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Letter	from	the	Organizers	
Welcome, MoCappers, to the first IEEE Workshop on Wireless Motion Capture and Fine-
Scale Localization! 

This workshop, which began as an idea a few years back, snow-balled into a much larger 
event than was originally conceived.  In no small part, this was due to outstanding 
contributors that answered the call placed last fall for papers, posters, and tutorials. 

The research world has seen a surge of interest in wireless motion capture and fine-scale 
localization and RFID has been a key technology for realizing this.  However, there other 
wireless technologies – both complementing and competing – have contributed to the 
record-breaking accuracies and distances achieved in this field. 

In forming the workshop, we cast a broader net to consider cutting-edge works in the 
following fields of interest: 

• Wireless localization techniques with cm-scale accuracy or techniques that 
approached or exceeded the 100:1 range-to-accuracy limit. 

• RF-based techniques for identifying motion, gestures, and vehicles 
• Mobile RFID and RF sensing platforms 
• Wireless imaging and tomography techniques 

Our sincerest appreciation to the Technical Program Committee for IEEE RFID 2020 for 
accommodating the unique demands of this workshop with enthusiasm and grace.  Look 
for us again in 2021! 

 

Sincerely, 

 

The Organizers 

Gregory D. Durgin1, Qian Yang1, Cheng Qi1, Pengyu Zhang2 
1School of Electrical and Computer Engineering, Georgia Tech 

 2Alibaba 
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Prof.	 Andreas	 Molisch,	 University	 of	 Southern	
California	
 

Title:  ToA-Based Localization in Multi-path Environments 

Contribution:  Keynote Address 

Affiliation:  U. of Southern California 

Contact:  molisch@usc.edu  

 

Abstract 

Due to the increasing prevalence of wireless wideband 
systems, localization systems based on time-of-arrival (ToA) 
are popular and growing more so. However, the ToA 
measurement can suffer from low accuracy if the line-of-
sight from the anchor to the object of interest is blocked, 
and/or the presence of multipath makes the estimation of the runtime more difficult. In this talk, we 
will first review methods for detecting a blockage situation; such methods can range from 
deterministic methods to machine learning. We then discuss the probability for occurrence of 
blindspots, i.e., locations that do not see enough anchors to actually allow localization. Such 
probabilities can be obtained via stochastic geometry. For the case of blockage, we then discuss how 
the reflected multipath components can be exploited to provide accurate localization. This includes a 
brief discussion of high resolution parameter estimation, as well as, a practical example, namely 
experimental results for the localization of a breathing person "around the corner" using an 
ultrawideband setup.   

 

Biography 

Andreas F. Molisch is the Solomon Golomb – Andrew and Erna Viterbi Chair Professor at the University 
of Southern California. His research interest is wireless communications, with emphasis on wireless 
propagation channels, ultrawideband signaling and localization, multi-antenna systems,  novel 
modulation methods, caching for wireless content distribution, and edge computing. He is the author 
of four books, 21 book chapters, more than 250 journal papers, 360 conference papers, as well as 80 
patents. He is a Fellow of the National Academy of Inventors, IEEE, AAAS, and IET, as well as Member 
of the Austrian Academy of Sciences and recipient of numerous awards. 
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Jim	Stratigos,	CTO	of	Cognosos,	LLC	
 

Title:  Indoor localization Using Machine Learning 
and Low-Power, Wide Area (LPWA) Tags 

Contribution:  Tutorial 

Affiliation:  Cognosos, LLC (Atlanta, GA) 

Contact:  jstratigos@cognosos.com  

 

Abstract 

Most indoor localization systems have largely 
focused on “infrastructure heavy” approaches requiring networked connected APs (access points) and 
complex signal processing techniques such as AoA (angle of arrival), AoD (angle of departure) or TDOA 
(time difference of arrival). This tutorial will highlight a new approach that utilizes machine learning, 
fixed signal reference points combined with a low power, wide area communications platform to locate 
objects in three dimensions with better than 3m accuracy and without complex processing in tags or 
access points. 

 

Biography 

Jim Stratigos is a founder and CTO of Cognosos, Inc. His 40+ year career spans numerous engineering 
and entrepreneurial projects in satellite communications, RF semiconductor and wireless 
communications. He has founded six startups and is an active angel investor and mentor to the Atlanta 
technology startup community. He holds bachelors and master’s degrees in electrical and Computer 
Engineering from the Georgia Institute of Technology. 
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Prof.	 Arjuna	 Madanayake,	 Florida	 International	
University	
 

Title:  Physics-Aware Processing of Rotational Micro-Doppler Signatures for 
DBN-Based UAS Classification Radar 

Contribution:  Paper 

Affiliation:  Florida International University 

Contact:  amadanay@fiu.edu  

 

 

Abstract 

This paper describes hardware, signal processing, and machine learning methods for Doppler radar-
based accurate and robust detection of micro unmanned aerial systems (UAS). Typical detection 
accuracy of ∼98% was obtained in over-the-air tests with a 2.4 GHz continuous wave (CW) radar and a 

variety of commercially-available micro-UAS devices. Several methods are described for further 
improving detection performance, including multi-beam synthesis with uniform circular arrays to 
provide 360◦ azimuthal sensitivity; dielectric lens antennas and focal plane arrays at mm-wave 
frequencies (28 GHz) for improved spatial resolution; and polyspectra-based feature extraction methods 
for improved modeling of nonlinear phase modulation processes within the measured Doppler 
signatures. 

