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DETECTOR QUASI-PERIODIC TEXTURE SEGMENTATION METHOD FOR
DERMATOLOGICAL IMAGES PROCESSING

Annotation. Currently, digital diagnosis systems that process medical images are widely used in the diagnosis process in the
field of healthcare. The purpose of such systems is to assist the doctor in establishing the diagnosis, or in monitoring changes in the
patient's condition during treatment. Dermatology is one of the areas of medicine where the number of visits to a doctor is high. At
the same time, the tasks of establishing a diagnosis and monitoring changes in the patient's condition during treatment are time-
consuming and subjective and they depend on knowledge and experience of a dermatologist. However, today, digital systems for the
diagnosis of dermatological diseases are not in every locality, expensive and are stationary systems. With the development of mobile
information technologies, it became possible to develop mobile image processing systems for the analysis of dermatological diseases,
which allow you to: receiving, analyze, and compare images before and after treatment at anytime, anywhere. One of the basic
procedures in image processing systems is segmentation, the purpose of which is to reduce the amount of processed data.
Segmentation methods can be classified as boundary-based methods and region-based methods. Dermatological disease images
consist of regions which have difference by texture, that is, the segmentation problem is considered as the task of selection
homogeneous regions by texture. The result of image processing depends on the quality of segmentation. To improve the quality of
segmentation, in this work, we developed a detector quasi-periodic texture segmentation method for dermatological images
processing, which contain quasi-periodic textures on a complex background in noisy conditions. This method is developed on the
basis of the methodology of texture segmentation using detector, the stages of which are localization of spatial frequencies, detection,
and contour segmentation. To localize of spatial frequencies, a wavelet-function improved by transform of graph of power function
was used, which increases the accuracy of determining the boundaries of quasi-periodic textures contained in dermatological
disease images. On the detection step, the comb filters, which are wavelets with a periodic or quasi-periodic transfer function that
are applied to each image line, were used. The Canny method was use, as a contour preparation. Detector segmentation methods are
focused on the image model. Therefore, a mathematical model of medical dermatological disease images was proposed, which
contain quasi-periodic textures on a complex background in noisy conditions, as a model of a texture image with amplitude-
modulated fluctuations in the intensity values by a random change in the amplitude and frequency of the oscillation. The developed
method was applied to test medical images of psoriasis disease, which are available on the Internet. The accuracy of the
segmentation of medical images of psoriasis disease containing a quasi-periodic texture was evaluated using the proposed method
and the method using Gabor filters. It is shown that the proposed method is characterized by high speed and high segmentation
quality, that is, it can be used in the development of express-diagnostic systems for monitoring changes in the patient's condition
during treatment and to determine a parameter such as lesions area.

Keywords: texture image segmentation; spectral texture; a Gabor transform; detector; dermatological disease images;
wavelet functions; the generalized comb-scale function; confusion matrices

Introduction

On the statistical data of Ministry of health of
Ukraine 6 % seeking medical help are caused by
dermatopathology. The dermatological diseases such
as psoriasis, eczema, atopic dermatitis and drug
disease are the most common. For the timely skin
lesions diagnostics and tracking of the course
diseases dynamics during the treatment and establish
the efficiency of treatment methods, it is important
to monitor the patient's skin lesions by the macro
photography and dermoscopy constantly. With the
development of telemedicine, it becomes important
to use express-diagnostic systems [1], which help to
carry out constant monitoring of the patient’s skin
lesions and determine such basic parameters as Body
Surface Area (BSA) and Psoriasis Area Severity
Index (PASI), etc.

The analysis of existing digital systems of
diagnostics of skin lesions (SDSL) is carried out,
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which are used in modern diagnostics of skin
lesions. Modern SDSL, as a rule, consist of the
following blocks: image pre-processing; image
segmentation; image analysis. Examples of such
systems are DBDermo-Mips (ltaly), FotoFinder
Dermoscope (Germany), SolarScan (Australia) [2].
However, these systems are cost-prohibitive and are
stationary systems, which do not meet express-
diagnostic and continuous patient monitoring,
therefore, it is advisable to carry out research in this
direction.

Problem formulation

Requirements regarding for the express-
diagnostic devices have been formulated, which
provide a dermatologist with the ability to monitor
the patient's health at any time: low cost; the ability
to capture images at any time; efficiency, low
resource capacity.

