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BBEJAEHUE

KomnroTepHoe 3peHue npeacTaBisieT co00M OHY U3 KIIFOUEBBIX 001acTe uc-
KyCCTBEHHOT'O MHTEJIEKTa, KOTOpasi COCPEA0TOUEHA Ha U3BJICUEHUH UH(POPMALIUH U3
BU3YAJIbHBIX JAHHBIX U UX UHTEPIPETALNH, AHAJIOTUYHO YEJIOBEYECKOMY 3PEHHUIO.
Ero BaxHOCTH 00yCJIOBIIEHA pacTylled MOTPeOHOCTHIO B aBTOMAaTU3UPOBAHHBIX CH-
cTeMax aHalin3a U300pakeHU U BUJI€0, KOTOPbIE HAXOAST MPUMEHEHHUE B CAMBIX pa3-
HBIX OTPAaCIIAX.

OCHOBHBIMHU 3a7jauaMH KOMITBIOTEPHOTO 3PEHUS SBIISIOTCA OOHApyXEHUE U
pacro3HaBaHue 0ObEKTOB, CETMEHTALIMS CLICH, ACHTU(UKAIUS IEUCTBUH U )KECTOB,
a Taxke MOCTPOCHUE ONMHMCaHUN M300pakeHuil u Buaeo. Hampumep, oOHapykeHue
00BEKTOB MCTIONB3YETCA JUIsl ONPeIeTICHUSI MECTOMONIOKEHHS 33JaHHBIX CYIIIHOCTEN
Ha U300paKEHUH WK B KaJIpe BUJIEO, YTO SBJISETCS OCHOBOM MHOTHX MPUJIOKECHUI B
o0nacTu 6€30MMacHOCTH M aBTOHOMHOTO TpaHcnopra. Pacnio3naBanue 00beKTOB U 00-
Pa30B MO3BOJISAET UACHTU(PUIIUPOBATH KATETOPUHU WJTU KIJIACCHI 3JIEMEHTOB, YTO HAXO-
JUT PUMEHEHHE B KJacCU(PUKaIUU N300paKeHUI U aHalIi3a JaHHBIX, KaK TOKa3aHo
aBTopamu B cTatbe [1]. Baxkuneiiei 3a1ayeil Takxke IBISETCS PEKOHCTPYKIHS CLEH
— nporecc Boccozaanus 3D-CTpyKTyphl OKpYy>Karoliei cpeibl u3 Habopa nu3o0paske-
HUM, 4YTO aKTUBHO MCHOJB3YETCSA B POOOTOTEXHUKE U JIONIOJIHEHHOW PEaIbHOCTH.

3HAaUMMOCTh KOMIBIOTEPHOIO 3PEHUS TAKKE OINPENEIACTCA €r0 IHUPOKHM
CIIEKTPOM MpUMEHEHH. B MeIUIIMHCKON OTpaciv OHO 00eCIIeurBaeT aHaIU3 U300-
paXeHUuM C IMeNbI0 TUarHOCTUKHU 3a00J7€BaHUN, TAKUX KAaK OHKOJIOTMYECKHUE WIIH
o TanbMOJIOTHYECKHE NAaTOJIOTHHU. B aBTOMOOMIIBHON MPOMBIIIUIEHHOCTH TEXHOJIO-
MY KOMIIBIOTEPHOTO 3PEHUS SIBISAIOTCS KIFOUEBBIMU IS pEAIU3alii ABTOHOMHOTO
YIIPABJIICHHUS, BKJIFOYAs] PACTIO3HABAHUE JTIOPOKHBIX 3HAKOB, AHAJIN3 TIOJIOC IBUKEHUS
U oOHapyxeHue rnemexonoB. Cucrembl 0€30MaCHOCTH AKTUBHO MCIIONb3YIOT JE€TEK-
TOPbI aHOMAJIMH, UACHTU(PUKALUIO JIUI] U aHAJIU3 BUJICONIOTOKOB ISl TIpeIOTBpallie-
HUs yrpo3. CenbCcKoe X034iCTBO MPUMEHSIET TAHHBIE TEXHOJIOTHH IJI1 MOHUTOPHHIA
COCTOSIHUS TOCEBOB, KJIaCCU(PUKALUU KYJIBTYP U OLICHKU YPO’KaHOCTH.

OTU npuMepbI IEMOHCTPUPYIOT UCKITIOUUTEIBHOE 3HAU€HUE 00JIaCTH, KOTOPAst
HE TOJIBKO CIIOCOOCTBYET aBTOMATU3aLIMK CIOKHBIX MPOLECCOB, HO U OTKPBIBAET HO-

BBIC TOPHU3OHTHI ITPUMCHCHUA MAIIIMHHOTO 06y‘-IeHI/I$I W aHaJIn3a JaHHBIX.