 

Biography 

Arjuna Madanayake received the Ph.D. degree in electrical engineering from the University of Calgary, 
Alberta, Canada, in 2008. He is currently an Associate Professor of electrical and computer engineering 
with Florida International University (FIU) in Miami, FL. His research interests are in array signal 
processing, multi-dimensional systems and signal processing, microwave and analog circuits, digital 
circuits and FPGA systems, fast algorithms and applications, wireless communications, and mm-wave 
systems. His research program at FIU is funded by several grants from DARPA and NSF. 
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Prof.	Billy	Kihei,	Kennesaw	State	University		
 

Title:  Discovering Legacy Vehicles for Future V2X Networks 

Contribution:  Talk 

Affiliation:  Kennesaw State University 

Contact:  billy@reachrf.com  

 

Abstract 

Motion capture in Vehicle-to-Everything networks using the Doppler 
profile can provide V2X on-board units and roadside units with the 
ability to detect near-by legacy vehicles that are not equipped with V2X 
radios. Use cases for such a feat can provide distributed car counting 
applications as well as safety for collision avoidance while the market 
penetration rate is low for V2X. This detection is possible in line-of-
sight and non-line-of-sight conditions in 360-degrees of view using a 
single omni-directional antenna affixed to the roof of a V2X equipped vehicle. In this workshop we 
explore the signal processing workflow needed to generate the Doppler profile. We also explore how 
machine learning can be applied to the Doppler profile captures for classifying legacy vehicles. This 
workshop can benefit academics and industry practitioners interested in advanced concepts in V2X 
networks, where the radio interface serves as dual-radar communication device. We will use cloud-
based jupyter notebooks and sample baseband data for exploring these concepts. A laptop with internet 
connection is all that is needed. 

 

Biography 

Billy Kihei, Ph.D. is an active wireless researcher and expert in signal processing. He received his B.S. 
ECE 2009, M.S. ECE 2010, and PhD ECE 2017. In his doctorate work he discovered new characteristics 
about the Vehicle-to-Vehicle (V2V) wireless channel and the V2V physical layer. He is a member of the 
IEEE, NSF Awardee, internationally invited speaker, and published author in prestigious wireless 
communication and industry technical venues. In addition to his scholarly pursuits he is also an active 
independent technical consultant and has over 4 years of industry experience working. 
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Prof.	Edwin	Tan,	Cornell	University		
 

Title:  Ultra-high Precision Radio Ranging of Passive Markers 

Contribution:  Talk 

Affiliation:  Cornell University 

Contact:  eck5@cornell.edu  

 

Abstract 
Accurate locating of specific points in an indoor setting is critical for applications 
including robotic feedback control and non-intrusive structural integrity 
monitoring. To enhance the signal-to-noise ratio of any ranging method, digital 
ID should be encoded as early as possible for channel isolation and possible error detection/correction.  Current 
optical and ultrasound approaches often suffer from insufficient accuracy, obstruction by other objects, 
ambiguous identification, and difficult inclusion of a digital ID. Alternatively, conventional radar-like radio 
frequency (RF) methods can suffer from problems such as multipath ambiguity, small time of flight, and limited 
item recognition. Attachment of a passive RF identification (RFID) tag can provide a unique marker by modulating 
the backscattering signal with an item-level ID, but current systems still struggle with large interference and noise, 
and thus have poor ranging accuracy. Here we show that a 1 GHz harmonic RFID system can provide a ranging 
resolution of less than 50 microns in air and less than 5 microns in water with a sampling rate of greater than 1 
kHz. The fundamental limits on ranging precision in our system are traced to the phase noise of the RF source and 
the aperture jitter of the data converter. Due to the low signal loss of the RF band we choose, the small passive 
tag to be precisely tracked can be embedded in underwater objects, tissues, as well as within building structures, 
which are not achievable in optical or millimeter-wave systems.  Our ultra-high resolution can also be translated 
into motion capture inside the living body in the tagless mode, where the channel isolation is achieved from time 
differentiation. 

 

Biography 

Edwin C. Kan received the B.S. degree from National Taiwan University in 1984, and the M.S. and Ph.D. degrees 
from the University of Illinois at Urbana-Champaign in 1988 and 1992, all in electrical engineering.  From 1997, he 
was an Assistant Professor with the School of Electrical and Computer Engineering, Cornell University, Ithaca, NY, 
where he is now a Professor. His main research areas include RFID, biosensors, RF indoor locating and tracking, 
CMOS technologies, semiconductor device physics, flash memory, and numerical methods for PDE and ODE.  Dr. 
Kan received the Presidential Early Career Award for Scientists and Engineer (PECASE) from President Bill Clinton 
in October 2000. He has published over 250 journal and referred conference papers and has graduated 30 Ph.D. 
students.  He also received several inventor and teaching awards from Cornell Universities.  

