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BBenenue

KommbioTepHoe 3peHue — 3TO Teopusd U TEXHOJIOTHUsI CO3JaHUs UHCTPY-
MEHTa, CIIOCOOHOTO OOHAPYKUBATH, KJAACCU(PUIINPOBATH, PACIIO3HABATH HEKO-
TOpbIE OOBEKTHI, TO €CTh IOJydaTh WHGOpManuio u3 uzobparxkenus. Oc-
HOBHbBIE 33JIa9U KOMITHIOTEPHOI'O 3PEHUsI — 9TO TaKue 3aJa49u, KaK pPacIio-
3HaBaHUE OOBEKTOB, JETEKIUs JIBUKEHUSA, BOCCTAHOBJIEHUE CIIEHBI, TO €CTh
roctpoerue 3D Mojesin, BOCCTaHOBJIEHNE U300PakeHusi, TO €CTh yIaJeHUe
Iy Ma.

Tak>ke MeTOJIbI KOMIIBIOTEPHOTO 3PEHUs BCE Hallle UCIOJIb3YIOTC JIJIst
pa3pabOTKM aBTOHOMHBIX MAIITUH, JIeTATeIbHBIX allllapaToB U JIPOHOB, KOTO-
pbIe JTOJI?KHBI TIePEMEIAThCA CAMOCTOSTEILHO, 0€3 BMENIaTeIbCTBA, YeJIOBe-
Ka. B ¢Bsi3M ¢ 3TUM cpeiu IPOYNX TEXHOJIOTHIT Pa3padaThIBAIOTCS aJIIOPUT-
MBI OJHOBPEMEHHOI JIoKasm3aiuu u kaprorpadun (Simultaneous Localization
and Mapping — SLAM), koropbie yKe JIaBHO JIOKA3aJd CBOIO (DdeKTus-
HOCTB JIJISI TOYETIHOHN OIEHKN TPAEKTOPUHM BO BPEMsi T€OMETPHUIECKOIO II0-
CTPOEHUSA HEU3BECTHOU CPEJIbl.

DTHU aJropuTMbl IPEKPACHO PAbOTAOT JIjIsi XOPOIIO TEKCTYPUPOBAHHbBIX
KaJIpOB U UX IOCJIe/IoBaTeIbHOCTEN. B TO BpeMmst Kak cj1abo TeKCTYypupOBaH-
HbIE CIIEHBI — CJ1a00€ MECTO B T€OMETPUIECKHUX AJTOPUTMAX KOMIIbIOTEPHOTO
3peHUsI, KOTOPbIE OIUPAIOTCA Ha COOTBETCTBUE TOYEK HA HECKOJBKIX KaIpax
JIJIsT OIpeJIeIeHnsT B3AUMHOT'O II0JIOYKEHMsI HEeCKOIbKnX kKamep. Ciaabo Tex-
CTYPUPOBAHHBIE CIIEHBI — 3TO TaKHe CIIEHbI, KAK I'OPOJICKHE U UHTEPhEPHBIE
KaJIpbl, HA KOTOPBIX MPeodjagaloT Juaun. TakuM oOpa3oMm, Ha TPAKTHUKE
JaCTO BCTPEYAIOTCS CUTYaIUU, KOT/IA M3BECTHBI OOIe JIMHUH, & He TOYKH.

B ciienctBum 3TOrO, CymecTByeT HEOOXOMMOCTH B Pa3padOTKe aJro-
puUTMa, JIJIsi PelleHnus 3aJadud Olpeae/ieHus B3aUMHOIO ITOJIOXKEHUS KaMep
0 JIMHUSAM, & He 0 TOYKaM, KaK 3TO ObLIO CIAEJaHO B aJTOPUTMax OJIHO-

BPEMEHHON JIOKAJIM3aIlNu U KapTorpaduu.



1. IlocTanoBKa 3aja4n

Koneunoii 1esibio padoThl sABJISETCS peau3aliis aJropuTMa olpeesie-
HUA B3aMMHOI'O II0JIOZKEHUA TPEX KaMep IIPU Pa3HOM IIOBOPOTE U CMEIICHUN
10 HECKOJIbKUM JIMHUAM Ha KaJApax.

AJropuT™ HOJI2KEH IO COOTBETCTBYIOIIMM JIMHUSIM Ha KaIpax TPex Ka-
Mep BO3BpAalllaTh MaTPUIIbI HOBOPOTA U CMENIEeHUA OTHOCUTEIbHO IIEHTPAaJIb-
HOW KaMephl.

