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Pedepart. [Tokazanm Bo3MOKHOCTE ONEPATHBHOTO cOOpa aKTyanbHON HHPOPMAINH O COCTOSIHUU CENbCKOXO3SHCTBEHHBIX YIOIUH
C TIOMOIIBIO OECTIHIOTHOTO BO3AYIIHOTO CyfAHA. OTMETHIIH, YTO HCIIOMb30BAHNE HA3EMHBIX OTNOPHBIX TOUEK MOBBIIAET TOYHOCTH
M3MEPEHUN B TPOEKTE, TIOMOTAET CPABHUTH PE3yIIBTATHl MOCTOOPAOOTKH MPOEKTA ¢ PeabHEIMA H3MEpeHUIMIL. (Llenv ucciedo-
ganus) CpaBHUTD Pe3yNbTaThl CTAHJAPTHON M BHICOKOTOYHOH MOCTOOPaOOTKM JAHHBIX a3pO(OTOCHEMKHU C HCMONb30BAHUEM Ha-
3eMHBIX ONOPHBIX Touek. (Mamepuane u memoowt) IlpoBenu a3pooTOCHEMKY Ha CEIEKIMOHHOM IT0JIe TUIomanpio 1,1 rexrapa.
Hcnonp3oBanu GecmimiotHoe Bo3aymHoe cynHo DJI Matrice 200 v2 ¢ mpuemankoM GNSS L1/L2 u MomuduIupoBaHHON Kame-
poit DJI X4S, narb omopHsIX Todek pasmepoM 50 X 50 caHTUMETpOB U MyIsTU4AcTOTHBIH GNSS-npuemuux EMLID Reach RS2.
W3yumim pe3ynbTaThl HayqIHBIX UCCIENOBAHMH 10 IPHMEHEHHIO HA3eMHEIX ONOPHEIX TOYEK MPHU TPOBEACHHH a3p0(OTOCHEMKH.
(Pesynvomamut u 06cysmcoerue) ONpeneiin, 4To TOrPEIIHOCTb TeONPUBI3KH H300paKeHUH, MOTYYEHHBIX TOCPEICTBOM OECIIHIIOT-
HOTO BO3AYIIHOTO CyIHA, 0€3 OMOPHBIX TOYEK 3HAYMTEIHHO BBIIIE TIPU CTAHAAPTHON 00paboTKe JTaHHEIX IO CPABHEHHUIO C BBICOKO-
TOYHOH. [lorpemnocTs MpoeKTa Iy NPUMEHEHHH TISTH OOPHBIX TOYEK BBIIIE B 3,9 pa3a Ui cTaHIAPTHON 00pabOTKH JaHHBIX.
(Bvi6oowr) Tlokazaiy, 4T0 ¢ TIOMOIIBI0 HA3EMHBIX OMOPHBIX TOYEK MOKHO IIOBBICHTH TOYHOCTH M3MEPEHHIl B IIPOEKTE, a TAKKe
CPaBHHUTB PE3YIBTATHI €T0 MOCTOOPAOOTKY ¢ M3MEPEHISAMHI Ha MECTHOCTH. OTIpEIeNIHIN, YTO BEICOKOTOYHBIA MOHIUTOPHHT TO3BO-
JeT 00OUTHCh MEHBIIMM KOTMYECTBOM HA3EMHBIX OMIOPHBIX TOUEK. BBISBIIIN, 4TO IS MOTYYeHUS JAHHBIX C TOYHOCTBIO 2-4 CaH-
THAMETpa B IUTAHE ¥ 110 BEICOTE MIPU BEICOKOTOYHOH MOCTOOpaOOTKE HYKHO HCIIONB30BATh HE MEHEe 3 HA3eMHBIX OMOPHBIX TOUCK.
KaroueBnle c10Ba: mudpoBoe 3emienenue, JUCTAHIMOHHOE 30HANPOBaHHE, OECIUIOTHOE BO3AYIIHOE CYIHO, HA3EMHBIE KOH-
TPOJBHEIC TOYKH, OTIOPHBIC TOUKH, BEICOKOTOYHAS a3pO(OTOCHEMKA.
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C. 42-47. DOI 10.22314/2073-7599-2021-15-4-42-47.
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Abstract. The authors showed that it is possible to quickly collect up-to-date information on the agricultural land condition using
an unmanned aerial vehicle. It was noted that the use of ground control points increases the accuracy of project measurements,
helps to compare the project post-processing results with the real measurements. (Research purpose) To compare the results of
standard and high-precision post-processing of aerial survey data using ground control points. (Materials and methods) Aerial
photography was carried out on a 1.1- hectare breeding field. The authors used DJI Matrice 200 v2 unmanned aerial vehicle with
a GNSS L1/L2 receiver and a modified DJI X4S camera, five control points sized 50 x 50 centimeters and an EMLID Reach RS2
multi-frequency GNSS receiver. The results of scientific research into the use of ground control points during aerial photography
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were studied. (Results and discussion) It was found out that the error of georeferencing images obtained by an unmanned aerial
vehicle without control points is significantly higher during the standard data processing compared to the high-precision one. The
project error when using five control points is 3.9 times higher during the standard data processing. (Conclusions) It was shown
that using ground control points it is possible to improve the project measurement accuracy, as well as compare the project post-
processing results with the measurements on the ground. It was detected that the high-precision monitoring enables the use of
fewer ground control points. It was found out that in order to obtain data with the accuracy of 2-4 centimeters in plan and height,
at least 3 ground control points need to be used during the high-precision post-processing.

