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Physical Design Overview

Prototyped Degrees of Freedom at the Final Design for Ball Spinner.
End of Fall Milestone 3.



Physical Desigh Team (Goals and
Achievements for MS1)

Goals
e Fully designed 3D model of ball spinner and electronics enclosure ready for
fabrication

Achievements
e  Ball Spinner Design Completed
e  Enclosure Design Completed and Structural Frame Built
e  All material ordered for fabrication
e  Planfor fabrication determined

Key Technologies
e  SOLIDWORKS - 3D model ball spinner designs as well as enclosure layout
e 3D Print Lab - create rapid prototypes and fabricate non-load bearing components

K i 3D Modeled and Printed Ball Spinner
e  Shop - fabricate and adjust metal parts System inside an in progress Electronics

Enclosure



Physical Design Team (Future: MS2)

Goals

e Continue work on enclosure (Bottom panel and acrylic box mounting)
e Completed 1st and 2nd degree assembly
e  Ensure assembly is ready for motor mounting








https://docs.google.com/file/d/1rVjt-1NgTXRnwfqMjV_7-pvEZwDfizdU/preview
https://docs.google.com/file/d/1nw9FmF2byykh_CUzHiRr0nQunUxqTFm5/preview

Team Pi (Goals for MS1)

Hardware

e Demonstrate temporary BLDC motor operations using software PWM control
e Define safe power supply configuration
e Evaluate motor and esc upgrades



Team Pi (MS1 Achievements)

Hardware

e Successfully integrated and operated BLDC motor

o  Used resourced motor and ESC with the Raspberry Pi via software PWM
e Established safe power delivery
e Compared motor and ESC options for upgrades

o  Evaluated higher torque, sensors

o ldentified trade-offs between torque, weight, cost and feedback capabilities
o  Reviewed programmable ESCs offering braking and finer controls



Team Pi (Future: MS2)

Hardware

Implement safety

Develop “shot script” for the primary BLCD through a bowling shot sequence

Design and evaluate power distribution and source options (battery vs plug in power configs)
Test motor operations under various conditions

Integrate sensors and upgrades

Begin Stepper Motor connections with appropriate drive module



Team Pi (Goals for MS1)

Software

Placeholder shot/diagnostic/analysis page
Basic cloud communication

SmartDot port and 32 bit destruction
Placeholder SmartDot graphing

Testing

Logging



Team Pi (MS1 Achievements)

Software

Main Ul with tabbed widgets

Motor control through the Diagnostic mode (with graphing of motor instructions)
Compiled and manually linked liblepp, warble, pywarble, metawear-cpp-sdk,
metawear-python-sdk for 64 bit

Graphing real live MetaMotionS data

Basic logging implementation



Team Pi (Future: MS2)

Software
e Organizerepository
e E-stopbutton
e Unit Test
e Investigate Frontend Testing utilities
e Add further diagnostic page functionality
e Add loggingto all of our important functions
e SmartDot Simulator
e Shot script and database implementation
e Add stored shot/session page



Team Pi UML
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Team Pi Current Electrical System




E-STOP







Ciclopes - Overview

Inference

Extract features from image
o Low Layers(eg. corners->edges->colors)
+ Middle Layers (eg. object parts, shapes)
« High Layers (eg. “Ball”, “Lane”)

Project Representations of each layer to
common Dmodel and mix fuse into final
feature map v

Representations Ex.

e Input (2048x2048x3)
o Low (1024x1024x%6)
o Middle (256x256x%24)
« High (16x16x384)

Choose Dimension to project to and fuse v
into feature map
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Example over Image




Ciclopes - Goals for MS1

Basic scene in Isaac Sim

Generate synthetic dataset in Isaac Sim
Setup training/evaluation engine

Run first training and evaluate



Ciclopes - Accomplishments for MS1

e BasicsceneinlsaacSim
o Low rendering quality, lighting, etc.
e Generate synthetic dataset in Isaac Sim
o 5100 frames (png, polygon labels) - 4590 train, 510 val
e Setup training/evaluation engine
e Run first training and evaluate



Train Results

- Image Size = 1240x1240
(downsample from
1920x1080 and pad)

- BatchSize=8

Metrics:

- mAP 50: mean precision
across classes - 50%
overlapping = correct

- mAP 50-95: mean
precision across classes
and various overlapping
percentages (50-95) -
incrementing by 5

Loss
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Final mAP 50-95:0.97 - Almost Perfect, suspiciously high




Train Results - Labels

_4617.jpg _4621.jpg _4609.jpg _4613.jpg




Train Results - Predictions (Inference)




Train Results - “Scaled” Run (Overfitting)

YOLO Training History
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Ciclopes - Goals for MS2

e Generate episodes of more realistic trajectories for testing
o Export with per frame BEV positions and kinematics labels
e Develop homography warping functionality
o Test with labeled BEV positions as ground truth
e Develop BEV episode buffer -> kinematics / features functionality
o Visualizations? What is actionable data?
o Post processing tricks (eg. frame interpolation, detection
hacks)
¢ Runend to end segmentation -> warp -> features testing on labeled
episodes






Mobile App (MS1 Goals)

e Improve event and session creation/navigation
e Update ball arsenal for ball colors



Mobile App (MS1 Achievements)

e Events and Sessions

o  New popups for creation

o  Changed navigation from main page to

games

e Ball Arsenal

o  Added ball customization for ball color
e CellularCore/Unit Testing

o  DateTimeCalculator

o  StringToColorConverter



Mobile App (Future: MS2)

e |mprove Stats Page
o Addonto bits used for shots
o Calculate more stats from the database



Mobile UML Overview

Mobile
App

Implemented

Partially
Implemented

Not Yet Implemented




Mobile UML - Page Models

Page Models

LoginPage
ContextStore: MainViewhodel
_userRepository UserReposttory
LoginPage()
OnLognClicked(object, EventArgs)
VerifyPassword(string, string)

OnRegisterTapped(objec, EventArgs)

MainPage
ContextStore: MainViewModel
_userRepository UserRepository
lsLoggedin - bool

MainPage()

IniializePageAsync(): Void
OnAppearing(): Void

UpdateUl(): Void

OnloginClicked(object, EventArgs)
OnRegisterClicked(object, Eventargs)
OnGuestClicked(object, EventArgs)
OnArsenalClicked(object, EventArgs)
OnSessionListClicked(object, EventArgs)
OnBlustoothCiicked(object, EventArgs)
OnAccountClicked{object, EventArgs)
OnDataClicked(object, EventArgs)
OnAPIClicked(oblect, Eventrgs)

SoftRefreshAsync()

RegisterPage.
ContextStore: MainViewhodel
_userReposiory UserRepository
RegisterPage()
OnRegisterClicked{object, EventArgs)

HashPassword(stiing)

Account
ContextStore: MainViewModel

userRepository UserRepository

Bluetooth

Bluetooth()

OnAddClicked(object, EventArgs)

EditAccount
ContextStore: MainViewModel

userRepository UserRepository

AccountPage()

OnAppearing(): Void
OnSignoutClicked(object, EventArgs)
OnEditAccountClicked(oblect, EventArgs)

OnstatsClickadovject, EventArgs)

ShotPage

ContextStore:

EditAccountPage(UserRepository)
LoadUserDetals(): Void
OnSaveChangesClicked(object, EventArgs)

HashPassword(sting)

APITestPage

ShotPage()
OnAppearing(): Void
BoardChanged(obect, EventArgs)
OnPinGiicked(objoct, EventArgs)
OnNextClicked(abject, EventArgs)
GetDownedPinsForShot(nt)
GetDownedPinsForFrameView(short, short)
GetDownedPinsTotalFrame(short)
UpdateShotBoxes(: Void
ApPIYPINCalors(ShotPageFrarme)
ApplySecondShotColors(ShotPageFrame)
ReloadButionColors(): Void
OnFoulClicked(oblect, Eventargs)
OnGutierClicked(object, EventArgs)
OnSpareGiicked(oblect, Eventrgs)
OnstikeCicked(object EventArgs)
Saveshotasync(int)
SaveFramoAsyno(bool, bool)
UpdateScore()
CheckIFramesExisiForGame()

LoadExistingGameDatal)

OnloadTestDateClicked(): object, EventArgs.

