
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
IEEE Catalog Number: 
ISBN: 

CFP20APS-POD 
978-1-7281-6671-1 

2020 IEEE International 
Symposium on Antennas and 
Propagation and North American 
Radio Science Meeting 

Toronto, Ontario, Canada 
5 – 10 July 2020 

Pages 1-524 

1/4 



 
 
 
 
 
 
 
Copyright © 2020 by the Institute of Electrical and Electronics Engineers, Inc. 
All Rights Reserved 
 
Copyright and Reprint Permissions:  Abstracting is permitted with credit to the source.  
Libraries are permitted to photocopy beyond the limit of U.S. copyright law for private 
use of patrons those articles in this volume that carry a code at the bottom of the first 
page, provided the per-copy fee indicated in the code is paid through Copyright 
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.   
 
For other copying, reprint or republication permission, write to IEEE Copyrights 
Manager, IEEE Service Center, 445 Hoes Lane, Piscataway, NJ  08854.  All rights 
reserved.   
 
*** This is a print representation of what appears in the IEEE Digital 
Library.  Some format issues inherent in the e-media version may also 
appear in this print version.  
 
 
IEEE Catalog Number:   CFP20APS-POD 
ISBN (Print-On-Demand):  978-1-7281-6671-1 
ISBN (Online):   978-1-7281-6670-4 
ISSN:                            1522-3965 
           
 
 
Additional Copies of This Publication Are Available From: 
 
Curran Associates, Inc 
57 Morehouse Lane 
Red Hook, NY  12571 USA 
Phone:  (845) 758-0400 
Fax:  (845) 758-2633 
E-mail: curran@proceedings.com 
Web:               www.proceedings.com 
 

 
 



TABLE OF CONTENTS 
 
PERFORMANCE OPTIMIZATION OF ELECTRICALLY SMALL MICROSTRIP PATCH 
ANTENNAS ON FINITE GROUND PLANES .................................................................................................. 1 

Bidisha Barman, Deb Chatterjee, Anthony N. Caruso 

A K/KA DUAL-BAND CONTINUOUS TRANSVERSE STUB (CTS) ANTENNA ARRAY 
WITH SIDELOBE SUPPRESSION .................................................................................................................... 3 

Junchao Ji, Chenglong Wang, Xidong Wu, Jinfang Zhou 

LOW-PROFILE TRUE-TIME DELAY BASED ELECTRONICALLY RECONFIGURABLE 
LEAKY-WAVE ANTENNAS ............................................................................................................................. 5 

Gursimran Singh Sethi, Sean V. Hum 

A WIDEBAND HIGH-GAIN PLANAR CORRUGATED ANTENNA ............................................................. 7 
Mohammad Mahdi Honari, Mohammad Saeid Ghaffarian, Pedram Mousavi, Kamal 
Sarabandi 

ANGULAR SCAN ENHANCEMENT OF ANTENNA ARRAYS USING TWO LENSES .............................. 9 
Gleb A. Egorov, George V. Eleftheriades 

PRINTED ANTENNA WITH PATTERN RECONFIGURATION IN BOTH E- AND H-PLANES .............. 11 
Sagiru Gaya, Oludayo Sokunbi, Abubakar Hamza, Feras Al-Dirini, Hussein Attia 

A CIRCULARLY POLARIZED MICROSTRIP ANTENNA USING AN OPEN STUB 
COUPLED-LINE PHASE SHIFTER................................................................................................................. 13 

Ionatana Sipili, Brad R. Jackson 

GRATING LOBE REDUCTIONS IN A PLANAR HEXAGONAL SCANNING ARRAY WITH 
LARGE ELEMENT SPACING ......................................................................................................................... 15 

Zabed Iqbal, Tanzeela H. Mitha, Maria Pour 

WIRELESSLY POWERED IOT SENSOR FACILITATED BY A PLANAR ELECTRICALLY 
SMALL HUYGENS RECTENNA .................................................................................................................... 17 

Wei Lin, Richard W. Ziolkowski 

5-50GHZ TAPERED SLOT ANTENNA ARRAY ............................................................................................ 19 
Conrad Andrews, Mohamed Elmansouri, Dejan Filipovic 

RECONFIGURABLE ANTENNA BASED ON GAP SUBSTRATE INTEGRATED 
WAVEGUIDE .................................................................................................................................................... 21 

Nima Javanbakht, Barry Syrett, Rony E. Amaya, Jafar Shaker 

DIELECTRIC RESONATOR ANTENNA COUPLED INFRARED ANTIMONIDE 
PHOTODETECTORS ........................................................................................................................................ 23 

Jordan Budhu, Anthony Grbic, Nicole Pfiester, Chris Ball, Kwong-Kit Choi, Sanjay Krishna 

COMPACT DUAL-POLARIZED VIVALDI ANTENNA FOR GROUND PENETRATING 
RADAR (GPR) APPLICATION ........................................................................................................................ 25 

Hai-Han Sun, Yee Hui Lee, Abdülkadir C. Yücel, Genevieve Ow, Mohamed Lokman Mohd 
Yusof 

ANALYSIS OF GAUSSIAN AND ISOTROPIC BEAMS ON POWER LINK GAIN ENHANCED 
WITH LARGE-FOCAL-DISTANCE REFLECTARRAYS .............................................................................. 27 

Jiawei Han, M. A. Constant Niamien, Zouheir Riah 



DUAL-BAND, BEAM-STEERABLE REFLECTARRAY WITH INDEPENDENT BEAM 
CONTROL AT X- AND KU-BANDS ............................................................................................................... 29 

Zongtang Zhang, Hung Luyen, John H. Booske, Nader Behdad 

RESEARCH ON DISTRIBUTED NESTED ARRAY PATTERN SYNTHESIS ............................................. 31 
Hongyong Wang, Weibo Deng, Ying Suo, Qiang Yang, Xin Zhang 

AN ELECTRICALLY SMALL ANTENNA IN PACKAGE DESIGN WITH EMBEDDED 
ELECTRONICS FOR RPW DETECTION ....................................................................................................... 33 

Haoran Zhang, Atif Shamim 

LOW LOSS CU/CO METACONDUCTOR BASED ARRAY ANTENNA IN KA BAND FOR 5G 
APPLICATIONS ................................................................................................................................................ 35 

Renuka Bowrothu, Yong Kyu Yoon 

DESIGN OF A ELECTRO-MECHANICALLY TUNABLE LOW-LOSS MM-WAVE PHASE-
SHIFTING METASURFACE ............................................................................................................................ 37 

Evangelos Vassos, James Churm, Alexandros Feresidis 

A FREQUENCY-SCANNED SLOTTED WAVEGUIDE ANTENNA AT MILLIMETER-WAVE 
FREQUENCIES ................................................................................................................................................. 39 

Amirmasoud Ohadi, George V. Eleftheriades 

3D PRINTED ZIRCONIA FOR UWB STACKED CONICAL RING DRA .................................................... 41 
Vivek T. Bharambe, Yongduk Oh, Jacob J. Adams, Dylan Negro, Eric Macdonald 

DEHYDRATION APPROACH FOR ENHANCING TERAHERTZ DETECTION OF CANCER 
IN FRESHLY EXCISED BREAST TUMORS ................................................................................................. 43 

Nagma Vohra, Magda El-Shenawee, Keith Bailey 

HIGH GAIN 4X4 SIW PASSIVE PHASED ARRAY ANTENNA .................................................................. 45 
Zahra Rahimian Omam, Wael M. Abdel-Wahab, Suren Gigoyan, Safieddin Safavi-Naeini 

ELECTROMAGNETIC METHODOLOGY TO OPTIMIZE ANTENNA ISOLATION IN 
COMPLEX ENVIRONMENTS ......................................................................................................................... 47 

Mehrbod Mohajer, Essam Elkhouly 

ON THE PHASE SHIFT OF A MICROSTRIP TRANSMISSION LINE LOADED WITH 
MAGNETO-RESPONSIVE CONDUCTING MICRO-PARTICLES ............................................................... 49 

Jerika Cleveland, Jacob Lewis, Dipankar Mitra, Benjamin D. Braaten, Jeffery Allen, Monica 
Allen 

IMPACT OF COUPLING ON BEAM PATTERN VS. FREQUENCY IN AN L-BAND ARRAY-
FED REFLECTOR ANTENNA ........................................................................................................................ 51 

Su Yee Aye, Koen Mouthaan, Sigurd Huber, Gerhard Krieger 

DESIGN OF AN ULTRAWIDEBAND PRINTED MONOPOLE ANTENNA USING 
HEXAGONAL CSRR AT UHF-BAND ............................................................................................................ 53 

Meliksah Yayan, Ali Furkan Aslan 

DESIGN OF SWITCHED ANTENNA ARRAYS FOR A 28 GHZ PROPAGATION CHANNEL 
SOUNDER ......................................................................................................................................................... 55 

Zhinong Ying, Kun Zhao, Erik Bengtsson, Harsh Tataria, Fredrik Tufvesson 



DESIGN OF A 7 T SPIRAL RESONATOR-BASED FILTER FOR MRI PLANAR ARRAY 
COUPLING REDUCTION ................................................................................................................................ 57 

Danilo Brizi, Nunzia Fontana, Filippo Costa, Gianluigi Tiberi, Angelo Galante, Marcello 
Alecci, Agostino Monorchio 

A STUDY OF FOLDED MONOPOLE ANTENNA CLOSE TO METAL OBJECT BY USING 
CHARACTERISTIC MODE ANALYSIS ......................................................................................................... 59 

Yuta Nakagawa, Naobumi Michishita, Hisashi Morishita 

A WIDEBAND PATCH ANTENNA FOR 5G .................................................................................................. 61 
Marco Simone, Alessandro Fanti, Giuseppe Mazzarella 

FEASIBILITY STUDY OF STRETCHABLE ANTENNA .............................................................................. 63 
Rakib Hasan, Reyhan Baktur 

5G MMWAVE PATCH ANTENNA ON MULTI-LAYERED ALUMINA RIBBON CERAMIC 
SUBSTRATES ................................................................................................................................................... 65 

Cheolbok Kim, Cheng-Gang Zhuang, Nikolay Z Zhelev, Hoon Kim, Willam Bouton, 
Kristopher Wieland, Seong-Ho Seok, Michael E Badding 

A NOVEL DUAL-BAND WIFI ANTENNA WITH FREQUENCY-RECONFIGURABILITY ..................... 67 
Yinwan Ning, Yuandan Dong, Zhan Wang, Yong Fan 

HINGED MICROSTRIP QUASI-FIR FILTER FOR PHYSICALLY RECONFIGURABLE 
ANTENNAS ...................................................................................................................................................... 69 

Anthony Nunez, Stavros Georgakopoulos, Elias A. Alwan 

A COMPACT WIDEBAND CUBIC DIELECTRIC RESONATOR ANTENNA FOR 
INTEGRATED 60-GHZ MHMIC SHORT-RANGE TRANSCEIVERS .......................................................... 71 

Mansoor Dashti Ardakani, Mohammadmahdi Farahani, Mohammad Akbari, Serioja Ovidiu 
Tatu 

ELECTRONICALLY TUNABLE BEAM SCANNING REFLECTARRAY USING 
FREQUENCY SELECTIVE SURFACE ........................................................................................................... 73 

Muhammad M. Tahseen, Ahmed A. Kishk, Tayeb A. Denidni 

FILTERING LEAKY-WAVE ANTENNAS: COMPOSITION PRINCIPLES, DESIGN 
CONSIDERATIONS, AND MULTIFUNCTION CHARACTERISTICS ........................................................ 75 

Dongze Zheng, Ke Wu 

ENHANCED CIRCULAR BULL'S EYE ANTENNA WITH DIELECTRIC SUPERSTRATE ...................... 77 
Christineh Shahbazian, Ahmed Kishk 

QUAD FREQUENCY REJECTION BANDS UWB BOWTIE MICROSTRIP ANTENNA ........................... 79 
Yanal S. Faouri, Ali Salim, Saleh Baqaleb 

DUAL-POLARIZED L-BAND FLAT-WIRE OPEN LOOP ANTENNA ........................................................ 81 
Yanxia Liu, Dustin Isleifson, Lotfollah Shafai 

A NOVEL LOW LOSS E-PLANE SUBSTRATE INTEGRATED WAVEGUIDE NARROW 
WALL SLOT ANTENNA ................................................................................................................................. 83 

Adam Schultz, Xuanhui Wu 

DUAL-POLARIZED HIGH-GAIN HIGH-ISOLATION ANTENNA ARRAY FOR 
MILLIMETER-WAVE APPLICATIONS ......................................................................................................... 85 

Karrar Al Khanjar, Tarek Djerafi, Halim Boutayeb, David Wessel 



LOW-PROFILE CIRCULAR POLARIZED STUB-ARRAY SCHEME FOR 5G APPLICATIONS .............. 87 
Amirashkan Darvish, Ahmed Kishk 

DESIGN OF A COMPACT DUAL-BAND DOUBLE-STUB MATCHING NETWORK USING 
MTM-EBGS ....................................................................................................................................................... 89 

Braden P. Smyth, Ashwin K. Iyer 

A DEPLOYABLE AND RECONFIGURABLE ORIGAMI REFLECTARRAY BASED ON THE 
MIURA-ORI PATTERN .................................................................................................................................... 91 

Abdul-Sattar Kaddour, Carlos A. Velez, Stavros V. Georgakopoulos 

DESIGN OF A DUAL-BAND SINGLE LAYER REFLECTARRAY WITH ARBITRARILY-
SHAPED ELEMENTS ....................................................................................................................................... 93 

Kotaro Sakagawa, Haruyuki Inoue, Daichi Higashi, Hiroyuki Deguchi, Mikio Tsuji 

AMPLITUDE BASED BEAM STEERABLE ARRAYS: MITIGATION OF GRATING LOBES 
AND MUTUAL COUPLING ............................................................................................................................ 95 

Siva Sai Krishna Puranam, Anand Gopinath, Robert Sainati 

BROADSIDE RADIATION PROBLEM IN LEAKY WAVE ANTENNAS: A METASURFACE 
PERSPECTIVE .................................................................................................................................................. 97 

Mohamed K. Emara, Shulabh Gupta 

A MINIATURIZED UWB ANTENNA FOR FLEXIBLE ELECTRONICS .................................................... 99 
Wahaj Abbas Awan, Syeda Iffat Naqvi, Niamat Hussain, Adnan Ghaffar, Abir Zaidi, Xue Jun 
Li 

TOPOLOGY OPTIMIZATION OF RF GRIN LENSES ................................................................................. 101 
Eric B. Whiting, Sawyer D. Campbell, Jingwei Xu, Pingjuan L. Werner, Douglas H. Werner, 
Jeremy A. Bossard, John P. Barrett, Joshua W. Withrow, Lockheed Martin 

A COMPACT SINGLY-FED ELECTROMAGNETICALLY COUPLED CIRCULARLY 
POLARIZED ANTENNA FOR 5G APPLICATIONS .................................................................................... 103 

Stefano Maddio 

HUYGENS SOURCE ANTENNA USING STACKED DIELECTRIC RESONATORS .............................. 105 
C. D. Morales, C. Morlaas, A. Chabory, R. Pascaud, M. Grzeskowiak, G. Mazingue 

TRI-STATE SEQUENCES CONTROL OF TMAS FOR MULTIBEAM RECEPTION ............................... 107 
Roberto Maneiro-Catoira, Julio Brégains, José A. García-Naya, Luis Castedo 

NON-CONVENTIONAL CAVITY BACKED SINUOUS ANTENNA FOR UWB RADAR 
APPLICATIONS .............................................................................................................................................. 109 

Claudio Maria Lamacchia, Michele Gallo, Luciano Mescia, Pietro Bia, Antonio Manna, 
Christian Canestri, Domenico Gaetano 

EFFECT OF DIFFERENT REFLECTOR SHAPES ON SUB 6-GHZ 5G DIPOLE-BASED 
ANTENNAS .................................................................................................................................................... 111 

Sergio Martin-Anton, Paula Fernandez-Martinez, Daniel Segovia-Vargas, Vicente Gonzalez-
Posadas 

A DUAL-POLARIZED STACKED REFLECTARRAY ANTENNA WITH CHANGING BEAM-
DIRECTION .................................................................................................................................................... 113 

Mei Fukaya, Ryota Obata, Shigeru Makino, Hiromasa Nakajima, Michio Takikawa 



A FLAT AND THIN WIDEBAND ANTENNA WITH BAND-NOTCH AND MONOPOLE-LIKE 
RADIATION CHARACTERISTICS ............................................................................................................... 115 

B. Mohamadzade, R. M. Hashmi, S. M. Abbas, R. B. V. B. Simorangkir 

TRANSPARENT CIRCULARLY-POLARIZED ANTENNA WITH TILTED BEAM FOR 
VEHICULAR PLATFORMS .......................................................................................................................... 117 

Alireza Gharaati, Saeid Ghaffarian, Rashid Mirzavand, Pedram Mousavi 

DESIGN OPTIMIZATION OF A TUNABLE COPLANAR PATCH ANTENNA ........................................ 119 
Prasad N. Shastry, Aparna Sankarasubramaniam 

ANALYSIS OF MAGNETICALLY-COUPLED LOOPS BASED ON CHARACTERISTIC 
MODES ............................................................................................................................................................ 121 

Ferdaous Abderrazak, Eva Antonino-Daviu, Miguel Ferrando-Bataller, Larbi Talbi 

EUROPA CLIPPER HIGH GAIN ANTENNA PROTOTYPE ....................................................................... 123 
Matthew Bray 

A LINEAR ARRAY OF PATCH ANTENNAS FOR A KU-BAND PHASED ARRAY WITH A 
ROTATABLE POLARIZATION PLANE ...................................................................................................... 125 

Makoto Sano, Makoto Higaki 

RECONFIGURABLE CORNER REFLECTOR USING PIN-DIODE-SWITCHED FREQUENCY 
SELECTIVE SURFACES ................................................................................................................................ 127 

Deisy Formiga Mamedes, Alfredo Gomes Neto, Jens Bornemann 

GLOBAL OPTIMIZATION OF SPARSE PENCIL BEAMS WITH CONSTRAINED DYNAMIC 
RANGE RATIO ............................................................................................................................................... 129 

Maja Jurisic Bellotti, Mladen Vucic 

ELECTRONIC STEERABLE SLOTTED LEAKY-WAVE ANTENNA ....................................................... 131 
Nima Javanbakht, Barry Syrett, Rony E. Amaya, Jafar Shaker 

DESIGN AND IMPLEMENTATION OF A COMPACT DOUBLE RIDGED HORN ANTENNA 
FOR ULTRA-WIDE BAND MICROWAVE IMAGING ............................................................................... 133 

Stefania Diana, Chiara Ciampalini, Guido Nenna, Danilo Brizi, Agostino Monorchio 

A BROADBAND MICROSTRIP ANTENNA WITH STABLE GAIN .......................................................... 135 
Bo Cheng, Zhengwei Du 

MULTIFOCAL REFLECTARRAY WITH OPTIMIZED APERTURE PHASE ........................................... 137 
Shahin Sheikh, Ahmed Kishk 

A NEW TIGHTLY-COUPLED DIPOLE ARRAY ......................................................................................... 139 
San-Qiang Tong, Bing-Zhong Wang, Ren Wang, Chang-Hai Hu 

EURAAP WG GSM ANTENNA MODEL VALIDATION ............................................................................ 141 
Duncan Madden, John Borchardt 

PERFORMANCE IMPROVEMENT OF A MICROSTRIP PATCH ANTENNA ON AN EBG 
STRUCTURE ................................................................................................................................................... 143 

Marjan Kashani, Lotfollah Shafai, Dustin Isleifson 

MM-WAVE FREQUENCY RECONFIGURABLE ANTENNA WITH MULTILAYER 
INTEGRATED MICROFLUIDIC ACTUATION ........................................................................................... 145 

J. Mendoza, G. Mumcu 



A CONCEPT FOR A LEAKY WAVE ANTENNA OSCILLATOR WITH SECOND ORDER 
DEGENERACY ............................................................................................................................................... 147 

Enrico M. Renzi, Ahmed F. Abdelshafy, Tarek Mealy, Ladislau Matekovits, Filippo Capolino 

DIELECTRIC RESONATOR ANTENNA FED BY TAPERED DIELECTRIC ROD 
WAVEGUIDE FOR 5G MM-WAVE APPLICATIONS................................................................................. 149 

Khalid Alsirhani, Kerlos Atia Abdalmalak, Choon Sae Lee, Gabriel Santamaría-Botello, 
Daniel Segovia-Vargas, Luis Enrique García-Muñoz 

FLEXIBLE INK-BASED INTERCONNECTS FOR TEXTILE-INTEGRATED RF 
COMPONENTS ............................................................................................................................................... 151 

Dieff Vital, Md Monirojjaman Monshi, Shubhendu Bhardwaj, P. Markondeya Raj, John L. 
Volakis 

ASSESSMENT OF THE IMPEDANCE BANDWITH OF A PROXIMITY-COUPLED 
MICROSTRIP PATCH ANTENNA ................................................................................................................ 153 

Nim R. Ccoillo Ramos, Nafati Aboserwal, Zeeshan Qamar, Jorge L. Salazar-Cerreno 

MILLIMETER-WAVE WIDEBAND PRINTED CIRCULARLY POLARIZED ANTENNA FED 
BY PGW .......................................................................................................................................................... 155 

Elham Baghernia, Abdel-Razik Sebak 

NEAR-FIELD SENSOR BASED ON SIW MICROSTRIP CAVITY RESONATOR WITH A 
CIRCULAR APERTURE ................................................................................................................................ 157 

Chaoxian Qi, David R. Jackson, Jiefu Chen 

ON THE DESIGN ON TRIPLE-BAND FLEXIBLE ANTENNA FOR MODERN WIRELESS 
APPLICATION ................................................................................................................................................ 159 

Ali I. Hammoodi 

HIGH-GAIN LOW-PROFILE PLATFORM-EMBEDDED ENDFIRE CPW-CTS ANTENNA 
ARRAY ............................................................................................................................................................ 161 

Scott Clemens, Magdy F. Iskander, Gui Chao 

COMPACT AND RECONFIGURABLE LEAKY WAVE ANTENNA BASED ON A TUNABLE 
SUBSTRATE INTEGRATED EMBEDDED METASURFACE .................................................................... 163 

Elahehsadat Torabi, Anastasiia Rozhkova, Pai-Yen Chen, Danilo Erricolo 

GAIN ENHANCEMENT OF A WIDEBAND FABRY-PÉROT CAVITY ANTENNA USING 
SPARSE ARRAY FEED ................................................................................................................................. 165 

Ahmad T. Almutawa, Filippo Capolino 

POLARIZATION AND BANDWIDTH RECONFIGURABLE RECTANGULAR DIELECTRIC 
RESONATOR ANTENNA .............................................................................................................................. 167 

Beijia Liu, Jinghui Qiu, Changhui Wang 

A CONVENIENT SOLUTION OF MID-FIELD CALIBRATION TECHNOLOGY FOR 
PHASED ARRAY ANTENNA ....................................................................................................................... 169 

Chia-Wei Chang, Yow-Ling Gau, Wen-Po Su, Kuo-Yang Horng 

1D & 2D W-BAND FREQUENCY SCANNING METAMATERIAL ANTENNA AND ARRAY .............. 171 
Dongyin Ren, Zhi Li, Jun H. Choi, Ryan Wu 

PHASED ARRAY ANTENNA FOR BI-STATIC SIMULTANEOUS TRANSMIT AND 
RECEIVE (STAR) SYSTEM ........................................................................................................................... 173 

D.-C. Son, A. Samaiyar, M. Elmansouri, D. Filipovic, P. Valale Prasannakumar 



PRINTED HALF BOW-TIE ANTENNA ARRAY WITH FOUR LINEAR POLARIZATIONS 
FOR UAV APPLICATIONS ........................................................................................................................... 175 

Ye-Yeong Jeong, Wang-Sang Lee 

ACTIVE NONRECIPROCAL PHASE SHIFTER FOR VERSATILE PHASED-ARRAY 
ANTENNAS AND METASURFACES........................................................................................................... 177 

Reza Karimian, Sajad Taravati, Shahrokh Ahmadi, Mona Zaghloul 

20 GHZ-23 GHZ ANTENNA WITH TRI-STATE OUTPUT BEAM-STEERING USING 
FLUIDIC LENS ............................................................................................................................................... 179 

Ian Goode, Carlos E. Saavedra 

A FLOWER-SHAPED BEAM-STEERING ANTENNA FOR WIRELESS COMMUNICATION 
SYSTEMS ........................................................................................................................................................ 181 

Ghada Elzwawi, Tayeb A. Denidni 

AN UNMANNED AERIAL VEHICLE ANTENNA ARRAY ....................................................................... 183 
Wei Wang, Zhi Zheng, Ming Chen, Hongtao Zhang, Xianling Liang 

A SIW-BASED ANTENNA WITH PAIRED RADIATING ARMS FOR Q-BAND 
APPLICATION ................................................................................................................................................ 185 

Pengfei Liu, Xiao-Wei Zhu, Ling Tian, Zhi Hao Jiang, Chao Yu 

EVALUATION OF 12-GHZ-BAND COMPACT PLANAR RECEIVING ANTENNA FOR 
SATELLITE BROADCASTING FOR LOW C/N RECEPTION USING ISDB-S3 ....................................... 187 

Shinsuke Yokozawa, Masashi Kamei, Hisashi Sujikai 

FEASIBILITY STUDY OF MACKEY WITH IMPROVED OPERATION ON METAL ............................. 189 
Toshiki Tamura, Shigeru Makino, Kenji Itoh 

DOUBLE-OAM-MODE GENERATION BY OCTAGONAL MICROSTRIP RING ANTENNA ................ 191 
Shuang Wang, Qingsheng Zeng, Tayeb A. Denidni 

A PHASE-ONLY PATTERN SYNTHESIS METHOD FOR LARGE SATELLITE ARRAY 
ANTENNA ....................................................................................................................................................... 193 

Shuo Wang, Rui-Rong Wu, Yong-Qing Zou, Bo Yang, Chao Liu 

POINT SPREAD FUNCTION OF CIRCULAR ARRAYS ............................................................................. 195 
Kris Buchanan, Sara Wheeland, Drew Overturf, Oren Sternberg 

RECONFIGURABLE 4-ARM SPIRAL ANTENNA FOR DUAL POLARIZATION ................................... 197 
Israel Hinostroza Sáenz, Régis Guinvarc'H, Randy L. Haupt 

CONICAL MONOPOLE ANTENNA WITH INTEGRATED TUNABLE NOTCH CAVITY 
FILTERS .......................................................................................................................................................... 199 

Christopher G. Hynes, Rodney G. Vaughan 

BIO-INSPIRED BUTTERFLY-SHAPED PATCH ANTENNA ARRAY FOR 2.4 GHZ WLAN 
APPLICATIONS .............................................................................................................................................. 201 

M. A. Oliveira, S. M. A. Morais, J. I. L. Araujo, G. K. F. Serres, A. J. R. Serres, P. F. Silva, P. 
H. F. Silva, A. G. D'Assunção 

KU-BAND REFLECTARRAY ANTENNA USING CROSS-SHAPE ELEMENT ATTACHED 
WITH CIRCULAR-DELAY LINES ............................................................................................................... 203 

Tayyab Shabbir, Mohammad Tariqul Islam, Rashid Saleem, Asim Quddus, Muhammad Bilal, 
Syed M. Abbas, M. Farhan Shafique 



DESIGN AND MEASUREMENT OF LOW-PROFILE, METAL-ONLY, OFFSET PARABOLIC 
STEPPED REFLECTOR ANTENNA FOR EMERGING CUBESATS ......................................................... 205 

Vignesh Manohar, Yahya Rahmat-Samii 

LOW-PROFILE WIDEBAND LOW CROSS-POLARIZATION L-PROBE FED ASYMMETRIC 
METASURFACE ANTENNA ......................................................................................................................... 207 

Wei E. I. Liu, Zhi Ning Chen, Xianming Qing 

A PARASITIC LOADED SERIES ARRAY FOR INTELLIGENT TRANSPORTATION 
SYSTEMS IN C-BAND ................................................................................................................................... 209 

Alessandro Cidronali, Giovanni Collodi, Matteo Lucarelli, Stefano Maddio, Giuseppe Pelosi, 
Stefano Selleri 

CONFORMAL LOOP ANTENNA FOR AN ACTIVE DRUG DELIVERY DEVICE 
OPERATING AT 900 MHZ ............................................................................................................................ 211 

Ahsan Noor Khan, Yujie Liu, Yang Hao 

A GENERAL FORMULA FOR THE HALF-POWER BEAMWIDTH OF 1-D 
UNIDIRECTIONAL LEAKY-WAVE ANTENNAS ...................................................................................... 213 

Walter Fuscaldo, David R. Jackson, Alessandro Galli 

A DUAL-BAND POLARISATION-RECONFIGURABLE HALF E-SHAPED ANTENNA 
ARRAY FOR Q-BAND APPLICATIONS ...................................................................................................... 215 

Benjamin Falkner, Hengyi Zhou, Shubham Singh, Amit Mehta 

SIW CENTER-FED SERIES RECTANGULAR DRA ARRAYS .................................................................. 217 
Heba El-Sawaf, Wael M. Abdel-Wahab, Hussam Al-Saedi, Safieddin Safavi-Naeini 

DESIGN OF ULTRA-WIDE BANDWIDTH PRINTED QUASI-YAGI ANTENNA WITH SEMI-
ELLIPTICAL MONOPOLE DRIVER............................................................................................................. 219 

Amar D. Chaudhari, K. P. Ray 

HEDGEHOG WAVEGUIDE PHASE ADJUSTMENT OF DUAL LEFT/RIGHT-HAND 
CIRCULARLY-POLARIZED ANTENNA ..................................................................................................... 221 

Mohammadmahdi Farahani, Mansoor Dashti Ardakani, Mohammad Akbari, Tayeb A. 
Denidni, Abdel-Razik Sebak 

A CIRCULARLY POLARIZED U-SLOT ARRAY WITH HIGH POLARIZATION PURITY 
AND WIDE AXIAL RATIO BEAMWIDTH .................................................................................................. 223 

Travis Torres, Payam Nayeri 

BROADBAND SERIES-FED CIRCULARLY POLARIZED MICROSTRIP ANTENNA ARRAY ............ 225 
Anamika Verma, Mahima Arrawatia, Girish Kumar 

INTEGRATED REFLECTION AMPLIFIER/PHASE-CONJUGATING MIXER DESIGN FOR 
DUAL-MODE RETRODIRECTIVE ARRAYS .............................................................................................. 227 

Hamed Shahi, Nasser Masoumi, Mahmoud Mohammad-Taheri, Safieddin Safavi-Naeini 

IN VIVO MONITORING OF DOG’S KNEE FLEXION USING WEARABLE WRAP-AROUND 
COILS .............................................................................................................................................................. 229 

Vigyanshu Mishra, Nina R. Kieves, Stephen C. Jones, Asimina Kiourti 

A SLOTTED WAVEGUIDE ANTENNA ARRAY FOR HIGH-POWER MICROWAVE 
APPLICATIONS .............................................................................................................................................. 231 

J. Daniel Binion, Galestan Mackertich-Sengerdy, Sawyer D. Campbell, Ryan J. Chaky, 
Ronald P. Jenkins, Ryan Beneck, Colin A. Mussman, Eric B. Whiting, Pingjuan L. Werner, 
Douglas H. Werner, Steven Parrish, David Law, Joshua Pompeii, Scott Griffiths 



DUAL-BAND DUAL-POLARIZATION REFLECTARRAY UNIT CELL FOR A KU-BAND 
SAR APPLICATION ....................................................................................................................................... 233 

Émile Côté Pelletier, Jean-Jacques Laurin 

DESIGN AND ANALYSIS OF MULTIBEAM CONFORMAL X-BAND PATCH ARRAY 
ANTENNA ....................................................................................................................................................... 235 

Tuan Tang, G. R. Branner, Hung Tran, B. Preetham Kumar 

DUAL-BAND CIRCULARLY-POLARIZED BEAM-STEERABLE REFLECTARRAY FOR 
SATELLITE APPLICATIONS IN THE KU BAND ....................................................................................... 237 

Elham Baladi, Min Yin Xu, Nicolas Faria, Sean Victor Hum, Jeff Nicholls 

PSO-ALGORITHM-BASED DESIGN OF ARBITRARY FOCAL DISTANCE 
REFLECTARRAYS FOR BEAM COLLIMATION OBJECTIVE ................................................................. 239 

Jiawei Han, Constant M. A. Niamien, Zouheir Riah 

MINIATURIZED KA-BAND LEAKY-WAVE ANTENNA USING RIDGED HALF-MODE 
SUBSTRATE INTEGRATED WAVEGUIDES .............................................................................................. 241 

Eric T. Der, Mojgan Daneshmand 

GEGENBAUER ARRAYS WITH MINIMUM DYNAMIC RANGE RATIO AND MAXIMUM 
BEAM EFFICIENCY ...................................................................................................................................... 243 

Goran Molnar, Marko Matijašcic 

BROADBAND CONFORMAL ANTENNA ARRAY FOR MICROWAVE APPLICATIONS .................... 245 
Hung Tran, Tuan Tang, G. R. Branner, B. Preetham Kumar, Sharmistha Modak 

