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PABPABOTKA HABECHOI CUCTEMBI JIJISI YIIPABJIEHUSI ITPOIIAIIIHBIM
KYJIbBTUBATOPOM B ABTOMATUYECKOM PEXXUME

AHHOTAIUSA: ABTOMATH3AIUsl YIAJICHUS COPHSIKOB MPEJICTABISIETCS OYEHb MEPCIEKTUBHONW TEXHOJOTHEH UCXOAs U3
OTPOMHBIX YCOBEPIICHCTBOBAaHMI B chepe KOMIBIOTEPHOI 00paboTKM, MAIIMHHOTO 3pEHUS H POOOTOTEXHUKH. CHCTEMBI
MaIIMHHOTO 3peHMs 0a3UpPYyIOTCs Ha pa3HUIE B IIBETE MEXAY KyIbTYPHBIMH PACTEHHUSIMH B PSAKEe M MOYBBEL. B cTarbe
HNPUBOAUTCS ONUCAHME HABECHOW CHUCTEMBI ISl OPHEHTALUM ITPOMAIIHOTO KyJIbTUBATOPA MO PSJAKAM U €ro CMELIeHHE
OTHOCHUTEIIBHO TPAKTOPa C IMOMOIIBIO CHCTEM TEXHHYECKOTO 3PCHHS M aBTOMAaTHUECKOro ympasieHus. Paspaborannas
CHCTEMa TEXHHUYECKOTO 3pEHHs CIIOCOOHA Ha OCHOBE HMCHOJIbL30BAaHUS TEXHOJOI'MH MCKYCCTBEHHBIX HEHPOHHBIX ceTel
ri1y60KOro 00ydeHust YETKO ONMPENeNsTh JINCThs CaXapHOIl CBEKIIBbI, a CIEIHaTbHO pa3pabOTaHHBIH aJrOPUTM BBISBIE-
HHUSI IEHTpa MEXIypPAAbs HANPaBIATH MOJBIKHYIO 9aCTh KyJIETHBATOpPA B TPEOYyEeMYIO CTOPOHY IJIsi HUBEIUPOBAHHUS
HETOYHOCTU XoJa TpakTopa. [IpuMeHeHue ynpaBiseMOro HaBECHOI'0 YCTPOICTBA C TPaKTOPOM M OpYJIHUEM Ha OCHOBE
CHCTEM TEXHHUYECKOTO 3pEHUS TOYHOCTH BBIMOJIHEHUS TEXHOJIOTHYECKUX OMepaIuii Mo yXoAy 3a MPOMAIIHEIMH KyJIbTY-
pamu, MOBBICHT TEXHUYECKUH yPOBEHb MAIIMHOTPAKTOPHOI'O arperara, CHU3HUT TPyno3aTparsl. Vcrnonp30Banne cucTem
TEXHUYECKOTO 3PEHUsS U aBTOMATHYECKOTO YIpPaBIEHUs KyJIbTHBATOPOM TO3BOJIHMT MOBBICUTH Ka4eCTBO MEKY PSAHBIX
00paboTOK MPOMANMIHEIX KYJIbTYpP M YMEHBIIMT IECTHIHIHYIO HArpy3Ky Ha OKpY’Kalomyio cpeay. PesynpraTel HacTo-
SIIUX UCCIICOBAHUN MOTYT OBITH MCIIOJB30BAaHBI NPU CO3JAaHMHM MAIlWH JUJIsS BO3JAEIBIBAHMS CEIbCKOXO3SHCTBEHHBIX
KyJIbTYp C aBTOMaTU3MPOBAHHON CHUCTeMOU ympaBieHus. biaarogapuoctu. Pabora Beimonnena B pamkax ['TIHU «Ka-
4ecTBO M 3((HEKTHBHOCTH arpONpPOMBIILICHHOr0 Ipou3BoAcTBa» Ha 2016-2020 roxsl, nmogmporpamMma «MexaHu3anus
W aBpTOMaTu3auus npoueccon B ATIKY.
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DEVELOPMENT OF MOUNTED SYSTEM FOR CONTROLLING ROW CROP CULTIVATOR
IN AUTOMATIC MODE

Abstract: Weed control automation appears to be a very promising technology based on the tremendous advanc-
es in computer processing, machine vision and robotics. Machine vision systems are based on size differences between
crops and weeds and or on the regular structure of crop rows, allowing the system to recognize crop plants and control
surrounding weeds. The paper provides description of the mounted system for orienting the row cultivator in rows and its
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displacement relative to the tractor using vision systems and automatic control. The developed technical vision system
is capable of clearly identifying sugar beet leaves based on the deep learning artificial neural networks technology, and
a specially developed algorithm for identifying the center of the row spacing to control the moving part of the cultivator
in the required direction to level the inaccuracy of the tractor. The use of controlled mounted device with a tractor and an
implement based on vision systems, the accuracy of technological operations for the row crops care, will increase the tech-
nical level of the machine and tractor unit, and reduce labor costs. Technical vision systems and automatic control of the
cultivator will improve the quality of inter-row cultivation of row crops and reduce the pesticide load on the environment.
The results of these studies can be used to create machines for cultivation of agricultural crops with an automated control
system. Acknowledgments. The research was carried out within the framework of the State Scientific Research Program
“Quality and Efficiency of Agroindustrial Production” for 2016-2020, subprogram “Mechanization and Automation of Pro-
cesses in the Agroindustrial Complex”.

Keywords: inter-row cultivation, machine vision, precision driving, recognition system, control system, trajectory plan-
ning, protection zone, sugar beet, row cultivator, tractor, row crops, navigation system, automated control system, weeds
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Beenenue. [IpoGiema 3aCOPEeHHOCTH KYJIBTYPHBIX ITOCEBOB COPHSKAMH SBIISIETCS OOIENpHU3HAH-
Ho [1, 2]. 3acopeHHOCTh KyJNBTYPHBIX ITOCEBOB COPHSKAMH MPHUBOAUT K 3HAUUTENBHBIM IOTEPSIM
ypoxkas, 0COOEHHO B OPraHMYECKOM IPOW3BOJICTBE OBOIIECH, Ille KYJAbTYPHbBIE PacTEHHUs BCerja Xa-
PaKTEPU3YIOTCS HU3KOH KOHKYPEHTOCIIOCOOHOCTBIO C COPHSIKAMH; KOTOPBhIE XOPOIIO IPUCIIOCOOIICHBI
K MPOXJIAJTHBIM BECEHHUM TeMIlepaTypaM, OblcTpee 00pa3yloT MOLIHYIO, MPOAYKTHBHYIO Ha3eMHYIO
Y TIOI3EMHYIO MacCy M TOJIABJISIOT MOCEBbI KYJIbTYPHBIX PACTEHHI ITyTEM BBIHOCA BJIATH M TTUTATEIb-
HBIX BeriecTs [3]. dusnyeckas 00pbOa ¢ COPHIKAMHU SBIISICTCS CaMON paCIIPOCTPAHEHHOHN U UCIIOJIb3yeT
MEXaHUYECKHE CPEJICTBA, IPUMEHSIEMbIE 111 00paOOTKH HOYBHI [4].

3a mepuoj BereTaly MpoIanIHbIX KYJIbTYp PEKOMEHIYETCS TPOBOAUTH HE MeHee 2—4 MEK Ty psiJi-
HBIX 00paboTok. Kpome GOpbOBI ¢ COPHOIT PaCTUTEIBHOCTHIO MPHU KYJIBTUBAIIMHA MEK Y PSIAN 1TOUBa
ObICTpEe IPOrpeBaeTes, yCHIMBAETCs Ta3000MeH MEXK/Iy ITOYBOU U BO3LYXOM, aKTHBH3UPYETCS MOOH-
JU3alus MUTATEIbHBIX BEIIECTB, CHUIKAIOTCS KAMUWJUISIPHBIC MMOTEPU BJIAaru W yaydiaeTcss HHQUIb-
Tpamus BOAblI B TOYBY. DTO CIIOCOOCTBYET MHTCHCHBHOMY Pa3BUTHIO (QOPMHPYIOIIEHCS B 3TO BpeMsI
KOPHEBOU CUCTEMBI.

