efficiency, gain, bandwidth and current distribution of the proposed model are discussed. Finally, a systematic investigation of the bending effects forthe proposed wearable antennais also presented.

9:10 From Optimal to Industrial Antenna: The Designer Dilemma for Compact NB-loT Terminal
Fabien Ferrero (University Nice Sophia Antipolis, CNRS, LEAT & CREMANT, France); Lars Jonsson (KTH Royal Institute of Technology, Sweden); Leonardo Lizzi (University Cote d'Azur, CNRS, LEAT, France)

This work will present the design of aNB-loT integrated antenna on acompact 50*30mm?2 terminal. The study will start from the Q factor limitation study and finish with an simulated prototype considering the different constraints that a designer need to overpass.

9:30 Implementation and Use of Physical Bounds for Antenna Optimization

Mats Gustafsson (Lund University, Sweden); Miloslav Capek (Czech Technical University in Prague, Czech Republic)
Here, we present an overview of physical bounds on antennas with a focus towards their use for antenna design and implementation. The developed bounds are based on optimization over the antenna currents and can be considered application oriented in the meaning that they are easily adapted to practical design constraints in shape, size, and materials. Electromagnetic simulation codes based on the method of moments are easily adapted to compute the matrices used in the optimization problems. We
also illustrate how the optimization problems can be implemented and that their solutions in many cases has acomputational cost of similar order as solving one antenna problem.

9:50 Design Concerns for In-body Antennas Based on Frequency Analysis of Fundamental Radiation Limitations

Zvonimir Sipus and Marko Bosiljevac (University of Zagreb, Croatia); Denys Nikolayev (Ecole Polytechnique Fédérale de Lausanne, Switzerland); Anja K. Skrivervik (EPFL, Switzerland)
Fundamental radiation limitations of in-body orimplantable antennas should give us an estimate on the feasibility of some desired system. It was shown that near-field effects and distance to the body - free space boundary are critical aspects, while the shape does not play a majorrole in the achievable power. Through the frequency analysis of these limitations in this paper we provide another perspective and show how rigorous and approximate approach to near-field and reflection losses manifest in the results.
This is demonstrated on a spherical body example which contains a small sphericalimplant which can be placed at different positions within the body in order to simulate differentimplant depths. The results reveal that reasonably accurate description of in-body loss mechanisms can be achieved using our previously defined fundamental radiation limitations for power density, however, depending on the frequency different loss aspects must be treated with special care.

10:10 Coffee Break

10:40 Requirements for Accurate Design of Matching Circuits at 5 GHz

Jussi Rahola and Joni Lappalainen (Optenni Ltd, Finland); Jaakko Juntunen (Optenni Ltd., Finland)
1/31/20, 3:21 PM There are many factors which make the design of matching circuits much more challenging atthe 5 GHz frequency range than at lower frequencies. The starting point of the design is the measurement of the antenna inputimpedance at the correct reference plane, which must be determined using sub-millimeter accuracy. The measurement result also depends on the availability of a nearby ground reference, which is not always guaranteed. At higher frequencies, the effect of the layout (i.e. transmission lines 14 of 77



between the matching components and parasitic reactances to the ground) becomes larger and must be taken into account in the design. Realistic and accurate component models of inductors and capacitors need to be used, capturing the effects of component losses and parasitic reactances. Finally, a proper measurement-based matching circuit design flow is not possible if the matching circuit layout interacts with the electromagnetic operation of the antenna.

11:00 3D EM Simulation Environment for Development, Testing, and Functioning of Internet of Things
Branko Kolundzija (University of Belgrade, Serbia); Tomislav Milosevic (WIPL-D, Serbia); Milos Pavlovic (WIPL-D DOO, Serbia); Branko Mrdakovic (WIPL-D, Serbia)

The exponential growth of loT imposes increased needs for understanding and exploitation of EM phenomena. Consequently, there are growing demands for more flexible, accurate, and efficient 3D EM simulation, easy accessible to many engineers, many of them lacking deep knowledge of applied electromagnetics. To meet such needs it is necessary to adjust existing tools to create friendly 3D simulation environment, not only for development and testing of o T, but even for inclusion of these tools into
functioning of 1oT. In this paper we propose the concept/structure of such environment. Forthe base of such environment we propose WIPL-D software. In addition we added libraries of EM models of electrical and environmental elements, and templates that combine them into loT-scenarios. Special tools are included to enable easy creation of new libraries' components and their composition into complex scenarios, as well as for effective processing of EM field data obtained by simulation.

11:20 Embedded Antennas in Cellular lIoT Platforms

Jaume Anguera (Fractus Antennas & Universitat Ramon Llull, Spain); Aurora Andujar (Fractus, Spain); José Leiva (Fractus Antennas, Spain); Rosa Mateos (Fractus, Spain)
The continuous increase of wireless devices boosts RF/microwave and wireless engineers to design in a simple, quick and effective way. For this purpose, amethod for designing multiband antenna systems from a very simple antenna elementis proposed. This results in a procedure where the antennais seen as an impedance box where the number of bands is fixed exclusively by the design of a multi-band matching network with lumped elements. The design of said multiband matching network is addressed
by acomputerized procedure giving as aresult the matching network topology and the values of each lumped element. To validate the procedure, amultiband antenna system operating at 824MHz-960MMHz and 1710-2690MHz is built. The matching network has been obtained using a fully automated method without human intervention and without any adjustment. This procedure opens the window to facilitate the design of multiband antenna system to loT designers.

11:40 Performance Investigation of a Handset Antenna Using a C-tuner for Aperture Tuning

Lukas Grundmann (Leibniz University Hannover, Germany); Anthony Thomas, Valentyn Solomko and Winfried Bakalski (Infineon Technologies, Germany); Dirk Manteuffel (University of Hannover, Germany)
In this paper we present a generic model of a smart phone with integrated impedance and aperture tuners. The model comprises standard capacitive coupling elements realized on the metal bezel and tuning devices that can be flexibly placed along the coupling element. All control electronics are integrated into the mock-up in order to represent realistic antenna functionality of a smart phone. Tuning of the antenna s achieved in all LTE-A sub bands. The measured total antenna efficiency is degraded by just 1 dB
compared to narrow band tuning using single SMD capacitors.

12:00 Radiative Loss in Small Inverted-F Antenna Transmission Line Model
Rana Berro (Grenoble Alpes University & CEA LETI, France); Serge Bories (CEA, France); Christophe Delaveaud (CEA-LETI, France)

An improved transmission line model of alossy inverted-F antennais presented, this model takes into account all losses in the antenna structure. So, complementary to ohmic losses, the radiative losses are introduced to improve the antennainputimpedance model. This "extended" transmission line model proves to be accurate enough to allow the study of the antenna characteristics as function of its geometry and conductive material properties.

Tuesday, March 17 8:30-10:10

T11-M02: Radar scattering measurement and calibration techniques

T11 Fundamental research and emerging technologies / / Measurements
Room: oral sessions: room 05

8:30 Radar Cross Section Measurement Within Reverberation Chamber: Stirrer Position Issues

Ariston Reis (Université Paris-Est Marne-la-Vallée, France); Francois Sarrazin (University of Paris-Est-Marne-la-Vallée & ESYCOM, France); Pouliguen Philippe (DGA, France); Jérébme Sol (INSA Rennes, France); Philippe Besnier (IETR, France); Elodie Richalot (Université Paris-Est (Marne-la-Vallée), France)
This paper presents the evaluation of the Radar Cross Section (RCS) of a metallic object by measurements accomplished within the diffuse-field environment produced by a Reverberation Chamber (RC). The method is based on the extraction of the ballistic wave between the antenna and the target that is mixed with the backscattering response of the RC. A good agreement is obtained when compared with classical RCS measurement inside an anechoic chamber. This communication also highlights the
potential stirrer positioning issues and theirimpact on the retrieved RCS accuracy.

8:50 Measurements on Extended Vertical Objects for Radar Field Probes
Pax S. P. Wei (The Boeing Company, (retired), USA)

As anovelfield probe concept, RCS measurements are reported on long rigid objects rotated within a small angular range about the broadside condition (called a glint). The rotation was maintained either in a horizontal (H) plane orin a vertical (V) plane containing the center of the quiet-zone (QZ). Processing the RCS data by DFT yields a spectrum which is recognized as the field distribution along that object. Such spectrum compares extremely well to traditional field probes taken earlier by translating a sphere
across the QZ in the H- or V-direction. Preliminary results at several S-band frequencies are presented and discussed.

9:10 Effects of the Antenna Measurement Uncertainties on the Estimation of the Differential Reflectivity

Brais Sdnchez-Rama, Veronica Santalla del Rio, Rubén Nocelo Lépez and Maria Vera-Isasa (University of Vigo, Spain)
The parameters of interest in polarimetric weather radars, defined in terms of the scattering coefficients of the target, are affected by non-ideal radiation systems. The effect of the cross-polar radiation has been studied and the requirements that radiation patterns must verify in order to maintain the error of the estimates below a predefined value have been established. Unfortunately, these requirements are strict and difficult to achieve with phased array antennas. Recently, it was shown that the effect caused by
antenna systems can be separated from the scattering parameters and, consequently, corrected. Hence, this technique could be used to make the transition to phased array polarimetric radar systems feasible. However, this correction requires knowing the antenna radiation patterns, so they must be measured. The aim of this work is to study the effect of the uncertainties introduced by the antenna measurement procedure in the correction of the differential reflectivity factor.

9:30 Analysis of the Cross-polar Radiation Effects on Differential Reflectivity Calibration

Veronica Santalla del Rio, Rubén Nocelo Lépez and Brais Sdnchez-Rama (University of Vigo, Spain)
This paper discusses the effects of cross-polar radiation on the calibration methods usually employed forthe calibration of the differential reflectivity. Itis shown that cross-polar radiation has significant effects when simultaneous transmission and reception of horizontal and vertical polarizations are used to obtain polarimetric measurements. Additionally, itis shown that propagation through atranspolarizing medium considerably affects the results.

9:50 On Models and Approaches for Human Vital Signs Extraction from Short Range Radar Signals

Mikolaj Wojciech Czerkawski, Christos V. llioudis, Carmine Clemente, Craig Michie, lvan Andonovic and Christos Tachtatzis (University of Strathclyde, United Kingdom (Great Britain))
The paper centres on an assessment of the modelling approaches for the processing of signals in CW and FMCW radar-based systems for the detection of vital signs. Itis shown that the use of the widely adopted phase extraction method, which relies on the approximation of the target as a single point scatterer, has limitations in respect of the simultaneous estimation of both respiratory and heart rates. A method based on a velocity spectrum is proposed as an alternative with the ability to treat a wider range of
application scenarios.

Tuesday, March 17 8:30 - 12:20

CS60: Sensors and Systems for Microwave Biomedical Imaging and Sensing

TO5 Biomedical and health / Convened Session / Antennas
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8:30 Microwave Radar Breast Screening: System Interaction with the Post-Biopsy Clip

Lena Kranold and Milica Popovi¢ (McGill University, Canada)
This work reports on recent progress in our feasibility assessment of the microwave radar prototype aimed at tumor detection through frequent breast screening. The previously reported time-domain system has 16 antenna-sensors in a multistatic arrangement. The phantoms used in our study are stable and carbon-based. With updated hardware, we now test the prototype to address an issue vital for our long-term clinical trials. Using phantoms in a controlled laboratory environment, we assess the influence of
the miniature clip, typically left in the tissue as a marker after a biopsy, on the overall ability of our system to screen the patient frequently post-biopsy. This line of investigation is essential for the population of women with dense breast tissue, where the mammograms struggle to give reliable results and hence the biopsy is used as a follow-up procedure.

8:50 Breast Cancer Imaging Using a 24 GHz Ultra-Wideband MIMO FMCW Radar: System Considerations and First Imaging Results

Maria Virginia Prati (Politecnico di Milano, ltaly); Jochen Moll (Goethe University Frankfurt am Main, Germany); Christian Kexel and Duy Hai Nguyen (Goethe University Frankfurt, Germany); Avik Santra (Infineon Technologies AG, Germany); Andrea Aliverti (Politecnico di Milano, Italy); Viktor Krozer (Goethe University of Frankfurt am Main, Germany); Vadim Issakov (Infineon Technologies AG, Germany)
Microwave imaging for breast cancer detection has been widely studied as an alternative technique to the conventional X-ray mammography. The systems developed until now operate at frequencies of a few gigahertz. This limits the achievable image quality. Higher operational frequencies are advantageous for achieving a better resolution, at the expense of alower penetration depth. The downscaling of components together with an integrated radar transceiver would lead to the development of acompact and
cost-effective radarimaging system. This paper investigates the possibility of using an integrated ultra-wideband frequency-modulated continuous-wave (FMCW) radar system operating at a center frequency of 20 GHz and bandwidth of 8 GHz for breast cancerimaging. System considerations are developed and firstimaging results based on numerical data are presented.

9:10 Phaseless Approach to Microwave Biomedical Imaging: System Requirements Towards Clinical Applications

Sandra Costanzo and Giuseppe Lopez (University of Calabria, Italy)
A preliminary study on the implementation of a microwave imaging system for biomedical applications is outlined in this work. A low-cost, portable and easy implementable measurement setup for dielectric characterization of biomedical scenario, specifically in the field of breastimaging, is discussed. Itis combined with the use of a phaseless reconstruction strategy for the solution of the related non-linear inverse scattering problem.

9:30 Head and Neck Numerical Phantom Development for Cervical Lymph Node Microwave Imaging

Ana Catarina Pelicano (Faculdade de Ciéncias, Universidade de Lisboa, Portugal); Raquel C. Conceicéo (Instituto de Biofisica e Engenharia Biomédica, Faculdade de Ciéncias, Universidade de Lisboa, Portugal)
In this paper, we present a methodology to build a numerical phantom forthe head and neck regions, which can be used to develop a cervical lymph node microwave imaging device. We have shown a pipeline of data processing steps which can be applied to Magnetic Resonance Images (MRI) of the head and neck. Such models will be the starting point to start developing a microwave imaging device suitable to detect metastasised cervical ymph nodes and as aresult contribute to the correct staging of head
and neck cancer.

9:50 Integrating Nodal Adjoint Jacobian Method in the Discrete Dipole Approximation-based Image Reconstruction Algorithm

Samar Hosseinzadegan, Andreas Fhager and Mikael Persson (Chalmers University of Technology, Sweden); Paul M Meaney (Dartmouth College, USA)
This paper focuses on the computational complexity of microwave image reconstruction algorithms. In microwave tomography, computing the forward solutions during the iterative reconstruction process directly impacts the accuracy and computational efficiency. Towards this end, we have applied the discrete dipole approximation for the forward solutions with significant time savings. However, while we have discovered that the imaging problem configuration can dramatically impact the computation time
required forthe forward solver, it can be equally beneficial in constructing the Jacobian matrix required in the iterative image reconstruction algorithms. Key to this implementation, we propose to use the same simulation grid for both the forward and inverse domain discretizations. In this way, the nodal adjoint method for computing the Jacobian matrix reduces to an Order N computation for each row of the matrix which is a dramatic improvement over previous implementations.

10:10 Coffee Break

10:40 A Tomographic Multistatic System for Biomedical Microwave Sensing

lgor Bisio, Claudio Estatico, Alessandro Fedeli, Fabio Lavagetto, Matteo Pastorino, Andrea Randazzo and Andrea Sciarrone (University of Genoa, Italy)
The use of microwave techniques for biomedical sensing and imaging is in continuous evolution, and the realization of accurate and efficient system prototypes is fundamental in bridging the gap between the algorithm development and its practical application. In this paper, a prototype of multistatic imaging system, mainly designed for the quantitative reconstruction of the dielectric properties of the human head for brain stroke detection, is presented and some experimental results, obtained by processing the

acquired data with anonlinearinverse scattering technique, are shown.

11:00 Pilot Patient Study with the Wavelia Microwave Breast Imaging System for Breast Cancer Detection: Clinical Feasibility and Identified Technical Challenges
Angie Fasoula and Luc Duchesne (Microwave Vision (MVG)); Brian M. Moloney (Lambe Institute for Translational Research); Julio Daniel Gil Cano and Cecile Chenot (Microwave Vision (MVG), France); Barbara L. Oliveira (HRB Clinical Research Facility Galway, Ireland); Jean-Gaél Bernard (Microwave Vision (MVG)); Sami M. Abd Elwahab and Michael Kerin (Lambe Institute for Translational Research, Ireland)
In this paper, preliminary results of the first-in-human clinical investigation with the Wavelia Microwave Breast Imaging (MBI) system prototype are presented. The clinical feasibility of the system, in terms of potential to detect both malignantand benign palpable breast lesions, is illustrated with the MBI results of two patient scans. Some identified technical challenges, related to the patient positioning and breast deformation, are also discussed.

11:20 Coverage Estimation for Microwave Imaging Using Full Multistatic Radar Imaging Algorithms with Restricted Opening

Hamza Benchakroun (National University of Ireland Galway, Ireland); Angie Fasoula (Microwave Vision Group, France); Luc Duchesne (MVG Industries, France); Martin O'Halloran (National University of Ireland, Galway, Ireland); Declan O'Loughlin (National University of Ireland Galway, Ireland)
Many clinical investigations of microwave breast imaging systems are ongoing. However, few studies have investigated the optimal antenna design to maximise imaging performance. In this paper, the impact of the radial behaviour of the antenna on coverage area is investigated. A simplified antennamodelin ahomogeneous medium is used to estimate the power density and hence the coverage within the antenna array. Results from different antenna array configurations are compared, showing coverage can
vary depending on the number of antennas used for multistaticimaging. The analysis is repeated for alossy medium and highlights that losses increase the coverage estimation, although higher power and better signal-to-noise ratio would be required. In summary, this paper shows that the antennaradial behaviour can influence the coverage. In summary, this paperidentifies preliminary limits on antenna design parameters to maximise coverage.
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Sebastian Ley (Technische Universitat IlImenau, Germany); Bernd Faenger (University Hospital Jena & Institute of Diagnostic and Interventional Radiology, Germany); Jiirgen Sachs (Ilmenau University of Technology, Germany); Ingrid Hilger (University Hospital Jena, Germany); Marko Helbig (Technische Universitat llmenau, Germany)
This paper deals with the detection of magnetic modulated nanoparticles by means of ultra-wideband sensing. Magnetic nanoparticles are modulated by an external magnetic field. The resulting scattering changes of the magnetic nanoparticles are analyzed depending on the mass, the magnetic field strength and the surrounding medium in which the particles are embedded. The experiments are carried out on phantom measurements and the results show a linear behavior of the measured radar signal
depending on the mass. Furthermore, the experiments show that the optimal choice of the magnetic field strength can increase the detectability of the magnetic nanoparticles. This applies both to particles that are diluted in distilled water and to particles that are embedded in a solid surrounding medium.

12:00 Qualitative Techniques for Generating Spatial Prior Information for Biomedical Microwave Imaging

Martina Teresa Bevacqua (Universita Mediterranea di Reggio Calabria, Italy); Nasim Abdollahi and lan Jeffrey (University of Manitoba, Canada); Tommaso Isernia (University of Reggio Calabria, ltaly); Joe LoVetri (University of Manitoba, Canada)

The use of quantitative microwave imaging for biomedical applications represents one of its most relevant application areas due to the specificity of the complex-valued permittivity with regard to differentiating normal and diseased anatomical tissues. The success of such quantitative methods relies on improving their reconstruction accuracy and resolution. In the following we propose the use of two qualitative imaging methods, the linear sampling and the orthogonality sampling methods, to generate spatial
priors that are used as a numericalinhomogeneous background medium within the (quantitative) contrast source inversion scheme. Both qualitative imaging methods are able to create morphological maps, in almost real-time, from the same microwave scattered-field data. The resulting quantitative reconstructions show improvements in both accuracy and resolution, compared to blind reconstruction, and thus the combined technique represents a significant contribution towards the design of simpler and
low-costimaging systems.

SW02: COST Session CA17115 (MyWAVE): Developments in Electromagnetic-Based Medical Technologies

T02 Millimetre wave 5G / Convened Session / Electromagnetics
Room: oral sessions: room 07

8:30 Loco-regional Hyperthermia Delivery: Patient-specific Set-Up Procedures for Treatment Optimisation

Johannes Crezee, Remko Zweije and Petra Kok (Academic Medical Center / University of Amsterdam, The Netherlands)

Locoregional hyperthermia (heating of deep-seated tumours to 40-43°C) increases effectivity of chemotherapy and radiotherapy. Phased arrays of antennas are positioned around the patient, using phase steering to focus energy deposition onto the tumour. This paper describes patient-specific set-up procedures for treatment optimisation for locoregional hyperthermia devices using an E-Field probe at or near the tumour location. A phase-sweep is performed for each individual antenna w.r.t. a reference
antennato determine the optimal phase-setting, yielding a maximum E-Field signal. A phase-shiftis applied when the probe cannot be positioned at the tumour location. Correctness of phase settings thus found is verified using temperature rise measurements after a 60 sec power pulse for three different phase settings. Effectivity of the method is demonstrated by numerical simulations and clinically for patients with a cervical and bladder tumour. Results show this is arobust patient-specific method for clinical
phase optimisation during locoregional hyperthermia.

