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LINEARIZATION OF THE CONTOURS OF THE REGIONS RECOGNIZED
BY NEURAL NETWORKS ON IMAGES

In this paper, a method is proposed for linearizing the contours of image areas that can be
obtained after recognition by neural networks. The need for the method is due to the fact that the
contours are described by a large number of points, usually located in increments of 1-5 pixels, which is
redundant in many tasks, for example, if you need to find rectangular or contours consisting of straight
sections in the images. The developed method is implemented in the C++ programming language in the

form of the lineSegment method.

Keywords: linearization, pattern recognition, neural networks, rectangular contours.

Formulation of the problem

Recognition of images (objects, signals,
situations, phenomena or processes) is the
task of identifying an object or determining
some of its properties by its image (optical
recognition) or audio recordings (acoustic
recognition) and other characteristics [1].

The pattern recognition systems, apart
from the semantic difference that is embed-
ded in the concept of an image, differ from
each other also in the method of presentation
(syntax):

— 1in classical models, the image is usu-
ally described by a set of features, each of
which characterizes a certain property of an
object;

— in structural models, a certain state-
ment, generated by the grammar characteriz-
ing the class, acts as an image;

— 1in text processing tasks, the role of an
image is performed by a certain chain of
characters or a template representation of this
chain (for example, regular expressions).

There are three methods of pattern recog-
nition [2]:

1. Brute force method — a comparison
with a database is performed, where for each
type of objects various display modifications
are presented. For example, for optical pattern
recognition, you can apply the method of sort-
ing the type of object from different angles,
scales, displacements, deformations, etc.

2. Produced a deeper analysis of the
characteristics of the image. In the case of op-
tical recognition, this may be the determina-
tion of various geometric characteristics.

3. The use of artificial neural networks.
This method requires either a large number of
examples of the recognition problem in train-
ing, or a special neural network structure that
takes into account the specifics of this task.
However, it is distinguished by higher effi-
ciency and productivity.

Analysis of recent research
and publications

Pattern recognition tasks are essentially
discrete counterparts of optimal solution
search problems (discrete programming).
These include a wide class of tasks in which
for some, usually highly heterogeneous, in-
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complete, fuzzy, distorted and indirect infor-
mation, it is required to establish whether the
objects, situations or phenomena under study
have a fixed finite set of properties allowing
them to be classified into a certain class.

Another of the important areas of applica-
tion of the theory of pattern recognition is the
problem of predicting the behavior of objects
or the development of the situation. The tasks
of this type include the tasks of technical and
medical diagnostics, geological forecasting,
forecasting the properties of chemical com-
pounds, alloys and new materials, forecasting
the harvest and the progress of building large
objects, detecting forest fires, managing pro-
duction processes, etc.

The task of pattern recognition also arises
in artificial intelligence systems. For example,
in the understanding of a natural language,
symbolic processing of algebraic expressions,
expert systems, etc.

This topic is one of the most relevant in
scientific research and a lot of publications
are devoted to it, for example, the work [3-6].

One of the most effective and common
ways to represent and solve the problems
listed above are artificial neural networks
(ANN). They are based on an approach that is
based on the concept of learning with exam-
ples. In this case, it is necessary to have a suf-
ficient number of examples to configure the
system being developed, which, after training,
will be able to obtain the required results with
a certain degree of reliability.

Research in the field of ANN experienced
three periods of activation. The first peak in
the 40s was due to the pioneering work of
McCulloch and Pitts. The second was in the
60s of the last century thanks to the percep-
tron of Rosenblatt. The third — since the be-
ginning of the 80s, neural networks once
again attracted the interest of researchers,
which is connected with the Hopfield energy
approach (1982) and the error back-
propagation algorithm for teaching a multi-
layer perceptron (multi-layer direct distribu-
tion) first proposed by Verbos.

In recent decades, the world has been rap-
idly developing a new applied field of
mathematics, specializing in artificial neural
networks. Artificial neural networks — mathe-
matical models, as well as their software or
hardware implementations, built on the prin-
ciple of organization and functioning of net-
works of nerve cells of a living organism. The
relevance of research in this direction is con-
firmed by the mass of various applications of
neural networks. It is an automation of pattern
recognition processes, adaptive control, ap-
proximation of functionals, forecasting, crea-
tion of expert systems, organization of asso-
ciative memory, and many other applications.

