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(57) M zobperenue orHOCHTCS K 0Omacth 00pabOTKM LMOPOBBIX [AHHBIX, B YaCTHOCTH, UL LEJEH

OIIpE/IEJICHHsI MECTOIOJIOKEHUS TI0JIb30BaTENsl B CHCTEMaxX BU3YaJIbHOTO MO3MIMOHMPOBAHUS (QHII.
Visual Positioning System). TexHIuecknii pe3yisTaT COBIANAET C PEIICHHEM TEXHUYIECKOW MPOOIeMBI
W HampaBJjeH Ha IOBBIIICHUE TOYHOCTH M CKOPOCTH OMNPENENICHHUS MECTOIOJNIOKEHHS IT0JIb30BaTEls.
3asBIICHHBIA PE3yJIbTaT JOCTUTaeTCsi 3a CYET KOMITBIOTEPHO-PEaIM3yeMOro Crocoda orpeneieHus
MECTOIOJIOKEHUSI TI0JIb30BATENsl HA OCHOBAaHUM OIPEIEIeHHs MO3UIMU KaMephbl YCTPOWCTBA, KOTOpas
KOPPEKTHUPYETCSI B 3aBUCUMOCTH OT 0OBEKTOB OKPYIKAIOIIETro IPOCTPAHCTBA, ISl KOTOPBIX c(hopMUpOBaHa
TPpEXMEpHast MOACJIb, MO3BOJAIOIIAA YTOUYHUTHL KOOPAWHATHI IMOJOXKCHUSA C MOMOINBIO COIMOCTABJICHUA
0COOBIX TOYEK.
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MIIK: GO6T 7/70; GO6T 7/80

CIIOCOBb U CUCTEMA ONPEJAEJEHHUA MECTOIIOJIOKEHHUA ITOJIB30BATEJIA

OBJACTDb TEXHUKHU

[0001] Hacrosimmee TexHu4yeckoe pemeHue B OOMEM OTHOCHUTCS K oOmactu oOpaboTku
U(pPOBBIX JaHHBIX, & B YaCTHOCTH, crmocodaM U cHCTeMaM JJisi IeNield  OmpeneeHHs
MECTOIIOJIOKEHHS TOJIb30BATENIs] B CUCTEMaxX BH3YaJbHOTO MO3WIIMOHMpOBaHMs (aHri. Visual

Positioning System).

YPOBEHb TEXHUKHU

[0002] PazpaboTku B obnactu ornpeneneHus MECTONOOXKEHHS TIOJIb30BATENSA C TTOMOIIBIO
MOOMJIbHBIX BBIUHUCIIUTEIbHBIX YCTPOMCTB BCETTIA SBISUTUCH IPUOPUTETHON 00JIaCThIO pa3padoToK
C YYETOM CTPEMHUTENIbHOIO Pa3BUTHs CEKTOpA MOTpeOUTENbCKoi 1udposoii texankn. Hanbonee
94acTO HCIIOJIb3YEMBIMH TIOAXOJAMH  SIBJITIOTCSI TPOTPaMMHBIE TNPWIOXKEHUs (Harpumep,
Aunpexc. Kaptei, Google Maps, Navitel u T.11.), npeanararomue pa3ndHble HH(PPOBbIE KaPThI IS
MO3UIMOHUPOBAHMUSI MTOJIb30BATENIS ¢ MOMOIILI0 TIojy4deHus: ero koopaunat THCC (I'mobanpHast
HABUTALMOHHAs CITy THUKOBAsI CUCTEMa), HarpumMep, ¢ nmomotubto npuemankoB GPS/TJIOHACC,

MacCOBO BCTPAMBAEMBIX B MOOUJIBHBIE yCTPONUCTBA.

[0003] JlaHHBIE MOAXOMBI OONANAIOT CYIIECTBEHHBIM HENOCTATKOM B YaCTH OTCYTCTBHS
BO3MOYKHOCTH aHAJIM3a U ONPEAEJICHUS MECTOMOJIOKEHHUSI MOJb30BATENS B YCIOBUSIX PEAbHBIX
OOBEKTOB OKpPYKAIOIIEr0 MPOCTPAHCTBA, C TIOMOINBIO HMX 3aXBaTa KaMepol MOOMIBHOTO

YCTPOMCTBA.

[0004] Jnsa pelieHuss AaHHOW MpoOJeMbl MOTYT HCIIONB30BATHCS W3BECTHBIE M3 YPOBHS
TEXHUKH CHUCTEMBl BH3yaJIbHOTO MO3UIMOHHPOBAHUS, KOTOpPbIE IO3BOJIIOT 00padaThIBaTh
N300pakeHNs OKPY>KAIOLIEr0 MPOCTPAHCTBA C MOMOIIBIO KaMepbl MOOUJIBHOTO YCTPONHCTBA IS
LENEeH ONMPENENIEHUs MECTOMNOJIOKEHHUS MOAb30BATENA ¢ YUYETOM €ro NMO3ULHUU U HaIpPaBJICHUs

o03opa.

[0005] JlaHHBIE MOAXOABI MOCTPOEHBI HA NMPUHLUIE OMNPEAENICHUs JIOKATU3ALUN KaMephl
MOOHMJIBHOTO YCTPOMCTBA, B YaCTHOCTH, CYIIECTBYIOT CTPYKTYPHBIE METOABI (CM., Hampumep,
Active Search: Torsten Sattler, Bastian Leibe, Leif Kobbelt, Improving Image-Based Localization
by Active Correspondence Search, ECCV 2012, 2012, pp 752-765.) u meroabl riyOOKOro
obyuenusi (PoseNet: A. Kendall, M. Grimes, R. Cipolla, Posenet: A convolutional network for
real-time 6-dof camera relocalization, In Proceedings of the IEEE international conference on

computer vision, 2015, pp. 2938-2946).



[0006] CTpykTypHBIE METOABI MO3BOJIAIOT JOCTUYL AOCTATOYHO BBICOKMH MOKa3aTelb
TOYHOCTH, HO SIBJISTFOTCS] TPEOOBATENBHBIMU K BBIYUCIUTEIbHBIM MOITHOCTSIM, UTO OOy CJIaBIINBAET
Oonee nnIUTENBHOE BpPEMS ISl BBINIOJHEHHS TPeOyeMbIX BBIMHCIEHHH. Metoasl TiyOoKoro
00y4eHHsI HAIPOTHB, MO3BOJISIFOT BBIMOJIHUTE TPEOyEeMble BBIUHUCIEHUS] TOCTATOYHO OBICTPO, HO
IIPU 5TOM KaueCTBO NMO3ULIMOHUPOBAHUS JTAHHBIX METOAOB HE NO3BOJIAET MOJYUUTh TOCTaTOUHbIN

NMOoKa3aTejib TOUHOCTH MO3UITUOHUPOBAHHA KaMEPhI MOOUJILHOIO YCTpOfICTBa.

[0007] 3amaua aOCOMIOTHOW JIOKAJNHM3AalMd KaMepbl B M3BECTHOM OKPYKEHUHU SIBIISIETCS
KJIFOUEBOM 3a7a4eil B MPOEKTAX JOMOJIHEHHON PEaIbHOCTH, & TAK)KE BCIIOMOTaTeNIbHON 3a7a4eil B
cucTeMax HaBHranuu MOOWIBHBIX poboToB (SLAM-3anaue). OcHOBHbIE TPeOOBAHMS K JAHHOMY

MOJIXOMY CJIEMYIOIIHE:
e CcTaOWJIBHO BBICOKAsI TOYHOCTb,

¢ MUHUMAaJNbHbIE TPeOOBaHMS K BBIYUCIUTENBHBIM pPECypcaM M CHCTEMaM XpaHEHHs
uHpopMauuy (BO3MOXKHOCTb pEIIaTh 3Ty 3a/1a4y HEMOCPEACTBEHHO Ha MOOMIIBHBIX

yCTPONCTBAX),
®  BBICOKAasI CKOPOCTb PELICHHUS 3a0a4H.

[0008] Jlns obecrieyeHrst yka3aHHBIX TPeOOBAHUMN MpeIaraeTcsi CO3aHue HOBOTO MOIXOMa,
00€CTeYNBAOIIEro JIOKAIN3ALUI0 KaMepbl MOOMJIBHOIO YCTPOHCTBA B YCIIOBHUSIX H3BECTHOTO
OKpPYKEHHsI JJisl OMpEeAeNIeHUss TOYHOTO W OBICTPOTO MECTOIOJIOKEHUS TOJIh30BATENsT Ha

OCHOBAHHMH MH(OPMALINH, MTOJy4aeMOl ¢ KaMepbl MOOUIIBHOTO YCTPOMCTBA.

