@:’ IHOOPMALIMHI I TEJJEKOMYHIKALIMHI TEXHOJIOI'TT

VJIK 004.93'1
E.M. JATJIOB
MAIIWHHOE 3PEHUE (AHAJIUTHYECKHIA OB30P)

WuctutyT npobiem Maremaruueckux Maiud ¥ cuicteM HAH Ykpaunsl, Kues, Ykpauna

Anomauyia. Cmamms npucesiuena mexmoio2isiM MAUUHHO20 30py. YV Hill OOKIAOHO ONUCYEMbCS NPUSHA-
YeHHs OAHUX cUCeM, NPeOCmAasieHi OCHOBHI MEPMIHU ma NOHAMMSL, HeOOXIOHI Ot 6A308020 PO3YMIHHS
MeXHONIOCIYHUX Npoyecie nodyoosu piwenv. Jlana cmamms 6UOLIAE OCHOBHI HANPAMU OOCHIONCEHD,
N06’ A3aHUX 3I CMGOPEHHIM ABMOMAMU30BAHUX CUCHIEM MAUWUHHO20 30Dy, ONUCYE MUNoge 00NA0HANHS,
Wo BUKOPUCTOBYEMbCA Y binbutocmi piens. Ocobnusutl akyenm 3po0neHo Ha KOMNOHEHMAX CUcmem ma
Ha ix poni y no6y0osi piueHts.

Knwwuogi cnosa: mawunnuil 3ip, agmomamusayis, Kamepu, WeUOKICHe 3HIMAHHSL, BI0€0CHOCIEPeHCeHH .

Annomayus. Cmamovsi NOCGAUWEHA MEXHOLOSUAM MAUWUHHO20 3peHust. B nell noopobno onucvieaemcs Ha-
3HAYeHUue OAHHBIX CUcCmeM, NPeoCmasieHbl OCHOBHble MePMUHbL U NOHAMUSL, HeobXxooumble 051 6A308020
NOHUMAHUSL MEXHONOSUHEeCKUX NPOYeccos NOCMpoeHust peutenull. JJannas cmamosi 6blOeasiem OCHOGHbIC
Hanpaenenus UCCie008aHUL, CEA3AHHBIX C CO30AHUEM ABMOMAMUSUPOBAHHBIX CUCTNEM MAWUHHOZO 3pe-
HUsL, onucvieaem mMunuyHoe obopyoosanue, npumensiemoe 6 borvuiuncmee pewenuti. Ocobwlii akyeHm
oenaemcsi Ha KOMIOHEHMAX CUCMEM U UX POIU 8 NOCMPOCHUU PeuteHUll.

Knrouesvle cnoea. mawunnoe 3peHue, asmomamu3ayust, Kamepovl, CKOPOCMHAS CbeMKa, 8UOeOHAbII00e-
Hue.

Abstract. The article is devoted to computer vision techng. The purpose of these systeis described
in details, thebasic terms and concepts needed for a basic uratetistg of the process of construct
solutions are representedhis article highlights the main areas of resdarelated to the creation
automated machine vision systems, descrhe typical equipment used in the majority of decisilt is

emphasizedn the components of systems and their role irtisakibuilding
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1. Beoanasi ungopmanusi

MammHHOe 3peHue (Takke M3BECTHO KaK TEXHHMYECKOE 3PEHUE) CErOJHs CTAlI0 HEOThEMIIEMOM
YacThIO KU3HEIEATEILHOCTH YesoBeKa. CHUCTEMbl aBTOMATHYECKOTO pPACIO3HABaHUS aBTOMO-
OUJILHBIX HOMEPOB YK€ JAaBHO OXPAHSIOT BBIE3JbI U3 T'OPOJOB, @ CUCTEMBI BBIABICHHS Opaka
MPOAYKIIUH HAJISKHO 3aKPEMIIIA CBOU TIO3HIIMU B TIPOMBIIIICHHOM cekTope. Eciii MBI TOBOpUM 0
3peHHuH, TeM 0ojee 00 MCKYCCTBEHHOM, TO TEpBBIA aKIEHT HEOOXOIMMO CAeNaTh Ha TOM, YTO
TJIABHYIO POJIb B CUCTEMaX MAaIIMHHOTO 3PEHHS UTPAIOT BHICOKAMEPHI.

Kakue ¢pyHKIMM BBINOIHIET MALIMHHOE 3pEHHE CETOTHS U Kakue 1enu npecneayer? Ot-
BETHB Ha JaHHBIA BOIIPOC, KX ISl ce0s CMOXKET OIICHUTh MaciuTad IEHHOCTH JaHHBIX TeX-
HoJoruii. Tak, ocHoBHbIE 1emu [1]:

* aBTOMAaTHU3UPOBATh JIF00O0H MpoIiecc 00paboTKU BU3YyadbHON MHpOpMaUKU OYyIh-TO pac-
MO03HABAHNWE ABTOMOOMJIBHBIX HOMEPOB HJIM KOHTPOJIb MapaMeTpOB M3ETHs Ha MPOU3BOICTBE.
D710 HEOOXOAUMO KOHTPOJIUPOBATH ABTOMATHUECKHU B peskume 24/7,;

* MCKIIIOYUTH YelloBeuecKuil (axkTop. MamuHbsl HEYyTOMUMO MOTYT BBINOJHATH JIIOOYIO
OTIepaInIo, TIOKa He BBIMAYT U3 cTposi. UenoBek ke TpeOyeT NmepepblBOB HA COH, €Iy, OTABIX; K
TOMY k€ 3()(hEeKTUBHOCTh YEJIOBEYECKOTO TPY/Aa UMEET CBOMCTBO C TEUEHUEM BPEMEHH CHUKATb-
cs,

* MIOBBICUTH CKOPOCTb 00paboTku MHpopmanuu. KamMepam MammHHOTO 3peHUs MO CHITY
oOpabaTsiBaTh MH(MOPMAITUIO C 3aNPeCIbHON ISl YeTTOBEYECKOTo I1a3a CKopocThio. Ecim BO3-
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MOYHOCTH YeJIOBEKa OIPAaHMYCHBI CKOPOCThIO B 24 K/c, TO KaMepbl MAIIMHHOTO 3PEHUS MOTYT
noxBacrarbesi ckopocThio cHUMKOB B 20 000k/c. B peanbHON KH3HU Takhe CKOPOCTH HE pocC-
KOIlIb, a TpeOOBaHWE. KOHBEHEPHBIC JIMHUM BBIMYCKAIOT MPOAYKIHIO co ckopocThio g0 100 000
HU3JeIni B 4ac.

