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1. AKTyanbHiCTb TEMU. [HTEHCUBHUI PO3BUTOK Ta iMIJIEMEHTALlisl TEXHOJIOTIH IHTEpHeTy pedelt (10T) B
iH(ppacTPyKTypy )KUTJIOBUX 00'€KTIB 3yMOBJIIOIOTh TPAaHCHOPMALLil0 CUCTEM KEPYBaHHS OyIiBJISIMU Ta Iepexia 1o
KOHILenii posymHoro 6yauHKy (Smart Home). QyHKILiOHYBaHHS TAKUX CUCTEM CYITPOBOIPKY€ETHCS FeHepallielo
3HAYHUX OOCSTiB reTepOreHHUX JaHuX, OTPUMaHUX Bifl pO3I10JiNeH0i CEHCOPHOI Mepexi, 1110 CTBOPIOE NIEPESyMOBU
17151 I IBUIIEHHS PiBHSI aBTOMATH3allii, 6€3[1€KU Ta €eHEProe(EKTUBHOCTI. BpaxoBy04Hy, 1O KUTJIOBUI CEKTOP €
OJIHMM i3 KDUTUYHUX CIIOKMBAYiB €HEPropecypciB, po3po6Ka Ta BIPOBAIKEHHS iHTEIEKTyaIbHUX METOIiB
KEpYyBaHHS €HEProClo>KUBaHHSIM HaOyBa€ NPiOPUTETHOTO 3HAUEHHS SIK 3 EKOHOMIYHOI, TaK i 3 €K0JIOTiYHOI TOUOK
30py. Pa3om 3 TuM, aHaJIi3 iCHYI0UUX pillleHb CBiJ4UTD, 0 €(PEKTUBHICTb (PYHKLIOHYBAaHHS CUCTEM PO3YMHOIO
OyIMHKY OOMeXy€eThCSI HU3KOIO HEBUPIlIeHNX [TPo6JieM, IOB'SI3aHUX 3 SIKICTIO JaHUX, TOYHICTIO IPeIUKTUBHO]

aHaJIITUKY Ta aallTUBHICTIO apXiTEKTypy KepyBaHHS. 3B'SI30K POOOTH 3 HAyKOBUMHU IIPOrpaMaMH, [1JIaHaMH,