 

 

 



 9 

Prof.	Matthew	Reynolds,	U.	of	Wash./ThruWave	LLC	
 

Title:  Computational Imaging with Millimeter Waves 

Contribution:  Talk 

Affiliation:  University of Washington/ThruWave 

Contact:  matt.reynolds@ee.washington.edu  

 

Abstract 

Millimeter waves have been the source of intense research and 
commercial interest with the emergence of 5G wireless networks, driven 
by the seemingly insatiable demand for bandwidth in fixed and mobile 
communication links. We demonstrate that there is more to millimeter 
waves than simply wideband communication. The multi-GHz bandwidths available at 24 GHz, 38 GHz, 
60 GHz, and up enable very high precision localization and 3D imaging of people and objects in motion. 

 

In this talk, I will present a 24x72 massive MIMO imaging system operating in the K-band that is 
capable of near-video-rate 3D image capture of concealed items on people in motion, with 3D voxel 
resolution on the order of 1 cm^3. This system, originally developed for airport security screening, has 
been adapted to image packaged goods moving on high throughput conveyors in supply chain 
management applications. GPU computing is used to enable fast image reconstruction from the 
millimeter wave data. I will present a system overview and show some example images captured with 
this approach. 
 
For more information, please see: 
A. Pedross-Engel et al., "Orthogonal Coded Active Illumination for Millimeter Wave, Massive-MIMO Computational Imaging With Metasurface Antennas," 
in IEEE Transactions on Computational Imaging, vol. 4, no. 2, pp. 184-193, June 2018, doi: 10.1109/TCI.2018.2808762. 

 

Biography 

Matt Reynolds is an Associate Professor in the Department of Electrical and Computer Engineering at 
the University of Washington. He is also co-founder of the RFID systems firm ThingMagic Inc (acquired 
by Trimble Navigation), the energy conservation firm Zensi (acquired by Belkin), and the home sensing 
company SNUPI Inc (acquired by Sears). He is currently co-founder of the millimeter wave imaging firm 
ThruWave Inc.  Matt's research interests include millimeter-wave sensing and imaging, RFID, energy 
efficiency at the physical layer of wireless communication, and the physics of sensing and actuation. Matt 
received the Ph.D. from the MIT Media Lab in 2003, where he was a Motorola Fellow, as well as S.B. and 
M.Eng. degrees in Electrical Engineering and Computer Science from MIT. He is a Senior Member of the 
IEEE, has received five Best Paper awards, the ACM Ubicomp 10-Year Impact Award, and has 56 issued 
US patents and over 75 pending patent applications. 
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Prof.	Antonis	Dimitriou,	Aristotle	U.	of	Thessaloniki	
 

Title:  Real-time 3D Localization of RFID-tagged Products by Robots and 
Drones with Commercial off the Shelf RFID Equipment: Challenges 
and Solutions 

Contribution:  Talk 

Affiliation:  School of ECE, Aristotle University of Thessaloniki, Greece 

Contact:  antodimi@ece.auth.gr  

 

 

Abstract 

In this presentation we will explore the problem of localizing passive RFID tags by ground robots and 
drones. We focus on autonomous robots, capable of entering a previously unknown environment, 
creating a 3D map, navigating safely in it, localizing themselves while moving, and then localizing all RFID 
tagged objects and pinpointing their locations in the 3D map with cm accuracy. The problem is 
deconstructed into several challenges from the field of robotics - i) sensors utilization, ii) local and global 
path planners, iii) navigation, iv) simultaneous localization and mapping, v) safe interaction with humans 
- and the field of RFIDs - vi) localization, vii) multipath, viii) speed vs. tag-population, ix) propagation, x) 
cost etc. We will discuss issues related to legislation and constraints imposed by the standard on 
achieving the desired localization-accuracy. The problem is also treated from an application perspective 
and the related requirements of the customers. Experimental results from multi-antenna terrestrial 
robots and drones will be presented. 

 

Biography 

Dr. Antonis Dimitriou received the diploma and PhD from the School of Electrical and Computer 
Engineering of the Aristotle University of Thessaloniki. Since 2007 he has participated or coordinated 
seven major Research Projects in the fields of RFIDs, Robotics and Wireless Sensor Networks, including 
the design and installation of RFID solutions in healthcare, libraries (smart-shelf) and the first mass-
produced social robot destined for education. He is currently the coordinator of project “RELIEF”, where 
autonomous robots and drones are built for fast, reliable low-cost inventorying and localization. He has 
been a Management Committee Member in the Cost Action “Wireless Power Transmission for 
Sustainable Electronics (WiPE) – IC1301”. He has received the “Ericsson Award of Excellence in 
Telecommunications", the “IEEE Wireless Communications Letters Exemplary Reviewer” award twice, 
has co-authored the 2011 IEEE RFID-TA best student conference paper. In 2015, he had organized the 
5th Workshop on “Wireless Power Transmission for Sustainable Electronics”. Dr. Dimitriou is a Senior 
IEEE member since 2014. 
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Andrea	Motroni,	University	of	Pisa	
 

Title:  Robot Localization via Passive UHF-RFID Technology: 
State-of-the-Art and Challenges 

Contribution:  paper 

Affiliation:  University of Pisa, Italy 

Contact:  andrea.motroni@ing.unipi.it  

 

Abstract 

This paper presents a state-of-the-art analysis on the current 
methods for robot localization based on the passive UHF-RFID 
technology. The state-of-the-art analysis describes the main 
features and challenges of several localization methods. Then, a 
first experimental analysis related to a novel phase-based robot 
localization method is presented. The robot on-board reader collects phase data from a set of passive 
reference tags during its motion, so resembling to a synthetic array. Then, the phase data are combined 
with information acquired by low-cost kinematic sensors, through a Sensor Fusion approach. The 
experimental results show that centimetre order localization errors can be achieved in a typical office 
indoor scenario by employing a few reference tags. 

