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1. IHTenexTyasbHa KOMITIOTEpPHO-{HTErpoBaHa CUCTEMa MOHITOPUHTY IIapaMeTpiB BUPOOHUIITBA Giorasy

2. Intelligent computer-integrated system for monitoring biogas production parameters

Pedepar/anoTamis:

1. Incepraliito NpUCBSIYEHO PO3POOJIEHHIO iHTEIEKTYyaIbHOI KOMITIOTEPHO-iHTETPOBAHOI CUCTEMU MOHITOPUHTY
napaMeTpiB BUPOOHUIITBA 6iorasy 3 BUKOPHUCTAHHSIM TE€XHOJIOTIN [HTEpHeTy pedeli, KOMITIOTEPHOTO 30py Ta
MalIHHOTO HaByaHHs. PoboTa BuKoHyBasnacs sk yactvHa HIJIKP «HaykoBi 0CHOBY aBTOMaTU30BaHOTO KEPYBAHHS
BUPOOHUIITBOM Giorasy 3a/1aHoi SIKOCTi» (nep>kaBHUil peecTpauitHuil Homep 0125U002642). Y po6oTi npoBeieHO
KOMILJIEKCHUI aHaJli3 Ipoliecy aHaepoOHOT0 30pOIKyBaHHS SIK 00’€KTa aBTOMAaTHU3allii Ta 06IPYHTOBAaHO
HEeOOXiJIHICTh 3aCTOCYBAaHHS IHTE€JIEKTYaJIbHUX METOJiB MOHITOPHUHTY. JlOCTIiIsKeHO HasBHI Minxony 1o
aBToMaTu3allii 6i0ra3oBUX yCTaHOBOK Ta BUSIBJIEHO iX 0OMeXXeHHs. PO3p0o06yieHO apXiTeKTypy MPOrpaMHO-
arnapaTHOro KOMIUIEKCY Ha 6a3i MiKpOKOHTpoJiepHoi Inargopmu ESP32 3 iHTerpaniero napayis Temneparypu,
BOJIOTOCTi Ta MOJYJIsS KOMITIOTEPHOTO 30py. PeanizoBaHo xMapHY iHQPaCTPYKTypy AJisl 360Dy, 36epiraHHs Ta

00pO0OKY HaHUX 3 BUKOPUCTAHHSIM cepBiciB AWS. 3anrporioHOBaHO METO[T aBTOMATH30BAHOI OI[iHKY SIKOCTi



6i0CMpOBMHY HAa OCHOBI aHaJIi3y 300pakeHb i3 3aCTOCYBaHHSIM aJITOPUTMY cermeHTaii Oiy Ta riopugHoi METPUKU
SKOCTI Ha 6a3i PyHKIil 6askaHOCTi XappiHrToHa. EKcriepruMeHTaIbHO MiATBEPAKEHO KOPEJISLIIo Bi3yaJbHUX
XapaKTepUCTUK biomaTepiany 3 Buxonom 6iorasy (r=0,81). CHHTe30BaHO MificCCTeMY IPOrHO3YBAaHHS BUXOy 6iorasy
Ha OCHOBi aHCaMOJII0 HEMPOHHUX MEPEX, 10 BKJII0YAae PEKypeHTHY mepexxy LSTM 11 anasizy 4acoBux psjis,
rpagientHui 6ycTuHr XGBoost A1 TabNMMYHUX JAaHUX Ta 3TOPTKOBY Mepeky ResNet-50 7171 BidyasibHUX O3HaK.
PeanizoBaHO MeXaHi3M aalTMBHOTO JOHaBYaHHS Human-in-the-Loop, mo 3a6e3nevye 6e3rnepepBHe MOKPAIIEHHS
TOYHOCTI porHo3iB. Ilicisa moHaBYaHHS MOJienb mocsria koediuieHTta gerepminanii R2=0,91 Ta RMSE=0,35

M3 /106y. [IpoBeieHO TeXHIKO-€KOHOMIYHE OOIPYHTYBAaHHSI CUCTEMU. BapTicTh anapaTHOi YaCTMHU CTAaHOBUTH 4500
rpH, mo B 50-200 pasiB MeHIIe KOMEPLiNHNX aHAJOTiB. PiuHni1 ekoHOMiYHUIT edeKT oriHeTbes B 339 000-498
000 rpH 3a TepMiHy OKYITHOCTI 1,6-2,3 Mics1i.

2. Dissertation for the degree of Doctor of Philosophy in specialty 151 «Automation and computer-integrated
technologies». National University of Life and Environmental Sciences of Ukraine. Kyiv, 2026. In the dissertation
thesis is dedicated to the development of an intelligent computer-integrated system for biogas production
parameter monitoring using Internet of Things technologies, computer vision, and machine learning. The work
was carried out as part of the R&D project «Scientific foundations of automated control of biogas production of
specified quality» (state registration number 0125U002642). A comprehensive analysis of the anaerobic digestion
process as an automation object was conducted, and the necessity of applying intelligent monitoring methods was
substantiated. Existing approaches to biogas plant automation were investigated, and their limitations were
identified. The architecture of a hardware-software complex based on the ESP32 microcontroller platform with
integration of temperature and humidity sensors and a computer vision module was developed. A cloud
infrastructure for data collection, storage, and processing using AWS services was implemented. A method for
automated biomass quality assessment based on image analysis using the Otsu segmentation algorithm and a
hybrid quality metric based on the Harrington desirability function was proposed. The correlation between visual
characteristics of biomaterial and biogas yield was experimentally confirmed (r=0.81). A biogas yield prediction
subsystem based on a neural network ensemble was synthesized, including a recurrent LSTM network for time
series analysis, XGBoost gradient boosting for tabular data, and ResNet-50 convolutional network for visual
features. A Human-in-the-Loop adaptive retraining mechanism was implemented, ensuring continuous
improvement of prediction accuracy. After retraining, the model achieved a coefficient of determination R2=0.91
and RMSE=0.35 m3/day. Technical and economic justification of the system was conducted. The hardware cost is
UAH 4,500, which is 50-200 times less than commercial analogues. The annual economic effect is estimated at
UAH 339,000-498,000 with a payback period of 1.6-2.3 months.