Keywords: digital farming, remote sensing, unmanned aerial vehicle, ground control points, high-precision aerial photography.
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ecriusioTHEIe Bo3ayinHbie cyna (BBC) npencras-

JSAI0T COOOW YHUBEPCATBHBINA HHCTPYMEHT B ITH(D-

POBOM CEIBCKOM XO3SICTBE IJIs1 OIIEPATUBHOTO
cOopa akTyanpHOI nHpOpManuu [1-5].

TexHOIOTHYECKUN MPOIEecC MOHUTOPUHTA CEIbCKO-
XO3SICTBEHHBIX YTOIMI HAYMHACTCS CO cOOpa TaHHBIX C
nomoiisio bBC u HaBecHOro 060pyA0BaHus (MyIbTH-
CIIEKTPaIBbHBIX, TEPMAIBHBIX M THIEPCIEKTPATBHBIX Ka-
Mephl) [6-10]. YcrioBHO BCe onepanyii MOXKHO pa3OuTh Ha
4 rpynmnst:

- cOOp TaHHBIX;

- KOHBEPTAI[Us U MOITOTOBKA JAHHBIX;

- 00paboTka u nemmdpanus JaHHBIX;

- CO3JaHHE PEKOMEH AN .

CoOpaHHbIe JaHHBIC MTOATOTABIUBAIOTCS K 00paboT-
K€ ¥ aHAJIH3Y, Ha OCHOBE KOTOPBIX (POPMUPYIOTCS pEKO-
MEH/IAIUH.

3HAYUTEIHHYIO POJb B BRIPAOOTKE PEKOMEHIAIIAI
UTpaeT TOYHOCTh U3MepeHuil. UToOBI e MOBBICHTD, Ha-
3eMHbBIE KOHTPOJIbHBIE HITH oNIOpHBIE ToukH (GCP — Gro-
und Control Points) IpUMEHSIOTCS KaK CTaHIAPTHAS 4ACTh
pabouero mporuecca moctobpadotku [11]. OnopHas Tou-
Ka— OI0O3HAHHAs HAa CHUMKE KOHTYpHas TOUKa 00bEKTa,
KOOPJIUHATHI KOTOPO#! MOy YEHBI B PE3YJIbTaTe T'e0Ie3H-
YeCKUX U3MepeHni. B Buie OMOPHBIX TOYEK 1Ieeco-
00pa3HO UCIIOJIB30BATh MUIIICHH, NX KOIUYECTBO 3aBH-
CHUT OT CJIOKHOCTH | Iuiomaau peiabeda. Yem Gospie
IJIOIIAb U CIOKHEE penbed, TeM OOJIbIIe OIMTOPHBIX TO-
4yek HeoOxonumo. HazeMHbIe KOHTPOJIBHBIC TOUKH pa3-
MEMIAI0T Ha MOJIe TIepe]] OCYIIECTBIICHHEM a3podoTO-
cbeMKH. OHH HCIIOTIB3YIOTCS JJIsI HOBBIIMICHUS KA4eCTBA
JAHHBIX, TTOJyYaeMbIX TIOcie 00pabOTKH, U IS MTPOBe-
JICHUsI OIICHKY TOYHOCTH n3MepeHui [12-13].

LIEnb MCCNEQOBAHUS — CpaBHEHHE PE3YIILTATOR
CTaHJapTHOU M BEICOKOTOYHON OCTOOPAOOTKH MPOEKTA
C HA3eMHBIMH OITOPHBIMU TOUYKAMH.

MATEPHANBI N METOABI. ccnenoBanue mpoOBOAHIN
Ha CEJIEKIIMOHHOM 1oJie KapTodens miomaaso 1,1 ra B
denepabHOM HCCIIEA0BATEIIECKOM EHTPE KapTodes
umenu A.T" Jlopxa.

