%7@ Pitch Snitch
A Slow-Pitch Softhall
\ | Oﬂimary
Cameron Mesma gg ”nyG hiin 3 JWYmHkyd \

%
..@;AA Ve L3




Agenda
— {
e} 4
Introduction Project Plan Design
Background, Users, Devel tal Stvl Modular Map, App
Requirements and evea?w%?’?mneéllini yies Views, Technical
Ethical Considerations Components
» [ v/
C Demo Testing Conclusion
. User Testing, Model Future Plans and
& Demo Video Testing Questions /

\_




Our Project

We have developed an officiary tool,
for local slow-pitch softball leagues,
that can track the height of a pitch to
determine if it falls within a legal
height range.
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What is slow-pitch softhall?

A variation of softball where a pitch must lie within
a max/min height range.

If a pitch is called illegal, the batter has the choice
to attempt a hit.

This modification allows for more amatuer games
and leagues with slower pitches.

Where our project comesin...

Umpires visually measure the height of the pitch
to determine if it is within the legal bounds.

This causes inconsistencies with illegal pitch calls /
and can mess up the timing of the batter if the call ‘V
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Players Umpires
The players in local The umpires officiating
slow-pitch leagues slow-pitch games
Needs Needs
e Accurate “illegal” e Reliable detection
calls e Portable design
e Fast “illegal” calls e Manageable cost
C e Non-interferent e Easysetup
design

Who Are Our Users?

Spectators

The people and fans
watching the games

Needs

e Preservesthe

integrity of the
game

e Speeds officiary

time
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Fast

e Detects illegal pitch
faster than a normal
umpire

e  Within .2 seconds of
reaching max height

1]
Portable

° Must be able to be
taken to multiple
fields

Requirements

Accurate
e  Find max height of

the softball
° Within *4 inches of

o

o

Adjustable

e  Must be able to
change height range

e Canbeusedona
variety of fields

-

Non-Intrusive

Cannot interfere with
typical game
operation

<€)

Audible

Must output audible
sound if pitch is illegal
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Social
Responsibility

Keeping our user base in
mind as local slow-pitch
leagues, we must
provide an affordable
and accessible product

N
Ethical Considerations &

o o
A &

Security/Privacy Accessibility

Our app does not collect Choosing Flutter as a
or remotely store any development platform
videos taken. Every allows us to use
video is stored on the accessible widgets for
local device to protect all users and easy setup

user privacy. steps.
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AGILE

- Organize a weekly standup mentioning our
progress, setbacks, and goals.

- Follow the AGILE workflow of Planning,
Design, Implementation, and Testing

- Use GitHub branches and GitHub Issues
board to showcase progress and individual
work.

Our Management Style




Task Decomposition

Slow-Pitch Officiary

]

Integration and

‘ Testing
Obiject Tracking Model-compatible
Model Frontend
- e — A A A

Augment and Train

A

Deduce geometric Develop system Develop instructions
( ) equation for height arming logic and setup procedure
Annotate data
Collect data
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Enhancements

Testing

Tracking
Refinement

User
Feedback

February

1-C 02/03-02/09  02/10 - 02/16

Create test plan

AGILE Gantt Chart

March April

02/17 - 02/23  02/24-03/02 03/03-03/09  03/10-03/16  03/17-03/23  03/24-03/30  03/31-04/06  04/07 - 04/13  04/14-04/20  04/21-04/27

Add visuals/video to how-to:
« Reference height photos
« Link to video demo

Apply user feedback to app:
= Add quality of life suggestions
« Adjust displayed data if needed

Initial tests of full integration:
« Field testing
« Data collection

Continue testing:
« Determine if we're meeting our goals

Continuous improvement:
« Focus on lacking area
+ Support strong areas

Improve runtime/efficiency of code:
« Multi-threading?

May
04/28 - 05/04 15/05 - 05/0

Make final
adjustments
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1 Object Detection (¢ Flutter
e YOLO (You Only Look Once) convolutional 2 Mohi’e App

neural network model.
o Object Tracking, classification, and
segmentation abilities.
e High accuracy and speeds when trained on development

e a variety of datasets. e Cross-platform for i0S/Android

Technical Needs

e Dart framework for app

e Works with an Ultralytics plugin

.’ U I t ra Iytic s that works with YOLO models

YOLO D
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Our YOLO Model

1. Data Collection / \
e Parsed pitching videos % — ﬁ

2. Roboflow Annotations

e Annotated 9062 Images of softball locations
@ roboflow
3. Roboflow Augmentations
e Greyscale, mirror, and crop augmentations 9062 Image
Annotations

4. Training with Ultralytics

e Trained through 100 epochs over several days l
5. Inserting into Flutter interface C s Moda D
e  Ultralytics provides a Flutter plugin to use a YOLO
.mlmodel in an object detection system *

