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MEPEHCE8020 MOHIMOPUHSY 80TI020CHIL IDYHINY

CITbCLKO2OCNOOAPCHKUX NIONPUEMCING

1 HIACTABM JIAA TPOBEAEHHA POBOTH

Haka3 pexropa HTVY «/lninpoBchka nmomiTexnika» Big 17.10.2024 p. Ne 1388-¢

2 META TA BUXIJIHI JAHI AJIAA ITPOBEAEHHSA POBIT

O06’eKkT A0CaiIKeHb — KOMIT FOTEpPH30BaHI MPOIECH 300py Ta OOpOOKH JaHUX IS
MOHITOPUHTY BOJIOTOCTI IPYHTY B YMOBAaX CLIbCHKOTOCTIOAPCHKUX IMiIMPUEMCTB.

[Ipeamet gocaiazkeHb — METOIM Ta 3acO0U MAIIMHHOTO HABYAHHS JIJIsl aHATI3Y JaHUX
PO BOJIOTICTH IPYHTY 3 BUKOPUCTAHHSM KOMIT IOTEPHHUX CUCTEM MOHITOPHUHTY.

Mera HJIP — pospoOka Ta ouinka edekruBHOCTI (3rimHo merpuk RMSE ta R?)
KOMIT'FOTEPHOI CHCTEMH MEPEKEBOr0 MOHITOPHHTY BOJIOTOCTI IPYHTY B yMOBax
CLTbCHKOTOCIIOIAPCHKUX MMIATNPUEMCTB, a TaKOX BHU3HAYEHHS ONTHUMAJIBLHOTO aJITOPUTMY
aHaJIi3y JaHUX JIJIsl IHTEerpallii B CUCTEMY YIIPABIIiHHS IMOJIMBOM Y PEKUMI PEaTbHOTO Yacy.

Buxinni gani nisi npoBegeHHs Po0OTH — TOKA3HUKH TEMIIEpaTypH, BOJIOTOCTI
HOBITPS 1 BOJIOTOCTI IPYTHY, OTPUMaHI HUIIXOM CHMYJISLIT, Ta METEOpOoJIoTiyHa iH(pOpMaITis
3 cepBicy OpenMeteo.

3 OUIKYBAHI HAYKOBI PE3YJIbTATHU

HoBu3na 3anponoHoBaHuX pillieHb MOJIATaE y po3po0ICHOMY JIBOECTAITHOMY ITiIXO/Ii,
KW THTETpYe KIacu(iKalliio 3 perpeci€ro I MOHITOPUHTY BOJIOTOCTI IpyHTY. Lle no3Bose



3HU3UTH OOYMCIIOBAJIBHI BUTPATH Ta MNIABUIIMTH TOYHICTH MPOTHO31B. 3almpONOHOBAHO
METOJUKY CHUMYJISIITI CEHCOPHUX JTaHMX JUIs MOJETIOBaHHS CILIEHApIiB y pasl BIJACYTHOCTI
pealbHUX CEHCOPIB.

IIpakTyHa WiHHiCTH TOJIATAaE B po3poOLll CUCTEMH, 3JaTHOI 3HMKYBaTH BHUTpATH
BOJM, aBTOMATU3YBATH MPOLIECH 3POILIECHHS Ta MABUILYBATU €(DEKTUBHICTh arpOTEXHOJIOT1H.
Cucrema eneproedekTHBHa, THydyka W ajganToBaHa [0 yMOB YKpaiHW, IO pOOUTH ii
BAYKJIMBUM THCTPYMEHTOM CTaJIOTO PO3BUTKY arpONpOMHUCIOBOCTI.

4 BUMOI'M 10 PE3YJIBTATIB BUKOHAHHA POBOTH

Pesynbratu nociiakeHb MarOTh OyTH TOJAHI Y BUIJISAL, IO JAO3BOJISE MOOAYUTH Ta
OIIIHUTHU 0e3MOocepe/IHE BUKOPUCTAHHS MOJIeJII MAIIMHHOTO HaBYaHHs. B pe3ynbrari po6oTH
MOBUHHA OyTH po3poOJieHa CHCTeMa MEpPEKEBOr0 MOHITOPUHTY BOJOTOCTI TPYHTY st
CITBCHKOTOCTIOTAPCHKUX TIATPUEMCTB.

