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MeToauka v pe3ynbTaTbl HATYPHbIX UCMbITAHUIA
cuctembl LnppoBOro MOHUTOPUHIra aKcTepbepa

MOJIOYHbIX KOPOB

PE3IOME

BarponpombilLneHHOM kommnnekce Poccum cywecTByeT 3anpoc Ha TEXHONOr MM LM poBm3aLmm
npouecca cbopa JIMHENHbIX NAapaMeTpoB 3KCTEPbepa XMBOTHbIX, B OCOOGEHHOCTM
MOJOYHBIX KOPOB. Mepexon OT CyObeKTUBHOW PYYHON BGOHUTUPOBKM K YHUPULIMPOBAHHOM
ABTOMATUYECKOIN MNO3BOIUT PE3KO YBENNUYNTL NPON3BOAUTESNBHOCTL M TOYHOCTb NPOBEAEHNS
nofo6HbIX onepauuii.

Lenn nccnenoBaHns — COCTaBNEHWE METOOMKM U MPOBELEHWE MEPBUYHOrO HATYPHOrO
UCMbITAHUS CUCTEMBI LUPPOBOTO MOHUTOPMHIa 3KCTePbepa MOJIOYHbLIX KOPOB.

WccneposaHne nNpoBOAvnM Ha OEWCTBYIOWEN MONOYHO-TOBapHoW depme B MOCKOBCKOM
0bnacTu, BCe XMBOTHbIE NPUHAANEXany K 4epHO-NecTpoi 3e6ysuaHoi nopoge. OueHuBanu
NPUrOAHOCTb MPOXOOHOro 60Kca CUCTEMbI LMGPPOBONO MOHUTOPMHIA K MPOXOXAEHUIO
MOJI04HBIX KOPOB, PabOTOCNOCOBHOCTb 1 MOrPELLHOCTL 8 BJIOKOB KaMep, BO3MOXHbIN CTPECC
XUBOTHbIX, & Takxe 06LLLYI0 YCTONYMBOCTb CUCTEMBI. [nsi cbopa n306paxeHunii ICNonb3oBanm
TpexmMepHble BpemanponeTHole kamepbl M5 3D TOF RGB n ctepeonapbl U3 pacrnonoXeHHbIX
Ha nnate aByx 06bekTnBoB 1/3-Inch CMOS OV4689. B cymme cuctema n3 8 6nokoB kamep,
PacnonoXeHHbIX CBEPXY 1 COOKY OT MPOXOAHOro 6oKca CUCTeMbI LdPOBOrO0 MOHUTOPUHIA,
No3BONSET OAHOMOMEHTHO AeNaTh CHUMKM KaXO0r0 XUBOTHOrO CO BCEX CTOPOH, 00ecneumBas
n3mepeHne 18 OCHOBHbLIX MPOMEPOB Tefla KOPOBbLI U pacyeT 12 MHOEKCOB TENOCIOXEHMS.
B pesynbrate onpenenvnu, 4To 610Kkam kamep yAaeTcs 3axBaTbiBaTb M300paeHNe XMBOTHBIX,
OBUraoOWMXCS B NPOXOAHOM GOKCE CUCTEMbI LMGPOBOr0o MOHUTOPUHra 6e3 OCTaHOBKM.
MorpelHocTb paspeLleHns cobrpaemMoli U3 CHUMKOB KapTbl PaCCTOsIHUIA cocTaBuia =10 Mm.
MoaTBepannu, 4TO XWBOTHbIE CMOKOWHO LWAM B MPOXOOHOM BGOKCe CUCTeMbl LMGbPOBOro
MOHWUTOPUHIa, HE AEMOHCTPUPYS NPM3HAKOB YPE3MEPHOro CTpecca.

KmioyeBbie cnoBa: kopoBa, LMbpoBM3aLysl, aKCTepbep, LMdPOBOI MOHUTOPUHT, BOHUTUPOBKA
Ansa yntuposanusa: IOpoyka C.C., MaskuH O.10., Xakumos A.P., Bepatorud M.C., Bnagnmm-
poB @.E. MeToavka v pesynbTaThbl HATYPHBIX UCMLITAHUIA CUCTEMbI LUPPOBOr0 MOHUTOPUHIA
aKCTEpbepa MOJIOYHbIX KOPOB. ArpapHas Hayka. 2025; 393(04): 153-158.
https://doi.org/10.32634/0869-8155-2025-393-04-153-158

Methodology and results of field tests
of the digital monitoring system for the exterior

of dairy cows
ABSTRACT

In the agro-industrial complex of Russia, there is a demand for technologies for digitalization
of the process of collecting linear parameters of the exterior of animals, especially dairy cows.
Thetransitionfrom subjective manual grading toa unified automatic one will dramaticallyincrease
theproductivityandaccuracyofsuchoperations. Theaimofthestudywastodevelopamethodology
and conduct an initial full-scale test of a digital monitoring system for the exterior of dairy cows.
The study was conducted on an operating dairy farm in the Moscow region; all animals
belonged to the black-and-white zebu breed. The suitability of the digital monitoring system’s
pass-through box for the passage of dairy cows, the operability and error of 8 camera units,
possible animal stress, and the overall stability of the system were assessed. M5 3D TOF RGB
three-dimensional time-of-flight cameras and stereo pairs of two 1/3-inch CMOS OV4689
lenses located on the board were used to collect images. In total, the system of 8 camera
units located above and to the side of the digital monitoring system’s walk-through box allows
for simultaneous shooting of each animal from all sides, providing for the measurement of
18 basic body measurements of the cow and the calculation of 12 body condition indices.
As a result, it was determined that the camera units are able to capture images of animals
moving in the digital monitoring system’s walk-through box without stopping. The resolution
error of the distance map collected from the images was 10 mm. It was confirmed that the
animals were walking calmly in the entrance box of the digital monitoring system, without
showing signs of excessive stress.
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BeepeHue/Introduction

