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BUKOPUCTAHHS HEMPOMEPEX JUISI KTACU®IKAIIILL
TEKCTYP MEJUYHUX 306PAKEHD

Neural networks have been widely used in medical diagnostic processes. Imaging results obtained
from medical devices can be analyzed in many ways. One of them is to analyze the texture of the received
images. Examination of the textures of diagnostic images is based on the determination of specific
parameters and characteristics of examined tissue or organ. The main goal is to assign the analyzed area to
one of two basic groups: as a healthy tissue or a tissue with pathological changes. By using supervised
classification and setting up a training base, it is possible to achieve 93% accuracy in classification results.
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HelipoHHi Mepexi IIMPOKO 3aCTOCOBYIOTHCS B MEIUYHHMX JIarHOCTMYHUX Hpolecax. Pesymbratn
00poOKH 300paXkeHb, OTPUMaHI 3 MEIUYHHX MPUJIAJIB, MOXKHA aHAi3yBaTH OarathMa crocobamu. OmuH 3
HUX - 1€ aHajJi3 TeKCTypH OTPHUMaHMX 300pakeHb. BHBYEHHS TEKCTyp MIarHOCTHYHUX 300pakeHb
IPYHTYETbCS HAa BH3HAYCHHI KOHKPETHHX MapaMeTpiB Ta XapaKTEPHCTHK IOCIIJDKYyBaHOI TKaHMHH abo
oprany. OCHOBHa MeTa HOJIITa€E B TOMY, 1100 KiacU]iKyBaTH aHali30BaHy IUITHKY SK OIHY 3 JBOX
OCHOBHMX TIpYI: SK 3J0pOBY TKaHMHY a00 TKaHHHY 3 IaTOJOTiYHMMH 3MiHaMH. BHKOpPHCTOBYIOUH
KOHTPOJIbOBaHY KiacH(iKalifo Ta HANAIITOBaHY HaBYaIbHY 0a3y, MOXKHA JOCSATTH TOYHOCTI pe3yIIbTATiB
knacudikamii 93%.

KutrouoBi cj10Ba: aHami3 TeKCTyp, IITY4HI HelpoMepeski, Kiachikartis 300payKeHb, MEUYHI 3HIMKI

Inroduction

One of the most important sources of diagnostic information are images of internal
organs. The key issue in the process of computer image processing is a clear and objective
description of the areas that occur on them, called regions of interest (ROI). A valuable
source of information on this subject is the image texture. The considered property may
include, among others: image graininess, pattern direction, homogeneity, local contrast or
average brightness level of pixels in each image area. They allow to obtain the sets of
textural features characterizing individual tissues and their condition [1].

The most effective method for automating the classification of the medical images’
texture is the use of artificial neural networks. It allows creating the diagnostic systems that
achieved much better results in comparison tests than doctors. The use of neural networks
to interpret data derived from the analysis of image features, allows for the accurate
classification of the examined tissues. It increases the detectability of even small, hardly
perceptible pathological changes in the organs [2, 3].

Problem statement

The texture is defined as a complex visual pattern containing elements with a specific
brightness, color, shape and other common features. The properties of these elements
correspond to the visual impressions associated with a certain regularity, roughness,
roughness, smoothness, graininess, directionality and other similar features [3, 4].

The texture is also defined as the distribution of the brightness of the image’s points
in its defined area. Characterization of the texture of this area involves determining the
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rules for the organization of its distribution [3].

The distribution defining the structure of the imaged organs and tissues depends on
the physical phenomenon used in the imaging process. For magnetic resonance images, the
brightness assigned to each pixel depends on the values of the time constants T1 and T2,
respectively. In contrast, in images from a CT scanner, pixel brightness values determine
the degree of X-ray absorption in tissues. The proper resolution of the image obtained
plays an extremely important role in correctly illustrating the properties of the texture. The
main rule is to keep the size of pixels or voxels much smaller than the smallest texture
elements. The higher the image resolution of the examined structures, the more texture
features can be determined [5].

There are four main approaches to the extraction of textural features in the literature.
These are statistical methods, mathematical models (mainly autoregression and fractal
models), transformational methods (wavelet transform, Gabor filters) and a structural
approach in which the basic, repeating element of texture (so-called teksel) is searched for
and the rules of its distribution are determined.

Visual results of anatomical structures are characterized by a specific distribution of
brightness levels and are seen as homogenous areas. Characterization of the texture of this
area involves determining the rules of its distribution [6].

