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New (Mobile) Schema
e — d

Establishment Table
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Event Table




id int (PK)

sessionlD int (FK)
time float
New (Pi) Schema o %) Zird e

sessionlD int (FK)

MG_X,Y,Z float

time float T float

rpm float

id int(PK) - sessionID int (FK)
~
time float
id int (PK) pulses float
name string torD 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



Cloud (MS2 Goals)

e Implement Pi Database
Add API endpoints for new Pi Tables
e Master merge of Mobile & Cloud Database tables and API



Database Additions & Digital Ocean Update

e Added 6 new tables for Pi Team onto HH Team_Pl_Tables.DiagnosticScript

backend BH Team_Pl_Tables.EncoderData

e Pushed all of our APl and DB changes B8 Team Pl Tables.HeatData
from MS1 and MS2 onto the Digital D ;

Oceandroplet

B Team Pl Tables.PiSession
BH Team_Pl_Tables.ShotScript
BH Team_ Pl Tables.SmartDotData

re

25 cloud.digitalocean.com/d

GNU nano 6.2 Fall2025DBChanges.sql
IF OBJECT ID(N'[ EFMigrationsHistory]') IS NULL
BEGIN
CREATE TABLE [ EFMigrationsHistory] (
[MigrationId] nvarchar (150) NOT NULL,
[ProductVersion] nvarchar (32) NOT NULL, Screenshot of our SQL SCI’ipt
CONSTRAINT [PK EFMigrationsHistory] PRIMARY KEY ([MigrationId file in the Liquibase folder of

our DO droplet

BEGIN TRANSACTION;
GO

IF NOT EXISTS(SELECT * FROM [ EFMigrationsHistory] WHERE [MigrationId
BEGIN

IF SCHEMA ID(N'combinedDB') IS NULL EXEC(N'CREATE SCHEMA [combined]



API Improvements/Additions

e 12 newendpoints added
e Create/Edit calls for all Pl tables added
e Sortedresults and parameterized retrieval

GET /api/gets/GetAllPiDiagnosticScriptBySession

GET /api/gets/GetAllPiEncoderDataBySession

POST /api/posts/PostPiDiagnosticScripts

GET /api/gets/GetAllPiHeatDataBySession

POST /api/posts/PostPiEncoderData

POST /api/gets/GetAllPiSessions

Zeue | /api/posts/PostPiHeatData

GET /api/gets/GetAl1PiShotsBySession

POST /api/posts/PostPiSessions

GET /api/gets/GetAllPiSmartDotDataBySession

POST /api/posts/PostPiShot

POST /api/posts/PostPiSmartDotData




APl Improvements/Additions Cont.

https://api.revmetrix.io/api/gets/GetAllPiSessions

Params Auth Headers (9) Body Scripts  Settings

HITP https://api.revmetrix.io/api/posts/PostPiSessions

https://api.revmetrix.io/api/posts/PostPiSessions
"rangeStart": 20251100,

"rangeEnd": 20251118
Params Authorization Headers (9) Body Scripts Settings

form-data x-www-form-urlencoded @ raw binary Grapl
D)

Body
{} JSON v > Preview [ Visualize v

=id®: -1, 1 I
“timeStamp": :
"name"”: "Test Session 2' 3 "id": 1,
"isShotMode": true 4 “timeStamp":
: “name”: "Test
"isShotMode":

ks Sl
"timeStamp":
"name"” :
"isShotMode" :

Body Cookies Headers (6) Test Results

{} JSON v [> Preview [ Visualize v




Cloud (Future: Final Presentation)

e Implement an APl interface on the mobile application to interact with our newly created

Database Tables and APl Endpoints
Continue to improve/modify/add to the API as needed by both the Cellular and Pi teams

Add Edit/Delete endpoints to existing Tables that need them






Mobile App (MS2 Goals)

e Improve shot page
o  Refactor Shot page logic
o  Comment button functionality
o  Storedropdown selections
o  Edit shots capability

e PortJavaApito C#
e Cloud Database Connection
e Improve/ add unit tests



Mobile App (MS2 Achievements)g

Scan

Available Devices:

e Improve shot page
o  Refactor Shot page logic

o  Comment button functionality —— e

o  Store dropdown selections (Some) :

o  Edit shots capability SReenet
e Basicstats Ul
e Video page resolution selection sarore .
e SmartDot is connecting to the App '

Accelerometer

Start

Gyroscope

Start

<




Mobile App (Future: MS3)

Stats Page Functionality (Some)
Finish Cloud database connection
Upgrade to .Net 10