CYIIHOCTDb U30BPETEHUA

[0009] Hacrosimmee TexHHUYECKOE peELIEHHWE HANpPaBI€HO HA pPEIICHHEe TEeXHUYECKON
npoOnemMbl, 3aKIIOYaAIOIieicss B OBICTPOM M TOYHOM OINpPENEeNICeHHH MECTOMOJIOKEHHS
MIOJIb30BATENS B YCIOBUSAX M3BECTHOTO OKPYIKEHHS C MTOMOIIBI0 HH(OPMALINH, 3aXBaTHIBAEMOH C

KaMephl ero MOOUJIBHOTO yCTPOICTBA.

[0010] TexHUUecKui pe3yJbTaT COBNANAET C pPEIIEHHEeM TEXHUYECKOW MpoOIeMbl |

HaIlpaBJICH Ha MOBBIIHICHUEC TOYHOCTHU U CKOPOCTU OMPECACICHUSA MECTOIOJIOXKECHUS ITOJIb30BATECIIA.

[0011] 3asBIIEHHBIA PE3yJIbTAT JOCTHUTA€TCA 3a CUET OCYIIECTBJICHUS KOMITBIOTEPHO-
peanmsyeMoro crocoda ONpeneNeHnss MECTOIMOJIOXKEHHUs TOJIb30BATENSA, BBITOIHIEMOIO C

MOMOIIBIO MPOLECCOPA U COACPIKALIETO STAallbl, HA KOTOPbIX:

a) TMOJIy4arOT TMOJb30BATEIbCKUI 3ampoc Ha OMpeHeNieHHe ero MECTOMOJIOKEHHS,
coZepIKaluil 10 MEHbIIEH Mepe OTHO H300paskeHHe, OJYYEHHOE ¢ KaMepbl MOOMIIBHOTO
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YCTPOWCTBA TOJNB30BATENS, MPUUEM H300paKeHHE COAEPIKUT IO MEHbIIEH Mepe 4HacThb
OITHOTO U3 OOBEKTOB OKPYIKAIOIIErO MPOCTPAHCTBA,

b) ompenenstoT riaodaNbHBIN TECKPUTITOP I YIOMSIHY TOTO H300paskeHUs, COAePKAIIEeTOCs
B [10JI30BATEILCKOM 3aIPOCE;

C) Ha OCHOBAHMH MOJYYEHHOTO INIOOANBHOTO JECKPUIITOPA OTPENEISIOT

00NIacCTh HAXOXIEHUS TIOJIb30BATENl C MMOMOIIBI HAXOKACHUS TPEXMEPHOM
MOJIENIN OKPY’KEHUs, XpaHsencss B 0ase MaHHBIX MPEIBAPUTENBHO C(HOPMHUPOBAHHBIX
TPEXMEPHBIX MOAENE OKpYKEHHs, IPUYEM Kaxk[as TpeXMepHasl MOJeNb COAEPKUT IO
MeHbIIeH Mepe Habop M300paKeHWH OKPYKEHHs C Pa3jMYHBIX PAaKypcoOB, MPH 3TOM
KaX10€ HM300pakeHHe MMeeT OCOoOble TOUKH, IJsI KOTOPBIX PAaCCUUTAHBl JABYMEpPHBIC
JIOKaJIbHbIE TECKPUIITOPBL;

MO MEHBIIEH Mepe OAHO CXOXkKee HU300paKeHHe B OMPEIENICHHON TpexMepHOU
MOJIENIN OKPY’KEHUs, MPHUYEM OIPENesIeHHe CXOXKEro H300paKeHUS BBIMOJHAETCS C
MOMOIIBIO ATOPUTMA NIOUCKA OMIKANIINX cocenet;

d) BBUMCISIFOT OCOOBIE TOYKM M PACCUUTHIBAIOT MJIsI HUX JIByMEPHbBIE JIOKAJIbHbIE
JIECKPUNTOPHI Ha N300pa’kEHUH MOJIb30BATEIBCKOTO 3aIPOCca;

€) OCYLIECTBJSIFOT CPaBHEHHUE JIOKAIbHBIX IECKPUNTOPOB, IMOJYYEHHBIX Ha stame d), ¢
JIOKaJbHBIMU JIECKPUIITOPAMH IO MEHBIIEH Mepe OIHOro H300pa’keHHs] TPEXMEPHOM
MOJIENTN OKPY>KEHHsI, BBISIBJIEHHOTO Ha 3TaIle C);

f) omnpenensrOT MOAMHOXKECTBO OCOOBIX TOUEK IO MTOTY BBITIOJHEHUS] CPABHEHUS HA 3Tare
€), Uil KOTOPBIX HMMEETCsS PENpOEKLUs TPEXMEPHBIX TOYEK HAa TPEXMEPHOW MOJeNu
OKpYKEHMUS,

g) ONpEeneNsIoT TPEXMEPHble KOOPAMHATHI M TOBOPOT KaMepbl MOOWJIBHOTO YCTpPOMCTBa
OTHOCHUTENIbHO CHCTEMbl KOOpPAMHAT TPEXMEPHONW MOAENN OKPY>KEHHsI Ha OCHOBaHUU
BBISIBJICHHBIX PETPOEKLNH JIsl TOAMHOKECTBA OCOOBIX TOYEK Ha 3Tare f).

[0012] B onmHOM U3 4aCTHBIX BapPHAHTOB OCYIIECTBJICHHUS] CIOCOOA TBYMEpHbBIE JIOKAJIbHbIE
IECKPUNTOPB  OMpenensercs ¢  TOMOIIbI  alrOpUTMa  MaclITaOHO-MHBAPHAHTHOU
Tpanchopmanu npusHakos (SIFT).

[0013] B npyrom bacTHOM BapHwaHTe OCYIIECTBJICHUS CIOCco0a sl KaKAOW OCOOOM TOYKHU
BBIUUCIISIOTCS TPEXMEPHbIE KOOPIUHATEL

[0014] B npyrom 4acTHOM BapuaHTE OCYIIECTBJICHHUS CIOCO0a I KaXKAOro U300pakeHws,
(OpMHUPYIOIIEro TPEXMEPHYIO MOAETbh OKPYXKEHHs, ONpEeAessieTCsl MO MEHbIIeH Mepe OAHH
rJ100aIbHBIN AECKPUIITOP.

[0015] B npyrom dacTHOM BapHaHTEe OCYIIECTBJIECHHUs criocoda riodaibHbIE JECKPUITOPHI

OTIPEAEIISIOTCS ¢ TIOMOIIBIO TIO MEHBIIEH Mepe OHON UCKyCcCTBeHHOMU HeliporHol cetu (MHC).
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[0016] B npyrom 4acTHOM BapuaHTE OCYIIECTBJIEHHUS CIOCO0a Ha OCHOBAHMHU TJIOOATBHBIX
IEeCKPUNTOPOB (POPMHUPYETCS IOUCKOBBIN HHIEKC.

[0017] B npyrom dacTHOM BapWaHTe OCYIIECTBICHHS CIOCO0a TOMCKOBBI HHIEKC
coxpansiercs B 6aze TaHHBIX B OMHAPHOM (popMaTe Kak 3JEMEHT TPEXMEPHON MOIETH OKPY KEHHUSI.
[0018] B npyrom yacTHOM BapuaHTE OCYLIECTBIIEHHs CHOCO0a MOJIb30BATENBCKUI 3arpoc
JOTIONIHUTENIbHO COJEPKUT JaHHble, IOJy4yaeMble OT MHEPLHUAIbHOTO W3MEPUTEIHHOIO
yCTPONCTBA MOOHMIIBHOTO YCTPOMCTBA MOJIB30BATEINS.

[0019] B npyrom yacTHOM BapuaHTE OCYINECTBJICHHUsS CrIoco0a ISl TPEXMEPHOH MOonenu
OTIPENENISFOTCS. TOUKH COOTBETCTBUSL HA JABYMEPHBIX M300PAKEHUSAX C TPEXMEPHBIMH TOYKAMHU
MOJEIH.

[0020] B gpyrom uacTHOM BapWaHTe OCYLIECTBIEHHMS Croco0a Ha OCHOBAaHWUHU
COOTBETCTBYIOIUX TOYEK BBIAENSETCS HA0Op TOYEK Ha TPEXMEPHOW MOIENU AJISi OLEHKH
MIOJIOXKEHHST KaMepbl MOOUJIBHOTO YCTPOMCTBA.

[0021] B npyrom dYacTHOM BapuaHTe OCYLIECTBIEHHs CrHoco0a  JOMOJHHUTEIBHO
ucnonb3yroTes koopauHatel ' HCC MmobunpHOTO yeTpoiicTa.

[0022] B npyrom yacTHOM BapHMaHTe OCYLIECTBIIEHHs Criocoba Kakaasi TpEXMEpHask MOZETb
JIOTIOJHUTENBHO conepkuT koopauHaTel [ HCC.

