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AnHoTauus. KauecTBeHHOE€ WHHOBALIMOHHOE pa3BUTHE B cdepe aBTOMOOHIECTPOCHUS
IPEJONPENeNINIO KOHUEMNIMIO CTaTbd, KOTOpas IOCBSILIEHA HCIOJb30BAHUIO CBEPTOYHBIX
(KOHBOJIIOLIMOHHBIX) HepoHHBIX ceTeil (CNN) st oOHapykeHHs: OOBEKTOB B aBTOHOMHBIX
TpaHCHOPTHBIX  cpenactBax.  OOBEKT  HMCCIEOBaHWUS  —  WHHOBAllMOHHOE  pa3BUTHE
aBTOMOOWIEeCTpoeHUs. [IpenMer wWccienoBaHWs — WHHOBALIMOHHBIE —TexHoJormw. Llemp
HCCIIEIOBAHMSI — PACKPBITh KOHLEMIIMIO U COJepKaHNe NHHOBAIIMOHHBIX TEXHOJIOTHI 0OHapyKeHUs
O00BEKTOB B peaJlbHOM BpPEMEHM JUIsl aBTOMOOWIEH 0e3 BOAWTENs Ha OCHOBE KOHBOJIOIMOHHOM
HelpoHHOM ceru. Pa3paboTka OecnMIOTHBIX aBTOMOOMJIEH BKJIIOYaeT B ce0s pazIuvHbIe
WCCIIC/IOBAHMS M 33/1a4d Ha HAYaJIbHOM JTare, KOHKPETHO B 3TOW CTaThe aBTOPHI MPEIOCTABUIN
WH(GOPMAIIHIO O TOCTUTHYTHIX 3a MIOCIIEAHEE BPEMS yITyUIIEHUSX, O Pa3pab0oTKe HOBBIX PECYPCOB IS
aBTOHOMHBIX TPAHCIIOPTHBIX CPEJACTB, a TaKXKe OOBACHAEM TEXHUYECKHE M HETEeXHHUYECKUe
poOJIeMbl U 331a4H, ¢ KOTOPBIMHU pa3pabOTUYNKU aBTOHOMHBIX TPAHCIIOPTHBIX CPECTB CTOJIKHYTCS
B OyayIem.

KawueBble cjI0Ba: MHHOBAIIMOHHBIE TEXHOJIOTHH, aBTOMATH3WPOBAaHHBIE TPAHCIIOPTHHIE

CpCAcCTBa, HCﬁpOHHaH CE€Thb, aBTOHOMHBIC aBTOMOOMIIH.
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Beenenne

