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\ RevMetrix Background

e Brainchild of Professor Hake and Dr. Babcock

e Combination of Ciclopes and SmartDot Module

e Both compliment each other with supplemental data T

e Application:

o Bowlers

o Researchers



What is Ciclopes

e Dr.Babcock’s contribution

External bowling analysis

gC'clopes Bowler1

File Edit View Tools Camera Window Help

D& W &

Name

Statsticyl Information

Min Max Range




What is SmartDot

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,: 15.742s, ADXL F,: 204.876 Hz, Light £, 120.467 Hz




\ What is the Ball Spinner?

e Device that can emulate a throw down a lane
e Controls movement across 3 orthogonal axes of spin

e External sensors generate data




Questions?



Project Overview \



Simulation

Simulation

r Framerate: 59.72387

; \\ AngularVelocity: 0.00
Acceleration: 0.00

X RO

® Shows ball rotation

® Visualizes data through graphs

Choice between real data from smartdot, and a simulated version of a
possible shot

e Unity game with movable shot origin and a possible curve

Project Overview



BSA Backend/Cloud

e BSA:
o Client-side APl methods to interact with APl server
o Processing of incoming/outgoing data
e Cloud:
o Server-side APl methods
o Administrative tasks for production server
= CI/CD e
m Server infrastructure

Network: web-network

mage: MicrosoftSQLServer

Project Overview



BSA Frontend

e |Interface between the User and further system
o Cloud - save and load users, shots and arsenal
o Controller - communicate data regarding the motors and handle
SmartDot control
e Output of SmartDot sensor data

Project Overview



Ball Spinner Controller

e Connectstothe BSA Frontend
Receives commands from the BSA to control the motors at variable
speed

e Connects to Metamotion module over Bluetooth Low Energy (BLE) and
forwards data to the BSA
Has a Human Machine Interface (HMI)

e |mplements a TCP messaging protocol with the BSA

Include Raspberry Pi and python based device. Has GPIO to connect to
multiple hardware devices.

Project Overview



Ball Spinner Team

Recreates the motion of a bowling ball rolling down a
lane
Motion will be split between 3 DoFs (Degrees of
Freedom)

o Each will be built on the system of the last.

Will be used to test the accuracy of the SmartDot

Project Overview



Mobile Application Team

Mobile app for the RevMetrix project
Allows users to create an account
Access personal ball arsenal

Register establishments/ events
Start sessions and games

Save shot data

RevMetrix

Welcome, Josh

Player

Ball Arsenal

Strike Ball
o
Spare Ball
Bluetooth ! )
Select a Board
AP| Test Page
< @] [ < @] 11

Project Overview



Questions?



Technologies Used

Application Ball Spinner Controller
e NET,.NET MAUI e Raspberry Pi
e OpenTK(Three.JS) e KiCad
e Livecharts2(Chart.JS) e Tkinter
e xUnit
Cloud .
Ball Spinner
e NET :
e xUnit e SolidWorks O OnShGpe
e Docker e  Onshape
e Digital Ocean
e  Github Actions Cellular
e .NETMAUI
e SQlite

o GitHub Actions

DigitalOcea




Current Design



Ball Spinner UML

Implemented

Partially
Implemented

Not Yet Implemented

Application



Current
Datalbase
Schema Cloud

Implemented

eace i

e

frennd

Partially
Implemented

IR

Not Yet Implemented

Current Design



Current
Datalbase
Schema Cloud

Implemented

Partially
Implemented

Not Yet Implemented

Current Design



User

userid bigint

C u r re n t : : ’ = firstname varchar(50)
Database e st
SC h e m a C | O U d - - — hashed_password varbinary(max)

email varchar(50)

phone_number varchar(12)

Implemented

Session

userid bigint

Partially : o L — SessionID bigint
Implemented f

Type smallint

Not Yet Implemented

Current Design




Current
Datalbase
Schema Cloud

Implemented

Partially
Implemented

Not Yet Implemented

Shot

Type

SmartDotID

SessoniD

ballid

bigint

smallint

bigint

bigint

bigint

ballid

userid

name
weight

core type

Ball
bigint
bigint
varchar(50)

varchar(50)

varchar(20)

Current Design




Implemented

Partially
Implemented

Not Yet Implemented

fefifk

MobileApp User

UserldCloud

UserldApp

LastLogin

MobileApp Shot

ShotldCloud

ShotldApp

ShotNumber

Ballld

Comment

bigint

bigint

bigint

bigint

LeaveType short

Side string

Position string

Frame bigint

String

bigint PK

bigint

String

String

MobileApp Session

SessionldCloud bigint

SessionldApp bigint

SessionNumber bigint

Establishment

bigint

DateTime bigint

TeamOpponent string

IndividualOpponent string

Score bigint

stats bigint

TeamRecord bigint

IndividualRecord bigint

Eventld bigint EK

Current Design



POCOs

Implemented

Partially
Implemented

Not Yet Implemented

ime: DateTime

Common POCOs (Plain Old Class Obiject)

ByteArrayToken o User - ShotList
firstname: string ShotList: List<SimulatedShots>
Iastname: string [
DateTimePoco usemane song
email: string

phone_number: string

DualToken

Tol string Credentials Name: string

TokenB: string username: string BezierinitPoint: Coordinate

password: s BezierinflectionPoint: Coordinate

BezierFinalPoint: Coordinate
HashAndSalt TimeStep: double

=n
Hash: byte]] Comments: string

Sait: byte[]