[0023] 3asBJeHHOE H300peTEeHHEe TaKKe OCYLISCTBIISETCS C TIOMOINBIO CHCTEMbI IS
OTIpENeNIEHUs] MECTOTOJIOKEHUST TOJb30BATENs], KOTOpas COAEPKUT CepBep M MOOMIIbHOE
YCTPOHCTBO MOJb30BaTeNs, B KOTOPOH

MOOUJIBLHOE YCTpOfICTBO ITOJIb30BATEJIA BBIITOJHECHO ¢ BOZMOXKHOCTBIO

— TOJNy4YeHHs 10 MEHbIIEeH Mepe OIHOro HM300paKEeHUs C Kamepbl MOOWIIBHOTO
yCTPONCTBA, MpUYeM H300pa’keHHe COAEPIKUT 10 MEHbIIEH Mepe YacTb OIHOTO U3
O00BEKTOB OKPYIKAIOIIEr0 MPOCTPAHCTBA,

— ($OpMHUPOBaHMS TOJNB30BATENILCKOTO 3aMpPOCa Ha OINpENesIeHHEe MECTOIMOJIOKEHHS,

COoZepIKalero yIOMSIHYTOe MO MEeHbIIEH Mepe OIHO N300pakeHue;
cepBep BBIMOJIHEH C BO3MOKHOCTBIO

— ompeneneHus IOOATBHOrO AECKPUNTOPA Ui YIOMSHYTOTO HU300paKeHHs,
COZEepKaLLerocs B MOJIb30BATEIBCKOM 3aIPOCe;

— Ha OCHOBaHUH IOJy4YEHHOTO TJI00aIbHOTO AECKPUITOPA ONPENeIeHUs
TPEXMEPHOH MOJENH OKPYKEHHMsI, XpaHsueics B 0a3e NaHHBIX MPEIBAPUTENBHO
c(pOPMHUPOBAHHBIX TPEXMEPHBIX MOJENEH OKPYKEHHs, MPHYeM Kakaash MOZIENb

comep:kuT HabOp M300paKEHWH OKPY)KEHHUS] C PAa3JIMYHBIX PAKYypPCOB, MPH 3TOM



Kaxkaoe u300pakeHHne uMeeT OcoOble TOYKH, ISl KOTOPBIX PacCUUTAHBI
JBYMEpHbIE JIOKaJIbHbIE IeCKPUIITOPDL;
10 MEHbIIEH Mepe OHO CXOXKee N300pakeHne B HAWACHHON TPEXMEPHOH MOIENH
OKPY’KEHUsI, TPUYEM OIpeneeHne H300paKeHUH BBINOIHIETCS C IMOMOIIBIO
aNTOPUTMA TIOUCKA ONIDKARIINX COCeneit;
— OMNpeneNeHuss Ha OCHOBAHMM IOJYYEHHOrO IIOOAJTBHOTO  JAECKPHUITOPA
n300paKeHMsI MOJIb30BATENLCKOTO 3aI1poca
— OCYLUECTBJIEHMs] CpaBHEHUs JIOKAJbHBIX JECKPUIITOPOB C  JIOKAJbHBIMU
JIECKPUNTOPAMHU IO MEHBLIEH Mepe OJHOro M300paKeHHs TPEXMEPHOH MOAEIH
OKpYKEHMUS,
— BBIUUCIICHHUS OCOOBIX TOUEK U BYMEPHBIX JIOKAJIBHBIX AECKPUIITOPOB IJI1 HUX Ha
n300paKEHIH MOJB30BATEIBCKOTO 3aMPOCa;
— OMpeneNeHus MOIMHOMKECTBA OCOOBIX TOYEK IO UTOTY BBINIOJHEHHOTO CPaBHEHUS
JIOKAJIbHBIX IECKPUIITOPOB, AJIsl KOTOPBIX UMEETCs PENPOEKLUs TPEXMEPHBIX TOUEK
Ha TPEXMEPHOI MOJENN OKPY KEeHHUS,
— OMNpeneNeHus] TPEeXMEPHBIX KOOPAMHAT U TMOBOPOTA KaMepbl MOOHMIIBHOTO
yCTPONCTBA OTHOCUTEJIBHO CUCTEMbI KOOPJIUHAT TPEXMEPHOI MOJIENIH OKPY KEeHUs
HA OCHOBAHUH BBISIBJICHHBIX PEIPOCKLIUHN JJISI IIOAMHOKECTBA OCOOBIX TOUYEK.
[0024] B ogHOM W3 4YaCTHBIX BapHAHTOB peaTU3ALUN CHCTEMbl MOOWJIBHOE YCTPOWCTBO
NIOJIb30BATENSI BBIOUPAETCSI U3 TPYIIIBL CMAapPTQOH, TUIAHIIET, MOPTATHBHAS UIPOBAs MPHCTABKA,
HOYTOYK, YCTPOHUCTBO JAOMOJHEHHOH PeabHOCTH.
[0025] B omHOM W3 YacTHBIX BapHAHTOB pEANTM3AIMH CHCTEMbl OOMEH NaHHBIMH MEXKIY
MOOWJIbHBIM ~ YCTPOHCTBOM TMOJB30BATEIs] W CEPBEPOM  OCYLIECTBISIETCS TOCPEACTBOM
uHpOpPMALMOHHON ceTn UHTepHeT.
[0026] B ogHOM W3 4YaCTHBIX BapHAHTOB peaTU3ALUN CHCTEMbl MOOWJIBHOE YCTPOWCTBO
noJip3oBaressi npu (GopMHpPOBaHWU 3arpoca AonoigHuTenbHO yunTbiBaeT I HCC koopnuHatsl
YCTPOMCTBA.
[0027] B 0onHOM U3 4aCTHBIX BAPUAHTOB peATM3ALUN CUCTEMBI TOMCK MOJIEJIEH TPEXMEPHOIO
npoctpancTBa ocymectsisiercs ¢ yderom IHCC koopauHaT MOOMIIBHOTO yCTPOWCTBA

ITIOJIB30BATEIA.

KPATKOE OITHCAHUE YEPTEXEN

[0028] @ur. 1 munocTpupyeT OJI0K-CXEMY BBITIOIHEHUS 3asiBJIEHHOTO CIIoco0a.

[0029] @ur. 2A ummoctpupyet npumep 3D Moaenu oKpy»KeHHs B OTKPbITOM NPOCTPAHCTBE.



[0030] @ur. 2b nnmroctpupyet npumep 3D Moaenn OkpykeHHUs1 BHyTPU TOMELIEHUS.

[0031] dur. 3A WUOCTPUPYET NPUHIHUI OOMEHa NAaHHBIMH MEKIY IOJb30BATENIEM H
CEPBEPOM.
[0032] @ur. 3b wurOCTPUPYET NPUMEP CPABHEHUSI OCOOBIX TOUEK MEXAY M300paskeHUSIMH

MOJIEIM OKPY>KEHHUS U KaJApOM C KaMephl yCTPONCTBA MOJIb30BaTeNs.

[0033] @ur. 4 wimocTpupyeT oOmUN BUA BBIUUCIUTEIBHOTO YCTPOUCTBA ISl peasTU3aLii

3asIBJIEHHOT'O U300pETEHUsL.

OCYHIECTBJIEHUE N30BPETEHUA

[0034] Kak mnpencrasmeno Ha @ur. 1 3asgBneHHbli cmocod (100) omnpeneneHus
MECTOIIOJIOKEHUSI MTOJIb30BATENST OCYIIECTBIISIETCS C IIOMOLIBIO BBIITOJTHEHUS TIOCIEOBATENbHBIX
sTanoB. B ocHOBY cnocofa monokeHo GopMupoBaHue TpexMepHBIX mMoaenei (3D) okpyskeHus
AN Lelied MX MCIOJIb30BaHMS IIPU MOCNENYIOINeil JIOKaIM3alliy MO3HLMU IOJb30BaTeNel ¢

MIOMOIIBIO aHAJTN3a N300pakeHNH, (PUKCUPYEMBIX ¢ IOMOIIBI0 MOOMIIBHBIX yCTPONCTB.

[0035] Ha ®ur. 2A — ®ur. 2b npencrasneHbl npuMepsl co3gaHHoi 3D Moaenu okpykeHus
(20) mo rpymme m300pakeHUH C pa3nuuHbIX pakypcoB (201) - (203). Iloctpoerne moznenu
OKPY’KEHHUs] COCTOMT M3 CclieAyromux 3TanoB. C TOMOIIBIO NPOrpaMMHOrO OOeCIedeHus,
Oo0eCreYnBaOIEero CO3/JaHUe TPEXMEPHBIX PEKOHCTPYKLHH, HaIpuMep, NpOorpaMMHOE
obecnieuenue, co3manHoe Ha 0Oasze ¢peiimBopkoB ARKit, COLMAP, OpenMVG, pytorch,
TensorFlow u T.m., co3maércsi MOCNEAOBATENbHOCTh M300paKeHUH, HAa KOTOPBIX BUAHBI BCE
3JIEMEHTBI ONHCHIBAEMOT'O OKPY KEHUS C Pa3HBIX PaKypCOB, HAMPUMEp, 3AaHUS, TPYIIIbI 3TaHUH,
YJIMLBI, BHYTPEHHSS IUIAHUPOBKA 37aHUH, OOBEKTBI OKPY)KEHHS, ApPXUTEKTyPHBIE 3JIEMEHTBI,
mebenb, mpenMeTsl HHTephepa U T.11. Takke mporpaMma coxpasseT HHPOPMALIUIO O TOJOKEHUN
KaMepbl sl Kaxaoro usoOpaxenus (31a MHGOpPMALMS HCIONB3YETCA U IMOCIenyromei
BAIMJAIIMM pacyéroB). B kadectBe Takod wuH(popMauuu wucnonsdyercs 6-Dof mosunms
MOJIb30BATENS, B YACTHOCTH, €ro TPEXMEPHOE IOJIOKEHUE W YIJbl IMOBOPOTA B TPEXMEPHOM

MPOCTPaHCTBE (X,Y,Z).

