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Huceprarttist Ha 3700yTTsI HAYKOBOTO CTYIEHsS MoKTopa (diocodii 3 ramysi
3HaHb 12 [HdopMmaliitHi TexHoor1i 3a cnemiaibHicTio 122 KoM’ toTepH1 HayKu. —
HarmionanpHuii TeXHIYHHM yHIBepcUTET YKpaiHu «KUIBCbKUIl MOMITEXHIYHUI

iHcTuTyT iMeHi Iropst Cikopcekoro», Kuig, 2020.

[TinroToBka 3milicHIOBajIach Ha Kadeapi aBTOMAaTH3allli MPOCKTYBaHHS
CHEPreTUYHUX TMpoIeciB 1 cucreM HaiioHaTbHOTO TEXHIYHOTO YHIBEPCUTETY
VYkpainn «KuiBChbKHid MOMTEXHIYHUHN 1THCTUTYT IMeHI [ropst CikopchKOro».

Jlucepramiss mpucBIYeHA po3poOIi 3aco0iB  MIABUIICHHS TOYHOCTI
poO3Mi3HaBaHHS 32 JIarHOCTHYHUM CUTHAJIOM.

Po3mni3HaBaHHs 3a J1arHOCTUYHUM CHTHAJOM € 0a30BOIO0 MPOOJIEMOIO MPH
peaizalli CucTeM aBTOMAaTUYHOTO KOHTPOJIIO Ta J1arHOCTUKHU. Po3moBCIOmKeHUMU
3aladaMi € 0Oe3MocepeIHbO KiIacudiKallisl 3a XapaKTepUCTUYHUM CUTHAJIOM,
3aJlaHUM SIK YacOBHM psii, Ta CEMaHTUYHA CETMEHTAIlsl 3a JIarHOCTUYHUMU
3HIMKaMU. 3 PO3BUTKOM 3TOPTKOBUX HEHUPOHHUX MEPEXK BIAKPUINCA HOBI
MEPCTICKTUBH PO3B’SI3aHHS TaKWX 3aja4 IIBUJIKO, 30KpeMa B pealbHOMY 4Yaci, Ta 3
JA0CTaTHHOIO TOYHICTIO.

Opnak B 0ararbOX BHITQJIKaX PIIICHHS 3aJa49li CEMaHTHYHOI CErMEeHTarlii
noTpedye JOTPUMAHHS MIKCEIbHOI TOYHOCTI TOMY, IO — B 3aJIeKHOCTI BIJ
MacmTady — 300paxeHHsI MOXE BIAMOBIAATH po3MipaM 00’ €KTIB PI3HOIO MOPSAJIKY.
Hampukman, y Bumagkax aHajizy MEIUYHUX 300pakeHb — II€ MUIIMETPH, a B
3aj1a4yax CceWcMiyHoi po3Biaku 3emui — wMeTpu. st moTpiOHOI TOYHOCTI
pO3B’si3aHHS 3aJad CEMaHTUYHOI cerMeHTalii 0a30BHX aJrOpuTMIB MEpPEex

IJIMOOKOTO HaBUYAHHS MOXKE OyTH HE JIOCTAaTHBO.



Kpim 11p0r0, HE A1 BCIX BHUITQJIKIB JIIarHOCTYBAaHHS JOCTAaTHHO TOYHOCTI
Kkjacugikamii, sIKy MO)XXHa JOCAITH Ha 3rOPTKOBUX Mepexax. Hacammepen ue
BiIOyBa€ThCS TMPU BTpaATl 3HAYCHb XAPAKTEPUCTUYHOTO BEKTOPY, BUHHKHEHHI
aHoMaJlid ab0 TMOoYarKy IMepexiIHUX IMPOLECIiB B JOCTIIKYBaHOMY OO0’ €KTI.
BoaHouac iHImMIA pi3HOBUA HEMPOHHUX MEPEXK — KapTH camoopranizauii Koxonena
— MaloTh BJIACTMBOCTI JI0 HAaBYaHHS 3a HEBHU3HAYEHOI MHOXXMHOIO KJIaciB Ta
dbopMyBaHHS HOBHMX KJIACTEpIB JJIs 3a37ajieriib HE BIIOMHUX KiaciB. Tum camum
camuM, Mepexi KoxoHeHa HalaroTh MOKIIMBICTh PO3B'sI3yBaTH 3a/1a4i 3a3HAYEHOTO
TUITY.

