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Tuesday, October 26, 2021, 1:00 – 3:00 PM    Palace 4 
Session 1  RF Spectrum 
Chair  Scott Kujiraoka, GBL Systems 
 
  
1:00 PM 21-01-01 
 “Cellular Long-Term Evolution Uplink Impacts on Aeronautical Mobile Telemetry” 

Duncan A McGillivray (NIST); Jack Sklar (NIST); Michael K Forsyth (NIST) 
 

At the request of representatives of Edwards Air Force Base, the National Advanced Spectrum 
Communications Test Network (NASCTN) conducted a test campaign to evaluate impacts of 
advanced wireless services - 3 (AWS-3) long-term evolution (LTE) uplink (1755 MHz - 1780 MHz) 
on aeronautical mobile telemetry (AMT) air-to-ground links operating in the compressed L-
Band spectrum (1780 MHz – 1850 MHz). The test campaign applied field and laboratory 
collected LTE uplink waveforms, along with Gaussian noise surrogates, to AMT link 
configurations and conditions in a highly automated testbed. We showcase the test 
methodology and propose a new key performance metric to aid in the interpretation of non-
linear effects in AMT receiver response due to some of the LTE adjacent band emissions. The 
data and insights presented provide for additional information helpful in establishing and 
confirming frequency edge back-off recommendations in the Inter-Range Instrumentation 
Group (IRIG) 106 Standard. 

 
 
1:20 PM 21-01-02 

“Dynamic Spectrum Sharing in Future Flight Test Systems” 
Carl Reinwald and Jon Morgan (Laulima Systems) 

 
As demand for aeronautical mobile telemetry (AMT) spectrum increases, future AMT flight test 
systems will need to incorporate dynamic spectrum sharing (DSS) technology.  A DSS-capable 
flight test system will share spectrum with incumbent users on an opportunistic, non-
interfering basis.  The fundamental challenge is how to implement a DSS-capable flight test 
system in the designated AMT DSS bands in which the government is not the incumbent 
user.  This paper provides a DSS overview and describes various DSS elements, including the 
incorporation of real-time spectrum sensing data, various geolocation information, and both 
static and dynamic incumbent user information.  Several Test Resource Management Center 
(TRMC) projects are referenced that focus on different elements of a DSS-capable flight test 
system, including the Mobile Broadcast Spectrum Sharing (MBSS), the Adaptive Spectrum 
Aggregation and Management (ASAM), and the Spectrum Usage Measurement System (SUMS) 
projects. 

 
 
 



1:40 PM 21-01-03 
  “SPECTRUM USAGE MEASUREMENT AND DE-CONFLICTION” 

Phiroz H Madon (Peraton Labs) 
 

DoD test ranges are have expanding needs for air-to-ground telemetry bandwidth, and are 
under pressure to manage the spectrum resource with efficiently. In addition, DoD spectrum 
reserved for T&E is subject to encroachment by commercial entities. The T&E community needs 
tools to address both challenges at once: spectrum defense and spectral efficiency. The 
Spectrum Usage Measurement System (SUMS) measures and records the use of spectrum at 
test ranges on a daily basis. The system imports mission planning data from range systems as a 
base-line, then uses networked sensors and telemetry receivers to verify this usage over-the-
air. The Spectrum Access Manager (SAM) is a software library of features designed to expand 
the deconfliction capabilities of the currently-deployed IFDS system. Advanced features 
provided by the SAM library will dramatically increase frequency reuse, reduce fragmentation 
of the allocated spectrum, and support inter-range collaborative frequency deconfliction. 

 
 
2:00 PM 21-01-04 
  “Cognitive Radio in Modern Technology” 

Jennifer Nadolski (The University of Arizona); Joseph Emnett (The University of Arizona); 
Michael Warner (The University of Arizona); Lucca Magalhaes (The University of Arizona); 
Michael Marcellin (The University of Arizona) 

 
Due to the widespread use of wireless technology, cellular networks are overloaded. 
Independent measure campaigns have found that non-cellular frequency spectrum bands are 
underutilized. Fixed spectrum radio technology limits effective use of the allocated spectrum; 
cognitive radio technology allows adaptive changes to the communication channel such that 
the radio can operate in underutilized spectrum. This paper examines the technology of 
cognitive radios and analyzes how the technology can be used to optimally reduce current radio 
spectrum congestion. Techniques like adaptive power control, spectrum sensing, and spectrum 
management enable the optimal use of radio spectrum thus solving the current limitations in 
modern communications. 

 

2:20 PM 21-01-05 
  “Cellular 4G LTE Aeronautical Mobile Telemetry Flight Test Results” 

Achilles Kogiantis (Peraton Labs); Kiran M Rege (Peraton Labs); Eric Beck (Peraton Labs); Jeffrey 
Young (Peraton Labs); Sarry Habiby (Peraton Labs); Nan Maung (Peraton Labs); Shobha Erramilli 
(Peraton Labs); William H. Johnson (Peraton Labs); Anthony A. Triolo (Peraton Labs) 

 
Flight test results on a Aeronautical Mobile Telemetry (AMT) system employing 4G Long Term 
Evolution (LTE) Cellular Technology are presented. The AMT system employs a ground network 
of commercial off the shelf cellular base stations. Very high Doppler shifts due to the high speed 
of the Test Article (TA) is handled by an appliqué front-end to a COTS mobile transceiver. 
Doppler compensation allows seamless operation of LTE as the TA traverses the coverage area. 



The results clearly demonstrate the system can sustain an uninterrupted LTE connection at 
Doppler shifts, which are much higher than what typical commercial LTE systems can support. 
High bi-directional data rates up to a maximum range of 60km were achieved, as well as an 
uninterrupted radio link in both directions. The test confirmed that an appliqué equipped 
airborne COTS LTE transceiver can successfully operate at high aircraft speeds in a cellular 
network approach with direct extension to 5G technologies. 

 
2:40PM Invited Presentation   

“Telemetry Spectrum Encroachment” 
Guy Williams, ICTS Region 2 Coordinator 

 
Aeronautical Mobile Telemetry (AMT) forms the lifeline for many scientific and test activities 
around the world. Users like commercial aircraft testing, scientific research, military/weapon 
testing, atmospheric research, and many other industries are reliant on AMT and the spectrum 
it requires.  In this special session, we contend that the problem of telemetry spectrum 
encroachment is one that the “international telemetering community” needs to closely 
monitor. The ever-increasing battle for spectrum waged within their own countries at the 
International Telecommunication Union (ITU), the United Nation’s policy forming body that 
drives international spectrum management regulations, can have a very detrimental effect on 
the use and availability of spectrum for AMT.   A presentation will be followed by discussion 
moderated by the session chair 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Tuesday, October 26, 2021, 1:00 – 2:40 PM    Palace 3   
Session 2  Software Systems & Tools 1 
Chair  Todd Newton, Southwest Research Institute 
 
1:00 PM 21-02-01  

“Improving the Accessibility of Telemetry for a Solar-Powered Vehicle”  
Miranda Sauer (Missouri S&T); Luke Hellebusch (Missouri S&T); Chris Bax (Missouri S&T); 
Charles Maddi (Missouri S and T); Kurt Kosbar (Missouri S&T) 
 
Data collected from a solar-powered vehicle is monitored in real-time using a graphical user 
interface, which allows for a better understanding of the vehicle's status. This paper discusses 
improvements to the accessibility of the solar-powered vehicle's telemetry system. Internal 
vehicle systems collect data, which is transmitted over an IEEE 802.11N 5GHz network to an 
external system on a chip (SoC). The SoC runs custom telemetry software and hosts an HTML 
webpage that displays received data. Devices connected to the same network have the ability 
to view the telemetry data via WebSocket protocol on the webpage. This allows for different 
devices to access the telemetry data without the need for specific software to be installed. 

 
 
1:20 PM 21-02-03 
  “Automotive Data Visualization” 

Nick j Smith (U of A); Calvin Larsen (UArizona); Benni B Delgado (UofA); Gerardo Garcia 
(University of Arizona); Nicolas J Tan (Wildcat Formula Racing) 
 
Dashboards and head-units in automobiles provide a subconscious accumulation of information 
to the driver, allowing for proper operation of the car. Our goal was to create a solution utilizing 
the effects of pre-attentive processing in the construction of our Formula SAE (Society of 
Automotive Engineers) race car to provide the driver with the necessary information, further 
advancing the performance of the car. This solution entailed a Raspberry Pi with a 3.5 inch 
display connected to the car's CAN Bus protocol. This protocol was configured to allow the 
sensors in the car, such as the throttle position sensor, lambda sensor, etc. to send information 
to the dashboard. With this information, we are able to decode and interpret the data into 
easily interpreted visualizations for the driver using a stripped down version of Linux and 
Electron, a tool used for building user interfaces with Node.js. 

 
 
1:40 PM 21-02-04 

“Multi-layer Data-plane Telemetry Collection Design for systems with multiple observers” 
Supriya Kannery (DELL EMC); Kalyan Gunda (DELL EMC) 

 
Existing telemetry related technical discussions focus on how to efficiently collect data from 
multiple systems for a single observer. In this paper, focus is on a generic telemetry design for 
single system observed by multiple distinct observers. For example, in a server, management 
application will be collecting capacity usage related data, vendor’s telemetry application will be 



collecting license related data. Since these type of multiple observers can have both common 
and unique data set used for observability, telemetry collection design need to have 
approaches to avoid “observer effect” as multiple observers are collecting data from a single 
system use hybrid data collection methods like push and streaming for passive and active data. 
We present and discuss pros and cons of different architectures for the use case of multiple 
observers for telemetry collection. Our proposed design uses a REST API based telemetry 
architecture with multi-layer data-planes. 