1 HUCTOPHYECKOE PASBBUTUE KOMIIBIOTEPHOI'O 3PEHUSA

Hcroprdeckoe pa3BUTHE KOMITBIOTEPHOTO 3PSHUS IIPEACTABIISIET COOOM CIIOXK-
HbII ¥ MHOTOTPAHHBIM MPOLECC TEXHOJIOTMYECKOW SBOJIIOLMHU, OXBATHIBANOIIUN
HECKOJIBKO JIECSATUJICTHN HAy4YHBIX MCCIECIOBAHWNA M TMPAKTUYECKUX Pa3pabOTOK.
[TepBoHavanbHBIE METOABI KOMIIBIOTEPHOTO 3PEHUS OCHOBBIBAIMCH Ha aHAJIOTOBOM
o0paboTke n300pakeHUi, TIe MPUMEHSUIMCh 0a30Bble aaTOPUTMbI (PHIBTPAIMHU U
CerMeHTanuu. B 3TOT mepuos 0OCHOBHOE BHHMAaHHE YICIAIOCH pa3paboTke mare-
MaTUYCCKUX MOJeNeH JIsd OMHCaHWsS W aHaldu3a BHU3YyaJdbHOH HH(GOPMAIMH, YTO
3I0KIIT0 (DyHIAMEHTAIbHBIE OCHOBBI JUIS MOCIICTYIONIETO Pa3BUTHS 3TOH 001acTH,
KaK OTMeYaeTcs B PyHIaMEHTaIbHOM HCCIIeIOBAaHUH [2].

3HAYUTEIBHBIN TTporpecc ObUT JOCTUTHYT C MOSBICHUEM ITU(DPOBBIX METOIOB
00paboTKu n300pakeHN, KOTOPBIC TTO3BOIMIH PeaTn30BaTh 00Jiee CIOKHBIC aro-
PUTMBI aHaIM3a BU3YyaJIbHBIX JaHHBIX. B ATOT mepuoa OblIu pa3paboTaHbl TIEPBBIC
METOJIbI pacIio3HaBaHUs 00pa30B, OCHOBAHHBIC HA CTATHCTHYCCKOM aHAJIU3€ U I'eo-
METPUYECKUX MPEoOpa3OBaHUIX. ITU paHHUE JOCTUKEHUS CYLIECTBEHHO PacCIIH-
PUIM BO3MOKHOCTH aBTOMATU3WPOBAHHOTO aHAIN3a M300pa)KEHUH, YTO MOAPOOHO
omucaHo B pabote [2], TAe aBTOPHI IeTAIbHO aHATM3UPYIOT IBOJTIOIINIO BU3YaTbHBIX
byHKIIHHA OT 6a30BBIX KOHIIEIIUNA K COBPEMEHHBIM PEIICHUSIM.

Hauano 2000-x romoB 03HaMEHOBAJIOCH PEBOJIOIMOHHBIM MEPEXOOM K Me-
TOJIaM MaIIMHHOTO OOydYeHHs B 00JIACTH KOMITBIOTEPHOTO 3pEHHUs. ITOT IIEPHO Xa-
PaKTEPU30BAJICS MOSBICHUEM TIEPBHIX d(PPEKTUBHBIX MoJIeTIel TITyO0KOTO O0yUeHHS,
KOTOPBIE MPOJAEMOHCTPUPOBATIU CYIIIECTBEHHOE MPEBOCXOJCTBO HAJ TPATUIIMOHHBI-
MU TIOJIXOJaMH B 3aJlayax pacro3HaBaHHsA 00pa30oB W aHaiu3a n3obpaxeHuit. Oco-
OCHHO Ba)KHBIM 3TArlOM CTAJIO MOSBICHUE CBEPTOYHBIX HEUPOHHBIX CETEH, KOTOPHIC
3HAYUTEIHHO YAYYIIWIN TOYHOCTh U 3(PPEKTUBHOCTH aJITOPUTMOB KOMITBIOTEPHOTO
3pCHHSL.

[Tocnenyromiue robl ObIIIM OTMEUEHBI CEPUE TEXHOJIOTHYECKUX MPOPHIBOB,
CpeIu KOTOPhIX 0cO00€ MECTO 3aHUMAeT co3aanue apxutekTypsl AlexNet B 2012
roay, KoTopas Mpou3Besa PEBOJIIOIUI0 B 00JIaCTH TITyOOKOTo OOydYeHHUs ISl 3a/1aq
KOMITBIOTEPHOTO 3pEHUS. 3a HEeW MOCIeI0BAIN APYTHe 3HAYMMBbIC apXUTEKTYPHI, Ta-
ke kak VGG u ResNet, KoTopble Mocaea0BaTeIbHO YIIyYINaind MOKa3aTeIu TOYHO-
CTH pacIio3HaBaHUSA M YCTAaHOBUJIM HOBBIE CTAHIAPTHI IPOM3BOAUTEIIBHOCTH B 3TOU

obnactu. Kak moguepkuBaeTcst B MCCASAOBAHUH [2], 3TH TOCTHKEHHUS CYIICCTBEHHO
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pacIIMPUIN BO3MOKHOCTH MPAKTUUYECKOTO MPUMEHEHUS TEXHOJIOTUH KOMIIBIOTEPHO-
TO 3pEHUs B Pa3IMYHBIX 0071aCTIX, OT MEIUIIUHCKOM TUAarHOCTHKH JI0 CUCTEM aBTO-
HOMHOTO YIIPaBJICHHSI.

