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METO/JNKHN COITIOCTABJIEHNA OCOBBIX TOYEK
B 3AJIAYE BU3VAJIbHOM HABUT AIINU BIIJIA

1. H. Cmenanros

Crarbs MOCBAIIEHA Pa3pabOTKe W SKCIEPUMEHTAJLHOMY CPABHEHUIO METOMK COMOCTABJICHUS
0CODOBIX TOYEK HA M300paKEHUsAX — CHUMKAX 3€MHOIl ITOBEPXHOCTU C KaMep, YCTAHOBJIEHHBIX HA
6ecrmtorHoM JterarensHoM anmapare (BITJTA) u uckyccrsennoM ciytHuke 3emutd. [JiaBHast 0co-
GEHHOCTH 33JIAYM COCTOUT B TOM, YTO OJIHO U3 M300payKeHwil (CIyTHUKOBBIH CHUMOK) PasbUT Ha
dparmenTsl. PazpaboTannble METOIUKU SIBJISAIOTCS YaCTbIO KOMILIEKCA AJTOPUTMOB, ITPEIHA3HA-
YEHHBIX JIJIs OmpejiesieHus nojioxkenus u opuenraruu BILJIA ¢ ucnosib3oBannem CpejicTs, METOIOB
¥ aJrOPUTMOB TEXHHMYECKOTO 3peHus. [IpuBeieHo ormcanne TEXHOJOIUU MOJIEIUPOBAHUS TIOJETA 1
perieHus 3aja49u nosuronupoBanusi. Ocobble TOUKU Ha N300ParKEHUSIX BBIJIEJSAIOTCA C TOMOIIbIO
asropurma SURF. Taxke wucciiejoBan mOIX0J[ K COIOCTaBJICHUIO, OCHOBAHHBI Ha pa3bueHun
MHOKECTBA OCOOBIX TOUYEK Ha J[BA MOJIMHOXKECTBA B 3aBUCHMOCTH OT 3HAaKa Jiamiacuana. 1Ipemio-
2KEHBI CITOCOOBI YBEJIMYIEHNs TPOU3BOIUTETHHOCTH COTIOCTABICHUS TOYEK.

Knouesvie caosa: BIIJIA, ocobvie mouxu, SURF, komnviomepnoe 3spenue, CnYymHuKosoie
CHUMKY, NOAHBIT nepebop, Nouckoswuill UHdeKc, conocmasierue u3obpastcerud.

BBenenue

B nacrosimee Bpemsi cdepa nmpuMeHeHus OECIIMJIOTHBIX Jieraresibubix amnmnaparos (BITJTA)
JIOCTATOYHO IITUPOKA W BKJIIOYAET B cebsi KaK BOEHHBbIE, TaK WM I'paxianckue objacru. Cozma-
HU€ HAJEXKHBLIX CHCTeM Hapurauuyu u yipasienns BIIJIA ssisercsa akTyaJbHBIM U BazKHBIM
HanpaBjeHueM paspaborok. [llupoko mnpumeHsemble PaJIMOHABUTAITMOHHON  CUCTEMBbI
GPS/TJIOHACC wumeror cBoii HAGOp HEIOCTATKOB (OTCYTCTBHE aBTOHOMHOCTH, IIOTEPs U 3a-
TyXaHUe CHUTHAJIa, €CTECTBEHHbIE W MCKYCCTBEHHBIE TIOMEXU, BBI3BAHHBIE IOTOJION WU PEJIbe-
dom mectHOCTH U T.1.). VHEpIMAIbHBIE HABUIAIIMOHHBIE MUKPOMEXAHUYECKUE CUCTEMbI CIIO-
CcOOHBI paboTaTh aBTOHOMHO, HO MX HMCIOJIb30BAHME CBA3aHO C IPOOJIEMOl HAKOILUIEHUS OIINO-
KM B BBIYUCJIEHUAX ITOJIOXKEHUS W OPUEHTAIINN.

OpauM U3 aJbTEPHATUBHBIX CIHOCOO0OB HABUTAIMM SIBJISIETCSI UCIOJIb30BAHUE CPEJICTB, Me-
TOJIOB U AJI'OPUTMOB TexHudeckoro 3penus. B 2011-2012 rogax 8 UIIC um. A. K. Airama-
s3gua PAH nposomunach HaydHO-HCCIEI0OBATENbLCKAS PaboTa, B paMKaX KOTOPOH ObLI paspa-
60oTaH aJrOpUTM peleHus 3aja4un nosurmonuposannst BILJIA mo Bumeopsiay /Ui MOJETOB
HaJ| IJIOCKOW MECTHOCTBIO, OCHOBAHHBIN HA COIMOCTABJIEHUU TaK HA3bIBAEMBIX OCODBIX TOYEK,
HailJIEHHbIX HA KaJIpe W HA CIyTHUKOBOM CHMMKE TOI'O0 YYaCTKa MECTHOCTH, HAJ, KOTOPOI
BILJIA coBeprmaer cBou moseTsl. Ilociie comocTaBeHus], BBIYUCISIIOTCST TTAPAMETPhI MTPOEK-
TUBHOT'O NPEOOPaA30BaAHUS MEXKIY JIBYyMsi M300PaKEHUSMU, UTO TO3BOJISIET BBIYUCIUTH ITOJIO-
JKeHre u opueHTarmioo kamepnl Ha BIIJIA B riobanbHol cucreme kKoopauHar. lIIposemenwue
skcrnepuMenToB ¢ BITJIA BO3MOXKHO JaJIeKO He BCeria u3-3a OrPaHUYEHUN POCCUIACKOTO 3aKO0-
HOJIATEJIbCTBA (HAMEKH HA HEKOTOPOE YJIYUIIeHHe CATYAIUU MOsIBIJIUCH COBCEM HEJABHO [1]).
Tlosromy paspaboTaHHBIE AJTOPUTMBI TECTHPOBAJIUCH HA BUPTYAJbHBIX BUIEOPSIAX — pe-
gyabTarax Mojeaupoanus mosera BILJIA ¢ moMombio MeTOI0B KOMIIBIOTEPHOI TpaduKu.

3aga9a BbIIEJIEHUsT M COIMOCTABJIEHUsST OCOOEHHOCTEN Ha M300pakKeHUsIX JIOCTATOIHO XOPO-
o paccMorpena B jureparype. Opua n3 HanboJiee BaXKHBIX KPUTEPUEB, 110 KOTOPOMY OITpe-
genstercss 3PPEKTUBHOCTD AJTOPUTMOB BBIJIEIEHUS U COMOCTABJIEHUST OCOOBIX TOYEK —
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YCTORYIMBOCTL K U3MeHEeHUusiM ApKocTu, adbdUHHBIM npeobpa3oBanuaM (II0OBOPOT, MacuITabu-
pOBaHWe), MPOEKTUBHBIM MpeobpasoBanusimM. Jljisi comocraBiieHus OCOOEHHOCTEH € Pa3HBIX
n300paXKeHuit KaxKJi0i 0CcoOOi TOYKe MPUIMCHIBAETCS HEKOTOPBINA JECKPUITOD (OIUCATEID ).
IIpocreiimmit qecKkpunTop — caMa OKPECTHOCTh TOYKM, HO TAKOH MOIX0j Oyaer paboTaTb, ec-
JII OKPECTHOCTh TOYKHU IIPEIBAPUTEILHO HOPMAJIU30BAHA 110 MACIITA0y, OPUEHTAIIUU U SIPKO-
cru (wim ke s obecriedeHrs HHBAPUAHTHOCTH TPeOyeTcst MHOTO MIabJI0HOB B Pa3HBIX OpU-
enranusx). s cpaBHeHUsST OKPECTHOCTEH JBYX TOYEK HUCIOJB3YIOTCS TOJXO/IbI, OCHOBAHHBIE
Ha Koppessanuu [2].

