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NPUMEHEHUME HOPMAJIM3OBAHO-PASHOCTHOI'O
BETETAIIMOHHOI'O UHIEKCA (NDVI) B AHAJIU3E COAU
b. C. Bosipckuii acivipanT, Boicuias wKoaa HAyKu 1 MexHuKu;

X. Xaceraa 11-p Hayk, J01l.; A. JI1oma3 accucteHT npodeccopa.
Unemumym nayku u mexuonozuu. Huueama ynusepcumem, Huuea-
ma, Anonus.

Ycemanoeneno, umo nopmanuszosano-paznocmuulii  6e2emayuoOHHbIl
unoexc (NDVI) nozeonsem oyeHums u npeocmasumv 6 KOIUUECMBEHHOU
Gopme pusuuecxue ceoticmea nosepxnocmu cou. NDVI kax cpedcmeo 0ns
cOopa OaHHBIX U USMEPUMETbHBIU UHCIMPYMEHM, ABTACTNCA He0OX0OUMbIM
HOB8086e0eHUeM Ol OYEHKU COCMOANUS CENbCKOX03AUCMBEEHHOU KYIbIMypbl
Ha onpeoenieHHbIX CMaoUAx pocma, RUMAMENbHO20 PelCUMA NOY8bL, depo-
HOMUYECKUX (axmopos, cOCMOAHUA GLAHCHOCIU U COPHOU PACMUMETbHO-
cmu. Llenb 0annoeo uccnedo8anus — nPOoACHUMb 603MONICHOCHb NPUMeEHe-
HUsA HA03eMHO20 U300padiceHUs 018 MOHUMOPUH2A U 00CYHCOeHUEe SHAYUMO-
cmu NDVI 6 ananusze cou.

Knrouegvle cnosa: cos, HOpmManu308ano-pasnocmublil 6e2emayuoHHbll
unoexc (NDVI), ypoorcatinocms, npoeHo3uposanue, 30HOUPOBAHUe.

APPLICATION OF NDVI IN SOYBEAN ANALYSIS

Boiarskii Boris graduate student, Graduate School of Science and
Boiarskii Boris graduate student, Graduate School of Science and
Technology; Hasegawa Hideo Ph.D., associate professor; Lyude
Anna assistant professor.
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Normalized Difference Vegetation Index (NDVI) has been found to as-
sess and quantify physical properties of soybean surfaces. NDVI as an im-
plement for data collection and measuring tool is an indispensable innova-
tion to estimate crop condition at certain growth stages, soil nutrient status,
agronomic factors, moisture status and weeds. The purpose of this study is
to clarify the potential application of aerial imaging to monitor, and discus-
sion on NDVI usefulness in analysis of soybean.

Keywords: soybean, NDVI, yield, forecasting, sensing.

B Teuenme MOCJICAHNX HECKOJIBKUX JICT, MPaBUTCIbCTBO, yqe-
HbIEe U (epMepbl BCE OOJIbIle OCO3HAIOT BAYKHOCTH TOYHOTO 3eMIIe]]e-
JIUS U HOTpeGHOCTI/I pa3BUTHA B 3TOM HalIpaBJICHUU. C TEKYIITUMU
MPOTHO3aMH OXHJIAEMOT'0 POCTa HACENICHHSI MUPA H TOCIETYFOIIM
COKpaIlleHHEeM 3eMelIbHOrO (DOH/Ia U HPUPOIAHBIX PECYPCOB, BO3HUK-
HET HEOOXOIUMOCTh B OoJiee AemieBoi, 0osee 3P PEeKTUBHON U KO-
JIOTHYECKH O€30MacHON CellbCKOXO03IUCTBEHHOW mpoayKuuu [6].
[MprMeHEeHUE HOBBIX TEXHOJOTMH MOXET MUHUMH3HPOBATH MOTEPH
OT IECTULIUIOB, HEOOXOMUMBIX s 3(PPEKTUBHON OOpHOBI C COpPH SI-
Kamu, OOJIE3HSAMHU W BPEOUTSISIMH, M OOECIIEUYNTh ITOCEBBI HEOOX O-
TUMBIMH TTUTATENLHBIMA BemecTBaMu [1]. Mcmons3oBanne NDVI B
CENTbCKOM XO3SHCTBE HAYMHAET OBICTPO pPa3BUBATHCSA, a BOMPOC
BHEJIPEHUSI 3THX TEXHOJIIOTHA B cdepy 3eMIeneNns CTaHOBUTCS
KpaitHe BaxxHbIM. COBpEMEHHBIC ammapaTHbIe CPENICTBA, TaKUE Kak
MYJIBTUCIEKTPALHBIC KaMephl, JIENAIOT JUCTAHIIMOHHBIA aHaW3
Oonmee MHGOPMATUBHBIM M 3HAYMTEIHLHO PACHIUPSIIOT WX CIHEKTP
puUMeHeHui [2].