Hcxons u3 mepedrciaeHHbIX MYHKTOB, MOKHO OLEHUTh, KaKUM TOJACIOPbEM SIBISETCS
MAaIIMHHOE 3PEHHE B aBTOMATU3UPOBAHHBIX CUCTEMAX.

2. HanpaBJjieHMs1 MAIIMHHOIO 3pEeHUA

Knaccudunupys 3agaun MaliMHHOTO 3pEHUS, MOKHO BBIIEIUTH CIAEAYIOIINE HATPABICHHUS

* MallIMHHOE 3pEHHE, paboTarollee ¢ BUACONOTOKOM (ceprell CHUMKOB);

* MaIlIMHHOE 3peHue, paboTaroliee ¢ OTHUM CHUMKOM.

PaccmoTpuM cuctemsl, paboTaromue ¢ BUICOMOTOKOM. JlaHHBIE CHCTEMBI MIPUMEHSIOTCS
KaK B OXPAaHHOM, TaK U B IPOMBILIUIEHHOM cekTope. OCHOBHAs UX OCOOEHHOCTDH 3aKJIIOYAETCs B
TOM, YTO CepHsl KaJpoB (BU3yaabHOW MH(OpPMAIIMK) PACCMATPUBACTCS KaK SIUHOE IIeJI0e, 4TO, B
CBOIO OYepeib, IO3BOJIAET JIeiaTh BbIBOJIbI 00 00BEKTaX B TpeX M3MEPEHHX: (PU3MUECKOM, PO-
CTpaHCTBEHHOM, BPEMEHHOM.

Uccnenyst pa3nuuHble pemieHUs B 00JacTH TEXHUYECKOTO 3pEHUs, MOXKHO YHNOMSHYTh
CJIETYIOIINE CUCTEMBI:

1. IIporpamMmuo-anmapatabiii Kommiaeke AXXOnNNext [2]. [lanroe mporpamMMHoe obecrie-
YeHHE IPUMEHSETCS B chepe OXpaHHOTO BHUICOHAOIIOACHUS U MTO3BOJISIET OTCIICKUBAThH TIepeMe-
1ieHre 00bEKTOB B MIPOCTPAHCTBE U BpeMeHU. Buneoananutuka GukcupyeT B 0aze JaHHBIX MH-
¢dopmannio 00 00bEKTE: €ero OTHOCUTENIbHBIE Pa3MEphl, CKOPOCTh M TPACKTOPHUIO JBHXKEHHS, a
TaKkKe JaTy U BpeMs coObITHs. JlaHHBIA (PYHKITMOHA MO3BOJISIET OIepaTopy paboTaTh ¢ CHUCTe-
MO MaKCUMaJIbHO 3PPEKTHBHO (M B CUMTAHHBIC MUHYTHI HAUTH HYXXHYIO HH()OPMAIHIO, HAITPH-
Mep, aBTOMOOHITH, KOTOPBIE €XaJld Ha CEPBEP CO CKOPOCThIO Oostee 60 km/gac).

2. [Moxcuer nrozeii B MarasuHax U TpaHcnopTe. JlaHHas BUICOAHATUTHKA BBIICTSET B TMO-
TOKE KaJpOB 00BbEKThI (BXOISIIME M BBIXOSIIUE JIFOJM) M BEAET MOJCYET MOTOKOB JIFOACH. DTO
OUYeHb MOIITHOE CPEJCTBO MO3BOJSAET (pOpMHUPOBATH HHPOPMATHBHBIE OTUYETHI, KpaliHE TOJIE3HbIC
Ui MapkeTosnoroB. Ha ocHOBe 3THX JaHHBIX MOKHO J€JIaTh BBIBOJBI O PEHTA0ENbHOCTH aBTO-
OYCHBIX pelCOB M BHOCUTh HEOOXOJHMMEBIC IMOMPABKK B pacluCaHUe IBMKEHUS WM MapuipyT. B
VYkpaune peanusyercs momodHas cucrema — DL-Bus [3]. JlanHble OT CHCTEMBI MOJACYETA IEpe-
narotcs o kananam GPRSu pykoBoJICTBO aBTOmapka B peXMMe PeaabHOTO0 BPEMEHH MOTy4aeT
MH(OPMALIHIO O MACCAKUPOMOTOKAX.

CucreMbl, KOTOpPBIE 3aHUMAIOTCSI AHATTU30M OTJENIBHBIX KaIPOB, HE MPUHUMAIOT BO BHUMAaHHE
OpeAbIIyIHe WK OyAyline CHUMKH (OHH MOTYT OBITh YYTEHBI, HO JUIsl JIOTIOJIHUTEIBHOIO KOH-
TPOJIA B CJIOXKHBIX cucTeMax). KiroueBoe MX OTJIMYHE COCTOMT B TOM, YTO BO BHUMaHHE HE Oe-
peTCsl TpaeKTOpHsl ABMKECHUS 00BEKTa, TIOCKOJIBKY caM OOBEKT MCCIICIOBAHMS HE JOJDKEH Tepe-
MeNIaThcs B MPOCTPAHCTBE TaK U OTHOCUTENIBHO IUIOMIAAHN uccaenoBanus. Kinaccuueckuit mpumep
TaKoW CHCTEMBI — OTOpAKOBKA MPOAYKIIUU HAa KOHBeWepHOU nHuU. Kakapiii 00bEeKT UccliejoBa-
HUS YCTaHABIMBAETCS MEXaHM3MOM B ONPEECIICHHYIO MO3UIUIO, T/I€ U JIeJaeTcs ero CHUMOK. 3a-
Jla4a MalTUHHOTO 3PEHUS B TAKUX CHCTEMax — HAWTH 3apaHee YCTAaHOBICHHBIC OTIUYUS JaHHOTO
oOpa3ia oT 3TajoHa Ju0o0, HalpUMep, CUUTaTh U MPOBEPUTh Ha KOPPEKTHOCTH ATy BBIMyCKa

MPOAYKLIHH.