8:50 Hyperthermia Treatment Planning: Clinical Application and Ongoing Research

Petra Kok and Johannes Crezee (Academic Medical Center / University of Amsterdam, The Netherlands)
Hyperthermia, i.e. heating tumourtissue to 40-43°C, is applied clinically to enhance the effectiveness of chemotherapy and radiotherapy. Treatment planning can be a very valuable tool to improve clinical treatment quality. Initially, hyperthermia treatment planning started as a research tool, but developments over the past decade have resulted in more advanced simulation tools and integration of treatment planning in clinical work flow is emerging. This paper discusses the most important clinical applications of
hyperthermia treatment planning and ongoing research.

9:10 Influence of the BSD-2000 3D/MR Hyperthermia Applicator on MR Image Quality: A Quantitative Assessment

Kemal Sumser (Erasmus MC Cancer Institute, The Netherlands); Margarethus M. Paulides (Eindhoven University of Technology, The Netherlands); Gennaro G. Bellizzi (Erasmus University Medical Center, Italy); Gerard C. van Rhoon (Erasmus MC Cancer Institute, The Netherlands); Juan Hernandez-Tamames and Sergio Curto (Erasmus University Medical Center, The Netherlands)
MR compatible hyperthermia devices exploit MR thermometry capabilities for non-invasive treatment monitoring. These devices, which have been tested to be MR safe, can potentially influence the MR image quality. One such device is the Pyrexar BSD-2000 3D/MR applicator. In this study, we quantitatively evaluated the impact of the applicator for different setups on MR imaging by B1+ and signal-to-noise (SNR) measurements. Our results show 30% decrease in the B1+ transmit efficiency and 20% decrease in
the SNR. We have found the biggestimpact was caused by the device's water bolus. This effect can be overcome by increasing the B1 transmit gain or using athinner water bolus in the device design.

9:30 The Required Patient Modeling Realism in Radiofrequency Heating Simulation Studies

Gennaro G. Bellizzi (Erasmus University Medical Center, ltaly); Kemal Sumser (Erasmus MC Cancer Institute, The Netherlands); Margarethus M. Paulides (Eindhoven University of Technology, The Netherlands)
Clinical effectiveness of hyperthermia would benefit from a more controlled and target conformal heating of the tumor. Over the years, dosimetry using electromagnetic simulators has become a potenttoolto study improvements in the application of hyperthermia. Literature suggests that simulation accuracy is dependent on the realism of the patient models. In this work, we compare the results for a detailed head and neck patient model to those for models with an approximated shape, areduced tissue number
and/or a spherical target volume. Our comparison shows a relative difference above 25% in the administered power absorption pattern. This large difference calls upon 1) follow-up research to establish the true impact using alarger set of patient models and 2) the development of a reference set of patient models to facilitate bench marking of novel devices, methods and treatment approaches.

9:50 Monitoring Microwave Thermal Ablation Using Electrical Inpedance Tomography: An Experimental Feasibility Study
Anna Bottiglieri (Translational Medical Device Lab & National University of Ireland, Galway, Ireland); Eoghan Dunne (National University of Ireland & Translational Medical Device Lab, Ireland); Barry McDermott (Translational Medical Device Lab, National University of Ireland Galway, Ireland); Marta Cavagnaro (Sapienza University of Rome, ltaly); Emily Porter (University of Texas at Austin, USA); Laura Farina
(National University of Ireland Galway & CURAM, Ireland)

Low-cost and reliable methods for monitoring the size of the ablation zone during microwave thermal ablation (MTA) are crucial in the oncological clinical practice. The aim of this work is to test the performance of electricalimpedance tomography (EIT) for the real-time monitoring of the ablation area where relevant temperature increases occur. In this work, two experimental studies were performed with a 16-electrode EIT system using a liver-mimicking agar phantom. First, an EIT system was tested to monitorthe
cooling of the phantom from an initial temperature of about 72°C. Secondly, the heating and the consequent cooling of the phantom were monitored. The heating was performed using a MTA applicator operating at 30W for 10 minutes at 2.45GHz. The results reporting the voltage and temperature data acquired, as well as the reconstructed time series images, confirm the feasibility of EIT to monitor the changes of the electrical conductivity with temperature.

10:10 Coffee Break

10:40 Effects of Choke in Minimally-Invasive Small-Profile Microwave Ablation Applicators

Giuseppe Ruvio (National University of Ireland, Galway, Ireland); Marta Cavagnaro (Sapienza University of Rome, Italy)
Microwave ablation is a fast-growing hyperthermic treatment option for unresectable malignancies. From pioneering percutaneous microwave procedures to treat liver lesions, nowadays several new clinical indications are emerging. The spread of microwave ablation in clinical practice is growing alongside with the requirement for minimally-invasive procedures and, consequently, minimally invasive microwave applicators. Tri-axial structures and chokes have been proposed in the literature as techniques to
improve the ablation performance of needle-shaped antennas. In this paper, those techniques are compared in terms of electric field distribution, return currents on the feed cable and specific absorption rate when integrated into an 18-gauge applicator.

11:00 Characterization of Esophageal Temperature Profiles During Cardiac Radiofrequency Ablation

Jan Sebek (Kansas State University & Czech Technical University, USA); Faraz Chamani (Kansas State University, USA); Jie Cheng (Texas Heart Institute, USA); Dhanunjaya Lakkireddy (Kansas City Heart Rhythm Institute and Research Foundation, USA); Punit Prakash (Kansas State University, USA)

Radiofrequency ablation is a widely used approach for treatment of symptomatic atrial fibrillation by achieving pulmonary vein isolation. A rare, but severe, complication associated with ablation is perforation of the esophageal wall, due to unintended passive heating, leading to esophageal fistulas. Several strategies for managing esophageal luminal temperatures during ablation have been proposed, with the objective of limiting thermal damage and preventing perforation. However, there remains a limited
understanding of the relationship between esophageal luminal temperatures and temperatures on the serosal surface. Here, we report on measured temperature profiles in a custom ex vivo layered tissue preparation during radiofrequency ablation. Over n=82 ablations, temperatures on the mucosal surface of the esophagus ranged between 37-38.1 °C as serosal surface thermal doses ranged between 0-80 CEM43. These findings may contribute to the identification of safety thresholds for esophageal
temperatures, which may preclude the incidence of esophageal perforation during cardiac ablation.

11:20 Portable 3-D Microwave Imaging System for Cerebrovascular Diseases Monitoring
Jorge Alberto Tobon Vasquez (Politecnico di Torino, Italy); Rosa Scapaticci (CNR-National Research Council of Italy, Italy); Giovanna Turvani (Politecnico di Torino, Italy); Gennaro Bellizzi (University of Naples Federico Il, Italy); David O. Rodriguez Duarte (Politecnico di Torino, Italy); Nadine Joachimowicz (Group of Electrical Engineering - Paris / CentraleSupelec, France); Bernard Duchéne (Laboratoire des Signaux

et Systémes/Supélec/CNRS, France); Mario Roberto Casu (Politecnico di Torino, Italy); Lorenzo Crocco (CNR - National Research Council of Italy, Italy); Francesca Vipiana (Politecnico di Torino, ltaly)
This paper describes the first prototype of a portable 3-D microwave imaging system for cerebrovascular diseases monitoring and its initial experimental validation on an anthropomorphic head phantom. The proposed device is meant to address the current lack of a technology capable of performing continuous bedside monitoring of the patient after the stroke onset. A proper management of the post-acute stage of the disease is needed to verify the effectiveness of the therapies and timely adjust them
according to the evolving clinical situation. To this end, the device is designed to match portability and imaging capabilities, by exploiting the optimalnon-redundant number of antennas required to achieve the goal of estimating the position and size of the stroke using measurements taken at different times. The initial experiment described here confirms such a capability and sets the ground for extensive testing aimed at a full assessment of the device.

11:40 Potentialities of Inverse Scattering Techniques for Breast Cancer Imaging at Millimeter-Waves Frequencies

Martina Teresa Bevacqua (Universita Mediterranea di Reggio Calabria, Italy); Simona Di Meo (University of Pavia, Italy); Lorenzo Crocco (CNR - National Research Council of Italy, Italy); Tommaso Isernia (University of Reggio Calabria, Italy); Giulia Matrone and Marco Pasian (University of Pavia, Italy)
Breast canceris one of the leading causes of cancer death among women in industrialized countries. Several microwave imaging systems have been proposed for the diagnosis of breast cancer, based on both the tomographic and radar approach, being tested in some cases even on real patients. However, the low working frequency of all these systems, which allows to reach non superficial targets, has been in some cases the main cause of anon-optimal resolution. Based both on the results of recent dielectric
characterization campaigns on ex-vivo tissues of the human breast up to 50 GHz and on the promising achievements about the feasibility studies of mm-wave imaging systems, in this article, the tomographic approach to manipulate the simulated results of a linear radar scenario at the frequency of 30 GHz is proposed. In particular, two image reconstruction techniques, the Linear Sampling Method and the Born Approximation, are proposed and compared.

CSO01: Active Antennas for Onboard Space Applications

T09 Space (incl. cubesat) / Convened Session / Antennas
Room: oral sessions: room 08

8:30 Active Antenna Developments, Challenges and the Future

Sonya Amos, Glyn Thomas, Carolina Tienda and David Dupuy (Airbus Defence and Space, United Kingdom (Great Britain))
Active Antennas are fast becoming the go-to antenna design as more complex solutions answer more flexible, adaptable, increased functionality cost effective solutions. Airbus Defence and Space are developing Product Lines that answer key market demands, benefit from state of the art equipment and techniques but harmonized in a definitive Product solution in which design, industrialization, validation and cost synergies are considered. This paper will highlight some of the key developments, technologies,

challenges and asks some questions on where the future will take this active market.

8:50 Front End Radiating Module for Advanced Active Antenna

Benoit Lejay (Thales Alenia Space, France)
This paper presents the current development of a Front end radiating module in Kaband for advanced active antennas dedicated to Medium Earth Orbit mission at Thales Alenia Space France.

9:10 Active Antennas Radiated Spurious

Jonathan Hill (MDA Corporation, Canada); Michel Bellemare (MDA, Canada); Yves Demers (MDA Corporation, Canada); Nicholas Boudreau, Jean-Daniel Dea and Eric Amyotte (MDA, Canada)
This paper describes the analysis of radiated spurious performance of active antennas. It outlines an analysis methodology and presents radiated spurious performance of selected beam layouts for Direct Radiating Array (DRA) and Array Fed Reflector (AFR) active antennas.

9:30 Additive Manufacturing: Enabling Technology for Active Antennas in LEO and GEO Satellites
Esteban Menargues and Santiago Capdevila (SWISSto12, Switzerland); Tomislav Debogovic (SWISSto12 SA, Switzerland); Maria Garcia-Vigueras (IETR-INSA Rennes, France); Emile de Rijk (SWISSto12 SA, Switzerland)

Active antennas are one of the key elements in the upcoming flexible payloads for LEO constellations and GEO satellites. This paper describes the advantages in terms of mass, assembly, integration, test and RF performance of using the additive manufacturing process developed by SWISSto12 in the development of direct radiating arrays. Such advantages are highlighted through the design of two examples. The paper reviews SWISSto12 manufacturing process, includes measured RF performance of relevant
active antenna hardware and presents innovative components to enable DRAs for LEO constellations.

9:50 Potential Applications of Active Antenna Technologies for Emerging NASA Space Communications Scenarios
Felix Miranda (NASA John H. Glenn Research Center, USA)

NASA is implementing far-reaching changes within the framework of both space and aeronautics communications architectures. Near earth relays are looking to transition from few large geostationary satellites to constellations of thousands of small LEO satellites while lunar space communications will require the need to relay data from many assets on the lunar surface back to earth. In aeronautics, satellite communications for BLOS links are being investigated in tandem with the proliferation of UAS systems
within the UAM environment. Thus, future communications architectures will need to connect and quickly transition between many nodes for large data volume transport. NASA GRC is exploring 5G-based beamformer technologies to leverage commercial timescale and volume production cycles, heretofore not existent within frequencies used by NASA. An overview of future applications of phased arrays being envisioned by NASA are discussed, along with technology feasibility demonstrations being

conducted by GRC implementing low cost, 5G based beamformertechnologies.
10:10 Coffee Break

10:40 Active Antennas for Earth Observation Missions in Thales Alenia Space Italia
Pasquale Capece (Thales Alenia Space ltalia, Italy); Giovanni Gasparro (THALES ALENIA SPACE ITALIA, ltaly); Roberto Giordani and Roberto Mizzoni (Thales Alenia Space Italia, Italy); Alberto Meschini (ThalesAleniaSpace-ltalia, ltaly); Giovanni Mannocchi (THALES ALENIA SPACE ITALIA, Italy); Andrea Suriani (THALES ALENIA SPACE, ltaly); Salvatore Contu (Thales Alenia Space, ltaly)

The paper provides an overview of the most significant active phased array products for Earth Observation developed by Thales Alenia Space-Italia (TAS-I) over lasttwo decades. In the first section the X band active antennas are presented while in the second part the electronics for phased array antennas working in L, C and X bands, developed also in the frame of international collaboration, are described. Finally on going studied for next generation SAR systems in C, X and Ka band are briefly reported.
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Antonio Montesano (AIRBUS DS, Spain)

This paper presents some key heritage projects in AIRBUS DS in Madrid- Barajas, and current challenges facing the future in RADAR, Telecom, Earth Observation and Science.

11:20 Rigid-Flexible Antenna Array (RFAA) for Lightweight Deployable Apertures
William F. Moulder, Rabindra N. Das, Andrew C. Maccabe, Landen A. Bowen, Erik M Thompson and Patrick J Bell (MIT Lincoln Laboratory, USA)

this paper presents the Rigid-Flexible Antenna Array (RFAA), a concept for realizing ultra-light flexible antenna arrays that can readily integrate active components. This enables realization of phased arrays that can be compactly stowed in small satellites, where mass and volume for antenna payloads are extremely limited. The RFAA is constructed with a very thin, physically flexible material and minimal rigid material, allowing it to be realized with an area density as low as 1.1 kg/m2. It employs a compact novel
capacitive antenna feed, which simplifies its construction. The conceptis validated through simulation of two RFAA element designs, and measurements of two prototype arrays.

11:40 NISAR Flight Feed Passive Antenna Measurements
Paolo Focardi (Jet Propulsion Laboratory & California Institute of Technology, USA); Jefferson Harrell (Jet Propulsion Laboratory, 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 forlaunch in 2022 it will assess how our planet changes over time 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 adualband radar (L-band and S-band) that feeds a 12m deployable mesh reflector. This paper describes the measurement campaign of the L-band flight feed in its passive configuration. Further measurements willbe done using the antenna with the active radar components but they are not part of this paper.

12:00 Multibeam Array Antennas Based on Evanescent-Mode Ridge-Waveguide Radiating Filters

Daniel Sanchez (Universidad de Valencia, Spain); Mariano Baquero-Escudero, Pablo Soto and Vicente Boria (Universidad Politécnica de Valencia, Spain); Giovanni Toso (European Space Agency, ESA ESTEC, The Netherlands); Piero Angeletti (European Space Agency, The Netherlands); Marco Guglielmi (University of Valencia, Spain)
Possible applications of completely metallic radiating elements based on below-cutoff apertures are presented. The four below-cutoff sub-apertures are associated to two different linear polarizations and two different frequencies. The four elements are physically interleaved but behave as completely overlapped elements permitting to reuse four times the entire physical aperture of the radiating element. Possible applications in passive and active array antennas for multibeam applications are discussed.

T09-P08: Satellite propagation

T09 Space (incl. cubesat) / / Propagation
Room: oral sessions: room 09

8:30 First and Second Order Statistics of Two Years Alphasat Ka/Q Band Satellite Propagation Measurements in Budapest
Bernard Adjei-Frimpong and Laszlé Csurgai-Horvath (Budapest University of Technology and Economics, Hungary)

In the experimental campaign using the Alphasat Aldo Paraboni satellite payload at Budapest University of Technology and Economics, we contribute to characterizing the Ka/Q propagation channels. The satellite transmits unmodulated carrier signals on both frequencies in support of propagation experiments across Europe. Using data collected from Alphasat measurement, we investigate the atmospheric effects, mainly rain attenuation. In this paper we provide the analysis of our measured and pre-processed
datarelating to the first and second order statistics by presenting theirlong term cumulative distributions. Relevant recommendations from the ITU-R rain attenuation prediction models are compared with the measurements to classify the measured time series, which will be used to assess performance of the Ka/Q band satellite propagation channelin Budapest. We also demonstrate different data processing techniques showing how they influence the goodness of fit with the ITU-R model.

8:50 A Physical-Statistical Hybrid Model for Land Mobile Satellite Propagation Channel at Ku/Ka Band
Sebastien Rougerie (CNES, France); Jonathan Israel (ONERA - The French Aerospace Lab, France)

This paper presents an optimized Land Mobile Satellite (LMS) propagation channel model for Ku/Ka band. Here, a physical-statistical hybrid approach is proposed in order to simplify as much as possible the synthetic environment and the electromagnetic model, while keeping a good representation of the satellite propagation channel. This approach is complementary of full statistical approach [1] as a specific environment can now be tackled instead of a mixture of different propagation conditions. An original
validation of the model is presented here, with an innovative method based on 360° panoramic images analysis in order to rebuild a simple synthetic environment. [1] Recommendation ITU-RP.681-11, "Propagation data required for design systems in the land mobile-satellite service", 08/2019.

9:10 Fade Slope Analysis with Q-band Alphasat Satellite Measurements 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)

One of the second order statistics used to assess the adverse propagation effects of meteorological events in the signal propagation trough the atmosphere is the distribution of fade slope. In order to characterize properly this statistic, long data periods are needed. The Universidad Politécnica de Madrid (UPM) is receiving the 40-GHz signal coming from the Q-band Alphasat satellite beacon, with five years of measurements processed up to now. With the available excess attenuation data, fade slope distributions
can be derived. Annual and period excess attenuation distributions and fade slope results are presented, together with the comparison of fade slope results with the Rec. ITU-R P.1623-1 model. The predictions of the ITU-R model follow adequately the experimental results, with most of the differences being obtained forthe higher analyzed time intervals (from 60 to 180 s) and attenuations (higherthan 15 dB and of up to 25 dB).

9:30 Heights of the 0°C Isotherm and the Bright Band in Madrid: Comparison and Variability
Ana Benarroch (Universidad Politécnica de Madrid, Spain); Gustavo Siles (Universidad Privada Boliviana, Bolivia); Jose M Riera and Santiago Pérez-Pefia (Universidad Politécnica de Madrid, Spain)

Rain attenuation prediction models may require rain height data that can be obtained from the 0°C isotherm height as proposed in ITU-R Recommendations and also from radiosonde measurements. Statistical results on the variability of the 0°C isotherm in all conditions and in rainy conditions are presented in this paper for ten years of radiosonde data. Concurrent with these data, nine years of rainfall measurements performed with a vertical Doppler radar (MRR-2) have allowed comparing the height of the 0°C
isotherm with the height ofthe bottom ofthe bright band considering simultaneous events. The variability of both heights and of their difference has been investigated as well.

9:50 An Empirical Model for Time Diversity Statistics at Ka- And Q-band

Armando Rocha (University of Aveiro & Instituto de Telecomunicacgdes, Portugal); Susana Mota (University of Aveiro & Institute of Telecommunications, Portugal)
Time diversity is a diversity scheme to mitigate rain attenuation in Earth-Satellite links operating above 10 GHz. Here we derive an empirical model to obtain time diversity statistics using two years of statistical data obtained at Ka and Q-bands.

10:10 Coffee Break

10:40 Statistical Analysis of Satellite Communication Experimental Time Diversity in Slovenia
Arsim Kelmendi and Ales Svigelj (Jozef Stefan Institute, Slovenia); Andrej Hrovat (JozZef Stefan Institute, Slovenia)

In order to achieve larger capacities needed for modern multimedia services, satellite communications are using high frequencies, such as the Ka/Q bands and above. However, due to several atmospheric factors, in particular rain along the propagation path, communication at these high frequencies are subject to signal attenuation, which limits the availability and reliability of links. To mitigate signal attenuation, several fade mitigation techniques exist. Diversity techniques, such as site diversity, orbital diversity and
time diversity, represent one such group. In this paperthe performance of time diversity is investigated based on one-year measurement data statistical analyses of rain attenuation from Alphasat satellite at 19.7GHz and 39.4 GHz in Ljubljana. Moreover, the performance of time diversity in two-site diversity system is investigated based on two years experimental signal data from Astra 3B satellite at 20.2GHz measured at three locations in Slovenia.

