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cucrembl «/lopora ITPO» B kuiaomeTpax, OTHOCUTEIBHO OT TOYKM Hadaja HccliefoBaHus. BusyanbHO
(DUKCHPOBATTUCh MECTOTONOKECHHUE Pa3pyIICHUN TOPOKHOTO TOKPBITHS. Oco00 CHUIIBbHBIC pa3pylICHUs
JIOPOYKHOTO MOKPBITHS POTOrpaQUpOBAIUCE.
Bce reopaanonokaiinoHHbIe JaHHBIC MTOTYYCHHBIE PU HCCIIET0BAHUN aBTOAOPOT 00padaThIBAIOTCS

JUIS yAajJeHus] TMOCTOPOHHMX HHU3KOYACTOTHBIX U BBICOKOYACTOTHBIX CIIEKTpOB. Bce wucxonHelie u
oOpaboTaHHbBIE TeopagapHbIe Pailiibl COXpaHSIIOTCS B 0a3e NaHHBIX.

Pabora monnepkana B pamkax rpantoBoro ¢puHancupoanuss MHuBO PK 2023-2025 o npoekty
AP 19680361 «Pa3paboTka BBIYUCIUTEIHHBIX TEXHOJOTHH ISl TUATHOCTHKHU JIOPOXKHOW OJCHKIIBI
aBTOMOOMIIBHBIX TPACC».
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TY¥JIFAJIAP MEH OB BEKTUIEPI AHBIKTAY YIIIH KOJITAHBIJIATBIH MAIILIMHAJIBIK
OKBITY AJITOPUTM/IEPI

AnHoTtanus. Bynm kyMmbicTa OOBEKTIHI aHBIKTAy >KoHE OETTI TaHy YLIIH MAIIMHAIBIK OKBITY
QITOPUTMAEPIH KOJJaHa OTBIPBIIT BEO-KOCHIMIIAHBI 33ipieydl ycbiHambl3. OOBEKTIHI AHBIKTAy >KOHE
TYJIFaHbl TaHy YUIIH 3aMaHayu alrOpUTMEpre calbICThIPY KoHe Oaranay KYpri3iiim, eH THIMI1 KoHEe 101
QITOpUTMIH aHbIKTaAbl. OOBEKTIHI aHBIKTAY/AbIH 3aMaHayd alropuTMAEpiH, cOHbIH imiHAe YOLOV7,
SSD sxone R-CNN mozenbaepi 3eprreyre xoHe eHrizyre Oarbirtanrad. Conpaii-ak FaceNet, VGG-Face
xoHe OpenFace Mozenbaepi CUSKTHI OlpHEIlIe TaHbIMAI aJjaM/Ibl TAHY aJITOPUTMIEP] KapacThIPbUI/IbL.

KinTTik ce3aep: MammHaNbIK OKBITY, *kacanibl HHTEIUIeKT (Al), YOLOvV7, SSD R-CNN, Darknet,
FaceNet, VGG-Face, OpenFace.

MammHanblK OKBITY alrOpUTMJIEpi OOBEKTUIEpAl, YITUIEpal *KoHE MIHE3-KYJIBIKTapbl JJipeK
JKOHE THUIM/[II COMKECTeHAIpyre MyMKIH/IIK OepeTiH TaHy MaceleNepiHiH epiciHie ToHKepic xkacaabl. by
NTOPUTMIEPAL 3ipiaey Y3aiKci3 mporecc O0sabl, 3epTTeyuIiiep XKolaaap 0o0ibl O6ip-OipiHiH KYMbBICHIHA
Heri3ene1l.

Heicanp! aHbIKTay XKOHE alaM/Ibl TaHY 9pPTYPJIi cajaapja KenTereH MpakTUKAJIBIK KoJlJaHOaiaphbl
0ap KOMITBIOTEPIIIK KOPY/IIH MaHBI3IbI KOJITaHOaapbl OOJIBINT TaObLIA IbI.

OOmbexTiHl aHBIKTAy — OYJI CypeT HeMece OeliHe KaJp/arbl KbI3bIFYIIBUIBIK O0BEKTUIEPIH aHBIKTAY
YKOHE OJIap/bIH aifHaaChIHJIA IIEKTETIII YKOJIAK Caly apKbLIbl OJIap/AbIH OPHBIH aHBIKTAY MIHJIETI.

