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NCIIOJIBSBOBAHUE METOJA SURF
OJId OBHAPYXKEHU Y YCTONMYUBHIX IPU3HAKOB
N30BPAKEHN A ITPI CO3JAHNN
COPEPUNYECKUX ITAHOPAMHbBIX CHUMKOB

I'. M. /IxrapkaBa, /I. H. JlaBpoB

In this article the search algorithm and a description of specific image points
Speeded Up Robust Features (SURF) is considered. The method can be used to
compare images, finding objects in images when creating spherical panoramic
images from multiple images.

BBenenune

B cratpe paccmaTpuBaeTcs aJropuTM MOWCKA M OMUCAHUS OCODOBIX TOUEK M300pazKe-
uust Speeded Up Robust Features (SURF). MeTos MoxKeT IpUMEHSATHCsI /I CDaBHe-
HUs n300parkeHuil, HOMCKa 00'beKTOB HAa U300paZKeHUsIX 1IPU Co3/laHuu chepruiecKux
HAHOPAMHBIX CHUMKOB U3 HECKOJIbKHUX U300parKeHMUil.

1. IIpobiaemaruka

Koryia Mbl cMOTpUM Ha OKPYZKAIONIMX HAC JIIOJEH, IPeJMeTbl, HPUPO/LY, HAIl MO3L
LIPO/IEJIBIBAET OI'POMHbIIT 00'beM paboThl, 4T0ObI 00padoTaTh BECh HOTOK BU3YaJIbHOM
nadopmanun. HaMm He cocTaBUT Tpyma HATH 3HAKOMOTO HAM 4deToBeKa Ha (oTorpa-
bun wrm ormunTh 37aHEEe OT MaMATHHKA. OCHOBHBIE MOMEHTBI, KOTOPBIE JeTaoT
3a/1a4y paclo3HaBaHUs 00Pa30B He TPUBHMAJBHOI JJIsl PEIeHns ¢ UCIO0JIb30BAHUEM
BbIYKMC/IMTE/IbHOW TEeXHUKH, 3aKJII0YAIOTCS B CJIe/LYIOIIeM:

o Macwmab. 1300pazKkenuss uMeroT pa3Hblii MacinTabd. IIpeaMersr, KoTOpble MbI
BOCIIPHHMMAEM KaK OJIMHAKOBBIE, HA, CAMOM JIejIe 3aHUMAIOT PA3HYIO ILIONIA/Ib
HA Pa3HbIX U300paKEHUX.

e Mecmo. Nurepecyromnuii HaC 00bEKT MOXKET HAXOIUTHCA B Pa3HBIX MECTaX
n300pazKeHusl.
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o Don u nomexu. [Ipeamer, KOTOPBIE MBI BOCHpHHAMAaEM KaK UTO-TO OT/AETbHOE,
Ha M300pazKeHUH HUKAK He BBIJECH U HAXOIUTCA Ha (DOHE JIPYTUX MIPEIMETOB.
Kpome toro, mzobpazkenue He HJieaJTbHO U MOYXKET OBITH ITOJBEPKEHO BCIKOI'O
pOJla UCKAYKEHUSIM U ITOMEXaM.

o [Ipoexyusa, epausenue u yzos 063opa. VI3obparkeHne siBJISeTCs JIUIIb JBYMep-
HOIi IIpOeKNueil Halero TpéxmMepHoro Mupa. Ilosromy moBopor obbekTa u mu3-
MeHeHue yrJia 0030pa Kap/iMHaJbHLIM 00pa30M BJIMSIOT HA €0 JBYMEPHYIO
HPOEKIUIO0 — U300pazKeHue.

