ASSIGNMENTS FOR OUTCOME “3”

An ability to communicate effectively with a range of
audiences (Oral Communication)
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ELECTRICAL AND COMPUTER ENGINEERING
DEPARTMENT
OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET
ELEG 4248 SENIOR DESIGN & PROFESSINALISM 11
SPRING 2022
Instructor: VJ Turner & Sarhan Musa

Title of Assignment

Final Oral Presentation

Outcome Measured Using this Assignment

Outcome 3
An ability to communicate effectively with a range of audiences
(Oral Communication)

Check the communication characteristics related to this assignment

Involves ability to organize, plan, design/prepare and use appropriate visual aids for
communication/presentation to a range of audiences (executives, technical and non-technical).

Involves ability to demonstrate technical knowledge and understanding of the subject, prepare
and display prototypes or models when they are necessary, respond clearly to questions in a
professional manner

Requires use of correct grammatical English and technical terms appropriate to technical area
and audience type; ability to speak with clarity and confidence, maintain good posture and eye
contact with the audience

Geared to diverse groups of stakeholders (students and industrial representatives, etc.)

Brief justification of the suitability of assignment for the outcome

In this assignment the students will demonstrate technical project results and
demonstrate their ability to communicate verbal accomplishments.
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PRAIRIE VIEW A&M UNIVERSITY
ROY G. PERRY COLLEGE OF ENGINEERING

Senior Design & Professionalism II
ELEG 4287

Final Exam Oral Presentation

Due Date Monday April 18 at 5 pm (Central Time) (Late = minus 10)
Post Final Oral Presentation on Canvas Assignment — One Per Team

You will have 30 minutes to present plus Q&A

Note: avoid acronyms or general concepts unfamiliar to those not close to your
project - if you must use, they should be explained earlier

Reminder: Everyone on the team must cover some aspect of the final presentation

Each Team will drive their presentation during the final Zoom meeting
(so make sure all your links and videos work)

Practice Practice Practice so you don’t embarrass yourself and the College of
Engineering




Each Team will have 30 mins plus 15 mins for Q&A
Below are items to be covered in your final presentation.

This does not mean the order that these items are covered. You must
put together your present flow in a sequence that makes sense to
your project but these are the topics | expect you to cover.

Project Title, List of Team Members with Picture including academic
majors and team member roles — be sure to add Faculty Sponsor and
Course Instructor on your cover slide

Problem Statement — what problem are you trying to solve

Project Objective and Target Audience of your project

Marketing and Engineering Requirements

Proposed Deliverables — what are you actually going to deliver
Constraints and Assumptions

Preliminary Design Concept - What is preliminary design/ proposal
Brief overview of the competitive landscape — what other concepts
are you competing with (what you gained/learned from literature
review)

List advantages/disadvantages of your proposed deign

Show broader technical/societal/economic impacts

Project High Level Schedule showing completion by April 2022
Project Iterations from Preliminary to Final

Detailed Final System Design (diagram, schematics etc.)

Project Parts Summary

List of Engineering Codes and Standards

Project Demonstrations via pictures and/or video (10 mins max)
Final Conclusions and Recommendations

“Questions “ Slide at the end of your main presentation

Back Up Slides Must Include:

Executive Summary Slides must be in Back-Up

Design Methodology how did you arrive at proposed design
Literature Review References

Economic Analysis

Other Slides you created but didn’t have time to show
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Project Presentation Evaluation Form
ECE Senior Design & Professionalism
Oral Presentation — Qutcome 3

Title of Presentation: Team 5 — Object Detection —I
Members: Joshua Littleton, Xavier Dukes, Arthur Quinney, Tri’Heem Neville,
Christopher Rollerson

Date of Presentation:

Name of Evaluator and Affiliation (University or Company name

Excellent | VeryGood | Average BelowAvg. Poor
» 89 79 69 54 Comments

‘ -Objecnve '

Introduction of Presentation

Design Methodology
(Design Process)
Ability to stay within
time limit

Technical -
Technical content and
demonstration of under-
standing of subject
Quality of design/
Analysis/Construction
Creativity and originality of
design concepts
Design within constraints

ISR AREN

gu‘ l}'

Tean

“\\\

Proper use of codes and

standards in design
Able to demonstrate broader
impacts of project (where /
applicable on society. economics,
technical, environmental, safety)
Quality and functionality of
working prototype
Delivery

Use of vocabulary

appropriate to technical

subject and audience. clarity

and confidence

Attire, posture and eye contact

<

Gaeu " \

Comwera 1D
v\'lco

Efforts of all group

members/Group dynamics
Ability to effectively answer

uestions

Quality/Readability of slides

\\\\\\

Relevance of Slides — use of
modern techniques i.e. video,
animation. sound clips etc.

V3 aq
Mu)ﬁ:qs AUG:CY7 4




Project Presentation Evaluation Form
ECE Senior Design & Professionalism
Oral Presentation — Outcome 3

Title of Presentation: Team 5 — Object Detection

Members: Joshua Littleton, Xavier Dukes, Arthur Quinney, Tri’Heem Neville,

Christopher Rollerson

Date of Presentation:

Name of Evaluator and Affiliation (University or Company name

MU\EC/\

Excellent
99

VeryGood
89

Average

79

BelowAvg.
69

Poor
54

Comments

Organization

Objective

Introduction of Presentation

Design Methodology
(Design Process)

~
~
~

Ability to stay within
time limit

Technical

Technical content and
demonstration of under-
standing of subject

~
~d

Quality of design/
Analysis/Construction

Creativity and originality of
desien concepts

Design within constraints

Proper use of codes and
standards in design

Able to demonstrate broader
impacts of project (where

applicable on society. economics,

technical. environmental. safety)

[ L/

Quality and functionality of
working prototype

Delivery

Use of vocabulary
appropriate to technical
subject and audience. clarity
and confidence

Attire, posture and eye contact

Efforts of all group
members/Group dynamics

Ability to effectively answer
questions

Quality/Readability of slides

Relevance of Slides - use of
modem techniques i.e. video.
animation. sound clips etc.

A0

1'4-0 ‘© Vﬁj o

= 14.82
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o ' Smart Threat
- Detection System

Team 5: Faculty Sponsor:
Joshua Littleton Dr. Dong
Tri’'Heem Neville Course Facilitators:
Arthur Quinney V. Turner @
Xavier Dukes Dr. Musa
Christopher Rollerson 7

[ ] °

Prairie View A&M University N
- - -Roy G. Perry College of Engineering - -

73

Joshua Tri'Heem Arthur Xavier
Littleton Neville Quinney Rollerson Dukes
Team Leader Scribe Parts Procurement Design Analysis Software ,
E:E: C.E Lead Lead Developer
C.E. EE (5K g GiE: 2
’ . “
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https://www.youtube.com/watch
v=90Vso00G3aPs

On average, approximately 4,800 burglaries
1 happen every day. One-third of all robberies o

Py @@E ey
Statement

result in injury and 39% of the time a weapon is
present when an individual is harmed. Arrest rates
for Weapon offense have doubled since 1965
including, unlawful possession and trespassing.

The goal of this project is to design an intelligent
monitoring system that will enhance our ability to
survey public and private spaces by using object

I detection to identify various threats that could
potentially lead to possible security risks and/or

Objective

bodily harm.
?@E@@ﬁ I Small businesses, Homeowners, Hospitals, .
3 Schools/Universities, and Churches .
Audience ,-, .
. 4
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e
“t

roposed Deliverables -

- We will be using a Raspberry Pi attached with a camera to
survey the area and identify potential threats

- The machine Llearning (ML) algorithm we implement detects the
threatening objects on an individual such as weapons in real
time

- Once an object defined as a threat is detected, a text notification

is sent to the owner/operator’s phone allowing them to
determine the course of action

L
B . .
: 'S5
(] °
TRIK °
Marketing Requirements Engineering Requirements Justification ’
* L]
Target audience is small businesses,
Mass Produclble Easily obtainable and cost effective parts homeowners, hospitals,

schools/universities, and churches

. Lightweight parts sturdy enough to be Will be placed in conventional security
Mountable/Lightweight mounted for long periods camera locations
Threats come in various forms, and this
Train machine learning (M.L.) algorithm is an abstract problem with no clear
Detect a variety of patential threats for weapon detection formula. Requiring the flexibility of
Artificial Intelligence
Camera has minimum resolution of Pcor resoluticn images are more difficult

Detect potential threats at a distance 1080p to decipher and can cause inaccuracies
Alerts the home/business owner of the

Alert Notification System Send an alert through a text message potential threat near the camera
Distingulshable between threat and no M.L. model will be trained to detect Camera’s tracking will not focus on low

threat items deemed as threats risk individuals and will dismiss them i
Use Raspberry Pi for Its real time clock Raspberry Pi utilizes RTC which is
Real Time Tracking (RTC) capabilities essential for real time environments . 6.
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Object Detection

- Object detection is the process of detecting instances of visual !
objects with a certain class (such as airplane, car, or animal) in

digital images. W"’” S350

M lpcrsﬂn

motorcycle

- Object detection on edge devices to
identify various threats

Labeling

- Labeling is used to train our machine
learning model to accurately detect
weapons.

- Labellmg is software used
5000+ images Labeled
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o Text Notifications -
[ : @ ®

- SMS messages sent via Twilio Al e
weapon has been
detected on your
camera!

- Automatically sends message

Upon detection Sent from your Twilio

trial account - A

- Can be sent to any number of weapon has been
detected on your
peopLe camera!

Sent from your Twilio
trial account - A

weapon has been i
detected on your
I

Preliminary Design Concept _
- ,—;@
» =
120V AC $ aany
5 Megapixel 1080p :
) Threat Gatier Non-Threat .
q
¢ .
Text
. < w/ Notification
N 2
3 A Power Adapter : 3 i S
1 3 Raspberry Pi & Internet 3
Connection 10
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Software Flowchart

( Start )

4 Clanrr[l)ﬁza Prgcess J lm_agq . Image.
Data Video Acquisition Recognition )
®
o Senda | °
° Bid Notification °
i 11
° L] L ] ’
]
-2 [ ] .
Housing Design
. L]
- 3D Printed
- Material: Polylactic Acid (PLA)
- Biodegradable
- Withstands forces exceeding
130 Newtons
° ® ° . 12
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Frame Rate Troubleshooting

Why it matters:
- Real Time detection difficult with minimal
frames
- [Edge devices reduce latency
— brings data storage closer to data source
- Affects Twilio alert times as it works via
counter of frames with weapon

How to fix:
- Implementation of Coral USB accelerator
- TFlite — lightweight version of TensorFlow
for small mobile devices
- Quantization
- Hardware Improvements

Hidden Layer

SSD MobileNet V2 Quantized
- Trained on COCO google dataset

single-stage object detection model

straight from image pixels to bounding
box coordinates and class probabilities

TFlite compatible & quantizable
- optimized for mobile devices
- EX: 2D convolution Layer (e.qg.
spatial convolution over images)
— produce a tensor of outputs

Qutput
Layer

Output

14
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N . T FL
. Quantization of Model: odel

[ ]
Relation to edge Devices
- Quantization is the process of constraining an input

- The quantized models use lower-precision 8-bit inputs

- 8-bit quantization approximates floating point values
Real_value = (int8_value - zeropoint) x scale

- TFlite only supports certain ops each with restrictions to
how quantization can be applied

- per tensor vs per axis .

- Needed for Edge TPU coral device and faster frame rate

. 15
o Preject impact Summary o
* Category Project Applicability *
Public Health, Safety, and Welfare Qf
Global
Cultural

Social v

Environmental

Economic Factors

Technical Qf °

. 16
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Societal Impact

- Open and constitutional carry in several states could be
impacted by this technology

- Home and business owners will have greater security due to the
threat detection services

- 30% of U.S. households have home security our system would
grant greater security

o .
g 17
L J L ]
Safety impact
Our project impacts the safety of home and &
businesses, by identifying potential threats

and alerting the owner to prevent injury. Number of Robberies

- In 2019, there were ~1,117,696
burglaries in the United States. 62.8%
residential properties and 37.2%
businesses.

- 124,381 robberies involved weapons.
66% involved a firearm; 34% involved
a knife or some other weapon. o Firearm @ Knife m Blunt Object ® Other

- Someone is present at home 27.6% of ® "
the time when a burglary is taking W
place, 7.2% of these burglaries result in o . .
injury. i . 18




4/20/2022

Technical Impact

Utilizes M.L. algorithms in order for the

smart detection of weapons

Real time weapon detection has never
before been implemented in conventional
home and small business security systems

The weapon detection allows for the
security system to be more proactive rather

than reactive

Video analytic technology enables the
security software to learn

$u

-

® :
5 19
Design Options Initial Cost Continuous Fees Pros Cons References
- Weapon Detection
Smart Threat Detection - Machine Learning - No remote monitoring
System $400 No Monthly Fee - Real Time Tracking - Twilio subscripticn N/A
(Our Design) - Light Weight needed
- Text Notifications
GW Security fig s
N G Starts at - 4k Resolution _:;RE?;::E\:;EM"Q GWsecurityusa.com
LA $1400 to No Monthly Fee - Uses ML Equipvr'r{ent BBB.com
E .I $6000 - Night Vision ~ No Weapon Detection Amazon.com If
Deep Sentinel Sil)ges ML
$400to Monitoring Fee $60 | - Motion Detection R = :
— $1200 to $200 per month - Wi-Fi or Ethernet No Weapon Detection Deepsentinel.com
connection
SimpliSafe - Smoke, water, carbon
|| Startsat Monitoring Starts at & motion sensors - No ML feature to Support.simplisafe.com
' $700 $15 per month - Smart home enhance system Simplisafe.com
i integration
Cove Smart - A+ rating
1 =ty g - .
L8 _— Starts at Monitoring $26 per seir;\g:sonmentm - No smart ML features Covesmart.com
pogean I $1200 month crreti available BBB.com
1 =1 - Text Notifications

20
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Project Timeline »

weved Proto,

G}a‘{ RESEQ’.% é’é\ P J"OG <o B : R -
\X‘Si\wm* 694'

>

Obtain prototype
project parts and
begin design

Begin research on
the project for
further
understanding

2021 g

& Fi
r.>°$e§ fffa/ 2
i T
§ ";_-. [
1 Feb j§
h r 4
-a_,‘x):f"
Re-runtest and

update
accordingly

Order updated
parts and
equipment

s
\ete Pr
<f %o,
3y .
Finalize results
of the project
i |

21

hpplication of Engineering Codes and -
Standards _ '

- IEEE 3652.1-2020: Federated Machine Learning - Our machine learning model can
constructed from data distributed across various repositories owned by various companies

IEEE P2671: Online detection with machine vision - This standard specifies through the
general requirements of online detection based on machine vision

- |EEE P2247.3: Recommended Practices for Evaluation of Adaptive Instructional Systems -
best practice incorporates and promotes the principles of ethically aligned design for the use
of artificial intelligence

- IEEE 829-2008: IEEE Standard for Software and System Test Documentation - We used this
standard when testing our software for detecting weapons

- IEEE 2755.2-2020: Recommended Practice for Implementation and Management
Methodology for software Based Intelligent Process Automation

- IEEE 7.8: IEEE: Code of Ethics
- 3) To be honest and realistic in stating claims or estimates based on available data
- 5) To improve the understanding of technology, its appropriate application, and
potential consequences g

11
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Demo

https://youtu.be/
apIBI2DVizo

Conclusion

- Our design identifies active threats by revealing displayed
weapons.

- Notifications provide the time for actions to be made to minimize
casualties

- This artificially intelligent threat detection system will impact
many from universities and church organizations, to businesses
and homeowners.

12
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LJ
o .
25
® °
[ ]
L
L]
o .
26
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o Future Plans

» Concealed Weapons .
- Combination of infrared and thermal imaging cameras
- Looks for items similarly shaped as a weapon that are
concealed by the person
Increase Detection Distance
- Use more images in the training that have the weapons at a
distance.
People Tracking
- Once a person is found to have a weapon, that person will be
tracked even if the weapon is concealed later on.

o .

. 27
° °
o [
Structure
. - [ ] L ]
° N MESSAGING °
NUMBER USED TEXT MESSAGES PICTURE MESSAGES SERVICE

FEATURES'

TO SEND 4 TO RECEIVE ? TO SEND 3% TO RECEIVE %

LOCAL NUMBERS $0.0075 $0.0075 $0.0200 $0.0100 INCLUDED
owsENeEs g0 00Es0075  $0.0200  $00200  INGLUDED

SHORT CODES $ 00075 $ 00075 $ [][]20[] $ Uﬂlﬂ[] IND[UDED

. . 28
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® L
[ ]
. Parts Summary
* 1 RaspberryPi4 ! Power Supply 7
01 02 03
L ] [ ] L
1 Mini HDMI to HDMI 1 Coral USB
05| W
® /M K .
' . 29
® L}

Acceptance Criteria

s Object Detection .
- Object detection needs to distinguish objects on a person
- Use machine learning to identify objects on a person deemed as
a threat
- The detection can be done from a distance
Alert Notification
- A notification will be sent in the form of a text message to the
home or business owner
Housing and Mounting Apparatus
- The housing must enclose the Raspberry Pi and camera
- The mount will be able to remain on the wall or geiling for
extended periods of time

15
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fAssumptions & Constraints

o Assumptions:
- Active threats will have weapon displayed
- Threats will be within the camera’s view
- There is a stable power and Wi-Fi supply for the Raspberry Pi

Constraints:

- Housing for the Raspberry Pi and the camera has to be
mountable

- The camera resolution affects detection accuracy and distance

- The limited frame rate of the Raspberry Pi camera

1. Software Design ¢
- Object Detection
Model/algorithm
selection

- Data collection
- Data preprocessing

2. Training & Testing

- 70% - 80% of
data used to train
model

- 20% - 30% of
data used to test

model - Housing for the

- Model is assessed . ' Raspberry Pi design
on accuracy

A"” ™
i aAAN Y

3. Hardware design

- Mounting .
- Model tweaked to apparatus design
improve accuracy - Stress testing .

. 32
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 Threat-I
System Execuﬁve

Team 5:

Joshua Littleton Faculty Sponsor:
Tri'Heem Neville o Dr. Dong
Arthur Quinney Course .
)C(ﬁV"ir Dh‘kesR lerson " e . Facilitators:
ristopher Rollerso ®V. Turner- .
Dr,Musa 35
o [
L]
Problem Statement: ¢

- On average, approximately 4,800 burglaries happen every day.
66% of burglaries affect residential properties and 34% affect
small businesses. One-third of all robberies result in injury and
39% of the time a weapon is present when an individual is
harmed.

Budget:
- Project budget: $600
- Amount Spent: $340

°

Target Audience: y

- Small businesses, Homeowners, Hospitals, Schodls/UngersutleS

and Churches . 36

18
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Proposed Deliverabies

- We will be using a Raspberry Pi attached with a camera to
survey the area and identify potential threats

- The machine learning (ML) algorithm we implement detects the
threatening objects on an individual such as weapons in real
time

- Once an object defined as a threat is detected, a text notification
is sent to the owner/operator’s phone allowing them to
determine the course of action

® .
. 37
[ ]  J
Customer Requirements and Engineering Solutions:
- Mass producible by using easily obtainable/cost effective parts - * °
- Lightweight parts for mounting purposes
- Train machine learning algorithm to detect various weapons
- Camera resolution of 1080p for increasing range of detection
- Text notification alerts of potential threats
- Algorithm classifies threats and non-threats
- Detects threats in real time
Major Constraints:
- Housing for the Raspberry Pi and the camera has to be
mountable
- The camera resolution affects detection accuracy and distance .
- The limited frame rate of the Raspberry Pi cameta | o
) 38
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Societal:

This project will offer greater security to those that cannot afford other options.
Businesses will be capable of guaranteeing safety of customers without infringing upon
a customers 2" amendment right to carry while within the public space.

Safety:

The primary goal for this project is to create an affordable security system for small
businesses and homeowners to proactively respond to potential threats however they
see fit.

Technical:

Machine learning has not been utilized within security systems to this day. Our project
will pioneer a smart security system that will inform you of potential dangers at the
first sighting of a weapon that would provide danger to security or the owner.

. .39

° Recommendation: °

- Confirm the unit is mounted to a stable elevated surface

- Ensure there is no obstruction of view to the camera lens.

- Make sure the Raspberry Pi is located in a well insulated area to
prevent overheating the unit.

- Electricity is needed in order to operate the Raspberry Pi unit.

- To get the best usage out of our product do not forget to set up
a Twilio account for all alerts and notifications.

Conclusion:

- Our design will identify active threats by revealing displayed
weapons. This artificial intelligent threat detection system will .
impact many from universities and church orgamZatqon% to
business and homeowners.

. 40
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Project Presentation Evaluation Form
ECE Senior Design & Professionalism
Oral Presentation — Outcome 3

Title of Presentation: Team 6 — Infrastructure Masons Project: Data Center Design ‘;
Members Isaiah Allen, Ahmad Yakuba, John Barrett, Ryan Mallet

Date of Presentation:

Name of Evaluator and Affiliation (University or Company name

Excellent

VeryGood | Average | BelowAvag. Poor
o2 89 79 69 54 Comments
Organization
Objective /
Introduction of Presentation v
Design Methodology —t

(Design Process)

Ability to stay within
time limit

Technical

Technical content and
demonstration of under-
standing of subject

Quality of design/
Analysis/Construction

Creativity and originality of
design concepts

<K

Design within constraints

Proper use of codes and
standards in design

Able to demonstrate broader
impacts of project (where

applicable on society, economics,

technical. environmental, safety)

Quality and functionality of
working prototype

sow\e 3‘,\}6

&, W(/Wef

Delivery

Use of vocabulary
appropriate to technical
subject and audience, clarity
and confidence

Attire, posture and eye contact

<

Efforts of all group
members/Group dynamics

Ability to effectively answer
questions

Quality/Readability of shdes

Relevance of Slides - use of
modern techniques 1. video,
animation, sound clips etc
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Project Presentation Evaluation Form
ECE Senior Design & Professionalism
Oral Presentation — Qutcome 3

Title of Presentation: Team 6 — Infrastructure Masons Project: Data Center Design

Members Isaiah Allen, Ahmad Yakuba, John Barrett, Ryan Mallet

Date of Presentation:

H/2/ /2021

Name of Evaluator and Affiliation (University or Company name m
U

Excellent
929

VeryGood
89

Average
79

BelowAvg.
69

Poor
54

Comments

Organization

Objective

Introduction of Presentation

Design Methodology
(Design Process)

[

time limit

Ability to stay within J

Technical

Technical content and
demonstration of under-
standing of subject

Quality of design/
Analysis/Construction

Creativity and originality of
design concepts

Design within constraints

Proper use of codes and
standards in design

Able to demonstrate broader
impacts of project (where
applicable on society, economics,
technical. environmental, safety)

PRVAAAY.

Quality and functionality of
working prototype

/

Delivery

Use of vocabulary
appropriate to technical
subject and audience. clarity
and confidence

Attire. posture and eye contact

Efforts of all group
members/Group dynamics

~3
\s
)

Ability to effectively answer
questions

Quality/Readability of slides

Relevance of Slides — use of
modern techniques i.e. video,
animation. sound clips etc.

/%1’ T A

= 37F.23
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Data Center
Design

- nr .: Course:Instructor:. =, Prof. Turner
eam 6: ; 4 %..Course Facilitator:*# Dr.Musa
Isaiah Allen - - % .. :"Tedm Sponsor: G0 the ¥ oPr Annamalai
JohnBarreft = . :%  *° .:CompanySponsors: - iMasons . :
* Ahmad Yakuba © - . G iU Jeff Omelchuck
" Riley Mallett S Rl Christina Pungerchar
. AngelRandall - . = : Curt Belusar
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Meet the Team
Angel Randall

Michael Vidales
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1 Suggest a couple of screen shots from ClickUp into the back up to indicate the Project Management

efforts.
Christina Pungerchar, 4/18/2022
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InTrastructure
J Y\ Masons

= This projectis a collaborative effort between iMasons and PVAMU
College of Engineering,. :
IMasons Is a consortium of mdustry professionals with the mission of
providing infrastructure executives and technical professionals an
independent forum to connect, grow, and give back.
Members of iMasons come from partners such as Aligned Energy,
Edgeconnex, Google, Switch, and many more.

About this Project?

The Project is Multidisciplinary between Electrical, Computer, and
Mechanical Engineering students

Our team is responsible for the Electrical and Computer Engineering
aspect of the project




Problem Statement

ACME Paint Company has developed a mobile.app that allows their
customers to apply differentpaint schemes to pictures they’'ve taken,
and purchase paint if they like the results.

The Chief Financial Officer (CFQ) has began to question the expenses
of the current colocation selution for their data center, due to the
expected increase in market user.demand.

The CFO wants to see if it would be more cost effective, as well as line
up with their carbon neutral goal, for ACME Paint to repatriate and
consolidate to a more flexible and sustainable wholesale partner.

Project Objective

The goal of this project is to develop a detailed budget proposal to build
the digital infrastructure needed o meet the expected market demand.
The design of the data center will take into consideration user experience,
while also meeting the company’s enviranmentakgoals.

4/21/2022



Marketing Requirements:

Low Latency (50 milliseconds or less)

Can store user data

Supply services to an estimated 60
million by 2024 (starting at 5 million in
2022)

99.999% Uptime

100% Renewable energy by 2025

Assumptions:

= The user growth datais

true and constant

= The users are within Wi-

Fi or cellular data
coverage

Internet Service Provider
supplies the coverage it

says it can

Engineering Requirements:

Place data centers in appropriate latency
zones

Data center will source local fiber bandwidth
to supply uninterrupted use

Data center will have necessary data storage
infrastructure. (9 PB)

A modular design that is capable of providing
easy rollout of data center resources

Three identical, Tier-11I data centers at
different points across the U.S. able to back-
up data to each other.

Will buy power off of the grid then purchase
renewable energy credits

4/21/2022

Justification:

Latency is a function of distance. Data center
sites need to be within reasonable range of
the user population

With enough user demand, sufficient
bandwidth will be needed to supply

Each user needs to be able to store their
photos in the|“Cloud”, so our data center
needs to have enough storage to handle the
user data

The modular design simplifies the design
process and allows for easy rollout of
resources when and where they're required

Using three smaller data centers with
independent power and fiber systems
increases reliability

Taking advantage of existing renewable
energy resources decreases the cost of the
data center

Constraints:

the design

We cannot physically test

We do not have the

resources.to build the

«data center
No-available software to
simulatessolutions
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What is a Data Center?

Data Center - A space’to house
the computer and electrical
systems needed to operate a
certain workload.

Colocation (Colo) - A data center
where space is leased out to
multiple individuals or
companies.

What Goes Into a Data Center

IT Hardware
Mechanical Hardware
(Cooling Hardware)
Power Distribution
Hardware

Location Planning
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IT Hardware Solution

Using modular building blocks
(Clusters) to simplify designand
increase ease of implementation of
data center resources ,
Doing so allows rollout of hardware to
be done as user demand increases, as
well as simplifying overall design
requirements.

IT Hardware Solution Continued

Off the Shelf Compenents . Logical Volume

(Speed, Ease of MBU_m_Bmimﬂo:V

¢ - Most Frequent
- High per Ee
Tiered Storage R F i
Performanci

(2 Tier, Cost, Performance)” , Infrequent

Rarely

Qumulo & Erasure Coding

(Data Redundancy, Speed)
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Cooling Solution

APC ACRC 600P
InRow Cooler

Operating Voltage of 200-
240Vac

Power Consumed per Unit
14kW

Power Distribution Solutions

» Pawer monitoring . mcteasnd risk in human error
» Low upfront cost ult 10 scale and upgrade
» Flexible installation o Limited warranty
® Parts obtained very fast e Cables canimpede cooling

» Takes up floor space

Factory
Configured

] » Flexible installation » High upfront cost
Modular % = Easy to scale and upgrade e Difficult cable management

» Plugand go performance ' can impede cooling
level vaarranty « Takes up floor space

Overhead
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Rggl_p_r;dag Power Dis‘tributiop

Power Consumption

The projected power
consumption of the data
center is the sum of power
used by both the IT
hardware and the Cooling
hardware per 5 million users.




4/21/2022

Power Usage Effectiveness
The projected Power Usage Geichcihpalibins |
Effectiveness is the ratio of
the total power consumed to 3 I

1749

157
146
1384
LR I
I l =% 12 9213 1998 48
10 145 0 25 » % 40 45 L] €0
Humber ot Users in Mition:

the power used by IT
hardware per 5 million users.

55

ons

Location Slide

Stream Data Centers Switch Digital Realty
Minneapolis Atlanta ¢ Los Angeles

Dual Feed Dual Feed Dual Feed

Tier III Tier III ' Tier I11

7- 8 cents per Kwh Estimated 11 cents per Kwh
More information 5 -6 cents per Kwh ' Mere Information

Mare Information

10



Atlanta Latency

=

Los Angeles Latency

Area Latency:
Green- 0 to 10ms
Yellow - 10 to 30ms
Orange - 30 to 50ms
Red - 50ms+

Area Latency:
Green-01to 10ms
Yellow - 10 to 30ms
Orange - 30 to 50ms
Red/- 50ms+

4/21/2022

11
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Project Comparison

4/21/2022

Area Latency:
Green-01to10ms
Yellow - 10 to 30ms
Orange - 30 to 50ms
Red- 50ms+

Z  Cheapest Solution Available
Tier-1 & $11,500/kW of redundant
UPS capacity
» Cheapest Data Center with
- Redundancy
lieE2 » $12,500/kW of redundant UPS
capacity
; « More redundancy
Tier-3 e 15.8 hours of downtime per
year
e Most Redundancy
e 23 minutes of downtime
per year

Tier-4

» No redundancy
# 28.8 hours of downtime per year X
= Maintenance

® Minimal Redundancy
e 22.7 hours of downtime per year X

e Maintenance

* $23,000/kW of redundant
UPS capacity
e Maintenance

e High cost

® $25,000/kW of redundant
UPS capacity

e Maintenance

12
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Capex Price Breakdown
|_|O.ﬁm— Oom.ﬁ — mm.mz Total Cost
IT Hardware = $8.2M
Mechanical = $22K
Power H%Mwﬂ.wx

Opex Price Breakdown Power

Total Power Cost per hour IT Power Cost per hour Mechanical Power Cost per kWh

Date Tots! Power Consurmion in | Minneapolit Afant Los Angeles Date IT Power Conmumaon in k Minneapolit Afanta  Los Angeles Date. Mechanical Por Minneapolis Afiants Los Angries
12012022 = SIT M 254 12012022 1332 5100 W7 LFrad RN 0D 5107
040012023 0 205 5151 5301 04012023 17578 3 309 i Cread 073 W 5107
03012023 7 $238 5349 080172023 2010 s165  S124 I 9727 $073 908 5107
01012024 6.07¢ 21 5357 010172024 2341 - 5290 01012024 anr 073 %05 5107
03012024 $303 2 $4 44 02012024 30677 5 $1.69 5137 0012024 Ul 073 W $1.07
05012024 o5 ot 5587 05012024 Q67 > 5240 450 05012024 07 w73 N9

07012024 527 “n $435 07012024 401 0 264 $5.28 07/012024 977 W WN
091012024 207 M55 5583 090172023 5245 % 28 5576 08012024 a7 0N s05

11012024 5405 49 720 110172024 S onr 073 %N

13
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=]

Opex Price Breakdown (Colo Space)

Colo Rent - $202.55/kwW DDoS protection-
ISP links - $2.00/Mbps $13,896.09 yearly

Project Impact Summary

Project Applicability

14
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would this be better having all 3 of the locations side by side like this?
Ironzombiegod, 4/18/2022

I think this is fine
John Weston Barrett, 4/18/2022 -



Environmental Impact

Source:For

Data centers accountfor 1% of global electricity demand

Up to 90% of electricity used.by a Data center is wasted as
heat

Data centers contribute to 0.3%,0f global CO, emissions

Our data center aims to use 100% renewable energy to avoid
contributing to those statistics. /.

bes, Renewable Energy Alone Can't Address Data Centers’ Adverse Environmental Impact, Asaf Ezra

Economical Impact

=}

Cloud storage/colocation can be the economical solution for
small companies (64% costsaving with colocation vs
ownership) N

Our data center willfocus on the financial bénefit of
partnering with a wholesale provider. '

4/21/2022

15
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Schedule

ST

Research
Comparisen

Data Center Design
Hardware Selection
Heat Management
Power Distribution

Networking Solution

References

R. Asceirto, "The disrupted datacenter: Cloud, colos could becoméitheir own electric micro-
utilities," June 16 2017,

D. Bizo, "Global Prefabricated Modular Datacenter Forecast 2017-2021," July 2018,
www.451reasearch.com .

J. Koomey et al., "A Simple Model for Determining True Total Cost of @wnership for Data
Centers,”

C. Synesael et al., "Livin' on the Edge, Part 1: Evelving Tomorrow's internet,” May 18 2020,
WWW.COWEN.COm ‘

Source:Forbes, Renewable Energy Alone Can't Address Bata Centérs’ Adverse
Environmental Impact, Asaf Ezra

Dobran, Bojana. “Demystifying Data Center Tier Ratings: Make an Educated Choice.”
PhoenixNAP Blog, 16 Sept. 2021, https://phoenixnap.com/blog/data-center-tiers-
classification




4/21/2022

Codes and Standards

IEEE Policies, Section 7 - ProfeséionalAc!ivr‘ﬁes - Code of Ethics

ANSI /IEEE Standard C37.2 Standard for Electrical Power System Pevice Function
Numbers, Acronyms, and Contact Desfgnétr‘ons

TUI3026E - Uptime Institute Tier Standards

ANSI/BICSI 002-2014 - Data Center Design and Best Practices j
ANSI/TIA 942-A 2014 - Telecommunications Infrastructure Standard for Data Centers

Any Questions

17
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2 are these available for turn in?
Ironzombiegod, 4/18/2022
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Backup Slides..

