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1. MeTonu Ta Mozl No6y0BY iHTeIeKTyalbHUX iHPOpMaLiiHO-KOMYHIKaLilHAX CUCTEM aBTOMAaTU30BaHOTO
yIpaBJIiHHS iHPPACTPYKTYPOIO

2. Methods and Models for Building Intelligent Information and Communication Systems of Automated
Infrastructure Management

Pedepar:

1. Y nuceprauiiiHiil pob0Ti PO3B’s13aHO HAyKOBY 3aa4y PO3POOJIEHHS HOBUX Ta BIOCKOHAJIEHHS iCHYIOUUX METOIIB

Ta Mozesel ¢penepaTUBHOrO MAlIMHHOTO HaBYaHHS 17151 iHPpOpMaliliHOOKOMYHIKAL[iTHMX CUCTEM aBTOMAaTU30BAaHOTO
VIPaBJIiHHS, 3 METOIO MiJIBUIIEHHS TOYHOCTI B yMOBax HEIIOBHOTH, HECTAL[iOHAPHOCTI JAaHUX Ta OOMEXKEHOCTI

004K CII0BaJIbBHUX PECYPCIB KiHIEBUX IPUCTPOiB Po3pob6sieHo MeTo, 6araTopayHIHOTo peepaTHBHOrO HaBYaHHS,
SIKUI Ha BiIMiHY Bif BiflOMMX, BUKOPACTOBY€E XPOHOJIOTIYHY CTPaTU(iKallil0o HaBYaJIbHOI BUOIPKY, 3 IO€TAITHUM
yCEpeIHEHHSIM arperoBaHnx MojieJlell KOXKHOTO payHzy. Po3po6seHo cTpyKTypHO-(YHKIiIOHAIbHY MOJEJb
iHTeseKTyanbHOI iHpOpMaLiiHOKOMYHIKallifHOI CUCTEMY, sIKa 6a3yeThCS Ha BilOKpeMJIEHHI IJIOIIMHU [IPUCTPOIB,
IIJIOLVHY NI€peJaBaHHs JAaHUX, IUVIOMYHY aBTOMaTU30BaHOi iHPPpaCcTPyKTypH Ta IJIOUMHY iHTEJIEKTyaIbHO]
00pOOKY HaHUX, SIKi B3AEMOZIIOTh HA OCHOBI CITiJIbHOTO OHTOJIOTIYHOTO s7Ipa. YIOCKOHAJIEHO MeTO, O0YMCIIeHHS

rapameTpiB arperoBaHoi Mmozei denepaTuBHOrO HaBYaHHS, BBEJEHHSIM JTOJATKOBOI'O CEPeIHbO3BAasKEHOTO