Ball
Arsenal Name: string

StringToken Arsenal: List<Ball

Token: stri

- SmartDotList BallSpinnerList

s A: List<
Name: string SensorA: List<int:
MACAddress: string SensorB: List<int>

SensorC: List<int>

SimulatedShot

simulatedShot: Shotinfo

data: SampleData[]

ball: Ball

SmartDotList: List<SmantDot BallSpinner: List<BaliSpin

L,

SmartDot

SampleData
type: string
count: int

imestamp: float

BallSpinner

string

Current Design



Implemented

Partially
Implemented

Not Yet Implemented

DatabaseCore

Current Design



DatabaseCore

DatabaseCore

AbstractDatabase DatabaseName: string
oy
tazeDatabase) s oo
R
Cretelser) ool
T i o
ateUser) boo
—
T oeteser bt
[r——
SaDataReaderEdensions T7 olDot: sheDataTe . 1D nt)

Data: (SampleData sampleDatz)

InsertSimulatedShot: (Shot sho, sting? usemame)

Implemented

Partially
Implemented

Not Yet Implemented

Current Design




DatabaseCore

DatabaseCore

b AbstractDatabase DatabaseName: string
oy

[
R

CreateUser() - bool
T i o
—

T oeteser bt

[r—— DeeeShot shot in)
‘SalDataReaderExtensions: T? GetShotData:(shotDataType int, ID int)
InetSampeDat-(SampeDatasampleData)

InsertSimulatedShot: (Shot sho, sting? usemame)

ApiController

Posts

+ AuthAndRegisterController

+ GetShotsByShotnameController

+ InsertBallController
Implemented + InsertSampleDataControler

+ InsertSimulatedShot

+ InsertSmartDotController

+ RefreshController

Get:

- + GetAliShotsConfroller
Partially

+ GetArsenalController

Implemented . - + GetShotsByUsemnameController
+ GetUseriDController

+ GetUsersController

+ GetUsersSmartDotsController
Delete:
+ DeleteShotControlier

Not Yet Implemented

+ DeleteBallController

Current Design




BSA Backend

Implemented

TCP/IP
Connection

Partially
Implemented

Not Yet Implemented



BSA Backend

- Name : string
DataParser : DataParser
OnConnectionChanged: Event
ResetEvent: Event
InitialValuesSet: bool
BezierlnitPoint: Coordinate
BezierInflectionPoint: Coordinate
BezierFinalPoint: Coordinate
Comments: string

Ball: ball

Dispose(): void
InitializeConnection(): void
Start() : void

Stop() : void

Implemented

isConnected(): bool
public void SetinitialValues()
TCP/IP

Connection

Partially
Implemented

Not Yet Implemented




BSA Backend

Implemented

TCP/IP
Connection

Partially
Implemented

Not Yet Implemented

— TCP
SmartDotRecievedEvent: Event
TepClient _client

IPAddress _address

MessageType: enum

SensorType: enum

Connected: bool
SmartDotRecievedHandler: SmartDotReceivedEvent
SmartAddressReceivedEvent: Event
BUFFER_SIZE: int

PORT: ushort

_send: byte[]

_receive: byte[]

_pendingMessages: List<MessageType, TaskCompl¢

TCP(IPAddress): void

Dispose()

GetDevicelnfo(): string

ConnectSmartDot(Physical Address): void
Connect(): void

GetMessagelnfo()

GetMessagelnfo(MessageType, int): (MessageType,
Listen(): void

TryGetResponse(MessageType): object
SetMotorVoltages(byte, byte, byte): void




BSA Backend

DataParser
OnDataRecieved: event
Writer: WriteToTempFile
IDataViewModel

SendSmartDotToSubscribers() : void

DataReceived(): void

Implemented - : Subscribe(): void

Unsubscribe(): void

TCP/IP
Connection

Partially
Implemented

Not Yet Implemented




BSA Backend

Client
Database

RestlDutsbiase
eDtabese
v v
Dntaberoe (Client) Databse (Test)
Client: HitpCient
ged): Event OnLognChanged(): Ev
dbType: DutabsaseTypes thType: DatabuseTypes
BaseAPILRL: string BaseAPRURL: =ring

User Takens: Token UserTokens: Token
Client: HtipCiiert

doudCore bod Databosa(D
JocaiDataberseConnected: bool LognUser(sring, string) - Token
= RegisterUser(string, siring, =tring, string, strin
locDataberse: RevMet - .
GetArsenal): Arsenal GetArsenal(): Ars
Uploed Shot{1BalSpinner, string, flcet) : bool UploadShot SimutsiedShat) - bool
Loginlser{=ring, string) : Token
RegisterBaliSprmen) - vaid reBaliSoirmer() - vaid
RegsterUser(sting, =i =iring, string, =¥ring) - Taken
RegisterSrartDat) - void Foguiar lose{anng. 181  cbok e rcnl Gt SrertDat() : void
GetShotDuta) - SimusiedShot GetArsensK): Arserul GetShotDay]) - SrmulatedShat
GetlisOfSmariDots() : SmarDolCannectionl UnloadShot(Bal Spinner., zring GetListOfSmartDots) - SmartDolCannectionList
Implemented GelLinOSets): SirultodShiliz RegterBalSireer(): v CellislOfShot=(): SirudstedShl s
GetListOBalSpinnens() : BallSpnnertist RegeterSranDot) : vad GetlistOMBalSpinners() : BallSpimerlist
GetSempieData(LiztSarpied; GetShotData() - Simuated Shol GetSarmpleDat|ListSarmpieDut
Dedetelzer() - vad = ots() - SreriDatCannectionL DeleteUsar() : void
DedeteUserShol(string) - bool Ge - * . DeleteUsarShot{=tring) - bool
DedeteBalSpinner() : void Ge i DeleteBalSpinner) - void