Tomy B po0OOTI MPOBEIEHO MOCTIIKEHHS 000X HEHPOMEpPEKEBHUX IiIXOIIB
I MiJBULICHHS €e(QEKTUBHOCTI KOXKHOTO 3 HHUX OKpeMO Ta iX iHTerpamii B
riOpuHy HEMPOHHY MEPEKY.

TeopeTnuHoI0 6a3010 JOCIHIIKEHb CTAJIN POOOTH HAYKOBIIB:

- y ramy3i mepexk mmbOokoro HapyaHHs: G. Hinton, Y. LeCun, A.
Krizhevsky, I. Goodfellow Ta inmii;

- y raiay3i HEepOHHHMX MEpEeK, 3aCHOBAHUX Ha MPUHIIMIIAX CaMOOpraHi3allii:
T. Kohonen, S. Furao, M. Cao Tta iHmi.

CydJacHl AOCIIDKCHHS CIpsIMOBaHI HacaMmIepea Ha 3HAXO/KEHHS 3ac00iB
MIJIBUIIICHHS. TOYHOCTI PO3B’s3aHHS MNPUKIAJHUX 3aJlad Ha OCHOBI ICHYIOUHX
MEXaHI3MIB HEUpOHHUX Mepex. OpHak mna OaraTtboxX 3amad kiacudikamii Ta
CEeMaHTHYHOI CerMeHTalli J0Ci He JOCATHyTa HeOoOXiJHa TOYHICTb, TOMY
BJIOCKOHAJICHHS apXITEKTYp Ta BH3HAYEHHS JIOJIAaTKOBUX 3acO0iB 30UIbIICHHS
TOYHOCTI IIarHOCTYBAHHS € aKTyaJIbHOIO MPUKIIATHOK 33]1a4€IO.

MeTow JOCHiDKEHb € po3poOKa METOMIB MIJABUILCHHS TOYHOCTI
pO3Mi3HABaHHS 3a JIarHOCTUYHUM CUTHAJIOM HAa OCHOBI HEHPOHHUX Mepex. Jlis
PO3B’sI3aHHS TTOCTABJICHOI METH MOCTABICHO TaKi 3aBIaHHS:

- TMPOBECTH aHaNI3 MareMaTHYHOTO Ta aJTOPUTMIYHOTO 3a0e3rneueHHs
HEHPOHHHUX MEPEXK, iX apXITEKTyp Ta BIACTUBUX HUM MPOOJIEM HaBYaAHHS;
- BIOCKOHQJIWTH MEPEXKi IITUOOKOTO HABYAHHS IS IiJIBUIIEHHS TOYHOCTI

PO3B'sI3aHHS 33/1a49l CEMAHTHUYHOI CErMEHTAIlIi;



- TIIBUIIUTH TOYHICTh Kiacudikaimii CUTHAJIIB BEJIHWKOI PO3MIPHOCTI Ha
Mepexax IJTMOOKOr0 HaBYAaHHS 3a YMOBH OOMEXEHUX OOYMCIIIOBAIIBHUX
pecypciB;

- po3pobutu wmeton Kiacuikaiii 3a XapaKTEPUCTUYHUM CHUTHAJIOM 3
BTparaMl y BHIIaJIKOBI MOMEHTHM 4Yacy Ha OCHOBI KapT caMooprasizaiii
Koxonena;

- po3poOWTH KOHIEMIIII0 AaCOIIMOBAaHOI MaM'ATi I Mepexki TIHOOKOTo
HaBYAHHS;

- 3OIACHUTH TPOTrpaMHy peaji3allilo BCIX 3alpolOHOBAaHMX METOIB
BJIOCKOHAJIEHHS HEUPOHHUX MEPEK;

- EeKCHEpPUMEHTAJIbHO NEPEBIPUTH 3alpONOHOBAHI METOAU MpH POo3poOIl
IPOrpamMHOTO 3a0e3neueHHs PO3B'sI3aHHS MPUKIIaTHUX 3a1aq
J1arHOCTYBaHHS.