Fim

Engineering Design Process

Idea y Concept : : Planning

Identify the Requirements Define e  Protolypes
parts of the e Constraints ™ Objectives & e Validation
problem. e Assumptionss. Dependencies

(IT, Cooling, . Create Schedule
Power;

Location)

18



Atlanta Latencyin depth

el

\16

S

1
15
Ll foy
14
2
14
18
17

Los An

4/21/2022
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Minneapolis Latency in depth

Stream Minneapolis

= Tier 3 Data Centerwith estimated 8 cents/Kwh

= ISP providers will be Comca-éf and Centurylink

= Renewable energy options

20
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Digital Realty Los Angeles

a Tier 3 Data Centerwith estimated 11 cents/Kwh

o ISP providers will be Cogent Communications and
AT&T

= Energy Star Certified

Switeh ATLANTA | THE KEEP

o '

Switch Atlanta

o ISP providers will be Comecastand AT&T with/links

o 100% Green Energy

21
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IT Hardware Selection
Cluster Nodes: HPE Apollo 4200 Gen 10 Node for Qumulo

Out of Band Switch: Aruba 6300F 48-port Switch & Aruba
6300F 24-port Switch

Cluster Switch: HPE SN4600cM Switch

In Rack PDU: Vertive VP8965

Cluster Management Software: Qumulo
Database: HPE DI380 configured for data storage
Firewall: Fortigate 6500F

Hardware Implementation Schedule

: a2, 2024
Name Start Finish ‘ , TV B T Al e b

Rollout 1 43.125 day... 10/3/22 400 PH 12/1/22 500 PH
ERallout 2 fays? 2/20/23 8:00 AM 3/31/235:00 PH
TRellout 3 1 days? 6/20/23 8:00 AM 8/1/235:00PH4
BRollout 4 days? 10/16/23 8:00 AH 11/29/23 500 PH
@Rollout 5 31 days? 11/20/23 8:00 AM 1/1/245:00 PM
ARollout 6 Iays? 1/15/24 8:00 AM 2/28/24 5:00 P
TRollout 7 33 days? 3/20/24 8:00 AM 5/3/24 5:00 PH
SRollout 8 jays? §]20/24 8:00 AM 7/3/245:00PH
TRollout 9 ) days? 7/18/24 8:00 AH 9/2/245:00PH
@Rollout 10 {3ys? 9/16/24 8:00 AM 10/30/24 5:00 PH

22



Network Diagram

Footprint

FIREWALL APPLIANCES

4/21/2022
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Power Distribution Hardware

Row PDU: Vertiv Powerbar iMPB

Room PDU: Vertiv Liebert FPC 15-125kVA
UPS: Vertiv Liebert EXM 480V ¢

ATS: CAT Bypass Isolation Contactor Type ATS

Problem Statement & Mission

Problem Statement:

ACME paint needs to find a more cost effective selution to
handle the expanding needs of théir smartphone application.
Expecting to grow from 5M users#q 60M users qver 3 years,

Mission Statement:

To create a detailed budget report to build a data’center
(hardware, power, and cooling systems) that meets the needs of
the application. As well as an operational budget to operate the
data center.

24



Proposed Deliverables

Hardware: Create a hardware design to handle the camputation and
storage workload for the application.

Power: Create a power distribution solution to provide power to both the
hardware and the HVAC components.

Cooling: Create an efficient cooling solution that wi[l adequately cool the
hardware.

Networking: Create a network diagram that takes int@ consideration
both geolocation and bandwidth needs.

Budget: Both Capex and Opex budgets need to be created for this project.

Requirements & Constraints

Customer Requirements:

50 milliseconds or less of latency to the whole U.S.

Users can store photos and color sehemes on the app (In our data center).
99.999% uptime.

100% renewable energy by 2025. _

Must be located within the United States.

Constraints:

= Some pricing is hard to obtain due to not being published.
= Equipment is too costly to buy for use of testing, so this project is a paper design only.

50

4/21/2022
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Benefits:

Environmental: By running the data center on 100% renewable

resources, it will not contribute to carbon emissions.

Economical: By standardizing data center.resources, implementing a

timed rollout of equipment is easier, and [eads to Upfront capital savings,
as well as decreased operational costs.

Technical: By strategically locating our data centers across the country
we can improve latency and increase the whele systems robustness to any
one data center failure.

Recommendation & Conclusion

Recommendation:

Standardize the data centerhardware into blocks based ofi serviceable customers.
Use off the shelf hardware in order t@save on time to implementation and obtain support
from the hardware producers.

Place one data center on the west coastyone in the midWest, and one on the east coast in
order to service the whole United States.

Conclusion:

a

Doing all of these things will increase the ease with which the data centers can be
assembled, as well asithe speed with which they.can be put together. By placing them
strategically across the United States the robustness of the data center system is increased
against any one failure. 52
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Project Presentation Evaluation Form
ECE Senior Design & Professionalism
Oral Presentation — Qutcome 3

Title of Presentation: Team 7 — Home Security Anti Burglar System

Members Oluwadamilola Osuntuyi, Nolan Coston, Elizabeth Reyna,
Teminioluwa Folorunso, Ben Ombusa

Date of Presentation:

Name of Evaluator and Affiliation (University or Company name

\)e”l/
7

Excellent
99

VeryGood
89

Average
79

BelowAvg.
69

Poor
54

Comments

Organization

Objective

Introduction of Presentation

Design Methodology
(Design Process)

/
i

MR

Ability to stay within
time limit

Technical

Technical content and
demonstration of under-
standing of subject

Quality of design/
Analvsis/Construction

4

Creativity and originality of
design concepts

Design within constraints

Proper use of codes and
standards in design

Able to demonstrate broader
impacts of project (where

applicable on society. economics,

technical. environmental, safety)

Quality and functionality of
working prototype

Delivery

Use of vocabulary
appropriate to technical
subject and audience, clarity
and confidence

Attire, posture and eye contact

Efforts of all group
members/Group dynamics

Ability to effectively answer
questions

Quality/Readability of slides

Relevance of Slides — use of
modern techniques i.e. video,
animation. sound clips etc




Project Presentation Evaluation Form
ECE Senior Design & Professionalism
Oral Presentation — Qutcome 3

Title of Presentation: Team 7 — Home Security Anti Burglar System

Members Oluwadamilola Osuntuyi, Nolan Coston, Elizabeth Reyna,

Teminioluwa Folorunso, Ben Ombusa

Date of Presentation:

Y /07 /20 22

Name of Evaluator and Affiliation (University or Company name

M%o\

Excellent
99

VeryGood
89

Average
79

BelowAvg.
69

Poor
54

Comments

Organization

Objective

~

Introduction of Presentation

Design Methodology
(Design Process)

Ability to stay within
time limit

Technical

Technical content and
demonstration of under-
standing of subject

Quality of design/
Analysis/Construction

L|L

Creativity and originality of
design concepts

Design within constraints

|/

Proper use of codes and
standards in design

Able to demonstrate broader
impacts of project (where

applicable on society, economics.

technical, environmental. safety)

Quality and functionality of
working prototype

Delivery

Use of vocabulary
appropriate to technical
subject and audience. clarity
and confidence

Attire. posture and eye contact

Efforts of all group
members/Group dynamics

v

Ability to effectively answer
uestions

Quality/Readability of slides

Relevance of Slides — use of
modern techniques i.e. video,
animation. sound clips etc.
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Turner, Vewiser

=
From: Ben Ombura <notifications@instructure.com>
Sent: Wednesday, April 27, 2022 8:04 AM
To: Turner, Vewiser
Subject: Ben Ombura (Spring2022_ELEG4248P01-2220-20282) just sent you a message in
Canvas.

Team 7 - Final Oral Presentation Powerpoint

Hello Professor Turner,

Below | have attached my teams final oral presentation for your viewing.

Ben Ombura

You can reply to this message in Canvas by replying directly to this email. If you need to
include an attachment, please log in to Canvas and reply through the Inbox.

Attached Files:

» Team 7 - Final Oral Presentation.pptx - 117 MB [download

bl 1
d 5 3

5 CANVAS

View this message in Conversations ~ Update yvour notification settings
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Anti-Burglar Security
Alarm System

Team 7 Instructor:

Ben Ombura Professor Turner
Elizabeth Reyna

; . Team Sponsor:
Oluwadamilola Osuntuyi
Nolan Coston Dr. Akujuobi

Teminioluwa Folorunso

PRAIRIE VIEW A&M UNIVERSITY
ROY G. PERRY COLLEGE OF ENGINEERING
TEAM 7

NOLANCOSTON  OLUWADAMILOLAOSUNTUYI  ELIZABETHREYNA BEN OMBURA
Document Manager Scribe Team Lead Alternate Team Lead
Computer Engineering Computer Engineering Electrical Engineering Computer Engineering

TEMINIOLUWA FOLORUNSO

Presentation Manager

Electrical Engineering
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PROBLEM STATEMENT:

Many customers often pay a high cost when
investing in alarm systems as a form of protection.
More than often, older alarm components cannot be
reused. In addition, many alarm systems cannot

function during power outages. Go.gle

OBJECTIVE: comtasr

The goal is to design a low-cost alarm system that
provides the comfort of a secure home or office. Home
Assistant and The Zigbee Alliance will allow our
alarm system to seamlessly unify brands we all love.
The alarm system will also monitor and communicate
during extended power outages.

amazon

Wisizn

MARKETING
REQUIREMENTS

ENGINEERING
REQUIREMENTS

JUSTIFICATIONS

* ESP32 microcontroller

Integrated communication solution * REYAX Lora module

¢ Texas Instrument Sonoff Zigbee analyzer

l.ow energy system
Sends data and live feed for up to 12 kilometers.
Embedded Wi-Fi, Bl h, and Zigbee capabilitics.

¢ Sclf-monitoring through application
¢ Optional 24/7 emergency and
monitoring services

Remote monitoring

24/7 monitoring of property will reassure a customer of
investment.

* Reed switch sensor
* Passive infrared (PIR) sensor camera
* Temperature and Humidity sensor

Multi detecrion sensors

™
o

to atert the ofa

Multipl collect r

hazard or a security breach.

* Solar power

Off-grid power source ® Rechargeable battery source

Additional marketing tool for sales.
Provides p during ded power

Customer safety increascd.

&
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Product Comparison

PRODUCT | iMace ' PROS } CONS | cost T REFERENCE ; DECISION
Works off-grid ‘ Vulnerable to burglars $600 | |
Smart Security Integrate multiple | duetojamming devices i N/A i
System brands | | | |
Serves as a smart home |
control panel i
i
s =S = |
Extremely reliable | « Expensive installation | $600to
Access to wide rangeof | « Minimum 36-month I $2500
Wired ADT smart home devices | contract required i
Security system | |
i
: i ‘
S | ook " |
f I | |
‘ | « Easytosetupandinstall | - Possible connection $200 2 ity
sl B | - Systemsavailable inDIY |  errors to
ireless Simpl ¥ - | Vi |« Hiahus-for
Safs sl ‘ jt ‘ kits f igh up-front cost $1000 -
system | | i DY S
| e _ b | | (home
! | |
| 5
Dy o e - A~ - ~
Proposed Deliverables
« Security alarm system that primarily utilizes Wi-Fi and Zigbee capabilities.
¢ Security alarm system with home or office monitoring via a Samsung Tablet and a portable device
(phone application).
« System will have multi-detection sensors that will provide the user with sensory data.
« System will notify user when alarm is triggered.
* System will be powered via rechargeable battery and solar.
4
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| Ry | [ R

Home Assistant
*Open-source software
*Dashboard development
«Platform for automation

services

Software Development

ESPHome

*Message Queus
Telemetry Transport.

of microcontrollers *Encrypted domain name
system (DNS).

=509 certificates for

protocol Transport Layer Security

+User defined services encryplion

* Programming

*Optimized network

User Interface

= Service message blocking

(SMB) protocol provides
an authenticated inter-
process communication.
«NabuCasa for remote
user interface.
*Mobile app for real-time
monitoring.

|2 3]
=

RT——

Final Design
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Project Impact Summary

Categories

Economic Impact

Technological Impact

Safety and Welfare Impact

Social & Global Impact

Environmental Impact

Applicability

o

Economic impact

sz

Demand Growing For
Smart Home Security Systems

Faorecastre

$3.2b
$7.4b
$6.6b
$5.8b %
$5.0b
$J:I_b
:nfUZE) 201 2022 2023 2024 ; 2025
=l ;
SIO1C) statista¥a

Home providers give discounts on insurance
premiums if a home has an installed security

system.

Home security systems tend to increase the

value of the home.

Design utilizes less expensive parts than most

security systems, which results in a less
expensive product to purchase.

Our project will provide an alarm system that is
affordable, reduces expenses for homeowners, and
raises the property value of homes for homeowners.
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Technological Impact

*  38% of Americans own a home security
product

* 18% report owning a video camera, doorbell,
or both

* 16% have a professionally monitored home
security system

* 8% own a self-monitored system

Our goal is to design an alarm system with a remote
user interface that enables us to monitor and control
the system from anywhere around the world.

Safety and Welfare impact

Engineering Protection Systems

Home Burglary Statistics

17%

of homes have & security
system instafled

$2,251

average loss of property per
burglary of home sccunty syslers

60%

of burglars deterred by peesence

= 1.4 million home burglaries occur
per year.

» 65% occur in the day.
« 57% of burglaries require forcible entry

* 33% gain access through unlocked
windows or doors.

The goal of this project is to create an
alarm system that is unique, reliable and
affordable, to assure peace of mind of
property owners while they are on or off
their property.
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Environmental Impact

1

53.6 million tonnes
of E-waste was produced in 2019,

Iron

Alurminium

=

£7.9 million

warth of raw mal s wins

tel
recaovered from ass

Recovered raw materials from E-waste

£

S —
CCoO2R
£44.8 mil

worth of raw rnater

ed materials
ety bre 1 1
on of new 4

Estimate of annual E-waste will exceed
82 million tons in 2030

$ 54.2 million worth of raw materials was lost in

$ 8.5 million worth of raw materials were

When electronics are improperly disposed toxic chemicals
are released. impacting the earth’s air, soil. water and
ultimately, human health.

Our design willimplement alternative energy as the main
power supply. The design also serves as a smart home
platform that can revamp outdated tech into smart

13

Project Schedule

First Semester

Second Semester

Project Selection

Project Research

Parts and Software
Research

Developing the
Design

Order of Parts

Build Designl

Test Design

Final Design

Troubleshooting

Final Build
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Codes and Standards

NESC: National Electrical Safety Code - Electrical safety precautions are specific control measures implemented to remove
electrical hazards and mitigate the risks of electrical accidents and injuries.

IEEE 7.1: U.S. Engineer Registration - The IEEE recognizes that licensure and registration contributed to the professions' efforts to

protect the health, safety, and welfare of the public by ensuring that practitioners meet minimum recognized levels of education,
experience, and competence.

|EEE 7.6: Protection of the Public - The IEEE recognizes the obligation of the profession to protect the health, welfare and safety
of the public.

|EEE 7.8: Code of Ethics

1) To hold paramount the safety, health, and welfare of the public, 1o strive to comply with ethical design and sustainable development
practices.

5} To seek, occept, and offer honest criticism

o
o
>

IEEE Std 1547-2020: IEEE Conformance Test Procedures for Equipment Interconnecting Energy Resources with Electric Power
Systems and Associated Interfaces — This standard is recognized that a distributed energy resource can be a single device
providing all required functions or an assembly of compenents, each having limited functions and capabilities.

IEEE/ASHRAE Guide for the Ventilation and Thermal Management of Batteries for Stationary Applications - Ventilatien of
stationary lithium-ion battery installations is critical to improving battery life.
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Camera Build Video
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Security Alarm System Build
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Triggering of Alarm Demo
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Advantages and Disadvantages

Advantages Disadvantages

= Qur system will promote safer and more vigilant +  Vulnerable to EMP jammers.
neighborhoods and other residentials.

= Compatibility issues due to need

= |t will provide two power sources, a solar source and a of specialized drivers to run open-
power supply source which will elongate the battery life. source programs.

+ The addition of our system in a household increases will
the value of the home, by enforcing greater security
measures.

4
Preliminary Engineering Design
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Assumptions and Constraints

Assumptions

Constraints

¢ Alarm system will sound and send an emergency
notification to the owner when system is triggered by a
“burglar” setting off a sensor.

o The camera sensor will detect an intrusion and the
camera will provide live feed of the area and.

e Power sources will last long in providing power to the
system. Back-up power source will

o The user can interact with the system’s control panel
via a mobile app or directly through LCD panel.

e The project has a $600 budget.

® |ack of experience in application
development.

® Electromagnetic jammers could disrupt

the system.

27

Executive Summary

Problem Statement — Most security alarm systems lack the necessary

features to function during a power outage.

Obijective - To design a security alarm system that continues to function
during power outages with the use of a versatile power-supply and a
system that easily integrates with a variety of monitoring and Internet of

Things (loT) devices.

28
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Target Audience

* Homeowners
* Retailers
* Business owners

Proposed Deliverables:

Budget & Spending

Remote monitoring
Multi-detection sensors
Alternative energy source

Project Budget: $600
Amount Spent: $560

29
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ASSIGNMENTS FOR OUTCOME “3”

An ability to communicate effectively with a range of
audiences (Written Communication)

46



ELECTRICAL AND COMPUTER ENGINEERING
DEPARTMENT
OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET
ELEG 4248 SENIOR DESIGN & PROFESSINALISM 11
SPRING 2022
Instructor: VJ Turner & Sarhan Musa

Title of Assignment

Final Written Presentation

Outcome Measured Using this Assignment

Outcome 3
An ability to communicate effectively with a range of audiences
(Written Communication)

Check the communication problem characteristics related to this assignment
Ability to prepare an executive summary for the report
Requires students to:

X | Prepare an executive summary of 5 to 8 pages.

Ability to organize, plan and properly format a written technical report
Requires students to:

X Organize report by chapters, major sections, subsections and paragraphs

X Provide Title Page, and Table of Contents, list of Figures, and List of Tables properly formatted.

X Provide figure and table numbers with titles and reference and discuss each table and figure in accord with standard
practice.

X Properly cite references in the report and provide well formatted reference list at the end.

X Prepare the written report in accord with standard report formatting Manual
Ability to compose original texts and properly apply the conventions of written language.
Requires students to:

X | Properly apply capitalization, punctuation, and penmanship, to communicate clearly and spell proficiently,

X | Apply standard grammar and usage to communicate clearly and effectively in writing using complete sentences, good
subject-verb agreement, pronoun referents, and parts of speech, properly using adjectives, adverbs, prepositional
phrases appropriately, conjunctions to connect ideas to make writing vivid and precise, and use available technology to
support aspects of creating, revising, editing, spell checking, and publishing the report.
Ability to provide appropriate discussion, conclusions and recommendations
Requires students to

X | summarize the goals, objectives, and indicate whether they were met.

X | summarize the report chapter by chapter

summarize constraints and codes and indicate whether they were met for design reports

Summarizes how issues relating to public health, safety, and welfare, as well as global, cultural, social, environmental,
and economic factors were considered/addressed for design reports.
Provide logical conclusions Provide logical conclusions and recommendations (including strengths and weaknesses)

Brief justification of the suitability of assignment for the outcome

The assignment for outcome 3 (written report) will cover all aspects of the project. In this
assignment students will demonstrate their ability develop a very thorough written report that
anyone familiar or unfamiliar with the project or technology could understand. This final report will
service to document every aspect of the project from concept to final design.




ELEG 4482 SENIOR DESIGN & PROFESSINALISM 11
SPRING 2022

Title of Presentation: Outcome 3 — Written Report Rubric

Team Number and Members:

Date of Presentation:

Name of Evaluator and Affiliation (University or Company name)

Excellent
99

Very Good
89

Average
79

Below Avg.
69

Poor
54

Comments

Executive Summary

Able to prepare an executive
summary for the report

Format

Able to organize the report

e.g. Title Page, and Table of
Contents, list of Figures, and List
of Tables properly formatted

Charts and Graphs in the report are
well documented, easily
understood and referenced
appropriately

Able to show appropriate
discussion, conclusions and
recommendation

Able to cite references in the
report and provide well formatted
reference list at the end

Able to prepare the written report
in accord with the Senior Projects
Report Manual and instructor
guidance

Written Language

Able to write the report without
grammatical errors

Report includes appropriate level
of detail and analysis

Able to write the report in
excellent professional style — no
unexplained technical jargon or
acronyms

Apply approved standard method
to cite references used and in
literature review

Conclusion and
Recommendation

Able to summarize goal objective
and indicate if they are met
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Electrical and Computer Engineering Department
ELEG 4248 Senior Design 11
Spring Semester

PRAIRIE VIEW A&M UNIVERSITY
ROY G. PERRY COLLEGE OF ENGINEERING

Senior Design & Professionalism IT
ELEG 4248

Final Exam Report

Due Date Sunday May 1 by 5:00pm (Central Time)
Upload to Final Exam Wriltten Report Assignment On Canvas

Due date is firm: early is ok and late is (- 10 points)

Upload only a word document — do not upload a PDF or PowerPoint
This document will serve as your final exam report

Instructions:
= Avoid unexplained acronyms
= Word Document Only - No PDF or other formats
There is no page limit and number all pages
« OKto use diagrams or pics but they must be explained clearly
« The formatting for this document must be precisely followed
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Electrical and Computer Engineering Department
ELEG 4248 Senior Design 11
Spring Semester
Report

Your senior design project is intended 1o be a cumulative effort to produce a product based on a structured
design sequence. Please document your project for the academic year by including the following elements
in your Final Semester Report per this table of contents that is based on the Senior Design Manual posted
on eCourse. All team metnbers should eontribute to the writing and technical content of your report.

Your tearn report will be graded for the design process quality and the writing quality. The sections of the
report are to demonstrate the following technical aspects of leamning for your team:

1. Ability to Define/Understand the Problem and then Plan the Project
a. Identify the customer and the needs.
b. Identify and list the design objectives.
c. Identify the design constraints.
d. Define the design strategy and methodology.

e. [Identify and break down work into tasks and subtasks and identify the personnel and
deliverables for each.

f. Develop a Gantt chart and critical path analysis for managing the project.

g. [Establish major milestones for tracking progress and define performance metrics to
Mmeasure success

2. Ability to Conduct a Review of the Literature, Generate Ideas and Apply Creativity

a. Identify the types of information needed for a complete understanding of all aspects of
the project (Based on task described in the project planning).

b. Gather information on relevant fundamentals, theory / concept (demonstrate technical
competence) and relate them to the design.

¢. Provide the sources in a list of references properly cited in the literature review section
and relevant sections of the report.

Formal report writing is also an important component of the senior design course. Your team report
should also demonstrate the following process of writing:

1. Ability to organize, plan and properly format a written technical report

a.  Students are able to organize report by categorizing ideas for the report into well and
logically organized chapters, major sections, subsections and paragraphs blended within
the larger units.

b. Students provide Title Page, Abstract, and Table of Contents, list of Figures, and List of
Tables properly formatted.

¢. Students provide figure number and title for each figure in the report, reference each
figure, and completely discuss each figure in the report in accord with standards in the
project manual.

50



d.

e.

f.

Electrical and Computer Engineering Department
ELEG 4248 Senior Design II
Spring Semester
Students provide table number and title for each table in the report in accord with

standards in the project manual, reference each table, and completely discuss each table
in the report.

Students properly cite references in the report and provide well formatted reference list at
the end.

Students prepare the written report in accord with standard report formatting provided in
the Senior Projects Report Manual.

2. Ability to compose original texts and properly apply the conventions of written language.

b.

c.

properly apply capitalization, punctuation, and penmanship, to communicate clearly
Spell proficiently

Apply standard grammar and usage to communicate clearly and effectively in writing
including:
i. using complete sentences, varying the types such as compound and complex 1o
match meanings and purposes

ii. properly employing standard English usage in writing for audiences, including
subject-verb agreement, pronoun referents, and parts of speech

iii. properly using adjectives (comparative and superlative forms) and adverbs
appropriately to make writing vivid or precise

iv. properly using prepositional phrases to elaborate written ideas properly using
conjunctions to connect ideas meaningfully

i. Use available technology to support aspects of creating, revising, editing, spell
checking, and publishing the report.

3. Ability to provide appropriate discussion, conclusions and recommendations

.

Summarize the goals, objectives, and indicate whether they were met.

Summarize the results.

Summarize constraints and codes and indicate whether they were met.

Provide logical conclusions and recommendations (including strengths and weaknesses).

Describe the future work that can be done to update and/or extend your project product,
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Electrical and Computer Engineering Department
ELEG 4248 Senior Design II

Spring Semester
TABLE OF CONTENTS ' '
Project Executive Summary ...........oocoeviieininnnnne. i
Table of COMENLS ....vveeinieiniiiniiiiiiiiieanes ii
List Of FIgures .......ocveeiiiiiniiiiiiiiiiniciieiienn, iii
List of Tables and Graphs ...........ccccovvininininininn iv
List of Team Members and Roles ...................... v
1.PROJECTSCOPE ..., Please Number All Pages

1.1 Problem Statement, Business Objective and Target Audience of your Project
1.2 Client identification and recognition of need

1.3 Project goals and objectives

1.4 Contemporary issues relevant to project

1.5 Potential impact of project on society (Safety, Env, Tech, Eco)

1.6 Initial Project constraints

2. PROJECT PLANNING AND TASK DEFINITION
2.1 Task identification
2.2 Gantt Chart — detailed chart not a high level summary

w

LITERATURE REVIEW
3.1 List of all sources of information
3.2 Statement of Learning from each source

4. PRELIMINARY DESIGN
4.1 Concept Generation - describe other designs you considered
4.2 Concept Evaluation and selection (evaluation other designs you considered / selection criteria)
4.3 Design Constraints and Applicable Codes and Standards
Used in the Preliminary Design
4.4 Preliminary Analysis - must show the scicnce/math
4.5 Preliminary Design

5. DETAILED SYSTEM DESIGN
5.1 Project Parts Summary
5.2 Engineering Analysis and/or Simulation must show the science/math
5.3 Hardware Layout/Detailed Drawings/Equipment selection
and specifications (Coding only projects replace Hardware with Software and skip 5.3.1)
5.3.1 Show Overview of Code Developed to Support 5.3 (only if you developed any code)
5.4 Application of Engineering Codes and Standards used in Final Design
5.5 Economic Analysis

5.6 Final Design — show pictures or other example of working design

6. RESULTS & DISCUSSION
6.1 Summary of Goals and Objectives — show deliverables and compare final deliverables with original
6.2 Summary of Constraints and Codes met by Design claborate on codes/how you used in your project
6.3 Discussion of Results and Other Use Cases — results summary and add other ideas/use cascs

7. CONCLUSIONS AND RECOMMENDATIONS

LIST OF REFERENCES
APPENDIX (Include user manual or coding documentation if appropriate)

ITEMS in RED are Informational only — do not include the comments in red in your submission



Electrical and Computer Engineering Department
ELEG 4248 Senior Design IT
Spring Semester

REFERENCING STYLE

To reference a book, paper, etc. follow IEEE style given below.

Book:

[1]1 M. N. O. Sadiku, Elements of Electromagnetics. New York: Oxford University Press, 7'
edition, 2018, pp. 34-54.

[2] D. F. Beer (ed.), Writing and Speaking in the Technology Professions: A Practical Guide.
Piscataway, NJ: IEEE Press, 1992.

Paper/article:

[3] M. N. O. Sadiku and C. Y. Sadiku, "Writing a research report," IEEE Potentials, vol. 33,
no.4, May 1988, pp. 41-44.

For more than 3 authors, mention only the first author and add et al. (and others)

[4]J. A. H. Kareem et al., “Social media and consumer awareness toward manufactured food,”
Cogent Business & Management, vol. 3, no. 1, 2016, pp. 1-8.

Conference:

[5] M. N. O. Sadiku et. al., "Stability criteria for finite difference time-domain algorithm,"
Proceedings of IEEE Southeastcon, April 1990, pp. 48-50.

Internet stuff:

[6] L. Wijntjes, “Social media in the chemical industry,” April 2015,
https://www.ebcg.com/news/social-media-in-the-chemical-industry/




Electrical and Computer Engineering Department
ELEG 4248 Senior Design II
Spring Semester

Report Format:

You must have a table of content with correct page
labeling including tables, graphs and pictures

You must have a cover page

Double Space

Number every page

Title of Each Main Section on Separate Page

Follow the order listed for each sub section

You must begin each page with the sub section
number and title

Start a new page for each sub section

If sub section write up is on more than one page then
other pages should say (continued)

You must cover every sub section do not skip
anything

Grammar and Spelling are critical

Content please be detailed — show your work and
explain it ( remember you are not here to explain it so
your written explanation must stand on its own )
There is no word/page maximum

Font size — do not use small font — if too small it can’t
be read — use your judgement

No videos in the report — can use pictures, diagrams,
drawings etc

Include diagrams, flow charts, pictures, drawings and
explain everything — be very detailed and thorough
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Section 1 — Project Scope

Each Main section title should be on 1ts
on page

11



Electrical and Computer Engineering Department
ELEG 4248 Senior Design I1
Spring Semester

1.1 Problem Statement

Each subsection write up should be on its
on page

DO NOT COMBINE SUB SECTIONS
ON SAME PAGE
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Electrical and Computer Engineering Department
ELEG 4248 Senior Design IT
Spring Semester

1.1 Problem Statement (Continued)

If your write up has several pages per sub
section then you should use (Continued)
on subsequent slides for that sub section

13
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ELEG 4248 Senior Design IT
Spring Semester

1.2 Client Identification and Recognition of need

Now you should start yours write up for
this sub section on a new page

14
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Written Communications Evaluation Form
ECE Senior Design & Professionalism
Written Communications-Outcome 3

Team 5 — Object Detection

Joshua Littleton, Xavier Dukes, Arthur Quinney, Tri’Heem Neville, Christopher

Rollerson

Date of Presentation:

Name of Evaluator and Affiliation (University or Company name)

Excellent
99

Very Good
89

Average
79

Below Avg.
69

Poor
54

Comments

Executive Summary

See Executive Summary

Able to prepare an executive
summary for the report

v/

Format

See Total Report

Able to organize the report

e.g. Title Page, and Table of
Contents, list of Figures, and List
of Tables properly formatted

/

Charts and Graphs in the report are
well documented, easily
understood and referenced
appropriately

Y

Able to show appropriate
discussion, conclusions and
recommendation

Able to cite references in the
report and provide well formatted
reference list at the end

Able to prepare the written report
in accord with the Senior Projects
Report Manual and instructor
guidance

SL,;WIG, !ICIL\}’
Colurs A
Code pueviéd

Sechion 5.4
&U/ [1%“}-

Written Language

See Total Report

Able to write the report without
grammatical errors

Report includes appropriate level
of detail and analysis

Able to write the report in
excellent professional style —no
unexplained technical jargon or
acronyms

Apply approved standard method
to cite references used and in
literature review

sV SN

Conclusion and
Recommendation

See Chapter 7

Able to summarize goal objective
and indicate if they are met
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|
Project Executive Summary \f

Problem Statement

On average, approximately 4,800 burglaries happen every day. One-third of all robberies
result in injury and 39% of the time a weapon is present when an individual is harmed. Arrest
rates for Weapon offenses have doubled since 1965 including unlawful possession and
trespassing.

Proposed Deliverables

- We will be using a Raspberry Pi attached with a camera to survey the area and identify

potential threats

- The machine learning (ML) algorithm we implement detects the threatening objects on an

individual such as weapons in real-time

- Once an object defined as a threat is detected, a text notification is sent to the

owner/operator’s phone allowing them to determine the course of action

Budget
- The total budget for our project is $600.00

- The total amount spent on our project is $340.00



Project Executive Summary (continued)

Customer requirements And Engineering solutions
- Mass producible by using easily obtainable/cost-effective parts
- Lightweight parts for mounting purposes
- Train machine learning algorithm to detect various weapons
- The camera needs a resolution of 1080p for increasing the range of detection
- Text notification alerts of potential threats
- The algorithm classifies threats and non-threats

- Detect threats in real-time

Major Constraints

- The housing for the Raspberry Pi and camera must be mountable
- The camera resolution affects detection accuracy and distance

- The limited frame rate of the Raspberry Pi camera

Benefits

- Societal: This project will offer greater security to those that cannot afford other options.
Businesses will be capable of guaranteeing the safety of customers without infringing
upon a customer's 2"! amendment right to carry while within the public space.

