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OBPABOTKA U305PAKEHUN

VIIK 004
IL.B. JIykameBuy, b.A. 3anecckuii

MACIHITABHO-UHBAPUAHTHBIN AJITOPUTM OBHAPYKEHUSI
OBJIACTEM U30BPAKEHUMN

Onucvieaemcest MACUMabHO-UHBAPUAHMHBLI AN2OPUMM OOHAPYJiCeHUus: oOaacmell u300pasicenutl no
wabnony, OCHOBAHHLIN HA CPABGHEHUU UX OPUCHMUPOBAHHOO SPAOUeHmA. Aneopumm, 8 YacmHoCmu, NPeoHd-
3HaAYaemcs Oisl HAXOMHCOEHUsL 8 pexcume PealbHo20 8pemMery ooaacmell apo- U KOCMUYeCKUX uzoopasxcenuil,
Komopule cOOmeemcmayom Kaopam 8u0eonociedo8amenbHOCmell, CHAMbIX 8U0eoKamepoll. Aneopumm npo-
we u 8 HeCKOIbKO paz Guicmpee nonyspHuix 8 Hacmosiee gpems arzopummos SIFT u SURF. On noseonsem
HAOEICHO HAX0O0UmMb 00IACMU HA U300PAdXCEHUAX (8 MOM Hucie OOTLUUX PASMEPOS), UMEIOWUX CXOXHCUEe XA-
PAKMEPUCMUKU ¢ UABIOHAMUL.

BBeaenune

AJTOpUTMBI OOHApYKEHUSI 00JIacTe Ha M300PaKEHUSIX SIBISIOTCS BaXKHBIM HHCTPYMEHTOM
IpU PEIICHUU IIHPOKOTO Kpyra 3ajad, BKIOYasl MOMCK W PETUCTPAIHIO0 M300paKeHUH, TTOMCK 00b-
€KTOB Ha M300pakeHMsIX W HaBuranuio. OHM TakKe UCIIONIB3YIOTCSA B PA3IUUHBIX 00JacTax HHMOp-
MaIMOHHBIX TEXHOJOTH, TAKUX, KaK OXpaHa OKPYKaIoUIeH cpelbl, OOHApyKeHUE U3MEHEHHH, 00-
HOBJICHUE KapT U T. 1.

3amavya movcka M300paKEeHU# TTOHMMAETCSI CICAYIOIHM 00pa3oM: UMeeTcst n3o0paskerue (Harpu-
Mep, a’po- WM KOCMHYECKOE), KOTOpoe OyaeM Ha3bIBaTh OPUTMHAIOM WM STaJOHOM, Tpedyercs 3a pe-
aITbHOE BpeMsI HAUTH Ha HeM 00JIacTh, KOTOPasi COOTBETCTBYET MEHBIIIEMY U300paKEHUIO, HA3bIBAEMOMY
maba0HOM (B KauecTBe 1I1a0JIOHA, HAIIPHMEP, MOXKET BBICTYIATh KaJIp BUICOIOCIIEIOBATEILHOCTH, KOTO-
pasi CHsITa BHACOKaMEpOi, YCTaHOBIICHHOW Ha OOpTy camorera). [l KaJpoB BUJICONIOCIEI0BATEIHHOCTH
peanbHOE BpeMsi coctaBisieT = 33+ 40 wmc. [IpocTpaHcTBeHHOE pa3pelieHre MabIoHa U yroi T0OBOpOTa
€ro CTOPOH OTHOCHTENBHO ATaJIOHA MPE/IIoJIaraloTcsl HeM3BECTHBIMU. JlaHHas 3a/1a4a BechMa aKTyallbHa B
HacTosiiee BpeMs. HecMoTpst Ha TIpocToTy ee GOpMyIHPOBKH, 3aa4a TPyAHA, TaK KaK OTCYTCTBUE WH-
(opManM O MPOCTPAHCTBEHHOM pa3pelieHHH IMalJIOHa M €ro yrie MOBOPOTa OTHOCHTENBHO STAJIOHA
HPHUBOJUT K HEOOXOAMMOCTU CPaBHEHHUS 3THX M300paKEHUH MPH BCEX JIOIMYCTHMBIX MaclITabdax u MoBO-
porax. B cBoto ouepesib, OONBIIOE YHCIIO CPABHEHWH MPUBOAWT K HEOOXOAWMOCTH BBITIOJHEHUS! OYEHb
OOJTBIIIOTO YKCIIa ONEepalyi, YTo JeIacT HEBO3MOXKHBIM HCIIOJb30BaHHE U3BECTHBIX, XOPOIIO 3apeKOMEH-
JIOBaBIIHX ce0s1 METOJIOB, 0€3 MX ITyOOKOH U CIIOKHOW ONTHMHU3ALINH.

Haubonee momynsipusie n 3ppekTHBHBIE B HACTOALIEE BPEMs aITOPUTMBI IOUCKA COOTBETCTBUS
obmacreit SIFT [1, 2] u SURF [3] pemaroT chopMyTupoOBaHHYIO 3a/1a9y MyTEM CPABHEHHS TaK HA3bI-
BaeMbIX 0COOBIX TOUEK, BBIICIIEHHBIX Ha Pa3HbIX MacITabax n3odpaxeHus. B kauecTBe 0coObIX ToUek
MOTYT BBICTYNATh yTJIbl, MECTA MIEPECCUCHUN JIMHUHI IpaJleHTa WM JaXke ISTHA ONpeaesieHHON op-
MbI U pa3Mepa [1-9]. DTu aaropuTMbl CHavana CTPOSAT MaciiTabHbIe MUpamMuIbl n300pakeHuit [4, 5],
3aTeM BBIACISIOT 0COOBIE TOUKH HA PAa3HBIX YPOBHSIX MAcCIITaOHBIX MUPAMUJ C IOMOIIBIO0 OPUEHTHPO-
BAaHHOTO TpaJUeHTa WM reccuaHa, yrnopsaounBalOT MHOKECTBa 0COOBIX TOYEK CIEIMalbHBIM 00pa-
30M, a 3aTe€M MIIYT COOTBETCTBUE 00JacTel, yCTaHaBIMBAas COOTBETCTBUE MEXIy OCOOBIMH TOYKAMU
11a0JIOHa ¥ OPUTMHAIBHOTO M300paKeHUsI, MCIIONb3ys allTOPUTMBI OBICTPOTO MOMCKA. YTIOMSHYTHIE
SIFT u SURF He mo3BonstoT paboTaTh ¢ N300paKeHUSIMH OOJIBIINX Pa3MEPOB, B HEKOTOPBIX CIydasx
He 00ecIevrBaIOT BEIYHUCICHUS B PEKUME PEaIbHOTO BPEMEHH U UCTIONB3YIOT OOIBIION 00beM maMsi-
TH JUTS XpaHEHUS] OCOOBIX TOYEK.

