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HIGH LEVEL OVERVIEW 



HIGH LEVEL OVERVIEW ZOOMED 1 



HIGH LEVEL OVERVIEW ZOOMED 1 



HIGH LEVEL OVERVIEW ZOOMED 1 



Physical Design Overview

DXF file of U Bracket and L-Bracket for 
waterjet cutting

Final Design for Ball Spinner



Physical Design Team (Goals and 
Achievements for MS2)

Goals
● Continue work on enclosure (Bottom panel and acrylic box mounting)

● Completed 1st and 2nd degree assembly

● Ensure assembly is ready for motor mounting

Achievements
● L-bracket, U-bracket, and Rotational Plate fabricated

● 1st and 2nd Degree assembled

● Assembly ready for motors (2nd degree)
Fully aluminum first and second degree 

with holes ready for limit switch mounts



Physical Design Team (Future: MS3)

Goals

● Fabricate and assemble 3rd Degree of Freedom

● Finish testing to ensure motors meet required acceleration

● Limit switches implemented 





Team Pi Demo



Team Pi (Goals for MS2)

● Add encoders to the 2 stepper motors

● Finalize the wavelet implementation within the analysis mode page

● Build standalone app

● Adding ENA connection for both stepper drivers to drop current

● Switching to UART comms for VESC

● PCB routing and order 

● Integrate E Stop LED indicator

● Investigate power up sequencing of current system



Team Pi (MS2 Achievements)

● Added shot editing capability to the data view page

● Implemented a PID system to drive primary motor

● Added a motor characterization test to the BSC

● PCB routing done. DMF analysis done. Waiting for order confirmation

● Enable pin  integrated for the stepper motors

● Integrated  E Stop LED indicator

● Found power up sequencing of 2nd and 3rd degrees



Team Pi (Future: MS3)

● Add encoders to the secondary and tertiary motors

● Get a releasable standalone version of the BSC application

● Integrate PCB with system

● Rewire the BSC

● Place BSC in enclosure

● Integrate new panel mount LEDs 

● Organization of system circuitry 

● Investigate power up sequencing after PCB implementation 



Team Pi UML 



PID Motor Control

PID Motor Control





Team Pi Current Electrical System



E-STOP
Updated

https://youtube.com/shorts/z9sWY7
U_5AA?si=puIk5aZ2aARLP9XW

https://youtube.com/shorts/z9sWY7U_5AA?si=puIk5aZ2aARLP9XW
https://youtube.com/shorts/z9sWY7U_5AA?si=puIk5aZ2aARLP9XW


Power sequencing

Video 1 Video 2

Video 3 Video 4

https://youtube.com/shorts/c2btYtZ
En3g?si=H5MURL9pOc5wyBWG

https://docs.google.com/file/d/19roXhK0eeLqpbo6bM_WPXGTBibRZjyqS/preview
https://docs.google.com/file/d/1LFn87TFoggbhxTI_iOgE_gj-fLSD-r76/preview
https://docs.google.com/file/d/1qZE9_HFEeUgrmhRk42CdXuH-ybAilHpX/preview
https://youtube.com/shorts/c2btYtZEn3g?si=H5MURL9pOc5wyBWG
https://youtube.com/shorts/c2btYtZEn3g?si=H5MURL9pOc5wyBWG
https://docs.google.com/file/d/1vex9gUlMHXUcmOZW9a73qxE2c8cNmSDS/preview




Ciclopes - Overview



Ciclopes - Client Side Models



Ciclopes - Ciclopes-API UML / Architecture



Ciclopes - Goals for MS2
● Integrate fully into client application

○ Improve upon UI for better user experience
○ Improved data visualization for interpretability

● Utilize smart dot data for release and ground point detection
○ PoseEstimation from average approach time before release and a 

few frames after
○ LaneBall from ground contact after

● Non blocking inference of SAM3D Body
○ Separate API calls for LaneBall and SAM3D Body – LaneBall will 

finish much faster
● Implement edge case handling

○ Ball leaving lane
○ Many frames without ball detection

● Real world test
● Stretch Goal: Prototype on device inference for one architecture

○ Experiment with camera setup workflow for immediate user 
feedback



Ciclopes - Accomplishments for MS2
● Integrate fully into client application

○ Improve upon UI for better user experience
○ Improved data visualization for interpretability

● Fixed ball position render and added smoothing
○ Interpolation using a smoothing spline

