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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






Team Pi Demo



Team Pi (Goals for MS1)

Get unit testing implemented

Add override mode to diagnostic mode page
Improve Ul for touch accessibility

Add analysis options to the analysis mode page
Estop implementation

Oscilloscope testing

Update system schematic

Finish PCB development



Team Pi (MS1 Achievements)

Got basic unit testing implemented

Added override mode to diagnostic mode page

Added global style sheet for improved touch capability
Display encoder data for the primary motor.

Added analysis options to the analysis mode page
Estop Integration

Tested oscillations with and without logic level shifter
Completed update of schematic

Finished PCB schematic and layout



Team Pi (Future: MS2)

Add encoders to the 2 stepper motors

Finalize the wavelet implementation within the analysis mode page
Build standalone app

Adding ENA connection for both stepper drivers to drop current
Switching to UART comms for VESC

PCB routing and order



Team Pi UML
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24V Power Input .
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10.2 Layout Example
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Team Pi Current Electrical System
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Oscilloscope Testing

Capture1 Capture?2

AV KEYSIGHT  InfiniiVision DSOX3024T oighaltorse Osilscape 200 e 5 Gwis MEG‘@M//// |

Frequency
15.617kHz 15.613 kHz

Peak-to-Peak
3.1V 35V

Duty Cycle
91.304%. 91.309%

Pulse Width
58.46 us 58.48 us






Ciclopes - Overview

- -

Video + Smart Dot Data

Keys
f Save Data

Keys ——
<— JSON Response ——

Ciclopes Architecture




Ciclopes - Client Side Models

Ciclopes Client Models

CiclopesKinematicsRow
CiclopesRunResponse
CiclopesBallPoint Attributes

Attributes * QUaETers dnt
Attributes —_— ) . . . @ — . StartM: double

+ BallPoints: list[CiclopesBallPoint]
“ % doubla KinematicsTable: list[CiclopesKinematicsRow] * Endil: doubls
+y: double ’ P » MeanSpeedMps: double

= Skel Poi : 14 1i icl kel Poi
SkeletonPoints: list[list[CiclopesSkeletonPoint]] S —

» SampleCount: int

CiclopesSkeletonPoint
CiclopesRunRequest

Attributes

+ JointId: int Attributes

* x: double * VideoKey: string
+ y: double + SdKey: string

+ z: double



Ciclopes -C

Ciclopes-API UML

iclopes-API UML / Architecture

BallPos

Attributes

* x: double

+y: double

’
Attributes

- quarter: int

+ start_m: float

+end_m: float

- mean_speed_mps: float

+ mean_acceleration_mps2: float
+ sample_count: int

Attributes

+ quarters: list[QuarterKinematics]

HomographySelection

Attributes

+ frame_index: int

+ homography: np.ndarray

+ src_corners: np.ndarray

* dst_corners: np.ndarray

+ is_trapezoid: bool

+ selected_lane_contours: int

FrameSegnentation

Attributes

+ ball_masks: list[np.ndarray]
« lane_masks: list[np.ndarray]
- pins_masks: list[np.ndarray]
« frame_shape: (int,int)

LaneBallInference
InferencePreprocessConfig (LaneBall)
Attributes
Attributes * model
- ingsz: int = 1624

+ conf: float
+ dou: float

_LF‘ - device: str

+ preprocess_cfg: InferencePreprocessConfig
Methods

+ infer_batch(images)

+ extract_masks(results)

VideoFrame

Attributes
+ frame_index: int
+ timestamp

- image: np.ndarray

|

Attributes

- fps: dint

« width: int

* height: int

- frames: list[VideoFrame]

N~

BallPosList

Attributes

- ball_positions: list[BallPos]

TrackedLane

Attributes
*quad: np.ndarray
+ centroid_x: float

+ last_seen_frame: int
* best_score: float

* best_quad: np.ndarray
* best_frame_idx: int

* ball_votes: int
* total_mask_area: float
+ seen_count: int

TrapezoidCandidate

Attributes

* polygon: np.ndarray
+ coverage: float

« purity: float

« score: float
cy_top: int

* y-bottom: int

Attributes

+ initialized_at

« device: str

* lane_ball: LaneBallInference

- san3d_body: Sam3DBodyInference
« _executor

Hethods
- forward(frames)
« forward_lane_ball(frames_rgb, fps, start_frame, batch_size)

« forward_sam_3d_body(frames_rgb, batch_size)
- status()

@&——— - model_cfg (From SAN3DBody Repo)

Attributes
+ x: double
- y: double
- z: double
+ joint_id: int

Attributes
+ joints: list[JointObj]

VideoSkeleton

Attributes
- skeletons: list[Skeleton]

Sam3DBodyInference

Attributes
+ device: str
* model: str

(From Repo)
Methods

+ infer_batch(images)

+ extract_skeleton(results)