B nucepraniiini poOoTi Brepiiie OTpUMaHO TakKi HayKOBI pe3yJbTaTh:
Bnepiue 3anponoHoBaHo:

- METOJ 30UIbIIEHHS PELENTUBHOIO IMOJISI HEWPOHIB 3rOPTKOBUX HEHUpPOMEpPEX
Ha OCHOBI arperaiii KapT MpU3HAKIB PI3HOI PO3MIPHOCTI JUIS IMiABUIIECHHS
TOYHOCTI Kacu@ikallii CATHaJIIB BEJIMKOI PO3MIPHOCTI;

- METOJ BH3HAYEHHS BIJANOBIJHOCTI HEHPOHIB PELIITKM HAaBYEHOI KapTu
camoopranizamnii Koxonena BXIJTHOMY  BEKTOPY 3  BTpPAuCHUMH
HEBU3HAYECHUMH KOMITOHEHTaMU JUTsl TT1IBUILICHHS TOYHOCTI Ki1acudikarrii;;

- MoJieTb (popMyBaHHS YCEPEIHCHHUX KapT NMPHU3HAKIB B 3TOPTKOBUX HEHPOHHHMX
Mepekax Ha OCHOBI KapT camoopranizaiii KoxoHeHa s ImiaBUIIEHHS
TOYHOCTI pO3B’sI3aHHS 3a/1a4 Kjacudikarii Ta CeMaHTUIHOI CErMEHTAITii.

OTpumaB noAaNbIINIA PO3BUTOK:

- METOJ] CEMaHTHYHOI CerMeHTalii Ha Mepexax TIIMOOKOTO HaBUaHHS 3a
pPaxyHOK NMPUMYCOBOTO BHALICHHS KOHTYPIB 300paykeHHS B JIEKOJEPl MEPEXK:
FPN, PSPNet, DeepLab v3, U-Net Ta 3a paxyHoK arperatii pi3HOpO3MIpHUX

M1BUOOPOK KapTH MPHU3HAKIB JJIS MIJIBUILEHHS TOYHOCTI pO3Mi3HABAHHS.



Y mnepmomy posain «IIpobmemMu po3B’si3aHHsS 3a4ad  J1arHOCTYBaHHS
HEHPOHHMMH MepekaMu» (OpMalli30BaHO MOCTAHOBKM 3a4ad Kiacu@ikamii 3a
JIarHOCTUYHHUM CHUTHAJIOM Ta CEMAaHTHUYHOI CerMEHTaIlil 3a 3HIMKAaMH, IIPOBEIACHO
aHai i3 HEMPOHHUX MepexX, iX KOHIEMI[M, apXiTeKTyp Ta BJIACTHBUX MpoOieM
HaBYAHHS.

B apyromy poznini «CeMaHTHYHA CETMEHTAlllsl Ha Mepexkax IITHMOOKOTro
HaBYaHHS» PO3MISIHYTO 0a30Bi OJOKU CyYaCHHX apXITEKTYyp HEHPOHHUX MEPEex,
METOIHM BHAUICHHS KOHTYpIB Ha 300paxkeHHi. Ha oCHOBI IMX JOCHIIKCHb
3M1IACHEHO BJAacHY po3poOKy 1 BIOCKOHAJIEHO MaTeMaTHYHE Ta aJrOpUTMIYHE
3a0e3reyeHHss cydacHux Mepex rmmOokoro HaBuanHsi: U-Net, DeepLabv3, FPN,
PSPNet.

B Tperbomy po3gim «Knacudikamiss Ha KapTrax caMoopraHizaiii 3a
CUTHAJIOM 3 BTpaTaMmu» PO3poO0JIEHO CHOCIO 30UIbIIEHHS TOYHOCTI PO3Mi3HABaHHS
BXIJIHOTO CHTHajJy 3 BTparaMd Ha OCHOBI KapT camoopraxizaimii. Po3po0GieHo
BJIACHI MIPOTpaMHi peasizallli KapT camoopraHizaiii 3a KJIaCHYHUM aJIrOPUTMOM Ta
aJIrOPUTMOM, JOTIOBHEHHM 3alpPONOHOBAaHUM crocoboMm. OOrpyHTOBaHO BHUOIp
ICHYIOUMX TIpOrpaMHHMX peami3aiii Mepex KoxoHeHa, peani3oBaHMX SK Ha
0a30BUX, TaK 1 Ha ONTHMI30BaHUX ainropurMmax. Ha OCHOBI 00YMCIIIOBaIbHUX
EKCIIEPUMEHTIB 3 BCIMa MPOTPAMHUMH PeaTi3alliiMi HEHPOHHUX MEPEK JTOBEIACHO
€(DEKTUBHICTH 3aPOIIOHOBAHOIO CIIOCO0Y.

