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1 Teepckoii 2zocydapcmeeHHbLll mexHUUecKull yHugepcumem,
Kagedpa s1eKmpPOoHHO-8bIUUCTUMENbHBIX MAWUH, 2. Teepb, 170025, Poccus

B pabote onmcanbl apXUTEKTypa, METOBI U CPEJCTBA, UCIIOIb3yeMbIe IIPH CO3JaHUU CHCTEMbI HETTPEPhIB-
HOT'O MOHHTOPHHIA M YIPABJICHHUS Ka4eCTBOM MPOU3BOACTBA CTEKJIOAPOTOB Ha OCHOBE ONTHYECKUX TEXHOJIO-
THil 1 METOJJOB TEXHUYECKOTO 3peHUsL. MeTOIbl TEXHUYECKOT0 3pSHUS i ONITHYSCKHE TEXHOJIOTUH YacTO NpH-
MEHSIOTCS JUIsl IPOBEPKH KavyecTBa CTEKTHHBIX W3/CNHUH, OZHAKO MPOLECC IPOHM3BOJCTBA CTEKIOIPOTOB
HMeET CBOM OCOOCHHOCTH, KOTOPBIE HCKIIIOYAIOT HCIIOJIb30BaHUE CTAHAAPTHBIX PEIICHHU.

[IpoBeneHHBIH aHATM3 TEXHOJIOTMYECKOTO IIpoliecca MO3BOJWII BBIABUTH CIEeU(HYECKUE OCOOCHHOCTH
NPOU3BOJCTBA, KOTOPEIE HEOOXOJMMO YYUTHIBATH NP UCIOIB30BAHUH ONTHYSCKUX TEXHOJOTHHA M METOIOB
TEXHHUYECKOTO 3PEHHS B CHCTEME HENPEPHIBHOIO MOHUTOPHHTA U YIIPABJICHHUs KaueCTBOM ITPOM3BOACTBA CTEK-
nozpotos. K crenuduke TeXHOIOrHYECKOro Mpoliecca OTHOCATCA CUIbHAs BUOpanus o00OpyLOBaHUS U 3aro-
TOBKH B IpoOLIECCE €€ JIBMKEHUs, BHICOKAs TEMIlepaTypa 3aroTOBKH, HE MO3BOJISIOIIAS PACIoaraTb ONTHYe-
CKHE CpPE/ICTBAa PErHCTpalUy BOJM3M OT HAaOJIIOAaeMOro o0beKkTa, HEOOXOAMMOCTh BBISIBIATh OUEHb MEJIKUE
Je(eKTsl, pa3Mep KOTOPBIX KOIEeOIeTCsl OT ASCATHIX A0JIeH O HECKOIbKUX MUIUIMMETPOB, ¢ OOJIBIIOTO pac-
CTOSIHHSI, BBICOKasi CKOPOCTh JIBU)KEHHSI 3arOTOBKM M HEOOXOAMMOCTh OCMAaTpUBATh 3arOTOBKY, UMEIOIIYIO
KpYyrIyto (opMy, CO BCEX CTOPOH B IIPOLIECCE ABIDKSHHA. DTO JAJCKO HE IOJHBIHA epedeHb MpobiieM, KOTOphIe
OBLIM PELICHEI B IIpoLiecce Pa3pabOTKH CHCTEMBI HEIPEPBIBHOIO MOHUTOPHHTA U YIPaBJICHHs KAYeCTBOM IIPO-
W3BOJCTBA CTEKIIOAPOTOB Ha OCHOBE ONTHYECKHX TEXHOJOTUH H METOJOB TEXHHYECKOTO 3PCHHUSL.

B cTaThe paccMOTpPEHBI METOBI M TPOLIEIYPHI TOUCKa Ie()EKTOB U ONPEISNICHUS HX JIoKanu3auu. Onican
NPOLIECC ABTOMATHYECKOTO ONPEEICHHs 30HbI KOHTPOJIS, KOTOPBIH ITO3BOJISIET YICPKUBATh OOBEKT B MOJIE
3peHHs1 KaMepbl, HECMOTPS Ha ero BHOpamuro. [y pemenus 3a1a4i KpyroBoro 0CMOTpa JABMXKYIICHCS rops-
4el 3aroToBKH ObLIa pa3padoTaHa MHOTOKaMepHas CHCTeMa, IO03BOJIIIOIIAs PACCMAaTPUBATh €€ CO BCEX CTOPOH
0e3 Bpaienusi. OnMcaHbl KOMIIOHEHTHI aBTOMAaTH3MPOBAHHOM CHCTEMbl MOHUTOPUHIA U KOHTPOJISI Ka4ecTBa
CTEKJIOZAPOTOB, BKIFOUAIONIUE TOACUCTEMBI COOpa M PEervCTpalMi BHACOJAHHBIX, IPEIBApUTENLHON 00pa-
0OTKH BHUICOJIAaHHBIX, INTy0OKOH 00pabOTKH BUICOIaHHBIX, YIIPABIISIOILYIO ITOJICUCTEMY, rpadHueCcKUil HHTEp-
(eiic mosb30BaTENs, a TAKKE UX B3aUMOCBS3H. [IpHBeaeHbI pe3yibTaThl NPEeBAPUTEIbHBIX UCIIBITAHUN CH-
CTEMBI.

Knrouesvie cnosa: asmomamusupogannvle cucmemyvl YnpagieHus, yugpogvie uzo6paxcenuss, KOHMpPOib
Kauecmea, mexHuyeckoe 3spenue, cucmema epaguiecko2o npozpammuposanus LabVIEW.,

OCHOBHBIM CITOCOOOM TIPOM3BOJICTBA CTEKJIO-
JIPOTOB  SIBJISIETCSI TOPU3OHTAIBHOE BBITATUBAHUE
(crioco6 Jlannepa). Ha ocHOBe MeTO1a TOPH30HTAITh-
HOTO BBITSITUBAaHMS TPYOOK CO3aHbl MOTOYHBIE JIU-
Hun tuna ATT. [Tpon3BoUTEIFHOCTS OTHOW TaKOH
JIUHUN cocTaBisieT 5—10 TOHH B CYTKH.

