IOWA STATE UNIVERSITY

Department of Electrical and Computer Engineering Senior Design Project Proposal Form

Client/Company/Organization: ECpE Student Services

Submitter Name: Vicky Thorland-Oster Email: vithorl@iastate.edu

Project Contact: Email:

Project Title:

Class Scheduler

Project Abstract:

Project Goal - software program to schedule labs and classes for the ECpE department. | believe that a constraint is
access to the schedule of classes.

Expected Deliverables:

| would like an easy to use software program to schedule classes into the future (one semester).

Specialized Resources Provided by Client:

Anticipated Cost: Financial Resources Provided by Client:

Preferred Students for the Project:

[] Electrical Engineering Other Special Skills:
A Computer Engineering

A Software Engineering

A Cyber Security Engineering

L1 Other:

Anticipated Client Interaction (estimate):

[] 1 meeting per week

U] In person, L] Over the phone, [ Web / video conferencing
4 1 meeting per month

¥4 In person, [ Over the phone, [ 1 Web / video conferencing
L] 2 or more meetings per month

L] In person, L] Over the phone, [] Web / video conferencing
[J 1 meeting per semester

L] In person, L1 Over the phone, [] Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:
0— Not at all 1-A Little 2 —Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics, [10 J1 ]2 3 (14
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science, and engineering

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 12 3 4“4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 1 12 ] A4

This project requires students to identify, formulate, and solve
engineering problems [Jo (11 12 13 4

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice Lo 0OJ1 O2 O3 U4

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-01

4 Advisor(s) Assigned: Thomas Daniels (daniels@iastate.edu)
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Client/Company/Organization: Akhilesh Tyagi / lowa State University

Submitter Name: Akhilesh Tyagi Email: tyagi@iastate.edu

Project Contact: Email:

Project Title:

Senior Design Server/Client Development for Project Matching [Phase 3]

Project Abstract:

lowa State Senior Design has multiple constituencies - students, clients, faculty advisors. Clients - both from
industry and faculty propose projects. Students specify their preferences. Additionally, students can specify
preferences about team members up to a certain number.

Additional constraints on project matching come from ABET need for diversity in team composition, discipline-specific
skill sets appropriate for the project, and senior design admin team's determination of the appropriateness of a
project in terms of its complexity and design attributes.

This project will formulate the project matching optimization problem as an entity relationship diagram, develop a
suitable client-server software architecture, formulate the optimization problem, develop all the heuristics for the
optimization, develop a database to support all the constituents, and finally build the client and server with all the
appropriate attributes & test it.

Expected Deliverables:

A web hosted system for senior design project entry with all the needed metadata; student preferences entry with
all the suitable metadata; a decision/optimization engine to come up with a project and team assignment; a project
management layer to automate all the related communication with project clients, faculty mentors, and students.

Specialized Resources Provided by Client:

Anticipated Cost: Financial Resources Provided by Client:

Preferred Students for the Project:

L] Electrical Engineering Other Special Skills: web development, databases, optimization
A Computer Engineering heuristics

A Software Engineering

A Cyber Security Engineering

L] Other:

Anticipated Client Interaction (estimate):

A 1 meeting per week
L] In person, L] Over the phone, & Web / video conferencing
[ 1 meeting per month
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L] In person, L] Over the phone, [] Web / video conferencing
[] 2 or more meetings per month

L1 In person, L1 Over the phone, [] Web / video conferencing
[J 1 meeting per semester

U] In person, [ Over the phone, [1 Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0— Not at all 1-A Little 2 —Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Jo 1 ]2 “3 14

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 12 13 v4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE (10 (11 2 43 04

This project requires students to identify, formulate, and solve
engineering problems o O1 O2 O3 U4

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice Lo 0Oli1 O2 03 44

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-02

4 Advisor(s) Assigned:  Akhilesh Tyagi (tyagi@iastate.edu)
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Client/Company/Organization: lowa State University

Submitter Name: Akhilesh Tyagi Email: tyagi@iastate.edu

Project Contact: Email:

Project Title:
An Exploration of Turing Pi Based Edge Cloud with Dockers/Kubernetes

Project Abstract:

Turing Pi provides a simple, cheap platform for adding raspberry Pi based nodes to a simple, low power cluster,
which can be turned into cluster based Cloud with HypriotOS (a Debian Linux variant with Dockers). See
https://ieeexplore.ieee.org/document/9606504.
https://turingpi.com/5-reasons-to-build-a-raspberry-pi-kubernetes-cluster-for-your-homelab/ gives more of the
framework.

The primary goal of the project is to allow a team of computer engineering students to toy with various hardware
configurations of a cluster (what kind of cluster nodes, storage, OS). A team of software engineering students can then
toy with various dockers/kubernetes implementations to build a CI/CD pipeline. Additional activities can include
building an edge machine learning application such as object identification in images or video feed with this platform.

Expected Deliverables:

(1) An edge cloud platform based on Turing Pi board and Raspberry Pi nodes.
(2) HypriotOS implementation on this platform.
(3) Dockers and Kubernetes enabled Cloud.
(4) An ML framework implementation on this Dockers/Kubernetes layer.
(5) Some machine learning edge capability on image or video strems.

Specialized Resources Provided by Client:

(1) Turing Pi board; (2) raspberry Pi boards.

Anticipated Cost: Financial Resources Provided by Client:

Preferred Students for the Project:

L] Electrical Engineering Other Special Skills: Cloud development; System development;
A Computer Engineering Dockers; ML;

A Software Engineering

L] Cyber Security Engineering

L] Other:

Anticipated Client Interaction (estimate):

A 1 meeting per week
L] In person, L] Over the phone, & Web / video conferencing
[ 1 meeting per month
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L] In person, L] Over the phone, [] Web / video conferencing
[] 2 or more meetings per month

L1 In person, L1 Over the phone, [] Web / video conferencing
[J 1 meeting per semester

U] In person, [ Over the phone, [1 Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0— Not at all 1-A Little 2 —Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Jo 1 ]2 3 U4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 12 13 v4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE (10 1 12 03 QA4

This project requires students to identify, formulate, and solve
engineering problems (10 (11 2 43 04

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice Lo 0Oli1 O2 03 44

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-03

4 Advisor(s) Assigned:  Akhilesh Tyagi (tyagi@iastate.edu)
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Client/Company/Organization: Reiman Gardens lowa State University

Submitter Name: Nathan Brockman Email: mantisnb@iastate.edu

Project Contact: Nathan Brockman Email: mantisnb@iastate.edu

Project Title:
Unified Captive Reared Caterpillar Tracker

Project Abstract:

Providing Easy Digital Data Entry for Butterfly Captive Propagation Programs, Case Study: the island marble
butterfly (Euchloe ausinodes insulanus)

Statement of Need: Butterflies are in decline across the globe. Conservation strategies for imperiled butterfly species
are increasingly utilizing captive propagation facilities to combat dwindling numbers. Populations of butterflies are
raised indoors for release. Due to ease of start-up, data is typically recorded onto written data sheets which are later
distilled and transcribed into digital records for analysis and archiving. Digital data are usually stored within
spreadsheets, rarely databases. Although quite common, this multi-step method of record-keeping is problematic for
numerous reasons:

. For maximal success, all technicians must consistently write legibly throughout the season.

J Adherence to data collection methods is volitional (not automatically enforced).

. Transcription of written data requires an inordinate amount of time.

. Data is vulnerable to translation/transposing errors when being transcribed.

J Data that fails to meet distillation criteria is not readily available for future analyses.

. Pairing data of like individuals among data sheets addressing different life stages is labor intensive and prone
to error.

. Photo and video data is not readily linked to text data.

. Spreadsheets are renowned for being corruptible.

J Season-long data collection often requires numerous physical pages for each individual which is tedious to
track, maintain, and search.

. Coupling rearing data with weather data within the lab is delayed preventing timely feedback for climate
management within the lab.

. Data back-up does not occur until the end of the season.

Purpose Statement: The purpose of this project is to create a web-based digital application to facilitate data collection
and management in a butterfly propagation facility. The target organism for this effort will be the island marble
butterfly. Each butterfly species has slightly different life cycles that are performed in facilities with different features.
Therefore, the needs of each program will vary slightly. Ideally the core application built for island marble butterfly
propagation data collection will develop code and concepts that can be modified to fit the needs of all butterfly
propagation programs.

Desired Deliverables: In the island marble butterfly propagation facility, early stage individuals (eggs/larvae) are
collected from the wild and tracked daily. Data collected includes permanent data: name of the individual
(alphanumeric code based on year, host plant type, and chronological order found) location the individual was found,
what type of host plant it was found upon, what stage it was when first collected, and the date it was collected. It also
includes data that changes or may change over time: what cage the individual resides in (10 individuals per cage, ~12
cages) lifestage, where on the plant it is located, if it was transferred onto a new sprig, what activity it is engaged in,
any notable observations, observer’s initials. After an individual successfully pupates, it will await transfer to an
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overwintering cage (~30 individuals per cage). Once it has been transferred to an overwintering cage, it will be
examined twice per month during diapause (the next ~10 months). The following spring, the following permanent
data will require recording: date of emergence from its chrysalis, sex, date of release, location of release. In the case
of a successful release, thus ends the data lifetime for that individual. Some individuals will not survive to release and
their data lifetime will be shorter.

DNA samples may be gathered from certain individuals at various points throughout their lifetime. If such samples are
taken, recording the date of collection, tissue type comprising the sample, stage of sample, the buffer used, and the
sample collector’s initials will be necessary, as will the pairing of this collection with the rest of the individual’s data.
Ideally all photos/videos could be easily paired with the featured individual. Collecting as many fields as possible
using diction is highly desired—in a best-case scenario, data collection would be hands free, and the program could
recite back to the observer entries made to verify the entry. Weather data from the lab would be automatically paired
with each data entry.

Expected Deliverables:

By the end of the class an application with an interface that can quickly, faster than paper, accept data points
needed for tracking process involved with rearing caterpillars. This same application will need to manage this data
from multiple butterfly rearing programs around the world in a standardized manner and create reports to assist in
the analysis of the rearing programs. The goal would be to have a working prototype by March so it and be test and a
complete working program by May.

Specialized Resources Provided by Client:

Anticipated Cost: Financial Resources Provided by Client:

Preferred Students for the Project:

L] Electrical Engineering Other Special Skills:
(] Computer Engineering

A Software Engineering

[] Cyber Security Engineering

[ Other:

Anticipated Client Interaction (estimate):

[] 1 meeting per week

[ In person, [ Over the phone, 1 Web / video conferencing
[] 1 meeting per month

[ In person, L] Over the phone, [] Web / video conferencing
A 2 or more meetings per month

4 In person, [] Over the phone, ] Web / video conferencing
[ 1 meeting per semester

L] In person, L1 Over the phone, [] Web / video conferencing

Meeting ABET Criteria
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Please rate the following statements as they relate to your proposed project:

0— Not at all 1-A Little 2 —Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Lo 0Ol O2 O3 44

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and [Jo 1 12 13 v
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 [11 12 “3 14

This project requires students to identify, formulate, and solve
engineering problems o 0Oi1 O2 O3 44

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice o 0O1 02 O3 U4

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-04

4 Advisor(s) Assigned: Shana Moothedath (mshana@iastate.edu)
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Client/Company/Organization:

Submitter Name: Elmin Didic Email: edidic@iastate.edu

Project Contact: Simanta Mitra Email: smitra@iastate.edu

Project Title:

ResumeUp

Project Abstract:

ResumeUp is a website designed to create resumes with the help of Al to optimize it. The goal of this project is to
leverage OpenAl language models to optimize the wording on the resume. Design constraints is OpenAl APl that we
will be using as our Al. To create this website we will use Vue.js, NodelS, DynamoDB, AWS EC2. [This is a
student-proposed project]

Expected Deliverables:

The deliverable would be a website that allows resume creation and optimization with Al. This website will have
user account creation to save progress and host multiple resumes, Use OpenAl APIs to optimize resume text.

Specialized Resources Provided by Client:

Anticipated Cost: Financial Resources Provided by Client:

Preferred Students for the Project:

L] Electrical Engineering Other Special Skills:
A Computer Engineering

A Software Engineering

A Cyber Security Engineering

L] Other:

Anticipated Client Interaction (estimate):

L] 1 meeting per week

L] In person, L] Over the phone, [] Web / video conferencing
A 1 meeting per month

L1 In person, L1 Over the phone, 4 Web / video conferencing
[] 2 or more meetings per month

U] In person, [ Over the phone, [1 Web / video conferencing
L] 1 meeting per semester

L] In person, L1 Over the phone, [1 Web / video conferencing

Meeting ABET Criteria
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Please rate the following statements as they relate to your proposed project:

0 — Not at all 1-A Little 2 — Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering 1o 1 12 13 a4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 12 13 v4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 1o (11 2 3 ] 4

This project requires students to identify, formulate, and solve
engineering problems [J0o (11 12 ] 4

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice I I N O A 4

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-05

4 Advisor(s) Assigned: Simanta Mitra (smitra@iastate.edu)
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Client/Company/Organization: lowa State University

Submitter Name: Timothy Bigelow Email: bigelow@iastate.edu

Project Contact: Email:

Project Title:

Race of Doom

Project Abstract:

The goal of this project is to design an autonomous vehicle that can travel around a track as quickly as possible
while avoiding certain traps. The goal will be to make the trip as quickly as possible in competition with other
vehicles. In addition to physical traps, the track will also have several nodes that will attempt to "hack" into the
control system and cause the vehicle to crash. Each vehicle will have its speed controlled by remote control, but the
steering of the vehicle must be autonomous and handled by onboard sensors to detect objects. If "hacked," the
vehicle will either be caused to accelerate into a trap or brought to a dead stop. The students on the project will be
subdivided into at least 3 teams. One of the teams will be responsible to designing the track with a particular focus on
designing the traps to "hack" the vehicles. The remaining teams will be responsible for designing vehicles to race. The
vehicles themselves will be the size of a typical RC car. To be successful, this project needs at least 12 students (4
students on track, 8 students building 2 cars). The project can accommodate up to 20 students (4 on track, 16
students building 4 cars).

Expected Deliverables:

1. Track with obstacles and at least 4 nodes that attempt to hack vehicles in different ways or different outcomes.
The track will measure about 60 ft (circumference) and will involve setting up various features in a parking lot on a
Saturday.

2. Two vehicles that can be controlled remotely with on-board sensors to detect obstacles and avoid them.

Specialized Resources Provided by Client:

None

Anticipated Cost: Financial Resources Provided by Client: None

Preferred Students for the Project:

A Electrical Engineering Other Special Skills: At least 2 cyber security engineering
A Computer Engineering students

[ Software Engineering At least 2 EE students

A Cyber Security Engineering At least 2 CPRE students.

L] Other:

Anticipated Client Interaction (estimate):

A 1 meeting per week
L] In person, L] Over the phone, & Web / video conferencing
[ 1 meeting per month
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L] In person, L] Over the phone, [] Web / video conferencing
[] 2 or more meetings per month

L1 In person, L1 Over the phone, [] Web / video conferencing
[J 1 meeting per semester

U] In person, [ Over the phone, [1 Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0— Not at all 1-A Little 2 —Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Jo 1 ]2 3 U4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 12 13 v4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE (10 1 12 03 QA4

This project requires students to identify, formulate, and solve
engineering problems o O1 O2 O3 U4

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice Lo 0Oli1 O2 03 44

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-06

4 Advisor(s) Assigned:  Timothy Bigelow (bigelow@iastate.edu)
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Client/Company/Organization: Ashraf Gaffar

Submitter Name: Ashraf Gaffar Email: gaffar@iastate.edu

Project Contact: Email:

Project Title:

Skin Cancer diagnosis using Artificial Intelligence on the Cloud

Project Abstract:

Learning simple Al principles and tools (no previous Al or cloud computing knowledge required). Creating simple Al
models to recognize skin Cancer. Training and gradually expanding the model on Premises and on the cloud.
Expanding the model to train using real images from different medical institutes. The project has a strong appeal to
Mayo Clinic and previous projects were adopted by Mayo clinic already.

Expected Deliverables:

Training students on Al and cloud computing: 3-4 weeks
Introducing students to Al skin cancer practices as done by Mayo Clinic: 2 weeks
Starting a small Al model on premises: 4 weeks
Improving the model accuracy: 4-6 weeks
Porting the model on the Cloud and training it: 4-6 weeks

Specialized Resources Provided by Client:

Students will be provided with a high power GPU computer and will be trained to use it.

No financial resources
Anticipated Cost: Financial Resources Provided by Client: needed

Preferred Students for the Project:

[] Electrical Engineering Other Special Skills: Good knowledge of programming language.
[ Computer Engineering No Al or cloud computing skills required.