[0036] Crémra mzodpaxenwnii (201) — (203) Benércst Mo onpenenéHHON METOIHMKE: B BUAE
IIOCJIEIOBATENIBHEIX [TOBOPOTOB KaMepbl B TOPH30OHTAIBHON IUIOCKOCTH M MOCIEAYIOLIETO

Nepexona K CleAyroleld ToUKe CbEMKU. DTO MOBBIIAET TOYHOCTh PACUETOB.

[0037] IMonyuyennast 3D monmens (20) mpencrasisier coboii 00ako Todek, Gpopmupyemoe B
XO0le YIIOMSIHYTOH CheMKH. Ha kaaoMm m300pakeHHH BBIIENSIOTCS ocobOble Toukw (2011) —

(2013), na KOTOPBIX OMNpeneNsoTess AByMepHble (2D) nokanpHble NECKPUNITOPBI C MOMOIIBIO
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aNrOpUTMa MacIiTaOHO-UHBapHaHTHOH TpaHchopmanmu mnpusHakoB (SIFT). Takke, moryT

NPUMEHSThCS Takue npuMeps! anroputmos, kak ORB, SURF, LIFT, BRIEF, SuperPoint u np.

[0038] BoruncieHHbIe JOKaJIbHBIE JECKPUIITOPBI COXPAHSIOTCS B 0a3y NaHHBIX B 3aJaHHOM
¢dopmare, nHanpumep, COLMAP (cucrema (opMHupOBaHUS CTPYKTYp H3 ABMKEHHS, AaHIJL
structure-from-motion). C momompeio COLMAP ocyiiecTBisieTcs MOCTpOeHUEe o0Jiaka TOUYeK
TpexmepHoil mozenu (20), Mo KOTOPOMY peaiu3yercss BO3MOMKHOCTB pacueTa pempomyKLIUu
NOJIOXKEeHHs IByMepHBIX Touek (2011) — (2013) B TpexmMepHOH cuCTeMe KOOPAMHAT TPEXMEPHOH
moznenu (20). B kauectBe ocoObix nByMepHbIX Touek (2011) — (2013) MoryT MCHOIB30BAaTHCS
pPa3NIUYHBIE OTIMYUMBIE YACTH OOBEKTOB OKPY)KEHUs, HANpUMep, YacTH 3/JaHUM, 3JEMEHTHI

NOCTPOEK (apKH, BBIBECKH, KOJIOHHBI, CTATYH H T.I1.) H Ap.

[0039] JIns  Kakaoro M300paKeHUs BBIYUCISAIOTCS — [JIOOANbHBIE  JECKPHUITOPBI  C
UCTIOJIB30BAHUEM MO MAIIUHHOrO OOy4YeHHsI, HalpUMep, UCKYCCTBEHHONW HEHpPOHHON ceTtn
NetVLAD, npenoOyuenHoii Ha natacere Pittsburgh 30k. I'moOanbHbIi 1eCKpUNITOP MPENCTABIISAET

cO0O0i1 BEKTOp, OTpaKAIOUINH OCHOBHYIO HH(POPMALIHIO, 3aKONUPOBAHHYIO HA H300pasKEHUH.

[0040] ITo rinoGanpHBIM OECKPUNITOPAM CO3MAETCS OUCKOBBIA MHIEKC ¢ TOMOIIBI OJHOTO
U3 MpHUMeHseMbIX criocoboB, Hampumep, FAISS, Nmslib, Falconn u ap. IlouckoBwiii mHIEKC
MpeacTaBisieT coOOH CTPYKTYPY AaHHBIX, KOTOPAasi COAEPKUT MHPOPMALIHIO 00 N300paskeHUsX 1
UCTIONB3YETCsl B CHUCTEMaxX NOUCKAa MO H300pakeHuio. [IOMCKOBBI WHAEKC COXpaHSeTcs B

OounapaoM Qopmare xak 3nemMeHT 3D monenu okpyxenus (20).

[0041] Janee paccMoTpuM mpotecc BoimosHeHus crocoba (100) ¢ orcputkoii k @ur. 3A - 3b.
Ha srane (101) momp3oBarens (30) ¢ moMompbio MoOmibHOrO ycrpotictea (300) mHMUMUpYET
3ampoc Ha BBIMOJIHEHHE OINPENENIEHUs] €r0 MECTOIMOJIOKEHUS, KOTOPBIN MepenaeTcs: Ha cepBep
(302) mocpenctBoMm cetu nepenauu naHHbIX (305), Hampumep, Muatepuer. [lonb3oBaTenbckuit
3ampoc CONEPXKUT OHO HIJIM HECKOJbKO m300pakeHui (301), 3axBaThIBAEMBIX C ITOMOIIBIO
kamepsbl ycrpotictea (300). M3obpaxenue (301) B obuiem ciaydae COAEPIKUT N0 MEHBLIEH Mepe
94acTh OJHOTO U3 OOBEKTOB OKPYIKAIOIIErOo MPOCTPAHCTBA, HANPHUMEpP, 3AaHUE, 3JIEMEHT
BHYTPEHHEH OTHAEJKH, apxuUTeKTypbl U T.11. M300paskenue (301) Takke MOXKET HOMOJHUTEIBHO
yuntbiBaTh KoopauHatel [ HCC MOOWJIBHOTO yCTpPOWCTBA, TOJNydYaeMble C TOMOIIBIO
COOTBETCTBYIOIEro aHTeHHOro monyus ycrpoiictsa (300) (GPS, TJIOHACC, BeiDou u ap.).
JIOTIOTHUTENBHO TOJB30BATENBCKUN 3aMPOC MOXKET COAEP)KaTh MH(POPMALIMIO, MONTYyYaeMyH C

MHEPLHUABHBIX TaTYUKOB MOOUIIBHOTO yeTpoiicTa (300), HanmpuMep, MOKa3aHUs THPOCKOIA.

[0042] Ha »srtane (102) Ha cepmepe (302) BBINOJHSETCS ONpeAeTeHHUe TII00ATBHOTO

IECKPUNTOpa JUIsI TOJYYEHHOTO MOJb30BaTelbckoro uszobpakenus (301). Omnpenenenue
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riodanpHOrO Aeckpurnropa st uszodpaxkenus (301), KOTOpoe CONEPIKUT TMOJTHOCTHIO HITH
YaCTHYHO OOBEKT (MJTH €r0 YaCTh) OKPYIKEHUS, MOJKET OCYIIECTBIISITHCS ¢ TIOMOIIBIO YIIOMSIHY TOH
paHee HCKyCCTBEHHOH HelipoHHoi cetu NetVlad nnm moboro apyroro criocoba, MpUrOAHOTO IS

BBITIOJTHEHUS TAHHOH (PyHKIIHH.

[0043] Ha stane (103) Ha OCHOBaHMH MOJTy4YE€HHOTO I100aIbHOTO neckpurnropa cepsep (302)
OCYLIECTBIIAET ONpeeieHre MIpearnonaraeMoii oonactu HaxoxkaeHus nojb3osaresst (30). JlanHoe
OIlpeieJIeHne OCYLIECTBJIIETC HA OCHOBAHMM CPAaBHEHHs IIOJNYYEHHOrO IJIOOAJBHOTO
IeCKpunTopa ¢ XpaHsmuMmucs B 0aze manHeix (303) mpenBapuTenbHO CHOPMHUPOBAHHBIX

TPEXMEPHBIX Mozedel okpy:kenus (20).

[0044] Hna kaxmoit momenu (30) cpopMHpoBaH NOMCKOBBIH HHIEKC HA OCHOBAaHUHU
rJI00aTbHBIX TECKPUTITOPOB, BXOASMIIUX B HUX n3obpaxkenwuit (201)-(203) ¢ pa3iuuHbIX paKypcoB

C PACCYMTAHHBIMHU JIOKAJIbHBIMU 2D TeCKpUIITOpaMH B COOTBETCTBYIOIIMX OCOOBIX TouKax (2011)

- (2013).