11:00 Cloud Free LOS Probability Estimation for MEO Optical Satellite Systems and Optical Satellite Network Dimensioning

Christos N. Efrem and Nikolaos Lyras (National Technical University of Athens, Greece); Charilaos Kourogiorgas (Science and Technology Facilities Council\RAL Space, United Kingdom (Great Britain)); Athanasios D. Panagopoulos (National Technical University of Athens, Greece); Pantelis-Daniel Arapoglou (European Space Agency, The Netherlands)

Optical satellite networks have been recently proposed as an alternative solution of backhaul satellite networks. This paper studies the Medium Earth Orbit (MEQ) optical satellite communication systems More specifically, simple algorithms for the optimum selection of the locations of the optical ground stations (OGSs) fora MEO optical satellite system are presented. The objective is to satisfy an availability threshold for each month for each orbital position of the MEO satellite. The algorithms take into accountthe
monthly variability of cloud coverage, take advantage of locations in different hemispheres and select 0GSs which are within the visibility area of the satellite for longer time. Additionally, an engineering methodology for the estimation of single and joint CFLOS statistics for MEQ satellite communication systems based on Integrated Liquid Water Content (ILWC) monthly statistical parameters is presented. Finally using the proposed methodologies useful numerical results are presented.

11:20 Variability of Gaseous Attenuation at Very Low Elevation Angle Slant Paths; Measurements and Modelling
Erik W Alsaker (University of Bergen, Norway); Martin Rytir (Norwegian Defence Research Establishment (FFI), Norway)

Gaseous attenuation variability for a 3.2° elevation angle satellite link operating at 20 GHz in the Norwegian Arctic is analyzed and compared with different models. At a very low elevation link like this one, gaseous attenuation reaches high values and has significant temporal variation over short periods of time. 5 months of measured data are compared with a model based on measured ground meteorological data and two different numerical weather prediction (NWP) models. The simplified model based on
ground data gives lower values than the measured levels and is unable to model the observed fast variations. Both the NWP model based on predictions and the one based on re-analysis of past data are able to model most of the fast variations. When cloud attenuation is included in the NWP models both show excellent agreement with the measured data, without a clear difference in accuracy between them.

11:40 Potentialities of the Numerical Weather Prediction Model WRF to Produce Attenuation Statistics in Tropical Regions
Valentin Le Mire (ONERA, France); Xavier Boulanger (CNES, France); Laurent Castanet (ONERA, France); Bouchra Benammar (Centre National d'Etudes Spatiales (CNES), France); Laurent Féral (Laboratoire LAPLACE, France)

This paper presents the use of a Numerical Weather Prediction model (WRF) coupled with an electromagnetic module to create rain attenuation time series and statistical results in a tropical region. Simulated results are compared with experimental data collected within a CNES/ONERA sponsored propagation experiment near Kourou, in French Guiana. Both simulated and experimental Complementary Cumulative Distribution Functions of rain attenuation (CCDF) are presented in an annual and monthly basis.
Finally, a brief granulometric study is detailed to better understand the impact of the rain drop size distribution (DSD) on the obtained results.

12:00 Performance Trends at 26 GHz for a Receiving Ground Station at Polar Latitudes: The SNOWBEAR Project
Matteo Marchetti and Donato Lospalluto (University of Pavia, Italy); Filippo Concaro (European Space Agency, Germany); Filomena Romano and Domenico Cimini (CNR-IMAA, Italy); Marco Pasian (University of Pavia, Italy)

Radio links at around 26 GHz for space communications between Earth observation satellites and ground stations at Polar latitudes are being considered in recent year to increase the downlink performance. However, the precise link budget modelling and the experimental validation of such links is still open, partially due to large propagation losses at these frequencies and partially because of the effect of the harsh Polar environment (e.g., snow) on the antenna structure (e.g., the antennaradome). This paper
presents the link budget modelimplemented in the framework of a dedicated project (SNOWBEAR) under European Space Agency coordination and examples of validation of such a model against experimental data, including cases either in clear sky condition orduring asnowstorm. In addition, possible upgrades forthe model, based on the use of the ERA5 database, are outlined.

Tuesday, March 17 8:30 - 10:10
BC1: History of Electromagnetism 1

T13 Bicentennial Session / Electromagnetics
Room: oral sessions: room 10

8:30 The Road to Electromagnetism

Andrew D Jackson (University of Copenhagen, Denmark)
The electromagnetic revolution began with Hans Christian @rsted's observation of the effect of an electric current on acompass needle. The events that led to this discovery will be reviewed.

8:50 The Discovery of Electromagnetism by Hans Christian @rsted 200 Years Ago
Olav Breinbjerg (Technical University of Denmark, Denmark)

In 1820 Hans Christian @rsted (1777 - 1851), then a professor of natural philosophy at the University of Copenhagen and later a founder and the first president of the Technical University of Denmark, observed from systematic experiments that electricity and magnetism are related. He thus discovered an entirely new natural science that he termed electromagnetism; a science that became of paramountimportance forthe understanding of Nature and for technologies developing the modern society. This paper
reviews @rsted's epoch-making discovery through his own writings published between 1820 and 1830.

9:10 Electromagnetism Before Maxwell: From @rsted to Weber
Ovidio Mario Bucci (University of Naples, ltaly)

This paper summarizes the main stages of the development of Electromagnetism before Maxwell, from @rsted's discovery of the magnetic effect of currents, through the Ampere's development of electrodynamics and Faraday's discovery of electromagnetic induction, until the development of Weber's electrodynamics. The emphasis is on the conceptual evolution that led, from one side, to the unification under a coherent, mathematically sound theory of all known electromagnetic phenomena within the
Newtonian paradigm of instantaneous action at distance, from the other side to lay the foundation forthe Maxwell's revolution, which definitely changed such paradigm.

9:30 After Orsted's Discovery: Johan Jacob Nervander and the Quantification of Electric Current
Ari Sihvola (Aalto University, Finland)

This article focuses on the developments in electromagnetism after @rsted's discovery in 1820. In particular, the principles to measure and quantify the electric current are given attention. Schweigger, Poggendorff, Nobili, and Pouillet contributed to the development of the galvanometer. The article puts special emphasis on the researches of Johan Jacob Nervander, whose "tangent bussol", presented to LInstitute de France in Spring 1834, and later published in Annales de Chimie et de Physique, was an
important development in the nstrumention of electrical engineering.

9:50 Oliver Heaviside, Maxwell's Apostle of Eccentric Elegance
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Ismo V Lindell (Aalto University, School of Electrical Engineering, Finland)
Oliver Heaviside has been known as the first one to express Maxwell's set of electromagnetic equations in elegant vector form. His life consisting of three quarter-century parts as telegraph engineer, innovative scientist and eccentric hermit, is briefly covered in this presentation.

Tuesday, March 17 8:30 - 12:20

CS09: Analytical and Numerical Methods for Metasurface Analysis and Design

T10 EM modelling and simulation tools / Convened Session / Electromagnetics
Room: oral sessions: room 11

8:30 Metasurface for Dense Dipole Array Decoupling in Ultra-High Field MRI

Marc Dubois (Institut Fresnel, France); Anna Hurshkainen (ITMO University, Russia); Masoud S. M. Mollaei (Aalto University, Finland); Sergei Kurdjumov (ITMO University, Russia); Redha Abdeddaim (Aix Marseille University, France); Stefan Enoch (CNRS & Institut Fresnel, France); Stanislav Glybovski (ITMO University, Russia); Constantin Simovski (Aalto University, Finland)

Transmit phased array are developed in orderto gain control over the radiofrequency magnetic field and reduce the inhomogeneities observed with ultra-high field MRI (>3 T for clinical applications). Dipole antennas close to the subject body are often used because of their efficiency for deep targets. However, arranging dense array of such elements leads to strong mutual coupling that is detrimental to the MRI acquisition mainly because of the distortion of RF-fields and safety issues for the subject. In this work,
we review previous decoupling technique mostly based on single scatterer and study the use of ametasurface, by means of impedance matrix theory, in orderto decouple active dipole antennas separated by A/30.

8:50 Elliptical Glide-Symmetric Holey Metasurfaces for Wideband Anisotropy

Antonio Alex-Amor (Technical University of Madrid, Spain); Fatemeh Ghasemifard (KTH Royal Institute of Technology, Sweden); Guido Valerio (Sorbonne Université, France); Pablo Padilla (University of Granada, Spain); Jose Manuel Ferndndez Gonzalez (Universidad Politécnica de Madrid, Spain); Oscar Quevedo-Teruel (KTH Royal Institute of Technology, Sweden)

This paper presents amode-matching technique to study the dispersive features of periodic structures composed of glide-symmetric elliptical holes. As a difference from purely numerical methods, our formulation provides physical insight on the Floquet harmonics. At the same time, the computational cost is reduced compared to general purpose commercial software. The fields inside the holes are described by means of Mathieu functions and subsequently used to compute the full 2-D dispersion diagrams.
With the presented analysis, we demonstrate that glide-symmetric periodic structures with elliptical holes offer anisotropic refractive indexes over a wide range of frequencies.

9:10 Derivation of Circuit Models Based on an Eigenvalue Problem for Periodic Surfaces with Multiple Resonances

Raul Rodriguez-Berral (Universidad de Sevilla, Spain); Francisco Mesa (University of Seville, Spain); Francisco Medina (University of Sevilla, Spain)

This work presents an eigenvalue problem to characterize the resonances of a 2-D periodic surface. The corresponding eigenvalues are related to the resonance frequencies and the eigenfunctions are the corresponding surface current resonant profiles on the metalized portion of the unit cell. Furthermore, the orthogonality properties of the resonant profiles lead to the derivation of simple circuit models with canonical topology (Foster's second form). The numerical results will show that, within the non-
diffraction regime, the resonant profiles are a convenient set of macrobasis functions and also that the circuit model provides reasonably accurate results.

9:30 IE-GSTC Analysis of Metasurface Cavities and Application to Redirection Cloaking

Mojtaba Dehmollaian and Christophe Caloz (Ecole Polytechnique de Montreal, Canada)

This paper presents atechnique based on combination of Integral Equations (IEs) and Generalized Sheet Transition Conditions (GSTCs) with bianisotropic susceptibility tensors to compute the wave scattering by an arbitrarily-shaped cylindrical metasurface cavity containing impenetrable scatterers. Moreover, it applies this technique to anewly introduced form of cloaking, redirection cloaking that seems more realistic than transformation-electromagnetics cloaking, showing that adequately synthesized gain-less
and loss-less susceptibilities can effectively cloak an impenetrable object of arbitrary shape.

9:50 Metasurface Structures with Bianisotropic Characteristics for Wide-Angle Inpedance Matching in Phased-Array Antennas
Mohammad Alibakhshikenari (Universita degli Studi di Roma "Tor Vergata", Roma - ITALY, Italy); Bal Virdee (London Metropolitan University, United Kingdom (Great Britain)); Chan H. Hwang_See (Edinburgh Napier University, United Kingdom (Great Britain)); Raed A Abd-Alhameed (University of Bradford, United Kingdom (Great Britain)); Francisco Falcone (Universidad Publica de Navarra, Spain); Ernesto Limiti

(University of Rome Tor Vergata, ltaly)

Itis theoretically shown that by cascading isotropic impedance sheets it is possible to obtain scattering performance as an idealized isotropic metasurface with electric, magnetic and magneto-electric surface parameters. ABCD matrices, scattering matrices, impedance matrices, and hybrid matrices are used to analyze the propagation of electromagnetic waves through layered media. It is also shown that metasurfaces can exhibit magnetoelectric coupling which is important for wide-angle impedance matching
(WAIM) in phased-array antennas to reduce variation of reflection-coefficient with scan angle and polarization.

10:10 Coffee Break

10:40 Analysis of Curved Metasurfaces Based on Method of Moments

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

With research of curved metasurfaces gaining more attention, adequate analysis methods are needed to allow for an efficient design of such structures. Previous works dealt with specific canonical problems, such as those with cylindrical geometry, which were mostly analyzed using Mode Matching approach. In this paper we present an analysis based on Method of Moments which can be used for any generally-curved metasurface structure situated in free-space, or for metasurfaces embedded in canonical
multilayer supporting structures (e.g. spherical or cylindrical). We implement a solver for this method and verify the results against other computational approaches, as well as against measurements of a developed antenna pattern-shaping metasurface.

11:00 Multifunctional Nonreciprocal Metasurfaces Based on Spatiotemporal Modulation
Xuchen Wang and Ana Diaz-Rubio (Aalto University, Finland); Huanan Li (City University of New York, USA); Sergei Tretyakov (Aalto University, Finland); Andrea Alu (The University of Texas at Austin, USA)

In this talk, we put forward the concept of multifunctional nonreciprocal metasurfaces realized on an universal hardware platform. The proposed prototype is based on a spatiotemporally modulated impedance surface. We show that using appropriate traveling wave modulations it is possible to realize various nonreciprocal properties controlling the response forilluminating plane waves. Based on this principle, we find proper modulation functions for different application purposes, which allows us to switch the
device functionality among isolators, phase shifters, circulators, and potentially even more functionalities.

11:20 An Artificial Shield for MRI Birdcage Coil with Constructive Interference
Ksenia Lezhennikova and Anna Hurshkainen (ITMO University, Russia); Marc Dubois and Djamel Berrahou (Institut Fresnel, France); Constantin Simovski (Aalto University, Finland); Alexander Raaijmakers (University Medical Center Utrecht, The Netherlands); Irina Melchakova (ITMO University, Russia); Stefan Enoch (CNRS & Institut Fresnel, France); Redha Abdeddaim (Aix Marseille University, France); Stanislav
Glybovski (ITMO University, Russia)

In this contribution, an artificial shield for an MRI birdcage coil based on a cylindrical miniaturized corrugated structure is proposed. The presence of a conventional metallic shield around the birdcage resonator leads to a destructive interference of the primary magnetic field of the coil and the reflected field inside the coil (in the region of an investigated sample). Atthe same time, the fields constructively interfere in the region between the coil and the shield. As aresult, the efficiency of the coil may be limited. The
proposed artificial shield has a miniaturized corrugated structure, which demonstrates the property of a constructive interference inside the coil. It has been shown that the proposed structure placed around the birdcage coil can increase the efficiency at its resonance similarly to an ideal cylindrical magnetic wall of the same diameter.

11:40 Robust Homogenized Impedance Model for Periodically Modulated Metasurfaces

Enrica Martini (University of Siena, Italy); Francesco Caminita (Wave-Up SRL, ltaly); Stefano Maci (University of Siena, ltaly)

This paper presents an investigation of the accuracy of the homogenized impedance model for the description of patch-type periodically modulated metasurfaces. Different method of analyses are implemented to this end: arigorous full wave analysis based on a spectral MoM is used as reference solution, while the procedure introduced by Oliner for the analysis of scalarimpenetrable impedance is generalized to tensor and/or penetrable impedance to analyze the homogenized structure. It is shown that the
penetrableimpedance model can provide very accurate results in the prediction of both the complex propagation constant and the current distribution.

12:00 Dual-Band Beams Generation with Metasurface Based on the EFIE

Modeste Bodehou (Université Catholique de Louvain, Belgium); David Gonzélez-Ovejero (Centre National de la Recherche Scientifique - CNRS, France); Christophe Craeye (Université Catholique de Louvain, Belgium); Isabelle Huynen (Université catholique de Louvain, Belgium)

This paper investigates the generation of dual-band beams by modulated metasurface antennas. The developed technique combines a semi-separable model dependence of the sheetimpedance (with respect to frequency and patch parameters) with the resolution of the electric field integral equation (EFIE). This allows us to express the impedance modulation at one frequency as a function of the modulation at the second frequency. Then, we can formulate the EFIE at both frequencies while referring to the
surface impedance at a single frequency, still fully taking into account the frequency dispersion of the substrate. The method is illustrated through the synthesis of a circularly polarized conical beam and a broadside pencilbeam at two different frequencies. Numerical validation with two different Method of Moments (MoM) codes is provided.

CS39: Machine Learning in Antennas

T11 Fundamental research and emerging technologies / Convened Session / Antennas
Room: oral sessions: room 12

8:30 Machine Learning-assisted Antenna Design Optimization: A Review and the State-of-the-art

Mobayode Akinsolu (Glyndwr University, United Kingdom (Great Britain)); Keyur Mistry (University of Huddersfield, United Kingdom (Great Britain)); Bo Liu (University of Glasgow, United Kingdom (Great Britain)); Pavlos Lazaridis (University of Huddersfield, United Kingdom (Great Britain)); Peter S Excell (Glyndwr University, United Kingdom (Great Britain))
Antenna design optimization continues to attract a lot of interest. This is mainly because traditional antenna design methodologies are exhaustive and have no guarantee of yielding successful outcomes due to the complexity of contemporary antennas in terms of topology and performance requirements. Though design automation via optimization complements conventional antenna design approaches, antenna design optimization still presents a number of challenges. The major challenges in antenna

design optimization include the efficiency and optimization capability of available methods to address a broad scope of antenna design problems considering the growing stringent specifications of modern antennas. This paper presents a review of the mostrecent progress in antenna design optimization with afocus on methods which address the challenges of efficiency and optimization capability via machine learning techniques. The methods highlighted in this paper will likely have an impact on the future
development of antennas for a multiplicity of applications.

8:50 Machine Learning-Based Hybrid Random-Fuzzy Modeling Framework for Antenna Design

Duygu Kan (Ghent University & IMEC, Belgium); Simon De Ridder, Domenico Spina and Ivo Couckuyt (Ghent University, Belgium); Flavia Grassi (Politecnico di Milano, ltaly); Tom Dhaene (Ghent University & IMEC, Belgium); Hendrik Rogier and Dries Vande Ginste (Ghent University, Belgium)

A machine learning-based framework is proposed to evaluate the effect of design parameters, affected by both aleatory and epistemic uncertainty, on the performance of antennas. In particular, possibility theory is leveraged to define aleatory and epistemic uncertainty in acommon framework. Then, a method combining Bayesian optimization and Polynomial Chaos expansion is applied to accurately and efficiently propagate both uncertainties throughout the system under study. A suitable application example
validates the proposed method.

9:10 Compact Millimeter-Wave MIMO Antenna for 5G Applications

Issa Elfergani and Jonathan Rodriguez (Instituto de Telecomunicagdes, Portugal); Amjad Igbal (Multimedia University, Malaysia); Maryam Sajedin (University of Aveiro, Portugal); Chemseddine Zebiri (Ferhat Abbas University of Setif, Algeria); Raed A Abd-Alhameed (University of Bradford, United Kingdom (Great Britain))

An efficient four-elements mmWave multiple-input multiple output (MIMO) antenna is proposed for use in 5G system The proposed MIMO mmWave design operates at 35GHz and occupies an overall volume of 12.5 mm x 12.5 mm x 0.8 mm3. This antenna exhibits a good matching impedance at the operating frequency of 35GHz mmWave band, where an isolation greater than 25 dB, envelope correlation coefficient (ECC) less than 0.02, and diversity gain (DG) of around 10dB are obtained. The 4-elements
MIMO mmWave antenna also shows a peak gain of 6 dB with 87% of peak radiation efficiency. The obtained results along with size miniaturization signify that the proposed MIMO antennais deemed as an appropriate candidate for millimeter wave based wireless applications.

9:30 A Dual-Polarized 5G Base Station Antenna Using Machine-Learning Based Optimization Method

Qiang_ Hua, Yi Huang, Chaoyun Song and Tianyuan Jia (University of Liverpool, United Kingdom (Great Britain)); Xu Zhu (University of Liverpool, United Kingdom (Great Britain) & Harbin Institute of Technology, Shenzhen, China)

A broadband dual-polarized 5G base station antenna using a machine-learning based optimization method is presented, which covers 3.3 - 5.0 GHz and has a compact size with an overall dimension of 60 x 60 x 18 mm3. The antennaincludes two double-oval-shaped dipoles, two -shaped feeding lines and one reflector. The double-oval-shaped dipoles and -shaped feeding lines can generate a broadband performance and high port-to-port isolation. The parallel surrogate model-assisted hybrid differential
evolution for antenna optimization (PSADEA) is employed to optimize the overall antenna performance. An optimization procedure is also introduced in the paper. The proposed antennahas a high port-to-portisolation (better than 20 dB), a stable radiation pattern, and a flat gain (about 7.3 dBi). Meanwhile, the half-power beamwidth ofthe proposed antennais within 65° + 5°, which meets the industry requirement. Therefore, the proposed antennais agood candidate for 5G base station applications.