4 Software Engineering

[ Cyber Security Engineering

L] Other:

Anticipated Client Interaction (estimate):

[] 1 meeting per week

U] In person, [ Over the phone, [1 Web / video conferencing
[] 1 meeting per month

[ In person, [1 Over the phone, [1 Web / video conferencing
A 2 or more meetings per month

L] In person, L] Over the phone, & Web / video conferencing
[J 1 meeting per semester

L1 In person, L1 Over the phone, [] Web / video conferencing
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Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0— Not at all 1-A Little 2 —Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Lo 0Oi1 42 03 U4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and [Jo 1 v?2 13 [14
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE L]0 01 42 13 4

This project requires students to identify, formulate, and solve
engineering problems o 0Oi1 “Ad2 O3 U4

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice o 0O1 02 O3 U4

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-07

4 Advisor(s) Assigned:  Ashraf Gaffar (gaffar@iastate.edu)
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Client/Company/Organization: SWAPP lab

Submitter Name: Amir Niaraki Email: niaraki@iastate.edu

Project Contact: Amir Niaraki Email: niaraki@iastate.edu

Project Title:

Path Planning of Aerial Robots with Reinforcement Learning

Project Abstract:

Unmanned aerial vehicle are increasingly employed for exploratory missions in outdoor environments. This project
is focused on a generalizable and device-agnostic path planning framework that provides a 3dimensional navigation
plan based on the pattern of the detected targets and the wind field at the time of flight. The goal is to first develop
an exploratory RL-based policy in simulation environment, then train on aerial imagery and finally deploy a quadrotor
for anomaly detection in the real world.

A custom OpenAl-GYM environment is developed by the SWAPP lab to train an RL agent using stable-baseline-3.

A dataset of Near-Inferared (NIR) was created by flying over multiple soccer fields in various days to train the object
detector on real-world data. An automated annotation method, Double-clustering, was developed to localize plant
anomalies. The goal is to develop a generalizable algorithm to maximize the number of detected objects within a
single battery life of a drone. The project is a combination of research amongst RL and DL frameworks and a study of
state-of-the-art tools for robust performance of a quadrotor in real-world.

Expected Deliverables:

1st Semester. Get familiar with stable-baseline, how to train an RL model and the developed custom environment.
Try the existing RL algorithms (i.e. DQN, A2C) and prepare to use pytorch/keras to optimize the training architecture.
Contribute to the code-base to use the massive dataset of aerial images which are gathered across different times of
the year.

2nd Semester. Work with the senior developers and engineers to discover and develop relevant tools for deploying the
developed algorithm to one of the existing drones in the SWAPP lab. Create benchmark data and compare the
performance of the pathing algorithm w.r.t the state-of-the-art path planning algorithm.

Specialized Resources Provided by Client:

- GPUs for training the model
- lab equipment and electronics as needed
- A quadrotor with 4k camera and near-infrared camera

Anticipated Cost: Financial Resources Provided by Client: N/A

Preferred Students for the Project:

4 Electrical Engineering Other Special Skills: python
A Computer Engineering

A Software Engineering

[] Cyber Security Engineering

[ Other:
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Anticipated Client Interaction (estimate):

[] 1 meeting per week

L] In person, [1 Over the phone, [1 Web / video conferencing
L] 1 meeting per month

L] In person, L] Over the phone, [ ] Web / video conferencing
A 2 or more meetings per month

L1 In person, L1 Over the phone, 4 Web / video conferencing
] 1 meeting per semester

U] In person, L1 Over the phone, [ 1 Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0— Not at all 1-A Little 2 —Somewhat 3—-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering 1o 11 12 13 A4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 12 13 v4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE (10 (11 2 43 04

This project requires students to identify, formulate, and solve
engineering problems o O1 O2 O3 U4

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice Lo o1 02 O3 U4

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-08

4 Advisor(s) Assigned:  Ali Jannesari (jannesar@iastate.edu)
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Client/Company/Organization: Color Works

Submitter Name: Rebecca Bockart Email: suburbanhouseelf@gmail.com

Project Contact: Shannon Ward Email: familycolorworks@gmail.com

Project Title:

Personality based coaching/mental health app

Project Abstract:

The small, female owned, company provides parental coaching for the general public as well as mental
health/suicide prevention for special forces teams in the military. The app will provide simpler interaction for people
seeking help and assistance with mental health and parenting in their daily lives'. The project goal is to create a fully
functioning app for this company. This will include personality quiz, account creation, links to podcasts and other
mental health websites within the organization. The senior design team will be creating the entire app from scratch
including the UX/UI frontend design, which will provide great experience working one on one with the company to
create a good design for what they are looking for. The rest of the app creation for the backend will be similar to the
work completed in 309.

Expected Deliverables:

The 10S app will be the final deliverable, however with extra time and or resources we might make adjustments to
their already functioning website.

Specialized Resources Provided by Client:

The client is willing to pay for 10S development which means we don't have to use android studios and will gain
experience creating apps on Apple software. Since it is a smaller company we will also be permitted to speak directly
with the owners consistently for project development.

Anticipated Cost: Financial Resources Provided by Client:

Preferred Students for the Project:

[ Electrical Engineering Other Special Skills: Some frontend workers (3) and some
A4 Computer Engineering backend workers (2)
A Software Engineering
A Cyber Security Engineering
Other: Average tech/computer student could
A complete required tasks

Anticipated Client Interaction (estimate):

[] 1 meeting per week

L] In person, L1 Over the phone, [1 Web / video conferencing
A 1 meeting per month

L] In person, L] Over the phone, & Web / video conferencing
[] 2 or more meetings per month
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L] In person, L] Over the phone, [] Web / video conferencing
[J 1 meeting per semester
L1 In person, L1 Over the phone, [] Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:
0— Not at all 1-A Little 2 —Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering o 0Oi1 O2 43 U4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 12 13 4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 [11 12 3 !

This project requires students to identify, formulate, and solve
engineering problems o [0Oi1 O2 O3 44

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice 1o 1 12 13 v

Project Approval — for use by ECpE Senior Design Committee

A Approved:

4 Project Assigned: sdmay24-09

4 Advisor(s) Assigned:  Judith Islam (jislam@iastate.edu)




IOWA STATE UNIVERSITY

Department of Electrical and Computer Engineering Senior Design Project Proposal Form

Client/Company/Organization: Ashraf Gaffar (potential collaboration with Digistain)

Submitter Name: Ashraf Gaffar Email: affar@iastate.edu

Project Contact: Email:

Project Title:

Accurate Cancer Prediction using Artificial Intelligence

Project Abstract:

Cancer remains one of the largest mysteries in medicine with limited ability to predict its occurrence and
recurrence. Resent research shows that Al can provide more accurate results than human doctors alone, and has
become a top priority in medicine. This project will build and train a simple Al model to provide accurate prediction of
cancer. No prior Al knowledge is needed. Students will be trained on Al from scratch and will learn to build and train a
medical Al diagnosis tool, highly sought after in today's cancer treatment. Students will receive full support and
training as needed to help them overcome any technical challenges. Students will learn how to use common Al tools
and libraries like Tensorflow and Keras as well as Transfer Learning to give them a head start.

Expected Deliverables:

A basic Al model trained to recognize and predict the risk of cancer occurrence and recurrence. The model will be
gradually improved by training it on multiple sets of data provided by leading research institutes and hospitals

Specialized Resources Provided by Client:

A GPU, which is readily available at lowa State University IT as well as HPC centers.

No cost is associated
Anticipated Cost: Financial Resources Provided by Client: with this project.

Preferred Students for the Project:

[] Electrical Engineering Other Special Skills: Knowledge of programming language (Java
[J Computer Engineering is OK, Python is a plus)

4 Software Engineering

[ Cyber Security Engineering

L] Other:

Anticipated Client Interaction (estimate):

[] 1 meeting per week

U] In person, [ Over the phone, [1 Web / video conferencing
[] 1 meeting per month

[ In person, [1 Over the phone, [1 Web / video conferencing
A 2 or more meetings per month

L] In person, L] Over the phone, & Web / video conferencing
[J 1 meeting per semester

L1 In person, L1 Over the phone, [] Web / video conferencing



IOWA STATE UNIVERSITY

Department of Electrical and Computer Engineering Senior Design Project Proposal Form

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0— Not at all 1-A Little 2 —Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Lo 0Oi1 42 03 U4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and [Jo 1 v?2 13 [14
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE [Jo 41 12 13 4

This project requires students to identify, formulate, and solve
engineering problems o 0Oi1 O2 O3 44

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice o 0O1 02 O3 U4

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-10

4 Advisor(s) Assigned:  Ashraf Gaffar (gaffar@iastate.edu)
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Client/Company/Organization: RSM US LLP

Karthik Kasarabada, Ashler
Submitter Name: Benda Email: ashlerb@iastate.edu

Project Contact: Jon Schnell Email: Jon.Schnell@rsmus.com

Project Title:

Cloud Based Pentest Simulation Environment (Updated)

Project Abstract:

The goal of this project designs a cyber range to be used to expose potential RSM hires to a simulated Internal
Penetration Test of a client's network with Active Directory and AWS cloud resources. The team should start by
exploring existing solutions both open source and commercial and evaluate whether they can be leveraged or
improved to accomplish the design goals. The team should also evaluate the AWS user agreement to determine how
attacks can legally and safely be conducted in the environment.

This environment should include opportunities to practice common pen testing activities such as enumeration,
capturing/relay of network traffic, exploitation, privilege escalation and web app testing with the goals of
compromising a Domain Controller and AWS account. The environment should have at least one path to Domain
Admin and one path to AWS account compromise. The environment should include at least one vulnerable web
application demonstrating at least 4 OWASP top 10 vulnerabilities such as XSS or SQL injection. The vulnerable
environment should be realistic and contain attacks with a variety of difficulty. None of these vulnerabilities should be
publicly reachable only the owner of the AWS account should be able to interact with the vulnerable web application
and AD environment. The environment should be safe allowing for mistakes to be made without causing any damage.

The environment should have some way of tracking metrics and progress via dynamic flags, specified in the
CloudFormation template or generated based on PKI signatures. the team does not need to implement a standalone
web application for scoring but instead should evaluate open source and commercial scoring platforms and design the
environment to be compatible with such a system.

Finally, the system should also incorporate an incident response component that allows the user to evaluate logs in
order to identify attacks and compromises conducted in the environment. The incident response component should
allow attackers to evaluate logs from both the AD environment and the AWS account.

The team will deliver a portable CloudFormation template that creates this vulnerable environment in AWS. The team
will also provide a detailed write up that includes an overview, network diagram, application diagram, and walk
through that demonstrates all the attack paths that can be used to compromise the environment.

Design Constraints:

Portable

Free or Low cost deployment of the template.
Scalability

Technical Approaches:
Virtualization
Gamification of educational content
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Cloud Resources

Tools:

AWS EC2

AWS S3

AWS VPC

AWS IAM

Some Web framework such as Django or Apache
Kerberos

ntlm relayx
responder

certipy

petit potam
BloodHound
BurpSuite Community

Expected Deliverables:

By May of 2024 the team should deliver a JSON CloudFormation template as well as a write up describing all of the
vulnerabilities and attack paths that can be used to compromise the environment. The CloudFormation template
should deploy a vulnerable AD environment and a vulnerable web application demonstrating at least 4 OWASP top 10
vulnerabilities such as XSS or SQL injection. Compromise of the AD environment should require the use of common AD
pen testing tools such as ntlm relayx, responder, certipy, petit potam, and BloodHound.

Specialized Resources Provided by Client:

Access to AWS via an account managed by RSM.

RSM will not be able
to provide this
donation. AWS costs
encored during
development will be
Anticipated Cost: Financial Resources Provided by Client: billed directly to RSM.

Preferred Students for the Project:

[] Electrical Engineering Other Special Skills: Active Directory, AWS, and Web
A Computer Engineering development skills will be required.

A Software Engineering

A Cyber Security Engineering

L] Other:

Anticipated Client Interaction (estimate):

[] 1 meeting per week
U] In person, [ Over the phone, [1 Web / video conferencing
[] 1 meeting per month
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L] In person, L] Over the phone, [] Web / video conferencing
A 2 or more meetings per month

L1 In person, L1 Over the phone, 4 Web / video conferencing
[J 1 meeting per semester

U] In person, [ Over the phone, [1 Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0— Not at all 1-A Little 2 —Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Jo 1 ]2 3 U4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 12 13 v4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE (10 1 12 03 QA4

This project requires students to identify, formulate, and solve
engineering problems o O1 O2 O3 U4

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice Lo 0Oli1 O2 03 44

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-11

4 Advisor(s) Assigned: Julie Rursch (jrursch@iastate.edu)
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Client/Company/Organization: John Deere

Submitter Name: Nathan Francque Email: francquenathan@johndeere.com

Project Contact: Nathan Francque Email: francquenathan@johndeere.com

Project Title:

Pipelined Hardware Video Compressor and Decompressor

Project Abstract:

This project's goal is to create a fully pipelineable image compression scheme that is mappable to an FPGA or ASIC
to enable near-zero latency computer vision processing. It is known that the algorithm will likely be lossy, part of the
project scope is to quantify likely loss on a standard image set. A successful project will allow for higher image
processing throughput at a given FPGA price point.

Many computer vision workloads require convolutions to be performed on incoming data. It is desirable to perform
these convolutions as quickly as possible. An FPGA or ASIC can do this on incoming data in a fully pipelined manner,
allowing for near-zero latency processing. But the FPGA is limited by how much RAM it has available to store line
buffers to be capable of pipelining the convolutions.

Much of this data is redundant - i.e., a 24 bit RGB image likely contains many similar pixels next to each other and
could be represented mostly by just a few bits of difference. Many compression schemes exist, but are primarily
focused on large circuits that compress video data for transmission.

We are interested in a very lightweight image compression and decompression core that can be placed at the input
and output of each convolutional line buffer to minimize on-chip RAM usage. Therefore, the project should prioritize
logic simplicity and pipelineability over compression ratio, and should provide tuning parameters for the user to make
this tradeoff.

The key requirement to being fully pipelineable is that each encoded pixel must be of a pre-determined size to allow
for a lowered RAM requirement than would be needed for the whole pixel.

Expected Deliverables:

1st semester - Research existing approaches to the problem and evaluate their pros and cons. Use these to devise
some possible strategies. Deliver a report of options with a description of the tradeoffs for each. Determine criteria
by which algorithms will be judged (image set(s), tracked metrics)

2nd semester, first half - Deliver software (preferably Python) implementations of the most promising options and a
report on their performance

2nd semester, second half - provide an RTL or HLS implementation of the most promising option and integrate on a
zyng dev board. Deliver a demo with HDMI video into an FPGA, compression and decompression being performed on
the live input stream, and HDMI output, ideally with a clock displayed in the video feed to demonstrate the zero
latency aspect. Registers reporting on compression ratio and loss rate are desireable but not necessary.

Specialized Resources Provided by Client:
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Anticipated Cost: Financial Resources Provided by Client: 5000

Preferred Students for the Project:

[ Electrical Engineering Other Special Skills: FPGA, Computer Vision
A Computer Engineering

A Software Engineering

[ Cyber Security Engineering

L] Other:

Anticipated Client Interaction (estimate):

[ 1 meeting per week

L] In person, L1 Over the phone, [L] Web / video conferencing
4 1 meeting per month

L] In person, L] Over the phone, & Web / video conferencing
[] 2 or more meetings per month

L] In person, L] Over the phone, [] Web / video conferencing
[J 1 meeting per semester

L] In person, L] Over the phone, [] Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:
0 — Not at all 1-A Little 2 — Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Lo 0O O2 O3 U4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and o 01 02 O3 U4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 []1 12 3 14

This project requires students to identify, formulate, and solve
engineering problems 10 []1 12 13 g

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice 1o 1 12 13 va

Project Approval — for use by ECpE Senior Design Committee

4 Approved:
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A Project Assigned: sdmay24-12

4 Advisor(s) Assigned: Joseph Zambreno (zambreno@iastate.edu)
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Client/Company/Organization: Ashraf Gafar

Submitter Name: Ashraf Gaffar Email: gaffar@iastate.edu

Project Contact: Email:

Project Title:

Allergy Prediction using Artificial Intelligence

Project Abstract:

Allergy is becoming a major medical challenge due to the growing number of new chemicals we are exposed to.
The project aims to revolutionize the approach to allergy treatment by implementing Intelligent Search and
Personalized Product Recommendations. The challenge lies in creating a diagnostic Al system with strong intelligent
engine and intuitive search that allows doctors and other users to find products and predict their allergic reaction to
individuals. This is an important area of Al that is highly needed by hospitals, doctors, and chemical manufacturing
companies. | will be working closely with students as needed.

Expected Deliverables:

Data analysis and preparation: 3-4 weeks
Al preparation and training: 4 weeks
Model selection and training: 4-6 weeks
Additional refinements and training...