5 ETAIIM BUKOHAHHA POBIT

Crpoxu
HaiimenyBaHHs1 eTaniB po0it BUKOHAHHSI PoOiT

(mo4yaTok —KiHelb)

AHaI3 TEMH Ta NOCTAHOBKA 3a7a4l 12.09.2024-30.09.2024

AHamiz Ta momepeaHss o0poOka mgaHux, po3poOka Meroxy | 01.10.2024-31.10.2024
CUMYJISIIIT CEHCOPHUX JaHUX

Hammcannss mporpamHoro komy it cTBopeHHs Ta ominku | 01.11.2024-08.12.2024
METO/I1B MaIlTMHHOTO HaBYaHHS /IS KJTacu(ikailii Ta BA3HAUYCHHS
HEOOX1THOTO 00’ €My BOJIH.

3aBaaHHs BUIAB Jlakmionos I.C.
(riarmmc) (mpizBuIIe, iHIMIAIH)
3aBJaHHs NPUIHSAB JO BUKOHAHHS Hlamampin A.M.
(miammc) (npizBuIIE, 1HIMIATH)

JlaTa Bugaui 3aBnanns: [2.09.2024 p.

Tepmin noganus kBamdikariitnoi podotu no EK _ 09.12.2024 p.
PED®EPAT




[TosicuroBanbHa 3amucka: 108 c., 31 pucynok, 2 Ttabmuii, 2 nomarka, 36
JITepaTypHUX JIKEPEIL.

O06'exTOM TOCITIKEHHS € KOMIT FOTEPH30BaHi mporiecu 300py Ta 00pOOKH JaHUX 15
MOHITOPHHTY BOJIOTOCTI IPYHTY B YMOBaX CIJIbCBKOTOCIIONAPChKUX mianpuemcts. Cucrema
Mae 3a0e31edyBaTH TOUYHE OIIHIOBAHHS CTaHYy IPYHTY, BU3HAUCHHS TOTPeO y 3pOIIeHH1
Ta palioHaJbHE BUKOPHUCTAHHS BOJHUX pecypciB. OcobnuBa yBara MpUALICHA
IHTerpalii CEHCOPHUX TEXHOJIOTiH, aiaropuT™MiB OOpOOKM JaHUX Ta 3aco0iB
aBToMaru3ailii, mMo0 3HU3UTH BUTPATU Ta 3a0E3MEUUTH CTATICTh BHUPOOHUIITBA B
yMOBax 3MiH KJIIMaTy Ta 0OMEKEHOCT1 pecypciB.

[Ipeamerom IOCTIKEHHS € METOAN Ta 3aCO0M MAITUHHOTO HABYAHHS IS aHATI3y
JaHuX IIpo BOJIOTICTD TPYHTy 3 BUKOPHUCTAHHAM KOMH’IOTepHI/IX CUCTEM MOHiTOpI/IHFy.
Buxopucranas Random Forest Classifier Ta Random Forest Regressor mosBossie
BpaxoBYyBaTH KJIIMaTH4HI AaH1, oTpuMaHi 3 OpenMeteo API, 11s miiBUIIEHHS TOYHOCTI
MPOTHO31B 1 3MEHIICHHS OOYMCTIOBaAIBHUX BUTpar. LI Meromm 3abe3neuyroTh
KOMIUICKCHUH MIIX1JT IO aHATI3y, BPAaXOBYIOUH SIK JIOKaJIbHI, TaK 1 I7100alIbHI (aKTOpH.

Metoto poOoTH € po3poOKa IHTErpOBAaHOI CHCTEMH MOHITOPHUHTY BOJIOTOCTI
IPYHTY, SKa aBTOMAaTH3y€ TPOIIECH OIIHIOBaHHS MOTPeO y 3pOIICHHI, ONTHUMI3y€
BUTpPATH BOJIM Ta MOKpAIIye YIpaBiaiHHS pecypcamu. Cuctema 0a3y€eThCsi Ha Cy4acHHUX
texHoyorisix IHtepuery peueit (IoT), anropurmax MaIIMHHOTO HAaBYaHHS Ta
IHTepaKTUBHIN Bizyaizarlii pe3yabTaTiB JJis e(eKTUBHOTO MPUHHATTS PillICHb.

