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AHoTamis: AHaTi3yeTbcs KOMOIHOBaHHMH METOJ| AiaTHOCTHKH IIOBEPXHI OIONOTIYHHX OO0’ €KTIB 3a MOIIOMOTOIO
TEXHOJIOTIT MYJbTUCTIEKTPAILHUX 300paKeHb B MOJIIPU30BAHOMY CBITII Il aBTOMATHYHOT OLIHKH SKOCTI Xap4YOBUX
MIPOAYKTIB.

Abstract: The combined method of diagnosing the surface of biological objects using multispectral imaging
technology in polarized light for automatic evaluation of food quality have been analyzed.

KaiouoBi ciioBa: MamuHHUHN 3ip, MyJIbTUCTIEKTPAIbHI 300payKeHHsI, OJISIPU30BaHE CBITIIO.

Mammnauii 3ip [1,2] no3Bossie B TemnepilnHiil yac BUpimyBaTH Oe3lid 3aBAaHb aBTOMaTu3allii: igeHTHdikamis i
po3mizHaBaHHs 00’€KTiB, HEPYHHIBHUI KOHTPOJIb, BUMIPIOBAaHHSI I'€OMETPUYHHUX 00’ €KTIB, TEMIIEPATYpH, MiIPaxyHOK
KUTbKOCTI TIpoayKiii. TexHOJorii MyNbTHCIEKTpaTbHIX 300pakeHb y BHIUMOMY i OMIDKHBOMY iH(padepBOHOMY
obmacTsax Oynmu epeKTHBHO BUKOPUCTAHI B IIarHOCTHUII Ta MOHITOPHHTY MTOBEPXOHB 1 3apa3 € IMepeOoBOI0 TEXHOJIOTIEH0
B Moposoridanx mociimkeHHsaxX [3-6]. [lomsapu3oBaHe CBITIO TaK0K BUKOPHUCTOBYETHCS IS THX XK IIUJICH, ane OimbIn
mpuatHe It OionorigHuX 06’ekTiB [7-9]. Panime nHamu Oyna 3amporioHOBaHA KOMOIHAIlSA WX ABOX TEXHOJOTIH I
MenuuHux gociipkeHs [10,11]. KomOiHOBaHMi METO MOISPU30BAHOTO CBITJIA I MYJIBTUCTIEKTPAIBHUX 300paXkeHb st
BUBYEHHS BJIACTHBOCTEH MOBEPXHI BiIKPUBAE IIMPOKE KOJIO AOCIIKEHb 1, B IIEPIITy Yepry, /Ui 3aCTOCYBaHb B 3aJadax
aBTOMATHYHOI 11eHTU (KAl 1 OILIIHKK SKOCTI Xap4OBUX IPOAYKTIB.

Oxo nronuHHM, K 1 3BUYaiiHUi (oToanapar, NpaioyYd B BUAUMOMY Jiana3oHi, HE MOXE BHSBUTH CIIEKTpallbHi
ocobmBocTi 00'ekTy. CrieKTpanbHi 300pakeHHsI MOXKYTh XapaKTepu3yBaTH (i3MKO-XiMiuHI BIACTUBOCTI 00'€KTY, SKIIO
HOro KOJBOPOBI XapaKTEPUCTUKU IIOEJHYIOTHCS 31 CIEKTPAILHOIO CMYrok NporyckaHHs ¢inbTpy. BaximsicTb
aBTOMaTHYHOI 1K(PPOBOT 0OPOOKH 300pakeHb OCTAHHIM YacOM 3pOCTAa€E y 3B'3KY 3 PO3BUTKOM 0araTocreKTpaibHOro
METOJly AiarHOCTHKH.

