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Abstract: 
Rubik’s cube is considered to be the most challenging puzzle developed for humans. Building a robot to 

solve such a puzzle is a challenging task. In this paper, the design of such an Autonomous Rubik’s cube 

solver using Arduino Mega 2560 has been discussed. The paper deals with the overall process flow for 

solving the cube. Color recognition is used for detecting the initial orientation of the cube. Segmentation is 

used to obtain the HSV mask and thus the color pattern of the scrambled cube. Dot sampling is 

incorporated to improve the accuracy of the color recognition and segmentation processes. Finally, the 

categories of solution using Layer by Layer (LBL) algorithm for solving the cube has been shown. 
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I. INTRODUCTION 

The Rubik's cube has been one of the most 

interesting and challenging puzzles ever built. It 

continues to remain in the top among the puzzle 

games because of the design of the puzzle i.e., 

one correct solution out of the 43 quintillion 

other possibilities [1]. This Rubik's cube is a 

cubic structure with 3x3 cubes inside it. The six 

faces of the cube have six different colors and 

thus the entire structure is made up of different 

colored smaller cubes. The cube has been 

designed in such a way that the smaller cubes can 

be moved anywhere. This challenging puzzle can 

take any time from seconds to even hours to 

complete.  

With the development of mechanical 

structure, implementation of image processing 

and development of algorithm, a robot could be 

made to solve it. This paper deals with all these 

processes that were involved. Image processing 

plays the most salient role of all, and thus its 

accuracy was considered very vital. HSV color 

range was finalised because of its simple yet 

accurate range for different colors [2][3]. With  

the color range defined, each color could be well 

differentiated and thus identified. Identifying the 

colors is essentially the first process and 

generation of algorithm is the next step. A pre-

programmed set of possibilities and the 

corresponding responses are referred and the 

right algorithm is thus generated. These 

algorithms thus generate signals to run the 

corresponding actuators of faces of the cube that 

needs to be rotated. The right algorithm must be 

supported by a good mechanical design, and thus 

a cage-like mechanism was made which enables 

easy loading and unloading of the cube. The 

process flow of the Autonomous Rubik’s cube 

solver bot is shown if Fig.1. 

II.  LITERATURE SURVEY 

Rubik’s cube has attracted people from all 

around the world and also has been used for 

research purposes by scholars in various 

disciplines in account of its unique feature [4]. In 

[5] & [6] the authors have discussed about 

programs that learn to solve the Rubik’s cube in 

the least possible steps. The paper [7] proposes 

an algorithm that solves the Rubik’s cube in an 

optimal solution length of 18 moves using pattern 
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databases.In [8] & [9] the authors have discussed 

various methods for the detection of 

Rubik’s cube.In [10] & [11] the authors discuss 

in detail about the design of a robot for solving 

the Rubik’s cube using pneumatics and 

mechatronics systems respectively. In [12] & 

[13] the authors present a cube solver robot based 

on STM 32 and a multi-fingered hand 

respectively. 

Fig. 1 Process flow of the autonomous system

III.  PROPOSED WORK 

A. Hardware Implementation 

The block diagram of the system is shown 

in Fig. 2. The complete system is enclosed with 

acrylic sheets to form a cubic structure that holds 

the six servos. The acrylic sheets were machined 
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abases.In [8] & [9] the authors have discussed 

various methods for the detection of color for the 

[11] the authors discuss 

in detail about the design of a robot for solving 

the Rubik’s cube using pneumatics and 

mechatronics systems respectively. In [12] & 

[13] the authors present a cube solver robot based 

fingered hand 

 
Fig. 1 Process flow of the autonomous system 

The block diagram of the system is shown 

in Fig. 2. The complete system is enclosed with 

acrylic sheets to form a cubic structure that holds 

he acrylic sheets were machined 

using cutting wheel and jigsaw. The Rubik’s 

cube is connected to the continuous rotation 360 

degree servo motors using aluminium couplers. 

The couplers were custom designed using 

abrasive cutting machine and vertical drillin

machine.  

Fig. 2 Block Diagram of the proposed system.

