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AHHOTAIINA
YBesimueHre Yrciia PEUCOB TPaKIaHCKON aBHAITUM B MOCJIEAHEE BPEMS 00YyCIaBINBAET

AKTYaJIbHOCTH 3aJ[a4¥ MOBBIIIEHNUA CUTYAIIMOHHON OCBEJOMJIEHHOCTH SKHUIIAXKa HA CJIOKHBIX
aTamnax I0JIeTa, TAKUX KaK B3JIET, OCA/IKA, pyseHUe. IlepclieKTUBHBIM CpPeZICTBOM IIOMOIIHN
SKUIIAXKY SBJIAETCA CHCTEMA YJIyYIIEeHHOTO BUJEHHUS, OTOOpakamoias BU 3aKaOMHHON 00-
CTAaHOBKU Ha MEPBUYHOM HHJMKaTOpe nuiaota. Kaap crucreMsl ysiydiieHHOTO BueHUA op-
MupyeTcsa UHQPaKpaCHbBIM WM MHOTOCIEKTPAIbHBIM JIATUYNKOM, IIPOU3BOAAIINM 0030 Iie-
penHeil mosycdepsl B MOJ0KUTETHFHOM HAIIPaBJIEHUN CTPOUTETHLHOU OCH CaMOJIETa, U 0bec-
MIEYNBAIOIIMM BO3MOXKHOCTh OOHAPYKEHUs MPENATCTBUU B YCJIOBUSIX OTPAHUYEHHOU BUJU-
MOCTHU U B HOUHOe BpeMs. /[pyroii cucTeMoi MOBBIIIEHU CUTYaI[MOHHOU OCBEIOMJIEHHOCTU
SKUIAKa fABJAETCA MHAUKATOP Ha Job6oBoM creksie (MJIC), mpeAcTaBiIAOIINN IPOEKITUIO
MIIOTAKHO-HABUTAIIMOHHON nHpopMaIuu Ha GoHe 3aKaOMHHON 00CTaHOBKU.

Bmecre ¢ Tem mpocroe oToOpaskeHUe JOTOJTHUTETFHOU WHMOPMAINH, /TasKe MPeICTaB-
JIEHHOU B y/IOOHOM BH7IEe, HE PellaeT 33/1auy CHIKEeHUs WHPOPMAIMOHHON HArpy3KH Ha M-
JIOTa, YTO OOYCIOBJIMBAET BAXKHOCTh M AKTYaJIbHOCTD 33/1a9M MHTEJUIEKTYTbHON 00paboTKU
noseTHOU MHpopManuu u e€ 3pPeKTUBHOTO NpeacTaBaeHus nuiaoTy. Tpaaunuonno NUJIC
IpeiHa3Havascs JJ1s BIBoAA MTudpo-mKkaabHou nHopmaruu. OHaKO B HACTOSAIIEE BPeEMS
MHOTHE CaMOJIETHI TaKXKe OCHAIIEHbI CUCTEMaMU YJIyUIIIEHHOTO BHUEHUsA. BBIBOJ BUJIEOIO-
cienoBaTesbHOCTH Ha VJIC BBI3BIBAET TPY/IHOCTH MOCKOJIBKY OOJIbIIINE sIpKHe 00J1acTH, MO-
TYT CKPBIBATh OT MWJIOTA 3aKAOMHHYI0 OOCTAaHOBKY, a IMHAMHUYECKUE MPENATCTBUA (caMoIIe-
THI, IepeceKalole TPAEKTOPHUIO ABUKEHUS, U TPAHCIIOPTHBIE cpezcTBa Ha BIIIT) moryT ObITH
MaJI03aMeTHBI.

KaroueBbie cioBa: JleTaresbHble alnapaThbl, HOBBIIIEHHE CUTYyallHUOHHON OCBEJOM-
JIEHHOCTH 9KUIAXKa, 0€30IacHOCTh BO3/YIIHOTO JIBHKEHU, UHANKATOP Ha JIOOOBOM CTeKJIe,
IJIyOOKUEe CBEPTOUYHbIE HEHPOHHBIE CETU.

CIIEKTUBHBIM CPEJCTBOM IIOMOIIY SKUIIAXKY
1. BBE Z[EHI/IE SIBJIAETCS CHCTEMa YIYUIIEHHOIO BUIEHUSI,
oToOparkaromas BUJ 3aKaOWMHHON obcra-
HOBKHM Ha IEPBUYHOM HHIUKATOPE ITHJIO-
ta. Kagip cuCTeMBI YJIy4IIIEHHOTO BUIEHUS
dopmupyercs uHPPAKPACHBIM KJIA MHO-
TOCIIEKTPAJIbHBIM JAaTYUKOM, IIPOU3BOMA-
UM 0030p mepenHeil moaycdepsl B II0-

YBenmueHre 4YHCIa PEUCOB TPaKIAH-
CKOW aBHWAllMU B TIOCJIeTHEE BpeMs 00y-
CJIaBJIMBAET aKTyaJIbHOCTb 3a7audl IOBBI-
IIIeHUsI CUTYallMOHHON OCBEJIOMJIEHHOCTU
SKHIIAKa HA CJIOJKHBIX JTallax IOJIETa, Ta-
KHUX KakK B3JIET, MOcCajika, pyJsieHue. Ilep-
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JIO>KUTEJIbHOM HaIpaBJIEHUW CTPOUTENb-
HOM OCH CaMOJIETa, U OO0eclIeunBaIOIIIM
BO3MOXKHOCTh OOHApY>KeHUs IPENATCTBUN
B YCJIOBUSX OTPAHUYEHHOU BUJIUMOCTU U B
HOYHOe BpeMsA. JIpyroil cucTeMo#l MOBBI-
IIIeHUsI CUTYallMOHHOW OCBEIOMJIEHHOCTU
SKUIIaKa SBJISETCS WHAUKATOP Ha JI00O-
BoMm crexie (MJIC), mpeacTaBIsAIONIAN
IPOEKIHI0  MUJIOTAKHO-HABUTAIMOHHOMN
nHpopManuu Ha ¢GoHe 3aKaOMHHOU 00-
CTaHOBKH.