CoBpeMeHHBII 3Tal Pa3BUTHUSI KOMITBIOTEPHOTO 3PEHHS XapaKTepu3yeTcs HH-
Terpanyen pa3InyHbIX MMOIXO0A0B U METOJ0B, BKIIIOUasi rTyOokoe oOyueHue, cTaTH-
CTUYECKUH aHAJIU3 U KIITACCUYECKUE aITOPUTMBI 00pabO0TKH N300pakeHUi. DTO MO3-
BOJISIET CO3JaBaTh 0oJiee COBEPILIEHHBIE CUCTEMBI, CIIOCOOHBIE PEeIIaTh CIOKHBIE 3a-
Jla4¥ BU3YyaJbHOTO aHAJIM3a B PEAIBHOM BPEMEHH, YTO OTKPHIBAET HOBBIC TIEPCIICK-
TUBBI JJI PAKTUYECKOTO TIPUMEHEHHUS TEXHOJOTUI KOMITBIOTEPHOTO 3pEHUS B pa3-

JIAYHBIX 00JIACTIX YSJTIOBCUYCCKOM ACATCIBbHOCTH.



2 OCHOBHBIE 3AJTAYU U METO/JAbI KOMIIBIOTEPHOI'O 3PEHUSA

KommbroTepHoe 3peHune kak 001acTh MICKyCCTBEHHOTO MHTEJIEKTa OXBaThIBa-
eT IMIUPOKUIA CIEKTP 3a/1a4 U METOAOB uX permieHus. CoBpeMeHHbIE TTOXObI K 00-
paboTKe BU3yaIbHOM MH(POPMAITMK OCHOBAHBI Ha TITYOOKOM MAalTMHHOM OOYYEeHHH U
BKJIFOUAIOT Pa3JIMYHbIE CIICIIUATM3UPOBAHHBIC aJITOPUTMBI /I KOHKPETHBIX 3a/ad.

dyHaaMeHTaIbHOM 3a1a4eil KOMITBIOTEPHOTO 3PEHHUSI SIBIISIETCS] OOHAPYKEHHE
U pacro3HaBaHuE 00BEKTOB. B OCHOBE COBpEMEHHBIX PEIICHUN JIeKaT CBEPTOYHBIC
HeliponHnsie cetr (CNN), KoTopbie T03BOJIAIOT A (HEKTHBHO U3BIIEKATh TPU3HAKU U3
n300pakeHni. Pa3BuTHE TaHHOTO HANIPABIICHUS TPUBEJIO K IOSBICHUIO BRICOKOIIPO-
U3BOJUTEIBHBIX apXUTEKTYp, Takux kKak Y OLO (You Only Look Once), SSD (Single
Shot Detector) u Faster R-CNN, o6ecrneunBaromux Kak BICOKYIO TOYHOCTh, TaK U
CKOpPOCTh 00paboTku. BasxkHO OTMETHUTBH, YTO 3(PPEKTUBHOCTH ANTOPUTMOB MAIINH-
HOTO OOy4eHHs JJIs JIOKATU3aluu U Kiaccuukanuu o0bEeKTOB CYIIIECTBEHHO 3aBH-
CHUT OT METO/IOB ONTMCAHUsI KOHTYPOB U X cpaBHEHUs [3].

CermeHTanusi U300paKeHUN MpeEACTaBIsAeT co00M Oosee CIOXKHYIO 3ajady,
TPeOYIOIIYIO MOMUKCEIHHOTO aHalln3a N300pakeHus. B qaHHOM 0051acTH BBIEISIOT
CEMaHTUYECKYI0 CErMEHTAIINIO, ITIe KaXKIOMY MHUKCENI0 MPUCBAUBACTCS OMpe/ieIeH-
HBII KJIACC, 1 MHCTAHC-CETMEHTAIIHIO, MO3BOJISIONIYIO pa3inyaTh OT/IEIbHBIC IK3EM-
IJISIpbl 00BEKTOB OJIHOTO Kitacca. Apxutektypbl U-Net u DeeplLab cranu crangap-
TOM Jie-(haKTo JUTsl peIIeHus 3aa4 CerMEHTAINH, IEMOHCTPUPYS BEICOKYIO TOYHOCTh
Ha pa3IMYHbIX Habopax JaHHbIX. [Ipu 3TOM npuMeHeHue METOJ0B MEAUAHHOU 00-
pabOTKU CyIIECTBEHHO MOBBIIIAET 3(P(HEKTUBHOCTH CTPYKTYPHBIX OMIMCAHUM TIPU 00-
paboTke u3o00paxeHuit [4].

Oco0oe MecTo B KOMIBIOTEPHOM 3PEHHUU 3aHUMAIOT 3a/1a4M PACIIO3HABAHUS
auil ¥ kecToB. COBpEMEHHBIE PeIlIeHus B 3TOI o0nacTu 0a3upyroTcs Ha CIeIUau-
3UpoBaHHbIX OuOIMoTekax, Takux kak OpenCV, Dlib u MTCNN, koTtopslie npeso-
CTaBJISIOT TOTOBbIE MHCTPYMEHTHI /ISl IETEKTUPOBAHUS M aHAIM3a JIMIEBBIX XapaK-
TEPUCTUK. DTU OMOTMOTEKU UCIOJIB3YIOT KOMOMHAIIMIO KIIACCHUECKUX aJITOPUTMOB
KOMITBIOTEPHOTO 3PEHHSI ¥ TITyOOKOTO OOYUYEHUS ISl 1OCTUKEHHS BBICOKOM TOYHOCTH
pacro3HaBaHUsI.

