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Kowymina JI.B. Metoau Ta Mojeni oOpoOKH 1 aHami3y TeTepOreHHUX JaHUX
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VY BeTyni mokaszaHa akTyalbHICTh BHPIIIEHHS 3a7a4 oOpoOKM Ta aHalizy
rereporenux nanux (I'J]) ma ocuoBi BeiBier-neperBopenHst (BII). Ilokazana
HEJOCKOHAIICTh ICHYIOUMX METOIIB OOpOoOKM 1 aHamizy AaHuX Ha ocHoBi BII B
yMOBax MOTpeOU MiABUINCHHS IMIBUAKOAII Ta/ad0 3HMKEHHS PECYpPCOEMHOCTI.
BuznaueHno 00'ext, nmpeaMer, 3aadi Ta METOAU JOCIII)KCHHS; HaBEJACHO HAYKOBY
HOBH3HY Ta MPAKTUYHE 3HAYCHHS OTPUMAHUX PE3yJbTaTiB; BUCBITIEHO 0COOUCTHI
BHECOK 3/100yBaya.

B mepmiomy po3nisi aucepraiiiiinoi poOOTH POBEACHUN aHaI3 Cy4aCHUX
MeToiB 00poOku Ta aHamizy ['J[, oTpumMaHuX Ha OCHOBI MallUX cepidi BUMIPIB.
[IpoBeneno knacudikauiro ['J] Ta po3nisiHyTI 0OMEXEHHS OO0 1X BUMIPIOBAHHS Y
IpiOHOCEPIMHOMY BUPOOHUIITBI €JEKTPOHIKM Ta IPU MEAUYHOMY A1arHOCTYBaHHI B
TeJIeMEIUIIHNHI.

[Tokazano, 10 OCHOBOKW (uibTpalii, cerMeHTamii, iIeHTUdIKaIli,
KJactepu3aiii ayis oOpoOku Ta aHanmizy manux HabopiB /] € onrtumizaris 3 BIL.
BusnadueHo, 1m0 1i METOAM HE BOJIOMAIIOTH JJisi BKa3aHMX MPUKIATHUX 3a7a4
HEOOX1THOIO IIBUAKOIIEI0 Ta/ab0 peCypCOEMHICTIO.

Cdopmynp0oBaHO aKTyaJIbHY HAyKOBO-TIPUKJIATHY 3a/1a4y — YIO0CKOHAJICHHS
MeToa1B 00poOku Ta anamizy 3 BII manux HabopiB BuMipiB [Jl, mo 103BONSTH
M1JBUIIUTH IBUAKOAIKO IPU JOCTATHROMY Pi1BHI JOCTOBIPHOCTI PillIEHb Ta 3HU3UTH
BHUMOTH JI0 PECYPCOEMHOCT1 B YMOBAaX arpiopHOT HEBU3HAUYEHOCTI.

Jl7is BUpIlIEHHS OCTABIEHOT 3a71a4i YIOCKOHAJICHO KOHIENTYaJIbHY MOJETH

ontuMizauii 3 BII nns oOpoOku Ta aHamizy curHaiiB 3 OararbMa e€KCTpeMyMami,



OCOOJUBICTIO SKOT € TIPOBEICHHS 3alpPOINOHOBAHOTO B POOOTI KIJIBKICHOTO
eHTpomniiHo-iH(opmMmariitHoro ananizy (EIA) nis odrpyHToBanoro Bubopy suay BIT
Ta ¥oro wmacmTaly. [lg Momenh € OCHOBOIO Jisi YAOCKOHAJEHHS METOiB
onTUMI3aIlli, KiiacTepu3allii Ta kiacudikaiiii Ha ocHOBI1 BeliBieT aHamnizy [']1.

3a pe3yabpTaTaMu MPOBEACHOTO aHaNi3y cHOpPMYJTHOBAHO METY Ta 3aBJIaHHS
JOCTIIKEHb.

