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PA3BPABOTKA MPOTOTUIIA MHOI'O®YHKIUMOHAJIBHOM
OMNTUKO-3JJEKTPOHHOM CUCTEMBbI KPYIT'OBOI'O OB30PA
JJIA OBECIHHEYEHUA BU3YAJIBHOI'O OPUEHTHUPOBAHMUSA

BECIIMJIOTHBIX TPAHCHOPTHBIX CPEJICTB

B Hacrosmielr paboTe mpeacTaBieH MPOTOTUI MHOTO(YHKIIMOHAJIBHOW ONTHKO-JIEKTPOHHONW CHCTEMBI KPYTOBOTO
0030pa aist obecnieyeHns] BU3yaJbHOTO OPUEHTHPOBAHMSI OCCITUIIOTHBIX TPAHCIIOPTHBIX CpeAcTB. Pa3paboraHHBIN
NPOTOTUI TpeIHAa3HAa4YeH Ui pa3MelleHHs Ha OaraKHWKE JISTKOBOTO aBTOMOOWIISI M TMO3BOJISIET OCYIICCTBISTH
yIIpaBiIeHHe OSCIMIOTHBIM TPAHCIIOPTHBIM CPEICTBOM C IOMOIIBIO ONEPATUBHOIO aHAIN3a OKpYXKaroled obcra-
HOBKH. CEHCOpHBIE YCTPOWCTBA cOOMPAOT MHPOPMAIIHIO 00 OKpY)KaIOImeM MHUpE, IIepelaloT ee B CUCTEMY YIpaB-
JIeHUSI, TJIe TPOM3BOANTCS aHAIN3 OCTYNAIOMINX JAHHBIX U TNIAHWHPOBaHKE JIEHCTBUH Ha OCHOBE 3TOH nH(pOpManny,
a TaKKe JaHHBIX KapT M JIOKAIM3AIHMU. AJITOPUTMUYECKOe oOecrieueHne AJisl IOCTPOCHUST KapThl U JIOKAIN3alun
Ha Heil [0 KamepaM B pealbHOM BPEMEHH MO3BOJISIET OECITMIIOTHOMY YCTPOHCTBY OPHEHTHPOBATHCS B TPOCTPAHCTBE
TOJIBKO 0 BU3yalbHOW WH(OpMAIMM W pemarh 3ajadyy aBTOHOMHOTO JBI)KCHUS Hapsily C OPHEHTHPOBaHHEM

T10 33JIaHHON KapTe MECTHOCTH.

Kn. ca.: oNTHKO-3JIEKTPOHHAS CHCTEMa, KPYTOBOH 0030p, OECIIHMIIOTHOE TPAaHCIIOPTHOE CPEICTBO, CHTYallHOHHAS

OCBCAOMJICHHOCTD, BU3YaJIbHOC OPUCHTUPOBAHUC

BBEJAEHUE

BecrunoTHRIMH aBTOMOOWIIIMH W aBTOMOOHIISIMU
BBICOKOM CTETICHW AaBTOMATH3AITH SIBIITIOTCS TpPAHC-
MOPTHBIE CPEICTBA, KOTOPHIE MO3BOJISIIOT OCYILECTBIISTh
JIBUKEHHE KaKk 0e3 KOHTPOJIS CO CTOPOHBI YeIOBEKa
3a MPOIIECCOM YITPaBIIEHHS, TaK U B paMKax KOHTPOJIS
(B GomnbIICH WM MEHBIEH CTENCHHU) 3a ABUKCHHEM
C BO3MOXHOCTBIO B cCllydae HEOOXOJUMOCTH B3STh
ynpasinenue B cBou pyku [1]. CosmaHue OecrmiioT-
HBIX aBTOMOOWMJIEH CTalo BO3MOXXHBIM Onaromaps
Pa3BUTHIO HOBBIX TEXHOJIOTHM U TMOSBICHUIO CIICLIU-
albHOTO O0OPYJOBaHHSA, CO3/JaHHOI'O Ha MX OCHOBE
[2]. Hauboiee pacpocTpaHeHHAass KOHIICIIINAS OCCITH-
JIOTHOTO aBTOMOOMJISI MO/Apa3yMeBaeT eANHOBPEMEH-
HYI0 Pa0OTy ammapaTHbIX W TPOTPAMMHBIX KOMIIO-
HEHT, KOTOPBIE MOXXHO YCIOBHO pa3leiauTh Ha 3
(YHKIIMOHAIBHBIX OJIoKa. Pa3nuyHble CceHCOpHBIE
YCTpO#CcTBa COOMPArOT MH(POPMAIHMIO 00 OKpYKaro-
IeM MUpe, TePEealoT ee B CUCTEMY YIpPaBIeHHS, T/e
MIPOM3BOANTCS aHAIIN3 MOCTYNAIINX JAaHHBIX U TUIa-
HUPOBaHUE JICHCTBUI Ha OCHOBE 3TOW WH(pOpPMAIIWH,
a TakXe JaHHBIX KapT W JIOKAJIW3alWu. Y CTPOWUCTBA
MaHOPaMHOTro 0030pa MO3BOJIAIOT (DPUKCHPOBATH OK-
PY’Karomyto 00CTaHOBKY MaKCUMAaJIbHO MPHOIMKEHHO
K BO3MOYKHOCTSM YeJIOBEUECKOT0 3pEHHs U 0o0ecreyn-
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BaTh CHUTYaI[HOHHYIO OCBEIOMIICHHOCTh aBTOHOMHOT'O
TpaHcropTHOTro cpeactBa [3]. CucteMa ympaBicHUS
(dbopMUpPYET KOMaHIHBIC PEIICHHUS s OJIOKa, KOTO-
pBIfi  HETMOCPEACTBEHHO OCYIIECTBIAET YyIpPaBIICHHE
aBTOMOOMJICM M HAIPaBJSCT €ro I0 3aJaHHON TpacK-
topuH. Js hopMUpPOBaHHUS YIIPABISIONIMX BO3ACHCT-
BUH HCIIOJIB3YIOTCSl aJrOPUTMBI, MO3BOJIAIONINE Oec-
MUJIOTHOMY aBTOMOOMIIIO OPHEHTHPOBATHCSA B IIPO-
CTpPaHCTRBE.

