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Background



What problem are we trying to solve?

Absence of a unified, user friendly system for collecting, organizing, and
analyzing bowling performance data.
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What is SmartDot?

TSL13 Ambient Light Sensor

8051F921 uP

e Professor Hake's Brain-Child

e Light Sensor + Accelerometer

Ball Record: 00002
Result: X (light pocket)
Time: 17:44:20 8-29-2010
T,: 15.7425, ADXL F,: 204.876 Hz, Light F,: 120.467 Hz
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Figure 1: SenseModufe Cut-Away View
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Where did last semester leave us?
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Questions?



Analysis and Design



Mobile: High-Level Overview
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Mobile: Page Models

Page Models

LoginPage
Contextstore: ManVieuniodel
_ussrRepasiory UserRepository
LoginPage()
‘OnLoginCiked(object, EventAvgs)
VeryPassiord(siing, ting)

OnRegisterTappadiabject, Eventargs)

MainPage
Contextstore: MainViewtocel

usarRepository UserRoposiory

sLoggedin - bool
MainPage()

nisaizePageAsyne(): Void
OnAppearing(): Void

UpssteIq: void

OnLoginGlcked(object, EventArgs)
OnRegisterClcked(object, EventArgs)
OnGuestCicked(object, Eveniargs)
OnarsenalClicked{object, Eventargs)
OnSessionListClcked{object, EvertAgs)
OnBluetootnClcked(object, EventAtgs)
OnBluetoonClcked{object, EventArgs)

OnAccount

<ed(object, Evertargs)
OnDataGicked(obiec:. EventArge)
OnAPIClckedobioct, Eventargs)

SoflReftosnAsync()

WatchPage
bl: BlustoothLE

adapler: 1Adapter

_watchieSenvice: IWatchBioSenvce.

_devices: ObservabieColection<BluctoathDeviceWatch
_selsctedDevice: BustoothDeviceWateh

_isScanning: bool

_isGonnested: bool

WistchPage WatchleService)
OnwatehJsonRodloveciabjec, siing)
OnDeviceSelocted{object, SolectionChangsdEvantArgs)
OnScanCleksa{object, Eventargs)
stanScanningasync()

StopScanninghsynol)

OnDeviceDiscovered(obiect, DeviceEventArgs)
OnScanTimaou{object, Eventargs)
OnComeetCickadiobjost, EventArgs)
OnDisconnoctClicked(objoct, EventArgs)
OnSendToWalchClicked(object, Evertargs)

OnDisappearing()

RegisterPage
ContextStore: MainViewtdodel

userRepostory UsorRoposiory

Blustooth
_bl: BlletoothLE

_adaptor IAdaptor

ReglterPage()
OnRogisterCickadiosiect, Eventivgs)

HashPassword(sting)

Acoount

devices: ObservableCollecton<BiustoothDevice>
_selectedDevice: BluetootDevice

_isscanning: bool

_isConnectad: beol

IsNavigatngToGraghPage: bool

_userRepostory UserRepository

AccountPage()
‘CnAopearing(y: Void
OnSgroutClcked(obiect, EventArgs)
‘OnEdiAscounGlcked(object, EveniATgs)
OnStatsClickedcbiect, Eventargs)

ShotPage
ContextStore: GamelnerfacoViewtodel
_hasAppeared - bool

SholPage()

OnAppearing(): Void
BoardChanged(object, Eventargs)
OnPinClickecovject, EventiArs)

GyroscopeDats: List<SensorDataPoint>
MagnetometerDat: List<SensorDataPaint>
LightSensorData ListeSensorDataPoint>
canGonnoct: bool
canDisconnect ool
canStartAccelerometer. ool

canstartGyroscope: bool

canstatitagnetometer bool

cantatLightSensor: boo!

BallrsenalRagistrationPage.
_balReposiory BalRepostory.
Balls ObsersvableCallocion=Bal’>

‘OnRegisterBalCiicked(osiect, EventArgs)

BallrsenaPage
_balRepostary BalRopshory
Balls ObsersiableCollectonBall
userD-int

OnAppearing) : void

LoadBali) vt

OnAgeBaIBICIcko{object, EventAtgs)

EstablshmeniPage
_EstabishmentRepositry EstabishmentRepostory.
Estabishments ObsersvableCollecion<Estasiishment>

userlD - int

Blustootny)
OnPageAppearing(obiect, Eventargs)
‘OnDaviceSelected{object, SelectionChangedEventArgs)

‘OnDeviceDisconnectad(object, sing)

‘OnGyroscopeDataecieved(object, MetaWearGyroscopeData)

Event

Eveny
GatDownacPinsForShl(int
GatDonnscPinsForFrameiew{short, short)
GeiDownedPinsTotalFrameshor)
UpdteShatBoxesi): Vod

ApplyPinColors(ShotPageFrame)

onscanickod()
StartScanningAsyncl)

Stopscanninghsynci)

‘OnDavioeD scovered(objo:, DevioeEvenArgs)
‘OnScanTimeouebject, DeviceEventrgs)
OnComnectCiicked(object, Eventargs)
Evertargs)

ReloadutionCoiors(: Void
OnFoulGicked(otiect, EventArgs)
OnGutterClckoc(obioct, EventArgs)

OnspareCiicked(objact, Eventags)

‘OnstanAcoslerometerCiicked(obiect, EventArgs)
‘OnStophcselerometerClicked{obiect, EventArgs)
‘OnStartGyroscopeCicked(obiect, EventArgs)
‘OnStopGyroseapeCickeaobject, Eventatgs)
OnStarhagnetometerGlsked(obiect, Eventargs)
Event

Savashotisync(nl
SaveFrameAsync(bo, bool)
UpdateScore()
CheckiFramesExistForGama()
LoadExistingGameData()

HandeEdtFrame(): Void

stats
ContextStore: SaisViewhlodel
statsl)

Onappesring): Void
Eventarge): Void

‘OnStarLightSansorClcked(bjct, EventArgs)
‘OnstopLighiSensorclickedobiect, EventArgs)
‘OnProbeClicked{oblect, EventArgs)
OnShowGraphCiicked(object, EverArgs)

OnDisappearingl)

Edtaccount
‘Contextstore: MainViewhodol

_userRepsitory UserReposilory

Onagpesrng)  voia
LozcEstablishmonts(): void
OnAddEstabishmontsCiisd(obiec Evertargs)
OnEstabishmentsSetecteobiect, Evenavgs)

EstablshmeniRegisiationPage
_EslabishmeniRepositry EsablishmentRepository
Estabishments ObsersyableCollecion<Estabishment>

useriD- nt

OnRegiterEstablshmenClcked) : void

EventPage
_EventRepository EventReposiory
Events ObsersvableCollcion<Event-
useriD - int

Onfppasringl) : void

LoadEvents() - vois
‘OnAddEventsClicked(object, Evertargs)
OnEventsSelected(osject, EventAigs)

EventRegstraionPage
EvertReposiory EveniRepository
Events ObsersuableCollction<Everts

wserlD - int

OnRogstorEvonlckod) : vold

Video,
sCameraStared -bool
previsuResolton - size
sRecoring - bl

sting

EditicoountPage(UsorRopositry)

LoadUserDetais(): Void

OnLoadstatsOickod(objoct, Evoniags)

APlTestPage

OnloadTosiDateClikod(): objoct, EventArgs.

Eventavgs)

HashPassword(sting)

Video()
OnAppeating(): Void

‘CameraView_ CamerasLoaded(object EventArgs)
‘CameraView,_ SizeChanged(obiect, Evantargs)
OnRecordClckec(object, EventArs)
OnDisappearing(obioct, Evantrge)

Implemented

Partially
Implemented

Not Yet Implemented




Mobile: Page Models - Shot Page

Page Models

LoginPage
ContextStore: ManViewhodel
_userReposiory UserRepository
Loginpage()
OnLoginCiked(object, EveniATgs)
VeifyPassiord(sing, ting)

OnRegisterTappad(obiect, EventArgs)

MainPage
ContextStors: MainViewhodsl
userRepostory UserReposiory
sLoggodin - bool

HainPage()

niaizePageAsync(): Void
OnAppearing(): Void

UpsateUi( vois

OnLaginClcked(object, EveniArgs)
OnRegisterClcked(objoct, EventArgs)
OnGuestCicked(object, Eventargs)
OnArsenalClicked{obiect, EventArgs)
OnSessionListClcksd{object, EvertAgs)
OnBlustootnClcked(object, Eventargs)
OnBluetootnClckea(object, Eventargs)
OnccountClickediobject, Eventargs)
OnDataCicked(obiest. EventArgs)
OnAPIClckeciobiect, Eventargs)

‘SofiRofteshasyncy)

WatchPage
_bio: IBluctooIhLE
_adaptor Indaplor

watchieServic

eheSenvce
_devices: ObservatieColection<BluocthDeveeWaich>
_selectedDevics: BluetoothDavicaateh

isScanning: bool

_isConnected: bool

WatchPage(\WatchBleService)
OniatehJsonRedleveciabject ifing)
OnDevicsSeloctod{oblect, SoectionChangedEvenArgs)
OnScanCleksd{object, EventArgs)
stanScanninghsync(]

StopScanningAsyncl)

‘OnDeviooDiscovered(obioct, DeviceEvaniArgs)
OnScanTimasuifobiect, EventArgs)
OnComnectCicked(object, Eventargs)
OnDisconnectClickecoblect, EventArgs)
OnSendToWalehCicked(object, Evertargs)

OnDisappeating()

RegisorPage
ContextStos: ManViewthodsl
userRepstory UserRspostory
RegisterPage()
OnRegstercickedonect, Eventage)
HashPssaword(ting)

Account
ContextStore: MainViewMods!
_userRaposiory UserRepositry
AccountPage()

‘Onhogeating(: Void

‘OnS groutClcked(cbject, EventArgs)
‘OnEdtAccountClcked(oblect, Eveniargs)

OnstatsClckod(cbioct, EventArgs)

Shotpage
ContextStore: GamelnerfaceViewtodel

_hasppoarod - bool

bl BluctothLE
_adsper.1Adaper

_metaWearServio: MataearSarvios

devices: ObservableGollecton<BiustoothDevice™
selectdDavce: BustootDevics

_isscamning: bool

_isComeciod: boot

_sNavigatingToGraghPage: bool
AccelerometerData List<SensorDaaPoint>
GyroscopeD: Lis<SersorDataPolnt>
MagnelometorDala: List<SensarDataPoint>
LightSenserData ListSensorDataPoint>
canConnect: ool

canDisconnect ool

canStarAcsaeromatar. bool

canStartGyroscope: bool

canStantisgnetometar bool

canstatLightsensor: boo!

userlD - nt

Buetoainy

Eventavge)

ShoPage()
OnAppeating(): Void
BoardChangsd(obiect, Eventhrgs)
OnPinClicked{ovject, EventArgs)

Eveny

Eventivgs)
GaiDownedPinsForShfin)
GetDownedPinsForFrame\View(shor, short)
GetDownedPinsTotalFrameshort)

UpdateShotBoxes(): Void

‘OnScanicked()

StartScanningAsyncl)

StopScanninghsyncl)

OnDaviceDiscovered(obies:, DevicsEvantargs)

‘OnScanTimeoul(objoct, DevicoEvanAIgs)
Eventarg

Evert

ReloadButonColors(: Void
OnFoulCicked(otiect, EventArgs)
OnGutterClckecobject, EventArgs)

OnspareCiikedobjoct, Everiags)

OnStantAcoslerometerCiicced(obiect, EventArgs)
‘OnStoposelerometerClcked{oblect, EventArgs)
‘OnStartGyroscopeCicked(obiect, EventArgs)
OnStopGyroscopeClickecobiect, EventArgs)

OnstaragnetometerCicked(object, Eventargs)

Saveshovisyc(ng)
‘SaveFrameAsyn(bod, bool)
UpdateScore()
ChackiFramesExistForGame()
LoadExstingGamaData()

HandleEdiFrame(): Vokd

stats
ContextStore: StatsViewhodl

sats()

OnAppesting(): Void
OnClearSessionCiicked{obiect, EventArgs): Void

OnLoadstatsClcked(object, EvoniArgs)