DETECTION OF ELECTRIC AND MAGNETIC DIPOLE MOMENTS USING A THREE LOOP 
ANTENNA SYSTEM ...................................................................................................................................... 247 

Christopher G. Hynes, Rodney G. Vaughan 

COMPACT MIMO SLOT ANTENNA FOR UWB APPLICATIONS WITH SINGLE NOTCHED-
BAND ...............................................................................................................................................................  249 

Boualem Hammache, Abderraouf Messai, Massinissa Belazzoug, Idris Messaoudene, Tayeb 
A. Denidni 

ACTIVE EXCITATION TUNING FOR SIMULTANEOUS TRANSMIT AND RECEIVE 
ANTENNAS .................................................................................................................................................... 251 

Alexander Hovsepian, Satheesh Bojja Venkatakrishnan, John L. Volakis 

DUMBBELL AND DOUBLE ELLIPTICAL PRINTED SLOT ANTENNAS FOR WIDEBAND 
APPLICATIONS .............................................................................................................................................. 253 

Surbhi Arora, Girish Kumar 

MONOPULSE ANTENNA IN SIW TECHNOLOGY FOR BEAM STEERING APPLICATIONS ............. 255 
Zain Shafiq, Symon K. Podilchak, Dimitris E. Anagnostou 

RADIAL LINE SLOT ARRAY ANTENNA HIGH POWER THERMAL VACUUM TESTING ................. 257 
Justin R. Dennison, Matthew G. Bray 

A WIDEBAND WIDE-ANGLE BEAM-STEERING SYSTEM FOR MILLIMETER-WAVE 
APPLICATIONS .............................................................................................................................................. 259 

Affan A. Baba, Raheel M. Hashmi, Karu P. Esselle, Manik Attygalle 

A RECONFIGURABLE DUAL BAND ANTENNA USING 2D LIQUID METAL ...................................... 261 
Feng Xie, Mei Song Tong 



3D ANTENNA IN PACKAGE DESIGN: MAXIMIZING RADIATION PATTERN 
ISOTROPICITY AND CP COVERAGE ......................................................................................................... 263 

Z. Su, K. Klionovski, H. Liao, A. Shamim, Y. Chen, A. Elsherbeni 

A ROTMAN LENS INSPIRED ANTENNA FOR UNLICENSED 60 GHZ MILLIMETER-WAVE 
COMMUNICATIONS ..................................................................................................................................... 265 

Hidayat Ullah, Farooq A. Tahir 

NOVEL LOW-PROFILE CIRCULAR-POLARIZED ANTENNA BASED ON HUYGENS 
SOURCE .......................................................................................................................................................... 267 

Zhefei Wang, Jiahui Fu, Jianqiang Hou, Zhenjiang Zhao, Tayeb A. Denidni 

A HYBRID APPROACH FOR THE SYNTHESIS OF PLANAR THINNED ARRAYS WITH 
SIDELOBES REDUCTION ............................................................................................................................ 269 

Jianhua Yang, Feng Yang, Peng Yang, Zhiyu Xing 

BROADBAND COMPACT MICROSTRIP ANTENNA LOADED WITH METASURFACE ..................... 271 
Haoze Luan, Chang Chen, Weidong Chen, Jun Ding, Hualiang Zhang 

A HIGH GAIN AND WIDEBAND CPW-FED ANTENNA FOR MILLIMETER-WAVE 
APPLICATIONS .............................................................................................................................................. 273 

Hidayat Ullah, Farooq A. Tahir 

PASSBAND TUNABLE FREQUENCY SELECTIVE SURFACE FOR A PULSED RADIATOR .............. 275 
Felix Vega, Fernando Albarracin-Vargas, Chaouki Kasmi, Fahad Alyafei 

A DIELECTRIC ANTENNA WITH REJECTION MECHANISM FOR FULL-DUPLEX BODY 
AREA NETWORK RADIOS .......................................................................................................................... 277 

Moein Noferesti, Hamidreza Memarzadeh, Ramesh Abhari 

GUIDED AND LEAKY MODE CHARACTERISTICS OF SOLID DIELECTRIC HORN: 
ANALYTICAL AND NUMERICAL SOLUTIONS ....................................................................................... 279 

Shreya S. Menon, Deepti D. Krishna, C. K. Aanandan, S. K. Pathak 

COMPACT DUAL-BAND ANTENNA WITH BROADSIDE AND CONICAL RADIATION 
PATTERNS FOR NB-IOT APPLICATIONS ................................................................................................. 281 

Zijian Shao, Yulin Fang, Yue Ping Zhang 

ARRAY RELIABILITY ANALYSIS FOR IRREGULAR SUBARRAYED PHASED ARRAY 
ANTENNA ....................................................................................................................................................... 283 

Wei Dong, Zhen Hai Xu, Luo-Sheng-Bin Wang, Jian An Chen 

CONFORMAL PATCH ANTENNAS FOR AN UAV EMPLOYED IN AGRICULTURAL 
APPLICATIONS .............................................................................................................................................. 285 

A. V. Durán-Pardo, D. V. Navarro-Méndez, L. F. Carrera-Suárez, M. Baquero-Escudero 

LOW-PROFILE MACHINED-METAL ARRAY RADIATOR FOR KA-BAND .......................................... 287 
Rick W. Kindt, M. Wajih Elsallal 

PLANAR ANNULAR LEAKY-WAVE ANTENNA ARRAY WITH CONICAL BEAM BASED 
ON FUNDAMENTAL AND -1TH SPATIAL HARMONIC MODES ........................................................... 289 

Yuchen Ma, Junhong Wang 

A FAST BLOCKING MATRIX GENERATING ALGORITHM FOR GENERALIZED 
SIDELOBE CANCELLER BEAMFORMING................................................................................................ 291 

Shaowei Dai, Minghui Li, Qammer H. Abbasi, Muhammad Imran 



A FREQUENCY RECONFIGURABLE CAVITY ANTENNA BASED ON POLARIZATION 
STANDING WAVES ...................................................................................................................................... 293 

Amir Hossein Motallebi, Mohammad Memarian 

INVESTIGATION OF A RECONFIGURABLE PIXEL ANTENNA FOR MILLIMETER WAVE 
BANDS ............................................................................................................................................................ 295 

Shiwen Tang, Chi-Yuk Chiu, Ross Murch 

A NOVEL DESIGN OF WIDEBAND PERFORATED SEMI-CYLINDRICAL DIELECTRIC 
RESONATOR ANTENNA .............................................................................................................................. 297 

Jing Rui Wang, Ge Zhao, Wen Jie Liu, Mei Song Tong 

LOW PROFILE VERTICALLY POLARIZED ENDFIRE ANTENNA BASED ON SPOOF 
SURFACE PLASMON POLARITONS .......................................................................................................... 299 

Xuxu Cheng, Junping Geng, Chaofan Reng, Han Zhou, Kun Wang, Jiawei Han, Xianling 
Liang, Ronghong Jin 

CIRCULAR POLARIZATION ANTENNA WITH ELLIPTIC STRIPLINE RESONATORS ON 
GLASS EPOXY SUBSTRATES ..................................................................................................................... 301 

Yumi Takizawa, Atsushi Fukasawa, Cahya Edi Santosa, Josaphat Tetuko Sri Sumantyo 

CORRUGATED TAPERED SLOT ANTENNA WITH BAND-STOP CHARACTERISTIC ....................... 303 
Sehwan Choi, Jongin Ryu, Jaeyoung Lee 

ULTRA-WIDEBAND AND WIDE-ANGLE SCANNING DUAL-POLARIZATION ARRAY 
WITH COMPACT FEEDING NETWORK .................................................................................................... 305 

Chang-Hai Hu, Bing-Zhong Wang, San-Qiang Tong, Yan-He Lv, Ren Wang, Shao-Qiu Xiao 

BROADBAND NUMERICAL EVALUATION OF SAR DISTRIBUTION DUE TO HIGH-
INTENSITY RADIATED FIELDS BY PORTABLE SYSTEMS ................................................................... 307 

Nunzia Fontana, Elisa Giampietri, Eliana Canicattì, Danilo Brizi, Agostino Monorchio 

DESIGN OF DUAL-BAND OMNIDIRECTIONAL PLANAR MICROSTRIP ANTENNA USING 
GIELIS CURVES ............................................................................................................................................. 309 

Vignesh Shanmugam Bhaskar, Eng Leong Tan 

SUPRA-ELECTROPORATION OF IRREGULARLY SHAPED 3D CELL MORPHOLOGIES ................. 311 
Somen Baidya, Ahmed M. Hassan 

IN-FLIGHT CONNECTIVITY ANALYSIS USING KA & KU-BAND HTS WITH HYBRID 
COMPATIBILITY SOLUTION ...................................................................................................................... 313 

Behzad Koosha, Hermann J. Helgert 

DESIGN OF A BROADBAND MICROSTRIP BANDPASS FILTER .......................................................... 315 
Jinfeng Hu, Yanfei Li, Dongdong Zeng, Weizhang Xu, Guizhen Lu 

INTEGRATED WIDEBAND CIRCULARLY POLARIZED LEAKY WAVE ANTENNA FOR 
MILLIMETER-WAVE APPLICATION ......................................................................................................... 317 

Yang Cheng, Yuandan Dong 

A 21.6-45 GHZ LOW-PROFILE WIDEBAND SLOT ANTENNA ARRAY FOR 5G WIRELESS .............. 319 
Wei Li, Huizhen Jenny Qian, Xun Luo 

INVESTIGATION ON DISTRIBUTION OF MEASUREMENTS FOR MICROWAVE-
INDUCED THERMOACOUSTIC IMAGING BASED ON COMPRESSIVE SENSING ............................. 321 

Baosheng Wang, Xiong Wang 



A PLANAR PATTERN-RECONFIGURABLE ANTENNA FOR IEEE 802.11AX 
APPLICATIONS .............................................................................................................................................. 323 

Wei Xie, Chi-Yuk Chiu, Ross Murch 

SHARPLY DEFINED UWB RECTANGULAR DIELECTRIC RESONATOR ANTENNA ........................ 325 
Beijia Liu, Bodiqi Yu, Qiu Jinghui, Kai Yao 

A LOW-PROFILE K-BAND PHASED ARRAY FOR AIRBORNE PLATFORM ........................................ 327 
Xuan Luo, Jun Ouyang, Chu Zhang 

LOW PROFILE, WIDEBAND CROSSED DIPOLE ANTENNA UTILIZING PARASITIC 
HELICAL ARMS ............................................................................................................................................. 329 

Yuchen Tong, Bing Xue, Meng Guo, Jing Wang 

SIW ANTENNA FOR 5G IN-BAND FULL DUPLEX APPLICATIONS ..................................................... 331 
Masaud Shah, Hammad M. Cheema 

AN IMPROVED WIDEBEAM CIRCULAR POLARIZATION MICROSTRIP-MONOPOLE 
ANTENNA ....................................................................................................................................................... 333 

Min Gao, Chuan Wu, Zhiyu Xing, Jianhua Yang, Rui Wang 

DESIGN OF A KU-BAND 1-BIT BROADBAND AND LOW-LOSS RECONFIGURABLE 
TRANSMITARRAY ELEMENT .................................................................................................................... 335 

Min Wang, Nan Hu, Wenqing Xie, Zhengchuan Chen 

A FREQUENCY RECONFIGURABLE FABRY-PEROT CAVITY ANTENNA ......................................... 337 
Lu-Yang Ji, Zhimeng Pei, Lin-Xi Zhang, Jian-Ying Li 

A SINGLE CHANNEL LCMV BEAMFORMER BASED ON TIME-MODULATED ARRAY .................. 339 
Gang Ni, Chong He, Ronghong Jin, Yang Song 

FLEXIBLE-SUBSTRATE MICROSTRIP ANTENNA FED BY SUBSTRATE INTEGRATED 
WAVEGUIDE THAT FOLLOWS ALONG SPACER FOR 5G SUB-6 BAND ............................................. 341 

Yasuo Morimoto, Takeshi Motegi, Osamu Kagaya 

A RECTANGULAR SLOTTED WAVEGUIDE ARRAY FOR HIGH POWER MICROWAVE 
APPLICATIONS .............................................................................................................................................. 343 

Cédric Martel 

A MAGNETO-ELECTRIC DIPOLE ANTENNA LINEAR ARRAY WITH HIGH GAIN AND 
WIDE BANDWIDTH ...................................................................................................................................... 345 

Ge Zhao, Qing Xu, Yi Zhou, Mei Song Tong 

MULTI-MODE OAM PARABOLIC ANTENNA WITH DUAL FEEDS ...................................................... 347 
Yunfan Zhang, Xianling Liang, Kun Wang, Junping Geng, Ronghong Jin, Qian Chen 

COMPACT OMNIDIRECTIONAL ANTENNA USING SRR FOR WIFI APPLICATION ......................... 349 
Zhan Wang, Tian Liang, Yuandan Dong 

ANALYSIS OF PINWHEEL TYPE APERIODIC CLUSTERING FOR SIDELOBE LEVEL 
IMPROVEMENT IN PHASED ARRAY ANTENNA .................................................................................... 351 

Pratik Mevada, Sanjeev Gupta, Sanjeev Kulshreshta, Soumyabrata Chakrabarty, Milind 
Mahajan 



GENERALIZED PRINCIPLE OF PATTERN MULTIPLICATION BASED ON THE PHASE 
ANTENNA ELEMENT ................................................................................................................................... 353 

Erwei Liu, Junping Geng, Kun Wang, Han Zhou, Chaofan Reng, Jing Zhang, Xiaonan Zhao, 
Xianling Liang, Ronghong Jin 

AN INTERDIGITATED STRUCTURE-BASED, ELECTRICALLY SMALL DIPOLE 
ANTENNA WITH ENHANCED BANDWIDTH ........................................................................................... 355 

Xiaoming Chen, Ming-Chun Tang, Da Yi, Richard W. Ziolkowski 

AN ULTRAWIDEBAND UNIDIRECTIONAL BOWTIE ANTENNA WITH ENHANCED 
RADIATION .................................................................................................................................................... 357 

Guangyao Yang, Shengbo Ye, Yicai Ji, Guangyou Fang, Xiaojuan Zhang 

ANALYSIS OF MULTI-FACETED REFLECTARRAY ANTENNA FOR SPATIAL 
BANDWIDTH IMPROVEMENT ................................................................................................................... 359 

Vidhi Patel, Pratik Mevada, Dhaval Pujara, Soumyabrata Chakrabarty, Milind Mahajan 

A HIGH SELECTIVITY RECONFIGURABLE BANDPASS FILTER WITH SWITCHABLE 
PASSBANDS ................................................................................................................................................... 361 

Bing Liu, Xiaochuan Zhang, Fan Zhang, Guangzhe Zou, Hongchun Yang, Maoyan Wang, 
Yipeng Leng 

IMAGING BREAST DUCTAL CARCINOMA IN SITU (DCIS) USING PULSED TERAHERTZ 
SPECTROSCOPY SYSTEM ........................................................................................................................... 363 

Nagma Vohra, Magda El-Shenawee, Keith Bailey 

CPW-FED WIDEBAND CIRCULAR POLARIZED SQUARE ANTENNA WITH GROUND 
SLOT AND PARTIAL FEED .......................................................................................................................... 365 

Suo Ying, Li Jiawei, Li Wei 

STUDY ON THE TREND OF THE SPARSITY OF PHASED ANTENNA ARRAY VERSUS 
STEERING RANGE ........................................................................................................................................ 367 

Xiaowen Zhao, Qingshan Yang, Yunhua Zhang 

DIFFERENTIAL STACKED REDUCED SURFACE-WAVE MICROSTRIP PATCH ANTENNA ............ 369 
Yulin Fang, Zijian Shao, Ziyang Zheng, Yue Ping Zhang 

THEORY OF SPACE-BORNE LINEAR ANTENNAS FED AT ARBITRARY POSITION IN AN 
IONOSPHERIC PLASMA .............................................................................................................................. 371 

Huiran Zeng, Tong He, Kai Li 

A FREQUENCY-RECONFIGURABLE COAXIAL LIQUID METAL YAGI-UDA ANTENNA 
WITH ARBITRARY DIRECTIVITY ............................................................................................................. 373 

Yi Zhou, Mei Song Tong 

BROADBAND DOLPH-CHEBYSHEV ARRAY SYNTHESIZED BY SLOW-WAVE 
TRANSMISSION LINE .................................................................................................................................. 375 

Mei Li, Ming-Chun Tang, Da Yi, Richard W. Ziolkowski 

AN ADMM-BASED METHOD FOR NEAR-FIELD MULTI-FOCUS ARRAY SYNTHESIS .................... 377 
Zhipeng Lin, Haoquan Hu, Shiwen Lei, Ruiming Li, Bo Chen 

A SPIRAL RADIAL LINE SLOT ARRAY ANTENNA FOR NASA'S DOUBLE ASTEROID 
REDIRECTION TEST (DART) ...................................................................................................................... 379 

Matthew Bray 



A MINIATURIZED WIDEBAND ANTENNA WITH HIGH GAIN AND EFFICIENCY FOR 5G 
WIRELESS COMMUNICATION ................................................................................................................... 381 

Xiao Jia Huang, Si Ce Wang, Huan Qian Xiong, Mei Song Tong 

A NOVEL FEEDING TECHNIQUE FOR DIELECTRIC RESONATOR ANTENNAS (DRAS) 
FOR BROADER BANDWIDTH ..................................................................................................................... 383 

Muhammad Nasir, Umer Farooq, Adnan Iftikhar, Muhammad S. Khan, Adnan Fida, 
Muhammad F. Shafique, Sajid M. Asif, Benjamin D. Braaten 

DEFORMATION LOCALIZATION OF REFLECTOR ANTENNA BASED ON FOCAL-FIELD 
DISTRIBUTION WITH CAPSNET ................................................................................................................ 385 

Nanjie Lv, Decheng Wu, Hailin Cao, Lisheng Yang, Jin Fan 

INFLUENCE OF DIELECTRIC OVERLAY DIMENSIONS ON PERFORMANCE OF 
MINIATURIZED ESPAR ANTENNA ........................................................................................................... 387 

M. Czelen, M. Rzymowski, K. Nyka, L. Kulas 

FULLY PRINTED AND ELECTRICALLY SMALL FOLDED DIPOLE WITH INHERENT 
MATCHING .................................................................................................................................................... 389 

Sanghamitro Das, Ashwin K. Iyer 

AN INTEGRATED DESIGN OF MICROSTRIP FILTERED ANTENNA FOR WLAN 
COMMUNICATION SYSTEM ....................................................................................................................... 391 

Chongqi Zhang, Qiang Chen, Mei Song Tong, Shujia Yan, Mengru Chen, Haijing Sun 

TEMPERATURE DRIFT COMPENSATION TECHNIQUE FOR MICROSTRIP PATCH 
ANTENNA ....................................................................................................................................................... 393 

Chao Li, Tarek Djerafi, Ke Wu 

AIR-FILLED SUBSTRATE INTEGRATED WAVEGUIDE (AFSIW) CAVITY-BACKED SLOT 
ANTENNA FOR 5G APPLICATIONS ........................................................................................................... 395 

Jingwen Zhang, Yvan Duroc, Anthony Ghiotto, Ke Wu, Tan-Phu Vuong 

GENERATION OF VORTEX BEAM USING CIRCULARLY POLARIZED 
TRANSMITARRAY ........................................................................................................................................ 397 

Arash Valizade Shahmirzadi, Ahmed A. Kishk 

BEAM MANIPULATION USING CHARACTERISTIC MODE ANALYSIS FOR 
SWITCHABLE BEAM PATCH ANTENNA .................................................................................................. 399 

Qiuyan Liang, Buon Kiong Lau 

ELECTROMAGNETIC COUPLED CIRCULARLY POLARIZED HYBRID ANTENNA FOR 
LTE APPLICATIONS ..................................................................................................................................... 401 

Naresh K. Darimireddy, Chan-Wang Park 

IMPACT OF MINIATURIZATION ON A UHF TRI-FILLAR ANTENNA FOR IOT 
COMMUNICATION FROM SATELLITE ..................................................................................................... 403 

Manh Thao Nguyen, Le Huy Trinh, Fabien Ferrero 

FREQUENCY TUNING OF ANNULAR SLOT ANTENNA USING LIQUID METAL 
OVERLAY LINE ............................................................................................................................................. 405 

Arcesio Arbelaez, Aditya Singh, Carlos Saavedra 

A WIDEBAND LIGHT WEIGHT L-PROBE FED U-SLOT PATCH ANTENNA ARRAY FOR 
VHF ICE SOUNDING ..................................................................................................................................... 407 

Abhishek Kumar Awasthi, Linfeng Li, Jie-Bang Yan, Charles O'Neill, Siva Prasad Gogineni 



MULTI-BAND MULTI-BEAM HIGHER-ORDER SPACE HARMONICS-ENABLED LEAKY-
WAVE ANTENNAS........................................................................................................................................ 409 

Mohammad Reza Rahimi, Mohammad S. Sharawi, Ke Wu 

A BEAM SQUINTED LINEARLY POLARISED RADIAL LINE SLOT ARRAY ANTENNA 
WITH IMPROVED RETURN LOSS BANDWIDTH ..................................................................................... 411 

Nishat Yasmin Koli, Muhammad U. Afzal, Karu P. Esselle, Raheel M. Hashmi, Md Zahidul 
Islam 

PRACTICAL BENDING STUDYING ON UWB PENTAGONAL FLEXIBLE ANTENNA ....................... 413 
Ali I. Hammoodi, Jawad K. Ali 

SUPERSHAPED WIDEBAND DIELECTRIC RESONATOR ANTENNA ARRAY FOR 
MILLIMETER- WAVE APPLICATIONS ...................................................................................................... 415 

Arun Kesavan, Tayeb A. Denidni 

RADIATING DISCONTINUITY IN LEAKY-WAVE ANTENNA: A ROLE IN COMPLEX 
PROPAGATION CONSTANT ENGINEERING ............................................................................................ 417 

Dongze Zheng, Ke Wu 

A HEATSINK INTEGRATED ANTENNA WITH CONTROLLABLE ELECTROMAGNETIC 
AND THERMAL PERFORMANCE ............................................................................................................... 419 

Jinqun Ge, Guoan Wang 

DUAL CIRCULARLY-POLARIZED SLOT-ARRAY ANTENNA IN KA-BAND FED BY 
GROOVE GAP WAVEGUIDE ....................................................................................................................... 421 

Miguel Ferrando-Rocher, Jose I. Herranz-Herruzo, Daniel Sánchez-Escuderos, Alejandro 
Valero-Nogueira 

COMPARISON OF THE OPTIMAL UNIFORM AND NONUNIFORM LOSSY HELICAL 
ANTENNAS .................................................................................................................................................... 423 

Jelena Dinkic, Dragan Olcan, Antonije Djordjevic, Alenka Zajic 

CO-POLARIZED RETRODIRECTIVE ARRAY WITH ACTIVE ENHANCEMENT ................................. 425 
Songyi Yen, Dejan Filipovic 

A COMPACT METAMATERIAL INSPIRED CPW FED MULTIBAND MONOPOLE 
ANTENNA FOR WIRELESS APPLICATIONS ............................................................................................ 427 

Shiney Thankachan, Binu Paul 

A 30 GHZ SIW BASED 4X4 BUTLER MATRIX .......................................................................................... 429 
M. P. Mohan, M. F. Karim, C. Hong, A. Alphones, A. Q. Liu 

HIGH ISOLATION LOG-PERIODIC DIPOLE ARRAY SYSTEM FOR WIDEBAND FULL-
DUPLEX APPLICATIONS ............................................................................................................................. 431 

Tuan Nguyen, Tutku Karacolak 

RECONFIGURABLE BEAM SWITCHING ANTENNA WITH HORIZONTAL PARASITIC 
ELEMENT REFLECTOR (HPER) FOR UAV APPLICATIONS .................................................................. 433 

Yu-Seong Choi, Wang-Sang Lee 

A REGULARLY 2-D LIMITED SCAN ARRAY WITH LOW GRATING LOBES ..................................... 435 
Hong-Tao Zhang, Gui-Lin Sun, Yu-Ru Rao, Wei Wang, Guan-Long Huang 

A BROADBAND TRANSPARENT ANTENNA INTEGRATED WITH AN INDOOR SOLAR 
CELL FOR WLAN APPLICATIONS ............................................................................................................. 437 

Yujie Zhang, Shanpu Shen, Chi-Yuk Chiu, Ross Murch 



DNN-BASED DIRECTION FINDING BY TIME MODULATION .............................................................. 439 
Donghyun Kim, Sung Hoe Kim, Seung Gook Cha, Young Joong Yoon, Byung-Jun Jang 

A HIGHLY EFFICIENT, MULTI-BEAM, WIDE SCAN ANGLE ANTENNA ............................................ 441 
Naftali Herscovici 

EQUIVALENT CIRCUITS FOR ELECTRIC DIPOLES ............................................................................... 443 
Ted L. Simpson 

TOWARDS MORE ACCURATE DESIGN MODELS FOR ELECTROMAGNETICALLY-
COUPLED MICROSTRIP PATCH ANTENNAS BETWEEN 1 AND 10 GHZ ............................................ 445 

Ruben Del-Rio-Ruiz, Juan-Manuel Lopez-Garde, Jon Legarda 

ARTIFICIAL MAGNETIC MATERIAL FOR ARRAY ANTENNA APPLICATION .................................. 447 
Yujie Liu, Ahsan Noor Khan, Henry Giddens, Yang Hao 

LOW-PROFILE WEARABLE WIDEBAND ANTENNA WITH HIGH GAIN BASED ON 
FRANKLIN ARRAY FOR FUTURE 5G WIRELESS BODY AREA NETWORKS .................................... 449 

Milad Mirzaee, Negar Tavassolian 

KA-BAND FULL POLARIZATION RECONFIGURABLE 1D BEAM STEERING 
STAGGERED BUTTERFLY PHASED ARRAY ANTENNA ....................................................................... 451 

Ghanshyam Mishra, Satish K. Sharma 

WIDEBAND ULTRATHIN HUYGENS' METASURFACE ELEMENT FOR 5G MILLIMETER-
WAVE APPLICATIONS ................................................................................................................................. 453 

Zohre Pourgholamhossein, Tayeb A. Denidni 

ULTRALIGHT, FLEXIBLE LOG-PERIODIC DIPOLE ARRAYS ............................................................... 455 
Marcus C. Walden 

DESIGN AND ANALYSIS OF A WIDEBAND CPW-FED CIRCULARLY-POLARIZED 
ANTENNA ....................................................................................................................................................... 457 

Mahdi Behdani, Alireza Gharaati, Rashid Mirzavand, Pedram Mousavi 

A CIRCUIT MODEL FOR ENERGY SYNCHRONOUS DIRECT ANTENNA MODULATION 
USING AN ELECTRICALLY SMALL LOOP ............................................................................................... 459 

Joseph Dusenbury, Danyang Huang, Jacob J. Adams 

SIMPLIFIED TRANSMITARRAY UNIT CELL FOR 1-BIT BEAM-STEERING OPERATION ................ 461 
Yi-Lin Li, Sheng-Wei Wu, Shih-Yuan Chen 

WEARABLE ELECTRICALLY SMALL LOOP ANTENNAS FOR MONITORING JOINT 
KINEMATICS: GUIDELINES FOR OPTIMAL FREQUENCY SELECTION ............................................. 463 

Vigyanshu Mishra, Asimina Kiourti 

AN 18:1 BANDWIDTH BIO-MATCHED ANTENNA COVERING THE MEDRADIO, ISM, 
AND WMTS BANDS ...................................................................................................................................... 465 

John Blauert, Asimina Kiourti 

A PHASE MODULATION SCHEME FOR SUPER-LOW FREQUENCY HANDHELD 
MECHANICAL ANTENNAS ......................................................................................................................... 467 

Navid Barani, Kamal Sarabandi 

AN ULTRA-WIDEBAND 3-STAGE MONOCONE ANTENNA WITH TOP-HAT LOADING ................. 469 
Kyoseung Keum, Jaehoon Choi 



A WIDEBAND MIMO ANTENNA WITH FIXED AND RECONFIGURABLE BAND NOTCH 
CHARACTERISTICS FOR UWB SYSTEMS ................................................................................................ 471 

Rashid Saleem, Asim Quddus, Muhammad Bilal, Tayyab Shabbir, Syed. M. Abbas, M. Farhan 
Shafique 

ON BANDWIDTH BOUNDS FOR ARRAY ELEMENTS ABOVE A GROUND PLANE .......................... 473 
Jari-Matti Hannula, Andrei Ludvig-Osipov, B. L. G. Jonsson 

TRANSMITARRAY ANTENNAS: FOCAL POINT SHIFT AND POSSIBILITY OF BEAM 
SCANNING ..................................................................................................................................................... 475 

E'Qab R. Almajali, Rifaqat Hussain, Saqer S. Alja'Afreh, Mohammad S. Sharawi 

DISPERSION CHARACTERISTICS OF BENT RADIATING WAVEGUIDES .......................................... 477 
Gian P. Carrara, Constantinos L. Zekios, Stavros V. Georgakopoulos 

AN ULTRA-WIDEBAND DUALLY POLARIZED TRANSMITARRAY ................................................... 479 
Muhammad Hamza, Constantinos L. Zekios, Stavros V. Georgakopoulos 

ULTRA WIDEBAND ARRAYS WITH RECONFIGURABLE METAMATERIALS FOR 
BANDWIDTH ENHANCEMENT .................................................................................................................. 481 

Maxence Carvalho, Elias A. Alwan, John L. Volakis 

WIDEBAND MINIATURIZED DUAL-POLARIZED TEM HORN ............................................................. 483 
Jake A. Cazden, Mohamed A. Elmansouri, Dejan S. Filipovic 

A DUAL-BAND DUAL-POLARIZED 5G ANTENNA FOR SMARTPHONES .......................................... 485 
Menglou Rao, Kamal Sarabandi 

HIGH-ISOLATION DUAL-POLARIZED ANTENNA FOR WIDEBAND FULL-DUPLEX 
SYSTEMS ........................................................................................................................................................ 487 

Maksim Kuznetcov, Symon K. Podilchak, Mathini Sellathurai 

A BEAM-STEERABLE SLOTTED WAVEGUIDE ANTENNA WITH TUNABLE IMPEDANCE 
WALLS ............................................................................................................................................................ 489 

Amirmasoud Ohadi, George V. Eleftheriades 

AUTO-CALIBRATION OF LINEAR ARRAY ANTENNA POSITIONING FOR SINGLE 
SNAPSHOT DIRECTION OF ARRIVAL ESTIMATION ............................................................................. 491 

Murdifi Muhammad, Minghui Li, Qammer H. Abbasi, Cindy Goh, Muhammad Imran 

DEVELOPMENT OF AN EQUIVALENT CIRCUIT MODEL APPROACH TO THE DESIGN 
OF DENSE ARRAYS OF ELECTRICALLY SMALL ANTENNAS ............................................................ 493 

Zahra Esmati, David A. Powell, J. Scott Tyo 

MULTIPLE-BEAM MMW-SLOTTED-WAVEGUIDE LEAKY WAVE ANTENNA WITH 
CONTROL ON POLARIZATION .................................................................................................................. 495 

Ali Araghi, Mohsen Khalily, Pei Xiao, Rahim Tafazolli 

AN EXPRESSION FOR EVALUATING DIRECTIVITY OF NON-UNIFORM PERIOD TIME 
MODULATED LINEAR ARRAYS ................................................................................................................ 497 

Sujoy Mandal, Sujit K. Mandal 

LIGHTWEIGHT DEPLOYABLE L-BAND PATCH ANTENNA ARRAY FOR ICE SOUNDING ............ 499 
Linfeng Li, Abhishek Kumar Awasthi, Jie-Bang Yan, Charles O'Neill, Prasad Gogineni 



DESIGN OF A FABRY-PEROT CAVITY ANTENNA EXCITED ON HIGHER-ORDER 
CYLINDRICAL LEAKY WAVES ................................................................................................................. 501 

Paolo Burghignoli, Davide Comite, Walter Fuscaldo, Francesco Mancini, Alessandro Galli, 
Paolo Baccarelli 

ELECTRONICALLY CONTROLLED UNIT CELL FOR SINGLE LAYER 
RECONFIGURABLE REFLECT-ARRAY ANTENNA ................................................................................. 503 

Shafaq Kausar, Ahmed Kausar, Saeideh Shad, Hani Mehrpouyan 

A COMPACT E-SHAPED RECONFIGURABLE MONOPOLE ANTENNA FOR WIRELESS 
COMMUNICATIONS ..................................................................................................................................... 505 

Cherif Bali, Zohra Hamaizia, Youcef Braham Chaouche, Mourad Nedil 

A LTCC-BASED LOADED DIELECTRIC RESONANT ANTENNA .......................................................... 507 
Mohsen Niayesh, Ammar Kouki 

PERFORMANCE EVALUATION ON VARIOUS RESISTIVELY LOADED WRAPPED 
BOWTIE ANTENNA ...................................................................................................................................... 509 

Doojin Lee, William Melek, George Shaker 

PARAMETRIC FLAT LENSES FOR NEAR-FIELD IMAGING AND ELECTRONIC BEAM 
SCANNING ..................................................................................................................................................... 511 