B Poccuitckoin depepaumm B obnactm arpornpo-
MbllwneHHoro komnnekca (AlK) cywecTtByeT 3Ha-
YUTESNbHbIN NOTEHUMAN Pa3BUTUS CENbCKOr0 X03AM-
CTBa, pPacKpbITMe KOTOPOro BO3MOXHO NPOM3BECTH,
NCNONb3ys WMHCTPYMEHTbI MNOBbIWeHUs 3bdeKTmB-
HOCTW arpapHOro MNpou3BOACTBA MyTEM CO3OaHUSA
N BHELPEHUS CPEeACTB aBToOMaTusauuun, umdpoBbIX
TEXHONOMNM U NCKYCCTBEHHOIro nHtennekta [1]. Pas-
Butne AlNK B HacTosLee BpemMs UMeeT TPEHA B Ha-
npaBfIEHNUN UCMOJb30BaHUS N BHEAPEHUS UMDPOBbIX
N MHTeNNeKTyanbHblX TexHonorui [2]. B Poccun Be-
OyTCS Hay4YHbIE NCCNeoBaHNs B TEMATUKE CO34aHNS
OTEYECTBEHHbIX CuUCTeM UMOPOBU3ALUM MOJIOHHO-
rO U MSICHOIO XXMBOTHOBOACTBA, MCMOJIb3YIOLLMX Ma-
LWMHHOE 3peHne [3].

MpropuUTETHBIMM HaMpPaBiEHUSIMN B COBPEMEH-
HOM Cenekuun N reHeTrke XMBOTHbIX CTaHOBATCSH
pa3paboTka U BHEAPEHUE CUCTEM MOHUTOPUHIa U
onTMMmn3aumm, a Takke CoOBepLLUEHCTBOBaHNE MEeTO-
[O0B ynpaB/ieHus, NiaHMpPoBaHUa 1 NPOrHO3MpoBa-
HUS B XVMBOTHOBOACTBE. B yCnoBuax COBPEMEHHbIX
TpeboBaHU K MACHOMY U MOJIOYHOMY >XXMBOTHO-
BOACTBY 0C060€e BHUMaHME yaenseTcs NoBblLUEHNIO
NPOAYKTUBHOCTM oTpacnu [4]. Ans yny4weHns npo-
Lecca CoAaepXaHus XWBOTHbIX COBPEMEHHOE XW-
BOTHOBOACTBO WCMONAb3yeT WHOOPMALUVOHHbIE W
KOMMYHUKALMOHHbIE TEXHONIOTNKN, HarnpasJfiEHHbIE
Ha MOHWUTOPWHI 1 ynpasfieHNe B peasibHOM BpeMe-
HU [5]. OQVH 13 KIKYEBbLIX aCNEeKTOB B AaHHOM KOH-
TEKCTEe — OUEHKA 9KCTEPbEPHbIX XapakTepucTuk
>KMBOTHBIX, MOCKOJIbKY OHU HanpsiMyl0 KOppennpy-
0T C X NPOAYKTUBHBIMU U PENPOAYKTUBHBIMU Kaye-
cTBamu [6].

CO60op faHHbIX, BKJIIOYASA NIMHENHbIE NapamMeTpbl 3K-
cTepbepa, TPaAMUMOHHO OCYLLECTBAAETCS MNOCpea-
CTBOM PY4HOrO M3MepeHWs napameTpoB TynoBuMLLA
XUBOTHbIX. OQHAKO 3TOT NPOLECC, BKIIOHAIOLWNIA NO-
cneayollyto 06paboTKy MOMYYEHHbIX AaHHbIX, aHa-
JNTUKY U NPOrHO3MPOBAHWE, XapakTepusyeTcs 3Ha-
YUTENBHOW TPYOOEMKOCTBIO U C/IOXHOCTbBIO, @ Takxke
NOABEPXEH BANSHMIO YenoBeyYeckoro gakrtopa [7, 8].

BOABLWIMHCTBO MIEMEHHBIX 1 MOJTIOYHBLIX HPEPM UC-
NONb3YIOT PYYHbIE METOAbI MOHUTOPUHIA COCTOSHUS
300P0BbS XMBOTHbIX, a uMdpoBM3aLna 3amensie-
Ha CNOXHOCTbIO CO3[4aHus anropuTMOB aBTOMAaTU-
4Yecko OECKOHTAKTHOW OLEHKM COCTOSIHUS 3[00pO-
BbSI XXMBOTHbIX. OgHOM N3 npobsieM NepeBoaa PyyHbIX
onepauuii C XXMBOTHbIMW K aBTOMaTUYECKNM ABASET-
CS TO, YTO OMbITHbIE CAEUVANNCTLI XOTb U MPUHUMAIOT
peLleHns ¢ pesynbratamMmm BbICOKOrO Ka4eCTBa, HO UX
HabNIOAEHNS CNOXHO MOAAAITCH KOMNYECTBEHHOM
oueHke [9-11].

Mcnonb30BaHME HOBbIX TEXHOIOMMIA MO3BOJINT CHU-
3UTb NHBECTULMOHHbBIE 3aTpaTthbl 1 YyHLWNTb Kak npo-
N3BOONTENBHOCTb, TakK U 340PO0BbE XUBOTHbLIX [12].

