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1. MeTonu Ta 3acO6M MIPOrHO3yBaHHS 3aXBOPIOBAHb JUXaHHS Ta alTHOE HA OCHOBI IITYYHOTO iHTEJIEKTY Ta MiKpPO
CEpBiCHOI apxiTeKTypu'

2. Methods and tools for predicting respiratory diseases and apnea based on artificial intelligence and micro

service architecture

Pedepat/anoranis:

1. CunpoM OOCTPYKTUBHOTO alHOE CHY Ta XPOIIiHHS € NOLIMPEHNMU [1aTOJIOTiSIMY, 110 3HaYHO BIJINBAIOTH Ha
SKICTb XXUTTS NaLli€eHTiB, 0co6snBo micys nanaemii COVID-19. Po3naayu cHy MOXYTh CIPUYMHSITU COHJIABICTS,
3HWKEHHS KOHLIEHTpallii, KOTHITMBHI OPYIIEHHS Ta MiJBUIIYBaTU PU3UK CEPLIEBO-CYJUHHUX 3aXBOPIOBAHb i
cmeprHOCTI. OpHak e 20% nauieHTiB OTPUMYIOTh BYACHUH AiarH03, OCKIJIbKY iCHYI0Yi 3aCO0M [1iarHOCTUKMY €
IOPOTMMHU, MaJIOJOCTYIIHUMHU 200 He 3a06e311e4yioTh KOMILJIEKCHOTO aHasli3y NyXajbHUX [1apaMeTpiB. binbIicTh
KOMEPLIMHUX IPUCTPOIB OOMEXKEHI JINIIE BUMIPIOBAaHHSIM PiBHSI KUCHIO B KPOBi Ta CEPLIEBOrO PUTMY, 110 HE
103BoJIs€ €(PEKTUBHO ileHTU(iKyBaTU quXasbHi naTosorii. JlaHe qoCliIpKeHHs CIIpsSIMOBaHE Ha PO3POOKY

