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BBeageHune

ITpousBozpcrBo mevarHbix mwiat (IT11) B Poccun wepes 8a roa Bbipac-
teT Ha 120%. ITocrostHusit poct cnoxkuaocru MOT, poct 06beMOB HX 110-
TpebiieHns1, 0c06eHHO 060pyROBaHus 1 HHPPACTPYKTYPLI (CepBepHOE,
CeTeBoe 060pyu0BaHI/Ie, CUCTEMBI XpaHEeHUs JAHHBIX), NIPUBOIUT K CMeIIle-
HUIO CIIPOCA HA IIeYaTHbIE IUIATHI 5-T0, 6-TO U JaKe 7-TO KJIaCCOB TOYHOCTH
¢ 6OIBIINM KOJIMIECTBOM CUTHAIBHBIX CI0€B (10 18-T1) u 6oabImumu
rabaputamu (10 700 MM).

ITpou3BOACTBEHHEIX MOIIHOCTEN B Poccuu, KOTOpbIe CIIOCOOHBI 13-
TOTABJINBATH TAKUE HH, SBHO HEIOCTATOYHO U HECMOTPA HaA TO, 9YTO
B 11egoM B PO oxoso 200 nmpeanpusATHi UMEIOT TEXHOJIOTHUECKOE
obopyzmoBaHue 1S MPOU3BOACTBAa MHOToCnoiHbIX [1T], Maxo xoMm-
HaHI/Iﬁ, CHOCO6HbIX IIpOU3BONUTDH TAKNE TEXHUYIECKU CIIOJKHBIE U3[e-
JUs KPYIHBIME cepusiMu: «Pe3oHuT», «KpacHoe 3HaMs», «TexHOTEX”,
«Dnexrtponpubop», HEKOTOpPbIE 3aBOJABI KPYNHBIX BEHILOPOB.
OcTanpHble KOMIIAHUHT MOTYT U3IrOTaBJIUBATH OT'POMHOE KOJIMIECTBO
IIT (o 2,0 MJTH KB. M.), KOTOPbIE TeXHUYECKH mpote (0 4-T0 Kracca
TouHocTH). [TIaThl TAKOTO KjIacca He0OXOMUMBI 11 aBTOMOOUIBHOM
9JIEKTPOHUKH, OBITOBOU TEXHUKH U T. 1. OTHAKO MOTPEeOHOCTh B HUX
CYILIIECTBEHHO HIDKe, 4eM B IITaTax 0ojee BBICOKOTO KJIacca TOYHOCTH.
DKcIepThl 0OBACHAIOT 3TO TEM, YTO POCCUIICKOMY HOTPEOHUTENIO HYKHBI
ITaThl BEICOKOTO KJIacCa TOYHOCTH, IPOU3BO/ICTBO KOTOPBIX MAaCCOBO
elre He 0cBoeHO B Poccun.

I1I1 sIBIsIeTCST OCHOBOM GOBINMHCTBA COBPEMEHHDIX 9JIEKTPOHHBIX
YCTPOWCTB, 3aMeHsA 00BEMHBII MOHTAK [IPOBOJAMHU. B U3Iennsax MUKpO-
anexkTpoHuKH [1IT - 3T0 BEICOKOILUIOTHAS KOMMYTallMOHHAS ITOJJIOKKA [JIs
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B oTeyecTBeHHOM NPOUN3BOACTBE N3AENMIA SNIeKTPOHHOI TexHuKu (U3T) c aBToMa-
TU3MPOBaHHbIM MpOrpaMmMHoO-annapaTHbim Kommnnekcom (AMAK) BusyanbHoro
noucka aedeKToB Ha HECKONIbKNX NPeanpUATUAX NPUMEHAETCA CMcTeMa MallnH-
HOFO 3peHUsA C TeXHONOoriel UCKYCCTBEHHOTO NHTeJIeKTa AJiA pa3HbIX usgenun
3NeKTPOHHOM TexHUKM (U3T): KopnycoB MUKpOCXeM, NIaCcTVIH A1 NPON3BOACTBA
NCn T.8. (cm. DKNeN22-12, 2025 1., 1-3, 2026 1.). [pn Takom nogxoAe pacret npous-
BOAUTENbHOCTb TPYAA U BbIXOA FOAHbIX U3AENNIA, NOBbIWAETCA penyTauua npea-
npuaTnA. B aTon yacTn ctaTby paccmaTpuBaeTcA aBTOMaTU3aLuuA ONTUYECKON
nHcnekuymmy (AOU) neyaTHbIX Nnar.

MonTaka MOT, koTopast obecrednBaeT MUHHATIOPUIALNIO, 9 beKTUB-
HBIH TETJIOOTBOT, ¥ 37eKTpuiecKyio cBsa3b. B POA I1I1 sBisercs ocHOBOM
nist coenuuennst VIOT. 1T moskeT okaszathbcest HanboJIee Ys3BUMOI 4acThIO
9JIEKTPOHHBIX YCTPOICTB, YTO JieIaeT €€ OCHOBHBIM 00BEKTOM C TOYKI
3penus nedextoB. B kavecTBe KoHIenIuu o6HapysKeHus fedexros I1I1
MOYKHO pasnenuth Ha aBe qacti: 1T 6e3 kommonenTos (ITITBK) u ITIT
¢ komnorentamu (ITTICK), Hanpumep, pe3ucTopamu, KOHIEHCATOPAMH,
HOJTYIIPOBOIHUKOBBIMHE U3IEIMSAMHE U T. I,

