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PA3PABOTKA MYJIbTUCIMNEKTPAJ/IbHOIO MOAY JTA OCBELLLEHNA
ONA BbIABNEHNA MPU3HAKOB 3APAXKEHUNA PACTEHUIA

DEVELOPMENT OF A MULTISPECTRAL LIGHTING MODULE
FOR DETECTION OF PLANT’S INFECTION SYMPTOMS

ABTOpamMu paspaboTaH W MCMbITaH MyNbTUCNEKTPaTbHbIA MOAynb ocBelleHns MS0119, KoTopblii
Mo3BONSET MCCNeAoBaTb pacTeHUs B YCnOBMAX in vitro (B Mpobupke) B pasnnuHbix cnekTpax. [aHHblli Mogy/b
no3BonseT MNOMy4aTb KavyeCTBEHHble (DOTOCHAMKM, Ha KOTOPbIX MNPOWU3BOAMTCA MOWUCK 3apa>keHuil, um B
JanbHelillem co3faeTca MOfeNb uccnesyemMoro obpasua. ABTOpbI N3yyaloT CyLIECTBYHOLLME CUCTEMbI OCBELLEHUS,
OMMCbIBAKT WX MAKOChI U MUHYCbI M NpefnaraloT B KaueCcTBe albTepHaTWUBHOrO BapnaHTa OCBELLEHNs pacTeHu B
npo6upke paspaboTaHHbI MyNbTUCNEKTPaIbHbIA MOLY/b.

KntoueBble COBa: MOHUTOPWHT, YNPaBAeHWe OCBELLEHNEM, KOMMbIOTEPHOE 3peHune, MybTHUCNeKT pasibHbIN
UYBCTBUTE/NbHbIA 3NEMEHT .

In the given article authors developed and tested the MS0119 multispectral illumination module, which
makes it possible to study plants in vitro in various spectra. This module allows you to get high-quality photographs.
The images are used to search for infections and then to create a model of the test sample. The authors study the
existing lighting systems, describe their pros and cons, and offer a multispectral module as an alternative option for
lighting plants in vitro.

Keywords: monitoring, lighting control, computer vision, multispectral sensor.

B HacTofillee BpeMs MepUCTEMHbIE KYNbTYpbl, MUKPOKIOH/IbHOE pPa3MHOXeHUe
pacTeHWin - 3TO COBPEMEHHbI NepPCrneKTUBHBIA BereTaTMBHBbIA CNoco6 PasMHOXEHUS pacTeHWiA
1 NoMyYeHUs 60/bLLION0 YMcna MUKPOKIOHOB, NO3BONAOLLErO peLlnTb Npobiemy cO6CTBEHHOMO
03[J0POB/IEHHOr0 MOCAZ0MHOI0 MaTepuasna Kak A1 pervMoHa, Tak W 3a ero npegenamu.
CoBpeMeHHble 6UOTEXHOIOTNYECKMEe METObl, Ky/nbTypa K/ETOK W TKaHeid CyLLeCTBEHHO
YCKOPSAKOT CeNEKUMOHHDbIA MPOLECC M NOMOratoT MONYUYUTb FEHETUYECKM LEHHbIA WUCXOAHBIN
maTepvan Ans fafbHeNLero pasMmHOXeHNs NyTeM KIOHUPOBaHWS.

BbipalLyBaHme Takmx pacTeHUiA MPOUCXOAUT B YCNOBUAX in Vitro (B npobupke). OgHako
[/18 YCKOPEHHOrO Pa3sMHOXEHUA W MONYyYeHUs KayeCTBEHHOrO MOCaf04YHOro Martepuana
Heob6X04MMO OCYLLEeCTBNATL NOABOP cocTaBa NUTATENbHbIX CPEef Ha KaXAon cTaguv pasBuTUA
pacTeHUn WHAVBUAYANbHO A1 KaXKAOW Ky/nbTypbl. Bce 310 TpebyeT TOYHOW perucrpauuu
MOP(HOMETPUYECKNX MOKa3aTeNleil NpMpocTa OTAeNbHbIX YacTeid, OPraHoB U LiefibIX PacTEHWIA,
Ky/IbTUBMPYEMbIX Ha Pa3HbIX MUTATE/bHbIX Cpefax.