- Safety: The primary goal of this project is to create an affordable security system for
small businesses and homeowners to proactively respond to potential threats however
they see fit.

- Technical: Machine learning has not been utilized within security systems to this day.

Our project will pioneer a smart security system that will inform you of potential dangers

il



Project Executive Summary (continued)

at the first sighting of a weapon that would provide a danger to security or the owner.

Recommendations \/

We recommend that the unit is mounted to a stable elevated surface, ensure there is
nothing blocking the camera lens, make sure the Raspberry Pi is located in a well-insulated area
to prevent overheating the unit, provide a power source for the Raspberry to connect to, and

lastly to get the best usages of our product do not forget to set up a Twilio account for all alerts

and notifications.

Conclusion
Our design will identify active threats by revealing displayed weapons. This artificial
intelligent threat detection system will impact many from universities and church organizations

to businesses and homeowners.
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Section 1 - Project Scope



1.1 Problem Statement, Business Objective and Target Audience

Across the United States, a burglary happens every 15 seconds. This equates to a
staggering 4800 burglaries a day on average. A burglary is defined as an unlawful en ry of a
structure to commit a felony or theft. Two-thirds of these burglaries affect residental properties
while the remaining third affect small businesses. In 2020, 33,296 robberies involved a handgun,
and an additional 8,641 involved a knife. A robbery can be more severe than a burglary, as it
must involve threats or actual violence. Arrest rates for weapon offenses have doubled since
1965 including unlawful possession and trespassing. However, according to the U.S. Department
of Justice, Bureau of Justice Statistics, a substantial portion of violent crimes that take place in

homes have taken place during a burglary incident.

The goal of this project is to design an intelligent monitoring system that will enhance
our ability to survey public and private spaces by using object detection to identify various

threats that could potentially lead to security risks and/or bodily harm.

The target audience for this project is small businesses, homeowners, hospitals,

schools/universities, and churches.

(R
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1.

1.2 Client Identification and Recognition of Need

The device should be mass-producible; to achieve this we plan to use easily obtainable
parts that are cost-effective. Due to the target audience being homeowners and small

businesses, we want to make this device available to everyone at a reasonable price.

The final product must be mountable and lightweight; this will be achieved by using
lightweight materials and cheaper parts. This will ensure that it can be mounted on a wall
for extended periods of time without any complications. The final product will be placed

in conventional security camera locations, to survey the area.

This device must detect a variety of potential threats as weapons come in various shapes,
sizes, and calibers. This is a perfect application for machine learning (M.L.) as there is
not any set of definite rules to classify the myriad of types of weapons there are. The
flexibility required for this particular use case lends itself very well to the use of artificial

intelligence (A.L).

The detection of potential threats at a distance is imperative to the preemptive Smart
Detection System. A high degree of accuracy is required to minimize false positives.
Poor resolution can affect accuracy and may not give an adequate warning since the
potential threat will have to be closer to the camera when compared to a higher resolution
camera. The camera will have a minimum resolution of 1080p to accomplish the goal of

high accuracy, but we are also limited by the processing power of the Raspberry Pi.

The device needs to be able to communicate with other devices such as a phone or

monitor to deliver the alert notification system. A text message should be sent
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1.2 Client Identification and Recognition of Need (continued)

immediately, via Twilio, to the home or business owner for appropriate action to be /

taken. ‘ /
V

Object detection must be able to distinguish between a threat and a non-threat entity. The
Raspberry Pi has limited processing power and should not waste valuable CPU power on
low-risk or non-threatening individuals. The M.L. algorithm should focus on items that

are deemed as potentially dangerous.

Real-time tracking is essential as the camera will give real-time data for the environment
it is monitoring. The delay between the image processing and the time the data is

received should be minimized for the most effective results. Raspberry Pis is particularly
suited for real-time environments as they are often used in robotics due to their real-time

clock (RTC) functionalities.



1.2 Client Identification and Recognition of Need (continued)

J

Marketing Requirements

Engineering Requirements

Justification

Mass Producible

Easily obtainable and cost-
effective parts

Target audience is homeowners
and small business owners

Mountable/Lightweight

Lightweight parts sturdy enough
to be mounted for extended
periods

Will be placed in conventional
security camera locations

Detect a variety of potential threats

Train machine learning (M.L.)
algorithm for weapon detection

Threats come in various forms,
and this is an abstract problem
with no clear formula.
Requiring the flexibility of
Artificial Intelligence

Detect potential threats at a distance

Camera has minimum resolution
of 1080p

Poor resolution images are
more difficult to decipher and
can cause inaccuracies

Alert Notification System

Send an alert through a text
message

Alerts the home/business
owner of the potential threat
near the camera

Distinguishable between threat and
no threat

M.L. model will be trained to
detect items deemed as threats

Camera’s tracking will not
focus on low-risk individuals
and will dismiss them

Real Time Tracking

Use Raspberry Pi for its real time
clock (RTC) capabilities

Raspberry Pi utilizes RTC
which is essential for real time

environments

Table 1: Mutrix



1.3 Project Goals and Objectives /
v
The goal of this project is to design an intelligent monitoring system that will enhance
our ability to survey both public and private spaces by using object detection to identify various
threats. These threats could lead to security risks and or bodily harm. Utilizing machine learning
(M.L.) within the Raspberry Pi, we will monitor and detect any potential threats and non-threats
that would enter the surveyed area. Once an object is determined to be a threat, the homeowner
or business owner will be alerted so that they may take action that they deem as necessary. The
notification will be sent before any violent action takes place, making the system more proactive
rather than reactive. The warning that is received is essential to the safety of the occupants of the

property and any type of warning in a potentially dangerous situation can aid in the mitigation of

severe bodily harm.



1.4 Contemporary Issues Relevant to the Project \/

Security is an essential part of our society, and our project is aimed at providing better
security to small businesses, homeowners, hospitals, schools/universities, and churches. In our
society, we have seen a drastic increase in gun violence and gun violence rates. In 2020, there
was a 34% increase in gun violence deaths from the previous year, this also results in a 75%
increase over the previous decade. Another important statistic to point out is that 79% of murders
were carried out with a gun. If our project were to be implemented in our society these rates

would start to decrease because people would be notified when there is a weapon present in their

area.



1.5 Potential Impacts of the Project

1.5.1 Societal Impact: /

I.  Open and constitutional carry in several states could be impacted by this
technology, as of September 1, 2021, Texas became a constitutional carry state,
and its residents could openly display firearms without a permit. These weapons
and their visibility in society will increase

II.  Home and business owners will have greater security due to the threat detection
services
II.  30% of U.S. households have home security our system would grant greater

security

1.5.2 Safety Impact:

I In 2019, there were an estimated 1,117,696 burglaries in the United States. 62.8%
of those burglaries were residential properties, 37.2% of those burglaries were
businesses.

II.  According to Statista, there were a total of 124,381 robberies that involved
weapons in 2019. 66% of those robberies involved a firearm and 34% involved a
knife or some other weapon.

III.  Statistics show that someone is present 27.6% of the time when a burglary is

taking place, 7.2% of these burglaries result in someone being injured.

IV.  Graph 1 shows the percentage of a certain type of weapon is used in robberies.

This influenced our decision on what weapons our device will detect.



1.5 Potential Impacts of the Project (continued)

Number of Robberies

M Firearm M Knife ™ BluntObject M Other

Graph 1: Percentages of Weapons used in Robberies

1.5.3 Technical Impact:

I.  Our project utilizes machine learning algorithms for the smart detection of
weapons. The benefit of using M.L. is that our system will be able to learn on its
own with the ability to detect new weapons

[I.  Weapon detection using M.L will be done in real-time, which has not yet been
implemented in conventional home and small business security systems, some
examples of weapon detection are in Figures 2.1 and 2.2

III.  Weapon detection allows for the security system to be more proactive rather than
reactive. This will help the homeowner/business owner to prevent the possibility
of injury to themselves or others

IV.  The figures below what a weapon detection interface would look like.



1.5 Potential Impacts of the Project (continued)

Figure 1.2: Example of Weapon Detection of a Knife
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1.6 Initial Project Constraints

There are a few constraints that will influence the success of our project.

- The first is that the housing for the Raspberry Pi and camera must be mountable. This is
due to our project acting as a security camera which is normally mounted to the wall in
an unreachable location.

- The second constraint for our project is the camera resolution, which affects detection
accuracy and distance. If our camera has a bad resolution, we will not be able to clearly
detect the weapons at a distance and will have inaccurate readings.

- Our final constraint is the limited frame rate of the Raspberry Pi camera, which will also

affect our detection accuracy and has an impact on our alert notification system.

11



Section 2 - Project Planning and Task Definition
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2.1 Task Identification

The team began planning first by conversing with the faculty sponsor to choose the
specialization for object detection we would implement. This built a foundation on what type of
research will be needed, as well as how much data is necessary for the project to start, beginning
with the understanding of object detection and the procurement of parts. The research period
allowed for each group member to learn about Raspberry Pi and the operating system interface
that went along with it making for the future steps to have a smoother transition.

The design and coding phase of the project allowed the group to learn the coding
language, Python, and design the script for the project to run. While designing the project we
began early-stage testing to determine if the code worked as expected and find if there were any
errors that needed to be fixed before moving to the next step. After testing the code and
determining it works as intended, the next phase was to specialize the project in weapon
detection instead of just object detection. To accomplish this, an edit to the code is necessary as
well as training for the machine learning model to be capable of learning and recognizing set
weapons that would appear before the camera. After changing the code and training, the first
prototype was complete; however, the next step was to solve the framerate issues and implement
a notification system to the code.

The final phase was completing the notification system for the Raspberry Pi and solving
the framerate constraint to accomplish real time tracking and provide accurate detection for when
a weapon appeared on camera. These tasks ranged between being completed within a day and
taking weeks, so the delegation of time and work needed to be allocated appropriately so that the

project is capable of being completed before the allotted due date.
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2.2 Gantt Chart \ }'ﬂﬁ(\\%\

Throughout the year, time management is important for guaranteeing the project will be
completed within a timely manner and that each member is working on their respective part by
delegating the workload for the team to work as efficiently as possible. The following images are
the complete Gantt chart displaying the detailed time delegation for each task to ensure the

project progressed smoothly within the time limit.
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Figure 2.2: Gantt Chart (part 1)
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Figure 2.2: Gantt Chart (part 2)

14



(\o

€ GISIA LS

<

Tatk
O Mode - Task Name

Tk Mo -

+ Wepon Detection 36 days

Train maching to  $3days
datect wepans
Completed LR
Training
#a-contigure Toays
r cde
Housing Redavgn 7 days

+ Final Tests podm
Testing weapon 3 days
dataction
Testing Jdwps
sctification
syitem
finalitng data Y days

4 Final Oral
Presentation
(spring)

Tue 1/18/22 Sat W13/12

Tue 1/18/22 Fnd1a/n2

A Fn WIA2

Tou 310722 B 314722

Sun 3/13/22 Sat 31922
Sat 3/19/22 Tha V322
541 3/19/22 Wed

vijn

Tha 124732 Mon

yuwmn

Tue 3/29/22 Thu Y3122

w ., Dunation

25 days

Additions/Edits to 7days

Powarpoint
Orgainization of
the presentation
Practice
prasentaion
Record video of
projact running

Fdays

Tdays

1day

+ Final Written Report |15 days

(Spring)
Update recorded
data

1adays

Update charts and 1 days

graphs
Finalize
documentation

2days

- St =
Tue 3/1/22
Tue 3/1/22
Tue 3/1/22
Tunm 3/1/22
Thu 3/31/22
Tue 3/29/22
Tue 3/29/22
Tue 3/29/22

Frid/15/22

2.2 Gantt Chart (continued)

5 1oc%

Finsh -
Thu 3/31/22
Wed 3/9/22
Wed 1/3/22
wed 3/9/22
Thu 3/31/22
Mon
13/

Fri 4/15/22
Frid/15/22

Maon
418/2

Figure 2.4: Gantt Chart (part 4)

™%

»ns

n*%




Section 3 - Literature Review

16



=

3.1 List of All Sources J

Best Home Security System Company & Security Cameras,” Deep Sentinel, 24-Sep-

2021. [Online]. Available: https://www.deepsentinel.com/. [Accessed: 04-Oct-2021].

“Burglary Statistics: The Hard Numbers,” Alarms.org, 19-Dec-2019. [Online]. Available:

https://www.alarms.org/burglary-statistics/. [Accessed: 04-Oct-2021].

“Frequently Asked Questions About Small Businesses,” U.S. Small Business
Administration Office of Advocacy, Oct-2020. [Online]. Available:
https://cdn.advocacy.sba.gov/wp-content/uploads/2020/11/05122043/Small-Business-

FAQ-2020.pdf. [Accessed: 04-Oct-2021].

“Home Security Systems,” SimpliSafe, 2021. [Online]. Available:

https://simplisafe.com/. [Accessed: 04-Oct-2021].

“Introducing VEDX: GPT-3 For Vision,” Visual one. [Online]. Available:

https://www.visualone.tech/index.html#python. [Accessed: 04-Oct-2021].

J. Arora, “Theft Detection Using Machine Learning,” Medium, 25-Sep-2020. [Online].
Available: https://medium.com/analytics-vidhya/theft-detection-using-machine-learning-

a4232eaS1flc. [Accessed: 04-Oct-2021].

L. Blain, “Vaak's Al theft-detection system is already 81% accurate,” New Atlas, 11-
Apr-2019. [Online]. Available: https://newatlas.com/vaak-vaakeye-ai-theft-

detection/59263/. [Accessed: 04-Oct-2021].

“More security with security cameras systems,” GW Security. [Online]. Available:

17



10.

11.

12.

15.

3.1 List of All Sources (continued)

/
https://www.gwsecurityusa.com/. [Accessed: 01-Oct-2021]. \/

“Product Help,” SimpliSafe. [Online]. Available: https://support.simplisafe.com/hc/en-

us. [Accessed: 04-Oct-2021].

“Weapons Offenses and Offenders”, U.S. Department of Justice. [Online]. Available:

https://bjs.ojp.gov/content/pub/pdf/woofccj.pdf [Accessed: 29-Mar-2022]

S. Catalano, “National Crime Victimization Survey: Victimization During Household
Burglary,” Office of Justice Programs, 28-Sep-2010. [Online]. Available:

https://bjs.ojp.gov/content/pub/ascii/vdhb.txt. [Accessed: 04-Oct-2021].

S. Cho and N. Tin, "Using infrared imaging technology for concealed weapons detection
and visualization,” TENCON 2010 - 2010 IEEE Region 10 Conference, 2010, pp. 228-

233, doi: 10.1109/TENCON.2010.5685995.

S. K. Bandyopadhyay, B. Datta, and S. Roy, “Identifications of Concealed Weapon in a
Human Body,” Arxiv. [Online]. Available: https://arxiv.org/ttp/

arxiv/papers/1210/1210.5653.pdf. [Accessed: 04-Oct-2021].

S. Perkins, “Heating up the search for Hidden Weapons,” Science News for Students,
03-Dec-2019. [Online]. Available: https://www.sciencenewsfor students.org/blog/eureka-

lab/heating-search-hidden-weapons.

S. Stasha, “18+ Intriguing Home Ownership Statistics for 2021,” Policy Advice, 13-Sep-
2021. [Online]. Available: https://policyadvice.net /insurance/insights/home-ownership-

statistics/. [Accessed: 04-Oct-2021].

18



16.

17.

18.

19.

3.1 List of All Sources (continued) /

“Self-installed DIY Home Security Systems,” Cove Security, 04-Oct-2021. [Online].

Available: https://www.covesmart.conV/. [Accessed: 04-Oct-2021].

Statista Research Department, “Number of robberies in the United States in 20119, by
weapon used,” Statista, 01-Oct-2020. [Online]. Available:
https://www statista.com/statistics/25 19 14/number-of-robberies-in-the-us-by-weapon/.

[Accessed: 04-Oct-2021].

T. Covington, “Burglary Statistics, Research, and Facts,” The Zebra, 08-Jul-2021.
[Online]. Available: https://www.thezebra.com/resources/research/burglary-statistics/.

[Accessed: 04-Oct-2021].

Uniform Crime Reporting Program, “Crime in the U.S. 2019 Table 23,” FBI: UCR, 29-
Aug-2019. [Online]. Available: https://ucr.fbi.gov/crime-in-the-u.s/2019/crime-in-the-

u.s.-2019/tables/table-23. [Accessed: 27-Sep-2021].

19



1.

12.

13.

/"’

3.2 Statement of Learning from Each Source V
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via FBI Uniform Crime Reporting Statistics

Economic significance and statistics regarding the presence of small businesses

Project comparison to SimpliSafe products

How to integrate and set up a web client via python to send message to Twilio messaging
service

Discussion of crime statistics and how ML can be used in burglary prevention and
identification

Implementation of Vaak's Al theft-detection system and the methods of training

Project comparison to GW security camera products and their various prices and
capabilities

Various SimpliSafe products for comparison to our product

. Bureau of Justice Statistics Weapons Offenses and Offenders statistics on firearm related

criminal offense over the years and its growth

The victimology of burglary victims according to the Department of Justice statistics,
rates of burglary and harming of victims

Exploring the possibility of infrared cameras and object detection, for this project to
detect concealed weapons

How to detect concealed weapons against the human body and when direct sightlines are

obstructed



3.2 Statement of Learning from Each Source (continued)

14. The possibility of using infrared and heat sensitive wavelengths of light with various
photo processing techniques to detect concealed weapons

15. 18+ homeowner statistics, touches on various aspects of homeowning such as reports on
increasing cost, less overall homeowners, and disparities in the housing market

16. Cove Smart products and how they potentially compare to our product sensitive
wavelengths of infrared light

17. Visual data and statistics regarding the number of times a weapon was present during
robberies and the types of weapons during these occurrences

18. Stats on the number of burglaries, how often homes had security measures preinstalled
and the economic effect such acts have on the victims

19. Statistics regarding the type of locations affected by burglaries
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Section 4 - Preliminary Design
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4.1 Concept Generation

There are several applications that machine learning can be used for such as object
detection, image classification, natural language processing, facial recognition, and much more.
As a group, we decided to focus on a specific implementation of object detection in relation to
threat detection. The project shifted more into the development of a pre-emptive warning and

threat detection system with associated hardware and third-party text notification alert system.
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4.2 Concept Evaluation and Selection

As a company, we have a favorable position to produce our goods and services at a
differential value. We have demonstrated a greater comparative value than that of our
competitors and conveyed this information to our target market. Production of our unique
technology that offers features our competitors are not marketing paired with a lower prodtiction
cost will ensure our competitive advantages.

Our technology includes a weapon detection algorithm whereas our rivals offer a general
object detection algorithm. We have machine learning and real-time tracking software whereas
some of our rivals only offer machine learning software. Our organization will not charge a
continuous monthly service charge as many of our rivals include in their packages. Our single
unit product is remarkably simple, easy to install, and lightweight, whereas our rivals have
multiple heavier hardware devices and equipment to install.

With every great invention comes a challenge, and for our system to be complete, we
must rely on a third-party notification company by the name of Twilio. Twilio plays a large
factor in our equation as to when a threat is determined by our system. Twilio is responsible for
sending out the proper notifications to the selected entities. Twilio is an independent company
that the consumer will need to purchase a package plan from for our product to be utilized to its

fullest capacity.



4.2 Concept Evaluation and Selection (continued)

Design Options gt gl Conunions Pros Cons References
Cost Fees
- Weapon Detection T m—
Smart Threat - Machine Learning Tollg
X monitoring
Detection No Monthly | (ML) 7
$340 ; . - Twilio N/A
System Fee - Real Time Tracking subsorintion
(Our Design) - Light Weight e dp
- Text Notifications
GW S . - No Remote
BURLY Starts at _ Al Peniiian Viewing _
$1400 | No Monthly \ -Heavy Camera | GWsecurilyusacom
‘9999 - Uses ML ; BBB.com
: to Fee . . Equipment Ariazon comm
5 @ - Night Vision
Y | $6000 - No Weapon
Detection
Deep Sentinel
Monitoring | - Uses ML
$400 to Fee $60 to | - Motion Detection - No Weapon . —
$1200 $200 per - Wi-Fi or Ethernet Detection '
month connection
SimpliSafe B - Smoke, water, carbon )
Monitoring . - No ML feature
| Starts at _ & motion sensors N
Starts at $15 to enhance Simplisafe.com
' $700 - Smart home )
per month ; : system
= integration
Cove Smart o - A+ rating
w Monitoring | - Environmental - No smart ML
e L L Starts at $26 S fegiivas Covesmart.com
- - $1200 26 per ensors eatures BBB.com
== month - Text Notifications available
| g B

Table 2: Project Comparison Chart




/

4.3 Constraints and Applicable Codes and Standards Used in Preliminary Design

One of the major design constraints for our project was the frame rate of the Raspberry Pi
camera. The frame rate affects Twilio alert times as it works via a counter of frames with a
weapon present. Frame rates are essential to our project because we need to be able to detect
weapons clearly and accurately before an individual is harmed. To fix this issue we implemented
the Google Coral USB Accelerator, this allowed our system to go from one to two frames a

second to around 30 frames a second.

The following Codes and Standards were used in implementing our preliminary design:

IEEE 3652.1-2020: Federated Machine Learning - Our machine learning model can be
constructed from data distributed across various repositories owned by various companies

IEEE P2671: Online detection with machine vision - This standard specifies through the
general requirements of online detection based on machine vision

IEEE P2247.3: Recommended Practices for Evaluation of Adaptive Instructional
Systems - best practice incorporates and promotes the principles of ethically aligned
design for the use of artificial intelligence

IEEE 829-2008: IEEE Standard for Software and System Test Documentation - We used
this standard when testing our software for detecting weapons

IEEE 2755.2-2020: Recommended Practice for Implementation and Management
Methodology for software Based Intelligent Process Automation

IEEE 7.8: IEEE: Code of Ethics
- 3) To be honest and realistic in stating claims or estimates based on available data

- 5) To improve the understanding of technology, its appropriate application, and
potential consequences
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4.4 Preliminary Analysis \/

After determining the deliverables for our project, we were then able to research and
investigate ways to complete our project. We decided that we should start with object detection
on our Raspberry Pi 3b+, object detection is to detect instances of visual objects within a certain
class in digital images. With object detection, we were able to detect preprogrammed objects
such as chairs, cellphones, laptops, a person, and many other objects. Next, we would test object
detection on our Raspberry Pi 3b+ and investigate the machine learning code so that we could
determine how to go from object detection to weapon detection, which is the basis of our project.
The way to do this was by “labeling”, labeling is the process of identifying raw data and adding
meaningful and informative labels to provide context so that a machine learning model can learn
from it. This will be addressed later in the paper. Referring to our object detection tests, we
noticed that we were only getting around 1.1 to 2.5 frames per second, this would cause a delay
in the timing of our text message alert system. This issue is due to the Raspberry Pi 3b+ being an
older model machine that could not handle the video processing that we needed it to do.
Therefore, we had to do more research to find a solution to address this problem, we arrived at
the Google Coral USB Accelerator which can be plugged into our Raspberry Pi to give us a
higher frame rate. The accelerator would then bring our frame rate from a maximum of 2.5
frames per second to around a maximum of 30 frames per second. We also found a newer model
Raspberry Pi that was more powerful than the current one we were given; the new model was the

Raspberry Pi 4b. We decided to purchase these new products that had a greater benefit on our

overall project success.
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4.5 Preliminary Design /

Once we were given our project at the start of the fall semester, we began to consider
ways that we could create the design of our project. We knew that we would need a Raspberry Pi
and the associated camera, because that was the required hardware specification for our project
and the camera allows us to monitor the area. Aside from the hardware of our project we also
decided that we would have an alert notification system set up to alert the owner of the device
that a weapon has been identified in their area. The alert notification comes through a third-party

company known as Twilio that users will have to subscribe to and provide a phone number to

send an alert message.

T e

.\ .

7 ". 3 i
/4 j

/ ¥,

Rh 5 Megapixel 1080p
l Camera Non-Threat
T )

Text
Notification

3 A Power Adapter

\_ - & < /
Raspberry Pi 3b+ Internet
Connection

Figure 3: Preliminary Design

Once we obtained the hardware for our preliminary design, we put it together so that we
could test it; the preliminary design can be seen in figure 3 above. The Raspberry Pi 3b+ is
plugged in via a 3-amp power adapter, the camera is attached to the Raspberry Pi to detect

threats and non-threats, and once a threat is detected an alert text message is sent over a Wi-Fi

internet connection.
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4.5 Preliminary Design (continued)

( Start ) \/
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Figure 4: Software Flow Chart

In figure 4, we show the software flow chart on how the detection and notification system
works. The software begins when the camera is turned on, the camera will then receive input
data and will process the video. During image acquisition the system checks for weapons frame
by frame, which then goes to image recognition where it will determine if a weapon has been
identified in that frame. If a weapon was detected then it will send the notification to the user, if
no weapon is detected it will then go back to the image acquisition stage and continue to check

the next frame in the video for a weapon.



Section 5 - Detailed System Design
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5.1 Project Parts Summary

All parts used in the final system design are listed below in Figures 5.1 to 5.8.

5.3: Google Coral USB Accelerator 5.4: USB-C Power Supply
SAMSUNG
82 EVO"
gy, -
—

5.5: Micro HDMI to HDMI Cord 5.6: Micro SD Card

5.7: Raspberry Pi Fan 5.8: Polylactic Acid

Figures 5.1-5.8: Images of Parts
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5.2 Engineering Analysis

) - \V
Labeling and Training:

In order to train the model to detect weapons, we first had to label images that contained
weapons. This was done using a software called Labellmg. A bounding box is drawn on the
portion of the image that contains the weapon and you attach a label to that box. An example of

this is shown in the figure below.

Figure 6: Labellmg Software

Here you can see that two handguns have been boxes and labeled as handguns. This had
to be done for over 5000 images.
After the entire dataset is labeled, it is used to train the model. The model uses the

information provided by the labeled images to recognize patterns and make predictions.

Quantization:
Quantization is the act of constraining an input and representing its value as a smaller

value. Each node, or tensor, of the model is represented by some numerical value. Usually, a 64-

(98]
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5.2 Engineering Analysis (continued) \/

bit floating-point value can represent an absurdly broad range of values and is computationally
intensive to decipher or to use in other operations. This large computational load slows the
processing of frames and therefore the frame rate. Shrinking the representation of these nodes to
8-bit unsigned integers can greatly improve the frame rate, as operations on simpler values are
faster and take up significantly less space in memory.

Quantization can be applied to the model on a per tensor basis or to the outputs of
individual layers which only partially optimizes the model. This process can decrease the overall
size of the model when it is totally quantized by a factor of 4 times. Quantization is also essential
for the implementation of the Coral USB Accelerator Tensor Processing Unit (TPU) produced by
Google which will maximize the frame rate on the Raspberry Pi upwards of 25-30 frames per

second (fps).
Model:

The model used for object detection was the SSD MobileNet V2 COCO model. The SSD
acronym at the beginning of the model's name stands for Single Stage Detection, meaning that
this algorithm for identification goes straight from pixels of an image directly to bounding box
coordinates and class probabilities to be displayed around the object. This model was chosen
because of its compatibility with TFlite as only a select pool of lightweight operators is available
with this framework and not all models can be converted to this version. This model is also one
of the few quantizable models which is necessary for frame rate solutions to be implemented

such as the Coral USB accelerator.
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5.2 Engineering Analysis (continued)

Notification System: \V

Short Message Service or SMS is used as our notification system. A third-party software
called Twilio is integrated into our design. Whenever a weapon is seen for a set number of
frames, the notification is sent to warn anyone in danger. This type of notification was used
because of its easy implementation, as well as its ability to send out notifications to any number

of people with any type of phone. The messages are very quick and reliable.
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5.3 Hardware Layout/Detailed Drawings/Equipment Selection and Specifications

Hardware Layout

Figure 7: Hardware Layout
In the figure above, it is shown that the Raspberry Pi is connected to power via the 3-amp
power supply and the Pi Camera is connected via a ribbon cable. The USB accelerator is
connected to the raspberry Pi via a USB-A to USB-C cable. The fan is connected to the 5V and
ground pins on the Raspberry Pi and the Raspberry Pi is connected to the monitor via the Micro

HDMI to HDMI cable.

Detailed Drawings

In this section, the schematics for the housing will be shown and described. After the

housing was designed. It was 3D printed out of PLA. The housing is encasing the Raspberry Pi,
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5.3 Hardware Layout/Detailed Drawings/Equipment Selection and Specifications (cont.) / |

fan, Coral USB, camera, and the camera ribbon cable. The full housing can be seen in the figure

below.

Figure 8: Housing Design

Listed below will be detailed drawings of the individual pieces of the housing. To start
with we have the front camera plate. The Pi Camera snaps into place via the 4 pins that stick out

on the inside. The lens of the camera sits in the whole in the center.
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5.3 Hardware Layout/Detailed Drawings/Equipment Selection and Specifications (cont.)

les/e1/22 mm 1/ 1 p
1C|@ ) 1:1 AL

Figure 9.1: Front Camera Plate

The side camera cover is shown below. The front camera plate snaps into the side camera

cover and his snaps into the camera visor.

:Side Camera Cover
1 95/01/22 mm 171
e 1:1 A4

Figure 9.2: Side Camera Cover
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5.3 Hardware Layout/Detailed Drawings/Equipment Selection and Specifications (cont.) /

The camera visor is shown below. The visor snaps together with the side camera cover.

There is a slot on the back to allow the ribbon cable of the camera to pass through as well as a

larger slot that connects the back camera plate.

20, 65

. Camera Visor
oo 1 e o

)

05/01/22 |mm 1/ 1

oerast aaer sannenrees sere

=16 1:1 A4

Figure 9.3: Camera Visor

The back camera plate is shown below. The interior side of the back camera plate has a

notch that slides into the opening on the camera visor. There is a threaded hole to allow for a

short screw attachment to the hinge.
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5.3 Hardware Layout/Detailed Drawings/Equipment Selection and Specifications (cont.)
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Figure 9.4: Back Camera Plate

The hinge is shown below. The hinge allows for the camera to pan left and right. The

hinge is connected to the lower arm via a long screw.

-
i
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Figure 9.5: Hinge
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5.3 Hardware Layout/Detailed Drawings/Equipment Selection and Specifications (cont.)

The lower arm and upper arm are identical and shown below. They are connected via 2
long screws at either end. They have a slit that allows for the ribbon cable to run through the /

interior of the arm.
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Figure 9.6: Upper & Lower Arm

The long and short screws are threaded the same way. The long screw is shown below.

The short screw is % the length of the long screw.
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5.3 Hardware Layout/Detailed Drawings/Equipment Selection and Specifications (cont.)
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Figure 9.7: Long & Short Screws

The Raspberry Pi case top is shown below. It is the portion of the case that would face
downwards if mounted to a ceiling despite being named the top. It has a cut out for the fan to sit
on and has enough space to hold the Coral USB Accelerator. It also has a slit cut out for the
camera ribbon cable and 3 large notches for the USB Ports and the Ethernet port. The hexagonal

shape on the top and slits on the sides allow for adequate air flow as overheating used to be an

issue.
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5.3 Hardware Layout/Detailed Drawings/Equipment Selection and Specifications (cont.)
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Figure 9.8: Pi Case Top

The Raspberry Pi case bottom can be seen below. It is the portion of the case that would
be touching the surface in which the device is being mounted. The case has 4 cut outs for the
power, HDMI ports, and the audio port. The two case pieces snap into one another with the

Raspberry Pi, fan and Coral USB accelerator fixed in place on the inside.
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5.3 Hardware Layout/Detailed Drawings/Equipment Selection and Specifications (cont.)
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Figure 9.9: Pi Case Bottom
The parts are all 3D printed from PLA including the screws. This allows for the housing

to be very lightweight.
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5.3 Hardware Layout/Detailed Drawings/Equipment Selection and Specifications (cont.)