Ha navansebIx aTanax mpoussozpcTsa [1I1 KoHTpoIIb KadecTBa OCyIIIecT-
BJISUICA CHEIIUATMCTAMU, IIPUMEHSIONINMY JIEKTPIYECKUe TeCThl U BU-
3yanpHbII 0ocMoTp. OIHAKO TAKOM IOAXOJ OBICTPO yCTapes U3-3a yBe-
JIMYEHUS TEMIIOB IIPOM3BONICTBA, IIOBLIIIICHUS TOYHOCTH U YMEHBIIICHNS
pa3MepoB KOMIIOHEHTOB, @ TAKXKe CTPECCOBBIX YCIOBUII TPyZia M H3HOCA
o6opynosanus. C Tex mop ObIIM pa3pabOTaHbI METOIBI KOHTPOJIS Kade-
crBa 11, K KOTOpBIM OTHOCSTCS aBTOMATHYeCKas OITHYECKAs HHCIIEKIINS,
PEeHTIeHOBCKAsI BU3YaIU3AINs, TAMIHOTPausl, YIbTPa3ByKOBasl BU3ya-
JIM3AIMS ¥ TeIUIOBU3NOHHAS CheMKa. XOTs BCe 9TH METOZIBI 00eCIIednBaIn
IIOCTOSIHHO PacTyIiee KaueCTBO KOHTPOJIsL, OOJIBITMHCTBO U3 HUX OBICTPO
CTAJI0 OTPAHUIUBATHCS TAKUMU (DAKTOPAMU, KaK TOPOTOBHU3HA MM IJIH-
TeIBHOCTB Iporiecca, a AOU ocraercst Hanbostee 9 heKTUBHBIM METOLIOM,
[IOCKOJIBKY TI03BOJIsIeT 0OHAPYKUBATh MHOKECTBO Jle)eKTOB OBICTpee
U IOJTHOCTBIO Hepa3pyIInMbIM criocobom. Tem He MeHee, Jjaxke HECMO-
Tps Ha moBceMecTHOe mpennouTenne AOU B cucremax KOHTPOJIS Kade-
crBa [1I1, 3TOT MeTOx O-TIpeKHeMY IOPOT U IIPeNOCTABIIAeTC HACTOIBLKO
OrPaHUYEHHBIM KOJIMYECTBOM Pa3pabOTIMKOB, 4TO Impousonutenu 111
CPeIHero ypOBHsI JOXOZIOB BCe ellle He MOIYT OTKAa3aThCs OT BU3YIBHOTO
ocmortpa [1I1 cnennamucramu.
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B nocienaee BpeMst 60IbIIAst 4aCTh ITePeOBBIX pa3paboTOK HCIIONb3YeT
HOBBIE IOCTIDKEHHS B 00J1aCTH UCKYCCTBEHHOTO MHTEJIIEKTA 7SI IIPHJIO-
JKEHUIT KOMITbIoTepHOTO 3peHust (K3) ¢ 1e/1br0 MOBBIIIeH st TIPOU3BOJIH-
tenpHOCTH AOM. briarogapst aToMy nociegHue rofbl HayYHO-HCCIeI0Ba~
renbekue paborsl AO «IIKB «Jlefitor» ObUTH HALIPaBIEHb! HA Pa3paboOTKy
6oiee moctymnHbIX cuctreM AOU st konTposs I

C nosiBiieHneM MainnHHOro 06yvenwst (MO), B 60ibILieli CTelleHd OpH-
eHTHPOBAHHOTO Ha TJIy60KOe 00ydeH e, CHCTeMbl KOHTPOJISI Ha OCHOBE
K3 cranu BpICOKOKaYeCTBEHHON NOCTYIIHON TexHOoJIornell. OgHAKO OHI
IIOPOTH C TOUKH 3peHus coopa gaHHbIX. CrcreMs 'O 3aBucsiT 0T HaGOpPoB
IAaHHBIX, COCTOSIIIUX U3 THICSY N300paXkeHUit, 1uist moarotoBku AOU
K HaI&)KHOMY U IPAKTHYECKOMY IIPUMEHEHUIO, 9TO He BCerja 9KOHO-
MUIYecKH 1esnecoobpasHo. Kpome Toro, y HUX BO3HHKaeT KPUTHIECKAs
po6iieMa, xorza Mozens VM nerpagupyer npu eCTeCTBeHHBIX H3MeEHe-
HUSX B 00J1aCTH TAaHHBIX (OTCYTCTBYeT mpeiid KoHIenum). D10 neaer
HeOOXOMMBIM HATNYHeE CIIEI[HATICTOB — KOHTPOJIEPOB, TaXKe eCITH Y HUX
OrpaHHUYeHHast CKOPOCTh U TOYHOCTh KOHTPOJISL. TeM He MeHee IprMeHe-
HIe He[]aBHO TOSIBUBLINXCs mozixooB VU mano MHOTroOoGemIatoie pe-
3YJIBTATBI IJIs1 BLICOKOCKOPOCTHBIX IIPUJIOKEHUH C YIOBI€TBOPUTEIbHOI
addexTuBHOCTHIO.