NDVI omnpenensercs Kak OTHOILIEHUE PA3HOCTH 3HAUYECHUN MEK-
ny uH(ppakpacHoi (ko3ddunmeHT oTpakeHus B OMkHEH wH)pa-
KpacHOW 00JacTH CIEKTpa) U KPAaCHOM O0NACTSX CHEKTpa K CyMMme
JaHHBIX 3HaYeHUi. CHIKEHUE CKOPOCTH (POTOCHHTE3a U M3MEH CHUS
B Me30(uIIe TUCTa OOBIYHO CBS3aHO C YMEHBIIICHUEM OTPaXKaTENb-
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HOMW CITOCOOHOCTH JUIMHBI BOJIHBI B TIpeenax OmkHero nHppaxpac-
HOro auamnasona crekrpa [3]. M3mepurenu ypoBHs Xiopoduiuia Mo-
T'YT UCIIOJIB30BaTLCA JIA OIPCACICHHUA OTHOCUTCIBHOIO COCTOAHUSA
XJIopouiIa B TKaHIX pacTteHus [4]. BereranmoHHbIC WHICKCHI, Ta-
ke kak NDVI, o0bl9HO HMCHONB3YIOTCS AJsl MPOTHBOIOCTABICHHS
Ooree CUIIBHOTO MOTIIOMIECHHSI XJIOPO(UIIOM KPACHOH JIMHBI BOJHBI
c OoJyiee BBICOKOW OTpa)kaTEIbHOH CIIOCOOHOCTBIO JUTMHBI BOJHBI B
OsmKHEM WH(PAKpaCHOM JMara3oHe crekrpa [2].

MynbTucniekTpaibHas Kamepa, Kotopas oOecrieunBaer NDVI,
¢dororpadupyer ¢ TMOMOIIBIO CIEKTPAJIbHBIX KaHAJIOB KPacHOM
(0,55-0,75 mkm) u undpakpacuor (0,75-1,0 mMxm) obmactu [5].
Tonbko mocne 00paboOTKH CHEUAILHBIM ITPOrPaMMHBIM obectiey e-
HUEM, H300pakeHHUs MOTYT OBITh MPOAHAIM3UPOBAHBI C IIEBIO
OLCHKHN Pa3JIMYHBIX XapPaKTCPUCTUK CENbCKOXO031ICTBEHHOMI KYJIbTY-
pb! 1 noussl. NDVI onpenensiercs kak:

NIR—RED
NDVI = ———
NIR+RED

KakK mpaeuiio, ueM Bbiie NDVI, TeM Gojbiire ko3huiiueHT ot-
paxkeHUs CBeTa B OMMKHEM HMH(paKpacHOM IUalia3oHe, U MEHbIIE
ko3 duiment orpaxeHuss csera B KPACHOM/Buaumom nuamna-
30HE, MTO3TOMY IIeeBasi 30Ha BKIIFOUAET B ceOsi OOJbIIe pacTUTENh-
HoctH [10].

