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AHHOTALS

Martgiiiuyk O. B. Metoau knacudikaiiii gopm TyOepKyJIb0o3y JIET€Hb 3a TaHUMU
KOMIT'I0TEepHOI ToMorpadii Ha OCHOB1 aHcaMOJIeBO1 cesekini o3Hak. — KBamidikariitna

HAyKOBa MpaIls HA MpaBax PyKOIUCY.

Hucepranis Ha 3100yTTSS HayKoBOro ctymneHs (moktopa ¢uiocodii) 3a
crnetianbHicTiIO 122 «Komm’rorepni Haykw» (12 - IadopmariiiHi TexXHONOTIi). —
HanionanbHuil TeXHIYHUN yHIBEpcUTET YKpaiHu « KUIBCbKUI MOMITEXHIYHUI 1HCTUTYT

imeni Iropst Cikopcrkoro», Kuis, 2025.

Huceprariiiina po0OoTa MpPHUCBSYEHA JOCHIHKEHHIO JaHUX KOMIT FOTEpPHOI
ToMorpadii JiereHb y Mall€HTIB 13 TyOepKyJIb030M JEreHb Ta po3poOill METO/IIB

nudepeHiianii J11KapchKO-4yTIUBOI Ta JIIKAPChKO-CTIMKOI (PopMH 3aXBOPIOBAHHS.

TyOGepKyJibo3 JIET€Hb € APYTrol0 3a MOMIMUPEHICTIO 1HPEKIIHHOI XBOPOOOIO Y CBITI
Ta npu3BiB y 2023 poui no 1,3 miau cmepreil. EQexTrBHA paHHS 1arHOCTUKA BIJIITPae
KJIFOUOBY POJIb Y CBOEYACHOMY IPU3HAYEHHI JIIKYBaHHS, OCOOJIMBO y BUITA/IKaX PO3BUTKY
CTIMKOCTI 10 NPOTUTYOEpKyYIbO3HUX IpenapartiB. s BUsIBIEHHS TyOepKyIbO3y JIET€Hb
BUKOPUCTOBYIOTHCSI ~ Pi13HI METOAW  JIarHOCTUKH, 30KpeMa  MIKPOOIOJIOTI4YHUM,
MOJEKYJISIPHO-TCHETUYHUM,  PaJIOJIOTIYHUN,  IMYHOJOTIYHMH Ta  OlO0XIMIYHHIA.
3acToCyBaHHS KOMIT IOTEpHOI TOMOTrpadii sSIK PEHTIEHOJIOTIYHOTO METOIY J03BOJISE
IIBUKO OTPUMATH 300pa’KeHHsI JIET€Hb, OLIIHUTH HAsBHICTh Ta CTYIIHb ypaXK€Hb. AHaII3
JIaHUX 3 300pakeHb TOMOrpadii Ja€ 3MOry BU3HAUUTH (DOPMY Ta MICLIE YPaKEHHS JIETEHb
TyOEpKy/Ib030M, [0 € BAXJIUBUM €TAlloOM ISl MOJANbINOI pO3pOOKH e(EeKTUBHUX

QITOPUTMIB J1arHOCTUKH Ta ONTUMI3aLli] JIIKYBaHHS.

[IpoBeeHO aHANMITUYHUN OTJISIT CYYaCHUX MIIXO0A1B A0 AudepeHIrialii JiKapchKo-
YyTJIUBOI Ta JIIKAPCHKO-CTIMKOI TyOEepKyJIbO3y 13 3aCTOCYBAaHHSAM METOJIB MAalIMHHOTO
HaBYaHHS. PO3TIIIHYTO OCHOBHI adrOPUTMIYHI MIAXOJM, BKIIOYAIOYU BUKOPUCTAHHS
IITYYHUX HEUPOHHUX MEPEK, METOIB CTATUCTUYHOTO Ta TEKCTYPHOTO aHali3y, a TAKOX
TEXHOJIOT1 CerMeHTalli /Il BUAUICHHS 30H 1HTEpEeCy Ha 300paKeHHSAX KOMI FIOTEPHOT

ToMorpadii.



3a pe3ynbTaTamMu MPOBEACHOTO OIJISAYy BCTAHOBJIEHO, IO KOMII IOT€pHA
ToMorpadis JIETeHb MICTUTh KJIFOUOBI Bi3yalbHI 03HAKH, K1 MOXKYTh OyTH BUKOPUCTaHI
IUIsL aBTOMaTtu3oBaHOi audepeHmianii ¢opMm TyOepKyiab0o3y. MeTroau MallMHHOIO
HaBYaHHsA, 30KpeMa 3rOpTKOBI HEHPOHHI MEpEeXki, JEMOHCTPYIOTb BHUCOKY TOYHICTH Y
poO3IMi3HaBaHHI CTPYKTYPHUX 3MIH Ta Kjiacu(ikallii NaTOJIOTIYHUX MPOIECIB, IO POOUTH

iX IEPCIEKTUBHUM 1HCTPYMEHTOM Y JIarHOCTUYHUX CHCTEMaX.

Po3rnsHyTi cydacHi METOAM MarOTh MPOOJEeMU 3 TOYHICTIO Kiacuikamii
JKapChKO-YYTIHUBOI Ta JIKAPChKO-CTIHKOI hopmu TyOepkynbo3y. ToMmy mocrae 3amaya
BJIOCKOHAJICHHS JaHUX METOJIB Ta TEXHOJOIIH g 301UIbIIEHHSI TOYHOCTI JIarHOCTHUKH,

a TaKOX JUIs MA00py MEePCOHATI30BAHOI CTpATET1i JIIKyBaHHS.

JIns  miABUIIEHHS TOYHOCTI Kiacuikaiii J0JaHO TMOMEpeaHI0 00poOKy
ToMorpadiyHUX JaHUX 13 BUAIJICHHSIM JIETEHEBOTO BIKHA Ta BU3HAYCHHSM ILIOIII JIETEHb,
0 JO03BOJISIE YCYHYTH HAJIMIIKOBY 1H(GOPMATUBHICTh. B anroputmi cermeHTtarii
BPaxOBaHO MOXJIMBICTh MOSIBH HEMPOMAPKOBAHUX MIKCENIB y CEpeAuHl JIETeHb Ta iX

KOPEKIIII0 NIJIXOM MPUETHAHHS 10 BUJIUICHOT 00J1acTI.

[IpoBeneHO MOCHIIKEHHS 3 3aCTOCYBAaHHS METOJIB TEKCTYpPHOIO aHali3y s
BUJIVICHHS KJIIOUYOBUX XapPAKTEPHUCTHUK, IO JO3BOJSIOTH OUIbII TOYHO 1AEHTU(DIKYBATH
3aKOHOMIPHOCTI B CTPYKTypi 00’€KTIB Ha 300paxkeHHI1. J[Jii OTpUMaHHS TEKCTYypHHX
0CcOONMBOCTEH OYJI0 3aCTOCOBAHO Pi3HI TUIIU MATPHUIlh, 30KpeMa — TicTorpaMa, MaTpUIs
CIIBBIJTHOIIIEHHS PIBHIB CIpOro, MATPHUIISl PO3MIPYy 30HU PIBHIB CIpOro, MaTpHIls
IPAaHUYHOI JOBXHUHU PiBHIB ciporo. [lepeBaror0 BUKOPUCTAaHHS MaTPHUIb TEKCTYPHHUX
XapaKTepUCTUK € 30UIbIIEHHA 1H(POPMATUBHOCTI OTPUMAHMX JaHUX 32 PaxyHOK
Mepexoy BiJl TPAJULIMHOTO T€OMETPUYHOTO aHAMI3y 10 OLIHKUA TEKCTypH. BumineHHs
HACTUIbKM BEJIMKOI KUIBKOCTI O3HAaK MOTpedye MeXaHi3My celeKIlii 1HGOpMaTUBHUX

O3HaK, i1 40ro BUKopucrtano Mmeroq Minimum Redundancy Maximum Relevance.

[ToOynoBaHa Mojenb Ta METOJMKA MOJICTIOBAHHS O3HAK HAJA€ MOXKJIUBICTh
BIOPSAJIKYBaTH O3HAKM 3a 1H(QOpMaTHBHICTIO Ta chopMyBaTh aHCaMOIb HANOUIBII

pEeJIEBaHTHUX 3a IKUM MOOYI0BaHO Ki1acu(piKaTop.



Ha ocHoBi cpopmoBanoro ancamOIIr0 MpOBEASHO JOCIIKEHHS, CIIPSIMOBAaHE Ha
pO3po0OKy KiacuikailiiHoi MOJENl JJiS BU3HAUYEHHS MPUHAJIEKHOCTI 300pa)xeHb [0
JKapChbKO-4yTIUBOr0 ad0 JIIKapChKO-CTiMKOro kiacy. s peanizanii kiiacugikaiiHoro
MIJIX0AY 3acTOocoBaHO MeToJ BumaakoBoro jicy (Random Forest), sikuii 3a0e3neuye
BHCOKY CTIAKICTb /10 BAplaTUBHOCTI BX1JTHUX JJAHUX Ta 3HWKYE PU3UK NIepeHaBYaHHs. J1Jist
MIJBUIIIEHHST TOYHOCTI  Kiacudikamii po3poOieHo MoaudikoBaHy  CTpaTerito
roJIOCYBaHHS B  paMKax aHcaMOJl0  BHUPIMIAJbHUX  MpaBwil.  BiaMiHHICTIO
3aMpPONOHOBAHOIO MIAXOY € aJanTalis CTAHAAPTHOTO aJrOPUTMY T'OJIOCYBAHHS HUISIXOM
BBEJICHHS BaroBUX KOE(ILIEHTIB 3a JOIMOMOIOI METOIYy TIpPyHOBOrO YypaxyBaHHS
apryMeHTIB B KOMOiHalli 3 MO3MUINHUM TOJIOCYBaHHSM, IO JTO3BOJISE BPaxOBYBaTH
KOMIUIEKCHI 3aJIeKHOCTI MIDXK O3HaKamMu (OpMyrouM ONTUMI30BaHMM aHCamOJib

TOJIOCYIOUUX MOJEIIEH.

[IpoBeneHO JOCHIIKEHHS, CHOPSIMOBAaHE Ha HAaBYaHHS TJIUOOKOI 3aJIMIIKOBOT
HelipoHHoi Mepexi ResNet-50 mist BupimieHHst 3agaul  kiaacudikarii 300pakeHb.
Apxitektypa ResNet-50 oOpana uepe3 31aTHICTh (OpPMYBaHHS O3HAK Ha TJIIMOOKHUX
mapax, Ta HasiBHOCTI Encoder-Decoder Moaudikariiii, o 3MeHIIye npodiieMy 3HUKaHHS
rpajiieHTa 3aBIsSKU BUKOPUCTAHHIO 3aJUIIKOBHUX 3B’s13KiB. OKpeMO PO3TIISIHYTO HiAXia
riopuan3anii rauOOKOi 3aJIUIIKOBOT MEpeXki 13 3aCTOCYBAaHHSIM O3HAaK OTPUMAHHUX
MEepexer Ta Kiacu(ikaTopoM BHUMAJAKOBOIO Jicy. 3aCTOCYBaHHA 3 MOAM(IKOBAHOIO
(YHKIIIE€I0O TOJOCYBaHHS J0O3BOJISIE OTPUMATH ajdbTEPHATUBHUN HAOIp O3HAK mMepen

nojayvero ix Ha KJacu(pikaTop BUMAIKOBOIO JIICY.

MeTo10 po60TH 0YJI0 YIOCKOHAJIEHHSI METO/I1B 0OUHCIIIOBAIBHOTO THTEIEKTY IS
30UIBIIEHHS! TOYHOCTI Kiacudikarli JIKapChbKO-4yTIMBOI Ta JIKapChKO-CTIMKOT (opm

TyOEpKYIhO3Y.
B nuceprariiit oTpriMaHi Taki HAyKOB1 pe3yJbTaTu:

1. 3anponoHOBaHO METO] CENEeKIlli aHcaMmOIIiB 1HOOPMATUBHUX O3HAK, SIKUIM
BIJIPI3HSAETHCS TOEHAHHSAM OJHOBHUMIPHOTO MOCIIJIOBHOTO BIIOOPY 3a MIXKKJIACOBOIO,

BHYTPIIIHBOKJIACOBOIO JUCIIEPCIEI0 Ta BU3HAYEHHSIM ONTUMAIBHOTO HA0Opy O3HAK 3a



KpUTepisiMU 1HHOPMATUBHOCTI Ta HAIMIPHOCTI, 1110 03BOJISIE 3SMEHIIUTHA 00UUCITIOBAJIbHI
pecypcH Ta HiJBUIUTH TOYHICTh KJIacu(ikailii 3a TaHUMU BEITUKOI pPO3MIPHOCTI.

2. YaockoHaTeHO METOJ NPUNHATTS PIlIEHb Yy KOJEKTHBAX BUPIIIYBATBHHUX
MpaBWJI 3a PaXyHOK JOJATKOBOTO BIOPSJKYBaHHS EKCIEPTIB IO XapaKTEPUCTUKaX
KOMIIETEHTHOCTI Ha ocHOBI MI'YA, mo no3Bonse mMoaugikyBaTH Baru B (PyHKIIT
roJIOCYBaHHs JIJIsl TIEPCOHAI3allli pillleHb Ta MiABUILEHHS TOYHOCTI Kiacu]ikaTtopiB 3
aHcaMOJIEBOIO CTPYKTYPOIO

3. BaockonajieHo MeTO/] BUSHAYEHHS [TATOJIOT1M HA MEAUYHUX 300pKEHHSX,
B sikOMY HelipoHHa Mepexka 3 Encoder-Decoder apxitekTyporo Ha ocHoBl ResNet50 mis
BU3HAYEHHS 30HU IATOJIOT1i JOMMOBHEHA ONTHMI30BaHUM aHCAaMOJIEBUM KJIacu(iKaTOpOM
Random Forest, 1110 Hajia€ MOKIIMBICTh BU3HAUEHHS KJIACYy NATOJIOTIi 32 BHOKPEMIIEHUMHU

Encoder yacTrHOIO O3HaKaMH.

Kirouosi cioBa: Knacudikairisi, kiac-opieHTOBaHa CEJIEKIlISl 03HAK, METOJ FPYIIOBOTO
ypaxyBaHHSI apryMeHTIB, 0aratomnoTOKOBICTh, METOJW OINTHUMI3allli, MaTeMaTU4Ha
ONTUMI3aIlisg, MaTeMaTH4YHa MOJEIb, MaTeMaTHYHA CTAaTHUCTHUKA, HEUPOHHI MEpPEexI,
rMOVHHE HABYaHHS, 3rOPTKOBI HEMpoHHI Mepexi, ResNet, cucremu ocHOBaHiI Ha

npaBuiiax, iHQopMaIliiiHi TEXHOJOT1i, MporpaMHe 3a0e3MeYEHHS.



ANNOTATION

Matviichuk O. V. Methods for pulmonary tuberculosis forms classification based
on computed tomography data using ensemble feature selection. — Qualification of
scientific work with the manuscript copyright.

Dissertation for the degree of Doctor of Philosophy in Specialty 122 "Computer
Sciences" (12 - Information Technology). — National Technical University of Ukraine
"Igor Sikorsky Kyiv Polytechnic Institute", Kyiv, 2025.

The dissertation is dedicated to studying computed tomography lung data of
patients with tuberculosis and developing methods for differentiating drug-sensitive and
drug-resistant forms.

Pulmonary tuberculosis is the second most prevalent infectious disease worldwide,
causing 1.3 million deaths in 2023. Effective early diagnosis plays a key role in timely
treatment, particularly in cases of developing resistance to anti-tuberculosis drugs.
Various diagnostic methods are wused for tuberculosis detection, including
microbiological, molecular-genetic, radiological, immunological, and biochemical
approaches. The application of computed tomography as a radiological method allows for
the rapid acquisition of lung images, assessment of the extent of lesions, and
determination of their characteristics. Analysis of tomography image data enables the
identification of the form and location of lung lesions, which is a crucial step in
developing effective diagnostic algorithms and optimising treatment strategies.

An analytical review of modern approaches to differentiating drug-sensitive and
drug-resistant tuberculosis using machine learning methods has been conducted. The
study examines algorithmic approaches, including artificial neural networks, statistical
and texture analysis methods, and segmentation technologies, for identifying regions of
interest in computed tomography images.

Based on the review, CT lung images contain key visual features that can be
utilised for automated differentiation of tuberculosis forms. Machine learning methods,
particularly convolutional neural networks, demonstrate high efficiency in recognising
structural changes and classifying pathological processes, making them a promising tool

for diagnostic systems.



However, current methods have limitations in the accuracy of distinguishing drug-
sensitive and drug-resistant tuberculosis. Therefore, enhancing these methods and
technologies is necessary to improve diagnostic accuracy and develop personalised
treatment strategies.

To improve classification accuracy, preprocessing of tomographic data was
implemented, including lung window segmentation and lung area extraction, which
eliminates redundant information. The segmentation algorithm accounts for the possible
appearance of unmarked pixels inside the lungs and corrects them by reassigning them to
the segmented region.

A study was conducted using texture analysis methods to extract key features that
enable more precise identification of structural patterns in images. Various texture
matrices were applied, including the histogram matrix, grey-level co-occurrence matrix
(GLCM), grey-level size zone matrix (GLSZM), and grey-level dependence matrix
(GLDM). The advantage of using texture-based features lies in enhancing data
informativeness by shifting from traditional geometric analysis to texture-based feature
extraction. Given the large number of extracted features, a feature selection mechanism
was required, for which the Minimum Redundancy Maximum Relevance method was
applied.

The developed feature modelling methodology enables the ranking of features by
informativeness and the formation of an ensemble of the most relevant features for
classifier construction.

A study was conducted to develop a classification model for determining the
category of images as drug-sensitive or drug-resistant tuberculosis. The Random Forest
method was applied as the classification approach, ensuring high resistance to input data
variability and reducing overfitting risks. To improve classification accuracy, a modified
voting strategy within the ensemble of decision rules was developed. The proposed
approach differs from standard voting methods by incorporating the Group Method of
Data Handling (GMDH) in combination with positional voting, allowing for the
consideration of complex dependencies between features and forming an optimised

ensemble of voting models.



A study was conducted aimed at training a deep residual neural network, ResNet-
50, for solving the image classification problem. The ResNet-50 architecture was selected
due to its ability to extract features in deep layers and the presence of Encoder-Decoder
modifications, which mitigate the vanishing gradient problem through the use of residual
connections. A hybrid approach was also considered, combining deep residual networks
with feature extraction and classification using a Random Forest classifier. The
application of a modified voting function enables the generation of an alternative feature
set prior to input into the Random Forest classifier.

The aim of the work was to improve computational intelligence methods to
enhance the accuracy of classification between drug-sensitive and drug-resistant forms of
tuberculosis.

Scientific novelty of the obtained results:

A method for selecting ensembles of informative features was proposed. This
method is distinguished by a combination of univariate sequential selection based on
inter-class and intra-class dispersion, as well as the determination of an optimal feature
set according to informativeness and redundancy criteria. This enables reduced
computational resource usage and improved classification accuracy in high-dimensional
data.

The decision-making method in ensembles of decision rules was improved by
introducing additional expert ordering based on competence characteristics using MGUA
(Modified Group Method of Data Handling). This allows the adjustment of weights in the
voting function to personalize decisions and increase the accuracy of ensemble-based
classifiers.

The method for detecting pathologies in medical images was improved. In this
method, a neural network with an Encoder-Decoder architecture based on ResNet-50 is
used to localize pathological regions. It is complemented by an optimized ensemble
classifier (Random Forest), enabling the classification of pathology type based on features
extracted by the Encoder.

Keywords: Classification, class-oriented feature selection, Group Method of Data

Handling, multiprocessor computing, optimisation methods, mathematical optimisation,
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mathematical model, mathematical statistics, neural networks, deep learning,
convolutional neural networks, ResNet, rule-based systems, information technology,

software development.
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CTPYKTYpH Ma napameTpiB QPyHKIIii TOJIOCYBaHHS).
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MO3UIIHHOTO TOJI0CYBaHHS KOJIEKTUBAMU BUPIIIATBHUX MPABUII 10 3a7a4l qudepenIriaii
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TEXHOJIOT1I0 KJIAC-OP1EHTOBAHOI CEJIEKIIiT B 3a1a4i Audepeniialii GopMu TyOEpKyIb03y).
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BCTYII
AKTyaJIbHICTH TeMU JocaigxkeHHs. TyOepKyab03 JereHb 3aJIUIIAE€ThCS OJTHIEIO 3
HaWOUTBII MOMMPEHUX 1H(EKIINHUX XBOpOO y CBITI, MO cOpuyMHMIa moHan 1,3
MUIbOHA JeTanbHuX BUNaAkiB y 2023 poui [1]. Bucokuit piBeHb 3aXBOPIOBAHOCTI Ta
CMEpPTHOCTI OOYMOBIIIOE HEOOXIAHICTh €(EKTUBHOI PAHHBOI JIATHOCTUKH Ta
MEePCOHATI30BAHOTO MIAX0AY 10 JiiKyBaHHs. Cy4acHI METOJU J1arHOCTUKHU BKIIIOYAIOTh
MOJIEKYJISIPHO-TEHETUYH]1 TECTH, MOCIBU KYJbTYp 30yAHUKA [2], IMyHOJOT14HI METOAU

[3,4], ananiz 6iomapkepiB [5] Ta paaioaoTiyHl JOCTIKEHHS [6].

Cepen pamionoriyHux MetoaiB komi toTepHa Tomorpadis (KT) e€ ognum i3
HalOUTbI 1HPOPMATUBHUX, OCKUIBKM JO3BOJII€ OTPUMATH IMIBUJIKY, HEIHBA3WBHY Ta
JETaIbHY BI3yalli3allll0 JEr€HEeBUX ypaK€Hb. PO3BUTOK METOAIB IUTYYHOTO IHTEIEKTY
BiJIKpUBA€ HOB1 MOXJIMBOCTI ISl aBTOMaTU30BaHO1 00poOku KT-300pakeHs, 1110 cripuse
M1IBUIIEHHIO TOYHOCTI 1arHOCTUKU. BUKOpUCTaHHS TITHOOKUX 3TOPTKOBUX HEHPOHHUX
MEpeX J03BOJISIE BUAUISITH 30HU IHTEPECY, aBTOMATH3yBaTH aHaii3 300pa)KeHb Ta
MIJBUIIYBaTH TOYHICTh Kiacudikauii ¢opmu Tydepkynbo3y [7,8]. Jlomatkoso,
inTerpamis KT-300paxeHpb 13 KIIHIYHUMU JaHUMU MAaI€HTIB MOKpAIly€e A1arHOCTUYHY
TOYHICTH [9]. 3ampomoHOBaHI Ha CHOTOJIHI METOJIM aHalli3y MEAUYHUX 300pa’keHb
JEMOHCTPYIOTh TOYHICTh Kiacudikamii 10 92% y 3agaui audepeHianii JTiKapcbKko-

YyTIMUBOI Ta JIIKAPCHKO-CTIiKOI popmu TyOepKkynbo3y [10].

VY KOHTEKCTI Cy4yaCHUX TEHACHIIA pO3BUTKY MEIUYHUX 1HHOPMALIMHUX CUCTEM Ta
aBTOMATH30BAHOI J[1IarHOCTUKH BAXJIUBOIO € PO3poO0Ka €(PEeKTUBHUX AJITOPUTMIB s
anamizy KT-300paxeHp, 110 CIPUIATUME 3MEHIIEHHIO Yacy J1arHOCTUKH, I1JBUILCHHIO
TOYHOCTI BU3HAYEHHS (POPMHU 3aXBOPIOBAHHS Ta 3HM)KEHHIO HABAHTAXKEHHS HA JIIKApIB.
OnHuM 13 MEpCNEeKTUBHUX HAMpPsIMIB € TOEAHAHHS METOJIB TJIMOOKOrO HaBYaHHS 3
TEKCTYpPHUM aHaJli30M Ta aHCaMOJEBUMH MOJEISMU, 110 O3BOJISE MOKPAIIUTH SKICTh
Kkiacudikamii Ta PpO3IMIHUPUTH MOKIMBOCTI PO3MI3HABAHHS NATOJIOTIYHUX 3MIH Yy

JIETEHEBIA TKAHWHI.

TakuM YWMHOM, aKTyaJbHICTh JOCHIUKEHHS OOyMOBJIEHAa HEOOXIJIHICTIO

YAOCKOHAJIEHHSI METO/IB J1arHOCTUKU TYOEpKYJIbO3y LUISIXOM aBTOMAaTH3alli 00poOKu
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KT-3HiMKIB, TOKpaIIEHHSs aATOPUTMIB Ki1acudikallii Ta BIPOBAKEHHS 1HTEIEKTYIbHIX
CUCTEM MIITPUMKHU NPUUHATTA pimieHb y chepi drusziarpii. BopoBamkeHHs cydyacHUX
NIAXOJIB  MAIIMHHOTO  HAaBYAaHHS  CHOPHUIATHUME  CTBOPEHHIO  ABTOMAaTHM30BAHMX
TIarHOCTUYHUX CHUCTEM, IO MOXYTh OYyTH I1HTErpoOBaHI B KIIIHIYHY MpPaKTUKY,
3a0e3nedyrourd MBUANTY Ta TOYHIMLy JudepeHmianilo ¢GopM TyOepKyJIbo3y Ta

M1JIBUITYIOYH €()EeKTUBHICTH KOHTPOJIIO HAJl HOTO MOITUPEHHSIM.
3B’5130K po00TH 3 HAYKOBUMM NPOrpaMaM, IJIAHAMH, TEMAMHU.

HaykoBy pobotry BukoHaHo Ha kadeapi OloMeAUMYHOI KIOEPHETUKH
HanionanbHOro TeXHIYHOTO yHiBepcuTeTy YKpaiHu «KuiBCbKMI MOMITEXHIYHUN
iHcTUTyT iMeH1 [ropst Cikopcekoro» y pamkax cmiBrpartti 3 1Y «HaiionansHuit HaykoBui
neHtp QrusiaTpii, mynabMoHosorii Tta aneprosorii iMm. @. T'. SAnoBcbkoro HAMH

VYkpainu» akt BOpoBakeHHs Big 15 nmuctomana 2022 poky.

Mera i 3aBaaHHs JocJilKeHHsl. MeTow gucepTaliiiHoi poboTu  OyIio
YAOCKOHAJIEHHS METOJIB OOYMCIIOBAIIBHOIO IHTENEKTY JMJig 30UIbIIEHHS TOYHOCTI

KJ1acudikaiii J11KapchKO-4yTIUBOI Ta JIIKAPChKO-CTINKOI (POpM TyOEpKyIHO3Y.

JInsi TOCATHEHHSI TOCTaBJIEHOI METH HeOoOXiAHO OyJi0 BUPINIUTH HACTYIHI

3aBIaHHA:

1. Ha ocHOB1 niTepaTypHuX JKepen MpoaHaIi3yBaTH TEXHOJOTIl OTpUMaHHSA Ta
aHaji3y MeIMYHUX 300paKEHb.

2. JlocmiauTy MOXJIMBICTh 3aCTOCYBaHHSI METOJIIB TEKCTYpPHOrO aHajizy [0
300paxeHb KOMII I0TepHOI ToMOTpadii JereHs.

3. JlocniauTy MeXaHi3M CEeJEKI[IOHYBaHHS 1HQOPMATUBHUX O3HAK JJIsl 3MEHILICHHS
PO3MIPHOCTI IaHUX.

4. JlocniAUTH aNrOpuTM roJI0OCYBaHHS Ha OCHOBI KOJIEKTUBY BUPIITYBaJIbHUX ITPABUI
B Kiacudikatopax aHcaMOIeBOI CTPYKTYPH JIJIi MOKJIMBOCTI MIJBUIIEHHS TOYHOCTI
BUPIIICHHS 3aJ1a4il Kiacugikarlii.

3. JlocmiauTy MOXJIMBICTh 3aCTOCYBaHHS HEHpPOMEPEKEBUX Ta TiOpUIU30BAHUX

kiacudikaTopiB st Audepenuianii GopMu TyOepKyIb03y.
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006°’ckm docnidrycenna — NPouec Po3B’A3aHHs 3a7aul Kiacudikalii Ha NpUKIaIl

KT-300paxkens JiereHb Malli€HTIB XBOPUX HA JIIKAPCHKO-CTIMKY Ta JIKapChbKO-UYTIUBY

dbopmy TyOEpKyIbO3Y.

Ilpeomem Oocniosycennsa — METOAM IUTYYHOro 1HTENEKTy ans aHamizy KT-
300pakeHb MPEJCTaBICHI TEKCTYPHUM aHali30M, BUIAJKOBUM JIICOM Ta IUITYYHUMHU

HEUPOHHUMH MEpPEXKaMU Ta CIIOCOOM 1X riOpuau3arlii.
MeTtoau a0CTiIKeHHS

JlocnipkeHHsT TPOBOJMIIOCH 3 3aCTOCYBAHHSIM METOJIB TEKCTYPHOI'O aHaji3zy
300pak€Hb, CTATUCTUYHOIO aHali3y JaHUX Ta HEHPOHHHX MEpex B 3ajadax

KJacudikarii.
HaykoBa HOBM3HA OTPMMAHMX Pe3yJIbTATIB:

1. 3anponoHOBaHO METOJl ceJeKiii aHcaMOniB 1HGOPMATUBHUX O3HAK, SIKUUI
BI/IPI3HSAETHCS TOEJIHAHHSAM OJHOBHUMIPHOTO MOCIIJIOBHOTO BII0OPY 3a MIXKKJIACOBOIO,
BHYTPIIIHBOKJIACOBOIO JUCIIEPCIEI0 Ta BU3HAYEHHSIM ONTUMAIBHOTO HAOOpy O3HAK 3a
KpUTEPIAMHU 1HPOPMATHBHOCTI Ta HAAMIPHOCTI, 1110 T03BOJISIE€ 3MEHIIIUTH 00YHCITIIOBATBHI
pecypcH Ta HiJBUILUTH TOYHICTh KJIacu(ikailii 3a TaHUMU BEITUKOI pPO3MIPHOCTI.

2. YaockoHaTeHO METO/I IPUUHSTTS PIIEHb Y KOJIEKTUBAX BUPIIIYBAIbHUX MIPABUI
32 paxyHOK JOJATKOBOTO  BIOPSIAKYBAaHHS ~ €KCHEPTIB IO  XapaKTEPUCTUKaX
KOMIIETEHTHOCTI Ha ocHOBI MI'YA, mo no3Bonse mMoaugikyBaTH Baru B (PyHKIIT
roJIOCYBaHHs JIJIsl TIEPCOHAI3allll pillleHb Ta MiABUILEHHS TOYHOCTI Kiacu(ikatopiB 3
aHcaMOJIEBOIO CTPYKTYPOIO

3. BnockoHajieHo MeTOJ] BU3HAYEHHS MMATOJOTIM HAa MEAUYHUX 300pKEHHSX, B
aKoMy HelipoHHa mepexa 3 Encoder-Decoder apxitexktyporo Ha ocHoBl ResNet50 ms
BU3HAYEHHS 30HU IATOJIOT1i JOMOBHEHA ONTHMI30BaHUM aHCAMOJIEBUM KJ1acu(iKaTOpOM
Random Forest, 1110 Hafia€ MOKIIMBICTh BUSHAUEHHS KJIACYy MATOJIOTIi 32 BHOKPEMIIEHUMHU

Encoder yacTHOIO O3HaKaMH.
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HpaKTuqu SHAYCHHSA OACPKAHUX pCSYJIbTaTiB

3a pe3ynbTaTaMH MPOBEACHUX JOCIIKEHb pO3po0sieHO iH(hOpMaliiiHy cUcTEMY
kiacudikamii 300pakeHb KOMII IOTEPHOI TOMOrpadii JiereHb MAaIli€eHTIB XBOPHUX Ha
JKapChbKO-CTIMKY Ta JIKAPChKO-4yTIUBY (QopMy TyOepKynabo3y. Po3pobieHo kiac-
OpIEHTOBaHY TEXHOJIOTII CEeJIeKIIii 03HAK KJIAacCiB 32 JaHUMU OTPUMAHUMHU 3 TEKCTYPHOTO
anamizy. Busnaueno cmoci0 riOpuau3aiii HEHPOHHOI Mepexki 3a JOMOMOTOI0

KJ1acugikaTopa 3 MEPEKEBOIO CTPYKTYPOIO.

Pesynbratu pobGotu BmpoBamxeHo B Y «HarionanbHuil HayKOBUM UEHTP
¢dbrTuziatpii, mynabMoHoJ0r1i Ta aneprojorii iMm. @. I'. AAnoBcbkoro HAMH VYkpainu» akrt

BIPOBaI>KeHHS BiJ 15 nucronana 2022 poky.
OcoOucTHii BHECOK 3100yBaya.

CdopmyniboBaHO METY Ta HOCTAHOBKY 3aBJAaHb TOCTIIKEHHS, pO3pOOIEHO METOIU
Ta cHocoOu JOCATHEHHsS TMocTaBiieHOi MeTu. [IpoBeneHO aHami3 Cy4yacHOrO CTaHy
3aCTOCYBaHHS METOJIIB IITYYHOTO IHTENEKTYy 10 3anadi gudepenmianii Gopmu
3aXBOPIOBaHHS Ha  TyOepKyJibO3  JiIeT€Hb. 3acCTOCOBAHO  CTAaTUCTHUYHHM  Ta
HEUpOMEpEeXKEBUM MIAXOAW [JIsl YCHIIIHOTO BUPIIMIEHHS 3aBAaHHSA JOCIIJIKECHHS.
[ToOynoBaHO CTAaTHCTUYHI MOJENI Ta MPOaHATI30BaHO MOXKJIUBOCTI MPOTPAMHOL
peanizaillii alirOpuTMiB, MPOBEICHO EKCIIEPUMEHTH HA TaHUX KOMIT IOTEPHOI ToMorpadii

JICTCHB, HpO&HaHiSOBaHO Ta y3araJibHCHO PE3yJIbTaTU I[OCJ'IiI[)KeHI).

3aranpHul JU3ailH JTOCHIJIKEHHS, CTaTUCTUYHY Ta aJrOPUTMIYHY IOCTAaHOBKY
3aBJaHb JAOCIIIKEHHs, pO3p0OKYy MOJIeeil Ta TEXHIYHUX PIIIEeHb BUKOHAHO y CHIBIIpalll

3 1.0.H., K.T.H., Hactenko €. A.
Anpodauisi pe3yJbTaTiB AUCepTAIil.

Marepianu aucepTaniiHoi poOOTH MONOBIAAIKUCHL Ta Oyiu OOroBOpeHl Ha

HACTYHHIN HAYKOBO-NPAKTHYHIA KOH(EpPEeHIii:

- «CYYACHUM CTAH TA  TIEPCIIEKTUBU  BIOMEJMYHOI
TH)XXEHEPII(Ykpaina, Kuis, 2022p.)».



19

BxatoueHo 10 MDKHApoAHOI HAyKOMETpUYHOI ©0a3u  Scopus wmaTepiaiu

omyOJIIKOBaHI Ha HACTYMMHUX KOH(EPEHIIIsAX:

- 2021 IEEE 16th International Conference on Computer Sciences and Information
Technologies (CSIT)(VYkpaina, JIbBiB, 2021p.)

- Proceedings of Sixth International Congress on Information and Communication
Technology(Benuka bputanis, Jlonnon, 2021p.),

- 2022 IEEE 17th International Conference on Computer Sciences and Information

Technologies (CSIT)(VYkpaina, JIbBiB, 2022p.)
Iyoaikauii.

PesynbTaTu qucepTaiiitHoi po6oTH onyOikoBaHi B 4 HAYKOBUX MpalsX, 3 SKUX 2
CTaTTl Y HAyKOBUX (paxOBUX BHAAHHSAX YKpaiHu kareropii b 3a cnemianbHicTio 122 —
KOMIT FOT€pPHI HayKH, Y 2 10 BKJIIOUEHI 10 MDKHAPOJHOT HAYKOMETPUUYHOI 0a3u JTaHUX

Scopus.
Crpykrypa i 00car gucepraiii.

HucepramiitHa poOoTa CKIaAaeThesl 31 BCTYyNy, S pO3ILIiB, BUCHOBKIB, CIUCKY
JTiTepaTypHUX JKepen. 3araibHuil o0csar pobotu ckianae 140 cropinok. OO6csr
OCHOBHOTO TEKCTY CTaHOBUTH 112 ctopiHok. Po6oTa MicTuTh 6 Tabnuib 1 78 pUCYHKIB.

Cnucok niTepaTypHHX JKepen ckiaagaeThes 3 105 HaliMeHyBaHb Ha 12 cTOpiHKax.
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PO3/ILJ 1 OTJISIJ] CYUACHUX MIIXOIB 1O 3AJIAUIL
KJIACUPIKALII MEJUYHUX 306PAKEHD

3HauyHe NOIIMPEHHs TyOepKy/nbo3y JEreHb Ta BUCOKAa CMEPTHICTh BiJg HOTO
pe3UCTEHTHOI (OPMU 3yMOBIIOIOTH HEOOX1IHICTh MOIIYKY 1HHOBAIIWHUX MIAXOJIB 10
J1arHOCTUKH Ta kiacu@ikailii 3axBoproBaHHs. OTHUM 13 Cy4YaCHUX HAIpPSMiB PO3BUTKY €
3aCTOCYBaHHS alTOPUTMIB MAIIMHHOTO HaBYaHHsS g aHanizy KT-300paxeHb, 110
3HAQYHO MIJBUIIYE MIBUJIKICTh Ta TOUHICTh JIarHOCTUKH. J[0 KIIOUOBUX TEHACHINHN y 1
chepl MOXXHA BIJHECTHM BUKOPUCTAHHS TEKCTYPHMX METOJIIB aHajizy 300pa’KeHb,
rUOOKUX HEMPOHHUX MEPEX Yy PO3Mi3HABaHHI TYOEPKYJIbO3y 32 PEHTTeHOrpapIyHUMHU
Ta TOMOTrpaiyHUMU 300paKCHHSIMU. BHUKOPUCTAHHS TaKUX aJTOPUTMIB JI03BOJISIE
aBTOMATH3yBaTH JIOKANI3aIll0 YpPa)XEHUX 30H Ta MIABULIUTU SKICTh Kiacudikaiii

300paxeHb nepes nepeaadero ix Juis JiKapsi.