Improved Unit Testing



Mobile UML Overview

Mobile
App

Implemented

Partially
Implemented

Not Yet Implemented




Mobile UML - Page Models

Page Models

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

OnRegisterTapped(objec, EventArgs)

MainPage
ContextStore: MainViewModel
_userRepository UserRepository
IsLoggedin - bool

MainPage()

InializePageAsync(): Void
OnAppearing(): Void

UpdateUl(): Void

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

SoftRefreshAsync()

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

HashPassword(stiing)

Account
ContextStore: MainViewModel

userRepository UserRepository

Bluetooth

Bluetooth()

OnAddClicked(object, EventArgs)

EditAccount
ContextStore: MainViewModel

userRepository UserRepository

AccountPage()

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

OnstatsClickadavject, EventArgs)

ShotPage
ContextStore: GamelnterfaceViewhodel
ShotPage()

OnAppearing(): Void
BoardChanged(ovject, EventArgs)
OnPinGlicked{object, EventArgs)
OnNextClicked(abject, EventArgs)
GetDownedPinsForShot(nt)
GetDownedPinsForFrameView(short, short)
GetDownedPinsTotalFrame(short)
UpdateShotBoxes(): Void
ApplyPINColors(ShotPageFrame)
ApplySecondSholColors(ShotPageFrame)
ReloadButionColors(): Void
OnFoulClicked(oblect, Eventargs)
OnGutterClicked(obiect, Eventaros)
OnspareCicked(object, EventArgs)
OnStikeCicked(object EventArgs)
Saveshotasync(int)
SaveFramoAsynoboo, bool)

UpdateScor

ChecklFramesExistForGame()

LoadExistingGameDatal)

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

HashPassword(sting)

APITestPage

OnloadTestDateClicked(): object, EventArgs

Video
isCameraStaried - bool
previewResoluion - size
isRecording - bool

currentvideoPath - string

BallArsenalRegistrationPage
_ballRepository BallRepository

Balls ObsersvableCollection<Ball>

OnRegisterBallClicked(object, EventArgs)

BallArsenalPage
_ballRepository BallRepository
Balls ObsersvableCollection<Ball>

userlD - int
OnAppearing(): vold

LoadBalls() : void

‘OnAddBaliBinClicked(object, Eventargs)

EstablishmentPage

_EstablishmentRepository EstablishmentRepository

userlD - int

OnAppearing() : void
LoadEstablishments() : void
OnAddEsiablishmentsClicked(object, EventArgs)

OnEstablishmentsSelected(object, EventArgs)

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

OnDisappearing(object, EventArgs)

Stats

stats()
OnAppes

ing(: Void

OnLoadStatsClicked(object, EventArgs)

_EstablishmentRepository EstablishmentRepository

ObsersvableC:

userlD - int

OnRegisterEstablishmentClicked() * void

EventPage
_EventRepository EventRepository
Events ObsorsvabloColloction<Event

userlD - int

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

OnEventsSelected(object, EventArgs)

EventRegistrationPage
_EventRepository EventRepository
Events ObsersvableCollection<Event>

userlD - int

Implemented

Partially
Implemented

OnRegisterEventClicked() : void

Not Yet Implemented




Mobile UML - View Models

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

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

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

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

FrameDisplay: string _firstName: string SessionListviewModel(

CurrentDate: siring _lastName: string loadSeasionsi)

_hand: string _email: string I

pinstates: short _newUserName: string iSRRI NTBSMERARIIE)

shot1PinStates: short L phorieNhimiberisting getGameNumberMaxAsync(int)

_currentFrame: int _hand: string AddGameint)

_ourrentShot: int HandOptions: ObservableCollection<string> PO

currentSession: int NiaiAViewiiodel]

L UpdateUserName(string)

firstShotid: int LoadUseiDaEH)

sacondShotld: int SaveHandPreferenceToDatabase()

currentFrameld: int VerifyPassword(string, string) StatsViewModel

egiEmmeldir N s DesoraTEED _database: SQLiteAsynoConnection

Userld: Int OnPropertyChanged(string) =yserD: ot

GameCompleted: bool StatsViewModel()

RollingScore: int QueryData()

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

_shotOneBox: string

_shofTwoBox: string

GamelnterfaceViewModel()

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

LoadArsenal()

ShotPageFrame(int)

UpdateCenterPinColor(int, Color)

UpdatePinColor(int, Color) Not Yet Implemented

UpdateShotBox(int, string)