Ciclopes - Goals for MS1

e Develop Ciclopes-APl service

o Lane/Ball detection/segmentation + Pose estimation
e Implement functionality from last semester’s testing
e Prototype frontend integration



Ciclopes - Accomplishments for MS1

e Developed Ciclopes-API service
e Implemented and improved upon last semester’s processing
implementation
o Trapezoid from segmentation for corner points
o Scoring of lane trapezoid fittings + take max
o Auto detection of used lane
e Prototyped client side Ul + workflow



Ciclopes - Ciclopes-API Execution

| Aggregated Route Execution




Ciclopes - Inference * Lane Selection Overlay
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https://docs.google.com/file/d/12yggd-nSJGl-VFZEFJPyxE5NpZy6RioL/preview

Ciclopes - Mock Demo

Home

RevMetrix

Welcome, Guest

Ball Arsenal

Event List

Bluetooth

Video

Establishments

AP| Test Page

Ciclopes Test

Account

Smart Watch



https://docs.google.com/file/d/15QFfYVt3uq5Qq4LgV8ddaiEjXZDL1HdA/preview

Ciclopes - Goals for MS2

Integrate fully into client application
o  Improve upon Ul for better user experience
o Improved data visualization for interpretability
Utilize smart dot data for release and ground point detection
o  PoseEstimation from average approach time before release and a few frames after
o  LaneBall from ground contact after
Non blocking inference of SAM3D Body
o  Separate API calls for LaneBall and SAM3D Body - LaneBall will finish much faster
Implement edge case handling
o Ballleavinglane
o  Many frames without ball detection
Real world test
Stretch Goal: Prototype on device inference for one architecture
o  Experiment with camera setup workflow for immediate user feedback






Wiki (MS1 Goals)

e Get team members setup for development
e Update for last semesters presentations
e Start adding this semester’s progress



Wiki (MS1 Achievements)

e Most team members are set up for development

e Updated the site for last semester
o Proposal
o  Milestone Presentations

e Added 2026 Capstone
o  Proposal
o  Currentstate
m  Mobile App



Q

> 2024 Capstone

> 2025 Capstone

> 2026 Capstone
Ciclopes

> SmartDot

What is RevMetrix

MORE

@ CS400 RevMetrix Home Page
& CS402 RevMetrix Home Page
©) GitHub Organization

£ Google Drive

! Credits

B\ English
&J Neon

RevMetrix

WELCOME TO REVMETRIX

2024 Capstone

2025 Capstone

2026 Capstone

2025 Capstone

Information about the ISmartDot interface

Information about the SmartDot hardware

Information about the SmartDot Simulator

2025 Capstone




Q X

v 2025 Capstone
> 2025 RevMetrix
2025 Technologies Used
v Project Milestones
v Spring 2025
Milestone 1
Milestone 2
Final Presentation
v Fall 2025
Milestone 1
Milestone 2
Final Presentation
v Project Proposals
Spring 2025
Fall 2025
v Set Up
.Net Upgrade

Ball Spinner Application

> 2025 Capstone

2025 Capstone

2025 Capstone
2025 Capstone

2025 Project Milestones

2025 CAPSTONE

A list of all assignments completed throughout 2025

for help



> Mobile Application

MOBILE APPLICATION

Q App Pages

Project Proposal

2026 Technologies Used Default home page
v Current State of RevMetrix
Login to the app
Backend

Ball Spinner Application Create an account
(Deprecated)

Ball Spinner Controller Mol aemienca
Ballspinner Physical Design Shot input
Cloud
User information
v Mobile Application

Main Page Bowling statistics

Login

Registration

Ball Arsenal

Shot Page

Account

Stats

v Project Milestones







Mobile App - Demo!

Video page

mmeER 1159 = PO -

Home Home
Ball Arsenal
Event List
Bluetooth

-’

Establishment

RevMetrix

API Test Page

Welcome, Guest
Account

Ball Arsenal

Session List

Bluetooth

SQL Database



https://docs.google.com/file/d/1hl65J0l6gbngDMcIwXAOMSBedd-rAOIt/preview
https://docs.google.com/file/d/141rTIM-UYAEJ6QG9u18Us9LLVubLPikE/preview

Mobile App (MS1 Goals)

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



Mobile App (MS1 Achievements)

e Events and Sessions e  Ciclopes Additions
N r ti o Integrated SmartDot into Video Page
© €w popups Tor creation o Take Derivative of acceleration data

o  Changed navigation from main page to o Save the SmartDot data and video to send to cloud
games ° Made adjustments to Bluetooth Page and Service
o Added auto connect Feature
e Ball Arsenal o Added Device data
o  Added ball customization for ball color o Refactored Service to make it closer to C++ Code

. . ° Got MMS and MMC* working

* CeIIuIarCore/.Unlt Testing o MMS has all the features that the Metawear app

o  DateTimeCalculator has

o StringToColorConverter o MMC has most of the features that the Metawear
App has - Gyro and Mag not working