Analysis of recent research and publications

Currently, there are many methods for acquiring image data of the human body.
These methods are selected depending on the structures of the image we would like to
obtain. Depending on the technique and the physical phenomenon used, the more or less
accurate texture analysis and interpretation of the received information is possible [3, 6].
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Fig. 1. Medical images: USG, CT, MRI, RTG [3]

Methods of image texture’s analysis combined with appropriate classification
algorithms are widely used in the diagnosis of internal organs’ diseases depicted by various
methods. An example of such an application may be the diagnosis of benign and malignant
microcalcifications on breast mammography images (X-rays) [7, 8, 9], classification of
lung diseases [10], identification of varieties of malignant brain tumor (magnetic
resonance) [11, 12], classification of thyroid diseases [13] and detection of focal lesions in
the liver (computed tomography) [14, 15].

The purpose of the study

Examination of image textures that are a diagnostic material involves determining
the specific parameters and features characterizing the examined tissue or internal organ.
Based on them, the classifiers are established. Thanks to the structure of artificial neural
networks, the classification process allows the use of many data obtained during the
analysis of medical images [3, 16].

The supervised classification is the most frequently used one. In this case, it is
necessary to prepare a training set that will be used to generate classifiers. Establish the set
of textural features that will create a vector for the training set. These types of collections
are created based on a database of images already classified. After "teaching” the classifier,
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the system can be used in the process of identifying new, undiagnosed cases [3, 17].
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Fig. 2. The process of building a classifier based on a processed image database [1]

The main goal is to assign the analyzed area to one of two basic groups: as healthy
tissue or tissue with pathological changes. This is the simplest division, providing
information on the occurrence of changes. Further analysis of the changed tissues texture
are to determine the type and the severity of pathological changes [17, 18].

Presentation of the main material

Depending on the method used to obtain the image, the pre-processing should be
selected appropriately. To avoid changing the essential features of the image, the
processing operations are limited to several procedures necessary for further action. They
involve separating regions of interest, converting samples from RGB to grayscale and
normalizing the range of brightness of the images.

Fig. 3. CT of the spine with ROI

Each of the samples should have the same size and represent the same type of tissue.
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Fig. 4. Texture of the cancelous bone

The results of the analysis of textures from CT and magnetic resonance images
available in the literature showed the possibility of a statistical approach to the extraction
of traits [3, 17, 18]. The MaZda program (version 4.6) is a tool to apply to this approach.
This program allows analyzing gray texture areas and determining numerical values for

283 image features.
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Fig. 5. Characteristics report obtained using the MaZda program

The obtained features and ranges of their values for healthy tissues and patients
should be reduced. The first step is the elimination of features containing information that
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is useless from the point of view of classification. These are the features with the constant
value in all observations.

Feature reduction is carried out in the process of extraction and selection. The
selection of discriminatory features involves choosing a certain group of them from a set of
original features. Extraction is aimed at constructing new features, created by linear or
nonlinear transformations of the obtained set.

After the feature reduction, the construction stage of classifiers takes place. In
medical images’ texture analysis, the supervised classification method is generally used,
that is, teaching with the teacher. There are two stages of this method application. The first
stage is the discrimination. It involves building a model based on the training set. The
second stage, classification is the allocation of samples to the appropriate classes indicated
by the model.

Neural networks have the ability to learn, i.e. the ability to independently adjust
weighting factors. Network ‘teaching’ involves extorting the specific reaction to the input
signals. The aim of ‘teaching’ is to select the weights in particular neurons so that the
network can solve the problems posed [19].

Supervised ‘teaching’ is done under the supervision of an external "teacher". This
determines the information that should appear on the network output for the example given
at the input. In the case of texture analysis, it is information whether the sample presents
healthy tissue or tissue with pathological changes. The next step is to check if the response
from the network is correct. If correct then no action is required, if not, the weight changes.
The process is repeated until the correct network response is received [20].

In subsequent learning cycles, the network selects the scales in such a way that its
answers are as accurate as possible with the learning patterns. An important feature of this
process is the existence of feedback, allowing the correlation of weights in the network
[20]. The distance between the actual and desired network response is a measure of the
error used to correct network parameters. Often the learning set is the implementation of an
accidental process and the error minimization procedure must consider its statistical
properties. As a result, most of the learning algorithms with the teacher comes down to
statistical error minimization in the multidimensional space of weights [19, 20].

After conducting the process of training of the neural network, its operation is
checked. Literature reports determine the effectiveness of the resulting systems at the level
of 93% [3, 11, 19, 20]. The chances of achieving the best results increase along with the
collection of training samples and the extension of the "teaching” time. Thanks to these
tools, the effectiveness of the diagnostic process increases, and identifying even small
pathological changes in the examined tissues is possible.