MprymeHeHne cucteMm BuUAeOHAbNIOAEHNS OaeT
Y4EHBIM U MHXEHepaM 3Ha4uTeSibHble BO3MOXHO-
CcTn ons cbopa 1 akkKyMynaumm AaHHbIX O XXMBOTHBIX,
BK/OHAS WX umAeHTUOUKaUMIO, MECTOMONIOXEHME,

"TOCT 380-2005 Ctanb yrnepoamncras 00blIkHOBEHHOIO Ka4yecTBa.

ornodunamonornyeckne 0CoBEHHOCTU, a TaKXe XPo-
HOJIOTMIO XKU3HEHHOT O LIMKNA.

Kpome Toro, Takme cuctemMbl NO3BONSAIOT OCYLLECT-
B/IATb KOHTPOJIb 32 AEATENIbHOCTLIO NepcoHana dep-
Mbl, OLEHMBATb NPOLECCHI NOTPEONeHNs Kopma Xu-
BOTHbIMU, AVHAMMKKY POCTa OOBLEMOB 1 MacCChl Tena,
OTCNeXmBaTb ABUraTesibHyl0 akTUBHOCTb W MOBE-
[EeHYecKne NaTTepHbl XMBOTHLIX. Ha Ux OCHOBE BO3-
MOXHO NpoBeaeHne OOHUTUPOBKW, ANArHOCTUKN 3a-
OoneBaHuiA, BETEPUHAPHBIX N MNPODUNAKTUYECKMX
Meponpuatuin [13].

NHTerpaums v aHanns aaHHbIXx 06ecneyrBaoT BO3-
MOXHOCTb YMNpPaBfeHUs XMBOTHOBOAYECKMMMU MPO-
LeccamMmm 3a CHET MOHUTOPUHIA B PEXMME peasibHOro
BPEMEHU TakMX NapamMeTpoB, Kak COCTOSIHME 340p0-
Bbsl, MOBEAEHYECKME PEeaKLMM, YPOBEHb NPOOYKTUB-
HOCTW, PENPOAYKTUBHbIE QYHKLMM 1 BO3AENCTBME HA
okpyxatoLyto cpeay [14].

BeckoHTakTHblE JaTuMkn MOryT paboTaTb Hemnpe-
pbIBHO 6€3 yyacTus onepaTtopa, 1 0ObI4HO CYMTaeT-
C$1, 4TO OHW CMNOCOOHbI C BbICOKOM TOYHOCThIO KON4e-
CTBEHHO OLIEHMBATb NOBEAEHNE XMBOTHOMO B paMKax
3apaHee onpenesieHHoro npouecca, KoTopbI cyLue-
CTBEHHO He MeHsieTcs [15]. Ho camm BeCKOHTaKTHbIE
[aTynkn — 3TO NN CPEACTBO ANK MONMYYEHUS U30-
OpaxeHus, a ong nposeneHuss uMdpPOBON BOHUTU-
POBKU HEOOXOANMbI 00YYEHHbIE HEMPOCETN.

K coxaneHuio, ¢pepmepckre v gpyrme KoMmepye-
CKMe opraHmMsauum peako nyenukyoT Takyto MHdopma-
LMIO B OTKPbLITOM gocTtyne [16]. B peanbHbIX yCIOBUSX
BaXKHbIE MOKa3aTen napamMeTpoB Tesa XMBOTHbIX Ya-
CTO HEOCTATOYHO U3MEPSIIOTCS, YTO OTPaXKaeTcs Ha
OpraHMsauun NpoLLecCoB pa3BeneHus, OTKopMa 1 B
LLeJIOM Ha ycrexe TO4YHOro XXMBOTHOBOACTBA.

Uenb muccnenoBaHus — NPOBEOEHNE HATYPHOro
ncnbiTaHNa pPaboTocnocobHOCTU cucTeMbl LMDPO-
BOrO MOHUTOPUMHIa 9KCTEPbEPA MOJTOYHbIX KOPOB.

Martepuansl n meToabl UCCNEA0BaHNS /

Materials and methods

MepBMYHbIE HATYPHbIE UCMbITAHUSA CUCTEMBI LNG-
pPOBOro MOHUTOPWUHIA 3KCTEPbEPA MOJIOYHBIX KOPOB
npoBoaunu B ceHTsbpe 2024 roga Ha AelicTeyoLLEN
MOJI04HO-TOBapHOI dpepme B MOCKOBCKOWM 061acTu.
Bce X1BOTHbIE B mccnegoBaHun npuHagnexann K
4YepHO-NecTpol nopoae 3ebysnaHoro Tuna [17].

OObBEKT UCCNeaoBaHUs — UCMbITATENbHbIA CTEHN,
cucTeMbl LMGPPOBOr0 MOHUTOPUHIa SKCTEPbEPA MO-
JI04HBbIX KOPOB. OH COCTOUT N3 HENOCPEACTBEHHO CU-
cTeMbl UMMPOBOro MOHUTOPUHIra (MPOXOoAHOW BOKC
cuctembl 1 8 BI0KOB KaMep), HAaKOMUTENS KOPOB U
orpaxgeHusi, KOTOpoe pPerynmpyet OBWXEHUE XU-
BOTHbIX B NPOX0AHOM 6OKC CUCTEMbI LMPPOBOro Mo-
HUTOpUHra. OBLWMA BNO, HAKOMUTENS, OrpaxaeHus
1 NPOXOOHOro 6okca CUCTeEMbI LMPPOBOro MOHUTO-
pVHra aKcTepbepa MO0YHbIX KOPOB NPeaCTaB/IEH HA
pucyHke 1.

