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Overview of project

Idea and Drive:
Bring the physical experience
of board games online.

What:

A table which can move pieces
magnetically so a single player
can play with a physical board
against an online player.

How:
- A magnet mechanically
moved underneath the

table moves pieces Full Idea: MVP:
P ) 2 boards able to be played 1 board with opponent on
wirelessly with each other. software.

- CV with camera above to
match game state with
opponent.



Use-Case Requirements

e Useris someone who wants physical play with a long-distance friend:

o Enjoys the action of playing with physical pieces versus playing on a screen
o  Wireless/online with minimal lag so games can be played as if in-person

o Easy and intuitive function: Not worth it if the experience is difficult

e User is aware of alternatives:

o Must have a tangible benefit over current competition.



Similar Products

Square-Off Robotic Chessboard - $599.95

Chessnut EVO Al Chessboard - $899.99

Competitor projects only support one game

Flexy Board is compatible with more games at a
lower price point




Camera

Components and Cost

1. Table: Modify or/and laser cut

2. Camera

3. Motors/servo under-table movement: x, y translation Chess

4. Magnet and solenoid or electromagnet: To move
pieces from under the table

5. Microcontrollers: Raspberry Pi (CV, camera, wireless)

and Arduino (motors)

6. Miscellaneous: Magnets under pieces, installation

components, camera arm

Arduino + Raspberry Pi



https://www.h2wtech.com/product/linear-stepper-stages/LSS-012-12-060-XY
https://www.amazon.com/Suction-Electromagnet-Solenoid-Electro-Electric/dp/B0DFQ7QHBT
https://shop.worldchess.com/blogs/news/how-to-set-up-a-chess-set?srsltid=AfmBOopJHvoJUwQF4R1APoge_Hql1Uei8yNnad74NYFXYL74UVgJlPwU
https://store.arduino.cc/products/arduino-uno-rev3?srsltid=AfmBOoqDIRceUkKJFxAtoEtKE477gUGquinQ55tl0ohMOI1_FyOmLgk7
https://en.wikipedia.org/wiki/Raspberry_Pi
https://www.logitech.com/en-us/shop/p/c922-pro-stream-webcam
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Approach to Solution

e Physical design:

o Square Board
o Frame for stability for Camera above it Laminated
Upper frame Board/Pieces Lower frame

o Under board:

o Laminated board (any game) : :
CV Algorithm Camgra mformanon Tell motors how far Maanets
9 sharing with motors to move magnet 9

e Software approach:
o CV Camera that detects changes in positions when end-turn button is pressed
o Sends position differences to a microcontroller

o Controls motors to move magnet from underneath pieces relocating them



Technical Challenges

Computer Vision:
Converting change in image to movement sent to stepper motors.
- Color tops of pieces
- CV tracking differences between start-of-turn and end-of-turn
photos
- Algorithms to indicate taking a piece and “jumping” over pieces

Hardware Challenges:
- Calibrating gantry/magnet to correct x/y position
- Ensuring magnet engages/disengages appropriately
- Moving pieces over/across other pieces
- e.g knight in chess



Our Testing Plan

e Measure latency

o Between player having made the digital move on the app (or other physical board) to how long
until it is completed on the board (less than a human seeing the move)

o Aim for <5 Seconds for one move (based on chess study of estimated human time to
translate: ~2s)

e Test against multiple games (Chess, Checkers, Monopoly)
o Record Accuracy across all games should be >95%