[Ipu MexaHu3MpOBaHHOW 00pabOTKE MEXKIYPSAUHA KYJIbTYpHBIE PACTCHUSI MOTYT IOBPEKIATHCS
pabGounmu opranamu KyiastuBatopa [5<7]% Bo m36exanue 3Toro paGoume OopraHsl pPa3MEMaT Ha
TpeOyeMOM pacCTOSTHUU OT psiJika KyJIbTYPHBIX pacTeHuil. [loaTomy mocie nmpoxona KyJibTHBaTOpa
¢ o0eux CTOpOH psJiKa OCTaBIIsIETCSl HEOOpabOoTaHHAs MOJIOCKA — 3alllUTHAs 30HA. B pasHble mepu-
0161 00pabOTKN MEXIYPSAINNA 3AMUTHBIE 30HBI COCTAaBIAIOT 28—43 % oT obmeil miomaam Mexay-
panuii [8, 9]. UMeHHO Takas TIIomafb ocTaeTcsi HeoOpabOTaHHOM, UTO BEIET K PE3KOMY CHUKEHUIO
YPOKailHOCTH HU3-3a COPHSKOB, PACIOJIOXKEHHBIX B 3allIUTHON 30HE pacTeHui. I'pynna uccienona-
TeJlel TIOCTaBUJa 1eJb MOBBICHTh YPOXKAWHOCTh U CHU3UTH MOTPEOHOCTH B pabouel cuie s mpo-
MOJIKH, KOTOpPasi 9acTo SIBNSIETCS OCHOBHBIM KOMIIOHEHTOM CTOMMOCTH JUISl IPOM3BOAMTENEH opra-
HUYeCKUX oBomler. [lenb OblIa TOCTUTHYTA B COOTBETCTBHH C YBEIUYCHHEM YPOKaWHOCTH yKpoIia
n yecHoka npumepHo Ha 20 u 40 %, B TO BpeMs Kak I MOPKOBH 3HAUHTEIHHBIX Pa3INYMi HE Ha-
omonanocs [10].

OCHOBHBIM TPEIATCTBUEM B YMEHBIICHUH 3AlIMTHBIX 30H SIBISETCS HEYCTOWYMBOCTH JIBUKCHUS
pabounx OopraHoB KyJNbTHBAaTOpa B MouyBe. PaboTa TpakToprcTa mpu MEXAYpsAIHBIX 00paboTKax, Kak
MPaBHUJIO, COHNPSIKEHA C Ype3MEepHO OONBITUMHU NCUXO(U3UUECKUMH HArpy3KaMu, €My MPUXOTUTCS
coepmath B-TeueHne gaca ot 800 mo 1000 moBOpOoTOB pylieBOro Koiieca. B 3THX yciaoBHSX dacToe
3ama3nbpIBaHUE PEaKIni MeXaHU3aTopa COCTaBIseT B cpenueM He menee 0,25 c. 3a 3TO Bpems MaIiu-
Ha nipu ckopoctH 9—10 KM/4, UMes 3HAYUTEIbHYIO YTIIOBYIO ONIMOKY, OTKJIOHUTCS OT TpeOyeMoro Ha-
npasieHuss Ha 50-100 mm. Bee 310 cnocoOCTBYET OONBIIOMY OTKIOHEHHIO pa0OYMX OPraHoB KYilb-
TUBATOpA OT JIMHUU 3alIMTHOM 30HBI. M3-3a 3TOro BeIWYMHA 3aLIUTHOM 30HBI MO OAHY CTOPOHY OT
psaka coctaBiseT He MeHee 10 cM, a pabodyre CKOPOCTH psijia MPOIMANTHEIX KyJIbTHBATOPOB HE MPEBHI-
nraroT 6 KM/4, B TO BpeMs KaK 10 CBOMM TEXHUYECKUM MapaMeTpaM 3TH MalIMHBI MOTYT paboTaTh MpH

' Cenbckoe xo3siicTBO Pecny6nukn Bemapycs: crar. ¢6. / Ham. crar. koM. Pecr. Benapycs. Munck, 2020. 179 c.
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ckopoctsx 10 km/4 u Beime. CHIDKEHHE PabOTHX CKOPOCTEH TTPH MEX Ty PSIHON 00paboTKe KaK OHOM
13 HanboJee MaJOdHEPrOEMKHX CEITbCKOXO3SUCTBEHHBIX OlEpalluii BICUET 3a cOO0M CHIKEHUE TPOH3-
BOJIUTEIIEHOCTH MallTUHHO-TPaKTOpHOTO arperara (MTA).

Hnsa yBenmmdyeHus oOpabaThIBaeMOHN TMJIOMAMH B MEXIYPAIbSIX W yMEHBIIEHUS 3aIlHTHON
30HBI B 1,5-2 pa3a 1o CpaBHEHHUIO C OCTABJISCMBIMU B HACTOSINEE BPEeMsi HEOOXOJUMO MOBHICHUTH
TOYHOCTh ¥ CTAOMJIBHOCTh OPHEHTAIMH KYJIBTHBATOPA B MEXKIYPAIbIX B IMEPUOJ YXOa 3a-T1oca-
kamu [11, 12]°. TTosToMy OCHOBHOI 3afaueii obecreueHHs TPeOyeMOil TOUHOCTH JBHIKCHUS KYIb-
THBATOPa B MEXKAYPSAbAX MPOMAIIHBIX KYJIBTYP Ha ONTUMAJIbHOW pabodeil CKOPOCTH SIBIISACTCS
OpHEHTAIUsI MPOMAITHOTO KYJIbTHBATOpa MO PSAJKAM W €ro CMEIICHHWE OTHOCHUTEIBHO TpaKTopa
C TIOMOINBIO aBTOMATHU3MPOBAHHON CHCTEMBI yIpaBiieHHs. 3HAUMTEIbHOE KOJIHIECTBO MCCIIEI0BA-
HUW 1 mMyOIMKanmuil nocBsieHa poOOTU3NPOBAHHBIM TEXHOJIOTHSIM HCIIOJIB30BAHUS KYJIBTHBATOPOB
1 60pB0OHI ¢ copaaxamu [13—19]°.

I'pynmna crnennanncToB aMepUKaHCKUX YHUBEPCHTETOB CUMTAET, YTO. ABTOMATH3AIUA YAAJICHUS
COPHSIKOB MTPECTABIIAETCS OYEHb MEPCIIEKTUBHON TEXHOJIOTHH, HCXO/S U3 OIPOMHBIX YCOBEPLICHCTBO-
BaHUU B cepe KOMIBIOTEPHONH 00pabOTKHM, MAIIMHHOTO 3pEHUs U POOOTOTEXHUKH [16]. DkoHOMMUE-
CKME ¥ HOPMATHBHBIC OI'PaHUYEHUS Ha Pa3BUTHE repOMIIHIOB TOpa3ao OOIbIe, YeM I TeXHOJIOTUU
HMHTEJJIEKTYaJIbHOTO yJAaJieHHusI COpHsiKoB. KoMmmanuu, pa3pabaThlBalollne HWHTEIICKTyallbHbIE TEX-
HOJIOTHUU y/alIeHUsI COPHSIKOB, CPAaBHUTEIHHO HEOOJBIINE 110 CPABHEHHIO C TPAAUIIUOHHBIMHU TECTH-
LHATHBIMU KOMITAHUSIMU U MEHEe OTpaHUYEHBI HAClIeICTBEHHBIMA ITpodieMaMu. CHCTEMBI MAITUHHOTO
3peHust 0a3UPYIOTCS Ha Pa3HHUIIC B IIBETE MEXKAY KYJIbTYPHBIMU PACTCHUSIMHU B PSJKE U MOYBBI, YTO
MTO3BOJIIET CHUCTEME pPACIIO3HABATh CEIThCKOXO3SMCTBEHHBIC PACTCHHS W KOHTPOJHMPOBATH OKpYyIKa-
IOIIHE COPHSIKH.

Uccnenosatenn yauBepcuteta Hohenheim Stuttgart (Germany) B 2013-2014 rr. u3yyanu npeumy-
IIeCTBA HOBBIX CEHCOPHBIX TEXHOJIOTHH /IS paCliO3HABaHUS MTOCEBOB KYJIBTYPHBIX PACTCHUH M COPHSI-
KOB, 4TOOBI OPHEHTUPOBATH KYJIBTUBATOP TOYHO BIOJIb PAJa, [0 CPABHEHHIO C OOBITHON MEXaHHIECKOH
0opb0oii ¢ copHsikamu [12].

Lens HacTOsIIEH pabOTHI — pa3paboTKa HABECHOIH CUCTEMBI JJIsl OPHUEHTAIIUY TTPOTAIITHOTO KYJIBTH-
BaTOpa MO PAIKAM U €0 CMEIIEHNE OTHOCUTEIBHO TPAKTOPA C TOMOIIBIO CUCTEM TEXHHYECKOTO 3PEHUS
1 aBTOMAaTHYECKOTO YIIPABICHHUSI.