3. KoMoHeHTbI MAIIIMHHOIO 3PEeHUsA

Panee BBISICHWMIIH, 3a4eM HEOOXOAWMBI CUCTEMbl MAIIMHHOTO 3PEHUSI U OOpaTHIIM BHUMaHHE Ha
TO, YTO B IPOLCCCC aBTOMATHU3ALUW NPHUHATHUA peI_HeHI/Iﬁ MOSBIACTCS BAXKHBIA aCHEKT — npo-
rpaMMHoe obecrieuenne. IMeHHO mporpaMMHOe oOecredeHre 3aHUMAaeTCsl aHAJIM30M MH(pOopMa-
UM ¥ IPUHUMAET perieHne (WM MPUHUMAET Y9acTHE B Ka4eCTBE CHCTEMBI MOJICPIKKU MIPHHS-
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TUs pemieHns). Ho 10CTaTO4HO M KaMepbl MAITHHHOTO 3PSHUS M MPOTPAMMHOTO 00eCTIeUeHHsI
TSl TOTHO(YHKITMOHATIBHOM paboThI? Jles0 B TOM, 4TO KaMepbl MAalIMHHOTO 3peHus (M KaMepsbl
BHUJICOHAOJIIO/ICHHSI B TOM YHCJIE) OYE€Hb TECHO CBSI3aHbBI C 3aKOHAMHU ONTHKH, & 3TO 03HAYACT, 4TO
y Hac MOSBJISIOTCS JOIOJIHUTEIbHBIE BO3MOKHOCTH, CBA3aHHBIE C OCBELICHUEM, MPEIOMIIEHUEM
Jydeid, paboToi ONTHYECKUX CUCTEM U T.I.

MuHuMaNbHBIN HA0Op KOMITIOHEHTOB JIF000M CUCTEMBI MATMHHOTO 3PEHMSI: BUICOKaMepa
(cooTBeTCTBYIOMIAs] KOHKPETHOMW 3aj1a4e), OCBEIECHHE, TPOrpaMMHOe obecrieucHue. B 3aBucumo-
CTH OT 3aJaudl MOAO0OHAs CHCTEMa MOXET KOMILICKTOBATHCS OTOPAKOBIIMKOM (Ha TPOU3BOJICT-
BEHHOU JIMHUH) Ju0OO0 apyroi aBroMatukoil (uwtarbaymom Ha KIIIT myist aBTOMaTH4eCKOro mpo-
€371a TPAHCIIOPTa).

4. Kamepbl MAIIMHHOTO 3PEeHUS

Kamepsl MaliMHHOTO 3peHHs ACISTCSA Ha HECKOJIBKO rpym [4]:

1. TemoBu3opsl (Kamepsl, 4yBcTBUTENbHBIC K MK-CIIEKTpY) UCTHOIB3YIOTCS KaK B OXpaH-
HBIX CHCTEMaXx, TaK U Ha POU3BOJICTBE /Il KOHTPOJISI TEMIIEPATYPHBIX MapaMeTPOB.

2. Kameps! cnieninaabHOrO Ha3HaveHus (Ipymnmna KaMmep ¢ OTIIMYUTEIbHBIMH 0COOCHHOCTSI-
MH: HAIlpUMep, BBICOKAsi CKOPOCTb ChbEMKH).

3. Kamepbl ManmiHHOTO 3peHus (Kamepsl, TIepeIatoline Hec)KaToe BUAeO 0e3 MmoTeph B Ka-
Y4eCTBE).

4. Kamepbl 0XpaHHOTO BUCOHAOrOeHUS (KaMephl, KOJUPYIOIIKUE BUACO PU Hepeaaye
110 CCTH).

Bonblnyto yacTh BHUMaHUS YACISCTCS KaMepaM MAIllMHHOTO 3PCHHUS U KamepaM CIIeIu-
abHOTO Ha3Ha4yeHus. Kamephl MallIMHHOTO 3pEHHs, B CBOIO Ouepe/ib, NCIATCSI Ha JBa Kiacca 1o
TUIy CEHCOpaA!

* KaMephl JINHEHHOTO CKaHUPOBaHuUs [5];

* KaMepbl CKaHUPOBaHHs obacTu [6].

KiroueBoe oTiM4KMe JAaHHBIX IBYX KJIaCCOB KaMep B TOM,
YTO y HUX pPa3IHuYHbIA MPUHIUAIN CYUThIBaHUS WHPOopmaiuu. Ka-
MEpbI JIMHEHHOr0 CKaHupoBaHus (puc. 1) coaeprkar JHHEHHBIN
CCHCOp, KOTOPBIH COCTOMT M3 MOJOCKH CBETOUYBCTBUTEIIBHBIX pe-
3ucTopoB. Ilpu 3TOM mupuHa monocku kosedaercs or 1024 no
4096 nnornveckux MuKcesel, a e€ mupruHa MoXKeT ObITh 1-4 muk-
cessl. YHUKAIBbHOCTh TAaKUX CEHCOPOB B TOM, YTO CKOPOCTh CUH-
THIBaHUS JaHHBIX MOJO0COK MoxeT nocturath 80 000cHUMKOB B
Puc. 1.Kamepa mHeiHoro cekyHay. JlaHHbIe KaMepbl HE 3aMEHUMbI HA KOHBEMEPHBIX JIMHU-

CKaHMpOBaHUA X, TJA¢ 00BEKT UCCIICAOBAHUS HE MMeeT (UKCHPOBAHHOM JTHHBI
(mpumep: mpoaykuus B pyioHax). Kak ke MpoBOIUTCS aHAIU3
U300paXKeHUs] U3 OTACNIBHBIX MOJOCOK? CieayeT OTMETHTh, YTO
0COOCHHOCTh KaMephl 3aKJII0OYaeTCs B TOM, YTO OHA CKaHUPYET
CepHIO JIMHUW U TepelacT WX IEIbHBIM H300paKeHHEM B IPO-
rpaMMHOE 0OecTieUeHHE.