KPUTEPIIO OLiHIOBAHHS €(DEKTUBHOCTI JIOKAJIbHUX MOZeJIell KiHIeBUX NPUCTPOiB. Po31in 1 «AHaii3 cyyacHux
METO[IiB Ta MozeJiell o0y JOBY iHTeeKTyaIbHUX iHpopMaLiffHO-KOMYHIKalliiHUX CUCTEM» ITPUCBSYEHO aHaJIi3y
Cy4yaCHUX METOJiB Ta MoZeJsiel 106y J0BY iHPOopMaLiliHO-KOMYyHiKal[iiHUX CUCTEM aBTOMaTU30BaHOTO yIIPaBJliHHS
iHgycTpianbHO0 iHPPACTPYKTYPOIO 3 BUKOPUCTAHHSIM €JIEMEHTIB IITYYHOTO iHTesIeKTy. OKpeCJI€HO OCHOBHI
BUKJIMKM Ta OOMEXXEHHS CTOCOBHO iHTerpaltlii (peiepaTUBHOTO HaBYaHHS B iHIyCTpiaibHUX cUcTeMax. Po3ain 2
«Po3pobieHHs MeToiB Ta MoJiesiell iHTerpaii ¢penepaTuBHOro HaBYaHHs B iHQOpMaLiiHO-KOMYHIKaLiHHAX
CHACTEeMax» IIPUCBSIYEHO (POPMYBAHHIO LiJIiICHOI METONI0JIOTTYHOI OCHOBU iHTerpauii pesepaTuBHOTO HaBYAHHS B
iH(popMaLiiHO-KOMYHIKalLiliHi CUCTEMU aBTOMATU30BAHOTO YIIPABJIiHHS, 10 OXOILJIIOE BCi KIIIOUOBIi PiBHI Bif,
nepudepiliHUX MPUCTPOIB IO XMAPHOTO iHTeJIeKTyaIbHOr O sigpa. [IpencraByieHo iepapxiuHy CTPYKTypHO-
(dyHKLiOHATIbHY MOJIEJIb, SIKa 3aBJSIKU JlelleHTpalisaliii pecypciB Ta CTaHAApTU30BaHUM iHTepdericaM 3abe3nedye
MacIITaboOBaHICTh, BiIMOBOCTIMKICTb Ta TOPU30HTAJIbHE IEPEHECEHHS 3HaHb MiX ranayssamu. [IpeacTaBieHo
PO3pO6IIeHNI METO], OGYKCIIEHHS IIapaMeTpiB arperoBaHoi MOJiei, MIJITXOM BBEeIE€HHS JOJIaTKOBOTO
CepeHbO3BaYKEHOTO KPUTEPII0 OIiHIOBaHHS €(PeKTUBHOCTI JIOKAJIbHUX MOJeJiel KiHIleBUX MPUCTPoiB. OmnucaHo
PO3po6IeHUI METO, 6araTopayHIHOro ¢pelepaTuBHOrO HaBYaHHS IJ1s1 KiHIIEBUX ITPUCTPOIB 3 0OMEXKEHUMU
00UYNCIIIOBATILBHAMU PECYPCaMH, SIKUi1 BUKOPUCTOBY€E XPOHOJIOTIYHY cTpaTidikallilo HaByaabHOI BUGipKu. Po3zin 3
«ImiTaniitHe Moze/M0BaHHS Ta JOCJiIKEHHS [I0Ka3HUKIB e(peKTUBHOCTI QYHKI[IOHYBaHHS iHTeJIeKTyalbHOI
iHopmallifiHO-KOMYHIKalii1HOi CCTeMU» BUCBIT/II0€ KOMIJIEKCHE €KCIIepUMEHTAJIbHE BUIIPOOYBaHHS
PO3pOOJIEHNX aJITOPUTMIB (PeEPATUBHOIO HABUYAHHS HA TEJIEMETPUYHHUX JAHUX aBTOHOMHUX IIPUCTPOIB 3 Pi3HOI0
KUJIBKICTIO payHIiB TPEHYBAHHS. 3allpOIIOHOBAHMI METO/, arperaliii, y Mekax sKOro BaroMiCTb JIOKaJIbHUX MOJeJlen
BM3HAYAIOTHCS iXHBOIO aKTyaJIbHOO IPOTHOCTUYHOIO TOYHICTIO, TPOJIEMOHCTPYBAB CEPEIHE 3HMKEHHS
CepeIHbOKBAIPATUYHO]I Ta CEPEHbOI aOCOJIIOTHOI TIOMUJIKU Ha 19% MOPIBHSHO 3 iCHYI0OUMMU METOAAMU
(denepaTUBHOTO HaBYAHHS, 1O MigTBEPIPKY€E NOLIBHICTD i NPAKTUYHY €(EKTUBHICTb PO3POOJIEHOr0 METOAY IJIsI
iHIyCTpiaZIbBHUX CUCTEM aBTOMATHM30BaHOTO YIIpaBiiHHA. Po3zin 4 «IIpakTudHa peasnizallis iHTeJIeKTyaabHOI
iHopmaliiiHO-KOMYHIKalii1HOi cHCTeMU yIIPaBJliHHS iHIYCTPiabHOIO iHPPACTPYKTYPOIO» IIPUCBSIIEHO
BIIPOBAPKEHHIO Ta €KCIIEPUMEHTAJIbHIN OLiHIIi PO3PO6JIEHOTO AJITOPUTMY Ha PEAJIbHUX NIepUQPEpPiiHUX MPUCTPOSIX
AGV Formica-1. 30kpema, peasnizoBaHO IPOrpaMHO-aNapaTHy MOZEJIb iHTEJIEKTyaIbHOI iHpOopMaLiiHO-
KOMYVHIKaliliHOi cucTemu, sika 3abe3revyye HaCKpPi3HUIM KOHTYP «JaHi-aHaJiTuKa yIPaBliHHS» 11711 aBBTOHOMHUX
TPaHCIOPTHUX POOOTIB Ta CTallioHAPHUX TEXHOJIOTIYHUX JIiHiN. Ha 6a3i 11iei Mopesi BnpoBai>KeHO rpaHUYHE
(denepaTuBHE HaBUAHHS 3 BAKOPUCTAHHSIM PO3PO06JIEHUX aJITOPUTMIB, SIKE 1aJI0 3MOTY 3[1iliCHIOBATH JIOKAJIbHE
TPEHYBaHHSI HEIIPOHHUX MepeX. Pe3yibTaTi eKCIIEPUMEHTIB CBiZjuaTh PO TeE, 10 PO3POOJIEHUIT aJITOPUTM
6araTopayHpHOro ¢penepaTUBHOrO HaBYaHHS MiiBUILy€e eHepPreTUYHY e(PeKTHUBHICTb Ipoliecy penepaTuBHOro
HaBYaHHS Ha KiHLEBUX NIPUCTPOSIX Ha 37% IpU BUKOPUCTAHHI 4 payH[iB HaBYaHHS Ta Ha 50% - MpU BUKOPUCTaHHI 8
payHIiB HaBUYaHHS IIpU 3a6e31eYeHHi aHAJIOTIYHOI TOXUOKY TPOTrHO3YBaHHS YaCOBUX XapaKTEPUCTUK
inpycTpianbHOi cucTemMu. BUCHOBOK MifiCyMOBY€e OCHOBHI pe3yJbTaTy JucepTalifiHOi poOOTH Ta PO3B’130K HAYKOBO]
3a/1aui po3po6JIeHHSI HOBUX Ta BIOCKOHAJIEHHS iCHYIOUMX METOZiB Ta Mofeslel (penepaTuBHOrO MalIMHHOTO
HaBuyaHHS AJ15 iHpopmMalifHOOKOMYHIKAIiITHUX CUCTEM aBTOMAaTU30BaHOTO yIPABJIiHHS, 3 METOIO IMiJIBUILIEHHS
TOYHOCTI IPUMHSTTS PillleHb B yMOBax HETIOBHOTHY 1 HECTALiOHAPHOCTI JaHUX Ta 0OMEXXEHUX 00YNCITIOBATIbHUX
PEeCYPCiB KiHIIEBUX IIPUCTPOIB.