APMTestPaga

OnLoadTes(DaeClicked(): object, EventArgs

" Eventags)
‘OnStartLightSensorClcked(object, EventArgs)
‘OnStopLightensorClickecobiect, EventArgs)
‘OnProbeClcked{object, Eventargs)
‘OnShowGraphCioked{objact, EVentATge)

OnDisappearing()

Edtaccount
ConteiStore: MalnViewlodel

_usorRepository UserRopository

BallrsenalRsgistiationPage
_baliReposiory Bal Repository.
Balls ObsersvableCallecton<Bal>

OnRegistrBaliCicked(osject, EventArgs)

BalAvsensiPage
_balRepestory BalRepostory
Balls ObsersuableCocton<Ball
userlD-int

Onappeaiing(): void

Loadsals() void

OnAceBalBnClckec{object, EventArgs)

EstabishmentPage
_EstabiishmentRepository EslablishmeniRepostory

Estabiishments ObsersvableCollectons:

ngl): void

LoacEsiablshments(): vod

OnAddE:

ishmentsClicced{osiect, EventArs)

OnEstablisnmentsSelecieciobject, EventArs)

EstablshmentRegistationPage
EstablshmentRoposiory Establishmoneposiory
Estabishments ObsersyzbleCollection<Establishment>

useriD - int

OnRegisterEstablshmentClcked) : void

EventPage
_EventRepostory EveniReposiory
Evonts ObsersvableColocion<Evont>
userlD - int

Onfppearing): void

LoagEvents() - voig
OnAddEventsClicked(object, Evertargs)
OnEventsSelectes(oject, EventArgs)

EventRegiationPage
Ever(Reposiory EveniRepository
Events ObssrsuableColction<Evert>

"

OnRegsterEvenCickect) : vole

viceo
sCamerastared - bool
previawResolton - sizo
isRecorcing - bool

swing

EditAccountPage(UserRepositry)
LoadUserDetais(): Void
OnSaveChangesClcked(object, Eventargs)

HashPassvord(sting)

Video()
OmaAppesting(): Voia
‘Cameraview_CamerasLoadod(objoct EventArgs)
Cameravisw_SizeChanged(obiect, Eventrgs)

OnRecordlckec(object, EventArs)

‘OnDisappearing(obiect, Eventirgs)

Implemented

Partially
Implemented

ShotPage
ContextStore: GamelnterfaceViewModel

_hasAppeared - bool

Not Yet Implemented

ShotPage()

OnAppearing(): Void
BoardChanged(object, EventArgs)
OnPinClicked(object, EventArgs)
OnNextClicked(object, EventArgs)

OnCommentClicked(object, EventArgs)

GetDownedPinsForShot(int)

GetDownedPinsForFrameView(short, short)

GetDownedPinsTotalFrame(short)
UpdateShotBoxes(): Void

ApplyPinColors(ShotPageFrame)

ApplySecondShotColors(ShotPageFrame)

ReloadButtonColors(): Void
OnFoulClicked(object, EventArgs)
OnGutterClicked(object, EventArgs)
OnSpareClicked(object, EventArgs)
OnstrikeClicked(object,EventArgs)
SaveShotAsync(int)
SaveFrameAsync(bool, bool)
UpdateScore()
ChecklfFramesExistForGame()
LoadExistingGameData()

HandleEditFrame(): Void



Mobile: Page Models - Bluetooth

Page Models

LoginPage
ContextStore: ManViewhodel
_userReposiory UserRepository
Loginpage()
OnLoginCiked(object, EveniATgs)
VeifyPassiord(sing, ting)

OnRegisterTappad(obiect, EventArgs)

MainPage
ContextStors: MainViewhodsl
userRepostory UserReposiory
sLoggodin - bool

HainPage()

niaizePageAsync(): Void
OnAppearing(): Void

UpsateUi( vois

OnLaginClcked(object, EveniArgs)
OnRegisterClcked(objoct, EventArgs)
OnGuestCicked(object, Eventargs)
OnArsenalClicked{obiect, EventArgs)
OnSessionListClcksd{object, EvertAgs)
OnBlustootnClcked(object, Eventargs)
OnBluetootnClckea(object, Eventargs)
OnccountClickediobject, Eventargs)
OnDataCicked(obiest. EventArgs)
OnAPIClckeciobiect, Eventargs)

‘SofiRofteshasyncy)

WatchPage
bl BlolooINLE

_adapter: Adagter

watchBieService: WatehBiaSarvice

_selectedDevics: BluetoothDavicaateh
isScanning: bool

isConmectad bool
WatchPage(\WatchBleService)

OniatehJsonRedleveciabject ifing)

OnScanCleksd{object, EventArgs)
stanScanninghsync(]

StopScanningAsyncl)
‘OnDeviooDiscovered(obioct, DeviceEvaniArgs)
OnScanTimasuifobiect, EventArgs)
OnComnectCicked(object, Eventargs)
OnDisconnectClickecoblect, EventArgs)
OnSendToWalehCicked(object, Evertargs)

OnDisappeating()

_devices: ObservatieColection<BluocthDeveeWaich>

OnDevicsSeloctod{oblect, SoectionChangedEvenArgs)

RegisorPage
ContextStos: ManViewthodsl
userRepstory UserRspostory
RegisterPage()
OnRegstercickedonect, Eventage)
HashPssaword(ting)

Account
ContextStore: MainViewMods!
_userRaposiory UserRepositry
AccountPage()

‘Onhogeating(: Void

‘OnS groutClcked(cbject, EventArgs)
‘OnEdtAccountClcked(oblect, Eveniargs)

OnstatsClckod(cbioct, EventArgs)

Shotpage
ContextStore: GamelnerfaceViewtodel
_hasppoarod - bool

bl BluctothLE
_adsper.1Adaper

_metaWearServio: MataearSarvios

devices: ObservableGollecton<BiustoothDevice™
selectdDavce: BustootDevics

_isscamning: bool

_isComeciod: boot

_sNavigatingToGraghPage: bool
AccelerometerData List<SensorDaaPoint>
GyroscopeD: Lis<SersorDataPolnt>
MagnelometorDala: List<SensarDataPoint>
LightSenserData ListSensorDataPoint>
canConnect: ool
canDisconnect ool
canStarAcsaeromatar. bool
canStartGyroscope: bool
canStantisgnetometar bool

canstatLightsensor: boo!

BallrsenalRsgistiationPage
_baliReposiory Bal Repository.
Balls ObsersvableCallecton<Bal>

| onRegisterBaliciicked(osiect, Eventargs)

BalAvsensiPage
_balRepestory BalRepostory
Balls ObsersuableCocton<Ball
userlD-int
Onappeaiing(): void
Loadsals() void

EstabishmentPage
_EstabiishmentRepository EslablishmeniRepostory
Estabiishments ObsersvableCollection<Estasiishment>

userlD - nt

Buetoainy

Eventavge)

ShoPage()

OnAppeating(): Void
BoardChangsd(obiect, Eventhrgs)
OnPinClicked{ovject, EventArgs)

Eveny

‘OnDavicsSelectad(object, Selection ChangedEventArgs)

‘OnDevicaDisconnected(object, sring)

‘OnGyroscopeDataRecieved(oblect, MelaWearGyroscopeData)

OnCommentCicked(object, EventArgs)
GaiDownedPinsForShfin)
GetDownedPinsForFrame\View(shor, short)
GetDownedPinsTotalFrameshort)

UpdateShotBoxes(): Void

‘OnScanicked()
StartScanningAsyncl)
StopScanninghsyncl)
OnDaviceDiscovered(obies:, DevicsEvantargs)

‘OnScanTimeoul(objoct, DevicoEvanAIgs)

ReloadButonColors(: Void
OnFoulCicked(otiect, EventArgs)
OnGutterClckecobject, EventArgs)

OnspareCiikedobjoct, Everiags)

OnStantAcoslerometerCiicced(obiect, EventArgs)
‘OnStoposelerometerClcked{oblect, EventArgs)
‘OnStartGyroscopeCicked(obiect, EventArgs)
OnStopGyroscopeClickecobiect, EventArgs)

OnstaragnetometerCicked(object, Eventargs)

Saveshovisyc(ng)
‘SaveFrameAsyn(bod, bool)
UpdateScore()
ChackiFramesExistForGame()
LoadExistingGameData()

HandleEdiFrame(): Vokd

stats
ContextStore: StatsViewhodl

sats()

OnAppesting(): Void
OnClearSessionCiicked{obiect, EventArgs): Void
OnlLoadstatsCicked(object, EveniaTgs)

APMTestPaga

OnLoadTes(DaeClicked(): object, EventArgs

" Eventags)
‘OnStartLightSensorClcked(object, EventArgs)
‘OnStopLightensorClickecobiect, EventArgs)
‘OnProbeClcked{object, Eventargs)
‘OnShowGraphCioked{objact, EVentATge)
OnDisappearing()

Edtaccount
ConteiStore: MalnViewlodel

_usorRepository UserRopository

Onppearing() - void
LoacEsiablshments(): vod

ond

lishmentsCliced(osiect. EventArs)
OnEstablisnmentsSelecieciobject, EventArs)

EstablshmentRegistationPage
EstablshmentRoposiory Establishmoneposiory
Estabishments ObsersyzbleCollection<Establishment>

useriD - int

OnRegisterEstablshmentClcked) : void

EventPage

_EventRepostory EveniReposiory

Evonts ObsersvableColocion<Evont>

userlD - int

Onfppearing): void

LoagEvents() - voig

OnAddEventsClicked(object, Evertargs)

OnEventsSelectes(oject, EventArgs)

EventRegiationPage

Ever(Reposiory EveniRepository
Events ObssrsuableColction<Evert>

userlD - int

OnRegsterEvent

ideo
fsCamerastared - bool
proviewResoluton - size

sRecoreing - bool

EditAccountPage(UserRepositry)
LoadUserDetais(): Void
‘OnSaveChangesCicked(obiect, Eventargs)

HashPassvord(sting)

swing

Video()

Implemented

Partially
Implemented

Bluetooth
_ble: IBluetoothLE
_adapter: IAdapter
_metaWearService: IMetaWearService
_devices: ObservableCollection<BluetoothDevice>
_selectedDevice: BluetoothDevice
_isScanning: bool
_isConnected: bool
_isNavigatingToGraphPage: bool
AccelerometerData: List<SensorDataPoint>
GyroscopeData: List<SensorDataPoint>
MagnetometerData: List<SensorDataPoint>
LightSensorData: List<SensorDataPoint>
canConnect: bool
canDisconnect: bool
canStartAccelerometer: bool
canStartGyroscope: bool
canStartMagnetometer: bool

canStartLightSensor: bool

OmaAppesting(): Voia
‘Cameraview_CamerasLoadod(objoct EventArgs)

Cam

WView_SizeChangsd(object, Eventargs)
OnRecordlckec(object, EventArs)
‘OnDisappearing(obiect, Eventirgs)

Not Yet Implemented

Blustooth()
OnPageAppearing(object, EventArgs)

onD electionCl

OnDeviceDisconnected(object, string)

O Data)
O Data)

o 3 Data)
onLi Data)

OnScanClicked()
StartScanningAsync()

StopScanningAsync()

OnDeviceDi ject, Devi g
OnScanTimeout(object, DeviceEventArgs)
OnConnectClicked(object, EventArgs)

OnDisconnectClicked(object, EventArgs)

9
Onstop ] g
O g

o

O 9
O g
OnStartLi g
OnStopl g

OnProbeClicked(object, EventArgs)
O

OnDisappearing()



Mobile: Page Models - Video

Page Models

LoghPage
ContextStore: ManViewhodel
_userReposiory UserRepository
Loginpage()
OnLoginCiked(object, EveniATgs)
VeifyPassiord(sing, ting)

OnRegisterTappad(obiect, EventArgs)

MainPage
ContextStors: MarViewhlodel
_userRepastory UserReposiory
istoggodin -bool

WainPage)

Intalzepagensync(: Void
Onappearing): Void

UpesteUi) vois

OnLoginGickediobject, Eventargs)
OnRegiiarClcked(objoc, EventAvgs)
OntGuestCicked(obiect Eventargs)
OnrsenalCicked(oviec, Eventivgs)
OnSessientistClekedonect Eventargs)
OnBlustoot Clked(object, Evengs)
OnBuetootrClkeclosiect, Evenigs)
OnAccountieked(object Eventargs)
OnDataClcked(cbject Evertirgs)
OnAPICickecobjec, EveniArs)

‘SofiRofteshasyncy)

WatchPage
_bio: IBluctooIhLE
_adaptor Indaplor

watchBieServie: IWatchBieSenvce.