Kamepbl ckanupoBanust obmactu (puc. 2) umeroT Oojee
MPOCTOE YCTPOMCTBO, 3HAKOMOE MHOTHUM, KTO 3aHHMMAETCS MpO-
(beccuonanpHoil (hororpadueit. CeHcop TakoW KaMephl, Kak Ipa-
BUJIO, C COOTHOIIICHUEM CTOPOH 4:3, T03TOMY M300paKEHUE TIOITY-
Puc. 2. Kamepa ckanupoBa-  4aeTCs 3aBEIOMO IIPSAMOYTOJIBHOE.

Hus obnmactu BaslerAce

.
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5. [MoacBeTka MAIIMHHOTO 3peHUs

Kommonent, 6e3 KOTOpOro mpakTHUECKd He 00XOTUTCS HU OfHA CUCTeMa MAIIMHHOTO 3PEHUs, —
3TO clieluaIu3upoBaHHas mojcBeTka. HeoOxonumocts €€ mpumeHeHHs: 000CHOBaHA MHOTUMU
(bakTopamu, TAKUMH KaK:

* cl1a0bIil YPOBEHB OOIIETO OCBEIIECHHUS Ha IPEATPUSITHH,

* HHM3Kas 4yacToTa Mepiianus oomero ocsemerust (50 1'm);

* HEBO3MOXXHOCTh KOPPEKTUPOBKH YIJla MaJeHus Jy4eil;

* HEBO3MOXKHOCTD YIIPABISITh MHTEHCUBHOCTBIO OCBEIIEHHOCTH;

* 00111351 OCBEILIEHHOCTh MOXKET MEHSTHCS Ha MPOTSKEHUU JIHS.

Jlaxxe 3TUX MYHKTOB JOCTATOYHO JJISi TOT'O, YTOOBI OTOPOCUTH MJICI0 UCIIOIB30BaTh 00IIee
ocBelleHue. PaccMoTpum JieTanbHee, Kakoe HEraTUBHOE BIMSHUE OKa3bIBAE€T BHEIIHEE OCBElIe-
HUE Ha paboTy KaMephbl MAITUHHOTO 3PEHUSI.

* IMnynbCHBIN pexXuM pabOThI TIOMUHECIICHTHBIX CBETHJILHUKOB. YacToTa MeplaHus Ta-
kux samn cocraisger 50 ['u. [Tpu pabore kamepsr co ckopocThio B 20-100k/c MBI yBUANM, YTO
JacTh CHUMKOB y Hac 0oJjiee cBeTJias, a 4acTh — OoJiee TeMHas. J{Jis 4yenoBeyeckoro riaza 3To He
TaK 3aMEeTHO, MTOCKOJIbKY YEeJIOBEUECKHI T71a3 UMEeT UHEPTHBIC CBOWCTBA U HE BOCIIPHHUMAET 00-
nee 25k/c. Kamepa MalimHHOTO 3peHHs JMIICHA TAKUX HETOCTATKOB M BUIUT POBHO TO, YTO €CTh
Ha camoM jene. [lo3ke MBI Takke 03HAKOMUMCS C TOHSATHUSMHU IKCIO3UIIUU M CBETOYYBCTBHU-
TEIBHOCTU. JTO JacT GoJiee MOJHOE MOHUMAaHNUE KapTHHBI.

* [Ipu popmupoBannm M300pakeHUs: Ha CEHCOPE KaMephl 00JIbIIOE 3HAUCHHE UMEET yroJ
MaJieHHs] CBETOBBIX JIydel. DTOMY yZeseTcss MHOTO BHUMaHHUs BO BpeMs JIabopaTOPHBIX padoT.
Hcnonb3ys ob1iee ocBemeHne TIOMUHECIEHTHBIX JIaMIl, HEBO3MOXKHO PETYJIHPOBATH YTOJI Tajie-
HUS CBETOBBIX JIy4ei, 4TO JUIIAeT HAC TUOKOCTH U JOMOJHHUTENbHBIX BO3MOXKHOCTEW MpHU TO-
CTPOCHUU H300paXKECHHUS.

[Tpu ucnonb30BaHUM OOILEr0 OCBEIICHUS HEBO3MOXKHO PETyIMpOBATh €ro MOTOK. YXY/I-
IaeT CUTYAIUIO eIlle U MoMelIeHre ¢ OKkHaMu. COJTHEUHBIN CBET TAaK)Ke BIUSET HA UTOTOBOE KO-
JIMYECTBO CBETOBOI'O MOTOKA, KOTOPBIM MpuHUMaeT Marpuna. CuTyanusi aHaJIoTHYHa MEPLAHUIO
JIOMUHECIEHTHON JIaMIIbl, JIMIIb 32 TeM HCKIIOYEHHEM, YTO YacTOTa MEpPLAHUS 3HAYUTEITHHO
Hwke. CHUMKH, TTOTydeHHBIE B 00e1, OyayT sipue B 3—5pa3, ueM CHUMKH, MOTyYEeHHbIC B HOUHOE
BpEMSI.

TakuM oOpa3om, Mbl IPUIUIM K BBIBOAY, YTO TOJCBETKAa MAIIMHHOIO 3pEHHS] — 3TO HE
POCKOIIIb, a KpallHssE HE0OXOIUMOCTh MPAKTUIECKH JF000H CUCTEMBI. VICKITIOUeHHEeM SBISIOTCS,
MOKaTyH, TETIOBU30PHI. VIX ceHCOpBI HACTOJIBPKO THOKHE U YHUBEPCAIbHBIE B paboTe, a pabouunit
JMarna30H HACTOJIBKO IMIUPOK, YTO OHU PabOTAIOT B JIFOOBIX YCIOBHSIX.