Video
isCameraStaried - bocl
previewResoluion - size
isRecording - bool

currentVideoPath - string

BallArsenalRegistrationPage
_ballRepository BallRepository

Balls ObsersvableCollection<Ball>

OnRegisterBallClicked(object, EventArgs)

BallArsenalPage
_ballRepository BallRepository
Balls ObsersvableCollection<Ball>

userlD - int

Onfppearing(): vold

LoadBalls() : void

‘OnAddBaliBinClicked(object, Eventargs)

_EstablishmentRepos blishmentRepository

Video
isCameraStarted - bool
previewResolution - size
isRecording - bool

currentVideoPath - string

P
OnAppearing() : void

LoadEstablishments() : void
OnAddEstablishmentsClicked(abject, EventArgs)

OnEstablishmentsSelected(object, EventArgs)

Video()
OnAppearing(): Void
CameraView_CamerasLoaded(object, EventArgs)
GameraView_SizeChanged(object, EventArgs)
OnCameraClicked(object, EventArgs)

OnDisappearing(object, Eventargs)

Stats

stats()
OnAppsaring(): Void

OnLoadStatsClicked(object, EventArgs)

_EstablishmentRepository EstablishmentRepository

ObsersvableC:

userlD - int

OnRegisterEstablishmentClicked() - void

EventPage
_EventRepository EventRepository
Events ObsorsvabloColloction<Event

userlD - int

Onppearing() : vold
LoadEvents() : void
OnAddEventsClicked(object, EventArgs)

OnEventsSelected(object, EventArgs)

EventRegistrationPage
_EventRepository EventRepository
Events ObsersvableCollection<Event>

userlD - int

OnRegisterEventClicked() : void

Video()

OnAppearing(): Void
CameraView_CameraslLoaded(object, EventArgs)
CameraView_SizeChanged(object, EventArgs)
OnRecordClicked(object, EventArgs)

OnDisappearing(object, EventArgs)

Implemented

Partially
Implemented

Not Yet Implemented




Mobile UML - View Models

ViewModels
GamelnterfaceViewModel MainViewModel SessionListViewModel
—— players: ObservableCollection<string> _database: SQLiteAsyncConnection _SessionRepository: SessionRepository

arsenal: ObservableCollection<string> _userlD: int _GameRepository: GameRepository

frames: ObservableCollection<ShotPageFrame> _userName: string Sessions: ObservableCollection<Session>

_database: SQLiteAsynoConnection _password: string Games: ObservableCollection<Game>

FrameDisplay: string _firstName: string SessionListviewModel(

CurrentDate: siring _lastName: string loadSeasionsi)

_hand: string _email: string I

pinstates: short _newUserName: string iSRRI NTBSMERARIIE)

shot1PinStates: short L phorieNhimiberisting getGameNumberMaxAsync(int)

_currentFrame: int _hand: string AddGameint)

_ourrentShot: int HandOptions: ObservableCollection<string> PO

currentSession: int NiaiAViewiiodel]

L UpdateUserName(string)

firstShotid: int LoadUseiDaEH)

sacondShotld: int SaveHandPreferenceToDatabase()

currentFrameld: int VerifyPassword(string, string) StatsViewModel

egiEmmeldir N s DesoraTEED _database: SQLiteAsynoConnection

Userld: Int OnPropertyChanged(string) =yserD: ot

GameCompleted: bool StatsViewModel()

RollingScore: int QueryData()

_pinColors: ObservableCollection<Color> LoadData() Implemented
_centerPinColors: ObservableCollection<Color> OnPropertyChanged(string)

_shotOneBox: string

_shofTwoBox: string

GamelnterfaceViewModel()

LoadUserHand() Partially
OnPropertyChanged(string) Implemented
LoadUsers()

LoadArsenal()

ShotPageFrame(int)

UpdateCenterPinColor(int, Color)

UpdatePinColor(int, Color) Not Yet Implemented

UpdateShotBox(int, string)




Mobile UML -D

atabase

Client
Database

GameRepository

_conn SCLiteAsyncConnection

CellularDatabase

_conn SQLiteAsyncConnection

ShotRepository

_conn SQLiteAsyncConnection

EventRepository

_conn SQLiteAsyncConnection

InitAsyncf) : Void
AddAsync(Game e) : Void

GetGamesListBySessionAsync(int sessionid, int userld) :<List<Game>>
GetGamesByUserlDAsyncint userid) : <List<Game>>
UpdateGameAsync(Game game) : Void

GetGame(int sessionID, int gameNumber, int userld): <Game>?