_selectedDevics: BluetoothDavicaateh
isScanning: bool

isConmectad bool
WatchPage(\WatchBleService)
OniatehJsonRedleveciabject ifing)

OnScanCleksd{object, EventArgs)
stanScanninghsync(]

StopScanningAsyncl)
‘OnDeviooDiscovered(obioct, DeviceEvaniArgs)
OnScanTimasuifobiect, EventArgs)
OnComnectCicked(object, Eventargs)
OnDisconnectClickecoblect, EventArgs)
OnSendToWalehCicked(object, Evertargs)

OnDisappeating()

RegistorPage
ContextStore: Man\Viewtdodel
userRepository UserRspostory.
RegisterPage()
OnRegiserCickad(onject, Eventargs)
HashPassword(sting)

Account
ContextStore: MainViewMods!
_userRaposiory UserRepositry
AccountPage()

‘Onhogeating(: Void

‘OnS groutClcked(cbject, EventArgs)
‘OnEdtAccountClcked(oblect, Eveniargs)

OnstatsClckod(cbioct, EventArgs)

ShotPage
ContextStore: GamelnerfaceViewtodel
_hasppoarod - bool

bl BluctothLE
_adsper.1Adaper

_metaWearServio: MataearSarvios

devices: ObservableGollecton<BiustoothDevice™
selectdDavce: BustootDevics

_isscamning: bool

_isComeciod: boot

_sNavigatingToGraghPage: bool
AccelerometerData List<SensorDaaPoint>
GyroscopeDat: List<SensorDataPoint>
MagnelometorDala: List<SensarDataPoint>
LightSenserData ListSensorDataPoint>
canConnect: ool

canDisconnect ool

canStarAcsaeromatar. bool

canStartGyroscope: bool

canStantisgnetometar bool

canstatLightsensor: boo!

[ BallrsenalRsgistiationPage
_baliReposiory Bal Repository.
Balls ObsersvableCallecton<Bal>

OnRegistrBaliCicked(osject, EventArgs)

BallrseralPage
_ballRepostory BallRepository
Balls ObssrsuableCallecton<Ball>

userlD - int
Onppeating() : void
LoadBalls) - void

OnAceBalBnClckec{object, EventArgs)

EstabishmentPage
_EstabiishmentRepository EslablishmeniRepostory
Estabiishments ObsersvableCollection<Estasiishment>

userlD - nt

Buetoainy

Eventavge)

_devices: ObservatieColection<BluocthDeveeWaich>

OnDevicsSeloctod{oblect, SoectionChangedEvenArgs)

ShoPage()

OnAppeating(): Void
BoardChangsd(obiect, Eventhrgs)
OnPinClicked{ovject, EventArgs)

Eveny

‘OnDavicsSelectad(object, Selection ChangedEventArgs)

‘OnDevicaDisconnected(object, sring)

‘OnGyroscopsDataRecieved(object, MetaWaarGyoscopeData)

Eventivge)
GatDownecPinsForShl(int
GatDonnecPinsForFramelewshort, ol
GetDownedPinsTotalFrameshor)

UpdateShotBoxes(): Void

‘OnScanicked()
StartScanningAsyncl)
StopScanninghsyncl)
OnDaviceDiscovered(obies:, DevicsEvantargs)

‘OnScanTimeoobject, Devico=vantArgs)

ReloadButonColors(: Void
OnFoulCicked(otiect, EventArgs)
OnGutterClckecobject, EventArgs)

OnspareCiikedobjoct, Everiags)

OnStantAcoslerometerCiicced(obiect, EventArgs)
‘OnStoposelerometerClcked{oblect, EventArgs)
‘OnStartGyroscopeCicked(obiect, EventArgs)
OnStopGyroscopeClickecobiect, EventArgs)
OnstaragnetometerCicked(object, Eventargs)

Eventags)

SaveStetsyeing
SavoFrameAsyetbod bol)
Undatescars
ChackFramesEsisiFoGams0
LoadEsistngGameDats()

HandleEdiFrame(): Vokd

stats
ContextStore: StatsViewhodl

sats()
OnAppesting(): Void

OnClearSessionCiicked{obiect, EventArgs): Void

OnLoadstatsClcked(object, EvoniArgs)

APMTestPaga

OnlLoadTesiDateCioked(: objoct, EventArgs.

‘OnStartLightSensorClcked(object, EventArgs)
‘OnStopLightensorClickecobiect, EventArgs)
‘OnProbeClcked{object, Eventargs)
‘OnShowGraphCioked{objact, EVentATge)

OnDisappearing()

Edtaccount
ConteiStore: MalnViewlodel

_userReposiory UserRepository

Onappearing() - vois
LoacEsiablshments(): vod

ond

DishmentsCiicked{oniect. EventArgs)

OnEstablisnmentsSelecieciobject, EventArs)

EstablshmentRegistationPage
EstablshmentRoposiory Establishmoneposiory
Estabishments ObsersyzbleCollection<Establishment>

useriD - int

OnRegisterEstablshmentClcked) : void

EventPage
_EventRepostory EveniReposiory
Evonts ObsersvableColocion<Evont>
userlD - int

OnAppoaing) - void

LoagEvents() - voig
OnAddEventsGlicked(object, Evertargs)

OnEventsSelectes(oject, EventArgs)

EventRegiationPage
Ever(Reposiory EveniRepository
Events ObssrsuableColction<Evert>

userlD - int

OnRegsterEvent

ideo
fsCamerastared - bool
proviewResoluton - size

sRecoreing - bool

EditAccountPage(UserRepositry)
LoadUserDetais(): Void
‘OnSaveChangesCicked(obiect, Eventargs)

HashPassvord(sting)

swing

Video()

OmaAppesting(): Voia
‘Cameraview_CamerasLoadod(objoct EventArgs)

Cameravisw_SizeChanged(obiect, Eventrgs)

OnRecordlckec(object, EventArs)

‘OnDisappearing(obiect, Eventirgs)

Implemented

Partially
Implemented

= Video
isCameraStarted - bool
previewResolution - size
isRecording - bool

currentVideoPath - string

Not Yet Implemented

Video()

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

OnDisappearing(object, EventArgs)



Mobile: 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
currentFrameld: int
lastFrameld: int
Userld: int
GameCompleted: bool
RollingScore: int
_pinColors: ObservableCollection<Color>
_centerPinColors: ObservableCollection<Color>
_shotOneBox: slring

_shotTwoBox: string

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

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

UpdateShotBox(int, string)

MainViewModel
_database: SQLiteAsyncConnection
_userlD: int
_userName: string
_password: string
_firstName: string
_lastName: string
_email: string
_newUserName: string
_phoneNurmber: string
_hand: string

HandOptions: ObservableCollection<string>

StatsViewModel
_sessionRepo: SessionRepository
_gameRepo: GameRepository
_ballRepo: BallRepository
_frameRepo: FrameRepository
_shotRepo: ShotRepository
_userlD: int
_selectedStartDate: DateTime

_selectedEndDate: DateTime

MainViewModel()
UpdateUserName(string)
LoadUserData()
SaveHandPreferenceToDatabase()
VerifyPassword(string, string)
NotifyUserDetailsChanged()
OnPropertyChanged(string)

SessionListViewModel
_SessionRepository: SessionRepository
_GameRepository: GameRepository
Sessions: ObservableCollection<Session>

Games: ObservableCollection<Game>

StatsViewModel()

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

_selectedFrame: string
_selectedSession: Session
_selectedGame: Game

_selectedEvent: Event

_selectedBall: Ball

_selectedStatType: string

StrikePercent: double

SessionListViewModel()
loadSessions()

loadGames()
getSessionNumberMaxAsync()
getGameNumberMaxAsync(int)
AddGame(int)

AddSession()

p : double
OpenPercent: double
GameAverage: double
LoadAsyne()
LoadSessionsAsync()
LoadGamesAsync()
LoadBallsAsync()
LoadFiteredDataAsync()
GameMatchesLaneFilter()

&

C: o

CaloulateO g




Mobile:

ien

t Database

Client
Database

GameRepository

_conn SQLiteAsyncConnection

CellularDatabase

_conn SQLiteAsyncConnection

ShotRepository

_conn SQLiteAsyncConnection

EventRepository

_conn SQLiteAsyncConnection

InitAsync() : Void
AddAsync(Game e) : Void

GetGamesListBySessionAsyncint sessionld, int userld) :<List<Game>>
GetGamesByUserlDAsync(int userld) : <List<Game>>
UpdateGameAsync(Game game) : Void

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

SessionRepository

conn SQLiteAsyncConnection

InitAsyne() : Void

AddAsync{Session session) : Void

ynciint userld) : Li

FrameRepository

_conn SQLiteAsyncConnection

InitializeAsyncy) : Void

ImportEstablishmentsFromCsvAsynci) : Void

ImportEventsFromCsvAsyna() : Void
ImportBalisFromCsvAsync() : Void
ImportUsersFromCsvAsyne() : Void
ImportSessionsFromCsvAsynef) : Void
ImportGamesFromCsvAsync() : Void

HasPassword(string password): string

GetConnection(): SQLiteAsyncConnection

EstablishmentRepository

_conn SQLiteAsyncConnection

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

InitAsync() : Void
AddAsync(Shot shot) : Void
UpdateShotAsync() :Void

GetShotByld(int shotlD) : Void

BallRepository

_conn SGLiteAsyncConnection

) el

name)

InitAsyne() - Void
AddAsync(BowlingFrame frame) : Void
UpdateFrameAsync(BowlingFrame frame) oid

GetFrameByld(int framelD) : BowlingFrame?

GotShotidByFrameldAsyncint frameld) : <List<int>>

GetFrameldsByGrameldAsync(int gameld): <List<int>>

InitAsync() : Void
AddAsync(Ball Balls) : Void
GetAllBallsAsync() :<List<Ball>>
DeleteAsync(int id) : Void
UpdateBallAsync(Ball ball : Void
GotBallByNameAsync(String Name}: Ball?
GetBalllDAsync(int ballld): Ball?
GetBallsByUserAsyncint userld): <List<Ball>

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

GetEventByNameAsync(string name) : Event?

