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Background



What problem are we trying to solve?

Absence of a unified, user friendly system for collecting, organizing, and 

analyzing bowling performance data.



Founding Technologies

● Creation of Prof. Hake and Dr. Babcock

● Key Components
○ SmartDot module

○ Ciclopes software



What is SmartDot?

● Professor Hake’s Brain-Child

● Light Sensor + Accelerometer



What is Ciclopes?

● Dr. Babcock’s contribution

● External bowling analysis



Where did last semester leave us?



Diagram of System Overview



Questions?



Analysis and Design



Mobile: High-Level Overview



Mobile: Page Models



Mobile: Page Models - Shot Page



Mobile: Page Models - Bluetooth



Mobile: Page Models - Video



Mobile: View Models



Mobile: Client Database



Watch High-Level Overview



Watch UML



Watch UML



Watch UML



Cloud 
High-Level Overview



Cloud - Cloud Application 
UML Diagram



Cloud - DBCore 
UML Diagram



Cloud - Mobile Database Schema



Cloud - Mobile Schema 
Zoomed In



Cloud - Mobile Schema 
Zoomed In



Cloud - Pi Team 
Schema



Ciclopes - Overview From First Principles

1. Preprocessing
1.1. Video Intake

1.2. Computer Vision Model Object Detection/Segmentation

2. Postprocessing
2.1. Use lane and known size to calculate the transformation from its shape in the image to a top down view of it 

as a rectangle

2.2. Reuse this transformation on the contact point of the ball on the lane to transform it onto the top down view 

of the lane

2.3. Optionally apply interpolation (predicting points between the known points)

2.4. Use coordinates of the ball per frame to do kinematics calculations / render trajectory



Ciclopes - Deep Learning Overview



Ciclopes - Homography Example



Ciclopes - IsaacSim Synthetic Data



Ciclopes - Full UML



Ciclopes - Training Pipeline



Ciclopes - Processing



Ball Spinner Mechanical System High Level Overview



Ball Spinner Mechanical System

● 3 axes of rotation controlled independently
○ X-axis: 1st DOF, Smart Dot Holder attached to motor by 

friction fit and set screw

○ Y-axis: 2nd DOF, rotating plate holding 1st dof

○ Z-axis: 3rd DOF, U-bracket which rotates 1st and 2nd

● SmartDots mount into SmartDot Holder by a friction fit
○ Allows for collection of light, acceleration, and positional 

sensor data

○ Easy removal for charging or replacement

● Calculated torques based on required speed and angle



Ball Spinner Controller UML



Ball Spinner Controller UML



Ball Spinner Controller UML



Ball Spinner Controller UML



Ball Spinner Controller UML



Ball Spinner Controller UML



Ball Spinner Controller UI UML



BSC Ui UML 



BSC Ui UML 



BSC Ui UML 



Ball Spinner Controller Database Schema



Ball Spinner Power System Design



Electrical System Overview 



BLDC Primary Spin Motor



2nd and 3rd Degree Stepper Motors



24 V Bus Supply and 5 V Converter



Questions?



Tools & Tech



Mobile App - Development Technologies
● .NET Maui

● MetaMotionS

● Bluetooth Low Power (BLE)



Cloud - Development Technologies
● Postman

● Microsoft EF (Entity Framework) Core

● Liquibase

● Digital Ocean

● Docker

● Swagger Documentation



Ciclopes - Development Technologies

● Python

● PyTorch

● Docker

● IsaacSim

● NumPy

● OpenCV2

● Matplotlib



Watch - Development Technologies

● Flutter

● Dart 

● Kotlin

● Visual Studio Code

● Bluetooth Low Energy (BLE) 

● Android/IOS Launcher (Emulator)



Ball Spinner Mechanical System

● SolidWorks
○ SolidWorks was leveraged heavily throughout the course 

of this semester to create  models of the team’s designs as 
well as to perform FEA testing

● 3D Print Lab
○ Utilized to rapidly prototype parts for the physical system

● Machine Shop
○ The Machine Shop was used extensively to create physical 

prototypes for the team to visualize and criticise designs.



Ball Spinner Controller Technologies

● Linux

● Python

● PyQt6

● PyQtGraph

● Raspberry Pi 

● MetaMotionS



Ball Spinner Controller Technologies Continued

● LGPIO

● Pyvesc

● AutoCAD

● TINACloud

● OnShape

● KiCad



Implementation



Basic Pages



Basic Pages



Mobile - Shot page

● Frame viewer (Slider)

● Pin input (Pins left standing)

● Ball used per shot

● Comments per shot

● Edit frames/shots



Bluetooth Page

● Connects to the MetaMotionS 

Module

● Ability to see data for 

Accelerometer, Gyroscope, 

Magnetometer, and Light Sensor. 