Then the task of creating the digital system of
express-diagnostics is reduced to the mobile
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application development that consists the following
image processing and analysis blocks: receiving or
downloading images; image pre-processing; image
segmentation; determining the parameters of skin
lesions and storing them in a database for
subsequent analysis and transfer to a doctor. It
should be noted that the decisive procedure that
affects the quality of the express diagnostic system
is the segmentation of skin lesions boundaries. For a
reasonable choice of the image segmentation
techniques, it is necessary to take into account the
type of the analyzed image.

The analysis of the medical images of a number
of dermatological diseases (for example, acne,
psoriasis, atopic dermatitis) showed that such images
can be considered as quasi-periodic textures on the
complex background in noisy conditions. For
example, psoriatic plaques are patches that are
excessively dry, red, and raised above the skin
surface. These patches are often covered with
silvery-white flakes, called scales and combination
of small, pale, gray or silver spots (“paraffin lakes™).
Scales and “paraffin lakes” on the patches can be
considered as texture elements that differ by shape,
orientations and the distance between them is not
different significantly (Fig. 1).

S|
e image

Fig.1. Psoriatic plaq

The surface texture can be considered as
smooth, rough, regular [3]. As a rule, two types of
textures are considered — statistical and structural.
Statistical texture [4] model are characterized by the
presence or absence of spatial interaction between
basic elements texture. There are a large number of
image-texture segmentation methods today [5]. In
general, methods can be classified as boundary-
based methods (by the similarity property) and
region-based methods (by the difference property)
use parallel or sequential image processing
algorithms [6]. Histogram-based methods [7] or
correlation methods and other statistical methods are
used to analyze statistical textures. For analyze the
structural texture the structural and spectral methods
(in the Fourier domain or wavelet transform) are
used, because the structural texture consists of
regularly or almost regularly distributed in space
basic texture elements [8]. It should be noted that in
the case of equidistant basic texture elements that

have the same shape and orientation, the existing
methods are quite effective. However, if basic
elements texture form irregular (quasi-periodic)
texture [3], i.e. they have random changes the

coordinates of their determination in space,
orientation and shape distortion, then the
segmentation quality by structural or spectral

methods does not meet the requirements of practice,
in particular in the case of skin lesions image
segmentation (Fig. 1), when the decisive
characteristic is the accuracy of determining the
boundaries of skin lesions.

As a rule, methods using Gabor filters [9-11],
classification methods [12-14], and detector methods
[15] are used to analyse quasi-periodic textures. The
advantage of methods using Gabor filters is the
ability to track basic texture elements. The method's
deficiencies are high computational complexity and
low-quality detection of homogeneous texture
images bounds, especially in the quasi-periodic
textures case [16]. The advantage of classification
methods is the high-quality detection of
homogeneous texture images bounds. But of the
methods deficiencies is high computational
calculation complexity. Detector methods have low
computational calculation complexity, but not
enough high quality detection of homogeneous
texture regions bounds and need to present texture as
mathematical model.

The aim of this work is to elaborate detector
method for segmenting the images of quasi-periodic
texture, which would improve quality detection of
homogeneous texture regions bounds and speed of
segmentation.

To accomplish the aim, the following tasks
have been set:

—to elaborate quasi-periodic texture model;

— to elaborate stages in the detector quasi-
periodic  texture segmentation method  for
dermatological images processing;

— to experimentally research the detector quasi-
periodic texture segmentation method using the
images of the dermatological disease psoriasis.

Main part. To analyze the texture of the
images dermatological disease, it was proposed to
develop a model of quasi-periodic texture. Let
x=1,...,N, y=1, ,M are spatial coordinates,

k
Q= Jo, - partition the definition area of the

i=1
image on k nonoverlapping regions Q;, i=1k,
where texture features vector are slowly changing.
Each line of the image of a dermatological disease
(Fig. 2a) can be represented by the quasi-periodic
sequence. The mathematical model of the quasi-
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periodic sequence for the line m of the images can
be present as follows:

k n
I (Xr ym) = U{Ci (Xl ym) + 251 Aij (Xr ym)cos(njwij X) +
i=1 j=1

+Ni(Xrym)v(X1ym)EQi} ' (1)
where:
¢, (x,y,) — is a background on the segment i of
the line m of the image;
A;(x,Yn)s o; — accordingly the amplitude and

frequency of the amplitude modulated component j
on the segment i of the line m of the image;
¢, n; — accordingly random amplitude and

frequency changes of the amplitude modulated
component j;

N;(x,y,) — is white Gaussian noise with the
zero mean and the o variance.