A wide range of tasks solved by neural
networks currently does not allow creating
universal, powerful networks, forcing them to
develop specialized networks that operate us-
ing various algorithms. Nevertheless, the de-
velopment trends of neural networks are grow-
ing every year. One of the first tasks solved
with the help of neural networks was pattern
recognition on graphic images. Since then,
quite a lot of completely new solutions have
been proposed, many well-known solutions
and algorithms have been improved [7-8].

Research Objective

The aim of the work is to develop a
method for linearizing the contours of image
areas that were obtained after recognition by
neural networks. The need for the method is
due to the fact that the contours are described
by a large number of points, usually located in
increments of 1-5 pixels, which is redundant
in many tasks, for example, if you need to
find rectangular or contours consisting of
straight sections in the images.

Basic material

When arbitrary areas are recognized by
neural networks, as a rule, a polygon with a
large number of points is obtained that is dif-
ficult to process. In Fig. 1 shows the original
image, and Fig. 2 — the area recognized by the
neural network is highlighted. To solve this
problem, a linearization method is proposed.
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Fig. 1. Source image

g

Fig. 2. The area allocated by the neural network

The initial data for the method are the co-
ordinates of the points P; of the closed con-
tour (the data set begins and ends with one
point) and the specified error &.

The general algorithm of the method is as
follows:

1. The dependences of the coordinates x;
and y; on the length of the contour s are con-
structed.

To calculate the length of the contour, the
formula for calculating the distance between
two points is used:

2 2
Si+1:si+\/(xi+1_xi) +(yi+1_yi) 5
where i=0,...,n—1; n — amount of points;

S0=0.

2. Screening of points from the sets x(s)
and y(s) is performed according to the algo-
rithm given below.

3. Consider the remaining coordinates in
the sets of points, are entered into the result
set and:

— 1f x(s;) < y(s;), then the next x coordi-
nate is taken;

— 1f x(s;) > y(s;), then the next coordinate
v is taken;

— otherwise, the following x and y coor-
dinates are taken.

The separation of points occurs recur-
sively:

1. A straight line is drawn through the
first and last points of each set:
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2. The point is located at the maximum
distance from the obtained straight line (for
each set separately). The distance is using
elementary formulas:

B |xl. —k.s,—b,
JI+k:

:‘yi—kysi—by‘.

JI+k

d

X

3. If the distance is less than or equal to
the specified error &, then it is added to the
result set and the algorithm ends its work
(terminal branch).

4. The algorithm is called for a set of
points from the first to the found point (recur-
sive branch).

5. The algorithm is called for a set of
points from the found point to the last point
(recursive branch).

The implementation of this algorithm is
shown in Listing 1.

Listing 1

void lineSegment(double *s, double *x, int n, vector<int> & points,
double eps = EPS, int start = 0)

(x[@] - x[n - 1]) / (s[@] - s[n - 1]), b = x[@] - k * s[@], maxD = ©;

{
double k =
int maxI = 0;
for (int i =0; i < n; i++)
{
double d = fabs(k * s[i] - x[i] + b) / sqgrt(k*k + 1);
if (d > maxD)
{
maxD = d;
maxI = i;
¥
}
if (maxD <= eps)
{
points.push_back(start + n - 1);
return;
}
lineSegment(s, x, maxI + 1, points, eps, start);
lineSegment(s + maxI, x + maxI, n - maxI, points, eps, start + maxI);
}

In Fig. 3 demonstrated the work of the
developed method. The number of source
points is 80, the number in the output set is
37, the error is 1 pixel.

Conclusions

In this paper, a method was obtained and
implemented in the C++ programming lan-
guage, which allows to significantly reduce
the number of points in the circuits obtained
after recognition by neural networks, due to
their linearization.

Fig. 3. Linearization results

© Iryna USTENKO, Andrii USTENKO, Serhii USTENKO, 2019

73



I'eomeTpnune MoaenOBaHHs Ta iHopManiliHi TexHOIOTIT ISSN 2520-2820 (online)
Ne 1 (7), kBiTens 2019 ISSN 2524-0978 (print)

REFERENCES

1. KonecuukoB C. PacmosnaBanne o0pa3zoB. OOmme cBeaenus. Komnvromep-Hnugopm. URL:
http://old.ci.ru/inform03 06/p 24.htm (naTta 3BeprenHs 16.03.2019)

2. Ustenko 1., Ustenko S. Geometric recognition method of rectangular areas on images. I eomempuune
Mooemoeanusi ma ingopmayiiini mexnonozii. Ne 2 (6). Mukonais: MHY imeni B.O. CyxoMIMHCBEKO-
ro, 2018. C. 84-88.