B apyromy po3nini gucepraiiiitHoi poOOTH 3aliporOHOBAHO YIOCKOHAJIECHI
METOAM ONTHUMI3allii, KI1acTepHu3allii Ta HelipoMepeskeBoi kiacudikarii 3 BIL

Metoau ontumizaiii 3 BII 3actocoBytots ais o0poOku Ta anamizy ['Jl, konu
ITb0Ba (YHKIIST MYJIBTUMOJAIbHA YW Ma€ HEMIAJKY, 3allyMJIEHy MOBEPXHIO.
Binomi Metoau 3 BII 1715 olliHKM HalpsIMKY pyXy 10 €KCTPEMYMY BUKOPHUCTOBYIOTh
3aMICTh IPa/IiEHTy HOTro HAOIMKEeHE 3HAaYeHHSs, 00YUCIIeHe Ha OCHOB1 00poOKku 3 BD
Xaapa ta rinep6osiunoi BO (I'BO).

B MeTo/11 Ha OCHOBI METOlY LIEHTPIB, B IKOMY Ha eTarni 00poOku 3 BO Xaapa
BU3HAYAIOTHCSI OOMEXKEHHS JPYyroro pojay, MoXuOka BU3HAYEHHS EKCTPEMYMY
3HUKYEThCS NUISIXOM 00poOku 3 I'B®. Ile Bumarae 6arato oO4MCIICHB IIJILOBOT
GbyHKIIT (3BEpHEHB JI0 «OPaKYIIy»), 0 0OMEeXye MBUAKOMIIO. J{Js i1 miBUIICHHS
3aMpOINOHOBAHO YAOCKOHAJIUTH 1€ METOJl OMNTHUMI3allli MUISIXOM CKOPOYEHHS
KUIBKOCTI eTaniB 00poOku 3 I'B®. [y TecTyBaHHS IbOTO METONY B MOPIBHSHHI 3
6a3oBuM BUKOpUCcTaHO (GyHKIO g€ lonra 1. [Ipu criBBiIHOIIEHH] CUTHA/TIIYM TIO
amItityal 1o 6,4 (3aBajga po3MojaiieHa 3a HOPMaJIbHUM 3aKOHOM 3 HYJIHOBUM
cepenriMm 1 CKB Bixg 0 1o 100) 3pocTanHs mBHAKOAIT ckiaigo Bix 1,7 mo 2,8 pasis.
Uucnao 3BepHEHb JI0 OpaKyidy 3HU3WIOCH Bix 25% 10 32% (B 3a1eXHOCTI Bij
CIIBBITHOIIIEHHS CUTHAJI/IITYM).

Taxum unHOM, CHOPMYITHOBAHO NMEPUINIA MYHKT HAYKOBOI HOBU3HH:

— YOOCKOHANeHO METOJ OINTHMI3allii Ha OCHOBI METOAY LIEHTPIB 3
BU3HAYCHHSIM OOMEXeHb Apyroro poxay 3 BIl Xaapa, 1o 3a paxyHOK CKOPOYEHHSI
KUTBKOCTI eTamiB 00poOku 3 ' BD Ta cKOpoUYeHHIO KIJIBKOCTI OOYHCIICHD IIILOBOT

¢byHKUIT (3BEPHEHB 10 OPAKYITY) JO3BOIMIIO MIABUIIUTH IIBUAKOIIIO.



Ha ocHOBI y/10CKOHAJIGHOTO METOay ONTHMI3allli 3 OOMEXEHHSIMHU APYTroro
pony Ha ocHoBi BII Ta mMeToay HEHTpIB 3alpONOHOBAHO YIOCKOHAJIEHHS METOMY
knactepusanii 3 BIL. [{ns nocnimkeHHs iioro mBuaKoaii cpopmMoBano Habip JaHUX
3 JIBOX Ipyn (KjacTepiB) y JBOBHMIpHOMY Ipoctopi o3Hak. IIpu kimacrepuzartii
MOPIBHSHO 3 0230BUM METOAOM 3 ypaxyBaHHSIM OOMEXEHB JAPYroro poay BHTpaIl B
yaci ckiaB Oibie 1,18 pasis.

