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Summary 
 
Now in its 20th year, the Center for Wireless and Microwave Information Systems conducts 
research across a broad range of technical areas that include device modeling and 
characterization, micro electromechanical systems, advanced materials and nanoscale devices, 
active antennas, cognitive radio, next generation wireless architectures and RF identification 
(RFID).  Research projects focus on basic scientific development as well as applications such as 
biomedical sensing, communications, robotics and transportation.  Active collaborations are 
pursued with multiple industry and university partners as well as several centers at the University 
of South Florida. 
 
In 2016/17 the Center supported 40 MS and PhD students, 2 post-doctoral fellows and 7 
undergraduate students.  Center faculty submitted 33 research proposals in the past year; of these 
11 proposals were funded. The WAMI faculty had more than 80 publications in journals, 
conferences and book chapters, 17 patents and gave 19 invited talks. The students and faculty 
received 4 awards and distinctions including best paper/poster awards and recognition for 
professional achievement. Since 2012, the productivity of the center includes: 
 
 Paper published:  475 
 Patents granted:  73 
 Invited talks:   76 
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Newsworthy Notes 
 
 The 2017 Rudolf E. Henning Distinguished Mentoring 

Award was presented to Dr. Constantine Balanis at 
WAMICON 2017. Dr. Balanis (S'62 - M'68 - SM'74 - F'86 
– LF'04) received the BSEE degree from Virginia Tech, 
Blacksburg, VA, in 1964, the MEE degree from the 
University of Virginia, Charlottesville, VA, in 1966, and 
the Ph.D. degree in Electrical Engineering from Ohio State 
University, Columbus, OH, in l969. From 1964-1970 he 
was with NASA Langley Research Center, Hampton VA, 
and from 1970-1983 he was with the Department of 
Electrical Engineering, West Virginia University, 
Morgantown, WV.  Since 1983 he has been with the School 
of Electrical, Computer and Energy Engineering, Arizona 
State University, Tempe, AZ, where he is Regents' Professor.  His research interests are in 
computational electromagnetics, flexible antennas and high impedance surfaces, smart 
antennas, and multipath propagation.  He received in 2004 a Honorary Doctorate from the 
Aristotle University of Thessaloniki, the 2014 James R. James, Lifetime Achievement 
Award, LAPC, Loughborough, UK, the 2012 Distinguished Achievement Award of the IEEE 
Antennas and Propagation Society, the 2012 Distinguished Achievement Alumnus Award 
(College of Engineering, The Ohio State University), the 2005 Chen-To Tai Distinguished 
Educator Award of the IEEE Antennas and Propagation Society, the 2000 IEEE Millennium 
Award, the 1996 Graduate Mentor Award of Arizona State University, the 1992 Special 
Professionalism Award of the IEEE Phoenix Section, the 1989 Individual Achievement 
Award of the IEEE Region 6, and the 1987-1988 Graduate Teaching Excellence Award, 
School of Engineering, Arizona State University. Dr. Balanis is a Life Fellow of the IEEE.  
He is the author of Antenna Theory: Analysis and Design (Wiley, 2005, 1997, 1982), 
Advanced Engineering Electromagnetics (Wiley, 2012, 1989) and Introduction to Smart 
Antennas (Morgan and Claypool, 2007), and editor of Modern Antenna Handbook (Wiley, 
2008) and for the Morgan & Claypool Publishers, series on Antennas and Propagation series, 
and series on Computational Electromagnetics. 

 
 Mini Circuits continues to be a strong supporter of the WAMI teaching laboratory by 

contributing microwave components. The Center also acknowledges the continuing strong 
support of Keysight Technologies, National Instruments and Modelithics for providing our 
students with no-cost access to their exceptional software tools. 

 
 Recent masters and Ph.D. graduates from the WAMI Center are now working for Embry 

Riddle Aeronautical University, Georgia Tech Research Institute, Maxlinear, Harris 
Corporation, Intel, Samsung Research, Qorvo, Qualcomm, Cummins, Vectra AI (Silicon 
Valley startup), Sandia National Laboratories, and NTIA (The National Telecommunications 
and Information Administration). 
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Student Recognition 
 
 Derar Hawatmeh, a WAMI Ph.D. student, received first prize in the Student Paper 

Competition at the 2017 Wireless and Microwave Technology Conference. 
 

