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USING THE LANDSAT SATELLITE SYSTEM FOR WINTER WHEAT
MONITORING IN THE WESTERN UKRAINE TERRITORY

Today, there are many ways to monitor crops throughout the
season. Among them - the use of satellites and drones, sheet
diagnostics, analysis of soil samples. This article discusses the
technology of using Landsat remote sensing data for solving
problems of monitoring the state of winter wheat in Western
Ukraine. The issues of yield forecasting were also considered. The
studies were conducted on one of the fields of the agro-farm.
Volovikov using Landsat remote sensing imagery for 2010-2011.
(August, April, July). The technology of creating geo-information
models of the main indices is described, namely: the distribution
models of the NDVI index — and the distribution models of the GVI
index (Green Vegetation Index). These models were indicators of
the vegetation of green plants. On their basis, a quantitative
assessment of the ascent and growth of winter wheat was carried
out.

Also in this study, the integration of digital elevation models and
Landsat remote sensing materials was carried out, using the tools
of cartographic algebra, problem areas were identified in which a
decrease in the yield of winter wheat was observed. The reasons
for this state were established, and decisions were made to
correct the structure of the crop rotation (for the future), and the
coordinates of sites that need special agronomic support with
further integration of this geospatial information into the system
of precision farming were determined. Studies show that after
geoinformational analysis of cartographic materials of
agrochemical indicators, topography, remote sensing data for
different periods of plant vegetation, it is possible to obtain an up-
to-date informational picture of the state of the study area and
effectively implement land management and agrotechnical
measures, namely: correct the structure of crop rotation, fertilize,
detect areas affected by pests and diseases, process well-defined
problems areas, and to make informed management decisions.
Keywords : Satellite monitoring, remote sensing LANDSAT, agro-
monitoring.
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Introduction

Important moments in the implementation of land management
design are the application of modern geoinformation technologies in
conjunction with remote sensing data. They allow to get an
important initial basis — an integrated model of the territory — which
is a prerequisite for making well-founded management decisions.
The main task when creating integrated models of territories is the
definition of the elemental composition and structure of the system
[3].

The indisputable fact of the present is that it is possible to
implement the most effective land management measures, using
the modern GIS-technologies, which are necessary for the rational
organization of the territory of agricultural lands. The use of
satellite observation to determine the space-time allocation of sites
with different contents of nutrients, agrochemical studies of soils in
real time makes it possible to use geoinformation systems as a
special tool for managing agricultural areas.

The topics of monitoring of agricultural lands using remote
sensing data were highlighted in their works by such Ukrainian
scientists as G. Zholobak, V. Antonenko, M. Kobets, N. Kussul,
S. Skakun, V. Lyalko and others. Among the foreign authors on this
topic are the following scientists: Vermote E., Roger J., Franch B.,
Gao F., Anderson M., Zhang X., and others.

A detailed analysis of the scientific works of the
aforementioned scientists indicates that the task of monitoring the
condition of winter wheat agricultural land using remote sensing
data has many alternative methods of implementation, these
methods have their advantages and disadvantages.

In this article one of the possible methods of monitoring
research of agricultural lands occupied by winter wheat with the
use of open data of the Landsat satellites is proposed.

Materials and methods

Most often, the farms do not have information about the exact
size of their acreage, which is due to their constant change, due to
various kinds of natural and technogenic processes. In addition, soil
characteristics and vegetation cover vegetation periods vary in
different fields. And all this can be taken into account using a
modern geo-information resource, otherwise it is impossible to
avoid unnecessary, quite significant costs. However, in modern
conditions, accurate actual cartographic material of agricultural
land is not available and remote monitoring of lands is also
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available. Abroad, many problems are successfully solved through
the use of remote sensing data (RS), which are obtained with the
help of space systems or unmanned aerial vehicles, as well as the
extensive use of geospatial information gathering tools during
agricultural operations [3].

Results and Discussion

At the moment in Ukraine, agricultural enterprises are
gradually moving to the technology of precision farming -
harvesting equipment equipped with GNSS receivers and on-board
computers is increasingly appearing on Ukrainian fields. Figure 1
shows a fragment of the map of the yield of winter wheat obtained
as a result of harvesting of modern agricultural machinery in the
farm “Volovikova” on one of the fields of the Goshchansky district of
the Rivne region.

