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Tema (aHrJ.)

Optimization of the functioning of intelligent objects using machine learning methods

Pedepar (YKxp.)

Y nucepTalii OCHOBHA yBara NpuUIiJieHa po3poOLi Ta yJOCKOHAJIEHHIO NPOTOTHUIy anapaTHO-IMPOTPAMHOTO KOMILJIEKCY mJIs
aHazi3y Ta OOpOOKM JAaHUX iHTEJIEKTyaJbHOro OynuHKY. IIpoBefeHMI1 aHasi3 HAayKOBUX IyOJliKaliil Ta BiIKpUTUX [Xepesa y
TeMaTulli iHTe/leKTyaJbHUX OYIOUHKIB IPOAEMOHCTPYBaB, IO 3apa3 iCHye HEJOCTaTHbO pilleHb LIOJO0 anapaTHO-IIPOrpaMHUX
cucteM, PYHKIiIOBaHHS SIKUX He 3aJIeXKUTh BiJl XMApPHUX TEXHOJIOTIN Ta AOCTYIY [0 ri1o6anbHOi Mepexi IHTepHeT. OKpeMUM Ta He
MEHII BaXXJIMBUM KOMIIOHEHTOM Y l'[pO€KTyBaHHi CHUCTEM KEPYBaHHSA iHTeJICKTyaIIbHI/IM 6y,HI/IHKOM € BpaxyBaHHA Tel'[Jloq)iSI/I‘-IHI/IX
MIPOLIECIB, SIKi OMUCYIOTbCSI BiANOBIIHMMHU IUHAMiYHMMM PIiBHSHHSMU TEIIOIEPEHOCY y MNpuMillleHHi. Po3B'sI3yBaHHSI TaKux
piBHSIHb [O3BOJISIE SIK MOZEJIOBATH TEIJIOBI NPOLECH, TaK i BUKOPUCTOBYBATH iX PO3BSI3KM IJIsI YTOYHEHHS! NPOTHO3YBaHHS
CIIOKMBAHHSl eHeprii. V mepmomy po3gini guceprauiiiHoi po6oTH PO3IVISIHYTO IpO6GJIEMAaTUKU CTBOPEHHS CHUCTEM
iHTesIeKTyasIbHOro OYAMHKY, SIKi 3[1€6i/bIIOoro 6a3yloThCs Ha IPAaHUYHUX Ta TyMaHHUX o04McCyIeHHsX. [IpoaHasnizoBaHi cyyacHUi
CTaH Ta acCMeKTU IPAaHUYHUX OOYMCIIEHb [JIsl iHTEJIEKTYaJbHOTO OyIUHKY, 10 I'PYHTYIOTHCSI HA MIKpOKOMITIOTepax Raspberry Pi 3
Ta MikpokoHTposiepax Arduino. Taxox, pO3IJISIHYTI aKTyajbHi 3aco0u Ta MiAXOgW 1O OOpPOOKM CEHCOPHUX [AaHHUX B MeXKax
perpeciiiHux Ta HeMpPOMEPEXXEBUX MOJIEJIe, OCTaHHI 3 SIKMX MOXKHA BOYZOBYBAaTH y MiKPOKOHTPOJIEPU 3 METOIO TPOTHO3YBAHHS.
Jl7s1 3a6e3rnedeHHs] THYYKOro pO3rOPTaHHS HEMPOMEPEXKEBUX MOAEJIEH, IPOBEIEeHNI oIy, Ta aHasli3 aBTOMAaTU30BaHUX 3aC00iB
LMKy OOpOOKM HAaHWX — HaBYaHHS Ta Bajijalii HEMPOHHOI Mepexxi — BOYZOBYBaHHS HeMpOMepeXi Ha MIKpOKOHTpoJsep 3
OfIHOYAaCHMM ii PpO3ropTaHHSIM Ha MIKpOKOMITIOTEpi. Y [pyromy po3fini pucepraniiHoi po6oTHM OmNMCaHO JaHi, SKi
BUKODHCTOBYIOTbCSI § MOZEJIOBaHHI cUCTeMH. [ly1s1 06pOOKM IMX [AaHUX PO3IVISIHYTI Ta peasli3oBaHi aJIrOpUTMH BUSIBIEHHS
BUKWJiB Ta aHOMaJill; NMPOBEJEHUN CTAaTUCTUYHMI aHasi3 Ta MoOymOBaHi perpeciiiHi mopesi: a) 30BHIIIHIX Ta BHYTPINIHIX
TemnepaTyp; 0) CIOXMBAaHHS ra3dy Ta TEMIEpaTyp Ha MOBEPXHIX Oarapeil Ta B) 30BHILIHBOIO, BHYTPIIIHBOIO TEMIEPATypU Ta
TEeMIIepaTypy Ha OOGIrpiBajJIbHUX eJIeMEHTax, Pe3yJIbTaTh SIKMX MOKHA BUKOPHMCTOBYBATH /Jis IIPOTHO3Y Ta aHasli3y 3B'SI3KIiB MDK
BUMIPIOBaHHSIMU. 3aIIPOIIOHOBAHO MiAXil| 4O Ae3arperauii JaHuX CIIOKMBAHHS rady Ha OCHOBI KJIACTEPHOIO aHaJli3y, METOIO SIKOTO
