






Welcome to our Spring 2024 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 199 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, 42 exciting projects, each is a unique, open-ended, technical challenge defined by our
industry partners; and 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 are evidenced in these
42 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.

















Having pursued a degree specializing in
Autonomy, I hope to develop software for the advancement
of autonomous systems and vehicles. I am excited to usher
in the next generation of transportation technology making
goods and services more accessible. Post graduation, I will be
relocating to Seattle, WA to work as a Software Developer at
the Boeing Company.

This class has given a practical
application of the theoretical principles we learned in our other
coursework. It has given me instrumental skills to excel in
the workplace including collaboration, problem-solving, and
cross-tool integration. I had the perfect team to push me and
rise to the challenge to meet our customer’s goals, and for that
I am grateful. Additionally, I am very appreciative of GDMS
for challenging us and setting high expectations knowing we
would work hard to meet our goals.

My career goal is to become a leader in
the computer engineering field and to expand my knowledge
of software development. Following graduation, I will be
working for Northrop Grumman as an Associate Software
Engineer.

This course has given me the opportunity in
gaining valuable hands-on experience in planning, designing
and managing an engineering project.

As a machine learning major with a passion
for fintech, I aspire to leverage my skills to drive innovation
at the intersection of technology and finance, contributing
to the evolution of ML-powered solutions within the fintech
industry. Following graduation, I will be moving to San
Francisco to work at Visa as an Associate Product Manager on
Visa’s AI/ML team.

This class has been instrumental in
developing my skills, from customer interaction to effective
teamwork under tight deadlines. I’m grateful for my incredible
teammates and would like to thank our SME and mentor for
providing the support for our success, as well as our customer
GDMS for giving us a challenging yet rewarding project.

As amachine learning engineer,my career goal is
to contribute to future technological advances, specifically, the
integration of artificial intelligence into blockchain technology.

I appreciate learning about the design and
implementation process of the project as I believe that it is
essential to our careers. I also enjoyed working with my team
to develop a successful and note-worthy project.

My career goal is to develop software for the
Department of Defense and eventually move up into a Senior
Manager role. My plan for Summer 2024 is to intern as a
Software Engineering intern for General Dynamics Mission
Systems.

I have enjoyed learning about the
logistical non-technical aspects of running a project through
the different assignments such as the Preliminary Design
Review and Critical Design Review.
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I want to apply what I learned in my academic
career to help innovate the next generation of technology.

This course was a great experience to learn
how development works in the real world.

I am continuing on to obtain my master’s degree
and afterwards I would like to solve cutting edge problems in
research and development.

This was an amazing course because it
presented our team with a real world problem and gave us
experience in producing a solution that would have a beneficial
impact.

Pursue a master’s degree in engineering.
As a computer engineer focusing on

networking and cybersecurity, my goal is to enhance digital
security at a leading tech firm. My time at VT and
work at GDMS has exposed me to pressing cybersecurity
challenges, sharpening my skills in protecting information
systems. Pursuing further studies in grad school, I aim to
deepen my expertise and contribute significantly to the field
of cybersecurity, striving to make a meaningful impact on
network security and resilience.

My research of interest is object detection that
would enhance in identifying object for autonomous driving. I
would love to see full automatic vehicle one day!

I loved everthing about this course. It helped
me develop communication skills and how to work as a team.

Pursue a master’s degree in engineering with a
focus in Secure Information Systems and Networks.

This course taught me many lessons that I
know I will need to apply in a real work environment such as
organization, communication, and problem solving. I enjoyed
my time in this course and working with my team.



High Level Application Design

Results
Algorithm Performance
• Enhanced object identification algorithm for 

valve detection and world space localization
• Inference runs at approximately 5Hz
• Inference calculated across multiple render 

frames to avoid lowering frame rate.
• Object detection model operates at 97% mAP 

(mean average precision)
World Meshing
• We construct a model of the physical world 

around the user 
• This allows us to place objects in the world 

and measure accurate world space 
distances to within 1% margin of error

System Reliability and Functionality
• System is able to operate completely 

standalone.
• No need for internet connection or external 

databases.
• Proven consistent identification and 

highlighting of mechanical components.
User Experience and Interface
• Developed a user-friendly GUI, enabling easy 

navigation and interaction within the AR 
environment.

• Implemented intuitive control mechanisms 
for the Magic Leap 2 headset.

Challenges

Acknowledgements

Objectives
• Develop an AR headset application to assist a user in 

performing maintenance on a complex plumbing 
system.

• Utilize Magic Leap 2 AR headset to automatically 
identify which valves need to be operated on.

• Use QR codes to easily and unambiguously select an 
instruction set.

• Ensure the system operates in a standalone state with 
pre-built libraries and without internet connectivity.

• Guide maintenance on a plumbing system by finding and 
displaying which valve should be operated on and how.

Problem Statement

The Augmented Reality Object Identification team would like to thank:
• Dr. Daniel Connors, our mentor
• Dr. Alkan Soysal, our SME
• Ethans Brooks and Jordan Trcka, our customers

Facing the challenge of error-prone 
maintenance in systems with complex 
plumbing configurations, General Dynamics 
Mission Systems (GDMS) proposes an 
innovative solution: an Augmented Reality 
application using the Magic Leap 2 Headset. 
This technology aims to guide users through a 
set of instructions by precisely identifying, 
localizing, and displaying the correct operations 
that need to be performed. 

Future Plans

Modules

Conclusion

• Model Optimization
• Running an object detection model to process live video is 

computationally intensive, making it difficult to run the application 
efficiently.

• Offline Application
• Creating the application for offline use made deploying the model 

from internet servers impossible.
• Model Inference
• Understanding how to interpret and process the output tensors from 

inference was a challenge.
• Documentation
• Little documentation available about the APIs and systems we used.

• Application Instability
• Complex actions in the software would cause crashing to occur.

• Time
• The team faced many setbacks, which lead to loss of time.

• Hand tracking and speech recognition for instruction control
• In-application instruction set generator
• Validation of distances using pathfinding to trace pipes 

between valves and connectors
• Offload object detection to a local server to improve speed and 

battery life
• Store instruction set files on a local server for ease of use

Through innovative integration of AR technology and machine learning, 
our project has made great progress in the field of pipe system 
maintenance. By achieving precise real-time object identification on pipe 
valves, we’ve laid the groundwork for future developments in AI assisted 
maintenance systems. Our success demonstrates not only the feasibility 
but also the potential of AR in industrial application, setting a new 
benchmark for safety, efficiency, and user interaction in complex 
maintenance tasks.

Lessons Learned:
• Importance of robust algorithm development and real-world testing for 

AR application success.
• Technical details of convolutional neural networks and inference post 

processing.
• Effective team collaboration and iterative design was crucial for 

navigating the complexities of integrating AR with real-time data 
processing and machine learning.

Figure 2: Model Training Results

Figure 3: High Level Application Design

QR Scanner
• Responsible for scanning and decoding QR codes 

that house instruction set filenames
Control Loop
• Responsible for reading in decoded QR input
• Loads instruction set JSON file based on decoded 

QR information
• Sends current instruction to solver
• Handles controller input to increment or 

decrement the instruction set
Object Recognition
• Preprocessed video frame is passed into model
• Post processing occurs on output tensor to detect 

and localize objects in video frame

Solver
• Filters model output using the current world and 

instruction context to identify the one correct 
valve

• Highlight the proper valve by displaying the valve 
name, confidence, and actual instructions

World Meshing
• Creates virtual world model around user
• Allows us to map interest locations in 2D images to 

3D world space
• Can measure 3D distances to filter identical valves

Figure 1: User Operating Headset

Figure 5: Hand Tracking Demo

Figure 4: GUI Screens

High Level Application Design

Figure 3: High Level Application Design



I wish to be at the cutting edge of new
technologies that canmake an impact on people’s lives. Natural
Language processing and Generative AI is a nascent field that
has immense potential, of which I hope to be part of.

This course has provided me with design
experiencing in terms of working with a team, customer, SME
and mentor. Senior Design showcases the engineering process
in its fullest and forces you to make design decisions in terms
of requirements and constraints.

I want to work on the forefront of machine
learning technologies and make meaningful contributions in
the field. I aspire to help engineer solutions to real world
problems using software systems.

This course provided a unqiue experience
to work on a complex project with practical applications. I
believe I am more prepared for my professional career and will
extensively use the skills I have developed during the course.

Following graduation I will be staying
at Virginia Tech to pursue a Master’s in Computer Science.
After this I hope to work in industry working with embedded
systems.

I am grateful MDE gave me the opportunity
to work together with a team and industry partners to create
a final product. I feel as though my communication and
teamwork skills have been enhanced through this experience.

I am dedicated to creating innovative and
well-designed solutions to our problems, aiming to leave the
world a better place than I found it, by leveraging the resources,
knowledge, and experience I gained from Virginia Tech.

The MDE provided an excellent
opportunity to explore real-world software development
challenges, improving my coding and problem-solving skills.
Through close collaboration with industry professionals, I
gained valuable insights about agile methodology and project
management, preparing me for a smooth transfer from
academia to the tech industry.

I want to work in a job that helpsmake a positive
impact to people

The course taught me how to work with
others to help develop a large software project
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Time Analysis in seconds
• Dataset used: Feature extraction for robust physical activity recognition.
• 5 different queries were provided and the average time for each query was 

calculated.
• The local machine utilized a 16GB AMD Ryzen 4700u with Radeon Graphics

62.01

61.97

41.23

38.95



My aspiration is to become a pioneering
figure in autonomous vehicle technology, utilizing machine
learning and computer vision to develop innovative solutions
that redefine transportation safety and efficiency.

Partnering with GDMS was an invaluable
experience, offering practical insights into the world of
machine learning. It not only enhanced my understanding of
the field but also provided hands-on learning opportunities that
will undoubtedly benefit my future career.

My aspiration is to become a machine learning
engineer and develop software that will help make everyday
life safer and more enjoyable for everyone. I will also pursue
a master’s degree and continue my hobby in electronics.

This course taughtme a lot aboutworking on
a long-termproject as a team. Specifically, the need for frequent
communication and good planning.

I hope to use my knowledge of robotics along
with my passion for circuits to help create electronics that
improve people’s daily lives.

I am extremely grateful for the opportunity
to use all the knowledge and skills I have gained up to this
point and work with a company to create a product, similar to
a real-world engineering experience.

I want to pursue a career in software
engineering, specializing in machine learning. I want to focus
my efforts on developing applications forAI speech recognition
and audio processing to help connect people with different
languages.

This course has provided me with real
experience on how to work with a team and be challenged by
the different aspects of the engineering design process.

With the skills I have gained these past four
years, I aim to be a part of innovative AI and ML projects that
have a lasting positive impact on daily life.

This class gave me the necessary skills and
experience to work on long-term projects in the real world.
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I will pursue many forms of design work
using my creativity and resourcefulness to create community
and togetherness.

I developed the skills to managing a
project over two semesters which requires effective planning,
organization, and time management. Our team struggled at
first but then we found great synergy that brought us far.

In my future career, I aspire to work with a
power utility company where I can use hands-on experiences
to help solve problems and improve the power grid. My aim is
to help create a greener future.

The experience of working with an industry
sponsor as well as on an engineering team has helped show
me the practice of working in industry and overcoming the
challenges that come along with it.

I aspire to leverage the skills I’ve learned tomake
a positive impact through innovative products that benefit the
people and communities around me.

Thankful for the opportunity to work with
an industry sponsor, and the insights from our subject matter
experts and mentors.

My goal is to take what I have learned
throughout my time at Virginia Tech and use it in the
Cybersecurity field.

The course helped give me hands-on
experience with APIs.The course also helped me learn how to
work on a long term engineering project in a team.

My aspiration is to leverage data and work
with machine learning models to provide significant value to
companies.

Engaging in this experience has given me
a better understanding of the practical elements of product
development, significantly enhancing my communication and
teamwork skills.



Field Guide Vision: Arabic to English Road 
Sign Translation for US Soldiers

Team Members: Freya Archuleta, Jessica Beltz, Omar Nweashe, Nathaniel Sianipar, Kyle Takeuchi
Sponsor: Justin Wright, US Army DEVCOM C5ISR   Subject Matter Expert: Dr. Creed Jones, Virginia Tech

For their expertise, guidance, and support in 
making Field Guide Vision possible, we 
would like to give our gratitude to:
• Justin Wright
• Dr. Creed Jones

The success rate of extracting Arabic text from an 
image is increased with image enhancement. We 
developed manual and automatic adjustments to 
improve clarity of text in the image. Manually, the 
user can alter the contrast and brightness, while 
automatic adjustments include:
• Median (noise) filtering

• Sharpening filter

• Histogram equalization

To assist abroad U.S. soldiers, Field Guide Vision 
provides Arabic-to-English online translation of text in 
National Standard Road and Street Sign images.

Background

Fig. 1. Concept Diagram

Differentiating Field Guide Vision from current translation tools held 
significant importance to our team. One approach our final design utilized 
was employing redundance and multiple translation services to translate 
the text for the user. The translations together could either show 
corroboration or multiple possible translations, satisfying our requirements 
FR-10, FR-11, and FR-12.

In addition, we leveraged a geocoding service to determine if the sign 
contains a location name in Arabic. If the translation services return a literal 
translation, then our geocoding functionality will provide the user an 
idiomatic translation.

Image Enhancement Subsystem Conclusion

Acknowledgements

Text Translation Subsystem

Our final product:
• Has a complete application loop by 
allowing users to continuously upload 
images for translation.
• Successfully implemented tools for 
increased accuracy compared to industry-
standards, including automatic and manual 
image enhancement as well as geocoding.
• Defaults to Google Translate API’s 
translation after it was determined to have 
higher accuracy through research and 
testing.

Fig. 4-6. Images Before and After Adjustment

Fig. 7. Translation Results in App

Fig. 2. Field Guide Vision’s Top Level Block Diagram

Top-Level Diagram UI Subsystem
We developed our User Interface (UI) for 
ease of use so that any user could 
immediately begin translating with the app. 
In the case of any ambiguity, we also 
include an instructions page.

Translate? Translation:
Cairo

Fig. 3. User selects image input source

Fig. 9. Field Guide Vision Logo

Fig. 8. Translation and Geocoding Results in App

Text 
Translation

Text 
Extraction

Image 
Enhancement

User 
Interface (UI)

APIs



I aspire to complete my master’s degree in
electrical engineering here at Virginia Tech. Beyond that I
hope to pursue a career in industry that keeps me challenged,
motivated, and happy.

This course provides a unique experience
for students to gain hands on team experience in a simulated
job environment. I am very thankful to have been able to work
with the team, our mentor, and our customer.

I want to apply engineering principles and
decision making to policy making for industry/governments.
Easier said than done of course, but thats the goal!

its really hard to learn when you don’t know
what exactly you’re trying to learn. but other than finding
materials and focusing, at the end of the day completeing a
project from start to finish (wherever those two points may be)
is more or less the same.

I’m pursuing aMSwith thesis here at VT and am
going to be doing research with the SuperDARN radar array.
In general I want to work with cool RF/space/comms systems
and I don’t want to do the same thing every day!

This was certainly a learning how to learn
experience.

As I still am early in my career, my career
aspirations are not specific. However, I want to constantly
challenge myself, learn and become a valuable leader. As a
result of this experience, my interest in applications of FPGA
systems has grown into my current focus. I hope to continue
my academic career with a master’s degree from Virginia Tech
or begin my fulltime career with an entry-level computer
hardware position.

The biggest lesson from this course is you
cannot start early enough. Project management is a constant
challenge especially when this is not our full time job, being
a full time student means we all have different schedules and
coursework. However, this course has certainly been a learning
experience and has opened my eyes to the potential of FPGAs.

My aspirations are to live a well rounded and
fulfilling life that provides the opportunities to help others in
direct and meaningful ways and to grow closer to the people I
care about.

As with all things in life, it’s best to take the
positive experiences into the future and to use the negative to
grow from. I can say I have some experiences I will take from
this course and some to grow from.



FPGA Implementation of a RADAR 
System

Team Members: Allison Pitzl, Elliott Kroll, Paul Broome, Tommy Skidmore, Vincent Snell
Sponsor: Dr. Sarah Jensen Subject Matter Expert: Dr. Jeffrey Walling

Acknowledgements
• Dr. Sarah Jenson, Customer
• Dr Jeffery Walling, SME
• Dr. Scot Ransbottom, Mentor
• Dr. Timothy Talty, Technical Consultant
• Cathal McCabe, Xilinx Representative

Future Work
• Integrate Simulink processing model onto our 

ZCU670 RFSoC.
• Integrate doppler shift processing to calculate 

distance to moving targets.
• Transition from omnidirectional system to a more 

advanced beamformed system to focus transmitted 
signal on targets more effectively.

• Fully incorporate hardware to create a self-
contained system to enable field testing and 
deployment.

Results
• Transmit and receive a chirp signal simultaneously on the 

same board
• Simulink radar processing model and simulation

Objective
• Develop a stationary software-

defined  RADAR system working in the 
C band (around 5 GHz).

Fig 2. High-level visualization of project objective

Background and Motivation
• Software defined radio (SDR) is a method of 

designing and operating a radio primarily with 
software.

• Field Programmable Gate Array (FPGA) is 
hardware that can be changed with software.

• Using both these technologies together 
allows for rapid testing and changes.

• FPGA and SDR systems are a quickly growing 
and in demand technology. By developing on 
early-access equipment such as our 
development board we endeavor to provide 
advancements in capabilities.