B pamkax manHO# AUTIIOMHO# pabOThI MOCTABJIEHBI CJIEIYIONIAE 33, 1a9N:

e pa3pabOTaTh AJTOPUTM HAXOXKJICHUS B3AUMHOTO MOJIOXKEHUS KaMep 0

JINHUSIM;

® peaJn30BaTh AJITOPUTM JijId PA3HBIX MMapaMeTpU3alluii MaTPUIlbl HO-

BOPOTA;

® IIPOTECTHUPOBATDHL Ha CJIy‘I&fIHbIX JaHHBbIX 1 CPDABHUTH PE3YJIbTAaThbl Pa3-

HBIX MMapaMeTpu3aluii MaTPUIbl IIOBOPOTA;

® IIPOTECTUPOBATH HA PEAJbHBIX JIAHHBIX;



2. O630p

2.1. CyiecTByIoIue pelieHusd

Ha maHHbBIIT MOMEHT CYIIECTBYET peIleHne s 3aJa9u ONpeae/IeHus OT-
HOCHUTEJILHOI'O TOJIOXKEeHUsT KaMep 1o ToukaMm. OaHako Ha MPaKTUKE OHO He
Bcerja paboTaeT m3-3a CyIEeCTBOBAaHUSA CJIAD0 TEKCTypPUPOBaHHBIX ciieH. C
TOYKHM 3PEeHUS KOMIIBIOTEPHOT'O 3PEHUsI CJ1ab0 TEKCTYPUPOBAHHbBIE CIIEHbBI OT-
JIMIAIOTCSA OT CUJIbHO TEKCTYPUPOBAHHBIX T€M, UTO HA HUX IIPOIIE JIeTEKTH-
pOBaTh JIMHUM, a HE JPyrre 00beKThl. JTO, HAIIPUMED, TOPOJACKUE TTeH3aXK1
U UHTEPbEPHBIE CIIEHBI.

DTOT ciydvail, KaK OKa3bIBaeTCd, TPeOyeT OTHAEJILHOTO IOAX0Ja K pe-
menuto. JImanm Heab3st obpabaThiBaTh Kak HAOOP TOYEK, IIOTOMY YTO HA
PA3JIMIHBIX CHUMKAX MOIYT ObITh PA3JIMYHBbIE YaCTH OAHOU JIMHUU U yCTa-
HOBUTH TOYHOE COOTBETCTBHUE MEXKJy TOYKAMU OKA3bIBAETCS HEBO3MOXKHO.

Samada onpegesieHrsl B3aMMHOIO IIOJIOYKEHHMSI KaMep 10 JIMHUSM ObLIa
peajin30BaHHA B HECKOJbKUX paborax. Bo mepsbix, B pabore [4], ogHako B
Hell ucnonblyercd 10 u Gojiee TUHWMIA, IPU TOM AJTOPUTM He BCer/ia pado-
TaeT CTaOMIBHO U OYE€Hb YyBCTBUTEJIEH K HAJMYIMIO IIIyMa.

Takke 3TOT MeTo/1, pelreHus: IPOodIAEMbl OTHOCUTEILHOTO JIBUKEHUS HC-
HIOJIb3YETCs B paboTe [2], r1e ncronb3yercs 3 JINHUY, JBE U3 KOTOPBIX MapaJi-
JIEJIbHBI MEXKJIy C COOOil M MepHeH UuKYJISPHBI TPeTbeil, 9YTO HaKJIaIbIBaeT

COOTBETCTBYIOIIIME OI'PAaHUYICHUA Ha K&)KI[LIfI KaJp B IIOCJIEJOBATEJIbBHOCTH.

2.2. NUnes perrteHus:

UNnea pemenunsa 3a/1a9m HaXO0XKIeHUS B3aUMHOTO TOJIOYKEHUS KaMep 3a-
KJIIOYAeTCd B TOM, UYTO COCTABJISIETCS CUCTEMa JUHEHHBIX aJredpamdecKux
YPaBHEHU, B KOTOPOI MaTPHUIIbI IIOBOPOTA U CMEIIEHUE KaMep — HEU3BeCT-
HbI€, & KOOPUHATHI TPOEKINil TOUeK (B HAIIEM CJIy4ae — JIMHUH) SBIISIOTCS
M3BECTHBIMU HapaMeTPaMMu.

B srom ciygae mpobiema CBOIUTCA K COCTABJIEHUIO YPAaBHEHWH U K pe-

IIeHIO0 CUCTEMDI.



