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Metoro pobOTH € MiABUINECHHS SKOCTI aHamidy enekrpokapaiorpam (EKI)
[UIIXOM PO3POOKH METOIB Ta ajJrOpPUTMIB OUIbIII TOYHOTO BU3HAYEHHS BIIXHUIICHD Y
nonepeHbo 00poOICeHUX O10CUTHAIAX JIFOJJMHU 3 METOIO MIHIMI3allli 3arpo3 3I0pPOB 10
Ta BUACHOT'O BILTUBY JUIsSl TOKPALLEHHS SIKOCTI )KUTTsA. OCHOBOIO pO3pO0JIEHUX METO/IIB
€ MAXoAu Ha 0a3l MAaIMHHOTO HaBYaHHSA, K1 OyJio armpoOOBaHO HA PI3HOMAHITHUX
JNOCTYITHUX BEJMKUX BHOIpKax JaHUX, W10 JOBEJIO BHUCOKY €(EKTUBHICTb
3alpOIIOHOBAHUX METO/IB.

Kutta 1 310poB’Sl JIOJMHU € MPIOPUTETOM KOHCTUTYLIM Oararbox AepiKas, 1
3arajoMm 3ajauyero Oaratbox ramyseil. Pasom 3 TuMm, 3a cratuctukoro BcecBiTHBOI
oprasizauii OXOpOHHM 370pOB’s OUIbLIE YBEPTI CMEPTEH CHPUYMHEHO CEPLEBO-
CYIUHHUMH 3axBOpioBaHHsMH. [Ipu 1[pbOMy, BYacHa AiarHOCTHKA Ta BTPyYaHHS
daxiBiiB Moriau 0 3HAYHO TMOKpAIUTH cuTyarlito. OTxe, OUTBII TOYHUN aHATI3 Ta
HEMEepPEPBHUI MOHITOPUHT y TPYNax PU3HUKY AOMOMIT OM MOKPAUIUTH SKICTh JKUTTSA
o€, 0COOIUBO 3 TPYNH PU3MKY HIOAO CEPLEBO-CYIUHHUX 3aXBOPIOBAaHb. TaKUM
YUHOM, O171bIIIe MOOUTFHUX MPUCTPOIB Y KOPUCTYBAHHI, SIKI IO3BOJISIIOTh Y pEaTbHOMY
yaci nmpoBoautu MoHiTopuHr EKI', Ta TOUHIIII METOJU 1IarHOCTUKH, 3 1HIIOTO OOKY,
JIO3BOJIMIIA O JTOCSATTH TIOCTABJICHOT METH 1 3MEHIIIUTU KUTBKICTh CMEPTEH.

JInst 1OCSATHEHHSI METU JOCTIIKEHHsI B poOOTI OyJi0: MPOBEIEHO MOPIBHSUIbHUMA
aHamiz icHyrouux MetoiaiB (State of the Art) BusiBnenns simxuiienb EKI' Ta ix
0COOJIMBOCTEH; BU3HAYCHO OCHOBHI MOKA3HUKH Ta KPUTEPii e(PEeKTUBHOCTI, 3a SIKUMU

pPO3pOo0JIEHO Ta ONTHUMI30BAaHO NMOOYAOBaHI MOZEINI Ta AITOPUTMHU; PO3POOJIEHO HOBI



e(eKTUBHI 3a BHU3HAUYCHUMHU KpuUTepissMu Mojeni Ta amroputmu ananmizy EKI;
JMOCIIJKEHO  iX  moka3Huku. [Ipy  BUKOHAaHHI  TOCTAaBICHUX  3aBJaHb

BUKOPHCTOBYBAJIMCh: METOAW Ta 3acaau 1H(QOpPMAaIiMHUX TEXHOJIOTIH, 30KpeMa

1HXKeHepli MPOTrpaMHOro 3a0e3MEeUYeHHS Ta KOMITIOTEPHHUX HayK; METOAH OOpOOKH

iHbopMmarlii, 30kpemMa OIOCHUTHAIIB JIOJWHW; METOAM Ta MMAXOAH 10 PO3POOKH
mporpaMHoro 3a0e3nedyeHHs; METOJW MAIIMHHOTO HaBYaHHS, 30KpeMa IITy4HI

HEHPOHHI MepexXi Ta BHUIAAKOBHH JIiC JAepeB pilleHb. BaxinBO 3a3HAYUTH, IO

OTpUMaHI Pe3yJIbTaTH HAYKOBOTO JOCITIIKCHHS HaOyJIM MPAaKTUYHOTO 3aCTOCYBAHHSI.

Po3po6ieni B nporieci T0CTiHKEHHS MOJIEN1, METOU Ta aJITOPUTMHU IMOKA3aJId BUCOKY

e(heKTUBHICTD, IIPO III0 CB1TYATh BIJMOBIIHI HAYKOBI CTATTI 32 TEMOIO JIUCEPTAIIii.

