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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 \



. . Framerate: 58.85348
Simulation “
\muatnon

- AN

® 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

e Recreates the motion of a bowling ball rolling down a

lane

e Motion will be split between 3 DoFs (Degrees of
Freedom)
o Each will be built on the system of the last.

e Will be used to test the accuracy of the SmartDot

Project Overview
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Mobile Application Team = Home

Mobile app for the RevMetrix project .
Allows users to create an account
Access personal ball arsenal
View/Create events, sessions, and games

RevMetrix

Welcome, Josh

Ball Arsenal

Session List

Bluetooth

Account

Data

< @] 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



Implemented

Partially
Implemented

Not Yet Implemented

Naw
UML

Application

Server



Current
Datalbase
Schema BS

Implemented

Partially
Implemented

Not Yet Implemented
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Common POCOs (Plain Old Class Object)

SimulatedShot
ByteArray Token User ShotList simulatedShot: Shotinfo
Token: byte[] firstname: string ShotList: List=SimulatedShots> data: SampleData[]
I — lastname: string ball: Ball

DateTimePoco username: string

DateTime: DateTime email: string

phone_number: sfring

DualToken Shotinfo SampleData
TokenA: string Credentials Name: string type: string
TokenB: string usemame: string BezierlnitPoint: Coordinate count: int
password: string BezierinflectionPoint: Coordinate timestamp: float
BezierFinalPoint: Coordinate x float

HashAndSalt TimeStep: double yihoat

Hash: byte]] Comments: strin z float

Implemented Satbye e W— .

Ball

Arsenal Name: string

StringToken Arsenal: List<Balls> _|__> Weight: string

sl smng Diameter: float
Pa rtially CoreType: string
Implemented

SmartDotList N~ BallSpinnerList < BaliSpinner
SmartDotList: List<SmartDot= BallSpinner: BallSpinner> Ll Name: sfring

Not Yet Implemented —

SensorA- List<int=

MACAddress: string

Name: string

MACAddress: string SensorB: List:

SensorC: List<int= CU rl’eﬂt DeSIg n




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

Partially
Implemented

Not Yet Implemented




BSA Backend

IBallSpinner

1 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
Implemented oS = ' Stop() - void

: ‘ isConnected(): bool

public void SetlnitialValues()

Partially
Implemented

Not Yet Implemented




BSA Backend

currentRPMIndex: int
RPMList: List<double>
RPMCount: int

Implemented

Partially
Implemented

Not Yet Implemented




BSA Backend

Implemented

Partially
Implemented

Not Yet Implemented

e WiteToTempFile
fieName: string

weData()

DataParser
OnDataRecieved: event

Wiiter: WteT

IDataViewhlodel
SendSmartDotToSubscribers() : void
DataRecsived(): void

Subscriba(): void

Unsubscribe(): void




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
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Doturonteiesictrect . Emmetirz
Pacatiebectcan pect Selectecier e et meddoza . Vot
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st e
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OncatiatSparaetstonCAckec obpect  ientions
Oednanatiuteniiceutme | Eietion]
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—

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

[

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



BallSpinner Controller

o BSCModes = ]
I /SmartDot <= SmarDotSimulator
i iSmanDol(MAC_Address)
BallSpinnerCortraler e e
eaMationS
4 T ): void MetaMationS
comensHandier() : void Green
e starthcoelint acoelOdr, accelRange) S ——
R 5 . LightBluel ED{bodl ststus)
moSensorHander) - void =artGyro(int gyroOdr, gyroRange) -
matorHander() - vaid start ightSensor() - void
smartDotScanner) : void
HMIDataHandler() : void

LightRedLED{bool status)

stopAccel()  vaid LightORLEDY)

stopGyrof) - void bool redLEDStatus

Implemented S— scpag) : v boct bl EDStska

iSmartDot smartDot

peimMolorCurr =topLighiSensor{) : void bool greenL EDStatus
WuxSensor secMolorCurrentSensart E

WAuxSensor secMolorCurrentSensar2
Moator PrimMator

SYellalal=ls ——

Motor secMolor2

Controller hartialy [ s
Implemented — :