 Charles Curtiss and Kiran 
Shila received the 2017 
“Professor Rudy Henning Award 
for Excellence in Wireless and 
Microwave Studies.” This award 
provides up to two $250 awards 
each year to undergraduate 
students who demonstrate 
outstanding technical potential in 
the area of wireless engineering 
and a strong interest in helping 
others. Charlie is now in the 
MSEE program at USF, while 
Kiran will complete the BSEE 
program in spring 2018. 
 

 Di Lan, Esad Zekeriyya Ankarali, and Adrian Avila, who are WAMI Ph.D. students, 
both received the USF Dissertation Completion Fellowship in support of their 
dissertation research.  
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Research Highlights from Current & Recent Projects 
Title: Base Station Prediction and Proactive Mobility Management in Virtual Cells using 
Recurrent Neural Networks  
 
Authors: Dilranjan S. Wickramasuriya, Calvin A. Perumalla, Kemal Davaslioglu, and Richard D. 
Gitlin 
Conference: WAMICON 2017 
 
Abstract—Multicell cooperation in 5G next-generation wireless networks is essential to 
increasing multiuser channel capacity. Multiple base stations need to coherently process their 
transmitted (or received) data streams to mitigate inter-cell interference and achieve significant 
diversity gains. This is only possible if the correct base stations are selected. As users demand 
higher data rates at higher mobility, the time required to predict the optimal set of base stations to 
create a virtual cell is significantly reduced. In this paper, a method based on a Recurrent Neural 
Network (RNN) is presented to rapidly predict the next base station that a mobile node will 
associate with. RNNs have been used in machine learning to identify sequential data patterns 
such as required in protein sequence classification. In this research a RNN, trained using 
sequences of Received Signal Strength (RSS) values, is used to predict base station association. 
Simulation results demonstrate that the proposed machine learning method achieves an accuracy 
of over 98% to predict the optimal virtual cell topology in the time required based on the 
mobility of users. 
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Title: Energy Efficiency Optimization of Channel Access Probabilities in IEEE 802.15.6 
UWB WBANs 
 
Authors: Y. Liu, K. Davaslioglu, and R. D. Gitlin 
 
Conference: IEEE Wireless Communications and Networking Conference (WCNC), 2017,  
 
Abstract—Energy efficiency is essential for Wireless Body Area Network (WBAN) applications 
because of the battery-operated nodes. Other requirements such as throughput, delay, quality of 
service, and security levels also need to be considered in optimizing the network design. In this 
paper, we study the case in which the nodes access the medium probabilistically and we 
formulate an energy efficiency optimization problem under the rate and access probability 
constraints for IEEE 802.15.6 Impulse Radio Ultra-wideband (IR-UWB) WBANs. The proposed 
algorithm, dubbed Energy Efficiency Optimization of Channel Access Probabilities (EECAP), 
determines the optimal access probability and payload frame size for each node. The simulation 
results show that our algorithm rapidly converges to the optimal solution. We also provide 
detailed insights on the relationship between the optimal access probabilities and other network 
parameters such as the link distance, the number of nodes, and the minimum rate constraints 
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Title: Characterization and Modeling of K-Band Coplanar Waveguides Digitally 
Manufactured using Pulsed Picosecond Laser Machining of Thick-Film Conductive Paste 
 
Authors: Eduardo A. Rojas-Nastrucci, Student Member, IEEE, Harvey Tsang, Paul I. 
Deffenbaugh, Ramiro A. Ramirez, Student Member, IEEE,  Derar Hawatmeh, Student Member, 
IEEE, Anthony Ross, Student Member, IEEE,  Kenneth Church, and Thomas M. Weller, Senior 
Member, IEEE 
 
Abstract— Micro-dispensing of thick-film conductive paste has been demonstrated as a viable 
approach for manufacturing microwave planar transmission lines. However, the performance and 
upper frequency range of these lines is limited by the cross-sectional shape and electrical 
conductivity of the printed paste, as well as the achievable minimum feature size which is 
typically around 100 μm.  In this work a picosecond Nd:YAG laser is used to machine slots in a 
20-25 μm-thick layer of silver paste (Dupont CB028) that is micro-dispensed on a Rogers 
RT5870 substrate, producing coplanar waveguide transmission lines with 16-20 μm-wide slots.  
It is shown that the laser solidifies an about 2 um wide region of the edges of the slots, thus 
significantly increasing the effective conductivity of the film and improving the attenuation 
constant of the lines. The extracted attenuation constant at 20 GHz for laser machined CB028 is 
0.74 dB/cm. CPW resonators and filters show that the effective conductivity is in the range of 
10-30 MS/m, which represents a 100x improvement when compared to the values obtained with 
the exclusive use of micro-dispensing. This work demonstrates that a hybrid approach of additive 
manufacturing and laser machining enables the fabrication of higher frequency circuits (up to at 
least 40 GHz) with improved performance.  
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Title: Bio-Inspired Filter Banks for SSVEP-based Brain-Computer Interfaces 
 