Pa3Butne nndpoBbIX HHHOBAIIMOHHBIX TEXHOJOTHH BO BCeX cdepax OOIMIECTBEHHOH >KU3HU
MOBJIMSAJIO HAa BCE CIIEKTPHI YEJIOBEYECKOro OIbITa. B MaHHOW cTaTbe paccCMOTPEHO NMpPUMEHEHHE
MHHOBALIMOHHBIX TEXHOJOTHII B 00JacTH TpaHCHopTra (aBTOMOOMIEH 0e3 BOAMTENS), B KOTOPBIX
oOHapy>KeHHe 0OBEKTOB SBJISAETCS KIFOUEBBIM 3JIEMEHTOM, HEOOXOAUMBIM JUIsl (PYHKIIMOHUPOBAHUS
OOJIBIITMHCTBA KOMITBIOTEPOB, YIPABIISIOUINX aBTOMATU3UPOBAHHBIMU TPAHCIIOPTHBIMH CPEICTBAMHU.
OOHapyXeHHe U OTCJIEeKHBAaHHE OOBEKTOB MMEET IMMPOKOE NMPUMEHEHHE, U B HAIlCH CTaThe MbI
HoJpOoOHO paccMaTpHBaeM, KakK HCIOJIb30BaTh CBEPTOYHON (KOHBOJIIOIMOHHOI) HEHPOHHOW CETH
(CNN) ans perieHus 3Toi 3aa4u B KOHTEKCTE aBTOHOMHBIX TPAHCHOPTHBIX CPEICTB. ABTOMOOHIIB,
YIPaBJISIEMbI HCKYCCTBEHHBIM MHTEJNIEKTOM MMEET MOTEHINAN 7Sl pEIIeHHs TPOOIIeM T0POKHOTO
nBwkeHus ¢ momoupio CNN, HO B HacTosIee BpeMst II0JIHAsi aBTOHOMHOCTD TPAHCIIOPTHBIX CPEJICTB
oka He JocTUrHyTa U coBpeMeHHble CNN npuOIu3uiaM K TEXHOJOTHYECKOMY HpPOPBIBY U
Kommepueckoil peanmnzanun. CNN cOCTOST M3 MCKYCCTBEHHBIX HEHPOHOB, KOTOPBIE 00YyJaroTCs
MCTIOJIb30BAaHUEM 3apaHee 3aJaHHBIX NPaBWI, KOTOPBIE ONPENEeNsIoT, OyJIeT M HeWpOHHas CeTh
BbIJIaBaTh PE3yJIbTAT IPU MOJIYYEHUH ONpeAEIeHHOro Habopa BX0oAHbIX faHHbIX. CNN aHanu3upyer
pa3IMYHBIC BUICOKAPHI, TIOIyYSHHBIE C JOPOTH, KOTOPhIE MOTYT BKJIIOYATh Pa3HbIE CIICHAPUH, TAKUE
KaK CTOJIKHOBEHHS, ITyCThIE JOPOT'H, IBUKEHUE TPAHCIIOPTA U T. JI. M HAa ocHoBe aHanmmn3a CNN Bbigaer
COOTBETCTBYIOIIIME HHCTPYKLIMH aBTOMOOWIIIO, TaKWe KaK TOPMOXKEHHE, YCKOPEHHE, CHW)KECHUE

CKOpPOCTH U T. A.

MeTonmo/10rus UCCJIC1OBAHUS

ABTOMOOMJIb C ABTOMAaTHYECKUM YMPABICHUEM MOKHO ONPEIENINUTh KaK TPaHCIOPTHOE
CPEeACTBO, KOTOPOE CIIOCOOHO MepeABUraThcs 0€3 y4acTHsl YyeloBeKa, KOTOPBIN MpecTaBiseT coOon
CIIO’)KHYI0O KOMOMHAIINIO TaTYUKOB, KaMep, UICKYCCTBEHHOTO MHTEJUIEKTA U APYTruX TexHosnorui [1].
Jlnst TOoro, 4ToObl CYMTATHCS MOJHOCTBIO ABTOHOMHBIM, TPAHCIOPTHOE CPENICTBO JOJDKHO MMETh
BO3MOKHOCTb II€pPEMEIIAThCs 0€3 yJacTus 4esloBeKa K 3aJlaHHOMY MECTY Ha3HAueHMs IO AOporaM
OOJBIIMHCTBO M3 KOTOPbIX He oOnanaoT 1uppoBod HHPpAacTpyKTypoil [2]. ABTOHOMHBIE
aBTOMOOWJIN OOJNaJatoT PsAAOM KOMMEPUYECKHX MPEUMYIIECTB MO CPABHEHUIO C TPaJULMOHHBIMU
TPAHCHOPTHBIMH CPEACTBAMH, CPEH KOTOPHIX CHKEHHE PACXO0/I0B 3a CUET MEHBIIIETr0 MOTPeOICHHS
TOIUIMBA, TOBBIIIEHHE OE€30MacHOCTH, pacCIIMpeHHe MOOMIBHOCTH, a TakKe IOBBIIICHHE
YAOBJIETBOPEHHOCTU KIUEHTOB. OaHMUM M3 Hauboyiee 3HAYUMBIX MPEUMYIIECTB HCIOJIb30BAHUSA
aBTOMOOWJIEH C aBTOMAaTUYECKHM YIPABJICHUEM SIBJISETCS CYIIECTBEHHOE CHMKEHHE KOJIMYECTBA
JOPOXKHO-TPAHCIIOPTHBIX MPOMCIIECTBUMA, TaK Kak ycTpaHsercss uenoBeueckuil ¢axrop [3]. B