OHrME U3 TPOCTEHINUX AJITOPUTMOB BBIJEJIEHUST OCOOBIX TOYEK SIBJISTIOTCS AJITOPUTMBI
BBIJICJICHUs] YIJIOB HA N300pazkeHusi: IPUMEPOM 3JIeCh SIBJIS€TCs JIETEKTOp yryioB Xappuca [3].
Ho merekTops! yriioB He MHBAPUAHTHBI K MACIITAOMPOBAHUIO: TIPU PA3HBIX MACIHITA0aX OJTHOTO
U TOTO »Ke m300parkeHusi Ha, HUX MOT'YyT ObITh HaiiJIeHbI Pa3Hble yIJIOBble TOYKU. BoJiee ycToii-
YUBBI AJTOPUTMbI, B KOTOPBIX WCIOJb3yeTCsS TaK Ha3biBaeMoe scale-space mpeicrasiieHue
n300parkKeHus: pa3MbITue M300parKeHusi Ipu ToMoIu ¢BepTku ¢ dyukimeit ['aycca ¢ pazubiMu
3HAUCHUSIMU CpenHekBagparndeckoro orkionenust [4]: SIFT [5], SURF [6], GLOH [7] u T.x.
Bo Bcex sTux ajropurmax mjisd KaxKkaoil 0cOO0M TOYKU BBIYUCJISETCS €€ JIECKPUIITOP, KOTOPbI
B OIPEJEJIEHHON Mepe MHBAPUAHTEH K M3MEHEHUsIM SPKOCTH, ad(PUHHBIM U TEPCIEKTUBHBIM
IPeoOPA30OBAHMSIM.

CymectByeT HabOpP aJTOPUTMOB, CBI3aHHBIX C BBIYHCIEHHEM TAK HA3BIBAEMOTO OINTHYE-
CKOI'0 TIOTOKA, KJIACCUYECKUM IIOJIXOJIOM 3JIeCh sBJigercs anroput™m Jlykaca—Kanaze u ero
pacimpeHHas TUPaMUIAJIbHAs BEPCH:A, B KOTOPOIl UCIOJIb3yeTCsl IIPeJICTaBJIeHne U300paKe-
HUsl B HECKOJIBKUX MacITabax U KOTOpasi XapaKTepU3yeTcsi OOJIbINeHl yCTONYUBOCTBIO K W3-
MeHeHnI0 MaciiTaba [8]. Ho ajaropurmbl onTHYecKoro moroka M3HAYAILHO OBbLIM Pa3paboTaHbl
JIJIST  COTIOCTABJIEHUS TOYEK C JBYX HM300paKeHWil, KOTOPble HE3HAYUTESbHO PA3JINYAIOTCS
MexK Iy coboil (dero Hesb3s ckasarh 0 canMkax ¢ VIC3 u BILJIA).

s comocTaByeHusi JECKPUIITOPOB OCOOBIX TOYEK C JIBYX M300PayKeHUil HCIOJIB3YIOTCS
CJIEJTYIOIINE METO/IbI:

— IIOJTHBINA TIepebop: I KazKJIOTO JECKPHUIITOPA U3 IIEPBOTO HADOPA BBIYUCIISIETCS PACCTO-
SIHUSL JIO BCEX JIECKPUIITOPOB CO BTOPOT'O M300paKeHus u 6epercs JIydIas;

— YCKOpEHHBbIE TPUOJINKEHHBIE METOJI, C WCIOJIb30BAHUEM HEPAPXUIECKUX CTPYKTYpP JaH-
HBIX. B 9THX MeTO/1aX CTPOUTCS TaK HA3BIBAEMBIN TOMCKOBBIA WHIEKC I TOUCKa OJIu-
JKaRIuxX cocefieil B MHOTOMEPHOM IpocTpaHcTBe. [IpuMepoM Takoil CTPyKTYPbhI JTAaHHBIX
asistercst kd-gepeso [9)].

Eciu ke paccMoTpeTh 3a/1aty BBIJIEJIEHUST U COIIOCTABJIEHUs] OCOOBIX TOYEK € M300paKke-
HUIl [PUMEHUTEIbHO K (DOTOCHMMKAM 3€MHON MOBEPXHOCTH (HAIPUMED, C HCKYCCTBEHHOTO
cytauka 3emyin — C3), T0 MbI IPUXOIUM K IOHUMAIO CJIEIYIONIEH MPOGIEMbl: STATOHHbBIE
CHUMKH 3€MHOI MOBEPXHOCTH MOTYT HMMETb OYEHb OOJIBIIIHE pa3Mepbl, W HEIMOCPEICTBEHHOE
COIIOCTABJIEHAE OCODBIX TOYEK CO BCErO TAJIOHHOTO CHUMKA MOXKET OBITh KpailHe pecypco3a-
TpaTHO! omeparnueii (0COBEHHO ¢ YYETOM BBIYUCIUTE]bHBIX BO3MOYKHOCTEH OOPTOBBIX KOMIIb-
1orepoB). Ecim crpouts Jyist Bcero HaboOpa STAJOHHBIX JIAHHBIX [MOUCKOBBIA WHJIEKC, TO €ro
[IPEJICTABJICHUE B OIEPATUBHON HAMSTH TaK 2Ke OyJIeT BeCbMa 3HAUUTEIbHBIM II0 Pa3Mepy.
s pemmenns mpobsembl B pamkax HUP 6bu1o npemioxKeno pa3bMeHre CIIyTHUKOBOI'O CHHM-
Ka Ha He3aBHCHMbIe dparmMeHThl. Takke ObLT pa3paboTaH aJrOPUTM CyKeHusi 00JIaCTU TTOUC-
ka [10], KOTOpBIl OCHOBaH Ha ONPEEIEHIN KOOPIUHAT ¥ Pa3MEPOB TOH OBJIACTH CILyTHUKOBO-
IO CHUMKA, KOTOpas 3arnedaTryieHa Ha TekyineM kKajpe ¢ 6bopra BILJIA.
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Ilesp HACTOAIIETO WMCCTETOBAHUS — PA3BUTHE W COBEPITEHCTBOBAHUE TEXHOJOTUH TTO3W-
nmonnpoBanusg BILJIA ¢ moMorpio METOOB M aJrOPUTMOB TEXHUYECKOTO 3PEHUsl. 3a1a9n
HCCIeI0BaHusS — pa3paborarb MeTOJuKH IP@PEKTUBHOIO COMOCTABJIEHUS OCOOBIX TOYEK CO
canmkon ¢ UC3 u BILJIA, a Takke ucciiemoBaTh 3(pPEKTUBHOCTD X MTPOTPAMMHBIX Peain3a-
uuii. B paznene 1 mano obinee omucaHue TEXHOJIOrMM Mogeaupoanns mnojera BILJIA u perme-
HUs 3a/a49d BU3yaJbHON HaBuranuu. B paszesie 2 OMUCAHBI TPEJIOKEHHBIE METOIUKHN COTO-
cTaBJIeHUsT 0COOBIX TOYEK. B pasjesie 3 MpeajioXKeHbl CriocoObl CPABHEHUS METOIUK Ha MPe/I-
MeT 3pdeKTUBHOCTU. B paszmene 4 mpuBeseHbl Pe3yIbTATHI IKCIEPUMEHTATBHBIX HCCIET0BA-
Huit. B 3akiodennn mpuBeieHbI pe3yJIbTATHI CPABHEHUST METOJINK, a TaK¥Ke BO3MOXKHBIE CITO-

COOBI yYBE/IIMYICHUA UX IIPOU3BOAUTEIHLHOCTH.