Project: SCEEE – Young Investigator Research Initiation Award – 2016-003 / PI: Ismail Uysal 
 
Abstract— Brain-computer interfaces (BCI) have the potential to play a vital role in future 
healthcare technologies by providing an alternative way of communication, control, and security. 
More specifically, steady-state visual evoked potential (SSVEP) based BCIs have the advantage 
of higher accuracy and higher information transfer rate (ITR). In order to fully exploit the 
capabilities of such devices, it is necessary to understand the features of SSVEPs and design the 
system considering its inherent characteristics. This project introduces bio-inspired filter banks 
(BIFB) for a novel SSVEP frequency detection method. It is known that SSVEP response to a 
flickering visual stimulus is frequency selective and its power gets weaker as the frequency of 
the stimuli increases. In the proposed approach, the gain and bandwidth of the filters are 
designed and tuned based on these characteristics while also incorporating harmonic SSVEP 
responses. Furthermore, the proposed approach incorporates the variation of SSVEP response 
over time. This method not only improves the accuracy but also increases the number of 
available commands by allowing the use of stimuli frequencies elicits weak SSVEP responses. 
The results show the potential of bio-inspired design which will be extended to include further 
SSVEP characteristics for future SSVEP based BCIs.  
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Title: Compact and Wideband MMIC Phase Shifters Using Tunable Active Inductor 
Loaded All-Pass Networks 
 
Authors: David M. Zaiden, John E. Grandfield, Thomas M. Weller, and Gokhan Mumcu 
 
Publication: IEEE Transactions on Microwave Theory and Techniques  
 
Abstract— To address the challenging needs of small size, wide bandwidth and low frequency 
applicability, a novel phase shifter implementation is introduced that utilizes tunable active 
differential inductors within all-pass networks. The inductor tuning is used to achieve phase 
shifts up to 180⁰.  A switchable active balanced to unbalanced transition (balun) circuit is 
included in front of the all-pass network to complement its phase shift capability by another 
180°. In addition, the all-pass network is followed by a variable gain amplifier (VGA) to correct 
for gain variations among the phase shifting states and act as an output buffer. The approach is 
demonstrated with an on-chip design and implementation exhibiting wideband performance for S 
and L band applications by utilizing the 0.5 µm TriQuint pHEMT GaAs MMIC process. 
Specifically, the presented phase shifter exhibits 1 × 3.95 mm2 die area and operates within the 
1.5 GHz to 3 GHz band (i.e. 2:1 bandwidth) with 10 dB gain, less than 1.5 dB RMS gain error 
and less than 9° RMS phase error. Comparison with the state-of-the-art MMIC phase shifters 
operating in S and L bands demonstrates that the presented phase shifter exhibits a remarkable 
bandwidth performance from a very compact footprint with low power consumption.  
 

 

 
 
 

Expanded circuit schematic of the phase shifter (a); layout and fabricated die (b); measured phase shift and gain performances (c) 

(a) 

(b) 
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Title: MMIC packaging and on-chip low-loss lateral interconnection using additive 
manufacturing and laser machining 
 
Authors: Ramiro A Ramirez, Di Lan, Jing Wang and Thomas M. Weller 
 
Conference: 2017 IEEE MTT-S International Microwave Symposium (IMS) 
 