[Ipu mpom3BOACTBE CTEKIITHHBIX TPYOOK (Ipo-
TOB) pacIUIaBJI€HHOE CTEKIO [OCTyNaeT Ha
HaKJIOHHO TOCTaBJIEHHBIA BpalalOLIUNACS KepaMu-
YECKUM MYHAIITYK, B KOTOpPBIA IOAAETCS BO3AYX.
CKopoCTh BpalieHust MyHIIITYKa U JJABJICHHE 10J1a-
BaEMOro BO3[yXa — IapaMeTpbl, OIpeAeNsieMble
TEXHOJIOTHEH TPOn3BOJICTBA. Temrieparypa CTeKIo-
MAacchl, TIOCTYMAIOIIEH Ha COIIIO, OOBIYHO COCTaB-
mster 1 060-1 250 °C. brnarogapst BpaIeHuo MyHI-
LITyKa U MoJa4ye BO3AyXa B €ro BHYTPEHHUH KaHa
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nox, AasienreM 5801 000 ITa crekaroriast ¢ KoHIA
MYHIIITYKa CTEKIIoMacca o0pasyer srykosuily. OHa
MIEPEXOANUT B OCCKOHEUHYIO CTEKIISIHHYIO TpyOy, KO-
TOpasi OTTATUBAETCS B TOPU30HTATLHOM TIOJIOKESHUH
TAHYJIBHOW MAIIMHOM, PACIIOIOKEHHOW Ha pacCcTosi-
aru 20-30 MeTpoB OT pabodell KaMepsI P BBIpa-
00TKE TOHKOCTEHHBIX TPYOOK U 12—20 MeTpoB mpu
BBIpa0OTKE TOJICTOCTEHHBIX TPYO, [0 KaTKaM poJId-
KOBOTO KoHBeHepa. Ot pabouell kamepsl 10 pe3a-
TEITbHOW MAIIIUHBI TPyOa TPaHCTIOPTUPYETCS IO POo-
JMKOBOMY KoHBeillepy. Ee Temneparypa B 3T0T Mo-
MeHT cocraBister mopsiaka 300 °C. 3meck Tpyda
paspeszaeTcsi Ha OTHCNBHBIC JPOTHL, KOTOpPHIE
HaIpaBJIAIOTCd Ha AKCTpakTop. C MOMOLIBI0 3KC-
TpaKTOpa JPOThHI YIAISIOTCS ¢ KOHBelepa U CKIaau-
PYIOTCS T TanibHEHIIe 00paboTKH.
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OCHOBHBIMH ~ TPEOOBAaHUSMH, IIPEIbSIBISC-
MBIMH K CTEKJIOApPOTaM [1], ABISAIOTCS OTCYTCTBHE
pa3IMYHBIX BKIIOYEHUH (IIOPOKOB), OJUHAKOBAS
TOJIIIMHA CTEHOK, YUCTOTa HAPYKHOU U BHYTpPEH-
HEW TIOBEPXHOCTEH, CTAHJIAPTHOCTH TIO0 pa3Mepy,
UITHHIpUYECcKas MpsIMONTuHeHast hopma.

ITopoku CTEKIAHHBIX TPYOOK B OCHOBHOM
OTIPEIEISIOTCS Ka9eCTBOM CTeKIOMAacchl. CTeKIIo,
MOJy9aeMOe B NIPOMBINUICHHBIX II€9aX, BCErna
WUMEET T€ WIHM UHBIE BKIIIOUEHHS, KOTOPBIE MOXKHO
pa3enuTh Ha TPU BHIA: Ta30BBIE, CTEKIOBUIHBIC
U KpucTaymyeckue. ['a30Bble BKIIOYECHHUS TOBO-
PAT O HAJIMYUU B CTEKJIE PAa3IMYHBIX ra30B, KOTO-
pble MOTYT OBITh B BHJE Iy3BIPHKOB (BUAUMBIE
BKIIIOUEHHS) M PAcTBOPEHHBIMH B CTEKJIOMAaccCe
(HeBUIMMBIC BKITIOYCHHUSA).

Pasmep BHIMMBIX HEBOOPYKEHHBIM TJIa30M
ITy3BIPBKOB KOJEONETCS OT AECATHIX JOJel 10 He-
CKOJIBKHX MUJUIMMETPOB. Menbuaiiime my3bIpbKu
Ha3bIBAIOTCSI MOIIKOW. B cTekiie nHorma obpasy-
IOTCSI CHJIBHO BBITSHYTHIC ITY3BIPEKH, KOTOPBIE
Ha3BIBAIOTCS TOJBIMH Kanwmwuiipamu. Jlomyctu-
MBI pa3Mep KamwUIIpOB U My3bIpeil — He Oosee
0,25 munmmmeTpa.

I'maBHBII TOPOK CTEKIIOMACCHI — KPUCTAJLTHYE-
ckue BKItoueHHs (kaMHHU). OHU IOHWKAIOT MeXa-
HUYECKYIO MPOYHOCTh U TEPMHUECKYIO YCTOWYH-
BOCTB M3JENHUS U3 CTEKNIA, YXYAIIAIOT ero BHEII-
HU Buj. Pazmep kamHeilt kosieOeTcs B mpeaenax
HECKOJIbKUX MUJUITMMETpoB. Ilox neiicTBueM BbI-
COKOH TemItepaTypbl OHH MOTYT pacCIUIaBIISATHCA,
00pasysl CTEeKJIOBUIHbIEC KAILIH.

KoHTponp xavecTBa CTEKIOAPOTOB B HACTOS-
MU MOMEHT OCYIIECTBISIETCS BU3yalbHO, YTO
HMEET PsJI CYIIECTBEHHBIX HETOCTATKOB.

N3-3a mHepIMK 4eI0BEeYECKOro 3peHus abco-
JFOTHO HEBO3MOJKHO BHITIOHITH KOHTPOIb B TIPO-
necce IBIDKEHHA. [103TOMy KOHTpOIep IOJDKEH
OCMaTpHUBATh KAXIBIH IPOT, YTOOBI BBISIBUTH Jie-
(hekT. DTa mpornenypa TpyaoeMKas U 3aHUMAET J10-
BOJIFHO MHOTO BPEMEHH, UYTO CHIDKAET IPOU3BO/IN-
TEJILHOCTh Tpya.

IIpu BU3yallbHOM KOHTpPOJIE BBICOKA BEPOST-
HOCTH OIIMOKH, MIOCKOJBKY JTOBOJBHO HHU3KOE OII-
THYECKOE pa3pelleHue Tia3a He TI03BOJISIET pasiiu-
yaTh MeJkue jaetand. Kpome Toro, Ha cmoco0-
HOCTbH Pa3IHYaTh U BBIICIATH NE(PEKThI BIUSIIOT HX
SPKOCTh M KOHTPACTHOCTb. Masnast IpKOCThb U BbI-
COKasi KOHTPACTHOCTh 3aTPYAHSIOT 3TOT IMpPOIECC
U TIPUBOJAT K OIIMOKAaM pacrio3HaBaHUsS. AHAJo-
TUYHO BIUSIOT M HEOOJBIINE YIJIOBBIE pa3Mepbl
Je(EeKTOB.

Otu nBa QakTopa — CHIDKCHHE IPOU3BOJIU-
TEJBHOCTH TPYJa ¥ NOBBIILIEHHAs BEPOSTHOCTD J10-
MyIIEHHs OIUOKK B MPOIIECCE BU3YAIILHOTO KOH-

TPOJIS KQUECTBA IMTOKA3BIBAIOT, YTO TPAIUIIMOHHBIN
pexuM oOHapyxeHHUs Je()EeKTOB OTPHUIIATEIBHO
BIIMSIET HA MPOU3BOJCTBO, T UCIIOIB3YIOTCS CO-
BpPEMEHHBIC BHICOKOCKOPOCTHBIE MPOM3BOICTBEH-
HBIC JINHUH C OY€Hb OTPAHUYCHHBIMHU JTOITYCKAMHU.
Permuth po6ieMBl MOXKHO ITyT€M BHEIPECHUS CH-
CTEMBI KOHTPOJISI HA OCHOBE MAIIITHHOTO 3PEHUS U
METOJOB MCKYCCTBEHHOTO HHTEIUIEKTA. DTH CH-
CTEMBI HAIlUTK IIHUPOKOE NMPUMEHEHHE BO MHOTHX
OTpPAaCIAX MPOMBIIUICHHOCTH [2—6], B TOM yucie u
B CTEKOJIbHOM.