B cTaThe mpecTaBieHbl Pe3yIbTaThl HCCIEOBAHUS Hanboiee akTy-
QIBHBIX METONOB KOHTposist KadecTBa 111, ocBertaiorcst 3HaunTeIbHBIE
TeXHOJIOTHYeCKUe N3MEHEHNUsI, YKa3bIBAIOTCsl HanboJiee BaYKHbIE CTpaTe-
ruvecKye TeHIeHIIUH U pobieMbl Haliero Bpemenu. Kpome toro, maH-
Hast paboTa HAIPaBJieHa Ha JIydiliee IIOHUMaHUE HOBEMIIIMX TeXHOIOTHIl
WU pns xonTposs 11, neMoHCTpupys UX MONIE3HOCTH U CYIIECTBYIOIIIEe
OrpaHIYEHHUSL.

Pe3ynb'ra'rb| ncaegoBaHvA Ha HavaslbHOM STane pa60'r

Craugaptsl ¢ onucauueM jedexros I1I1 [1] BraoowaroT TpeGoBanus
K Habopy KIaccoB fedeKToB, XapakTepHbIX IpakTudecku Ayt [1IT mo6oro
tuna. [yt IITTBK u ITTICK cyrmectByfoT 0611ue K1acch feheKToB, KOTO-
Ppble HOJIHOCTBIO BHIBOAST u3 ctpost [1I1: HeTpaBieHast Menb, OOPBHIB IIeIH,
KOPOTKO€ 3aMBIKaHUe, OTCYTCTBHE OTBEPCTHUS U CMEIIeHNe OTBepPCTHUS,
a TaKKe OTCYTCTBYIOLIUE, CTOPEBIIINE MU IIepeBePHYThIe KOMIIOHEHTEL,
o6peiB matixu B [TTICK. [Taske ecu HeKOTOpBIe AedeKThI He IOTHOCTHIO
BbIBOIAT U3 cTpos I1I1, oHU Bce ske MOTYT BBI3BIBATD 3JIEKTPOHHBIE 10~
Mexu Bo Bpemst pabots! [11] u mpuBecTH K mpesxieBpeMeHHOMY BBIXOIY
U3 CTpost u3-3a 6oJiee OBICTPOIL lerpafaliy: IepeTPaBIuBaHIe WIH He-
IOTPABINBAHUE Me[IH, TPELIMHDI, YACTUIHBIN 0OPbIB, HAUNHAIOII[eeCsT
KOpOTKO€ 3aMbIKaHMUe, 3arpsisHeHNe U ITy3bIPbKH BO3[IyXa, a TAKKe CMelIie-
HUe KOMIIOHEHTOB, XOJIO[Has MaliKa, JaCTHYHOe CrOpaHue KOMIIOHEHTOB
u npeanedextHbie kKommoHeHTsI B ITTICK.

Peruth 1po6iieMsl, CBsi3aHHbIe ¢ MeTogaMu KOHTPoJst I1I1, MOKHO
C IOMOIIBIO TPAMUIIUOHHBIX IIOJXOI0B, UCIIOIb3YIOIIUX KOMIIBIOTEPEL,
MHO’KeCTBO JIOTIOJTHUTEIbHBIX YCTPOUCTB MJIU TOJIbKO 3HAHUS CIIEIIH-
aucToB. C IPyroi CTOPOHBL, COYeTaHUE BCEX ITUX METOIOB C ITOIX0NaMHU
Ha ocHoBe MU, ocHaIlleHHbIME 00y YaIOIIUMU HAOOPAMHK TAHHBIX, MOXKET
[IOBBICUTD ITOTEHIIMAI IJIst CO3IAHUs 60Jiee OBICTPBIX M TOYHBIX CHCTEM
KOHTPOJIAL.

ITepserit Hanbotee 9 PeKTUBHBIIT MeTON 00HAPYKeHHs He(eKTOB
nokpbrtuit [T 61 BCCIeT0BaH € UCIIOIb30BaHKEM [2] Ha OCHOBe cer-
MEHTAI[IH 1 U3BJIeIeHUsI MOP(MOIOTHH C COLOCTABICHNEM HIA0TOHOB.
Jlyist 3T0r0 HEOOXOIUMO, ITOOBI TECTOBBIE 1 IITA0IOHHBIE 00PA3IbI ObLIN
TIATEIBHO 3a(PUKCHPOBAHDI OTHOCUTEILHO APYT APYTa, TO eCTh 06a 130~
6pa}KeHI/IH NOJDKHBI UMETH OJUHAKOBYIO OTHOCUTEIbHYIO IIO3SUIIMOHHYIO
OpUEHTAIUIO. 3aTeMm ¢ IIOMOLIBIO BEIYUCIUTEIBHBIX NHCTPYMEHTOB KaXK-
Ioe n300paKkeHre CerMeHTHPYeTCsI Ha YeThIpe MOP(OIOruIecKkue rpy-
IIBIZ KBaI[paTHbeI CErMEHT, CETMEHT C OTBEPCTUEM, CETMEHT C LHHpOKOfI
MIPOBOJAIIEN TOPOKKONA U CETMEHT C Y3KOH IPOBOJAAIIEN JOPOKKOM.
TTony4eHHble H300paKeHNsT OMHAPU3YIOTCS B YepHO-0esi0e H300paskeH e,
TaK 4TO KaXKIbII COOTBETCTBYIOIIUI 1a0JIOHHBINA U TECTOBBINA CETMEHT
MOKeT OBITh COTIOCTaBIIeH B JIorndeckoii omepariu XOR («uckiogaroiee
WJIN», — norudeckas orepanusi, KOTopast Bo3Bparmaer «ucruy» (1), ecu
BXOJIHbIE APTYMEHTBI PasHble, i «10Kb» (0), eC/Ii OHU OJIMHAKOBBIE; OHA
BbITACT 1 TOJIBKO B TOM cIy4ae, €Ciiy TOJIbKO OJUH U3 BXOJOB paBE€H 1,
HO He 00a cpasy), IJie pa3HUIIA MEXY IapaMu IpefcTaBiIsieT co6oil pe-
3yJIBTAT, KOTOPBIl MOXKeT OBITh paciieHeH Kak jedext (puc. 1).