CurrentSensor

arrent

iMalor

Motor(int GPIOP#N) : void

Not Yet Implemented

changeSpeed(int RPM) : void .
geiCurreniSpeed() : vod StepperMotar
Protocol

float currSpeed

HMI float trgetSpeed
run_UK) : void

geiMatorDat() ShuntMolor

locaiMode(}

pelSmanDolData)

WrEharedDats

Current Design




BSCModes

¥
BallSpinnerCortroler

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

sacket commeChannel

iSrmartDot =mariDat

WuxSensor prmMalorCureniSensar
AuxSensar secMolorCurentSensort
AuxSensor secMolorCurertSensar2
Mator PrimMotor

Mator sechalor’
Motor sechMolor2

dict vl Devices

dict avasiDevicesType
dict HMIData

F‘r'.:‘(oc-:z(

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

rrehoredDats

BattSpinner Controller

BSCModes

BallSpinnerContralier

_init_{) :void
camemsHandles() :
smartDotHandler) : vad
suxSensorHandier) - void
matortander() - void
smartDotScanner) : void
HMIDatsHandler() : void

socket commsChannel
iSmartOot smartDot
AuxSensar prmMolcrCurentSensar
AuxSensor secMolorCurentSensort
WuxSensor secMolorCurrentSensor2
Motor PrimMator
Motor secMolort
Motor secMoalor2
> dict availDevioss
dict wvslDevicesType
dict HMIData

HMI
run_UW) : void
peiMatorDat)

ode ()
rtDolData()

NheredData

ISmanDot
iSmanDol(MAC_Address)
connect{) : void
dizconnect() : void
startAcoelint acosiOdr. accelRange)
startGyrodint gyroOdr, gyraRange)
- void

iMator

Motor(int GPIOP#N) : void

dizconnect() : vod
changaSpeed(int RPM) - void
getCurreniSpeed|) : vod
float currSpeed

float targetSpeed

nePower

SmartDotSimulator

MetaMoationS
LightGreenL ED(bool status)
LightSluel ED(bod stalus)
LightRedLED{bool status)
LightOFLEDY)

bool redLEDStatus
bool HuelEDStalus
bool greenl EDStatus

olorEs

CurrentSensor

fout current

StepparMotor

ShuntMolore

Current Design




BallSpinnér Controlle

- BSCModes -
I SmartDotSimulator
l iSmanDal(MAC_Address)
C BallSpinnerContralier connect{) : void
_init_{) :void chiscon ) void MetaMoationS
cammsHandler() : void GreenL ED(bool
S starthcoelint acoelOd, acceiRange) T —_—
smartDotHandler) : vad

iSmartDot = SmartDotSimulator suxSensorander) - veid startGyrofint gyroOd. gyraRange)

iSmartDot(MAC_Address) e s startighiSenser() : void

LightSiuel ED{bod status)
LightRedLED{bool stastus)

stophccel()  vaid EigHNEED)

=topGyrof) - void baol redLEDStatus
stopMag() - void bool buel EDStatus
MetaMotionS steplightSensor) : void baol greenl EDStatus

connect() : void

disconnect() : void

startAccel(int accelOdr, accelRange) LightrmenlERihaal status)

startGyro(int gyroOdr, gyroRange) LightBiel ED{boolistatus)

startLightSensor() : void LightRedLED(bool status) o= :::Z:::W . - pr—

i dict HMIData e 3 e
stopAccel() : void LightOfLED() e : ; MolorEncode

CurrentSensor

stopGyro() : void bool redLEDStatus fout curren:

stopMag() : void bool blueLEDStatus : - iMotor
Motor(int GPIOPR) : void

stopLightSensor() : void bool greenLEDStatus disconnect() : void

changaSpeed(int RPM) - void

gelCumentSpeed)) : vad Sleppadiclor

int accelOdr, accelRange Protocol L
!nt magOdr, magRange 5 = :::m:zﬁ

int g_yroO_dr, gyroRange i L v i

Static String UUID gelMotorDat) ) ShuntMotoe
lociMode(}

getSmanDolData()