Fig 1. Xilinx Zynq UltraScale+ RFSoC DFE ZCU670 

Design
• Use MATLAB to create testbench data
• Use Simulink to model system
• Convert Simulink flowgraph to HDL using HDL Coder tool
• Upload HDL code to board as custom IP block in Vivado
• Validate system on board

Fig 4. Error measurements (distance vs. sample) Fig 5. 3D representation of chirp

Fig 6. Transmitted chirp signal (dBFS vs MHz)

Fig 7. Received signal with maxhold  value (pink line)

Methodology
• Our approach was to create a Frequency Modulated Continuous Wave 

(FMCW) system. FMCW is more feasible than pulse radar for close range 
applications.

• Consists of transmitting a signal linearly increasing in frequency (chirp 
signal) and receiving the time delayed copy after reflecting off the target. 
The delay between TX and RX signal gives distance information.

• Digital implementation:
1. Transmit a chirp signal through our 

digital to analog converter (DAC)
2. Sample output of analog to digital 

converter (ADC)
3. Compute FFT to determine frequency 

difference (beat frequency)
4. Convert measured frequency to 

corresponding distance
Fig 3: FMCW Theory
wirelesspi.com/fmcw-radar-part-1-ranging/



I am seeking to advance my expertise
in Cybersecurity and secure a Technical Consultant position
within a forward-thinking company.

This course has given me valuable skills for
real-world work where I learned teamwork essentials like time
management and communication, preparing me for my future
career.

My career goal is to become a Cybersecurity
analyst for a defence contracting company and work my way to
becoming a Chief Security Officer for a company.

This course has given me valuable insight
into how an industry project functions, such as meeting
deadlines throughout the project and updating the project
manager throughout the process. These skills will be very
beneficial after graduation.

Over the course of my career, I desire to seek
positions within the Federal Government with emphasis on
software development and cybersecurity.

The Major Design Experience has brought
many perceptions on how to collaborate on a team-based
project for a sponsor. These perceptions include but not
limited to time management, communication, and meeting
requirements.

I aim to start my career in the cybersecurity
field with a reputable company and then broaden my expertise
to include networking or cloud computing.

In this course, I’ve not only applied skills
acquired from my previous classes but also gained valuable
insights into the dynamics of a real-world work environment,
which has been instrumental in preparing me for my future
professional endeavors.



Decision Tree Graphical Editor and Execution 
for Cybersecurity Vulnerabilities

Team: Benjamin Goetz, Joseph Long, Nathalie Chambi, Jerico Manalang
 Sponsor: Mr. Michael Baker, Foxguard Solutions Subject Matter Expert: Dr. Alkan Soysal

        FoxGuard Solutions seeks a
comprehensive solution to create, edit,
version-control, and manage these decision
trees effectively, along with the ability to
perform interactive and regression testing.
Design a web-based graphical editor for
decision trees, placing emphasis on
prioritizing cyber vulnerabilities within the
customer's Operational Technology (OT)
system.

        In modern cybersecurity, promptly
addressing vulnerabilities is vital. However,
organizations struggle with resource
allocation due to the abundance of
vulnerabilities. While some evaluation
tools exist, they offer generalized
suggestions rather than tailored criteria for
prioritizing vulnerabilities with specificity.

Interactive mode 
Enable users to create custom
decision trees for vulnerability
prioritization.

Autonomous mode 
Implement an autonomous
prioritization system based on asset
and CVE attributes .

Document Saving
Enable users to save decision trees
as PDF documents with
accompanying result details.

A personalized tool to prioritize
vulnerabilities in a large-scale
environment. 
A Web-based Graphical Interface for
utilization of the tool. 
Database interaction to store and
retrieve products of the tool.
Exports the decided outcomes to
storage in the database.

Accessing and retrieving data from the
SQL database
Interpreting an SQL database 
Learning a new language (C#,
JavaScript, HTML, CSS, SQL) 
Acquiring proficiency in ASP.NET MVC 

Include additional relevant details
regarding the attributes associated
with the company's assets. 
Ensure that the CVE data remains
current with the NVD. 
Improve the GUI to make it more
appealing to the user.

The team would like to express our gratitude
to our Mentor, Dr. Joe Adams, Subject

Matter Expert, Dr. Soysal Alkan, and our
Sponsor, Mr. Michael Baker for their support

and guidance. 

Problem Statement

De

Sponso

Graphical User Interface (GUI)
Provide an intuitive platform for 

       users
Include drag-and-drop functionality
Support decision tree visualization
Enable printing of PDFs for record-
keeping  

Decision Tree Application
Implement a decision-making
algorithm
Define outcomes for user-defined
paths
Allow users to customize nodes and
connections

Database
Ensure data consistency across the
application
Support scalability for growing data
needs
Enable secure and easy data access
for trusted users

Background

Objectives

Top-Level Diagram Final Product

Future Work

Challenges

Acknowledgment

Figure 2: GUI display of Edit Mode

Figure 3: GUI display of Run Mode

Figure 1: High-Level
Concept Diagram 

Design Implementation



My career goal is to contribute as a computer
engineer at a company specializing in embedded systems. To
that end, I will be working with G3 Technologies after I
graduate as an Embedded Firmware engineer.

This course gave me experience in working
with a product-development team that develops according to a
specification provided by a customer. I also learned about the
process ofworkingwith a team and how to successfully develop
a project in a collaborative environment that emulates the real
world.

My aspirations for the future are deeply
rooted in harnessing and expanding my expertise in network
infrastructure and cybersecurity, with the ultimate goal of
progressing to the position of a network administrator.

This project has been pivotal to sharpening
my frontend development skills, like learning C#, in addition to
introducingme to SQL servers andmanagement of said servers.
More generally, it showed me how to implement a software
project with a team in a way that is more closely related to
industry standards.

While I’ve spent much of my coursework
learning Cybersecurity strategies and software development to
hone my passion for security as a whole, I aspire to develop
ways to further secure existing hardware and push performance
in an effort to reduce e-waste and to conserve resources.

While taking this course, I gained more
experience working as a part of a team on a larger project and
of the critical design decisions necessary for a project to work.
My role allowed me to enhance my pre-existing knowledge of
the Windows operating system’s inner-workings.

My aspirations are to growmy knowledge about
the cyber space to be an effective cyber security engineer with
the goal of becoming part of a red team or pen tester.

This course gave me experience in
frontend development, interactions with SQL servers, and on
the development of security tools. Leading to a deeper look
into the design choices that make secure tools and where the
vulnerabilities could be hidden.

After I graduate, I will be working full-timewith
Collins Aerospace as a Software/DevOps engineer working
on simulation tools for the military. I will also be a
part-time student working toward my Master of Engineering
in Computer Science through Virginia Tech. My career
aspirations is to become a Full-Stack Software Engineer,
knowing the full process of writing code to deploying it into
production.

This course gave me skills in frontend
development, learning C#, and SQL database interaction. In
addition, it gave me practical experience with learning what
type of documents are created in industry and designing a
project with a team.
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Foxguard has tasked us with 
creating a client product that 

consists of the following parts:
• A C# program that reads a backup 

image of any Windows or Linux 
computer and outputs a list of all 
installed software on the machine 
into a SQL Database

• A C# program capable of taking a 
backup image and extracting a 
specified program and all 
associated libraries from it

• A Blazor web application that 
displays content generated from 
SQL Database and calls to C# 
program for SBOM generation and 
Asset Extraction
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Web 
Interface

Asset 
Extractor 
Program

Key:

         Asset Extraction
         SBOM generation

Directory of 
Backup ImagesBac

SQL 
Server

Database

Writes 
extracted 

information 
to DB

Reads 
information 

from DB and 
displays it to 

user

Calls Asset Extractor on schedule or when user manually requests 
extraction. Also uses the Asset Extractor to obtain asset files from an image

SBOM 
Archive

Change 
Report

Extracted 
Asset

Outputs extracted 
program files Directory of 

Extracted 
Program Files

D

Prog

Determines where 
extracted files go via 

Configuration File

Passed in path to backup file 
via Configuration Manager

Each file is 
exported to user's 
download folder

•

Key:

    Data
    C# Program



Mygoal as an computer engineer is to contribute
to a company specializing in developing new and innovative AI
models using deep learning. I wish to be able to contribute in
the development of new advancmensts in the field of AI.

This course helped me exeprience the design
process involved in generating an application focused on using
machine learning to process large amounts of data at once.

As an electrical and computer engineer my goal
is to develop innovative hardware and software, solve complex
controls problems, and design autonomous systems

This course gave me hands-on experience
with computer vision methods and IOS application
development.

My aspiration as an electrical engineer is to
leverage my technical expertise to create innovative solutions
that positively impact society.

Through this course, I’ve learned how
to collaborate with team members and have gained a deeper
understanding of machine learning.

My overall goal is to develop the skills necessary
to apply advanced data science technologies to real-world
industrial challenges and contribute meaningfully to Industry
4.0 transformation.

This course gave me the opportunity to
participate in the integration of ML deep learning models
and front-end applications, and gave me experience in actual
project.

My overall goal is to aspire to gain more
knowledge and apply the fundamentals of signal processing and
artificial intelligence, as well as the overlap between them.

This course allowed me to improve and
learn useful skills that are important for the work field, such
as teamwork, communication, and innovation.





My career goal is to refine my skills as a
software/computer engineer in different areas such as Artificial
Intelligence and make proper contributions to the field.

This course helped me gain experience with
working with a group for a long-term project in an industry
setting. I have gained increased confidence and enhanced my
current set of abilities.

My goal is to have a career in software where I
use the skills I have learned throughout my classes and projects.

This course has given me hands-on
experience working on a team over a long period. It has given
me valuable experience that I can translate to work I do in the
future.

My career goal is to learn and improve
my knowledge of Machine Learning to develop intelligent
solutions and to become a machine learning engineer that
leverages powerful tech to tackle real-world problems.

This course is one of a kind, and I
wholeheartedly appreciate it along with the valuable lessons I
have learned through it. It really changes pace from a typical
college class to a real-world project completion class, which
helps you become a well-polished engineer.

I hope to further develop my computer
engineering skills and gain new experiences as I enter the
workforce.

This course offered tangible, experiential
learning by addressing real-world engineering issues,
equipping me with problem-solving abilities and teamwork
skills for future challenges.

I hope to continue to develop my software
engineering skills and to solve technical problems of this
world. Specifically, I hope to encourage critical thinking and
conscientiousness to help others reason through tomorrow’s
problems.

This course gave me a solid foundation on
how working on a team may look in industry. It also provided
an interesting problem to work on throughout the year.





My goal is to make life on earth more fulfilling,
by having more foresight than the engineers that came before
me.

This course taught me a lot about how to
manage a project’s schedule

I aspire to usemy skills and technical background
to responsibly create innovative solutions.

This course has deepened my understanding
of the project planning process and has given me the
opportunity to build upon teamwork and communication
skills.

To have engineers continue the tradition of Ut
prosim while asking Cui prodest?

This course did a great job preparing me for
the future.





United States Air Force Helicopter Pilot.
This course has providedme the opportunity

to solve real world problems and an opportunity to effect the
lives of thosewho can benefit from this technology. The course
is designed for you tomakemistakes, learn from them, and gain
confidence solving these complex issues.

I want to be a cybersecurity professional so that
I help keep the world more secure.

This course has taught me how to go
through the entire engneering process with a team and the
responsibilities a professional engineer has.

My career goal is to step into the world of
oceanic robotics to combine my love of aquatic ecosystems and
technological solutions in an effort to give back to the world.

This opportunity showed me areas of the
engineering process that I had not been exposed to in a typical
course. By applying the knowledge of engineering design
experienced during this course, I will be a much greater asset
to my employer.





I have a passion for anything with space. I am
looking forward to getting my degree in ECRA and using my
skills to advance the use of AI in the space industry.

This was an amazing experience to use all
the skills that I learned in the past years and applying it to a
real project. It was extremely valuable to me to work with my
classmates and collaboratewith the customers and ourmentors.

I will be working for Dominion Energy upon
graduation. I plan to continue a career in the energy sector
improving and maintaining infrastructure.

It has been a pleasure to have the
opportunity, to work on a project with a tangible goal and
solution. I have enjoyed affirming and building on my
embedded systems skills throughout this development process.

I am planning to start my masters at VT in
Fall 2024. After that, I intend to pursue a career in the space
industry.

I have particularly enjoyed working
with SSAI on this project and learning more specific design
techniques used on space hardware.

Next fall I will be returning as a graduate
student for my masters degree. After that, I may work in the
space communications industry for a few years, but I hope to
eventually return to get my PhD and become a professor.

This coursewas a valuble experience in being
able to learn about cooperationgwith fellow students, mentors,
superviosrs, and gave me a lot of valuble experience in projct
design. Thank you for everyone who made this possible.



• Arduino Uno flash memory limitations required 
reduction of standard libraries used in the 
software

• Clean wiring practices in small 2u CubeSat

Acknowledgements

Challenges

Conclusion

Data Format

UV-C Sensor Design

B.U.R.S.: Balloon Ultraviolet Radiation Sensor
Team Members: Shabir Hossain, Aaron Johnson, Gabe Mills, Zachary Schmidt  

Customer: Jacqueline Kendall, SSAI  SME: Dr. Scott Bailey  Mentor: Professor Shelley Stover

• Durable sensor package for multi-flight useability
• Off the shelf parts wherever possible
• Record UV-A, UV-B, and UV-C adiation
• Design and build a custom UVC sensor
• Relate UV measurements to altitude and time
• Record and control internal temperature of package
• Record external temperature

The team has been tasked with the goal of designing a 
low-cost, rugged, and reusable instrument for 

measuring UV radiation from a high-altitude balloon. 
The device must be able to reliably measure Type A, B, 

and C ultraviolet radiation at different heights of the 
atmosphere in order to create vertical profiles from the 

stratosphere to the Earth’s surface.

Figure 4. Sensor Package

• Use SparkFun AS7331 UV sensor which houses 3 
separate photodiodes for each spectral range

• Improve mount designs to create a more compact 
1u CubeSat package

• Using a microcontroller with increased storage 
would allow for additional sensing capabilities

• Additional sensors such as an accelerometer and 
hygrometer for better atmospheric data collection

Future Plans
Future opportunities to improve device functionality include:

Motivation

Objectives

Concept of Operation

Figure 1. Concept of Operations Illustration

• Ground: 1Hz sample rate
• Ascent: 4Hz sample rate
• Float: 1Hz sample rate
• Check: No sampling (Descent decision timer)
• Descent: 16Hz sample rate
• Off: No sampling (flight time check)

GUVC-S10GD
• Photodiode with spectral range of 220-280nm
• Outputs current based on UV-C radiation

Amplifier Circuit
• Converts current to voltage signal
• Amplifies signal for use with analog to digital 

converter

Off the Shelf Components

• Capable of measuring UV-A, UV-B, and UV-C
• Files created: scientific data and engineering data
• Scientific: time , altitude, UV-A, UV-B, UV-C
• Engineering: time, internal temp, external temp
• Stores files externally on a micro-SD card
• Controls sample rate based on altitude
• Controls internal temperature
• Packaged in size efficient 2u CubeSat

Figure 2. UV-C Sensor Circuit

Figure 3. Data File Formats
• Data sampled at varying frequencies through flight
• At the end of every sample data is save permanently to a 

micro-SD Card

We would like to thank the following people for their support throughout the 
project:

• Customers: Jackie Kendall, Frank Peri, Matthew Deland
• SME: Dr. Scott Bailey    
• Mentor: Professor Shelley Stover
• Lab TA: Sowmya Muthurangan



I want to find a workplace that I both feel like
I am accomplishing something in and enjoying what I do. I
have very much enjoyed working on embedded systems in the
development of measuring components in past workspaces, so
I hope to find myself there in the future.

This course has proved to be both difficult
and rewarding, and it has challengedme inmanyways that I did
not expect. Not only that, but the challenge provided within
the course has instilled in me a sense of pride both in my team
and in my own work, due to how hard all of us have worked to
achieve our goals over the past two semesters.

I hope to contribute toward revolutionizing the
global energy landscape. With a drive to address the challenges
of sustainable energy production and distribution, my goal is to
leveragemy technical expertise to pioneer innovative solutions
that propel us towards a greener future.

This course provided me with an
enriching experience that honed my problem-solving and
critical thinking skills. It was undeniably rewarding, leading
to a sense of accomplishment as I saw my ideas come to life.
Through hands-on experience, I grew both personally and
professionlly, while working with a team.

I hope to be able to make a meaningful
impact on the technology industry through my strong skills as
an engineer. I want to significantly contribute and be a part of
the cutting-edge innovation of computer engineering.

This course has challenged me through its
deadlines and real-world isues that myself and the team have
encountered and resolved with a high-quality solution. I’m
grateful of the lessons learned throughout this course.

As a space fanatic, I hope to leverage my
expertise to drive impactful advancements in space-related
technologies. With aspirations to excel as an electrical engineer
and serve as a role model, I hope to cultivate a culture of
innovation that fosters groundbreaking developments in the
field, paving the way for future breakthroughs.

This course has provided me with the
opportunity to acquire new skill sets by tackling complex
real-world problems, employing trial-and-error learning
methods to find solutions. These invaluable lessons will
undoubtedly accompany me throughout my professional
journey.

Ultimately, I aspire to have a career where
Im equally as excited to go to work in year 30 as I was on day
one. In my career, I want to be as involved as possible in every
area of the development and design process. I plan to continue
my education as far as I can to hone my skills and expertise. I
want to be on the frontline of designing new age, cutting-edge
technology which leaves an impact on the world.

Our team project in this class has revealed
to me where my passion lies in the widely varying field of
Electrical Engineering. I have loved every aspect of the project,
from drawing up diagrams, to wiring and testing systems, to
programming and debugging. This has been the exact kind
of challenge I love to solve. The experience of working in a
team in a professional setting will be invaluable as I go into the
workforce. This class showed me what I want to look for in a
career and how to excel in that field.