MPUHLUN JEACTBUST
MHOI'O®YHKIMOHAJBHOM
OINITUKO-3JIEKTPOHHON CUCTEMBI
KPYI'OBOI'O OB30PA

OddextrBHOE (HYHKIHMOHUPOBAHHE TPAHCIOPTHO-
IO CPEACTBa C PA3IMYHON CTCICHBIO aBTOMATHU3ALUU
JBIDKEHUS BO3MOXKHO 3a CYET PabOThlI CIEI[HATIBHOIO
KOMIIBIOTEPHOTO MPOrPaMMHOT0 00ECIICUeHHs, a TaK-
)K€ Pa3IMYHBIX CHCTEM U JaTYUKOB. DTO:

JNATYUKHA TIOJIOKEHHUS KOJIEC, TTO3BOJISIOIINE
C BBICOKOH TOYHOCTBIO OIPEACIATh CKOPOCTh TPaHC-
MOPTHOTO CPEJICTBA;

cUcTeMa  rj00albHOr0  MO3HIIMOHHPOBAHMS
(GPS) s ompeaeneHuss MOJOKEHUS TPAHCIIOPTHOTO
Cpe/ICTBa;
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— Iuaap, o0ecreYnBaroIUid MOJISIUPOBAHUE OK-
py’Karolei 00CTaHOBKH;

— pamap, 0oOeCIeUHBAIOIIMA OOHApPYKEHHE O00b-
€KTOB B '"'ciienoi" 30HE;

— KaMephl ISt KOHTPOJIS MOJIOCHI IBUXKCHHMS;

— CTEPEOCKONHMYECKUE Taphl IS MOCTPOCHUS Ta-
HOPAMHOI'0 N300Pa)KEHUS BBICOKOTO Pa3pelCHHS,;

— TEIUIOBU3MOHHBIC KaMephl JIJIS IBUXKCHHS B yC-
JIOBHSIX OTPaHUYCHHOM BUJUMOCTH.

OpHMM M3 OCHOBHBIX TPEeOOBAaHWN K MHOTO(YHK-
UUOHAIBHON ONTHUKO-3JICKTPOHHON CUCTEME SIBISIETCS
CIOCOOHOCTh 0€3 ydacTusi oreparopa BbIICIATH
BO BXOJHOM BHJIEONOTOKE OOBEKTHI MHTEpECa U OCY-
HICCTBISATh CJICKECHUE 3a JaHHbIMH OObekTamu. [Ipu
aToM 00paboTka MH(POPMAITUH, TTOTYIACMOU OMTHKO-
AJIEKTPOHHOM CHCTEMOM, MOJDKHA OCYLIECTBIISITHCS
B aBTOMAaTHYIECKOM pexume. Takum oOpa3oM, ONITHKO-
JJIEKTPOHHASI CUCTEMa MPUOOPETacT poJib "OpPraHoB
3peHus", KIIFOUYEBEIM MOMEHTOM TOCTPOCHUS KOTOPBIX
SBIISIETCS HEOOXOIUMOCTh pean3aluy KadyeCTBEHHO-
ro aJIropuT™Ma OOHApyX)eHus 00beKToB [4, 5].

"KommproTepHoe 3peHne" — Habop METOIOB H all-
TOPUTMOB, TO3BOJISIONIMX MPOU3BOAUTH OOHApYyXKe-
HHUE, OTCIEe)XHWBAaHWE, KIIACCU(PUKAIMIO M HUIACHTH(DH-
KalMio OOBEKTOB C MOMOIIBIO BBIYUCIUTEIBHBIX Ma-
muH [6]. "TexHudeckoe", wim "MallMHHOE 3peHHE",
B CBOIO O4Yepe/ib, — IPOILECC WHTETPalliu U ajarTa-
MM KOMITBIOTEPHOTO 3PEHUS JJISl PEIICHUSI HAYYHBIX,
MPOM3BOICTBEHHBIX W TPOMBINIIEHHBIX 3a7ad C TI0-
MOIIFI0 TEXHHYECKUX MEXaHW3MOB, YCTPOMCTB WU
MamuH. TakuMm o0pa3oM, TepMHH "KOMITBIOTEPHOE
3penue" o0o3HavaeT obliee Ha3BaHUE HabOpa TEXHO-
JOTHH, a "TeXHIYeCKoe 3peHue" eCTh Pe3yJIbTaT IpH-
MEHEHHSI dTHX TEXHOIOTHH.

YcrpoiictBa monydeHus U (POPMHPOBAHUS H30-
OpaxeHHMII HE SKBUBAJICHTHBI IJ1a3aM 4YelioBeka. Tam,
TJI€ Y€JIOBEK MIHOBEHHO OMPENCISCT JIMHUH, KOHTYPBI
U OOBEKTHI, OMUPASICh HA YMO3PHUTEIBHEIC JOTaJKH
U TPENOSIOKEHUs, KOMIbIOTep "BUIUT" JMIIb OT-
POMHBIC YHCIIOBBIC MATPHUITLL. TeM HE MEHee, B OTJIH-
Yyye OT OMOJOTMYECKOTO 3PCHHUS YEJOBEKa, CUCTEMBI
TEXHUYHOTO 3PEHHSI MOTYT UCHIOJB30BATh Pa3IUIHBIC
croco0bl (GopMUPOBaHHS H300PAKCHHM, YTO CYIIECT-
BEHHO PaCIHIUPSET UX BO3MOXHOCTH. CHUCTEMBI TEX-
HAYECKOTO 3PEHUS, B OTJIMYME OT YEIOBEKAa, MOTYT
HEYTOMHMO DPa0OTaTh B HEMPEphIBHOM pexume. He-
CMOTpPS Ha TO YTO aNTOPUTMHYECKOE obOecreucHue
CHUCTEM TEXHHYECKOTO 3pPEHHUsl IOKa €Ille YCTyIaeT
3pEHUIO YEJIOBEKa, TEM HE MEHEE, CIIOCOOHOCTH TaKMX
CHUCTeM TMONy4YeHHus HH(OpManuu o HaOIF0IaeMbIX
00BeKTaX YK€ CYIIECTBEHHO MPEBOCXOJAT OMOJIOTH-
4yeckoe 3peHue [7].