The given fragment of the graphical
representation (Fig. 2b) of this model shows its
similarity with the line of the real image of the
dermatological disease psoriasis.
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Fig. 2. Fragment the line of the image:
a — psoriatic plaque; b — for the model as a
quasi-periodic signal

On the Fig. 2 the abscissa shows the value of
spatial coordinate x, which corresponding pixel
image index. The ordinate shows the value of
intensity line m of the texture image.

The developed model takes into account two
signal characteristic features, which shows line of the
dermatological disease image — frequency-spatial

localization (change frequency components in space)
and the additive of the frequency components (the
presence of several frequency components). When
analyzing such signals, these features require to use of
wavelet transforms for underline boundaries basic
texture elements (take into account the frequency-
spatial localization), and comb filters to select basic
texture elements of the quasi-periodic textures (take
into account the additive of the frequency
components). In view of these considerations is
proposed a detector method for quasi-periodic
textures images segmentation.

Detector quasi-periodic texture segmen-
tation method for dermatological images
processing

Texture segmentation of images is determined
by the local density of intensity fluctuations |,
therefore, to take into account the texture and tone
features, it is appropriate to apply to the image that
is recognized a transformation which has the
property of frequency-spatial localization. Gabor
wavelets relate to such transformations. They are
Gaussian modulated complex sinusoids [16]. Gabor
wavelets are implemented as band-pass filters and can
be tuned to the frequency content of the image. Bult,
as noted above, when applying Gabor wavelets to
detection the bounds of the quasi-periodic texture,
they give a high error.

The detector methods based on wavelet
transform have the frequency-spatial localization
property. The steps of the methodology of texture
images segmentation using detector are: localization
of spatial  frequencies;  detector;  contour
segmentation. At the localization stage a spatial
frequency region is highlighted, in which the
amplitude-frequency modulating image component
is localized, that corresponds to the statistical spatial
relationship of the basic texture elements (texture
feature) [17].

Detector allows determining the moment of the
signal amplitude and frequency changes with high
noise stability as a result of using use low-pass filter
and characterized of high speed. Thus, proposed the
detector quasi-periodic texture segmentation method
for dermatological images processing on the base of
the methodology of texture images segmentation
using detector. The steps of the proposed method
are:

1. Underline boundaries basic quasi-periodic
texture elements, which are presents on the medical
images. For this, we convoluted the initial image
with wavelet filter g*'(4) both in rows and in

columns
(X Yn) = 1(X Y) * 90, 2
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where:

I1(X,ym) — the line m of the quasi-periodic texture
images;

“*» _ convolution operator.

new

The wavelet filter g, coefficients were
obtained in [18] as result of uniform discretization

wavelet-function at x>0 1 x<0, improved by
transform of graph of power function:
! , x>0,
s(x+=-1)
S
1 @)
l//s (X) = 71, X< O,
s(x—=+1)
S
0 , Xx=0,

where: s — parameter of scale (s <1).

new

The coefficients of the wavelet filter g
coefficients are:

gre =) — 1 B 1 B 1
s s-k+1'" s.241" s+1’

-11, ! , L ! } 4)
s+1 s-2+1 s-k+1

where: k — parameter, which determines the number

of filter coefficients.

The value of this parameter affects the noise
stability of method that is, with an increase in the
number of filter coefficients, the noise stability of the
method is provided.

2. For further processing, is calculated the
module of the obtained in the previous step result of
underline boundaries basic quasi-periodic texture
elements, which are presents on the medical images

IIM(X’ ym)z“s(xvym)‘.

3. To select basic quasi-periodic texture
elements, which are presents on the medical images
proposed to use comb filters - wavelets with periodic
or quasi-periodic transfer function (TF).

A comb filter is used as a filter, which matched
with a periodic signal; in this case the frequencies of
the maximums in the signal spectrum coincide with
the frequencies of the maximums of the amplitude-
frequency characteristics of the comb filter [19]. The
comb filter bandwidth is represents the combination
of the bandwidths of a set of the band-pass filters.
As a result of such filtering, the estimate feature
segmentation and transformation it to intensity by
the image processing on a single scale.

The analyzing functions are intended for multi-
scale image details processing. They are constructed

by solving the two-scale difference equation [16] on
the grid

N
#(x) = c,p(kx—n) » )
n=0
where:
nkezk=2 xeR,¢c, €C,n Kk c, —
constants;

N — the number of components in equation (5);
@ (x) — unknown function.