OxpeMoi yBaru 3aciyroByIOTh OlOJIOTIYHI METOJAM BUSBIECHHSA TyOEpKYJIbO3y, K
BKJIFOYAIOTh  MOJIEKYJISIPHO-T€HETHUYHI TECTH, IOCIBH KyJIbTyp 30ynHuka [2],
iMyHoOJsIOT1YHI MeToau [3,4], aHami3 OGiomapkepiB. Xoua II METOJU € BaXXJTUBUMHU IS
BU3HAYECHHS HasBHOCTI 30yHHMKA TyOEepKyIb03y, BOHU HE JO3BOJISIIOTH OLIHUTHU CTYMI1Hb

ypakeHHs JIET€Hb, 1[0 € KPUTUYHUM ISl TA00pY CTpaTerii JJIKyBaHHS XBOPOOHU.

CamMe TOMy pO3BUTOK CyYaCHHUX METOJIIB J1arHOCTUKH TyOEepKyJb0o3y Oa3yeThCcsl Ha
1HTerpanii MaTeMaTUYHOTrO MOJENIOBAHHS, QJITOPUTMIB IITYYHOI'O I1HTEJNEKTY Ta
NepeIoBUX OlOTEXHOJIOTIH, M0 3a0e3levye BUCOKY YYTJIMBICTh Ta CHEHU(IYHICTS.
MeTtoau rimuOoKOro HaBUYaHHS Jal0Th MOKIUBICTD MIJIBUIITATH TOYHICTh KiaacudiKaIlii 10

92%, 1m0 miaTBepKye e(heKTUBHICTD iX 3aCTOCYBaHHS y MEIUYHUX 3a1a4yax [10].

ABTOMaTH30BaHl METOAM [1arHOCTUKUM TH mMOCTymoBO CTalOTh HEBIJ €EMHOIO
YaCTUHOIO Cy4acHOI PTU31aTpli, MOEAHYIOUH PE3yJIbTaT (PYyHIaMEHTAIBHUX JOCIIIKEHb
Ta KJIIHIYHOI nOpakTUKU. OCHOBHA yBara MOPUAUISIETBCA PO3POOI ONTUMATbHUX
anroputMiB aHanizy KT-300paxeHb Ta CTBOPEHHIO 1HTEIEKTYalbHUX CUCTEM MIATPUMKHU
MPUUHSATTS PIIIEHb, 110 JO3BOJUTHh HE JIMIIE MIABUIIUTH TOYHICTH JIarHOCTHKH, aje i

3pOoOUTH ii TOCTYIHINIOK Yy PETiOHAX 13 BUCOKUM PIBHEM 3aXBOPIOBAHOCTI.
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MeToro 1BOro aHaJITUYHOTO OISy € Yy3arajlbHEHHS Cy4YacHUX METOJIB
aBTOMATU30BAHOI'O aHali3y MEIWYHUX 300pakeHb JUIsl JIarHOCTHKU TYOEpKYJbO3y,
OIliHKa 1X €(EeKTUBHOCTI Ta MEPCIEKTUBHU MOAAIBIIOT0 PO3BUTKY y cdhepl MEAUUHHUX

1H(pOpMaIIITHUX TEXHOJIOTIH.

1.1 MoxkauBocTi pagioMeTpii M0 BHUAUIEHHI0 O3HAK JIKAPCHKO-YYTJIHUBOI0 Ta

JIKAPChKO-CTIHKOI0 TY0OEpPKYJIbO3Y

Komm’totepHa ToMorpadist 403BOJIsIE OTPUMYBATH I€TAIbH1 300paK€HHS BHY TPILIHIX
CTPYKTYp OpraHi3aMy, BHUKOPHCTOBYIOUM PEHTIE€HIBChKE BUIpOMiHIOBaHHsS. [Ipormec
nepeTBopeHHst (pizuuHuX vacTuH Tina Ha 1udpoBi KT-300pakeHHsT BKIIOYAE KidbKa
KJIFOYOBUX €TaMiB, 5Kl 3a0€3Me4Yy0Th TOUHICTb 1 IKICTh OTpuMaHHA JaHux. Cepen eTarnis
BUJIUISIIOTH[ 1 2] peHTreHIBChKE CKaHyBaHHSI JIJIs1 OTPUMAHHS BX1AHUX JAHUX, OOYUCIICHHS

KOe(]ili€HTIB OCIA0JICHHS Ta PEKOHCTPYKIIIIO 300paKeHb.

CxaHyBaHHS B110YBa€ThCS KOJU MALIEHT PO3MINIY€ETHCS B anapari, e peHTI€HIBChKa
TpyOKa 00epTa€ThCS HABKOJIO Tila, BUIMPOMIHIOIOYM BY3bKHI MYy4YOK PEHTTEHIBCHKUX
npomeHiB. [IpoMeHi NpoxoAsTh Yepe3 TKaHUHU OPraHi3My Ta YaCTKOBO MOTJIMHAIOTHCA B
3QJIEKHOCTI BiJl iX HIUIBHOCTI. TakuM YMHOM Ha 300pa)k€HHSIX (GOPMYIOThCS HACTYIIHI

KJIaCH 00’ €KTIB:

e KicTtkn
e M’gKl TKAHUHU

e IloBiTps

BuaiieHHS KICTOK MOXKIIMBE, OCKUIBKH BOHH € 00’ €KTaMH BHCOKOI IIIIBHOCTI, TOOTO
BOHU TMOIVIMHAIOTH OUIbII€ PEHTIE€HIBCHKOTO BUIIPOMIHIOBAHHS HIXK BCl IHIII THUIIH
TKaHUH, 3aJUIIAI0YN JIJIs IETEKTOpa MEHIIE MpPOMeEHIB. M’siki TKaHUHU € 00’ €KTaMH
CepeAHbO1 IITBHOCTI, BOHU MOTIMHAIOTh YACTUHY MPOMEHIB, (POPMYIOUYH MPOMIKHI PiBHI
curHainy. O0’ekTaMy HU3bKOT IIUTBHOCTI € Ta3U, Ha MPUKJIA/ll TOBITPs. Taki peuOBUHU HE
MOTJIMHAIOTh BUIIPOMIHIOBAHHS 3aBMSIKA CBOiMl CTPYKTYpl, TAKUM YHMHOM Ha JETEKTOP

MPUXOINTh HAWCHIIBHIIIUN CUTHAJ.
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Herexktopu KT-anmapata peecTpyroTh piBE€Hb 3aJIUIIKOBOIO BUIIPOMIHIOBAHHS MICIIS
MPOXOJIKEHHS Yepe3 TUIO0, CTBOPIOIOYM CUP1 MPOEKI[iMHI AaHl, SKI B MOJAJIbIIOMY B

MPOIIEC MaTeMaTUYHO1 OOPOOKHU MEPETBOPATHCS HA JaH1 300paKEHb.

OTpuMaBIIM cupi JaHi BiI0yBaeThCsl 00UUCICHHS KOS(DIIIEHTIB Ta PEKOHCTPYKIIisS
300paxeHHs[13]. B mnpoueci pekoHCTpyKIii JaHi ociabiieHb MPOXOIATh uepes
anroput™Mu (QunbTpamiii Ta 3riamkyBaHHs. [licns doro BigOyBaeTbcs MaTeMaTU4YHE
MaciTa0yBaHHS JaHUX 300pakeHHs B mkany XayHcdinga. 300pakeHHs IPUBEICHE J0
JAHOT IIKAJIX € HOPMATI30BaHUM 1 MOXKe OyTH BUKOPUCTAHUM JJIsl TOAANIBIIOTO aHAJI3y

JikapeM, ab0 aBTOMaTUYHOIO CUCTEMOIO.

[licns orpumanns 300paxkens KT, iX mpuBOASITH A0 BiKHA JOCIHIIKYBaHOTO
oprany[14], mjo B mporeci aHami3y J03BOJIsI€ OTPUMATH Ta BpaxyBaTH O3HAKU JIUIIIE

MIEBHUX €JIEMEHTIB OpraHi3My, HaMpUKJIa ] JIUIIE KICTKH, 400 KICTKH Ta M’ sIKI TKAHUHH.

J1y1st O1IbI IETAIbHOTO aHai3y OpraHiB BUAUISIOTH ClielliaibHi BikHA. J{aHl BikHA
MICTSITh HaJalITyBaHHsS KOHTpacTHOCTI Ta sickpaBocTi KT 300paxkens, siki 103BOJISIIOTH
ONTUMAJbHO BI3yali3yBaTH MNEBHUM opraH abo0 TKaHUHY. BOHHM TIpYyHTYIOThCS Ha
KOpUTYBaHHI Jiana3ony mkanu XayHcdinaa (HU) BianmoBiiHO 10 MIUIBHOCTI CTPYKTYP.
Takum 4MHOM JJI aHAI3y JIETEHEBUX YpPaKeHb BUKOPUCTOBYIOTh JEreHeBe BIiKHO[15].
enTp manoro BikHa B [-600; -700]HU(Hounsfield unit), Ta mmpunra B [1000; 1500] HU,
[0 JIO3BOJIAE TEperisiAaTH MapeHxiMy JiereHb, OpOHXU Ta APiOHI JUXaldbHI HUISIXH,

KPOBOHOCHI CYJIMHHU, IHPLIBTpaTH , G10po3HY Ta pyOlLIEeBY TKAHUHY.

BunineHHa came 1ux €JIeMEHTIB 3a0e3leuye 4iTKy Bi3yalli3allil0 MOBITPSIHHUX
CTPYKTYp y JIETE€HsSX, AOoloMarae BiJIpI3HUTU 1HGUIbTpaTH, HAOpsiku Ta (HiOpo3 Bix
HOpMaiIbHOT mapeHximMu. I[loganbmuii aHamiz 300paxeHb OTPUMAHUX 3 JAHUM BIKHOM
J03BOJISIE BUAUISATH O3HAKU PI3HUX XBOPOO JIET€Hb, B TOMY YHMCJII TYOEpKYJIbO3Y Ta OO

bopm[7, 16-18].

Hopwmamnizariis Ta npuBeaeHHs 10 BikHA Bii0yBaeTbes 3a popmymoro(1.1) [19].
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lwindowed = max(min('”“V;C + 0.5, 1), O) (1.1)

e Iwindowed — HOpMaJi30BaHEe 3HAUYCHHS IHTEHCUBHOCTI B miamazoni [0, 1], W —
mupuHa BikHa, C — LlenTp BikHa, [yy — BUXi/HE 3HaUYeHHS Yy mmiKaini XayHcdiiga, min —
GyHKIiE BUOOPY MIHIMAJIBHOTO 3HA4Y€HHS, max — (YHKIIS BUOOPY MaKCHUMaJIbHOTO

3HA4YCHHAI.

1.2 Meroau BUIiJICHHS 30HH IHTepecy

Bia6ip nereneBoro BikHa JIJIsl JOCTIKEHHS JO3BOJISIE BIAKUHYTH 3 OCIIJIKEHHS JJaH1
TKaHUH Ta KICTOK, K1 HE MalOTh BILUIMBY Ha JiereHeB1 mpoiiecu. OiHak yepes Te 1o ¢popma
JereHb JOCUTh crernu@diuHa BIKOHHA (DUIbTpaIlisl JO3BOJSE€ 3aXOMUTH HEJIEreHeBi
CTPYKTYpH B 30HY JAOCIHIJKEHHS, III0 B MOJAJBIIOMY MOXKE MHPHU3BECTH 10 BUOOPY
30BHINIHIX 03HAK, HAIPUKJIAJ HAsIBHICTh MEIMYHUX 3aCO0IB Ha T1JI1, 3aMICTh JIETCHEBUX

o3Hak[20].
JIst BUITIEHHSI 30HU 1HTEpeCcy Ha OOpaK€HHI MOYKHA 3aCTOCYBAaTH HACTYITHI METOIU:

- Pyune BuaineHHs (BUAUICHHS €KCIIEPTOM)
- IloporoBa cermenTaiis

-  Metoa akTUBHUX KOHTYPIB

- PerionanbHe 3pocTaHHs

- 3acTOCyBaHHSA HEMPOHHHUX MEPEK.

3acToCcyBaHHSI PYyYHOIO BUJIIEHHS, € (axiBellb BPyUyHY OOMpae 30HY IHTEpeCy Ha
300paK€HHI MOKJIMBE B JIOCHIIPKEHHAX, A€ OUIBIIICTh aHaJi3y 3aJIMIIAETHCS 3a CAMUM
excriepToM. /laHui METO1 B 3aCTOCYBaHHI /10 PO3Ii3HABAHHIO TYOEPKYIJIbO3Yy MA€ BUCOKY
TOYHICTb, OJIHAK MOTpeOye yKe BEIMKHUX 3aTpar ekcreprta (JiKaps) AJis MPOBEICHHS

TaKOro BUILICHHS.

[ToporoBa cerMeHTarlliss K METOJ J103BOJIsIE 3pOOUTH BUAUICHHS 30HU IHTEPECY 3a

pIBHEM 1HTEHCHBHOCTI TIKCENiB, BHUXOASYM 3 TMEBHOro mopory. Jlanuit wmeron
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3aCTOCOBYETHCS JJIA aHAIII3y 300pa)KeHb Ta BIAIrPa€e B HUX BaXJIHMBY poJib. PO3PI3HAIOTH
Metroau Bi-level mopory[21] ta Multi-level[22] mopory ans BuiiieHHs 00JacTi.

Pe3ynbraT 3acTocyBaHHSl JaHUX METOAIB 300pakeHo Ha puc. 1.1.

A b B
Puc. 1.1. Ilpukmaxg 3acTocyBaHHS METOJIIB MOPOrOBOI CEerMeHTaIli: A —
opuriHaibHe 3apakeHHs, b — 3acrocyBanHs OiHapHoro mnopory (Bi-Level), B —

3acTocyBaHHs OaraTopiBHeBoro nopory (Multi-level)

MeTon aKTUBHUX KOHTYPIB 3aCTOCOBYETHCS JJIsi BU3HAUEHHS MeX 00 ’€KTIB Ha
300pakeHHsX[23-26]. OcoOMMBICTIO AAHOTO METOIY € 3AAaTHICTh 30€piratu TOMOJIOTI0
oOnacTi 1HTEpecy, IO POOUTHh HOro MPUIAATHUM [JIsi pi3HUX cdep, 0COOIMBO s
CerMeHTallll Ta Bi3yalli3alii MeInYHuX 300paxkeHb. i BUPIIEHHS JaHOI 3a7a4l METO
MOX€ BHUKOPUCTOBYBATH MiAX1J 3 MOOYOBU KOHTYpIB, 0 0a3yroTbest Ha kpasx(Edge-

Based models)[27], a0  B34TH 32 OCHOBY 00JIaCTh Ta KOPUTYBATH KOHTYp mija HEi[28].

Puc. 1.2. 3acTocyBaHHsI METOy aKTUBHUX KOHTYpPIB BUIJIEHHS 30HU 1HTEPECY B

cyrino6i[26]
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Merton perionansHoro 3pocTtanHs (Region Growing)[29] € ogHuUM 13 MIIAXOAIB 10
CerMeHTallli 300paxkeHb, SKUU 0azyeTbcsi Ha MOCTYNOBOMY PO3IIMPEHHI 00JacTi,
MOYMHAIOYH 3 TOYATKOBO1 TOUKH (seed point). AIropuT™ J0/1a€ 10 30HU IHTEPECY CYC1/IHI
MIKCENi, SIKIIO BOHU 3aJI0BOJBHAIOTH MEBHUN KpUTEpId MOAIOHOCTI, MAalOTh CXOXKY
IHTEHCHUBHICTh a00 TeKCTypy. OJIHI€I0 3 MepeBar bOro MiaXo/1y € Horo 31aTHICTh TOYHO
BUJILJIATU O0'€KTH 3 YITKUMH MEKaMH, ajie BiH MOXe OyTH 4yTJIMBUM 110 myMy. [Ipukian

3aCTOCYBaHHS METO/II PEriOHATBLHOTO 3pOCTaHHs 300pakeHo Ha puc. 1.3.

a0

100

150

200 200
cUU <UL

2al

o0 100 150 200 250 a0 100 150 200 2350

A b

Puc. 1.3. Tlpuknaj 3acTocyBaHHSI METOY PET1OHATBLHOIO 3pOCTaHHS. A —

OpUTiHAJIbHE 300pakeHHs, b — BUA1IEHUI KOHTYD

OcKUIbKH BUAUICHHS 30HU 1IHTEpECY Ha 300paKeHHI € 3a/1a4€t0 CerMeHTallli, Jyis il
BUPIIICHHSI MOHA 3aCTOCYBaTH HEHpOMEpekeBl MiAXoAu. TakuM 4YMHOM HEUpOHHA
MepeKa HaBYAEThCA BUAUISTU 30HY MeBHOro o0’ekta. Ha 6a3i Takux Mepesk MOKIIMBE
nojayibllle HaBYaHHS MeEpexl K Kkiaacudikaropa 3a JOMOMOTOK BHUKOPUCTAHHS
JOIATKOBUX IIapiB B CTPYKTYpl Mepexki. Takoxk NaHi Mepexi MOXYTb IHTErpyBaTH
MeXaHI13MH yBaru i1 ((OKyCyBaHHS Ha HAWOUIbII 3HAYYIIHX IIISHKaX 300paxeHHs. J{mns
BUJIVICHHS JIET€Hb ICHYIOTh pO3po0JieHI HEHPOHHI Mepexi Ha apxitektypi U-net, siki 3
TOYHICTIO B 96%][30] BupilytoTh 3aady cerMeHTailii 300paxeHHs JiereHb. [Ipuxnan
kiacudikamii HopmamizoBaHoro 300paxkeHHsi KT-jnereHr HEHPOHHOIO MEpPEXe 3a

apxitektyporo U-net(R321) 3006paxkeno Ha puc. 1.4.[30].



26

U-net(R231)

(@R L
.‘" 3',‘ ‘3

i e ;

Puc. 1.4. Ilpuknan 3actocyBaHHsI HEUPOHHOI Mepexi[ 14] st cerMeHTailii JereHb

1.3 TexkcrypHi MeToau aHAJII3Y 300pakKeHb

TekcTypHUl aHaNI3 € BaXKJIMBOIO TEXHIKOIO B 00pOOIIl 300pakeHb, 1110 JO3BOJISIE
KUIBKICHO OI[IHIOBATH Bapiailii IHTEHCUBHOCTI Ta MaTepHU B 300paxeHHsX. BiH mae
IIMPOKE 3aCTOCYBAHHS B raily3i MEIMYHOI Bi3yaui3allii, JomoMaraloud aBTOMaTh3yBaTu
MPOIIECH PO3IMi3HABaHHA Ta kiacu@ikailii TekcTypHux ocobnuBocTeit[31]. TekcTypHumit
aHaji3 MoOXe BiJOyBaTUCh 3a pPAaXyHOK CTaTUCTUYHUX, T[EPETBOPIOBAIILHUX

MOJIETIOBAIBHUX a00 %K HEUPOMEPEKEBUX METO/IIB.

CraTuCTUYHI METOIM TEKCTYpPHOI'O aHali3y aHali3yIOThb B3a€MO3B’SI3KH MIXK
MIKCEJISIMU T4 BUKOPUCTOBYIOTh METPUKH OIIIHKU TEKCTypH. [IpuKIagoM CTaTUCTUYHHUX
METO/IB MOXYTh OyTH MaTpHIls CIIBBIJHOIIEHb PIBHIB Ciporo[32], sika MOKe BUILIATH

TaKl KJIIFOYOB1 OCOOJMBOCTI SIK: KOHTPACTHICTh, TOMOT€HHICTb.
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[lepeTBOproBanbHI METOJIM B MPOLIECI aHANI3y PO3KIANalOTh 300pa)K€HHS Ha
YaCTOTHI KOMIIOHEHTH, IIIO JO3BOJISIE OIIHUTH JOKAJIILHI Ta TJIOOAJILHI TEHIEHII B
TekcTypi. [Ipuknagom Takux METO/IB MOKe OyTH 3aCTOCYBaHHS BEHBIIET MIEPETBOPEHD B

npoiieci aHanizy[31].

MopentoBalibHI METOM CTBOPIOIOTH MAaTeMaTU4HI MOJENI ISl MpeICTaBICHHS
TeKcTyp. JlaHuwii Tum MeETONIB 3a3BHYail BUKOPHUCTOBYETHCS B KOMOIHAIIl 3

CTaTUCTUYHHUMHA MCTOAAMH B 3a/la4aX rCHCPATUBHOT'O MOACIIIOBAHHA TCKCTYDP.

HelipomepexkeBl MeTOOu aHaili3y TEKCTYyp O0a3yloTbCd Ha OCHOBI TIJIMOOKHUX
HeWpoHHUX Mepex, TakuX K AlexNet, abo x GoogleNet. [laHi Mmepexi Ha MOYATKOBUX
mapax CBO€1 apXITEKTypH JTOCUTh €(PEKTUBHO BUIUISIOTH XapaKTEPUCTUKU TEKCTYp, Ta

MOXYTh 3aCTOCOBYBATHUCH JyIs iX Kiacudikamii[33].

1.3.1 BuaijieHHs1 MATPHIb TEKCTYPHUX XaPAKTEPUCTUK

OO6paxyHOK TEKCTYpH 3 300paK€HHSI 103BOJISIE 301IBIITUTH HOTO 1HPOPMATUBHICTh
3a paxyHOK MEPEXOJy BiJ T€OMETPUUYHUX XAPAKTEPUCTUK 3 MOJIOKEHHSIM MIKCEIs, 10
CTPYKTYpPHUX XapaKTepHUCTUK. TaKuM YMHOM TEKCTYpHHMU aHaii3 300pa)k€Hb BIIIrpae
KJIFOYOBY POJIb Y BU3HAYEHHI OCOOJMBOCTEN 300pakK€HHS HUISIXOM KIJIBKICHOT OILIIHKH

MIPOCTOPOBOTO PO3MOJILTY IHTEHCUBHOCTI MIKCENiB, 200 3HaUYEHHS 1X KOJIbOPIB.

Jlns aHamizy Ta BUIUIEHHS TEKCTYpM MOXKHA 3aCTOCOBYBAaTH OJHOBHUMIPHI
aHAJITUYHI METOJY, 30Kpema TicTorpaMHuil aHami3 3o00paxeHHs [34]. Llei miaxin
3abe3rneuye rpadiyHe MPeICTaBICHHS PO3MOJILUTY IHTEHCUBHOCTI MIKCENIB 300paXKeHU
Ha puc. 1.5., 110 € BaXXJIUBUM JJIsl OLIHKU SICKPABOCTI Ta KOHTpacTy 300pakeHHs. Ha
OCHOBI TICTOTrpaMU MOKJIMBE BUKOPUCTAHHSI €KBaji3allli, sika CHOpUsi€ IMOKpPAIICHHIO
KOHTPACTHOCTI HIJISXOM OUIbIII PIBHOMIPHOTO PO3MOJITY IHTEHCUBHOCTEH Ta MiJABUIILYE
JeTaizaiio 300paKeHHsl. AJNTOPUTM €KBadi3allii MOMIOHUN 10 MPOIECY BUIIJICHHS
JIET€HEBOr0 BIKHA, OCKIIBKM OOMJBAa METOAM 3MEHIIYIOThH J1alla30H 3HAYEHb, Y MEXax

SAKOTO HOPMAaNI3yEThCA 300pa)kKeHHs, IO CHOpHUS€ Kpallid Bizyali3allii BaXXKJIMBUX

CTPYKTYP.
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Puc. 1.5. Tlpuknaz ricrorpaMmu 300paKeHHsI

JIBOBUMIDHUMH METOJAaMHU aHajli3y TEKCTYpU € 3aCTOCYBAHHS MaTpHUIb

TCKCTYPHUX XAPAKTCPUCTUK, TAKUX SK:

- GLCM - Gray Level Co-occurrence Matrix [32]

- GLRLM - Gray Level Run Length Matrix [35]

- GLSZM - Gray Level Size Zone Matrix [36]

- NGTDM - Neighborhood Gray Tone Difference Matrix [36]
- GLDM - Gray level dependence Matrix [37]

Martpuus cmiBBiiHOmIeHs piBHIB ciporo (GLCM) BUKOPUCTOBY€THCS A
BU3HAYCHHSI MMOBIPHOCTI TMOSIBU IEBHUX Map PIBHIB CIPOTO Ha MEBHIA BIJCTaHI Ta
HaInpsMKy B 300paxkeHHI. JlaHuil MeTOJ| 103BOJISE€ OL[IHUTU IMOBIPHICTH MOSIBU MEBHOL
KOMOIHalIi SCKpaBOCTEM y CYCIIHIX HIKCeIsaX. B SKOCTI mapameTpiB alrOpPUTMY
noOyJJOBH JTaHOT MaTpULl € BIACTaHb Ha KM OLIHIOETHCS CYCIACTBO MIKCENIB Ta KYT
Haxwi1y. 3aCTOCYBAaHHS PI3HOIO KyTa HaXWIy A030J5€ OyAyBaTH TEKCTYPHY MATpPHILIIO 3
TOPU3OHTAIBHUX, BEPTUKAIBHUX Ta NPOMDLKHUX KOMOiHamii sickpaBocTi. [lpukian
po3paxyHKy ropu3zoHTanbHoi(0°) Ta mia kyroM 45° matpuiii GLCM 300paxeHo Ha puc.

1.6.
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Puc. 1.6. Ilpuxnan po3paxynky matpuiii GLCM mist kyta noBopoty 0° ta 45°

Martpuus noBxuH nociiioBHocTted piBHs ciporo (GLRLM) BUKOpHCTOBY€ETHCS
JUISL TEKCTYpPHOTO aHadidy Ta BHUAUISIE 3aKOHOMIPHOCTI Ha OCHOBI HAasBHOCTI
MIOCJIIJIOBHOCTI MIKCEIB OJHAKOBOi fACKpaBOCTi. TakoXk JaHa MaTpHLsl Moxe OyTu
noOyj0BaHa 3 IEBHUM KyTOM, YEPE3 10 PO3IIMPEHHS 30HU ITOCIIA0BHOCTI MIKCENIB Oy1e
B1IOYBaTUCh Y BKa3zaHOMY HampsMKy. IIpukinan moOynoBHM TOPU30HTAIBHOI MaTpHI
GLRLM 300paxeHno Ha puc. 1.7. Sk BinoOpakeHO Ha pUCYHKY I'pyIia MIKCENIB OAHAKOBOT
scKpaBocTi (3) 00’enHaIach B MAaTpUYHE 3HAUCHHS 1, 3amMcaHe B KOMIpKY 3HaUYE€HHS — 3,
Ta KOMIpKy noBxkuHU 3. 3HaueHHs napu (1,1), sike 3ycTpivyaerbcsi 2 pa3u 3amucaHoO B
KOMIPKY 3 3HaueHHsSM | Ta koMipky noBxuHHU 2. [loOymoBaHa maTpuIlsl TEKCTYypHHUX
XapaKTEePUCTUK JO3BOJISE MPOAHAI3yBaTH HASIBHICTh 30H OJHAKOBOI IHTEHCUBHOCTI, 10
€ B)XJIMBUM IPHU IMOIIYKY KOHTYpPIB Ta 30H 3 OJHAKOBMMHU IOKAa3HUKAMH SICKPABOCTI

MIKCEITIB.
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Puc. 1.7. Tlpuxnazn po3paxyuky matpuiii GRLRM

OkpiM aHanizy HasBHUX MOCIIJIOBHOCTEH ICHY€ MOKJIMBICTh aHalli3y 30H 3
OJIHAKOBOIO SICKPAaBICTIO Ha oOOpakeHHi. Jlas Takoro poay aHali3y 3aCTOCOBYIOTh
Matpuii po3MipiB 30H ciporo (GLSZM). [lanuii MeTon J03BOJsIE aHANI3yBaTH
300paKE€HHS IUISIXOM OI[IHKH PO3IOiTY 30H OJTHAKOBO1 SICKPABOCTI, Ta CPOpMyBaTH JIaHi
PO 3B’SI3HICTH Ta po3Mip 30H. OO0’€JHaHHS 30H OJHAKOBOI SICKPABOCTI MpU MOOYI0BI
JaHOT MAaTpUIll MOXJIMBE IO TOPU3OHTANl, BEpTHUKaIl Ta AiaroHani. Takuil cmocid
BUJIJICHHS] 30HU JIO3BOJISE€ OIIHUTH PO3MIpH 00’ €KTIB OJHAKOBOI scKkpaBocTi. [Ipukian
nooynosu GLSZM wmatpuii BinoOpaxkeHo Ha puc. 1.8. Sk BigoOpaxeHO Ha PUCYHKY
3€JICHUM KOJBOPOM BHUJIJIEHO 30HY 3 YOTHUPHOX 2, Ki 00’€IHANUCh B OJAMH OO €KT i

3amnMcaHl y BIANOBIJIHY KOMIPKY 3 3HaueHHsM 1, n1e Voxel Value — 2 ta Zone Size 4.
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Puc. 1.8. Ilpuxnang nodynosu matpuiii GLSZM

Martpuiss BIAMIHHOCTI pIBHIB ciporo B JiokagbHOMY oToueHHI (NGTDM)
BUKOPUCTOBYETHCS 11 OLIHKM HAa CKUIBKM IHTEHCHUBHICTh KOXHOTO ITIKCENS
BIJIPI3HSETBHCS BIJI CEPEAHBOrO 3HAYEHHA Horo cycimiB. J[aHWil MeTox 103BOJISE
BU3HAYUTHU TIaJKICTh, KOHTPACTHICTh Ta 3€PHUCTICTh CTPYKTYpH 300pakeHHs. [Ipuknan
PO3paxyHKy JaHO1 MaTpuill BiioOpaxkeHui Ha puc. 1.9. JlaHi Ha pUCYHKY po3MaabOBaHi
IUISL PO3TJIsALY BiKHA B 1 cyciaH1N miKkcenb. Po3paxyHKH A1 KOXKHOTO 3 OKPEMUX MIKCENIB

BUKOHAaHI1 BJIACHUMH KOJIbOpaMU.
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Puc. 1.9. [lpuknan po3paxynky matpuili NGTDM: A - OpurinaibHe 300pakeHHs,

B - po3paxyHku 3HaueHb aia mikceniB, C - 3alOBHEHHS PE3yibTYIOUOl MaTpulli

po3paxyHKaMu 3 Kpoky B

Martpuus 3anexHocti piBHIB ciporo (GLDM) BHUKOPUCTOBYETHCS ISl OI[IHKHU

3QJIEKHOCTI MK PIBHAMH Ciporo, IO J03BOJISE€ OLIHUTH HEOJHOPITHOCTI CTPYKTYpPH.

JlaHuil aJIrOpUTM OLIHIOE 3aJIEKHOCTI BPaxOBYIOUM KUIBKICTh CYCI/IB 3 aHAJIOTIYHUM

piBHEM iHTeHCUBHOCTI. Bizyanizamiss Ha puc. 1.10 nemonctpye npouec (popMyBaHHS

MaTpHulll 3aJ1€KHOCTEH.

GLDM

Aususyul
w
N
S
£ -
o
o
o
o
o
o

5/3|0|]0|]O0O|O0O|O0O|O0O|O0O|O

o 1 2 3 4 5 5 7 8

num of neighbors

Puc. 1.10. [Ipuxnan po3paxynky marpuiii GLDM: A - OpurinaibHe 300pakeHHs,

B — pesynbryroua matpuns [38]
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1.3.2 AHaui3 MaTpulb TEKCTYPHUX XaPAKTEPUCTHK

Martpuili TEKCTYpHHX XapaKTEPUCTUK 3a0e3MeuyloTh TIUOIINM, TOYHIMIMNA Ta
OUIBbII CTPYKTYpPOBAaHUM aHami3 300pa)K€Hb, HDK TPAAMIIIMHUNA aHali3 MIKCEIbHUX
3Ha4eHb. BOHM TIPYHTYIOTHCS HA CTAaTUCTUYHUX MOJENSIX PO3MOJUITY IHTEHCUBHOCTEH
MIKCENIIB Yy T[E€BHOMY JIOKAIbHOMY a00 T1100anbHOMY KOHTeKCTi. OmHuMH 3
Halle(EeKTUBHIIIMX peai3aliii [pOoro NIAXOAYy € MoOyJoBa Ta aHali3 MaTpHUlb
TEKCTypHUX XapakTepucTuk[23], ki 3a0e3neuyroTh TIUOOKYy, OaraToBUMIpHY
IHTEpIIpeTallil0 CTPYKTYpPHOI oOprasizaiii 300pa)X€HHs, MepeBa)Kaluu TpaauIliiiHi

MIKCEIb-OPIEHTOBAHI METO/IU SIK 32 TOYHICTIO, TaK 1 3a y3araJlbHEHICTIO PEe3yJIbTaTIB.
J1o HaO1IBII MOIMIUPEHUX THUIIB TAKUX MATPUIlh HATEKATh:

- GLCM

- GLRLM
- GLSZM

- NGTDM
- GLDM

3a3HaueHi maTpulll (HOpPMYIOTh OCHOBY JUIsi OOYMCIEHHS LIUPOKOrO CIEKTpa
JECKPUNTOPIB, 1[0 XapaKTepU3yIOTh BIACTUBOCTI TEKCTYPH, 30KpeMa ii OJHOPIIHICTH,
KOHTPaCTHICTh, HAMPABIIEHICTh, CTYMIHb €HTPOIIi. 3aCTOCYBaHHS TEKCTYPHUX MaTPHUIb
Ma€e HACTyIIHI MepeBarn B KOHTEKCTI 3aCTOCYBAHHS Yy 3aBAaHHAX Kiacuikauii,

CerMeHTallll Ta po3Mmi3HaBaHHs 00pa3iB.

— Bucoxka nuckpumiHaiiiiiHa 3/1aTHICTh
— [HBapiaHTHICTH O TEOMETPUYHUX TpaHCHopMaliit
— [linTpuMKa TPUBUMIPHOTO aHATI3Y
— AJTanTUBHICTH 1 3MEHIIIEHHS PO3MIPHOCTI
— [Tokpamienns eheKTUBHOCTI KiIacu(iKaIliiHUX aJrOPUTMIB
Bucoka pauckpuMiHaiiiiHa 34aTHICTh MAaTPHUIb TEKCTYPHUX XapaKTEPUCTHUK

n03BoJisie () OpMyBaTH BEKTOP O3HAK 13 BHUCOKOK PO3JUIBHOIO 3IaTHICTIO II0J0
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MDXKKJIACOBUX BIIMIHHOCTEH. 3aCTOCOBYIOYM O3HAKU TUITY KOHTPACTy, €HTPOMIi, €eHeprii,
KOpeJsilii, 1HepIIMHOCTI, a TaKOX MIp TOMOT€HHOCTI METOJ Jal0€ 3MOTY YITKO
11eHTU(PIKyBaTH JOKAIbHI TEKCTYPHI HEOJHOPIAHOCTI, IO € KIOYOBUM YMHHUKOM Y
3amaui  kiacudikamii.  JlocmimpkeHHs[23] MIATBEPIKYIOTh, IO 11 JIECKPUITOPH
JEMOHCTPYIOTh BUCOKY UyTJIUBICTh 10 HABITh HE3HAYHUX Bapialliidl y CTPYKTYyp1 00'€KTIB,

10 Ma€ 0COOJIMBY MPAKTUYHY LIHHICTh Y MEJAMYHINA JIarHOCTHIII Ta aHaJl131 TKaHUH[23].

[HBapiaHTHICTH 1O TEeOMETPUYHUX TpaHchopMalliil € OAHIEI 3 BAXKIMBUX
BJIACTUBOCTEN TEKCTYPHOTO MiAX01y. 3a0e3neuyroyu Horo CTIHKICTh 10 T€OMETPUUYHHUX
Bapiailiii, Takux K MOBOPOT, MaciITa0yBaHHS a00 3MillleHHSI 00’ €KTIB Ha 300paKE€HHI.
3aBasKM arperailii CTaTUCTUYHUX 3aJIeKHOCTEH MIXK IMIKCEISIMA Ha BU3HAUYEHIN B1JICTaHI
1]l pi3HUMH Hanpsimamu (Hanmpukian, 0°, 45°, 90°, 135°) dbopmyeThesa y3araabHEHHM
OMUC TEKCTYPH, HE3aJEKHUU BiJl aOCOIIOTHOI MPOCTOPOBOI MPUB’SI3KU. 3aCTOCYBaHHS
METOJ[IB HOpMali3alli Ta OO4YMCIEHHS I1HBaplaHTHUX O3HAaK (30KpeMa, Ha OCHOBI
CIEKTPAJIbHOTO aHajizy a00 CHUHTYISPHOTO PO3KIAMy MaTpHllb) JI03BOJISIE JOCSTATH
BHUCOKOI CTIMKOCTI 10 TpaHchopMalii, 1110 0COOIMBO aKTyalIbHO y BUIAJAKaX 3MIHY KyTa

MEPCIEKTUBH.