KommbroTepHoe 3peHuE MOXKET paccMaTpUBATHCS
KaK COCTaBHAs 9acTh TEXHOJIOTHI B 00JIaCTH UCKYCCT-
BEHHOI'0 MHTEIJIEKTa. B cBowo odepens, pacmo3HaBa-
HHE 00pa3oB SBIIICTCS OJHOM M3 BaKHEHINUX 3a/ad
WCKYCCTBEHHOTO MHTEJIEKTA, IIEJIBI0 KOTOPOTO SIBIISI-

€TCsl KONMPOBAaHWUE U UMHTAIUS WHTCIUICKTYaIbHOMN
JIeSITEIbHOCTH YeJIoBeKa. B To ke BpeMsl KOMITBIOTep-
HOE€ 3peHHe MpeAcTaBiseT coboii ocolOyro 3amauy Jo-
THYECKOTO BBIBOJIA, T.K. H3HAYAJIBLHO Ha M300paKEHUH
“MeeTCs M30BITOYHOE KOJIM4ecTBO mH(popMmaruu [8],
U3 KOTOpPOW TpeOyeTcsl BBIICIUTh MEPTUHEHTHYIO
4acTh, HEOOXOANMYIO /TS abHENIe 00paboTKu.
TexHU4eckH CHUCTEMBl KOMIIBIOTEPHOTO 3pEHUS
MPEACTaBIAIOT CO00I MPOrpaMMHO-anmnapaTHee KOM-
TUIEKCHI, COCTOSIIME W3 YCTPOWCTBA IONYYEHHUS
1 GUKCcaUN U300paKeHUs, KOTOPOE MOXKET BKIIIOYATh
pa3irYHbIe KOMITIOHEHTHI, H KOMITBIOTEpA CO CITeIra-
JIU3UPOBAHHBIM IMPOrpaMMHBIM obecrieueHueM. [Ipo-
rpaMMHOE oOecIieueHHe SIBJISIETCS OCHOBHOM COCTaB-
JSIFOILEH KOMIIBIOTEPHOTO 3PEHHMS, Ha HETO BO3JI0KEHA
rIaBHas 3amada o0paboTku IubpoBor HHPOPMAITUH
[8]. Beibop mMeToma oOpabOTKH WU300paXKeHUs, TOJY-
YEHHOI'O0 TEXHUYECKHUMHU CPEICTBaMH, ONpEACisIercs,
WCXOZsl W3 XapakTepa JaHHOTO HM300pakeHWs: BHIA
00BEKTOB Ha HEM M 3aJay, KOTOpble HEOOXOIUMO pe-
ITUTH TIPY UCTIOJIB30BAaHUH TAHHOTO U300paXkeHus [S].

KOHCTPYKIIUA MHOFOQYHKHHOHAHBHOﬁ
OIITUKO-2JIEKTPOHHOU CUCTEMbI
KPYI'OBOI'O OB30PA

PazpabatpiBacMasi MHOTO()YHKIIMOHANBHAS CHCTE-
Ma IpenHa3HadyeHa JJis pa3MelleHus Ha OarakKHUKe
JIETKOBOTO aBTOMOOWJI M TO3BOJIIET OCYIIECTBIISTH
ympaBieHne OeCHIIOTHBIM TPaHCHOPTHBIM CPEJCT-
BOM C IOMOIIBIO ONEPATHBHOTO aHAJIM3a OKPYKaro-
e 06cTaHOBKH, (hopMHUpOBaHWS U300paKeHUsS IS
MIOCTPOEHUSI KapThl MECTHOCTH, OIPEJENEHUs mnapa-
METPOB Kypca, JOKaIM3alUu1 U HABUTALlUU B PEXKUME
peanbHOro BpeMeHHU. IIpumep pazmenieHUss MHOIO-
(YHKIIMOHAIBHOM  ONTHKO-3JICKTPOHHOW  CHUCTEMBI
Ha OaraxHUKe aBTOMOOWIISI IIPEICTaBIeH Ha puc. 1.

Puc. 1. Ilpumep pasmenieHust MHOro(yHK-
MOHAJBHOW ONTHKO-3JIEKTPOHHON CHUCTe-
MBI Ha 0ara)xHUKe aBTOMOOMIIS
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KoHcTpyKTHBHO MHOTO()YHKIHMOHAIBbHAS ONTHKO-
9JIEKTPOHHAsI CHUCTEMa TPENCTaBIsieT co0oi eAMHYIO
KOHCTPYKIHIO C KOPITyCOM, B KOTOPOM PaCIOJIOKEHBI
YCThIPE OPTOrOHAJIbHBLIX CTECPEOMOAYJIA, ONTUYECKUN
KOMMYTAaTOp, /IB€ aHTCHHbI, HABUTALMOHHBII IpUEM-
HUK, TUAap, OJOK MUTaHMs, Kabedb CHHXPOHHU3ALIMH.
C noMotipio Kabemst CHHXPOHU3AINHA 00SCTICUNBACTCS
CHUHXPOHHM3ALHUS PadOTHI BCEX IEMEHTOB YCTPOMCTBA.
IIuTanne Bcex 3IE€MEHTOB CHCTEMBI OCYIIECTBIIAETCS
or Onoka nutaHus. ONTHYECKHH KOMMYTAaTOp, HaBH-
TallMOHHBIH NPUEMHUK U JIUAAp MOAKIOYEHBI K Oop-
TOBOMY KOMIBIOTEPY OECIMIOTHOIO TPaHCIOPTHOTO

CpeIICTBa, KOTOPBI 00ecrevYrBaeT BO3MOKHOCTh aB-
TOMATHUYCCKOI'0 YIIPpaBJICHUS.