[0045] Ha stane (104) npu HaXOXAEHUH OJTHOM WJIH HECKOJIbKHIX MOIXOASIUX Moaeneii (20)
OpU UX aHAJIM3€ Ha MPEOMET CXOXKECTU C TJIOO0ATbHBIM JECKPUIITOPOM MOJIb30BATEIbCKOTO
uszobpaxenus: (301), ocymecTBisieTcsi TOUCK OAHOTO WJIM HECKOJNbKUX u3oOpaxkenwmii (201) —
(203), dpopmupyromux ynomsHyTyio 3D Monens okpyskenus (20), mis meneil mocienyromero
BBISIBJICHHSI CXOXHX OOBEKTOB OKPYJKEHHS. AJITOPUTMHUYECKH BBISBISIETCS PSII  CXOXKHUX
u3o0paxkeHnit coorsercTByromeii 3D monenn okpyxkenus (20). Onpenenenne m3o0pakeHUH
BBITIOJTHSIETCS] ¢ TIOMOINBIO onpeaenieHus: Mepbl Onu3octu (L2-Hopma) mpu MOMOIIM METOJa,
OCHOBAHHOTO Ha TIOMCKE H300pa’k€HUH MO ajNropuTMmy ONMKaHIINX cocened, Hampumep, ¢

nomotnbio Merona FAISS (cokp. ot anrn. Facebook Al Research Similarity Search).

[0046] Ha srane (105) ocymiectBisiercss Beraucienue ocoowerx touek (3011) — (3013) s
u3o0paxkenus (301) monb30BaTENBECKOTO 3aMPOCa U BBITIOJIHAETCS pacyeT IJisl YIIOMSIHY ThIX TOYEeK

JIBYMEPHBIX JIOKAJIbHBIX AECKPUIITOPOB C MOMOIIBIO Bbileyka3zaHHoro anroputma SIFT.

[0047] Hanee ocymectpisiercst cpaBHeHHe (3Tan 100) BEIYHCIEHHBIX IBY MEPHBIX JIOKAJIBbHBIX
JIEeCKPUNTOPOB, MOJy4eHHbIXx Ha stamne (105), ¢ neckpunropamu nzobpakenuit (201) — (203)
TpexmepHoi Mozaenu okpyskeHus (20). Kak mokasano Ha ®@ur. 3b, mo utoraM BBITIOJHEHHOTO
CpaBHEHUsI JIOKAJIBHBIX IeCKpUNTOpoB Ha stane (107) onpenensercs MOIMHOKECTBO ABYMEPHBIX
TOYEK HA KaK MHHHMYM OJHOM BbIsSIBIIEHHOM n300paskenuu (201) — (203) Monmean TpexMepHOTo

okpyskeHus (20).

[0048] Ha »tame (107) BbIMONHSAETCS aHAIM3 COOTBETCTBHS NECKPUNTOPOB HM300paskeHUH

(201) nnst momemm okpyxenus (20), xpassieiics B 0a3e manHbpix (303), U m300pakeHHEM
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nonib3oBarenst (301). Ha maHHOM 3Tarne OCyIIecTBISIETCS ONpenesIeHre MOAMHOMXKECTBA 0COOBIX
TOUEK, KOTOpbIe conepkarcs Ha m3o0pakeHuu mosb3oBatens (301) mo urory cpaBHEHUS C
n3zobpaxkenmsimu (201) - (203), mast KOTOPBIX MMEETCSl PENpPOEKIHs] TPEXMEPHBIX TOYEK Ha
TpexMepHoi Monenn okpyskenus: (20).Ilon penpokumei MOHMMAETCs OTOOpPAKEHHE TOYKH B
NPOCTPAHCTBE C PA3JIMYHBIX PAKypPCOB, YTO IO3BOJISIET 0OJie€ TOYHO OINPENEeNIUTh CXOXKHE
u300pakeHusi, CoueprKalue AaHHble Touku (cM, Harpumep, Zhang. Camera Models and Image

Reprojection // ECE661 Computer Vision Homework 6. 2008).

[0049] IMockonpky s uzodpaxkenuii (201) — (203), popmupyromux 3D Monenb OKpysKeHUs
(20), 3apanee paccunranbl 2D-3D coOTBETCTBHS MEXKAY TOYKAMH TpexmMepHoi moaenu (20) u ux
aByMepHbIMH npoekuusiMu (2011) — (2013) Ha onpenenennom uzodpaxkennu (201) — (203), To ¢
MIOMOIIBI0 CPAaBHEHHs IBYMEPHBIX JECKPUIITOPOB CTAHOBUTCS BO3MOXKHBIM OIpeNeIeHNe
TPEXMEPHBIX KOOpAUHAT (pernpoekiuii) st ocoObix Touek (3011) — (3013) Ha monb30BaTENECKOM

uzobpaxxennn (301).

[0050] Ha »rtane (108) ¢ mnomompbto anroputma perspective-n-point (cokp. PNP)
OCYILECTBJIIETCSl OIpENeNieHHe IOJIOKEeHUs1 Kamepol ycrporicta (300). Amroputm PNP
obecrieunBaeT pelieHre 3a7a4u OLEHKH MOJOKEHHs KaJTuOpOBAHHOW KaMepbl Mo Habopy U3 n
TPEXMEPHBIX TOYEK B TPEXMEPHOM IPOCTPAHCTBE U MX COOTBETCTBYHOIUX 2D mpoexuusm Ha
n3o0pakeHnn. B kadecTBe TaKoro ajaropuTMa MOXKET MPHUMEHSThCS HM3BECTHBIM W3 YPOBHS
texuuku anroputm P3P+RANSAC (X.S. Gao, X.-R. Hou, J. Tang, H.-F. Chang, Complete
Solution Classification for the Perspective-Three-Point Problem, IEEE Transactions on Pattern

Analysis and Machine Intelligence, volume 25, issue 8, pp 930-943, 2003).

[0051] C nomomuipto anropurma PNP omnpenensroTcss TpexMepHble KOOPAMHATHI U IaHHBIE O
NOBOPOTE KaMepbl MoOOmIbHOro ycrpoiictBa (300) OTHOCHUTENBHO CHCTEMBI KOOPAMHAT
TpexXMepHOi Monmenu okpyskeHus (20). YkazaHHOe OMpeNeeHHe BBITIONHSIETCS Ha OCHOBAaHUU
BBISIBJICHHBIX PETIPOEKIIHIA IJIsl MOAMHOKecTBa 0cOOBIX Touek (3011) — (3013) monb30BaTeIbCKOTO
uzobpaxenus (301). 3To MO3BOJISET YTOYHUTD MECTOIONIOKEeHHE MOib3oBatesist (30) U Moay4uTh

COOTBETCTBYIOIIME aHHBIE Ha ceprepe (302).

[0052] ITox mosunmed kamepsl mo wroram padotsl cnocoda (100) monumaercs [R, t] -
MOBOPOT M CMeleHHe kamepbl ycrpoiicTBa (300) OTHOCHTENBHO CHCTEMbI KOOPAMHAT OOsaka

TOo4YeK, popMHUpyrOIIEero TpexMepHyo Mozaens (20), rue
[R, t] -- 3TO cCkOMOMHHMPOBaHHASI MATPUIIA, B KOTOPOI

R => {a, B, vy} -- yIJipl MOBOpOTA BUPTYANIbHON KaMepbl OTHOCUTENBHO oceil Ox, Oy,

Oz
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t=>{X,y, z} -- CMEIeHHE MOJOKEHHsI BUPTYyaIbHONU KaMephbl, MPEICKa3bIBAEMOE T10

MOJIb30BATCIIBCKOMY 1/1306pa>1<eH1/H0.

[0053] B xauectBe OAHOrO M3 MPUMEPOB UCIOJIB30BAHUS HACTOSIIETO PELIEHUS SBJISIETCA
pasmemenne AR-KOHTeHTa mTpu HaBeneHHWH Kamepbl ycrporictBa (300) Ha OOBEKTHI
OKPYJKaroIIero Mupa. 3a CUeT TOro, 4TO OCYINECTBIIACTCS NpuBsidka AR-KOHTeHTa B cucTeMe
KOOpIMHAT o0Jlaka TOUeK Ha MOAeNu OKpy:keHus (20), To 3Has MO3ULHI0 KaMephl U €€ MOBOPOT
ycTpoiicta (300) yepes 2D-3D penpoekiuo MOKHO MOJTYYUTh OToOpakeHrne AR-koHTeHTa Ha

MoOmIbHOM ycrporicTse (300).

