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Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmMpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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PARAMETRIC METHOD FOR EXTRACTING SKELETONS OF
EXTENDED LINEAR OBJECTS ON A CARTOGRAPHIC IMAGE

Abstract. The article deals with the method of data formation of a geographical information system, which is
based on solving the problem of isolating the approximations of linear elements on images. The advantages of the
method: good speed, convenient tuning, interactive correction of the solution.

Key words: geographical information systems, databases, data processing, cartographic material, vectorization.

As far as information is accumulated and more and more initial data received over a long period of
carrying out and updating cartographic works are incorporated into the decision-making system, the
requirements to data storage and processing capacity are increasing. This has led to the problems of
processing visual information; one of such problems arising from practice requests is the task of extracting
the skeletons of linear objects of the image [1-4].

When creating databases of a problematic geographic information system (GIS), as a rule, the
existing topographical and thematic cartographic materials as initial data are to be to used.

The central operation in the development of information technology is the translation of graphic
information from paper to digital form, which has become possible due to the appearance and deve-
lopment of an input device - a digitizer, a scanner, a video camera.

From the point of view of mathematical support, recent years are characterized by great attention to
the tasks of image processing, which has led to a huge number of methods and algorithms, together with
theoretical achievements, great attention was paid to the development of problem-oriented practical
systems. Some progress was made when creating text recognition systems. Another area, equally complex
and important, is reading and understanding of various graphic images, such as maps, technical drawings,
diagrams, etc. Input and formation of digital cards on their basis is implemented today using technology
based on scanning of maps and their subsequent vectorization. Before the image is processed, it is
necessary to feed it into the computer - digitize. Scanners are used to convert the information of paper
documents into electronic form. Manual input of drawings, maps using a vector-based input device for
graphic information is a low-efficient process. Using the scanners for the same purposes allows to get a
raster image format quickly, but it is necessary to have software to convert the image into a vector form
and then to a higher-level model.

There are hand, tablet, drum and other scanners. The most common are flatbed scanners, which
provide the best quality, speed and convenience when working with paper documents. When such a device
is in operation, the cursor locates automatically on the surface of the information carrier, and the
coordinates of the cursor are transferred to the computer's memory [5-7].

Translation of data from a computer scanned and visualized on a computer monitor, electronic, raster
image into digital format, called vectorization, is carried out by manual, interactive or automatic methods.
The manual method involves bypassing by the mouse cursor of each image object, interactive - semi-
automatic mode, with the participation of an expert, and automatic - using special programs, without the
participation of an expert.
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The existing automatic vectorizers allow to automate the technological processes — to automate a
whole series of laborious and routine processes in technologies for creating and updating digital
topographic maps and plans, including vectorizing the content elements of the topographic map. The
known algorithms for automatic selection of objects on images are inaccurate, therefore interactive
methods with a different share of automation, remain more preferable, as more accurate. Most of the
developments have tools for interactive vectorization.

Despite the availability of automation, the process of generating data remains quite labor-consuming.
The disadvantage of the semi-automatic vectorization method is that the work of highly professional
specialists is used for routine operations. The result is that much of the data does not reach consumers.

To solve the tasks of vectorizing images and further processing them (recognizing printed text,
graphics operations, etc.), a two-stage scheme, which is well described in the literature, is currently used.
At the first stage, a coordinate (vector) representation of the original raster is automatically constructed. At
the second stage, on the basis of the representation obtained, the problem of separating the skeleton is
solved in the semi-automatic mode. Such a mode is a disadvantage of the second stage, which determines
the requirement for perspective approaches to solving the tasks of processing and recognizing video data:
simplicity and reliability of procedures that reduce the participation of specialists of unique qualification
should be ensured. To ensure these conditions, it is proposed to develop a method for formation of
skeletons of a cartographic image based on digital processing [9].

The developed method provides significant compression of video data without loss of quality, which
makes it possible to store a compressed map image in a GIS database.

From the possibilities to provide the quality of the result and the speed of the software tools of
vectorization, the efficiency of the whole applied technology also largely depends. In its turn, the process
of vectorizing a raster image is mainly in the skeletonization (thinning) of image objects, i.e. the allocation
of a linear structure, along which a vector representation of a part of the original image is directly
constructed.

On the other hand, the development of linguistic methods of locating patterns and methods of con-
structing databases makes actual (enriches) the development of algorithms for automatically isolating
structural elements of images. As such elements, geometric and topological features of images are
frequently used: arcs, contours, end points, intersection points and branching of lines, and others. The
approach of isolating structural elements based on skeleton (contour) of the image, in which the basic
geometric and topological characteristics of the original image is preserved, is widely used.