Astrochemical Sensor Integration
Team Members: Brian Bauer, Taylor Kennedy, Tuan-Minh Nguyen, Kian Pierce, Hannah Shadabi

SME: Dr. Scott Bailey Customer: Jackie Kendall – SSAI, Dr. Scott Coste – NASA, Chris Green – NASA, 
Dr. Mahmooda Sultana – NASA Mentor: Shelley Stover

Acknowledgements
We would like to thank the following people for their support and 
assistance:

• Richard Gibbons for PCB review and guidance
• Jackie Kendall of SSAI for the opportunity and support throughout 

the project

Background

Requirements

Software Flow

Detailed System Diagram

Test Results

Development

Future Plans

Challenges
A multifunctional sensor platform was developed by researchers at 

NASA Goddard Space Flight Center and can provide autonomous 
detection of methane and other trace gases that are important to the 
search of life in the solar system. Advancing the technology towards 
space deployment involves field demonstrations. To move to this step, the 
miniaturization of the sensor platform is needed to allow for the 
deployment on a drone for field demonstration.

• Handoff all project files and code to NASA for further development
• Test the sensor platform on the drone for field demonstrations in Alaska
• Develop a platform that is certified for space flight
• Deploy the sensor platform across a variety of spacecraft for 

deployment to the Moon, Mars, and other planets

• Ability to automatically range between the sensors on the chip
• Continuously record sensor data and relevant peripheral data (such 

as GPS location, altimeter reading) onto an SD card
• Sensor measurements must include trace gas readings, GPS location, 

altimeter reading, wind speed, and distance to ground via LiDAR
• Be able to maintain operations and record data for the entire drone 

flight duration of two hours
• Develop a lightweight platform that is less than 2 kilograms and 

smaller than an 8 x 8 x 8-inch space
• Utilize the power supplied by the drone during flight operations

Final Implementation

• Initial wiring issues due to packaging of off-the-shelf components
• Nuances of sensor chip, such as ESD requirements, had to be 

considered
• Issues with targeting precision requirements due to transistors
• Fabrication and printing of the enclosure was inconsistent and slow



My career goal is to deepen my general
knowledge in electrical engineering so that I will be able to
apply myself no matter which workplace I am at. Even though
I may be graduating soon, that does not mean that I still have a
lot to learn.

Being able to tackle a large engineering
problem with a group of gifted and smart individuals I believe
has helped me peek into the world out there and collaborate
critically. My teamwork skills have definitely improved thanks
to this course.

With my degree, I hope to help teach
others how to design and maintain their own renewable
energy systems in order to foster electrical independence and
individual confidence in their electrical systems.

This course has taught me how to take
my knowledge of small-scale systems and apply them to
commercial and industrial projects of much greater magnitude.

I hope to continue my education towards a PhD
focused on research with renewable energy and desalination.

This course allowed me to better collaborate
with a team as well as understand more long term research.

My career goals are to be involved in an
engaging work environment where I can enhance my electrical
design engineering skills. I hope to contribute positively to
society through engineering while continuously expanding my
abilities as an EE.

Throughout the length of this project, I have
gained confidence in my ability to effectively communicate
with professional construction companies. Learning the
technical details and system components relevant to a project of
this scale helped expandmy knowledge of how real applications
are developed.

I hope to use my degree to work in
an environment where I am learning more about electrical
engineering and working toward a better future while being
surrounded by individuals who are also passionate about their
jobs.

This project has provided me with the
opportunity to apply the knowledge I have gained thus far in
a hands on method and in a more real world environment. I
have also been able to utilize and improve my data analysis and
presentation skills.

My career goal is to become a circuit designer
or verifier in the chip industry, and I also hope to acquire more
comprehensive knowledge.

This project is the first complete
engineering project I have participated in. Although I have
actively participated in some engineering projects before,
this experience has given me a deeper understanding of the
complete project process and developing a solution. At the
same time, the relevant experiences I have in energy gave
me a more detailed understanding of the entire electronic
engineering industry. I believe this has an important positive
impact on my future study and work experience.



Currently Existing Lux Map Proposed Lux Map Proposed Light Placement

ROI Overview
Our PV system maintains a payback period of less than the expected lifespan of the solar
panels while establishing other long-term benefits for both the current exterior lighting
and the current campus grid. It is longer than a typical payback period for solar due to our
updated lighting additions.

  Payback Period of 23 - 24 years
ITC Direct Pay provides reductions to improve this number

Adheres to Virginia Tech’s Climate Action Commitment Goals
Achieve a carbon-neutral Virginia Tech campus by 2030 
Achieve 100 percent renewable electricity by 2030

Added Profit:
At the 25-year mark: $25,571
At the 50-year mark: $324130

Solar Farm location - Duck Pond Lot
Solar Farm Size - 480 Panels, 16 strings, covers 80 parking spots

264 kW Solar Power at Standard Test Conditions (STC)
80 kW expected annual average power output

Based on irradiance measurements at Duck Pond Lot
109 MWh expected annual energy generation
Cost of Solar Panels - $174k

Max Farm Size - 10,950 Panels, 365 strings, covers 1,825 parking
spots

6 MW Solar Power at STC
~3x the max solar potential across all VT solar projects

Scalable design can be expanded over time

Team Members: Adam Folts, Annie Landgraf, CJ Velez, Matt Cho, Timur Serbest, Zheyu Wu
Customer: Dan Morton, Chuck Niedermayer, Gary Li, Mark Atkinson - Wiley Wilson

Subject Matter Expert: Kelley Andrews

Objectives

Solar Carports

PV System Design

Lighting Controls

Acknowledgments

        Our PV system features a carport cantilever mount for our solar modules. The
carport itself is a prefabricated steel structure, selected for its cost-effectiveness and
reliability. Below are further details of the proposed design:

On-Campus Lighting

Grid information from VTES was sanitized, making it impossible to determine
the best grid tie-in locations
Some information regarding pricing and quotes had delayed responses, delaying
our expected work completion dates
Due to the size of our group, it was more difficult to coordinate schedules
where everyone could meet and subsequently schedule meetings with our
mentor and customer
Since we are only planning the project without seeing it through, there could be
future complications when working with the product manufacturing companies

        The team would like to thank Kelley Andrews for her invaluable advice and
continued support that have been pivotal throughout this project. We would also like
to thank Mark Atkinson, Dan Morton, Chuck Niedermayer, and Gary Li with Wiley
Wilson for sponsoring our project along with their guidance. 

Project Challenges

Energy Storage and Conversion
Battery energy storage system- 373 kWh, 1331.2 VDC

Lithium Iron Phosphate (LiFePO4) 
1.5 nights of storage for 15 kW lighting load
No need for external charge controller

3-phase Inverter - 125 kVA, 480 Vac
Each inverter can handle 250 kW max solar input
Two inverters in parallel to handle max potential
solar output

3-phase Transformer - 480 V:12.47 kV
Converts power to grid voltage to offset loads on
campus after battery is charged

Campus-Wide Deployment of Solar Lighting

Height above finish grade low side: 14' 
Height above finish grade high side: 20' 
Canopy tilt: 7°
Cost of Engineering, Material, & Fabrication+Shipping: $140,887.53
Cost of Installation: $189,478.08 
Total: $330,365.61

        Design and develop a comprehensive master plan for the widespread deployment
of solar lighting throughout Virginia Tech. Strategically aim towards offsetting the load
on the campus electrical grid while also enhancing the overall lighting quality. By
assessing the potential performance, reliability, and suitability of solar lighting
solutions in the Duck Pond parking lot, we aim to help the institution advance towards
its Climate Action Commitment objectives. Through the team’s analysis, we seek to
optimize our system and ensure its effectiveness. 

        The Renogy 550W panels chosen for our PV system feature a PERC
monocrystalline cell architecture and are equipped with IP65/IP68 weatherproof
durability. Unlike other cells, PERC adds an extra layer that improves its overall
performance. Further details of the chosen solar modules and cell comparison:

Legends

Foundation Material Selection

Dimensions: 89.7 x 44.6 x 1.4 in
Weight: 62.8 lb
Rated Efficiency: 22.8%
Rated Voltage: 41.97 V
Rated Current: 13.11 V

        For safety reasons, lighting needs to be turned on before the sun sets, and turned
off after it rises to ensure that the lighting covers the entire dark time. We provide
two switching solutions: solar panel voltage reading and photocells.

Solar panel starting voltage: 5 V
When the sun’s rays are strong enough, photons hit the semiconductor material of
the solar panel and generate a high enough voltage to turn on the solar panel. The
lighting state is dependent on the voltage of the solar panel.
Photocell chosen: Macarrie’s 120-277 V photocells
When light shines on the p-n junction, carriers are generated, thereby generating
electrical current. The lighting state is dependent on the intensity of this current.

        We will build a foundation for the entire system. The system will be stable,
preventing corrosion and protecting land. Selecting materials for the foundation, we
chose concrete out of common materials. Concrete can store large devices and
prevent shifting and cracking, but it comes at a high cost and requires licensed
contractors for installation. Other options are gravel, geotextiles, and wood. Gravel
provides good drainage and easy installation. Geotextiles are cheap with the same
durability. Wood is flexible and cheap, but not suitable for heavy devices. 

        Lux testing conducted on the lights present within
the chosen Duck Pond area demonstrated the following:

Existing lighting was sufficient in the Lower Duck
Pond Lot and in the Litton Reaves Lot from a lux
perspective
Remainder of the chosen Duck Pond area was either
insufficient in lighting or lighting was too bright

New lighting system proposes the following:
Additional lighting fixtures for the pedestrian walkways 
Replace the lights for the Litton Reaves Lot due to color
Keep the fixtures for the Lower Duck Pond Lot the same
Lower the wattage of the Duck Pond Lot 4-way LEDs and
supplement the light lost through new fixtures around the perimeter
of the Lower Duck Pond Lot and in the Duck Pond Lot itself



I am excited to contribute in a team to
engineering projects that impact the world. I hope to work in
the communications industry or work on DSP projects. I hope
to eventually become a senior engineer and provide expertise.

This class allowed me to work on solidifying
my teamwork skills. It has also allowed me to develop in the
theory of phased arrays.

My career goal is to work in the
developing field of chip-scale photonics and help to research
and develop systems for communications spectroscopy and
biological applications.

I appreciate being partneredwith an industry
sponsor and exposed to novel engineering problems faced
today. The systems engineering skills I have learned have
already proven to be valuable outside this course.

After graduating I will be starting a PhD in ECE
at Carnegie Mellon University in Pittsburgh, Pennsylvania.
My research will focus on analog/RF ICs for next-generation
wireless communications. Ultimately I want to join the
industry as a chip designer working on developing high-speed
communications chips.

This course was my first experience
working on an open-ended engineering problem over an
extended period. In addition to developing my technical
and problem-solving skills I learned valuable lessons about
teamwork.

My career goal is to work as a digital chip
designer for a chip company. I hope to devote myself to CPU
or GPU related development work.

This course gave me a certain understanding
of the radar field and RF field. Industry sponsors and my team
members have givenme a lot of professional help in this regard.



o 

o 

Solution


   

 


Hardware
’



Applications
• Electronic Warfare.

• Ground-Based SATCOM

• Weather Forecasting

• Space Exploration and Research

• Automotive Radar

• Telecommunications

System Diagram

 
 



• 


• 


• 


Problem

Test Results
o  
 

o  
 

Figure: Radiation pattern of a phased 
array showing grating lobes

 

Hardware
’ 

 

   

Problem


o 


Element #

Element #



I’m going directly into a Master’s degree
program. After that I’m hoping to find a career in designing
cutting edge processors and ASICs.

This course has givenme a lot of insights into
project development, timeline, and execution. Other classes
can teach concepts and design, but this one give the hands on
experience of execution.

My goal is to become a VLSI/design engineer in
the semiconductor industry. I want to push the boundaries of
high-performance computing.

This coursemademe appreciate the time and
effort that goes into research projects.

I aspire to get my master’s degree and eventually
work as an electrical engineer at a company that contributes to
making an impact to people’s lives.

This course has shown me insight into
how industry works and how important it is to work and
communicate with your team, mentor, and customer to enusre
a successful project.

I hope to be a networking engineer or security
specialist.

This course has prepared me better than any
other for future employment.



Though difficult to recommend in the present, photonic 
computing could have a bright future. 

Realistic Improvements:

• Faster phase modulators to increase I/O limitations
• Better On-chip laser sources to reduce implementation 

complexity

Needed Breakthroughs:

• New types of photonic memory to reduce the need for 
conversion between electrical/optical

• Reduction in cost: Photonic components are large, 
requiring higher chip space compared to CMOS and 
making for an expensive product

Conclusion

IS THE FUTURE OF 

COMPUTING 
OPTICAL?

Performance Potential

What is an MZI?

5x5 MVM Case Study - Future Potential

Sponsor: Jeremy Reeves (BAE) Subject Matter Experts: Linbo Shao, Yizheng Zhu
Team: John Gagnon, Kristopher DeGray, Will Park, Ian Seabrooke
Mentor: Kenneth Schulz

Parallelized Photonic Compute Techniques

Machine learning and A.I. have exploded in popularity in 
recent years. Many of these are household names:  

Acknowledgements and References
Our team would like to thank Jeremy Reeves (Sponsor BAE), Linbo 
Shao (Subject Matter Expert), Yizheng Zhu (Subject Matter Expert), 

and Kenneth Schulz (Mentor) for their insight, advice, and time 
throughout this project.
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A Possible 4x4 MVM system is shown below with all peripheral devices. A 
single laser is divided, and each input is intensity-modulated to represent 
values in the vector. It then passes through the mesh and the result is 
converted to an electrical output that can be interpreted by a separate 
electronic computer.

Recommendations

Partially derived from [2]

a1 a2 a3

b1 b2 b3

c1 c2 c3

v1

v2

v3

a1 v1 a2 v2 a3 v3

b1 v1 b2 v2 b3 v3

c1 v1 c2 v2 c3 v3

o1

o2

o3

That is 9 multiplications and 6 additions for a small 3x3 
example.

Let’s multiply at the speed of light!

The Mach-Zehnder Interferometer (MZI) is an optical device that can perform any rotation 
in special unitary group of degree two, i.e., SU(2) on a 2x1 input vector with 
values represented by real and complex optical magnitudes. Each MZI uses two voltage-
controlled modulators to create interference that produces the rotated output.

These tasks take millions to TRILLIONS of multiplications. 
For example, here is a matrix vector multiplication:

Optical Matrix-Vector Multiplication (MVM) lets us trade 
accuracy and size for Speed and energy efficiency. 

[1][1]

Findings:
Current shortcomings make an Optical 
MVM difficult to recommend.

Optical Advantages
• Linear increase in delay as N 

increases

Optical Shortcomings
• Bit precision is limited to 

peripherals
• Exponential increase in area and 

power as N increases

Results:
The Good
• 25us latency
• High-performance scaling potential

The Bad
• Area of optical MVM is 228x the 

size
• Average power of 448mW
• Comparably expensive

Future Potential:
• Photonic memory improvement 

would enable greater throughput, 
area savings, and power reduction

• Modulator / On-Chip Laser / 
Photodiode improvements would 
decrease area and cost

Building a Network

Multiple MZIs can be combined to form a mesh that 
perform a MVM of N order through Singular Value 
Decomposition (SVD) of the matrix.

Network Performance

[1]

Latency is determined by the input speed.
• Network size does not slow the multiplication
• Network size has minimal effect on accuracy

Each input N adds 2*N phase shifters in the network

 
Each phase shifter adds
• Power
• Size

[3]

Keep in Mind
• Optical accuracy 

loss
• Range loss is 

potentially 
acceptable for 
machine learning 
applications

Vs

[4][4]

A 5x5 MVM CMOS ASIC within 
single MZI diagram shown to 

scale
63446μm2.

Enlarged view of the ASIC 
3342μm2 

(optical is 228x size = .762mm)

A practical demonstration of an 
MZI using mirrors and 
beamsplitters

Traditional Float Optical Range
Typical Max Value 3E38 1
Typical Min Values 1E-38 1.9E-3

Bit Equivalent 32bit 9bit in/24bit out

SU(2)

An Application Specific Integrated circuit (ASIC), is a circuit 
made to do a specific task. Here we compare a CMOS ASIC with 

an optical equivalent.

[1]

N Phase Shifter Count
2 6
3 12
4 20



I plan on pursuing a career in the power
industry. My interests are in the automotive and the solar
energy industries.

This course taught me the importance of
planning ahead, making conscious design decisions and how to
operate in a professional team setting.

I aspire to actively engage in the evolution
of software technology within a prominent software company,
using the skills I have acquired through the VT CPE program
to make meaningful contributions. I recognize that there are
numerous software challenges on the horizon, and I am eager
to tackle them head-on.

I am immensely grateful for the
opportunities provided by the ECE MDE program for
myself and my team. This program has been instrumental
in enhancing my engineering proficiency and refining my
customer interaction skills, an aspect that sets it apart from
other courses at Virginia Tech.

After graduation I will be working as
an electrical design consultant with the short-term goal of
registering as an engineer in training and the long-term goal
of becoming a licensed professional engineer.

This project has been an in-depth
culmination of many of the skills I’ve learned over the past few
years. I also had a great time touring several data centers and
talking to industry experts.

I aspire to leverage the knowledge gained from
my coursework to secure a position in Electrical Engineering.
Additionally, I am open to the possibility of pursuing graduate
studies to further deepen my understanding of this field.

The MDE course has been instrumental
in providing me with practical experience, allowing me to
engage in real-life projects and learn how to initiate a project
from inception. Moreover, it has equipped me with essential
collaboration skills, enabling me to effectively work with team
members’ competency that I recognize as invaluable for my
future career endeavors.