B kauecTBe muaTgopMbl HCIIOIB30BATH KBAIPOKOII-
tep DJI Matrice 200 v2 ¢ ycTaHOBJICHHBIM IPUEMHHKOM
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GNSS L1/L2[14]. JIpoH ¢ mbljie- | BJIaro3aniuTon croco-
0€H OCyLIEeCTBIATH MOJETHI IPH CKOPOCTH BeTpa 10 20 M/c,
YTO aKTyaJIbHO IMpH paboTe B MoJie Ha OTKPBITOH MeCT-
HoctH [15-16].

Anmnapat ocHaleH MoaupuInpoBaHHON Kamepoit DJI
X4S 20Mp (5472 x 3648) ¢ TpeXOCEBBIM CTA0HIIA3aTOPOM.
[oneTs! OCyIIECTBIISIIUCE C TOMOILBbI0 MOOUIIBHOTO MTPH-
noxkerust DJI Pilot.

Jlnst monmy4eHust BRICOKOTOYHBIX JaHHBIX HUCTIOIb30-
BaJIM MYJIBTHYACTOTHBIN GNSS-npuemauk EMLID Reach
RS2. TlogkmroueHre TPOUCXOIUIIO K 0a30BOM CTAaHIIHU
MCK-3, pacnonoxeHHOi Ha pacCTOSSHUHU MEHee 25 KM

(puc. 1).

Puc. 1. [Inamgpopmennoe pewienue 015 8blCOKOMOUHO20 MOHUMO-

PUH2a CeNbCKOX03ANUCMEEHHBIX NOoJell (Cleed Hanpago): becnuiom-
Hoe 8030ywiHoe cyono DJI Matrice 200 v2 ¢ GNSS-npuemnurom,
KoHmpoabHaa mouka, mynemuyacmomuwiii GNSS-npuemnux EMLID
Reach RS2 na mpenoze

Fig. 1. Platform solution for agricultural field high-precision
monitoring (from left to right): DJI Matrice 200 v2 unmanned
aerial vehicle with GNSS receiver, control point, EMLID Reach
RS2 multi-frequency GNSS receiver on a tripod

Jy1si mpoBEepKH TOYHOCTH JJAHHBIX UCTIOJIb30BAJH TSI Th
KOHTPOJIbHBIX TOUEK pazmMepoM 50 x 50 cM, pacroyioxKeH-
HBIX C YYETOM IepenanoB BeICOT (puc. 2) [17]. Ux Tou-
HBIE KOOPIIHHATHI 3a()UKCUPOBAHEI C TOMOIIBIO MYJIETH-
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Puc. 2. Pacnonogicenue onoprvlx mouexk Ha kapme
Fig. 2. The control points’ location on the map

YaCTOTHOI'O reo/ie3nueckoro npueMunka EMLID Reach
RS2 B pexxume Survey. Bce koopauHaThl 3al1UChIBAIUCh
B COOTBETCTBUU C BCEMHPHOH CHCTEMOH I'€0Ie3NIECKIX
napameTpoB 3emiu 1984 1. (WGS 84).

doTorpammeTprudeckas 00padoTKa JaHHBIX OCYIIeCT-
BIIsLIACh B IporpaMMHoOM obecnieueHuu Pix4DMapper.
s 00paboTKU rgh-TaHHBIX UCTIOIB30BaIH MabaoH 3D
Maps.

151 06paboTKH BEICOKOTOYHBIX IaHHBIX 3aJIEHCTBO-
Basu iporpammy TopoSetter 2 pro. OHa yYUTHIBAET BEI-
COKOTOYHBIE KOOPAMHATEHI, TOTyYeHHBIE ¢ 6a30BOM CTaH-
uu U GNSS-antennsl. TopoSetter 2 pro ciocoOHa 3ame-
HHUTh HaBUTaLlMOHHBIE KOOpAUHATHI B EX/F-Terax nso-
OpaxeHU i Ha BBICOKOTOYHBIE.

Kasxmast 13 OImOpHBIX TOYEK Ha ITOM JTAIe BHICTYTIA-
J1a B POJIM KOHTPOJIBHON U OblJIa OTMEUEHa Ha cepuH (o-
torpadwuii, nonyueHubx ¢ BBC. OTMeuanace cepennaa
OTOPHOU TOYKH, KOOPAWHATHI KOTOPOM OBLIH B3SITHI C MO-
Moteto GNNS-tipuemunka (puc. 3).