Jep>kaBHHH peecTpauiiiHuii Homep [IiP:

IIpiopuTeTHHI HaNIpSIM PO3BUTKY HayKH i TEXHIKHU: IndopmauiiiHi Ta KoMyHiKawifiHi TexHOIOTii
CrpareriyHui NpiopUTETHUI HANIPSIM iHHOBaLiHHOI AiSIIBHOCTI: He 3aCTOCOBYETHCA
ITiZCcyMKH BOCIiI>KEHHS: HoBe BUpIlIEHHS aKTyaIbHOTO HAYKOBOTO 3aBIAHHS

Iy6sikamii:

¢ Lysenko V., Lendiel T., Bolbot ., Pavlov S. Mobile System for Monitoring Plant Environment Parameters for
Biogas Production. Machinery & Energetics. 2023. Vol. 14. No. 4. P. 111-120.

¢ Lysenko V., Lendiel T., Pavlov S., Nakonechna K. Computer Vision Technologies for Rapid Quality Analysis of
Fermentable Biomaterial. 17th International Conference on Advanced Trends in Radioelectronics,
Telecommunications and Computer Engineering, Lviv, 8-12 October 2024: Conference paper. Lviv, 2024. P.
1-5.

e JluceHnko B. I1., Jlengen T. 1., ITaBnos C. I'. AHasi3 aropuTMiB MallMHHOTO HaBYaHH4 711 [IPOrHO3yBaHHs

BUXOJy 6iorasy. EHepreTuka i aBromaruka. 2023. N2 3. C. 100-111.



e [laBnos C.T., Jlucenko B. I1., Jlennen T. 1., Hakoneuyna K. B. MeTtog XappiHITOHa B CUCTEMi €KCIIPEC-OLiHKU
SIKOCTi 6i0cMpOBUHY /17151 30poaKyBaHHs. HaykoBi npani HallioHaabHOro yHIBEpCUTETY XapuOBUX TE€XHOJIOTIH.
2025.T. 31. N2 5. C. 63-74.

e [laBnoB C. I, JIucenko B. I1., Jlengen T. 1., Hakoneyna K. B. [HTes1€KTyasibHa cUCTEMa aBTOMaTU30BaHOTO
MOHITOPUHTY SIKOCTi 6iomaTepiany AJ1 36poIpKyBaHHS B 6i0ra3osiii ycTaHoBLji. BicHuk HauioHanbHOTO
TEXHIYHOTO YHiBepcuTeTy YKpaiHu «KuiBCbKOTO MOJITEXHIYHOrO iHCTUTYTY iMeHi Iropst Cikopcbkoro». Cepist:
XimivyHa iH>keHepis, ekosioris Ta pecypcosbepeskeHHs. 2025. N2 3. C. 41-51.

e [TaBnos C.T., Jlucenko B. I1., Jlengen T. 1., HakoneuyHa K. B. MeTonosorist no6yzoBu aBTOMaTU30BaHOI CUCTEMU
OTIEpaTUBHOTO MOHITOPMHIY OKpEMUX ITapaMeTpiB BUpoOHULITBA Giorasdy. BicHuk HarjionanbHOro TeXHiYHOTrO
yHiBepcuTeTy YKpainu «KuiBCbKOT0 MOJIITEXHIYHOrO iHCTUTYTY iMeHi Irops Cikopcbkoro». Cepist: XiMidHa

imKeHepis, exkoJsiorist Ta pecypcosbepesxenHst. 2026. N2 1. C. 53-61.

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILiSL: pO3p0O6IEHO TPUPIBHEBY apXITEKTYPY KOMII'IOTEPHO-
iHTErpoBaHOI CUCTEMU MOHITOPUHIY 6i0ra30BOr0 BUPOOHUIITBA, 10 3abe3Ieuye iHTerpallilo anapaTHoro piBHs
360py naHux (esp32, maBaui ds18b20, dht22, kamepa ov2640), xMapHOro piBHSI 06p0o6KU (aws iot core, dynamodb, s3)
Ta PiBHS iHTEJIEKTYyaJIbHOTO aHasli3y (aHcambJib HEHPOHHUX MEPEK) B €IMHOMY pillleHH] 3 NiATPUMKOIO

MaclTabyBaHHs Ta Pe3€PBYBAaHHS

ComniasibHO-€KOHOMIYHA CIIPSIMOBAHICTh: NpaKTUYHE 3HAYEHHS POGOTU MOJIATAE Y CTBOPEHH]
KOMII'IOTEPHO-IHTE€rpOBaHOi CUCTEMHU MOHITOPUHTIY NTapaMeTpiB BUPOOHUILITBA 6iorasy, sika MoXe 6yTH

BIIPOBa/’)KeHa Ha 6i0ra3oBUX YCTAHOBKAX Pi3HOI OTYXHOCTI
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