Xiating Zou, Yuanxun Ethan Wang 

DESIGN CHALLENGES OF HIGH GAIN BROADBAND MONOPOLE ANTENNA ............................... 513 
Shafaq Kausar, Ahmed Kausar, Hani Mehrpouyan 

A UNIPLANAR 3 X 3 NOLEN MATRIX BEAMFORMER WITH BEAM SQUINT 
REDUCTION ................................................................................................................................................... 515 

Peizhao Li, Han Ren, Bayaner Arigong 

DESIGN OF CIRCULAR POLARIZATION UNIT-CELL FOR BEAM-SHAPING ..................................... 517 
Zahra Badamchi, Tarek Djerafi, Bahareh Badamchi 

QUAD-POLARIZED LEAKY-WAVE ANTENNAS FOR COMMUNICATION AND 
POLARIMETRY APPLICATIONS ................................................................................................................ 519 

Amar Al-Bassam, Dirk Heberling, Christophe Caloz 

NON-FOSTER SELF-OSCILLATING HUYGENS RADIATOR .................................................................. 521 
Leo Vincelj, Silvio Hrabar, Richard Ziolkowski 

ENHANCED GAIN AND BANDWIDTH OF SINGLE MAGNETO-ELECTRIC DIPOLE 
ANTENNA AT 60 GHZ USING DOUBLE SUPERSTRATES ..................................................................... 523 

Abdelmoniem T. Hassan, Ahmed A. Kishk 

REMOTE ANTENNA IMPEDANCE MEASUREMENT .............................................................................. 525 
Ali Hosseini-Fahraji, Majid Manteghi 

LIQUID CRYSTAL MATERIAL BASED ELECTRONICALLY BEAM STEERING ANTENNA 
AT KA-BAND FOR 5G APPLICATIONS ..................................................................................................... 527 

Divya Krishnan, A. Alphones 

LOW-COST DUAL-POLARIZED CROSSED SLOT ARRAY ..................................................................... 529 
Ying Chen, Rodney Vaughan 



THE WAVEGUIDE SLOT ARRAY ANTENNA IN MILLIMETER WAVEBAND USING THE 
REFLECTION CANCELING STAIRS FOR THE SIDELOBE SUPPRESSION .......................................... 531 

Wenbo Liu, Tsunemitsu Yasuhiro 

INTERESTING BEHAVIOR OF RECTANGULAR MICROSTRIP PATCH WITH SPECIFIC 
PERTURBATIONS ON THE GROUND PLANE .......................................................................................... 533 

Debi Dutta, Debatosh Guha 

2-D ANNULAR LEAKY-WAVE ANTENNA WITH WIDEBAND BROADSIDE RADIATION ............... 535 
D. Comite, D. Zhang, P. Baccarelli, P. Burghignoli, A. Galli, H. Geng, S. K. Podilchak, X. 
Zheng 

MINIATURIZED ANTENNAS DESIGN FOR MICROWAVE IMAGING APPLICATIONS ..................... 537 
Elisa Giampietri, Danilo Brizi, Agostino Monorchio, Nunzia Fontana 

MULTILOBATE PATCH ANTENNAS FOR CIRCULAR POLARIZATION OPERATION IN 
THE C-BAND .................................................................................................................................................. 539 

Gian Guido Gentili, Stefano Maddio, Giuseppe Pelosi, Stefano Selleri 

DESIGN OF WIDEBAND MULTI-RING MICROSTRIP ANTENNAS FED BY AN L-PROBE 
FOR SINGLE-BAND AND DUAL-BAND OPERATIONS ........................................................................... 541 

Yuki Kimura, Kohei Furukawa, Sakuyoshi Saito, Yuichi Kimura, Tatsuya Fukunaga 

MICROSTRIP RIDGE GAP TECHNOLOGY BASED RAT-RACE COUPLER FOR 
MILLIMETER WAVE APPLICATIONS ....................................................................................................... 543 

Shraman Gupta, Abdel Razik Sebak 

A BEAM-STEERABLE ROLLABLE REFLECTARRAY ............................................................................. 545 
Abdul-Sattar Kaddour, Stavros V. Georgakopoulos 

OPTIMIZATION OF DUAL-BAND NOTCHED UWB TRAPEZOIDAL ANTENNA USING 
GENETIC ALGORITHM APPROACH .......................................................................................................... 547 

Youcef Braham Chaouche, Mourad Nedil, Abdelbaki Zeghdoud, Ismail Ben Mabrouk 

MULTI-RESONANCE STACKED PATCH ANTENNA FOR DETECTION OF ELEMENTAL 
SULFUR ........................................................................................................................................................... 549 

M. G. Magam, Sharif I. Sheikh, Hussien Attia, Khurram Qureshi 

A QUAD-POLARIZATION HORN ANTENNA WITH WIDE OVERLAPPED OPERATING 
BAND ...............................................................................................................................................................  551 

Ao Li, Kwai-Man Luk 

NEW HYBRID RECTANGULAR DIELECTRIC RESONATOR ANTENNA WITH 
ENHANCED BANDWIDTH ........................................................................................................................... 553 

Mahbubeh Esmaeili, Jean-Jacques Laurin 

STATISTICAL PERFORMANCE OF CIRCULAR ANTENNA ARRAYS .................................................. 555 
Kristopher Buchanan, Michelle Rodriguez, Timi Adeyemi, Carlos Flores-Molina, Sara 
Wheeland 

AN ELECTRICALLY-THIN BROADBAND ANTENNA WITH STABLE RADIATION 
PATTERN ........................................................................................................................................................ 557 

Manting Wang, Chi Hou Chan 

MULTI-MODE CAVITY-BACKED SLOT RING ANTENNA FOR MULTI-BAND 
APPLICATIONS .............................................................................................................................................. 559 

Hong Phuong Phan, Constant M. A. Niamien 



LOW-PROFILE VERTICALLY POLARIZED WEARABLE ANTENNA WITH OMNI-
DIRECTIONAL RADIATION ........................................................................................................................ 561 

Chunxu Mao, Mohsen Khalily, Vikrant Singh, Pei Xiao 

DESIGN OF SWITCHABLE CIRCULARLY-POLARIZED PHASED ARRAY BASED ON 
SEQUENTIAL ROTATION AND 45-DEGREE ROTATED LINEARLY POLARIZED 
ELEMENTS ..................................................................................................................................................... 563 

Hao Liu, Anyong Qing, Ziqiang Xu 

A COMPRESSIBLE CAVITY-BACKED E-TEXTILE ANTENNA FOR BODY-CENTRIC 
COMMUNICATIONS ..................................................................................................................................... 565 

Mohsen Niayesh, Hamidreza Memarzadeh, Ramesh Abhari 

TWO-DIMENSIONAL ARRAY ANTENNA WITH ELEMENT SEPARATIONS ADJUSTED 
TO EXCITATION DISTRIBUTION ............................................................................................................... 567 

Tadashi Takano, Tomoaki Yoshimine, Kenji Saegusa 

A WIDE-BEAM POWER GAIN OPTIMIZATION ALGORITHM WITH ARRAY ANTENNA ................ 569 
Shiwen Lei, Zhipeng Lin, Zhihui Song, Qi Xie, Haoquan Hu, Bo Chen 

A METHOD FOR BANDWIDTH ENHANCEMENT OF CROSS-DIPOLE ANTENNAS WITH 
COMPACT CONFIGURATIONS ................................................................................................................... 571 

Hai-Han Sun, Can Ding, He Zhu, Y. Jay Guo 

BEAMSPACE PROCESSING OF COMPRESSIVELY SAMPLED SIGNALS RECEIVED VIA A 
UNIFORM LINEAR ARRAY ......................................................................................................................... 573 

Ismail Jouny 

COMPACT AND RECONFIGURABLE MULTIBAND 2-ELEMENT MIMO SLOT ANTENNA 
FOR ADVANCED COMMUNICATION SYSTEMS .................................................................................... 575 

Ali Mansoul, Mourad Nedil 

PCB EDGE ANTENNAS FOR MM-WAVE COMMUNICATIONS USER EQUIPMENT.......................... 577 
Marta Martínez-Vázquez 

ESTIMATION OF SMALL ANTENNA PERFORMANCE USING A MACHINE LEARNING 
APPROACH ..................................................................................................................................................... 581 

Julian Roqui, Luca Santamaria, Lyes Khacef, Alain Pegatoquet, Leonardo Lizzi 

ULTRA-LOW POWER BEAMFORMING WIDEBAND OFDM SIGNAL WITH ACTIVE GRIN 
LENS AT 19 GHZ ........................................................................................................................................... 583 

Sungmin Cho, Ho-Jin Song 

A STRETCHABLE LIQUID METAL RECONFIGURABLE MONOPOLE ANTENNA ............................. 585 
David Hensley, Christos Christodoulou, Nathan Jackson 

FOUR-PORT COUPLING NETWORK DESIGN FOR A TWO-ELEMENT BIOMIMETIC 
ANTENNA ARRAY ........................................................................................................................................ 587 

Richard J. Kozick, Fikadu T. Dagefu, Brian M. Sadler 

HIGH GAIN SERIES FED PLANAR MICROSTRIP ANTENNA ARRAY USING PRINTED L—
PROBE FEED .................................................................................................................................................. 589 

Pratigya Mathur, Mahima Arrawatia 



A STEERABLE BEAM PATCH ANTENNA FOR MILLIMETER-WAVE BAND 
APPLICATION ................................................................................................................................................ 591 

Azita Goudarzi, Alireza Gharaati, Mohammad Mahdi Honari, Rashid Mirzavand, Pedram 
Mousavi 

A PLANAR LOW-COST ELECTRICALLY SMALL ANTENNA FOR NB-IOT SENSORS ...................... 593 
Mahmoud Abdallah, Alois P. Freundorfer, Yahia M. M. Antar 

INVESTIGATION ON STATISTICAL BEHAVIOR OF RADIATION PATTERN IN ANALOG 
BEAMFORMING SYSTEM ........................................................................................................................... 595 

Seunghoon Lee, Ho-Jin Song 

A WIDEBAND MINIATURIZED TAPERED SLOT VIVALDI ANTENNA ............................................... 597 
Memoona Farooq, Saba Fatima, Hammad M. Cheema 

MACKEY II WITH REDUCED THICKNESS BY USING A NEW STRUCTURE ..................................... 599 
Keisuke Miyashita, Toshiki Tamura, Shigeru Makino, Kenji Itoh 

OPEN-SLEEVE DIPOLE ANTENNA FOR AN AIRBORNE VHF/UHF ICE SOUNDING AND 
IMAGING RADAR ......................................................................................................................................... 601 

Hoyun Won, Yang-Ki Hong, Briana Bryant, Linfeng Li, Minyeong Choi, Charles O'Neill, Jie-
Bang Yan, Prasad Gogineni, Joohan Lee 

COMPACT DUAL CIRCULARLY POLARIZED PATCH ANTENNA WITH HIGH PORTS 
ISOLATION FOR MIMO WLAN APPLICATION ........................................................................................ 603 

Enze Zhang, Jinghui Qiu, Andrea Michel, Paolo Nepa 

APERTURE-COUPLED LIQUID METAL TUNABLE DIPOLE .................................................................. 605 
Hayden Banting, Carlos E. Saavedra 

2D DIRAC LEAKY WAVE ANTENNA WITH CIRCULAR POLARIZATION FOR 
MILLIMETER-WAVE APPLICATIONS ....................................................................................................... 607 

Sina Rezaee, Mohammad Memarian, George V. Eleftheriades 

SUBSTRATE INTEGRATED WAVEGUIDE LEAKY-WAVE ANTENNA WITH 
LONGITUDINAL SLOTS FOR MILLIMETER-WAVE SECURITY APPLICATIONS .............................. 609 

Koh Hashimoto, Makoto Higaki 

BEAM STEERING LIMITATIONS FOR SEQUENTIALLY ROTATED CIRCULARLY 
POLARIZED PHASED ANTENNA ARRAYS .............................................................................................. 611 

A. Jabri, Y. Tawk, J. Costantine 

UNIDIRECTIONAL RADIATION OF THIN SLOT ANTENNA ON SINGLE SUBSTRATE .................... 613 
Yiying Wang, Shengfei Zhang, Guizhen Lu, Weiping Cao, Ahmed A. Kishk 

NEW DESIGN OF MIRROR SHAPE ANTENNAS WITH BAND-REJECTION 
CHARACTERISTICS SUITABLE FOR UWB APPLICATION.................................................................... 615 

Vahid Sharbati 

BLIND SPOT MITIGATION IN PATCH PHASED ARRAYS USING A MODIFIED SIW 
CAVITY ........................................................................................................................................................... 617 

Hao Liu, Anyong Qing, Mingkai Ma, Bo Wu 

CMWAVE TO MMWAVE RECONFIGURABLE ANTENNA FOR 5G APPLICATIONS ......................... 619 
Jinqun Ge, Guoan Wang 



GRATING LOBE CONTROL OF TWO-WAY PATTERN FOR LINEAR DISTRIBUTED 
ARRAY ............................................................................................................................................................ 621 

Weibo Deng, Hongyong Wang, Ying Suo, Xin Zhang, Qiang Yang 

WIDEBAND APERTURE COUPLED PATCH ANTENNA FOR KA-BAND EXPLOITING THE 
GENERATION OF SURFACE WAVES ........................................................................................................ 623 

Francesco Filice, Nour Nachabe, Frédéric Gianesello, Jaime Laviada, Guillermo Alvarez 
Narciandi, Diane Titz, Fernando Las-Heras, Cyril Luxey 

A WIDEBAND LOW-PROFILE CROSSED-DIPOLE ANTENNA USING A HYBRID EBG 
REFLECTOR ................................................................................................................................................... 625 

Huan Qian Xiong, Mei Song Tong 

EXAMINING THE BANDWIDTH POTENTIAL OF VOLUME-CONSTRAINED, 
ELECTRICALLY-SMALL, PLATFORM-BASED ANTENNAS AT THE HF BAND ................................ 627 

Alex Bouvy, Nader Behdad 

SIW-FEED FOR 20 GHZ ACTIVE PHASED ARRAY (1024-ELEMENT) ANTENNA WITH 
MODULAR ARCHITECTURE ....................................................................................................................... 629 

Wael M. Abdel-Wahab, Ardeshir Palizban, Ahmad Ehsandar, Safieddin Safavi-Naeini 

DESIGN OF A 2.5-D 2-BIT RECONFIGURABLE TRANSMITARRAY ELEMENT FOR 5G 
MMWAVE APPLICATIONS .......................................................................................................................... 631 

Junwen Tang, Shenheng Xu, Fan Yang 

A TRI-CELL HEXAGONAL WIRE ANTENNA FOR 5G APPLICATIONS AT 28 GHZ BAND ............... 633 
Hidayat Ullah, Farooq A. Tahir 

AN 8-CHANNEL RF COIL BASED ON MICROSTRIP YAGI-ANTENNA FOR 7T MAGNETIC 
RESONANCE IMAGING ............................................................................................................................... 635 

Ke He, Mengxia Yu, E Zhao, Guiping Li, Maoyan Wang, Jing Ma 

DUAL CIRCULARLY POLARIZED ANTENA WITH BANDPASS FILTERING RESPONSE ................. 637 
Shuosheng Ji, Yuandan Dong, Yong Fan 

DIELECTRIC CHARACTERIZATION OF BIOLOGICAL SAMPLES BY USING AN OPEN-
ENDED COAXIAL PROBE ............................................................................................................................ 639 

Eliana Canicattì, Danilo Brizi, Agostino Monorchio, Nunzia Fontana, Gianluigi Tiberi 

ADVANCED BASE STATION CONCEPT FOR WIRELESS CONNECTIVITY IN RURAL 
AREAS ............................................................................................................................................................. 641 

Pratiksha Shukla, Yuanzhang Xiao, Magdy F. Iskander, Zhengqing Yun 

DUAL-BAND DUAL-POLARIZED SLOT ANTENNA ARRAYS WITH WIDE BANDWIDTH .............. 643 
Junyi Huang, Xun Gong 

NOVEL CONFORMAL RF TAG FOR LEVEL DETECTION ...................................................................... 645 
Bassant H. El Swiefy, Hala El Sadek, M. I Ahmed, Wagdy. R. Anis 

GENERATION OF MIXED MULTI-MODE VORTEX BEAM USING UNIFORM CIRCULAR 
ARRAY ANTENNA ........................................................................................................................................ 647 

Arash Valizade Shahmirzadi, Ahmed A. Kishk 

BROADBAND PENTADENT MONOPOLE ANTENNA WITH UNIFORM RADIATION 
PATTERN ........................................................................................................................................................ 649 

Anamika Verma, Mahima Arrawatia, Girish Kumar 



METAMATERIAL-ENABLED REFLECTARRAY ANTENNAS FOR HIGH-POWER 
MICROWAVE APPLICATIONS .................................................................................................................... 651 

Sawyer D. Campbell, Galestan Mackertich-Sengerdy, J. Daniel Binion, Ryan J. Chaky, 
Ronald P. Jenkins, Ryan Beneck, Colin A. Mussman, Eric B. Whiting, Pingjuan L. Werner, 
Douglas H. Werner, Steven Parrish, David Law, Joshua Pompeii, Scott Griffiths 

DIRECTION FINDING BASED ON TIME MODULATED ARRAY WITH MULTIPLE 
MODULATION FREQUENCIES ................................................................................................................... 653 

Chong He, Jingfeng Chen, Weiren Zhu, Xudong Bai, Mengmeng Sun 

AN ULTRA-COMPACT ME ANTENNA DESIGN FOR IMPLANTABLE WIRELESS 
COMMUNICATION ....................................................................................................................................... 655 

Huaihao Chen, Xianfeng Liang, Neville Sun, Nian-Xiang Sun, Hwaider Lin, Yuan Gao 

COMPACT CAVITY-BACKED DISCONE ARRAY FOR CONFORMAL 
OMNIDIRECTIONAL ANTENNA APPLICATIONS ................................................................................... 657 

Adam J. Chapman, Alan J. Fenn, Pierre Dufilie 

HALF MODE SIW PERIODIC LEAKY-WAVE ANTENNA WITH CONTINUOUS BEAM 
SCANNING THROUGH BROADSIDE ......................................................................................................... 659 

Qingshan Yang, Xiaowen Zhao, Yunhua Zhang 

MECHANICALLY DRIVEN SMR-BASED MEMS MAGNETOELECTRIC ANTENNAS........................ 661 
Xianfeng Liang, Huaihao Chen, Neville Sun, Yuan Gao, Hwaider Lin, Nian X. Sun 

A LOW-PROFILE DISTRIBUTED CONFORMAL PHASED ARRAY ANTENNA WITH 
HEMISPHERICAL BEAM COVERAGE ....................................................................................................... 663 

Hong Sheng Lin, Yu Jian Cheng 

A DUALBAND DIELECTRIC RESONATOR ANTENNA OVER A METASURFACE WITH 
CIRCULAR POLARIZATION ........................................................................................................................ 665 

Ge Zhao, Jing Rui Wang, Xu Shi, Mei Song Tong 

RADIATION EFFICIENCY OF REDUCED SURFACE-WAVE MICROSTRIP PATCH 
ANTENNA ....................................................................................................................................................... 667 

Yulin Fang, Ziyang Zheng, Zijian Shao, Yue Ping Zhang 

A UWB DUAL-POLARIZED MAGNETO-ELECTRIC DIPOLE ANTENNA ............................................. 669 
Xinliang Shen, Feng Yang, Zhiyu Xing, Jun Yang 

HIGHLY FLEXIBLE AND CONFORMAL 2×2 ANTENNA ARRAY ON RTV SILICONE FOR 
THE 2.4 GHZ ISM BAND ............................................................................................................................... 671 

Y. Song, D. Le Goff, K. Mouthaan 

A WIDEBAND CIRCULARLY POLARIZED CROSS-DIPOLE ANTENNA WITH L-SHAPE 
SLOTS .............................................................................................................................................................. 673 

Yuhang Sun, Yejun He, Wei He, Long Zhang, Sai-Wai Wong 

COMPACT BALANCED DUAL-BAND BANDPASS FILTER BASED ON SLOTLINE ZERO-
DEGREE FEED AND STUB-LOADED RESONATORS .............................................................................. 675 

Li Wen, Jing Ai, Chuan Lin, Anyong Qing 

MANIPULATING THE POWER PROPAGATION DIRECTION IN PARALLEL-PLATE 
WAVEGUIDE BY RECONFIGURABLE HUYGENS SOURCE .................................................................. 677 

Da Yi, Ming-Chun Tang, Mei Li 



AN SRR AND CSRR BASED UWB-MIMO ANTENNA .............................................................................. 679 
Hongmei Li, Naicheng Gong 

CIRCULARLY POLARIZED DIELECTRIC RESONATOR ANTENNA WITH CONTINUOUS 
BEAM STEERING .......................................................................................................................................... 681 

Qi Liu, Zhijiao Chen, Limei Qi, Yuan Yao, Junsheng Yu, Xiaodong Chen 

A MILLIMETER WAVE CIRCULARLY POLARIZED MICROSTRIP ARRAY FED BY SIW 
NETWORK ...................................................................................................................................................... 683 

Guilin Sun, Hongtao Zhang, Yuru Rao 

A KU-BAND 1-BIT BROADBAND AND WIDEBEAM PHASE-RECONFIGURABLE 
ANTENNA ELEMENT ................................................................................................................................... 685 

Min Wang, Nan Hu, Wenqing Xie, Zhengchuan Chen 

AN EFFECTIVE PLANE WAVE SYNTHESIS METHOD ........................................................................... 687 
Fangyun Peng, Xiaoming Chen, Ming Zhang, Jiaying Zhang 

A MODIFIED TOP-LOADED MONOPOLE ANTENNA WITH TRAPEZOIDAL PLATES 
ELEMENT ARRANGED IN Y-SHAPE ......................................................................................................... 689 

Kazuya Matsubayashi, Naobumi Michishita, Hisashi Morishita 

MULTI-MODE PHASE SLOTS ANTENNA WITH DUAL PORTS ............................................................. 691 
Erwei Liu, Junping Geng, Han Zhou, Kun Wang, Chaofan Reng, Weinan Gao, Xianling 
Liang, Chong He, Ronghong Jin 

SHARED APERTURE DUAL-BAND WAVEGUIDE SLOT ANTENNA .................................................... 693 
Yuru Rao, Hongtao Zhang, Guilin Sun 

BEAM DEFLECTION RECONFIGURABLE ANTENNA BASED ON METAMATERIAL ....................... 695 
Shuting Zhang, Qingsheng Zeng, Tayeb Denidni 

BROADBAND CIRCULARLY POLARIZED FILTERING MONOPOLE ANTENNA FOR C-
BAND APPLICATIONS ................................................................................................................................. 697 

Bihui Xu, Yanwen Zhao, Li Gu 

MAGNETIC METAMATERIAL BASED WIDEBAND FREQUENCY RECONFIGURABLE 
MONOPOLE ANTENNA ................................................................................................................................ 699 

Oludayo Sokunbi, Abubakar Hamza, Sagiru Gaya, Sharif Iqbal Sheikh, Hussein Attia 

LOW SIDE-LOBE, RCS REDUCTION MICROSTRIP ANTENNA ARRAY FOR 24 GHZ 
VEHICLE MILLIMETRE WAVE RADAR .................................................................................................... 701 

Meng Guo, Wei Wang, Jing Wang, Yuchen Tong 

ELECTRICALLY VERY SMALL GNSS ANTENNA ................................................................................... 703 
Saeid Ghaffarian, Mahdi Honari, Rashid Mirzavand, Pedram Mousavi 

A NOVEL METHOD OF SURFACE DAMAGE LOCALIZATION FOR FAST ACTIVE-
REFLECTOR ................................................................................................................................................... 705 

Junhui Peng, Hailin Cao, Decheng Wu, Zhiwei Sun, Jin Fan 

A NEW ARRAY FORMATION METHOD FOR MILLIMETER-WAVE TRANSVERSE SLOT 
SCANNING ARRAY ANTENNA .................................................................................................................. 707 

Qiang Sun, Yong-Ling Ban, Ji-Wei Lian, Xiao-Fei Li 



COPLANAR TRIPLE-INDEPENDENT-ELEMENT MODEL FOR POWER QUASI-ISOTROPIC 
ANTENNAS .................................................................................................................................................... 709 

Ren Wang, Chuan-Sheng Chen, Yan-He Lv, Chang-Hai Hu, San-Qiang Tong, Bing-Zhong 
Wang 

DESIGN OF 4D IRREGULAR TILED ARRAYS BASED ON MIXED INTEGER SECOND 
ORDER CONE PROGRAMMING ................................................................................................................. 711 

Yankai Ma, Shiwen Yang, Shiwei Qu, Yikai Chen, Jun Hu, Paolo Rocca 

TRANSISTOR-BASED MAGNETLESS FARADAY METASURFACE AND SPATIAL 
ISOLATOR ...................................................................................................................................................... 713 

Toshiro Kodera, Guillaume Lavigne, Christophe Caloz 

PLANE-WAVE SCATTERING OFF SINUSOIDALLY-MODULATED METASURFACES 
WITH NORMAL SUSCEPTIBILITIES .......................................................................................................... 715 

Amit Shaham, Ariel Epstein 

DIELECTRIC PARAMETER ESTIMATION AT KA-BAND USING BAYESIAN INVERSION 
METHOD ......................................................................................................................................................... 717 

Saleem Shahid, G. Guido Gentili, Giancarlo Bernasconi, Syed Muzahir Abbas, Kapal Dev 

EPSILON-NEAR-ZERO PLASMONIC WAVEGUIDES TO ACHIEVE MULTI-QUBIT 
QUANTUM ENTANGLEMENT .................................................................................................................... 719 

Ying Li, Christos Argyropoulos 

MULTI WIDE-BAND FREQUENCY SELECTIVE SURFACE FOR AUTOMOTIVE 
APPLICATIONS .............................................................................................................................................. 721 

Andrei-Marius Silaghi, Aldo De Sabata, Ladislau Matekovits 

THE WIENER-HOPF THEORY FOR THE SCATTERING BY AN IMPENETRABLE 
POLYGONAL STRUCTURE ......................................................................................................................... 723 

Vito Daniele, Guido Lombardi 

FLEXIBLE LIQUID METAL FREQUENCY SELECTIVE SURFACE WITH TUNABLE 
SECOND-ORDER BANDPASS RESPONSE ................................................................................................. 725 

Kevin Xu, Jun H. Choi, Komlan Payne, Jay K. Lee, Jeong-Bong Lee 

NONLINEAR AND AMPLIFICATION RESPONSE WITH ASYMMETRIC GRAPHENE-
BASED COHERENT PERFECT ABSORBERS............................................................................................. 727 

Tianjing Guo, Christos Argyropoulos 

TUNABLE BROADBAND TERAHERTZ METAMATERIAL ABSORBERS BASED ON VO2 ............... 729 
Lei Kang, Huaguang Bao, Sawyer D. Campbell, Pingjuan L. Werner, Douglas H. Werner, 
Shengxiang Wang, Chengfeng Cai, Menghan You, Fangyan Liu, Menghao Wu, Songzhan Li 

INTERFERENCE-ENHANCED OPTICAL MAGNETISM IN HIGH-INDEX RESONATORS .................. 731 
Lei Kang, Huaguang Bao, Sawyer D. Campbell, Douglas H. Werner 

METAMATERIAL SENSOR DESIGN WITH SPLIT RING RESONATORS .............................................. 733 
Brinta Chowdhury, Abdullah Eroglu 

VALIDATION OF 4–40 GHZ FREE-SPACE PERMITTIVITY MEASUREMENTS USING 
DIELECTRIC RESONATORS ........................................................................................................................ 735 

Jon W. Wallace 



METAMATERIAL LENS DESIGN FOR ELECTRONICALLY STEERED ARRAYS ............................... 737 
J. Daniel Binion, Eric B. Whiting, Sawyer D. Campbell, Douglas H. Werner, Erik Lier, 
Thomas H. Hand 

THIN FILM ENABLED ENGINEERED SUBSTRATE FOR MINIATURIZED ANTENNAS 
WITH IMPROVED BANDWIDTH ................................................................................................................ 739 

Jinqun Ge, Guoan Wang 

DIELECTRIC-FREE CELLS FOR LOW-COST NEAR-FIELD PHASE SHIFTING 
METASURFACES .......................................................................................................................................... 741 

Foez Ahmed, Touseef Hayat, Muhammad U. Afzal, Ali Lalbakhsh, Karu P. Esselle 

RADIAL GAUSSIAN BEAM METASURFACE ANTENNA ....................................................................... 743 
Faris Alsolamy, Anthony Grbic 

TIME-MODULATED PATCH ANTENNAS WITH NONRECIPROCAL POLARIZATION 
HANDEDNESS ............................................................................................................................................... 745 

M. A. Bourkov, J. Do, X. Liu, A. Alvarez-Melcon, J. S. Gomez-Diaz 

A WIDEBAND CP RESONANT CAVITY ANTENNA WITH A SELF-COMPLIMENTARY 
PARTIALLY REFLECTIVE SURFACE ........................................................................................................ 747 

Azita Goudarzi, Masoud Movahhedi, Mohammad Mahdi Honari, Pedram Mousavi 

MU-NEGATIVE AND NEAR-ZERO LINED DISKS FOR SURFACE-ENHANCED MID-
INFRARED SPECTROSCOPY ....................................................................................................................... 749 

Mitchell Semple, Ashwin K. Iyer 

ULTRA-BROADBAND 3-D ABSORPTIVE FREQUENCY-SELECTIVE TRANSMISSION 
STRUCTURE USING COMMERCIAL ABSORBER .................................................................................... 751 

Hao Huang, Zhongxiang Shen, Changzhou Hua 

CONTROLLING WAVEFRONT USING A COARSELY DISCRETIZED DIELECTRIC 
HUYGENS' METASURFACE ........................................................................................................................ 753 

Abhishek Sharma, Alex M. H. Wong 

BEAM-STEERABLE ANTENNA COMPOSED OF METALINES .............................................................. 755 
Hisamatsu Nakano, Tomoki Abe, Junji Yamauchi, Amit Mehta 

EFFICIENT TRANSITION FROM A TRADITIONAL PLANAR TRANSMISSION LINE TO A 
TOPOLOGICAL LINE WAVE ....................................................................................................................... 757 

Robert J. Davis, Dia'Aaldin J. Bisharat, Daniel F. Sievenpiper 

FABRY-PÉROT CAVITY ANTENNA GENERATING MULTI FREQUENCY OVERLAPPING 
APERTURES ................................................................................................................................................... 759 

Alessio Berto, Ahmad T. Almutawa, Ladislau Matekovits, Filippo Capolino 

ACHIEVING WIDEBAND BEAM-SPLITTING WITH AN ULTRATHIN DISCRETE 
HUYGENS' METASURFACE ........................................................................................................................ 761 

Tayyab Ali Khan, Alex M. H. Wong 

ANALYSIS AND SYNTHESIS OF CYLINDRICAL OMEGA-BIANISOTROPIC 
METASURFACES WITH MODE EXPANSION ........................................................................................... 763 

Gengyu Xu, George V. Eleftheriades, Sean V. Hum 

A DUAL-BAND FREQUENCY SELECTIVE SURFACE FOR ANTENNA APPLICATIONS IN 
5G MOBILE TERMINALS ............................................................................................................................. 765 

Asim Ghalib, Muhammad U. Khan, Mohammad S. Sharawi, Raj Mittra 



REDUCTION OF THE 6 × 6 TD VECTOR WAVE EQUATION INTO A 3 × 3 COMPLEX SET 
ON A SINGLE FD GRID ................................................................................................................................ 767 

Raphael Kastner 

CHARACTERIZATION OF THIN FILM ENABLED ENGINEERED SUBSTRATE FOR RF 
APPLICATIONS .............................................................................................................................................. 769 

Jinqun Ge, Guoan Wang 

ON COMPUTING THE CONSTITUTIVE PARAMETERS OF A LOSSLESS DOUBLE 
POSITIVE DIELECTRIC LAYER WITH BRANCH COMPENSATION FROM FREQUENCY 
TRACKING ..................................................................................................................................................... 771 

Jacob Lewis, Jerika Cleveland, Dipankar Mitra, B. D. Braaten, Jeffery Allen, Monica Allen 

PERFECT-FREQUENCY-CONVERTER METASURFACE CONSISTING OF TWIN TIME-
MODULATED RADIATORS ......................................................................................................................... 773 

Sajjad Taravati, George V. Eleftheriades 

A MWIR 3D PLASMONIC ASYMMETRIC TRANSMISSION METASURFACE ..................................... 775 
Eric B. Whiting, Lei Kang, Sawyer D. Campbell, Douglas H. Werner, Pingjuan L. Werner, D. 
Bruce Burckel 

A NOVEL HIGH-PERFORMANCE FSS-AMC RADOME UNIT ................................................................ 777 
Zhiyu Xing, Feng Yang, Peng Yang, Jianhua Yang, Chenxu Jiang 

NONRECIPROCAL TRANSMISSION BASED ON SELF-INDUCED NONLINEAR EFFECTS 
IN BIFACIAL DIELECTRIC METASURFACES .......................................................................................... 779 

Boyuan Jin, Christos Argyropoulos 

MEASUREMENTS OF ALL-DIELECTRIC COMPOUND METAOPTICS FOR WAVEFRONT 
TRANSFORMATION ..................................................................................................................................... 781 