OpHi€ro 13 crieniani30BaHUX almapaTHO-IIPOTPaAMHUX TexXHoJorii kommaHii National Instruments (USA) e miardopma
MammmHHOTO 30py NI Vision [12], sika ckiTagaeThest 3 TEXHOIOTIT 300py (YacTile TOBOPSTH - 3aXOIUICHHS) 300paKeHHS
IMAQ (IMage AcQuision) i mporpaMHOi TEXHOJOTiI HOTo 0OpOOKK Ta aHaNi3y Ha OCHOBI IPOTPAMHOTO CEPEIOBHIINA
LabView™. Anaparna gactrna Texmounorii IMAQ BKiII0Ya€e B cebe MOYII 3aXOMUICHHS 300paKeHHS 3 PAKTHIHO BCiX
MOMIMPEHNX JKEPEIT BiICOCUTHAIIB - IIU(PPOBUX BiJleOKaMep pi3HUX CTaHIAPTIB i KoHpirypamiii. L1i Mmoxymi po3podireHi
TaKUM YUHOM, LIO 37eOUIBIIOro iX (YHKIISMH MOXHA YIPaBIATH HPOrPaMHO, L0 3HAYHO CIPOLIYE BBEICHHS
300pakeHHs 3 BiZ€O-MIEPETBOPIOBAYIB. 3 Iii€l MpUYKHU 3a J0roMoror0 IMAQ MOXKIHBO TPAIFOBATH i3 300paKCHHAMU
OyIlb-SIKOTO CIIEKTPAJILHOTO Jiama3oHy (BiJf PEHTICHIBCHKOrO A0 iH(pauepBOHOIr0), 3 PI3HOK UIBHIKICTIO (BiA
OMHUYHUX 3HIMKIB 10 AECATKIB THCAY KaJIpiB Ha CEKYHIY), 3 Pi3HOIO TITMOMHOIO OIU(POoBKH (Bix 8 10 32 po3psmiB).
Tarepdeiicn IMAQ TakoX MPOMOHYIOTH MPOTPaMOBaHi 3aCO0M CHHXPOHI3aLii 300py BiICOJaHNX Y AOCHIHKyBaHUX a00
KEPOBAHUX CHCTEMaX.

Iudposi Bineokamepn Redlake wmoneni EC4020 MegaPlus 11 (puc.2)3abe3neuyioTh 4YyTIMBICTH /10
iH(pauepBOHOTO, BUANMOTO 1 yIbTpadioneToBoro cruekTpy BunpomMiHioBanHs. IMAQ Moaysb Mae 4YOTUPH BXOIH IS
kamep, Ethernet, weunkicauii IEEE 1394 inTepdeiic, DVI Buxin, Ta KOHTaKTH TUCTAHLIHHOTO YIPaBIiHHS.
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Feature NI Vision

image real time operation and simulation,

acquisition easy to configure, simulated
acquisition can use a sequence of
pictures only

storage real time preview, does not need
any configuration

stability good

final application | depends on the difficulty level

speed

required state and model-based design is

experience mtuitive in most cases, video
processing knowledge is required

Puc.1. BracTHBOCTI TeXHOJOTIi MAIIMHHOTO 30py mporpamuoro cepenosuina NI Vision [12].

Puc.2. Iludposa xamepa Redlake mogeni EC4020 MegaPlus II 3 anapatanm moxymem ynpasiiaas IMAQ.

ExcriepumenTanbHa cxema 1S IPOBEICHHS MYJIbTUCIICKTPAIBHHUX JIOCHIPKEHD y MOJSIPU30BAHOMY CBITIII ITOKa3aHa
Ha puc.3. Mu BukopuctoByBaiu nudpoBy kamepy Redlake momeni EC4020 MegaPlus II (po3ninenus 2048x2048
miKcelNiB), JUKepeso Hosipu3alii cBitia i cnenianbHi cBiTiodineTpu Asahi Spectra, Co.Ltd, Japan. Lludposa kamepa
Oyra migKIIroveHa 710 MepCoHAILHOTO KoMIT'foTepa yepes inrepdetic IEEE-1394, sk nmokaszaHo Ha puc.3.

NI LabView

Puc.3. ExkcriepuMeHTa bpHa cXeMa MyJIbTUCTIEKTPAIBHUX JOCIIIKEHD Y MOJIIPU30BaHOMY CBITII.
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CBiTJIO BiJ cHemialbHOI TajIOTeHHOI JaMIM TOJIIPU3YETHCS TMOJSIPU3aTOpOM. AHamizatop OyB BCTAHOBJCHHH Y
nepenHiii dyactuHi Kamepu. s (QOpMyBaHHS CHEKTPAILHOTO 300paKEHHS ONTHYHI (UIBTPH pPO3MILIEHI 3a
anamizatopoM. JlocmimkyBaBcs cnekTpanbuuil aianazon Big 400 mo 900 uMm 3 inTepBanoMm 10 HM 3a gomomororo Asahi
¢inpTpiB. [IpomyckanHs KoKHOTO (iABTPY 3HaXOmUTHCS B AiamnasoHi Bix 45 mo 60 %. I'mubuHa ¢dokycy onTuyHOi
cucteMu Oyna noctatHpor0. KaniOpyBaHHS iHTEHCHBHOCTI BiIOUTOTO CBIiTJIA BiJ] IOBEPXHI BUKOHYETHCS 32 JOIMTOMOTOIO
BuMiproBada onrtudHoi moTyxkHOCTi NewPort 1830 C. Onrtuunmii cencop BumiproBada NewPort 1830 C 6yB
pO3TaIIoBaHMiA Ha PiBHI [Kepena cBitia (puc. 3).