3anponoHOBaHO YAOCKOHAIUTU Kiactepusaiito 3 BIl B ymoBax apeitdy
IEHTPY KJIAcTepy 3a JIHIMHOI TPAEKTOPIEI0 32 PAaXyHOK CKOPOUYCHHS KIUTBKOCTI
etaniB oOpoOku 3 ['B®. Ileit meron kiacrepuzanii 3 BO mpu apeiidi neHtpy
KJlacTepa IO JIHIMHIA TpaekTopii J03BOJISAE€ OIIHIOBATU KOOPJIWHATH IEHTPY
kjacrepa mBuame Big 1,2 no 1,3 pas3iB y nopiBHSIHHI 3 0a30BUM METOAOM IIPHU
BiIHOIIICHH] curHai/3aBajaa Bia 30. [Ipu BiHOIIIGHH] CUTHAJI/3aBajia O1IBIIIOMY, HIXK
10, BigHOCHA MOTPIMIHICTh YJOCKOHAJIEHOTO METOAY Klracmepusayii npu Ipeidi
LEHTPY KjacTepa MO JIHINHIA TpaekTopii ckiagana MeHme 7 % 1 BUIla B
cepenHboMy B 1,2 pas3u, HX y 6a30BOMY METO/II.

[li pe3ynbraTd AO03BOJSIOTH PEKOMEHIYBaTH YIOCKOHAJICHI METOAM st
kiacrepu3aiii ['J mpu moTpedi HJOCSITHEHHS MIBUIKOIT Ta CKOPOYCHHS 00UMCIICHB
UJIbOBOI (PYHKITII.

TakuM 9yrHOM, C()OPMYIIBOBAHO APYTUH MYHKT HAYKOBOI HOBU3HH:

— YOOCKOHAIeHO METOJU KJacTepu3allli 3a JUCIEePCIHHOI0 03HAKOK Ta 3
npeiioM LEHTpYy KacTepa MO JIHIAHIA TpaekTopii, OCOONMBICTIO SIKUX €
BpaxyBaHHS 0OMEKEHb Y BUTJIS1 HEPIBHOCTEH Ta BUSHAUCHHS HAJIEKHOCTI 00pazy
JIO BIITMIOBIHOTO KjacTepy 3 JormoMoror Bd, 110 3aBAsSKH CKOPOUYCHHIO KITBKOCTI
oOYHuCeHb IUIbOBOI (PYHKIT (3BEpHEHb N0 OPaKyjdy) OO3BOJWIO TiJBUILIUTH
MIBUKOIII0 0OUNCIICHB.

JIs miaBUIEHHs TOYHOCTI Kiacu@ikarii Mepexi KommoropoBa-ApHoibaa B
Hill y KAN-mapi Oynu Bukopuctani BO. Ils monens orpumana nazsy MLP-KAN-
WT (Multilayer Perceptron with Kolmogorov-Arnold Layer and Wavelet

Transform). 3a paxyHOK BHKOPUCTaHHSI EHTPOIIMHO-1H(QOPMAIIHHOTO aHaI3y



YIOCKOHAJIEHOT KOHIENTyaIbHOT Mojeni o0poOku 3 BII curnamiB 3 OaratbMa
eKcTpeMyMaMH i pinbTpaliii BUxigaux ganux oopano BD Jlo6emri (db4).

TectyBanns 1i€l MepexKi 3 BUKOpUCTaHHAM i GinsTparii BO [{obemri (db4),
a s mapy aktuBaiii KAN B® Xaapa 103BOJIWIO0 JOCATTH 3pOCTAHHS MIBUAKOMIT
obuuncienb B 2.5-3 pasu npu TouHOCTI (Accuracy) 98.45%, mist KiaciB apuTMiit:
Precision — 0.99, Recall — 0.98.

TaxuMm yrHOM, C(HOPMYIIBOBAHO TPETili MYHKT HAYKOBOI HOBU3HM:

— YOocKOHaneHo MeETOa HehpomepexkeBoi kimacudikamii ['J] wa 06asi
apxitekTypu KAN HuisxoM 3aCTOCYBaHHS y BX1JIHOMY IIapi BeHWBIET QYHKIIIH, 1110
JTIO3BOJIWJIO MIJIBUIIUTHA TOYHICTh 1IeHTU(]IKALI] CTaHIB 00’€KTIB y 3alIyMJIICHOMY
CepelOBUILI MPU MIHIMI3alli KUUIBKOCTI HaJAlITOBYBAHUX NApaMETPIB Ta 3pOCTAHHS
MIBUKO1T OOYUCIICHbD.