Bmecre ¢ Tem mpocroe oToOpakeHHe
JIOTIOJTHUTEIbHOU ~ WHGOpMAIUH, JlaxKe
IIpe/ICTaBJIEHHOU B y/IOOHOM BH7E, He pe-
IIaeT 33/a4y CHIKeHHs HHQPOpPMaIMOH-
HOU Harpy3Kd Ha MUJIOTA, YTO O0YCIOBIIU-
BAaeT BAXKHOCTh M AaKTYyaJIbHOCTh 3a/lauu
VHTEJUIEKTYaJIbHON 00pabOTKU IOJIETHOU
nHbopMmanuu U eé 3(PpPeKTUBHOrO Mpes-
craBjeHusa nuiory. TpagunuonHo WJIC
npefAHa3HAYaICs Uil BbIBoZa Iudpo-
mkajabHON uHopMmanmu. OpHAKO B
HACTOsAIIee BpeMs MHOTHE CaMOJIETHI TaK-
’)Ke OCHAIIEHBl CUCTEMAMU YJIyYIIEHHOTO
BueHus (PucyHok 1). BeiBoJ Buieomnocsie-
noBarenbHOCTH Ha WJIC BBI3BIBAET TPYA-
HOCTHU IIOCKOJIBKY OoJsiplinie spkue obJia-
CTH, MOTYT CKPBIBaTh OT MHJIOTA 3aKaOWH-
HyI0 OOCTaHOBKY, a JAWHAMHUYECKHE IIpe-
MATCTBUA (CaMOJIETHI, IIEpeceKalolye Tpa-
€KTOPUIO JIBIDKEHUSI, U TPAHCIOPTHHIE
cpeacrBa Ha BIIII) moryt ObITH Maso3a-
METHBI.

Pucynok 1: CucremMbl HOMOIIY SKUIIAXKY
COBpPEMEHHBIX BO3AYIITHBIX CYI0B: (c1eBa)
CucreMa CUHTE3UPOBAHHOTO BU/IEHHUS, (B
nentpe) CucreMa yJIydiieHHOTO BUIEHUS,
(cripaBa) MHaukaTop Ha 1060BOM CTEKJIE C
KaJ[pOM CHCTEMBI CHHTE3POBAHHOTO BU-

JleHUs.

910 00yC/JIOBIMBaeT HEOOXOAUMOCTD
MpeJIBAPUTEILHON 00pabOTKU BUJIEOWH-
dopmaruy OT JaTYHKA CHCTEMBI YJIyd-
[IIEHHOT'O BUJIEHUA /I CHIKEHUS IPKOCTH
MaJIOUH()OPMATHUBHBIX OOBEKTOB U TIOBBI-
[IEHUS SPKOCTU JAUHAMUYECKUX IIPEIsT-
ctBuii. IlomobHass 00pabOTKa ITO3BOJIUT
CHU3UTh BpeMsi, HeoOXoaumoe iyt oOHa-
PY’KEHUs MPENATCTBUS, U TTOBBICUTH CUTY-
AI[MOHHYIO OCBEJIOMJIEHHOCTh JKHUIa)Ka. B
TeYEHUE TMOCTIETHErO JECATUIETUS METOBI
MAIIIMHHOTO OOy4YeHUsI JAOCTUTJIN 3HAYU-
TEJIbHOTO MPOrpecca B TaKUX 3ajadax Ma-
IIIMHHOTO 3PEHHsA, KaKk OOHapy)KeHUe Ipe-
MATCTBUU U TIOBBINIEHHE KauyecTBa U300-



paxkeHUs. ITO 0OYCIOBJIEHO KaK MOsIBJIE-
HUEM BBIUHC/IUTEEN, IOIEPKUBAIOIIIX
MaccOBO-TIapasUieJIbHble BBIUKUCJIEHUS, C
OJTHON CTOpPOHBI, TAK U PA3BUTHEM METO-
JIOB HAa OCHOBE TIJIyOOKHX CBEPTOUHBIX
HEWPOHHBIX CETEH, C JPYTOH.

OcHOBHBIE TOJIyY€eHHbIE pe3yJibTa-
ThI. B paboTte mpejiokeH aaroputm obHa-
PY’K€HUsI MPEensATCTBUN HAa  B3JIETHO-
IIOCAJIOYHOM I10JI0CE HA OCHOBE TJIyOOKOM
CBEPTOYHOU HeNUPOHHOU ceTu
ObstacleGAN. PaccmaTpuBaercs 3agaya
urbTparuM TaHHBIX, IMOCTYHAIOIUX OT
JaTyrka MHGPAKPACHOTO JHAIla30Ha, JJIs
93¢ PeKTUBHOTO TpPeACTaBJIeHUs] HA WHIHU-
KaTope Ha J1000BOM crekie. /[y co3manus
aJITOPUTMAa peIIeHbI CJIeAYIOIUe 1M0/133/1a-
Yu:

e OIpejieJIeHbl TEXHUYECKHE TpeOOoBa-
HUSA K aJIrOpuTMy O0OpabOTKH KaJpoB
VJIY4IIIEHHOTO BU/IEHUS;

e paspaboTaHa CTPYKTypHas cxeMa
aJITOPUTMA;

« paspaboTaHa apXUTEKTypa IJIybO-
KOM  CBEPTOYHOM  HEUPOHHOU  CeTU
ObstacleGAN;

e apXHTEKTypa CeTH peajn30BaHA B
BHJIE clieHapus A1 6ubsroreku PyTorch;

e TMOATOTOBJIEHA OOIIMpPHAas BHIOOPKA
JUIsT OOy4YeHHsI U TECTHPOBAHHS aJITOPUT-
Ma;

e TIpousBefieHO oO0yueHHe IIpeJJIo-
JKEHHOUM ceTH Ha rpaduyecKkoM MpoIlecco-
pe;

e  BBIIOJIHEHO MaTeMaTUYeCKOe MOje-
JINpOBaHUE PabOTHI aJITOPUTMA;

e IPOBEeHbl  DKCIIEpUMEHTAJIbHBIE
HCCJIeIOBAHUS JIJIST TIOATBEPIKAEeHUsT pabo-
TOCITOCOOHOCTH AJITOPUTMOB U OIEHKU HX
KayecTBa.

TectupoBaHue pabOTHI aJIrOpUTMa IPo-
W3BOAWJIOCH Ha BUEOIOCIIEIOBATETHHO-
CTAX, MOJEJUPYIOIMINX Pa3IUJIHbIE STAIIbI
MIOJIETA: B3JIET, 3aX07] HA TIOCA/IKY, PyJIEHUE
— C HCIIOJIb30BAaHUEM WCTHHHOU pa3MeTKU
obsracTeli JIMHAMHYECKUX IPENATCTBUU.
ANTOPUTM TPOAEMOHCTPUPOBAJI BBICOKYIO
TOYHOCTh OOHApYKEHHs IPENATCTBUM.
3Hauenue koapdumuenta Kakkapa co-
craBuIo 0,88 11 JHEBHBIX IIOCJIE€d0OBa-
TEJILHOCTEH W 0,75 JJIsI HOYHBIX OCJIEN0-
BaTEJIbHOCTEN, YTO MOATBEPANIIO pabOTO-
cnocobHOCTh ceTu ObstacleGAN.