Po3po6eni Mojeni 103BOJISIIOTh JOCUTh TOYHO BUSIBIISITU CEPIIEBY apUTMIlO, a
came (iIOpWISIIIO TIepecep/ib, 32 PaXyHOK MMiJI00pY PENpe3eHTATUBHUX MMapaMeTpiB
ta xapaktepucTuk EKI' Ta edekTuBHOro HaBYaHHS BHUIIAIKOBOIO JICY JEpEB
IPUIHATTS PILLICHb.

HaykoBa HOBU3HA Oflep>KaHUX Pe3yJIbTATIB MOJSATaE B PO3pOOIl MaTEMaTUYHUX
MOJIeJIel Ta aJlfOPUTMIB TOUHOT'O Ta IMIBUJKOTO BUsBIeHHs BiaxuieHb EKI' 3 MeToro
MIJBUINCHHS €(PEKTUBHOCTI aHali3y CTaHy CEepIEeBO-CYJAMHHOI CUCTEMHM JIIOJUHHU Ta
Kkyacudikaili BUSIBICHUX BIAXUIICHb.

HaykoBa HOBH3HA OJE€p:KaHUX PE3YJIbTATIB:

Bnepue:

- Po3po6neno moaens BuzHaueHHd BiaxuwieHb EKI 3 kpamumuy nokasHuKamMmu Mipu
TOYHOCTI F.

- Po3pobiieHo iHhopMaliiifHy TEXHOJIOT1I0 Ha OCHOBI METO/[iB MAallTMHHOT'O HABYAaHHS
MTYYHUX HEHPOHHUX MEPEK Ta BUMAJAKOBOTO JICY IEPEB PIllIEHb JJIs TOYHOTO U
MIBUIKOTO BUABJIEHHA BiaxwieHb Ha EKT .

Yoockonaneno: po3pobneHi B Tpormeci  MPOBEICHHS  JUCEPTAIlIHHOTO
JOCITIKEHHS Ta BUIIPOOYBaHi paHillie MOJIe1 JJIsl PO3B’sI3aHHSI OCTABJICHOT 3a/1aul.

OcHOBHI pe3yJbTaTd JAWCepTalii MPOWILIM ampodaiito, IOMOBIJATNCH Ha

MDKHapOJHUX KOH(pepeHLisx Ta cemiHapax. OCHOBHI TOJOKEHHS, BHUKJIAJCHI B



JIYcepTalii, JOBEJEHO 0 PIBHA MPOrpamMHOI peanizaiii Ta oOmyOJiIKOBAaHO Y
MDKHApOJHUX BHUJAHHSX, OTXKE BOHM MNIJIATalOTh LIIUPOKOMY 3aCTOCYBAHHIO SIK Y
IPOBEJCHHI MOJAIBIIUX TOCIIHKeHb, TaK 1 y MpakTUuHid AisuibHOCTI. [lpuknagne
3HAYCHHs OTPUMAHMUX pe3yJbTaTiB MOJSArae B OTpUMaHId anmpoOOBaHUN MoOJE,
BTUICHIM y mporpamHiii cuctemi, sfika MOXXe OyTH 3aCTOCOBaHa Ui BHSIBJICHHS
BigxwieHb y EKI' y pesxxuMi MOHITOpHHTY B peanbHOMY uaci. TeopeTnyHa yacTHHA Ta
3aIpOIIOHOBAHI MOJIEJIl Ta METOJM BIPOBAIKEHO Ha (PaKyJIbTETI KOMII FOTEPHUX HAYK
Ta KibepHeTnku KuiBCchKOro HalioHaabHOTO yHiBepcuteTy iMeHi Tapaca llleBuenka B
Kypcax 3 aHamizy gaHux «OcHoBu Data Mining» 06akanaBpchbKoi Mporpamu
«Indpopmatuka» Ta Kypci «AkxryanbHi npobiremu Data Mining» wmarictepchbKoi
akajgeMiuHo1 mporpamu «IHpopmatuka». Pesynbratu nucepraniiiHoi poOOTH MOXKYTh
OyTH BUKOPHUCTAH1 JJIs MOJAJIBIINX TEOPETUUHUX Ta MPAKTUYHUX JTOCHIIKEHb y cepi
1H(pOpMAaIIHHUX TEXHOJOTIH, Yy HaBYAJbHOMY MpOLECI HpHU MHIATOTOBII KYpCIB 13
00pOOKH JTaHUX, CHEIlaTbHUX KYPCIB 3 00POOKH CUTHATIB.