DefeteSmantDot) - vod GelSarrpied 1Ss i, o DeleteSmeniDat) : vad

Partla"y DefeteBawiingBali ). bool Dedetelser() - vad DeleteBowlingBall): bool
Implemented (L) Deeselersiasrng) - b SoterTokens( Tk v

SaveloclErtry(sting): bock DedeteBallSpinner() : void . . <-=-> AddBoingBal{
AddBowingBal(Bal). bool DedeteSmantDol() - void GetiitialVeluesForShal(stringk. Shatinfo

GetiritialVisluesForShoxsting): Shatifo DefeteBowiingBai() bool

Shotlt Setlbzer Takens{Token): void

ol AdcBowingBal(Bal ) bool

GelifialVishiesForShotsting): Shotirio

Not Yet Implemented




BSA Frontend

= <Struct>
CachedResult
Bytes: byte]]

ContentType: string

Web\ViewServer
Backend : IBackEnd
OutputPageViewModel
Pages : List<Page>
NOT_ALLOWED: string
NOT_EXIST: string
URI_HOST: string
URI_SCHEME: string
URI_PORT: int
MAX_REQUESTS: int
_listener: HttpListener

_fileCache: Dictionary<string, CachedResult>

FrontEnd
Backend : BackEnd
_webViewServer: WebViewServer
_helpWindow: Window
_newBallSpinnerWindow: Window
_newLoginWindow: Window
_newlnitialValuesWindow: Window
_newCloudManagementWindow: Window
_newArsenalWindow: Window
_newSmartDotSettingsWindow: Window

Pages : List<Page>

App
Pages: List<Pages>

InitizlPage: Page

WebViewServer(): void
StartListening(): void
ProcessRequestAsync(HipListenerContext)
Dispose() : void

async RequireLogin() : void

OpenPage() : void

ClosePage() : void

Frontend()

Init(Backend): void

Dispose() : void

Help(): void

AddBaliSpinner(): 1BaliSpinner
Login(): void

CloseLoginWindow(): void

c ariDot(
nitialValues(): void
CloselnitialValuesWindow(): void
CloudManagement(): void
Arsenal(): void
SmartDotSettings(): void

CloseSmartDotSettings():

Init() : void

Cleanup/Dispose() : void

IFrontEnd

Fesmmmnme e > nit(Backend)

Dispose() : void
Alert() : void

RequireLogin() : void

MauiProgram

CreateMauiApp() : App

Implemented

Partially
Implemented

Not Yet Implemented

Client
Database




BSA Frontend

Page
Models

Implemented

ChxatMarmcaerant ' sov alatuane

[Em————
Ree——

Doturonteiesictrect . Emmetirz

Partially

OrbeathsEutenChcaciutpect . Enetion

Implemented

[ERESTRNSSASE e ——l

Not Yet Implemented




BSA Frontend

Page
Models

HelpView

HelpView()

[T ——
oS e 1 e Vet ocnd . ekt
S e [ETT—————

[Em————
[ee———

Doturonteiesictrect . Emmetirz
Pacatiebectcan pect Selectecsier et riioza
OrbeathsEutenChcaciutpect . Enetion
CnhocatMrmouaraentatiCichutictpect , Eventio)
st e
Cnsndasitictpect, Eveeiingal. Voat
O Socttiticelnducttimes  Evunidngs]

OndiuttiteCIchdictpect, Ereedirg)
DeSicptutenCicheciutie  Evaelioss)
OncatiatSparaetstonCAckec obpect  ientions

Oednanatiuteniiceutme | Eietion]

= P

—

MainPage
_frontEnd: FrontEnd
_database: IDatabase
BalSpinners: ObservableColiection<BallSpinnerVizwModel>
AccelerationChartValues: |Sernies| |
RotationChari\alues: [Series| ]
MagnetometerChartVzlues: ISeries] |
LightChart\alues: ISernes] ]
NotLoggedin: bool
' Ragedin: ool Implemented
SimulationCount: int

BaliSpinnerCount: int

MainPage()

Init{FrontEnd, IDatabase): Void pa rtla"y

RemoveBallSpinner{BallSpinnerViewModel): Void | m pl eme nte d

OnDisappearing(): Void

OnLoadShotButtonClicked{object , EventArgs)

O ey " (CHiaEETE "

Not Yet Implemented

OnOptionsButtonClicked(object . EventArgs)

OnExi l ject . EventArgs)

OnResaf\iewButtonClicked(object , EventArgs)

Onk

On!