[linTpyuMka TPUBUMIPHOTO aHali3y MATPULSAMHU TEKCTYPHUX XapaKTEPUCTHUK
J03BOJIsIE 00pOOIATH JaHl ToMorpadii, oCKUIbKM Habip 300pakeHb MallieHTa TaKOX €
tpuBuMipHUM. 3D-GLCM, 3D-GLRLM Ta iH1I1l aHANOT14HI CTPYKTYpH 3a0€3MeUyIoTh
(hopMyBaHHS MPOCTOPOBUX JAECKPHUIITOPIB, IO BPAXOBYIOTh KOPENIALIi y TPhOX BUMIpax
(X, Y, Z). lle no3BoJisie BpaxOBYBaTH MPOCTOPOBY ITUOMHY 00'€KTIB 1 IXHIO BHYTPIIIHIO

MOPGOJIOTIIO.

AJTalITUBHICTh 1 3MEHUIEHHS PO3MIPHOCTI JaHUX ONTUMI3Y€E 3aCTOCYBaHHS
O00UHCITIOBATILHUX PECYPCIB Ta € BaXKIMBUM (HaKTOPOM JO3BOJSIOUM KOHTPOJIHOBAHO
3MEHIIUTU PO3MIPHOCTI TEKCTYpPHOTO MpocTopy 0Oe3 BTpatu iHPopmaTtuBHOCTI. Lle
JOCSITAEThCS  IIUIAXOM TOMEPEIHbOT0 KBAaHTYBAHHS pIBHIB CIpOro, 3aCTOCYBaHHS
aJanTUBHUX BIKOH /10 perioHiB iHTepecy (ROI), a Takok BUKOPUCTaHHS METOIB B1100OPY

o3Hak (mampukinan, PCA, LDA, wrapper-pinbTpamiiHux MeTo/iB). 3aBISKU LbOMY
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CYTTEBO 3MEHIIYETHCSI OOCAT OOUYMCIEHb 1 MIABUIIYETHCS €(EKTUBHICTH MOAANBIINX

aJITOPUTMIB MAIIMHHOT'O HABYaHHS, 30€pirarouu mpu 1[bOMY PEJIEBaHTHICTh O3HAK.

[TokpaiieHHs: epEeKTUBHOCTI KIacU(PIKAIIHHUX QJITOPUTMIB CTAa€ MOKIHUBUM
3aBJSIKM 3aCTOCYBAHHIO aHCAMOJII0 TEKCTYPHUX O3HaK, C(OPMOBAHOIO HAa OCHOBI
3a3HauYeHb MaTpUIlb. AHCAMOJb O3HAK € JKEPEJIOM BX1HOI 1H(pOpMaIli sl MUPOKOTO
criekTpa anroputmiB kinacudikaiii: Random Forest, SVM, KNN, norictuuna perpecis, a
TaKOX TTIMOOKI HEUPOHHI MepeXxi. Y BUNAJIKy OOMEKEHOI KUTBKOCTI HaBYAJIbHUX JaHUX
a00 HasSBHOCTI IIYMYy B 300paKEHHSX, BUKOPHUCTaHHS TEKCTYPHUX JECKPHUIITOPIB
MIJBUIIY€E Yy3araJibHIOIOYl 3JaTHOCTI Mojeneil, 3a0e3neuye 3MEHIIEHHS PU3UKY

MepeHaBYaHHS Ta MIJBUINYE MOKA3HUKU TOYHOCTI, YyTJIIMBOCTI Ta crienugiyHocTi[23].

TakuM 4YWUHOM, BHUKOPUCTAHHS MATPHUIb TEKCTYPHUX XapaKTEPUCTUK SIK
IHCTpYMEHTY (OpPMaIi30BaHOTO OMHUCY CTPYKTYpU 300pa)K€HHSI MO3BOJISIE CYTTEBO
NOKPAIMTH  SAKICTh BUSBJIEHHS Ta pO3Mi3HABaHHA O00’€KTiB. IXHA BHCOKa
JUCKpUMIiHallliiHA 3JaTHICTh, 1HBAplaHTHICTh N0 TpaHcopMmalliii, MOKIUBICTb
TPUBUMIPHOTO MOJIEIIOBaHHS, aJIallTUBHICTh Ta €()eKTUBHA 1HTErpallis 3 alropuTMaMu
MaIllMHHOTO HaBYaHHS pOOJIATh Iel MiAX1J HEe3aMIHHMM Y IIUPOKOMY CHEKTpi

MPUKIIAIHUX 3a/1a4, 30KpeMa MEIMYHIN 11arHOCTHIII.
1.4 CrarucTtuyHi MeToau Kiacudikauii 300paxeHb

CraructuyHi MeToau kiacu@ikaiii € KIIOYOBUMHU I1HCTpYMEHTaMH B aHali3l
300pak€Hb, OCKUIBKM JO3BOJISIIOTH aBTOMAaTUYHO pO3MI3HABATH, CETMEHTYBaTH Ta
KiacudikyBaTd OO €KTH Ha OCHOBI IXHIX CTaTUCTUYHHUX XapaKTEPUCTUK. BoHu
0a3yloThCsl HA IMOBIPHICHUX MiAXOJaX, PO3MOiIaX O3HAK Ta MAaTEMAaTUUYHUX MOJENSX,
10 JI03BOJISIIOTh 3HAXOAUTH 3B’SI3KM MIXK BXIJHUMHU JaHUMU (TIKCEIbHI a00 TEKCTYpHI
O3HAKH) Ta BIAMOBIJHUMU KjlacaMu 300pakeHb. Ha cboroiHi Mo>kHa BUAUIUTHA HACTYIHI

Ipyly CTATUCTUYHUX METOMAIB KJacu(DiKallli:

- BaiteciBcbki knacudikaropu
- Heuitki knacudikatopu

- Amncamb6ieBi kinacudikaTopu
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- Cratuctuyni kiacudikaTopu

BaiteciBebki kitacupikaTopy 3aCTOCOBYIOTH 1Jis Kitacudikallii 300pakeHb 3aBIIIKU
HMOBIpPHICHOMY HiAXOy Ta €PEKTUBHOCTI B p0OOTI 3 BEIMKUMHU Habopamu aHuX. Bonu
0a3yroThcsi Ha Teopemi baileca, M0 103BOJIslE MpUIIMATU PIIIEHHS HA OCHOB1 OIIIHKH
anocTeplopHOi UMOBIPHOCTI JiJisl KOXKHOTO Kiacy. Jlo JaHO1 Tpynu BiIHOCATHCSI HACTYIIHI

peanizarlii kiacugikaTopiB:

Haisuuii baiteciB kmacudikatop (Naive Bayes Classifier) — xknacudikye
BUKOPHUCTOBYIOUM amOCTEPIOpHI UMOBIPHOCTI, 3aBJSKH YOMY BiJ3HAYAETHCS MIBUIKUM
HAaBYAHHSIM Ta KOHKYPEHTHOIO TOUHICTIO B MOPIBHSIHHI 3 IHIIUMU Kiacudikatopamu[40].
- KBanToBi 6alieciBchbKi KiacudikaTopu — BAOCKOHAJIEHA Bepcis KiacudikaTopa, o
3aCTOCOBY€ MPUHIIMITN KBAHTOBUX OOYMCIICHb Ta BUPIIIYE 3aBAAHHS HUISTXOM BUIJICHHS
JOKAJIBHUX 0COOMMBOCTEM 300pakeHn[41].

- MepexeBi OaifeciBebki KiacudikaTopu — Moaudikallis 0a30BOro KiacudpikaTopy
OpI€EHTOBaHa Ha aHaji3 B3a€MHOI iH(OpMalii Tpo 00’€KTU Ta BUSHAYEHHS 3aJIEKHOCTEN
MK aTpubyTtamu. [IpukiiaiamMu aroOpuTMiB IJAHOI TPYIIH € JEPEBOMOAIOHO POMIUPEHUM
kimacudikatop TANC Ta miconmonioHo pos3mupennit kinacudikatop FANC[42].

- BaiteciBchkuii kitacudikaTop Ha OCHOBI JJOKaJbHUX NapHUX CIIOCTEpexKEeHb. Jlanuit
BapiaHT Ki1acu(ikaTopa 30CEPEIKYETHCA HA KIFOUOBUX PET1IOHAX Ta OCOOJIMBUX TOUYKaX
B 300paxkenHi. [Ipu poboTi MeTony dpopmyerhes rictorpama Bag Of Features aiist onucy
JUCKPUMIHATUBHUX MAPHUX JIOKATBHUX CIOCTEPEIKEHb, K1 MOTIM 3aCTOCOBYIOTHCS JISI

HaBYaHHS Mojesel kiaciB 00'exTiB[43].

Heuitki kmacudikatopu 0a3yloThbCSi Ha HEUITKIA JIOTIII, $Ka JO3BOJISIE
MOJIETIOBaTH HEBU3HAYEHICTh Ta HEMOBHY 1H(GOpMaIlilo y KiacudikaiiHux 3agadax. Ha
BIIMIHY BiJl TPaJUILIIHUX METOIB, 1110 BUKOPUCTOBYIOTh YITKI TPAHMIIl MIXK KJacaMH,
HEUITKI KJacu(piKaTOpHd JO3BOJISIIOTH €JIEMEHTaM HallekaTh 10 KUIBKOX KIIaciB
OJIHOYACHO 3 MEBHUM CTyI€HEeM Halie)kHOCTI. Lle ocobnuBo kopucHO st kiacudikarrii
300paxeHb 13 PO3MUTUMU ab0 MEPEKPUBAOYMMHU KJacaMH, TakKuX SIK OlOMeIHyHi

300paxeHHs abo mpuponHi cuenu. OCHOBHI MeTonu BKiIo4aioTh Fuzzy K-Nearest
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Neighbour[44], HeuiTki AepeBa pinieHb[45 ], HeuiTK1 0alieciBChK1 MOJIEN1 Ta HEHpOMeEpExKi

3 HEYITKUMH IIpaBUJIaMHU.

Ancam6neBi kiacudikaTopu 0a3ylOThCs Ha BUKOPUCTAHHI KITBKOX HABUYEHUX
aJTOPUTMIB 3 METOIO MOKpaIeHHs nependauyyBaHoi epekTUBHOCTI. Taki kiacudikatopu
CKJIaJIA0ThCA 3 CKIHUEHHOI MHOKUHU aJIbTEPHATUBHUX MOJIENIEH, 110 TO3BOJISE TOCATTU

OUIBIIOT THYYKOCTI MOJIENI Ta 301IBIIMTH TOYHICTh KJIacHpiKallli.

[Ipuknanom AmncambOneBoro kiacudikatopa € Random Forest(RF). [lanuit
KJ1Iacu(1KaTOp HIMPOKO 3aCTOCOBYETHCS JIJIsl Kilacu(ikallii 300paxeHb 3aBIsKN CTIHKOCTI
710 ITyMY Ta 3JIaTHOCTI MPAIIOBaTH 3 BEIUKUMU HaOopaMu naHuX. MeToj] 3aCHOBaHUM Ha
1o0y/10B1 MHOKUHH JIEPEB PIlIEHb, KOXKHE 3 IKUX MPOBOAUTH HE3ANICKHY Kllacudikailito,
a OCTaTOYHUM KJIac BU3HAYAETHCS MUIAXOM TOJIOCYBaHHS Mik JepeBamu. CxemMaThyHa

poboTa kiacudikaropa 300pakeHa Ha puc. 1.11.

O

®

Final result

Puc. 1.11. CtpykrypHa cxema knacudikaropa Random Forest[46]

3aBasgku 1MOOyAOBI MHOKHUHM JIEPEB PIIIEHb 32 3MEHIIEHUM HAaOOpOM O3HaK B
KOXXHOMY 3 HUX Ta TOJIOCYBaHHIO nepeBaMH, RF MiHIMI3ye puU3uK nepeHaBYaHHS, L0 €
BAYKJIMBOIO IIEPEBArOI0 MOPIBHAHO 3 OKPEMUMU JIEpEBAMH pillieHb. MeToa 1o0pe mpaioe

3 300paXEHHSIMHU BUCOKOI PO3AUIHHOI 34aTHOCTI, 3a0e3neuyroun ePeKTUBHUN aHami3
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HaBIThb 3a HAsABHOCTI HE3HAUyIIMX ab0 KOPEJIbOBAHMX O3HaK. Takuii pe3yspTar
JOCSTaeThCs 3aBISKM BUKOPUCTAHHIO BUIAJAKOBOTO B1IOOpPY MIJMHOXXKHHHM O3HAaK IMPHU
no0ynoBi nepeB. RF miaTpuMye MyJabTUKIIACOBY KIACH(IKALIO Ta JEMOHCTPYE HU3BKY
YyTIUBICTh A0 BUOOPY TinepnapamMeTpiB, IO CIPOIIY€E HOT0 HABYaHHS Ta BAKOPUCTAHHS.
3acToCcyBaHHS peryJisipu3ailii B BUIAJKOBOMY JIIC1 JI03BOJISIE 3aMO0ITTH MTEPEHAaBYAHHIO
Mozeni. OCHOBHI METOAM peryJisipu3allii BKI0UalTh B ce0e 00MeXEeHHsI IITMONHU JIepPEB,
MIHIMaJbHY KUIBKICTBH 3pa3KiB Il (opMyBaHHSI TOUKM MoAlly (By3na) B aepesi. Jlani
napaMeTpy 3MEHIIYIOTh KUIBKICTh JAHUX MPO SIKI 3HAE KOXKHE 3 Jepe3, 3MEHIIYIOUH

BaplaTUBHICTh MOJIENI Ta MiIBUILYIOYH ii y3araabHIOIUy 3JaTHICTb.

Cratuctuyni kinacupikaTop, 30KpeMa perpeciiiHi, IUPOKO 3aCTOCOBYIOTHCS B
Kkimacudikairii 300pakeHb 3aBASKH 31aTHOCTI MOJICITIOBATH 3aJIEKHOCTI MK O3HaKaMH Ta
Kiacamu. BoHM MOXyTh OyTH peasni3oBaHl 3 BUCOKOIO IMapajeiizaifielo o0paxyHKiB, a
TaKOX MIATPUMYIOTh MPOIIEC PETyIspU3allil AJisi YHUKAHHS MEepeHaBYaHHA Ta poOOTH 3

BHCOKOPO3MIPHUMH TAHUMHU.

JlorictuuHa perpecis € OAHUM 13 HAUMOMIMPEHIIIUX MPUKIAIIB CTATUCTUYHOTO
KJacudikaTopa, 10 3aCTOCOBYE WMOBIPHICHY MOJENb I BU3HAYEHHS HAJIEKHOCTI
00’eKxTa 10 NEBHOTrO Kiacy. BoHa miaTpumye 61HapHY Ta MyJIbTUKIACOBY KJIacCH(IKallilo,
a Takox perymspuzanito (L1, L2). Pe3ynprar norictuuHoi perpecii mMoxe OyTu
MOKpaIlleHU B1I0OPOM pElIeBaHTHUX O3HAK Ta 3aCTOCYBAHHSM peryispusaiii. [lanuii
KJ1acu(ikaTop MOKE aHaNI3yBaTU CTPYKTYpHY 1H(OpMAIl0 B JaHHUX 3a JIOIOMOTOKO
TeH3opux Moaudikamii[47]. Ilpukinan dopMyBaHHS JHIHHOTO Ta JOTICTUYHOTO

perpecopa 300paxeHo Ha puc. 1.12.
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Puc. 1.12. Tlpuxnag 3actocyBaHHsi perpeciiinoi ¢yHkiii: A — JliniitHoi, b —

JOTICTUYHOI[48]

Perpecisi € THy4ykuM I1HCTPYMEHTOM i Kiacudikaiii TEKCTyp 300pa)keHb,
3MaTHUM BUpIINIyBAaTH Takl 3aBJaHHs, fAK 1HBApIaHTHICTh JO OOEpTaHHS Ta
MaciitaOyBaHHs. [[03BOJIAIOYM MpalOBATH y BHUCOKOPO3MIPHUX MPOCTOpax O3HAK 1
3a0e3reuyound HaJiiHEe CTaTUCTUYHE MOJCNIOBAHHS. 3aBlSIKU BUKOPUCTAHHIO
PI3HOMAHITHUX XapaKTEPUCTUK Ta METOMIB MEPETBOPEHHS 300pa’keHb, JOTICTHYHA
perpecisi Moxe OyTH ONTHUMI30BaHa JJi IOCATHEHHSI BUCOKOI TOYHOCTI Kiacudikarii y

IMPOKOMY Jlialla30H1 3aCTOCYBaHb aHAI3y TEKCTYP.
1.5 Heiipomepe:xeBi meToau kiaacudikaunii 300paxkeHb

HelipoHHi Mepexi € NOTYKHUM IHCTPYMEHTOM aHali3y JaHuX, SKUA He
oOMexyeThbcsi kinacu@ikaiiero 300pakeHb, OJHAK B pO3pi3il 3ajadl aHali3zy 300paxeHb
BOHU JIEMOHCTPYIOTh KOHKYPEHTHI pe3yJbTaTh B TMOPIBHSHHI 3  1HIIUMH
KkiacudikaTopamu. B MOpIBHIHHI 3 CTATUCTUYHUMHU KiacudikaTopaMu HeUpoMepexKeBi

BMIIOTh aBTOMATHYHO BHU3HA4aTH, aHaJ'IiSYBaTI/I Ta y3araJlbHIOBATH O3HAKMU.

ABTOMaTUYHE BH3HAYCHHS O3HAK Yy HEUPOHHUX Mepexax mpaioe 0e3
HEOOX1THOCTI PYYHOrO HAJAIITyBaHHS, IO JO3BOJISIE MOJENl CaMOCTIMHO BHUIUIATH

BAXKJIMBl XapaKTEPUCTUKHU MiJ 4Yac HaByaHHA. lle 3abe3neuye BHUCOKY TOYHICTb



40

Kkiacuikanii 300pakeHpb, a TaKOX CTIMKICTh JO IIYMY, PO3MHUTTS Ta 3MIH SICKpPABOCTI
3aBJSIKM 3TOPTKOBUM IIapam 1 MexaHizmy Hopwmamizamii. Kpim Toro, Heiipomepexi
MOXYTh PO3IMI3HABATH 00 €KTU HE3aJEXKHO BIiJ iIXHBOT'O TMOJIOKEHHS, OOEpPTaHHS YU
Macmtady, mo poOuTh iX OUIbIN €()EKTUBHUMHU, HIK TpaAMIiAHI METOAN OOpOOKU

300paKeHb.

['muOoki HEWpOHHI Mepexi 37aTHI OOpoOJATH BeIuKl OOCITH JaHUX, IO €
0COOJIMBO BKJIMBUM JJIsI MEIMYHOI JiarHOCTUKU. [IpoTe BOHM MarOTh 1 IeBH1 HEIOJIKHU.
Benuka KubkicTh mnapaMeTpiB (Bil MUIBHOHIB JO MUIbSIPJIIB) BHMAara€ 3HAYHHUX
o0uuncIoBaIbHUX pecypciB. Takox st ePeKTUBHOTO (DYHKI[IOHYBaHHS HEMpoMepexi
MOTPEOYIOTh BEJIMKUX, 30allaHCOBAHUX 1 IKICHUX HAOOPIB JaHUX, a iXHIM AePIIUT MOXKe
MPU3BOAUTH 10 mnepeHaBuaHHs (overfitting), Toai Mozenb 100pe MpalioBaTUME Ha

HaBYAJIbHUX JIaHUX, aJIC HC y3araJIlbHIOBAaTUMC HOBI 3pa3Ku.

[Ile ogui€ero MPoOIEMOIO € HU3bKa IHTEPIIPETOBAHICTH PillI€Hb, OCKUILKH HEUPOHHI
MepexXi AiI0Th K "dJOpHa CKpPUHBKA", 110 YCKIAJHIOE MOSICHEHHS iXHbOi joriku. Lle
0COOJMBO KPUTHYHO ISl MEUYHUX JIOCTIKEHB, € HE0OX1/THA MPO30PICTh Y MPUNHSATTI
pimens. Jlig mosicHEHHS pilmieHHs 1CHYloTh Metoau mno tunmy Grad-Cam, ame ix
3aCTOCYBaHHS YCKJIQJHIOE pOOOTY Mepexi Ta 30UIblllye HEOOXIAHY KUIbKICTh PeCypcCiB
HEOOX1AHUX JUisl poboTH Mepexi. Takoxk HelpoMepexi MOXYTh OyTH BpPa3IUBUMH O
aTak Ha OCHOBI 3MIHEHUX 300pa)keHb, KOJU IITYYHO BHECEHI HE3HA4YH1 3MIHU BBOISTH

CUCTEMY B OMaHy, 3MYIIYIOUH i1 KJIJacU(PiKyBaTH 00'€KTH HEMPABUIHHO.

1.5.1 3roprkoBi HeiPOHHI Mepe:Ki

3ropTKoBl HEHPOHHI MepeXi AaKTUBHO BUKOPUCTOBYIOTHCS B MEAUYHIN
MIarHOCTUI[l, OCKUILKH JO3BOJISIOTH 13 BHCOKOIO TOYHICTIO BHUSBISATH IATOJOr1l Ha
pentreniBcbkux, KT Ta MPT-3HiMKax. BoHM HaBYarOThCS OTPUMYBATHU KIIOUOBI O3HAKH,
TaKli sIKk aHOMaJlbH1 TKAHWHU, TyXJIMHU, KPOBOBUWJIMBY Ta 1HIII MATOJIOT14HI 3MI1HH, 1110 A€
3MOTy MOKpaIlIUTH pPaHHE BUSBICHHS 3axBOoptoBaHb. OJHIEI0 3 OCHOBHHUX NEpeBar €
BHCOKA TOYHICTH 1 IIBUJIKICTh aHAII3Y, 1110 JOTIOMAarae JikapsiM npuiMaTi oOrpyHTOBaHi

KIIIHIYHI pitneHHs. [Ipukinan cTpykTypu 3ropTKOBOi Mepeki 300pakeHo Ha puc. 1.13.
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RelLu + Max Output Predictions
Pooling

Convolution Flattening

Image

Pooled Flattened Data Fully Connected

Feature Maps Features Laver

Puc. 1.13. [Ipuknaa apxiTekTypu 3ropTKoBOi Mepexi[49]

3ropTKOBI MEpEXki CKIIaIal0ThCS 3 HACTYITHUX KOMIIOHEHTIB:

o 3roptkosi mapu (Convolutional layers)

° Oynkuii aktuBanii(Activation functions)

o PiBenb 00’ennanus (Pooling Layers)

o [ToBno3B a3uuii map (Fully Connected Layers)

3ropTKOBI 1IapU € OCHOBHUMH KOMIIOHEHTaMHU JAaHOTO TUIY HEUPOHHUX MEPEK 1
B1/IMIOBIIAfOTh 32 aBTOMATUYHE BUIAIJICHHS 03HAK 3 BX1THUX 300pakeHb. BoHM mpaiioroTh
[UISIXOM 3aCTOCYBaHHS (QUIBTPIB, IO KOB3aIOTh MO 300paKEHHIO Ta BUSBISIOTH JTOKAbHI

naTepHu, K 300paxkeHo Ha puc. 1.14.

(a) Convolutional layer

(b) Convolution operation with 3x3 filter

129132127 |148| 89 |101

78 [172| 87| 56 | 87 |104 10| o | s

NS Sten Nads WindS NN i 1j]0]#1 r +— = R

55 | 67 (202 1228/ 19 | 34 2 |.0:| 52— 17172 -2767-1 %159

22 | 26EReeem = = s L Fal gl .= - [ +0*87+0°202+0%77
134|159| 77| 87| 89 |108 10| o | €1 +1%56+2%228+1°87 =134
] alo]+ | |

14 | 15| 4 (157|102 99 l

202/255/199| 33 | 67 103

Puc. 1.14. A - Onuc 3ropTKOBOro Imiapy HEHUPOHHOI Mepexi, b - omepailis

3ropTku[S0]
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3acToCyBaHHS TaKUX IIapiB HA PaHHIX eTarnax 00pOoOKH 300paKEHHSI B MEPEXKI JI03BOJISIE
BUJIUISITH TaKi CTPYKTYPH SIK KOHTYPH, CTPYKTYpPHU Ta T'paJi€eHTH sickpaBocTi. Ha OiibIn
MI3HIX eTamax KapTa O3HaK MOXE BMIIIyBaTH OUIBII CKJIAJHI O3HAaKH OO0 €KTa.
Kom0inyBaHHS e1eMEeHTapHUX O3HAK JI03BOJISIE OTPUMATH Ta aHAJI3yBaTH OUIBII CKIIA/IHI
natepHu, K (QOopMH, YACTUHM OO0’€KTIB Ha Mi3HIMUX Imapax. OCHOBHI MapameTpu

3rOPTKOBHX IIAPIB BKIIOYAOTh:

— po3mip sapa (Hampukiam, 3%3 abo 5x5);

— Kpok(stride), skuii BuU3HAYa€, 3 SKUM 3MIIMIEHHIM pYyXaeTbCcs QUIBTP IO
300paKeHHIO;

— 3anoBHeHHs (padding), sike 1oAa€ MIKCEIl HABKOJIO MEX 300pakKeHHs Ta BIUIMBAE

Ha po3Mip BUXIAHOTO 300pakeHHs[S1];

@OyHKIIT akTUBallll — I[I€ MaTeMaTU4H1 MEePEeTBOPEHHS, 110 3aCTOCOBYETHCS 10
BUXIJIHOTO 3HA4YeHHs HeWpoHa[52]. BoHM BiAirparTh KPUTUYHY POJb Y 3IaTHOCTI
Mepex1 MOJICTIOBATH CKJIa/IHI (PYHKIIIOHAIBbHI 3aJIEKHOCT1 MK BX1THUMH Ta BUX1THUMHU
naHuMu. be3 1i€i HemiHIMHOCTI Mepeka Aisiaa O sK 3BUYAliHA JiHIMHA perpecis,

HE3aJIEXKHO BiJ KUJIBKOCTI 11 1IapiB.

AxTuBaIiiHa (QyHKIS BHU3HAYA€, YU CIIJ AKTUBYBAaTH HEUPOH, OOUUCIIOIOUU
3BaKEHY CYMY BXIJIHUX 3HAu€Hb 1 JoAarouu 3MminieHHs. Lle po3Bomisie momeni poOoutu
CKJIAJTHIIII IPOTHO3U Ta yXBATIOBATH OLIBII TOYHI PIIIEHHS, 3a0€3MeYy0YH HEeNIHIMHICTh
BUXIJIHUX CUTHaJIB HEHpOHIB. JIyis akTuBalli 3a3BUYail 3aCTOCOBYIOTh (PYHKIIII Tpadik
AKUX npencTaBieHo Ha puc. 1.15. KoxHa 3 (yHKIINA Mae CBOI mepeBaru Ta HEIOJIIKH B

3aJIeXKHOCTI B1J 3a7a4i B sIKI B11OyBa€eThCs ii 3aCTOCYBAHHS.
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Sigmoid Activation Function
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Puc. 1.15. I'padiune npeacraBnenns Gynkiiii aktuBanii: Linear, Sigmoid, Tanh,

Relu, Softplus, Softmax[53]

@OyHKUIS JIHIAHOI aKTUBALll Iepeae BUX1J Y TOMY K BHUIJISAL, B IKOMY BiH OYB

oTpuMaHuii, 6e3 Oyab-SKuX 3MiH. BoHa BUKOpPHUCTOBYETHCS B 3aBAaHHSAX perpecii, Jie

BUX1J] MOX€E MpuiMaTu Oyab-sike 3HaueHHsA. OHaK y MIMOOKUX HEMPOHHUX Mepexax

niHiiHA QyHKIIS Hee(heKTUBHA, OCKIILKH HE BBOAUTH HEITHIMHOCTI, [0 YHEMOKIIUBIIIOE

HAaBYAHHS CKJIAJHUX 3JICKHOCTEN |54 ].



44

CurmoinHa GyHKIIS aKTUBAIIl1 CTUCKA€E BX1H1 3HaYeHHs 10 aiana3ony (0,1). Bona
nobpe MiAXOMUTh ISl 3aAad, A€ MOTpIOHO mependayuTd MMoBIpHICTh. OJgHAK Mae
npo0JieMy 3HUKHEHHS TPaJII€EHTA, 0 YCKIIAIHIOE HABYAHHS MITMOOKUX Mepex. Tomy npu
BUCOKMX a00 HHM3bKUX 3HAUYEHHAX AapryMEHTy TpaJl€HT CTa€ IyXKe MaJluM, M0
CIIOBUIbHIOE OHOBJIEHHs Bar. YUepe3 11 OOMEXKEHHS BOHA IOCTYIMOBO 3aMIHIOETHCS

IHIIUMH QYHKIISIMU akTUBaIii[54].

['inepOoiyHKUIA TAaHT€HC CXOXXKHM Ha CUTMOiA, aje Mae IepeBary y BUIVIAIL
LIEHTPOBAHOTO HYJISA, 0 pOOUTH HOro Okl €(DEKTUBHUM y PEKYPEHTHUX HEHPOHHUX
Mepexax. Jlana QyHKIS akTUBAIll TaKOX CTpaxaae Bil MNpOOJIEMU 3HUKHEHHS

rpaaierTa. Yepes 11e BoHa BUKOPUCTOBYETHCS IEPEBAKHO B crielupiuHmnX 3agaq4ax[S5].

ReL U 3anuiiiae mo3uTUBHI 3HAYEHHSI HE3MIHHUMH, a JIJIsl HEraTUBHUX moBepTae 0.
Bona € oHi€10 3 HalnomupeHimux GyHKIi akTUBallii B rTMO0KUX HEMPOHHUX MeEpexax
3aBJSIKM CBOIM MPOCTOTI Ta €(peKTUBHOCTI y npuckopeHH1 HaBuaHHs. OnHak ReLU mae
npoOjieMy «MEpTBUX HEHPOHIB», KOJIU TPaJi€HT CTAa€ HYJIbOBUM ISl HETaTUBHHUX
3HA4Y€Hb, 110 3yNUHSE€ HAaBYaHHS JESKUX HeWpoHiB. He3Baxkaroun Ha 11ei HeJOJ1K, BOHA

3QJIMIIAETHCSI OCHOBHUM BHOOPOM JijIsi Oaratbox Mojenei|52].

Softplus € 3rmamkenum Bapiantom ReLU. Ha Bimminy Big ReLU, Softplus
3a0e3reuye HEHYJIbOBUM TPANIEHT HABITH JJIsi HETaTUBHUX 3HAYEHb, IO JI03BOJISIE
YHUKHYTH TIpoOiieMu «MepTBUX HelpoHiB». [IpoTe obuncnenns Softplus € cknaguimmm
y nopiBHsiHHI 3 ReLU, 1o mMo’ke BIUIMBaTH Ha IMIBUAKICTh HaBYAHHS. 3aBISIKA CBOIM

BJIACTUBOCTSIM BOHA 1HOJII BAKOPUCTOBYETHCS Y CIEI1ali30BaHUX apXiTeKTypax[S54].

Softmax — 1we y3aranbHeHHS CcUTrMOigHOT (yHKIII A 0araToky1acoBOi
kiacudikanii. Bona nepeTrBoproe BXiAHUN BEKTOp Ha HaOlp WMOBIPHOCTEH, cyma SIKMX
JOpiBHIOE 1, 1110 pOOUTS ii 171eanbHOIO0 AJis KilacudiKaliiHuX 3a1a4. Softmax migkpecitoe
HalOUIbIIl 3HAYEHHS Y BXIJHOMY BEKTOpi, pOOJSYM BIEBHEHICTb MOJENl OUIbII
BHpakeHOw. OJIHaK BOHA YyTJIMBA 10 BEJIUKUX 3HAYEHb Y BXO/JIaX, 1110 MOKE TPU3BOIUTH
710 HECTaO1TBLHOCTI HABUAHHS, TOMY YaCTO BUKOPUCTOBYETHCS Pa3oM 13 HOpMaJi3alli€lo

BX1THUX AaHUX[52].
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B 3amaui knacudikaiiii 300pa’keHb JE€reHb 3TOPTKOBI HEUPOHHI MEpexl €

MOTY>KHUM 1HCTPYMEHTOM JIOCSATal0UM TOYHOCTI Kiacudikaiii 98%[56, 57].

1.5.2 PexkypeHTHI HelipOHHI Mepexi

PexypeHTH1 HEMPOHHI MEPEX1 € BAKJIMBUM 1HCTPYMEHTOM TJIMOMHHOIO HAaBYaHHS
JUTSL aHAUTI3y JIAHKX, 1110 MAIOTh MOCIIIOBHY a00 CTPYKTYpOBaHy MPUPOIY. 3aBAsIKA CBOIM
3IaTHOCTI 3aMamM’SITOBYBaTH MONEPEAH] BX1JJHI CTAHU Y€pe3 3BOPOTHI 3B’ A3KH, 111 MEPEKi
JI03BOJISIFOTH MOJIETIIOBATH KOHTEKCT, 1[0 € 0COOJIMBO BAXKJIMBUM Y 3a/1auax, /e 1301b0BaH1
(dparMeHTH JaHUX HEAOCTAaTHI [JIs TOBHOIIIHHOI 1HTepmpeTamii. Y BUIAIKY
KOMIT FOTEPHOTO aHali3y peHTreHorpadiyHux Ta ToMorpadiyHuxX 300pa)xkeHb JIETEHb,
0COONMBO MpHU AlarHOCTUI TyOepKyibo3y, RNN 103BONSIOTH BUSBISTH HNPOCTOPOBO-
MOCHIOBHI MATEPHU, SIKI MOXKYTh HE OYTH OYEBUHUMHU MPU TPAAUIIHHOMY MIAXO1 HA

OCHOBI 3TOPTKOBHX HEUPOHHUX MEPEK.

KoMmm’toTepHi TOMOrpamMu JE€reHb JEMOHCTPYIOTH CKJIafHI CTPYKTYpH, IO
BKJIIOYAIOTh aJIbBEOJISIpHI 3MiHM, (DiOpO3HI JUISSHKM, KaBEpHU Ta 1HII MPOSIBU
TyOEepKYyJbO3HOTO ypakeHHA. Y Takux Bunaakax noegHanHs CNN Tta RNN crae
0COOJIMBO aKTyaJIbHUM, OCKUIBKH 3rOPTKOBA Mepexka J00pe BUILUISE JOKaIbHI O3HAKH,
TakKl sIK TpaHUIll 00’€KTIB, TEKCTypa, CTPYKTypa TKaHUH. PekypeHTHa Mepexka y CBOIO
4yepry, oOpoOisie MOCIHIIOBHICTh O3HAK 13 KUIBKOX 3pi3iB ab0 3 pI3HUX pETiOHIB

300paxKeHHs, 110 A03BOJISE BUSIBISATH II00aIbHI MATEPHU HOMIUPEHHS MATOJIOTI].

OmuuM 3 MPUKIAAIB CydacHOi peaiizailii Takoro miaxoxy € Multi-path x-D
Recurrent Neural Network[58], sika BUKOpUCTOBY€E KibKa MapajelbHUX PEKYPEHTHHUX
OJIOKIB JJI aHaJIi3y BHYTPIIIHBOKIACOBOT Bapiallii NaToJoriyHuX npossiB. Lle no3Bomse
Moeni (oKycyBaTUCA SIK HA TOKAJIbHUX, TaK 1 HA TU(PY3HUX 3MIHAX JIETE€Hb, XapaKTEPHUX
JUTSL PI3HUX CcTafiil TyOepKynbo3y. Jlana mepexka J03BOJIsi€ BU3HAYATH 30HY IEPBUHHOTO

ypakeHHs1, TOCTTYOEePKYJIbO3H1 3MIHU Ta 30HY BTOPUHHOTO YPa>KeHHSI.

Oco6OnuBe wmicue cepen RNN 3zaitmae apxitektypa LSTM (Long Short-Term
Memory), mo Oyna po3pobisieHa sl MOJ0JaHHs TPOOJEeMU 3aTyXalounX TPaJIEHTIB B

IOBrux mnociigoBHOCTAX. LSTM BHKOpPUCTOBYE cHeIlladbHI KOMIPKM MaMm STl Ta
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MEXaHi3MHU KepyBaHHS i BUOIPKOBOTO 30epexeHHs a0o BiakuaaHHs iHdopmalii 3
nonepeaHix Kpokis. Lle poouTts ii Haa3BUYaliHO €()EKTUBHOIO Y MEIMYHUX 3a/lauax, /e
HEOOX1JHO BpaxOBYBaTH HE JUIIIE JIOKAJIbHY 1H(QOpMAIIito, a 1 KOHTEKCTYyallbHi 3B’ I3KU

MDXK PI3HUMH JIIHKaMu 300pakeHHs abo 3pizamu KT.

VY 3amauax BuUsBIeHHs TyOepKynb03y, LSTM no3Boiisie MOAEIOBaTH MOUIUPEHHS
ypakeHHsT B JAMHAMIII MO 3pi3ax MpU pO3TJsAl cepli 300pakeHb, abo MO IOl
300pakKeHHS TpU aHali3l BUAUICHUX PETIOHIB Ha 300pakeHHI, 110 HaJae MOjell

rJIMOIIOr0 pO3yMIHHS PO3MOAUTY HaTOJOTTYHUX 3MIH.

[lepeBaramu 3actocyBanHs LSTM B 3ajmaul BUAUIEHHA TyOEpKyJIbO3HUX

ypaxeHsn[59]:

- 30epexeHHs KITHIYHO 3HAYYIIOr0 KOHTEKCTY MIXK JIJITHKaMU JIET€HEBOT TKAHUHHU.
— ['HyukicTh y poOOTI 3 HEPEryIsipHUMU CTPYKTypaMu, IO XapakTepHl s
($10pO3HO-KaBEPHO3ZHOTO TYOEPKYIhO3Y.

— [linBumieHa cTaOUIBHICTD 1 y3araJbHEHHS MOJENIed Mmpu oOpoOIll TeTepOreHHUX

JTAaHWX TAIIE€HTIB 13 P13HOIO POPMOIO Ta CTAHIEI0 XBOPOOH.

