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PA3PABOTKA JIABOPATOPHOH YCTAHOBKHA
OIIPEJAEJIEHMSA BHEIIIHUX JE®PEKTOB HATYPAJIBHBIX
KOXK

Annomayun. Obvekmom  paspabomxu — SAGIAemcsi  A8MOMAMUUPOBAHHAS
cucmema ynpagieHusi MexampoHHOU YCMAHOBKOU 011 NOUCKA 0eheKmOo8 HamypanibHbIX
Kooc. JlemanbHo paccmompera KOHCMPYKYusi pazpabomarnoco cmeHoa. IlIpusedén
cocmas 060py008aHus, 8x00aue2o 6 cucmemy. B kauecmee cucmemuvl agmomamuzayuu
NPUMEHAEMCsl NEeKMPOHHASL CXeMd U NPOSPAMMHOEe obecneuenue, pedaru308aHHOe 8
cpeoe ISAGRAF. J{na ananuza uzobpasxiceHutl uCnob3yemcs aieopummsl 00pabomku Ha
Python ¢ ucnonvsosanuem oubauomex OpenCV. Mooenv ycmanosKku 6vlnoIHeHad ¢
nomowbto CAD-npoepammer Komnac 3D. Obnacmv 603MOMCHO20 NPAKMUYECKO2O
NPUMEHeHUs.  YCMAHOBKU —  KOJICEBEHHble — NPOU3BOOCMEA, NPeonpusmusi no
U320MOBNEHUI0 00YBU U AKCEcCyapos.

Kurakin V.S., Rukavichkin D.A., Navumenka A.M.
Vitebsk State Technological University,
Vitebsk, Belarus

DEVELOPMENT OF A LABORATORY DETECTION SYSTEM OF
EXTERNAL LEATHER DEFECT

Abstract. The object of the development is an automated control system for a
mechatronic installation for searching for natural leather defects. The design of the
developed stand is considered in detail. The composition of the equipment included in the
system is given. The automation system uses an electronic circuit and software
implemented in the ISAGRAF environment. Image analysis uses Python processing
algorithms using OpenCV libraries. The installation model is made using the Compass
3D CAD program. The area of possible practical application of the installation is
tanneries, shoe and accessory manufacturing enterprises.

Beenenue. CoBpeMEHHOE KOYKEBEHHOE IPOM3BOJICTBO M KOHTPOJIb
KauecTBa MaTepuaioB TPEOYIOT BHICOKON TOYHOCTH M3MEPEHMI, 0COOEHHO
Opy  OLEHKE (U3MYECKUX CBOMCTB, BIMSIONMX Ha JOJTOBEYHOCTD,
AIACTUYHOCTh U BHEWIHUN BHUI u3enuid. OOHUM M3 KPUTUYECKH BaXKHBIX
napamMeTpoB, ONPENENSIONIMX MPUTOJHOCTh KOXKH IS OOyBHOTO
IPOM3BOJACTBA, SIBISETCA €€ OTAYLIMCTOCTh — SIBJICHHUE, CBS3AHHOE C
OTCTAaBaHUEM COCOUYKOBOTI'O CJIOSl KOXKU OT CE€TYaToro npu aegopmarnuu [1].

OTAymMCTOCTh  KOXKH —  3TO  CIEHU(PUYECKOE  CBOWCTBO,
NpOSBIISIIONIEECS B BHUJIE€ 0Opa3OBaHMs MOPUIMH NpH H3rube Marepuana
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BHYTpb. C HAyYHO! TOUKH 3pEHUs, JaHHBIN 3P (DEKT CBsI3aH C HEOAHOPOTHOU
CTPYKTYPOU KOXKH, PA3IMYHON 3JTACTUYHOCTHIO €€ CIIOEB U OCOOCHHOCTIMHU
CBA3YIOLIET0 MEXCIOHHOTO BELIECTBA.

[lenpto  paboOTBl  SBISIETCS  CO3JAaHHE  ABTOMATU3UPOBAHHOTO
JUAarHOCTUYECKOTO KOMILJIEKCa, 00eCcneunBaroIIero TOYHOE
MO3ULIMOHUPOBAHUE KaMepbl, BBINOJHEHUE KOHTPOJIUPYEMOTO U3ruda
00pa3loB KOXHU M TOCIEIYIOUIMI BHU3yalIbHbIM aHalu3 M300paKeHus ¢
MOMOIILI0 aIropuTMOB 00padoTku B Python/OpenCV.