B cratbe npeiaraercs anroputM ooHapyxeHus odaacreit o madbnony SICHT (Scale Invariant
Compressed Histogram Transform), criocoOHbIi pemiaTh 3agady Ha OOJBLIIMX M300paKEHHSX 3a pe-
anbHOE BpeMsl. ANTOPUTM TecTHpoBajcs Ha dtanoHax pazmepa 9000 x 9000 nmukcenoB, XOTs TEOpETH-
YEeCKH OH MOJXKET OBITh IPMMEHEH Ha M300pa)KeHMsAX OOJIbIIEro pa3mepa Oiaronaps HCIOIb30BaHHON
TEXHHKE TOABBIOOPKH, KOTOpasi CYIIECTBEHHO YMEHBIIAET TPeOyeMyIo MaMATh U YUCIIO ONEepaLui IpH
COXpaHEeHUHU TpeOyeMOl TOUHOCTH PEILCHHSL.
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OueBuaHO, YTO (POPMUpPOBAHKE MIPOCTPAHCTBA MPU3HAKOB MACIITAOHOW MUPAMUIBI OPUTHHAIIb-
HOTO MU300payKeHUsI MOXKET OBITh BBITIONHEHO 3apanee, TeM He MeHee SIFT u SURF tpebyrot amst atoro
0oJbIIIer0 BpEMEHH 10 CpaBHEeHUIO ¢ nipemioxerHbiM SICHT. Hanpumep, mpu uconb30BaHUN TajoHa
pasmepom 5110x5110 mukcenoB u mabnona pasmepom 640 x 480 mukcenoB mpenBapUTebHAs MOA-
TOTOBKA JAHHBIX JiTs dTaiona anroputMoM SURF (Bepcust OpenCV) zanumaer 30,5 ¢, OMCK COOTBET-
crBusi — 4,8c. SICHT Ttpebyer mist aToro coorBercTBenHo 18,5 ¢ u 0,06 c. [Ipu 3TOM NaHHBIE, MTOATO0-
toeneHnbie SURF, 3anumaror =~ 200 Mb oneparusHoii mamsity, a SICHT — ~ 2,8 MBb.

B npemnoxennom anropurme SICHT cpaBHeHHE OpUIMHAIBHOIO HM300paKCHHS M Ia0JIOHA
IPOU3BOIUTCSI HA OCHOBE I'MCTOTPAaMM OPUEHTHPOBAaHHOTO TpaaneHTa (cokpamenHo HOG), koTopsbiii
B 00LIEM ciTydae BBIYHCISIETCS JI1 HEKOTOPOU PEryIIpHOM MOAPEIIETKH TUKCEI0B MacIITaOHON TH-
paMUIBI OPUTHHAIHHOTO H300payKeHMS U MadIIoHa.

Onucanue anroputma SICHT coctout u3 crienyromux maro. CHavyana CTpOUTCS MaclITaOHas
MUpaMuJia OPUTHHAIHLHOTO H300pasKEeHUsI ISl TOTO, YTOOBI MOJTYYHUTh BO3MOXKHOCTh CPaBHUBATH €0 C
11abJIOHOM B OJIMHAKOBOM IPOCTPAHCTBEHHOM paspelieHur. B ciyyae ecnm opurnHanbHoe n300pa-
JKEHHE U a0JI0H MMEIOT OIMHAKOBOE MPOCTPAHCTBEHHOE pa3pelleHre, He00X0IUMOCTh HCIIOIb30Ba-
HUsI MacIITaOHOW MUpaMUABI OTHagaeT. 3aTeM GUKCUpYETCs PeryisipHast MOIpelIeTKa MTMKCEI0B OPH-
TMHANBHOTO H300pakeHus. Pa3mep moapemmeTky BeIOMpaeTcst Tak, YToObl 00ecreunTh Hanbolee Tou-
HOE pelleHue 3a peanbHoe Bpems. [Ipu ncnoiap30BaHMM KOCMHUYECKUX M300paKEHUH IIAr pereTKd
BbIOHpaics ot 2 1o 32 mukcenoB. OxonHble HOG BBIYHCISIOTCS TONBKO IS MAKCEIOB MOIPEIIETKH
OpUTrHHAIBHOTO M300paxeHus. Pazmep okHa st BeruucieHns HOG Ha kaXIoM ypOBHE MHUPaMUIBI
JIOJDKEH COOTBETCTBOBAThH pa3Mepy I1adiioHa.

Kaxnas HOG criaxxuBaeTcss U BBIPABHUBACTCS C IMOMOILBIO BBIYMCICHUS TJIaBHOTO HaIpaBiie-
HUsI ee OPHEeHTHpOBaHHOTO TrpaaueHTta. [locne atoro BeipoBHeHHass HOG cxumaeTcs B Hamepen 3a-
JTAHHOE YHCIIO pa3 1 3allUChIBACTCS HA JIUCK.

Omnepauuu, BBIIOJIHIEMBIE B PEXUME PEATbHOTO BPEMEHH, BKJIIOYAIOT BBIYUCICHUE, CTJIAXKHUBA-
HHe, BelpaBHMBaHHE U cxkaTe HOG Tekymiero madioHa U ee CpaBHEHHE C 3alMCaHHBIM MacCHBOM
HoG macmtabHOM MHpaMuabl OpUTHHAIIA.

Jis IOBBILIICHNS! HAJIEKHOCTH U YCTOMYMBOCTH PELICHUH 3a/1a4M MPEASIOKEHbl HECKOJIBKO Ba-
PHAHTOB NPOLEAYPbl CTATUCTUYECKON KJlacTepu3allii, OCHOBAaHHOM Ha KJIACTEPHOM aHaJIM3€ IOCe-
JIOBaTENILHOCTH BEKTOPOB — IIEHTPOB HalIEHHBIX 00nacTeil cooTBeTcTBUsI. CMBICH MPOIELYpPBl COCTO-
UT B MPOBEPKE JIJISI KaXKIOTO TEKYIIETO MIa0doHa OJIM30CTH BEKTOPA-OIICHKH €T0 TOJIOKEHHs Ha OpH-
THHAJIBHOM M300paXEHHH K LIEHTPY caMoro OOJIBbILIOro KiacTepa, 00pa3oBaHHOTO HECKOJIBKUMH BEK-
TOpaMH-OIEHKAMH JIJIS TIPEIBIIYIINX 1a0JIOHOB.