o Magnet doesn’t move other pieces

o Corrections can be made by the physical user if move is obviously wrong


https://pdf.sciencedirectassets.com/272451/1-s2.0-S0010028500X01740/1-s2.0-0010028573900042/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEBIaCXVzLWVhc3QtMSJHMEUCIQCxXLPtrWRD9PL34lv16tppfcbZURihDPCK%2B9xG7bYaiAIgXh625Yp%2FMH%2FUCjRedm3757ar7MnxyXEA3adwscGAYzIqvAUI2%2F%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FARAFGgwwNTkwMDM1NDY4NjUiDPxnpdUgppWgv6ItpyqQBZSVKusBLBqMsgF3%2BqJUQbZrneXqO%2Fj9MoLzLvMjfGgcHKfNp7F3xdcbey%2FFuD1K%2BuMMsQhUfGiDQ4qq%2BnaTSYsmiaV%2B7jz0KdT%2BSBxsQOgnn0%2Bw41hB1zrTT892xoMm%2FhKWSZEv%2FJA4r%2BvVNJ0DborMsSWTxR5SJR3KFq25CbmkEZM93%2BKFVC9AQ%2Fg6HuyBmC6QX0f6wO0HJitJeznv%2BSJVVU%2Be8f8tAcQhTVdpSyAM%2FRze0QbSKcSbL4HoH0n7tYTuTGCks3Wo9fY9f%2BuT07dcTeKE0X7baWwdlu64Qn4uDgTNCWfjejJiRzpJdAUMEqr9T2fz9zVDUX2sCtgTOU3cwd%2Fd%2BzPsuba5qLApwj31VXtxvp35AfjUUcua9Y8ZBuU3AzYoo3JGVFgiwe7FEYJ2wf0trP9VlJvCq69CvWjCWHUiCPxnzY%2BuABoGNIDMJ%2FZCYrdk5O1%2BJcyDhXclkr2o80134VG7ugTyUK2Dlt%2B6P2ZWdyU7U8tBmgIDtV917dyFjZhyUkACvDJZ%2Fe2Ov6iHXBoqGqQekYe2TDwUwLkY9ZGg8XpAEOTf842%2B5vdOmLQp2Oo%2BtyH2SXjQ4JhVvSR3Vjsho6ssbf4mnR%2FosiucaQDBpYsgkjtFjpECH6YzDzuK04fL0Uf4Zu91hyaA99%2B0UpxshvHsBHZ3Swt8RD5BLjpIEgNta0QJGVL4PxMF9%2BVMGNeq6Uq5K7CBVplaQHpU2lbSCD5mMs6xypOOSnu1gcb47rqpsZXrHDbwycpAawnkvi%2FoOenyMZC2oVkn%2FITn3pPczLmnqirC4ewv75eGU1IdKbrWkA6RRfLyIgVr9sgk2Hg5H5pHCk%2Fpil7EuuTK26B3kJX1a7TbZbxiXu1zMJmJgMwGOrEBUyHGjiCBEuw5%2BMqxrvUkUK9hxjV8F1SG0NxN51B4vC3pVWyHAWT8fJkLNm10oZEIwQlnKCZ5C9mDat%2FACpXN%2FrXTfljkHVJ9CJMUyohjOKA6WU13bAXr%2F2u3o%2BZThhKwqZF7t4aolNadSxsMp%2FnUi39DUsUEMPV6uKcGTztnpZbVVh7Gi74ffxjBUypGNKJf7EVjfQPnkkr8oLsrbC2viaorRsVp21zw%2FXNIRmnR39Ws&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20260202T023123Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY2DNVLPME%2F20260202%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=6b62331a611881cc0e249b3e06ab94f2a07b51df2267980073fed8ded40159f4&hash=b0df94c7fc18e825584e1de64d2009ad62f7a1de9bb32fa932bb544361eb5ef0&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=0010028573900042&tid=spdf-f74d3a72-251d-4335-b8e4-9ac47b1003ad&sid=12b35dad6e8ae2455678475831

Testing Verification Metrics

e User study on enjoyability and function compared with fully physical and fully
online board game experiences (is the flow nice or buggy?).

e Accuracy of movement (where it should be - where it is)

e Chance of error / malfunction

e Time for each move from initial move to fully being on the board



Division of Labor

Chris: Software integration, software algorithms
Iniyaa: Hardware integration, physical design
Harrison: Hardware integration, software integration

We will all be helping each other with everything at the end of the day.



Timeline of Project

Design CV Board Mapping

Finalize Design and order
components

Preliminary code based
on theoretical board
measurements

Hardware Build

Assemble gantry and
hardware components

Integration Testing Refinement

Connect CV to motor
control logic

Goes along with Fix any errors found in
refinement. Test product testing. Add in additional
against metrics previously features if time allows for

set. it