KsanroBa edexruBHicTs Bimeokamep Redlake momenmi EC4020 MegaPlus I mokasana na puc.4. Monayns
KaJmiOpyBaHHS BHMIpIOBa4a ONTHYHOI ITOTY)KHOCTI ONTHYHOTO CEHCOpa MICTHTH BIiANIOBIAHI JaHI B IMCKPETHUX
OBKMHAX XBWIb UIA TOB'S3aHOTO 3 HUM ONTHYHOTO ceHcopa. KommtoTepHOI0 00poOKOI0 MOYKHAa CKOpEryBaTH Ta
BUPIBHATH IHTEHCHBHICTb CBiTJIa I Oy/b SIKOT JOBXWHH ONTHUYHOI XBWIi. TOYHICTh KainiOpyBaHHS ONTHYHOI CUCTEMH
3HAXOJMUTHCS B Mexkax Bil 2% 10 7% B 3aJ€KHOCTI BiJl JOBXKHHU ONTUYHOT XBHJII. Pi3HUIA IHTEHCUBHOCTI JJISL Pi3HUX
3paskiB y BHAMMIN Ta iH(pauepBOHili 06IACTSX CIEKTPY HOpPMOBAaHA Takox mporpamoro LabView™. Kpim Toro,
cucrema 3a0e3rnedye BUPIBHIOBAHHS YyTJIMBOCTI Ha BCbOMY CHEKTPY 338 PaXyHOK CHCTEMH aBTOMATHYHOTO ITOCHUJICHHS
currany. ITporpamui Moy, po3pobieni B mporpamuaomy cepegosumi LabView™, ympasminus cucremoro NI Vision
yepe3 |EEE 1394 inrepdetic mpencraBneni Ha puc.5.
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Puc.4. KBanrosa edekrusnicts kamep Redlake moxeni EC4020 MegaPlus I1.
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Puc.5. TIporpamui Moxyii LabView™ ynpasniaus cucremoro NI Vision wepes IMAQ 1394 inrepdeiic.
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Puc.6. CnenianpHi By3pKo-cMyroBi (inbTpu dipmu Asahi Spectra Co.Ltd, Japan [13].

MynbTHCIIEKTpalbHa TEXHOJOTiS 300paxens (Multispectral images technology) € npUHIMIIOBO HOBUM HANPSIMKOM
MAIIMHHOTO 30pY, OCKUIBKM MOJIIMBA iJeHTH(]IKallisl NPOMHUCIOBOI MpoAyKUii 3a crnenupiuyHUMU CHEKTpaMH
BUIIpOMiHIOBaHHs. OCHOBY LIbOTO HAIIPAMY 3aKJIaal0Th HOBITHI HaJTO BY3bKO-CMYTOBI (DiJIBTPU ONTHYHOTO Jiana3oHy,
po3pobieHi simoHcbkoro dGipmoto Asahi Spectra Co., Ltd (puc.6). [Iporpama ynpaBiiHHS aBTOMaTH4HOT 3MiHU (QUILTPIB
3a JIOIIOMOTOI0 crienianbHoro 6apabana Oyia po3pobieHa komnanieto National Instrument B mporpaMHOMY cepeIoBHILI
LabView™ (puc.7).

Puc.7. LabView mozayins ynpasninas ABUTYHOM Oapabana [uist 3minu Ginbtpis [12].

Ha puc.8 mpencrasieni 300pakeHHs 3epeH, sIKi MarOTh MOIIKOKEHI Ta HEMOIIKOKeHi 3epHa ((oTorpadis 3miBa
orpumana kameporo NIKON D3, cnpaBa - mnuissxom mneperBopeHHs 300paxkeHHs cucremoro NI Vision B
MOJISIPU30BAHOMY CBITJIII IpH BHUKOPHCTaHHI ¢inbTpa). DoTorpadis 37iBa BiANOBiTa€ BHUMAAKY SK CIpHAMAe
300pa)KeHHS OKO JIFOJMHU. badnmo, 1110 MOMIKOKEH] 3epHa MaloTh He3HAaYHI MOPQOJIOTIuHI 3MiHU. AJle TIONTKO/KEH]
3epHa B JOCITIKYyBaHIM CIIEKTPaIbHIN MOJI0CI MalOTh 3HAYHY 1HTEHCUBHICTH BiJIONTOTO CBIT/A, IO YiTKO 300pakeHO Ha
MpaBoMy 3HIMKY. MakcuMabHa CTYIiHb MOIIKOJDKEHHS Ma€ MaKCHMAallbHY iHTEHCHBHICTH BiOWTOTO CBiTNA. Takum
YHHOM, MAIIMHHAHN 3ip MOKe OyTH BUKOPUCTAHUM IS IETEKTYBAaHHS PiBHS IMOIIKOKEHHS 010I0TIYHUX 00 €KTIB.
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Puc.8. 300paxeHHs 3epeH 3BUYaifHOIO KaMepOIO 1 IPH BUKOPHUCTAHHI CHELialIbHOTO (iNbTpy, SIKi
OTPHMAaHO LIISIXOM MaTeMaTHYHUX NepeTBopeHb cucteMoro NI Vision.