9:50 A Doherty Power Amplifier Based on the Harmonic Generating Mechanism
Maryam Sajedin (University of Aveiro, Portugal); Issa Elfergani and Jonathan Rodriguez (Instituto de Telecomunicagoes, Portugal); Raed A Abd-Alhameed (University of Bradford, United Kingdom (Great Britain)); Ahmed Maan Abdulkhaleq (University of Bradford & SARAS Technology, United Kingdom (Great Britain)); Naser Ojaroudi Parchin (University of Bradford, United Kingdom, United Kingdom (Great Britain));

Yasir Ismael Abdulraheem Al-Yasir (University of Bradford, United Kingdom (Great Britain))

This Paper presents an energy-efficient asymmetrical Doherty amplifier based on the harmonic-tuned Class-F and inverse Class-F mode of operations. In addition, the design procedure of multi-resonant circuits tuned for second and third harmonics at the devise input/output are explored. The saturated Doherty architecture is designed by 1T0W GaN HEMT device from CREE at 3.6GHz and power added efficiency of 50% at 8dB back-off and 55% at maximum output power of 43dBm have been achieved. This
superposition performance has been confirmed by comparing the simulated results with that of conventionalone.

10:10 Coffee Break

10:40 Machine Learning-Driven Design Optimization for a Multi-Layer Metasurface Antenna
Despoina Kampouridou and Alexandros Feresidis (University of Birmingham, United Kingdom (Great Britain))
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In this paper, the design of afive layer Fabry-Perot cavity leaky wave antennais proposed via an optimization method. The antenna uses a triple-resonant slot feeding technique with a microstrip line fora broadband matching performance. Each antenna layer is a partially reflective surface which consists of 7 x 7 patch elements, where the outertwo layers of elements serve for wave impedance matching to the free space impedance. Preliminary results demonstrate a high gain performance of 19.6 dBiat 14.3 GHz
and avery good input matching.

11:00 Wearable 5-Gigahertz Wi-Fi Antenna Design Using Whale Optimization Algorithm

Achilles D. Boursianis (Aristotle University of Thessaloniki, Greece); Stavros Koulouridis (University of Patras, Greece); Dimitrios Georgoulas and Sotirios Goudos (Aristotle University of Thessaloniki, Greece)
In this paper, we design an antenna for wearable wireless applications. The proposed antennais a planarinverted-F antenna (PIFA) for operation at 5GHz. The antenna design procedure is accomplished using anew nature inspired algorithm, the Whale Optimization Algorithm. Numerical results exhibit the applicability and validity of the proposed design framework.

11:20 A Compact Frequency Reconfigurable DRA for GSM, LTE, and 5G Applications Services

Chemseddine Zebiri (Ferhat Abbas University of Setif, Algeria); Djamel Sayad (University of 20 Aout, United Kingdom (Great Britain)); Jamal Kosha and Widad Mshwat (University of Bradford, United Kingdom (Great Britain)); Issa Elfergani and Jonathan Rodriguez (Instituto de Telecomunicagdes, Portugal); Raed A Abd-Alhameed (University of Bradford, United Kingdom (Great Britain))

A compact PIN diode frequency reconfigurable dielectric resonator antenna (DRA) for GSM, LTE and 5G applications is studied and presented. The proposed antenna provides operating frequencies between 1.80 GHz, 2.6 GHz, 3.6 GHz and the lower 5G bands (3.4-3.8 GHz and 3.4-3.7 GHz) which makes it suitable for mobile communication devices. The antenna structure consists of three rectangular Dielectric Resonators DR1, DR2, and DR3 with permittivities 12.85 for RD1 and RD3 and 1.96 for RD2, of
different dimensions. Two PIN diode switches are adequately placed on the microstrip line between the two dielectric resonators to assure the reconfiguration function. The proposed antenna size is 20x36x4.8 mm3. Simulation results are presented and discussed. Forthe antenna structure validation and to highlight its performances, the results are compared with data published in the literature. The proposed antenna, offering suitable performance, provides three modes of operation with bandwidths of 19%,
11%,and 9%

11:40 A New Broadband MIMO Antenna System for Sub 6 GHz 5G Cellular Communications

Naser Ojaroudi Parchin (University of Bradford, United Kingdom, United Kingdom (Great Britain)); Yasir Ismael Abdulraheem Al-Yasir (University of Bradford, United Kingdom (Great Britain)); Ahmed Maan Abdulkhaleq (University of Bradford & SARAS Technology, United Kingdom (Great Britain)); Haleh Jahanbakhsh Basherlou (Bradford College, United Kingdom (Great Britain)); Atta Ullah and Raed A Abd-
Alhameed (University of Bradford, United Kingdom (Great Britain))

A new MIMO antenna system with broadband antenna radiators is introduced for sub 6 GHz fifth-generation (5G) mobile communications. The proposed design contains four pairs of compact coplanar-waveguide (CPW)-fed antennas with polarization diversity that are symmetrically placed at four corners of the smartphone printed circuit board (PCB). Therefore, the proposed 5G antenna design contains four horizontally polarized and four vertically-polarized antenna elements in total. A low-cost FR-4 substrate
(e=4.4,6=0.02) with adimension of 75x150 mm2 is employed as the mainboard substrate. The proposed design offers good isolation, dual-polarized full radiation coverage, and sufficient efficiencies. In addition, awide impedance bandwidth (S11 <-10 dB) of 3.3 to 6 GHz has been obtained for each antenna radiator. Moreover, the proposed design exhibits sufficient performance in the presence of the human-hand.

12:00 Mutual Coupling Effect on Three-Way Doherty Amplifier for Green Compact Mobile Communications

Ahmed Maan Abdulkhaleqg (University of Bradford & SARAS Technology, United Kingdom (Great Britain)); Maan Yahya (Northern Technical University, Iraq); Naser Ojaroudi Parchin (University of Bradford, United Kingdom, United Kingdom (Great Britain)); Yasir Ismael Abdulraheem Al-Yasir (University of Bradford, United Kingdom (Great Britain)); Maryam Sajedin (University of Aveiro, Portugal); Issa Elfergani
(Instituto de Telecomunicagdes, Portugal); Raed A Abd-Alhameed (University of Bradford, United Kingdom (Great Britain)); Ashwain Rayit (SARAS Technology Ltd. (SARAS), United Kingdom (Great Britain)); Jonathan Rodriguez (Instituto de Telecomunicagdes, Portugal)

Mutual coupling effect on three-way Doherty power amplifier is studied, where the amplifier is targeting 3.4-3.8 GHz for 5G applications using three GaN HEMT transistors (6W, 25W and 45W) to achieve a 76 W peak power. A new impedance modulation configuration is used, where a gain of 12.5 dB was achieved over the design band. Changing the location of the peaking amplifier or changing the operation sequence of the peaking amplifier can achieve good efficiency at the back-off region. In addition, the
performance variation of the designed amplifier was tested for different Voltage Standing Wave Ratio (VSWRs) considering the antennaimpedance changing due to mutual coupling. There was an average of 3 dBm output power variation and +11% efficiency variation at the peaking power and fewer variations in the performance for both factors at the back-off region for different VSWRs.
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10:40 Fast Antenna Array Characterization with Numerical Basis Functions

Marco Righero and Andrea Scarabosio (LINKS Foundation, Italy); Giorgio Giordanengo (LINKS Foundation & Politecnico di Torino, Italy); Giuseppe Vecchi (Politecnico di Torino, Italy)
A technique to exploit a prioriinformation about an array antennato reduce the number of Near Field samples needed for its characterization in Far Field is shown. Custom basis functions are built, considering the pattern of the isolated element, the elements position within the array, and additional auxiliary sources to account for coupling phenomena. Synthetic experiments show a four-fold reduction factor with respect to standard Near Field to Far Field techniques.

11:00 Near-to-Near- And Near-to-Far-Field Transformation for Millimeter-Wave Frequencies

11

Serge Pfeifer (Foundation for Research on Information Technologies in Society (ITIS Foundation), Switzerland); Jingtian Xi (The Foundation for Research on Information Technologies in Society (IT'IS), ETH Zurich, Switzerland); Sven Kuhn (IT'IS Foundation, Switzerland); Beyhan Kochali (Schmid&Partner Engineering AG, Switzerland); Niels Kuster (IT'IS Foundation, Switzerland)
With the advent of 5G mobile communications at millimeter-wave frequencies, exposure assessment by means of power density evaluation will become important; this, in turn, requires knowledge about the electric and magnetic field. To avoid measuring these quantities in the full volume of interest, this paper presents a method to reconstruct these quantities from measurements at very close distances, i.e., at a fraction of the wavelength, from the antenna. It is based on field integral equations and
measurements with SPEAG's EUmmWVx probe. The method is evaluated in simulations with emulated measurement data. A successfulreconstruction in the near and far-field is achieved both qualitatively and quantitatively. The deviation of reconstruction from simulation reference is less than 0.4 dB forthe peak spatial-average power density. Therefore, this method is very promising for compliance assessment, and may reduce test time tremendously.

:20 Fast Antenna Measurement via Model Order Reduction

Benjamin Fuchs (University of Rennes 1 - [ETR, France); Athanasios Polimeridis (Q bio, USA)
A general procedure to characterize antennas from areduced number of field samples is proposed. It relies on the construction and the fast evaluation of the reduced order model (ROM) of the antenna measurement problem. The ROM is built by computing the singular value decomposition (SVD) of the radiation operator that maps the equivalent currents surrounding the antenna under test (AUT) to the radiated near- or far- field. The SVD yields orthonormal basis for both sets and enables to compress the matrix
ofthe discretized integral equation. The evaluation of the so-constructed reduced order model is expedited by using the discrete interpolation method (DEIM) that selects a smallnumber of field sampling points. Experimental results of antenna prototypes for both near- and far- field radiation demonstrate the accuracy and the reduction of the measurement duration of the proposed approach.

11:40 Singularity Extraction of Electric-Field Integral Equations in Spherical Near-Field Antenna Measurement

12:

Rezvan Rafiee Alavi (University of Alberta & University of Alberta, Canada); Rashid Mirzavand and Pedram Mousavi (University of Alberta, Canada)
In the solution of electric-field integral equation (EFIE) by the method of moment (MOM) on discretized planar triangles, singularities emerge in the inner integrals on the basis functions. In this paper, formulas for the singularity extraction of EFIE in the application of near-field measurement of antennas are systematically developed and presented. The simulations and measurements are performed to compare the results with and without singularity extraction. The results confirm the validity and accuracy of the
proposed method.

00 Revisiting the Poincaré Sphere as a Representation of Polarization State
Brett Walkenhorst and Steven R Nichols (NSI-MI Technologies, USA)

Graphical representations of the polarization state of an antenna or an electromagnetic wave propagating through space are usefultools to supplement rigorous mathematical analyses. One such example, the polarization ellipse, is frequently used in combination with the mathematical development of polarization theory. The Poincaré sphere is another graphical representation butis much less widely used. Since each possible polarization state appears as a point on the surface of the sphere, it has limited value in
representing a single polarization state. However, it can be quite useful for visualizing the relationships between multiple polarization states. In this paper, we show a different way of presenting the Poincaré sphere using a Mercator projection and elliptical parameters. We also describe atoolthat implements this technique and provides areal-time display of polarization state as a function of frequency.
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10:40 An Iterative Method for the Analysis of Large Disjoint Antenna Arrays

11

11

Matthews Chose (Stellenbosch University & University of Stellenbosch, South Africa); Matthys M. Botha (Stellenbosch University, South Africa)
A new iterative method is presented, for the efficient method of moments (MoM) analysis of large antenna arrays with identical, disjoint elements. The method is an extension of the domain Green's function method (DGFM). At each iteration, a local domain radius is used to identify sub-problems of closely-coupled elements centred around each antenna element. Rigorous MoM analysis is used on these local domains to account for strong mutual coupling, with an iteratively-refined current scaling assumption

used to account forthe influence of currents on the rest of the array elements. Numerical results demonstrate that the technique can converge rapidly for arrays with closely spaced elements.

:00 Directional Method to Compute Reduced Matrix System in MBF Solvers

Keshav Sewraj and Matthys M. Botha (Stellenbosch University, South Africa)
Computation of reaction terms in macro basis function (MBF) solvers is computationally very expensive. A directional cross approximation technique is used in this paperto compute the reaction terms, which is a multilevel low-rank compression technique. The motivation to use a directional method is to keep the compression rank bounded irrespective of subdomain size, so as a fast algorithm can be ensured. Apart from the computational efficiency, a controlled and very good accuracy can be obtained with
the directional method. The application focus of this work is large antenna arrays.

:20 An Efficient Parallelization Strategy for the Adaptive Integral Method Based on Graph Partitioning

Damian Marek, Shashwat Sharma and Piero Triverio (University of Toronto, Canada)
The adaptive integral method (AIM) is frequently use to efficiently solve scattering problems involving conducting objects immersed in a uniform or stratified medium. We propose an efficient parallelization strategy for AIM suitable for distributed-memory computers. In the proposed approach, a weighted graph is associated to the given mesh, and partitioned in a way that results in an efficient distribution of computations across different processes. Numerical tests show that the proposed algorithm compares

favorably to existing techniques to parallelize the AIM.

11:40 A False-Resonance-Free Integral Equation Formulation for the Electromagnetic Transmission Problem

12:

Anders Karlsson and Johan Helsing (Lund University, Sweden)
We present a boundary integral equation formulation of the transmission problem where an incident electromagnetic wave is scattered from a bounded dielectric object. The formulation provides unique solutions for all combinations of wavenumbers with non-negative imaginary parts for which the Maxwell equations have unique solutions. This includes the combination of an imaginary wavenumber in the object and a real wavenumber in the outer region. Numerical examples involve field evaluations for

smooth as well as non-smooth objects

00 An Explicit Time Domain Finite Element Boundary Integral Method with Element Level Domain Decomposition for Electromagnetic Scattering Analysis
Ming Dong (King Abudullah University of Science and Technology (KAUST), Saudi Arabia); Ping_Li (The University of Hong Kong, Hong Kong); Hakan Bagci (King Abdullah University of Science and Technology (KAUST), Saudi Arabia)

A numerical scheme, which hybridizes the element level dual field time domain finite element domain decomposition method (ELDFDD/TDFEM) and time domain boundary integral (TDBI) method to accurately and efficiently analyze open-region transient electromagnetic scattering problems, is proposed. The element level decomposition permits an efficient leapfrog-like explicit marching scheme to be used to integrate Maxwell equations in time. The hybridization with TDBI method ensures that an accurate
solution can be obtained in the smallest computation domain possible. The accuracy and applicability of the proposed hybrid method is demonstrated by numerical experiments.
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Monitoring of Snow Cover Properties Using Active and Passive Microwave Sensors in Boreal Forests: Implications of Variable Canopy Transmissivity

Juha Lemmetyinen and Anna Kontu (Finnish Meteorological Institute, Finland); Mike Schwank (German Research Centre for Geosciences (GFZ), Germany); Qinghuan Li (University of Waterloo, Canada); Kimmo Rautiainen (Finnish Meteorological Institute & Arctic Research, Finland); Juho Vehvildinen (Finnish Meteorological Institute, Finland); Jouni Pulliainen (Finnish Meteorological Inst., Finland)
Localized, continuous measurements of microwave signatures are instrumental in the development of geophysical retrieval algorithms for satellite sensors. Ground-based instruments allow to relate these signatures to quantified natural processes with increased accuracy and temporal resolution compared to direct use of satellite observations; in particular for coarse resolution passive microwave sensors, understanding the different contributions from heterogeneous terrain components is a prerequisite for
interpreting satellite observations, necessitating focused observations over several terrain types. Changes in e.g. snow microstructure, wetness and impurities have different effects at different bands across the microwave and optical spectrums, highlighting the importance of multi-wavelength observations.

Complex Dielectric Constant of Wet Snow Using Bi-Static Synthetic Aperture Radar

Jon Havard H Eriksrgd, Kristian G Kjelgard and Tor Sverre Lande (University of Oslo, Norway)
This paper presents a feasible method for measurements of the complex dielectric constant for snow assessment using a coherent Bistatic Synthetic Aperture Radar. The complex dielectric constant may be measured directly for both wet and dry snow. Since signal delay as well as signal loss is measured, the complex permittivity can be constructed as a closed form expressions. The radar system performance is validated on a characterized snow phantom with good results even for high water content indicating
adequate measurements for wet snowpacks.

A Low Cost Active Corner Reflector to Assist Snow Monitoring Through Sentinel/1 Images

Guido Luzi and Enric Fernandez (Centre Tecnologic de Telecomunicacions de Catalunya (CTTC/CERCA), Spain); Fermin Mira Perez (Centre Tecnologic de Telecomunicacions de Catalunya, Spain); Michele Crosetto (Centre Tecnologic de Telecomunicacions de Catalunya (CTTC/CERCA), Spain)
The use of Sentinel-1 SAR images for snow behavior monitoring is one of the most studied applications, but due to the high temporal and spatial heterogeneity of this media, is quite challenging. The presence of reference targets in the observed areas is of main concern both foramplitude and interferometric based techniques, butin atypical scenario as snow covered slopes or glaciers there is a lack of stable natural targets; this can demand the installation of Corner Reflectors. In this study, the design and the first
test of an active cornerreflector (ACR) operating at 5.405 GHz + 50 MHz band, designed to be used in supportto ESA Sentinel-1 spaceborne SAR images analysis and processing, is reported. The system here described was designed aiming at a tradeoff among low cost, simple functioning, easy and rugged hardware, to be deployed also in sites, as snow covered areas and glaciers.

Analysis of Snow Water Equivalent (SWE) of Snowpack by an Ultra Wide Band Step Frequency Continuous Wave Radar (SFCW)

Rafael Alonso, José Maria Garcia del Pozo and Ismael Peruga (University of Zaragoza, Spain); Samuel Buisén (Territorial Delegation of AEMET (Spanish State Meteorological Agency) in Aragén); José Adolfo Alvarez (Ebro River Basin Authority (CHE))
A ground-based step frequency continuous wave radar (SFCW), based in a software defined radio (SDR), in the range from 150MHz to 6GHz has been designed, fabricated and tested under real conditions. The radar has been applied to measure the snow water equivalent (SWE) of snowpack in the Spanish Pyrenees. A matrix method is applied to solve the electromagnetic reflectance of multilayer cover snow including frequency and wetness dependence of complex relative dielectric permittivity of snow layers.
An approximated method to obtain SWE is presented. The method is based on the comparison of measured reflected signal vs distance plot with the calculated with an "equivalent" snow layer. Preliminary results are presented and compared with those provided by a cosmic-ray neutron SWE gauge overthe 2019 winter. These results suggest the viability of the proposed method.

Identification of Multi-Temporal Snow Melting Patterns with Microwave Radars

Marco Pasian and Pedro Fidel Espin Lopez (University of Pavia, Italy); Valentina Premier (Eurac Research, Italy); Claudia Notarnicola (EURAC, Italy); Carlo Marin (Eurac Research, Italy)
Not available
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Antenna-Amplifier Co-design: On a Method to Shape the Antenna Impedance

Lars Jonsson and Ahmad Emadeddin (KTH Royal Institute of Technology, Sweden)
In this paper we examine a particular type of shape optimization to improve the antennainput impedance. In a co-integration application, the impedance goal for an antenna design is to approach an optimal load for the power amplifier, while maintaining low losses and good radiation properties. This is of increasing importance at above 20GHz, since commercially available, high efficient amplifiers tend to have a strong frequency variation in their optimal load-pullimpedance. A classical approach to matching is a
matching network, however at these higher frequencies such networks are associated with losses from radiation, conduction and dielectrics. Here we instead study how antenna shaping can be perturbed to exhibit the desired frequency response. This is ainitial study focusing on only the antennaimpedance at a given frequency and for a few generic antenna shapes.

5G Wideband Magneto-Electric Dipole Antenna Fed by a Single-Layer Corporate-Feed Network Based on Ridge Gap Waveguide

Wai Yan Yong (University of Twente, The Netherlands); Thomas Emanuelsson (Gapwaves AB, Sweden); Andrés Alayén Glazunov (University of Twente, The Netherlands & Chalmers University of Technology, Sweden)
This paper proposes a wideband magneto-electric (ME) dipole fed by a single-layer corporate-feed network based on the ridge gap waveguide (RGW) for 5G backhauling applications. The proposed antennais composed of two layers. The top layer is the radiating layer that is composed of the 2x2 ME-dipole antenna element. The bottom layer is the corporate-feed network designed based on RGW. Our design allows for a smaller antenna volume as it excited the antenna directly by the RGW without the need of
cavity layer. In addition, with the use of the ME-dipole, the bandwidth performance supported by the proposed design is larger as compared to the conventional designs. From the obtained simulation results, the proposed antenna produces S11-10dB over24 - 30 GHz resulting in a 22 % fractional bandwidth. The maximum directivity over the operating bandwidth of the simulated 2x2 ME-dipole antenna element is approximately 15.4 dBi.