2.3. MeTon penieHud CUCTEM ajiredpamydyecKnx ypaBHe-

HUUN

Cucremy anrebpandecKux ypaBHEHHUI OT HECKOJIBKUX IIEPEMEHHBIX MOXK-
HO perraTh ¢ moMoInbio 6asuca ['pébuepa [7]. Basuc I'pébrepa — 310 MHOKe-
CTBO, KOTOPOE MOPOKIAET UIeas 3aJaHHOI0 KOJIbIla, MHOIOUJIEHOB, 00J1a,1a-
Iollee CrenuaJbHbIMU cBoicTBaMu. (OCHOBHOE CBOHCTBO 9TOT'O MHOYXKECTBA
3aKJII0YAETCA B TOM, YTO OCTATOK OT JIeJIEHUS JITIOOOTO MHOTOYJIEHA U3 JIaH-
HOI'O WJleaJia Ha MHOIOJIYeHbI Oasuca |'pébHepa B JIIOOOM IOPSIKE PaBEH
0. A 3HAYIUT MOXKHO PA3JIOKUTh HAIIM MHOTOYJIEHBI IO 3TOMY OAa3MCy, ITO
ITO3BOJISIET PEIUTH CHCTEMY.

B 6ubmmoreke Automatic-Generator pemiena sra npobsema [1]. lannas
OubJIMOTEKa TTO3BOJIAET IOJAydaTh (PYHKIIUIO Solver, KoTopas 3aBUCHUT OT IIa-
pPaMeTpPOB CUCTEMBI, OJTaroaaps YeMy MOXKHO PEITUTH CUCTEMY B OOIIIEM BUIE

" II0JIYy49aTb OTBETHI JJId KOHKPETHBIX 3HAYEHUN IIapaMeTpPOB.

2.4. HaxoxxgeHue u cornocrTaBJIeHue JIMHUI

Bubsmmoreka OpenCV [8] mpesmocrasiisier BO3MOXKHOCTh PACIO3HATH U
COTIOCTABUTH JJUHUU HA IBYX Kaapax. C momorpio gerekropa BinaryDetector
HAXOJATCSA JIMHUKM Ha KayKJIOM KaJpe, Jajee JJis HUX COCTABJISIIOTCS Jie-
CKPHUIITOPBI, MOCJE Yero MPOUCXOIUT COMOCTABIEHUE ITUX JECKPHUITOPOB

JJIsl HAXOXKIeHUsI COOTBETCTBYIOIINX JIMHUINA.



3. OcobenHoCTHN peajm3anuun

3.1. Moaean

it Toro, 9TOOBI COCTABUTH CHCTEMY ypaBHEHWiIl, HEOOXOIUMO CHaJa-
Jla OIHUcaTh MOJEh. ByJaeM paccMarpuBaTh TpU Kamepbl (MM OJHY Ka-
MEPY B TpeX MO3WIMAX B pa3Hble MOMEHTHI Bpemenn). [locTpoum cucremy
OTHOCUTEJBHO BTOPOU KaMmepbl U OyJ/IeM CYUTATH COOTBETCTBEHHO ITOBOPOT
U CMeIeHre JIByX KaMep OTHOCUTEJIbHO IEeHTPaJabHO#. [71, R3 — MaTpuIls
moBopoTa loit m 3beit Kamep COOTBETCTBEHHO. t1, {3 — BEKTOpa CMEIEeHU,
AHAJIOTUYIHO.

Takum obpazom: Ry — equHUIHAST MATPUIIA, to — HYJIEBON BEKTOP U

Ry = ereal * R2_1 ;

real’

b = tlreal - t27‘eal
R3 = R3cq * R2_1 ;

real’

t3 - t3real — t2real

R1
t1 T 23

Puc. 1: Tpu kamMepsbl, MIOBOPOT MEXK,Ty JIEBOH U IeHTPAJILHOM — [11, cMeleHune
— 11, MEKy IEeHTPaJIbHOI u mpaBoit — R u ty.