[IpoekT oGecrieynBaeT BO3MOKHOCTD MEPEMEIICHUS KaMEPHI 10 IBYM
OCSIM C BBICOKOM TOYHOCTBIO, BHIIIOJIHEHUE aHAJIN3a BU3YAJIbHBIX IPU3HAKOB
OTAYLIMCTOCTA B KOHTPOJMPYEMBIX  YCJIOBUSIX U BEICHUE
MPOTOKOJMPOBAaHUSA pe3ysibTaToB. Pa3paboranHas cuctemMa MO3BOJISET
MOJICJINPOBATh PEATbHYIO IKCILTYaTAlIMOHHYIO Harpy3Ky Ha 00pasiibl KOXH,
aBTOMATU3UPOBaTh MPOLECC HW3MEPEHHS M MOBBICUTH HAJIEXKHOCTD
JUAarHocTUKM  matepuana.  llpakTudeckas — peanusanusi  IPOEKTa
crocoOcTByeT yriyosenutro 3HaHud B oOmactm  [IJIK-ympaBnenwus,
uHTep(elCHON JNOTMKM, BU3YaJIbHOTO aHAIM3a U B3aMMOACHCTBHS C
IPOMBINIJICHHOM nepudepueil.

OcHoBHast  yacTh.  ABTOMaruMzauus  Ipolecca  aHaln3a
OTIyIIMCTOCTH KOXXU TPEJCTaBIseT COOOM akTyalbHOE HaIpaBJiCHHE B
00JIaCTH MEXaTPOHUKH M WHTEJIEKTYaJbHBIX CHCTEM KOHTpPOJS KauyecTBa.
Hcnonp30BaHWEe NOpPOrpaMMHO-YIPABISEMbIX MEXAaHM3MOB, TAaKHX Kak
JIBYXOCEBBIE JIMHEHHBIE MOJAYJIM, TTO3BOJIIET HE TOJBKO TOYHO YIIPABIATH
npoiieccoM aegopMaliy KoK, HO U HUHTETPUPOBATh BU3yaJIbHbIE METO/IbI
aHanM3a C MpUMEHEHHWEM IUGPOBBIX KaMep M alrOpUTMOB 00pabOTKU
U300paKeHHIA.

CTpykTypa MpOEKTUPYEMOW CHUCTEMBI YNpAaBIECHUA II0KAa3aH Ha
pucynke 1. Ilo CTpyKTypHOW CX€M€ MOMXHO CYAUTHh O KOJIUYECTBE WU
XapakTepe KOHTYPOB YINpPABIEHUSA (3aMKHYTBIX WJIH Pa30MKHYTBIX).
CrpyKTypa CUCTEMBI COCTOUT U3:

JP1, 1P2 — npaiiBepbl ABUrateiaeii — 3T0 0coOble MOAYJIU, KOTOPbIE
o0ecreynBalOT  yIpaBJCHUE  YCTPOMCTBAMHU,  CIOCOOCTBYIOT  HX
s dexTuBHOM pabOTE U OTCICKHUBAIOT PAOOTOCTIOCOOHOCTD.

N1, 12 — nBurarenb — YCTPOMCTBO, MpeoOpasyroiiee Kakou-1uoo
BU/I PHEPTUU B MEXAaHUYECKYIO PaboTy.

K — xamepa, Hy>xHa Ju1st OOHApy)eHUs 1e(HEKTOB.

KB1, KB2, KB3, KB4 - KxoHIIEBOW BBIKIIOUATEIb — OTO
MEXaHUYECKUH JaTYMK, IPUMEHSIEMOE B CHUCTEMaxX yIpaBJICHUS, Kak
YCTPOMCTBO CUTHAIU3UPYET IPH BOSHUKHOBEHHH ONACHBIX CUTYyalUil.

VYV — ynpasisioliee yCTpOUCTBO - YCTPOMCTBO, KOTOPOE CIEAUT 3a
COCTOSIHUEM OOBEKTa YNpaBJIEHUS KaK CHUCTEMbl U BbIpaOATHIBAET ISl HEE
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YIIPABISIOLIUE CUTHAIBI.

IP1) [2P2] a1 2] [ K
Blodig.cd 4y [4z) LK
Y9 1/ KB7| [KB2] (K83 [KBY]

Pucynok 1 — CtpykTypa cxema cucTeMsl

Pazpaborana 3D mopgennp ycranoBku B mporpamme Kommac 3D.
KOMITOHEHTHI yCTaHOBKH: PYJIOH CHIPbS JIsl MOUCKA 1€(PEKTOB MOMEIIAETCS
Ha miaaTdopMmy, KOoTopas B CBOIO odepelb pa3melieHa Ha cranuHe. [lof
JIEBOM paMoM, 3aKperyi€HHOW Ha OOKOBBIX KPEIUICHHSX, HAXOJATCS JBa
[IarOBbIX JIBUTATENs, MPHUBOAAIIMX B pabOTy pEMEHHbIE Mepeaadu, C
MTOMOIIBIO0 KOTOPBIX LIECHTPAJIbHAS paMa MOKET COBEpIIATh MOCTYIIATEIbHOE
JNBW)KECHUE BIIEpEN-Ha3aa. PeMeHHas nepenada, CKpbITas IO LEHTPAIbHOU
pamou, MO3BOJISIET IBUTATHCS Kamepe A oOHapy)eHHs 1e(heKTOB BIEBO-
BrpaBo. OOIIKA BUJ] YCTAHOBKHU MPEJICTABIICH HA PUCYHKE 2.