Design of Millimeter Wave True-Time-Delay Beam-formers for 5G Wireless Systems
Dimitrios I. Lialios, Konstantinos D. Paschaloudis, Anastasios G. Koutinos, Empliouk Tzihat and Nikolaos Ntetsikas (Democritus University of Thrace, Greece); Vasilis Kassouras (Center for Security Studies (KEMEA), Greece); Konstantinos Kardaras and Dimitrios Kritharidis (Intracom Telecom, Greece); Christos Kolitsidas (Ericsson, Sweden); George A. Kyriacou (Kimmeria Campus, Greece & Democritus University
of Thrace, unknown)

The exploitation of the millimeter wave (mmW) spectrum is determinate in the upcoming fifth generation (5G) wireless communications, as it meets the requirements for high capacity links, large data-rates and small latency. However, the growing complexity of the 5G mobile communication systems requires the existence of antenna arrays with multiple-beam capability. To this scope, the current work presents two novel designs of millimeter wave beamforming networks. The first one refers to a "tree diagram
topology ", while the other architecture employs a Blass matrix, which is a known beamforming network at the microwave regime.

Circularly and Linearly Polarized Planar Reconfigurable Active Array Antennas in Ka Band

Alfonso T. Muriel Barrado, Jorge Calatayud Maeso, Antonio Rodriguez Gallego, Jose Manuel Ferndndez Gonzdlez and Manuel Sierra-Pérez (Universidad Politécnica de Madrid, Spain); Pablo Sanchez-Olivares (Universidad Politecnica de Madrid, Spain)
This paper presents an evaluation procedure of a commercial integrated circuit (IC) for phased array antenna beam steering within mobile satellite communication applications at Ka Band (28-30 GHz). It allows to control amplitude and phase delivery from one common portto 8 independent channels. Therefore, only the transmission system is evaluated. Two different passive arrays are proposed to evaluate IC performance: a 2x2 planar array with switchable circular polarization (CP) capabilities and a 8x8 planar
array for feeding in columns for azimuth beam steering with linear polarization (LP). Thus, since the first array is not as big enough for evaluate beam steering performance, it is only used for CP performance evaluation. A second bigger array, which is bigger but not circularly polarized, allow beam steering evaluation. Measurements of the proposed full integrated system will be presented at the conference.

Broadband CTS Array in PCB Technology

Michele Del Mastro (University of Rennes 1, France); Adham Mahmoud (Institut d'Electronique et de Télécommunications de Rennes, France); Thomas Potelon (IETR - University of Rennes 1, France); Ronan Sauleau (University of Rennes 1, France); Mauro Ettorre (University of Rennes 1 & UMR CNRS 6164, France)
In this paper, a very low-profile wideband long-slot array is presented. The antenna system is realized using standard printed-circuit board (PCB) technology. Its architecture consists of radiating long slots, etched on the upper face of a PCB panel. The slots are parallel-fed by a corporate feeding network made in parallel-plate waveguide technology. An embedded pillbox coupleris employed to feed the structure. The antenna module is low-cost and presents a very low-form factor. The proposed solution covers
the full Ka-band for Satcom applications (i.e., 47% of relative bandwidth). Very clear radiation patterns are shown in the H-plane. The maximum gain is about 18 dBiat 25 GHz. Moreover, the antenna efficiency is about 85% in the Ka-band.

A Simplified Extended SIW Supporting TE_{01} Integrated with a Feeding Structure

Christos Kolitsidas and Darwin Blanco (Ericsson, Sweden)
A TE_{01} substrate integrated waveguide is presented in this work. To avoid the propagation of this typically unsupported mode the SIW is integrated with an electromagnetic band gap EBG structure that confines the field with in the waveguide structure. The EBG is simply stacked top and bottom of the proposed structure allowing manufacturing ease. The overall proposed structure is simulated and the results indicate very low insertion loss in the pass-band of the waveguide.
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Efficient Waveguide Power Combiners at mm-Wave Frequencies

Ralph van Schelven, Marco Spirito and Daniele Cavallo (Delft University of Technology, The Netherlands)
In this work, an efficient power combiner for mm-wave frequency transmitters is investigated. The combineris based on a parallel plate waveguide (PPW) excited with multiple parallel feeds and can be realized using standard PCB technology. The Doherty power combiner scheme can be also integrated in the proposed concept, to increase the efficiency of the amplifiers forimplementing amplitude modulation. The advantage of the proposed PPW combiner with respect to other concepts, e.g. the ones based on
substrate integrated waveguide (SIW), is the wider bandwidth and the scalability to arbitrarily large number of inputs.

Reducing User Effect on Mobile Antenna Systems with Antenna Cluster Technique

Rasmus Luomaniemi, Albert Salmi and Anu Lehtovuori (Aalto University, Finland); Ville Viikari (Aalto University & School of Electrical Engineering, Finland)
This paper studies the use of antenna cluster technique in mobile antenna systems and especially its use in reducing the user effect. The study is conducted with measurements of two different antenna designs using a hand phantom to represent the user holding the device. The results show that antenna designs based on the antenna cluster technique can retain good performance in the presence of a user. Furthermore, the cluster technique can also be used to reduce the user effect by adapting the cluster

operation for different environments.

Theory, Design and Validation of a Tunable, Injection-Matched, 2-Port Antenna

Long_Shen, Peter Mgaya Kihogo, Peter Gardner and Costas Constantinou (University of Birmingham, United Kingdom (Great Britain))
The wideband frequency tunability of a two-port microstrip-fed patch antennais achieved using injection matching. It is demonstrated that controlling the relative amplitude and phase shift between the excitation signals at port one and port two of the microstrip-fed patch antenna can tune its operating band to alower wideband frequency range compared to the fundamental intrinsic resonance frequency of the corresponding one-port antenna. The resulting two-port antenna has an overall efficiency in excess
of 80% with fairly stable radiation pattern in the E-plane. The antennaiis suitable for use in wireless communication applications in the C-band.

Filter Design Considerations for an Integrated Doherty Power Amplifier - Antenna for Telecommunication Applications

Petrie Meyer (Stellenbosch University, South Africa)
A systems solution is proposed for incorporating filtering in integrated Doherty Power Amplifier - Antenna Element subsystems. It is shown that such topologies do not allow for filters in front of the antenna element, as the impedance matrix terminating the amplifiers has to conform to very stringent requirements. In the proposed system, the filtering function is split into pre- and post-filtering functions, with the latter only used for harmonic suppression, thus leaving the terminating impedance matrix
unchanged at the design frequency. A case study is presented at 2.14GHz.

High Power mm-Wave Spatial Power Combiner Employing On-Chip Isolation Resistors

Artem Roev (Chalmers University of Technology, Sweden); Rob Maaskant (CHALMERS, Sweden); Marion Matters-Kammerer (Eindhoven University of Technology, The Netherlands); Marianna Ivashina (Chalmers University of Technology, Sweden)
A spatial power combiner interfacing four power amplifiers (PAs) with isolation load resistors to a single substrate integrated waveguide (SIW) is presented. The isolation load resistors are envisioned on-chip and have been optimized to provide both the optimal active load impedance for the interconnected PAs as well as to mitigate undesired power combiner coupling effects due to non-equal excitations between PA channels. The proposed solution is compared to an ideal Wilkinson combiner in the presence of
non-ideal PAs. The main performance targets are the combined output power, gain, and power efficiency at the 1-dB compression point. Simulation results demonstrate that introducing isolation load resistors allows to significantly reduce the impact of anon-uniform excitation on the combiner performance metrics.

In-Antenna Power Combining for Highly-Integrated Millimeter-Wave Transmitters

Benjamin Gottel (Wellenzahl Radar- und Sensortechnik GmbH & Co KG, Germany); Akanksha Bhutani (Karlsruhe Institute of Technology, Germany); Séren Marahrens and Thomas Zwick (Karlsruhe Institute of Technology (KIT), Germany)
In this paper an in-antenna power-combining approach based on a circularly-polarized primary radiator is investigated. The radiation is based on the principle of an integrated lens antenna, where the primary radiator consists of a slot antenna with eight excitation elements. The output power of parallel amplifiers can be directly combined in the primary radiator itself without an additional power combiner network. The bandwidth, efficiency and axial ratio of the proposed primary radiator is investigated through
simulations and wherever possible verified by measurements. In this work, the passive antenna, the connected amplifiers and the active antenna are investigated in detail and are finally compared with each other.

Circuit-antenna Interactions in Multi-port Active Antennas

Peter Gardner, Yi Wang, Costas Constantinou, Long Shen and Peter Mgaya Kihogo (University of Birmingham, United Kingdom (Great Britain))
This paper presents areview of research in which multiple port antennas have been used to absorb circuit or system functions into the antenna structure. Examples reviewed include image reject mixers, LINC modulators and push-pullamplifiers. In the context of aconvened conference session on multi-port antennas, the review provides discussion points for further developments in this area.

Phase Distribution Optimization for 1-Bit Transmitarrays with Near-Field Coupling Feeding Technique
Artem Vilenskiy and Mikhail Makurin (Samsung Research Institute Russia, Russia); Chongmin Lee (Samsung Electronics Co., Ltd, Korea (South))
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The paper presents a consideration of the optimum initial phase distribution for 1-bit transmitarrays with near-field coupling feeding technique. The study is based on the array factor decomposition into a series of continuous aperture distributions, which naturally includes the phase quantization errors. The previously proposed virtual focus approach is compared with the optimum quadratic initial phase distribution. Both methods are found to be very similar for specific values of distribution parameters in terms
of far- field performance. Some further sidelobes level improvement is proposed.

Outspacing Phased Arrays for Mm-Wave 5G Base Stations
B. G. M. (Bart) Van Ark, A. B. (Bart) Smolders and Peter Smulders (Eindhoven University of Technology, The Netherlands)

Emerging applications such as next generation wireless communications at mm-waves require active array antenna systems for meeting the high performance demands. This calls for new power-efficient and linear phased-array concepts. The combination of in-space outphasing of constant-envelope phasemodulated signals and a beamforming array is a promising architecture. In this paper, the influence of the outphasing configuration on the array factor and Error Vector Magnitude (EVM) is investigated. A
prototype at 2.4 GHz was realized and characterized which shows good agreement with the theory. The outspacing array achieves an Error Vector Magnitude (EVM) of 5% without calibration.

Convened Poster 1-CS18: Applications of mm-Wave Gap Waveguide Technology-|
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Microstrip to Ridge Gap Waveguide Transition for 28 GHz Steerable Slot Array Antennas

Alireza Bagheri (Gapwaves AB, Sweden & University of Twente, The Netherlands); Hanna Karlsson, Carlo Bencivenni, Abolfazl Haddadi and Thomas Emanuelsson (Gapwaves AB, Sweden); Andrés Alayén Glazunov (University of Twente, The Netherlands & Chalmers University of Technology, Sweden)

In this paper three types of contactless vertical transitions from microstrip to double ridge waveguide are presented. The designs are compact in size and robust, with improved isolation by employing a pin structure, making them ideal for 5G mmWave phased arrays. All transitions coverthe 26.5-29.5 GHz band, their dimensions are less than half a wavelength in pitch and have insertion losses less than 0.6 dB. The three designs apply different matching strategies and offer a trade-off between bandwidth and
PCB areas. Finally, the behavior within an array configuration is analyzed.

Groove Gap Waveguide Slot Array Based on Glide-Symmetric Holes

Qingbi Liao (KTH Royal Institute of Technology, Sweden); Eva Rajo-lglesias (University Carlos Il of Madrid, Spain); Oscar Quevedo-Teruel (KTH Royal Institute of Technology, Sweden)

Gap waveguide technology enables a cost-effective and low-loss manufacturing of high frequency fully metallic components. With this technology, the microwave components can be made in two pieces that are assembled together after-wards. Between these two pieces, an undesired air gap due to surface roughness or manufacturing tolerances may cause energy leakage. To prevent this leakage, periodic structures that produce electromagnetic bandgaps (EBGs) are used. Here, we compare the performances
of two holey EBG surfaces, which are aconventional holey periodic metasurface and a metasurface with glide symmetry. The glide-symmetric structure has a wider EBG and a similar leakage prevention with less number of hole rows. Using glide-symmetric holes, a 4x4 slot array antenna is designed. This slot array is excited with the TE40 mode and has arotationally symmetric radiation pattern

Packaging Technique of Highly Integrated Circuits Based on EBG Structure for +100 GHz Applications
Ahmed Hassona, Vessen Vassilev, Ashraf Uz Zaman and Herbert Zirath (Chalmers University of Technology, Sweden)

This work presents an on-chip packaging concept suitable for monolithic microwave integrated circuits (MMIC) operating above 100 GHz. The concept relies on using an on-chip transition that couples the signal to a standard air-filled waveguide. The proposed solution utilizes an electromagnetic band-gap (EBG) structure realized using bed of nails to prevent the propagation of parallel plate modes and improve the coupling between the MMIC and the waveguide. The technique shows an average insertion loss
of only 0.6 dB across the frequency range 110 - 155 GHz. Moreover, the concept is demonstrated in a D-band amplifier circuitry that is fabricated in an indium phosphide (InP) double heterojunction bipolar transistor (DHBT) technology. Experimental results show that the amplifier exhibits a maximum gain of 18.5 dB with no sign of propagation of any parallel plate modes. This work presents a high-frequency packaging solution which paves the way towards system integration above 100 GHz.
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A Compact Double-Layer Groove Gap Waveguide Power Divider with High Isolation

Enlin Wang (National Key Laboratory of Antennas and Microwave Technology, Xidian University, China); Tianling Zhang and Lei Chen (Xidian University, China); Ashraf Uz Zaman and Jian Yang (Chalmers University of Technology, Sweden)

A compact double-layer power divider with high isolation between output ports based on the groove gap waveguide (GGW) is presented in this paper. A five-port 1-to-2 powerdivideris designed base on the gap waveguide technology. Then a 1-to-8 powerdivideris built up by connecting seven 1-to-2 five-port power dividers. To achieve a compact size, the 1-to-8 power divider adopts adouble-layer structure. The top layer is the feeding structure of the power divider, and the bottom layer contains the loads. The
simulated results show that the proposed power divider exhibits the impedance matching bandwidth forthe reflection coefficientbelow -15 dB is from 23.7 GHz to 30 GHz, and isolations between the output ports is more than 18 dB.

Mechanical Phase Shifter in Gap-Waveguide Technology

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

This contribution presents alow-loss mechanical phase shifterin gap-waveguide technology. The phase shifter is aimed at ground terminals for Ka-band satellite on-the-move applications. The use of the gap-waveguide technology allows to divide the device into two main blocks distributed in two levels: alower-movable block, in charge of the power distribution and the phase shifting; and an upper-fixed block with the output waveguides. In this paper, the lower and upper blocks are designed using Groove-gap
waveguides (GGW), and Ridge-gap waveguides, respectively. In orderto couple the energy between the two levels, a slot on the metallic plane between the two layers is used. Results show a good performance in terms of phase shift between consecutive output ports, and return loss level at the input port, within the operating frequency band.

Considerations in Designing Inverted Microstrip Gap Waveguide Components

Francisco Pizarro (Pontificia Universidad Catolica de Valparaiso, Chile); Carlos Sanchez-Cabello (Universidad Carlos lll de Madrid, Spain); Jose-Luis Vazquez-Roy and Eva Rajo-lglesias (University Carlos Il of Madrid, Spain)
This article presents a parametric study of the properties of the inverted microstrip gap waveguide with respect to the effects that the characteristics of the substrate and the bed of nails employed in its design have on the transmission line behavior. The work will focus on the line impedance sensitivity and the losses. To this aim, a methodology based on simulations is described and we include as well some experimental verification. The results are of great interest for designers of circuits in this technology.
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TO5 Biomedical and health / Convened Session / Electromagnetics
Room: convened poster sessions

Design of Distributed Spiral Resonators for the Decoupling of MRI Array Coils

Danilo Brizi, Nunzia Fontana, Filippo Costa and Rocco Matera (University of Pisa, Italy); Gianluigi Tiberi (London South Bank University, London, UK); Angelo Galante (University of LAquila, Italy); Marcello Alecci (University of LAquila and INFN-LNGS LAquila, Italy); Agostino Monorchio (University of Pisa & CNIT, Iltaly)

This paper describes a distributed filter layout for the decoupling of 7T Radio Frequency (RF) Magnetic Resonance Imaging (MRI) 1H planar array coils based on miniaturized spiral resonators as unit-cells. The spirals, opportunely designed in terms of resonant frequency and with an optimized layout to minimize their number, are placed on the same dielectric substrate of the RF coils. We demonstrated through numerical simulations the decoupling effectiveness of the distributed filter, observing a decoupling
greaterthan -20 dB and satisfying matching levels (-30 dB) for the RF coils. The possibility to print on the same substrate both the coils and the filter results in practical advantages like excellent mechanical robustness and less sensibility to potential fabrication tolerances.

Hybridized Electric Dipoles Applications in Ultra-High Field MRI

Marc Dubois (Institut Fresnel, France); Tania Vergara Gomez and Frank Kober (Aix Marseille Univ, CRMBM, France); Luisa Ciobanu (DRF/I12BM/Neurospin/UNIRS, France); Alexandre Vignaud (Commissariat a I'Energie Atomique & NeuroSpin, France); Redha Abdeddaim (Aix Marseille University, France); Stefan Enoch (CNRS & Institut Fresnel, France)

In this work, we demonstrate how a set of hybridized resonators can be used to achieve efficient and tunable electromagnetic field control in the radiofrequency range. We show that near field coupling between multiple electric dipoles yields multiple eigenmodes whose response can be exploited to improve different canonical scenarios of magnetic resonance imaging (MRI) acquisitions. Two main examples will be covered: the metamaterial will be i) inserted in a human head coil at 7 Tesla and ii) coupled to a
surface coil for small animal MRI at 17.2 Tesla.

A Nesting Approach for the Numerical Analysis of MRI Birdcage Antennas in the Presence of the Human Head
Farzad Jabbari gargari (Université Catholique de Louvain, Belgium); Chan-Sun Park (Yonsei University, Korea (South)); Donia Oueslati (ICTEAM Institute, Université Catholique de Louvain, Belgium); Denis Tihon (University of Cambridge, Belgium); Clément Durochat (Multiwave Imaging SAS, Marseille, Belgium); Thibaut Letertre (Aix Marseille University, CNRS, Centrale Marseille, Institut Fresnel, France); Pierre
Sabouroux Pierre Sabouroux (Institut Fresnel, France); Christophe Craeye (Université Catholique de Louvain, Belgium)

Integral-equation approaches are among the solvers that can be used to analyse RF fields in MRI scanners, in particular when the human body is divided into a collection of homogeneous objects. This solver can be relatively intensive in terms of computation time and memory if the full solution is rerun everytime minor changes are considered in the MRI antennas. In this work, an efficient solving tool based on a nesting approach is proposed. The idea consists of avoiding re-computation of all the equivalent
currents inside the body. A validation is provided for a simple structure with acommercial solver (CST); then by using a developed in-house code, the magnetic field inside the brain is shown when a birdcage antennais used around the human head.

Experimental Validation of the Concept of an Opencage Head Coil for Ultra-High Field MRI
Anton Nikulin (PSL Research University, France); Marc Dubois (Institut Fresnel, France); Tania Vergara Gomez (Aix Marseille Univ, CRMBM, France); Djamel Berrahou (Multiwave Innovation SAS, France); Alexandre Vignaud (Commissariat a I'Energie Atomique & NeuroSpin, France); Redha Abdeddaim (Aix Marseille University, France); Julien de Rosny (CNRS, ESPCI Paris, PSL Research University, France);
Abdelwaheb Ourir (Institut Langevin ESPCI Paris CNRS, France)

At 7T, birdcage coil is used as a transmit radiofrequency coil forhead imaging. However for some applications sufficiently wide opening is required. Here, we propose to replace the shielded birdcage coil by an original volume coil that provides an access to the sample under examination while maintaining the desired homogeneous magnetic field distribution. The designed coil, called Opencage, is anon-periodic cylindrical cage. An approach based on transmission line modeling is developed to optimize itin order
to provide homogeneous magnetic field. The result has been validated with a full wave numerical simulation. An experimental demonstration of such an opencage is shown. The magnetic field that is generated is close to the one of a conventional birdcage coil.
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Wind Turbine Blade Deflection Sensing Using Blade-Mounted Ultrawideband Antennas
Ondrej Franek (Aalborg University & APMS Section, Denmark); Shuai Zhang, Kim Olesen and Patrick Eggers (Aalborg University, Denmark); Claus Byskov (LM Wind Power, Denmark); Gert Pedersen (Aalborg University, Denmark)

Wind turbine blade deflection sensing system using ultrawideband radio links propagating along the blade is presented. Special focus is given to the challenges related to the multipath propagation along the blade. Results of electromagnetic modeling of the wireless link budget for deflected blades are presented. Some aspects of the sensing system that are different from a typical wireless communication link are discussed.

