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2. Automated microclimate control system for public catering premises using machine learning methods.

Pedepar/anoTamnis:

1. Y nuceprauiiiziil po6oTi BUpillyeThCs 3a/ia4a MiBUIIEHHS SKOCTi aBTOMATU30BaHOIr0 KEPyBaHHS MiKPOKJIiMaTOM
Ta €eHeproeeKTUBHOCTI y 3aKjIalax FPOMaJICbKOTO Xap4yyBaHHS IIJISIXOM BIIPOBAI)KEHHSI MOJI€IbBHO-IIPOTHO3HOTO
KepyBaHHS Ha OCHOBI HeIpOMEPEXXEeBUX MoZesel cTany. [IpoBefieHO CUCTeMHUIT aHami3 OyAiBii 3aKkuany
IPOMaJICbKOTO XapuyBaHHS SIK 00'€KTa KepyBaHHSI, [IPOaHasi30BaHO 0COOJIMBOCTI TEIJIOBUX IIPOLIECiB, IOBI3aHUX i3
IVHaMiYHOIO 3aBaHTaXXEHICTIO, POOOTOI0 KYXOHHOT0 06Js1afiHaHHs. Ha 11ifl ocHOBi c(pOpMyIbOBAaHO BUMOTHY 1O
cucremu HVAC Ta c(popMOBaHO IOCTAaHOBKY 337ja4i 6araTOKpUTEPiaJIbHOTO KEPYBAHHS 3 YPAXyBaHHSIM TEIJIOBOTO
KOoMQOPTY, BUTPAT eHeprii.Po3pobsieHo NoBHUI LIMKII [106yI0BY MOZeJIi 06’eKTa 3aKjasy rpOMajiCbKOro
XapuyBaHH4, SIKUAI BKJIIOYa€ B cebde 36ip, OUMILEHHS Ta CTPYKTYpU3aLLil0 eKCIIepUMEHTAIbHUX JAaHUX 3 ICHYI040ro
00'exTy, popMyBaHHS BUOIpOK y (pOpMaTi NPOCTOPY CTaHiB, AOCIiIPKEHHS I IOPiBHSHHS KiIbKOX KJIACiB
HelpomepexkeBux mogeinen, Takux Ik MLP, RNN, LSTM,GRU, NARX njis1 3aa4i IpOrHo3yBaHHS JUHAMIKA

MiKpokJjimMaTy. BUkoprcToByioun 6aiieCiBCbKy ONTHMI3allilo, BAAJIOCS CTBOPUTU KOMIIAKTHY Ta TOYHY MOJIEJIb, SIKa



HiAXOIUTB AJ1s1 POOOTH 3 MOJIE€/IbHO-ITPOTHO3HUM KEPYBAaHHSM y peasibHOMY 4aci. CpopmoBaHO
OaraTokpurepiasbHy (PYHKLiI0 BApPTOCTI, sIKa [10€HYE B cOOi sIK KOMDOPT, TaK i EHEProCro>KUBaHHS, Ta PO3POOJIEHO
aJITOPUTM MOJIEJIbHO-TIPOTHO3HOTO KepyBaHHS 3 BUKopucTaHHIM GPU-TpucKopeHHs, KUl 3abesneyye
PO3B’sI3aHHS 33Jja4i onTuMisallii Ha KOB3HOMY TOPU30HTI B MexKax Nepiofy AucKpeTusallii.Po3pobieHo mporpamHy
apxiTeKkTypy AJ1s1 CHCTeMU YITpaBJliHHS, SKe BKIo4ae nosuboBuil piseHs (I1JIK HVAC, naBaui, BUKOHaBYi MexaHi3MH),
cepsep MIIK 3 Bukopucranusm Python /TensorFlow, 6a3y naHux MongoDB 1151 apxiByBaHHS T€XHOJIOTIYHOI
iHopmatii Ta Be6-iHTEpElic MOHITOPUHTY 1 aHasi3y po6oTu cucteMu. PeasizoBaHO MexaHi3M OHJIANH-
IIOHAaBYaHHS HEMPOMEPEKEBOi MOeJli 33 aHMMU eKCIUlyaTallii 3 KOHTPOJIEM SIKOCTi Ha TECTOBiN BUGipLi Ta
OHOBJIEHHSIM po6040i MozeJii. [IpoBelleHO eKCIIEpUMEHTH Ha peajlbHOMY 00'€KTi 3 TOPIBHSHHIM PEXUMY
MOJ€JIbHO-TIPOTHO3HOTO KEPYBaHHs Ta 6asosoro PID-kepyBaHHs. [TokazaHo, 1110 3alIpONOHOBAHUH MifXi], 1O3BOJISE
CYTT€BO 3MEHIINTH Yac epebyBaHHs TeMIEpaTypu 103a KOM(MOPTHUM [iala30HOM B OiK OiJIbIll PalliOHAJIBHOTO
BUKOPUCTAHHS XOJIOA0 Ta TEIUIONOCTaYaHHs [IPY HE3HAYHIN 3MiHI CyMapHUX BUTPAT ejleKTpoeHeprii.OpepikaHi
pe3yJIbTaTU MOXKYTh OYTH BUKOPUCTaHI IiJ, 4ac pO3pOOKM HOBUX CUCTEM aBTOMATHU30BAaHOTO KEPYBaHHS
MIKpPOKJIIMAaTOM y OyZiBJISIX TPOMA/ICBKOr0 Xap4yyBaHHS Ta iHIIMX IPUMillleHb, IPA MOZEPHi3allii iCHyI0UHUX CUCTEM, a

TaKOX B iHIIUX C(l)ean dBTOMATU30BAHOTO KEPYBAHHH.

2. The dissertation solves the problem of improving the quality of automated microclimate control and energy
efficiency in public catering establishments by implementing model-predictive control based on neural network
state models. A systematic analysis of the building of a public catering establishment as a control object was
carried out, the features of thermal processes associated with dynamic loading and the operation of kitchen
equipment were analyzed. On this basis, the requirements for the HVAC system were formulated and the
statement of the multi-criteria control problem was formed, taking into account thermal comfort and energy
consumption.A full cycle of building a model of a public catering establishment object was developed, which
includes collecting, cleaning and structuring experimental data from an existing object, forming samples in the
state space format, researching and comparing several classes of neural network models, such as MLP, RNN,
LSTM, GRU, NARX for the problem of predicting microclimate dynamics. Using Bayesian optimization, it was
possible to create a compact and accurate model suitable for working with model-predictive control in real time. A
multi-criteria cost function was formed, which combines both comfort and energy consumption, and a model-
predictive control algorithm using GPU acceleration was developed, which provides a solution to the optimization
problem on a sliding horizon within the sampling period.A software architecture for the control system was
developed, which includes a field level (HVAC PLC, sensors, actuators), an MPC server using Python/TensorFlow, a
MongoDB database for archiving technological information, and a web interface for monitoring and analyzing
system operation. An online retraining mechanism for a neural network model based on operational data with
quality control on a test sample and updating of the working model was implemented. Experiments were
conducted on a real object with a comparison of the model-predictive control mode and basic PID control. It is
shown that the proposed approach allows to significantly reduce the time the temperature stays outside the
comfort range towards a more rational use of cooling and heating with a slight change in total electricity
consumption.The results obtained can be used in the development of new automated microclimate control
systems in public catering buildings and other premises, in the modernization of existing systems, as well as in
other areas of automated control.
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