Yuer cnenuduxn
TEXHOJIOTHYeCKOro mpouecca

CucteMbl MalllMHHOTO 3PEHHs BCE Yalle IpH-
MEHSIOTCSI B 00pabaThIBAIOIIUX OTpacisixX, OCOo-
OEHHO IUIsl KOHTPOJIS Ka4eCcTBA BHEIITHUX TTOBEPX-
HOCTEH. ABTOMAaTHU3MpPOBAHHAs CHCTEMa Hempe-
PBIBHOTO KOHTPOJS KadyecTBa CTEKJIOAPOTOB
JIOJDKHAa OOECIeunBaTh MEPUOTUYECKOe IOTyde-
HUE KaJIpoB U300paKEHISI, aHATIN3 U pacIio3HaBa-
HHE e(EeKTOB, ONpEICTICHNEe UX JIOKATU3ALUN U
(opMHpOBaHHE KOMaHIBI IS Pe3aTeNbHONH Ma-
OIMHBl Ha Pe3Ky ITONHOIECHHBIX KadeCTBEHHBIX
JIPOTOB M OTOPaKoBKY Je(eKTHBIX Y4acTKOB B
Ipolecce IBWXKEHUA KOHBelepa. B cuny cnenu-
(UKH TEXHOJIOTHYECKOTO IIpoIecca MpH IPOU3-
BOJICTBE CTEKJIOJPOTOB BOZHHUKAET PsiJi mpoldiieM,
KOTOpBIC HE IMO3BOJIAIOT B IOJHOW Mepe MpHMe-
HATH CTAHIAPTHBIE METOUKH.

OpnHolt U3 pobiieM sIBSeTCS CUIbHAsI BUOpa-
st 000pyAOBaHMUA M 3arOTOBKM B IIpoliecce ee
IBIKEHHS. [I0CKONBKY CTEKIITHHYTO TPYOY IpOTS-
THBAIOT C MOMOINBIO TSHYJIBHOW MaIInHBI Ooiee
yeMm Ha 50 METpOB, OHa 3HAYUTEIBLHO BUOPHUPYET.
30Ha KOHTpOJIA Ha MU(POBOM H300PAKEHHUH T10-
CTOSTHHO CMEIAeTCs, M BO3HHKAIOT BOIIPOCHI €€
ABTOMATHYECKOTO OIPECTICHUS! TPH MOTYIECHUH
Kajpa.

Bricokas CcKOpOCTh IBIDKCHHS 3arOTOBKH
HpebABISET MOBBIIICHHbBIE TPeOOBaHUS K BEIOODY
ONITHYECKHUX CPEJCTB PErUCTPallii U pa3paboTKH
CIIOCO0OB MX CHHXPOHU3AITHH.

Bricokas Temneparypa 3aroToBKd HE IO3BO-
JSIET pacrojlaraTb ONTHYECKHUE CPEACTBA PETH-
cTpanuy BOMM3M OT HaOIogaeMoro OOBEKTa.
HeobxomuMocTh BBISBIATE OYEHb MEJKHE Je-
(beKTHI ¢ OONBIIOTO paccTOSHUS TpeOyeT UCTIOINb-
30BaHUs ONITHKU C CHIIBHBIM YBEITMUCHUEM.

INockonbKy 00BEKT MMEET BBITYKIIYIO (OpMY H
JIOJDKEH OBITh B (JOKYyCE B TIOJIE 3pEHHS, HEOOXO MO
KOHTpPOJIMPOBATH TTyOHHBI Pe3KOCTH OOBEKTHBA.

CrutomHasi CTEKISIHHAsT 3aroTOBKAa JIOJDKHA
OBITH OCMOTpPEHA CO BCEX CTOPOH B IPOIIECCE IBU-
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XKeHus1, 0e3 ee BpAICHHS, TaK KaK OHA SBISCTCS
HETIPEPHIBHOM.

Jns ompeneneHus MecTa PaclojOXKEHUs Jie-
(GexToB U (QOPMHPOBAHMS YIPABISIONICTO CHI-
HaJla Ha OTOPAaKOBKY ITOCTYTIAIOMINE OT OTJEIHHBIX
KaMep M300paXKeHUs JOJDKHBI OBITh CHHXPOHH3H-
pOBaHBHI.

bk Ha CTEKISIHHON TOBEPXHOCTH 3aro-
TOBKH BOCIPHHHMAIOTCSI KaK IIyM. YCTpaHEHHE
OJIMKOB C IMTOMOIIBIO AITOPUTMOB, UCIIONIB3YEMBIX
JUISL YCTPAHEHHUs IIIYMOB B IMU(POBBIX M300paxe-
HUAX, HEIDDEKTUBHBI, MOTOMY YTO MOTYT OIle-
HUTH KaK IIyM KPOIIEYHBIC Ne(PEKTHl HA MOBEPX-
HOCTH CTEKJIa W TIPOITYCTHUTH HX.

HenocTostHCTBO CKOpOCTH IBIDKEHUST 0OBEKTa
KOHTPOJISI KPUTHYHO UIS BBIOOpAa MOMEHTA PE3KU
TpyOBI B poliecce 0TOpaKOBKU NeEKTHBIX y4acT-
KOB.

[NepeuncieHHbIe TEXHOIOTHYECKHE OCOOCHHO-
CTH ONpEeNeNsioT Kpyr 3ajad, KOTopble HeoOXo-
IFIMO PEIINTH B IPOLIECCE CO3MAHMS aBTOMATH3H-
POBaHHOH CHCTEMBI HETIPEPHIBHOTO KOHTPOJIS Ka-
YeCcTBa CTEKJIOJIPOTOB C UCIIONB30BAaHHEM METO/IOB
MAaIIMHHOTO 3pPEHUS Ha MEPBOM 3Tale KOHTPOISI
KadecTBa. Pemenne 3THX 3a7a4 ¢ MOMOIIBIO TeX-
HUYECKUX U TPOTPAMMHBIX CPEICTB IO3BOJISIET
MepeiTi KO BTOPOMY 3Tally, CBSI3aHHOMY ¢ OOHa-
py)XeHHeM M Kiaccudukanued ae(GeKToB CTek-
JIOAPOTOB B TPOLIECCE MX MPOU3BO/ICTBA.

Metoab! noucka aedekroB
M UX JOKAJINU3alHH

[ponenypa moncka nedeKToB M MX JIOKAIH3a-
LMK B aBTOMAaTU3UPOBAHHOW CHUCTEME HENpephIB-
HOTO KOHTpOJISi KauecTBa CTEKJIOJIPOTOB IMpE-
CTaBJIcHAa Ha pUCYHKe 1.

BuneonoTok TaHHBIX, HOCTYMAONIINI C BUAECO-
Kamep, pasfensieTcsl Ha oTAenbHble Kaaphl. Kax-
JIOMy TIpHCBavBaeTCs BpeMeHHas MeTka. [lepBas
OTIepaIyisl, BRITOJIHEHHAS HA IOTYYeHHOM U300pa-
KEHHUH, — OUYMCTKA N300paKeHUs OT UTYMOB U CBe-
TOBBIX ONMWKOB. Cly4alHBIA IIyM YCTpaHSETCS C
MOMOIIBIO (PUITBTPaA ¢ KOHEYHOW MMITYIIECHOHM Xa-
PaKTEpUCTUKOM BTOPOTO MOPSI/IKA, PEAIU3YIOLIETO
CKosb3sIIee cpeanee. i ynajaeHus IryMoB, KO-
TOPbIE BBI3BIBAIOTCS OTPAKEHUSIMU C IOBEPXHOCTH
CTeKJa, ObUT pa3pa0doTaH ANTOPUTM, HCIOIB3YIO-
U TAJIOHHYIO CUCTEMY UealbHBIX U300pake-
Huil. [IprHIUT paOGOTHI ATOH CHCTEMBI OCHOBaH Ha
MoJIeMUpoBaHuy (oHa m300pakenns. CHauanma
OepeTcst uaeanbHbI CHUMOK MTOBEPXHOCTH CTEKJIa
(puc. 2).