2:00 PM 21-02-05 
“NEXT GENERATION IMPLEMENTATION OF AN IMPROVED TELEMETRY SYSTEM FOR 
MONITORING AN OFF-ROAD RACECAR” 
James Nguyen (University of Arizona Baja Racing Team); Daniel Fuehrer (University of Arizona 
Baja Racing Team ); Haseeb Irfan (University of Arizona Baja Racing Team); Harrison Pearl 
(University of Arizona Baja Racing Team); Oliver Sjostrom (University of Arizona Baja Racing 
Team); Michael W Marcellin (University of Arizona) 

 
The University of Arizona Baja Wildcat Racing Team designs and fabricates an off-road vehicle 
for an international competition. A telemetry system serves as an important backbone for 
design optimization and problem detection. The system consists of an array of sensors, 
microcontrollers to read them, and the core module. The core module is the heart of the 
system and it compiles, transmits, and stores the data locally. A custom screen displays speed 
data to the driver. The software saw a total redesign. The primary changes were the 
implementation of a data management class to improve I2C communications, and the 
generation of data structures using python scripts to reduce the risk of data loss. The software 
will be the primary focus, with detailed design justification, and hardware updates will also be 
discussed. 

 
2:20 PM 21-02-06 

“TENA, JMETC, and BDA Tools for Telemetry” 
Juana Secondine (TENA / JMETC) 

 
TM often requires operators on location with receive system(s) or at a remote console, 
resulting in TDY for operators and possibly a shortage of operators to support all scheduled 
operations. A remote-control capability along with centralized data collection could eliminate 
existing personnel requirements at both the local system antenna site as well as the control 
facility, greatly reducing operational costs and providing insight to system status. TENA provides 
for real-time system interoperability, as well as interfacing existing range assets, C4ISR systems, 
and simulations; fostering reuse of range assets and future software systems. JMETC is a 
distributed, LVC capability using a hybrid network solution for all classifications and cyber. TENA 
and JMETC in conjunction with BDA tools and techniques, allow for the most efficient use of 
current and future TM range resources via range resource integration, critical to validate 
system performance in a highly cost-effective manner. 

 



Tuesday, October 26, 2021, 1:00 – 2:40 PM    Palace 2 
 
Session 3  Security & Data Integrity 1 
Chair  Farzad Moazzami, Morgan State University 
 
1:00 PM 21-03-01 
  “Developing a Telemetry Cyber Security Testbed” 

Tobechukwu K Osuzoka (Morgan state university); Mulugeta Dugda (Morgan State University); 
Richard Dean (Morgan State); Farzad Moazzami (Morgan State University) 
 
As a result of the increase in cyber-attacks on different networks, a wealth of information is 
available to hackers. This has raised an alarm for different companies who feel their network is 
vulnerable to such attacks. The move of telemetry from link-based to network-based designs 
opens these frameworks to modern dangers. This project aims to test different attacks on a 
prototype network over the Lan of a host. A VMware workstation will be built to accommodate 
these attacks over two hosts namely a kali Linux and windows XP host. For the hardware 
components, the computers will contain 4-8 cores as a base for the CPU. It will contain 32 GB of 
RAM to build complex networks with two main RAM chips. 4 GB of RAM will be used to install 
ESXI. The hardware will be designed so it can suite the VMware workload with a high-
performance multicore, multithread processor, high speed RAM, and high-speed hard drive. 
The development of this project will result in stronger and safer network access. 

 
1:20 PM 21-03-02 
  “Secrecy Coding in the Integrated Network Enhanced Telemetry (iNET)” 

Morteza Shoushtari (Brigham Young University); Willie K Harrison (Brigham Young University) 
 
Data security plays a crucial role in all areas of data transmission, processing, and storage. This 
paper considers security in eavesdropping attacks over wireless communication links in 
aeronautical telemetry systems.  Data streams in these systems are often encrypted by 
traditional encryption algorithms such as the Advanced Encryption Standard (AES). Here, we 
propose a secure coding technique for the integrated Network Enhanced Telemetry (iNET) 
communications system that can be coupled with modern encryption schemes. We consider a 
wiretap scenario where there are two telemetry links between a test article (TA) and a 
legitimate receiver, or ground station (GS). We show how these two links can be used to 
transmit both encrypted and unencrypted data streams while keeping both streams secure. A 
single eavesdropper is assumed who can tap into both links through its noisy channel. Since our 
scheme does not require encryption of the unencrypted data stream, the proposed scheme 
offers the ability to reduce the size of the required secret key while keeping the transmitted 
data secure. 

 
 
1:40 PM 21-03-03 
  “Risk Assessment tied to HMM based Intrusion Detection System” 

Wondimu Zegeye (MSU); Richard Dean (Morgan State); Farzad Moazzami (Morgan State 
University); Mulugeta Dugda (Morgan State University) 
 



This paper presents a method for the real time measurement of a network’s cyber security risk. 
This work is the fusion of two independent efforts from prior work. The work on the use of the 
Hidden Markov Model for Intrusion Detection has demonstrated that attacks can be readily 
modeled with the HMM, and these models will capture attack events along with the probability 
that the attack is present. Likewise, the Risk Assessment model effort demonstrated both an 
analytical and an experimental model that estimates the risk of the network based on event 
probabilities. This work creates a framework where these works are combined such that the 
event probabilities from the HMM IDS can be integrated into the risk model to provide a real 
time Risk measure. Such a measure could be integrated into live networks with a real time 
measure provided for the risk in the networks due to cyber attacks. Likewise, this estimate 
might be integrated into a Risk Management Process. 

2:00 PM 21-03-04 
  “Modeling Telemetry Networks for Cyber Security Analysis” 

Wondimu Zegeye (MSU); Richard Dean (Morgan State); Farzad Moazzami (Morgan State 
University); Mulugeta Dugda (Morgan State University); Andargachew Bezabih (MSU) 
 
This paper presents the modeling of the networks supporting today’s telemetry. The 
incorporation of networking features has significantly enhanced the capability and performance 
of modern telemetry systems. The development of the Integrated Network Enhanced 
Telemetry protocols and the use of networked telemetry applications has introduced a host of 
potential cyber security risks inherent in modern networking. This paper will investigate how 
telemetry applications are uniquely structured with wide area, local area, and micro area 
networks that represent modern telemetry solutions. The development of these models and 
the traffic on these networks will enable analysis into the unique threats and vulnerabilities of 
telemetry networks. 
 

2:20 PM 21-03-05 
“Ch10 compliant Ultra-Wideband RF Flight Test Recorder” 
Philippe Klaeyle (Safran Data Systems); Florian Sandoz (Safran Data Systems); Pierre Bastie 
(Safran Data Systems) 

 
Data availability insurance is a critical notion when it comes to flight test activities. 
Consequently data recorders have made their way to range ground stations for many years 
with success. Today, this kind of recording is done at IF level, after various signal processing are 
applied by the telemetry receiver. This paper describes a new approach in the name of direct RF 
recording, in L, S or C band. 
 
 
 
 
 
 
 

 



Tuesday, October 26, 2021, 1:00 – 2:40 PM    Palace 1 
 
Session 4 Non-Traditional Telemetry 
Chair  Jim Falasco, AeroGear Telemetry Inc 
 
 
1:00 PM 21-04-01 
  “Telemetry System for a Fixed-Wing Remotely-Operated Aircraft” 

Charles Maddi (Missouri S and T); Samuel Weiler (Missouri S and T); John Mitchell (Missouri 
S&T); Kurt Kosbar (Missouri S&T) 

 
This paper describes a telemetry and ground station system for use with a remotely operated 
aircraft. The system monitors the aircraft performance in real time, and for analysis of flight 
characteristics post-flight. The telemetry system is modular, so it can be adapted to a range of 
aircraft configurations. The ground station will run mission planning software on an off-the-
shelf 100 USD microcontroller system, as well as a first person view module output to a 
separate display. The data collected includes: airspeed, battery voltage, motor current draw, 
motor speed, ground speed, three-axis acceleration, and GPS position. This system supplies the 
data needed for design decisions to be based on actual flight data, rather than simulations and 
theoretical models. 

 
1:20 PM 21-04-02 

“Expansion of Telemetry in Trackless Ride Experiences” 
Chad George (University of Arizona); Alexa Wilder (University of Arizona); Diana Meyer 
(University of Arizona); Gerardo Garcia (University of Arizona); Karson Knudson (University of 
Arizona); Maggie Quiroz (University of Arizona); Nick Sivertson (University of Arizona); Sabrina 
Ahumada (University of Arizona); Tiffany Ma (University of Arizona); Michael W Marcellin 
(University of Arizona) 

 
Unlike traditional rides, trackless rides do not follow predefined paths, giving riders a unique 
experience every ride. They are inherently more customizable and simpler to retheme than 
other designs, offering guests a greater incentive to re-ride the attraction. For this reason, these 
rides can sustain their popularity over time, making them worthwhile investments for 
amusement parks. As such, they are quickly gaining popularity in the themed entertainment 
industry. We explore different applications of telemetry that expand upon the current 
capabilities of trackless rides to facilitate a more cohesive, integrated, and streamlined ride 
system. Our solution enables ride designers to have more granular control over the interaction 
between trackless ride vehicles, show elements, and riders while maintaining high standards of 
operational safety. 