Equipment Selection and Specifications

The Raspberry Pi 4 Model B was selected due to it being the most up to date Raspberry
Pi to be released. It has a much better performance than the other Raspberry Pi models. A
LINPAC benchmark test showed that the Raspberry Pi 4 B almost tripled the score of the
Raspberry Pi 3B+. The specifications of the Raspberry Pi 4 Model B are shown in the table

below.
Raspberry Pi 4 Model B 7
p Broadcom BCM2711, Quad core Cortex-A72 (ARM v8) 64-bit SoC
rocessor
@ 1.5GHz
Ram 8GB LPDDR4-3200 SDRAM (depending on model)
Wi-Fi/Bluetooth 2.4 GHz and 5.0 GHz IEEE 802.11ac wireless, Bluetooth 5.0, BLE
Ethernet Port Gigabit Ethernet
USB Ports 2 USB 3.0 ports; 2 USB 2.0 ports.
Raspberry Pi standard 40 pin GPIO header (fully backwards
GPIO . o
compatible with previous boards)
. 2 x micro-HDMI ports (up to 4kp60 supported)
Display Ports 2-lane MIPI DS display port
Camera Port 2-lane MIPI CSI camera port
Audio Port 4-pole stereo audio and composite video port
Video Encoder H.265 (4kp60 decode), H264 (1080p60 decode, 1080p30 encode)
Graphics OpenGL ES 3.1, Vulkan 1.0
Storage Micro-SD card slot for loading operating system and data storage
5V DC via USB-C connector (minimum 3A%)
Power 5V DC via GPIO header (minimum 3A%*)
Power over Ethernet (PoE) enabled (requires separate PoE HAT)
Operating 0 - 50 degrees C ambient
Temperature

Table 3.1: Raspberry Pi 4 Model B Specifications
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5.3 Hardware Layout/Detailed Drawings/Equipment Selection and Specifications (cont.) ‘/

The Raspberry Pi Camera was selected due to its easy compatibility with the Raspberry

Pi 4 Model B. The specifications of the Raspberry Pi Camera are shown below.

Raspberry Pi Camera Rev 1.3

Still Resolution

5 Megapixels

Video Modes

1080p30, 720p60 and 640 x 480p60/90

Linux Integration

1080p30, 720p60 and 640 x 480p60/90

C Programming API

OpenMAX IL and others available

Sensor

OmniVision OV5647

Sensor Resolution

2592 x 1944 pixels

Sensor Image Area

3.76 x 2.74 mm

Pixel Size 1.4 pumx 1.4 pm
Optical Size 1/4"

Full-frame SLR Lens 35 mm
Equivalent

S/N Ratio 36 dB

Dynamic Range

67 dB @ 8x gain

Sensitivity 680 mV/lux-sec

Dark Current 16 mV/sec @ 60 C
Well Capacity 4.3 Ke-

Depth of Field approx. | m to infinity
Focal Length 3.60 mm +/- 0.01
Horizontal Field of View 53.50 +/- 0.13 degrees
Vertical Field of View 41.41 +/- 0.11 degrees
Focal Ratio (F-Stop) 2.9

Table 3.2: Raspberry Pi Camera Specifications
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5.3 Hardware Layout/Detailed Drawings/Equipment Selection and Specifications (cont.) /

The Google Coral USB Accelerator was selected due to its easy compatibility with the
Raspberry Pi 4 Model B. This device aided in increasing the frame rate by approximately 20

frames per second. The specifications of the Google Coral USB Accelerator are shown below.

Google Coral USB Accelerator

Google Edge TPU coprocessor:

ML accelerator 4 TOPS (int8); 2 TOPS per watt

Connector USB 3.0 Type-C* (data/power)

Dimensions 65 mm x 30 mm

Table 3.3: Coral USB Accelerator Specifications

The Raspberry Pi 4 Official Power Supply Unit was selected due to it being built
specifically to meet the requirements for the Raspberry pi 4 Model B. The specifications of the
Raspberry Pi 4 Official Power Supply Unit are shown below.

Raspberry Pi 4 Official Power Supply Unit
Power 15.3-Watt output
Voltage 5.1-Volt output
Current 3.0-Amp output
Length 1.5-mcable

Table 3.4: Power Supply Specifications

The QVS Micro-HDMI to HDMI Cable was selected because it fit the Raspberry Pi 4 B

and the monitor we used. The specifications of the cable are shown below.

QVS Micro-HDMI to HDMI Cable

Supports 13.3-Watt output
Length 2-mcable
Connectors HDMI Male to Micro HDMI Male

Table 3.5: Micro-HDMI to HDMI Cable Specifications
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5.3 Hardware Layout/Detailed Drawings/Equipment Selection and Specifications (cont.)

The Samsung 32GB EVO Plus UHS-I microSDHC Memory Card was selected due to it

having enough storage capacity and a fast enough speed for the project. The specifications of the

Raspberry Pi 4 Official Power Supply Unit are shown below.

Samsung 32GB EVO Plus UHS-I microSDHC Memory Card

Card Type microSDHC
Storage Capacity 32GB

Bus Type UHS-I

Speed Class 10

UHS Speed Class Ul

Reed Speed Maximum: 95 MB/s
Write Speed Maximum: 20 MB/s

Minimum: 10 MB/s

Magnet-Proof, Temperature Extremes, Waterproof, X-Ray

Durability Proof
Operating Temperature [ -1310185 F/-251085°C
Storage Temperature =010 185 F/-4010 85°C
Wireless Capability None

Table 3.6: MicroSD Card Specifications
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5.3 Hardware Layout/Detailed Drawings/Equipment Selection and Specifications (cont.) \/

The Pi-FAN was selected due to its easy compatibility with the Raspberry Pi. The

specifications of the Pi-FAN are shown below.

Pi-FAN
Operating Voltage 5 Volts
Current 0.2 Amps
Motor Brushless DC fan
Dimensions 30mm x 30mm x 8mm
Wire Length 3.25" /80mm
Weight 6.2g/0.220z

Table 3.7: Pi-FAN Specifications

The OVERTURE Polylactic (PLA) ACID Filament was selected due to its easy

compatibility with the 3D printer that was used. It was also ideal for its biodegradability and was

already readily available. The specifications of the OVERTURE PLA Filament are shown below.

OVERTURE Polylactic ACID Filament

Diameter

.75 mun diameter

Dimensional Accuracy

Accuracy +/- 0.03 mm

Material

Polylactic Acid (PLA)

Extrusion Temperature

190°C - 220°C (374°F~ 428 °F)

Heated Bed Temperature

25°C - 60°C (77°F~ 140°F)

Color

Black

Table 3.8: Polylactic Acid Specifications
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5.4 Overview of Code

There are three main portions of the code. The first section handles training the model to
detect weapons. The second section contains everything that deals with the process of running
the camera and detecting objects. The third section handles the logic behind how and when to
send the notification. The main portions of these three sections will be explained below;

however, to see the full-length code, see appendix page A2

Training the Model

When training the model, we used over 5000 images that we labeled as a specific
category of weapon. These images became our dataset. The model is then trained on this data set
by running the training executable. This code, along with instructions on how to configure the
training job can be found in the appendix on page A8. This section calls many different files to
aid in the training process. To summarize what is happening during training, the algorithm takes
an image that looks at where the bounding box for the weapon is and looks for certain patterns

and similarities throughout the various images.

Running the Camera

The code that runs the camera and weapon detection starts with the camera constraints.
The dimensions of the camera must be defined because the bounding box location for the
weapons is calculated using the image height and width. Below it is shown that the image width
for our camera is 1280 and the height is 720.
# Set up camera constants

IM_WIDTH
IM_HEIGHT

Figure 10.1: Camera Dimensions
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5.4 Overview of Code (continued)

A label map is a list of all the objects, or classes, we want to detect. In our case, it is just
weapons, so we have a label map with rifle, handgun, blade, and blunt object. We call this label
map file and define the number of classes. The figure below shows the code that performs these
actions.

# Path to label map file
PATH_TO_LABELS os path CWD_PATH

S

# Number of classes the object detector can identify
NUM_CLASSES

## Load the label map.

# Label maps map indices to category names, so that when our convolution
# network predicts "5, we know that this corresponds to "king .

# Here we use internal utility functions, but anything that returns a

# dictionary mapping integers to appropriate string labels would be fine

label_map label_map_util PATH_TO_LABELS

categories  label_map_util label_map
max_num_classes NUM_CLASSES wuse_display name True

category_index label map_util categories

Figure 10.2: Loading Label Map
The program then loads the TensorFlow model into memory. This is the model that was
trained to detect weapons. This can be seen in the figure below.

# Load the TensorFlow model into memory.
detection_graph tf
detection_graph
od_graph_def  tf
L PATH_TO_CKPT o Fhd
serialized graph  fid

od_graph_def serialized_graph
tf od_graph_def name
Sess tf graph detection_graph

Figure 10.3: Loading in the Model
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5.4 Overview of Code (continued)

The output of the model includes the detection boxes, scores, classes, and number of
objects detected. In the figure below, these are seen as detection_boxes, detection_scores,
detection_classes, and num_detections. The detection boxes give the coordinates of the top left
and bottom right points of the bounding box. The score is the confidence level this is displayed
as a percentage. The classes are the names of the object being detected and the number of

detections keeps track of how many of the detected objects are in the view of the camera.

Figure 10.4: Boxes, Scores, Classes, and Number of Boxes
The live value of the frame rate is calculated by checking the tick frequency. This is
shown in the figure below. It is important to have the exact frame rate of the camera as this

directly affects the speed at which the notification is sent.

b

# Initialize frame rate calculation

Figure 10.5: Frame Rate Calculation



5.4 Overview of Code (continued)

The model is run and uses each frame from the camera as its input. This code is shown

below.

# Perform the actual detection by running the model with the image as input

~tion boxes det tion scores detection classes num detections

Figure 10.6: Running Detection Model
The results from the detection model are displayed over the actual live footage from the
camera. This is done by drawing the boxes, showing the classes, and updating the scores for each
frame. The figure below demonstrates this process.
# Draw the results of the detection (aka 'visulaize the results')
vis_util
frame

np boxes
np classes np

11lized_coordinates True

Figure 10.7: Visualization of Results

Notification System

For our notification system, we used Twilio. To code in the Twilio information we first
import the Twilio client. Then the account SID number, authorization number, the phone number
of who needs to receive the notification, and the number the message is being sent from are all
defined. In the figure below, it is shown where these values are defined as the specific variables:

account_sid, auth_token, my_number, and twilio_number, respectively. The numbers are

covered for privacy purposes.

n
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5.4 Overview of Code (continued)

Figure 11.1: Twilio Setup
The way the program knows when to send the notification is a series of “if” statements. It
determines if a weapon is on the screen. The weapons are defined by their ID classes; 1 for rifle,
2 for handgun, 3 for knife, 4 for blunt object. A predetermined area of detection is defined if it is
not wanted to detect weapons in the camera’s full field of view. If one of the weapons is located
within that area for 300 frames, it sends the message “A weapon has been detected on your
camera” to the numbers previously defined. The program then pauses for a set amount of time to

prevent messages being spammed. This can all be seen in the snapshot of the code below.

int cla ] or int 585 or
int 1 or int class and
int  boxe b IM_WIDTH
y int boxes t ] IM_HEIGHT
\rr3 3 cir 1 t - - 1§ +
cv2 g
If s s )
ns and and and
detected insids True

T - aanon deteartinn by r+ineg L <
# Pause weapon detection by setting “pause” flag

Figure 11.2: SMS Notification Execution

wn
L8]



5.5 Application of Engineering Codes and Standards used in Final Design

The following IEEE Codes and Standards were used in the final design of our project:

IEEE 3652.1-2020: Federated Machine Learning - Our machine learning model can be
constructed from data distributed across various repositories owned by various
companies

IEEE P2671: Online detection with machine vision - This standard specifies through the
general requirements of online detection based on machine vision

IEEE P2247.3: Recommended Practices for Evaluation of Adaptive Instructional
Systems - best practice incorporates and promotes the principles of ethically aligned
design for the use of artificial intelligence

IEEE §29-2008: IEEE Standard for Software and System Test Documentation - We used
this standard when testing our software for detecting weapons

IEEE 2755.2-2020: Recommended Practice for Implementation and Management
Methodology for software Based Intelligent Process Automation

IEEE 7.8: IEEE: Code of Ethics
3) To be honest and realistic in stating claims or estimates based on available data
5) To improve the understanding of technology, its appropriate application, and

potential consequences
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5.6 Economic Analysis

The economic analysis of our project can be separated into two phases. There were
different components that were used in each phase which we will outline below. During phase
one we were given the parts that we needed to start a preliminary design of our project. The parts

that we used in our phase one design were given to us by the school and can be seen in table 4.1.

Item Name Quantity Total
Raspberry Pi 3b+ 1 | Pre-owned
Raspberry Pi Camera 1 | Pre-owned
Rev 1.3

Total: | $0

Table 4.1: Phase | Cost

After completing the testing of phase one with the given parts, we were able to identify
which parts needed updating and investigate ways that we can improve our design. We needed to
update our Raspberry Pi 3b+ to the Raspberry Pi 4b which is a more powerful and faster model,
we also upgraded our MicroSD card so that our Raspberry Pi can hold more storage. Another
upgrade to our project was the addition of the Google Coral Accelerator, which increases the
frame rate of our camera and video processing. To connect the Raspberry Pi 4b to a monitor and
observe an area we had to purchase a Micro HDMI to HDMI cord. The updated cost of our

project can be seen in table 4.2.

[tem Name Quantity Total
Raspberry Pi 4b 18134
Raspberry Pi Camera | | Pre-owned
Rev 1.3
Google Coral USB 1| $174.58
Accelerator
Micro HDMI to 1|$16.95
HDMI cord
Micro SD card 1| $20

Total: | $345.53

Table 4.2: Smart Threat Detection System Cost

L]
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5.7 Final Design - Show Pictures or Other Examples of Working Design

Figures 12.1 - 12.3 depict a rifle being detected by our camera. The yellow box and word
“rifle” are specific to that class of weapon. In various orientations, including partially covered,

the rifle is detected with remarkably high confidence.

Figure 12.2: Rifle Detected with 100% Confidence
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5.7 Final Design - Show Pictures or Other Examples of Working Design

Figure 12.3: Covered Rifle Detected with 97% Confidence
Figures 13.1 - 13.5 below depict a handgun being detected by our camera. The green box
and word “handgun” are specific to that class of weapon. In various orientations, including the
barrel pointed towards the camera and a black gun on a black background, the handgun is

detected with high confidence.

Ty
<

Figure 13.1: Handgun Detected with 84% Confidence
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5.7 Final Design - Show Pictures or Other Examples of Working Design

Figure 13.3: Barrel Pointed at Camera Detected with 75% Confidence



5.7 Final Design - Show Pictures or Other Examples of Working Design

Figure 13.4: Partially Covered Handgun Detected with 93% Confidence

Figure 13.5: Black Handgun Detected on Black Jacket with 99% Confidence



5.7 Final Design - Show Pictures or Other Examples of Working Design

Figures 14.1 - 14.3 below depict a blade being detected by our camera. The greenish
yellow box and word “blade™ are specific to that class of weapon. The blade is detected with
high confidence. However, the algorithm is less than 60% confident in categorizing the blade
when its narrow profile is facing the camera. Objects with a confidence level less than 60% are

not displayed on the screen.

Figure 14.2: Blade Detected with 84% Confidence
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5.7 Final Design - Show Pictures or Other Examples of Working Design

Figure 14.3: Narrow Profile of Blade not Detected

Figure 15 shows an example of what the notification could read when a weapon is
detected. The “Sent from your Twilio trial account” portion does not appear when the small

messaging fee is paid.
Today 7:59 PN

Sent from your Twilio
trial account - A

weapon has been
detected on your
camera!

Figure 15: Example Notification
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5.7 Final Design - Show Pictures or Other Examples of Working Design

Figures16.1 & 16.2 demonstrate how the algorithm does not accidentally depict a similar
looking object as a weapon. In this case, the phone is being held in a way a handgun would be

held and no box is ever displayed. This shows that there are very few false positives.

Figure 16.1: Cell Phone False-Positive Test (part 1)

Figure 16.2: Cell Phone False-Positive Test (part 2)
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Section 6 - Results and Discussion
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6.1 Summary of Goals and Objectives

The main objective was to implement object detection onto Raspberry Pi. We ran a
mobile deep learning model, SSD-MobileNet, on Raspberry Pi to detect various objects. Our
experimental results demonstrated the effectiveness of this implementation. Moreover, the on-
going work was to extend this implementation to weapon detection, which was used to detect
different weapons in a real-time manner. Upon completing and validating this extension in
different testing scenarios our results were successful. In order to complete the smart security
system a notification system was integrated into the object detector once the new categories of
objects were trained to be detected. This ensured that once a weapon was detected in the frame a

text notification was sent to the appropriate authorities warning them of the potential threat.
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6.2 Summary of Constraints and Codes met by Design

The main constraints we have observed with this project are creating a durable housing
kit for the raspberry pi with a mountable camera thaf is capable of staying in place for an
extended duration of time. The next constraint was the camera resolution impacting the accuracy
of the weapon detection, as well as the distance that the camera is able to view, to fix this having
a camera that has a minimum resolution of 1080p will ensure a clear quality to have the highest
accuracy. The final notable constraint with our project was the frame rate of the real time
tracking with the raspberry pi. Due to the severity of this issue we needed to increase the frame
rate of the hardware, and after thorough research on how to solve the issue, the best solution to
the situation was changing our software to TFlite and quantizing the data as well as utilizing a

USB accelerator device in order to aid in speeding up the frame rates of the overall system.

The following codes were used in our final design:

IEEE 3652.1-2020: Federated Machine Learning - Our machine learning model can be
constructed from data distributed across various repositories owned by various companies

IEEE P2671: Online detection with machine vision - This standard specifies through the general
requirements of online detection based on machine vision

IEEE P2247.3: Recommended Practices for Evaluation of Adaptive Instructional Systems - best

practice incorporates and promotes the principles of ethically aligned design for the use

of artificial intelligence

IEEE 829-2008: IEEE Standard for Software and System Test Documentation - We used this

standard when testing our software for detecting weapons
IEEE 2755.2-2020: Recommended Practice for Implementation and Management Methodology
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6.2 Summary of Constraints and Codes met by Design

for software Based Intelligent Process Automation

IEEE 7.8: IEEE: Code of Ethics
3) To be honest and realistic in stating claims or estimates based on available data
5) To improve the understanding of technology, its appropriate application, and potential

consequences
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6.3 Discussion of Results and Other Use Cases

This project allowed us to design a completely unique security system by utilizing a
machine learning algorithm capable of detecting weapons and immediately notifying the owner
of the potential danger that is within the area. Designing this system granted us the opportunity
to offer a more advanced security system to consumers at a lower cost compared to competitors.
Machine learning has not been introduced to security systems easily and with the introduction of
our device, we would be offering a continuously learning security system that will offer greater
results as time goes on while also being capable to notify the owners of the home or
establishment of a potential threat.

The use of this system can be expanded into being capable of finding concealed weapons
with the implementation of an inferred camera, with this feature the number of areas this system
would be able to be set up will drastically increase due to the uncertainty of if there is a weapon
on a person. Taking into consideration that weapon detection is a specialization of object
detection, the other uses of object detection can be implemented into several types of trackers,
such as a people tracker, a vehicle tracker, or even an animal tracker. These would also easily be

able to be used to notify when any object, not just a weapon, is detected in a certain area.
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Section 7 - Conclusions and Recommendations
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Section 7 - Conclusions and Recommendations (continued) /

It is observed that a large population reconciles violence related to various weapons such
as guns and knives all over the world. Therefore, it is a good proactive solution to detect these
weapons in public areas to defend against this violence. Our Weapon Detection on Raspberry Pi
design identifies active threats by revealing displayed weapons. These weapons can be either a
rifle, a handgun, or a blade and the weapon must be in view of the camera. Our alert notification
system provides additional time for actions to be taken to minimize casualties.

We recommend having a mountable dry surface for the Raspberry Pi platform. Wi-Fi and
or data service are needed for text notifications. Electricity to run power to the Raspberry Pi
system is also required. In the event of power failure, the possibility of having a backup
generator is convenient to prevent system interruption. This artificially intelligent threat

detection system will impact many from universities and church organizations to businesses and

homeowners.
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Appendix (cont.)

Code to Run Camera and Send Notification:

4

##iHH#E Webcam Object Detection Using TensorFlow-trained Classifier #######E#

-~ S -

Description:

This program uses a TensorFlow-trained classifier to perform object detection.
It loads the classifier and uses it to perform object detection on a webcam
feed.

# It draws boxes, scores, and labels around the objects of interest in each frame
# from the webcam.

T W

# Import packages
import ctypes
t os

)]
P
FmRan
1mpot

in ~
il i L

import as np
import as: df
import sys

# This is needed since the notebook is stored in the object detection folder.
sys path '

# Import utilites

from utils import label map_util

from utils import visua Explain why this would be the case and the benefits of
such an

implementation? Do you expect the performance of suboptimal choice of the
parameter triplet

to dramatically impact the link throughput performance?

lization utils as vis_util '

# Set up Twilio

from import
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Appendix (cont.)

# Twilio SID, authentication token, my phone number, and the Twilio phone number

account_sid AC7¢42889759F0420303b408Fb77a89c1434
auth_token 'd9528pa7293314bVunhaRsaebecclBa’
my_number 2542351182

twilio_number 19362510045

client account_sid auth_token

## get Screen Size

user32  ctypes windll

screen_width screen_height user32
user32 1
frame_height frame_width

scaleWidth  float screen_width float frame_width

scaleHeight float screen_height float frame_height

if scaleHeight scaleWidth
imgScale scaleWidth

else

imgScale scaleHeight

newX newy 1 imgScale 9
frame  cv2 int newX int newY
WINDOW_NAME "Full Integration’

# Set up camera constants
IM_WIDTH 1289
IM_HEIGHT 729

imgScale

# Name of the directory containing the object detection module we're using

MODEL_NAME "inference graph'

# Grab path to current working directory
CWD_PATH  os

# Path to frozen detection graph .pb file, which contains the model that is used
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Appendix (cont.)

# for object detection.
PATH_TO_CKPT  os path CWD_PATH MODEL_NAME

# Path to label map file
PATH_TO_LABELS os path CWD_PATH . 'training' 'labelmap.pbtxt’

# Number of classes the object detector can identify
NUM_CLASSES 4

#t# Load the label map.

# Label maps map indices to category names, so that when our convolution
# network predicts 5, we know that this corresponds to "king .

# Here we use internal utility functions, but anything that returns a

# dictionary mapping integers to appropriate string labels would be fine

label map  label_map_util PATH_TO_LABELS

categories - label_map_util label_map
max_num_classes NUM_CLASSES use_display_name True

category_index  label_map_util categories-

tt Load the TensorFlow model into memory.
detection_graph  tf
with detection_graph

od_graph_def tf

with tf PATH_TO CKPT 'rb' as fid
serialized graph  fid
od_graph_def serialized_graph
tf od_graph_def name

sess  tf graph detection_graph

# Define input and output tensors (i.e. data) for the object detection classifier

# Input tensor is the image
image_tensor  detection_graph image

ga
T
D

W

o]
X

# Output tensors are the detection boxes, scores, and classes
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Appendix (cont.)

## Each box represents a part of the image where a particular object was detected
detection_boxes  detection_graph 'detection boxes:0

# Each score represents level of confidence for each of the objects.
# The score is shown on the result image, together with the class label.
detection scores  detection_graph 'detection_scores:9’

detection classes  detection_graph 'datection_classeszﬁ‘

# Number of objects detected
num_detections - detection_graph 'num_detections:@’

### Initialize other parameters ####

# Initialize frame rate calculation
frame_rate_calc 1

freag - cv2

font cv2

# Define inside box coordinates (top left and bottom right)
TL_inside int IM_WIDTH ©.@21 int IM_HEIGHT 2.9l
BR_inside int IM_WIDTH ©.992 int IM_HEIGHT 9

# Define outside box coordinates (top left and bottom right)
#TL outside = (int(IM_WIDTH*®.46),int(IM_HEIGHT*©.25))
#BR_outside = (int(IM_WIDTH*@.8),int(IM_HEIGHT*.85))

# Initialize control variables used for weapon detector
detected_inside  False
fidetected_outside = False

inside_counter
#outside_counter = ©

pause 2
pause_counter 5

# Initialize frame rate calculation
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Appendix (cont.)

frame_rate_calc 1
freq  cv2
font cv2

# Initialize webcam feed
video V2

ret video 3 1289
ret video 4. 720
def frame

# Use globals for the control variables so they retain their value after
function exits

global detected_inside

global inside counter

global pause pause_counter

frame_expanded np frame axis &

while True

# Acquire frame and expand frame dimensions to have shape: [1, None, None, 3]

# i.e. a single-column array, where each item in the column has the pixel RGB
value

ret frame video
frame_rgb  cv2 frame cv2
frame_expanded np frame_rgb axis @

# Perform the actual detection by running the model with the image as input
boxes scores classes num sess
detection_boxes detection_scores detection_classes num_detections

feed dict 1image_tensor frame_expanded

# Draw the results of the detection (aka 'visulaize the results')
Vs ditTd
frame
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Appendix (cont.)

np boxes
np classes np
np scores

category_index

use_normalized coordinates True
line_thickness &
min_score_thresh 2.59

# Draw boxes defining "outside" and "inside" locations.
#tcv2.rectangle(frame,TL_outside,BR_outside, (255,20,20),3)
#cv2.putText (frame,"Outside #box",(TL_outside[8]+1@,TL_outside[1]-

10),font, 1, (255,20,255),3,cv2. LINE_AA)

cv2 frame TL_inside BR_inside 28 22 255 3
cv2 frame "Detection Area"” BR_inside ©
240 TL_inside: 1 '-35 font 1. 20 255 255 3 ev2

# Check the class of the top detected object by looking at classes[@][@].

# If the top detected object is a weapon (1-4)

# find its center coordinates by looking at the boxes[@][@] variable.

# boxes[@][@] variable holds coordinates of detected objects as (ymin, xmin,

ymax, Xmax)

if int classes @ ¢ 1 or int classes 2 © 2 or
int ‘classes & @ 3 or int classes 4 ¢ 4 and pause
X dnt - ‘boxes @ @ 1 boxés € © > IM_WIDTH
y dint boxes @ 9@ @ boxes @ @ 2 IM_HEIGHT
# Draw a circle at center of object
cv2 frame x y 5 13 1

¥

# If object is in inside box, increment inside counter variable
if x TL_inside @ and x BR_inside & and y TL_inside 1 and
BR_inside 1
inside_counter  inside_counter

if inside_counter
detected_inside  True
message client
body "A weapon has been detectad on your cameral'’
from_ twilio_number
to my_number

inside_counter 9

outside_counter

# Pause weapon detection by setting "pause" flag
pause 1

AT



cv2

# PFress

cv?2

cv2

Code for the Training of the Model
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-logtostder

-train_dir=path/ta/train_dizs

--model config path=model config.pbtxt \
--train config path=train_config.pbtxt

--input_config path=train_input_config.pbixt

T

import functools
import json

Appendix (cont.)

import os
import as tf
from import
from import
from import
from import
from import
from import
tf tF
flags tf
flags ‘master’ ' 'Name of the TensorFlow master to use.’
flags ‘task' @ ‘'task id’
flags 'num_clones’' 1 ‘Number of clones to deploy per worker.'
flags 'clone on_cpu' False

'Force clones to be deployed on CPU. Note that even if

‘set to False (allowing ops to run on gpu), some ops may

"still be run on the CPU if they have no GPU kernel.’
flags ‘worker_replicas' 1 ‘'Number of workers+trainer

'replicas.’
flags 'ps_tasks' @

‘Number of parameter sarver tasks. If None, does not use

'a parameter server.’
flags ‘train_dir’

‘Directory to save the checkpoints and training summaries.'
tlags "pipeline_config path’

'"Path to a pipeline_pb2.TraintEvalPipelineConfig
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flags
flags
flags
FLAGS  flags
None
def L
assert FLAGS
it FLAGS
if FLAGS
configs
FLAGS
if FLAGS
tf
else
configs

input ifig pat

Path \ 1nput reader pb2.Ir
\fig path

'Pa o a model pb2.DetectionMc

'Use object_detection/model_main.

“train_dir

is missing.

FLAGS

i

FLAGS
os path
overwrite True

FLAGS

model config path FLAGS

train_config_path FLAGS
train_input_config _path FLAGS

if FLAGS 2
for name config in 'model .config’
'"train.config' FLAGS
input.config’
e config os path
overwrite True
madel config configs 'model
train_config configs 'train_config
input_config configs 'trai _config'
model_fn  functools partial
Al0

H

D

FLAGS

FLAGS
FLAGS

Appendix (cont.)

2. config'

name



o

Appendix (cont.)

model config mddel_config
is_training True

def config

return

config

create_input_dict_fn functools partial input_config
env  json os environ '"TF_CONFIG' '{}'
cluster_data env ‘cluster’ None
cluster tf cluster_data if cluster_data else None
task_data env "task' None or ‘type' ‘master' ‘'index' @

task_info  type 'TaskSpec' object task_data

# Parameters for a single worker.

ps_tasks @

worker_replicas 1
worker_job_name 'lonely worker'
task @

is_thief True

master

if cluster _data and 'worker' in cluster_data
# Number of total worker replicas include "worker"s and the "master”.

worker_replicas cluster_data 'worker’ 1
if cluster _data and 'ps' in cluster_data

ps_tasks cluster_data 'ps’
if worker_replicas 1 and ps_tasks !

raise ValueError ‘At least 1 ps task is needed for distributed training.’
if worker_replicas 1 and ps_tasks

# Set up distributed training.

server tf tf cluster protocol 'grpc’

job_name task_info
task_index task_info

All

!



gr
it

if task info
server

return

worker_job_name '%s/task:d
task  task_info

is_chief
master

task_info

task_info 'master’
server

aph_rewriter_fn None
'graph_rewriter_config' in configs
graph_rewriter_fn
configs 'graph_rewrit £

iter config’

create_input_dict_fn
model_fn
train_config

master

task

FLAGS
worker_replicas
FLAGS

ps_tasks
worker_job_name
is_chief

FLAGS

graph_hook_fn graph_rewriter_fn

if _ _name__ main

£

Al2

task_info

is_training True
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Section 1 - Project Scope
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1.1 Problem Statement

One of the major concerns of caregivers who tend to be special needs individuals is how to find an
affordable solution to prevent them from wandering from their safe environment. According to statistics,
"roughly 50 percent of children between the ages of 4 and 10 with autism wander Ty{e point. More
than half of these wandering children go missing — often into dangerous situations." (autismspeaks.org).
The main goal of this project is to create an affordable, robust, and effective solution to locate special-
needs individuals by investigating viability, performing a feasibility study, and implementing geo-
location-based technology in a LoRa WAN (Wide Area Network) (Long Range Wide Area Network)
platform. Our device will be suitable for wireless data communications that periodically send a small
amount of data over long distances at a low data rate. This is a step into future network servers, focusing

on expanding broader network coverage and a secure private server.
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1.2 Cient Identification and recognition of need

According to childmindinstitute.org, many autistic children are prone to wander more therefore
putting themselves in dangerous situations. Autistic children wander more because they have a weaker
sense of danger than other kids or they may get fixated on exploring something interesting to them. This
is potentially a substantial risk because they can end up lost or hurt and some may not be able to
communicate their names or addresses. In a 2011 study on wandering that listed responses from more

=
than 800 parents, 50 percent of children between the ages of 4 and 10 with @ve}e said to have
wandered at some point four times more than their unaffected siblings. The behavior peaks at 4, but
almost 30 percent of kids with an ASD between the ages of 7 and 10 are still eloping, eight times more
than their unaffected brothers and sisters. These statistics portray the dire need for caregivers/parents to
be equipped with the proper tools to locate special needs individuals. The implementation of our device in
society will lower these numbers tremendously. Our device will be able to track special needs individuals

effectively and keep them from the dangers of wandering or going missing without anyone noticing.
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1.3 Project Goals and Objectives

Purpose:

The main goal of this project is to create an affordable, robust, and effective solution to locate
special-needs individuals by investigating viability, performing a feasibility study, and implementing geo-
location-based technology in a LoRa WAN (Long Range Wide Area Network) platform. Our device, the
G30 (pronounced “geo’), will enable caretakers to monitor the safety of their disabled dependent more

effectively.

Deliverables/Objectives / Proposed Solution:

1. Embedded Tracking System:

The Arduino Uno + SX1276 LoRa Shield microcontroller will be implemented with geo fencing
technology to track a specific individual while keeping battery usage at a minimum. The ideal tracker
will remain in sleep mode for most of its use. The device is designed to wake when it has passed the

geo-fencing threshold. From there, it will transmit its location to the gateway.

2. Access Point:

The LoRa WAN gateway will act as a bridge between the LoRa tracker and The Things Network. The
gateway will act as a private server linked directly to the IoT cloud. It will also protect the users’

personal information from cyber criminals.

3. SMS Notification:

Once the data is received on The Things Network, it will be decoded and manipulated to send directly
to the user through a notification on a cellular device. Ideally, the user will receive live location

updates every 60 seconds.
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Scope:

Our team will create a LoRa IoT device that is suitable for wireless data communication that sends lesser
/
amounts of data over long distances at a low data rate periodically. This is a step into future n:tyfrk

servers, with the focus being directed toward expanding wider network coverage and a safer ard secure

private server.

Marketing/Customer Requirements:

a) The tracking system will be concise and reliable for the most accurate results. By effectively using
LoRaWAN (Long Range Wide Area Network) technology, the G30 will be able to pinpoint an

individual’s exact location.

b) Should the individual wearing the device move outside of the desired radius, an alert will be sent
directly to the primary caregiver or guardian. The geo-fencing feature in LoRaWAN technology

will allow a specific radius to be programmed into the transceiver.