3areM OnpenessatoTCs IyMbl Ha 3TOW MOBEPX-
Hoctu. [loka cpena m3MepeHusi HE HW3MEHSETCH,
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BuaeonoTok 0T HCTOYHUKOB peructpanunu -

<=

3axBaT KaJipa ¥ BCTaBKH IIEPEMEHHOI METKI

~

[llymononaBneHue 1 BEIYUTaHUE (OoHA

~

ABTOMaTHUYECKOE OIpEACICHNUE 30HBI KOHTPOJIA

~=

[ouck nedexToB B 30HE KOHTPOJIA

1 UX KIIacCUPHUKAIUT

Puc. 1. Brox npeosapumenvroii obpabomxu
BUOCOOAHHBIX

Fig. 1. Video pre-processing unit

IIYMBI CYMTAIOTCS OJIMHAKOBBIMU Ha BCEH TIOBEPX-
HOCTH cTekia. TakuM oO0pa3zom, BIYHTaHUE (OHA
13 U300paKeHNs MO3BOISIET IIPOBOUTH JANbHEH-
IIM{ aHAJM3 TOBEPXHOCTH TPYOBI, OYMIIIEHHON OT
urymoB. [locrie yaaieHus myMoB aHATU3UPYIOTCS
XapaKTEPUCTUKH N300paKeHUS.

Crnenyromasi omnepanus — WICHTHDUKAIHS
30HBI KOHTPOJISI HM300paKeHHs, TO €CTh YacTh
n300paxkeHus, momiexamed aHamm3y. OHa wc-
MOJNIB3YeTCs JUIs ydeTa BHOpalnuu OOBbEeKTa KOH-
Tposst (TpyOBI) B Mpoliecce IBMKEHUS MO KaTKam
BOJIOYWJIBHOW MaluHbl. [I0CKOIBKY KOHBEHeEp U
JBIOKYINASCS 10 HeMy TpyOa BHOPHPYIOT, ee Tpa-
HUIIBl Ha TMOJIyYeHHOM H300paskeHUM OyIayT MO-
CTOSHHO TIepEMEIIaThcs BIIPABO MM BIIEBO OT
HaTpaBIICHUS IBYKCHIS, U 9TO BIHSIET HA OIIpee-

Path
Y C\Te2.png =
Image ﬂ 25 00)

Al

Histegram Gragh.
EUE

CoBIRO DN+ ¥

o 5075 100 125 150 25

Histogram Report
histagram )

. o - 0 [y
=] id Miimal Value
‘errer out 72,00 Masimal Value
T Starting Value

sTop @ 4 Interval Width
source. Mean Value

Puc. 2. @opmuposanue ¢ponosoti mooenu

Standard Variatior
Ares (pinels)

T

Fig. 2. Creating a background model
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JIEHHUE 30HbI, B KOTOPOil JOJKEH MPOUCXOAUTH MO-
uck nedekxroB. Ha pucyHke 2 oHa BbIIENCHA MPsi-
MOYTOJIBHUKOM. {7151 ueHTHUKAIMN 30HBI KOH-
TpoJisi O0bEKTa Ha H300pAKEHUU HEOOXOIUMO
HETIPEpBIBHO aBTOMATHYECKH OMPEAENATH MOJI0-
JKCHHE BHYTPEHHHX TpaHMIl TPyObl Ha CHHMKE.
C oroil menbpto pa3paboTaH aNrOpUTM TOHCKA
BHYTPEHHHX TpaHUIl TpyObl Ha W300pakeHUH B
nporecce ee nmwxkenus [1]. B ocHoBe anroputMa
JCKUT aHANM3 K3MEHEHUS Tpajallid SPKOCTU
n300pakeHUs IO CTPOKAM MaTPHIBI SIPKOCTEH 10
TeX I0p, IIOKa He OyAyT HaliIeHBI IpaBasi BHEIITHSS
rpaHuLia TPyObl Ha U300pakeHUU Rext U mpaBas
BHYTpPEHHsI IpaHHLA TPYOb! Ha H300paxeHuu Rint.
Pazaumna mexnay BHEIIHUMH TpPaHULAMHU Aext =
= Rext — Lext TO3BOJISIET KOHTPOJIUPOBATH OTKIIOHE-
HUE TOJIINHEI TPYOBl OT HOPMAaTUBHOTO 3HAYCHNS,
a pa3HUIla MEKy BHEITHIUMHU U BHYTPCHHUMH r'pa-
HULIAMHU Arh = Rext— Rint ¥ ALh = Lext— Lint TO3BOJISIET
KOHTPOJIUPOBATH OTKJIOHEHHE TOJNIIMHEI CTEHOK
TpyOBbl OT HOPMATHBHOTO 3HaueHus. Bemnumna
Aint = Rint — Lint ompenenser mmpuHy 30HBI KOH-
TPOJIsl B OPTOTOHAJILHOM HAIpaBlIeHUH. 3HAYCHUS
napameTpoB Aext, Arh, ALh U Aint ECTIONB3YIOTCS
npu (HopMHUPOBAHUM YIIPABIISIONINX BO3ICHCTBUIA
B IIpoliecce KOHTPOJIS KauecTBa CTEKJIOIPOTOB.

JlanpHelas o6paboTka Moy4eHHOTo IuGpo-
BOTO M300pa’keHUs 3aKIII0YaeTCs B MTOMCKeE Aedek-
TOB B 30HE BH3YaJIbHOT'O KOHTPOJIS C HCIIOJIB30Ba-
HHUEM CIIEIHATBHO pa3paOdOTaHHBIX METOIOB pac-
Mo3HaBaHHUA 00pa3oB U (POPMHUPOBAHUK KOMaH
JUTSI pe3aTeNIbHON MalluHbl Ha OTOPAKOBKY.

CermeHTalusi H300pakeHui IPUMEHSIIACh JIS
TOTO, YTOOBI C/IENATh H300pasKEeHHE OOJIEE TETKIM.
JJ1s1 3TOTO CTPOMIIaCh THCTOTPaMMa H300pasKeHHS
(puc. 3) ceporo ypoBHS, M COCTOSIHUE KaXKIOTO
MUKCEJIS] YYUTHIBAJIOCH MPH BBIYKUCICHHH BEPOSIT-
HocTH. ONTUMAaNBHAS CETMEHTAIHS H300paKeHUS
MPOBOJIMIIACH C TMOMOIIBIO AalITUBHOTO MOPOTO-
BOT'0 3HaUCHMA. DTO 3HAUYEHHE OIPENENIIoCh Be-
POSITHOCTBIO SIPKOCTH COOTBETCTBYIOIIETO ITHK-
censi B m300pakeHHH.

PesynbTaT cermMeHTalMu NPUBEACH HA PUCYH-
Ke 4, I/ie OTYETIINBO BUIHBI KOHTYPHI TPYOBI U Jie-
(exra.

s onpenenenus pa3MepoB JIeeKTa UCTIONb-
30BaJICs IETEKTOp rpanwuir [7].

K pesymbraram 00paOOTKH IETEKTOPOM Tpa-
HUII N300pakeHus PUMEHSUIACh ABYKpaTHAas J-
natamys [8], 9TOOBI 3aMOMTHUTE TPOOETHI B KOHTY-
pax. Ilocie mpUMEHEHHUs MAETEKTOpa TPaHHUIl
HapYXXHBIC Kpast KOHTypa Ha H300paXKCHUSIX HICH-
TUQHUIUPYIOTCS M COXPAHSIOTCSA B CBSI3aHHOM
CIKCKEe, TJC XPaHSITCS TOJIBKO KOHEYHBIC TOUYKH
cerMeHTa. B pesymbrate Qopmupyercs mpsMmo-

YTOJIbHUK, KOTOPBI COXpaHAETCS B BUAE YEThIPEX
TOYEK ero BepluH. B manpHelimem 3ta nHpopMma-
LM UCTIONIB3YETCS TS JIOKaUu3aun JeeKToB Ha
TpyOe.