Qrelyncs Flitter Plugln
ey x’%
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/%/é Height Determination Design

Field Calibration Height Calculation
e Use YOLOvV8 model to track the ball and e Use YOLOvV8 model to track the ball and
collect the coordinates of the home plate, collect the coordinates when pitched

a reference height, and the pitchers

mound. —
YOLO Y-Value —3 Home Plate Y-Value —

(] ’ [ ] - ”
Pixel Gonversion Factor
Ball Pixel Height N Feet per pixel — Ball Height (ft)
i Reference Heigh 1 i : ’
ight Y- Reference Height
Value s  — Pixel Distance

| o :
5 Refe Height — s
Reference Height (ft) — gii:"‘:;z ta:::% — Feet per pixel

Ball Pixel Height
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Whe

n should we track? Red/Yellow/Green Arming
e We should only track the ball when it is (
thrown towards home plate from the

Ball Coordinates

Setup Values (xy)

Color=Green

pitcher’'s mound. l
pimimimimimmt o memim:| OO PEREIS [ 8080 i Pitcher's Mound
Mapping the ;
p i tCher ’S : : Color=Red low for < 2 Color=Yellow
" Bounding Box :l .
w

Color=Red
Tracking=True;

Setup Values
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Our Modular Design

Pitch Snitcht AR o
2 P —Iu
’

Download from [ )
the App Store

Umpire

" [=——> SETVALUES =

| on Home Plate
o it

START

CALIBRATE >
TRACKING

FIELD

YOLO Ball
Coordinates

(x,y) } If Pitched ===  Find Max Height — Iflllegal —> f\,] )))
SETUP/
CALIBRATION "

VALUES Play"lllegal” Audio

N
a4

NG O X N

{

/



&

//%/ Screens

=
73':




g

Screen Design - Start Screen




creen Design - Setup Instructions

Setup Camera Instructions

<

Setup Camera Instructions

Our Accuracy Relies On A Proper Setup
Our Accuracy Relies On A Proper Setup

Step 1: Place The Camera
Step 1: Place The Camera

Place your camera following the

specifications below Step 2: Capture The Field

Must have the home plate and
pitcher's mound in camera view.

You will mark three points of the field with

the softball

Home plate and pitcher's mound

must be horizontally aligned. The softball should be placed on

home plate

Must be equidistant from the home

plate and the pitcher's mound. The softball should be held at the

reference height above home plate

Must be protected from potential
damages beyond the foul line.

The softball should be placed on
the pitchers mound.

ach capture will be taken with a 15
second countdown. Move the softball
during the countdown process.

Back

Done




Screen Design - Setup Values

<

Setup Values

Define the height boundaries
for pitches and the reference
height to be used in field

calibration

Max Height




g

Screen Design - Field Capture

Ball on Home Plate
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Screen Design - Tracking Screen
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Video Demo

Pitch Snitch
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Model Testing

e Test pitches were conducted with tracking S Y
enabled when the ball left the pitcher’s .
mound.

e The graphs show all points where the YOLO

model detected the ball from the pitch 0 S &0
(ri ght—>l eft). Detection Time = .18s

e Graphs show consistent tracking with a 400 T
perfect parabolic shape. I .

(Actual Max Height Time) - (Detected Max Height Time) 200158 -
= Detection Time

0 200 400 600

Detection Time = 17s
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User Iesting

Players of the lowa State Softball Club volunteered to test out our application having
played several slow-pitch games.

Each player was asked to read the instructions and set up the application to be “tracking

ready”
e The average setup time was 2 minutes and 15 seconds

The players then threw several pitches to observe the illegal output. Player’'s not
throwing pitches observed the tracking screen.

Feedback was given after testing from the players.
e “The setup was very simple”
e "“Seemed pretty accurate”
e “The'illegal’ sound didn't seem very loud”
e When the model loaded in, it couldn’t find the ball right away.
e More clearinstruction of when to mount the phone would be helpful.
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We asked: “Would \
you trust Pitch Snitch \\

over an umpire?”’

Unanimous “YES”’
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Plans for the future

The main components for our application are
functional but not deployment-ready. Key
considerations for the future contain.

e Retrain a YOLO model on a variety of
fields/lightings.

e Rigorously test the height accuracy.

e Stress test the system for faults and bugs.

e Add a ‘Review’ tool to analyze the past pitches

V)
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Conclusion

Our Solution Offers:

e Portable and affordable product available to all
i0S users

e Simplistic, adaptable, and efficient setup
process

e Detection of a pitched softball and deduction of
its maximum height

e Responsive “lllegal” audio played within .2
seconds of a pitch’s peak height

e Aproduct softball players trust to use as an
officiary tool in games
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