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GEOMETRIC RECOGNITION METHOD
OF RECTANGULAR AREAS ON IMAGES

In this paper, a method of geometric recognition of rectangular areas in images obtained by
statically standing cameras is proposed. This method refers to the method when a deep analysis of the
characteristics of the image is made, in particular, various geometric characteristics are determined. The
method uses the functions of the OpenCV library. This method is implemented as a software product. As a
result of his testing, acceptable results were obtained.
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Formulation of the problem

The task of pattern recognition is that liv-
ing systems, including humans, are constantly
confronted from the moment they appear. In
particular, information coming from the
senses is processed by the brain, which in turn
sorts the information, provides a decision, and
then uses the electrochemical impulses to
transmit the necessary signal further, for ex-
ample, to the organs of movement that im-
plement the necessary actions. Then there is a
change in the environment, and the above
phenomena occur again. And if you look,
each stage is accompanied by recognition.

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

Pattern — classification grouping in the
classification system, combining (distinguish-
ing) a certain group of objects by a certain
attribute. Images have a characteristic prop-
erty, manifested in the fact that acquaintance
with a finite number of phenomena from the
same set makes it possible to recognize an
arbitrarily large number of its representatives.

Analysis of recent research
and publications

Most machines can receive input only
through simple input devices, such as keyboards
and mouse, or through wired and wireless
communication channels. However, in recent
years, cameras and microphones have been
added as standard parts of computers and mo-
bile devices (such as phones and tablets). At the
same time, the speed of these devices has in-
creased significantly, which made it possible to
begin processing this data in a meaningful way.
There was a whole area of scientific activity —
Computer Vision. It includes the methods used
to automate tasks, such as recognizing letters,
bar codes, car numbers, persons and other bio-
metric data, speech, etc. Computer Vision sys-
tems are becoming ubiquitous [2].

There are a number of high-quality sys-
tems in which solutions of computer vision
problems can be developed, of which two are
distinguished: MATLAB and OpenCV.
MATLAB provides an environment that al-
lows you to relatively quickly create proto-
types of vision solutions [3]. OpenCV is a
high-quality library for C and C++, which
provides the implementation of many modern
methods of vision [4].

84

© Iryna USTENKO, Serhii USTENKO, 2018



I'eomeTpnune MoaenOBaHHs Ta iHopManiliHi TexHOIOTIT

Ne 2 (6), :xoBTeHn 2018

ISSN 2520-2820 (online)
ISSN 2524-0978 (print)

Research Objective

There are three methods of pattern recog-
nition:

1. Brute force method — a comparison
with a database is performed, where for every
kind of objects various display modifications
are presented. For example, for optical pattern
recognition, you can apply the method of sort-
ing an object's view 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-

Object

Pattern recognition system

ing, or a special structure of the neural net-
work that takes into account the specifics of
this task. However, it is distinguished by
higher efficiency and productivity.

The purpose of this work is to develop a
method of geometric recognition of rectangu-
lar areas in images obtained by statically
standing cameras. This method will apply to
the second way of pattern recognition.

Basic material

Pattern recognition tasks consist of two
stages (fig. 1):

— conversion of the original data to a
form that is convenient for recognition;

— proper recognition (indicating that the
object belongs to a particular class).

conversion

Fig. 1. The structure of the recognition system

For such problems, it is difficult to build
formal theories and apply classical mathe-
matical methods (information is often not
available for an exact mathematical model or
the gain from using a model and mathematical
methods is incommensurable with costs).

We will develop a method of geometric
recognition of rectangular areas on images
obtained by statically standing cameras. An
example of such images may be, for example,
a photo of a table for weighing parcels
(fig. 2). The method will be implemented in
the C++ programming language using the
OpenCV library.

The first step in solving the information
recognition problem will be to pre-process the
image, which consists of the following stages:

1. Image reduction in 2 times — to reduce
noise in the image. To do this, we use the Im-
age Pyramid, which is a collection of images,
all arising from a single original image — that
are successively downsampled until some de-
sired stopping point is reached.

Fig. 2. Image for processing
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There are two common types of image
pyramids: Gaussian pyramid — used to reduce
the image and Laplacian pyramid — used to
restore the high-resolution image from the
image below in the pyramid (with lower reso-
lution).