ABTOpbI CTaTby pa3paboTaivi NpPorpamMMHo-annapaTHbIA KOMIJIEKC A1a coopa 1 aHanmsa
nokasaTesiel 1 CTaguii pa3BUTUSA pacTeHWUIA B YCMOBUSX iNn Vitro. JaHHbIA KOMNIEKC NO3BONSET
136exarb OLUIMOOK MaHyaslbHOro U3MEPEeHNSs, 3HA4YMTE/IbHO YCKOPSET NPOLLECC N3MEPEHWIA,
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»BpLUECHTH rppMTeadeTee

MO3BO/NSIET COXPaHWUTb MUKPOKIMMAT B MPOOMPKe, NMOMOraeT LeTeKTMpOBaTb W JIOKaIM30BaThb
VHOPOLHble BKparnjeHus 1 3apaxeHus Yy pacTeHuin. Pa3paboTka annapaTtHOro KOMI/eKca,
mMaTeMaTUYecKuid MpoLecc Co3haHWs MOLEeNM W pacyeT MOP(OMETPUYECKUX MPU3HAKOB
paccMaTpusaetcs B [1].

[JeTekums 3apaXkeHUiAi 1 NOCTPOEHVE MOLENN MUCCNeayemMoro obpaslia npousBoAMTCA Ha
OCHOBe (POTOCHMMKOB. /1 MOMy4YeHUs Hambonee KauyeCTBEHHbIX Pe3y/bTaToB HeobX04MMO
nozfobparb npasusibHble NMapaMeTpbl OCBELLEeHMS. bbinv U3yYyeHbl NOAX0Ab!, ONUcaHHble B [2-4].
OfiHaKo B laHHbIX CTaTbAX PaCCMaTPMBAOTCA 0OBEKTLI, KOTOPbIE HE HAXOAATCA B YCMIOBUSAX in Vitro.

Tak Kak uccnefyemble 06pasLibl HAXOAATCA B MPOOMPKe 3a CTEK/IOM, TO CTEK/IO0 MOXEeT
BHOCWUTb pa3/IMyHble OMTUYECKNE WCKaXeHus. [ns uxX MUHUMMU3aUMW OblIn KUCCefoBaHbI
Cleflytoline BapuaHTbl MOCTPOEHWUA CUCTEMbl OCBELLEHWA: NPAMOe U OGOKOBOE TOYeYHOoe
OCBellleHe, OOKOBOE paccesHHOe OCBeLleHWe, BepTUKalbHOe TOYeYHOe OCBELLEHUe,
BEPTMKA/IbHOE PACCeHHOE OCBeLLeHMe, KOHTPaXYPHbIA CBET, MPAMOEe Na3epHOe W3Ny4yeHue,
0bpaTHOe nasepHOe W3/yyeHWe, OCBeLLeHMEe 00bLeKTa NPU MOMOLLM MYNbTUCNEKTPASIbHOIO
MCTOYHMKA OCBeLLeHns (14 KaHanoB).

MpsiMoe 1 6OKOBOE TOYEYHOE OCBELLEHME [aeT XOPOLUMIA pe3ynibTaT Mpu CbEMKE, HO
TpebyeT TulaTenbHOro nogbopa yr/ioB YCTaHOBKM UCTOYHWKOB W3/TyYEHWUA U PETYSIMPOBKN NX
WHTEHCMBHOCTWU. 3TO CBA3AHO C peLUeHWeM npo6fiemMbl MUHUMU3ALMU 6/IMKOB OT CTEHOK
NMpo6upKK ¢ nccnegyembiM 06pasLoM pacteHns (puc. 1a).

BokoBoe paccesiHHOe ocBelleHVe. [laeT Xxopolume pesynbTarbl, HebOsbLIoe YWCIIOo
6/11MKOB, XOPOLLIO NPOCMAaTPUBAETCA pacTeHMe KakK B XXUAKONM cpefe, Tak 1 B Bo3ayxe (puc. 16).