Content-related problem statement. After entering the graphic image in the computer, most lines
forming an image and having different thicknesses appear blurred. This image quality does not allow us to
apply to it well-known methods for identifying certain elements (primitives) and characteristics of graphic
objects, while the eye easily adapts to changing thickness and unevenness of the lines. Because of this, in
order to determine the unambiguous behavior of curves carrying basic information about their shape and
relationships, such an image is usually made thinner. Making lines thinner comes down to the task of
information compression - minimization of the volume of video information, for example, cartographic
information: allocation of linear formations on the images of the earth's surface (roads, rivers, etc.),
boundaries of regions, coastlines with indistinct outlines (steppe massifs, urbanized areas, seacoasts, lakes,
etc.). With a significant extent of linear structures, the tracking mode is applied. In fact, thinning corres-
ponds to the removal of unnecessary information without losing the essence and coherence of the image
elements. Thus, thinning can be referred to one of the first stages of generalization of information when
processing images. In the next stages, with the help of some transformations, it is possible to achieve the
degree of abstraction sufficient for introducing the concepts of graphic elements (primitives) with the
corresponding parameters, the set of which is in principle the output of the skeletonization method and
input data for updating the database.

The actuality of the task of constructing (separating) the skeleton of image objects as an important
stage in image processing is associated with the development of information systems. It is commonly
known that in information systems data compression is necessarily used - the cause of the problem in the
resource-intensive systems. Therefore, the large data arrays that characterize each image are necessarily
subjected to compression and stored in databases, and this is used, every day by everyone when working
with a computer.
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The purpose of solving the problem of building (separating) the skeleton of an image object is to
support the decision-making procedures for creating automated processing systems, analyzing flat point
images by skeletonization as a tool for solving applied statistical problems, more specifically, the detailed
development of one of the stages of solving the image processing task of the so-called method mapping
the skeleton (compression) of a cartographic image when preparing a digital map for storage in a GIS
database.

The solution to the problem of constructing a skeleton of image objects has found application in the
areas of knowledge dealing with procedures for preliminary image processing and aimed at identifying the
typical features of image objects. Skeletons of images are used for character recognition, in digital
fingerprinting, for economical storage of characteristic image descriptions (graphic documentation -
drawing documents, plans, diagrams, charts, etc.) in the database. The method is actual when working
with cartographic materials and is aimed at reducing the description of the image and decreasing the load
on the expert cartographer.

The method of constructing (extracting) the skeleton of image objects is intended to solve the
problem of skeletonization of the image in the following formulation.

A map image containing linear type objects (roads, rivers, borders, etc.) is given. It is required to
create a method of a short (compressed) description of the original image.

The practical value of the work is in the fact that the proposed method for constructing skeletons of
image objects is applied in works dealing with GIS, its consumers are enterprises that work with
cartographic products.

The proposed approach is based on the ideas of well-established automatic classification algorithms,
which is new for solving the problems of selecting skeletons of image objects, and is predetermined by the
success of the practical application of the method.

Representation of the object under consideration. The pre-processing of the images includes a step
that enables the signals coming from the scanning device to be converted into a discrete image of the
original picture. A discrete image, which is usually a set of pixels on a rectangular matrix, is written into
the computer's memory. From this moment, digital processing of images begins.

There are two types of image representation - coordinate (vector) and raster views.

After reading the information, a raster image (a graphic image of the document) is generated in the
memory of the computer, by which is meant a matrix consisting of a large number of ordered discrete
elements, each of which can have, with the same dimensions, different optical characteristics (color,
density, brightness and etc.). Such elements, which are the minimum fragments of a digital image, are
called pixels.

The main stages of the vector (raster) transformation are the following: noise filtering, area selection,
thinning, delineation, general and local vectorization, approximation and recording of the image into the
database. There are many algorithms that implement these tasks, and a lot of studies have been devoted to
their solution.

Advantages of vector representation. Vector data requires less memory, a vector data processing
system is generally cheaper than raster processing systems, vector data processing systems and methods
are well developed, the availability of a vector data format is a prerequisite for efficient coding of graphic
information, vector format is better adapted to the preservation of logical relationships of graphic objects
documents and is understandable to a person, the quality of vector images does not change as they
increase in number. Vector graphics are widely used, for example, in cartography, where it is necessary to
increase fine details without loss of quality.

Disadvantages of vector representation. Sequential algorithms for vectorization are most simple in
understanding, have a sufficiently high speed and require the storage of the entire image in the computer's
memory.

The resulting vector representation of objects is excessive from the point of view of its description
and must be compressed.