● Implemented estimated pose rendering with EMA smoothing
● Non blocking inference of SAM3D Body
● Implement edge case handling

○ Extrapolation using expected next step distance from running velocity
○ Ball leaving lane, and many frames without ball detection

● Designed DB schema to save ball positions, kinematics table, and rendering 
vectors



Ciclopes - Ciclopes-API Execution



Ciclopes - DB Schema

skeleton_id shot_id frame_idx fps

Table: skeleton_frames

skeleton_id joint_id x y z

Table: skeleton_joints

ball_point_id shot_id frame_idx fps

Table: ball_frames

ball_point_id x y

Table: ball_points



Ciclopes - Original Video

https://docs.google.com/file/d/1N8vunZ4NjKXD7j9uTFJ2_iR2SwMe5nX8/preview


Ciclopes - Demo

https://docs.google.com/file/d/1RUZ52MPyoIommoAvRqYwrRy4I4RZ5pCb/preview


Ciclopes - Goals for MS3

● Implement DB integration

● Add query Ciclopes from shot statistics views

○ Overlay multiple shots and data analysis view (connect with user collected 

scores / outcomes) - Stretch: AI Insights (LLM Powered but not AI slop)

● Implement SmartDot data integration

○ Record real world use demo (Setup service from Capstone room machine)

● Integrate UI styling + component library (ShadCn.Blazor)

○ UI components + styling build system

● Finalize UI/UX design with team and overhaul UX

● Complete integration into application





Wiki

MS2 Goals

● Continue updating current state of the project

MS2 Achievements

● Updated technologies used for last semester
● Added a watch application section

Future

● Continue updating mobile progress
● Get help updating other parts of the project







Mobile App - Demo!
Video page

https://docs.google.com/file/d/1hl65J0l6gbngDMcIwXAOMSBedd-rAOIt/preview
https://docs.google.com/file/d/1vYP9yfCEDN7o-dPGZiQH5nMarNVfQwRV/preview


Mobile App (MS2 Goals)

● Improve Stats Page

● Add requested features to Ball Arsenal and Event/Establishment 

creation

● Create Cloud Sync Feature

● Improve Ciclopes

● Improve Bluetooth to MMS and MMC



Mobile App (MS2 Achievements)

● Login/Registration Unmask Passwords
● Video Page

○ Updated app to .NET 10
○ Recreated video page from scratch

● Ball Arsenal
○ Added missing fields to Ball Class
○ Implemented edit feature

● Shot Page
○ Updated edit shots
○ Cleaned up page reloading logic

● Stats Page
○ Implemented logic for calculating Splits and 

Washouts
● CellularCore/Unit Testing

○ CalculateShotType
○ IsSplit

Cloud Syncing Feature

●  Button on Account page to Sync
● Allows user to pick either Cloud or 

Local to keep
● Added Support for Gets, Puts, and 

Deletes
● Updated All SQL Models in the App 

with CloudID



Mobile App (Future: MS3)

● Improve Stats Page/shot input

● Edit/ update events and establishments

● Change app color scheme

● Save shots from watch

● Update MMS page



Mobile UML Overview



Mobile UML - Page Models



Mobile UML - New Video Page



Mobile UML - Page Models



Mobile UML - View Models



Mobile UML - Database



Mobile UML - Managers



Mobile UML - SensorBufferManager



Mobile UML - Services



Mobile UML - MetaWearService



Mobile UML - WatchBleService



Mobile UML - WatchPage



Mobile App - Ball Arsenal Update



Mobile App - Shot Page



Mobile App - Video Pages



Mobile App - Stats Update



Mobile App - Account Page





Database Schema



Cloud (MS1 Goals and Accomplishments)

● Get Mobile Sync Feature Working
○ Update Mobile User to have auth Token
○ Add Deletes
○ Add POCOs so Cloud is Uniform
○ Add MobileID in cloud Tables

● Implement changes for Pi team



Cloud (Future: MS3)

● Update all the Tables to be Correct with the Mobile App
● Update Deletes to just mark some data as “Deleted”
● Fix any other issue that arises 





Smart Watch UML



Smart Watch UML (Expanded)



Smart Watch UML (Expanded)



Tools and Technologies

● Flutter - framework

● Dart - programming language

● Kotlin - Android BLE foreground services 

● Visual Studio Code - IDE

● Bluetooth Low Energy (BLE) 

● Android/IOS Launcher - Emulator



Smart Watch (MS2 Goals)

