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1 HIIACTABU JJIs1 MTPOBEJEHHSA POBOTHU
Haka3 pextopa HTY «/lainpoBchkka nomitexnika» Bix 17.10.2024 p. Ne 1388-c
2 META TA BUXIJIHI JAHI IJIsA ITPOBEJAEHHSA POBIT

O06’ekT A0CTiIZKEHb — KOMIT FOTEPHI TEXHOJIOTI{ Ta METOIM aHAITi3y JaHUX ISl OI[IHKA
CTaHy IOCIBIB CIIILCHKOTOCTIOIAPCHKUX KYIBTYP, 30KpeMa MIISHHMII], 32 JOIMTOMOT OO0 METO/IiB
MAaIIMHHOTO HAaBYaHHS.

IIpeamer pocaigxensb — anroputMu ML 1151 OLIHKY CTaHY TIICHMUIII.

Meta HIP — po3poOka Ta AOCITiIKEHHS KOMIT FOTEPHOI TEXHOJIOTI /ISt OI[IHKH CTaHy
NOCIBIB TIIEHUIN, 10 BKIIOYA€ IMOPIBHAHHA Ta aHami3 €(QEKTUBHOCTI PI3HUX METOJIB
mammuHHOTo HaBuaHHs (CNN, SVM, KNN) Ha nartaceri, 1o MicTuTh iH(pOpMaIIito mpo craiii
3pUIOCTI MIICHHULL, IKUH OyJ1e IHTerpOBaHO B MPOTPAMHUI 3aCTOCYHOK JIJIsl HAJJaHHS OLIIHKH
CTaHIB CIIOCTEPEIKYBAHUX KYJIbTYp B pexXuMi peanbHoro yacy 3 BITIA.

Buxigni gani nus npoBenenHsi podooru — jgani 3 caity Global Wheat Datasets
IHCTUTYTY ClUIbCbKOrocnogapcbkux Hayk y IlIBeiinapii.

3 OYIKYBAHI HAYKOBI PE3VYJIBTATH

HoBu3Ha 3anponoHoBaHuX pillleHb TOJATAE y OIIHII €PEKTUBHOCTI TPHOX METOIIB
MmatruHHOro HaB4aHHs: — CNN, SVM ta KNN n7s1 BupiiieHHs 3a/1a4i aBTOMaTUYHOT OLIIHKH
CTai¥ 3pUIOCTI MIIEHMITI, 110 A€ 3MOTY ONTHUMI3yBaTH BUOIp MiIX01Y ITi/T 4ac MPOCKTYBaHHSI
KOHKPETHUX THUIIB CcHUCTeM. Jl0JIaTKOBO 3allpOTMOHOBAHO PIIlICHHS BHKOPHCTAHHS Ill€i



cuctemu pa3om 3 BIIJIA, mo € akTyanpHUM y MOTOYHI Yacu JUIsl PO3BUTKY YKPaiHCHKOI'O
CUIBCHKOI'0 TOCIIOJJapCTBA.

IIpakTH4yHa WiHHICTH NOJSATae B po3poOLll KOMIT IOTEPHOI TEXHOJOTII, 10 JO3BOJISE
aBTOMATH3yBaTH IPOLIEC MOHITOPUHTY CTaHy MOCIBIB MIIEHMIIl, IO CHPUSIE MIIBULICHHIO
TOYHOCTI Ta IIBUJKOCTI OLIIHKU CTaAii 3piy1ocTi KynbTyp. CBOEUACHO OTpUMaHa iHpopMalis
PO CTaH MOCIBIB, JACTh 3MOT'Y OUTBIIT €(DEKTHBHO IJIaHYBaTH CLIBCHKOTOCTIONAPCHKI pOOOTH.

4 BUMOI'M 10 PE3YJIBTATIB BUKOHAHHA POBOTHU

Pesynbratu mocnimkeHb MarOTh OyTH TOJaH1 y BUTIIAL, IO J03BOJISE MOOAYUTH Ta
oliHUTH Oe3MmocepeIHE BUKOPUCTAHHS MOJIeIl MAllIMHHOTO HaBYaHHs. B pesynbrari poboTn
MOBHMHHA OyTH po3po0JIeHa MporpaMHa peai3allis s OIIHKH CTaHy MIICHHMIII.