PazpaboTaHHbIll aJiIrOpUTM OBLT peayin-
30BaH B Bujie npukiaagHoro I1O ana Te-
CTUPOBAaHUS WM OIEHKH KauecTBa pabOTHI.
[IpousBesieHO KavyeCcTBEHHOE U KOJIMYe-
CTBEHHOE TECTHPOBAaHHE AJTOPUTMa IIPH
MOJIEJTUPOBAHUM 3axo0/la Ha IIOCAJKy B
YCJIOBUAX OTPAHUYEHHOW BHAUMOCTHU. Te-
CTHPOBaHUE II0Ka3aJI0, UTO HCIIOJIb30Ba-
HHe pa3paboTaHHOTO AJITOPUTMA CHUKAET
BpeMsi OOHApy:KeHHs IMPENATCTBUUA Ha
BIIII Ha 10—15 CeKyHJ U MO3BOJIAET IIUJIO-
Ty paHbIIle YBUIETh OPUEHTUPHI a3POAPO-
Ma.

AKTyaJIbHOCTB. AKTyaJIbHOCTb pabOTHI
0o0ycJIoBJIeHA TIOBBIIIEHHEM WHTEHCHUBHO-
CTH BO3IYIIHOTO JIBUXKEeHUsI. B cBs3U ¢ 110-
BBIIIEHUEM YHCJIa PEHCOB, OOJIBIIIOE YHCIIO
JIETaTeJIbHBIX allllapaTOB HaXOUTCS OJTHO-
BPEMEHHO B 30HE a’3pojpoMa. ITO IOBHI-
IIIaeT CJIO?KHOCTD YIIPaBJIEHUS BO3AYIITHBIM
CYZTHOM Ha TaKHUX CJIOJKHBIX 3Tallax IOJIETA
KaK B3JIET, IOCAJIKa U pyJieHHe. ITO 00y-
CJIaBJINBAET aKTyaJbHOCTh Pa3pabOTKH CU-
CTeM, IOBBIIIAIIUX CUTYallHOHHYIO OCBe-
JIOMJIEHHOCTh DJKHIIa)Ka W CHIDKAIOIINX
OIepaIMOHHYIO Harpy3Ky Ha ITHJIOTa.

B03MOKHOCTh TEXHUYECKOUW pea-
JU3alUN IMpoeKTa. PazpaboTaHHBIN aji-
TOPUTM IIPOU3BOJIUT MMapaJIeIbHYI0 00pa-
OOTKY JAHHBIX U MOKET OBITh peayln30BaH
Ha wiaT¢opMe COBPEMEHHOU WHTETPUPO-
BaHHOU MOJyJIbHOM aBUOHUKHU. Bbrumciim-
TeJIbHAs CJI0KHOCTh aJITOPUTMA IT03BOJISET
peayn3oBaTh €ro 7Jjisi o0pabOTKH KaapoB
CHCTEMBI YJIY4IIIEHHOTO BHUJIEHUs C paspe-
meHueM 640x480 muKceseH, ¢ UCIO0JIb30-
BaHHEM 3 IPOIECCOPOB C TAKTOBOU YACTO-
Tou 1,8 I'T 1 omHOrO MajsiorabapuTHOTO
rpadpuyeckoro mpolieccopa.

AnroputM OBUT peajii30BaH B BHJE
npukiaasoro 110 1A onepanioHHON cuU-
creMbl Windows [ TeCTHPOBAaHUS U
OIleHKH KauecTBa pabOTHI.

2. 0030p padoT B JAaHHOU
oo0Js1acTH

PaCCManI/IBaeMI)II‘/JI II10A4X04 OCHOBbIBA-
€TCA Ha Truiiore3e 0 TOM, 4TO KOMIIJIEKCH-
poBaHHe JaHHBIX CHCTEM YJIYUYIIEHHOI'O U
CHHTE3UPOBAHHOTO BHIACHHA IIO3BOJIAET
YBEJIMUYUTHb KOHTPACTHOCTDb KaZApa CUCTEMbI
VIIydII€HHOI'O BUJAEHUA IIPpU OTO6pa)KeHI/II/I



Ha WJIC. Takoe KOMIIEKCUPOBaHUE IIPU-
MeHseTCsI B cHUcCTeMe KOMOWHUPOBAaHHOTO
BUZIeHHA [1, 2, 3, 4] (CVS). Cucrema KoM-
OMHUPOBAHHOTO BUJIEHUSA IIPOU3BOJIUT
CMeIIMBaHUe 3HaYeHUN WHTEHCUBHOCTU
KaJ[pOB CHCTEM CHHTE3UPOBAaHHOTO U
VJIy4IIIEHHOTO BUAEHUSA /I BKJIIOUEHUS B
COCTaB BHUPTYaJbHOU CI[€HBl JUHAMUYe-
CKUX TMIPENATCTBUM, HAOII0JaeMbIX WH-
(dbpakpacHbIM JATIUKOM.

O0630p COBpEMEHHOU JIUTEPATYPHI ITOKA-
3aJI, YTO JI0 HACTOSIIETr0 BpeEMEeHHU He IPOo-
BOJAWJIOCHh  HCCJIEZIOBAHUM  aJITOPUTMOB
KOMIUIEKCUPOBAHUSA Ka/IpOB CHUCTEM CHH-
TE3UPOBAHHOTO U YJIYUIIEHHOTO BUJIEHU,
obecieunBaOmMuX GUIBTPANMIO Kajapa
aTyrka WHQPPAKPACHOTO JHAlla30Ha I
addexTuBHOTO OTOOpaxkenusst Ha MJIC. B
JAaHHOW paboTe paccMaTpuBaeTcs paspa-
00TKa aJIropuTMa  KOMILIEKCUDOBAHUSA
JIAHHBIX CHUCTEM CHUHTE3UPOBAHHOTO U
YJIyJIIIEHHOTO BUJIEHUs, OCHOBAaHHOE Ha
OIleHKe ONTHUYeCKOro ImoToka. Cucrema
VJIYUIIIEHHOTO BUZEHUS OCHAIEHA JaT4H-
KOM JIaJIbHEr0 WH(MPAKPACHOTO JTHaNIa30Ha
(8—14 MxM). Pe3yspraT KOMILIEKCHPOBA-
HUSA JOJKEeH 00ecreuyrnBaTh BBICOKYIO KOH-
TPACTHOCTh W IOAYEPKUBATH JAUHAMHIYE-
CKHe TpPeIsITCTBUA (Hampumep, CaMoOJIET,
TPAHCIIOPTHOE CPEJICTBO HA  B3JIETHO-
I0CaIOYHON moJsioce). PazpaboTaHHbIA asi-
TOPUTM OCHOBBIBAETCSA HA MPEAIIOI0KEHU-
SIX, BBICKA3aHHBIX B MPEJBIIYIINX HCCIe-
JIOBaHUAX [5, 6].