 

Biography 

Andrea Motroni (Student member, IEEE) received the B.E. and M.E. (summa cum laude) in 
Telecommunications Engineering from the University of Pisa, Pisa, Italy, in 2015 and 2017, respectively. 
Since 2017 he is attending the Ph.D. course in Information Engineering at the University of Pisa. His 
current research interests include indoor radio localization systems (with specific focus on UHF RFID 
phase-based algorithms), passive RFID sensing and RFID applications for Internet of Things, Robotics 
and Industry 4.0. 
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Prof.	Yongtao	Ma,	Tianjin	University	
 

Title:  A Synthetic Aperture Based Method for Reflector Positioning 
via Moving Tag in UHF RFID System 

Contribution:  paper 

Affiliation:  Tianjin University, China 

Contact:  mayongtao@tju.edu.cn  

 

Abstract 

Generally, the multipath propagation will reduce the reliability of 
radio frequency identification (RFID) based localization technologies. 
In this paper, we investigate the reflection of electromagnetic waves 
and the polarization characteristics of commonly used reader 
antennas and tag antennas, and model the multipath superposition 
of signals, so that the multipath effect can be calculated using known environmental information. Based 
on the multipath superposition model, a novel reflector positioning algorithm is proposed, which can 
estimate the orientation, length and location of a planar reflector. The proposed algorithm leverages the 
synthetic aperture radar (SAR) RFID localization idea, that is, from the relative movement of tag and 
reader antenna, we can obtain more correlated information to enhance the localization reliability. The 
performance of the proposed reflector localization algorithm is tested by simulations. 

 

Biography 

Yongtao Ma (M’12) was born in Weifang City, Shandong Province, China. He received the B.S. degree in 
Electronic Information Engineering and M.S. and Ph.D. degrees in circuits and systems from Tianjin 
University, Tianjin, China, in 2001, 2005 and 2009, respectively. He is currently an Associate Professor 
with the School of Microelectronics, Tianjin University. His current research interests include wireless 
localization, radio frequency identification, channel modeling, cognitive radio and microwave 
technology. He was a visiting scholar in WPI, Worcester, Massachusetts, USA, from Dec. 2013-Jun. 2014. 
He was a visiting scholar in Georgia Institute Technology, Atlanta, Georgia, USA, from Dec.2016-Dec. 
2017. He has published many papers in the area of RFID and localization in journals and conferences. He 
is the Associate Editor for International Journal of Wireless Information Networks. He serves as the 
reviewer for many IEEE Transactions and Journals, such as IEEE TMC, TVT, TII, TIE, T-ASE, TAP, TSP, AWPL, 
TIM, TNNLS, JIOT, etc. He served as the TPC member for IEEE VTC conference. He is a member of the 
IEEE from 2012. 
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Dr.	Fanpeng	Kong,	MaxLinear	Inc.	
 

Title:  Wireless Communication for Intraoral Devices 

Contribution:  talk 

Affiliation: MaxLinear Inc. 

Contact:  fkong@maxlinear.com 

 

 

Abstract 

A robust wireless communication is critical for wireless intraoral 
electronic devices since only small amount power is able to 
transmit from such a small device and it is also adversely affected 
by the external radio frequency (RF) interference and impedance variance of the intraoral transmit 
antenna in the dynamic mouth environment. One of the examples of the intraoral device is a novel 
assistive technology, called intraoral Tongue Drive System (iTDS). It helps people who have severe 
disabilities to live more independently by placing the device in the mouth and issuing commands to talk 
with smart devices via their tongue motions. It is critical to maintain a robust wireless communication 
for such device when it is in use by the patients. In this talk, methodologies will be presented to solve 
this issue including proposing a novel antenna design and some new circuitry solutions. These efforts 
have been made to mitigate the other RF interferences and minimize the adverse affect of the dynamic 
mouth environment.  

 

Biography 

Fanpeng Kong received the B.Sc. degree in microelectronics engineering from University of Electronic 
Science and Technology of China, Chengdu, China, in 2014, the M.S. degree in electrical and computer 
engineering from the Rutgers University, Piscataway, NJ, in 2015, and the Ph.D. degree in electrical and 
computer engineering at Georgia Institute of Technology, Atlanta, GA, in 2020. In 2019, he was an intern 
with Skyworks Solutions, Inc. in Irvine, CA to develop RF receiver for mobile application. Since 2020, he 
started as a staff IC design engineer at MaxLinear Inc. in Carlsbad, CA. His research interests include 
wireless communication for intraoral devices, analog/digital/mixed-mode circuits design for biomedical 
applications, and high-speed IC design.  
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Ryan	Bahr,	Georgia	Tech	
 

Title:  3D-Printed Omnidirectional Luneburg Lens Retroreflectors for 
Low-Cost mm-Wave Positioning 

Contribution:  paper 

Affiliation:  Georgia Tech 

Contact:  rbahr3@gatech.edu  

 

 