S ETAIIM BUKOHAHHA POBIT

Crtpoknu
HaiimenyBaHHs eTamniB pooiT BHKOHAHHS PoOiT
(mo4aTok —KiHenb)
AHaJi3 TeMHu Ta MOCTaHOBKA 3a/1a4i 12.09.2024-30.09.2024

CratucTuaHMA aHami3 Ta nonepeaHs o6poobxka | 01.10.2024-31.10.2024
CIJIbCHKOTOCTIOIAPCHKUX TAHUX

Hamucannss mporpamHoro koay s cTtBopeHHs Ta oiinku | 01.11.2024-08.12.2024
METO/1B MaIlIMHHOTO HAaBYaHHS JUIs OLIIHKU CTaHy TIIEHUIII

6 PEAJIIBAIIA PE3YJIBTATIB TA EOEKTUBHICTD

Exonomiunmii epeKT Bija pearnizailii pe3ynbTaTiB poOOTH OYIKYETHCS TTO3UTHBHUM
3aBIISIKM aBTOMAaTUYHOMY BU3HAYCHHIO CTaJiii PO3BHUTKY IIICHHII Ta MOHITOPHHTY CTaHy
MOCIBIB, arpapii MOKyTh CBOEYACHO BXKMBATH HEOOX1THUX 3aXO/JlIB, 110 CHPHUs€ 301TIbIICHHIO
BpPOXKaMHOCTI, e()eKTUBHE TUTAHYBAaHHS arpOTEXHIYHHX 3aXOIB Ha OCHOBI JIAaHUX aHANI3y
JI03BOJIIE YHUKHYTH HaIMIDHUX BUTPAT HA TEXHIKY, MAJIMBO Ta JIIOJICbKI PECYpCH.

CounianbHuii edeKT Bia peamizailii pe3yabTaTiB POOOTH OUIKYETHCS MO3UTHBHUM
3aBISKH TIJBUIICHHIO €(PEKTUBHOCTI BUPOIIYBAHHS IMIIEHHUII, IO CHpUsIE 301TBIICHHIO
o0cATiB BUPOOHMIITBA 3€pHA 1 TO3UTUBHO BIUTMBAE HA 3a0€3MEYCHHS HACEJICHHS SIKICHUMU
OPOAYKTaMH XapuyBaHHS, a palllOHAJIbHE YIPABIIHHA PECypcaMu CIpHsEe 30epeKeHHIO
JOBKULIIS Ta TTOKPAIEHHIO SIKOCTI KUTTS B CUTbCHKINA MICIIEBOCTI.
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PEDEPAT

IosicHioBasibHA 3amucka: 85 crop., 22 puc., 3 tabmuui, 2 gomarku, 31
JUKEPETIO.

O0’eKT H0CTiIKEHHsI: KOMIT FOTEpHI TEXHOJIOTIi Ta METOJM aHaNi3y JaHHUX
JUISl OLIIHKUA CTaHy MOCIBIB CUILCHKOTOCIOAAPCHKUX KYJIBTYP, 30KpeMa MIICHUII, 3a
JOTIOMOT'OF0 METO/I1B MAIIMHHOT'O HAaBYaHHS.

IIpeamer pocimkenns: anroput™Mu ML niist oIliHKM CTaHy MIIEHMIII.

Meta kBaJgiikauniiinoi podoTH: po3podKa Ta JOCHIHKEHHS KOMIT IOTEPHOI
TEXHOJIOT1{ ISl OLIIHKK CTaHy IMOCIBIB MIIEHMII], [0 BKJIIOYAE MOPIBHSIHHS Ta aHAII3
edekTuBHOCTI pi3HMX MeTonaiB MamuHHOro HaB4yaHHsS (CNN, SVM, KNN) nHa
JaTaceTi, MO MICTUTh 1H(OpMaII0 MPOo CTaAill 3pUIOCTI TMIICHMIN, SKUH Oyjae
IHTErPOBAaHO B  MPOTpaMHUN  3aCTOCYHOK IS  HAJlaHHA  OI[IHKK  CTaHIB
CIIOCTEPEKYBAHUX KYJIBTYpP B peKuUMI peanbHoro yacy 3 bITJIA.

Metoan nociigkeHHsi. sl BUpIIIEHHS MOCTaBICHUX 3a/ady BUKOPHUCTaH1
MeTOJ 3ropTkoBuUX HeWpoHHHX Mepex (CNN), meron omopHux BekTopiB (SVM),
Meton Hanomkuux cyciaiB (KNN), kpuTuyHOro aHamnizy 1 JOTIYHOTO y3arajbHEHHS
BIJIOMUX PE3YyJbTATIB HAYKOBHX JIOCHI/PKEHb Yy Tally3l MAIIMHHOTO HAaBYaHHS,
CTATUCTUYHOIO aHAJI3y JaHUX.

HoBu3Ha oTpMaHuX pe3yJbTaTiB MOJATaE y OLIHLI €)EKTUBHOCTI TPHOX
MetoaiB MammHHOro HaB4aHHA — CNN, SVM ta KNN 11 BupimieHHs 3aaadi
ABTOMATUYHOI OITIHKM CTaJii 3pUIOCTI MIIEHHUIII, [0 A€ 3MOTY ONTUMI3yBaTH BUOIp
MIIXOAy TiJ dYac TPOEKTYBaHHS KOHKPETHHMX THUIIIB cucTeM. JlomaTtkoBo
3alpONOHOBAHO PIIICHHS BUKOPHUCTaHHS 1€l cuctemu paszom 3 bBIUJIA, mo €
aKTyaJIbHUM Yy MTOTOYHI YacH JJIsl PO3BUTKY YKPAiHCHKOT'O CLIILCHKOTO TOCIIOapCTBA.

