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Registration

8:30am-3:00am

Welcome 9:00am-9:15am
Tracks 9:15am-11:15am
Posters and Pizza 11:30am-1:45pm

Awards 2:00pm-2:30pm

Presentation Tracks

Track 1-Drillfield

Prototype Development of a Satellite-Based Atmospheric Sensor Best Overall

Beam-Squint Evaluation and Measurement System (BEAMS)

Computational Electromagnetic Simulations in Virtual Reality

LoRaWAN Deployment and Demonstration

Small Satellite Solar Energy Harvester

CMOS Detector Readout System for Small Satellite Applications Best in Track #1
Track 2-Duck Pond

Microgrid Design for VT Smart Village

High Altitude Balloon Venting System

SuperDARN HF Radar Lab at VT: Transmitter Monitoring

Supervisory Control and Data Acquisition System for the Virginia Spaceport

Authority

Autonomous Aguaculture Best in Track #2
Portable Controllers for Quantum Sensing Packages
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Track 3-Smithfield

Semi-Autonomous Navigation Vehicle Bestin Track #3 pg. 36
Data Center Prognostic Noise Sampling Device pg. 38
Low-Cost Remote Spectrum Analyzer pg. 40
RAG for Codebases pg. 42
Performant Prompt Classification in GenAl pg. 44
3D Printing Toolpath Converter for Multi-Axis Printers pg. 46
Cipher Internet Protocol pa. 48
Minimizing Bits for Communications pg. 50
Time-Based Evaluation of Cryptographic Security pg. 52
Applying the Automaton General-Purpose Automated Data Analysis and pg. Sk
Visualization Platform

Development of a Novel Multifrequency Focused Ultrasound System for the Best in Track #4 pg. 56
Non-Invasive, Versatile Treatment of Tumors

Machine Learning Integrated Biosensor for Disease Detection in Milk Samples pg. 58
Interactive Phased Array Beam Steering Visualization Best by Popular Vote pg. 60
Electronic Fuse (eFuse) for Auxiliary Power Networks pg. 62
High Speed RF Digitization pg. 64
Personal Locator Beacon Mesh Network pg. 66
Saltwater Antenna for Maritime HF Applications Best in Track #5 pg. 68
FPGA/CPLD Replacement of Deprecated Communication Chips pg.70
More than Moore: Fabrication of a Germanium FET for Ultra-Fast, Low Power pg. 72
Computing

Design of a Ge and GeSn based Laser For Future Quantum Technologies pg. 74
Quantum State Generation Using Photonic Integrated Circuits pg.76
Radiation-Hardened LLC Converter pg.78
Quantum Dot Single-Mode Laser Design and Fabrication pg. 80
Design of a High Data Rate Deserializer with 65nm CMQS Best in Track #6 pg. 82
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Welcome to our Spring 2025 ECE Major Design Experience (MDE) Exposition. Each
semester, we come together and take a few hours to review and celebrate the accomplishments
of our undergraduate student teams. The MDE is intended to be the culmination of
the students’ entire undergraduate engineering educational journey. Today's MDE Expo
showcases the results of 187 students, each working and learning together as a member of
a design team finishing their second semester of work on their teams’ unique projects.

Today, 36 exciting projects are showcased and each is a unique, open-ended, technical
challenge defined by our industry partners. Each student team has engineered their own
solution to their project with facilitation from our faculty subject matter experts (SMEs).
Whether a student’s career takes them to work in industry, to continue towards an advanced
degree, or to pursue roles in our national labs, their MDE capstone will impact much of
their approach to making contributions to their technical communities and, more broadly,
throughout society.

Today's ECE MDE Expo offers us an opportunity to examine and celebrate each project
team’s outcomes and results. Once you've seen today’s demonstrations, posters, and technical
presentations, I think you will agree that all our students have learned much and most have
delivered some very inspiring and useful projects.

This would not have been possible without the support of our industry partners, our subject
matter experts, and a host of other professionals committed to providing our students with
these exceptional educational engineering experiences. Thanks to all.

Congratulations to each of the students; their dedication and diligence is evidenced in these
36 projects. On behalf of these students, and from me personally, thanks again to our industry
sponsors, our subject matter experts, and our MDE faculty for their tremendous support in
developing our next generation of engineers.

Rose Hu
Department Head
Bradley Department of Electrical and Computer Engineering
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We greatly appreciate their support.
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Project Leadership

This class is only possible because of the commitment, dedication, and spirit of the following Customers and Subject Matter Experts. Thank you!

Sponsor Customer Project Subject Matter Expert (SME)
Z’:ﬁi::'h::_g;ma Jeff McWhirt Data Center Prognostic Noise Sampling Device Ben Kim
2:::12:::?;1 rth Carolina Jeff Chambliss Interactive Phased Array Beam Steering Visualization Linbo Shao
Annapolis Aquaculture Richard Young Autonomous Aquaculture Alkan Soysal
::i:::::?mw Hampshire Lu Goncalves-Getty and Jeremy Reeves Quantum State Generation Using Photonic Integrated Circuits Yong Xu
:r::::hurg,Virginia Stephen Moyer Semi-Autonomous Navigation Vehicle Arthur Ball
DOT&E Jeremy Werner and Tyler Englestad 22232:3 ;:Z C?;S:ii::roﬁir:::;t;umose Automated Data Yaling Yang
DOTSE Jeremy Werner and Tyler Englestad Minimizing Bits for Communications Yaling Yang
DOTSE Jeremy Werner and Tyler Englestad Time-Based Evaluation of Cryptographic Security Yaling Yang
DOTSE Jeremy Werner and Tyler Englestad Cipher Internet Protocol Yaling Yang
Framatome Ken Ritchey, Gary Novak and Erich Thurm FPGA/CPLD Replacement of Deprecated Communication Chips Linbo Shao
::’\;:il::{’:ast‘:;[\:l\éanr)fare Center, Dahigren Christopher Lillard and Kevin Cogley Saltwater Antenna for Maritime HF Applications Majid Manteghi
NAWCAD, NAS

Patuxent River, Maryland Andrian Jordan High Speed RF Digitization
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Sponsor

Customer

Project

Subject Matter Expert (SME)

Northrop Grumman Randy Spicer Small Satellite Solar Energy Harvester Ali Mehrizi-Sani

Parsons ) P

Centreville, Virginia Will Cole RAG for Codebases Wenijie Xiong

Parsons' N Peter Rochford Performant Prompt Classification in GenAl Ming Jin

Centreville, Virginia

Virginia Tech, ECE ) ) —_— -
irginia Tec . C. . Luke Lester Quantum Dot Single-Mode Laser Design and Fabrication Purv Bavishi

Blacksburg, Virginia

Southwest Research Institute Todd Veach CMQOS Detector Readout System for Small Satellite Applications

SSAI ) ) - AP, ST

Jackie Kendall and Chris Green 3D Printing Toolpath Converter for Multi-Axis Printers Xiaoting Jia

Lanham, Maryland

Virginia S|.Jac'e|.mrtAuthor|ty Walter Taraila Supervisory Controland Data Acquisition System for the Virginia Joe Adams

Norfolk, Virginia Spaceport Authority

Virginia Tech,.ADISF:L Mantu Hudait Design of§ Ge and GeSn based Laser For Future Quantum Muntasir Mahdi

Blacksburg, Virginia Technologies

Virginia Tech, CPES . . Ali Mehrizi-Sani

Blacksburg, Virginia Rolando Burgos Electronic Fuse (eFuse) for Auxiliary Power Networks Ashkan Barzkar

Virginia Tech, ECE

Blacksburg, Virginia

Kevin Sterne

SuperDARN HF Radar Lab at VT: Transmitter Monitoring

Kevin Sterne

Virginia Tech, ECE Wei Zhou and Azahar Al Machine Learning Integrated Biosensor for Disease Detection in Wei Zhou
Blacksburg, Virginia Milk Samples Sook Shin
Virginia Tach,.EI:IIE . Mantu Hudait More than Moore: F‘abmcatlon of a Germanium FET for Ultra-Fast, Muntasir Mahdi
Blacksburg, Virginia Low Power Computing
Virginia Tech, ECE ) )
Blacksburg, Virginia Greg Earle Prototype Development of a Satellite-Based Atmospheric Sensor
Virginia Tech, ECE ) . . ) )

irginia Tech, LLE Kevin Sterne High Altitude Balloon Venting System Kevin Sterne
Blacksburg, Virginia
Virginia Tech, ECE . .

irginia fec Scott Midkiff LoRaWAN Deployment and Demonstration Alkan Soysal

Blacksburg, Virginia




Sponsor

Virginia Tech, ECE Wireless@VT

Customer

Project

Subject Matter Expert (SME)