TeMamu. [lucepratiiiHa po60oTa 6yJsia BUKOHAHA B PAMKAX: - HAYKOBO-AOCJiTHOI pOOOTU «AKTyasIbHi MATAHHS
cy4acHoi iHpopmaTuku Ta iHpopmMaLiIHUX TEXHOJIOTIi B OCBITI Ta HayLi» ([Jep>kaBHUM peecTpaLiliHnuil HOMep
0124U001430), LieHTpanbHOYKPaiHCHKOTO [IepKaBHOTO yHiBepcUTeTy iMeHi BosioguMupa BUHHUYEHKa; - HAyKOBO-
nocainHoi po6otu "[linBuieHHs ePEeKTUBHOCTI IpoLecy ynpasiiHHsa 3D NpUHTEpOM 3 BUKOPUCTAHHSIM METO/IB
MaIIMHHOTO HaB4YaHHA" ([lep>kaBHuUil peectpauiiiHnii Homep PK 0124U001849), kadenpu TexHosoriil uudpoBoro
po3BUTKY lepKaBHOro yHiBepcuTeTy iHpopMallilHO-KOMYHIKalliHUX TexHOJIorii. MeTa i 3a7a4i JOCiI KeHHSI.
Merolo fucepTaliiHoi po60TH € ONTUMI3allisl KepyBaHHS PO3yMHUM OyAMHKOM Ha OCHOBI IHTEpHETY peyell 3a
IIOIIOMOT0I0 PO3POOIEHOTO KOMILJIEKCY METO/IIB, 10 IO3BOJISIIOTH MiABUIIUTH SIKiCTh JAHUX, TOYHICTh
IIPOTHO3yBAaHHS €HEeProCIOKMBAHHA Ta €(PEeKTUBHICTh CUCTEMU K€PYBAHHS 32 PAXyHOK afamnTalii 1o
KOHTEKCTyaJIbHUX HaMipiB KopucTyBaya. O6'eKT JOCiKeHHs — Ipoliec GyHKIIOHYBaHHS iHTE€JIEKTYaJIbHO]
CHACTEMU KE€PYBaHHS PO3yMHUM OyIMHKOM Ha OCHOBI 1aHuX 3 Mepexi loT-cencopis. [IpegmeT fOCHiIKeHHSs —
METOIY Ta MOJIeJli IPOrHO3YBaHHS €HEPTrOCIOKUBAHHS, OYUIEHHS CECHCOPHUX JAHUX Ta apXiTEKTypHU
IIPOAKTMBHOT'O KEPYBAaHHS AJI1 CUCTEM PO3YMHOrO OyIUHKY. MeTonu pocigkeHHs. [y BUPilleHHS [T0CTaBJIEHUX
3a/1a4 BUKOPMCTOBYBAJIMCS: METOAM CUCTEMHOIO aHali3y Ta Teopii KepyBaHHs AJ1s1 popmarnisalii apXiTeKTyp;
METO/IY MAIIMHHOTO Ta IVIM60KOr0 HaBYaHHSI (TEMIIOPaJIbHI 3TOPTKOBI Mepexi, aHcam61i iepeB pillleHb) AJ1s
PO3pOOKU MOJesiell TPOTHO3YBaHHS Ta OUUILIEHHS JaHUX; MeTOAM 6araTolisiboBoi onTuMizauii nsis peasnizaii sapa
MIPUIHATTS pillleHb; METOAM iMiTal[iliHOro MOJie/II0BaHHSI [1J1s1 TepeBipKU e(PeKTUBHOCTI PO3POOJIEHUX MiTXO/IiB.
HaykoBa HOBU3HA OJI€P>KaHUX PE3YJIbTATiB MOJISITa€ B HACTYIIHOMY: 1. YIOCKOHAIEHO Tri6pUAHUI METOS
KOPOTKOCTPOKOBOTO IIPOrHO3yBAHHS €HEProCIIOKMBAaHHA Ha OCHOBI apxiTekTypu TCN-LightGBM, siknii