IIpakTuyHa WiHHICTBH TOJSATaE B PO3pOOIl KOMIT FOTEPHOI TEXHOJIOTII, 110
JI03BOJISIE aBTOMATU3yBaTH MPOIIEC MOHITOPUHTY CTAaHY IMOCIBIB MIIEHUII, IO CIIPUsE
MIJBUIICHHIO TOYHOCT1 Ta IIBUIKOCTI OIIHKU CTaaiil 3piiocTi KyJabTyp. CBO€4acHO
oTpuMaHa iH(dopMallisi PO CTaH MOCIBIB, JACTh 3MOTY OUIbI €()EKTUBHO IJIAHYBATH
CLIIBCBKOTOCTIOAPCHKI POOOTH.

Ob6sacty 3acrocyBanHsi. Po3poOiieHe mporpamHe pillleHHS MOxe OyTu
IHTErpOBaHO B MPOrpaMHUN 3aCTOCYHOK JUISl OLIHKM CTaHIB CIIOCTEPEKYBAHHUX
KyJbTYp B PEXKHUMI peabHOTO Yacy.

3HayeHHs1 POOOTHM Ta BHCHOBKM. Po3mupioe BUpINICHHS TMPAKTUYHUX
3aBAaHb arpocdepu,  MIATBEPIKYE JOMIIBHICT BUKOPUCTAHHS 1HHOBAIIHUX
TEXHOJIOTIM y TOYHOMY 3eMJIepOOCTBI Ta iXHIO €(EeKTHUBHICTh AJI aHANI3y CTaHy
NOCIBIB, IIO MIiJBUIIY€E MPOJOBOJIbUY O€3MeKy Ta I1HHOBAIMHICTh MIAXOMIB Y
CLIbCHKOMY TOCIIOJIAPCTBI.

IIporHo3m 1moa0 PoO3BUTKY JociailkeHb. OriHka  epEeKTUBHOCTI
3aIIPOIIOHOBAHOTO  PIIEHHS ISl 1HIIMX KYJbTYp 1 CTaHIB, Hampukiafg, ix
3aXBOPIOBAHHS. Po3pobka 1HTETrpOBaHO1 CUCTEeMH aHajizy CTaHIB
CLITBCHKOTOCTIONNAPCHKUX KYIbTYp 3 BITJIA.

Kur04oBi cjioBa: cuIbChbKOTOCIOAAPCHKI KyIbTYPH, OILIIHKA CTaHy, MAlllUHHE
HABYaHHsS, 3FOPTKOBa HEHWPOHHA Mepeka, METOJ OMNOPHUX BEKTOpiB, MeToa K-
HaWOIMKIMX CcyciaiB, HelpoHHa Mepexa, BIIJIA, CNN, SVM, KNN.



ABSTRACT

Explanatory note: 85 pages, 22 figures, 3 tables, 2 appendixes, 31 sources.

Object of research: computer technologies and data analysis methods for
assessing the condition of agricultural crops, in particular wheat, using machine
learning methods.

Subject of research: ML algorithms for wheat condition assessment.

Purpose of Master’s thesis: development and research of computer technology
for assessing the condition of wheat crops, which includes comparison and analysis of
the effectiveness of various machine learning methods (CNN, SVM, KNN) on a dataset
containing information on wheat maturity stages, which will be integrated into the
software an application for providing an assessment of the conditions of observed crops
in real time from a UAV.

Research methods. The method of convolutional neural networks (CNN), the
method of support vectors (SVM), the method of nearest neighbors (KNN), critical
analysis and logical generalization of the known results of scientific research in the
field of machine learning, statistical data analysis were used to solve the problems.

Originality of research is in the evaluation of the effectiveness of three powerful
machine learning methods - CNN, SVM and KNN for solving the problem of automatic
assessment of wheat maturity stages, which makes it possible to optimize the choice of
approach during the design of specific types of systems. In addition, a solution for
using this system together with UAVs is proposed, which is currently relevant for the
development of Ukrainian agriculture.

Practical value of the results is in the development of computer technology that
allows automating the process of monitoring the condition of wheat crops, which
contributes to increasing the accuracy and speed of assessing the stages of crop
maturity. Timely received information about the state of crops will allow more
effective planning of agricultural work.

Scope of application. The developed software solution can be integrated into a
software application to assess the conditions of observed cultures in real time.

The value of the work and conclusions. Expands the solution of practical tasks
in the agricultural sector, confirms the expediency of using innovative technologies in
precision agriculture and their effectiveness for analyzing the condition of crops, which
increases food security and innovative approaches in agriculture.

Research forecast and development. Evaluation of the effectiveness of the
proposed solution for other cultures and conditions, for example, their diseases.
Development of an integrated system for analyzing the state of agricultural crops using
UAVs.

Keywords: crops, state estimation, machine learning, convolutional neural
network, support vector method, k-nearest neighbors method, neural network, UAV,
CNN, SVM, KNN.