Abstract 

This paper proposes the use of low-cost 3D printed Luneburg lenses 
as retroreflectors in microwave applications. Luneburg lenses have 
previously been associated with unnecessarily costly structures due 
to the stepped gradient index using multilayered spherical shells. 
Within the context of additive manufacturing, the gradient dielectric 
profile utilized in a Luneburg lens reduces the cost of fabrication, enabling a reevaluation of the use of 
the device in modern applications. In this paper, additively manufactured Luneburg lens retroreflector 
topologies which have a near omnidirectional response across the azimuthal plane are demonstrated, 
which aim to function in a similar fashion to traditional low-cost infrared-based retroreflectors spheres 
used in high resolution positioning systems, with the added ability to work in low-visibility conditions or 
in infrared-saturated environments, such a sunny day. The retroreflective Luneburg lens radar cross 
section is measured and demonstrate basic positioning principles. 

 

 

Biography 

Ryan Bahr is a final year PhD student studying additive manufacturing for mm-wave devices. His focus 
has been on demonstrating novel structured enabled by various additive manufacturing technologies 
such as inkjet printing and stereolithography. While previous work demonstrated mathematically 
inspired antennas, more recently there has been a focus on both Luneburg lenses and conformal phased 
arrays, both applicable to mm-wave SATCOM, wearable electronics, and 5G systems. 
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Wei	Sun,	Ohio	State	University	
 

Title:  Allergie: Relative Vehicular Localization with Commodity 
RFID System 

Contribution:  paper 

Affiliation:  Ohio State University 

Contact:  sun.1868@buckeyemail.osu.edu  

 

 

Abstract 

In this paper, we present, Allergie, an off-the-shelf passive RFID 
based relative vehicular localization system. Allergie can 
differentiate four possible directions (i.e., from front to rear at 
left, from rear to front at left, from front to rear at right and from rear to front at right), where the 
nearby vehicles can approach. Allergie can tell the four possible directions by analyzing the spatial-
temporal dynamics in the phase profiles extracted from the commercial-of-the-shelf (COTS) passive 
RFID tags attached on the vehicles, when the nearby vehicle approaches. To do so, we extract the 
reflections from the nearby vehicle by cancelling out the reflections from the tags and the other 
objects. Allergie neither requires the dedicated infrastructure nor special hardware attached on the 
nearby vehicles to achieve relative localization. We do extensive experiments to evaluate the 
performance of Allergie in the real world under different weather conditions. The results show that 
Allergie can differentiate four possible directions, when the nearby vehicle approaches. 

 

Biography 

Wei Sun is a Ph.D. student in Department of Computer Science and Engineering, The Ohio State 
University, advised by Prof. Kannan Srinivasan.  He received M.S. in computer science and technology 
from Shanghai Jiao Tong University (SJTU) in 2013. In SJTU, He was supervised by Prof. Yanmin Zhu.  He 
received my B.S. in computer science and technology from Anhui Science and Technology University in  
2009.  His research interests are in the area of networked system, with a focus on developing the 
algorithms and technologies for RFID, powerline communication and resource allocation in cognitive 
radio network and mobile crowdsourcing.  His research draws on tools from machine learning, signal 
processing and optimization. 
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Zheng	Liu,	Cambridge	University	
 

Title:  An ISAR-SAR based Localization Method using Passive UHF RFID 
System with Mobile Robotic Platform  

Contribution:  paper 

Affiliation:  Cambridge University 

Contact:  zl390@cam.ac.uk  

 

 

Abstract 

In this paper, a novel RFID synthetic aperture radar (SAR) based 
localization method using a trajectory estimated by known reference tags 
is proposed and demonstrated for the first time. To estimate the trajectory of the moving RFID reading 
robot designed by the team, an Inverse SAR (ISAR) sensing algorithm is used to process the reference 
tags deployed in an indoor environment. The information is then used to compute the location of a 
group of unknown tags using a conventional SAR algorithm. The experimental results show same 
performance using LiDAR-SAR (15 cm accuracy) and ISAR-SAR (15cm accuracy) algorithms which are 
similar to previous methods requiring specific infrastructure to accurately record the antenna 
trajectory. Compared to previous LiDAR based system, the ISAR-SAR based RFID system is a cost-
effective solution which is more commercially attractive for inventory tracking applications. 

 

Biography 

Zheng Liu received the B.Eng. degree from the University of Sheffield, Sheffield, U.K. in 2017 and the 
M.Res. degree in Engineering from the University of Cambridge in 2018. He is currently a Ph.D student 
within the CPS group, University of Cambridge. His current research focuses on passive RFID 
localisation using mobile platforms. 
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Gareis,	Fenske,	Carlowitz,	Vossiek	
 

Title:  Particle Filter-Based SAR Approach and Trajectory Optimization for Real-Time 3D UHF-RFID Tag 
Localization 

Contribution:  paper (winner of IEEE RFID 2020 Best Paper Award) 

