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Executive Summary

Development Standards & Practices Used

List all standard circuits, hardware, software practices used in this project. List
all the Engineering standards that apply to this project that were considered.

Summary of Requirements

e Capability to withstand temperature and pressure similar to that of the
human gastrointestinal tract.

e Accurate identification and localization of signs of disease.

e Adequate image quality and lighting for image processing.

Applicable Courses from lowa State University Curriculum

e EE 201 — Electric Circuits: Provided the circuit element and analysis
knowledge needed to construct the hardware.

e EE 230 — Electronic Circuits and Systems: Frequency vs time domain
characteristics of circuits.

e CprE 288 — Embedded Systems 1: Provided general knowledge of
microcontrollers and GPIO ports.

New Skills/Knowledge acquired that was not taught in courses

List all new skills/knowledge that your team acquired which was not part of your
Iowa State curriculum to complete this project.
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1

1.1

1.2

1.3

Team

TEAM MEMBERS

Jon Thomas - Electrical Engineering

Robert Zukowski - Electrical Engineering

Chase Thompson - Software Engineering

Cutler Thayer - Computer Engineering
REQUIRED SKILL SETS FOR YOUR PROJECT

e Complex circuit design.
¢ Knowledge of advanced algorithms and Al

e Ability to research and utilize electrical components (i.e. pH sensors, cameras,
etc.)

e Front end programming for the Ul of the application interfacing with the pill

e Knowledge of microprocessors

SKILL SETS COVERED BY THE TEAM

Robert Zukowski: Electrical Engineer of the high frequency variety. Most likely to
contribute to any Bluetooth, antenna, or communication related project sections. Also
has significant experience with PCB design and manufacturing as well as a very strong
coding background.

Cutler Thayer: Computer Engineer with a specific interest in embedded systems. I will
likely be in between the hardware and the software as I have a decent experience in
both. I have a strong background in developing software applications while also
building hardware projects on the side.

Tucker Thomas: Electrical Engineer interested in VLSI design. The best location for me
would be circuit or mechanical design. I am best in a hands-on environment, and love
building things that are tangible. I will be able to contribute to software development,
though likely with less success than others.




Chase Thompson: Software Engineer who has a background working with embedded
systems. I will be working on creating the on-board software for the capsule and the
computer application that interfaces with the capsule over Bluetooth. Most of my
efforts will likely be applied in utilizing Al to analyze the data captured by the capsule.

1.4 PROJECT MANAGEMENT STYLE ADOPTED BY THE TEAM

We are using a mixture of the waterfall and agile project management styles to get
the benefits of having a more linear style but also utilizing the ability to change the
project as we go along should we run into issues. We will all hold the same level of
priority as one another to ensure one voice does not overpower the rest. We will
maintain a professional relationship between ourselves and address problems or lapses
in communication as a group rather than trusting that a group leader can have all the
responsibility piled onto them. All members should equally build leadership skills by
communicating effectively and playing their part.

1.5 INITIAL PROJECT MANAGEMENT ROLES

We will be basing our project on the agile/waterfall structures however we will be
putting them into effect in a more relaxed method without instructing anyone into
any specific leadership role. The closest thing we have to a managerial position is the
one person in charge of emailing/contacting the professor, but this communication
will still be equally vetted by other team members. The person in charge of
communicating with the professor might change from week to week.

2 Introduction

2.1 PROBLEM STATEMENT

Doctors struggle to diagnose various ailments that may occur in their patients’
gastrointestinal tract. This struggle occurs because current methods are expensive and
time-consuming. Most current methods of testing and diagnosis involve more invasive
methods like endoscopic cameras, x-rays, and CT scans. While these methods have
their merits, doctors need to be able to diagnose these issues autonomously without
having to subject their patients to invasive testing.

2.2 REQUIREMENTS & CONSTRAINTS

For this project, the device must be no larger than the size of a standard pill. All electronic
components must be able to fit inside of this space while being able to collect and
transmit data via Bluetooth to a GUI application on a smartphone, tablet, or computer.
The electronics used in this device must be off the shelf electrical components to keep



manufacturing costs as low as possible. By sticking to off the shelf electronics, more time
can also be allocated to more important tasks, such as improving on features that capsules
already on the market provide to grant a more competitive advantage. The capsule must
be safe for humans and animals to swallow and must not carry a risk of dissolving or
rupturing the inside of the user.