An Improved Forecast Method for the Interaction of Wind Turbines with Doppler VOR

Thorsten Schrader (Physikalisch-Technische Bundesanstalt, Germany); Jochen Bredemeyer (FCS Flight Calibration Services GmbH, Germany); Thomas Kleine-Ostmann and Marius Mihalachi (Physikalisch-Technische Bundesanstalt, Germany)
Theinstallation of wind turbines leads to bearing errors of Doppler Very High Frequency Omni-Directional Ranges used for terrestrial navigation. The German air navigation service provider uses a simple model to calculate bearing errors. Here, the results of an improved forecast tool are compared to the results from the original tool, full wave simulations and measurements for a distinct trajectory close to the DVOR Hehlingen.

Validity Domain of the Odunaiya Expression for Computing the Conventional VOR Multipath Error

Seif Ben-Hassine, Alexandre Chabory, Christophe Morlaas and Rémi Douvenot (ENAC, France)
This work presents a method to determine the validity domain of the static Odunaiya expression forcomputing the VOR multipath errorin the presence of wind turbines. The Odunaiya formula is considered valid when it gives the consistent response compared to a dynamic receiver model. This validity domain is then expressed in terms of the Doppler shift of the multipath with respect to the direct path. This leads to a geometric criterion that is illustrated.

An Overview of Wind Turbine Interference Research Activities at Fraunhofer FHR

Frank Weinmann (Fraunhofer FHR, Germany)
This paper provides an overview of research activities at the Fraunhofer Institute for High Frequency Physics and Radar Techniques FHR in Germany, with respect to possible interferences from wind turbines against radar systems. Starting from phenomenological effects observed in measurements behind a wind farm, various types of electromagnetic simulations have been performed in order to investigate the principal scattering mechanisms.

Acceleration of Physical Optics Interactions Using Inhomogeneous Plane Waves
Oumaima Mhadhbi (Icteam, Universite Catholique de Louvain, Belgium); Jean Cavillot (Université Catholique de Louvain (UCL), Belgium); Thomas Pairon (Université Catholique de Louvain, Belgium); Christophe Craeye (UCL, Belgium)
The physical optics (PO) approximation is used for scattering analysis of electrically large conducting objects. The main object is to efficiently evaluate fields generated by a given domain on another domain that do not necessarily lie in each-others far fields, in a multiple-scattering context. Assuming a triangular discretization of the surfaces, a reference solution is computed by considering every pair of triangles. Two solutions are evaluated against that reference. One of them makes use of the far-field radiation
pattern of the transmitting domain, and the otherone is based on alimited number of Inhomogeneous Plane Waves (IPWs). Based on an example involving two cylinders, itis shown that the IPW approach is quite efficient and quite accurate in the near field.

Poster1-AQ07: Poster Session 1: Dielectric resonator antennas
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On-Chip Micromachined Dielectric Resonator Antennas Loaded with Parasitic Circular/Crescent Patch for mm-Wave Applications
Mai Sallam (The American University in Cairo & Katholieke Universteit Leuven, Egypt); Mohamed Serry (The American University in Cairo, Egypt); Sherif Sedky (AUC, Egypt); Atif Shamim (King Abdullah University of Science and Technology, Saudi Arabia); Guy Vandenbosch (Katholieke Universiteit Leuven (KU Leuven), Belgium); Ezzeldin Soliman (The American University in Cairo, Egypt)
In this paper, two designs of micromachined dielectric resonator antennas operating at 60 GHz are presented. The antennas are fabricated using a single silicon wafer in which the dielectric resonator is located at one side of the wafer while the feeding network is located on the other side. The feeding lines are terminated by magnetic dipole which excite the dielectric resonator and causes its radiation. In order to enhance the bandwidth of the antenna, the dielectric resonator is loaded with circular/crescent patch
antenna. Both designs are characterized by their fabrication simplicity, and high radiation performance. Additionally, the proposed antennas have wide impedance bandwidth reaching more than 10% (21%) of the central frequency for the circular/crescent patch loaded dielectric resonator antennas.

Filtering Dielectric Resonator Antenna Using Terminal-Loaded Resonators
Yan-Ting_Liu and Kwok Wa Leung (City University of Hong Kong, Hong Kong)

A new filtering dielectric resonator (DR) antenna (DRA) is presented in this paper. The DRA and its feedline provide abandpass response. The antenna feedline consists of two terminal-loaded microstrip resonators (MRs), which gives two independently tuned nulls with an improved selectivity. Forthe DRA, it is excited in the HEM 113 mode, serving not only as aradiator but also as the last-stage resonator of bandpass filter (BPF).

An Asymmetric Star Design for the Dynamic Control of Quantum-Emitter-Coupled Plasmonic Nanoantenna Emission
Hisham Ashraf Amer and Tamer Ali (Zewail University of Science and Technology, Egypt); Ashraf Badawi (Zewail City of Science and Technology, Egypt)

Plasmonic single nanoantennas and meta-surfaces can both enhance and manipulate emission from potential quantum emitters while their layer-like nano thick structure renders them integrable into quantum and nano-devices. Here we proposed an Isotoxal Star Nanoantenna design, which when coupled to a single quantum dot emitter, offered unique resonant enhancements in both single and array arrangements. This enhancement was most established with the array, where 3 main polarization tunable
behavioral states were identified, ones we described as double, single and steady mode patterns. This polarization driven functionality could offera much-needed means of control over quantum emitters.

Reconfigurable All-dielectric Transmission Lens for Vortex Beam Generation

Jianjia Yi and Menglan Lin (Key Laboratory of Integrated Services Networks, Xidian University, China); Lina Zhu (Xidian University, China); Caijie Dong (Key Laboratory of Integrated Services Networks, Xidian University, China); Hailin Zhang (Xidian University, China)
In this paper, anovel design for vortex beam generation is proposed by utilizing phase-gradient all-dielectric metamaterials. The pluggable element of proposed design is able to provide a full transmission-phase covering the range of 2m together with a high transmission efficiency. The elements corresponding to each value of phase are encoded to 360 modules. Thus, designed phase modules can be judiciously arranged to generate vortex beams carrying orbital angular momentum with different modes. Full-

wave simulations validate the spiral-shaped phase fronts of the vortex beam. The proposed lens paves the way for the applications of vortex beam.

Impedance Bandwidth Performance of TM106 Mode in Equilateral Triangular DRA

Anoop P (Indian Institute of Technology Guwahati, India); Ratnajit Bhattacharjee (Indian Institute of Technology, Guwahati, India)
In this paper amethod for calculating the impedance bandwidth around the resonance frequency of TM108 mode excited inside an Equilateral Triangular Dielectric Resonator Antenna (ETDRA) is reported. The method utilizes the expression of quality factor (Q-factor) of TM106 mode, which is obtained through curve fitting approximation technique. Q-factor is a function of aspect ratio (a/h) and the material dielectric constant (er). The bandwidth performances of such modes around the resonance frequencies

for different degrees ofimpedance matching are discussed. The proposed method for calculating the impedance bandwidth is also validated by comparing with the practical bandwidth of the ETDRASs reported in the literature.
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2-D Wide-Scanning Flat Luneburg Lens Antenna for 5G Communication

Kunning_Liu (University of Electronic Science and Technology of China, China); Shi Wen Yang (University of Electronic Science and Technology of china, China); Shi-Wei Qu, Yikai Chen and Jun Hu (University of Electronic Science and Technology of China, China)
This paper presents the design of atwo-dimensional (2-D) wide-scanning flat Luneburg lens antenna operating at Ka-band. Based on the transformation optics (TO) theory, the conventional Luneburg lens is compressed to the flat form while keeping its beam focus characteristics unchanged. The 2-D flat Luneburg lens consists of six discretized lens layers made of all-dielectric materials. A 15-element linear patch antenna array is employed to feed the lens between the metallic parallel plates. Experimental results
show thatthe 1-D beam-scanning lens antenna has a scanning coverage of - 50°~ 48° in the azimuth plane, which can be obtained by switching the feed array elements. The 3 dB beamwidth in the elevation planeis 79° at 28 GHz due to the low profile of proposed lens antenna. With the advantages of low profile, wide-scanning and low cost, the proposed 2-D flat Luneburg lens antennais attractive for 5G communication.

Ka-band Multi-beam Planar Lens Antenna for 5G Applications

Eduardo Garcia-Marin (Universidad Autonoma de Madrid, Spain); Dejan Filipovic (University of Colorado at Boulder, USA); Jose Luis Masa-Campos (Universidad Autonoma de Madrid, Spain); Pablo Sanchez-Olivares (Universidad Politecnica de Madrid, Spain)
A low-cost solution for multi-beam antenna systems is explored for 5G applications in the 26-GHz band. A 4-port stacked-patch microstrip antennais used as feeder of a perforated flat lens. Each feeder is placed in a different position with respect to the lens, yielding four high-directivity independent beams. The beams cover an angular range from broadside to a 30-degree steering with a gain over 18 dB. The antenna has been implemented by low-cost processes, employing Printed Circuit Board fabrication for

the feederand 3D printing forthe lens.

H-band Quartz-Cavity Leaky-Wave Lens Feeder with Novel Chip Interconnect
Marta Arias Campo (IMST GmbH, Germany & IMST GmbH, Germany); Katarzyna Holc (Fraunhofer Institute for Applied Solid Physics IAF, Freiburg, Germany); Arnulf Leuther (Fraunhofer Institute for Applied Solid State Physics, Germany); Rainer Weber (Fraunhofer IAF, Germany); Simona Bruni (IMST GmbH, Germany); Nuria LLombart (Delft University of Technology, The Netherlands)
Thanks to the large bandwidth availability, millimeter and sub-millimeter wave systems are getting more and more attractive to be used in a wide range of applications, such as high-resolution radar or high-speed communications. In this contribution, a wideband H-band (220-320GHz) integrated lens antenna concept fed by a quartz-cavity leaky-wave antenna is presented, to be used in a Frequency-Modulated Continuous Wave (FMCW) radar system. A novel chip interconnect technology, based on spray
coating of dielectric materials with low dielectric permittivity, is introduced. This transition acts as awideband, low loss transition between the GaAs front-end and the quartz antenna, avoiding the use of expensive waveguide split-blocks. Simulation results forthe antenna with interconnect show good impedance matching and aperture efficiency higherthan 78% over 100GHz of bandwidth. A prototype is currently under fabrication.

Highly Integrable High Gain Substrate-integrated Planar Lens for Wide D-band Applications
Loic Marnat (CEA, LETI, Minatec, France); Kossaila Medrar (CEA Leti, France); Laurent Dussopt (CEA, LETI, Minatec, France)

We present for the first time a 3-bit linearly-polarized substrate-integrated planar lens with focal source antenna monolithically fabricated with alow cost PCB technology operating in D band. The effective volume occupied by this compact antennais 10.5x10.5x4.52 mm3. An experimental gain of 21.1 dBiat 153 GHz, an aperture efficiency of 22.3%, a 3-dB gain bandwidth greaterthan 19% and a cross-polarization level lowerthan 23 dB are demonstrated.

Waveguide Switch Based on Ferrite Circulator for Antenna Beam Steering Applications

Stephanie Smith (CSIRO & Astronomy and Space Science, Australia); Andrew Weily (Antenna Engineer, Australia); Ken Smart, Nick Carter and Santiago Castillo (CSIRO Astronomy and Space Science, Australia)
A low loss waveguide switch based on the ferrite circulator concept has been designed, analyzed with coupled electromagnetic and magnetostatic solvers, manufactured and tested for operation at 20GHz. A prototype single-pole three-throw switch is presented here. This switch will form part of a larger switch network for antenna beam steering applications.

Zero Index Metamaterial for High Gain Array

Jiang_Tingyong (EPFL, Switzerland); Ning Hui and Zhou Heng (Northwest Institute of Nuclear Technology, Switzerland)
Traditional metamaterial including metal wire grid was adopted to enhance the radiation performance of the antenna, especially for the gain, a critical parameter of antenna array. In this study, a novel zero index metamaterial (ZIM) is proposed, consisting of double metal layers with periodic circular perforation cells for horn antennaloading. Full-wave simulations are used to simulate the characteristics of horn array loaded with the proposed ZIM, and thus a significant enhanced performance is demonstrated due to
zero refractive index. Experiments are performed to verify the effects of antenna array loaded with ZIM. The results show that the gain of the loaded array increases by nearly 2.3 dB, the maximum aperture efficiency of horn array increase from 0.50 to 0.88 atthe resonant frequency while the tapering length is half of the optimum horn and the aperture dimension remains the same. Thus, the loaded horn array shows a promising application

Ray-Tracing Analysis of the near and Far Fields of Focusing Geodesic Lens Antennas
Germdn Leén and Omar Orgeira (Universidad de Oviedo, Spain); Nelson Fonseca (European Space Agency, The Netherlands); Oscar Quevedo-Teruel (KTH Royal Institute of Technology, Sweden)
Geodesic lenses are a class of rotational-symmetric lenses that recently regained interest for the design of multiple beam antennas. Key features of these lenses include mechanical simplicity, wide scanning range and high efficiency. In this paper, a hybrid model to analyze focusing geodesic lens antennas is described. The method combines aray tracing analysis and a point source array model. This model allows to calculate the near and far fields of a geodesic lens antennain few seconds. Some results of alens
antennain the Ka-band are compared with full-wave simulations, validating the model despite small differences in the main beam. This paper also discusses the ability of geodesic lenses to focus the energy in the near field which could be of interest for some applications.
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Effect of Element Number Reduction on Inter-User Interference and Chip Temperatures in Passively-Cooled Integrated Antenna Arrays for 5G

Yanki Aslan and Jan Puskely (Delft University of Technology, The Netherlands); Antoine Roederer (Technical University of Delft, The Netherlands); Alexander Yarovoy (TU Delft, The Netherlands)
Theimpact of reducing the total number of elements in passively-cooled, chip-integrated and space-tapered 5G base station antenna arrays on inter-beam interferences and chip temperatures is investigated for multi-user space-division-multiple-access applications. A convex element position optimization algorithm is used to synthesize the array layouts with minimized side lobes within a pre-defined cell sector. The multi-beam radiation patterns are computed to study the average trend of the maximum side lobe
level with the element number. Thermal simulations are also performed by considering the same EIRP for all the arrays. The results indicate that, after an optimal number of elements, adding more elements to an array does not help reduce the inter-user interference further or provide significant advantage on decreasing the chip temperatures.
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Yankai Ma (University of Electronic Science and Technology of China, China); Shi Wen Yang (University of Electronic Science and Technology of china, China); Yikai Chen, Shi-Wei Qu and Jun Hu (University of Electronic Science and Technology of China, China)
An innovative architecture is proposed for tightly coupled dipole arrays partitioned irregularly by domino-shaped tiles. A 192-port finite array operating at 8-12GHz has been implemented, where the port spacing is 0.576 wavelength at the highest frequency. In order to achieve large elevation angle scanning, differential evolution (DE) algorithm is used to synthesize active radiation patterns and suppress the port active reflection coefficients simultaneously. Simulation results show that the finite array is able to
achieve almost no reduction in gain for scanning to broadside and only less than 2dB for scanning up to 60° as compared to fully populated arrays.

Tiled Arrays: Low Cost Solutions for Next Generation Communication and Sensing Systems

Nicola Anselmi (ELEDIA Research Center, Italy); Paclo Rocca and Andrea Massa (University of Trento, Italy)

Array tiling is a promising architectural solution for next generation communication and sensing antennas. This work reports a review of the array tiling synthesis methodologies developed at the ELEDIA Research Center, assuring exact tiled array designs by exploiting analytic tiling theorems and optimization-based techniques. Single-shape tiling methods, as well as recent developed multi- shape tiling approaches are reviewed and discussed. An illustrative numerical example is reported, showing the
effectiveness of the proposed approaches when considering square shaped tiles of different sizes.

From "Hostile" to "Nice" Environment in Communication and Sensing

Marco Salucci (ELEDIA Research Center, Italy); Giorgio Gottardi (ELEDIA Research Center, University of Trento, Italy); Paolo Rocca and Andrea Massa (University of Trento, Italy)

Innovative concepts and ideas are presented for addressing paramount challenges in the design of future wireless systems. According to the "smart electromagnetic (EM) environment" paradigm, multi-path scattering phenomena arising in complex propagation scenarios must not be regarded as an obstacle (as done in classical antenna designs), but rather as a key-asset for realizing innovative and unconventional systems in order to meet the ever-growing demand of link quality and mobile data traffic. Within
this context, a proof-of- conceptis shown to provide an illustrative example of how the surrounding complex environment can be opportunistically exploited to yield a desired field distribution radiated by an antenna.

An 8x8 Cavity Backed Waveguide Antenna Array for D-Band Backhauling Communications

Sherif R. Zahran and Luigi Boccia (University of Calabria, Italy); Giandomenico Amendola (IEEE, USA); Stefano Moscato (SIAE Microelecttronica, ltaly); Matteo Oldoni (SIAE Microelettronica S.p.A., Italy); Dario Tresoldi (SIAE Microelecttronica, Italy)
This work proposes a novel design of two-layered antenna array targeting the D-Band region of the spectrum, likely to become the next commercial battleground for millimeter-wave communications. The design is basically an 8x8 cavity backed antenna array exhibits a thin planar footprint with volume of (30.1x26.4x1.235 mm3) and is capable of covering the 153-161GHz about 5%. Radiation characteristics are investigated for both 2x2 and 8x8 antenna arrays where the obtained peak gain values are 12.4 dB
and 22.4 dB, respectively. Sharp beam, required for pointto point communication, has been confirmed for 8x8 antenna array where the largest value of the half power beam width is 3.5°.

Compact and Low Cost Linear Antenna Array for Millimeter Wave Automotive Radar Applications

Imran Aziz (Uppsala University & Mirpur University of Science and Technology, Mirpur Azad Jammu and Kashmir, Sweden); Wan-Chun Liao (Chalmers University of Technology, Sweden); Hanieh Aliakbari (Lund University, Sweden); Winfried Simon (IMST GmbH, Germany)
A low-cost microstrip patch antenna array is proposed in this paper for automotive radar applications in ISM24 GHz band. The elements of the center-fed array are connected in series to make a compact design with low complexity by obviating Wilkinson power divider. This approach also helps to reduce the dielectric losses of the array. A full-wave electromagnetics (EM) software EMPIRE XPU is used in the design process. The measurement results show 25 percent fractional bandwidth in terms of antenna
impedance (23.75-30 GHz), 8.5 dBi maximum gain, 6 degrees half power beam width (HPBW),-12 dB side lobe level (SLL), and more than 50 dB isolation between TX/RX in the desired frequency range.

Edge Truncation Effects in a Wide-Scan Phased Array of Connected Bowtie Antenna Elements

Prabhat Khanal, Jian Yang and Marianna Ivashina (Chalmers University of Technology, Sweden); Anders H66k and Ruoshan Luo (SAAB AB, Sweden)
Edge truncation effects are critical when designing a phased array, as these can lead to the variation of the active antennaimpedance and radiation pattern between individual array elements. This paper investigates edge truncation effects in an array of connected Bowtie antenna elements that has been initially designed through an infinite array approach. This design represents a novelimplementation of the connected-array concept that offers a wide-scan performance with up to +/- 80-degree scan range in the
E-plane (in the infinite array). The goal of this study is to estimate the minimum size of arealistic finite array of such connected Bowtie antennas.

A Novel Probabilistic Interval Arithmetic Method for Tolerance Analysis of Phased Arrays Beamforming Networks

Nicola Anselmi (ELEDIA Research Center, Italy); Alessandro Polo (ELEDIA Research Center, University of Trento & ELEDIA Research Center, University of Trento, ltaly); Paclo Rocca and Andrea Massa (University of Trento, Iltaly)

This work presents a novel Interval Arithmetic (IA) methodology for the probabilistic tolerance analysis of linear phased array beamforming networks. Efficient IA-based antenna array tolerance techniques are used to compute accurate and reliable power pattern bounds, and extended to provide a probabilistic analysis of the possible random patterns within the computed intervals. The computation of the probabilities is performed analytically, without executing time-consuming random simulations. Eventually, a
preliminary resultis reported to assess the effectiveness of the proposed technique, showing its advantage in yielding a more informative tolerance analysis with respect to IA-based state- of-art methods.

Optimization of Modular Multi-Function Radar Architectures for Two-Way Pattern Sidelobe Minimization

Nicola Anselmi (ELEDIA Research Center, Italy); Alessandro Polo (ELEDIA Research Center, University of Trento & ELEDIA Research Center, University of Trento, ltaly); Paolo Rocca (University of Trento, Italy)

This contribution proposes a modular phased array architecture for simultaneous transmit/receive functionalities. Rectangular antenna apertures are partitioned into domino shaped tiles, arranged according to irregular layouts fully covering the available physical aperture area. The multi-functionality is obtained assigning to each module a single function (i.e., transmission or reception) with the aim of synthesize a two-way radiation pattern having the lowest possible sidelobe level. Towards this end, an innovative
hybrid GA-based method is proposed forthe joint optimization of the clustering scheme and the membership of each module to one of the two functions. A simple preliminary example is reported showing the effectiveness of the proposed irregular tiled architecture for multi-function radar systems.