3. MaremaTuuyeckoe o000c-
HOBaHHUE aJIropuTrMa o00-
HapPYKE€HUA NMPEeNnATCTBUHI

ITocranoBka 3amaum. PaccmarpuBa-
eTcs 3a7jaua GUIbTPAIIAU JIAHHBIX, MTOCTY-
MAOIIKUX OT JaTYrKa WHPPAKPACHOTO Jra-
ma3oHa, st 3QQGEKTUBHOTO IIPeJICTaBIIe-
HUSA Ha UHAUKATOpe Ha JIOOOBOM CTeKJIe.

JlaH KOMILIeKC IPOTPaMMHOro obecrie-
YeHWs1, MOJEJIUPYIOIIero 60PTOBbIE CHUCTE-
MbI cuHTe3upoBaHHOTO (CCB) u yaydineH-
Horo BujieHus (CYB), TpéxMepHas MOJAENb
penbeda u 06’bEKTOBOTO COCTAaBA a3pOIOP-
ta Coun. Tpebyercsas paspaboraTh ajro-
PUTM, TIPOU3BOASAIINI CHUKEHHE SPKOCTU

MasionHGOPMaTUBHBIX 0OJlacTed U ITOBBI-
IeHne SAPKOCTH JUHAMUUYECKUX HpPersT-
CTBUH.

CrpykTypHasa cxeMa aJropurMa.
BXoHPIMU JTAaHHBIMH JUJISI QJITOPUTMA SB-
JISIIOTCSL TIOCJIEIOBATEJIBHOCTU KAaJIPOB CH-
CTEM CHHTE3UPOBAHHOTO U YJIYUIIIEHHOTO
BuzieHus. Ha BBIXOJle aJrOPUTM BBIJIAET
MOHOXPOMHYIO BU/IEOIIOCIIE/IOBATEIb-
HOCTh, TIPEJICTABJIAIONIYI0 CO0OM Kajap
VJIyUIIIEHHOTO BUJIEHUS, IOATOTOBJIEHHBIN
Ja ripoeknuu Ha UJIC.

MeTo/1 KOMILIEKCUPOBAHUSA JAHHBIX OC-
HOBAaH Ha IPEJIIOJI0KEHUU O TOM, UTO 3-
(EeKTUBHOMY BBIJIEJIEHUIO MaJjl03aMeTHBIX
MPENATCTBUU HA KaJipe YJIyYIIEHHOTO BU-
JIeHUsl CIIOCOOCTBYET MOJEIbHBIN ONTHYe-
CKHUH MOTOK KaJipa CHHTE3UPOBAHHOTO BU-
neHusi [6]. AITOpuTM NPUHUMAET CJIEeLy-
IOIUH HAOOp BXOAHBIX JAHHBIX: TEKYIIUU
kazap I u mpeapiaymuit kajap Ii-1 cucreMsl
VJIyUIIIEHHOTO BUJIEHUs, TEKYIITUH KaJIp CH-
CTeMBbl CHHTe3UpOBaHHOTO BuaeHus I,
MOJIOKEHNEe BUPTYaJIbHOU Kamepbl X! |
Xi-1171 TEKYIIEro U IPEeABIIYIINX KaJpOB,
a TaKk)Ke TPEXMEPHYI0 MOJENb CIEHBI, 3a-
JTAHHYI0 CHUCTEMOU CHHTE3UPOBAHHOTO BU-
nenus. Ha mepBoM 3Tame HpPOM3BOAUTCA
OIleHKA MOJIEJTbHOTO OITUYECKOTO IOTOKA
Us ¢ ucnosp30BaHUEM METO/Ia TPaCCUPOB-
KU Jiydedl. 3aTeM /Ba IOCJIe/I0BATEIbHBIX
KaZipa CUCTEMBI YJIyJIIIEHHOTO BUIEHUSA U
MO/IEJIbHBIA ONTHUYECKUU MOTOK IOJAI0TCS
Ha BXO7] TUIyDOKOH CBEPTOYHOU HEUPOHHOUN
cetu ObstacleGAN.

Crnenyronium 5TanioM sBJIseTCs IpeJiBa-
purenbHas 00pabOTKa KaJpOB CHCTEMBI
VJIyUIIIEHHOTO U CUHTE3UPOBAHHOTO BUJIE-
Hus. [IpeasapurenbHas o6paboTKa Kazapa
CUHTE3UPOBAHHOTO BU/IEHUS 3aKJIIOYAETCSA
B OTPUCOBKE TPEXMEPHOI MO/IEIH CLIEHBI C
HCIIOJIb30BAaHUEM  CIENUAJIBHOH  MOHO-
XPOMHOU mnanuTpel. B aHHON nasurtpe
HamboJiee BBICOKAs SPKOCTh IPUCBOEHA
Haubosiee BaKHBIM BHU3YaJIbHBIM OpHEH-
tupaM (pa3metka BIIII, ropsr). IIpeasapu-
TeJibHasE 00paboTKa KaJ[poOB CUCTEMBI CUH-
TE3UPOBAHHOTO BHJEHUSA BBIIOJHAETCS C
HCIIOJIb30BAaHUEM  MOJAUDUIITPOBAHHOTO
anroputMa «Retinex» [4, 7].



JIuctunr 1. C10BeCHOE ONMCaHUE aJITOPUTMA

Algorithm 1: ObstacleGAN

Input: Ilosoxkenne KamMepsr Xé, Xé_l, TEeKYTIUil KaJip Ii U TIPE/IBLTY I
Ka,JIp Ii,_l nocrynatomme ot CYB, rexynmii kaap or CCB I
Output: Kaap CYB Igyp, oopaborannniii gjist 9O GHEKTUBHOrO

orobpaxenus ma WJIC. ' ,
1 Onennts onruucckuii morok CCB U’ = RayTracing(X), Xi™'), eq. 5;

=

)

2 TTocTpouTh CEMAHTUYECKYIO CErMEHTAIMIO npensTersuii I; ¢
ucnosb3osanmeM ObstacleGAN I = ObstacleGAN(I ! I!, UY);

3 Otrpucosars kajap CCB I ¢ ncnoan3oBanneM MOHOXPOMHOI HAJHTPHI;
4 CdopmupoBaTs yaydmeHHblil Kajp CYB ¢ ucnojb3oBanueM aJropurMa

«Retinex» I, = Retinex(I") ;

?