Y po6oTi BUKOPUCTaHI MAaTEMaTUYHE MOJICTTIOBAHHSI, CHMYJISLIIS JJAHUX CEHCOPIB
1 xomm'torepHuii anamiz. Krnacudikamiiitna wmomens Random Forest BusHauae
HEOOX1/IHICTh TIOJIUBY, a perpeciiHa Mojenb MNporHozye obcsar Boau. OrriHKa
edexkruBHOCTI O6a3yerbes Ha MeTpukax MAE, RMSE i1 R2 Inarerpaiist KiiMaTHIHUX
nanux 13 OpenMeteo API miaBuIye afanTuBHICTh CUCTEMH J0 3MiH 30BHIIIHIX YMOB.

HaykoBa HOBM3Ha pOOOTH MOJSTAE Y 3aIPOINIOHOBAHOMY JTBOETAITHOMY ITiIXO/,
KU 1HTErpye KiIacu]ikailiro 3 perpecie€ro 1jisi MOHITOPUHTY BOJIOTOCTI TpyHTY. Lle
JI03BOJIIE 3HU3UTH OOYMCIIOBAIBHI BUTPATH Ta MIABUIIMTH TOYHICTH IPOTHO3IB.
3anponoHOBaHO METOANKY CUMYIISIIT CCHCOPHUX JTaHUX JJISI MOJICIIIOBAHHS CIIEHAPIiB
y pa3i BIZICYTHOCTI peaIbHUX CEHCOPIB.

[IpakTyHe 3Ha4YeHHS pOOOTH TMONSITa€ y CTBOPEHHI CHUCTEMH, 3/aTHOI
3HIDKYBaTH BUTPATH BOJM, ABTOMATHM3yBaTH MPOIIECH 3POIICHHS Ta IiABUIINYBAaTH
e(eKTUBHICTh arpoTexHoioriii. Cucrema eHeproe)eKTUBHA, THy4YKa i ajanToBaHa J0
yMOB VYKpaiHW, M0 poOUTh ii BaXIUBUM I1HCTPYMEHTOM CTaJIOTO PO3BUTKY
arporpOMMCIOBOCTI.

KirouoBi  cmoea: MOHHUTOPUHIT BOJIOT'OCTI IPYHTY, RANDOM
FOREST, KITACU®IKAIIIA, PETPECIA, 3POILLIEHHA, AHAJI3 KIIIMATUYHNX
JAHUX, OIITUMI3AILIA BOAHUX PECYPCIB, MAE, RMSE, R2.



ABSTRACT

Explanatory Note: 108 pages, 31 figures, 2 tables, 2 appendix, 36 references.

The object of research is computerised processes of data collection and
processing for monitoring soil moisture in agricultural enterprises. The system aims to
provide accurate soil condition assessment, determine irrigation needs, and ensure the
rational use of water resources. Special attention is given to the integration of sensor
technologies, data processing algorithms, and automation tools to reduce costs and
ensure production stability under conditions of climate change and resource
limitations.

The subject of the research involves classification and regression methods for
evaluating irrigation requirements and forecasting water volumes. The use of the
Random Forest Classifier and Random Forest Regressor allows for the incorporation
of climate data obtained from the OpenMeteo API, enhancing prediction accuracy and
reducing computational costs. These methods ensure a comprehensive approach to
analysis, accounting for both local and global factors.

The aim of this work is to develop an integrated soil moisture monitoring system
that automates the process of assessing irrigation needs, optimizes water usage, and
improves resource management. The system is based on modern Internet of Things
(IoT) technologies, machine learning algorithms, and interactive visualization tools for
effective decision-making.

The research employs mathematical modeling, sensor data simulation, and
computer analysis. The Random Forest classification model determines the need for
irrigation, while the regression model predicts water volumes. Performance evaluation
is conducted using metrics such as MAE (Mean Absolute Error), RMSE (Root Mean
Squared Error), and R? (coefficient of determination). The integration of climate data
from the OpenMeteo API enhances the system's adaptability to external conditions.

The scientific novelty of this work lies in the proposed two-stage approach that
integrates classification and regression for soil moisture monitoring. This approach
reduces computational costs and improves prediction accuracy. A method for
simulating sensor data is proposed to model scenarios in the absence of real sensors.

The practical significance of this work lies in the development of a system
capable of reducing water consumption, automating irrigation processes, and
increasing the efficiency of agricultural technologies. The system is energy-efficient,
flexible, and adapted to the conditions in Ukraine, making it a vital tool for the
sustainable development of the agricultural sector.

Keywords: SOIL MOISTURE MONITORING, RANDOM FOREST,
CLASSIFICATION, REGRESSION, IRRIGATION, CLIMATIC DATA ANALYSIS,
WATER RESOURCE OPTIMIZATION, MAE, RMSE, R2.