. e
Puc. 3. I'eonpuessxa uzobpasicerutl, NOIY4eHHbIX ¢ OeCNUIOMHO-
20 8030YUIHO20 CYOHA

Fig. 3. Georeferencing of images obtained by an unmanned aerial
vehicle

s ouenku norpemHoctd RMSE (Root Mean Square
Error) mo xax a0 u3 oceil KCIOIb30BaTH CPEHEKBAIPa-
TU4HbIe oluoku RMSE,, RMSE,, RMSE, [18-19]:

RMSEx — JZ?:l(XOi_XGNNSi)Z

n

, M
RMSEy _ \/2t:1(yoi_YGNNSi)2’ @)

n
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RMSE, = \/Z?=1(20in—ZGNNsl‘)2’ 3)
/i€ # — KOJJMYECTBO OMOPHBIX TOYEK;

X, Yo 1 Zy; — xoopauHatel X, Y U Z, nony4YeHHbIe TO-
cJie IEPBUYHOMN a’pOTPUAHTYJIISAINH;

Xonssis Yonssi X Zgnssi — KoopauHaTtel X, ¥ u Z, uzme-
peHHBIe ¢ ToMolIbI0 GNSS-TpHeMHHKA B IOJIEBBIX YCIIO-
BUSX.

JIJ1s1 OLIEHKH MOTPEIIHOCTH BCET0 MPOEeKTa MPUMEHU-
nu GopMyIly CpelHEKBaApaTUYHON omuoku RMSE,
[20-21]:

RMSE.. = VIt (Xoi—Xannsi)?+ (Y 0i=Y gunsd)®+(Zoi—Zannsi)?
p - .

. @

PE3YNbLTATbI Y OBCYXAEHME. MOHUTOPHHT CEJIEKITH-
OHHOTO TOJIs OCyHIecTBIsLIN Ha BeicoTe 50 M. Cobpanu
158 doTorpaduii BuAMMOTro nuamnas3ona. [IpononbHoe u
MorepevYHoe MEPEKPBITHE YCTAaHOBIIEHO Ha 75%. Paspe-
wenwne (GSD — Ground Sampling Distance) n1is optodo-
TOILTaHa cOCTaBuio 1,4 cM/IHKC.

B nporpamme Pix4DMapper coznanu 12 npoeKkToB:
110 0-5 ONOPHBIX TOUEK 151 BRICOKOTOYHOM M CTaHJTaPTHOU
00paboTku naHHbIX. [I0CKOIBEKY HUCCIIeIyeMoe MoJIe UMEIIO
MPSIMOYTOJILHYI0 (DOPMY, OTIOPHBIE TOYKH PACTIONOXKIIH
o Kpasim U B ieHTpe (puc. 4) [22].

T o U o

2 & &g & &
& & L4 LU L0
a b c d e i

Puc. 4. Pacnonoscenue onopnulx movex
Fig. 4. The control points’ distribution

[TorpenrHOCTh TeONPUBI3KH U300 PasKEHHIMA, Oy YEHHBIX
¢ BBC 6e3 ncnonbs30BaHus BEICOKOTOYHOM TOCTOOPAOOTKH,
3HA4YMUTENbHO BhlIle. [Ipy ncnonbp30BaHUM MSITH OLOPHBIX
TOUEK MOrPEeIIHOCTh CTAHAAPTHOW 00PabOTKH BBIIIE 110

Ta6bnuua Table

PE3YNLTATHI CTAHAAPTHOW/BBICOKOTOYHOM NOCTOBEPABOTKM
MPOEKTA C OMNOPHbIMN TOYKAMU
RESULTS OF PROJECT STANDARD / HIGH-PRECISION
POST-PROCESSING WITH CONTROL POINTS
GCP Name | Error X[m] | Error Y[m] | Error Z [m]
1 —0,090/0,000 0,021/0,001 0,098/-0,004
2 0,053/0,018 —0,052/0,028 | 0,083/-0,010
3 —0,094/0,002 | 0,064/0,003 0,059/0,000
4 —0,056/—0,031 | —0,058/0,033 0,024/0,023
0,077/0,025 —0,084/0,003 | —0,045/-0,008
Mean, m -0,022/0,003 | -0,022/0,014 0,044/0,000
Sigma, m 0,081/0,022 0,062/0,016 0,057/0,013
RMS Error,m | 0,076/0,020 0,059/0,019 0,067/0,012
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ocu x B 3,8 paza, mo ocu y B 3,1 pasa, o ocu z B 5,6 pa3
(mabnuya).

[NorpemHocTs IpOEKTa P MPUMEHEHUH IISITH OTIOP-
HBIX TOYEK BbILIE B 3,9 pa3a npu cTaHAapTHOH 00paboT-
K€ IaHHBIX [T0 CPABHEHHIO C BBICOKOTOUHOM. be3 ncnonsb-
30BaHHS ONOPHBIX TOYEK TOYHOCTH IIPOEKTA B MIJIaHE U
TI0 BBICOTE IIPH CTaHAAPTHOI 00paboTKe METpoBasd, a pH
BBICOKOTOYHOH — CaHTHMETpoBas. [1pn ncnonp3oBannn
3 u 6osee OMOPHBIX TOUEK CPEIH A KBaApaTUYHas OLIHO-
Ka MpoeKTa yMeHbInaercs (puc. J).