5 Haittu cymmy kagpa CCB n cemanTuaeckoit cermentarnun npernsircrsuii I

Jutst OpMUPOBaHNs KaHaJsa rnpospadnoctu I, = 215—55 + clip(Uy4,0,1);
6 Cdopmuposarh pe3yibTUPYIOMUil Kagap myTéM yMmHOXKeHus Kajpa CYDB Ha

anbda-kanan (kanasa npospagaoctn) Igpp =1, - Iy;

Ha cnenywoimiem »sTtanme dopMupyercs
KaHQJI MPO3PAYHOCTH, 33/[aHHBIN CeMaH-
TUYeCKOH cerMeHTanuend npenarcrsuil Is u
IIpe/IBAapUTEIbHO 00pPabOTaHHBIM KaJIpOM
CHUCTEMBl CHUHTE3WPOBAHHOTO BUJIEHUS.
N3obpaxkenue I, mpeacraBiseT coboi ka-
HaJI IPO3PAYHOCTH Kapa, KOTOPBIN OyAeT
orobpaxkén Ha WJIC. [lynsa mocTtpoeHus
OKOHYATEJIbHOTO U300paKeHUs IpeBapU-
TEeJIbHO 00pabOTaHHBI KaJIp CHCTEMBI
CUHTE3UPOBAHHOTO BUJIEHUS YMHOXKAaeTCA
Ha KaHaJ npo3pavyHocTu Iq

CTpyKTypHas cxeMa aJropurma Ipef-
craBjeHa Ha pucyHke 2. CjoBecHOe OIU-
caHUe aJrOpPUTMa NPUBEAEHO B JIUCTUHTE
1.

4|EVS|

Kaap 1£7* Kagp1{ 3D MOACAbl

SVS |7

l MonosweHne kamepsbl

Tpaccmpoeka
AyHen

| MogennHbli
ObstacleGAN onTuyeckuit norok (Uy)

CemaHTHyecKkan cerMenTauua
npenartcrami u BN (1))

v
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Pucynok 2: CjioBecHOe oIMcaHue ajiro-
puTM™Ma.

I'my6okue CcBEPTOYHBIE HEVPOH-
Hble ceTHu. [y0okue CBEPTOUHBIE
HEHpOHHbIE ceTH [8] ABIAIOTCA OCOOBIM
cJlydyaeM HEUPOHHBIX ceTel 11 00paboTKH
JTAaHHBIX, IIPEJICTABJIAIONIUNX COOOM 3HaUe-
HUs, pacrpejiejiEHHble 10 paBHOMEPHOU
cetke. [IpuMepoM TakuX JAHHBIX SBJIAIOT-
cs1 n300paKeHUsA, KOTOPhIE MPECTABIAIOT
co00l JIByMEPHYIO CeTKy. TepMHUH CBEp-
TOYHBbIE HEUPOHHbBIE CETH ITPUMEHSETCS KO
BCEM CETSAM, B KOTOPBIX UCIIOJIb3YETCS Ma-
TeMaTHU4YecKasl omeparus CBEPTKU. Takum
obpa3oM, CBEpPTOYHAsA HEUPOHHAs CETh —
9TO HEHUPOHHAs CeTh, KOTOPAs UCIIOJIH3YET
omepanuio CBEPTKHU BMECTO Ie€peMHOXKe-
HUS MaTPUIL XOTS OBI B OJTHOM U3 CJIOEB.

B obmem ciyuae omnepamus CBEPTKHU
“MeeT BU/JL

s@) = [ x(@)w(t — a)da, (1)

WIN € WCHOJIb30BAaHUEM OIleparopa
CBEPTKH *

s(t) = (x *w)(t). (2)

B smrepartype, MOCBAIEHHOU CBEPTOU-
HBIM HEHUPOHHBIM CEeTAM, MEPBBIA apry-
MeHT ((QyHKIUS X) NPUHATO Ha3bIBATh
BXOJIHBIM CUTHQJIOM, a BTOPOH apryMeHT
(byHKIIUA W) — OIPUHATO HA3bIBATh A/IPOM
CBEPTKHU. Pe3ynbTaT omepanuu CBEPTKU
MPUHATO HAa3bIBaTh KapTOH IIPU3HAKOB.
JIJis1 TUCKpETHOro ciaydas ypaBHeHHe (1)
MIPUHUMAET BU/J

s(t) = (x *w)(t) = La=-w X(@w(t —a). (3)



Jia 1ByMepHOro cjy4yas Ha BXOJ, IIO-
crynaet uzobpaxenue I, u anpo cBéptku K
TaKKe Ipe/CcTaBIsAeT CcOOOU JBYMEpPHBII
MacCUB

S(L)) = U *K)(i,)) =
Lm X I(m,m)K (i —m,j —n). (4)

[Tpumep omeparuu ABYMEPHOU CBEPTKU
npuBeE€H Ha pucyHke 4. CyTp mporiecca
oOyJyeHHs 3aKJI0Yaercss B moadbope Koad-
dunmeHTOB fAApa CBEPTKH, 00eCIeunBaro-
IUX BBbIIEJIEHUE XapaKTEPHBIX YepT Ha
n3obpakenuu. Onepanus CBEPTKU MHOTO-
KPaTHO IOBTOpseTCS, IPU 3TOM HA BXOJI
Ka)K/IOTO CJIEJTYIOIIETO CJIOSI CETH MTOTAI0TCS
KapThl IIPU3HAKOB, CHOPMHUPOBAHHbIE
IPEABIIYINMU CJIOAMU. B cuity Toro, 4rto
oreparys CBEPTKU MMPOU3BOAUT CHIKEHUE
paspelnieHys: BXOJHOTO CUTHAJIA, TOCIIEe0-
BaTeJIbHOE MPUMEHEHNE HECKOJIbKUX CBED-
TOYHBIX CJIOEB IPUBOJIUT K CHIKEHHIO
IIPOCTPAHCTBEHHOTO paspelieHus u300-
PaKEeHUA U YBEJIMYEHUIO YHCJIA KapT MpHU-
3HaKOB. llesp mporecca oOyueHus1 — HAUTH
Takue sA/pa CBEPTKU, KOTOPBIE OOecredn-
BAaIOT BBIJIEJIEHUE XapAaKTEPHBIX IPU3HA-
KOB, HEOOXOUMBIX JIJIsI PElIeHUs TOCTaB-
JIEHHOW 3a/1aun. [IpuMep mocTpoeHus Kap-
ThHI IPU3HAKOB IIPUBEJEH HA PUCYHKE 3.

— e S
Pucynok 3: IIpumep nocTpoeHus KapThl
npu3HakoB. CiieBa — BXO/IHOEe n3o0pake-
HUe, ClIpaBa — KapTa IIPU3HAaKOB.

WzobpaxeHne |

Aapo ceépTkn K

—
aw + br + bhw + cx + cw + dr +
ey + fz fu + gz gy + hz
ew + fz + fw + gz + gw + hzr +

Pucynok 4: IIpumep onepauuu aBymep-
HOU CBEPTKU.