UserRepository

_conn SQLiteAsyncConnection

InitAsync() : Void
AddAsync(Ball Balls) : Void

GetAllUsersAsync() :<List<User>>

DeleteAsyne(int id) : Void

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

GetUserldAsync(int useriD): User?
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Watch UML

(@© shotPage

(©) Framerage

o Phase phase

o int _activeGa o int _viewFramelndex 2 bool IsFo

 bool_ lmeSek:LMode © bool _frameSelectMode

o Rring? Sl
& bool

tstate)  bool ZlsManually Viewing

(©) DevsettingsPage

(@© BLEPacketController

° sLEMmager bleManager

& Rt

isTransmitting

void _enterFrameSelection()
ld xnf meSelection()
lFﬂmdlnt index) o Vo T

void l-:mamo(lm index)
© Widget build(

. wldq.t build(

© void initState() vold initState()
- Widget bullde)
mw-mnu;: index)

ing)
t BiaComext context)

\ \ -

(© sessionController

& GameSession? currentSession

itBall
© double defaultSpeed

© Widget build()
© void onPre:
°

ssed_startStopAdvertising()

= Rxint

{
© Rxn<String=> lastError

(© BLEManager

- Overst
© Future<void> _sendPacket(BLEPacket packet)
© double getProgressPercentage()

 String getStatusMessage()

© RxBool gal

& RxBool bmmtslng

o MethodChannel. ehannel
s Rxn<Map> lastReceivedCommand
© RxString connectedDeviceAddress
© RxBool isConnected

e packetin

She g.! activeFramelindex ()
e
m et ntmoRIey
CreateNewSession(int numGames)

void recordShot(...)

void editShot(...)

void setActiveGame(int index)

= void _advanceFrameAndShot(Frame f)

© Future<void> initGattServer()
Future<void>
Future<void>

r!Advemsmw(l

> stopAdvertis|

S ik pachavry pu
nt totalPackets

index

o List<int> payload

@© LocaiCache

< yold saveSession(GameSession session)
ameSession? loadLastSession()

|!¢n)

games)

Future=<:

void>

json]
Future<void> undn--al_a’xknum«mu bytes)
startRecordi
o Future<void> mpn-‘omlnqo

(@© Gamesession

© static List<BLE

® List<int> encode()
o static BLEPacket decode(List<int> data)

oL ession>
© void markAllSen!(P
= void clearCache(

Game? get activeGame
complete:
uap<smng,uynan-<> tojson()

n fromjson(Map json)

(© Game

@ int
@int
o int

t gameNumber
score
it startingLans

& Uist<int janes.
@ List<Frame> frames

© Frame? get currentfFrame()
plete()

static Game rrﬂfn]snn(Mlp lson)

© st

atic Game

int startingLane)

B

(© Frame

o List<Shot> shots

© bool get isComplete()
t get totalPinsDown()
me copyWithShot(Shot newShot)
lap <String,dynamic> tojson()
static Frame fromjson(Map json)

int get pinsStanding()
bool get isFoul()
ist<bool> get pinsState()

static int buildL gl
Map<String,dynamic> tojson()
static Shot fromjson(Map json)

. bool isFoul)




Watch UML

DateTime? endTime

bool isComplete

int numOfGames

o List<String> balls

o List<Game> games

o Game? get activeGame()

o void completeSession()

e Map<String,dynamic> tojson()

o static GameSession fromjson(Map json)

1]

(©) Gamesession
\ o String sessionid
o DateTime startTime
{=]
a

o

© Game

o int gameNumber

o int score

o int startinglLane

o List<int> lanes

o List<Frame=> frames

o Frame? get currentFrame()

o bool get isComplete()

© Map<String,dynamic> tojson()

o static Game fromJjson(Map json)

o static Game newGame(int gameNumber, int startingLane)

1]

12

© Frame

int frameNumber
int lane
List<Shot> shots

bool get isComplete()

int get totalPinsDown()

Frame copyWithShot(Shot newShot)
Map<String,dynamic> tojson()
static Frame fromJson(Map json)

1]

00000 00D

B

(©) shot

o int shotNumber

o int ball

o int count

o int leaveType

o String position

o DateTime timestamp
o double speed

o int hitBoard

o int get pinsStanding()

o bool get isFoul()

o List<bool> get pinsState()

o static int buildLeaveType(List<bool> standingPins, bool isFoul)
e Map<String,dynamic> tojson()

o static Shot fromjson(Map json)




Watch UML

&) shotrage

(© Gamerage

(© FramePage

n Phas- _phm

o int _activeGame
© bool _

o int _viewFramelndex
o bool _frameSelectMode

void initState()

void dispose()
void _enterGameSelection()
ameSelection()

lectGame(int index)
e Wldqlt build()

© bool Ji

u bool isFoul
o String? S lechinrene
© bool _isRecording

@ BLEPacketController
o BL

(© DevsettingsPage

void initState()

void _enterfFrameSelection()

void _exitFrameSelection()
void Iectmee(lnt index)

© Widget build(

S

(©) sessionController

void InitState()
WIdoet build()

void _selectOutcome(String)
void ontext

© Widget build()

® void |_startStop/
© void onPressed_sendTestjson()

z

o GameSession? currentSession
o int _activeFramelndex

© int _activeShotindex

o int defaultLane

© int defaultBoard

o int defaultBall

© double

(© BLEManager

o RxBool isAdvertising
© RxBool gattReady
o MethodChannel _channel

o P
© RxString connectedDeviceAddress
© RxBool isConi

o int get activeFramelndex()
© int get activeShotindex()
o int get numO

°
© void

© void recordShot(...)
© void editShot(....

)
@ void setActiveGame(int index)
void _:

games)

e Future<void> initGattServer()

g()

json)
p json)
L

bytes)

id> startRecording()

© RxBool isTransmitting
© RxInt currentPacket

o Rxint totalPackets

o uxn<smng> lastError

e Fut Vi
< Future<volds -sendpacket(BLEPacket packet)
© double getProgressPercentage()

© String getStatusMessage()

(@©) BLEPacket

o int packetType
o int totalPackets
o int packetindex
o List<int> payload

@©) LocaiCache

e void
.

7 loadl
® Li i

® List<int> encode()
© static BLEPacket decode(List<int> data)
© static List<BLEPacket> buildFr

© void markAllSent()
| @ void clearCache()

)
loadAllUnsent()
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Cloud - Cloud Application
UML Diagram

= API Endpoint = Database Controller

void RequestType ~ [------- | string ConnectionString ~ f------2 .
Cloud Database
void RequestPath List=Object> RequestData




Cloud - DBCore
UML Diagram

void ConfigurationOptions

BallTable
UserTable
FrameTable
EventTable
EstablishmentTable
GameTable

SessionTable

void Entity TypeBuilder

[ ] <

PiSessionTable
ShotScriptTable
DiagnosticScriptTable
SmartDotDataTable
EncoderDataTable

HeatDataTable

ShotTable e s o



Cloud - Mobile Database Schema
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User Table

Ball Table

—

Cloud - Mobile Schema
Zoomed In

Session Table

Event Table

—




Cloud - Mobile Schema
Zoomed In

Shot Table

Establishment Table

ol

Game Table

Frame Table



id int (PK)

sessionlD int (FK)
time float
C lO U d = P | Tea m . i GYX,Y,Z float

sessionlD int (FK) MG.X, Y, Z fosk
Schema e &
rpm float

id int(PK) - sessionID int (FK)
~
time float
id int (PK) pulses float
name string oD o
\— sessionID int (FK) ol s
isShotMode boolean
time float
metadata... TBD
motoriD int id int (PK)
instruction float sessionID int (FK)
time float
value float

motorID int



Ciclopes - Overview From First Principles

1. Preprocessing
1.1.  VideoIntake
1.2.  Computer Vision Model Object Detection/Segmentation
2. Postprocessing
2.1. Uselane and known size to calculate the transformation from its shape in the image to a top down view of it
as arectangle
2.2. Reusethis transformation on the contact point of the ball on the lane to transform it onto the top down view
of the lane
2.3.  Optionally apply interpolation (predicting points between the known points)
2.4.  Use coordinates of the ball per frame to do kinematics calculations / render trajectory



Ciclopes - Deep Learning Overview

Input Tensor (Image Frame(s))
(batch_size*H*W*3)

Block

v

Extract features from image

« Low Layers(eg. corners->edges->colors) Linear Transformation f(x)= Wx+b ]

) Repeat Blocks L

+ Middle Layers (eg. object parts, shapes) .

* High Layers (eg. “Ball’, “Lane") Non Linear Turn (Activation Function) (Layers) Times
Project Representations of each layer to JL
common Dmodel and mix fuse into final
feature map v Feature Map (collection of

extracted features)

*

Representations Ex. { 3

« Input (2048x2048x3)
« Low (1024x1024x6) Outpyt Head Output He'ad
« Middle (256x256x24) Detection/BBOX Segmentation
 High (16x16x384) L )

¥

Choose Dimension to project to and fuse v Per Class Bit
into feature map Mask




Ciclopes - Homography Example




Ciclopes - IsaacSim Synthetic Data




Ciclopes - Full UML

« required_cempenents
- seed

+ speed

+ Logur

Operations
* to_device(batch)

* cLip_arad{params, max_norn)

save_checkpoint ()
« butld_lr_screduler()

Config - Hyd

Attributes

- e

- tratner

- config

- Dbataloader
model: YOLOVI1 seg
loss

- vatin

evalualor

- soved

YOL0SegTrainer

Attributes
+ required_comporents {nust be filled)
+ bataloader
+ rodel: YELOVI1-seq
< * loss
- aptin
« evaluator

Operations

+ to_device{bateh)

« el p_grad{parans, nax_ns
ve_checkpoint ()

Checkpointanager

Attributes
« ckpt_dir
* topk_path
“topk

Operations
- save stop(stop, state, objective)
« update_topk{path, objective, step)

Registry

Attributes

« REE

Operations

« register(kind, nane)
« get{kind, name)

- available(kind)

I)

Butlder

Operations {static}

* build_trainer{cfg)

* build_component(kind, cfg, context)
« build_evaluator(clg)

+ _merge_cfg_nodes(cfy, kind)

Y0LOSogProprocessor

Attributes

* config

« _model

« lane_cls_id

« _ball_class_1d

Operations

« run_on_indices{inages_dir, indices)
« _infer_single(iag_path)

+ _resolve_class_1d{target_name)

Processor

Attributes
“pre — YOLOSegPreprocessor
«post ~ PostProcessor

Operations
« run_episode_frou_indices(inages_dir, indices, H)

PostProcessor

Attributes

«buffer — BufferCales
« interprolation_sode

Operations.
« process_run{masks_by_indox, homography)
« conpute_lane_metrics(results_by_index)
=

+ _compute_H_once(lane_mask, homography)
- _spply_interprolation(t, dats)

BuffarCals

Attributes
“ s

operations {static}

* conpute_hamagraphy(src, dst)
»warp_mask(mask, H, size)

» centroid_from_nask(nask)

+ quad_fron_lane_mask(mask)

+dt

+ _positions

+ _velocities

- _accelarations

Operations

+add(pos, frame_idx)
« reset()

* latest_position()

- latost_velocity()

* latest_acceleration(}
- trajectory()




Ciclopes - Training Pipeline

BaseTrainer

Attributes

-+ cfg

+ device

+ required_components
+ seed

+ speed

+ logger

Operations

+ to_device(batch)

+ clip_grad(params, max_norm)
+ save_checkpoint()

+ build_1r_scheduler()

» fit()

Config - Hydra YAML

Attributes

- exp

- trainer

config

- Dataloader

model: YOLOv11-seg
- loss

optim

evaluator

speed

—

YOLOSegTrainer

Attributes

+» required_components (must be filled)
+ DataLoader

« model: YOLOv11-seg

+ loss

« optim

« evaluator

Operations

+ to_device(batch)

+ clip_grad(params, max_norm)
+ save_checkpoint()

« fit()

CheckpointManager

Attributes
« ckpt_dir
* topk_path
* top_k

Operations
- save_step(step, state, objective)
- update_topk(path, objective, step)

Registry

Attributes
* REG

Operations

+ register(kind, name)
+ get(kind, name)

« available(kind)

Builder

I9

Operations {static}

+ build_trainer(cfg)

« build_component (kind, cfg, context)
« build_evaluator(cfg)

« _merge_cfg_nodes(cfg, kind)




Ciclopes - Processing

Processing

Processor

Attributes

* pre — YOLOSegPreprocessor
* post — PostProcessor
Operations

* run_episode_from_indices(images_dir, indices, H)

YOLOSegPreprocessor

Attributes

- config

+ _model

+ _lane_cls_id

+ _ball_class_id

Operations

« run_on_indices(images_dir, indices)
« _infer_single(img_path)

-+ _resolve_class_id(target_name)

Attributes

. dt

Operations {static}
 compute_homography(src, dst)
« warp_mask(mask, H, size)

+ centroid_from_mask(mask)

+ quad_from_lane_mask(mask)

Operations

« reset()

Attributes

< out_size

. dt

« buffer — BufferCalcs
« interprolation_mode

Operations

« process_run(masks_by_index, homography)
- compute_lane_metrics(results_by_index)

- _compute_H_once(lane_mask, homography)
« _apply_interprolation(t, data)

BufferCalcs

* buffer_len

+ _positions
 _velocities
+ _accelerations

« add(pos, frame_idx)

+ latest_position()

+ latest_velocity()

« latest_acceleration()
« trajectory()




