VK 677.019
DOI 10.47367/0021-3497_2022_2_104

MOUCK INYTEW COBEPIIEHCTBOBAHUA
OUPPOBOI'O MPEACTABJIEHUA TEKCTUJIBbHbBIX MATEPHUAJIOB
C HEJbIO OBHAPY/KEHUS JE®EKTOB"

FINDING WAYS TO IMPROVE THE DIGITAL PRESENTATION
OF TEXTILE MATERIALS FOR DETECTING DEFECTS

T.IO. KAPEBA, 1. A. MUPOIIIHUYEHKO, I'"". TOJIVBEEBA,
M.B. FOJICYHOBCKAA, A.B. FOUKOB, A.B. JIOABIILIKUH

T.Yu. KAREVA, D.A. MIROSHNICHENKO, G.l. TOLUBEEVA,
M. V. BOLSUNOVSKAYA, A.V. BOIKOV, A.V. LODYSHKIN

(MBaHoOBCKHIl roCyIapCTBEHHBIN MOJUTEXHHYECKHIl YHUBEPCUTET,
Cankr-IlerepOyprckuii moturexuuueckuii yausepcurer Ilerpa Besankoro,
HauuonaabHbI Hccie10BaTeIbCKUIl YHHBepcUTeT "'Bhicinast mIKoJ1a 9KOHOMHUKH ',
00O "BusuymTexc")

(lvanovo State Polytechnical University,
Peter the Great St. Petersburg Polytechnic University,
National Research University Higher School of Economics,
LTD "VisiumTex")

E-mail: pti@ivgpu.com, ktju@bk.ru, nkorn@ivgpu.com

B cmamuve paccmompena 603M03#CHOCHb UCNOTb308AHUA HEUPOCEMEBBIX MeX-
HOJI02Ull 0711 ABMOMAMUUPOBAHHOZ0 HOUCKA 0edheKmOo8 meKCMUIbHbIX Mamepu-
anoe. Ilpedcmaenen pazpadomannstii 1a60pamopHslii CmeHo, HaA KOMOPOM NPO6O-
oumcsa ghomocvemka 00pazuoe 01a hopmuposanusn ooyuarouen evioopxu. Ilpose-
O€H PAO0 UCC1e006AHUIL O GAUAHUIO PA3TUYHBIX 61006 0CEEU|CHHOCHU Mamepuana
npu noyueHuu uzoopasxcenus ¢ kamepol. Boinonneno uccnedosanue no enuanuio
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HccnenoBanue BBIMONHIETCS MU (prHAHCOBOM moaaepxke DoH/Ia COIEHCTBYS MHHOBAIMSIM B paMKaX HAyYHOTO MPOSKTA
CI1IT-92697 «Pa3paboTka mporpaMMHO-aIapaTHOro KOMIUIeKca 00HApY>KEHUsI U KiTacCU(PHKAIIH Je(eKTOB TKaHEH C Uc-
TIOJIb30BaHNUEM HEHPOCETEBBIX TEXHOJIOTHI.
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U3BMEHEHUA Y2/ia HAK/IOHA Kamepbl OMHOCUME/IbHO 06])(13”(1 MmMKaHu. Hpedno;)fceubl
pasiuiunsle eapuarnmosl nO yCMPAHEHUIO HeJcelamelbH020 UCKAMNCeHUA Ha u306pa—
HCCHUAX.

The article discusses the possibility of using neural network technologies for the
automated search for defects in textile materials. A developed laboratory stand is
presented, where samples are photographed to form a training sample. A number of
studies have been conducted on the influence of various types of illumination of the
material when obtaining an image from the camera. A study was performed on the
effect of changing the camera angle relative to the fabric sample. Various options
for eliminating the undesirable image distortion are proposed.

KiroueBbie ciioBa: gedekTbl TEKCTHIBHBIX MaTepHaloB, KOHTPOJIb Kade-
cTBa, 00padoTKa N300paskeHNnii, HelPOHHAS CeTh.

Keywords: defects of textile materials, quality control, image processing, neu-

ral network.