[laHHOE M3MepeHHE UCIONIB3YETCA B CEIbCKOM XO34WCTBE IS
aHaJM3a COCTOSHHS ITOCEBOB Ha OINPENCICHHBIX CTAIUIX POCTa, IH-
TaTENFHBIX BEMIECTB B TOYBE, arPOHOMHYECKUX (DaKTOPOB, COCTOS-
HUS BJIard M COpPHSAKOB. lloTeHIwanm WCIONb30BaHWS NAaHHBIX IH-
CTaHIIMOHHOTO 3OHIMPOBAHUS 3aKITI0YaeTCs B MPOTHO3MPOBAHHUU
ypoxaitaoctu [8]. s cpaBHEHHS, TpaJAUIIMOHHEIE IPOTHO36I, OCHO-
BaHHbIE Ha MCCIEIOBAHUSX, OTHOCUTEIBHO TOPOTOCTOSIIH U TPYIO-
emku. brmarogaps yHUKaJdbHBIM OCOOEHHOCTSIM IPOCTPAHCTBEHHBIX
JaHHbIX, NDVI MoxeT npenocTaBuTh 3HAUUTENbHYIO LIEHHOCTD JUIs
(hepMepCcKuX 3eMellb, TJIe METeOPOIIOTHYECcKasi CeTh HEAOCTaTOYHa, a
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ouManbHbIe OLEHKH MPOU3BOACTBA CEIbCKOXO3SIMCTBEHHBIX KYIb-
TYp SABJSIOTCS JINOO HETOUYHBIMHU, JTMOO0 HECYIIECTBYIOIUMH [7].

Tem He menee, 3HaueHuss NDVI quHaMU4HO U3MEHSIOTCA M3-3a
TakuX (PaKTOPOB KaK TEMIIepaTypa BO3AyXa, BIAKHOCTh, COTHEUHAs
paauanms, BIaXXHOCTh TIOYBHI U T. 1. B pa3HbIx paborax roBoputcs o
TOM, 4TO 3HaYeHuss NDVI coum nuHaMHU4YHO BapbUPYIOTCS B Pa3HOE
BpEMsI CyTOK, CHUKAETCS CKOPOCTh (DOTOCHHTETHYECKOTO OOMEeHa BO
BTOPOW TIOJIOBMHE MAHS, KOTJIa MHTEHCHBHOCTH CBETa aHAJIOTMYHA
WHTEHCUBHOCTH cBeTa yTpoM [6]. Takum oOpa3om, HecTaOMIBHOE
WM3MEpEeHHE CO3/1ae€T HOBBIE MPOOJIEMBI, CBI3aHHBIE C HU3KOW TOYHO-
CThIO aHanu3a npu ucnonszoBanu NDVI. Coznanme mopenu mpo-
raoszupoBanuss NDVI con MoxeT 3¢ PeKTHBHO MOTUPHUITUPOBATH ITY
Bapuanuio [9].

B HameMm panbHeHIEM HCCIENOBAHMM Mbl PACCMOTPUM TEH-
JeHuuto n3MeHunBoctTd NDVI cou 1 Mozienu mporHo3upoBaHus s
OIPEAEIIEHHBIX KIMMATHYECKUX YCJIOBUH U C Pa3IMUYHbIMH COpPTaMHU
pacrenauii. NDVI con mo3BONMHT KOHTPOIUPOBATH (DOTOCHHTE3 pac-
TUTETHHOCTH BO BPEMEHH U O0ECTIEUHUT JIETKOE TIPOBEIEHNE BpEMEH-
HBIX ¥ MPOCTPAHCTBEHHBIX cpaBHEHUH. OTHAKO HEOIPeNeNeHHOCTH,
MMEIOIE OTHOIIEHNWE K JIOKHOMY H3MCEHEHHIO, OOBIYHO HE ObUIH
BBIP2KEHBI B KOJMYECTBEHHON (hOopMe B MPOILIBIX MCCIIETOBAHHIX.
[ToaToMy HesCHO, B KakOd CTEIIEHH MOHUTOPUHI Ha ocHoBe NDVI
HaJIeKEH.

MpEI niaHupyeM cO371aTh MOZEIb COOTHOLICHHS JIs1 IPOTHO3U-
pOBaHUA YPOKaMHOCTH Pa3IMYHBIX COPTOB COU C MOrPEUIHOCTAMHU B
TEUECHHE JTHS, C UBMEHEHUSIMU TEMIIEPATyphl U BIaKHOCTU BO31yXa.
Hayuno-uccnenoBaTenbckuil IpoekT, NpoBoAUMBIA Bcepoccuiickum
Hay4HO-UCCIIEOBATEIbCKUM HHCTUTYTOM COU U Y HUBEPCUTETOM
Huwrata, npu3BaH onpeaenuTh ApYyrol Noaxo ] A peleHUs HOBBIX
mpobiieM B 00NacTd  TOYHOCTH  30HAUpoBaHUA. HaydHo-
WCCIIeNIOBaTeNNbCKass padoTa OOECIeYNT KOMIUIEKCHBIM TOIXOM K
YIIYqIIeHHI0 OOMIel CUTyallud B TIPOM3BOJICTBE COH, €€ ypOoxKaiiHO-
CTH U KayecTna.