VY peanbHux creHapisix 3actocyBaHHs, LSTM-mepexi aeMoHCTpYyroTh[60]
3/IaTHICTh J0 TOYHOTO BUSIBIEHHS TyOEpKyJIbO3HUX ypa)K€Hb HaBITh y TUX BHIIAJIKaX,
KOJIMU BOHU YAaCTKOBO MACKYIOThCS (POHOBUMH 3MiHAMH (CTapuUMU pyOIsMH,
kanpuudikaramu). Lle 3a0e3nedye BHIy AIarHOCTUYHY YYTJIMBICTH Yy IOPIBHAHHI 3

KJIIACHYHUMU 3TOPTKOBUMU apXiTEKTypaMHu.

CTpyKTypHI BIIMIHHOCTI MIX 3TOPTKOBUMHU Ta PEKYPEHTHHUMH apXITEKTypamu
npejacTaBiieHi Ha puc. 1.16. YV ctpyktypi RNN koxkeH By3051 Mae 3BOPOTHUM 3B’SI30K,
SAKUWA JI03BOJIs€E HOMY BIUIMBATH Ha OOYHUCIEHHS HACTYMHOTO CTaHy, 30epiraroumu
BHYTpilHIO mam’siTh. Y CNN, HaBmaku, 3B’SI3KM € JIMIIE OJHOHAIMPABICHUMH, IO

oOMeKy€e MOJIeNb B ypaxyBaHH1 OCIIJOBHUX 3aJI€KHOCTEN.
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[Iss apxiTekTypHa pi3HUIS € KIOYOBOK B KOHTEKCTI aHali3y MEIUYHUX
300paxeHb, JI€ B3aEMO3B’SI3KM MUK [IISHKAMU JIET€Hb MOXYTh MaTH HE JIMIIE

MOPQOJIOTiuHy, ajie i IPOCTOPOBY Ta PYHKI1OHAIBbHY MOCIII0BHICTD.

)‘
@
@

(@) Recurrent Neural Network (b) Feed-Forward Neural Network

Puc. 1.16. BiAMIHHICTb CTPYKTYpH PEKYpPEHTHOI MEPEXKI (@) B1A MEpEXKi 3 IPSIMOIO

nepeaayero curuainy (0)

VY cdepi MennuHO1 Bi3yasizalil peKypeHTHI HEHPOHHI MEpeXk1 BUKOPUCTOBYIOTHCS
JUIsL TIOKpAllleHHs Kiacu(ikauiiHUX 3aBJaHb 32 PaxyHOK BHUSBIICHHS HPUXOBAHHUX
0COOJIMBOCTEN Ta B3a€EMO3B’SI3KIB MIXK MaTOJOTYHUMHU CTaHAMU. 3aCTOCYBaHHS JAHUX
Mepex 3a7adl Kiacudikauii IKIPHUX yYpaxkeHb ad0 K JIET€HEBUX BY3JiB J0NOMararTh
aHali3yBaTU MOCTIJOBHI Ta CTPYKTYpPOBaHI 3aJIeKHOCTI MK 300pa)k€eHHsSIMH Oe3
HEOoOX1gHOCTI py4HOi cerMeHrtauii. Ile [103BoJsie YHUKHYTH  TPYAOMICTKOTO
MOMNEPETHBOr0 aHali3y Ta MIABUILY€E 3arajibHy TOYHICTh J1arHOCTUKUA Ta JONOMArae

aBTOMATH3yBATH JIIarHOCTUYHI MPOLIECH.

1.5.3 Heiiponni mepeski Tuny Encoder-Decoder

Mepexi Encoder-Decoder HaOynaum mnonmyisipHOCTI Yy 3ajadyax kiacuikamii

300pakeHb 3aBIIAKH iXHIM 31aTHOCTI MPALIOBATH 13 300paKEHHSAMHU JTOBLIBHUX PO3MIPIB
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Ta BUKOHYBATH KJacU]iKailito BChOro 300pakeHHs 6€3 He0O0X1JHOCTI 00pOOKH OKpEMUX
¢parmenTiB. Taki Mepexi T03BOJAIOTh €()EKTUBHO KOIYyBaTH BXIJHY 1H(pOpMALI0 y
CTUCJIMM KOHTEKCTyaJbHUI BEKTOpP Ta BUKOPHUCTOBYBAaTHU WMOro ISl T€HEpYyBaHHs abo
aHami3y BUXIJHUX JAaHMX. JlaHUM NOpPUHUMI BHUSIBUBCS HAA3BMYAHO KOPUCHUM JUIS
aBTOMATU30BAHOI'O aHali3y MEIWYHUX 300pakeHb, 30KpeMa B 3ajadax, /1€ BaKIUBa
rio0anabHa y3arajibHEHa 1HTEpIpeTallisl 3 JOKaIbHO JeTali3alli€l0 — HAMPUKIA, IpH

pO3Mi3HAaBaHHI JIETEHEBUX MaTOJIOTIH.
VY TpaauniiHOMy BapiaHT1 apXITEKTypa CKIAJAETHCA 3 ABOX KOMIIOHEHTIB!

— Enkonep, 1110 koaye BX1JHI JaH1 Y CTUCIUNA PUXOBAHUM CTaH;

- Jlexonep, SIKUil peKOHCTPYIO€ BUX1Jl HA OCHOBI OTPUMAHOT'0 MPUXOBAHOTO CTaHYy.

Takuil miaxix A03BOJSE peai30BYyBaTH CETMEHTAIlllo, TeHepallito abo
Kkiacudikaiiio 300paxkeHs 06e3 moTpedu pydyHoi cermeHTalli abo o0poOku (parMeHTiB.
VY MenuYHUX 3aCTOCYBAHHSIX 1151 BIACTHBICThH € KPUTUIHO BAXKITMBOIO, OCKUTBKH JI03BOJISIE
aBTOMATHUYHO OXOMUTHU 300paK€HHS LIJIKOM, BOAHOUYAC (POKYCYIOUHUCH HA MATOJOTTUHUX

IUISHKAX.

3okpeMa, y kiacudikailli peHTreHorpaMm JereHs, mepexi tuny Encoder—Decoder
3aCTOCOBYIOTBHCS JUIsl BUSIBIICHHS! MOP(OJOTTYHHUX 3MiH, XapaKTePHUX JJISI TyOepKYIJIb03y,
Takux K (iOpO3HI TSXKi, KaBEpHU, AUISIHKHA 1HPUIBTpalii ado KaJbI[MHOBAaHI BY3JIH.
CrucHeHe npeICTaBIeHHS I03BOJIsIE 30epiraTi IHBAPIaHTHICTH 10 PO3MIPY Ta JOKami3allli
aHOMaJllif, a MEXaHi3M yBaru — 1IEHTH(IKYBATH pEJIEBAHTHI 30HUM 3 BHUCOKOIO
TouHIcTIO[61]. Takox B Mepexi 30epiraeTbes iHGOpMaIlis PO rI00aTbHUI KOHTEKCT 3
JNETAIBHUMH TPOCTOPOBHMMH  XAPAaKTEPUCTUKAMU 3a JONOMOTOI BUKOPUCTaHHS
MexaHi3Mmy yBaru. CTpykrypHa cxeMa Encoder-Decoder apxiTekTypu 300pakxeHa Ha puc.

1.17.
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Encoder Decoder

Hidden state

network network

Puc. 1.17. Apxitektypa Encoder-Decoder mepexi[61]

3 nosiBoro Mozeini Transformer[62] BiagOysocs KOHUENTyalbHE NEPEOCMUCTEHHS
apxitektypu Encoder—Decoder. Ha BinmMiHY BiJl peKypeHTHHX a00 3rOPTKOBUX MEPEK,
TpaHc(OpMepH BUKOPUCTOBYIOThH JIMIIE MeXaHI3M OaratorosioBoi yBaru (Multi-Head
Self-Attention) ayis MoaetOBaHHS 3aJIeKHOCTEN y nanuXx. L{e 1o03Bosie nocaratu MoBHOI
napasenizaiii oOuuciaeHb, MOKpaIlyBaTH MacIITabOBaHICTh Ta 30epiraTu JOBrOTpUBaIi

3JIEKHOCT1 Y BXITHUX JIaHUX.

CtpykTypHO TpaHC(hOpMEpP TaKOX MOAUISETHCA HAa €HKOJEP 1 JEKOoJEep, IpOTe B

HbOMY:

— KOXKEH IIap €HKOJEepa MICTUTh OJIOK 0aratoroyioBoi caMOyBaru Ta MO3UIIAHO-
HOPMOBAaHY TpaHC(POpPMaIlilo;
— JIEKOJIep MOAaTKOBO OTpUMY€E 1H(POpMAIliI0 BiJI €HKOJEpa Yepe3 MeXaHi3M Kpoc-

yBary, 10 J103BOJISI€ y3roKyBaTH BX1IHY Ta BUXIAHY MTOCI1I0BHOCTI.

VY NOpiBHAHHI 3 KIACHYHUMHU MOJENSAMHU, TpaHC(HOpPMEPHU BUSBIAIOTH TaKi

nepeBaru:

l. I'moGanpHa camoyBara — KOeH MiKcelb (200 MaTy) NOTEHI[IHHO B3aEMO/IIE

3 yciMa IHIIUMH, 1110 AO3BOJISIE BUSBJISATH BIIAAJIEH] KOPEISALIi MK aHOMATIsIMU.
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2. BiacytHicTh nokanbHUX 00MexeHb — Ha BiqMiHY B CNN, Tpancdopmep
HEe OOMEeXeHui po3MipoM (QIIbTpa, IO 03BOJSE Kpalle MOJICIIOBAaTH BEJHKI

aTOJIOT1YH1 00J1acTI.

3. I'ayukicte moao ¢opMu BXIIHMX JaHUX — MOXJIUBa poboTa 3

300paXe€HHSIMU PI3HUX PO3MipiB Ta (hopMaTiB O€3 MEePEKPOIOBAHHS TaHUX.

4. KonrtekcryanbHa cermeHraiiss Ta kiacudikamis — TpaHchopmep

OJIHOYACHO (DOKYCY€ yBary sik Ha IpIOHUX, TaK 1 Ha TI00ATIbHUX CTPYKTYpax.

Vision Transformer € po3Butkom TpaHchopMepiB, BiH MEPETBOPIOE 300paKEHHS
Ha MOCJIJOBHICTh BEKTOPIB, KOKEH 3 SKUX BIJNOBIJIA€ OKPEMOMY Mardy 300pa)kKeHHS
(manmpuknan, 16x16 mikceniB). KoxkeH matu momaetbcss B Encoder tpancdopmepa 3
JOJAaHUM TO3UIIMHUM BEKTOPOM, SKHM 30epirae iHpopMaIilo MTpo MPOCTOPOBY

nokanizauniro. Taka 3MiHa B 3a7a4l aHaJ13y 300paKeHb J1a€ MOKIIUBICTb:

— BUJIUISITH CTPYKTYPHI MaTEPHU YPaKEHHs HE3JIEKHO BiJI MICIA iX JOKai3allii;

— BUKOPHUCTOBYBATH IMOINEPEIHHO HABUECHI MOJEINI Il MOKpAIEeHHs Kiacudikarii
HaBITh MPU 0OMEXKEHIN KITBKOCTI MEIMYHUX JaHUX;

— YHUKATU BTPATH MPOCTOPOBUX XAPAKTEPUCTUK, fAK 11€ 1HO1 BinOyBaeThess y CNN

MIpU BEJUKIN TIHOUHI.

KnrouoBoro BimmiHHICTIO TpaHchopMmepiB Bi Encoder-Decoder € 6aratoronoBuii
MexaHi3M yBaru (Multi-Head Attention), sxuii mnapajienbHO OOYHUCIIOE KiIbKa
HE3JIEKHUX “yBaXXHUX  IPEICTaBIICHb 1 OTIM 00’ eIHyE iX. Takuii 00paxyHOK J103BOJISIE

Mepexi OLIbII AETaTbHO:

- BUSIBJISITH P13HI TUIHM NAaTEPHIB HA OJHOMY 1 TOMY CaMOMY 300paK€HHI;
- MOJCITIOBATH SK JIOKAIBHI, TaK 1 II100aJIbHI 3aJ1€KHOCTI,
— MIJIBUIIUTH CTIHKICTh 0 IIyMy a00 HEMOBHOTH JaHUX, IO YACTO TPAIUIIETHCS B

MEIUYHUX Habopax.

VY Vision transformer apxiTekTypax MeEXaHi3M YyBaru J03BOJISIE OJIHOYACHO

BpaxOBYyBaTH:
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- TEKCTYPH1 0COOIMBOCTI (PIOPO3HUX AUISTHOK.
- reOMETPUYHI KOHTYpPHU KaBEPH.
- CUMETPHUYHICTb JIETEHEBUX MOJIIB.

- BIIMIHHOCTI MK aKTUBHUMHU 1 MOCTTYOEPKYJIbO3HUMH 3MIHAMHU.
CrpykTypHa cxema Vision transformer 3 MexaHi3MOM yBaru 300pakeHo Ha puc. 1.18.

Output probabilities

Decoder

|

> Add & norm

Feed forward

Encoder ) Add & norm ‘

- \ Multi-head
keys \
Attention
Add & norm L N
Feed forward
—>’ Add & norm
Add & norm
NX — Masked
Multi-head multi-head
attention attention
keYs m ?

Positional
encoding

Positional
encoding

Input
embedding

Input
embedding

The cat likes to eat cheese. Die Katze

Puc. 1.18. Ctpyktypa Mepexi Vision transformer 3 3aCTOCYyBaHHSM MeXaHI3MY

yBaru[63]

EBomrotis apxitektypu Encoder—Decoder no TpancopmepHux moeneit, 30kpema
Vision Transformer Tta #oro wmoaudikamiii, CyTT€BO pO3MIMPHIA MOKIUBOCTI

Kkjacudikanii MeTMYHUX 300pakKeHb.
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1.6 AmncamOueBi kiaacudikaropu

AHcam0neBl Kiacu(ikaTopu 3HAXOASATh IIUPOKE 3aCTOCYBaHHS B 3ajaydax
Kkiacudikaiii, OCKUIbKM 0a3yloTbCsl Ha 171ei MOE€IHAHHS AEKUIbKOX Kiacu(ikaTopiB 3
METOI0 TOKpAIIEHHS Y3arajbHIOIYOi 3/IaTHOCTI MOJEN, MiJABUIIEHHS TOYHOCTI Ta
CTIMKOCTI /10 IIYMOBHUX CIIOTBOPEHb y JAaHUX. 3aBISKHA BUKOPHUCTAHHIO PI3HOPIIHHUX
Mojienell ab0 HEe3aIeKHUX MIAMHOXKHUH JaHUX, aHcamOJyieBl Kiacu(iKaTOpu 3J/1aTHI
KOMIIEHCYBATH CJ1a0K1 CTOPOHH OKPEMUX MOJEIIEH, 1110 CYTTEBO MiABUILY€E €(PEKTUBHICTh

y 3aJlayax po3Mi3HaBaHHS CKJIAJIHUX MATEePHIB, 30KpeMa Ha MEAUYHUX 300pKCHHSX.

AHcambneBa cuctema Kiacudikaiii 3a3BUYail BKJIIOYAE TPU OCHOBHI €Tamu:
dbopMyBaHHS MIAMHOXHWH JlaHUX, TOOYJOBY OKpEMHUX MOJEJed Ta IHTerpauilo ix

pe3yibTariB. 3arajibHa cxema ancaMOieBoro kinacudikaropa HaBeJeHa Ha puc. 1.19.

S
@ Dataset D
/

Selection

Sngmes’
eooeo v

Subset D1 Subset Dz Subset Dy
Building

;3! ﬁ!...ﬁ!

Classifier Ci Classifier C; Classifier Cx

\\ / Integration

Puc. 1.19. Cxema ancambmneBoro kinacudikaropal64].
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Ha nepmomy erani (etan Big0Opy) 3A1MCHIOETHCS PO3MOJILT BUXITHOTO HAOOPY

JAHWX Ha KUIbKa MiJIMHOXHH, sIKI MOXKYTbh (pOpMyBaTHCS:

- BUITaJIKOBUM YHHOM (MeTo1 bagging).
— 13 3BAKEHOI0 TTOCJIIIOBHICTIO MPUKJIAIIB (METO boosting).

— IUISIXOM KpOcC-Baifalii.

Takuit po3nojain 3a0e3nedye BapiaTUBHICTh BXIJHUX JaHUX, 110 KPUTHYHO

BAXKJIMBO [l yHUKHEHHS MepEeHaBYaHHSA Ta MiABUIIEHHS CTIHKOCT1 MOJIETI.

Ha npyromy etamni (etam moOyIoBH) ISl KOXHOI MIJIMHOXHWHHU 3aCTOCOBYETHCS
okpemuii kinacudikarop. Li Mogeni MoxyTh OyTH SIK OJTHOTUITHUMU (TOMOT€HHUMH ), TaK
1 pi3HOpiAHUMHU (TeTeporeHHHMH). J[0 TOMOTEHHMX HaJle)KaTh aHCaMOJIi Ha OCHOBI
OJIHOTO aJIrOpUTMY, HaNpukIiai, naepes pimensb (Random Forest), a no rereporeHHux —
KOMOIHAIli PI3HUX MOJEJel: HEHPOHHUX MEPEX, METOJIB OMOPHUX BEKTOPiB (SVM),

JOTICTUYHOI perpecii.

3aBepmiaibHUM ~ eTanoM (etam  iHTerpaiii) € oO'€elHaHHS pe3yJbTaTiB
KiIacudikaTopiB y €AUHy BiAnoBiab. Halwactime g1 moOynoBH — BIJNOBii

3aCTOCOBYIOTHCA TaKl CTpaTerii:

. METOJ TO0JIOCYBaHHS OuIbIIOCTI (majority voting), A€ KiIac 3 HaMOUIBIIOO
KUIBKICTIO "TOJOCIB" Kilacu(piKaTOPiB BBAXKAETHCA (PIHATLHUM PE3yJIbTATOM.

. 3Ba)KEHE TOJIOCYBaHHS, /i€ KOXKEH KJacu(pikaTOp Mae MEBHY Bary 3ajeXHO BiJ
TOYHOCTI 200 JIOBipH.

. CTEeKIHT (stacking) — HaBUaHHS MeTaMOJIe1 Ha BUX0/1aX 0a30BUX KJ1acu(IKaTOPiB

JUTSL OCTATOYHOTO MPUMHSTTS PIIICHHS.

Sk mpomemoHcTpoBaHo Ha puc. 1.19 cxema 00poOKHM JaHUX YCKIIAIHIOETHCA
HasIBHICTIO I0JJAaTKOBUX METO/IB Kiacudikailii Ta etamy roiocyBanHs. Kiacudikatopu B
TaKOMYy HIOXO0J1I MOXYTh 3aCTOCOBYBAaTHUCh K CTaTUCTHYHI TaK 1 HEHPOMEpEXKEBI.

30UIbIIeHHST iX KUIBKOCTI BUMAara€ JOAATKOBHX pECypCiB MJid pPO3paxyHKY, OJHAK
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HasBHICTh JIEKUIBKOX KJacu(IKaTOpIB JO3BOJISIE HA €Tall roJIoCyBaHHS KOMOIHYBaTH iX

roJIOCH Ta TOYHIIIE BU3HAYATH PE3YIbTYIOUUHN KIlac.
Amncam011eB1 MOJIeNl BUPI3HAIOTHCS HU3KOIO MepeBar, 30KpemMa:

. [TinBumeHHaM Knacu@ikaiiHoi TOYHOCT1, 3HUKEHHS IOMUJIOK JIPYTOro Ta

MEepIIOro POY;

. 3MEHIIICHHSIM BapiaTUBHOCTI PE3yJbTaTiB MPU MOBTOPHOMY HaBYaHHI abo

BHKOpI/ICTaHHi HOBHUX JaHHX.

. CTIMKICTIO 10 IEpEHAaBYAHHS, 0COOJIMBO y BUIIAJKaX 3 HEBEJIIMKUM 00CATOM
JTaHUX.

. ['ayukicTio y BUOOp1 MOJIENEH, 1110 103BOJISIE MOEHYBATH aJITOPUTMHU Pi3HOL
PUPOIH.

VY 3amadyax aBTOMAaTHU30BAHOTO aHaJI3y PEHTTEHOJOTIYHUX 300paXeHb JIETEHb,
30KpemMa Il  BHUSIBIIGHHS TyOepKyJbO3HUX 3MiH, aHcamOlieBli KiacugikaTopu
3aCTOCOBYIOTBHCS JJISl MIJBUILEHHS YYTIUBOCTI Ta crienudiyHocTi Moaenei. Hanpuknan,
okpeMi CNN-Mmopeni, HaTpEHOBaHI Ha PI3HUX MPOEKLISIX a00 300pa)»KE€HHSX PI3HOI
SIKOCT1, MOXKYTh OyTH TIO€/IHaH1 B aHCAMOJIb, e MeTa-KiacudikaTop mpuitMae OCTaTOUHE
pilIeHHs] 3 ypaxyBaHHSM pe3yJbTaTiB yciX 0a30BUX Mojened. 3aCTOCYBaHHSI TaKOIo
MIJIXOAY J03BOJISIE€ BUSBIISITH ClIa0KO BUpaxkeHi (piOpo3Hi yM MOCTTYOEpKYIbO3H1 3MIHH,
BpPaxOBYBAaTH CHMETPUYHICTh a00 ACHMETPII0 Ypa)K€Hb, MIHIMI3yBaTH BIUIUB LIyMY,

apredaxTiB a00 NOMHJIOK MapKyBaHHsl Yy HaBYaJIbHIN BUOIPII.

[Torpu mepeniveHi nepeBaru, aHcaMOIeBl MOJENl MalOTh 1 HU3KY OOMEXKEHb, a

caMme:

. Bucoky o0uncaioBalIbHY CKJIQHICTh: HAaBYAHHA KUIBKOX KJIacCH(IKaTOpiB

notpedye Oubie pecypeiB CPU/GPU, mam’sTi Ta dacy.
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. [Totpeby B onTuMmizamii: KOXEH KOMIIOHEHT aHcaMOJo moTpedye
HaJallTyBaHHs TinepnapamerpiB, OallaHCyBaHHS BHUOIPKH, Y3TOJKEHHS (GOpMaTiB

BHUX1THUX MPOTHO31B.

. VYcknagHeHHs 1HTepIpeTarlii: 4uM CKJIaJHilla MOJelb, THM BaXKue

OOIpYHTYBATH ii pillIEHHS.

TumM He MeEHII, NpHU HaAJIEKHOMY MPOEKTYBaHHI Ta Bajidalii aHcamOJieBi
KJIacu(1KaTOPU JO3BOJSIOTh JOCATATH BUILIUX MOKA3HUKIB TOYHOCTI, HIXK OYyAb-sIKHi
okpeMuil knacudikatop. BoHU € BaxJIMBUM HAMPSMOM PO3BUTKY I1HTEIEKTYaJIbHUX
CUCTEM aHali3y 300pakeHb. 3aBISKH MOXIJIMBOCTI 1HTETPYBaTH MPOTHO3U KUIBKOX
Kjacu(ikaTopiB, BOHM 3a0€3MEUYYyIOTh BHUIIY HAJIWHICTh Ta CTAaOUIBHICTH pIIIEHb,
0CcOOJIMBO B yMOBaX OOMEKEHMX a00 3allyMJICHHX JaHMX. IX 3aCTOCYBaHHS B 3a7ayax
J1arHOCTUKH TYOEpKYIbO3Y JIETEHb JO3BOJISIE CTBOPIOBATH BUCOKOTOYHI aBTOMATH30BaHI
CUCTEMH, SIKI MOXYTh €(EKTHUBHO JONOBHIOBAaTH KIIIHIYHY €KCIEpPTU3Yy Ta

MPUIIBUJIIITYBATH MPOLEC MPUUHSITTS PIIICHb.
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BucHoBku 10 po3ainy 1

Ha ocHOBi mpoBeicHOTO aHali3y BU3HAYEHO, 1110 MEPCIIEKTUBHUM € 3aCTOCYBaHHS
MeToIB TeKkcTypHOTo aHanizy KT 300pakeHb 1Jii BUBHAUYEHHS J1KAPChKO-UYTIMBOI Ta
JKapChKO-CTINKOT (GopMu TyOepKylbo3y JjereHb. s momiOHUX MOCHIIKEHb BCE
YacTIIIe 3aCTOCOBYIOThCSI HEHPOHHI MEpEXKi, K1 aBTOMATU3YIOTh MPOIEC BiA0OPY O3HAK

1 B OJAJIbIIOMY 3aCTOCOBYIOTHCA JIJIs1 HABYaHHS KJIACU(IKATOPIB.

TakoX aKTUBHO pPO3pOOJAIOTHCS METOAM aHali3y 300pakeHb ToMmorpadii, ski
MOXYTh KJIacU(IKyBaTH CTYMNiHb ypPa)X€HHS JIET€Hb Ta JIOKAII3yBaTH HOTO

MICLIE3HAXOKEHHS.

3acToCcyBaHHS CTaTUCTUYHHMX METOMIB Uil aHali3y J03BOJISI€ BH3HAYUTH Ta
NeperyisiHyTH Hallp KPUTEPIiB, 3a AKUMU B1IOYJIOCH NMPUUHATTS pimieHHs. HeiponHi
Mepexi s JaHuX 3adad 0e3 JOJATKOBUX TEXHIK AaHalli3y BIJIACHI pILIEHHS He

OOIPYHTOBYIOTb.

Po3poOka TeXHOJOT1H CTAaTUCTUYHOTO Ta HEUPOMEPEKEBOTO aHAII3Y 300paKEHB B

cUCTeMaxX NMPUUHATTSA MEIUYHUX PIIIEHb MOTPEOYIOThH MOJAIBIIOTO aHATI3Y.

dopMyBaHHS NPOCTOPY BXIJHUX O3HAK 3 MATPUIISIMU TEKCTYPHUX XaPAKTEPUCTUK

B Ki1acu(piKalifHUX CUCTEMax CIpUsi€ 30UIbIIIEHHIO TOYHOCTI POOOTH CUCTEM.
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PO311JI 2 MATEPIAJIM TA METOIM ITOIIYKY O3HAK
PO3IIJIBHOCTI KJIACIB JIKAPCBKO-UYYTJIMBOI'O TA
JIKAPCBKO-CTIMKOI'O TYBEPKYJIbO3Y

JaHuii po3ain omucye MOXOMKEHHS Ta PO3MOJLT JIaHMX MDK HaBYaJbHOIO,
BT AAIIMHOIO Ta TECTOBOIO BHOIPKOIO, Ha SKiM MPOBEACHO MOCTIKeHHSA. B pamkax
PO3LTy PO3MIISIAAETHCA NPOBEACHHS TNomnepeaHboi o0poOku nanux KT nerens, 1o
BKJIIOYA€ BUAUICHHS JIETEHEBOTO BIKHA, HOpMaJi3allilo BikKHA 10 256 rpamamiil piBHS
CIpOro Ta CErMeHTAllll0 JEreHb ISl BUAUICHHS 30HU 1HTEpecy. 3a BUAUIEHUMHU 30HAMU
1HTEepecy MPOBEACHO TEKCTYPHUHN aHai3, U0 JI03BOJISIE MIEPETIASHYTH PI3HUII0 TEKCTYP
JKapChbKO-UyTIUBOI Ta JIKapChKO-CTIMKOT popMu TyOepKybo3y. Lle cTBoproe BaxkiuBe
NIAIPYHTS 711 3aCTOCYBAaHHSI METOJIIB aHANI3y TEKCTyp Ha 300paKeHHSX Ta HaBYaHHS

KJ1acuQiKaiiHUX MOJIeTIEH, [0 PO3TISIATUMETHCSI B HACTYITHUX PO3JILIAX.

2.1 dani Tomorpadii JiereHn

JlaH1 s mpoBeNeHHS NOCHIIKEHHsS OyJu NpeICTaBICHUMHU aHOHIMI30BaHUMH
cepisiMi 3HIMKIB mnanieHTiB  HarioHanpHOro HaykoBOro IeHTpy (rusiarpii,
nyiabMoHouorii Ta aneprojiorii im. @. I'. SJlnoBcskoro HAMH Vxkpainu. Koxna cepis
3HIMKIB MICTUTh JaHi 3pi3iB KT-tomorpadii namienra 3 xapakTepucTUKaMH MIUIBHOCTI
TKaHUH 3 PO3MOJILUIOM Ha KJIACH MpPeACTaBICHUM B Tab. 2.1.

Tabmuis 2.1

Po3moais 300pakeHb MaliEHTIB MK KJIacaMu

Knac KinpkicTe 300pakeHb 3 | KUIbKicTh maiieHTiB

BUJIJICHOIO 30HOI0 YPaKEHHS

JIikapChKO-4yTIMBUN 433 9

JlikapchKO-CTIAKUN 420 6

['padiune nmpeacTaBaeHHs TaHUX [0 KOXHOMY 3 3HIMKIB BijoOpaxkeHo Ha Puc. 2.1
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Puc. 2.1. Opurinanbae KT 300paxkeHHs XBOPOro Ha TyOepKyJibo3: A — T1KapChbKO-

yyTiauBa popma, b — nikapcbko-criiika ¢popma.

JUis  TpoBeleHHA OLIHKM Kiacudikamii 300pa’keHb 3aCTOCOBAHO METO[
nepexpecHoro 3atsep/pkyBaHHs (Cross Validation), cxema ioro poOOTH npeacTaBieHa

Ha puc. 2.2[65].

BunpobyBanbHi faHi

4—— TpeHyBa/bHi aHi [~

ITepauis 1 4“"‘““““"‘.““
irepauin 2 >0 @ QG 00000 0000000000
rrepauis 3 > P QD QPP “"’l"“‘l“‘ QU

repauink [+ OO OO0V 999099900009

< Bci gaHi —>

Puc 2.2. Cxema k-kpaTHOro nepexpecHoro 3aTBepIKyBaHHs
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3a N1aHOK CXEMOK JlaHl MaIli€eHTIiB Oynu po3noauieHl B BigHomeHH1 70% -
HaBualibHa BuUOIpKa(training set), 20% Bamimamiitna BuGipka(validation set) Ta 10%
TectoBa BuOipka (test set). KoediuieHT kpaTHOCTI 3actocyBaHHsl — 10, TakKuM 4YMHOM

KOXKHE 3 300pakeHb 1 pa3 OyJio B ek3aMeHalliiHii BUOIpIii.

JlogaTKOBO BapTO 3a3HAYMTH CIIOCIO HAMOBHEHHS BHUOIPOK, BiH CKJIagaBCs 3
BU3HAYCHHS JAHUX MAIll€HTIB TaKUM YHWHOM, 1100 JIaHI OJHOIO Malll€eHTa HE HajeKaju

OJIHOYACHO JI0 HABYAJIHHOT Ta TECTOBOT BUOIPKH.

Jlns mpoBeieHHs kinacu@ikailii KoskHe 300paKeHHsI OpUTTHAIBHOT cepii T0AaTKOBO
MICTHJIO PO3MiYeHy 00JIaCTh IHTEpECY, B paMKax sIKOi 3HAXOJWIach 30HA YpaKEHHS
3axBoproBaHHAM. [Ipukiag 300pakeHHs 3 BIIMIYEHOIO 30HOI0 300paxeHo Ha puc. 2.3. Ta

puc. 2.4.

@

Puc. 2.3. Ilpuknan 300paxeHHs 3 BHU3HAYCHOKO 30HOIO0 YpaKEHHS JIIKApPChKO-

YyTIUBOIO (DOPMOIO TYOEPKYIHO3Y.
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Puc. 2.4. Ilpuknan 300pakeHHS 3 BHU3HAYEHOIO 30HOI0 YpaKEHHS J1KapChbKO-

CTIHKOIO (hOPMOIO TYOEPKYIHO3Y.

Jns mpoBeeHHS aHami3y KOXHE 3 OpUTIHAIBHUX BXIAHUX 300pakeHb
po3MipHicTIO 512x512 Oyno HOpMaIi30BaHO Ta BiI(PIIBTPOBAHO S0 JET€HEBOrO BIKHA 3
neaTpom B -600HU ta mmpunoro 1600 HU[15]. OcHOBHOIO METOI Takoi oreparlii
CIyryBajla ONTUMI3allisl Jl1afna30Hy JaHUX, OCKUIBKM JIJIsl Bi3yai3ailii Ta MoJalbIlIoro
aHajizy BIIOYBa€ThCs 3MiHA J1ama3oHy Hopmamizaiiero. OIHUM 3 KIIOYOBUX aCIEKTIB
3aCTOCYBaHHS JIETEHEBOIO BIKHA — € JIOKaJIi3allisl aToJorii. JlaHe BIKHO T03BOJISE OUIBII
4iTKO C(OKYCYyBaTHCh Ha 3MiHaX B paMKax JIET€Hb, Ye€pe3 3MIHU MO HaJallITYyBaHHIO
KOHTPACTHOCTI Ta IIUIBHOCTI, Yepe3 Kl 300pakeHHsI pO3ILIUpPsE Tlana30H 3HAUYCHb JJIS
IIIJTBHOCT1 TKAHWH, 10 3HAXOMATHCS B JIETe€HEBIM YacTHHI Tijla. TakoX MPUBEACHHS /10
JIETEHEBOr0 BIKHA JI03BOJISIE MPUOpATH AESKl anaparHi IIYMH, OCKUIbKH MPU TaKOMY
MPUBEIEHH] 3MIHIOETHCA J11al1a30H IIUJIBHOCTI TKaHUH, SIKI B TOJAJIBLUIOMY MOTPAIUIATh B

JTOCHIKEHHS.

TakuM 9MHOM JIJ151 OTPUMaHHS JIETEHEBOTO BiKHA 1O 300paXeHHSM OyJI0 BUKOHAHO
¢uIbTpalio Alana3oHy XapakTepUCTUK mumbHOCTI Big [-2000; 1000] mo [-1400; 200],
MICIIS YOro JiJIsl BIZOOpa)K€HHsI Ta MOAAJIBIIIOr0 aHali3y BiAOyIack HOpMaizallis 1aHOro

nianazony B [0; 255] 3a ¢opmynoro 1.1. HopmanizoBaHi 300pa’keHHSI BHAUICHHUX
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JIETEHEBUX BIKOH OTpUMaHuUX 3 opuriHanbHuX KT-300pakeHp KoxxkHOI 3 (opm

TyOepKyJIb03y BiJOOpaXeHo Ha puc. 2.5.

Puc. 2.5. HopmainizoBane 300pakeHHS 3 JISTEHEBUM BIKHOM: A - IS JTIIKapChKO-

qyTIauBOi (opMH TyOEpKyIbo3y; b - 1 mikapcbko-cTiKOi popMu TyOEepKyIbO3y.

BuaineHHs ereHeBOro BiKHA Ha OPHUTIHAJBHUX JaHUX Ta WOr0 HOpMaiallis B
rpajaiii ciporo J03BOJIMJIA 3aCTOCYBATU METOAM JTOCHIIPKEHHSI OPIEHTOBaHI Ha JaHi 3

300paKeHb.

2.2 BuaineHHs JiereHb Ha 300paskeHHsIX TOMOrpadii

Bupainenns nmereHeBOro BikHa J03BOJISE 3pOOUTH Ha 300pakeHHAX (UIBTPAIlIO 3a
TUIIaMH B1100paKyBaHUX TKaHUH Ta HOPMaJII3yBaTH SICKPaBICTh 300paKE€HHS B J1alla30H
rpajaiiiii ciporo 3a popmydoro 1.1. Jlane npuBeeHHS 103BOJISIE PO3MIISLAATH 300paXKEHHS
ToMorpadii, sik 3BUUYaifHe 3 PIBHSIMU C1pOro, Ta 3aCTOCOBYBATH JI0 HHOI'O METOU 0OPOOKH
300paxeHb. OJHUM 3 TaKuX METOJIB € HEeUpOMEepexeBUMl MiAXia, M0 0a3yeTbcs Ha
MepexeBiit apxiTekTypi Unet[30], sikuif cermeHTye 300pa>keHHs BUAUISI0UN JiereHi. Take

BUJIIJIEHHS (POPMY€E MACKY, III0O MOKE OYTH 3aCTOCOBaHa ISl BUAUIEHHS 30HU 1HTEpECY.
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[Ipuknan 3acTocyBaHHS cerMeHTarlli 3a Mepexero[30] 1o 300pakeHs 3 puc. 2.5. cranu

MAacCKH JIETeHb 300pakeH1 Ha puc. 2.6.

100 100

200

300

500 500

0 100 200 300 400 500 0 100 200 300 400 500

A b
Puc. 2.6. Macku BiJICETMEHTOBaHUX JIer€Hb: A — JIKapChKO-4yTJIHBa (popma

TyOepKyJb03y JIeTeHb, b — NlikapcbKo-cTiiika (hopma TyOepKyIb0O3y JEreHb

OTpuMaHa Macka Ha puc. 2.6 BUJIUIAE 30HY JIETEHb 3 OPUTTHAIBHOTO 300pakKeHHS,
BIIKWHYBIIIA TKAHUHU 10 3HAXOJATHCS 1M03a JereHsMu. Taka 30Ha € 00JIacTiO IHTEpECY
JUTsl TIPOBEJICHHS MOJAJBIIOr0 aHamizy 300paxeHb. 3 pe3yJbTaTy CEerMEeHTaIlil TaKoX
MO’KHa TIOMITUTH, IO BUJIJIEHA Macka € MOHOJIITHOIO Ta HE MICTUTh B CepeauHi cebe
BUKJIIOUHHUX OPEOJIB, SIKI MOTJIM O BUKIIOUUTH YACTUHH JIET€Hb, 110 MOXYTh MICTUTH
BAXJIMBI JUIsl aHami3y JdaHl 3 perioHy anams3y. HaknaganHs paHoi Macku Ha

HOpMaJli30BaHe 300pakKeHHs JIETeHEBOT0 BiKHA(pHUC. 2.5.) 300pakeHo Ha puc. 2.7.