Apxwutektypa cetn ObstacleGAN ocHo-
BaHAa HA AapXUTEKType TeHepaTUBHO-
COCTA3ATEJIBHOM ceTH pix2pix [9] u cocro-
UT U3 JIBYX MOJICETel: TeHepaTopa G U JIHC-
KpPUMHHATOpA D. FenepatuBHO-
cocTA3aTeNIbHBbIE ceTU (POPMUPYIOT CUTHAI
B nnia ciyuaiiHOrO BeKTOpa Iiyma z, G: z —
B [9, 10]. YcnoBHble TeHepaTUBHO-
COCTSI3aTeJIbHBIE CETU TpeobpasyeT BXO/I-
HOe n3o0pakeHue A U BEKTOD Z B BBIXOJ-
Hoe uzobpaxenue B, G: {4,z} — B. lna ce-
T ObstacleGAN BxoaHOI TEH30p A BKJIIO-
YyaeT /iBa MOCJIeA0BATENbHbBIX Ka/Ipa CHUCTeE-
MBI YJIYUIIIEHHOTO BUJIEHUS U MOZETbHBIA
OIITHYECKUH MOTOK. BX0o1HOM TeH30p A 00-
pabaTbeiBaercs ceTbio reHeparopa G. CeThb
MUCKpUMHUHATOp D o00ydJaeTcsi OT/IMYaTh
HMCTUHHBIE BBIXOJIHbIE M300pakKeHUs1 B OT
uzobpaxkeHni B, cosmaBaeMbIX reHeparo-
poM. OGe ceTu 00y4arOTCsA OTHOBPEMEHHO.
OcHOBHOU 3azjlauell JUCKPUMHHATOpA SAB-
JisleTcsl  peaju3anus  COCTA3ATETbHOU
dyHKIMU noTepsh, 6y1aroziapsi KOTOPOU Te-
HepaTop CTpeMutrcsi (HOPMHUPOBATH U300-
pakeHHs B, KOTOpbIE HEJIb3s OTJIMYHUTH OT
peayIbHbIX N300pakeHui B.

IToncets reHepaTtop obyuaetcs G:{A} —
B nna dopmupoBaHMA ceMaHTHUYECKOH
CEeTMEHTAMU TPENnATCTBUH B € RWXh*d
00yCJIOBJIEHHOW  BXOJHBIM  TE€H30POM
A € RW*X%  ApxurekTypa ceTH TeHeparo-
pa  TOpuBeleHAa HA  PUCYHKE 5.
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PucyHok 5: ApxurtekTtypa cetu reHeparopa ObstacleGAN.

4. IlocTpoenue oOyuaronieu
BBIOOPKHU

Crpykrypa BbIOOpPKHU. /111 006yueHU
cetu ObstacleGAN ObLIH CO3/aHBI 4 BBI-
OOPKU C pa3JIMIHBIMHU YCJIOBUSMU, KK/1As
13 KOTOPBIX COCTOsJIa U3 1000 u300paxe-
HUU pa3MepoM 512x512 nukceseld. CTpyk-
Typa oOydJarleil BIOOPKH IPECTaBIeHA
B TaOJIuIE 1.

Tabsuma 1. CTpykTypa o0yJaroIemncs

BBIOODKH.
Cre- Pac- YcnoBusa Konuye-
Hapuil | mpe- CTBO
eye- n3obpa-
HHE KEHUU
ITo- O6y- | Tyman 1000
cajika | yeHHue
ITo- Oby- CuHTE3UpOB 1000
cajika | YeHUe | aHHOe
BHJIEHHE
ITo- Ooy- N3zobpaxen 1000
cajka | YeHUe | s ¢
IIPEMATCTBU
eM
ITo- Ooy- N3zobpaxen 1000
cajika | YeHUe | Us C METKOU

ITocTtpoeHue TpPEXMEPHOUM MOJETH
paiioHa aspomnoptra Coumn. /A moaro-
TOBKU O0ydJaroled BHIOOPKU ITPOU3BEIAEHO
MIOCTPOEHUE TPEXMEPHOU MOJIEJIK C TeK-
CTypaMu B Cpejie TPEXMEPHOTO MOJETUPO-
Banus Blender. /lanHas cpesia TpEXMepHO-
rO MOJIEJIMPOBAHUSA IO3BOJISIET ITPOU3BO-
IIUTH 3arPy3Ky HU(POBBIX MOJEJEN Peshb-
eda 1 oTOOpakaTh UX B BUJIE TIOJIUTOHAIb-
HOU Mozeu. [IJi1 Mo/ieTUpOBAaHUsI peJibe-
da B pairione asponopta Couu HUCHOIB30-
Bamch Aanuble Shuttle Radar Topography
Mission (SRTM). Ilpomecc mnocrpoeHus
TPEXMEPHOU MOJeJIN IIPOU3BOAUIICA B JBA
JTama: IMOCTPOEHHWe TPEXMEPHOH MOJEeIu
nanamadTa (Pucynok 6 (Ciea)) u Haso-
JKEeHHEe TEKCTYp Ha OCHOBE CITyTHHUKOBBIX
cauuMKoB (PucyHok 6 (CripaBa)).




Pucynok 6: (CneBa) TpexmepHas Mo-
nenp saaamadra. (Crmpasa) TpéxmepHas
Mo7ieJIb JaHAIadTa ¢ TEKCTypOU.

ITocne mocTpoeHUss TPEXMEPHOU MOjie-
sy (Coum, paioH MEKIYHAapOIHOTO a’po-
noprta Aziep, 30x30 kM) ObLT pa3paboTaH
CIleHapu{ [JBWKEHUS CaMOJIETa, UMUTHU-
pPYIOIUHN JIBUKEHHE BO3AYIIHOTO CyZa IO
CTaHZIAPTHOM TJIKCCaJIe TIPYU 3aX0/ie Ha II0-
caziky. JlaHHBIN clleHapuil MO3BOJIUJ CO-
371aTh BBIOOPDKY HM300paKEHUI, UMUTHUPY-
IOIIHUX PabOTy CHCTEMbI CHHTE3UPOBAHHOTO
Busienusi (Pucynok 7 (CieBa)) u u3obpa-
JKEHUU CHCTEMBI YJIyYIIIEHHOTO BUJIEHUS
nuamna3oHa (Pucynok 7 (Capaa)). Beioop-
Ka COCTOUT U3 1000 Map reoMeTpUYeCcKU
BBIPOBHEHHBIX N300paKeHNH.