Specialized Resources Provided by Client:
N/A

Anticipated Cost: Financial Resources Provided by Client: Not needed

Preferred Students for the Project:

L] Electrical Engineering Other Special Skills:
[] Computer Engineering

A Software Engineering

[] Cyber Security Engineering

[ Other:

Anticipated Client Interaction (estimate):

L] 1 meeting per week

[ In person, L] Over the phone, [] Web / video conferencing
] 1 meeting per month

[ In person, L] Over the phone, [] Web / video conferencing
A 2 or more meetings per month

L1 In person, L1 Over the phone, 4 Web / video conferencing
(1 1 meeting per semester

[ In person, [ Over the phone, [ Web / video conferencing
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Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0 — Not at all 1-A Little 2 — Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering 1o 1 A2 13 (14

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 V) 13 [14
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 (11 2 3 ] 4

This project requires students to identify, formulate, and solve
engineering problems Lo O1 02 3 04

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice I I N O A 4

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-13

4 Advisor(s) Assigned:  Ashraf Gaffar (gaffar@iastate.edu)
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Client/Company/Organization: lowa State University

Submitter Name: Alexander Stoytchev Email: alexs@iastate.edu

Project Contact: Alexander Stoytchev Email: alexs@iastate.edu

Project Title:
Implement the i281 CPU in Hardware

Project Abstract:

The i281 CPU is an 8-bit microprocessor that was designed to support the curriculum in CprE 281: Digital Logic. The
CPU was designed as a teaching tool. Everything is implemented down to the logic gates. The design runs on the
Altera FPGA boards that are available in the labs in Coover hall. It is called a CPU, but it is actually a computer. It has
memory and can run the sample programs that ship with it. The output is displayed on the 7-segment indicators. User
input can be accepted through the switches on the Altera boards. A simulator is also available.

The goal of this project is to take that design and implement it in hardware. The results will be used to support and
enhance the curriculum in Computer Engineering and Electrical Engineering. The design and specification documents
could be used as educational materials or to support future lectures and labs.

The project will be implemented in two phases. In phase one, the CPU will be implemented on breadboards with TTL
chips. It is estimated that the design can comfortably fit on approximately 30 breadboards. This part is similar to how
this was done for a different 8-bit architecture in these youtube videos:
https://www.youtube.com/playlist?list=PLowKtXNTBypFbtuVMUVXNROz1mu7dp7eH
https://www.youtube.com/playlist?list=PLowKtXNTBypGqlmE405J2565dvjafglHU

Time permitting, in phase two, the design and the lessons learned from phase one will be used to implement the CPU
with printed circuit boards (PCBs). The design will be split into several parts and each will be implemented as a
separate PCB. It is envisioned that there will be 7 or 8 of these PCBs. They will be connected with ribbon cables that
will carry the datapath and control signals between the modules. Clock and power will be provided via different cables
to all PCBs as well. The team will have to design, optimize, order, solder, and verify the PCBs. And, finally, build the
entire CPU out of these components.

The hardware implementation must be as close to the original design as possible, but some optimizations are
possible. For example, the control logic box can be implemented as a lookup table mapped to EEPROM. RAM chips can
be used for the IMEM and the DMEM (instead of the register files used in the FPGA implementation). Additional LEDs
could be used to illustrate the contents of registers and control signals.

Some design constraints: The clock should support variable speeds and manual stepping for easy debugging. The
target goal is to reach 1MHz clock speed. Also, it should be possible and easy to switch from one sample program to
another. The PONG game must be included as well :)

The ideal team will consist of a mixture of EE's and CprE's that have taken CprE 281, preferably with Stoytchev in Fall
2019, 2020, 2021, or 2022 when the i281 CPU was covered. Prior experience with breadboards is a must. Previous

experience with designing PCBs is also required.

Supporting materials:
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The CPU is described in the following sides:
https://www.ece.iastate.edu/~alexs/classes/2022_Fall_281/slides/41_i281_CPU_Architecture.ppt
https://www.ece.iastate.edu/~alexs/classes/2022_Fall_281/slides/42_Assembly_Language.ppt
https://www.ece.iastate.edu/~alexs/classes/2022_Fall_281/slides/43_ALU_and_PC.ppt
https://www.ece.iastate.edu/~alexs/classes/2022_Fall_281/slides/44 Intersection_of Software_and_Hardware.ppt
https://www.ece.iastate.edu/~alexs/classes/2022_Fall_281/slides/45_Assembly_Examples.ppt
The FPGA implementation of the CPU is posted here:
https://www.ece.iastate.edu/~alexs/classes/2022_Fall_281/i281_CPU/i281_CPU_Hardware.zip
The assembly examples and the compiler from assembly to machine code:
https://www.ece.iastate.edu/~alexs/classes/2022_Fall_281/i281_CPU/i281_CPU_Software.zip
The i281 simulator:

https://www.ece.iastate.edu/~alexs/classes/i281/index.html

Expected Deliverables:

Working CPU that runs the sample programs.

Specialized Resources Provided by Client:

Expertise in the subject matter.

None. The parts will

have to be purchsed

with departmental
Anticipated Cost: Financial Resources Provided by Client: funds.

Preferred Students for the Project:

4 Electrical Engineering Other Special Skills: Prior experience with breadboards. Some
A Computer Engineering PCB design experience. Familiarity with CPU design principles.
A Software Engineering Assembly programming skills.

[ Cyber Security Engineering

L] Other:

Anticipated Client Interaction (estimate):

[ 1 meeting per week

L1 In person, L1 Over the phone, [] Web / video conferencing
[J 1 meeting per month

U] In person, L] Over the phone, [ 1 Web / video conferencing
4 2 or more meetings per month

¥4 In person, [ Over the phone, [ 1 Web / video conferencing
[1 1 meeting per semester

L] In person, L] Over the phone, [ ] Web / video conferencing

Meeting ABET Criteria
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Please rate the following statements as they relate to your proposed project:

0 — Not at all 1-A Little 2 — Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering 1o 1 12 13 a4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 12 13 v4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 1o 1 2 3 4

This project requires students to identify, formulate, and solve
engineering problems [J0o (11 12 ] 4

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice I I N O A 4

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-14

4 Advisor(s) Assigned:  Alexander Stoytchev (alexs@iastate.edu)
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Client/Company/Organization: BAE Systems

Submitter Name: Alice Crutcher Email: alice.crutcher@baesystems.com

Project Contact: Email:

Project Title:
PTSD Detection Device

Project Abstract:

America’s VetDogs provides enhanced mobility and renewed independence to veterans, active-duty service
members, and first responders with disabilities, allowing them to once again live with pride and self-reliance. While
the service dogs are trained to support their owners when they exhibit PTSD symptoms visibly or audibly, the ideal
situation is to stop the episode before it happens. America’s VetDogs in partnership with BAE Systems is seeking to
develop a device that monitors a spike in an individual’s heart rate and blood pressure before a PTSD episode begins.
The device should alert the service dog so it can in-turn provide the veteran with comfort.

This project is part of BAE Systems’ Tech Power: Innovating for Impact program. BAE Systems employees will serve as
mentors on these projects. The mentors will play an important role in evaluating students work and making
recommendations related to BAE Systems’ end of year showcase and recognition awards.

Requirements:

The device is only able to be heard/felt by the dog, as opposed to everyone in the vicinity

The technology should be able to be turned off

Detachable and hangs off collar

Expected Deliverables:

Prototype at end of spring semester

Specialized Resources Provided by Client:

BAE Systems employee mentors and a cohort of Veterans with PTSD to consult with (that have service dogs)

Anticipated Cost: Financial Resources Provided by Client: 5000

Preferred Students for the Project:

4 Electrical Engineering Other Special Skills:
A Computer Engineering

A Software Engineering

[] Cyber Security Engineering

[ Other:

Anticipated Client Interaction (estimate):

[] 1 meeting per week
U] In person, L] Over the phone, [] Web / video conferencing
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[] 1 meeting per month

[ In person, [ Over the phone, [] Web / video conferencing
A 2 or more meetings per month

L] In person, [] Over the phone, & Web / video conferencing
[ 1 meeting per semester

[ In person, L] Over the phone, [] Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:
0 — Not at all 1-A Little 2 — Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Lo 0O O2 O3 U4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and o 01 02 O3 U4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 []1 12 3 4

This project requires students to identify, formulate, and solve
engineering problems 10 []1 12 13 g

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice 1o 1 12 13 va

Project Approval — for use by ECpE Senior Design Committee

4 Approved:

4 Project Assigned: sdmay24-15

4 Advisor(s) Assigned:  Rachel Shannon (rshannon@iastate.edu)




IOWA STATE UNIVERSITY

Department of Electrical and Computer Engineering Senior Design Project Proposal Form

Client/Company/Organization: BAE Systems

Submitter Name: Alice Crutcher Email: alice.crutcher@baesystems.com

Project Contact: Email:

Project Title:

Temperature Sensors for Veterans with Paralysis

Project Abstract:

Individuals who experience a traumatic injury such as limb loss or paralysis are often left without sensation in their
limbs or the ability to regulate their body temperature. This loss of function can lead to potentially life-threatening
situations exacerbated by activity, extreme weather and friction. In adaptive sports, this can present a barrier to
participation for fear of frostbite, autonomic dysreflexia and pressure sores to name a few. Individuals may be timid to
try adaptive skiing for fear of not knowing whether their toes are cold and numb and potentially experiencing frostbite
or if they are overheating while riding their handcycle and can't see their physically presented symptoms of
occurrence.

Adaptive Adventures in partnership with BAE Systems is seeking to develop sensors and an app that alerts individuals
and/or their instructor that they are getting too hot or too cold to avoid damaging health conditions.

This project is part of BAE Systems’ Tech Power: Innovating for Impact program. BAE Systems employees will serve as
mentors on these projects. The mentors will play an important role in evaluating students work and making
recommendations related to BAE Systems’ end of year showcase and recognition awards.

Expected Deliverables:

Prototype required by end of second semester.

Specialized Resources Provided by Client:

The client team will consist of BAE Systems industry mentors and a cohort of Veterans with paralysis to consult with

Anticipated Cost: Financial Resources Provided by Client: 5000

Preferred Students for the Project:

4 Electrical Engineering Other Special Skills:
A Computer Engineering

[] Software Engineering

[] Cyber Security Engineering

L] Other:

Anticipated Client Interaction (estimate):

] 1 meeting per week

L] In person, L1 Over the phone, [] Web / video conferencing
[J 1 meeting per month

[ In person, [ Over the phone, [ Web / video conferencing
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{4 2 or more meetings per month

L] In person, [] Over the phone, & Web / video conferencing
[1 1 meeting per semester

L] In person, L] Over the phone, [] Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0 — Not at all 1-A Little 2 —Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering o 0O O2 O3 4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 [12 13 v
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE Jo 1 ]2 13 4

This project requires students to identify, formulate, and solve
engineering problems [Jo (11 [12 13 !

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice o 1 12 13 va

Project Approval — for use by ECpE Senior Design Committee

2 Approved:

A Project Assigned: sdmay24-16

/4 Advisor(s) Assigned:  Santosh Pandey (pandey@iastate.edu)
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Client/Company/Organization: lowa State University

Submitter Name: Rachel Shannon Email: rshannon@iastate.edu

Project Contact: Rachel Shannon Email: rshannon@iastate.edu

Project Title:

Engineering Art

Project Abstract:

The goal of this project is to express engineering in the form of art that cleverly demonstrates the use of electrical,
computer, software, and/or cybersecurity engineering. The end product should be an interactive installation that
educates the public about topics of engineering.

This project is meant to showcase ECpE students' talent and skillsets in a fun and creative way that also tackles one of
the 21st Century Grand Challenges as outlined by the National Academy of Engineering. See link:
http://www.engineeringchallenges.org/challenges.aspx

Design approaches such as Design Thinking, Double Diamond design method, Systems Thinking, and Sketchnoting will
be used to compliment technical skill sets learned in ECpE.

Expected Deliverables:

hands-on demo or prototype for public exhibition, process book

Specialized Resources Provided by Client:

Anticipated Cost: Financial Resources Provided by Client:

Preferred Students for the Project:

A Electrical Engineering Other Special Skills: Must be open to different types of creatives
A Computer Engineering processes. Multidisciplinary background preferred by not

4 Software Engineering required.

A Cyber Security Engineering

L] Other:

Anticipated Client Interaction (estimate):

A 1 meeting per week

4 In person, [] Over the phone, [] Web / video conferencing
[] 1 meeting per month

L] In person, L1 Over the phone, [1 Web / video conferencing
L] 2 or more meetings per month

L] In person, L] Over the phone, [] Web / video conferencing
[J 1 meeting per semester
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L] In person, L] Over the phone, [] Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0— Not at all 1-A Little 2 — Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Lo 0O11 O2 OHO3 44

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and Lo Ol1 0O2 O3 44
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 [J1 12 3 A4

This project requires students to identify, formulate, and solve
engineering problems 10 []1 (12 13 g

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice 1o 1 12 13 va

Project Approval — for use by ECpE Senior Design Committee

/2 Approved:

A Project Assigned: sdmay24-17

/4 Advisor(s) Assigned:  Rachel Shannon (rshannon@iastate.edu)
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Client/Company/Organization: Black & Veatch

Submitter Name: Adam Schroeder Email: SchroederA@bv.com

Project Contact: Email:

Project Title:
115/34.5kV Solar Power Plant & Substation Design Project

Project Abstract:

Due to increasing Renewable Energy requirements for utilities, a [fictitious] 115/34.5kV Distribution substation and
60MW Solar Plant will need to be designed by lowa State University. The project team will be responsible for the
complete design of Solar layout, electrical layout, and associated construction deliverables. The project team will also
perform various calculations required of a typical substation, including load-flow analysis, short-circuit studies, system
protection design, and grounding calculations. There will be an opportunity to create a unique process or tool that
optimizes or expedites aspects of design (allowing the students to be creative in their approach).

Black & Veatch will provide conceptual design information and design standards to support the senior design team's
work.

Expected Deliverables:

* Equipment sizing calculations (breakers, transformers, etc) — Excel files
* Solar layout drawings — Bluebeam/CAD/PDF editor
* Solar panel string sizing design — Excel files
* Electrical layout drawings (substation equipment) — Bluebeam/CAD/PDF editor
* Grounding analysis and ground-grid developed with IEEE-80 — Excel files
* Bus calculations for substation — Excel files
* Possibility of additional calculations (DC battery bank, lightning protection, etc.) — Excel files
* Creation of solar/substation design-optimizing tool — TBD
*Simulation of designed substation — SIMULATION SOFTWARE — STUDENT LICENSE [ETAP/SKM/ASPEN]
* Coordination Study / AC Arc Flash Study / Protection Element Analysis — SIMULATION SOFTWARE — STUDENT
LICENSE [ETAP/SKM/ASPEN]
* Load Flow Scenario Wizard / Configuration Manager — SIMULATION SOFTWARE — STUDENT LICENSE
[ETAP/SKM/ASPEN]

Specialized Resources Provided by Client:

Black & Veatch will provide engineering support to help the senior design team complete the project.

Anticipated Cost: Financial Resources Provided by Client: 1000

Preferred Students for the Project:

4 Electrical Engineering Other Special Skills: Electrical Engineering students taking
L[] Computer Engineering courses in power systems (EE 303, 455, 456, 457, and 457) and
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[] Software Engineering knowledge in AutoCAD, Bently Microstation CAD, or Bluebeam
[ Cyber Security Engineering Revu PDF editor. These skills are preferred but not required.

LI Other:

Anticipated Client Interaction (estimate):

A 1 meeting per week

L1 In person, ¥ Over the phone, [] Web / video conferencing
[J 1 meeting per month

[ In person, [ Over the phone, 1 Web / video conferencing
[] 2 or more meetings per month

L] In person, L] Over the phone, [] Web / video conferencing
[ 1 meeting per semester

[ In person, L] Over the phone, [] Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:
0 — Not at all 1-A Little 2 — Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Lo 0O O2 O3 U4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and o 01 02 O3 U4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 “1 12 3 14

This project requires students to identify, formulate, and solve
engineering problems 10 []1 12 13 g

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice 1o 1 12 13 va

Project Approval — for use by ECpE Senior Design Committee

4 Approved:

4 Project Assigned: sdmay24-18

4 Advisor(s) Assigned:  Venkataramana Ajjarapu (vajjarap@iastate.edu)
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Client/Company/Organization: ECE, ISU

Submitter Name: Goce Trajcevski Email: gocet25@iastate.edu

Project Contact: Email:

Project Title:

Convoys in Atomic and Molecular Trajectories

Project Abstract:

Due to extreme costs and risks involved, drug manufacturers often resort to simulation to detect how certain
substrates and drug molecules may interact over time, so that their effects in curing diseases can be assessed. Upon
completing the simulation, the data consists of (x, y, z, t) values -- which is, sequence of locations in time of individual
atoms -- i.e., their trajectories, which are subsequently analyzed for the purpose of detecting certain events of
interest. Typically, those events amount to forming particular bonds (e.g., Hydrogen bond) which persist for a period
of time. The crucial criterion for forming an HB is the spatial proximity of the atoms creating the bond — however, it is
also important
that the surrounding atoms co-move within certain spatial bounds.