iHTeJIEKTyaIbHOI CUCTEMU MOHITOPUHTIY Ta IPOTHO3YBaHHS [IOPYIIEHb NUXaHHS IIiJl YaC CHY Ha OCHOBI LITYy4YHOTO



iHTeJIeKTy. 3alIpONIOHOBAaHA CUCTEMA IIOEHYE TEXHOJIOTi MAIMHHOIO HaBYaHHS, HEIPOHHUX MEPEX Ta METOIIB
00pOOKY 6iOMeIMYHNX CUTHAJIIB [1J151 BUSIBJIEHHS allHOE Ta iHIINX IUXaJbHUX PO3JIaJliB. ApXiTeKTypa pilleHHs
0a3yeTbCs Ha MIKpOCEPBICHOMY MiIX0/i 3 BUKOPUCTAHHSIM PO3IOJIiIEHUX O0YUCIIEHD, & CAMe IIPUKIHLIEBUX
0064MCIIEHD, MO 3a0e3nedye epeKTUBHY OOPOOKY JaHUX 6€3[0CEPENHbO HA IPUCTPO]i Ta MiHIMi3ye 3aTpUMKU
nepezauvi. 3anponoHoOBaHuN Nifxin nepepbdaydae afanTUBHY OOPOOKY CUTHAJIB (POTOIIETU3MOTPAMU (QHTJL.
Photoplethysmography (PPG)) Ta iHImux 6ioMeANYHNX [TOKa3HUKIB 3 BUKOPUCTAHHSIM MeTO/iB QinbTpalii mymis, a
TaKOXX [IPOTHO3YyBaHHs CTaHy NallieHTa 3a JOIIOMOr0 MOJIEJli JoBra KOpoTkodacHa nam'ste (aHria. Long short-term
memory (LSTM)). IuTerpatist cepBiCHO-Opi€HTOBaHOI apXiTEKTypU JO3BOJISIE MACIITAOYBAaTH CUCTEMY [JIs1
[I0/IAJIBIIOrO PO3BUTKY, 110 POOKUTH ii IPUAATHOIO /1J1s1 IEPCOHAJILHOTO Ta KJIiHIYHOTO BUKOPUCTAHHS. Pe3ynbratu
IOCJIiIKEeHHS Bif[IOBiNal0Th Cy4YaCHUM TEHJEHLISIM PO3BUTKY LIM(PPOBOI MEAULIMHY, CIIPUSIOTH BIIPOBAI’)KEHHIO
iHHOBALITHMX TEXHOJIOTIH y cdepi AiarHOCTUKY PO3JIaliB CHY Ta MOXYTb OYTH BUKOPUCTAHi B IPOrpaMax PO3BUTKY
«IHTepHeTy MenuuHuX peueil» (aHri. Internet of Medical Things (IoMT)) Ta KOrHITUBHMX 00YMCIIEHb. METOIO
Iycepralii € po3pobka mogesi kiacudikaTopa anHOe-TillOITHOe CHY Ta BIIPOBAI>)KEHHS B MiIKPOCEPBiCHY
apxiTeKTypy, 3abe3neyuyiouun epeKTUBHY Kaacudikallilo TUIly allHOe-TilIOIIHOEe CHY B peanbHOMY 4yaci. O6’'eKT
IOOCJiIKEHHS — IPOoLeCcH 300py, 0OPOOKU Ta IPOrHO3YBAHHS PECIiIPAaTOPHUX 3aXBOPIOBAHb HA OCHOBI 6iOMeINYHUX
CUTHAJIIB i3 BUKOPUCTAHHSIM LITYYHOTO iHTEJIEKTY Ta MIKpO CepPBiCHOI apxiTekTypu. [IpegMeT ToCaigKeHHs —
MmeTonu QinbTpalii, aHanisy Ta IPOrHO3yBaHHS pPeCIipaTOPHUX 3aXBOPIOBaHb HA OCHOBi CUTHAJIB
¢doronnerusmorpadii, HEMPOHHUX MEPEXXEBUX AJITOPUTMIB Ta TEXHOJIOTIM MIKPOCEPBiICHOI apXiTeKTypH AJis
3abe3neyeHHs e(PeKTUBHOTO MOHITOPUHTY Ta aBTOMAaTHU30BaHOI AiarHOCTUKY. HaykoBa HOBM3HA OTPUMAaHUX
Pe3yJbTaTiB MoJIsirae y TOMy, 110 B JucepTalifiHiil po6oTi: 1. Briepiue 3anporoHOBaHO MOJIeJlb IPOTHO3yBaHHS
pecnipaTopHUX NaTOJIOTIH, 5Ka BUKOPUCTOBY€E CUTrHanu (oromnsetusmorpadii Ta MeTonu riamboKoro HaB4aHHs [jisl
OL[iHKY CTaHy JUXaJIbHOI CUCTEMU. BiIMiHHICTIO 3aIIPOIIOHOBAHOTO MiAX0AY € 3aCTOCYBAHHS aANITUBHOI MOJIEJIi
IOBroi KOPOTKOYACHOI TIaM ATi, 1[0 aHATI3YIOTh YaCOBi P 6iOMEIUYHUX CUTHAJIIB Ta BUSBJISIOTH 3aKOHOMIPHOCTI,
IIOB'sI3aHi 3 allHOE Ta iHMKMMU [TOPYIIeHHSIMU JuXaHHs. Ha BigMiHy Bif TpaauLifiHUX METO/IB, sIKi 6a3yl0ThCs Ha
IIPOCTOMY NOPIiBHSIHHI IOPOrOBUX 3HAY€Hb KMCHIO B KPOBI, 3alIPOIIOHOBAaHA MOJEJb [JO3BOJISIE BPaXOBYBaTU
OaraToQakTOpPHUI aHaJi3 3MiH CUTHAJTy Ta MOro JUHAMIKY, [0 CYTTEBO IIiABUILY€E TOYHICTh BUSBJICHHS I1ATOJIOTIN. 2.
MopudikoBano niaxiz mo ¢inbrparii MegUYHNX JaHUX Ta PeaTi30BaHO KOMOIHOBAaHUI MeTO] 06POOKU
doronnetusmorpadiyHMX CUTHAJIB. Briepiie 3arpornoHoBaHO BAOCKOHANIEHU MifXin, A0 (inbTpaliii 6ioMeguyHux
CUTHAJIB, O BKJII0Ya€ KOMOiHOBaHE BUKOPUCTAHHS aanTUBHOro ¢inprpa KanmaHa, cepeHb03BaXEHOr0 GibTpa
Ta QJITOPUTMIB MalIMHHOTO HaBYaHHS JJIs1 OYMILEHHSI CUTHAJIIB y peasibHOMY 4aci. Oco6IMBICTIO Mmifgxomy €
IVHaMiyHe HaJallTyBaHHS NapaMeTpiB QisbTpallii 3a/1€5KHO BiJl XapaKTepUCTUK LIyMY Ta apTeaKTiB, 110
BUHUKAIOTH ITiJl 4aC PyXOBOi aKTMBHOCTI ab0 3MiHM YMOB BUMipIOBaHHS. [IpoBeleHMIi aHaIi3 [10Ka3as, 10
3aMpONIOHOBAHUI METOJ, IlIepeBepllye TPaAULIiiHI (PiIbTpU HMKHIX YACTOT, BEPXHIX YaCTOT Ta KOB3HOTO CEPEIHbOTO