BbiBoabl. IIprMeHeHre HA3EMHBIX OITOPHBIX TOYEK
MO3BOJISIET MOBBICUTH TOYHOCTH U3MEPEHU B IPOCKTE, a
TaKXe CPaBHHUTH Pe3yIbTaThl HOCTOOPAOOTKH IPOEKTA C
peanbHBIMU U3MEPEHUAMMU.

BBICOKOTOYHBI MOHUTOPHUHT Ja€T BO3MOXXHOCTH 000H-
THUCh MEHBIINM KOJIMYECTBOM Ha3€MHBIX OMIOPHBIX TOYEK.
715 monmyyeHus JaHHBIX TOYHOCTHIO 2-4 CM B IJIAHE U 1O
BbIcOTE (XYZ) npyu BEICOKOTOYHOM MOCTOOPAaOOTKE HY K-
HO HCIIONIb30BaTh HE MeHee 3 Ha3eMHBIX ONIOPHBIX TOYEK.

SINO-RUSSIAN SYMPOSIUM

25

22,64

19,548
20 ™

s \\
" 8,512
1,573

N
491
0,071 049

0,067
0,025
| 0. ‘32 ) 0, 17\[

0 1 2 3 4 5
KonnuecTBo ONOPHBIX TOYEK, T,
A number of control points, units

RMSEp

=== BrICOKOTOYHas 06paboTka
High-precision data processing

== CTaujapTHas 06paboTka
Standard data processing

Puc. 5. 3asucumocms cpednexsadpamuinoii ouubKu npoexma om
KOIUYeCmaa UCHOIb3068AHHbIX HA3EMHBIX ONOPHBIX MOYEK

Fig. 5. Dependence of the project root mean square error on the
number of the ground control points used

BUBJIMOTPADUYECKNIA CMIUCOK

1. Mogili U.R., Deepak B.B.V.L. Review on application of drone
systems in precision agriculture. Procedia Computer Science.
2018. N133. 502-509.

2. Usmaiinos A.1O., Jlobauesckuit S.I1., Jlopoxos A.C., Cubu-
peB A.B., Kproukos B.A., Ca3onoB H.B. CoBpemeHHBIE TEXHO-
JIOTHH ¥ TEXHHUKA JUTS CENIbCKOTO XO3SHCTBA — TCHICHIIUH BbI-
ctaBku Agritechnika 2019 // Tpaxmopbwt u cenvxosmauiumsi.
2017. Ne. C. 28-40.

3. Maes W.H., Steppe K. Perspectives for remote sensing with
unmanned aerial vehicles in precision agriculture. Trends in
Plant Science. 2019. N24(2). 152-164 .

4. Jlauyra I0.®., M3maiinos A.10., Jlobagesckuii S.I1., [lore-
HoB 10.X. Pa3BuTHe HHTEHCUBHBIX MAIIWHHBIX TEXHOJIOTHH,
POOOTH3MPOBAHHON TEXHUKH, ) (PEKTHBHOTO SHEproodece-
YeHHS U MUPPOBBIX CHCTEM B arPOIPOMBIILICHHOM KOMILICK-
ce // Texnuxa u 0bopydosanue ons cena. 2019. N6 (264). C. 2-9.

5. JIuuman I'U., KopoTtuensa B.M., Cmupnos WU.I, Kyp0ba-
noB P.K. Konrenius Toutoro 3emienenys Ha OCHOBE MOHATHH
UJICaNBHOTO MOJIS U U(POBOT0 JBOHHWUKA // DnexmpomexHo-
noeuu u snekmpoodopydosarue 6 AIIK. 2020. N67(3). C. 81-86.

6. Kyp6anos P.K., Kocromaxun M.H., 3axaposa H.J., 3axa-
posa O.M., babkos C.B. Pekomen iaiuu Jiis Ierkux O€CIuioT-
HBIX JIETATENBHBIX aMapaToB 1o cOopy AaHHbIX // Cenbckoxo-
3aticmeennas mexnuxa: oocryxcusanue u pemonm. 2018. N6.
C. 47-53.

7. Aptiomue A.A., Kyp6anos P.K., Mapuenko JI.A., 3axapo-
Ba O.M. Boibop THmopazmMepHoro psaa 6eCuIOTHBIX JIETaTeNb-
HBIX aIapaToB ¥ MOJIE3HON HAT Py3KH ISl MOHUTOPHHTA CeTTb-
CKOXO3HCTBEHHBIX N0Nel // Dnexmpomexnonozuu u snekmpo-
obopydosanue 6 AIIK. 2019. N4 (37). C. 36-43.