OOBexTiHI aHBIKTAY JKOHE a1aMJIbl TaHY — KOMIIBIOTEPIIIK KOPY/IEri €H MaHbI3/bl €Ki Tarceipma. by
TarchlpManap YIIiH KONTEreH alroputMaep Oap, oapAblH OpKaiChICBIHBIH KYIITI YKOHE QJICI3 JKaKTaphl
6ap. byn Oemimze 013 0OBEKTIHI aHBIKTAy >KOHE aJaMm/bl TaHy YIIIH €H TaHbIMaj KeWOip 3amaHayu
ANTOPUTMJIEP/Il CATBICTBIPAMBI3 JKOHE OaralaiiMbI3.

OOmbexTiHl aHBIKTay anropuTMiepi: bipHemie TaHbIMan HBICAHJBI aHBIKTAy aJrOpUTMEpi Oap,
conbH imiHae YOLOvV7, SSD xone R-CNN monenbaepi.

YOLOvV7 Mopeni HakThl yakKbITTarbl HBICAH[bl AHBIKTAy aJITOPUTMI OOJIBIN TaObLIaIbl, 01 Oip
Oaranayaarbl TOJBIK KECKIHJEP/IEH TiKeJIeH MIEKTEeUTIH KopanTap MEH ChIHBIN bIKTUMAJIIBIKTapbIH O0Kay
YIIiH O1p HEMPOHIBIK XKeiHi naigananaapl. On 631HiH XKbUITAMABIFBIMEH JKOHE JONIITIMEH TaHBIMAT KOHE
HaKThl YaKbITTa aHbIKTay/ bl KQXKET €TETIH KoJAaHOanap/a K1l KoJAaHblIalbl.
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SSD mopaerni - ofenKi MEKTEUTIH KopanTap IblH OSKITIINeH KUBIHBI YIIIIH CBIHBIT BIKTUMAJIBIKTaphI
MEH HIEKTEWUTIH KopamTapasl Ooipkay yImiH Oip HEHpOHMABIK JKENiHI MaiJaJaHaTbIH Tarbl Oip TaHBIMa
HBICAH[Ibl aHBIKTay anroputMi. O ©31HIH ASAINT MEH KapanabIMAbUIBIFBIMEH TaHBIMAI KOHE aHbIKTay
JOIAIT KbUTAAMIBIKTaH MaHbI3AbIPAK 00IaThIH KoJIJaHOanap/a skui KOJIAaHbLUIa/Ibl.

R-CNN mopmemi — anapIMeH alWMaKTBIK YCBHIHBICTap >KMHAFBIH YKACaWTBIH, COAaH KEWiH opOip
aliMaKThI XKIKTEY KOHE IIEKTEHTIH YAIIBIKTapAbl HAKThIIAY YIIiH KeKe HeHPOHIBIK JKeiHI Mai1ananaTeiH
€Ki caThUIbl HBICAHBI aHBIKTAY anroputmi. O e3iHiH gonairiMeH taneiMai, Oipak YOLOvV7 xone SSD
MoJIeTIbICpiHe KaparaHa Oasy.

Anamabl Tany anroputmaepi: Conpnaii-ak FaceNet, VGG-Face xone OpenFace monenbaepi CUSKTbI
OipHeIe TaHbIMAJ aIaM/Ibl TAHY aJITOPUTMIEPI Oap.

FaceNet moneni - TysiFa KeCKiHJEPiH >KOFaphl OJIIeM/II KeHICTIKKEe TEPEeH €HTi3y/ll YipeHy YIIiH
YIITIK KOFanTy (yHKIMACHIH MaiianaHaThlH HEUPOHIBIK KeJre HEeTi3/IeNreH agam/Ibl TaHy alTOPHTMI.
On xapbIKTaHABIPYAAFbl, MO3aJaFbl XOHE OET ONMeTIHAEri e3repicTepre IoJAIri MeH OepiKTiriMeH
TaHbIMAJ.

VGG-Face momeni - 0eT KecKiHAEpiHIH MYMKIHIIKTEpIH KOPCETyAl YHpeHy YIIiH TepeH
KOHBOJTFOIIMOH/IBI HEHPOH/IBIK JKeJTiHI Taii1anaHaTbiH 0acka HEHPOHIBIK KeIlire HeTi3/IereH alaMIbl TaHy
anroputMi. O ©31HiH ASJAIrIMEH TaHbIMAI XKoHe OipHelle OeTTi TaHy KapbICTAPBIH/IA KOJIJAaHBLIFaH.