3a TOYHICTIO BiJHOBJIEHHS CUTHAJIy Ta CTabiIbHICTIO Oro 06pOOKY Y 3MiHHUX YMOBax.

2. Obstructive sleep apnea syndrome and snoring are common pathologies that significantly impact patients'
quality of life, especially after the COVID-19 pandemic. Sleep disorders can cause drowsiness, decreased
concentration, cognitive impairments, and an increased risk of cardiovascular diseases and mortality. However,
only 20% of patients receive a timely diagnosis, as existing diagnostic tools are expensive, inaccessible, or do not
provide a comprehensive analysis of respiratory parameters. Most commercial devices are limited to measuring
blood oxygen levels and heart rate, which do not effectively identify respiratory pathologies. This study aims to
develop an intelligent monitoring and prediction system for respiratory disorders during sleep based on artificial
intelligence. The proposed system integrates machine learning technologies, neural networks, and biomedical
signal processing methods to detect apnea and other respiratory disorders. The solution architecture is based on a
microservice approach using edge computing, ensuring efficient data processing directly on the device and
minimizing transmission delays. The proposed approach involves adaptive processing of photoplethysmogram
(PPG) signals and other biomedical indicators using noise filtering methods, as well as predicting patient
conditions with Long short-term memory (LSTM) models. The integration of a service-oriented architecture
allows for system scalability and further development, making it suitable for both personal and clinical use. The



research results align with modern trends in digital medicine, fostering the implementation of innovative
technologies in sleep disorder diagnostics. They can be applied in the development programs of the Internet of
Medical Things (IoMT) and cognitive computing. The aim of the dissertation is to develop a sleep apnea-hypopnea
classifier model and integrate it into a microservices architecture, ensuring efficient real-time classification of
sleep apnea-hypopnea types. The object of the study is the processes of collecting, processing, and predicting
respiratory diseases based on biomedical signals using artificial intelligence and a microservice architecture. The
subject of the study is the methods of filtering, analyzing, and predicting respiratory diseases based on PPG
signals, neural network algorithms, and microservice architecture technologies to ensure efficient monitoring and
automated diagnostics. The scientific novelty of the obtained results lies in the fact that in the dissertation: 1. For
the first time, a model for predicting respiratory pathologies has been proposed, utilizing PPG signals and deep
learning methods to assess the condition of the respiratory system. The distinguishing feature of the proposed
approach is the use of adaptive LSTM models that analyze time-series biomedical signals and identify patterns
associated with apnea and other breathing disorders. Unlike traditional methods, which rely on simple threshold
comparisons of blood oxygen levels, the proposed model incorporates a multifactorial analysis of signal variations
and their dynamics, significantly improving the accuracy of pathology detection. 2. The approach to filtering
medical data has been modified, and a combined method for processing PPG signals has been implemented. For
the first time, an advanced approach to biomedical signal filtering has been proposed, incorporating the combined
use of an adaptive Kalman filter, a weighted moving average filter, and machine learning algorithms for real-time
signal purification. A key feature of this approach is the dynamic adjustment of filtering parameters based on noise
characteristics and artifacts that arise due to motion activity or changes in measurement conditions. The
conducted analysis demonstrated that the proposed method outperforms traditional low pass, high pass, moving
average and Kalman filters in terms of signal recovery accuracy and processing stability under variable conditions.
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