Kiaw4oBi__cjoBa: OioMeaudHl CHUTHAJIH, MOHITOPHHT 370pOB'sS, 00poOKa

MEJIMYHUX CUTHAJIIB, CEPIEBA MiSUTbHICTh, 3aMUC EJICKTPUYHOI AKTUBHOCTI CEPIIA,
enextpokapaiorpama, EKI', xapakrepuctuku EKT, ananiz EKI', xBopo6u cepiisi, Bagu
Ceplls, 4acToTa CEpIIEBUX CKOpPOUCHb, (IOpWIIALIsS Mepelncepb, ceplieBa apuTMis,
JIEpEBO TPUUHATTS pIillleHb, BUMAJIKOBUI Jic, pealdimiTaiis, oOpoOka CHUTHaIIB,
J1arHOCTYBaHHS 3aXBOPIOBaHb, BUSIBJICHHS BIJIXHUJICHb, MAIITMHHE HABYAHHSI, HEUPOHHI
MepexXi, KOHBOJIIOLIMHI HEUPOHHI MEpexi, 3MarajibHI HEHPOHHI MEpEeXkl, PU3UKH,
MOJICJIIOBAHHS, PaH)XyBaHHs, MPUBATHICTh, MapajieibHi 00YMCICHHS, €(PEKTUBHICTD

004YHCIIEHb, METaIaHI.



ANNOTATION

Yavorskyi A. B. Methods and Algorithms for Human Biosignals Analysis Using
Machine Learning. — Qualifying scientific work on the rights of a manuscript.

Thesis for a scientific degree of Doctor of Philosophy in specialty 121 "Software
engineering" (12 — Information technologies). — Taras Shevchenko National University
Kyiv. — Taras Shevchenko National University of Kyiv, Kyiv, 2022.

The aim of the work is to improve the quality of electrocardiogram (ECG) analysis
by developing methods and algorithms for more accurate determination of deviations
in pre-processed human biosignals in order to minimize health threats and to impact
the quality-of-life improvement in a timely manner. The basis of the developed
methods are approaches based on machine learning, which were tested on various
available large datasets, which proved the high efficiency of the proposed methods.

Human life and health are the advantage of constitutions of many states, and in
general, the task for many industries and research. However, according to the statistics
of the World Health Organization, more than a quarter of deaths are caused by
cardiovascular diseases. At the same time, early diagnosis and intervention of
professionals could significantly improve the situation. Therefore, more accurate
analysis and continuous monitoring in groups at risk would help to improve the
human’s quality of life, especially those at risk for cardiovascular diseases. Thus, more
mobile devices in use, which allowed for real-time ECG monitoring, and development
of more accurate diagnostic methods, on the other hand, would allow to achieve the
goal and reduce the number of deaths.

In order to achieve the goal of the study, the following was performed: a
comparative analysis of existing State-of-the-Art methods for detecting ECG
abnormalities and their features; the main performance indicators and criteria are
determined, according to which the constructed models and algorithms are developed
and optimized; new models and algorithms for ECG analysis that are effective for the

defined criteria were developed, and their indicators were studied. When performing



the tasks for the goal achievement, the following were used: methods and principles of
information technologies, in particular software engineering and computer science;
information processing methods, in particular for human biosignals processing;
methods and approaches for software development; machine learning methods,
including artificial neural networks and random forest solutions. It is important to note
that the obtained results of scientific research have gained practical application. The
models, methods and algorithms developed in the research process showed high
efficiency, as evidenced by the author’s relevant scientific papers on the topic of the
thesis.

The scientific novelty of the obtained results is in the development of
mathematical models and algorithms for the accurate and rapid detection of ECG
abnormalities aimed to increase the efficiency of the analysis of the human
cardiovascular system and the classification of detected abnormalities.

The developed models allow fairly accurate detection of cardiac arrhythmia,
namely atrial fibrillation, due to the selection of representative parameters and
characteristics of the ECG (ECG features), and effective learning of a random forest of
decision trees.

Scientific novelty of the obtained results:

For the first time:

- amodel for the determination of ECG deviations with the best indicators of the F}
accuracy measure has been developed,

- information technology based on machine learning methods of artificial neural
networks and a random forest of decision trees for accurate and fast deviation
detection on the ECG has been developed.

Improved: developed during the dissertation research and tested preliminary
models for solving the given problem.

The main results of the dissertations were reported and presented at international
conferences and seminars. The main provisions outlined in the thesis have been

developed to the level of program implementation and published in international



publications, so they are subject to extensive development both in further research and
in practical activities. The applied value of the obtained results lies in the developed
and tested model embodied in a software system, that can be applied to analyze the
ECQG in the real-time monitoring mode. The theoretical part and the proposed models
and methods were implemented at the Faculty of Computer Sciences and Cybernetics
of Taras Shevchenko National University of Kyiv in the courses on data analysis
"Fundamentals of Data Mining" of the bachelor's program "Informatics" and the course
"Actual problems of Data Mining" of the master's academic program "Informatics ".
The results of the dissertation work can be used for further theoretical and practical
research in the field of information technologies, in the educational process when
preparing courses on data processing, special courses on signal processing.
Keywords: biomedical signals, health monitoring, medical signal processing,
heart activity, heart electrical activity record, electrocardiogram, ECG, ECG features,
ECG analysis, heart disease, heart disabilities, heart rate, atrial fibrillation, cardiac
arrhythmia, decision tree, random forest, rehabilitation, signal processing, decease
diagnostics, deviation detection, machine learning, neural networks, convolution
neural networks, adversarial neural networks, risks, modelling, ranking, privacy,

parallel computing, calculation efficiency, metadata.