2.3 ENGINEERING STANDARDS
1.) Device Specialization - Endoscopic Camera
2.) Health Informatics-- Point-of-care medical device communication-Framework
and Overview

Device Specialization - Endoscopic Camera
https://standards.ieee.org/ieee/11073-10722/7543/

This provides the standard for an endoscopic camera. These cameras are usually inserted
through the throat to see the inside of the body during various surgeries and operations.
While we would not need to understand this standard exactly, we need to look at this to
see the camera standards to make sure that the cameras we may add to any device match
the correct standards and are safe to use by medical professionals.

Health Informatics-- Point-of-care medical device communication-Framework and
Overview
https://standards.ieee.org/ieee/11073-00000/3516/

This is an extremely broad standard that covers a lot of different medical devices. Since
the end goal of the project is to simulate a medical device that would measure various
things it would make sense to have those same standards in mind when working on this
device. When looking at the standards for the many devices covered by this framework,
we can see similar standards that we should abide by to make things safer and easier.

2.4 INTENDED USERS AND USES

The intended users for this device are doctors investigating issues in a patient's
gastrointestinal tract. By using this device, it would allow for easier diagnosis of colon
cancer and ulcers than traditional methods. The device would end up inside a patient by
them ingesting it and letting it run through their gastrointestinal tract for 8-12 hours.
After the device leaves this tract, the doctor will be presented with specific images that the
device detected may contain signs of ulcers or colon cancer allowing for less time to be
spent on diagnosing the patient.


https://standards.ieee.org/ieee/11073-10722/7543/
https://standards.ieee.org/ieee/11073-00000/3516/

3 Project Plan

3.1 PROJECT MANAGEMENT/TRACKING PROCEDURES

We will adopt the agile leadership style as it is better for a team relationship. It’s better to
lead by example than it is to facilitate people. Also, our tasks will naturally be divided by
our expertise, so it may not be best to have one person in charge of the entire project.
Every team member should still be in the loop with project goals outside of their expertise,
however.

To track our project's progress throughout this course, we will use Git and Trello. Git will
be used as our place to store code and documents that are important to our project and
Trello will be used to keep track of current tasks, future tasks, and any issues that may
come up for each task.

3.2 TASK DECOMPOSITION

We have decided to divide our project into three smaller teams to work in tandem while
still adopting an agile management style. The reason we decided to do this is so part of the
team can make progress with the physical aspect of our project while the other part works
on the software. Without splitting into multiple smaller teams, part of the team would
potentially be waiting for the creation of the hardware to be completed before being able
to begin work on the software.

The smaller tasks that we have split the project into is the creation of the circuit layout,
the desktop application, and the firmware. The team that will be responsible for the
firmware and desktop application are the same, however, the creation of the firmware will
take place in tandem with the creation of the circuit after the desktop application has had
substantial progress. These smaller tasks can also be split up into smaller tasks that will be
progressed through with an agile workflow style by completing the earlier tasks before
reviewing and then moving on to progress on the next tasks.

3.3 PROJECT PROPOSED MILESTONES, METRICS, AND EVALUATION CRITERIA

As described in section 2.2 Task Decomposition, we have split the project into three
smaller tasks on their own. Within these three tasks are milestones that we intend to
progress through using the agile workflow. After completing one milestone for a task, the
team will then move onto the next milestone. Should any issues be found with the current
milestone, they will be addressed and fixed before moving on to the next milestone. A
breakdown of these milestones can be found below.

1. Creation of Firmware
1. Take data from components
2. Transmit data to desktop application
1. USB/File (for prototyping)
2. Bluetooth (final)



2. Creation of Circuit
1. Find components that fit project requirements
2. Refining those components to fit in size constraints
. Create a prototype
3. Creation of Desktop Application
1. Al to analyze colon images
2. Displaying of data

3. Receive data over BT

3.4 PROJECT TIMELINE/SCHEDULE

Project Gantt Chart

B B Duration

Firmware
(i 25 50 75 100
% time of project
3.5 RISKS AND RISK MANAGEMENT/MITIGATION
Major Risk Probability Risk Mitigation
Task
Firmware | Unable to transmit 0.7 Find a way to transmit the data after

data through Bluetooth
while capsule is inside
of the patient

the capsule has left the body




image processing
algorithm with a

success rate about 70%

Circuit Unable to fit in the size 0.5 Remove components that are less
constraints important to shrink the capsule size
Hardware | Capsule provides risk 0.2 Test capsule in specific extreme
of bursting environments
Software | Unable to create an 0.5 Lower the success rate of the

automated detection but provide
images afterwards that allow the
user to manually check the
algorithms work

3.6 PERSONNEL EFFORT REQUIREMENTS

Major
Task

Minor Task

Person
Hours

Explanation

Firmware

Retrieve data from
components

This task will likely take a large amount of
time to research how to write firmware for
the microcontroller we use.