Po3pobneno nporpamHe 3a0e3nedeHHs UIsT aBTOMAaTHIHOTO TIepepaxyHKy IHTCHCHBHOCTI BIIOMTOTO CBITIa Pi3HHUX
IUISHOK TOBEpXHi. 300pa’keHHS MAalOTh BWIILAJ MATPHIb IS MaTeMaTHYHUX TEpETBOpPeHb. byma 3ampormoHOoBaHa
KUTBKICHA OIliHKa JUISTHOK IMOBEPXHIi 3pa3KiB Ha OCHOBI CHIBBITHOIICHHS MaKCHMaJbHOI iIHTEHCHBHOCTI IO CepeIHBOL
IHTCHCHBHOCTI HETIOIIKOKCHHX 3pa3KiB y BUTILAI ITapaMeTpa

o = ®

mean
HenomkompkeHi 3pa3ky MalOTh 3HAYHO HEBEJHMKY Bapiallilo iHTEHCHUBHOCTI (puc.9.a), 1m0 Moxke OyTH BHKOPHCTAHO
SIK MaTpHIlst etanoHa. [1omKomKeHI 3pa3Ki 3epeH MaloTh CYTTEBO OUIBINY JIOKAIbHY 3MiHY iIHTCHCHBHOCTI (puc.9.0).
Po3spaxynku 3a ¢popmynoro (1) MOKHA BUKOHATH B MATEMAaTHYHOMY MOy LabView™ i OTPUMATH KUIBKICHY OIIIHKY
PIBHS 3MiH BJIACTUBOCTEH 0i0JIOTiYHOTO MaTepiany. SIKk BUJHO 3 IaHUX PHUC.8 CTYIMiHb ITOIIKO/PKEHHS AUITHOK IIOBEPXHI
Ma€ 3alIeXKHICTh Bil iHTeHCUBHOCTI Binburoro ceitia |, . BukopucroByrouu 3HaueHHs | . A HENOLIKOMKEHUX

IOUISHOK IIOBEpXHi SIK €TAJOH MOXKHA 3HAWTH 3HAYeHHs CTYICHIO mommkomkeHus . Kpusa kamibpysanus [3(o)
npuBeeHa Ha puc. 10.

a) 0)
Puc. 9. TpuBuMipHE NPEACTABICHHS MATPHUIh IHTEHCHBHOCTI 300pa)k€Hb HEIOIIKOHKEHOT Ta IMOIIKOIKSHOT
IUISTHKA 3pa3KiB.
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Puc. 10. Kpusa xani6pysansst (o).

Citix 3a3HaYMTH, IO TEXHOJIOTIl MyJIbTHCHEKTPAIbHUX 300pakeHb MAIOTh BEJUKI MEePCIEKTHBU A GE3KOHTaKTHOT
MOTOKOBOI aBTOMAaTUYHOI OLIHKH SIKOCTi Xap4OBHX MPOIYKTiB. 3HAXOKCHHS CICUU(IYHAX CHEKTPaIbHUX 00IacTei
g (I3UKO-XIMIYHOT XapaKTEPHCTHUKH OO0’ €KTIB TOTPeOYIOTh 3HAYHHX 3yCHIb 1 MPOBEACHHS IMIMPOKOTO KoJa
JOCHIIKEHD.

BucHosku

CyyacHa miatdopma MamuaaOro 30py NI Vision mae anapatae IMAQ i nporpamue LabView 3aGe3mnedenss mis
aBTOMAaTHYHOTO OE3KOHTaKTHOTO IOTOKOBOI'O KOHTPOJIIO MOBEpXHi. Po3risiHyTHH KOMOIHOBaHMI METOJ AiarHOCTHKH
MOBEPXHi 010JIOTTYHUX 00’€KTIB 32 IOIMIOMOTOI0 TEXHOJIOT1i MYJIbTUCTIEKTPAIILHUX 300pa)KeHb B IOJISIPH30BAHOMY CBITJI
€ e(exTHBHHM I 3aJa4 aBTOMATH3alli SKOCTI Xap4OBHX NPOIYKTIiB. 3alpONOHOBAHHN HapaMeTp o MOxe OyTH
KOPHUCHUI JJ1s KUTbKICHOT XapaKTepUCTUKH 3pa3KiB.
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