3.2. IIpoenmmpoBaHue U CUCTEMAa ypPaBHEHUM

g TectupoBaHud Ha CIYYANHBIX JAHHBIX HEOOXOIMMO MOJYyYUTH TOY-
KW, CIIPOCIIUPOBAHHbIE HA TPU KaMepbl. s 3Toro HeoOXOMMO TIOJIYIUTh
KOOP/IMHATHI TOYEK OTHOCUTEJILHO IEHTPa KaMepbl, a 3aTeM NO3UIUAI0 Ha
KaMepe.

point = R x real point +t
point = focus *x point[1 : 2] /point[3] + noise

rie focus — 310 okycHoe paccrosinme Kamepsl, point|3] — koopaunara z,
point[1:2] — koopauHaTer X U y. Takke MOXKHO JOOABUTDH ITyM, ITOOBI Te-
CTUPOBATH YCTONINBOCTH CUCTEMBI.

[lonyuus TOYKM Ha Kamepe, MOXKEM IIOJIyUYUThb ypPaBHEHUS HPAMBIX IIO

JIBYM KOHIIAM [1, lo, [3 1 3aT€M COCTABUTH YPaBHEHWUSI.
(R7P % 1) x (Rt + ) %1y =0

Takum obpazoM, ypaBHEHUS 3aBUCAT OT KOOPJAWHAT MPAMBIX, a HEW3-

BECTHBIMU ABJIAIOTCHA IIapaMeTPbl MaTpPHIl IIOBOPOTa.

3.3. IlapameTrpuszaiiumu MaTpuilbl IOBOPOTAa

MaTpuribl ToBOpOTa JIJIsl PA3HBIX CJYYaeB MOXKHO ITapaMeTPU30BaTh pa3-

JIMYHBIMU criocobamu. B manHOiT paboTe OBbLIO MCIOJIB30BAHO TPHU IIOIXOIA.

e [lapamerpusamusa MaTpuUIlbl TOBOPOTAa KBATEPHUOHAMU:

a?+ b2 — % —d? 2bc — 2ad 2bd + 2ac
R = 2bc + 2ad a? -+ —d? 2cd — 2ab
2bd — 2ac 2cd + 2ab a? — b — A+ d?

B sTtom ciryvae s11s KaXK10i MaTpuIibl moBopoTa 4 Hem3BecTHBIX. [Ipn

9TOM CyMMa HUX KBaJApPaTOB OOJIZKHA PaBHATBHCA €IMHUIIC.



e [lapamerpusarusa MaTpuIlbl IOBOPOTa HA HEOOJIBIIION yTOJI:

B sTom ciryvae fjia KaxkKa0i MaTPHIIBI TTOBOPOTa, 3 HEM3BECTHBIE.

e [TapamMerpuzanms MaTpHIlBI TTOBOPOTA ITPU U3BECTHOM BEPTHUKAJIHHOM

HaIlpaBJIEHUU:
c 0 s

R,=10 10

—s 0 ¢

B stoMm caydae 1 KaXKJ10i MaTPHITGI TOBOPOTA BCETO 2 HEU3BECTHBIE,
cyMMa KOTOpPbIX paBHsieTcss 1. IIpu sTom obImasi maTpuia moBopoTa

HAXOJIMTCH KaK MPOU3BEJIEHNE MATPUIL IIOBOPOTA BOKPYT KarKJIOH OCH:

R=R,xR,«xR,=R, xR, xRy

Takum obpazom, HAMOOJbINIEE KOJUYECTBO PEIIEHUN TOJYYaeTCA JIJIs
[IEPBOr0 BapWAHTa MapaMeTPU3AIMU. JTOT CIydail Hambojee TsIzKeJI0Bec-
HBII, TO3TOMY OyJeM paccMaTpuBaTh Ciydail, korga [y = R3. B ocrajbHbIX

BapHaHTaX MaTpPHUIbI IIOBOPOTa pa3/IMYHBI.

Komn. nen3s. | Makc. crenensb | Kos. pernrenmit
abcd 4 4 92
known 4 2 6
small 6 2 20

Tabaura 1: 3aBUCUMOCTH KOJUYECTBA PEIIeHUIl OT KOJMYeCTBa HEM3BECT-
HBIX U MAKCUMaJIbHON CTEleHN ypaBHEHU IPU TPEX PA3HBIX [apaMeTpu3a-
usAx: KBarepauonamu (abed), pu U3BECTHOM BEPTUKAJIBHOM HAIPABJIEHUN
(known) u ipu HEHGOIBITIOM TTOBOPOTE (small).