€ BUJiJIeHHS] KOHKPETHUX CIIOXMBAyiB ra3dy 3 CyMapHUX (arperoBaHux) AaHux. [1j1s mo6yLoBU HEPOMEPEXKeBUX IIPOTHOCTUYHUX
Mopesneil TeMnepaTyp JeTajJbHO ONMCAHUM NpOoLeC MiArOTOBKU Ta MEPETBOPEHHS JAaHUX Ta PO3TJISHYTI aKTyasbHi apXiTeKTypu
PEKypPEeHTHUX HEHPOHHMX MepeX, Ha OCHOBI SIKMX peanidoBaHi BianosigHi Mmopeni. CdopmysiboBaHa 3afadya ONTHUMi3alii
rineprnapaMeTpiB CIIPOEKTOBAaHMX HEHPOMEpEX, pPO3B’sI3yBaHHs $KOi 3MiICHEHO 3a [OIOMOIOI0 TE€HETUYHOTO AaJTOPUTMY.
3pilicHeHn1 aHasli3 pe3ysbTaTiB Ta Mif0ip ONTUMAabHOI apXiTeKTypu Ijisi PO3ropTaHHs Ha MikpokoHTposepi STM32. Tperiit
po37in mucepTalii MpUCBSYEHUI amapaTHO-TIPOrpaMHiN peasiszalii MPOTOTUITy KOMIUIEKCY [Jis aHalidy Ta OOGpOOKM IaHUX
iHTenekTyanbHOrO 6yINHKY. B sikOCTi anapatHoi niatdopmu 6yau obpaHi mikpokomm'iotep Nvidia Jetson Nano, 1m0 mMae gocTaTHi
MOTYKHOCTI [IJI1 LEHTPaJbHOTO OOYMCIIIOBAZIBHOTO Xaby Ta BUCOKOMPOIYKTUBHUIT MikpokoHTposiep STM32 F767. OcraHHIll €
6a3010 TEPBUHHUX [PAHWYHUX OOYMCJIEHb 3aBISKM DPO3TOPHYTIM HA HbOMY HEWMPOHHIN Mepexi. [lpy mim'emHaHHI IO HbOTO
JaT4YUKiB TeMIIEpaTyp, HEMPOKOHTPOJIED MOXE 3[ifiCHIOBATM KODOTKOTEPMiHOBE IIPOTHO3YBaHHS Yy PeajbHOMY dYaci Mg
MOPIBHSIHHS 3 JaHMUMM, WO HAJXOHAATh HA HBOIO (BUIIQAOK BHUSBJIEHHS aHOMAJiil), Yd BUKOPUCTOBYBATUCS SIK OKpPEMUI
MIPOTHOCTUYHUN MOJyJb [Jis ONTuMizanii mapamerpiB o6irpiBy mnpumimenHsi. IIporpamHa 4YacTWHA [aHOTO MIPOTOTHUITY
cknagaetscs 3 REST API, mjo oroprae 6a3y AaHUX 3 BUMipIoBaHHIMU SQLite, MOyl CTaTUCTUYHOI OOPOOKU Ta HEMPOMEPEXKEBOTO
MOJIEJIIOBAHHS, CUCTeMy [jisi opradizalii koHBeepy MLOPS — Mlflow, opkectpatop Apache Airlow Ta mMomynp KomyHikauii 3
HelpokoHTposiepoM Ha 6a3i TCP cokeTiB. Y 4eTBepTOMy pO3[ini 3alpollOHOBaHAa METOJAMKA 3aCTOCYBAHHS TeIIO(pi3sMuHNX
MoOfiesiel y TO€NHAHHI 3 JAaHMMU TEMIIEpaTyp Ta CIHOXMBAHHS Taszy MAJisg HaOMKeHOI OIiHKM e(deKTUBHUX KoedilieHTiB
TEIJIOTIPOBIJHOCTI Ta TEIVIOEMHOCTI OymiBii. OGYMCIEHHsS TaKuX MapaMeTpiB BifOyBaeTbCs Ha OCHOBI PO3B'SA3KIB MPsIMOi Ta
obepHeHoi 3a7ja4 mIIsIXoM (POpPMYJITIOBAHHS NMPO6GIeMH onTuMiszanii GyHKUIioHaNy, SIKMH BU3HAYA€ Pi3HUIS MK OOYMCIEHUMHU Ta
peanbHUMU TeMIlepaTypamy y NPUMIlEeHHi BifHOCHO TemnsaodisnuHux KoedinieHTiB. Takoxk, po3pobseHa MaTeMaTHUYHA MOJIEJb
oLiHK1 e(dEeKTUBHUX TEeIJIOBUX IapaMeTpiB iHIWBimyaspHUX IKepes oOirpiBy, sIKi MOKHa BMKOPHUCTOBYBATU SIK IJIS 3a7ad
IIPOTHO3YBaHHS CIIOKMBAaHHS, Tak i 111 BU3HAY€HHS YAaCTUHHU Bil, cymMapHOi eHeprii o6irpiBy, sIKa CIIO)KMBA€TbCS KOHKPETHUM