Summary

The characteristics of medical image textures is an important complement to information
on the tissues and structures examined, especially in the case when the pathological changes
are detected in the examined organs. The visual assessment does not always allow for precise
and accurate diagnosis. For this reason, computer image analysis methods are additionally used
to allow for accurate examination of the image distribution and any, even slight, irregularities
in the texture. Classification methods using complex structures of artificial neural networks
allow to determine not only the occurrence of pathological changes in tissues, but also to
assign them to a given disease and the degree of its severity.
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Po3a /[3ep:kak, Banbsaemap Byiiuuk

Buxopucranus HelpoMepe:x 1JIs1 Kaacupikamii TekcTyp MeANYHUX 300paxKeHb

OpgHuM 3 HaWBaXJIMBIMIMX JDKEpeN J1arHOCTUYHOI 1HQoOpMalii € 300pa)keHHs
BHYTpIIIHIX opradiB. KirodoBuUM mnuTaHHAM B Mporeci OOpoOKH KOMITIOTEpHUX
300pakeHb € YITKMH Ta 0O0'€eKTUBHMI omuc oOnacTei, SKi HAa HHUX MOXOIATh, IO
Ha3uBaloThCs perionamu inrepecy (ROI). HalleekTuBHIIIMM aBTOMaTH30BaHUM METOIOM
kjacudikamii TEKCTypd MEIUYHHMX 300pakeHb € BUKOPHCTAHHS INTYYHHUX HEHPOHHUX
Mepex. BukopucTaHHs HeWpoMmepex Ui 1HTeprpeTalii AaHWX, OTPUMAHUX 3 aHajli3y
BJIACTUBOCTEN 300pakeHHS, J03BOJISIE TOYHO KIaCU(PIKyBaTH TOCIIKYBaH1 TKAHUHU.

Po3znonin, mo BU3HAYa€ CTPYKTYpY 300pa)K€HHUX OpraHiB Ta TKAHHUH, 3aJISKUTh BiJ
croco0y OoTpuMaHHs 300pakeHb. [IpaBuiibHA pO3/AUIbHA 3/1aTHICTH BiJIIrpae HaA3BUYANRHO
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BOXJIUBY pOJIb TNPH IUIIOCTPYBaHHI BIACTUBOCTEH TEKCTypH. Bi3yasnbHi pe3ynbTaTH
AHATOMIYHUX CTPYKTYP XapaKTEPHU3YIOThCS CCIU(IYHUM PO3IOIiIOM PiBHIB SICKPABOCTI 1
PO3MIISLIAOTECSA SIK OJHOPIAHI 00JyiacTi. XapakTEpUCTHKA TaKUX TEKCTyp mepeadavae
BU3HAYCHHS TPABUII PO3IIOJILTY.

KonTponboBana kinacudikaiisi € HaWOUIBIII YacTO BUKOPUCTOBYBAHOIO. Y ITbOMY
BUMA/IKy HEOOXITHO MiATOTYBAaTH HAaBUAIbHY BHOIPKY, sika Oyne BUKOPUCTOBYBATHUCS IS
reHepamii KiacugikaTopiB, HaJAITYBaTH MHOXHHY TEKCTYPHUX BIIACTHBOCTCH, sKa
chopmye BEKTOp I HaBYAIbHOI BHUOIpKM. MHOXWHU CTBOPIOIOTHCS HAa OCHOBI 0a3u
JaHUX Yyxke KinacudikoBaHuX 300pakeHsb. [licisa HaBuaHHA Kiacudikaropa, cHCTEMa MOXKE
BUKOPUCTOBYBATHCSI B TIPOIECI BHSBIICHHS HOBUX, HEIarHOCTOBAHUX BUMAAKIB. Y
NOJAJIBIINX HAaBYAJbHUX LUKIAX Mepeka BHOMpae MacimuTabu TakuM YWHOM, MI00 ii
BIIMOBiAI OyaM MaKCHMalbHO CXOXXHUMH 13 MOJENSMU HaBYaHHA. BincTanb Mix
dakTHYHOIO Ta Oa)XKaHOI MEPEKEBOK  BIAMOBIIIAD € MIpO TIOMHJIKH, sKa
BUKOPUCTOBYETHCS JIJIsl KOPEKIIIT ITapaMeTpiB MEpexi.

BukopucToByrouM KOHTPOJHOBaHY KiacH(IKalliF0 Ta HaJallTyBaHHS HaBYAJIbHOI
0a3u, MOKHA JOCATTH TOYHOCTI pe3yibTariB kiacudikarii Ha 93%. llancu nocsrHeHHS
HalKpalmux pe3yiabTaTiB 30UIBIIYIOTBCS pPa3oM 31 300pOM HaBUYAIBHHX 3pa3KiB Ta
MIOJIOB)KEHHSIM Yacy HaBYaHHSI.
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