Abstract 
The availability of three-dimensional (3D) product maps is among the most important factors for smart warehouse environments 
connected to the Internet of Things. Therefore, online access to the data is a key feature that can only be provided by real-time 
localization systems. With the well-known synthetic aperture radar technique in combination with ultrahigh frequency (UHF) radio-
frequency identification (RFID) tags, good localization results have been achieved, by labeling tags on objects and measuring the tag 
responses on generated trajectories, for example in warehouses, with a mobile robot platform equipped with a UHF-RFID reader. The 
location estimation of the tags is thus made offline after the whole synthetic aperture radar (SAR) trajectory was driven and all data are 
available, which can't provide online availability of the object positions. We introduce a particle filter-based real-time localization 
estimation technique that involves estimating tag positions during the recording of the incoming tag signals. We first evaluate the impact 
of trajectories according to lateral and radial resolution and show the capability of real-time signal processing on tag counts and the 
amount of tag reads. We then compare our novel localization technique to the well-known grid-based approach in terms of accuracy and 
computational load and show the localization error improvement of our technique over the filter iteration steps by generating a 3D 
product map of objects labeled with standard UHF-RFID tags. The 3D root mean square error (RMSE) achieved is 2.86 cm and the 
computation time is reduced by a factor of more than 50. 

 
MATTHIAS GAREIS (S’17) was born in Kronach, 
Germany in 1992. He received his M.Sc. degree in 
electrical engineering from Friedrich-Alexander-
Universität Erlangen-Nürnberg (FAU), Erlangen, 
Germany, in 2016, where he is currently pursuing his 
Ph.D. degree.  In 2017, he joined the Institute of 
Microwaves and Photonics, FAU. His current research 
interests include UHF-RFID systems for localization of 

tags and robots. 
 

PATRICK FENSKE was born in Würzburg, Germany in 
1992. He received his M.Sc. degree in electrical 
engineering from Friedrich-Alexander-Universität 
Erlangen- Nürnberg (FAU), Erlangen, Germany, in 
2019, where he is currently pursuing his Ph.D. degree.  
In the same year, he joined the Institute of 
Microwaves and Photonics, FAU. His current research 
focuses on the synchronization and localization of 

UAVs using secondary radar nodes. 
 

CHRISTIAN CARLOWITZ (S‘13, M‘17) was born in Wolfenbüttel, Germany, in 1985. He received his Dipl.-Ing. degree in information 
technology from the Clausthal University of Technology in 2010. In May 2018, he was awarded the Dr.-Ing. Degree from the 
Friedrich-Alexander University Erlangen-Nürnberg (FAU) for his thesis on “wireless high-speed communication based on 
regenerative sampling.” At present, he is with the Institute of Microwaves and Photonics at FAU, where he is leading the 
“Microwave and Photonic Systems” group since 2018. His research comprises the conception, design, and implementation of 
innovative system architectures for radar and communication frontends at microwave, mm-wave, and optical frequencies. He 
focuses especially on hardware concepts, as well as analog and digital signal processing techniques, for ultra-wideband high-speed 
communication systems, full-duplex mobile communication transceivers, and massive MIMO base stations and for ranging and 

communication with mm-wave RFID systems.  Dr. Carlowitz is a member of the IEEE Microwave Theory and Techniques Society (MTT-S) and serves as a 
member of the IEEE MTT-S Technical Committee "RF/Mixed-Signal Integrated Circuits and Signal Processing" (MTT-15). He is a regular reviewer for the 
Transactions on Microwave Theory and Techniques journal, as well as for several international conferences, including IMS, EuMW, and ICMIM. 
 

Martin Vossiek (M’96–SM’05–F’16) received a Ph.D. from Ruhr-Universität Bochum, Bochum, Germany in 1996. 
In the same year, he joined Siemens Corporate Technology, Munich, Germany, where he was the Head of the Microwave Systems 
Group from 2000 to 2003. Since 2003, he has been a full professor at Clausthal University, Clausthal-Zellerfeld, Germany. Since 2011, 
he has been the Chair of the Institute of Microwaves and Photonics (LHFT), Friedrich-Alexander-Universität Erlangen-Nürnberg (FAU), 
Erlangen, Germany. He has authored and co-authored more than 250 articles. His research has led to over 90 granted patents. His 
current research interests include radar, transponder, RF identification, communication, and locating systems. 

Dr. Vossiek has been a member of organizing committees and technical program committees for many international conferences. 
He is a member of the German IEEE Microwave Theory and Techniques (MTT)/Antennas and Propagation (AP) Chapter Executive 

Board and the IEEE MTT-S Technical Coordinating Committees MTT-24, MTT-27, and MTT 29. He was the Founding Chair of the MTT IEEE Technical 
Coordinating Subcommittee MTT-27 Wireless-Enabled Automotive and Vehicular Application. Martin Vossiek was a recipient of several international 
awards. Recently, he was awarded the 2019 Microwave Application Award from the IEEE MTT Society (MTT-S). He has served on the review boards for 
numerous technical journals. From 2013 to 2019, he was an Associate Editor for the IEEE Transactions on MTT. 
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Cheng	Qi,	Georgia	Tech	
 

Title:  Fine-scale Through-Wall Positioning Using Tunneling RFID Tags 

Contribution:  paper, co-organizer 

Affiliation:  Georgia Tech 

Contact:  cqi9@gatech.edu  

 

 

 

Abstract 

It has been shown that Tunneling Tags enable long-range communications and localization in line-of-
sight (LoS) with an RFID reader operating in the 5.8 GHz band. This paper demonstrates how a received 
signal phase-based positioning method can be applied to localize tags in a non-line-of-sight (NLoS) 
scenario. In particular, a Tunneling Tag provides 20.0 dB more received signal strength than a Semi-
passive one when they communicate through a plaster wall. Moreover, when calibration is applied, 
average distance estimation accuracies of 12.1 cm (percentage error: 2.1%) and 9.2 cm (percentage 
error: 1.4%) are achieved in LoS and NLoS, respectively. The low-power requirement of the Tunneling 
Tag and the low EIRP of the reader suggest that these tags can significantly contribute to developing new 
and low-powered indoor positioning applications. 