T T—

Current Design




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

getCurrentSpeed() : void

float currSpeed
float targetSpeed

int targetPower

StepperMotor

...... = ShuntMotor

BallSpinner Controller

BSCModes

BallSpinnerContralier

_init_{) void
commsHandier() : void
smantOctHandler) : vad

nsortHandier) - void

axSe
motorHander() - void

smartDotScanner() : void
HMIDastas ) : woid

socket commsChannel

iSmartOot smartDot
AuxSensar prmMolcrCurentSensar
WuxSensor secMolorCurreniSensart
WuxSensor secMolorCurrentSensor2
Motor PrimMator
Motor secMolort
Motor secMoalor2

> dict svalDavices

dict wvslDevicesType

dict HMIData
*
- Protocal
— HMI
run_UK) : void

peiMatorDat)
lociMode ()

getSmanDolData()

T T—

0 /smarDot qeneeeees = SmarDoSimulator
iSmanDal(MAC_Address)
connect{) : void
ey ok d----rne - MesaMationS
startAconkint acosiOdr. accelRange) O
starGyrolint gyroOdr, gyroRange) LighiBiis| ETNBac s8lis)
O LightRedL ED(bool status)
stophccel()  vaid EoHEE)
stopGyrof) - vod baol redLEDStatus
stopMag) - void bool buel EDStatizs
stoplightSensor]) : void bool greenl EDStatus

= 3 [

- iALxSensor a

readData() - float

< iMalor

Motor(int GPIOP#N) : void

disconnect() : void

changaSpeed(int RPM) - void

getCurrentSpeed() : vod
float currSpeed
float trgetSpeed

tPower

MolorE!

CurrentSensor

fout current

StepparMotor

ShuntMolore




IAuxSensor

readData() : float

'
L

Tachometer

BallSpinner Controller

MotorEncoder

CurrentSensor

float current

BSCModes
BallSpinnerCortraler
comemsHandier() : void

vad
auSensorHandier) - veid

matortander() - void

AuxSensar prmMolcrCurentSensar
AuxSensor secMolorCurentSensort
WuxSensor secMolorCurrentSensor2
Motor PrimMator

Motor secMolort

dict wvslDevicesType
dict HMIData

HMI
run_UW) : void
peiMatorDat)
lociMode ()
getSmartDolData()

T T—

- ISmanDot
iSmanDol(MAC_Address)

connect{) : void

dizconnect() : void

startAcoelint acosiOdr. accelRange)
startGyrodint gyroOdr, gyraRange)
startightSensor() - void

stopAccel() - void

stopGyrof) - void

stophag() - void

stoplightSensor() : void

SmartDotSimulator

MetaMoationS
LightGreenL ED(bool status)
LightSluel ED(bod stalus)
LightRedLED(bool stastuz)
LightOFLEDY)