BiIpi3HSETHCS Bif] iICHYIOUMX 3aCTOCYBAHHSIM CTpaTerii 1jisiecripssMOBaHOro Bii6opy 03HAK BUKJIIOUHO [1J1S1 MOJeJli-
KOPEKTOPa, 10 JO3BOJIUJIO BUPILIMTU NPO6IeMYy KOMIIPOMICY MiXK TOYHICTIO Ta OGUMCIIIOBAJIBHOIO BapTiCTIO,
3a6e3eynBIIN IPUCKOPEHHS HaBUaHHS B 5,4 pasu Npu 36epekKeHHi BUCOKOI TOYHOCTi IPOTHO3YBAHHSI MiKOBUX
HaBaHTAKEHb HA IPUCTPOSIX 3 OOMEXKEHUMHU pecypcaMu. 2. PO3po6s1eHO METO, aJallTUBHOTO OYMILEHHSI CEHCOPHUX
naHux (ACRA/H-AD-CLEAN), HaykoBa HOBM3Ha SIKOTO IOJISITA€ y TO€JHAHHI KiacuikaTopa Ha OCHOBI MAIIMHHOTO
HaBYaHHS AJ1s igeHTudikauii cnenudiyHux TUMIB MyMiB (BUKUAY, OPEN(, KOHCTAHTHI 3HAYEHHS1) 3 EBPUCTUYHUM
IIPaBUJIOM Ha OCHOBI pucnepcii. Takuii niaxin, Ha BigMiHy Bif BimoMux, Zo3BoJIsie peanidyBaTy afanTUBHUN BUOip
oriepaTopa KOopekKLii 11 pi3HOPiAHUX MOTOKIB JaHUX y PeKUMI peasbHOro yacy. 3. HabyB 1ofasbiioro po3BUTKY
METOJ], IPOAKTUBHOT'O KEPYBAaHHS PO3yMHUM OYJMHKOM (200 JII0IMHO-0Pi€HTOBAHOTO KEPYBaHHSI), SIKUI
BiIPi3HSIETLCS IEPEXOAOM Bif] HABUAHHS [VIOOQIBHUM HaMipaM [0 HABYaHHS KOHTEKCTYyaJIbHMM HaMipaM
KOpHCTyBaua (3aJIe>KHUM Bif 4acy no6u ta Tapudy), peasi3oBaHo MIJIIXOM aHajli3y pyYHUX BTPyYaHb KOPUCTyBadya
SIK HESIBHOTO 3BOPOTHOT'O 3B'SI3KY 7151 aalITUBHOI KOpeK1ii BaroBux koe@illieHTiB y 3afa4i 6araToLiiboBoi
onTumizatii. [[pakTryHe 3HaYEHHS Ofep>XKaHUX Pe3yJIbTaTiB. PO3p06JeHNI KOMIJIEKC METOMIB JO3BOJISIE
CTBOPIOBATU I'HYUKi, aIalITUBHI CUCTEMU KePyBaHHS PO3yMHUM OYAMHKOM HOBOTO NMOKOJiHHS. ONTUMi30BaHa
mogenb nporaodyBaHHsa TCN-LightGBM moxe 6yTy BIPOBa/i’KeHa Ha IPUCTPOSIX 3 OOMEKEHUMU pecypcaMu IJist
e(EeKTUBHOrO YIIPaBJliHHS [IIKOBUMHU HaBaHTaXKeHHIMU. MeToz ouniieHHss ACRA nifBuilye HaflifiHIiCTb Ta KiCTb
BXiJJHUX JAHUX, UIO € OCHOBOIO JIJ151 KOPEKTHOI pOOOTH BCiX iHTEJIEKTYalIbHUX JOAATKIB cucTeMu. [IpoakTuBHA
apxiTeKTypa KepyBaHHS JO3BOJISIE CTBOPIOBATA CUCTEMH, IO CAMOCTIMHO aaNTyIOThCS! 10 IIOBEiHKY MEIIKAHIIIB,
3HAYHO 3MEHINYIOYU N10Tpedy B Py4HOMY BTpy4aHHi (Ha nmoHaz 97%) Ta nifBullyouu piBeHb KOMPOPTY [1pU