YKa3aHHast METOIMKA [TO3BOJIsUIA MAeHTUGUIUPOBATH 10 50% nedex-
TOB U3 OIUCAHHBIX. DTO HEJOCTATOUHBII II0KA3aTeN b JOCTOBEPHOCTH 06~
HapYy’KeHUs], 1 ObUIH CJIyIaH, KOTa CerMEeHTAlNK 1 OUHAPU3ALUS CO3a-
BAJIN He)KeJIATEIBHBII IITyM, YBEIUIUBAsI PUCKH IIPOITYCKa f[eeKTOB WK
06HapYy>KeHe JIOKHBIX.

Takum 06pa3oM, CJIeLyst IOAXOLY COIOCTaBIeHNUs 1Ia6I0HOB [3], B Me-
TOJIe CPaBHEHMS N300PaKeHUH ¢ IIOMOIIBIO Jlormyeckoil onepanuu XOR
6bI1a MCKITI0OYEHa CerMeHTAIHs U300paKeHUI 10 MOP(OIOrHIecKiM 06-
JIACTAM U IIPpOBENICH I‘eOMeTpI/I‘{eCKI/Iﬁ CTaTUCTUIECKUI aHATIU3 PEe3yIbTU-
pytomux onepanuii XOR. KoTopslit mokasan moBTOPSIONINECS 3aKOHO-
MEPHOCTU BO3SMOKHBIX OLHI/I6OK B IIOKPBITUAX HH, 9TO CIYKUT BAJKHBIM
IIPU3HAKOM JJI1 ITOCIENYIOINUX AETEPMUHUPOBAHHBIX aJITOPUTMOB KJIac-
cuduranuy uzobpaxenuit. [Ipu aToM ObLI cJieTaH BBIBOJ, YTO METOJ
onepanuy XOR orpaHUIMBaeTCs] TOYHOCTHIO PETUCTPAIINN N300 paKeHUI
[JISL ITOJTYI€HUA 3SHAYUMBIX PE3YJIbTATOB.

Jaee uccienoBacs MOAXO O yiydiineHnto n3obpaxenus 111 B ka-
YecTBe MeTO/Ia MpeBaPUTETbHOI 00paboTKH 1eheKTOB TP KOHTPOJIE.
Vcnonp30Bascs BBICOKOKOHTPACTHBIH IPOGHIb H306pasKeHUsI, YTOObI
IIOJIy4YUTDH IIBOI“/IHYIO CETMEHTHYIO OII€PALIUIO JJIS ITIOBBIMIEHUS PE3KOCTU
usobpakenus u GpunpTpanuu mryma. JIBoiiHas CATMOUIHAsI OLePaIis
COCTOUT H3 OIEPAIIY TPOU3BOHOM CHUIMOU/BI N300 pakeHnit (ramKas
MOHOTOHHAsI BO3pACTAOIIasi HeJnHelHas DyHKIust, umeroiias Gopmy
6YKBBI S, KOTOPAst 9aCTO IIPUMEHSIETCS IJIs1 CLIKIBAHUS H300payKeH i)
B OTTEHKAX CepOro A1 yMeHbIIreHnst apexra CriaakuBaHmst Kpaes, Xapak-
TEPHOTO Uit 00BIIHEIX poTorpacduil, I IOCTHHTEIPATUBHOM OIlepaLIuH
UL BOCCTAHOBJIEHHST HICXOTHOTO H300paKeHus. MeTox nMeeT mpenmMye-
CTBO Il€pen CTAaHAAPTHBIMU AJITOPUTMaAMU d)I/I.TIpraHI/II/I ryMa, KOTOpbIe
06BITHO T06ABIIIOT He)KENATEeNbHYIO CIIAKUBAEMOCTD KPA€eB, U MOXKET
OIHOBpPeMeHHO (IIBTPOBATH LIIYM U IIOBBIIIATH Pe3KOCTH KPaeB U306pa-
skeHHs. Ha puc. 2 mpefcraBiieH OfKH U3 IPUMEPOB Pe3yJIbTaTOB BBICOKO-
KOHTPACTHOTO IPODUIST H300pasKeHIL.