 
 

1:40 PM 21-04-03 
“Optically-guided multirotor autonomous descent and landing on a moving target” 
Matthew Dupree (UC Santa Barbara); Yingchao Zhu (UC Santa Barbara); Yogananda Isukapalli 
(UC Santa Barbara) 

 



We demonstrate the use of the AprilTag visual fiducial system for the precision landing of a 
multirotor vehicle on a moving target with no GPS use after target acquisition. Existing IR-LOCK 
precision landing code in a PixHawk flight controller with ArduCopter OS is repurposed for 
passive ground target tracking using position information from a Raspberry Pi and PiCam, 
configured to identify and track a paper AprilTag. Debugging telemetry during development 
was exported by MAVLINK over 802.11ac Wi-Fi. The Apriltag removes the need for an active, IR- 
or RF-emitting ground beacon, allowing for precise aid delivery to unpowered disaster sites 
without necessitating human multicopter pilots be nearby for short-range work, nor cluttering 
longer-range cellular and radio bands. AprilTags allow for a sufficiently low false-positive rate to 
be used in debris-strewn environments and sufficient positional accuracy to land on small 
dinghies in flood zones or in the bed of an aid pickup truck. 

 
2:00 PM 21-04-04 

“Developing affordable unmanned vehicle obstacle avoidance with 60GHz RADAR” 
Peter Feghali (UC Santa Barbara); Cher Lin (UC Santa Barbara); Jackie Burd ( UC Santa Barbara); 
Swetha Pillai (UC Santa Barbara); Tiffany Cowan (UC Santa Barbara); Phil Tokumaru 
(AeroVironment); Yogananda Isukapalli (UC Santa Barbara) 

 
Current state-of-the-art unmanned vehicle obstacle avoidance requires an array of expensive 
time-of-flight sensors, LiDAR sensors, or ultrasonic sensors. Novel 60GHz RADAR sensors may 
allow for the same functionality but at a drastically lower cost. These RADAR chip-sets have 
more than a 100x improvement in measurable volume compared to time-of-flight sensors. 
These sensors are also solid-state and are smaller than a nickel. We will review the Texas 
Instruments (TI) mmWave RADAR sensors, describe challenges involved with dynamic RADAR 
usage, and introduce PyMMWave, an open-source library for easy TI mmWave RADAR sensor 
programming. We will then demonstrate RADAR usage in the real world, demonstrating 
proficiency for obstacle avoidance on a drone. Using RADAR telemetry data for high-
performance applications poses unique challenges and algorithm design choices, which we will 
discuss. 

 
2:20 PM 21-04-05 

“Enhancing Field Testing of a Teleoperated Robotic System with Wireless Handheld Control” 
Daniel Napierkowski (Missouri S and T); Eli Verbrugge (Missouri S&T); Alex Wortmann (Missouri 
S&T); Kurt Kosbar (Missouri S&T) 
 
This paper examines the usage of a microcontroller to wirelessly send commands to its 
destination using the transmission control protocol (TCP). The assists the testing of a Mars 
rover designed for the 2020 University Rover Challenge. RoveComm, the rover’s custom 
message protocol, is used to wirelessly trigger an emergency shutdown of the rover’s power 
systems as well as manipulate the robotic arm and science. To facilitate reliable communication 
to the rover during testing scenarios, a TCP implementation for RoveComm was developed. The 
wireless controller features a 32 bit microcontroller with an integrated Wi-Fi stack which 
transmits signals with a 2.4 GHz antenna to a pair of circularly polarized omnidirectional 
antennas mounted on the rover. The controller allows for transmission of custom RoveComm 
commands, reducing the hazard of having a physical operator within reaching distance and 
enhancing the rigor of terrain and operation testing that can be undergone. 



Tuesday, October 26, 2021, 3:30 – 4:50 PM    Palace 4 
Special Session 1  Spectrum Management Tools 
Chair   Thomas O’Brien, CTEIP Deputy Program Manager, TRMC 
 
 
This session will include presentations on: 

• DISA DSO strategic vision for spectrum management  
• DSO Spectrum Management Tools Overview—e.g. SMCS, ASCS, TARDY3  
• Spectrum Usage Measurement System (SUMS) overview  
• Spectrum Access Manager (SAM) overview 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Tuesday, October 26, 2021, 3:30 – 4:30 PM    Palace 3  
 
Session 5  Software Defined Radio 
Chair  Richard Dean, Morgan State University 

 
 

3:30 PM 21-05-01 
“RAPID GAIN ESTIMATION FOR MULTI-USER SOFTWARE DEFINED RADIO APPLICATIONS” 
Viraj Gajjar (Missouri S&T); Kurt Kosbar (Missouri S&T) 

 
This paper proposes a machine learning algorithm to estimate the peak of a signal generated as 
a sum of modulated signals. Each signal in the sum may have different modulation format, 
carrier frequency, data rate, and power level. A dataset of summed signals with varying 
parameters of individual signals was simulated to train an artificial neural network. The neural 
network estimates the peak voltage, central moments, variance, skewness, and kurtosis of the 
summed signal. Once trained, the neural network can rapidly and accurately predict the peak 
voltage, and statistics of the summed signal, based on the individual signal parameters, and 
does not have to generate or observe the signal itself. This can be used in an automatic gain 
control system, to prevent clipping when multiple modulators share a digital to analog 
converter or amplifier chain. 

 
3:50 PM 21-05-02 
  “Software Defined Radio for Carrier Phase and Symbol Timing Extraction” 

Sergio Lara (New Mexico State University); Charles D. Creusere (New Mexico State University 
 
In this paper, LabVIEW and LabVIEW FPGA are studied as a possible development environment 
for software defined radios (SDRs). LabVIEW is National Instrument’s proprietary graphical 
programming language called “G” which uses the dataflow programming paradigm, while 
LabVIEW FPGA is an add-on that enables FPGA programming through LabVIEW. Using National 
Instruments’ PXIe-5646R Vector Signal Transceiver and PXIe-7976R FlexRIO FPGA module, the 
intricacies of developing a software defined radio are explored. In addition, the Xilinx 
intellectual property blocks available in LabVIEW FPGA are explored and used in the 
development of a software defined radio receiver. The main focus of this paper is to introduce 
the reader to the practical issues associated with creating a LabVIEW-based SDR as well as 
characterizing the strengths and weaknesses of this software/hardware development paradigm 
in the context of SDR design and development applications. 
 

4:10 PM 21-05-03 
 “LabVIEW for Software Defined Radio Development” 

Sergio Lara (NAVAIR); Charles Creusere (New Mexico State University) 
 
 
In this paper, LabVIEW and LabVIEW FPGA are studied as a possible development environment 
for software defined radios (SDRs). LabVIEW is National Instrument’s proprietary graphical 
programming language called “G” which uses the dataflow programming paradigm, while 
LabVIEW FPGA is an add-on that enables FPGA programming through LabVIEW. Using National 



Instruments’ PXIe-5646R Vector Signal Transceiver and PXIe-7976R FlexRIO FPGA module, the 
intricacies of developing a software defined radio are explored. In addition, the Xilinx 
intellectual property blocks available in LabVIEW FPGA are explored and used in the 
development of a software defined radio receiver. The main focus of this paper is to introduce 
the reader to the practical issues associated with creating a LabVIEW-based SDR as well as 
characterizing the strengths and weaknesses of this software/hardware development paradigm 
in the context of SDR design and development applications. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Tuesday, October 26, 2021, 3:30 – 4:30 PM    Palace 2 
 
Session 6 Telemetry Networks 
Chair   Todd Newton, Southwest Research Institute 
 

 
3:30 PM 21-06-02 
  “Telemetry Network Testbed – Prototype Network Elements” 

Tobechukwu K Osuzoka (Morgan state university); Uchenna Emerson (Morgan state university); 
Mulugeta Dugda (Morgan State University); Richard Dean (Morgan State); Eshet Dires (Morgan 
state university) 

 
Telemetry is the automated transfer of measurements or other data from remote or 
unavailable locations to receiving equipment for monitoring. Network devices send real-time 
data to one or more centralized locations for storage, processing, and analysis in network 
telemetry. By configuring a cloud computing network, we will be able to create a virtual 
database that consists of a variety of network elements. This paper describes the network 
elements that are used in a telemetry testbed system. There are various elements that are used 
in a network configuration. By using a vSphere software, we will be able to create these 
elements. Through it, each of these network elements will be taken through a series of attacks 
in which we will analyze and modify each to be improved on. We will be reporting an in depth 
analysis of each element, the kind of components they consist of, and the results of each 
element after attacks are done. 

 
 
3:50 PM 21-06-03 

“Space-Based Environmental Monitoring for Small SATs with the NOAA GOES Data Collection 
System” 
Brian Kopp (Jacksonville University); Beau Backus (NOAA); Brett Betsill (Microcom 
Environmental); Marcus Murbach (NASA Ames) 

 
The National Oceanic and Atmospheric Administration (NOAA) is investigating the deployment 
of space-based environmental monitoring with the help of small satellites. The NOAA Data 
Collection System currently monitors environmental telemetry from almost 30,000 terrestrial 
Data Collection Platform (DCP) locations in the western hemisphere. Now NOAA will deploy a 
DCP in low earth orbit and have it transmit its telemetry through the GOES satellites in 
geostationary orbit. By pre-correcting for doppler between the two spacecraft NOAA will 
ensure that the one visible GOES receives the environmental telemetry transmissions on time 
and on frequency. This space-based DCP is a hosted payload on a NASA-sponsored small 
satellite, TECHEDSAT 10, built by the NASA Ames Research Center working with San Jose State 
University and the University of Idaho. The satellite was transported to the International Space 
Station (ISS) in February 2020 and will be launched from the ISS in the summer of 2020. 
 