OnHOY W3 TIIaBHBIX 33/1a4 B Pa3BUTHH TEK-
CTWJIBHOM M JIETKOW MPOMBINUIEHHOCTH SIBJISI-
€TCsl MOBBIIICHHE KAaueCTBa BBITYCKAeMOM Mpo-
nykiun. [lpu sTom Hambonee akTyanabHBIM, Ha
JAHHBII MOMEHT, CTAaHOBUTCSI aBTOMAaTH3aIlHsI
MIPOM3BOJICTBEHHBIX MPOIIECCOB C IETBI0 YMEHB-
IIEHUsI 3aTpar dYenoBeueckoro Tpyzaa[l]. B
HACTOSIIIIEE BPEMS OJIHUM U3 HaMMEHEe aBTOMa-
TH3UPOBAHHBIX U KOMITBIOTEPU3UPOBAHHBIX ITa-
MOB TEXHOJIOTMYECKOW LIENOYKH Ha MPEIIpHs-
THSIX OCTAETCsl ONPEIETIEHUE COPTHOCTH U BbISIB-
nenre NeEeKTOB TeKCTUIIBHBIX MaTepuanoB. B
OOJBIIMHCTBE CITy4aeB HCIOJB3YeTCSl PYYHOU
TPY [, TJC 3aHSTHI ICCATKH YESJIOBEK M TPATUTCS
OTPOMHOE KOJIMYECTBO Pabo4yero BpeMeHu. AB-
TOMAaTHU3UPOBATh TPOIECC KOHTPOIS KaduecTBa
BO3MOYKHO, KaK M3BECTHO, ITPH TTOMOIIH COBpE-
MeHHBIX [T-TexHomoruii B o0nacTu mporpam-
MHO-alMapaTHbIX CPEICTB BBIUUCIUTEIBHON
TEXHUKH U HCIIOJB30BAHUM CPEJCTB TEXHHYE-
CKoro 3peHus [2...4].

KosnnextrBoM aBTOpPOB peraeTcs 3a1ada mo
pa3paboTKe MPOrpaMMHO-AIIAPATHOTO KOM-
TUIeKca T pacro3HaBaHus Je(EeKTOB Ha BU-
KYLIMXCS PYJIOHHBIX MaTEpUaIoB OONBIIOHN K-
PHHBI C Pa3IMYHBIM BUIOM O(OPMIIEHHS MO-
BEPXHOCTEN. Peann3oBaTh TaKylo CIOKHYIO CH-
cTeMy 00pabOTKH JaHHBIX TIO3BOJISET IITyOOKOe
MalMHHOE 00yYeHHe, OCHOBAaHHOE Ha TIOJTHOM
HaOope cOOpaHHBIX MaHHBIX, U HE TpeOyrolee
(bopMUpOBaHUS TPU3HAKOB JITSI BBISIBIICHUS JIe-
¢exToB. [Ipu TakoM BHIe MAIIIMTHHOTO O0YYEeHUS
Yalie BCEro HCIOJIb3YIOTCS CBEPTOYHBIC HEH-

POHHBIE CETHU, OCOOEHHO MPHU 00pabOTKE ONTH-
YECKUX U300pa’keHUi, 4TO 00eCrIeYnBaeT BbICO-
KUl TOKaszaTelb TOYHOCTH, COCTABIISIFOIIMIA
okosio 99%. JlocTHIKEHHE TaKOrO YPOBHS IIPO-
UCXOJUT 3a cYeT OoNbIIoi oOydaromiel BbI-
O0OpKH Ha cOOpaHHOM Habope aHHBIX. B Hatem
cirydae — 310 dotorpadguu 00pasoB TEKCTUITb-
HBIX MaTepUAJIOB C Je(eKTaMHU, MTOJTyYeHHbIE Ha
CIIeNUAIHO CKOHCTPYUPOBAHHOM IS 3THX Lie-
Jeit 1abopaTOpHOM CTEH[E, BKIIIOUAIOILETO JTH-
HelHy10 Buieokamepy kamepy Basler acA2440-
35uc ¥ cnenManu3upOBaHHOE OCBENICHHE, YCTa-
HOBJICHHBIE Ha paccTOsHUK 50 CAaHTUMETPOB OT
MOBEPXHOCTH 00pa3iia TEKCTUIIBLHOIO MaTepHaia,
001t BU KOTOPOTO MpeJICTaBIeH Ha puc. 1.