Blacksburg, Virginia Carl Dietrich Low-Cost Remote Spectrum Analyzer Carl Dietrich

Virginia Tech,.Na!:ufnalSecurlty Institute Mark Limes Portable Controllers for Quantum Sensing Packages Mark Limes

Blacksburg, Virginia

Virginia Tech, Spectral Warri . ) o . .
irginia fec . pt'ec. rat farrior Brad Davis Computational Electromagnetic Simulations in Virtual Reality Chris Headley

Blacksburg, Virginia

Virginia tech, MICS Lab Jeff Walling Design of a High Data Rate Deserializer with 65nm CMOS Jeff Walling

Virginia Tech, Vlaisavljevich Research
Laboratory

Eli Vlaisavljevich

Development of a Novel Multifrequency Focused Ultrasound
System for the Non-Invasive, Versatile Treatment of Tumars

Adam Maxwell

Blacksburg, Virginia
VPT Brandon Witcher Radiation-Hardened LLC Converter Arthur Ball
Virginia Tach,.N aflr.malSacurlty Institute Brad Davis Beam-Squint Evaluation and Measurement System (BEAMS) Brad Davis
Blacksburg, Virginia
r;:xm::?\l;irginia Mark Atkinson Microgrid Design for VT Smart Village Ali Mehrizi-Sani
Zeta Associates ) . )

i . Michael Drescher and Jared Desai Personal Locator Beacon Mesh Network Tim Talty
Fairfax, Virginia
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Prototype Development of a Satellite-Based Atmospheric
Sensor

CHALLENGE

Design, build, and test an electronics prototype for the REDD (Ram Energy Distribution Detector)
CubeSat instrument. The instrument is aimed at measuring the dynamics of neutral particles in Earth's
upper atmosphere, and the electronics prototype performs all the major functions of the instrument
including power distribution, telemetry, control, and sensing. There is currently no go-to space
instrument that can make the types of measurements REDD aims to make, so an electronics prototype is
a step towards reaching this goal. The data from REDD can provide insights about atmospheric dynamics,

LEFT to RIGHT: Aditya Bangalore, Raymond Wei, Chinmaya Salinamakki,
Haley Strong, Mitchell Chapman

SME:

Aditya Bangalore icesburg, virginia

solar weather effects (aurora, solar flares, etc), and major weather events on Earth.

Customer: Greg Earle

Chinmaya Salinamakki San Ramon, California

Haley Stl‘(]ng Warrenton, Virginia

Bachelor of Science in Electrical Engineering
Space Systems

Aspirations: My goal is to become an impactful engineer
in the aerospace industry. Specifically, I want to work on
interplanetary missions that allow humanity to discover more
about the universe and our place in it.

Course Comment:  This course has been extremely valuable
in understanding the practical engineering design process for
a complex system. This project has shown me that even
if everything looks good on paper, there will inevitably be
unforseen issues in the design or manufacturing of the real-life
system. It is only after thorough testing and debugging that
iteration can occur and a successful design can be achieved. It
has also taught me that collaboration and a team-based effort is
vital for innovation, and this is something that I will carry with
me throughout my career.

Mitchell Chapman Newport News, Virginia

Bachelor of Science in Electrical Engineering
Electrical Engineering

Aspirations: I wish to become the best Electrical Engineer I
can be in order to obtain a secure career, pay off my loans, and
eventually, support a family.

Course Comment:  The experiences gained from this course
have helped develop the professional skills I will need to
succeed in my future career and how important it is to be a
lifelong learner.

12 ECE

Bachelor of Science in Electrical Engineering
Radio Frequency & Microwave

Aspirations: I want to continue to explore the
field of electrical engineering to the best of my ability and
constantly learn new things and challenge myself with different
engineering problems. I want to work on projects that are
going to push me to learn new things on the fly. I am mostly
interested in exploring design problems in the field of RF, but
am open to learning anything new that a certain project may
require.

Course Comment: This project has been extremely valuable for
me in learning how to tackle a deadlines and also learn a lot
about integrating hardware with software as I took on the role
of an embedded systems engineer for this project.

Bachelor of Science in Electrical Engineering
Electrical Engineering

Aspirations: I look forward to being part of General
Dynamics Mission Systems Engineering Leadership Program
starting this summer. I am excited for the doors this program
will open for me, and I hope to quickly gain experience
and connections which will make me a more well-rounded
engineer and effective leader in the engineering professional
world.

Course Comment: ~ Having been through multiple electrical
engineering internships, I can confidently say this course aptly
prepares students for working in the professional world. I
have learned lots of practical engineering tips while working
through this project, alongside deeper understanding of
the engineering design process-including the importance of
documentation, testing, iteration, and teamwork.

Raymond W9| Guangzhou, China

Bachelor of Science in Electrical Engineering
Controls, Robotics & Autonomy

Aspirations:  Solve the most challenging problems, one PCB
trace at a time. The buck stops here.

Course Comment:  This course was one of the most valuable
experiences in my undergraduate journey at VT. It gave me the
opportunity to tackle an impactful engineering problem with
a team of sharp, driven peers. The hands-on collaboration,
technical depth, and problem-solving pushed me to grow as an
aspiring engineer and as a person.




Prototype Development of a Satellite-Based Atmospheric Sensor

Team Members: Aditya Bangalore, Raymond Wei, Haley Strong, Chinmaya Salinamakki, Mitchell Chapman

Customer and SME: Dr. Greg Earle Mentor: Prof. Shelley Stover

« To design, build, and test a prototype of the Ram Energy All boards were built and tested successfully.
Distribution Detector (REDD) CubeSat instrument. . Fig. 5 shows that emission current is well-controlled and setpoints can
« REDD aims to measure the fundamental characteristics of the be commanded from the flight computer.

N =

neutral atmosphere to inform models of space weather, which can 3. Fig. 6 shows that the prototype is capable of handling multiple spatial
impact long-range radio communications. resolution modes which can be commanded. The RPA grid bias voltage
. responds appropriately to each mode and can vary between sweep
- Density frequencies of 1 Hz, 2 Hz, and 3 Hz.

- - loci 4. Fig. 7 shows that the electrometer circuit covers about 3 decades of
Ram Velocity input current magnitudes over the expected input range.
- Temperature 5. Fig. 8 shows that tr_le electrc_:m_eter can respond to time-varying CEM
- - — - output currents during a holistic system test.
Fig. 1: Overview of motivation for the REDD instrument 6. Telemetry software provides a data stream, facilitates commanding the

. . system, and saves data in an appropriate file format.
Objectives
Develop electronics and software for controlling thermionic electron Lessons Learned

emission from a tungsten-alloy filament in vacuum. Careful attention facturi q J bly and th h post
Build and test sensing circuitry for measuring nA to mA level currents arelul attention o manutacturing procedures and assembly and thorough post-
assembly inspection is paramount when building printed circuit boards.

generated from neutral particles entgnqg ",]e REDD aperture. Assembly-induced errors can be misdiagnosed as design flaws when solder
Devt'algp telgmetry software for mon}tor{ng instrument sta'tus, joints, mechanical stress, or other physical factors are causing the issue.
archiving science data, and controlling instrument operation. When performing tests with complicated test setups, it is crucial to always plan
out the test beforehand, drawing pin diagrams and writing careful procedures as
needed.

Before designing a system, it is useful to perform tests that will verify that the
given requirements will result in a successful product. For example, during
testing it was found that the requirement of 1 A of driving current was insufficient
to induce the desired emission current levels.

Playing to the strengths of each team member optimizes the probability of
successfully completing a large-scale project.

Thermal changes critically influence the performance of electronic components,
so circuits must be designed with thermal management in mind.

Fig. 3: System level test setup. In addition to the
board stack configuration shown, the test was also  Fig. 4: Filament test fixture
conducted in a “flat sat” configuration with the PCBs
laid out flat and connected with jumper wires.

Digital multimeters (DMMs) are connected for monitoring driving current

through the filament and emission current from the filament (R = 1 ohm).

A Keithley 6220 Precision Current Source is used to simulate the output

current from the high-voltage CEM.

« The oscilloscope measures the RPA sweep voltage to monitor spatial
resolution mode changes.

« The computer sends commands to the electronics and receives a data stream

that is saved as a .csv file.

Theory of Operations

Test Results
Future Plans

Fig. 2: Simplified REDD instrument block diagram
Instrument Operation

Neutral particles enter the instrument and are ionized by the controlled
electron emission from the tungsten filament.

The resulting ions enter a retarding potential analyzer' (RPA), where
they encounter a time-varying potential barrier created by a 0 to 12 volt
sweep on a biased grid.