Firmware

Send data to
desktop
application

8.5

This will likely take a substantial amount of
time to determine how to send data to the
desktop app while ensuring it receives the
data properly.

Software

Image processing

40

This will likely be a time-consuming process
as a lot of research will need to be done to
learn about image processing in general while
also learning about the visual signs of the
cancer and polyps that we are detecting. It
will also likely take time to fine tune and
improve the algorithm after a baseline is
created.

Software

Receive BT data

8.5

This will likely take a substantial amount of
time to get properly working in tandem with
the firmware

Software

Display data

10

This will take a decent amount of time due to
having to set up the base desktop application
while relying on receiving the data to even
work.




Circuit Find components | 7.5 This will take a decent amount of time as the
team will have to decide what sensors are
needed and where to source them

Circuit Refine 20 This will take a substantial amount of time as
components list to finding small components for cheap can be
fit within size quite difficult. The team will also have to
constraints and consider which components are less
price constraints important to save space.

Circuit Create prototype |30 This will be the most time-consuming

portion for the circuit team as they will need
to find out how to fit all the components into
the capsule and actually create a working
prototype for testing.

3.7 OTHER RESOURCE REQUIREMENTS

Besides financial resources, for this project we will need image data banks and a false
intestinal tract. The image data banks will allow us to use images to test our image
processing algorithms and fine tune them throughout the project. The false intestinal tract
will allow us to test the full capsule when we have a working prototype to ensure that it
works properly and determine whether it is safe to test on animals or if more
improvements need to be made.

4 Design
4.1 DESIGN CONTEXT

4.1.1 Broader Context

Area Description Examples

Public health, How does your project affect | The safety risks with ingesting our

safety, and the general well-being of endoscopy pill are related to the
welfare various stakeholder groups? | safety risks associated with
These groups may be direct swallowing a battery. While that
users or may be indirectly sounds bad, the capsule should be
affected (e.g., solution is enough to protect users’ stomach

lining from the battery inside the pill.




implemented in their
communities)

The pill also reduces job
opportunities by removing the need
for certain specific endoscopy tools.

Global, cultural,

How well does your project

Implementation of our capsule would

and social reflect the values, practices, require individuals to be open to the
and aims of the cultural idea of ingesting a circuit, which will
groups it affects? Groups may [ be a difficult hurdle for users to
include but are not limited to | overcome. However, the pill is
specific communities, designed to be used in the biomedical
nations, professions, field. Therefore, if it can be proven
workplaces, and ethnic that the solution is safe and effective,
cultures. it would be a net-positive for doctors

and patients alike.

Environmental | What environmental impact | Implementation of the pill would
might your project have? This | have a net-negative impact on the
can include indirect effects, environment. This impact could be in
such as deforestation or the form of municipal solid waste or
unsustainable practices energy usage. Many circuit
related to materials components aren’t recyclable
manufacture or procurement. | resources, and the energy source

(silver oxide battery) is non-
renewable.

Economic What economic impact might | While it is difficult to determine

your project have? This can
include the financial viability
of your product within your
team or company, cost to
consumers, or broader
economic effects on
communities, markets,
nations, and other groups.

manufacturing costs related to this
solution, the parts involved would be
much less than the cost of an
endoscope (>$10,000). Capsule prices
are currently very expensive, but if
the cost were to be reduced to sub
$100, the procedure would become
much more affordable. More effort is
needed to determine exact costs. This
is partially because of the complex
financial relationship between
doctors, patients, and insurance
companies.




4.1.2 User Needs

Gastrointestinal Doctors need a way to examine patients safely and effectively for early
signs of disease because current methods are invasive and time-consuming.

Gastrointestinal Patients need a way to monitor the health of their stomach to catch
early signs of disease to avoid expensive and invasive endoscopies.