Teopernueckasi 4acThb. C 1eNIbIO TOBBIIEHUS Ka4eCTBA MEXK Ty PsIAHON 00paboTKH 1abopaTopueit
MeXaHW3aIlH TPOU3BOICTBA OBOIIEH 1 KOpHEK TyoHeronoB Hayuno-mpaktuueckoro niearpa HAH be-
Japycu 0 MEeXaHHW3alUH CEeNbCKOrO X03iHcTBa COBMECTHO ¢ OOBEIMHEHHBIM MHCTUTYTOM MPOOJieM
nH(popMaTuku HarmonanpHOM akagemMun HayK benmapycu BBITIONTHSTIACH pa3pabOTKa W M3TOTOBICHHUE
aBTOMAaTHYECKOH yIpaBisieMoid HaBecHO# cucteMbl (AYHC) st oTCe)KuBaHUS 3aITUTHON 30HBI KYJTh-
TYPHBIX PACTEHUH NPH MEXKAYPSIIHON 00paboTKe caxapHOH cBeKJIbI (puc. 1).

AYHC cocTouT M3 MEXaHWUYECKOW YacTH ¥ ammapaTHO-MPOrpaMMHOro obecrieueHus. MexaHuye-
CKas 4acTh MPEACTABISIECT COO0H paMHYIO KOHCTPYKITHIO C BEpXHEH W HUKHEH HaIlpaBIISIONINMH, IO
KOTOPBIM IEpEeMEIASTCsl MOABMKHAS PaMKa C HABEIIMBACMBIM Ha HEe KYJIbTHBATOPOM.

* [lpuMeHeHne HANPABIAIONMX MeNell Py BO3AENbIBAHUM CAXapHOH CBEKJIbI JUISl YIIPABJIEHUS KyJIbTHBATOPOM: Me-
togmueckue pekoMenpanuu / B.C. I'myxoBcknit [u np.]. Yepuuros: [lecua, 1987. 19 c.; PaGouwnii opran ais Hape3KkH Iue-
neit B mouse : mar. SU 1396975 / B.C. I'myxosckuii, B.W. Beroxun, B.H. lanuenxo, 10.C. Myxun, K.K. bepracosckuii,
I'. B. Uepnsascknii. — Omy6m. 23.05.1988; SAxkumenko K. H. CoBepieHcTBOBaHME cioco0a U padOYMX OPraHoB ISl KOPPEKIIUU
HalpaBJCHUs ABHIKCHUS MPOIMAIIHBIX arperaroB BIOJb PSJIKOB CAXapHOM CBEKJIbI Ha YXOZAE 3a MOCEBAMH: JHC. ... KaHI.
TexH. Hayk: 05.20.01. Kues, 1990. 217 n.; Traffic system, especially public local passenger traffic system: pat. US 4069888 /
G. Wolters, P.Strifler. Publ. date 24.01.1978; Positioning system particularly useful for positioning agricultural implements:
pat. US 4835691 / A. Rotem, E. Silberg, S. Israeli. Publ. date 30.05.1989.

*Robotic cultivator : pat. US 5442552 / D.C. Slaughter, R.G. Curley, P. Chen, D.K. Giles. Publ. date 15.08.1995;
VuusepcasbHas nponosiounas texuuka: Chopstar, Rollstar, Hillstar, Row-Guard, Jumbo [DnexTponnsrii pecypc] / Einbock.
Pexxum noctymna: https:/ www.einboeck.at/uploads/downloads/190123-CHOPSTAR-RU 04.pdf. /lara noctymna: 05.07.2020;
Camera steering system ROW-GUARD [Electronic resource] // Einbock. Mode of acces: https://www.einboeck.at/en/
products/crop-care/camera-steering-system/row-guard. Date of access: 05.07.2020; Robotic intra-row weed hoeing in maize
and sugar beet / R. Gerhards [et al.] / Julius-Kithn-Archiv. 2016. Noe452. P. 462—463.
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Puc. 1. ABTOMarnueckas ynpasisiemMas HaBECHasl CUCTEMa: g — UCHOTHUTENbHBIH MexaHu3M AYHC; b — ncnomHUTENbHBIN
MexaHu3M AYHC B arperarte ¢ nponamHslM KyiasTuBaTopoM. Hayuno-npakrtuueckuit neurp HAH benapycu no mexanusa-
U1 CeIbCKOro xo3siicTra, 2020 r.

Fig. 1. Automatic controlled mounted system: a - executive mechanism AUNS; b - executive mechanism AUNS in the
unit with till cultivator. Research and Production Center of the National Academy-of Sciences of Belarus for Agriculture
Mechanization, 2020

Ilepememenne MOABMKHONW PaMKH BIPABO HMIIM BJIEBO OCYIIECTBJIATHCA T'MIPOLMIMHIPOM IIO-
CpEACTBOM 3JIEKTPOMArHuTHoro pacmnpenenurtens. OcHoBHble xapakTepuctuku AYHC npencrasie-
HEI B Ta0OmI. 1.

B ocHOBY paboThl cUCTEMBI aBTOMaTHUYECKOTO YIPABJICHHUSI MPOMALIHBIM KYJIBTHBATOPOM TOJI0XKe-
Ha KOHLIEMIIHS MCIIOJIb30BAHUS BU3YaJbHOM MHPOPMALMK O MOJIOKCHUH PACTCHUH B psiKe, MOJy4eH-
HOW ¢ BHJEOKaMepbl. BeluncanTenbHplid MOIYIb Ha OCHOBAHHMH TOJYYEHHOH BHUICOMH(POPMAIUU OT
KaMepbl U 3aJI0KEHHOM B HEro JIOTHKE criocoOeH yepe3 OJI0K ynpaBiieHUsl BO3JIEHCTBOBATh Ha TMAPO-
pacmpenenuTenb, a TOT, B CBOIO 04epe/ib, MOCPEACTBOM THAPOLMIIMH/IPA U TOJIBUKHOM YaCTH CMelaeT
CEJIbCKOX034MCTBEHHYIO MalllMHY, HAIlpUMEP KYJIbIUBATOP, B HYKHYIO CTOpoHY. OniepaTop, KOTOPBIM
SBIISICTCS] MEXaHU3ATOP, MOXKET CAMOCTOSATEIIFHO BIUATH Ha JIOTUKY paOOTHI BBIYUCIUTEIEHOTO MOy IS
4yepe3 CEHCOPHBIM MOHHUTOP (pHC. 2).

Hust onenku dddextuBHOcTH AYHC 1m0 pacmo3naBa- Ta6unuua 1. OchoBHbIe
HUIO C TIOMOIIBIO CHCTEM TEXHMYECKOTO 3PEHHUs BCXOJOB xapaktepuctukn AYHC
KYJBTYPHBIX PACTEHUH B [IOCEBAX CAXapHOM CBEKJIbI OBUIM  Table 1. Main characteristics of AUNS
3aJI0’KEHBI AKCIIEPUMEHTAIbHbIE ISISTHKU CaxapHOW cBe-

KJbl. 3akJiajika JEJISHOK CcaxapHOW CBEKJIbI MPOW3BOJIH- Toxazarens 3uauenue
mach ¢ Mexaypsaabem 45 cm. PasHuiia B cpokax moceBa | THII CHCTEMBI HapecHast
OTBITHBIX JEISHOK COCTaBisiiia 2 Hexenu. Penbed mecT- Macca ycrpoiicTsa, KT 220
HOCTH BBIOMpAJICS C y4eTOM CHeIU(UKU MpOBeaeHUs uc- | I'pyszonoabemMHocTh, T Ho 1,5
CIICJOBAHUH. Pabouee HampsikeHHE GOPTO-

CucTeMa TEXHHYECKOrO 3peHMsl CIIOCOOHA Ha OCHOBe | BOH 2NeKTpoceTH TpakTopa, B 12
VICTIONb30BAHMS TEXHONOTUM HCKYCCTBEHHBIX HEHpOHHBIX | CMELIAIONUIH 1HanasoH noj-

. BUIKHOU paMKH, MM +250
ceTell MIyOOKOro 00y4eHUs] YSTKO ONPENeNsITh JIUCThS ca-

o o l'abapuTsie pa3Mepsl, MM:

XapHOW CBEKJIbI, @ CIHEIHAIBHO Pa3pabOTaHHBIN aJrOPUTM wpisa 1635
BBISIBIICHUS [IEHTPA MEXKIYPSAIbs HAMPABIATH IMOIBHKHYIO BEICOTA 865
4acTh KyJIETUBATOpa B TPEOYEMYIO CTOFOHy JULSL HUBEIUPO- | fonyerumoe konmaecTso
BaHUS HETOTHOCTH Xo7a TpakTopa [20]". omu60oK, % 3