L

Pucynok 7: (CneBa) CuHTE3MpOBaHHOE
uszobpakenue. (CmpaBa) H3obpaskeHue
BUIMMOTIO JIMAIIa30Ha

MopaeaupoBaHue IIOABJIEHUA ca-
MOJIETA, TIE€PECEeKAIONIET0 TPAEKTO-
puio aBu:keHus. /[y oOyueHus ceTu, B
CMOJIeJTUPOBAaHHYIO CIieHy ObLIa 100aBJIeHa
Moziesib camosieta (Pucynox 8 (Ciera)).
Tpaektopuss ABUXKEHUS caMoOJ€Ta ObLIa
BBIOpaHa TaKUM 0Opa30M, YTO HA KaAXKJIOM
Kajipe, B cpeAHEM, pa3Mep caMOJIETa CO-
CTaBJISJI OT 40 J0 200 TUKcesnoB. [l Te-
CTHUPOBAHUSA U O0YUYeHUs CeTH ObLIIU TaKXKe
IIOCTPOEHBI METOYHbIE WU300paKeHUs, B
KOTOPBIX 00JIaCTh IMpPEnATCTBUSA ObLa 3a-
MmoJTHeHa OeJIbIM IIBETOM, a OCTajJbHasA 00-
sactb — 4€pHbIM (PucyHnok 8 (Crpasa)).



Pucynok 8:(CneBa) M3obpakeHue BH-
auMoro auamnasoHa. (CmpaBa) MerouHOe
n300pakeHue.

5. YKCIEpUMEHTAJIbHOE Te-
CTUPOBAHHE AJITOPUTMA

Oo6yuenue ceru ObstacleGAN. O6y-
yeHne paspaboranHour cetu ObstacleGAN
MIPOM3BOJINJIOCH C HCIOJIb30BaHHEM OMO-
smmoteku PyTorch [12]. Berumciaenus mpo-

W3BOJWINCH Ha TPapUUECKOM IIPOIIECCOPE
NVIDIA 1080 Ti. ITonusIl mpoIiece o0yue-
HUSA 3aHsT 40 4acoB. B kauectBe obOydaro-
el BBIOOPKU HCIIOJIb30BAIUCh JaHHBIE,
MOJTyYeHHbIEe METOZIOM TPEXMEPHOTO MO-
JIeJTUPOBAHUSA C HCIOJIb30BAaHUEM CTEHJIa
MIPOTOTUITHPOBAHUS WH(OPMaAITHOHHO-
YIIPaBJIAIONIETO TOJIsI KAOWHBI DKHUIIAXKA.

KauecrBenHnoe TtecrupoBaHue. C
HCIIOJIb30BaHHEM C(hOPMHUPOBAHHOU 00y-
yamomleld BBIOOPKU TMpPOU3BeZieHa CPaBHU-
TeJIbHAsI OIleHKa HWHMOPMATUBHOCTU HC-
XOZTHOTO Kajipa CHCTEMBI YJIYUYIIEHHOTO
BHUJIEHUA U pe3yJbraTa QUIbTPAIUH C UC-
mosb3oBanueM asropurma ObstacleGAN.
JI1s1 OlleHKH KadecTBa ObLTH chOpMHUPOBa-
HBI JIECATHh IIap BH/IEOIOCIIEI0BATETLHO-
CTel, MOJETUPYIOIIHe Pa3JIMUYHbIE STaIlbl
nosnéra. Kakyas mapa BKJIOUaeT B cebs
HCXOJTHYIO BHJIEOTIOCJIEIOBATEIBHOCTD, I10-
CTYIIAIOIIYID OT CHCTEMbBI YJIYUIIIEHHOTO
BUJIEHUS, U PE3yJIbTaT pabOThI aJIrTOPUTMa
ObstacleGAN. JlaHHBIE BHIEOIOCIELOBA-
TEJIbHOCTH OBbLIN OTOOpaKeHbI C HCIOJIb-
30BaHHWEM I[POTPAMMHOTO  HMHTATOpa
NJIC. Tlpumepsl KaJipoB U3 BHUEOIIOCTIE-
JIOBAaTEeJIbHOCTEH IIPE/ICTAaBJIEHbl Ha PUCYH-
ke 9. Iy KaKZ0oW BHJIEOIOCIIE/I0BATEIb-
HOCTH ObLIa MPOM3BEJIEHA OlleHKA IOBBI-
IIeHUsI SIPKOCTH JIMHAMUYECKUX IIPEIIsiT-
CTBUM.

PesysibTaThl TECTHPOBAHUS IIPEICTaB-
JIEHBI B TaOuIe 2.

Pucynox 9: I[Ipumeps! 06paboTku n300pakeHu ¢ moMmoibio anroputma ObstacleGAN.
(Cnesa) ucxomusiii kazip CYB. (CipaBa) pe3ysibTaT 00pabOTKH.



Tabsuma 2. CpaBHUTEIbHAS OIleHKa MHPOpMaTUBHOCTH HcxoaHoro kKaapa CYB u kazpa

CYB nocye o6paborku asroputmom ObstacleGAN

Cuenapuii| OcBeméaHocrb| IIpounenTr Hempu-| BpIGOp
TOZHBIX BUEO0 ObstacleGAN

ITocanka JIeHb 3.1% + 1.5% 74.2% + 3.1%
ITocanka HOYb 5.5% + 2.4% 61.1% + 2.7%
Pynéxxka JIEHb 1.6% + 2.1% 85.3% + 2.6%
Pynéexka HOYb 8.7% + 3.7% 59.5% + 1.7%
Bznéer JICHD 2.2% + 1.8% 81.7% + 1.2%
Baner HOYb 7.4% £ 2.9% 45.1% + 5.4%

[TpousBezieHO MOZIETMPOBAHUE TOSBIIE-
HUS JIMHAMHYECKUX TMPENSATCTBUU (THIa
CaMOJIET, IIepECEKAONIUN  TPAEKTOPUIO
JIBIPKEHUS, U TPAHCIIOPTHOE CPEJICTBO Ha
IIOBEPXHOCTH B3JIETHO-NIOCAIOYHOU I10JIO-
cbl). BeposiTHOCTh IPABUJIBHOTO OOHApY-
JKeHUs TMHAMHUYECKUX IPENATCTBUH OIle-
HUBAJIACh C HCIOJIb30BAHUEM HCTHHHOU
CEMAHTHUUECKON CerMeHTaIluH, IIpeJICTaB-
JAomux coboit OMHApHBIE N300paKEHUs,
Ha KOTOPBIX 00JI1aCTh MPENATCTBUS 3aI0JI-
HeHa equHUNAMU. OcTaybHAsA YacTh U300-
paKeHHs 3aroJIHAeTcA HyaaMu. [nd te-
CTUPOBAaHUA HCIOJIB30BICA K03hdumu-
enT JKakkapa (merpuka Intersection over
Union, IoU), ompeieisseMbIii CIEIYOITAM
obpazom

|ANB| |AN B|
J(4,B) = |AUB| ~ |4l + |B|-|An B]’ (8)

r7ie A - UCTUHHAsA 00J1aCTh MPENATCTBUS,
B - obiyacte mpemnsaTcTBUA, HAWIEHHAA ajl-
roputMoM. TecTmpoBaHHe Ha HE3aBUCHU-
MOU BBIOOpDKE IIOKa3ajio, YTO B CPEeIHEM
ko3 Punuent Kakaapa 114 THEBHBIX BU-
JIeonocJIeIoBaTEIbHOCTEH cocTaBUI 0,88,
a JUIA HOYHBIX BU/IEOIOCJIE[0BATEIHHO-
ctell — 0,75. JlaHHble 3HAYEHUs yA0BJIe-
TBOPSIIOT 33/IaHHBIM TPEeOOBAHUAM IO Be-
POATHOCTSM OOHAPYKEeHUS MPENATCTBUU U
o0ecIieunBalOT CTAOWIBHYI0 WHUKAIUIO
IUHaMUuuyecKux npenatcrsuil Ha UJIC.