1. Omnucanme TexXHOJIOrUU MOAeJINPOBaHUA IIOJIETA U peEllleHnA

3aJa'Ii IIO3UIMMOHUPOBaHM:A

OrmuremM TEXHOJIOTHIO MOJETUPOBAHUA TojeTa BupTyaabHoro BILJIA u ero mosunmonmpo-
BaHUA C IOMOIIBIO METOJIOB U AJITOPUTMOB TEXHUIECKOTO 3PEHUS.
DTam MOArOTOBKYU JTAHHBIX:

1. i MCXOIHOTO CIIyTHUKOBOTO CHUMKA CTPOUTCS TaK Ha3blBaeMas UpaMujia m300pa-
JKEHUIl, IPU 9TOM KaKJbIil CJIONH THMpaMuibl pa3duBaercs Ha pparMeHThbl (Tailjibl, aHJI.
tiles).

2. Ha xaxkzom Taiisie BBIIOJIHAETCS ITOUCK OCOOBIX TOoYeK ¢ rmomombio anropurma SURF, a
TaKyKe BBIUUCJSIOTCS UX JECKPUITODBI (KaxK/Iblil JIECKPUITOPp — BEKTOp u3 64 Bere-
CTBEHHBIX YUCEN ).

3. Cpeau 0coObIX TOYEK, HAWJICHHBIX Ha Taiije, BHIOMPAETCsl HECKOJIbKO TOYEK, I KaXK-
J0¥ W3 KOTOPBIX BBIYHUCIAETCH €Ille OJUH JEeCKPUITOP, COCTOAINN W3 OTKJIUKOB Pa3-
amgHBbIX Befiieros ['aGopa [11], a Tak:Ke BBIYUCJSIOTCS TPEXMEPHBbIE KOODIMHATHI ITOM
TOYKH. DTU HECKOJBKO TOYEK HA3OBEM OIIOPHBIMU.

4. Bce BbIYHCJIEHHBIE JAHHBIE COXPAHAIOTCA Ha YKECTKWHM JAUCK JJIS TAJHHENIIEro MCIOIb-
30BaHUs B PaMKaX PelIeHus 33/I1a9i BU3yaJbHON HABUTAIUN.

MonenupoBanue moJjieTa TOCPEICTBOM MTOPOXKIEHNS BUPTYAILHOTO BUIAEOPSIIA:

1. ITonw3oBarens 3amaer kejmaeMyio Tpaekropuio mnoJera BILJIA, ormedas Ha yMeHbIIeH-
HOI KOTHWU CITyTHUKOBOTO CHUMKA PsIJI OTOPHBIX TOYEK, KOTOPBIE 3aTEM COEIWHSIIOTCS
MIPAMBIMU OTPE3KaMU.

2. Ha xaxjoMm OTpe3Ke BBIOMPAETCS PsiJl ITPOMEKYTOUYHBIX TOUYEK, KOTOpPbIE OyJIyT COOT-
BETCTBOBATL T€M MOMEHTaM BpeMeHHu, Korna kamepa Ha BILJIA casia odepennoil kaiap
BUIIEOPSTIA.

3. st Kaxk10if TTPOMEKYTOYHON TOYKH BBIUUCISIETCS OpueHTarus kamepbl Ha BILJTA
(mpu ycjioBuM, 9TO B CJIydYae TOPU3OHTAIBLHOIO MOJETA KaMepa HAIPABJICHA MEePIeH U~
KYJISIDHO IMMOBEPXHOCTH 3€MJIM) U TE€HEPUPYETCsl KaIp BHUIEOPSJIA, C HCIIOJIb30BAHUEM
CILy THUKOBBIX CHUMKOB MECTHOCTH U (BO3MOYKHO) IM(PPOBBIX KAPT BHICOT.

CobcTBeHHO, ITAll PEIleHns] 3aJ[aYi HABUTAIIUA COCTOUT B BBIIOJHEHUU CJIEIYIONUX el
CTBUI JIJ1d KaxKJIOr0 KaJipa BUJIEOPAIIA:

1. C nomompio anropurma SURF Ha Kamape BbLIEIAIOTCS O0COObIE TOYKHU, BBIYUC/ISIOTCS WX
JECKPUTITOPHI.

2. Ucxonsa uz monoxkenuss BILJIA B mpeapi iyt MOMEHT BPEMEHHU, C MOMOIIBIO aJrOpUT-
Ma cyxkenust obsiactu toucka [10, 12| BeIGUpaOTCs IO IXOAIIMI CI0H TUpAMEIBI CILyT-
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HUKOBBIX CHUMKOB, a TakKyKe HabOp TallJIoB M3 9TOTO CJIOs, 0COObIE TOYKHU C KOTOPBIX
Oy/IyT UCTIOIB30BATHCSI JIJIST COMMOCTABJIEHUST ¢ OCOOBIME TOUKaMu Ha Kajpe ¢ BILJTA.

3. BrmosasieTcst comocranienne ocoobix Todek co cHuMka ¢ BILJIA u TaiisioB cnyTHUKOBO-
ro cHumMKa. Ha BBIXOJe MMEeM MHOYKECTBO TMap KOOPIUHAT OCOOBIX TOYEK, MPU ITOM
9aCTh Hap MOTYT OBITH JIOXKHBIME (B CHJIYy TOTO, 9TO KAKHE-TO OCOObIe TOYKM HA CHYM-
kax ¢ BIIJIA win MIC3 mMoryT uMeTsh CXO0XKue JECKPUIITOPHI).

4. C momompio 5-roueynoro anaropurma [13], obbexunennoro ¢ merogukoii RANSAC [14]
BBIUUCIETCA (PYHIaAMEHTAJIbHAST MATPHIA F CBI3BIBAIONIAT KOOPIUHATHI OCOOBIX TOYEK
ma canmkax ¢ BILJTA u UC3. Merogunka RANSAC mo3BossieT ycTpaHUTh YaCTh JIOXK-
HBIX COOTBeTCTBUIA. [IponsBoauTest mekoMmosuiust MaTpuIlbl F #Ha MaTpuiyy moBopora R
(ompenensier B3anmuyto opueHTaimio kamep ua BILJTA u C3) u Bekrop T (ompenessi-
€T B3aMMHOE II0JIO’KEHWE KaMep, HO C TOYHOCTBIO JI0 HEKOTOPOrO HEU3BECTHOIO IOJIO-
JKUTEJIBHOTO KOIDDUIMEHTA).

5. C momompio MaTpuiibl R u BekTOopa 1 TPOU3BOAUTCA TEOMETPUIECKAs KOPPEKITHS
cunmka ¢ BILJTA s mpoBeerust Tpore Iy phl MMOUCKa, OMOPHBIX TOYEK CO CITy THUKOBOTO
canvka Ha cauMke ¢ BILJIA ¢ mpumenenuem duabtpos (BeitBieros) ['abopa. lerasib-
HOE OIHMCaHUe TPOIEYPbl OyIeT TPUBEICHO B CIEAYIOMUX IMyOaukarusax. Pe3yibraTom
ITOUCKA SIBJISIETCS HADOP Iap BUJA JIBYMEPHbIE KOOPIWHATHI OMOPHON TOYKHM HA CHUMKE
¢ BIIJIA — TpexmepHbIe KOOPAMHATBL 9TOH TOYKM B IVIODAJILHON CHCTEME KOOPIUHATY .
DTO TMO3BOJISIET CBECTH 3aJIady TO3UIMOHUPOBAHUS K 3aJ/iade BHEITHeH KAJUOPOBKY Ka-
Mepbl Ha BILJTA (Bbrumcienus ee moJioXKeHUsi ¥ OPUEHTAIMU B TJIOOATBHOI cucreMe Ko-
opaunar) [15]. TlockoabKy Ha Tane reHepalu BUIEODPsia Mbl M3HAYAJILHO 3HAJIU I10-
JIO;KeHre U opueHTanuio KaMmepbl Ha BIIJIA miag xaxkmoro kaapa, 3TH HAaHHBIE MOXKHO
HCIIOJIB30BATD JIJIS MPOBEPKU TOYHOCTH HABUTAIMU IIyTEM BBIUYUCIEHUSI PACCTOSHUE
MeXK Iy MCTUHHBIM mosioxkerneM BIIJIA u pesyibraToM paboOTHI aJroOpuTMa TO3UIHOHH-

poBaHu.