HpakTuyeckas yacthb. [loceBsl B nepuoa pocra caxap- | Cxopocts japuskenns MTA,
HOM CBEKJIbI MCIIOIB30BANUCH Ul CO3JaHus OOydaromie — |KM/4 Ot 5 510 10
BBIOOPKH M0 PACIO3HABAHUIO KYJIBTYPHBIX pacTeHuil. W3- | ATperupyemsiii kiacc rpakto-
HAyaJbHO OBUIM PACCMOTPEHBI aJrOPUTMBI pacro3HaBaHus — LP% KH L4

* ArpoTpeGoBaHHS K HOBBIM MAITMHAM JUTS MEXaHH3AIWH TIEPCTICKTHBHEIX arpOTEXHOIOTHE BO3ICTBIBAHUS TPOTIAII-
HBIX KynbTyp / . W. T'ypees [u ap.]. Kypek: THY BHUM3u3I15 PACXH, 2013. 35 c.
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Fig. 2. Experimental installation SAUPK

JMCTHEB CaXxapHOI CBEKJIbI, KOTOPBIE 0a3UPyOTCS HCKJIIOUUTENBHO Ha aHAJIN3€E LIBETOBBIX IIPOCTPAHCTB,
MPOMJLTIOCTPUPOBAHHBIX Ha puc. 3:
1) mMaremaTrnyeckoe OKMJaHHe B LBETOBOM IpOCTpaHcTBe Lab;

2) KJacTepu3alus METOIOM k-CpPeIHUX B IIBETOBOM pocTpaHcTBe HSV;

3) kyacTtepu3als ¢ HIOMOIIBIO HaX0XK/IEHUS CyTIepIIUKCeNel B IBETOBOM ITpocTpaHcTe RGE.

Puc. 3. Pe3ynbraThl CerMeHTalMd B pPAa3NIUYHBIX [BETOBBIX IMPOCTPAHCTBAX:
a — MaTeMaTU4YeCKOe OKHUIaHKEe B IIBETOBOM MpOoCcTpaHcTBe Lab; b — kmactepusa-
LU METOIOM k-CPEIHUX B IIBETOBOM IpocTpaHcTBe HSV

Fig. 3. Results of segmentation in different color spaces: a - mathematical
expectation in the Lab color space; b - clustering by the k-means method in the

HSV color space

06a crioco6a OBLITM UCIIOIL30BAHBI JIJIs 00pa00OTKH N300paXKeHMs, IPUBEJACHHOTO Ha puc. 3, b. Kia-
CTepH3alus ¢ TIOMOIIbIO HAXOKICHHUS CYTIEPITUKCENICH B IBETOBOM IIpocTpaHcTBe RGB siBisieTcs Oosiee
CJIOKHOH M MOXKET OBITh IPOMJLTIOCTPUPOBAHA Ha CIENYIOMNX H300pakeHUsx. CHauaza mpuMeHseT-
Csl HEMOCPE/ICTBEHHAS KJIACTePH3AI[sl METOJOM BBIJCICHUS CYMEpIuKceae puc. 3, a). 3aTeM mBeTa
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MUKCeJel, OTHOCSIIUECS K OJTHOMY CYTNEPIUKCEINI0, yepeaHsitoTest. OJTHaKo M3-3a CI0KHOCTH BCEH Kap-
THHBI ¥ HECMOTPS Ha XOPOITUi dcTeTHUecKuil 3(h(PeKT, KOTOPBIA MOKHO BHAETH Ha pHuC. 3, b, 3TO HE
MPHUBEINIO K 3HAYUTENBHBIM pe3yibraTtaM. YToObl 3TO JI0Ka3aTh, MOMPOOOBAIH KIACTEPH30BAThH TONY-
YEeHHBIC CYTEPIHUKCETH Ha 6 KIIacTepoB, Kak MoKa3aHo Ha puc. 4, ¢. Kak BuaHO U3 puc. 4, ¢, CMbICIIOBasI
Harpy3Ka, K COXKaJICHUI0, Pa3MbIBACTCS.

Puc. 4. Pe3ynbraThl CErMEHTAllMU C MOMOLIBIO Pa3/ielIeHUs] N300paKEHHs Ha CYNEPIUKCENN: d — KIACTePH3aLUs METOIO0M
BBIJICNICHNS CyNEepIHUKcenel; b — yCpeiHeHHE IBETOB, OTHOCAIINXCSA K OMHOMY CyHEPIHKCENI0; C — KIACTePU3aIHs MOy IeH-
HBIX CyINlepIUKcelel Ha 6 K1acTepoB

Fig. 4. Results of segmentation by dividing the image into superpixels: a - clustering by the method of extracting superpixels;
b - averaging the colors related to one superpixel; ¢ - clustering the obtained superpixels into 6 clusters

B cBsi3u ¢ 3TUM OBIIIO TTPEIOKEHO CKOMOMHHUPOBATH MPUBEACHHBIE BIIIE METOIBI B HOBBIH, KOTO-
PBIH OMTUCHIBACTCS CICAYIONTUMH IIaramu (puc. S):

1) BBIOpATh TAJIOHHOE M300paKEHUE U B PyYHOM pexuUMe chopMupoBaTh OMHAPHYIO MacKy, TO-
3BOJISIIONITYTO BBIZICTTUTH NCKOMBIN 00OBEKT Ha BCeM M300pakeHuu (puc. 5, a);

2) BBIYHCIUTH MaTEMATHYECKOE OXKHMIaHNE 3HAYCHHH APKOCTH KPACHOTO M 3€JIEHOT0 KaHAIOB KaXK-
JIOTO TTUKCEIISI B IIBETOBOM IPOCTpaHCcTBE RGAB;

3) MpPOM3BECTH MOPOTOBYIO0 OMHAPHYIO CETMEHTAIIVNIO BXOJHOTO IIBETHOTO N300paKeHUS Ha OCHOBE
SMITUPUIECKH MOI00PAHHOTO 3HAYEHHU ST TOPOTOBOM BETHIHHBI;

4) xnacTepu30BaTh BXOIHOE IIBETHOE M300pakeHre Ha N cymneprukcenei (puc. 5, a);

5) HaJOXWTH TPAHUIIBI IOTYYEHHBIX N cymeprimkceneil Ha OmMHapHOe M300pakeHne, MoTyYeHHOe
Ha mare 3 (puc. 5, b);

6) kIaccupUIMpOBaTh KaXIbli u3 /N CyTeprnuKceneil Ha OCHOBE CPAaBHEHHS KOJWYECTBA TMHK-
ceJeil, COOTBETCTBYIONIMX MCKOMOMY OOBEKTY, C 3apaHee dMIUPUUECKH IMOJO00PaHHBIM ITOPOTOBBIM
3HaYeHUEM (puc. 5, ¢).

Puc. 5. TIpouecc GuHapHO#l CerMEeHTAIMH TIPEIJIOKSHHBIM METOJOM: d — KJIaCTePH3alMsl BXOAHBIX LBETHBIX H300paKeHH
Ha N cynepnukceneil; b — HaJO)KEHUE TPAHUIl TOTYUYEHHBIX N cyneprnuKcesei Ha OMHapHOe H300paskeHue, MoyYeHHOE Ha
mare 3; ¢ — k1accu(uKaIus Kaxx0ro u3 N cyneprnukceneit

Fig. 5. Process. of binary segmentation by the proposed method: a - clustering of input color images into N superpixels;
b - imposition of the boundaries of the obtained N superpixels on the binary image obtained at step 3; ¢ - classification of each
of the N superpixels

B /mpuBeneHHoM nmpumepe B KayecTBE BXOJHOTO HM300pa’KeHHS HCIIOJIB30BAIOCh M300parkeHue
¢ puc. 3, a. MaTtemaTn4eckoe OXUJaHUE SIPKOCTU MUKCETIeH 110 KPaCHOMY M 3€JICHOMY IIBETOBBIM Ka-
HaJiaM cTaBuIO 26.6648 1 42.3628 cOOTBETCTBEHHO IPU NOPOTrOBOM 3HaueHuu 15. Pe3ynbrart npeaJo-
JKEHHOH aBTOMAaTHYeCKON OMHApHOI cerMeHTaluH, MOKa3aHHBIH Ha puUC. 5, ¢, ABJISIETCS COMOCTABU-
MBIM C PYUYHBIM.
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[locne Toro, Kak MpeaIoKEHHBIM METO OMHAPHON CErMEeHTalnH ObLT TOTOB M IPOTECTUPOBAH, HA
OCHOBE IMOJIYYSHHBIX paHee BUjco(haiiyioB ObliIa CreHepupoBaHa 00yJarolasi BRIOOpKa, KOTOpast COCTO-
suta u3 1347 uBeTHBIX Hm300pakeHUH B popmare *jpg psaKoB caxapHOW CBEKJIBI U 1347 COOTBETCTBY-
roIUX OMHApHBIX U300pakeHuil B popmate *.png. Jlanee Obuta chopmuporana apxurekrypa MHC I'O,
cocTosiasi u3 10 HeMPOHHBIX CIIOEB.