Ball Spinner Mechanical System High Level Overview

/ / |
, J z [ session / ( J

\ i,
’ o [N e
HMI Touchscreen Diagnostic =1 |
Mode SR U R
> Smartdot |
L. R

| Shot Mode ‘ —

S T
/ L Feedback
/// oS
7 S : Cloud )
| \
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2 A |
i — -9 —
Sensors Motors H \\ =S
N
——— S
! \ i X »
(e ) Brushless DC Motor|¢—— ESC N I\ : g \
ozl ‘ | ‘ \ P
[ | ; 4 4 | b
i i \
—~ [ i [— ‘ Python Softwira ! \
¢ \ e 2 ! | ~>| ShotView Page |— \
e +—————+—| Stepper Motor 1 |¢——+—|swe brivef———p———+— [ ? @ 3 et ¢ N\
\ ) 7 btz ( i e \ -\
N ; [ ! (i \
! | Joot 1)
1 | 1 o~ N ] — |
| 3 % \, ! i)
- ! ATToamreg t It/
N / i /
o N ) // / ‘ Analysis |,/ /
| Encoder J————————t—————+——| Stepper Motor 2 |¢——+—s:nDiver|[— —> |é /
\ / — / N — i
e / > \ / Mode [

J
— & ¢«

/
Driver Script =~ 2

]



Ball Spinner Mechanical System

e 3 axes of rotation controlled independently
o  X-axis: 1st DOF, Smart Dot Holder attached to motor by
friction fit and set screw
o Y-axis: 2nd DOF, rotating plate holding 1st dof
o Z-axis: 3rd DOF, U-bracket which rotates 1st and 2nd
e SmartDots mount into SmartDot Holder by a friction fit
o Allows for collection of light, acceleration, and positional
sensor data
o Easyremoval for charging or replacement

e Calculated torques based on required speed and angle
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Ball Spinner Controller UML

xI_timer_thread
gy.timer_thread

mg_timer_thread
n_timer_thread

generateSimulatedDataStream()
It accWODR, scoalRtange. 1
nt magODR, magRarge, gyvolOR, gyroRange.
wring WD
w_time = 0], aLx = 0l 4y = 0¥z = 0 %
ay.bme = 0L, grox = 0, gy = 0. ez =
g time = [ ma_e = [, mg.y =[], mg.
bool redLEDstatus,
greenL EDstatus, iSmartDolMAC_Address)
blueLEDstatus connect{)
disconnect()
startXL{int odr, range)
startGY(int odr, range)
startMG(int odr, range)
toggleLEDGreen() starttT0)
togglel EDBlue(} stopSenors(int options)
toggleL EDRed()
CloUdAPE: CloudAPI
session: Session
data_controller: DataController
— diagnostic.sample_interval_ms: int
float currentPosition
float home
fioat hold Time
bool direcinvert float currSpeed
float targetSpeed 3 BallSpinnerController()
int targe < et_smartDotConnectionManager()
goToPosition| fioat pos) get_cloud_api()
goHome() get_session(}
zeroHere() set_session()
setDirection() Motor(GPIOPin) get_data_controller()
connect() set_data_controber()
disconnectl disconnect_sil_motors(}
e b ]
l/ start()
stop()
float duty
setSpeed()
e [ DL
setDuty|float percent)
rampRate(fioat)
brake()
coast{)...




Ball Spinner Controller UML

cloudAPI: CloudAPI
session: Session
data_controller: DataController
diagnostic_sample_interval_ms: int

BallSpinnerController()
get_smartDotConnectionManager()
get_cloud_api()
get_session()
set_session()
get_data_controller()
set_data_controller()
disconnect_all_motors()

T
i CT———

SmartDotConnectionManager smdc connections
ﬂ max_connections
ConnectSmartDot() add_connection

remove_connection
disconnect_all
get_connections
get_smartdots
get_smartdot




Ball Spinner Controller UML

—— _
String name

{oh)
DriverScript script
boolean isModeShot

1oudAPI: CloudAP|
cloud. oud float timeElapsed

session; Session
data_controller: DataController
diagnostic_sample_interval_ms: int

get_smartDotConnectionManager({}
get_cloud_api()
get_session()
set_session()
get_data_controller()
set_data_controller{}
disconnect_all_motors() WV

BallSpinnerController()

BaliSpinnerController bsc

DriveMotor{MotorinstructionSet
motorinstruction, iMotor{] motors)
RunStepper(double [][] motor)
RunBrushless{double ][] motor)




Ball Spinner Controller UML

make_post])
make_get{)

APIUTIS

got_test_catal)
post_session_dsta()
geLsessions_in_time._range(
get_cliagnostic_script_data_by_sessionl)
post_diagnostic_script_datal)
QeLshoLscriplduta_by session])
post_shot_script_datal)
get_smartdot_data|)
post_smartdot_datal)
get_encoder_data(]
post_encoder_data()
getheat_datal)
pest_heat_datal)

CHUGAPE CloudAP|
sesmon: Seszicn
data_controller: DstaControler
Sagnostic_sampla_intarval_ms: int

BalSpinnerControilar|)
get_smartbotConnecticnManager()
get_cloud_spi)
get_session()
sel_session()
getdata_controller()
s6t_data_contrakir()
disconnect all_motors))




Ball Spinner Controller UML
-

SmartDotDatas fist
ShotScriptData st

EncoderData list
time: float
String name data_salector: int
DriverScript script set_session_name() xl_x: flaat
boolean isModeShot get_disgnostic_script_datal) xly: float
float timeElapsed get_shot_script_data() xL.z: foat
get_smartdot_datal) gy.x: float
acd_smartdat_data() ay.y- fioat
add_diagnostic_script_data) gy.z: float
add_shot_script_data() mg_x: float
add_encoder_data() mg.y: float
add_heat_data() mg_z: float
get_heat_data() It: float
get_encoder_data()
submit_session_data{)
load_sesslon_data_from_cloud()

ime: f
time: float S Hioat time: float time: float
rpen: float
moter_id: int angleDeg: float motor. id: int motor_id: int
s pulses: float vale: fioat

L 4 4
Instruction: fioat tiDeg: float
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BSC Ui UML

tab: QtWidgets.QStackedWidget
EStop: QtWidgets.QPushButton
navigation_menu: QtWi: QMenu
actionHome: QAction
actionCloudTest: QAction
actionQuit: QAction

switch_to_page(index,data)
EStop()

attempt_exit()
toggle_navigation(enable: bool)

Index 1

btnDiagnostics:

[

‘Shown Later

graph_rpm: InputGraph

QtWidgets.QPushButton graph_tilt: InputGraph
btnShotMode: graph_angle: InputGraph
Index0  QtWidgets.QPushButton sliderTime: QtWidgets.QSlider
btnData: IbIShotDuration: QtWidgets.QLabel
QtWidgets.QPushButton btnStartShot: QtWidgets.QPushButton
Index 2 SmartDotConnectWidget: SmartDotConnectWidget

GraphsData: MotorData

changepage(int, object)
changepage(int, object)

N
start_shot()
update_shot_duration_label(value: int)
CheckButtons()
reset()
J Index 3
N
\ \ Index 6
AnalysisModePage
Shown Later ) "
A '

Index 4 (

pushButton_1

pushButton_15
cloud_api: CloudAPI

changepage(int, object)
ask_cloud_for_6()
clear_label()
get_sessions()
post_smart_dot_data()
get_smart_dot_data()
get_diagnostic_data()
post_diagnostic_data()

label: QtWidgets.QLabel
spinBox_sessionld:
QtWidgets.QSpinBox

post_shot_script_data()
get_shot_script_data()
post_encoder_data()
get_encoder_data()
post_heat_data()
get_heat_data()
submit_all_data()
load_session_data_from_cloud()

tableViewData: QtWidgets.QTableView
btnSearch: QtWidgets.QPushButton
btnAnalyze: QtWidgets.QPushButton
btnReplay: QtWidgets.QPushButton

rowindex: int
row_data: list
model: QStandarditemModel

on_search_text_changed(text: str)
on_session_type_changed (text: str)
refresh_data(start_time, end_time)

\ Index 7

debuglLabel: QtWidgets.QLabel
txtSearch: QtWidgets.QLineEdit
dtStartTime: QtWidgets.QDateTimeEdit
dtEndTime: QtWidgets.QDateTimeEdit

Type: QtWi QCi

proxy: QSortFilterProxyModel //filter
cloud_api: CloudAPI

load_data()
analyze_data()
replay_data()



BSC Ui UML
[ |

tableview: QtWidgets.QTableView
btnSearch: QtWidgets.QPushButton
btnAnalyze: QiWidgets QPushButton

textSearch; QtWidgets.QLineEdit
dateStart: QtWidgets.QDateTimeEdit
dateEnd: QWidgets.QDateTimeEdit

QiWidgets.Qf
debugLabel: QtWidgets.QLabel

scriptSpin: array
seriptTilt: array
scriptAngle: array

displayedSpin: array
displayedTilt: array
displayedAngle: array
displayedSpinTime: array
displayedTiltTime: array
displayedAngleTime: array

changepagel(int, object)
StartShotView()
UpdateShotView()
EndShotView()

AnalysisModePage

smartDotGraph: SmartDotGraph
motorGraph: MotorGraph

btnSave: QtWidgets.QPushButton

ype: QtWidgets.QComboBox

graph: pg.PlotWidget
chkSpin: QtWidgets.QCheckBox

5

QtWidgets.QPushButton
btnDeselectAll: QtWidgets.QPushButton

graph: pg Plotwidget
chkAccelerometer_X/Y/Z: QtWidgets.QCheckBox

chkTil: QChockB dsbL XIVIZ: QCheckBo
chkAngle: QCheckBox i QComboBo: XIY/zZ: QCheckBt
ElapsedTime: float chkSpinData: ir chkLight: QtWidgets.QCheckBox
startTime: float QtWidgets.QCheckBox QD chkLimitView: QtWidgets.QCheckBox
MaxTime: float o chkTiltData: IbIXMax: QtWidgets.QLabel btnSelectAll: QtWidgets.QPushButton
dt: float b QCheckBo» IbIXMin: QtWidgets.QLabel btnDeselectAll: QtWidgets.QPushButton
dt_ms: int chkAngleData: IbiMotorData: QtWidgets.QLabel dsbL Qtwidgets.Ql
count: int QtWidgets.QCheckBox IblEncoderData: QtWidgets.QLabel
btnSelectAll:

spawn_motor_thread(motor: str, motor_index: int, value: float)
on_thread_finished{worker: QThread, data: object)

btnOp1/0p2/Op3/Op4: QtWidgets.QPushButton

changepage(int, object)
loadData()
openPostDialog()
openAnalysisDialog(str)

SpinArray: np.ndarray
SpinTime: np.ndarray
TitArray: np.ndarray
TiltTime: np.ndarray
AngleArray: np.ndamay
AngleTime: np.ndarray
MotorTime: np.ndarray

select_all()
deselect_all()

limitViewBox()
setRange()
limit_view_change(last: float)

updateDataBetter(MotorTime,
SpinArray, TiltArray, AngleArray,
DataTime, SpinDataArray,
TiltDataArray, AngleDataAray)
updateGraph()

DataTime: np.ndarray
SpinDataArray: np.ndarray
TiltDataArray: np.ndarray
AngleDataArray: np.ndarray

updateDataDiagnostic(Spin_time, Spin_array,
angle_time, angle_array, tilt_time, tilt_array,
DataTime, SpinDataArray, TiltDataArray,
AngleDataArray)

setView(viewinde)

accelerometerTime: np.ndarray
gyroscopeTime: np.ndarray
magnetometerTime: np.ndarray
lightTime: np.ndarray
accelerometerX: np.ndarray
accelerometerY: np.ndarray
accelerometerZ: np.ndarray

A

cbolimitView: QtWidgets.QComboBox

Qtwidgets.