2. MeToauKu comocTaBJIEHUSI OCOOBIX TOYEK

B peasmzarum ajropurMa COMOCTABJIEHIS TOYEK, KOTOPBIH HCITIOJIH30BAJICA B PAMKAX BbI-
ITOJTHEHHOTO IIPOEKTa, OBLIO0 Pa3zpabOTAHO JIBA MOIXO0JA K COMOCTABJIEHUIO, 00a IMOIX0/1a OCHO-
BaHbI H&a TOM, 4TO I/ICXO,Z[HBII‘/)I CHyTHHKOBbeI CHUMOK pa36I/IBaeTCH Ha TalJbl 1 IpeacraBJ/IeH B
HECKOJIbKMX Maciinrabax. [loz:ke ObLI0 paspaboTaHO €Ile YeTbIpe METOIMKH COIIOCTaBJICHUS.
OmmuireM Bce mecTb pa3pabOTAHHBIX METOIHK.

1. Jna xaxgoro raiina B, (mycrs ux obmiee KomdecTBo paBHO V') BBINOIHAETCS HOJIHBLIL
nepebop Bcex Hap ocoObIX TOYeK, HailIeHHBbIX Ha BHUJEOKaJpe U Ha Taiine B Jlna kax-
JI0i TOYKH Alj] BBIOUPAETCST TaKas TOYKA B [number], 9TO

number=argmin(eucl_dist(dA[j],dBl_[k])). 3necb dA — MaccuB JIECKPUITOPOB OCO-
k

OBbIX TOYEK C BUAEOKaJpa, dB, — amajormumbli maccus g Taina B, eucl dist —

GYHKIMS BBIYACACHUS €BKJIMIOBA PACCTOSHUST MEXKIY IBYMs JIECKpUIITOpaMu. Ecim
HaiileHHasd TOYKA JIEZKUT BHE PAaCCMaTPUBAEMOIl 00JIaCTH IIOMCKA, KOTOPAas MPeICTaBs-
er coboit kpyr [1, 4], To ona orGpaceiBaercs. HemocTaTkoM 1oxoja sSIBIASETCS TO, YTO

eciu cpexnu Taitnos B ...B, ecrb Takoi Taiin B, 4r0 MeXKJy HUM U BHJICOKAJPOM 3a-

BEJIOMO HET OOIIMX OCOOBIX TOYEK (HA HUX 3aleYaT/IEHbl HEIIEKPBIBAIOIIMECsS (DparMeH-
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ThI MOBEPXHOCTH 3EMJIH), TO COMOCTABJIEHHE MOXKET OBbITh HPOBEIEHO HeBepHO. [lces-
JOKOJI aJITOPUTMa, TIPeCTaBJeH Ha puc. 1.

OJIsT Kaxmoro Tania B
{
OIS Kaxnou ocoboir Touku Al]]
{
min dist = +infinity
index = 0
Oass xaxnoym ocobom Toukym B;[k] < B
{
d = eucl dist(dA[j], dB;[k])
ecmm d < min dist wo
{
min dist = d
index = k
}
}
ecmm point in area(B;[index]) wo
add to result(A[j], B;l[index])

Puc. 1. IlceBnokon meronuku 1

Dynkrua point_in_area mposepsier, momasaer au Touka B [index] B obracts noucka,

dbynkmua add _to_result mobasnser touku A[j] u B[index] B maccus-pesynbrar pa-

OOTBI aJITOPUTMA.

. Kaxmasg ocobas ToOUKa W3 BUIAECOKAIPA COIMOCTABIIAETCS CO BCEMU OCOOBIMU TOYKAMU CO

Bcex TaityioB. Takoit momgxom cBOOOIEH OT HEIOCTATKA, KOTAA B XOI€ COIOCTABICHUA HC-

[OJIb3yeTCs Taila, ¢ KOTopbiM y Bumeokaipa ¢ BIIJIA 3aBemoMo Her mepecedeHust IO
obmmmM 0cobbIM TouKaM. IlceBmoKom IpeacTaBIeH Ha PUC. 2.

OIS Kaxnou ocoboir Touku Al]]

{

min dist = +infinity
indexl = 0
index2 = 0

OsT Kaxmoro Talja B;
{
Oass xaxnoy ocobom Toukym B;[k] « B;
{
ecnmu point in area(B;[k]) To
{
d = eucl dist(dA[j], dB;[k])
ecmm d < min dist wo
{
min dist = d
indexl = i
index?2

i
k

}
add to result(A[j], Bingex:[index2])

Puc. 2. IlceBnokom meromuku 2

36

Becrauk FOYpI'Y. Cepus «BpruuciurenbHasi MareMarnka u nHPOPMATUKA»



J.H. Crenanos

3. g xazkaoro Taﬁﬂalli BBITIOJTHSIETCS CJIEIYIOIIEe: I BCeX TOYEK M3 lﬂ BBITIOJTHSIETCS

ITOJTHBIN 11epebop BCex TO4YeK u3 BuieoKaspa. 1Ipum 3ToM B X0Jie COmoCTaBjIeHUs MPOILYC-
KaloTCd T€ TOYKU C TAWJIOB, KOTOpBIE JieKaT BHe objiacTu moucka. llceBmokorn mpeji-
CTaBJIEH Ha PUC. 3.

OJsT KaxIoro Talja B;
{
Oass xaxnoy ocobom Toukym B;[k] « B;
{
ecnn point in area(B;[k]) To
{
min dist = +infinity
index = 0
OIS Kaxnou ocoboit Touku Al]]
{
d = eucl dist(dA[j], dB;l[k])
ecmm d < min dist wo
{
min dist = d
index = j

}
add to result (A[index], B;[k])

Puc. 3. IlceBmokon meToquku 3

4. Jlng xaxkmoro Taitia BI. BBIIIOJIHACTCS CJICAYIOIee: Ijid MHOXKEeCTBa NECKPUIITOPOB OCO-
ObIX TOYEK, HANJIEHHBIX HA HEM, CTPOMTCS HOMCKOBbIH uuiekc [16]. Hamee, nms ge-
CKPHUITOPa KaKI0# TOYKHU M3 BUIEOKAJIPA HAXOMUTCHA OJIMKAMIINI K Hell JeCKPHUIITOD
u3 BI. C TIOMOITIBIO TIOUCKOBOTO mHeKca. [locie mpoBeneHnst COMOCTABIEHUS C TOUCKO-

BBIM HKHJIEKCOM, OTOPACBIBAIOTCH T€ TOYKHU, KOTODPBIE JIE2KAT BHE PACCMATPUBAEMON 00-
sactu noucka. I[lceBmokom mpeacrasien Ha puc. 4.