Puc. 1
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J1J1st KOPPEKTHOTO OIpe/ieTICHUs] MECTOTIO-
JIO’KEHUS U BUA 1e(PEKTa TEKCTUIBHOTO MaTe-
pHana K IOJydaeMbIM C Kamepbl H300paxe-
HUSM NPEIbSBISIIOTCS 0cOObIe TpeOOBaHUs 1O
ux kauecTBy. Ha ororpadusx 10mKHBI Y€TKO
MPOCMAaTPHUBATHCSA BCE HUTH, YTO HEOOXOMMO
IUist OOHApY’>KeHUsl CTPYKTYPHBIX AE(PEKTOB.
[Ipu moucke neeKTOB BaKHBIM SIBJISICTCS HE-
JOTyLIeHHE Ha N300pakeHUSIX TOSIBICHUS J10-
MOJTHUTEIIPHBIX UCKAKECHHIA, BBI3BIBAEMBIX TTPU
dotocremke matepuana [5]. M3BecTHO, 4TO
udpoBsie U300pakeHus1, cHOPMUPOBAHHBIE
Pa3IUYHBIMU  ONTOAIEKTPOHHBIMU  CHUCTE-
MaMHM, MOTYT UCKaXaThCs MO/ IEUCTBUEM I10-
MeX pa3fInvyHOro0 Xapakrepa [6]. Bei3BaHbl OHU
MOTYT OBITh JIIOOBIMH COCTABIISIOIIUMHU KOM-
MOHEHTaMU KaMephl: OCBETUTEIbHAS cUCTEMA
MO’KET BbI3BaTh HEPABHOMEPHOCTH OCBEIIECH-
HOCTH MPEIMETa; ONTHYECKAs CUCTEMA MOXKET
co37aBaTh ONTHYECKHE MCKAKEHUs, Ha3bIBae-
MbIe a0eppalusMu; MaTpUIbl HOTONMPUEMHU-
KOB HM3JIy4YCHHSI C 3aPsI10BOM CBA3BIO MOTYT CO-
3/1aBaTh MMOMEXH, HA3bIBAEMbIC SIEKTPOHHBIM
HIyMOM. DTO OOBIUHO CBSI3aHO C HECOBEPIIECH-
CTBOM TEXHHUYECKHX CPEACTB M TOYHOCTH HX
usroroBiaeHus. Ha u3o0paxeHUsX HCKaxa-
10TCsl (pOpMBI TIPEIMETOB, TUHUU, OKPYKHO-
CTH, TIPOSBIEHHE KOTOPBIX MOXET OBITh Kak
HEpaBHOMEpPHO, TaK M MO BCeW IuIomagn
cHUMKa. Bce 3To 3aTpynHseT U BU3YyaJbHBIN
aHanu3 U300paKeHU YEeIIOBEKOM, U UX Mud-
pOBYI0 00pabOTKy HpPOrpaMMHBIM KOMILICK-
coMm [7].

[Ipu npoBeneHnn (HOTOCHEMKH Yy 3HAUU-
TEJBHOM YacTH (poTorpaduii 06pa3oB TKaHeEH
¢ nedexraMu IPOSBUIOCH UCKa)KEHUE B BHJIE
M0JIOC Pa3HOr0 pa3Mepa U HalpaBIeHHS C OT-
TEHKOM KEJITOTO U 3eJICHOTO I[BETOB, Kak
BUJHO Ha pUC. 2.