Ocno)XHEeHUs TIPH BBIIBICHHH NE(PEKTOB BO3-
HUKAaIOT TaK)XKe OTTOrO0, YTO YACTH OJITHOTO U TOTO
ke nedekra MOryT OBITH Ha pa3HBIX H300pa-
KCHUSAX, TCHEPUPYEMBIX ONHOH WM pPa3HBIMU
kaMmepami. beutn pa3paboTaHsl KOHKPETHEIE ajro-
PHUTMBI AJis BBISIBIIEHUS 1e()eKTOB, KOTOPBIE OXBa-
TBIBAIOT HECKOJBKO HM300paKeHHUHU, MPOM3BOIM-
MBIX Pa3IMYHBIMH KaMEpaMH.

Cxema HenpepbIBHOTO
KPYroBOro 0cMoTpa 00beKTa KOHTPOJIs

CrutomHasi CTeKnsHHas TpyOa IOJDKHA ObITh
OCMOTpEHa CO BCEX CTOPOH 0e3 BO3MOXXHOCTH €e
BpalleHus. g pemeHus 3ajadd  KPyroBOro
OCMOTpa ropsiueit TpyOsI OblIa pa3paboTaHa MHO-
rokaMepHast cucrema. OHa COCTOMT W3 IIECTH Ka-
Mep, PACIOJIOKEHHBIX BOKPYT TPYOBI B IJIOCKO-
CTH, IEPIICHANKYJISIPHON K HAIPaBJICHUIO e¢ JIBU-
KEHUS TaK, YTO UX OITHIECKNE OCH IIEPECEKAI0TCS
JpyT C APYroM MoA yrioM 60°, Kak 3T0 MOKa3aHO
Ha PUCYHKE D.

I
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Fig. 3. Image histogram in the presence of a defect

Puc. 4. Pesynemam ceemenmayuu

Fig. 4. The result of segmentation
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a)

s

Puc. 5. Cxema pacnonoocenus kamep:
&) 6 nocKoCcmu, OPMOSOHANLHOU HANPABIEHUIO
ogudicenuss mpyovl, 6) 6 HanpasIeHUU OBUNCEHUS
mpyovl

Fig. 5. Cameras layout: a) in a plane orthogonal
to the direction of pipe movement;
6) in the direction of the pipe movement

CucremMa perucTpanuy W300pakeHUi BKITIO-
YaeT MEeCTh JINHEHHBIX KaMep U IIECTh CBETOTUO/I-
HBIX JINHEWHBIX OCBETUTEIBHBIX cucTeM. J{iist mos-
KIIIOYCHHSI KaMep HCIOJIb30BaH YHUBEPCATbHBIN
KabeNb ¢ BLICOKOYACTOTHBIM Pa3beMOM IS O~
KIIOYCHHSI CKOPOCTHBIX BHICOKamep K (peiiM-
rpab6epam mo mportokonmy CameraLink (C-Ln).
OdpeiimM-rpabOepsl 0OeceYrBarOT 3aXBaT U300pa-
XKeHus B GopMUpPYIOT Kaapsl. [Ipu Takom pacro-
JIOXKCHUH KaMep YacTH OJTHOT'O U TOTO JKe AedeKra
U camu 1e(heKTH MOTYT TE€HEPUPOBATHCS Pa3HBIMU
KaMepaMHu U OBITh B Pa3HBIX KaJpax.

Paspemratomas  crmocoOHOCTh PETUCTPUPYIO-
mero o0OPYAOBAHUS ONPENEIIach M3 CICIYIO-
mux coobpaxeHmid. Cpeau BceX NeeKTOB, KOTO-
pBIE MOTYT MPHUCYTCTBOBATh B CTEKIISIHHON TpyOe
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Uit (hapMalleBTHUECKUX KOHTEWHEpOB, Hanboiee
TPYIHBIMU ¥ KPUTHYHBIMHE JUTS TIOMCKA SBILIFOTCS
BO3/YIIHBIE Iy3BIpU — caMble HEOONbINUE Je-
¢dexTsl. Bo3mymiHele my3sIpH MOTYT (OPMHPO-
BaThCSI HA CTEKILIHHBIX cTeHKax. [locie Toro xak
Tpy0a MPOTIATUBAETCS C MIOMOIIBIO TAHYJIEHOU Ma-
[IMHBI, Ty3bIPU BBITATHBAIOT U CTAHOBSTCS JJTUH-
HBIMH BO3IYIIHBIMU JUHUAMH. CUUTaeTCS IOMy-
CTHMBIM, YTOOBI CHCTEMa MAIIMHHOTO 3PEHUS BHI-
SIBIsUTA e(DEKTHl C OPTOTOHANBHBIM CEYCHUEM
0osee 15 MUKPOMETPOB M ¢ MIPOAOIBHBIM pa3pe-
menuem 0,5 mummmmerpa. CriemoBarenbHO, Ka-
Mepa J0JDKHA 00J1a/1aTh COOTBETCTBYIONIEH pa3pe-
marmleid CrocoOHOCTBIO, TMOCKOJIBKY JOJKHBI
OBITh WICHTU()HUIMPOBAHBI OUYEHb Mallble Je-
(eKTHI.

Pacnionoxxenne obopynoBaHus, KamMep U HC-
TOYHHUKOB OCBEIICHHS ONPEACISIIOCH TAKKE C yde-
TOM TEIJIOBOTO PEeKUMa 1 BUOpariu 00beKTa KOH-
Tposist. OHO OBLTO YCTAaHOBJIEHO MEXIY BOJIOYHIIb-
HOM M PE3aTeIbHOM MAalluHAMH, IOCKOJIBKY
HEOOXOIMMO TPOBEPSTH HEMPEPHIBHO IBIDKYIILY-
10Cs CTEKIITHHYIO TPYOY 0 TOT0, Kak ee paspe3anu
Ha OTJAENbHBIC ApOTH. BrIcokas Temmeparypa He
ITO3BOJIACT PACIIOJIOKUTEL KaMephl OJIH3KO K TpyOe,
MO3TOMY OBLIT UCTIONB30BaH OOBEKTHB C OOIBIINM
(hOKYCHBIM PacCTOSIHUEM, IMO3BOJISIOUINHI MPOBO-
JIUTHh ChEMKY Ha 00JIbIIIOM paccTostHud. [Tpu 60116-
IIOM YBEIMYCHUU CHIDKAeTCa TIyOuHa pe3Koc-
1 [9—11], KOoTOpas ompenensercs TAKUMHU Hapa-
METpaMH OINTHYECKONH CHCTEMBI, KaK TJIaBHOE
(hoxycHOe paccTosiHHe, BelIWYrHa AuadparMbel u
JUcTaHIus (POKYCHPOBKH, U yBEITHMUUBAETCs abep-
pamus o0bekTHBa. CBA3b MEXIY TJIaBHBIM (hOKYC-
HBIM PacCTOSHUEM M AHAPparMoi IpH 3aTaHHOM
paccTossHUH (GOKYCHPOBKH OMPEAEISIIACH U3 COOT-
HOIIICHUN

(h—-r)f?—Bxdxfxr+Bxrxrxd=0,
(rz_rZ)fz—Bxdxf><r2+[3><r2><r><d =0,

rae I — pacctostHus POKYCHUPOBKH; I1, 2 — paccTo-
SHUSI IO TIEpeHEeW W 3aJHEM TIpaHMIl PE3KOro
u3o0paxenust; f — rmaBHOE POKYCHOE PaCCTOSHUE;
d — nnadparmenHoe 4KciIO; B — AHAMETpP KPYyXKKa
HEPE3KOCTH.