Abstract— A new and versatile 3D printed on-chip integration approach using laser machining is 
demonstrated in this paper for microwave and mm-wave systems. The integration process 
extends interconnects laterally from a MMIC to a chip carrier.  Laser machining techniques are 
studied and characterized to enhance the 3D printing quality. Specifically, the width of 
microdispensed printed traces is accurately controlled within micrometer range and probe pads 
are formed by laser cutting to facilitate RF measurement. S-parameters of a distributed amplifier 
integrated into the package are simulated and measured from 2 to 30 GHz. The overall 
performance is significantly better than traditional wirebonded QFN package. The attenuation of 
the microstrip line including interconnects is only 0.2 dB/mm at 20 GHz and return loss with the 
package is less than 10 dB throughout the operating frequency band. The measured S-parameters 
of the QFN-packaged distributed amplifier (DA) are plotted in comparison with the 3D printed 
packaged DA. Due to strong parasitic effects of the wirebonds and the frequency limitation of 
the QFN package, the bandwidth of the DA is limited to 12 GHz showing a gain reduction of 2 
dB when compared to the DA integrated in the 3D printed package. Table I summarizes the 
obtained attenuation results of the interconnection in dB/mm and compares them with those of 
similar prior works. As shown, the DPAM package outperforms previous printed interconnects 
in terms of insertion loss by at least 0.125 dB at 5 GHz and 1.2 dB at 20 GHz. 
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Title: Fabrication, Modeling, and Application of Ceramic Thermoplastic Composites for 
Fused Deposition Modeling of Microwave Components 
 
Authors: Juan Castro, Eduardo Rojas, Anthony Ross, Thomas M. Weller, and Jing Wang 
 
Publications: IEEE Transactions on Microwave Theory and Techniques 

 
Abstract— A new kind of high permittivity (high-k) and low-loss composite material for fused 
deposition modeling (FDM) technology based on a cyclo-olefin polymer (COP) thermoplastic 
matrix embedded with sintered ceramic fillers was developed and characterized up to Ku-band. 
FDM printed samples made of 30 vol.% COP-MgCaTiO2 composites, with filler particles 
sintered at 1200 °C, show a relative permittivity (εr) of 4.82 and a loss tangent (tan δ) below 
0.0018. Meanwhile, 3-D-printed samples composed of 25 vol.% COP-Ba0.55Sr0.45TiO3 with 
particles sintered at 1340 °C exhibit a εr of 4.92 and a tan δ lower than 0.0114. Also, 30 vol.% 
COP-TiO2 specimens with filler particles sintered at 1200 °C exhibit a εr of 4.78 and a low tan δ 
lower than 0.0012, whereas acrylonitrile butadiene styrene-Ba0.55Sr0.45TiO3 specimens with a 6% 
volume fraction loading of microparticle fillers sintered at 1340 °C have demonstrated a εr of 
3.98 and a tan δ less than 0.0086. Edge-fed microstrip patch antennas operating at 17 GHz were 
fabricated by a direct digital manufacturing (DDM) approach that combines FDM of 
electromagnetic composites and microdispensing for deposition of conductive traces and 
compared with reference designs implemented using commercial microwave laminates regarding 
antenna size and performance. Evidently, the newly developed ceramic-thermoplastic 
composites are well suited for microwave device applications up to Ku-band and can be adapted 
to 3-D printing technologies. 
 
 

Sample Thickness  (mm)  r Test f (GHz) Loaded Q Unloaded Q Loss Tangent

Plastic #1 1.082 2.15 93.7620 77097 241234 0.001018

Plastic #2 1.102 2.12 90.2817 92128 258967 0.000786

Pure ABS 1.095 2.18 82.5162 10469 250255 0.010506

Composite #1 0.721 4.78 95.1977 36596 264509 0.003849

Composite #2 0.656 4.82 101.8766 29318 277986 0.005456

FDM of Test Specimen 

High‐k Fillers‐Loaded Feedstock Filament
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Selected Curriculum Activities 
 
The instrumentation in the Wireless 
Circuits and Systems Design 
Laboratory had a major upgrade at the 
end of 2017, thanks to a very generous 
discount (90%) on $0.5M in new 
network and spectrum analyzers. Five 
of the seven benches in the lab are now 
equipped with 9 GHz network 
analyzers and 26.5 GHz spectrum 
analyzers, both controlled through a 
PXI chassis. The teaching assistants 
managed to update all experiments and 
documents in time for the spring 2018 
semester. A modulation/demodulation 
lab was newly introduced in the fall 
2017 semester, as well. 
 