Wrak, maHbl jaBa n300pakeHus, OJHO M3 HUX OYJIeM CUYHTATh OOPa3loM, JIPY-
roe — CIeHoil. 3aja4da CBOJIUTCI K OIIpejeeHnio (phaKTa HAIUIHsI 00pa3ia Ha CIeHe
U K ero jokasu3anun. [Ipu srom obpaser Ha ClieHe MOXKeT: KMEeTh JIPYroil Macuiral;
ObITh IIOBEPHYT B ILJIOCKOCTU uU300parkeHusi; ObITh B HPOU3BOJIBHOM MECTE CIEHbI;
MOZKET 6bITb 3alllyMJIeH, BUJIeH He IIOJIHOCTbIO, YaCTUYIHO 3aCJIOHEH APpyruMu I1ipe/-
MeTaMHt; MOXKeT MUMeTb OTJIUYHYIO OT 0Opa3lia spKOCTb U KOHTPACT; ero MOXKeT He
OBITH COBCEM.

CaMoe pocToe u OYEeBUIHOE PEHIEHNe 3aKII0YaeTCs B CJICAYIONEM: BO3bMEM 00-
paser; B pa3HbIX MaciiTadax, IOBEPHEM €ro Ha, BCEBO3MOXKHbBIE YIVIbI, IEpedepEéM Bce-
BO3MOXKHBIE MECTa Ha, CIEHE W CPABHUM BCE 9TH HIADJIOHBI MOIMUKCEIbHO CO CIEHOII.
OHAKO JI/1s peaJim3allii 3TOr0 PelleHus MOTPedyeTCss OIPOMHOE KOJTMIECTBO pecyp-
COEMKUX omeparuili cpaBaenus. Kpome Toro, HermocpeJcTBeHHOE CpaBHEeHHE 00pa3Ia
CO CHEHOH MOZKeT JIaTh IJIOXOW pe3yabTaTl U3-3a IIYMOB, UCKaKeHUMl, 3aC/JI0HCHU,
00beKkTOB (POHA.

st Toro 4robbl YMEHBIIUTh KOJUYECTBO CPaBHEHUN, HAM HEOOXOJUMO YIIPO-
CTHUTD 3aJiady. BeiaeuM Ha oOpasiie HeKue K/II0YeBble TOUKU B HeOOJIbIIIe yIaCTKI
BOKpYT HEUX. KiTioueBoii OyaeM cYuTaTh TaKylo TOYKY, KOTOpas HMeeT HEeKHe IpHU-
3HAKH, CYIIECTBEHHO OTJIMYAIONHe €€ OT OCHOBHOI Macchl Todek. Hampumep, 310
MOr'YT ObITh Kpasi JIMHUU, HeOOJ/IbIIne KPYTI'U, Pe3KHe lepelajibl OCBeIEHHOCTH, YI-
Jibl 1 T. 1. [Ipejmonarasi, 9To KJo4eBble TOYKH HPUCYTCTBYIOT Ha 0Opasiie Bcer/a,
MOKHO ITOMCK 00pa3lia CBeCTH K IIOMCKY Ha CIEHEe KJYEBBbIX TOYeK o0pasma. A 1mo-
CKOJIBKY KJIIOUeBble TOYKH CHJIbHO OTJMYAIOTCA OT OCHOBHOW MAacCChl TOYEK, TO HUX
qUC/I0 Oy/IeT CyIeCTBEHHO MeHbIe, YeM 00Iee 9ic/I0 TOYeK o0pasiia.

2. 0O0630p meroga SURF

SURF pemiaer aBe 3a1a9i — IOUCK OCOOBIX TOUYEK M300parKeHus U CO3IaHHe UX Je-
CKPUIITOPOB, MHBAPUAHTHBIX K MACIITAa0y M BPAIIEHHIO. DTO 3HAYUT, YTO OMHUCAHUE
KJIIOUEeBO#l TOYKH Oy/JeT OJMHAKOBO, Jlayke eCcau oOpa3el U3MEHHT pa3Mep U Oyaer
IIOBEPpHYT (B,Z[er n JgaJiee Mbl 6y,£[eM roBOpuTb TOJIBKO O BpallleHHU B IIJIOCKOCTHU
u3obpazkenusi). Kpome Toro, cam mouck KJHOUYEBBIX TOYEK TOXKE JIOJIZKEH 00Ja1arh
MHBAapHAHTHOCTBIO, TaK, YTOOBI MOBEPHYTHIIl OOBEKT CIIEHBI HMEJI TOT 2Ke HaDOp KJII0-
YeBBIX TOYEK, UTO U 00pa3ell.