[Taroseii aBuraTens M1 mpuBOAUT B ABUKEHUE PEMEHHYIO ITEpeIaqy
1, dyepe3 KOTOpyX HABMIKEHHE IIEPEXOJUT HAa PEMEHHYIO Mepenady 2,
MO3BOJISIFONIAsA NIEpeIBUTaThCs HeHTpaidbHOU kKamepe no ocu X. Illaroserii
JOBUraresib M2 MpuUBOIUT B JBMKEHUE PEMEHHYIO Mepenady 3, KoTopas C
MIOMOIIBI0 KBAJIPaTHOTO Bajla IMEpeNa€r IBHKEHUE HA LEHTPAJIbHYIO
pPEMEHHYI0 niepenady 4, MO3BOJIIIONIYIO IEPEABUTaThCS KaMepe BIOJIb OCH
Y.

B KauecTBe YIPaBISIOLIETO yCTpOMCTBa BbIOMpaeM
nporpammupyemMbiii koHTposuiep Simbol-100. Kontponnep npegHazHaueH
JJIs. aBTOMAaTU3HPOBAHHOTO YIPABIEHUS TEXHOJOTMYECKUMH IPOLIECCaMU
pPa3IMYHOIO BHJA M CIOXHOCTH, KaK aBTOHOMHO, TaK U B COCTaBe
MHOTOYPOBHEBBIX ABTOMATU3UPOBAHHBIX CUCTEM yIpaBICHUS
MPOMBIILICHHBIX, YHEPTETUUECKUX PEANPUITUSAX U B IPYTUX OTPACIISIX.

B kadecTBe HUCMOTHUTEIBLHBIX MEXaHU3MOB BHIOMpAEM IIaroBbIN
nsurarens J{111-200-0,5. B npoekrte ucnonsizyercs npaiisep StepDrive-R4-
Opto, NMOAKIIOYEHHBIA K MOXIYJIIO JIHUCKPETHBIX BBIXOAOB S-100-DOI16.
Kaxxip1il kaHam MoIyJisi TEHEpUPYET JIOTUYECKUE CUTHAJIBI (MMITYJIBCHI) JUIS
YIOpPaBICHUS OTACJIbHBIM HAIPABICHHEM U IIaroM JBHUrarend. Takum
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obpazom, ITJIK Simbol-100 ympaBiser MOJIO0KEHWEM HCIIOTHUTEIBHBIX
MEXaHHU3MOB ITyTEM OTIPABKHU TUCKPETHBIX KOMaH]T Ha MOJYJIH BBIBOIA.

Pucynok 2 — 3D Mozenb yCTaHOBKHM YCTaHOBKa 03 OOKOBBIX pam

Takas apxuTekTypa yrpaBieHHUs MO3BOJSET peain30BaTh HAAEKHOE
MO3ULIMOHUPOBaHUE 0e3 HEOOXOJMMOCTH B JaTUYMKAX TOJOXKEHHS, YTO
YOPOUIAET KOHCTPYKIIMIO U CHIXKAET CTOMMOCThH peanu3anuu. [Ipu stom
TOYHOCTh MO3WUIMOHUPOBAHUS 3aBUCUT OT MEXAHUYECKOM 4YacTw,
OTCYTCTBHUSI MPOIYCKOB I1aroB U CTAOMIILHOCTH MTUTAHUSI.

BriObupaem BeO-kamepy st oOHapyKeHUs 1e(EeKTOB HaTypadbHBIX
koxk. BeO-kamepa Logitech HD Webcam C270 mnomoiinér mis
pa3pabaThIBaEMOU YCTAaHOBKH.

Pa3paboTana s5ekTpryeckasi cxema MoAKIYEHUH (pucyHke 3).