MoxHo kiaccupuuupoBaTh NPOMBIIUIEHHOE OCBEIIEHHE MO CIEAYIOIUM XapaKTepUCTH-
KaMm:

* CIIEKTpP CBETA, U3J1y4aeMbIil IOACBETKOM;

* YTOJI HalpaBJIE€HHOCTH CBETOBOTO MOTOKA U KOHCTPYKTHBHBIE OCOOEHHOCTH yCTPONCTBA
MOJICBETKH.

B coBpemMeHHOM MPOU3BOJICTBE MPUMEHSIOT J[BAa THUIA UCTOYHUKOB OCBEIICHHUS: Jlazep U
cBeroanoa. CBETOMO/, TI0 CPAaBHEHHUIO C JIa3epoM, OoJiee JIeIIeBblii U 6oee THOKUN B UCTIONB30-
BaHWH, TaK KakK IMO3BOJISIET MOCTPOUTH MPAKTHUYECKH JIO0YI0 KOHCTPYKLIMIO CaMOM TOJCBETKH,
YCTAHOBUB B HEe HEOOXOAMMOE KOJIMYECTBO CBETOAMO0B. JIaszep n3mydaeT KOrepeHTHBIH, MOIII-
HBIM TIOTOK CBETA, YTO MO3BOJIAET, IPUMEHUB pa3InuHble (QUIbTPHI-HACAIKH, MOIYYUTh «HUTyp-
HOE>» OCBEILICHHE.

PaccmoTpum fetanbHee OCHOBHBIE BU/bI CBETOAMOIHBIX MMOJACBETOK 110 KOHCTPYKTUBHBIM
ocobeHHOCTsM. Ha paccMoTpenue npeanaraercsi 000pyJ0BaHHE OT BEIYIIUX MOCTABITUKOB KOM-
MMOHEHTOB MaIuHHOrO 3penus Latab [7].
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Puc. 3. [IpuHunn HCTIONb30BAHHS TIOJICBETKH Puc. 4.Vcnionp30BaHue IBYX MOACBETOK
Latab“BackLight” Latab“LineLight”

Puc. 5. [IpuHIHI KCITONB30BAHUS MTOJICBETKH Puc. 6.Iloaceerkal atabruma “DarkFieldLight”
Latab“RingLight”

“BackLight” — npsmoyronbsHas nmoncserka (puc. 3) co CBETOIHOAAMH 110 BCEW MOBEPXHO-
cru. [IpumensieTcst B 3a1a4ax, KOTaa 00bEKT MCCIICIOBAHMUS MBITAIOTCS IPOCBETUTh HACKBO3b.

“LineLight” — moxcBeTka st KaMep MAIIMHHOTO 3PEHUs C CEHCOPOM JIMHEHHOTO CKaHU-
poBanus (puc. 4). [IpuMeHsieTcs yi1 MECTHOTO OCBEIICHHUS 110 BCEHl NIMPHUHE MOBEPXHOCTH H3Y-
4aeMoro o0beKTa.

“RingLight” — xombIieBast moacBerka. I[IpumensieTcst B 3aa4ax, I¢ HY)KHO OCBETHTh 00b-
ekt o yrioM 90 rpaaycoB K MOBEPXHOCTH HCCIIEAyeMOro oobekra (puc. 5). Ya006cTBO mpume-
HCHHUS B TOM, YTO OHA UMEET OTBEPCTHE MOJ OOBEKTUB KaMmephl. [loada e OCBEHICHHUS MO yI-
aoM, otinyHbIM oT 90,0y aeT gaBaTh pa3HyrO CTENEHb OCBEICHHOCTH 00BhEKTa B Pa3HBIX 30HAX.

“DarkFieldLight” — moxcBeTka, nmpuMeHsieMas B 3ajadax JeTald3alliK PeIbe(HBIX TEK-
CTyp. AKTHBHYIO POJIb B 3()Q)CKTUBHOCTH JAHHOH MOACBETKH UTPAET IMPEIOMIICHUE CBETOBOTI'O
notoka [8] Ha penbedHOl CTpyKType H3ydaemMoro oobekra (puc. 6).

“DiffuseLight” — moacseTka, yrosn pacroiio-
JKEHUS CBETOMOIOB KOTOPOU MO3BOJISET UCKIIOUUTD
HaJIMYMe TEHEeH Ha OOBEMHBIX O0BEKTaxX MCCIe0Ba-
Hust (puc. 7). Otor 3deKT mocTHraeTcs TEM, UTO
CBETOJUOBI U CaM KOHCTPYKTHUB IMOJICBETKH BBIIOJI-
HEHbI TaKUM 00pa3oM, YTO CBETOBOW MOTOK MOCTY-
naet OyKBaJIbHO CO BCEX CTOPOH.

XapakTepu3ysi CIIEKTp CBETOIHOJHOTO OCBe-
IICHUS, HY)KHO aKICHTHPOBATh BHHUMAaHUE Ha TOM,
Kak Mbl BHIMM IIBET HM3ydaeMoro oObekra. L[Ber
n3y4aeMoro o0beKTa paBeH CIIEKTPY CBeTa, KOTOPBIH
OTpa)kaeT MOBEPXHOCTh 00BekTa. Tak, Hampumep,
u3ydasi KpacHblii 00BEKT, 3 (eKTuBHEE MPUMEHUTD

Puc. 7. InddysHoe ocremenne
(kymonpHas moacBetka) Latab
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MOJICBETKY UMEHHO KpPacHOTO CIIEKTpa, a He 3eJIeHOr0. Bo BTOpoM citydae 0OBEKT UCCIIeIOBaHUS
OyZeT BBITTIAACTh TOpa3io 0oJee TyCKIIO.

OrpanndeHnii B BRIOOPE CIIEKTPa CBETOIMOHON MOJICBETKHU MpakTHiecku HeT. Ha BeIOOD
IIPEIOCTaBIICHBI BCE OCHOBHBIE I[BETA paayry, a Takke Y® u UK-cnextpel. Boibop criekrpa mon-
CBETKU JOJDKEH COINPOBOXKAATHCA J1a0OpaTOPHBIMHM HCIBITAHUAMU U TNPUOOPETEHHBIM paHee
OTIBITOM.