4:10 PM 21-06-04 
 “Mesh Telemetry Network for a Sounding Rocket and Paralite System” 

Thomas Francois (Missouri S&T); Kurt Kosbar (Missouri S&T) 
 



Near its apogee, a sounding rocket ejects a number of 1U cubesat sized objects, which descend 
on parachutes independently of the rocket. These "paralites" allow for testing of different 
parachute designs and payload deployment methods for future missions. Each paralite has a 
telemetry system, but due to size, power and weight constraints, they are unable to reach the 
ground station monitoring their progress. The GPS receivers on the paralites also face a 
challenge, as they are unable to receive GPS signals prior to deployment, yet need to have GPS 
lock within a few seconds after deployment. This paper describes a mesh network which is 
formed by the sounding rocket and paralite telemetry systems. The network seeds the paralites 
with GPS data prior to deployment, then collects data from the paralites and relays it to the 
ground through the sounding rocket's transmitter as they descend. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Tuesday, October 26, 2021, 3:30 – 4:50 PM    Palace 1 
 
Session 7 Antenna & RF Systems 1 
Chair  Wayne Kenton, L3Harris 
 
3:30 PM 21-07-01 
 “On The Performance of Spatial Diversity In Aeronautical Mobile Telemetry” 

Michael Rice (Brigham Young University); Jamison Ebert (Brigham Young University) 
 

Spatial diversity involves the use of two or more receive antennas at different locations in an 
attempt to obtain two independent copies of a signal transmitted by an airborne test article. 
The idea is that if one receive antenna experiences a link outage due to multipath propagation, 
the other antenna has a clear link as long as it is far enough away. The underlying assumption is 
"greater separation is better." This paper explores the problem from a different point of view: 
how close together can the two antennas be to provide adequate diversity? We show that in 
the low-elevation-angle multipath propagation scenario, a remarkably small vertical separation 
between two receive antennas creates sufficient diversity to realize an impressive reduction in 
the bit error rate performance of equalized SOQPSK-TG. 
 

3:50 PM 21-07-02 
 “High Power Varactorless Voltage Controlled Oscillator (VCO)” 

Celalettin Karakus (Emhiser Research Limited); Lloyd Lautzenhiser (Emhiser Research Limited) 
 

This paper presents a new technique for designing a Voltage Controlled Oscillator (VCO) based 
on a novel architecture by avoiding the usage of a varactor or a capacitive tuning element 
which enables high power VCO output. With conventional designs, high power is not possible 
due to rectification occurring in the varactor diode. The High Power Varactorless VCO 
eliminates the need of several pre-power amplifier stages in conventional telemetry products. 
Utilizing this technology would allow for a single-stage transmitter thereby resulting in more 
compact designs. 
 

4:10 PM 21-07-03 
“Introduction to Challenges and Considerations for Hypersonic Telemetry Applications” 
Paul Scardino and Chris Dehmelt (L3Harris Technologies) 

 
Hypersonic missiles provide many offensive benefits to the warfighter, but environmental 
challenges create difficulty for the engineers and telemetry experts who design and test them. 
Hypersonics bring complexities to a whole new level — ranging from the need to protect the 
components from extreme heat and compensate for the Doppler Shift or plasma attenuating 
the signal-to-noise ratio, all the way to the testing challenges associated with sensors that span 
thousands of miles. The emphasized use of Digital Engineering modeling techniques and the 
reliance on telemetry (TM) and flight termination subsystems (FTS), which are integral in 
obtaining information and preventing catastrophes, are very important considerations in 
hypersonic telemetry applications. This paper will discuss the challenges and considerations in 
designing and testing hypersonic weapons. 
 

 



4:30 PM 21-07-04 
“A GROUND S BAND HYBRID ACTIVE ELECTRONICALLY SCANNED ARRAY (AESA), CONCEPT, 
DESIGN AND PERFORMANCES” 
Alain Karas, Gerard Kipfer, Benoit Lesur, Anael Lohou, Romain Contreres, Safran Data Systems) 

 
The contribution talks about the application of AESA technology for telemetry ground antennas. 
The AESA concept we are proposing is a 1-axis electronically steerable antenna (elevation axis), 
while the azimuth axis remains mechanically driven. The design will lead to a 1m² effective area 
antenna, dedicated to short - medium range telemetry, for target with high potential dynamics. 
The present paper describes the concept and the technology used during this development 
plan. The paper focuses on performances but also tries to compare this technology to the 
legacy antennas used in telemetry, to point the improvements test ranges could get with such 
innovative antenna. The contribution will cover the interests to develop an AESA antenna, the 
principle and technology chosen, the electromagnetic simulations, a comparison between a 
standard parabolic of flat panel antenna and this work, and a conclusion regarding the possible 
application of AESA technology for ground telemetry. 

 
 

  



Wednesday, October 27, 2021, 10:30 – 11:50 AM   Palace 4 
 
Session 8  Channel Modeling & Equalization 
Chair  Tim Gatton, AeroGear Telemetry Inc 

 
 
10:30 AM 21-08-01 
  “Derivation and Analysis of the IRIG-106 Dynamic Multipath Channel Model” 

Michael Rice (Brigham Young University); Jamison Ebert (Brigham Young University) 
 

A dynamic multipath channel model is developed for the IRIG-106 Telemetry Standard to model 
the time-varying characteristics typical of air-to-ground microwave channels. The model is 
derived using theoretical considerations first presented by Bello and later confirmed by Rice et 
al. This model is extended to account for the dynamics of a non-stationary airborne transmitter. 
A coordinate system is defined from which time-varying multipath parameters are derived. 
These parameters are then incorporated to create a linear time-variant impulse response of the 
dynamic multipath channel model for aeronautical mobile telemetry. 

 
10:50 AM 21-08-02 
 “PREDICTION OF TIME-VARYING WIRELESS CHANNELS USING RECURRENT NEURAL NETWORKS” 

Rodion Shishkov (New Mexico State University); Deva Borah (NMSU) 
 

High mobility environment raises multiple challenges in wireless communications. One of the 
challenges is to adapt to channel time variations. Estimation of Channel State Information (CSI) 
at the receiver allows adaptation of transmitter parameters. However, due to the feedback 
delay, outdated CSI becomes ineffective. This issue has been extensively studied in the 
literature and multiple statistical and data driven prediction techniques are developed. The 
statistical modeling approach, such as the autoregressive parameter estimation, involves high 
algorithm complexity. Neural networks offer accurate solutions at reduced online complexity. 
In this paper, we study Recurrent Neural Networks (RNNs) for CSI prediction. We focus on Long 
Short Term Memory (LSTM) networks that can identify long-term data correlations. We 
perform numerical simulations for different input data lengths, output prediction lengths, and 
mobility. The results have significance in 5G and higher technologies. 

 
11:10 AM 21-08-03 
 “Performance evaluation of 16APSK and SOQPSK-TG in the presence of polarization combining 

in aeronautical telemetry” 
Farah Arabian (Farah Arabian); Michael Rice (Brigham Young University) 

 
16-ary amplitude phase shift keying (16APSK) is a candidate modulation for aeronautical mobile 
telemetry because it has better spectral efficiency and lower sensitivity to adjacent channel 
interference compared SOQPSK-TG. This paper compares the post-equalizer bit error rate 
performance of 16APSK and SOQPSK-TG in the aeronautical mobile telemetry multipath 
channel. The linear polarizations produced by the orthogonal dipoles in the receive antenna 
feed are combined in two different ways: using a 90◦ hybrid coupler to produce RHCP or LHCP 
and maximum likelihood combining. The first combining method is the common practice at test 



ranges and the second combining method is new. The results show the following. First, 16APSK 
with MMSE equalization outperforms SOQPSK-TG with CMA equalization for the RHCP and 
LHCP channels. Second, 16APSK with MMSE equalization outperforms SOQPSK-TG with CMA 
equalization for the maximum likelihood channels at moderate to high signal-to-noise ratios. 
For lower signal-to-noise ratios, SOQPSK-TG shows the best performance. Third, 16APSK with 
MMSE equalization operating the maximum likelihood combined channel outperforms SOQPSK-
TG with CMA equalization operating on the RHCP or LHCP channels. 

 
11:30 AM 21-08-04 
 “Cognitive Diversity Equalization for 2x2 HF MIMO Channels” 

Noel Teku (University of Arizona); Tamal Bose (University of Arizona) 
 

The ionosphere has been both a hindrance and attraction of communication solutions that 
require usage of the High Frequency (HF) band for propagation. While the ionosphere is able to 
propagate signals at long ranges, it can also introduce significant distortion via multipath and 
fading. One approach investigated by works in the literature as a means of helping improve 
communications in the HF band has been the usage/design of MIMO systems. Cognitive 
equalization can be used to further help mitigate these issues by using reinforcement learning 
to determine the optimal equalizer configuration (i.e. tap length, filter type, etc.) for a specific 
channel. The objective of this paper is to investigate the performance of cognitive equalization 
for a simulated 2x2 HF MIMO channel when the Epsilon-greedy and Softmax Strategy 
algorithms are used to learn the optimal equalizer structure when having access to Linear and 
Decision-Feedback equalizers in diversity mode. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Wednesday, October 27, 2021, 10:30 AM – 12:10 PM   Palace 3 
Session 9  Software Systems & Tools 2 
Chair  Shannon Wigent, Laulima Systems 
 

 
10:30 AM 21-09-01 

“Flight Test : a key milestone for climate-neutral aircraft concepts validation and certification” 
Mathilde Barrée (Safran Data Systems); Ghislain Guerrero (Safran Data Systems) 
 
The global aviation industry has been massively impacted by the COVID crisis which led to a 
collapse of the traffic and urged the need for a climate-neutral aviation. The sector is 
undergoing great mutations with the emergence of an urban air mobility based on eVTOL 
modules, electric and hydrogen airplanes for the short –haul transport and fuel efficient 
engines combined with sustainable aviation fuels for the long-haul flights. For years, Safran 
Data Systems’s turn-key solutions for data collection, recording, transmission and processing 
have given aircraft manufacturers an edge on their flight test campaigns. Based on its expertise 
Safran Data Systems aims at assisting aircraft manufacturers in the validation and certification 
of tomorrow’s concepts by expanding its portfolio on flight test instrumentation solutions for 
electric, hydrogen and emission efficient aircrafts. Proof-of-concepts are conducted to explore 
new innovative solutions such as HVDC electrical systems monitoring. 
 