B Tperbomy po3mini aucepTtaiiiinoi poOdoTH po3poO0JeHI Ta IOCTIIKEHI
metoau ananizy I'J1 3 BII aist ananizy EKT.

VY po60TI ynoCKOHaIEHO METO/] IIOLIYKY €KCTPEMYMIB MYJIbTIEKCTPEMaIbHUX
HecTalioHapHux curHaiis 3 BII Xaapa, 3 BUKOHAaHHSIM HAaCTYITHHUX €TaIliB.

Eran 1. Ilomepennss oOpoOka BHXIIHOTO CHUTHAJIy 3 BHUKOPUCTAHHAM
¢unprpamii, 3 BII, ¢opma 1 piBeHb 00pOOKH sIKOrO 0OpaHHWid Ha OCHOBI
3aMpPONOHOBAHOTO EHTPOMIHHO-1H()OPMALIIITHOTO KPUTEPIIO.

Etan 2. BuznaueHHs mpoCcTOpOBUX KOOPJIUHAT EKCTPEMYMIB (MHUKIB) HUISIXOM
MOIIYKY KOOPJIMHAT EKCTPEMYMIB NEPIOAUYHMUX curHanoB 3 BO Xaapa.

Etan 3. BusHaueHHs [NOBKUHU I1HTEpPBAIIB MIDK EKCTpEMyMaMu Tpu
HEOOX1THOCTI OILIHKK CTaTUCTUYHHUX XapPaKTEPUCTHK CUTHAIIB Ta/ab0 eKCTpeMyMiB
TUIY «MIHIMYM», KJacudikalii Ta IpUHHATTS 11arHOCTUYHOTO PIIICHHS.

[IpoBenenwmii anamniz miarBepauB edekruBHicTs EIK mms oOrpyHTOBaHOTO
BUOOPY MaciTaldy BEeHBIET-PO3KIIaIaHHSI ISl TONIEPEAHBOT 00OPOOKH TP BUSIBJICHHI1
komiiekciB QRS B cumrmanax EKI. Makcumanpai 3HadeHHs EIK mocmigoBHO
3yCTpiyaroThCsl B Mexax maciutadiB d3-dS, mo BiAMOBia€ YaCTOTHOMY CIEKTPY

komruiekciB QRS. MeTon [03BOJIMB CKOPOTHUTH 00’€M JaHUX JJIs TMOAAJIBIION



imeHTudikamii Ta 10CArTH 3HWXKEHHS piBHA 1mymy curHany EKI, mo mo3Bomuio
M1JBUIIUTH MBUAKOAIO MOMIYKY XapakTepHux Touok EKT.

B yerBepTomy po3aini nuceprariiiinoi po6oTu po3poOieHi Ta JTOCTiIKEHI
Metonau aHamizy I'J] 3 BII mns enexkTpoHHUX BHUPOOIB Ta CUCTEM TPUBUMIPHOTO
KOMIT I0OT€PHOTO 30pYy.

Ha ocHOBI yJnOCKOHajneHOro METOAY KiacTepusalii 3 ypaxyBaHHSIM
oOMe)XeHb IMPOBEJICHO B101P PE3UCTOPIB MO MapamMeTpax HaIIMHOCTI AJIsI anaparypu
BIJIMOBIIaILHOTO MpHU3HaueHHs. Po3paxoBaHi 1HTEHCHUBHOCTI BIIMOB CKJIAU A =
0,35 %X 1075 rog™! — 3a BIJICYTHOCTI Kiactepu3arii, A, = 0,19 X 10 %ron'— mis
pesuctopis nepmoro i A3 = 0,19 X 10 *rox ' s pesucropis apyroro xmacrepa.
Po3paxoBani 3 gonomoror DN-po3nofiny 3Ha4€HHS CEPEAHbOrO Yacy poOOTH 10
BIJIMOBH CKJIAJM BiAMOBIIHO 4,8 POKIB 3a BIJACYTHOCTI pO3JLITy Ha Kiactepu, 7,5
POKIB — JUIsl pE3UCTOPIB MEPIIOro KIACTEPY 1 MOPSAKY 2 POKIB PE3UCTOPIB APYTrOTro
KJIacTepy. TakuM YHMHOM, IIBHIKOIS MPOIEAypH KiacTepusalii 3 ypaxyBaHHSIM
oOMe>KeHb I1]T 4ac BiAOOPY pe3nucTopiB Oysa miABUIIEHA B cepeHbOMY Ha 7-9 %.