 

Biography 

Cheng Qi received the BSEE (14) and MSEE (15) degrees from Tianjin University and Georgia Institute of 
Technology. In 2015, he joins the Propagation Group at Georgia Tech as a Graduate Research Assistant, 
where he is currently pursuing the Ph.D. degree. His research focuses on antenna design, RFID system 
design, long-range backscatter communication, space solar power harvesting, and RFID localization 
technology. He has authored or co-authored more than 7 technical papers and presented his work in 
multiple international conferences. He has received the best student paper award for the article 
presented in the IEEE RFID-TA Conference (2018). He is a recipient of William C. Brown Fellowship (2017), 
a winner of the People’s Choice Award in NSF Innovation Corps program (2018) in San Francisco, and a 
winner of first place Ph.D. mentor in Opportunity Research Scholar (ORS) program at Georgia Tech 
(2018). He has served as a poster session chair and a technical program committee member for IEEE 
RFID conference. 
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Qian	Yang,	Georgia	Tech	
 

Title:  Simulation Model of RFID System for RFID-Based Motion-Capture 
and Localization 

Contribution:  papers, co-organizer 

Affiliation:  Georgia Tech 

Contact:  qian@gatech.edu  

 

Abstract 

This paper develops a simulation model that can be used to develop and 
validate emerging RFID-based, sensor-fusion algorithms for fine-scale, 3D 
localization. Measurement-only validation of these algorithms requires 
exhaustive field campaigns with expensive, unwieldy, custom RF hardware 
and positioning systems. Our measurement-verified model not only greatly reduces the measurement 
burden required for testing new algorithms, but also opens the door for the application of artificial 
intelligence techniques that require substantial training data before implementation. 

 
 

Biography 

Qian Yang is a Ph.D. student in the Georgia Tech Propagation Group specializing in wireless motion 
capture. Qian is now working as a research assistant on sensor fusion based 3D wireless localization 
and fine-scale motion capture. Really enjoys using skills to contribute to the exciting technological 
advances. She has research, working, and entrepreneur experience in wireless signal, motion capture, 
and real-time localization. 
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Dr.	Pengyu	Zhang,	Alibaba	
 

Contribution:  Co-Organizer,  
TPC Track Chair 

Affiliation:  Alibaba 

Contact:  zhangelsu@gmail.com  

 

Biography 

Pengyu Zhang is a Staff Engineer in the Network 
Research Group in Alibaba. He was a postdoc 
researcher at Stanford working with Sachin Katti. 
He received his Ph.D. from UMass Amherst working with Deepak Ganesan. He has received ACM 
SIGMOBILE Doctoral Dissertation Award 2016 and several best paper awards nomination, including 
MobiSys 2017, SenSys 2016, UbiComp 2016, and Mobicom 2014. He has served on the TPC of 
MobiCom 2021/2020/2019, CoNext 2018, MobiSys 2019/2017, and SenSys 2019/2017. 
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Prof.	Gregory	D.	Durgin,	Georgia	Tech	
 

Contribution:  Co-Organizer 

Affiliation:  School of ECE, Georgia Tech 

Contact:  durgin@gatech.edu  

 

Biography 

Prof. Gregory D. Durgin joined the faculty of Georgia Tech's School of 
Electrical and Computer Engineering in Fall 2003 where he serves as a 
professor. He received the BSEE (96), MSEE (98), and PhD (00) degrees from 
Virginia Polytechnic Institute and State University.  In 2001 he was awarded 
the Japanese Society for the Promotion of Science (JSPS) Post-doctoral 
Fellowship and spent one year as a visiting researcher with Morinaga 
Laboratory at Osaka University. He has received best paper awards for 
articles coauthored in the IEEE Transactions on Communications (1998 
Stephen O. Rice prize), IEEE Microwave Magazine (2014), and IEEE RFID Conference (2016, 2018, 2019).  Prof. 
Durgin also authored Space-Time Wireless Channels (2002), the first textbook in the field of space-time channel 
modeling which has influenced multiple generations of commercial cellular technologies.  Prof. Durgin founded 
the Georgia Tech Propagation Group (http://www.propagation.gatech.edu), a research group that studies 
radiolocation, channel sounding, backscatter radio, RFID, and applied electromagnetics.  He is a winner of the NSF 
CAREER award as well as numerous teaching awards, including the Class of 1940 Howard Ector Outstanding 
Classroom Teacher Award at Georgia Tech (2007).  He has served as an editor for IEEE RFID Virtual Journal, IEEE 
Transactions on Wireless Communications, and IEEE Journal on RFID.  He also serves as the Vice President of 
Conferences for the IEEE Council on RFID.  He is a frequent consultant to industry, having advised many 
multinational corporations on wireless technology. 
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Program	Schedule	for	8	October	2020	
 