B pesynbrate o0yuennas MHC crnocoOHa yCreniHo CerMeHTUPOBATh PSJIKH CaxapHOW: CBEKIIbI Ha
Pa3JIMYHBIX [IBETHBIX W300paXKCHUIX, MOKA3aHHBIX Ha pUC. 3. B MpHUBENEHHBIX N300paKEHHUSIX MTOITY-
YCHHBIC 6I/IHapHBIe 1/1306pa>1<eH1/1;[ OBLLIIM HAJIOKEHBI Ha HNCXOOHBIC IIBECTHHIC I/I306pa)KeHI/I}I, TIOKa3aHHBIC
Ha puc. 6 B BUJIE TIOIYIIPO3PAYHOTO roJy00ro TOHa.

Puc. 6. Pe3ynbrarsl paboThl 00yueHHON HEHPOHHOU ceTu: a — npumep 1535 — mpumep 2; ¢ — npumep 3

Fig. 6. Results of the trained neural network operation: a - example 1; 4 - example 2; ¢ - example 3

Pa3paboTanHoe nporpaMMHOe 00ecIeYeHHEe CUCTEMbl aBTOMAaTHUECKOTO YIIPABJICHUS ITPONAIIHBIM
KYJIETUBATOPOM padoTaeT Ha OCHOBe anroputMma Xada, mO3BONSIONMEro Ha OMHApHOM U300paKeHUH
OIIPEIeNIUTh BEPOSITHOE PACIIONOKEHUE TUHUH psiika (puc. 7).

Puc. 7. [Iponiecc BeIACTCHUS PSIKOB C IIOMOIIBIO aropuT™Ma Xada: a — HCXOTHOE

LIBETHOC U300pakeHue; b — OMHapHOE N300pakeHUE; ¢ — MUKCEIU, COOTBETCTBY-

IOIIUE BCEM MONYYEHHBIM Ha MPEABIIYIIEM Iare HEHTPaM Macc BBISBIEHHBIX
MHOXXECTB; d — (UIBTPALHS IOIYYEHHBIX OTPE3KOB

Fig. 7. Process of rows selecting using the Hough algorithm: « - the original color
image; b - binary image; ¢ - pixels corresponding to all the centers of mass of the
identified sets obtained at the previous step; d - filtering of the obtained segments

OnpenenuTb TeOMETPHYECKH LEHTP PAAKA JHUIIb 10 HEKOTOPOMY TOPH30HTAIHLHOMY Cpe3y JIIOo-
0oif ero yactu OyneT HEBO3MOXKHBIM JTHOO0 pe3yJbTaT 3aBeIOMO Oy/eT coaepKaTh HEKOTOPYIO OLIHO-
Ky. UTOOBI HUBENHPOBATH TEOMETPUUECKHIE MCKAKEHUS PAJIKOB CBEKJIIbI, BIMSHHUE Pa3pbIBOB MEXIY
HHUMH, a TaK)Ke HECOBNAJECHHE LIEHTPAa KPOHBI JUCTHEB CBEKJIBI C PACIIOIOKEHUEM I'€OMETPHUUYECKOTO
LIEHTPA CaMOro PsAKa, NPEAIaraeTcs aHaJU3UpOBaTh LIEHTP MACC /M-IO 4YUCia MOCIEIHUX HHXKHUX
CTPOYECK TOCIIC0BATEIBHOCTH CETMEHTUPOBAHHBIX OMHAPHBIX M300PaKCHHH, TTOIyYaeMbIX NP aHa-
JIU3€ BUJICOMOTOKA.
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Taxum 06pazom, HaMHU OBLT TIPEIIOKEH anTopuT™ FIFO-0ydepa B BUAC Tak Ha36IBAEMOU MaTPHITHI-
AKKyMYJISITOpa pasMepom m X i, TJie 7 — IIUPUHA aHAITU3UPYEeMOro OMHAPHOTO U300pakeHUsl, m — IITy-
OMHa aKKyMYJISTOpa, BIUSIONUIAsl Ha BEIMYHUHY, KOTOPYIO MOKHO CPaBHUTH C HHEPTHOCTBIO CMELICHHUS
T€OMETPUYECKOT0 IIEHTPa PSIKa.

Marpuna-akkymymnsitop padotaer cieayromum oopazoM. C KabIM HOBBIM CETMEHTHPOBAHHBIM
KaJpOM BCE CTPOUYKH MAaTPHUIBI-AKKYMYJISATOpa CABHTAIOTCS BHU3 HA OHY MO3MIIHIO, IPHYEM camast
MOCJIEAHSS YAAIACTCs, a Ha MECTO IEPBON 3alMChIBACTCS MOCIEIHSS CTPOKA aHAJIU3UPYEMOLO Kaapa.
B pesynbrare Marpuia-akKyMyssiTOp COIEPKHUT B ce0e IMoCIeI0BaTeIbHOCT MOCICAHUX CTPOUEK Cer-
MEHTHPOBAaHHBIX N300paKeHUI ATUHOH .

[ocne xaxx0ro OOHOBIEHMSI MAaTPULBI-AKKyMYJISITOpa CJIEAYET MPOLECC CYMMUPOBaHUS €€ diie-
MEHTOB IO CTpOoYKaM. B pesynbrare moigydaeTcsi OMHOMEPHBIN PsiJi 3HAYCHUH LENTBIX YUCeIT JITTHHOH n
(puc. 8) 1 MakcUMaJIbHBIM 3HaYeHUEM m = 24. AHAJU3 TIOJIyYeHHOTr0 TpadKa HABOAUT Ha JIOTUYESCKHH
BBIBOJI, YTO LEHTPHI MOJTYUYCHHBIX KYIOJIOOOPa3HBIX yUAaCTKOB SIBISIIOTCSI MaKCUMaJIbHO MPUOIMKEH-
HBIMH 3HAUYEHUSMH COOTBETCTBYIOIINX PSAIKOB CaXapHOH CBEKJIBI.

25 ,

T T
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10 —
[ J'/\\
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150
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Puc. 8. Pe3ynpraT MOCTPOYHOTO CyMMHUPOBAHHS MATPHUIIBI-aKKYMYIIITOpa

Fig. 8. Result of row-by-row summation of the accumulator matrix

OnHako aHamu3 JOCTATOYHO OOJIBIIOTO YMCIa PEANIbHBIX KaJIpOB MOKa3aj, YTO O4YeHb 4acTO KYyTO-
J000pa3Hble YU4acTKH rpaduka He SBISIOTCS WICaIbHBIMU: OHU MOTYT HMETh Pa3IMYHYI0 aMIUTUTYTY,
a Tak)Ke paslInYHbIC JOKAJIbHBIC MAKCHMYMBbI, KOTOPhIE OTPHUIIATEIBHBIM 00pPa30M BIIHSIIOT HE TOIBKO
Ha OIpe/ieIeHUE LICHTPOB, HO M KOJIMYECTBO MOTCHIUATIBHBIX PSIIKOB.

B cBsi3u ¢ 3TUM OBLIO TPENJIOKEHO BOCIONB30BATHCS JMHAMUUYECKH OMPEACISIEMBbIM ITOPOTOM
cpes3a noiyvaeMbIX rpadukoB. Bee yokaibHbie MUHUMYMBI, KOTOPBIC SIBJISIIOTCS BBIIIE JUHAMUYC-
CKOT'O I10pora, MPUYHUCISIOTCS K I00aTbHbIM, IPUYEM OHU aBTOMATHYECKH aCCOIUMUPYIOTCS C IO-
TEHIINAJIbHBIMU PSIIKAMHU.

3HauCHHE JTMHAMHYECKOTO MOPOra BhIYUCISCTCS IIYyTEM ONPEJICIICHHS] METMAHHOTO 3HAYCHUS OTCOP-
TUPOBAHHBIX 110 BO3PACTAHUIO 3HAYCHWI 3JIEMEHTOB TI'paduka (puc. 9).

[locne 3TOrO CYMTAETCS, YTO TEOMETPHUYCCKHUE IIEHTPHI MOJYUYCHHBIX TUIATO SIBISIOTCS IICHTPAMH
HUCKOMBIX PSIJIKOB.