TexHUYecKkue XapaKTePUCTUKH:

* KOpITyC CO CTETIEHBIO 3amuThI [P65;

* yCTaHOBKA Ha CTaHJAPTHHIC Oara)xHble TyTH;

* Macca: 25 kT

* rabaputsl: 840%840x150 mMmM.

CxeMa BHYTpPEHHETO yCTpoicTBa MHOTO(YHKIIHO-

HaJIbHOW ONTHUKO-3JIEKTPOHHONW CHUCTEMBI KpPYTrOBOI'O
0030pa mpecTaBieHa Ha puc. 2.

Moaynb NMTaHUA W CUHXPOHKU3ALUK
kamep Stereo mogyns

THCC nprveMHBIid KoMNNeKe

Mogyne MHC

I
[MaHenb C 3ANeKTpUYEeCcKMMK CoeguHUTENAMK

Puc. 2. Cxema BHyTpEHHEr0 yCTPOHCTBAa MHOTO(GYHKIIMOHAIBHON ONTHKO-3JIEKTPOHHOM CHCTEMBI KPYTOBOTr0o 0030pa.
O6o03nauenus Ha cxeme: [HCC — I'monHacc (r1o0aibpHas HaBUTallMOHHAs ciyTHHKOBas cuctema); MHC — un-
¢dopmaronHo-HaBuranuonnas cucrema; PCle — Peripheral Component Interconnect Express; CAN-muHa —

OJICMCHT 3J'ICKTpOHHOI>i CHCTEMBI aBTOMOOHIIS

HAVYYHOE ITPUBOPOCTPOEHME, 2023, Tom 33, Ne 3

Puc. 3. Bug (a), (6) oproroHaapHOTO
CTEPEOMOTYJIS
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Kaxnprii opTOroHANBHBIA CTEPEOMOJYJIb COCTOUT
U3 YEThIPEX CTEpeornap BBICOKOTO PA3PELICHUs s
TOYHOTO OIpEJeNiCHUs PAcCTOSHUN /0 OOBEKTOB
B pa3iM4YHBIX JMalla30Hax AajgpHOcTed. Bun crepeo-
MOAYJISl IpEeJICTaBICH Ha puc. 3.

KoHCcTpyKTHBHOE HCTIONHEHHE W COCTaB pa3pado-
TaHHOW MHOTO()YHKIIMOHAIHHONH OINTUKO-3JCKTPOH-
HOW CHCTEMBI KPYroBOTO0 0030pa oOecreyuBaeT BbI-
TIOJTHEHHE CIETYIOINX (PyHKIHI:

- TMOJHBIA 0030p OKPYXAaoILIETro IMPOCTPAHCTBA
Ha 360°;

- cOop BU3yanbHOW HMHGpOPMALUH Al TOCTpOe-
Hus 3D-KapThl MECTHOCTH B PEKMME PEaNbHOTO Bpe-
MCHHU;

- cOop Bm3yanmpHOH WH(MOpMaIH 00 OKpyX,aro-
meid 00CTaHOBKE Ui CHCTEMBI YIpaBJIeHHS OecrH-
JIOTHBIM TPAHCIOPTHBIM CPEACTBOM;

— OIpeJeNieHne MapaMeTpoB Kypca, JOKaIU3anus,
HaBHUranus 0eCHMJIOTHOTO TPAHCIIOPTHOTO CPEACTBA,;

- o0y4yeHHWe anrOpUTMOB TEXHHYECKOTO 3PEHHS
pEeaIbHOTO BPEMEHH;

- obecrieyeHre BO3MOXXHOCTH aBTOMAaTHYECKOTO
NBUKEHHUS 0€3 y4acTHsl BOIHTENS 0 TPACKTOPHSM,
(OopMHPYEMBIM B PEKHME PEATbHOTO BPEMEHH;

- yIpaBlieHHE IBIKEHHEM OECIHMIIOTHOTO TpPaHC-
MOPTHOTO CPE/ICTBA MTOCPEACTBOM TEXHOJIOTUN TEXHHU-
YECKOTo 3peHHs 0e3 HEOOXOAMMOCTH HAW4Hi WH-
(bpacTpyKTypHOH CETH, BCTPOCHHOM B IOPOTY WM
OKOJIO HEee.

AJITOPUTMHUYECKOE OGECIIEYEHUE
OBPABOTKHA BU3YAJIBHOU UHO®OPMAIIUN

PazpaboranHblii NPOTOTUN MHOTOQYHKIHOHAIb-
HOI ONTHKO-3JEKTPOHHON CHUCTEMBI NpEIHA3HAYEH
JUIE MOHMTOpDHHTA OKpY’Karolieii oOCTaHOBKH W HC-
MOJTE30BAHMS B CHCTEME OPHUEHTHPOBAHUS U CUTYaIlH-
OHHOW OCBEIOMJIEHHOCTH OECHMJIOTHOI'O TPaHCIIOPT-
HOTO CpEJCTBA, PEATU3yIOIIeH alropuTMBI MIOCTPOE-
HUS KapThl U JIOKaJIM3allu Ha HEl 10 KaMepam B pe-
anbHOM Bpemenu (Visual Simultaneous Localization
and Mapping, vSLAM) [9]. Anroputmudeckoe obec-
neuenne vSLAM mo3BoiseT OSCIUIOTHOMY YCTPOW-
CTBY OPHEHTHPOBATHCS B MPOCTPAHCTBE TOJIBKO MO BH-
3yanbHOM MH(GOPMALMU U PelIaTh 3aady aBTOHOMHO-
rO JBM)KEHUS HApAIy ¢ OPUEHTHPOBAHMEM IO 33/aH-
HOH KapTe MECTHOCTH.