SessionRepository

conn SQLiteAsyncConnection

InitAsyne() : Void

AddAsync(Session session) : Void

userld) : Li

FrameRepository

_oconn SQLiteAsyncConnection

InitializeAsync() : Void
ImportEstablishmentsFromCsvAsynci) : Void
ImportEventsFromCsvAsyne() : Void
ImportBallsFromCsvAsync() : Void
ImportUsersFromCsvAsyne) : Void
ImportSessionsFromCsvAsync() : Void
ImportGamesFromCsvAsync) : Void
HasPassword(string password): string

GetConnection(): SQLiteAsyncConnection

EstablishmentRepository

_conn SQLiteAsyncConnection

InitAsync() : Void
AddAsync(Establishment e) : Void

InitAsync) : Void
AddAsyne(Shot shot) : Void
UpdateShotAsync() :Void
GetShotByld(int shotiD) : Void

BallRepository

_conn SQLiteAsyncConnection

dAsync() :<Li

name)

InitAsync() : Void

AddAsync(BowlingFrame frame) : Void

GetFrameByld(int framelD) : BowlingFrame?

UpdateFrameAsync(BowlingFrame frame) void

GetShotldByFrameldAsync(int frameld) : <List<int>>

GetFrameldsByGrameldAsynafint gameld): <List<int>>

InitAsyne() : Void
AddAsync(Ball Balls) : Void
GetAllBallsAsync() :<List<Bali=>
DeleteAsync(int id) : Void
UpdateBallAsync(Ball ball) : Void
GetBallByNameAsync(String Name): Ball?
GetBalllDAsyno(int ballld): Ball?

GetBallsByUserAsyncint userld): <List<Ball>

InitAsyne() : Void
AddAsync(Event e) : Void
GelEventsByUserldAsync() :<List<Event>>

GelEventByNameAsync(string name) : Event?

UserRepository

_conn SQLiteAsyncConnection

InitAsyna) : Void
AddAsync(Ball Balls) : Void

GetAllUsersAsync() :<List<User>>

DeleteAsync(int id) : Void

UpdateuserAsync(User user) : Void
GetBallByCredentialsAsync(String Name, String password): User?
GetUserByUserNameAsync(string usermame): User?
GatUserByEmaulAsyno{string email): User?

GetUserldAsync{int useriD): User?

Implemented

Partially
Implemented

Not Yet Implemented




Mobile App - Event and Session Creation

e Josh put stuff here - Josh



Mobile App - Ball Arsenal Updated

e Josh put stuff here - Josh



Mobile App - Demo!



https://docs.google.com/file/d/1PzGoAU2rK5YWElQ3YlLN_xDDON1zstTs/preview




Backend/Cloud High-Level Overview
Cloud

Cloud Database

Database Controllers | %

[

Database token

e

Server State
]
f
Pl Application ' |

— Mobile Application
APl Endpoints =———- - - -

\ ~ Ciclopes



Backend/Cloud Database Schema




Old Schema
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New Schema
‘ i

Establishment Table

Ball Table

0 B

Session Table
Shot Table

Event Table Game Table
Frame Table




Cloud (MS1 Goals)

® Implement Automated Migrations
e APl Improvements/Additions



Automated Migrations

Before: Now:
° Writitngblraw SQL in DB changelog to add e Migrations are managed by Microsoft EF
new tables
e Needed towrite SQL to modify tables and Core SQL t.OO|S .
keep track of what modifications are o C#classesinstead of writing SQL
being made e Migration generation and script file writing
e Difficult to have multiple developers e Multiple people can safely create/modify DB

working on adding/removing/modifying
DB as changelog is a single file

Example C# DB Object Class:

ass EstablishmentTable

without interfering

Auto-generated SQL script code for same class:

public int ID { get; set; }
[Required]