Depending on the grid voltage, a time-varying ion current is amplified
by a channel electron multiplier (CEM) and measured by the REDD
electronics.

Instrument status, emission current, CEM current, and housekeeping
data are sent to a flight computer via an output data stream. The flight
computer may also command the sweep frequency and emission
current level resulting in different spatial resolution modes and

ionization rates, respgectively. Acknowled g ments
Electronic Subsystems

« Power Board: Powers the system from a +28V bus.

Filament Driver Board: Driving circuitry for inducing emission current.
MCU Board: Houses MSP430, monitors instrument status, outputs
data to the flight computer, measures CEM current via an electrometer
circuit, and implements control.

Fig. 5: Controlled emission current for Fig. 6: RPA sweeping voltage in
70, 100, and 130 pA setpoints commanded spatial resolution
modes

Special thank you to the following for supporting this work:
« Dr. Greg Earle (SME and project advisor)

« Prof. Shelley Stover (Project Mentor)

« Dr. Dan Sable (for providing high-reliability DC/DC converters free of cost)
« Kim Medley (for supporting our procurement logistics)

« Rusty Stewart (for soldering training)

Fig. 7: Electrometer DC transfer Fig. 8: Electrometer output voltage

CEM Board: Electrical interface for the CEM (not tested due to high

characteristic sweep from system level test
voltage -2kV). P 4

Reference: 'See “A Versatile Retarding Potential Analyzer for Nano-Satellite
Platforms” by L. Fanelli, et al. for more details on RPA measurements.
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Beam-Squint Evaluation and Measurement System (BEAMS)

CHALLENGE

Our challenge is to measure and analyze antenna beam-squint, a phenomenon where radio frequency
transmission refracts unexpectedly through varying materials. Beam-Squint is a major issue for
communication systems because it causes data to be transmitted and received innaccurately. In
communications, it is most prominent in devices such as radomes (devices that protect the antenna)
and antenna arrays(antennas that can electronically steer the beam peak). Our objective is to create a
system to measure beam-squint for antennas in the Ku band (12-18 GHz) so thatfuture design teams can

LEFT to RIGHT: Albert Kojo Essiaw Jr., Cole Bednar, Sneha Magadi,
Brianna Rodriguez, Charlotte Uehling

SME: Brad Davis

[:0'.9 Bednar Abingdon, Virginia

use the measurement system to correct for beam-squint.

Customers: Brad Davis and William Smith

SnEha Magadl Richmond, Virginia

Brianna Rodl‘iguez Damascus, Maryland

Bachelor of Science in Electrical Engineering
Applied Electromagnetics

Aspirations: I'm an aspiring RF Engineer with a
strong passion for electromagnetics, antenna design, and
mathematics. I'm excited by the opportunity to work on
cutting-edge technologies and plan to pursue further education
in Electrical Engineering. I'm dedicated to lifelong learning
and continually building my skills across all areas to grow both
personally and pro.

Course Comment: This senior design course does an excellent
job at honing your engineering, problem solving, teamwork,
and project management skills.

Albert Essiaw Agona Swedru, Ghana

Bachelor of Science in Computer Engineering
Controls, Robotics & Autonomy

Aspirations: I plan to begin my career in the tech industry
with CACI, to gain hands-on experience and strengthen my
engineering skills. After a few years, I intend to pursue a
master’s in electrical engineering, with the long-term goal of
launching a tech hardware company. I also aspire to earn a
Ph.D. to contribute to research and innovation.

Course Comment: This class was a great way to gain exposure
to industry standards, collaborate on a project of interest, and
refine your presentation and communication skills.

14 ECE

Bachelor of Science in Computer Engineering
Networking & Cybersecurity

Aspirations: [ aspire to be a cybersecurity executive, leading
organizations in managing security risks and inspiring more
women to join my field. Addtionally, with my perspective as
an integrated security minor, I hope to improve the future of
security for my fellow Americans. I also wish to publish and
write more novels in my series, To Paint A Rose.

Course Comment: This course offers strong exposure to
leadership, industry expectations, and engineering standards
in a team-based environment. As a result, I have developed
skills in collaborative leadership and effectively communicating
complex ideas in an engineering setting.

Bachelor of Science in Computer Engineering
Controls, Robotics & Autonomy

Aspirations: My aspiration as a computer engineer is to
develop new and innovative Al models that positively impact
society. I also wish to earn a masters in computer engineering
to contriubte to research and development in the field of AL
Course Comment: This was a great experince to use the skills I
have learned in the past four years and apply it to a real project.
It was extremely valuable to me to work with my teammates
and collaborate with our customer, mentor, and subject matter
expert.

Charlotte Uehllng Alexandria, Virginia

Bachelor of Science in Electrical Engineering
Radio Frequency & Microwave

Aspirations: My career aspiration is working in an electrical
engineering design role that creates a product that helps people.
As of now, | imagine my career having constant learning,
problem solving, and circuit design.

Course Comment: Senior Design allows students to apply
ECE knowledege and develop relations to industry through
deliverables.




VIRGINIA TECH

Beam-Squint Evaluation and
Measurement System (BEAMS)

Naval Surface Warfare Center Dahlgren Division, VT NSI, Dr. Bradley Davis

INTRODUCTION

Sneha Magadi, Charlotte Uehling, Brianna Rodriguez, Albert Essiaw, Cole Bednar

DESIGN

CONCLUSION

What is Beam-Squint?

+ Beam-squint is the angle difference
between the refracted beam and its
intended direction.

|

Beampeak

6: Beam-Squint Beampeak visual

+ A Beampeak is the direction of the RF
signal from the antenna.

Beam-Squint Impact

« Communication systems are less precise
due to beam-squint.
* Most common in:

+ Radomes protect antennas from
physical elements.
« Antenna arrays electronically steer the

beampeak. E BA

B Intended Communication Path
M Actual Path due to Beam-Squint

Objective
Build a compact Beam-squint
measurement system

Beam-Squint
Perform in <10s
Accurate within 1°

Antenna
Frequency Range:
Ku Band (12-18GHz)

Beam-Squint
Measurement
System

=)

Our Measurement

Industry
Solution

Measurement

Overall Design

Semi-Anechoic Chamber

Device Under Test

(DU

Monopulse

- AMonopulse comparator
(MC) detects beampeak
location

Computer « AVector Network Analyzer

Antenna

Array  ©°F Radome

vvv).,vv')
0 3P
! ! WI.,N)

-Systems Built

Systems
Provided

Hardware: Monopulse
Comparator (MC)

3D Printed
Holder
Schematic

Custom-built MC

Software: Flow Chart

Start at
Expected
Beampeak

Location

¥

Record
Beampeak Xz
located? Scanner
Location

Move MC
to
predicted
location

Predict
beampeak
Location

Calculate
Beam-
Squint

(VNA) extracts MC data.

- A Beam-Tracking
Algorithm:
« Adjusts the MC position until
MC finds beampeak
« Calculates Beam-Squint with
the beampeak location
+ The Device Under Test (DUT),
MC, and XZ Scanner areina
Semi-Anechoic Chamber

Testing Range

[ S—

Beam-
Squint

Absorber minimizes
RF reflection

XZ Scanner moves
towards beampeak m

Scanning
‘ Area ‘

Software: Class Structure

Beam-Tracker Class
/NA and

» Creates

Motor Class

+ Connects to
Motor
__* Sets up Motor
* Records MC
position
* Moves MCto
new position

VNA Class

 Connectsto

Beam-Squint
» Dependency

Results

The output of our system is a plot showing:

* The movements it took to reach the beam
peak

» Final coordinates of the beampeak

¢ Squint measurement accurate within ~1°

Conclusion

* Measurement system accurately and
compactly measures Beam-Squint

« Helpful for future Senior design teams
tackling Beam-Squint correction

« Code + Testing Range built have
applications beyond Beam-Squint

Acknowledgements

We thank Dr. Bradley Davis of the VT National
Security Institute, Dr. Daniel Connors of ECE
4805/6, William Smith @NSWCDD, Dr. Steven
Russell @Office of Naval Research (Provided the
funds for the scanner). In addition, we thank
Virginia Tech for enabling us to explore and
advance this topic for future innovation.
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Computational Electromagnetic Simulations in Virtual Reality

CHALLENGE

Our challenge is to develop and integrate one-dimensional and two-dimensional finite difference time
domain simulations into an electromagnetic virtual reality training environment for radio frequency
equipment. This is to provide real time simulation functionality to support the existing Spectral Warriors
team's virtual reality experience.