B messix mapHENMIIIero yaydIneHus IOIX0L0B COIIOCTaBIeH s 11abIo-
HOB XOR ObUI HCCIIETOBAH ITOPUTM KOHBeliepa C HECKOJIbKIMHU JTallaMu

Puc. 1. MprmeHeHwe nornyeckoit onepaumn XOR B 06HapyxeHn AedekTos
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Puc. 2. Pe3ynbTaT BbICOKOKOHTPACTHOrO Npoduns n3obpaxeHus: a) 4o 0bpaboTku; 6) nocne

06paborku n306paxkeHnit, BKIogast orneparuio XOR, 1 3aKTI0IUTETBHBIM
9TAIOM, Pa3fie/IeHHbIM Ha HEeCKOJIbKO AJITOPUTMOB JULSI OCHOBHBIX THIIOB
nedekToB, yKazaHHBIX B [1]. Beln mpuMeHeH aITrOpUTM 0COOBIX TOUEK
PEerucTpaIim, COCTOSIINI U3 KOMOUHAIMN TeOMEeTPUIECKUX peobpa-
30BaHUIL, KOTOPbIE MOTYT TOYHO COIIOCTABUTH OPUEHTALIUIO TECTOBOTO
u306paskeHus ¢ n306pakeHneM—Ina6aoHoM. Cpentee BpeMst 06paboTKu
cocraBmIIo 18 ¢ st m306paskenuit ¢ pasperternem 1920x1080, aro 66110
IIPOMBINIJIEHHBIM OTPAHUYE€HUEM B 3aBUCUMOCTHU OT CKOPOCTHU ITPOU3-
BozacrBa. OnHaKo 9TO GBICTpee, YeM IIPOBEPKa CIIELIUATICTOM C IIOMOLIBIO
BU3YAJIbHBIX CPENCTB.

K coxpallieHUI0 BpeMeHHU IPOBEPKU IIPUBENIO HCIOIb30BAHUE AJIFO-
purma FAST (Features from accelerated segment test) (4] mst ussnedenus
npusHakoB nzobpaxkerns # MLESAC (Maximum Likelihood Estimation
Sample Consensus) A/ AITOPUTMA PETUCTPALINE H300pKEHNUI, IpUMe-
HSIEMOTO K ITapaM M300paskeHUIT B OTTEHKAX CepOro IIa6IoHa I TECTOBOTO
u3ob6paxerns. Kpome T0ro, B 9T0M MeTOZe IIPUMEHSUIACH CeTMEHTAIIHS
I/I306pa)KeHI/I${ [JIs1 BBIJEJIEHUS TOI'O, YTO CYUTAETCSA TpeM OCHOBHBIMU
anemeHTamu [1I1: mpoBOgHUKY, KOHTAKTHBIE IUIOIIANKY B OTBEPCTHUSL.
CerMeHTAINsI BBIIIOIHSIACH IIyTeM IIOPOrOBOil 006pabOTKU HOpMaIH-
30BAHHOM TUCTOTPAMMBbI U3 OHHAPU30BAHHOTO U300PaKEHUsI, U3 KOTO-
POit U3BJIEKAIOTCS [IOPOTOBbIE 3HAYEHUS OMHAPU3AIH JIJIs1 CETMEHTAI[N
CbOHa, IIPOBOAHUKOB 1 KOHTAKTHBIX IVIOMIATOK, B TO BPEMS KaK OTBEPCTUA
MOTYT OBbITh CETMEHTUPOBAHbI OTAEIBHO OT IocaenHux. [Tociae cermen-
TAIUHY [1apa U300paKeHUH MIA6TOH—TeCT BEIYUTAETCS, KaK B IIPEbILy-
IIUX MCCIeNOBAHISX, CO3TABas APy MOJIOKUTEIBHBIX U OTPULIATETHHEIX
pesysbTaToB u3obpakeHuit. B saBucumocTn ot THIa gedeKTa, KaKnoe
HOHY‘ICHHOQ H306pa}KeHI/Ie CJIY)KI/IT BXOJIHBIMU JAHHBIMU JJIS1 AJITOPUTMOB
o6Hapy>KeHHs U KIaccuduKkanuu. AJroput™ 06paboTKK U300 paKeHUI,
OCHOBAHHBII Ha TeOMETPHIECKOM aHAIH3e, UL KKIOTO U3 OIpesieseH-
HbIX [1] TrnoB gedekros 111 mokasbiBaer 6osee BHICOKYIO TOYHOCTH 06-
HapyskeHus. [Ipu aToM Bpemst 06paboTKi H300paKeHUS C YKa3aHHBIM
BBIIIIE Pa3MePOM COCTABJISIET [0 3 ¢, UTO 1M03BOJIsAeT ocyiecTBiATs AOU
B p€UIbHOM BPEMEHMU.

Dot nccnenoBan MeTON AUCKPETHOTO BEUBJIET-IITYMOTIONABICHUS
LIS yJIyqIIeHNs KadecTBa N300payKeHHsI ¢ COIOCTABICHNEM IIa6IOHOB.
OCHOBHOE OTJINYKE OT Hpe,[[bII[YH_[I/IX METO 0B 3aK/JIKYACTCA B UCIIOJIb-
3oBauuu mpeo6pasosBanus Xada (06HapyKeHHe TeOMETPUIECKUX IIPH-
MHUTHBOB Ha OMHAPHBIX n300paxkeHusx). Ha ocHoBe HabOpa JaHHBIX
u3 50 1300 paKeHMIT TOYHOCTH 0OHAPYKeHUs cocraBuia 94%. OnHaKo
CKOPOCTH 06paboTKH He ObLIA JOCTUTHYTA /IS IPHUMEHEHNS METOA UL
IIPOU3BOACTBA C GBICTPO PACTYLIUMU TEMIIAMH.