 
10:50 AM 21-09-02 

“Agile and the Model Based Revolution in Test and Evaluation How will the Agile approach and 
Model Based Test and Evaluation (MBTE) strategies applied to Model Based Instrumentation 
(MBI) revolutionize the way to do test?” 
Jil Barnum and Pamela Tanck (Northrop Grumman ) 

 
How will Model Based Test & Evaluation (MBTE) help define and refine our instrumentation 
requirements and data analysis requirements? Can we use the digital thread to model 
instrumentation and data analysis requirements to predict cost and schedule as the 
requirements (measurands) increase or decrease. Will MBTE make traceability of the data back 
to verification requirements easier? If so, how? 

 
11:10 AM 21-09-03 
  “Flexible Data Visualization for the Modern Telemetry Station” 

David Kortick (AstroNova) 
 
The latest strip-chart recording systems employ unique recording technology that provide for 
continuous long-term printouts of telemetry data. This tangible and permanent hard copy is 
ideal for quick analysis while the paper medium allows for visualization of telemetry signals at 
their full bandwidth. New data acquisition technologies enhance the paper recording in these 
systems and provide improved measurement performance. Given these benefits, telemetry 
stations continue to utilize these systems for range safety, flutter testing, quick-look and other 
mission critical applications. Virtual display software is linked to the same data source and 
provides a similar user interface for the immediate display of data required by the engineers. 



Print-only recorders can also be used in an on-demand nature, with data selected by the 
engineer on-the-fly. A network backbone facilitates this interoperability and gives the telemetry 
station greater flexibility in data visualization. 

 
11:30 AM 21-09-04 
 “A Unified Approach to Post-Test Analysis” 

Jessica N Nokham (Curtiss-Wright); Dale A Jones (Curtiss-Wright Defense Solutions) 
 
In recent years, the IADS group has met with a number of engineering groups throughout the 
flight test community to learn about the types of tools that are currently in use in a typical post-
test environment. This research has revealed that post-test analysis in general tends to be a 
fragmented and largely project-specific endeavor. Currently, it is very common for flight test 
engineers to spend an enormous amount of time developing post-test systems that meet the 
specific needs for their project. However, these systems are rarely (if ever) able to be used on 
subsequent projects due to their custom nature. Most post-test systems are created with focus 
only on the requirements of the current project, with little documentation or support. As a new 
project starts, the previously built tools often go unused and the process of building a new 
system repeats from scratch. 
 

11:50 AM 21-09-05 
  “Making Flight Test Instrumentation Setup Easier” 

Jessica N Nokham (Curtiss-Wright); Ben Kupferschmidt (Curtiss-Wright Defense Solutions) 
 

Modern Flight Test Instrumentation systems are highly customizable and complex. This 
complexity has steadily increased as data acquisitions systems have grown larger and more 
data has been collected on each test flight. While it is desirable for data acquisition systems to 
be very flexible, that flexibility makes configuring the data acquisition system harder for the 
end-user. Flight Test Instrumentation systems are also monitoring a larger variety of data 
source during a typical test flight. Many of these new data sources are digital buses where 
there are many possible messages that can be sampled. This leads to the desire to reconfigure 
the data acquisition system more often to accommodate the unique needs of each test flight. 
As the same time that complexity has increased, the flight test industry is facing challenges as 
experienced engineers retire. Thus, there is a strong need to make Flight Test Instrumentation 
setup easier. 
 
 
 
 
 
 
 
 
 
 
 
 



 
Wednesday, October 27, 2021, 10:30 AM – 11:50 AM   Palace 2 
Session 10  Modulation & Coding 
Chair  Douglas Bell, Boeing 

 
10:30 AM 21-10-01 

“An Adaptive Digital Beamformer for multi-user Communications using Blind CMA - AMA” 
Peter O Taiwo (Morgan State University); Arlene Cole-Rhodes (Morgan State University) 
 
We present an adaptive digital beamformer for QAM signals transmitted by multiple users to a 
base station equipped with a uniform linear array (ULA) antenna. The channel is modeled using 
the Rician distribution with a dominant line-of-sight (LOS) path and multiple non-line-of-sight 
(NLOS) paths for each user, with focus on millimeter-wave carrier frequencies. With no 
knowledge of the signals transmitted from each user aside from the modulation type, the blind 
adaptive system uses a modified joint CMA and AMA cost function to perform both signal 
recovery and uplink channel estimation for each user. The performance of the adaptive CMA-
AMA beamformer system is evaluated over varying signal-to-noise (SNR) ratio of the 
transmitted signal, and over varying number of antenna elements on the ULA at the base 
station. The single-tap and multi-tap channel cases are tested to determine the symbol error 
rates (SER) and mean square error (MSE). 
 

10:50 AM 21-10-02 
“On Space-Time Coded ARTM CPM to Solve the Two-Antenna Problem” 
Chad C Josephson (Brigham Young University); Michael Rice (Brigham Young University); Willie 
K Harrison (Brigham Young University); Spencer Giddens (Brigham Young University) 
 
The space-time block code approach to solving the two-antenna problem is extended to ARTM 
CPM. The space-time block code is a block-based extension of the Alamouti space-time block 
code used in space-time coded SOQPSK-TG systems. A demodulator/decoder is described and 
analyzed both mathematically and in computer simulation. Without complexity reducing 
techniques, the decoder requires the Viterbi Algorithm operating on a trellis with 4,194,304 
states. Complexity reduction techniques are applied to reduce the number of states to 256. 
Complexity reduction is accomplished at the cost of loss in detection efficiency that is a 
function of the differential delay between the space-time coded ARTM CPM signals transmitted 
from the two transmit antennas on the airborne test article. 
 

11:10 AM 21-10-03 
“Pilot Sequence Design for Space-Time Coded ARTM CPM” 
Willie K Harrison (Brigham Young University); Michael Rice (Brigham Young University); Spencer 
Giddens (Brigham Young University); Chad C Josephson (Brigham Young University) 
 
Solving the two-antenna problem for the ARTM CPM waveform requires optimal estimation for 
a number of unknown signal parameters at the receiver to enable a space-time block-coded 
solution. To accomplish the required parameter estimation, known pilot bit sequences are 
added to the data structure of the transmitter. The degree to which optimal detection may 
occur for these unknown parameters is a function of the specific pilot sequences chosen. This 



paper outlines the principles for designing the pilot sequences, lists the chosen sequences 
explicitly, and shows that the pilots achieve the lowest Cramer-Rao lower bounds in the 
estimators for several of the key parameters. These pilot sequences are to be used in 
implementations of space-time coded ARTM CPM aeronautical telemetry systems. 
 

 
 
11:30 AM 21-10-04 

“Low Density Parity Check Error Correcting Limitation Testing” 
Scott C Wolfson (US Army Redstone Test Center) 
 
The continual advances in military system technologies compel the Test &amp; Evaluation 
community to constantly mature and adapt available test methodologies. This process requires 
a clear understanding of methodology capabilities and limitations. The primary objective of the 
proposed presentation and subsequent technical paper is to provide details pertaining to the 
error correcting capabilities of the six Low Density Parity Check variants identified in the 
telemetry IRIG standard. This analysis will be performed with representative telemetry 
equipment in a controlled environment where the number of induced transmitted bit errors 
will be increased until error correction failures are observed. This study will also investigate the 
effects, if any, of consecutive versus sparsely induced bit errors on correction capabilities. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Wednesday, October 27, 2021, 10:30 AM – 12:10 PM   Palace 1 
Special Session 1  Development, Testing and Fielding of an  

Airborne TM Phased Array Antenna 
Chair   Dan Skelly, Perrygo Consulting Group 
 
 
This session will include presentations on the development, testing, fielding, and operational use of an 
advanced, multi-beam phased array antenna system on a unique multi-mission support platform. The aircraft 
that carries the antenna, which first flew in service to its' country during World War II and is uniquely suited to 
the airborne telemetry mission, will also be discussed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Wednesday, October 27, 2021, 2:00-4:00 PM    Palace 4 
Session 11  Sensors & Data Acquisition 
Chair  Tim Brothers, Georgia Tech 

 
2:00 PM 21-11-01 

“TRANSMITTING LIFE DETECTION DATA GATHERED BY AN EXOPLANETARY MOBILE SYSTEM” 
Austin Christman (Missouri S&T); Megan Kerr (Missouri S&T); Kurt Kosbar (Missouri S&T) 
 
This paper discusses development of a life detection system that performs field experiments in 
an exoplanetary environment and transmits measurements from a prototype Mars rover to a 
remote base station. Oxygen, carbon dioxide, and methane sensors allow the system to gather 
atmospheric data, while a multi-pixel photon counter scans soil samples to determine if there 
are traces of adenosine triphosphate. The integrated system processes quantitative data from 
the experiments using a 32-bit microcontroller and transmits the information from the rover to 
the remote base station through a MIMO communication system. The communication system 
consists of a pair of circularly polarized omnidirectional antennas and two linearly polarized 
Yagi-Uda antennas at the base station. The data is graphically displayed so operators can 
quickly determine if the samples contain extant, extinct, or no signs of life. 