LEFT to RIGHT: Matthew Gallagher, Ethan Maas, Junior Bonsu, Robert Vaughn,

Samuel Philips
SME: Chris Headley

KwaSi Bonsu Gainesville, Virginia

Customer: Brad Davis

Ethan Maas Tampa, Florida

Robert Vaughn Nokesville, Virginia

Bachelor of Science in Computer Engineering
Machine Learning

Aspirations: I plan to launch my career in Software
Engineering with a specialization in Artificial Intelligence,
aiming to drive advancements in Al technologies and create
meaningful impacts on people’s lives through innovative
solutions.

Course Comment: It was a rewarding experience to grow
alongside my team as we developed our project from the initial
stages to the final product in VR.

Matthew Gallagher‘ Haymarket, Virginia

Bachelor of Science in Computer Engineering
Controls, Robotics & Autonomy

Aspirations: After graduating, I plan to pursue a graduate
degree and continue my ongoing research in the field of
Human-Computer Interaction, focusing on the development
and use of virtual reality experiences.

Course Comment: This course provided a valuable opportunity
to apply engineering concepts in a team environment.

16 ECE

Bachelor of Science in Computer Engineering
Computer Engineering

Aspirations: I plan to pursue a career in cybersecurity and
network engineering after graduation. I want to be part of
a field that keeps the world’s most powerful and important
infrastructure of information and data safe and usable for
everyone.
Course Comment:
engineering students that are inundated with technical material
and immersing them in an environment where they learn to
value relationships with colleagues and mentors just as much
as knowledge of the content.

This course does an excellent job at taking

SamUEl Philips Virginia Beach, Virginia

Bachelor of Science in Electrical Engineering

Communications & Networking

Aspirations:  Electronic warfare engineer

Course Comment: [ learned the importance of communicating
with a customer and the importance of having a specification
to build to

Bachelor of Science in Electrical Engineering
Radio Frequency & Microwave

Aspirations: I aspire to continue to learn about
electromagnetics and pursue a career where I can apply these
skills.

Course Comment: I enjoyed working with my teammates and
learned a lot about project management.



Computational Electromagnetic Simulations in Virtual Reality

Team Members: Junior Bonsu, Robert Vaughn, Ethan Maas, Samuel Philips, Matthew Gallagher

® To design and implement 1-D and 2-D Finite
Difference Time Domain (FDTD) code utilized in
the creation of electromagnetic (EM) simulations
for integration into a virtual reality (VR)
environment that visualizes radio frequency (RF)
principles in support of the Spectral Warriors.

2. Requirements

e Develop FDTD code to be implemented into both
1-D and 2-D simulations showing
electromagnetic principles.

e Simulations needed to be implemented into an
Unreal Engine-powered VR space and gamified
to create engaging and immersive learning
experiences.

3. Background

For FDTD formulation, apply Central Difference
Theorem to Maxwell’s equations for time and
spatial derivatives.

Then solve for Update Equation to be used in code.

This formulation was then applied to coaxial
transmission lines and 2-D radomes to allow the
user to visualize how changing dielectric
properties and geometry of a material affect its
interaction with propagating electromagnetic
waves.
Figure 1: Diagram of
coaxial cable with
inner (a) and outer
diameter (b) and
relative permittivity
(g,) of dielectric
material labeled.

Figure 2: Example of Impedance mismatch between
transmission lines of 50 to 75 Ohms shows V and P

Mentor: Dr. Daniel Connors | Customer: Dr. Bradley Davis, William Smith

Subject Matter Expert: Dr. William “Chris” Headley

® The 2-D simulation uses a simple horn antenna to give directivity to a sine wave, which allows us to show how
waves propagating in a vacuum react when colliding with different geometries and material properties in 2-D.

Figure 3: Simulation of a propagating EM sine wave
reflecting of an angled dielectric screen in (V/m)

v

Figure 4: Transmission line FDTD scenario in VR

® The 2-D experience involves the user exploring the behavior of electromagnetic waves propagating from a horn
antenna across dielectric materials with different radome geometries.

e Each experience was designed in parallel with game design concepts to maximize engagement, encourage
exploration, and provide meaningful feedback to the user throughout their journey.

Figure 5: Horn antenna in VR

5. Experience Design

® The 1-D experience prompts the user to manipulate the physical properties of a virtual wire to match its
impedance to a base wire in a VR simulation.

DAHLGREN

1.Problem Statement 4. Simulation Design 6. Future Plans

® The 1-D simulation applies FDTD formulation to the Telegrapher’s equations for transmission lines. The
simulation shows the reflected and transmitted voltage waves for mismatched impedances of coaxial lines.

e Optimize the experience to allow for mobile
headset usage.

o Create additional simulations within the VR
environment featuring more advanced concepts
such as array theory.

o Utilize ray tracing for 3-D volumetric
simulations.

7. Challenges

e Traditional source control methods proved
incompatible with the system due to the binary
nature of the various 3-D assets.

e Certain simulation methods including ray tracing
proved too complex for implementation within
the given timeframe.

e Ensuring all simulations were accurate took an
extraordinarily large amount of testing and
applied theory.

o Tasked with the creation of 1-D and 2-D FDTD
simulations in Python which were to be
converted to C++ to be integrated into a virtual
reality experience.

o Validated the methods with rigorous testing
through the use of electromagnetic theory.

® Designed two interactive rooms in Unreal
Engine showcasing FDTD simulations, enhanced
with user engagement features for gamification.

9. Acknowledgements

We would like to thank our subject matter expert,
Dr. William “Chris” Headley, our customer
intermediary, Dr. Bradley Davis, our customer
Dahlgren, our customer representative, William
Smith and our mentor, Dr. Daniel Connors for
their support during this project.
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LoRaWAN Deployment and Demonstration

LEFT to RIGHT: Nick Meier, Isham Harris, Connor Kramarik, Vijay Mannava,
Andrew Budzynski

SME: Alkan Soysal

Andrew BUdzynSki Collegeville, Pennsylvania

CHALLENGE

Deploy a functional LoRaWAN network using a Raspberry Pi and ChirpStack open-source software. Design
loT sensor nodes equipped with GPS and CO2 sensors to collect data over a long range. Then, develop

backend and visualization for data.

Customer: Scott Midkiff

ConnOI‘ Kf‘amarik Williamsburg, Virginia

NiChOlas MEier Millstone, New Jersey

Bachelor of Science in Computer Engineering
Networking & Cybersecurity

Aspirations: Further my engineering career by supporting
DOD interests.

Course Comment: I enjoyed the real world aspect of project
developement and working as a team.

ISham Harl‘is Sanderson, Texas

Bachelor of Science in Computer Engineering
Computer Engineering

Aspirations:  Pursuing further education at Virginia Tech in
the ECE Master’s program.

Course Comment: Ireally enjoyed working on a team to develop
unfamiliar technologies.

Vijay Mannava rairfax, Virginia

Bachelor of Science in Electrical Engineering
Electrical Engineering

Aspirations: I would like to further my engineering career
with aspirations to move into management in the future.
Course Comment: Thank you to Dr.Midkiff and Dr.Pour for all
of their help throughout the year.
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Bachelor of Science in Computer Engineering
Networking & Cybersecurity

Aspirations: [ would like to pursue a future career as a patent
attorney.

Course Comment:
got to work on.

I enjoyed my team as well as the project we

Bachelor of Science in Computer Engineering
Computer Engineering

Aspirations: I aspire to leverage my technical expertise and
innovative thinking to develop impactful solutions to drive a
team forward.
Course Comment:
senior.

I strongly recommed this course to any



LoRaWAN Deployment and Demonstration
Andrew Budzynski, Isham Harris, Connor Kramarik, Vijay Mannava, Nick Meier
Sponsor: Dr. Scott Midkiff
Subject Matter Expert: Dr. Alkan Soysal

What is LoRa?

= LoRais a long-range, low-power radio modulation technique
designed to transmit small amounts of data over long
distances.

What is LoRaWAN?
= LoRaWAN is the networking protocol that utilizes the LoRa

technology, providing an interface for LoRa-devices to securely

interact with certain applications.
Why use LoRa/LoRaWAN?
= Insituations where small amounts of information need to be
exchanged intermittently, LoRa serves as a more power-
efficient solution than Wi-Fi or cellular.
= Wi-Fi and cellular are designed for close range, high

bandwidth communication. LoRa is designed for the opposite

purpose.

= LoRaWAN is best used in environments where many LoRa
devices require secure communication with multiple
applications.

Sensor Hardware

Comprised of two microcontrollers:

= One collects, processes, and sends data to the other.

= The other receives the data and transmits to the LoRaWAN
gateway.

Multi-microcontroller solution enables device modularity and

frees computational resources.