Mobile UML -D

atabase

Client
Database

GameRepository

_conn SCLiteAsyncConnection

CellularDatabase

_conn SQLiteAsyncConnection

ShotRepository

_conn SQLiteAsyncConnection

EventRepository

_conn SQLiteAsyncConnection

InitAsyncf) : Void
AddAsync(Game e) : Void

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

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

SessionRepository

conn SQLiteAsyncConnection

InitAsyne() : Void

AddAsync(Session session) : Void

userld) : Li

FrameRepository

_oconn SQLiteAsyncConnection

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

GetConnection(): SQLiteAsyncConnection

EstablishmentRepository

_conn SQLiteAsyncConnection

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

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

BallRepository

_conn SQLiteAsyncConnection

dAsync() :<Li

name)

InitAsync() : Void

AddAsync(BowlingFrame frame) : Void

GetFrameByld(int framelD) : BowlingFrame?

UpdateFrameAsync(BowlingFrame frame) void

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

GetFrameldsByGrameldAsynafint gameld): <List<int>>

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

GetBallsByUserAsyncint userld): <List<Ball>

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

GelEventByNameAsync(string name) : Event?

UserRepository

_conn SQLiteAsyncConnection

InitAsyna) : Void
AddAsync(Ball Balls) : Void

GetAllUsersAsync() :<List<User>>

DeleteAsync(int id) : Void

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

GetUserldAsync{int useriD): User?

Implemented

Partially
Implemented

Not Yet Implemented




910 =0 D -

Smartdot Connection Established Bluetooth

e Java-> C#did not work

e Connecting and Communicating directly with Available Devices:
the components on the board

e Accelerometer: 0x03 (BMI1270 on MMS),

Gyroscope: 0x13 (BMI1270 on MMS), Light
Sensor: 0x14 (LTR-329ALS-01), Magnetometer:

OX15 (BM M 150) Disconnect

MetaWear

Sensors:

Accelerometer



https://docs.google.com/file/d/1ECdE_tZ3EmIqCl0dFjXkmiOcKNRufjYY/preview

Mobile App - Demo!

— Home

o

RevMetrix

Login

Register

Guest



https://docs.google.com/file/d/1wsogktG3lJtNJ5VUv7XjMNM8LRuj7OY1/preview




Smart Watch High-Level Overview
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Smart Watch UML

Smartwatch App UML Design

© HomePage

o showActiveSession()

o startNewSession()
o resumeSession()

© GameSession

© SummaryPage

o displaySummary(session: GameSession)
o onSubmit()

saves before send sends via BLE

(© Localcache

oid:iInt

o sessionld : Strin

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

o timestamp : DateTime

(© BLEManager

© isC ted : Boolean

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

© disconnect()
i Se:!

ssion:

ion:

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

°
© loadSession() : GameSession
o clearCache()

tores current lbuilds from session JSON

o sessionld : String
o startTime : DateTime

© sLePacket

© FramePage

o endTime : DateTime
© Establi: : String

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

o frames : List<Frame>

o isComplete : Boolean

[o startSession()

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

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

(@© shotpage |

» endSession()
o toJSON() : String

© Frame

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

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

| s addShot(shot: Shot)

Contains

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

o recordShot()

byte array suitable for BLE transfer.

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

© fromJSON(json: String)



Smart Watch (MS2 Goals)

e Establish BLE Comms
o  Connect the watch to the phone
e Update models with relevant information
e Make views dynamic
e 2 phaseshotinput



Smart Watch (MS2 Achievements)

Added Bluetooth comms
o  BLE peripheral (watch) hosting custom GATT server
o  BLEclient (phone) using Plugin.ble

Updated models with relevant data

Made Game and Frame/Shot views dynamic
o  The game views now react to the number of game objects
e Added frame view logic
o  Cannow only access the frames up to the active frame
o  Processes the frame/shot objects for persistent data
e Updated shot input to 2 phase
o Pre shot, stance, board, lane, ball, start recording
o Post shot, pins select, shot speed, strike/spare and gutter/foul selection



Smart Watch (Future MS3)

e Local Storage
o  Objects already organized and populated for local storage integration
o Implement save to local storage
® BLEresearch
o  Packet work to send all data via BLE
o  Find limitations
o Research what exists already
e  Have minimally working system for game test



Smartwatch Bluetooth Demo

9:28 0@

BLUETOOTH
S m a rt Watc h Disconnected

No JSON received

Available Devices:

R

nnect
I @) <&



https://docs.google.com/file/d/12eyuYx90HKU43CgdBeVweCk_baMkCblT/preview

Smartwatch Functionality Demo

Game 1 of 7
Score: 59

e

Pre shot

Game 1 of 7
Score: 120

e

Post shot

Adaptive Games
Adaptive Frames



https://docs.google.com/file/d/10o020hUnWszuRgC7BdpRS85jbS7l1HmN/preview




Ciclopes - Goals for MS2

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



Ciclopes - Accomplishments for MS2

e Generate episodes of more realistic trajectories for testing
o Export with per frame BEV positions and kinematics labels
e Develop homography warping functionality
o Test with labeled BEV positions as ground truth
e Develop BEV episode buffer -> kinematics / features functionality
o Visualizations: Render trajectories
o  Actionable Data: Velocity at specific points, Break(curve) statistics
o  Frame Interpolation: Cubic Spline vs Piece Wise Linear Approximation
e Runend to end segmentation -> warp -> features testing on labeled episodes



Ciclopes - Deep Learning Overview

Inference

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

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

Representations Ex.

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

Choose Dimension to project to and fuse
into feature map

Block

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

A

4

Linear Transform

ation f(x)= Wx+b

v

Non Linear Turn (A

ctivation Function)

I

Feature Map
extracted

(collection of
features)

¢

v

X2 Repeat Blocks L
(Layers) Times

Output Head
Detection/BBOX

Output Head
Segmentation

C

),

Per Class Bit
Mask




Pre Processing Overview

1. Runs YOLOv11-segto segment ball and lane masks

- Returns buffer of dicts (JSON shape) containing lane and ball masks



Post Processing Overview

1.

Calculate BEV Homography Transformation
a. Usessegmented lane mask, and known values
b. Computes transformation to reuse for the ball
c. Ball must be in contact with the lane, and separation causes drift

Compute linear mapping of BEV units (pixels) to real world units (meters)

Compute centroids in BEV coordinates

Compute velocities / accelerations at different points down the lane (0%, 25%, 50%,
75%, 100%)

Compute total break, and open to compute more special features

Return data structure with a buffer of ball centroids in BEV, vel/accel values, break
total, and open for more



Homography Explanation




End to End Results

Metric None Linear Cubic Spline
Approximation

mAP@50-95 0.820 0.820 0.820

Avg Total Break 0.003 0.003 0.003

Error

End Speed Error ~0.522 ~0.531 1.411 - 0.632
Vel MAE 0.383 0.429 0.683

Accel MAE 9.33 3.23 12.77



Ball Trajectory - None Interpolation

Mode: NONE | Larfe Boundary
T RERUITEISEE ==e== Trajectory (none)
Vel X Error: -22.51 @ Start
Vel Y Error: -0.02 . End
o] Speed Error: 0.03
Acc X Error: 19.14
Acc Y Error: 0.52
Acc Mag Err:  12.05
Break Error: -0.002
End Spd Err: -0.52
mAP@50-95: 82.05%
I
200 A
L]
-
Renderin g 3
[0)
X
2
> 400
>
]
]
600 -
800 -

0 5‘0 160 15‘0 260 250 360 3!")0 4(‘)()
BEV X (pixels)



Where To From Here

Now:

e Technique for centroid extraction confirmed
e Segmentation of ball and lane is all that is needed

Future:

e SimZ2real/real world working vision model
o Difficult
o Noisy
o  Expensive (Effort/Time wise)



SAM3 - Segment Anything

Pros:

e Text based input (Software 3.0)
e Will segment balls and lanes / other things
e Native 2D pose detection — 3D points to render

Cons:

e Willsegment all lanes / balls
e Larger, no option to fine tune



Ciclopes - Goals for MS3

e Document engine
o Cleanup ugly/unused code
e Finalize research and concrete plan for sim2real
Research SAM3/3D and how that could be leveraged
Finalize plan for application implementation to timestamp frames to
process, and detect ball off the lane / other edge cases (ex. Not visible)
e Prepare forimplementation in real world use








https://docs.google.com/file/d/1VoORI5PtwkWUVf12dsD0B0XHkkreI4Yl/preview

Team Pi (Goals for MS2)

Hardware

e Implement safety

e Design and evaluate power distribution and source options (battery vs plug in power
configs)

e Test motor operations under various conditions

e |Integrate sensors and upgrades

e Begin Stepper Motor connections with appropriate drive module



Team Pi (Achievements for MS2)