ECT * FROM [__EFMigrationsHistory] WHERE [MigrationId] =

. . BLE [combinedDB].[Establishments] (
public string Name { get; set; 2 SiEal

e] nvarchar(max) N

[Required]
public string Lanes { get; set; anes] nvarchar(max) NOT

[Required] e] nvarchar(max) N
e . Location] nvarchar(max) NOT
public strang Type { gets set; 3 T [PK_Establishments] PRIMAR

[Required]

public string Location { get; set; }




API Improvements/Additions

18 new endpoints added
All endpoints for create/retrieval

e Allnew DB objects have corresponding
endpoints

GET /api/gets/GetBallsByUsername

GET /api/gets/GetEventsByUsername

GET /api/gets/GetFramesByGameId

GET /api/gets/GetShotsByUsername

POST /api/posts/PostBalls

GET /api/gets/GetAppUsers

POST /api/posts/PostEvent

GET /api/gets/GetAppShots

2°-a " /api/posts/PostFrames

GET /api/gets/GetAppSessions

GET /api/gets/GetAppGames

GET /api/gets/GetAppEstablishments




Cloud (Future: MS2)

e Implement Pi Cloud Database






Smart Watch High-Level Overview

Bluetooth

I

BLE Manager

Apple
Watch

o)

Android
Watch

Flutter Application

«

Controllers

Ul Layers




Smart Watch UML

Smartwatch App UML Design

© HomePage

o showActiveSession()

o startNewSession()
o resumeSession()

© GameSession

© SummaryPage

o displaySummary(session: GameSession)
o onSubmit()

saves before send sends via BLE

(© Localcache

oid:iInt

o sessionld : Strin

o payload : String ' full session JSON
o sent : Boolean

o timestamp : DateTime

(© BLEManager

© isC ted : Boolean

| — I Stores full GameSession JSONs that are not yet sent
"] in case of connection loss. © connect()

© disconnect()
i Se:!

ssion:

ion:

°
°
© markAsSent() o receiveAck(packetld: Int)

°
© loadSession() : GameSession
o clearCache()

tores current lbuilds from session JSON

o sessionld : String
o startTime : DateTime

© sLePacket

© FramePage

o endTime : DateTime
© Establi: : String

o displayFrame(frame: Frame)
o recordShot()
o nextFrame()

o frames : List<Frame>

o isComplete : Boolean

[o startSession()

o packetld : Int
© session)SON : String
o encodedData : Byte[]

j BLEPacket encapsulates the full session JSON =
== (including all frames and shots) into a single

(@© shotpage |

» endSession()
o toJSON() : String

© Frame

o capturelnput(speed: Float, pins: Int, lane: Int, board: Int, ball: Int)
o confirmShot()

ofr :Int
o shots : List<Shot>
o isComplete : Boolean

| s addShot(shot: Shot)

Contains

© shot fy
© shotNumber : Int
o ball : Int
o board : Int
o lane : Int
o ballSpeed : Float
o pinCount : Int
o timestamp : DateTime

o recordShot()

byte array suitable for BLE transfer.

o buildFr
o encode()
o decode() : String

© fromJSON(json: String)



Smart Watch (MS1 Goals)

Research and select env/language
o  Kotlin MP/React Native/Flutter
Create basic navigation/codebase in selected language
Refine sketches/functions
Find Bluetooth libraries
Understand watch storage/best practices




Smart Watch (MS1 Achievements)

e Flutter/dart

e Android watch emulator

e Created astarting platform
o  Basicnavigation

o  Starting Ul/functionality
o  Architecture from UML

e Found existing libraries/open source apps
o BLE
o  Samsung Health

e Implemented Unit Tests

Frame 1 — Shot 2

Lane | Board | Speed | Bal
1 18 1150 1




Smart Watch (Future MS2)

e Object based data storage/manipulation/passing
o  Game ->Frames->Shots
o  Provides dynamicinteraction
o  Lessoverhead

e Fully functioning shot input and additional data

e Bluetooth connection



Smartwatch Demo

Recents

RevMetrix

ﬂ Flashlight
O Messages



https://docs.google.com/file/d/1EN2iu71eTuYBIW7blY_aEdmGxvBV-wAA/preview