Powered by a 7.4-volt Lithium-Polymer battery for portability.

Final Design

Frontend Application LoRaWAN Gateway

J

Technologies

Frontend

= Developed using the React)S framework.

= Served by an NGINX webserver.

= API requests directed to the backend by an NGINX reverse proxy.

LoRaWAN Network
= Network and end devices managed by Chirpstack.
= Gateway and network communicate via MQTT.

Backend Hardware

= API requests handled by the Flask framework. = RAK Wireless LoRa gateway interfaces with LoRa devices.
= Device data is stored in a MongoDB database. = Arduino Nano and Uno control end device computation.

= Application is fully containerized and deployed using Docker. = Raspberry Pi hosts the containerized full-stack application.

End Device j

\ interact with the devices on Virginia Tech’s LoRaWAN network.

\_ J

Backend Software

End devices transmit data using LoRa, which is received by the

gateway.

The gateway forwards this data over the MQTT bridge to the

LoRaWAN network server.

The network server manages devices and forwards data to the

API server, where it is stored in a persistent database.

= Device data is made available to end-users through AP|
endpoints exposed by the web server.

= The web application provides an interface for users to view and

/

Our solution provides Virginia Tech with a LoRaWAN network, giving
access to scalable infrastructure for loT devices. Our software
produces an extensible application layer for data management and
user interaction. This serves as a foundation for future innovation
and provides the necessary infrastructure to build upon.

Looking Forward

Develop fundamental architecture for students at Virginia Tech to
utilize LoRaWAN technologies.
Expand LoRaWAN capabilities to groups that can benefit:
Smart, power-efficient control of lighting and HVAC in campus
buildings.
Tagging and tracking of animals and livestock for the School of
Animal Sciences
And many other teams across Virginia Tech...

Acknowledgements

We extend our deepest gratitude to Dr. Scott Midkiff for his
invaluable guidance and mentorship throughout the Major Design
Experience. His extensive expertise in Electrical and Computer
Engineering (ECE) has not only enlightened us but also inspired a
deeper understanding and passion for the field.
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Small Satellite Solar Energy Harvester

CHALLENGE

Northrop Grumman has tasked our team with developing a solar energy harvester circuit for a small
satellite. The device must fit within a compact 10 x 10 x 10 cm (1U CubeSat) form factor, harvest solar
energy to charge a Lithium-lon battery, and include a microcontroller to monitor key aspects of the
system. This project combines compact design, self-sustaining energy, and circuit monitoring.

LEFT to RIGHT: Abel Tekle, Jacob Manor, Justin Lamberty, Emre Ramiz, Samuel Miller,

Jalen Baine

SME: Ali Mehrizi-Sani

Jalen Baine Moseley, Virginia

Customer: Randy Spicer

SamUEl Miuel‘ Haymarket, Virginia

AbelTEkle Alexandria, Virginia

Bachelor of Science in Electrical Engineering
Electrical Engineering

Aspirations: I want to get a job and work for an engineering
consulting firm
Course Comment:
to take.

This has been a fun and challenging course

Justin Lamberty Daufuskie Island, South Carolina

Bachelor of Science in Computer Engineering
Computer Engineering

Aspirations:  Space Systems Engineer
Course Comment: [ really enjoyed the real world hands-on
experience that Senior design gives

JaGOh Manol‘ Milford, Massachusetts

Bachelor of Science in Computer Engineering
Computer Engineering

Aspirations: I plan on working in the Embedded / FPGA
Engineering field post-graduation.

Course Comment: I enjoyed working alongside a repuatable
organization on a project with practical applications. On top of
that, I love our team.

20 ECE

Bachelor of Science in Computer Engineering
Controls, Robotics & Autonomy

Aspirations: Following graduation, I aspire to pursue
a career in Computer Engineering, specializing in Machine
Learning applications and the interaction between software
and hardware. My goal is to leverage my academic and
professional experience to develop innovative, real-world
solutions.

Course Comment:  This project enhanced my leadership skills
in an electrical and computer engineering team while applying
knowledge to an industry-like problem. I also gained hands-on
experience in PCB design and soldering, which aren't typically
covered in class.

Emre Ramiz mount olive, New Jersey

Bachelor of Science in Computer Engineering
Software Systems

Aspirations:  Test Pilot
Course Comment: Important lessons learned for engineering in
team environments. Great experience overall.

Bachelor of Science in Electrical Engineering
Controls, Robotics & Autonomy

Aspirations: I want to go into the Naval/robotics field.
Specifically designing and debuging complex electrical system.
Later on, I want to work as a PCB engineer.

Course Comment: Well organized course! I enjoyed working
on real world applications and testing what I've learned from
my courses



Problem Statement

Develop a robust energy management circuit that efficiently harvests
solar power from one or more solar cells to charge a Li-Polymer battery.

Figure #1: 1U CubeSat
Key Impacts:

- Enables self-sufficient power for small satellites

- Lowers cost barriers to space exploration missions

« Extends battery life for consistent and reliable mission performance

- Real-time monitoring improves subsystem efficiency and safety

« Supports future satellite innovations and sponsor-driven
applications

Key Objectives

- Develop a circuit to harvest solar energy from onboard solar cells
- Safely charge a Li-Polymer battery using the harvested energy
- Integrate a microcontroller to monitor and control:
- Battery voltage
o Battery status (e.g., state-of-charge)
o Charge and discharge currents
- Ensure the entire system fits within a 10 X 10 X 1 cm form factor to
meet 1U CubeSat constraints

Challenges

During the development of our project, the team faced several
significant challenges:

« PCB Manufacturing: Export tariffs made it difficult to source
PCBs from overseas. To address this, we shifted to domestic
manufacturing through OSH Park.

« Bluetooth Interference: An external Bluetooth module interfered

with the Arduino’s operation. To resolve this, we transitioned to
an Arduino Nano with built-in WiFi and Bluetooth capabilities.

« Boost Converter Startup: Properly initializing the boost converter
IC proved challenging due to its minimum startup voltage
requirements, which required temporary startup from the
Arduino’s power source.

Small Satellite Solar Energy Harvester

Sponsor: Dr. Randy Spicer
Mentor: Professor Kelley Andrews
SME: Professor Ali Mehrizi-Sani
Team: Samuel Miller, Abel Tekle. Jalen Baine, Jacob Manor, Emre Ramiz, Justin Lamberty

Design Implementation

The Small Satellite Solar Energy Harvester is composed of six key subsystems, each designed to fulfill a specific function
that contributes to the system’s overall efficiency and reliability. Together, these subsystems manage energy harvesting,
power conversion, battery charging, and system monitoring—ensuring continuous and safe operation in a compact

CubeSat environment. A detailed overview of each subsystem is provided below:

Figure #2: High level System Design

Test Results

c2 Maximum 1.5598 V

c2 Average 14712V

Figure #4: Channel 2 Represents Vin

C1 Maximum 42942 V

C1 Average 37583V

Figure #3: Input/Output Voltage of the System Figure #5: Channel 1 Represents Vout

NORTHROP
GRUMMAN

Conclusion

This solution offers an efficient and maintenance-free method for
charging and monitoring a Li-Po battery in CubeSat applications. By
ensuring safe operation and enabling battery recharging in space, the
system enhances satellite longevity and reliability without the need for
manual intervention post-launch.

Figure #6: Final Circuit Schematic

Figure #7: Final PCB design

Future Work

« Integrate a rechargeable 9V battery to ensure the entire system

operates using only renewable energy sources
« Further reduce PCB size to support seamless integration with
additional CubeSat subsystems while staying within the 1U form

factor

Acknowledgement

‘We would like to take a moment to sincerely thank the following
individuals. Your guidance, support, and encouragement have been
instrumental in helping us reach this point. We truly couldn’t have done it
without you:

« Mentor: Prof. Kelley Andrews

« Customer: Dr. Randy Spicer

« SME: Prof. Ali Mehrizi-Sani

« Professor: Joe Adams
Thank you all for your invaluable contributions to our project.
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CMOS Detector Readout System for Small Satellite
Applications

CHALLENGE

Our goal is to design a control system for a CMOS detector that minimizes noise, size, weight, and power
consumption. This effort supports the Southwestern Research Institute's suborbital and orbital missions
by delivering a compact, efficient imaging detector readout system which can be tweaked for a number

of desired applications.