63

100

100

200

300

400

500

500

0 100 200 300 400 500

A b
Puc. 2.7. Pe3ynbraT HaknaJaHHid MacKd Ha HOpPMalli30BaHE 300paKeHHSI
JIETEHEBOI0 BikHA: A — JliIKapchKko-uyTiauBa (hopma TyOepKyIbo3y JereHn, b — aikapcbKko-

CTiiika (popma TyOepKyIb03y JIEr€Hb
2.3 BuaijeHHs TEKCTYPHUX XapaKTePpUCTUK (GopMHU TyOEpPKYJIbO3y

TekcTypHHUIl aHATI3 € CYKYITHICTIO METO/IIB 0OpOOKH 300paKeHb, 110 T03BOJISAIOThH
BUJIUIUTH MATEPHU Ta CTPYKTYPHI XapaKTepUCTUKU 00’e€kTa. JlaHui miaXi 03BOJISE
11eHTU(IKYBaTH TEKCTYPHI 3MIHH B JIET€HEBUX TKAHUHAX YPaKEHUX TyOEepKyIb030M IS
MIJIBUIIIEHHST TOYHOCTI BUSIBIIEHHS XBopoOu[67, 68]. OkpiM BHU3HAUECHHS HAsBHOCTI
TyOEpKyIb03y JIET€Hb TEKCTYPHI O3HAKHU JI03BOJISIIOTH AM(EPEHIIIOBAaTH YYTIUBICTD
XBOpoOu 110 nikyBaHHA[69]. Jocnimxenus [69] BuaUIf€e JTIOKaIbHI JECKPUNTOPU O3HAK
JUTsl OTPUMAaHHS MaTepHY Ta JoKaji3alii 30H1 (OpMYyBaHHS TEKCTYPHUX XapaKTEPUCTUK.
OpHak 3acTOCyBaHHA CTaTUCTUYHUX MATPULb TEKCTYPHOIO aHalli3y J03BOJISE
noOyyBaT iIHPOpMATUBHUM HAaOIp XapaKTEPUCTHUK 3 JaHUX 300paxKeHb JJIsl TPOBEICHHS

MOJANBIIIOTO aHaTI3Y.

3acTocyBaHHS TEKCTYPHOrO aHaIi3y 0 HOPMali30BaHUX 300pa)K€Hb JIETEHEBOIO

BiKHA JT0O3BOJISIE BUAUTUTH HACTYIHUM HA01p TEKCTYPHUX XapaKTEPUCTHUK:

- Histogram



64

- GLCM [32]
- GLRLM [35]
- GLSZM [36]
- NGTDM [36]
- GLDM [37]

[loGynoBana ricrorpama Jjsi 300pa)K€HHS JKapChbKO-UYTIUBOI Ta JIIKAPCHKO-

cTilikoi hopmu 300pakeHa Ha puc. 2.8.
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Puc. 2.8. I'ictorpama HOpMasi30BaHOTO 300pakKeHHs JETreHb 3: A — JIKapChbKO-

YyTIUBOIO (HOPMOIO TYOEPKYIh03Yy, b — MiKapCchKkO-CTIHKOIO (OPMOIO TyOEPKYIHO3Y

BizyanbHO MOpIBHSBIIM MOXHA BHUIUIUTU 110 TICTOTpaMU MAalOTh CXOXKUU
PO3MOJILT SICKPAaBOCTEH 3 IBOMA OCHOBHUMHM TTIKaMHM, OJIMH B Jl1alla30H1 HU3bKHUX 3HAYEHb
SCKpPaBOCTI (~ 75) Ta oAMH y BUCOKUX 3HaYeHHsX (~250). 3 po3OizkHOCTEH y ricTorpami
puc. 2.8(A) nik y HU3bKOMY J1alia30Hi1 SICKPaBOCTEN € BUILKUM HIX y TiCTOrpami Ha puC.

2.8(b), 110 03HauYa€e HAABHICTH OUIBIIOI KUIBKOCTI TEMHUX PETIOHIB Ha 300paXkeHHI.

Taka BIAMIHHICTH J03BOJISIE TPOBOJWUTH MOJAIBIINM aHali3 O3HAK BHIUICHHUX

riCTOTPaMOI0 Ta Ppo3poOuTH MpaBmiio audepeniiamii opmu TyOepKyIbO3Yy.

[To6ynoBana Bizyanizaiig Matpuiii GLCM s 300paxeHb JTiKapCbKO-4yTIUBOI Ta

JKapChKO-PE3UCTEHTHOT POpMH 3 KOE(PIIIEHTOM CYyMIXKHOCTI = 1 Ta KyTOM MOBOPOTY
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0°(cycimHi TOpU30HTANBbHI MiKCeNl 300paxkeHHs1) 300paxkeHa Ha puc. 2.9. Ha manomy
300paK€HHI UYEpPBOHUM KBAJpaToM BHAUIEHO (OKyCyBaHHA B 00JacTi O3HaK 3
HalBUILIMMU 3HauyeHHAMH. JlogaTkoBo Ha puc. 2.10 300pakeHO 4YMCIOBI 3HAYEHHS

BUIIJIEHUX O3HAK.

A b
Puc. 2.9. Bizyanmizauis marpuui GLCM noOynoBaHux Ha 300pakeHHi: A —

JKapChKO-CTIHKOI popMu, b — nikapcbKo-pe3ucTeHTHOI PopMu TyOEepKyIbO3y

+ 79 : 80 81 8 : 83 : 84 : 85 + 86 : 87 : 88
F T B S I
» s ® o w7

A b

Puc. 2.10. Bizyanizamis yuciaoBux 3HadeHb maTpuui GLCM noOynoBaHux Ha
300pakeHHI: A — JIKapChbKO-4yTIMBOI (opMH, b — niKapchbKO-pe3UCTEHTHOI (popMu

TyOEpKYyIHO3y
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BizyanbHO MOpIBHABIIM JaHI MAaTpPUIll MOXHA TMOMITUTH HAa KOXHIA 3 HUX OJIHY
BUJIIJIEHY 30HY BHCOKOI SICKPABOCTI B JIBOMY KBaJpaHTI, [0 CBIAYUThH MPO HASABHICTh
O3HaK 3 BEJIUKOIO KUIBKICTIO MOBTOPEHb SCKPABOCTI. 30Ha MOBTOPIOBAHUX O3HAK Ma€
BUTSTHYTY J1arOHaJIbHO OpleHTOBaHY popMmy. VY puc. 2.9(A) 30Ha po3TanioBaHa TPOXH
HIDKYE Ta mpasiiie B mopiBHAHHI 3 puc. 2.9(b), Takox 30Ha A € mUpPIIO0, M0 CBIAYUTH
po OUIBIIHMKI CTYMiHb PO3CIIOBAHHS OTPUMAHUX O3HAK, B CBOIO 4epry 30Ha b — OuIbII
CKOHIICHTpOBaHa Ta MICTUTh OUIBII YITKUM TPAJIE€HT IHTEHCUBHOCTI. TaKuM YHUHOM
300paXeHHS MICTATh CXOX1 00JIACTI TEKCTYPHUX XapaKTEPUCTHUK, OJHAK aOCOIIOTHI
3HAQ4YEeHHS, TPAJIEHT IXHBOI 3MIHM Ta PO3CIIOBAHHS BIAPI3HAIOTHCS MK coOoro. Taka
BIAMIHHICTh JI03BOJISIE TPOBOJWTH IOJAJBIINN aHajli3 O3HAK BUJAUICHHUX MAaTPHUIICIO

GLCM Ta po3pobutu npasuio gudepenirianii GpopmMu TyOepKyIbo3y.

[To6ynoBana Bizyanizaiiga Matpuili GLRLM s 300pakeHs JiKapChKO-UyTIHBOT
Ta JIKApChKO-CTIMKOI Qopmu TyOepKylbo3y 3 KyToM MoBopoTy 0°(TOpuU3OHTaNIbHE
posmmupeHHs) 300paxeHo Ha puc. 2.11. TlopiBHSHHS YHCIOBHX 3HA4Y€Hb MAaTPHIIb

300paxeHo Ha puc. 2.12.

300

A b

Puc. 2.11. Bizyanizauia matpuiii GLRLM niist 300paxkens: A — JikapcbKo-

qyTInuBoi popmu TyOepKybo3y, b — nikapchko-cTiiikoi hopMu TyOEpKyIbO3y
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Puc. 2.12. Bizyam3zauis uncioBux 3HadeHb GLRLM matpuii 1uist 300paxkens: A —

JKapChKO-YyTIUBOI (opMHU TyOepKyIb03y, b — JliKapchbKO-CTIiIKOT popMU TYyOEpKYyIbO3Y

Bi3yanbHO MOpIBHSABIIM MaTpull MoOyaoBaHl Ha puc. 2.11 MoXHa BII3HAYUTHU
poO3TallyBaHHs B JIIBI 4acCTHHI MAaTpHI[l 30H BHCOKOI SICKPAaBOCTI, L0 CBIAYUTH PO
HasBHICTh 3HAYHOI KUIBKOCTI PETi1OHIB 3 KOPOTKMMH MpoOIramu piBHA Ciporo. Y puc.
2.11(A) sickpaBuil perioH € OUTbII CKOHIIEHTPOBAHUM y BEPXHIN YaCTHHI, IO CBIIYUTH
PO MEHIIy BaplaTUBHICTh JOBXKHUH, HartoMicTh puc. 2.11(b) Ouibm BUTATHYTa
BEPTUKAJIBHO Ta TOPU30HTAIBHO, 1110 CBIAYHUTH MPO HASIBHICTH OUIBII JOBIUX IPOOITIiB Ta

HIMPIIKNA PO3MOILI PIBHIB CIPOTO.

[IpoanainizyBaBUIM OJHOPIAHICTH TEKCTYPH, MOKHA BiA3HAUUTH Ha puc. 2.12(A)
OUIBII YITKE 30CEPEKEHHS TOYOK BUCOKOI IHTEHCHUBHOCTI, IIO CBIAYUTH PO BHILY
JIOKaJbHY OAHOpPIAHICTE. B To ke yac Ha puc. 2.12(b) po3TsarHyra cTpyKTypa TOUOK
BHCOKOI1 IHTEHCHUBHOCTI Ta MEHIIE a0COJIIOTHE 3HAYEHHS O3HAK BKa3ye€ Ha HASBHICTb

OUIBII OHOPIAHUX JUISTHOK B TEKCTYP1 300paKE€HHS.

[To6ynoBana Bizyamizamiss matpuri GLSZM (3 kyrom 0° — ropu3oHTalbHE

PO3ILIKPEHHS )11 300pakeHb JIIKapChKO-uyTiauBoi (puc. 2.13) Ta mikapchbKO-CTIMKOT
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dbopmu TyO6epKynbo3y (puc. 2.14). IlopiBHSAHHS YUCIOBUX 3HAYEHb MATPHUILIb 300paKEHO

Ha puc. 2.15.

0 100 200 300 400 500

A b
Puc. 2.13. Bizyanizamis Marpuui GLSZM pans nikapchko-uyTiuBoi Gopmu
TyOepkynb03y. A — IloOynoBana Marpuus, b — BHILJIeHa YEpBOHUM 30HA 1HTEpECY 3
300paxeHHs (A)

0

500

0 5 10 15

A b
Puc. 2.14. Bnyamizauis wmatpuii GLSZM nns  nikapcebko-cTidikoi  dopmu
TyOepkynb03y. A — IloOynoBana Marpuus, b — BHIJIeHa YEpBOHUM 30HA 1HTEpECY 3

300paxeHHs (A)
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Bi3yanbHO MOpiBHABIIM MaTpHIll moOyaoBaHi Ha puc. 2.13 ta puc. 2.14 MoxHa
BIJI3HAYUTHU PO3TAIIYBaHHA B JIIBI YaCTUHI MAaTpULl 30H BHCOKOi SICKpaBOCTI, IO
CBIIYUTH IPO HASBHICTH 3HAYHOI KUIBKOCTI PETiOHIB 3 HEBEJIMKUMU ILJIOIIAMH PIBHS
ciporo. Y puc. 2.13 sickpaBuil perioH MICTUTh OUIBIII 3HAYEHHS ILJIOINI PIBHIB CIpOro,
OJIHaK Ha BIAMIHY BiA puc. 2.14, mom piBHIB ciporo Oulbll iIHTeHCH(]iKOBaHI. Takox
BapTO BIIMITUTH HAasIBHICTh JBOX MIKIB KOHIIEHTpallli 03HaK Ha 300pakKeHHSX J1KapChKO-

4yTJIuBOi (POpMHU TyOEpKyJbO3y, B TOM Yac SIK 300pa’K€HHs JIIKapChbKO-CTiKO1 popMu

MICATh OJUH MIK Ta € OUTbII BaplaTUBHUMHU (PO3TSATHYTUMH) Ha Bi3yasi3allii.
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Puc. 2.15. Bizyanizauis yucnoBux 3Hauenb GLSZM matpuni as 300pakenb: A —

JKapChKO-YyTIUBOI (opMHU TyOepKyIb03y, b — JliKapchbKO-CTIiIKOT popMU TYyOEpKYIbO3Y

[TopiBHsAHHA 4KciiOBUX 3HaYeHb Matpulll GLSZM na puc. 2.15(A) cBiguuTh npo
HasBHICTb OUIBIINX a0COJIFOTHUX 3HAYEHb JUIS JTIKAPChKO-UYTIAMBOT (hOpMU Ta 0 O1IBIIOT
ix po30ixkHOCTI. Takox B puc. 2.15(b) MoxxHa BUAIIUTH OUIBII PIBHOMIPHUN PO3MOALT

3HAQUYEHb TA 3HAYHO MEHII a0COJIFOTHI 3HAYEHHS.

[TobynoBana Bizyamizauis Marpulll NGTDM nins 300paxkeHs 1iKapChKO-4yTIAUBOT
(puc. 2.16) Ta nikapcbko-cTiiikoi ¢popmu TyOepkynbo3y (puc. 2.17) 3 BiacranHio = 1.

[TopiBHSHHA YUCIOBUX 3HAYE€Hb MATPULb 300pakeHO Ha puc. 2.18.

Bi3yanbHO MOpiBHABIIM MaTpHIll MoOyaoBaHi Ha puc. 2.16 ta puc. 2.17 MoxHa

B1/I3HAYUTH, 110 OOU/IBA 300paKEHHSI MACTSITh BEJIMKY TEMHY 00JaCTh, IO CBIIYUTH MPO
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30HY HU3bKOi IHTEHCHUBHOCTI BHUJIUIEHHX O3HaK. OCHOBHA 1HQopMaIlis 30cepeKeHa y

BY3bKOMY BEPTHUKAJILHOMY PET10HI, 110 BiI0Opakae BapiaTUBHICTh 3HAYEHb TEKCTYPH.

Jlokamizariss BIAMIHHOCTEH CBIIYWTh, WIO0 TEKCTypa JIKapChbKO-UyTIUBOTO
300paX€HHS MICTUTh OUIbIII HHU3bKY IHTEHCUBHICTh 3HaueHb 3 puc. 2.18(A),0ubI
3riIaJKEHy Ta MEHII BHUPa)X€HY HEOJHOPIAHICTh TeKcTypu. Jlikapchko-cTiiika gopma
TyOepKyJIb03y X0U 1 pO3TallloBaHa B OCHOBHOMY B TOMY CaMOMY MICLI MICTUTh 3HaY€HHS
3 OUTBIIMMHM 3HAYEHHSIMU 1HTEHCHUBHOCTI o3Hak 3 puc. 2.18(b). Takox puc. 2.17

JEMOHCTpY€E OUTbLITY BaplaTUBHICTh CYCIAHIX 3HAYE€Hb PIBHIB CIpOTO.

A b
Puc. 2.16. Bizyanizamis matpuni NGTDM pans nikapcbko-4yTiauBoi Gopmu

TyOepkynb03y. A — IloOynoBana Marpuus, b — BHILJIeHa YEpBOHUM 30HA 1HTEPECY 3

300paxeHHs (A)
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Puc. 2.17. Bnyamizaumis marpuui NGTDM nmns  mikapcbKo-cTiiikoi ¢popmu

TyOepkynb03y. A — IloOynoBana Marpuus, b — BHILJIeHa YEpBOHUM 30HA 1HTEPECY 3

300paxeHHs (A)
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Puc. 2.18. Bizyanizauisa uncinoux 3HaueHb NGTDM matpuii ayist 300paxensb: A

— JIKapChKO-4yTIMBOI (GopMH TyOepKyibo3y, b — JiKapchKko-cTiiiKOi ¢dopmu

TyOEpKYIbO3Y



72

[ToOynoBana Bizyainizamist Mmatputii GLDM st 300pakeHs JiKapchKO-4yTIUBOI Ta

JIKapChKO-CTIHKOI (hopMU TyOepKyIb03y 3 BiACTaHHIO = 1, 300pakeHo Ha puc. 2.19.

[TopiBHSAHHA YUCIOBUX 3HAYE€Hb MATPULb 300pakeHo Ha puc. 2.20.
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Puc. 2.19. Bigyanizanis matputii GLDM amns 300pakeHsb: A — niKapchKO-4yTINBOT

dbopmu TyOepKyIp03y, b — nmikapceko-cTiiikoi popmu TyOepKyIb03y
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Puc. 2.20. Bizyamnizamis yncnoBux 3Hauenb GLDM matpuii amst 300pakeHs: A —

JTIKapChbKO-uyTAUBOI (hopMu TyOepKyIb03y, b — mikapchko-cTiliKkoi popMu TyOEepKyIbO3y

BisyansHO mopiBHABIIN MAaTpHIl MOOYAOBaHI Ha puc. 2.19 MOXHa BiI3HAYUTH, IO

oOuBa 300pakKeHHS MACTATh BEIUKY TEMHY 00JacTbh, IO CBIAYUTH MPO 30HY HU3BKOL
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IHTEHCUBHOCTI BUJUIEHUX O3HAaK. OcHOBHa 1HGoOpMaIlid 30CepeKEHA Y BY3bKOMY

BEPTUKAJILHOMY PET10HI B IIEHTPaIbHIA 001acTI.

JlogaTKoBO 70 O3HAK LIEHTPaIbHOI 30HHU € JI0JaTKOBHM MK B miana3oHi [210; 240]
JUTSL TiKapChbKO-9yTIuBOi (hopmu Ta [250;255] nns nikapcbko-cTiiikoi hopmu. TemH1 30HHU
300paXeHHs TMPEJCTaBISIIOTh 3 ce0€ HE HYJIbOBI 3HAUEHHS 3aJIE)KHOCTEH O3HaK, IO

BimoOpaxeHo Ha puc. 2.20.

24 Meroam  kiaacudikanii  popmm  TYOepKyJab0o3y 32  TEKCTYPHUMH

XapaKTepUuCTUKaAMHU

Hns  knacudikamii  JIKapChbKO-4YTIMBOI  Ta  JIIKAPCHKO-CTIMKOT  Qopmu
TyOEepKyIb03Y JIETE€Hb 3aCTOCOBYBaNIKChH aHcaMO1eBi[ 70] Ta HelipomepexkeBi meToau[71].
Koxne 3 300paxkeHnb, 110 MepeaaBaioch Ha BX1J aHCAMOJIEBOMY Ta HEHPOMEPEKEBOMY
MeTo/1 OyJ10 HOPMaIi30BaHO 3a JIETEHEBUM BIKHOM Ta BHUJILJIEHO 32 JOMIOMOI'OI0 MacKH 3
3rOpTKOBOI HeMpOHHOI Mepexi. Knacudikariiis ancam01eBUM METOA0M BUKOHYBAJIaCh HA
Ha0opi 03HaK c(HOPMOBAHUM HEHPOHHOIO Mepexero (puc. 2.21) Ta TEKCTypHUM aHATI30M
3 MOJAJIBIIOI KJIAC OPIEHTOBAHOIO cenekuiero (puc. 2.22). HeitpomepexxeBuit Binoip
O3HaK B1I0yBaBCs 3a JOMOMOIror0 BUKopucTanHsa Autoencoder Mmoaudikaliii apxXiTeKTypu
ResNet[72]. HaBuaHHs oOpuriHaJbHOI MeEpexi BIAOYBajloCh 3 Yy4HUTENEeM B 3ajadi
kiacudikaiii Gopmu TyOepkybo3sy. [licis 3aBepiieHHs mpoiiecy HaBUaHHS apXITEKTypa
Mepexi Oyna copoileHa juire 10 Encoder yacTuHu, 1m0 A03BOJIUIO OTPUMATH O3HAKU

MPUXOBAHOTIO APy Ta 3aCTOCYBATH iX ISl BXOAY aHCaMOJIEBOTO KilacudikaTopa.

BinOip TekcTypHuX o3HaK Oa3yBaBcs Ha NOOYAOBI MaTpHIlb TEKCTYPHHUX
XapaKTEPUCTHUK 3 TTOAATIBIINM B1I0OPOM PO3POOIEHOIO TEXHOJOTIEI KIAaC-0p1€EHTOBAHO1
CeNeKIlii o3HakK. AJTOpUTM cesekiii copMyBaB ONTUMAIbHUN aHCaMOIb O3HAK IS
HaBYaHHS KJ1acu(ikaTopa 3a JOMOMOTOI T€HETUYHOTO B1I00OPY 3a KputepieM Minimum

redundancy maximum relevance [73].



ResNet-50 Encoder

=

State r:>
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ResNet-50 Decoder ‘:> A

Random Forest

Puc. 2.21. Cxema HelipomepexeBOi TexHoJOrli kiacudikaiii Ha OCHOBI

autoencoder ResNet. A —Buxig mepexi B mnporeci HaByaHHsA. b — PesynpTar pobortu

KJacudikaTopa

GLHM

GLCM

GLSZM

GLRLM

NGTDM

GLDM

Genetic
mRMR

Random
Forest

GMDH

Puc. 2.22. Cxema ancam0J1€BOi TEXHOJIOT1i Ha OCHOBI1 KJIaC-OPIEHTOBAHOI CENEKITIi

TCKCTYPHUX O3HAK

3agaua audepeHiamii

J1KapChKO-UyTIUBOT

Ta JIKapChbKO-CTIKOI (opMmu

TyOepKyJb03y JIEr€Hb MPOBOAMIACH JIUIIE HEUPOMEPEKEBUMH METOJAMH 33 CXEMOIO

300paxeHo0 Ha puc. 2.23, 3 BUKOpUCTaHHIM apXiTekTypu ResNet-101.
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ResNet101 ; C 1

Puc. 2.23. Cxema TexHOJIOT1i 3 3acTOCyBaHHIM apXxiTekTypu ResNet-101

BucHoBku 10 po3ainy 2

B pe3ynbTaTi nonepennboi 00poOKu JaHUX 300pa)KeHb KOMIT FOTEPHOI Tomorpadii
BJIaJIOCh 3MEHIIUTH HAJIUIIKOBICTh Ta 30LIbIINTUA 1H(OOPMATUBHICTH OPUTIHAIBHUX
JAHUX 3a PaxyHOK 3aCTOCYBaHHS METOJIB CTATUCTHUYHOIO Ta TEKCTYPHOTO aHali3y

MEJIUYHUX 300PaXKEHb.

3acToCyBaHHS JIET€HEBOrO0 BIKHA 3MEHIIY€ HAJIMIIKOBICTh JAHUX Ta J03BOJISIE
MIITOTYBATH iX IS MOJAJIbIIOTO aHali3y B SIKOCTI 300pa)KeHHS, OJIHAK B Pe3yJIbTari

JTAHOTO MEPETBOPEHHSI BCE 1€ 3AJIUIIAETHCS 1H(OpMaIlist TPo 30HY 3a JIETCHIMU.

®opMyBaHHA 001acTi iHTEpECY, 0 CKIAAAETHCS JIMILIE 3 30HU JIET€Hb MOXIIUBE 3
3aCTOCYBaHHSAM HEUPOMEpPEKEBOTO cermMeHraropa. Ha OCHOBI CerMeHTOBAHOTO
300paK€HHs JIEreéHb MOKHA BHJUIUTH MAacKy, IO MPEACTaBIATHME 30HY aHali3y

YpPaXCHHA JICTCHDb, IK CTATUCTUYHUMHU TaK 1 HeﬁpOMepe)KeBHMH MCTOJaMHM.

3aCTOCYBaHH$I HCﬁpOHHHX MCPCIK BUMAra€ BCIINKHUX 00CHTIB JaHUX OJIs1 HABYAHHA,

TO/1 SIK CTATUCTUYHI METOAA HE MAIOTh TAKMX OOMEKEHD.
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PO311JI 3 CTATUCTUYHA KJTAC-OPIECHTOBAHA CEJIEKLIA
TEKCTYPHHUX O3HAK

JlaHuii po3aii po3riisiae 3aCTOCYBaHHS METOTY KJIac-OpIEHTOBAHOI CEJIEKII O3HAK
710 MA00PY ONTUMAIBHOTO aHCAMOJTIO JIJIsl BUPIIICHHS 3a/1a4l Kilacu(ikallli Ha MpUKIai
nudepeHiianii J11KapchKO-4yTIUBOI Ta JIIKAPCHKO-CTIMKOI (PopMU TyOEpKyIh03y JIETECHb.
Po3rnsHyTHil METOA CKIIAa€eThes 3 IEKIILKOX MOCIIIOBHUX €TaMliB BiIOOPY O3HAK Ta iX
PEe3yIbTYI0UOro 00’ €IHaHHS B €IMHUM aHcamOJib. Takuil miaxiz 3a0e3nedye MOKIUBICTh
3MEHIIEHHS HAJIUIIKOBOCTI AaHUX, 110 OyayTh mepenani 10 kiacudikatopa. Takox B
paMKax po3AlUly pO3MVISAAIOTBCS  ONTUMIZAllll  METOAYy JIi BHUKOPHUCTaHHS B
0araTornoToYHOMY CEpPEeJIOBHIIII, 110 J03BOJISIE ONTUMI3YBaTH Yac BUKOHAHHS 32 PaXyHOK

napareni3ailii 00YrCIeHb.
3.1 ®opmyBaHHSA BXiIHOIO IPOCTOPY O3HAK

dopMmyBaHHSI BXIAHOTO MPOCTOPY O3HAK € BAXJIMBUM €TAllOM y MAalIMHHOMY
HaB4YaHHI. Big sAKocTi 00paHUX O3HAK 3aJeXWUTh TOYHICTH Ta IMIBHIKICTH
KJIacu(IKaIMHUX aaropyuTMiB. SKII0 HAOlp O3HAK MICTUTh Oarato HepelIeBaHTHUX a0o
3alBUX JIaHUX - 1€ YCKJIQJAHIOE poOO0TYy Mojei. HasgBHICTh BEUKOT KUTBKOCTI TapaMeTpiB
30UIbLIy€ Yac HABYaHHS, MIJBUILYE BUMOTH 10 OOYMCIIOBAIIBHUX PECYPCIB Ta MOXKE
CIPUYMHUTU TEpeHaBYaHHsA. ToOMy NpaBUJIbHHMI BUOIp O3HAK JOMOMAara€ 3MEHIIUTH
PO3MIPHICTh, BUKJITIOUUTH 3 MOJIEJ1 HAIJIUIIIKOB1 O3HAKH Ta MOKPAITUTH 31aTHICTh MOJIEI

10 y3arajibHeHHs1[ 74-76].

JlaH1 BeIMKOi pO3MIPHOCTI MICTATh O0arato iHopmMmailii, ajie He BCsl BOHA KOPUCHA.
Jlesiki O3HaKU MOXKYThb OyTH NyOIbOBaHMMH a00 ClIaOKO MOB’S3aHUMH 3 KIHIIEBUM
pe3yinbratoM. TOMy BHUKOPHUCTaHHSI MPABWJIBHUX METOMIB BiI0OPY O3HAK JA€ 3MOTY
chokycyBaTH yBary MoJiefii Julle Ha HalBaXXJIMBIIIUX 3 HUX. [{e miABUIIy€e TOYHICTD, Ta

3MEHIIY€E Yac HEOOX1THUMN JJ1s1 pOOOTH MOJENI.

OxkpiM HeiH()OPMATUBHUX O3HAK HA TOYHICTH Kiacudikailii HETaTUBHUM YHHOM

BIINIMBA€ IIyM, SIKAM 3’ SIBJISIETHCS uepes3 IMOXHOKH BI/IMip}OBaHB Ta MOXKC IIPU3BOAUTH N0
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HEKOPEKTHOCTI JaHUX. SIKIII0 MO/IeNIb HABYATUMETHCS Ha 3alIyMJICHUX JAHUX, BOHA MOXKE
pO3Mi3HAaBaTH BUIAJKOBI 3aKOHOMIPHOCTI 3aMiCTh pealdbHUX maTepHiB. Jleski
KJ1acu(iKaTOpH, TaKi IK HEUPOHHI MEpPEKi, HACTKOBO 3/1aTHI aJanTyBaTUCh 10 ymy|[77].
Opnak OULIBIIICTH METOAIB BUMArarTh IONEPEAHBOI OOPOOKM AaHUX JUIsl YCYHEHHS

HEKOPEKTHOCTI JaHUX.

Jns monepenHboi 0OpoOKM Ta BiAOOPY O3HAK BUIUISAIOTH TPU OCHOBHI T'PYIH

METO/IIB:

- OinpTpaniiini metoau(Filter Methods)
- O6roptkosi Mmetoau (Wrapper methods)

- INopunni metoau (Hybrid Methods)

Metonu (inbTpallii MmpanioOTh HE3AIEKHO B alropuTMy kiacudikamii Ta
OI[IHIOIOTh 3HAYYIIICTh KOXXHOI O3HAaKM HA OCHOBI CTATUCTUYHUX ITOKA3HUKIB.
OOGropTkoBi METOAM TECTYIOTh Pi3HI KOMOIHAIlII O3HAK B MOEAHAHHI 3 KJIaCU(DIKATOPOM
Ta JO3BOJISAIOTH MiAI0OpaTH HaWKpamuii HaOlp mapaMeTpiB, OJIHAK BUMArarTh BEJIHUKOT
KUIBKOCTI pecypciB. ['10puiHI METOIM MOETHYIOTH MEPEBArk ABOX MOMEPEIHIX M1X0/IIB,

JI03BOJISIFOYM OAJIaHCYBATH MIXK IepeBaraMmu KOxKHoOro 3 Hux[78].

BuOip npaBWIbHHX O3HAK € OJHUM 3 HaWBAXKIMBIIIKUX €TamiB y MOOYIOBI
KJIacuQiKaiiHUX Mojesie. 3MEHIIEHHsS KUIbKOCTI Ta 30UIblIeHHS 1H(OPMATUBHOCTI

JTO3BOJISIE TIBUIITATH TOYHICTD KiacHu(iKallii Ta 3SMEHIIUTH Yac Ha HaBYaHHS MOJICIII.

Jlns BupimieHHs 3a7a4i kiacu@ikalilii 3a MaTpUIICI0 TEKCTYPHUX XapaKTEPUCTHUK
NOTPIOHO 3MEHIIMTH KUIBKICTh O3HaK $KI MNPUWMATUMYTh Yy4YacTb B HaBYaHHI
kinacudikatopa[79]. ns 1i€l 1Ml MOXXKHA CKOPUCTAaTHCh METOJaMH JIIHIMHOTO
nporpaMmyBaHHsl, a00 X CKOPUCTATHCh NOMNEPEAHHO BU3HAYEHUMHU (DUIbTpAIHHUMHU

METOOdaMM.

[Tonepeubo MpoaHani3yBaBIId MAaTPUIll TEKCTYPHUX XapaKTEPUCTUK OTPUMaHI B
PO3/1I1 2 MOKHA CKa3aTH 1[0 YaCTHMHA 3 O3HAK OTPUMAHUX TaKUM YHMHOM HE MICTUTH

1H(pOpMATUBHUX AaHUX, OCKUIBKH TaKl KOMOIHAIIT rpajalliii Ciporo He 3yCTPIYatoThCs Hi
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JUIsL OJTHOTO 3 KjaciB. ToMy mepBUHHUM (DUIBTPOM € BifOIp O3HAK 3HAYEHHS SAKUX HE
nopiBHtoe 0 st Oyap sikoro 3 kiaciB. [loganbmwmii npouec Bigdoopy iH(GOpMAaTUBHUX

03HaK BUKOHYETHCSI B paMKaXx KJIac-Op1EHTOBAHOT TEXHOJIOT1T CEIEKIIlT O3HaK.

3.2 Kuac-opieHTOBaHAa ceJIeKIist

Kinac-opieHToBaHa TEXHOJOTIS CeNeKIlli O3HaK MPOMOHYE TPhOX ETalmHUN

riOpuIHUN MeTO Kitacudikarrii:

- Etanm 1 — 06pobka okpemux o3Hak (Kpoku 1-3)
- Etan 2 — anaini3 o3Hak Tta (hopMmyBaHHs aHCaMOIt0 (Kpok 4)

- Etan 3 — naBuyanHus kinacudikaropa Ha chopMoBaHOMY aHcaMOJIi (KpOK 5)

Etam 1 06po06iisie okpeMi 03HaKH 300pakeHb, 110 JO3BOJISIE BUIUIMTH 0 KOXKHIHN 3
MaTpHIh TEKCTYPHUX XapaKTEPUCTUK OKPEMUI BXITHUHN KaHAII, Ta POBECTH MOKAHATbHY
napaienizamito oOuucienb. Ha erami 2 BUKOHYeTbCS OO0 €IHAHHS TOKAHAJIBHO
BiIIOpaHNX O3HAK B 3arajibHy KOJICKIIIO 3 MOJAJIbIIUM BiIOOPOM 3 3aCTOCYBaHHSAM
reHeTuyHoro aiaroputMmy. Etan 3 mepenbauae moOyaoBy kiacudikaTopa Ha aHcamoOi

O3HaK OTPMMAaHUX Ha eTari 2.

Etam 1 cknamaeTbes 3 TphOX KPOKIB, Cepell SIKHUX:

1. Biabip o3Hak 3a HAUTIPIIOO MIXKKJIACOBOIO PI3HUIICIO
2. O6’enHaHHs CYyCIJTHIX O3HAK
3. Bigbip nwisixom MiHIMIZaIli BHYTPINIHBOKJIACOBOI BiJCTaHI Ta MaKCHMI3aIlil

MDKKJIACOBOI B1ACTaH1

Kpok Bigbopy 3a HaWTIpIIO MIKKIACOBOID pPI3HUIICID OPIEHTYETHCS Ha
HaOJIMKEHICTh 3HAYEHb O3HAK JIBOX KJACiB, IO JO3BOJISIE MPUIYCTUTH 1110 JaHa O3HaKa
He 30ublye 1HHOPMATUBHICTh MOTEHIIITHOTO aHCcaMONt0 03HaK. BigkuaaHHs O3HAK HA

MepIIoMy Kpoili BiI0yBa€ThCs BIAMOBIIHO 10 Gpopmynu 3.1
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1 " I
—2a,——2b,|>T 3.1)
n = m j=1

Hea, Tab, € 3HAUEHHAMY O3HAKH I HAa 300pakKEHHSAX MEPIIOro Ta APYroro Kiacy, n,

m — KUIbKICTh O0’€KTIB mepmioro Ta apyroro kiuacy, r=1..N, T — mopir 3MeHIIEeHHS

POCTOPY O3HAK.

3nayeHHss mopory T BU3HAYa€eThCsd HAa OCHOBI aOCONIOTHMX 3HAY€Hb O3HAK B

KO>KHOMY 3 KaHaJliB BiMOBIIHO A0 Gopmynu 3.2.

1 " 1 "
T=p" max |—2a. ——2b. (3.2)
vy, Wome

Hea, Tab, € 3HAUEHHAMY O3HAKH I HAa 300paXKEHHSAX MEPIIOro Ta APYroro Kiacy, n,

m — KUIbKICTh O0’€KTIB mepiioro Ta apyroro kiuacy, r=1..N, T — mopir 3MeHIIEeHHS

MPOCTOPY O3HAK, B KoedilieHT BigOopy B aiama3oni [0,1].

[lapameTp p BHU3HAuyae MOPIT YYyTIMBOCTI npu Bigoopy. Iloganbiii oOpaxyHKH
po3paxoBaHi 1isi 3HaueHHs g = 0,1. JlomaTkoBo BapTo 3ayBaKHUTH, IO SKIIO
MOTEePEeTHLO MACKOI0 HE BU3HAUCHO Ta HE BIA(IIBTPOBAHO O3HAKHU, IO C(hOpMOBaHI 3a

O3HAKaMH SIK1 HE 3yCTpIYaJIUCh — TO BOHH OyAYyTh BIIKMHYTI Ha TaHOMY KpPOIIi, OCKUIbKH

iX 3HaYeHHs He nepeBuuryBaTume nopir T.