Ha ocHOBi ynoCKOHAJIE€HOTO METONy KiacTepu3ailii 3 oOMeXeHHsIMU Oyna
TaKOX yIOCKOHaJIeHa 1H(opMaIlliiiHa TEXHOJIOTIS OI[IHKHA TTapaMeTpiB €IEKTPOHHHUX
KOMIIOHEHTIB. B pe3ynbrari BJOCKOHAJIEHHS 3a3HAYEHOIO MiIXOAY 3 ypaxXyBaHHSIM
3aMpOINIOHOBAHOTO MeTony kiactepuzaiii 3 B® 3 0oOMEXEHHSIMH MIBUAKOAIIO
nporeayp OyJo ImiaBHIIECHO 3araioM Ha 7-9 %.

Ha ocHOBI 3ampornoHOBaHOrO y JPYroMy pO3IiIi  METOAY ONTUMI3aIil
MIPOBEJICHO OIIHKY JICIIAPAHTHOCTI CTEPE0-300pa’keHb ISl CUCTEM TPUBUMIPHOTO
KOMIT'tOTepHOTO  30py. Jlisi 1oOymoBM KapTH TIIMOMH  CTEPEO300paKeHHS
3aMpPONOHOBAHO MPOBOJUTH HAOJIMKEHY OLIHKY ITTMOMHM pO3TallyBaHHS 00'€KTiB,
sIKa BPaXoOBY€ pe3yJbTaTy BUAUICHHS JUISTHOK CXO0XO01 IHTEHCUBHOCTI 200 KOHTYpiB
00'eKTIB Ha 300pa’keHHSIX, a00 TOYOK HaWOLIBIIOI KPUBU3HU KOHTYPHOIO OIIHCY.
ToOTO 0COOIMBICTIO OILIIHKKA IJMOWHU PO3TAllyBaHHS OO’€KTIB € BHJIIJICHHS
KOHTYpiB 00'ekTiB 3 B® 1 oOuncieHHs MiHIMyMYy (DYHKIIi MOMUIKHA CyMILICHHS

300pakeHb PO3POOJICHUM METOJOM ONTHMI3allli. 3ampOlNOHOBAHUI BUILE METOJ



MOXHA PEKOMEHIYBaTH JUIsl CHCTEM TPUBUMIPHOTO KOMII'FOTEPHOTO 30Dy, IO
IPAIIOIOTh B YMOBaX 0OMEXEHOCTI 00UHCITIOBAIFHUX Ta €HEPreTUYHHUX PECypCiB.
Po3po6neni B po0OTi MeToAM Ta IHCTPYMEHTaJdbHI 3aco0M OTpUMAIU
BripoBapkeHHs y aisibHOCTI TOB HBO «/lickper» Ta 3Haium Bi1oOpa’keHHS Y
HaB4YaJIbHOMY Tipotieci HarionansHoro yHiBepcuteTy «Omecbka MOJITEXHIKA.
KuarouoBi cioBa: rereporeHHi JaHi, BEUBIET-NEPETBOPEHHS, ONTUMI3ALIis,
HeiiponHi Mepexi KAN, aganTuBHa KiacTepu3allis, 11arHOCTHKA, KOMIT FOTEPHHIA

3ip, iH(OpMAITiHHI TEXHOJIOTi

Cnucok ony0./1iKOBaHUX MPalb 32 TEMOK QMCePTALil

Hayxosi npayi, 6 sxux onybnikoéaHi OCHOBHI HAYKOSI pe3yibmami
oucepmayii:

1. Shcherbakova G., Koshutina D. Development of a criterion for selecting
the level of wavelet decomposition for QRS detection in electrocardiogram signals
using energy and entropy. Proceedings of Odessa Polytechnic University. 2025. No.
1(71). P. 157-166. DOI: 10.15276/0pu.1.71.2025.18. BunanHs BKJIIOYEHO [0
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BUJIaHb YKpaiHu, kateropis «by» Ta mpoinaexkcoBaHo B Scopus (Q4).
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ABSTRACT

Koshutina D.V. Methods and models for processing and analyzing
heterogeneous data based on wavelet transform. — Qualification scientific work in
the form of manuscript.