LEFT to RIGHT: Justin Winn, Dawsyn Schraiber, Noah Welenteychik, Archit Chavan,

David Encarnacion

SME:

APChitSingh Chavan richmond, Virginia

Customer: Todd Veach

Dawsyn Schraiber ioves Park, lllinois

Justin Winn mcLean, Virginia

Bachelor of Science in Computer Engineering
Computer Engineering

Aspirations:  Get my master’s degree in the field of Quantum
Computing
Course Comment:
on a CubeSat

Excited for the opportunity to be working

David Encarnacion Denville, New Jersey

Bachelor of Science in Electrical Engineering
Space Systems

Aspirations: I will start my career right out of undergrad
working either along the space coast or out west

Course Comment: Enjoying the opportunity to contribute
to a project from a higher level with the experience I gained
working on another cubesat project
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Bachelor of Science in Computer Engineering
Computer Engineering

Aspirations: To be an avionics engineer for aerospace
applications

Course Comment: I appreciated the opportunity to explore and
work more with embedded hardware design.

Noah WetenteyChik Richmond, Virginia

Bachelor of Science in Electrical Engineering
Controls, Robotics & Autonomy
Aspirations:  Placeholder for Aspirations

Course Comment: Placeholder for Course Comment

Bachelor of Science in Computer Engineering
Computer Engineering

Bachelor of Arts
Music

Aspirations: To work in embedded systems and eventually
obtain a Master’s in Embedded Systems

Course Comment: Enjoying the work on a networked CubeSat
device, as well as learning from a team with a diverse skill set



CMOS Detector Readout System for Small Satellite Applications

Team Members: David Encarnacion, Dawsyn Schraiber, Noah Welenteychik, Archit Chavan, Justin Winn

Motivation

To develop a low-cost and adaptable CMOS image
sensor readout system capable of converting LVDS
output into a readable format for data transfer and
storage. This system will support integration into
satellite payloads deployed in low-earth-orbit (LEO),
enabling SwRI to gather orbital image data for internal
research and potentially share with the scientific
community. Comprehensive documentation will
ensure the system's replicability for future missions,
allowing the deployment of multiple satellites
equipped with versatile imaging capabilities.

ams CMV4000
CMOS Detector

Objectives

Create a low-form-factor, low-power, and low-noise image readout
system

Reach a data capture speed of 15 frames per second at a
2048x2048 image resolution

Ensure the system survives a low-earth-orbit (LEO) thermal
environment and launch vibration

High Level Block Diagram

Figure 1: High Level Block Diagram

Software

Figure 2:
Microcontroller
State Diagram

Customer: Dr. Todd Veach, SWRI  Mentor: Dr. Shelley Stover, NASA

Analysis and Conclusion

Figure 3: Top Figure 4:
Signal layer with Second layer

S copper e This project has shown the feasibility of developing an
traces. planes extensible, low-cost, 1U Cube-Sat CMOS image sensor
readout system with high-speed communications via Gigabit
Ethernet despite their typical high price points. It must be
emphasized that the amount of work that has gone into this
project to develop the PCB and software as it currently stands
Fawes — has been significant, and considering future plans, the design
Dvewot 30 view of was at the brink of completion. Combining the successes of
of PCB the first and second board revisions and some
reconsiderations regarding the Ethernet Transceiver
6-layer PCB with subsystem, the system likely would have seen full
Sfe'ggcjg';gnd functionality with a third board revision. Additionally, the
GND layers for software as tested on the development board meets all
noise isolation desired functionalities and goals set in the Fall semester. With
a few adjustments, this software likely could have been
. flashed onto our board and performed as expected.
Experimental Setup
Validation testing utilized the following:
. 28V DC Power Supply
. Host Computer running Test Software Challen ges
. Readout System
After verification ¥esting, operational and Gigabit data speeds over Ethernet
survivable environmental conditions were tested. Software designed for a development board environment
The following equipment was used: adjusted for PCB
PWS4%2:(3‘ DpC Power Supply HaJving no subject matter expert to consult
DM3068 Digital Multimeter PCB Routing for ball and micro-pin grid array components
LACO Technologies Thermally Controlled Figure 7: TVAC used for

Va_(;uum Chamber and HVC-3500 control environmental testing Future Plans
uni

Test Results

Ethernet communications were able to be established via the
Test Software and the development board using the
FreeRTOS software stack on the microcontroller to manage
CPU time. Telemetry, commands, and responses were able
to be exchanged between the host computer and the primary
microcontroller.

Three boards were assembled to aid in testing and

debugging with varying degrees of functionality. This has

been completed to allow for subsystem testing. The first

board revision featured a linear regulator that was replaced

with a switching regulator in the second revision to Acknowledgements
accommodate higher power d|$$|pat|or_1. The microcontroller We would like to thank the following people for their support throughout
also features an external regulator for its core voltage that the project:

was able to regulate the 3.3V to 1.1V and operate nominally, . Todd Veach, SwRI (Customer Point of Contact)

indicating minimal microcontroller functionality. . Sowmya Muthurangan, VT ECE (T-Vac Point of Contact)
. Alec Salvetti, AMP Lab Soldering Mentor
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Microgrid Design for VT Smart Village

CHALLENGE

Our team was tasked with designing a reliable, cost effective microgrid for the Virginia Tech Smart Village
to power its current and future research buildings, primarily using renewable energy. We presented a cost
benefit analysis of two systems, each with solar panels, biogas generators, battery energy storage, human
machine interfaces, and electrical protection devices to our customer Wiley Wilson.

LEFT to RIGHT: Shahad Alfaraj, Emerson Rodriguez, James Mercer, Parus Hundal,

Daniel Klumpp
SME: Ali Mehrizi-Sani

Shahad Alfaraj Dammam, Saudi Arabia

Bachelor of Science in Electrical Engineering
Electrical Engineering

Aspirations: I aspire to complete my master’s degree
in electrical engineering and pursue a career in the power
industry. My goal is to become a power systems engineer
and contribute to the development of reliable and sustainable
energy solutions.

CourseComment: This course gave me the opportunity to work
on real-world engineering problems. It provided valuable
insight into the engineering industry and helped me grow both
academically and professionally.
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Customer: MarkAtkinson

Parus Hundal Vienna, Virginia

RObert Mercer‘ Newark, Delaware

Bachelor of Science in Computer Engineering
Controls, Robotics & Autonomy

Aspirations: I aspire to be an entrepreneur with a Robotics
consulting company. I also have a great interest in musical
instruments and DJing, thus I'd like to use my engineering
knowledge to help create custom D] equipment on the side for
personal interest.

Course Comment: This class has given me a great opportunity
to act as a consultant given the nature of our project. Since
we have been proposing certain systems and solutions to
the microgrid problem to Wiley Wilson I have built a basic
knowledge of researching and pitching products to a customer.

Daniel Klumpp Reinholds, Pennsylvania

Bachelor of Science in Electrical Engineering
Energy & Power Electronics Systems

Aspirations: As a Power and Energy Electronic System
Major, I hope to continue the reliability and sustanability of
our National Grid. Following Graduation, I will be a System
Protection Engineer for Dominion Energy in Richmond, VA.

Course Comment: This class has further developed my
customer interaction and system planning skills, as well as
public speaking. I would like to thank our SME for supporting
us, and Wiley Wilson for the rewarding project.

Bachelor of Science in Computer Engineering
Computer Engineering

Aspirations: My goal after graduating is to gain experience
in the industry and to find a particular field that interests me,
before continuing to graduate school and pursuing an academic
career.

Course Comment: This course was an excellent opportunity to
gain experience communicating with real clients on solutions
to the technical and economic challenges of a real-world
engineering project.

Emerson Rodl‘iguez Sterling, Virginia

Bachelor of Science in Electrical Engineering
Electrical Engineering

Aspirations:  After I complete my degree, I will be a consulting
engineer for MPR associates in Alexandria VA, working on
electric generation, transmission, and distribution projects. [

hope to continue America’s transition to renewable energy.
Course Comment: I have enjoyed learning how protection
systems work on my own, and I learned how to work with
people who I don’t have immediate contact with, such as power
vendors.



Background

Virginia Tech’s goal: 100%
renewable electricity by 2030

Virginia Tech plans to increase
peak load for Smart Village
from 0.5MW to 1.5MW

VT Smart Village requires a
reliable, sustainable, and
self-sufficient microgrid

Requirements

e Enough stable power for future
loads

e Primarily solar, with backup
generation and connection to
VTES
o Decided on biogas for backup

High Level System Diagram

e Solar contained North Field
o All systems within VTSV
boundaries

Testing

I Soil Resistance Testing in North Field

Sponsor: Wiley Wilson |

Mentor: Dr. Kelley Andrews

| SME: Dr. Ali Mehrizi-Sani

Team Members: Shahad Alfaraj, Parus Hundal, Daniel Klumpp, James Mercer, Emerson Rodriguez

 Historian for data logging ¢ Optional subscription
service ($600/yr)

Cost Benefit Analysis Results

System 1
|/SCADA

Specs: Analysis: Specs:
Customizable Ul  Alerts for basic e Control functions for
Configurable alerts automation automation

)lar

Grid-following Inverter

Specs:
Grid-Following inverters
High-power panels

Analysis
Inexpensive & simple
operation
Lacks robustness
Needs another power
source for inverters

s Generation
Caterpillar CG170B-20

Specs:
Power Output: 2,300 kW
Digester Volume: 8,300 m3
Analysis:
Higher power output & efficiency
Higher cost and larger footprint
Supports future load expansion

nterconnection
GE Multilin 850

Analysis: .