06irpiBabHUM €JIEMEHTOM.
Pedepar (anr.)

In dissertation, the main attention is paid to the development and improvement of the prototype of the hardware and software
complex for the analysis and processing of data of an intelligent house. The analysis of scientific publications and open sources
on the topic of intelligent buildings showed that there are currently not enough solutions for hardware and software systems,
the functioning of which does not depend on cloud technologies and access to the global Internet. A separate and no less
important component in the design of intelligent building control systems is the consideration of thermophysical processes,



which are described by the corresponding dynamic equations of heat transfer in the room. Solving such equations allows both
modeling of thermal processes and the use of their solutions to refine forecasting of energy consumption. The first chapter of
the dissertation examines the problems of creating intelligent home systems, which are mostly based on boundary and fuzzy
calculations. The current state and aspects of edge computing for the intelligent home, based on Raspberry Pi 3 microcomputers
and Arduino microcontrollers, are analyzed. Also, current means and approaches to sensor data processing within regression
and neural network models are considered, the latter of which can be built into microcontrollers for the purpose of prediction.
To ensure flexible deployment of neural network models, a review and analysis of automated data processing cycle tools —
training and validation of a neural network — embedding a neural network on a microcontroller with simultaneous deployment
on a microcomputer was conducted. The second chapter of the dissertation describes the data used in system modeling.
Algorithms for the detection of emissions and anomalies were considered and implemented for the processing of these data;
statistical analysis was carried out and regression models were built: a) external and internal temperatures; b) gas consumption
and battery surface temperatures and c) external, internal and heating element temperatures, the results of which can be used
for forecasting and analysis of relationships between measurements. An approach to the disaggregation of gas consumption data
based on cluster analysis is proposed, the purpose of which is to select specific gas consumers from aggregated (aggregated)
data. For the construction of neural network prognostic models of temperatures, the process of data preparation and
transformation is described in detail, and current architectures of recurrent neural networks, on the basis of which the
corresponding models are implemented, are considered. The problem of hyperparameter optimization of designed neural
networks is formulated, the solution of which is carried out using a genetic algorithm. Analysis of the results and selection of the
optimal architecture for deployment on the STM32 microcontroller was carried out. The third section of the dissertation is
devoted to the hardware and software implementation of the complex prototype for analyzing and processing data of an
intelligent building. The Nvidia Jetson Nano microcomputer, which has sufficient power for a central computing hub, and a high-
performance STM32 F767 microcontroller were chosen as the hardware platform. The latter is the basis of primary boundary
calculations due to the neural network deployed on it. When temperature sensors are connected to it, the neurocontroller can
make short-term predictions in real time for comparison with the data coming to it (in case of anomaly detection), or be used as
a separate predictive module to optimize room heating parameters. The software part of this prototype consists of a REST API
wrapping a database with SQLite measurements, modules for statistical processing and neural network modeling, a system for
organizing the MLOPS pipeline — Mlflow, an Apache Airlow orchestrator, and a communication module with a neurocontroller
based on TCP sockets. In the fourth chapter, a method of applying thermophysical models in combination with temperature and
gas consumption data is proposed for an approximate estimation of the effective coefficients of thermal conductivity and
thermal capacity of the building. Calculation of such parameters takes place on the basis of solutions of direct and inverse
problems by formulating the problem of optimization of the functional, which determines the difference between the calculated
and real temperatures in the room relative to thermophysical coefficients. Also, a mathematical model for evaluating the
effective thermal parameters of individual heating sources has been developed, which can be used both for consumption
forecasting tasks and for determining the part of the total heating energy consumed by a specific heating element.
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