The objective of this project is to develop a system that will implement the algorithmic solutions which, for a given
dataset of atomic/molecular motion, will detect the co-moving pattern which persists for a given (user-defined
parameter) period of time.

The datasets and the algorithms (actually, the code implementing them) will be provided.

Expected Deliverables:

The overall-deliverable is a system that will provide:
(a) front-end Ul that will enable: (i) users to select dataset; (ii) users to enter parameters; (iii) selection of algorithms;
(iv) presentation of the results to the end-user;
(b) back-end that will store the molecular simulation datasets;
(c) "middleware" that will connect the front-end and back-end;

The expected schedule for the Fall 2023 is:

week #2: introductory meeting and problem overview;

week #3: datasets and algorithms introduction;

week #4: narrowing the scope of project (which queries/algorithms to implement);
week #5: identifying of requirements;

week #6: identifying of use-cases;

week #7: tools and frameworks selection;

week #8: preliminary system design;

week #9: identifying testing scenarios;

week #10: completing non-functional requirements;

week #11: refining the system design

week #12: refining the testing/validation

week #13: draft of the design document

week #14: revision of the design document and preparation of presentation
week #15: presentation and final design document

The main deliverable is the design document.
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Spring 2024
Weekly or bi-weekly meetings to discuss implementation issues/progress.
The main deliverable is the operational system that implements the desired functionalities.

Specialized Resources Provided by Client:

server; dataset; code of algorithms.

Anticipated Cost: Financial Resources Provided by Client: N/A

Preferred Students for the Project:

L] Electrical Engineering Other Special Skills: Experience in coding and software systems
A Computer Engineering development expected by a Senior.

A Software Engineering

A Cyber Security Engineering

L] Other:

Anticipated Client Interaction (estimate):

A 1 meeting per week

4 In person, [] Over the phone, [] Web / video conferencing
[ 1 meeting per month

L] In person, L1 Over the phone, [] Web / video conferencing
(] 2 or more meetings per month

U] In person, [ Over the phone, [1 Web / video conferencing
(] 1 meeting per semester

L1 In person, [1 Over the phone, 1 Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0 — Not at all 1-A Little 2 — Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Jo 1 2 13 U4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 11 [12 [13 v
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 1 12 3 04

This project requires students to identify, formulate, and solve Jo []1 ]2 13 A4
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engineering problems

This project gives students an opportunity to use the techniques, skills,

and modern engineering tools necessary for engineering practice Lo o1 02 O3 U4

Project Approval — for use by ECpE Senior Design Committee

A Approved:
A Project Assigned: sdmay24-19
4 Advisor(s) Assigned: Goce Trajcevski (gocet25@iastate.edu)
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Client/Company/Organization: Mohamed Selim / ECE / ISU

Submitter Name: Mohamed Selim Email: myoussef@iastate.edu

Project Contact: Email:

Project Title:

Utilizing PAWR Program to Develop Advanced Hands-on Labs For Networking and Cybersecurity
Courses

Project Abstract:

The rapid evolution of networking and cybersecurity technologies demands innovative educational approaches that
equip students with practical skills and real-world experiences. This senior design project aims to leverage the
Platforms for Advanced Wireless Research (PAWR) program to create advanced hands-on laboratory modules for
networking and cybersecurity courses such as CPRE489 and CPRE431. By harnessing the capabilities of PAWR
platforms such as CloudLab and ARA, this project seeks to bridge the gap between theoretical knowledge and practical
application. The proposed labs will empower students to engage with cutting-edge wireless research environments,
fostering a deeper understanding of network protocols, security mechanisms, and emerging technologies. This project
aims to enrich the learning experience, producing graduates who are better prepared to address the complex
challenges of modern networking and cybersecurity landscapes.

Expected Deliverables:

1- Lab Module Development:
Develop a series of hands-on lab modules that align with the learning objectives of networking and cybersecurity
courses. Each module will be designed to leverage the capabilities of PAWR platforms (CloudLab and ARA) to create
realistic and immersive environments for experimentation. Lab topics may include but are not limited to:

Network protocol analysis and simulation.

Intrusion detection and prevention techniques.

Wireless network configuration and optimization.

Secure communication and cryptography implementation.

2- Interactive Learning Materials:

Develop supplementary learning materials to enhance the educational value of the lab modules. This may include
interactive simulations, video tutorials, and conceptual explanations to provide a holistic learning experience for
students with varying learning styles.

Specialized Resources Provided by Client:

All resources are available online and the access to PAWR platforms is given by default to the students.

Anticipated Cost: Financial Resources Provided by Client: N/A

Preferred Students for the Project:

[ Electrical Engineering Other Special Skills: Linux command line is a fundamental skill
A Computer Engineering for students participating in this project.
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[] Software Engineering
A Cyber Security Engineering
LI Other:

Anticipated Client Interaction (estimate):

[ 1 meeting per week

L1 In person, L1 Over the phone, [] Web / video conferencing
[J 1 meeting per month

[ In person, [ Over the phone, 1 Web / video conferencing
A 2 or more meetings per month

4 In person, [] Over the phone, [ ] Web / video conferencing
[ 1 meeting per semester

[ In person, L] Over the phone, [] Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:
0 — Not at all 1-A Little 2 — Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Lo 0O1 O2 43 [4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and o 01 02 O3 U4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 []1 12 3 14

This project requires students to identify, formulate, and solve
engineering problems 10 []1 12 13 g

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice 1o 1 12 13 va

Project Approval — for use by ECpE Senior Design Committee

4 Approved:

4 Project Assigned: sdmay24-20

4 Advisor(s) Assigned: Mohamed Selim (myoussef@iastate.edu)
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Client/Company/Organization:

Submitter Name: Henry Duwe Email: duwe@iastate.edu

Project Contact: Email:

Project Title:
Digital ASIC Fabrication

Project Abstract:
Digital ASIC Fabrication

Fabrication of a digital ASIC (application-specific integrated circuit) requires significant investment not only in design,
but also in software development, verification, analog component design (e.g., PLLs, ADCs, DACs, voltage reference,
voltage regulators), circuit and system level design and simulation, system level digital/analog/mixed-signal/power/IO
circuit block integration for chip fabrication, PCB design, and materials. Coupled with the closed-source nature of
hardware designs, this has meant that, for several decades, the number of unique ASICs fabricated declined and
students (even graduate students) had the opportunity to work on a design that was fabricated. However, with a
concerted push for open-sourced hardware (e.g., https://www.fossi-foundation.org/ and https://riscv.org/) and
industrial support (https://efabless.com/open_shuttle_program), ASIC fabrication is within the grasp of individuals
and, indeed, motivated and talented undergraduate students.

This project's goal is to design and fabricate a fully-functional digital ASIC using the efabless process. The specific
choice of the fabricated chip's design goals will be up to the team in consultation with Prof Duwe and limited by the
constraints of available area and open IPs. A few possibilities:

1. Visual or audio wake-word accelerator

2. Bitcoin hash generator

3. Point-of-care signal processing accelerator

4. Crytpo core resistent to power side-channel

5. Custom multi-wire 1/0 bus

6. Custom FPGA fabric for intermittent computing

6. ...your imagination...

Additionally, this team is expected to have the unique opportunity to help bring-up the first chip successfully
submitted by an ISU team: https://platform.efabless.com/projects/1318 during the first semester. Expected ETA is Nov
2023.

WARNING:

This project is guaranteed to be challenging and will require a team of students with diverse skill-sets (including some
SE/DevOps), a willingness to learn and work together, and persistence. *** For SEs and EEs, you should have taken at

least CPRE381 or are willing to put in significant additional time outside of your course commitment. *** Given these,
this experience is also guaranteed to be a highly-rewarding capstone experience you can leverage for years to come.

Expected Deliverables:

* Well-organized repository of the hardware and software components of the system.
* Simulation-based testing framework demonstrating functional correctness of design.
* Submitted MCU + accelerator project repository to efabless (https://efabless.com/open_shuttle_program/5) that
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passes precheck verification.
* Detailed bring-up plan, including test plans, test software (pre-verified in simulation or on a real RISC-V processor),
and any test hardware (e.g., PCBs) needed.

Specialized Resources Provided by Client:

Prof Duwe has significant resources to aid with the design, verification, and bring-up for a digital ASIC, including the
following:
oscilloscopes, logic analyzers, solder-station, test RISCV boards, servers that can run any CAD software required
Perhaps most importantly, you will also have access to multiple semesters worth of student experiences.

Anticipated Cost: Financial Resources Provided by Client:

Preferred Students for the Project:

A Electrical Engineering Other Special Skills: All students should have completed CPRE
A Computer Engineering 381.

A Software Engineering

A Cyber Security Engineering

L] Other:

Anticipated Client Interaction (estimate):

A 1 meeting per week

4 In person, [] Over the phone, [] Web / video conferencing
[] 1 meeting per month

L1 In person, [1 Over the phone, 1 Web / video conferencing
L] 2 or more meetings per month

L] In person, L] Over the phone, [ ] Web / video conferencing
[J 1 meeting per semester

L] In person, L1 Over the phone, [] Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:
0— Not at all 1-A Little 2 —Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Lo 0O O2 O3 44

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 12 13 4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE, [10 [J1 ]2 13 !
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and SE

This project requires students to identify, formulate, and solve

engineering problems o O1 O2 O3 U4

This project gives students an opportunity to use the techniques, skills,

and modern engineering tools necessary for engineering practice Lo o1 02 O3 U4

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-21

4 Advisor(s) Assigned: Henry Duwe (duwe@iastate.edu)
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Client/Company/Organization: Cheng Huang

Submitter Name: Cheng Huang Email: chengh@iastate.edu

Project Contact: Email:

Project Title:
Wirelessly charged nursery night light

Project Abstract:

This project is to develop a nursery night light that can: 1) be wireless charged, 2) battery powered, 3) change
brightness level by tapping on it, 4) auto dim and shut off, 5) smooth turn-on/-off to not wake up a baby.

Expected Deliverables:

A working hardware prototype.

Specialized Resources Provided by Client:

Anticipated Cost: Financial Resources Provided by Client:

Preferred Students for the Project:

A Electrical Engineering Other Special Skills: microcontroller programing, basic

A Computer Engineering knowledge on circuit design, printed circuit board prototyping
[] Software Engineering

[ Cyber Security Engineering

L] Other:

Anticipated Client Interaction (estimate):

[] 1 meeting per week

U] In person, L] Over the phone, [ Web / video conferencing
4 1 meeting per month

[ In person, [1 Over the phone, 4 Web / video conferencing
L] 2 or more meetings per month

L] In person, L] Over the phone, [] Web / video conferencing
[J 1 meeting per semester

L] In person, L1 Over the phone, [] Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0— Not at all 1-A Little 2 —Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics, [10 J1 ]2 13 A4
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science, and engineering

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 12 3 4“4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 1 12 ] A4

This project requires students to identify, formulate, and solve
engineering problems [Jo (11 12 13 4

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice Lo 0OJ1 O2 O3 U4

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-22

4 Advisor(s) Assigned: Cheng Huang (chengh@iastate.edu)
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Client/Company/Organization: ISU Center for Wireless, Communities and Innovation

Submitter Name: Hongwei Zhang Email: hongwei@iastate.edu

Project Contact: Email:

Project Title:

Experimental Exploration of 5G-and-Beyond Wireless Systems and Rural Broadband

Project Abstract:

As a key milestone in wireless communications, 5G wireless networks are expected to enable not only Gbps mobile
connectivity but also machine-type communications for precision agriculture, beyond-visual-line-of-sight unmanned
aircraft systems (UAS), connected and automated vehicles, extended reality (XR), smart grid, and Industry 4.0. Besides
advanced communication technologies such as ultra-reliable, low-latency communications, 5G wireless networks
represent the convergence of computing and networking in many aspects of the telecommunication industry, and
they embrace opportunities such as software-defined, open-source innovation and infrastructure virtualization. 5G
wireless is projected to reach a market size of $2.2 trillion by 2025, and it has been attracting significant investment
from industry and government worldwide.

Through this project, students will learn, develop, and prototype advanced wireless solutions for 5G and beyond. In
particular, students will have the opportunity to participate in the ISU-led $16M project ARA on advanced wireless and
rural broadband (https://arawireless.org), and “play” with bleeding-edge hardware and software platforms for
5G-and-beyond wireless systems such as free-space optical communications, massive MIMO, mmWave, and LEO
satellite communications. Open-source 5G software and hardware platforms such as srsRAN (https://www.srslte.com).
OpenAirinterface (https://openairinterface.org), and USRP software-defined radios (https://www.ettus.com) will be
available to students in the project.

Students will work as a team and with Prof. Hongwei Zhang as well as other faculty members, research scientists, and
Ph.D. students in the Center for Wireless, Communities and Innovation (https://wici.iastate.edu). Students also have
the potential to interact with industry partners such as John Deere, Collins Aerospace, Microsfot, AT&T, T-Mobile, and
U.S. Cellular. Information about Prof. Zhang’s work can be found at http://www.ece.iastate.edu/~hongwei.

Expected Deliverables:

A tentative project roadmap is as follows (which is open for revision by the project team):

* August - December 2023: Study basics of the ARA project (https://arawireless.org) and related 5G-and-beyond
hardware and software platforms (https://arawireless.org/equipment), as well as 5G wireless systems
(https://5g.systemsapproach.org) and computer networking (https://book.systemsapproach.org) in general;
Contribute to 5G learning materials to prepare undergraduate students for using and researching advanced wireless
systems, based on your own learning experience in the project; Participate in the development and field deployment
of 5G-and-beyond wireless infrastructures of ARA; (Optional) Learn about novel 5G-and-beyond algorithms for
safety-/mission-critical applications;

* January — April 2023: Conduct field testing and scientific performance measurement of 5G-and-beyond wireless
systems in precision agriculture and smart city applications (e.g., public safety, smart transit, water security
surveillance), and participate in broad community engagement activities (e.g., tutorials); Prepare example
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experiments as learning materials for undergraduate students new to 5G-and-beyond wireless systems; (Optional)
Prototype, demonstrate, and evaluate the performance of novel 5G-and-beyond algorithms using advanced wireless
platforms in ARA, and write related technical reports.

Specialized Resources Provided by Client:

ARA wireless living lab (https://arawireless.org), hardware and software components for advanced wireless
systems, algorithms for 5G and beyond

Research fund to
support the project
(e.g., equipment and
NSF Research
Experience for

Undergraduate
Anticipated Cost: Financial Resources Provided by Client: program)
Preferred Students for the Project:
A Electrical Engineering Other Special Skills: Programming, passion and dedication for
A4 Computer Engineering learning, passion for society impact, teamwork; background in
A Software Engineering computer networking and wireless systems is a plus, but not
A Cyber Security Engineering required.
Other: Interdisciplinary teams with computing,
software, and electrical/wireless expertise will
4 be fantastic!
Anticipated Client Interaction (estimate):
] 1 meeting per week
L1 In person, L1 Over the phone, ] Web / video conferencing
[] 1 meeting per month
U] In person, L] Over the phone, [] Web / video conferencing
A 2 or more meetings per month
4 In person, [] Over the phone, [ ] Web / video conferencing
[ 1 meeting per semester
[ In person, L] Over the phone, [] Web / video conferencing
Meeting ABET Criteria
Please rate the following statements as they relate to your proposed project:
0 — Not at all 1-A Little 2 — Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Lo 0O O2 O3 U4
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This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and [Jo 1 12 13 v
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 [11 12 13 Aa

This project requires students to identify, formulate, and solve
engineering problems Do 0Oi1 O2 O3 44

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice o 0O1 0O2 O3 U4

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-23

4 Advisor(s) Assigned: Hongwei Zhang (hongwei@iastate.edu)
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Client/Company/Organization: Jiming Song

Submitter Name: Jiming Song Email: jisong@iastate.edu

Project Contact: Email:

Project Title:

Sonar: Ultrasonic radar

Project Abstract:

The goal is to build an air sonar (ultrasonic radars) to detect small objects. This project will focus on designing
circuits to change phases (time delay of pulses) to each transducer to control the scanning directions and locations. An
ultrasonic sensor (transducer, used as both transmitter and receiver) sends an ultrasonic pulse. The mechanical wave
is reflected back from any objects and detected by the transducer. The time delay in the pulse-echo can be used to
calculate the distance of the objects. The use of a number of transducers to form a phased array has following
advantages: increasing the signal to noise ratio; increasing detection distance, having much narrow beam to have
higher direction resolution, and scanning all directions automatically by changing phase of each transducer
electronically. By scanning all directions, the ultrasonic phased array will generate 3D images like a radar.