69



Jlutepatypa

1. Amsbept O., Tobu H., Kapncon b, Hagua b. MonenmupoBanue cy-
TOYHOH TpaHCIIMPAUHX U (POTOCHHTE3a YpOXKasi COU C BOJAHBIM JEPHUIIUTOM.
Cenbcroxo34iicTBEHHAs U JiecHas MeTeoposorus, 1996; 81: 41-59.

2. Bosipckuit b. XaceraBa X. TexHonornu kaprorpagui ¥ MOHHTO-
pUHTa TIIONiel C TpUMEHEHHWEM OECIMIIOTHBIX JIETAaTEeJIbHBIX allapaToB
(BILTA) // Axryanbasie npoOiemsl AIIK: B3risim MoonsIxX mcciienoBare-
neil, CMoJEHCKas T'OCYAapCTBEHHasl CEIbCKOXO3SHCTBEHHAs aKaleMus,
2017. - C. 213-216.

3. Kapncon T. H., Purumu /1. A. O cBsizu mexay NDVI, ¢ppakipoHHEIM
pacTUTENFHBIM TTOKPOBOM M MHIEKCOM IuIowmaau jucta. JKypHan «/lucran-
LIMOHHOE 30HIUPOBAHUE OKpYXKalolien cpeap», 1997. 62: 241-252.

4. Kaprep I'. A., Knannn A. K. OnTuueckue CBOICTBA JIMCTa BBICIINX
pacTeHuii: CBSI3b CHEKTPAJIBHBIX XapaKTEPUCTHK CO CTPECCOM M KOHIIEHTpa-
ueil ximopoduia. «AMEpUKaHCKUNA KypHan OotaHukm», 2001. 88: 677—
684.

S. Jupunr JI. Yu. XapakrepucTHKa OTpa)kaTeJIbHOH CIIOCOOHOCTH
NPUPOJHOTO HEOTOPOXKEHHOT0 NAacTOMIA, W3MEpEeHHasl AaT4YMKaMU JieTa-
TENILHBIX U KOCMHYECKUX armaparos, Jluccepraims AokTopa Hayk. Texac-
ckuit yausepcurer A&M, 1978; 1-338.

6. I'pumnna 0. C. [Ipousl Ha cinyx0e mupy // PoboToTexHuKa U cH-
cremHbIi aHanu3. 2015. Bemyck 1.— C. 80-85.

7. Mapksemn k., Ocrepman [x. C., Muruemn k. JI. Kanubposka
Minolta SPAD-502 - u3zmepurens xsiopoduiia aucra. XKypHan «Mccneno-
BaHue (oTocunTe3an, 1995. 46: 467-472.

8. Xomomnosa u ap., 2013 JI. Xomomnosa, 3. Maenosckuii, J[x. Kie-
Bepc, I'. Iapecusi-Canroc, M.E. lIsnepran O630p ONTHYECKOrO AUCTAHIIH-
OHHOT'O 30HAMPOBAHMS U1 KapTorpadMpoBaHHs MNPU3HAKOB DPACTCHHUH.
Kypuan «9xonorudeckas MHOrorpaHHoctsy», 2013. Ne 15 — C. 1-16.

9. Ban K8., Anuxy C, Tenxynen Jx, I'panbe A. O ces3u NDVI ¢ un-
JIEKCOM IUTOIIA/N JINCTA Ha yJacTKe JHCTBeHHOro jeca. JKypHan «/lucran-
LMOHHOE 30HIUPOBAHNE OKpYXKaromei cpemsn», 2005; 94: 244-255.