O

OnResetButtonClicked(object , EventArgs)

OnAddBalSpinnerB li bj

OnArsenalButtonClicked(object , EventArgs)




BSA Frontend

Page
Models

[T ——
oS e 1 e Vet ocnd . ekt
S e [ETT—————

[Em————
[ee———

Doturonteiesictrect . Emmetirz
Pacatiebectcan pect Selectecier e et meddoza . Vot
OrbeathsEutenChcaciutpect . Enetion
CnhocatMrmouaraentatiCichutictpect , Eventio)
st e
Cnsndasitictpect, Eveeiingal. Voat
O Socttiticelnducttimes  Evunidngs]

OndiuttiteCIchdictpect, Ereedirg)
DeSicptutenCicheciutie  Evaelioss)
OncatiatSparaetstonCAckec obpect  ientions
Oednanatiuteniiceutme | Eietion]

= P

—

ArsenalPage
ContextStore: Balls\ViewModel
Selection: Ball

_database: |Database

ArsenalPage(IDatabase)

Refresh(object , EventArgs): Void

NewSelection(object, SelectedltemChangedEventArgs): Void
DeleteBall(object, EventArgs): Void

AddBall{object. EventArgs): Void

CloudManagementPage
ContextStore: ShotsViewModel
Selection: SimulatedShot

_database: |Database

CloudManagementPage(|Database)

Refresh(object , EventArgs): Void

1, S tedt hangedEventArgs): Void

LoadSim{object, EventArgs): Void
Loadinitial{object, EventArgs): Void

DeleteShot(object, EventArgs): Void

LoginPage
_database: |Database

_frontEnd: FrontEnd

Implemented

Partially
Implemented

Not Yet Implemented

LoginPage(FrontEnd, IDatabase)
OnLoginButtonClicked(object , EventArgs): Void

OnRegisterButtonClicked(object , EventArgs): Void




BSA Frontend

Page
Models

e e——
oo e 1 Sptcener Vet hocn .

B

OetugrtatinCichuictiect , Evethrs)
OrbmahtutonChckacttpect, Eetios
CnhocatMrmouaraentatiCichutictpect , Eventio)

S—

Peet{ctimet | Evmriig). Vst

Pacatiebectcan pect Selectecsier et riioza

Cnsndasitictpect, Eveeiingal. Voat

-

Serrmnerien

OnAddBallSpinnerButtonClicked(object . EventArgs)

OnArsenalButtonClicked(object , EventArgs)

NewBallSpinnerView
_BallSpinnerCount: int
_SimulationCount: int

_task: TaskCompletionSource<IBallSpinner?>

BallSpinnerView

_viewModel: BallSpinnerViewModel

NewBallSpinner(TaskCompletionSource<IBallSpinner?=)

AddSimulationButton(object , EventArgs): Void

AddBallSpinnerButton(object , EventArgs): Void

SmartDotSettingsPage
ContextStore: 1BallSpinner
_frontEnd: FrontEnd
_ballSpinner: BallSpinnerViewMode!

viewModel: SmartDotSetti Model

BallSpinnerView()
OnBindingContextChanged(): Void

OnRemoveBallSpinnerButton(object, EventArgs): Void

DataRecived(IDataViewModel, WebView, Metric, float, float)
Void

Reconnect_Clicked(object. EventArgs): Void

OnSetit I ject, EventArgs): Void

InitialValues
_frontend: FrontEnd
_ballSpinners: ObsercableCollection<BallSpinnerViewModel>

bezierPointsY: List=double>

SmartDotSettingsPage(FrontEnd, BallSpinnerViewModel)
OnSubmitButtonClicked(object, EventArgs): Void

OnEnabledToggleChanged(object, EventArgs): Void

InitialValues()
OnMaxSliderValueChanged(object, EventArgs): void
OnMinSliderValueChanged(object, EventArgs): void

PassValues(object, EventArgs): Void




BSA Frontend

Implemented

Partially

Implemented

Not Yet Implemented




BSA Frontend

Implemented

Partially
Implemented

Not Yet Implemented




tad Ve biocne
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BSA Frontend

Watlatet/ meabdcoiel

Implemented

Partially
Implemented

Not Yet Implemented




Protocol

Setup Connection Messages
a) A_B_INIT_HANDSHAKE : previously (APP_INIT)
Random Start Byte

Msg Type | Msg Size
(0x01) (0x0001) (1 Byte)

b) B_A_INIT_HANDSHAKE ACK: previously (APP_INIT_ACK)

Repeated Random
Byte
(1 Byte)

Msg Size
(0x0001)

c) A_B_NAME REQ: previously (BSC_NAME_REQ)

d) B_A NAME: previously (BSC_NAME)

ASCII NAME
(Up to 255 Bytes)

Msg Type
(0x04)

Msg Size
(2 Bytes)

2. Setup SmartDot Connection

a) A_B_START_SCAN_FOR_SD: previously (SMARTDOT_SCAN)
sg
(Ox

b) B_A_SCANNED_SD: previously (SMARTDOT_SCAN)

Msg Type | Msg Size | BLE MAC Address Name in ASCII
(0x06) (2 Bytes) (Up to 255 Bytes)
c) A_B_CHOSEN_SD

(6 Bytes)
Msg Type BLE MAC Address Name in ASCII
(0x07) (6 Bytes) (Up to 255 Bytes)

d) B_A_RECEIVE_CONFIG_INFO

Msg Type | Msg Size Mag
(2 Bytes) Sample Rates
0x0008 (2 Byte)

Msg Size
(2 Bytes)

Light Sample

Rates
(2 Byte)