[0054] JIOTOTHUTENBPHO MOTYT YUHUTBIBATHCS Nosy4deHHble koopanHaTel [ HCC mobunbsHOTO
ycrpoiictBa (300). biaaromapst monydaembim koopaunaram 'HCC, Ha stame (101) nosiBisiercs
BO3MOKHOCTb YTOYHEHHUS PACIIONIOKEHUs] 0OBEKTa B MHPOBOH cucteme koopauHat. Kakmoe
obnako Touek, Gopmupyroree 3/ momens (20), Takke oOjamaeT MPUBS3KOW K IMO3ULIMSM B
MHUPOBOH CHCTEME KOOPAMHAT, TAKHMM 00pa30M CTaHOBSITCS M3BECTHBIMH IPUMEPHBbIC 3HAUECHUS
JOATOTHl M MHPOTHL. Mcmonb3yst anpuopHsle 3HaHUS O pacnonoxkennu Omaromapst [HCC, na
stane (103) ocymectsisiercs: BbIOOp Monenu (20), B KOTOpO#t OyaeT MpOUCXOANTh AabHEH NI
nouck 1o riodanpHbM neckpurntopaM (104). Monens (20) BeIOHpaeTcss HAa OCHOBAHWH TTOMCKA
KpaT4aiIero pacCcTossHuEe OT 3HAYEHWH JOJTOThI U IMHUPOTHI PacroyiokeHus ycrpoiicrsa (300)
MIOJIB30BATENSI M JOTOThI/ IHpOThl camoii Mopend (20). ITocne naxoxnenus kauaunatos (104) u
NOJIyYeHUsI IBYMEPHOTO CONocTaBiieHus: aeckpunropos Ha mare (105), nmosuuusa T'HCC takke
UCTIONB3YETCsl BO BPEMsl ONTHMH3aLMOHHOrO mnpouecca PnP Ha srane (108), B xome koTtopoit
no0aBnseTcsl OrpaHMYEHHE Ha BO3MOXKHYIO TIO3ULMIO B IPOCTPAHCTBE, PAaBHOE PaANyCy
(reckonbko MetpoB) ot nosuuuu I'HCC ycrpoiicta (130). D10 yayymaer cCXOOQUMOCTb METO/A,

a TaKkKe YTOUYHSAET MO3ULMIO, MOJy4dast HAWITYyYIIUN Pe3ysIbTarT.

[0055] SasBiennaslii cocod (100) ompenenenuss mo3wumu monb3oBarenst (30) Moxer
HCIOJIb30BATHCS B KAUECTBE MONPABKU IpH MpuMeHeHnu aaropurma SLAM (ot anri. imultaneous
localization and mapping — OAHOBpEMEHHAas JIOKAJIU3alUsl W IOCTPOECHUE KapTbl) BHYTPHU
nomereHuid. JIaHHBI METOA HCMONB3yeTCsi B MOOWJIBHBIX AaBTOHOMHBIX CPEICTBAaxX JJIsl
MOCTPOEHHsI KapThl B HEM3BECTHOM MPOCTPAHCTBE WM IJisi OOHOBJIEHHs KapThl B 3apaHee
U3BECTHOM IMPOCTPAHCTBE C OJHOBPEMEHHBIM KOHTPOJEM TEKYINEero MECTOIMOJOKEeHUST |

MIPONUJIEHHOIO My TH.

[0056] B obmem Bume mpomecc ucmnosip3oBaHus criocoda (100) BHYyTpHM TOMEINEHHHA C
anroputMoM SLAM BBITTSIIUT creayromuM obpa3oM. POpPMHPYIOTCS CHHUMKH C TOMOLIBIO

ARKit/ARCore u OTIpaBJsIFOTCSl ¢ COOTBETCTBYIOIIMMHU MO3ULMSIMH Ha cepsep (302), coxpaHsis
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MO3UIUK JUIsI TOocHenyromeld koppektupoku. C momormneio mpumenenus crnocoda (100) x
KQXXJIOMYy CHUMKY BBIMOJIHSAETCS TpeAcKasbiBaHue No3umuH. C  y4eTOM MOJNYyYeHHBIX OT
yCTPOWCTBA BHYTPHU NOMEINEHHUS MO3UIHUN OTOPAChIBAIOTCS HEBEPHO MpPEICKa3aHHBIE MO3ULIUH,
OCYIIECTBJIIETCS] BbIOOp JNydIIell MO3WLMU MO KOJMYECTBY HHJAiepoB (aHry, inliner, TOYKH,
yIOBJIETBOPSIIOLINE MOAENIH) Tocie 3Tama PnP m ormpaBnseTrcss Ha YCTpPOHCTBO BHYTPH

NOMEIIeHHUs1, HarpuMep, ycTpoicTso (300) momp3oBarest (30).

[0057] Jlanee BBINIOJHSETCS 3aMeHa TEKyLled MO3MLMU yCTpoiicTBa mojb3osarens (300)
HOBOH, mosyueHHOH OT cepBepa (302) mo3unmeHd, y4HUTHIBas COXPAHEHHYK NO3WLUI U
COOCTBEHHOE CMEIIEHHE 33 BpeMsl OKHIaHUs OTBeTa OT ceprepa (302). DTo MO3BOIAET MOBBICUTD

TOYHOCTD OIpeNeseH s Mo3uLun ycrporicTa (300) moap30BaTeNss BHYTPH TOMEIIEHUH.

[0058] Ha ®ur. 4 npeacrasiieH oOmuii BUI BIUUCIHTENBHOTO ycTpoiicTa (400). Ha Gaze
ycrpotictBa (400) MoxeT OBITh peatn3oBaHO yCcTpoHcTBO mosb3oBatens (300), cepeep (302) u
UHbIE HEMPEICTABICHHbIE YCTPONUCTBA, KOTOPbIE MOI'YT Y4aCTBOBATh B 00LIEi MH(POPMALOHHO

APXUTEKTYPE 3as1BJICHHOIO PELICHUS.

[0059] B obmem cnydae, BerauciutenbHoe ycTpohcTBO (400) comepkuT oObeqUHEHHBIE
oOmiedt muHOM WHPOPMALTMOHHOTO OOMEHa OAWH WJIH HECKOJIbKO Tpoueccopos (401), cpeacrea
namsty, Takue kak O3V (402) u II3V (403), unrepdeiicel BBoma/BbBoaa (404), ycTpoiicTBa

BBOAA/BBIBONA (405), M1 yCTPOHCTBO AJIst CETEBOro B3anMoaeHcTBHs (406).

[0060] ITpoueccop (401) (U HECKONBKO MPOIECCOPOB, MHOTOSIIEPHBIN MPOLIECCOP) MOTYT
BBIOMPATHCS U3 ACCOPTUMEHTA YCTPOHCTB, MIUPOKO MPUMEHSIEMBIX B TEKYIIee BpeMsi, HAIIpuMep,
komranuii Intel™, AMDT™, Apple™, Samsung Exynos™, MediaTEK™, Qualcomm

Snapdragon™ u T.11.

[0061] O3Y (402) npencraeyisier coOOH OMEPAaTUBHYIO NaMSITh W TpPEeIHA3HAYEHO JUIs
XPaHEHHsI UCTIOTHIEMBIX mpoueccopoM (401) MaTMHOYUTAEMBIX UHCTPYKUUHN ISl BBIMOJIHEHUE
HEOOXOAMMBIX Omepanuii mo Jjorudeckor obpadotke nmanubix. O3V (402), kak mNpaBuIIo,
COIEPIKUT HCIIOJIHAEMbIE WHCTPYKLHM OMNEPALMOHHOW CHCTEMBI U  COOTBETCTBYIOLIHX

NPOTPAMMHBIX KOMITOHEHT (TIPHJIOKEHHSI, POTPAMMHBIE MOIYJIH U T.II.).

[0062] I13VY (403) mpencrasnsier codoit ogHO MK OoJiee YCTPOMCTB MOCTOSTHHOTO XPAHEHUS
IaHHBIX, Hanpumep, skectkuil auck (HDD), TBepnorenbHbIil HakonmuTenb AaHHbIX (SSD), G-
namsate (EEPROM, NAND wu T.1.), onrnueckue Hocutenu uHpopmanuu (CD-R/RW, DVD-
R/RW, BlueRay Disc, MD) u np.
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[0063] Jnsa opranuzanuu padboThl KOMIIOHEHTOB ycTpoiicTa (400) u opranusauuu padboTsl
BHEIIIHUX MOJKJIIOYaeMbIX YCTPONCTB MPUMEHSIIOTCS pa3inyHble BUAbl HHTEp(eticoB B/B (404).
Beibop  coorBercTByrOmux — MHTEpP(EHCOB  3aBUCHUT OT  KOHKPETHOTO  HMCIIOJIHEHHS
BBIUHCJIUTENILHOTO YCTPONCTBA, KOTOPBIE MOTYT MPENCTaBIATh COOOH, He orpannumBasich. PCI,
AGP, PS/2, IrDa, FireWire, LPT, COM, SATA, IDE, Lightning, USB (2.0, 3.0, 3.1, micro, mini,
type C), TRS/Audio jack (2.5, 3.5, 6.35), HDMI, DVI, VGA, Display Port, RJ45, RS232 u T.1i1.