MNMpoxogHo 6OKC cUCTEMbl LUMAPPOBOro MOHUTO-
puHra usrotosneH nd crtanu Ct3cn'. MNonHble nu-
HelHble pasmepbl npoxogHoro 6okca (4 x LW x B)
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Puc. 1. O6wwimii BUA UcnbITaTeNbHOro CTeHAA CUCTEMBI
uMPPOBOro MOHUTOPVHIA 3KCTEPLEPA MOMOYHBIX KOPOB Ha
depme: 1 — cTapo KOPOB B HAKONUTENE, 2 — OrpaxaeHune,

3 — HecKonb3aLWwMiA Mo CUCTEMbI LUPPOBOro MOHUTOPWUHTA,

4 — BOKOBbIE KAMEPbI CUCTEMBI LIMDPOBOr0 MOHUTOPUHIA, 5 —
BEPTUKANbHbIE KAMEPbLI CUCTEMBI LMPPOBOr0 MOHUTOPWHIA,

6 — NpPoxoiHOIN BOKC CUCTEMBI LIMDPOBOrO MOHUTOPUHIA

Fig. 1. General view of the digital monitoring system for cows’
exterior on a farm: 1 — a herd of cows in a storage facility,

2 — awooden fence, 3 — a weighing platform of the digital
monitoring system, 4 — side cameras of the digital monitoring
system, 5 — vertical cameras of the digital monitoring system,
6 — a passage box of the digital monitoring system

cocTtasnsoT 3060 x 2740 x 3171 MM, LUMPUHA NPOXO-
0a ons xXnBoTHbix — 850 mm. [Ans 6e3onacHoOro npo-
XOXAEHUS XMBOTHbIX MO NPOXOAHOro 60KCca NOKPbLIT
HECKONb3ALWNMN PE3MHOBLIMU MaTamMu.

Kaxabin 610K Kamep cuctembl LMPPOBOro Mo-
HUTOPWUHIra COCTOUT N3 ABYX YacTen — TPeXMepHOMn
BpemsnponeTHon kamepbl M5 3D TOF RGB (Rakinda,
Kntan) v undpoBon crTepeokamepbl U3 pPacnono-
XEeHHbIX Ha nnaTte AByX o6bekTnBoB 1/3-Inch CMOS
0OV4689 (OmniVision, Kutan).

LLlectb 650kOB kKamMep YycTaHaBnuBanuM COOKY
(No TpW € Kaxaom CTOPOHbI) Ha paccTosHun 700 Mm
OT CTEHKM NPOXoAHOro 6okca cucTtembl UMPPOBOro
MOHUTOPWHra 1 aBa 610ka kKamep — CBepXy Ha pac-
cTosiHMM 2000 MM OT Nona NPoxXoaHoOro 6okca cucTe-
Mbl UMPPOBOro MOHUTOPUHTA.

B nccneposaHuu oueHmBan paboTtocnocobHOCTb
cucTeMbl LMGPPOBOrO0 MOHUTOPUHIA K MPOXOXAEHMIO
MOJIOYHBIX KOPOB. PaboTa cuctembl UMdpPOBOro Mo-
HUTOPUHIa 3KCTepbepa MOJIOYHbIX KOPOB 3akiioya-
eTCs B NOCNef0BaTeNbHOM MNPOXOXAEHN XNBOTHbIX
N3 HaKonuUTenNs B NPOXOAHOM 6OKC CUCTEMBI, rae Ka-
MepaMn OenaloTcs TPEXMEPHbIE N300PAXKEHUS XN-
BOTHbIX, MO3BOJIAIOLLME OLEHUTb PACCTOSTHNE MEXAY
KNIOYEBLIMW TOYKaMK Tena KopoB. B cymme cuctema
n3 8 6710KOB Kamep NMO3BOASET OAHOMOMEHTHO fe-
NaTb CHMMKM XMBOTHOIO CO BCEX CTOPOH, obecneym-
Basa namepeHne 18 OCHOBHbIX MPOMEPOB TENA KOPO-
Bbl U pacyeT 12 MHAEKCOB TENOCIOXEHUS.

MpoBoaMnM NEPBUYHYKD OUEHKY MNOrpeLHo-
CTU CUCTEMBbI, @ TakKXe YCTOMWYMBOCTU BCEWN KOH-
CTPYKUMW MpU  NPOXOXAEHUU KOPOB. OueHKy

AGROENGINEERING AND FOOD TECHNOLOGIES I

NOrpeLIHOCTN N3MEPEHUIA NPOBOAMIN COMOCTaB-
NIEHNEM YUCIIOBbIX 3HAYEHUN, MONYYEHHbLIX CUCTE-
MOW UMDPOBOro MOHUTOPUHra C pes3ynbraTamu,
NCNOJIb3yEMbIMU B Ka4eCTBe pedEepeHTHbIX, M3Me-
PEHHbIX BETEPUHAPOM.