My goals as an engineer are to expand
my knowledge and experiences by applying my skills to many
different jobs and opportunities. I’mmore thenwilling to jump
right in to projects that are new to me and figure out how I can
make an impact. I eventually want to continue my schooling
and get a masters degree.

The Major Design Experience has given
me valuable experience in an engineering team environment.
My biggest take away was learning how to interact with senior
engineers, SMEs, advisors, and customers.



Background
Expecting power usage of data racks to as 
much as triple over the next few years, the 
7x24 Exchange, a consortium of data center 
operators, inquired about methods to 
increase their ability to regulate heat within 
a rack. In conversations with data center 
professionals, we found that a recent 
product was a rack wide cooling loop which 
pushed water evenly across each node. In 
an effort to optimize coolant transmission, 
the team developed a 
system capable of 
manipulating flow 
rates to match the 
dynamic heat loads 
as server usage rises.

Figure 1:
Lenovo’s Neptune
Cooling Loop
In Virginia Tech’s
Steger Hall

Objectives
As a proof of concept for the smart cooling 
loop, a small-scale PVC model was 
constructed with the goal of:
● Understand sensor requirement and 

usage.
● Recognize cooling necessities for heat 

loads.
● Coolant flow control.
● Comprehensive and friendly graphical 

user interface.
● Accurate electronic 

valve and flow control
Figure 2:
Deliverable and 
Demonstration Video

System Design
Users can replicate a server in high power usage by blowing 

a heat gun on a branch’s radiator. Flowing water will 
transport the heat away and a GUI will show the coolant flow 
and temperature changes as well as the loops modification.

User Interface and Controls

Conclusion
● Power usage and heat dissipation will be 

an issue for any data center over the next 
few decades.

● Data centers with CRAC 
systems or chilled water 
infrastructure can easily
install direct-to-chip 
cooling loop system

● Usable floor space in data 
centers will decrease due 
to Coolant Distribution 
Unit (CDU) placement
(1 CDU : ~6 Racks)

● Modularity should be an
important design
consideration for ease
of use.

Acknowledgement
A special thank you to the professors and 
industry experts who have helped us along 
the way:

SMART COOLING LOOP FOR A DATA RACK OF THE FUTURE
Juan Diego Castrellón, Rick Ejizu, Westin Erwin, ChenHao Qiu, Oral Dale Walker Jr.

Sponsor: Jeff McWhirt, Digital Realty
Subject Matter Expert: Scot Ransbottom, Virginia Tech 

Project Advisor: Joe Adams, Virginia Tech

Moving Forward
Future work includes:
● Scaling design to make it capable of 

dealing with more nodes and higher power.
● Replicating CDU to increase cooling  

beyond two radiators to maximize 
efficiency.

● Improve the GUI to allow operator more 
control, access to information, and 
diagnostics

Figure 5: Steger 
Hall’s first coolant 
distribution unit

Industry Partners:
7x24 Exchange
Digital Realty
VT Data Center Staff:
Mr. Mike Moyer
Mr. Miles Gentry

VT ECE:
Dr. Joe Adams
Dr. Scot Ransbottom
Customer Representative:
Mr. Jeff McWhirt

Radiators
“Servers”

Fans
“CDU”

Valves

Reservoir 
and Pumps

Sensors

Return
Manifold

Supply
Manifold

Figure 3: Prototype 
Board for 
Demonstration

Figure 4: Screenshot of GUI
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I aspire to use my skills and knowledge in the
cyber-field doing valuable work that protects and helps others.

This course has significantly preparedme for
my engineering career. I was able to get hands-on industry-like
experience working with a team and a customer.

I aspire to apply my current knowledge as
well as continue learning in order to address and solve cyber
challenges.

This course provides a hands-on, applicable
experience to prepare you for your career.

I aspire to continue to learn from others and
challenge myself throughout my career as well as use what I
have learned to help others.

This course emphasizes the importance of
teamwork and prepares you for the industry.

I aspire to apply my skills to better understand
work in the cyber-discipline to help those vulnerable to arising
challenges

This course has prepared me to work
with peers with similar goals and aspirations improving my
technical and social skills

I want to use my knowledge and skills to better
people’s lives and bring a positive impact to the world, one
small step at a time.

Major Design Experience is an opportunity
for aspiring engineering students to work through a full cycle
design project, collaboratewith real customers and experts, and
find pride in overcoming a challenge with a team of fellow
students. This course has given me more insight into my role
within a team and collaboration of a longer term project.

I aspire to never stop learning and to live a
fulfilling life by serving others wherever I go.

The senior design course is a good
opportunity for students to get a taste of what it’s like to work
on a project for a company.





After University I plan on becoming an
industrial network engineer. I will start my career working on
implementing process control networks for different factories
and plants.

This course has been challenging, especially
as it is not a field I am very familiar with. I had to learn
to be uncomfortable and become more flexible to all kinds
of different failures and experiences. Mostly I learned the
importance of breaking down problems and conquering small
milestones.

My career goal is to continually enhance
my skills in Electrical Engineering, contributing positively to
projects and leaving a lasting mark wherever my professional
journey leads.

This course has taught me the importance
of effective communication, adaptability, and collaboration,
providing invaluable experience that will be beneficial in future
projects.

I strive to be in a career where I can embrace
the motto of not all hero’s wear capes. I want to protect people
on their digital platforms. This includes civilians and military
personnel while fortifying current network infrastructure.

Although the course was beneficial in many
ways, including meeting mentors, and working on an industry
leading problem, I would like to see more support from the
community of professionals in my field. The support from my
mentors and subjectmatter expert exceeded all my expectations
though and I really appreciated having them as a part of my
team.

I am still figuring out my career goals, although I
am currently planning to go to graduate school to get aMaster’s
degree in Data Science. At this point, all that I know is that I
want to work somewhere where I canmake a real impact in the
world.

I think this course has been a valuable
experience. I have really enjoyed learning new technical skills,
embracing the design process, and building leadership and
communication skills that will be useful for my future.
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Counteracting Doppler Using OTFS and Zak Transform
Students: Ethan Costello, Danielle Felder, Andrew Hermansen, Nathan Scollar

Mentor: Dr. Daniel Connors; Subject Matter Expert/Customer: Dr. Louis Beex

Sponsors: Air Force Research Lab
Wright Brothers Institute2024 Spring Major Design Experience 

Project Statement Testing

Modulation Schemes

Future Work

Results

Simulations

OTFS Models

System Implementation
Receiver Block Diagram

Transmitter Block Diagram

Full OTFS model using OFDM

Simplified OTFS model using the Zak Transform

● The DFT of each column and IDFT 
of each column on the transmitter 
side cancel out

● The DFT of each column and IDFT 
of each column on the receiver 
side cancel out

● These cancellations form the 
simplified OTFS model using the 
Zak Transform

● IDFT of each row takes a 1D 
complex IFFT of each row in the 
matrix

● P/S appends the input matrix by 
column into a serialized array of 
values

● S/P takes the received array and 
rebuilds the matrix by column

● DFT of each row takes a 1D 
complex FFT of each row in the 
matrix

● Orthogonal Time Frequency Space 
Modulation ( OTFS )

● Counteract doppler and delay
● Prove justification of simplified OTFS, 

Zak Transform
Fig. 2: After the IFFT of the single pulse 

• Signal range increase (Physical Distance).
• Improve signal clarity (Stronger signal).
• Further optimizations for signal processing.
• Increase scalability of testing.

QAM

Receiver User Interface

QPSK Burst
Transmitter User Interface

Matlab (Fig 1 - 6) and LabVIEW (Fig 7) Simulations: Implementing the Simplified OTFS model 
using the Zak Transform

Quadrature 
Amplitude 
Modulation. Data 
Modulation based 
on amplitude of the 
signal and phase of 
the signal.

Quadrature Phase-
Shift Keying.
Data Modulation 
based on phase of 
the signal

Appending 
interburst interval 
“dead space” into 
the signal to find 
signal, aided with 
use of pilot signals.

Fig. 1: Initial 30 x 50 Complex matrix 

Fig. 5: Parallelized values before the 
FFT

Fig. 3: Serialized IFFT values before the 
Channel 

Fig. 4: Received values after the 
Channel

Fig. 6: Final 30 x 50 matrix after the 
FFT 

Tx Rx

Test 3: Creating Doppler and Reflections

Test 1: Distance Testing

19.1m

Test 2: Burst Sample Retrieval

Tx
00001111
00011110
00

8E-10 8E-10

2.18 8E-10

3.12 3.08

Fig. 7: Front Panel Indicators for 
Simulated OTFS Model

Objective of Test 1:

Achieve optimal distance 
~20 meters to have 
adequate space to test 
implementations. 

Rx

Tx Rx

Objective of Test 2:

Transmit a pilot signal into a 
burst QAM signal and create 
the delay and doppler Matrix.

Objective of Test 3:

With an aluminum reflector, 
transmit the signal to a 
moving object (fan blade) 
generating doppler. 

**Note Image for Doppler Representation, Acoustic Signals not used in this project**

Received data is an 
exact match to our 
sent signal, with 
slight rotation.

Received data 
is greatly down - 
sampled, causing 
low correlation of 
received sample.

Received data 
mixing with 
noise. No 
correlation.

Loopback
Distance

Reflection



My aspiration is to explore the various
opportunities within the field of computer engineering. I aim
to discover my ideal career path through hands-on experience
and trends from emerging technologies.

Throughout this course, I have gained
valuable insight with the engineering design process and field
of control systems engineering. Additionally, I have been able
to foster my teamwork and professional skills.

I aspire to make people’s lives easier using
innovative technology and software solutions.

This course gaveme the opportunity to learn
from and work with a great group of students, mentors, and
engineers while sharpening my technical and personal skills in
a real-world environment.

My career goal is to be able to create programs
to enhance security and ensure that any malicious attempts are
stopped before issues arise.

I appreciate being able to get a hands-on
experience with circuits such as Arduino’s and Raspberry Pi’s as
well as technical experience with SQL and VM’s. These skills
will helpmemove forward inmy career and improvemy entire
skillset.

I hope to explore varying areas of the computer
engineering field and develop new products and technologies
for various industries.

This course has provided me with an
immense amount of exposure to different niche, and not so
niche, areas of networking and computer engineering.

I want to work on next generation technologies
like VR/AR and create clever solutions to complex problems.

I have worked with more documentation
that I ever imagined and learnt a lot about Controls
Engineering. The opportunity to learn from engineers at VSA
has taught me a lot about how to become a professional.





My carrer goal is to find innovative solutions
to hardware and software problems faced in the defence
community today.

This course gave me more experience hands
on experience working on a small team, working together to
solve problems we didn’t anticipate while meeting our goals.

I want to develop tools and products
that promote innovation. A good product should reduce the
intellectual barrier to entry, bring with it power, not create
their own hurtles.

I enjoyed working working with a proper
team again. As a young engineer, I often find myself on
personal-growth, individual projects. It beings me joy to
succeed at such a complex problem with a team I can trust to
get the work done.

I aspire to use my software skills and my
knowledge of event management and hospitality to create
better technology solutions for events, making them more
engaging and enjoyable for everyone.

In this senior design course, I applied all the
knowledge I’ve gained throughout my studies to this project.
The class also taught me valuable workplace skills, such as
teamwork and time management.

My goal is to find unique opportunities
where AI/ML can help describe a problem and its surrounding
context, with the aim of leveraging models to guide and inform
decision-making processes.

The Senior Design Experience has given me
a fantastic opportunity to engage in a highly interesting project,
enablingme to research and implement state-of-the-artmodels
and algorithms. In addition to the technical development, this
project has taught me a great deal about system design, project
management, and system deployment, all of which are essential
skills in industry.

My career goal is to become a software architect
that designs solutions that can make a meaningful impacts on
people’s lives.

This course gave me a great oppotunity to
scope, design, and implement solutions to real problems. It has
given me the most useful hands-on exeperiences of the classes
I’ve taken here.
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LLM Powered Room Perception 

From Autonomous Aircraft
By: Henry Forsyth, Matthew Rajan, Gabriel Abernathy, Layan Kutbi, Kurtis St. Thomas

Dr. Joe Adams (Mentor), Dr. Cameron Patterson (SME)

Solution At A Glance

Issues Encountered

Conslusion

Software Solution

Conclusion

Hardware Solution

Problem and Objective

Core Frameworks

Custom Drone

Custom GUI

Intel Realsense D435i

3D Printed, Open-Source Friendly

Video Stream

Backend

Firmware

Backend

Firmware

Firmware

Teleop Control

Control Params

LLM-Assisted Responses

Easy Controls

- Custom 3D printed frame to 
  mount components 

- Raspberry Pi to pilot the 
  drone autonomously and 
  execute mission commands 

- Realsense Camera provides 
  object detection, 
  recognition, and avoidance 

- Servo Motors level camera and 
  maneuver vehicle on the ground 

Docker builts
all our images
for x86 and ARM
architectures

Problem:
Create a safe, unique hardware/software solution 
that can analyze a room using mobile visual sensors 
and produce a textual output describing the 
environment
Objectives:
- System must perform indoor object recognition
- System must be intuitive and safe
- System must leverage an LLM after CV data collect

- Maintaining the identity of objects that went out-
  of-view
- Hardware changes after discovering intergation 
  limitations (Raspberry Pi especialy)
- Planned SLAM algorithm ran behind schedule due to     
  hardware limitations, so was eventually simplified
- Dronekit was initially proposed as Mavlink 
  solution, but instead we went with PyMavLink

- Drone design takes careful planning and a focus on system integration. We made sure to not neglect industry standard CI/CD 
- We could not account for everything at the outset of the project. Pivoting effectively is what shows the merit of an engineer
- Having a large selection of frameworks (FastAPI, NextJS, PyMavLink, DroneKit, etc) made project deliverables more attainable
- The team achieved great success in object detection, local LLM, drone hardware design, and software integration

nd

s

c

m

n

Fir

Core FrameworksCore Frameworks

Bac

Fir

D
a
f
aFrontend

tom Drone

Custom

 Realsense D4435i5i35

3D Printed, Open-Source 

- Implements YOLOv8 for real-time,  
  accurate object detections and 
  extracts  metadata from detected 
  objects    
- Applies K-means clustering to find  the most prominent RGB value and  
  matches it to the closest color name using a KD Tree    
- Input objects and their metadata into LLama2-7b with quantized weights 
  locally for enhanced security and hardware compatibility    
- Live depth and color streams from Intel RealSense, current drone 
  heading, and TELE-OP control displayed via the GUI during flight, and 
  allows users to prompt the LLM for insights about the room and its 
  objects post-mission

o 



I am pursuing a master’s degree at Virginia Tech
to continue my passion for the hardware-software relationship
and the field of embedded systems. I hope to apply my skills to
cutting-edge technology for the betterment of people’s lives.

This course has helped me understand the
engineering process from identifying a problem to developing
a working prototype. This has enabled me to enhance my
teamwork and ECE skills in all aspects.

I aim to pursue a PhD in the future, alongside
obtaining a Professional Engineer license. Additionally, I aspire
to establish my own engineering firm specializing in both
technology/defense and in the health sector.

This project has enabled me to apply
my past career skills while collaborating with very talented
electrical and computer engineers on the project team. I’ve
especially valued delving into PCB design and coordinating
integration with team members, which has significantly aided
in transitioning old skills into the future role.

I hope to contribute to the field of power grid
communications and control.

This course has taught me a great deal
about the practical side of engineering projects. This project
in particular has been valuable because it integrates many
hardware and software components, so team members have
learned to collaborate closely and share their skills.

My goal is to use my knowledge of computer
networking to enhance the lives of people. I believe technology
can better people’s lives socially, materially, and spiritually.

Man oh man has this course been frustrating
at times but so rewarding that makes it well worth it. I have
enjoyedworkingwithmy great team and learning how to tackle
a real world problem.

My goal is to pursue a career in embedded
software and to work on projects that help to expand my
engineering knowledge. Through my experiences, I want to
learn all sides of computer engineering and computer science
to work on my own personal projects outside of my career.

This course has given me a chance to
experience the engineering process within a team to design
a product for a customer. It has also allowed me to explore
different approaches and evaluate the best plan of action to
produce the best design.



Sponsor: Dylan Gooch, NAVAIR Fleet Readiness Center East
Subject Matter Expert: Peter Han, Virginia Tech ECE

Team Members: Christopher Boerner, Mostafa Gaafar, Caroline Larsen, Clayton Ulrey, Andrew Weber

• Current data acquisition (DAQ) technology 
for aircraft testing is cumbersome and 
dangerous

• A new DAQ system would allow remote 
monitoring of points in aircraft

• Our system includes detachable sensors, 
long distance wireless transmission, and 
an easy-to-read GUI

Circuits for temperature sensor, vibration 
sensor, and humidity sensor are connected 
to the sensor node SparkFun Artemis MCU

Three major subsystems make up the Aircraft Data 
Acquisition Device:
1.Sensor Nodes

8 detachable sensors
Four types: Vibration, Temperature, Humidity, Sound
Read and calculate data from real world

2.Remote Sensor Array (RSA)
Receives data from sensor node via current loop
Transmit data to handheld device via radio frequency

3.Handheld device
Receives and displays real time data for user

• Peter Han of Virginia Tech ECE 
Department as our Subject Matter Expert

• Dylan Gooch and Sarika Khanal of Fleet 
Readiness Center-East (NAVAIR) as our 
primary point of contact

• Sensor node data can transmit to 
RSA  through current loop sampling at 
54kHz

• Multiple sensor nodes can be connected to
RSA simultaneously

• RSA data can transmit to Handheld Unit 
through SPI

• Handheld Unit displays received sensor 
data

Data Packet being sent over a 60ft Twisted Pair Cable

Handheld Unit Showing Basic Display of Sensor Data

Output from Serial Monitor 
on Handheld receiving end

Packet Structure:

Wireless Radio Frequency transceiver board

Current loop communication between 
sensor node and RSA

Sensor node design



I aspire to usemy engineering skills to contribute
to projects that influence others in a positive way.