Thesis for the PhD degree in specialty 122 Computer science. — Odessa
Polytechnic National University, Ministry of Education and Science of Ukraine,
Odesa, 2026.

The introduction establishes the relevance of processing and analyzing
heterogeneous data (HD) using wavelet transforms (WT). It addresses the limitations
of existing WT-based methods, specifically the need for enhanced computational
speed and reduced resource intensity. The study defines the research object, subject,
objectives, and methodology; presents the scientific novelty and practical
significance of the results; and outlines the author's personal contributions.

The first chapter of the dissertation analyzes modern methods for processing
and analyzing HD obtained from small measurement series. A classification of HD
is provided, and the limitations of their measurement in small-batch electronics
production and medical diagnostics in telemedicine are considered.

It is shown that optimization with WT is the basis for filtering, segmentation,
identification, and clustering for processing and analyzing small sets of HD. It is
determined that these methods do not possess the necessary speed and/or resource
intensity for the specified applied tasks.

A relevant scientific and applied task is formulated: the improvement of
methods for processing and analyzing small sets of HD measurements with WT,
which will allow for increased speed with a sufficient level of decision reliability
and reduced resource intensity requirements under conditions of a priori uncertainty.

To solve the stated problem, the conceptual model of optimization with WT
for processing and analyzing signals with many extremes is improved. Its feature is
the conduct of the quantitative entropy-information analysis (EIA) proposed in the

work for the justified choice of the type of WT and its scale. This model is the basis



for improving optimization, clustering, and classification methods based on wavelet
analysis of HD.

Based on the results of the analysis, the goal and objectives of the research are
formulated.

The second chapter of the dissertation proposes improved methods for
optimization, clustering, and neural network classification with WT.

WT-optimization methods are used for processing and analyzing HD when
the objective function is multimodal or has a non-smooth, noisy surface. Known
methods with WT use an approximate value instead of a gradient, calculated based
on processing with Haar wavelet functions (WF) and hyperbolic wavelet functions
(HWF), to estimate the direction toward the extremum.

In the method based on the Method of Centers, in which second-order
constraints are determined at the Haar WF processing stage, the error in determining
the extremum is reduced by processing with HWF. This requires many calculations
of the objective function ("oracle calls"), which limits speed. To increase it, it is
proposed to improve this optimization method by reducing the number of HWF
processing stages. To test this method in comparison with the baseline, the De Jong
function 1 was used. At a signal-to-noise ratio in amplitude up to 6.4 (noise
distributed according to the normal law with zero mean and RMS from 0 to 100),
the increase in speed ranged from 1.7 to 2.8 times. The number of oracle calls
decreased from 25% to 32% (depending on the signal-to-noise ratio).

Thus, the first point of scientific novelty is formulated:

— the optimization method based on the Method of Centers with the
determination of second-order constraints with Haar WT has been improved, which,
by reducing the number of HWF processing stages and reducing the number of
objective function calculations (oracle calls), allowed for an increase in speed.

Based on the improved optimization method with second-order constraints
using WT and the Method of Centers, an improvement of the WT-clustering method
is proposed. To study its speed, a data set of two groups (clusters) in a two-

dimensional feature space was formed. During clustering, compared to the baseline



method taking into account second-order constraints, the time gain was more than
1.18 times.

It is proposed to improve WT-clustering under conditions of linear cluster
center drift by reducing the number of HWF processing stages. This method of
clustering with WF during linear cluster center drift allows for estimating the
coordinates of the cluster center 1.2 to 1.3 times faster compared to the baseline
method at a signal-to-interference ratio from 30. At a signal-to-interference ratio
greater than 10, the relative error of the improved clustering method was less than
7% and is on average 1.2 times better than in the baseline method.

These results allow recommending the improved methods for HD clustering
when there is a need to achieve speed and reduce objective function calculations.