MoaroToBKy MHCTPYMEHTOB U U3MEPEHME BETE-
PUHAPOM JIMHEVHbLIX NapPaMeTPOB XMBOTHbLIX NMPOBO-
Ounn B COOTBETCTBUM C Npuka3oM MunHcenbxosa PP
ot 28 okTa6psa 2010 roga Ne 379 «O6 yTBEpXaAeHUN
Mopsaka 1 ycnosuin NpoBeaeHNst GOHUTUPOBKU Me-
MEHHOr0 KPYNHOro poratoro CKota MOJIo4HOrO 1 MO-
JIOYHO-MSICHOIO  HanpaBfeHU MNPOAYKTUBHOCTU».
YCTOMHYMBOCTb KOHCTPYKLIMN OLLEHNBAIN MO BO3SMOX-
HOCTM OJIOKOB KamMep Aenatb CHUMKU MPOXOASLNX
XNBOTHbIX 6€3 NCKAXEHWS KaAPOB.

MapameTpbl YCTAHOBKM WCMOJIb3YEMOr0 Mpo-
rpaMMHOro obecrneyvyeHus ans TPEXMEPHbIX BPeEMS-
NPONETHBIX KaMep 1 LMPPOBLIX CTepeokamep, a Tak-
Xe pesynbratbl 1a60pPaTOPHbIX UCMLITAHWUA OblIn
onybnvKoBaHbl B npeablayLimx padoTtax [18].

PesynbraTtbl U 06CcyXxaeHue /

Results and discussion

Ha pucyHke 2 npencraBneHbl CHUMKMW, NOJy4€EH-
Hble ABYMSl 650KaMu Kamep, YCTaHOBJIEHHbIX CBep-
Xy. Bce TpexmepHble n3obpaxeHns C TPEXMEPHbIX
BPEMSNPOSIETHLIX KaMep Aybnnposanu u@poBbLIMU
nM3006paxeHNsIMN CO CTepeoKkamMep.

B pesynbrate onpepenunu, 4to 650KkaMm Kamep,
pacnosioXeHHbIX CBEPXY, YAAETCSH 3axBaTbiBaTb U30-
OpaxeHne XUBOTHbIX, ABUTAIOLLMXCA B MPOXOOHOM
6okce cmcTeMbl LMGPOBOro MOHUTOPUHra 6e3 ocTa-
HOBKW. BbiSiBNeHHbIE NPO6EMbI NPU CbEMKE CBEPXY:
B HEKOTOPbIX CJly4asix CbeMKM BTOPbLIM O/I0KOM Kamep
rojioBa XMBOTHOIMO HaxXOOUTCS Ha rpaHuvue kaapa,

Puc. 2. LUndposble 1 TpexMepHble n3006paxeHns, Nonyyaemble
6nokaMm kamep, yCTaHOBNEHHBIX cBepxy: 1, 3 — umdpoBbie
n306paxeHuns Co cTepeokamep; 2, 4 — TPEXMEPHbIE
1306paxeHns C BPEMSANPONIETHLIX TPEXMEPHBIX KaMep

Fig. 2. Digital and 3D images obtained by camera units
mounted on top: 1, 3 — digital images from stereo cameras;
2, 4 — three-dimensional images from time-of-flight three-

dimensional cameras
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4YTO MOXET MOMeLLaTb MNOJly4UTb NPOMEPLI FOJOBHI,
npu 3ToM, KOMOUHUPYS Kaapbl C ABYX BJIOKOB, MOX-
HO MOJIy4nTb NOJIHOE U306paxeHne XNBOTHOIO C UC-
KOMOro pakypca. NorpeLlHocTb paspeLueHms cobu-
paemMon 13 CHUMKOB KapTbl PACCTOSIHUI COCTaBuaa
=10 mm.

Ha pucyHke 3 npencraBneHbl CHUMKMW, MOJYy-
YeHHble LWeCTbio 610KaMn KaMep, YCTaHOBIIEHHbIX
cOoky.

B pe3ynbTtate 6bI510 YCTAHOBNEHO, Y4TO BoKkam Ka-
MEep, PacnofioXeHHbIX COOKY, YAaeTCa 3axBaTbiBaTb
N300paxeHne XMBOTHbIX, ABUrAIOLLMXCA B MPOX0O.4-
HOM GOKCe cUCTEMbI LMMPOBOro MOHUTOPUHra 6e3
OCTaHOBKW. HepocTtatkom pa3paboTaHHOW CXeMbl
pacnonoXeHns KamMmep, YCTaHOBNEHHbIX COOKY, ABNS-
€TCS BbISIBIIEHHOE YaCTUYHOE NEPEKPbITUE Ny4Yel Npn
OOHOBpPEMEHHOW paboTe kamep. B Oyayuiem BO3-
MOXHa pa3paboTka anropmMTMa nocneaoBaTesisHOro
BKJIIOYEHUSI CKaHMPOBaHUS, 4TOObl n3bexaTb nepe-
KpbITUa (MHpOpMauuio Heobxoammo GyaeT npose-
pUTb 1 NOATBEPONTD).

Lns ynydlieHns To4HOCTM ByaeT peann3oBaHa 00-
paboTka n3o06paxkeHns o HUBENMPOBaHUS addek-
Ta «pblObero rnasa» B UM@PPOBbIX U30O6PaKEHNAX CO
cTepeokamep. MNorpeLlHoCcTb paspeLleHns cobupae-
MOW U3 CHMMKOB KapTbl PACCTOSIHUIA, Kak Obl10 onpe-
[eneHO B CPaBHEHUUN C PYYHbIMU U3MEPEHUSIMU, CO-
ctaBmna £10 mm.