OTtcnexxuBaHne OOBEKTOB B BHUJICOMOTOKE MPEACTABISICT COOOM JMHAMHUYe-
CKYIO 3aj1a4y, TpeOyIOIIyI0 y4eTa BpeMEHHOM cocTaBsitoliei. [ e€ pemenus npu-

MEHSIOTCSI pa3JIMuHbIE MOAXO0/bI, BKItouas ¢uinsTp Kanmana, anroputm Mean-Shift
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u HeripoceteBoi Tpekep GOTURN. 3T MeTOIbI MO3BOJISIOT OCYILECTBIISATh HAJIEK-
HOE OTCJIC)KMBaHUE 0OBEKTOB B peaJIbHOM BPEMEHH, YUUTHIBAS Pa3TuIHbIC (DaKTOPBI,

TAKNC KaK USMCHCHHC OCBCHICHMU, IICPCKPBITHUC OOBEKTOB U JABHIKCHUC KaMCPBbI.



3 COBPEMEHHBIE TEXHOJIOI'MA U MO/IEJIN B
KOMIIBIOTEPHOM 3PEHUU

CoBpeMeHHbIE TEXHOJOTUU U MOJIEIN B KOMIIBIOTEPHOM 3pPEHUU TpETepIieu
3HAYUTEIHHYIO SBOJIOLMIO 32 TIOCJIEIHUE TOJIbI, UTO MIPUBEIIO K CYIIIECTBEHHOMY IPO-
rpeccy B 00JIaCTU MCKYCCTBEHHOTO MHTEJUIEKTa M MalmIMHHOTO oOyuenus. Oynna-
MEHTAJIBHYIO POJIb B 3TOM Pa3BUTHUU ChIrpaiu cBepTouHble HEHpOHHbIE ceTh (CNN),
KOTOPBIE€ CTAJIM OCHOBOW JIJIsl PEUICHUs IIUPOKOrO CIIEKTpa 3a/lad KOMIIbIOTEPHOTO
3peHus [5].

B koHTekcTe mTyOOKuX HelpoceTe 0co00e BHUMAHHE CIEAYET YACIUTh ap-
XUTEKTypaMm, CTeIIMaTN3UPOBAHHBIM I aHanu3a uzoopaxkennil. ResNet, DenseNet
u Inception npeacTaBisioT coO0l BICOKOI(PPEKTUBHBIE apXUTEKTYPHbIE PEIICHHUS,
Ka)X0€ U3 KOTOPBIX 00J1aaeT YHUKAJIbHBIMU IPEUMYIIIECTBAMU B 00pabOTKE BU3Y-
anpHOU nHpopManuu. [IpakTrueckas peanuzanus JaHHBIX APXUTEKTYP IE€MOHCTPH-
pYET 3HAUUTENIbHOE YIyUIIEeHUE TOYHOCTU pacro3HaBaHus o0pa3oB U 3P(HEeKTUBHO-
CTH 00pabOTKU M300paKEHUN B PEaJIbHBIX YCIOBUSX, UTO MTOATBEPKIACTCS PE3YIIb-
TaTaMU BHEJIPEHUS aBTOMATHU3UPOBAHHBIX CHCTEM KOMIBIOTEPHOIO 3peHus [6].

I'eneparuBHbie cocTsizarenbHble ceTu (GANS) OTKpbLIM HOBbIE TOPU3OHTHI B
oOmactu cuHTe3a U MoAuduKauu n300pakeHunid. JJaHHbIN Ki1acc aaropuTMOB MO3-
BOJISIET HE TOJBKO CO3/1aBaTh BHICOKOKAYECTBEHHBIE CUHTETUUYECKHE H300pa’KeHUs,
HO U BBITIOJIHATH CJIO’KHBIE OTIEPALIMU 110 TPaHC(HOPMALIMU CYIIECTBYIOLIUX BU3yalb-
HbIX JaHHBIX. Oco0yto 3HaYUMOCTh GANS MPUOOPETAIOT B KOHTEKCTE ayTMEHTAIIUH
JAHHBIX U CO3[JaHUSI CHHTETUYECKHX JIaTaCeTOB AJIsi O0yUYEeHHS JPYTUX MOJENIEN KOM-
NBIOTEPHOTO 3PEHUS.