10



3.4. TecTupoBaHnue

g TectupoBaHUSA HEOOXOIMMO CPAaBHUBATH PE3YJIbTAT U MCKATH OIITHO-
Ky. Mbl BbruncjisieM omubOKy MOBOPOTa aHaJOru4Ho paboram [6] u [5], a
MMEHHO: 6epeM CTOJIOIBI TTOJIyYeHHOU MATPHUITHI U PEeAIbHOU, CKAJSIPHO WX
MIEPEMHOXKAEM, TTOCKOJIbKY MaTPHIIbI HOPMUPOBAHbBI, TO TOJyYaeM, UTO pe-
3yJIbTAT ITOTO YMHOXKEHUS — 9TO KOCUHYC YTJIa MeK Ty BeKTopamu. U omub-

KOIf OyJIleM CUMTaTh MAaKCUMAJIbHBIN 110 MOJYJIIO yIOJI B I'paIycax.

11



4. TeCTI/IpOBaHI/Ie Ha CMHTEeTNYECKUUX AdAAaHHDbIX

4.1. Monean

Bynem paccMaTpuBaTh JJUHUN PACIIOIOXKEHHBIE B KyOe 4x4x4 ¢ IIeHTPOM
B HyJle, a UMEHHO TOYKHW HadvaJa W KOHIA JuHUM. /s Toro, 9To0bhI MMEThH
BO3MOXKHOCTH J0OABUTH HEOOBIION IITyM K KOHIIAM JIMHUM, TOYKA JTOJIZKHBI
OBITH MAKCUMAJIHLHO JAJIEKO JIPYT OT JAPYyTa, JJId 3TOTO OyAeM IeHEPUPOBATH
TOYKH HaYaJIa M KOHIIA B PA3HBIX YaCTAX KyOa: KOOpP/IMHATHI HAYaJIa — OT -2
10 -1, a Koop/imHATHI KOHIa — OT 1 710 2.

Kamepsr pazmecTrm Tak, 9TO X KOOPAWHATHI IO MOJTYJIIO MKy 4 1 6.
To ecTh HAXOIATCA HA MPOMEKYTKE MUPUHONU 2 €JIMHUITBI, OTCTOAIIEM OT
KyOa ¢ ImHuAIMU Ha 2 eTuHUIIBI. KaMepbl HarpaB/IeHbl B HAYaJI0 KOOPIMHAT.

BekTop cmerenusa mosydaeTcda U3 TPETheil CTPOKU MaTPHIIBI TOBOPOTA,
TaK KaK KamMepa CMOTPUT B IMEHTP KOOP/IMHAT.

Takke oTHETBPHO cUCTEMa MTPOTECTUPOBAHA HA JMHUAX IOJIYyIYEHHBIX HA
OJTHOI TTOCKOCTHU. /LTt 9TOTO CHaYasa TeHeEpUPYEeTCcs TJI0OCKOCTD, TTPOXO/Is-

magd Jepes3 Ky0, a 3aTeM TOYKHU Ha HEi.

Puc. 2: Buytpu 6osbioro Kyba pacrosiaraercss KyO OMeHbIIIe, B KOTOPOM
pacIoiaraloTCd JUHUU. 1PeyroJbHUKaMHU YKa3aHbl KaMepbl, KOTOPbIE Ha-
IIPABJIEHBI B IIEHTP KyOa 1 HAXOAATCS Ha HEOOJIbIIIOM PACCTOSHUNA OT CTEHOK
BHEIITHEr O KyOa.

12



4.2. IlapameTrpusanuss KBaTepHUOHAMMH

B caydae mapamerpusaliuu KBaTePHHOHAMU KaMepPbl MOI'YT PacIioJia-
raThCs B JJIOOOM MecTe APYT OT JPYTa.

[Ipu TecTupoBanun B KyGe MaTpUIla IOBOPOTA TOYHO HAXOomuTcsd B 55%
cayuaen, norpersocTb 107° Takxke B 55% n 1073 B 70%. OgHako Meron B
9TOM CJIydae padoTaeT HeJOTyCTUMO MeJJIEHHO.

IIpu TecTupoBaHMU Ha IJIOCKOCTU MATPHIIA IIOBOPOTA TOYHO HAXOIUTCS

B 61% cayuaes, morpemsocts 107° B 61% n 1073 B 67%.