CoBpemennsie perierust vSLAM MOXHO pa3fennuTh
Ha TpsMble VSLAM-pemenuss u Hempsimble vSLAM-
pewieHusi, WIM TnpocTo npsmeie VSLAM (direct
vSLAM) wn menpsmele VSLAM (indirect vSLAM).
B npsimbix vSLAM HanpsAMyo UCTIONIB3YIOTCS IPKOCTH
nuKcenei nzoOpaxenus. [Ipu 3ToM OLCHKH O3Bl Ka-
MepbI HOJY4aroTCsl IyTeM MHUHUMH3ALMHU (HOTOMETpuye-
CKOM OIIMOKM MEXIY COOTBETCTBYIOIIMMH THKCEIAMH

n3o0paxenuii. B Henpsimbix vSLAM, ¢ apyroii ctopo-
HBI, CHayaJla W3BJICKAIOTCS MPHU3HAKH HM300paKCHUS.
3areM NpPU3HAKH ONMCHIBAIOTCS WU COIMOCTaBISAIOTCS
JUTS OIIEHKH O3Bl IMTyTeM MHUHUMH3AINH ONINOKA TIe-
penpoenupoBanus. Haubomnblee mpuMeHeHHE cero-
THS HaxomsaT ciexytomue vSLAM-pemenns: RTAB-
Map [10], OKVIS [11], DVO-SLAM [12], LSD-SLAM
[13], ORB-SLAM? [14], maplab [15], ProSLAM [16],
DSM [17], Kimera [18], ORB-SLAM3 [19]. borarbiMu
BO3MOKHOCTSIMH I aBTOHOMHON HaBUTaI[K OecIu-
JIOTHBIX TPAHCIIOPTHBIX CPEJCTB PACIIONIATal0T TaKXkKe
cienytomue VO-pemenus (pemeHust B 00JacTi BU3Y-
anpHOM omomerpun) DSO [20], BASALT [21], SVO
[22] u VINS-Fusion [23].

CoBpemennsie VSLAM-perienns BKJIIOYAIOT Clie-
IYIOIIIME YeThIpe OCHOBHBIX JTalla:

1) wHUNMaTU3aNMs,

2) OTCIeXHBaHHE NIepEeMENICHUS,

3) mocTpoeHHe KapTHl,

4) 3aMBIKaHHC TTCTIIH.

Ha srane unuyuanuzayuu anroputMa ornpenensier-
cs cuUCTeMa KOOpAMHAT B OKpYyXKarolled cpene st
OIIEHKH ITOJIOKEHUSI KaMepbl M TMOCTPOCHUS TpeXMep-
HOW KapThl. 3aTeM U3BJICKAIOTCS NaHHbBIE AJS TO0-
cTpoeHns KaptThl. [locne WHUIMATU3aUN aNropuTMa
HACTYIIAET dTall omciexncusanus (ConpogodcoeHust).
Ha stom atame vSLAM-penieHns HCHONB3YIOT aJro-
PUTMBI BU3YyalbHON ofoMeTpuu. [locmpoenue kapmol
MPOMCXOAMUT MO HECKOJIBKHM H300paKEHUSIM, II0JTY-
YEHHBIM BO BpeMs JIBUKEHUs kamepbl. KoopnuHater
TOYEK, MPEACTABISIOMNE KapTy, OMUCHIBAIOTCS C IO-
MOIIBI0 TPEXMEPHON MapaMeTpu3anri, HampuMmep,
C TIOMOINBI0 HWHBEpPCHOW TiyOmHBL. Ha crnemyromem
JTarne MPOUCXOIUT 3ambikanue nemau. Jljig TOro 4ro-
OBl YMEHBITUTHh OUINOKY, OOBIYHO BBIMOIHSETCS OII-
TUMU3aIUs T100abHON KapThl. J[js 3TOro HeoOXo-
IUMO OOHApY)XHUTh TMETIIO, T.€. Paclo3HaTh, YTO Ka-
Mepa B 3TOM MECTE paHee YK€ HaxoAWaach. 3aTeM
BBIUMCIISIETCS HAKOTUICHHAS OMMOKa (pa3HUIa MEXIY
TEKyIIUM IMpeJCKa3aHHBIM MECTOM W OOHapy»KeH-
HBIM). BbluncieHHyio ommOKy HCMONB3YIOT B alro-
pUTMax TI00aTEHOW ONITUMHU3AINH.

J1a coBepIIeHCTBOBAHMS CYIIECTBYIOMIMX M pa3-
paboTku HOBBIX VSLAM-penieHni HCIOB3YIOTCS Me-
TOJBI CEMAaHTHYECKOH CerMeHTaluu HW300paKeHUi
[24]. CemanTHUeCKasi CErMEHTAIUS N300paKeHUH —
9TO pa3OueHHne M300pa’KeHHsl Ha OTIEJIbHBIC T'PYIIIBI
nukceneld (00JIacTH), COOTBETCTBYIOIIHE OOBEKTaM
C OJHOBPEMEHHBIM ONpeelieHHeM THIa OOBEKTOB.
Jnst  CeMaHTHYECKOW CerMEHTalH HM300pakeHHH
B pEXHMME peaJbHOr0 BPEMEHHM Yallle BCEro mpuoera-
IOT K MCIHOJBb30BAaHUIO TIyOOKMX HEHPOHHBIX CETeH,
KOTOpBIE ITO3BOJISIOT IMOBBICUTH 3P (EKTHBHOCTD Me-
TOJIOB CerMeHTanuu [25].
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Taba. Kitaccudukanus npruMeHEHHBIX YCIOBHHA cO0pa JaHHBIX