OpenFace mopenmi - TepeH HEHpOHABIK kerire HeriznenreH DeepFace sxone FaceNet monenbaepi
Koca anFaHja, OipHemie O€TTI TaHy aNTOPUTMJIEPIH KAMTHUTHIH allblK OacTamkbl KOABI aJaM[bl TaHy
Kypangap skuHarbl. OJ ©3iHIH Ionairi MeH oMOeOanThIFBIMEH TaHBIMAN KOHE OipHeNIe FhUIBIMH
3epTTeyiepae KoMIaHbUIFaH.

Onimaimik typreicbeiHaH YOLOV7 xone FaceNet mopnenbnepi CoWKeCiHINE >KbUITAMIBIFBI MCH
nonairimer TtanbiMan. SSD sxkone VGG-Face monenbaepi Ae MonuiriMeH TaHbIManl, Oipak coiiKeciHIIe
YOLOv7 xone FaceNet monenwbaepine kaparanma Oasybipak. R-CNN xone OpenFace momenbaepi
©3/IepiHIH ASNAITIMEeH TaHbIMal, OipakK aTajaFaH anropuTMIECPIiH OapibIFbIHA KapaFraHaa Oasybipak [1].

Tyracrait arrania, HBICAH]IBI AHBIKTAY JKOHE aJaMJIbl TAHY aITOPUTMIH TaHAAy AJJIIKTIH KaJlaFaH
JIeHrei1, )KbUTTaM/IBIK )KOHE KOJI KETIMJII €CENTey pecypcTaphbl CUSIKTHI KOJIJaHOAHBIH HAKThHI TaJanTapblHA
OaiinanbIcThl 0071a/161. OOBEKTIHI aHBIKTAY JKOHE a/1aM/Ibl TaHy YILUIH KONTEreH aaropuTMaep o6ap, onapasiH
OpKaMCHICBIHBIH ©31H/IK KYIITI )KOHE OJICi3 JKaKTaphl 0ap. ANrOpuTMII TaHJay HAKThl KOJJaHOAFa kKoHE
TONIIKKE, KbUIAAM/IBIKKA XKoHe OepiKTIKKE KOMbUIATHIH Tajantapra OailianbicTbl. OChl allrOPUTMIEPAIH
KYIITI1 )KOHE 9JIC13 )KaKTapbIH TYCIHY apKbUIbI 013 HAKTHI KOJIJaHOAMBI3 YIIIiH €H jKaKChl alrOpUTM/I1 TaH AT,
YKAKCBIpaK OHIMIUTIK MEeH JOIIIKKE KOJI )KETKI3€ alaMbl3.

YOLOV7 — HakTbl yaKbITTarbl OOBEKTIHI aHBIKTAyJbIH 3aMaHayH airoput™mi. bym mnommik,
KBUITAMIBIK JKOHE OEpIKTIKTE aWTapiibIKTai »kakcapTyiaapel 0ap OypsiHFel YOLOVS xone YOLOv4
HYCKaJapbIMEH calbICThipranaa »xkakcapty. YOLOvV7 keckinaeri HbICaHAApIbl aHBIKTAy YIIH Oip
KOHBOJIIOIIMOHIbI  HeHpoHAbIK >kemiHi (CNN) maipgamanmanel. XKemi Oykia KecKiHII Kipic peTiHe
KaObL11ai/1b] skoHe opOip HbICAH YIIIH CHIHBIIN MEH MEKTEUTIH epic KOOPAUHATTAPBIH OoKai b [2].

Darknet - 6yn C xxone CUDA(Compute Unified Device Architecture Hemece bipbiHFail KypbLIFbI
apXUTEKTYPaCBIH €CeNTey) TiAepinie ka3blraH, [xozed Peamon a3ipreren ambik 6acTanmkbl HEHPOHIBIK
xem KypbutbiMbl. OJ1 Tiporieccop MeH rpadUKaibIK MPOIECCOPAbl OHACYIl KOJIAMABI JKOHE JpTYypdi
KOMIIBIOTEPIIIK KOpy TarchblpMallapbl VIIiH, COHBIH IHIIH/IE HBICAH]bl aHBIKTAy, KECKIHJ1 JKIKTEY >KOHE
CEerMEHTTEY YILIIH TEPEH OKBITY YITIEpiH 33ipiey YIIiH naiiaanansiiansl [3].

SSD — HaKTHI yaKbITTarbl OOBEKTIHI aHBIKTAYABIH TAHBIMAI AITOPUTMI, OJ1 HBICAH CHIHBIITAphl MEH
HIEKTEHTIH KOpal KOOpIMHATTapblH OOJpKay YIIiH Oip TepeH HeHpOoHABIK >KeliHl maigamaHaabl. SSD
OpTYPJIi eJIIeMIeTi HbICAaHIap bl aHBIKTAY YIIIH 9pTYPJIi aXKbIPaTHIMABUIBIFEI Oap OipHelie KabaTTapabl
naiiiajaHabl.