Brian O. Raeker, Anthony Grbic, You Zhou, Hanyu Zheng, Jason Valentine 

A DIELECTRIC MEASUREMENT-BASED DESIGN APPROACH FOR X-BAND 
APPLICATIONS ON FR4 SUBSTRATE ....................................................................................................... 783 

Orcun Kiris, Fahri Ozturk, Mesut Gokten 

A BROADBAND FREQUENCY-SELECTIVE RASORBER WITH DOUBLE-SIDED 
ABSORPTION BANDS .................................................................................................................................. 785 

Qiming Yu, Filippo Costa, Agostino Monorchio 

SCATTERING OF ELECTROMAGNETIC PLANE WAVES BY A VERTICALLY 
STRATIFIED TWO-LAYER MEDIUM ......................................................................................................... 787 

Rachid El Hani, Amir Hajiaboli, Simon Fortin, Rouzbeh Moini, Farid P. Dawalibi 

AN ULTRA-WIDEBAND METASURFACE FOR HALF-MIRROR AND QWP OPERATIONS ............... 789 
Syed Muhammad Qasim Ali Shah, Fahad Ahmed, Nosherwan Shoaib, Muhammad U. Khan 

ON THE IMAGE ANALYSIS OF CONDUCTING MAGNETO-RESPONSIVE MICRO-
PARTICLES FOR APPLICATIONS IN LEAKY WAVE ANTENNA BEAM STEERING ......................... 791 

Jerika Cleveland, Jacob Lewis, Dipankar Mitra, Benjamin D. Braaten, Jeffery Allen, Monica 
Allen 

THEORETICAL EXPLANATION AND PREDICTION OF BRANCHES IN PERMITTIVITY 
FROM S-PARAMETER VALUES ................................................................................................................. 793 

Jacob Lewis, Dipankar Mitra, Jerika Cleveland, B. D. Braaten, Jeffery Allen, Monica Allen 



DIPOLE ANTENNA USING MANTLE CLOAK FOR REDUCING MONOSTATIC RCS AT 
CLOSE FREQUENCY .................................................................................................................................... 795 

Thanh Binh Nguyen, Naobumi Michishita, Hisashi Morishita, Teruki Miyazaki, Masato 
Tadokoro 

INVESTIGATING STACKED-RING BASED CELLS FOR PHASE SHIFTING SURFACES ................... 797 
Haider Ali, Muhammad Afzal, Karu P. Esselle, Raheel Hashmi 

GEOMETRY-BASED OPTIMIZATION OF AN IN-PLANE NANOMAGNETIC MAJORITY 
CIRCUIT .......................................................................................................................................................... 799 

João G. N. Rahmeier, Shulabh Gupta, Luiz G. C. Melo, Omar Vilela Neto 

A COMPACT MTM-EBG-ENABLED COMMON-MODE FILTER WITHOUT A DEFECTED 
GROUND ......................................................................................................................................................... 801 

Stuart Barth, Ashwin K. Iyer 

MODELING OF A METASURFACE BY A THIN SLAB OF CONSTANT VOLUMINAL 
SUSCEPTIBILITY........................................................................................................................................... 803 

Yousef Vahabzadeh, Mojtaba Dehmollaian, Christophe Caloz 

ELLIPTICAL METASURFACE CLOAKS FOR DECOUPLING AND CLOAKING OF 
MICROSTRIP MONOPOLE ANTENNAS AT 28 GHZ AND 39 GHZ FOR 5G WIRELESS 
APPLICATIONS .............................................................................................................................................. 805 

Shefali Pawar, Salvatore Mastromatteo, Alexander B. Yakovlev, Hossein Mehrpour Bernety, 
Harry G. Skinner, Seong-Youp Suh, Andrea Alù 

WIDEBAND SINGLE-LAYER FSS-BASED ELECTROMAGNETIC ABSORBER USING 
COMPLEMENTARY SUSCEPTANCES ....................................................................................................... 807 

Donovan E. Brocker, Anastasios H. Panaretos, Douglas H. Werner 

AN OFF-BROADSIDE ZERO BEAM-SQUINTING LEAKY-WAVE ANTENNA BASED ON 
NRI-TL METAMATERIALS .......................................................................................................................... 809 

Kyriakos Neophytou, Kypros Kossifos, Marco A. Antoniades 

ELECTROMAGETIC WAVE SCATTERING BY METAL STRUCTURED SURFACE WITH 
AN INFINITE PERIODIC ARRAY OF SUBWAVELENGTH RECTANGULAR GROOVES 
PARTIALLY FILLED WITH AN OPTICALLY PLASMA INDUCED SEMICONDUCTOR ..................... 811 

Kazuo Nishimura 

INHOMOGENEOUS METASURFACE TO ENLARGE CLOAKING BANDWIDTH ................................ 813 
Barbara Cappello, Ladislau Matekovits 

SECRET SHARING HOLOGRAPHIC ENCRYPTION WITH OFF-AXIS DUAL-CHANNEL 
METASURFACE ............................................................................................................................................. 815 

Zhenfei Li, Chong He, Weiren Zhu 

HIGH DIRECTIVE FABRY-PÉROT CAVITY ANTENNA BY USING REFLECTING 
METASURFACE FOR 5G APPLICATIONS ................................................................................................. 817 

Mohamed F. El-Sewedy, Mahmoud A. Abdalla, Hesham A. Elregely 

PHASE-CHANGE MATERIALS IN MULTIFUNCTIONAL RECONFIGURABLE 
METASURFACES .......................................................................................................................................... 819 

Yuhao Wu, Sawyer D. Campbell, Eric B. Whiting, Lei Kang, Pingjuan L. Werner, Douglas H. 
Werner 

DUALBAND STACKED METASURFACE REFLECTARRAY .................................................................. 821 
Jordan Budhu, Anthony Grbic, Eric Michielssen 



DISPOSABLE MICROWAVE SENSOR FOR REAL-TIME MONITORING AND CONTENT 
SENSING OF DROPLETS IN MICROFLUIDIC DEVICES ......................................................................... 823 

Zahra Abbasi, Masoud Baghelani, Mojgan Daneshmand 

ELECTROMAGNETIC RADIATION PRESSURE AT THE LIQUID-VAPOUR INTERFACE ................. 825 
Cael Warner, Loïc Markley, Kenneth J Chau 

DESIGN OF DUAL-BROADBAND HIGH-GAIN CIRCULARLY POLARIZED PATCH 
ANTENNA USING NOVEL METASURFACE ............................................................................................. 827 

Shyam Sundar Jash, Chiranjib Goswami, Rowdra Ghatak 

POSITION SENSING USING AN ASYMMETRIC CARBON NANOTUBE DIMER AND A 
TREE-BASED CLASSIFICATION APPROACH .......................................................................................... 829 

Sumitra Dey, Ahmed M. Hassan 

CHARACTERISTIC MODES OF CIRCULAR CONDUCTING PLATE WITH ZERNIKE 
POLYNOMIALS AS ENTIRE-DOMAIN BASIS .......................................................................................... 831 

Jie Xu 

MILK CHARACTERIZATION USING TIME DOMAIN WIDE BAND DIELECTRIC 
SPECTROSCOPY ............................................................................................................................................ 833 

Samira Saeedi, Somayeh Chammani 

DESIGN OF DUAL BAND DUAL POLARIZED ACTIVE FSS ................................................................... 835 
Z. A. Pandit Jibran, Kumud R. Jha, Satish K. Sharma 

GSW ALGORITHM BASED HIGH-RESOLUTION PHASE-ONLY METASURFACE ............................. 837 
Hongmei Li, Naicheng Gong 

HIGH Q-FACTOR FREQUENCY SELECTIVE SURFACES BASED ON COPLANAR 
WAVEGUIDE TRANSMISSION LINE ......................................................................................................... 839 

Sihong Chen, Taisong Pan, Guang Yao, Min Gao, Yuan Lin 

BEAMSTEERING CAPABILITY OF A LEAKY WAVE-BASED CURVED HIGH 
IMPEDANCE SURFACE ANTENNA ............................................................................................................ 841 

M. M. Reazul Haque Tanmoy, Saeed I. Latif, Ahmad T. Almutawa, Filippo Capolino 

MACHINE LEARNING TO IMMUNE MICROWAVE SENSORS FROM TEMPERATURE 
IMPACT ........................................................................................................................................................... 843 

Mohammad Abdolrazzaghi, Nazli Kazemi, Mojgan Daneshmand 

REFLECTION-FREE TRANSMISSION IN TIME-REVERSAL SYMMETRY-PROTECED 
SLOT LINE WAVEGUIDE ............................................................................................................................. 845 

Dia'Aaldin J. Bisharat, Daniel F. Sievenpiper 

FLUIDICALLY SCANNED TWO-DIMENSIONAL (2-D) META-FLUIDIC ANTENNA .......................... 847 
Aqeel Hussain Naqvi, Sungjoon Lim 

FEASIBILITY STUDY ON IMPROVING MICROWAVE STROKE DETECTION USING 
METAMATERIALS ........................................................................................................................................ 849 

Eleonora Razzicchia, Navid Ghavami, Syed Ahsan, Panagiotis Kosmas 

RECONFIGURABLE METASURFACE FOR AIRY BEAM GENERATION .............................................. 851 
Rui Feng, Badreddine Ratni, Jianjia Yi, Hailin Zhang, Gérard-Pascal Piau, André De 
Lustrac, Shah Nawaz Burokur 



AMPLITUDE AND PHASE DISCRETIZATION INFLUENCE ON PERFORMANCE OF 
COMPLEX AMPLITUDE METASURFACES ............................................................................................... 853 

Yongheng Mu, Jiaran Qi 

DESIGN OF HIGH-SELECTIVE FSR WITH A SINGLE LAYERED FSS .................................................. 855 
Bixiao Jiang, Haoquan Hu, Jing Tian, Zhipeng Lin, Pu Tang 

FLAT META-LENS ANTENNA SYNTHESIS VIA GEOMETRICAL OPTICS AND PARTICLE 
SWARM OPTIMIZATION ............................................................................................................................. 857 

Anastasios Papathanasopoulos, Yahya Rahmat-Samii 

ARTIFICIAL MAGNETIC CONDUCTOR KEY ANGULAR STABILITY PARAMETERS FOR 
IMPROVING ANTENNA PERFORMANCE ................................................................................................. 859 

Humberto Fernandez Alvarez, M. E. De Cos Gomez, Jorge Jimenez Garcia, Fernando Las-
Heras 

A MULTI-FUNCTIONAL METASURFACE FOR POLARIZATION TRANSFORMATION 
APPLICATIONS .............................................................................................................................................. 861 

Fahad Ahmed, Tayyab Hassan, Tania Tamoor, Nosherwan Shoaib 

SYNTHESIS OF CURVED BEAM-SHAPING METASURFACES .............................................................. 863 
Dominik Barbaric, Zvonimir Šipuš 

THEORETICAL MODAL ANALYSIS OF SQUARE WAVEGUIDES FILLED WITH 
EFFECTIVELY SKEW UNIAXIAL MEDIA ................................................................................................. 865 

Walid Dyab, Ahmed Sakr, Ke Wu 

A NOVEL FREE-SPACE GAUSSIAN BEAM METHOD FOR THE CHARACTERIZATION OF 
ANISOTROPIC MATERIALS ........................................................................................................................ 867 

Tom Brachtenbach, Alex Stringer, Joel Love, Zeeshan Qamar, Jorge L. Salazar-Cerreno 

CLOAKING AND DECOUPLING OF INTERLEAVED MICROSTRIP MONOPOLE ARRAYS 
AT 28 GHZ AND 39 GHZ USING ELLIPTICAL METASURFACES FOR 5G WIRELESS 
APPLICATIONS .............................................................................................................................................. 869 

Shefali Pawar, Salvatore Mastromatteo, Alexander B. Yakovlev, Hossein Mehrpour Bernety, 
Harry G. Skinner, Seong-Youp Suh, Andrea Alù 

HIGH GAIN CIRCULARLY POLARIZED ANTENNA LOADED WITH DUAL-BAND AMC 
STRUCTURE FOR WBAN APPLICATIONS ................................................................................................ 871 

Youcef Braham Chaouche, Mourad Nedil, Ismail Ben Mabrouk 

METAMATERIAL-INSPIRED MEANDERED LEAKY-WAVE ANTENNA WITH FAST 
BEAM SCANNING ......................................................................................................................................... 873 

Alexander J. Mackay, George V. Eleftheriades 

CIRCULAR-POLARIZATION DISCRIMINATOR BASED ON CASCADED MULTILAYER 
FREQUENCY SELECTIVE SURFACES ....................................................................................................... 875 

Jianqiang Hou, Zhefei Wang, Zhenjiang Zhao, Tayeb A. Denidni 

CONCEPT OF A SELF-PHASED METASURFACE PIXEL/CELL IN NON-REFLECTIVE 
MODE .............................................................................................................................................................. 877 

Quang Nguyen, Amir I. Zaghloul 

A WIDE-BAND METASURFACE WITH WIDE ANGLE POLARIZATION CONVERSION ................... 879 
Fahad Ahmed, Iqra Aitbar, Syed M. Qasim Ali Shah, Imran Shoaib, Nosherwan Shoaib 



AN ORIGAMI INSPIRED POLARIZATION-INSENSITIVE FSS ................................................................ 881 
Akash Biswas, Constantinos L. Zekios, Stavros V. Georgakopoulos 

DEVELOPMENT OF DIELECTRIC MEASUREMENT TECHNIQUES FOR ARCTIC OIL 
SPILL STUDIES .............................................................................................................................................. 883 

Amirbahador Mansoori, Dustin Isleifson, Durell Desmond, Gary Stern 

SELF-RECONFIGURABLE DUAL-MODE METASURFACE .................................................................... 885 
Ratanak Phon, Sungjoon Lim 

FREQUENCY TUNABLE FERRITE BASED METAMATERIAL FOR LINEAR-TO-
CIRCULAR POLARIZATION CONVERSION ............................................................................................. 887 

Ping Wang, Jing Ai, Yifei Qin, Zhongming Yan, Yu Wang 

DIRECT DARK MODE EXCITATION OF ELECTROMAGNETICALLY INDUCED 
REFLECTION EFFECT IN ENANTIOMER-BASED METASURFACE AND ITS 
APPLICATION IN TERAHERTZ DETECTION ........................................................................................... 889 

X. Zhao, J. Yi, S. N. Burokur 

A PERTURBATION METHOD FOR THE ANALYSIS OF ECCENTRIC COAXIAL 
WAVEGUIDES ............................................................................................................................................... 891 

Johnes R. Goncalves, Guilherme S. Rosa, Fernando L. Teixeira 

CIRCULARLY POLARIZED BEAM-STEERING ANTENNA COMPOSED OF METACURL 
AND METALOOP ELEMENTS ..................................................................................................................... 893 

Tomoki Abe, Junji Yamauchi, Hisamatsu Nakano 

COUPLED SURFACE MODE RESONANCES IN FINITE TRANSVERSE-WIDTH 
SUPERLENSES ............................................................................................................................................... 895 

Marek Splawinski, Loïc Markley 

WIRELESS HIGH SENSITIVITY LOW-PROFILE PERMITTIVITY SENSOR USING 
RESONANT ABSORBING SURFACES ........................................................................................................ 897 

Ali Maleki Gargari, Loïc Markley 

OPTICALLY AND RF TRANSPARENT LOW-EMISSIVITY METASURFACE ....................................... 899 
Mahdi Safari, Nazir P. Kherani, George V. Eleftheriades 

NONRECIPROCAL-BEAM METASURFACES BASED ON ASYMMETRIC FREQUENCY-
PHASE TRANSITIONS IN TIME-MODULATED META-ATOMS ............................................................ 901 

Sajjad Taravati, George V. Eleftheriades 

ANALYSIS OF ELECTROMAGNETIC BAND GAP AND ABSORPTION PROPERTIES OF 
HIGH-IMPEDANCE STRUCTURES ............................................................................................................. 903 

Varsha Mishra, Filippo Costa, Agostino Monorchio 

SURFACE-WAVES OPTIMIZATION FOR BEAMFORMING WITH A SINGLE OMEGA-
BIANISOTROPIC HUYGENS' METASURFACE ......................................................................................... 905 

Vasileios G. Ataloglou, George V. Eleftheriades 

HIGH-EFFICIENCY DUAL-BAND ORBITAL ANGULAR MOMENTUM GENERATION 
BASED ON TRILAYER METASURFACE ................................................................................................... 907 

Yiting Liu, Mingbo Xin, Rensheng Xie, Xin Fang, Guohua Zhai, Jianjun Gao, Jun Ding, 
Chang Chen 



DESIGN OF BEAM STEERING PATCH ARRAYS USING SELF-PHASED METASURFACE 
PIXELS ............................................................................................................................................................ 909 

Quang Nguyen, Amir I. Zaghloul 

A SWITCHABLE A-T-A RASORBER WITH HIGH SELECTIVITY .......................................................... 911 
Ruiming Li, Haoquan Hu, Jing Tian, Lutong Li, Yongfang Bao 

DESIGN OF A BROADBAND EMBEDDED CPW-MODE DIPLEXER USING 
MULTICONDUCTOR TRANSMISSION-LINE METAMATERIAL TECHNIQUES ................................. 913 

Stuart Barth, Ashwin K. Iyer 

IMPROVING HOMOGENEITY FOR MRI RF FIELD AT 3T USING A HUYGENS' BOX ....................... 915 
Chen Xue, Gabriel G. L. Zhou, Alex M. H. Wong 

PHASE-ONLY SYNTHESIS METHODS FOR GENERAL BEAM-FORMING REFLECTIVE 
METASURFACES .......................................................................................................................................... 917 

Daniel King, Khelifa Hettak, Reza Chaharmir, Jonathan Ethier, Shulabh Gupta 

GENERATION OF FREE-SPACE CYLINDRICAL BESSEL BEAMS OF ARBITRARY 
INTEGER/NON-INTEGER ORDERS ............................................................................................................ 919 

Oscar Céspedes Vicente, Christophe Caloz 

ELECTROMAGNETIC ILLUSIONS CREATED USING METASURFACE HOLOGRAMS 
WITH FINITE-SIZED UNIT CELLS .............................................................................................................. 921 

Tom J. Smy, Shulabh Gupta 

BROADBAND QUASI-CONTINUOUS METASURFACE FOR OAM GENERATION ............................. 923 
Ling-Jun Yang, Sheng Sun, Wei E. I. Sha 

CHARACTERIZATION OF RADAR ABSORBING MATERIALS AT 75 GHZ - 90 GHZ 
USING FREE-SPACE SYSTEM ..................................................................................................................... 925 

Nagma Vohra, Jose Santos Batista, Magda El-Shenawee 

DUAL-BAND MULTILAYER ENERGY HARVESTING SURFACE ......................................................... 927 
Ahmed Z. Ashoor, Omar M. Ramahi 

A DUAL-BAND ANTENNA BACKED BY AMC SURFACE USING GENETIC ALGORITHM 
FOR 2.4/5.8 GHZ UNDERGROUND MINING COMMUNICATIONS ........................................................ 929 

Youcef Braham Chaouche, Mourad Nedil, Ismail Ben Mabrouk, Massinissa Belazzoug 

A NOVEL BARAVELLE SPIRAL MULTILAYER FREQUENCY SELECTIVE SURFACE FOR 
WLAN APPLICATIONS ................................................................................................................................. 931 

Guilherme Waldschmidt Pereira, Alexandre Jean René Serres, Rodrigo Barbosa Moreira, 
Robson Hebraico Cipriano Maniçoba 

A MACHINE LEARNING-BASED APPROACH TO SYNTHESIZE MULTILAYER 
METASURFACES .......................................................................................................................................... 933 

Parinaz Naseri, Sean V. Hum 

DUAL-POLARIZED METALLIC RETROREFLECTOR METAGRATINGS ............................................. 935 
Oshri Rabinovich, Ariel Epstein 

USING EVANESCENT PLANE WAVES AS FREE PARAMETERS IN ARRAY DESIGN ...................... 937 
Thorkild B. Hansen 



POLARIZATION-INSENSITIVE META-RADOME WITH WIDE-ANGLE MATCHING AT 
MILLIMETER WAVES .................................................................................................................................. 939 

Nima Bayat-Makou, George V. Eleftheriades 

AN ANALYTICAL SOLUTION OF THE ELECTRIC FIELD RADIATED BY A DIPOLE 
OVER A LAYERED HALF-SPACE ............................................................................................................... 943 

Mohsen Eslami Nazari, Weimin Huang 

DESIGN OF AN EMBEDDED MTM-EBG-BASED MICROSTRIP FILTER .............................................. 945 
Jacob A. Brown, Ashwin K. Iyer 

DESIGN OF PLANAR PENETRABLE METASURFACES ON AN IRREGULAR GRID USING 
POINT-DIPOLE APPROXIMATION ............................................................................................................. 947 

Do-Hoon Kwon 

ORTHOGONAL POLARIZED MULTI-BEAMS WITH SHARED APERTURE 
METASURFACE IN TERAHERTZ REGIME ............................................................................................... 949 

Teng Huang, Li Deng 

METASURFACE SPECULAR ISOLATOR ................................................................................................... 951 
Guillaume Lavigne, Christophe Caloz 

POLARIZATION INSENSITIVE AND TRANSPARENT FSS FOR FLEXIBLE ELECTRONICS 
APPLICATIONS .............................................................................................................................................. 953 

Yiming Yang, Weiwei Li, Atif Shamim 

A SINGLE-LAYER WIDEBAND MICROWAVE ABSORBER WITH REACTIVE SCREEN ................... 955 
Hong Qin Zheng, Yan Jun Yang, Jing Lin Jiang, Mei Song Tong 

A BIFUNCTIONAL REFLECTOR BASED ON THE CHIRAL METASURFACE ...................................... 957 
C. Liu, Y. Liu, J. Yi, H. Xu, S. N. Burokur 

GENERATION AND CONTROL OF BESSEL BEAM WITH A RECONFIGURABLE 
METASURFACE ............................................................................................................................................. 959 

Rui Feng, Badreddine Ratni, Jianjia Yi, Hailin Zhang, Gérard-Pascal Piau, André De 
Lustrac, Shah Nawaz Burokur 

AZIMUTHAL SCATTERING OF ELECTROMAGNETIC WAVES FOR RADIATING 
STRUCTURES BASED ON CHIRAL METAMATERIALS ......................................................................... 961 

Dmitry S. Klyuev, Anatoly M. Neshcheret, Oleg V. Osipov, Sergey P. Skulkin 

SPACETIME-MODULATED METASURFACE CAMOUFLAGING .......................................................... 963 
Xiaoyi Wang, Christophe Caloz 

CONTACTLESS AND FLANGELESS PIPE CONTACT FOR STANDARD WAVEGUIDES ................... 965 
Turfa S. Amin, Ahmed A. Kishk 

DUAL-BAND AND HIGH-EFFICIENCY REFLECTIVE POLARIZATION CONVERTER 
BASED ON STRIP GRATING ....................................................................................................................... 967 

Hang Yu, Jianxun Su 

USING AUGMENTED LAGRANGIAN METHODS TO DESIGN ELECTROMAGNETIC 
SURFACES WITH FAR FIELD CONSTRAINTS ......................................................................................... 969 

Stewart Pearson, Sean V. Hum 



FULL-WAVE VERIFICATION OF AN ELECTROMAGNETIC INVERSION METASURFACE 
DESIGN METHOD ......................................................................................................................................... 971 

Trevor Brown, Ziqi Liu, Puyan Mojabi 

DEEP BRAIN FOCUSING USING TIME-REVERSING METASURFACE ASSISTED BY PEC 
WALLS ............................................................................................................................................................ 973 

Mohamad J. Hajiahmadi, Reza Faraji-Dana, Mojtaba Dehmollaian, Christophe Caloz 

WIDEBAND PHASE SWITCHED SCREEN BASED ON TUNABLE ARTIFICIAL MAGNETIC 
CONDUCTOR SURFACE .............................................................................................................................. 975 

Yumei Chang, Lin Wang, Weijie Gong, Bo Li 

DUAL-BAND FOUR-BEAM GENERATOR BASE ON 2-BIT REFLECTIVE CODING 
METASURFACE ............................................................................................................................................. 977 

Mingbo Xin, Yiting Liu, Rensheng Xie, Xin Fang, Guohua Zhai, Jianjun Gao, Jun Ding, 
Chang Chen 

A HIGH-EFFICIENCY MILLIMETER-WAVE BEAM-STEERING LENS ANTENNA ............................. 979 
Shuobo Wang, Yicong Chen, Shuhai Shi, Jun Ding, Mei Jiang, Tailei Wang, Guohua Zhai 

SPLIT-RING RESONATOR EXCITED BY A U-SHAPED TRANSMISSION LINE FOR 
MATERIAL CHARACTERIZATION ............................................................................................................ 981 

Nawaf Abalkhail, Saleh Alolayan, Ali Albishi 

A SWITCHABLE CIRCULAR POLARIZER BASED ON ACTIVE METASURFACE AT 30 
GHZ ..................................................................................................................................................................  983 

Qian Jiang, Jieyun Shen, Chenglong Wang, Xidong Wu, Jinfang Zhou 

A MULTIBAND AND MULTIFUNCTIONAL METASURFACE FOR POLARIZATION 
CONVERSION APPLICATIONS ................................................................................................................... 985 

Sana Ilyas, Aimen Raza, Fahad Ahmed, Syed M. Qasim Ali Shah, Nosherwan Shoaib, 
Muhammad U. Khan 

EXPERIMENTAL DEMONSTRATION OF A MULTIMODE MICROWAVE ABSORBER ..................... 987 
Jing Tian, Congzhou Li, Haoquan Hu, Yongfang Bao, Chenbo, Lutong Li 

A POLARIZATION INSENSITIVE FREQUENCY SELECTIVE SURFACE FOR TRIBAND 
GSM SHIELDING APPLICATIONS .............................................................................................................. 989 

Umer Farooq, Muhammad Nasir, Adnan Iftikhar, Muhammad S. Khan, Adnan Fida, 
Muhammad Farhan Shafique, Sajid M. Asif, Benjamin D. Braaten 

MICROWAVE MEASUREMENT TECHNOLOGY OF OPTICAL SIGNAL BASED ON THE 
HELICAL ANTENNA ..................................................................................................................................... 991 

Yafeng Li, En Li, Jianyu Wang 

FRACTAL X-SHAPED FSS EMPLOYED ELECTROMAGNETIC SHIELD FOR X-BAND 
SATCOMS ....................................................................................................................................................... 993 

Muhammad Bilal, Raja Asif Wagan, Rashid Saleem, Asim Quddus Satti, Tayyab Shabbir, 
Syed Muzahir Abbas 

PARITY-TIME SYMMETRY SENSOR CIRCUITS BASED ON SHUNT AND SERIES RLC 
CIRCUITS ........................................................................................................................................................ 995 

Yunjing Zhang, Peng Li, Meisong Tong 

ANISOTROPIC METASURFACE FOR HIGH-GAIN RADIATION AND LOW RCS BY SPOOF 
SURFACE PLASMON POLARITON............................................................................................................. 997 

Yan-He Lv, Ren Wang, Xiao Ding, Yang Hong, Bing-Zhong Wang 



GEOMETRICAL OPTICS RAY TRACING IN A THICK ANISOTROPIC SLAB ...................................... 999 
Manushanker Balasubramanian, Sawyer D. Campbell, Douglas H. Werner 

EXPLICIT SOLUTION OF TIME DOMAIN SCALAR POTENTIAL SURFACE INTEGRAL 
EQUATIONS FOR PENETRABLE SCATTERERS .................................................................................... 1001 

Rui Chen, Hakan Bagci 

FAST METHOD FOR ACCELERATING CONVERGENCE IN ITERATIVE SOLUTION OF 
FREQUENCY-DOMAIN PARTIAL DIFFERENTIAL EQUATION METHODS ...................................... 1003 

Li Xue, Dan Jiao 

3D INDOOR LOCALIZATION OF RFID TAGS WITH PHASED ARRAY AND DEEP 
NEURAL NETWORK ................................................................................................................................... 1005 

Makoto Higaki, Yukako Tsutsumi 

FAST AND EFFICIENT EVALUATION OF INTEGRALS ARISING IN ISO-GEOMETRIC 
ANALYSIS .................................................................................................................................................... 1007 

A. M. A Alsnayyan, J. Li, S. Hughey, B. Shanker, A. Diaz 

PARTICLE IN CELL FINITE ELEMENT VALIDATION AND VERIFICATION METHODS ............... 1009 
S. O'Connor, J. W. Luginsland, B. Shanker 

A CURRENT AND CHARGE INTEGRAL EQUATION FOR DIELECTRIC REGIONS IN THE 
TIME DOMAIN ............................................................................................................................................. 1011 

Thomas E. Roth, Weng C. Chew 

PREDICTION OF CO-SITE INTERFERENCE BETWEEN APERTURE ANTENNAS ON A 
FACETED CONVEX SURFACE .................................................................................................................. 1013 

Çagatay Tokgöz 

AN ELECTROMAGNETIC NEURAL NETWORK FOR INVERSE SOURCE MODELING OF 
WIRE-LIKE OBJECTS .................................................................................................................................. 1015 

Abdelelah M. Alzahed, Yahia M. M. Antar, Said Mikki 

COMPARISON OF THE ANALYTICAL FORMULATIONS AND VARIABLE 
TRANSFORMATIONS FOR NEAR-SINGULARITY QUADRATURE INVOLVING THE 
STATIC POTENTIALS ................................................................................................................................. 1017 

Ming-Da Zhu, Tapan K. Sarkar, Yu Zhang, Xunwang Zhao, Zhongchao Lin 

THE SHAPE-DEPENDENCE AND NEAR-SINGULARITY OF SINGULARITY 
CANCELLATION TRANSFORMATIONS FOR THE INTEGRAL EQUATION METHODS ................. 1019 

Ming-Da Zhu, Tapan K. Sarkar, Yu Zhang, Xunwang Zhao, Zhongchao Lin 

UNIFIED CURRENT MAPPING FRAMEWORK FOR MIXED FINITE ELEMENT PARTICLE 
IN CELL METHODS..................................................................................................................................... 1021 

Z. D. Crawford, J. Luginsland, B. Shanker 

FAST O(N LOG N) ALGORITHM FOR GENERATING H2-REPRESENTATION OF 
ELECTRICALLY LARGE VOLUME INTEGRAL EQUATIONS .............................................................. 1023 

Yifan Wang, Dan Jiao 

A REGULARIZED ELECTRIC FLUX VOLUME INTEGRAL EQUATION FOR BRAIN 
IMAGING ...................................................................................................................................................... 1025 

Clément Henry, Adrien Merlini, Lyes Rahmouni, Francesco P. Andriulli 



VARIABLE-FIDELITY SURROGATE MODEL-BASED MACHINE LEARNING-ASSISTED 
OPTIMIZATION AND ITS APPLICATION TO WORST-CASE PERFORMANCE 
SEARCHING OF ANTENNAS ..................................................................................................................... 1027 

Weiqi Chen, Qi Wu, Chen Yu, Haiming Wang, Wei Hong 

RAY-TRACING DRIVEN ANN PROPAGATION MODELS FOR INDOOR ENVIRONMENTS 
AT 28 GHZ .................................................................................................................................................... 1029 

Aristeidis Seretis, Takahiro Hashimoto, Kun Zeng, Costas D. Sarris 

A NEW QUADRATURE METHOD FOR SINGULAR INTEGRALS OF BOUNDARY 
INTEGRAL EQUATIONS IN ELECTROMAGNETISM ............................................................................ 1031 

Felipe Vico, Miguel Ferrando-Bataller, Eva Antonino-Daviu, Marta Cabedo-Fabrés 

EFFICIENT BAND CHARACTERIZATION OF 3D PERIODIC SCATTERERS USING 
BROADBAND DYADIC GREEN'S FUNCTION OF VECTOR POTENTIAL A ...................................... 1033 

Zhaoyang Feng, Shurun Tan 

DESIGN OF NEURAL-NETWORK-BASED MUTUAL COUPLING COMPENSATORS FOR 
PRINTED PLANAR ANTENNA ARRAYS ................................................................................................. 1035 

Abdelelah M. Alzahed, Yahia M. M. Antar, Said Mikki 

ASYMPTOTIC GREEN'S FUNCTIONS FOR SOURCE AND FIELD POINTS ON A FACETED 
CONVEX SURFACE .................................................................................................................................... 1037 

Çagatay Tokgöz, Ethan D. Hall 

A NEW APPLICATION TO THE DISCONTINUOUS GALERKIN TIME-DOMAIN METHOD 
FOR THE SURFACE PLASMONS .............................................................................................................. 1039 

Li Xu, Xing Li, Zhen Ye, Hao Wang, Zhong-Hai Yang, Bin Li 

AN APPROXIMATE DIRECT INVERSE AS A PRECONDITIONER FOR ILL-CONDITIONED 
PROBLEMS ................................................................................................................................................... 1041 

Chung Hyun Lee, Jin-Fa Lee, William L. Langston, Brian Zinser, Vinh Q. Dang, Andy Huang, 
Salvatore Campione 

ANALYSIS OF TRAINING DATA SETS IN ARTIFICIAL NEURAL NETWORKS APPLIED 
TO A RADIO FREQUENCY PROBLEM ..................................................................................................... 1043 