Improving Physical Layer Security Technique Based on 4-D Antenna Arrays with Pre-Modulation

Kejin Chen (University of Electronic Science and Technology of China, China); Shi Wen Yang (University of Electronic Science and Technology of china, China); Yikai Chen, Shi-Wei Qu and Jun Hu (University of Electronic Science and Technology of China, China)
Four-dimensional (4-D) antenna arrays formed by introducing time as the forth controlling variable are able to be used to regulate the radiation fields in space, time and frequency domains. Thus, 4-D antenna arrays are actually the excellent platform for achieving physical layer secure transmission. However, traditional direction modulation technique of 4-D antenna arrays always inevitably leads to higher sidelobe level of radiation pattern or less randomness. Regarding to the problem, this paper proposed a physical
layer secure transmission technique based on 4-D antenna arrays, which combine the advantages of traditional phased arrays, and 4-D arrays forimproving the physical layer security in wireless networks. This technique is able to reduce the radiated power at sidelobe region by optimizing the time sequences. Moreover, the signal distortion caused by time modulation can be compensated in the desired direction by pre-modulating transmitted signals.

On the Use of Symmetry for Shaped-Beam Antennas Installed onto 8-U CubeSats

Eduardo Yoshimoto and Marcos V. T. Heckler (Universidade Federal do Pampa, Brazil)

This work describes the application of symmetry schemes and the Firefly Algorithm (FA) for the optimization of planar antenna arrays. The method is applied to non-uniformly spaced arrays composed of isotropic antennas operating in S-Band (2.26 GHz) and installed onto an 8-U CubeSat. In order to demonstrate the potential of this technique, radiation patterns with isoflux distribution were synthesized, so as to allow illuminating the Earth surface with uniform power density. Good agreement with the desired
masks has been obtained.

Design of TCDA Avoiding Half-wavelength Limitation Using PC

Seoungjung Kim (Seoul National University, Korea (South))
Low-profile array antennas are important in many defense and commercial communication systems. Although tightly coupled dipole arrays (TCDAs) have several advantages, their bandwidth is limited by their ground plane. The use of resistive frequency-selective surfaces to overcome this limitation generates ohmic losses which then deteriorate the radiation efficiency of the array antenna. In this paper, we propose a 4x4 TCDA with no ohmic loss. The proposed array employs a polarization convertor to
overcome bandwidth limitation when antenna heightis half the wavelength (A). Theimpedance bandwidth for VSWR < 3 covers 0.43-8.06 GHz to broadside radiation (18.7:1), and antenna heightis 0.07 Alow at the lowest operating frequency.

Global Optimization of Pencil Beams with Constrained Dynamic Range Ratio

Maja Jurisic Bellotti and Mladen Vucic (University of Zagreb, Faculty of Electrical Engineering and Computing, Croatia)
The synthesis of array patterns with reduced dynamic range ratio (DRR) of excitation coefficients is important because it enables better control of mutual coupling between antennas and simplifies the design of the feeding networks. In this paper, a method for global optimization of linear pencil beams with constrained DRR is presented. The optimization problem is formed which minimizes the sidelobe level for a given beamwidth and DRR. This problem is solved by using branch and cut algorithm. The proposed
method supports positive and negative coefficients including the values of 1 and -1. The design is fast, enabling interactive experimenting with various numbers of antenna elements and DRRs.

New Hexagonal CORPS-BFN for Multibeam Antenna Applications

Carlos Biurrun-Quel (Universidad Publica de Navarra & Institute of Smart Cities, Spain); Antonio Montesano (AIRBUS DS, Spain); Iiiigo Ederra (Universidad Publica de Navarra & Institute of Smart Cities, Universidad Publica de Navarra, Spain); JuanCarlos Iriarte (Public University of Navarra & Antenna Group, Spain); Carlos del-Rio (Universidad Publica de Navarra & Institute of Smart Cities, Spain)
This work presents a new topology of a Coherently Radiating Periodic Structure - Beam Forming Network (CORPS-BFN) and its application for multibeam systems. A unit cell, consisting of a transition from a coaxial input to an intersection of three striplines with an angular span of 120 degrees, is proposed and analysed. A periodical replication of the cell gives rise to a uniform layer, allowing a proper matching of the ports of the network. Stacked layers allow in-phase propagation and distribution of the energy
through the structure, increasing the number of output ports with each layer.

Window-to-Polynomial Transform and Its Application in Antenna Array Design

Goran Molnar and Marko Matijasci¢ (Ericsson Nikola Tesla d. d. & Research and Development Centre, Croatia)

Windowing is acommon method in signal analysis and in digital and spatial filter design. In many cases, adjustable windows are preferable since they offer a tradeoff between requirements, usually sidelobe level and mainlobe width. In this paper, we present a straightforward method forthe design of windows with prescribed sidelobe level or mainlobe width. The method is based on the transform of a given window into the polynomial, thus enabling the use of polynomial approximation in the window design.
Consequently, the method introduces an additional degree of freedom into the design process. The features of the method are illustrated with the design of linear antenna arrays having low dynamic range ratio and high beam efficiency. In particular, the adjustment of Taylor-Kaiser arrays, the design of arrays with minimum dynamic range ratio based on the transformed Gaussian windows, and the combined array design incorporating rectangular and Gaussian window.

An Iterative Minimization Algorithm for Array Diagnosis in the Presence of Array Errors Using Amplitude-only Far Field Data

Wenjing Wang and Ying Zhang (University of Electronic Science and Technology of China, China); Daiying Zhou (University of Electronic Science and Technology, China); Ling Kuang (University of Electronic Science and Technology of China, China)
Array errors are unavoidable in real application of antenna arrays. In this letter, an iterative minimization algorithm for array diagnosis in the presence of array errors using amplitude-only farfield data is proposed. The considered array errors include frequency shifting error and element position error. The erroneous array manifold is approximated by its first-order Taylor series expansion. To minimize array error and restore array excitation, the maximum a posteriori (MAP) criterion is adopted. In perspective of Beyesian
theory, the MAP criterion leads to combination of a mixed-norm and atotal least square optimization problem which does not have an analytic solution. To solve this optimization problem, an efficient numerical algorithm based on alternating descent sub-optimalis applied. Computer simulations show that in the presence of array errors, the proposed algorithm gives more accurate array diagnosis results than that of the conventional method.

Design of a Low-Profile S-band Circularly Polarized Phased Antenna Array

Fuguo Zhu (Science and Technology on Antenna and Propagation Lab, the 14th Research Institute, CETC, China); Wen Jiang (Xidian University, China); Lei Sun (Science and Technology on Antenna and Microwave Laboratory, China); Zhipeng Zhou (Nanjing Research Institute of Electronics Technology, China); Steven Gao (University of Kent, United Kingdom (Great Britain))
A low-profile S-band phased antenna array with characteristics of wide-scan and good circular polarization has been proposed. The finite array consists of 4 by 4 identical right-handed circularly polarized elements. To achieve the required impedance and axial ratio bandwidth, the single element is formed of three layers with the driven and parasitic patches on the bottom and top layers, respectively. The Rohacell HF51 is inserted in the middle layer for achieving good impedance matching and high radiation
efficiency. The circular polarization is obtained by cutting a pair of triangular patches from the opposite corners of the radiating patches. To furtherimprove the circularly polarized performance, the feeding port of the antenna element is located with an offset distance to the center of the structure. The results can confirm that the active VSWR is less than 2 and axial ratio is less than 3.5 dB when scanning up to 45°.

Design of a Dual-Circularly-Polarized Stacked Patch Antenna for SOTM Application at Ka-band

Salvatore Liberto and George Goussetis (Heriot-Watt University, United Kingdom (Great Britain)); Andrew Christie (Sofant Technologies Ltd, United Kingdom (Great Britain))
A dual-circularly-polarized stacked patch antenna subarray block for satellite on the move (SOTM) applications at Ka-band is presented. The proposed multilayer antennais designed for the downlink band operating in the region of 18 to 20 GHz with compliant scan performance up to +40° in both E- and H- planes. The subarray includes a highly integrated miniaturised 900 hybrid such that the antenna can operate in switchable circular polarisation. It also includes an integrated power splitting network based on
Wilkinson. The antenna element size is 8.0 mm x 8.0 mm x 2 mm and achieves an impedance bandwidth and circular polarization bandwidth (3-dB axial ratio) of 2 GHz (18 - 20) GHz. Index Terms-Dual-Circularly-polarized stacked patch, phased array, SOTM, surface wave, highly-integrated, WPD, Branch-Line Coupler, Phased Arrays.

Reflectarray Antenna Changing Beam Direction by Polarization

Mei Fukaya and Shigeru Makino (Kanazawa Institute of Technology, Japan); Michio Takikawa and Hiromasa Nakajima (Mitsubishi Electric Corporation, Japan)
In this report, the design of an element to realise a reflectarray, which emits beams in different directions, is discussed. The emission in different directions depends on the polarisation, radiation pattern, and gain when the element is applied to a mirror surface. As for the elements, independent phase controlis realised by separating the elements into two layers for each polarisation, and a gradual phase change is obtained by varying the element length of the three line elements without using the line length ratio. As
aresult, when applied to areflectarray, beams could be swayed in different directions forthe H and V polarisations; however, the difference from the desired angle was 0.1 ° forthe H polarisation and 0.3 ° forthe V polarisation.

Compact and Modular Ka-Band Front-end Concept for SATCOM and 5G
Winfried Simon (IMST GmbH, Germany); David Schaefer (IMST & Antennas & EM Modelling, Germany); Simona Bruni (IMST GmbH, Germany); Marta Arias Campo (IMST GmbH, Germany & IMST GmbH, Germany); Simon Otto and Sybille Holzwarth (IMST GmbH, Germany)

In this paper amodularand compact Ka-band front-end module based on PCB technology is presented. The integration and packaging techniques combine multi-layer PCB technology with waveguide RF feeding and antennas. Metallic waveguide and backplane act also as heatsink for the active circuitry. The modular concept can be applied to large antenna arrays to fulfill the application specific link budget requirements. Depending on the chosen core chips this design concept can be used for SATCOM or for
5G.

Exploiting Real Far Field Patterns into the Multiplicity of Solutions for Linear Array Pattern Synthesis: Bandwidth Studies

Aaron A Salas-Sanchez (University of Trento, ltaly & University of Santiago de Compostela, Spain); Paolo Rocca (University of Trento, Italy); Juan Rodriguez-Gonzdlez and Francisco Ares-Pena (University of Santiago de Compostela, Spain)
On the basis of equispaced linear array synthesis, bandwidth studies of performance for different type of distributions were developed in this communication. Antenna array pattern quality parameters such as maximum Directivity, Half-Power Beamwidth, Side-Lobe Level and ripple level were evaluated. Also, active impedance terms were studied: maximum absolute value, maximum real part, and absolute value of edge and central elements. To develop all these studies, embedded impedance terms -which can
manage different lengths of the elements- were calculated by means of standard formulation. The key innovation of these studies is the inclusion of pure real pattern distributions into the discussion about bandwidth performance. Accordingly, the multiplicity of equivalent pure real and complex pattern distributions in presence and absence of ground plane have been analyzed.

Optimized Polarization for Rotationally Tiled, Wideband, Dual-Polarized Vivaldi Arrays
Elizabeth Bekker, Johann W Odendaal and Johan Joubert (University of Pretoria, South Africa)

Grating lobe mitigation was achieved for planar, wideband dual-polarized Vivaldi arrays through the rotation and translation of equilateral pentagonally shaped subarrays that form an approximately circular array. The subarray outlines can be adjusted in order to included fewer elements per subarray, but this will result in less grating lobe reduction. By using dual-polarized elements optimized polarization in the main beam can be achieved. The array patterns were determined with both measured and simulated
single element patterns of the dual-polarized Vivaldi element. The mutual coupling between the elements in the array was shown to be negligible.
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On the Development of a Scanning Lens Phased Array at 550GHz
Nuria LLombart and Sjoerd Bosma (Delft University of Technology, The Netherlands); Maria Alonso-delPino (Jet Propulsion Laboratory, USA); Cecile Jung-Kubiak (NASA-JPL, Caltech, USA)

Recently, we have proposed a hybrid electro-mechanical scanning antenna array architecture suitable for highly directive phased arrays at submillimeter wavelengths with field-of-views (FoV) of +/-30 degrees. The concept relies on combining electrical phase shifting of a sparse array with a mechanical translation of an array of lenses. The use of a sparse phased array significantly simplifies the RF front-end, while the translation of afly's eye lens array steers the element patterns to angles off-broadside, reducing the
impact of grating lobes over awide FoV. The mechanical movement of the lens array can be done using alow-weight, low-power piezo-actuators. In this contribution, we present the current progress in the development of a 550 GHz prototype.

Minimization Techniques of Q in Circular Taylor-like Distributions

Aaron A Salas-Sanchez (University of Trento, ltaly & University of Santiago de Compostela, Spain); Paolo Rocca (University of Trento, Italy); Juan Rodriguez-Gonzdlez and Francisco Ares-Pena (University of Santiago de Compostela, Spain)
On the basis of far field pattern distributions, a robust analytical approach for the determination of the Q value -linked to the classical concept of superdirectivity- has been developed. Circular Taylor distributions were used for showing the performance of the method in high efficiency distributions. In this sense, a minimization of this Q value is interesting for avoiding power losses in the invisible region of the pattern. Accordingly, several numerical optimizations were performed and results of improving this Q -by
allowing different relaxation levels in the requirements in efficiency- have been developed and their results are here discussed.

Design and Simulation of a Dual Horn Antenna with Low Sidelobes and High Gain

Ely Levine (AFEKA, Academic College of Engineering, Israel); Haim Matzner (HIT-Holon Institute of Technology, Israel)
A dualhorn antenna with low sidelobes and high gain was designed and simulated. The antennais matched to SWR =1.8 in the frequency range 6 - 9 GHz. The height of the antennais 89.5 mm, the directivity is between 15.8 to 18.6 dBi, and the sidelobe level ranges are between -26.9 dBto-18.5 dBin the E-plane and between -36.4 to - 21.7 dB in the H-plane. It is shown that the directivity of the proposed antennais higher by 4.7 dB than the directivity of a conventional horn having similar sidelobe level in the
E-plane and same height, in the center frequency.

Optimization of Excitation and Geometry of Linear Dipole Array Above PEC Ground Plane for Directivity Maximization

Tomas Lonsky (Czech Technical University, Czech Republic); Jan Kracek and Pavel Hazdra (Czech Technical University in Prague, Czech Republic)
The modal approach was used to maximize the directivity of the linear dipole array above a perfect electric conductor ground plane. The directivity was maximized for the direction perpendicularto the ground in which this array can produce maximal directivity from all directions by a proper excitation. The modal approach was also connected with the optimization of geometrical parameters of the array to obtain not only optimal excitation currents for the array with fixed geometry but also optimal geometry of the
array. Iltwas observed that, thanks to the presence of the ground, the currents are equiphase and can be set to be real.

A Recursive Calibration Approach for Smart Antenna Beamforming Frontend
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 simple iteration-based approach is proposed for calibration and characterization of the frequency, phase and transmit power relationship in a smart antenna Radio Frequency (RF) beamforming frontend, which has a very low computational complexity. The RF frontend has been experimentally calibrated, and the beamforming results are verified with the 4 x 4 phase array. The RF frontend has been built using off-the-shelf components for easy realization. The proposed architecture with the closed-
loop monitoring and control such as the power control (Pctrl), power detection (Pdet), in addition to the phase control allows an automatic calibration of the beamforming weights, which forms a necessary process to ensure the accuracy of the antenna array beamforming.

Modeling of a Realistic Hybrid Metal-Plasma Transmit-array with Beam-scanning Capabilities

Giulia Mansutti (Universita degli Studi di Padova, Italy); Mohammad Hannan (ELEDIA Research Center, University of Trento, Italy); Federico Boulos (ELEDIA@UnITN - DISI, University of Trento, Italy); Paolo Rocca (University of Trento, Italy); Paola De Carlo and Antonio-D. Capobianco (University of Padova, Italy); Alberto Tuozzi (ASI - Italian Space Agency, ltaly)
This paper presents the design of arealistic hybrid metal-plasma transmit-array antenna with beam- scanning capabilities. The antenna operates at 1.07 GHz and consists of an active metallic dipole, a metallic ground plane, and a set of cylindrical plasma discharges arranged in a 2D lattice. The main lobe of the antenna can be tilted towards different directions simply by turning on/off specific subsets of plasma discharges. Towards this aim, atwo-steps optimization strategy based on the combination of a particle
swarm optimization and of a genetic algorithm is adopted. The antenna has been modeled in CST Microwave Studio using realistic design parameters for the plasma discharges. In particular, each plasmabarincludes not only the plasma material, but also the glass envelope and the metallic electrodes used to confine and generate the plasma respectively.

On the Use of Characteristic Mode Analysis for the Design of Antenna Arrays

Philipp Gentner (Ericsson Antenna Technology Germany GmbH, Germany)
Forantenna array design used in base station antennas a high polarization purity is required. Therefore this paper exploits the use of characteristic mode analysis (CMA) \cite{Harrington1971} for the design of antenna arrays. The classical antenna array description is extended with the results from a modal analysis. With this method in hand, the modes can be differentiated and selected for the application in mind; additionally the potential bandwidth and the current distribution on the elements can be explored.

Enabling the Potential Europa Lander Mission with a Highly Efficient all-Metal Dual-Frequency Circularly Polarized High Gain Antenna
Nacer Chahat, John Luke Wolff, Heather Lim and Polly Estabrook (NASA-JPL, Caltech, USA)

A new allF-metal dual-frequency RHCP high gain antennais 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 (i.e. very low temperature and high radiation and ESD levels). The antenna is also 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) from and Direct-from-Earth (DFE) to the lander without any relay.
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64 Element Active Phased Array as Focal Plane Array Feed for Reflector Antennas for mm-Wave Wireless Communications

Antonius Johannes van den Biggelaar, Ali Al-Rawi, Ulf Johannsen and A. B. (Bart) Smolders (Eindhoven University of Technology, The Netherlands)
Reflector antennas are utilized in a lot of applications that require a high gain antenna system. Conventionally, the reflector antenna is fed by a single radiating element, making the direction of the beam fixed. Using a focal plane array (FPA) as feeding mechanism, the magnitude and direction of the resulting beam can be controlled electronically. Using an in-house developed tool, the amplitude and phase settings for a 28 GHz active phased array antenna are determined in order to mimic the ideal feeding pattern for
a certain reflector. The far-field of the FPA in combination with the reflector antennais determined for a scan angle of 0 degrees and 3 degrees.

On the Magnification Factor of Ring Focus Imaging Systems

Giuseppe Orlando (ThalesAleniaSpace ltalia, Italy)
A closed formula that well approximates the magnification factor of centered dual reflectorring focus imaging systems is proposed. Numerical verifications carried out on specific optics geometries provide a good correlation to the analytical formula.

K-band Feed and Transceiver with Compact Monopulse Tracking Coupler for Deep Space Applications

Ignacio Montesinos-Ortego, Zoran Golubicic and Beatriz Bedia (TTI, Spain); Fabio Pelorossi (ESOC, ESA, Germany); Filippo Concaro (European Space Agency, Germany)
This paper firstly describes the global architecture of a complete transceiver working from 22.5GHz to 27GHz devised to illuminate the beam waveguiding (BWG) section of ESA deep space antennas (DSAs). Then itindividually reviews each of the devices that compose it. From the corrugated horn to the diplexer, the choosing of their architecture is justified and their main simulated figures of merit are shown.

Improving Modal Purity in Quadraxially Fed Quadruple-Ridged Flared Horn Antennas

Jacobus M Kotzé and Petrie Meyer (Stellenbosch University, South Africa)
This paper presents an improvement of a quadraxial feed designed for quadruple-ridged flared horn antennas. Selective laser melting (SLM) 3-D printing allows for complex structures to be realised as one unibody component. The integration of complex structures into the quadruple-ridged waveguide suppresses all higher order modes by more than 25 dB relative to the fundamental TE11 mode, thereby achieving pure-mode excitation over a 8.5:1 bandwidth. The impedance match is also significantly
improved due to the relaxation of design constraints from previous manufacturing techniques. The quadraxial feed presented in this paper presents an ideal candidate for the integration with differential amplifiers and a quadruple-ridged flared horn for next generation radio astronomy reflector antennas.

C Band Self Diplexed Tx/Rx Feed System for Telecom
Rodolfo Ravanelli (Thales Alenia Space Italy SpA, Italy); Giuseppe Addamo (Istituto di Elettr. e di Ingegneria dell'Inform. e delle Telecom. (IEIIT-CNR), Italy); Roberto Mizzoni (Thales Alenia Space lItalia, Italy); Oscar A. Peverini (Istituto di Elettr. e di Ingegneria dell'Inform. e delle Telecom. ( IEIIT- CNR), Italy); Marcello Zolesi (Thales Alenia Space, Italy); Giuseppe Virone (Consiglio Nazionale delle Ricerche, Italy); Franco

Perrini (Thales Alenia Space-ltalia S.p.a., Italy); Fabio Paonessa (National Research Council of Italy (CNR - IEIIT), ltaly)
A reverse coupled self-diplexing feed-system operating in the extended C-band is addressed in this paper. Strict requirements in terms of electromagnetic performances, power handling and mass/envelope have driven the selected configuration. The design, validated through the measurement over a flight H/W, demonstrates the validity of the solution, making this product appealing for telecom reflector shaped space antennas.