'myOuHA pe3KocTH, MpencTaBisromas co0oit
PasHUIy MEXIy PACCTOSHUSAMH IO TEepeTHEH H
3aj[HEM TpaHMIl Pe3KOro msodpaxkenus (r1 — ra),
OTIPEEIISIIACH IKCIIEPUMEHTAILHO B 3aBUCHMOCTH
OT JuaMeTpa TpoBepseMod TpyOBl. Bemmumna
YBCIIMYCHU A B])I6I/Ipa.]'[aC]> n3 yCJIOBUs ONTUMAJIb-
HOT'O COOTHOIICHUS] MEXy ITyOHMHOM pe3KocTh U
MpeIenbHBIM pa3penieHneM. PaccTosaue I ompe-
JEISUIOCh DKCIICPHUMEHTAIBHO B COOTBETCTBHU C
TCXHOJIOTUYCCKUM PETIIaMEHTOM.


https://ru.wikipedia.org/wiki/Ð¤Ð¾ÐºÑ�Ñ�Ð½Ð¾Ðµ_Ñ�Ð°Ñ�Ñ�Ñ�Ð¾Ñ�Ð½Ð¸Ðµ
https://ru.wikipedia.org/wiki/Ð¤Ð¾ÐºÑ�Ñ�Ð½Ð¾Ðµ_Ñ�Ð°Ñ�Ñ�Ñ�Ð¾Ñ�Ð½Ð¸Ðµ
https://ru.wikipedia.org/wiki/Ð¤Ð¾ÐºÑ�Ñ�_(Ñ�Ð¸Ð·Ð¸ÐºÐ°)
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Hcxons u3 3Tux coobpakeHuit Obu1a BeIOpaHa
nuHeiHas kamepa ral8192-80km cepum Basler
racer, TO3BOJISIONIAs] TOCTPOYHO, CTPOKA 3a CTPO-
KOH CUHMTHIBATh JaHHBIC H300paXKEeHUs, 0OeCIIedr-
Basi MPOBEPKY IPOTKEHHBIX 00bekTOB. Kamepy
OTIIMYAET BBICOKAS YaCTOTa JIMHEWHOW pazBepT-
ku — 80 kHz. 3T0 1mo3BOJIMII0, HECMOTPS Ha BBICO-
KYIO CKOPOCTh JIBHIKCHHSI TPYOBI U e¢ BUOPALHIO,
MOJTydJaTh N300paKeHUsI BEICOKOTO KadecTBa. Ka-
Mepa HMEET BBICOKOE paspemieHue — 8 k mukcemnei.
COOTHOIIICHHE CUTHAJI-IIIyM HAXOMUTCA Ha
ypoBHe 43,3. IlosToMy mosydaemble n300pake-
HUSI OTJIMYAIOTCS BBICOKMM KAa4eCTBOM JaKe IPHU
HU3KOM YPOBHE OCBEILEHHUS, TO3BOJISIS BBISBILSTH
Menpyaiinme 1eeKThl Ha CTEKITHHON TpyOe. Xo-
polliee Ka4eCTBO M300pKEHUS TAKKE OMpPEAeIs-
JIOCh AMHAMHYECKAM JHANa30HOM KaMephI — COOT-
HOIICHUEM MEXXy CAMBIM CIJIBHBIM M CAMBIM CJIa-
ObIM CHUTHAJIOM H300paKEHUs, KOTOPBIA elle
BO3MOXKHO OTJIMYUTH OT ItyMa. BrIcOKas 4yBCTBHU-
TENFHOCTh W MIHPOKUH TUHAMHYECKUHA THara3oH
(69,3 dB) mo3BOMMIN BBIABIATE Ae(EKTHI JTaXKe
Py HHU3KOM YPOBHE MX KOHTpacTHOCTH. Kpome
TOrO, MTUHAMUYECKHUI JUANa30H OMPEICIUII CIIO-
COOHOCTb KaMmephl OTHOBPEMEHHO BOCIIPOM3BO-
IUTH Ha M300PaKCHUHU YUACTKH C OYCHb BHICOKHM
U OYCHb HHU3KHUM YPOBHEM OCBelleHHOCTH. KoH-
TPOJdb JeeKToB moiydusicss 3¢hGEeKTUBHBIM Ha
BBICOKOH CKOPOCTH CHEMKH U TIPH MaJlbIX 3HaYe-
HUSIX BBIICP)KKA IaXKe TIPH UCTIOIE30BAaHUHU HEJ0-
CTaTOYHO MOIITHOTO OCBETHTENBHOTO 000py/I0-
BaHIsL. JTO MMO3BOIMJIO MOIYYaTh YeTKHE n300pa-
JKEHHWsI C BBICOKHM YpPOBHEM JETallM3allld IS
3¢ (EKTUBHOTO BBISIBICHUS A€(EKTOB PH HU3KOM
YPOBHE€ KOHTPACTHOCTU AAXXE B YCJIIOBUAX HCI0-
CTaTOYHOTO OCBEIICHUS.

ApXHMTEKTYpa aBTOMATH3MPOBAaHHOM
CHCTeMbl MOHMTOPHMHIA M KOHTPOJISI KA4ecTBa

ABTOMAaTHU3UPOBAaHHAS CUCTEMa MOHUTOPHHTA
U KOHTpOJI KayecTBa CTEKIOAPOTOB BKIIIOYAET
MOICUCTEMBI COOpa U PErUCTPallii BUACOAAHHBIX,
MpeBapUTeIbHON 00pabOTKH BUACOJaHHBIX, TITYy-
00KOl 00paObOTKH BHUICOMAHHBIX, YIIPABISIONIYIO
MOJICUCTEMY M Tpaduveckuii HHTepQeic Mmob30-
Barensl. ApXHUTEKTypa CHUCTEMBbI OTOOpa)xkeHa Ha
pucyHke 6.

[oncucrema cObopa M perucTpannyl BUACOAAH-
HBIX pacrlojoXKeHa Iepe BOJIOYMUIBHON MaIlliHOM
Y TIpeHa3HaYeHa Ui MPOBEPKU TPYObI, KOrJaa Ta
elle CIUIOIIHAs M HEe pa3pe3aHa Ha OTIEINIbHBbIE
npoThl. COCTOMT M3 Habopa OCBETHTEIbHBIX MPH-
0OpOB U 1IeCTH BUACOKaMep, MOJKIIOYSHHBIX K
KOMITBIOTEpY depe3 OOMIyI0 MIMHY C ITOMOIIBIO
YCTPOKHCTB 3axBaTa M300pakeHus. J[ns wHTErpa-
[IUHU PA3IMYHBIX YCTPOUCTB B €AMHYIO Cpely ObLI
nucronp3oBad koHTpoiuiep PSX PXle 8135. On
yctanosieH Ha maccu PXle 1071 co cnenmanbsHOM
BBICOKOCKOPOCTHOU IM(POBON MIMHOM, MpeaHa-
3HAYEHHOM Uil KOMMYTallMM YCTPOMCTB, C HC-
10JIb30BaHUEM HHU3KOYPOBHEBOI BBICOKOCKOPOCT-
HOW CBS3M B pEXHUME PEaTbHOTO BpPEMEHH.
VYerpotictBa PXI sBisiroTcs ciennanu3npoBaHHON
IaTOPMOI IJIs1 CHCTEM H3MEPEHHSI U aBTOMAaTH-
3ammu. OHH COBMEIIAIOT BO3MOXHOCTH 3JIEKTpPH-
yeckoil muHbl PCI ¢ MOAyIBHOM apXUTEKTYpol U
CHEIMATU3UPOBAHHBIMY IIMHAMH CHHXPOHM3a-
nuu. /i KoopAMHAIUY YIIPaBIEHUS ABHKEHUEM,
nojlydeHus M300pakeHUi W cOopa JaHHBIX HC-
MOJIb3yeTcsd clienuanu3upoBanHas 1muHa RTSI