IbIXMax: QtWidgets.QLabel

IbIXMin: QtWidgets.QLabel
IblAccelerometer: QtWidgets.QLabel
IbiGyroscopeData: QtWidgets.QLabel
IbIMagnomaterData: QtWidgets.QLabel
IblLightData: QtWidgets.QLabel

gyroscopeX: np.ndarray
gyroscopeY: np.ndarray
gyroscopeZ: np.ndarray
magnetometerX: np.ndarray
magnetometerY: np.ndarray
magnetometerZ: np.ndarray
lightValueRaw: np.ndarray

select_all() updateAccelerometer(time, x, y, z)
deselect_all() updateGyroscope(time, X, y, 2)
limitViewBox() updateMagnetometer{time, ¥, y, 2)
setRange() updateLighttime, value)
limit_view_change(last: float) setMode(mode: str)
updateDataBetter( drawAccelerometer()

Time, 4 Y, 4

Time, 4 drawMagnetometer()
Time, Y, drawLight()

lightTime, lightValue)

L 4

setView(viewlnde




BSC Ui UML

btnStart: QtWi Ql in: Qtwi QLabel
btnStop: QtWidgets.QPushButton labelTilt: QtWidgets.QLabel
btnClear: QWi Q QWi QLabel

btnSave: QtWidgets.QPushButton
spinGraph: pg.PlotWidget
tiltGraph: pg.PlotWidget
angleGraph: pg.PlotWidget

diagnostic_script: DiagnosticScript
_timer: QTimer
_sample_interval_ms: int
sample_dt_s: float

—maxlen: int

_N:int

_X: np.ndarray

openPostDialog()

toggle_Buttons()

EStop()
add_diag_data_instance_to_data_con
troller(time: float, motor_id: int,
instruction: float)

smartdotViewer: QtWidgets.QWidget
spinDial: QtWidgets.QDial

tiltDial: QtWidgets.QDial

angleDial: QtWidgets.QDial

_spin_arr: np.ndarray
_tilt_arr: np.ndarray
_angle_arr: np.ndarray
write_idx: int

_filled: bool
_last_values: dict
_sample_index: int

—on_timer()
reset()
clear_graphs()

SmartDotGraph: SmartDotGraph
smar SmartDotCq

btnStart: QtWidgets.QPushButton
btnStop: QtWidgets.QPushButton

SmartDot: iSmartDot

connectSmartDot(device: iSmartDot) hide_buttons()
disconnectSmartDot() show_buttons()
on_device_disconnected(mac_address: str) test_connection()
start_updates() reset()
stop_updates()

_on_timer()

btnConnect: QtWidgets.QPushButton
IbiStatus: QtWidgets.QLabel

conDevices: QtWidgets.QScrollArea
wDeviceList: QtWidgets. QWidget

conDi Devices: Q Q
wDisconnectDeviceList: QtWidgets.QWidget
scanBtn: QtWidgets.QPushButton

Device Management:
Devices: List[str]
smartdot: iSmartDot
worker: C
process_runner: ProcessRunner

start_scan()
connect_to_smartdot(text: str)
setDeviceList(devices: List[str])

updateDisconnectList()
disconnect_from_smartdot(mac_address: str)

N

graph: pg.PlotWidget
chkAccelerometer_X/Y/Z: QtWidgets.QCheckBox
_X/Y/Z: QWi QCheckBox
chkMagnetometer_X/Y/Z: QtWidgets.QCheckBox
chkLight: QtWidgets.QCheckBox
chkLimitView: QtWidgets.QCheckBox
Q Qi
btnD: QtWi Ql
dshl QtWi QD

accelerometerTime: np.ndarray
gyroscopeTime: np.ndarray
magnetometerTime: np.ndarray
lightTime: np.ndarray
accelerometerX: np.ndarray
accelerometerY: np.ndarray
accelerometerZ: np.ndarray

imitView: Qtwi A6
Q QD i
: Q QD

IbIXMax: QtWidgets.QLabel

IbIXMin: Qtwidgets.QLabel

IblAccelerometer: QtWidgets.QLabel

IbiGyroscopeData: QtWidgets.QLabel
Data: QtWi QLabel

IblLightData: QtWidgets.QLabel

gyroscopeX: np.ndarray
gyroscopeY: np.ndarray
gyroscopeZ: np.ndarray
magnetometerX: np.ndarray
magnetometerY: np.ndarray
magnetometerZ: np.ndarray
lightValueRaw: np.ndarray

select_all() updateAccelerometer(time, X, y, z)
deselect_all() updateGyroscope(time, x, y, z)
limitViewBox() updateMagnetometer(time, x, y, z)
setRange() updateLight(time, value)
limit_view_change(last: float) setMode(mode: str)
updateDataBetter( drawAccelerometer()

Time, X, Y,

Time, g peX, A drawMagnetometer()
Time, a X, drawLight()

lightTime, lightValue)

setView(viewIndex: int)



Ball Spinner Controller Database Schema

Dotabase Tabes a1

id int (PK)
sessionlD int (FK)
I
data_selector int from 0-3
time float
XLX, Y, Z 3 different floats
id int (PK) GYX, Y, Z 3 different floats
MG.X, Y, Z 3 different floats
——— sessionlD int (FK) 2
LT float
time float
replay_iteration int
rpm float

id int (PK) ¢ sessionlD int (FK)
. . time float
timeStamp datetime
id int (PK) pulses float
name string - it
: sessioniD int (FK) i 5
isShotMode boolean . replay_iteration int
time float
metadata... TBD
— ot
instruction float id int (PK)
sessionlD int (FK)
time float
value fioat
moteriD int

replay_iteration int
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Ball Spinner Power System Design

24V+
i m—
3A Fuse
24V+
( - ———
| 24V -5V Buck SAFuse  —
» |
3 DC [
—1 ACIn g 24V+ DC 5V+ »
120VAC Fuse &~ .
a Raspberry Pi 5 «
24V DC PSU 24V 12V Buck
24v+ |PC I HMI
PWM,Hall
DC 12V+
24V+

6A Fuse

L
PUL+,D|R+ DM542
[ " Driver 1
DM542
PUL+,DIR+ Driver 2

—_—

Hall Feedback

Flipsky
FSESC 4.20

A/B

Nema 17 Stepper

Y

A/B

Nema 17 Stepper

3 phase
XC E3665 BLDC



Electrical System Overview




BLDC Primary Spin Motor




2nd and 3rd Degree Stepper Motors




24 V Bus Supply and 5 V Converter

5V
Converter




Questions?



Tools & Tech



Mobile App - Development Technologies

e .NET Maui
e MetaMotionS
e Bluetooth Low Power (BLE)

What is NET MAUI?
OBuetooti ¢ 4 ©
-ow Energy ¥ @

(@oncettolabs



Cloud - Development Technologies

Postman

Microsoft EF (Entity Framework) Core
Liquibase

Digital Ocean

Docker

Swagger Documentation




0

Ciclopes - Development Technologies 0

o OpenCV
PyTorch pen
Docker

IsaacSim

NumPy
OpenCV2

O PyTorch
< NVIDIA




X Kotlin
€3 Bluetooth

Low Energy

Watch - Development Technologies

e Flutter
e Dart
e Kotlin

e Visual Studio Code
e Bluetooth Low Energy (BLE)
e Android/IOS Launcher (Emulator)

% Flutter @ Dart

>
1




Ball Spinner Mechanical System

e SolidWorks
. . 2
o SolidWorks was leveraged heavily throughout the course DS SOLIDWORKS
of this semester to create models of the team’s designs as
well as to perform FEA testing
e 3DPrintLab
o Utilized to rapidly prototype parts for the physical system
e Machine Shop
o  The Machine Shop was used extensively to create physical
prototypes for the team to visualize and criticise designs.




Ball Spinner Controller Technologies g

Linux

Python
PyQté
PyQtGraph
Raspberry Pi
MetaMotionS

PyQtGr/

e




Ball Spinner Controller Technologies Continued

LGPIO
Pyvesc
AutoCAD
TINACIloud
OnShape
KiCad

sfvesc

swer TOOL

< HKi

AUTODESK
AutoCAD

WEB-BASED CIRCUIT DESIGN & ANALYSIS

&

www.tinaclond.com



Implementation



< Ball Arsenal

RevMetrix - a e

Basic Pages

Welcome, Guest

Account

Ball Arsenal

Username: Guest

Session List
First Name: Guest

Bluetooth Last Name: N/A

Email: N/A
Video

Phone Number: N/A

Dat
2 Hand:

API Test Page Get Stats

Account Edit Account Info

Smart Watch Sign Out

)



Basic Pages

-’

Sessions

Test Interface

1 O <

Game 1

Add Game

Add Session &

Establishment

11



Mobile - Shot page

Frame viewer (Slider)

Pin input (Pins left standing)
Ball used per shot
Comments per shot

Edit frames/shots

10:46 @ B

3/21/25

11/19/2025

Player

Josh

Strike Ball

TestBall1

Spare Ball
TestBall1 o

Select a Board

Enter your comment here...

Cancel Save




é

Sensors:

Accelerometer

Bluetooth Page b

Gyroscope
Bluetooth
e Connects to the MetaMotionS v
Module |
e Ability tosee datafor Magnetometer

Magnetometer, and Light Sensor.
MetaWear
: Light Sensor

00000000-0000-0000-0000-d62609275a6¢ et

Connect

Probe Device (Debug)
Disconnect

Show Sensor Graph

@]



< Sensor Data Graph < Sensor Data Graph

"

Sensor Data Graphs

Sensors:

Time (s)

Accelerometer Accelerometer (X, Y, Z in G)

Accel: X=-0.01, Y=0.01, Z=2.06

Magnetometer (X, Y, Z in pT)

Gyroscope

Gyro: X=0.00, Y=0.31, Z=0.06

Magnetometer

Mag: X=-59.50}T, Y=-43.624T, Z=-7.69uT Light Sensor (Visible)

Gyroscope (X, Y, Z in deg/s)

Light Sensor

Light: Visible=1774

Magnetometer (X, Y, Z in pT)

Visible Light




RevMetrix

Mobile - Video Page

rm_202510... rm_202510...

A (I T 5.77 MB Oct 29 6.10 MB Oct 30

e Resolution selection

e Recordand save video
o Choose save location
o Choose save name

rm_202511...
5.11 MB Nov 19

rm_20251210_23112

< O [




Mobile - Stats Page

e Custom Query Engine

O

0O 0O O O O O O

Date Range
Session
Event
Game

Ball

Lanes
Frame

Type

12/10/2025 12/10/2025

Session Event

Stat Type

Load Se

Stats

Strike: 61%
Spare: 22%
Open: 17%

GameAverage: 221.00

Close




N =il €D

Mobile - Watch Pag = Available Devices:

-

f - -65 dBm
00000000-0000-0000-0000-2424b7fc81
00

e Scanfor available Galaxy Watches
e Connect/Disconnect

e Send/Receive test JSONs

Smart Watch Galaxy Watch6 (D2TT)

Connect

Available Devices: Disconnect

X C -65 dBm Send Test JSON to Watch
00000000-0000-0000-0000-2424b7fc81
00

Connect

Disconnect {"message":"6767"}

@]




Watch - Game Page

Game selection overlay (Pop-out Carousel)
Add and subtract games

View score

Access settings

Game 1 of 7
Score: 59

o4




Watch - Frame Page

Frame 4

Frame selection overlay (Pop-out Carousel)
View frame data

Shots overview (Horizontal Swipe)

Access Shot Input

Frame 4 — Shot 1 Frame 4 — Shot 2

Lane | Board | Speed | Ball Lane | Board | Speed | Ball
3 18 |1&,4| i 3 13'15;5' 1




Watch - Shot Page

e Pre-Shot
o Mini view of last pin state
o  Stanceslider
o  Board/Lane/Ball
o  Video Record button

e Post-Shot

Pin input (Pins left standing)
Ball speed slider
Strike/Spare

Gutter/Foul

Submit shot

O O O O O

Stance: 27




Watch - Bluetooth Page

Disconnect/Connect status
Device address BLUETOOTH
Start/Stop advertising
Send test packet to phone
Received JSON section

Disconnected

STOP Send Test




e BLE packet model
e Load prebuilt “session” for testing
e Send “session” over BLE

Watch - BLE packet creation

I/flutter
I/flutter
I/flutter
I/flutter
I/flutter
I/flutter
I/flutter
I/flutter
I/flutter
I/flutter
I/flutter
I/flutter
I/flutter
I/flutter
I/flutter
I/flutter
I/flutter
I/flutter
I/flutter
I/flutter
I/flutter
I/flutter
I/flutter
I/flutter
I/flutter
I/flutter
I/flutter
I/flutter
I/flutter

(15383):
(15383):
(15383):
(15383):
(15383):
(15383):
(15383):
(15383):
(15383):
(15383):
(15383):
(15383):
(15383):
(15383):
(15383):
(15383):
(15383):
(15383):
(15383):
(15383):
(15383):
(15383):
(15383):
(15383):
(15383):
(15383):
(15383):
(15383):
(15383):

[BLE Test] Creating session...