Ha pwuc. 9 BbrumcneHHBIC EHTPH TUIaTo 0003Haue-
HBl 3€JICHBIMU KPYXXKaMH, - CUHSS JIMHUS — 3HAYCHUS
BBIYHCIICHHOTO JIMHAMHYECKOTO TIOpOra, KelThle JIH-
HUM — UJICaJIbHOC PACIIOJOKEHUE IEHTPOB JABYX COCEIHHUX
PSAIKOB, M@Ky KOTOPBIMH JIOJDKHA HAXOJHMTCS BUJICOKA-
Mepa. TakuMm 0QGpa3oM, €clu LEHTPHI PSAKOB HAXOAATCA
crpaBa OT MX OKHUIAEMBIX PACIOJIOKEHUM, TO TpedyeTcs
MOJIaTh YIPABJISIOIIHN CUTHAN 3JIEKTPOMEXaHUYECKOMY
Y311y, 4TOOBI OH JIBUTAJICS B TY K€ CTOPOHY JI0 TO'O MOMEH-
Ta, MOKa BBIYMCIICHHBIC [ICHTPHI HE COBIAIYT C OXKHU1aEMblI-
Mu. Ha rimaBHOM 5KpaHe eCTh CHpPEHEBas CTPeJKa, KOTopast
NyOIUPYET BBIYHMCICHHOE HAMPABJICHHUE JBUIKCHUS MOJ-
BHIKHOW 9acTH KyJIBTUBATOPA.

Puc.9. Ilpoekuuss UEHTPOB BBIYHCICHHBIX
VYka3zaHHasi cucTema ObliIa YCIICITHO OTJIAXKeHA U IPOTe- M1aTO Ha MCXOIHOE H300pakKeH e

CTHPOBAHa Ha IKCTIEPUMEHTAIIBHOM yYaCTKe CaXapHOH CBE-  Fig. 9. Projection of centers of calculated
KJIBI B arperate bemapyc 102.1 + KI-1. plateaus on the original image
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BriBoabI

1. Pa3paborana HaBecHasi cucTeMa JIsi OPUEHTAIMH ITPOMAIIHOTO KYJIBTHBATOPA 110 PSIIKAM U €ro
CMEIICHHUSI OTHOCUTEIHHO TPAKTOpa C MOMOIIBIO CHCTEM TEXHHYECKOTO 3PEHUS U aBTOMATHYECKO-
T'0 YIIpaBJICHHUS.

2. IlpennoxxeHa cucTeMa TEXHUYECKOTO 3pEHUs, CIIOCOOHAs HA OCHOBE HCITOJIB30BAHUS TEXHOIIO-
TUU UCKYCCTBEHHBIX HEHPOHHBIX CETEH IIIyOOKOro 0OyuYeHHUs YETKO PaClO3HABATh JINCTHS CaXapHOM
CBEKJIBI, a MOIBMKHYIO YaCTh KYJITUBATOPA HATIPABIATH B TPEOyEeMYIO CTOPOHY JABUKEHUSIAJISI HUBE-
JIMPOBAHMS HETOYHOCTH XO/Ia TPAKTOpa 3a CYET CHEIHaIbHO pa3pab0TaHHOTO aJTOPUTMA BBISIBICHUS
LIEHTPa MEX Y PSIbAL.

3. PesynbraThl Hcce0BaHN, IPOBOAMMBIX Ha OMBITHBIX MOCEBAX CaXapHON CBEKIIbI, MOKA3AJIH,
YTO TOYHOCTH OTCIICKUBAHUS 3aIUTHON 30HBI pacTeHui coctaBuia oT =2,0 1o +2,3 cm. Kpome Toro,
WCTIOJTB30BaHNE AaBTOMATHYECKOUW YIIpaBIsIeMOl HABECHOW CHCTEMBI CO CKOPOCTHIO 7,60—7,8 KM/4 B KOH-
TPOJBHBIX TOYKAX ITOKAa3ajo, YTO B 3AIlIUTHON 30HE psaKa YHHUUTOXKaI0Cch 91 % copusiko. [loBpexna-
E€MOCTh KYJIBTYPHBIX PACTCHHUI B MPOIECCE UCCICAOBAHUN HAXOAMIACh B MpeAenax arpogomnycka 3 %
pu ycioBuu padbotel MTA co ckopocTsio, HEe mpeBbimaronieit 8 km/4: [loBeimenne ckopoctn MTA
CBBIIIE 8 KM/4 CHUKAET Ka4eCTBO BBITIOJHEHUS MEXKIYPATHON 00pabOTKH, UTO CKa3bIBACTCS HA YUCIIe
MTOBPEXKJICHHBIX KYJIBTYPHBIX PACTESHUH.

[IpumMeneHue ympaBisieMOro HaBECHOTO YCTPOMCTBA C TPAKTOPOM W OPYIHUEM Ha OCHOBE CHUCTEM
TEXHUYECKOTO 3pEHUS 00ECTIeYUT TOYHOCTh M 3P(PEKTUBHOCTH BHIIOTHEHHS TEXHOJIOTHUECKUX OTepa-
LW TTOCAIKU U 00paOOTKH MPOMANTHEIX KYJIBTYp. Pe3yiapTaTel HACTOSIIUX HCCIISIOBAHUI MOTYT OBITH
HCIOJIB30BaHbI IIPU CO3JIAHUU MAIIWH JIJIsl BO3/ICIIBIBAHUS CEIbCKOX03MCTBEHHBIX KYJIBTYP C aBTOMa-
TH3UPOBAHHOW CHCTEMOH yrpaBiieHHs. Vcronb30BaHNE CHCTEM TEXHHYECKOTO 3pEHUS] U aBTOMaTHUe-
CKOTO YIIpaBJICHHS KyJIBTHBATOPOM ITO3BOJIUT MOBBICHTH KAYECTBO MEK Y PSIAHBIX 00pabOTOK MpOTIal-
HBIX KYJbTYP U YMEHBIIIUT MECTULUIHYO HATPY3Ky Ha OKPYKAIOIIYIO CPEY.

BnaronapHoctu. Padora BeinonHeHa B pamkax I'ITHU «KadectBo u 3pdekTHBHOCTH arporpo-
MBIIIJICHHOTO TIpon3BoacTBay Ha 2016—2020 romsl, moamporpamMma « MexaHU3ammuss 1 aBTOMaTH3AITHS
nponeccoB B AIIK», 3aganue 4.39 «VccnenoBanre TOUHOCTH BOKJICHUS MPONALIHBIX KYJIBTUBATOPOB
C IIEJIBIO TIOBBIIICHUSI KQUECTBA MEXK 1Y PSIHBIX 00pab0OTOK».

CHnHCOK UCNO0Ib30BAHHBIX HCTOYHUKOB

1. HayuHble cuCTEMBI BEIEHHUsS CENbCKOro Xo3siiictBa PecnyOmmkm bemapycs / B.T. I'ycakoB [u ap.] ; pemkoin.:
B.T. I'ycakoB (ri1. pen.) [u np.] ; Hau. akaa. Hayk benapycu, M-Bo cen. xo03-Ba u mponoBoibscTBus Pecn. benapycs. — MuHCk :
Benapyc. HaByka, 2020. — 683 c.

2. Proceedings 8th EWRS Workshop on Physical and Cultural Weed, Zaragoza, Spain, 9-11 March 2009 / Europ. Weed
Research Soc. — Zaragoza : [s. n.], 2009. = 147 p.

3. Barberi, P. Weed management in organic agriculture: are we addressing the right issues? / P. Barberi / Weed
Research. —2002. — Vol. 42, Ne 3. — P. 177-193. https://doi.org/10.1046/j.1365-3180.2002.00277.x

4. Mechanical weed management / D.C. Cloutier [et al.] / Non-chemical weed management: principles,
concepts and technology // ed.:. M.K. Upadhyaya, R.E.Blackshaw. — Wallingford, 2007. — P. 111-134. https://doi.
org/10.1079/9781845932909.0000

S. Hanamapuyx, B. 1. OGpaboTka MeXIAYpsAUNA C pa3nuyHbIMHU 3amuTHbIME 30Hamu / B.U. [lanamapuyk // Caxap.
cBekya. — 1986. — Ne. 4. —C. 28-31.

6. Axmepos, X. X. ABTOMAaTH3MPOBAHHAS MalINHA [ MPOPEKUBAHUS BCXOAOB caxapHoil cBekisbl / X.X. AXMepoB //
MexaHn3anus u 3JeKTpUdUKanus cel. xo3-Ba. — 1984. — Ne7. — C. 19-26.