This course gave me hands-on experience
in many areas such as circuit design, system design, research,
power budget considerations, and digital signal processing. It
also gave me valuable experience with formal presentations,
which has greatly prepared me for professional presentations
in the future.

I want to learn and explore new
technology, especially the prospect of developing systems that
can autonomously work.

This course provided me with the
opportunity to collaborate with teammates and develop a
system capable of autonomous operation. I have acquired
numerous skills that I believe are essential in the real world,
particularly in industry, including research, circuit design and
testing, teamwork, and time management.

I aspire to use my engineering experience
gained at Virginia Tech to innovate for conservation efforts,
applying advanced technologies to protect and restore our
natural environments.

This Senior Design course providedmewith
hands on experience in working with and designing a product
for a real company, teaching me the essentials of teamwork,
time management, and the aquisition of new skills throughout
the process.

I want to work on projects that i am passionate
about that help develop technology in our world.

This course has helped me understand the
importance of research and development within projects. It
has also shown me how to be able to compile projects with
partners and formulate a final design that fits the criteria set
by a customer.

I seek the betterment of the world and people’s
lives in it. Learning new skills to help the quality of life for
everything is what I’d love to do in the future.

Senior Design has allowed myself and my
teammates to work within a small group throughout the past
several months to develop a project given to us with little
information about it. This opportunity is an amazing chance
to understand what it’s truly like in the industry and get us
prepared for the real-world. I have enjoyed these classes much
more than the typical class andwish they continue this for years
to come.



Equine Vital Tracking: 
Real-Time Automated Health 
Monitoring

Kylie Angel, Mario Montano, Ian Page, Tien Le, Vu Mai
Sponsor: Marion duPont Scott Equine Medical Center
Subject Matter Experts: Almuatazbellah Boker, William Baumann



I plan to further my study in computer
engineering in graduate school with emphasis in Controls,
Robotics, Autonomy, Networking, and Cybersecurity.

The Major Design Experience allowed me
to put classroom concepts to action. It also provided insight
into the business and management side of the engineering
occupation that is often missed in classroom assignments.

A personal goal of mine is to work on the
electronic systems in performance vehicles. I want to use
my skills as an electrical engineer and combine that with my
passion for cars.

I enjoyed working with our customers.
It provided us with an industry like experience and helped
introduce us to the change we are about to experience going
from college to industry

I plan to become a software engineer and earn a
master’s degree in computer engineering.

I enjoyed seeing my code and efforts
accomplish a larger goal within our team. I enjoyed working
with my team to complete a task that would have been
otherwise impossible without them.

I plan to pursue a career in cellular network
engineering or software engineering. Before that, I plan to
continue studying for my master’s degree at Virginia Tech.

This course providedmewith the experience
needed to start on projects in a design team in the workforce.
I developed a lot of team management and interpersonal skills
which are invaluable in the workplace. I highly recommend
taking this course seriously to all prospective engineers.





I hope to pursue a Master’s degree in electrical
engineering.

I learned a great deal about a topic that I had
no prior experience with.

To become the best version of myself
Thankful for good project support staff

Advance the field of electrical engineering and
see something I worked on help humanity for the better.

This course allowed me to delve deeper into
a topic of interest and learn so much about RF, antennas, and
myself.



Far-Field Antenna Pattern Reconstruction From Probe Data 
in the Planar Near-Field of an Antenna

Nick Martin, Aidan Graffam, Christopher Barrett
Sponsor: Mr. Bill Smith, NSWC, Dahlgren  SME: Dr. Brad Davis, VT NSI  Mentor: Dr. Daniel Connors

• Design and develop an algorithm to take data from a probe measured 
in the radiative planar near-field of an antenna or antenna array. 

• Transform that data to retrieve the approximate far-field 
characteristics.

Fig 1. Antenna Radiation Zones

• Performing antenna tests in a laboratory environment is often more 
expeditious and cost effective than testing on an open range.

• This reliable method for reconstructing far-field antenna patterns 
serves as an important steppingstone towards enhancing the 
pragmatic application of antenna testing in a laboratory environment.

Motivation

• Definition of mathematical transformations and development of code 
for reconstruction of far-field patterns from near-field measurements.

• Development of command code to assist with measurement 
techniques, such as positioning of probes and coordination between 
the probe and network analyzer.

• Collection of data in the near-field using a probe and associated 
measurement techniques.
• Probe correction ignored for the purposes of this project

• Collection of far-field data to validate the results using standard gain 
horn antennas.

Objectives

• Receive data in near-field from 
measurement probe.

• Perform data conditioning. 
• Perform mathematical transform upon 

near-field data to acquire far-field data.
• Plot far-field data.
• Compare to measured far-field data of 
    NSI near-field scanner.

  Fig 2. NSI Near-Field Scanner

Theory of Operations

Measurements taken of a X-Band standard gain horn operating at 10 GHz:

Measurements taken of a X-Band 8 elem. OEW array operating at 8.5 GHz:

Test Results

• The near field to far field transformation algorithm is far more 
efficient and cost effective than acquiring and utilizing a far-
field antenna range.

• Our results showed it is possible to achieve a reasonably high 
degree of fidelity  when comparing the far-field patterns of 
this system with the NSI scanner far-field.

• Once measurements are taken, the absence of probe 
correction in our system can introduce significant error in the 
near field measurements.

• We created a way of analyzing the data that shows the 
patterns in a projected plane that can be easily measured on 
a traditional x-y grid while most scanners give the pattern as a 
function of elevation and azimuth thus making it hard to 
examine if a measurement at a specified distance is required.

Analysis and Conclusion

• Implement time gating to minimize multipath.
• Use in newly constructed anechoic chamber.
• Implement probe correction factors for higher fidelity 

scans.
• Implement the algorithm with a full rail movement 

mechanism.
• Scale up system and algorithm to accept larger data sets 

to accommodate large scale arrays and antennas.

Future Plans

We would like to thank the following people for their assistance and 
support 
• Mr. Bill Smith, NSWC, Dahlgren  (Customer)
• Dr. Brad Davis, VT NSI      (Subject Matter Expert)
• Dr. Daniel Connors       (Mentor)

Acknowledgements

Probe

Fig 4. Near field pattern reconstruction 
on the measurement plane.

Fig 5. Projected Pattern at 3 m 
away from the antenna source.

Fig 6. Projected Pattern at 6 m 
away from the antenna source.

Fig 7. Projected Pattern at 10 m 
away from the antenna source.

Fig 8. Projected Pattern at 20 m 
away from the antenna source.

Fig 9. Near field pattern 
reconstruction on the meas. plane.

Fig 10. Projected Pattern at 3 m 
away from the antenna source.

Fig 11. Projected Pattern at 10 m 
away from the antenna source.

Fig 12. Comparison of NSI scanner output and our 
algorithm output 

NSI Scanner Far-Field Projection Mathematical Far-Field Projection

VS.
Fig 2. System Process Diagram 

System Diagram



I hope to contribute to the field of
radio frequency enginnering so that wireless communication
services continue to improve while also supporting an ever
increasing number of users.

It is vital to establish team communication
early as it is far easier to resolve conflicts in style or approach
early on as opposed to when you are doing serious engineering
work.

My goal has always been to contribute to
the digital semiconductor industry. As humanity continues to
push the boundaries of transistor technology from FinFETs to
GAAFETS and from 7nm to 5nm to 3nm: I want to be part of
a team that continues to push these technologies to their limits
a limit a future engineer breaks later on.

If you haven’t learned how to schedule and
keep track of your deliverables and assignments (i.e. haven’t
learned tomake a todo list) you should probably learn that now.

Space exploration and aviation has always been
a keen interest of mine and I have found through different
projects, experiences, and teams that avionics and power
systems pique my interest the most. I intend to be one of the
people to help further our exploration of not just our nearby
solar system but space as a whole.

Being proactive and brainstorming potential
solutions to your project early on will benefit you greatly in the
second semester of the course.

As an electrical engineering student specializing
in control systems and hardware devices, I hope to contribute
to the continuing innovations involving controller systems in
the medical or robotics fields. I want to work to produce and
create accurate controller devices that can help the everyday
lives of people all over the world.

The senior design course provided an
invaluable hands-on experience, allowing me to apply my
knowledge of motor and control systems to solve real-world
engineering challenges. It was a transformative journey that
not only sharpened my technical skills but also instilled in me a
deep sense of confidence as I enter the professional realm.





I intend to commission in the US Army as an
aircraft maintenance officer. After gaining experience in the
military, I hope to use my degree in an engineering capacity in
the private sector.

This course provided an avenue to acquire
new skills as well as test out various different skills that I have
acquired through out my time in university.

I am passionate about aircraft simulations and
machine learning, due to their expanding contribution to the
public. My aim is to actively contribute to the advancement of
these technologies for the betterment of the public.

I am grateful for the opportunity to create an
effective product and work alongside like-minded individuals.
This course has not only provided valuable connections and
resources, but set an invaluable stepping stone for my career.

After college I hope to work in the biomedical
field with prosthetics. Later in my career I hope to work on
project development and innovation.

The Senior Design Experience is a course
that gives students the opportunity to participate in a long term
project. I liked how each student was required to find a way to
add something to their project, and how thementors instructed
the course.

I aim to start as a Systems Software Engineer,
then transition into amanagerial role blending engineering and
business insights. Finally, I hope to return to education to teach
and share my knowledge.

This senior design class was invaluable,
fostering collaboration and practical skills essential for
real-world projects. Grateful for the guidance and meaningful
experiences.

Work in the private sector to learn and
innovate on new technology. Inparticular I would like to work
on innovations that will postively effect as many people as
possible.

This course has opened my eyes to how the
industry works. The lessons I learned here will be invaluable
to my future as an engineer.



Signals of Distress: Detecting UAS Damage in High-Powered Microwave Environments 
Jackson Burns, Jai Deshmukh, Joseph Glennon, Mitchell Kuhns, Logan Um 

Problem Statement

NSWCDD utilizes High Powered
Microwaves (HPMs) to test UAS
readiness.
Employ parabolic microphones and signal
processing to detect differences in HPM-
affected UAS.
Ensure UAS effectiveness and resilience
in combat conditions.

System Diagram

Microphone records audio data from the
High Power Microwave (HPM).
Arduino waits for the high-powered
microwave trigger via the BNC connection.
Damage is assessed based on the
received data.

Acknowledgments

This work would not have been possible
without the following individuals:  

Dr. Joe Adams, Dr. Daniel Connors, Mr. Logan
Bradbury, Mr. Corey Vyhlidal, Mr. Alan

Overby 

Damage Classification

Software Stack

Conclusion

Detects damage based on amplitude of
UAS audio
Classifies damage based on high-powered
microwave trigger and duration of
damage 

Future Work

Improve detection capabilities through better
hardware and software. 

Can improve detection range, detect moving
UASs, and detect 
Better hardware such as microphone and data
acquisition devices can improve sound
quality/range 
Improved ML model/signal processor can improve
detection accuracy up to higher ranges.

Mic ophone eco ds a dio data f om the

Damage Classificatio

Class 0: No damage detected
AND trigger is in 'off' state  
Class 1: Trigger is in 'on' state
AND no damage is detected  
Class 2: Damage is detected
while the trigger is 'on' but
ceases once the trigger returns
to the 'off' state

Class 3: Damage is detected while the trigger is
'on' and persists for 5 seconds or less beyond
the point when trigger transitions to 'off'  
Class 4: Damage is detected while the trigger is
'on' and persists for longer than 5 seconds
beyond the point when trigger transitions to
'off' 
Class 5: Damage is detected while the trigger is
'on' and persists for longer than when the test
is completed 

Machine learning Model  
The model is an image classification model that classifies audio
through images of their spectrograms.  
The model utilizes a supervised TensorFlow framework for training
and testing evaluation. 
The model is trained using open-source drone data and NWSCDD-
provided drone data.  
The results indicate approximately 10-20% accuracy due to current  
data and model limitations. 

Signal Processing: 
Damage detection algorithm monitors changes in wave amplitude
from audio data. 
Flags the binary damage array as high when amplitude deviates from
expected values. 
Binary damage array is sent to a damage scoring function. 
Damage scoring function compares it with the HPM trigger array for
scoring.

Fig. 1
Amplitude vs. Time graph of data provided by
NSWCDD. This data illustrates a class 3 level of
damage.

Fig. 2
Trigger Signal (green) overlayed with the
duration of damage detected (red) on the data
provided in figure 1. Duration of damage was
determined via our signal processing algorithm.



I’d like to continue developing and working
on testing/verification techniques and approaches, especially
those involving FPGAs.

I appreciate the opportunity this course
presented to collaborate with real-world engineers with a
diverse background of skills and education, working together
to produce a unique solution to a problem.

My career goals are to experiencemany different
fields within Electrical Engineering and find which suits me
best.

I believe this course is vital experience for
any engineer, it gives an idea for what real life engineering
projects are and is especially important for students who do not
experience an internship.

I want to develop software for network
security applications. I also desire to further my education with
a Master’s after working in industry for a few years.

I enjoyed the opportunity to work
with the Naval Surface Warfare Center Dahlgren Division
and DEVCOM Army Research Laboratory. I got to meet
very intelligent engineers and researchers through customer
meetings.

I want to be able to explore the field of ECE
outside of college, where I think I will be able to better establish
which field I would like to end up in.

This course is the only course where we are
able to work with established engineers in order to deliver a
product, which I think is a very useful opportunity.

After graduation I am pursuing a masters degree
in Electrical Engineering, with the goal of working as an analog
circuit designer.

This course has given me experience
working with a team on an engineering project.





I will be working in a rotational program post
graduation at Caterpillar. After finishing the program I plan
to return to school to get a masters degree. I aspire to get
intomoremanagerial roles after buidlingmy expertise through
gradaute school and real world experience.

This project has given me great
exposure to the relationship between hardware and software
in a radio frequency context. I have also developed skills
such as interpreting code of other engineers and working
alongside other engineers to complete a long-term goal with
specifications, budgets, a customer, etc.

I aspire to use my expertise in FPGA and digital
circuit design to revolutionize electronics and computing. My
goal is to harness FPGA technology to enhance high-speed
computing, signal processing, and embedded systems, thereby
advancing digital solutions.

I have learned a lot about project
management and how RF systems operate for signal detection
and coordinate registration. Although RF is outside my scope
of study, I have learned a lot about signal gain, attenuation,
as well as power transmission and link budgeting and this has
helped me expand my skills as an engineer.

I aspire in working with electrical circuits and
utilities in either the public or private sector. Additionally, I
would like to work in maintaining and improving large scale
machinery in order to reduce downtimes, improve production
quality, and reduce costs.

I have learned a lot about project
management and RF from working on this project. Although
RF is outside my scope of study, I believe a good engineer
should be able to adapt and learn more about concepts
outside of their skillsets. I have learned a lot about how
important project management is especially involving money
andwhy certain protolcols are in place such that well-informed
decisions are made to reduce delays and risks.

I hope to learnmore about radar and aerospace at
a graduate level post-Navy. I aspire to learn as many skills and
explore as many fields as possible, to have the ability to work
on any project and bring innovation that is only possible with
a interdisciplinary perspective.

This project has provided high level of
hands on exposure to RF systems and how they are used for
communications and detection. This experience has grown my
interest in RF significantly, prompting me to take a class in
satellite communications and pursue working on RF and space
systems as a career.

I hope to contribute to bringing nuclear energy
to the forefront and improving the utilization of renewable
energy sources. Additionally, I hope to spend time working
in system protection and fault analysis in order to reduce
downtime and improve grid reliability and resiliency.

I have gained much experience as a
result of working outside my primary field of study. I have
grown passionate about RF through this project and I have
gained invaluable experience in handling customer relations
and professionalism at multiple levels.





I want to work in a high demand environment
where I can apply my programming and electrical engineering
skills while always being pushed to learn from novel aspects of
the projects.

This course gave me experience with motor
controllers, PCB design, and consolidating electrical systems
into a working product based on customer requirements.

A career that challenges me, that I enjoy, that
allows for me to provide for a family someday

This course provided me with experience
leading a design team on a project from the ground up.

To visit that glowing dot on the horizon
This course provided me experience with

experience working on a large-scale multi-month long project

I want to have a career that keeps me interested
and challenged.

This course gave me experience designing
and delivering a project for a customer and working with
motors, motor controllers, and control systems.

My carrer goal is ultmatly assist in the net zero
emission effort by working with renewables or in the power
industry.

This course gave me a peek into what goes
into a major engineering project.





I aspire to become a Computer Engineer
involved in the Internet Industry.

This program was very meaningful to
me and I was able to practice a lot of knowledge about
cybersecurity.

I aspire to become a Software Engineer
This project gaveme real insight onworking

within the Cybersecurity field in industry. I am very thankful
for the experience.

I aspire to become a Computer Engineer
involved in the Robotics Industry.

This project was very entertaining and
rewarding, since it allowed to learn about a cyber security,
which is a field I would not have learned about,if not for
this project. This project had its difficulties but was very
rewarding once the hardship were overcome. It also gave us
the opportunity and experience of working with a customer,
which is something I am very grateful for.

I aspire to become a Computer Engineer
involved with AI generation

This project has pushed me to be more well
rounded in computer networking security which is not a field I
wouldve neccesarily developed on my own. Additionally I got
more experience with AI image generation and furthered my
understanding and comfortability with it for game design and
implementation.