4.1.3 Prior Work/Solutions

Capsule endoscopy is by no means a revolutionary project. Many companies already make
pills with very advanced circuitry or capture technology, and there is plenty of research on
basic capsules that exist. The biggest disadvantage of all the existing technology is that a
significant amount of it is locked behind corporate offices that are not keen on sharing
their advancements with the rest of the world. Our project revolves around creating a
generic capsule that performs up to the expected standards while remaining as cheap as
possible - current capsules cost between $600 and $1300 which is a completely unrealistic
cost for this type of product.

https://www.howmuchisit.org/capsule-endoscopy-cost/

There is also much to be gained from replicating and publicizing certain technology such
as rapid reading software or sending data from the pill without a large
Bluetooth/microcontroller IC and battery. These technologies also already exist but again
are locked behind corporate secrets.

4.1.4 Technical Complexity

Our project has three main components. In no order, the first component is the creation
of firmware that takes data from components and transmits it to a desktop application.
This will be done through Bluetooth, but some wireless transmission solution will be
required to send data from within a person to a computer. This requires embedded
programming skills, as the transmission will be from a microcontroller within the capsule
the same way that most if not all currently existing capsules solve the same problem. The
next component is a circuit that fits as many sensors as possible into the size constraint of
the capsule. This requires a good knowledge of selecting compatible components as well
as circuit creation in general. This circuit also must work together with the transmission
firmware. Finally, the third component is the creation of a desktop application that will
receive the Bluetooth data from the capsule firmware and display measured results using
Al This part of the project requires a strong understanding of coding principles and a
good understanding of Al. This firmware should be able to compete with existing industry
solutions.


https://www.howmuchisit.org/capsule-endoscopy-cost/

4.2 DESIGN EXPLORATION
4.2.1 Design Decisions

e Nordic Semiconductor will be used for the main microcontroller within the
capsule

e Any sensors to be used are provided by the advisor

o Physical Layout will be done with discrete wires (no PCB) and must all fit within
the capsule

e Code for the desktop application will be done with C++ while the image processing
will be done with Python

e The desktop application will implement image processing regardless of if we are
able to transmit camera data from the capsule itself

4.2.2 Ideation

The physical layout was chosen out of a desire to limit the size of the capsule. PCBs
require a lot of space compared to simply the microcontroller, connected to sensors with
wires.

4.2.3 Decision-Making and Trade-Off

Demonstrate the process you used to identify the pros and cons or trade-offs between each of your
ideal options. You may wish to include a weighted decision matrix or other relevant tool. Describe
the option you chose and why you chose it.

4.3 PROPOSED DESIGN

Currently we have not implemented or tested any aspects of our physical capsule or the
software for the desktop application. We are still researching components and
implementation techniques for image processing.



4.3.1 Design Visual and Description

Colon Capsule Desktop Application X

Connect BT Device Analyze Video

Figure 3.1

Colon Capsule Desktop Application X

Temperature Sensor Reading

PH Sensor Reading

Video Feed

Flagged Video
Frames

Figure 3.2



In Figure 3.1 we have an example of what our final desktop application landing page looks
like. On the left-hand side is an option to connect the capsule via Bluetooth to enable a
live feed straight from the capsule. On the right-hand side is the option to analyze a
previously recorded video using the image processing software to detect video frames that
may contain signs of colon issues.

In Figure 3.2 we have an example of what our final desktop application design may look
like. On the left-hand side, we have the video feed from the capsule while, on the right-
hand side, we have sensor readings and flagged video frames. In the flagged video frames
section, we will show thumbnails of video frames that the image processing has detected
something in for the user to manually review and mark.

4.3.2 Functionality

Our design for the desktop application is intended to operate by either first linking to the
capsule via Bluetooth or allowing the user to drag a video or image folder into the
application for image processing. Once the devices have been linked, it will show a live
feed from the camera as well as sensor readings while also storing this data in files. These
windows can then be rearranged around the application as the user intends. Our current
design does not satisfy these requirements as we have been working on first implementing
the image processing prior to developing the desktop application.

4.3.3 Areas of Concern and Development

One primary concern about the desktop application is that there is a chance that we may
be unable to transmit Bluetooth data from the capsule directly to the desktop application
due to range limitations. If we run into this issue, we would have to implement an in-
between device to send data between the capsule and computer to increase the range.