SNEKTPOHHbIE KOMMOHEHTbI Ne5 /2026

anMGHeHIIIe TEXHOJIOrMn NCKYCCTBEHHOIO NHTEJIJIEKTa

ITytem comocTaBieHus MIa0IOHOB OblIa U3BJIeTIeHA PA3HUI[A MEKIY
apoit n306paKeHuit, a pe3yIbTaThl ObLIH 00PAGOTAHBI IS H3BICYEHUS
IUCKPUMUHATHBHBIX IPU3HAKOB (0T/IHIst (haKTUIECKUX H300pasKeHHUI
OT CreHepHpPOBAHHBIX 00PA3IIOB) 1JIs1 KIacCH(UKAIINI OCHOBHBIX Jedek-
toB 111 [1]. Ucronb3ayempiit anroputm MO — 370 MeTOR OIrKaiImx
K cocepeit (K Nearest Neighbours, KNN), niun HemapameTpudeckas MO-
Iesb KIACcTepU3aliny Habopa JaHHbIX IPU3HAKOB: U3BJIEKAIOTCS PACCTOSI-
HIS MEKIY IPU3HAKAMU BCeX 00PasIioB B HAOOpe JAHHBIX U KIaccuduii-
PYIOTCs B IIpeiBapuTenbHO onpenenerHbii K-xiacrep. Hanpumep, B cu-
creme ¢ 14 ximaccamu nedexros anroput™ KNN mocrpoes ¢ 15 kiraccamu,
IZie OMH KJIACC IIPeACTaBIIsIeT cob0it «0TcyTcTBHe AedbekTar. [Ipu aTom
CcpefHss TOYHOCTD focTuria 70%, 94To 3HaUUTeIbHO HIKE, KaK II0Ka3aHO
B ONHCAHHBIX paHee MEeTOAAX.

C OMOIIBIO AIropUTMa KIacCuUKANY ¢ KOHTpoIupyeMbiMm MO
6bLIa IpEMeHeHa KOMOUHAIYS IeTePMUHUPOBAHHBIX METOIOB 00paboT-
KU H300paKeHNIT ¥ METOJI OTIOPHBIX BeKTOpOB (Support Vector Machines,
SVM). TIpenBapurenbHas 06paborka n306pakeHnit Hauara ¢ OUHApH3a-
I[UH, 4 3aTeM HCIOJIB30BATIOCh IITyMOIIOAB/ICHHUE C IIOMOIIBIO0 MEIUAHHO-
ro 1 cpenHero GuibTpoB. [lajee BHIIOTHEHO H3BJIeUeHUe IPU3HAKOB, 00e-
CIIeYeHHBIX feckpuiTopamu u3obpaxkenus (Local Binary Patterns, LBP)
1 HOG (Histogram of Oriented Gradients), KoTopble OTBEJaIOT 3a CHU-
JKeHHe pasMepHocTH U unpTpanuio nHdopManun. Ob6a MOy IeHHbIX
[IpU3HAKA 0OBENUHSIOTCS C IOMOLIBIO 6a1eCOBCKOTO CIMSIHUS U OTama
o6yuenus SVM. Habop mauubIx, conepykaruuit 200 o6ywarorux i 100 Te-
CTOBBIX HSOéan(eHHﬁ, BKJIIOYAET ITOJIOKUTEIbHBIE U OTPULIATEIbHBIE
I1apbl, 06eCIIeTIT TOTHOCTh 00HApYsKeHus neekToB 90%.

Oco6bie medexrst [1I1, 06pasyrormecs: U3 MaJIoOro KOJMIeCTBa THKCe-
et 1306paKeHNUsT, IMEIOT 3HAUUTEILHO MAIIBLI pa3Mep 10 CPaBHEHUIO
€O BceMH U300P@KEHISIME BBICOKOTO PaspelIIeH st U IIPECTaBIIOT COO0i
HpO6JIeMY IJI1 TPagUIUOHHBIX apXI/ITeKTYp CBEPTOIHBIX HeﬁpOHHbIX ce-
reit (Convolutional neural Network, CNN) [5], roe kporireansie ¢pparmen-
ThI H300PKEHHsI UMEIOT TeHAECHIINIO UCIe3aThb B 60JIee IITyOOKHUX CIIOSIX
CNN. [I7151 perireHns1 3TOi IPOGIEMBI HCIIOJIB30BAJICS METO]L [THPAMHIAITb-
HOI KOHKaTeHAIlUH, KOTOPBII BHeAPsieT HHGOPMAIIIIO U3 IPENbIAYIIIX
cnoeB CNN B 6ojtee Try6OKHe CIIOH, ITO COXpaHsieT HHPOPMAIHIO He6O0Ib-
1m1oro pasmepa. Vccrenosanue okasauo TOYHOCTb O6HapyKeHust 97%.