BepTukanbHoe TOYeyHOe oOcBelleHMe. He faeT [0OCTATOYHON MHGopMauMn npw
BEPTUKa/IbHOM PACMO/IOXEHNUN NINCTLEB APYT NOA ApYrom (O4HW NICTbA 3aKpbIBalOT ApYrue).
[aeT MHOXecTBO 6/IMKOB B 06/1aCTW OCHOBaHMsA NPo6upku (puc. 1B).

BepTukasibHOe paccesiHHOe ocBelleHune. [laeT MWHUMaIbHOE 4YMCNo G/IMKOB 3a CYET
Masioro repenajga ypPOBHeW APKOCTM WUCTOYHWKA W3/YYEHUS U OTPaXKatoLLMX MOBEPXHOCTEMN.
PacnpefeneHne ocBeLLaeMolr NOBEPXHOCTM MO BCeW MOBEPXHOCTM 06beMa He JaeT 6/IMKOB Ha
CTeKne MNPOOMPKM W OLHOBPEMEHHO (QOPMUPYET MUHUMYM TeHeld OT JIMCTbeB MNPU KX
BEPTUK&/IbHOM  PAcrofiOXXeHUN OAWH NOA  APYrMM. YPOBEHb OCBELLEeHUS MOXEeT OblTb
[,0CTaTOYHO BONLLUUM A15 MOSTYHEHUS APKUX CHUMKOB (puc. 1r).

PucyHOK 1 - Mpumepbl 0CBELLEHUSA: a) MPAMOe TOYeUHOe; 6) BOKOBOEe pacCesiHHOE;
B) BEPTMKa/IbHOE TOYEYHOE; ') BEPTUKa/IbHOE pacCesiHHOe

KOHTpaXKypHbIli cBeT. [laeT XopoLume pe3y/bTaTbl M0 ONpeae/ieHN0 KOHTYPOB OpraHoB
pacTeHuiA, Nofo6eH nasepHOMyY BapnaHTy NOACBETKM (puc. 2a).
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MpsiMoe nasepHoe n3nyyeHue (BEPTUKaIbHOE U FOPU3OHTA/ILHOE PACnofoXeHWe yya).
[laeT MHOXeCTBO G/IMKOB 3a CYET BbICOKOW pasHuLbl APKOCTU MeXAy W3/lyvyaeMbiM CBETOM U
OTpaXaeMOi MOBEPXHOCTbKO BOKPYr M 3a CYeT AeekToB cTekna (puc. 26). Kpome ToOro,
obpasyeTcs 6O0MbLIOE KOMMYECTBO 6/IMKOB MNPU  HaIMYMKM  KOHAEHCaTa Ha BHYTPEHHEN
MOBEPXHOCTU MPOBGUPOK. [Mpy 06paTHOM /la3epHOM TOPU3OHTA/ILHOM  W3/lyYeHUn W npu
BEPTUKa/IbHOM MOJIOXKEHWUM lyda 00BEKTHI Ha M300paXKeHN TPYLHOPa3INYUMbI (PUCYHOK 2B, T).

PUCYHOK 2 - IpuMepbl OCBELLEHNSA: 8) KOHTPaXXypHOe; 6) NpsAMOoe fla3epHoe ropn3oHTa/IbHOE U3/yYeHue;
B) 00paTHOE NasepHOe ropu3oHTa/IbHOE U3/TyYEeHNE; T) BEPTUKa/IbHOE 06paTHOe Na3epHOe M3nyyeHue

Ond MUHUMM3AUMM KOMMYeCTBa WCTOYHMKOB OCBELLEHMA M MaKCUMMM3auMM KayecTsa
nosly4yaeMbIX CHMMKOB Obl/1 pa3paboTaH My/NbTUCMEKTPa/IbHbIA MOAYNb ocBelleHns MS0119
(pvc. 3a), CNPOEKTMPOBaHHbLIM AN NpuMemMa KoMmaHg no pasnnyHbiM uHTepgeiicam (USART,
USB, SPI, 12C) 1 ocBelleHNs CBETOM C pa3/IMYHONM AJIMHHOWA BO/HbI 06bEKTA UCCNeA0BaHNS,
HaxogsLlerocs nepef 06beKTVBOM BULEOKaMepbl.