4.4 TECHNOLOGY CONSIDERATIONS

The biggest strengths of existing capsules are the compact size and the advanced
hardware. One downside of this choice is the steep price for small components.

4.5 DESIGN ANALYSIS

- Did your proposed design from 3.3 work? Why or why not?

— What are your observations, thoughts, and ideas to modify or iterate over the design?

4.6 DESIGN PLAN

Describe a design plan with respect to use-cases within the context of requirements, modules in
your design (dependency/concurrency of modules through a module diagram, interfaces,
architectural overview), module constraints tied to requirements.



5 Testing

Our testing strategy prioritizes safety and previous functionality. We will run rigorous
regression testing with each new addition to ensure previous functionality remains while
also including new test cases for each addition to the project. Our test cases will try to
ensure a success rate of at least 70% in features that come with a risk of failure at times
such as image processing and Bluetooth communication. This means running multiple
tests using different inputs in these cases that can fail an allowed amount.

5.1 UNIT TESTING

Image Processing Code: Written in python, the image processing will be tested
continuously on a publicly available data set of endoscopic images. After preprocessing
the images into a simpler color palette, the code should scan the images for signs of
disease. The dataset will contain images with and without abnormalities. This will ensure
that the script can be continuously tested for accuracy.

Microcontroller: Every iteration of the Nordic System-on-Chip (SoC) circuit should be tested for
energy consumption. The method for this could be to measure the voltage slope of the battery over
time intervals. Energy efficiency is an important consideration for the environment and for
economic reasons.

5.2 INTERFACE TESTING

Various Sensors — Microcontroller: All sensors used in the capsule have expected
results given by their respective datasheets. By plotting real result data relative to
expected data, faults can be determined.

Microcontroller — Desktop API: Written in C++, the desktop API will connect to the
MCU through Bluetooth. This interface can be tested by determining the strength of the
signal from different distances.

5.3 INTEGRATION TESTING

Microcontroller — Desktop Application: Various predetermined data packets will be
sent to the desktop application via Bluetooth. The desktop application will (in this
iteration) output all sent data to be compared and verified.

Various Sensors — Desktop Application: Once the previous test is determined to work
consistently, each sensor will be individually tested to make sure that the input data
matches the expected output. In this test (compared to interface testing), the sensor data
will be read on the desktop application.



Image
Processing

Capsule

Desktop Bluetooth Nordic SoC

App

5.4 SYSTEM TESTING

Various Sensors — Human Interface: Sensors will be fed data as described in interface
testing procedure, but all sensors will be tested simultaneously with the capsule in a
controlled/simulated (gut) environment. Various sensors will be cross-checked with
alternate sensing equipment that is known to work.

Capsule Testing: Once all electrical components planned to be used in the capsule
are tested, a system test will be conducted with a circuit set up inside a capsule.
The previous system test will be conducted, and results are expected to not change with
the inclusion of the capsule body.

5.5 REGRESSION TESTING

Each new addition to the project will have its own test cases created to ensure the new
feature functions properly. Once each addition has been successfully tested, these tests
will then be added to our regression testing process to ensure no previous additions at any
point will fail to work properly. This means that our regression testing process will grow as
the project progresses but will help to ensure that every aspect of the project functions

properly.



5.6 ACCEPTANCE TESTING
Stability Testing: Final system test will be reconducted, except the capsule will be
placed in chemicals that simulate various gut internals.

Animal Testing: Once all testing has proved successful, the capsule will be submitted for
animal testing, and all biomedical tests required beforehand.

5.7 SECURITY TESTING
The Bluetooth signal should be tested for its cutoff range. This range should not exceed
36 inches to protect the user from noise or malicious attacks. The circuit should also be
tested for heat, as an exceeded operating temperature could harm the gastrointestinal

tract of the user.