Inst manbHEUIero Xxoaa UCCaefOBaHUI UCIIOAh30BaMach CeTh
CNN VGG16, obecrieqnBaroinasi caMo00yJaoIIniicst MOAX0, YTOObI
CIIPABUTBCA C OTCYTCTBI/IeM PENPE3CHTATUBHOI'O KOJINYIECTBA I[ereKTHbIX
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ucnbiTaHue n TeCTupoBaHune

06pasioB. B nccienoBaHuy NpuMeHsIIach OOBIMHAS TeXHUKA BHIUTAHNS
IPH COLIOCTaBIeHUH I11a610HOB. OHAKO BMECTO J€TePMUHUPOBAHHO-
O M3BJICUeHNS IPU3HAKOB IIap H300PaKEeHUIT HCII0Ib30BATACh 6a30Bast
cerb CNN VGG16-lite a5t u3BIedeHUs MPU3HAKOB CAMOOOYJaIOIIIMCS
crroco6om. TakuM 06pasom, MozeIb 00yIaeTcst Ty dIeMy IpefCcTaBie-
HUIO KapTHl JaHHBIX. [ocie u3BiedeHNs IPU3HAKOB OHU BBIYUTAIOTCSL.
[Tony4yeHHBI TPU3HAK TPOXOIUT Uepe3 APYTYIO ClelnaTUu3UPOBAHHYIO
ceTb IIIy6OKOro 00yueHus, KOTOpast OOHAPYKUBAeT U KIACCUPHIIPyeT
nedexror I1I1, pasmeeHHBIX Ha TPU BBIXONA B COOTBETCTBHUU C Pa3MEPOM
orpannuuBaolest pamMku. Ha ocrose 2000 o6ygarornux u 1000 TecToBBIX
06pasIoB TOYHOCTD Kiraccupukanum cocraBuia 98%.

B crenyromux uccienoBaHUsIX OblIa HCIOIb30BAHA COBPEMEHHAs MO~
nenb ray6oxoro o6ydenus YOLOvVIL aast o6uapyskeHus u kraccudu-
Karuy 00beKTOB B PaMKaxX KOHTPOIUPYeMOro moxxofa. OMuchIBaIuch
Ha60pbl IAHHBIX, cocTosiue u3 23 000 (bparMeHTOB III1, ps myqiero
IIPeNCTaBIeHIsT MeTbIANIINX Te)eKTOB [0 OTHOIIEHHIO KO Beeit I1I1T, pas-
IeJIeHHbIX Ha HECKOJIBKO YacTell Iyist 00y 9eHus U ONHY IS TeCTHPOBAHHUS,
a taroke 10-KpaTHOI IepexpecTHOH mpoBepkit. Mozmens YOLOV11 o6ywa-
JIach 0OHAPY’KUBATh 0071acTH Ie)eKTOB BHYTPH IPSIMOYTOIBHOI OrpaHU-
YMBAIOIIeH PaMKH C OLIeHKOH JOCTOBEPHOCTH KJlacca. B atom uccnenosa-
HUY MOJENb He 06y9aIach pasIniaTh HeCKOIbKO KIAacCoB feheKToB — Bee
OHH PACCMATPUBAIICH KaK ONUH KIAcC TeheKTOB. DTOT BAPHAHT IOBBICII
addexTUBHOCTS 0OHAPYKEHHST MOJIENH 3a CIET TOTO, ITO OHA He OIIpefe-
JIseT K1acc TebeKTa, ITO MOXKeT ObITh 3ajadell A0CTePUOPHOTO aHAIN3A.
CpenHuil MoKas3aTeab TOYHOCTU 98% ¢ 9aCTOTOMH JIOKHOIIOJIOKUTETBHBIX
Pe3yIbTaToB OKasacs paBHbIM 0,23%.

=
==

Puc. 3. Knaccnyeckan cxema npumeHenna AOU

Jist moseitrenust apdexrusrocTu Mozenu YOLOV1I 6bl1a mpose-
meHa MoxuUKAIIMS ee APXUTEKTYPHI C TOUKU 3PEHUS JAHHDBIX U CIIO-
COOHOCTH KIIAaCCH(UIMPOBATH KK/IBIIT HEOOXOMMMBII KIIacC feheKToB.
Hcnonb3oBascs HAGOp TAHHBIX, COCTOSINNI U3 1500 n306paskeHuUIl,
1 IPIMEHeH MeTOJI CHHTe3a JAHHBIX [6] Wit obecrederust 60ee BHICOKOH
UX PeNpe3eHTaTHBHOCTU B YCIOBHUAX He60MbIIOr0 Habopa. Cpentsist Tod-
HOCTb cocTaBuia 98,3%, Ipu 9acToTe JI0KHOIONIOKUTEIbHBIX Pe3yJIbTa-
TOB MeHee 5%.

BbiBOAbI

Hecmorps Ha akTuBHOe pazsutue AOM, 0CHOBHBIM METO/IOM MHCIIEK-
nuu 11T ocraeTcst TpagUIIMOHHBINA BU3YaIbHBII IONXO0/, OCHOBAHHBII
Ha TPyIe MHCIEKTOPA C IIOMOIIBIO YBETHYHTEIbHBIX HHCTPYMEHTOB.
BusyanbHbII 0CMOTp He BJIeUeT 3a COO0M IIOATOTOBUTENBHBIX PACcXo-
IOB U He TpebyeT NpHoOpeTeHNs CIIeNUaTN3UPOBAHHOTO 060PyIOBa-
must. OHAKO 9T IPEUMyYIIeCTBA JOCTUTAIOTCS 32 CIeT CyGbeKTUBHOCTH
Ipolecca HHCIEKINH, YBeJINIeHUS BpeMEHH IIPOBEPKH U IOBBIIICHUS
IOJTOCPOYHBIX 3aTpaT Ha pabouyio cuiry. Kpome Toro, pydHOit BU3y-
QIBHBII OCMOTP CONPSDKEH ¢ puckoM moBpexaenus I11T u3-3a Heo6xo-
HEuMOCTH (PU3UIECKOTO 0OpaIeHNsI C HUMU. B 000CHOBAHNH TaKUX 10~
Ka3aTeJIbCTB — 3HAYUTEIbHAS POJIb TEXHOJOTHMIECKOTO MEHEIKMEHTa
[7]. OddexruBHOCTS NprMeHenust AOW 3HAYNTENTHHO TOBBIIIAETCS [IPH
saaumogeiictuu ¢ TQM (Total Quality Management — BceoOriee ypas-
nenne KagecroMm) 1 MES (Manufacturing Execution System — cucrema
YIPaBJIeHUsI IPOU3BOACTBEHHBIMHE [IPOLIeCCaMU) IPenpusTys [8].