[0064] Jlns obecrieueHus1 B3aMMOACHCTBYSI TIOJIb30BATENS ¢ BBIYUCIUTENbHBIM YCTPOHCTBOM
(400) mpumensiroTcst pasnuuHble cpeactsa (405) B/B unpopmanuu, Hampumep, KiaBHATypa,
aucIie (MOHUTOP), CEHCOPHBIN AHCIUIeH, Ta4y-1aj, JJKOMCTUK, MAHUMYJISITOP MBIIIb, CBETOBOE
nepo, CTHIIYC, CEHCOpHAsl MaHeNb, TPEKOOJ, NTUHAMHMKH, MHUKPO(OH, CPEeNCcCTBa IOMOJHEHHOH
peanbHOCTH, ONTHYECKHE CEHCOpBI, IJIAHLIET, CBETOBbIE WHAMKATOPBI, MPOEKTOpP, Kamepa,
cpeacTtsa OMOMETPUYECKOH uAeHTHPHUKAIMKU (CKaHep CETYaTKH TIJla3a, CKaHep OTIEYaTKOB

najbueB, MOOYJIb PACIIO3HABAHUA FOJ'IOC&) U T.II.

[0065] CpencrBo cereBoro B3aumopeiicTBus (406) obecrednBaer mepenady MaHHBIX
ycrpoiictBoM (400) mocpencTBOM BHYTPEHHEH WM BHEIIHEH BBIYUCIUTEIBHON CETH, HApUMep,
Hnurpaner, Uutepuer, JIBC u T.n. B kayecrBe omHoro unu Oonee cpencts (406) moxker
UCTIOJIb30BAThCs, HO He orpanHuumBatbes: Ethernet xapra, GSM monem, GPRS mopem, LTE
moneM, SG mozem, Monysib ciyTHUKOBOM cBsisu, NFC monynb, Bluetooth w/unu BLE monyib,

Wi-Fi monynb u np.

[0066] JIONOJMHUTENBHO MOTYT NPUMEHSTBCS TAKXKE CPEACTBA CIYTHUKOBOM HABUIALIUU B

cocrage ycrpoiictea (400), nanpumep, GPS, TTIOHACC, BeiDou, Galileo.

[0067] IIpencraBneHHbie MaTepHabI TEXHUYECKOr0 perueHus PacCKpBIBAXOT
MPEANOYTUTENbHBIC TPUMEPHI PEATU3aLMU U HE JOJKHBI TPAKTOBATBHCSA KAK OrPaHUYUBAIOLINE
VHbIC, YaCTHbIC TMPUMEPbl €ro BOIUIOLICHUS, HE BBIXOAAIIHUE 3a MpPEeAesbl HCIPaIINBACMON
MPABOBOM OXpaHbl, KOTOPBIE SBJISIIOTCS OYEBHAHBIMHU JUIsl CHELUATHUCTOB COOTBETCTBYIOLIEH

00JIaCTH TEXHUKHU.
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b)

d)

g)

DPOPMYJIA

KomnbroTepHo-peann3yemplii  crocod OnpeneneHus MECTOIOJIOKEHHsS TOJIb30BaTENs,
BBITIOJIHAEMBIH C TOMOIIBIO MPOLIECCOPa U COMEPIKALIUI 3TaIbl, HA KOTOPbIX:

MOJIyYarOT TIOJIb30BATEIbCKUI 3alpoC HA OIpeleNeHHe €ro MeCTOMNOJOKEHUs,
coZepIKaluil 10 MEHbIIEH Mepe OTHO H300paskeHHe, OJYYEHHOE ¢ KaMepbl MOOMIIBHOTO
YCTPOWCTBA TOJNB30BATENS, MPUUEM H300paKeHHE COAEPIKUT IO MEHbIIEH Mepe 4HacThb
OITHOTO U3 OOBEKTOB OKPYIKAIOIIErO MPOCTPAHCTBA,

OTIPENEJSAIOT III00ANTBHBIN JECKPUTITOP ISl yIIOMSHYTOTO H300pakeHHUs1, COAEPIKAILEerocs
B [10JI30BATEILCKOM 3aIPOCE;

HAa OCHOBAHUH IOJIyYE€HHOTO III00aTbHOTO IECKPHUIITOPA OMPEAEIISIOT

00NIacCTh HAXOXIEHUS TIOJIb30BATENl C MMOMOIIBI HAXOKACHUS TPEXMEPHOM
MOJIENIN OKPY’KEHUs, XpaHsencss B 0ase MaHHBIX MPEIBAPUTENBHO C(HOPMHUPOBAHHBIX
TPEXMEPHBIX MOJENEH OKPY)KEHHUS, PUYeM KaKaas TPEXMEpHas MOIENb COAEPIKUT IO
MeHbIIeH Mepe Habop M300paKeHWH OKPYKEHHs C Pa3jMYHBIX PAaKypcoOB, MPH 3TOM
KaX10€ HM300pakeHHe MMeeT OCOoOble TOUKH, IJsI KOTOPBIX PAaCCUUTAHBl JABYMEpPHBIC
JIOKaJIbHBIE IECKPUTITOPHI,

N0 MeHbLIEH Mepe OJHO CXOkee H300pa’keHHe B OINpPENeNIEHHOW TPEeXMEpHOM
MOJIENIN OKPY’KEHUs, MPHUYEM OIPENesIeHHe CXOXKEro H300paKeHUS BBIMOJHAETCS C
MOMOIIBIO AJITOPUTMA TIOUCKA OIKANIIINX COCeNeit;

BBIUHCIISIIOT OCOOBIE TOYKM W PACCUMUTHIBAIOT JUISI HHUX JBYMEPHBbIE JIOKAJbHBIC
JIECKPUNTOPHI Ha N300pa’kEHUH MOJIb30BATEIBCKOTO 3aIPOCca;

OCYIIECTBJISIIOT CPaBHEHHE JIOKAJIBHBIX AECKPUITOPOB, MONY4YEHHBIX Ha 3tame d), ¢
JIOKaJbHBIMU JIECKPUIITOPAMH IO MEHBIIEH Mepe OIHOro H300pa’keHHs] TPEXMEPHOM
MOJIENTN OKPY>KEHHsI, BBISIBJIEHHOTO Ha 3TaIle C);

OTIPENENSIIOT MOAMHOKECTBO OCOOBIX TOYEK IO UTOTY BBIMIOJHEHUS CPABHEHHS HA HTare
€), Uil KOTOPBIX HMMEETCsS PENpOEKLUs TPEXMEPHBIX TOYEK HAa TPEXMEPHOW MOJeNu
OKPY KEHUS,

OTIPENENIAIOT TPEXMEPHbIE KOOPAWHATBI U MOBOPOT KaMepbl MOOHMIIBHOTO YCTPOHCTBA
OTHOCHUTEJIbHO CHCTEMBl KOOPIWHAT TPEXMEPHOH MOJIENN OKPY)KEHHs Ha OCHOBAHHUH
BBISIBJICHHBIX PETPOEKLNH JIsl TOAMHOKECTBA OCOOBIX TOYEK Ha 3Tare f).

Criocob® 1o m.2, XapakTepu3yOIIUNACS TeM, YTO JBYMEPHbBIE JIOKAJIbHBIC IECKPUITOPHI
OTIpeneNsAeTCs] C TMOMOIUBI0 aJropuTMa MaciuTaOHO-WHBAPUAHTHOH TpaHc(opManuu
npusHakoB (SIFT).

Crioco0 1o 1.1, XxapakTepu3yIOMUHCs TEM, YTO JUTS KaXKI0H 0cOO0H TOYKU BBIYHCIISIOTCS

TpeXMepHBbIE KOOPAUHATBL
13



10.

11.

12.

13.

Crmoco0 mo 1.3, XapakTepusyIOUIUICS TeM, 4YTO I KaXAOro HU300paskeHus,
(bopMHUPYIOIIEro TPEXMEPHYIO MOZIENb OKPYKEHHUS, OTIPEEIISETCsI IO MEHbINEH Mepe OJ1H
rJ100aIbHBIN AECKPUIITOP.

Crioco0 1o 1.4, XapakTepU3yOMUNACS TeM, YTO II100aTbHbIE JECKPUIITOPHI ONPEAEIISTFOTCS
C TIOMOIIBIO TI0 MEHBINEH Mepe OTHOHN HCKYCcCTBeHHOH Heliponnoi cetu (MHC).

Crnioco0 o 1.4, XapaKTepu3yOIIHICS TeM, YTO HA OCHOBAHUH TJI00ATBHBIX JECKPUIITOPOB
(bopMHUpyeTCcss TOUCKOBBINA HHIEKC.

Crioco6 no 1.6, XapakTepu3yOIMNACS TeM, YTO TIOMCKOBBIH MHIEKC COXpaHseTcs B Oase
JaHHBIX B OMHApHOM (popMaTe Kak 3JIEMEHT TPEXMEPHOU MOJIENN OKPY KEHHSI.