 
2:20 PM 21-11-02 
  “Remote Error Handling of a Teleoperated Robotic Power System” 

Anthony Robles (Missouri S&T); Alisa Lazareva (Missouri S&T); Maxwell Ryan (Missouri S&T); 
Brady Davis (Missouri S&T); Kurt Kosbar (Missouri S&T) 
 

 
This paper examines the use of telemetry on the power system of a prototype Mars rover 
designed to compete in the 2021 University Rover Challenge. The power system, comprising of 
the battery management system and the power distribution boards, is controlled by two 
microcontrollers. These microcontrollers receive commands, transmit data, and monitor the 
status of the battery as well as the other subsystems on the rover. The microcontrollers allow 
for accurate voltage and current readings of the battery, which results in error handling by the 
battery management system and the power distribution board. The microcontrollers transmit 
data to, and receive commands from, a remote base station over a 900MHz ISM band radio 
link. This communication ensures the base station operators have accurate and timely 
information about the status of the rover, allowing the controllers to react quickly to any 
electrical issues. 

 
2:40 PM 21-11-03 
  “Elephant-Human Conflict Mitigation: An Autonomous UAV Approach” 

Weiyun Jiang (UCSB); Yukai Yang (University of California Santa Barbara); Yogananda Isukapalli 
(UC Santa Barbara) 

 
Elephant-human conflict (EHC) is one of the major problems in most African and Asian 
countries. As humans overutilize natural resources for their development, elephants' living area 
continues to decrease; this leads elephants to invade the human living area and raid crops more 
frequently, costing millions of dollars annually. To mitigate EHC, in this paper, we propose an 



original solution that comprises of three parts: a compact custom low-power GPS tag that is 
installed on the elephants, a receiver stationed in the human living area that detects the 
elephants' presence near a farm, and an autonomous unmanned aerial vehicle (UAV) system 
that tracks and herds the elephants away from the farms. By utilizing proportional–integral–
derivative controller and machine learning algorithms, we obtain accurate tracking trajectories 
at a real-time processing speed of 32 FPS. Our proposed autonomous system can save over 68% 
cost compared with human-controlled UAVs in mitigating EHC. 

 
3:00 PM 21-11-04 
  “Video Recording in a Tactical Environment” 

Jin Choi (us army picatinny arsenal); Alfred Rotundo (Army: CCDC-AC) 
 

Imagers are being evaluated for their feasibility on munitions to record performance metrics 
and increase functionality. The Armaments Center is working to prove the practicality of such 
sensors by retrofitting an armament to evaluate its advantages. The instrumented projectile is 
also equipped with an independent guidance electronics unit (GEU) and optical seeker. A high-
speed on board recorder is crucial in gathering both GEU navigation and guidance data and 
imager data. Having to record image files uncompressed and GEU guidance &amp; navigation 
data simultaneously required a 40Mbps data rate, pushing USB 2.0 protocol to its max transfer 
rate. Using an FX3 USB Controller, custom firmware was developed to reduce typical overhead 
present on commercial memory devices to obtain rates suitable to record the necessary image 
frame rate (15 fps) to assess feasibility of a tactical seeker. 

 
3:20 PM 21-11-05 
  “Electronic Continuous Variable Transmission for Baja Race Car” 

Emily Bauers (University of Arizona); Erik Knowles (University of Arizona); Alexander Moore 
(University of Arizona); Jacob Merki (University of Arizona); JAMES NGUYEN (University of 
Arizona); Akshat Srivastava (University of Arizona) 

 
Design and build a prototype of an electronic continuously variable transmission, or E-CVT, to 
replace the current mechanical CVT on the Baja SAE race vehicle. The E-CVT design consists of 
two pulleys that connect the engine and gearbox and which change their diameter based on 
data collected from a telemetry system in the engine. The E-CVT uses electric motors in 
conjunction with sensors and microcontrollers to algorithmically change the gear ratio between 
the engine and gearbox. The E-CVT system also monitors and stores all relevant data including 
but not limited to: actuator position, line pressure of the pulleys, box temperature, and engine 
RPM on an SD card for post-race analysis, with the possibility of integrating XBees for real-time 
radio communication. 
 

 
3:40 PM 21-11-06 
 “Alternate PNT and Guidance Through Integrated Sensor Datalinks” 
 Brian Hetsko (Ultra Electronics Herley) 

 
Ultra Specialist RF (Herley Industries) has developed a novel, low cost programmable datalink-
sensor combination which enables high precision tracking, telemetry communications, and 



control for airborne platforms using line of sight RF. This technology provides a highly reliable 
and resilient alternative to GPS-based navigation and tracking using relative position through an 
application of communications waveform and sensor technology with transponder 
architectures. Ultra views this technology as applicable to any platform requiring Position, 
Navigation, and Timing (PNT) where GPS may not be available or reliable. This paper will 
identify the commercial and government applications pushing current technological 
boundaries. Ultra specializes in providing application-engineered bespoke solutions in the 
defense, security, critical detection, maritime, C4ISTAR-EW, military and commercial aerospace, 
nuclear and industrial sensors markets. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Wednesday, October 27, 2021, 2:00-3:40 PM    Palace 3 
Session 12  Range Systems 
Chair  Tab Wilcox, U.S. Army, Yuma Proving Grounds 

 
2:00 PM 2021-12-01 
 “Telemetry Applications for a Space Launch” 

Melih G Can (ROKETSAN Missiles Inc.); Mahmut Aktaş (ROKETSAN Missiles Inc.); Cemal Ceyhun 
Şen (ROKETSAN Missiles Inc.) 

 
In space launch applications, a telemetry ground station is designed to ensure launch vehicle 
traceability and so the flight safety. In this study, the characterization of telemetry ground 
stations to be used for a space launch operation is explained with applied studies, flight 
characteristics of vehicle, and international practices. Present study explains step-by-step 
development process of a telemetry ground station for a space launch mission. Study is limited 
on the physical layer. At least two independent position information sources are required to 
ensure flight safety, so the network between telemetry ground stations and localization 
systems is needed. As a result, the characteristics of the telemetry ground station are 
determined to be used for a low earth orbit space launch mission considering mission objective, 
requirements and constraints. 

 
2:20 PM 21-12-02 
  “OPTIMUM SENSOR DEPLOYMENT OVER TEST RANGE” 

Melih G Can (ROKETSAN Missiles Inc.) 
 

In this study, link analysis calculations for ground stations have been performed. Values 
obtained from these calculations have been optimized to meet the given constraints for mission 
objective and consequently optimum location of ground stations has been obtained. Linear 
optimization ensures the optimum solution while satisfying the given constraints. Besides, if the 
given objective is constraint limited, optimization process output points to the impossibility of 
the desired objective. Thus, avoids user to lose time with empiric solution research. 
  

2:40 PM 21-12-03 
“Evaluation of Industry Impacts and Potential Design Mitigations to Address Changes in RCC 
319-19” 
Martin Fette (Raytheon Missile Systems); Eric Myers (Raytheon Missile Systems); Jeffrey Wright 
(Raytheon Missile Systems) 

 
The Range Commanders Council (RCC) Range Safety Group updated the Flight Termination 
Systems (FTS) Commonality Standard RCC 319 in July 2019, which incorporated numerous 
changes from the previous September 2014 version in both FTS performance and test 
requirements, chapters 3 and 4. Additionally, significant changes to safety software validation, 
autonomous FTS, and guidance on using automotive grade parts were added. After providing 
an overview of FTS and RCC 319, Raytheon Missile Systems Subject Matter Experts will discuss 
and summarize the most impactful changes of the 2019 release of RCC 319 with proposed 
actions and high level implementation concepts. 

 



3:00 PM 21-12-04 
  “Time improvement on Flight Test telemetry reception using a Best Source 

Selector” 
Philippe Klaeyle, Pierre Bastie, and Florian Sandoz (Safran Data Systems) 

 
This paper highlights the benefits of using a Best Source Selector in a flight test range, and 
explores the difficulties encountered by the practical implementation of such a device. 
Different options are then discussed to ease life of the users. An innovative solution is 
presented able to provide a solution to the limitations of existing setups. We will also discuss a 
method of validation of such Best Source Selector device. 

 
3:20 PM 21-12-05 

“Modernization of U-2 Dragon Lady Flight Test Instrumentation System and Utilization of 
Airborne Datalink for CH10 Telemetry” 
Adam McGoon (Lockheed Martin) 
 

 
A demand for improvements in infrastructure and increased flight test demonstration cadence 
has resulted in a boom of flight test activity for the U-2 Dragon Lady, which celebrated its 65th 
year of flight in 2020. Upgrades in airborne instrumentation hardware and the utilization of a 
networked data acquisition infrastructure have allowed U-2 Flight Test Instrumentation (FTI) to 
meet the requirements of modern flight test while minimizing modification impacts. These 
upgrades resulted in a flexible telemetry system that can be deployed on any U-2 fleetwide.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Wednesday, October 27, 2021, 2:00-3:20 PM    Palace 2 
Session 13  Modulation & Coding 2 
Chair  Deva Borah, New Mexico State University 

 
 
2:00 PM 21-13-01 

“SOQPSK-TG STC : new decoding scheme for a higher bit rate and a better budget link”  
Gregory Blanc (Safran Data Systems); Pierre Bastie (Safran Data Systems); Alain Thomas (Safran 
Data Systems); Nicolas Pasternak (Safran Data Systems) 

 
To protect telemetry from antenna masking during flight tests, two antennae must be used 
onboard. To avoid phase opposition of the two transmitted signals at reception, frequency 
diversity has been used for decades. With spectrum auctions this technique is no longer 
compatible with the requirement of higher bit rate. COFDM is one of the possible solutions. 
IRIG-106 standard proposed STC which is efficient both in power and in spectrum at the 
expense of the antennae position. To demodulate this format a dual-trellis solution has been 
proposed based on XTCQM representation with results very close to SISO as far as distance 
between antennae does not exceed half bit delay. Therefore, this decoding scheme is a hard 
decision scheme and is less power efficient when a FEC such as LDPC is used. In this paper a 
new decoding scheme will be presented with soft decision outputs to increase power efficiency, 
and with a better tolerance to differential delay. 