8. Matese A., Di Gennaro S.F. Beyond the traditional NDVI
index as a key factor to mainstream the use of UAV in precision
viticulture. Scientific Reports. 2021. N11. 2721.

CENIbCKOXO3AMCTBEHHBIE MALIMHbI 1A TEXHONIOMM « Tom 15 + N4 + 2021

9. Kypbanos P.K., 3axaposa H.W., Taiinyk O.M. Mcnons3oBa-
uue terutoBoro kanana (LWIR) nns onenku cocrosaums moce-
BOB ¥ IIPOTHO3UPOBAHHUS YPOKANHOCTH CEITBbCKOX03IHCTBEH-
HBIX KYJIBTYD /| Dnexmpomexnonocuu u 31eKmpoo6opyoosanie
6 AIIK. 2020. N67(3). C. 87-94.

10. Tamouridou A.A., Alexandridis T.K., Pantazi X.E., Lagop-
odi A.L., Kashefi J., Kasampalis D., Kontouris G., Moshou D.
Application of Multilayer Perceptron with Automatic Relevance
Determination on Weed Mapping Using UAV Multispectral Im-
agery. Sensors. 2017. N17. 2307.

11. Han X., Thomasson J.A., Xiang Y., Gharakhani H., Ya-
davP.XK., Rooney W.L. Multifunctional Ground Control Points
with a Wireless Network for Communication with a UAV. Sen-
sors. 2019. N19(13). 2852.

12. Pessoa G.G., Carrilho A.C., Miyoshi G.T. Assessment of
UAV-based digital surface model and the effects of quantity and
distribution of ground control points. International Journal of
Remote Sensing. 2021. Vol. 42. 65-83.

13. Liul., Xu W., Guo B., Zhou G., Zhu H. Accurate Mapping
Method for UAV Photogrammetry Without Ground Control
Points in the Map Projection Frame. [EEE Transactions on Geo-
science and Remote Sensing. 2021. 1-9.

14. Kyp6anos P.K., 3axaposa O.M. Pexomenanuu mo npe-
noneTHo#t moxrotoske bIJIA // Dnexmpomexnonocuu u snex-
mpoobopydosanue ¢ AIIK. 2020. T. 67. N1(38). C. 93-98.

15. Daugela 1., Visockiene J.S., Kumpiene J. Detection and
analysis of methane emissions from a landfill using unmanned
aerial drone systems and semiconductor sensors. Detritus. 2020.
Vol. 10. 127-138.

16. Beranek C.T., Roff A., Denholm B., Howell L.G., WittR.R.
Trialling a real-time drone detection and validation protocol for
the koala (Phascolarctos cinereus). Australian Mammalogy. 2020.
N43(2). 260-264.

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 15 N4 + 2021



- MW KUTAJICKO-
N

17. Kapicioglu H.S., Hastaoglu K.O., Poyraz F., Giil Y. Inves-
tigation of topographic effect in ground control point selection
in UAV photogrammetry: Gaziantep/ Nizip. International con-
ference on innovative engineering applications. 2018. 1174-1178.
18. Martinez-Carricondo P., Agiiera-Vega F., Carvajal-Ramirez
F. Assessment of UAV-photogrammetric mapping accuracy
based on variation of ground control points. International Jour-
nal of Applied Earth Observation and Geoinformation. 2018.
Vol. 72. 1-10.
19. Ferrer-Gonzalez E., Agiiera-Vega F., Carvajal-Ramirez F.,
Martinez-Carricondo P. UAV Photogrammetry Accuracy As-
sessment for Corridor Mapping Based on the Number and Dis-

POCCUINCKUA CUMMNO3NYM

SINO-RUSSIAN SYMPOSIUM

tribution of Ground Control Points. Remote Sensing. 2020. N12.

20. Gémez-Candon D., De Castro A.1., Lopez-Granados F. As-
sessing the accuracy of mosaics from unmanned aerial vehicle
(UAV) imagery for precision agriculture purposes in wheat. Pre-
cision Agriculture. 2014. N15(1). 44-56.

21.Kim J. S., Hong Y. Accuracy Analysis of Photogrammetry
Based on the Layout of Ground Control Points Using UAV. Jour-
nal of the Korean Cartographic Association. 2020. N20(2). 41-55.

22.Santana L.S., Ferraz G.A.E.S., Marin D.B., Barbosa B.D.S.,
et al. Influence of flight altitude and control points in the geo-
referencing of images obtained by unmanned aerial vehicle. Eu-
ropean Journal of Remote Sensing. 2021. Vol. 54. Iss. 1. 59-71.