Kpok 2 nependauae Bii0ip 03HAK 3 KpOKy 1 3a KpuTepieM BUOOPY 3 MiJIMHOXKHH,
c(hopMOBaHUX 13 3aIaHUM KPOKOM 32 HE3AJIE)KHUM apryMEHTOM s. ParlioHaabHICTh KPOKY
OOTPYHTOBYETHCA OYIKYBaHOIO OJIM3bKOIO €(EKTHUBHICTIO CYMDKHHMX (32 HE3aleKHUM
apryMEHTOM S) O3HAaK MpHU iX 3acTOCyBaHHI B kiacudikamiitHomy ancam6mai. Puc. 3.1
BiloOpaxkae TICTOrpaMy pi3HHUII YacTOT 3YCTPIYaJbHOCTI BIATIHKIB CIpOTO Ha

300paKeHHAX KJIaciB.
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Puc. 3.1. KpoxoBuii Big0ip 03HaK

KoxHa gactoTta h BIANOBIZHOrO BIATIHKY S MOKE€ BUCTYIATH SIK O3HaKa B 3ajauyl
kiacudikaiii. CyciiHi 03Haku (BIATIHKH CIPOTO) MATUMYTh OJM3bKUM BILTUB HA TOYHICTh
B aHcaMOJ1 o3Hak. Tomy Mae ceHC BUOUpatH jumie 1 03HaKy 3 0OpaHOTro Jliana3oHy & .
B cknagHuX BUNagkax MOXIIHMBE 3aCTOCYBaHHS BIJOOPY 3 3MIHHUM KPOKOM & — 5(s)-
OkpemMo BapTO 3ayBaXUTH OOpPOOKY O3HaK Cyciau SKuUX Oyiau BiA(UILTPOBaHI Ha
MONepeHLOMY KpOIll, JIaHI O3HAKU MOTPAIUIITUMYTh HAa HACTyNHUW KpOK BiaOopy,

OCKUIBKHU B KPOK & MOTpAIUISITUME JIMIIE OJHA O3HAKA.

3acTocyBaHHS JJAHOTO B1I0OPY € CXOKHUM JI0 3aCTOCYBaHHS Iapy max pooling B

MepexKax 3 3TOPTKOBOIO CTPYKTYpolo (puc. 3.2).

Max Pooling

29 | 15 | 28 | 184

0 |100| 70 | 38

12 | 12 7 2

12 [ 12 [ 45 | 6

2x2
pool size
Y
100 | 184
12 | 45

Puc. 3.2. mpukian 3actocyBaHHs omepailii max pooling B 3ropTKOBIN HEHPOHHIN

Mepexi[80].
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Kpok 3 peanizye BigOip O3HAK NUIAXOM MiHIMI3allll BHYTPIIIHHOKIACOBOI Ta

MaKCHMi3allii MI’KKJIaCOBOi BiZICTaH1, BIAMOBIAHO 10 hopmynu 3.3.

1 n

1 & 2
n;(air—ﬂa)er m;(bjr—ﬂb)
| 1 &
n;air _m;bjr

1 3 b, ), T — mopir B11OOPY O3HAK.
—-2br) P Py

i=1 Jj=1

>T (3.3)

n

I[e/la =lZ(ai,.), Hp =

n

3nayeHHs nopory T BU3HA4YaeThbCsd Ha OCHOBI aOCOJIOTHUX 3HAYE€Hb O3HAK B

KO>KHOMY 3 KaHaJliB BiMOBIIHO 10 Gopmynu 3.4.

li(air _lua)z + i 3

2
b. —
= m j=1( 3 ﬂb) (3.4)

1 n 1 m
2 2 o 2

T=p -max
ol

1

" 1 < . .y .
He 4, :lZ(air)a Hp ZZZ(bj,), T — nopir BinOOpy 03HaK, B KoedimieHT BiOOpYy B
o j=1

niama3oHi [0,1].

Kpok 4 peanizyeTrbcsi B pamkax erany 2. B paMkax KpoKy BUKOHYETHCS BiaOip
Ha0opy O3HaK sl (OpMyBaHHS aHCAMOIIO B paMKax OJIHOIO BXIAHOrO KaHaimy. JlJis
BUKOHAHHS BIJI0OPY 3aCTOCOBYETHCS aNTOPUTM TEHETUYHOrO B1IOOPY 3 (YHKIIIEIO
MIPUCTOCOBAHOCTI  BHpPaXeHOW Qopmynoro 3.5, BaroBi KoeilieHTH BiAOOpPY
oOpaxoBytoThcsi  (opmynorwo 3.6. Kinbkicth o03Hak k, 110 ONKHCYIOTH pO3MIp

pe3yabTyr0uoro iHGOpMaIIfHOTO aHCAMOJIIO € TileprapaMeTpoOM aarOpUTMY.
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1 k
=~ 3|8
| max (3.5)
1""’k1 1 kP
* 2 o2 Sx. , X,
Ck ~kp=1g=1] 7 7i
P4l i

(94
max —-

i iy 2k
p=1

T (3.6)
24—+ Z -

lp ¢1q

e S € xopemnsmietro Cripmena, k — KiIbKICTh 03HaK B aHCaAMOII.

Kpurepiit 3abesneuye BigOip aHcamMONI0 NOMapHO HE3AIEKHUX O3HAK 3a
KOpEJISILI€ 3 KiacoM. i MollyKy ONTHMaJbHUX aHCaMOIIB O3HAK 3aCTOCOBYETHCS
aJITOPUTM TE€HETUYHOIO BiOOpY O3HaK. J[aHe pillleHHs BUKOPHUCTAHO 4Yepe3 BUCOKY
0o0UHCIIOBaIbHY BapTICTh MOBHOTO NIEpebOpy BCiX KOMOiHAIIM 03HAK B aHCaMOII1. Takox
3aMICTh F'€HETUYHOTO AJITOPUTMY Ha Kpoll 4 MOKHaA 3aCTOCYBaTH HEHPOHHY MEPEXKY 3
kputrepieM mRMR[73], sxa Takox H03BOJIsIE 3pOOUTH PaHKYyBaHHS aHCAMOJIO O3HAaK.
3acToCyBaHHs aJITOPUTMYy OIMCAHOTO B Kpoulil 4 JO03BOJISIE pPaHKyBaTH O3HAKH 3a
cTerneHeM 1HGOPMATUBHOCTI Ta BHOpaTH aHcaMOdb CTajoi pPO3MIpPHOCTI, abo X

chopmyBaTu MOro BiIOpaBIlK O3HAKU 3a TOPOTOBUM 3HAYEHHSAM 1H(HOPMATUBHOCTI.

Etan 3 Ta kpok 5 00’€iHy€e MOKaHAIbHO BU3HAYEHI O3HAKU B €JJMHUNA aHCAMOJIb,
st moOynoBu kinacugikaropa. Peamizallis Takoro o0’e€qHaHHS MOXe OyTH BUKOHaHA
nBoMa crioco0amu, 300paxkeHuMu Ha puc. 3.3. Cxema Ha puc. 3.3(A) opieHTOBaHA Ha
3aCTOCYBaHHS TE€HETUYHOrO Bi1IOOpPY peE3yibTYHOHUOro aHCcamMOJII0 O3HAaK OUIBIIOTO

PO3Mipy MOEAHYIOYM 03HAKU OTPUMAaHI Ha KOKHOMY 3 BX1JHUX KaHAJIB.
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Cxema 300paxkena Ha puc. 3.3.(b) OpieHTOBaHa Ha HaBYaHHS KjacudikaTopa Ha
O3HAaKaX TEKCTYpHUX XapaKTEPUCTUK Ta (GOpMyBaHHI aHcamOyeBOi  (yHKINT
roJIOCYBaHHsI, III0 BPaXOBYBaTUME PE3yJIbTaT FOJIOCYBAaHHS KOXKHOTO 3 KaHaliB. OCKUIbKH
Ha KOXKE€H KaHaj Mpuiifie pi3Ha MaTpullsl TEKCTYPHUX XapaKTEPUCTUK, TO Taka cxema

BH3HAYaTUME PE3yJIbTYIOUUH KJlac 32 KOMOIHYBaHHSIM I'OJIOCIB IO KOXKHINA 3 MaTPHILb.

Channell - ChannelN
Channell e ChannelN
R S
Cenetic
mRMR l
x Random Random Random
Random P & P N P N
Fo B t ores\ol/esu.e >
GMDH GMDH
A b

Puc. 3.3. Cxema peanizaiiii 00’ e JHaHHS O3HAK JJI1 HaBYaHHA Kiacudikaropa. A —
BiI0Ip TE€HETUYHUM anroputMoMm, b — BigOip 3 aHCeMOIIOBaHHSM Kiacu]ikaTopis
BUIMAJKOBOIO JIICY.

3acToCyBaBIlIM JaHy TEXHOJOTIIO /10 3ajayl Kiacudikaiii MaTpUllb TEKCTYPHUX
XapaKTEePUCTUK MH OTPUMAEMO HACTYIHI Bapiamii pe3yibTYIOUHX CXEM IS HaBYaHHS
KiacudikaTopa, 1o 300paxeHo Ha puc. 3.4. ta puc 3.5. Cxema Ha puc. 3.4. OpIEHTYETHCA
Ha 3aCTOCYBaHHS T'€HETUYHOI'O aJrOpUTMY JUIsl BIIOOPY PE3YIbTYIOUOTO aHCaMOJIio.
Cxema Ha puc. 3.5. Opi€EHTY€ThCSl HA HABYAHHS OKPEMOTo KiacudikaTopa sl KOKHOTO 3
BXIJIHUX KaHaliB Ta (popMyBaHHS €quHOI (YHKIIT rOJIOCYBaHHS HaJ KiacudikaTopamu

KOYXHOT'O 3 KaHAJIIB O3HAK.
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GLEM GLCM GLSZM GLRLM NGTDM GLDM

-
Cenetic
mBEMR

——
Random

Forest

——
GMDH

Puc. 3.4. Pe3ynbryroua cxema TEXHOJIOTII TOJIOCYBaHHS 3 3aCTOCYBaHHSAM

IFCHCTUYHOTO aJITOPUTMY IJIA O6’€I[H3HH$I O3HAK KOKHOT'O 3 KaHaJIB.

GLHM GLCM GLSZM GLRLM NGTDM GLDM

A A A

A
Random| [Random| |Random| |[Random| Random| Random
Forest| |[Forest| |Forest| |Forest| Forest| |[Forest

GMDH

Puc 3.5. Pe3ynbTyroua cxema TEXHOJIOTIi TOJOCYBaHHA 3 3aCTOCYBaHHAM
TEXHOJIOT1i aHCEMOJIIOBaHHS JEPEB.

JlomatkoBO  BapTO  BII3HAYUTH  MOXJIMBICTh  TOKPAILEHHS  Pe3yJbTaTiB
rOJIOCYBaHHS B CXeMi Ha puc. 3.5. 3a JONOMOrOK METOAY IPYIOBOTO ypaxyBaHHS
aprymenTiB[83]. JlaHe mokpaiiieHHs] MOKJIMBE 32 PaXyHOK BBEJICHHS OAATKOBHUX Bar JJis
JepeB 10 NpUHAMarOTh y4yacTh B Kiacudikaiii, Ta BHU3HAYEHHS Bar JiepeB
MOJIIHOMIaJIbHUM METOOM.

VY BUIIAAKYy CXEMHM TEXHOJIOTII TrOJIOCYBaHHA 3 3aCTOCYBAHHSIM TEXHOJIOTI]

aHCEMOJIIOBaHHSA JIEPEB — METOJ TIPYIOBOTO YypaxXyBaHHA apryMEHTIB J103BOJISE
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BU3HAUYWTU Baru KOXKHOTO 3 Kiacu(ikaTopiB il MOOYyAOBH €AUHOT (PYyHKIIIT

rOJIOCYBAHHS.

3.3 Ilix0ip ancamMO0J110 03HAK

Bin6ip indopmaTuBHOro aHcamOII0 s Kiacuikaiii J1KapChbKO-4yTIMBOI Ta
JKApChKO-CTINKOI (OpMH TYOEpKYyJIbO3y 3aCTOCOBYETHCA [UJISl JAHUX TEKCTYPHHUX
XapaKTEePUCTUK, OTPHUMAHMX 3 300pakeHb KOMII'IoTepHOI Tomorpadii. Cenekinis
1H(pOPMATUBHOTO aHCAMOJIO0 32 MATPUIICID CYMDKHOCTEHW PIBHIB Ciporo 300paxeHo Ha
puc. 3.6. Jle puc. 3.6(A, b) onucyroTh opuriHaiabH1 300paxeHHs JTIKapChKO-uyTIUBOI(A)
Ta J1KapCchKO-CTiHKo1 popmu TyOepkyar03y(b). [To6ynosani maTpuiii GLCM 3a nanumu
300pake€HHSIMU JiereHb BigoOpaxkeHi Ha puc 3.6(B) mis mikapchbKO-4yTIMBOI Ta pHUC.

3.6(I") nnst nikapchbKO-CTIHKOI hopMHU.

“ %0
- - - r 13 E3 E3 %0 & 0

o o
@ Pl
00 w0
150 150
20 x0
=0 =0

o 3 100 150 E E 0 100 10 20 K0

Puc. 3.6. A — BuauieHa 001acTh 1HTEpecy M JIKApChKO-UyTIUBOI (GopMuU

TyOepKynb03y, b — BuaineHa oOiacTh 1HTEpeCcy sl JIKApChKO-CTIHKOI popmu
TyOepKynb03y, B - Bizyanizauis matpui GLCM noOynoBaHoi Ha 300paxkeHH1 A, I -
Bizyanizamisa matpuiii GLCM noOynoBanoi Ha 300paxxeHHi b

Sk moxHa 3amitutu 300pakeHHs: GLCM MICTATh 30HUM BUCOKOI IHTEHCUBHOCTI,

BUJIJICHI B YEPBOHOMY KBaJIpaTi, OJHAK O3HAKH JJI1 aHANI3y TEKCTYPU MICTSITHCA HE
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nuire Tam. Ha puc. 3.7. BimoOpakxeHO MaTPHIIO O3HAK, II0 MICTATH BIAMIHHOCTI JJIS

Matpuilli GLCM 3 puc. 3.6(B tal).

100

150

200

250

Puc. 3.7. Marpuus pizauii aigs GLCM o3Hak JiKapChKO-4yTJIMBO1 Ta JIIKAPChKO-

CTIMKOI (hopMU TyOEpKYyIbO3Y.

Bizyanizamis matpuiii Ha puc. 3.7 JEMOHCTpPY€, IO HE JIMIIE€ 30HU BUCOKOL
IHTEHCHUBHOCTI MICTATh O3HAKHU 1110 BIAPI3HIIOTHCS 7151 000X opM TyOepKyIb03y. Takox
3a JaHUM TpadiKOM PO3CIFOBAaHHSI MOKHA BU3HAYUTH JI3€PKaTbHICTh BIJTHOCHO Jl1arOHal,
OCKUTBKH I1e ogHa 3 ocobmuBocTer maTpuii GLCM. Takox gaHi pi3HMIN SICKpaBOCTEH
MalTh 3HAYHUN PO3KUJ TOYOK, IO CBIIYUTH MPO HASBHICTh BEIUKOI KIIBKOCTI
KoMOiHaIii sickpaBocTed. JlaHi sickpaBocTi € sAK 1 1HGOPMATUBHUMHU TaK 1

HaJJIUNITKOBHUMMU.

Jns BinOopy HalOUIbI 1HGOPMATUBHUX 3 HUX CKOPUCTAEMOCH TEXHOJIOTIEIO KI1ac
OpIEHTOBaHOI1 ceMNeKkIlii o3Hak. Ilepmmii Kpok MICTUTH BIIOIp 3a HAWTipUIOO
MIXKKJIACOBOIO P13HUILIEIO, 10 BUBHAYAETHCSA B paMKaX PO3KUYy 3HAUE€Hb XapaKTEPUCTUKU
Ha yCIX 300pa)K€HHSX cepli, Ta CBIJYUTHh IPO CIa0Ky CTYHiHb PO3AUIBHOCTI KJaciB 3a
JAHOI0 O3HAKOI0. 3aCTOCYBAaBIIM KPOK | KJac-Opi€HTOBAHOI TEXHOJOTIi OTPUMAEMO

HACTYIHY Bi3yai3ailito MaTpuili iHhOpMaTUBHUX O3HAK, 300pakeHy Ha puc. 3.8.
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100 \

150

200

250

0 50 100 150 200 250

Puc. 3.8. Bigyanmizamis iHdopmatuBHux o3Hak Marpuni GLCM  micns

3aCTOCYBaHHS MEPIIOTO KPOKY KJIac-OpIEHTOBAHOI TEXHOJOT1I CENIeKIIii O3HAK

BianoBigHo n0 puc. 3.8. KUIBKICTH O3HaK 3 MaTPHUIll CYTTEBO 3MEHIIMIACh Ta
CKOHIIEHTPYBaJIach B 30H1 BHCOKOI 1HTEHCHUBHOCTI OpPUTIHAJIBHOI MATpUIll TEKCTYpPHHUX

XapaKTEPUCTHUK.

Hpyruii Kpok TEXHOJIOTIi MICTUTh 00’€JIHaHHS CYCIIHIX O3HAaK. 3acTOCYBAaBIIN

HOro 3 KpOKOM 00’€THaHHSL & = 2.
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Puc. 3.9. Bigyanmizamis iHdopmatuBHux o3Hak Marpuni GLCM  micns

3aCTOCYBaHHS JIPYroro KPoKy KJac-Opi€HTOBAHOT TEXHOJIOT1T CElIeKIlil 03HaAK
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Sk 300paxkeHo Ha puc. 3.9. KUIBKICTh O3HAK 3MEHIIWIACh B 2 pasu II0
ropu3oHTaNbHIA oci. OJHaK KPOKOBUM alropuTM Moke OyTH 3aCTOCOBAaHUM IS
3MEHIIEHHS KUIBKOCTI O3HAK SIK MO TOPU3OHTAIBHIA Tak 1 MO BEPTUKAIBHIN oci. A
3aCTOCYBaHHS MO0 0 TOPU3OHTAJIBHOI Ta BEPTUKAJIbHOI OCl OJHOYACHO MpPHUBENE J0

3ropTku max Pooling chopmoBaHoOi 3a 03HaKaMu 3 MaTPUIll TEKCTYPHUX XapaAKTEPUCTHUK.

Ha tperboMy Kpoili TexHOJIOTIi BiAOYBa€eThCA BIAOIP 3a KpUTEpiEM MiHIMi3allii
BHYTPIIIHBbOKJIACOBOI B1/ICTaH1 Ta MaKCHMI3allii MI’KKJIACOBOI BIJICTaH1, 1110 popmye HaOIp

O3HaK Bi3zyanizoBaHui Ha puc 3.10.
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Puc. 3.10. Bizyanmizamis iHpopmatuBHux o3Hak wmatpuii GLCM micns

3aCTOCYBaHHS TPETHOT'O KPOKY KJIAC-OpIEHTOBAHOT TEXHOJIOTIT CEeNEeKIli 03HAK

3 Bi3yaumi3alii TPEThOrO0 KPOKY MOKHA 3aMITHTH IO KIJIBKICTh O3HAaK CYTTEBO
3MEHIIUIach Ta mpuitHsaia GopMy KOHTYpy opuriHaibHOi ¢irypu. CepeauHa 1aHOTrO

KOHTYpY 3alOBHEHA 1HPOPMATUBHUMH O3HAKAMU, OJIHAK iX KUIBKICTh 3MEHIIINIACH.

3acToCyBaHHS F€HETUYHOTO AITOPUTMY Ha YETBEPTOMY KPOIIil 103BOJISIE OTPUMATH

3MeHIIeHn 1HpOpMaTUBHUIN aHCaMOJb 03HAK, 300paxeHuil Ha puc. 3.11.
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Puc. 3.11. Bigyanmizamis iHpopmatuBHux o3Hak wmatpuii GLCM micns

3aCTOCYBaHHS YE€TBEPTOr0 KPOKY KIIAC-OpIEHTOBAHOT TEXHOJIOTIT CEeNEeKI[ii 03HAK

Ha m’sitomy kpoili TexHOJIOTIi BiAOYBa€eThCA 00’ €AHAHHSA MaTPUIh TEKCTYPHHUX
xapaktepuctuk. /o 00’€IHaHOTO MPOCTOPY O3HAK 3aCTOCOBYETHCS AITOPUTM CEJICKIIIT
HaWO1IbIT 1HOOPMATUBHUX O3HAK, IO BU3HAYAE€ KOHKPETHI O3HAKM I BHUILICHHS

HalOUTbII IHPOPMATUBHUX MIKCETIB.

OCKUIBKM 3aCTOCYBaHHSI MATPUIb TEKCTYPHHX XapaKTEPUCTUK € OOOpPOTHUM
MEPETBOPEHHSIM, TO 3a BHJUICHUM Ha Kpolil 5 1HPOpMATUBHUM aHCaMOJieM MOKHA

MPOBECTU BUAUICHHS MIKCENB, O3HAKU SIKUX BXOAAThH B iIHHOPMATUBHUIN aHCAMOIIb.

Takum ymHOM Ha puc. 3.12. BiIOOpaXeHO OpUTIHAIIBHE 300pakKeHHS Ta
300paxeHHS 3 BUAUJICHUMH 1HHOPMATUBHUMU MIKCEISIMU, 1[0 XapaKTepU3ylOTh O3HAKU

B1/1i0paHi B polieci KJ1ac OPIEHTOBAHOI TEXHOJIOT1T CEeNEeKIIi.
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Puc. 3.12. A — Bizyanizanisa mikceniB MpeACTaBICHUX O3HAKaMU BiIIOpaHUMHU B
MpOIIeCl KJIac-OpIEHTOBAHOI ceNekilli, b — opuriHanbHe 300pa)K€HHsI JIETE€Hb MiCIIs

BUJIJICHHS 30HU 1HTEPECY.

Bizyanizamis mikceniB 3a O3HAaKaMd 3 1H(QOPMATUBHOIO aHCAMOJIO MICTSTh
PO3pIKEHI MIKCEN1 MO BCIM CTPYKTYP1 JIET€Hb, a TAKOX KOHIIEHTPAIlIIO MIKCENIB B 30HI
ypakKeHHs JIEreHb, 110 JO3BOJUTh KJIACU(IKATOPY BU3HAYUTU MPUHAIEKHICTH JTAHOTO

300paxeHHs 10 JTIKApChbKO-UyTIUBOro ab0 J1KapChKO-CTIMKOTO KJIacy.

[IpoBiBIIM HaBYaHHA KiIacu(iKaTOpa Ha BUPI3aHUX 30HAX 1HTEpECY 3 300paKeHb
BJIaJIOCh OTPUMATH pe3yibTaTu Kiacudikaiii npeacrasieHi B Tadnuii 3.1. Haitbinbiia
TOYHICTh KJIacuikauii y 85% B MeTOly KJIac-OpiEHTOBAHOI CEJIEKIIli 3 00’ €JHAHHSAM 3a

mRMR ta knacugikaropom Random Forest 3 MI'VA.

Bapto 3a3HauuTH 10 JaHUM METOJ| 3aCTOCOBYE TE€HETUYHUU BIIOIp AK 10
MOKaHAJbHUX O3HAaK Tak 1 J0 3arajbHOTO 1H(QOpMaTuBHOTO aHcamOiro. Ile go3Bossie B
301JIbIIIYBATH OPOTOB1 3HAYEHHS KUIBKOCTI O3HAK OTPUMAHUX B KAHAJIbHOMY aJrOPUTMI
T€HETUYHO1 ceJeKilii. 30UIbIIeHHS] KUIBKOCTI O3HAaK Ha KPOI[l YOTHPU MPU3BOIUTH 0O
30UIBbIIIEHHS] 0OPaXyHKIB Ha KPOIIl I1’ATh, OJIHAK 11€ MOTEHI[IHHO PO3LIUPIOE MOKIIUBOCTI
M0 aHaji3y 3aJeXHOCTEH O3HaK OJHOYACHO B PIZHUX MATPUILX TEKCTYpPHHUX

XapaKTEPUCTHK.
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Tabmums 3.1
TounicTh KIacudikanii Ha BUAITIEHUX 00J1ACTAX iHTEpecy
Metona Kunac 3arajbHa
Jlikapceko- | JlikapchKo- | TOUHICTh
YYTJIUBUNA | CTIMKHIA
Knac-opienToBana cenekiis 3 00’ eqHanHsIM 3a | 84,2% 83,3% 83,8%
mRMR Ta knacudikaropom Random Forest
Knac-opienToBana cesiekuist 3 00’eqnannsam | 86,3% 83,7% 85%
3a. mRMR Ta kaacugikaropom Random
Forest 3 MI'YA
Knac-opienToBana cemekiisi 3 KaHalbHOMO | 83,2% 82.5% 82,9%
KJIacU(1KaII€I0 Random Forest Ta
rOJIOCYBaHHSIM O1IBIIICTIO
Kinac-opienToBana cenekiis 3 KaHaiubHOIO | 84,2% 83% 83.6%
KJIacU(1KaII€I0 Random Forest Ta
roysiocyBaHHsM 3 MI'YA
Tabnuis 3.2
KinbKicTh 03HaK B 10 KOKHIill MATPHIi XapaKTePHUCTHUK IicJsA Biadopy
Tun matpuui | [TouarkoBa KiJIbKICTH Kpok 1 | Kpok 2 | Kpok 3 | Kpok 4
GLHM 256 82 41 37 10
GLCM 65536 1533 767 690 20
GLSZM 131072 530 265 238 30
GLRLM 131072 768 384 346 30
NGTDM 256 103 52 47 10
GLDM 65536 1432 716 645 20




92

Tabnus 3.2. MicTUTh 1HQOpMAIIiTO PO PO3MIpU IHPOPMATUBHUX aHCAMOJIIB Ta
npoiiec Bi10opy Ha kpokax 1-4. Kpok 5 MicTUTH 1Bl aIbTEPHATUBHI CXEMU 3aBEPIICHHS
TEXHOJIOT1i, BpaXOBYIOUH JIaHy XapaKTePUCTHUKY, KITbKICTh O3HAK KA 3a/lisiHA B MPOIEC]

kiacudikaiii Oyje BapiroBaTUCh BiJl CXEMU IO SIKiM 3aCTOCOBaHA TEXHOJIOTISI.

3.4 IlpumBuameHHA aJaropurmy ¢puibTpanii 03HaK nmapaJsenaizanicro

[Tapanenizariss 0OYMCIEHb — KIIFOUOBHM MIAX1J 10 MIJBUIIEHHS MPOJTYyKTUBHOCTI
Ta CKOpPOYEHHS Yacy BUKOHAHHS B CydacHUX iH(popMaliitHux cucteMax. Benukuii oocsir
JAaHUX, [0 MNpUAMAE ydacTh B METOJl CEJICKIIOHYBaHHS BUMarae eQeKTUBHOIO
BUKOPUCTaHHA peCypcCiB. 3MEHILIEHHS Yacy BUKOHAHHS B CHCTEMI MOXKJIMBE 32 PaXyHOK

napasiesnizanii o0YMciIeHb B 0araTonoTOKOBOMY CEpEOBUIIl BUKOHAHHS.

Jlns mpoBeieHHs apajenizailii anroputmy Oyi0 BUKOHAHO JEKOMITO3UIIIIO 3a/1aui,

pO31011J1 00YMCIIEHb, CAHXPOHI3aLI1I0 PO3PaxyHKIB Ta OalaHCyBaHHS HAaBaHTAXEHHS.

B pamkax pgexoMmo3uili BU3HA4Y€HO JBI OCHOBHI (a3u $5Ki J03BOJISIOTH
3acTocyBaTW Mapajnemizauilo 3a gaHumu. llepma ¢a3a crocyeTbCcsi NOKaHAJIBHHUX
anroput™MiB (dinbTpamii. [pyra ¢asza napanemizaiii MOXJIUBa NpPU BUKOPHUCTaHHI

IFCHCTUYHOI'O aJITOPUTMY.

B pamkax da3u 1 koxkeH kaHad MpencTaBisie 3 ce0e OKpEeMHIl KOHBEEP B SIKUM
NepeaeTbess 300pakeHHd M1 NOOyJAOBH MAaTpHIl TEKCTYPHUX XapaKTEpUCTUK Ta
BUKOHAHHS MOJIaJbI01 (UIbTpallii METOIOM KJIaC-OPIEHTOBAHOI CeNeKIlli Ha Kpokax 1-4.
JlaH1 KpOKM HE BUMAararoTh CHHXPOHI3alll 00YHCIEHb MK MATPHUISIMU, TOMY MOXKYTh

BHKOHYBATHCh IIapaJiCJIbHO OJIUH BiI[ OAHOIO.

Skio cepenoBUIlle BUKOHAHHS JIO3BOJISIE 3aCTOCYBaHHS OUIBII IIUPOKO1
napasenizaiii 004uciaeHb, TO/II OTPIOHO MEPENTH BiJl AaTa-Opl€EHTOBAHOTO[83 ] miaxony,
70 3aBJAHHS-OPIEHTOBAHOrO, J€ B paMKaxX KOXKHOTO 3 BXIJHHUX 300pakeHb Oyje
B1I0yBaTUCh OOpaxyHOK BCIX MAaTpUlLlb TEKCTYpHUX XapakTepucTuk. Cxema 3 jpara-
opieHTOBaHUM miaxoaoM (puc. 3.13) ta 3aBmaHHs-OpieHTOBaHUM (puc. 1.14) no3Bolsie

ONTHUMIi3yBaTu HEOOXIJHUH Yac JJIs1 BUKOHAHHS O0YHCIIECHb.
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Task1 Task2 Task3 Task4 Task5 Task6

. Gray Level
image1 I:"> Histogram GLCM GLSZM GLRLM NGTDM GLDM

. Gray Level
image2 I:"> Histogram GLCM GLSZM GLRLM NGTDM GLDM

imageN |:|'> GLHM GLCM GLSZM GLRLM NGTDM GLDM

Puc. 3.13.Cxema napanenizaiiii 3a 1aTa-opi€HTOBAHUM MiAX0I0M

Task1 imaget | ——> (Sra¥ ;‘:;’: GLCM || GLSzM || GLRLM || NGTDM || GLDM
Task2 image2 | ——> |Sra¥ ;‘:;’:" GLCM || GLSZM || GLRLM || NGTDM || GLDM
TaskN imageN |———>| GLHM || GLCM || GLSZM || GLRLM || NGTDM || GLDM

Puc. 3.14.Cxema napanenizaiiii 3a 3aBJIaHHSI-OPIEHTOBAHUM IT1JIX0I0M

Cxema 3 pata-opieHToBaHMM (puc. 3.13) migxomaom m03BOJIsIE OTPUMATH JaHi
KOKHOI 3 MaTpullb TEKCTYPHUX XapaKTEPUCTHUK JJIsl BCiX 300pakeHb cepli B pamMKax
OJIHOTO 3aBJIaHHS, IO JI03BOJIUTH B paMKaxX MeXaHi3My HaBYaHHS KJIac-OpI€HTOBaHIN
CeJEKIIil MPUCTYNUTH 10 PuIbTpallli JaHUX Ha Kpokax 1-4 6e3 10JaTKOBO1 CHHXpOHI3aIlii

II0 JaHUM.
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3aBnaHHs-OpleHTOBaHa mapanenizamisa (puc. 3.14) no3BoJise HE BHKOHYBaTH
KOTIOBaHHSA KOXXHOTO 3 300pakeHb B IlaM’STh KOXXKHOTO 3 BHKOHABIIB 3aJa4 s
00paxyHKy, 10 3MEHITYE€ BUMOTY IO 1i KUIbKOCTI. OJTHAaK TaKUil MEXaHI13M Mapanemnizalii
CTBOPIOE JOJIAaTKOBY TOYKY CHUHXPOHI3allii, OCKUIbKU JJIsi IPOBEJICHHS PO3PaXyHKY IO
KJIaC-Op1€HTOBAHIM TEXHOJOT11 A KPOKYy | MOTpiOHE BU3HAYEHHS 3HAYE€Hb MATPHUIII JJIsI

KOJKHOTO 3 300pakeHb.

[Ticns 3aBepiiieHHs B1AOOPY Ta BU3HAYEHHS 1HQOPMATUBHUX O3HAK HA KOXKHIH 3
MaTpullb OUThIll €()EKTUBHUM MIIXO0J0M Mapajenizaiii € mojaiiHo-opieHToBanui. Lleit
M1JIX1]] TO3BOJIE€ B paMKax OJHIET 3a7a4l BUKOHATH PO3PaXyHOK BCIX BX1JIHMX KaHAJIB 3

O3HaKaMH JIJIs1 300paXe€HHS Ta BUKOHATH JIJI1 HOTO Kiacudikarlito.

3acTocyBaHHs Jpyroi (a3u mapanenizalii MOXKJIMBE B paMKax KpOKy 5 Kiac-

OpIEHTOBAHOT CEJIEKIIii O3HAK B 000X cXeMax.

[Tapanenizaiiisi B cXeMl 3 3aCTOCYBaHHSM T€HETHUYHOI'O aJTOPUTMY MOXKJIMBA 3a
paxyHOK mapanenizamii o0paxyHky fitness (¢yHKINi [ KOXHOTO 1HIMBIJA
BHOipku[84,85], abo x B paMKax mapajiebHOro oO0paxyHky myTtaiiii[86]. JlomaTkoBo
OKpIM mapasenizaiii 00paxyHKy (QYHKIT HOPUCTOCOBAHOCTI MOKJIMBE 3aCTOCYBaHHS
QITOPUTMIB KEIIyBaHHS NaHUX /JIS OPUIIBUIAIIEHHS POOOTH JAaHOTO alrOPUTMY 3a

PaxXyYHOK BUKOPUCTAHHSA IMOIMCPEAHBO O6anOBaHI/IX JaHUX.

Jlnst 3acTOCYBaHHSI TaKOTO KEIIyBaHHS OCOOJIMBO Ba)JIMBO BUOpPATH MPaBUIBHY
CTPYKTYpy Mg 30epiraHHs JaHUX 1O pe3yibTaTaM OOpaxyHKIB  (DYHKIIIH
npucrocoBaHocti. Halikpamum BapianToM Oyjie BUKOPUCTAHHS aCOIIaTUBHOI XEIll MarlH,
OCKUIbKH JlaHa CTPYKTypa Ma€ 4acoBy CKIaAHICTh BcTaBkU B O(1) Ta 4acoBy CKIaAHICTh
nomyky O(1). Takox 3a paxyHOK BUKOPUCTAHHS acOI[IaTUBHOTO KJIIOYA JaHa KOJIEKIIS
JI03BOJIsI€E TTOOYIyBaTH MpsiME MEPETBOPEHHS MapaMeTpiB (DYHKIlI MPUCTOCOBAHOCTI B

XEHI KU JIsl 30€pexKEeHHS IaHUX 10 00paxXyHKY.
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BucHoBku 10 po3ainy 3

3amponoHOBaHa KJIac-OpIEHTOBAaHA TEXHOJOTIS CeJeKIlli O3HaK J03BOJISIE
chopmyBatu iHHOpMATUBHUN aHCaMOJIb 03HAK 0a3yIOYUChH Ha MOC1JOBHOMY aJIrOpUTMI
B1100PY 3a KPUTEPISIMU MIXKKJIACOBOT Ta BHYTPIIIHBOKIJIACOBOI IUCTIEPCii Ta 00’ €THAHOTO

B1100pY O3HAK 3 3aCTOCYBaHHSM I'€HETUYHOTO Bi100pY, a00 KilacudikaTopa aHcaMOJIeBOi

CTPYKTYpPH.

3anexxHo BiJi CTPYKTYPH Ta MOTY>KHOCTI HaOOpY MEPBUHHUX O3HAK, TEXHOJOT1s
MOXke OyTH peopraHizoBaHa, JUisl ONTUMI3allli Yacy BUKOHAHHS Ta KPaIOTro PO3MOJLITY
BUKOPUCTAHHS PECYPCIB 3 MOAANBIIUM 00’ €JHAHHSIM CENEKI[IOHOBAHUX O3HAK B €JUHUN

aHcaMOJIb.

BusnauuBim TEXHOJIOTIEI0 KJIac-OpPlEHTOBAHOI CeNeKIil aHcaMOIb
1H(pOpMAaTUBHUX O3HAK, HAWONTHUMAJIBHIIIOW CTpaTeri€lo Mmapanenizamii oO0paxXyHKiB

CTaHe MOAIHO-OPIEHTOBAHA.

3actocyBanHs kiacudikaropa Random Forest 3 ontumizamiero QyHKIil
roJIOCYBaHHsS JO3BOJISIE OTPUMATU TOYHICTH 85% Ha 300paKEHHSX OTPUMAaHUX 34

BUJIJICHOIO 30HOIO IHTEPECY.

3acTOCyBaHHs MaTpHUIlb TEKCTypHUX XapakrepucTuk Takux sk GLHM, GLCM,
GLSZM, GLDM, NGDTM no3Boissie chopmyBatd Habip O3HAK, OCTAaTHIM s

KJacudikaiii J11KapchKO-4yTJIMBOI Ta JIIKAPChKO-CTIHKOI popMH TYOEepKyIbO3Y.
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PO311JI 4 CTPYKTYPHA ONTUMIBAIIA KITACUDPIKATOPA B
KJIACT AJITOPUTMIB RANDOM FOREST

VY 11poMy pO3/ILII1 pO3TIIAIA€THCS MOKIIUBICTD 3MIHU (PYHKIIIT TOJIOCYBaHHS METOIY
BUMAJKOBOIO JIICY 3 3aCTOCYBaHHAM METOAY IMO3UIIIHHOTO rojiocyBaHHs. J[aHuit meron
J03BOJISIE 32 PAXyHOK 3MIHM CTPYKTYpH TOJOCYIOUOi (YHKIII po3B’s3aTu 3amady
M1JIBUIIIEHHS TOYHOCTI TOJOCYBaHHS HAa OCHOBI KOJEKTHBY BUPINIYBaJbHUX IMPABUI B

KJacudikaTopi aHCaMOJIEBOI CTPYKTYpPH Ha MPUKJIIAJII METOIY BUIAIKOBOTO JICY.