Current Design



Protocol

. Sending Run Data

a) A_B_RECEIVE_SD_CONFIG

Msg Type Msg Size Set Config
(0x09) (0x0004) For SD
2 Bytes

b) A_B_SD_TOGGLE_TAKE_DATA

Msg Type Msg Size On or off byte
(Ox0A) (0x0001) (1 byte)

c) B_A_SD_SENSOR_DATA

Msg Msg Size | Sensor Sample | In-between | “X-axis” “Y-axis”
Type (0x0013) Type Count Time data data
(0x0B) (1Byte) | (3 Byte) (4 Byte) (4 Bytes) (4 Bytes)

d) A_B_MOTOR_INSTRUCTIONS

Msg Msg Size | Motor1 Motor2 Motor3
Type (0x0003) Speed Angle Angle
(0x0C) (4 Bytes) | (4 Bytes) (4 Bytes)

“Z-axis”
data
(4 Bytes)

4. Terminate Processes
a)A_B_STOP_MOTOR

b) A_B_DISCONNECT_FROM_BSC

Current Design



Implemented

Ball
SYellalal=ls

Controller Filz

Implemented

roller

Not Yet Implemented

BallSpinner Cont

- BSCModes

v
BalSpinnerCanirolier
_ini¢_{} :void
commsHandler() : void
smartDatHandler() : vaid
auxSensorHandler() : vaid
matorHandler() : void
smartDotScanner()} : void

M fandier() : vaid

sacket commsChannel

iSmartDot smanDot
iAuxSensor primMotorCurrentSensar
iAuxSensor secMatorCurreniSensort
iAuxSensor secMotarCurrentSensor2
Motar PrimMotor
Mator secAMotort
Motor secMotor2

> dict availDevices
dict availDevicesType
dict HMIDatx

HMI
run_UK) : void
getMolorData()
ocalMode)
getSmartDotData()

W TharedDats

ISmartDot
iSmartDaMAC_Address)
connect() : vaid

disconnect({) : void

startAccel(int accelOdr, acceiRange)

startGyrofint gyraOdr, gyroRange)

startLightSensor() - void
stopAccel() - void
stopGyro(} - void

stopMag() : void

stopLightSensar() : void

int gyroQdr.

Static String

AuxSensor

iMotor

Motar(int GPIOPin) : veid

disconnect() : void

changeSpeed(int RPM)

getCurrentSpeed() :

flaat currSpeed

SmanDotSimulatoe

MetaMotionS
LightGreenLED(baol status)
LightBlueL ED{bool status)
LightRedLED(baol status)
LightOfLED()

beal redLEDStatus
beal blueLEDStatus

boal greenL EDStatus

MotorEncoder

CurrentSensar

urrent

StepparMotor

ShuntMator

Current Design




BSCModes

¥
BallSpinnerCortroler

_init_() :void
vommsHandler() : void
smartDotHandler() : vod
auxSensorHandier) : void
materHander() - void
smarDotScanner) : void
HMIDatsHandler(} : void

roller

sacket commeChannel

iSrmartDot =mariDat

WuxSensor prmMalorCureniSensar
AuxSensar secMolorCurentSensaort

AuxSensor secMolorCurertSensar2
Mator PrimMotor

Moator sechMolord

Motor sechMolor2
dict vl Devices

dict avasiDevicesType
dict HMIData

F‘r'.:‘(oc-:z(

HMI
run_UW) : voed
petMatorDats()
locsMode()
petSmartDolDal)

T EhaeedDats

BSCModes

v
BalSpinnerCantrolier

_ini¢_() :void
commsHandler() : void
smartDatHandler() : vaid
auxSensorHandler() : vaid
matorHandler() : void
smartDotScanner()} : void

MID: fandier() : vaid

sacket commsChanne!

iSmartDot smanDot

iAuxSensor primMotorCurrentSensar
iAuxSensor secMatorCurrentSensort
iAuxSensor secMotarCurrentSensor2
Motar PrimMotor

Mator secMotor!

Mator secMotor2
[ dict svailDevices
dict availDevicesType
dict HMIData

Protocol

getMolorData()
ocalModel)

getSmartDatData()

ISmartDot
iSmartDaMAC_Address)
connect() : vaid
discannect{) - vaid

startAccel(int accelOdr, acceiRange)

rtLightSensor() - void
Accel() : vaid
Gyre() - void
dag() - void
ightSensar() : veid

AuxSensor
dData() - Aot

iMotor

Motar(int GPIOPin) : veid

disconnect() : void
changeSpeed(int RPM) : vaid
getCurrentSpeed() :

flaat currSpeed

LightGreenLED(baol status)
LightBlueL ED{bool status)
LightRedLED(baal status)
LightOffLED()

beal redLEDStatus
beal blueLEDStatus

boal greenL EDStatus

SmanDotSimulatoe

MetaMotionS

MotorEncoder

CurrentSensar

urrent

StepparMotor

ShuntMator

Current Design




iSmartDot
iSmartDot(MAC_Address)
connect() : void
disconnect() : void
startAccel(int accelOdr, accelRange)
startGyro(int gyroOdr, gyroRange)
startLightSensor() : void
stopAccel() : void
stopGyro() : void
stopMag() : void
stopLightSensor() : void

SmartDotSimulator

MetaMotionS
LightGreenLED(bool status)
LightBlueLED(bool status)
LightRedLED(bool status)
LightOffLED()

r Controller

int accelOdr, accelRange
int magOdr, magRange
int gyroOdr, gyroRange
Static String UUID

bool redLEDStatus
bool blueLEDStatus
bool greenLEDStatus

BallSpin

- BSCModes

.