3HAYUTEIBHBIM IPOPHIBOM B 00JIACTH KOMIIBIOTEPHOIO 3pEHHSI CTAJIO MOsBIIE-
Hue apxutektypsl Vision Transformers (ViT). JlanubIit moaxona, 3aMMCTBOBAaHHbBIN U3
o0acTu 00pabOTKH €CTECTBEHHOTO S13bIKa, MPOAEMOHCTPUPOBAI UCKIIIOUUTEIBHYIO
3¢ peKTUBHOCTH B 3a/1auax aHanu3a nzoopaxkenuil. ViT oOnagaeT crnmocoOHOCTHIO K
0osee TITyOOKOMY TOHUMaHHUIO TI00ATBHBIX 3aBUCHMOCTEN B M300paXEeHHUAX OJ1aro-
Japs MEXaHU3My CaMOBHUMAHMS, YTO OCOOCHHO Ba)KHO MPHU paboTe ¢ KOMILIEKCHBI-
MU BU3YQJIbHBIMU JTAHHBIMU.

B yclioBusxX OrpaHUYE€HHOCTH JOCTYIIHBIX JAHHBIX OCOOYIO aKTyaJbHOCTh
npuoOperaroT metoasl Transfer Learning u Fine-tuning. /laHHbIe MOAXOBI MO3BO-

J10T 9P (HEKTUBHO aanTUPOBATh MIPEABAPUTEIBHO 00YUYEeHHBIC MOJETH K crieiiudu-
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YECKUM 3ajJlauaM, CyIIECTBEHHO COKpalas TpeOoBaHUs K 00beMy 00ydarouiei BbI-
OOpKH M BBIYUCIUTEIBHBIM pecypcaM. ITO OCOOCHHO aKTyaIbHO B MIPOMBIILICHHBIX
MIPUJIOKEHUSX, TJIe cOOp OOIBIIIOr0 00beMa pa3MEUEHHBIX JTAHHBIX MOXKET OBITH 3a-

TPYAHEH WJIM SKOHOMHYECKU HEIleJIeCO00pa3eH.



4 MOAEJIM U UHCTPYMEHTHDI IUIAA PELHHEHUSA PEAJIBHBIX
MNPOBJIEM

B coBpemMeHHOM MUpe MAIIMHHOTO OOYYECHHsSI U KOMITBIOTEPHOTO 3PCHHUS CY-
IIECTBYET MHOKECTBO HHCTPYMEHTOB M OMOINOTEK, MO3BOISIIOMNX A (PEKTHUBHO pe-
IaTh NIMPOKUN CIIEKTP MPaKTHUECKUX 3aAa4. Beaymue no3unmu cpeau GpperMBop-
koB 3aHuMatotT TensorFlow u PyTorch, npenocrasmnstomnire o01mMpHbie BO3SMOXXHOCTH
TSl pa3paboTKy U 00y4yeHust HeMpoHHbIX ceTel. TensorFlow, pa3paboTaHHbIN KOM-
nanuer Google, obecnieunBaeT THOKYI0 SKOCUCTEMY MHCTPYMEHTOB, OMOIMOTEK U
pPeCcypcoB COOOIIECTBA, YTO JIEJIACT €r0 0COOECHHO MPUBIICKATEIBLHBIM JIJISI IIPOMBIIII-
aeHHo# pa3zpabotku. PyTorch, mognepxusaemsiii Facebook, otnuuaercs: 6onee uH-
TYUTUBHBIM UHTEpPEcoM U TUHAMUYECKUM MOCTPOCHUEM BBIYHCIUTEIBHBIX I'pa-
¢$oB, UTO 0COOCHHO IIEHUTCS B HCCIIEA0BATEILCKON CpeIe.

Jliig 3apa4 KoMiibroTepHoro 3penust oudmorexka OpenCV npenocrasisieT 60-
rarblii HA0Op ONMTHUMU3UPOBAHHBIX AITOPUTMOB 00PAOOTKU M300paKEHUN U BUIEO.
B coueranuum ¢ Keras, BeicokoypoBHEBBIM API 11711 co3nanusi HEHPOHHBIX CETEH, ITH
WHCTPYMEHTHI TTO3BOJISIOT 3G(HEKTUBHO peliaTh MMUPOKUM CIIEKTP MPUKIATIHBIX 3a-
nay. [IpakTudeckoe NpUMEHEHHE STUX TEXHOJIIOTUI B Pa3IMYHbBIX OTPACISIX JEMOH-
CTPUPYET 3HAYUTENIbHBIN OTEHIIMA, YTO MOATBEPKAACTCS YCIICITHBIMUA BHEIPEHU-
SIMU B CEJILCKOXO3MCTBEHHOM cepe [7].

Oco0oe BHUMaHUE YIALISIETCS] ONTUMU3AINN MOJIENEH 11 paboThl HA YCTPOK-
CTBaX C OTPAaHMYCHHBIMH BBIYUCIUTEIBbHBIMH pecypcamu. TensorFlow Lite mpen-
CTaBJIsIeT cOOOM OOJIETYeHHYIO0 BEPCUIO (GpeiiMBOpKa, CHEIMANIbHO pa3pabOTaHHYIO
JUTSE MOOMJIBHBIX U BCTPauBaeMbIX YCTPOUCTB. JlaHHOE perieHue no3BoisieT 3hdek-
TUBHO pa3BEPThIBATh MOJEIU MAIIMHHOTO OOy4YeHHUsS Ha mnepudepuiiHbIX yCTpOii-
cTBax, obecrieunBasi 00pabOTKy JaHHBIX B PEaIbHOM BPEMEHH MPU MHUHUMAJIbHBIX
3arparax BEIYHCIUTEIBHBIX PECYPCOB.