OT0 crenuanbHas BEICOKOCKOPOCTHAS IH(pOBast
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Puc. 6. Apxumexmypa cucmemvl MOHUMOPUH2A U YAPABGIEHUSL KAYECHBOM NPOU3B00CMEA
CMeKI00pomos
Fig. 6. The system architecture for monitoring and managing the quality of glasworms production
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IIMHA, IPeIHA3HAYCHHAS TSI UHTETPAIAU CUCTEM
C HCTOJIb30BaHNEM HU3KOYPOBHEBOU BBICOKOCKO-
POCTHO# CBSI3M B peajbHOM MacmTabe BpPEeMEHU
MEXIY pa3iudHbIMH ycTporicTBamu. CTaHmapT-
Hblid kKabenb Cameralink mepemaeT cHUrHaBI
YIIPaBICHHS BHICOKAMEPOI, CUTHAIIBI CHHXPOHH-
3aIlU¥ BUJICOJJAHHBIX, 00ECIICYNBAst BRICOKYIO CKO-
pocTh niepenauu qaHHbIX — 850 M6/c.

Brok mpeaBapuTenbHoii 00paboTKu n300pake-
HUS BCTABJISICT BPEMECHHBIC METKH JIJIsI CHHXPOHH-
30U KaJpOB, MOJIYYEHHBIX OT Pa3IMYHBIX Ka-
Mep, aBTOMAaTHYECKH OIMPEACIICT 30Hy KOHTPOIIS
B KaJpe, peajn3yeT METOMbI MONCKa 1e(eKToB U
OTIPEICIICHHUS UX JTOKAIN3AINHY, OITUCAHHBIC BHIIIIC.
[Ipn oOHapykeHWH JePEKTOB TNPOU3BOIAUT HX
knaccudukanmoo. TakuM o0pa3oM, Ha BBIXOJAE
0JIOKa TpeJBapHUTEIBLHOM 00pPabOTKM JaHHBIX
(dhopMupyroTcst HHGOPMAIUSA 0 HATHYWHU JedeKTa
B KaJpe, KOJI BPEMEHHON METKHU 3TOTO Kaapa, KOJ
PETUCTPHUPYIONIETO YCTPOHCTBA. DTH JaHHBIC Xpa-
HATCS B IUKJIMYECKOM Oydepe KakIoW KaMephl,
PACIIONIOKEHHOM B OIIEPATHBHOW MAMATH KOMIIb-
I0Tepa, U MepealoTcs B OJIOKU NanbHelel oopa-
OOTKH KaJIpoB — JIOKAJIM3ALNH, OTPEIEIICHHS Tpa-
HUIl nedexra, ompeneieHHus pasMmepa JedeKTa,
onpeseneHus Tuna aedekxra. Padbora 0yioka j1oka-
JIU3AIMU CBs3aHa C MOJYYEHHEM HHTETPATbHOTO
n300pakeHuss JaedeKTa, COCTaBICHHOTO M3 €ro
Pa3IMYHBIX YacTei, 3a(pUKCUPOBAHHBIX HA CMEXK-
HBIX Kajipax. [leno B ToM, 4To 1e(heKThl, B 4aCTHO-
CTH, BO3YIIHBIC JINHUU, MOTYT OBITh 3a(pHKCHPO-
BaHbl B HCCKOJIBKHX KaJpax. Bo3MoxHBI TpH Ba-
pHaHTa pa3MeIeHus Ae(eKToB:

— (DUKCHPYIOTCS OJHOW Kamepou, HO pa3me-
IIAIOTCS B CMEXHBIX KaJApax II0 HAINpaBICHUIO
JBIDKCHUS TPYOBI;

— (UKCHPYIOTCS HECKOJIBKUMH KaMepaMH H
pacronaraloTcss B CMEKHBIX Kaapax B HarpaBJie-
HUH, OPTOTOHAIEHOM JIBIDKEHHIO TPYOBI;

— KOMOMHAIUS 000UX CITydYacs.

Brok onpenenenus rpanun nedexra o0venu-
HSIET KOHTYPHI 1e(eKTOB Ha n300paskeHuax. Kax-
JI0€ UHTErpalibHOE N300paKeHHe NeeKTa 3aKTro-
9aeTcsl B OTPaHHYHMBAIOIINI MTPSIMOYTOJIEHHK.

biok onpenenenus pasmepa aedexra UCIIOIb-
3yeT MOMOJHHUTEIbHYIO HHPOPMAITHIO O TEXHOJIO-
THYECKOM IIPOIIECCE. PACCTOSHHUE OT KaMephbl J0
peXyIIeld MaIuHBI, CKOPOCTh IBIDKCHUS TPYOBI,
4acToTa pe3oB, AarHa qpoToB. OHa MO3BOJISIET IM0-
Ty49duTh (haKTHUECKHE pa3Mephl Ie(eKToB U CBs-
3aTh UX C TEKYIIUMH KOOPIMHATAMH JIBIKYIIEHCS
TpyOsI [12]. B COOTBETCTBUM C BPEMEHHBIMHU OT-
METKaMU KaKIBIH Ae(eKT OTHOCHTCS K KOHKPET-
HBIM JIpOTaM, TaK KaK CKOPOCTh TPYOBI U paccTosi-
HUE OT KaMephl 10 PEXYIIEH MalIHbI U3BECTHO.

186

Bbrok mMmeeT NOCTym K OIEpAaTHBHOW HaMATH U
OUKIUIecKkoMy Oydepy ¢ medekramMu U CBS3aH-
HBIMHU C HUMH BpEMEHHBIME MeTKamu. CITUCKH Jie-
(heKTOB, MOCTYMAIOIINX OT BCEX KaMep, O0bEIHHS-
IOTCSL B OAWH CIIMCOK IUISl KKIAOTO OTIEIHEHOTO
npota. [lomueiii HaGop AedexToB i OIHOTO
JPOTa UCTIONIB3YETCS IS IPUHSTHUS PEIICHUS O 3a-
OpaKoBKe WU MPUHSATHU 3TOTO JPOTA.

VYrpapieHHe TEXHOJOTHYECKHM  IIPOIECCOM
ocylecTBiIsieT ON0K (OPMUPOBAHMS YIIPABJISIO-
X Bo3aeHcTBU. Bo BpeMsi mpon3BOACTBa CKO-
POCTB TPYOBI KOHTPOJHMPYETCSI BOJOUYMIBEHON Ma-
mHOM. YacToTa pe3oB omperensercs UCXOIs U3
3aJ]aHHBIX CKOPOCTH TPYOBI U JTHHBI IPOTOB. B co-
OTBETCTBUHU C 3TOM YaCTOTOM MOCHIIAETCS KOMaHAa
Ha PEXYIIYI0 U COPTHPOBOYHYIO MAIlIMHEIL Pere-
Hue 00 OTOpaKOBKE CTEKJIOAPOTA MPUHUMAETCS Ha
OCHOBE KJIacCH(HUKAINH JTe(DEKTOB, MX Pa3MEPOB H
TpeOOBaHM K Ka4eCTBY CTEKJIOIPOTOB.