3aMeTHM, 4TO MPEIOKEHHAs CTATHCTHUECKAst MPOLeAypa MOXKET ObITh BKIIIOYEHA B COCTAB H3-
BECTHBIX AJITOPUTMOB OOHApYy)KEHHs oOyiacTell Mo KazapaM BHAeomnocienoBaTeabHocTel. Tectuposa-
HHE M0Ka3aJI0 IPUMEHUMOCTh aJIrOPUTMA JUIsl PeLIeHuUs 3a/1a4 00HapyXeHus o0acTen.

1. Onucanue ajaropurmMa

OJHO W3 MPEeUMYIIEeCTB COBPEMEHHBIX aJlTOPUTMOB OOHapykeHus: obnactel, Bkimovas SIFT u
SURF, 3akirouaeTcst B HCIIOJIB30BAaHUU OCOOBIX TOYEK, KOTOPBIC U3BIIEKAIOTCS U3 HauOoJjee XxapakTep-
HBIX YacTell OPUTHHAIILHOTO M300paXkeHus u mabioHa. Bo MHOTHX ciydasx yaoOHEe HCIOJb30BaTh
HUX BMECTO CPaBHEHUS BCEX BO3MOXKHBIX 00JIACTEH (C y4eTOM ITOBOPOTOB M MACIITa0OHUPOBAHUS) OpH-
THHAJILHOTO M300paXkeHHs ¢ madsoHoM. TIpyu 3TOM 4acTo TOYHOCThH PELICHHS 3aJadd OOHAPYKEHUS
MTOBBIIIAETCS.

OpHaKo BO3HUKAIOT TPYAHOCTH MIPU UCTIOIH30BAHUH OPUTHHAIHHBIX N300paKEHUH U MA0JIOHOB
0OJIBIINX Pa3MEPOB MJIM KOT'JIa UX IMPOCTPAHCTBEHHBIC Pa3PEIICHUs OTJIUYAIOTCs 00JIee YeM B YeThIpe-
mATh pa3. B Takux ciydasx BBIYHCICHHE MPOCTPAHCTB OCOOBIX TOYEK MOXKET 3aHSATh MHOTO YacOB,
MPOCTPAHCTBA MOT'YT OKa3aThCS HACTOJIKO OOJBIIUMH, YTO HE XBAaTaeT MECTa B IMAMATH JJIS UX CO-
XPaHEHUs, BpEMs CPaBHEHHUS 0COOBIX TOYEK OKa3bIBACTCS OOJIBIIE JOIMYCTUMOTO.

ABTODBI CTOJIKHYJIMCH C YIIOMSHYTBIMH TPYAHOCTSAMH B ClIy4ae, KOr/ia B KQueCTBE OPUTHHAIIb-
HBIX U300pakKCHHUN HCIOJIB30BAINCh a3pO- WIM KOCMUYECKUE CHHMKH, a B Ka4eCcTBE IMIa0JIOHOB —
KaJIphl BUACOIIOCIIEI0BATEIIBHOCTEH.
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Jlns ux mpeogosieHus U 00eCTieYeHNsT BO3MOYKHOCTH TIOyYaTh PEHICHUE 3a1aui 00HApPYKEHHS
oOjacTeli B pexKMMe peaibHOr0 BpeMeHH ObL pa3pabdoran anroputm SICHT.

Haunem ommcanne aimropurma, obosmauns depes S={0,..., m—1}x{0,...,n—1} MHOXecTBO
MIAKCETIOB | :( Jis j2) OPHMIHHATILHOTO MOIyTOHOBOTO n3o0paxkenust | ¢ marencusrocTsvu |, j € S. Tak

Kak [BeTHbIC KOMIIOHeHTEI RGB-1300paxenuit oopadarsBarorcss SICHT He3aBUCHMO MiIH JayKe HCIIONb-
3yeTCsI TOJILKO OJIFH IIBETOBOM KaHaJI, HHXKE Oy IyT YIIOMHHATKLCS TOJILKO TIOJTYTOHOBBIC N300PaXKSHUSI.
st Toro 4ToOBI M30€kKaTh PYYHOTO MAacIITAOMPOBAaHUS H300paKEHUH, MCIONB3YeTCsS Mac-

~

mrraGuas mupamuga I = {1(0), ..., 1(k —1)} opurunamsroro msoGpaxennus. OHa 0GpasoBaHa OTMAc-

HITa6I/IpOBaHHBIMI/I KOITUAMU OPUTHHAJIBHOI'O 1/1306pa>1<eH1/1${, KOTOPEBIE IOJId IOAXOIAIIETO Macimraou-
pYyromiero MHOXHUTCIIA 0< p< 1 3a0ar0TCAd paBCHCTBAMU

1) =p'1, 1=0,.k-1, )

mm s 0< 7

|(|)=(1+'?T] I, 1=0,..k-1, @)

u umeror pasmepsl M(l) =[p'm] , n(l) =[p'n] s cxembl (1) u m(l) = [(1+(I r)/k)_l m} ,
n(l) = [(1+ (Iz)/ k)_1 n} it cxeMbl (2) (hyHKIms [ ] O3HayaeT eIyl 4acTh uncia). MHoxecTBa

MUKCENIOB OoTMacmTabupoBanHoro u3obpaxkenus (1) Oymem o06o3HadaTh S(I)={O, e m(I)—l}x

~

X {0, ., n() - 1} . B o0mem ciydae mpu mocTpoeHHH MUPaMHUIBI 3 MOTYT OBITh HCIOJB30BaHBI OT-

puLaTenbHble 3HAa4YeHUs {, OJHAKO BCEr/ia MOXHO IE€PEeHYyMEpOBaTh HW300paKEHUS TakK, UYTOOBI
HauOospIee U3 HUX uMeno HoMep ¢ = 0. MeToapl akKypaTHOTO IOCTPOSHUS TTUpaMu] N300paskeHu i
omnmcansl B [4, 5]. IIpemnaraemerii anroput™m Tak ke, kak 1 SIFT 1 SURF, ocHOBaH Ha UCIIOTB30BaAHUT
OKOHHOTO TPaJlieHTa MUPaMUbl OPUTHHAIBHOTO H300paXkeHusl 1 1madnoHa. ['pagueHT n3o0pakeHus
1(0) HOHUMAETCsI Kak m(l) x n(l) -marpuma G(?) c 3IIEMEHTAMH-BEKTOPaMHU