I aspire to become a Cyber Security Engineer
working on Vulnerability Research and Penetration Testing,
to partner with being an Engineer Officer in the U.S Army.

I really enjoyed working with Kryptowire
Labs and getting the chance to be a part of an entertaining yet
rewarding Cyber Security Project.



Cyber Chase: Tabletop Board Game
Matthew Zarnowsky, Matthew Vandeveire, Alex Saura, Kojo Poku, Jiawen Bao

Sponsor: Mr. James Sugrim, Kryptowire Labs
Subject Matter Expert: Dr. Joe Adams, Virginia Tech

Create an educational and entertaining board
game to bring in consumers of all skill levels, from
novices to professionals in the field of
cybersecurity.

Perform network analysis on a network to
understand how to determine a network
layout and learn the “lay of the land.”
Perform a software inventory on a provided
virtual machine and use Nessus to determine
possible exploits and known vulnerabilities
within the device.
Perform exploit testing on the CASTLE
Emulated Network provided by Kryptowire to
test known exploits to gain the probability of
their success and time delay for initialization.
Incorporate all of the previous objectives into
an entertaining game design incorporating
game aspects including; card play, dice rolling,
board construction, and player vs. player
capabilities.

Background Educational Game Aspects

Our game incorporates a red vs. blue cyber dynamic involving
a white cell to provide the feeling of a hands-on cyber
exercise.

Network Analysis for Red’s identification of network
components and Blue’s analysis of malicious intent within
the network.
Host configuration for Blue to identify known
vulnerabilities in their network and design the layout
according to their best interest using realistic and crucial
network components.
Exploit and mitigation testing to provide realistic success
probabilities for Red’s exploitation of known network
services.

Game Design

The educational concepts were tied
together using entertaining game
aspects including cardplay, dice rolls,
board design, and strategy.

Cardplay: Red and blue team card
decks resulting from network
analysis tools, exploits, mitigation
strategies, and ways of impacting a
service.
Dice rolls: Success values to initiate
exploits, mitigations, and network
analysis tools are directly related to
their success in real-life
implementation within the testing
environment.
Board Design: The blue team builds
their network layout using game
pieces representing crucial network
components (i.e. firewall,
workstation/client, router).
Strategy: Death clock
implementation to represent red’s
time to live within the network, and
how the more noise made in the
network, the greater the chance they
are identified.

Conclusion

Provides a physical representation of
a cybersecurity board game for
Kryptowire to study for their digital
version.
Provides an engaging simulation of
real-world applications for exploit
and mitigation strategies.
Incorporates network analysis, host
configuration, exploit testing, and
game design mechanics in an
entertaining and educating manner.

Acknowledgement

Our team extends our gratitude and
appreciation to our sponsor and subject
matter expert. Thank you, Kryptowire
Labs, for overseeing this project and
allowing us to work on such a fun and
rewarding challenge. Thank you, James
Sugrim and Dr. Joe Adams, for the
advice, guidance, and support we
received during the development of our
project.

Moving Forward
     Future work includes:

Run tests through full rounds of the
game with different groups of people
to gauge the game's level of
engagement.
Work side by side with Kryptowire
Labs to enhance the software
version of the game, based on the
strengths of the tabletop version.
Develop a new version of the
tabletop game with the knowledge
gained from the test runs.
Digital version of the board game
including; electronic boards for
network design, shared scoring
metrics, and death clock
information.

Objectives

Our development of this tabletop game will
assist Kryptowire Labs in developing a video

game version by providing tests and
suggestions on possible game mechanics,

cybersecurity procedures, and improvements
for the game.

Kryptowire Labs is a cybersecurity company
focused on providing secure wireless

communications over 5G.They are developing a
full-stack 5G network emulation framework and

a cybersecurity video game for DARPA.



My goal is to work as an embdedded software
engineer developing low level code for a multitude of devices.
In the future I would like to see firmware that I developed used
in everyday systems.

This course has provided experience
in planning an upgrade to an existing large scale firmware
architecture. These skills will be applicable to my desired job
field.

My goal is to work as a machine learning
engineer specialized in computer vision / image processing.

The learning experience from the course
has taught me how real-world projects make progress through
an year - from recognizing the requirements to building a
fully-functional device through various testings.

I want to work on FPGA engineering or digital
circuit design.

Over the course of the project I’ve learnt
how an often vague set of requirements gets translated to a
functional product through thorough planning, diagramming,
and finally implementation and testing.

My goal is to work in software design.
This class taught me how to combine

programming and circuits to complete a large project.

I want to work on robots specifically developing
control algorithms. I would like to see automation become
more prevalent in real life down the line.

This course has providedmewith experience
in planning and executing a large-scale project, which lines up
very well with working with robots.





I plan to pursue a master’s or a Ph.D.
in electromagnetics to add my contribution to this field that
hopefully others could benefit from. Afterward I plan to
become part of this industry.

I liked being partnered with an industry
sponsor and I feel this has prepared me for the industry even
though it may be a while before I become part of the industry.
The soft and technical skills I have learned throughout this
course have helped me progress in my journey.

My aspiration is to work as a computer engineer
to develop technology that protects people, specifically in the
defense and intelligence community.

I found this major design experience to be
very captivating, providing me with a platform to refine and
cultivate new skills.

My aspiration is to graduate and work in the RF
field as an antenna engineer, and hopefully design solutions to
complex real-world problems

This course was very interesting since it
provided experience with solving problems without textbook
solutions, it also provided the industry-like experience of
having to coordinate with many stakeholders.
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1) Use Gain-Transfer Method to get absolute gain of antennas
2) Use more accurate phase measurements by calibrating out losses in system.
3) Speed up measurement process and integrate FPGA directly
4) Experiment with synthetic input tapering and pulse width

FUTURE WORK

[2]

Overall, we have had promising results in this original technique to improve 
pattern measurements. With evident improvements being seen at select discrete 
frequencies when we perform a measurement. However, more work can be done 
to examine why our measurements might be inconsistent and improve the 
reliability of this technique. If this issue is solved, experimentation with 
optimizing the synthetic pulses should lead to better results. Moreover, this 
project was meant to utilize FPGA time gating instead of time gating on the 
range computer; however, using FPGA to just time gate does not yield much 
bene t of using an FPGA. If the whole algorithm, including synthetic pulse 
generation, IFFF, FFT, etc. is implemented on an FPGA then an FPGA would be 
bene cial. 

CONCLUSIONS 

RESULTS
A Log periodic antenna was used for testing. The antenna was tested in an anechoic chamber and in the low-cost 
portable antenna range with our DSP time-gating implementation.

RMS Error Imporvement:

SYSTEM INTEGRATION

Our DSP software and FPGA time gating are implemented with the legacy software that transmits and 
receives from the SDR and controls the position of the AUT.
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0.450011.81No Gate
0.19399.915Square
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Time-gating uses the principle that signals that are re ected o  the environment 
will take longer to arrive than line of sight (LOS) components. We used this idea 
along with DSP of continuous wave (CW) signals to optimize the measurements 
and remove re ections. The steps are as follows:
1) Create synthetic pulses
2) Take CW measurements of the antenna under test (AUT)
3) Create a synthetic output by multiplying them together in the frequency domain
4) Convert to the time domain using an IFFT
5) Create an appropriate gate
6) Multiply them together in the time domain to get a gated channel response
 

THEORY OF OPERATION

[1]

This project aims to enhance a low-cost portable antenna range based on a design 
developed by VT ECE graduate Christian Hearn and his fellow faculty at Weber State 
University. The design team will accomplish this by investigating the DSP technique, 
time-gating, as a method to remove re ected signals and multipath that distort 
antenna pattern measurements. The team will then optimize the antenna range 
using an FPGA implementation. Finally, the design team will test the results of our 
enhancement with simple antennas.

OBJECTIVES & PHASES

These objectives are avchieved in three phases:

PHASE 0: Proof validation of signal processing in MATLAB 

PHASE 1: DSP time-gating in Python on legacy system

PHASE 2: FPGA Implementation of DSP algorithm

BACKGROUND
Indoor antenna ranges such as anechoic chambers are used for antenna pattern 
measurements. They are expensive, require a lot of space, and are xed to one 
location. Echoic antenna ranges x these problems with the anechoic chambers; 
however, it is prone to multipath, which causes pattern distortion. This project 
conducts a novel investigation into a digital signal processing (DSP) technique called 
time-gating to remove this distortion.

Team - Anna Sullivan, Tyler Rodgers, and Jivitesh Kukreja
SME - Dr Carl Dietrich 

Customer - Juliet Anderson/ G3 Technologies 

LOW COST PORTABLE ANTENNA RANGE



I want to play a role in technological
advancements that impact the world in a positive way.

This course, above all else, has taught me
how to lead in different aspects of the project development
cycle. I have gained valuable skills not only as a leader but also
as an engineer. I got to explore and learn new technologies and
work cohesively with a team.

I want to use my knowledge and skills for the
betterment of the world and mankind as a whole.

This course taught me the value of
communication and upholding a positive team dynamic. It
provided me with an opportunity to both lead and be led
and gave me a fundamental understanding of the project
development cycle.

I want to usemy skills in engineering to improve
education and advance technology in third and second world
countries.

This course showed me how much
communication is an essential part of working on a long-term
project. I also obtained new technical and soft skills.

I want to use my knowledge to make the
cyberspace safer.

This course showed me that communication
is necessary not only between the members in the group, but
also all other people related to the project. Also, I had a better
understanding of the different tools andmethods for the server.

I want to use my degree to make a difference in
the world and continue to improve my skills as an engineer.

This course gave me valuable experience in
working with an engineering team on a long-term project. I
have a better understanding of the project process and how to
manage it.



Optimization and Hosting of Embedded Systems Chatbot
Team Members: Sherric Nelson, Jaydahn Belnavis, Jordahn Belnavis, Elhyanah Desir, Chenglong Liao

Subject Matter Expert / Customer: Dr. Wenjie Xiong
Mentor: Dr. Adams

Motivation

The customer has developed a chatbot 
which they desire to deploy on a platform that 
their students can access and receive 
timely responses from. We were entrusted 
with optimizing the security and developing 
the hosting server aspects. This project 
positively impacts students, professors, and 
teaching assistants.

Objectives

• Obtain a secure host website
• Provide an adequate security system
• Ensure chatbot application is fully 

functional on the web server
• Restrict chatbot access to VT students
• Implement feedback feature
• Implement message history system
• Design user interface

Acknowledgment

Thank you to Dr. Adams, Dr. Wenjie Xiong, IT team, and Rong and the 
chatbot team.

Security Approach

To improve security, we obtained an SSL and applied for SSO integration through 
Virginia Tech. Additionally, we applied an inbound firewall rule to the Docker 
container. 

O

User 
message

Chatbot 
response

Feedback prompt

Text input 
field

Useful links and course 
information

Theme 
dropdown 
menu

User Interface

The “Use Chatbot” button within the 
introduction page is used to direct students 
to the docker containerized chatbot

Hosting Approach

• For a more robust system , we switched web application frameworks from 
Streamlit to Flask.

• We used Docker to containerize the Flask application then uploaded it onto 
an Apache Server.

• Using HTML/CSS and JavaScript, we created a dynamic chatbot window and 
added an introduction page so users can access it.

Message History System

Future Work

• Continue working with IT to
o Apply VT SSO to docker container
o Directly apply SSL to Apache terminal

• Update the user interface for a more 
modernized look after chatbot has been 
optimized.

Conclusion

Upon completion of the project, the team has 
successfully hosted the python application of a 
web server that is accessible to students. 

Once the application is fully secure, students 
will be able to start asking questions and 
receiving answers which the chatbot team will 
use to further optimize the bot.

Results

Successful transition from Streamlit to Flask 
framework.
Successful integration of message history 
system.
Successful integration of feedback feature.
Created a fully functional user interface.
Hosted the application on a web server.
Obtained SSL certificate.



My goal is to build high-performance software
that is a joy to use and also fast under the hood.

This course was an engaging conclusion
to my degree that allowed me to put many of the skills I had
learned in the past four years to use.

I want to combine an engineering mindset with
an understanding of markets to solve problems applicable to
the energy transition.

This project gave me a way to combine
skills learned throughmy coursework with experiences outside
of the classroom to create a powerful model with real world
applications.



Background

As renewables become more important to our grid, batteries have become an 
increasingly valuable component that improve the responsiveness of dispatchable 
generation. As a result, we aim to view the impact that these batteries have on the 
grid from a variety of perspectives.

Objectives

- Create a model capable of simulating ERCOT for at least a year
- Simulate ERCOT with and without batteries
- Identify key impacts that batteries have on the grid
- Open-Source the model, enabling future contribution with no strings attached

Data Pipeline

Nix

Dev Environment

Model Cache

Data Fetch

Data Clean

Model Build Simulate

Model Output

EIAEPAERCOT

Model Assumptions

- Batteries optimize for maximum profit, making them purely economically driven
- Batteries act as fully independent market participants, decoupled from renewables
- Grid is based on ERCOT weather zones which reduces transmission granularity
- Lossless transmission links which could impact overall generation demand
- Fixed marginal cost depending on generation technology and fuel cost
- Uncommon plants costed around the price of natural gas
- Battery round-trip efficiency based on on EIA data

Challenges

- Difficulty obtaining transmission data
- Long simulation times when using more complex modeling techniques
- Finding the assumptions to make
- Dependency management when using a large number of conflicting Python libraries
- Fine-tuning model parameters to increase model accuracy

Model Outputs

Analysis Conclusions

From our work we think this model has lots of potential 
applications and room for growth. Making modeling 
simpler allows for more experiments and refinement. We 
believe this model can be grown to give both policy 
makers and industry veterans important knowledge about 
our electrical system. In addition to this specific 
mode, it is clear that for any economic dispatch 
system, a similar approach can be taken to build a high 
level model.

Project Links

openERCOT GitHub Determinate Systems 
Nix Installer

openERCOT  Open-Source Grid Modeling
Malcolm Moss, Hayden Gray



My aspiration is to work on interesting and
upcoming ideas in computer and electrical engineering.

This course was exciting, challenging,
a very memorable experience. I loved the uniqueness and
competitiveness of our project, and had an amazing team to
work with while learning so much.

I aspire to advance my knowledge in robotics
for practical applications for the future.

This course allowed me to exemplify
classroom techniques while embracing creativity in an open
ended competition setting.

My aspiration is to build robots for the military.
This course challenges you in ways you don’t

expect.

My aspirations include learning how to solve
engineering challenges across disciplines.

I enjoyed getting to take this course as
it opened my eyes to new experiences, opportunities, and
advancements within our engineering fields.

The next steps for me include starting my career
as an engineer in the industry and pursuing oppurtunities in
order to gain different experiences.

This course has honed my teamwork,
communication, and technical abilities, offering invaluable
insight into engineering design experiences.

Towork towards new technology for the future.
This course allowedme towork towards soft

skills with large group projects.

My aspiration is to work across various fields
within electrical engineering, contributing new technological
advancements and achievements to this growing industry.

I thoroughly enjoyed my senior design
course, appreciating the opportunity to work interdisciplinary
and the ability to gain a hands-on learning experience that
allowed me to tackle complex engineering challenges.



ECE Robotics Competition Hardware TeamE m
Customer: Stephen Moyer

Subject Matter Expert: Arthur Ball
Team members: Maria Baig, Andrew Brown, Kyle Hayslett, Gaurav Kharel, 

Abdullah Tahir, Joshua Vigil, Maria Zakhem

Competition Overview Full Robot

Objective: 

Key Requirements

•Autonomous start
•Acquire and deliver different sized packages

•Acquire and assemble thruster fuel tanks onto boosters
•Traverse gap

•Stop the doomsday clock

4’

8’

• Fully autonomous
•Must be within 12”x12”x12”
•Must complete all competition tasks in 105 seconds
•Weigh less than 25 pounds
• Activate upon flashing green LED
• Hit red button to signify the end of the round Electrical Design

Drivetrain
4  RC car wheels
-Maneuverability

4 37D 24V Motors
- High speed
- Ample torque for 
traversing course

Manipulator

Safe to 
Operate

Durable

Able to 
integrateConsistent

Efficient

The hardware team would like to 
express their gratitude to the 
following individuals: Dr. Arthur 
Ball, Professor Daniel Connors, 
Stephen Moyer and the IEEE 
Organization and volunteers

Acknowledgments:

•Manipulator has a dual 
purpose to collect all
game elements
• Fuel tanks are 

separated from 
packages in storage 
system for alternate 
deposit

• Second set of wheels 
separate large packages 
to alleviate main rollers• Packages are dispensed by 

reversing intake while fuel 
thrusters are dispensed 
from the rear
•Manipulator can pivot 90 

degrees for traversing the 
course and dispensing fuel 
thrusters

Quarter

Results: Our team placed 3rd in the main 
competition amongst 42 other 
teams in the Southeast region!

Packages

Fuel Thruster and 
Booster

Pixy 
Camera

Manipulator 
Intake

Arduino 
Hub

Luminosity
Sensor

Create and develop a fully autonomous robot to compete 
and score maximum points in the IEEE SoutheastCon 

2024 Competition 

Team 
Promotional 

Display

Buck
Converters

Motor Controller

Ultrasonic
Sensor



I want to work on Machine Learning Systems
This course has given me the oppurtinity to

get hands on experience with solving a real world engineering
problem in my desired focus area.

My career objective is to contribute and learn
as a Computer Engineer at a company specializing in controls,
robotics, and/or autonomy.

This course has given me the oppurtinity to
get hands on experience with solving a real world engineering
problem in my desired focus area.

My career objective is to find a good job that will
allow me to live comfortably

Very nice. I like this course a lot. I like
our SME and instructors. They helped a lot. I also like our
sponsors. They gave us a lot of money.