Mobile - Video Page

● Resolution selection

● Record and save video
○ Choose  save location

○ Choose save name



Mobile - Stats Page

● Custom Query Engine
○ Date Range
○ Session
○ Event
○ Game
○ Ball
○ Lanes
○ Frame
○ Type



Mobile - Watch Page

● Scan for available Galaxy Watches

● Connect/Disconnect

● Send/Receive test JSONs



Watch - Game Page

● Game selection overlay (Pop-out Carousel)

● Add and subtract games

● View score

● Access settings



Watch - Frame Page

● Frame selection overlay (Pop-out Carousel)

● View frame data

● Shots overview (Horizontal Swipe)

● Access Shot Input



Watch - Shot Page

● Pre-Shot
○ Mini view of last pin state
○ Stance slider
○ Board/Lane/Ball 
○ Video Record button 

● Post-Shot
○ Pin input (Pins left standing)
○ Ball speed slider
○ Strike/Spare
○ Gutter/Foul
○ Submit shot



Watch - Bluetooth Page

● Disconnect/Connect status 

● Device address

● Start/Stop advertising 

● Send test packet to phone

● Received JSON section



Watch - BLE packet creation

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



Watch - Write to local storage

● Main session object converted to JSON

● Session JSON printed to console

● Session JSON written locally in Documents



Cloud - Migration Tools
- Safe SQL code generation

- Tables are organized into C# classes

- Lower likelihood of corrupting DB with SQL changes

C# files containing table 
information

Generated script file in 
Droplet



Cloud - Database
- Added 15 new tables under 2 new schemas 

- Migration History to track DB updates 

-

Screenshot from Visual 
Studio Server Explorer

Screenshot of migration 
history from this semester

(stored in DB)



Cloud - API
- Added 30 new API endpoints

- Create/Edit endpoints for both the Cellular and Pi 

Teams



Ciclopes - Training/Evaluation of Segmentation

● Supervised Fine 

Tuning of 

YOLOv11s-seg 

on synthetic 

data

● Slightly overfit



Ciclopes - Evaluation of End to End Processing - None

● BEV unit x 
RMSE of 
1.8px ~ 4 mm

● BEV unit y 
RMSE of 9.52 
px ~2.1 cm

Total RMSE of 
9.69px ~2.2 cm

Factors in 
distortion of 
increasingly non 
linear mapping of 
homography down 
the lane



Ciclopes - Evaluation of End to End Processing - All



Ciclopes - SAM3 Test - “lane” Prompted Segmentation

● Using SAM3 Segment 

Anything

● Prompt “lane”

● Brittle with reflections 

and lighting



Ciclopes - Takeaways from Experimentation

● Robustness to lane gloss and specular reflections is a requirement

● Postprocessing is the most important part of the stack

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

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

● Calculating a standard linear map for homography will introduce distortion the farther away the 

ball is



Ball Spinner Controller - BSC Class

● Core singleton class for communicating between pages

● It holds all of the most important objects
○ CloudAPI

○ Session

○ Data Controller

○ Motors 



Ball Spinner Motors and Drives
● Primary axis - Sensored BLDC motor +Flipsky VESC controller

○ High RPM capabilities 

○ Hall Sensors provide reliable startup and consistent acceleration

○ VESC provides current limiting, temperature monitoring and fault detection 

● Second and third axis - Nema 17 stepper motor + DM542 driver
○ Precise angle control

○ High holding torque for tilt and rotation

○ Reliable industrial grade step driver 

A2212/13T 1000KV outrunner motor

E3665 2500KV inrunner motor

NEMA 17 stepper motor



Ball Spinner Controller Continued…
● Primary axis motor configuration

○ Completed Hall sensor detection and motor characterization in VESC tool

○ Pi sends commands over USB to the ESC

○ Controlled via PWM (Pulse Width Modulation)