Sai S. Indharapu, Kalyan C. Durbhakula 

NEAR FIELD RADIATION FROM A MONOPOLE ANTENNA ON AN ELECTRICALLY 
LARGE CONDUCTING CONVEX SURFACE ........................................................................................... 1045 

Babajide A. Salau, Çagatay Tokgöz, Nuri Yilmazer 

AN IMPLICIT HYBRIDIZABLE DISCONTINUOUS GALERKIN TIME-DOMAIN METHOD 
TO SOLVE S-PARAMETERS IN THE WAVEGUIDE PORT .................................................................... 1047 

Xing Li, Li Xu, Zhen Ye, Zhong-Hai Yang, Bin Li 

AN FFT-ACCELERATED AND TUCKER-ENHANCED INDUCTANCE EXTRACTION FOR 
VOXELIZED SUPERCONDUCTING STRUCTURES ............................................................................... 1049 

Mingyu Wang, Cheng Qian, Abdulkadir C. Yucel, Enrico Di Lorenzo, Luis J. Gomez, 
Zhoutong Chen, Shucheng Zheng, Vladimir Okhmatovski 

EFFICIENT ITERATIVE METHOD FOR COMPUTATION OF ANTENNA ARRAY 
EMBEDDED ELEMENT PATTERNS ......................................................................................................... 1051 

Matthews Chose, Matthys M. Botha 



SINGULAR INTEGRATION BY INTERPOLATION (SIBI) FOR INTEGRAL EQUATIONS 
VIA TENSOR TRAINS ................................................................................................................................. 1053 

Ioannis G. Kyriakou, Marinos N. Vouvakis 

RESULTS IN GOAL-ORIENTED ERROR ESTIMATION FOR MOM INPUT IMPEDANCE 
COMPUTATION ........................................................................................................................................... 1055 

Pierre I. Cilliers, Matthys M. Botha 

LIMITATIONS OF APERTURE ANTENNA THEORY FOR ACCURATE TRANSIENT FIELD 
CALCULATION IN THE TIME DOMAIN .................................................................................................. 1057 

Nikolay A. Lysenko, Grigory K. Uskov, Anatoly M. Bobreshov, Sergey P. Skulkin 

MACHINE LEARNING BASED SUB-WAVELENGTH PARTICLE DETECTION METHOD ............... 1059 
Sohyeon Jung, Wonbin Hong 

NESTED REDUCTION ALGORITHM FOR GENERATING H2-MATRIX REPRESENTATION 
OF ELECTRICALLY LARGE SURFACE INTEGRAL OPERATORS FROM FMM ................................ 1061 

Chang Yang, Dan Jiao 

ANISOTROPIC SLAB SCATTERING: OBLIQUE INCIDENCE CASE .................................................... 1063 
Manushanker Balasubramanian, Sawyer D. Campbell, Douglas H. Werner 

A LOW-STORAGE PML IMPLEMENTATION WITHIN A HIGH-ORDER DISCONTINUOUS 
GALERKIN TIME-DOMAIN METHOD ..................................................................................................... 1065 

Liang Chen, Mehmet Burak Ozakin, Hakan Bagci 

EXTRACTION OF GEOMETRICAL PARAMETERS FROM FACETED CONVEX SURFACES 
FOR CREEPING WAVE EVALUATION .................................................................................................... 1067 

Çagatay Tokgöz, Ethan D. Hall 

SOLUTION OF COUPLED HYDRODYNAMIC AND VOLUME INTEGRAL EQUATIONS 
FOR ANALYZING ELECTROMAGNETIC INTERACTIONS ON NANOSTRUCTURES...................... 1069 

Doolos Aibek Uulu, Ping Li, Hakan Bagci 

FAST SOLUTIONS OF MULTISCALE ELECTROMAGNETIC PROBLEMS USING 
POTENTIAL INTEGRAL EQUATIONS ..................................................................................................... 1071 

Bahram Khalichi, Vakur B. Ertürk, Özgür Ergül 

A SINGLE-SOURCE SURFACE IMPEDANCE FORMULATION FOR MODELING 
ARBITRARY PENETRABLE MEDIA......................................................................................................... 1073 

Shashwat Sharma, Piero Triverio 

WAVE SCATTERING BY THIN DIELECTRIC AND LOSSY MATERIALS USING THE MOM 
TECHNIQUE ................................................................................................................................................. 1075 

Moein Nazari, Rouzbeh Moini, Simon Fortin, Farid. P. Dawalibi 

PRISM-BASED DISCONTINUOUS GALERKIN TIME DOMAIN ANALYSIS OF 
FREQUENCY SELECTIVE SURFACES IN LOSSY WATER ................................................................... 1077 

Wending Mai, Sawyer D. Campbell, Douglas H. Werner, Yifan Chen, Huaguang Bao 

SINGLE-SOURCE SIE FOR TE ELECTROMAGNETIC ANALYSIS OF PENETRABLE 
OBJECTS ....................................................................................................................................................... 1079 

Zekun Zhu, Xiaochao Zhou, Jian Wang, Shunchuan Yang 

ELECTROMAGNETIC MODELING OF SHIELDED DIFFERENTIAL ANNULAR THROUGH-
SILICON VIA USING ARTIFICIAL INTELLIGENCE TECHNIQUE ....................................................... 1081 

Gang Wang, Zhimin Guan, Peng Zhao, Shichang Chen, Kuiwen Xu, Gaofeng Wang 



MICROWAVE TRANSMISSION OF PRESSURE SENSOR SIGNAL THROUGH EXPLOSIVE 
FIREBALLS ................................................................................................................................................... 1083 

Mathieu Chalnot, Antony Coustou, Hervé Aubert, Patrick Pons, Maylis Lavayssière, 
Alexandre Lefrançois, Jérôme Luc 

WEARABLE SENSOR FOR HIGH ACCURACY TISSUE IMAGING USING RECIPROCITY .............. 1085 
Asif Hassan, Md Asiful Islam, Alexander D. Johnson, Satheesh Bojja Venkatakrishnan, John 
L. Volakis 

SYNTHETIC APERTURE INTERFEROMETRIC IMAGING FOR NONCOOPERATIVE LEAK 
DETECTION FROM SHIELDED STRUCTURES ....................................................................................... 1087 

J. Adam, M. Mouhamadou, T. Fromenteze, C. Decroze 

A SPACE-TIME MODULATED DISTRIBUTED ANTENNA ARRAY FOR MULTIPLE 
TARGET ANGLE ESTIMATION ................................................................................................................ 1089 

Stavros Vakalis, Jeffrey A. Nanzer 

SIMPLE DIPOLE SCATTER FOR FILLING A SHADOW REGION ......................................................... 1091 
Roshanak Zabihi, Christopher G. Hynes, Rodney G. Vaughan 

OVER-THE-AIR CALIBRATION OF A DUAL-BEAM DUAL-POLARIZED 28-GHZ PHASED-
ARRAY CHANNEL SOUNDER .................................................................................................................. 1093 

Sung Yun Jun, Derek Caudill, Jelena Senic, Camillo Gentile, Jack Chuang, Nada Golmie 

VEGETATION EFFECTS FOR REMOTE SENSING OF SOIL MOISTURE USING NMM3D 
FULL-WAVE SIMULATION ....................................................................................................................... 1095 

Weihui Gu, Leung Tsang 

INDOOR RADIO TRIANGULATION USING ONLY RSSI DATA ........................................................... 1097 
Tsun-Hsu Lee, Shuyue Weng, John Sanford 

A STUDY OF MACHINE LEARNING USING WIRELESS AND PHYSICAL ENVIRONMENT 
DATA AT A FACTORY ............................................................................................................................... 1099 

Kenshi Horihata, Kazuki Kanai, Rei Hasegawa, Yoshio Koyanagi, Yasufumi Ichikawa 

MONOSTATIC RADAR CROSS SECTION SIMULATION OF SMALL UNMANNED AERIAL 
VEHICLES IN UHF BAND .......................................................................................................................... 1101 

Dihia Sidi Ahmed, Laetitia Thirion-Lefèvre, Régis Guinvarc'H, Israel Hinostroza, Giovanni 
Manfredi, Paola Russo, Graziano Cerri 

PROPAGATION OVER THE SEA BETWEEN SHIP AND UAV .............................................................. 1103 
Paula Rodríguez Álvarez, Alberto J. Novoa Copa, Iñigo Cuiñas 

A PHENOMENOLOGICAL STUDY OF VERTICAL SAR FOR UNDERGROUND PIPE 
IMAGING ...................................................................................................................................................... 1105 

Dahan Liao 

METASURFACE CAVITY REDIRECTION CLOAKING .......................................................................... 1107 
Mojtaba Dehmollaian, Christophe Caloz 

FAST SOURCE RECONSTRUCTION METHOD IN NEAR-FIELD TO FAR-FIELD 
TRANSFORMATION ALGORITHM .......................................................................................................... 1109 

Rezvan Rafiee Alavi, Rashid Mirzavand, John Doucette, Pedram Mousavi 

HIGH FREQUENCY DIFFRACTION BY A RECTANGULAR HOLE IN A THICK 
CONDUCTING SCREEN -E POLARIZATION CASE- .............................................................................. 1111 

Khanh Nam Nguyen, Hiroshi Shirai 



CHARACTERIZATION OF VEHICLE TO PEDESTRIAN CORRELATION PROPERTIES ................... 1113 
Gloria Makhoul, Raffaele D'Errico, Claude Oestges 

DEPOLARIZATION OF A V-BAND (72 GHZ) CIRCULARLY POLARIZED BEACON 
SIGNAL DUE TO TROPOSPHERIC WEATHER EVENTS ....................................................................... 1115 

Jordan D. Keeley, S. Lane, D. Murrell, E. Hong, N. Tarasenko, C. G. Christodoulou, R. L. 
Gesner 

EVALUATING THE PROPERTIES OF MILLIMETER- AND THZ WAVE SCATTERING 
FROM COMMON ROUGH SURFACES ..................................................................................................... 1117 

Yiran Cui, Murali Krishna Immadisetty, Georgios C. Trichopoulos 

LINEAR-TO-CIRCULAR POLARIZATION CONVERSION FROM IMPEDANCE LOADING 
OF SINGLE-PORT PATCH ANTENNAS .................................................................................................... 1119 

Luis Felipe Fonseca Dias, Camille Jouvaud, Christophe Delaveaud, Hervé Aubert 

EXPERIMENTAL RICIAN K-FACTOR CHARACTERIZATION IN A LABORATORY 
ENVIRONMENT AT THE 25 TO 40 GHZ FREQUENCY BAND ............................................................. 1121 

Bernardo Bernardo, Herman Fernández, Vicent M. Rodrigo Peñarrocha, Juan Reig, Lorenzo 
Rubio 

ACTIVE INCOHERENT MILLIMETER-WAVE IMAGING OF DIELECTRIC OBJECTS ...................... 1123 
Stavros Vakalis, Liang Gong, John Papapolymerou, Jeffrey A. Nanzer 

UWB PROPAGATION CHARACTERISTICS OF HUMAN-TO-ROBOT COMMUNICATION 
IN AUTOMATED COLLABORATIVE WAREHOUSE ............................................................................. 1125 

Branimir Ivsic, Juraj Bartolic, Zvonimir Sipus, Josip Babic 

ESTIMATION OF THE FOLIAGE GROWTH IN PRECISION VITICULTURE FROM 3D 
RADAR PROXIMAL SENSING .................................................................................................................. 1127 

Dominique Henry, Hervé Aubert, Thierry Véronèse 

TETRA COVERAGE ASSESSMENT BY USING POSITION MESSAGES .............................................. 1129 
Luis A. López Valcárcel, Manuel García Sánchez 

NRCS BACKSCATTER ANALYSIS AT LOW GRAZING ANGLES WITH LATPROP RADAR 
DATA COLLECTED DURING THE CASPER WEST RESEARCH CAMPAIGN .................................... 1131 

Joshua Compaleo, Caglar Yardim, Bob Burkholder, Tony De Paolo, Qing Wang 

COMBINING LEAK FEEDER CABLE AND ANTENNA TO SUPPORT MOBILE NETWORK 
IN UNDERGROUND MINE ENVIRONMENT ........................................................................................... 1133 

Ali Issa, Nadir Hakem, Nahi Kandil 

A BOUND ON RADIAL VELOCITY AND OBSERVATION TIME IN INTERFEROMETRIC 
ANGULAR VELOCITY MEASUREMENT ................................................................................................ 1135 

Eric Klinefelter, Jeffrey A. Nanzer 

EXISTENCE OF EFFECTIVE MEDIA PROPERTIES FOR CLOUDS OF METALLIC AND 
MAGNETIC PARTICLES ............................................................................................................................. 1137 

David J. Geroski, Kamal Sarabandi 

MICROWAVE IMAGING SYSTEM FOR IN-LINE SECURITY ASSESSMENT ..................................... 1139 
M. Ricci, F. Vipiana, L. Crocco 

EVALUATION OF BACKPROPAGATION RECONSTRUCTION ALGORITHM FOR 3D 
MICROWAVE IMAGING OF BODY PART ANOMALIES ...................................................................... 1141 

Claire Migliaccio, Christian Pichot, Ian Platt, Adrian Tan, Ian Woodhead 



RF SYSTEM DEVELOPMENT FOR SENSOR AND WIRELESS COMMUNICATION 
APPLICATIONS INSIDE A CIRCULAR PIPE............................................................................................ 1143 

Konstantinos Kossenas, Symon K. Podilchak, Martin Beveridge 

ACTIVE CLOAKING WITHOUT A PRIORI INCIDENT FIELD KNOWLEDGE .................................... 1145 
Paris Ang, George V. Eleftheriades 

LOW COST MILLIMETRE-WAVE SCALE MODEL RCS CHARACTERISATION ............................... 1147 
Nikolay Litov, Hengyi Zhou, Amit Mehta 

PERFORMANCE OF IDMA SYSTEM WITH SPACE TIME DIVERSITY OVER MM-WAVE 
UNDERGROUND CHANNEL ..................................................................................................................... 1149 

Widad Belaoura, Khalida Ghanem, Mourad Nedil 

A PHYSICAL PATCH MODEL WITH TOPOGRAPHY EFFECTS FOR GNSS-R LAND 
APPLICATIONS AND DDM DIMULATIONS ........................................................................................... 1151 

Haokui Xu, Leung Tsang 

ANALYSIS OF PERSONAL RF-EMF RADIATION EXPOSURE WITHIN PUBLIC 
TRANSPORTATION BUSES ....................................................................................................................... 1153 

M. Celaya-Echarri, L. Azpilicueta, P. Lopez-Iturri, F. A. Rodríguez-Corbo, V. Ramos, F. 
Falcone 

MINIMIZING SCATTERING FROM A DENSELY PACKED ANTENNA BOOM ON THE 
EUROPA CLIPPER SPACECRAFT ............................................................................................................. 1155 

Avinash Sharma, Jeffrey T. Will 

SPATIAL IMAGE SEGMENTATION FOR BREAST CANCER DETECTION IN TERAHERTZ 
IMAGING ...................................................................................................................................................... 1157 

Tanny Chavez, Nagma Vohra, Jingxian Wu, Magda El-Shenawee, Keith Bailey 

COMPUTATIONAL IMAGING USING FREQUENCY-DIVERSE SCATTERING FROM A 
ROUGH REFLECTOR .................................................................................................................................. 1159 

Ehsan Rashidi Ranjbar, Mojtaba Dehmollaian 

A PRELIMINARY STUDY ON THE VANET TOPOLOGY CHARACTERISTICS FROM 
PROPAGATION-AWARE TRAFFIC FLOWS EXTRACTED FROM MEASURED DATA ..................... 1161 

Lin Cheng, Erkin Verbeek, Per Sebastian Skardal 

MODELING SINUSOIDAL MOTION OF HARMONIC TAGS OBJECTS FOR HARMONIC 
DOPPLER RADAR ....................................................................................................................................... 1163 

Neda Nourshamsi, Jeffrey A. Nanzer 

TIME-AVERAGE BEHAVIORS OF INDOOR PROPAGATION CHANNELS ON WIRELESS 
APPLICATIONS ............................................................................................................................................ 1165 

Shirin Aghabeiki, Constant M. A. Niamien, Moncef Kadi 

THE PARAMETERS DETERMINATION OF PATH LOSS MODEL FOR THZ CHIP-TO-CHIP 
WIRELESS COMMUNICATIONS ............................................................................................................... 1167 

Jinbang Fu, Prateek Juyal, Baki Berkay Yilmaz, Alenka Zajic 

DISTRIBUTED ARRAY TRANSMITTER SPATIAL COHERENCE IN ACTIVE 
INCOHERENT MILLIMETER-WAVE IMAGING ..................................................................................... 1169 

Stavros Vakalis, Jeffrey A. Nanzer 



BISTATIC RADAR CROSS SECTION PREDICTION USING ITERATIVE PHYSICAL OPTICS 
WITH PHYSICAL THEORY OF DIFFRACTION FOR PLATE GEOMETRIES ....................................... 1171 

Manthan A. Shah, Babajide A. Salau, Çagatay Tokgöz 

DIFFUSION MODEL FOR CLUTTERED INDUSTRIAL ENVIRONMENTS AT 28 GHZ ...................... 1173 
Dmitry Chizhik, Jinfeng Du, Reinaldo A. Valenzuela, Dragan Samardzija, Stepan Kucera, 
Dmitry Kozlov, Rolf Fuchs 

DESIGN OF 3D METAMATERIAL UNIT CELLS FOR BROADBAND AND WIDE FIELD OF 
VIEW RCS REDUCTION ............................................................................................................................. 1175 

Ryan J. Chaky, Ryan J. Beneck, Eric B. Whiting, Ronald P. Jenkins, Sawyer D. Campbell, 
Douglas H. Werner 

PROGRESS REVIEW OF GENERAL HOLOGRAPHIC MILLIMETER WAVE IMAGING 
SYSTEM BASED ON LINEAR FREQUENCY MODULATION FOR SAFE PERSONNEL 
SCREENING .................................................................................................................................................. 1177 

Anyong Qing 

DIFFUSE FIELD CROSS-CORRELATION IN A REVERBERANTION CHAMBER .............................. 1179 
M. Tamart, F. Sarrazin, E. Richalot, Matthieu Davy, J. De Rosny 

AN APPROXIMATION TO THE EXPONENTIATED WEIBULL PHASE PROBABILITY 
DENSITY FUNCTION .................................................................................................................................. 1181 

Hugerles S. Silva, Wamberto J. L. Queiroz, Iguatemi E. Fonseca, Francisco Madeiro 

STATISTICAL MODELING OF THE BATTERY RECHARGING TIME IN RF ENERGY 
HARVESTING FOR IOT APPLICATIONS ................................................................................................. 1183 

Alex Mouapi, Nadir Hakem, Nahi Kandil 

QOS MEASUREMENT AND ANALYSIS OF GSM-R SYSTEM WITH LTE INTERFERENCE ............ 1185 
Meilu Liu, Jiayi Zhou, Zhihan An 

FINITE STATE MARKOV MODELING OF WIDEBAND VEHICULAR CHANNEL ............................. 1187 
Junda Ye, Siyu Lin 

EMPIRICAL ANALYSIS OF MILLIMETER-WAVE PROPAGATION IN INDOOR 
TRANSITIONAL ENVIRONMENTS .......................................................................................................... 1189 

Peize Zhang, Haiming Wang, Wei Hong 

A MULTIRESOLUTION HYBRID TECHNIQUE FOR LARGE-SCALE MULTIPLE BURIED 
TARGETS PROFILING ................................................................................................................................ 1191 

Maryam Hajebi, Ahmad Hoorfar 

DIELECTRIC BASED TRIANGLE-TYPE AMC STRUCTURE FOR RCS REDUCTION AT 
MMWAVE FREQUENCIES ......................................................................................................................... 1193 

Fereshteh Samadi, Abdelrazik Sebak 

REALISTIC NUMERICAL MODELLING FOR 3-D BRAIN STROKE MONITORING .......................... 1195 
D. O. Rodriguez-Duarte, J. A. Tobon, F. Vipiana 

A NEW DEFINITION OF THE RADAR CROSS SECTION SUITABLE FOR SURFACE WAVE 
PROPAGATION ............................................................................................................................................ 1197 

Quentin Herbette, Stéphane Saillant, Nicolas Bourey, Muriel Darces, Florent Jangal, Marc 
Hélier 

MONTE CARLO SIMULATION FOR CHIPLESS RFID ORIENTATION SENSOR ............................... 1199 
Olivier Rance, Nicolas Barbot, Etienne Perret 



FULL-WAVE ESTIMATE OF THE EXTINCTION AND PHASE MATRICES OF 
COLLECTIONS OF METALLIC PARTICLES ........................................................................................... 1201 

David J. Geroski, Kamal Sarabandi 

MODELING OF VOLUME SCATTERING IN BICONTINUOUS RANDOM MEDIUM FOR 
REMOTE SENSING OF TERRESTRIAL SNOW FROM 4 TO 18 GHZ .................................................... 1203 

Jiyue Zhu, Leung Tsang 

A HIGH FREQUENCY ELECTROMAGNETIC SCATTERING ALGORITHM BASED ON 
PHYSICAL OPTICS METHOD .................................................................................................................... 1205 

Jhih Cheng Su, Ze Yuan Lu, Jing Lin Jiang, Mei Song Tong 

A NOVEL DESIGN OF MICROWAVE ABSORBER FOR REDUCTION OF RADAR CROSS 
SECTION ....................................................................................................................................................... 1207 

Hong Qin Zheng, Yan Jun Yang, Mei Song Tong, Raj Mittra 

3D TRAJECTORIES OF MULTIPLE UNTAGGED FLYING INSECTS FROM MILLIMETRE-
WAVE BEAMSCANNING RADAR ............................................................................................................ 1209 

Alexandre Dore, Dominique Henry, Mathieu Lihoreau, Hervé Aubert 

COMPARATIVE STUDY OF SURFACE CANCELLATION METHODS FOR GROUND 
PENETRATING RADAR IMAGING ........................................................................................................... 1211 

Ling Huang, Yilong Lu 

RESEARCH ON CO-CHANNEL INTERFERENCE BETWEEN LTE-R AND GSM-R 
WIRELESS NETWORKS IN 900MHZ ........................................................................................................ 1213 

Peng Sun, Jianwen Ding, Siyu Lin, Dan Fei, Wei Wang 

ANALYSIS OF RCS CHARACTERISTICS OF DIELECTRIC BARRIER DISCHARGE 
PLASMA ACTUATOR ................................................................................................................................. 1215 

Wookhyun Ahn, Jong-Gwan Yook, Ilyoung Oh, Jinwoo Yim, Jungje Ha, Gihun Bae, Heung 
Cheol Yoo 

A METASURFACE FOR BOARDBAND RCS REDUCTION .................................................................... 1217 
Yajin Wang, Zengrui Li 

EXPERIMENTAL PERFORMANCES FOR LTE OPERATING ON 2.6 GHZ IN 
UNDERGROUND GOLD MINE .................................................................................................................. 1219 

Ali Issa, Nadir Hakem, Nahi Kandil 

MICROWAVE SENSOR OF INTEGRATED CSRR CELLS FOR TYPING DETECTION IN 
SYNTHETIC BLOOD ................................................................................................................................... 1221 

Ala Eldin Omer, Safieddin Safavi-Naeini, Raed M. Shubair, Hamid Kokabi, George Shaker 

ON MICROWAVE IMAGING WITH ABSORBING METASURFACE ENCLOSURE ............................ 1223 
Ziqi Liu, Nozhan Bayat, Puyan Mojabi 

A RELIABLE AND REALTIME DATA TRANSMISSION SYSTEM FOR AUTONOMOUS 
VALET PARKING ........................................................................................................................................ 1225 

Rangqi Liu, Liping Gao, Xiaozhang Zhu, Zhiqin Zhao 

DEMONSTRATING DEVICE-FREE LOCALIZATION BASED ON RADIO TOMOGRAPHIC 
IMAGING ...................................................................................................................................................... 1227 

Pranay Sood, Amartansh Dubey, Chi-Yuk Chiu, Ross Murch 



3D PROPAGATION ENVIRONMENT RECONSTRUCTION FOR RF COVERAGE AND 
CAPACITY .................................................................................................................................................... 1229 

Xiaobao Deng, Zijun Wu, Nicholas E. Buris 

MEASUREMENT AND MODELING OF INDOOR CHANNEL PROPAGATION AT 28GHZ ............... 1231 
Min Gao, Zhiyu Xing, Jianhua Yang, Rui Wang 

SINGLE-INPUT SINGLE-OUTPUT SAR-FFT FOR FAST MULTISTATIC MILLIMETER 
WAVE IMAGING ......................................................................................................................................... 1233 

Xinyi Nie, Chuan Lin, Anyong Qing 

HF RADAR CROSS-SECTION OF OCEAN SURFACES WITH ARBITRARY WAVE 
HEIGHTS ....................................................................................................................................................... 1235 

Murilo T. Silva, Eric W. Gill, Weimin Huang 

MITIGATING PEOPLE BLOCKAGE BY ANGULAR DIVERSITY AT MILLIMETER WAVE 
5G BANDS..................................................................................................................................................... 1237 

Miguel Riobó, Manuel García Sanchez, Iñigo Cuiñas, Isabel Exposito, Jo Verhaevert, Rob 
Hofman 

STOCHASTICAL-EMPIRICAL MODELING FOR AN ON-BODY CHANNEL INSIDE A MINE.......... 1239 
M. E. Elazhari, L. Talbi, M. Nedil 

EXPERIMENTAL ASSESSMENT OF A METHOD TO PERFORM HIGH VELOCITY 
MEASUREMENT AT LOW VELOCITY .................................................................................................... 1241 

Yannan Sun, Bo Ai, Dan Fei, Jinchuan Chai 

ON THE PERFORMANCE OF ALAMOUTI-CODED COOPERATIVE MB-OFDM SCHEME 
FOR WIRELESS BODY NETWORKS ........................................................................................................ 1243 

B. Amouri, K. Ghanem, A. Mansoul, M. Nedil 

EFFICIENT BI-FIDELITY GRADIENT-BASED METHOD FOR NON-LINEAR INVERSE 
PROBLEMS ................................................................................................................................................... 1245 

Han Lu, Jiefu Chen, Xuqing Wu, Xin Fu, Mohammad Khalil, Cosmin Safta, Yueqin Huang 

MICROWAVE RADAR-BASED IN-WELL SENSING .............................................................................. 1247 
C. Schulz, M. Gerding, T. Neumann, D. Shepherd, K. Gardiner, S. Littleford 

INDUCED EFFECTS OF MOVING PEOPLE IN AN INDOOR RADIO CHANNEL AT SUB-6 
GHZ 5G BANDS ........................................................................................................................................... 1249 

Manuel Garcia Sanchez, Iñigo Cuiñas, Arne Feys, Wout Debaenst, Jo Verhaevert 

MEASUREMENT AND ANALYSIS OF COEXISTING INTERFERENCE BETWEEN LTE-R 
AND DTTB SYSTEMS ................................................................................................................................. 1251 

Xu Zhang, Yiqin Wang, Gang Zhu, Siyu Lin 

LONG-RANGE WIRELESS FREQUENCY SYNCHRONIZATION FOR DISTRIBUTED 
PHASED ARRAYS ....................................................................................................................................... 1253 

Serge Mghabghab, Anton Schlegel, Robert Gress, Jeffrey A. Nanzer 

CHANNEL FREQUENCY DOMAIN CHARACTERISTIC ANALYSIS OF LTE-R SYSTEM 
UNDER HIGH-SPEED RAILWAY SCENARIO ......................................................................................... 1255 

Wenjie Li, Junda Ye, Siyu Lin 

A SCALABLE DUAL LFM WAVEFORM FOR UNAMBIGUOUS LOCALIZATION IN 
DISTRIBUTED ANTENNA ARRAYS ......................................................................................................... 1257 

Sean Ellison, Jeffrey A. Nanzer 



HIGH GAIN AND ULTRA-BROADBAND RCS REDUCTION FABRY-PEROT ANTENNA 
WITH CHECKERBOARD SUPERSTRATE ................................................................................................ 1259 

Meng Guo, Wei Wang, Jing Wang, Yuchen Tong 

ANTENNA CHARACTERIZATION IN REVERBERATION CHAMBER AT FREQUENCIES 
CLOSE TO THE LOWEST USABLE FREQUENCY .................................................................................. 1261 

W. Krouka, F. Sarrazin, E. Richalot 

IMAGING OF WALKING HUMAN BEHIND THE WALL USING IMPULSE RADAR ......................... 1263 
D. Lee, B. Fong, P. Morita, J. Boger, W. Melek, G. Shaker 

INVERSION THEORY AND SSTDR ANALYSIS ...................................................................................... 1265 
Evan Benoit, Cynthia Furse 

DELAY AND DOPPLER VARIATIONS IN DEVICE TO DEVICE COMMUNICATIONS 
WITH PEDESTRIAN MOBILITY ................................................................................................................ 1267 

Gloria Makhoul, Raffaele D'Errico, Claude Oestges 

CALIBRATION OF WIDEBAND AUTOCORRELATION RADIOMETER WITH A COMB 
FILTER FOR RFI MITIGATION .................................................................................................................. 1269 

Maryam Salim, Seyedmohammad Mousavi, Roger De Roo, Kamal Sarabandi 

METHOD FOR IMPROVING DETECTION EFFICIENCY OF MICROWAVE STARING 
CORRELATED IMAGING ........................................................................................................................... 1271 

Jianlin Zhang, Zheng Jiang, Bo Yuan, Yuanyue Guo, Dongjin Wang 

RAPID ALTERNATIVE CALIBRATION PROCEDURE OF REVERBERATION CHAMBER 
USING COUPLING TRANSFER GAIN FUNCTION ................................................................................. 1273 

Jawad Yousaf, Mohammed Ghazal, Md Nazmul Hasan, Hosang Lee, Wansoo Nah, Jun Gyu 
Yang 

LOCATING SCATTERING CENTERS USING SINGLE CHANNEL COMPLEX ICA ........................... 1275 
Ismail Jouny 

EVALUATION OF LTE-R SYSTEM PERFORMANCE WITH PANTOGRAPH-CATENARY 
ARC INTERFERENCE ................................................................................................................................. 1277 

Yiqin Wang, Xu Zhang, Gang Zhu, Siyu Lin, Wei Wang 

40 GHZ INDOOR PROPAGATION MODELLING BASED ON RAY-TRACING SIMULATION 
AND MEASUREMENT ................................................................................................................................ 1279 

Yuyan Shen, Yu Shao, Xi Liao, Yang Wang, Jie Zhang 

EFFICIENT POWER AMPLIFIERS FOR RADIO SCIENCE, REMOTE SENSING, AND 
SPACE COMMUNICATIONS ...................................................................................................................... 1281 

Rainee N. Simons 

SPLIT RING RESONATOR BASED METAMATERIAL ABSORBER FOR ANTENNA RADAR 
CROSS SECTION REDUCTION APPLICATIONS IN KU BAND ............................................................ 1283 

Umer Farooq, Muhammad Nasir, Adnan Iftikhar, Muhammad Saeed Khan, Adnan Fida, 
Muhammad Farhan Shafique, Sajid Mehmood Asif, Raed M Shubair 

MEASUREMENT-BASED FADING MODEL WITH LEAKY COAXIAL CABLES FOR 
URBAN RAIL TRANSIT IN TUNNELS ...................................................................................................... 1285 

Luo Chengcheng, Yang Xin, Zhao Hongli, Lin Siyu, Wang Hongwei 



RANGE AND DOA ESTIMATION OF MICRO-DOPPLER TARGET USING A LFMCW 
RADAR .......................................................................................................................................................... 1287 

Weizhong Yan, Dongzhi Chen, Xudong Bai 

FLEXIBLE 16-ANTENNA SYSTEM FOR MICROWAVE BREAST SCREENING: NB VS. 
UWB PERFORMANCE ................................................................................................................................ 1289 

Leonardo Fortaleza, Lena Kranold, Milica Popovic 

GRADED INDEX DIELECTRIC SUPERSTRATE FOR PHASED ARRAY SCAN 
COMPENSATION ......................................................................................................................................... 1291 

Roberto Rojas, Patrick Bluem 

AN INTEGRATED MIMO ANTENNA FOR SUB-6 GHZ AND MILLIMETER-WAVE BANDS 
FOR 5G APPLICATIONS ............................................................................................................................. 1293 

Rifaqat Hussain, Muhammad U. Khan, Eqab Almajali, Mohammad S. Sharawi 

SPARSE ARRAY TOPOLOGIES FOR 5G MMWAVE BASE-STATIONS: A SYSTEM-LEVEL 
STUDY ........................................................................................................................................................... 1295 

R. X. F. Budé, U. Johannsen, T. A. H. Bressner, A. B. Smolders, M. V. Ivashina 

A MINIATURIZED PRINTED BOW-TIE ANTENNA FOR PASSIVE RFID APPLICATIONS .............. 1297 
Belhadj Aoues, Jamal Zaid, Tayeb A. Denidni 

ENERGY HARVESTING CIRCUIT WITH HIGH RF-TO-DC CONVERSION EFFICIENCY ................ 1299 
Mohammad Alibakhshikenari, Bal Singh Virdee, Chan Hwang See, Raed A. Abd-Alhameed, 
Francisco Falcone, Ernesto Limiti 

