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• When first trying to solve a Rubik’s cube, 
the number of permutations 
(43,252,003,274,489,856,000) may 
appear daunting and discouraging to 
someone who has yet to solve one.

• Hence, creating a self-solving Rubik’s 
cube that will act as learning tool for 
users to understand how a Rubik’s cube 
is solved will reduce the barrier to 
learning. 

• The cube can “assist” the user by 
showing them the next X amount of 
moves necessary to solve the cube.

• CV will be used to determine the 
scrambled position. Hence, the cube will 
solve based on algorithmic based 
instructions rather than undoing the 
moves used to scramble it.

Introduction & Motivation

Internal “Core” of RUBI



System Snapshot
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LAPTOP RUBI Bot



System Snapshot – Ver. 1

Isometric Cross Section

1 DC Motor

5-Way Bevel Gear Train

Electromagnet

Magnet-Shaft Coupling



Is manufacturing possible at this scale? | CNC Mfg.

Modifying Off-the-Shelf Components

3D Printing Mfg.

Electromagnet Test Platform

Accelerometer over I2C Works!

System Snapshot – Ver. 1



System Snapshot – Ver. 2

Isometric Cross Section
6 DC Motors

Optimize for 3D Printing

Gear Train Overview



Sensor & Actuator selection
MICROCONTROLLER & SENSORS

Designing a Custom PCB 
(Magnetic Encoder)



Sensor & Actuator selection

ACTUATORS

Hand Calculations for Minimum Torque Required



State Machine Diagram
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Demonstration

1. 200+ Custom Dataset

2. 25 Epoch CNN (Custom Model)

3. Final Result

CV + Solution Solver Solving Cube

V1. Transistors + Electromagnets 
(not enough pinouts) V2. Motor on Each Face

Controlling Motor Over I2C
DC Motor & Gear Train

Works in More 
Compact Enclosure

DC Motors (partially) 
Work in Sphere 

Enclosure
Mfg!



• Control of all 6 motors w/ 3 Drivers over I2C?
• Why? Minimizing the number of drivers provides more space for bigger motors or batteries. 

Communicating over I2C provides pins for other non-I2C devices (e.g., status LED’s).

• How? Daisy-chaining motor drivers to minimize form factor and changing addresses of the 
driver boards to enable this form of I2C communication

• Speed of solving Rubik’s cube?
• Why? The faster the Rubik’s cube can solve and spin its faces, the faster a user can 

understand how to solve it. Providing a higher top speed affords lower speeds to operate at a 
longer duration.

• How? Maximizing the motor RPM of the necessary, minimum torque.

• Battery life?
• Why? Although obvious, the longer the battery lasts, the more solves can be completed

• How? Minimizing stalling of the motor through proper tolerancing means lower current draw 
from battery

How well did the system perform?



• Challenges
• Minimizing size while retaining performance of electronics
• Packaging and tolerancing
• Training CV to work in a variety of environments

• Takeaways
• I2C is incredible (communicated with encoders, accelerometers, and motor drivers concurrently).
• Dealing with small mechanical components is a pain.
• Dealing with small electrical components is a pain.
• Dealing with both is awful.
• Side projects aren’t as important as the main task at hand.
• Using CV and communicating via Bluetooth at the same time using Python threading

• Future Steps
• Electronics packaging iteration
• Integrating sensors (i.e. encoders) for accurate face movement tracking
• Implementing “buddy” mode

Conclusion
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