WD1: IEEE Wireless MoCap Session 1 (Thursday 9:00-11:00 EDT) 

Indoor localization Using Machine Learning and Low-Power, Wide Area (LPWA) Tags  

Jim Stratigos (Cognosos, Inc., USA) 

 

A Phase-Unwrapping and Noise Mitigation Method for Improving RFID Localization Accuracy  

Zhenlong Li, Haibing Wu and Bo Tao (Huazhong University of Science and Technology, China) 

 

A Synthetic Aperture Based Method for Reflector Positioning via Moving Tag in UHF RFID System   

Yongtao Ma, Hankai Liu, Yue Jiang, Yanxi Fu and Xiuyan Liang (Tianjin University, China) 

 

Robot Localization via Passive UHF-RFID Technology: State-of-the-Art and Challenges   

Andrea Motroni, Alice Buffi, Paolo Nepa and Bernardo Tellini (University of Pisa, Italy) 

 

Fine-scale Through-Wall Positioning Using Tunneling RFID Tags   

Cheng Qi (Georgia Institute of Technology, USA); Francesco Amato (University of Roma Tor Vergata, 
Italy); Billy Kihei (Kennesaw State University, USA); Gregory Durgin (Georgia Tech, USA) 

 

WD2: IEEE Wireless MoCap Session 2 (Thursday 12:00 – 14:00 EDT) 

Particle Filter-Based SAR Approach and Trajectory Optimization for Real-Time 3D UHF-RFID Tag 
Localization   

Matthias Gareis and Patrick Fenske (Friedrich-Alexander University, Germany); Christian Carlowitz 
(University of Erlangen-Nuremberg, Germany); Martin Vossiek (LHFT, Friedrich-Alexander-
Universität Erlangen-Nürnberg, Germany) 

 

Real-time 3D localization of RFID-tagged products by ground robots and drones with commercial off-
the-shelf RFID equipment: Challenges and Solutions   

Anastasios Tzitzis, Alexandros Filotheou and Stavroula Siachalou (Aristotle University of Thessaloniki, 
Greece); Emmanouil Tsardoulias (Centre of Research & Technology & Aristotle University of 
Thessaloniki, Greece); Spyros Megalou (Aristotle University of Thessaloniki, Greece); Aggelos Bletsas 
(Technical University of Crete, Greece); Konstantinos Panayiotou, Andreas Symeonidis, Traianos 
Yioultsis and Antonis G Dimitriou (Aristotle University of Thessaloniki, Greece) 
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An ISAR-SAR based Localization Method using Passive UHF RFID System with Mobile Robotic Platform   

Zheng Liu, Zhe Fu, Tongyun Li and Ian White (University of Cambridge, United Kingdom (Great 
Britain)); Richard Penty (Cambridge University, United Kingdom (Great Britain)); Michael J Crisp 
(University of Cambridge, United Kingdom (Great Britain)) 

 

Allergie: Relative Vehicular Localization with Commodity RFID System   

Wei Sun (Ohio State University, USA); Kannan Srinivasan (The Ohio State University, USA) 

 

Localization and Tracking of Indoor Autonomous Vehicles Based on the Phase Difference of Passive 
UHF RFID Signals 

Yunlei Zhang, Kaihua Liu, Yongtao Ma, Shuai Zhang and Bobo Wang (Tianjin University, China) 

 

Discovering Legacy Vehicles for Future V2X Networks    

Billy Kihei (Kennesaw State University, USA) 

 

Computational Imaging with Millimeter Waves  

Matthew Reynolds (University of Washington, USA) 

 

WD3: IEEE Wireless MoCap Session 3 (Thursday 15:00-17:00 EDT) 

Physics-Aware Processing of Rotational Micro-Doppler Signatures for DBN-Based UAS Classification 
Radar   

Arjuna Madanayake (Florida International University, USA); Gihan J Mendis and Jin Wei (Purdue 
University, USA); Xin Wang (Stony Brook University, USA); Soumyajit Mandal (Case Western Reserve 
University, USA); Viduneth Ariyarathna and Sravan Pulipati (Florida International University, USA); 
Shubhendu Bhardwaj (Florida International University & ElctroScience Laboratory, USA); Tharindu 
Randeny (University of Akron, USA) 

 

Nonlinear Least-Squares State Estimation for 2D RFID-Based Motion Capture   

Qian Yang and David Taylor (Georgia Institute of Technology, USA); Gregory Durgin (Georgia Tech, 
USA) 

 

Simulation Model of RFID System for RFID-Based Motion-Capture and Localization   

Qian Yang and David Taylor (Georgia Institute of Technology, USA); Gregory Durgin (Georgia Tech, 
USA) 
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3D-Printed Omnidirectional Luneburg Lens Retroreflectors for Low-Cost mm-Wave Positioning   

Ryan Bahr, Ajibayo Adeyeye, Samantha Van Rijs and Manos M. Tentzeris (Georgia Institute of 
Technology, USA) 

 

Ultra-high Precision Radio Ranging of Passive Markers  

Edwin Kan (Cornell University, USA) 

 

Wireless Communication for Intraoral Devices  

Fangpeng Kong (Maxlinear, USA) 

 

SD4: Happy Hour Hangout: Workshop Discussion and Q&A (Thursday 17:30-19:00 EDT) 