Multi-frequency Dual-polarization Spaceborne Microwave Radiometer Antennas

Hongjian Wang (National Space Science Center, China)
As part of the overall Haiyang2C (HY2C) ocean dynamic satellite research, atmospheric correction microwave radiometer (ACMR) used to correct atmospheric path delay in the radar altimeter has recently been developed. Observing antenna of ACMR with three frequency bands and dual polarizations is realized by an offset deployable dish fed by acommon corrugated horn. The deployable reflector is made of carbon fiber composite (CFRP) supported by a CFRP frame that connect to the satellite deck, and the
deploymentofthe dish is implemented by two hinges. The feeding subsystem has aloaded rings corrugated horn, an ultrawideband orthomode transducer (OMT) that covers almost 2:1 bandwidth ratio followed by bandpass filters. Measured results show thatthe VSWRs are lowerthan 1.5 throughout all three working bands (18.7 GHz, 23.8 GHz and 37 GHz), the cross-polarization levels (CPs) are below -20 dB.

Upgrade to the K-band Uplink Channel for the ESA Deep Space Antennas: Analysis of the Optics and Preliminary Dichroic Mirror Design

Matteo Marchetti (University of Pavia, ltaly); Filippo Concaro (European Space Agency, Germany); Fabio Pelorossi (ESOC, ESA, Germany); Luca Perregrini and Marco Pasian (University of Pavia, Italy)
Not available

Full-wave Scattering from Reflector Antennas on Electrically Large Platforms Using low-Memory Computers

Oscar Borries, Peter Demeyer and Erik Jgrgensen (TICRA, Denmark)
We consider the use of full-wave integral equation techniques on scattering problems involving electrically large structures, and consider how an implementation of such techniques could use an inexpensive solid-state drive (SSD) rather than costly random access memory (RAM). We begin by showing how a Multi-level Fast Multipole Method (MLFMM) code based on Higher-Order (HO) basis functions has fundamental properties that make it feasible to use disk storage for the less frequently used algorithm
data. Then, we show how the use ofthe SSD allows us to solve larger problems than the RAM of the computing platform makes room for. Finally we consider how this implementation has only amodestimpact on the computational time, particularly when compared to the reduction in financial cost of SSD storage ratherthan RAM.

Circularly Polarized Axially Corrugated Feed Horn for CubeSat Reflectarray Applications
Miroslav J. Veljovic and Anja K. Skrivervik (EPFL, Switzerland)

Reflectarray (RA) and transmitarray (TA) antennas that use the element-rotation technique require the radiation from the feeding antennato be circularly polarized (CP). A CP axially corrugated horn antennais developed as a feeding element for CubeSat RA and TA antennas. The CP operation is enabled using a septum polarizer. The al-metal geometry is attractive for space applications and allows the horn to be 3D printed in aluminum in a single piece. A prototype of the feed chain was fabricated using the Direct
Metal Laser Sintering (DMLS) technique. The results of 3D simulations and VNA/far-field measurements of the feed chain are presented in this paper.

Tunable Dichroic Cell for Multi-band Reflector Antenna System

Miguel Salas-Natera and Roberto Garrote Moreno (Universidad Politécnica de Madrid, Spain); Eduardo Carrasco and Jose A. Encinar (Universidad Politecnica de Madrid, Spain); Ramén Martinez Rodriguez-Osorio (Universidad Politécnica de Madrid, Spain)
This work presents a novel dichroic cell for multi-band reflector antenna systems that has two different configurations using a novel resonant element formed by rings connected with tuning stubs. The case study presented shows the design of a symmetrical cell using two resonant elements in both faces of the dichroic cell and the design of a non-symmetrical cell using one novel resonant element in one face of the cell and a single ring in the other face. These two configuration allows performing different
topologies of dualband feeds.

Contingency Mitigation Aspects for Reflector Based Satellite SAR Systems

Patrick T.P. Klenk, Jens Reimann, Sigurd Huber and Marco Schwerdt (German Aerospace Center (DLR), Germany)
Contingency mitigation, especially with respect to potential failures of Transmit-Receive Modules (TRMs) is a critical issue for SAR system concepts based upon planar phased array antenna fed large-deployable reflector (LDR) instruments. One promising approach is defocusing the LDR from the usually employed paraboloid shape. This opens a trade-space which has to be carefully investigated. Based on the current instrument and spacecraft geometry of Tandem-L we here assess the potential of reflector
shaping to mitigate potential TRM failures. In particular we discuss the potential for re-optimization of the transmit pattern in such a contingency case. We find that for the defocused reflector, the impact of a potential TRM failure on the transmit pattern can be largely mitigated with acceptable impacts on nominal operations.

Design and Measurement of Possible Wide-band 67-116 GHz ALMA Vacuum Window Anti-reflection Layers

Peter J Speirs (University of Bern, Switzerland); Rocio Molina (Universidad de Chile, Chile); Elena Saenz (European Space Agency, The Netherlands); Paul Moseley (European Space Agency, Switzerland); Pavel Yagoubov (European Southern Observatory, Germany); Axel Murk (IAP, Switzerland)
A new broad-band vacuum lens/window design is required for the new Atacama Large Millimeter/submillimeter Array (ALMA) band 2 receiver, intended to cover 67-116 GHz. A suitable anti-reflection coating (ARC) for this will be necessary. This paper presents the optimization of a candidate ARC design in ultra-high molecular weight polyethylene (UHMWPE), alongside simulations and measurements of candidate designs in silicon. Machined triangular grooves are used as the ARC for the UHMWPE candidates,
and stacked cuboids forthe silicon candidate design.

Electromagnetic Analysis of the ngVLA Reference Design Antenna
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Sivasankaran Srikanth (National Radio Astronomy Observatory & Associated Universities Incorporated, USA)
This paper presents computed efficiency, efficiency loss and increase in crosspolarization due to feed positioning errors on the Next Generation Very Large Array antenna. The rationale behind the choice of configuration of the antennaiis explained. The design of the proposed feed is shown.

Compact Quasi-Optical Power Combiner with Single Shaped Reflector
Dong Xia and Liao Ma (Beihang University, China); Ming_Jin (Beijing University of Chemical Technology, China); Ming Bai (Beihang University, China)

In this paper, acompact and efficient quasi-optical power combiner configuration is presented. A single shaped reflector is utilized to directly convert the radiated beam from a planar feedhorn antenna array with arbitrary elements into single output beam. An efficient shaping technique based on reflector Poynting vector tracing is employed to synthesize the reflector, which shows obvious advantage over existing iterative wave-front shaping approaches. For validation, two shaped reflectors dedicated for a 3x3
as well as a 5x5 feedhorn array are designed. Satisfying power combining results are obtained through full-wave electromagnetic simulation.

4-40 GHz In-Phase/180° Out-of-Phase Power Dividers with Enhanced Isolation
Hadi Hijazi (Lab-STICC/ENSTA Bretagne, France); Marc Le Roy (Lab-STICC, France); Raafat Lababidi (Ensta Bretagne, France); Denis Le Jeune (ENSTA Bretagne, France); Andre Perennec (Lab-STICC, France)

This paper demonstrates a single topology to implement ultra-wideband in-phase and 180° out-of-phase power dividers which will be dedicated for ultra-wideband frontends and balanced antenna systems that require a decent amount of isolation between ports. Both power dividers are formed of two couples of microstrip-to-slotline transitions terminated with radial stubs and then cascaded with a multisection Wilkinson power divider. A parametric study of the microstrip-to-slotline transition is performed to
identify the main parameters' influence on its frequency response, followed by a full-wave optimization. Both power dividers are designed on RO4003C substrates and both have the same size of 22x38 mm?2. Simulation results show that the power dividers can operate between 4 and 40 GHz with less than 6 dB insertion loss and with small amplitude and phase imbalances between output ports. And most importantly, both devices have at least 20 dB of isolation between output ports over the entire
bandwidth.

Broadband Beam-Steering with Focused Connected Arrays in Quasi-Optical Systems
Alejandro Pascual Laguna (Delft University of Technology & SRON, The Netherlands); Daniele Cavallo (Delft University of Technology, The Netherlands); Jochem Baselmans (SRON, The Netherlands); Nuria LLombart (Delft University of Technology, The Netherlands)

In this paper we propose an efficient integrated antenna solution based on a near-field focused connected array of slots on a membrane. The focused aperture provides (1) with broadband and highly efficient illumination of subsequent quasi-optical systems and (2) with the scanning capability inside a focusing system. The connected array antenna in turn allows for a fully planar solution that can synthesize a focused aperture whilst providing with broadband matching performance and low levels of cross-
polarization.
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A Millimeter-Wave Low-Profile and Metal-Only Transmitarray Antennas at 28 GHz

Seyedeh Zahra Mousavirazi (Institut National de la Recherche Scientifique (INRS), Canada); Seyed Ramazannia Tuloti (Electrical and Computer Engineering Faculty, Semnan University, Iran); Tayeb A. Denidni (INRS-EMT, Canada)
A novel high-gain and low-profile transmitarray antenna, operating at 28 GHz, is presented in this paper. A four-layer metal-only elementis used to achieve a full transmission phase range of 360° for a transmission magnitude equal to or better than -1.2 dB. A transmitarray with a main beam at the broadside direction is simulated via CST software. The achieved simulation results show that the designed antenna with an aperture size 0f95.25 cm2 at 28 GHz, has 26 dBi maximum gain. In addition, the proposed
transmitarray antenna achieves a17.3% 1-dB gain bandwidth and 38.2% efficiency.

Dual-Polarized Dual-Frequency Ka-band Transmitarray Lens

Enrique G. Plaza and German Ledn (Universidad de Oviedo, Spain); Susana Loredo and Luis Fernando Herran (University of Oviedo, Spain)
In this contribution, a new dual-frequency unit cell for transmitarrays is presented. This cell is based on arectangular structure consisting of 4-stacked rectangular patches coupled 2-by-2 using a cross slot. One of the polarization is optimized to be transparent at 28 GHz, and the perpendicular one at 38 GHz. The cell provides a phase delay up to 300 degrees for each polarization at both frequencies. Furthermore, it allows to develop different radiation patterns for each frequency independently. In order to show
the potential applications of this cell, a transmitarray antenna has been designed and simulated. The antenna can focus the energy on anear-field spot at 28 GHz using one polarization and it can also steer abeam to the broadside direction with the other polarization at 38 GHz.

Transmitarray Antenna for Converged Vortex Beam Generation and Steering

Irina Munina and Pavel A. Turalchuk (St. Petesburg Electrotechnical University LETI, Russia); Dmitry E Zelenchuk (Queen's University of Belfast, United Kingdom (Great Britain))
This paper proposes a 1-bit transmitarray antenna excited by planar patch array in C band. The patch array generates a vortex beam, which is further compressed by the transmitarray. It has been demonstrated that by changing the phase distribution across the transmitarray one can change the vortex beam direction whilst preserving the orbital angular momentum properties.

Design and Operation of a Smart Graphene-Metal Hybrid Reflectarray at THz Frequencies
Arjun Singh (Northeastern Unvierstiy, USA); Michael Andrello (AFRL, USA); Erik Einarsson (University at Buffalo, USA); Ngwe Thawdar (Air Force Research Laboratory, USA); Josep M Jornet (Northeastern University, USA)

Terahertz (THz)-band (0.1 - 10 THz) communication is envisioned as a key wireless technology to fulfill the demand for dense networks and higher data rates. To overcome the complex THz communication channel, smart reflecting surfaces can be utilized to facilitate Non-Line of Sight (NLOS) communication and increase efficiency. In this light, the use of new 2D nanomaterials, such as graphene, to design reprogrammable reflectarrays is being explored. This paper presents a novel graphene-metal hybrid
reflectarray for THz communications. The radiating element of the reflectarray is designed to have strong reflection efficiency and high tunability. The trade-offs in the design of the hybrid element are exhaustively studied. The ability to perform continuous dynamic beamforming is presented. Extensive numerical results are provided to demonstrate the functionality of the reflectarray to engineer NLOS paths for communication.

Low-profile TM Incident Retrodirective Metasurface Using AMC Surface

Sun-Gyu Lee and Jeong Hae Lee (Hongik University, Korea (South))
This paper presents a low-profile TM incident retrodirective metasurface (RMS). The unitcell is modeled by equivalent circuit to derive the impedance condition of RMS for full reflection phase coverage (FRPC). A PMC ground is required for a low-profile unitcell. The surface impedance of a slot layer is calculated from metasurface Generalized sheet transition conditions (GSTCs) and Babinet's principle. The resultant unitcell includes the artificial magnetic conductor (AMC), and the total height of the RMS with AMC
ground isreduced by 50% compared with PEC ground. The RMSs composed of 10x7 supercells are designed using generalized Snell's law. The measured bistatic pattern and efficiency show good agreement with those of the simulation.

Ultrawideband Transmitarray Employing Connected Slot-Bowtie Dipole Elements

Lizhao Song (University of Technology Sydney, Australia); Peiyuan Qin (University of Technology, Sydney, Australia); Stefano Maci (University of Siena, Italy); Y Jay Guo (University of Technology Sydney, Australia)
In contrast to using elements based on multi-layer frequency selective structures (FSS) with either true time delay lines or orthogonal modes, a novel technique to achieve ultrawideband transmitarray with consistent radiation patterns using connected antenna elements is presented in this paper. The element consists of a horizontally connected slot-bowtie dipole and vertical meander slot-lines. It can realize a 3600 phase variation range at the highest frequency 17GHz, with transmission loss less than 3dB from
2GHz to 17GHz. The elementis employed for an ultrawideband transmitarray design, realizing consistent boresight radiation patterns from 7GHz to 17GHz with antenna efficiencies from 38% to 60%. A prototype is fabricated and measured, and good agreements between simulation and measurement are obtained.

Frequency Diverse Array Beamforming Using Particle Swarm Optimization
Yi Liao, Hu Tang and Di Jiang (UESTC, China); Zhi Zheng (University of Electronic Science and Technology of China, China)

Frequency diverse array (FDA) employs frequency offsets along its array element, thus generating arange-dependent beampattern, which cannot be achieved by conventional phased array. However, the range and angle are coupled in standard FDA. To address this problem, the frequency offsets are optimized in this paper with particle swarm optimization to focus the beam energy to the interested spot. The effectiveness of the proposed method is validated by numerical simulations.

A Triple-layer Wideband Transmitarray Antenna Using Finger-Type Slot Elements

Guang_Liu and Hongjian Wang (National Space Science Center, China); Yang_Liu (National Space Science Center & University of Chinese Academy of Sciences, China)
A novel triple-layer wideband transmitarray antenna using finger-type slot elements is presented in this paper. The unit-cell contains five longitudinal slots and a transverse slot on every thin metal layer, the simulated transmission coefficients of the unit-cell indicate that low loss and wideband properties are achieved at Ku-band. A wideband TA with diameter of 7.1 wavelengths using the proposed unit-cell is designed and simulated by commercial software Ansys 18.0. Simulated gain of 21.2 dBi at the center
working frequency of 13.58 GHz and -1 dB gain bandwidth of 24.3% are achieved at Ku band. The simulated radiation patterns of TA show that low side lobe level and low cross polarization level are reached in broadband range.

An Ultra-wideband Reflectarray Antenna Using Connected Dipoles for Multifunctional Systems

Junxun Zhang and Long Zhang (Shenzhen University, China); Wenting_Li (Kent, China); Yejun He and Sai-Wai Wong (Shenzhen University, China); Steven Gao (University of Kent, United Kingdom (Great Britain))
A novel ultra-wideband reflectarray antenna using connected dipoles for multifunctional systems is proposed in this paper. The reflectarray element is composed of an elliptical dipole and a slot line which are printed on a single substrate. Neighboring elements are connected to achieve the ultra-wide bandwidths for both the impedance and the radiation pattern bandwidths simultaneously. By combining the advantages of conventional reflectarray antennas and connected array antennas, the proposed
reflectarray antenna achieves ultra-wide bandwidth with greatly reduced feeding complexity and fabrication cost. As a proof of concept, a 354-element reflectarray antennais designed. The presented reflectarray antenna maintains undistorted beams and high antenna gain overabandwidth of 100%, i.e., from 10 to 30 GHz.

Equivalent Dielectric Description of Transmit-arrays as an Efficient and Accurate Method of Analysis
Sergio Matos (Instituto Universitdrio de Lisboa, Portugal); Jorge R. Costa (Instituto de Telecomunicagdes / ISCTE-IUL, Portugal); Parinaz Naseri (University of Toronto, Canada); Eduardo B. Lima (Instituto de Telecomunicagdes & Instituto Superior Técnico, Portugal); Carlos A. Fernandes (Instituto de Telecomunicacoes, Instituto Superior Tecnico, Portugal); Nelson Fonseca (European Space Agency, The

Netherlands)

Transmit-arrays (TAs) provide cost effective solutions for various antenna applications, including satellite and terrestrial communications. Usually, these antennas have electrically large apertures, comprising thousands of fine-tuned subwavelength unit-cells. This makes full-wave simulations demanding in terms of computational resources, constraining the antenna design and optimization. Herein, we present an efficient method for the reduction of the TA's computational complexity that still provides accurate
results for the main figures of merit of the antenna. Forthe chosen example, the simulation was 3 times faster and required 50% less memory. Yet, as the complexity of the problem is further scaled, this method is expected to become even more effective.
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Enhanced Low Band MIMO Terminal Antenna Based on Selective Feeding of Chassis Modes

Hanieh Aliakbari (Lund University, Sweden); Qiuyan Liang (Lund University, Sweden & Xidian University, China); Buon Kiong_Lau (Lund University, Sweden)
Multiple-input multiple-out (MIMO) is a mature technology in modern wireless communications. However, it is challenging to implement multi-antennas for MIMO operation in compact mobile terminals, due to high mutual coupling and correlation among closely spaced antenna elements. Moreover, a conventional terminal chassis only offers one resonant mode below 1 GHz, complicating multi-antenna design. Recently, it has been shown that the chassis can be modified to facilitate a few resonant modes
below 1 GHz. However, attempts to excite these modes selectively using a single feed per antenna port resultin limited bandwidth and isolation. In this work, we propose dual-feed antenna ports to improve selective feeding of the resonant modes of an existing two-port MIMO terminal antenna below 1 GHz. Simulation results reveal significantly enhanced bandwidths of 30% and 15% forthe two ports, as well as high isolation of over 32 dB.

Yagi-Uda-Inspired Pattern Reconfigurable MIMO Antenna with Suppressed Harmonics and Minimum Parasitic Presence for WLAN Applications

Phalguni Mathur (Bharathiar University, India)
In this paper, adual port multiple-input-multiple-output (MIMO) antenna with pattern diversity, integrated with a low pass filter to eliminate higher order harmonics is presented. The operating principle of the prototype is similar to that of Yagi-Uda antennas where multiple parasitic elements loaded with single or multiple switches are utilized to achieve the desired radiation characteristics. In the present design, however, only a single parasitic element loaded with just one switch is used to obtain six different H-plane
radiation patterns within 2.4GHz WLAN band (2.4GHz-2.48GHz). Since the proposed antenna has less parasitic involvement, spurious ohmic losses are also minimized. The low pass filter, integrated with the microstrip feedline of the radiator, can suppress the higher order harmonics (atleast upto 11GHz) as well as simplifies the back-end circuitry of the whole MIMO antenna system itself. The prototype is fabricated on FR4 glass epoxy substrate with 1.6mm thickness.

Convergence of OAM Beams Using Time-Modulated Concentric Circular Arrays

Yang Wang, Jie Liu, Tao Hu, Wenjun Jie and Donghua Yang (Chongging University of Posts and Telecommunications, China); Alan Tennant (University of Sheffield, United Kingdom (Great Britain))
In this paper, time modulation technique is applied to concentric circular arrays for synthesizing orbital angular momentum (OAM) beams with lower sidelobe levels. Compared with traditional concentric circular arrays, time-modulated concentric circular arrays (TMCCAs) add a high-speed RF switch to each array element. TMCCA s can simultaneously generate multiple OAM beams by periodically controlling the working state of elements. Furthermore, the genetic algorithm (GA) is exploited to optimize the switch-
on duration of each element. Results show that under the condition of equal amplitude excitation, TMCCAs can successfully synthesize lower sidelobe OAM beams.

Printed Dipole MIMO Antenna for Wireless Handheld Terminals
Ahmad Abdelgwad and Mohammod Ali (University of South Carolina, USA)
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