Ona nonHoil oueHkn Heobxoaumo cobupaTb
6onblWKNN 006beM AaHHbIX HAa 3HAYMMOI BPEMEH-
HOW ANCTaHUMN, OAHAKO faXxe NepBUYHbI pe3ysib-
TaT pocrtatoyeH and mamepeHmss 8 n3 18 ocHoB-
HbIX NPOMepPOB. HekoTopbie 6OKOBLIE BNOKN KaMep
OblNIM YCTAHOBJIEHBI CINLLKOM BbICOKO, 4YTO MPUBO-
OVNO K yXYALWEHUIO TOYHOCTU U3MEPEHUS NPOMe-

POB HOT.
BbisiBneHHble Npo6nemMbl Mpu Cbemke CcOOoKy,
NPOLEMOHCTPUPOBAHHbIE Ha PUCYHKe 4, — 6nu-

KylolLLlee CTeksi0, YTO Nerk0 UCNpaBuTb, 3aMEHUB
MOJIHOCThLIO 3akpbiBalOLEe CTEKNO0 (pParMeHTHbI-
MW penkamMmu U U3MEHUB UX PACMONIOXEHNE, a TaK-
X€e MCKPUBNEHME Kaapa (McnpaBnsieTcs nporpam-
MHbIMN METOAAMMU).

Onga cHuxeHns norpewHocTn Bcex BNOKOB Ka-
Mep pekomMeHayeTcs o6ecnedynTb HAAEXHYI0 PUK-
cauuto nnatdpopmbl K nony. Habniopaemoe He-
3HAYUTENIbHOE CMELLeHnEe CTeHAa MNpu MPOXoae
XMBOTHbIX yKa3blBaeT Ha HEOOXOOMMOCTb ycune-
HUS KOHCTPYKUMU. ONTUMaNbHLIM PELUEHVNEM SB-
ngeTca XecTkoe 3akpenneHune nnatdopmel B He-
TOHHbIA MO, 4YTO MUHUMU3UPYET BUbOpauun W
NOBbLICUT CTABUNBHOCTb CUCTEMbBI LLUDPOBOro MO-
HUTOPUHra.

Mo pe3ynbTatamM NepPBUYHBIX HATYPHbIX UCMbITA-
HUIA OblnM CHPOPMUPOBAHBI OXUAAEMbIE BPEMEH-
Hble AMana3oHbl PpaboTbl CUCTEMBI LMDPOBOro MO-
HUTOPUHra AN MOJIOYHbIX PEepM C ABYKPATHLIM
poenHuvem: ¢ 5:00 go 7:00 yacos (MOCTENEHHbIN Bbl-
BOA, XMBOTHbIX C yTpeHHen pownkm) u ¢ 16:00 oo
18:00 yacoB (>KMBOTHbIE C NAcTOMLLA BO3BpALLAIOT-
CS1 B KOPOBHUK).

Puc. 3. LlndpoBsbie 1 TpexmepHbie M300paxeHus,
nonyyaemble 6110kamu Kamep, YCTaHOB/EHHbIX COOKY:

1, 3, 5 — undpoBble N306paxeHns co cTepeokamep;

2,4, 6 — TpexmepHble N306paxeHnsi C BPEMSINPONETHBIX
TPEXMEPHbIX KaMep

Fig. 3. Digital and 3D images obtained by camera units
mounted on the side: 1, 3, 5 — digital images from stereo
cameras; 2, 4, 6 — three-dimensional images from time-of-

flight three-dimensional cameras

Puc. 4. [leMOHCTpauus He4OCTATKOB CMMOLWHBLIX MPO3PAYHbIX
CTEHOK NPOX0oAHOro 6okca cucTeMbl LGPOBOro MOHUTOPUHIa

Fig. 4. Demonstration of the disadvantages of solid transparent
walls of the pass-through box of the digital monitoring system

BoiBogpbi/Conclusions

B pesynbrate npoBeOeHUs MEPBUYHbBIX HATYPHbIX
WCMbITAHNN CUCTEMBbI LMDPOBOro MOHUTOPMHIA 3K-
CTepbepa MOJIOYHbIX KOPOB A0Ka3an BO3MOXHOCTb
peann3auuu NPOXOAHOro MeToAa OLLEHKM 3KCTepbe-
pa HENPEepPbIBHOMO NOTOKA XXMBOTHbIX.

BbInonHAOTCS BCE KpUTEPUN, ONpeaeneHHble npu
NoAroToBKE UCMbITaHWA: 6ECNPenaTCTBEHHbIN NPO-
X0, KOPOB N3 HAKOMUTENS B NPOXOAHOM BOKC cucTe-
Mbl LUMPPOBOr0 MOHUTOPUHIra peann3yem; XMBOT-
Hbl€ CMOKOMHO AW B MPOXOAHOM OOKCE CUCTEMBbI
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UMPPOBOro MOHUTOPUHIa, HE [OEMOHCTPUPOBaNU
NPU3HaKU YPE3MEPHOro CTPecca; NpoBefeHa nep-
BUYHAA OLEHKA MOrPEeLIHOCTN COCTaBNASIEMbIX TPEX-
MEPHbIX KapT MOBEPXHOCTM TeNa MOJIOYHbLIX KOPOB B
=10 MM.

Bce aBTOpbLI HECYT OTBETCTBEHHOCTL 32 PabOTy ¥ NPeACTaB/EHHbIE
[laHHble. Bce aBTOpLI BHECHM paBHbIi Bknag, B pabory.

ABTOPbI B paBHO CTENEHW NPUHUMANM y4acTue B HanncaHum
PYKOMMCU 1 HECYT PaBHYIO OTBETCTBEHHOCTb 3a Nnaruar.