OOJILIIIMHCTBE CHUCTEM aABTOHOMHOTO BOXICHUA O6H3py>KeHI/Ie O0BEKTOB SBJISAETCS O)IHOI\/'I us3

©ll3u Unyns, Ymanckas O.J1. 2 DOI 10.46320/2073-4506-2024-6a-14


mailto:human.progress@yandex.ru

Kypnan «Human Progress» http://progress-human.com/
Towm 10 Beimyck 6 (ceHTI0pb-0KTAOpE 2024) human.progress@yandex.ru

HamOoJee BaXKHBIX 3aj7ad4, MOCKOJIbKY 3Ta 3ajJada TMO3BOJIIET aBTOMOOWIIIO KOHTPOJIHPOBATH H
n30beratb MPEMATCTBHA, HWMEHHO IIO3TOMY HEOOXOJMM MAaKCUMalbHO TOYHBIA aJITOPUTM
oOHapyXKeHHS O0BEKTOB.

Jis MIOHMMaHUsT KOHIICTIIIUN OOHApY>KeHHsI 00BEKTOB HEOOXOAMMO HayaTh C PACCMOTPEHUS
KIaccupuKanuu u300pakeHUH, KOTOpas MPOXOJUT 4Yepe3 HECKOIBKO YPOBHEH TEXHOJOTHYECKH
BO3PACTAOILEH CIIOKHOCTH:

1. Knaccudukanus n3o0pakeHUH HampaBlieHa Ha OTHECCHHWE M300paKEHUS K OJHOW W3
HECKOJIbKUX KaTeropHii (Harpumep, aBTOMOOWIIb, ICPEBO, dKHUBOTHOE, YEJIOBEK H T.]1.), YTO MO3BOJISIET
OTBETUTH HA BOTPoc: UTo n300paskeHO Ha ATOU KapTUHKE? - JIJISl OTHOTO N300paKCHHSI OTIPEACIIAETCS
TOJIBKO OJTHA KaTeropusi.

2. Jlokanmu3anuss OOBEKTOB - OOHapyKeHHE OOBEKTOB TIO3BOJISIET  OIPEICIIUTh
MECTOTIOJIOXKECHNUE 00BEKTa Ha N300paKEHUH, TIO3TOMY BOIIPOC MEHSETCS Ha BOIpOc: YTo 3TO U rie
OHO HaXOJUTCS?

3. ObHapykeHue OOBEKTOB IMPEIOCTABISICT UHCTPYMEHTHI JIJIsi TIOMCKA BCEX OOBEKTOB Ha
M300paKEHUH U PUCOBAHUS TaK HAa3bIBACMbIX ONPaHUYMBAIONINX PAMOK BOKPYT HUX.

B peasibHBIX yCIOBHSX HAM HEOOXOJMMO HAWTH HE OJIMH, & HECKOJIBKO 00BEKTOB HAa OJTHOM
M300paXeHUM - OCCIHUJIOTHBIM aBTOMOOWIIb JIOJDKEH ONPEIEISITh MECTOMOIOXKEHHE JPYTHX
aBTOMOOWJICH, IEPEBLEB, CBETO(POPOB, KUBOTHBIX, 3HAKOB, JIFOJICH M IIPUHUMATH COOTBETCTBYIOIINE
JICUCTBUS HA OCHOBE MOJTy4eHHOU nH(popMmarmu. Takke CyIIecTByeT 3ajaua TOYHOTO ONpeIeICHHUs
rpaHul] 00BEKTOB, YTO HA3BIBAETCS CETMEHTAIINEH dK3EMILIIpA.

ABTOHOMHOE TPAHCTIOPTHOE CPEJICTBO COCTOUT M3 HECKOJIBKHUX JATYUKOB, KOTOPHIMU MOYKHO
YIPABIIATH C TIOMOIIBIO PA3TUYHBIX aJITOPUTMOB, KOTOPBIE MCIIOIB3YIOT Pa3HBIE TEXHOJIOTHH.