Expected Deliverables:

Ultrasonic radar with phase control circuits and user interface

Specialized Resources Provided by Client:

Anticipated Cost: Financial Resources Provided by Client:

Preferred Students for the Project:

A Electrical Engineering Other Special Skills:
A Computer Engineering

A Software Engineering

A Cyber Security Engineering

L] Other:

Anticipated Client Interaction (estimate):

[ 1 meeting per week

L] In person, L1 Over the phone, [] Web / video conferencing
[J 1 meeting per month

U] In person, [ Over the phone, [1 Web / video conferencing
4 2 or more meetings per month

¥4 In person, [ Over the phone, [ 1 Web / video conferencing
[1 1 meeting per semester

L] In person, L] Over the phone, [] Web / video conferencing
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Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0— Not at all 1-A Little 2 — Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Lo 0O11 O2 OHO3 44

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and Lo Ol1 0O2 O3 44
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 1 ]2 3 A4

This project requires students to identify, formulate, and solve
engineering problems 10 []1 (12 3 4

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice 1o 1 12 U3 [14

Project Approval — for use by ECpE Senior Design Committee

/4 Approved:

A Project Assigned: sdmay24-24

/4 Advisor(s) Assigned:  Jiming Song (jisong@iastate.edu)
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Client/Company/Organization:

Submitter Name: Berk Gulmezoglu Email: bgulmez@iastate.edu

Project Contact: Email:

Project Title:

Detailed Security Analysis of Serverless Functions with Interpreted Languages

Project Abstract:

This project will investigate whether running serverless functions can be detected by adversaries in the same cloud
platform. We will use interpreted languages such as Rust to collect serverless functions related information through
attack codes. Amazon Firecracker and Google gVisor environments will be leveraged to run both serverless functions
and attack codes. One team will develop these attack codes and one team will work on identifying different functions
using deep learning models. The design constraints will include 1) a limited time of information gathering from the
attack code, 2) stealthiness against detection systems, 3) more than 50% accuracy for function detection.

This project will help students to learn different interpreted languages such as Python, Rust, and Java to create attack
codes. Moreover, students will have experience on different virtualization environments and Machine Learning
models.

Expected Deliverables:

Students will determine the limitations of interpreted languages in terms of memory access capabilities, available
APIs that provide high timing resolution, and the capabilities of Machine Learning models in distinguishing different
workloads in the first semester. In the second semester, students will create end-to-end attack codes to collect
fingerprints from memory traces and classify them with Machine Learning models. The deliverables will be serverless
function monitoring codes that work in restricted environments such as microVMs in Firecracker. Also, machine
learning models to classify the collected dataset will be a deliverable.

Specialized Resources Provided by Client:

One laptop in the lab to collect measurements. One GPU server to train machine learning models

Anticipated Cost: Financial Resources Provided by Client:

Preferred Students for the Project:

L] Electrical Engineering Other Special Skills:
A Computer Engineering

A Software Engineering

A Cyber Security Engineering

[ Other:

Anticipated Client Interaction (estimate):

4 1 meeting per week
4 In person, [] Over the phone, [ ] Web / video conferencing
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[] 1 meeting per month

[ In person, [ Over the phone, [] Web / video conferencing
[] 2 or more meetings per month

L] In person, L] Over the phone, [] Web / video conferencing
[ 1 meeting per semester

[ In person, L] Over the phone, [] Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:
0 — Not at all 1-A Little 2 — Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Lo 0O O2 O3 U4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and o 01 02 O3 U4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 []1 12 3 4

This project requires students to identify, formulate, and solve
engineering problems 10 []1 12 13 g

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice 1o 1 12 13 va

Project Approval — for use by ECpE Senior Design Committee

4 Approved:

4 Project Assigned: sdmay24-25

4 Advisor(s) Assigned: Berk Gulmezoglu (bgulmez@iastate.edu)
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Client/Company/Organization:

Submitter Name: Sami Bensellam Email: samib@iastate.edu

Project Contact: Alexander Stoychev Email: alexs@iastate.edu

Project Title:

Machine to Human Vision

Project Abstract:

[This is a student proposed project]

The primary objective of this endeavor is to develop an advanced navigation solution tailored for individuals with
visual impairments. This endeavor seeks to harness the capabilities of machine vision and machine learning
technologies to devise an innovative alternative perception approach. Through the integration of these cutting-edge
advancements, the intention is to convey relevant information to users through the senses of touch and sound.

The crux of the proposed feedback mechanism revolves around two critical aspects: firstly, the determination of
object proximity achieved through the application of stereo triangulation; secondly, the precise identification of
objects facilitated by sophisticated machine learning algorithms. This holistic feedback mechanism serves as a
fundamental guide for users, allowing them to comprehend their surroundings, navigate through obstacles, and gain a
comprehensive understanding of their environment.

Haptic Feedback for Object Proximity

Employing stereoscopic cameras, the system will meticulously gauge depth information, subsequently conveying these
depth metrics to users via haptic feedback motors that generate vibrations. Notably, there are 16 distinct haptic
feedback motors deployed within the design. These motors serve as conduits of tactile information, translating the
concept of proximity into distinct and discernible vibrational patterns. The vibrational intensity emitted by each motor
is calibrated in accordance with the relative distance of objects.

We determine object proximity based on the image disparity (The farther away, the smaller the disparity

Object Identification

Use the camera images and identify objects within the image. There are many existing apis that can be used to
identify objects within an image. This could be expanded to identify individuals similar to google photos. After
identification, the aim is to utilize an existing text-to-speech converter to read all of the objects that are identified
within the image.

Expected Deliverables:

Object Deliverables:

-Determining the most suitable existing stereo camera system to buy.

-Developing a working prototype utilizing a laptop for stereo only.

-Determining the best API for object identification and getting it to work with the existing stereo system.
-Getting a fully functional prototype for the project using a computer by combining the two functionalities.
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-Shifting the project towards creating a mobile application that:
Gets Stereo camera image data.
Uses the existing code in the prototype and implements that functionality within the application.
Move the image processing to the cloud.

-Bring a person with visual impairments to use the product and provide feedback.

Specialized Resources Provided by Client:

None Currently - Department reliance for the project at the moment

None Currently -

Department reliance

for the project at the
Anticipated Cost: Financial Resources Provided by Client: moment

Preferred Students for the Project:

4 Electrical Engineering Other Special Skills: Experience in computer vision, Software
A Computer Engineering Engineering, AWS experience, Python experience and App
A Software Engineering building.

[] Cyber Security Engineering

[ Other:

Anticipated Client Interaction (estimate):

4 1 meeting per week

4 In person, [] Over the phone, ] Web / video conferencing
[] 1 meeting per month

[ In person, [] Over the phone, [] Web / video conferencing
] 2 or more meetings per month

L] In person, L] Over the phone, [] Web / video conferencing
[ 1 meeting per semester

L1 In person, L1 Over the phone, [] Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0— Not at all 1-A Little 2 —Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Lo 0Ol O2 O3 44

This project gives students an opportunity to design a system,
component, or process to meet desired needs within realistic constraints [10 []1 ]2 13 A4
such as economic, environmental, social, political, ethical, health and
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safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 1 12 03 QA4

This project requires students to identify, formulate, and solve

engineering problems o O1 O2 O3 U4

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice Lo 01 O2 O3 44

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-26
4 Advisor(s) Assigned: Alexander Stoytchev (alexs@iastate.edu)
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Client/Company/Organization: Gelli Ravikumar

Submitter Name: Gelli Ravikumar Email: gelli@iastate.edu

Project Contact: Gelli Ravikumar Email: gelli@iastate.edu

Project Title:
Cy-HELICS: Simulating Large-scale Power Grids and Cyberattacks using HELICS

Project Abstract:

This project aims to develop cyberattacks and simulate them on large-scale power grids to understand their impact
and provide suitable mitigation scenarios. The open-source software HELICS: Hierarchical Engine for Large-scale
Infrastructure Co-Simulation can be used to execute large-scale power grids. This software-based project requires
building a software system environment using HELICS and integrating cyberattacks and analytics into it. Students will
receive access to our VMware-based testbed environment for the project. Students will receive all the required
materials for working on these platforms, including guidance on HELICS software, web-based frontend, and backend
platforms as needed. Programming experience and a Linux working environment are two essential prerequisites. At
the end of the project, you will learn microservice-based software systems, cyberattacks, and the cybersecurity of
large-scale power systems. This software-based project includes the following modules to be developed: 1)
Understand, build HELICS testbed, and integrate cyber network simulation -- CyHELICS, 2) Develop cyberattacks,
integrate into the CyHELICS, and observe power grid impacts, and 3) Test and validate the application with various
cyberattacks on multiple large-scale power grids.

Expected Deliverables:

1) Software codes and 2) Technical project report.

Specialized Resources Provided by Client:

PowerCyber private cloud testbed hosted at lowa State University

Anticipated Cost: Financial Resources Provided by Client: NA

Preferred Students for the Project:

A Electrical Engineering Other Special Skills: GitLab, Understanding Power Systems,
A Computer Engineering Cybersecurity

A Software Engineering

A Cyber Security Engineering

L] Other:

Anticipated Client Interaction (estimate):

A 1 meeting per week
4 In person, [] Over the phone, [ ] Web / video conferencing
[ 1 meeting per month
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L] In person, L] Over the phone, [] Web / video conferencing
[] 2 or more meetings per month

L1 In person, L1 Over the phone, [] Web / video conferencing
[J 1 meeting per semester

U] In person, [ Over the phone, [1 Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0— Not at all 1-A Little 2 —Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Jo 1 ]2 3 U4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 12 13 v4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE (10 1 12 03 QA4

This project requires students to identify, formulate, and solve
engineering problems o O1 O2 O3 U4

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice Lo 0Oli1 O2 03 44

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-27

4 Advisor(s) Assigned:  Gelli Ravikumar (gelli@iastate.edu)
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Client/Company/Organization: Gelli Ravikumar

Submitter Name: Gelli Ravikumar Email: gelli@iastate.edu

Project Contact: Gelli Ravikumar Email: gelli@iastate.edu

Project Title:
Cy-HELICS: Simulating Large-scale Power Grids and Cyberattacks using HELICS

Project Abstract:

This project aims to develop cyberattacks and simulate them on large-scale power grids to understand their impact
and provide suitable mitigation scenarios. The open-source software HELICS: Hierarchical Engine for Large-scale
Infrastructure Co-Simulation can be used to execute large-scale power grids. This software-based project requires
building a software system environment using HELICS and integrating cyberattacks and analytics into it. Students will
receive access to our VMware-based testbed environment for the project. Students will receive all the required
materials for working on these platforms, including guidance on HELICS software, web-based frontend, and backend
platforms as needed. Programming experience and a Linux working environment are two essential prerequisites. At
the end of the project, you will learn microservice-based software systems, cyberattacks, and the cybersecurity of
large-scale power systems. This software-based project includes the following modules to be developed: 1)
Understand, build HELICS testbed, and integrate cyber network simulation -- CyHELICS, 2) Develop cyberattacks,
integrate into the CyHELICS, and observe power grid impacts, and 3) Test and validate the application with various
cyberattacks on multiple large-scale power grids.

Expected Deliverables:

1) Software codes and 2) Technical project report.

Specialized Resources Provided by Client:

PowerCyber private cloud testbed hosted at lowa State University

Anticipated Cost: Financial Resources Provided by Client: NA

Preferred Students for the Project:

A Electrical Engineering Other Special Skills: GitLab, Understanding Power Systems,
A Computer Engineering Cybersecurity

A Software Engineering

A Cyber Security Engineering

L] Other:

Anticipated Client Interaction (estimate):

A 1 meeting per week
4 In person, [] Over the phone, [ ] Web / video conferencing
[ 1 meeting per month
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L] In person, L] Over the phone, [] Web / video conferencing
[] 2 or more meetings per month

L1 In person, L1 Over the phone, [] Web / video conferencing
[J 1 meeting per semester

U] In person, [ Over the phone, [1 Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0— Not at all 1-A Little 2 —Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Jo 1 ]2 3 U4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 12 13 v4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE (10 1 12 03 QA4

This project requires students to identify, formulate, and solve
engineering problems o O1 O2 O3 U4

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice Lo 0Oli1 O2 03 44

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-28

4 Advisor(s) Assigned:  Gelli Ravikumar (gelli@iastate.edu)
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Client/Company/Organization: Gelli Ravikumar

Submitter Name: Gelli Ravikumar Email: gelli@iastate.edu

Project Contact: Gelli Ravikumar Email: gelli@iastate.edu

Project Title:
Grid-SIEM: Cybersecurity for Power Grid using SIEM tools and Machine/Deep Learning tools

Project Abstract:

This project aims to build a platform for artificial intelligence (Al)-integrated cybersecurity for power grids. Security
information and event management (SIEM) tool is a widely used technology for traditional information security. In this
project, the open-source SIEM software “SecurityOnion” can be used to build a platform to integrate with the power
system monitoring and control environment, which we refer to as Grid-SIEM. The real-world problem is the power
system monitoring and control environment is vulnerable to cyberattacks, and this project aims to build a cyber
defense against it. Once the Grid-SIEM is designed, students will be required to develop Machine/Deep
Learning-based algorithms for cyberattack data analytics. Students will get access to the PowerCyber lab and the
power system monitoring and control environment for integrating SecurityOnion and conducting cyberattack and
defense experiments. Students will receive all the required materials for working on SecurityOnion software and the
cybersecurity and power system testbed. Programming experience and a Linux working environment are two essential
prerequisites. At the end of the project, you will learn cyberattacks, SIEM, and Machine/Deep Learning. This
software-based project includes the following modules to be developed: 1) Understand SecurityOnion and integrate
to power system monitoring and control testbed -- Grid-SIEM, and 2) Develop and simulate cyberattacks, and build
ML/DL-based analytics.

Expected Deliverables:

1) Software codes and 2) Technical project report.

Specialized Resources Provided by Client:

PowerCyber private cloud testbed hosted at lowa State University

Anticipated Cost: Financial Resources Provided by Client: NA

Preferred Students for the Project:

4 Electrical Engineering Other Special Skills: GitLab, Dockers, Understanding
A Computer Engineering Cybersecurity, Wireshark

A Software Engineering

A Cyber Security Engineering

L] Other:

Anticipated Client Interaction (estimate):

A 1 meeting per week
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4 In person, [] Over the phone, [ ] Web / video conferencing
[ 1 meeting per month

L1 In person, L1 Over the phone, [] Web / video conferencing
(] 2 or more meetings per month

U] In person, [ Over the phone, [1 Web / video conferencing
(] 1 meeting per semester

L1 In person, [1 Over the phone, [1 Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0 — Not at all 1-A Little 2 — Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Jo 1 2 13 U4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 11 [12 [13 v
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 1 12 ] A4

This project requires students to identify, formulate, and solve
engineering problems [Jo (11 12 13 4

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice Lo 0Ol1 0Ol2 O3 U4

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-29

4 Advisor(s) Assigned:  Gelli Ravikumar (gelli@iastate.edu)
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Client/Company/Organization:

Submitter Name: Jim McCalley Email: jdm@iastate.edu

Project Contact: Email:

Project Title:

New Nuclear Design for Electric Power Systems

Project Abstract:

Nuclear power generation has been a mainstay in US electric power systems since the 1970’s. Today, there are
about 90 nuclear reactors in the US with generating capacity of almost 100 GW; they provide about 20% of the
nation’s total electric energy. However, most of these plants were built in the 1970’s and 1980’s and so are at or
beyond expected life. Many have been retired already, and many more will be retired over the next 10 years. Since the
old designs were typically large, financially risky due to high cost and long construction times, and often subject to
significant public resistance due to the perceived radiation dangers of meltdown, only two new reactors have come
on-line in the last 20 years. Yet, these plants are and will remain highly desirable since they are one of the most
economically attractive forms of zero-carbon electric generation technologies that are also fully dispatchable
(meaning, unlike wind and solar, their output can be specified, i.e., they are capable of following control-command to
generate at any MW level between their minimum and maximum capabilities).

In an attempt to balance the negatives (long construction times, high financial risk, perceived low safety) with the
positives (zero carbon, dispatchability), the US Department of Energy has been heavily funding over the past 20 years
several “new nuclear” technologies, e.g., see [1], [2]. The objective of this project is to identify a “new nuclear”
design that provides the highest benefit to cost ratio under a high renewables future.

[1] https://www.energy.gov/ne/articles/5-advanced-reactor-designs-watch-2030.
[2] https://www.energy.gov/ne/nuclear-reactor-technologies.

Expected Deliverables:

Basic steps associated with this project are as follows:
1. Identify all reasonably practical “new nuclear” designs that have been suggested so far. Develop a summary
report of these technologies that identifies their strengths and weaknesses. Estimate the Benefit to Cost ratio of each
design.
2. Based on the various technologies surveyed in step 1, identify a “recommended design” (RD). The RD could be
one of the technologies surveyed, or it could be an extension of one of them, or it could be an integration of two or
more of them.
3. Illustrate and describe the RD in detail. Identify any significant problems with the design, and describe
solutions for these problems. Provide a convincing argument that the RD’s Benefit to Cost ratio is better than all other
designs considered.