To find an approximate solution to equation (5)
the method of successive approximations is applied.
According to this method, the solution of equation
(5) is a fixed point g(x)=Ggkx—n) of a linear

operator G g(x) = icnqﬁ(kx -n)-
0

To find this point, an iterative scheme
P;()=Gp;,(x), j=1k is applied to the initial

approximation g (x):

1-| x|, x e[-1/2.1/2]

o (x) = {0, otherwise ©)

The generalized comb-scale function — is a

N
solution of equation (5) for which A = %ch =1.

n=0

The coefficients {cn}lo two-scale difference

equation (5) calculated by the formula
7
{Cn }n:O =
1 1 1 1 1 1
- 23+a ! 22+a v 21+a 1T 21+a ! 22+a T 23+a !

where: parameter a. was chosen of the set {1,2,3}.

4, If necessary, binarization and
morphological processing of the results are carried
out and the parameters of the dermatological disease
necessary for the diagnostic solution are calculated.

An experimental research of the detector
quasi-periodic texture segmentation method
using dermatological disease images

An experimental research of the proposed
detector quasi-periodic texture segmentation method
using dermatological disease images was carried out
in the Matlab computer simulation system. By
conducting an experiment, we compared the quality
of segmenting the dermatological disease images
that contain a quasi-periodic texture for the proposed
method and method using Gabor filters.

We estimated segmentation quality for 50 test
images of psoriasis disease of size mxn pixels (taken
on the site https://www.dermnetnz.org/). An expert
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dermatologist marked the required regions on the
test images, which made it possible to use them for
estimating the proposed algorithms.

The segmentation procedure involves pre-
processing, detection of basic texture elements
(using the proposed method or a method based on
Gabor  filters),  binarization,  morphological
processing and psoriatic plaque area calculation.

Since, as a result of uneven illumination, the
image has a multiplicative noise on it, so
homomorphic filtering was used for image pre-
processing [4].

Binarization of images, both obtained as a
result of using the detector method and the method
using Gabor filters, was carried out the Otsu's
method [3].

The morphological processing of the binary
image were applied morphological operation closing
and opening to smooth out the objects contours, join
narrow breaks and fill the small holes.
Morphological operation erosion was applied to
delete unimportant on sizes details [3].

The quality of segmentation when using the
proposed method and the method using Gabor filters
in comparison with the expert dermatologist marked
test images was assessed by constructing confusion
matrices [20].

In the confusion matrices the percentage of the
image pixels which belonging to the skin lesions and
segmented as pixels of the skin lesions indicate as
TP (true positive). FN (false negative) — the
percentage of the image pixels which belonging to
the healthy skin and segmented as pixels of the skin
lesions. TN (true negative) — the percentage of the
image pixels which belonging to the healthy skin
and segmented as pixels of the healthy skin. FP
(false positive) — the percentage of the image pixels
which belonging to the skin lesions and segmented
as pixels of the healthy skin. Then the segmentation
accuracy is determined by the formula [21]:

(TN +TP) o
(TN +TP + FP+FN)

A confusion matrices — is a square matrix NxN,
where: N — number of classis. Matrix rows
correspond the image pixels, which marked by
dermatologist. Columns in a confusion matrix
correspond the image pixels, which obtained with
the help of the examined method. The element of the
confusion matrix py, i, j=1...N — is percentage of the
i class pixels, which were correspond to the j class
[17]. The Tables 1 and 2 are the confusion matrices
for the proposed method and the method using
Gabor filters, accordingly. The tables show the
average values for the original image.

An example of the original images of psoriasis
disease with the expert dermatologist marks and
images obtained as a result of applying the proposed
detector method and the method using Gabor filters

h

Fig. 3. Result of segmentation the images of
psoriasis disease using the proposed detector
method:
original images of psoriasis disease with the
expert dermatologist marks (a—d);
result of segmentation the images of psoriasis
disease with the expert dermatologist marks
(white color — psoriatic plaque,
black color — healthy skin) (e-h)

b d

Fig. 4. Result of segmentation the images of
psoriasis disease using the method using
Gabor filters:
result of segmentation the images of psoriasis
disease with the expert dermatologist marks
(white color — psoriatic plaque, black color —
healthy skin) (a-d)