REFERENCES

1. Mogili U.R., Deepak B.B.V.L. Review on application of drone
systems in precision agriculture. Procedia Computer Science.
2018. N133. 502-509 (In English).

2. Izmaylov A.Yu., Lobachevskiy Ya.P., Dorokhov A.S., Sibi-
rev AV, Kryuchkov V.A., Sazonov N.V. Sovremennye tekh-
nologii i tekhnika dlya sel’skogo hozyaystva—tendentsii vystav-
ki Agritechnika 2019 [Modern agriculture technologies and
equipment - trends of an Agritechnika 2019 exhibition]. Trak-
tory i sel’khozmashiny. 2017. N6. 28-40 (In Russian).

3. Maes W.H., Steppe K. Perspectives for remote sensing with
unmanned aerial vehicles in precision agriculture. Trends in
Plant Science. 2019. N24(2). 152-164 (In English).

4. Lachuga Yu.F,, Izmaylov A.Yu., Lobachevskiy Ya.P., Shoge-
nov Yu.Kh. Razvitie intensivnykh mashinnykh tekhnologiy, ro-
botizirovannoy tekhniki, effektivnogo energoobespecheniya i
tsifrovykh sistem v agropromyshlennom komplekse [Develop-
ment of intensive machine technologies, robotic technology, ef-
ficient energy supply and digital systems in the agribusiness].
Tekhnika i oborudovanie dlya sela. 2019. N6(264). 2-9 (In Rus-
sian).

5. Lichman G.I., Korotchenya V.M., Smirnov 1.G., Kurba-
novR.K. Konceptsiya tochnogo zemledeliya na osnove ponya-
tiy ideal’nogo polya i tsifrovogo dvoynika [A concept of preci-
sion farming based on the notions of the ideal field and digital
twin]. Elektrotekhnologii i elektrooborudovanie v APK. 2020.
N67(3). 81-86 (In Russian).

6. Kurbanov R K., Kostomakhin M.N., Zakharova N.I., Zakharo-
va 0.M., Babkov S.V. Rekomendatsii dlya legkikh bespilotnykh
letatel’'nykh apparatov po sboru dannykh [Recommendations
for light unmanned aerial vehicles for data collection]. Sel’sko-
khozyaystvennaya tekhnika: obsluzhivanie i remont. 2018. N6.
47-53 (In Russian).

7. Artyushin A.A., Kurbanov R.K., Marchenko L.A., Zakharo-
va O.M. Vybor tiporazmernogo ryada bespilotnykh letatel'nykh
apparatov i poleznoy nagruzki dlya monitoringa sel’skokhozyayst-
vennykh poley [The choice of a standard series of unmanned
aerial vehicles and payload for monitoring agricultural fields].
Elektrotekhnologii i elektrooborudovanie v APK. 2019. N4(37).
36-43 (In Russian).

8. Matese A., Di Gennaro S.F. Beyond the traditional NDVI
index as a key factor to mainstream the use of UAV in precision

CE/IbCKOXO3AMCTBEHHBIE MALWHbI 1 TEXHONOTMMA + Tom 15 + N 2021

viticulture. Scientific Reports. 2021. N11. 2721 (In English).

9. Kurbanov R.K., Zakharova N.I., Gayduk O.M. Ispol’zovanie
teplovogo kanala (LWIR) dlya otsenki sostoyaniya posevov i
prognozirovaniya urozhaynosti sel’skokhozyaystvennykh kul’tur
[Using a thermal channel (Iwir) to assess crop conditions and
predict crop yields]. Elektrotekhnologii i elektrooborudovanie
v APK. 2020. N67(3). 87-94 (In Russian).

10. Tamouridou A.A., Alexandridis T.K., Pantazi X.E., Lago-
podi A.L., Kashefi J., Kasampalis D., Kontouris G., Moshou D.
Application of Multilayer Perceptron with Automatic Relevance
Determination on Weed Mapping Using UAV Multispectral Im-
agery. Sensors. 2017. N17. 2307 (In English).

11. Han X., Thomasson J.A., Xiang Y., Gharakhani H., Ya-
davP.K., Rooney W.L. Multifunctional Ground Control Points
with a Wireless Network for Communication with a UAV. Sen-
sors. 2019. N19(13). 2852 (In English).

12. Pessoa G.G., Carrilho A.C., Miyoshi G.T. Assessment of
UAV-based digital surface model and the effects of quantity and
distribution of ground control points. International Journal of
Remote Sensing. 2021. Vol. 42. 65-83 (In English).

13. LiuJ., Xu W., Guo B., Zhou G., Zhu H. Accurate Mapping
Method for UAV Photogrammetry Without Ground Control
Points in the Map Projection Frame. [EEE Transactions on Geo-
science and Remote Sensing. 2021. 1-9 (In English).