. ITapk/
Cuenapuit p OTKpbITas
3aKphITas
MoupuKaTophl cClieHapHUs TEDDHTO- Iocce | MecTtHOCTB/ T'opon
PP nojue
Ceson VYcnoBus ocBEIEHUS pust
3uma Crabast OCBEIIEHHOCTD + + + +
HopmanbHast ocBemeHHOCTh + + + +
Becna/ Cnabast ocBe- | CIIIOIIHOM CHEXHBIA TIOKPOB + + + +
Ocenb LIEHHOCTh
(yTpo/Beuep) HecmuonrHol cHEXXHBII MTOKPOB + + + +
Hopmanenas CII0NTHONCHEKHBIMIIOKPOB + + + +
OCBEILIEHHOCTh
(nenn) HecmIonHoii cHeXHbIH TOKPOB + + + +
Jlero Crabas ocBemeHHOCTH (YTpo) + + + +
HopmainbHast ocBEmeHHOCTH (AEHB) + + + +
Crnabast ocBelIeHHOCTH (Bedep) + + + +
Ouens crnabast OCBEIICHHOCTS (TTO3AHUH Beuep) + + + +
TPEBOBAHUS K CBOPY JAHHBIX 3AKJIIOYEHUE

Hns uccnenoBanus >dekTuBHOCTH pa3paboTaH-
HOW MHOTO(YHKIMOHAIBFHONW ONTHUKO-3JIEKTPOHHOMN
cucTeMBbl ObIIM C(HOPMYIUPOBAHbI CIEAYIOLUINE Tpe-
OoBaHUs K cOOPY TaHHBIX HA €€ OCHOBE:

1. ®opmupyemMble OTHENbHBIE HAOOPHI AAHHBIX,
COOTBETCTBYIOIINE HENPEPHIBHBIM MEPUOJaM JBHIKE-
HUS aBTOMOOWIS, (IIOCIENOBATENFHOCTH) JOJIKHBI
OTpakaThb pa3IUyYHBIE CE30HHBIE MPOLECCHl (TOXKIb,
COJIHEYHAsI TTOT0/Ia, MACMYypHAsl TIOT0/1a U T.I1.), XapaK-
TEpHBIE [yl pETHOHA, B KOTOPOM MpeAIoaraeTcs uc-
MOJIb30BaTh Pa3pad0TaHHYIO CUCTEMY.

2. Ilpu dbopmupoBaHuu HaOOPOB JaHHBIX HEOOXO-
JUMO OTPa)kaTh KIIOUEBBIE CHTYalllH, BO3HUKAIOIIUE
U3-3a Pa3IMYUM OCBEIEHHOCTH OKPY’KAIOIIUX aBTO-
MOOHIIb OOBEKTOB.

XapakTepHble YCJIOBUS COOpa JaHHBIX MPEICTaB-
neHbl B Ta0n. Takxke cieayeT OTMETHTb, YTO MPH MO/I-
TOTOBKE TECTOBBIX HAOOPOB JaHHBIX Ha 0Oa3e pa3pabo-
TaHHOIO MPOTOTHIIA ONTHKO-3JEKTPOHHONW CHCTEMBI
HEOOXOJMMO YUYUTHIBAThH OIBIT CO3/aHUS XOPOIIO U3-
BECTHBIX OTKPBITHIX HAOOPOB J[aHHBIX, TaKUX Kak
KITTI Vision Benchmark Dataset [26], Driving Stereo
[27], 4Seasons [28], a Takxke MPaKTUKY pa3pabOTKH
HAOOpPOB NTAHHBIX MOCPEJCTBOM (POTOPEATUCTHYHBIX
CUMYJISITOPOB TOPOACKO# cperst [29, 30].
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B pabote npencraBieH NpoTOTUI MHOTO(YHKIIHO-
HaJIbHOW ONTHUKO-3JIEKTPOHHON CHUCTEMBI KPYTOBOI'O
0030pa i 0becreyeHns: BU3yaJlbHOTO OpUEHTHPOBA-
HUSl OECHIJIOTHBIX TPAHCIOPTHBIX cpeacTB. OmmcaH
NPUHIMIT JEHCTBUS, MO3BOJSIOMINI 00ecrieunTh -
¢exTrBHOE  (YHKIMOHUPOBAHWE  TPAHCIOPTHOTO
CpeACTBAa C pAa3NIUYHOM CTENEHBI0 aBTOMATU3ALUH
JOBIDKEHHS 32 CYET PalOThl CIEHHUaIbHOTO KOMIIBIO-
TEPHOTO MPOTPaMMHOTO 00ECledeHuns, a TaKkXKe pas-
JIMYHBIX CHCTEM U JaTYMKOB. Pa3paboTana KOHCTPYKLHS
MPOTOTHNIA MHOTO(QYHKIIMOHAIFHOW  ONTHKO-3JIEK-
TPOHHOI CHCTEMBbI KPYroBOro 0630pa, npeaHa3HaueH-
Hasl JJisl pa3MeIleHnsl Ha OaraXHUKe JIETKOBOTO aBTO-
MOOMJISL U TO3BOJISIIOIIASL OCYLIECTBIISATh yIpaBJICHUE
0OecTUIOTHBIM TPAHCIOPTHBIM CPEACTBOM C IMTOMOIIBIO
OTIEpaTHBHOTO aHajJHM3a OKPYXKAromeld OOCTaHOBKH,
(opMHUPOBaHHS U300paXKEHUSI VISl IOCTPOCHUSI KapThl
MECTHOCTH, OTIpE/IeICHHUS MapaMeTpoB Kypca, JOoKa-
JU3alM1 1 HaBUTallUM B PEXXHMME PEAIbHOTO BPEMEHH.
[IpencraBneHo omucaHue OCHOBHOTO aJTOpPUTMHUYE-
CKOro o0ecriedeHust IJIs1 MIOCTPOCHUS KapThl M JIOKa-
JU3aIMM Ha HeM Mo KamepaM B pEaJlbHOM BpPEMEHH.
PazpaboTansl TpeboBaHUS K cOOpPY MaHHBIX IS HC-
cnenpoBanua 3()(HEKTUBHOCTH aJITOPUTMOB JIOKalH3a-
MU W KapTorpadupoBaHWs HA OCHOBE JaHHBIX,
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DEVELOPMENT OF A PROTOTYPE OF A MULTIFUNCTIONAL
OPTICAL-ELECTRONIC ALL-ROUND VIEWING SYSTEM
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This paper presents a prototype of a multifunctional optical-electronic system for all-round viewing to pro-
vide visual orientation for unmanned vehicles. The developed prototype is designed to be placed on the car roof
rack and allows you to control an unmanned vehicle using an online analysis of the environment. Sensor devices
collect information about the environment and transmit it to the control system, in which input data is analyzed
and actions are planned based on this information, as well as map data and localization. Algorithmic software
for building a map and localizing on it using cameras operating in real time allows an unmanned device to navi-
gate in space only using visual information and solve the task of autonomous movement along with orientation