CpaBHeHHUE aNrOpUTMOB MAIIMHHOTO OOYyYEHHs B HABUTAIlUU OCCHIJIOTHBIX aBTOMOOMIIEH
SVM, ANN-MLP u CNN-LSTM [4], [5]:

SVM (Support Vector Machine) - 3T0 MOILIHBI aNTOPUTM MAIIMHHOTO OOyUYEHUS,
o0amaromuil  CrocCOOHOCTRIO PEIaTh 3aJadd KaK KIACCH(PHUKAIMU, TaK U PETPECCHH, KOTOPBIN
paboTaeT myTeM MOCTPOSHUS JIMHEHHBIX WJIM HEJIMHCWHBIX TUIIEPILNIOCKOCTEH, KOTOPHIC Pa3AeiisioT
JaHHBIC HA PA3MYHBIE KAaTETOPUH, a Uil YIPOILIEHHUS CIOXHBIX MPOCTPAHCTB MpH3HAKOB SVM
UCIONB3YET (PYHKIIHIO S/Ipa.

ANN-MLP (Artificial Neural Network - Multilayer Perceptron) - 3T0 HCKycCTBEHHas
HEHpPOHHAs CeTh, OTHOCAIIASICS K HeMMapaMeTPHIECKAM OICHITUKAM, KOTOpas IMAPOKO MPUMEHSICTCS
JUIS pelieHus 3a1a4 Kinaccuukay 1 oOHapyXeHHUsT 00BEKTOB, COCTOAIIAS U3 HECKOJIBKUX CIOEB

HEHPOHOB, KOTOpBIE 00PabaTHIBAIOT HHPOPMALIHIO, TPOXOISIIYIO YEPEe3 CeTh.
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CBepToyHasi HEMPOHHAsI CETh C JOJITOBPEMEHHOM KpaTkoBpeMeHHOM naMsThio (CNN-LSTM)
- 9TO KOMIUIEKCHAsE MOJeJb, CIECHUANbHO pa3paboTaHHas IJIg pelIeHUs 3ajqad Kiaccudukamnuu,
COCTOSIIAsA U3 MATH OCHOBHBIX CJI0€B, KAXKIbIH U3 KOTOPBIX BBIIOIHSIET ONPEACIICHHYIO (DYHKIIHIO:

- Ortan cBepPTKH, KOTOPBII MCIIOJIB3YeTCs AJIs M3BJIECUEHUS IPU3HAKOB U3 BXOJHBIX JIaHHBIX.

- DTamn 1eTeKTopa, BBIIOJHAIOLIUI 1ETEKTUPOBAHUE KIIFOUEBBIX 3JIEMEHTOB, IIOJyUYEHHBIX Ha
JTare CBEPTKHU.

- OTan 00beAMHEHUS, KOTOPBIH CBOAUT UH(OPMALIHIO, TOIYUYEHHYIO Ha MPEIbIIYIUX TaMax,
B €/IMHBIIA BEKTOp MPU3HAKOB.

- Oran LSTM, KoTOpBIil HCHOAB3yeTCs Ui 00pabOTKH BPEMEHHBIX 3aBUCUMOCTEH B IaHHBIX,
YTO TI03BOJISICT MOJIENH "3alIOMHHATE'" MPEABIIYIYI0 HHPOPMAIIHIO.

- IIpeoOpa3yer BEKTOp IMPHU3HAKOB B BBIXOJAHOM CHUTHAJ, KOTOPBIM IpelcTaBiseT coOoii
IIPOrHO3 MOJIEIH.

CpaBnuBas anroputmbl MamHHOTO 00yueHus:: SVM, ANN-MLP u CNN-LSTM B pa3Hbix
CLICHApUSAX U Ha Pa3HbIX CKOPOCTAX, MOXKHO CJIENaTh BBIBOJ, YTO IPOLEHT TOYHOCTU AJIrOpUTMa
CNN-LSTM sBnsercs HanOosee 3(p(EeKTUBHBIM HE TOJIBKO B YCIOBUSAX OTCYTCTBUS IPENSATCTBUH,
HO U TIPY UX HAJMYUU HA Tpaccax pa3IMYHOU CIIOXKHOCTH [6], [7].