Puc. 2

AHajau3 JUTEPaTYPHBIX HCTOYHUKOB [8],
[9], moka3zain, 4Tto Takue MCKakeHHs H300pa-
KEHUI MpencTaBIsAlOT COOOH ONTUYECKYIO
abeppaluio U IryMbl KBAHTOBAHUS, YCTPAHUTD
KOTOpBIE BO3MOXXHO JIMOO MyTeM W3MEHEHHUS
yCIOBUH (OTOCHEMKH, JTHOO0 HCTIOIH30BAHHEM
npyroit goroanmnapatypsl [10]. s koppekT-
HOM paboTHI pa3pabaTbIBAEMOT0 MPOTPAMMHO -
anmapaTHOro KOMIUIEKCa MOSBIEHUE 3TUX T10-
MeX HEeJOMyCTHMO, TaK KaK TaKhe MCKaKECHUSI
n300pakeHuil OYeHb MOX0XM Ha HacTOSIINE
NeeKThl TEKCTUITHHBIX MaTEPHAIIOB.

) €)

Puc. 3

HccnenoBaHo BIUSIHUS OCBEHICHHOCTH Ha
IpOSBIIEHUE ONTUYECKUX HCKaKeHuid. s
atoro ¢otorpadupoBaHue 0Opas3mOB OCY-
IIECTBJISUIOCH C HCIOJIB30BAHUEM Pa3HBIX HC-
TOYHUKOB CBETA: CO CTAHJIAPTHBIM OCBEIIle-
HUEM, C JIONIOJIHUTEIIEHBIM HCTOYHHKOM CBETa
u 0e3 UCIoNb30BaHusl ocBenieHus. [Ipu 3Tom
uccaenoBansl Gpotorpadun oOpasloB TKaHEH
KaK J0 OTACIIOYHOro Mpollecca, Ha CYpOBbE
(puc. 3 - a, B, ), TaK U MOCJIE MpoIecca nevaTu
(puc.3 -6, r,e).

[Tpu WCTOAB30BaHUU CTAHIAPTHOTO OCBE-
meHust A porocremku (puc. 3 - a,0) Ha
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M300paKEHUSX BO3HUKAIOT CaMble SIPKUE HC-
kaxenus. [logkimtoueHne IOMOJHUTEIBHOTO
UCTOYHUKA cBeTa (puc. 3 - B, T') HE TOJIBKO HE
BIIMSCT HA YMEHBIICHHE TIOMEX, HO M JOTOJI-
HUTENbHO J00aBnseT OMUKA U HM3MEHECHHUS
1BeTa pucyHka. OTCyTCcTBHE OCBEIICHUS (PUC.
3 - I, €) TaK)Ke He IPUBOJIUT K yCTPAHEHUIO HC-
KOKCHHH, K TOMY K€ 3aMETHO yXY/IIIIaeTCs BH-
JTUMOCTh HUTEH, UTO HEIOMyCTUMO. DKCIIePH-
MEHT MOKa3aJ, YTO U3MEHEHUE OCBEIICHUS HE
yCTpaHseT OMEXH Ha U300paKeHUSIX.
HccnenoBaHo BIMsSHHE LIBETOBOM TeMIle-
paTypbl OCBEIllEHUsI HAa o0Opaslie TKaHU C Iie-
YaTHBIM PUCYHKOM, oTorpadupoBaHmue KOTO-
pOTO OCYIIECTBISIIOCH MPU TEIJIOM OCBelle-
Huu (uBetoBas Temneparypa 3200 K) (puc. 4-
a) ¥ MPU JBYX UCTOYHUKAX CBETa C I[BETOBOM
temneparypoit 3200 K u 5500 K (puc. 4-0).
DKCIEPUMEHT MOKa3all, YTO MPU HU3MEHEHHH
LIBETOBOM TemIepaTypbl OCBELICHUS HCKaxe-
HUS CTAHOBSATCS 0oJiee BhIpaXKEHHBIMU. Takum
o0pa3oM, MpoOBeCHHbIEC UCCIIEIOBAHUS MOKa-
3aJu, YTO JIFOObIE HACTPOWKHU OCBEIIEHHOCTH
pu poTocheMKe 00pasiia He yCTPAHSIOT MPO-
0JieMy MOSBJICHUS TIOMEX Ha U300paKECHUSAX.