[Iporpammuoe obGecrnieuenue pazpadorano B cpene ISAGRAF nns
Monynsi  koHTposuiepa S-100-CPU  or  kommanunm «OOO  «HIIL]
EBponpubop». Ympanstomue CUTHATBI (OPMUPYIOTCS JIICKTPOHHBIMU
0JIOKaMU CUETYHMKOB M TaWMEpOB, IMOJAIOTCS Ha BBIXOABI Moayis S-100-
DO16, xoropelii 4Yepe3 COOTBETCTBYIOUIMNA JapaiiBep GopMUPYET
UMITYJIbCHOE BO3JCHCTBUE Ha MEPBbIN ABUTaTENb. J[[BUrarenh HauMHAET
COBEpLIaTh IIArd COTJIACHO 3alpOrpaMMHUPOBAHHOMY KOJIMYECTBY, TEM
CaMbIM MPUBOJIA CUCTEMY B HOBOE MEXAHUUYECKOE MOJIOKEHUE.
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PI/IcyHOK 3- SHCKTpI/IlIeCKaH cxXeMa l'IOI[KJ'IIO‘lCHI/If/i CHUCTCMbI

KommonenTs! Ha cxeme: Al — [Iporpammupyemsrtii Jorudeckuit kouTposuiep S-100-CPU;
A2 — Monayns BeiBoa koHTposuiepa S-100-DO16; A3 — [paiisep; Ul — biiok nuranus; QF1 —
ApTtomatnueckuii BeIKItodatenb, X111 — Knemmuas komoaka BBoja mutanus 230B; XT2 —
Knemmvuas komoaka nutanus 24B; M1 — Illarossnid apuratens AI1-200-0,5; M2 — Illarosri
nsurarens JI11-200-0,5.

Pa3paboTaHpl aJrOPUTMBI BU3YaJbHOTO KOHTPOJIS, PEaJM30BAHHBIX
Ha s3pike Python. PaccMoTpeHbl mNpUHIMIBI TOCTPOEHUS CUCTEMBI
aBTOMAaTUYECKOM 00pabOTKM H300paKeHUM, BKJIIOYAs STambl 3axBara
M300pKEHUIA C Kamepbl, MpeoOpa3oBaHUE H300paKEHUS B TpaJaliu
Ceporo, MpUMEHEHUE alITOPUTMa BBIICJICHHUS KOHTYPOB (ZeTekTop Canny),
Mop(dosiornueckue Omepalud W BU3yalu3alus pe3yibpTara. [akxke
IPOAHAM3UPOBAHA APXUTEKTypa NPOrPAMMHOTO OOECleUYeHUs:: MOAYJIHU
YOpaBJIECHHUS KAaMepoH, JIOTUPOBaHMsS, OOpaOOTKM H300paKEHUH WU
M0JIb30BATENILCKOTO MHTepdelica uepe3 KOMaHAHYIO CTpoKy. Takoii
MOJIyJIbHBIN MOAX0/ 00ecreunBacT rHOKOCTh MacITAOMPOBAHUS CUCTEMBI
U BO3MOXKHOCTb HHTErpalud B 0Oojiee CJIOXHBIE IPOU3BOJCTBEHHBIE
KOMIUIEKCBI.

BeiBoabl. PazpaGotana u peanu3oBaHa 3KCIEpUMEHTAJIbHAs
YCTaHOBKA (CTEH]1) JJIsl IUarHOCTUKU OTIYIIMCTOCTU KOXXHM 00yBU Ha 0ase
IPOrpaMMHO-AIIAPATHOIO KOMILIEKCA, MOCTPOEHHOIO C HCIOJIb30BAHUEM
obopynoBanusi kommanun OOO «HIIL «Espompubop». [lerambHO
paccMOTpeHa KOHCTpYKLHMs pa3zpaboraHHoro crenga. llpuBenén coctas
000pyI0BaHUs, BXOSILETO B CUCTEMY, C TEXHUYECKUMHU XapaKTEPUCTUKAMHU
U (YHKIHMOHAIBHBIM Ha3HAYEHUEM KaXJ0r0 KOMIIOHEHTA.
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Pa3zpaboranHoe mporpammHoe obecrieueHne A TUAarHOCTHYECKOTrO
CTeHJa HE TOJHKO OO0ECMEeYMBACT BBICOKYIO CTEMEHb aBTOMATH3AINH
npolecca aHajau3a OTAYLIMCTOCTH KOXH, HO W TMO3BOJISIET ONEPATOPY B
peaJbHOM BPEMEHU OTCIICKUBATh COCTOSHUE Marepualia, MNpPOBOJUTH
BU3yaJbHOE CpPAaBHEHUE PE3yJbTATOB JI0 M TMOCJIE BO3ACHCTBUS, a TaKkKe
COXpaHATh JaHHBbIC JUIs MocheAyromero aHamuza. Komiuiekc oOnagaer
BBICOKOM Hal€KHOCTBIO, aJalTUBHOCTHI0O U MOXKET OBbITh JA0paboTaH Moj
KOHKpETHbIE TpeOOBaHUs TPOU3BOACTBA.
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