Meron umier ocobble TOUKH C IOMOIILIO MaTpuipl ['ecce. lerepMuHanT MaTpu-
I bl Fecce JOCTUT'aCT IKCTpEeMyMa B TOYKaX MaKCUMaAJIbHOI'O U3MEHEHUA I'DaJueHTa
sspkoctu. OH XOPOIIO JEeTeKTUPYeT HSTHA, YIVIbI U Kpas JIMHUIA.



Maremaruieckue crpykTypbl u MojgesupoBanue. 2011. Bpr. 22. 97

Puc. 1. ITokazaubl ocobbie Touku uzobpazxenus B obpasue (cjaesa) u Ha cuene (cupasa).
Hecmorpsa na to, 4ro cuena umeer apyroil Maciirad, yroj 0030pa 1 4aCTUYHO 3aCJA0HEHA
’ ’
JIPYTUM O0BEKTOM, KJIIOUEBbIE TOYKH JOCTATOYHO TOYHO MAEHTHMHIMPYIOTCS

FeCCI/IaH WUHBapUaHTEH OTHOCUTEJ/IbHO BpallCHUA. HO HE MHBapUaHTEH MaCllTa-
oy. ITosromy SURF ucnosib3yer pasnomacinradabie OUABTPBI /1 HAXOXK ICHUSA T'eC-
CHAHOB.

ZLHH Ka}K,ZLOﬁ KJIOYEBON TOYKM CUUTAETCH HallpaBJICHUE MAaKCHUMaJIbHOI'O HU3MeE-
HeHusl sipkocTu (rpajuenT) U MacinTab, B3aTblii u3 scale-koaddunuenra Marpuist
['ecce. 'pajgueHT B TOUYKe BBIYHCISIETCS C IIOMOIIBI0 DUILTPOB Xaapa.

[Tocsie naxoxenust kiaodeBbix Touek SURF dbopmupyer ux peckpunropst. le-
CKPUITOP TIpeJcTaBager coboii Habop u3 64 (mubo 128) wmcen st KazKao# KIro-
YeBOI TOYKH. DTH YHUCJIa OTOOParKaloT HAIpaBJeHUEe I'paJUeHTa BOKPYT KJIIOYeBOi
rouku. [TockoJibKy KJloueBasi TOUKa IpejcTaB/isger co0oil MaKCUMyM I'eCCHaHa, TO
9TO IraPAHTUPYET, YTO B OKPECTHOCTU TOUYKH JIOJIZKHbBI ObITh YYACTKH C PA3HBIMU I'Da-
jquentamu. Takum obpasoM, obecriednBaercs JAucrepenst (pasjindue) JeCKpPHITOPOB
JIJIS pa3HBbIX KJIIOYEBBIX TOYEK.

HarmpagJiienue rpajineHra OKpecTHOCTEH KJIFOYEeBOW TOYKU CIUTACTCH OTHOCUTE b
HO HAIIPABJIEHHsI [PAIHEHTa BOKPYT TOUKH B IIJI0M (110 BCeil OKPECTHOCTH KJTIOUeBOii
Toukn). TakuM 06pa3oM, JOCTUTAETCS HHBAPUAHTHOCTD JECKPUITOPA OTHOCHTETIHHO
Bparenus. Pa3zMep ke obyiacT, Ha KOTOPOl CUMTAETC JECKPHUIITOD, OIIpeesseT-
¢ Macirrabom marpuilbl L'ecce, 4ro obeciiednBaeT MHBAPUAHTHOCTH OTHOCHUTE/IbHO
maciiraba. Hanpaienue rpajinenra TakzkKe CUuTaeTCs ¢ HOMOIIbIO puibrpa Xaapa.
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Puc. 2. Boigenennbr ocobbie TOUKM n300parKeHust 3MaHUsT, HAMIEHHBIE
¢ momorpio marpuipbl [ecce. Inamerp Kpyra moKa3bBaeT MACIITad
0c000it TOYKH, JIMHUS [0 PATUYCYy — HAMPABIECHUE IPAJMEHT, SPKOCTH

3. IIpumeneHnue Ha TTpAKTUKE

CopbeMka manopaM B paMKax JTaHHOU CTaTbHU MPOU3BOIUIACH C MOMOIIBIO YCTAHOBKH,
KOTOpasi COCTOUT U3 YEThIPEX CUHXPOHU3UPOBAHHBIX MEK/Ly CODOIl JijIst OJITHOBPEMEH-
HOIl CbeMKH 3epPKaJbHbIX (boTOKaMep, ocHamenubix fish-eye oobekruBamu.