G() = {gH,j(l ), gvyj(l)} oo Tae On,;(I) u g, ;(I)— ropusonTanbHbIE U BEPTHKAILHBIE KOMIIOHEH-

je
Thl OKOHHOI'O I'paIUCHTA. Oxna WH )51 VVV MNpEACTABIIAOT coboit MaTpulibl BECOBBIX K03(1)(1)I/IHI/I6HTOB

JUIs TIOJICYeTa rpaJreHTa, KOHKPETHbIE pa3Mepbl KOTOPBIX YKa3aHbl B pasil. 2. B paccmarpuBaeMom
cllydae OKHa BRIOMPAIOTCS OJJMHAKOBBIMU JIJIsl BeceX u300paxenuii |(¢) mupamuss (puc. 1).

Wy

Puc. 1. ®opma 0KOH OKOHHOTO TPaHEHTA
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Takum o6pazom,

1
Gu ;D= D0 D) Wy
|WH'meWH

Z Im(l)\N\/,m—j'
meW
\

E‘H

gv J(I

e WH k—j ¥ Wy k—j— 2MIEMCHTEI OKOHHBIX MaTPHIL.

Ilpu Bbramcnennn HOG  wucnmombsyrorest  yrusl  HakioHa  Sj(f)  BEKTOpOB  rpajueHTa

v ,j(0)
H,j(0)

s obecrieyeHns: BO3MOKHOCTH PabOThI B PEKUME PEalbHOIO BPEeMEHH € STaloOHaMH OOJIBIIO-
ro pa3Mepa, KOTOpble HepeaKo MMEIOT BBICOKOE IMPOCTPaHCTBeHHOe paspernenne, B SICHT mpemnara-
eTCsl MPOU3BOIUTH MOUCK 00JIacTel TOJIBKO Ha PETYISPHON MOJpENIeTKe MUKCENIOB 3TaoHa. Mcmmos-
30BaHKE TOAPEIIETKH — «IJIaTa» 3a OBICTphIe BhIYKCIeHUS. OOBIYHO IIar MOAPCHICTKH BBIOMpAETCs
TaK, 4YTOOBI TOCTUYh MaKCHMallbHO BO3MOXXHOH TOYHOCTH 3a peajbHOe BpeMs. B mMpoBeAeHHBIX Te-
CTaxX, B KOTOPBIX B Ka4ecTBE ITAJOHA OBUIM MCHOIB30BAaHBl KOCMHYECKUE CHUMKH, IIAT TOAPEIICTKH
BbIOUpaics ot 2 1o 32.

Breraucnenue rpaayveHTa Hla6J'IOHa JOJDKHO 3aHUMMATh KaK MOXXHO MCHBUIC BPEMCHHU, ITO3TOMY
MMEET CMBICT MPOBOAUTH €ro MerojoM «Oerymieil crpokm» [10] wiu Mcmons30BaTh MHTErpAbHOE

9H,j(0),9v ,j(¢), pasusie S (¢) =] arctan

n300pakeHue.
[IycTh menmoe (@ — Iuar TOJPENIeTKH, TOTJA peryispHas MOoApemeTka SS HMeeT BHJ
$={0,0,...,i,0, ..} x{0,0,...,i,0,...} ¥ COCTOMT W3 IHKCENOB OCHOBHOH pemieTkn je€S Buia

j=(i19,i»q) . Perynspusie noapemerkn SS(¢) = SS(1S(¢) ¢ oanHaKoBBIM MAroM ( HCMOIB3YHOTCS
JUTSL BCeX M300paKeHU TUpaMuIbl N300paskeHui J .

O6osnaunm wepes O ={0,...,u—1}x{0,...,v—1} MHOXKECTBO MHKCEIOB NPIMOYTOILHOIO
11a0JIoHa, mpeamnoaras, 4ro 4 <m, v <n. O6o3HaunmM takxke yepe3 O j MHOXKECTBO ITHKCENIOB H300pa-
xenus (/) , umerontee GopMy g X v -IPSAMOYTOJIBHUKA € LIEHTPOM B IHUKCEIe j (HAIIOMHMM, YTO Ha

BCEX M300paKeHUSIX MUpaMuIbl I 1uist nozicuera HOG Mcnosnb3yroTest OKHA OJJMHAKOBOTO pa3Mepa).
I'ncrorpamMmma OpUEHTUPOBAHHOTO IPaJMeHTa OoTMaclTabupoBaHHoro staniona (/) B mukcene

J mpencraBisieT co00i 0JJHOMEPHBIH BEKTOp pa3mepHOCcTH 360

h;(0) = ( hjo(0),h;j1(0),... 1359(5))
C KOOPJMHATAMH

hj,i(l) = Z 1{l3m(|)=i}

I'T'IEOJ‘

1€ HHIUKaTOpHAasa HKIIWUA 1 aBHa 1, €CJIU YCJIOBUE © BBIIIOJHAETCS, U paBHa 0 B mpoTHBHOM
(&)

ciyuae. I'mcTorpaMMa OpHEHTHPOBAHHOTO IPaJMeHTa MabioHa N BBIYMCISETCS aHATIOTHIHO.
DTaJoH U Ma0JIoH B 00IIEM CITydae OTIHYAIOTCS HE TOJBKO MPOCTPAHCTBEHHBIM pa3pelicHUEM,
HO ¥ TIOBOPOTOM OTHOCHUTEIILHO JIPYT ApYyTa, M03TOMY Tiepe] cpaBHeHnEM nX HOG momKHBI OBITH BBI-
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POBHEHBI JUIsl TOTO, YTOOBI M30€KaTh CPaBHECHUS BCEX IMKIMYECKUX caBUroB omHoi HOG otHOCH-
TEJILHO IPYTOil.