Specialized Resources Provided by Client:
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Anticipated Cost: Financial Resources Provided by Client:

Preferred Students for the Project:

A Electrical Engineering Other Special Skills:
[J Computer Engineering

[ Software Engineering

[] Cyber Security Engineering

[ Other:

Anticipated Client Interaction (estimate):

L] 1 meeting per week

[ In person, L] Over the phone, [] Web / video conferencing
] 1 meeting per month

L] In person, L] Over the phone, [] Web / video conferencing
A 2 or more meetings per month

4 In person, L] Over the phone, L1 Web / video conferencing
(1 1 meeting per semester

[ In person, [ Over the phone, [1 Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0 — Not at all 1-A Little 2 — Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering 1o 1 12 13 a4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 12 13 v4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 1 ]2 3 4

This project requires students to identify, formulate, and solve
engineering problems [Jo (11 12 ] 4

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice I I N O A 4

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-30
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4 Advisor(s) Assigned: James D. McCalley (jdm@iastate.edu)




IOWA STATE UNIVERSITY

Department of Electrical and Computer Engineering Senior Design Project Proposal Form

Client/Company/Organization: Ahmed Nazar / ECE / ISU

Submitter Name: Mohamed Selim Email: myoussef@iastate.edu

Project Contact: Ahmed Nazar Email: amnazar@iastate.edu

Project Title:

LiDAR-Based Environmental Object Classification System

Project Abstract:

This senior design project focuses on harnessing LiDAR technology to create an advanced environmental object
classification system. The project's objective is to develop a robust system that collects LiDAR data from the
surrounding environment, processes it, and constructs a comprehensive database. This database will serve as the
foundation for training a deep learning-based classification model capable of accurately identifying a variety of
objects, including cars, trucks, pedestrians, and buildings. The resulting system will contribute to enhanced many
applications such as public safety, communication networks, attendance and interaction in educational environments,
urban planning, and resource management.

Expected Deliverables:

1- LiDAR Data Collection and Processing System:
Design and implement a LiDAR data collection system capable of accurately capturing 3D point cloud data from the
environment. Develop algorithms for data preprocessing, noise reduction, and outlier removal to ensure high-quality
data input for the classification model.

2- Database Architecture and Construction:

Design and create a structured database to store the collected LiDAR data. Organize the database to efficiently store
and manage the data, including metadata associated with each scan. Develop methods for data retrieval and
management.

3- LiDAR Data Preprocessing and Feature Extraction:

Implement algorithms to preprocess the raw LiDAR data, including calibration, point cloud segmentation, and spatial
filtering. Extract relevant features from the processed data, such as object dimensions, positions, and orientations.

4- Deep Learning Classification Model:

Train a deep learning model (e.g., convolutional neural network or point cloud-based network) using the preprocessed
LiDAR data. The model should be designed to classify objects in the environment accurately. Consider employing
transfer learning to leverage existing models and enhance performance.

5- Data Labeling and Validation:

Collaborate with a team to manually label and annotate a subset of the LiDAR data for training and validation
purposes. Develop a labeling tool or use existing software to ensure accurate annotations for the deep learning
model.

6- Real-Time Classification System:
Integrate the trained deep learning model with the LiDAR data collection system to achieve real-time object
classification. Develop software that can process LiDAR data on-the-fly and provide instant classification results.

Specialized Resources Provided by Client:
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The LiDAR System will be provided by the client.

Anticipated Cost: Financial Resources Provided by Client: N/A

Preferred Students for the Project:

L] Electrical Engineering Other Special Skills: Programming skills.
A Computer Engineering

A Software Engineering

L] Cyber Security Engineering

L] Other:

Anticipated Client Interaction (estimate):

L] 1 meeting per week

L] In person, L] Over the phone, [] Web / video conferencing
[ 1 meeting per month

L1 In person, L1 Over the phone, [] Web / video conferencing
A 2 or more meetings per month

4 In person, [ Over the phone, [] Web / video conferencing
L1 1 meeting per semester

L] In person, [1 Over the phone, 1 Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0 — Not at all 1-A Little 2 — Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Jo 1 2 13 U4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 11 [12 [13 v
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 1 12 3 04

This project requires students to identify, formulate, and solve
engineering problems [Jo (11 12 13 4

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice Lo 0Ol1 0Ol2 O3 U4

Project Approval — for use by ECpE Senior Design Committee
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A Approved:
Project Assigned: sdmay24-31

4 Advisor(s) Assigned: Mohamed Selim (myoussef@iastate.edu)
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Client/Company/Organization: Dr. Phillip Jones

Submitter Name: Phillip Jones Email: phjones@iastate.edu

Project Contact: Email:

Project Title:

MicroCART mini : Microprocessor Controlled Aerial Robotics Team

Project Abstract:

The main goal of the MicroCART mini project is to showcase the skill sets students develop through the ECpE
department by designing a mini (about 4-inch by 4-inch) quad-copter platform to be used in the Department's
advanced embedded systems course (CPRE 488), and for Controls & Embedded Systems research. The most visible
outcome of the project will be a min-quadcopter platform that will be user-tested by students taking CPRE 488 in
Spring 2024.

The team will:

1. Develop, and/or augment a mini-quadcoptor printed circuit board (PCB). Which will contains Integrated Circuits
(ICs) such as: a Microcontroller, RF , IMU, and Wi-fi chip

2. Develop Software to stabilize, and communicate with the mini-quadcoptor

3. Develop testing rigs to allow the team and users (CPRE 488 students, and Researcher) to remotely interact with the
mini-quadcoptor. For example, for tuning control algorithms to stabilize the mini-quadcoptor

4. Develop a ground basestation to communicate with the mini-quadcoptor and testing rig(s).

5) User and Developer documentation and video tutorials to allow others to quickly get up to speed on the project in
the future.

Expected Deliverables:

A mini-quadcopter platform and test rigs that will be user-tested by students taking CPRE 488, and Researchers in
Spring 2024, along with user and developer documentation and video tutorials.

Specialized Resources Provided by Client:

This project may need approximately $500 in department support, and perhaps a laptop computer to have a
mobile base station.

Anticipated Cost: Financial Resources Provided by Client: N/A

Preferred Students for the Project:

A Electrical Engineering Other Special Skills:
A Computer Engineering

A Software Engineering

[ Cyber Security Engineering

L1 Other:
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Anticipated Client Interaction (estimate):

A 1 meeting per week

4 In person, L] Over the phone, L1 Web / video conferencing
[] 1 meeting per month

[ In person, [ Over the phone, 1 Web / video conferencing
[] 2 or more meetings per month

L] In person, L] Over the phone, [] Web / video conferencing
[ 1 meeting per semester

[ In person, L] Over the phone, [] Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:
0 — Not at all 1-A Little 2 — Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Lo 0O O2 O3 U4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and o 01 02 A3 [4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE [Jo [11 [12 13 Aa

This project requires students to identify, formulate, and solve
engineering problems 10 []1 12 13 g

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice 1o 1 12 13 va

Project Approval — for use by ECpE Senior Design Committee

4 Approved:

4 Project Assigned: sdmay24-32

4 Advisor(s) Assigned:  Phillip Jones (phjones@iastate.edu)
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Client/Company/Organization: Dr. Phillip Jones

Submitter Name: Phillip Jones Email: phjones@iastate.edu

Project Contact: Email:

Project Title:

Interactive Embedded Systems Learning using the Prairie Learn framework

Project Abstract:

The objective of this project is to use the Prairie Learn framework (https://www.prairielearn.org/) to develop an
interactive learning environment for use in CPRE 288 (Embedded Systems). This will primarily involve: 1) using
Python, JavaScript, and C to develop interactive questions/activities that can be randomized, and auto-graded, and 2)
integrating third party tools such as microcontroller emulators to create an interactive environment in which students
can learn and practice Embedded Systems concepts introduced in CPRE 288. A stretch goal would be to have an
emulated (and perhaps actual) Cybot robot interface with the framework. A significant portion of the team will need
to be very comfortable with the material covered in CPRE 288.

Interactive questions/activities developed will cover topics such as:
1) Converting numbers between bases

2) Writing simple C programs

3) General Purpose I/0

4) Bitwise operations

5) UART communication

6) Analog to Digital Conversion
7) Timers

8) Pulse wave generation

9) Assembly Programming

A larger vision for this project is to act as an example that other courses in the department can use to develop
interactive learning environments. Depending on the progress of the team, there is an opportunity to experiment
with developing interactive educational material for courses beyond CPRE 288.

Expected Deliverables:

1) Refinement of existing interactive questions for initial student feedback by mid Fall 2023, 2) a larger set of more
advanced interactive questions/activities to be completed by the end of Fall 2023 so that they can be deployed to
CPRE 288 in the Spring of 2024, 3) A final large set of interactive questions/activities that will be used by CPRE 288
students in the Summer of 2024, and 4) Developer documentation, and tutorial videos to help others quickly get up to
speed with setting up a PrairieLearn server, and developing interactive questions/activities for courses in the
department.

Specialized Resources Provided by Client:

Anticipated Cost: Financial Resources Provided by Client:
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Preferred Students for the Project:

A Electrical Engineering Other Special Skills:
A Computer Engineering

A Software Engineering

A Cyber Security Engineering

L] Other:

Anticipated Client Interaction (estimate):

A 1 meeting per week

4 In person, [] Over the phone, [ ] Web / video conferencing
[ 1 meeting per month

L1 In person, L1 Over the phone, [] Web / video conferencing
(] 2 or more meetings per month

U] In person, L] Over the phone, [1 Web / video conferencing
[] 1 meeting per semester

L1 In person, [1 Over the phone, 1 Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0 — Not at all 1-A Little 2 — Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Jo 1 2 13 U4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 11 2 [13 [14
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 1 12 3 A4

This project requires students to identify, formulate, and solve
engineering problems [Jo (11 12 13 4

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice Lo 0Ol1 0Ol2 O3 U4

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-33

/4 Advisor(s) Assigned:  Phillip Jones (phjones@iastate.edu)
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Client/Company/Organization: lowa State University and Michigan Tech University

Submitter Name: Dr. Rover Email: drover@iastate.edu

Project Contact: Email:

Project Title:
Code Critiquer System for the C Language

Project Abstract:

In this project, your team will design, prototype, test and demonstrate a code critiquer system for the C language
based on the existing system developed by the RICA project at Michigan Tech University. The system will have
potential future use in C programming courses at lowa State University, including CPRE 288 (which uses C for
embedded programming), as well as to the larger user community served by the RICA project.

The RICA project is described in this paper: https://digitalcommons.mtu.edu/michigantech-p/16803/

The RICA project is aimed at detecting subpar coding solutions to common problems, termed antipatterns, in student
code and providing feedback that guides the student to better solutions. A code critiquer system is used to detect
antipatterns in student code and generate appropriate feedback. Refer to figures 2 and 4 in the paper for an overview
of a critiquer system.

In the first phase of the project, team members will capture output from C program compilation, recording error
messages, and restating them in a way that is accessible to novice programmers. If there are no compilation errors,
then a static analysis of the source code will search for other kinds of issues with the code and generate further
advice. The information collected will be used with a local or remote platform to implement an initial prototype of a C
code critiquer system.

The prototype will be further developed depending on the interests and background of team members. Development
could focus on user interface design as a tool for instructors, database or storage system design, parser design to build
an abstract syntax tree for generating advice, or using Al approaches for recognizing issues and generating advice. The
prototype system would be tested with students during the second semester.

Dr. Rover will serve as the faculty advisor, a CPRE graduate student will also help advise the team, and RICA project
developers from Michigan Tech University will be involved in client and/or consultant roles.

This is a software development project, and students should be prepared to use various software platforms, use and
modify an existing code base, and develop new software functionality. The project may be especially suited for
software and computer engineering students. The project may also be relevant to cybersecurity engineering students,
for example, if security errors or issues are considered. The project may also be relevant to electrical engineering
students, for example, if C code issues related to embedded systems are considered.

Expected Deliverables:

First semester tasks and deliverables: Fully define the problem and requirements for a code critiquer system; use an
existing system from the RICA project; plan or implement an initial prototype; collect an initial set of data for
antipatterns; and identify features the team will focus on for further development of the system.
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Second semester tasks and deliverables: Further develop the prototype based on functionality decided on by the
team; further develop the antipatterns and advice as needed; test and demonstrate system functionality; and
recommend next steps.

Specialized Resources Provided by Client:

RICA project software

Anticipated Cost: Financial Resources Provided by Client:

Preferred Students for the Project:

[ Electrical Engineering Other Special Skills: Preferably some experience with C
A Computer Engineering programming

A Software Engineering

A Cyber Security Engineering

L1 Other:

Anticipated Client Interaction (estimate):

[ 1 meeting per week

L1 In person, L1 Over the phone, [] Web / video conferencing
A 1 meeting per month

L] In person, L] Over the phone, & Web / video conferencing
L] 2 or more meetings per month

L] In person, [] Over the phone, [] Web / video conferencing
[ 1 meeting per semester

L] In person, L] Over the phone, [] Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:
0 — Not at all 1-A Little 2 — Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Lo 0O O2 O3 44

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and o 01 02 O3 U4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 []1 12 3 4

This project requires students to identify, formulate, and solve
engineering problems 10 []1 12 13 g
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This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice

10 11 [12 [13 U4

Project Approval — for use by ECpE Senior Design Committee

4 Approved:
4 Project Assigned: sdmay24-34
4 Advisor(s) Assigned: Diane Rover (drover@iastate.edu)
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Client/Company/Organization: lowa State University and the University of lowa

Submitter Name: Dr. Rover Email: drover@iastate.edu

Project Contact: Email:

Project Title:
IINSPIRE STEM Survey Visualization Tool

Project Abstract:

In this project, your team will design, prototype, test and demonstrate an IINSPIRE STEM survey visualization tool
that will be used to visually present statistical results of a survey in a web-based tool or app. The IINSPIRE STEM
survey is taken by STEM undergraduate students who participate in undergraduate research or other high impact
practices. The survey was developed by University of lowa researchers and has been used by the IINSPIRE LSAMP
Program at lowa State University. The visualization tool will support students, mentors and program staff in
understanding, using, and reporting the results of the survey. The tool has potential future use by other NSF LSAMP
programs around the country and other undergraduate research programs.

The STEM survey is described in this paper: https://iastate.app.box.com/s/Ixbosi72fjqycsfeo9jyhg55dpb6zefg

Refer to figures 1 and 2 in the paper. Students take a survey before and after participating in a program. The statistical
results of the survey provide information about a student's progress during the program in relation to STEM career
development and opportunities for growth. Currently the charts in these figures are manually created. The goal of
this project is to develop a tool to automatically create the charts, generate explanations of the charts, and provide
options to save and print the charts for posters or reports.

Some features of the visualization tool will be developed depending on the interests and background of team
members. Development could focus on user interface design for different users, database design, or customizability
for different programs or measures. The prototype tool would be tested with students during the second semester.

Dr. Rover will serve as the faculty advisor, a graduate student will also help advise the team, and University of lowa
researchers will be involved in client and/or consultant roles. Dr. Rover is the alliance director for the INSPIRE LSAMP
program (https://www.iinspirelsamp.org).

This is a software development project, and students should be prepared to develop a web-based application based
on user needs and client input. The project may be especially suited for software and computer engineering students.
The project may also be relevant to cybersecurity engineering students, for example, if data security and privacy issues
are considered.

Expected Deliverables:

First semester tasks and deliverables: Learn about the IINSPIRE STEM survey and measures; fully define the
problem and requirements for an [INSPIRE STEM survey visualization tool; plan or implement an initial prototype; set
up an initial dataset; and identify features the team will focus on for further development of the tool.

Second semester tasks and deliverables: Further develop the prototype based on functionality decided on by the
team; further develop the survey database as needed; test and demonstrate tool functionality; and recommend next
steps.
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Specialized Resources Provided by Client:

Survey data

Anticipated Cost: Financial Resources Provided by Client:

Preferred Students for the Project:

L] Electrical Engineering Other Special Skills: Web-based application development
A Computer Engineering

A Software Engineering

A Cyber Security Engineering

[ Other:

Anticipated Client Interaction (estimate):

[] 1 meeting per week

L1 In person, [1 Over the phone, 1 Web / video conferencing
A 1 meeting per month

L] In person, L] Over the phone, & Web / video conferencing
(] 2 or more meetings per month

L1 In person, L1 Over the phone, [] Web / video conferencing
[J 1 meeting per semester

U] In person, L] Over the phone, [1 Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0— Not at all 1-A Little 2 —Somewhat 3—-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering 1o 11 12 13 A4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 12 13 v4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE [Jo 01 12 03 QA4

This project requires students to identify, formulate, and solve
engineering problems o O1 O2 O3 U4

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice Lo 0Oli1 O2 03 44
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Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-35

4 Advisor(s) Assigned: Diane Rover (drover@iastate.edu)
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Client/Company/Organization: Henry Duwe, ISU ECpE

Submitter Name: Mat Wymore Email: mlwymore@iastate.edu

Project Contact: Email:

Project Title:

Using generative Al to assess learning

Project Abstract:

Can ChatGPT deliver an oral exam? The goal of this project is to design and implement a Canvas integration that
uses generative Al to aid instructors in assessing learning in their courses. The vision is a tool that allows the instructor
to define and configure an exam. Students then take the exam by having a conversation with a generative Al such as
ChatGPT. At the end of the exam, the tool will enter a grade for the exam into Canvas for the student and provide
methods for allowing the instructor to quickly verify the results. Team members should be interested in generative Al
and/or working with APlIs.