O6paboTKa BHACOMOTOKA B PeaJbHOM BPEMEHH IMPEACTABIISIET COO0M 0COOBII
KJIacC 3aja4, TPeOyIOUi ONTUMAILHOTO OajlaHCa MEX Y IPOU3BOAUTEIbHOCTHIO U
TOYHOCTHIO. COBpeMEHHbIE pPellieHs, 0CHOBaHHbIE HAa KoMOuHaImu OpenCV u onTu-
MU3HPOBAHHBIX HEHPOCETEBBIX MOJIECIICH, TTO3BOJISIFOT IOCTUTATh BBICOKOW MPOU3BO-
JTUTEIILHOCTH MPU COXPAHCHHUH MPUEMIIEMO TOYHOCTH PACIIO3HABAHUS OOBEKTOB H

aHaJIn3a CIICH. 9T0 OTKPBIBACT IIUPOKUC BOSMOKHOCTH IJISI IPUMCHCHUS B CUCTCMAX
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BUJICOHAOITIONIEHN S, TTPOMBITIUICHHOW aBTOMAaTH3allud U APYTHX 00JacTIX, TpeOyro-

IIUX ONEPaTUBHON 00pabOTKH BU3yaTbHON MH(POPMAITUH.
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5 OLEHKA KAYECTBA MOJEJIM U TECTUPOBAHUE

OneHka KauecTBa MoIeJIel M TECTUPOBAHUE TIPECTABIISIET COO0N KPUTUUYECKH
BaXKHBIN ATal B pa3pabOTKe CHCTEM KOMIIBIOTEpHOTO 3peHus. [Iporecc oneHku Tpe-
OyeT CUCTeMaTHYeCKOTO MOAX0/a K aHATIU3Y PAa3TUYHbIX METPUK MTPOU3BOAUTEIIHHO-
CTH, YTO MOATBEPKIACTCS UCCIEAOBAHUAMHU B 00JIACTH MPAKTUYECKOTO MPUMEHEHUS
MOJIeJIEN KOMIIBIOTEPHOTO 3peHus [8].

OcHoOBoOMOJNAralIMMUA METPUKAMHU JIJ11 OLIEHKU A(DPEKTUBHOCTH MOJIECTICH SB-
JISIFOTCS accuracy (TOYHOCTH), precision (IMpenu3noHHOCTh), recall (momnora) u F1-
score (F1-mepa), mpeacTaisroiias cCo00i rapMOHUYECKOE CPeaHEe MEXKIY precision
u recall. Ocoboe mecTo 3annMaeT MeTpruka mean Average Precision (mAP), kotopas
IMIMPOKO MPUMEHSETCS B 3a7a4aX JETEKIIUU OObEKTOB U MTO3BOJISIET OLIEHUThH KaY€CTBO
paboThI MOZIENU TIPH PA3IMYHBIX TOpOrax yBepeHHOCTH. CoOBpeMEeHHbIE UCCIIEI0Ba-
HUS IEMOHCTPUPYIOT BOBMOXKHOCTH ONTUMH3AIIMY JAHHBIX METPHK JaKe B YCIOBHIX
paboOThI C MOJIEIISIMU 10 TPUHIUITY YEPHOTO suka [9].

Jist yimydiiieHust KayecTBa Mojiesiel IPUMEHSIOTCS pa3IMUHbIE METObI, CPEIIU
KOTOPBIX KJIFOUEBYIO POJIb UTPAIOT METOBI pacIiupeHus TaHHbIX (data augmentation)
U HopManu3anud. Data augmentation mo3BosisieT ICKyCCTBEHHO YBEITUUHUTh Pa3HO00-
pazue o0yyaromieil BRIOOPKH yTeM MPUMEHEHHS Pa3IUYHbIX TPeoOpa3oBaHmil K UC-
XOIHBIM W300paKEHUSIM, YTO CITOCOOCTBYET MOBBIIICHUIO 000010 CITIOCOOHO-
cTi Mojienu. Hopmanu3aius JTaHHBIX, B CBOKO 0Y€Pe/lb, 00€CTICUNBACT CTA0OMIBHOCTD
nmpoiiecca 0Oy4eHHs! U yaydlllaeT CXOAMMOCTh Mojenu. Kak mokasaHo aBTopamu B
paborte [8], kKauecTBO BXOAHBIX U300paKEHUH U UX MpeABapUTeabHas oOpaboTKa cy-
IIECTBEHHO BIUSIOT HA HA/IKHOCTh PE3YJIBTaTOB PAOOTHI MOJIEIIH.