Oss KaxIoro Tanja B;
{
S = make FLANN index (dB;)
OIS Kaxnou ocoboir Touku Al]]
{
index = search (S, dA[j])
ecmm point in area(B;[index]) wo
add to result(A[j], B;l[index])

Puc. 4. IlceBnokon meroanku 4

Oyukiusa make  FLANN index crpour mouckoBbiii nHjeKc, dyHKImMs search maxomur
nuist peckpuntopa dA[j] mambosnee Gimskmii K HeMy JeCKpHITOp ¢ Taitia B, ¢ momo-
MBI0 TIONCKOBOTO WHJIEKCA. Bce TOMCKOBBIE MHIEKCHI MOYKHO MOCTPOUTH W COXPAHUTH

3apaHee, B IPOIECCE BBIIEJICHUS OCOOBIX TOYEK Ha TailjiaX MUPAMUbI CIIyTHUKOBBIX
CHUMKOB.

5. Ora METOAMKa TaK>K€ OCHOBaHa Ha HCIIOJIb30BaHUM IIOMCKOBOI'O MHIEKCa, HO 31€Cb OH
CTPpOUTCA OJid MHOXKECTBa JCCKPUIITOPOB, KOTOPOE ABJIAETCA O6’b€,ILI/IH€HI/IeM JECKPHUII-
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TOPOB BCEX OCOOBIX TOYEK cO Beex Taitnos B ...B, . Ilocie mposeenus CONOCTABICHHS C

IIOMCKOBBIM HWHJIEKCOM, OT6paCI)IBaIOTCH T€ TOYKH, KOTOPBIC JI€2KaT BHE pacCMaTpuUBac-

MO# 00J1aCTU MOUCKa B Buje Kpyra. IlceBmoKo 1 ipeicTaBiieH Ha pUC. 5.

S = make FLANN index(dBl, dB2, .. dBN)

OIS Kaxnou ocoboir Touku Al]]
{
(indexl, index2) = search 2(s, dA[j])
ecmm point in area (Bingex:[index2]) wo
add to result(A[j], Bingex:[index2])

Puc. 5. IlceBnokon Mmeronuku 5

Koneuno, 31ech ono/iHUTEIbHBIE PECYPCHI TPATATCS HA CO3JaHUE WHIEKCA, HO JAHHAS
METOJINKA MMEET TO MPENMYIIECTBO, YTO ecyin jijia nozunuonuposanus BILJTA mo Teky-
MEeMy KaJIpy TpeOyeTcs WCIOJIb30BaTh TE€ YK€ CaMble TAWJIbl MUPAMUJIBI CIY THUKOBBIX
CHUMKOB, 4TO U JIJId TMPEAbLAYIIero Kajapa, TO MOXKHO IIPUMEHUTHb TOT K€ CaMblil MOuC-
KOBBII MHJIEKC JIJ1d TPEABLIYIIEro Kajapa.

6. IlouckoBbIil MHIAEKC CTPOUTCS JJIT MHOXKECTBA JECKPUITOPOB OCOOBIX TOYEK, HAMIeH-

HBIX HA BHJEOKaApe. 3areM, M KaxKIOoro Taiiia BI. BBITIOJTHSIETCS  CJIEJIYIOIIEe: JIJIs
BCEX TOYEK U3 BI. C TOMOIIBIO MHIEKCa HAXOIUTCS OJIMXKalllasd TOYKA W3 BUIEOKAIPA,

(bmzkaiiiias — B CMBICJIE PACCTOSTHUST MEXKJIy WX JecKpunropamu). 3areM oTOpachiBa-

I0TCA Te TOYKH C Tailna B, KoTopele jexkar BHe obisactu nomcka. Ilcesmokom mpen-

CTaBJIeH Ha puc. 6.

S = make FLANN index (dA)

OJsT KaxIoro Talja B;
{
Oass xaxnoy ocobom Toukum B;[k] « B;
{
index = search (S, dB;[k])
ecnmu point in area(B;[k]) To
add to result (A[index], B;[k])

Puc. 6. IlceBmokon meroauku 6

Bee 1mecTh METOMK KOMOMHMPOBAJIUCH C MOJXOJOM, B3SITHIM U3 CTaThy [5| U MO3BOJISIO-
UM YaCTUYHO YCTPAHUTH Iapbl HENPABUIBHO HaiigeHHbIX ToueK. IlycTp ecTh nBa HAbOpa

JIECKPHIITOPOB 0COObIX TO4eK. [l KaxKJoro JecKpunropa p, U3 NepBoro Habopa HaXOJATCs

JABe HanboyIee MOAXOsIIME el TOUKH ¢, ¥ ¢, U3 BTOPOro Habopa (uCxO0/Ist M3 KpUTEPUsl MU-
HUMU3AIUH CBKJIMI0BA PAaCCTOAHUA Mexkay neckpunropamu). Ilycrs d| =eucl_dist( pl.,qj_l),
d, =eucl_dlst( pl_,qﬂ), d,<d,. Ecorm d, /d,<thresh (rme thresh — mnexoropoe HOpPOroBoe
spadenue or ( 1o 1), TO TOYKa P, COIOCTABISCTCA TOUKE q;,, MHAYE CUUTACTCH, YTO JIsl

TOYKU P, HAUTHU Napy HE yJ1aJioCh.

38 Becrauk FOYpI'Y. Cepus «BpruuciurenbHasi MareMarnka u nHPOPMATUKA»



J.H. Crenanos

3. Cmocobbl cpaBHEeHHsI pa3paboTaHHBIX METOIUK

CpaBHeHIE METOJUK COMOCTABJIEHUS OCOOBIX TOYEK TOJBKO TI0 KPUTEPUIO OBICTPOJIEH-
CTBUS SBJISIETCS HEJOCTATOYHBIM, MOCKOJBKY BarKHEHINM IMOKA3ATEIEM B KOHEYHOM CUETE
SIBJISETCS TOYHOCTDH mosunmonupoBanus BILJIA (morpemrHocTh B BBIUUCIEHUE ITOJOKEHUS W
opuenTanun). TOYHOCTH 3aBUCAT OT KaveCTBA MCXOJHBIX JAHHBIX JJIs AJTOPUTMA PENICHUsT
38749 BHEITHEHl KaJMOPOBKM KaMepbl (MCIOJIb30BAIACh Deau3anus u3 OubJINOTEeKH
OpenCV [17]), koTopasi, B CBOIO O4Yepe/ib, 3aBUCUT OT Pe3yJIbTaTOB pabOThl AJITOPUTMA TIOUC-
Ka OIOPHBIX TOYEK Ha BUIEOKAJIpe C IOMOINbIO0 BeiiByieToB ['abopa (Oymer omucan B CJIeyro-
mux myosmKarusx). A pesysbTarsl ero paboThl 3aBUCAT OT TOIO, HACKOJIBKO TOYHO C TIOMO-
b0 5-Todednoro ajaroputma u Meroaukn RANSAC Beranciena gpyHIaMeHTaIbHAS MATPHUIIA,
cBa3bIBaomasa n3obpaxenus ¢ BIIJIA u UC3.

Vcnonb3yemasi peasuzalius ajropuTMa BbIYUCICHUS (DYHIAMEHTAJIBHON MATPHUIIBI TO3BO-
JIIeT HE TOJbKO HailTum Marpuily F, HO ¥ TMOMETUTH MAPhI COOTBETCTBYIOIIUX TOYEK, KOTOPHIE
He YJIOBJIETBOPSIOT (DYyHIAMEHTAJIBHON MaTpuie (JIOXKHbIe cpabaTbiBaHUS AJTOPUTMA COIO-
CTABJIEHUsI TOYEK ). DKCIEPUMEHTBI TIOKA3AJU, YTO €CJIM MOCJIe BbIUUCIeHUsT MAaTpuIpl F ocra-
€TCsl CJIMIIKOM MaJIo map Todek (Kak mpasmio, MeHee 20-25), To marpuna F' B momasistonem
OOJIBITTUHCTBE CJIYYIAEB OKA3BbIBAETCS HEIPAaBUIBLHOIA.