10. Y u mp., 2015 M. V, C. V¥, Vu. Xyan, 3. Huay, C. Ban. Ouenka uH-
JieKca IUIOIAAM JIMCTa BBICOKOHM pa3periaroiel cocoOHOCTH Ha OCHOBE
0000IIEHHBIX JaHHBIX CO CIyTHHKA Landsat, CO3MaHHBIX ¢ IOMOIIBIO TIPO-
CTPAHCTBEHHO-BPEMEHHOM MoJenu cnusHus JaHHbIX. KypHan «Kommbio-
TEPHI U AJIEKTPOHHUKA B CEITBCKOM X03stiicTBe», 115 (2015), — C. 1-11.

Over the past few years, the government, scientists and farmers
are increasingly aware of the importance of precision agriculture and
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the needs for development in this direction. With current projections
of the expected growth in the world's population and the subsequent
reduction of available land and natural resources, there will be a ne-
cessity for cheaper, more efficient and environmentally safe agricul-
ture production [6]. Application of new technologies can minimize
loss of pesticides required to effectively control weeds, diseases and
pests, and provide crops with essential nutrients [1]. The use of
NDVI in agriculture is beginning to develop rapidly, and the issue of
introducing these technologies into agriculture sphere is becoming
urgent. Modern hardware, such as multispectral cameras, make re-
mote analysis more informative, and significantly expand their range
of applications [2].

NDVI is defined as a ratio of the difference between the infrared
(NIR) and the red bands versus the sum of the two bands. Decreasing
photosynthesis rates and changes in leaf mesophyll are usually asso-
ciated with decreasing reflectance of wavelengths within the NIR
spectral range [3]. Chlorophyll meters can be used to indicate the
relative status of chlorophyll in plant tissues [4]. Vegetation indices,
such as the NDVI, are commonly used to contrast the stronger chlo-
rophyll absorption of red wavelengths with the higher reflectance of
NIR wavelengths [2].

A multispectral camera, which provides NDVI, takes pictures
with spectral channels in red (0.55-0.75 pm) and infrared (0.75-1.0
um) [5]. Only after processing with special software, images can be
analysed to estimate various characteristics of crop and soil. NDVI is
defined as:

NIR—RED .

NDVI = )
NIR+RED

generally, the higher the NDVI, the more NIR light is reflected
and the less RED/visible light is reflected, and therefore the target
area includes more vegetation [10].
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This measurement has been used in agriculture to analyse crop
condition at certain growth stages, soil nutrient status, agronomic
factors, moisture status and weeds. The potential of using remote
sensing data is to predict crop yield [8]. In comparison, traditional,
survey-based forecasts are relatively expensive and labor-intensive.
Due to the unique features of the spatial data, NDVI can provide sig-
nificant value to farmer lands where the meteorological network is
scarce and official crop production estimates are either inaccurate or
nonexistent [7].

However, NDVI values are varies dynamically due to the fac-
tors of air temperature, humidity, solar radiation, soil moisture, etc.
Various works reported a soybean NDVI values vary dynamically at
different times of a day, decline in the photosynthetic exchange rates
during the afternoon when light intensities are similar to those in the
morning [6]. Thus, unstable measurement provides new issues in
poor accuracy in analysis by using NDVI. The establishment of the
soybean NDVI prediction model can effectively modify this varia-
tion [9].

In our further study we concerning the soybean NDVI variation
trend and prediction models for specific climates and with different
cultivars. The NDVI of soybean will allows monitoring vegetation
photosynthesis through time and enables easy temporal and spatial
comparisons. However, the uncertainties relevant to the false change
are not quantified generally in the past studies. It is therefore unclear
to what extent the NDVI-based monitoring would be reliable.

We planning to make ratio model for yield forecasting of differ-
ent soybean varieties with errors during the day, with changes in air
temperature and humidity. Research project conducted by the All-
Russian Research Institute of Soybeans and Niigata University will
be called upon to identify a different approach to solving new issues
in sensing accuracy. The research work will provide a comprehen-
sive approach to improve overall situation in soybean production, its
yield and quality.
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BJIMAHUE IIVIOTHOCTHU U CIITOCOBA ITIOCEBA HA
OOTOCUHTETUYECKYIO JEATEJBHOCTH COPTOB
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