B KOHTEKCTe MPaKTUYECKOTo MPUMEHEHUSI MOJIEIeH KOMIIBIOTEPHOTO 3PEHUS
0COO0YI0 3HAYMMOCTH MTPUOOPETAET MPOLIECC TECTUPOBAHUS, KOTOPBIH JTOIKEH BKITIO-
4arh B ce€0s1 HE TOJIBKO OILIEHKY CTaHAAPTHBIX METPHK, HO U aHAIHU3 pabOThl MOJe-
JIY B PA3JIMUHBIX YCIOBUSIX IKCIUTyaTalliud. DTO CTAHOBUTCS OCOOCHHO aKTyaJIbHBIM
IpU BHEIPEHUU CUCTEM KOMIIBIOTEPHOTO 3PEHHSI B MPOMBIIIJICHHbIE MPUIOKEHUS,
rae Tpedyercs 00ecneunTh CTa0MIbHYI0 paboTy MOJENH MPU PA3IUYHbBIX YCIOBHIX

OCBCHICHM:, paKypCax CbCMKHU U APYTHX BapUallMAX BXOAHBLIX JAHHBIX.
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6 3AJAYU U HEJOYETDI B OBJIACTU KOMIIBIOTEPHOTI'O 3PEHUSA

KommproTepHoe 3peHne kKak 00J1acTh HCKYCCTBEHHOTO MHTEJICKTa CTaJIKUBa-
€TCS C PSIIOM CYIIECTBEHHBIX MPOOJIEM, TPEOYIONTUX KOMILIEKCHOTO penieHus. OyH-
JTAMEHTAJIbHBIM BBI30BOM SIBJISIETCS] 3aBUCUMOCTD MMPOU3BOAUTEIHLHOCTH MOJIETICH OT
KauecTBa TPEHUPOBOUHBIX JaHHBIX. HemocraTouHoe pazHooOpa3ue uin orpaHuyeH-
HBI 00BEM 00y4aroIIei BEIOOPKU MOXKET MPUBECTU K CYIIECTBEHHOMY CHIKEHUIO
TOYHOCTH PAcCIOo3HABaHUs U KjIacCU(PUKALUU N300paKEHUH B peasIbHbIX YCIOBUSX.

[TpoGiiemMa HHTEPIIPETUPYEMOCTH MOJIEIICH KOMITBIOTEPHOTO 3PEHHUSI TIPE/ICTaB-
JsieT co00M OTHENBHBIN CyIleCTBEHHBIN BbI30B. COBpEMEHHbBIE apXUTEKTYPhl HEM-
POHHBIX CETel, HECMOTPS Ha BBHICOKYIO 3(D(PEKTUBHOCTH, 3a4acTyI0 (PYyHKIIMOHUPY-
10T KaK “UepHBIN SIIHUK YTO 3aTPyAHAET TOHUMAaHUE TIpoliecca MPUHITHS PEIICHUH 1
BBISIBJICHUE MTOTEHITMAILHBIX ONTHOOK B UX paboTe.

B KoHTEKCTE 3THYEeCKUX MPOoOJieM 0COO0YI0 aKTyalbHOCTh MPUOOPETAIOT BO-
NIPOCHI MPUBATHOCTH W 3alIUTHl TIEPCOHATBHBIX JTAHHBIX MPU UCIOJIB30BAHUU CH-
CTEM BHICOHAONIONCHUS U pacno3HaBaHus Jull. OTAEIHbHOTO BHUMAHMS 3aCITyKH-
BaeT mpobiemMa MaHUIYJISIUNA ¢ H300paKeHUSIMH, B YaCTHOCTHU, CO3JaHUE U PaCIIPO-
ctpanenue deepfakes, 9T0 MOXKET UMETh CEPhE3HBIC COIUATBHBIC U MOJIUTHYCCKUE
MOCJICJICTBUSI.

3HAYUTENbHBIM TEXHUYECKUM BBI30BOM OCTAETCS pa3padOTKa yCTOMYNUBBIX MO-
nenel s paboThl B YCIOBHSX Pa3IMYHONW OCBEIIEHHOCTH, M3MEHEHHUsS pakKypca
ChEMKHM M Halnuus mymoB. Kak moka3zaHo aBTopamu B ctatbe [ 10], pactipocTpaHeH-
HbIE TTOBPEKICHUS N300paXKEHHM, TaKhe KaK U3MEHEHUE OCBEIIEHHOCTH U Pa3Mbl-
TOCTb, MOTYT CYIIECTBEHHO BJIHATH HA MPOU3BOIUTEIHHOCTh MOJIENICH KOMIIBIOTEP-
HOTO 3pEHUs B pealIbHBIX MPHIOKEHUAX. MccneaoBarenu moq4epkuBaroT He0OX0a1-
MOCTb pa3paboTKu 0oJiee HaJEKHBIX METO/IOB, CIIOCOOHBIX 3(h(PEKTUBHO padbOTaTh B
YCIIOBUSX TOAOOHBIX UCKAXKCHHH.