IIpocrefimmii cmoco0 BEIpaBHUBAHUS THCTOTPAMM OPUEHTHPOBAHHOTO TPAJMEHTA 3aKIIFOUASTCS
B HAXOXKJCHHH WX MaKCHUMaJIbHOT'O 3HAYCHUS U IHUKIMYECKOTro caBura Bekropa HOG takum oOpasom,
4TOOBI OHA HAYMHAJACH CO cBoero MakcumyMma. OnHako HOG «BBITISAAT HE THankoy» (puc. 2), mo3To-
My WX HEIOCPEACTBEHHOE BHIPAaBHHWBAHWE MPUBOJIUT K BOSHHKHOBEHHWIO CYIIECTBEHHOTO YHCIIA OIIH-
00K ompe/esieHNs TTIABHOTO HAIIPABIICHUS TPAIUCHTa B OKHE, a 3TO, B CBOIO OYepeb, MIPUBOIUT K 3HA-
YUTEIHLHOMY YHCITy HEMIPABHILHO HAMICHHBIX COOTBETCTBUH.

1000

3tanoH

Wabnon

700

500

7 S S S S S S S S S S S S S S S S S S S S S RS S S SR}
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360

Puc. 2. BeipoBHeHHBIE 10 MakcuMyMy HOG mrabnona
U COOTBETCTBYIOLIEH eMy 00JIacTH 3TajoHa

YMeHblIeHne KOTMUeCTBa OMOOK NpH BeIpaBHUBaHUU HOG mocTuraercst myTeM Mx CriaKuBa-
Hust. Jaxke mpocTeiiiiee criakrBaHUe ¢ TOMOIIBIO CKOJIB3SIIEr0 CPEAHEro JJAeT 3aMEeTHOE YMEHBIIIe-
HHUE YKCIIa HeMPABUIBLHO HAHICHHBIX 00JIaCTel dTanoHa.

O6o03HaynM gepes

hj()=h;()®a, h=h®oa,
nuknyeckre ceeptku HOG stanona u mabioHa ¢ yCpeaHSIONINM BEKTOPOM

a:lﬁmn.
d d

Toraa nepBbie KOOPAMHATHI CIUIAKEHHBIX BBIpOBHEHHBIX HOG h J-(ﬁ) sranona u N ma6nona ymosie-

TBOPAKOT COOTHOIICHUAM

o) = e a0} oo = max i}

3ameuanue 1. Heckonpko BUAOM3MEHEHHAS MTOCIENOBATEIHHOCTh NEHCTBHUI. a) CHavaja C Io-
MOIIIBI0 METO/Ia CKOJB3AIIET0 CPeTHEro ¢ OKHOM ImmprHOi 10 20+30 rpagycoB HaXOASATCS MaKCHMY-
MBI CTJIaXEHHBIX rUctorpamMm 0G; 0) MCXOIHBIE HECIJIAKEHHBIE TMCTOIPAMMBI BBIPABHUBAIOTCS IO
MaKCUMYyMY OCPEJIHEHHOH CKONMB3AmMM cpenqHuM HOG; B) BEIpOBHEHHBIE HECTJIaKEHHBIE THCTOIPaM-
MBI OCPEIHSIOTCS METOAOM CKOJIB3SIIETO CPEAHETO ¢ MaICHHKUM OKHOM oT 3 1o 10 rpamgycoB — maer
HECKOJIBKO 00Jiee TOUHBII Pe3ynbTarT.
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Jlnst HaxoXKICHUS Ha 3TaNoOHE 001acTH, COOTBETCTRYONICH mabmony, SICHT cpaBHuBaet cria-

»eHHble BeipoBHeHHbIe HOG h i (#) macmTaGHBIX H306paKEHHI STAIOHA VIS TUKCENOB | W3 MOJpe-

merok SS(/) co crnaxennoii BeipoBHeHHOM HOG h ma6mona. LlenTp o6mactu sTanoHa, KoTopas
CUMTAETCS COOTBETCTBYIOIIEH TEKYIIEMY IIAGIOHY, HAXOMUTCS C IIOMOIIBIO COOTHOIIEHHS

j'= argmax Hh (0) - hH (3)
0<r<k, jeSS(4)

rae || || — eBKJIMJIOBA HOpMA.
Tak Kak 3TaJOH W MAOJIOH YacTO WMEIOT pa3HbIe XapaKTePHCTUKH, TaKue, KaK SPKOCTh, KOH-
TpacT, coaepkaHue, penieHrue (3) MOXET JaBaTh HEKOTOPOE YHCIIO ONIMOOYHBIX COOTBETCTBHIA. Mc-

TIOJIL30BAHME JIBYX MJIM TPEX BBIPABHUBAHMIT HA OCHOBE HAMOOJIBIINX JIOKATBHBIX MAKCUMYMOB N j @)

1 N nosBossieT moNydrTH GoJIee TOYHBIE HA HECKOIBKO TIPOLICHTOB PE3y.IbTATHI.
[Ipotiecc cpaBHEHHMS CIIIAKEHHBIX BHIPOBHEHHBIX HOG h j(0) oranona u h TEKyIIEero mabioHa

3aHMMaeT OOJBIIYIO YaCTh BPEMEHH, JOCTYITHOTO aJTOPUTMY Il 00pabOTKM OJHOTO KaJapa, paBHOTO
~0,03+0,04 c. M3BecTHO HECKOIBKO CIOCOOO0B ero yckopeHus. OMH U3 HUX 3aKIF0YAETCS B HCIIOINb-
30BaHMM MapajliebHBIX BEIYMCICHU, BTOpOl — B puMeHeHnd SIMD-uHcTpykuui, TpeTuii — B cka-
M BekTopoB HOG, mo3BonsionieM yMEHbIINT YHCIO onepanuil. [IpakTHueckie BHIYUCICHUS OKa-
3aJIM, 9TO CPEIH HECKOJIBKUX MOJXOI0B K CXKaTHIO BEKTOPOB HanOoJIee MPOCTON aITOPUTM KBaHTH3a-
[[UH TTO3BOJISIET YMEHBIINTH BPEMS BEIYMCIICHHS BO MHOTO pa3, COXPaHSs BHICOKYIO TOYHOCTh PE3YIIb-
TaToB OOHapyskeHUs. CMBICI HCIOJIB30BAHHOI'O aJTOPUTMA COCTOUT B CIEAyIOIIeM. J[1s HeKOTOporo

= ~
LeJIoro yucna o , spasroiierocs Muoxutenem 360, Boruucrsiores ckarbie Bektopsl HOG hy (€) n h®

pasmeproct d =360/ 1o npocteiM hopmysam

(i+1)5-1 _

hi0= 2 b,

y=i6

(i+1)5-1

fo=> R, i=01..d.

y=id

ITouck cooTBeTCTBHS C IMOMOIIIBIO CXKATBIX HoG MIPpOU3BOAUTCA HA OCHOBC COOTHOLICHUS

j°=argmax Hﬁf(f)—ﬁCH. (4)
0<r<k, jeSS(f)

CootHomreHue (4) MOXeT BRIYUCISITHCS HE TOJNBKO JIJISI BRIPOBHEHHBIX 110 MakcuMyMy HOG, HO Takke
JUTSL HECKOJIBKHIX X BBIPAaBHUBAHUM, HAIIpUMeED, M0 IIEPBOMY, BTOPOMY M TPETbEMY MaKCHMYyMaM.