CriocoOHOCTh OOHApYKHMBATh JIMHUM TI0JIOC JBIKCHHS SIBIISICTCS KJIFOUEBOH sl JTFOO0TO
0eCIMIOTHOTO TPAHCIIOPTHOTO CPEACTBA, M0 MapaMeTpaM ONTHMAIBHOCTH U 3(PPEKTUBHOCTH YacTO
ucnonb3yoT meroq OpenCV [8] mist onpeneneHus JUHUM MOJOC IBHXKEHHSI HA JOPOTe, KOTOPBIE
UCMOJIb3YET BXOJIHbIE U300paXKeHHUs ISl TOMCKA JIIOOBIX JTMHUN MOJIOC JBMXKEHUS U BU3yaIU3aluu
MIOJIOCHI ABMXKEHHUS U AJIS1 3TOT0 UCHOJB3YI0TCs HHCTpYMeHThl OpenCV, Takue kak:

- Bpibop 1Bera, KOTOpBHIM UACHTUPUIMPYET MNHKCENIM Ha HW300paKEHUH, KOTOpbIE
COOTBETCTBYIOT 3a/IaHHOMY LIBETY WJIM LIBETOBOMY JUAIa30HY.

- Boibop obnactu mHTEpeca, UTO IMO3BOJSET BBHIOpATh NMPSMOYTOJBHUK Ha HM300pakeHUH,
o0pe3aTh NPSMOYTOJIbHYIO 0071aCTh U 0TOOPa3UTh 0Ope3aHHOE U300paXKeHue.

- MacmrabupoBanue ceporo, rie npeoOpa3yercs H300paK€HHE M3 Pa3HbIX LBETOBBIX
npoctpanctB (RGB, CMYK u T. 1.) B OTTE€HKHU ceporo.

- CrnaxuBanue ['aycca - cBopauMBaeT M300pakeHHE C IOMOIIBIO MaTeMaTHYeCKOIro
¢buIbTpa, yaansis BBICOKOYACTOTHBIE DJIEMEHTHI.

- ObGnapyxenue kpaeB KoHHH, KOTOpoe HCIIONB3yeTcs MAJisi OOHApyX eHHs KpaeB Ha
M300paXeHUH, IPUHUMAs U300paKeHNE B OTTEHKaX CEPOro B KaUYECTBE BXOAHBIX JTAHHBIX.

- OOHapyxeHue nuHMHM mpeoOpasoBanusi Xada - MeTOJ, KOTOPBIH HCHONB3yeTcs A

O6H8.py>KCHI/I$I THO0BIX (bOpM, KOTOPBIC MOTYT OBITh MpEACTABJICHBI MATCMATHYCCKU.
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Anroput™M paboTaeT MO3TANHO, YTOObI OOHAPYKUTHh CETMEHTHI JIMHUI Ha H300pa)KeHMH,

3aTeM YCPeAHUTH/IKCTPANIOINPOBATh MX U HAPUCOBATH HA M300paKEHUH JUIsl BU3YAJIU3aLlUH.

Pe3yabTaTsl Hcc/ie10BaHU

Co3nanue OECHMIOTHOTO AaBTOMOOWJISL TpeOyeT pealu3alud KIIoueBol (QyHKIum —
oOHapy>keHHsI 00BEKTOB B OKpY’KAIOLICH cpeje, IUIsl 4ero HCIOJB3YIOTCS Pa3UYHbIC JAaT4YUKH,
KaX/1bIil U3 KOTOPBIX UCIOJIb3YET CBOM COOCTBEHHBIN MeTO/1 0OHapykeHus: 00bekToB. B CBepTouHbIe

HeripoHHsie cetd (CNN) urpatoT BaKHYIO POJIb B 3TON TEXHOJOTHU — PUCYHOK 1.

Convolution Neural Network (CNN)
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Pucynok 1. CBeprounbie (KOHBOIWOIHOHHBIE) HelipoHHbIe ceTH (CNN)
Ucrounuk: MaHHBIM  https://i2.wp.com/miro.medium.com/1*b5-

ZBUKQ3bA7Q5Ga9ETeLg.png.

