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In conclusion, in current research technologies which make storing data in the cloud were
presented. An overview of underlying technologies for implementing cloud data storage was
provided including storage virtualization, distributed file system, data dispersal algorithm. Data
storage is crucial part of software ecosystem and ability to provide large amounts of storage volume
on demand is the reason why cloud storage technologies are relevant and needed.
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UDC 004.514
METHODS FOR DETERMINING SPATIAL ORIENTATION IN AUGMENTED
REALITY USING MARKERS
RADOUTSKA A.K. (anna.radoutska @nure.ua)
Kharkiv National University of Radio Electronics

The thesis discusses the most common pipeline for defining augmented reality markers and
selects existing fast algorithms for each stage.

Today, augmented reality systems are becoming more widespread. Therefore, it becomes
important to develop and implement methods that allow you to quickly identify objects in the real
world.

There are two main approaches to creating augmented reality: using a pre-made marker that
needs to be printed, and without one. Both approaches, using algorithms of "computer vision",
recognize objects in the frame and complement them. The most common recognition algorithms for
creating augmented reality with a pre-prepared marker / markers. Any shape or object can be a
marker. But in practice, we are limited by the resolution of the camera, the features of color
rendering, lighting and the processing power of the equipment (when it comes to working in real
time). Therefore, the most common is a black and white marker of a simple form. As a rule, it is a
square or rectangle with an identifier-image inscribed inside. The main types of markers correspond
to 4 common systems: ArToolKit (ATK) marker system; Institut Graphische Datenverarbeitung
(IGD) marker system; Siemens Corporate Research (SCR) marker system; Hoffman marker system
(HOM) used by SCR and Framatome ANP. In general, the process of identifying a marker is as
follows: a) We bring in grayscale; b) Image binarization (threshold); ¢) Determination of enclosed
areas; d) Select the contours; e) Select the corners of the marker; f) Transform the coordinates
(Figure 1).
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A threshold is used to convert a grayscale image to bi-color. The question is how and to
what to apply this threshold. The easiest way is to set a threshold. For example, if we have 256
colors, then we can set the threshold to 128. If we complicate things a little, then we can choose the
threshold using the color histogram. All methods of converting an image to black and white can be
divided into six large groups: 1) Methods based on the “shape” of the histogram. 2) Methods based
on clustering. 3) Methods based on the study of entropy. 4) Methods based on finding the similarity
between gray and b / w images. 5) Methods using correlation dependences and features of statistical
distribution between pixels in image areas. 6) Methods based on local adaptation of the threshold
for each pixel of the image. The most commonly used methods are based on local adaptation. There
are about forty binarization methods, but the most widespread are methods of image processing
with a given threshold, adaptive, as well as the Otsu method.

1l O

a. Original image b. Thresholded image c. Connected components

d. Contours e. Extracted marker edges and corners {. Fitted square

Figure 1. Generalized process of identification of augmented reality marker

Next, the algorithm needs to identify closed areas on a white background. As a rule, there is
a combination of methods, but in the general case, algorithms are used to “fill” white areas and
select closed areas. There are several approaches to selecting outlines in an image. The main ones
today are: 1) Marr-Hildreth Edge Detector 2) Canny Edge Detector 3) Boolean function based Edge
Detector 4) Euclidian distance and Vector Angle based Edge Detector 5) Depth Edge Detection
using Multi-Flash Imaging 6) Sobel Edge Detector. The Canny and Sobel algorithm is mainly used.
Find outlines inside the white closed areas. As a result of application, we get the following image

Having selected the path, it must be mapped to our marker. Many different contours can be
selected in the 1mage, we need to find something "similar" to a quadrilateral. To solve this problem,
you can use the Douglas-Pecker algorithm (aka the Ramer-Douglas-Pecker algorithm, the iterative
nearest point algorithm, the split and merge algorithm), which allows you to reduce the number of
points on a curve approximated by a larger series of points. For example, openCV has a function
approxPolyDP that already does this. If you further process its result, you get a suitable result.
Thus, as a result, we get the coordinates of the marker corners.

Here is a brief overview of the most common and applicable pipeline in today's systems for
fast and high-quality recognition of augmented reality markers.
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