Expected Deliverables:

Sep 2023: background and system design
October 2023: system design and prototyping
November 2023: proof-of-concept finished
December 2023: design review
February 2024: implementation
March 2024: implementation and integration, testing and refinement
April 2024: acceptance testing, presentation, and reporting

Specialized Resources Provided by Client:

None

Anticipated Cost: Financial Resources Provided by Client: None

Preferred Students for the Project:

L] Electrical Engineering Other Special Skills:
A Computer Engineering

A Software Engineering

[] Cyber Security Engineering

[ Other:

Anticipated Client Interaction (estimate):

[] 1 meeting per week

L] In person, L1 Over the phone, [1 Web / video conferencing
L] 1 meeting per month

L] In person, L] Over the phone, [] Web / video conferencing
A 2 or more meetings per month
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4 In person, [] Over the phone, [ ] Web / video conferencing
[J 1 meeting per semester
L1 In person, L1 Over the phone, [] Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:
0— Not at all 1-A Little 2 —Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Lo 0O 2 O3 44

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 12 3 [14
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 [11 12 3 !

This project requires students to identify, formulate, and solve
engineering problems 10 [11 12 3 !

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice 1o 1 12 13 v

Project Approval — for use by ECpE Senior Design Committee

A Approved:

4 Project Assigned: sdmay24-36

4 Advisor(s) Assigned: Mat Wymore (mlwymore@iastate.edu)
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Client/Company/Organization: Randall Geiger Senior Design

Submitter Name: Randall Geiger Email: rlgeiger@iastate.edu

Project Contact: Email:

Project Title:

Sound Effect Devices for Musicians

Project Abstract:

This project will involve the design and testing of a special effects device targeting use by live entertainment
musicians. There are numerous sound-effects devices available that provide interesting and creative effects. These
include wah-wah, fuzz, overdrive, phasing, flanging, chorus, vibrato, tremolo, rotary speaker, octave dividers, and a
host of others. These devices usually have an input coming from a guitar or some other musical instruments. A large
number of these devices have emerged over the years but the demand exists for other devices that produce effects
that are more interesting or novel than what is available or are easier to use and integrate. A somewhat dated issue
of Guitarworld magazine (Nov 30, 2015) reviewed 50 such devices that have been used over the years.

The specific sound effects device that is targeted will depend upon the interests and innovation of the students
but two devices that might be considered are:
Device 1: “Super-tube amplifier”
One electronic device that receives a lot of attention is the“tube amp”. In their natural form, tube amplifiers use
vacuum tubes rather than transistors and op amps to build the power amplifiers. Though tubes introduce distortion
and are both more expensive and less reliable than transistor-based amplifiers, some people think they sound better
and actually like the type of distortion that they cause. So the project could take the path of designing a “super-tube
amplifier whereby the goal would be to actually enhance the distortion that makes a tube amp appealing and come
up with a type of amplifier using transistors or other solid-state devices that is even more appealing than an actual
tube amp.
Device 2: Looper

One particularly interesting effect is produced by a looper. With a looper, a sample of a signal is recorded and
then added back into the real-rime signal path in a recirculating manner. For example, a sample 4 seconds long might
be recorded and then added back in each 4 seconds until the musician decides to stop the looping. Variants of the
looper that automatically grab the looping signal from the beat of the music, that have it fade out, that reverse the
order of the looping, that alternately loop forwards and backwards, etc. would be investigated to obtain a new effect
device that is hopefully of interest to musicians.

”

Expected Deliverables:

Design and fabrication of a prototype device along with test results and assessment of interest in the device by
musicians that are not a part of the design team. Flexibility on this project is intentionally broad to allow individual
creativity and interests to dictate the direction of the project.

Specialized Resources Provided by Client:

Anticipated Cost: Financial Resources Provided by Client:
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Preferred Students for the Project:

A Electrical Engineering Other Special Skills: Only students that are interested in

A Computer Engineering exploring their creativity in the audio arena or that have ideas

[] Software Engineering that they would like to bring to the prototype level should

L] Cyber Security Engineering consider this project. Experience as a performer or performing
tasks associated with those of an audio engineer would be most

(] Other: useful but are not required

Anticipated Client Interaction (estimate):

A 1 meeting per week

4 In person, [] Over the phone, [] Web / video conferencing
L] 1 meeting per month

L] In person, L] Over the phone, [] Web / video conferencing
(] 2 or more meetings per month

[ In person, L] Over the phone, [] Web / video conferencing
[ 1 meeting per semester

L1 In person, L1 Over the phone, [] Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0— Not at all 1-A Little 2 —Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Lo 0Ol O2 O3 44

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 12 13 va
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE L]0 01 42 13 4

This project requires students to identify, formulate, and solve
engineering problems o [0Oi1 O2 O3 44

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice o 0O1 02 O3 U4

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-37

4 Advisor(s) Assigned:  Randall L. Geiger (rlgeiger@iastate.edu)
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Ames National Laboratory and Electrical and Computer Engineering
Client/Company/Organization: Department

Submitter Name: Durga Paudyal Email: durga@ameslab.gov

Project Contact: Email:

Project Title:

Designing solid-state defect qubits for quantum technologies

Project Abstract:

Solid-state defects acting as single photon sources and quantum bits (qubits) are leading contenders in quantum
technologies. Despite great efforts, not all the properties and behaviors of the presently known solid-state defect
gubits are understood. Furthermore, various quantum technologies require novel solutions, thus new solid state
defect qubits should be explored to this end. These issues call to develop ab initio methods which accurately yield the
key parameters of solid-state defect qubits and vastly accelerate the identification of novel ones for a target quantum
technology application. We aim to describe recent developments in the field including the calculation of excited states
with quantum mechanical forces, treatment of spatially extended wavefunctions in supercell models, methods for
temperature-dependent Herzberg—Teller fluorescence spectrum and photo-ionization thresholds, accurate calculation
of magneto-optical parameters of defects consisting of heavy atoms, as well as spin-phonon interaction responsible
for temperature dependence of the longitudinal spin relaxation T1 time and magneto-optical parameters, and finally
the calculation of spin dephasing and spin-echo times. We aim to design effective-mass like excited states of deep
defects and understand the leading microscopic effect in the spin relaxation of rare earth dopants in wide band gap
oxide hosts.

Expected Deliverables:

Design effective-mass like excited states of deep defects and understand the leading microscopic effect in the spin
relaxation of rare earth dopants in wide band gap oxide hosts.

Specialized Resources Provided by Client:

None

Anticipated Cost: Financial Resources Provided by Client: None

Preferred Students for the Project:

4 Electrical Engineering Other Special Skills: Quantum mechanics
A Computer Engineering

A Software Engineering

A Cyber Security Engineering

L1 Other:

Anticipated Client Interaction (estimate):

A 1 meeting per week
2 In person, [ Over the phone, L1 Web / video conferencing
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[] 1 meeting per month

[ In person, [ Over the phone, [] Web / video conferencing
[] 2 or more meetings per month

L] In person, L] Over the phone, [] Web / video conferencing
[ 1 meeting per semester

[ In person, L] Over the phone, [] Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:
0 — Not at all 1-A Little 2 — Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Lo 0O O2 O3 U4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and o 01 02 O3 U4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 []1 12 3 4

This project requires students to identify, formulate, and solve
engineering problems 10 []1 12 13 g

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice 1o 1 12 13 va

Project Approval — for use by ECpE Senior Design Committee

4 Approved:

4 Project Assigned: sdmay24-38

4 Advisor(s) Assigned: Durga Paudyal (durga@ameslab.gov)
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Client/Company/Organization: lowa State University

Submitter Name: Manimaran Govindarasu Email: gmani@iastate.edu

Project Contact: Email:

Project Title:

IDS-ICS: Intrusion Detection System for Industrial Control Systems

Project Abstract:

Intrusion Detection System (IDS) for Industrial Control System (ICS) is an emerging area of R&D effort and significant
industry need in recent years. This project focuses on the design, implementation, testing, and evaluation of an IDS for
two protocols (Modbus and DNP3). The IDS environment includes multiple IDS Clients/Sensors (at least two),
implemented on NI CRIO platform (with LabView), communicating to a IDS Master running on a cloud infrastructure
(e.g., AWS). The IDS software environment to be used in the project is SecurityOnion SIEM tool. The IDS Client will
implement IDS rules (for the given protocols) and the IDS Master will implement visualization and security analytics.
Basic rules for Modbus IDS and DNP3 IDS will be provided, and the SecurityOnion tool provides a rich set of
visualization and analytics. The project is expected to accomplish the following: (1) Demonstration of IDS Client-Server
implementation (client implementation, server implementation, and establishing connectivity between them), and (2)
Testing of Client-Server IDS environment for functional and interoperability testing, and security evaluation of the IDS
for detection accuracy (false positive/false negative rates).

Expected Deliverables:

SYSTEM SETUP:
1) Install NI CRIO Kit hardware and do administration tasks; 2) Install a Modbus Client on the NI Kit; 3) Install a HMI
Application to test Modbus; 4) Install Docker to the Kit; 5) Build Containers on the Kit; 6) Connect built containers to
outside systems.
DESIGN & IMPLEMENTATION:
7) Install SNORT IDS on the kit; 8) Update SNORT Rules and configurations; 9) Add Modbus and DNP3 rules and
configurations; 10) Integration with IDS Master (SecurityOnion); 11) Send alerts to remote IDS Master (running inside
AWS Cloud); 12) Encrypt alerts traffic from SNORT Sensors to the SecurityOnion Master (cloud); 13) Format &
Visualize Alerts on SecurityOnion IDS Master.
TESTING & EVALAUTION:
14) Conduct functional testing, interoperability testing, and end-to-end testing;
15) Conduct experimental evaluation for sample (stealthy) attack scenarios to evaluate the detection accuracy of IDS
Sensors;
16) Show a couple of sample alert correlation analytics at the IDS Master.

Specialized Resources Provided by Client:

SecurityOnion SIEM environment, NI CRIO platform, AWS cloud, Docker container, Base IDS rules for Modbus and
DNP3 protocols. Technical discussion/consultation by graduate students.

Anticipated Cost: Financial Resources Provided by Client: 2000

Preferred Students for the Project:

L] Electrical Engineering Other Special Skills: Desired skills in familiarity to one or more
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A Computer Engineering of the technologies: SNORT IDS, NI Compact RIO (CRIO)
A Software Engineering platform, AWS cloud, Docker container.
A Cyber Security Engineering
L] Other:

Anticipated Client Interaction (estimate):

A 1 meeting per week

4 In person, [] Over the phone, [ ] Web / video conferencing
[ 1 meeting per month

L] In person, L1 Over the phone, [] Web / video conferencing
(] 2 or more meetings per month

U] In person, L1 Over the phone, [ 1 Web / video conferencing
(] 1 meeting per semester

[ In person, [1 Over the phone, 1 Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0 — Not at all 1-A Little 2 — Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Jo 1 2 13 U4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 11 [12 [13 v
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 1 12 ] A4

This project requires students to identify, formulate, and solve
engineering problems [Jo (11 12 13 4

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice Lo 0Ol1 0Ol2 O3 U4

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-39

4 Advisor(s) Assigned: Manimaran Govindarasu (gmani@iastate.edu)
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Client/Company/Organization:

Submitter Name: Mohammad Tayeb Al Qaseer Email: algaseer@iastate.edu

Project Contact: Email:

Project Title:
120 GHz Imaging Radar

Project Abstract:

The project goal is to build a 120 GHz millimeter wave (mm-wave) imaging radar. The system will be based on the
Silicon RadarTM line of radar on chip ICs (e.g., TRA_120_045). The project requires designing two subsystems that are
integrated into the final product. First subsystem is the design of the RF circuit which contains the radar IC and
phased-locked-loop (PLL) circuitry. The second subsystem is the data acquisition and control circuitry which may
involve using an FPGA. The FPGA interfaces to ADCs for collecting the data from the RF circuit and a USB chip to
interface to a PC for data transfer. Furthermore, the students will program the FPGA to perform the function needed
in generating the signal, performing data acquisition and communicating the data to the PC. The group also will
program an application on the PC to interface to the FPGA. Upon completion of the hardware and the software, the
group will use the system to conduct radar imaging experiments in the microwave lab at CNDE.

Expected Deliverables:

The expected deliverable is a function radar PCB and data acquisition unit. An FPGA kit can be used instead of the
students designing their own FPGA PCB. Alternatively, a Raspberry Pi can be used instead of the FPGA if performance
is deemed acceptable.

Specialized Resources Provided by Client:

Anticipated Cost: Financial Resources Provided by Client:

Preferred Students for the Project:

A Electrical Engineering Other Special Skills: PCB design, RF measurements, FPGA
A4 Computer Engineering programming, software design, embedded programming
A Software Engineering

L] Cyber Security Engineering

L] Other:

Anticipated Client Interaction (estimate):

A 1 meeting per week

4 In person, [] Over the phone, ] Web / video conferencing
[ 1 meeting per month

L] In person, L1 Over the phone, [] Web / video conferencing
(] 2 or more meetings per month

[ In person, [ Over the phone, [ Web / video conferencing
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[J 1 meeting per semester
U] In person, [] Over the phone, [] Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0 — Not at all 1-A Little 2 — Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering 1o 1 12 13 a4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 12 13 v4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 1o 1 ]2 3 4

This project requires students to identify, formulate, and solve
engineering problems [J0o (11 12 ] 4

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice I I N O A 4

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-40

4 Advisor(s) Assigned: Mohammad Tayeb Al Qaseer (algaseer@iastate.edu)
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Client/Company/Organization: Reiman Gardens

Submitter Name: Lindsey Smith Email: lksmith@iastate.edu

Project Contact: Email:

Project Title:
Griffith Buck Rose Project

Project Abstract:

Create a website that contains a page for each of Griffith Buck's ~120 roses with photos, technical descriptions,
parentage, progeny, and date of release. In the future, it may also contain a link to our Plant Explorer (still in Alpha).
This website must be editable by RG staff, who have little to no programing background, so they can add photos and
information. This will include having a password-protected login. The website will be used by the general public and
must be easy to browse, searchable by color and size, and be sortable alphabetically and by release date. Both mobile
and web versions will be necessary. Additionally, one part of the homepage should include a chart or timeline that
utilizes historical weather and Degree Day information to predict when rose pests will emerge and when roses will
bloom at Reiman Gardens. Additional web pages would include a biography of Dr. Buck, a page for Buck Roses that are
missing from cultivation, and a list of nurseries that offer Buck Roses. All of these things need to be editable.

Expected Deliverables:

The website should be in beta testing by April 5th, 2024, and beta tested/debugged by April 28th.

Specialized Resources Provided by Client:

Anticipated Cost: Financial Resources Provided by Client:

Preferred Students for the Project:

L] Electrical Engineering Other Special Skills:
[] Computer Engineering

A Software Engineering

[] Cyber Security Engineering

[ Other:

Anticipated Client Interaction (estimate):

L] 1 meeting per week

[ In person, L] Over the phone, [] Web / video conferencing
] 1 meeting per month

[ In person, L] Over the phone, [] Web / video conferencing
A 2 or more meetings per month

4 In person, L] Over the phone, L1 Web / video conferencing
(1 1 meeting per semester

[ In person, [ Over the phone, [ Web / video conferencing
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Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0 — Not at all 1-A Little 2 — Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering 1o 1 A2 13 (14

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 12 13 v4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 (11 ]2 3 ] 4

This project requires students to identify, formulate, and solve
engineering problems o 01 2 03 04

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice Lo Oli1 02 3 D4

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-41

4 Advisor(s) Assigned: Mai Zheng (mai@iastate.edu)
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Client/Company/Organization: ECpE Student Services

Submitter Name: Vicky Thorland-Oster Email: vithorl@iastate.edu

Project Contact: Email:

Project Title:
Class Scheduler [Team 2]

Project Abstract:

Project Goal - software program to schedule labs and classes for the ECpE department. | believe that a constraint is
access to the schedule of classes.

Expected Deliverables:

| would like an easy to use software program to schedule classes into the future (one semester).