7. Cemuues; C. B~ AHanu3 yCTpPOWCTB YHpPaBICHUS TPACKTOPUCH MABMIKCHHUS CEIBCKOXO3SHUCTBEHHBIX MAIIWH /
C.B. Cemunues// unoBanuu B cen. xo3-Be. —2017. — Ne4 (25). — C. 217-221.

8. DKOJIOrHYCCKH 0E30MacHbIC TEXHONOIMH MEXaHHYECKOr0 YHHUYTOXKCHHUSI COPHSKOB B 3alMTHOM 30HE MPOMAIIHBIX
kyneryp / B.IL. Jlynenko [u ap.] / Bectn. PACXH. — 2006. — Ne5. — C. 70-71.

9. Andowun, H. B. ViccnenoBanue TEXHOJIOTHIECKUX IIPOLECCOB B pACTEHUEBOJCTBE IIPH OMOIIH METOIOB MATPUIHOTO
ucuucaennsi/ H. B. Angomun / Becta. Mock. roc. arpoutskenep. yH-ta. — 2007. — Ne 1. — C. 64—-66.

10. Innovative strategies and machines for physical weed control in organic and integrated vegetable crops / M. Fontanelli
[et al.]// Chem. Engineering Trans. — 2015. — Vol. 44. — P. 211-216. https://doi.org/ 10.3303/CET1544036

11. Cyoauenxo, B. H. O coBepLICHCTBOBAaHUH YCTPOWUCTBA JUJISl OTCIICKUBAHUS 3aLUTHONH 30HBI KYJIBTYPHBIX pPaCTEHUI
pu MeXAYpsAaHoH oOpadoTke / B. H. Cynauenko, B. B. Ko3nos // TexHOTOTHH U TEXHUYECKUE CPENICTBA MEXaHU3UPOBAHHO-
ro IPOU3BOJCTBA NPOAYKIMH PACTEHHEBOCTBA U )KUBOTHOBO/cTBA B CeBepo-3amnaanoii 3oue Poccuu : ¢6. Hayu. Tp. / Ces.-
3an. HUM mexanu3anuu u >nekTpudukanuu cen. xo3-sa. — CII6., 2002. — Beim. 73. — C. 71-76.



Becii HaupisiHanbHaii akaapmii HaByk benapyci. Cepoist arpapubix HaByk. 2021, T. 59. Ne2. C. 232-242 241

12. Kunz, C. Benefits of precision farming technologies for mechanical weed control in soybean and sugar beet —
comparison of precision hoeing with conventional mechanical weed control / C. Kunz, J. F. Weber, R. Gerhards // Agronomy. —
2015. - Vol. 5, N2. — P. 130-142. https://doi.org/10.3390/agronomy 5020130

13. Camera steered mechanical weed control in sugar beet, maize and soybean / C. Kunz [et al.] / Precision Agriculture. —
2018. — Vol. 19, N4. — P. 708-720. https://doi.org/10.1007/s11119-017-9551-4

14. Automatic GPS-based intra-row weed knife control system for transplanted row crops / M. Pérez-Ruiz-[et-al.] /
Computers a. Electronics in Agriculture. —2012. — Vol. 80. — P. 41-49. https://doi.org/10.1016/j.compag.2011.10.006

15. What is the best multi-stage architecture for object recognition? / K. Jarrett [et al.] / 2009 IEEE 12th International
Conference on Computer Vision (ICCV) : proceedings, 29 Sept. — 2 Oct. 2009, Kyoto, Japan / Inst. of Electrical a. Electronics
Engineers. — Kyoto, 2009. — P. 2146-2153. https://doi.org/10.1109/iccv.2009.5459469

16. Technology for automation of weed control in specialty crops / S. A. Fennimore [et al.] / Weed Technology. — 2016. —
Vol. 30, N4. — P. 823-837. https://doi.org/10.1614/WT-D-16-00070.1

17. Autonomous robots for weed control / A. Ruckelshausen [et al.] // J. of Plant Diseases a. Protection. — 2006. — Spec.
iss. 20. — P. 173-180.

18. CmiBBigHOIICHHS PETYJNIOBAHHS Ta CaMOPETYIIOBaHHS MpPOIECiB MpU POOOTI TIPYHTOOOpOoOHOro 3Hapsaas /
B.I. Beroxin [rta in.] / Te3n naykoBux nomoizeir XIX MixuapogHoi HaykoBoi koH}pepeHnii «HaykoBo-TexHiuHI 3acaau
PpO3po0KH, BUTPOOYBaHHS Ta MPOTHO3YBAHHS CiIbCHKOrOCMOAAPCHKOI TEXHIKH 1 TEXHOJOTINHY, MPHUCBSYEHOT 85-piudio Bij
nHs1 HapokeHHs akanemika JI. B. TToropisoro ta 150-piv4to Bix qust Hapomkenus npogecopa K. I unanepa / Yrp. HAI
IPOTHO3yBaHHS TEXHIKM 1 TEXHOJIOTIH JIs C.-T. BUp-Ba. — [locniguunbke, 2019. — C. 15-16.

19. Becekepckuii, B. A. Teopusi cuctem aBToMaTudeckoro ynpasienus / B. A. becekepekwuit, E. I1. [Toros. — 4-¢ u3., me-
pepab. u gom. — CII6. : [Tpodeccust, 2003. — 752 c.

20. Ilpoxonosuu, I'A. Pa3paboTka CHCTEMBl TEXHUYECKOTO 3pPEHUsS ISl CEPBHUCHOrO MOOWIBHOTO poborta /
T A. IlpoxonoBuyu // Tperuit Bcepoccuiickuil Hay4YHO-IIPAaKTHYECKHH ceMHHAp «beCrmiIoTHBIE TPaHCIOPTHBIE CPEICTBA
C 2JIEMEHTaMH HUCKYCCTBEHHOTO MHTEINIIeKTay, 22—23 centsops 2015 r., Manononwnc, Pecy6nuka Tarapcran, Poccus : tp.
cemmHapa / Poc. accol. nckyccTs. nHTeIIeKTa. — MHHOMONMNC, 2016. — C. 127-136.

References

1. Gusakov V. G., Bel’skii V. L., Kazakevich P. P. (et al.). Scientific farming systems of the Republic of Belarus. Minsk,
Belaruskaya navuka Publ., 2020. 683 p. (in Russian).

2. Proceedings 8th EWRS Workshop on Physical and Cultural Weed, Zaragoza, Spain, 9-11 March 2009. Zaragoza,
2009. 147 p.

3. Barberi P. Weed management in organic agriculture: are we addressing the right issues? Weed Research, 2002, vol. 42,
no. 3, pp. 177-193. https://doi.org/10.1046/j.1365-3180.2002.00277.x

4. Cloutier D. C., Van der Weide R. Y., Peruzzi A., Leblanc M. L. Mechanical weed management. Non-chemical weed ma-
nagement: principles, concepts and technology. Wallingford, 2007, pp. 111-134. https://doi.org/10.1079/9781845932909.0000

5. Palamarchuk V.I. Intertillage of row spacings with different protective zones. Sakharnaya svekla [Sugar Beet], 1986,
no. 4, pp. 28-31 (in Russian).

6. Akhmerov Kh. Kh. An automated machine for thinning sugar beet seedlings. Mekhanizatsiya i elektrifikatsiya sel -
skogo khozyaistva [Mechanization and Electrification of Agriculture], 1984, no. 7, pp. 19-26 (in Russian).

7. Semichev S. V. Analysis of trajectory control devices for agricultural machines. Innovatsii v sel’skom khozyaistve
[Innovations in Agriculture], 2017, no. 4 (25), pp. 217-221 (in Russian).

8. Lutsenko V. P, Tokarev N. A.;'Sokolova I. M., Nikitina T. V. Environmentally friendly technologies of mechanical
weed control in the protective zone of row crops. Vestnik Rossiiskoi akademii sel skokhozyaistvennykh nauk [Bulletin of the
Russian Academy of Agricultural Sciences], 2006, no. 5, pp. 70-71 (in Russian).

9. Aldoshin N. V. Research of technological processes in plant growing using the methods of matrix calculus. Vestnik
Moskovskogo gosudarstvennogo agroinzhenernogo universiteta [Bulletin of the Moscow State Agroengineering University],
2007, no. 1, pp. 64-66 (in Russian).