Peanizamiss maHoro Meroay JAa€ 3MOTy OLIHWTH BIUIMB JaHOi TEXHOJIOTII Ha
TOYHICTh TOJOCYBAaHHS METOJy BHUIIAJKOBOIO JICYy B EKCHEPUMEHTAJbHIN 3amady

KJacudikaiii J11KapchKO-4yTJIMBOI Ta JIIKAPChKO-CTINKOI popMu TyOEepKYIbO3y JEreHb.
4.1 Bu0ip ancamoOJsieBoro kiacudikaropa

AHcam0yeBl MeToaM Kiacudikailii € MOTYXHUM METOAOM JO HiABUILECHHS
TOYHOCTI MOJEJIEH, OCKUJIBKM BOHHM 00 €JHYIOTh pE3yJbTaTH KUIBKOX 0a30BHX
QITOPUTMIB [JISi 3MEHILIEHHS MOMIIOK Ta TMiJBUILECHHS Y3arajlbHIOIOYOi TOYHOCTI.
Bukopucranns ancaMOiiB 0coOnnBO €(EeKTUBHE B yMOBax BHCOKOi BapiaTUBHOCTI
BXiMHUX JaHuxX. OpHuMm 3 HadedekTuBHIMX MeToAiB € Random Forest. Bin
BUKOPHUCTOBYE MOETHAHHS KUTBKOX JIEPEB MPUUHSITTS PIIIEHb JUIsl OTPUMAHHS TOYHUX Ta

HaJIIMHUX MPOTrHO31B[87-89].

[Iporiec moOyAOBU Jepe€B B JaHOMY aJITrOPUTMI BIJOYBA€THCS 3a JOIMOMOTOIO
Bagging[90] MexaHI3My, 1m0 KOMOIHy€ BHUNAAKOBI IIJIMHOXHHU JaHUX pa3oM 3
BUMAJKOBUM BHOOpPOM O3HaK. Take HaBYaHHS JO3BOJSIE€ YPISHOMAHITHUTH MHOXXHHY
chopmMoBaHMX KIacHU(DIKAMNIWUHUX MOJENe Ta poOWUTHh aJrOpPUTM OUIBII CTIHKUM 10

JIOKAJILHUX 3MIH BX1JHUX JaHUX.

3aBIsKU BUMTAJKOBOMY BUOOPY MMiIMHOKUHU JAHUX KOXKHE IEPEBO HABYAETHCS HA
BHUIIAJIKOBIN MABUOIPII TaHUX, 110 3ar00irae HaAMIPHIM 3aJI€KHOCTI BIJl BXITHUX JaHHUX.
[1106 OinplIe 3MEHIIUTH 3aJIEAKHICTh B1Jl JaHUX, HA KOKHOMY BY3JIl JIepeBa BUOUPAETHCS

JIMIIEe BUIAJKOBA YaCTUHA 3 YCIX JOCTYIHUX O3HAaK A noauny. Jlanuii cnocid miadopy
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YTBOPIOE MEHII KOpEIhOBaHI JepeBa Ta TMOKpally€e 3arajbHy HNPOJYKTUBHICTD

ancamOmo[91].

Hapuenuii mic micTuTh Oarato JepeB, KOXKHE 3 SKMX MNpPH BUPIIMICHHI 3ajadi
Kkiacudikamii gae pe3yiabTyrounil kiac. Pe3ynbTyroul KiIacu pI3HUX JEpPEB MOXKYTh
BIIPI3HATUCH MK CO00I0, TOMY B JJAHOTO aJrOPUTMY € (PYHKIISI TOJOCYBaHHS, sKa

BHU3HAYa€ KJIac BIJTHOCHO rOJIOCYBaHHS BChOTO JICY.

CranmapTHa peainizallis aJropuTMy IS 3afadl kiacudikaiii BU3HAYa€e PIillICHHS
IUISIXOM MiIpaxyHKy OuibIiocTi rosociB. B 3amaui perpecii — ycepeaHEHHSIM

nepen0avyeHuX 3HAYCHb.

JaHuii miaxig 10 TOJOCYBaHHS Ja€e OUIbIl TOYHUI pe3ysbTaT HIXK €JUHE JEPEBO,
OCKUIbKM JIC 3/1aT€H KOMIIEHCYBaTH BHIIQJKOBI TMOMMIKHM OKpeMux JepeB. [laHa
OCOONUBICTh HAUOLIBIIE NPOSIBISETHCS HA 3adadl kiacu@ikailii BUCOKOPO3MIPHHX
JAHUX, OCKUIBKHU B JIIC1 CTBOPIOIOTHCS MPOCTI JIepeBa, 110 OPIEHTYIOTh HA HEBEIUKUM
Hal1p o3Hak. €1MHa cKaaHa KiacudikaliifHa MO/IeNib BpaxoByBaTUMe 0araTto O3Hak, 3a

PaxyHOK 4OTr0 CTpaKJaTUMe ii MPUCTOCOBYBAHICTH JI0 3MiH.

4.2 Moaudikauisi CTPYKTYpH KjIacupikaTopa MeTOA0OM I'PYIOBOIr0 YPaxXyBaHHS

apryMeHTiB

CrpyktypHa cxema kiiacudikaTopa BUMAJAKOBOIO JIiCy MpeacTaBieHa Ha puc. 4.1.
3a 1aHOK CXEMOK0 KOXHE JEPEeBO TroJIOCY€ 3a MEBHUI KJIac 1 OCTaTOYHUN MPOTHO3
BU3HAYAEThCS SIK KJAac, 3a SIKUH MIPOrosiocyBajio HaWOumbie aepeB. Takuil migxina
3MEHIIY€ BIUIMB CIA0OKUX a00 MEepeHAaBUCHHUX JIEPEB Ha pe3yJibTar. Takox JaHa cxema
roJIOCYBaHHSI MiJIBUIIY€E CTIMKICTh Ta TOYHICTh MOJEJI, OCKIIBKM MOMUIKH OKPEMHX
JIEpeB MOXKYTh KOMIIEHCYBaTUCh pIIIEHHAMHU 1HIIUX. 3a cxemoro 3 puc. 4.1. 3a

Ma)KOpUTApHUM TOJIOCYBAHHSIM N JIEpeB 0OUPA€ETHCS Kiac 2 i BXiAHOTO 00’ eKTy X.
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tree 1 tree 2 / \ treen-1 \ treen
A A A ATA ‘ AN AL AN A AA A A A
: ¢ 'l l
C1 Cz\ C2 C1
\ Voting 4//
function
C2

Puc. 4.1. CtpykTypHa cxema kiacudikaTopa BUIAJIKOBOTO Jicy. X — BXIAHUHN

00’ekT, C1, C2 — pe3ylbTyr04i KJIacH.

JUis mokpamieHHst (yHKIIT roJoCyBaHHA Ta 30UIBLIEHHS TOYHOCTI QJITOPUTMY
Kkjacu(ikanii 3acCTOCOBYIOTBCS MOJKIIMBE 3aCTOCYBaHHS CTPYKTYPHHMX OINTHMI3alli.
Boun MoxyTh 0a3yBaTHCh MOBHOLIHHIA 3MiHI MEXaHI3MY TOJOCyBaHHS[92], w10
MPU3BOJIUTH 1O BUKIIIOYAHHS JEPEB 3 PE3yJIbTYI0UOro Jicy, abo K 0 HaJaHHS JepeBaM
BaroBux koedimieHTiB[93, 94]. CTpyKkTypHa cxeMa ONTHMI3allil 3 HaJaHHSM BaroBUX
Koe(]illieHTIB I JAepeB mpeactaBieHa Ha puc. 4.2. B maniit cxemi roiaoc KOKHOTO 3
JIEPEB 3BAKYETHCS BArOBUM KOE(DIILIIEHTOM W, SIKHH 3aCTOCOBYETHCS J0 BCiX FOJIOCYBaHb
naHoro nepesa. JlaHa cxeMa J03BOJISIE HE BHKJIKOYATH B MPOLECI HAaBYAHHS JEpeBa 3
MaJIOI0 BAaror, Ta 3aCTOCOBYBATH PE3YJIbTATH 1X IOJIOCYBaHHA. PO3BUTKOM JaHOI CXeMU
€ 3aCTOCYBaHHS B [95] BaroBux Koe(Pili€HTIB JO KOKHOTO 3 TOJOCYIOUYUX MapIIPYTIB MO
JIEpEBY, BBIBIIM TaKUM YMHOM k BaroBux koedilli€HTIB Ajig AepeBa, ne k = KiIbKoCTi

MOXJIMBUX MapHIPYTiB TOJOCYBaHHS B JIEPEBI.
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tree 1 tree 2 / \ treen-1 tree n
2AA AN ‘ A R A AT AN A YA
: ! | l
ct C2 w2 it Cz c1
i \,m/ u
C2

Puc. 4.2. CtpykTypHa cxeMa ONTUMI130BaHOT0O Kiiacu(ikaTopa BUMAJKOBOIO JICY 3
BBEJCHHSAM BaroBux koeQimieHTiB ans aepeB, X — Bxiguuili o0’ekt, Cl, C2 —

pE3yNbTYIOUl KJIACH.

OnrtumizaiiiiHi CTpyKTYpHI TEXHIKH IPU3BOJSTH JO BUKJIIOUEHHS AEPEB 3 JICYy Ta

MPUBEICHHS Kilacu(ikaTopa 10 CXeMu 300paxkeHoi Ha puc. 4.3.

tree 2 / \ treen
! l
C2 w2 C1
\ whn
Voting /
function
C2

Puc. 4.3. CtpykTypHa cxema kiacudikaropa BUMAJAKOBOTO JICy 3 BUKIIOUYEHHSIM

JIepeB B MPOIEC] OMTUMI3AIIIi.
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3acToCyBaHHS METOAY TpYMNOBOTO ypaxXyBaHHSI apryMeHTIB B KOMOIHAIli 3
BUMAJKOBUM JIICOM MOXJIMBE B 3a7aui BiOOpPY O3HAK 3 HANUOUIBIION KOPEIAIIEI0 Ta
MOJANbIINM HAaBYaHHAM KiacudikaTopa Ha ONTUMANbHIA MIAMHOXKHUHI O3HaK 3

OpUT1HAJIBHOTO HabOpYy.

AnbTepHaTUBHUM 3acTocyBaHHSIM MI'YA € min0ip BaroBux koe(ili€HTIB JEpeEB,
JUIsl IPUBEJIEHHS CTPYKTYpHU Kiacudikatopa A0 300paxeHoi Ha puc. 4.2. 3a paxyHOK
BaroBHUX KOE(III€HTIB CTPYKTypa KiIacudikatopa 3MIHUTHCS, TAKOXK JAEPEBa 3 HYJIbOBOIO

Baro MOXYTb OyTH BUKJIIOUEHI 3 JIICY JIJIsi ONTUMI3allii OOYUCIIEHb.

3acTocyBaHHS JaHOI onTUMI3aIli B KOMOIHAIT 3 KJIacu(iKaTOPOM BHUIIaJIKOBOTO
JICYy Ta KJIac-OPIEHTOBAHOIO TEXHOJIOTIEI0 CEEKIIIT 03HAK JO3BOJIUIO OTPUMATH TOYHICTh
kinacudikamii mpeactaBieny B Tabmuui 3.1. IligpaxyHok TouHOCTI Kiacudikarii

(Accuracy) 3aiiicHioBaBcs 3a popmyroro 4.1.

1 N° N;
acc = — +

) 4.1)
2 N, N,

1e, acc — TouHicTh kinacudikaiii, N, N2 KibKicTh 00s1acTeil iHTepecy B kiaci 1 Ta

2, N, N, — KUIbKICTb IPaBUJILHO KJIacU(pIKOBaHUX 00OJacTel 1HTEepecy B Kiaci 1 Ta 2.

4.3 3acrocyBaHHSI MeTOAYy TMO3UIIIHOIO TOJOCYBaHHA [0 KJjaacudikaTopa

Random Forest

OyHKIIS TOJOCYBaHHS METOAY BHUIIAQJKOBOTO JICY 32 3aMOBUYYBAaHHSM €
Ma)KOPUTApHOIO, /€ PE3YyJbTYIOUMi Kiac 00’€KTa BU3HAYAETHCS HANUOUIBIIUM YHUCIOM
roJiociB AepeB. MaxkopuTapHe roJioCyBaHHS nependayae OAHAKOBUI CTYIIHb AOBIPHU 10
KOJKHOTO 3 JiepeB B Jicl. OHaK KOXKHE 3 AEPeB B KiIacHu(PikaTopi MOMHISETHCS 3 PI3HOIO
IMOBIpHICTIO. PO3BUTOK 1Ii€1 11€i, a TakoXX MOXKJIUBICT, 3aCTOCYBaHHS (YHKIIII
roJIOCYBaHHS 3 BJIACHUMHU BaroBUMH KoedilieHTamMu 10 jaepeB B [95], chopmyBas

rinoTe3y Mpo KOMMETEHTHICHUN MpUHUUN (OPMYBAHHS TOJOCYHOUUX CYO’€KTIB Ta
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3aCTOCYBaHHS  METOJy  MO3ULIMHOTO  TOJOCYBaHHA TMpU  MiA0OpI  BaroBHUX

KoedimieHTiB[95].

lNonmocyrounM cy0’ekTOM aHcamOJIeBOTO KiacudikaTopa BHUIIAJKOBOTO JICYy B

3araibHIN peaizarlii € gepeBo (puc. 4.4).

tree 1 l

Puc. 4.4. Cxema rosiocyBanHs gepeBa B kiacu(pikaTopi BUMAAKOBOTO JICY.

Kosxne 3 nepeB MICTUTH CBiii HaOip BY3J0BUX TOUOK, sIKI BU3HAYAIOTh MapIIPyT
roJIOCYBaHHS MO JAepeBy (BUAUICHUN 3e€JeHHMM) 0a3ylounch Ha 3HAYEHHSAX O3HAK.
PosrnsHyBImM Oulblll JIETalbHO KOKEH 3 MapUIPyTIB — MU HOMITHMO IO BCI BOHH
3aKIHUYIOThCSI B JIUCTaxX JEPEBa, sIKI BU3HAYAIOTh MPUHAJIEKHICTh 00’ €KTa JO MEBHOTO
kiacy. JlJist KO>)KHOTO 3 JIepeB OTPUMAaHUX B Mpolieci HaB4aHHs (HOPMYEThCA CBi1M HAOIp
BY3JIOBUX TOYOK $IKl 3aJie’KaTh BiJ] BJACHOro HAOOpYy O3HAK. TakuM YMHOM MapUIpyT
noOy/I0BaHUN MO JEPEeBY [I03BOJISIE OTPUMATH PE3YJbTYIOUHMII KJIaC B OCTAaHHHOMY

nuctoBoMy eneMmeHTl. KokeH Takuih MapHipyT MOpOAYyKYy€e BIACHUM pe3ysbTaT
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rOJIOCYBaHHsI, IKHM € €IMHUM JJisi OJIHOTO JEepeBa B MPOIECI TOJOCYBaHHSA 3a OJIUH

00’ €eKT.

Po3rnsHyBIIM KOXXEH OKpeMHUN MapHIpyT MO JIEpEBY, K OKpemMo cpopMoBaHUM
cy0’ekT ronocyBaHHs (puc. 4.5.) MOXKHa BHUKOHATU MpOIEAYypy Bepudikailii TOUHOCTI

roJIOCYBaHHS 3a KOHKPETHUM MaplIpyTOM Ta pPO3paxyBaTH KOMIIETEHTHICTh TaKOIO

MapuIpyTy OKpeMo BiJl JiepeBa.

tree 1 L

)
)

4
>

Unit 1.1
Unit 1.2
Unit 1.3
Unit 1.4
Unit 1.5
<« Unit1.6 «[__ >
Unit1.7
Unit1.8

Q

Puc. 4.5. Cxema rojiocyBaHHs B JI€pEBI1 3 BUSHAYEHHSAM KOXHOTO JIUCTA K

OKpPEMOT0 TOJIOCYI0UOTo Cy0’€KTa.

3aMiHa TOJIOCYIOUOrOo CyO0’€KTa JO03BOJISIE 3aCTOCYBaTH JEKUIbKa Bapiailii
rOJIOCYBaHHS Ha JepeBax, a caMe €IUHUN HalOLIbIl KOMIETEHTHUM TOJIOC, 3BaXKEHE
rOJIOCYBAHHS 3 ypaxyBaHHS KOMIIETEHTHOCTEH KO>KHOI 3 CYTHOCTEH, Ta roJIOCYyBaHHS
(bIKCOBAHOK KUIBKICTIO CYTHOCTEH 3 HAMOUIBIIOK KOMIETEHTHICTIO. BHU3HauuBIIM B

Takii cXeMml TOJIOCYIOUy CYTHICTh SIK €KCIepTa OTPUMAEMO CXEMY TOJIOCYBaHHS

300paxeHny Ha puc 4.6.
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tree 1 / tree 2 / \ treen-1 \\ tree n

&
&
™)
)
=
&
®
&

Expert 1.1
Expert 1.2
Expert 1.3
Expert 1.4
Expert 1.5
Expert 1.7
Expert 1.8
Expert 2.1
Expert 2.2
Expert 2.4
Expert 2.5
Expert 2.6
Expert 2.7

<«—— Expert1.6 <«—f—
Expert(n-1).1
Expert(n-1).2
Expert(n-1).4
Expert(n-1).5
Expert(n-1).6
<«— Expert(n-1).7 <«——
Expert(n-1).8
Expertn.1
Expert n.2
Expertn.3
Expert n.4
<«—— Expertn5 <«—f—
Expertn.6
Expertn.7
Expertn.8

<«—— Expert23 <—

Q
Q

N
Q

N
Q

Puc. 4.6. Cxema rosocyBaHHs kiacugikaTopa BUIAJKOBOrO JICY 3 BUSHAUCHUMU

eKCIIepTaMH.

BaroBi koeQilieHTH KOXHOr0 3 €KCHEPTIB MOXYThb OyTH BH3HAUYE€HI HE JIMILE
MMOKAa3HUKOM MOT'0 KOMIIETEHTHOCTI, a 1 3a JJOIIOMOT'0I0 1HIHUX c1oco01B. OJHUM 3 TAKUX
croco0iB € 3actocyBanHs MI'YA no BnopsiikoBaHoro Habopy ekcrneptTiB[93]. Hauuii
MiIX1J] BHU3HAYA€ Bary KOXHOTO 3 €KCHEPTIB B 3aJ€KHOCTI BIJI MO3UIII HOro
KOMIIETEHTHOCTI B IPOLECI TOJIOCYBaHHS. TakMM YMHOM (PYHKII TOJIOCYBaHHS CIIOYATKyY
BH3HA4Ya€ EKCIEPTIB, SIKI FOJIOCYIOTh 3a KJac JUIsl KOHKPETHOTO BXiIHOTO 00’ ekTy. [licis
Yoro eKCmepTH, SKi NPUIMaOTh Y4acThb B TOJIOCYBaHHI BIOPSAKOBYIOThCA 3a
MOKA3HUKOM BJIACHOT KOMIIETEHTHOCTI MPHU TOJOCYBaHHsA 3a CBiil kiac. BropsiakoBani
EKCIEPTH OTPUMYIOThH BaroBi koeiiieHTH BU3HaueHi B 328 MI'YA B mpolieci HaBYaHHSA
IUTSL KOYKHOI 3 MO3MILIN (yHKIII B FOJIOCYBaHHS, 32 CXEMOI 300pa)keHor0 Ha puc. 4.7.
Ockinbku BxigHl 00°ektu (Source 1, Source 2, ... Source n) OyayTh NepenaBaTUCh Ha
OJIHAKOBUM HAOIp JAEpeB, TO PO3MIPHICTh KUIBKOCTI MapuipyTiB B HUX Oyje OJHAKOBa,

BI/IMOBIHO OJIHAKOBOIO Oy /1€ KUIbKICTh O3UIIIH B BIOPSAAKOBaH1M (PyHKIII1 TOJIOCYBaHHS.
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Source 1 Source 2 Source n-1 Source n

Expert Vote | Degres of truth Expert Vote | Degree of truth Expert Vote | Degree of truth Expert Vote | Degree of truth

Expert1.6 | K1 0.58 Expert52 | K2 072 Expert4.8 | K1 0.82 Expert21 | K1 075

Expertn.5 | Ki 0.46 Expert15 | K1 0.38 Expert 106 | K2 0.22 Expertn.2 | Ki 055

Truth sequence for | N
GMDH

GMDH

Vote; truth

position and
coeficients

Puc. 4.7. Cxema ¢opmyBaHHS BaroBUX KO€(QILIE€HTIB Il BHOPSAKOBAHHUX 3a

KOMITETEHTHICTIO €KCIIEPTIB.

Po3paxynok BaroBux koedimieHTiB mo3uiiid 3a MI'YA BinOyBaerbcsi miJl 4ac
PO3paxyHKy CTPYKTYpHU Ta mapameTpiB (yHKIT Ha 00’€kTax HaB4YaiabHOI BUOipku. Ta
TeCTyeTbcsl Ha 00’ ekTax Bepudikaiinoi BuOipku. [Ipuknan 300py CTaTUCTUUHUX AAaHUX
3a 00’€KTaMU HaBYaJIbHOI BHOIPKM Ta iX MOJabllIa Mepeaada AJis Mig0opy BaroBHUX

KoedIIe€HTIB MO3UIIIHN 300pakeHa Ha puc. 4.8.

B nmanomy Bumagky JpKEpeloM Ha 300pakeHHI BHUCTYIa€ aHCcamOJib O3HAK

OTPUMAaHUX B paMKaX TEXHOJIOT11 KJIaC-Op1€HTOBAHOI CEJIEKIIii Ta iX a0COMIOTHI 3HAUECHHS.

OO6paxyBaBIIy iX AJ11 KOXKHOTO 3 00’ €KTIB HABYAJILHOT BUOIPKH Ta BIOPSIKYBaBIIN
MOCHIOBHICTh TOJIOCYBaHb €KCIEPTIB B €IMHY MATPUIIO CTAE MOXKJIMBUM 3aCTOCYBAHHS
METOJly TPyIOBOTO ypaxXyBaHHs apryMeHTIB JIJIsl B110OOpY Bar iHGOPMATUBHOCTI MO3UIIIH
B (iHanbHIN QyHKIIT ronocyBanHsa. Takox B MI'Y A nepenaerbest BUXiiHUI BEKTOp Y,
[0 MICTUTH JaHl MPO KJIAC BXIJHOTO 300pa)K€HHS, Ha OCHOBI SIKOTO OyJIO BUIIIEHO

iH(popMaTUBHUI aHCAMOJIb O3HAK.
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Dxepeno 1
Ekcnept Knac KomneteHuin
ekcneoTa
Ekcnept 1.6 c1 0.58
Excnept n.5 [e3] 0.46
bxepeno 2
Excnept Knac KomneTeHuia
ekcneoTa
Ekcnepr 5.2 c2 0.72
Ekcnept 1.5 c1 0.38
Dxeperno N
Ekcnept Knac KomneteHuia
ekcneoTa
Ekcnepr 2.1 c1 0.75
Ekcnept n.2 c1 0.55

) C1 C1

MocnigoBHICTb

rosiocyBaHb o C2 C1
ekcnepTiB 3a

KOMMNETEHTHICTIO

| C1 C1

awor
| N
Barosi koediLieHTV no3nuin ‘ D

Puc. 4.8. Cxema TeXHOJIOT1l MO3UIIIHOTO BiIOOPY O3HAK 3 300paKeHb s
nepeaadi MeToAy TPYIOBOTO ypaxyBaHHS apTyMEHTIB

[licns Bu3HAYEHHS BaroBUX KOE(QIMIEHTIB MO3HUIIN Mpu Kiacudikamii HOBOTO
00’ekTy Oyne copMoBaHa BiacHa YHiKallbHa KOMOIHAIlIS €KCIEPTIB, BIOPSIKOBaHA 32
kommneTeHisiMU. [licis BHopsiAKyBaHHsS O KOKHOI 3 MO3UIIM Oyne 3acTocoBaHa Bara

MO3MULIi, 110 BU3HAYaTUME BKJIAJl €KCIIEPTY B (piHATIBHY (PYHKI1IO TOJIOCYBaHHS.

CxeMa rojocyBaHHs JIJIsi KOKHOTO HOBOTO 00’€KTY IO MEPENAEThCs B (PYHKIIIIO

Kkimacuikarii 300paxeHo Ha puc. 4.9.



OG6'ekT
\mocnimakeHHsA
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Ekcnept 1 Ekcnept 2

I

A 4

Ekcnept N

’ >l 1 3a KOMMNETEeHTHICTIO

> 2 32 KOMMNETEHTHICTIO

N 3a KOMNEeTEeHTHICTIO

Bara 1 nosuuit

Bara 2 nosuuii

Bara N nosuuit

l

DyHKUiS
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rofiocyBaHH4A

PiweHHsa
cucTtemMmu

Puc. 4.9. Cxema 3acTocyBaHHS alrOpuTMy Kiacudikaiii micias 3aBepIIeHHS

HaB4YaHH.

[licns 3aBeplieHHs HaBYaHHS Ta NOOYJIOBU CTPYKTypHu KiacudikaTtopa 3

BU3HAUYCHUMH BaroBUMU KOe(]illiEeHTAaMU TMO3UIIM MOXKJIUBAa Kiacudikailis HOBHUX

00’ekTiB. /[ KOXHOrO HOBOTO BXIZHOrO 00’€kTy Oyzae c(opMoBaHUN BIAaCHUMN

nepcoHaIizoBaHuil HaOlp excrepTiB A rojgocyBanHs. ChopMoBaHuii HabIp €KCIEPTIB

3a cxemMoro OyJie BHOPSAJIKOBAHUM 3a KOMIIETEHTHICTIO, MICAS 4YOTO 10 HUX Oyje

3aCTOCOBAHO BaroBUi Koe(ili€HT MO3ullii oOpaxoBaHuii 3a nornomororo MI'VA.

OCKUIBKH €KCTIEpTH OOUPAIOTHCA 1HAUBIIYATIBHO JUIsl KOKHOTO BX1JTHOTO 00’ €KTa,

pe3yibTaT TOJIOCYBaHHS € TMEpPCOHANI30BaHUM, TOOTO HaMKpamuM, SKUH MOXKHA

OTpUMAaTH caMe JJIs LbOro O0’€KTa 3 TOJOCYBAHHS WIECHIB KOJEKTHUBY BHUPIIIAJBHUX

npaBun[95].
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BucHoBku 10 po3ainy 4

3acToCyBaHHS  aJIbTEPHATUBHUX (PYHKIIN TOJOCYBaHHS [0  alTOPUTMY
BUMAJKOBOIO JIICY JA03BOJIsIE€ 30UIBIIATA TOYHICTh Kiacudikaii. Barosi koedimieHTu B
(GyHKLII TOJIOCYBaHHS J03BOJIAIOTh YaCTKOBO OOMEKWUTU Bary OKpEMHUX JAepeB, abo

BUKJIIOUUTH X 3 (PIHATILHOTO HAOOPY E€KCHEPTIB.

Ctpykrypa nepeBa kiacudikali 103B0JIsI€ BUBHAUYUTH BIPTyaIbHUX €KCIIEPTIB, IO
MPEACTABIATUMYTh MApPUIPYT MO JepeBYy, TAKUM YUHOM BHU3HAYMBIIU TOYHICTb

KJacudikalii epeBa npu MPOXo>KEHH]1 KOXKHOTO 3 HAaBYEHUX MapIUIPYTIB.

Po3pobneno ontumizamniro (yHKIIT TojJoCyBaHHs, IO Oa3yeTbCs HAa BBEJEHHI
BIpTyaJbHHUX €KCHEPTIB Ta IX [EpPCOHATI30BaHOMY BIOPSAKYBaHHI 3a pIBHEM
KOMIIETEHTHOCTI. 3aCTOCYBaHHS METOJy T'PYHOBOr0 ypaxyBaHHsS apryMEHTIB J103BOJIsIE
OTpUMATH Barv MO3UIINA TOJOCYIOYUX €KCIEPTiB, M0 JO3BOJUIO 30UIBIIUTH TOYHICTH

kiacugikauii 3 85% 10 88.2% 3a BUALIEHOIO 30HOIO IHTEPECY.

3aBasku (HopMyBaHHIO Koedilli€eHTa JOBIPH 0 €KCIepTa MpHU TOJOCYBaHHI Ta iX
BIOPSAJIKYBAaHHIO BJIAJIOCh JIOCATTH CTBOPEHHS iX TMEpPCOHANI30BAaHOrOo Habopy.
[To3uiioHyBaHHA Ta BBEJAEHHS Barv MO3ULIi 3MEHIIMIIO BIUIMB HA (PYHKIIIIO FOJIOCYBaHHS

€KCIIepTIB, IO FOJIOCYIOTh B CYNEPEWIMBUX CUTYaLISIX 32 HEPABUIbHUN KJIac.
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PO3/1JI 5 TU®EPEHIUALIS JIIKAPCBKO-YYTJINBOI TA
JIKAPCBKO-CTIMKOI ®OPMU TYBEPKY.JIbO3Y
HEVWPOMEPEXXEBUMUW METOJAMU

VY nanomy po3aisii po3rJsSHYTO 3aCTOCYBaHHS HEHPOMEPEKEBUX TEXHOJIOTIH 10
3amadi  gudepeHIiamii  JiIKapChbKO-CTIMKOT Ta  JIKApChbKO-PE3UCTEHTHOI  Popmu
TyOepKynb03y. Bupimenns 3agadi  kinacudikamii po3risHYTO 3a  JOMOMOTOIO

3aCTOCYBaHHS HepoMepekeBoro niaxoay 3 mepexero ResNet-101.

Takox po3rAsHYTO MiAXiA 3 TIOpUAN3aALIE€I0 HEUPOHHOI MEPEXkKi 3 apXITEKTYPOIO
Encoder-Decoder ResNet50 3 gomaBaHHsM aHcamOyeBOTro Kiacudikatopy, M0

BUKOPHUCTOBY€E Ha BXO/I1 O3HAKH MPUXOBAHOTO IIAPy MEPEKI.

Peanizanist gaHuX MiAXOJIB Jajia 3MOTY BHUPIIIUTU 3afady audepeHiiamii 3
BHCOKOIO TOUHICTIO, Ta CIPOEKTYBATH 1HPOpMAIIIHHY CUCTEMY 3 B1I0OpakeHHsIM 00J1acTi

ypakeHHs1 Ha 300pakeHH1 ToMmorpadii.

5.1 T'smboka 3roprkoBa HelipoHHa mepeska ResNet-101

3ropTKoB1 HEWPOHHI MEpEeXl € OJHUM OCHOBHMX METOMIB Kjacudikarii
300paxeHb. 3 MOMEHTY CBOTO HaOYTTsI MOMYJISIPHOCTI BOHH IIUPOKO 3aCTOCOBYIOTHCS B
3a/1adax pi3HUX oOnacTelt 0OpoOKU JaHUX, BKIIOYAIOUH 3a7a4l MEJUYHOT Bi3yaui3alii Ta

Kiacudikaiii 300pa’keHb.

Metoau €BOMIOLIIOHYBAIM BiJ] MEPIIMX 3aCTOCYBaHb 1O MPOBIAHOI TEXHOIOTIL
kiacudikamii 300paxkenb y 2012 pomi. Ile cTano MOXIuBUM 3aBAsKU 301UTBIIEHHIO
00UYHCITIOBATILHUX PECYPCIB KOMIT FOTEPIB Ta MOSIBI BEIMKUX PO3MIYEHUX HAOOPIB IaHUX.
APpXITEKTypa TaKUX MEPEX CKIIaJIa€ThCs 3 MIApiB 3rOPTKHU, MYJIIHTY Ta MOBHO3B I3HUX.
Taka cTpykTypa A03BOJSiE MEpEXl aHATI3yBaTH Ta BU3HAYATH MATEPHHU MPUTAMAHHI

300paXeHHIO Ta pOOUTh MEPEKY HAJ3BUUYANHO €(DEKTUBHOIO B Kiacu(iKallii.

3 pO3BUTKOM TEXHOJOTIi [l 3aj1adl  Kiacudikaiii JiKapCchbKO-CTIUKOI Ta
JKapChbKO-4yTIUBOI (PopMU TyOEpKYIJIbO3y 3aCTOCOBYBAIUCH Pi3HI Bapiallii 3rOpTKOBUX

HeWpoHHUX Mepex. OTHUM 3 MeplIuX MPUKIaAiB € 3acTocyBaHHs apxiTekTtypu VGG-
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16[96] no 3anmaui knacudikaiii opm TyOepKyIb03y. TOUHICTH JaHOT MEPEXi CTAHOBUIIA
62.5%. [Toganbuinii po3BUTOK apXITEKTYpH Ta 301IbIISHHS PO3Mipy HaBYAIbHO1 BUOIPKU

JI03BOJIMJIO MOKPAIIUTH PE3yIbTaT MEPEXKI 3 TAaHOK apXITEKTYyporo 10 92%[97].

[TapanenbHO 3 PO3BUTKOM AAHOI apXITEKTypH 110 3anayl gudepeniianii Gopmu
TyOEpKy/Ib03y JIET€Hb 3aCTOCOBAHO 3ropTkoBy Mmepexy GoogleNet[97], TouHICThH
kiacudikamii sxoi ctaHoBUTh 90,6%. OKpiM pO3TISHYTUX BUILE apXITEKTYp MEpPEk
3aCTOCOBYBAJIMCH CHEIIaII30BaH1, IPU3HAUECHI JIJIs1 pOOOTH 3 MEAUYHUMU 300pKEHHIMHU

Ha npukiaal U-net[98]. TouHicTh OTpuMaHa Ha AaHIN apXiTEKTypl CTaHOBUTH 82%][99].

PO3BUTOK HEHPOMEPEKEBUX TEXHOJIOTIA CTBOPIOE OHOBJIEHI APXITEKTYpH
rIUOOKUX HEUPOHHUX MEPEK. 3aCTOCYBaHHS TAKUX MEPEX J0 3a/1a4il Kilacu(ikaliii Moxe
MOKPAIUTA PE3yJIbTaT MOMEPENHIX MOCHIIKEHb, 1[0 JO03BOJIUTH MOKPAIIUTH CHOCIO

J1arHOCTYBAHHSI JIIKAPCHKO-CTIMKOI Ta J1KAPChKO-UYTIUBOI POPMU TYyOEpPKYIHO3Y.

Hogoro s nanoi 3agaui € apxitektypa mepexi ResNet-101[99]. lana mepexa
Mae 101 map Ta BUKOpUCTOBYE MeXaHi3M skip connections /7151 €peKTUBHOT'O TPEHYBaHHS
Mozeni. CxeMaTU4HE MPECTABICHHS apXiTEKTYPHU JaHOI MEPEKi IPeICTaBICHE Ha PUC.

5.1[100].

I
1

Image

Cov1:7x 7,64
1x1,256
1x1,128
3x3,128
1x1,512
1x1,256
3x3,256
1x1,1024

fm————————

Output Size
112x112

Puc. 5.1. Bizyamizauis apxitexktypu ResNet-101

3actocyBanHsa apxiTekTypu ResNet-101 ans 3agaui knacudikarii JiKapcbko-
CTIMKOI Ta JIIKAPChKO-UyTIUBOI (OPMHU TyOEpKYIh03y Ha OPUTIHAIBHUX 300pa)KEHHSIX
JI03BOJIMJIO OTPUMATH 3arajibHy TOYHICTh kiacudikaiii B 96.36%. binbimn neranbHi
XapaKTepUCTUKU 3aCTOCYBaHHS JAaHOI Mepexl JI0 3aaadl kiacudikallii npeacTaBieH] B

tabmaumi 5.1.
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Tabmuus 5.1

IMoka3uukm 3acTocyBaHHA Mepexi 3 apxiTekTtyporo ResNet-101

Ha3ga noka3znuka 3Ha4YEeHHS
3arajgpHa TOYHICTh 96.36%
To4HICTB AJIs1 TIKAPCHKO-CTIHKOTO KJIacy 96.7%
TouHICTh AJIsl TIKAPCHKO-YYTIUBOTO KJIACY 96%
Recall 0,967

F1 score 0,967
Koedimuient Matthews 0,927
KimpkicTh enmox HaBYaHHS 8

Cxema 3acTOCyBaHHSI MeEpEXi [JI0 OpHUTHAIBHUX 300paxkeHb ToMorpadii

MPEJICTABICHA HA PUC. 5.2.

KT 306paXkeHHs HopmanizoBaHe 3a flereHeBUM BIKHOM  ByinineHa 30Ha nereHb

RCOR

JlikapCbkOo-4yTNnBUi &
ResNet101

NikapcbKO-CTiNKM /

Puc. 5.2. Cxema 3actocyBanHs mepesxi ResNet-101.

JlaHa apxiTekTypa Mepexi CaMOCTIMHO BU3HAyae Halip 1HPOPMATUBHUX O3HAK
HeoOXimHUX s kiacudikaiii 300pa’keHb Ha JIKAPChKO-UYTIUMBHI Ta JIKApCHKO-

CTiikui. BXximHUM 300pa’keHHSIM JJIsI MEPEXi € HOpMasli30BaHE JI0 JIETEHEBOTO BiKHA
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300paxenHs KT Tomorpadii 3 mpoBEIEHOI0 CErMEHTAII€l0 Ta BUJIUICHHSIM PErioHY

JICT'CHB.

