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From the middle of the twentieth century, research in the direction of the 

implementation of computer vision, and in particular, the virtual and augmented 

reality is been conducted. But nowadays they have got particular relevance due to the 

development of computer technology and especially mobile devices. These 

technologies are widely used in various fields and, due to an extensive range of 

different application methods, can be implemented to varying degrees on a broad 

spectrum of devices, taking into account their advantages and disadvantages. 

Augmented reality is a technology that makes it possible to complement graphic 

information about the real word environment with additional data, thereby allowing 

increasing the degree of its interactivity and information content. 

Augmented reality is an environment with direct or indirect addition of digital 

data to the real world in real time using computer devices: tablets, smartphones and 

innovative gadgets, as well as software for them. There is a fairly large range of 

branches of science and technology in which augmented reality can be applied. 

However, this is particularly true for such of them: medicine, service applications, 

cartography and GIS, games. 

The main types of additional object [1]: 

– a simplest marker or image; 

– markerless – non-marker augmented reality; 

– location based ones– technology that are most often used in mobile devices and 

are built using special sensors; 

– simple 3D markers; 

– combination of markers for complex objects rendering (cylinder, cube, 

parallelepiped); 

– frame marker. 

A marker is an object located 

in the real word environment, 

which is located and analyzed by 

special software for further 

rendering of virtual objects. Based 

on the information about the 

position of the marker in space, the 

program can accurately project a 

virtual object onto it, thereby achieving the effect of its physical presence in the 

natural environment. 

Using additional graphic filters and high-quality models, a virtual object can 

become practically real and it is difficult to distinguish from other elements of the 

interior or exterior. In theory any shape (object) can be a marker. But in practice, we 

  
 

Fig. 1 Examples of markers 
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are limited by the resolution of a webcam, color rendering and lighting features, as 

well as the computing power of the equipment (everything happens in real time, and 

therefore must be done quickly), thus a black-and-white marker of simple shape is 

usually chosen. As a rule, it is a rectangle or a square with an inscribed identifier-

image. 

Text, images, video, sound or three-dimensional objects, static or animated (in 

fact, absolutely any digital data) can serve as augmented information. Using browsers 

installed on tablets and smartphones, users scan tags, gaining access to the additional 

content. 

The goal of this project is to create an augmented reality application, develop 

and implement an algorithm for recognizing flat objects and an algorithm for 

constructing augmented reality that will work in real time. 

A person can visually compare images and select objects on them. It happens 

on an intuitive level. However, for a machine an image is just a set of data that says 

nothing. This paper deals with the problem how to “endow” a machine with the 

ability to recognize pre-defined flat objects by their visual description and build 

augmented reality. 

Representation of an object for recognition occurs by submission a raster 

graphic image. This image is called a standard. Based on it, further searches will be 

conducted. This object must be searched for on another image or video stream. The 

video stream, in turn, is a set of images. Thus, the goal is to find one image inside of 

another. The software should have invariance in the following actions: displacement, 

focal plane rotation, zooming, brightness changes, camera position changes, rotation 

of the object in arbitrary directions. Invariance of the last three transformations 

cannot be fully achieved, but even partial implementation of these actions will be a 

significant step. It is also necessary to obtain acceptable noise immunity and 

background independence that the algorithm can be applicable in real situations [2]. 

In the regard of processing speed the ability to process the real-time streaming 

is required, i.e. at least 24 frames per second at a resolution of 640×480 pixels. 

After finding the marker in the video stream and calculating its location, it 

becomes possible to construct a projection matrix and positioning of virtual models. 

Using it, you can impose a virtual object on the video stream in such a way that the 

effect of presence will be achieved (Fig. 2). The main difficulty is to find the marker, 

determine its location in the frame and project a virtual model properly. 

   
Fig. 2. Examples of 3D models output 

Generally the problem is solved as follows: for each point of an image, the value 

of a specified function is calculated, on the basis of these values a specific 
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characteristic can be assigned to the image, and then the image comparison problem 

becomes the problem of comparing such characteristics. 

The general scheme of the algorithm consists of 6 stages:  

1) Converting an image to grayscale. 