BalSpinnerCantrolier

smartDotHandler() : vaid
auxSensorHandler() : vaid
matorHandler() : void

=martDotScanner() - void

HMIDataHandler() : void

sacket commsChannel

iSmartDot smanDot

iAuxSensor primMotorCurrentSensar
iAuxSensor secMatarCurentSel
iAuxSens: MatarCurrentS;

Motar PrimMotor

availDevices
dict availDevicesType
dict HMIDatx

Protocol
= HMI
run_UK) : void
getMolorData()
ocalMode()
gelSmantDotData()

W TharedDats

= ISmartDot
iSmartDaMAC_Address)
connect() : void

discannect{) - void

startAccel(int accelOdr, acceiRange)
=startGyrofint gyraOdr, gyroRange)
startLightSensor() - void
stopAccel() - void

stopGyro(} - void

stopMagl) : void

stopLightSensar() : void

AuxSensor
readData() : fost

Tachor

. iMotor
Matar(int GPIOPin) : void
disconnecty) : void
changeSpeed(int RPM) : vaid

getCurrentSpeed() : void

urrSpeed

SmanDotSimulatoe

MetaMoticnS
LightGreenLED(bao! status)
LightBlueL ED{bool status)
LightRedLED(baol status)
LightOLED()

boal redLEDStatus

boal blueL EDStatus

boal greenL EDStatus

MotorEncoder

CurrentSensar

float current

StepparMotor

ShuntMator

Current Design




iMotor
Motor(int GPIOPIn) : void
disconnect() : void
changeSpeed(int RPM) : void

getCurrentSpeed() : void

float currSpeed
float targetSpeed

int targetPower

StepperMotor

ShuntMotor

BallSpinner Cont

roller

- BSCModes

v
BalSpinnerCantrolier
) void
commsHandler() : void
smartDatHandler() : vaid
auxSensorHandler() : vaid
matorHandler() : void
smartDotScanner()} : void

Ml andler() : void

sacket commsChanne!

iSmartDot smanDot
iAuxSensor primMotorCurrentSensar
iAuxSensor secMatorCurreniSensort
iAuxSensor secMotarCurrentSensor2
Motar PrimMotor
Mator secMotor!
Motor secMotor2

% dict availDevices

dict availDevicesType

dict HMIDatx

Protocol
HMI
run_UK) : void
getMolorData()
ocalModel)
getSmartDotData()

W TharedDats

= ISmartDot
iSmartDaMAC_Address)
connect() : vaid

discannect{) - void

startAccel(int accelOdr, acceiRange)
=startGyrofint gyraOdr, gyroRange)
startLightSensor() - void
stopAccel() - void

stopGyro(} - void

stopMag() : void

stopLightSensar() : void

int accelOdr, accelR:
int magOdr, m

AuxSensor

readData() : fost

Motar(int GPIOPin) : veid

disconnect() : void

changeSpeed(int RPM) : vaid

gt peed() : void
flaat currSpeed
argetSpeed

tPawer

SmanDotSimulatoe

MetaMotionS
LightGreenLED(baol status)
LightBlueL ED{bool status)
LightRedLED(baal status)
LightOffLED()

beal redLEDStatus
beal blueLEDStatus

boal greenL EDStatus

MotorEncoder

StepparMotor

ShuntMator

Current Design




<«

=

iAuxSensor

readData() : float

'
L

Tachometer

:
:
H
CurrentSensor

float current

MotorEncoder

roller

BallSpinner Cont

- BSCModes

v
BalSpinnerCantrolier
_ini¢_{} :void
commsHandler() : void

smartDotHa

r() : void
auxSensorHandler() : vaid
matorHandler() : void

=martDotScanner() - void

M

fandler() : void

sacket commsChanne!

iSmartDot smanDot
iAuxSensor primMotorCurrentSensar
iAuxSensor secMatorCurrentSensort
iAuxSensor secMotarCurrentSensor2
Motar PrimMotor
Mator secMotor!
Motor secMotor2

availDevices
dict availDewic
dict HMIDatx

getMolorData()
ocalMode)
getSmartDotData()

W TharedDats

ISmartDot
iSmartDaMAC_Address)
connect() : vaid

discannect{) - vaid

startAccel(int accelOdr, acceiRange)
=startGyrofint gyraOdr, gyroRange)
startLightSensor() - void
stopAccel() - void

stopGyro(} - void

stopMag() : void

stopLightSensar() : void

int gyroQdr.
Static String

SmanDotSimulatoe

MetaMotionS
LightGreenLED(baol status)
LightBluel ED{boal status)
LightRedLED(baal status)
LightOfLED()

beal redLEDStatus
beal blueLEDStatus

boal greenL EDStatus

AuxSensor

readDats(

3 i [E AbsEncoder \
3 e

CurrentSensar

urrent /

iMotor
Motar(int GPIOPin) : veid
disconnect() : void

changeSpeed(int RPM) : vaid

getCurrentSpeed() :

flaat currSpeed

StepparMotor

ShuntMator

Current Design




Ball
SYellalal=ls
Controller

Secondary
Motor2

aspberry Pi
// Display

2 PWM

Stepper Motor Electrical Block Diagram

Current Electrical Schematic

Current Design



Indicator LED

2 Motors!!

CGFIO Pln #12

Primary Mator Driver

Indicator LED

=
Primary Motar

3 out2 Raspberry_Pi_4

+5V Mator 1 CLK

Prim lf[utnr LED -
4 Secondary Motar |Driver

Ball et
Spinner
Controller W

/l

Indicator LED

A
5v GND

Indicator LEDs

Current Design



Ball Spinner Team

oW Print and implement SmartDot module
insert
o Attaches to styrofoam test ball
o SmartDot container will screw in
axin to alightbulb to resist
centripetal
e 2ndand 3rd DoF axis of rotation
o A miniature showcase of a current
manuel design for the 2nd and 3rd
DoF