Mobile App (Future: MS2)

e |mprove Stats Page
o Add onto bits used for shots
o Calculate more stats from the database
Add requested features to Ball Arsenal and Event/Establishment creation
Create Cloud Sync Feature
Improve Ciclopes
Improve Bluetooth to MMS and MMC



Mobile UML Overview

/ Mobile

Implemented

Partially
Implemented

Not Yet Implemented




Mobile UML - Page Models

Page Models
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Mobile UML - Video

Page Models

& Video
isCameraStarted - bool
previewResolution - size
isRecording - bool
currentVideoPath - string

_sensorBufferManager - SensorBufferManager

Service - vice

_ble - IBluetoothLE

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

R. lutionPicker_Selectedind hanged(sender. €)

CameraView_SizeChanged(sender, )
OnRecordClicked(sender, e)

Task StopVideoAndUploadVideoOnlyAsync()
Task SaveAndUploadVideoAsync(videoPath,)
OnDisappearing()
OnSensorDataSaved(sender, e)

OnSensorSaveErmor( sender, errorMessage)

OnContinuousSaveStarted( sender, e)

OnConti Complete(sender, €) Implemented
Task BeginExternalRecording()

Task EndExternalRecording()

OnDeviceDisconnected( sender, macAddress) Pa ma"y
UpdateConnectionStatusicon() Implemented
onM fonl licked(sender, &)

Task Di Async()

Task TryAutoConnectToSavedDeviceAsync()

Task UpdateR Async()

Not Yet Implemented

Task Updatel " Async(isC ted)




Mobile UML - Page Models

EventPopup

_eventRepo EventRepository

Page Models _estabRepo EstablishmentRepository

_viewModel EventPopupViewModel

InitializeComponent()
ShowAlert()

ClosePopup()

SessionPopup

_viewModel SessionListViewModel

OnCreateSessionClicked(object, EventArgs)

ClosePopup()
Implemented

Partially
Implemented

Not Yet Implemented




Mobile UML - Page Models

BallArsenalRegistrationPage

Page Models _ballRepository BallRepository

Balls ObsersvableCollection<Ball>

OnBallColorSelectedindexChanged(object, EventArgs): void
UpdateHexVisibility(): void
OnRegisterBallClicked(object, EventArgs)

BallArsenalPage
_ballRepository BallRepository

Balls ObsersvableCollection<Ball>

userlD - int
Implemented
OnAppearing() : void
OnAddBallBtnClicked(object, EventArgs)
- OnBallsListViewSelectionChanged(object, EventArgs) Partially
Implemented

Not Yet Implemented




Mobile UML - View Models

ViewModels

GamelnterfaceViewModel
players: ObservableCollection<string>
arsenal: ObservableCollection<string>
frames: ObservableCollection<ShotPageFrame>
_database: SQLiteAsyncConnection
FrameDisplay: string
CurrentDate: string
_hand: string
pinstates: short
shot1PinStates: short

currentFrame: int
_currentShot: int
currentSession: int
currentGame: int
firstShotld: int
‘secondShotld: int
currentFramel: int
lastFrameld: int
Userid: int
GameCompleted: bool
RollingScore: int
pinColors: ObservableCollection<Color>
_centerPinColors: ObservableCollection<Color>
shotOneBox: string

_shotTwoBox: string

MainViewModel

_database: SQLiteAsyncConnection
_userID: int
_userName: string
_password: string
_firstName: string
_lastName: string
_email: string

newUserName: string
_phoneNumber: string

hand: string

HandOptions: ObservableCollection<string>

StatsViewModel
_sessionRepo: SessionRepository
_gameRepo; GameRepository
_ballRepo: BallRepository
_frameRepo: FrameRepository
_shotRepo: ShotRepository
_userID: int
_selectedStartDate: DateTime.

selectedEndDate: DateTime

EventPopupViewModel
_eventRepo: EventRepository
_estRepo: EstablishmentRepository
ReglsterEventCommand: Command

CancelEventCommand: Command

EventPopupViewhodel()
EventName: string

EventType: string

MainViewhodel()
UpdateUserName(string)
LoadUserData)
SaveHandPreferenceToDatabase)
VerifyPassword(sting, siring)
NotifyUserDetailsChanged()

OnPropertyChanged(string)

SessionListViewModel
_SessionRepository: SessionRepository
GameRepository: GameRepository

_EventRepository: EventRepository

GamelnterfaceViewModel()
LoadUserHand()
OnPropertyChanged(string)
LoadUsers()

LoadArsenal()
ShotPageFrame(int)
UpdateCenterPinColor(int, Color)
UpdatePinColor(int, Color)
UpdateShotBox(int, string)

Sessions: ObservableCollection<Session>
Games: ObservableCollection<Game>

Events: ObservableCollection<Event>

ObservableC;

SessionListViewModel()
loadSessions()

loadGames()

loadEvents()
loadEstablishments()
getSessionNumberhaxAsync)
getGameNumberMaxAsync(int)
AddGame(int)