[BLE Test]

Session created:

Session ID: MINIMAL_TEST_1765438578391

Games: 1
[1752;931

Balls:
[BLE Test]
[BLE Test]
BLEManager.
BLEManager.
BLEManager:
BLEManager.
BLEManager:
BLEManager.
BLEManager:
BLEManager.
BLEManager:
BLEManager.
BLEManager:
BLEManager.
BLEManager:
BLEManager.
BLEManager:
BLEManager.
BLEManager:
BLEManager.
BLEManager:
BLEManager.

BLEManager: Sent chunk 10/42 (20 bytes)

Converting to JSON...

JSON created, calling sendJsonInChunks.

sendJsonInChunks: Sending 828 bytes in ¢

sendRawBLEPacket
Sent chunk 1/42
sendRawBLEPacket
Sent chunk 2/42
sendRawBLEPacket
Sent chunk 3/42
sendRawBLEPacket
Sent chunk 4/42
sendRawBLEPacket
Sent chunk 5/42
sendRawBLEPacket
Sent chunk 6/42
sendRawBLEPacket
Sent chunk 7/42
sendRawBLEPacket
Sent chunk 8/42
sendRawBLEPacket
Sent chunk 9/42
sendRawBLEPacket

-> sent 20
(20 bytes)
-> sent 20
(20 bytes)
-> sent 20
(20 bytes)
-> sent 20
(20 bytes)
-> sent 20
(20 bytes)
-> sent 20
(20 bytes)
-> sent 20
(20 bytes)
-> sent 20
(20 bytes)
-> sent 20
(20 bytes)
-> sent 20

bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes

bytes

BLEManager. sendRawBLEPacket —> sent 20 bytes

ﬁunks

2025-12-11 02:
2025-12-11 0O
2025-12-11 @
2025-12-11 @
2025-12-11 0@

2025-12-11 @
2025-12-11 0@

2025-12-11 02:3;
2025-12-11 0O
2025-12-11 @

2025-12-11 @
2025-12-11 0@
2025-12-11 02:3;
2025-12-11 02:3;
2025-12-11 02:3

2025-12-11 02:

1:53.736 18802-19497 app_pro
:53.811 18802-19497 app_pro;
3.901 18802-19497 app_prol
3.928 18802-19497 app_pro
3.990 18802-19497 app_pro:
4.050 18802-19497 app_prol
4.110 18802-19497 app_pro:
4.171 18802-19497 app_pro:

4.227 18802-19497 app_processéé4

4.295 18802-19497 app_|
4.353 18802-19497 app_pro!
4.413 1880219497 app_|
4.471 18802-19497 app_pro:
28 18802-19497 app_prol
88 18802-19497 app_pro
4.653 18802-19497 app_pro:
4.710 18802-19497 app_pro.
4.767 18802-19497 app_pro
4.860 18802-19497 app_pro:
4.919 18802-19497 app_prol
4.981 18802-19497 app_pro
5.039 18802-19497 app_pro:

5.131 18802-19497 app_processé4

5.188 18802-19497 app.
5.279 18802-19497 app_pro
5.341 18802-19497 app_|

5.428 18802-19497 app_pro:
5.520 18802-19497 app_pro

5.578 18802-19497 app_processé4

5.672 18802-19497 app_pro:

5.761 18802-19497 app_processé4

5.819 18802-19497 app_pro
5.914 18802-19497 app_pro:
6.005 18802-19497 app_pro:
1:56.057 18802-19497 app_pro
:56.147 18802-19497 app_pro;
1:56.243 18802-19497 app_pro
:56.296 18802-19497 app_pro;

com. companyname . cellular
com. companyname.. cellular
com. companyname . cellular
com. companyname . cellular
com. companyname.. cellular
com. companyname.. cellular
com. companyname . cellular
com. companyname.. cellular
com. companyname . cellular
com. companyname . cellular
com. companyname.. cellular
com. companyname . cellular
com. companynanme . cellular
com. companyname.. cellular
com. companyname . cellular
com. companyname.. cellular
com. companynane . cellular
com. companyname . cellular
com. companyname . cellular
com. companynane . cellular
com. companynanme . cellular
com. companyname.. cellular
com. companyname . cellular
com. companyname.. cellular
com. companyname.. cellular
com. companyname . cellular
com. companyname.. cellular
com. companyname.. cellular
com. companyname . cellular
com. companyname.. cellular
com. companynane . cellular
com. companyname . cellular
com. companyname.. cellular
com. companyname . cellular
com. companyname . cellular
com. companyname . cellular
com. companyname . cellular
com. companyname . cellular




Watch - Write to local storage ==

“SESSION_1765438735388",
“games”; [

“gameNumber”: 1,
“totalScore”: 59,
“frames”; [

e Mainsession object converted to JSON
e Session JSON printed to console
e Session JSON written locally in Documents

I/flutter

I/flutter 3 "sessionId": "SESSION_1765437667778",
I/flutter : "games": [

I/flutter 3 {

I/flutter : "gameNumber": 1,
I/flutter : "totalScore": 59,
I/flutter 2 "frames": [

I/flutter

I/flutter 3 "frameNumber": 1,
I/flutter E “lane%: "1
I/flutter . "shots™: [
I/flutter 3 {

I/flutter 3 "shotNumber™: 1,
I/flutter

I/flutter

I/flutter

I/flutter

I/flutter

I/flutter

I/flutter

I/flutter

I/flutter

I/flutter




v [ Fall2025DBTables
v [ TeamPITables

C# files containing table
information

DiagnosticScript.cs
\ EncoderData.cs
Cloud - Migration Tools HeatData.cs

PiSessionTable.cs

- Safe SQL code generation ShotScript.cs
- Tables are organized into C# classes SmartDotData.cs

- Lower likelihood of corrupting DB with SQL changes BallTable.cs
EstablishmentTable.cs

EventTable.cs
FrameTable.cs

GameTable.cs
Generated script file in SessionTable.cs
Droplet ShotTable.cs

* UserTable.cs

Fall2025DBChanges.sql ballSpinner.sql

oot@ubuntu-s-2vcpu-4gb—-sfo3-01:~/ballSpinnerAH




FH combinedDB.Balls

FH combinedDB.Establishments
Ml combinedDB.Events

FH combinedDB.Frames

R combinedDB.Games

R combinedDB.Sessions

FH combinedDB.Shots

Bl combinedDB.Users

BR dbo._ EFMigrationsHistory
BR Team_Pl_Tables.DiagnosticScript
R Team_P| Tables.EncoderData
Bl Team_P| Tables.HeatData

R Team_ Pl Tables.PiSession

R Team_Pl_Tables.ShotScript
R Team_P| _Tables.SmartDotData

Screenshot from Visual
Studio Server Explorer

Cloud - Database

- Added 15 new tables under 2 new schemas
- Migration History to track DB updates

¢ MigrationId Y/
20251021160455_AddTables
20251029015335_UsersEstabGamesSeshShots
20251104170247_AddPiTables

20251116200753_AddedPiTables

p
P
P
b
P
P
P
P
P
P
P
P
p
P
p

20251117231619_AddDataSelectorToSmartDotTable

20251204020317_AddedReplaylterationColumnToEncoderSmartDotHeat

T Screenshot of migration

20251204023329_DataSelector . .
/ history from this semester

20251204023631_ReplayIteration (stored in DB)

20251204024742_AddedReplaylteration




Cloud - API

- Added 30 new APl endpoints

- Create/Edit endpoints for both the Cellular and Pi

Teams

GET /api/gets/GetAppUsers

GET /api/gets/GetAppShots

GET /api/gets/GetAppSessions

GET /api/gets/GetAppGames

GET /api/gets/GetAppEstablishments

GET

/api/gets/GetAllPiDiagnosticScriptBySession

GET

/api/gets/GetAllPiEncoderDataBySession

GET

/api/gets/GetAllPiHeatDataBySession

POST

/api/gets/GetAllPiSessions

GET /api/gets/GetAl1PiShotsBySession

GET /api/gets/GetAllPiSmartDotDataBySession

/api/gets/GetBallsByUsername

POST /api/posts/PostPiDiagnosticScripts

ST /api/posts/PostPiEncoderData

GET /api/gets/GetFramesByGameId

[ GET /api/gets/GetEventsByUsername

GET /api/gets/GetShotsByUsername

#2398 /api/posts/PostPiHeatData

POST /api/posts/PostBalls

POST /api/posts/PostPiSessions

Zear | /api/posts/PostEvent

Seap . /api/posts/PostPiShot

POST /api/posts/PostFrames

POST /api/posts/PostPiSmartDotData




Ciclopes - Training/Evaluation of Segmentation

Supervised Fine
Tuning of
YOLOv11s-seg
on synthetic
data

Slightly overfit

Loss

Loss

0.45

0.40

0.35

0.30 1

0.251

0.20 A

0.154

0.84 4

0.82

0.80 4

0.78

0.76 -

YOLO Training History

Box Loss

Classification Loss

—e— Train Box Loss 0.8 4 —e— Train Cls Loss
—=— Val Box Loss —=— Val Cls Loss
0.7 4
0.6 4
0.5 1
@2
3
0.4 4
0.3 1
0.2 1 ———
0.14 \
1.0 15 2.0 25 3.0 35 4.0 4.5 5.0 1.0 1.5 2.0 2.5 3.0 35 4.0 4.5 5.0
Epoch Epoch
DFL Loss Mean Average Precision
—e— Train DFL Loss
—=— Val DFL Loss
0.99
\\ 0.98
\
\"\_ g 097
0.96
0.95
—e— mMAP50
— —=— mAP50-95
1.0 15 2.0 25 3.0 35 4.0 4.5 5.0 1.0 1.5 2.0 2.5 3.0 35 4.0 4.5 5.0

Epoch

Epoch




Ciclopes - Evaluation of End to End Processing - None

Ball Trajectory Analysis: No Interpolation
NO INTERPOLATION

0
§.
. g
e BEVunitx 100 o
2
RMSE of 3
0
1.8px ~ 4 mm - g
e BEVunity .: WORLD METRICS
RMSE of 9.52 : Speed MAE 2.206 m/s
2 1 300 | () Accel MAE 0.072 m/s?
pX .Lcm @ : Break Error 0.0014 m
g .' End Speed Err 7.428 m/s
Total RMSE of = 4001 BEV ERRORS
9.69px ~2.2 cm g ( X RMSE 1.80 px
’ e @ ] Y RMSE 9.52 px
500 1 4 Total RMSE 9.69 px
®
Factorsin 3 DETECTION
distortion of ' mEEGRG 82.0%
600 -
increasingly non O
linear mapping of .
700 A
homography down *
O Lane
the Iane : Predicted
i S
800 - E:‘adrt
1(’)0 15")0 ZCI)O 25’)0 3(’)0 350 460

0 50
BEV X (pixels)



Metrics Comparison

Ciclopes - Evaluation of End to End Processing - All

Ball Trajectory Analysis: All Modes Comparison

7 [ |
—— ¢
&

100 5

200

300 1

0}

Q
X

£ 4001

>

>

| >

2]

500 A
600 1
700 A
Lane
= None
800
—— Linear || End

Metric None Linear Cubic Avg
Speed (m/s 2.21 2.32 231 2.28
Accel (m/s? 0.07 23.61 28.69 17.46

Break (m) 0.0014 0.0014 0.0014 0.0014
End Spd (m/g 7.43 7.43 7133 7.40

BEV X (px) 1.80 1.80 1.80 1.80

BEV Y (px) 9.52 9.52 9.52 9:52:

BEV Total (p 9.69 9.69 9.69 9.69
MAP@50-95 82.0% 82.0% 82.0% 82.0%

@ start

SIO 160
BEV X (pixels)

150 200 250 300 350 400




Ciclopes - SAM3 Test - “lane” Prompted Segmentation

Using SAM3 Segment
Anything
Prompt “lane”

e Brittle with reflections
and lighting




Ciclopes - Takeaways from Experimentation

e Robustness to lane gloss and specular reflections is a requirement

e Postprocessing is the most important part of the stack

e Large general models still do not outperform smaller “narrow domain” models

e Interpolation is brittle with low frames per second and few data points

e Calculating astandard linear map for homography will introduce distortion the farther away the

ball is



Ball Spinner Controller - BSC Class

e Coresingleton class for communicating between pages

e Itholds all of the most important objects
o  CloudAPI
o  Session
o  DataController
o Motors