A FAST ANALYTIC MULTIPLE-SOURCES ANGLE-OF-ARRIVAL ESTIMATION 
ALGORITHM FOR AUTOMOTIVE MIMO RADARS .............................................................................. 1301 

Xiuzhang Cai, Kamal Sarabandi 

EMPLOYING EBG IN WIRELESS INTER-CHIP COMMUNICATION LINKS: DESIGN AND 
PERFORMANCE .......................................................................................................................................... 1303 

Yazan Al-Alem, Ahmed A. Kishk, Raed M. Shubair 

2D STACKED MAGNETIC PENDULUM ARRAYS FOR EFFICIENT ULF TRANSMISSION ............. 1305 
M N Srinivas Prasad, Foad Fereidoony, Yuanxun Ethan Wang 

SURFACE ROUGHNESS EFFECTS ON ADDITIVELY MANUFACTURED ALUMINUM KA-
BAND WAVEGUIDE ................................................................................................................................... 1307 

Avinash Sharma, Carl Carpenter, Justin Dennison 

SAR AND TEMPERATURE DISTRIBUTIONS IN A HEAD MODEL DUE TO 
ELECTROMAGNETIC RADIATION WITH FREQUENCIES UP TO 100 GHZ ...................................... 1309 

Fatih Kaburcuk, Atef Z. Elsherbeni, Rachel Lumnitzer, Allison Tanner 

DESIGN OF UNINTUITIVE ANTENNA GEOMETRIES USING ADDITIVE 
MANUFACTURING TECHNIQUES ........................................................................................................... 1311 

Ryan J. Beneck, Douglas H. Werner 

A NEW PATTERN AND POLARIZATION DIVERSITY MIMO ANTENNA FOR HANDHELD 
DEVICES ....................................................................................................................................................... 1313 

Ahmad H. Abdelgwad, Mohammod Ali 

DESIGN OF A COMPACT CPW ANTENNA OPERATING AT THE 920 MHZ ISM/RFID 
BAND ............................................................................................................................................................. 1315 

Mohamed Mansour, Haruichi Kanaya 



64-ELEMENTS MMWAVE DETACHABLE PHASED ARRAY ANTENNA FOR 5G 26GHZ 
BAND ............................................................................................................................................................. 1317 

Y. C. Mark Tan, Ng Guan Hong 

INTELLIGENT WRISTBANDS - FABRICATION OF WEARABLE RFID SOLUTIONS BY 3D 
PRINTING PEN ............................................................................................................................................. 1319 

Adnan Mehmood, Xiaochen Chen, Han He, Shubin Ma, Leena Ukkonen, Johanna Virkki 

A NEW METHOD TO DESIGN A RECTIFYING ANTENNA FOR AMBIENT RF ENERGY 
HARVESTING .............................................................................................................................................. 1321 

Alex Mouapi, Nadir Hakem, Nahi Kandil 

COUPLED-FED LOOP MIMO ANTENNAS WITH DIVERSE RADIATION PATTERNS FOR 
5G NOTEBOOK APPLICATIONS ............................................................................................................... 1323 

Wei-Yu Li, Wei Chung, Fu-Ren Hsiao, Po-Sheng Chen 

FREQUENCY INDEPENDENT MILLIMETER-WAVE BEAMFORMER VIA CROSS-MIXING .......... 1325 
Rimon Hokayem, Satheesh Bojja Venkatakrishnan, Elias A. Alwan, John L. Volakis 

ANALYSIS OF SCHOTTKY MULTISTAGE VOLTAGE DOUBLER RECTIFIERS FOR RF 
ENERGY HARVESTING APPLICATIONS ................................................................................................ 1327 

Alex Mouapi, Nadir Hakem, Nahi Kandil 

ULTRA-THIN COMPACT ECO-FRIENDLY TEXTILE ANTENNA FOR IOT: ZIGBEE 
APPLICATION EXAMPLE .......................................................................................................................... 1329 

M. E. De Cos Gómez, H. Fernández Álvarez, A. Flórez Berdasco, F. Las-Heras 

MAGNETO-ELECTRIC DIPOLE ANTENNA LOADED WITH META-LENS FOR 
BEAMFORMING AND DUAL-BEAM RADIATION APPLICATIONS ................................................... 1331 

Mehri Borhani Kakhki, Tayeb A. Denidni, Abdolmehdi Dadgarpour, Abdel-Razik Sebak, 
Marco A. Antoniades 

MULTI-BEAM DUAL-POLARIZED WINDSHIELD ANTENNA WITH WIDE ELEVATION 
COVERAGE FOR 5G V2X APPLICATIONS .............................................................................................. 1333 

Abdelhamid Nasr, Kamal Sarabandi, Mourad Takla 

CHARACTERIZATION OF IMPAIRMENTS IN THE DETECTION OF RFID TAGS FOR 
SMART AGRICULTURE APPLICATIONS ................................................................................................ 1335 

Hicham Klaina, Ana Vazquez Alejos, Otman Aghzout, Leyre Azpilicueta, Imanol Picallo, Peio 
Lopez-Iturri, Francisco Falcone 

WPT SYSTEMS ON FERROMAGNETIC SUBSTRATES WITH ENHANCED 
PERFORMANCE .......................................................................................................................................... 1337 

Juan Barreto, Abdul-Sattar Kaddour, Stavros V. Georgakopoulos 

40-65 GHZ DUAL-BEAM DUAL-BAND TUNABLE MICROSTRIP CRLH LEAKY-WAVE 
ANTENNA ..................................................................................................................................................... 1339 

Anirban Sarkar, Sungjoon Lim 

BREAST IMAGING BY TIME REVERSE MINIMUM VARIANCE DISTORTIONLESS 
RESPONSE .................................................................................................................................................... 1341 

Yoshihiko Kuwahara, Fujii Kimihito 

INTRODUCTORY STUDY OF A BROADBAND, HIGH-EFFICIENCY NANOLOOP OPTICAL 
COMMUNICATIONS PLATFORM ............................................................................................................. 1343 

Ryan J. Chaky, Douglas H. Werner 



ON THE DESIGN OF CIRCULARLY POLARIZED MIMO ANTENNA WITH 
POLARIZATION DIVERSITY ..................................................................................................................... 1345 

Ubaid Ullah, Ismail Ben Mabrouk, Muath Al-Hasan, Slawomir Koziel 

HIGH GAIN 3D PRINTED ANTENNA WITH CORRUGATIONS AND HIGH APERTURE 
EFFICIENCY PERFORMANCE ................................................................................................................... 1347 

Shaker Alkaraki, James Kelly, Clive Parini, Yue Gao, Samuel Stremsdoerfer, Edouard Gayets 

MINIATURIZATION OF MULTIFUNCTIONAL LOW FREQUENCY RFID COIL ANTENNA 
FOR EMBEDDED APPLICATIONS ............................................................................................................ 1349 

Andrew Caldarone, Saikat Mondal, Bahar Aliakbarian, Premjeet Chahal 

ELECTRONIC WOUND MONITORING USING FABRIC-INTEGRATED DATA 
MODULATION ............................................................................................................................................. 1351 

Dieff Vital, Shekhar Bhansali, John L. Volakis, Shubhendu Bhardwaj 

3D ISOTROPIC HIGH INDEX INTERLEAVED METAMATERIALS REALIZED BY 
ADDITIVE MANUFACTURING ................................................................................................................. 1353 

Andrea Vallecchi 

A STUDY OF RECEIVED POWER IN DISTRIBUTED WIRELESS POWER TRANSFER 
SYSTEM ........................................................................................................................................................ 1355 

Yuki Tanaka, Kazuki Kanai, Ryosuke Hasaba, Hiroshi Sato, Yoshio Koyanagi, Takuma Ikeda, 
Hiroyuki Tani, Shoichi Kajiwara, Naoki Shinohara 

LOW COST ALL METAL ADDITIVELY MANUFACTURED WIDEBAND ANTENNA 
ARRAY MODULES ...................................................................................................................................... 1357 

Jeffrey P. Massman, Thomas P. Steffen 

RFID BASED TIRE CLASSIFICATION ALGORITHM USING SUPPORT VECTOR 
MACHINES ................................................................................................................................................... 1359 

Aaron Brandewie, Robert Burkholder 

INTEGRATED 4-ELEMENT MIMO ANTENNA AND MM-WAVE ARRAYS FOR 5G 
ACCESS POINTS .......................................................................................................................................... 1361 

Yumna Gillani, Muhammad U. Khan, Asim Ghalib, Rifaqat Hussain, Mohammad S. Sharawi, 
Raj Mittra 

THZ LEAKY-WAVE ANTENNA BEAM STEERING WITH LOW LOSS DYNAMIC TUNING ........... 1363 
Muhammad Rabbani, James Churm, Alexandros Feresidis 

MILLIMETER-WAVE HIGH-GAIN PRGW ANTENNA USING A FABRY-PEROT CAVITY .............. 1365 
Z. Mousavirazi, M. Akbari, T. A. Denidni 

4-PORT MIMO CDR ANTENNA BASED WITH A DEFECTED GROUND STRUCTURE FOR 
5G MM-WAVE APPLICATIONS ................................................................................................................ 1367 

Massinissa Belazzoug, Idris Messaoudene, Salih Aidel, Hammache Boualem, Youcef Braham 
Chaouche, Tayeb A. Denidni 

INVESTIGATING THE IMPACT OF SPATIAL LOCATION OF RSU IN TRILATERATION 
NETWORK .................................................................................................................................................... 1369 

Muhammad Faiz Norazmi, Yee Hui Lee, Shilpa Manandhar 

MEASUREMENT OF FINGER EFFECTS ON COVERAGE EFFICIENCY FOR USER 
EQUIPMENT MM-WAVE ANTENNA ....................................................................................................... 1371 

T. Q. Khai Nguyen, Luca Santamaria, Leonardo Lizzi, Fabien Ferrero 



FULLY-PASSIVE AND WIRELESS RECORDING OF NEURAL ACTIVITY IN FREELY 
MOVING ANIMALS .................................................................................................................................... 1373 

Carolina Moncion, Satheesh Bojja-Venkatakrishnan, Jorge Riera Diaz, John L. Volakis 

LINK BUDGET ANALYSIS OF A VEHICLE-TO-INFRASTRUCTURE SYSTEM WITH A 
SWITCHABLE CIRCULAR MONOPOLE ARRAY ................................................................................... 1375 

Dustin Brown, Yahya Rahmat-Samii 

AN AUTOMATED INVERSION ALGORITHM FOR NONINVASIVE SPECIFIC 
ABSORPTION RATE CHARACTERIZATION .......................................................................................... 1377 

Mario Phaneuf, Puyan Mojabi 

DESIGN OF DUAL-POLARIZED LOG-PERIODIC ANTENNA WITH EMBEDDED BALUN 
IMPEDANCE TRANSFORMER .................................................................................................................. 1379 

Gaeron R. Friedrichs, Ljubodrag Boskovic, Dejan S. Filipovic 

DEEP INTEGRATION OF POWER AMPLIFIER-ON-ANTENNA IN STANDARD CMOS .................... 1381 
Srinaga Nikhil Nallandhigal, Pascal Burasa, Ke Wu 

3-D PRINTED HELICAL ANTENNA FOR UAV TRANSMISSION SIGNAL DIRECTION OF 
ARRIVAL (DOA) DETECTION ................................................................................................................... 1383 

David Chatzichristodoulou, Spyros Pericleous, Loukia Vassiliou, Abdul Quddious, Photos 
Vryonides, Symeon Nikolaou 

TOWARDS A CHEAP, BATTERY-LESS, WIRELESS THRESHOLD TEMPERATURE 
DETECTOR ................................................................................................................................................... 1385 

Joanna Kunikowski, Delphine Bechevet, Philippe Passeraub, Amaury Veille 

A 2.45-GHZ FRUGAL DUMBBELL-SHAPED RECTENNA BUILT ON RECYCLABLE 
SUBSTRATES ............................................................................................................................................... 1387 

Dieff Vital, Alfredo Gonzalez, Elias A. Alwan, John L. Volakis, Shubhendu Bhardwaj 

DIELECTRIC RESONATOR BASED RECTENNA FOR MULTI-BAND RF HARVESTING 
APPLICATIONS ............................................................................................................................................ 1389 

Kapil Gangwar, Jérôme Tissier, Ravi Kumar Gangwar 

ISOLATION ENHANCEMENT IN COMPACT MIMO ANTENNA USING DUAL-STUB 
LOADED RESONATOR ............................................................................................................................... 1391 

Nagalakshmaiah Kalva, Jogesh Chandra Dash, Jayanta Mukherjee 

RF-INDUCED HEATING OF SPINAL CORD STIMULATOR UNDER DIFFERENT 
IMPLANTATIONS AND BODY LOADING ORIENTATIONS ................................................................. 1393 

Jiajun Chang, Ran Guo, Zhichao Wang, Jianfeng Zheng, Ji Chen, Thomas Hoegh 

WIRELESS POWER TRANSFER FOR SMALL IMPLANTABLE DEVICES BY USING 
SMARTPHONES WITH RELAY COILS ..................................................................................................... 1395 

Jaechun Lee, Hankyu Lee, Yeunhee Huh, Seungchul Jung, Young-Jun Hong, Sang Joon Kim 

A THREE-PORT ZERO-POWER RFID WIRELESS SENSOR FOR IOT APPLICATIONS ..................... 1397 
Nabil Khalid, Hossein Saghlatoon, Mohammad Mahdi Honari, Rashid Mirzavand, Pedram 
Mousavi 

OPEN-SOURCE 4G EXPERIMENTAL SETUP .......................................................................................... 1399 
Yanis Boussad, Arnaud Legout, Walid Dabbous, Leonardo Lizzi, Fabien Ferrero, M. Naoufal 
Mahfoudi 



ULTRA-WIDEBAND MULTIMODE MICROWAVE DETECTION ON INSULATING 
MANDREL OF HV POLYMERIC INSULATOR ........................................................................................ 1401 

Runqi Wu, Yi Jiang, Jian Yang, Jungang Yin 

DOUBLE-LAYERED METAMATERIAL STRUCTURE FOR CHEMICAL CONCENTRATION 
AND STRAIN SENSING .............................................................................................................................. 1403 

Muhammad Usman Ejaz, Akram Alomainy 

A FULLY 3D-PRINTED CONFORMAL PATCH ANTENNA USING FUSED FILAMENT 
FABRICATION METHOD ........................................................................................................................... 1405 

Dipankar Mitra, Ryan Striker, Jerika Cleveland, Jacob Lewis, Benjamin D. Braaten, Kazi S. 
Kabir, Sayan Roy, Shengrong Ye 

A CORRUGATED SIW BASED SLOT ANTENNA FOR TERAHERTZ APPLICATION ........................ 1407 
Jalil Ur Rehman Kazim, Abdoalbaset Abohmra, Masood Ur Rehman, Muhammad Ali Imran, 
Qammer H. Abbasi 

PROTOTYPING AN S-BAND CONFORMAL LINE ARRAY ANTENNA ON A PARTIAL 
WING SURFACE .......................................................................................................................................... 1409 

Thomas G. Spence, Alexander L. Ford, Christopher C. Roberts 

A NEW DESIGN TECHNIQUE FOR BROADBAND BULL'S EYE ANTENNAS AT LOW THZ .......... 1411 
Despoina Kampouridou, Alexandros Feresidis 

DESIGN OF A LOW SIDE LOBE POTTER HORN ANTENNA WITH RECTANGULAR 
WAVEGUIDE WORKING AT W BAND .................................................................................................... 1413 

Nannan Wang, Peng Gao, Xueying Wang, Beijia Liu, Tenigeer 

A PASSIVE HARMONIC TAG USING NESTED DUAL-BAND PATCH ANTENNAS FOR 
HARMONIC DOPPLER SENSING .............................................................................................................. 1415 

Neda Nourshamsi, Jeffrey A. Nanzer 

INVESTIGATION OF MIMO WIRELESS POWER TRANSFER EFFICIENCY IN 
OPTIMIZATION TECHNIQUES ................................................................................................................. 1417 

Hyeongwook Lee, Bomson Lee 

ADVANTING THROUGHPUT ANTENNA STRUCTURE FOR 4X4 MIMO WIFI 6 MINI PC 
APPLICATIONS ............................................................................................................................................ 1419 

I-Fong Chen, Xing-Jia Chen, Chia-Mei Peng 

10 GHZ-100 GHZ COMPACT DOUBLE-RIDGE HORN ANTENNA FOR ULTRA-WIDEBAND 
MILLIMETER-WAVE BIOMEDICAL IMAGING APPLICATIONS ........................................................ 1421 

Milad Mirzaee, Amir Mirbeik-Sabzevari, Negar Tavassolian 

GAIN ENHANCEMENT OF ON-CHIP ANTENNA AT 60 GHZ USING AN ARTIFICIAL 
MAGNETIC CONDUCTOR ......................................................................................................................... 1423 

Douglas Bean, Jayanti Venkataraman 

3D MINIATURIZED GPS ANTENNA FOR OUTDOOR SPORTS WATCH ............................................ 1425 
Delphine Bechevet, Joanna Kunikowski, Christophe Dupuis, Kouakou Kouassi, Amaury Veille 

ULTRA COMPACT IMPLANTABLE ISM RECTENNA WITH 3-D PRINTED 
BIOCOMPATIBLE PACKAGING CONSIDERATIONS ............................................................................ 1427 

Abdul Quddious, Kyriakos Neophytou, Marco A. Antoniades, Photos Vryonides, Symeon 
Nikolaou 



REMOTE TEMPERATURE SENSING BASED ON BATTERY-FREE HARMONIC 
BACKSCATTERING .................................................................................................................................... 1429 

Xiaoqiang Gu, Ke Wu, Simon Hemour 

DESIGN OF A 3D PRINTED GRADIENT INDEX LENS USING HIGH PERMITTIVITY 
CERAMIC ...................................................................................................................................................... 1431 

Yongduk Oh, Vivek T. Bharambe, Jacob J. Adams, Dylan Negro, Eric Macdonald 

INTEGRATED MULTILAYER HORN ANTENNA FOR MILLIMETER-WAVE 
APPLICATION .............................................................................................................................................. 1433 

Syed M. Sifat, Shoukry I. Shams, Ahmed A. Kishk 

RF EXPOSURE MEASUREMENT SYSTEM FOR BIOLOGICAL MEDIA USING MULTIPLE 
OPTIMIZED SAR DISTRIBUTIONS ........................................................................................................... 1435 

Kyriakos Neophytou, Marco A. Antoniades 

ESTIMATION OF REAL GROUND EFFECT IN ABSORBER-BASED AUTOMOTIVE 
MEASUREMENTS: EXPERIMENTAL VALIDATION ............................................................................. 1437 

F. Saccardi, F. Mioc, L. J. Foged, J. Estrada, P. O. Iversen 

COMPACT WIDE-BAND DUAL-POLARIZED RECTANGULAR SLOT ANTENNA FOR MM-
WAVE COMMUNICATION ........................................................................................................................ 1439 

Jun Ho Kim, Tai Hwan Choi, Young Joong Yoon, Hyungrak Kim 

HIGH-GAIN SIMPLE PRINTED DIPOLE-LOOP ANTENNA FOR RF-ENERGY 
HARVESTING APPLICATIONS ................................................................................................................. 1441 

Mohamed M. Mansour, Kamel S. Sultan, Haruichi Kanaya 

ANALYSIS OF BLACK PHOSPHORUS TERAHERTZ PHOTOCONDUCTIVE ANTENNA ................. 1443 
Jose Santos, M. Hasan Doha, Hugh Churchill, Magda El-Shenawee, Nathan M. Burford 

LENS ANTENNA WITH A BEAM FOCUSED IN AZIMUTH AND A SECTORIAL BEAM IN 
ELEVATION IN W BAND ........................................................................................................................... 1445 

F. Nsengiyumva, C. Migliaccio, J. Lanteri 

A COMPACT BIRD-SHAPED ANTENNA ARRAY FOR 5G COMMUNICATIONS .............................. 1447 
Muhammad Munir Qamar, Rashid Saleem, Tayyab Shabbir, Syed. M. Abbas, M. Farhan 
Shafique 

A COMPACT CHIP-LESS RFID TAG FOR IOT APPLICATIONS ........................................................... 1449 
Usman A. Haider, M. Noman, Hidayat Ullah, Farooq A. Tahir 

INVESTIGATION OF DRIVER EMF EXPOSURE FROM 4G/5G AUTOMOTIVE GLASS 
MOUNTED ANTENNAS .............................................................................................................................. 1451 

E. Baramili, R. Sarkis, M. Bou Saleh 

A COMPACT UHF RFID TAG ANTENNA FOR SUB-SOIL TEMPERATURE SENSING IN 
PRECISION AGRICULTURE ...................................................................................................................... 1453 

Adnan Iftikhar, Umer Farooq, Adnan Fida, Muhammad F. Shafique, Sajid M. Asif, Benjamin 
D. Braaten, Chad Ulven 

TUNABLE TRIPLE-BAND ANTENNA FOR SUB-6 GHZ 5G MOBILE PHONE .................................... 1455 
Ho Jung Nam, Seonho Lim, Young Joong Yoon, Hyungrak Kim 

MILLIMETER-WAVE PATCH ARRAY FOR 5G SMART CITY ENVIROMENT ................................... 1457 
Laila Salman 



DESIGN AND IMPLEMENTATION OF A 9.4 DBI GAIN PATCH ANTENNA WITH 
ADDITIVELY MANUFACTURED DIELECTRIC LENS .......................................................................... 1459 

Paul Probst, Deepak Kumar, Yiming Deng 

STUB-BASED 6–18 GHZ UWB FILTER WITH VERY STEEP ROLLOFF FOR RADAR 
MEASUREMENT SYSTEMS ....................................................................................................................... 1461 

Rasoul Ebrahimzadeh, Mehdi Mousavipour, Mohammad Yazdi, Amirashkan Darvish 

SINGLE MODULE UHF & ISM RECTENNAS FOR MIMO ENERGY HARVESTING OR 
SWIPT SYSTEMS ......................................................................................................................................... 1463 

Salman Zahid, Farooq A. Tahir, Abdul Quddious, Photos Vryonides, Symeon Nikolaou 

X BAND 3D-PRINTED ELECTRICALLY-SMALL LUNEBURG LENS .................................................. 1465 
Hossein Saghlatoon, Rashid Mirzavand, Mohammad Mahdi Honari, Samira Aslanzadeh, 
John Doucette, Pedram Mousavi 

320 GHZ ON-CHIP CIRCULARLY-POLARIZED ANTENNA ARRAY REALIZED WITH 0.13 
µM BICMOS TECHNOLOGY ...................................................................................................................... 1467 

Wei Lin, Richard W. Ziolkowski, Wael A. Ahmad, Yang Yang, Liang Yuan, Herman Jalli Ng, 
Yong Wang, Dietmar Kissinger 

INVESTIGATION OF CONTINUOUS TUNABLE LOAD-MODULATED MIMO 
TRANSMITTERS .......................................................................................................................................... 1469 

Zixiang Han, Chi-Yuk Chiu, Ross Murch 

PRINTED RIDGE GAP WAVEGUIDE ROTMAN LENS WITHOUT DUMMY PORTS OR 
MATCHING LOADS FOR 5G ...................................................................................................................... 1471 

Nadeem Ashraf, Ahmed A. Kishk, Abdel-Razik Sebak 

A MILLIMETER-WAVE SLOT ANTENNA ARRAY RADIATING SUM AND DIFFERENCE 
BEAMS WITH SUPPRESSED SIDELOBE ................................................................................................. 1473 

Jie Tian, Zhijiao Chen, Xiuzhu Ye, Limei Qi, Yuan Yao, Junsheng Yu, Xiaodong Chen 

NARROWBAND WBAN SYSTEM FOR PPG TRANSMISSION SIGNALS AROUND BODY .............. 1475 
Wassila Dib, Khalida Ghanem, Amina Ababou, M. Nedil 

A MINIATURIZED HIGH EFFICIENCY RECTIFIER WITH WIDE INPUT POWER RANGE 
FOR MICROWAVE POWER TRANSMISSION ......................................................................................... 1477 

Si Ce Wang, Min Jun Li, Hao Zheng, Mei Song Tong 

CONCEPT OF MEAN EFFECTIVE GAIN FOR OPTIMIZING AMBIENT ENERGY-
HARVESTING ANTENNAS ........................................................................................................................ 1479 

Shirin Aghabeiki, M. A. Constant Niamien, Moncef Kadi 

DYNAMIC CHANNEL MODELING OF WBAN AT 28 GHZ ................................................................... 1481 
Jinli Liu, Yu Shao, Ping Wang, Jie Zhang 

CORRELATION REDUCTION IN CLOSELY-SPACED MIMO ANTENNA WITH CIRCULAR 
POLARIZATION DIVERSITY ..................................................................................................................... 1483 

Ubaid Ullah, Muath Al-Hasan, Ismail Ben Mabrouk, Slawomir Koziel, Qammer Abbasi, 
Akram Alomainy 

A MULTI-LAYER PARTIALLY REFLECTING SURFACE ANTENNA FOR COST-
EFFECTIVE 3D PRINTING MANUFACTURING ...................................................................................... 1485 

Sujan Shrestha, Affan A. Baba, Syed M. Abbas, Mohsen Asadnia, Raheel M. Hashmi 



REDUCING THE RADIOFREQUENCY-INDUCED HEATING OF ACTIVE IMPLANTABLE 
MEDICAL DEVICE WITH LOAD IMPEDANCE MODIFICATION ......................................................... 1487 

Ran Guo, Jianfeng Zheng, Zhichao Wang, Rui Yang, Ji Chen, Thomas Hoegh 

COMPACT HIGHT-GAIN DRA ANTENNA ARRAY AT 28 GHZ ........................................................... 1489 
M. Laribi, T. Elkarkraoui, N. Hakem 

HIGH-PERFORMANCE, TRANSPARENT AND FLEXIBLE ANTENNA BASED ON 
CONDUCTIVE NANOCOMPOSITES ......................................................................................................... 1491 

Liang Zhu, Pai-Yen Chen, Cheng Zhang 

5G ANTENNA FOR AUTOMOTIVE APPLICATIONS ............................................................................. 1493 
Olutola Jonah 

MM-WAVE TUNNEL DIODE-BASED RECTIFIER FOR PERPETUAL IOT .......................................... 1495 
A. Eid, J. Hester, M. Tentzeris 

METALLIZATION TECHNIQUES FOR WEARABLE TEXTILE ELECTRONICS ................................. 1497 
Jorge A. Caripidis Troccola, Alexander D. Johnson, Satheesh Bojja Venkatakrishnan, John L. 
Volakis 

TRACKING SEEDS WITH TINY RFID CHIPS AND PEEL ANTENNA .................................................. 1499 
Gao Zhuofei, Lee Yee Hui 

3D METAL PRINTED POLARIZATION RECONFIGURABLE HORN ANTENNA WITH 
SOLID & MESHED STRUCTURES: FUTURE WORKS FOR SATCOM APPLICATIONS .................... 1501 

Wei Zhang, Hengyi Zhou, Benjamin Falkner, Shubham Singh, Amit Mehta, Steven S. 
Milward, Daniel Butcher, Nicholas Lavery, Stephen G. R Brown 

A 12-BIT HEXAGONAL CHIP-LESS TAG FOR RADIO FREQUENCY IDENTIFICATION 
APPLICATIONS ............................................................................................................................................ 1503 

Sajeel Zafar, Saira Rubab, Hidayat Ullah, Farooq A. Tahir 

DESIGN OF A 3-BIT TRANSMITARRAY ANTENNA AT 300 GHZ USING ASYMMETRIC 
LINEAR POLARIZERS ................................................................................................................................ 1505 

Orestis Koutsos, Francesco Foglia Manzillo, Antonio Clemente, Ronan Sauleau 

MULTI-BAND, FLEXIBLE, LIGHTWEIGHT ANTENNA ON LCP FOR AUTOMOTIVE 
APPLICATIONS ............................................................................................................................................ 1507 

Adamantia Chletsou, Yuxiao He, John F. Locke, John Papapolymerou 

A MINIATURE AND HIGH-EFFICIENCY RECTENNA IN ISM 868 MHZ FREQUENCY 
BAND ............................................................................................................................................................. 1509 

A. Sidibe, A. Takacs 

EFFECTS OF THUMB SIZE, PRESSURE, POSITION, NAIL, AND SKIN ON DIELECTRIC 
RESONATOR GLUCOSE SENSOR ............................................................................................................ 1511 

Md Nazmul Hasan, Son Chu, Jawad Yousaf 

3D PRINTED ARTIFICIAL METAMATERIAL SUBSTRATES FOR ANTENNA 
APPLICATIONS ............................................................................................................................................ 1513 

Anastasios Christodoulides, Kevin Mitchell, Alexandros Feresidis 

A WIDEBAND PLANAR INVERTED-F ANTENNA FOR KA-BAND 5G SYSTEM 
APPLICATIONS ............................................................................................................................................ 1515 

Amirhossein Ghasemi, Ke Wu 



MM-WAVE BEAM STEERING ANTENNA BASED ON EXTENDED HEMISPHERICAL 
LENS ANTENNA SUBARRAYS ................................................................................................................. 1517 

Kiran A. Shila, Gokhan Mumcu 

4X4 LTE MIMO ANTENNA PERFORMANCE FOR AUTOMOTIVE APPLICATIONS ......................... 1519 
Olutola Jonah, Leo Lanctot 

RFID TAG ANTENNA DESIGN FOR ARC SPECS ................................................................................... 1521 
Pavel Nikitin, John Kim, Kvs Rao 

AN INVERTED-F ANTENNA FOR RFID TAG MOUNTED ON A FULL CONTAINER OF 
LIQUID .......................................................................................................................................................... 1523 

Nguyen Minh Tan, Hua-Ming Chen, Chow-Yen-Desmond Sim, Chien-Hung Chen 

3D PRINTABLE EMBEDDED RF CONNECTORS .................................................................................... 1525 
Malcolm S. Reese, Grant D. Heilman, Derek Doyle, Christos G. Christodoulou 

ASSESSING THE SALT CONSTITUENTS CHARACTERISTICS IN AQUEOUS SOLUTIONS 
USING TERAHERTZ WAVES .................................................................................................................... 1527 

Adnan Zahid, Hasan T. Abbas, Ivonne E. Carranza, James P. Grant, Muhammad A. Imran, 
David R. S. Cumming, Qammer H. Abbasi 

BROADBAND MILLIMETER-WAVE ANTENNA ARRAY DESIGN ..................................................... 1529 
Gui Chao Huang, Magdy F. Iskander 

CONFORMAL STRONGLY COUPLED MAGNETIC RESONANCE SYSTEMS WITH 
EXTENDED RANGE .................................................................................................................................... 1531 

Juan Barreto, Abdul-Sattar Kaddour, Stavros V. Georgakopoulos 

700 MHZ QUAD PORT HELICAL ANTENNA ARRAY FOR MIMO APPLICATIONS ......................... 1533 
Fayez Hyjazie, Wen Tong, Halim Boutayeb, Xianglong Liu 

SPIDER WEB SHAPED NEAR-FIELD UHF RFID READER ANTENNA FOR HEALTHCARE 
AND IOT APPLICATIONS .......................................................................................................................... 1535 

Abubakar Sharif, Jun Ouyang, Kamran Arshad, Muhammad Ali Imran, Qammer H. Abbasi 

HIGH-ISOLATION COMMON-APERTURE ANTENNA SYSTEM BASED ON SPATIAL 
POWER DIVIDER FOR USE IN E-BAND FULLY POLARIMETRIC RADAR ....................................... 1537 

Tanner J. Douglas, Kamal Sarabandi 

MATCHING LOSSES EVALUATION IN VOLTAGE DOUBLER RECTIFIERS FOR HIGH 
EFFICIENCY RECTIFYING ANTENNA DESIGN ..................................................................................... 1539 

Alex Mouapi, Nadir Hakem, Nahi Kandil 

ENHANCING THE PERFORMANCE OF WEARABLE WIRELESS POWER TRANSFER 
SYSTEMS ...................................................................................................................................................... 1541 

Gianfranco Perez-Greco, Juan Barreto, Abdul-Sattar Kaddour, Stavros V. Georgakopoulos 

LOW-COST 3D PRINTED DIELECTRIC HYPERBOLIC LENS ANTENNA FOR BEAM 
FOCUSING AND STEERING OF A 79GHZ MIMO RADAR .................................................................... 1543 

Hajar Abedi, George Shaker 

5G MM-WAVE MIMO ANTENNA WITH BEAM SWITCHING CAPABILITIES 
FABRICATED USING 3D PRINTING ........................................................................................................ 1545 

Shaker Alkaraki, James Kelly, Yue Gao, Samuel Stremsdoerfer, Edouard Gayets 



SUB-TERAHERTZ WIDEBAND ARRAY ON LOW-COST ORGANIC SUBSTRATE ........................... 1547 
Alfredo Gonzalez, John L. Volakis, Elias A. Alwan 

OPTIMIZED MIMO ANTENNA PORT PLACEMENT USING CHARACTERISTIC MODES ............... 1549 
Kyle Thackston, Jori Platt, Daniel F. Sievenpiper 

EXTRACTION OF KNITTED RFID ANTENNA DESIGN PARAMETER FROM 
TRANSMISSION LINE MEASUREMENTS ............................................................................................... 1551 