IIpe/yIo>KeHHBIH AJITOPUTM BbIJI€JIEHUS
MIPENATCTBUN TaK)Ke MOKET OBITh UCIIOJIb-
30BaH /I BU3yaJIU3alluU IPENATCTBUN HA
KaJipe CHUCTEMBbI YJIy4IIEHHOTO BUJI€HUA.
[lespl0 MaHHOUW BU3yaIM3allUU SABJISAETCA
MIOBBIIIIEHNE 3AMETHOCTH TPENATCTBUS JIA
YBEJINYEHUSI JAJIbBHOCTH  OOHApY>KEeHUs
npenATcTBUU. [y peasusanuu AAHHOTO

peXrMa KaJIpbl CHUCTEM YJIyYIIEHHOTO U
CUHTE3UPOBAHHOTO BUJIEHUS KOMILIEKCHU-
pytores (cucreMa KOMOMHUPOBAaHHOTO BH-
JIEHUsT) TOocyIe 4ero 00J1acTh MPEeIsITCTBUS,
BbIJIeJIEHHAS c TIOMOIIIHIO ceTH
ObstacleGAN, 3akpammBaercs YCJIOBHBIM
KPacHBIM I[BETOM. PesyipTaT paboThl aji-
TOPUTMA BBIJIEJIEHUS MPENATCTBUUA IIPU
BHU3yaIU3al{ HA IEPBUYHOM HHIUKATOPE
MMWJIOTa IPUBEJEH HA PHUCYHKE 10.




Pucynox 10: Pe3ysbpTaT paboThl ajro-
PUTMa BBIJI€JIEHUS MIPEMSATCTBUH IIPU BU-
3yaJn3alnuy Ha IEPBUYHOM HHAUKATOPE
nuwioTa: (cyeBa) CucreMa CHHTE3UPOBAH-
HOTO BuieHus, (B neHTpe) Cucrema ysryd-

IIIEHHOTO BU/IeHUs, (cripaBa) Pe3ysprar
BbIJIeJIEHU S IPEIATCTBUA (KpacHbBIH I1BET)
¥ KOMIUIEKCUPOBAHUSA JJAHHBIX CHCTEM
YJIy4IIIEHHOTO U CHHTE3UPOBAHHOTO BH/IE-
HUSL.

6. BbIBO/1bI

Paspaboran asroputm ObstacleGAN,
IIPOU3BOJIAIININ CHIKEHUE SPKOCTU MaJsIo-
MHOPMATUBHBIX 00JIacTed U MOBBIIIEHNIE
SIPKOCTU INHAMUYECKUX IPenATCTBUHN. AJl-
TOPUTM HCIIOJIb3YET BU/IEOIOCIIE/IOBATED-
HOCTU OT CUCTEM YJIYUIlIEeHHOTO U CUHTe-
3UPOBAHHOTO BUJIEHUS B KauecTBE BXO-
HBIX JIAaHHBIX W TPOU3BOJAUT KOMILIEKCH-
pOBaHUe KaJIpOB JIBYX CUCTEM JIJISI CHUKe-
HUA APKOCTU MasloMH(GOPMaTUBHBIX 00Jia-
CTell B KaJipe CHCTEeMBI YJIy4YIIeHHOTO BU-
JIeHUs Y YBEJTUUEHUs APKOCTU JUHAMUIYeE-
CKUX MPENATCTBUMU.

YMeHbIlIeHNE SIPKOCTU BBITIOJTHSETCA HA
OCHOBE cerMeHTaIuu objactell M3 Kagpa
CUCTEMBl CHUHTE3WPOBAHHOTO BUJIEHUS.
JI71s TIOBBIIIEHUS APKOCTH JUHAMHYECKUX
MPENATCTBUN MPOUBBOAUTCA WX OOHApYy-
JKEeHUe Ha OCHOBE BBIUHCJIEHUS Pa3HOCTH
ONTUYECKHUX TIIOTOKOB KaJIpOB CHCTEM
VJIyUIIIEHHOTO U CUHTE3UPOBAHHOIO BUJIE-
HUs. PeasbHBIA ONTUYECKUU IIOTOK OIle-
HUBAeTCcs II0 BHUEOIOC/IEA0BATEIHHOCTH
CHUCTEMBI YJIYUIIEHHOTO BujeHUs. Mo-
JleJIbHBIA ONTUYECKUH MTOTOK PacCUUTHIBA-
eTcs ¢ IOMOIIIBI0 TPACCUPOBKHU JIyuer u 3D
MOJIeJI! CLIEHBI CHCTeMbI CHHTE3UPOBAHHO-
T'O BU/IEHUS.

Pa3paboTaHHBIA aJITOPUTM ITPOU3BOIUT
nmapauieJibHyl0 00pabOTKy JaHHBIX U MO-
JKeT OBITh peayiln30BaH Ha muiaTgopme co-
BpeMEeHHOU UHTErPUPOBAHHOU MOYJIBHOMN
ABUOHUKH. BpIUHMC/IUTENIPHAS CJIOKHOCTH
aJITOPUTMa TIO3BOJISIET PEATU30BaTh €ro
JUIT 00pabOTKM KaJIpOB CHCTEMBI YITyd-
IIEHHOTO BHUJEHHUsA C pa3pelleHueM
640x480 mHKcesel, ¢ UCIOJIb30BAaHUEM 3
MIPOIIECCOPOB € TAKTOBOM yactorou 1,8 I'T'n
U OJHOTO TrpadHuIecKoro Ipolieccopa
NVIDIA Tegra. J[lanbHelnas pabora Oy-
JIET TIOCBAIIEHA PeaTU3auyd U TECTUPOBA-
Huto anroputma ObstacleGAN c ucmosb3o-
BaHHEM OOPTOBOTO 00OPY/IOBaHUS.

BJIATOJAPHOCTHN

Pabora BBITIOJTHEHA TIpU MOAAEPIKKE
Poccuiickoro donaa dyHmaMeHTaTbHBIX
uccienoBaHuii, rpant POOU N0217-29-
0318s5.
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