baol redL EDStatus

bool biuel EDStalus
bool greenl EDSttus

iALxSensor

readData() - float

- MalorEs

CurrentSensor

fout current

iMalor
Motor(int GPIOP#N) : void

disconnect() : void

changaSpeed(int RPM) - void

getCurreniSpeed() : vod
float currSpeed
float trgetSpeed

ower

StepparMotor

ShuntMolore

Current Design




Ball
SYellalal=ls
Controller

X ondary
ply Motor1

Secondary

Driver Motor2

Converter

Raspberry Pi -
w/ Display

Mot: v
Motor2 PWM

Stepper Motor Electrical Block Diagram

Primary Natar Driver

22 cpi0L2/PVNO
4 6PI0L3 /PYNa

) 610 4 /uerr_T0
28 GPI0LS /UARLRXD

SPIOLE/SPI1TEX
GPIOL7 /SPIA TEL
&

CHLFS
28 spinzo/5pia_nosy Pci oI/ Puna
GPI021/5PI1_SCLK/PCH_DIUT

5| 6PI022/510_CLK
8 GP1023/SDIC_CHD
sPi024,/5010_04Ta
GPI025/SDIC_DATA

GPI027 /5DIC_DATS

5|

10_50_/2C0/GPioon
10-5612€0,

50AIZC1/GFI002
SLLI2C4/GPI003

TELSPIO/GFIOG

TELSPIo/GPIO0E
NISO_SPI0/GPIDG:
NOSLSPIO/GPIO1
SCLK_SPID/GPIDIL

Current Electrical Schematic

Current Design



Ball
SYellalal=ls

Controller

F
p ry Natar Driver

MZ Amp_Sensor2

s VIoUT

+5V

£ 1P— VeC | a 4

o
. Fu.T:R—g—’__]_ 2

P+ GND

{ CLDUT[

CSmall

'ﬂlllllllll

rfmo
= oum
Pifmary Motor
= 1 . 24 v,

Temp Separation

Raspberry_PI &

Local Mode CLK

GPI0L2 /P¥NO
6PI0LI /PYNA

EPI0L4 /UART_TXD
GPI0L5 /UARTRXD

GPIOLE/SPILTED
GPIOL7 /SPILTET

GPI0LB /5PI4_TED/PCM_CLK/PWHD
GPIOLY/SPILMISD/PCNFS
&PID20/SPIA_MOSI/PCN_DIN/FWN1
GPI021 /5PILSCLK /PCHDIUT

GPI0Z22 /5DI0_CLK

GPI023 /SDICCHD
6PID24 /S010_DATA
GPI025/5DI0_DATL
&PI026/5010_DAT2
GPIO27 /SDIC_DATS

sY
N3

10_50_J2C0/GPI000
10_5412C0/GFI001

S0AZCL/GPI002
SCLI2C4/GPIO03

GPCLKO/GPIOO%
6PCLKL/GPIODS
GPCLK2/GPIO0G

CELSPIO/GPIOOT
TELSPIO/GPIOOS
NIS0_SPIO/GPIO0Y
NOSLSPIO/GPIOAD
SCLK_SPI0/GPIDA1

Current Design



Ball Spinner Team

Implement Counterweight
o Placed strategically to most

counteract weight dist. without
greatly affecting spinnability

e Cut and Resize Axle Rods
o Lathe and cut steel rod
o Shorten motor end axle

e Resize Gear Chain
o Attach chain tensioners

e Create 2nd DoF Track

L S

F2 1‘3 e 3 1 e a5 s
g qs o EEE 17 18 19 : 26, (271280129

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 (MS2 Goals) f

Select SmartDot

Acceleration (g) Rotation (°)
: | \\

Magnetometer (uT) Light (lux)

e

e Implement OpenTK for the ball visualization

e Improve graphs
o Xaxis
o Sizing
o Scrolling
o Beziersliders

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

Current Implementation



Simulation (MS2 Achievements)

Acceleration (g) Rotation (°)

e Graphs updated

o Points added MoEetceten(Hl) Light (lux)

o  Animation stunted
for better performance

e Bezier graph functional
o  Sliders change graph

Input Values X

e Ball visualization switch from Three.js to
OpenTk

o  Ballisspinning ¥
o  Textures g;\
y ~"

o  Controllingits XYZ
m Direction
m Angle
m Speed

Current Implementation



BSA Backend/Cloud (MS2 Goals)

e Upload shot changes
o Comments
o Ballused
o Initial values
Upload and view saved sensor modules
Send motor instructions based on Bezier curve
Add testing to CI/CD pipeline
Implement local database

Current Implementation



BSA Backend/Cloud (MS2
Achievements)

e Upload shot changes
o Comments
o Ballused
o Initial values
o Issue fixed that limited # of values that
could be sent
Get list of shots endpoint updated
e Send motor instructions based on Bezier curve
e Testingadded to CI/CD pipeline

Current Implementation



. Input Values

BSA Frontend
(MS2 Achievements) . ¢

Goals s o

e Finalize Design of the initial values page |

e Progress on functionality of the initial value:

page
Achievements

e |Initial Values Page layout updated

e Initial Values Page functional

L J

Current Implementation



Ball Spinner Controller (MS2 Goals)

e Interface w/ motor encoders

e PCB and Housing Designs

e |Interface w/ Amperage Sensors

e Protocol Messages for Error Messages
Drafted

Current Implementation



Ball Spinner Controller (MS2 Achievements)

e Current Sensors Interface w/ BSC

e PCB Schematic nearing Completion for Capstone Expo

e AllCrashes detected in BSC displayed on HMI
e Now interfaces w/ Stepper Motors instead of Shunt
e Minor Bugs:

o Bluetooth Crashing

o Power Cycling

Current Implementation



\ Ball Spinner Controller (PCB Current Progress)