B 4derBepromy po3ain «CepeloBUIIE MOJEIIOBAHHS HEHPOHHUX MEpEx
JUIsL PO3B’sI3aHHS 3ajjadul KJacTepu3allii» po3poOJeHO CepeOBUINE MOAEIIOBAHHS
HelpoHHUX Mepexk KoxoHeHa st MOpiBHSUIBHOTO aHaJi3y ICHYIOUMX MPOrpaMHUX
pearnizaiiii KapT camMoOOpraHi3ailii mpu po3B’s3aHHI 3aJad KiacTepusallii Ta
JOBEJICHHSI ~ KOPEKTHOCTI  HOBHMX  pO3pOOOK. 3ampoONOHOBaHE MpOrpaMHe
CEpelIOBUIIE MA€E MPAKTHILY 3HAYYLIICTh AJI1 OOTPyHTYBAaHHS BUOOPY MPOTPAMHOIO
THCTpYMEHTapit0 €(EeKTUBHOTO PO3BSI3aHHS TOTOYHOI TMPUKIAAHOI 3amadi, abo
JOBEJIeHHS €()EKTUBHOCTI HOBUX PO3POOOK KapT caMOOpraHizaiii.

B m’saromy po3gim «Knacugikamiss Ta CcerMeHraiiss Ha 3TOPTKOBUX

MEpPCKAX 3 BHKOPUCTAHHSAM KapT caMoopraHiaaui'i» MMpcacTaBJICHA KOHHGHHiH



1HTerpalii 3ropTkoBOi Mepexi 3 KapToro camooprasizaiii KoxoHeHa B €I1nHOMY
HEHPOMEpEKEBOMY KOMIUIEKCI Il MIABULIEHHS TOYHOCTI. Po3pobmeHo Onok
riOpuIHOT 3rOPTKOBOT MEPEXK1 3 IHTETPOBAHOIO KapTOr0 caMoopranizaiii KoxoHeHa.
Ha ocHOBI  OOYMCHIOBAaJbHUX  E€KCHEPUMEHTIB  JIOBEACHO  €(PEKTUBHICTD
3aMpONOHOBAHO1 apXITEKTYPH.

3a marepiajiaMu Juceprailii omyo/aikoBaHo 12 poOiT, 3 sSIKUX 5 — 1€ CTarTi
y TEpIONUYHMX IKypHaANax, IO BXOMATh MO Tepeliky (axoBUX BHJIAHb,
3arBepmkeHnx MOH Vkpainu 3a cneniainpHICTIO AuMcepralii, B ToMy yucii 1
BKJIFOUEHA JI0 MKHapoaHoi HaykomeTpuuHoi 6azu SCOPUS, ta 7 — nmyOmikarii y
Marepiajgax KoHpepeHIlii (y TOMy YUCIIi, MI)KHAPOTHUX ).

KurouoBi cioBa: 3ropTkoBi HEHpOHHI Mepexi, KapTH camoopraHizarii

Koxonena, rmbuHHEe HaBYaHHS, Ki1acu(ikallisg, CEeMaHTHYHA CEeTMEHTAIlisl.



SUMMARY

Yu.V. Moskalenko Diagnostic signal recognition methods based on hybrid
neural networks. - Qualified scientific work in manuscript copyright.

Dissertation for the earning a degree of Doctor of Philosophy in the
knowledge domain 12 Information technology in the specialty 121 Computer
Science. - National Technical University of Ukraine “Igor Sikorsky Kyiv
Polytechnic Institute,” Kyiv, 2020.

The preprocessing was carried out at the Department of Automation of
energy processes and systems design of the National Technical University of
Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”.

The dissertation is devoted to the development of ways for improving the

accuracy of recognition by a diagnostic signal.

Recognition by a diagnostic signal is a basic problem in the implementation
of automatic monitoring and diagnostics systems. Common tasks include the
classification based on a characteristic signal specified as a time series, and
semantic segmentation based on diagnostic images. With the development of
convolutional neural networks, new prospects have opened for solving such
problems quickly, in particular in real time and with sufficient accuracy.

However, in many cases, the solution of the conceptual segmentation
problem requires pixel accuracy because based on the scale, the image can
correspond to real sizes of different order. For example, in cases of analysis of
medical images it i1s represented in millimeters, and in objectives of seismic
method of prospecting — in meters. Basic algorithms of deep learning networks
may not be enough for the required accuracy of solving conceptual segmentation
problems.

Besides, the classification accuracy that can be achieved on these networks

is not sufficient enough for convolutional networks. First of all, this occurs when



the values of the characteristic vector are lost, anomalies occur, or transients begin
in the object under study. At the same time, another type of neural networks, self —
organization maps, have properties for learning by an indefinite set of classes and
forming new clusters for previously unknown classes. In the same way, such
networks provide the ability to solve problems of the specified type.