Md Abu Saleh Tajin, Ariana S. Levitt, Yuqiao Liu, Chelsea E. Amanatides, Caroline L. 
Schauer, Genevieve Dion, Kapil R. Dandekar 

DESIGN AND FABRICATION OF 3D WIRE GRID ANTENNA AN INTEGRATED METHOD 
FOR OPTIMIZATION IN CONSTRAINED VOLUMES ............................................................................ 1553 

Mark A. Colgan, Mark S. Mirotznik 

60 GHZ IMAGING/DETECTION SYSTEM EXPERIMENTAL EVALUATION ON 
CONCEALED WEAPONS ............................................................................................................................ 1555 

Shraman Gupta, Abdel Razik Sebak, Zouhair Briqech, T. A. Denidni 

3-D PRINTED TERAHERTZ LENS WITH 2-D NEAR-FIELD FOCUS-SCANNING 
CAPABILITY ................................................................................................................................................ 1557 

Geng-Bo Wu, Chi Hou Chan 

ON THE SPECIFIC ABSORPTION RATE BEHAVIOR OF SQUARE-WAVE MODULATED 
SIGNALS EXPOSURES ............................................................................................................................... 1559 

Danilo Brizi, Nunzia Fontana, Eliana Canicatti, Elisa Giampietri, Agostino Monorchio 

HYBRID COMPUTER SIMULATION OF AUTOMOTIVE RADAR SYSTEMS IN HIGH 
MULTIPATH ENVIRONMENTS ................................................................................................................. 1561 

Kazem Sabet, Ali Sabet, Jiri Kral, Christopher Woischwill 

3D PRINTED BIFUNCTIONAL TRIPLE-BAND HEATSINK ANTENNA FOR RF AND 
THERMAL ENERGY HARVESTING ......................................................................................................... 1563 

Azamat Bakytbekov, Zere Iman, Atif Shamim 

SPATIO-TEMPORAL MODULATED MILLIMETER-WAVE ANTENNA ARRAYS FOR 
SECURE WIRELESS LINKS........................................................................................................................ 1565 

Suresh Venkatesh, Xuyang Lu, Kaushik Sengupta, Bingjun Tang 

CLOSELY SPACED DUAL-BAND QUAD-ELEMENT COMPACT MIMO ANTENNA WITH 
POLARIZATION AND PATTERN DIVERSITY ........................................................................................ 1567 

Nagalakshmaiah Kalva, Jogesh Chandra Dash, Jayanta Mukherjee 

3D-PRINTED DUAL POLARIZED DIELECTRIC ROD ANTENNA FOR MILLIMETER-
WAVE COMMUNICATION ........................................................................................................................ 1569 

Moein Noferesti, Tarek Djerafi 

HIGHT-GAIN CIRCULARY POLARISED PATCH ANTENNA ARRAY AT 28 GHZ ............................ 1571 
M. Laribi, T. Elkarkraoui, N. Hakem 

HIGH-DENSITY COMPONENT INTEGRATION IN FABRICS WITH THIN FLEX 
INTERPOSERS .............................................................................................................................................. 1573 

Md Monirojjaman Monshi, P. M Raj, Shubhendu Bhardwaj, John L. Volakis 

DESIGN PROPERTIES OF A 26 GHZ CIRCULARLY POLARIZED SQUARE PATCH 
ANTENNA WITH RECTANGULAR SLOT ................................................................................................ 1575 

Andrew M. Chrysler 



AMBIENT RADIOFREQUENCY ENERGY MAPPING OF MONTREAL FOR FAR-FIELD 
WIRELESS POWER HARVESTING ........................................................................................................... 1577 

Xiaoqiang Gu, David Dousset, Ke Wu, Louis Grauwin, Simon Hemour 

π-IMPEDANCE MATCHING CIRCUIT FOR WIRELESS POWER TRANSFER SYSTEMS 
UNDER DYNAMIC LOAD AND TRANSFER DISTANCE ....................................................................... 1579 

Wei-Ting Lee, Ming-Lung Kung, Ken-Huang Lin 

HIGHLY-INTEGRATED WIDEBAND 28 GHZ AND 39 GHZ ARRAY ANTENNAS FOR 5G 
MOBILE PHONE APPLICATIONS ............................................................................................................. 1581 

Wei-Yu Li, Wei Chung, Jui-Hung Chou 

DUAL-BAND ANTENNA ARRAY FOR 5.9 GHZ DSRC AND 28 GHZ 5G VEHICLE TO 
VEHICLE COMMUNICATION ................................................................................................................... 1583 

Sandhiya Reddy Govindarajulu, Rimon Hokayem, Elias A. Alwan 

FREQUENCY CONSENSUS FOR DISTRIBUTED ANTENNA ARRAYS WITH HALF-
DUPLEX WIRELESS COORDINATION .................................................................................................... 1585 

Pratik Chatterjee, Jeffrey A. Nanzer, Ming Yan 

COMPARATIVE STUDY OF WIDEBAND BUTLER MATRIX AND ROTMAN LENS 
BEAMFORMING NETWORK FOR MILLIMETERWAVE APPLICATIONS AT KA BAND ................. 1587 

Gui Chao Huang, Magdy F. Iskander 

MODELING THE EFFECTS OF GASEOUS ABSORPTION AND CLOUD ATTENUATION 
FOR V-BAND USING DEEP LEARNING .................................................................................................. 1589 

R. L. Gesner, A. Gupta, J. Argyres, C. G. Christodoulou, S. Lane, D. Murrell, E. Hong, N. 
Tarasenko 

A NOVEL NEARFIELD READER ANTENNA FOR UHF RFID APPLICATION .................................... 1591 
Chu Zhang, Jun Ouyang, Abubakar Sharif 

NEAR-FIELD KANDONIAN LOOP ANTENNA WITH WIDE INTERROGATION ZONE FOR 
UHF RFID APPLICATIONS ......................................................................................................................... 1593 

Se-Young Kim, Wang-Sang Lee 

DESIGN OF LOW-COUPLING COMPACT MIMO ANTENNA BASED ON PARTIALLY 
OVERLAPPED MICROSTRIP PATCH ....................................................................................................... 1595 

Linkun Zhang, Dazhi Piao, Jie Zuo, Chunzhen Jiang 

ENVELOPE CORRELATION COEFFICIENT FOR MULTIPLE MIMO ANTENNAS OF 
MOBILE TERMINALS ................................................................................................................................. 1597 

Xide Mei, Ke-Li Wu 

A NOVEL MULTI-POLARIZATION UHF RFID READER ANTENNA FOR NEAR-FIELD 
APPLICATIONS ............................................................................................................................................ 1599 

Xiaojuan Ren, Yuan Yao, Yishan Liang, Junsheng Yu, Xiaodong Chen 

WIDE-BANDWIDTH V-BAND CIRCULARLY POLARIZED IPD BASED QUARTER-MODE 
SUBSTRATE-INTEGRATED WAVEGUIDE ANTENNA USING FLIP CHIP TECHNOLOGY ............. 1601 

Ta-Yeh Lin, Shuw-Guann Lin, Yin-Cheng Chang, Chaoping Hsieh, Da-Chiang Chang 

A 3D PRINTED DISH ANTENNA WITH INTEGRATED FEEDING STRUCTURE ............................... 1603 
Xuanke He, Manos M. Tentzeris 



A NOVEL G-BAND E-PLANE WAVEGUIDE TO MICROSTRIP TRANSITION FOR SUB-
MILLIMETER-WAVE/THZ APPLICATION .............................................................................................. 1605 

Malika Somanath, Chinmoy Saha, Harshita Tolani, Prantik Chakraborty 

A CHIPLESS RFID TAG ANTENNA BASED ON SURFACE ACOUSTIC WAVE ................................. 1607 
Hao Hui Su, Xu Shi, Hao Zheng, Mei Song Tong 

A MM-WAVE TRUE-TIME-DELAY BEAMFORMER ARCHITECTURE BASED ON A 
BLASS MATRIX TOPOLOGY .................................................................................................................... 1609 

Dimitrios Lialios, Constantinos L. Zekios, Stavros V. Georgakopoulos, Christos I. Kolitsidas, 
Konstantinos D. Paschaloudis, Anastasios G. Koutinos, George A. Kyriacou 

A DUAL-POLARIZED ELECTROMAGNETIC ENERGY HARVESTING SURFACE ........................... 1611 
Faruk Erkmen, Omar M. Ramahi 

MICROWAVE BASED GLUCOSE CONCENTRATION DETERMINATION USING 
MACHINE LEARNING ................................................................................................................................ 1613 

Md Shakhawat Hossain, Yong Zhou 

A HIGH GAIN BEAM-STEERING LUNEBURG LENS ANTENNA FOR 76–81 GHZ 
AUTOMOTIVE RADARS ............................................................................................................................ 1615 

Taieb Elkarkraoui, Mohammad-Reza Nezhad-Ahmadi, Safieddin Safavi-Naeini 

BICONICAL ANTENNA WITH INTEGRATED BALUN FABRICATED IN ADDITIVE 
MANUFACTURING TECHNOLOGY ......................................................................................................... 1617 

Domenico Gaetano, Christian Canestri, Alessandro Calcaterra, Pietro Bia, Cosmo Mitrano 

MM-WAVE MULTI-BEAM ANTENNA ARRAY BASED ON MINIATURIZED BUTLER 
MATRIX FOR 5G APPLICATIONS ............................................................................................................ 1619 

Maral Ansari, He Zhu, Negin Shariati, Y. Jay Guo 

DESIGN OF A MICROSTRIP RECTENNA FOR WLAN WIRELESS ENERGY HARVESTING ........... 1621 
Wei Li, Ying Suo, Hongfei Ye, Yuesheng Mo 

DIELECTRIC PROPERTIES OF SKIN-MIMICKING TISSUE MODELS IN THE 5 – 20 GHZ 
RANGE .......................................................................................................................................................... 1623 

Jasmine Boparai, Lena Kranold, Leonardo Fortaleza, Milica Popovic 

ON THE APPLICABILITY OF TRL CALIBRATION FOR DIELECTRIC WAVEGUIDE 
BASED 2-PORT-1-PORT SYSTEMS ........................................................................................................... 1625 

Christoph Baer 

AN INTEGRATED RADAR AND COMMUNICATION ANTENNA SYSTEM FOR SINGLE 
MAST PLATFORMS .................................................................................................................................... 1627 

Pietro Bia, Domenico Gaetano, Christian Canestri, Cosmo Mitrano, Daniele Santoro, Marco 
Pietrantuono, Antonio Manna 

LOW-COST PUMA ARRAY ON A BGA PACKAGE ................................................................................ 1629 
James R. Lacroix, Marinos N. Vouvakis 

A NOVEL GNSS REPEATER ARCHITECTURE FOR INDOOR POSITIONING SYSTEMS IN 
ISM BAND..................................................................................................................................................... 1631 

Abdulkadir Uzun, Firas Abdul Ghani, Hüsnü Yenigün, Ibrahim Tekin 

ANTENNA BANDWIDTH BROADENING BY TIME-MODULATION ................................................... 1633 
Yakir Hadad, Amir Shlivinski 



HIGH-ACCURACY LOCALIZATION IN JOINT RADAR AND COMMUNICATIONS 
SYSTEMS USING MULTI-TONE WAVEFORM MODULATION ........................................................... 1635 

Sean Ellison, Jeffrey A. Nanzer 

A BRIEF OVERVIEW OF ANTENNA TECHNOLOGIES FOR COMMUNICATIONS-ON- 
THE-MOVE SATELLITE COMMUNICATION MOBILE TERMINALS .................................................. 1637 

Karu P. Esselle 

RECONFIGURABLE BROADSIDE TO END-FIRE ANTENNA FED BY A SWITCHABLE 
SUBSTRATE-INTEGRATED WAVEGUIDE ............................................................................................. 1639 

Seyed-Ali Malakooti, Christophe Fumeaux 

GAIN ENHANCEMENT OF CURVY SPOOF SURFACE PLASMON POLARITON ANTENNA 
WITH CONTROLLABLE BANDWIDTH FOR 5G APPLICATIONS ........................................................ 1641 

Behnam Mazdouri, Mohammad Mahdi Honari, Rashid Mirzavand, Pedram Mousavi 

ON ANTENNA Q-FACTOR CHARACTERIZATION WITH GENERATIVE ADVERSARIAL 
NETWORKS .................................................................................................................................................. 1643 

Jayakrishnan Vijayamohanan, Oameed Noakoasteen, Arjun Gupta, Manel Martínez-Ramón, 
Christos G. Christodoulou 

HANDSET ANTENNA LAYOUT EFFECTS ON CAPACITY ................................................................... 1645 
Chu Chengyi, Nicholas E. Buris 

CHARACTERISTIC MODE OF A 3D PRINTING HOLLOW SPHERE ANTENNA FED BY 
CONFORMAL WIRES .................................................................................................................................. 1647 

Qi Wu 

MODULATED REACTANCE SURFACE SYNTHESIS FOR IDEAL 1-D LEAKY-WAVE 
RADIATION .................................................................................................................................................. 1649 

Do-Hoon Kwon 

LOW-SIDELOBE ROBUST ADAPTIVE DIGITAL BEAMFORMING UNDER SINGLE 
SNAPSHOT ................................................................................................................................................... 1651 

Shuqing Lin, Tianhao He, Hongtao Li 

MODELING RADIATION REACTION INDUCED SUPERRADIANCE IN QUANTUM DOT 
SYSTEMS ...................................................................................................................................................... 1653 

Elliot Lu, Carlo Piermarocchi, B. Shanker 

INDUCTIVELY COUPLED SPLIT RING RESONATOR AS SMALL RFID PRESSURE 
SENSOR FOR BIOMEDICAL APPLICATIONS ......................................................................................... 1655 

Shubin Ma, Leena Ukkonen, Lauri Sydänheimo, Toni Björninen 

HOLOGRAPHIC METASURFACE ANTENNAS WITH DYNAMIC BEAM POINTING AND 
POLARIZATION CONTROL ....................................................................................................................... 1657 

Mohsen Sazegar, Ryan Stevenson 

AN OPTIMIZATION DRIVEN METHOD FOR THE SYNTHESIS OF RECONFIGURABLE 
PARASITIC ANTENNA ARRAYS .............................................................................................................. 1659 

Luca Santamaria, Leonardo Lizzi, Fabien Ferrero, Robert Staraj 

A DUAL-AXIS INTERFEROMETRIC RADAR FOR INSTANTANEOUS 2D ANGULAR 
VELOCITY MEASUREMENT ..................................................................................................................... 1661 

Jason Merlo, Eric Klinefelter, Jeffrey A. Nanzer 



BROADBAND VLF/LF TRANSMISSION FROM AN ELECTRICALLY-SMALL STRUCTURE 
VIA TIME-VARYING ANTENNA PROPERTIES ...................................................................................... 1663 

Edward Slevin, Parker Singletary, Kevin Whitmore, Baris Gurses, Nathan Opalinski, Lee 
Thompson, Morris B. Cohen, Mark Golkowski 

FAST COMPUTATION OF RCS OF LARGE METALLIC PLATFORMS COVERED WITH 
RAM: BENCHMARK WITH A METALLIC CUBE AT 94 GHZ ............................................................... 1665 

Pierpaolo Usai, Filippo Costa, Agostino Monorchio 

A DECOUPLING NETWORK BASED ON CHARACTERISTIC PORT MODES .................................... 1667 
Binbin Yang, Jacob J. Adams 

THE ACCURACY OF A LOW-POWER APPROACH FOR JAMMER ANGLE-OF-ARRIVAL 
ESTIMATION ................................................................................................................................................ 1669 

Robert J. Watson, Elizabeth M. Lloyd 

THROUGHPUT ENHANCEMENT OF 2X2 MIMO SYSTEM USING A NOVEL WIDEBAND 
NEUTRALIZATION LINE ........................................................................................................................... 1671 

Payel Mondal, Debapratim Dhara, A. R. Harish 

IN MEMORY OF MOJGAN DANESHMAND ............................................................................................ 1673 
Thomas R. Jones 

CONCEPT OF INTEGRATING 4G LTE AND MILLIMETER-WAVE 5G ANTENNAS WITHIN 
ZERO-BEZEL CELLULAR DEVICES ........................................................................................................ 1675 

Junho Park, Jonghyun Kim, Jaehyun Choi, Dongkwon Choi, Wonbin Hong 

GAIN ANALYSIS OF IN-MOTION MAGNETIC INDUCTIVE COUPLING-BASED SYSTEMS .......... 1677 
Negar Golestani, Mahta Moghaddam 

A 3D-PRINTED MM-WAVE DEPLOYABLE ORIGAMI DIELECTRIC REFLECTARRAY 
ANTENNA ..................................................................................................................................................... 1679 

Yepu Cui, Aline Eid, Manos M. Tentzeris 

TIGHTLY COUPLED DIPOLE ARRAY FOR 5G MULTI-BAND CELLULAR BASE STATION 
ANTENNAS .................................................................................................................................................. 1681 

Markus Novak, Ahmed H. Abdelrahman, Huairen Yi, Leonard Piazzi, Zhengxiang Ma 

TIME-DOMAIN QUANTUM MAXWELL SOLVER ................................................................................. 1683 
Dong-Yeop Na, Weng Cho Chew 

WIDEBAND TIGHTLY COUPLED DIPOLE ARRAY (TCDA) WITH 5.4:1 BANDWIDTH ON 
A MIURA-ORI PATTERN ............................................................................................................................ 1685 

Md Rakibul Islam, Matthew W. Nichols, Alexander D. Johnson, Satheesh B. Venkatakrishnan, 
Elias A. Alwan, John L. Volakis 

FAST HF ANTENNA TUNER WITH A PARASITIC INDUCTOR ........................................................... 1687 
Jacob Rissmiller, Jacob Peiffer, Layth Hozi, Erica Daly 

OVERVIEW ON COMBINATION OF NUMERICAL MODELLING AND NEAR-FIELD 
MEASUREMENTS FOR COMPLEX ELECTROMAGNETIC SYSTEMS ................................................ 1689 

M. Saporetti, L. Scialacqua, F. Saccardi, L. J. Foged 

LIQUID METAL-BASED TUNABLE COAXIAL ANTENNA FOR MICROWAVE ABLATION ........... 1691 
Lingnan Song, Wuran Gao, Yahya Rahmat-Samii, Jason Chiang 



A COLOCATED QUAD-POLARIZED MIMO ANTENNA BASED ON TWO DUAL-MODE 
LOOPS ........................................................................................................................................................... 1693 

Dazhi Piao, Siyu Zhao, Yijue Wang, Junping Song 

DEEP LEARNING FOR NANOSCALE ARBITRARY META-ELEMENT ROBUSTNESS ..................... 1695 
Ronald P. Jenkins, Philip J. O'Connor, Sawyer D. Campbell, Pingjuan L. Werner, Douglas H. 
Werner 

YAGI-CONFIGURED ELECTRICALLY SMALL ANTENNA WITH QUAD-POLARIZATION 
DIVERSITY ................................................................................................................................................... 1697 

Ming-Chun Tang, Qingli Lin, Richard W. Ziolkowski 

OVERVIEW OF SOME MM-WAVE ANTENNA DESIGNS EMBEDDED IN METAL 
EXTERIORS OF CELLULAR PHONES ...................................................................................................... 1699 

Huan-Chu Huang 

A NOVEL 2-BIT GRAPHENE RECONFIGURABLE REFLECTARRAY ................................................. 1701 
Panagiotis C. Theofanopoulos, Georgios C. Trichopoulos 

PROF. PEDRAM MOUSAVI'S MEMORIAL .............................................................................................. 1703 
Hossein Saghlatoon, Rashid Mirzavand 

COMPACT SUBSTRATE INTEGRATED CHOKE RING GROUND STRUCTURE FOR HIGH-
PRECISION GNSS APPLICATIONS ........................................................................................................... 1705 

Ehsan Taghdisi, Saeid Ghaffarian, Rashid Mirzavand, Pedram Mousavi 

A COMPACT HIGH DATA RATE 4-FSK HF TRANSMITTER THROUGH DIRECT 
ANTENNA MODULATION ......................................................................................................................... 1707 

Jean Paul Santos, Yuanxun Ethan Wang 

HUMAN BODY PHANTOMS FOR WIDEBAND RADIOMETRY ........................................................... 1709 
Katrina Guido, Alexandra Bringer, Asimina Kiourti 

TWO-PORT DESIGN OF Y-SHAPED PATCH USING CHARACTERISTIC MODE ANALYSIS .......... 1711 
Chi-Yuk Chiu, Ross Murch, Buon Kiong Lau 

ADVANCED COMPUTATIONAL METHODS FOR COMPACT RANGE ANALYSIS .......................... 1713 
Derek Campbell, C. J. Reddy 

A COMPACT MONOPOLE PATCH ANTENNA FOR FUTURE SUB 6 GHZ 5G WIRELESS 
APPLICATIONS ............................................................................................................................................ 1715 

Umer Farooq, Muhammad Nasir, Adnan Iftikhar, Muhammad Saeed Khan, Adnan Fida, 
Muhammad Farhan Shafique, Sajid Mehmood Asif, Raed M Shubair 

MITIGATING QUANTIZATION LOBES IN RECONFIGURABLE REFLECTIVE SURFACES ............ 1717 
Panagiotis C. Theofanopoulos, Georgios C. Trichopoulos 

ANTENNA MINIATURIZATION AND ADAPTIVE APERTURE ANTENNAS ..................................... 1719 
Lotfollah Shafai, Satish K. Sharma, Cyrus Shafai 

THREE-ELEMENT PATTERN RECONFIGURATION ANTENNA USING PARTIAL 
GROUND PLANE ......................................................................................................................................... 1721 

Sagiru Gaya, Oludayo Sokunbi, Abubakar Hamza, Feras Al-Dirini, Hussein Attia 

A MINIATURE HIGH-GAIN LOW-VHF ANTENNA ................................................................................ 1723 
Jihun Choi, Fikadu T. Dagefu 



COMPARISON OF RF CANCELLATION APPROACHES FOR UWB STAR RADIOS .......................... 1725 
Satheesh Bojja Venkatakrishnan, Alexander Hovsepian, Elias A. Alwan, Toshifumi Nakatani, 
John L. Volakis 

A COMPARATIVE STUDY OF CORRUGATED GROUND PLANES FOR GNSS 
MULTIPATH MITIGATION ........................................................................................................................ 1727 

Mohamed K. Emara, Shulabh Gupta 

QUANTUM INFORMATION PROPAGATION USING HUYGENS' PRINCIPLE ................................... 1729 
Jie Zhu, Dong-Yeop Na, Peter Bermel, Weng Cho Chew 

FOUR-PORT CSRR-LOADED DUAL-BAND DUAL-MODE PATCH SUB-ARRAY FOR 
MASSIVE MIMO APPLICATIONS ............................................................................................................. 1731 

Debdeep Sarkar, Yahia Antar, Said Mikki 

RECONFIGURABLE AND FOLDABLE MONOLITHIC REFLECTARRAY ........................................... 1733 
Abdul-Sattar Kaddour, Muhammad Hamza, Stavros V. Georgakopoulos 

LOW-COMPLEXITY MINIMUM ENERGY BEAMFORMING IN DIRECTIONAL 
NETWORKING ............................................................................................................................................. 1735 

Yuanzhang Xiao, Gui Chao Huang, Pratiksha Shukla, Zhengqing Yun, Magdy Iskander 

A COMPUTER-AIDED DESIGN MOBILE PHONE MODEL FOR ANTENNA SIMULATION 
BENCHMARKING ....................................................................................................................................... 1737 

Vikass Monebhurrun 

OPTICALLY INVISIBLE TOUCH SENSOR PANEL INTEGRATED ANTENNA: CONCEPT 
AND DEMONSTRATION AT MMWAVE SPECTRUM ............................................................................ 1739 

Junho Park, Wonbin Hong 

A NOVEL CHANNEL MODEL FOR CLUSTERED CUBESAT COMMUNICATION ............................ 1741 
Nicholas E. Russo, Constantinos L. Zekios, Stavros V. Georgakopoulos 

DIELECTRIC RESONATOR ANTENNA WITH 8-PORTS FOR POLARIZATION DIVERSITY 
APPLICATIONS ............................................................................................................................................ 1743 

Maksim Kuznetcov, Michel Clénet, Symon K. Podilchak, Yahia M. M. Antar 

RECENT ADVANCES IN NEAR-FIELD META-STEERING.................................................................... 1745 
Muhammad U. Afzal, Karu P. Esselle 

A 28 GHZ 2X2 ANTENNA ARRAY WITH 10 BEAMS USING PASSIVE BEAMFORMING 
NETWORK .................................................................................................................................................... 1747 

Firas Abdul Ghani, Abdulkadir Uzun, Heba Ahmed Saleh, Murat Kaya Yapici, Ibrahim Tekin 

MICRAWAVE/MILLIMETER- WAVE MEMS- BASED MULTIPORT SWITCHES AND 
SWITCH MATRICES .................................................................................................................................... 1749 

Raafat R. Mansour, Mojgan Daneshmand 

A PARABOLIC TORUS COMPACT ANTENNA TEST RANGE FOR 5G NR MASSIVE MIMO 
OTA MULTI-USER TEST APPLICATIONS ............................................................................................... 1751 

S. F. Gregson, C. G. Parini 

KIRIGAMI INSPIRED INKJET-PRINTED SPLIT RING RESONATOR AS A DISPOSABLE, 
LOW COST STRAIN SENSOR .................................................................................................................... 1753 

Ahmed Salim, Aqeel Hussain Naqvi, Sungjoon Lim 



SCATTERING FROM A SHIFTED-HYPERBOLIC MEDIUM .................................................................. 1755 
Zoé-Lise Deck-Léger, Christophe Caloz 

DUAL-BAND SLOT-BASED MIMO ANTENNA DESIGN WITH INDEPENDENT TUNING ............... 1757 
Rifaqat Hussain, Muhammad U. Khan, Mohammad S. Sharawi 

ULTRA-WIDEBAND HYBRID PICA TERAHERTZ ANTENNA FOR HIGH-RESOLUTION 
BIOMEDICAL IMAGING ............................................................................................................................ 1759 

Abdoalbaset Abohmra, Jalil Ur Rehman Kazim, Muhammad Ali Imran, Hasan Abbas, Akram 
Alomainy, Masood Ur Rehman, Qammer H. Abbasi 

ISOLATION METRICS FOR SINGLE-CHANNEL AND MULTI-CHANNEL 
SIMULTANEOUS TRANSMIT AND RECEIVE SYSTEMS ..................................................................... 1761 

Jonathan P. Doane 

A TEN-PORT MULTI-BAND 5G MIMO ANTENNA ARRAY .................................................................. 1763 
Lijia Chen, Qi Zhang, Hao Wang, Shufeng Zhang, Shengchang Lan 

MEDIA-BASED MODULATION WITH RECONFIGURABLE INTELLIGENT 
METASURFACES: DESIGN AND PERFORMANCE ................................................................................ 1765 

John A. Hodge, Kumar Vijay Mishra, Amir I. Zaghloul 

NUMERICAL MODE DECOMPOSITION FOR THE A-ɸ FORMULATION WITH 
INHOMOGENEOUS MEDIA ....................................................................................................................... 1767 

Boyuan Zhang, Weng Cho Chew, Dan Jiao, Hui Gan 

PEDRAM MOUSAVI - PIONEERING RESEARCH ON LOW-COST/COMPLEXITY PHASED-
ARRAY AT WATERLOO ............................................................................................................................ 1769 

Safieddin Ali Safavi-Naeini 

RADIATION PATTERN AGILE ANTENNA USING PIN DIODES AND SPDT SWITCHES ................. 1771 
Zakaria Mahlaoui, Eva Antonino-Daviu, Miguel Ferrando-Bataller 

ROBUSTNESS OF SPARSE RECONSTRUCTION METHODS IN SPHERICAL ANTENNA 
NEAR-FIELD MEASUREMENTS ............................................................................................................... 1773 

Bernd Hofmann, Oliver Kraus, Thomas F. Eibert 

SHARED-APERTURE ENABLED INTEGRATION OF SUB-6 GHZ AND MILLIMETER-
WAVE ANTENNAS FOR FUTURE MULTI-FUNCTIONAL WIRELESS SYSTEMS ............................. 1775 

Amirhossein Askarian, Ke Wu 

DUALBAND PATCH ANTENNA DESIGN USING BINARY GREY WOLF OPTIMIZER .................... 1777 
Sotirios K. Goudos, Achilles Boursianis, Marco Salucci, Paolo Rocca 

DEVELOPMENT OF NOVEL K-BAND BEAM STEERABLE REFLECTARRAY FOR 
CUBESAT INTERNET OF SPACE .............................................................................................................. 1779 

Junbo Wang, Yahya Rahmat-Samii 

ANALYSIS OF CORRELATED RAYLEIGH FADING MASSIVE MIMO UPLINK CHANNEL: 
THE IDM-CGF APPROACH ........................................................................................................................ 1781 

Debdeep Sarkar, Yahia Antar, Said Mikki 

SPREAD SPECTRUM TECHNIQUES WITH CHANNEL CODING FOR WIDEBAND 
SECURED COMMUNICATION LINKS ..................................................................................................... 1783 

Md Rakibur Rahman, Satheesh Bojja-Venkatakrishnan, Elias A. Alwan, John L. Volakis 



REDUCING BEAM ABERRATIONS OF MECHANICAL SCANNING TRANSMIT-ARRAY 
ANTENNAS .................................................................................................................................................. 1785 

Sérgio A. Matos, Jorge R. Costa, Carlos A. Fernandes, Artur A. Alves, Nelson J. G. Fonseca 

LOW-NOISE IMPEDANCE MATCHING TECHNIQUE FOR SMALL ANTENNAS BASED ON 
A PARAMETRIC AMPLIFIER .................................................................................................................... 1787 

Pedram Loghmannia, Majid Manteghi 

MULTIPLE TARGET ANGULAR AND RADIAL VELOCITY ASSOCIATION IN 
INTERFEROMETRIC RADAR .................................................................................................................... 1789 

Eric Klinefelter, Jeffrey A. Nanzer 

A NOVEL PLANAR COUPLED-RESONATOR CAVITY-BACKED SLOT ARRAY FILTENNA ......... 1791 
Hossein Sarbandi Farahani, Behrooz Rezaee, Wolfgang Bösch 

A SURVEY OF MIMO OTA TEST METHODOLOGIES FOR AUTOMOTIVE APPLICATIONS .......... 1793 
Brett T. Walkenhorst, Patrick Pelland, Thomas Leifert, Mihai Berbeci 

FRIENDSHIP AND ELECTROMAGNETICS: IN MEMORY OF PROFESSORS PEDRAM 
MOUSAVI AND MOJGAN DANESHMAND ............................................................................................. 1795 

Nader Behdad, Nima Ghalichechian, Majid Manteghi 

ADAPTATION OF A MICROWAVE ABLATION SYSTEM FOR WIRELESS MEDICAL 
APPLICATIONS ............................................................................................................................................ 1797 

Kaitlin Hall, Tasmia Tasnim, Cynthia Furse, Huanan Zhang, Audrey Evans, Susan C. 
Hagness 

EXPERIMENTAL VALIDATIONS OF CHARACTERISTIC MODE ANALYSIS 
PREDICTIONS USING GTEM MEASUREMENTS ................................................................................... 1799 

Mohamed Z. M. Hamdalla, Benjamin Bear Bissen, Anthony N. Caruso, Ahmed M. Hassan 

SORTING OF ARCHAEOLOGICAL SAMPLES IN D-BAND................................................................... 1801 
F. Zidane, C. Migliaccio, J. Lanteri, L. Brochier, V. L. Coli, D. Binder, L. Gomart 

A DIGITALLY TUNED FLEXIBLE RECONFIGURABLE ANTENNA FOR IOT DEVICES ................. 1803 
F. Asadallah, G. Shehadeh, J. Costantine, Y. Tawk, A. Eid, M. M. Tentzeris 

CIRCULARLY POLARIZED WIDEBAND YAGI-UDA ARRAY ON A KRESLING ORIGAMI 
STRUCTURE ................................................................................................................................................. 1805 

Antonio J. Rubio, Abdul-Sattar Kaddour, Stavros V. Georgakopoulos 

STUDY OF A WIDE-AREA COHERENT/SYNCHRONOUS SYSTEM FOR NEXT 
GENERATION VERY LARGE ARRAY ..................................................................................................... 1807 

Hitoshi Kiuchi 

USING HIGHLY CONFINED FIELDS TO DEVELOP BIOSENSORS FOR GLUCOSE 
MEASUREMENTS ....................................................................................................................................... 1809 

Abhishek Kandwal, Nie Zedong, Yang Hao 

TOWARD THE DESIGN OF TIGHTLY COUPLED PARALLEL DIPOLES ARRAYS IN THE 
PRESENCE OF THE HUMAN BODY, BASED ON PORT IMPEDANCE CHARACTERISTIC 
MODES .......................................................................................................................................................... 1811 

Konstantina K. Mylonidou, Anastasios Koutinos, Konstantinos Paschaloudis, Klearchos 
Samaras, Diego Caratelli, Ronis Maximidis, Konstantinos Zekios, George Kyriacou 



A LOW-FREQUENCY MOTIONLESS MAGNETIC ANTENNA BASED ON PERMANENT 
MAGNET ....................................................................................................................................................... 1813 