I want to continue working on autonomous
systems that would help improve our standard of living and
quality of life.

I loved working on this project due to its
room for creativity and its real world applications.

I want to learn as much as possible and improve
or create various control systems for complex systems.

This course has givenme valuable experience
and insight into various problems that can come up while
working in a large group.
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ECE Robotics Competition Software Team
Customers: Andrian Jordan, Israel Jordan, Azam Shoaib

Subject Matter Experts: Arthur Ball, Stephen Moyer

Team Members: Rahul Menon, Peter Poth, Jordan Boyle, Governor Clark, Zhiling Liu

Competition Outline

Robot Specifications

Project Objective

Automated Start

Object Detection

Fail-Safe Mechanisms

• Robot Starts in Grey Zone
• Acquires cube shaped packages of 

various sizes
• Delivers package in correct zone
• Collect and deposit fuel tanks
• Cross the gap and hit the stop button

• Create a fully autonomous robot 
encompassing both hardware and 
software elements.

• Develop a robot that scores the 
maximum points possible at IEEE 
Southeast con 2024 while adhering to 
health and safety requirements.

•We used the Pixy camera's line 
detection function for line following.

• The camera returned an offset and an 
angle to the yellow line on the board.

Line following logicLine following logicLine following logicLine following logic

• The line had to 
be in the 
camera view to 
work.

• The Pixy 
camera had to 
be far enough 
away to detect 
the line.

The team would like to express their 
gratitude to the following individuals for 
their unparalleled support on this project:
• Dr. Arthur Ball, and Stephen Moyer
• NAVAIR  team: Andrian Jordan, Israel 

Jordan, Azam Shoaib
• Dr. Daniel Connors

• Size: 12"x12"x12"
• Weight: < 25 pounds
• Fully autonomous and starts at the 

presence of a green light
• Has  an intake system called a 

manipulator to move game objects
• Utilizes RC car wheels
• Powered by an Arduino Mega

• For an autonomous green light start 
we used the LM393 Luminosity 
sensor  with the Arduino Mega.

• The mega read the output of the 
sensor through the analog pin.

• If the sensor dropped below the 
threshold the robot starts.

• If green light start doesn't work, there is 
an emergency start push button.

•During the large block pick up, the 
forward movement ends with the 
ultrasonic or the end of the timer.
•Dead times are intentionally added 

between movements to make 
sure everything is in the right state 
before continuing.

• We attempted to implement a computer 
vision system for navigation.

• This system utilized a YOLOv8-Seg 
model combined with an Intel RealSense 
camera and controlled by a Nvidia 
Jetson Nano.

• We used Blender to generate and 
annotate the entire dataset.

• We used Meta's 
Segment Anything 
Model (SAM) to 
convert object 
detection datasets 
into instance 
segmentation 
datasets.

• Finally, we 
implemented depth 
detection for objects 
by averaging depth 
values across 
significant pixels in 
the detected object.

Line Following Algorithm Main Drive Train Algorithm

Acknowledgements
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I aspire to be a good engineer that can help
others in need

This class helped me gain a hands on
experience regarding customer needs and requirements.

I hope to transition into working in a project
management role after a few years in the industry.

This course allowed me to interact with
professionals in the industry at lower stakes.

I aspire to be an engineer who brings positive
impacts to society with the skills I have harnessed.

This course helpedme understand teamwork
and professional customer interaction.

I want to be a software engineer, developing
systems to benefit the public

This course provided my first experience
working with industry professionals

I aim to work with embedded technologies,
developing software at a core and operating systems level.

This course allowed me to develop my
teamwork skills under stress.



Early Failure Detection of Lithium-Ion Batteries Using Gas Sensing
Team: Jenny Li, Rachael Sherbo, Sai Tarun Mukkollu, Triston Seaford, Siddhu Gogineni

Subject Matter Expert: Dr. Khai Ngo  Mentor: Prof. Kelley Andrews
Sponsors: Dr. Michael Mitchell, Dr. John D. Williams, Dr. Robert Smith, The Boeing Company

Motivation
• The use and sale of Lithium-Ion batteries has increased in 

almost every major device ranging anywhere from phones to 
cars. Lithium-Ion batteries have a propensity to experience 
thermal runaway when exposed to conditions of low pressure, 
high temperature, and jarring movement. 

• These conditions are often found in transportation, such as 
traveling in the cargo of an airplane or the body of an electric 
car. Thus, demonstrating the evident need for a system that 
can detect failing Lithium-ion batteries early. 

• Currently Lithium-ion batteries are transported using special 
boxes that can contain thermal runaway. Our proposed 
solution is a small integrable system that can detect Lithium-
Ion battery failure with a gas sensor.

Methodology

•A metal oxide (MOx) gas sensor is able to collect 
a "fingerprint" of the unique composition of 
gases because of their unique reactions with the 
sensor's metal at different temperatures.

•Collected data from the MOx gas sensor can 
be used to train Bosch's BSEC2 AI algorithm 
for detection.
•Since we use the BME688, it is compatible with 

this software.
•Pictured above is the training results for this 

algorithm.

• Use in an electric vehicle to detect 
battery failure before combustion, can 
alert user to stop and get out of the 
car.

• Can be used inside current cargo hold 
Lithium-Ion battery boxes to set an 
indicator to alert personnel that a 
battery failed and released toxic gases 
before opening the container.

• Use in the cargo hold of an airplane to 
detect failure and subsequently 
employ prevention and mitigation 
methods against combustion and 
toxic gases.

• Failing Lithium-Ion Batteries release CO, CO2, and 
several VOCs.

• These gases can be detected by a gas sensors.
• Data was collected of regular air and the leaking 

gases of a bloated Lithium-Ion battery in a fume 
hood.

• Safety concerns and lack of resources required 
the use of a bloated battery instead of one 
actively failing.

Further Development
• Extensive data collection and 

testing will need to be done 
with several types of Lithium-
Ion batteries undergoing 
thermal runaway, as well as 
several different plain air 
environments.

• Custom palm sized board with 
BLE capability and the 
BME688 sensor is a necessary 
future extension.

Thermal Runaway
• Low pressure lowers the maximum surface 

temperature of Lithium-Ion batteries.
• Thermal runaway has two main stages; first 

venting and combustion. The first venting 
stage lasts several minutes releases the 
most gases and is the target of our system.

Flowchart

Recorded Gas Resistance from BME688

Applications

BME688 sensor is a necessar
future extension.

Prototype System

BME688 
Sensor

Arduino 
Due

Bluetooth
Module

• Chemical sniffer - Arduino Due, Adafruit BME 688 sensor, and HC-06 Bluetooth.
• Thermal runaway/resistance drop is recognized by our AI module.
• Alert signal is sent via HC-06 Bluetooth and over serial.



My aspiration is to find something I am really
passionate about that forces me to think outside the box. I
want to research more in the field of semiconductors as they
are cutting edge technology.

The senior design experience has been one
of the most challenging and fun classes. It has been one of
the few classes where I was excited on what I was going to do
and what new things I am going to learn every single week. I
also learnt about team building skills and how to communicate
professionally.

I hope to continue my graduate studies in digital
and analog IC. After completing my graduate degree, I hope I
can work in a well-known semiconductor or chip company.

This class gave me a lot of experience in
teamwork and communication. Let me truly understand the
process of a project from design to output. Also for our project,
I learned more about the physics and materials of quantum
wells and lasers

In my career I want to contribute as an electrical
engineer to a company focused on technology in the aerospace
industry. I am excited opportunities that involve learning from
an interdisciplinary team with work that could contribute to
the future of projects in space.

This course gave me valuable backgound
in semiconductor physics and fabrication that I wouldn’t have
gotten from any course offering. I now feel more prepared
to go into industry after graduation with a mindset open to
learning new skills to complete challenging design tasks.

I would like to see myself working hands on in
the field as much as possible, bridging the gap between theory
and application. A work environment where I am applying my
skills to see a physical and long-standing result would be ideal

Before this course, I was fairly unfamiliar
with how semiconductors truly functioned; however, this
course has diversified my knowledge of a field within electrical
engineering that I was previously wary to study in a very
engaging way.

My aspirations after I graduate college is to find
a career that I enjoy and challenges me to learn new things

This senior design course gave valuable
insights not only into semiconductors and the physics behind
them, but also how to work in a team effectively and efficiently



What is 
Adaptive Design?

Materials and Device Characterization

Design of a Ge QW Laser

Design Optimization and Results

Prototype Device Characterization

Performance
 Metrics

Team Members: Rebecca Rainhart, Purv Bavishi, Ben Westcott, Zibing He, Joshua Seplak

A Germanium Laser for Future Quantum Technologies: Design and Implementation

Customer: Dr. Mantu Hudait of ADSEL at Virginia Tech SME: Rutwik Joshi

Background

Figure 8. (a)  band 
structure of Ge 
without strain, (b) 
and with 1.4% biaxial 
strain [2]. Notice 
lowering of the Γ 
valley and separation 
of the LH and HH 
bands with the 
transition to direct 
bandgap

Why Ge-on-InGaAs?

Applications

Gas 
spectrometry

Quantum 
technologies

Integrated 
optics

Fiber 
communication

Medical 
imaging 

Challenges

Ge pseudo-
direct 

bandgap 

Challenging 
material growth 

quality

Benefits of 
Tensile Strain

Γ valley 
moves faster 
than L valley

Higher 
radiative 

recombination

Good offsets 
give room 

temperature 
operation

Transition to 
direct bandgap

Wavelength 
tunability

Figure 4 (above). TEM micro-
graphs of a 1.95% ε-Ge QW laser 
structure on GaAs with InGaAs 
barrier layer [1], show good 
growth quality.

Transmission Electron 
Microscopy

Temperature Dependent 
Electrical Characterization

X-ray Photoelectron 
Spectroscopy
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Figure 16. Improvement in the lasing performance due to the AD as seen through (a) 
reduced net material loss and consequently (b) increased net material gain.  

Figure 17. Drastic improvement 
in JTH indicating the importance 
of the AD methodology for the Ge 
QW laser. When In > 24%, an 
unoptimized ε-Ge/InxGa1-xAs QW 
laser structure leads to a JTH that 
is not quantifiable

An adaptive design methodology is essential to ensure efficient performance 
improvement of the ε-Ge QW laser in the MIR region due to widespread spectral tunability
• 30% decrease in material loss
• Additional net modal gain of ~10 cm-1

• > 1 order of magnitude decrease in threshold current density (JTH)

Threshold Current Density (JTH)
JTH quantifies the injection of carriers required to 
overcome mirror losses (αm) and free carrier 
absorption loss (αFCA)

Material Loss

Modal Loss
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• Tensile strained Ge-on-InGaAs QW lasers are promising for varying wavelength applications in 
the MIR region for integrated photonics

• Adaptative design reveals an efficient approach for implementation of a tunable tensile 
strained Ge laser for Si photonics.

• Device characterization allows for calculation of photon emission contributing to the 
assessment of the performance of MIR devices in varying application spaces.

Figure 4.  Impact of In composition, 
QW and cavity thickness on the 

optical confinement [3]

Figure 1 (left). 
Extensive tunability 
of the Ge QW laser 
in the MIR region and 
the corresponding 
application spaces 

Indium composition, QW thickness, and 
cavity thickness (d0) have compounding 
effects on electrical field distribution

An adaptive design (AD) methodology 
optimizes the optimal confinement factor 
considering the relationship between tensile 
strain from In% and the QW geometry

Introduction • Functional fabricated Q-dot devices were 
utilized for practice characterizing MIR devices
• Optical test bench utilized to apply current 

to the device and capture light emission
• Photodetector measures generated 

light and translates to current
• Measurements taken for devices of varying 

active layer thicknesses
• Temperature dependent electrical 

characterization for CV measurement 
provided device metrics

Experimental data for band offsets,  PCD lifetime, structural 
models, and 30x30 k.p utilizing TEM and XPS were provided to 

calibrate electrical parameters in TCAD

Figure 22-23. Optical 
power indicates 
number of photons 
emitted per second 
with applied current, 
IV curve indicates the 
current threshold for 
light emission

Figure 18-20 (above). 
Magnification of the p-
contacts on the measured 
Q-dot device 

Figure 21 (left). Schematic 
of measurement system 
used for optical power 
measurement and 
processing to determine 
photon emission 

Figure 24-25. CV 
characteristics with 
applied voltage 
indicate minority 
carrier response, 
Varying frequency 
across applied 
voltage indicates 
pulsed application 
characteristics

Figure 2 (below). 
Schematic of 
tensile strained (ε) 
Ge-on-InGaAs SCH 
QW laser structure

haracterization

Beyond classical technologies, quantum computers and quantum 
technologies can achieve extensive benefits provided their building 
blocks can be scaled and manufactured on-chip leveraging the existing 
semiconductor fabrication infrastructure. A tunable coherent light 
source which covers a vast range of these classical and quantum 
technologies is an ongoing search and Ge is a potential candidate. This 
project focused on the design of a Germanium quantum well laser to 
optimize the various physical parameters and make the laser suitable 
for applications in quantum technologies, while understanding the 
various design intricacies, metrics, and trade-offs. 

Material Gain

Modal Gain 
 

Figure 9. Tensile strain as applied to the active Ge 
layer for band structure altering. 

Figure 6 (above). TCAD simulated electron and 
hole densities in a 10 nm QW with In = 24% 

Figure 3 (above). XPS band alignment 
measurement. Higher In% increases 
band offsets [3].

Figure 5 (left). The emission of 
photons in the QW can occur 
when the quasi-fermi separation 
is greater than the bandgap. The 
QW confines electron to the 
order of its wavelength, and the 
SCH confines the photon to the 
order of its wavelength.

Figure 7 (left). TCAD simulated radiative 
recombination rates in the active region for 
varying In%. Shows increasing radiative 
recombination with higher strain by Indium

Figure 10 (left). Design of optimum SCH 
Ge/InGaAs QW cavity, showing maximized 
confinement factor over sensible cavity 
thicknesses.  is considered over the range of 
tensile strain. [3]
Figure 11 (right). Material gain of the QW as a 
function of injected current density, with 
increased In%, there is decreased saturation 
point of the material gain.

Figure 13. Effect of In composition on 
contributions of radiative vs non-
radiative Ge transitions, as Ge becomes 
pseudo direct gap.

Figure 12 (right). Gain 
spectrum of QW with 
increasing bias for both 
TE and TM modes of 
operation. 

Gain spectrum shows 
saturation of the QW with 
increasing bias dependent 
upon photon energy 

Figure 14. In the TM guided mode, lasing 
conditions can occur around 2 kA/cm^2, 
where biaxial tensile strain is sufficient to 
make Ge pseudo-direct bandgap 

Figure 15. IQE vs In%. TM dominant scales 
In% with emission wavelength over a 
much broader range. Increasing strain 
increases efficiency of recombination

band offsets [3].
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I would like to research in andwork on emerging
quantum technologies after graduate school.

This course has showed me the process for
solving real life engineering problems and how to effectively
do so in a team. In addition, it has taught me how to
effectively communicate about the design process in technical
and non-technical ways.

I would like to engage in semiconductor and
chip-design industries after I graduate.

Through this course, I learned turning
theories into practical experience and developed my
teamworking skills that will helpful to my future career.

I would like to research and innovate in the
semiconductor industry.

The course has allowed me to learn many
technical, interpersonal and problem solving skills that I will
carry through my future.

I would like to be working on solving problems
in electrical circuits and power electronics.

This course gave me the opportunity to
collaborate in a diverse environment and improvemy technical
skills which will help me in my future career.

In the future, I want to design circuits for space
applications.

This course has exposed me to technical
areas I would not otherwise have been involved. In addition,
it allowed me to expand my problem solving and team work
skills.

I would like to work on cutting-edge
semiconductor devices at the chip level after obtaining my
Masters degree.

This course has really demonstrated to me
the innerworkings of the engineering-design process, and how
industry-standard tools and procedures are integrated into the
workflow to accomplish the objectives outlined in the problem
statement.
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Germanium Based Multi-Gate FETs for Ultra-Fast, Low-Power CMOS Computing  
Customer: Dr. Mantu K. Hudait, Advanced Devices & Sustainable Energy Laboratory (ADSEL) at Virginia Tech

SME: Rutwik Joshi, Virginia Tech ECE
Team Members: Rebecca Schuette, Atif Alam, Anson Trapani, Eli Levi, Nada Mohamed, Runbo Deng

Background Ge NSFET Design

Conclusion

Clean Room Fabrication

Measurement

Figure 2. a) labeled Ge NSFET structure, b) Ge NSFET gate stack 
with design variables.

Figure 4. a) On/Off currents for various effective widths by N scaling, 
b) Subthreshold Slope and transconductance for various effective widths.

o While increasing by scaling N improves SS, 
Increasing by scaling  degrades SS.

o This is can explained through the channel electron 
density contours in the off state which are a 
consequence of the electrostatic potential variation 
across the 3D channel (Fig. 5 a-c). 

o Lower conduction band energy (Fig. 5 e) in wider NSFETs 
corresponds, and leads to, higher electron density in 
wider NSFETs (Fig. 5 d).

Figure 1. Proposed Ge/AlAs process flow for NSFET fabrication. 