OTAenbHYIO CTIOKHOCTD IPEACTABIISIET MPoOIeMa YaCTUYHON BUAUMOCTH 00b-
€KTOB Ha M300paKEHUSIX, BO3HUKAIOIIAsl BCICICTBUE UX MEPEKPBITUS HIIK OOPE3KHU.
Jannas npo6aema TpeOyeT pa3padoTKu CHEIMaTN3UPOBAHHBIX aJITOPUTMOB, CIIOCO0-
HBIX KOPPEKTHO UACHTH(PUIIUPOBATH U KJIaCCUPHUIIMPOBATH O0BEKTHI 1aKe MTPHU HAJTH-

YUW HEMOJHOW UH(pOPMAIIUU O UX CTPYKType U hopme.
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7 BYAYILIEE KOMIIBIOTEPHOT O 3PEHUSA

bynymee KOMIIBIOTEPHOIO 3PEHUS XapAKTEPU3YETCSI CTPEMUTENBHBIM Pa3BU-
THEM TEXHOJIOTUM W TOSBJICHUEM HHHOBALIMOHHBIX MOJAXOAOB K PEIICHUIO CIIOXK-
HBIX 3a/1a4 BU3yaJbHOro BocmpusaTusa. COBpEMEHHbIE UCCIEAOBAHUS JEMOHCTPH-
PYIOT 3HAYUTENbHBIM MOTEHIHUAN B MUCHOJIb30BAHUMN MYJIBTH-aT€HTHBIX CHCTEM, IJIE
HECKOJIBKO aITOPUTMUYECKHUX STUHUI] COBMECTHO PabOTaIOT HaJl aHAJIM30M U UHTEP-
IpeTalyer BU3YaJIbHbIX JAaHHBIX. DTa TEHACHIMS OTKPBIBAET HOBBIE BO3MOXHOCTH
JUISL TIOBBILIEHHS] TOYHOCTH U HAJIEAKHOCTH CUCTEM KOMITBIOTEPHOTO 3PEHUS.

KiroueBbIM acniekToM pa3BUTHs 00JaCTH SABISETCS €€ TeCHash MHTETpaius ¢
JIPYTUMU HalpaBICHUSIMU UCKYCCTBEHHOTO HHTEIUIeKTa. OCOOEHHO BaXXHBIM CTaHO-
BUTCS B3aMMOJICICTBHE C aBTOMAaTHYECKUM 00yUYeHHEM U pOOOTOTEXHHUKOH, YTO CO-
3[1a€T CUHEpreTuYecKuii 3((HEeKT B pelIeHnH KOMIUIEKCHBIX 3a1a4. B yacTHOCTH, Kak
MoKa3aHo aBTopamu B padote [11], muddy3noHHbIe MOAEIH JEMOHCTPUPYIOT 3HAUU-
TEJIbHBIN MOTEHIMAN JJI YBEJIMUEHUs 00beMa 00ydaroluX JaHHBIX, YTO CYIIECTBEH-
HO TMOBBIIIAET MPOU3BOIUTEIBLHOCTD U HAJCKHOCTh CUCTEM MAITMHHOTO O0y4YeHHs B
3a7a4axX KOMITBIOTEPHOTO 3pEHUSI.

CoBpeMeHHbIE TEHJICHIIMU B Pa3BUTHUU KOMIIBIOTEPHOIO 3PEHUS BKIIIOYAIOT
pacTyuiuii UHTEpeC K OObSICHUMOMY MCKYCCTBEHHOMY HMHTEJUIEKTY, YTO OCOOEHHO
BaYKHO JJIs1 MPAKTUYECKOTO MPUMEHEHUS TEXHOJIOTUN B KPUTUYECKH BaXHBIX 00na-
cTsx. Pa3paboTka yiaydlIeHHbIX apXUTEKTYp HEHPOHHBIX CETEH HallpaBjeHa Ha J0-
CTIIKEHHE 00Jiee BEICOKOM TOYHOCTH M HaJIS)KHOCTH PEIIeHUH. 3HAYUTEIIbHBIN TIPO-
rpecc HaOMOIaeTCss B 00JaCTH OLIEHKH KauyeCTBa CUCTEM KOMITbIOTEPHOTO 3pEHMS,
YTO MOJATBEPKAAETCA UCCIAEAOBAaHUEM [ 12], rae npecTaBieHbl MTHHOBALMOHHBIE Me-
TOJIOJIOTHM TECTUPOBAHMS U OLIEHKH IPOU3BOAUTEIBHOCTH CUCTEM PACIIO3HABAHUSA
TEKCTa Ha U300paXKEHUSX.

Bynymiee KOMIIBIOTEPHOIO 3pEHUS TAKKE TECHO CBSA3aHO C Pa3BUTHEM METO-
OB aHaIM3a JaHHBIX. VIHTerpanus COBpeMEHHBIX MTOAXO0I0B K 00padO0TKe OONIBIITNX
JaHHBIX C AaJIrOPUTMaMHU KOMIIBIOTEPHOIO 3pEHUs MO3BOJISIET CO3/1aBaTh Oosee (-
(eKTUBHBIE CUCTEMBI, CITOCOOHBIE 00pabaThIBaTh U AHAIU3UPOBATH BU3YaJbHYIO HH-
dopmaruio B Maciiradax, paHee CUMTABIIUXCS HEIOCTUKUMBIMHA. DTO OTKPHIBAET
HOBBIE TIEPCIIEKTUBBI ISl IPUMEHEHUSI TEXHOJIOTUM KOMITBIOTEPHOTO 3PEHUS B pa3-
JUYHBIX 00JIACTAX, OT MEAUIIMHCKON TUArHOCTUKH 0 CUCTEM aBTOHOMHOTO YTIpaB-

JIEHUS TPAHCIIOPTHBIMU CPEACTBAMM.
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