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RevMetrix Background

● Brainchild of Professor Hake and Dr. Babcock

● Combination of Ciclopes and SmartDot Module

● Both compliment each other with supplemental data

● Application:

○ Bowlers

○ Researchers



What is Ciclopes

● Dr. Babcock’s contribution

● External bowling analysis



What is SmartDot

● Professor Hake’s Brain-Child

● Light Sensor + Accelerometer



What is the Ball Spinner?

● Device that can emulate a throw down a lane

● Controls movement across 3 orthogonal axes of spin

● External sensors generate data



Questions?



Project Overview



Simulation

● Shows ball rotation 

● Visualizes data through graphs

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

possible shot

● Unity game with movable shot origin and a possible curve

Project Overview



BSA Backend/Cloud

● BSA:

○ Client-side API methods to interact with API server

○ Processing of incoming/outgoing data

● Cloud:

○ Server-side API methods

○ Administrative tasks for production server

■ CI/CD

■ Server infrastructure

Project Overview



BSA Frontend

● Interface between the User and further system

○ Cloud - save and load users, shots and arsenal

○ Controller - communicate data regarding the motors and handle 

SmartDot control

● Output of SmartDot sensor data

Project Overview



Ball Spinner Controller

● Connects to the BSA Frontend

● Receives commands from the BSA to control the motors at variable 

speed

● Connects to Metamotion module over Bluetooth Low Energy (BLE) and 

forwards data to the BSA

● Has a Human Machine Interface (HMI)

● Implements 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)

○ 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

Project Overview



Questions?



Technologies Used

Application

● .NET, .NET MAUI
● OpenTK(Three.JS)
● Livecharts2(Chart.JS)
● xUnit

Cloud

● .NET
● xUnit
● Docker
● Digital Ocean
● Github Actions

Ball Spinner Controller

● Raspberry Pi
● KiCad
● Tkinter

Ball Spinner

● SolidWorks
● Onshape

Cellular

● .NET MAUI
● SQLite



Current Design



Ball Spinner UML
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POCOs

Current Design



Cloud
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Cloud

Current Design
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Ball 
Spinner 
Controller

Current Design

Stepper Motor Electrical Block Diagram

Current Electrical Schematic



Ball 
Spinner 
Controller

Current Design

Indicator LED

Indicator LEDs

Indicator LED

2 Motors!!

Indicator LED



Ball Spinner Team
● Print and implement SmartDot module 

insert
○ Attaches to styrofoam test ball
○ SmartDot container will screw in 

axin to a lightbulb to resist 
centripetal

● 2nd and 3rd DoF axis of rotation
○ A miniature showcase of a current 

manuel design for the 2nd and 3rd 
DoF

Current Design



Mobile Application Team

Current Design



Mobile Application Team
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Mobile Application Team

Current Design



Questions?



Current Implementation



Simulation (MS3 Goals)

● Port new simulation into BSA

● Axis and units for graphs

● Bezier inflection point automatic movement/controlled movement

● Update the Unity game to work with the current version of MAUI
Current Implementation



Simulation (MS3 Achievements)

● Graphs updated (again!)
○ Y Axis forced
○ Timer for X Axis framework

 
● Inflection point settable

○ Font and color update

● Ball visualization switch from 
Three.js
○ OpenTk 

○ Evergine 

● Three.js moving with Motor 
instructions and encoders 

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



BSA Frontend 
(MS3 Achievements)

Goals

● Update Registration page

● Sort Arsenal page and Cloud Management page

● Prepare the Ball Spinner Application frontend for 

next semester

Achievements

● (Mostly) Revised Login/Registration page

● Sorting on Arsenal & Cloud Management pages

● Continued work on in-code documentation
Current Implementation



Ball Spinner Controller (MS3 Goals)

Current Implementation

● Improve encoder accuracy with Motor 

encoder

 

● Integrate encoders into system

● Finalize PCB Traces and print for Expo (Find 

Relays and fuses)

● Restructure Protocol Messages (Msg Types)



Ball Spinner Controller (MS3 Achievements)

● Motor Encoders  in final stages of integration process

● PCB ordered for Expo:

○ 2 Motor Drivers

○ 2 Motor Encoders

● Design Prototype MMS motor clamp

Current Implementation



Ball Spinner Controller (PCB Features)

Current Implementation

Feeds in both 48v and 5v

Allows for:
● 2 Motor Control
● 2 Current Sensor 

Readings
● 2 Motor Encoder 

Readings



Ball Spinner Controller (PCB Features)

Current Implementation

Open GPIO Pins for future 
implementation

Has Pi control Power Startup



Ball Spinner Controller (PCB)

Current Implementation



Ball Spinner Controller (MS3 Achievements)
HMI

● Motor Encoder Value appears in the HMI (Local + BSC)

● SmartDot Connection in Local Mode

● SmartDot Configuration in Local Mode

● SmartDot Graphing in Local Mode

Current Implementation



Ball Spinner Controller HMI

Current Implementation



Current Implementation



Current Implementation



Ball Spinner Team

Proposal

● Create miniature 2nd and 3rd DoF prototype

● Print and implement the SmartDot module insert

● Finalize preparations for the Capstone Expo

Current Implementation

Reality

● Finished printing of 2nd (axle) cup to stabilize 1st DoF

● Drilled access hole for wiring through the safety box

● Finished miniature 2nd and 3rd DoF prototype

● Created designs for the SmartDot module insert

● Painted parts for the Capstone Expo

● Clamping axle cut, finished, and mounted

● Cut out RevMetrix Emblem (to be mounted)



Mobile Application Team

MS3 Goals

● Improved Game functionality

● Connection to Cloud Database

● Bluetooth/MMS (Stretch Goal)

MS3 Achievements

● Improved game functionality

● Connection to Cloud Database

Current Implementation
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Demos









Mechanical Team Demo



Future Implementations



Simulation

● Implement timer

● Slight bezier calculation refactor

● 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

● Prepare for the expo

○ Poster

○ Testing

● Continue Documentation

● Fix Register

Future Implementations



Ball Spinner Controller

● Integrate PCB 

 

● Determine Motor Encoder issue

 

● Add Reverse Rotation of Second Motor

Future Implementations



Ball Spinner Controller HMI

● Circular buffer on the protocol history

● Reposition local SmartDot/make local mode layout cleaner.

● Add popup windows to the back button.

● Add optimizations to the graphing + fix GY data.

 

Future Implementations



Ball Spinner Team

● Visualize full physical system

● Finalize design for insert for smart module 

● Capstone expo

○ Finalize poster

Future Implementations



Mobile Application Team

● Testing/ Bug fixes

● Wiki updates

● Capstone expo

○ Finalize poster

Future Implementations



Questions?

Please  let Robert Fields graduate on May 17, 2025