 
 
2:20 PM 21-13-02 
  “Low Density Parity Check Forward Error Correction For Your Telemetry Link” 

Kip Temple (Edwards AFB) 
 

The telemetry standard IRIG 106 includes Low Density Parity Check (LDPC) forward error 
correction with six combinations of code rate and information block size. This correction code 
can be added to airborne telemetry links to increase link margin and correct random errors due 
to transmission anomalies. Given these benefits, why has this technology not been 
wholeheartedly accepted within the aeronautical mobile telemetry community? This paper 
presents the trade-offs when considering implementing LDPC in a telemetry link. Real-world 
flight test results will be presented clearly illustrating the benefits of forward error correction. 
The data presented will make a strong case for considering IRIG 106 compliant forward error 
correction in new link designs or to complement existing links in operation today. 

 
2:40 PM 21-13-03 
  “Application of AOFDM on simulated test flight scenario” 

Tasmeer Alam (Morgan State); Richard Dean (Morgan State); Farzad Moazzami (Morgan State 
University); Mulugeta Dugda (Morgan State University); Wondimu Zegeye ( Morgan State 
University WiNetS Lab) 

 
This paper presents the test results of an Adaptive Orthogonal Frequency Division Multiplexing 
(AOFDM) modulation system on virtual flight path scenario of a Link Dependent Adaptive Radio 



system. This work also compares its results with fixed rate Signal to Noise Ratio (SNR) with 
similar AOFDM. The AOFDM system identifies the performance enhancements of the individual 
OFDM tones and adjusts the modulation to optimize the performance of each tone. Such a 
design demonstrates significant improvement of spectrum efficiency compared on different 
test flight scenarios. 

 
 
3:00 PM 21-13-04 
  “Diversity Combining of OFDM for Aeronautical Channels” 

Tasmeer Alam (Morgan State); Richard Dean (Morgan State); Farzad Moazzami (Morgan State 
University); Mulugeta Dugda (Morgan State) 

 
This paper presents the design and performance of an Orthogonal Frequency Division 
Multiplexing (OFDM) scheme with the incorporation of diversity combining. This work takes 
advantage of the unique properties of the two-ray channel that dominates aeronautical 
telemetry. Such channels are characterized by deep nulls in the channel which depends on the 
difference in the differential delay of the paths. The diversity scheme takes advantage of this 
property to combine multiple antenna channels which are offset in space such that the nulls 
appear at different frequencies. An optimum combining scheme is developed which enables 
enhanced performance on 3-dB SNR channels. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Thursday, October 28, 2021, 9:00 – 10:20 AM    Palace 4 
Session 14  Security & Data Integrity 2 
Chair  Wondimu Zegeye, Morgan State University 

 
 

9:00 AM 21-14-01 
“Cybersecurity Maturity Model Certification (CMMC) Implications for Aerospace Defense 
Contractors Involved in Telemetry” 
Jeff Kalibjian (Peraton Labs) 

 
In response to repeated IT network compromise from its vast contractor base (Defense 
Industrial Base, DIB), the Department of Defense (DOD) will soon be mandating that its 
contractors IT environments satisfy requirements set out in their newly adopted Cybersecurity 
Maturity Model. Failure to comply will result in companies not being allowed to bid on DOD 
contracts. While the scope of CMMC appears daunting, a closer inspection reveals reliance and 
reference to other well established National Institute of Standards and Technology (NIST) 
guidelines for contractors as well as standard principles for a well layered IT security defense. 
After reviewing the model and compliance levels, areas of the model particularly germane and 
potentially problematic to defense contractors involved in telemetry activities will be reviewed 
with emphasis on proposed strategies for both satisfying the mandate as well as successfully 
navigating impending CMMC audits. 

 
 
9:20 AM 21-14-02 

“PHYSICAL LAYER SECURITY IN IRS ASSISTED WIRELESS NETWORKS USING DIRECTIONAL 
MODULATION” 
Phaneendhra Madala (New Mexico State University); Deva Borah (NMSU) 

 
Physical layer security is an emerging and vital feature in wireless communications. In contrast 
to cryptographic techniques, physical layer security uses a different approach that exploits 
advanced signal processing techniques. One such technique uses directional modulation, which 
distorts signal modulations along the directions of the eavesdroppers. The performance of 
directional modulation techniques can be improved further by using Intelligent Reflecting 
Surfaces (IRS). The main advantage of IRS is the ability to control the transmission environment 
by reflecting signals in specific directions. In the literature, IRS has been used to improve the 
signal quality at the desired user while simultaneously suppressing the signal strength at the 
undesired user. In this paper, we investigate the performance of directional modulation with 
artificial noise in the presence of an IRS. The performance of the proposed method is evaluated 
in terms of bit error rate results. 
 

9:40 AM 21-14-03 
  “WiFi Anomaly Behavior Analysis Based Intrusion Detection Using Online Learning” 

Anibal Torrres (University of Arizona); Pratik Satam (University of Arizona); Tamal Bose 
(University of Arizona) 

 



With the rise of the Internet of Things (IoT), wireless networks like WiFi are ubiquitous in 
today’s world. The widespread adoption of WiFi networks leads to correspondingly widespread 
attacks on these networks. WiFi attacks exploit vulnerabilities in the physical layer or the 
datalink layer specification of the protocol, making detecting and stopping these threats a 
challenging task as encryption based security solutions are harder to deploy. In this paper, we 
measure the performance of online learning classifiers, specifically Hoeffding Tree (HT), K-
nearest neighbours (KNN), Accuracy Weighted Ensemble Classifier(AWEC),and Half-Spaced 
Treed(HST), to detect attacks on WiFi networks. The experimental evaluation is performed on 
Aegean WiFi Intrusion Dataset 2 (AWID 2) and Aegean WiFi Intrusion Dataset 3 (AWID 3). 
Experimental evaluations show that HT has the best accuracy of 98% for both the datasets, but 
takes training on 300,000 packets to reach this performance. While HST and KNN converged 
more quickly, they were never more accurate than HT after 70,000 iterations or AWEC after 
140,000 iterations. For this reason HT and AWEC are the most highly rated out of the classifiers 
examined. 

 
10:00 AM 21-14-04 
 “Commercial Encryption to secure your Telemetry Data”  

Paul Cook (Curtiss-Wright Defense Solutions) 
 

In the United States, the telemetry industry has traditionally relied on the National Security 
Agency (NSA) to provide leadership and/or solutions to encrypt telemetry data for streaming 
applications. However, with the current heightened concern to protect data for programs with 
short development cycles, encryption solutions based on the commercial Advanced Encryption 
Standard (AES) algorithms offer options that augment the NSA solutions. This paper describes 
the development of an encryption – decryption module, and the attendant trades in using (AES) 
block-cipher based encryption algorithm for streaming applications, resulting link performance, 
and the certification choices and requirements. 
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Session 15  Communication Systems 
Chair   Thomas Grace, U.S. Navy 
 
9:00 AM 21-15-01 
  “Multiple Uses for Multiple Telemetry Antennas” 

Michael Diehl (Yuma Proving Ground) 
 

An increasing number of munition programs are integrating telemetry (TM) into their artillery 
rounds. Due to their small size and high speed, tracking munitions brings with it challenges 
typically not seen with aviation. Tracking with multiple TM antennas provides a more complete 
data collection event across the extended ranges demonstrated in modern artillery and 
provides advantages as a result of spatial diversity. Traditional munition testing usually 
incorporates radar and camera mounts that track the munition throughout its flight. TM has the 
benefit of the telemetered stream aiding in acquisition; however, given the size and speed of 
the munition, initial radar or camera acquisition can be very challenging without access to 
external pointing source. The Yuma Proving Ground conducted a series of flight tests using 
multiple TM antennas to explore the ways TM can help provide pointing as well as to further its 
integration of best source selection into its TM infrastructure. 
 

9:20 AM 21-15-02 
  “Amateur Ground Station for CubeSatellite Program” 

Shravan Kaundinya; Madison Sargent; Arno Prinsloo; Zach Rhodes; Drake Clark; Corey 
McDowell; Wyatt George; Mark Ewing (The University of Kansas) 

 
KUbeSat is a student led satellite program at the University of Kansas (KU). KUbeSat-1 
is intended to operate in a Sun-Synchronous orbit at 550 km, with an inclination between 85-
95°. KUbeSat-1 is slated to be launched in April 2022 as part of NASA’s CubeSat Launch 
Initiative. It features two payloads: Primary Cosmic Ray Detector and High-Altitude Calibration 
KUbeSat. To support KUbeSat-1 and future missions, an amateur ground station is currently 
being built to operate in the UHF range of 435-438 MHz with half-duplex capability. This paper 
presents the mission concept, ground station architecture, testing outcomes, and future 
improvements. 