My 7//,,
/
/| // ,,77////

Current Design



Mobile Application Team

Implemented

Partially

Implemented

Not Yet Implemented

Current Design



Mobile Application Team

Shot

Userld: int
ShotNumber: int
Ball: int
Count: int
LeaveType: short
Side: string
Position: string
Frame: int
Game: int

Frame

Userld: int
Frame Number: int
Lane: int
Result: int
Shots: string

A

Game

Userld: int
Lanes: string
GameNumber: int
Score: int
Win: bool
StartingLane: int
Frames: string
Session: int
TeamResult: int
IndividualResult: int

Y

$

Session

SessionNumber: int
Userld: int
Establishment: int
DateTime: DateTime
TeamOpponent: string
IndividualOpponent: string
Score: int
Stats: int
Games: string
TeamRecord: int
IndividualRecord: int

Current Design




Ball

Mobile Application Team —

+addBalis

+removeBall

+addBalls

UserlD - Int

Username - String
PasswordHash - String
First Name - String
Last Name - String
Email - String

Phone Number - String

Ball List - [|Balls

Last Login - String

+ Login

+ AddAsync - User

+UpdateUserAsync - User
+GetUserByCredentialsAsync - User y Password

+GetUserByUsermnameAsync - Username

+GetUserByldAsync - Userld

Current Design




Mobile Application Team

IndividualRecord:

Event

Userld: int
Name: String
Type: Abstract

Location of Event: String
Sessions: String
Average: int

Stats: int

Standings: int

[ 1 |

= Establishment = League = Practice = Tournament

Userld: int Type = "league” Type = "practice” Type = "tournament
Name: String
Lanes: string
Type: string
Location: String

Current Design




Questions?



Current Implementation \



Simulation

\ Simulation (MS3 Goals) f

Select SmartDot

Acceleration (g) Rotation (°)

e — N

Magnetometer (uT) Light (lux)

e Port new simulation into BSA v A,,, “,
e Axis and units for graphs
e Bezierinflection point automatic movement/controlled movement

e Update the Unity game to work with the current version of MAUI

Current Implementation



Graphs updated (again!)
o Y Axisforced
o  Timer for X Axis framework

Inflection point settable
o  Font and color update

Ball visualization switch from

Three.js
o  OpenTk

o Evergine

Three.js moving with Motor
instructions and encoders

Acceleration (g)

Simulation (MS3 Achievements)

Rotation (°)

Initial Values Set![ll Select SmartDot

Magnetometer (UT)

Light (lux)

Home BoFEN 6O @

2, Qs ZrmGo@@mr NG I8 =

Input Values

800

700

600

500

400

300

200

100

20 40 60 80 100

Current Implementation



BSA Backend/Cloud (MS3 Goals)

Motor instructions

Replace CSV with memory mapped files

Save motor encoder data in database

Replay shot feature with data from database

Work with mobile team to get mobile schema in cloud

Current Implementation



BSA Backend/Cloud (MS3
Achievements)

Memory mapped files replace CSV for caching SD data
Encoder data/current sensor data can saved/sent to Simulation
Simulation spins based on initial RPMs

Secondary axis motor instructions can be sent to BSC

Worked with mobile team to create comprehensive cloud
database schema

Current Implementation



Login

Login Register

BSA Frontend

(MS3 Achievements)

Goals

e Update Registration page

e Sort Arsenal page and Cloud Management page

‘
|
|
:

‘

:
|
|

Forgot your password?

e Prepare the Ball Spinner Application frontend for

next semester |
Arsenal
Name Diameter Weight Core Type Nore

AC h i eve m e nts a 99 100 Asymetrical

demo 9 10 Pancake

z 99 6 Asymetrical

e (Mostly) Revised Login/Registration page
Arsenal

e Sorting on Arsenal & Cloud Management pages Neme Diameter Weight  Core Type

z 99 (3 Asymetrical

e Continued work on in-code documentation . 0

a 99 100 Asymetrical



Ball Spinner Controller (MS3 Goals)

e Improve encoder accuracy with Motor
encoder

e Integrate encodersinto system

e Finalize PCB Traces and print for Expo (Find
Relays and fuses)

e Restructure Protocol Messages (Msg Types)

Current Implementation



Ball Spinner Controller (MS3 Achievements)

e Motor Encoders in final stages of integration process

e PCB ordered for Expo:

o 2 Motor Drivers

60 Seconds
Time Between each Impulse (Seconds) * CPR 1 minute

o 2 Motor Encoders Encoder RPM =

e Design Prototype MMS motor clamp Software Indexed Encoder RPM = Number of AStgnals » 80Seconds

1 minute

Current Implementation



Ball Spinner Controller (PCB Features)