Table 1

Confusion matrices for the proposed method

Result of Result of image
expert image | segmentation by the proposed
marks, % method %
Psoriatic Healthy skin
plague
Psoriatic
plaque 87,47775 12,52225
Healthy skin 13,07947 86,92053
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Table 2
Confusion matrices for the method using Gabor
filters
Result of Result of image
expert image | segmentation by the method
marks, % using Gabor filters, %
Psoriatic Healthy
plaque skin
Psoriatic
plaque 80,84533 19,15468
Healthy skin 13,68718 86,31282
Thus, the quality of segmentation the

dermatological disease images that contain a quasi-
periodic texture for the proposed method is 87%, and
for the method using Gabor filters — 82%. So, the
proposed method gives results that are better than
the results of the method using Gabor filters by 5%.
During the experiment, three types of images were
considered: images containing large plagues; Images
containing large and small plaques; and images that
contain only small plaques. The quality of
segmentation of images with large plaques by the
proposed method was, on average, 93 %, for images
of the two second types — 87 %. For the method
using Gabor filters, the quality of segmentation of
images with large plaques was, on average, 89 %,
for images of two second types — 80 %

Thus, the proposed detector method can be
recommended for determining the region of quasi-
periodic texture in images of psoriasis diseases in
order to increase the accuracy of detection texture
regions of the image.

Conclusions

1. The model of quasi-periodic texture for the
line of the dermatological disease images was
developed. This model takes into account frequency-
spatial localization and additive of the frequency
components of signal.

2. The detector quasi-periodic texture
segmentation method for dermatological images
processing was developed. In this method, to
underline the boundaries of basic texture elements of
quasi-periodic textures, wavelet functions are used,
which improved by transforming a power function.
To select basic texture elements of the quasi-periodic
textures, which are presents on the medical images
for further processing the comb filters was used. The
proposed detector method for quasi-periodic textures
images segmentation has made it possible to
improve quality of detecting the texture regions
boundaries.

3. The obtained results of experimental
researches showed that the developed method

compared to the method using Gabor filters gave
higher segmentation accuracy.

Thus, all the tasks are completed, the research
aim is achieved.

Further researches will focus on improving
the quality of detecting the texture regions
boundaries using a combination of classification and
detector methods with sufficient to practice
processing time.
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JETEKTOPHUI METOJ CETMEHTAIIIl KBA3IITEPIOAUYHUX TEKCTYP
JJI51 OBPOBKHU 30BPAKEHD TEPMATOJOTTYHHUX
3AXBOPIOBAHb