 

The image of the cube is captured manually 

on all sides using a camera. The captured images 

are sent automatically to the computer via wi

The images are then analysed using OpenCV to 

find the position and color 

acquired data is then processed to generate the 

algorithm required to solve the cube which is fed 

to the servos via an Arduino controller. The 

servos and Arduino are powered using a 

switched-mode power supply unit.

B. Color Recognition 

The Rubik’s cube has six sides namely the 

Face (F), Back (B), Up (U), Down (D), Right (R)

TABLE 1 

SIDE AND COLOR MAPPING

SIDE COLOR 

Face Green 

Back Blue 

Up White 

Down Yellow 

Right Red 

Left Orange 
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using cutting wheel and jigsaw. The Rubik’s 

cube is connected to the continuous rotation 360 

degree servo motors using aluminium couplers. 

The couplers were custom designed using 

abrasive cutting machine and vertical drilling 

 
Fig. 2 Block Diagram of the proposed system. 

The image of the cube is captured manually 

on all sides using a camera. The captured images 

are sent automatically to the computer via wi-fi. 

The images are then analysed using OpenCV to 

 of each piece. The 

processed to generate the 

algorithm required to solve the cube which is fed 

to the servos via an Arduino controller. The 

servos and Arduino are powered using a 

mode power supply unit. 

The Rubik’s cube has six sides namely the 

Face (F), Back (B), Up (U), Down (D), Right (R) 

MAPPING 

(H, S, V) VALUE 

(1200, 75%, 100%) 

(1950, 100%, 100%) 

(00, 0%, 100%) 

(600,100%, 100%) 

(50, 100%, 100%) 

(280, 100%, 100%) 
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and Left (L). Each side corresponds to a color 

that varies based on the viewer’s perspective.In 

this paper for explanation, as listed in Table 1, 

we have fixed the color for each side i.e. the cube 

is always fixed in thisorientation. The flat view 

of the unscrambled cube with the considered 

orientation is shown in Fig. 3. 
 

 
Fig. 3 Flat view of unscrambled cube. 

 

The image of each side of the scrambled 

cube is captured using the camera and sent via 

wi-fi to the computer. The images are first 

resized to a square of fixed length and converted 

to HSV format. HSV color segmentation offers 

better accuracy when compared to RGB color 

mode. Segmentation is performed on each image 

to differentiate the color on each side of the 

cube.The obtained images are stored in the 

workspace for further processing. 

 

 
Fig. 4 Example set of input images. 

Fig. 4, presents an example set of input 

images of a random unscrambled cube captured 

using the camera. The segmented images for each 

color of the Face side are shown in Fig. 5, 

similarly the segmented images for the other 

sides are also obtained and stored in the 

workspace. Color segmentation is performed by 

comparing each pixels of the image with an 

optimally selected lower range and upper range 

of HSV value and return a binary image where 1 

indicates that the pixel value is within the range 

and 0 indicates that the pixel value is outside the 

range as shown in (1). Consider (�, �, �) as the 

HSV value of any random pixel selected, let 
(��	
, ��	
, ��	
)  and (��� , ���, ���) 
represent the lower range and higher range of the 

considered color. 

 

�(�, �) = 	 �	1, ��	(��	
, ��	
 , ��	
) < (�, �, �) < (���, ���, ���)
0, ��ℎ���� � ! 

(1) 
 

where,�(�, �)represent the intensity of the 

pixel after segmentation is performed i.e., the 

intensity of the binary image. 

 

 
Fig. 5 Original and masked images of the Face side. 

C. Sampling 

The binary image obtained after color 

segmentation contains a small percentage of error 

which here is removed using Dot sampling. First, 

each masked image is resized into a fixed range, 

here we have considered a 500x500 image. The 

resized image is divided into a 3x3 matrix, thus 
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forming 9 squares each of size (500
The color for the centre is fixed for all input 

images, thus it is not considered for the sampling 

process. A good number of sample pixels are 

selected randomly from each of the remaining 8 

squares. The intensity value of each selected 

pixel is noted. Intensity value of 1 corresponds to 

the presence of color and 0 corresponds to the 

absence of color in each selected pixel. The 

number of pixels with intensity value 1 is 

compared with an optimal value and thus the 

decision of whether the color is present or absent 

in the square is made. 