* More robust cybersecurity .
¢ Synchrocheck, undervoltage

monitoring in one package .

GE VERNOVA CIMPLICITY

VT Smart Village Location

Biogas Generator EQuipment

Comparable Specs:
Both feeder protection relays
Optional Arc Flash Protection,
Reclosing functionality
Supporting equipment: 3 phase
voltage and current transformer

¢ |Islanded mode
» Historian for data logging

System 2

Eaton Power Xpert

Analysis:
¢ Already in use by VTES
¢ Islanded mode + certain
controls useful for
microgrids

Grid-forming Inverter

Specs:
e Hybrid inverters
¢ 2nd transformer to
remove harmonics

Analysis:
¢ Works independently
¢ Higher price
¢ All domestic products to
avoid tariffs

Caterpillar CG170-16

Specs:
e Power Output: 1,560 kW
« Digester Volume: 6,920 m3

Analysis:
¢ Lower cost and smaller footprint
¢ Less pressure on biomass supply
* Lower power output and efficiency

ABB REF615 ANSI

Analysis:
¢ More monitoring options
¢ Synchrocheck and undervoltage
monitoring in separate packages

* Twice the cost of

Virginia Tech Smart Village Self - Sustaining Energy District

Results (cont.)
System 1 System 2

SS

Symtech Megatron 1.6MW x 3MWh
High capacity Low capacity
13.5 MWh - 6 units 6.3 MWh - 3 units
Full workday's * Enough power for
energy longest night of the
Facilitates more year
use of solar power e Relies more on
backup generation
* More load per unit

low capacity

Total Cost

$15.8 Million - $11.2 Million

Future Work

e System 3 Cost Benefit Analysis

e Simulation of VTSV microgrid

e Determine how system affects
current electrical infrastructure

Acknowledgements

e Gary Li, Mark Atkinson, and
Chuck Niedermayer of Wiley
Wilson

o Prof. Kelley Andrews, Mentor

o Dr. Mehrizi-Sani, PHD, SME

Y |
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High Altitude Balloon Venting System

LEFT to RIGHT: Ali Alnukhali, Harun Adiyaman, Typho Dang, Rahul Shanmugam,

Josh Dunn

SME: Kevin Sterne

Harun Adiyaman Aidie, virginia

CHALLENGE

Our objective is to develop a long-range communication system capable of remotely controlling a
venting mechanism on a high-altitude balloon operating at altitudes exceeding 80,000 feet, using control

commands sent from a ground station.

Customer: Kevin Sterne

Ty pho Dang Lorton, Virginia

Rahul Shanmugam Virginia Beach, Virginia

Bachelor of Science in Computer Engineering
Networking & Cybersecurity

Aspirations:  Become 1% bettter than I was yesterday

Course Comment: This course combined several aspects
of engineering into one. From problem solving to
interacting/managing customers to practicing presenting.
In all, I've gained more practical experience in this course than
any other before.

Ali Alnukhali jeddan, saudi Arabia

Bachelor of Science in Electrical Engineering
Electrical Engineering

Aspirations:  Travel the world & Meet new people

Course Comment: The project provided an accurate simulation
of real-world problem-solving. I particularly enjoyed exploring
new topics, deepening my understanding of the tools involved,
and collaborating as a team to deliver a quality product.
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Bachelor of Science in Computer Engineering
Computer Engineering

Aspirations:  Retire and live on a farm

Course Comment:  This course is has taught me a great deal
about team work and being responsible. There are expectations
of you from your teammate, they keep you in check if you are
slacking or delivering poor quality product.

Joshua Dunn Frairfax, Virginia

Bachelor of Science in Computer Engineering
Computer Engineering

Aspirations:  In the short term, [ want to focus on completing
my final coursework successfully while recovering from my

leg injury. I eventually want to earn a master’s of engineering
degree and have a stable enough career where I'm able to travel
to different places like Scotland.

Course Comment: This was a good course experience and well
worth the effort. I enjoyed learning more about the topics this
design project covers and getting to apply my course knowledge
to a tangible outcome.

Bachelor of Science in Computer Engineering
Computer Engineering

Aspirations: ~ Complete my Master’s Degree here at Virginia
Tech and have a successful career in doing what I love.

Course Comment:  Senior Design Project has taught me a lot
about how to work as a team, communicate with customers and
experts, and even time management. This course bridges the
gap between academics and industry by allowing me to apply
theoretical knowledge to practical problems. Furthermore, it
simulates real-world constraints like deadlines, budgets, and
client expectations which helped me prepare for my career.



Sponsor: High-Altitude Ballooning at Virginia Tech, Kevin Sterne Mentor: Joe Adams
Team: Rahul Shanmugam, Typho Dang, Harun Adiyaman, Josh Dunn, Ali Alnukhali

Background System Block Diagram Testing Results

Current high-altitude balloon systems face Ground System Balloon System
limited flight durations due to uncontrolled Logging

ascent and eventual bursting. These limitations GPS —
restrict the time available for data collection

UART

and reduce mission efficiency, especially at high HDMI + USB PWM
altitudes. SD Card — SPI STM32 L412KB —-

SPI + GPIO

Problem Statement i Coaxial

To overcome these limitations, our project goal

is to extend the flight duration of a high-altitude

balloon by achieving near-neutral buoyancy at

approximately 80,000 feet. This will be CO mmuhn icatio N protoco |

accomplished through a remotely operated Balloon

venting mechanism, controlled via a ground T SieepMode  AwakeMode . (Tmeow Sieep Mode |

station, allowing real-time altitude adjustments ACK[CMD]
and prolonged stable flight. IDLE (+ optional
X payload)
Conclusion
In conclusion, we have developed and tested a high-

Get GPS Position & ' altitude balloon venting system capable of receiving
Point Antenna at Balloon Ground Station remote commands from over 40 miles away to actuate a
motor and maintain near neutral buoyancy at high

altitudes.
Packet Format Improvements
0 e Use a patch antenna on balloon AC kn OWled ments
@ Seq # Ack# CMD Len Implement Geofencing for cutdown

SPI + GPIO

We would like to thank our customer High Altitude

1 byte 1 byte 1 byte 1 byte .Relmplemer?t the . ground  station Ballooning at Virginia Tech, our SME Mr. Kevin Sterne,
interface using C++ instead of Python. our mentor Dr. Joe Adams, and the facilities manager,
Operation via Flight Altitude: Data (len bytes) Extend the command set Mr. Rick Johnston, for providing resources and support
Ground Station Duration 80,000 ft throughout the course of our project.

Remote Extended
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SuperDARN HF Radar Lab at VT: Transmitter Monitoring

CHALLENGE

Before this project, SuperDARN had no current method to tell if the transmitter or antenna has faulted.
This leads the SuperDARN team travel to the site multiple times to determine fault and repair the site.
This project aims to design a scalable method to lower maitnence costs by determining the cause of the

fault at their sites.

LEFT to RIGHT: Corey Carpenter, Tanner Beamer, Dagmawi Theodros, William Betz,

Wesley Flynn
SME: Kevin Sterne

Tanner' Beamer‘ Culpeper, Virginia

Customer: Kevin Sterne

Corwin Cal‘penter Severn, Maryland

Bachelor of Science in Electrical Engineering
Energy & Power Electronics Systems

Aspirations: After graduating, I will be converted to
a full-time positon with the Department of the Navy in the
Electromagnetic and Sensor Systems Department. There, I
intend to study to become a Radar Engineer/Specialist.

Course Comment:  This course is a very unique experience
to enable a better understandying of industy-style engineering
and development. Working with a team is also extremely
valuable and prevolant.

William BetZ Lynchburg, Virginia

Bachelor of Science in Electrical Engineering
Controls, Robotics & Autonomy

Aspirations:  Following this semester, and gradaution, I will
be heading off to grad school here at Virginia Tech for a masters
through their accelerated grad program. After I graduate with a
masters, | intend to go into the power industry to help improve
renewable power integration.