10. Fontanelli M., Frasconi C., Raffaelli M., Peruzzi A., Martelloni L., Pirchio M. Innovative strategies and machines for
physical weed control in organic and integrated vegetable crops. Chemical Engineering Transactions, 2015, vol. 44, pp. 211-
216. https://doi.org/ 10.3303/CET1544036

11. Sudachenko V. N., Kozlov V. V. On improving the device for tracking the protective zone of cultivated plants during
inter-row cultivation. Tekhnologii i tekhnicheskie sredstva mekhanizirovannogo proizvodstva produktsii rastenievodstva i
zhivotnovodstva v.Severo-Zapadnoi zone Rossii: sbornik nauchnykh trudov [ Technologies and technical means of mechanized
production of crop and livestock products in the North-West zone of Russia: collection of scientific papers]. St. Petersburg,
2002, iss. 73, pp. 71-76 (in Russian).

12. Kunz €., Weber J. F., Gerhards R. Benefits of precision farming technologies for mechanical weed control in soybean
and sugar beet - comparison of precision hoeing with conventional mechanical weed control. Agronomy, 2015, vol. 5, no. 2,
pp-130-142. https://doi.org/10.3390/agronomy 5020130

13..Kunz C., Weber J. F., Peteinatos G. G., Sokefeld M., Gerhards R. Camera steered mechanical weed control in sugar
beet, maize and soybean. Precision Agriculture, 2018, vol. 19, no. 4, pp. 708-720. https://doi.org/10.1007/s11119-017-9551-4

14. Pérez-Ruiz M., Slaughter D. C., Gliever C. J., Upadhyaya S.K. Automatic GPS-based intra-row weed knife control
system for transplanted row crops. Computers and Electronics in Agriculture, 2012, vol. 80, pp. 41-49. https://doi.org/10.1016/j.
compag.2011.10.006



242 Proceedings of the National Academy of Sciences of Belarus, agrarian series, 2021, vol. 59, no. 2, pp. 232-242

15. Jarrett K., Kavukcuoglu K., Ranzato M., LeCun Y. What is the best multi-stage architecture for object recognition?
2009 IEEE 12th International Conference on Computer Vision (ICCV): proceedings, 29 September - 2 October 2009, Kyoto,
Japan. Kyoto, 2009, pp. 2146-2153. https://doi.org/10.1109/iccv.2009.5459469

16. Fennimore S. A., Slaughter D. C., Siemens M. C., Leon R. G., Saber M. Technology for automation of weed control in
specialty crops. Weed Technology, 2016, vol. 30, no. 4, pp. 823-837. https://doi.org/10.1614/WT-D-16-00070.1

17. Ruckelshausen A., Klose R., Linz A., Marquering J., Thiel S., Tolke S. Autonomous robots for weed control. Journal
of Plant Diseases and Protection, 20006, spec. iss. 20, pp. 173-180.

18. Vetokhin V. L., Bilovod O. 1., Prilepo N. V., Altibaev A.N. The ratio of regulation and self-regulation of processes in
the work of tillage implements. Tezi naukovikh dopovidei Kh1Kh Mizhnarodnoi naukovoi konferentsii «Naukovo-tekhnichni
zasadi rozrobki, viprobuvannya ta prognozuvannya sil’s’kogospodars’koi tekhniki 1 tekhnologii», prisvyachenoi 85-rich-
chyu vid dnya narodzhennya akademika L. V. Pogorilogo ta 150-richchyu vid dnya narodzhennya profesora K. G. Shindlera
[Abstracts of scientific reports of the XIX International scientific conference «Scientific and technical principles of develop-
ment, testing and forecasting of agricultural machinery and technologies», dedicated to the 85th anniversary of the birth of
academician L. V. Pogorily and the 150th anniversary of the birth of professor K. G. Shindler]. Doslidnits’ke, 2019, pp. 15-16
(in Ukrainian).

19. Besekerskii V. A., Popov E.P. Theory of automatic control systems. 4th ed. St. Petersburg, Professiya Publ., 2003.
752 p. (in Russian).

20. Prokopovich G.A. Development of a vision system for a service mobile robot. Tretii Vserossiiskii nauchno-prak-
ticheskii seminar «Bespilotnye transportnye sredstva s elementami iskusstvennogo intellektay, 22-23 sentyabrya 2015 g.,
Innopolis, Respublika Tatarstan, Rossiya [The third All-Russian scientific and practical seminar «Unmanned vehicles with
artificial intelligence elementsy», September 22-23, 2015, Innopolis, the Republic of Tatarstan, Russia]. Innopolis, 2016, pp.127-

136 (in Russian).

HNudopmanms 006 aBTopax

Asapenxo Baaoumup Bumanvesuu — 4iI€H-KOPPECIIOH-
JICHT, JOKTOP TEXHHYECKHUX HayK, JHOLCHT, aKaJeMHK-CEeKpe-
tapb OTIeNeHus arpapHbIX Hayk HannoHanbHOH akaaeMun
Hayk bemapycu (mp. HesaBucumoctu, 66, 220072 MuHCK,
Pecniybnuka Benapycs). E-mail: azarenko@presidium.bas-
net.by

Komnau [Imumpuii Heanosuu — KaHAMIAT TEXHHUYE-
CKMX HayK, FeHepalbHblil qupekTop, HayuHo-npakTuueckui
ueHTp HannonaneHol akanemun Hayk benapycu no mexaHu-
3aI[UU CeJIbCKOTo X03siicTBa (yi1. Knopuna, 1, 220049 MuHck,
Pecrry6nuka benapyce). E-mail: komlach.d@mail.ru

Tonoviban Buxkmop Braoumuposuu — KaHIWJAAT TEX-
HUYECKHX HayK, 3aBenylomuid nabopaTopued MeXaHu-
3allid  TIPOW3BOJACTBA OBOLICH U KOPHEKJyOHEIIOO0B,
Hayuno-npaktuueckuii nentp HauunonanbHON axagemMuu
Hayk bemapycu mo MexaHHW3aIlUH CEIbCKOTo X03sicTBa (yII.
Kuopuna, 1, 220049 Munck, Pecrry6nuka benapycs). E-mail:
labpotato@mail.ru. http://orcid.org/0000-0002-5332-926X

bapanosckuui Hean Anopeesuu.— KaHIUOAT TEXHUYC-
CKMX HayK, CTapIIN{i Hay4YHBIH COTPYAHHK J1abopaTopuu
MeXaHH3alluH MPOMU3BOJCTBA OBOIEH M KOPHEKIYyOHEIIOo-
noB, HayuHno-npaktuueckuit ueHtp HaunonanpHOW akane-
MUHM HayK benapycu no MmexaHu3aluu CebCKOIo X035HCTBA
(yn. Knaopuna, 1, 220049 Munck, Pecniydnuka Bemapycs).
E-mail: labpotato@mail.ru

Ilpoxonosuu [pucopuii Anexcanoposuy — KaHIHAAAT
TEXHUYECKHX HayK, JOLEHT, 3aBEeAYIOIUi JabopaTopuei
pobororexHHueckux cucreM, OOBEAMHEHHBIH WHCTHTYT
npobsem nHopMaTuku HanuoHanbHOW akajgeMHH Hayk
(yn. Cyprasosa, 6, 220012 Munck, Pecrryonuxa benapycs).
E-mail: prakapovich@newman.bas-net.by

Information about authors

Viadimir V. Azarenko - Corresponding Member, D. Sc.
(Engineering), Assistant Pofessor. Department of Agrarian
Sciences. of the National Academy of Sciences of Belarus
(66 Nezavisimosti Ave., Minsk 220072, Repablic of Belarus).
E-mail: azarenko@presidium.bas-net.by

Dmitry I. Komlach - Ph. D. (Engineering). Scientific
and Practical Centre of the National Academy of Sciences
of Belarus for Agriculture Mechanization (1 Knorina Str.,
Minsk 220049, Repablic of Belarus). E-mail: komlach.d@
mail.ru

Victor V. Goldyban - Ph. D. (Engineering). Scientific
and Practical Centre of the National Academy of Sciences
of Belarus for Agriculture Mechanization (I Knorina Str.,
Minsk 220049, Repablic of Belarus). E-mail: labpotato@
mail.ru. http://orcid.org/0000-0002-5332-926X

Ivan A. Baranovsky - Ph. D. (Engineering). Scientific
and Practical Centre of the National Academy of Sciences
of Belarus for Agriculture Mechanization (I Knorina Str.,
Minsk 220049, Repablic of Belarus). E-mail: labpotato@
mail.ru

Gregory A. Prokopovich - Ph. D. (Engineering),
Assistant Pofessor. The United Institute of Informatics
Problems of the National Academy of Sciences of Belarus
(6 Surganova Str., Minsk 220012, Repablic of Belarus).
E-mail: prakapovich@newman.bas-net.by





