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Abstract. This paper proposes a guidance system to help to solve the Rubik’s 
cube. For the puzzle to be solved, each face must be returned to consisting of 
one color. But the problem is quite difficult because there are 4.3252x1019 
different states that can be reached from any given configuration. Our system 
use augmented reality technology to recognize the placement of each square 
and provide intuitive and easily understandable guidance for solving procedure.   
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1 Introduction 

Rubik's Cube is a 3-D combination puzzle invented in 1974 by Erno Rubik of 
Hungary. In a classic Rubik's Cube, each of the six faces is covered by nine stickers, 
each of one of six solid colors. The puzzle is scrambled by making a number of 
random twists. For the puzzle to be solved, each face must be returned to consisting 
of one color. There are 4.3252x1019 different states that can be reached from any 
given configuration[1].  

The problem is quite difficult. In Rubik's cubers' parlance, a memorized sequence 
of moves that has a desired effect on the cube, is called an algorithm. Many 
algorithms are designed to transform only a small part of the cube without interfering 
with other parts that have already been solved, so that they can be applied repeatedly 
to different parts of the cube until the whole is solved. Some algorithms do have a 
certain desired effect on the cube but may also have the side-effect of changing other 
parts of the cube[1].  

Augmented reality (AR) is a live, copy, view of a physical, real-world environment 
whose elements are augmented by computer-generated sensory input such as sound, 
video, graphics or GPS data. A major strength of AR systems is their intuitive 
depiction of information, where the user perceives virtual and real objects as 
coexisting in the same space. At a glance, the user naturally recognizes the content of 
the information (i.e., an object’s location, size, shape, color and maybe its 
movement)[2]. In this paper, a series of solution steps will be provided by using AR 
technology.  
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Fig. 1. System Overview 
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devices. Unity3d is a very flexible engine that was used for generating and integrating 
richer 3D graphic.  

For augmented reality,  we use a Mobile AR SDK called Vuforia developed by 
Qualcomm that supports iOS, Android and Unity 3D. It uses Computer Vision 
technology to recognize and track planar images and simple 3D objects, such as 
boxes, in real-time. The virtual object then tracks the position and orientation of the 
image in real-time so that the viewer’s perspective on the object corresponds with 
their perspective on the Image Target, so that it appears that the virtual object is a part 
of the real world scene.  

Vuforia provides Application Programming Interfaces (API) in C++, Java, 
Objective-C, and the .Net languages through an extension to the Unity game 
engine.[3] In this way, the SDK supports both native development for iOS and 
Android while also enabling the development of AR applications in Unity that are 
easily portable to both platforms. The Vuforia AR Extension for Unity enables vision 
detection and tracking functionality within the Unity IDE and allows developers to 
create AR applications and games easily.  Figure 2 shows how Virtual buttons work 
only with image targets. 

 

 

Fig. 2. Vuforia AR Extension for Unity and Virtual Buttons demo 

Vuforia uses computer vision technology to recognize 2D and 3D image targets. 
An image target or ’Trackable” is an image that the Vuforia SDK can detect and 
track. In the system, a special kind of predefined markers called Frame Markers  
is used. Vuforia provides 512 predefined Frame Markers where each marker has  
an unique code of binary pattern around the border of the marker image. Decoding 
a Frame Marker takes relatively little processing power.  In the system, we 
designed Frame Markers for 24 square with 6 different colors of 2x2x2 cube like 
the Figure 3.  
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