Course Comment: The course is a good way to present us with
a unique project with no determinant solutions. That way we
can get a work-like experience while still having the support of
our teachers and mentors.
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Bachelor of Science in Electrical Engineering
Radio Frequency & Microwave

Aspirations:  After graduation, I hope to continue my studies
in grad school here at Virginia Tech; going for a masters degree.
I intend to stay in the field of RF and communication systems
Course Comment: I enjoyed how this course provided
a structured approach to breaking down and tackling a
real-world problem. It gave us the opportunity to work on an
actual industry project, while also providing a safety net to let
us explore diffrent approaches and ideas.

WESley Flynn West Chester, Pennsylvania

Bachelor of Science in Computer Engineering
Chip-Scale Integration

Aspirations: Upon graduation, I will commission as an
officer in the United States Air Force. My first assignment
will be to pursue a Master’s degree at the Air Force Institute
of Technology in Dayton, Ohio. Following that, I will serve as
a developmental engineer, helping develop technology for the
Air Force.

Course Comment: I enjoyed how the course walked us
through the common practices that large organizations use for
engineering projects. I also loved the opportunity to apply the
knowledge from class in a practical setting.

DagmaWi Theodros siver Spring, Maryland

Bachelor of Science in Electrical Engineering
Electrical Engineering

Aspirations: Upon graduation I will be moving to Atlanta
to continue my work with Siemens through their eMobility
Experience Program. There I will be assisting in Creating,
testing, and implementing products and applications for EV’s
and EV charging stations.

Course Comment:
first hand experience in working through a professional task

Through the course I have been able to get

with a customer. Making sure that as a group we stayed on
pace with our assigments to show signifigant progress.



SuperDARN HF Radar Lab at VT: Transmitter

VIRGINIA
TECH.

What is SuperDARN?

SuperDARN is an acronym for the Super Dual Auroral Radar Network. The network consists
of over 30 low-power radar arrays that observe the Earth's atmosphere for plasma motion in
the ionosphere; providing key insight into Earth's space envi This is lished
by sending busts of pulses through a transmitter and connected antenna, then receiving the
returned signal and interpreting it.

While our project focuses on the site in Blackstone, VA, SuperDARN is an international
collaboration between 19 universities. Virginia Tech, Dartmouth College, Penn State
University, and the John's Hopkins University Applied Physics Laboratory (APL) represents
the U.S. component of the network, which is funded by the National Science Foundation
(NSF).

Figure 1: View of the SuperDARN antenna array at Blackstone,
VA. Source: http://vt superdarn.org/gallery

Figure 2: Image of the transmitters and computer at the
Blackstone, VA site. Source: http://vtsuperdarn.org/gallery

The Problem and How Can We Help?

Problem

SuperDARN sites are located
in remote areas

The health of the 18
transmitters onsite is
unknown without a
technician traveling to the
site

This uncertainty and
inaccessibility makes
maintenance time consuming

and costly Figure 3: Labeled image of a transmitter at the Blackstone, VA site

Project Objectives

Create a cost-effective system that monitors SuperDARN transmitters at the Blackstone
site

System must measure status voltages and from all 18 i on-site

System must use the existing site to make remotely

technicians

Monitoring

Sponsor: Kevin Sterne, Virginia Tech
Professor: Dr. Adams and Dr. Connors, Virginia Tech

System Design

System Overview
Our system consists of 18 Sensor Units, one inside each transmitter, and a Sensor Unit connected to the site
computer. The Sensor Units communicate to the Sensor Hub using Wi-Fi, and the Sensor Hub is connected to
the computer via USB. Below is an example of one Sensor Unit and Sensor Hub connected to the transmitter
system.

Transmitter

Signal Low Power Amplifiers/

P S
Generator TX Switch e Power Sensor

Signal
Processor

T
Controller Card LED Pover
Meters

Site Computer

Antenna

D)

High Power
TX/RX Switch

Low Power
RX Switch

—

Temperature Sensor

Designed by: Tanner Beamer, William Betz, Corwin Carpenter, Wesley Flynn, Dagmawi Theodros

Outcome

PICTURE OF SENSOR UNIT HERE

Figure 5: A picture of the PCB design of the Sensor Unit

Cost
The total cost of components for an 18-transmitter radar site is $496.63, equivalent to
$27.59 per transmitter.

This cost excludes the price of external wires and cables, but includes the necessary
connectors and crimping materials.

Figure 5: A flow chart of the implemented measurement system

Fault detection
The following table of scenarios give examples of fault events and how they are detected by
the sensor units. The flag lets the user know if the transmitter or antenna faulted.

Sensor Units
Each unit, driven by an ESP32 microcontroller, reads status voltages from the transmitter in which it is
installed. These voltages are carried by jumper wires between the signal path components and the
transmitter's controller card:
+ High SWR Flag
* Low Power RX/TX Switch Pulses
400V High Power Switch Supply
Each unit also contains a temperature sensor for in-case thermal readings.

After assembly, all one must do to install a Sensor Unit is:
«  Disconnect the jumper wires from the controller card
Connect the jumper wires to the Sensor Unit
Use additional jumper wires to connect the Sensor Unit to the controller card, allowing for signal
passthrough
Attach the Sensor Unit's power leads to the existing 15V supply terminals

Cause of Failu: Response Result

Lightning strikes the antenna
causing it to fail

high reflected power is detected ~ The Sensor Unit reports the
by the power sensor and the opening of the low power
transmitter shuts off switches and the high SWR flag

The Sensor Unit detects the
voltage drop and changes the
value sent to the log accordingly

A transistor fails in the High
Power TX/TX Switch

The 400V high-power switch
supply drops to a low voltage

The air conditioning system for ~ The transmitter begins to heat up The Sensor Unit measures the
the transmitter room fails increase in temperature and
records it to the log

Sensor Hub Measurement Data Handling

The central system to the entire sensor

Sensor Unit
Gy . . - Analog Voliages
Consists of single ESP32 running a Real - Boolean Flags
Time Operating System (RTOS) - Ambient Temperature
Connected to site computer via USB
E ~_ WI-FI

Sensor Hub
- Verify MAC address of Sensor Units
- Collect readings from all Sensor Units
- Append readings to UART stream

Software
The Sensor Hub uses FreeRTOS to
handle connecting to and reading the data
send from the Sensor Units every 500ms.
The Sensor Units themselves also employ
FreeRTOS to handle the si:
reading of status signals.
The collected data is sent from the Sensor
Hub to the site computer to be stored in a
CSV file.

use

Site Computer (Linux x86)
- Verify serial readings
- Adds timestamp
- Saveto CSV log file

Future Steps

Compactness
The PCB (Figure 5) has a lot of unused space. Given more development, a more compact PCB
layout could be developed, saving on space.

Signal Measurement
‘We only learned the true nature of the control signals after gaining access to a transmitter about
a month before the end of the project. With the knowledge gathered from hands-on testing, we
realized more optimized methods of status reporting can be deployed. For example, we learned that
the control signals for the low power TX and RX switches are the same. This means that one of the
signals currently measured is redundant and can be ignored.

‘We also determined many of the control signals behave more like pulses, as the transmitter restarts
itself within milliseconds of detecting a fault. Circuit-based sample and hold techniques could be
used instead of software-based ones, allowing for more efficient operation of the ESP32.
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Supervisory Control and Data Acquisition System for the Virginia
Spaceport Authority

CHALLENGE

As the Virginia Spaceport Authority (VSA) continues to expand operations by bringing new launch pads
and processing facilities online, it is crucial to develop a Supervisory Control and Data Acquisition
(SCADA) system that provides a unified architecture for all facilities. This SCADA system will serve as
a common interface for launchpad technicians and engineers offering full visibility, data logging, and

LEFT to RIGHT: Rami Benhamida, Daniel Alexander, Adam Bowman, Brian Lee,
Jack Gurley, William Brown

SME: Joe Adams

Daniel Alexander cainesville, Virginia

user control features for a rocket launchpad located at the Mid-Atlantic Regional Spaceport (MARS).

Customer: WalterTaraila

Adam Bowman Sterling, Virginia

Jack Gurley Manhattan, New York

Bachelor of Science in Computer Engineering
Computer Engineering

Aspirations: After I graduate, I plan to pursue a career
as a software engineer. I wish to work with a combination
of hardware and software solutions, being able to work with
physical components and implement them using software.
Course Comment: [ enjoyed my time in this course because of
how unique it was compared to my other courses. Being able
to work with an external customer with little direction from a
professor was a great experience and helped me to think about
the many different factors going into a project. Working with
a team and generating a solution to this problem together was
also a good experience.

Rami Benhamida rairfax, virginia

Bachelor of Science in Computer Engineering
Software Systems

Aspirations: After I graduate, I will start my career as a