Power
Distribution
Motor Connectors
Current Sensor o . Raspberry Pi
Circuit | : G "ePisie ——+ Connector
Motor Encoder
Connectors
7" Display
Absolute Encoder Connector

Connectors

flle:

Current Implementation



Ball Spinner Controller HMI

Start Local Mode Start BSC Server

Close
currert implementation



X Ball Spinner HMI = O X

Emergency Stopped motor
‘ Back

Motor 1 Details

Speed: 110 RPM
Temperature: 41°C
Current: 0A
Status: Running

Close

Controlling RPM of motor 1, RPM: 11

w ) al al

ntation




()( Ball Spinner HMI

‘ Back

- a X

- A B CHOSEN SD

: B_A SCANNED SD

- B_A SCANNED SD

. A B START SCAN FOR SD
- A B START SCAN FOR SD
. B_A_NAME

. A B NAME_REQ

- B_A INIT HANDSHAKE ACK
- A B INIT HANDSHAKE

SD Information

XL: --

A B_CHOSEN SD

o B B B o s el B

Open Protocol History

\tation




Ball Spinner Team

v\A' KEYSIGHT  Infiniivisi n DSOX3024T pigitar s

e Encoder data/readings

o Using the impulse to trigger the signal

m Impulse-impulse is the time for 1 rotation
m Singal A & B have 50 waves for a single rotation

o XOR-ingthe A and B signals can measure direction

w & 5

Current Implementation



Ball Spinner Team

Proposal

Manufacture axle rods
Modify dimensions of current enclosure
Size plates to house axle and motor

Affix free-spinning axle to plate

Research casting methods for polyurethane cups

Creating a motor dampening support stand

Assembly of prototype

Reality

Manufactured axle rods (both wood and steel)
3D printed cups
Motor dampening support stand created

Prototyped first DoF
o  Andstarted the second

Axle and motor housed

Current Implementation



Mobile Application Team

MSZ Goals Establishment
e Partial Game functionality
e Establishment page
e Expand Local database
o Establishments, Sessions, Games, Shots
e Bluetooth connectivity
o  Smart Dot Connection
e Connection to cloud database
MS2 Achievements
Updated shot page Ul
Expanded local database
< @] 1l < (@] 1

Partial game functionality
Added establishment, session, and game creation

Current Implementation



Questions?



Demos
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Motor Encoder
Readings

PROBLEMS OUTPUT  DEBUGCONSOLE TERMINAL PORTS

*Reads Rising Edge of each wave

%
i

—333

*Missed Steps seem to Cause Inconsistent RPM



11:51 (D © - BN Rl B

Home

—

RevMetrix

Login
Register

Guest

N
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\ Mechanical Team Demo



Future Implementations \



Simulation

e Port new simulation into BSA
e Axis and units for graphs
e Bezier inflection point automatic movement/controlled movement

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

Future Implementations



BSA Backend/Cloud

Motor instructions

Save sensor modules to database

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

Future Implementations



BSA Frontend

e Limit # Simulations and Ball Spinnersto 1
e Registration page
e Sort arsenal page and shots page

e Prepare the Ball Spinner Application frontend for next semester

Future Implementations



Ball Spinner Controller

e |Improve encoder accuracy with Motor encoder

e Integrate encoders into system

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

e Restructure Protocol Messages (Msg Types)

Future Implementations



Ball Spinner Controller HMI

e Connecttosmartdotinlocal mode
e Fix button position on motor controller (local)
e |nvestigate and draft smart dot data graphing

e Finish the pesky back button

Future Implementations



Ball Spinner Team

e Mechanism for third DoF
e Create aninsert for smart module
e Magnetic Shielding for motor

e Motorize second DoF

Future Implementations



Mobile Application Team

e |mproved Game functionality
e Connection to cloud database

e Bluetooth/MMS (Stretch Goal)

Future Implementations
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Please let Robert Fields graduate on May 17, 2025