3aBHCHMOCTD pelICHHH OT TeKyliero BpemeHH t Gymem oGosuauats j (t),j°(t) . Hdust tecto-

BBIX BHJIEOIOCIIEI0BATENHLHOCTER TOYHOCTD O1eHOK (3), (4), KoTopas MOHMMAaeTCs KaK JOJI KaJapoB-
1abJI0HOB, KOPPEKTHO OOHAPYKEHHBIX Ha 3TajoHe, focturaet 85 %. Tem He MeHee oHa ObLIa TOBHI-
IIEHA C TTOMOIIIBI0 PEATM30BaHHON B aJITOPUTME TIPOIIEIyPhl CTATUCTHYECKON KIIACTEPU3AllUU OIICHOK,
BBITIOJIHAEMOM JIJIs1 TIOCJIEIOBATENIbHOCTU peleHuit. Ijsi onucaHus NpeyloKeHHOW MPOUEaYphl JUIs
HEeKoTOporo 1eiaoro A sadukcupyem mocie0BaTeIbHOCTh OIICHOK IEHTPOB HAWCHHBIX HA 3TAIOHE
001acTell COOTBETCTBHS 11a0I0HAM

P00, 0t -4). ®)
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TMocnenopatenbHocTh pemennii - (t) mosxker 6bITH 06paboTana 1o aHanoruu. M3 popMyIupoBKy 3a1a4u
BBITEKAET, YTO MOCJIE0BATEIbHbIE PEIICHHS 3a1aul JOJKHBI PAacIioarathcsi OIM3Ko Apyr K Apyry. Jlau-

o =k
HOE CBOMCTBO MO3BOISET YTOYHUTE TeKymiee pemenre | (t) Ha ocHoBe mpembiaymmx. By paspadora-

L ook
HbI HECKOJIBKO IIpOoLEayp KIacTepu3allui PEIICHUN | (t) , KOTOPBIC ITOKAa3aJIk XOPOIIUE pE3yJIbTAThL.

OnuiieM OfHy U3 KJIACTEPHBIX NMPOLEAYP KOPPEKIMH TEKYILEro PeIIeHNsI Had OCHOBE IIOCIIEA0BA-
tenpHOCTH (5). [lapameTpaMut MPOLEAYPHI SIBISCTCS PaaUyc KiaactepoB R, KOTOpbIii BRIOHpaeTCs B 3a-
BHCHMOCTH OT XapaKTEPHCTHK KaMephl M CKOPOCTH ee aBuwkenus; ueioe uuciao L (A/2<L<A), 3a-

Jlarolee MHHUMAITBHBIN pa3Mep KiracTepa, CO3IaHHOTO M3 MTOCTIEIOBATEIFHOCTH (5) A POBEPKH TH-

. -k
noTe3bl 0 KOppekTHOCTH Tekymieit onenkn J (), m Ny, — 9MCI0 JOMYCTHMBIX MOCIEAOBATENBHBIX

BBIOPOCOB cpenn j°(t) s ocraHoBKH TEKyIIEero W Hayajia HOBOTO IIMKJIA TIPOIEAYPhI KJIACTepPH3aIIHH.

[IpennoxkenHas mpoueaypa cTapTyeT B MOMeHT BpeMeHH { = A ¢ mpouecca o6yuenus. OnHo u3
perieHuit

i(A)J7(A-D).....j(0), (6)

nanpumep j (0), BetGupaercs B kauectse nentpa C; = j (0) mepsoro kmactepa C; = {j*(O)} 3arem
NPOM3BOIUTCS TIPOBEPKA GIH30CTH OCTAINBHBIX BEKTOpoB j (7),7 =1...,A, k nentpy C; mepsoro

-
kiractepa C; . Bee J (7), yaoBiaeTBopsioLIne yCIOBHIO

Hcl - j*(r)H <R, (7)

no6assorest B wiactep Cy . Iepsriit Bektop ' (7), He ynosnersopsiommii (7), GpuKcHpyeTcs Kak

-
ueHTp C, Broporo kiactepa C, :{J (T)} OcTaBmmecs: BEKTOPHI MOCIIEI0BATENBHOCTH (6) TTpoBe-
PSIOTCSI YCIIOBHEM

Hci —j*(T)HS R,i=12. ®)

- =%
Ecnu ycnosue (8) BbImoHsieTest ist HeKotoporo 1, Bekrop J (7) mobasiusiercs B kinacrep Cj,

MHaue OH PacCMaTPUBAETCs Kak LEHTp Tperhero kiactepa Cj . ITpouenypa oOydeHus HOBTOPSAETCS 110
QHAJIOTHH JUTSl OCTABILUXCS BEKTOPOB TocienoBatenbHocTH (6). Tlocie ee okoHvaHust 0OpasyeTcs: He-
KOTOPOE YHCIIO KJIACTEPOB Cl,CZ,...,Cp . Eciit st Hexotoporo 1’ 4ncno Bekropos B kinacrepe Cy

npeBocxoaut L, T. €.
card(Cy/) > L ©)

(3aMeTuM, YTO TOJBKO OJIMH KJIACTEP MOXKET YAOBICTBOPSTH JAHHOMY YCIOBHIO), IIPOIIECC 00yUCHHUS
OCTAaHABIIMBAETCS, MHAYE OH MPOAOIDKACTCS [UIsl OOJIbIIEH TOCIeA0BATEIbHOCTH

F(A+D),§7 (A1 (A-D...J°O)

U T. ]I, TIOKa He BBINOJIHUTCS ycioBue (9).
Ilocne ycnemHoro oxoH4YaHHS Mpoliecca 00ydeHusl KIaCTEPHOrO ajiropuTMa yCcTOHdYnBOe pe-

=3k
LIICHHE B MOMEHT BPeMEHH A , KOTopoe 0603HadaeTcst jpop(A), Beraucisiercs mo Gpopmyiie

- 1 ]
A)=—— )
Jron (A) card(Cy) je§ci,J
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B crenyromuii MomeHT Bpemend A +1 naumnaercst pabouast ¢aza anroput™a kinactepusaruu. Cyer-
YHK YHCJIA OIIMOOYHO HAMICHHBIX COOTBETCTBHI Ny Tomaraercst paBHbIM 0, T. €. Ny := 0. TIpoBe-

PACTCA YCIIOBUE

Jron (8)—§(A+1) <R (10)

Ecnu oHo BBITIOJIHACTCA, ITOJIaracM
Jrob(A+1) = piron(A) + (L— P)I" (A +1) (11)

JUTsL HEKOTOporo Harepen 3agantoro yncia 0 < p <1, koTopoe BbIOHpAeTCst B COOTBETCTBUH C Kave-
CTBOM DTaJIOHA U 11a0JIOHA.