2) Image binarization by threshold parameter.  

3) Definition of closed areas. 

4) Edge detection. 

5) Selection marker corners. 

6) Coordinate transformations. 

There are three possible ways to convert the color of a pixel to grayscale: 

lightness (1), luminance (2), the mean value (3) [3]. 

 ( ) ( )( )max , , min , , / 2GS R G B R G B= +   (1) 

0,21* 0,72* 0,07*GS R G B= + +      (2) 

 ( ) / 3GS R G B= + +        (3) 

One of the goals of this work is to practically evaluate the efficiency of the 

selected algorithms for finding points of markers. For this purpose several algorithms 

were used and some statistical information about their work was obtained. The time 

spent on finding the points of the markers on the still standard image is taken as a 

main evaluation criterion. The results of the experiments are in Table 1. 
Table 1.  

Comparative characteristics of the algorithms 

№ 1 2 3 4 5 6 

Algorithm FAST STAR Dense SimpleBlod SIFT SURF 

Time of calculation 11 57 4 313 1268 400 

Number of detected points 920 30 1037 9 450 764 

 

To solve the problem, an approach was developed that is used to search for a 

marker in a video stream and following display a virtual object. First of all, we are 

interested in constructing a 3D space based on the found 2D homography. By 

homography is meant the matrix of constructing a bijective mapping of the projected 

space to itself, which maps points to points, lines to lines and keeps the incidence 

relations of points and lines. It allows transforming images to an overall perspective 

and geometry. 

In order to build 3D space it is required to know two matrices: intrinsic and 

extrinsic.  

The intrinsic matrix 
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 consists of camera parameters – the focal 

length along two axes ( )x yf , f  and the coordinates of the centre of focus ( )x yc ,c . 

The extrinsic matrix 
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 is the matrix of stretching, rotation, and 

transfer of the model. 
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Then, using the OpenGL or DirectX methods, it is possible to draw a virtual 

object over the marker. 

It requires a prior setting the parameters of the camera by performing its 

calibration. To do this, it is necessary to take pictures of a calibration gauge 

(chessboard) using the camera, transfer photos to a computer, and calculate the 

parameters of the matrices. 

In order to obtain the most accurate parameters, the following conditions should 

be met: 

– a chessboard-like gauge should be printed on a sheet of A4-sized paper; 

– the sheet of the gauge should lie flat on the surface, the edges should not be 

bent over, the absence of any bends is desirable; 

– the size of the camera shots must be adjusted to the frame size of the video 

stream; 

– it must be at least 10 camera shots of the gauge (they need to be taken from 

different angles). In so doing, the more images will be taken, the more precise the 

parameters of the projection matrix will be, and this precision will further impact the 

presence or absence of displacement when constructing 3D objects. 

Extrinsic matrix (or model matrix) – this is a matrix of model transformations 

using stretching, rotation, and transfer. It allows uniquely specifying the position of 

an object in space. Diagonal elements are responsible for stretching the model. Other 

elements are responsible for rotation an object in space [4]. In general, structure of 

this matrix can vary depending on coordinate transformation equations, but the 

described key elements are always present in it. 

The constructed matrices are then used to 

calculate the rotation and transfer vectors, with 

subsequent inserting into the model matrix. It 

should to be noted that calculating matrix 

process takes several milliseconds and has 

little impact on the operating speed of 

software. The main load comes from analyzing 

the video stream and searching for a template 

image in it. 

For the test example of program 

operatio

n, we used different angles of inclination of 

our marker and various 3D models for a 

complete check of its efficiency. In fig. 4 a 

test model number 2 with the scale of 150 mm 

is shown. 

Integrate the code into Unity 3D to 

extend the capabilities of our application [5]. 

Thus we can add audio files and visual 

effects; we can also easily create animations 

for our 3D models. 

In fig. 5 operation of the mobile application collected in Unity 3D is shown. 

 

Fig. 3.  The position of the object on the 

marker with the directions of the 

coordinate axes 

 

Fig. 4. The test example of program 

operation 



50 

 

 
Fig. 5. Mobile application in Unity 3D 
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