AddSession()

StatsviewModel()
Lanes: ObservableCollection<string>
Frames: ObservableCollection<string>
Sessions: ObservableCollection<Session>
Games: ObservableCollection<Game>
Events: ObservableCollection<Event>
Balls: ObservableCollection<Ball>
StatTypes: ObservableCollection<string>
_selectedLane: sting

_selectedFrame: string
_selectedSession: Session
_selectedGame: Game

_selectedEvent: Event

_selectedBall: Ball

_selectedStatType: string

StrikePercent: double

SparePercent: double

OpenPercent: double

GameAverage: double

LoadAsync()

LoadSessionsAsync)
LoadGamesAsyncy)

LoadBallsAsync()
LoadFilteredDataAsync()

GameMatchesL aneFilter()

RegisterEventCommand: ICommand
CancelEventComman: [Command
ShowAlert: Action

ClosePopup: Action

LoadAsync()

RegisterEventAsync)

BallArsenalViewModel

ballRepo: BallRepository

CalculateScoreAverage(IEnumerable<Game>)

BallArsenalViewMadel()
SelectedBall: Ball
Selectedindex: int

LoadBallsAsync()

Implemented

Partially
Implemented

Not Yet Implemented




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 UML - Managers

Manager

SansarButlardanager
doubia ButerDurationSeconds

float LightSensor-ghTrrashold

doutia ContinuousSaveDurationSeconcs
float AcceieromaterDerdvativa dmoThreshoks
Int Derivatveveragingincowsiza

float DervatvaSpkaMulipliar

float MisimumSpikaTrvashoic

coubia MirDetaTimeSeconds

cvant DataSaved
evant ContinuousSavaStarted
evant SaveErrar

evant ContinuousSaveComplete

anagen| 2 ce)
Task StatSufteringAsync{string? bascFilaNama)

void StanCantiruousSave)

Task StopButieringAsyrec()
Task AccumuiateNewDataAsyncl)

Task SaveAccomuatecDataToTempF lAsync()

Task SaveSufMerAsy:

(sting? baseFikeName) |
Task StanGyroscopadsyncifioat sampiaRate. foat range)

vaic Dspos) Implemented

void OnAccaleromaterDataRacsivad|cbject? sandar, data)

voic OnGyroscopaDataRecahec(obiect? sancer, cata)

OnMagnatomatarDataReceivadiabject? sandar, datal :

OnLigheSensoMataRocsives{object? sandar, data)

SensarDataoint GetOrCraataDatsFole DatsTima tirestamp)
void CleanupOlButterDatalcbioct? stata) Partially

Implemented

Not Yet Implemented




Mobile UML - SensorBufferManager

Manager

SansarButlardanager
doubia ButerDurationSeconds
float LightSensor-ghTrrashold

doutia ContinuousSaveDurationSeconcs

float AcceieromaterDerdvativa dmoThreshoks
nt DervatvetweragingWindonSize

float DervatvaSpkaMulplisr

float MisimumSpikaTrvashoic

coubia MirDetaTimeSeconds

S SensorBufferManager

double BufferDurationSeconds

float LightSensorHighThreshold

double ContinuousSaveDurationSeconds
float AccelerometerDerivativeJumpThreshold
int DerivativeAveragingWindowSize

float DerivativeSpikeMultiplier

float MinimumSpikeThreshold

double MinDeltaTimeSeconds

cvant DataSaved
evant ContinuousSavaStarted
evant SaveErrar

evant ContinuousSaveComplete

anagen| 2 ce)

Task StanSuMteringAsyncistring? baseFilaNama)

void StanCantiruousSave)
Task StopButieringAsyrec()

Task AccumuiateNewDataAsyncl)

Task SaveAccumuatecOataToTempF iaAsync()

Task SaveBufMerAsync

Ing? baseFiehame

Task StatGyroscopaAsyncifioat sampieRate. foat range].
void Diposed)

void OnAccaleromaterDataRecsived|ctject? sandar, data)

void OnGyroscopeDataReceec(oniect? sander, cata)

OnMagnatomatarDakaRecsived|obje ndar, data)
OnLigheSensoMataRocsives{object? sandar, data)

SensorDataFoint GetOrCraateDataPoieDateTime timestamp)

void CleanupOlButerDatalch;

event DataSaved
event ContinuousSaveStarted
event SaveError

event ContinuousSaveComplete

_ SensorBufferManager(IMetaWearService metaWearService)

Task StartBufferingAsync(string? baseFileName)

void StartContinuousSave()

Task StopBufferingAsync()

Task AccumulateNewDataAsync()

Task SaveAccumulatedDataToTempFileAsync()

Task SaveBufferAsync(string? baseFileName)

Task StartGyroscopeAsync(float sampleRate, float range);