JlazepHasi moJIcBeTKa MHTEPECHA HE CTOJHKO MOIIHOCTBHIO CaMOTo ja3epa, CKOJIbKO BO3-
MO>KHOCTBIO MIPUMEHATH pa3IMyHble HACA/IKH, KOTOPBIEC MO3BOJIAIOT IOCTPOUTD CIIEAYIOIIEe U30-
OpakeHHe Ha MMOBEPXHOCTH UCCIIEAYEMOT0 OObEKTA!

* pajivanbHbIe KPYT'H ¢ IOCTOSHHBIM IIaroM paanyca;

* KOOPAMHATHYIO CETKY C IMIOCTOSHHBIM marom (puc. 8);

* Ja3epHOE OCBEUICHHUE, OMUCHIBaKOIIee TeoMeTpuieckue purypsl (puc. 9).

Puc. 8. B03M0OXHOCTH pa3INnIHBIX HACAIOK- Puc. 9.IIpuMeHeHHEe Ja3epHOM CETKH IS
(UIBTPOB LTS CUCTEM JIA3epHOM TOICBETKU W3YYCHUS TapaMEeTPOB 00BEKTa

[Ipu momoIM Takoro yHUKaIbHOrO N300pa’keHHs Ha MOBEPXHOCTH MCCIIEYEMOT0 00BEK-
Ta MOXKHO pellaTh enble Kiacchl 3a1ad. Hanpumep, onpenensats Hamu4ue BceX 00bEKTOB UCCIIe-
JIOBaHUs B KOpOOKe (Koraa repecevyeHue JIMHUIM KOOPANHATHON CETKH TOMaaeT Ha KaXIbIi HC-
crnenyeMblii 00bekT). KoopnuHatHas ceTka Takke OyJeT He 3aMEHMMa B 3ajadax YIpaBICHHUS
POOOTU3UPOBAHHBIMH pPyKaMU IS IIEpecueTa YCIOBHBIX KOOPAUHAT KaMepbl MAaIlIMHHOTO 3pEHUs
B peasbHbII MacITao.

Pexumbl pabOTHI OJICBETKH MATMHHOTO 3pEHUSI MOTYT OBITh IBYX THUIIOB!

* IOCTOSTHHBIA PEXHUM paboThI (CTaTHYECKOE OCBEIICHUE);

* UMITYJIbCHBIN PEKUM paboThl (MEpIIaHUE C 3aJaHHON YaCTOTOM).

HmnynbcHbI pexkxuM paboThl MHTEPECEH TEM, UYTO CBETOAMOJ paboTaeT KOPOTKHM Mpo-
MEXKYTOK BPEMEHHU, & 3TO SKOHOMUT €ro pecypc. C Apyroi CTOPOHBI, B 3TOT KOPOTKUM UMITYJIbC
€My IMOJAETCs MOBBIIICHHOE HANPSHKEHHUE, YTO TO3BOJISIET MOIYYUTh OoJiee SpKUil CBETOBOM TO-
ToK. [locTOSsIHHBIN pexuM pabOThl MPUMEHSETCS TaM, TJ€ HET BO3MOKHOCTH CHUHXPOHU3UPOBAThH
KaMmepy W TOJCBETKY MAIIMHHOTO 3peHus (Kamepa paboTaeT B pesKuMe CBOOOJHOTO ITycKa), TH00
BAPBUPYETCS BPEMS IKCIIO3UIUU.

[lonBons wror, cToMT NOOABUTH, YTO MOJCBETKA MAIIMHHOTO 3PEHUS IO3BOJISIET IO-
HOBOMY B3TJIIHYTh Ha OOBEKT HCCIIEIOBAaHUS U YBUAETH B HEM TO, YTO HEIOCTYITHO 4YeJoBeue-
CKOMY TIJ1a3y.

6. CBeTOBBIE (PUIABTPHI

CaeroBble GUIBTPHI AABHO CTAJU HE3aMEHUMBIMHU IMOMOIIHUKAMU MPOPECCHOHANIBHBIX (HOTO-
rpadoB U MHKEHEPOB CUCTEM MAIIMHHOTO 3PEHUS.
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Cawmble nomyisipabie cpean ¢o-
Torpa)oB — 35TO TOJSAPU3ALUOHHBIC
. ¢bmeTpel (puc. 10).Topa3mo pexe wmc-
o ) monp3yroTcs  QWIBTPHI  BUAMMOTO
: ' CIIeKTpa cBeTa. BepHeMmcs k onucaHuio
NpUHIUIA pabOTHl CBETOBBIX (PUIIBT-
poB. HMcxonss w3 Ha3BaHUS, MOXKHO

Puc. 10.CBeToBbIE QHIBTPEI cienarh BBIBOJ, YTO 3TO MPUCIIOCOO-
JICHUsI, KOTOPBIE OTCEKAIOT YacTh CBe-
TOBOTO MOTOKA. Tak ke, Kak M B MOJCBETKAX MAIIMHHOTO 3PEHHSI, CBETOBbIC (DHIBTPHI OTIUYA-
IOTCSI CIIEKTPOM CBETa, KOTOPBI OHU MPOITYCKAIOT CKBO3b MOBEPXHOCTH GrbTpa. Kak mpaBmuio,
CBETOBBIE (PHIBTPHI MOAOUPAIOTCS MO THI TOJCBETKH. Hampumep, ecinu npuMeHsieTcst o/ICBeT-
Ka co cnekTpoM BoaHEI 850 NM,T0 cBETOBOM (GUIBTP MOJDKEH MpomyckaTh ciektp 850 nm,uHa-
9e 3TO CBENET Ha HEeT padoTy MOACBETKH. B TO ke BpeMs, OTCeKasi OCTAIBHON CIIEKTP CBETA, MBI
OTCEKaeM TaKHe HEeraTUBHbBIC (haKTOPhI, KAK COJHEYHOE OCBEHICHUE (CYIIECTBEHHO CHIKAEM €ro
BJIMSIHME HA M300paKeHHE), 00IIIee OCBEICHHE MOMEIICHHS (JITFOMUHECIICHTHBIC JIAMITBI), a TAKIKE
mo0oe apyroe mapasuTHOE ocBerieHue. Takum oOpa3zoM, moBbimaeTcs 3h(PEeKTUBHOCTD MpUMeE-
HEHUS TIOJICBETKH.