(a)

Figure 7. a) Id-Vg crossovers, b) Load capacitance and nanosheet impacts on 
rise time,  c) Load capacitance and nanosheet impacts on propagation delay 
and frequency, d) Rise and Fall transitions with increasing nanosheets at 500aF.

o CMOS inverters are fundamental components of all 
digital logic circuitry.

o Matched ON currents and threshold voltages for n-
NSFET and p-NSFET are required for CMOS inverters. 
To simplify potential fabrication processes, the 
dimensions of both NSFETs were made the same.

o Ge NSFET CMOS inverters were simulated using 
TCAD. Transient simulations were done to determine 
delays and operating frequencies of inverters with 
various load sizes and number of nanosheets (Fig. 7).

o While driving bigger loads, delays (rise time (Fig. 7b), 
fall time (Fig. 7d), propagation delay (Fig. 7c)) are 
shorter and operating frequency (Fig. 7c) is greater for 
inverters with more nanosheets.

o While driving smaller loads, delays are shorter and 
operating frequency is greater for inverters with fewer 
nanosheets.

o Therefore, using Ge NSFET CMOS inverters, it’s better 
to use more nanosheets for circuits where inverter is 
connected to many outputs that require lots of 
power and less nanosheets for circuits where 
inverter is connected to a few outputs that require 
less power and faster switching.

Si 3nm FinFET

References

Ge Inverter Design

Figure 10. a) Top 
view of MOSCAP 
on wafer,  b) TEM 
image of MOSCAP 
junction.

Figure 11. a) Top 
view of TLM 
structure on 
wafer,  b) TEM 
image of TLM 
growth stack.

Figure 8. Ge MOSFET structure for fabrication 
with intermediate devices labeled.

Figure 12. MOSCAP (device B) side profile 
structure for fabrication with /  oxide 
layer and TiN/Pt gate stack.

Figure 9. TLM 
(device A) 
side profile 
structure for 
fabrication 
with 
Ni/TiN/Pt 
metal stack.

Figure 13.
Total TLM 
resistances 
with linear
best fit.

o TLM (transmission line model) allows for 
characterization of the source/drain contact 
resistance using I-V measurements.

o IV measurements are taken between pairs of 
contacts (shown in Fig. 9). The slope in the 
linear regions of the IV curves is the total 
resistance between the contacts. 

o
o  is the y-intercept (Fig. 13). 
o  
o Resistivity, , is a material property 

indicating opposition to current flow. This is 
additional resistance that the device has 
support in addition to the desired operation.

o MOSCAP (device B) characterizes the 
gate-body capacitance needed to 
determine  (influences  ),  
(influences  ), and minority carrier 
impacts. CV measurements take an 
AC signal with fixed amplitude 
superimposed on a changing DC bias.

o Low frequency input, 100Hz, allows 
capacitance to move through 
depletion region into inversion. 

o
o  
o Simulated NSFET has , 

using  , 
o Simulated  and  calculated using 

measured  are in the same range.  
This provides validity to the gate 
structure proposed in this project.

Figure 14. a) Capacitance-voltage with 
varied frequency with 1s delay,
b) Capacitance-voltage with 10kHz and 
varied delay times.

Figure 6. a) Inverter circuit diagram, b) 
Inverter circuit configuration using 3-layer 
NSFETs

o Successfully designed devices that outperform Si counterparts.
o ~17x better ON current than similar spec silicon device [3].
o ~15% improvement in subthreshold swing compared to silicon.
o Performed at ~23% lower supply voltage (0.65V to 0.5V)  lower 

power consumption at similar performance levels.
o Implications for better battery life and increased performance for 

devices utilizing Ge NSFET technology over silicon nanosheet.

[1] R. Joshi, S. Karthikeyan and M. K. Hudait, "Germanium Nanosheet-
FETs Scaled to Subnanometer Node Utilizing Monolithically Integrated 
Lattice Matched Ge/AlAs and Strained Ge/InGaAs," in IEEE Transactions 
on Electron Devices, vol. 70, no. 3, pp. 899-907, March 2023, doi: 
10.1109/TED.2023.3238376.
[2] “Photoresists,” Photoresists AZ and MicroChemicals TI resists, 
https://www.microchemicals.com/products/photoresists.html. 
[3] D. Jang et al., "Device Exploration of NanoSheet Transistors for Sub-7-
nm Technology Node," in IEEE Transactions on Electron Devices, vol. 64, 
no. 6, pp. 2707-2713, June 2017, doi: 10.1109/TED.2017.2695455.

Clean & Litho #1:
o Clean using sample and 

remove oxides. Apply 
photoresist (PR)

o Follow Litho process with 
S/D mask

Ni S/D Deposition & Liftoff:
o Apply Ni everywhere using 

Physical Vapor Deposition-250 
(PVD-250)

o Remove PR using acetone (liftoff)
o Anneal to form Nickel Germanide 

(NiGe)

Litho #2 & PVD #2 
(Gate Metal):

o Follow Litho process 
with gate mask

o Use PVD to lay gate 
metal

o Use acetone to liftoff 
PR

o The Ge channels are grown heteroepitaxially on GaAs with 
intermediate AlAs. Lattice matched Ge/AlAs 
heterostructures provide a defect-free interface and 
channel for nanosheet transistor configurations [1].

o The Ge/AlAs stack is cut to form a fin, and STI (shallow 
trench isolation) is applied.

o A dummy gate and spacers to hold the Ge channel layers 
are added. Then the source and drain.

o The AlAs layers are removed using a dry-etching process. 
Then the final gate and oxide layers can be placed.

Lithography (Litho) Process:
Exposure with mask → Bake → 
Flood Exposure without mask → 
Develop (AZ300MIF developer 
solution)

PEALD of  and :
o Plasma-Enhanced 

Atomic Layer Deposition 
(PEALD)

o Thin atomic layer of  
and  to form oxide 
layer.

PVD #4 Via 
metal deposit:

o Use PVD to deposit 
metal stacks 
(TiN/Pt/Au)

o Liftoff PR using 
acetone

Litho #3 for G/S/D:
o Use Litho process 

to etch via for 
source/drain/gate 
terminals

o Leave PR (needed 
for next step)

PVD #3 for FOX:
o Field Oxide ( ) to 

isolate devices  
from each other

o Use PVD to lay  

Litho #4 & PVD #5 Contacts:
o Use Litho process for G/S/D 

contact pads
o PVD to lay contact metal 
o Liftoff to remove final PR

(b)

What is TCAD?
A 3D simulator that uses solid-
state physical theories to model 
semiconductor structures. As it 
has incredible predictive power, 
TCAD is widely used in industrial 
and academic research to 
improve current solid-state 
devices and develop brand-new 
semiconductor technologies.

Figure 5. a-c) Off state electron density profiles for various channel 
widths, d) Electron density, e) Conduction band energy.

Figure 3. Id-Vg curves for various 
effective widths by N scaling.

o The N scaling (# of nanosheets) is a preferable choice for 
boosting on current, and other performance metrics, 
when there is an area constraint on the device design. 

o Greater  (effective width) increases on and off 
currents (Fig. 4a). This implies fast switching speeds due 
to increased load capacitance charging/discharging rates. 
The trade off is larger static power dissipation via 

o Greater  increases , leading to better 
amplification capabilities in analog circuitry applications.

o Lower subthreshold slope (SS) comes with increasing 
. Implying increased gate control over the channel 

during transitions from on to off states and vice versa.
o SS, , and , trends indicate that as N scaling 

increases, the rate at which performance improves 
diminishes due to increased parasitic capacitance and 
resistor networks. 

(b)

(a)(a)

The average person owns hundreds of billions of silicon 
transistors – in your phone, computer, watch, car and more. 
Over the past 60 years, the semiconductor industry has made 
technological leaps unlike any other using scaled silicon 
technology. Unfortunately, the benefits of scaling silicon 
transistors have been diminishing for the past decade and 
further scaling will soon reach a dead-end. This project aims 
to design a germanium-based, multi-gate CMOS transistor 
and optimize the various physical parameters to boost its 
performance beyond its Si-counterparts, while understanding 
the various design intricacies, metrics, and trade-offs.

Simulation (TCAD)

Project Flow →
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I wish to become a digital design or VLSI
engineer working in top world tech companies and probably
teach ballet during my free time.

It was fun working with people from
different majors and learning something totally new for our
project. Great experience!

I wish to work on future computer processing
technologies at companies like AMD, Nvidia, and Apple.

It was really fun being able to work on a large
scale project with a big team.

I want to propel innovations within the
semiconductor industry, contributing to the development of
cutting-edge technologies.

I enjoyed the rigor of this year-long project
and I’m happy with all the progress that our team has made.

To develop, research, and contribute to the
cutting-edge of computing technologies.

This course has effectively facilitated
an environment where theoretical knowledge is applied
to real-world engineering challenges, encouraging me to
engage in problem-solving, critical thinking, and collaborative
teamwork.

I am eager to hone my skills in coding and learn
more about software engineering throughout my career, with
a high interest in AI and ML.

This course gives an experience of teamwork
similar to industry for an interesting foray into a topic outside
of my study.

I am eager to push the boundaries
of technological advancement in the semiconductor industry
beyond the limitations of Moore’s Law.

This course offers a comprehensive
exploration of subject matter through hands-on projects and
collaboration.
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After getting my bachelors, I hope to goto graduate school here at Tech and get
my masters in Power Systems Engineering

Taking Integrated Design Project gives students a hands-on opportunity to
design an entire project from the ground up. This comes with the support a typical classroom
setting gives you. This class properly prepares you for not only the major design experience but
also for your future career.

I aspire to be commissioned into the Space Force as a Developmental Engineer,
closely working with DoD partners and engineers alike

The Integrated Design Project challenged me to think outside the box. We
were given a set of constraints and freedom in how we chose to achieve milestones. This allowed
us to try new things and make mistakes without consequence.



Enhancing Modulator Efficiency and Compactness
• The modulator currently undergoes a 3-step process involving a magic op-amp for 

voltage shifting, an integrator, and finally an amplifier.
• Consideration has been given to streamlining this process into two steps by integrating 

first. This would allow the second step to involve only shifting and amplification, 
achievable with a magic op-amp.

Achieving Modulator Equilibrium at 0V
• A crucial aspect of the amplifier is ensuring the modulator's equilibrium is precisely at 

0V.
• The main concern is the conversion of the square wave into a triangle wave.
• An offset triangle wave can distort the audio wave, causing undesired amplification and 

attenuation where it should remain unchanged.

Adjusting Power Source to USB Availability
• Instead of relying on an oscilloscope as the power source, consideration is given to

obtaining power from a USB source.
• Implementation of a buck inverter would enable obtaining negative voltage, enhancing

versatility by eliminating the need for a dedicated 5V and -5V pin.

Replacing Output Low-Pass Filter with Butterworth Filter
• Current observations reveal a minor peak at the cutoff frequency, likely due to the quality

factor exceeding 1.
• Switching to a Butterworth low-pass filter would maintain the same slope while keeping 

the quality factor at 1, particularly advantageous as the peak occurs in the treble range.

In this project, we built a full home audio system, 
consisting of a class-D amplifier, a three-band graphic 
equalizer, and a spectrogram using an OLED display.

Class-D amplifiers are a type of switching amplifier that 
gained popularity due to their high efficiency. Designing 
this system involved signal processing, electronic circuit 

design, and microcontroller interfacing and coding. Using 
components limited to those found in first-year ECE take-

home kits, this challenge proved to be difficult. 

Filter Design
The system begins with our implemented equalizer design, consisting of three 
bandpass filters represented by the blue blocks.
• Each filter has a potentiometer connected to its output.
• The output of each filter and potentiometer combo is mixed using a signal 

combiner with the input audio wave to create balance.

Modulation
Orange blocks represent the modulator, which transforms 
the audio signal into a Pulse Width Modulation (PWM) 
signal.
• The Arduino provides a square wave as the carrier
• The circuitry shifts the PWM down, integrates it, and 

amplifies it to cover any audio signal properly.

Amplification
The amplifier stage, 
depicted in green, 
amplifies the signal using 
a MOSFET driver.
• Delay is implemented 

by filtering the 
modulator output and 
comparing it against a 
reference voltage.

• A logic gate separates 
the high and low sides 
of the MOSFET driver.

• This generates an 
amplified PWM signal, 
which is then converted 
back into an audio 
signal with a low-pass 
filter.

Audio Output
Finally, the filtered audio signal is sent to the load 
resistance (headphones).

• All bandpass filters used 
must have a Q-factor of 1

• The equalizer must 
produce gain and 
attenuation

• The modulator must have
a carrier frequency at or 
larger than 30kHz

• Shoot through current of 
the driving transistors 
must be less than 100mA

• The output of the low-
pass filter under a 390Ω 
load must produce 
positive gain

Creating a PWM signal 
with an Arduino
• Takes advantage of 

built-in timers on 
ATMega328

• PWM techniques: 
Direct register 
manipulation

• Count-up with toggle
mode to generate 
~50kHz square wave

OLED Display
2 Screens:
• Welcome Screen: 

Static
• Spectrogram Screen: 

Dynamic

Equalizer and Amplifier Stages 

Frequency Response
• The gain of the amplifier is 9dB in the audio range.
• The carrier frequency is attenuated 15dB at 50kHz
• The shoot through current is limited to just 64mA.
• The output is low noise with little to no audio quality loss.
• There is some parasitic impedance still leaking from the power rails to the output. While this 

has been greatly reduced, when no audio is playing the noise can be heard.

Provided High-Level Block 
Diagram 

Sound Quality & Noise
• Equalizer had a noticeable impact on tone and color of the sound when using headphones
• Arduino usage for both PWM and display caused unwanted noise.
• EMI that originated from modulator stage was reduced with a 1nF capacitor
• Remaining noise likely due to parasitic impedance.
• Full removal of noise requires transfer to protoboard or PCB.



Once graduated, I hope to use my degree in the workforce, obtain my FE and PE,
and become an engineer who upholds the standards of Virginia Tech.

Nick and I found our greatest success in preplanning and asking lots of
questions. Dedication to the project on selected days, regardless of its phase, let us accomplish
our goals quickly. This structure also allowed us to ask Dr. Milburn the correct questions during
class time.

I apsire to pay the price of success with hard work, authenticity, and patience.
This course has allowed me to digest material from both inside and outside my

classes. Collaborating closely with a teammate and regularly providingmilestone updates enabled
me to engage deeply with a project and its stakeholders, givingme practical, hands-on experience.
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I aspire to enter industry as well as further my education through self-study.
During my time at Virginia Tech, IDP is by far the most enjoyable course that

I have had the pleasure to take. We used all the concepts we had previously learned in a practical
application. This course gave me confidence in the skills and knowledge I have acquired and I
feel prepared to start more challenging projects.

After completing my Bachelor’s degree, I aspire to further my knowledge by
pursuing a Master’s degree in Computer Engineering here at Virginia Tech.

Integrated Design Project was one of the more exciting classes I took
last semester. It lets students apply all the theoretical information they have learned up until
sophomore year on a practical and hands-on project. After completing this course, I feel better
prepared to work on projects that require innovation and collaboration to overcome design
challenges and constraints.



SpO₂ Monitoring System
Team: Rahul Muthuraman, Lucas Polanco

Instructor: Md Adnan Sarker

The software calculates heart rate by identifying peaks in the 
waveform. Since the system can be volatile due to any 
movement of the sensor and changes in lighting, the software 
uses statistical analysis to only allow gradual changes in heart 
rate by ignoring possible outliers. Blood oxygen is calculated 
by finding an R-value, which is the ratio between the 
magnitude of the red LED signal and infrared LED signal and 
deriving a linear equation that relates R-value to blood 
saturation.

Software Design

The SpO₂ pulse oximeter is an important tool used 
in healthcare and fitness. You have most likely seen 
or used one before. Whether it was at a hospital or 
you may be wearing one now in the form of a 
smartwatch. These monitors provide vital 
information about respiratory and cardiovascular 
function in a convenient and small form factor.

Blood contains two types of hemoglobin, 
oxygenated and deoxygenated. Both types have 
different absorption coefficients as shown in Figure 
1. Which means that Oxygenated hemoglobin 
absorbs more infrared light compared to 
deoxygenated hemoglobin. While deoxygenated 
hemoglobin absorbs more red light compared to 
oxygenated hemoglobin. Using the ratio of red and 
infrared light absorbed by hemoglobin, the sensors 
accurately show the amount of oxygen saturation.

Background

Figure 1: Absorption coefficients of Hb vs. HbO₂ [1]

● Design a SpO₂ pulse oximeter that accurates 
displays the heartbeat and oxygen saturation on 
an OLED display using the sensor given as shown 
in Figure 2.

● Complete this design only using parts found in a 
lab kit such as resistors, capacitors, op-amps, and 
an arduino

Objective

Figure 2:
SpO₂ Sensor

Circuit Design

Figure 3: Block Diagram of SpO₂ Pulse Oximeter System Figure 4: Circuit Diagram of SpO₂ Pulse Oximeter System

As shown in Figure 3, two paths were designed for the two LEDs in the SpO₂ sensor. Each path 
contains the following:
● High Pass Filter: To remove the DC offset since DC has a frequency of 0 Hz.
● Low Pass Filter: To remove any high frequency noise from surroundings.
● Amplifiers: To make the signal usable for the Arduino since the voltage after the amplifiers is low.

A current to voltage to converter was used to convert the current produced by the photodiode into 
voltage. All filters used were second-order butterworth filters. The signal was amplified to be within 
a readable range of the arduino. A multiplexer was used to power both LEDs at the same time since 
they are in anti-parallel configuration in the SpO₂ sensor.

Figure 5: Finite State Machine of 
Arduino Code of SpO₂ Pulse 
Oximeter System

Figure 6: Equation to 
calculate oxygen 
saturation

To validate our design, the final output of 
the system was compared to a 
commercially available SpO₂ sensor. The 
variance between the commercially 
available sensor and our circuit was ±1% 
for the heart rate, and ±2% for the oxygen 
saturation. The display of the working 
SpO₂ pulse oximeter system is shown in 
Figure 7.

Figure 7: Output of SpO₂ Pulse Oximeter System

Validation
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