a) 0)

Puc. 4

PaccmoTpeHo BiMsiHHME yTiia HaKJIOHA Ka-
Mepbl OTHOCHTENBHO oOpasna TkaHu. [lns
9TOr0 TEXHUYECKH M3MEHEHO TIOJO0XKEHHE
YCTaHOBKM KaMephl Ha CTEHJE U MPOBEACHO
dotorpadupoBanue obOpasuoB. Ha puc. 5
IPEICTaBIICHBI MTOJIyYeHHBIE KaMepol n300pa-
KEHHs, Ha KOTOPBIX BUIHO, YTO HM3MEHEHHE
yTJia MPUBOJINUT K YMEHBIICHHIO UCKAKCHH.

OpHako NaHHBIN cIOCO0 UCTIOIB30BATH HE-
JKENaTeIbHO, TAK KaK BOZHUKAIOT TPYIHOCTHU B
OTIpEeNeNIeHNH TMPUHAAIEKHOCTH nedekra K
CUCTEMEe HUTEH (OCHOBBI WIIM yTKA), UTO BEJET
K HENpPaBHIBHOMY OIPEICICHUI0 BHIA Jie-
¢exTa, a ciae10BaTeNbHO, U COPTA TKAHU.

Punc. 5

B cBs13u ¢ BhIlIecKa3aHHBIM HAMHU paccMart-
PUBAIOTCS JPYTUe BApPHUAHTHI PEIICHUS BBISB-
JICHHOI po0JIeMbl, a UMEHHO: U3MEHEeHHe (o-
KyCHOTO paccTOosiHus; 00paboTKka TOTOBOTO
n300pakeHUs; HaOKeHne (GUIBTPOB mpHu (Ho-
torpadupoBaHun (B YaCTHOCTH, YEpHO-Oe-
a0ro); ¢otorpadupoBanue ¢ Oosee OIU3KOTO
paccTOsIHUS; U3MEHEHHUE THIIa YCTPOWCTBA 3a-
XBaTa U300pakeHusl.

BLBIB O /1 bl

Hnst  popmupoBanusi oOyuaromei BbI-
O6opku, cocrosieil u3 Habopa Qororpaduii
TEKCTUJIIBHBIX MAaTEPHAJIOB C JAepeKTaMu, pas-
paboTaH 1a0OpaTOPHBIN CTEHJ, Ha KOTOPOM
ocyiecTisercs ¢poTorpadupoBaHie TKaHEH.
Brimonnena ¢gortocremka 00pasios, noka3as-
asi HEBO3MOYKHOCTD TIOJYYCHHsI Ka4eCTBEH-
HOTO  M300paXeHUS TPH  CTaHAAPTHBIX
HACTpPOMKaX KaMephl W €€ IepPBOHAYAITBHOM
noJsioskeHnH. IIpoBeneH psii SKCIIEPUMEHTOB
10 ONpEACTICHUIO BIUSHHUS HAJIMYHS OCBEIlle-
HUS U €ro [IBETOBOW TeMIepaTypsl Ha MPOSIB-
JIeHUe UCKa)KeHUH, oKa3aBIu i HeappekThB-
HOCTb TaKHX HacTpoek poTocheMKu. Paccmot-
peHa BO3MOXKHOCTh U3MEHEHHMsI yTriia HaKJIoHa
KaMepbl OTHOCHUTENIbHO OoOpasla TKaHH, pe-
3yJNbTaT KOTOPOHM MOKa3aJl yMEHBIICHHE II0-
MeX, OJJHAKO HCIIOJIb30BaHUE TAKOTO METOJa
HEKeNlaTeIbHO U3-3a TPYAHOCTEH B OIpeaee-
HUU IPUHAATICKHOCTH AeeKTa K CUCTEME HU-
Teil OCHOBBI UM yTKa. [IpemnoxeHsl npyrue
BapHAHTHI PEIICHUS IPOOIEMBI 10 BO3HUKHO-
BEHHIO ITIOMEX Ha N300paKEHHUH.
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