¢) The SMS Notification will be user friendly, meaning anyone should be able to operate it. Live
GPS (Global Positioning System) coordinates will be sent every 60 seconds the device is outside

of the desired boundary.

d) The G30 will be lightweight and portable with the idea that it will be worn by a child. The

peripheral interface controller (PIC) should fit in a case about the size of a watch or wristband.
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e)

g)

h)

The G30 will be marketed at a low cost with no monthly subscription or fees. It will consist of a
transceiver and tracker that will connect to a LoRa access point that will communicate with the

Internet of Things (IoT) network.

The LoRaWAN network has a range of up to two miles outside of its geo-fence. Because of this,

the G30 will not need to use Bluetooth or Wi-Fi which have ranges less than 100 meters.

The G30 will use minimal battery power and will be functional up to a week on a singie charge.

The LoRaWAN platform will allow the G30 to be discoverable for enough time to be located.

Cyber security measures will be taken to ensure that the G30 is not so easily hackable. The device
will require a secure logon to the cloud server and only allowed devices will be admitted to the

LoRa private network.
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1.4 Contemporary Issues Relevant to Project

With a click on a screen, an ordinary person can find his or her way via a complex system
involving satellite technology. GPS technology has exponentially improved society. GPS techfiology
improved navigational accuracy significantly in the military, in the economy, and in ous gfdinary lives.
However, there are still issues with GPS tracking in modern day society. The two main contemporary
issues with wireless GPS tracking are accuracy problems and issues accessing data. The accuracy
problems are usually due to the area where a person is located. The antenna can have issues picking up or
maintain satellite signal. Normally, this can be fixed by placing the antenna in a place where it has a clear
view of the sky. However, this could be due to the location a person is in. If a person is indoors, the GPS
tracker can be off or if a person is in an area where there is not much signal the tracker can have a hurt
time picking up the location. The second contemporary issue is the ability to access history data online.
The ability to access data is important to those tracking something of interest. Access to information is

due to enabled firewalls, outdated firmware, or incompatible technologies.
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1.5 Potential Impact of Project on Technology, Society, Safety

Safety:

Rate of Elopement by Age and ASD Status
{ Chikdren weh ASD and they Unsfiected Si

o
£ /\Zw@\\

----------

Figure 1.1
Statistics show that half of children between the ages of 4 and 10 attempt to elope or wander from their
safe environments. As you can see in figure 1.1, the rate of elopement in autistic youth is significantly
greater than that of their unaffected siblings. Our device will help reduce these rates and create a safer

environment for children with autism.

Social:

According to the Child Mind Institute, various parents stated that wandering is the most stressful
behavior. 62% of parents of autistic children stated fear of their child wandering prevented them from
participating in activities outside the home, increasing their social isolation. 40% of these already
exhausted parents said they lost sleep while worrying about a potential escape during the night. Our

device will help ease the minds of caregivers and reduce social isolation in autistic youth.
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Technological:

A
High
Bandwidth
Low
sot . Range o
Figure 1.2

Think twice \/
Good listener .
Rest
Bz —

recere transmil process sleep
Figure 1.3

This device uses LoRa WAN based technology. As you can see in figure 1.2, Lora WAN creates a
wider range of coverage. There is no mainstream market for GPS systems that utilize the Internet of
Things (IoT). In an ideal IoT device, data transmission is kept to a minimum to conserve power (Figure
1.3). LoRa based sensors also do not need to pair with a gateway before sending data, which further

reduces energy use and prolongs battery life.
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Economic:

O

Galaxy Watchd 44mm,
Sitver LTE

© $32099

Figure 1.4

This device is designed to be an affordable method for tracking autistic children. It will be able to
compete with high-tech tracking devices such as Apple and Samsung watch all while being marketed at

an affordable price. The device will be marketed at just under $100 with no monthly fees.
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1.6 Initial Project Constraints

Being all Electrical Engineering majors, our group only has basic knowledge in coding

We are limited to the number of features we can put on the device to conserve power

If you are utilizing GPS on a battery worked gadget, there might be a battery failure and you may
require an outer power supply which is not constantly feasible y

GPS signals may not always be precise due to geographical or fab(?éted obstructions such as

trees and buildings
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Section 2 - Project Planning and Task Definitions
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2.1 Task Identification

Roles were delegated based on individual abilities. Each member is expected to take upon tasks based on
their roles and will be scheduled to complete those tasks within a certain, reasonable period. In the event
of arole vacanby, the team will have alternates that will perform the task that will be defined with the

role.

5.1 Team Leader: Johnn Owens

Alternate: Test Lead
The team lead must organize and maintain group meetings and oversee progresswéeam leader must hold
each member accountable and provide direction and work delegation. This person also acts as a direct
communication with the sponsor, Dr. Annamalai and Dr. Chouikha. They must have a general

understanding of the project’s requirements and deliverables.

5.2 Software Developer: Trevor Johnson

Alternate: Team leader
The software developer engages in identifying, designing, installing, and testing a software system they
have built from the ground up. The project will rely heavily on the LoRa WAN platform so the software

developer will require sufficient knowledge of the technology and its assets.

5.3 Data Analyst: Adeola Okeowo

Alternate: Scribe
The data analyst gathers the research and information relevant to the project’s objective. They must also
draw a conclusion and link that back to the project objective. If a decision must be made on data

management, the analyst will have the final say.
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5.4 Scribe: Michael Shepard
Alternate: Purchasing Lead
The scribe is the attendee at a meeting who documents and keeps the records of meetings, decisions, and

updates for the project. They take on the responsibility for the weekly updates and will make final

decisions on the written report.

5.5 Test Lead: Osesiye Ayeni

Alternate: Data Analyst
The data analyst gathers the research and information relevant to the project’s objective. This project
requires an understanding of the news reporting climate, and the data analyst must compile research from
multiple sources and present it. Then, they must also draw a conclusion and link that back to the project

objective. If a decision must be made on data management, the analyst will have the final say.
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II.

I1I.

2.2 Timeline

Project Conception

To begin the project, we formed a group of 5, which consisted of all electrical engineers. Then
roles were appointed to every one of the team members. We then signed a team contract to
solidify our positions and made sure everyone was appointed to roles they would excel best in.
Then we had to choose a project. We chose to work on the wireless trackin\g/{evice because our
collective interested aligned with this project. In the last step of the project conception, we
assigned roles and developed an execution strategy to complete the project in a timely manner.
This phase of the project was from September 2021 to mid-October of 2021.
Research & Development
The second phase of this project focused on research and development. Our team completed
literature review of the wireless GPS tracking devices space. Based on our research, we identified
the key features we would like our device to have. We then ordered the necessary components to
build our device. We sketched out our preliminary design which incorporated the parts we planned
to use. Lastly, we used the information gathered to put together a visual presentation for our senior
design class. This phase of the project was from mid-October to late November.
Project Launch & Execution
Now having entered the building phase, our team worked diligently to develop our first
prototype. During this process, we were able to understand which components were most useful
and which internet of things dashboard would visualize our data the best. We completed quality
testing on the wireless GPS tracker to determine our location accurately and efficiently. Our team
used the information to develop a mid-term presentation which we presented to our peers. This

phase of the project lasted from December to early March.
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IV.  Project Performance & Control
o [n the fourth phase of the project, we used our data to build our final prototype. We then
compared our final design to our project deliverables. Our team successfully built a product
which delivered most of our project’s set goals and objectives. We measured our product’s
performance and compared our product’s performance with industry standards. Our team utilized
this data to write our project conclusion and recommendations. This phase of the project took

place between March and early April.

Vv Project Close 5/
e In the last phase of the project, we took the information we had gathered and the working product
which we developed to put together a formal presentation. We also have a completed report which

provides full details of our project.
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Section 3 - Literature Review
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There are numerous various kinds of high-end and competitive tracking devices out there in the
field of GPS tracking. Our goal is to be able to compete with these high-end devices in functionality while
being marketed at an affordable price. Most tracking devices are bulky and expensive like the Angel
Sense Or there are not compatible with all devices like the Apple Air Tag. With these devices, like the
Angel Sense, the battery life is typically low and can only last up to 24 hours. Our device combats these
issues with LoRaWAN technology which extends the range of our tracking to 2 miles. Unlike other
expensive tracking devices, our device is marketed at a reasonable price at just under $100. Using
LoRaWAN also helps us conserve power which in turn helps us conserve battery life. Our device also has
geo-fencing capabilities which means that we set up a virtual boundayy around the perimeter of the
building. Everything inside that boundary is being tracked and wé ill always get live updates on the
location. As soon as one leaves the boundary, we will be notified through The Things Network. It will
notify the caregiver that the youth has wandered out of range as soon as one crosses that boundary. We

also want our device to be as lightweight as possible since it will be for youth.
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Section 4 - Preliminary Design
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4.1 Concept Generation

We produced our proposed design by researching both GPS and LoRaWAN tracking devices
noting the differences in each device. We proceeded to brainstorm multiple solutions for the requirements
of our devices and the features we implemented to our devices which are discussed in our engineering
matrix (pic figure 4.1). We researched various gateways and nodes we could use for our device and found
the Dragino LPS8 Gateway. It has up to 8 channels and the gateway will act as a bridge between the
tracker and The Things Network. For the nodes we decided to go with Arduino Uno+ LoRa Shield and
Arduino Uno + LoRa/GPS Shield (915MHz). The shield on the node$ expands the capabilities of the
already powerful Arduino Uno by granting the ability to send and receive data at LoRaWAN frequencies.
We decided to use Arduino technology because it can cover up to 2 miles with minimum battery
consumption. We also had to undergo extensive research on coding since our group lacked experience
with Arduino software. We read a lot of manuals on different coding languages to learn how to program

our gateway and nodes.

METHODOLOGY

Concepts
Project research
Brain Storming
Existing solution

q Identify
.+ Problem Statement
. * Requiremenis

Figure 4.1
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4.2 Concept Evaluation and Selection

During the creation of our project, our team evaluated several components to determine which
would produce the best outcomes. The concepts our team evaluated were power efficiency, connectivity,
GPS accuracy, and data visualization. For power efficiency, we used a 9V battery to power the tracker as
it is in use. Dealing with connectivity, we used the LoRaWAN network to gain a wider coverage using
minimal power. The GPS accuracy comes directly from the LoRa/GPS Shigld’s capabilities. Through
Arduino programming, we accessed and manipulated the device’s GPS cdordinates. For maximum data
visualization, we utilized The Things Network to display all the data read from the tracker. Using the

concept described in our preliminary design, we established a successful system of communicating

devices.
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4.3 Design Constraints and Applicable Codes and Standards Used in the Design

IEEE 7.6: IEEE Protection of the Public: To maintain public safety with the creation of our
engineering devices

o [EEE 802.15.4: IEEE standard for 1* operation of low-rate wireless personal area networks -
implemented in the design of the creation of the wireless network aspect of the system

e [EEE 730-1998: IEEE Standard for Software Quality Assurance Plans - Implemented briefly

while improving the quality of our code through integration.

e [EEE 982.1-1988: IEEE Standard Dictionary of Measures to Produce Reliable Software -

implemented to determine the reliability of the system.

o [EEE 802.15.9-2021: A message exchange framework based on information elements as a

transport method for key management protocol (KMP) datagrams and guidelines for the use of
some existing KMPs (Key Management Protocol) with IEEE Std 802.15.4(TM) is defined in this

standard.

e IEEE (C95.1-2019: IEEE Standard for Safety Levels with Respect to Human Exposure to Electric,

Magnetic, and Electromagnetic Fields, 0 Hz to 300 GHz. /

e FCC 47 CFR Part 15 regulations in the US 915 MHz band: The gateways produced under the

US915 standards are FCC certified to run in the allowed frequency for our region.
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4.4 Preliminary Analysis

The key requirement that our design must meet are, Implementation of LoRaWAn/Cellular
technology, implementation of Geo fencing, Internet of things (IOT) Network system. The broad range
communication has a coverage of up to 10 —20 meters implemented geo fencing. Making the use of the
LoRawan cloud our device has a safe and secure way to log into the cloud server. Also, with the
implementation of the LoRawan platform our device will operate with minin?-al battery power. The LoRa
Tracker (Arduino Uno + LoRa/GPS shield) will transmit GPS coordinatev{) the gateway then the LPS8
LoRaWan gateway will receive message from the tracker and forward data to the TTN. The TTN will
receive and decode data from the gateway and send to a cell phone, the phone will receive GPS co-ordinates

as a SMS message.
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Section S - Detailed Systems Design
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5.1 Equipment Selection and Specifications

Component Description Image
The shields expand the
capabilities of the
LoRa Tracker already powerful

(Arduino Uno +
LoRa/GPS Shield)

Arduino Uno by
granting the ability to
send and receive data
at LoRaWAN
frequencies

LPS8 Dragino
LoRaWAN Gateway

The gateway acts as a
bridge between the

tracker and The Things

Network

Figure 5.1

Page 28 of 42



5.2 Final Design Layout

Ll

THE THINGS
NETWORK

=~
)
[ ]
Wi-Fi

LoRa Tracker
,""E (Afduino _U”° 7 LO_RG/GPS PS8 LoRaWAN gateway will receive
[ Shield) will transmit GPS message from fracker and forward data
E coordinates fo the gateway to The Things Network

| /
1/
/

Figure 5.2

For our final design layout, we were able to program the End Device to be dated. The gateway
acts as a bridge between the node and TTN. As you can see in the figure above, it can only be connected

when the gateway is connected to the WIFIL.
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5.3 Engineering Analysis and Simulation

Figure 5.3
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Figure 5.4 /

In figure 5.3, you can see the code that we used for the GPS tracking. We set up latitude and longitude
coordinates which act as the boundaries. Anything inside those coordinates is constantly tracked so we
will always receive data when one is on the boundary. Once one leaves the boundary, it will alert us
through The Things Network that the device is out of range. As you can see in figure 5.4, it shows the live
feed in The Things Network that we get from the device when it is in range and within the boundary. The

live data is constantly updated, and we get new data around every 20 seconds.
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5.4 Application of Engineering Codes and Standards

. IEEE 7.6: IEEE Protection of the Public: To maintain public safety with the creation of our
engineering devices
. IEEE 802.15.4: IEEE standard for 1° operation of low-rate wireless personal area networks -

implemented in the design of the creation of the wireless network aspect of the system

. IEEE 730-1998: IEEE Standard for Software Quality Assurance Plans - Implemented briefly
while improving the quality of our code through integration.

. IEEE 982.1-1988: IEEE Standard Dictionary of Measures to Produce Reliable Software -

implemented to determine the reliability of the system.

. IEEE 802.15.9-2021: A message exchange framework based on information elements as a

transport method for key management protocol (KMP) datagrams and guidelines for the use of
some existing KMPs with IEEE Std 802.15.4(TM) is defined in this standard.

. IEEE C95.1-2019: IEEE Standard for Safety Levels with Respect to Human

Exposure to Electric, Magnetic, and Electromagnetic Fields, 0 Hz to 300 GHz.

. ECC 47 CFR Part 15 regulations in the US915 MHz band: The gateways produced under the

US915 standards are FCC certified to run in the allowed frequency for our region.
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5.5 Economic Analysis

Although our project budget was $500, we only made use of $260. We could have utilized more of
the budget, but we had acquired all the resources we needed. Initially, the goal was to integrate the tracker
into a wristwatch, which would have required us to make use of more the initial project budget. Our project
will be able to compete with high-tech tracking devices such as Apple and Samsung watches while being
marketed at a low and affordable price. The price for our device will be lgss than a $100 which is extremely
competitive to the other tracking devices, and it will also not inclu\c% ;nonthly subscription. Just like the
tile mate which includes a yearly subscription, or the Angel sense device for people with special needs

which has a monthly subscription of $53. Our G30 tracking device will be very economical and affordable.
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Section 6 — Results and Discussion

Page 34 of 42

\ ‘1



6.1 Summary of Goals and Objectives

Ideally designed to assist in helping increase the safety of people with mental illness and
alleviate the stress of caregivers, the fundamentai‘ objective of our project was to create a GPS
tracking device that could monitor the location of special-needs individuals. In addition, the
device should be cost effective and require low-power consumption. Our team set the goal to
create a GPS device that would be small enough that could be worn as a wristband. The tracker
would be able to function on both Android and Apple products while also utilizing the internet of
things to allow the transfer of the data collected to be examined and manipulated by different
systems. The final goal of our project was to implement SMS notifications that would alert the
parent or caregiver should the tracking device exit the viryd boundary. With the time constraints
and setbacks, we were unable to complete this aspect of our project. However, our initial goal was
indeed met. By forwarding our sensor data to The Things Network, any device with an internet

connection will be able to view and manipulate the data.
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6.2 Summary of Constraints and Codes met by Design

Software:

Our team is composed of five electrical engineering majors with limited knowledge of coding platforms and
software necessary to complete our project. However, with consistent research and multiple debugging
sessions, we were successful in establishing the communication between the gateway and the tracker and

connecting the gateway to the TTN (The Things Network).

Battey Life:
One of our initial goals was for the battery life of the tracker to last for up to a week on a single charge.
To implement that, we had to limit the number of features included in our device. That is why we chose

to experiment with LoRaWAN instead of Wi-Fi, Bluetooth, or Cellular which all consume more battery

life.

Dependency - /

e IEEE 7.6: IEEE Protection of the Public: To maintain public safety with the creation of our
engineering devices

e [EEE 802.15.4: IEEE standard for 1" operation of low-rate wireless personal area networks -
implemented in the design of the creation of the wireless network aspect of the system

e [EEE 730-1998: IEEE Standard for Software Quality Assurance Plans - Implemented briefly
while improving the quality of our code through integration.

o [EEE 982.1-1988: IEEE Standard Dictionary of Measures to Produce Reliable Software -
implemented to determine the reliability of the system.

e [EEE 802.15.9-2021: A message exchange framework based on information elements as a
transport method for key management protocol (KMP) datagrams and guidelines for the use of
some existing KMPs with I[EEE Std 802.15.4(TM) is defined in this standard.

e [EEE C95.1-2019: IEEE Standard for Safety Levels with Respect to Human Exposure to Electric,
Magnetic, and Electromagnetic Fields, 0 Hz to 300 GHz.

e FCC 47 CFR Part 15 regulations in the US915 MHz band: The gateways produced under the
US915 standards are FCC certified to run in the allowed frequency for our region.
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6.3 Discussion of Results

Once our parts were delivered, the initial setup of our project began. The Dragino LoRa IoT Development
kit comes with many components such as two Arduino Uno's, sensors, and an LG01-P Dragino gateway.
Our priority was setting up the gateway to communicate with the tracker, the Arduino Uno. Using two
simultaneous Arduino programs, the Arduino Uno +LoRa Shield can send and receive data packets from
the LGO1-P Dragino gateway. This occurs by uploading a program to the tracker through a USB port and

a separate program to the gateway via Wi-Fi network access.

Secondly, our next objective was to demonstrate the functionality of the GPS capabilities of the tracker.
The Arduino Uno + LoRa/GPS Shield can access and manipulate GPS data. With proper wiring of the
board and correct program instructions, the user can view\@PS data in real-time using Arduino’s serial
monitor. Though the program had no syntactical errors, it did not run correctly the first few times we
attempted (as programs never do). We realized that the Arduino Uno + LoRa/GPS Shield works properly
after being plugged in for a few minutes. We figured this out by learning about the shield’s three LED
(Light Emitting Diodes) lights. The red LED indicates that it is receiving power. Its’ blue LED means that
it has received a LoRa packet. The green LED, which became the most important, means that its” GPS
functions are active. We noticed that after about ten to fifteen minutes of being plugged in, the green LED

would begin to blink, and the program would run efficiently.

Our next objective was to set up the gateway with The Things Network. The gateway’s default settings
were set to receive internet access through an ethernet port and share its signal through a Wi-Fi access
point. Once a device is connected to the gateway’s Wi-Fi, its settings are accessible by typing in the IP
address into a browser (130.10.1.1). After setup is complete, the gateway will continually send status

updates to The Things Network every five minutes while it has an internet connection.
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Once that connection was established, we set out to send data to the gateway from the tracker and have
the gateway forward that data to The Things Network. This process was supposed to be straightforward
but caused us much grief. We kept running into errors regarding the programming structure. The program
ran efficiently once said errors were resolved however, the data was still not appearing on The Things

Network. This is when things became complicated.

For The Things Network to receive data from the tracker, specific functions must be enabled when setting
up the gateway on the network. This function is called a “legacy packet forwarder,” and its primary
purpose is to tell the gateway to forward all data it receives to the network. The issue with this function is
that the layout of The Things Network has recently changed. After extensive digging through the topic,
we concluded that The Things Network no longer supports this function for single-channel gateways such
as our LG01-P Dragino gateway. This is because single-channel gateways have commonly caused issues

on the network for other users therefore it is no longer supported.

Unfortunately, the next step was a step back in that we had to order a new gateway that is supported by
The Things Network. We chose to order the LPS8 Dragino gateway which has eight channels and is
currently supported by The Things Network. The eight channels allow it to operate at multiple
frequencies which makes for a more secure and accurate method for navigating The Things Network.
Once the new gateway arrived, our system of devices worked exactly as they were supposed to. The
Arduino Uno would transmit a message to the gateway and then the gateway would forward that message

to The Things Network to be visible from any device with an internet connection.

Initially, the goal was to find a way to manipulate the data on The Things Network to send as an SMS
message and implement geo-fencing. Ideally, we wanted a notification to be sent directly to a cell phone
if the tracker moved outside of a predetermined boundary. With more time and preparation, this would

have been attainable. Too much time was spent on setting up the tracker application on The Things
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Network simply because we were not aware that our gateway was incompatible. We assumed there were
just errors in the code since none of us have deep/experience in complex computer programs. However,

we did learn many things throughout the course of this project.
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Section 7 - Conclusions & Recommendations
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In conclusion, our team successfully designed a low-cost, reliable, and effective tracking device
that implements LoRaWAN technology for special-needs individuals. The gateway acts as the bridge for
our entire system receiving information from the end nodes and then forwarding it to The Things
Network where it will display in real time the location of the desired individual. We also met all our
marketing requirement listed above. For future recommendations on this project, implementing SMS
notifications to our project would be a game changer. Ideally, it will send an immediate notification to the
caregiver if the tracker exits the desired boundary which co id have been achieved with more time on our
project. We could also implement our device into a necklace or a watch for the individual to wear while
keeping our product as lightweight as possible to prevent any inconvenience for the individual. The
implementation of our device in society will reduce the number of accidents, injuries, and deaths in

special needs individuals.
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An ability to recognize ethical and professional
responsibilities in engineering situations and make
informed judgments, which must consider the impact of

engineering solutions in global, economic, environmental,
and societal contexts.




ELECTRICAL AND COMPUTER ENGINEERING
DEPARTMENT
OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET
ELEG 4248 SENIOR DESIGN & PROFESSINALISM 11
SPRING 2022
Instructor: VJ Turner & Sarhan Musa

Title of Assignment

Ethics Case Studies

Outcome Measured Using this Assignment

Outcome 4
An ability to recognize ethical and professional responsibilities in engineering
situations and make informed judgments, which must consider the impact of

engineering solutions in global, economic, environmental, and societal
contexts.

Check the ethical dimensions related to this assignment

uires students to

Recognize ethical and professional responsibilities in engineering situations involving global,
and societal contexts

Make informed judgements on ethical and professional responsibilities in engineering while
considering the impact of engineering solutions in

global context

economic context

and societal context.

Brief justification of the suitability of assignment for the outcome

This assignment will allow students to take actual real world ethical

problems/scenarios and discuss possible issues and ramifications of not following
sound ethical practices.




ELEG 4248 SENIOR DESIGN & PROFESSINALISM 11

SPRING 2022

Title of Presentation: Outcome 4 Ethics Rubric

Team Number and Members:

Date of Presentation:

Name of Evaluator and Affiliation (University or Company name)

Excellent
99

Very Good

Average
89 79 69

Below Avg.

Poor
54

Comments

Demonstrate
Knowledge/Understanding
Professional Code of
Ethics

Able to analyze a situation for
potential ethical problems

Able to demonstrate the knowledge
of professional code of ethics (IEEE,
ASEE, NSPE, FE etc)

Able to select/argue the most ethical
actions to take

Awareness of responsibility to work in
an ethical and professional manner

As appropriate ability to refence
proper Ethical Cannon to a situation

Aware of the need and the knowledge
the work of others uses by getting
proper permission and citation in the
work

Analysis and Informed
Judgments

Able to recognize an ethical issue
within engineering profession

Identify impact on Safety,
Environmental, Technical, Global or
Cultural as appropriate

Able to identify alternative solutions
regarding an ethical issue

Formulate practices to try to prevent
recurrence of an issue

Ability to make informed judgment by
evaluate both immediate and long-term
risks/consequences of a decision

54




PRAIRIE VIEW A&M UNIVERSITY
ROY G. PERRY COLLEGE OF ENGINEERING

ELEG 4248: Senior Design & Professionalism II

Topic: Ethical Scenario Case Study
Instructions:
Upload to Team Ethics Scenario Assignment
Due no later than Spm on Monday February 7, 2022

10-point reduction if late

Submit only PowerPoint slides

Each Team will control its own slides on day of presentation
Each person is expected to cover some portion of the presentation

Each Team has 15 mins max to present and 5 mins for Q&A



Ethics Case Studies — Objective

An ability to recognize ethical and professional responsibilities in engineering situations and make informed
judgments,
which must consider the impact of engineering solutions in global, economic, environmental, and societal
contexts

1. an ability to recognize ethical and professional responsibilities in engineering situations involving
global, and societal contexts

Students are able to demonstrate the knowledge of professional code of ethics (Review code of ethics

from your specific professional society and from your State board of professional Engineers. Students
may be tested on these).

2. an ability to make informed judgements on ethical and professional responsibilities in engineering
while considering the impact of engineering solutions in global, economic, environmental, and societal
contexts

Students will study several ethics case studies and make informed judgements on them with regard to
the impact of engineering solutions on (a) global, (b) economic, (c) environmental, and (d) societal
contexts. (There should be enough case studies that cover all the four areas of global, economic,
environmental and societal context)

Global Impact: The student is able to investigate a given engineering problem, and explain how proposed
engineering solutions to similar problems may be adopted in different parts of the world

Societal Impact: The student is able to investigate a given engineering problem and develop engineering
solutions that take into account societal factors.

Economic Impact: The student is able to investigate a given engineering problem and develop solutions
that take into account economic factors.

Environmental Impact: The student is able to investigate a given engineering problem and develop
solutions that take into account environmental impact.

3. Reference the fundamental cannons on last page where applicable in your explanation.



For the Ethical Scenario Assignment
Develop a PowerPoint Presentation to Discuss and Review Your case Study

Your Presentation Deck must include:

¢ Team introduction Slide w Picture

e Copy of the actual scenario assigned

e Use Bullet Points to Describe the scenario If needed to make it clear to the audience
e Describe the Ethical Issue

¢ What are the consequences of the action is carried out?

e What are the correct actions to be taken?

e  What did you learn?

e Reference appropriate Fundamental Cannon in your discussions

Presentation Deck must include discussion (where appropriate) :

1. Global Impact: The student is able to investigate a given problem, and explain how proposed
action could have implications or be adopted in different parts of the world

Societal Impact: The student is able to investigate a problem, and explain any societal factors
and issues if the action being questioned is implemented

Economic Impact: Describe any economic factors associated with this ethical scenario.
Environmental Impact: Investigate and describe any a given environmental impact.

Safety Impact: Describe any safety issues you uncovered in the scenario

Conclusion and Recommendation

e “Questions” slide at the end of your presentation

i

e v pw

Everyone on the Team must cover some portion of the presentation

Source for Different Ethical Scenario

nttos://www.scu.edu/ethics/focus-areas/more/engineering-ethics/engineering-ethics-cases/

These cases and others on engineering ethics can be sorted according to the following
categories:Academic Ethics

» Bioengineering

« Business Ethics

+ Civil Engineering

o Computer/Software Engineering
+ Electrical Engineering

+ International

» Mechanical Engineering

e Science/Research Ethics
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Title of Presentation:

Team Number and Members:

Date of Presentation:

Name of Evaluator and Affiliation (University or Company name)

Please determine a score (e.g.
82) for each criterion and write
it in the range for that score

Poor
0to 54

Below
Avg.
55t0 6

Average
70to 79

Very Good
80 to 89

Excellent
90 to 100

Comments

Demonstrate
Knowledge/Understanding
Professional Code of
Ethics [50%]

Able to analyze a situation for
potential ethical problems

Able to demonstrate the knowledge
of professional code of ethics (IEEE,
ASEE. NSPE, FE etc)

Able to select/argue the most ethical
actions to take

Awareness of responsibility to work in
an ethical and professional manner

As appropriate ability to refence
proper Ethical Cannon to a situation

Aware of the need and the knowledge
the work of others uses by getting
proper permission and citation in the
work

Analysis {25 %]

Able to recognize an ethical issue
within engineering profession

Identify impact on Safety.
Environmental, Technical, Global or
Cultural as appropriate

Able to identify alternative solutions
regarding an ethical issue

Able to evaluate both immediate and
long-term risks/consequences of a
decision

Formulate practices to try to prevent
recurrence of an issue

Summarization and
Communications [25 %]

Able to provide appropriate results and
conclusions to indicate learnings from
an Ethics scenario

Able to provide appropriate logical
conclusions and recommendations

Summary Presentation includes all
tcam members
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Ship or Not to Ship See Example Summary Posted on eCourse

Rachel works as a Quality Assurance Engineer at a large electronics company. She is
responsible for the final testing of her company’s servers and is part of a team which
decides when new products will be shipped to distributors for sale.

Rachel's company has a contract with another company which makes the chips which
are incorporated into the servers Rachel’'s company makes. The business model for this
product is to release a new generation server approximately every six months, meaning
. Rachel has a limited timeframe to conduct her Quality Control tests.

Because there is such a short amount of time between the release of each next new
product, the Quality and Assurance department cannot perform every possible test on
the servers to ensure they are defect free. Rachel will not ship a product if there is any
possibility that the server could malfunction and cause physical harm to the customer.
However, she will ship a product that has a higher likelihood of failure resulting in data
loss for the customer, because she knows that if she doesn't, her company's competitor
will.

Is this an ethical way to conduct business? How should she determine when to ship a
product with known defects?

A Violation of Privacy Team 1

Marcus is a computer engineer who has recently developed an app which helps users
keep track of medical information, doctor’s appointments, and prescriptions.

Information about the user is stored in this app, including what prescriptions they are
taking and how frequently they schedule doctor's appointments. As the developers of
the app, Marcus and his company have access to this information.

The marketing department requests Marcus supply them with customer-specific
information so they can better target ads and app suggestions to the users. Marcus
understands that he is part of a company, but also feels that the privacy of the app
users should be protected. Additionally, Marcus feels that as an engineer, he should be
responsible to those who use his technology.

How does Marcus determine how much of the user’s information should be shared with
marketing? Is this an ethical use of information or a violation of the user’s privacy?



A Sinking Situation Team 2

Roscoe is the head of engineering at a systems engineering company. His company
has been contracted by a company, U-sub, to make firing assemblies for torpedoes.
This contract calls for additional safety testing to ensure that the systems work properly.

The contract stipulated that it was the responsibility of Roscoe’s company to pay for this
expensive additional testing. However, the CEO reminds Roscoe that their company is
in financial trouble and asks Roscoe to skip the extra testing and falsify the paperwork
by saying that the testing had occurred and that the systems passed. He then goes on
to tell Roscoe that if he doesn't sign off on the testing, he will be fired.

Roscoe decides he cannot give in to his boss’s demands and quits. However he
suspects that his former boss will promote someone else who will be willing to sign off
on the testing. '

Should Roscoe report the ethical violations of his former company?

May The Truth Be With You Team 4

Catherine is a new hire at a startup that produces LCD displays for large venues, such
as shopping malls. Part of her job requires her to troubleshoot malfunctioning displays.

One day, a shopping mall reported that two display units out of twelve had stopped
working from their installation three months prior. The customer also noted serial and
revision numbers on the two units were different from the rest of the units.

At the job site, Catherine inspected the displays and realized her company had sold
units that were from a bad batch (i.e. group of displays that did not have over 50% yield
during manufacturing). Catherine wanted to tell the site why the units failed, but
recognized that if she disclosed this information, the site would be eligible to receive
replacement displays at no additional cost. On the other hand, if she blamed the failing
units on a weaker cause, such as improper installation, her company would be able to
charge the site for replacement units.

Catherine knew her manager would want her to choose the option that would minimize
the company'’s losses; however, she wanted to be honest with the site as they were one
of the company’s best customers.

What should she do?



Giving in or giving up Team 3

After earning a graduate degree in Engineering Management, Ashton began working for
PDRC International. This is a company based in the U.S. which offers engineering,
design, and construction services to countries all over the world.