PrcyHOK 3 - BHeLUHWUIA B My/IbTUCNEKTPa/IbHOr0 Moayns MSOn9:
a) nueBas CTopoHa; 6) obpaTHas CTOPOHa; B) MPOTOTUM MOAYNA

Mogynb No3BONAET 0CBeLLaTh 06BLEKT UCCef0BaHMSA C HE0OX0AMMbBIMW JUHAMUYECKUMU
nokasarensaMn (CUHXPOHW3aLMsA BbINOSHAETCA C TOYHOCTbIO HE Xyxe 1 MC) C 3afaHHOM
WHTEHCMBHOCTbIO M B Pa3/IMYHOM COYETAHUN UCTOUYHWKOB OCBeLLeHUs. Mopaynb npefHasHayeH
4718 (hOPMUPOBAHNA 14 OTAE/bHbIX KaHa/10B OCBELLEHUS C Pas/INYHbIMU A/IMHAMW BOSH. JNnHbI
BOJIH UCMO/Nb3YEMbIX UCTOYHWKOB CBETa NpuBefeHbl B Tabn. 1. MNMprvmMepbl (hOTOCHUMKOB Mpwu
OCBELLEHNM Pa3/IMYHbIMX  KaHamaMn Mpu UCMosb3oBaHUM Kamepbl GigE n kamepbl EVS
npusefeHbl B Tabs. 1 1 Tabs. 2 COOTBETCTBEHHO.

24-25 September, Section «Digitization of agribusiness»
Belgorod



I/ITHO [T V! MexayHapoaHas HayHO-TexHuueckas KOH(epeHLMs «/H(DOPMaLIMOHHbIE
PO IE TexHoor TEXHOMOrMN B HayKe, 06paszoBaHmu 1 npoussogctee» (MTHOIMM-2020)
B 0EPMBMHUY 1 pCXUMKTW

Tabnmua 1 - XapakTepucTuKn KaHasioB My ibTUCNEKTPa/IbHOr0 MOAY A

[nvHa BOSHbI
anHl\gig MaKCuMasibHOM Mo,qe;zz;gcgzmv;g cBeTa Mpoun3soauTenb Ha3saHwue
WHTEHCUBHOCTU, HM
1 945 15435385A9050 Wurth Elektronik IR 945
2 855 15435385A9050 Wurth Elektronik IR 855
3 730 PK2N-3LEE-SD ProLight Chery RED
4 660 PK2N-3LME-HSD ProLight Crimson
5 625 PK2N-3LRE-SD ProLight RED
6 590 PK2N-2LPE-A2 ProLight Amber
7 525 PK2N-3LGE-SD ProLight Green
8 505 PK2N-3LCE-SD ProLight Cyan
9 455 PK2N-3LDE-SD ProLight Royal Blue
10 420 PK2N-3LLE-L ProLight Blue
11 400 PK2N-3LLE-SD ProLight uv
12 368 PK2N-3LLE-VS ProLight UV-S
13 6500K SPHWH2L3D30CD4QTM3 SAMSUNG Cold
14 2700K SPHWH2L3D30ED4WOKB SAMSUNG Warm

Tabnmua 2 - Mpumep oTorpatnini pacTeHUs ¢ 4 pakypcoB MpW OCBELLEHUW Pa3INYHbIMU
KaHanamy MynbTUCMEKTPa/IbHOr0 MOAYNA U NPU UCMO0/b30BaHUM kamepbl GigE

Kanan 5 (625 Hm, RED)

KaHan 9 (455 Hm, Royal Blue)