Ball Spinner Motors and Drives

Usongshine
Stepping Motor
17HS4401
Lot No:20190610

e Primary axis - Sensored BLDC motor +Flipsky VESC controller
o High RPM capabilities NEMA 17 stepper motor
o Hall Sensors provide reliable startup and consistent acceleration
o VESC provides current limiting, temperature monitoring and fault detection

e Second and third axis - Nema 17 stepper motor + DM542 driver
o Precise angle control
o High holding torque for tilt and rotation
o Reliable industrial grade step driver

A2212/13T 1000KV outrunner motor

E3665 2500KV inrunner motor



Ball Spinner Controller Continued...

e Primary axis motor configuration
o Completed Hall sensor detection and motor characterization in VESC tool
o Pisends commands over USB to the ESC
o Controlled via PWM (Pulse Width Modulation)
e Second & third axis stepper motor configuration
o Microstepping and current dip switches configured to 1.46A an
o Pigenerates controlled STEP/DIR pulses with an adjustable frequency
o Created angle based control routines

[0

[F0 ]

[ 6i00

[ 12800 |
[

|
o
[on |
[ off |
[on ]
[ ofr |
[on ]
[ ofr |
o |
[ off |
s

g =]
[23[3f3

DM542 Microstep Driver



Ball Spinner Power System and Safety

24V Distribution Power Rail
o  Supports both motor drivers with adequate voltage overhead
o Lower current
o  Reduced wire heating P1-150-24 Power Supply

5V Power Rail
o 24Vto5V Buck Converter
o Isolation from motor noise

Motor switches
Status indicators
Wiring and modularity

Industrial din rail term block




Ball Spinner Controller - SmartDot

e iSmartDot -

o  MetaMotionS

o  Simulated Smart Dot &
e MetaWear Implementation §/ :;_
e Scan, Connect, and Disconnect Q%'"

NS
e Smart Dot Connection Manager




Ball Spinner Controller - Shot Mode

e 3input graphs allow user to make shot
instructions

e Slider lets user select length of shot




Ball Spinner Controller - Analysis Mode

e Smart dot and motor data are loaded in
from the Data Controller

e Datais passedinto the SmartDot graph
and Motor Graph

Analysis Operation 2

¥ Magnetometer 7

Select Al

Deselect All



Ball Spinner Controller - Diagnhostic Mode

e Individual motor control- 3 dials
e Real-time graphical feedback
e SmartDot connectivity for

quick data collection




Ball Spinner Controller - Models

Session

Data Controller
Diagnostic Script Data
Shot Mode Data
Smart Dot Data
Encoder Data

Heat Data



Ball Spinner Controller - CloudAPI

e APIUtils

e HTTPS

A an =

e Obiject Serialization




Ball Spinner Controller - Data View Page

e Dataisloaded from cloud into table

e User can filter data by date

o  User can further refine data by searching across
fields
o User can also filter for session type

e User caneither replay or analyse previous shot




Ball Spinner Controller - Replay Mode

e Shotdatausunpacked from data controller

e Every50ms* athreadis spawned from the
pool

e Thread instructs motor and returns when it
returned

e Whenitreturnedis putinto the graph.




Ball Spinner Mechanical System

e Wooden prototype as an early representation of the
system
e Model developed based on feedback
o  Aluminum selected as material

o Smaller and lighter to reduce required torque and power
consumption

e SmartDot holder

o Design changed as the system size changed
o 3D printed to use in a test setup for X-axis




Ball Spinner Mechanical System

e BSC Enclosure and Platform

o Houses motor control equipment and other future
Team Pi components

o Made of modifiable and easy to replace paneling for
quick and hassle free alterations

o Holds acrylic safety casing stable for safe viewing
and ease of transport

o Holds considerable weight, making such a
consideration a non-factor in future decisions.




Demonstration



Mobile



https://docs.google.com/file/d/1GHvxZYiHwRgmfuQngyNNhyvdP9k1cZiA/preview

Watch


https://docs.google.com/file/d/13XRhtVKP_lIwua73yBUZtqTn2fSvF3a_/preview

Cloud - Pi and
Mobile API


https://docs.google.com/file/d/1oA0nBjKyT0dhD-IUxzeerRp8OPQ40jUJ/preview

Cloud - Mobile App


https://docs.google.com/file/d/1X2WPBDPyt7TYXh747xtI-weyoQbyQ05E/preview

Ciclopes - SAM3D Body Demo



https://docs.google.com/file/d/1hwA6oVns2GaGZmtQOarRo7k0J4kpUqjB/preview

Ciclopes - Real World Working Version

r:__

YOLOv11n-seg fine . ball 83%

tuned model from

LaneTrax
o Nano size = Real
Time On Device

Inference
Open Dataset
o  ~1800 Labeled
Frames

o  Ready for training

Tested using open
inference on
Roboflow




Ball Spinner
Demo


https://docs.google.com/file/d/1oEYBumSlsDoR6zBvS3vV8oQ7IL_rmI9c/preview

Automated Testing Framework



Mobile App

e Cellular
o Main App Functionality
e CellularCore
o Contains core methods for Cellular
o ShotCalculator.cs
o StatsCalculator.cs
e CellularUnitTests
o Tests CellularCore methods

a4 7= Solution 'Cellular’ (3 of 3 projects)
P & lcs Cellular

P & lcs CellularCore
P A _‘4:‘ CellularUnitTests

Cellular

v

CellularCore

1

CellularUnitTests



Cloud - CI/CD Pipeline

' () Summary

Jobs
@ tests
@ build

@ deploy

Triggered via push yesterday

@ emmetl913 pushed -o- f5daseg master

Status

Success

Total duration

3m 33s

Artifacts

Run details

& Usage
&Y Workflow file

main.yml
on: push

@ tests




Watch Tests

® charlescarroll@ESKTOP-C7TGMLH flutter_prototype % flutter test test/unit_tests.dart
00:03 +31: All tests passed!

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




Future Work



Mobile

Improved stats page
o Pocket, Split, Washout %
o Histograms
o  Graphs/Charts

Improve sessions and events
Improve Custom Query System
Improve MetaMotionS Connection
Improve Ul and UX

Implement Full Cloud Features



Watch

Adjust Ul
o  Relative Sizing
o  Swipe Navigation
o  Score Changes
o  Pre/Post Shot Items
Backend work
o  Parsingincoming data (phone side and watch side)
o  Packagingdata
o  Stored data/Local data/bluetooth data: Handshake between
Create wiki page
o  Getting application on to watch
o  Tutorial of application
Cross platform integration (stretch goal)
o  Swift files into Flutter framework
Ciclopes integration (stretch goal)

Real time synchronization (stretch goal)



Cloud

APl Improvements and Additions
Automated Testing Improvements
CI/CD Pipeline Additions

Seperate database migration application



Ciclopes - Keeping it Real - No Need for Synthetic Data

e Leverage open dataset(s)
o  May need to mix multiple datasets to push performance and generality
e Ondeviceinference
o Model can be exported to ONNX runtime
m  General format for multi platform
o .NET MAUI does not integrate automatically with platform tensor core APIs
m  Legacy models will not have tensor cores
o  Evaluate tradeoff between development speed, implementation complexity, and resulting change in user
value
e Mirroring sim implementation with real world collected/labeled data
o  Does not have ground truth labels/metrics to test post processing like sim
e Good video for evaluation is arequirement
o Itisextremely difficult to find quality videos online



Ciclopes - Improving Accuracy Through Image Cropping

e Implement prediction of future steps down the path to drive image cropping
e Oncelaneis found, crop to not include any more noise than already exists

e Croppingout other lanes/balls, both in pre and post processing



Ciclopes - SAM3D Pose Rendering

e Giveuser freedom to do ball/lane segmentation and/or pose detection
e Requires clean Ul/UX for swiping and interfacing with renders

e Must be donein cloud
o Introduces data storage/fetching complexity
e Not all users may be able to utilize fully due to differing experience levels

e Requires backend service setup



Ciclopes - Proposal: LLM Powered Data Analysis

e Small optional feature to allow users to leverage LLM powered data analysis over saved data
o  Some users may be apprehensive about feedback

Leverages current LLM capabilities to use tools and analyze large amounts of data
Allows users of all skill/experience levels to get actionable insights from collected data
Introduces data storage/fetching complexity

Reasoning models can be expensive
o For production setup



Ball Spinner Controller - Software

e Smart Dot connection robustness

e Update Smart Dot tables to remove data selector
e Simulation manager for missing hardware

e Self run full system test sequence

e Analysis operations

e Display encoder data

e Reload old shots from Cloud into the Shot Input Page to edit



Ball Spinner Controller - Hardware

Logic level Shifters- 3.3Vto5V
Resistive Brake
Indicator Lights
o Power, motor arming, software faults
Enhanced Safety features
Buttons/Switches
PCB Development
Communication Expansion UART or CAN BUS

RUNNING! STANDBY FAULT

MOTOR 1

RUNNING STANDBY AULT

MOTOR 2

Limit Switches

UNNING STANDBY FAUI

MOTOR 3



Ball Spinner Mechanical System

Aluminum Final Prototype & Enclosure

e Physical and electronic stops to prevent motors from
spinning past the maximum required angle
e Wire routing from motors to the Ball Spinner

Controller
e Moadifications to acrylic housing
o Hole and grommet for exterior wires
o Vents or fans for motor cooling




Ball Spinner Mechanical System

Enclosure Platform

e Modifications to side paneling
o Holes cut for required port access
o Space made for fan ventilation of Team Pi’s
equipment (pi, motor controllers, etc).
e Installation of Team Pi’s Equipment
o Placement and wiring to be determined
o Space and routing options are available




Conclusion



Mobile

° What we accomplished
o Implementation of Basic Cloud Saving
Video Page
o Basic Stats Page
o Improved shot page
o Bluetooth Connecting with Watch and MMS
° What we would change
o Bluetooth Connection needs refining
o Shot page can always be improved
° What we learned
o Add more comments/documentation

o



Watch

e What we accomplished
o Working prototype
o Game Page/Frame Page/Shot Page/Bluetooth Page
o BLE comms with mobile application
o Packet building/delivery to phone (test)
o Video recording from watch
o Local storage
e What we would change
o Focused too much on IOS at beginning
o  Spend more time (more refined)
e What we learned
o Widget building is very picky
o Implement own feedback



Cloud

e What we accomplished
o  Ability to migrate the Database
o  Automatic SQL Script generation
o  Updated Database with new schema (15 new tables, 2 new schemas)
o Added 30 new API endpoints and database controllers
o  Connected Cloud Application to both the Mobile and BSC Projects
e What we would change
o Implement generic Database Controllers and APl Endpoints
o  More flexible use of APl endpoints
e What we learned
o  More documentation for future developers
o  Better organization of files
o  Abstract out complicated processes



Ciclopes

e What we accomplished
o  Verified our end to end process works in sim
o  Defined a plan moving forward to implement a real world
e What we would change
o Introduce a more robust nonlinear mapping for homography to start
m  Caused confusion that something may have been setup wrong but it was just distortion
o  Getarobust test suite much earlier
m  Thetest suite after implementation drove decision making
e What we learned
o Pixel math is very brittle
m  Distortion of the lens caused mis calibration even in sim



Ball Spinner Controller

e What we accomplished
o Independent control over all 3 motors
o  Simulate ashot on all 3 motors
o Integrated power distribution
e What we would change
o  Separate logic from Ul code
o  Performincremental subsystem testing earlier
e What we learned
o Importance of modular design
o  Good documentation reduces communication issues across team members



Ball Spinner Mechanical System

e What we accomplished
o Determined Torque specs for motors
o Designed all three degrees of freedom
o 1stand 2nd degree systems constructed
o Designed and built enclosure for electrical hardware
e What we would change
o Transition to a more finalized version of the 1st and 2nd degree sooner
to allow for testing
o Add the third degree and mechanical stops
e What we learned
o Communicate with other teams to ensure project progression will be
meaningful for the overall project