COCTaBJICHO  aBTOpaMHu 11O

OOHapykeHrue OOBEKTOB BKIIOYAET B ceOsl pa3sIMYHble METOAbI, TaKue KaK H3BIICUEHHE
MPU3HAKOB M3 M300pakeHus, u3BieueHue 3HaueHM RGB u co3ganue orpaHnumBaromeil paMmkH.
TpagunuoHHBIE METOJbl KOMIIBIOTEPHOTO 3pEHUs, HCIHOJb3yeMble [UIsi OOHapyXeHus u
pacrno3HaBaHMsl JOPOKHBIX 3HAKOB, TPEOYIOT TPYyAOEMKOM pydHOHl 00pabOTKM 1Ji M3BICUYECHHUS
Ba)XXKHBIX MPU3HAKOB ¢ M300paxeHuit [9]. Metonbl o0yueHHs ri1yOOKHX HEMPOHHBIX ceTel TpeOyroT
60JbIINX 00BEMOB JIJAHHBIX U CJIOXKHBIX ONEpaluii yMHOKEHHUS] MAaTPHULL, UTO TpeOyeT 3HAUYUTETbHON
BBIUHUCIUTENbHON MoOIIHOCTH. Jlyig pemieHuss 3Toil mpoOsiemMbl HCIONb3YIOTCS CBEPTOUYHBIE
HeriponHsle cetd (CNN), koTopble T0Ka3zaau cBO 3()PEeKTUBHOCTh U OBICTPOAEHCTBHE B 33Ja4yax
KOMIIbIOTEpHOTO 3peHusi, Tak kak CNN oTIu4aroTcsi JErKOCTbIO M CKOPOCThIO OOyYeHHUs Ha
M300pakeHUSIX TI0 CPAaBHEHHIO C TPAAULIIMOHHBIMUA MOJIEIISIMHU.

[IpenBaputenbHas o0pabOTKa JaHHBIX BKIIIOUAET JIBA ATAra:
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1. M3meHeHue pa3Mepa H300pakeHHH, Korga Kaxkaoe H300pakeHHue MpeolOpasyercss B
YCTaHOBJICHHBIN pa3Mep, YTOObI COXPAHUTH IEIOCTHOCTh M300paKEHHsI U M30€XKaTh H3JIUIIHETO
C)KaTus JaHHbIX.

2. JlononHeHus: n300pakeHH, 4TO MO3BOJSIET MOAEIN OOHAPYKUTh OOJIbILIE IPU3HAKOB Ha
M300pakeHMsIX, YMEHbIIAs KOJHMYECTBO MPU3HAKOB U BPEMs BBIITOJIHEHHUS.

Apxurekrypa CNN cOCTOUT U3 TPEX THUIIOB CIIOEB:

1. CBepTOUHBIH CIIOH - BBIYUCIIAET CKAIAPHOE IPOU3BEIECHUE MEXKY SAPOM U MOAMACCUBOM
BXOJIHOT'O N300pakeHus1, pOpMUPYs 3HAUEHUE OJJHOTO IMUKCENsI BBIXOJHOI'O H300paXkeHUs U ITPoLecCe
MOBTOPSIETCS, MOKa He OymeT 00paboTaHo BCe BXOTHOE U300paKeHHE.

2. Cno#i aktuBanmu - npuMmeHsieT ¢yHkiuio aktuBanmuu ReLU (max (0, X)) K BEIXOZHOMY
HM300paKCHHUIO.

3. Cnoit oObeqUHEHHUs - BBINOJHIET MOHMXKAIOUIYIO BBIOOPKY IO ILIMPUHE M BHICOTE
n300pakeHus], yMEHBIIAs €ro pa3Mmep.

I1oHOCTBIO CBSI3aHHBIN CJIOM, KOTOPBIM BBIUMCIISET OLEHKY Kilacca Il KaKJI0M KaTeropuu
kinaccupukanuu, To ectb CNN npeoOpasyeT HCXoaHOE M300paKeHHE MOATAMHO, OT HMCXOAHBIX
3HAYEHUH NMHUKCEJIeH K KOHEYHBIM 3HAYEHUAM KJlacca.

CBepTOYHBIE U MTOJIHOCBSI3HBIE CIIOH PEATU3YIOT IIOCTOSTHHYIO (PYHKITHIO, ITapaMeTpbl KOTOPOi
He oOyuarorcs, a oOydeHHe IMapamMeTpoB Ha CBEPTOYHOM CJIO€ MPOMCXOTUT C MOMOIIBIO
ONITHMHU3ATOpPAa TPAJUEHTHOrO cmycka. IIpuMeHeHHMe CBEpTOUHBIX HEWPOHHBIX CETEH I
pacro3HaBaHMs JOPOXKHBIX 3HAKOB IIO3BOJSIET co37aTh A(PQPEKTHUBHYIO MOAETb, KOTOpas
aBTOMATHUYECKU Ompenenser Haubosee NOAXOASIIME TPU3HAKK JUId pEUIeHHs] 3TOH 3aJayu
HCIIOJIb30BaHNE OO0JbIIOro HaOOpa JAaHHBIX W ONTHUMM3AIMs Ipoliecca OOy4eHUs TapaHTUPYIOT
BBICOKYIO TOUHOCTb U OBICTPOAEHCTBHE MOJIEIH.