Anomauia. Ha oanuii uac npu nocmanosyi 0iazHosy 6 cghepi 0XopoHu 300p08's WupoKo 3acmocosyiomsvcs yudposi cucmemu
MeOuyHoi diacHocmuky, AKi 00pobmoomy meduuni 300pasicents. [lpusHauenHam maxux cucmem € O0onomozda JiKapio nio uac
6CMAHOGAEHHs Jla2HO3Y, ab0 Npu MOHIMOPUHSY 3MIH CMAHY nayieHma nio 4ac HKyeawus. [lepmamonoeia € ooHiew 3 obaacmell
MeOuyuHY, Oe KilbKICmb 36epHeHb 00 JiKaps € 6ucokoi. llpu ybomy 3a0aui 6CManosieHHs: 0iaeHO3y | MOHIMOPUHEY 3MIH CMAHY
nayienma nio yac NiKY8aHHsA € MPYOOMICIKUMU A CYO €EKMUBHUM I 3a71edCUmb 6I0 3HAHb | 00C8Iidy nikapsa-depmamonoea. OOHAK,
Ha Cb020OHIWHIT OeHb, Yupposi cucmemu OlaeHOCMUKYU 0ePMAMOIO2IYHUX 3AX80OPIOAHb, € HE 8 KOJICHOMY HACENEHOMY NYHKMI, 60HU
Maoms HAOMIpHY 6apmicms i € cmayioHapuumu cucmemamu. 3 po3gumxom iHopmayitinux MoOITbHUX MeXHON02I 3 A6unacs
MOHCIUBICMb PO3POOKU MODINLHUX cucmem 0OpoOKU 300paxdceHb 0epMAmONOSIYHUX 3AX60PIOBAHD, AKI 003601A10Mb. OMPUMAMU,
NpOaHanizyeamu, 6UKOHAMU NOPIGHAHHA 300padicenb 00 i nicia AiKy8anHa 6 6y0b aKull yac, 8 6y0b axomy micmi. OOHieo 3 6a3068uUx
npoyedyp 6 cucmemax obpobKu 300padxcenb € cecMeHmayisn, Memoro AKoi € 3HUdiCeHHs 00 ’'emy obpobaosanux danux. Memoou
ceemMenmayii MOJCHA NOOLIUMU HA MeMOOU HA OCHOBI BUOLIEHHS 2PAHUYb | Memoou HA OCHOSI 6udiieHHs obnacmell. 300pajicenHs
0EPMAMONOSINHUX 3AXE0PIOBAHb CKIAOAIOMbCS 3 0baacmetl, AKI GIOPI3HAIOMbCA 3a MEKCMmypor, mobmo po3ensidacmscs 3a0aua
ceemenmayii, K 3a0aua euoilenHs obaacmet, SKi € OOHOPIOHUMU 3a meKcmypoio. Pesyiemam 06pobku 300padicens 3anexcums 6io
axkocmi ceemenmayii. [ns nioguwgenns sakocmi ceemeHmayii y Oawniil pobomi po3poblieHo OemeKmOpPHUL Memoo ceemenmayii
K8a3inepioOutHux mexcmyp 0is 00pooKU 300padxceHb 0epMamonoSiuHUX 3AX60PI08AHD, AKI MICIAMb K8A3iNepioOuyHi mekcmypu Ha
CKIaOHOMY oHi 6 ymosax 3a8ad. /lanuil memoo po3pobieHO HA OCHO8I MemOO002li MeKCMYpPHOI ceemeHmayii 3 6UKOPUCTNAHHAM
O0emeKmy8anis, emanamu AKoi € — J0Kanizayis npoCMoposUx yacmom, OemeKmy6anis, KONmypHa ceemenmayis. J{na noxanizayii
NPOCMOPOBUX 4ACMON 3ACHOCO8AHO Gelignem-QyHKYil, NONinuieHi WiaxoM nepemeopents cmynenegoi @ynxyii, wo niosuwyye
MOYHICMb BUSHAYEHHA 2DAHUYb KEA3INEPIOOUUHUX MEKCMYD, WO MICMAMbCA HA 300PANCEHHAX 0ePMAMON0INHUX 3aX80pIoeansy. Ha
emani OemeKmy8aHHs 3ACMOCO8AHO 2cpebiHuacmi Qinbmpu, sKi € eelgiemamu 3 NePiOOUYHOI0 abO KEA3INepioOUYHO
nepeoamounol0 QYHKYIclo, AKI 3aCmMOCO8YIOmbCsi 00 KOJCHO20 psoKa 300padicenns. B saxocmi kommypuoeo npenapamy
3acmocogyeasci memoo Kamnu. [lemexmopni memoou ceemenmayii opienmosani Ha MOOelb 300padCeHHs, Momy 0Yio
3anpPONOHOBANHO MAMeMAMUYHA MOOelb MeOUUHUX 300padcenb O0epMamonoiuHUX 3aX8OpI06aHb, sAKi MICmAmMb KeazinepioouuHi
MeKCmypu Ha CKIAOHOMY (OHI 8 YMOBAX 3A8a0, K MOOETb MEKCIMYPHO20 300PANCEHHS 3 AMNIINMYOHO-MOO0YIb08AHUMU KOTUBAHHAMU
3HAYEeHb THMEHCUBHOCI 3 8UNAOKOBOI0 3MIHOW AMNIAIMYOU i Yacmomu Koaueauusa. Po3pobienuti memoo 6y10 3acmoco8ano 0o
Mmecmogux MeoudHux 300padicenb xeopobu ncopias, Aki € docmynnumu 8 mepedici Internet. Byno npogedeno oyinky mounocmi
ceemenmayii MeOUYHUX 300padceHb X60podu ncopias, AKi MiCmMAmMb KEa3inepioOuyHi MeKcmypu 3anponoHO8AHUM MemOoooM i
Memodom 3 suxopucmanuam @inempie Iabopa. Iloxkazano, wo 3anponoHOBaHUT MEMOO XaPAKMEPUIYEMbCA BUCOKOIO UBUOKOOIEIO |
sAKicmio ceamenmayii, moomo modxce Oymu 3aCmoco8aAHO nPu po3poodyi cucmem eKcnpec-0iacHOCMuKy 05l MOHIMOPUHEY 3MIH CIAHY
nayienma nio yac NiKy6anHs i BUSHAYEHHs MAKO20 NAPAMempy, K NIOWA WKIPU YPANCEHOT X80p0OOI0.