3.  Howard W.R. Pattern Recognition and Machine Learning. Kybernetes. Vol. 36. Issue 2. 2007. P.
275-275. DOI: 10.1108/03684920710743466.

4. Tveter D. The Pattern Recognition Basis of Artificial Intelligence. Wiley-IEEE Computer Society
Pr, 1998. 388 p.

5. Bishop C.M. Pattern Recognition and Machine Learning. Springer Science+Business Media, LLC,
2006. 738 p.

6. Preston K., Carvalko J.R. On Determining Optimum Simple Golay Marking Transformations for
Binary Image Processing. /[EEE Transactions on Computers. Vol. C-21. Issue 12. 1972. P. 1430-
1433. DOI: 10.1109/T-C.1972.223519.

7. Schmidhuber J. Deep learning in neural networks: An overview. Neural Networks. Vol. 61. 2015. P.
85-117. DOI: 10.1016/j.neunet.2014.09.003.

8. Scherer D., Miiller A., Behnke S. Evaluation of Pooling Operations in Convolutional Architectures
for Object Recognition. International Conference on Artificial Neural Networks. 2010. P. 92-101.
DOI: 10.1007/978-3-642-15825-4 10.

Ipuna YCTEHKO, Anopiii YCTEHKO, Cepzii YCTEHKO
Mpuxkonais

JTHEAPU3AIIISI KOHTYPIB OBJIACTEM, PO3III3HAHUX
HEMPOHHUMM MEPEKAMM HA 306PAKEHHSAX

Y Oaniii pobomi 3anpononosano memoo Jnineapuzayii KOHMypie oobnacmetl 300pajicenv, Ki Mo-
2HCYMb OYmMu OMpPUMAHI NiCs PO3NIZHABAHHA HEUPOHHUMU Mepedcamu. Heobxionicms memoody obymosnena
MUM, WO KOHMYPU ONUCYIOMbCSL BETUKOIO KITbKICIIO MOYOK, SIK NPAGULO, PO3MAULOBAHUX 3 KDOKOM -5 nik-
cenig, Wo 8 Hbaeamvox 3a0a¥ax € HAOMIPHOIO, HANPUKIAO, AKWO HA 300PadCEHHAX mpeda 3HAUMU NpsamMo-
KVMHI ab0 MaKi, o CKiaoaromsCcs, 8 OCHOBHOMY, 3 NPAMUX OLIAHOK, KOHmypu. Po3pobaenuii memoo peani-
308anuil Mogoro npoepamysanns C++ y guensdi memooy lineSegment.

Knrouoegi cnosa: nineapuzayis, po3nizHasanHs 00paszis, HEUPOHHI MEPEIC, NPAMOKYMHI KOHMYPU.

Hpuna YCTEHKO, Anopeii YCTEHKO, Cepzeii YCTEHKO
Hwukonaes

JUHEAPU3AIINA KOHTYPOB OBJIACTEM, PACHHO3HAHHBIX
HEWMPOHHBLIMM CETSIMHU HA U30BPAKEHUSIX

B oannoti pabome npednodicen memoo auneapuzayuy KoHmypoe odracmeti u300padceHull, Komo-
pole mocym Ovlmb NOJYUeHbl NOCAe PACNO3HABAHUA HepOHHbIMU cemsamu. Heobxooumocmv memoda obyc-
JI0BNIEHA MeM, YO KOHIMYPbl ONUCBIBATOMCSL DOLUIUM KOTUUECTNBOM THOUEK, KAK NPABUILO, PACTIONONCEHHBIX
¢ wazom 1-5 nuxcenetl, Yymo 60 MHO2UX 3a0A4AX AGNAEMCSL UOLIMOYHBIM, HANPUMED, €CTU HA U300PAXNCEHU-
SX HAOO HAUMU NPSAMOY20TbHble UIU COCMOsiUe, 8 OCHOBHOM, U3 NPAMBIX Y4acmKo8 Koumypul. Paspabo-
MAHHBIL MEMOO peanu3o8an Ha s3vike npoepammuposanusi C++ 6 eude memoda lineSegment.

Knwouesvie cnoea: nuneapuszayus, pacnosnasanue oopasos8, HEUpoHHble Cemu, NPAMOY20bHble
KOHMYPbL.

Crarrs Hamiiia go peakoserii 31.03.2019
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