The cartogram displays yield variations within one of the
fields.
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Figure 1. Map of the yield of winter wheat

After interpolation using geostatistical point data of
agrochemical survey of fields provided by the Rivne branch of the
State Enterprise "Institute for Soil Protection of Ukraine" of each
selected sample, grid models of the contents of the main nutrients
and soil acidity for a specific field were constructed (Figures 2, 3, 4).
Such digital geospatial models built for each field of the economy
serve as an information basis for the creation of a detailed land
management plan [4].
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Figure 2. Grid-model of soil acidity (pH)
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Figure 3. Grid-model of phosphorus in the soil (mg / kg)
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Figure 4. Grid model of exchangeable potassium in soil (mg/kg)
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The relief data SRTM (figure 5) was also used with an accuracy
of up to 3 meters.
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Figure 5. Model of the field relief (SRTM height matrix)

For the analysis of the forecast of the productivity of winter
wheat in one of the fields of the agronomical farming them.
Volovikova used the images for 2010-2011 (August, April, July) from
ShS Landsat. For the processing of space images, the following
channels were used: 3, 2, 1 — a combination of natural colors. In this
combination, channels of the visible range are used, so the objects
of the earth’'s surface look like what they perceive by the human
eye. Ordinary vegetation looks green, sloping fields — light green,
weed vegetation has a brown color. Also a combination of the 5th,
4th and 3rd channels was used. This combination provided an
opportunity to analyze agricultural land. In this case, the usual
healthy vegetation has a bright green color, and the open soil is
pink-blue.

After calibrating and accurately linking Landsat satellite
imagery to the terrain, in the software complex "Erdas Imagine”, we
constructed thematic maps of the main indices for the possibility of
forecasting the crop, namely:

1. The map of the distribution of the index NDVI - (Normalized
Difference Vegetation Index) - the normalized relative index of
vegetation - the quantitative indicator of active biomass (allowed to
calculate the density of vegetation).
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2. The cartogram of distribution of index GVI (Green Vegetation
Index) - an indicator of vegetation of green plants - allows to
estimate quantitatively an ascent and growth of plants.

Conclusion

The processed remote sensing materials indicate that wheat
has not yet disappeared at the end of August, and with the help of
the vegetation index charts for April and July areas were revealed
on which the crop is the best. After combining relief cartograms
with Landsat remote sensing materials, using the cartographic
algebra tools, problem areas were identified, where the yield of
winter wheat was reduced. The reasons for this state were
established, and decisions were taken to correct the structure of the
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crop rotation (for the future), and the coordinates of the sites that
needed special feeding with further introduction of this geospatial
information into the system of precise farming were determined.
After all, the conducted studies show that after geoinformation
analysis of cartographic materials of agrochemical indicators,
relief, remote sensing data for different vegetation periods, it is
possible to obtain an actual information picture about the state of
the investigated territory and effectively implement land
management and agrotechnical measures, namely: to adjust the
crop rotation structure, to make fertilizer, to detect areas affected
by pests and diseases, to handle accurately installed s problem
areas, to predict the harvest.
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Bynakesuu C. B., 3q06yBau (HauioHanbHWI yHiBEpCUTET BOAHOIO
rocnogapcTea Ta NPMPOAOKOPUCTYBaAHHSA, PiBHe)

