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Background and Application Area
● 3x3x3 Rubik’s Cube
● 43,252,003,274,489,856,000 unique cube states
● World record time set by Feliks Zemdegs: 4.22 

● Software
○ Computer Vision
○ Software Design

● Hardware/Robotics
○ Firmware
○ Circuits



Solution Approach



Demonstration Procedure



Metrics and Validation

● Cube state detection
○ Live color tracking accuracy 

● Algorithm efficiency
○ Number of cube movements to solve the cube
○ Was a solution found?

● Stepper motor precision & timing
○ Verify correct movements are made for any given input
○ How fast to execute a solution string (Baseline 20 moves)

● Is the cube physically solved?



Metrics: Cube State

● Each cube has 54 cube pieces
○ Out of 10 unique cubes, on average 3-4 

incorrectly scanned cube pieces
○ Red and orange not 100% differentiable 
○ Completely dependent on lighting

● Repositioning
○ How we obtain 100% accuracy
○ Adjusts lighting on cube pieces

● Live color tracking
○ Allows us to see if we are tracking colors 

correctly



Metrics: Beginner’s Method

● Naive Beginner's Method (via Sam): ~120 moves
● CFOP Method (via JT): ~87 moves
● Our implementation: 84.4 moves

○ Based on CFOP algorithms
○ Layer 1: 22.6 moves
○ Layer 2: 36.4 moves
○ Layer 3: 25.4 moves
○ Was a solution found?

■ 19/20 different cube state cases



Metrics: Hardware

● TurnSpeed
○ Delay between microsteps: 2 millisecond
○ 0.1 seconds to turn 90 degrees
○ 0.2 seconds to turn 180 degrees 

● TurnDelay
○ Delay between each function: 1.5 seconds 

● Voltage Reference: 0.5 mV
● Current: 0.5 A 



Overall Specifications and Performance

Color 
Classification & 
Thresholding

Naive 
Beginner's 
Method

CFOP 
Method

Our 
Beginner's 
Method

Two-Phase 
Algorithm

Turn Speed Turn Delay

Expected 
Performance

100% success 150 moves 57 moves 100-200 
moves

≤ 20 moves 1 sec 2 sec

Actual (Average) 
Performance

95% success 120 moves 87 moves 84.4 moves ≤ 20 moves 0.1-0.2 sec 1.5 sec



Running 
Total: 
$515.59





Lessons Learned

● Solderless breadboards are not meant for large power supplies
● Careful, organized software design is imperative
● If it’s outside your area of expertise, don’t be afraid to ask for help sooner
● Head your professors warnings