ITposepxka I1IT 6osee npenmoururensha Merogom AOW. Ipu npaBiib-
HOI HACTPOIIKE OH MO3BOJISIET BBINOJIHATH aBTOMATH3UPOBAHHYIO IIPOBEP-
Ky 6e3 hU3MTIeCKOro KOHTAKTA, ITO 3HAIUTEIHHO HOBBIIIAET BEPOSITHOCTD
o6HapysKeHus 1eDeKTOB U OTCYTCTBUE PHcKa moBpeskaers I1I1.

OrpaHudeHneM MaccoBOTO IPOMbILIeHHOTo BHenperus AOU sBis-
ercst ctouMocTs. [1pu aToMm AOU MOKeT BKIIOYATD B Ce6sT HECKOIBKO
pasHbIX KoHurypanuit. Tem He MeHee er0 OCHOBHAS CTPYKTypa COCTOUT
13 06pabOTKY, HAUMHAS C MECTa 3aXBaTa U300PAKEHISI, 3a KOTOPOIL CJle-
IyeT psif MapaMeTPH30BaHHbIX aITOPUTMOB 00PabOTKY H300paKEeHNUII,
OOBITHO € HCII0JIb30BAHIEM ITATIOHHOTO IIA0I0HA [JIs1 BEITUTAHIS H30-
OpaskeHHUs ITOCTIe ITAIOB U3BJIeYeHNs TpU3HakoB. Ha puc. 3 mokasana
KJaccudeckast cxema mpumenerns AOM.

[Tocre neTanpHOTO BBOJA YCTAHOBOYHBIX ITapaMeTpoB cucTeMbl AOU
MOTYT aBTOMAaTHYeCKH U3BJIEKATh MUKPOCKOIITIeCKHe (OT 6 MKM) JIeMeH-
ThI H306pKEHNs U3 MIa0I0Ha U n306pakeHus HHcekTupyembix 111, ato
IaeT BBICOKYI0 TOUHOCTh. Kpome Toro, AOU 1no3BosisieT 06HapyKUBATh
medexrs! I1IT Ha yposie okono 99%. Oxnako npumererre AOM o6sraH0
OTpaHUYeHO OOJIBIION TapaMeTPH30BAHHOM HACTPOHKOM mst ITIT kask-
IOTO KOHKPETHOTO THIIA, YTO MOYKET OrPAHIIUBATE OOIIIee KOIIIeCTBO
KIJIAcCOB fiedeKTOB, TOIKAIINX IPoBepke. KpoMe TOro, Bpemst IpoBepKu
OCTaeTCsl AKTYaIbHOM IPO6IIeMO, PAfUKAIbHO BaPbUPYSCh B 3aBUCH-
MOCTH OT CJIO)KHOCTH 06pab0TKH N300paskeHuit, THOTIA TOCTUTrast 6oJtee
10 ¢ st mposepxu onuoit I1IT dpopmara A4. Knaccuduxarus mpu atoMm
IOJDKHA Y€TKO OIPeNe/sITh OOHApysKeHHbIe AedeKTs! [9].

CoBpeMeHHbIE TEHIEHIINH Pa3BUTHS HAIPABJICHBI Ha yIy4IlIeHNE
orpanmnyennit AOW myrem BHegpenus crpateruii MM Ha Heckoapkux
aramax o6paboOTKU C yMeHbIICHUEM BPeMeHH HHCIEKIIUN U CaMO-
aIaNTUPYIOIIEHCs HACTPOHMKOI ITaPaMeTPOB, YTO MOXKET 3HAYUTETLHO
CHHUBUTD 3aTPaThl Ha UX MPUMeHeHue. B Hamux paboTax MO MOUCKY
nedexros B IOT [10-12] npuBeneHs! BbICOK0I(DPEKTUBHbIE METOLBI
Ha OCHOBE MHOTOPAKyPCHOM CTPYKTYpbL, FoMOrpadpuu U BUPTyanbHOM
peanpHOCTH. X npumeHenue npu uncnexnuu [1I1 Ha npennpuaTusax
[I03BOJISIET YMEHDIIUTD BPeMsl HHCIIEKI[IH, KOJTUIeCTBO OPaKOBaHHBIX
[T, IOBBICUTD KJIACC UX TOYHOCTH, IPOUSBOAUTEIBHOCTD, IPHOBLIb-
HOCTb M eIy TaIuIo IPeIpHUATHS, epeil Ty K npoussoxcTsy I1I1 Bbico-
KOTO KJ1acca TOYHOCTH.

B czleayfomeﬂ vacmu cmamovu HA KOHKPEeMHbIX npumepax nevyamHulx

naam nodpobree paccmampubatomest bosmoxcHuie Budvt depexnob u memodut
UX 06HAPYKEHUST.
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