BUKOPUCTAHHS CYNYTHUKOBOI CUCTEMM LANDSAT A4
MOHITOPUHIY 03UMOI MLWEHULI B YMOBAX 3AXIAHOI YKPAIHU

CboropHi icHyloTb pi3HOMaHiTHi BapiaHTU NnpoBeAEeHHSA MOHITOPUHTY
nociBiB CinbCcbKOrocnogapCcbKuUX KyabTyp NpoTaroM cesoHy. Cepep
HUX — 3aCTOCYBaHHA CYNYTHUKIB i APOHIB, NPOBEAEHHA INCTOBOI Ai-
arHoCcTUKM, Bin6ip Ta aHani3s npob rpyHTy, Towo. Y AaHin ctarTi po3-
rnaHyTi TexHonorii BUKopuctaHHa aaHux 133 Landsat gna Bupi-
LWWEeHHA 3aBAaHb MOHITOPUHIY CTaHY 03MMOI NWeHuui B yMmoBax 3a-
xiaHo1 YKpaiHKU. TakoXX po3rfisiHyTi NTUTAaHHA NPOrHo3yBaHHS BpoO-
yanHocTi. [locnip)XeHHA NPOBOAUAIMCA HA OAHOMY 3 NOJ1iB arporoc-
nopapctBa iM. BonoBikoBa 3 BUKOPUCTAaHHAM 3HIMKIB cucTteMu amc-
TaHUiHOro 3oHayBaHHA Landsat 3a 2010-2011 pp. (cepneHb, KBi-
TeHb, INeHb). ONMCaHO TeXHONOril0 CTBOPEHHSA reciHdopMauUinHux
Moaenen OCHOBHMUX iHAEKCIB, a caMe: Moaenen posnoainy iHaekcy
NDVI Ta Mmogeneit po3noainy inaekcy GVI (Green Vegetation Index).
Lli Moaeni Buctynanum nokasHuKkamu seretauii osammoi nweHuui. Ha
uin nipctaBi npoBoaunacs KinbKicHa ouiHKa cxoay Ta Beretauii Liei
CinbCbKOrocnoaapcbKoi KyJbTypMu.

Takoxx B paHOMY AoOCNiAXKeHHi npoBoaunacs iHterpauia umpposux
Mopenen penbedy i MaTepianiB AUCTAHLIAHOro 30HAYBaHHA
Landsat, BukopuctoByrouu iHcTpyMeHTapin KaptorpadidHoi anre-
6pu 6ynu BU3HaveHi npo6neMHi AiNAHKKN, HA AKMX CNOCTepiraeTbcsa
3HUXXEHHSA BPOXXAWHOCTi 03MMOI NweHuui. BctaHoBNneHo npuyunHu
TaKOro CTaHy, i NPUAHSATI PilLEHHA NPO KOPUTYBaAHHA CTPYKTYPM Ci-
BO3MiHM (Ha ManbyTHE) a TaKoXX BU3HAYEHi KOOPAUHATU AiNSAHOK,
sIKi noTpebyTb 0cO6IMBOro arpoHoMiyHOro 3abesne4yeHHs 3 nopa-
NblIKMM IMNOPTOM L€l reonpocTopoBoi iHpopMaLii B cMCTeMYy TOYHO-
ro semnepobcrBa. NlpoBeneHi aocnip)KeHHA A0BOAATH, WO Nicnsa
reoiHpopmMauiitHoro aHanisy kaprorpadiuyHux matepianis arpoximi-
YHUX NOKA3HUKIB, penbedy, AaHUX AUCTAHLIAHOIO 30HAYBaHHA 3a
pi3Hi nepioaun Beretauii poC/ANH, MOXXIUBO OTPUMYBATU aKTyasibHYy
iHpopmMauiHy Mopaenb aocnip)KyBaHoi TepuTopii i epeKTUBHO
BNPOBaAYKyBaTU 3eMJIeBNOPAAHI Ta arpoTexHivyHi 3axoau, a came:
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KOPUryBaTHU CTPYKTYPY CiBO3MiH, BHOCUTU AO06pMBa, BUABNATH Ai-
NAHKW ypa)KeHi WKiaHMKaMu i xBopo6amu, 06pobnaTK TOUHO BCTa-
HOBJIEHi NPo6NeMHi AiNAHKKU, a TaKOXX NPUAMATH 06rPYHTOBaHI
ynpaBniHCbKi pilUeHHA.

Knro4oBi cioBa: cynyTHUKOBUWA MOHITOPUHI, AUCTaHLUiAHE 30HAY-
BaHHA LANDSAT, arpoMoHiTOpUHT.

Bynakesuu C. B., conckarenb (HaunMoHanbHbI YyHUBEPCUTET BOOHOTO
X03NCTBa M NPUMPOAONONb30BaHuA, I. PoBHO)