 
9:40 AM 21-15-03 
  “Rocket Telemetry - Physical and Function Design” 

Dayja N Young (Morgan State University WiNetS Lab); Darnell Richards (Morgan State 
University WiNetS Lab); Richard Dean (Morgan State) 

 
This paper presents a preliminary design for the telemetry package hardware for Morgan’s 
rocket project. This module will include accelerometers, gyroscopes, and GPS to capture the 
trajectory of the rocket after launch. The paper will focus on the modules in the design and a 
simulation of the module to track trajectory, in conjunction with Software and Functional 
Design paper. Morgan State has received a $1.6 million aerospace grant that will allow the 



school to complete a liquid-fuel rocketry lab and to recruit and hire a faculty aerospace leader 
to create a world-class program in liquid fuel. The school is looking to build and launch a liquid 
fuel rocket than can reach 150,000 feet by 2022. 

 
10:00 AM 21-15-04 
  “AN OPEN-SOURCE UHF GROUND STATION DESIGN FOR NANOSATS”  

Matthew Russell (Missouri S&T); Kurt Kosbar (Missouri S&T) 
 

The Missouri S&T Satellite Research Team’s (M-SAT) design entry into the Air Force Research 
Laboratory (AFRL) Nanosat-8 program has indicated that existing commercial ground station 
options have proven to be cost prohibitive for university missions demanding high downlink 
budgets. The development of an open sourced, ground station design that could be 
implemented across participating universities provides an alternative to existing commercial 
options. An automated ground station network provides a closed network capable of 
accommodating large downlink budgets commonly found program participants. Further, the 
development of a reference ground station design would increase design reliability and provide 
a foundational platform for students to introduce additional communication capabilities. 

 
 
10:20 AM 21-15-05 
  “KU Solar Car Telemetry System”  

Nicholas J Kellerman (University of Kansas); Erik Perrins (University of Kansas) 
 

The design, manufacturing, and racing of a solar powered electric vehicle demands a large set 
of synchronized systems all working together in lock step. One such system within this set is 
that which is used to track, record, and interpret important data; primarily to inform the future 
operation of the vehicle, in the pursuit of increased efficiency as a consequence. Within this 
paper, The University of Kansas Solar Car Team presents it’s telemetry system used to actively 
track the state of Astra, the first generation of Solar Car coming from The University Kansas. 
The system is based around a Controller Area Network (CAN) Bus connecting the driver display, 
Battery Protection System (BPS), Maximum Power Point Trackers (MPPT’s), and motor 
controller. We use 4G LTE-M to transmit collected data from these nodes to Google’s Firebase 
platform, where we can retrieve and interpret data from a web dashboard outside the car. 
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Session 16 Networked Telemetry 
Chair  Shawn Perry, Naval Air Warfare Center Aircraft Division 
 
9:00 AM 21-16-01 
  “Universal modular full flight-testing system” 

Gregor Steiner (IMC Test & Measurement); Colin Douglas (JDA Systems) 
 

Driven by the need for a next generation flight test data acquisition and signal conditioning 
system this presentation describes in detail the latest IMC/JDA solution. The modular system is 
fully compliant with the latest IRIG 106 standards including real time ground control of the 
airborne system utilizing IRIG106 Chapter 7 capabilities, these include the complete signal 
conditioning system configuration, the IRIG106 Chapter 10/11 recorder, the structure of the 
IRIG106 Chapter 7 telemetry downlink, the transmitter frequencies and power. The total 
system timing is GPS based and utilizes the NTP and PTP network timing standards within the 
air vehicle under test. This presentation should be of interest to anyone interested in air vehicle 
testing. 

 
 
9:20 AM 21-16-03 
 “Implementing TmNS Data On Demand” 

Rocco Docimo (Curtiss-Wright); Ben Kupferschmidt (Curtiss-Wright); Kathy Rodittis (Curtiss-
Wright) 

 
The Telemetry Network Standard (TmNS) was released as part of the 2017 version of the IRIG 
106 Standards. Traditionally, serial streaming telemetry data has been sent on a unidirectional 
link from the test article to the ground. The TmNS standard offers a new approach to acquiring 
flight test instrumentation data that changes this paradigm by allowing the use of bi-directional 
data links. These bi-directional links allow for commands and requests to come from the ground 
back to the aircraft. This offers a new capability to the Flight Test community to request data on 
demand from the Flight Test recorder. One of the longest standing problems with traditional 
telemetry has been data dropouts. These gaps in the flight test data can occur at any point in a 
test flight and they can prevent the ground controllers from knowing if a test was completed. 
TmNS offers a solution to this problem by allowing the ground to request a PCM Backfill to re-
send the section of the data that was lost. 

 
9:40 AM 21-16-05 

“IRIG106-CHAPTER 7 IN PRACTICE – A REAL USE CASE” 
JEAN GUY PIEROZAK (NEXEYA); STEPHANE DUGUE (NEXEYA) 

 
Chapter 7 methodology was introduced in IRIG106 in 2015 with the purpose of simplifying the 
on-board architecture while still using legacy Chapter 4 hardware on ground. On top of that, 
this new protocol benefits from the growing use of the more and more popular Chapter 10 
processing software. The various on-board data sources are acquired and embedded in a 
standard Chapter 4 PCM data stream. Then, all the telemetry downlink chain can be reused up 



to the data processing system in charge of reconstructing the original data streams and 
dispatching them to the end users. This is where complexity reaches its climax, depending on 
the use-cases. The goal of this paper it to present a real-case architecture of a flight test bed 
whose telemetry system has evolved to IRIG106-15 Chapter 7, and the challenges faced by the 
ground processing system. It gives insights of return of experience of deployment, 
performances, benefits and drawbacks of such a system, as well as leads for improvements. 
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Session 17 Special Topics 
Chair  Doug O’Cull, Semco 
 
 
9:00 AM 21-17-02 

“Design of a Low-Cost Handheld Wireless Oscilloscope” 
Boning Dong (UC Santa Barbara); Byron Aguillar (UC Santa Barbara); Yogananda Isukapalli (UC 
Santa Barbara) 

 
Most of the available oscilloscopes are difficult to use, bulky, and expensive. Other challenges 
of using an oscilloscope include its long setup time, messy wired connections, and an unfriendly 
interface. To address these issues, in this paper, we propose an original solution, Scopen, a pen-
shaped wireless oscilloscope that is accurate and affordable. By transmitting the captured 
signals wirelessly and displaying the waveform on the software side, Scopen eliminates cables' 
requirements to achieve maximum flexibility. Furthermore, the wireless transmission feature 
allows us to display the waveform on multiple devices and platforms, increasing flexibility and 
ease of use. This paper presents Scopen's system target specifications, hardware design that 
includes a custom printed circuit board, and software architecture. Finally, we will discuss the 
features and performance of our wireless oscilloscope. 

 
9:20 AM 21-17-03 
 “An Experiment on Energy Harvesting for Aircraft Instrumentation” 

Michael Rice (Brigham Young University); Amy Giullian (Brigham Young University) 
 

Sensor installation for flight test instrumentation is a difficult process because the sensors must 
be wired to a central power unit. A small power source for transducers would make the 
installation process more efficient. This paper investigates the power output of a piezoelectric 
energy harvester. An experiment was conducted using a piezoelectric diaphragm connected to 
a full-wave bridge rectifier. The circuit is analyzed and experimental results are presented. The 
results are analyzed to determine if the output power is sufficient to supply a small transducer. 

 
9:40 AM 21-17-04 

“Edge Machine Learning for Face Detection” 
Geffen Cooper ( UC Santa Barbara); B.S. Manjunath (University of California, Santa Barbara); 
Yogananda Isukapalli (UC Santa Barbara) 

 
This paper describes an implementation of edge machine learning for vision-based classification 
and detection tasks. Edge machine learning refers to the idea of executing machine learning 
algorithms directly on resource-constrained embedded devices rather than moving the data 
processing stage to more powerful computers or the cloud. The main task explored in this 
paper is real time face detection using a low-power microcontroller. This device utilizes a 
convolutional neural network (CNN) accelerator that optimizes convolution and pooling 
operations for fast power efficient inference. Development for this system is challenging as it 
requires building and training a hardware-limited CNN rather than fine-tuning a pre-trained 



state-of-the-art model. Further, baremetal microcontrollers such as this have limited memory 
and no operating system. The details of the development process are discussed in addition to 
the challenges and constraints of working with an embedded device. 

 
10:00 AM 21-17-01 
  “Pseudo-electrical Alternans: Beyond Pericardial Effusion” 

Akhil Jain (Mercy Catholic Medical Center); Parneet Kaur (Health and Family Welfare 
Department); Lilit Gasparyan (Brookdale University Hospital ); Rishabh Jindal (Dr. RML Hospital); 
Arjun Kelaiya (Balaji Specialty Hospital); Apurva Popat (Radiance Hospital); Zankhan Mirani 
(Research Volunteer); Bhanusowmya Buragamadagu (Mercy Catholic Medical Center); Manasee 
Vyas (Research Volunteer); Anisha Mulumudi (Tulane University); Sidharth Jain (Good Shepherd 
Christus Hospital) 

 
Electrical alternans on ECG is reported in substantial pericardial effusion. Pseudoelectrical 
alternans (pseudoEA) is the alternation in the QRS amplitude in the absence of pericardial 
effusion. We reviewed 16 such cases of pseudoEA (26-72 years, 68.75% males, 31.25% 
females). Besides physiological causes, cardiac diagnosis included arrhythmia (31.25%), 
coronary artery disease (18.75%), congestive heart failure (12.5%) in our review. The most 
common non-cardiac diagnosis was bronchial asthma. PseudoEA in both chest and limb leads 
was seen in 42.8%, chest leads alone in 35.7%, and limb leads alone in 21.4%. Telemetry 
surveillance is useful in identifying pseudoEA and confirms it by its reversal after treating the 
main pathology or removing the causing agent. There should be a high index of suspicion 
amongst physicians when electrical alternans is present on telemetry to identify and treat the 
alternative conditions in the absence of pericardial effusion. 

 
 