● Second & third axis stepper motor configuration

○ Microstepping and current dip switches configured to 1.46A an

○ Pi generates controlled STEP/DIR pulses with an adjustable frequency

○ Created angle based control routines

Flipsky VESC 4.20

DM542 Microstep Driver



Ball Spinner Power System and Safety
● 24 V Distribution Power Rail

○ Supports both motor drivers with adequate voltage overhead

○ Lower current

○ Reduced wire heating 

● 5 V  Power Rail
○ 24 V to 5 V  Buck Converter 

○ Isolation from motor noise

● Motor switches

● Status indicators

● Wiring and modularity 

P1-150-24 Power Supply

Industrial din rail term block

BLDC motor harness



Ball Spinner Controller - SmartDot

● iSmartDot

○ MetaMotionS

○ Simulated Smart Dot

● MetaWear Implementation 

● Scan, Connect, and Disconnect

● Smart Dot Connection Manager 



Ball Spinner Controller - Shot Mode

● 3 input graphs allow user to make shot 

instructions

● Slider lets user select length of shot



Ball Spinner Controller - Analysis Mode

● Smart dot and motor data are loaded in 

from the Data Controller

● Data is passed into the SmartDot graph 

and Motor Graph



Ball Spinner Controller - Diagnostic Mode

● Individual motor control- 3 dials

● Real-time graphical feedback

● SmartDot connectivity for

quick data collection



Ball Spinner Controller - Models

● Session

● Data Controller

● Diagnostic Script Data

● Shot Mode Data

● Smart Dot Data

● Encoder Data 

● Heat Data



Ball Spinner Controller - CloudAPI

● APIUtils

● HTTPS

● Object Serialization



Ball Spinner Controller - Data View Page

● Data is loaded from cloud into table

● User can filter data by date
○ User can further refine data by searching across 

fields

○ User can also filter for session type

● User can either replay or analyse previous shot



Ball Spinner Controller - Replay Mode

● Shot data us unpacked from data controller

● Every 50ms* a thread is spawned from the 

pool

● Thread instructs motor and returns when it 

returned

● When it returned is put into the graph.



Ball Spinner Mechanical System

● Wooden prototype as an early representation of the 
system

● Model developed based on feedback 
○ Aluminum selected as material

○ Smaller and lighter to reduce required torque and power 

consumption

● SmartDot holder
○ Design changed as the system size changed

○ 3D printed to use in a test setup for X-axis



Ball Spinner Mechanical System

● BSC Enclosure and Platform
○ Houses motor control equipment and other future 

Team Pi components

○ Made of modifiable and easy to replace paneling for 

quick and hassle free alterations

○ Holds acrylic safety casing stable for safe viewing 

and ease of transport

○ Holds considerable weight, making such a 

consideration a non-factor in future decisions.



Demonstration



Mobile

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


Watch

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


Cloud - Pi and 
Mobile API

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


Cloud - Mobile App

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


Ciclopes - SAM3D Body Demo

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


Ciclopes - Real World Working Version

● YOLOv11n-seg fine 

tuned model from 

LaneTrax
○ Nano size = Real 

Time On Device 

Inference

● Open Dataset
○ ~1800 Labeled 

Frames

○ Ready for training

● Tested using open 

inference on 

Roboflow



Ball Spinner
Demo

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


Automated Testing Framework



Mobile App

● Cellular
○ Main App Functionality

● CellularCore
○ Contains core methods for Cellular
○ ShotCalculator.cs
○ StatsCalculator.cs

● CellularUnitTests
○ Tests CellularCore methods



Cloud - CI/CD Pipeline



Watch Tests



Future Work



Mobile

● Improved stats page
○ Pocket, Split, Washout %

○ Histograms

○ Graphs/ Charts

● Improve sessions and events

● Improve Custom Query System

● Improve MetaMotionS Connection

● Improve UI and UX

● Implement Full Cloud Features



Watch
● Adjust UI

○ Relative Sizing
○ Swipe Navigation
○ Score Changes
○ Pre/Post Shot Items

● Backend work
○ Parsing incoming data (phone side and watch side)
○ Packaging data
○ Stored data/Local data/bluetooth data: Handshake between

● Create wiki page
○ Getting application on to watch
○ Tutorial of application

● Cross platform integration (stretch goal)
○ Swift files into Flutter framework

● Ciclopes integration (stretch goal)
● Real time synchronization (stretch goal)



Cloud

● API Improvements and Additions

● Automated Testing Improvements

● CI/CD Pipeline Additions

● Seperate database migration application



Ciclopes - Keeping it Real - No Need for Synthetic Data

● Leverage open dataset(s)
○ May need to mix multiple datasets to push performance and generality

● On device inference
○ Model can be exported to ONNX runtime

■ General format for multi platform

○ .NET MAUI does not integrate automatically with platform tensor core APIs

■ Legacy models will not have tensor cores

○ Evaluate tradeoff between development speed, implementation complexity, and resulting change in user 

value

● Mirroring sim implementation with real world collected/labeled data
○ Does not have ground truth labels/metrics to test post processing like sim