[lepen 3actocyBaHHSIM HEMPOHHOI Mepexi BiOyBaeThCs OJIOK MOMEPEIHbOL
00poOKM JaHuX 300pa)K€HHs, 10 BKIOYae B cebe mpuBelneHHs opuriHaibHoro KT
300paxenHs (512 x 512 mikceniB) n0 HoOpMali3oBaHOro B 256 rpapaiiiii ciporo
300paxeHHs, 3 3aCTOCYBaHHIM (pinbTparlii JereneBuM BikHOM (1ieHTp -600HU, mmpuna
1600HU). Takwuii 6510k nonepeHboi 00POOKHU BUJILISE JTUIIE CTPYKTYPH 1O MICTITHCS B
nereHeBit obmnacti. Ilicas QopmyBanHs HOpManizoBaHoro B 256 rpagamiid ciporo
300paxeHHs BiA0OyBa€ThCs BUJIUICHHS OO0JACTl 1HTEpECy i MEpexki 3a JOMOMOTOI0
MONepeHb01 CerMeHTallli 30HM JIETeHb 3a JOMOMOIOK 3TOPTKOBOI  MEpexi.
3acToCcyBaBIlIM MAacKy OTpUMaHy B MPOIIECi CErMEHTAIlli 10 HOpMaji30BaHOTO B 256
rpajaiiii ciporo 300paxkeHHs1 GOpMy€eThCs BXiJIHE 300paxxeHHs 171st Mepexi ResNet-101.
Hapuena mepexa ¢hopmye Ha BUXOMA1 PE3YIbTYIOUUM KJIaC — JIIKAPChKO-UYyTIUBHUM a00

JKapChKO-CTIMKUN TYyOEPKYIhO3.
5.2 T'iOpuan3oBaHi HeliPOHHI Mepexki

[Nopunuzaniss HEHPOHHUX MEpeXK MOMIMBA 3 3aCTOCYBAHHSIM  METOJIB
KOMOIHYBaHHS PI3HUX apXITEKTYp Ta 3 IHTETPALIIEI0 MEPEXK1 JO 1HIINX 0OUHCITIOBAIBHIX
MeToniB. J[aHui MiaXi TO3BOJISIE BUKOPUCTATH IEpEeBaru KOMXKHOTO 3 KOMIIOHEHTIB
riopuay Ta MiABUIIUTH XapaKTEPUCTUKU TOYHOCTI, y3arajibHEHHS Ta €(EeKTUBHOCTI

00poOKHU TaHKMX B MPOIIEC BUPIIIEHHSI KOHKPETHOI 3a/1aui.

[Mopunnzariist HEMPOHHOT MEPEXK] MOXKE BIIOYBATUCH 3 00’ €THAHHSIM apXITEKTYP.
B mopdonoriuno-niniitHii mepexi[101] B pe3ynbTaTi ribpuauzanii GopMyeTbes IBi
KOMO1HaI[li 3aCTOCYBaHHS Ta PO3MOALTY BianoBinadsbHOocTed. [lepina, ne mopdomoriuni
HEWPOHU BUKOPUCTOBYIOTHCS JIJIsl BUAUICHHS O3HAK, a MEPLENTPOHU — I (POpMYyBaHHS
BHUX1JIHHUX pillieHb. CxeMa JIBa HaBMAaKW 3aCTOCOBYE MEPIENTPOHU JJIsl BUIIJICHHS O3HAK,
a Mopdosoriuni HeWpoHu ans kinacudikarii. O0’€JHaHHSI MEPEX J03BOJISIE OTPUMATU
Kpallly 3/IaTHICTh JO BUIIJIEHHS O3HaK B HACHIJOK YOro BOHU MOTPEOYIOTH MEHIIIE

napaMeTpiB JJi1 HABYaHHS, B MOPIBHSHHI 3 TPAAUIIHHUMHU METOIaMHU.
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[Mopunuzaiist CTpyKTypU MEpEeKi MOKe CTOCYBAaTUCh HE JIUIIE KOHBEEPY 0OpOOKHU
JaHUX, a ¥ camol CTpyKTypu. B mepexax Takoro TUMy BiOyBa€ThCS BIOCKOHAJIECHHS
CTPYKTYpPH 3a PaxXyHOK 3aCTOCYBaHHS JOJATKOBOTO PETYISTOPHOTO MEXaHi3My MiCIIs
npoiiecy HaB4aHHs. KOMOiIHyBaHHSI Mepex 3 cCaMOOpPraHi30BaHUMH KapTaMu B BUIAJIKY
cuctemu [102] n03BONMIO 3a paxyHOK CaMOOPraHi30BaHUX KapT BiAQUIBTpYyBaTH
HETUIIOB1 Ta HEPEJIEBAaHTHI JaHl Ta NEpeAaTH Ha MEpEeXy JIMIIE 3aJUIIKOBI JaHl AJis

IMPOTHO3YBAaHHA.

3MIHU CTPYKTYPH MOXKYTh 3aCTOCOBYBATHCh HE JIMIIE 10 OKPEMHX HEHPOHIB B
CKJIaJll MEpeki a ¥ 70 piBHIB. ['IOpUIHUI MyJIHT € MPUKIAIOM Takoi riopuan3anii[ 103].
B nmaniit cucremi map myJiiHTY BUIaJAKOBO MEPEMHUKAETHCS MIXK CTpaTeriero max pooling
Ta average pooling. 3acTOCyBaHHS TAKOTO MIJIXO1Y MOKpAUy€e y3arajJbHIOIOYY TOYHICTh
aJITOPUTMY, OCKUIBKHU 3MIHA MYJIIHT CTPATeTrii NPU3BE/E 10 3MiHU CUTHAY B MOJATBIINX
mapax Mepexi. llle onHi€0 mepeBaror0 JaHOTO METOAY € XOpOolle MOEIHAHHS 3
texHikamu Dropout. Ockiabku BOHU OOW/BI JO3BOJISIIOTH BIUIMHYTH Ha PETYJISIPU3ALIIO

MepeKi Ta 3amo0IraroTh IEPEHABUAHHIO MEPEXKI.

5.2.1 Encoder-Decoder mepexi

Mepexi Encoder-Decoder 3actocoByroThes miis kiacudikaiii Ta cerMeHTailii
MEIUYHUX 300pa)K€Hb, OTPUMYIOUM BUCOKI MOKa3HUKU TOYHOCTI. CTpyKTypa TaKux
MEpEeX CKJIAJa€ThCsl 3 JIBOX OCHOBHUX MOAYJIB, IO JI03BOJISIE BUKOPUCTOBYBATH
repeBaru MepeK 1HIIUX TUIIB Ta KOMOIHYBATH 1X, 3HAYHO MOKPAIIYIOYH MPOIEC aHATI3Y

300paKeHHS.

[lepmmii monyns — Encoder. Bin npuiimMae BXi/iH1 1aHl Ta MOCTYOBO 3MEHIIYE iX
PO3MIPHICTh Ye€pe3 TMOCIIIOBHICTh IIApiB, BU3HAYAIOYM TMPU I[HOMY KIIOUOBI

XAPAKTCPUCTHUKH AAHNX Td CTBOPIOOYH IIPUXOBAHC KOHTCKCTHC IIPCACTABJICHH:.

Hpyruii moxyns — Decoder. [lanuit Mogynb OTpUMYy€ KOHTEKCTHE MPECTABICHHS
Ta TIOCTYNOBO BIJIHOBIIOE BHXINHI JaHi. J[aHUM MOIynb MOXE MpaloBaTH B
PErpECUBHOMY PEKHUMI, MPOTHO3YIOUM 3HAYEHHSI KPOK 3a KPOKOM, BUKOPHUCTOBYIOUH

paHiIe 3reHepoBaHi BUX1IHI €JICMEHTH.
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HonatkoBo B Decoder moayni MoXe 3acTOCOBYBAaTHUCh MEXaHI3M yBaru
(Attention), sskuid 103BOJIsIE MOYJII (DOKYCYBaTHUCh Ha HAOUIBII PEIEBAHTHUX YACTUHAX

BXIJIHUX JAHUX M1J] 4ac AEKOAyBaHHS.

Tun Mmepexi saxuil Oyae 3actocoBanuii B Moayni Encoder Bu3HawaeThcs 3a
dbopmaToM BXIAHUX JAHUX, Ta MOXKE OyTH PEKYpEHTHOI MEPEXe i 3aaad
MAaIllMHHOTO MEepeKiIaay, Ta 3rOpTKOBUM B 3ajadax oOpoOku 300paxkeHb. CTpyKTypHa

cxeMa Encoder-Decoder mepexi 300pakeHa Ha puc. 5.3.

N

Encoder State Decoder

Puc. 5.3. CtpykrypHa cxema Encoder-Decoder mepexi

ApXITEeKTypa JIaHOi MEpeXl MICTUTh MPUXOBaHUU State miap B IKOMY MICTUTBHCS
Hablp HaoOUIeIT 1HPOpMATUBHUX O3HAK. HaBuaHHS Takoro kiacudikaropa B 3ajadl
Kkiacudikamii 30HM ypaKeHHsS Ha JIKAPChKO-UYTJIMBUM Ta JIIKAPCHKO-CTINKUIA
TyOepKyI603 GOpPMYE B CTENUTI HaOIp O3HAK, IO ONMUCYIOTh HaliH()OPMATUBHIIII AUTSTHKH

300paKeHHS.

BukopucTtanHs MexaH13MiB riOpuan3ariii 10 JaHOi Mepeki JO3BOJISE BIIIITATH Bl
Hei Decoder yactuHy Ta HaBUMTH Kiacudikatop 3a HaOopoM 1H(OOPMATUBHUX O3HAK 3

State mapy.
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5.2.2 T'iopuamn3zoBanmii kiaacudikarop 3 apxitektypor ResNet-50 Autoencoder

[Nopunuzanis knacudikaropa BUKOHYeTbcsi Ha ResNet-50 3 3actocyBaHHSIM

Autoencoder wmoaudikamii[104]. JlerasbHa apXiTEeKTypa OpHUTIHAJIBHOI MEpexi

MpEJICTaBICHA Ha pUC. 5.4.

64 128 128 128 128

64 64
*7
I
i > 76x57x64 |20l 76x57x256 | 2001 76x57x256 | 222 76x57x256 | [-212y| 38X29x | | S12,138x29x| | 512, /38x29x | | S12,f38x29x
304x228x3 W ] 7/ ] 7/ 512 ] 512 -/ 512 ] 512 *(s) nxn convolution
N (strides)
256 256 256 256 256 512 /  Rew
ﬂ £| ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ 3x3 max-pooling
1024 1024 1024 1024 102 2048 stride 2
7 ] ] v v v 7 7 7 [|#]| Batch normalization
19x 15 x 1024 10x 8 x 2048
@ Up-Convolution
— (Please refer to
* @ @ @ @ * Fig. 2 for the
(2] 3 Prediction implementation
- — |0 sexias| [ 160XA28X64 | 605128 specifics)

10x 8 x 1024 20x16x512 40x32x 256

Puc. 5.4. opurinanbHa cxema Mepexi ResNet-50 suginennsim Encoder-Decoder

yactuau[ 104].
Jns ribpuauzaimii 1aHoi Mepexi BIIOYBaeTbCs Iepefada O3HAK 3  IIapy
MPUXOBAHOTIO CTaHy Ha KJIacu(piKaTOp BUMAJKOBOTO JICY 3 MO3UIINHOK (DYHKIIIEIO

rojiocyBanHs. Taka nepenaya BiiOyBaeThcs 3 MoaU(piKailiero 300paxeHoro Ha puc. 5.5.

“

*

T
Input L) o PP | BN PR
304x228x3 [/ el | 92

19 x 15 x 1024

"‘ﬁ‘m

10x8x 1014 20x16x 512 40x32x256

\ / Nikapcbko-cTiiikmii
Random Forest
\ JNikapcbKo-4yTn1BWiA

Puc. 5.5. Cxema ribpummzanii mepexi ResNet-50 3a momomorow airoputmy

BUMAJKOBOTIO JIICY 3 MO3UIIHHOI (YHKIIIEIO TOJIOCYBAHHS.
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[IpuBenenns apxitekrypu mnig Encoder-Decoder Tun n03Bossie BU3HAYUTH HAOIp
O3HaK Ha TMEBHIN rIMOMHI HEUPOHHOI Mepexi. BUKoHaBIIM HaBYaHHS JaHOT MEpPEXi B
3a/1a4yl cerMeHTalli 00JacTl IHTepecy, B BIAMOBIAHOCTI 1O HACTYTHOI CTPYKTYPHOI CXEMU
(puc. 5.5) Bmayoch OTpHMMATH TOYHICTh CerMeHTallli 3o00paxkeHHs B 91.36%, mo €
JOCTaTHIM JIJIi BU3HAHHS MPUXOBAHOro state miapy AaHOl Mepexi 1HPOPMaTUBHHM.
XapakTepuCTUKU HAaBYAHHS IaHO1 MEPEXKi B 3a7a4l CerMEHTAIlli TpeICTaBlIeH] B Ta0uII
5.2.

Tabnuis 5.2

IHoka3nuku ToyHOCTI cermeHTanii Mepexi ResNet-50 3 Buaisiennsim Encoder-

Decoder
Ha3zBa noka3zHuka 3HaYeHHS
3arajibHa TOYHICTh 91.56%
Recall 0,997
F1 score 0,677
Koediuient Matthews 0,831
KinpkicTh emox HaBUaHHS 4

[IpoananizyBaBIIM MOKA3HUKU CETMEHTAIlIl 3 Ta0auIll 5.2 MOKHA BU3HAYUTH IO
Mepeska IMOBHICTIO BUAUIMIIA 300pa’KeHHs O4IKyBaHO1 30HH 1HTepecy (moka3Huk Recall =
0,997). ToMy 3acToCyBaHHS MPUXOBAHOTO IIapy AK 1HPOPMATUBHOIO aHCAMOIIO st
KiacudikaTopa € MOXIUBUM. TakoX BapTO 3a3HAYUTU IO 3a PEUITOK MOKA3HUKIB
pe3yJbTaT CerMEeHTAallli € TOYHUM, OJHAK BU/IIJIEHA MacKa MICTUTh HAJJIMIIKOBI MIKCEN,
K1 O HEe1 HE MaloTh BIJHOCUTHUCH. Lle CBITUUTH Mpo Jenio 3HWKEHY Clenu(IuHICTb

MOJIeJI1, 1[0 MOXe OyTH 00YMOBJIEHO CXOXKICTIO (JOHOBHX €JIEMEHTIB 13 30HOIO YpaKeHHS.

Oxkpemo ciIi MiIKPECIUTH 3arajibHy TOYHICTh MOJIEN], ika CTaHOBUTH 91,56%, 1110
CBIIYUTH MPO BUCOKUH PIBEHb Y3TOKEHHS MIXXK CETMEHTOBAaHUMH 1 peepeHTHUMHU
MIKCEISIMA Ha PiBHI BChOTO 300paxkeHHs. [IpoTe ciix BpaxoByBaTH, 110 L€ MOKA3HUK

MO>Ke OyTH 3MILIEHUI Yepe3 TOMIHYBaHHS HETaTUBHOI'O KJIacy.
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HapuuBmm anroputM kiacudikaiii Ha HaOopi i1HQOpMAaTHBHUX O3HAK 3
3aCTOCYBaHHSAM METOAY TMO3UI[IHHOTO TOJOCYBaHHS BAAJIIOCh OTPUMATU PE3YJbTATH

MpejCcTaBiieH] B Tabuuii 5.3.

Tabmuis 5.3
IHoka3HukM TOYHOCTI KiIacuPikanii riOPpUIHOI0 CHCTEMOIO
Ha3zsa noka3znuka 3Ha4YeHHS
3arajibHa TOYHICTh 94.54%
To4HICTB AJIs1 TIKAPCHKO-CTIHKOTO KJIacy 95.1%
TouHICTh AJIsI TIKAPCHKO-YYTIMBOTO KJIACY 94%
Recall 0,951
F1 score 0,951
Koediuient Matthews 0,891

3arajibHa cXema TEXHOJIOTil 3 3aCTOCYBaHHSIM TiOPUAN30BAHOTO Kiacudikaropa

300pakeHo Ha puc. 5.6.

KT 306pa>keHHA HopwmanisoBaHe 3a NlereHeBuM BIKHOM  Byininena 30Ha nereHb

Ty
oy, &

Macka ypa>keHHA

ResNet50 = ResNet50
Decoder ResNet50 State < E .
o | N

Jlikapcbko-CTilkuiA V\
/ Random Forest
JNikapcbko-4yTNnBMIA

Puc. 5.6. CxeMa TexXHOJIOTIi 3 3aCTOCYBAHHSM TOPUAN30BAHOTO KiacudikaTopa.
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Januii knacudikatop npairoe 3 opuriHaibHuM 300paxkennsm KT nmerens (512 x
512 nikceniB). Ha nepmomy etani Big0yBa€eTbCsl BUIIJIEHHS JIETEHEBOTO BIKHA 3 IEHTPOM
B -600HU Tta mmpunoro B 1600 HU. BuminmuBmm CTpyKTYypu B JIETEHEBOMY BIKHI
B110yBa€eThCsl HOpMati3alisi 300paxkeHHs 3a ¢opmynoro 1.1. go 256 rpanaiiii ciporo.
[Ticnst mpuBeieHHs 300paxeHHs A0 256 rpaaaiiiii ciporo BOHO MePeJaeThCs Ha 3STOPTKOBY
HeliponHy Mepexy[30] ans BuaiieHHS 001acTi JereHb. Pe3ynbraT cerMeHTallii JiereHb
HaKJIQJa€ThbCsl HA OpUTiHAJIbHE 300pa)K€HHS BUIUISAIOYM  OOJACTh  IHTEpPECy
riopuanzoBanoi moaudikamii ResNet50 3 Encoder-Decoder apxitexktyporo. Heitponna
Mepeka MpaIloe SK CEerMEHTAaTOp Ta Ja€ Ha BHXOJ1 300pakKeHHS 3 BUILUICHUMHU
obOnactsiMu ypaxkeHHs JiereHb. Knacudikatop HaBUeHHI HA MPUXOBAHOMY CTaH1 MEpexi
3 (yHKII€ NO3UMUIHHOIO TOJOCYBAHHS [Ja€ pe3yJbTYyIOUUH KJac YpaXeHHs, Yy

BIAMIOBITHOCTI IO CXEMHU 300pakeHoi Ha puc. 5.6.

5.3 CrpykrypHe NOpiBHSAHHS Po3p0o0sieHUX iHPOpMALITHUX TEXHOJIOTI

Po3po6neni iHdopmaliifHi TEXHOJOTii JAEMOHCTPYIOTh BHUCOKY TOYHICTh
Kiacudikamii JiKapCchbKO-4yTIMBOI Ta JIKAPChKO-CTIHKOI popmu TyOepKynbo3y. [lani
pe3yNbTaTH JOCATAIOTHCS 3aCTOCYBAHHSAM MONEPEAHLOT OOPOOKM AaHUX NIl BUIILICHHS

00J1aCT1 JIETEHb.

[Tonmepenus 00poOka BKIIOYAE HOpMamizalilo 300paKeHHS 3a BHAUICHUM
JIET€HEBUM BIKHOM Ta CErMEHTAIlll0 JIeTeHb. BUINEHHS JereHb SK 30HU 1HTEpecy
J03BOJISIE aNropuT™MaM (HOKYyCyBaTUCh JIMIIE Ha O3HAKAaX, U0 3HAXOJATHCA B JIET€HEBIN

30Hl.

Haiibinbmy TouHicTh kiacu@ikaiii Ha 300pa)k€HHI 3 30HOI IHTEpecy
IPOJEMOHCTpYBaa Tuboka 3ropTkosa Mepexka ResNet-101. Ii cTpykrypa no3Bonuna
e(heKTUBHO BUILIUTH 1HPOPMATUBHI O3HAKU Ha HABYUTHUCH KIacU(]PiKyBaTH 300pakeHHs
B IIPUHAIEXKHOCTI 710 Ki1acy. OIHaK O3HAKHU Ha SIKI OMUPAETHCA MEpEka B MPOIIECT CBOET
poOOTH HE MOXYTh OYTH HAKIAJIeHI Ha 300pakKeHHs, TOMY JaHa CHUCTEMa JI03BOJISIE
MOCTABUTH KIHIIEBUM MiarHO3 0€3 MOXJIMBOCTI BUAUICHHS 1HGOPMATUBHUX 30H MJIS

JKaps.



118

3MiHa CHCTEMH BiJ MTOBHICTIO HeiipomepekeBoi (puc. 5.2) no ridpuanoi (puc.5.5)
JI03BOJIsI€ 3aUIINTU (hOpMYyBaHHS HA0OPY IHPOPMATUBHUX O3HAK HA 3TOPTKOBI1M YaCTHHI
HEWPOHHOT MEepeki Ta HaBUUTH aHcaMmOJieBuil kinacudikatop Random Forest. HaBuennit
KJ1acu(iKaTOp 3 BUCOKOIO TOUHICTIO KJIacu(ikye 300pakeHHS Ha JTKapChbKO-UyTIUBUHN Ta
JKapChbKO-CTIMKUN KJac. BUKOpUCTaHHS [10AATKOBOrO BHUXOIYy Mepexi (puc. 5.6)

JiKapro, Ta TPUUHATTS HUM PIIIEHHS [0 CTpaTerii JIKyBaHHs Malli€HTa.

3acToCyBaHHS TEKCTYPHUX METOJIIB aHali3dy 300pakeHb, Ta KJIac-OpIEHTOBAHOT
CEJIEKIIil T03BOJISIE MPOCIIIKYBATH MOBHUN NUISIX TPUUHATTS PIIIEHHS MPO BUIIJICHHS

30HM Ha 300pakeHH1 Ta KJacu(ikallli MPUHAIEKHOCTI MaIliEHTa A0 MEBHOTO KJIACY.

CrartucTu4Ha CeNeKIlis TEKCTYPHUX 03HAK JT03BOJIsA€ MOOYAyBaTH iHHOPMATUBHUIN
aHcaMOllb 3 TEKCTYpHUX O3HAaK, a OOOpPOTHICTh MOOYJOBH MATPHUIl TEKCTypPHHUX
XapaKTepUCTUK JI03BOJISIE OJHO3HAYHO B1IOOpa3UTH HA OPUTIHAIHLHOMY 300pa)K€HHI
Ha0lp MmiKceliB, M0 NPUUMaNIM y4acTh B Kiacu@ikallii Ta MalOTh Ha HEl IPSMUM BILUIUB.
Jlane BUIIUICHHS J103BOJISIE MPOJEMOHCTPYBATH JIKAPIO JOJATKOBI 30HU IM1JBHUINEHOL

yBaru, Jyisi OUIbII TOYHO1 JIarHOCTUKH MaIll€HTA.

5.4 IIpakTu4He BUKOPUCTAHHA KiaacudikaTopa

B pesynbrati 1aHoi po60oTu noOy10BaHO Ta HABUEHO TPU KJIacH(iKaIiiHI MOJIE,
SIK1 JO3BOJISIIOTH 32 HAOOPOM BXIAHHUX JIaHUX IMAIllEHTa BU3HAYUTH HOTO MPUHAJICKHICTD

710 KJ1acy JIIKapChKO-YyTIMBOIO Ta JIKapChKO-CTIMKOTO TYOEPKYIHO3Y.

Jlnst 3acTOCyBaHHSI J1aHOI TEXHOJIOTIi MOTPIOHO OTpUMATU JaHI KOMI FOTEPHOT
ToMorpadii maimieHTa Ta IMIOPTYBaTH iX B poOoue cepenoBuine. s BUOOpPY AaHUX
ToMorpadii nepeadavueHoO €JIeMEHTH YNPaBIiHHSA 3 BUOOpPOM AUpPEKTOpii, abo ¢ainy 3
nanuMu Tomorpadii namienta. [lpuknanu Bubopy aupextopii Ta ¢aiiiB BigoOpaxeHo Ha

puc. 5.7. Ta puc. 5.8. Jlaai Tomorpadii 30epiratotbcs B popmarax NIfTi1 ta Dicom.

®opmatu NIfTI ta Dicom € ocHoBHUMU (QopmaTamu 30epiraHHs JaHUX MPO

MEJIUYHI 300pa)K€HHs, TOMy po3po0jeHa cucrtema mpaire 3 KokHuM 3 Hux. NIfTi
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703BOJIsI€ 30epiratu gaHi 300paxkeHHs sk 3D abo 4D 006’€ekT, 1m0 poOUTH HOro 3pyyHUM
IU1s1 poOOTH 3 TaHUMU OJJHOTO NaiienTa. Takox nanuii opmat 103Bosisie 30epiratu aesiki

MeTaJiaHi, 32 PaXyHOK 40ro 30€piraroTbcsi IPOCTOPOBI JaH1 300paKEHHS.

Dicom B CBOIO 4epry € MDKHAPOJHUM CTAaHAAPTOM JJisi 30epiraHHs Ta OOMiHY
MenuuyHuMH AaHuMu. OJIHaK KOXKHE 3 300pakeHb 30epiraerbest y Burisial 2D manux
3pi3y, 110 BUMAarae KOHTPOJIIO HaJ BCIMa JAHUMU MOCHIJOBHOCTI, JAJIsl KOPEKTHOI poO0TH
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3aBaHTaXUBUIM J1aHI MAaILlEHTa B CUCTEMY MOXXHa MEPErVISIHYTH KOXKEH 3 3pi3iB

naHux TomMorpadii mamieHnra, sik 300paxeHo Ha puc. 5.9.

Puc. 5.9. Bino6paxenns opurinanbaux ganux KT namienTa.

[lepernsHyBIIM OpUTIHATBHI J1aH1 300pakeHb MOKHA 3aCTOCYBATH KOXKHY 3 CUCTEM
JUTsL aHai3y JaHux naniedTta. Cucrema BUIUIUTD JIaHl JIeTeHb Ta B1AoOpa3uTh 00J1acTh
1HTEpecy B sAKIM Oyne MpOBOAUTHUCH JOCIHIKEHHS, K BinoOpaxkeHo Ha puc 5.10. [ns
noOy/ioBH 00JacTi 1HTEpEeCy 3acTOCOBYeThCs HepoHHa Mepexka Unet[30], Takox
pe3yibTaT BUAUICHHS MOXKHA TNEPETNIIHYTH HJid KOXXHOTO 3 300pakeHb B cepii.
Bupinenuss nerens BiJIOyBaeTbCsl 3 MPOBEJACHHSM MOMEPENHbOI OOPOOKH KOXKHOIO 3
300paxkeHb cepii. Ha erami momnepenHboi 0OpoOKM KOXKHE BXIJHE 300pa’keHHS
po3MipHicTio 512 x 512 mikceniB Ta 3 Alama30HOM XapaKTepUCTHUK HIUTLHOCTI Bia [-2000;
1000] mpuBOAMTHCA OO JIETEHEBOrO BIKHA, 30€pirar0yu MpU LBOMY PO3MIPHICTH
OpUTIHAIBHOTO 300paxkeHHs. llicns BUAUIEHHS JIETEHEBOTO BiKHA BiAOYyBa€eThCs

MpuBeNeHHS B 256 rpagaiiii ciporo, 3a popmyinoro 1.1. 300paxeHHs B rpajalisix ciporo
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nepenaeThes Ha HelpoHHY Mepexy [30] mis mpoBeneHHs cermenTarii. [lepeTBopeHHs

HaJl TaHUMHU 300pake€HHs B MPOIIEC] MoINepeIHh01 00poOKH BigoOpakeHo Ha puc. 5.11.

Puc. 5.10. BigoOpaxeHHsI CErMEHTOBaHOI 00JIACTl 1HTEpPECY HAa OPUTIHAIBHOMY

300pakeHHI.
po3amip 512 x 512 px po3amip 512 x 512 px po3amip 512 x 512 px poamip 512 x 512 px
nianasoH -2000; 1000 HU nianasoH -1400; 200 HU nianasoH 0; 255 pianasoH 0; 1
BxigHe BuaineHHA o
A |::> A |::> Hopmanisauia .
306pa)KeHHH nereHeBoro CeI'MeHTaIJ,IFI
. 306pa>KeHHA
ToMorpadii BikHa

Puc 5.11. [lepeTBOopeHHs HAJ JAaHUMH B IIPOIIEC] MOMEPETHBOI 00POOKHU

[IpoBiBIIM aHami3 BXIAHUX JaHUX CHUCTeMa BIIOOpPa3UTh pe3ylbTaT PO
MIPUHAJICKHICTh JaHUX MaIll€HTA J0 JIIKapChbKO-UyTIUBOT0 200 JIIKapChKO-PE3UCTEHTHOTO

kiacy (puc. 5.12).
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Nikapcbko-4yTAuBKiA Knac JNikapcbKo-CTiliKuii Knac

A b

Puc. 5.12. Ilpuknan pesynabTaty: A — JiKapChbKO-4yTIUBUN Kiac, b — nikapchko-

CTIAKHUH KJIac

3acToCyBaHHS METOJy KJIac-OpIEHTOBAHOI  CeNeKIli 3  KiIacu(pikaTopoM
BUII4JIKOBOT'O JIICY Ta ONTHMI3ALIEI0 METOJAOM IO3UILIMHOTO TOJOCYBaHHS J103BOJISIE
BUJIUIUTH Ha 300pak€HHI MIKCeNi, 10 NPUHMarOTh y4acTh B Ipolieci kiacudikaiii, Ta

MICTATH 30HY NOTEHI[IHHOTO 3aXBOPIOBAHHS.

3acTtocyBaHHa riOpuau3zoBaHoi apxitekTypu ResNet50 go3Bosisie  okpiMm
PE3YIBTYIOUOr0 KJIaCy OTPpUMATH MAacKy 3 CErMEeHTalll€l0 o0yacTi ypaxeHHs. Macka
dbopmyeThes 3 Decoder BUXoy aaroputMmy Ta J03BOJSE MEPEIVITHYTH BUAUICHY 30HY,
BUJIUVICHHS SIKOi MOJIMBE 3 TMpuxoBaHoro crtaHy Encoder-Decoder apxitextypu.
PesynbTaT 3actocyBaHHs BinoOpaxkeHo Ha puc. 5.12. Ilpukian BigoOpaxeHHS
cermeHToBaHOi ResNet50 macku Ha OopuriHaIbHOMY 300pa’keHH1 B11OOpakKe€HO Ha pHUC.
5.13. IadopmariiiHa cucTeMa I03BOJISIE 3MIHIOBATH MPO30PICTh TaKOi MAacKW, s
MOXJIMBOCTI TIEPETJISIIYy OPUTTHAIBHUX SICKPABOCTEH MIKCENIB MpU MiHIMAaIbHOMY PiBHI
SCKPABOCTI MACKH, Ta 3aMINIYIOYM IMIKCEJl BUAUICHOI MAaCKOI0, JJi OLIbII 3pYy4YHOTO

NEepersiay pe3yiabTaTy CerMeHTallli.
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Puc. 5.13. Buginena 3oHa ypaxenHs: A — 3 mackoro mpo3zopictio 70%, b —3

Mackoro mpo3opictio 10%.

B sKxoCTI mMOManbIIOro PO3BHTKY CHCTEMH TII€pe]] MOKIWBE BIPOBAKCHHS
CUCTEMHU BH3HAUYCHHS HASBHOCTI TYOEPKYyJIBO3HOTO YpaXeHHsS Ha 300pakeHHI
ToMorpadii nepej nepenavero Takoro 300pakxeHHs B JaHy CUCTeMY Kiacudikailii, oJJHaK

TOYHICTh TaKOTO KJIacu(iKaTopa MOTPIOHO JOCIIIKYBATH 10JATKOBO.
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BucHoBku 10 po3ainy 5

3acTocyBaHHS MNHUOOKUX HEUPOHHUX MEPEXK J103BOJISIE OTPUMATH BUCOKY TOUHICTh
KJacudikaiii JJIKapCbKO-4yTJIMBOI Ta JIIKAPChKO-CTiKOI Gpopmu TyOepKynbo3y. OaHak

pILIEHHS] OTPUMAaHE MEPEXKEIO CKIAJHO IHTEPHPETYBATH HA OPUTTHAIBHE 300pasKeHHSI.

PimeHHsT CTaTUCTUYHUX METOMIB Kiacudikaiii € OiIbll IHTEPIPETOBAHUM, Ta
JI03BOJISIE JIIKAPIO 3BEPHYTH yBary Ha IIKCEJl, O[O0 NMPUHAMaId y4acTh B TOJOCYBaHHI 3a

MIPUHAJIEKHICTh 00’ €KTY JI0 EBHOTO KJIacy.

["6puan3aliist HEHPOHHOI MEPEXKi 3 3aCTOCYBAaHHIM aHCAMOJIEBOro KiiacudikaTopa
JI03BOJIsSIE OTPUMATH BUCOKY TOYHICTh Kiiacudikallii, Ta BiIOOpa3UTU CXeMy IMPUHHATTS
pimeHHs. CucteMa Takoro TUIY MPOJEMOHCTpYBasla TOUHICTh Kiacudikauii y 94.54%,
OJIHaK BOHA HE JI03BOJISIE BIIOOpPA3UTH MIKCENl, Kl MOTpeOyIOTh T0AAaTKOBOI yBaru Ha

OpUTIHATBHOMY 300paKEHHI.

3acTocyBaHHS HEHPOMEPEKEBOTO MiAXoAy 3 apxiTekTyporo ResNet-101 no3Boiisie
JOCSAITA HAWBUINOI TOYHOCTI Kiacudikamii y 96.36%. Opnak naHe pilIEeHHS He
IHTEPIPETYETHCS HA OPUTTHATBHE 300pa’KeHHS JIET€Hb, Ta HE JI03BOJISIE BUJIUTATH TIKCE],

Ha sIK1 BApTO 3BEPHYTH yBary JiiKapeBi IpU NPUUHITTI MEAUYHUX PIIIEHb 100 A1arHO3y .
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BUCHOBKU
VY nuceprartiii TEOPETUYHO y3araJbHEHO Ta HABEJEHO HOBI CIIOCOOHM PO3B’SI3KY
HAayKOBO-T€XHIUYHOI MNpoOjJeMHu 3OUIbIIEHHS TOYHOCTI AudepeHmiamii JiKapchKo-
YyTJIUBOI Ta JIIKAPChKO-CTIIKOI (hOpMH TyOEpKYIJIbO3y Ha OCHOBI KOMOIHYBaHHS METO/1B

HITYYHOTO 1HTEJEKTY.

1. BukoHnaHo aHaii3 METOJIB CTAaTHCTUYHOI Ta HEWpOMEpexeBOi OOpOOKH JaHUX
MEIUYHUX 300pakeHb, BU3HAYEHO OOMEXKEHHS Ta 3alpOlOHOBAHO NEPCHEKTUBHI
HaIMpsSMKU JTOCTIKEHHS 3 TOOY0BU aHCAaMOJIEBUX KJIaCU(IKATOPIB, HEUPOHHUX MEPEX
Ta 3aCTOCYBaHHS TEKCTYPHOTO aHaJi3y JIJIsl BUIUICHHS O3HAK 3 300paKeHHS.

2. 3acTOCyBaHHSI METO/IB TEKCTYpPHOrO aHalizy 10 300pakeHb KOMII IOTEPHOT
toMorpadii  JIereHb  JO3BOJISIE  3MEHINWTH  HAQIMIIKOBICTH Ta  30UIBIINATH
1H(QOPMATUBHICTh O3HAK OTPUMAHUX 3 300paKEHHS.

3. BnockoHaneHo MexaHi3M — CEJEKI[IOHYBaHHA 1H(QOPMATHUBHUX O3HAK  JIs
3MEHIIEHHS PO3MIPHOCTI NaHuX. Kiac-opi€eHTOBaHa celeKIlis O3HaK 3 B1IOOpPOM 3a
MDKKJIAaCOBOIO Ta BHYTPIIIHBOKIACOBOIO AMCIEPCIEI0 Ta 3aCTOCYBaHHS T€HETHYHOTO
aITOPUTMY 3a KpUTEpIEM Makcumizailii iHhOPMATUBHOCTI Ta MiHIMI3aIli HAJMIPHOCTI
JI03BOJIsSIE OTPUMATH aHCAMOJIb 3 ONTUMAJIBLHOTO0 HA0OPY O3HAK.

4. BriockoHaneHo aiaropuTM roJIoOCyBaHHS Ha OCHOBI KOJEKTHMBY BHUPIIIYBaJIbHHUX
npaBuwsl B Kkiacudikaropa aHcambiieBoi cTpykTypu - Random Forest. Illnsxom
3aCTOCYBaHHS METOJy TPYHOBOTO YpaxyBaHHsS apTryMEHTIB /10 MO3HUII TOJ0CYHOUHX
€JIEMEHTIB JJi 30UIbIIeHHSI IepcoHami3allii pe3ynbTaTy kinacu@ikaiii Ta MiJABUIICHHS
To4HOCTI 3 85% 10 88.2%.

3. 3acTocoBaHo HelpomepexeBuit kinacudikarop ResNet nisa nudepeniianii hopmu
TyOepKynbo3y. Jlanuii kimacudikaTop 3aBAsSKM HAIBHOCTI PEKYPEHTHHX 3B’SI3KIB
e(heKTUBHO BU3HAYAE O3HAKU TA JIEMOHCTPYE TOUHICTH 96%.

6. CtBOpeHo riopuan30BaHy MOJeb Ha 0a3i rnOokoi HeiipoHHoi Mepexi ResNet Ta
kinacudikatopa ancambneBoro Tunmy Random Forest. Bpockonanena ¢yHkIis
MO3UIIINHOTO TOJOCYBaHHSA €(EKTUBHO BUKOpPUCTANIa BUJLJICHI MEPEKEI0 O3HAKU Ta

JI03BOJIMJIA JOCATTHA TOYHOCTI 95%.
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7. Po3po6reno Ta BnpoBamkeHo 10 Bukopuctanua y Y «HamionanbHuit HaykoBuit
neHtp ¢rusiaTpii, myabMoHousorii Ta aneproiorii iM. ®@. I'. AnoBcbkoro HAMH
VYkpainu» pexoMeHIaliiiHy CUCTEMY, 1110 JO3BOJISA€ 30UIBIIUTH 1HYOPMATUBHICTD TAHUX
JUTSL JTIKapsi BU3HAYAI04YM HAsIBHICTh JIKAPCHKO-UYTIMBOI a00 JIKapChKO-CTIHKOI popmu
TyOepKynb03y 3a nanumu KT 300paxkensb jiereHb. [JocsirHyTa TOUHICTh 1H(OpMAaIiitHOT

CUCTEMH CTAHOBUTH 96%.
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