Use for this function, which has the fol-

lowing signature:
void pyrUp(InputArray src,
OutputArray dst,
const Size& dstsize=Size(),
int borderType=BORDER DEFAULT)

2. Transform an image using an LUT
transform to reduce the time required to apply
an image transform (they usually have more
pixels than the number of intensity values).
The values of the LUT-table will be chosen
experimentally — for the processed set of im-
ages of the tables was selected 0,72. The
OpenCV function to perform the conversion

1S:
void LUT(InputArray src,
InputArray lut,
OutputArray dst)

3. For the final smoothing of noise in the
image, we apply blurring — this is a simple
and frequently used image processing opera-
tion, which consists in applying a filter to the
image.

There are many types of filters, but the
most useful (although not the fastest) is a
Gaussian filter. Gaussian filtering is per-
formed by folding each point of the input ar-
ray with a Gaussian core and then summing
them to create an output array. Call the filter
by using the function of this type:

void GaussianBlur(InputArray src,

OutputArray dst,
Size ksize,
double sigmaX,

double sigmaY=0,
int borderType=BORDER_DEFAULT)

4. The final stage of image preprocessing
is the use of the Canny Edge Detector, which
was developed by John F. Canny in 1986.
Known as the optimal detector and aims to
satisfy three main criteria:

— low error rate — meaning a good detec-
tion of only existent edges;

— good localization — the distance be-
tween edge pixels detected and real edge pix-
els have to be minimized;

— minimal response — only one detector
response per edge.

OpenCV function:

void Canny(InputArray image,

OutputArray edges,
double thresholdi,
double threshold2,
int apertureSize=3,
bool L2gradient=false)

The second stage of the solution is the
recognition of a rectangular area in the image.
As a result of the solution, it is necessary to
indicate the coordinates of the area inside the
image of the rectangular area. We will assume
that a region is rectangular if its sides deviate
from the horizontal and vertical within the
specified error A, expressed in degrees, for
example, 5°. The stage includes the following
stages:

1. Definition of straight lines on the
processed image. We use the class BinaryDe-
scriptor to detect lines and calculate their bi-
nary descriptor. The class is mainly based on
classical detectors and extractors, such as the
FeatureDetector and DescriptorExtractor. The
obtained information about the lines is stored
in KeyLine objects.

2. The choice of the obtained line seg-
ments, the angle of inclination of which cor-
responds to the specified, taking into account
the specified error A, as well as perpendicular
to them.

The selected lines are divided into four
groups relative to the center of the image:
horizontal, lying above (HA); horizontal, ly-
ing below (HB); vertical, lying to the left
(VL); vertical, lying on the right (VR).

3. Removal of lines whose length is less
than the specified one (percentage of the
maximum length — separately for horizontal
Ay and vertical A, segments).

4. On the basis of cluster analysis, those
lines are selected that constitute the required
rectangular area. For the example in question,
this is easier to do, because the frame on the
table has a border bounding a rectangular area
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(see fig. 2). Since cluster analysis is a
multidimensional statistical procedure that
collects data containing information about a
sample of objects and then organizes objects
into relatively homogeneous groups, it is
necessary to determine the characteristics of
the lines that allow them to be grouped. As
such characteristics, we take the coefficients
of the equation of a straight line given by an
angular coefficient:
v =k, x+b, — for horizontal lines;

x=k,y+b, — for vertical lines.

After calculating the characteristics, they
must be normalized and start the clustering
procedure. Let's use the OpenCV method:

double kmeans(InputArray data,

int K,

InputOutputArray bestlabels,
TermCriteria criteria,

int attempts,

int flags,

OutputArray centers=noArray())

When calling the function, K it should be
taken equal to 4 — the number of groups of
lines corresponding to the number of sides of
a rectangular area.

Next, the minimum distance Ry, between
the neighbors in the sample is found and lines
are ejected, which are located at a distance
greater than kpm,xRmin, Where kmax 1s selected
experimentally (10 for the problem being
solved). In this case, the distance is deter-
mined for each group separately.