Knrouosi cnosa: mexcmypna ceemenmayis 300padicens, cnekmpanvia mexkcmypa, nepemsopenns I abopa; oemexmysanus;
300pasceHtss 0epMamonOSiUHUX 3AX60PIOBAHL, Geligiem-PyHKYil; y3aeanibHeHa epebinuacma macumadua @OYHKYia, mampuys
Hemounocmeu

YK 004.93

'Boakosa, Hartanbs IlaeioBHa, CTapIIuil mpemnojaBareib KadeApsl NPUKIATHOH MaTeMaTUKH U
MH(OPMALIMOHHBIX TEXHOJOTHWI, MHCTUTyTa KOMIbIOTEpHBIX cuctem, E-mail: volkovanp30@gmail.com,
Scopus ID: 36104775700, ORCID: http://orcid.org/0000-0003-3175-2179

! Onecckuit HAIMOHATBHBII MONMMTEXHIYECKHi yHuBepeuTeT, np. Illesuenxo, 1, r. Onecca, Ykpauna, 65044

JETEKTOPHBIA METOJ CETMEHTAIIMU KBA3SUIIEPUOUYECKUX TEKCTYP
JIJIsI OBPABOTKH N30BPAKEHUI
JJEPMATOJIOT' MYECKHUX 3ABOJIEBAHUI