 

Fig. 6 Binary image of the Face side (orange segmented)
(a) before and (b) after sampling 

 

 As shown in Fig. 6 this method gives a 

perfect binary image, making further processing 

a lot easier. Thus, color matrix is obtained from 

the binary image which can be further processed 

for developing the algorithm to solve the Rubik’s 

cube. 

The above sampling process is performed 

for all binary images i.e., for all color

sides. The data from these sampled binary 

images is processed to obtain the color

square in each side, thus an exact representation 

of the scrambled cube can be obtained. The flat 

view of the example set of input images obtained 

from the above processing techniques is shown in 

Fig. 7. The exact representation is stored as a list 

collection data type for further processing in 

Python programming language.   
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for the centre is fixed for all input 

images, thus it is not considered for the sampling 

process. A good number of sample pixels are 

selected randomly from each of the remaining 8 

squares. The intensity value of each selected 

ue of 1 corresponds to 

and 0 corresponds to the 

in each selected pixel. The 

number of pixels with intensity value 1 is 

compared with an optimal value and thus the 

is present or absent 

 
Fig. 6 Binary image of the Face side (orange segmented) 

As shown in Fig. 6 this method gives a 

perfect binary image, making further processing 

matrix is obtained from 

binary image which can be further processed 

for developing the algorithm to solve the Rubik’s 

The above sampling process is performed 

colors, for all the 

sides. The data from these sampled binary 

color for each 

square in each side, thus an exact representation 

of the scrambled cube can be obtained. The flat 

view of the example set of input images obtained 

from the above processing techniques is shown in 

ion is stored as a list 

collection data type for further processing in 

Fig. 7 Flat view of the considered scrambled cube example

D. Algorithm 

The data fed to Python as a list data type is 

further used to solve the Rubik’s 

(Layer by Layer) solution is used here. The 

solution has been classified into the following 

five categories. The projected view of a sample 

scrambled Rubik’s cube subjected the following 

steps is shown in Fig. 8. The algorithm is 

converted into Python code and fed to the data 

fed to create signals for the actuators which 

controls the cube rotation. 

1)  Top edges: The first step is to form the cross on the 

top layer. This step orients and places the 4 edge pieces on 

the top layer. 

2)  Top corners: The second step is to orient and place 

top corners. This solves the first layer (top surface) of the 

cube. 

3)  Middle edges: This step involves placing the middle 

edge pieces at the corresponding position. This solves the 

first two layers of the cube. 

4)  Bottom edges: In this step the bottom edge pieces are 

oriented and placed at the correct position. This solves the 

bottom cross on the bottom layer. 

5)  Bottom corners: The final step is to place the bottom 

corners at their corresponding positions and orient them. 

Thus, the Rubik’s cube is completely solved.
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Fig. 7 Flat view of the considered scrambled cube example 

The data fed to Python as a list data type is 

further used to solve the Rubik’s cube. The LBL 

(Layer by Layer) solution is used here. The 

solution has been classified into the following 

five categories. The projected view of a sample 

scrambled Rubik’s cube subjected the following 

steps is shown in Fig. 8. The algorithm is 

to Python code and fed to the data 

fed to create signals for the actuators which 

The first step is to form the cross on the 

top layer. This step orients and places the 4 edge pieces on 

second step is to orient and place 

top corners. This solves the first layer (top surface) of the 

This step involves placing the middle 

edge pieces at the corresponding position. This solves the 

In this step the bottom edge pieces are 

oriented and placed at the correct position. This solves the 

The final step is to place the bottom 

corners at their corresponding positions and orient them. 

he Rubik’s cube is completely solved. 
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Fig. 7 Projected view of a sample unscramble cube subjected to the Layer 

by Layer (LBL) solution steps. 

IV. CONCLUSION 

The Rubik’s cube still proves to be a very 

difficult challenge for humans to solve, but it is 

even more challenging to make a robot solve it. 

With the knowledge of image processing, robot 

kinematics and algorithm development it could 

be made possible. Implementing them all in one 

process is a hard yet intuitive task since this 

project is a rightful experience for implementing 

the knowledge in respective fields. For accurate 

and faster solution, in future, Browser 

Automation (Robotic Process Automation) using 

Selenium WebDriver can be implemented, which 

involves a process of sending the current cube 

status to the browser and thus receiving better 

and faster solution algorithms. 
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