● Good video for evaluation is a requirement
○ It is extremely difficult to find quality videos online



Ciclopes - Improving Accuracy Through Image Cropping

● Implement prediction of future steps down the path to drive image cropping

● Once lane is found, crop to not include any more noise than already exists

● Cropping out other lanes/balls, both in pre and post processing



Ciclopes - SAM3D Pose Rendering

● Give user freedom to do ball/lane segmentation and/or pose detection

● Requires clean UI/UX for swiping and interfacing with renders

● Must be done in cloud
○ Introduces data storage/fetching complexity

● Not all users may be able to utilize fully due to differing experience levels

● Requires backend service setup



Ciclopes - Proposal: LLM Powered Data Analysis

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

● Leverages current LLM capabilities to use tools and analyze large amounts of data

● Allows users of all skill/experience levels to get actionable insights from collected data

● Introduces data storage/fetching complexity

● Reasoning models can be expensive
○ For production setup



Ball Spinner Controller - Software

● Smart Dot connection robustness

● Update Smart Dot tables to remove data selector

● Simulation manager for missing hardware

● Self run full system test sequence

● Analysis operations

● Display encoder data

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



Ball Spinner Controller - Hardware
● Logic level Shifters-  3.3 V to 5 V

● Resistive Brake

● Indicator Lights

○ Power, motor arming, software faults

● Enhanced Safety features 

● Buttons/Switches

● PCB Development

● Communication Expansion UART or CAN BUS
Limit Switches



Ball Spinner Mechanical System

Aluminum Final Prototype & Enclosure

● Physical and electronic stops to prevent motors from 
spinning past the maximum required angle

● Wire routing from motors to the Ball Spinner 
Controller

● Modifications to acrylic housing
○ Hole and grommet for exterior wires

○ Vents or fans for motor cooling



Ball Spinner Mechanical System

Enclosure Platform

● Modifications to side paneling
○ Holes cut for required port access

○ Space made for fan ventilation of Team Pi’s 

equipment (pi, motor controllers, etc).

● Installation of Team Pi’s Equipment
○ Placement and wiring to be determined

○ Space and routing options are available



Conclusion



Mobile

● What we accomplished
○ Implementation of Basic Cloud Saving
○ Video Page
○ Basic Stats Page
○ Improved shot page
○ Bluetooth Connecting with Watch and MMS

● What we would change
○ Bluetooth Connection needs refining
○ Shot page can always be improved 

● What we learned
○ Add more comments/documentation



Watch

● What we accomplished
○ Working prototype
○ Game Page/Frame Page/Shot Page/Bluetooth Page
○ BLE comms with mobile application
○ Packet building/delivery to phone (test)
○ Video recording from watch
○ Local storage

● What we would change
○ Focused too much on IOS at beginning
○ Spend more time (more refined)

● What we learned
○ Widget building is very picky
○ Implement own feedback



Cloud

● What we accomplished
○ Ability to migrate the Database

○ Automatic SQL Script generation

○ Updated Database with new schema (15 new tables, 2 new schemas)

○ Added 30 new API endpoints and database controllers

○ Connected Cloud Application to both the Mobile and BSC Projects 

● What we would change
○ Implement generic Database Controllers and API Endpoints

○ More flexible use of API endpoints

● What we learned
○ More documentation for future developers

○ Better organization of files

○ Abstract out complicated processes



Ciclopes

● What we accomplished
○ Verified our end to end process works in sim
○ Defined a plan moving forward to implement a real world 

● What we would change
○ Introduce a more robust nonlinear mapping for homography to start

■ Caused confusion that something may have been setup wrong but it was just distortion
○ Get a robust test suite much earlier

■ The test suite after implementation drove decision making

● What we learned
○ Pixel math is very brittle

■ Distortion of the lens caused mis calibration even in sim



Ball Spinner Controller

● What we accomplished
○ Independent control over all 3 motors

○ Simulate a shot on all 3 motors

○ Integrated power distribution

● What we would change
○ Separate logic from UI code

○ Perform incremental subsystem testing earlier

● What we learned
○ Importance of modular design

○ Good documentation reduces communication issues across team members



Ball Spinner Mechanical System

● What we accomplished
○ Determined Torque specs for motors

○ Designed all three degrees of freedom

○ 1st and 2nd degree systems constructed

○ Designed and built enclosure for electrical hardware

● What we would change
○ Transition to a more finalized version of the 1st and 2nd degree sooner 

to allow for testing

○ Add the third degree and mechanical stops

● What we learned
○ Communicate with other teams to ensure project progression will be 

meaningful for the overall project