Hardware

e NewBLDC + ESC setup
o  Built custom wiring harnesses for BLDC phase leads, Hall sensor and temp sensor
o  Navigated VESC Tool setup for motor detection, firmware and calibrations
e ESC + Picommunication setup
o  Attempted UART communication resorted to USB comms
o Initialized libraries and tested Python scripts
e Hall+temp sensor integration
o  Confirmed real time RPM and duty cycle feedback
o  Validated motor readings
e Nema 17 stepper motor + DM542 driver working
Physical layout and wiring
e Power system transition to 24 V industrial supply (P1-150-24) for motors
o 24— 5V buck converter for stable Rpi 5 power



Team Pi (Future: MS3)

Hardware

ESTOP, fuses and more electrical protections

o Includesindicator lights
Integrate hall sensor and temp sensor data into Ul
Get 3rd degree tilt stepper motor running

Combined motor system testing
o  Develop synchronized movement routines to simulate bowling ball shot
Work with MEs to integrate motors and connecting the two degrees
o Cablerouting and stress relief



Team Pi (MS2 Goals)

Software
e  Organize repository
e  E-stopbutton
e  UnitTest
e Investigate Frontend Testing utilities
e  Add further diagnostic page functionality
e  Add logging to all of our important functions
e  SmartDot Simulator
e  Shot script and database implementation
e Addstored shot/session page



Team Pi (MS2 Achievements)

Software

Develop “shot script” for the primary BLDC through a bowling shot sequence (2 Motors!!)
Organize repository
E-stop button
Investigate Frontend Testing utilities
Increase robustness of the SmartDot Connection
o  SmartDotConnectionManager
Built an extensive ReadMe for Raspberry Pi Setup
Add logging to all of our important functions
e SmartDot Simulator



Team Pi (MS2 Achievements Continued)

Software

Added Motor functionality to Diagnostic page
Shot script and database implementation

Add stored shot/session page

Data Models

Data Controller

Full Cloud Integration

Full Navigation system

Encoder on primary motor log integration



Team Pi (Future: MS3)

Software

Unit Test

Analysis page functionality

Refining ability to replay shots

Adding full save and replay of diagnostic sessions
Add Loading modal for APl requests

Fix bugs with timing and stepper motor

Fully update UML

Display Heat and Encoder Data

Remember MMS



Team Pi UML (OLD)
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Team Pi UML (New)

coneections
max_connecticns

add_connection
remove_connection
disconnect s
get_ceonections
getsmartdots.
getsmartdat

make_post

r

APl

get_test_data
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Ul UML
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Team Pi Milestone 2 Hardware System Overview
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Updated BLDC 1st Degree Motor
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Logic Level Shifter

DM542 Step driver

e Raspberry Pi GPIO outputs 3.3V, but the
DM542 stepper driver requires 5V logic for PUL,
DIR, and ENA signals. I
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5V logic

e A 3.3V signal is not guaranteed to register as
HIGH for the DM542 — risk of missed steps or no § e
motor movement.

1k

e Safely converts 3.3V GPIO signals — 5V control T
signals for the driver.

e Ensures reliable, clean, noise-immune pulses for
step and direction control. 11 3.3V logic

Raspberry Pi
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Physical Design Key Notes

e Key Goal: Motorize 1st degree of freedom and
begin motion testing

e Key Technologies:
o SOLIDWORKS - used to 3D model the
prototype as well as future iterations
o 3D Print Lab

Updated model for aluminum
prototype



Physical Design High Level Overview

e High Level Overview of Model:
o  Breakdown revised model
o  Key Changes (Wooden to Aluminum):

SmartDot Stick

Material

L-Bracket

U-Bracket

Size & Weight (3.5x in weight, 2.2x in overall
length)

Hollow Supports

e  Key Technologies:
o  SOLIDWORKS - 3D Modeling
o 3D Print Lab

Scaled Down aluminum prototype (40%
of full scale model)



SmartDot Support Overview

e  High Level Overview of Model:
o  Key Changes

Cylindrical Body

Friction fit for SmartDot

Set screw

Dimensioned to bowling ball
Low infill to minimize weight

e  Key Technologies:
o  SOLIDWORKS - 3D Modeling
o 3D Print Lab

Updated SmartDot Support



Physical Design

e  Parts that are implemented:
o  Updated system model
o  SmartDot Housing Stick
o  BSC housing model
o  Acrylic Safety Casing
e To beimplemented:
o  Vibration Control
o  1stand 2nd DOF motor integration with Team Pi
e  Forimplementing future functionality:
o Work with Team Pi to ensure motor compatibility for MS3

Current BSC Housing Design
Featuring Fan and Ventilation Ports