Therefore, the study of both neural network approaches to improve the
efficiency of each of them separately and their integration into a hybrid neural
network.

The theoretical basis of the research includes the works of scientists:

- in the domain of deep learning networks: G. Hinton, Y. LeCun, A.
Krizhevsky, I. Goodfellow etc.;

- in the domain of neural networks based on the principles of self-
organization: T. Kohonen, S. Furao, M. Sao etc.;

Modern studies are primarily focused on searching ways to improve the
accuracy of solving applied problems based on existing mechanisms of neural
networks. However, for many problems of classification and semantic
segmentation, the required accuracy has not yet been achieved, hence, improving
the architecture and determining additional means to increase the accuracy of
diagnostics is an urgent experimental problem.

The aim of the research is to improve deep learning neural networks and
self-organization maps to improve the accuracy of recognition based on a
diagnostic signal. To achieve this aim, the following tasks were set:

* to analyze the mathematical and algorithmic support of neural networks,
their architectures and their inherent learning problems;

* to enhance deep learning networks with the purpose of improving the
accuracy of solving semantic segmentation problems;

* to enhance deep learning networks with the purpose of improving the
accuracy of solving semantic segmentation problems;

® to improve the accuracy of high-dimensional signals classification in deep

learning networks with limited computing resources;



* to develop a classification method by a characteristic signal with random
losses based on Kohonen’s self-organizing maps;

¢ to develop a concept of associated memory for a deep learning network;

e to effectuate software implementation of all the suggested methods for
enhancing neural networks;

* to experimentally verify the suggested methods in the development of
software for solving applied diagnostic problems.

The following scientific results were achieved for the first time in the
dissertation work:

- a method for implementing an additional block for deep learning
networks based on the Sobel operator for forced detection of contours in an image;

- method of classification by characteristic signal with random losses based
on self-organization maps by determining incomplete matching of the input vector
of the input layer of neurons to increase the proportion of correct recognition;

- a method of association of the self-organizing grid shape reflection
with fragments of the input signal for embedding the SOM block in a hybrid
convolutional neural network;

- architectural solution for integration of the network with the SOM block
based on the association of self-organization grid mapping with fragments of the
input signal to improve the accuracy of classification and semantic segmentation.

A further development was achieved:

- architectural solutions for FPN, PSPNet, DeepLab v3, U-Net networks by
embedding the proposed Sobel block to improve the accuracy of semantic
segmentation;

- architectural solution of U-Net networks by integrating them with the PSP
block to improve the accuracy of semantic segmentation.

In the first section "Problems of solving problems of diagnostics by neural
networks", the problem of classification and semantic segmentation with
diagnostic images is formalized and the analysis of neural networks, its concepts,

architectures, and its inherent learning problems is performed.



In the second section, "Semantic segmentation on deep learning networks",
the basic blocks of modern neural networks and methods of contour selection in
the image are considered. Based on these studies, mathematical and algorithmic
support for deep learning networks has been improved: U-Net, DeepLabv3, FPN,
PSPNet.

In the third section "Classification on self-organization maps based on the
signal with losses", a method for increasing the accuracy of recognition of the
input signal with losses based on self-organization maps is developed. A method of
classification by characteristic signal with random losses based on self-
organization maps has been designed. We also chose and developed our own
software implementations of self-organization maps based on the classical
algorithm and the algorithm supplemented by the proposed method. Based on
computational experiments, the effectiveness of the proposed method is proved.

In the fourth section "Neural network modeling environment for solving
the clustering problem", the neural network modeling environment is developed
for comparative analysis of existing SOM software implementations for solving
clustering problems and proving the correctness of new developments.
Computational experiments have proved the effectiveness of the proposed
environment.

In the fifth section, "Classification and segmentation on convolutional
networks using self-organization maps", the concept of integrating a network with
a self-organization map in a single neural network complex is presented to improve
accuracy. The block of hybrid convolutional network architecture with an
integrated self-organizing map is developed. Based on computational experiments,
the effectiveness of the proposed method is proved.

Based on materials of dissertation 12 papers were published, 5 of which
are articles in scientific journals included in the list of professional editions
approved by MES of Ukraine on the specialty of the dissertation, including a 1
included in the international scientometric databases SCOPUS, and 7 publications

in materials of conferences (including international).
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