4.3. IlapameTrpusaruss npu HEOOJIBIIIOM ITOBOPOTE

B cay4yae HeO0IBIIOro MOBOPOTA KaAMEPhI MOT'YT HaXO/IUTCS TOJTHKO HEJIa-
JIEKO IPYT OT JIpyTa, TaK KaK OHU HAIIPABJIEHBI B IIEHTP cucTeMbl. J[j1g 3Toro
CHaJaJIa T€eHEPUPYETCs MOJOKEHNE TTEHTPATHLHON KaMepbl, 3aTeM MaTPHUITHI
ITOBOPOTAa Ha HEOOJBINON yroJ. V3 9Toro MoXKHO MOy YATh ITOJ0XKEHUE JIBYX
OCTaBITIXCSA KaMep W MPOBEPUTH JIeXKAT JIU KaMePbl B HYKHOW HaAM YacTU
IpOCTPaHCTBa. B ciydae Heycriexa Bce TTOBTOPAETCS.

[Ipu TecrupoBanuu B Kybe MaTpuIa MOBOPOTa TOYHO HaxoauTcesa B 99%
CITy9a€B.

[Ipu TecTupoBaHUM Ha IJIOCKOCTU MAaTPUIIA TOBOPOTA TaK>Ke TOYHO Ha-

xonurest B 99% cirydaes.

4.4. IlapameTrpusanuss Npu U3BECTHOM BePTUKAJIbHOM

HallpaBJI€CHNHN

[Ipu m3BeCcTHOM BEPTUKAJHHOM HAIIPABJIEHUU ITOJIOYKEHHE KaMep OIpe-
ACJIACETCA KaK W IIPpU IIapaMeETPpUu3allu KBaTE€PHHOHAMMH. ,Z[aﬂee HaXOIUTCA
BEKTOP BEPTUKAJHLHOIO HAIIPABJIEHNSI, MaTpUIla Bparenus BOKpyT ocu OY u
MaTPHUIIA BPallleHusI BOKPYT JABYX APYTHUX oceil. 3areM HeoOXOIuMO Ipeodpa-
30BaTh KOOP/IMHATHI JJUHUN TaK, YTOOBI MOYKHO OBLJIO COCTABUTH YPaBHEHUE
¢ Hem3BecTHON Marpureil Bpainerusi BOKpyr OY, /iy 3TOro J10CTaTOIHO

YMHOXKHUTH KOOPJIWHATHI JIMHUN Ha OOPATHYIO MaTPHILy ITOBOPOTa BOKPYT

13



JABYX IPYTUX OCE.

[Ipu TecTupoBanun B KyGe MaTpuUIla IOBOPOTa TOYHO HaxomuTcsd B 16%

cayuaen, norpersocTb 107° Takzxke B 56% n 1073 B 96%. OgHako Meron B

9TOM CJIydae padoTaeT HeJOTyCTUMO MeJJIEHHO.

HpI/I TEeCTUPOBaHUMU Ha IIJIOCKOCTH PE3YyJIbTaTbl aHAJIOT'MYIHDI.

4.5. CpaBHeHUE pe3yJIbTAaTOB

Takum 00pa3oM MOXKHO HOCTPOUTH TAOJIAILY:

R norpersocts == 0 | morpemsocts <107° | morpemnmocts <1073
abcd 55% 55% 70%
small 99% 99% 99%
known 16% 56% 96%

Tabnuma 2: I[IporeHnT KomrmdecTBa perennii ¢ 33 JaHHON MOTPENTHOCTHIO ITPU
JIAHHOW TTapaMeTpU3allii,a UMEeHHO TlapaMeTpu3alus Keapauonamu (abed),
pu HeOOJIBbIITOM TIOBOpOTE (small) u mpu M3BECTHOM BEPTUKAIHLHOM HAIPAB-
neann (known).

N3 3T0ro MOXKHO ClIeIaTh BBIBOJ, YTO HamboJiee TOYHBINA CIIydail — 9TO
cJIydail ¢ HeOOJIBIINM IIOBOPOTOM, OJHAKO B PEaJIbHOCTH Mbl HE BCErIa MO-
JKeM TapaHTUPOBATh, YTO MOBOPOT JAEUCTBUTEILHO OyjaeT HebosbimuM. Ba-
PHAHT C IapaMeTpu3aliueil KBATePHUOHAME OKa3bIBAETCs JIOCTATOYHO ME]I-

JIMTEJIbHBIM 1M HETOYHBIM, IIO3TOMY IaJic€ OH paCCMaAaTpPUBATbCA HE 6yﬂ€T.