-3k o
Ecnu ycnosue (10) He BBIIOIHHIOCH, BEKTOP Jrop (A +1) ¢ GombIoii BEPOSATHOCTBIO OBLI BbI-

ynciied HeToyHo. CYeTuyuk 4yuciaa BLI6pOCOB YBEJIMUUBACTCS Ha 1: Nout = Nout +1, U Ipeabiayimas
yCToiumMBAs OLeHKa GepeTcs B KauecTBe TeKymei: jyop(A +1) = jrop(A) . Pabouas dasa anropurma
MPOJIOIIKAETCS, TOKA BBITONHAETCs yenoBue Ny < Ny - Yenosue (10) mposepsercs s j (t—1) u

-k o -k
J (t) , 1 ecim oHO BBIIIONHSETCS, TEKYILEE YCTOHYNBOE peleHue o, (t) momaraercs paBHbIM

Jron(®) = Airop(t =) + L= P)J" (1),

MHAuYe CUCTYMK YHCIIa OIIMOOK yBEIHYMBaeTCA Ha 1, T. €. Nyt =Nyt +1, 1

j?ob (t) = Jn;ob(t _1) .

Kax Tonpko cyeTurK umcia omubok Ny craHoButcs Oombiue, ueM Ng i, pabodas ¢asa anropurma
IPEKPAILAETCA M CHOBA HAYMHAETCS POLECC 00YUEHHMS.
s o
3ameuanue 2. Ouenka . (t) sBiasercst cMemeHHON — OHa HEMHOTO OTCTAeT OT KOOPIMHAT pe-
aJTbHOIO COOTBETCTBHS, OJIHAKO IIPU 3TOM 00JIaJIaeT CYIECTBEHHO OOMbIIEH yCTOHYMBOCTEIO MO CPaB-

-3k o
Hennio ¢ J (t) ¥ TOUHOCTBIO, JOCTATOUHOM /IS PENIEHNUS TPAKTHYECKHUX 3a/1a4.

Od4eBHIIHO, YTO B JIAHHOM CIIydae MOTYT OBITh HCIIOJIE30BaHbI APYTHUe CTATUCTUYECKUE aJro-
PUTMBI, B TOM YHCJIE U 0oJiee MPOCThIC, OJHAKO MPHUBEICHHBIN MOXO0/ MO3BOJIIET HE TOJBKO MOBBI-
CUTh TOYHOCTH PE3yJIbTATOB, HO M OIICHHUTD JOJIF0 OIIMOOYHO HAHICHHBIX COOTBETCTBHUH.

[IpuBenem nomarosoe npeactasienue SICHT:

llaz 1. Beucnuth opuentnpoBamubiii rpamment (0G) Gy j(£), 9y j(¢) wuzobpakenns-
sTaona 1 Ha ero ocHose HOG N (/) mmpammumer sranona.
Ulaz 2. Crnapguts HoG hj (/) m3obpaxenns-oranona (momyunts ﬁj (£)). Crnaxennsie HOG

h; () BeIpOBHATH MO MakcHMATEHOMY 3HaYeHHIO, T. €. BeraucinTh h; (7).

e
Illaz 3. BeruucauTh cxatbie BoipoBHeHHbIe HOG h i (¢) wmszobpakenus-3TaNOHA.
Ilaz 4. Tlosroputs taru 1-3 mis mabnoHa, T. €. Beraucauth 0G mabona, 3atem ero HOG h,
crmaguth ero (uaiiti N ), BRIPOBHATE 10 MakcumyMy (Haittu N ) i cxath, momyaus B urore h° ma6nona.

. -k -
Illaz 5. Haittu cootBetcTBue j 10 dhopmysie (3) unu j° Ha ocHoBe (4).
ILlaz 6. CKOppEeKTHPOBATh PEIICHHE C MOMOIIBI0 KIACTCPU3AIMOHHONW MPOLEAYPHl; WHBIMU

o =%
CIIOBaMH, HalTH ] qp-
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laru 1-3 anroputMma SBISIFOTCS MPEABAPUTEILHBIMU — OHU MOTYT OBITH BBIIIOJHEHBI 3apaHee,
II03TOMY He TpeOyIOT pexxuMa peanbHoro BpeMmeHu. llaru 4—6 BBIIOIHAIOTCS A KQKIO0I0 TEKYIIEro
1rabJioHa, B CUIIYy YeTO OHHU JOJIKHBI BBIMTOTHSATHCS KaK MOXKHO OBICTPO.

2. DKCrepuMeHThI

Jn1st SKCTIEpUMEHTOB B KayecTBE STaJIOHOB OBUTH HCIOJIBb30BAHBI KOCMHYECKUE M300paKCHUs U
aspodotocHUMKH (puc. 3). M3-3a OTCYTCTBHS peallbHOM BUACOMOCICA0BATEILHOCTH, COOTBETCTBYIOIICH
JTAHHOMY KOCMHYECKOMY H300pa’keHHIo, ObUIa NMPHMEHEHa BHIEOINOCIEIOBATEIbHOCTD, MOMyYCHHAs
KaMepoH, KOTopasi IBIKETCsS HaZl OyMa)kKHOH KOTHEH 3TOro n3o0pakeHus. beiin Taxke MCIOIb30BaHbI
BHUJICOTIOCIICIOBATEIILHOCTH, CHSTBIE BHPTYaJbHOW BHACOKaMepOH, KOTOpas IBIKETCS HaJ KOCMHYe-
CKHMM HM300paKeHHEM TI0 33JaHHOMY KPHBOJIMHEHHOMY MapLIpyTy epeMEHHOH BBICOTHI.