5. Based on the obtained set of lines of
four types, we define a rectangular area of the
table. To do this, we intersect all the lines of
the group with the lines of the neighboring
group (HAxXVL, HAxVR, HBxVL, HBxVR)
and select points at the minimum distance
from the center of the image. Thus, we obtain
4 points that form a rectangular area.

6. The last step is to reduce the rectangu-
lar area, relative to its center, by a given rela-
tive value Ag (for the considered task by
1,5%).

On the basis of the proposed method, a
software product was developed that allows
determining a rectangular area on the images.
As a programming language was chosen in

C++ using the OpenCV library. To test the
software, about 5,000 photographs of a parcel
weighing table (with and without parcels)
were processed. In 95,4% of the rectangular
(working) area of the table was recognized.
An example of a recognized area is shown in
fig. 3. In other cases, the rectangular area was
not determined due to the fact that the parcel
was not located in the working area and par-
tially overlapped its bounding frame.

Fig. 3. Processed image

Conclusions

As a result of the work, a method of
geometric recognition of rectangular areas in
images obtained by statically standing cameras
was developed. This method is implemented as
a software product. As a result of his testing,
acceptable results were obtained.

In the future we plan to develop a method
of geometric recognition of parcels and their
sizes, located in a rectangular area of the desk-
top. It is also planned to implement the method
of geometric recognition of parcels and their
sizes as an application.
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Ipuna YCTEHKO, Cepzii YCTEHKO
MuxkoJais

METOJA I'EOMETPUYHOI'O PO3III3HABAHHS
NPAMOKYTHHUX OBJIACTEN HA 3065PAKEHHSAX

YV Oaniti pobomi 3anpononogano memoo ceomempuuHo20 pO3NI3HABAHHS NPAMOKYMHUX obracmell
Ha 300paXjcentax, OMPUMAHUX Kamepamu, o cmamuyHo cmoame. [anuti Mmemoo 8iOHOCUMbCS 00 CNOCO-
0y, Komu NpOBOOUMbCS 2MUOOKULL AHANI3 XAPAKMEPUCTIUK 00pa3y, 30Kpemd, GU3HAYAIOMbCS  PI3Hi
eeomempuni xapakmepucmuxu. Y memooi suxopucmosyromocs ynxyii oioniomexu OpenCV. Jlanui me-
Moo peanizosanuli y 8ueisiol npocpamHoz2o npooykmy. B pesynomami tioco mecmysanns Oyiu ompumani
NPUUHAMHI pe3yibmamu pooomu.

Knrouoesi cnosa: posniznasanns oopasis, 2eomempuire po3nizHAGAHHs, NPAMOKYMHI 001acmi, Kiad-
cmepnuti ananiz, OpenCV.

Hpuna YCTEHKO, Cepzeit YCTEHKO
Huxonaes

METOJA TEOMETPUYECKOI'O PACIIO3HABAHMUSA
MPAMOYTOJIBHBIX OBJIACTEN HA NU30BPAKEHUSX

B 0anmnoti pabome npeonosicern memoo 2eomMempuiecko2o pAacno3HA8AHUs NPSIMOY20IbHbIX 00-
Jaacmetl Ha U300PANCEHUSIX, NOTYYEHHBIX CTNAMUYECKU CIOSWUMY Kamepamu. JJaHnblll Memood OmHOCUM-
csl K cnocoby, Koeda npousso0umcs 2y00Kull anaius3 Xapakmepucmux oopasd, 8 YacmHoCmu, onpeoes-
IOMCAL pa3iudnble 2eomempuieckue Xapakmepucmuxy. B memode ucnonvzyromes yukyuu oudiuomexu
OpenCV. Jlannblii MemooO peanu306an 6 8ude RPOSPAMMHO20 npodykma. B pezyromame e2o mecmuposga-
HUs ObLIU NOYUEHbl NpUeMaemMble pe3yibmamyl pabomol.

Knwuesvie cnosa: pacnosnaganue o6pazos, ceomempuyeckoe pacno3Hasanue, npsmoyeoibHble
obaacmu, kracmeprulil ananus, OpenCV.

Crartsa Haniinia g0 peakoserii 29.10.2018
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