Ashton's work is focused on international development; her first assignment is to lead a
team to develop a bid for a highway construction project in East Africa. After the
engineering proposal is submitted, Ashton is proud of the work her team has
accomplished and promises her manager she will do everything possible to make sure
that PDRC receives the contract.

PDRC's bid is well-received, and Ashton and her team are flown to East Africa to finish
negotiations. Ashton is thrilled when her company receives the bid; the only stipulation
is that they build their construction headquarters in a specific region in the country.
Ashton then begins scouting the region for a location to build their headquarters.

In order to obtain building permits in the region, Ashton has to negotiate with the local
government. As she begins negotiations, she realizes that bribery is both a common
and expected practice. If she does not bribe the local officials, she will not be able to
build PDRC’s headquarters in that region and consequently will lose the contract; her
first managerial project will be a failure. However, it is illegal for a U.S. citizen to bribe a
foreign official in order to obtain business; if she is caught for bribery, she could face jail
time and her company could be fined millions of dollars.

What should she do?



Apathy over Anonymity Team 6

Satomi works in a research facility that provides statistical results for the bioengineering
firm TechCureCase. She is one of four interns expected to go through hundreds of
samples per day. At her first week on the job, her supervisor informs her that all blood
samples are to be completely anonymous. No testing can be done if personal
information is revealed—meaning, the samples must be properly disposed of if opened,
or returned to the physicians if unopened to be re-anonymized.

For the first five weeks, most of the new interns follow procedures to check that samples
were anonymized before testing occurred. However, one of the interns, Max, failed to
verify whether the samples were anonymized. Halfway through the testing, Satomi
discovers the non-anonymized samples. She considers whether they should tell their
supervisor, but the other interns ask her not to speak up so that they won't get in
trouble. One of the interns argues that as long as they remove the information from the
non-anonymized samples, the batch would otherwise be fine. Max is hesitant to go to
their supervisor as it is his fault, but Satomi can see that neither does he llke the idea
the other interns are suggesting.

What should Satomi do



A Lengthy Dilemma_ Team 6

- Monica has been working at a large medical company that reviews lab procedures on
blood samples shipped in weekly. On the first week on the job, her supervisor went over
the procedure the company uses that give the institution permission to use blood
samples for laboratory testing. One part of the procedure is to collect signed informed
consent forms for each sample. Monica knows if a sample does not come with an
informed consent sheet, the sample must be returned back to the supplier.

Almost a year after she started, Monica comes across an unsigned consent form
fourteen pages long, with incredibly small font. Her initial reaction was to return it to the
supplier to obtain the necessary signatures. However, reading through the first few
sentences of the form, she wonders if the consent sheet is sufficient to inform a patient
about the possible risks involved with consenting to their samples being used even if it
were signed. It takes her about an hour to read through the entire form, and at the end
of it she is certain no patient would take the same amount of time to read it.
Furthermore, the text is complex to read due to all the technical vocabulary, and could
put the organization at risk if challenged. She wonders how the draft of the consent form
with the company could have been reviewed and approved by the institutional review
board.

Monica has serious questions about the ethical basis of using this form, how it was
approved and by whom. She wonders whether to bring it up to her boss, in order to see
if there's something she hasn’t understood. Her coworkers shrug it off, saying they have
seen numerous consent forms similar to the one she found, and some that were even
longer. Should Monica return the form back for a signature from the supplier without
comments, or should she speak with her boss about the process used to accept the
forms?

10



A Positively Negative Response Team 7

‘Milo recently got hired to work in the technical research department of TechCureCase, a
bioengineering firm that develops new medical devices for more accurate diagnostic
testing of prostate cancer. Milo performs numerous tests to determine the success rate
-of a new medical device the company is testing. While nearly 98% of the known
samples have produced correct results, a few samples have proven to have
incongruous results.

During this longitudinal study, results from one of the negative control samples surprises
Milo as it changes from being consistently negative to being consistently positive for
early stage prostate cancer. As no device has perfect sensitivity and specificity, he
initially believes the change is due to is a false positive result or mislabeling during
processing, and therefore dismisses it. However, the next sample from the same
negative control patient again produces the same positive result. Milo becomes certain
there is either a technical issue going on with the test, or the patient has actually
developed prostate cancer. When Milo talks about the issue with his boss, Milo’s boss
tells him to put the issue aside and focus on the rest of his work.

Unintended Effects Team 8

Jack has been working as a project engineer for a mechanical energy technology firm
for a few years now, and has recently been promoted to review projects for in-need
communities overseas. He has been put in charge of managing the current company’s
charity projects, and determining how to distribute the funding for them.

Some of the projects are pretty straightforward in their mission and material
requirement, but for one project, Jack isn't sure whether the company should be funding
it. The project’s mission is to provide new solar panels for an East African community
but the project data suggests it is more practical to just install better lighting inside the
homes. Jack wonders whether to bring up his doubts with his boss. Based on the
company'’s research on the community, the community desires better lighting system for
their homes, and the solar panels would be an expensive and high maintenance project.
Not to mention, there was a previous project that (when followed through) resuited in
equipment being stolen from the same region to exchange for money.

Jack understands their local sponsor would gain a great advantage in featuring solar
panels in the community. It would also foster a good business partnership between the
two companies. However, Jack feels it is his responsibility to provide the community
with a more simple and efficient solution to their problem, without diving into a large
project that could possibly lead to negative side effects. Is Jack's company wrong to
provide technology to the community when they don't need it?

11



Looking for a medical future Team 9

Anthony conducts research on emerging technologies in regenerative medicine. While
on the train home from work, he starts chatting with the man sitting next to him. When
Anthony mentions that he is researching regenerative medicine, the man becomes very
interested and starts asking a lot of questions. Anthony ends up talking to the man for
nearly an hour and explains to him the potential therapies which could be developed
from his research.

The man then says that he would want to undergo these experimental therapies even if
it meant he would only live a couple more years. Anthony then realizes that this man is
in a wheelchair (a divider prevented him from seeing this sooner), and that the man is
willing to do anything to regain his ability to walk. Anthony explains that his research is
many years away from human testing, but the man says he would sign up for any
testing, even if it wasn't safe.

As a scientist, what are Anthony’s ethical responsibilities when discussing his research?
Does a person so desperate for a cure truly understand the consequences associated
with experimental treatments? Is it wrong to provide hope for these individuals,
especially considering that many therapies are years away from being used in humans?

12



Fundamental Cannons

We, the members of the IEEE, in recognition of the importance of our
technologies in affecting the quality of life throughout the world, and in
accepting a personal obligation to our profession, its members and the
communities we serve, do hereby

commit ourselves to the highest ethical and professional conduct and agree:

1. to accept responsibility in making decisions consistent with the safety, health
and welfare of the public, and to disclose promptly factors that might
endanger the public or the environment.

2. to avoid real or perceived conflicts of interest whenever possible, and to
disclose them to affected parties when they do exist.

3. to be honest and realistic in stating claims or estimates based on available
data.

4. to reject bribery in all its forms.

5. to improve the understanding of technology, its appropriate application, and
potential consequences.

6. to maintain and improve our technical competence and to undertake
technological tasks for others only if qualified by training or experience, or
after full disclosure of pertinent limitations.

7. to seek, accept, and offer honest criticism of technical work, to acknowledge
and correct errors, and to credit properly the contributions of others.

8. to treat fairly all persons regardless of such factors as race, religion, gender,
disability, age, or national origin.

9. to avoid injuring others, their property, reputation, or employment by false
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Professional Code of
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Able to analyze a situation for
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Team 2 Ethies

A Sinking Situation

2/10/2022

Scenario

- A Sinking Situation

Roscoe is the head of engineering at a systems
engineering company. His company has been
contracted by a company, U-sub, to make firing
assemblies for torpedoes. This contract calls for
additional safety testing to ensure that the
systems work properly.

+ The contract stipulated that it was the
responsibility of Roscoe’'s company to pay for this
expensive additional testing. However, the CEO
reminds Roscoe that their company 1s in financial
trouble and asks Roscoe to skip the extra testing
and falsify the paperwork by saying that the
testing had occurred and that the systems
passed. He then goes on to tell Roscoe that if he
doesn't sign off on the testing, he will be fired.

Roscoe decides he cannot give in to his boss's
demands and quits. However, he suspects that
his former boss will promote someone else who
will be willing to sign off on the testing.

- Should Roscoe report the ethical violations of his
former company?




2/10/2022

Simple Breakdown

- Roscoe is the head of engineering

 The contract with U-Sub requires
safety testing.

- Roscoe's Company wants to skip
safety testing and falsify paperwork
with fake test results to save money.

- Roscoe's CEO threatens to fire him
if he doesn’t sign off on the "testing".

- Roscoe quits and decides not to sign
off on the false paperwork but fears
his CEO will find someone that will.

Code of Ethics

- The situation finds the involved parties in conflict
with several of the IEEE fundamental codes of ethic
cannons

- Each cannons are as followed:

* 1. To hold paramount the safety, health, and
welfare of the publie, to strive to comply with
ethical design and sustainable development
practices, to protect the privacy of others, and
to disclose promptly factors that might
endanger the public or the environment.

+ 3. To avoid real or perceived conflicts of
interest whenever possible, and to disclose
them to affected parties when they do exist.

- 8. To not engage in harassment of any kind,
including sexual harassment or bullying
behavior.

+ 9. To avoid injuring others, their property,
reputation, or employment by false or
malicious actions, rumors or any other verbal
or physical abuses.




Ethical Concerns

- How do the involved parties violate each of the codes mentioned?

+ 1. It is the responsibility of Roscoe’s company to pay for expensive additional
testing before approving the assembly. By falsely approving without testing the
product he would not only be out of compliance with ethical design practices, but
he would also be putting the safety of the public in jeopardy.

3. Once the company realized they could not accommodate for the additional
testing mentioned in the contract they should have notified their employer, but
instead the CEO pushed Roscoe to falsify the paperwork.

8. In this situation Roscoe's CEO threatens Roscoe with the chance of termination
if he doesn’t falsify the paperwork this ean be classified as a threat.

9. Through falsifying the paperwork the company runs the risk of hurting
the employees at U-Sub, their property, and reputation as well.

Impact of Consequences

Global Impact: If Roscoe doesn't report the ethical violations of his former company, not only
will they lose trust globally regarding their international customers, but it could also potentially
harm the user if the torpedo firing assembly malfunctions and doesn’t shoot properly.

Societal Impact: Not only will Roscoe’s former company sever their relations with U-sub but also
any other future c.omplmw who could’ve possibl to contract them for their services
within systems engineering operations such as the tmpvdn firing assembly.

Economic Impact: By not expressing the fault of the company, U-sub and other companies will
no longer offer contracts to Roscoe’s former company, and since this situation involves a high-

level torpedo firing system not functioning properly due to negligence the company could also

incur substantial fines or even worse a lawsuit of some sort.

Environmental Impact: If the torpedo firing assembly is not up to par with its recommended
safety standards, misfires could occur which could negatively impact the surrounding
environment and its citizens within close proximity.

Safety Impact: [f adequate safety testing is not implemented by Ro‘.scoe s company, the resulting
effects could be most prumnently felt by the customer when teying to operate the firing
assembly which could result in severe bodily harm to its operators and the surrounding area.

2/10/2022
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What did we learn?

- Knowing that we are about to become engineers in the industry it is very
important that we understand ethics and how important it is. This
assignment allowed us to showcase our ability to dissect a possible unethical
situation

- Being ethical is important even if you must risk your job because as an
engineer your credibility matters.

+ Once you become an engineer you are now serving the public in some type of
capacity, so the decisions you make can affect the lives of many people.

The Correct Choice

In order to comply with all ethical standards and codes the correct decision would be for
Roscoe to report his company’s ethical violations.

Global Impact: If Roscoe reports his former company as he should, it will prevent companies across
the world who purchased the torpedo firing assembly from potentially firing off an inadequate missile.

Rr)scoe 'S com pany choo
chance of a misfire which L(J“ld h'um wildlife w lr.hm the ocean.

Safety Impact: The production and release of a product that meets all proper safety protocol will
provide more safety than harm to its consumers
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Conclusion and Recomendation

+ In conclusion, engineers are faced with many decisions based on ethical
standards throughout their daily scope of work by way of the technical
projects they are tasked with. It is pertinent that they always keep in mind
the safety not only of those within their company but also the general
welfare of the communities and environments associated with said projects.

+ We recommend that every engineering professional complete their due
diligence when it comes to ethical reasoning and decision making as it is the
only way to keep trust within your company circle as well as other
companies you work alongside with and the consumer who has put their
faith in you delivering a safe and functioning product.

Questions?
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Title of Presentation:
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Demonstrate
Knowledge/Understanding
Professional Code of
Ethics

Able to analyze a situation for
potential ethical problems

Able to demonstrate the knowledge
of professional code of ethics (IEEE,
ASEE. NSPE. FE etc)

Able to select/argue the most ethical
actions to take

Awareness of responsibility to work in
an ethical and professional manner

As appropriate ability to refence
proper Ethical Cannon to a situation

Aware of the need and the knowledge
the work of others uses by getting
proper permission and citation in the
work
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Analysis and Informed
Judgments

Able to recognize an ethical issue
within engineering profession

Identify impact on Safety,
Environmental, Technical. Global or
Cultural as appropriate

Able to identify alternative solutions
regarding an ethical issue

Formulate practices to try to prevent
recurrence of an issue

Ability to make informed judgment by
evaluate both immediate and long-term
risks/consequences of a decision
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Milo recently got hired to work in the technical research department of TechCureC

Scenario: A Positively Negative Response
Team 7/

se, a bloengineering firm
that develops new medical devices for more accurate diagnostic testing of prostate cancer. Milo performs
numerous tests to determine the success rate of a new medical device the company 1s testing, While nearly
98%6 of the known samples have produced correct results, a few samples have proven to have incongruous
results.

During this longitudinal study, resules from one of the negative control samples surprises Milo as it changes
from being consistently negative to being consistently positive for early stage prostare cancer. As no device has
perfect sensitvity and specificity, he initally believes the change is duc to is a false positive result or
mislabeling during processing, and therefore dismisses it. [Towever, the next sample from the same negative
control patient again produces the same positive result. Milo becomes certain there is cither a technical 1ssue
going on with the test, or the patient has actually developed prostate cancer. When Milo talks about the 1ssue
with his boss, Milo’s boss tells him ro put the issue aside and focus on the rest of his wo
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Breakdown

* AMlilo works in the technical research department of TechCureCase, a bioengineering firm
that develops new medical devices.
The TechCureCase’s research department’s goal 1s to develop new medical devices that can
acquire more accurate diagnosis of prostate cancer.
Milo’s duty is to perform multiple tests to determine the success rate of utilizing the new
medical devices.
Approximately 98% of the known samples had produced correct results, but Milo :
discovered that some of the devices were giving contradictory results. 1
* Milo reports the 1ssue to his boss who orders that Milo neglects the concern and place his
focus on other responsibilities.

* Milo must decide the most ethical action to take.

e e e

Ethical Concern

The ethical concerns for Milo dilemma lies with the IEEE fundamental codes of ethics.

5. to seek, accept, and offer honest criticism of technical work, to acknowledge and correct errors, to be honest
and realistic in stating claims or estimates based on available data, and to credit properly the contributions of
others; To be honest and realistic in stating claims or estimates based on available data.

6. to maintain and improve our technical competence and to undertake technological tasks for others only if
qualified by training or experience, or after full disclosure of pertinent limitations;

10. to support colleagues and co-workers in following this code of ethics, to strive to ensure the code is
upheld, and to not retaliate against individuals reporting a violation.

In reference lo these codes, Milo begins to question his ethical standards over business performance.
Is this an ethical way to conduct business? |
What should he do to satisfy both his boss’s order and his ethical obligations in finding a solution? I




IEEE Code Relation in Layman's Terms

* Milo works in the technical research department of the bicengineering research firm and is
responsible for determining the success rate of the product. He has newly encountered a dilemma
where a number of products did not meet up to standard. If he did not seek help or he were to
consciously approve of an inadequate product, it would have put his code of ethics into question.

* Milo works at a prestigious research firm; therefore, he is competent in his work. He has shown great
morals by meeting his boss. If Milo were to completely drop the issue, not work to find the solution
and approve a defective product, it would not attest to his skills as a technical researcher.

* His boss ignoring the concerns and asking Milo to place them aside could result in delay at crunch
time of manufacturing or even end up as dishonest in the data compilation, claims made to the
consumer, and the firm as an entity.

e R Sreamane . s - —
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Glnbal Impact Assuming the f'rm Milo works at sells their product internationally, the medical dewce w1||
nd the firm wouid tose all cred!buhty after multiple false pasitive reports

Societal Impact: Milo's boss's choice of actions could cause even mare poor health conditions to
clients if the matter stays ignared. A false positive cancer diagnosis could lead to high bp, heart atzack
or trauma. Also it will cause society to boycott the company for pramot

products. Their custonter. base will diminish until they have o buyers left

Economic Impact: Economically this could negatively impact the firm. By ignoring toncerns and approving defective
products which wilf domina into the firm losing all cradibility in technical research, There will aiso be a delay in
-manufacturing and distribution due to the detour that has not been worked on.

A: their custamer base diminish s0 will !heu‘ favenua and prnﬁ:s. 'Th:mfuu- zcannm;:ally crasiung the firm,

Safety Impact: Though Rachel refuses to ship servers that will harm the customers physically, shipping servers that are
known to fail can harm their customers financially. With the failure leading to data loss, this can cause problems with the
customers and cause them to lose money or lose information that is vital.

e o v I T R L AT —
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Elaboration

Milo did uphold these standards with his

actions. By taking responsibility for knowing
The IEEE o of Ethies - . the product is faulty, and immediately
Hhellt woccul L ihicesbalostatey informing higher authorities. However, his
boss did not because he chose to sweep the
issue under the bus. Compromising his

engineers, there is a responsibility to be held
to uphold the highest standards of integnty,

responsible behavior, and ethical conduct in integrity, and replacing it with unconcern
professional activities. failed to uphold the IEEE Code of Ethics
standards.

Envitonmental Impnct:Use of mefdcfem products will be a‘}v‘as'ﬁ-:‘f@.f time & xésuur:e’s.."_fl‘“hetc'fo'fc. serves a5 a redund:mt adaithﬁ g
to global waste disposal , : ; ; ¢
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What did we learn?

We were able to put ourselves in a practical scenario that required a ,
decision on what course of action is the right one to take. -

Ethics is important. especially for an industry that is dependent
on building trust, mutually beneficial relationships, and serving both the
client and the public. |

S S —

Conclusion & Recommendation

Fingineers face numerous situations at work that test their ethical decision-
making everyday. It is essendal that engineers carefully consider the ethical

guidelines of the organizations they associate with. -
We suggest that each expert comprehends that they have a moral obligation
to their organization’s moral commitments. We act in such a way inside
their workplace that can construct confided secing someone among
associates and friends, permitting them to satisfy the ethical job inside the
organization.,
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Questions

+ We'll do our best to answer
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PRAIRIE VIEW A&M UNIVERSITY
ROY G. PERRY COLLEGE OF ENGINEERING

ELEG 4248: Senior Design & Professionalism II

Topic: Ethical Scenario Case Study
Instructions:
Upload to Team Ethics Scenario Assignment
Due no later than Spm on Monday February 7, 2022

10-point reduction if late

Submit only PowerPoint slides

Each Team will control its own slides on day of presentation
Each person is expected to cover some portion of the presentation

Each Team has 15 mins max to present and 5 mins for Q&A



Ethics Case Studies — Objective

An ability to recognize ethical and professional responsibilities in engineering situations and make informed
judgments,
which must consider the impact of engineering solutions in global, economic, environmental, and societal
contexts

1. an ability to recognize ethical and professional responsibilities in engineering situations involving
global, and societal contexts

Students are able to demonstrate the knowledge of professional code of ethics (Review code of ethics

from your specific professional society and from your State board of professional Engineers. Students
may be tested on these).

2. an ability to make informed judgements on ethical and professional responsibilities in engineering
while considering the impact of engineering solutions in global, economic, environmental, and societal
contexts

Students will study several ethics case studies and make informed judgements on them with regard to
the impact of engineering solutions on (a) global, (b) economic, (c) environmental, and (d) societal
contexts. (There should be enough case studies that cover all the four areas of global, economic,
environmental and societal context)

Global Impact: The student is able to investigate a given engineering problem, and explain how proposed
engineering solutions to similar problems may be adopted in different parts of the world

Societal Impact: The student is able to investigate a given engineering problem and develop engineering
solutions that take into account societal factors.

Economic Impact: The student is able to investigate a given engineering problem and develop solutions
that take into account economic factors.

Environmental Impact: The student is able to investigate a given engineering problem and develop
solutions that take into account environmental impact.

3. Reference the fundamental cannons on last page where applicable in your explanation.



For the Ethical Scenario Assignment
Develop a PowerPoint Presentation to Discuss and Review Your case Study

Your Presentation Deck must include:

¢ Team introduction Slide w Picture

e Copy of the actual scenario assigned

e Use Bullet Points to Describe the scenario If needed to make it clear to the audience
e Describe the Ethical Issue

¢ What are the consequences of the action is carried out?

e What are the correct actions to be taken?

e  What did you learn?

e Reference appropriate Fundamental Cannon in your discussions

Presentation Deck must include discussion (where appropriate) :

1. Global Impact: The student is able to investigate a given problem, and explain how proposed
action could have implications or be adopted in different parts of the world

Societal Impact: The student is able to investigate a problem, and explain any societal factors
and issues if the action being questioned is implemented

Economic Impact: Describe any economic factors associated with this ethical scenario.
Environmental Impact: Investigate and describe any a given environmental impact.

Safety Impact: Describe any safety issues you uncovered in the scenario

Conclusion and Recommendation

e “Questions” slide at the end of your presentation

i

e v pw

Everyone on the Team must cover some portion of the presentation

Source for Different Ethical Scenario

nttos://www.scu.edu/ethics/focus-areas/more/engineering-ethics/engineering-ethics-cases/

These cases and others on engineering ethics can be sorted according to the following
categories:Academic Ethics

» Bioengineering

« Business Ethics

+ Civil Engineering

o Computer/Software Engineering
+ Electrical Engineering

+ International

» Mechanical Engineering

e Science/Research Ethics



Title of Presentation:

Team Number and Members:

Date of Presentation:

Name of Evaluator and Affiliation (University or Company name)

Please determine a score (e.g.
82) for each criterion and write
it in the range for that score

Poor
0to 54

Below
Avg.
55t0 6

Average
70to 79

Very Good
80 to 89

Excellent
90 to 100

Comments

Demonstrate
Knowledge/Understanding
Professional Code of
Ethics [50%]

Able to analyze a situation for
potential ethical problems

Able to demonstrate the knowledge
of professional code of ethics (IEEE,
ASEE. NSPE, FE etc)

Able to select/argue the most ethical
actions to take

Awareness of responsibility to work in
an ethical and professional manner

As appropriate ability to refence
proper Ethical Cannon to a situation

Aware of the need and the knowledge
the work of others uses by getting
proper permission and citation in the
work

Analysis {25 %]

Able to recognize an ethical issue
within engineering profession

Identify impact on Safety.
Environmental, Technical, Global or
Cultural as appropriate

Able to identify alternative solutions
regarding an ethical issue

Able to evaluate both immediate and
long-term risks/consequences of a
decision

Formulate practices to try to prevent
recurrence of an issue

Summarization and
Communications [25 %]

Able to provide appropriate results and
conclusions to indicate learnings from
an Ethics scenario

Able to provide appropriate logical
conclusions and recommendations

Summary Presentation includes all
tcam members
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Ship or Not to Ship See Example Summary Posted on eCourse

Rachel works as a Quality Assurance Engineer at a large electronics company. She is
responsible for the final testing of her company’s servers and is part of a team which
decides when new products will be shipped to distributors for sale.

Rachel's company has a contract with another company which makes the chips which
are incorporated into the servers Rachel’'s company makes. The business model for this
product is to release a new generation server approximately every six months, meaning
. Rachel has a limited timeframe to conduct her Quality Control tests.

Because there is such a short amount of time between the release of each next new
product, the Quality and Assurance department cannot perform every possible test on
the servers to ensure they are defect free. Rachel will not ship a product if there is any
possibility that the server could malfunction and cause physical harm to the customer.
However, she will ship a product that has a higher likelihood of failure resulting in data
loss for the customer, because she knows that if she doesn't, her company's competitor
will.

Is this an ethical way to conduct business? How should she determine when to ship a
product with known defects?

A Violation of Privacy Team 1

Marcus is a computer engineer who has recently developed an app which helps users
keep track of medical information, doctor’s appointments, and prescriptions.

Information about the user is stored in this app, including what prescriptions they are
taking and how frequently they schedule doctor's appointments. As the developers of
the app, Marcus and his company have access to this information.

The marketing department requests Marcus supply them with customer-specific
information so they can better target ads and app suggestions to the users. Marcus
understands that he is part of a company, but also feels that the privacy of the app
users should be protected. Additionally, Marcus feels that as an engineer, he should be
responsible to those who use his technology.

How does Marcus determine how much of the user’s information should be shared with
marketing? Is this an ethical use of information or a violation of the user’s privacy?



A Sinking Situation Team 2

Roscoe is the head of engineering at a systems engineering company. His company
has been contracted by a company, U-sub, to make firing assemblies for torpedoes.
This contract calls for additional safety testing to ensure that the systems work properly.

The contract stipulated that it was the responsibility of Roscoe’s company to pay for this
expensive additional testing. However, the CEO reminds Roscoe that their company is
in financial trouble and asks Roscoe to skip the extra testing and falsify the paperwork
by saying that the testing had occurred and that the systems passed. He then goes on
to tell Roscoe that if he doesn't sign off on the testing, he will be fired.

Roscoe decides he cannot give in to his boss’s demands and quits. However he
suspects that his former boss will promote someone else who will be willing to sign off
on the testing. '

Should Roscoe report the ethical violations of his former company?

May The Truth Be With You Team 4

Catherine is a new hire at a startup that produces LCD displays for large venues, such
as shopping malls. Part of her job requires her to troubleshoot malfunctioning displays.

One day, a shopping mall reported that two display units out of twelve had stopped
working from their installation three months prior. The customer also noted serial and
revision numbers on the two units were different from the rest of the units.

At the job site, Catherine inspected the displays and realized her company had sold
units that were from a bad batch (i.e. group of displays that did not have over 50% yield
during manufacturing). Catherine wanted to tell the site why the units failed, but
recognized that if she disclosed this information, the site would be eligible to receive
replacement displays at no additional cost. On the other hand, if she blamed the failing
units on a weaker cause, such as improper installation, her company would be able to
charge the site for replacement units.

Catherine knew her manager would want her to choose the option that would minimize
the company'’s losses; however, she wanted to be honest with the site as they were one
of the company’s best customers.

What should she do?



Giving in or giving up Team 3

After earning a graduate degree in Engineering Management, Ashton began working for
PDRC International. This is a company based in the U.S. which offers engineering,
design, and construction services to countries all over the world.

Ashton's work is focused on international development; her first assignment is to lead a
team to develop a bid for a highway construction project in East Africa. After the
engineering proposal is submitted, Ashton is proud of the work her team has
accomplished and promises her manager she will do everything possible to make sure
that PDRC receives the contract.

PDRC's bid is well-received, and Ashton and her team are flown to East Africa to finish
negotiations. Ashton is thrilled when her company receives the bid; the only stipulation
is that they build their construction headquarters in a specific region in the country.
Ashton then begins scouting the region for a location to build their headquarters.

In order to obtain building permits in the region, Ashton has to negotiate with the local
government. As she begins negotiations, she realizes that bribery is both a common
and expected practice. If she does not bribe the local officials, she will not be able to
build PDRC’s headquarters in that region and consequently will lose the contract; her
first managerial project will be a failure. However, it is illegal for a U.S. citizen to bribe a
foreign official in order to obtain business; if she is caught for bribery, she could face jail
time and her company could be fined millions of dollars.

What should she do?



Apathy over Anonymity Team 6

Satomi works in a research facility that provides statistical results for the bioengineering
firm TechCureCase. She is one of four interns expected to go through hundreds of
samples per day. At her first week on the job, her supervisor informs her that all blood
samples are to be completely anonymous. No testing can be done if personal
information is revealed—meaning, the samples must be properly disposed of if opened,
or returned to the physicians if unopened to be re-anonymized.

For the first five weeks, most of the new interns follow procedures to check that samples
were anonymized before testing occurred. However, one of the interns, Max, failed to
verify whether the samples were anonymized. Halfway through the testing, Satomi
discovers the non-anonymized samples. She considers whether they should tell their
supervisor, but the other interns ask her not to speak up so that they won't get in
trouble. One of the interns argues that as long as they remove the information from the
non-anonymized samples, the batch would otherwise be fine. Max is hesitant to go to
their supervisor as it is his fault, but Satomi can see that neither does he llke the idea
the other interns are suggesting.

What should Satomi do



A Lengthy Dilemma_ Team 6

- Monica has been working at a large medical company that reviews lab procedures on
blood samples shipped in weekly. On the first week on the job, her supervisor went over
the procedure the company uses that give the institution permission to use blood
samples for laboratory testing. One part of the procedure is to collect signed informed
consent forms for each sample. Monica knows if a sample does not come with an
informed consent sheet, the sample must be returned back to the supplier.

Almost a year after she started, Monica comes across an unsigned consent form
fourteen pages long, with incredibly small font. Her initial reaction was to return it to the
supplier to obtain the necessary signatures. However, reading through the first few
sentences of the form, she wonders if the consent sheet is sufficient to inform a patient
about the possible risks involved with consenting to their samples being used even if it
were signed. It takes her about an hour to read through the entire form, and at the end
of it she is certain no patient would take the same amount of time to read it.
Furthermore, the text is complex to read due to all the technical vocabulary, and could
put the organization at risk if challenged. She wonders how the draft of the consent form
with the company could have been reviewed and approved by the institutional review
board.

Monica has serious questions about the ethical basis of using this form, how it was
approved and by whom. She wonders whether to bring it up to her boss, in order to see
if there's something she hasn’t understood. Her coworkers shrug it off, saying they have
seen numerous consent forms similar to the one she found, and some that were even
longer. Should Monica return the form back for a signature from the supplier without
comments, or should she speak with her boss about the process used to accept the
forms?

10



A Positively Negative Response Team 7

‘Milo recently got hired to work in the technical research department of TechCureCase, a
bioengineering firm that develops new medical devices for more accurate diagnostic
testing of prostate cancer. Milo performs numerous tests to determine the success rate
-of a new medical device the company is testing. While nearly 98% of the known
samples have produced correct results, a few samples have proven to have
incongruous results.

During this longitudinal study, results from one of the negative control samples surprises
Milo as it changes from being consistently negative to being consistently positive for
early stage prostate cancer. As no device has perfect sensitivity and specificity, he
initially believes the change is due to is a false positive result or mislabeling during
processing, and therefore dismisses it. However, the next sample from the same
negative control patient again produces the same positive result. Milo becomes certain
there is either a technical issue going on with the test, or the patient has actually
developed prostate cancer. When Milo talks about the issue with his boss, Milo’s boss
tells him to put the issue aside and focus on the rest of his work.

Unintended Effects Team 8

Jack has been working as a project engineer for a mechanical energy technology firm
for a few years now, and has recently been promoted to review projects for in-need
communities overseas. He has been put in charge of managing the current company’s
charity projects, and determining how to distribute the funding for them.

Some of the projects are pretty straightforward in their mission and material
requirement, but for one project, Jack isn't sure whether the company should be funding
it. The project’s mission is to provide new solar panels for an East African community
but the project data suggests it is more practical to just install better lighting inside the
homes. Jack wonders whether to bring up his doubts with his boss. Based on the
company'’s research on the community, the community desires better lighting system for
their homes, and the solar panels would be an expensive and high maintenance project.
Not to mention, there was a previous project that (when followed through) resuited in
equipment being stolen from the same region to exchange for money.

Jack understands their local sponsor would gain a great advantage in featuring solar
panels in the community. It would also foster a good business partnership between the
two companies. However, Jack feels it is his responsibility to provide the community
with a more simple and efficient solution to their problem, without diving into a large
project that could possibly lead to negative side effects. Is Jack's company wrong to
provide technology to the community when they don't need it?

11



Looking for a medical future Team 9

Anthony conducts research on emerging technologies in regenerative medicine. While
on the train home from work, he starts chatting with the man sitting next to him. When
Anthony mentions that he is researching regenerative medicine, the man becomes very
interested and starts asking a lot of questions. Anthony ends up talking to the man for
nearly an hour and explains to him the potential therapies which could be developed
from his research.

The man then says that he would want to undergo these experimental therapies even if
it meant he would only live a couple more years. Anthony then realizes that this man is
in a wheelchair (a divider prevented him from seeing this sooner), and that the man is
willing to do anything to regain his ability to walk. Anthony explains that his research is
many years away from human testing, but the man says he would sign up for any
testing, even if it wasn't safe.