Takum obpazom, ObLTH CHOPMYJIUPOBAHBI CJAEIYIONINE KPUTEPUU CPABHEHUS METOJIUK CO-
[IOCTABJIEHUS OCODBIX TOYEK:

1. Bpewmst conocraBjieHusT OCOOBIX TOYEK.

2. KoymmuecTBO HaiJIEHHBIX IMap TOYEK.

3. Bpewms Borunciienusi QyHIaMEHTAJTBHON MATPHUIIHI.

4. KosmmdecTBO map 0COOBIX TOYEK, KOTOPBIE IOCJIE BBIYUCJIEHUA MaTpuiibl F' He ObLIN TI0-
MeYeHbI KaK JIOXKHbIe (Tak HA3bIBaeMble KMHJIANepbly, aHrI. inliers).

5. Wrorosast morpemntHocTh B ompeeennu Koopanuat BITJTA.

B anropurme SURF, kak u BO MHOrMX APYIuX ajropurmMax oOpabOTKWA W aHAJM3a M300-
paxkeHuit, UCXoHOE M300paKEHUE PACCMATPUBAETCH KaK JUCKPETHasi IBYMepHasi (DyHKIMs
gpkoctu. OpuuM  wu3  onucarejeii  0cobOOW  TOYKHU — sIBJISETCS  3HAK  JlaljlacuaHa

2 2
sign(V*f =g f + orf

x? oy’

) (mOJIOXKUTENIBHBI WM OTPHUIATEbHBIN). Kak yTBepXKIaioT aBTODBI

aJITOPUTMA, €CJIU JIBE OCODBbIE TOYKH C JIBYX M300paKeHUil MMEIOT pa3HbIN 3HAK JAILIACHAHA,
TO OHU TapPAHTUPOBAHHO HE MOTYT SBJISATHCS [MAPO COOTBETCTBYIOIIUX TOYeK. Taxkum obpa-
30M, MHOXKECTBO OCOOBIX TOYEK (M WX JIECKPUIITOPOB) MOXKHO Pa3bUTh HA JiBEe TPYIIbI, B 3a-
BUCHMOCTHU OT 3HaKa JIAIJACUAaHA, U COIOCTABJATH MEXKJy cODOI HADOPhI TOYEK, MMEOIIUX
OJIMH W TOT K€ 3HAK. DBLIO peIeHo peajim30BaTh W UCCIAENOBATH ITOT IMOJXOJ HA ITPUMEpPe

IeCTU IIPEAJIOZKEHHBIX METOAUK COIIOCTAaBJICHUA TOYCK.

4. SKCHepI/IMeHTaJII)HOG CpaBHeEeHHUe pa3pa60TaHHb1x MeTOANK

JLst TeTeKTUPOBAHUST OCOOBIX TOYEK M BBIYUCJIEHUS JECKPUIITOPOB C MTOMOIIBIO aJITOPUT-
ma SURF wucnosbzoBasiace 6ubanoreka OpenCV, npuMmeHsIach OJHOIOTOYHAA BEPCHUA aJIrO-
pUTMa, KOTOPBIl BBITIOJIHSJICS HA OJHOM u3 sijgep mporeccopa Intel Xeon E5410. Pasperrenue
CreHEePUPOBAHHBIX BHUICOKAIPOB ¢ BupTyasabHoro BILJIA cocrasisio 1024*768 nukceneii. Pe-
aju3anus ajropurma SURF u3 6ubiuorekn OpenCV Haxomuia Ha CHUMKAX ¢ BUPTYAJIbHOIO
BILJTA npumepno or 2700 o 3600 ocobbix Touek (Bpemsi cuera — 1,5-1,7 ¢). Kosmaectso
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HCIOJIB3YEMbIX TAMJIOB OIHOTO W3 CJIOEB MHUPAMHUJIBI CIIyTHUKOBBIX CHUMKOB COCTaBJISJIO
6-6=36 TaitnoB, Kaxkablit pa3mepom 256x256 mmkcemeii. KommdaecTBo 0COOBIX TOUYEK Ha
KaXkJIOM Tailjie BapbUpoBaJjoch npuMepHo oT 50 mgo 700, 3aBHCESO OT TEKCTYPHI 3€MHOU IIO-
BEPXHOCTH ¥ OT KOJUYECTBa JeTajieil Ha wu3o0pakeHusix. lIpocTpaHCTBEeHHOE pa3pernieHue
CIlyTHUKOBOT'O CHUMKa — 1 METp Ha IHKCEJIb.

Puc. 7 wutioctpupyer 3ajady cOMOCTaBJICHUS OCOOBIX TOYEK: CBEPXY IPEJCTABJICH KaJP
Buyieopsia ¢ BILJIA, can3y — dacTh TalyloB OJHOTO M3 CJIOEB CIYTHUKOBOTO CHUMKA, IIJIsT
HAIVISJHOCTU TaiJibl pPa3J/leJIeHbl OeJIbIMUA BEPTUKAJbHBIMU W TOPU3OHTAJBLHBIMHU JIMHUSMU.

ITaper cooTBeTcTBYIOMIX 0c0OBIX ToUYeK Ha cHUMKe ¢ BILJTA u IC3 coenmHeHbI OTpE3KAMM.

N 0
AN .Ckm»\\\‘@ k)

L BN
Wione
W'l

Puc. 7. Conocrapjienne 0cobbIX TOYEK C BUJICOKAJIPA W TANIOB CIYTHUKOBOTO CHUMKA,

JLst TecTHpOBAHUS UCIOJB30BAJUCH TPU TPAEKTOpPUH ToJiera BupTyaabuoro BILJIA ¢ re-
Hepalpeil Bueopsia ¢ yaeroM pesbeda 3emin (KapThl BBICOT), a TAKyKe TPU AHAJOTHIHBIX
TPAEKTOPUU, HO C TeHEpaIlell BUIEOPsiIa IIPU MMOJIETE HAJI INIOCKOW MECTHOCTBIO:

1. T'opuzoHTA/JIBHBIN MOJIET B CEBEPHOM HAIIPABJIEHUHU HA TOCTOSIHHOM BBICOTE HAJ ILJIOCKO

MECTHOCTBIO.
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2. l'opusoHTa bHBIN TOJIET B CEBEPHOM HAIIPABJIEHUM HA TOCTOSIHHOM BBICOTE HAJ| MECTHO-
CTBIO C peJibedoMm.

3. l'opusoHTasbHBIN MOJET B CEBEPO-BOCTOYHOM HAIIPABJICHUM HAJI IJIOCKOW MECTHOCTBIO.
3/1ech MOXKHO TecTHpoBaTh WHBapuanTHOCTH ajroputMa SURF k moBoporam m3obpa-
JKEHU.

4. Topu30oHTAJIBHBIN TIOJIET B CEBEPO-BOCTOYHOM HAIIPABJIEHUU HAJIT MECTHOCTHIO C PEJibe-
dom.

5. Ilosrer B ceBepO-BOCTOYHOM HAIPABJICHUU C HAOOPOM BBICOTHI HAJI IIJIOCKOH MECTHOCTBIO.
3/1ech MOXKHO TeCTHpPOBaTh MHBapuaHTHOCTH ajroputma SURF k mosoporam, maciira-
OUPOBAHUIO U TPOEKTUBHBIM MTPEOOPA3OBAHUSIM.