30epekeHHi eHeproeeKTUBHOCTI.

2. Relevance of the topic. The intensive development and implementation of Internet of Things (IoT) technologies
in the infrastructure of residential facilities is leading to the transformation of building management systems and
the transition to the concept of a smart home. The functioning of such systems is accompanied by the generation
of significant amounts of heterogeneous data obtained from a distributed sensor network, which creates the
preconditions for increasing the level of automation, security and energy efficiency. Given that the residential
sector is one of the critical consumers of energy resources, the development and implementation of intelligent
energy management methods is becoming a priority from both an economic and environmental perspective. At the
same time, an analysis of existing solutions shows that the efficiency of smart home systems is limited by a number
of unresolved problems related to data quality, the accuracy of predictive analytics, and the adaptability of the



control architecture. Relationship of the work to scientific programmes, plans, topics. The thesis was performed
within the framework of: - research work ‘Actual issues of modern informatics and information technologies in
education and science’ (State registration number 0124U001430), Volodymyr Vynnychenko Central Ukrainian State
University; - research work ‘Improving the efficiency of the 3D printer control process using machine learning
methods’ (State Registration Number RK 0124U001849), Department of Digital Development Technologies, State
University of Information and Communication Technologies. The purpose and objectives of the study. The purpose
of this thesis is to optimise the control of a smart home based on the Internet of Things using a set of methods
developed to improve data quality, energy consumption forecasting accuracy, and control system efficiency by
adapting to the contextual intentions of the user. The object of study is the process of functioning of an intelligent
smart home control system based on data from an IoT sensor network. The subject of the research is methods and
models for energy consumption forecasting, sensor data cleaning, and proactive control architectures for smart
home systems. Research methods. To solve the tasks, we used the following methods: methods of system analysis
and control theory to formalise architectures; machine and deep learning methods (temporal convolutional
networks, ensembles of decision trees) to develop forecasting and data cleaning models; multi-objective
optimisation methods to implement a decision-making kernel; simulation modelling methods to test the
effectiveness of the developed approaches. The scientific novelty of the results obtained is as follows: 1. A hybrid
method of short-term energy consumption forecasting based on the TCN-LightGBM architecture has been
improved, which differs from the existing ones by applying a strategy of targeted feature selection exclusively for
the corrector model, which allowed solving the problem of the trade-off between accuracy and computational
cost, providing a 5.4-fold acceleration of training while maintaining high accuracy of peak load forecasting on
devices with limited resources. 2. A method of adaptive cleaning of sensor data (ACRA/H-AD-CLEAN) has been
developed, the scientific novelty of which is the combination of a machine learning-based classifier for identifying
specific types of noise (outliers, drift, constant values) with a heuristic rule based on variance. This approach,
unlike the known ones, allows for an adaptive selection of the correction operator for heterogeneous data streams
in real time. 3. The method of proactive control of a smart home (or human-centred control), which differs from
learning global intentions to learning contextual user intentions (depending on the time of day and tariff), was
further developed by analysing manual user interventions as implicit feedback for adaptive correction of weighting
coefficients in the task of multi-objective optimisation. Practical significance of the results. The developed set of
methods makes it possible to create flexible, adaptive control systems for a new generation of smart homes. The
optimised TCN-LightGBM forecasting model can be implemented on devices with limited resources to effectively
manage peak loads. The ACRA cleaning method improves the reliability and quality of input data, which is the basis
for the correct operation of all smart home applications. The proactive control architecture allows for the creation
of systems that independently adapt to occupant behaviour, significantly reducing the need for manual
intervention (by over 97%) and increasing comfort while maintaining energy efficiency.
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IloBHe HaﬁMeHyBaHHﬂ IOPUOHUYHOL 0C00H: KuiBchkuil cTonMuHuMii yHiBepcUuTeT imeHi Bopuca I'piHuenka
Kopg 3a €IPIIOY: 45307965

Micue3Haxoa>KeHHSI: By BynbapHo-Kynpsscbka, Kuis, 04053, Ykpaina

dopma ByracHOCTI: KomyHasnbha

Cdepa ynpaBiriHHS: [lepkagminicrpauis

InenTudikarop ROR:

Penensentu

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Tkanenko OkcaHa MukosaiBHa

2. Oksana N. Tkalenko

KBasmigikanis: . 1. 1., gow., 05.12.13
Imentudikarop ORCHID ID: 0000-0001-6313-5138
JoparkoBa iHdpopmamist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0CO0H: JlepkaBHMIi yHiBepCUTET iHPOPMAIiTHO-KOMYHIKaI[IHHUX

TEXHOJIOTIN

Kopg 3a €IPIIOY: 38855349

MicueBHaxo,ereHHﬂ: ByJ1. CosoM'siHCBKa, KuiB, 03110, Ykpaina
dopma BracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's Ilo-6aThKOBI:
1. Binyenko Osbra BanepiiBHa

2. Olha Zinchenko

KBasigikamis: x. 1. 1., npodecop, 05.13.06
InenTudikarop ORCHID ID: 0000-0002-3973-7814
JoparkoBa iHdpopmamist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0CO0H: Jlep>kaBHMII yHiBEpCUTET iHPOPMAIiTHO-KOMYHIKaI[IHHUX

TEeXHOJIOTIN



Kopg 3a €IPIIOY: 38855349

MiCIICSHaXO,I[)KeHHH: ByJs1. ConoM'siHChKa, KuiB, 03110, Ykpaina
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIl04Hi BiZOMOCTi

BaacHe IlpizBume Im'st Ilo-6aTbKOBI Cropyaxk Kamirna [1aBsiBHa
rOJIOBH pagu

BiiacHe IIpizBuine Im'sa I1o-6aTbKOBI Cropuak Kamisna [TaBniBHa

rOJIOBYIOYOTO Ha 3aciJaHHi

BignoBigasibHuUI 3a MiATOTOBKY Jlazopenko JL.M.
00JIIKOBHX JOKYMEHTIB

Peectparop IOpueHko TetsiHa AHaToOJiiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

IisIJIbHOCTI