Crmoco® mo ml, xXapakTepu3yIOLIMICA TEM, 4YTO IIOJIb30BATEIbCKUI  3ampoc

)
JOTIOJTHUTEJIbHO CONEPIKUT AAaHHBIC, MOJy4YaeMble OT WHEPLHAIBHOTO H3MEPUTEIBbHOTO
YCTPOHCTBA MOOMJIBHOTO YCTPOUCTBA TIOJIb30BATES.

Crnioco0 mo m.4, XapakTepu3yIIMACS TeM, YTO ISl TPEXMEPHON MOIENH ONPeNesIsIFOTCS
TOYKH COOTBETCTBHS HAa IBYMEPHBIX N300PAKEHUSIX C TPEXMEPHBIMH TOUYKAMH MOJEITH.
Crniocob mo .9, xapakTepu3yIOMUICS TeM, YTO Ha OCHOBAHUH COOTBETCTBYIOIINX TOYEK
BbIIENIsIeTCsl HAOOp TOYEK HAa TPEXMEPHOW MOMAENU JJisi OIEHKH TOJOKEHUS KaMepbl
MOOUJIBHOTO yCTPOMCTBA.

Crnoco6 mo m.l, XapakTepu3ymOIIHMICS TeM, YTO JOMOJHHUTEIHbHO HCHOIB3YKOTCS
koopanHatel THCC MOOMIBHOTO yCTPOCTRA.

Crnoco6 mo m.ll, XapakTepu3ymOIIHMICS TeM, 4YTO KaxAas TpexXMepHas MOJeb
JIOTIOJHUTENBHO conepkuT koopauHaTel [ HCC.

Cucrema 1Is1 ompeneneHusT MECTOMOJIOKEHHS IMOJIb30BATENs, COAEpIKallas CepBep M

MOOHJIBHOE YCTPOHCTBO MOJIB30BATENSI, B KOTOPO
MOOHJIBHOE YCTPOHCTBO MOJIB30BATENSI BBIITOIHEHO C BO3MOKHOCTBIO

— TOJNy4YeHHs 10 MEHbIIEeH Mepe OIHOro HM300paKEeHUs C Kamepbl MOOWIIBHOTO
yCTPONCTBA, MpUYeM H300pa’keHHe COAEPIKUT 10 MEHbIIEH Mepe YacTb OIHOTO U3
O00BEKTOB OKPYIKAIOIIEr0 MPOCTPAHCTBA,

— ($OpMHUPOBaHMS TOJNB30BATENILCKOTO 3aMpPOCa Ha OINpENesIeHHEe MECTOIMOJIOKEHHS,

COoZepIKalero yIOMSIHYTOe MO MEeHbIIEH Mepe OIHO N300pakeHue;
cepBep BBIMOJIHEH C BO3MOKHOCTBIO

— ompepeieHus TI00aJTBHOrO JECKPUNTOPAa JUIA YIOMSIHYTOTO H300paKeHUs,
COZIep2KaLIerocs B MOJIb30BATEIbCKOM 3aIPOCE;

— Ha OCHOBAHHHU MOJIYHYCHHOI'O r100aJIbHOrO ACCKPUIITOPA ONIPECACIICHUSA

14



14.

15.

16.

17.

TPEXMEPHOH MOJENH OKPYKEHHMsI, XpaHsueics B 0a3e NaHHBIX MPEIBAPUTENBHO
c(pOPMHUPOBAHHBIX TPEXMEPHBIX MOJENEH OKPYKEHHs, MPHYeM Kakaash MOZIENb
comep:kuT HabOp M300paKEHWH OKPY)KEHHUS] C PAa3JIMYHBIX PAKYypPCOB, MPH 3TOM
Kaxkaoe u300pakeHHne uMeeT OcoOble TOYKH, ISl KOTOPBIX PacCUUTAHBI
JBYMEpHbIE JIOKaJIbHbIE IeCKPUIITOPDL;
10 MEHbIIEH Mepe OHO CXOXKee N300pakeHne B HAWACHHON TPEXMEPHOH MOIENH
OKPY’KEHUsI, TPUYEM OIpeneeHne H300paKeHUH BBINOIHIETCS C IMOMOIIBIO
aJrOpUTMa TIOUCKA ONIKANIIINX COCEel;
— OMNpeneNeHuss Ha OCHOBAHMM IOJYYEHHOrO IIOOAJTBHOTO  JAECKPHUITOPA
n300paKeHMsI MOJIb30BATENLCKOTO 3aI1poca
— OCYLUECTBJIEHMs] CpaBHEHUs JIOKAJbHBIX JECKPUIITOPOB C  JIOKAJbHBIMU
JIECKPUNTOPAMHU IO MEHBLIEH Mepe OJHOro M300paKeHHs TPEXMEPHOH MOAEIH
OKpYKEHMUS,
— BBIUUCIICHHUS OCOOBIX TOUEK U BYMEPHBIX JIOKAJIBHBIX AECKPUIITOPOB IJI1 HUX Ha
n300paKEHIH MOJB30BATEIBCKOTO 3aMPOCa;
— OMpeneNeHus MOIMHOMKECTBA OCOOBIX TOYEK IO UTOTY BBINIOJHEHHOTO CPaBHEHUS
JIOKAJIbHBIX IECKPUIITOPOB, AJIsl KOTOPBIX UMEETCs PENPOEKLUs TPEXMEPHBIX TOUEK
Ha TPEXMEPHOI MOJENN OKPY KEeHHUS,
— OMNpeneNeHus] TPEeXMEPHBIX KOOPAMHAT U TMOBOPOTA KaMepbl MOOHMIIBHOTO
yCTPONCTBA OTHOCUTEJIBHO CUCTEMbI KOOPJIUHAT TPEXMEPHOI MOJIENIH OKPY KEeHUs
HA OCHOBAHUH BBISIBJICHHBIX PEIPOCKLIUHN JJISI IIOAMHOKECTBA OCOOBIX TOUYEK.
Cucrema 1o 1.13, xapakTepu3yromascs TeM, 4TO MOOMIIbHOE YCTPOWCTBO MOJIB30BATEIS
BbIOMPAETCSI U3 TPYMITBL: CMapT(OH, IUIAHIIET, TIOPTATUBHAS UTPOBAsi IPUCTABKA, HOYTOYK,
YCTPONCTBO JOMOJHEHHON PEeaJIbHOCTH.
Cucrema o m.13, XapakTepHu3yoImascs TeM, 4To OOMEH NaHHBIMH MEXKIy MOOUIbHBIM
YCTPOHCTBOM  TMOJB30BaTeIsl U CEPBEPOM  OCYILECTBJISAETCS  IMOCPEACTBOM

uHpOpPMALMOHHON ceTn UHTepHeT.

Cucrema 1o .13, xapakTepu3yomascs TeM, 9T0O MOOUJIbHOE YCTPOHCTBO MOJIb30BATENI
npu QopmupoBaHun 3ampoca gomosHuTenbHO yuuthiBaeT [HCC  koopmuHaTel

YCTPOMCTBA.

Cucrema mno m.16, xapakrepu3yromiascsi TeM, UYTO TOUCK MOJEJeH TPEeXMEepHOro
npocTpancTBa ocymecTsisiercss ¢ yaetoM [HCC koopanHaT MOOWIIBHOTO YCTPOWMCTBA

ITIOJIB30BATEIA.
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[NoayyeHne MOMB30BATEIBECKOTO 3aMpoca OT
MOOHJIBHOTO YCTPOHCTBA C H300pAKCHUCM
YACTH 00BCKTA OKPYIKAFOIICTO MPOCTPAHCTBA

OmnpeneeHue rI00anbHOTO JSCKPHIITOPA
H300pa’KCHHA U3 MOTB30BATCIBCKOTO
3ampoca

OmnpeneeHne IPAMEPHOTO
MECTOIOJIOKEHHA TTOJb30BATE/A C HOMOIIBIO
3D MoaenaH OKpPYKEHHSA

OmnpeneeHne CX0XKETO H300PAKCHIL,
(opmupyromero 3D MoaeTs OKpyIKCHUA

A

Brraucienne 0coOBIX TOUEK U IBYMEPHBIX
JOKAJTBHBIX JCCKPHIITOPOB HA N300PASKCHUH
NOJIB30BATEILCKOIO 3aIIpoca

A4

CpaBHCHHC TBYMCPHBIX JIOKATBHBIX
JICCKPHUIITOPOB H300PAKCHHUS U3
MOJIB30BATEIBCKOTO 3aIpoca ¢
Jeckpunropamu 3D moaenu

OmnpeaencHne N300PAKCHAS,
(opmupyromero 3D MoaeTs OKpY KCHHUA HA
OCHOBAHHH CPABHCHUSI JCCKPHIITOPOB

OmnpeneeHne TPEXMEPHBIX KOOPIHHAT
MOOHIBHOTO YCTPOICTBA HOTB30BATCIIT U
€T0 MCCTOIIOJIOSKCHHS HA OCHOBAHHI
AHAI32 MOTIOKCHAS KAMCPBI
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