14



5. TectupoBaHnue Ha peaJjibHbIX JaHHbBIX

5.1. IToaroroBka JaHHBIX

Jlna TecTupoBaHWs Ha PeaSIbHBIX JIAHHBIX WCIOJIb30BAJIACh 3alUCh —
freiburgl floor uz nabopa manubix tum rghd benchmark. Ouwm mpencras-
JITIOT coboii HabOp KaapoB, haili ¢ 3aJaHHBIMU MaTPUIIAMHU IIOBOPOTa U
BEKTOPAMH CMEIICHHsI, a TaKxKe (pailjl ¢ BEPTUKAJIBHBIMA HAIIPABJICHUSIMUI
JJTsT KaXKJIOTO KaJIpa.

g nHagaaa HeoOXOMMO HAMTHU TpsAMbIe JIMHUU Ha KaJpaxX, YCTAHOBUTH
COOTBETCTBHUE MEXKJIy IapaMu KaJIpoB, a 3aTeM OT(PUILTPOBATH JJId TPOEK
KaJIPOB JIMHUU TaK, YTOObI JIMHUU ObLIM Ha BCEX TPeX KaJpax U COOTBET-
CTBOBaJIM JIPYyT ApyTy. Eciam quHWMl moyvdaeTcsd MeHbINe, 9YeM HeoOXOIu-
MO€ KOJIMYECTBO JJId PEHICHUud JIMHEHON CUCTEeMbl YPaBHEHUI, TO 3aJia4y
pemuTh He yiaacTed. /lanHas pyHKIIMOHAJIBHOCTH PeaJIM30BaHa Ha, sA3BIKE
C++ ¢ ucnosb3oarueM oubmorekn OpenCV, KoTOpast MO3BOJISIET TETEK-
TUPOBATH JIMHUKA Y HAXOJUTHb COOTBETCTBUSI.

Jlajiee KOOpIMHATHI JIUHUN COXPAHSIOTCS B (DA, OTIEIbHBIN 1T KaXK-
JIOM1 TPOMKM KaJIPOB.

HermocpeicTBeHHO TpW T€CTUPOBAHUM 3TH (DaMjIbl UCIOJB3YIOTCS JIJIS
IIOJIY YeHUsI JIMHU, TAK>Ke U3BJIeKaeTCsi THPOPMAIIAS O IOBOPOTE U TI0JIOXKE-
HUU MaTPUIIbI, a JAJII TECTUPOBAHUA BAPUAHTA C U3BECTHBIM BEPTUKAJIHHBIM
HaIlpaBJIEHHEM HeoOXoauMasi nHPOpMaIud TakxKe 6epeTcs 3 COOTBETCTBY-
1o11ero paita.

Ha uzo0pazkeHnn HU>Ke MOXKHO BHJIETHh JIMHUU, KOTOPhIE PACIO3HAJIUCH

U COOTBETCTBYIOT JIPYyT APYTY.
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Puc. 3: IlocmenoBaTe/IbHOCTh M3 TPeX KaJApPOB C OTMEYEHHBIMU JIMHUSMH,
COOTBETCTBYIOIIUMU JAPYT APYTY.

5.2. YTOUYHEeHHue OoTBeTa

[To cKOBKY HE BCe JIMHUU MOTYT JIETEKTHPOBATHCSI KOPPEKTHO, TO CJIe-
JlyeT YyTOYHUTD TOJIydYeHHbIi orBeT ¢ moMotnbio Mmetojga RANSAC (Random
sample consensus) [3]|. s sroro ciaydaitHbiM 06pa30M BBIOMPAIOTCS JIK-
HUU, /IS HUX HAXOJUTCS PeIleHre, CINTACTCS KOJMIECTBO JIMHUN, KOTOPBIE
YJIOBJIETBOPSIIOT TOJIY9IEHHOMY OTBETY B TpPEJEeaX HEKOTOPOH IMOI'PEIrHO-
ctu. BapuaHT, npr KOTOPOM TaKWX JIMHUN MaKCHUMAJbLHOE KOJUYIECTBO, W
CYUTAEM OTBETOM.

Taxxe ¢ momombio RANSAC mbr BeiOupaeM HamboJiee OJU3KMUIT OTBET.

KomnuaecTBo unMit, yI0BIETBOPSIONINX OTBETY, MOXKHO CIUTATH HECKOJIh-
KO criocobamu. IlepBblit crtocod — TPOCTO MCIIOJIL30BATH TO K€ YpPaBHEHHE,
YTO U IPYU COCTABJIEHUH CHCTEMBI ajredpandecknx ypaBHenuit. Bropoii cro-

co0 — C IIOMOIIBIO YpPaBHEHUsT TPUQPOKAJIHHOTO TEH30PA.
Ry = [r11, 712, 713]

Rs = 131, 132, r33]
Ti:rli*tg—tl*rg;, 1=1..3
L) =1 *Tyxl3, i=1.3

Takum 00pa3oM, JAJId 9TOr0 BapuaHTa HEOOXOIMMO ITOCYUTATh cMelenue t1
n t3. 9TO MOXKHO cAejaTh UCIOJIB3Ys TO K€ ypaBHEHUe TPU@OKAJIHHOTO
TeH30pa JJisi HEKOTOPBIX JIMHUMA.