O6bekTuB «phiduii riazy, «bumaiiy (anri. fish-eye) — cBepXIUPOKOYIOJIbHBIIT
dororpadudecknit 00bEKTUB, KOTOPBII UMeeT yroJ u3o0pazkKenus, Ou3kuii K 180°
unu 6onpmuit. [IpuHATO cYnTATH, YTO BCe PA3HOBHIHOCTU «(DUIIAEB» UMEIOT YTOJ
3penust B 180°, HO 310 He Tak. 300pakenue neitzaxka ¢ yrjom 180° jaér kpyro-
BYIO KapPTHHKY, HO KaJIp HpeJcTaBjser coboit mpsimoyrosbauk. Ecrh aBa crocoba
YCTPAHEHHSI 3TOI0 HECOOTBETCTBUS M TPH THIIA «(DUITAEB:

o [{upKyadpHBI — HA HOJYYEeHHOM KaJipe M300pazKeHHue 3aHUMaeT He BCIO ero
ILJIONIA/Ib, & JIMIIb BIHCAHHBINA KpyT. Takoii 00bekTuB uMmeeT yros 3penus 180°
B J1I060M HalpaBjieHuH (CIpaBa HaJeBO, CBepXy BHH3 H T.11.). C HOMOIIbIO
TAKOro OO'beKTHUBA MOYKHO CJleJlaTh CHMUMOK, HAa KOTOPOM Oyjier nu300parkéH,
HalpuMep, BeCb HEOOCBO/IL.
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e JlnaroHaJbHBI (MU «IIOJTHOKAPOBBIii» ) — IOy YeHHbIH Ka/Ip IeJTUKOM 3aHAT
n300pazkKeHneM, OJIHAKO yroJi 3penud B 180° coOOTBETCTBYET JIUIIb JUATOHAJISIM
Kajipa. /Ipyruvmm cioBamu, MOMHBIN KPYT, KOTOPBIM MaéT MUPKYISPHBIN THII,
3TOT 00bBEKTUB He m3odpazkaer B Kajpe. B jranHom ciydae HaobOpOT: Ka/ip
BIIMCBIBAETCH B KPYI'OBOE M300pazKeHue.

e C kpyrom mzobpazkenus 6osiee 180° — 0OBIYHO MMEIOT TAKXKe KPYIVioe u300-
pakeHre W yroJl 3peHns MOXKeT COCTaBIdITh 220°.

[Ipu oveHb MHUPOKOM YIJie 3peHUs] BOBHUKAIOT CUJIbHbIE HCKAKEHUs IEPCIeKTH-
Bbl: 3a/IHU IIJIaH KaKeTcs JaJjiblie, 4eM Ha camMoMm Jiejie. Kpome Toro, ysesnyenue
BO MHOI'MX CbEMOYHBIX CHTYAIMAX MOYKET ObITh HEJIOCTATOYHBIM, U OCBEIIEHHOCTH
CUJIBHO HAJIAeT 110 KPAo.

Yr10o6bI KOMIIEHCUPOBATH YTH HEJOCTATKH, B OO'bEKTUB IIPU €10 pa3padborke Hame-
PEHHO BBOJSAT OTPUIATENIbHYIO jucropenio («boukay ). Torma yBesmdenne 1o nesrpy
CTAHOBHUTCS OOJIbINE, U B 3TOI 00/1aCTH OOBEKTUB padoTaeT KaK MeHee IUPOKOYTOIb-
Hbiil. ToJIBKO JIECTOpCHS MO3BOJIAeT joBecTu yros 3penusd a0 180° u Gosbire. Tem
HE MeHee TaKas KOMIIEHCAIMs BHOCUT CBOU HCKAYKEHUS MEPCIEKTUBBI — BbIISIU-
BaHUE MEHTPA, & TAKZKe BEJIET K MCKAXKEeHUsIM (POPMBbI HPEAMETOB: MPSIMbI€ JIMHUN
n300paXKaITCH KPUBBIMU.