6 Implementation

Describe any (preliminary) implementation plan for the next semester for your proposed design in

3.3. If your project has inseparable activities between design and implementation, you can list them
either in the Design section or this section.

e Develop mechanical/chemical testing environment which could simulate different
stages of the human digestive system

7 Professionalism

This discussion is with respect to the paper titled “Contextualizing Professionalism in Capstone
Projects Using the IDEALS Professional Responsibility Assessment”, International Journal of
Engineering Education Vol. 28, No. 2, pp. 416424, 2012

7.1 AREAS OF RESPONSIBILITY

Table 1. The seven areas of professional responsibility in the assessment instrument

Area of Definition NSPE Canon IEEE Canon
responsibility
Work Perform work of Perform services only | Only perform tasks for
Competence high quality, in areas of their others if properly trained
integrity, timeliness, | competence; Avoid or experienced; Improve
and professional deceptive acts technical competence
competence
Financial Deliver products and | Act for each employer | Always reject bribery of any
Responsibility services of realizable | or client as faithful form
value and at agents or trustees
reasonable costs




Communication
Honesty

Report work
truthfully, without
deception, and
understandable to
stakeholders

Issue public statements
only in an objective
and truthful manner;
Avoid deceptive acts

Be honest and realistic
when claiming or
estimating

Health, Safety,

Minimize risks to

Hold paramount the

Be responsible for making

Well-Being safety, health, and safety, health, and decisions that align with
well-being of welfare of the public health, safety, and welfare
stakeholders of the public or

environment; Promptly
disclose factors that might
endanger either

Property Respect property, Act for each employer | Avoid damaging others,

Ownership ideas, and or client as faithful their property, or their
information of agents or trustees reputation
clients and others

Sustainability Protect environment Disclose factors that might
and natural damage the environment
resources locally and
globally

Social Produce products Conduct themselves Improve our understanding

Responsibility and services that honorably, responsibly, | of technology and its
benefit society and ethically, and lawfully | potential consequences; Do
communities to enhance the honor, | so while supporting

reputation, and colleagues and coworkers
usefulness of the and avoiding any conflicts
profession of interest

Differences:

Work Competence - IEEE differs mainly in trying to improve technical competence in
addition to NSPEs standards.

Financial Responsibility - NSPEs can apply to more than just bribery in terms of
financial responsibility, but IEEEs seem to be more specific in terms of bribery.

Communication Honesty - Both of these are very similar. They both require the
engineer to be honest, but IEEEs also require a degree of realism in addition to
honesty so an engineer does not mislead further.

Health, Safety, Well-Being - Here IEEEs focus more on the decision making aspect of
this, but both of these focus on protecting the health and safety of others.




Property Ownership - These are very different. For NSPEs their standard is acting as a
faithful agent. This can mean a lot of different things, but ultimately being responsible
for the client. IEEEs focus more on property damage and damage to reputation.
Making sure that these things do not happen.

Sustainability - There does not seem to be much in terms of sustainability in NSPEs
canons. [EEE is very different in the fact that they state they should disclose factors
relating to environmental concerns.

Social Responsibility - Both of these are similar. The only way that these differ is in
how NSPEs are more generic about honor while IEEEs focus more on improving
technological understanding.

7.2 PROJECT SPECIFIC PROFESSIONAL RESPONSIBILITY AREAS

For each of the professional responsibility areas in Table 1, discuss whether it applies in
your project’s professional context. Why yes or why not? How well is your team
performing (High, Medium, Low, N/A) in each of the seven areas of professional
responsibility, again in the context of your project. Justify.

Work Competence - Yes this does apply to us, but it applies to us more in terms of
improving technical competence than the rest of it. This is because we need to learn more
about bluetooth capsules and rapid reading which is something [ am pretty sure most of
us have minimal experience in. That being said, the experience we have gained through
our other classes would be useful here.

Financial Responsibility - No or unlikely. While this makes sense to do in most
engineering professions, this project is a more controlled environment with little
opportunity for bribery. If it does occur we should be able to spot when this happens.

Communication Honesty - Yes. This is important for us because when we need to
communicate pieces of information we need to make sure that our expectations are
accurate. If we set a time frame or budget we need to do so to the best of our knowledge.

Health, Safety, and Well-Being - Yes. While it would be impossible in this project to
actually do human trials we need to keep in mind the “end goal” if the project were to
actually be launched is to diagnose issues humans may be having. With this in mind we
need to keep the health and safety of clients in mind.

Property Ownership - No. This is unimportant in our case because we will only be dealing
with property we control and since it is such a small scale there is a small likelihood we
can damage much else.

Sustainability - No. Since this is a small scale project we do not need to worry about the
damage to the environment much if at all.



Social Responsibility - Yes. We need to make sure that we learn about the technology we
are working with thoroughly during this project. We also need to make sure that our
teammates and others know enough to do the same.