TpeboBaHUs K Ka4eCTBY CTEKJIOAPOTOB MOTYT
M3MEHSTHCS B 3aBUCHMOCTH OT UX KJlacca M KOHEU-
HOTO HCIIONIb30BaHUs. OmepaTopsl MPOM3BOACTBA
MOTYT IUHAMUYECKU U3MEHSATH 3TH MMOKA3aTeNH B
CHCTEME YIPaBJICHUS C IOMOIIBIO0 TpaguIecKOro
uHTepdelica moip3oBaTels. XapaKTepUCTUKHA 00-
HApPYXKCHHBIX Je(PEKTOB B KAXKIOM OTICIHHOM
CTEKJIOZIPOTE CPAaBHUBAIOTCSA C TPEOOBAHUSIMU K
Ka4ecTBY IIPOM3BOJCTBA, , €CIIH ITH TPeOOBAHMUS
HE BBITIOJHSIOTCA, CUCTEMa KOHTPOJIS BBIIAET CO-
OTBETCTBYIOIIYIO KOMaH1y IIPUBOJY COPTHPOBOY-
HOI MaIIMHBI Ha 0TOPaKOBKY cTekinoapoTa. C mo-
MOIIBIO rpaguuecKoro uHTepdheiica moap30BaTes
ormepaTopbl MOTYT 3a/laBaTh M KOHTPOJIHMPOBATH
mapaMeTpsl TEXHOJIOTHIecKoro npouecca. ['padu-
YecKuil HHTepQEeiic TakKe UCTIONB3YeTCs IS BH-
3yaln3anuy U cOopa TeKyIled cTaTUCTUKH OOHa-
pyXeHHUS Te(EKTOB U NMPHHSATHUS peIIeHui 00 oT-
OpakoBKe.

PaCCMOTpeHHaH ABTOMATU3NPOBAHHAA CH-
CTeMa MOHUTOPUHTA M KOHTPOJISl Ka4eCTBa MPOU3-
BOJICTBA CTEKIJIOAPOTOB MPOTPAMMHO PeaTn30BaHa
C HCIIOJb30BAaHUEM CHCTEMBI I'paHuecKoro mpo-
rpammupoBanus LabVIEW [13]. s ynpasnenus
CHCTEMOH HCTIONB3YETCs] KOMIBIOTED, BBHITIOIHSIO-
MM aHau3 W300paKECHUN U yNpaBISIOIMINAN pe-
XKyIIEei ¥ COPTHPOBOYHON MaIIMHAMH 110 00Hapy-
keHHBIM nedekram. 1o pesynpTaTamM UCTIBITAaHHHA
pa3paboTaHHas CHCTeMa JOKa3ala CBOK d(PQek-
TUBHOCTb TIPH BBISIBICHUH JIEPEKTOB U MpuMeceit
MOpsIIKa IECSITKOB MUKPOH. B gacTHOCTH, BEpOsT-
HOCTB OIIMOKY TIEPBOTO pOJia COCTABUIIA OPSIIKA
8-12 % B ycnoBusX pabOTHI C MPEACTBHBIMU TPe-
0OBaHMSMU K KadecTBY. XOTs HpeATIOKEeHHAs CH-
CTeMa OCHOBaHA Ha OOIIEM ITOAX0MAE K CHCTeMaM
MAaIIMHHOTO 3pEHUS, CHeuu(prIecKre MpoOIeMEbl,
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olpeJensieMble MPOU3BOJCTBEHHBIM IIPOLIECCOM,
ObUTH pa3pelieHbl KaK Ha almapaTHOM, TaK W Ha
IPOrpaMMHOM YPOBHE.

3aki0ueHue

ABTOMaTH3UPOBAHHAS CHCTEMa MOHUTOPHHTA
¥ KOHTPOJISI KayecTBa IPOM3BOJCTBA CTEKIOAPO-
TOB, apXUTEKTYpa KOTOPOH OIICaHa B CTaThE, 103~
BOJISIET CYIIECTBEHHO MOBBICHTH A((PEKTHBHOCTH
TpyZa KOHTPOJEPOB OTAEIa TEXHHYECKOTO KOH-
TPOJIS, CHU3UTD TIOTEPH OT OpaKa, yBETHIUTH CKO-
POCTb TEXHOJOTMYECKOTO0 nporecca. [Ipemnoxken-

Hasl apXUTEKTypa 00YCIOBIICHa HEOOXOJMMOCTHIO
ydeTa crenu(uuecKux mpoosieM, ompeaeasieMbIX
MIPOU3BOJCTBEHHBIM MPOIIECCOM, TAKUX KaK CHIIb-
Hasg BuOpanus OOBEeKTa KOHTpOJIA, HEoOXOoIu-
MOCTh €T0 HETPEPHIBHOT'O KPYTOBOI'O OCMOTpA BO
BpeMs JIBIDKCHUS TI0 KOHBEHepy, TeMIepaTypHBIi
peXuM U TpeOOBaHUS K pa3pelaromeil crnocob-
HOCTH  OITHUKO-3JICKTPOHHOTO  00OpYIOBaHUS,
HCIIONB3YEeMOTO ISl TIONYYCHHUS HM300paKeHHMA
BBICOKOT'0 KauecTBa. PacCMOTpeHHEIE B CTaThe Me-
TOJIIBI M CIIOCOOBI y4eTa 3THX 0COOCHHOCTEN ObLIH
onpoOOBaHbI 3KCIIEPUMEHTAILHO H TTOITBEP TN
CBOIO 2(PPEKTUBHOCTE.
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Continuous monitoring and quality control system for glassworms production
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Abstract. The paper describes the architecture, methods, and tools used to create a system for continuous
monitoring and quality control of glassworms production based on optical technologies and methods of tech-
nical vision. Technical vision techniques and optical technologies are often used to check the glass product
quality. However, the glassworms production process has its own characteristics that do not allow the use of
standard solutions.
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The analysis of the technological process made it possible to identify those specific features of production
that must be taken into account when using optical technologies and methods of technical vision in the system
of continuous monitoring and quality control of glassworms production. The specifics of the technological
process include: strong vibration of equipment and glass tube in the process of its movement; the high temper-
ature of the glass tube, which does not allow the optical registration means to be located near the observed
object; the need to identify tiny defects, the size of which ranges from tenths to several millimeters, from a
long distance; high speed of movement of the glass tube and the need to inspect the glass tube having a round
shape from all sides during movement. This is far from the complete list of problems that have been solved in
the process of developing a system for continuous monitoring and quality control of glassworms production
based on optical technologies and technical vision methods.

The paper describes methods and procedures for finding defects and determining their localization. A
procedure for automatic determination of the control area is described, which allows you to keep an object in
the camera’s view, despite its vibration. To solve the problem of circular inspection of a moving hot glass tube,
a multi-movie camera system was developed that allows it to be inspected from all sides, without its rotation.
There are descriptions of the components of an automated monitoring system and the glassworms quality con-
trol, including a subsystem for collecting and recording video data, a subsystem for video data preprocessing,
a subsystem for deep processing of video data, a control subsystem, and a graphical user interface, as well as
their interconnections. There result from preliminary tests of the system in the paper.

Keywords: automated control systems, digital images, quality control, technical vision, LabVIEW graphic
programming system.
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