B xo/1e paboTbl Obl1 HCIIOJIB30BaH IMPKYJIsipHbIH 0O0bekTuB Sigma AF 8 mm £/3.5
EX DG Circular Fisheye Nikon F. [Ipu moprpernoit ycranoBke KaMepbl JaHHbBIH
00BbEKTHB MO3BOJISIET NOJYIUTh CHEMOK ¢ yriaoMm ob3opa 180° mo Beptukasau u 120°
10 TOPU30HTAJIN.

YerpIpe CHUMKA, YACTUYHO HAKJIAJIBIBASACH JAPYT Ha JpyTa, MOJHOCTHIO MOKPbLIBa-
10T OKpY2zKalollee MIpOoCTPAHCTBO. /lj1g TOYHOro HaJI0KeHUusl CHUMKOB JIpyT' Ha JApyTra
U HOJIyYeHHUsT KPYTOBOTO HAHOPAMHOI'O M300PazKeHus Ha UCXOHBIX CHUMKAX BbIJIE-
JIFIOTCA KJIloueBble TouKu ¢ noMmoupio Merona SURFE.

4. TecTbl

TecrupoBanue merosa 1posojuioch ua 4000 uzodbpazkeuuit. [Iponent npaBujibHO
nIeHTU(MUIMPOBAHHBIX KJII0UeBbIX TOUeK cocTaBus 91,3. OcHoBHbBIE OMUOKH DU BbI-
JICJIEHUH KJIIOYEBBIX TOYEK ObL/IM OTMEYEHBI HA CJAUIIKOM TEMHBIX W HE KOHTPACTHBIX
CHUMEKAaX.

Hyxuo ormerutrs, Hecmorpsa Ha 1o, uro SURF mcmonb3yercs s noucka o6b-
eKTOB Ha M300pazkeHuu, oH caMm pabortaer He ¢ oObekTamu. SURF Hukaxk He Bbljie-
Jsger 00bekT u3 dona. OH paccMaTpuBaeT H300pazKeHue KaK eJIUHOe 1eJI0e U UIIeT
ocobeHHOCTH 3TOr0 M300pazKenus. [Ipu 3TomM ocobeHHOCTH MOTYT ObITH KaK BHYTPHU
o0bekTa, Tak 1 Ha (POHE, a TaKKe Ha TOYKaX rpaHuibl o0bekrta u ¢ona. B cBssu
C THM MeTOJI ILIOXO paboraer s 00beKTOB HPOoCToil (popMbI U 0e3 SIPKO BhIpa-
JKEeHHOII TeKCTYpbl. BHYTpH TaKuX 00bEKTOB METOJI CKOpee BCero He HailIéT 0coObIX
touek. Touku OyayT HaiieHbl JuO0 Ha rpaHuine obbekra ¢ (OHOM, JIMOO BOOOIIE
TOJIBKO Ha (poHe. A 3TO NpUBEAET K TOMY, 9TO OOBEKT HE CMOXKET ObITh PACIO3HAH
B JIDYI'OM U300pazKeHuu, Ha Jpyrom (oe.
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Puc. 3. Ucxonubie n30bparkenus ¢ KaMepbl

Puc. 4. ['oToBbIit TAHOPAMHBI CHUMOK

B pamkax 3aj1aun ujaeHTuduUKaAIMT TOYEK Ha U300parKeHusiX Mpu co3ianuu cde-
pPUYECKUX HAHOPAMHBIX CHUMKOB IIpo0/ieMa ¢ (bOHOM He BO3HHUKAET, II09TOMY METO],
SURF npumenum s pereHus 3Toil 3a1a49H.
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