“void Dispose()

void OnAccelerometerDataReceived(object? sender, data)
void OnGyroscopeDataReceived(object? sender, data)
OnMagnetometerDataReceived(object? sender, data)
OnLightSensorDataReceived(object? sender, data)
SensorDataPoint GetOrCreateDataPoint(DateTime timestamp)

void CleanupOldBufferData{object? state)

Implemented

Partially
Implemented

Not Yet Implemented




Mobile UML - Services

Servies

- MelzWearServioe
Guid MetaWearUuid

byte MW_MODULE_ACCELEROMETER
byte MW_MODULE_GYRO

byte MW_MODULE_AMBIENT_LIGHT
byte MW_MODULE_MAGNETOMETER
flaxt ACC_SCALE_16G

float GYRO_SCALE_2000DPS

flaat BMM150_SCALE

cvent DevarDiscornected;
event AcaierometerDutaReceived

event GyroscopeDataReceived

event MagnetomeleDataReceved

event LightSensorDataReceived

bool Comected

string MacAddress

Taskebool» ConnectAsync(abject device)

Tarsk Discornecthsynel).

Task StartAccelerometerAsyncifioat sampleRate, flost range)
Task StopAcoelerometerAsyne |

Task StariGyroscopeAsyne(fioat samgieRate, foat range);
Tak StopGyroscopeAsyncl);

Task<Devicelrfo> GelDevicelnfaAsync(k

Task StarthagetometerAsyncifiost sampleRate .

Task StopMagnetamelerAsync( X

Tazk StariLightSenserisync(foat sampleRate);

Tarsk StopLightSer=arAsynel);

Task ResetAsynci;

Task ProbeDeviceAsynol);

L) WachBleServce
Guid WatchSenviceUud

Guid WatchCammandCharaclerissicUuid
Guid WaichNotifyCharacterissicluid
_ble : IBluetoathLE

_adapler : dapler

_device : IDevice?

_cammardChar : ICharacteristic?
_nolifyChar: ICharacterissic?
I=Connected : bool

MacAddress : siing
WaschDisconnected - EventHandler<sring>

WatchJserReasived : EventHlandler<string>

WeichBleService()
Cornectzynalobied, deviaeObj) - Task<bool>
dscormectAsyng]) : Task

send JsonToWatchiobject, jscn) - Task<bool>
OnDiscarnecied(abject?, DeviceEventArgs) - void
o 2, C

ventArgs)

Implemented

Partially
Implemented

Not Yet Implemented




Mobile UML - MetaWearService °

Servies

- MelzWearServioe
Guid MetaWearUuid

byte MW_MODULE_ACCELEROMETER
byte MW_MODULE_GYRO

byte MW_MODULE_AMBIENT_LIGHT
byte MW_MODULE_MAGNETOMETER
flaxt ACC_SCALE_16G

float GYRO_SCALE_2000DPS

flaat BMM150_SCALE

cvent DevarDiscornected;
event AcaierometerDutaReceived

event GyroscopeDataReceived

event MagnetometerDataReceved

event LightSensorDataReceived

bool Comected

string MacAddress

Taskebool» ConnectAsync(abject device)

Task DisconnectAsynal);

Task StartAccelerometerAsyncifioat sampleRate, flost range)

Task StopAcoelerometerAsyne |

Task StariGyroscopeAsyne(fioat samgieRate, foat range);

Tak StopGyroscopeAsyncl);
Task<Devicelrfo> GelDevicelnfaAsync(k

Task StarthagetometerAsyncifiost sampleRate .

Tak StopMagnesomelerAsync i
Tazk StariLightSenserisync(foat sampleRate);
Task StopLightSensorAsynal);

Task ResetAsynci;

Tazk ProbeDeviceAsync();

L) WaichBleService
Guid WatchServiceUud

Guid WatchCammandCharaclerissicUuid
Guid WatchatifyCharacierissicluid
_ble : IBluetoathLE

_adapler : dapler

_device : IDevice?

_cammardChar : ICharacteristic?
_nolifyChar: ICharacterissic?
I=Connected : bool

MacAddress : siing
WaschDisconnected - EventHandler<sring>

WestchJsenReceived : Event fandler<string>

Guid MetaWearUuid

byte MW_MODULE_ACCELEROMETER
byte MW_MODULE_GYRO

byte MW_MODULE_AMBIENT_LIGHT
byte MW_MODULE_MAGNETOMETER
float ACC_SCALE_16G

float GYRO_SCALE_2000DPS

float BMM150_SCALE

WeichBleService()
ConnectAsynciobied, deviceObj) - Task<book>
dscomectAsyn) : Task
‘sendsonToWatchiobiject, json) - Task<bool>
OnDiscarnecied(abject?, DeviceEventArgs) - void
o 2, C

ventArgs)

event DeviceDisconnected;

event AccelerometerDataReceived

event GyroscopeDataReceived

event MagnetometerDataReceived

event LightSensorDataReceived

bool IsConnected

string MacAddress

Task<bool= ConnectAsync(object device)