JUis  aBTOMaTM4eCKOro MOHUTOPMHIAa M YIOpaBleHHA cBeToopaMu HCHOIB3YeTCs
BBICOKOCKOPOCTHAs Kamepa, padoTatoliasi co ckopocThio 500 KaipoB B CeKyHy, KOTOpasi II03BOJISET
MOJIYYUTh MATh U300paXKeHU 3a OJMH MEPUOJI MUTAHUS JIaMIIbl, CUCTEMa OOHAPYKEHUSI COCTOUT U3
ECTU MOJIYJIEH:

1. 3arpy>xaet n300pakeHus ¢ KaMephbl.

2. TlonmocoBoit ¢unbTp uepe3 ¢(uabTpoBaHHWE H300PAKEHHUS JUIS BBIIEIEHUS YacToT,
COOTBETCTBYIOIIMX MUTAHUIO CBeTO(Opa.

3. bBunapuzanus - ONEHMBAET COCTOSHUE IUHAMHKHU cBeTodopa (aMIUIUTYLy MHUTaHUS,
cMmenieHue u ¢aszy) ¢ nomouibio punbTpa Kanmana, KOTopblil onpenenser noaAXo Uil mopor s

OuHapu3aluu OTUIBTPOBAHHOTO U300paKeHUsI M OMHAPU3YET €ro.
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4. bydepu3zanus - nepenaet nzodpaxkeHue ¢ 0oyee CUIbHBIMUA CUTHAJIAMH, YeM TPEAbIIYIINe
M300pakeHusl, /Uil yIyUIIeHHUs KauecTBa PacliO3HABAHMUS.

5. OOHapy’xeHHue - U3BJIEKAeT KOHTYPbl U3 MHUKOBOIr0 OMHAPU3UPOBAHHOTO M300pakeHus,
UCHOJb3Ys pa3Mep U (GopMy AJIsl OTCEUEHHsI HEBEPHBIX KaHAUATOB.

6. Kimaccuguumpyer 1Bet J1aMibl ¢ UCIIOIB30BaHUEM KOHTYPOB U n300paxenuin RGB.

Jlannas cucreMa 1mo3BoisieT 3(pPeKTUBHO OTCIEKUBATH COCTOSTHIE CBETO(POPOB U MPUHUMATh

COOTBCTCTBYIOIIME PCIICHUA AJI YIIPaBJICHUA TPAHCIIOPTHBIM CPEACTBOM.

3akiioueHne

B mHactosmiee BpemMs MHOTHE CTpaHbl paboTalT Haa pa3pabOTKOH aBTOHOMHBIX
TPAHCIIOPTHBIX CPENICTB, IOITOMY HHHOBAIIMOHHOE Pa3BUTHE aBTOMOOUIECTPOCHUS KaXKOM CTPaHbI
B aBTOMOOWJIBHOI MPOMBIIUICHHOCTH OMNPEIENAETCS MPOTrpeccoM, ITOCTUTHYTHIM B 001acTu

ABTOHOMHOTI'O TPAHCIIOPTHOT'O CPCACTBA.
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Abstract. The qualitative innovative development in the automotive industry predetermined
the concept of the article, which is devoted to the use of convolutional (convolutional) neural
networks (CNNs) for object detection in autonomous vehicles. The object of the study is innovative
development in the automotive industry. The subject of the study - innovative technologies. The
purpose of the study is to reveal the concept and content of innovative real-time object detection
technologies for driverless cars based on convolutional neural network. The development of
unmanned vehicles involves various research and challenges in the initial stage, specifically in this
paper, the authors have provided information about the recent improvements, the development of new
resources for autonomous vehicles, and explain the technical and non-technical issues and challenges
that the developers of autonomous vehicles will face in the future.
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