7.3 MOST APPLICABLE PROFESSIONAL RESPONSIBILITY AREA

Communication honesty - Our team thus far has done a good job of communicating
honestly with each other. Going forwards, it will be important that all parts of the project
are able to mix well. If actions need to be taken for the project to move forward smoothly,
it is important that these actions are communicated within the team as to not create
bottlenecks. So far, we have demonstrated a fair amount of responsibility for
communication, especially since we have been unable to schedule a second meeting with
the professor. This means that even though we are currently at a bottleneck, other work is
being done that is not affected by the bottleneck, and we are hard at work making a new
schedule to accommodate the professor.

8 Closing Material

8.1 DISCUSSION

The current result of our project is mostly knowledge gained by the team. We have yet to make
much physical progress on our project in terms of creating a functional circuit or image processing
algorithm. We have created base designs for our software layout, have an idea of components for
the circuitry, and have constraints and plans for the image processing. This progress, while mostly
relating to a plan for moving forward, is still helpful in achieving our end goals.

8.2 CONCLUSION

So far, we have made substantial progress learning about already available capsules and finding
components that will fit our project. We have also made progress researching image processing
algorithms and planning out our method of developing our own image processing algorithm. Our
goals for this project are to create an ingestible capsule that can monitor pH and temperature and
stream a live video feed to a separate computer that will analyze the video feed using image
processing. Currently, we have been unable to produce a physical capsule that successfully
implements these sensors and have yet to create software to analyze the video feed. We are still
making progress towards these goals but better planning and time management from all on the
team would have allowed us to make progress towards these goals much faster. We still hope to be
able to complete these goals by the end of next semester as we are still on track with our current
schedule.

8.3 REFERENCES

List technical references and related work / market survey references. Do professional citation style
(ex. IEEE).



8.4 APPENDICES

8.4.1 Team Contract

Team Name: Bluetooth-Enabled Ingestible Capsule to Monitor Gut Activity (sddec23-19)
Team Members: Chase Thompson, Cutler Thayer, Jon “Tucker” Thomas, Robert
Zukowski

Team Procedures:

1. Day, time, and location (face-to-face or virtual) for regular team meetings:
Regular team meetings will be decided by our workload and a calendar with team-

member availabilities plotted on it. Meetings will be face-to-face or virtual depending on

team member availability and may be cancelled for uneventful weeks or ones where group

members meet a lot due to higher workload. At the moment, the best meeting time for

the group would be Friday or Sunday afternoon.

2. Preferred method of communication updates, reminders, issues, and
scheduling:

The group has a discord chat set up to discuss the above. Scheduling will be done
on a case-by-case basis, however any contact with the professor (or associated graduate
students) will be done through an email chain.

3. Decision-making policy:

Majority vote tends to ignore ideas that can seem fruitful and end up working out
or, more dangerously, great sounding ideas that waste time. Everyone should feel as
though they have a place in the group decisions and processes. To address this, ideas will
require a 100% team approval after discussion. Any ideas not agreed on can be worked on
individually without affecting the group’s overall time to gain more data. Group members
are trusted to be mature enough to recognize that ideas can turn out badly and sometimes
should be given up on in favor of something more agreeable.

4. Procedures for record keeping:

Team members will be trusted to give an estimate of their own time spent on the
project; forward progress is significantly more important than spending time on
something. In addition, making one team member focus on keeping track of others time
will only slow down their own additions as opposed to making others more efficient.

Participation Expectations
1. Expected individual attendance, punctuality, and participation at all team
meetings:

Team members are expected to be punctual at meetings and show up to all on
time. However, it is also understood that each team member is an adult that has other
time commitments. In such events, notice should be given to other team members that an
individual cannot be present or will be late. Should this begin to occur more than other
team members are comfortable with, a team discussion will be called to figure out
solutions for these tardies/absences.



2. Expected level of responsibility for fulfilling team assignments, timelines, and
deadlines:

As previously stated, individual responsibility is paramount to produce on-time
submissions. Due to the importance of deadlines compared to meetings however, more
notice should be given if any doubt is had as to the availability of a group member. This
notice cannot be set in stone due to different assignments taking longer or shorter
amounts of time to complete, and as such is up to the discretion of teammates to discuss
when such a problem arises.