Mator Dri

Allows for:
e 2 Motor Control
e 2 Current Sensor
Readings
e 2 Motor Encoder
Readings

Feeds in both 48v and 5v

Current Implementation



Ball Spinner Controller (PCB Features)

N

Open GPIO Pins for future ‘ 18
Implementatlon > " 4 MOSLSPIO/GPI010
/ D ¢ MISO_SPI0/GPI009

Sv GND (AN,
[MEL B>
LD

5v GND <]_/\({-

Sv GND

4

BV Salid State Relay

Startu

1
2
51
Power Sta ggé Pin - c

Current Implementation

GPI021/SPI1_SCLK/PCM_DOUT

5v GND AN




Ball Spinner Controller (PCB)

ZgaRsuy

An unrealistic amount of work In an
"{,"ﬁ"“‘ amount of time
=D. Hake

d
|
| o)

nnnnnnnnnnnnnnnnnn

,_,'57§ ‘
& 5|
<] [ ‘::?o‘

lllll

An unrealistic amount of work in an
unreaHsoknable amount of time
-D. Hake

An unrealistic amount of work in an
unreasonable amount of time
-D. Hake

Current Implementation



Ball Spinner Controller (MS3 Achievements)
HMI

e Motor Encoder Value appears in the HMI (Local + BSC)
e SmartDot Connection in Local Mode
e SmartDot Configuration in Local Mode

e SmartDot Graphingin Local Mode

Current Implementation



Ball Siirmer Controller HMI
X Ball Spinner HMI — O X

Start Local Mode Start BSC Server

|
. iplementation



Mode:

B_A_SCANNED_SD

Open Protocol History

1
1

1: B_A SCANNED SD
0: B_A_RECEIVE_CONFIG_INFO

9: A B CHOSEN SD

B: B A SCANNED SD

7

: B_A_SCANNED SD

6: A B_START SCAN_FOR SD

5

: A B START SCAN FOR SD
: B A NAME

: A B NAME_REQ

: B_A_INIT HANDSHAKE ACK
: A B INIT HANDSHAKE

Socket: 10.127.26.125:8411

SD Information

100Hz, 29
100Hz, 125dps
10Hz, 1000/2000 puT

0.5Hz, 600 Lux

Current Implementation



Motor 1 Details

Speed: 0.00 RPM
Current: DA

X Ball Spinner HMI

Status: Running

Connected to CC:67:8C:A2:28:23

Close XL MG

> X

30w s
- | k\‘/
(S

e’ “wtud

LT

126
b o , Peeseeeoetew
- Y

Close SD Connection

Current Implementation



Ball Spinner Team

Proposal Reality
e Create miniature 2nd and 3rd DoF prototype e Finished printing of 2nd (axle) cup to stabilize 1st DoF
e Print and implement the SmartDot module insert e Drilled access hole for wiring through the safety box
e Finalize preparations for the Capstone Expo e Finished miniature 2nd and 3rd DoF prototype

e Createddesigns for the SmartDot module insert
e Painted parts for the Capstone Expo
e Clamping axle cut, finished, and mounted

e Cutout RevMetrix Emblem (to be mounted)

Current Implementation



Mobile Application Team

10:46 © B N ala 959 0 m% 0B =l 19%8

& &

MS3 Goa|S Returned value: 6
o

e |Improved Game functionality

e Connection to Cloud Database

e Bluetooth/MMS (Stretch Goal) player

Strike Ball ° °
MS3 Achievements -sm - o
L
e Improved game functionality selecta Board
e Connection to Cloud Database
< @] 11 11 @] <

Current Implementation



Questions?



Demos









11:22 = N2l @

= Home

e

RevMetrix

Login
Register

Guest

N
@



\ Mechanical Team Demo



Future Implementations \



Simulation

e Implement timer
e Slight bezier calculation refactor

e Update the Unity game to work with the current version of MAUI

Future Implementations



BSA Backend/Cloud

Testing

Bug fixes

Documentation

Poster

Removing diameter from Ball POCO

Future Implementations



BSA Frontend

e Prepare for the expo
o Poster
o Testing
e Continue Documentation

e Fix Register

Future Implementations



Ball Spinner Controller

e Integrate PCB

e Determine Motor Encoder issue

e Add Reverse Rotation of Second Motor

Future Implementations



Ball Spinner Controller HMI

e Circular buffer on the protocol history
e Reposition local SmartDot/make local mode layout cleaner.
e Add popup windows to the back button.

e Add optimizations to the graphing + fix GY data.

Future Implementations



Ball Spinner Team

e Visualize full physical system
e Finalize design for insert for smart module
e Capstone expo

o Finalize poster

Future Implementations



Mobile Application Team

e Testing/ Bug fixes
e Wikiupdates
e Capstone expo

o Finalize poster

Future Implementations



loNs~?

Quest

‘@

[CY

4

@
) _.a A

:(

\@ .

‘@
\@ .

‘@
&

N
€9

‘@
@ b

MCJ
) |s 2

ﬂa! ,““ )

@
\@®

‘@
\@®

\ 4
@ 3

pr.
9

4
@ )

@

\@®

Ao

\@& .

\ |2
@}

|2
@ 3

‘@

@& .

‘@
\&

‘@

@

€9 _é 1_“" ) _
)

|2
9

‘@
& .

‘@ oy
& Y

o
@& .
‘@
@ .
=
\@ .

Please let Robert Fields graduate on May 17, 2025