Ha ocHOBaHWMM MOJTyYeHHbIX 1300paxkeHnid npy nomowm EVS kamepbl MOXHO cAenatb
BbIBOJ, YTO MPW MCMOMb30BAHNW MH(PaKPaCHbIX KaHanoB (855 1 945 HM, IR) nncTbsA pacTeHus
OTpaXaloT najaroLLiee n3/lyyeHne 1 XOpOoLLO NMOACBEYMBAIOTCA Ha poTorpadumm, Takum 06pasom
JCTbS MOXHO JIErKO CerMeHTUpOoBaTb, & 3aTeM Ha OCHOBaHUM W300PaXEHUs KaXZoro
KOHKPETHOr0 /iCcTa Nonyyats He0OX0AMMYH MH(OPMALMIO; MPY OCBELLEHUN KaHanamn 455 Hv
(Royal Blue), 420 Hm (Blue), 368 Hm (UV), 420 Hm (Blue) xopoLlo BUAEH KOHTYP pacTeHus
(puc. 4a); WHpopMauLMA O KOHTYpe pacTeHus C PasMyHbIX PakypcoB Heobxoauma nans
JanbHenLen 06beMHOM PEKOHCTPYKLMN pacTeHNs; Npy ocBeLleHnn KaHanamm 505 HM (Cyan),
625 Hm (RED) x0opoLuo BUAHbI MHOPOAHbIE BKpaneHus B pacTeHus (3apaXXeHune), KOTopoe
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MOXHO JIOKa/IM3MPOBaTb MNPW MOMOLWM CPEACTB  KOMMbKOTEPHOro 3peHus  (puc. 46).
BugeogeMoHcTpaums paboTbl anmnapaTHOro Komriekca A0oCTyrnHa rno CCbifikaM B 1abn. 4.

Tabnmua 3 - Tpumep doTorpadmii pacTeHMs MPU  OCBELLEHMM pPa3IMYHBLIMU - KaHataMu
MYNbTUCMEKTPaAIbHOro MOAYNA U NPU UCNOMb30BaHMMN KaMepbl EVS

WcxoaHoe nsobpaxeHne KaHan 5 (625 Hm, RED)

KaHan 9 (455 HMm, Royal Blue)

1

a 6
PUCYHOK 4 - Pe3ynbTaTbl 06pab0TKMN M306paXKeHUNIA nccnefyeMoro obpasua: a) BblgeneHne KoHTypa
pacTeHus Ha 306paXeHUK, NOTYHEHHOr0 NpK ocBeLLeHnn KaHanom 12 (UV 368 HM); 6) nokanusaums
MHOPOLHOIO BKparn/ieHns B pacTeHune, Noy4eHHOro npu oceeleHnn kaHasiom 8 (Cyan, 505 Hm)

Tabnvua 4 - HaumeHosaHuna n URL-agpeca BuaeomaTepunanos

[JemoHcTpauns paboTsl | [leMOHCTpayms paboTbl

OnucaHne mogyna MS0119 n kamepbl mogyna MS0119 n kamepb! Bugeo ¢ kamepbl EVS

GigE EVS

URL hitps: /lyoutu .be/6nT sUfoFyhttps://youtu.be/mAQiZapE&ps: //youtu .be/hrCY OMC7ID
4 8

TQ

QR kopg
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v TFKiUmKTW

B paHHONM cTaTbe aBTOPbl NPOAEMOHCTPMPOBAIN Pe3y/bTaTbl ChEMKM PaCTEHUIA Npw
MCNOMNb30BaHNM Pa3/IMYHbIX CUCTEM OCBELLEeHWS, a TaKKe Mpy MomoLwmM pas3paboTaHHOro
aBTopamu MysnbTUCNeKTpaibHoro mopyns MS0119. Bbinn BbISBAEHbI MAKOCbI U MUHYChI
pas/IMyHbIX WCTOYHMKOB OCBELLEHWS, HadeHbl ONTUMa/lbHble CMEKTPbl OCBELLEHUA ANA
BblJe/IeHNA KOHTYpa pacTeHuUs Ha M300pakeHUW, ANd AeTeKuMu M NoKanmsaumm MHOPOAHBIX
BKpanieHui.
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