Ali Hosseini-Fahraji, Majid Manteghi 

RECONFIGURABLE FOUR-SECTOR CUBE ANTENNA FOR IOT DEVICES ...................................... 1815 
M. Patriotis, F. N. Ayoub, C. G. Christodoulou, M. T. Chryssomallis 

INVESTIGATION OF RINGING EFFECTS ON PHASE SHIFT KEYED DIRECT ANTENNA 
MODULATION TRANSMITTERS .............................................................................................................. 1817 

Danyang Huang, Jacob J. Adams, Kurt Schab 

CODED INTELLIGENT SURFACE DESIGN FOR GENERALIZED BEAMSPACE 
MODULATION IN MASSIVE MIMO COMMUNICATIONS SYSTEMS ................................................ 1819 

John A. Hodge, Kumar Vijay Mishra, Amir I. Zaghloul 

MINIATURIZED DIPLEXER USING DUAL HALF-MODE SIW CAVITY FOR 5G SUB-6 GHZ 
COMMUNICATIONS (THIS PAPER IS DEDICATED TO THE MEMORY OF PROFESSOR 
MOJGAN DANESHMAND AND HER FAMILY) ...................................................................................... 1821 

Kang Zhou, Ke Wu 

BEAM SWITCHING OF MASSIVE MIMO ANTENNA FOR BASE STATION USING LOW-
LOSS PASSIVE PHASE SHIFTER .............................................................................................................. 1823 

S. H. Choi, Y. G. Kim, S. T. Ko, Y. J. Lee 

STEALTH COMMUNICATION VIA SMART ULTRA-WIDE-BAND SIGNAL IN 5G, RADAR, 
ELECTRONIC WARFARE, ETC.* .............................................................................................................. 1825 

Johnson J. H. Wang 

SIMULATED AND MEASURED POWER DENSITY USING EQUIVALENT CURRENTS FOR 
5G APPLICATIONS ...................................................................................................................................... 1827 

L. Scialacqua, F. Mioc, A. Scannavini, L. J. Foged 

MODELLING AND SIMULATION OF GPS MULTIPATH PROPAGATION .......................................... 1829 
R. Movahedinia, J. Hautcoeur, G. Panther 

RAY-TRACING SIMULATIONS OF MM-WAVE CHANNELS WITH FDTD-BASED 
DIFFUSE SCATTERING MODELS ............................................................................................................. 1831 

Stefanos Bakirtzis, Takahiro Hashimoto, Costas D. Sarris 

RF COUPLING SUPPRESSION CIRCUIT FOR SIMULTANEOUS TRANSMIT AND 
RECEIVE SYSTEMS .................................................................................................................................... 1833 

Md Nurul Anwar Tarek, Markus Novak, Elias A. Alwan 

TRANSMISSION LINE MODEL OF A LOADED INVERTED F ANTENNA .......................................... 1835 
Rana Berro, Serge Bories, Christophe Delaveaud 

A HYBRID RX/TX PHASED ARRAY ANTENNA WITH A SPIRAL LATTICE FOR 
SIDELOBE LEVEL REDUCTION ............................................................................................................... 1837 

Shubham Singh, Hengyi Zhou, Benjamin Falkner, Amit Mehta, Alessandro Modigliana 

EXPERIMENTAL UWB ON-BODY CHANNEL MODELLING: EFFECT ON ANTENNA 
TRANSMISSION CHARACTERISTICS ..................................................................................................... 1839 

Debarati Ganguly, Debdeep Sarkar, Y. M. M Antar, Elizabeth George, Chinmoy Saha 

A VIBRATION RESISTANT GNSS ANTENNA WITH REDUCED SIZE AND WEIGHT FOR 
WIDEBAND SATELLITE APPLICATIONS ............................................................................................... 1841 

Orcun Kiris 



TRAPPING ELECTROMAGNETIC SIGNALS IN TIME MODULATED AND NON-LINEAR 
CAVITIES ...................................................................................................................................................... 1843 

Dimitrios L. Sounas, Mario Junior Mencagli 

GONE BUT NOT FORGOTTEN: MEMORIES OF PROF. MOJGAN DANESHMAND AND 
PROF. PEDRAM MOUSAVI ........................................................................................................................ 1845 

Ashwin K. Iyer 

SCAN-MULTIPLYING LENS SUITABLE FOR USE WITH SMALL PHASED ARRAYS ..................... 1847 
John Sanford 

FOUR-ELEMENT POLARIZATION-RECONFIGURABLE MIMO ANTENNA USING 
FLUIDICS ...................................................................................................................................................... 1849 

Aditya Singh, Carlos E. Saavedra 

WIDEBAND INTEGRATED QUAD-ANTENNA BUILDING BLOCK FOR 5G 8×8 MIMO 
SMARTPHONES ........................................................................................................................................... 1851 

Libin Sun, Yue Li, Zhijun Zhang 

MACHINE LEARNING-ASSISTED TOLERANCE ANALYSIS AND ITS APPLICATION TO 
ANTENNAS .................................................................................................................................................. 1853 

Qi Wu, Weiqi Chen, Haiming Wang, Wei Hong 

ADVANCES AND CHALLENGES IN HANDSET ANTENNA EFFICIENCY FOR 5G AND 
BEYOND ....................................................................................................................................................... 1855 

L. A. Bronckers, A. B Smolders 

A MINIATURIZED FREQUENCY-TUNABLE VARACTOR-LOADED DUAL-BAND 
SHORTED MULTI-RING MICROSTRIP ANTENNA FED BY AN L-PROBE WITH A THICK 
DIELECTRIC SUBSTRATE ......................................................................................................................... 1857 

Shohei Honda, Sakuyoshi Saito, Yuichi Kimura 

MICROMACHINED 160 GHZ ENDFIRE ANTENNA IN 130-NM BICMOS TECHNOLOGY 
FOR RADAR APPLICATIONS .................................................................................................................... 1859 

Wael A. Ahmad, Herman Jalli Ng, Christian Waldschmidt, Dietmar Kissinger 

GAIN ACQUISITION OF A STANDARD HORN ANTENNA THROUGH EXPERIMENTAL 
METHOD ....................................................................................................................................................... 1861 

Ziyang Zheng, Yulin Fang, Junfa Mao 

BEYOND PASSIVITY AND RECIPROCITY WITH TIME-VARYING ELECTROMAGNETIC 
SYSTEMS ...................................................................................................................................................... 1863 

Andrea Alù 

INK MINIMIZED MESHED FREQUENCY SELECTIVE SURFACES WITH INCREASED 
OPTICAL TRANSPARENCY FOR 5G ........................................................................................................ 1865 

Daniel King, Khelifa Hettak, Reza Chaharmir, Jonathan Ethier, Shulabh Gupta 

ANALYSIS OF A STACKED PATCH USING CMA AND CMT ............................................................... 1867 
John Borchardt, Tyler Lapointe 

BENDING PERFORMANCE OF THIN 3D PRINTED ANTENNAS ......................................................... 1869 
Grant D. Heileman, Malcolm S. Reese, Derek Doyle, Christos G. Christodoulou 

FDTD-BASED EXTRACTION OF DIFFUSE SCATTERING MODELS FOR RAY-TRACING .............. 1871 
Stefanos Bakirtzis, Costas D. Sarris 



MACHINE LEARNING BUILDING RECOGNITION FOR CAPACITY AND RF COVERAGE ............ 1873 
Nicholas E. Buris, Hangtian Chen 

PRINTED RGW 3-DB BACKWARD COUPLER FOR MILLIMETER WAVE APPLICATIONS ........... 1875 
Mohamed Mamdouh M. Ali, Shoukry I. Shams, Mahmoud Elsaadany, Abdelrazik Sebak 

ANALYSIS OF AN E-SHAPED PATCH USING CMA AND CMT ........................................................... 1877 
John Borchardt 

MUTUAL COUPLING REDUCTION USING DEFECTED GROUND STRUCTURE IN UWB 
DRA ARRAY FOR MIMO APPLICATION ................................................................................................. 1879 

Kedar Trivedi, Dhaval Pujara 

PERFORMANCE VERIFICATION OF SA 5G DEVICE ............................................................................ 1881 
Boyu Zhang, Yahui Liu, Lin Zhu, Shufang Li 

SINGLE-CUT ANTENNA CHARACTERIZATION FROM NEAR FIELD DATA ................................... 1883 
Amedeo Capozzoli, Claudio Curcio, Angelo Liseno 

COHERENT JAMMING METHOD FOR WIDEBAND RADAR WITH TIME MODULATED 
TECHNOLOGY ............................................................................................................................................. 1885 

Jingfeng Chen, Gang Ni, Chong He, Han Liu, Ronghong Jin, Yongmin Shuai 

PIXEL-BASED OPTIMIZATION OF TOUCH SENSING ELECTRODES FOR INTEGRATION 
WITH 5G ANTENNAS ................................................................................................................................. 1887 

Sameer Kumar Sharma, Andrea Lüttgen, Costas Sarris 

CLOSED-FORM DESIGN OF OPTIMUM LINEAR ARRAYS BASED ON RAISED-COSINE 
BEAMPATTERN .......................................................................................................................................... 1889 

Goran Molnar, Mateja Babic, Zvonimir Šipuš 

CAPACITIVE CLOAKING TECHNIQUE FOR ANTENNA ELEMENTS IN MULTI-BAND 
ARRAY ENVIRONMENTS .......................................................................................................................... 1891 

T. Jang, N. Sundararajan, L. Bamford, E. C. Wayton, J. K. Lee 

MULTI/WIDE BAND PRINTED QUAD HELICAL ANTENNA ............................................................... 1893 
Fayez Hyjazie, Wen Tong, Halim Boutayeb 

WIDEBAND HIGH-ISOLATION ANTENNA ARRAY FOR IN-BAND FULL-DUPLEX 
RADIOS ......................................................................................................................................................... 1895 

Shah Zaib Aslam, Wasif Tanveer Khan 

WIDEBAND EXCITATION AND MATCHING OF FUNDAMENTAL CHASSIS MODE 
USING INDUCTIVE COUPLING ELEMENT ............................................................................................. 1897 

Hanieh Aliakbari, Buon Kiong Lau 

ESTIMATION AND COMPENSATION OF ARRAY MUTUAL COUPLING USING THE 
SEQUENTIAL LOADING METHOD .......................................................................................................... 1899 

Husam Osman, Joey R. Bray 

A 3.5/28 GHZ SHARED-APERTURE DIPOLE ARRAY WITH ENHANCED CROSS-
POLARIZATION SUPPRESSION ................................................................................................................ 1901 

Ji Lan, Zhiqiang Yu, Jianyi Zhou 

COMPACT DUAL-BAND INTERLEAVED MULTI-BEAM BASE STATION ANTENNA .................... 1903 
Lin-Ping Shen, Hua Wang, Erik Willis, Willi Lotz, Hamid Jamali 



A CIRCULARLY POLARIZED LOOP YAGI ARRAY WITH A PARALLEL-PLATE DRIVEN 
ELEMENT ..................................................................................................................................................... 1905 

Chunzhen Wang, David F. Kelley 

MUTUAL COUPLING REDUCTION OF A TWO-ELEMENT MIMO ANTENNA SYSTEM 
USING DEFECTED GROUND STRUCTURE ............................................................................................ 1909 

Ahmad H. Abdelgwad, Mohammod Ali 

FREQUENCY-TUNABLE DUAL-BAND AND POLARIZATION-FLEXIBLE CRLH SIW 
RESONANT ANTENNA .............................................................................................................................. 1911 

Hanseung Lee, Dongjin Jung, Dongyin Ren, Jun H. Choi 

ARTIFICIAL AND NATURAL DIELECTRIC LAYERS FOR MUTUAL COUPLING 
REDUCTION OF MASSIVE MIMO ANTENNAS ...................................................................................... 1913 

Yujia Liu, Luyu Zhao 

A TWO-ELEMENT ARRAY DESIGN OF DUAL-BAND QUASI-YAGI ANTENNA WITH 
REFLECTOR ................................................................................................................................................. 1915 

Ferda Cansu Gül, Kamil Karaçuha, Sebahattin Eker 

A NOVEL FEEDING STRUCTURE FOR WIDE-BANDWIDTH DUAL-POLARIZED 
ANTENNA ..................................................................................................................................................... 1917 

Hoang Linh Nguyen, Ba Dat Nguyen, Cong Kien Dinh, Tien Manh Nguyen 

A PARASITIC LOADED DUAL-PIN CIRCULARLY POLARIZED ANTENNA FOR DUAL-
BAND WIFI OPERATION ........................................................................................................................... 1919 

Stefano Maddio, Giuseppe Pelosi, Stefano Selleri 

BROADBAND PRINTED QUASI - YAGI ANTENNA WITH SIMPLE FEEDING STRUCTURE .......... 1921 
Amar D. Chaudhari, K. P. Ray 

SIMPLE SUPERSTRATE ANTENNA FOR CONNECTIVITY IMPROVEMENT IN 
PRECISION FARMING APPLICATIONS ................................................................................................... 1923 

L. Leszkowska, M. Rzymowski, K. Nyka, L. Kulas 

A PIXELATED RESONATOR FOR MUTUAL COUPLING REDUCTION .............................................. 1925 
Ali Ghadimi, Vahid Nayyeri, Pouria Salimi, Mostafa Khanjarian, Mohammad Soleimani, 
Omar M. Ramahi 

A NOVEL PLANAR DUAL CP MIMO ANTENNA WITH POLARIZATION DIVERSITY AND 
HIGH ISOLATION ........................................................................................................................................ 1927 

Muhammad Yasir Jamal, Min Li, Lijun Jiang 

LOW COST FLEXIBLE ANTENNA FOR IOT APPLICATIONS .............................................................. 1929 
Digvijay Singh, Kumud R. Jha, Satish K. Sharma 

A NOVEL SELF-RESTRAINED DECOUPLING TECHNIQUE FOR TWO ANTENNAS ....................... 1931 
Min Li, Muhammad Yasir Jamal, Lijun Jiang, Kwan Lawrence Yeung 

A WIDEBAND SELF-DECOUPLED DUAL-ANTENNA PAIR FOR 5G MIMO SMARTPHONE .......... 1933 
Yi-Ting Chen, Qing-Xin Chu 

TRI-BAND MULTI-CONSTELLATION GNSS ANTENNA ...................................................................... 1935 
Olutola Jonah, Leo Lanctot 



COUPLED LINE UNIT CELL FOR INDEPENDENT CONTROL OF EVEN AND ODD MODE 
PHASE DELAYS ........................................................................................................................................... 1937 

Cody Scarborough, Anthony Grbic 

DESIGN OF SEPTUM POLARIZER WAVEGUIDE FEED MANUFACTURED BY SPLIT-
BLOCK TECHNIQUE ................................................................................................................................... 1939 

Ziheng Ding, Ronghong Jin, Songbing Yang, Xiaoqun Zhu 

MOM-GEC COMBINED WITH FLOQUET ANALYSIS TO STUDY SCANNED COUPLED 
ALMOST PERIODIC ANTENNA ARRAYS IN MASSIVE MIMO FOR 5G GENERATION 
AND FMCW AUTOMOTIVE RADAR APPLICATIONS ........................................................................... 1941 

B. Hamdi, T. Aguili 

MINIATURIZED DUAL-BAND SLOT ANTENNA WITH SELF-SCALABLE PATTERN FOR 
ARRAY APPLICATIONS ............................................................................................................................. 1943 

Amirhossein Askarian, Ke Wu 

A NEW METHOD FOR TUNING TRANSISTOR-BASED NON-FOSTER NEGATIVE 
IMPEDANCE CIRCUITS FOR LOW-FREQUENCY ANTENNAS ........................................................... 1945 

Dojana Salama, Jay K. Lee, Harvey K Schuman 

NON-INTRUSIVE CONTROL OF SURFACE IMPEDANCE USING PARASITIC 
INCLUSIONS FOR BASE STATION ANTENNAS .................................................................................... 1947 

Mehdi Hosseini, Nasrin Hojjat, Hamid Jamali 

GENETIC PROGRAMMING FOR COPLANAR WAVEGUIDE CONTINUOUS TRANSVERSE 
STUB ANTENNA ARRAY DESIGN ........................................................................................................... 1949 

Scott Clemens, Magdy F. Iskander, Zhengqing Yun, Gui Chao 

A NOVEL SINGLE-LAYER MICROSTRIP ANTENNA WITH TILTED RADIATION 
PATTERN ...................................................................................................................................................... 1951 

Alireza Gharaati, Azita Goudarzi, Mohammad Mahdi Honari, Rashid Mirzavand, Pedram 
Mousavi 

IMPEDANCE MATCHING NETWORK BASED ON METASURFACES (2-D 
METAMATERIALS) FOR ELECTRICALLY SMALL ANTENNAS ........................................................ 1953 

Mohammad Alibakhshikenari, Bal S. Virdee, Chan H. See, Raed A. Abd-Alhameed, Francisco 
Falcone, Ernesto Limiti 

A QUAD-BAND BRANCHED MONOPOLE ANTENNA WITH FILTERS SUPPRESSING 
HIGHER-ORDER MODES ........................................................................................................................... 1955 

Shingo Yamaura, Kengo Nishimoto, Yasuhiro Nishioka, Naofumi Yoneda 

WIDE AZIMUTH BEAM COVERAGE THREE-BEAM 4×4 MIMO BASE STATION 
ANTENNA ..................................................................................................................................................... 1957 

Lin-Ping Shen, Willi Lotz, Hamid Jamali 

LINEAR BROADSIDE ARRAY WITH NONUNIFORM AMPLITUDE DISTRIBUTION ....................... 1959 
Siwar Louati, Fethi Mejri, Larbi Talbi, Taoufik Aguili 

A MINIATURIZED MULTIBAND MONOPOLE ANTENNA WITH CSRR LOADED ON 
GROUND PLANE ......................................................................................................................................... 1961 

Ahmed El Yousfi, Abdenacer Es-Salhi, Abdenasser Lamkaddem, Daniel Segovia-Vargas, M. 
A. Ennasar, O. El Mrabet 



A TRI-BAND CIRCULARLY POLARIZED PATCH ANTENNA FOR WIFI APPLICATIONS 
IN S- AND C-BAND ..................................................................................................................................... 1963 

Stefano Maddio, Giuseppe Pelosi, Stefano Selleri 

MUTUAL COUPLING REDUCTION FOR UWB MIMO ANTENNA WITH HIGH 
FREQUENCIES REJECTION ....................................................................................................................... 1965 

Ali Mansoul, Mourad Nedil 

ALL-PASSIVE COMPOSITE RIGHT/LEFT-HANDED (CRLH) ANTENNA ARRAY FOR SUM 
AND DIFFERENCE PATTERNS ................................................................................................................. 1967 

Vu James Le, Jayanti Venkataraman 

ENHANCED ISOLATION OF MIMO SLOT ANTENNA ARRAY EMPLOYING MODIFIED 
EBG STRUCTURE AND RAKE-SHAPED SLOTS .................................................................................... 1969 

Oludayo Sokunbi, Sagiru Gaya, Abubakar Hamza, Sharif I. Sheikh, Hussein Attia 

AN AMPLITUDE DISTRIBUTION NETWORK IN THE T/R MODULE FOR BEAMFORMING 
APPLICATIONS ............................................................................................................................................ 1971 

Moh Chuan Tan, Minghui Li, Qammer H. Abbasi, Muhammad Imran 

FABRY-PEROT HORN ANTENNA WITH IMPROVED GAIN ................................................................ 1973 
Honey Dhandhukia, Dhaval Pujara 

A QUAD-BAND MIMO PATCH ANTENNA.............................................................................................. 1975 
Nicholas E. Russo, Constantinos L. Zekios, Stavros V. Georgakopoulos 

MULTI-OBJECTIVE OPTIMIZATION OF DIRECTIVITY-ENHANCING GRIN LENSES .................... 1977 
Jingwei Xu, Eric B. Whiting, Sawyer D. Campbell, Pingjuan L. Werner, Douglas H. Werner, 
Jeremy A. Bossard, John P. Barrett, Joshua W. Withrow 

A LOW-COST HIGH-PERFORMANCE DUAL-BAND DIAPHRAGM CIRCULAR 
POLARIZER .................................................................................................................................................. 1979 

Mengyao Zheng, Jiaran Qi 

A NOVEL WIDEBAND DECOUPLING NETWORK FOR TWO ANTENNAS ........................................ 1981 
Min Li, Muhammad Yasir Jamal, Lijun Jiang, Kwan Lawrence Yeung 

AN INTRODUCTION TO IMPEDANCE MATCHING USING THE ANALOG DISCOVERY 
BOARD .......................................................................................................................................................... 1983 

Steven S. Holland 

MACHINE LEARNING FOR 2-D SCATTERING ANALYSIS USING METHOD OF 
MOMENTS .................................................................................................................................................... 1985 

Dragan Olcan, Jovana Petrovic, Branko Kolundzija 

A FAST FULL-WAVE DATA GENERATION METHOD FOR BISTATIC SUBSURFACE SAR ........... 1987 
Abdulrahman Aljurbua, Hussein Shaman, Kamal Sarabandi 

ESTIMATING THE VARIANCE OF SAR IN A 3D HUMAN HEAD MODEL USING 
STOCHASTIC FDTD .................................................................................................................................... 1989 

Khadijeh Masumnia-Bisheh, Cynthia Furse 

HIGHLY-EFFICIENT GRIN LENS OPTIMIZATION THROUGH DIFFERENTIAL RAY 
TRACING ...................................................................................................................................................... 1991 

Manushanker Balasubramanian, Sawyer D. Campbell, Douglas H. Werner 



APPLICATION OF THE INVERSE FAST MULTIPOLE METHOD TO ANTENNA ARRAY 
ANALYSIS .................................................................................................................................................... 1993 

Keshav Sewraj, Matthys M. Botha 

FAST ANALYSIS OF MULTI-ANTENNA ELECTROMAGNETIC COMPATIBILITY BASED 
ON FINITE ELEMENT METHOD ............................................................................................................... 1995 

Si-Yi Yang, Li Xu, Bing-Qi Liu, Zhong-Hai Yang, Bin Li 

SINGLE-FIELD RADIAL POINT INTERPOLATION METHOD (RPIM) FOR LONG-RANGE 
PROPAGATION MODELING ...................................................................................................................... 1997 

Kazem Sabet, Anca I. Stefan 

MESH PARTITIONING BASED DIRECT DOMAIN DECOMPOSITION METHODS FOR FEM .......... 1999 
Dimitrios G. Makris, Marinos N. Vouvakis 

DEEP-LEARNING-BASED INVERSE MODELLING WITH CMA-ES AS APPLIED TO THE 
DESIGN OF A WIDEBAND HIGH-ISOLATION SEPTUM POLARIZER ................................................ 2001 

Chao Shu, Shaoqing Hu, Xiaodong Chen, Yuan Yao 

INHOMOGENEOUS LENS FOR USE WITH SMALL PHASED ARRAY FEEDS ................................... 2003 
John Sanford 

FINITE ELEMENT BOUNDARY ELEMENT HYBRID VIA DIRECT DOMAIN 
DECOMPOSITION METHOD ..................................................................................................................... 2005 

Nash Lochner, Marinos N. Vouvakis 

ACCURATE AND STABLE METHOD FOR SOLVING MAXWELL'S EQUATIONS IN NON-
CONFORMAL MIXED TETRAHEDRON AND BRICK MESHES ........................................................... 2007 

Zhangchao Wei, Dan Jiao 

A 1D GAUSSIAN FUNCTION FOR EFFICIENT GENERATION OF PLANE WAVES IN 1D, 
2D, AND 3D FDTD ....................................................................................................................................... 2009 

Brian Guiana, Ata Zadehgol 

VECTOR POTENTIAL DYADIC GREEN’S FUNCTION AND NORMAL MODES IN CAVITY 
OF ARBITRARY SHAPE ............................................................................................................................. 2011 

Mohammadreza Sanamzadeh, Leung Tsang 

APPLICATION OF ARTIFICIAL INTELLIGENCE IN MODELING POLARIZATION 
CONVERTOR UNIT-CELL .......................................................................................................................... 2013 

Fereshteh Samadi, Abdelrazik Sebak 

BEAM PROPAGATION METHOD FOR CYLINDRICAL WAVES .......................................................... 2015 
Stéphane Larouche, Vesna Radisic 

SYNTHESIS OF TRANSMITARRAYS VIA CONVEX RELAXATION ................................................... 2017 
F. Foglia Manzillo, M. Smierzchalski, N. Di Pietro, A. Clemente, M. Merluzzi 

A GPU-ACCELERATED HYBRID NUMERICAL METHOD FOR MODELING MULTISCALE 
EM RADIATION PROBLEMS ..................................................................................................................... 2019 

Ozlem Ozgun, Raj Mittra, Mustafa Kuzuoglu 

SCATTERING FROM UNIAXIAL 3D OBJECTS WITH A SMOOTH BOUNDARY USING AN 
EQUIVALENT SOURCE METHOD ............................................................................................................ 2021 

Kai Wang, Jean-Jacques Laurin, Ke Wu 



FLOATING-POTENTIAL BOUNDARY CONDITIONS USING DISCONTINUOUS 
GALERKIN METHOD .................................................................................................................................. 2023 

Liang Chen, Ming Dong, Hakan Bagci 

EQUIVALENT CIRCUIT MODELING OF STACKED DRA USING QUANTUM PARTICLE 
SWARM OPTIMIZATION ........................................................................................................................... 2025 

Shraman Gupta, Abdel Razik Sebak 

INVERSE DESIGN OF METASURFACE USING COMBINED NEURAL NETWORK AND 
TRANSFER FUNCTION .............................................................................................................................. 2027 

Lin Yuan, Xue-Song Yang, Chao Wang, Bing-Zhong Wang 

LOW-COST ANTENNA SURROGATES BY DOMAIN CONFINEMENT AND PRINCIPAL 
COMPONENTS ............................................................................................................................................. 2029 

Slawomir Koziel, Anna Pietrenko-Dabrowska 

THREE-DIMENSIONAL MODELING FOR OCEAN ELECTROMAGNETIC ENVIRONMENT ........... 2031 
Chunwang Xiang, Ke Zhang, Maokun Li, Fan Yang, Shenheng Xu 

NEW FMM IDENTITY AND MLFMA FOR SCATTERING BY LARGE PEC OBJECTS 
ABOVE LOSSY GROUND PLANE ............................................................................................................. 2033 

Jae-Won Rim, Il-Suek Koh 

OPTIMIZED NUFFT FOR 2D ARRAY ANTENNA RADIATION ............................................................ 2035 
Amedeo Capozzoli, Claudio Curcio, Angelo Liseno 

ON THE DIFFERENCE BETWEEN THE NYSTRÖM METHOD AND POINT-MATCHING 
METHOD ....................................................................................................................................................... 2037 

Li Zhang, Xu Shi, Ze Yuan Lu, Mei Song Tong 

MULTI-OBJECTIVE OPTIMIZATION OF AN ORIGAMI YAGI-UDA ANTENNA USING AN 
ADAPTIVE FITNESS FUNCTION .............................................................................................................. 2039 

Md Rayhan Khan, Constantinos L. Zekios, Shubhendu Bhardwaj, Stavros V. Georgakopoulos 

HYBRID DISSIPATIVE NLTL SOLITON SOLUTION BASED ON KDV APPROACH ......................... 2041 
Muhibur Rahman, Ke Wu 

DEEP NEURAL NETS FOR DOA ESTIMATION WITH RANDOM ARRAYS ....................................... 2043 
Arjun Gupta, Christos G. Christodoulou, Manel Martínez-Ramón, José Luis Rojo-álvarez 

RIGOROUS MODELING AND OPTIMIZATION OF FRACTAL SRRS................................................... 2045 
Ousama Abu Safia, Mustapha C. E. Yagoub 

ARTIFICIAL NEURAL NETWORK WITH ACTIVE ELEMENT PATTERN TECHNIQUE FOR 
FINITE PERIODIC ARRAY DESIGN .......................................................................................................... 2047 

Yang Hong, Yan-He Lv, Hai-Ying Luo, Wei Shao 

DEEP LEARNING BASED MULTI-LAYER METALLIC METASURFACE DESIGN ............................ 2049 
Bowen Zheng, Hualiang Zhang 

LAPLACE-BELTRAMI EIGENFUNCTIONS FOR THE INVERSE SOURCE/DESIGN 
PROBLEMS ................................................................................................................................................... 2051 

A. M. A. Alsnayyan, B. Shanker, A. Diaz 

“SMART” 3D ELECTROMAGNETIC MODELING ................................................................................... 2053 
B. M. Kolundzija, T. S. Milosevic, M. S. Pavlovic, Wen-Yan Yin 



PARAMETRIC MODELING OF UWB ANTENNAS USING CONVOLUTIONAL NEURAL 
NETWORKS .................................................................................................................................................. 2055 

Hai-Ying Luo, Yang Hong, Yan-He Lv, Wei Shao 

OPTIMAL ZERNIKE PARAMETERIZATION IN GLOBAL PHASE RETRIEVAL OF LARGE 
REFLECTOR ANTENNAS ........................................................................................................................... 2057 

Yueshu Xu, Ahmad Hoorfar, Qian Ye 

VERIFICATION OF GENERALIZED FAR-FIELD MODE FILTERING BASED REFLECTION 
SUPPRESSION THROUGH COMPUTATIONAL ELECTROMAGNETIC SIMULATION ..................... 2059 

S. F. Gregson, Z. Tian 

ACCELERATED ANTENNA OPTIMIZATION USING DESIGN DATABASE AND KRIGING 
SURROGATES .............................................................................................................................................. 2061 

Anna Pietrenko-Dabrowska, Slawomir Koziel 

ERROR ANALYSIS OF 3D SIMPLEX INTERPOLATION METHOD ...................................................... 2063 
Wen Luo, Jinbo Liu, Zengrui Li, Jiming Song 

SELECTION OF HYDRODYNAMIC MODELS FOR THE NONLOCAL RESPONSE OF 
PLASMONIC NANOTOPOLOGIES ............................................................................................................ 2065 

Mario Kupresak, Xuezhi Zheng, Guy A. E. Vandenbosch, Victor V. Moshchalkov 

SOLVING THE SCATTERING OF COMBINED CONDUCTOR-DIELECTRIC BODIES 
BASED ON EPA ............................................................................................................................................ 2067 

Han Wang, Nan Wu, Hai Lin 

DESIGN OF HIGH-GAIN MINIATURIZED PATCH ANTENNA BY HYBRID TOPOLOGY 
OPTIMIZATION ........................................................................................................................................... 2069 

Shun-Hui Zhu, Xue-Song Yang, Bing-Zhong Wang, Jian Wang 

INVASIVE WEED OPTIMIZATION FOR ANTENNA DESIGN: CASE OF 4G/5G MULTI-
BAND ANTENNA ........................................................................................................................................ 2071 

Mira Bou Saleh, Elias A. Doumith, Rémi Sarkis 

CAPACITIVE NLTL SOLITARY WAVE EQUATION WITH MUTUAL INDUCTANCE ...................... 2073 
Muhibur Rahman, Ke Wu 

CALIBRATION AND SYNCHRONIZATION OF SOFTWARE-DEFINED-RADIO ARRAYS ............... 2075 
Daniel Gaydos, Payam Nayeri, Randy Haupt 

DELAY CALIBRATION IN SOFTWARE-DEFINED RADIOS FOR HIGH-ACCURACY 
MICROWAVE RANGING ............................................................................................................................ 2077 

Anton Schlegel, Serge Mghabghab, Jeffrey A. Nanzer 

SOFTWARE DEFINED RADIO BASED TESTBED FOR LARGE SCALE BODY 
MOVEMENTS ............................................................................................................................................... 2079 

Aboajeila Milad Ashleibta, Adnan Zahid, Syed Aziz Shah, Muhammad Ali Imran, Qammer H. 
Abbasi 

DIGITAL BEAMFORMING AND NULLING IN CONFORMAL ANTENNAS USING 
SOFTWARE DEFINED RADIO ................................................................................................................... 2081 

Jiahao Wang, Denis Le Goff, Yuchan Song, Koen Mouthaan 

IBFD INDOOR SELF-INTERFERENCE CHANNEL EVALUATION ....................................................... 2083 
Kenneth E. Kolodziej, Bradley T. Perry 



SDR-BASED PSUEDO-DOPPLER AOA ESTIMATION FOR LOW DUTY CYCLE 
TRANSMITTERS .......................................................................................................................................... 2085 

Anup Karki, Bruce E. Dunne, Jeffrey Ward, Paul Keenlance 

SEQUENTIAL DETECTION UNDER IMPULSIVE NOISE ...................................................................... 2087 
Toufik Mouchini, Khalida Ghanem, Mustapha Djeddou, Mourad Nedil 

TM SCATTERING FROM 2D HOMOGENOUS ANISOTROPIC CYLINDERS USING A 
MULTIFILAMENT CURRENT METHOD .................................................................................................. 2089 

Kai Wang, Wei Wu, Qingfeng Zhang, Qinyu Zhang, Jean-Jacques Laurin, Ke Wu 

PLANAR REACTIVELY LOADED ARRAY ANTENNA WITH FLAT-TOP RADIATION 
PATTERN CHARACTERISTICS ................................................................................................................. 2091 

R. T. Maximidis, A. B. Smolders, G. Toso, D. Caratelli 

Author Index 
 