MCNOJIb30BAHUE CMTYTHUKOBOM CUCTEMbI LANDSAT A1
MOHWUTOPWUHIA 03UMOU NLWEHULLbI B YCJIOBUAX 3ANAQHOM YK-
PAUHDI

CerogHa cywecTtBsyeT MHOXXECTBO CNoco60B MOHUTOPMHIa NOCEBOB
Ha NPOTSAXXeHUMU ce3oHa. Cpean HUX — NPUMEHEHUe CMYTHUKOB U
APOHOB, NIUCTOBAas AMArHOCTUKA, aHanu3 npob nousbl. B paHHOM
CTaTbe PacCMOTPEHbl TEXHOJNIOrMU UCNONIb30BaHUA AaHHbIX [133
Landsat pna peweHus 3agay MOHUTOPUHIa COCTOSSHUS 03UMOM
nweHuubl B ycnoBusax 3anagHon YKpauHbl. Tak)ke paccMOTpPEHbI
BOMNPOCHI NPOrHO3MPOBaHUA ypoXKanHocTu. UccnepoBaHus npoBo-
AMJIUCb HA TeppUTOPUM arpoxo3sncTea uM. BonosukoBa c ucnonb-
30BaHMEM CHUMKOB CUCTEMbl AUCTAHLMOHHOIO 30HAMPOBaAHUSA
Landsat 3a 2010-2011 rr. (aBrycT, anpenb, uonb). OnucaHa TexHo-
norus co3faHusa reonHpopMaLMOHHbIX MOAeNIe OCHOBHbIX UHAEK-
COB, a UMEHHO: Moaenen pacnpepenedusa nuaexkca NDVI - n mope-
nen pacnpegenenus niaekca GVl (Green Vegetation Index). 3tu
MoAesnin BbICTyNnasau NokKasarenssMu BereTauum 3esieHbiX pacTeHUN.
Ha nx ocHoBaHuK npoBoAMIacb KONIMYECTBEHHAs OL,eHKa BOCXO0-
YXOAEHMUA M poCcTa 03UMOMN NLUEHULbI.

Tak)ke B 3TOM uccnenoBaHMM NPoBOAMIIACh MHTErpaunsa umepoBbix
Moaenen penbeda u MaTepuanos AUCTAHLUMOHHOIO 30HAMPOBAHUA
Landsat, ncnonb3ys nHcTpyMeHTapuh Kaptorpapuyeckomn anrebpbol
6blnIn onpepeneHbl Npo6eMHbIe Y4acTKU, HA KOTOPbIX Habnpae-
TCA CHU)XKEHME YPOXKaMHOCTU O3UMOMN MiUEeHULUbl. YCTAaHOBJIEHbI NpPU-
YMHbI TAKOTO0 COCTOSIHUSA, U NPUHATHI PELUeHUA 0 KOPPEKTUPOBAHUM
CTPYKTYpbl ceBoo6opoTa (Ha 6yayuwiee), a TakKe onpeaeneHbl Ko-
OpPAMHATbl YYAaCTKOB, KOTOpble HY)XXAaKTcs B 0C060M arpoHOMu4e-

69



Cepist «CinbcbkorocnoaapcbKi HayKu»
Bunyck 1(85) 2019 p.

CKOM ob6ecnevyeHnUu ¢ ganbHEeMLIUM BHECEHUEM 3TOW reonpoCTpPaHC-
TBEHHOW MHPOpPMaLUM B CUCTEMY TOYHOro 3emnepenus. NposeneH-
Hble Uccsief0BaHUA NOKA3bIBaKOT, YTO Nocsie reoMHPoOpMaLUOHHOIO
aHanusa KaprtorpadpmyecKkmx MaTepuasioB arpoxXMMMUYeCKMX NoKasa-
Teneun, penbeda, AaHHbIX AUCTAHLUOHHOIO 30HAMPOBaHUSA 3a pas-
Hble NnepMoabl BereTaunMm pacTeHMin, BO3MOXKHO NoNy4YaTb aKTyasb-
HYI0 NHOPMALMOHHYIO MOAenb uccnepgyeMon tepputopumn un apde-
KTUBHO BHEeAPATb 3eMJIeyCTPOUTENIbHbIE U arpoTexXHU4YecKue Mepo-
NPUATUS, @ UMEHHO: KOPPEKTUPOBaTb CTPYKTYPY ceBoo6GoOpoTOB,
BHOCUTb yAOoOpeHus, o6Hapy)>XuBaTb yHaCTKM NOpakeHHble Bpeau-
TenaMu n 6onesHaMu, o6pabaTbiBaTh TOYHO YCTAHOBJIEHHbIE NPO-
6neMHble y4acTKM, a TaKXXe NPUHUMATb 060CHOBaHHbIEe yNpaBJieH-
YyecKue pelleHus.

KnrouyeBbie c10Ba: CNYTHUKOBbIA MOHUTOPUHI, AUCTAHLUOHHOE 30H-
AavpoBaHue LANDSAT, arpoMOHUTOpPMUHT.
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