As a scientist, what are Anthony’s ethical responsibilities when discussing his research?
Does a person so desperate for a cure truly understand the consequences associated
with experimental treatments? Is it wrong to provide hope for these individuals,
especially considering that many therapies are years away from being used in humans?

12



Fundamental Cannons

We, the members of the IEEE, in recognition of the importance of our
technologies in affecting the quality of life throughout the world, and in
accepting a personal obligation to our profession, its members and the
communities we serve, do hereby

commit ourselves to the highest ethical and professional conduct and agree:

1. to accept responsibility in making decisions consistent with the safety, health
and welfare of the public, and to disclose promptly factors that might
endanger the public or the environment.

2. to avoid real or perceived conflicts of interest whenever possible, and to
disclose them to affected parties when they do exist.

3. to be honest and realistic in stating claims or estimates based on available
data.

4. to reject bribery in all its forms.

5. to improve the understanding of technology, its appropriate application, and
potential consequences.

6. to maintain and improve our technical competence and to undertake
technological tasks for others only if qualified by training or experience, or
after full disclosure of pertinent limitations.

7. to seek, accept, and offer honest criticism of technical work, to acknowledge
and correct errors, and to credit properly the contributions of others.

8. to treat fairly all persons regardless of such factors as race, religion, gender,
disability, age, or national origin.

9. to avoid injuring others, their property, reputation, or employment by false

13



Ethics Evaluation Form
ECE Senior Design & Professionalism
Ethics-Outcome 4

Title of Presentation:

Team Number and Members:

Team 2 Mathew Barnett, Hyram Pouncy, George Polk, Breon Holmes, Bryce

Lovejoy

@‘ &\Qv’l{\!.

A (oA

Date of Presentation:

<
T

Y

LT

{

Name of Evaluator and Affiliation (University or Company name)

Excellent
99

Very Good
89

Average
79

Below Avg.

69

Poor
54

Comments

Demonstrate
Knowledge/Understanding
Professional Code of
Ethics

Able to analyze a situation for
potential ethical problems

Able to demonstrate the knowledge
of professional code of ethics (IEEE,
ASEE, NSPE, FE etc)

Able to select/argue the most ethical
actions to take

Awareness of responsibility to work in
an ethical and professional manner

As appropriate ability to refence
proper Ethical Cannon 1o a situation

Aware of the need and the knowledge
the work of others uses by getting
proper permission and citation in the
work

Analysis and Informed
Judgments

Able to recognize an ethical issue
within engineering profession

[dentify impact on Safety,
Environmental, Technical. Global or
Cultural as appropriate

Able to identifv alternative solutions
regarding an ethical issue

Formulate practices to try to prevent
recurrence of an issue

Ability to make informed judgment by
evaluate both immediate and long-term
risks/consequences ol a decision
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Ethics Evaluation Form
ECE Senior Design & Professionalism
Ethics-Outcome 4

Title of Presentation:

Team Number and Members:

Team 2 Mathew Barnett, Hyram Pouncy, George Polk, Breon Holmes, Bryce
Lovejoy

Date of Presentation: 7 / /o/ D2

Name of Evaluator and Affiliation (University or Company name) mu\ S
A

Excellent | Very Good | Average | Below Ave. | Poor
99 39 79 69 54 Comments

Demonstrate
Knowledge/Understanding
Professional Code of
Ethics

Able to analyze a situation for
potential ethical problems

Able to demonstrate the knowledge
of professional code of ethics (IEEE,
ASEE, NSPE, FE etc)

actions to take

Awareness of responsibility to work in
an ethical and professional manner

\)
Able to select/argue the most ethical \‘

As appropriate ability to refence
proper Ethical Cannon 10 a situation

Aware of the need and the knowledge

the work of others uses by getting \
proper permission and citation in the

work

Analysis and Informed
Judgments

Able to recognize an ethical issue
within engineering profession

Identify impact on Safety,
Environmental. Technical, Global or
Culwral as appropriate

Able to identify alternative solutions
recarding an ethical issue

L

Formulate practices to try to prevent
recurrence of an issue

Ability to make informed judzment by
evaluate both immediate and long-term
risks/consequences of a decision

Gl
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Team 2 Ethies

A Sinking Situation

2/10/2022

Scenario

- A Sinking Situation

Roscoe is the head of engineering at a systems
engineering company. His company has been
contracted by a company, U-sub, to make firing
assemblies for torpedoes. This contract calls for
additional safety testing to ensure that the
systems work properly.

+ The contract stipulated that it was the
responsibility of Roscoe’'s company to pay for this
expensive additional testing. However, the CEO
reminds Roscoe that their company 1s in financial
trouble and asks Roscoe to skip the extra testing
and falsify the paperwork by saying that the
testing had occurred and that the systems
passed. He then goes on to tell Roscoe that if he
doesn't sign off on the testing, he will be fired.

Roscoe decides he cannot give in to his boss's
demands and quits. However, he suspects that
his former boss will promote someone else who
will be willing to sign off on the testing.

- Should Roscoe report the ethical violations of his
former company?
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Simple Breakdown

- Roscoe is the head of engineering

 The contract with U-Sub requires
safety testing.

- Roscoe's Company wants to skip
safety testing and falsify paperwork
with fake test results to save money.

- Roscoe's CEO threatens to fire him
if he doesn’t sign off on the "testing".

- Roscoe quits and decides not to sign
off on the false paperwork but fears
his CEO will find someone that will.

Code of Ethics

- The situation finds the involved parties in conflict
with several of the IEEE fundamental codes of ethic
cannons

- Each cannons are as followed:

* 1. To hold paramount the safety, health, and
welfare of the publie, to strive to comply with
ethical design and sustainable development
practices, to protect the privacy of others, and
to disclose promptly factors that might
endanger the public or the environment.

+ 3. To avoid real or perceived conflicts of
interest whenever possible, and to disclose
them to affected parties when they do exist.

- 8. To not engage in harassment of any kind,
including sexual harassment or bullying
behavior.

+ 9. To avoid injuring others, their property,
reputation, or employment by false or
malicious actions, rumors or any other verbal
or physical abuses.




Ethical Concerns

- How do the involved parties violate each of the codes mentioned?

+ 1. It is the responsibility of Roscoe’s company to pay for expensive additional
testing before approving the assembly. By falsely approving without testing the
product he would not only be out of compliance with ethical design practices, but
he would also be putting the safety of the public in jeopardy.

3. Once the company realized they could not accommodate for the additional
testing mentioned in the contract they should have notified their employer, but
instead the CEO pushed Roscoe to falsify the paperwork.

8. In this situation Roscoe's CEO threatens Roscoe with the chance of termination
if he doesn’t falsify the paperwork this ean be classified as a threat.

9. Through falsifying the paperwork the company runs the risk of hurting
the employees at U-Sub, their property, and reputation as well.

Impact of Consequences

Global Impact: If Roscoe doesn't report the ethical violations of his former company, not only
will they lose trust globally regarding their international customers, but it could also potentially
harm the user if the torpedo firing assembly malfunctions and doesn’t shoot properly.

Societal Impact: Not only will Roscoe’s former company sever their relations with U-sub but also
any other future c.omplmw who could’ve possibl to contract them for their services
within systems engineering operations such as the tmpvdn firing assembly.

Economic Impact: By not expressing the fault of the company, U-sub and other companies will
no longer offer contracts to Roscoe’s former company, and since this situation involves a high-

level torpedo firing system not functioning properly due to negligence the company could also

incur substantial fines or even worse a lawsuit of some sort.

Environmental Impact: If the torpedo firing assembly is not up to par with its recommended
safety standards, misfires could occur which could negatively impact the surrounding
environment and its citizens within close proximity.

Safety Impact: [f adequate safety testing is not implemented by Ro‘.scoe s company, the resulting
effects could be most prumnently felt by the customer when teying to operate the firing
assembly which could result in severe bodily harm to its operators and the surrounding area.

2/10/2022
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What did we learn?

- Knowing that we are about to become engineers in the industry it is very
important that we understand ethics and how important it is. This
assignment allowed us to showcase our ability to dissect a possible unethical
situation

- Being ethical is important even if you must risk your job because as an
engineer your credibility matters.

+ Once you become an engineer you are now serving the public in some type of
capacity, so the decisions you make can affect the lives of many people.

The Correct Choice

In order to comply with all ethical standards and codes the correct decision would be for
Roscoe to report his company’s ethical violations.

Global Impact: If Roscoe reports his former company as he should, it will prevent companies across
the world who purchased the torpedo firing assembly from potentially firing off an inadequate missile.

Rr)scoe 'S com pany choo
chance of a misfire which L(J“ld h'um wildlife w lr.hm the ocean.

Safety Impact: The production and release of a product that meets all proper safety protocol will
provide more safety than harm to its consumers
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Conclusion and Recomendation

+ In conclusion, engineers are faced with many decisions based on ethical
standards throughout their daily scope of work by way of the technical
projects they are tasked with. It is pertinent that they always keep in mind
the safety not only of those within their company but also the general
welfare of the communities and environments associated with said projects.

+ We recommend that every engineering professional complete their due
diligence when it comes to ethical reasoning and decision making as it is the
only way to keep trust within your company circle as well as other
companies you work alongside with and the consumer who has put their
faith in you delivering a safe and functioning product.

Questions?




ASSIGNMENTS FOR OUTCOME “5”

An ability to (1) function effectively on a team whose
members together provide leadership, create a
collaborative and inclusive environment, (2) establish
goals, plan tasks, and meet objectives.
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ELECTRICAL AND COMPUTER ENGINEERING
DEPARTMENT
OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET
ELEG 4248 SENIOR DESIGN & PROFESSINALISM 11
SPRING 2022
Instructor: VJ Turner & Sarhan Musa

Title of Assignment

Team Contract and Weekly Team Progress Report
This is used to establish roles, team meeting, working
relationship etc.

Outcome Measured Using this Assignment

Outcome 5
An ability to (1) function effectively on a team whose members together
provide leadership, create a collaborative and inclusive environment, (2)
establish goals, plan tasks, and meet objectives.

Check the teaming problem characteristics related to this assignment

Function effectively on a team whose members together provide leadership, create a
collaborative and inclusive environment.
Requires students working in groups to:

Organize and assign team roles; plan and keep good record of team meetings including documentation of individual

X contributions
X

Share ideas, complete assigned task on time, help others, and be professional to each other (through peer evaluation of
team members on these characteristics).

X | Resolve conflicts professionally within the group with the view of creating an inclusive and collaborative environment

Establish goals, plan tasks, and meet objectives.
Requires students working in groups to:

X Set goals and objectives

X | Identify and break down work into tasks and subtasks and identify the personnel and deliverables for each.

Develop a Gantt chart and critical path analysis for managing the project.

X | Establish major milestones for tracking progress and define performance metrics to measure success.

X | Track progress of team members to ensure project is on schedule and meets objectives (through submission of progress
reports).

Brief justification of the suitability of assignment for the outcome

We use these tools to ensure successful teamwork practices are in place, how to
resolve issues and how to track weekly progress of the various projects.




ELEG 4248 SENIOR DESIGN & PROFESSINALISM 11
SPRING 2022

Title of Presentation: Outcome 5

Team Number and Members:

Date of Presentation:

Name of Evaluator and Affiliation (University or Company name)

Excellent
99

Very Good
89

Average
79

Below Avg.
69

Poor
54

Comments

Function Effectively
on a Team

Have a signed contract and
agreed method of working
together

Organize and assign team roles

Plan and keep good record of
team meetings including
documentation of each team
member contributions

Create an inclusive and
collaborative environment

Complete assigned task on time,

Help others, share ideas, and be
professional to each other

Detailed Weekly Progress
Reports turned in every
Wednesday

Able to show that all team
members are making equal
contribution to work deliverables

Planning and
Tracking Progress

Able to establish goals and
objectives (deliverable)

Indentify and break down work
into tasks and subtasks

Develop a Gantt chart and
critical path analysis for
managing the project

Establish major milestones for
tracking progress

Track progress of team members
to ensure project is on schedule
and meeting goals/objectives
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Instructions - Team Contract [ABET QOutcome 5.1)
Final DUE: On or Before Jan 26 — Each Team Email to me a signed copy

Each Team must develop and sign a Sr Design contract that will define and determine work
processes, relationships, and team operating norms for Senior Design

Objective of this contract — must address these areas:

Function effectively on a team whose members together provide leadership, create a
collaborative and inclusive environment
i Organize and assign team roles

il Plan and keep good record of team meetings including documentation of individual
contributions
Hil. Share Ideas, complete assigned task on time, help others, and be professional to each

other (through peer evaluation of team members on these characteristics).
. Resolve conflicts professionally within the group with the view of creating an inclusive
and collaborative environment

Required Sections of your team contract:

Must Have the Standard Cover Page — see attachment on eCourse

1. Team Mumber and Project Objective

Team number and overview of your project

You must have one thorough statement that anyone can understand to describe your
project objective — do not use any acronyms

L

2. Te embershi
& List team members and major
# List course instructors
= List Faculty project sponsor

3. Team Roles and Responsibilities
¢ List Team members and their roles

& Be sure to designate the Team Lead position

4, Team Worki ionsh
& List those characteristics your team will employ to be successful in delivering your
project

- Team Contract Homework - 1
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Instructions
Team Contract (ABET Outcome 5.1)

5. Team Meetin ement
* Please plan to have 15 to 20 hours outside of class available for team work
+ Document the dates, times and location of outside team work agreement
* Team Work Deliverables
+ TBD to be decided can be use now for location at this time if you don’t know

6. Team Work Deliverables
« Saction A - Joint Project Items
How will you work on joint project deliverables?

» Section B - Individual Project ltems
How will you work on individual project items?

7. Team Documentation and Communications
« List how you will use team log books to track progress
= How will you communicate as a team?

8. Conflict Resolution
= How will you resolve issues, conflicts or disagreements?
*  Who will you escape issues and to who?

9, Arbitration of Team Complaints
= Sep Attachment A on next page

10. Signature and Date
e Each person on the team must sign the contract

Reminder: | will be looking for thorough and complete write up.
Please write complete sentences — using good grammar and
thoughtful consideration for each section. This should be developed
as a detailed contract that each team member has agreed to follow.

- Team Contract Homework - 2
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Attachment A Must be included in all Team contracts

Arbitration of Team Member Complaints for Senior Design ELEG 4247 & ELEG 4248

ECE Senior Design courses require the highest level of teamwork and contribution by all
members of a team. This includes regular and on time attendance to team meetings, doing fair
share of assigned work and turning in work assignments or deliverables on time so not to hold
up the other member of the team.

Should an individual team member start to exhibit poor performance that will negatively affect
the others on that team the following steps will be followed:

1.Team members must first attempt to resolve the issue internally before escalation

2. If the problem/issues persist then the Team Lead should quickly send an email to Course
Instructors that outlines the concern/complaint and actions done in an attempt to resolve the
CONCErN.

3 An investigation will be done by Course Instructor and a discussion will be held with all
members on the Team.

If the majority of team member agree that the complaint is valid, then the Course Instructor
has authority to reduce that individual’s team related scores within a range of 5 to 15 points,
pending the magnitude of the complaint.

(In the event of a tie then Course Instructor has final decision on how to handle the complaint)

By signing this contract all students will agree to this Team Contract by-law.

Working in Lab during COVID-19 Pandemic

Those in the lab must wear a mask

Those in the lab must socially distance

If you are not feeling well, do not come to team lab

While in lab each team must appoint a safety compliance person to ensure safe practices are
followed

- Team Contract Homework - 3
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Teamwork Evaluation Form
ECE Senior Design & Professionalism
Teamwork-Outcome 5

Title of Presentation: TeCIM -p(oﬂec,’fs X Meuq p 10%]{35 U p &l’e ]

Team Number and Members:
| feamy 142 £ xauglts
Date of Presentation: 5 . N" Z Z 3

Name of Evaluator and Affiliation (University or Company name)

Excellent | Very Good | Average | Below Avg. Poor
99 89 79 69 54 Comments

Function Effectively
on a Team

Have a signed contract and
agreed method of working \/
v

together
Organize and assign team roles

Plan and keep good record of
team meetings including

documentation of each team /
member contributions

Create an inclusive and
collaborative environment

Complete assigned task on time,

AAN

Help others, share ideas, and be
rofessional to each other

Reports turned in every

Detailed Weekly Progress /
Wednesday

Able to show that all team
members are making equal /
contribution to work deliverables

Planning and
Tracking Progress

Able to establish goals and /
objectives (deliverable)

Indentify and break down work /
into tasks and subtasks

Develop a Gantt chart and

critical path analysis for K { A E o s l‘é lV\

managing the project

Establish major milestones for /A G "me
tracking progress u WY § \k" ‘

Track progress of team members
to ensure project is on schedule ‘/

and meeting goals/objectives
A5 —poaiaye
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Instructions - Team Contract (ABET Outcome 5.1)
Final DUE: On or Before Jan 26 — Each Team Email to me a signed copy

Each Team must develop and sign a Sr Design contract that will define and determine work
processes, relationships, and team operating norms for Senior Design

Objective of this contract — must address these areas:

Function effectively on a team whose members together provide leadership, create a
collaborative and inclusive environment

i. Organize and assign team roles

ii. Plan and keep good record of team meetings including documentation of individual
contributions

jii. Share ideas, complete assigned task on time, help others, and be professional to each

other (through peer evaluation of team members on these characteristics).
iv. Resolve conflicts professionally within the group with the view of creating an inclusive
and collaborative environment

Required Sections of your team contract:

Must Have the Standard Cover Page — see attachment on eCourse

1. Team Number and Project Objective

Team number and overview of your project

You must have one thorough statement that anyone can understand to describe your
project objective — do not use any acronyms

2. Team Membership
e List team members and major
e List course instructors
e List Faculty project sponsor

3. Team Roles and Responsibilities
e List Team members and their roles

e Be sure to designate the Team Lead position

4. Team Working Relationship
e List those characteristics your team will employ to be successful in delivering your
project

- Team Contract Homework - 1



Instructions
Team Contract (ABET Outcome 5.1)

5. Team Meeting Agreement

Please plan to have 15 to 20 hours outside of class available for team work

e Document the dates, times and location of outside team work agreement

e Team Work Deliverables .

e TBD to be decided can be use now for location at this time if you don’t know -

6. Team Work Deliverables
e Section A —Joint Project Items
How will you work on joint project deliverables?

e Section B — Individual Project Items
How will you work on individual project items?

7. Team Documentation and Communications
e List how you will use team log books to track progress
o How will you communicate as a team?

8. Conflict Resolution
e How will you resolve issues, conflicts or disagreements?
e Who will you escape issues and to who?

9. Arbitration of Team Complaints
e See Attachment A on next page

10. Signature and Date
e Each person on the team must sign the contract

Reminder: | will be looking for thorough and complete write up.
Please write complete sentences — using good grammar and
thoughtful consideration for each section. This should be developed
as a detailed contract that each team member has agreed to follow.

- Team Contract Homework - 2



Attachment A Must be included in all Team contracts

Arbitration of Team Member Complaints for Senior Design ELEG 4247 & ELEG 4248

- ECE Senior Design courses require the highest level of teamwork and contribution by all
members of a team. This includes regular and on time attendance to team meetings, doing fair
share of assigned work and turning in work assignments or deliverables on time so not to hold
up the other member of the team.

Should an individual team member start to exhibit poor performance that will negatively affect
the others on that team the following steps will be followed:

1.Team members must first attempt to resolve the issue internally before escalation

2. If the problem/issues persist then the Team Lead should quickly send an email to Course
Instructors that outlines the concern/complaint and actions done in an attempt to resolve the
concern.

3 An investigation will be done by Course Instructor and a discussion will be held with all
members on the Team.

If the majority of team member agree that the complaint is valid, then the Course Instructor
has authority to reduce that individual’s team related scores within a range of 5 to 15 points,
pending the magnitude of the complaint.

(In the event of a tie then Course Instructor has final decision on how to handle the complaint)

By signing this contract all students will agree to this Team Contract by-law.

Working in Lab during COVID-19 Pandemic

Those in the lab must wear a mask

Those in the lab must socially distance

If you are not feeling well, do not come to team lab

While in lab each team must appoint a safety compliance person to ensure safe practices are
followed

- Team Contract Homework - 3
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ROY G. PERRY COLLEGE OF ENGINEERING
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Gabrieal Maxwell
Alexis Hunter
Alyssa Reed
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Date of Submission: 01/23/2022
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Senior Design & Professionalism I Prairie View A&M University
Senior Design Contract 2021-2022

Project Name: Real Time Crowd Size Detection System using Raspberry Pi and Deep Learning

a) Our team name is Crowd Control.

b) The objective of this project is to monitor large crowd gathering size to slow the
spread of COVID-19. We will design and implement a real time crowd size detection
and alarm system for violation reduction.

Section 2: Membership
a) The members of this team are Jalyn Beaty, Deonna London, Gabrieal Maxwell,

Alexis Hunter, and Alyssa Reed. Electrical and Computer Engineering (ECE)
students assigned to this project choose group members at the discretion of the ECE
Department and cannot leave the set team in accordance with the policies set forth by
the ECE Department.

b) Members of this team shall be under the direction of Dr. Lijun Qian as he is the
advisor for the senior design course.

¢) Members of this team shall also work under the US Department of Defense (DOD)
and the CREDIT Center as they are the sponsors.

Section 3: Roles and Responsibilities
Roles were delegated based on individual abilities. Each member is expected to take upon tasks

based on their roles and will be scheduled to complete those tasks within a certain, reasonable
time frame. In the event of a role vacancy, the team will have alternates that will perform the task
that will be defined with the role. Although each member has a specified role everyone has an
understanding that they will be providing assistance to other group members when needed.

a) Team Leader: Jalyn Beaty

Alternate: Software Developer
The team lead must organize and maintain group meetings and oversee progress. A team
leader must hold each member accountable and provide direction and work delegation.
This person also acts as a direct communication with the sponsor Lijun Qian. They must
have a general understanding of the project’s requirements and deliverables. The team
lead must also provide assistance to other members to help with all aspects of the project.
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The software developer will do the required coding. They will research, design,
implement and manage software programs. They will test all codes and make
modifications accordingly. They will ensure the code is efficient and unique.

b) Software Developer: Alyssa Reed

Alternate: Scribe
The software developer will do the required coding. They will research, design,
implement and manage software programs. They will test all codes and make
modifications accordingly. They will ensure the code is efficient and unique.

The scribe is the attendee at a meeting who documents and keeps the records of meetings,
decisions, and updates for the project. They take on the responsibility of the weekly
updates and will make final decisions on the written report.

c) Data Analyst: Alexis Hunter

Alternate: Scribe
The data analyst researches information that relates to the project. They will collect the
information and go through and interpret it. After researching multiple sources, the data
analyst must clean and compile the information found.

The scribe is the attendee at a meeting who documents and keeps the records of meetings,
decisions, and updates for the project. They take on the responsibility of the weekly
updates and will make final decisions on the written report.

d) Procurement Lead: Gabriel Maxwell

Alternate: Data Analyst
The procurement lead oversees the project materials. They will purchase and manage the
budget for the project costs. If a financial decision cannot be agreed upon by the team or
sponsor, the procurement lead makes that final decision. They must have a complete
understanding of the list of parts and prices of the project. The procurement lead is also
responsible for reaching out to the sponsor to gather any materials needed for the project.

The data analyst researches information that relates to the project. They will collect the
information and go through and interpret it. After researching multiple sources, the data
analyst must clean and compile the information found.

e) Scribe: Deonna London

Alternate: Test Lead
The scribe is the attendee at a meeting who documents and keeps the records of meetings,
decisions, and updates for the project. They take on the responsibility of the weekly
updates and will make final decisions on the written report.
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The test lead will be responsible for handling the equipment. This is the person who
assembles the test for the project. This person leads decisions on how equipment will be
handled and serves as the final say for decisions made about the assembly of the project.

Section 4: T Relationshi
a) The team has a responsibility to respect other members of team 1. Conflict and
criticism must be handled respectfully, and they must foster a relationship of

accountability.

b) Team members must communicate openly (discussed further in section 7) with each
other about the project. A team lead has been picked, but team 1 must treat each
member equally.

c) Each member must also be responsible with outside social gatherings due to the
COVID-19 pandemic. It is expected that all members uphold social distance when
possible so as not to contribute to the spread or become ill.

d) The team must be honest and reliable with regards to their completion schedule

Section 5: Joint Worl

a) Purposes of Joint Work

L

II.

This team will work together primarily to achieve its goals. Teamwork
is essential to completing the deliverables and ensuring that the best
possible work is submitted. No individual can work as well as a
cohesive team.

Team 1 must foster a healthy relationship with their teammates (further
explained in Section 4) to properly work together.

b) Team Meetings

L

II.

III.

Team Meetings are mandatory. If a team member cannot attend, they
must notify the team via GroupMe or text message the day before.
Depending on the other members’ schedule, this can result in an
excused absence. The first unexcused absence will result in a warning.
The second will be reported to Dr. Turner or Dr. Musa. No team
member is excused from team meetings outside of emergencies and
excused absences.

Team Meetings will be held twice a week once in person and the other
via Zoom or Group Facetime . As the COVID-19 situation progresses
the team will consider meeting virtually full time if need be. The group
and Dr. Qian made the decision to only meet if problems arise to
discuss progress and hindrances. If none then the group will meet with
him biweekly.

Meetings will be organized by the Team Lead, and plans for the
project will be discussed. Agendas and project hindrances will be
discussed and each meeting will be documented on the weekly
updates.

Meeting Times:

a. Tuesdays from 11AM-2PM

b. Fridays from 12PM-5PM
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c. Thursdays from 2PM-4PM (If necessary)
c) Joint Work Submission

I.  The team lead will declare joint work to be submitted before the due
date. They will establish a time that the joint work will be submitted,
and each team member will have until then to submit the work to
Google Drive or the team lead. If a team member has not submitted
work by the established time, the joint work will be submitted but
incomplete. The team member responsible for the missing work will
receive a warning. It will be reported to Dr. Turner and Dr. Musa, and
dealt with appropriately.

a) Each team member will have individual responsibilities to oversee. The team lead
will delegate those responsibilities, but it is up to the individual to complete their
tasks as they see fit.

b) The team will address any schedule or objective conflicts in the work of each member
in a responsible way (as mentioned in section 4) and take upon responsibilities if
another member is found lacking.

c) Should an individual member be unable to complete tasks or attend meetings with
regularity, responsibilities can be shifted, but no team member is to shirk
responsibilities, lest they be found in violation of this contract.

d) Quality of work must be checked by multiple team members, but everyone must
contribute. Quantity of work will be documented and kept by the team scribe.

Section 7: Documentation and Communication

a) Team members are expected to log their progress in Google Drive and communicate
their availability and progress with the rest of the team.

b) The scribe will keep a weekly progress update, and a report will be formed over the
course of the project. Everyone must contribute their findings to that report.

¢) Each teammate has each other’s contact info, and will remain in regular contact over
Zoom, GroupMe, Text, and E-mail. They will be active and attentive to meetings,
changes, and updates through GroupMe.

d) Communication is to be kept professional.

Section 8: Conflict Resolution

a) Conflict must be resolved effectively and professionally. Each teammate has
individual responsibilities and will have the final say on their part of the project.

b) This team must be kept together, and so no splits or schisms should be formed within
the group. Teammates may raise legitimate concerns against each other but must do
so in a way that is not divisive or disrespectful.

¢) Ifa conflict cannot be resolved within the team, Dr. Musa or Dr. Turner will be
contacted as a last resort.
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a) Those in the lab must wear a mask.

b) Those in the lab must socially distance

c) If you are not feeling well, do not come to the lab.

d) While in the lab, each team must appoint a safety compliance person to ensure safe
practices are followed.

e) Team 1 currently does not require a lab space, but this by-law is in case lab space is
taken.

Section 10: Arbitration of Team Member Complaints
All team members in the ECE Senior Design courses require the highest level of teamwork and

contribution. All team members participation is a must which includes attending the team
meetings regularly and on time, doing a fair share of assigned work and turning in the work
assignments or deliverables on time so as not to hold up the other member of the team.

Should an individual team member start to exhibit poor performance that will negatively inipact
the others on the team, the following steps should be taken:

a) Team members must first attempt to resolve the issue internally before escalation.

b) If the problem/issues persist then the Team Lead should quickly send an email to
Course Instructors that outlines the concern/complaint and actions done in an attempt
to resolve the issues.

¢) An investigation will be done by the Course Instructor and a discussion will be held
with all members of the Team.

If the majority of the team members agree that the complaint is valid, then the Course Instructor
has the authority to reduce that individual’s team related scores within a range of 5 to 15 points,
pending the magnitude of the complaint.

(In the event of a tie then the Course Instructor has the final decision on how to handle the
complaint.)

Section 11: Amendments

a) Amendments can be agreed upon to this contract or to the project goals by Team .
Each member will sign a copy and decide if a change must be made later.

b) Amendments to the project will be constant, but the goals will change with less
frequency. This is still a possibility.

c) Should the contract need to be edited, the new contract will be signed by each
teammate and distributed to them. It will remain on Google Drive for further
reference.

Secti : Affirmation and Compliance
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We, the members of this team affirm that we have established this contract with the input and
consensus of all members. By our signatures, we commit to the compliance with the contract for
the benefit of all members and the team.

Signatures:

DocuSigned by:
F Braty, Jalyw 1/23/2022

05%13?"!“ Date
DocuSigned by:

%{ T 1/23/2022
ma\&mdeﬁ' Date
DocuSigned by:

% /s ,/ Den? % 1/23/2022

G i Date
DocuSlgned by:

' 1/23/2022

MemHmt&w. Date

DocuSigned by'
1/23/2022
ﬁdwc Date
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Weekly Sr Design Project Status Report
Team Number: 1 Date: 1/26/2022

Project Name: Real-Time Crowd Detection System using Raspberry Pi
and Deep Learning

Project Status: Some Aspect at Risk

Accomplishments from the last semester:

Last semester, we were able to run the raspberry pi device and identify only humans. We
had improved the frame rate and we were focused on defining our prediction border. The
bounding boxes we had were on the identified objects. We wanted to have one box that
identified anything that crossed the boundary and served as the people counter.

Team Meeting Attendance:
We have met on the following days:

Wednesday January 19, 2022 11:00am- 1:00pm
Sunday January 23, 2022 (virtual) 8:00-9:00pm

Everyone was present for both team meetings. On Wednesday, after class, we looked at
the ethics assignment, which Jayln had already reviewed and started over the break. On Sunday
we amended the team contract.

Team member Contribution to Project
- Alyssa Reed
- Working on getting code back working from the break
- Jalyn Beaty
- Erased raspberry pi since it was not working
- Deonna London
- Downloaded software and set up for the Intel Compute Stick
- Gabriel Maxwell
- Worked on the ethics assignment
- Alexis Hunter
- Worked on the ethics assignment




Upcoming Action Items Assigned per Team Member
Deonna — finish setting up Intel Compute Stick, begin executive summary
Gabriel- complete ethics slides
Jalyn- redo the coding and set up for Raspberry Pi
Alyssa Reed- redo coding and set up for Raspberry Pi
Alexis Hunter- complete ethics slides

Tentative Plans for Upcoming Week

This week, our main priority is getting the code working for our Raspberry Pi. For some
reason the code would not run once we got back to school. Instead of trying to make it worked
we opted to start over. We can do over what we already accomplished. This will be the second
time we have done it.

Issues or Concerns

We need to make sure we don’t have to reset the Raspberry Pi again. There is no reason a
code that was once working isn’t when we come from a break. This uncertainty of the problem
could lead the system to fail in crucial moments.
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Project Status: On Track

Accomplishments from previous week

e Created a testing environment on Ubuntu
e Found some parts with through pins
e Completed a majority of the development board

Team Meeting Attendance

e We all met on January 25" from 1:00pm CST to 2:00pm CST with David from Chart
Industries to give him an update on our progress.

Team Member Contribution to Project

e Breon
o Assisted Bryce with gathering a list of various parts that were deemed necessary
for physical makeup of testing circuit board.
e Matthew
o Created testing environment on Ubuntu Virtual Machine.
o Installed OpenHMI on Ubuntu and Windows.
o Further researched the pros and cons of using CODESYS to program pins.

e Hyram
o Completed most of the routing for the development board.
e Bryce

o Gathered a list of various parts that were deemed necessary for physical makeup
of testing circuit board.

o Conducted research on KiCad software to better understand integration and
creation of board.

o Contacted sponsor to gain info about results from testing done on site regarding
the dosing actuator process.

e George
o Researched OpenHMI and CODESYS.
o Got familiarized with KiCad software.

~

Upcoming Action Items assigned per Team Member




e Breon
o Assist Bryce with designing interface board for ethernet, USB, and micro USB
connections.
e Matthew
Continue working with OpenHMI and CODESYS.

o Decide how to connect to Exor Development kit by either SSH or Serial Port.
o Configure uboot on Ubuntu machine.
o Collaborate with Hyram, Breon, and Bryce on which daughter boards are
necessary for debugging purposes.
e Hyram

o Fix the footprint for the Nano some in KiCad.
0o Redo some of the routing for the development board.

e Bryce
o Begin designing interface board for ethernet, USB, and micro USB connections.
o George

o Work alongside Matthew on OpenHMI and CODESYS.
o Familiarize myself with Exor user manual.