ABTOPLI 00BABUAN 06 OTCYTCTBUMN KOHOANKTA UHTEPECOB.
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Bbinn cobpaHbl napameTpbl 06paTHOl cBa3n. Bee
BbISIBJIEHHbIE HEAOCTATKM MOTYT ObITb MCMPaBNEHbI, U
B Jla/IbHENLIEM 3TO NO3BOJINT PEAIN30BATL YXe Nos-
HOMYHKLMOHaNbHbLIN 00paseL, cucTeMbl LIMGPOBOro
MOHUTOPUHIra 3KCTEPbePa MOJIOYHBIX KOPOB.

All authors bear responsibility for the work and presented data.

All authors made an equal contribution to the work.

The authors were equally involved in writing the manuscript and bear
the equal responsibility for plagiarism.

The authors declare no conflict of interest.

FUNDING

The study was supported by a grant from the Russian Science
Foundation No. 23-76-10041.
https://rscf.ru/en/project/23-76-10041/

REFERENCES

1. Lobachevsky Ya.P., Dorokhov A.S. Digital technologies
and robotic devices in the agriculture. Agricultural Machinery
and Technologies. 2021; 15(4): 6-10 (in Russian).
https://doi.org/10.22314/2073-7599-2021-15-4-6-10

2. Tsench Yu.S. Scientific and Technological Potential as the Main
Factor for Agricultural Mechanization Development. Agricultural
Machinery and Technologies. 2022; 16(2): 4-13 (in Russian).
https://doi.org/10.22314/2073-7599-2022-16-2-4-13

3. Yurochka S.S., Khakimov A.R., Pavkin D.Yu., Bazaev S.0.,
Komkov |.V. Review of researches and technologies applicable to
digitalization of the process of assessing the exterior of meat and
dairy animals. Agrarian science. 2024; (4): 114-122 (in Russian).
https://doi.org/10.32634/0869-8155-2024-381-4-114-122

4. Alem H. The Role of Technical Efficiency Achieving
Sustainable Development: A Dynamic Analysis of Norwegian
Dairy Farms. Sustainability. 2021; 13(4): 1841.
https://doi.org/10.3390/su13041841

5. Halachmi I., Guarino M. Editorial: Precision livestock
farming: a ‘per animal’ approach using advanced monitoring
technologies. Animal. 2016; 10(9): 1482-1483.
https://doi.org/10.1017/S1751731116001142

6. Batanov S.D., Baranova |.A., Starostina O.S. Prediction model
for milk production of cows by their exterior features. Vestnik
Bashkir State Agrarian University. 2019; (1): 55-62 (in Russian).
https://doi.org/10.31563/1684-7628-2019-49-1-55-62

7. Kharchenko A.V., Feyzullaev FR., Lepekhina T.V.

The exterior features of the Kazakh white-headed cattle.
Innovation science. 2022; (6-1): 62-64 (in Russian).
https://elibrary.ru/hchsjb

8. Chindaliev A.E., Kalimoldinova A.S., Alipov A.U., Baimukanov A.D.
The use of linear evaluation of body conformation of cows.

Head of animal breeding. 2019; (8): 32-38 (in Russian).
https://elibrary.ru/hycfxa

9. Wilkins J.F., McKiernan W.A., Walmsley B.J., McPhee M.J.
Automated data capture using laser technology to enhance
live cattle assessment and description. Australian Farm
Business Management Journal. 2015; 12: 70-77.
https://doi.org/10.22004/ag.econ.284945

10. Hansen M.F,, Smith M.L., Smith L.N., Jabbar K.A.,

Forbes D. Automated monitoring of dairy cow body condition,
mobility and weight using a single 3D video capture

device. Computers in Industry. 2018; 98: 14-22.
https://doi.org/10.1016/j.compind.2018.02.011

11. O’Leary N, Leso L., Buckley F,, Kenneally J., McSweeney D.,
Shalloo L. Validation of an Automated Body Condition Scoring
System Using 3D Imaging. Agriculture. 2020; 10(6): 246.
https://doi.org/10.3390/agriculture 10060246

12. Banhazi T.M. et al. Precision Livestock Farming: An international
review of scientific and commercial aspects. International Journal
of Agricultural and Biological Engineering. 2012; 5(3): 1-9.
https://doi.org/10.3965/].ijabe.20120503.001

13. Bashilov A.M., Korolev V.A. Video-digital system-
metric management of agrotechnological processes. Don
agrarian science bulletin. 2019; (4): 68-75 (in Russian).
https://elibrary.ru/vsyvcn

157




158

14. Buller H., Blokhuis H., Lokhorst K., Silberberg M.,
Veissier |. Animal Welfare Management in a Digital
World. Animals. 2020; 10(10): 1779.
https://doi.org/10.3390/ani10101779

15. Xue T, QiaoY,, Kong H., SuD., Pan S., Rafique K. One-Shot
Learning-Based Animal Video Segmentation. IEEE Transactions
on Industrial Informatics. 2022; 18(6): 3799-3807.
https://doi.org/10.1109/Tl1.2021.3117020

16. Jones J.W. et al. Toward a new generation of agricultural system
data, models, and knowledge products: State of agricultural
systems science. Agricultural Systems. 2017; 155: 269-288.
https://doi.org/10.1016/j.agsy.2016.09.021

17. Ynennwek B.M., 3aBropogHuii C.B., MaxHosa E.H., CeHaTop C.A.
McTopms NpovcXoXAeHVs 1 NePCNEKTUBLI PACTPOCTPAHEHNS

386yBI/I,D,HOF0 TUMNA YePHO-NECTPON NOPOALI KPYMHOro poraTtoro ckota

(0630p). JocTuxeHnusi Hayku n TexHnkun AK. 2020; 34(12): 66-72.
https://elibrary.ru/cerfph