6. Ilosrler B ceBEpO-BOCTOYHOM HAITPABJIEHUU ¢ HAOOPOM BBICOTHI HAJI MECTHOCTBIO C PEJIbe-
dom. Ha puc. 7 kax pa3 u npuBelileH pe3y/IbTaT COMOCTABJIEHUS OJHOTO U3 KAJIPOB Ta-
KOT'O BHJICOPsiia C TailJlaMu CIIyTHUKOBOTO CHUMKA..

Cpagy OoTMeTHM, 9TO METONKA TIOJT HOMEpOM 4 0Ka3asach HECIOCOOHONH KOPPEKTHO COIO-
CTABJIATH OCOOBbIE TOYKHU: BPEMsI COMOCTABJIEHMsI OBLIO CJIUIIKOM BEJIHMKO (3 CeKyHIIbI U OoJee
JIJIsi OJTHOTO KaJIpa BUJIEOPsJia), OHA HAXOJWJIA CJIMIIKOM MHOTO JIOXKHBIX COOTBETCTBHUIA, UTO
HEraTUBHO CKa3bIBAJIOCh HA BPEMEHU BBIYHCIEHUs (DYHIAMEHTAJbHOW MAaTpHUIbI (HECKOIBKO
CEeKYHJI M JlazK€ HECKOJIbKO JIECSITKOB CEKYHJI JJIsi OJHOTO KaJpa). Pe3ysibTarbl BbIYUCIEHUS
MaTpuilbl F' BO BCeX ClydasX OKa3bIBaJUCh BECbMA JAJEKU OT ITAJOHHBIX 3HAYEHUH, UTO Je-
JIaJI0 HEBO3MOYKHBIM DEITIeHUe 33291 BU3yaJIbHON HABUTAIIUH.

Bo Bcex ocrasbHBIX cilydasx 3ajiada MO3UIMOHUPOBAHUS PEIIAach JOBOJIBHO YCIIEITHO,
HOTPEITHOCTL B Bbhrumcaenun mnosioxkenus BILJIA cocrasisiia or 1,5 10 3,3 merpa (3a uckiiro-
YEHUEM DPsiia CJIyYaesB).

B Tabs. 1 npuBeneHo cpaBHEHUE MATH METOIUK, IS KAXKIOW U3 IIECTU TECTOBBIX TPAEK-
ropuii mosiera. ITo Bpemenu comnocrasiienus nanbosee 3hdexkTuBHbl MeToauku 5 u 6 (ocHO-
BaHHBbIE HA WCIIOJIb30BAHUU IOUCKOBBIX WHJEKCOB), 3aT€M UJYT METOJWKU 2 U 3, HAUMeHee
s dexkruBna meromuka 1. Ilo Bpemenu Bbrumciienusi Mmarpuiibl F' Hanbosiee 3pHEeKTUBHBI Me-
TOAUKH 2 U 3, 3aTeM nUayT MeToauku 1 m 5, HamMmenee 3 dexkTuBHa MeToanka 6. Ho B mesoMm,
JIJIsi BCEX IOJXOJIOB XapaKTEPEH HEJIOCTATOK, UTO B CJIydyae HAJUUIUsT 3HAYUTEJILHBIX POEK-
THUBHBIX MCKazkeHWit (TecT N°6) MeK1y STAJIOHHBIME JIAHHBIME (CIyTHHKOBBII CHHUMOK) W Te-
croBbivu (Bugeokaap ¢ BIIJTA) ynaercs: HaiiTi HEIOCTATOYHO MAP-KUHJIAKEPOBY, UTO HE TI03-
BOJISIET PEIUTH 3a/1a4y MO3UIUOHUPOBAHMSI.

Ilepeiiiem K CpaBHEHUIO MPEIOKEHHBIX METOIUK B CJIydae, KOrJa ocoOble TOYKU C BU-
JleoKaIpa pa3bUBAJINCH HA J[BE IPYIIbI, B 3aBUCUMOCTH OT 3HaKa Jaracuana (radsu. 2). IIpo-
[IECCOPHOE BpeMsl, HEOOXOJMMOe Ha pa30ueHue, 0Ka3aJoch HeBeJMKO (He Gosee 1 Musuiuce-
KYHJIbI), MO9TOMY 9TO He TOBJIMSIO Ha ObICTpOJIelicTBUEe Beex ImecTu Meronuk. 11o Bpemenu
corniocraByenus Hanbosiee 3hdEKTUBHLI METOAUKN 5 1 6 (OCHOBaHHBIE HA WCIIOJIb30BAHUU IO-
UCKOBBIX WMHJIEKCOB), 3aTeM MIYT MeTojuKu 2 u 3, HamMmeHee 3ddektuBna meroguka 1. [lo
BPEMEHU BBIYUCIEeHUS MaTpuilbl F Hanbosiee 3pOEKTUBHBI METOMUKHU 2 U 3, 3aT€M WJIYT Me-
Tomuku 1 u 5, Hanmenee adexkTuBHa MeToauka 6. Kak Bummm, pasdueHne MHOXKECTBA OCO-
ObIX TOYEK HA JIBa IMOJMHOXKECTBA IO 3HAKY JIAILIACHAHA ITO3BOJIUJIO MOBBICUTH KOJAIECTBO
HaiiJleHHbIX [ap npuMepHo B 1,5-2 paza, yBEJMYWIOCH U KOJUYECTBO HANJIEHHBIX MAP-
«UHJIANEPOBY , YTO MOBBICKJIO TOYHOCTDH BBIYUCICHU (DYH/IAMEHTAIBHON MaTpHILL (HO JaKe B

9TOM cirydae Meroanka 6 nana cOoit).
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Tabaumna 1
CpaBHeHne METOJUK COTIOCTABJIEHHUS OCOOBIX TOYEK
Howmep Bpemsa  como- | Kosi-Bo Bpemsa  Be- | Kos-Bo [Ipumeuanue
METOJ/IUKHU | CTABJICHUS, C HaHIEHHBIX | YUCJICHUS map TOYeK-
map TOYeK Marpuilpl F, ¢ | nniaiiepon
1 1,0-1,25 632-654 0,12-0,27 400-430 B Tecre Ne6 wum-
403-468 0,28-0,55 200-240 JafiepoB  okKa3za-
200-225 0,21-0,51 60-83 JIOCH MaJIo,
171-191 0,70-0,95 49-61 omubKa B TO3W-
132-142 0,05-0,33 25-46 IIMOHUPOBAHUH
120-140 0,12-0,28 14-29 cocrauyia 19 m.
2 0,7-1 486-510 0,06-0,21 345-384
247292 0,08-0,17 127-164
80-102 0,06-0,10 45-54
54-69 0,03-0,07 30-35
3847 0,02-0,04 20-26
24-33 0,02-0,05 15-21
3 0,50-0,75 515-538 0,08-0,15 326-403 B Tecre Ne6 wum-
273-309 0,09-0,19 162-188 JlailepoB  OKa3a-
100-134 0,06-0,18 42-66 JIOCh MaJIo,
70-80 0,10-0,14 30-35 omubKa B IO3W-
34-46 0,04-0,07 18-26 I[IUOHUPOBAHUH
25-38 0,03-0,05 12-22 cocraBuia 8 M.

5 0,15-0,18 (6e3 | 640-659 0,21-0,31 393-476 B Tecrax Ne3 wu
ydera mocTpo- | 420-484 0,26-0,46 195-242 NeG UHJIaepOB
ennda wHAEKca | 238-240 0,41-0,49 19-102 0Ka3aJIoCh MAJIO,
TIOUCKA — | 185-199 0,17-1,10 48-68 BBIYUCJIUTH To-
0,09-0,11) 129-160 0,02-0,28 33-50 moxenne BILJTA

126-148 0,13-0,31 14-34 HE yJIaJI0Ch.