Optimal representation of lines should have the following features: to store information well; not to
use significant amounts of memory; to be insensitive to local noise; to be insensitive to elementary
transformations.
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Graphic images in the raster form are called raster representations. The main drawbacks: deterio-
ration in quality with enlarging - the effect of pixelation; weakly developed algorithmic support; greater
sensitivity to noise; large amount of data; long time processing of raster images; lack of effective data
analysis procedures; each object is represented by a plurality of image elements.

Formalization of skeletonization problem. Typically, the processing of image information consists in
the allocation of conditionally subsets corresponding to lines in the original image on the set of image
points, and subsets that are not lines.

Each subset of the first type is replaced by a skeleton (an axial line) that describes the path traversed
by the "writing instrument" when drawing a line. It should be noted that the skeletons are always given by
some finite sequence of points.

Having the original image, it would be natural to proceed to further procedures for working with the
image, for example, to the tasks of storage and analysis. However, reality shows that such a transition is
difficult because of the large amount of information available, including that obtained by sampling, which
is the material for the selection of the skeleton. In addition, the storage of the initial set of points leads to
the complication of the following information processing procedures, it is also memory and time
consuming. This necessitates the construction method of allocation skeletons image objects which retains
information essential for further storage and analysis without affecting the topological and geometrical
properties of the objects in the images.

The term "thinning" is the most general term for the process of converting lines or a group of image
objects having a width of several points in a line of point width. The most common synonyms for this
operation are the terms ‘“skeletonization”, "converting the middle axes", "converting the axes of sym-
metry" and others. After its appearance, dozens of works have been devoted to solving the problems of
thinning. In the first papers thinning was used for optimal character recognition, coding and transmission
of facsimile data. Then there were applications for processing chromosomes, fingerprints, processing
radiographs. Due to the importance of an optimal solution to the problem of storing GIS data and a large
number of scanning systems, thinning is widely used to compress (encode) graphic documents - drawings,
cartographic information, printed circuit boards and other storage media.

There are three basic requirements to the results of the skeletonization operation:

1. the connectivity of the objects of the image and the background must be preserved;

2. the ends of the middle lines should be as close as possible to their true position;

3. the central lines of objects should be distinguished with sufficient accuracy.

As a rule, all existing methods of skeletonization approximately satisfy these requirements. These
methods can be conditionally divided into several groups based on ideas (methods) embedded in them and
depending on the nature of the original image.

The skeleton emphasizes (repeats) the geometric and topological properties of the figure, such as its
connections, connectivity, length, direction, width. In fact, the skeleton is a representation of the shape of
the figure, simplifying its further analysis for a number of tasks. In the case of the analysis of cartographic
materials images, objects with extended forms-rivers, roads, borders, act as figures, and their length
considerably exceeds their thickness. When analyzing images with fingerprints, the papillary lines of the
finger act as a figure - a peculiarity is the high density of objects and image points.

The first methods of skeletonization were developed to solve formalized procedures for character
recognition in an image. A number of results created within the framework of this subject area are
applicable under certain conditions also for image analysis tasks from other subject areas.

Formal problem statement. Let there be given a set of points T = {t,,t,,....t },t; =(x;,y;),1=1,N
on the plane. The problem is to create a method for finding a point set that preserves the topological and

geometric properties of the set of points T in the image.

In this regard, the task of choosing an effective skeletonization procedure is quite urgent. By
efficiency in this case we will understand the speed of the skeletonization procedure, the quality of the
skeleton received and the minimization of the volume of data stored in the database.

The task of selecting skeletons of image objects is one of the main tasks of preliminary processing.
Skeletons make it possible to describe the geometric features of objects, they are convenient for
subsequent processing and are stored in a database.
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As practice has shown, in spite of the similarity of posing skeletonization tasks from different subject
areas of knowledge, there is no universal method of skeletonization. The point is that, even if there are
opportunities to significantly accelerate the process of skeletonization due to effective methods for solving
skeletonization problems, computer technology with a high resource intensity, the central and most
important and complex issue in the use of structural methods is the correct choice of the method for
separating the skeleton. This follows from the generally accepted fact that a relatively simple method
applied to existing data with its own specifics can give a better result than well-known and complex
skeletonization methods on data with an unknown structure.

Thus, the choice of the method of skeletonization depends on the specific conditions for presenting
input images, including the nature of the background, other images, interference in the situation, and is
related to the choice of preprocessing, segmentation, filtering methods and of course depends on the
subject area in which it is necessary to obtain a skeletonization result.

The choice of method for each specific preprocessing task, in our case the skeletonization method, is
an informal procedure and is usually performed by the person designing the proposed system for
supporting solutions to imaging tasks, and ultimately making a decision based on the results of skele-
tonization.