18. lOpouka C.C., MaskuH [.10., Xakumos A.P., Bepatorun M1.C.,
Ba3zaes C.0. OueHka ctepeokamep st umbpoBoro
MOHUTOPUHIa 3KCTepbepa KOPOB. CeslbCKOX03MCTBEHHbIE
maLumHbl v TexHonornm. 2024; 18(4): 34-40.
https://doi.org/10.22314/2073-7599-2024-18-4-34-40

OB ABTOPAX

Cepreii Cepreeeuy lOpouka

KaHAWAAT TEXHUYECKMX HayK, CTApLUMIA HAyYHBbI COTPYAHUK
yssvim@yandex.ru
https://orcid.org/0000-0002-2511-7526

AmuTtpuii lOpbeeny MaBkuH

KaHAMAAT TEXHUYECKMX HAYK, CTAPLLMIA HAyYHbIA COTPYAHMK
dimgaga®@mail.ru

https://orcid.org/0000-0001-8769-8365

ApTém PyctamoBu4 Xakumos
MaALLNIA HAYYHBIN COTPYLHUK
arty.hv@gmail.com
https://orcid.org/0000-0002-4332-9274

Masen Cepreesuy Bepatorux
MAaALLINIA HAYYHBIA COTPYLHUK
BPS71188@yandex.ru
https://orcid.org/0009-0005-8217-9482

depnop EsreHbesny Bnagummnpos
Hay4HbIi COTPYLHUK
fvladimirov21@gmail.com
https://orcid.org/0000-0003-2480-5754

DenepanbHblii HaY4HBbI arponHXEHEPHBbIN LeHTp BUM,
1-n UHcTuTyTCKMiA Npoesa, 5, Mockea, 109428, Poccus

14. Buller H., Blokhuis H., Lokhorst K., Silberberg M.,
Veissier . Animal Welfare Management in a Digital
World. Animals. 2020; 10(10): 1779.
https://doi.org/10.3390/ani10101779

15. Xue T, QiaoY,, Kong H., SuD., Pan S., Rafique K. One-Shot
Learning-Based Animal Video Segmentation. IEEE Transactions
on Industrial Informatics. 2022; 18(6): 3799-3807.
https://doi.org/10.1109/T11.2021.3117020

16. Jones J.W. et al. Toward a new generation of agricultural system
data, models, and knowledge products: State of agricultural
systems science. Agricultural Systems. 2017; 155: 269-288.
https://doi.org/10.1016/j.agsy.2016.09.021

17. Upelniek V.P., Zavgorodny S.V., Makhnova E.N., Senator S.A.
The history of the origin and prospects for the spread of the zebu-
type Black-and-White cattle (review). Achievements of science and
technology in agribusiness. 2020; 34(12): 66-72 (in Russian).
https://elibrary.ru/cerfph

18. Yurochka S.S., Pavkin D.Yu., Khakimov A.R., Berdyugin P.S.,
Bazaev S.0. Assessing Stereo Camera Applicability for

Digital Monitoring of Cattle Exterior. Agricultural Machinery

and Technologies. 2024; 18(4): 34-40 (in Russian).
https://doi.org/10.22314/2073-7599-2024-18-4-34-40

ABOUT THE AUTHORS

Sergey Sergeevich Yurochka

Candidate of Engineering Sciences, Senior Researcher
yssvim@yandex.ru
https://orcid.org/0000-0002-2511-7526

Dmitry Yurevich Pavkin

Candidate of Engineering Sciences, Senior Researcher
dimgaga@mail.ru
https://orcid.org/0000-0001-8769-8365

Artyom Rustamovich Khakimov
Junior Researcher

arty.hv@gmail.com
https://orcid.org/0000-0002-4332-9274

Pavel Sergeevich Berdyugin

Junior Researcher Assistant
BPS71188@yandex.ru
https://orcid.org/0009-0005-8217-9482

Fyodor Evgenievich Vladimirov
Researcher Associate
fvladimirov21@gmail.com
https://orcid.org/0000-0003-2480-5754

Federal Scientific Agroengineering Center VIM,
5 1stInstitutsky Passage, Moscow, 109428, Russia

ISSN 0869-8155 (print) | ISSN 2686-701X (online) | ArpapHas Hayka | Agrarian science | 393 (04) = 2025



	_Hlk193732928
	_GoBack
	_Hlk108546645
	_Hlk108544367
	_Hlk108544413
	_Hlk189331673
	_GoBack
	_Hlk190346886
	_GoBack
	_Hlk191190802
	_Hlk113812342
	_Hlk181558806
	_Hlk182943914
	_Hlk181553408
	_Hlk183027125
	_Hlk183294521
	_Hlk184332352
	_Hlk184332383
	_Hlk184333364
	_Hlk184333907
	_Hlk184335922
	_Hlk184334707
	_Hlk184335364
	_Hlk184335739
	_Hlk182853380
	_Hlk176757512
	_GoBack
	_Hlk133390800
	_Hlk190244138
	_Hlk187533275
	_Hlk187533344
	_GoBack
	_Hlk187535778
	_Hlk187535995
	_Hlk187536052
	_Hlk187536152
	_GoBack
	_Hlk108546645
	_Hlk108544413
	_Hlk108544367
	lit
	_Hlk192150542
	_GoBack
	_Hlk189947457
	_Hlk189141584