Specialized Resources Provided by Client:

Anticipated Cost: Financial Resources Provided by Client:

Preferred Students for the Project:

[] Electrical Engineering Other Special Skills:
A Computer Engineering

A Software Engineering

A Cyber Security Engineering

L1 Other:

Anticipated Client Interaction (estimate):

[] 1 meeting per week

U] In person, L] Over the phone, [ Web / video conferencing
4 1 meeting per month

¥4 In person, [ Over the phone, [ 1 Web / video conferencing
L] 2 or more meetings per month

L] In person, L] Over the phone, [] Web / video conferencing
[J 1 meeting per semester

L] In person, L1 Over the phone, [] Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:
0— Not at all 1-A Little 2 —Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics, [10 J1 ]2 3 (14



IOWA STATE UNIVERSITY

Department of Electrical and Computer Engineering Senior Design Project Proposal Form

science, and engineering

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 12 3 4“4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 1 12 ] A4

This project requires students to identify, formulate, and solve
engineering problems [Jo (11 12 13 4

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice Lo 0OJ1 O2 O3 U4

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-42

4 Advisor(s) Assigned: Thomas Daniels (daniels@iastate.edu)
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Client/Company/Organization: lowa State University

Submitter Name: Timothy Bigelow Email: bigelow@iastate.edu

Project Contact: Email:

Project Title:

Race of Doom [Team 2]

Project Abstract:

The goal of this project is to design an autonomous vehicle that can travel around a track as quickly as possible
while avoiding certain traps. The goal will be to make the trip as quickly as possible in competition with other
vehicles. In addition to physical traps, the track will also have several nodes that will attempt to "hack" into the
control system and cause the vehicle to crash. Each vehicle will have its speed controlled by remote control, but the
steering of the vehicle must be autonomous and handled by onboard sensors to detect objects. If "hacked," the
vehicle will either be caused to accelerate into a trap or brought to a dead stop. The students on the project will be
subdivided into at least 3 teams. One of the teams will be responsible to designing the track with a particular focus on
designing the traps to "hack" the vehicles. The remaining teams will be responsible for designing vehicles to race. The
vehicles themselves will be the size of a typical RC car. To be successful, this project needs at least 12 students (4
students on track, 8 students building 2 cars). The project can accommodate up to 20 students (4 on track, 16
students building 4 cars).

Expected Deliverables:

1. Track with obstacles and at least 4 nodes that attempt to hack vehicles in different ways or different outcomes.
The track will measure about 60 ft (circumference) and will involve setting up various features in a parking lot on a
Saturday.

2. Two vehicles that can be controlled remotely with on-board sensors to detect obstacles and avoid them.

Specialized Resources Provided by Client:

Anticipated Cost: Financial Resources Provided by Client:

Preferred Students for the Project:

A Electrical Engineering Other Special Skills: At least 2 cyber security engineering
A Computer Engineering students

[ Software Engineering At least 2 EE students

A Cyber Security Engineering At least 2 CPRE students.

L] Other:

Anticipated Client Interaction (estimate):

A 1 meeting per week
L] In person, L] Over the phone, & Web / video conferencing
[ 1 meeting per month
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L] In person, L] Over the phone, [] Web / video conferencing
[] 2 or more meetings per month

L1 In person, L1 Over the phone, [] Web / video conferencing
[J 1 meeting per semester

U] In person, [ Over the phone, [1 Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0— Not at all 1-A Little 2 —Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Jo 1 ]2 3 U4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 12 13 v4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE (10 1 12 03 QA4

This project requires students to identify, formulate, and solve
engineering problems o O1 O2 O3 U4

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice Lo 0Oli1 O2 03 44

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-43

4 Advisor(s) Assigned:  Timothy Bigelow (bigelow@iastate.edu)
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Client/Company/Organization: lowa State University

Submitter Name: Timothy Bigelow Email: bigelow@iastate.edu

Project Contact: Email:

Project Title:

Race of Doom [Team 3]

Project Abstract:

The goal of this project is to design an autonomous vehicle that can travel around a track as quickly as possible
while avoiding certain traps. The goal will be to make the trip as quickly as possible in competition with other
vehicles. In addition to physical traps, the track will also have several nodes that will attempt to "hack" into the
control system and cause the vehicle to crash. Each vehicle will have its speed controlled by remote control, but the
steering of the vehicle must be autonomous and handled by onboard sensors to detect objects. If "hacked," the
vehicle will either be caused to accelerate into a trap or brought to a dead stop. The students on the project will be
subdivided into at least 3 teams. One of the teams will be responsible to designing the track with a particular focus on
designing the traps to "hack" the vehicles. The remaining teams will be responsible for designing vehicles to race. The
vehicles themselves will be the size of a typical RC car. To be successful, this project needs at least 12 students (4
students on track, 8 students building 2 cars). The project can accommodate up to 20 students (4 on track, 16
students building 4 cars).

Expected Deliverables:

1. Track with obstacles and at least 4 nodes that attempt to hack vehicles in different ways or different outcomes.
The track will measure about 60 ft (circumference) and will involve setting up various features in a parking lot on a
Saturday.

2. Two vehicles that can be controlled remotely with on-board sensors to detect obstacles and avoid them.

Specialized Resources Provided by Client:

Anticipated Cost: Financial Resources Provided by Client:

Preferred Students for the Project:

A Electrical Engineering Other Special Skills: At least 2 cyber security engineering
A Computer Engineering students

[ Software Engineering At least 2 EE students

A Cyber Security Engineering At least 2 CPRE students.

L] Other:

Anticipated Client Interaction (estimate):

A 1 meeting per week
L] In person, L] Over the phone, & Web / video conferencing
[ 1 meeting per month
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L] In person, L] Over the phone, [] Web / video conferencing
[] 2 or more meetings per month

L1 In person, L1 Over the phone, [] Web / video conferencing
[J 1 meeting per semester

U] In person, [ Over the phone, [1 Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0— Not at all 1-A Little 2 —Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Jo 1 ]2 3 U4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 12 13 v4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE (10 1 12 03 QA4

This project requires students to identify, formulate, and solve
engineering problems o O1 O2 O3 U4

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice Lo 0Oli1 O2 03 44

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-44

4 Advisor(s) Assigned:  Timothy Bigelow (bigelow@iastate.edu)
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Client/Company/Organization:

Submitter Name: Ashraf Gaffar Email: gaffar@iastate.edu

Project Contact: Email:

Project Title:

Skin Cancer diagnosis using Artificial Intelligence on the Cloud [Team 2]

Project Abstract:

Learning simple Al principles and tools (no previous Al or cloud computing knowledge required). Creating simple Al
models to recognize skin Cancer. Training and gradually expanding the model on Premises and on the cloud.
Expanding the model to train using real images from different medical institutes. The project has a strong appeal to
Mayo Clinic and previous projects were adopted by Mayo clinic already.

Expected Deliverables:

Training students on Al and cloud computing: 3-4 weeks
Introducing students to Al skin cancer practices as done by Mayo Clinic: 2 weeks
Starting a small Al model on premises: 4 weeks
Improving the model accuracy: 4-6 weeks
Porting the model on the Cloud and training it: 4-6 weeks

Specialized Resources Provided by Client:

Students will be provided with a high power GPU computer and will be trained to use it.

Anticipated Cost: Financial Resources Provided by Client:

Preferred Students for the Project:

[ Electrical Engineering Other Special Skills: Good knowledge of programming language.
L[] Computer Engineering No Al or cloud computing skills required.

A Software Engineering

[ Cyber Security Engineering

L] Other:

Anticipated Client Interaction (estimate):

[ 1 meeting per week

L] In person, L1 Over the phone, [] Web / video conferencing
[J 1 meeting per month

U] In person, [ Over the phone, [1 Web / video conferencing
4 2 or more meetings per month

L1 In person, [1 Over the phone, ¥ Web / video conferencing
[1 1 meeting per semester

L] In person, L] Over the phone, [] Web / video conferencing
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Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0— Not at all 1-A Little 2 — Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Lo 0O1 42 O3 [4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and Lo Ol1 A2 O3 04
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 1 A2 3 14

This project requires students to identify, formulate, and solve
engineering problems 10 []1 A2 13 4

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice 1o 1 12 13 va

Project Approval — for use by ECpE Senior Design Committee

/4 Approved:

A Project Assigned: sdmay24-45

/4 Advisor(s) Assigned:  Ashraf Gaffar (gaffar@iastate.edu)
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Client/Company/Organization: Color Works

Submitter Name: Rebecca Bockart Email: suburbanhouseelf@gmail.com

Project Contact: Shannon Ward Email: familycolorworks@gmail.com

Project Title:

Personality based coaching/mental health app [Team 2]

Project Abstract:

The small, female owned, company provides parental coaching for the general public as well as mental
health/suicide prevention for special forces teams in the military. The app will provide simpler interaction for people
seeking help and assistance with mental health and parenting in their daily lives'. The project goal is to create a fully
functioning app for this company. This will include personality quiz, account creation, links to podcasts and other
mental health websites within the organization. The senior design team will be creating the entire app from scratch
including the UX/UI frontend design, which will provide great experience working one on one with the company to
create a good design for what they are looking for. The rest of the app creation for the backend will be similar to the
work completed in 309.

Expected Deliverables:

The 10S app will be the final deliverable, however with extra time and or resources we might make adjustments to
their already functioning website.

Specialized Resources Provided by Client:

The client is willing to pay for 10S development which means we don't have to use android studios and will gain
experience creating apps on Apple software. Since it is a smaller company we will also be permitted to speak directly
with the owners consistently for project development.

Anticipated Cost: Financial Resources Provided by Client:

Preferred Students for the Project:

[ Electrical Engineering Other Special Skills: Some frontend workers (3) and some
A4 Computer Engineering backend workers (2)

A Software Engineering

A Cyber Security Engineering

L] Other:

Anticipated Client Interaction (estimate):

] 1 meeting per week

[ In person, L] Over the phone, [] Web / video conferencing
A 1 meeting per month

L1 In person, L1 Over the phone, 4 Web / video conferencing
(1 2 or more meetings per month

[ In person, [ Over the phone, [ Web / video conferencing
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[J 1 meeting per semester
U] In person, [] Over the phone, [] Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0 — Not at all 1-A Little 2 — Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering 1o 1 12 A3 (14

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 12 13 v4
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 1o (11 ]2 3 ] 4

This project requires students to identify, formulate, and solve
engineering problems [J0o (11 12 ] 4

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice I I N O A 4

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-46

4 Advisor(s) Assigned: Judith Islam (jislam@iastate.edu)
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Client/Company/Organization:

Submitter Name: Ashraf Gaffar Email: affar@iastate.edu

Project Contact: Email:

Project Title:

Accurate Cancer Prediction using Artificial Intelligence [Team 2]

Project Abstract:

Cancer remains one of the largest mysteries in medicine with limited ability to predict its occurrence and
recurrence. Resent research shows that Al can provide more accurate results than human doctors alone, and has
become a top priority in medicine. This project will build and train a simple Al model to provide accurate prediction of
cancer. No prior Al knowledge is needed. Students will be trained on Al from scratch and will learn to build and train a
medical Al diagnosis tool, highly sought after in today's cancer treatment. Students will receive full support and
training as needed to help them overcome any technical challenges. Students will learn how to use common Al tools
and libraries like Tensorflow and Keras as well as Transfer Learning to give them a head start.

Expected Deliverables:

A basic Al model trained to recognize and predict the risk of cancer occurrence and recurrence. The model will be
gradually improved by training it on multiple sets of data provided by leading research institutes and hospitals

Specialized Resources Provided by Client:

A GPU, which is readily available at lowa State University IT as well as HPC centers.

Anticipated Cost: Financial Resources Provided by Client:

Preferred Students for the Project:

[ Electrical Engineering Other Special Skills: Knowledge of programming language (Java
L[] Computer Engineering is OK, Python is a plus)

A Software Engineering

[ Cyber Security Engineering

L] Other:

Anticipated Client Interaction (estimate):

[ 1 meeting per week

L] In person, L1 Over the phone, [] Web / video conferencing
[J 1 meeting per month

U] In person, [ Over the phone, [1 Web / video conferencing
4 2 or more meetings per month

L1 In person, [1 Over the phone, ¥ Web / video conferencing
[1 1 meeting per semester

L] In person, L] Over the phone, [] Web / video conferencing
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Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0— Not at all 1-A Little 2 — Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Lo 0O1 42 O3 [4

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and Lo Ol1 A2 O3 04
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 A1 ]2 3 14

This project requires students to identify, formulate, and solve
engineering problems 10 []1 (12 13 g

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice 1o 1 12 13 va

Project Approval — for use by ECpE Senior Design Committee

/4 Approved:

A Project Assigned: sdmay24-47

/4 Advisor(s) Assigned:  Ashraf Gaffar (gaffar@iastate.edu)
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Client/Company/Organization:

Submitter Name: Ashraf Gaffar Email: gaffar@iastate.edu

Project Contact: Email:

Project Title:

Allergy Prediction using Artificial Intelligence [Team 2]

Project Abstract:

Allergy is becoming a major medical challenge due to the growing number of new chemicals we are exposed to.
The project aims to revolutionize the approach to allergy treatment by implementing Intelligent Search and
Personalized Product Recommendations. The challenge lies in creating a diagnostic Al system with strong intelligent
engine and intuitive search that allows doctors and other users to find products and predict their allergic reaction to
individuals. This is an important area of Al that is highly needed by hospitals, doctors, and chemical manufacturing
companies. | will be working closely with students as needed.

Expected Deliverables:

Data analysis and preparation: 3-4 weeks
Al preparation and training: 4 weeks
Model selection and training: 4-6 weeks
Additional refinements and training...

Specialized Resources Provided by Client:

Anticipated Cost: Financial Resources Provided by Client:

Preferred Students for the Project:

L] Electrical Engineering Other Special Skills:
[] Computer Engineering

A Software Engineering

[] Cyber Security Engineering

[ Other:

Anticipated Client Interaction (estimate):

L] 1 meeting per week

[ In person, L] Over the phone, [] Web / video conferencing
] 1 meeting per month

[ In person, L] Over the phone, [] Web / video conferencing
A 2 or more meetings per month

L1 In person, L1 Over the phone, 4 Web / video conferencing
(1 1 meeting per semester

[ In person, [ Over the phone, [ Web / video conferencing
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Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:

0 — Not at all 1-A Little 2 — Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering 1o 1 A2 13 (14

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 V) 13 [14
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 (11 2 3 ] 4

This project requires students to identify, formulate, and solve
engineering problems Lo O1 02 3 04

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice I I N O A 4

Project Approval — for use by ECpE Senior Design Committee

A Approved:

A Project Assigned: sdmay24-48

4 Advisor(s) Assigned:  Ashraf Gaffar (gaffar@iastate.edu)
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Client/Company/Organization:

Submitter Name: Mat Wymore Email: mlwymore@iastate.edu

Project Contact: Email:

Project Title:

Using Generative Al to Assess Learning [Team 2]

Project Abstract:

Can ChatGPT deliver an oral exam? The goal of this project is to design and implement a Canvas integration that
uses generative Al to aid instructors in assessing learning in their courses. The vision is a tool that allows the instructor
to define and configure an exam. Students then take the exam by having a conversation with a generative Al such as
ChatGPT. At the end of the exam, the tool will enter a grade for the exam into Canvas for the student and provide
methods for allowing the instructor to quickly verify the results. Team members should be interested in generative Al
and/or working with APlIs.

Expected Deliverables:

Sep 2023: background and system design
October 2023: system design and prototyping
November 2023: proof-of-concept finished
December 2023: design review
February 2024: implementation
March 2024: implementation and integration, testing and refinement
April 2024: acceptance testing, presentation, and reporting

Specialized Resources Provided by Client:

Anticipated Cost: Financial Resources Provided by Client:

Preferred Students for the Project:

L] Electrical Engineering Other Special Skills:
A Computer Engineering

A Software Engineering

[] Cyber Security Engineering

[ Other:

Anticipated Client Interaction (estimate):

[] 1 meeting per week

L] In person, L1 Over the phone, [1 Web / video conferencing
L] 1 meeting per month

L] In person, L] Over the phone, [] Web / video conferencing
A 2 or more meetings per month
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4 In person, [] Over the phone, [ ] Web / video conferencing
[J 1 meeting per semester
L1 In person, L1 Over the phone, [] Web / video conferencing

Meeting ABET Criteria

Please rate the following statements as they relate to your proposed project:
0— Not at all 1-A Little 2 —Somewhat 3-Alot 4 — Completely

On this project, students will need to apply knowledge of mathematics,
science, and engineering Lo 0O 2 O3 44

This project gives students an opportunity to design a system,

component, or process to meet desired needs within realistic constraints

such as economic, environmental, social, political, ethical, health and 1o 1 12 3 [14
safety, manufacturability, and sustainability

This project involves students from a variety of programs, i.e., CprE, EE,
and SE 10 [11 12 3 !

This project requires students to identify, formulate, and solve
engineering problems 10 [11 12 3 !

This project gives students an opportunity to use the techniques, skills,
and modern engineering tools necessary for engineering practice 1o 1 12 13 v

Project Approval — for use by ECpE Senior Design Committee

A Approved:

4 Project Assigned: sdmay24-49

4 Advisor(s) Assigned: Mat Wymore (mlwymore@iastate.edu)
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