2. The dissertation tackles the scientific problem of designing new and refining existing methods and models of
federated machine learning for information and communication automated-control systems, with the aim of
improving decision making accuracy when data are incomplete, non-stationary, and processed under limited
computational resources on edge devices. A multi-round federated-learning method has been developed which,
unlike known approaches, applies chronological stratification of the training data and stepwise averaging of the
aggregated models produced at each round. A structural- functional model of an intelligent information and
communication system is proposed: it distinguishes a device plane, data-transfer plane, automated infrastructure
plane, and intelligent data-processing plane, all interacting through a common ontological core. The procedure for
computing the aggregated model's parameters has been enhanced by introducing an additional weighted-average
criterion that assesses the performance of local models on edge devices. Chapter 1 “Analysis of current methods



and models for building intelligent information and communication systems”, surveys contemporary approaches to
the design of industrial automated information and communication systems that incorporate artificial-intelligence
components. The principal challenges and constraints of integrating federated learning in industrial systems are
outlined. Chapter 2 “Development of methods and models for integrating federated learning into information and
communication systems”, establishes a coherent methodological framework that spans all key levels from edge
devices to the cloud based intelligent core. A hierarchical structural-functional model is introduced which,
through clear resource decentralization and standardized interfaces, ensures scalability, fault tolerance, and
horizontal knowledge transfer between sectors. The chapter details the refined aggregation procedure based on
the additional weighted criterion and describes the multi-round federated-learning method for resource
constrained edge devices that employ chronological stratification of the training data. Chapter 3 “Simulation
modelling and investigation of performance indicators of the intelligent information and communication system”,
presents comprehensive experimental trials of the proposed federated-learning algorithms on telemetry obtained
from autonomous devices across different numbers of training rounds. The aggregation strategy whereby each
local model is weighted by its current predictive accuracy reduced both mean squared error and mean absolute
error by an average of 19 % compared with baseline federated-learning approaches, thereby confirming the
practicality and effectiveness of the method for industrial automated-control systems. Chapter 4 “Practical
implementation of the intelligent information and communication system for industrial-infrastructure
management”, covers deployment and experimental evaluation of the algorithm on Fromica-1 AGV edge devices. A
hardware-and-software prototype implementing an end-to-end “data-analyticscontrol” loop for autonomous
transport robots and stationary production lines was realised, enabling local neural-network training via edge-
level federated learning. Experiments show that the proposed multi-round algorithm improves the energy
efficiency of federated learning on edge devices by 37 % with four training rounds and by 50 % with eight rounds,
while maintaining prediction errors for the system’s timing characteristics at a level comparable with the baseline.
The conclusion summarizes the principal results and the solution to the scientific problem of advancing methods
and models of federated machine learning for information-and-communication automated-control systems, aimed
at increasing decision-making accuracy under data incompleteness, non-stationarity, and restricted edge-device
resources.
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dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAyKu YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. lImyp Osnpra MukosaiBHa

2. Olha M. Shpur

KBasigikanis: . . u., gor,., 05.12.02

InenTudikarop ORCID ID: 0000-0001-8156-8017

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHU: HaujonanbHuii yHiBepcuteT "JIbBiBCbKa MOMTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micuesnaxomxeunﬂ: ByJ. CrenaHa BaHgepy, 6yz. 12, JIbBis, 79013, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Bemneir Mukosa IBanoBuY

2. Mykola I. Beshley



KBasigikanis: n. 1. u., mou., 05.12.02

InenTudikarop ORCID ID: 0000-0002-7122-2319

JoparkoBa iHdpopmamnist:

IloBHe Ha¥iMEeHYBaHHS IOPHINYHOI 0COOM: HanjonanbHuii yHiBepcutet "JIbBiBCbKa MOMTiTEXHIKA"

Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. CtrenaHa BaHgepy, 6yz. 12, JIbBiB, 79013, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBI
TOJIOBH paju

BsiacHe IIpizBuie Im'sa ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acigaHHi
BigmoBigasbHUM 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 3a peecTpallilo HayKOBOIi

OisIIBHOCTI

Bucoubka BikTopist AHaTO1iiBHA

Bucoupka Bikropig AHaToJliiBHa

BikTop MuxainoBud XaBajiko

VKpIHTEI

FOpuenko TetsHa AHaToJiiBHA