Annomayun. B Hacmoswee spems npu NOCMAaHosKe OUASHO3A 6 chepe 30PABOOXPAHEHUS WUPOKO NPUMEHAIOMCA Yuppossie
cucmembl MeOUYUHCKOU OUASHOCMUKY, KOmopble 0bpabamvleaiom Meouyurckue uzodpadxcenus. Hasnauenuem makux cucmem
AGIAEMCSA NOMOWb 8PAYY NPU YCMAHOBIEHUU OUASHO3A, UAU NPU MOHUMODUHEE USMEHEHUI COCMOAHUA NAYUEHMA 60 8DEMsL IeUeHUS.
Lepmamonoaus aenaemcs 00HoU u3 obnacmeit MeOUYUHbL, 8 KOMOPOU KOIU4ecmso obpawjenuii Kk epavy vicoko. Ilpu smom 3adauu
VCMAHOBNEHUSL OUACHO3A U MOHUMOPUHSA USMEHEHULl COCMOSHUA NAYUEHMA 80 BpeMs JeHeHUs AGNAOMCA MpPYOOeMKUMU U
CYODeKMUBHBIMU U 3ABUCAM OM 3HAHULL U Onbima epaua-oepmamonoea. OOHAKO, HA Ce200HAWHUL OeHb, YUPposble Cucmembvl
OUASHOCTUKU 0EPMAMONOSUECKUX 3A001e8aAHUI, €CMb HE 8 KAXHCOOM HACENIEHHOM NYHKMe, OHU UMEIOM U30bIMOYHYI0 CIOUMOCb U
aeasiomes cmayuonapuvimu cucmemamu. C pazeumuem uUHOOPMAYUOHHBIX MOOUNLHBIX MEXHONO2UL NOABULACH B03MOICHOCHIb
paspabomku MOOUTLHBIX cucmem oOpabomKu U300pasCEeHUll OepMAmoI0SUdecKux 3a001e6anull, KoOmopuvle NO360A0M.: NOIYYUMNb,
NPOAHANUZUPOBAMb, BbINOIHUMY CPAGHEHUE U300padcenuli 00 U nocie ievenus 6 1odoe epems, 6 110oom mecme. OOHOU U3 OA306bIX
npoyedyp 6 cucmemax o006pabomKu U300PANCEHUU AGIAEMCA CeeMeHMAayus, Yeavio KOMOpOU A6NAeMcs CHUdCeHue obvema
obpabamuieaemblx Oannblx. Memoobl ceemenmayuy MOJICHO paz0enums Ha Memoobl Ha OCHO8E BblOENeHUs SPAHUY U MEMOObL Ha
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ocHose svloenernus obnacmetl. H300pasicenus 0epmMamonocuteckux 3a001e6anuil cocmosm uz obaacmeil, KOnMopwie ONMIUYAIOMCs O
meKkcmype, Mo eCmb pAcCMAMpUSAemcs 3a0aua cesMeHmayuy, Kak 3a0aua 6vloeleHus obnacmel, KOMopble ABNAIOMC
00HOPOOHBIMU NO meKcmype. Pesynomam obpabomku usobpadxcenuti 3asucum om Kavecmea ceemenmayuu. [is nosvluleHus
Kayecmea ceemenmayuu 6 OaHHoU pabome paspaboman OemeKmopHil Memoo ceeMeHmayuu K8asunepuoouyecKux mexkcmyp Oas
06pabomku u306padiceHuti 0epMamonocuteckux 3a601e6anull, KOMopwvle CO0ePICAm KEAZUNepUoOUdecKue meKCmypol Ha CLONCHOM
@one 6 ycnosuax nomex. JJanuvlii Memoo paspaboman Ha OCHOBe MeMOOONO2UU MEKCHYPHOU Ce2MeHmayuu ¢ UCNONb308AHUEM
0emeKmupoSanus, IManamiy KOmopou AeNAMCA - NOKAMU3AYUS NPOCIMPAHCMEEHHbIX Y4ACmom, O0emeKmuposanuse, KOHMYpPHAs
ceemenmayus. [ noKamusayuu  NPOCMPAHCMBEHHbIX —HYACMOM  UCNOIb306AHbI  6eli6lem-QYHKYUY, —VIyYUleHHble Hymem
npeoOpaso6ans CMeneHHoU @QYHKYuu, umo noebluaem mMOYHOCHb ONpeoeNeHuss 2paHuy Keasunepuooudeckux mexKcmyp,
cooeporcauuxca Ha U300padiceHusx oepmamono2uyeckux 3abonesanuti. Ha smane Oemexmuposanus npumeneHvl zpebenuamble
Gunempoi, Komopvie AGNANOMCA 8eUsIeMAMU C NEPUOOUHECKOU UL KEA3UNEPUOOUUECKUX nepedamoyHoll QyHkyuel. B kayecmee
KOHMYPHO20 npenapama npumeHsncs memoo Kannu. [emekmopHvie Memoovl cecMeHmayuu OpUueHmuposanvl Ha MoOelb
U3006padicenus, NoIMoMy 0blla NPeONoHceHd MAMEMAMUYECKAS MOOeNb MEeOUYUHCKUX US0OPANCEHUTT  OepMAMONOSULeCKUX
3ab01e6aHull, KOmMopwie cOOEpHCam Keasunepuooudeckue mMeKCmypvl HA CLOXCHOM (QOHe 6 YCIO08UAX NOoMeX, KAK MOOelb
MeEKCMYPHO20 U300PAdCEHU ¢ AMNAUMYOHO-MOOYIUPOBAHHBIMU KONCOAHUAMU 3HAYEHUI UHMEHCUBHOCMU CO CIYYAUHOU CMeHOU
amnaumyosl u uacmomul Koiebanus. Paspabomannvlii Memoo 6bLl NpUMEHEH K MeCmosbiM MeOUYUHCKUM U300padceHusm Oone3HU
ncopuas, komopvie 0oocmynHvl 6 cemu Internet. bvina nposedena oyenka moOUHOCHU Ce2MEeHMAayUu MeOUYUHCKUX U300padlcerull
OonesHU ncopuas, coOepICaAwUx Keasunepuooudeckue MmMeKCHmypbl HPeONOMHCEHHbIM MeMOOOM U MemOoOOM C UCNONb308AHUEM
¢unempos [abopa. Ilonyueno, 4mo NpPeonOANCEHHBL MemOO XapaKmepusyemcs 6blCOKUM Oblcmpooelicmeuem U Kauecmeom
cesMeHmayull, u Modcen Oblmb PeKOMEHOOBAH NPpU paspabome CUCEM IKCNPecc-OUazHOCMUKY O MOHUMOPUHEA USMEHeHUl
COCMOSAHUA NAYUEHMA 80 8PeMs IeHeHUs U ONPedeNeHUs. MAKO20 NAPAMEMPA, KAK NAOWAOb KOHCU NOPAIHCEHHOU OONe3HbIO.

Knroueevie cnoea: mekcmypHas ceeMeHmMayus u300padceHull; CHeKmpanvbHas mekcmypa, npeobpasosanue Iabopa;
OemexmupogaHue; u300pax3cenus 0epmMamonoeuieckux 3a6oaeeanull, eetignem-QyHkyuu, ob0owenHas epedenuamasn macumaoHas
@dyHKyuA, Mampuya HemoyHocmel
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