Tentative Plans for the Upcoming Week

¢ Finish the development board.
e Configure uboot on Ubuntu machine.
e Desing interface boards for ethernet, USB, and micro USB connectors.

Issues or Concerns

e N/A
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Weekly Progress Report
Due before the beginning of class every Wednesday —
email to VITURNER@PVAMU.EDU And SMMUSA@PVAMU, EDU And Faculty Sponsor
Must have standard cover page '

Function effectively on a team whose members together provide leadership, create a
collaborative and inclusive environment

- Objective of this weekly report :
1.  Organize and assign team work -

2.  Plan and keep good record of team meetings including documentation of individual
contributions

3. Share ideas, complete assigned task on time, help others, and be professional to each

4. Resolve conflicts professionally within the group with the view of creating an inclusive
and collaborative environment

5. Keep your project on track and to identify concerns/issues early
6. Raise Issue and Concerns Early

This report must be detailed with explanation, good grammar/spelling and thorough.
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Weekly Sr Design Project Status Report
Team Number : Project Name: Date :
Project Status : On Track OR Some Aspect at Risk OR Serious Concern Provide an email copy every Wednesday before

start of class
Email to VITURNER@PVAMU.EDU

. _ And SMMUSA@PVAMU.EDU
Accomplishments From Previous Week And YOUR FACULTY ADVISOR

This section list all your accomplishments for the previous week
example : Met with Faculty Sponsor for 2 hours to finalize test protocol

(Please Provide a weekly status)

Team Meeting Attendance

List outside of classroom time when/were you met and who attended each meeting and who did not attend ( | want to know why a person
missed team meeting )

example : Team 3 met on Friday November 14 in ECE 137 for 2 hours
example : All team members present except Mike who was on a job interview trip

Team Member Contribution to Project
List individual contributions of team member — show names
example : Completed final parts list (Joe)

Upcoming Action Items Assigned per Team Member
List upcoming work items assigned to each team member — show names
example : Need to complete design for project power source (Amy)

Tentative Plans for Upcoming Week
What are some plans/expected deliverable for the team next week
example : complete literature review for software options to develop operating code

Issues or Concerns

List any concerns you have that should be raised to instructor or faculty sponsor
example: Sponsor requirements keep changing
example: Camera parts on back order

Can be on more than one page
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Weekly Sr Design Project Status Report

Team Number: 1 Date: 2/2/2022

Project Name: Real-Time Crowd Detection System using Raspberry Pi
and Deep Learning

Project Status: Some Aspect at Risk

Accomplishments from the last week:
Last week we weren't able to accomplish too much because the wifi in the engineering

building was down. We were able to successfully erase our raspberry pi device to start installing
the software on it again. We have also started to install the software back on the device but we
are running into some roadblocks with the installation of Tensorflow.

Team Meeting Attendance:
We have met on the following days:

Wednesday January 19, 2022 11:00am- 1:00pm
Sunday January 23, 2022 (virtual) 8:00-9:00pm

Everyone was present for both team meetings. On Thursday, after class, we worked on
completing the ethics assignment. We also submitted our team contract.

Team member Contribution to Project

- Alyssa Reed

- Working on getting code back working from the break
- Jalyn Beaty

- Working on getting code back working from the break
- Deonna London

- Downloaded software and setup for the Intel Compute Stick
- Gabriel Maxwell

- Worked on the ethics assignment
- Alexis Hunter

- Worked on the ethics assignment

Upcoming Action Items Assigned per Team Member
Deonna — finish setting up Intel Compute Stick, begin executive summary

Gabriel- complete ethics slides
Jalyn- redo the coding and set up for Raspberry Pi
Alyssa Reed- redo coding and set up for Raspberry Pi



Alexis Hunter- complete ethics slides

Tentative Plans for Upcoming Week
This week we hope to get the issues that we’re having resolved so we can move on to the

next step of the installation process. Just for clarification we are “some aspect at risk” but not
completely. We know exactly what software we need and how to get it. We also know how to
code our raspberry pi to satisfy the requirements of our project. Once we get everything installed
again we will be back in good standing for the completion of our project.

Issues or Concerns

Since we reset the raspberry pi we now have to complete the installation process again
and because we are running into some installation issues it's becoming a setback. We plan on
working on getting that resolved this week and moving forward with our project.
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Weekly Senior Design Project Status Report

Team Number: 2
Date: 2/2/22
Project Name: Liquid Nitrogen Doser Smart Actuator

Project Status: On Track

Accomplishments from previous week

e Created a testing environment on Ubuntu.
e Completed most of the development board.
e Started working on the interface boards.

Team Meeting Attendance

e Hyram, Matthew, and George met on February 1% from1:00pm CST to 2:00pm CST with
David and Paul from Chart Industries to give him an update on our progress.

Team Member Contribution to Project

e Breon
o Assisted Bryce with gathering a list of various parts that were deemed necessary
for physical makeup of testing circuit board.
e Matthew
o Created testing environment on Ubuntu Virtual Machine.
o Installed OpenHMI on Ubuntu and Windows.
o Further researched the pros and cons of using CODESYS to program pins.
o Looked at the .dts files
e Hyram
o Completed most of the routing for the development board.
o Looked into the footprint specifications that Exor had for the Nano SoM
e Bryce
o Gathered a list of various parts that were deemed necessary for physical makeup
of testing circuit board.
o Conducted research on KiCad software to better understand integration and
creation of board.



o Contacted sponsor to gain info about results from testing done on site regarding
the dosing actuator process.
e George
o Researched OpenHMI and CODESYS.
o Got familiarized with KiCad software.

Upcoming Action Items assigned per Team Member

e Breon
0 Assist Bryce with designing interface board for ethernet, USB, and micro USB
connections.
o Matthew

o Continue working with OpenHMI and CODESYS.
o Decide how to connect to Exor Development kit by either SSH or Serial Port.
o Configure uboot on Ubuntu machine.
o Collaborate with Hyram, Breon, and Bryce on which daughter boards are
necessary for debugging purposes.
o Going to research the device tree files for the STM Cubed software
e Hyram
o Redo some of the routing for the development board.
o Finish routing of the development board and have Paul review it.
e Bryce
o Start the final stages of the design process for the interface boards of the ethernet,
USB, and micro USB connections.
o George
o Work alongside Matthew on the STM Cubed software
o Familiarize myself with Exor user manual.

Tentative Plans for the Upcoming Week

e Finish the development board.
e Configure uboot on Ubuntu machine.



e Desing interface boards for ethernet, USB, and micro USB connectors.
e Start looking more into the STM Cubed software some more

Issues or Concerns

¢ N/A
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Weekly Senior Design Project Status Report

Team Number: 2

Date: 2/9/22

Project Name: Liquid Nitrogen Doser Smart Actuator
Project Status: On Track

Accomplishments from previous week

o Created a testing environment on Ubuntu.
e Completed the development board.
e Started working on the interface boards.

Team Meeting Attendance

e Everyone met on February 8" from1:00pm CST to 2:00pm CST with Paul from Chart
Industries to give him an update on our progress.

Team Member Contribution to Project

e Breon
o Assisted Bryce with gathering a list of various parts that were deemed necessary
for physical makeup of testing circuit board.
e Matthew
0o Helped install STM32CubelDE software onto devices.
= This will allow us to reprogram pins on the STM32 Chip.
o Looked at the .dts files.
o Worked with Hyram on interface boards as well as deciding what components
were necessary for tranfser.

e Hyram
o Completed the routing for the development board.
e Bryce

o Finalized list of various parts that were deemed necessary for physical makeup of
testing circuit board.

o Gathered update on testing being completed by sponsors at Chart

o Conducted further research for possible ethernet and Microchip USB additions for
software and hardware compatibility.



George
o Got familiarized with KiCad software.
o Got familiarity with STM Cubed software

Upcoming Action Items assigned per Team Member

Breon
0 Assist Bryce with designing interface board for ethernet, USB, and micro USB
connections.
Matthew
Continue working with OpenHMI and CODESYS.
Decide how to connect to Exor Development kit by either SSH or Serial Port.
o Continue research for the device tree files.
o Work with George on reprogramming STM32 pins.

(=]

Hyram
o Finish annotating the pdf of the development board layout and have Paul review
it.
Bryce
o Continue the final stages of the design process for the interface boards of the
ethernet, USB, and micro USB connections.
George
o Work alongside Matthew on the STM Cubed software
o Familiarize myself with Exor user manual.

Tentative Plans for the Upcoming Week

Finish designing interface boards for ethernet, USB, and micro USB connectors.
Get head start on IDE reprogramming



Issues or Concerns

e N/A
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Weekly Senior Design Project Status Report

Team Number: 2
Date: 2/23/22
Project Name: Liquid Nitrogen Doser Smart Actuator

Project Status: On Track

Accomplishments from previous week

e Placed parts on the interface board.
e Made an excel sheet comparing the pins of the nanoSOM to the pins of the STM32 chip.

Team Meeting Attendance

e Everyone met on February 22nd from 1:00pm CST to 2:00pm CST with Paul and David
from Chart Industries to give them an update on our progress.

Team Member Contribution to Project

e Breon
0 Assisted Bryce with gathering a list of various parts that were deemed necessary.
Waiting for the board to start doing testing.
e Matthew
o Installed STM32CubelDE software onto Linux machine.
» Linux machine needs to be repartitioned with more hardware space.
o Properly document all the steps taken to install all software onto devices as well
as the following steps involving reprogramming.
e Hyram
0 Created the Gerber files for the development board
o Placed components on the interface board
e Bryce
o Finalized list of various parts that were deemed necessary for physical makeup of
testing circuit board.
o List sent out to sponsors and parts have now been ordered by them
e George
o Got familiarity with STM Cubed software



Upcoming Action Items assigned per Team Member

Breon
Coming up with a step by step process to lay out how the working microchip is
supposed to work and find a way to simulate it.

Matthew

0 Finish reprogramming pins in the next few weeks
0 Properly document entire process so far
0 Reinstall Ubuntu and allocate for more hard drive space.
Hyram
o Give paul the dimensions of both the development board and the interface
board.
o Route the interface board
Bryce
o Continue the final stages of the design process for the interface boards of the
ethernet, USB, and micro USB connections.
George
o Continued working alongside Matthew on the STM Cubed software

Tentative Plans for the Upcoming Week

Finish routing the interface board
Get head start on IDE reprogramming
Plan out which pins to reprogram on the nanoSOM

Issues or Concerns

N/A
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Weekly Senior Design Project Status Report

Team Number: 2
Date: 2/23/22
Project Name: Liquid Nitrogen Doser Smart Actuator

Project Status: On Track

Accomplishments from previous week

e Placed parts on the interface board.
e Made an excel sheet comparing the pins of the nanoSOM to the pins of the STM32 chip.

Team Meeting Attendance

e Everyone met on February 22nd from 1:00pm CST to 2:00pm CST with Paul and David
from Chart Industries to give them an update on our progress.

Team Member Contribution to Project

e Breon
0 Assisted Bryce with gathering a list of various parts that were deemed necessary.
Waiting for the board to start doing testing.
e Matthew
o Installed STM32CubelDE software onto Linux machine.
= Linux machine needs to be repartitioned with more hardware space.
o Properly document all the steps taken to install all software onto devices as well
as the following steps involving reprogramming.
e Hyram
o Created the Gerber files for the development board
o Placed components on the interface board
e Bryce
o Finalized list of various parts that were deemed necessary for physical makeup of
testing circuit board.
o List sent out to sponsors and parts have now been ordered by them
o George
o Got familiarity with STM Cubed software



Upcoming Action Items assigned per Team Member

e Breon
Coming up with a step by step process to lay out how the working microchip is
supposed to work and find a way to simulate it.
e Matthew
o Finish reprogramming pins in the next few weeks
o Properly document entire process so far
o Reinstall Ubuntu and allocate for more hard drive space.

e Hyram
0 Give paul the dimensions of both the development board and the interface
board.
o Route the interface board
e DBryce

o Continue the final stages of the design process for the interface boards of the
ethernet, USB, and micro USB connections.
o George
o Continued working alongside Matthew on the STM Cubed software

Tentative Plans for the Upcoming Week

e Finish routing the interface board
e Get head start on IDE reprogramming
¢ Plan out which pins to reprogram on the nanoSOM

Issues or Concerns

e N/A



PRAIRIE VIEW A&M UNIVERSITY
ROY G. PERRY COLLEGE OF ENGINEERING

Real-Time Crowd Detection System using Raspberry Pi and Deep
Learning

ELEG 4248: Senior Design & Professionalism I1
Topic: Spring Weekly Report #3

Meeting Times

Tuesday - 9:30am

Wednesday - 11am
Friday - 4pm

Team Number 1

Submitted By:
Jalyn Beaty (Team Lead)
Gabriel Maxwell
Deonna London

Alexis Hunter
Alyssa Reed

Instructor: Professor Turner
Date of Submission: 2/16/2022
ELEG 4248



Weekly Sr Design Project Status Report
Team Number: 1 Date: 2/16/2022

Project Name: Real-Time Crowd Detection System using Raspberry Pi
and Deep Learning

Project Status: On Track

Accomplishments from the last week:

We have successfully downloaded all of the software back on the raspberry pi. We also
have been working on the installation of the intel stick to help with increasing the frame rate of
the raspberry pi.

Team Meeting Attendance:
We have met on the following days:

Wednesday February 9, 2022 11:00am- 2:00pm
Friday February 11, 2022 (virtual) 6:00-8:30pm

Everyone was present for both team meetings. On Wednesday, after class, we looked at
our presentation and worked on completing our codes and standards, executive summary, and
our target audience. On Friday, we briefly practiced the presentation and worked on finishing up
the installation process on the raspberry pi.

Team member Contribution to Project
- Alyssa Reed

- Outlined Executive Summary Presentation. Worked on resetting Raspberry Pi
- Jalyn Beaty
- Worked on resetting Raspberry Pi and the Tensorflow issue
- Finished the installation process
- Deonna London
- Worked on the Executive Summary Presentation and Codes and Standards
- Gabriel Maxwell
- Worked on the Executive Summary Presentation and Codes and Standards
- Alexis Hunter
- Worked on Executive Summary Presentation and Codes and Standards

Upcoming Action Items Assigned per Team Member
Deonna - finish up powerpoint for the executive summary and codes and standards

Gabriel- finish up powerpoint for the executive summary and codes and standards



Jalyn- continue to work with our code to be tailored more to our project
Alyssa Reed- continue to work with our code to be tailored more to our project
Alexis Hunter- finish up powerpoint for the executive summary and codes and standards

Tentative Plans for Upcoming Week

This week we plan on making more progress on the raspberry pi to get it working for our
project demo on March 5th. We plan on having a completely functioning product by this date so
we are working around the clock to get that done. This week all hands will be on deck in terms
of getting our project done and making sure that our presentations are up to par.

Issues or Concerns
At this point there are no issues and concerns.
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Weekly Sr Design Project Status Report
Team Number: 1 Date: 2/23/2022

Project Name: Real-Time Crowd Detection System using Raspberry Pi
and Deep Learning

Project Status: On Track

Accomplishments from the last week:

Last week, we presented the Executive Summary. We also began trying to connect the
light and sound alarm to our device so that we could program them for our requirements.

Team Meeting Attendance:
We have met on the following days:

Wednesday February 16, 2022 11:00am- 2:00pm
Friday February 25, 2022 (virtual) 6:00-8:30pm

Everyone was present for both team meetings. On Wednesday, after class, we tried
finding out how to hook up the alarms to our device. We noticed that the case around our
Raspberry Pi may get in the way of several connections. On Friday, we tried to see if the
compute stick would help frame rate. However, we are unsure if we programmed it correctly and
will be checking over the steps again.

Team member Contribution to Project
- Alyssa Reed

- Worked on resetting Raspberry Pi, working on the code for the sound alarm
- Jalyn Beaty

- Worked on resetting Raspberry Pi, working on the code for the light alarm
- Deonna London

- Presented Executive Summary
- Gabriel Maxwell

- Researched other projects that use the alarm systems for set-up help
- Alexis Hunter

- Presented Executive Summary

Upcoming Action Items Assigned per Team Member
Deonna - redo installation process for the USB compute stick

Gabriel- find a working model with the light and sound alarms
Jalyn- work on light alarm connection and code



Alyssa Reed- work on sound alarm connection and code
Alexis Hunter- figure out how to add components around case on Raspberry Pi

Tentative Plans for Upcoming Week
This week we want to have at least one alarm system connected to the Raspberry device.

We aim to have it programmed as well.

Issues or Concerns
At this point there are no issues and concerns. We are just working to meet our goals by
the midterm deadline next week.
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Team Number: 2

Date: 3/2/22

Project Name: Liquid Nitrogen Doser Smart Actuator

Project Status: On Track

Accomplishments from previous week

Finished routing the interface board.

Reallocated hard drive space on linux machine.

Team Meeting Attendance

Hyram and Bryce met on March 1st from 1:00pm CST to 2:00pm CST with Paul and David
from Chart Industries to give them an update on our progress.

Team Member Contribution to Project

Breon
0 Assisted Bryce with gathering a list of various parts that were deemed necessary.
Waiting for the board to start doing testing.
Matthew
o Installed STM32CubelDE software onto Linux machine.
® Reallocated for more hard drive space on the machine.
o Pin reprogramming is developing as planned.
Hyram
o Created the Gerber files for the interface board.
o Drew dimensions on interface board.
Bryce
o Finalized list of various parts that were deemed necessary for physical makeup of
testing circuit board.
o List sent out to sponsors and parts have now been ordered by them
George
0o Got familiar with STM Cubed software and worked on Final Executive Summary
with Bryce.



o Worked on installing OpenHMI and Codesys utilizing the User Instruction
manual provided from Exor.

Upcoming Action Items assigned per Team Member

e Breon

o Working on the final power point presentation with Bryce
e Matthew

0 Finish reprogramming pins in the next few weeks

o Properly document entire process so far

e Hyram
o Give Paul the dimensions to the interface board

e Bryce
o Working on the final power point presentation
e George

o Continued working alongside Matthew on the STM Cubed software
o Installation of OpenHMI and Codesys
o Formulating testing plan for test board

Tentative Plans for the Upcoming Week

e Get head start on IDE reprogramming
¢ Plan out which pins to reprogram on the nanoSOM
e Receive Paul’s development board

Issues or Concerns

e N/A
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Weekly Sr Design Project Status Report
Team Number: 1 Date: 2/9/2022

Pl‘Q]eCt Name: Real-Time Crowd Detection System using Raspberry Pi
and Deep Learning

Project Status: Some aspect at risk

Accomplishments from the last week:

More than half of the software is back on the Raspberry Pi. We are slowly heading back
on track to begin the process of coding to meet our other device requirements.

Team Meeting Attendance:
We have met on the following days:

Wednesday January 19, 2022 11:00am- 1:00pm
Sunday January 23, 2022 (virtual) 8:00-9:00pm

Everyone was present for both team meetings. On Wednesday, after class, we looked at
the ethics assignment. On Thursday, we finished it up. On Sunday, we decided who would
present and briefly practiced the presentation. The other made significant development on the
Raspberry Pi.

Team member Contribution to Project
- Alyssa Reed
- Outlined Ethics Presentation. Worked on resetting Raspberry Pi
- Jalyn Beaty
- Worked on resetting Raspberry Pi and the Tensorflow issue
- Deonna London
- Practiced for Ethics Presentation
- Gabriel Maxwell
- Finished Ethics Report, Review Executive Summary Assignment
- Alexis Hunter
- Practiced for Ethics Presentation




Ugcommg Action Items Assigned per Team Member
Deonna - presenting ethics presentation, test out Compute stick and frame rate effects
Gabriel- complete executive summary
Jalyn- complete raspberry reset to get back to developing code for object detection
Alyssa Reed- assist with raspberry pi set up, complete executive summary
Alexis Hunter- presenting ethics presentation

Tentative Plans for Upcoming Week

This week, it is our top priority to get the Raspberry Pi device back to how it was before
the break. We will get past the TensorFlow issue in set up so that we can start working again on
the code to add in our other requirements besides object detection, which we already had
achieved. .

Issues or Concerns
We are unsure if the set-up for the Intel Compute stick worked. We need the rebooted
Raspberry Pi to test it out.
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Weekly Sr Design Project Status Report
Team Number: 1 Date: 3/9/2022

Project Name: Real-Time Crowd Detection System using Raspberry Pi
and Deep Learning

Project Status: On Track

Accomplishments from the last week:

Last week, we worked on the pedestrian counter on the Raspberry Pi. We have finished
the code for the program and corrected the problem with OpenCV, but the camera will not open
when running. Now, the process is going back looking for minor errors that could cause this.
While that is being done we have discovered the Compute stick needs to be set up and
programmed to the Raspberry Pi rather than set up on windows.

Team Meeting Attendance:
We have met on the following days:

Wednesday, March 2 11:00am-2:00pm
Monday, March 7 7:00-10:00pm
Tuesday, March 8 5:00-9:30pm

Everyone was present for all meetings and we have adjusted our schedule to meet our
availability better and added days to have more time dedicated to the code. On Wednesday We
successfully got the OpenCV issue fixed so our light on the camera would turn on when the
program ran, though it wouldn’t open. Monday, we worked on fixing pedestrian code. Tuesday
we updated meeting times and roles and split the important projects into two. One focus is
software for getting the pedestrian code running. The other focus is the hardware of the added
components.

Team member Contribution to Project
- Alyssa Reed

- Worked on pedestrian counter code
- Jalyn Beaty
- Worked on pedestrian counter code
- Deonna London
- Worked on set up for USB compute stick, started research on Audio HAT
- Gabriel Maxwell
- Worked on connecting parts to Raspberry Pi, began final report draft
- Alexis Hunter



- Working on LED lights connection for Raspberry Pi

Upcoming Action Items Assigned per Team Member
Deonna - research and construct schematic for audio HAT connection

Gabriel- attempt alarm connections

Jalyn- finish pedestrian counter code

Alyssa Reed- finish pedestrian counter code

Alexis Hunter- come up set up instructions for LED light connections

Tentative Plans for Upcoming Week
This week, we want to have the pedestrian counter code finished and one alarm hooked to

the Raspberry Pi.

Issues or Concerns
At this point there are no issues and concerns. We are just working to meet our goals.
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Team Number: 2

Date: 3/9/22

Project Name: Liquid Nitrogen Doser Smart Actuator
Project Status: On Track

Accomplishments from previous week

¢ Finished routing the interface board.
e Reallocated hard drive space on linux machine.
e Reprogrammed some pins on the STM chip

Team Meeting Attendance

e Everyone met on March 8th from 1:00pm CST to 2:00pm CST with David from Chart
industries to give them an update on our progress.

Team Member Contribution to Project

e Breon
~ 0 Helping with finding codes and standards for pcb design.
e Matthew

0 Installed STM32CubelDE software onto Linux machine.
= Reallocated for more hard drive space on the machine.
o Pin reprogramming is developing as planned.
e Hyram
o Started making an instruction manual for our project.
e Bryce
o Finalized list of various parts sent back from Chart sponsor because some parts
are now out of stock needed for circuit board
o Currently using other sources like Mouser electronics to try and find some viable
alternatives for the out of stock parts
e George
0 Got familiar with STM Cubed software and worked on Final Executive Summary
with Bryce.



o Worked on installing OpenHMI and Codesys utilizing the User Instruction
manual provided from Exor.

Upcoming Action Items assigned per Team Member

Breon
o Testing the board to make sure all functions are working properly.
Matthew
o Finish reprogramming pins in the next few weeks
o Start doing research for what kind of LCD screen we will use for the development
board.
Hyram
o Give Paul the Gerber files for the development board and the interface board
o Helping Matthew find the correct functions for specific pins.
o Help Matthew with the research of finding what kind of LCD screen we will use
for the development board.
Bryce
o Working on the final power point presentation
George
o Continued working alongside Matthew on the STM Cubed software
o Installation of OpenHMI and Codesys
o Formulating testing plan for test board

Tentative Plans for the Upcoming Week

Start research in a LCD screen
Start making a user manual for the project
Finish reprograming all the pins for the STM chip

Issues or Concerns

N/A
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Weekly Senior Design Project Status Report

Team Number: 2

Date: 3/23/22

Project Name: Liquid Nitrogen Doser Smart Actuator
Project Status: On Track

Accomplishments from previous week

e Reallocated hard drive space on Linux machine.
e Reprogrammed some pins on the STM chip
e Found an LCD screen for development board.

Team Meeting Attendance

e Everyone met on March 23rd from 1:00pm CST to 2:00pm CST with David and Paul from
Chart Industries to give them an update on our progress.

Team Member Contribution to Project

e Breon
o Working on final written report.
e Matthew
o Installed STM32CubeIDE software onto Linux machine.
s Reallocated for more hard drive space on the machine.
o Pin reprogramming is developing as planned.
e Hyram
o Started making an instruction manual for our project.
o Found an LCD screen for development board.
o Gave Paul the Gerber files for the development board and the interface board

o Finalized list of various parts sent back from Chart sponsor because some parts
are now out of stock needed for circuit board
o Currently using other sources like Mouser electronics to try and find some viable
alternatives for the out-of-stock parts
e George



0 Got familiar with STM Cubed software and worked on Final Executive Summary
with Bryce.

o Worked on installing OpenHMI and Codesys utilizing the User Instruction
manual provided from Exor.

Upcoming Action Items assigned per Team Member

e Breon
o Continue working on final written report.
e Matthew

o Finish reprogramming pins in the next few weeks
o Finish doing research for what kind of LCD screen we will use for the
development board.
e Hyram
o Helping Matthew find the correct functions for specific pins.
0 Help Matthew with finding a connector for the LCD screen.

e Bryce
o Continue working on the final power point presentation
e George

o Continue working alongside Matthew on the STM Cubed software
o Continue formulating testing plan for test board

Tentative Plans for the Upcoming Week

e Finish research in a LCD screen and find a connector for LCD
e Continue making a user manual for the project
¢ Finish reprograming all the pins for the STM chip

Issues or Concerns

e N/A
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Weekly Sr Design Project Status Report
Team Number: 1 Date: 3/30/2022

Project Name: Real-Time Crowd Detection System using Raspberry Pi
and Deep Learning

Project Status: Some Aspect At Risk

Accomplishments from the last week:

Last week, after meeting with our advisor, we started focusing more on people detection.
We were able to code our device to detect people instead of just objects. We plan to use this to
meet our requirements. After acquiring another Raspberry Pi, we were also able to make very
good progress on programming the USB Compute Stick in order to use OpenVino. We want the
compute stick to speed up the framerate for our people detection. The setup process is a little
more complicated because all of the guides we have are from years ago and certain things do not
apply anymore. However, we discovered a key mistake we were making trying to set it up via
desktop instead of Raspbian. We are now very close to having it set up.

Team Meeting Attendance:
We have met on the following days:

Wednesday, March 23 11:00am-2:00pm
Monday, March 28 10:00-12:00pm
Tuesday, March 29 4:00-6:00pm

Everyone was present for the meetings. Two of us worked on presentations and written
reports. The rest of us worked on the Raspberry Pis. We are keeping our first initial code under
construction to see if we are able to fix our code using a new feature we discovered last week.
The other Raspberry Pi is focused mainly on people detection. Using this alone, we will be able
to meet a good number of our requirements. This Raspberry Pi is also where we are installing the
Intel Compute Stick software, OpenVino, to improve our framerate. By the end of this week, we
will see which Raspberry Pi has the most success and progress, and we will all focus in on that
one to use as a working demo for finals.

Team member Contribution to Project
- Alyssa Reed
- Worked on people counter code and got people detection code finished
- Jalyn Beaty
- Worked on people counter code original code,
- Deonna London



- Finished people detection code, worked on USB Compute stick setup
- Gabriel Maxwell

- began final report, design 3D print holder, worked on timeline and Gantt chart
- Alexis Hunter

- Worked on slides for final presentation and USB compute stick setup

Upcoming Action Items Assigned per Team Member
Deonna - finish compute stick setup

Gabriel- finish final gantt chart and timeline, print out 3D case

Jalyn- continue to work on people counter

Alyssa Reed- continue to work on people counter

Alexis Hunter- finish slides for rehearsal, continue to help with USB compute stick

Tentative Plans for Upcoming Week
This week, we will be finding out which option of Raspberry Pi we are going with. We

will take the one with the most progress and zero in on that one to create the demo.

Issues or Concerns
At this point, there are no new issues or concerns past the ones we had last week.
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Team Number: 2

Date: 3/30/22

Project Name: Liquid Nitrogen Doser Smart Actuator
Project Status: On Track

Accomplishments from previous week

¢ Reallocated hard drive space on Linux machine.
¢ Reprogrammed some pins on the STM chip
e Found an LCD screen for development board.

Team Meeting Attendance

e Everyone met on March 24th from 11:00am CST to 1:00pm CST to go over PowerPoint

presentation.

Team Member Contribution to Project

e Breon
o Working on final written report.
e Matthew

o Installed STM32CubelDE software onto Linux machine.

= Reallocated for more hard drive space on the machine.

o Pin reprogramming is developing as planned.

e Hyram
o Continuing making an instruction manual for our project.
o Found an LCD screen for development board.

e Bryce

o Finalized list of various parts sent back from Chart sponsor because some parts

are now out of stock needed for circuit board

o Currently using other sources like Mouser electronics to try and find some viable

alternatives for the out-of-stock parts
e George



o Working on installing OpenHMI and Codesys utilizing the User Instruction

manual provided from Exor.
o Working on final written report.

Upcoming Action Items assigned per Team Member

Breon
o Continue working on final written report.
Matthew
0 Finish reprogramming pins in the next few weeks
o Finish doing research for what kind of LCD screen we will use for the
development board.
Hyram
o Continue to help Matthew find the correct functions for specific pins.
o Continue to help Matthew with finding a connector for the LCD screen.
o Continue to work on user manual for the project.
Bryce
o Continue working on the final power point presentation
George
o Continue working alongside Matthew on the STM Cubed software
o Continue formulating testing plan for test board

Tentative Plans for the Upcoming Week

Finish research in a LCD screen and find a connector for LCD
Continue making a user manual for the project

Finish reprograming all the pins for the STM chip

Continue working on final written report

Issues or Concerns

N/A



PRAIRIE VIEW A&M UNIVERSITY
ROY G. PERRY COLLEGE OF ENGINEERING

Real-Time Crowd Detection System using Raspberry Pi and Deep
Learning

ELEG 4248: Senior Design & Professionalism I1
Topic: Spring Weekly Report #8

Meeting Times
Monday: 10am-12pm
Tuesday: Spm-until
Wednesday:11lam-2pm
Friday: 10am-12pm

Team Number 1
Submitted By:

Jalyn Beaty (Team Lead)
Gabriel Maxwell
Deonna London

Alexis Hunter
Alyssa Reed

Instructor: Professor Turner

Date of Submission: 4/06/2022
ELEG 4248



Weekly Sr Design Project Status Report
Team Number: 1 Date: 4/06/2022

Project Name: Real-Time Crowd Detection System using Raspberry Pi
and Deep Learning

Project Status: On Track

Accomplishments from the last week:

Last week, while focusing on our people detection to meet our requirements, we got our
people counter to work. Our device can now identify and count people entering the frame. We
have since begun connecting the alarm system for the final touches. We have a 3D printed case
to house our device that was finished last week as well. We redid our slides for the final
presentation, adding in the new slides, correcting older ones, and adding the executive summary
slides.

Team Meeting Attendance:
We have met on the following days:

Wednesday, March 30, 11:00am-2:00pm
Friday, March 1, 10:00am-12:00pm
Monday, March 4, 10:00am-12:00pm

Everyone was present for the meetings. We were able to get the people counter to work
and then the two software leads began working on the alarm system. One of us worked to get the
3D print case finished. We also now have a more high-level project schedule. We worked to
correct our old slides based on previous feedback and our meeting with Dr. Qian. We also
worked on the new slides that needed to be included. Since then, we have assigned everyone
their final slides and have been practicing.

Team member Contribution to Project
- Alyssa Reed

- Worked on alarm system and final design
- Jalyn Beaty
- Worked on alarm system and final design
- Deonna London
- Finished people counter, revised final slides
- Gabriel Maxwell
- began final report, got 3D printed case finished, finished improved project
schedule



- Alexis Hunter
- Worked on slides for final presentation, worked on schematic for Raspberry Pi

Upcoming Action Items Assigned per Team Member
Deonna - began revising and editing written report

Gabriel- finish final Gantt chart for written report
Jalyn- finish alarm system and final design
Alyssa Reed- finish alarm system

Alexis Hunter- finish schematic

Tentative Plans for Upcoming Week
This week, we will be rehearsing our final oral presentation and putting the final touches

on our design

Issues or Concerns
At this point, there are no issues or concerns.
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