Task DisconnectAsync();

Task StartAccelerometerAsync(float sampleRate, float range)
Task StopAccelerometerAsync();

Task StartGyroscopeAsync(float sampleRate. float range):
Task StopGyroscopeAsync();

Task<Devicelnfo> GetDevicelnfoAsync();

Task StartMagnetometerAsync(float sampleRate);
Task StopMagnetometerAsync():

Task StartLightSensorAsync(float sampleRate);
Task StopLightSensorAsync();

Task ResetAsync():

Task ProbeDeviceAsync();

Implemented

Partially
Implemented

Not Yet Implemented




Mobile UML - WatchBleService

Servies

- MelzWearServioe
Guid MetaWearUuid

byte MW_MODULE_ACCELEROMETER
byte MW_MODULE_GYRO

byte MW_MODULE_AMBIENT_LIGHT
byte MW_MODULE_MAGNETOMETER
flaxt ACC_SCALE_16G

float GYRO_SCALE_2000DPS

flaat BMM150_SCALE

cvent DevarDiscornected;
event AcaierometerDutaReceived

event GyroscopeDataReceived

event MagnetometerDataReceved

event LightSensorDataReceived

bool Comected

string MacAddress

Taskebool» ConnectAsync(abject device)

Task DiscornectAsynd);

Task StartAccelerometerAsyncifioat sampleRate, flost range)
Task StopAcoelerometerAsyne |

Task StariGyroscopeAsyne(fioat samgieRate, foat range);
Task StopGyroscopeAsynel);

Task<Devicelrfo> GelDevicelnfaAsync(k

Task StarthagetometerAsyncifiost sampleRate .

Task StopMagnetamelerAsync( X

Tazk StariLightSenserisync(foat sampleRate);

Task StopLightSensorAsynal);

Task ResetAsynci;

Task ProbeDeviceAsync]).

L) WachBleServce
Guid WatchServiceUud

Guid WatchCammandCharaclerissicUuid
Guid WaichNotifyCharacterissicluid
_ble : IBluetoathLE

_adapler : dapler

_device : IDevice?

_cammardChar : ICharacteristic?
_nolifyChar: ICharacterissic?
I=Connected : bool

MacAddress : siing
WaschDisconnected - EventHandler<sring>

WestchJsenReceived : Event fandler<string>

WeichBleService()
ConnectAsynciobied, deviceObj) - Task<book>
dscormectAsyng]) : Task
‘sendsonToWatchiobiject, json) - Task<bool>
OnDiscarnecied(abject?, DeviceEventArgs) - void
o 2, C

ventArgs)

—>

= WatchBleService
Guid WatchServiceUuid

Guid WatchCommandCharacteristicUuid
Guid WatchNotifyCharacteristicUuid
_ble : IBluetoothLE

_adapter - |1Adapter

_device : IDevice?

_commandChar : ICharacteristic?
_nofifyChar: ICharacteristic?
IsConnected : bool

MacAddress : string

WatchDisconnected : EventHandler=string>

WatchJsonReceived : EventHandler<string=

WatchBleService()

ConnectAsync(object, deviceObj) : Task<bool=
disconnectAsync() : Task
sendJsonToWatch(object. json) : Task<bool>
OnDisconnected(object?, DeviceEventArgs) : void

OnWatchNotification(object?, CharacteristicUpdatedEventArgs)

Implemented

Partially
Implemented

Not Yet Implemented




Mobile UML - WatchPage

Page Models

& WatchPage
_ble: IBluetoothLE

_adapter: IAdapter

_watchBleService: IWatchBleService
_devices: ObservableCollection<BluetoothDeviceWatch>
_selectedDevice: BluetoothDeviceWatch
_isScanning: bool

_isConnected: bool

_ballRepository: BallRepository
_sessionRepository: SessionRepository
_userRepository: UserRepository

WatchPage(IWatchBleService)

OnDisappearing()
OnSendToWatchClicked(object, EventArgs)
OnConnectClicked(object, EventArgs)
OnDisconnectClicked(object, EventArgs)
OnScanTimeout(object, EventArgs)
OnDeviceDiscovered(object, DeviceEventArgs)
StopScanningAsync()

OnScanClicked(object, EventArgs)
StartScanningAsync()
SendUserDataToWatch()
OnDeviceSelected(object, SelectionChangedEventArgs)

OnWatchJsonRecieved(object, string)

Implemented

Partially
Implemented

Not Yet Implemented




Mobile App - Event and Session Creation

ox = . @ N oxN = . @

Add Event Add Session

- -
Event Registration

Events RevMetrix Bowling

Select Event Type
Event1 S Test Interface

Select Establishment

Event2 .
Session 1 ‘
Cancel Register Create Session

RevMetrix Bowling
Game 1
Add Game




Mobile App - Ball Arsenal Updated

12:36 B

& Ball Arsenal

Ball Registration

(o} Filter

TestBall1
Weight: 12 lbs
Core: 13
Color:

Select Ball Color

Josh's Ball Register Ball

Weight: 10 |bs
Core: Soft
Color: Green

Electric Ball Of
Doom

Weight: 12 lbs
Core: Hard
Color: Blue




Mobile App - Video Page Update

11:46 © Thnksfrth o 11:48 © Victorious  «
"Timestamp": "2026-02-11T09:06:31.8845012-05:00",

"AccelX": ©.029296875,
"AccelY": -0.015625,
"AccelZ 2.069336,
"GyroX": nul

"GyroY":

"Gyroz":

"MagX" :

"MagY":

"MagzZ":

"Light":

{Width=1920 Height=1080} "Timestamp": "2026-02-11T@9:06:38.6709449-05:00",
SmartDot Connection Upload Complete "DerivativeX": 0.20601425,
. "DerivativeY": -0.48069993,
. Video and log uploaded. " : : ..
Recording Started Video key: videos/215e359d-9d53-4886-b9fa-1 REPERRREE S S EER T

MAC Address: 00000000-0000-0000 ’ ; a9dcaea9624_rm_20260224_234758.mp4 "Magnitude": ©.5274752
0-d6260927546¢ 4-second sensor data collection has started! Log key: logs/279aca75-37da-4d7f-867e-520ea

Data is being collected now. You will be BRG]l A2 2R B2 e

Status: Disconnected prompted to save when collection completes. Video saved to phone: 'AccelerometerJumpTimestamps”: [

/storage/emulated/0/RevMetrix/ "2026-02-11T09:06:33.8911359-05:00",
0K rm_20260224_234758.mp4

"2026-02-11T09:06:33.9121762-05:00",
"2026-02-11T09:06:33.9207842-05:00",
' 4 \, "2026-02-11T09:06:33.9420981-05:00",

"2026-02-11T09:06:33.9569122-05:00",
"2026-02-11T09:06:35.7710992-085:00",
"2026-02-11T09:06:35.7720761-05:00",
"2026-02-11T09:06:37.5586354-05:00",
"2026-02-11T09:06:37.6101412-05:00",
"2026-02-11T09:06:37.616562-05:00",

"2026-02-11T09:06:37.6370357-05:00",
"2026-02-11T09:06:37.6392407-05:00",
"2026-02-11T09:06:37.668138-05:00",

"2026-02-11T09:06:37.6914524-05:00",
"2026-02-11T09:06:37.7304047-05:00"

'JumpCount"”: 15,
TotalDerivativeCalculations": 676







Database Schema
. i

Establishment Table

Ball Table

J/ Session Table
Shot Table

Game Table

(—

5

Event Table
Frame Table




Cloud (MS1 Goals and Accomplishments)

e CI/CD from Main to Digital Ocean (DockerHub)
e Fix Mobile App API Points(Key)
e Get Spaces Object Storage for Ciclopes



Cloud (Future: MS2)

e Implement Changes to Pi Teams API Point
e Deprecate old feature
e Maintain Cloud
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Smart Watch UML (Expanded)
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X Kotlin
€3 Bluetooth

Flutter - framework Low Energy

Dart - programming language

Kotlin - Android BLE foreground services
Visual Studio Code - IDE

Bluetooth Low Energy (BLE)
Android/I0S Launcher - Emulator

\ Flutter . Dart

Tools and Technologies




Smart Watch (MS1 Goals)

e Update Ul with requested workflow changes
e Bugfixes comingin from last semester
o  Swipe navigation
o  Strike button
o  Pinsstanding vs left standing
o  Coloring differences from cellular

e WatchOS notifications from app
e Plan packet handling

7 page shot input

Swipe PRE

Swipe
—

Swipe to
Post

7

Vertical Swipe Picker

POST
Swipe
[———]

Swipe to Submit Shot
[——— 4




Smart Watch (MS1 Achievements pt. 1)

e Updated Ul

o  New swipe through technique (7 pages)

e Watch Notifications from

o  Merged logic/common widgets from 2 application
phase o  BLE active and connect/disconnect
e BugFixes e New pages
o  Pinsleft standing o  Home page
o  New coloring (frame page included) o  Sessions page
o  Swipe and exit navigation for every page o  Settings page

Account data from phone on connection (testing)
o  Session lds

02-24 23:17:05.975 4894 4894 I flutter : WATCH BLE RECEIVED COMPLETE: {"cmd":"userData","username”:"BigBalls","hand":"Right","sessions"”:[{"sessionId":1,"sessionNumber™