SSD moneni 6acka HpICaHJap/Ibl aHBIKTAY alTOpUTMIEpiHE KaparaHaa OipHelle apThIKIIBUIBIKTapFa
ve, MbICAJIbl, OHBIH OPTYPJIl MacmTadTa >KOHE apakKaThIHACTA HBICAHIAPABl aHBIKTay MYMKIHJIT JKOHE
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HaKThl YaKbITTaFrbl KOJAaHOAIapAa OHBIH KOFaPhl KbUIIAMIBIFEI MEH THIMILTITI. JlereHMeH, OHbIH HeTi3T1
mekreynepinin 0ipi Faster R-CNN CHSKTBI KypAeil alrOpuTMIEPMEH CANBICTBIPFAH/AA CAJIBICTHIPMAIIbI
TYpJi€ TOMEH AIIJIIK OOBIN TaObUIa LI [4].

R-CNN Heri3ri apThIKIIBUIBIKTAPBIHBIH Oipi OHBIH JKOFapbl NONIri O0sbIn TaObuiaabl, OipHemie
ATAJIOHJIBIK JIEPEKTEp KHUBIHBIH/IA 3aMaHayd HOTHXKeepre Koi xkerkizemi. [lereamen, R-CNN Herisri
KEMIILTITT 00OBEKTiHI aHBIKTAyIbIH 0acKa aIrOpUTMIEPIMEH CANIBICTBIPFAHAA CATBICTRIPMAIIBI TYPAE Oasty
x)ymbic icterial. Ce6e6i, R-CNN moneni CNN apKbuibl OipHEIIe peT oTy/Il Taiam eTe/i, Oy ecenTey YIliH
KbIMOAT 0OJTybI MYMKIH [5].
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. OIITUMUBALNA AJITOPUTMOB ObPABOTKH
N30BPAXEHNN /IS VIIVUILIEHNA PABOTBI KAMEP BUJIEOHABJIIOAEHNSA «CEPTEK»

CoBpeMeHHbIE CHCTEMBI BUICOHAOIIOACHHUS UTPAIOT KITIOYEBYIO POJIb B 00€cTIeueHIH 0e3011aCHOCTH
U KOHTPOJIs, HO KaMepbl «Ceprek» CTalKUBAIOTCA ¢ MpobieMaMu: HU3Kask YeTKOCTh B TEMHOTE, OIINOKH
pacrio3HaBaHHWs W OTPaHWYCHHAs aHAJIWTUKA. YIydimeHue ux 3(QekTnBHOCTH TpeOyeT BHEIpEHUs
COBPEMEHHBIX AITOPUTMOB 00PaOOTKN N300pakeHHH, BKIIOYasi OBBIIIEHHE KaueCTBa ChEMKH ITPU c1aboM
OCBCIICHWH, ONTUMH3AIMIO PACMO3HABAHUS JMII M OOBEKTOB, a TaKKe YIydIIeHHE aHATUTHKH.
HccnenoBanue HampaBieHO Ha pa3padOTKy HOBBIX aJTOPUTMOB, MX TECTUPOBAaHHE M CpaBHEHHE C
CYIIECTBYIOIIIUMH METOJIAMH TSI IOBBIIIEHUS] TOYHOCTH MOHUTOPHHTA U aHAJIHM3a BHICOMTOTOKOB.

CoBpemeHHbIE METOABI HU(POBOM 00padOTKM M300paKEHUH BKIIIOYAIOT AJTOPUTMBI (DHIIBTPALINH,
IIYMOIIOJIABJICHUSI, TIOBBIIICHUSI PE3KOCTH MW KOHTpAacTa, a TaKKe KOPPEKIUU OCBEUICHHOCTH.
BuneonabirofieHne akTUBHO HCIIOJIB3YEeT TEXHOJOTMH aJalTHUBHOTO TMCTOIPAaMMHOTO BBHIPAaBHUBAHUS U
IIPOCTPAaHCTBEHHBIX (DMIIBTPOB IS YITydIIEHHs KauecTBa n3o0paxenus. HexaBHue noctikenns B 0061actu
ri1y0oKoro o0ydeHusi, BKIto4as cBepTouynbie HeiiponHble cetu (CNN), TO3BOJISIOT 3HAUUTENIFHO IIOBBICUTH

109