6 0,14-0,18 714-738 0,29-0,36 387425 B Tecre Ne6 wum-
503-532 0,28-0,48 235-265 JlailepoB  OKa3a-
279-321 0,62-1,59 96-109 JIOCb MaJjio, BBI-
241-276 0,20-1,58 53-81 YHUCJIUTH ITOJIOYKEe-
150-182 0,14-1,75 40-56 mme BILJTA  me
159 0,04 12 YJ1aJI0Ch.
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Tabauna 2
CpaBHeHHEe METOJIUK COTIOCTABJIEHHS 0COOBIX TOYEK C YIETOM 3HAKAa JIallIachaHa
Howmep Bpems cono- | Kos-Bo Bpems Boruuc- | Koim-so map | Ipumedanue
METOJIUKHU | CTABJIEHUS, C HAWJIEHHBIX | JIGHUsT MaTpH- | TOUEK-
map TOYEK el F ¢ WHIAepoB
1 1,0-1,50 1287-1313 0,23-0,39 737-942
844-912 0,39-0,82 391-513
386-419 0,24-0,92 141-174
312-341 0,70-1,00 114-130
214-227 0,25-0,65 72-88
188-203 0,30-1,10 6678
2 0,75-1,00 1050-1083 0,15-0,39 732-816
580-638 0,22-0,28 308-372
190211 0,13-0,19 93-110
133-159 0,08-0,14 65-90
83-105 0,06-0,10 39-53
64-87 0,03-0,14 29-43
3 0,50-0,75 1103-1132 0,11-0,50 637-894
600-670 0,24-0,50 304-400
218-254 0,10-0,33 99-127
157-175 0,11-0,22 77-85
78-96 0,08-0,15 36-46
54-77 0,06-0,10 29-36
5 0,2-0,23  (6e3 | 1316-1352 0,28-0,51 785-1006
ydera mocrpoe- | 900-976 0,37-0,62 424-527
HUS naAekca | 423-489 0,57-1,06 155211
noucka — 0,09— | 356-357 0,15-1,33 126-143
0,11) 248-264 0,40-1,09 82-102
227-243 0,05-1,29 71-83
6 0,26-0,31 1523-1566 0,40-0,81 828-973 B tecre Ne6
1099-1149 0,64-1,03 515-562 WHJIAfepOB
616674 0,80-2,63 186229 0Ka3aJI0Ch
505-547 2,40-3,20 163-175 MaJio, BBIYUC-
349-366 0,40-5,68 73-109 JIMTb  TIOJIO-
296-338 1,86-3,88 22-93 xenne BILJTA
HE YJIAJIOCh.
3akJiioueHue

DKCIIepUMEHTAIbHOE CPABHEHNE Pa3pabOTAHHBIX METOJUK COIOCTABJIECHUS OCOOBIX TOUYEK C

JBYX M300paXKeHwii, OJHO U3 KOTOPBIX Pa3/ieJIeHO Ha (DPArMeHTHI, TTOKa3aJi0, YTO 3HPeKTuB-

HOCTb W IIPOU3BOAUTEILHOCTL HX peaﬂusaumﬁ 3aBUCUT OT MCXOJHBIX JaHHBIX: KOJIHUMYECTBa

0COOBIX TOYEK, BUA IIPOEKTUBHOI'O IPeOoOPA30BaHMsA, KOTOPOE CBSI3LIBAET IBA M300paKeHHsI

(mapaJuIesIbHbI IEPEeHOC, TIOBOPOT, MACIITAOMPOBAHUE), & TaK:Ke HADJIIOIAEMOil CIeHbI (sIBJIs-

eTCsl JIM OHA IIJIOCKOI MM MMeeT epenajibl BbicoT). Takke ompasias cebsl mMoIX0 ], OCHOBAH-
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HBI Ha pa3bMeHNN MHOYKECTBA OCOOBIX TOUeK, HaiigeHHbix ajroputMoM SURF, na naBe rpym-

bl (B 3aBUCHMOCTH OT 3HAKA JIAIUIACUAHA).

Meromuku o mHomepamu 1, 2, 3 u 5 nmokasajnu cBOIO 3HPEKTUBHOCTH, XOTS HA TAHHOM

9Talle IMPOU3BOAUTEIbHOCTD peaJII/IBaL[I/IfI METOOUK 1 u 5 He 1O3BOJISIET HMCIIOJIL30BATDH UX B pe-

JKUME BpeMeHHU, OJIM3KOro K peajbHOMY. B HajibHEHINNX IKCIEPpUMEHTAX IIPEIIIoIaraeTcs

OHpO6OBaTb cieayromue CHOCOOBI YBEJIIMYCHUA ITPOU3BOAUTEC/IBHOCTU BCEX METOIUK:

1. Ucmonb30BaTh pasiuyHbIX 3HAYEHUIT MOPOTOBOrO 3HAUCHWs thresh (B TEKyIIUX SKCIe-

PHMEHTAX UCIOJIb30BasIoCh 3Havdenue 0,65).

2. Ilpoeectn srcnepumMenTs! ¢ mapamerpamu ajropurMa SURF 1y yMmenbienust BpeMenu

IOMCKA OCODBIX TOYEK.

3. UcKyccTBEHHO yMEHBIIUTD KOJUYIECTBA TOYEK, KOTOPHIE MOMAIOTCS HA BXOJ[ AJTOPUTMY

BBIUUCTICHUSA (DYHTAMEHTATbHOM MATpuIlbl. CIUIIKOM OOJIBINOE KOJTUIECTBO M3OBITOYHO,
OHO yBEJIMYMBAET BPEMs CUETa, TOYHOCTb MO3UIIMOHUPOBAHUS ITPU STOM IIOYTU HE MEHS-
ercsd. Bo3aMoxKHO, CTOUT 13 BCEX MAP COOTBETCTBYIOIIUX TOYEK B KOJu4decTBe P BBHIOpPATH
ciayygaitabie ) map, riae ( moxer 6bITh ukcupoBanubiM (Hanpumep, 100-150), win xe
3aBUCETH OT YMCJIa OCOOBLIX TO4YeK Ha Buieokaupe ¢ BILJIA wnm ot gucia P.

4. Hcmonp30BaTh BO3MOXKHOCTHU BEKTOpU3all KOJa M pPacCllapaJijie/IMBaHNA IIO0 BbIYUCJ/IN-

TeJbHBIM sijipaM. KOHKpETHBIE CIIOCOOBbI yBEJIMYeHUs OBICTPOIAEHCTBUS 3aBUCAT OT WC-
MOJTb3YEMOTO BBIUHMCIIUTENISA, KOTOPBIH Oy 1eT ucmosib3oBaThest Ha bopry BILJTA.
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TECHNIQUES OF FEATURE POINTS MATCHING
IN THE PROBLEM OF UAV’S VISUAL NAVIGATION

D.N. Stepanov, Aylamazyan Program Systems Institute of the Russian Academy

of Sciences (Pereslavl-Zalessky, Russia) mitek1989@mail.com

The paper is devoted to development and experimental comparison of techniques feature
points matching on the images — images of the earth's surface with cameras mounted on un-
manned aerial vehicles (UAVs) and artificial earth satellite. The main feature of the problem is
that one of the images (satellite image) is divided into fragments. The developed techniques are
part of a complex of algorithms for determining the position and orientation of the UAV using the
methods and algorithms of machine vision. A description of the flight simulation technology and
solving positioning tasks are described. Feature points on the image are extracted using an SURF
algorithm. Also the approach to matching based on the partition of feature points’ set into two
subsets depending on the sign of the Laplacian are stidied. Methods of increasing the performance
of matching points are offered.

Keywords: UAV, feature points, SURF, computer vision, satellite images, brute-force, search
index, image matching.
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