Bl
WIASy coLOR

7. 00bLeKTUBBI U JUH3LI

OOBEKTUB — ONTHYECKOE YCTPOMCTBO, NMpEeAHA3HAYEHHOE IS CO3/1aHMusI 0OBEKTUBHOTO H300pa-
xKeHus. JlanHoe ycTpOHCTBO, MPEIOMIISIS JIyUd CBETa, MPOXOIAIIETO Yepe3 00bEeKTUB, (POPMHUPYET
Ha TIOBEPXHOCTHU CEHCOpa KaMmephl HM300pakeHHE OOBEeKTa
uccienosanus (puc. 11).
B cucremax MamMHHOIO 3peHMs] HAC HMHTEPECYIOT
BCEr0 HECKOJBKO BHUIOB OOBEKTHBOB, TaK KaK OCHOBHas
11e7b 0OBEKTHBA 3aKJII0YAETCS B TOM, YTOOBI TIepeaaTh H30-
Opa’keHHe CEHCOPY KamMephbl C MUHUMAJIbHBIMU MCKa)KECHHSI-
MH U MaKCUMaJIbHOM netanu3auueit. Micxons u3 3tux Tpe-
OOBaHMI, CTOMMOCTb TaKUX OOBEKTUBOB TOpPA3JI0 BHIIIEC
CTOMMOCTH OOBIYHBIX OOBEKTHUBOB.
Puc. 11.0B1eKIHE MALHHHON OCHOBHBIE XapaKTEPUCTUKH OOBEKTHBA:
sperms FUjinonHFOHA-1B *@okycHOEe paccTosHUE — (PU3MUECKass XapaKTepHu-
CTHUKA ONTUYECKOM CUCTEMBI. (11 LEHTPUPOBAHHOM OITH-
YECKON CHCTEMBI, COCTOSIIEH M3 chepuuecknx MOBEPXHOCTEH, OMHUCHIBAET CIIOCOOHOCTH COOM-
paTh Jy4d B OJHY TOUYKY NPH YCJIOBUH, YTO 3TH JIy4d UAYT U3 OECKOHEUHOCTH NapayjiebHbIM
IIy4KOM MapaJUIeIbHO ONTUYECKON OCH. [[J1s1 CUCTEMBI JIMH3, KaK U JUI IIPOCTOM JIMH3bI KOHEYHOU
TOJIIIMHBI, (POKYCHOE PAaCCTOSHUE 3aBUCUT OT PaJMyCOB KPUBHM3HBI IIOBEPXHOCTEH, MOKa3aTenen
IIPEIOMIIEHUSI CTEKON M TONIMH. Onpenensercs, Kak pacCTOSHUE OT MEepeAHEN II1aBHOW TOYKHU
1o nepenHero (okyca (Ui mepeaHero (pOKYCHOTO PacCTOSIHUS) M KaK PaccTOSHHE OT 3axHeil
TJIABHOM TOYKH J10 3a1Hero okyca (mis 3aaHero GokycHoro paccrosiHusi). [Ipu 3ToM mon rias-
HBIMH TOYKaMH I10/Ipa3yMEBalOTCS TOUYKH NIepeceueHus nepeHeil (3aaHeil) riaBHo II0CKOCTH ¢
OINITUYECKOH OChl0. BenmnunHa (OKyCHOTO pacCcTOSIHUA SBISETCS OCHOBHBIM IapaMETpOM, KOTO-
PBIM XapaKTEPU3YIOT ONTHYECKYIO CUCTEMY.
* OTHOCUTENFHOE OTBEPCTHE O0BEKTHBA — OTHOLICHHUE TMAaMeTpa BXOJHOIO 3pavka K €ro
3aJHeEMY (POKYCHOMY PACCTOSHHUIO.
Taxkum 00pa3oM, MbI OJTYYHMIIU JBa MapaMeTpa, KOTOPbIe OTOOpaxaroT HaM yroi o63opa
CEHCOpa KaMepbl, a TAK)Ke OTHOCUTENBHOE KOJMYECTBO CBETA, MOCTyHaromero Ha ceHcop. [Ipu
noaoope 00BEKTHBA BaXKHO 33JI€HCTBOBATH €IIe W TPETHH MapaMeTp — pacCTOsIHUE A0 00BEKTa,
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TaK Kak IMEHHO PacCTOSHHE 10 00BbeKTa U (POKYCHOE paccTOosTHUE O0BEKTUBA OYIyT ONPENCsATh
pa3mepbl 00beKTa B Kajpe (a, COOTBETCTBEHHO, ONPEACIATh ICTATH3ALNI0 H300PaKCHNU).

[To Ty GOKyCHOTO paccTOSTHUS OOBEKTUBBI ACTATCS HA JIBa BUJIA:

* MOHO()OKaNbHEIE;

* BapuoQoKaIbHEIC.

[TepBBIe OTIIMYAIOTCS OT BTOPBIX TEM, UYTO y HUX (DOKYCHAs BEIMYMHA KOHCTAHTHA U HE
MOXET OBITh M3MEHEHA pPEeryJupOoBKaMH, a Bapro(oKaabHbIE OOBEKTUBBI MOTYT MEHSTH (POKYC-
HOE PacCTOSHUE B 3aJJaHHBIX MPOU3BOIUTEIEM JUAMA30HAX.

B mpombINIeHHOH cpesie KpaifHe kKelaTeIbHO MPUMEHSITh MOHO(OKAIbHBIE 0OBEKTHBHI,
TaKk Kak BapHO(OKaIbHbIE OOBEKTHBBI MMEIOT CBOWCTBO TEPATh 3aJaHHbIE HACTPOWKH (pokyca
MoJT BO3JIeiicTBMEM BUOpannu KoHBelepa. Tem He MeHee, Bapuo(doKkanbHbIe 00bEKTUBEI SIBIISFOT-
Csl HE3aMEHUMBIMU B OXPAHHBIX CHCTEMaX, CUCTEMax Paclo3HABAaHUSI aBTOMOOWMILHBIX HOMEPOB
1 B J1a0OpaTOPHBIX CTEH/AX, TO €CTh TaM, TJIe 3apaHee HEM3BECTHO HE0OXoauMoe POKYCHOE pac-
CTOSTHHE.