OaHakKo IpHU HMCIIOJIH30BAHUHU IIEPBOrO IOAX0/Ia CPEIHAS OIMMOKA ITOJIY-
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JaeTcd B 2 pa3a MEHbBINE, TOITOMY OyJeM HCIOJIb30BaTh €ro.

5.3. Ilapamerpu3salrusi Ipyu HEOOJBIIIOM ITOBOPOTE

[Tpu mapamerpusaiuy HeOOJIBIIIONO IIOBOPOTA MATPHUIIA HE SIBJISIETCS MaT-
purieii MoBOpoTa, TO €CTh IEpe] IMPOBEPKOI ee HYKHO ITpeodpa3oBaTh K
HeoOxoauMom MaTpuiie. jis aToro pasiaoxkuMm marpuily 1mo SVD pasioxe-
wuto (U, S, V] = svd(R) u nepemuoxkum yuutapubie Matpuibl R = U x V',

N 6ynem cpaBHUBATDH y2Ke MOJIYyYEHHBIE TAKUM CIIOCOOOM MATPUIIHI.

5.4. ITapameTrpuszaiiusga Npu U3BECTHOM BeEPTUKAJIbHOM

HallpaBJI€CHNHN

N3 BekTOpa BEPTUKAJBLHOI'O HAIIPABJIEHUS HEOOXOIUMO IOJIYIUTb MaT-
puily Bpamienus. /lajee mpeobpa3oBaTh KOOPAUHATHI JUHUN AHAJIOTUIHO TO-
MY, KaK 3TO ObLJIO CJe/aHO MTPU TECTUPOBAHUU HA CHHTETUIECKUX JTAHHBIX,
a MMEHHO YMHOXKUTH KOOPJAWHATHI JIMHUI Ha 0OPATHBIE MATPHUITHI BPAIIEHUS
BokpyT oceit OX u OZ. g 3T0oro HEOOXOAUMO HOPMHUPOBATH BEPTUKAJIb-
HBII BEKTOP, COCTABUTH MATPHUILYy, TAKYIO, UYTO BTOPOU CTOJIOEI] paBHSIETCs

9TOMY BEKTOPY, & BCE CTOJIOIBI COCTABIAIOT MPABYIO TPONKY BEKTOPOB.

5.5. Pe3yabTaT TecTupoBaHUs

IIpu recrupoanuu 6e3 RANSAC pemenne maxomurcs jumb B 50%
CIy4aeB, OJHAKO C UCIOJIb30oBaHueM pemrenne Haxoaurcda B 100% ciyua-
eB. Cpennsist omubOKa (0.5 rpajiycoB, 9TO JOIYCTUMO B AaHHOU pabore. IIpu

9TOoM 6€3 OmuOKKM MaTPUIBI TIOBOPOTa HaxoauTcsa boJee yeMm B 30% caydaes.
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SaKJII0OUEeHUeEe

B pamkax j1aHHOIT BBIIYCKHOUM KBaJM(PUKAIIMOHHOW PaOOTHI OBLIN BbI-

MOJIHEHBI CJIEJIYIOIIUE 3aJIa9N:

e pa3paboTaH aJIIOPUTM HAXOXKIEHUsI B3AUMHOI'O TIOJIOXKEHUsT KaMep T10

JITHUSAM;

® peaJIM30BaH AJrOPUTM JJI PA3HBIX HNapaMeTpUu3aliiii MaTpUIlbl TOBO-

pora;

® IIPOTECTUPOBAHO Ha Cﬂy‘{aﬁHbIX JaHHBIX W IIPOBECICHO CpaBHEHUE Pe-

3yJIbTATOB PA3HBbIX MapaMeTpU3aluii MATPUILbl TIOBOPOTA;
® IIPOTECTUPOBAHO Ha PEAJIbHBIX JIAHHBIX;

Ncxoaubtit Ko MOZKHO TIOCMOTPETH B PEIIO3UTOPUN TTPOEKTA

https: //github.com /NataliaDymnikova/camera-position-by-line
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