● Fully functioning initial handshake
● Establish packet composition
● Build and unpack packets

○ Shot packet - sending per shot
○ Account packet - coming from phone after connection established

● Further refine new UI changes
○ New board inputs
○ Refactor variables
○ Clean up

● Game page functionality
○ Scoring



Smart Watch (MS2 Achievements pt. 1)
Phone Side:

● Mocked and built initial account packet
○ Sends user data from database
○ Send on connection

● .NET10 updates
○ Fixed video page command

● Watch page changes
○ Default watch for account
○ Name shown when scanning

● Phone parsing of incoming shot packet
○ Parses and puts in log

Watch Side:
● Receive and parse account packet

○ Merged with existing model and workflow
● Deprecated test code/hardcoded values
● Mocked and built shot packet

○ Shot objects
○ Sent on submission

● UI updates for session page
● Game page logic working

○ Connected to session being sent
○ Game scoring on watch



Packets
SHOT

- Packet Type, 1 byte
- Version

- V1, 1-127, upper bit (128) signifies a 
second byte (0/1, T/F) 1 byte

- V2, if needed for more space, 1 byte
- Packet Length, size of packet, 1 byte
- Shot

- Session ID, 4 billion max num/ 4 bytes
- Game, 0-31, 5 bits
- Frame, 0-11, 4 bits
- Shot #, 1 or 2, 1 bit
- Ball ID, 63 num max, 6 bits, 

(Game/Frame/Shot/Ball ID = 2 bytes)
- Pins, 10 bits, foul as bit 11, 2 bytes
- Stance, 100 max, 1 byte
- Target, 100 max, 1 byte
- Break Point, 100 max, 1 byte
- Impact/board, 100 max, 1 byte 
- Ball Speed, max 250 (25mph), 2 byte

- Ball speed is x10, so 15.5 -> 
155

- Lane #, 160 ish, 1 byte
- Game score after calculating - 3 bytes
- 22 byte payload + 1 byte padding

ACCOUNT
- Packet type, 1 byte
- Version

- V1, 1-127, upper bit (128) signifies a 
second byte (0/1, T/F) 1 byte

- V2, if needed for more space, 1 byte
- Packet Length, size of packet, 1 byte
- Session ID - 4 bytes 
- Event Name - variable bytes
- Primary Hand - 1 byte (0 = left, 1 = right)
- Frame Number - 4 bytes
- Game Number - 2 bytes
- Shot Number - 2 bytes
- Game Count - 2 bytes (number of games in 

session)
- Previous Shot Pins - 2 bytes
- Current Game Score - 4 bytes
- Ball Count - 1 byte
- For Each Ball:

- Ball ID - 4 bytes
- Ball Name - variable bytes

- Username - variable bytes
- User ID - 4 bytes



New Pages

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

Remove confirmation
Settings page

**Sessions page



Smart Watch (MS2 Achievements pt. 2)

● Refactored shot model
○ Reflects new input
○ Now records Stance/Target/Breakpoint/Impact as board numbers

● Impact name/board mapping
○ Displays the full or abbreviated name, but is recorded as a number

● Updated shot input UI
○ Fixed some colorings/spacing/text sizing
○ Polished popups
○ Made all buttons match theme better
○ Stance and speed persists from previous shot

● Added Recent Results Functionality
○ Pulls last 3 shots, if any, from that given shot number (1/2)

https://docs.google.com/file/d/1qZ_0mOmfVRtPDOMcWXRavVEY8WbRRVyi/preview


Updated UI 

Submission of Shot



Smart Watch (Future MS2)

● Integrate Bluetooth Packets into the Queue
○ All comms from the watch goes through the 

queue

○ Logic to keep retrying if a packet fails to send

○ Basic logic for writing packets to local 

storage

● Fix Recent Results to work fully
○ Edge cases

○ Use with updated workflow

○ Bug fixes

● Info bar 
○ Adjust info

● Unpack shot data on phone
○ Put data into database

● Add to database 
○ Date and time for events
○ Lane

● Settings page
○ Add functionality for Light/Dark
○ Log out

● Stop from watch to phone
○ End of game
○ Manual

● Update UI on phone side
○ Show shots sent

● WIKI page
● SO MANY TESTS



Smartwatch Demo + Unit Tests

https://docs.google.com/file/d/14x__KSy5Fi9uJK8dCFSF--tvxD-yoEV3/preview