8. BzaumojaeiicTBHe KOMIIOHEHTOB

Jl5is Toro, 4ToObI BCE KOMIOHEHTHI CUCTEMbI padOTalH COTJIACOBAHHO, CYIIECTBYIOT HECKOJBKO
BapUaHTOB UX cooOuieHus. CaMblif MPOCTOM U3 HUX — MHTETPALlUs U B3aUMOJICHCTBUE HA YPOBHE
YIPaBISIOIUX CUTHAIOB WJIA TPUTTEPOB.

JlaHHBIH crtoco® ympaBieHUs MPUMEHUM BO MHOTHX MPOCTBIX CHUCTEMax, IJie MPHCYTCT-
BYIOT CJIEYIOIINE 3a/JauH:

* yIIpaBJIEHNE IIyCKOM KaMephl U CUHXPOHM3ALMS C KOHBEHEPOM;

* yIIpaBJIeHHE TOJICBETKON MAIIMHHOTO 3PEHUS] U €€ CHHXPOHU3ALIUS ¢ KaMepOHu;

* yIpaBJicHHE BHEITHUM HCIIOJHUTEILHBIM MEXaHH3MOM (OTOPAKOBIIMKOM JTHOO KHOIIKOM
«CTOI).

Bonee cnoxHas cuctemMa KOMMYHHMKAIIMKA YCTPOWCTB Oa3upyercs Ha 0aze cTeka MpOTOKO-
noB TCP/IP.TIpu ucmons30BaHHK MTPOMBIIUICHHBIX MTPOTOKOJIOB BEPXHETO YPOBHS MOSBIISIOTCS
BO3MOKHOCTH YIIPABIIATh OJHOBPEMEHHO LICJION CEpUEH YCTPOWCTB. KaMepaMH, IIporpaMmmupye-
MbIMH JiormdeckuMu KouTposuiepamu (I1JIK), MoHuTOpaMu ornepaTopoB ¥ JPYrUMHA KOMITOHEH-
TaMH CUCTEMBI.

9. BeiBOa

Ha ceropHsmHui 1eHb TEXHOJOTUU MAIIMHHOTO 3PEHMS aKKyMYJIUPYIOT OOJbIIOE KOJIHYECTBO
TEOPETUYECKUX 3HAHUM U3 001acTH (PU3MKH, MATEMAaTUKU M KHOEPHETHKH, TEM CaMbIM IpUBJIE-
Kasl CIEIHAIMCTOB Pa3HbIX 00JIaCTEeH K MCCIAEAOBAHUIO JAHHOW TEMBI. 3aJauM aHajIu3a BU3yallb-
HOW MH(pOpMAIMK NPOJOIKAIOT HAOUPATh MOMYJISAPHOCTh U C KaKIbIM T'OA0M BCE OouIbLIE peltie-
HUN JEMOHCTPUPYETCS Ha MEXKIYHAPOJIHBIX BBICTABKAaX, TAKUX KaK «DJIEKTPOHUKA U IPOMBIIII-
nennas aBTomatuzanus» (Kues), «MUIIC» (Mocksa), «besmneka» (Kues).

Pemienust, moctpoeHHble Ha 0a3e JAHHBIX TEXHOJOTHM, MOKHO BCTPETUTH Ha JIFOOOM KOH-
BEHEPHOM ITPOU3BOJCTBE U B OXPAHHBIX CUCTEMAxX. JTO CBSA3aHO, MPEXKAE BCEro, C SIKOHOMHUYE-
CKOW BBITO/ION, KOTOpasik BOSHHKAET B pe3yjbTaTe MPUMEHEHHs JaHHBIX TexHoioruid. Ocoboe
BHUMaHME YAEJsIeTCs MPOU3BOJCTBEHHBIM 3a/1a4aM, OCKOJIbKY CEpUITHOE MPOU3BOACTBO Hanbo-
Jiee 4YyBCTBHUTEIBHO K MAJICHIINM KOJICOAHUSAM IIEHBI U KA4eCTBa, @ B HBIHEITHUX PHIHOYHBIX yC-
JIOBUSAX 3a/1a4a KOHTPOJIS KauecTBa — OJIHA U3 CAMBIX IIPUOPUTETHBIX U1 JTF000T0 MPOU3BOACTBA.

BaxHO 3aMeTUTh, YTO TEXHOJOTMU MALIMHHOIO 3pPEHMsI HE 3aMEHSAIOT TEXHOJIOTMU NpO-
MBIIUIEHHON aBTOMAaTH3alllM, a TApPMOHUYHO JONOJIHIIOT MX TaM, I/i€ HE CIPAaBIISIOTCS JIIOObIE
JpyTryue TaTYMKU U cUcTeMBbl. B oTinuuue, Harpumep, OT AJaTYMKOB BECA, I/I€ OCYILECTBISAETCS U3-
MepeHue (PU3MUECKUX MapaMeTpoB OOBEKTA, B TEXHOJOIUAX MAIIMHHOIO 3PEHMsI HEBO3MOXHO
OCYIIECTBUTH (PM3NYECKHI KOHTAKT ¢ OOBEKTOM. DTO NMPUBOIUT K TOMY, YTO MH(pOpMalus, 1o-
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JydeHHAsl BU3YAIbHBIM ITYyTEM, COJIEPKUT OTHOCUTEIHHBIM U HECKOJBKO HEJOCTOBEPHBIN Xapak-
tep. [loaToMy HCTOIB30BaHUE PA3TMYHBIX HHTEIUICKTYAIBHBIX TEXHOJOTHA W3BICYCHHUS, 00pa-
OOTKHM M aHaJIM3a MOJIC3HBIX JTaHHBIX HEM30E)KHO B IAaHHBIX CHCTEMaXx, 4TO, B CBOIO OYepeilb, OT-
KpBIBaeT OOJBIIOE TIOJIE NEATEIHLHOCTH JJIsI UCCIICIOBAHUIA.
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