14. Kurbanov R.K., Zakharova O.M. Rekomendatsii po pred-
poletnoy podgotovke BPLA [Recommendations for uav pre-
flight preparation]. Elektrotekhnologii i elektrooborudovanie v
APK. 2020. Vol. 67. N1(38). 93-98 (In Russian).

15. Daugela I., Visockiene J.S., Kumpiene J. Detection and
analysis of methane emissions from a landfill using unmanned
aerial drone systems and semiconductor sensors. Detritus. 2020.
Vol. 10. 127-138 (In English).

16. Beranek C.T., Roff A., Denholm B., Howell L.G., WittR.R.
Trialling a real-time drone detection and validation protocol for
the koala (Phascolarctos cinereus). Australian Mammalogy. 2020.
N43(2). 260-264 (In English).

17. Kapicioglu H.S., Hastaoglu K.O., Poyraz F., Giil Y. Inves-
tigation of topographic effect in ground control point selection
in UAV photogrammetry: Gaziantep/ Nizip. International con-
ference on innovative engineering applications. 2018. 1174-1178
(In English).

AGRICULTURAL MACHINERY AND TECHNOLOGIES + Volume 15 « N4 + 2021



KUTANUCKO-POCCUIACKIIA CUMNO3UYM

SINO-RUSSIAN SYMPOSIUM

18. Martinez-Carricondo P., Agiiera-Vega F., Carvajal-Ramirez
F. Assessment of UAV-photogrammetric mapping accuracy
based on variation of ground control points. International Jour-
nal of Applied Earth Observation and Geoinformation. 2018.
Vol. 72. 1-10 (In English).

19. Ferrer-Gonzalez E., Agiiera-Vega F., Carvajal-Ramirez F.,
Martinez-Carricondo P. UAV Photogrammetry Accuracy As-
sessment for Corridor Mapping Based on the Number and Dis-
tribution of Ground Control Points. Remote Sensing. 2020. N12
(In English).

20. Gomez-Candon D., De Castro A.1., Lopez-Granados F. As-
sessing the accuracy of mosaics from unmanned aerial vehicle

KongaukT untepecos.
ABTOpBI 3aSBISIOT 00 OTCYTCTBUM KOH(IMKTA HHTEPECOB.

3asiB/IeHHBIIl BKJIa/1 COABTOPOB:

Kypb6anor P.K. — Hay4HOE pyKOBOJICTBO, (JOpMUpPOBAHHUE 00-
I[MX BHIBOJIOB, HTOTOBAs MepepadOTKa CTaThH.

3axapopa H.1. — 006paboTka TaHHBIX a3p0OTOCHEMKH, COCTaB-
JIeHVE HaYalbHOTO BAPHAHTA CTAThH, aHANH3 M 00001IIeH e
JaHHBIX JTUTEPATY PBL.

Topmiko JI.I" — 06paboTka maHHBIX a3pO)OTOCHEMKH, JTUTE-
paTypHBIil aHaIK3, paboTa ¢ TpaQUYECKUM MaTEPUATIOM,
nopaboTKa TeKCTa.

Asmopul npouumanu u 0000pULY OKOHYAMEbHbIU BAPUAHTI DY~
KORUCU.

CTaThs NOCTYNMJIA B PeIaKIHI0
CraThbsl NPUHATA K NY0JIUKANNHA

The paper was submitted to the Editorial Office on
The paper was accepted for publication on

(UAV) imagery for precision agriculture purposes in wheat. Pre-
cision Agriculture. 2014. N15(1). 44-56 (In English).

21.KimJ. S.,Hong Y. Accuracy Analysis of Photogrammetry
Based on the Layout of Ground Control Points Using UAV. Jour-
nal of the Korean Cartographic Association. 2020. N20(2). 41-55
(In English).

22.Santana L.S., Ferraz G.A.E.S., Marin D.B., Barbosa B.D.S.,
et al. Influence of flight altitude and control points in the geo-
referencing of images obtained by unmanned aerial vehicle. Eu-
ropean Journal of Remote Sensing. 2021. Vol. 54. Iss. 1. 59-71
(In English).

Conflict of interests.
The authors declare no conflicts of interest.

Coauthors’ contribution:

Kurbanov R.K. — scientific guidance, developing general
conclusions, article proofreading.

Zakharova N.I. —aerial photography data processing, preparing
the article draft, literature analysis

Gorshkov D.M. —aerial photography data processing, literature
analysis, work with graphic material, text revision

All authors have read and approved the final manuscript.

16.09.2021
25.11.2021

CENIbCKOXO3AMCTBEHHBIE MALIMHbI 1A TEXHONIOMM « Tom 15 + N4 + 2021

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 15 N4 + 2021