{sessionId: 3, sessionNumber: 3}

H 1 : .y ™ 3 P21 " i magi= ionN p".31]." ey e 1 -3 ree™ 1]}
o Session names G234 To7e05.97 404 4854 T Flutter : WATCH BLE sernanet plgaaits | L ey 1R e batd free
- 3:17:05.979 489 89 T W : Ri
o Username gi-ij ia:i;:g;_z;g 233 3;; i EZE::: 3 :ﬁ:g: gti :zzgio:;%m{{sessionld: 1, sessionNumber: 1}, {sessionId: 2, sessionNumber: 2},
o Ba” information 02-24 23:17:05.999 4894 4894 I flutter : WATCH BLE Balls: [{ballId: 2, name: Ballsssy}, {ballld: 3, name: ball free}]
@)

Hand



New Ul

Recent Results

Last 3 Boards

Right
Light Pocket
Pocket

Last 3 Stances

Select Ball

Lane 2 =

15.5

Submit

(NEW)

Record

Press to Record

Submission of Shot

——



New Pages

Sessions

Home

Frame 4 — Shot 2

Welcome Username

Waiting to pair...

Offline Mode

New coloring on second shot New coloring + Info Bar Home page **Sessions page

Settings
Disconnected

Remove Game .
. T Settings page
Remove confirmation Remove Game 17

Cancel




Workflow

Session selection, Gather .
Connection Successful, session information or new Cog selection, new settings ~ Add more settings
initializing account screen session, initializing screen page

Sessions
Welcome Username

Settings

Game 10of 7

On connection -> Sessions will be
- Session IDs vertical picker that you Into Frame
- Session names can scroll through
- Usermame
Offline mode selection sends to - Primary Hand
Frame Page - Ballsin arsenal

7 page shot input

Frame 1




s Shot {

int shotNumber;

int ball;

int numOfPinsKnocked;

nal int pins;

al int board;
inal int stance;
nal double speed;
int frameNum;

int lane;
class PacketQueue {
PacketQueue._internal();
Refactored ShOt mOdeI static final PacketQueue instance = PacketQueue._internal();
o  Reflects new input and more closely aligns with the Sl e e
phone’s data collection

.. . Timer? _processingTimer;

Basic implementation of a Bluetooth packet queue
. . . Starts the internal ocessing 1 alled aut ticall [ enqueue
Shot data processing now triggered by submit e
. . if (_processingTimer != null) return; alreac i

Game page delet'on Conﬁrmat|0n _processingTimer = Timer.periodic(const Duration(seconds: 10), (_) {

if (_queue.isNotEmpty) {

I/flutter ( 6706): [PacketQueue] Queue length: 1 .

I/flutter ( 6786): Shot submitted: {shotNumber: 7, ball: 4, numOfPinsKnocked: 6, pins: 39, board: 4, sta priﬁt"[éackeéépéuej NaxE shot in queue: ${ dqueus.first tolsan()Pn:
nce: 18, speed: 6.7, frameNum: 5, lane: 1}

I/flutter ( 6706): [PacketQueue] Enqueued shot #7. Queue length: 2

W/WindowOnBackDispatcher( 6706): sendCancelIfRunning: isInProgress=false callback=io.flutter.embedding.a
ndroid.FlutterActivity$1@73e376e

W/WindowOnBackDispatcher( 6706): sendCancelIfRunning: isInProgress=false callback=io.flutter.embedding.a 0
ndroid.FlutterActivity$1@73e376e

W/WindowOnBackDispatcher( 6706): sendCancelIfRunning: isInProgress=false callback=io.flutter.embedding.a
ndroid.FlutterActivity$1@73e376e

I/flutter ( 6706): [PacketQueue] Next shot in queue: {shotNumber: 6, ball: 3, numOfPinsKnocked: 10, pins } ) o
: @, board: @, stance: 20, speed: 15.5, frameNum: 4, lane: 2} }); // Timer.periodic
I/flutter ( 6706): [PacketQueue] Queue length: 2 }

'[PacketQueue] Queue length: ${_queue.length}');
} else {

_processingTimer?.cancel();
_processingTimer = null;

print('[PacketQueue] Queue empty, processing loop stopped.');



Smart Watch (Future MS2)

e Solidify BLE packets

e Expand functionality of the queue

o  Different types o Sending all packets through it
m  Startup/end o  Hooking up to the BLE Manager
m  Session e Stance Page updates
m  Shot o  Newlook + intervals of half a board
m  Watchdog o Dependent on lane

o  Shot packet data o  Flipping per hand

e Constructing Packets e Game Page updates
o  Chunking/parsing packets o  Scoreupdating

o  Bothsending/receiving ends



Smartwatch Demo + Unit Tests

Home

- # .
wa lt' ng to pa' r. .. ® charlescarrol1@DESKTOP-C7TGMLH flutter_prototype % flutter test test/unit_tests.dart

00:03 +31: All tests passed!

-
® charlescarrol1@ESKTOP-C7TGMLH flutter_prototype % flutter test ./test/widget_test.dart
00:01 +3: All tests passed!



https://docs.google.com/file/d/1wk_LFbCLaFUCP7d2nbcS-_J_EeNZwkvy/preview