Thus, the second point of scientific novelty is formulated:

— clustering methods based on variance characteristics and with linear cluster
center drift have been improved, the feature of which is the consideration of
constraints in the form of inequalities and the determination of pattern membership
to the corresponding cluster using WF, which, due to the reduction in the number of
objective function calculations (oracle calls), allowed for an increase in
computational speed.

To increase the classification accuracy of the Kolmogorov-Arnold network,
WFs were used in its KAN layer. This model was named MLP-KAN-WT
(Multilayer Perceptron with Kolmogorov-Arnold Layer and Wavelet Transform).
Due to the use of entropy-information analysis of the improved conceptual model of
processing signals with many extremes with WT, the Daubechies wavelet (db4) was
chosen for filtering the output data.

Testing this network using the Daubechies wavelet (db4) for filtering and the
Haar WF for the KAN activation layer allowed for a 2.5-3 times increase in
computational speed with an Accuracy of 98.45%, and for arrhythmia classes:
Precision — 0.99, Recall — 0.98.

Thus, the third point of scientific novelty is formulated:



— the neural network classification method of HD based on the KAN
architecture has been improved by using wavelet functions in the input layer, which
allowed for an increase in the identification accuracy of object states in a noisy
environment while minimizing the number of tunable parameters and increasing
computational speed.

The third chapter of the dissertation develops and investigates methods for
analyzing HD with WT for ECG analysis.

The work improves the method for searching for extremes of multi-extremal
non-stationary signals with Haar WT, performing the following stages.

Stage 1. Preprocessing the output signal using filtering with WT, the form and
level of processing of which is chosen based on the proposed entropy-information
criterion.

Stage 2. Determining the spatial coordinates of extremes (peaks) by searching
for the coordinates of extremes of periodic signals with Haar WF.

Stage 3. Determining the length of intervals between extremes when it is
necessary to estimate the statistical characteristics of signals and/or extremes of the
"minimum" type, classification, and making a diagnostic decision.

The conducted analysis confirmed the effectiveness of the EIC for the justified
choice of the wavelet decomposition scale for preprocessing during the detection of
QRS complexes in ECG signals. Maximum EIC values consistently occur within
scales d3-d5, which corresponds to the frequency spectrum of QRS complexes. The
method allowed for a reduction in the data volume for further identification and
achieved a reduction in the noise level of the ECG signal, which allowed for an
increase in the speed of searching for characteristic ECG points.

The fourth chapter of the dissertation develops and investigates methods for
analyzing HD with WT for electronic products and 3D computer vision systems.

Based on the improved clustering method with constraints, resistors were
selected by reliability parameters for critical applications. The calculated failure
rates were: A; = 0,35 X 107> without clustering, 1, = 0,19 X 10~>for the first
cluster, and A3 = 0,19 x 10~ *for the second cluster. Using the DN-distribution, the



calculated mean time to failure (MTTF) was 4.8 years without clustering, 7.5 years
for the first cluster, and about 2 years for the second cluster. Thus, the speed of the
clustering procedure during resistor selection was increased by an average of 7-9%.

Based on the improved clustering method with constraints, the information
technology for evaluating the parameters of electronic components was also
improved. As a result of the improvement of this approach, taking into account the
proposed method of clustering with WF with constraints, the speed of the procedures
was increased by 7-9% overall.

Based on the optimization method proposed in the second chapter, the
disparity of stereo images for 3D computer vision systems was estimated. To build
a depth map of a stereo image, it is proposed to perform an approximate estimation
of the depth of the objects, which takes into account the results of highlighting areas
of similar intensity or contours of objects in the images, or points of the greatest
curvature of the contour description. That is, the feature of estimating the depth of
objects is the extraction of object contours with WF and the calculation of the
minimum of the image matching error function by the developed optimization
method. The method proposed above can be recommended for 3D computer vision
systems operating under conditions of limited computational and energy resources.

The methods and instrumental tools developed in the work were implemented
in the activities of «kDISKRET» LLC and found reflection in the educational process
of the Odessa Polytechnic National University.

Keywords: heterogeneous data, wavelet transform, optimization, KAN
neural networks, adaptive clustering, diagnostics, computer vision, information
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