on a given terrain map.

Keywords: optoelectronic systems, all-round view, unmanned vehicle, situational awareness, visual orientation

INTRODUCTION

Unmanned and highly automated cars are vehicles
that allow movement both without human control over
driving and with such control (to a greater or lesser
extent) and the capacity to perform manual driving if
necessary. [1]. The emergence of unmanned vehicles
became possible due to the development of new tech-
nologies and special equipment based on them [2].
The most common concept of an unmanned vehicle
implies the simultaneous operation of hardware and
software components, which can be imaginably di-
vided into 3 functional blocks. Various sensory devic-
es collect information about the surrounding environ-
ment, transfer it to the control system, in which the
analysis of incoming data, the planning of actions
based on this information, map data and localization,
are carried out. Panoramic devices allow you to cap-
ture the environment as close as possible to the capa-
bilities of human vision and provide situational
awareness in an autonomous vehicle [3]. The control
system generates decisions for the control unit, which
manages the vehicle and directs it along a given path.
For the formation of control actions, algorithms are
used that allow an unmanned vehicle to navigate in an
environment.

OPERATING PRINCIPLE
OF MULTIPURPOSE OPTOELECTRONIC
ALL ROUND VIEW SYSTEM

The efficient functioning of a vehicle with varying
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degrees of traffic automation is possible due to the
operation of special computer software, various sys-
tems, and sensors. These are:

— wheel position sensors allowing to determine the
vehicle speed with high accuracy;

—global positioning system (GPS) for determining
the vehicle position;

— lidar providing environmental modeling;

— radar providing detection of objects in the
"blind" zone;

— lane control cameras;

— stereoscopic pairs for high-resolution panoramic
imaging;

— thermal imaging cameras for movement in condi-
tions of limited visibility.

One of the main requirements for a multifunctional
optical-electronic system is the ability to select objects
of interest in the input video stream without the partic-
ipation of the operator, and track these objects. The
processing of information received by the optoelec-
tronic system should be carried out in automatic
mode. Thus, the optoelectronic system acquires the
role of "organs of vision", the key point in its con-
struction being the need to implement a high-quality
algorithm for detecting objects [4, 5].

"Computer vision" is a set of methods and algo-
rithms that allow detecting, tracking, classifying and
identifying objects using computers [6]. "Technical"
or "machine vision", in turn, is a process of integrating
and adapting computer vision to solve scientific and
industrial problems using technical mechanisms, de-
vices, or machines. Thus, the term "computer vision"
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refers to the general name of a set of technologies, and
"technical vision" is the result of the application of
these technologies.

Devices for receiving and forming images are not
equivalent to human eyes. If a person instantly deter-
mines lines, contours, and objects, based on specula-
tive guesses and assumptions, the computer "sees"
only huge numerical matrices. However, unlike hu-
man biological vision, technical vision systems can
use various imaging methods, which significantly ex-
pand their capabilities. Vision systems, unlike hu-
mans, can work tirelessly in a continuous mode. De-
spite the fact that the algorithmic support of vision
systems is still inferior to human vision, the abilities
of such systems to obtain information about observed
objects are already significantly superior to biological
vision [7].

Computer vision can be considered an integral part
of technologies in the field of artificial intelligence. In
turn, pattern recognition is one of the most important
tasks of artificial intelligence, the purpose of which is
to copy and imitate human intellectual activity. At the
same time, computer vision is a special task of logical
inference because, initially, the image contains an ex-
cessive amount of information [8], from which it is
required to select the pertinent part, which is neces-
sary for further processing.

Technically, computer vision systems are software
and hardware systems consisting of a device for ob-
taining and capturing an image, which may include
various components, and a computer with specialized
software. Software is the main component of comput-
er vision, it is entrusted with the main task of
processing digital information [8]. The choice of
a method for processing an image obtained by tech-
nical means is determined based on the nature of the
image: the type of objects on it, and the tasks that
need to be solved when using this image [5].

DESIGN OF MULTIFUNCTIONAL
OPTOELECTRONIC ALL ROUND
VIEW SYSTEM

The developed multifunctional system is designed
to be placed on the car roof rack and allows you to
control an unmanned vehicle using operational analy-
sis of the environment, image formation for building
a map of the area, determining course parameters, lo-
calization and navigation in real time. An example of
the placement of a multi-functional optical-electronic
system on the car roof rack is shown in Fig. 1.

Fig. 1. An example of placing a multifunctional op-
toelectronic system on a car rack
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Structurally, the multifunctional opto-electronic
system is a single structure with a housing that con-
tains four orthogonal stereo modules, an optical
switch, two antennas, a navigation receiver, a lidar,
a power supply, and a synchronization cable. With the
help of a synchronization cable, the operation of all
elements of the device is synchronized. All elements
of the system are powered by the power supply unit.
The optical switch, navigation receiver and lidar are
connected to the on-board computer of the unmanned
vehicle, which provides automatic control.