3. Expected level of communication with other team members:

Punctual communication is expected. Team members should be in contact asap,
but without interference in other coursework or responsibilities. Should a team member
have outside responsibilities that prevent them from being in contact to a significant
degree, this should be mentioned to other members so nobody is expecting them to be on
call when they cannot be.

4. Expected level of commitment to team decisions and tasks:

Once an important decision has been made, as per voting policy all team members
should be on board 100%. If a mindset changes, it can be brought up with the team again.
Team members are expected to understand that even if they don’t like an idea, sometimes
trying something is better than staying in the brainstorming process.

Leadership
1. Leadership roles for each team member (e.g., team organization, client
interaction, individual component design, testing, etc.):

The leader of the project is the professor. Apart from that, team members should
be confident enough to give direction in their area of expertise.

2. Strategies for supporting and guiding the work of all team members:

Team members should be able to do the tasks designated to them, however,
should they encounter difficulties it is expected that they reach out to the rest of the team
and either receive help from another team member or designate the task to someone else.

3. Strategies for recognizing the contributions of all team members:
Team members will log their contributions and progress. If people are
contributing, it will have tangible evidence.

Collaboration and Inclusion

1. Describe the skills, expertise, and unique perspectives each team member brings
to the team.

Chase Thompson: I have previously worked with embedded systems, PCB design, and
software extensively. My skills will mostly be applied in working with software/Al for the
capsule and the application for this project.

Cutler Thayer: | have an interest in things both hardware and software related. While I do
lean in any particular direction, I have enough knowledge in both that I can help on either
side when necessary.




Tucker Thomas: 1 have a unique interest in building hardware. 'm confident in my ability
to design and build circuits that contain complex logic structures.

Robert Zukowski: Electrical Engineer of the high frequency variety. Most likely to
contribute to any Bluetooth, antenna, or communication related project sections. Also, I
have considerable experience with PCB design and manufacturing as well as a strong
coding background.

2. Strategies for encouraging and support contributions and ideas from all team
members:

In any brainstorming process, it is important to hear all ideas and not throw
anything out immediately. Even if it is a bad idea, it might inspire better ones later.
Creativity is incredibly hard, and we will all be grateful if anyone displays it well.
Independent and collaborative brainstorming is beneficial for all group members, and it is
highly encouraged.

3. Procedures for identifying and resolving collaboration or inclusion issues (e.g.,
how will a team member inform the team that the team environment is
obstructing their opportunity or ability to contribute?)
Team members should feel comfortable messaging the group as a whole. If this is
not the case, contacting any individual member, TA, or professor should be encouraged. A
team works best when they are all happy and welcome in the group. If the team cannot
spend time together informally without feeling uncomfortable, this should be a sign that
one or more members may be losing motivation.
Goal setting, Planning, and Execution
1. Team goals for this semester:
e Determine an overall goal regarding the prototype.
e Create a digestible capsule with all required sensors.
e Create a connection between the capsule and an external interface.
o Create a GUI that takes in the raw data from the sensors and makes it
understandable.

2. Strategies for planning and assigning individual and teamwork:

In team meetings, we can discuss what member(s) will be the best fit for what part
of the current thing that needs to be done. If a member encounters an issue that needs to
be solved in the part they are working on, they can either do it individually or bring it up
to the team and delegate responsibilities.

3. Strategies for keeping on task:
o Take care of your body; find ways to reduce stress while staying motivated and
hardworking.
e Be expressive of your ideas and feelings regarding the project.
e Stay creative and mindful.

Consequences for Not Adhering to Team Contract

1. How will you handle infractions of any of the obligations of this team contract?
Minor infractions are ok. We are all adults and sometimes things happen. Should

infractions continue to build up with no effort being made by a group member or in the



case of significant infractions, the team will determine a meeting date where everyone
(especially the problem member) is available and discuss options.

2. What will your team do if the infractions continue?
Should issues get out of hand, the professor or senior design teachers are always
available to discuss more heavy-handed solutions.

Signatures:

a) I participated in formulating the standards, roles, and procedures as stated in
this contract.

b) I understand that I am obligated to abide by these terms and conditions.

¢) [ understand that if I do not abide by these terms and conditions, I will suffer
the

consequences as stated in this contract.

1) Robert Zukowski DATE: 02/19/2023
2) Tucker Thomas DATE:02/19/2023
3) Cutler Thayer = DATE:02/19/2023
4) Chase Thompson DATE: 02/19/2023
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