One of the major curriculum activities that involved WAMI faculty during 2016-2017 was the 
restructuring of the undergraduate course on electromagnetics. The USF EE Department decided 
to drop Physics II (taught by the Physics Department) as a pre-engineering requirement, because 
there is significant overlap with the EE course on electromagnetics. When this change was made, 
the EE course was renamed EE Science II – Electromagnetics and it was increased to a 4 credit-
hour course. With the additional 1 credit hour it is now possible to teach a weekly laboratory 
session that gives students hands-on experience with EM concepts. (Ironically, in 1997, what 
was then a 1 credit hour “EM Laboratory” was converted to the Wireless Circuits and Systems 
Design Laboratory, i.e. our well-known WAMI Lab.)  WAMI faculty and graduate students were 
heavily involved with developing the new laboratory content, and we believe this has been a 
great addition to the EM course. Along with this change, the WAMI Lab was changed from a 2 
credit hour course to a 3 credit hour course. The n et result is that we gained 2 credit hours in the 
WAMI-related curriculum.  
 
To keep up with a growing student interest in wireless communications, Dr. Arslan has been 
offering a new wireless course on Foundation Technologies on LTE advanced and Beyond for 
the first time in Spring 2018 semester. 

 
Professional Activities 

 IMS 2017 Project Connect – Dr. Weller served on the organizing committee for this 
NSF-sponsored project which brings undergraduate and first-year graduate students from 
under-represented groups to the International Microwave Symposium (Honolulu, June 
2017) for professional development training. 

 

 International Journal of RF Technologies: Research and Applications – Dr. Uysal 
was selected to the editorial board.  
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 Dr. Gitlin was inducted into the Florida Inventors 

Hall of Fame. (Dr. Weller accepted the award on his 
behalf...) 

 
 Dr. Uysal received SCEEE’s 2016-2017 Young 

Investigator Research Initiation Award.  Dr. Uysal has 
served as the Smart Cities Technical Program Co-
Chair in 2017 IEEE International Conference on RFID 
and Technical Program Committee Member for 2017 
IEEE International Conference on RFID Technologies 
and Applications.  Dr. Uysal was invited to present his 
research at the largest RFID showcase in the world, 
RFID Journal Live 2017 in Phoenix for the 10th year 
in a row. 

 
 Dr. Arslan has offered tutorials in various IEEE 

conferences on 5G and Beyond Waveforms. He is also guest co-editor on the same topic 
for a special issue in PHY Communications Journal during 2018.  
 

 Dr. Mumcu had invited talks in 2017 IEEE Radio and Wireless Symposium and 2017 
URSI - National Radio Science Meeting on mm-wave beam-steering antennas and 
frequency tunable RF band pass filters using microfluidics based reconfiguration 
techniques.  
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Fibrillation using RR-Intervals and Ectopic Beats," IEEE/EMB joint International 
Conference on Biomedical and Health Informatics (BHI), Orlando, FL, February 2017, 
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Security and Reliability of 5G URLLC Services,” IEEE Access, 5, 25863-25875, Dec. 2017. 

56. Z. E. Ankarali, H. Arslan, “Cyclic Feature Suppression for Physical Layer Security,” 
Physical Communication (PHYCOM) by Elsevier, 25(2), 588-597, Dec. 2017. 

57. M. H. Yilmaz, S. Kose, N. H. Chamok, M. Ali, H. Arslan, “Partially Overlapping Filtered 
Multitone with Reconfigurable Antennas in Uncoordinated Networks,” Physical 
Communication (PHYCOM) by Elsevier, 25(1), 249-258, Dec. 2017. 

58. E. Guvenkaya, J. M. Hamamreh, H. Arslan, “On Physical-Layer Concepts and Metrics in 
Secure Signal Transmission,” Physical Communication (PHYCOM) by Elsevier, 25(1), 14-
25, Dec. 2017. 

59. M. Yusuf, H. Arslan, “On Signal Space Diversity: An Adaptive Interleaver for Enhancing 
Physical Layer Security in Frequency Selective Fading Channels,” Physical Communication 
(PHYCOM) by Elsevier, 24, 154-160, Sept. 2017. 

60. Z. E. Ankarali, B. Pekoz, H. Arslan, “Flexible Radio Access Beyond 5G: A Future 
Projection,” IEEE Access, 5, 18295-18309, Sept. 2017. 

61. A. F. Demir, Q. H. Abbasi, Z. E. Ankarali, A. Alomainy, K. Qaraqe, E. Serpedin, H. Arslan, 
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