Specification:

* housing with a degree of protection [P65;

« installation on standard baggage railings;

* weight: 25 kg;

* dimensions: 840x840x150 mm.

The layout of the internal structure of the multi-
functional optical-electronic system with an all-round
view is shown in Fig. 2.

Fig. 2. Internal layout of the multifunctional optical-
electronic all-round viewing system.

Designations on the scheme: T'HCC — Glonass
(global navigation satellite system); MTHC — informa-
tion and navigation system; PCle — Peripheral Com-
ponent Interconnect Express; CAN-bus — an element
of the electronic system of the car

Each orthogonal stereo module consists of four
high-resolution stereo pairs for accurate determination
of distances to objects in various ranges. The appear-
ance of the stereo module is shown in Fig. 3.

Fig. 3. View (a, 0) of an orthogonal stereo module

The design and composition of the developed mul-
tifunctional optical-electronic all-round viewing sys-
tem ensure the following functions:

— full view of the surrounding space at 360°;

— collection of visual information for building a 3D
map of the area in real time;

— collection of visual information on the environ-
ment for the unmanned vehicle control system;

— determination of course parameters, localization,
and navigation of an unmanned vehicle;

— training of real-time vision algorithms;

— ensuring the possibility of automatic non-driver
movement along trajectories formed in real time;

— controlling the movement of an unmanned ve-
hicle by means of vision technologies without the
need for an infrastructure network built into or near
the road.
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ALGORITHMIC SUPPORT
FOR VISUAL INFORMATION PROCESSING

The developed prototype of a multifunctional opti-
cal-electronic system is designed to monitor the envi-
ronment and be used as part of the orientation and
situational awareness unit of an unmanned vehicle.
The system implements algorithms for building a map
and localizing on it using cameras in real time (Visual
Simular Localization and Mapping, vSLAM) [9]. Al-
gorithmic software vSLAM allows an unmanned de-
vice to navigate in space only using visual information
and solves the problem of autonomous movement
along with orientation on a given terrain map.

Modern vSLAM solutions can be divided into di-
rect vVSLAM (solutions) and indirect vSLAM (solu-
tions).

Direct vSLAMs use the brightness of image pixels.
The camera pose is estimated using the minimization
of the photometric error between the corresponding
pixels. In indirect vSLAMs, on the other hand, image
features are extracted first. The features are then de-
scribed and matched to evaluate the pose by minimiz-
ing the reprojection error. The following vSLAM solu-
tions are most widely used today: RTAB-Map [10],
OKVIS [11], DVO-SLAM [12], LSD-SLAM [13], ORB-
SLAM? [14], maplab [15], ProSLAM [16], DSM [17],
Kimera [18], ORB-SLAM3 [19]. The following VO
solutions (solutions for visual odometry) DSO [20],
BASALT [21], SVO [22] and VINS-Fusion [23] also
have rich capabilities for autonomous navigation of
unmanned vehicles.

Modern vSLAM solutions include the following
four main stages:

1) initialization,

2) movement tracking,

3) map construction,

4) loop closure.

The algorithm initialization step determines
a coordinate system for estimating the camera position
and constructing a three-dimensional environment
map. Then the tracking (support) stage begins. At this
stage, vSLAM solutions use visual odometry algo-
rithms. The map is drawn from several images ob-
tained while the camera is moving. The coordinates of
the points comprising the map are described using
a three-dimensional parameterization, for example,
inverted depth. In the next stage, the loop is closed. In
order to reduce the error, optimization of the global
map is usually performed. To do this, it is necessary to
detect a loop, i.e., recognize that the camera has al-
ready been in this place before. Then the accumulated
error (the difference between the current predicted
location and the detected one) is calculated. The com-
puted error is used in global optimization algorithms.

Semantic image segmentation methods are used to
improve existing and develop new vSLAM solutions

[24]. Semantic image segmentation implies the split-
ting of an image into separate groups of pixels (re-
gions) corresponding to objects, along with the defini-
tion of the object type. For semantic image segmenta-
tion in real time, deep neural networks are most often
used, which make it possible to increase the efficiency
of segmentation methods [25].

DATA COLLECTION REQUIREMENTS

To study the effectiveness of the developed multi-
functional optical-electronic system, the following
requirements for data collection were formulated:

1) Formed separate data sets corresponding to con-
tinuous periods of vehicle movement (sequences)
should reflect various seasonal processes (rain, sunny
weather, cloudy weather, etc.) characteristic of the
region in which the developed system is supposed to
be used.

2) When forming data sets, it is necessary to reflect
the key situations that arise due to differences in the
illumination of objects surrounding the car.

Typical data collection conditions are presented in
Tab.

Tab. Set of weather conditions applied for data collec-
tion

It should also be noted that when preparing test da-
ta sets based on the developed prototype of an optical-
electronic system, it is necessary to take into account
the experience of creating well-known open data sets,
such as KITTI Vision Benchmark Dataset [26], Driv-
ing Stereo [27], 4Seasons [28], as well as the practice
of developing data sets using photorealistic simulators
of the urban environment [29, 30].

CONCLUSION

The work presents a prototype of a multifunctional
optical-electronic all-round viewing system to provide
visual orientation for unmanned vehicles. The prin-
ciple of operation is described, which makes it possi-
ble to ensure the efficient functioning of a vehicle
with varying degrees of movement automation due to
the special computer software as well as various sys-
tems and sensors. The prototype of a multifunctional
optical-electronic system of all-round visibility has
been developed, designed to be placed on the roof
rack of a car and allowing control of an unmanned
vehicle using online analysis of the environment, im-
age formation for building a map of the area, deter-
mining the parameters of the course, localization, and
navigation in real time. A description of the main al-
gorithmic support for building a map and localizing it
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with cameras in real time is presented. The require-
ments for data collection to study the effectiveness of
localization and mapping algorithms based on data
obtained from the prototype of the developed optical-
electronic system have been developed.
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