X Frame: 154; Time: 0,141

[l Save Hist  [1 Show HoG

[ Binarize Template

[ Select Water in Query 107

Puc. 3. CHUMOK 9KpaHa 3KCIIepUMEHTAILHOIN MPOrpaMMbl: OPUTHHAIEHOE KOCMHYECKOe H300pakeHne-3TaIoH
PACIIONIOXKEHO B JICBOM YacTH 9KpaHa, KaJp BUACOIIOCIEA0BATENbHOCTH, HCIIOIb30BAHHOM
B Ka4ecTBe I1a0JI0Ha, — B IIPABOil YaCTH; HAlIEHHOE COOTBETCTBHE BBIACIICHO JKEITHIM MPSIMOYTOJIBHUKOM

-

Puc. 4. PeByJ'ILTaTLI TECTUPOBAHUS AJIrOpUTMaA
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Pa3Mephl KocMHYecKHX H300paxeHnii Mersmuch oT 10° x10° mo 10° x10* mmkcenos. Pa3pe-
menne kamepsl — 640 x 480 mukcenmoB. COOTHOIIICHHE TIPOCTPAHCTBEHHBIX Pa3pEIICHUH ITAIOHOB U
m1abJI0HOB MEHSIOCh oT 1 110 5.

OKCHEePUMEHTHI C BHUJICONOCIEIOBATEIBHOCTSIMU, CHATHIMA OOBIYHON M BHPTYaJbHOW Kamepa-
MU, a1 YAOBIECTBOPHUTENbHBIC pe3yibTaThl. bonee uem 90 % kaapoB KakIOH BUAEOMOCIEI0BATEIb-
HOCTH OBIIM OLICHEHBI B YCTOWYMBOM pabodeM peKHUMe KIACTEPHOTO aIrOpUTMa C TOYHOCTHIO, Tpe-
seimaromreit 100 mukcenos (puc. 3 u 4).

B neBoii yacTu puc. 4 3e1eHbIM [[BETOM MOKa3aHa TPACKTOPHS JBIKEHHUS KaMephl, 8 KPaCHBIM —
OLICHKA TPAcKTOPHUH, CACIaHHAs aJrOpUTMOM; CIIpaBa U300pa)keHa pealbHas BBHICOTA KaMephl B pas-
HBIE MOMEHTHI BPEMEHH U €€ OIIEHKH, TOJIydeHHbIE JITOPUTMOM.

CraenmyeT OTMETUTh, YTO TOYHOCTh alTOPUTMa CYIIECTBEHHO 3aBHCUT OT OCBEIICHHOCTH — OHA
BBICOKA MPH AHEBHOM OCBEILEHNH U YMEHBIIAETCS TP YMEHBLICHUH OCBEIICHHOCTH Ia0IoHa.

[pennoxennsrit SICHT cpaBHHBaCS ¢ Bepchel MOMYIAPHOTO B HACTOAIIEE BPEMS allrOpUTMa
SURF, omybonukoBanuao#t B OpenCV-oubnmoreke. TectupoBanue mokazano, uto SICHT umeer B He-
CKOJIbKO pa3 OoJblliee OBICTPOJCHCTBUE, MO3BONIAIONICE PELIaTh 3a/1auy OOHAPYKECHUS B PEIKUME pe-
aNBHOTO BPEMEHH, MPU 3TOM OH o0ajaeT npuMepHo oauHakoBoil ¢ SURF TouHOCTHIO TIpM padote ¢
BHJICOTIOCIIEIOBATEIBHOCTBIO U, KPOME TOTO, TPEOYET MEHBIIET0 00beMa ITaMSITH Ha JTUCKE.

3akiIouyeHne

B craree npemioxken macmtabHO-uHBapuaHTHEIM anroputM SICHT oGnapyxeHus obGmacreit
M300pakeHUH TI0 M300paKEHUIO-TIIA0I0HY, OCHOBAaHHBIN Ha CPAaBHEHUH MX OPUEHTHPOBAHHOTO T'PajIu-
eHta. B otnuuune ot nmomyssipHbIX B Hactosiiee Bpems anroputMoB SIFT u SURF on He cpaBHUBaeT
JIOKQJIbHO MHBAPUAHTHBIC OCOOEHHOCTH U300paKEHUH, a UCIIOJIB3YET CXKAThIE THCTOTPAMMBI OPUCHTH-
poBaHHOTO TpaaueHTa. [ obecniedeHus: pabOTH ANTOPUTMA B PEKUME PEaTbHOTO BPEMEHH B HEM
MCIIOJIb30BaHa TEXHHUKA pa0OThI HA MOJPEIIETKAX MUKCEI0B. [lake mpH UCIIOIB30BaHUH Pa3PEKECHHBIX
MOAPEIIETOK, HAaIpuMep ¢ maroM 16 muiau 32 mukcena, anropuTM JaeT JOCTaTOYHO TOYHBIC OIIEHKH 3a
peasibHOe BpeMmsl.

K nmegocratkam SICHT cregyer oTHecTH €ro 4yBCTBHTEIHHOCTh K H3MEHEHHIO CBOWMCTB M300-
paKCHUI: KOHTPACTHOCTH, OJIM30CTH COJCPKAHMS.

B Oyaymiem asist MOBBIMIEHNS] TOYHOCTH TUIAHUPYETCS] YCOBEPIIIEHCTBOBATH MPOIIECC CPAaBHEHUS
TUCTOTPAaMM OPHUEHTHPOBAHHOTO TPA/IMEHTA, BKIIOYHTh B COCTaB aJrOpUTMa MpOIEnyphl Bepuduka-
IIUU PE3yJIbTATOB, HAIIPUMED KOPPEIISIIUOHHBIC,
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P.V. Lukashevich, B.A. Zalessky
SCALE INVARIANT ALGORITHM FOR MATCHING IMAGE REGIONS

A scale invariant algorithm is presented for matching regions of aero and satellite images by
means of comparison of local histograms of oriented gradients (HoG). In particular, it solves the task
of finding in real time regions of aero and satellite images that correspond to frames of videosequences
produced by a video camera. Computing and analysis of HoG are simpler than finding and extraction
of appropriate image keypoints forming feature spaces of SIFT and SURF, therefore, the presented
algorithm has simpler flowchart and it is several time faster than the above mentioned algorithms.
It also provides high reliable matching of image sequences with the properties similar to properties of
the original image.
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