Obviously, among these methods it is necessary to choose the one that in some sense best implements
the skeletonization of image data.

The presence of some functional that associates with each method of skeletonization a certain
numerical estimate, with the search for a further solution on which the functional reaches an extremum, is
a rare case. Therefore, in practice, such a functional is substituted with a priori knowledge, data and the
system designer’s own experience, who is solving the problem of skeletonization in a certain area of
knowledge, by the behavior of the image when the image passes through a local window. And this
inevitably leads to interactivity in the work of skeletonization methods [9].

There are a lot of methods of skeletonization of the image, and all of them, in fact, reveal the
structures of objects on digital images and are aimed at restoring the trajectory of the writing instrument
(cursor) while drawing lines on the image.

The technical result consists in isolating the characteristic elements of the image, in reducing the
computational resources at the subsequent stages, aimed at removing the nonessential elements to solve
the problems of skeletonization. The result is achieved through a binarization operation, followed by
splitting the image points into disjoint classes and building a skeleton using the proposed method, and also
by defining the image points by building the skeleton of image objects and applying the rules for selecting
characteristic image points.

In general, the result is an increase in the efficiency of image compression (encoding), which includes
the following indicators:

* High efficiency according to the criteria of appointment;

* High speed for processing information in real time;

* Relatively minimal spent computing resources.

We proceed from the fact that a single method of skeletonization does not exist due to the existence
of a strong dependence of skeletonization methods on the initial data - methods are created for the initial
image data [10-12]. Therefore, in our study, we significantly narrowed the field of consideration, turning
to cartographic materials, determined the working conditions of the skeletonization method proposed by
us with the dynamically changing viewing window radius.

The peculiarity of our considerations is that we have a map image in which the objects of interest
occupy a small area of the image, and the length of the linear objects of the image is many times greater
than their width.

Our proposals. The idea of the approach is to change systematically the radius of the area, depending
on the location of the objects that have got into it and the corresponding change in the location of the area
in the course of the local search for the points in question.

The proposed method of isolating the skeleton is based on the development of the idea of a well-
proven method of automatic classification. It does not belong to any of the known methods of skeleto-
nization and is an example of an iteration-type algorithm that does not use the notion of contour points but
tracks the image along the lines in the automatically determined direction and considers the midpoints for
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each time point that form the skeleton of the line image. This method is similar to non-iterative skeleto-
nization methods that use midpoints.

The solution to the problem lies in the fact that the method of selecting skeletons of extended linear
image objects, including obtaining an image in digital form, preliminary image processing, selection of
extended linear objects and setting the start and end points of a linear image object, contains image
processing using our method to determine points belonging to the skeletons of extended linear image
objects from the given initial point to the end point, and based on the analysis of value of the midpoint of
the set of points that fall in the window of the neighborhood with respect to each investigated point of the
image.

Method of work. At each step, we randomly select an object from the sample, place around it a circle
of radius R, inside this circle we select the center of gravity of the points caught in it, remember it and
make it the center of a new circle of radius R. At each step we shift the circle towards local condensation
of sample objects, that is, we try to capture as many sample objects as possible with a circle of a fixed
radius. After the center of the circle is stabilized, we mark all objects inside the circle with this center as
processed and are removed from the sample. We repeat this process on the remaining sample until the
entire sample is completed.

The result of the proposed method is the set of points representing a set of centers of circles with
variable radii covering in a certain way the whole set of close points of the image.

The development was tested in the framework of the contractual theme "Creation of an automated
system for processing cartographic information" and showed good efficiency.

In this description, the method of selecting a skeleton of an image is considered, which differs from
the known ones because the image transformations are performed not by raster representation, but by a
much more economical and convenient vector representation.

The experimental verification of the results of the vectorization (comparison by the method of
superimposing the original image and the drawn one by the resultant image method proposed by us)
showed no significant deviations.

Conclusions. The described method of selecting the skeletons of objects in the image is effective
from the point of view of the accuracy of the skeleton received, it is simple, inexpensive and accurate
enough, besides: the process of skeletonization takes place on the same image, saves memory; does not
require the use of a large amount of operations over pixels; the number of operations is proportional to the
area of the image object; sufficiently high speed of execution; easy adjustment for practical work; the
possibility of adjusting the solution, the adaptability of the radius of the neighborhood.

It can be widely used in solving various technical problems - when creating recognition programs in
GIS, CAD and other subject areas of knowledge. The method can be used to select linear image objects,
road networks, rivers, boundaries and object contours when creating electronic maps based on images for
geographic information systems and is industrially applicable [13-20].
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