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OB6'ekTOM [OCHIMKEHHS € METOAMN MOLLYKY KIMHYOBUX TOHOK Ha 306paXKeHHi, MeToau CTBOPEHHS AECKPUNTOPIB Ha iX OCHOBI i MeToAM NodarnbLUIoro
MOPIBHSIHHS LIMX AECKPUNTOPIB.

MerToto poboTu € iMnnemeHTaLis Moayns iHpopMaLinHOT cMCTEMU Yy BUMMSAI 3aCTOCYHKY, Sikuid Byae npunmaT y SKocTi BXiAHWMX AaHUX ABa
300paKeHHs, AJaBaTh KOPUCTYBaYeBi MOXIUBICTL 06paTh METOA NOPIBHSHHSA Lix 306paxeHb Ha OCHOBI KMIOYOBMX TOYOK, @ y SKOCTi pe3ynbsraTty
BifobpaxaTy nokasyBaTu Mipy X CXOXOCTi Y BUrMsAi BiJCOTKOBOrO 3HAYEHHS.

MeTogamu po3pobreHHs obpaHo MeToam NOPIBHSAHHS 300paxkeHb HAa OCHOBI KIMKOYOBKX To4OK, a came ORB, AKAZE Ta BRISK. MNMpoBeaeHo
[OCMiIKeHHS AKOCTi BIOMMUX METOAIB Ta iX CNPOMOXHOCTI kKnacudikyBaTtv napy 306paxeHb 6nnsbkoro 3micTy.

Y pesynbtati poboTi NpoBeAeHO AOCNIMKEHHS, 3AiliCHeHa NporpamHa peanisauis MeTody NopiBHAHHSA 306paxeHb i3 BUKOPUCTaHHAM anroputMis
Ha OCHOBI MOPIBHAHHS KIOYOBMX TOYOK, MOAENOBAHHSA POBOTU anropuTMiB Ha BEMNUKIN KiNbKOCTI AaHUX.

30BPAXXEHHA BJTM3bKOIO 3MICTY, KIKOYOBA TOYKA, ETEKTOP, AECKPUMTOP, ORB, AKAZE, BRISK.
ABSTRACT

Diploma project contains: 56 pages, 23 pictures, 2 tables, 36 sources.

The object of the research is the methods of features detection in the image, methods of descriptors creation based on them and methods of
further comparison of these descriptors.

The goal of the research is to develop an information system module in the form of an application that will accept two images as input, allow the
user to choose the method of comparing these images based on features, and as a result return the degree of similarity in percentage.
Methods of images comparison based on features, namely ORB, AKAZE and BRISK are applied. An analysis was made of the quality of known
methods and their ability to classify a pair of images of similar content.

As a result, a study was conducted, the software implementation of the method of images comparison using algorithms based on the
comparison of features carried out, simulation of algorithms on a large amount of data.

NEAR DUPLICATES, FEATURE, DETECTOR, DESCRIPTOR, ORB, AKAZE, BRISK.
3MICT lMepenik yMOBHUX N03Ha4eHb, CKOpoYeHs | Tepmidie 7 BCTYM 8 1 METOAU BUABNEHHA 30BPAXXEHbL BITM3bKOIo 3MICTY
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BCTYMN

Y Haw Yac U4npoBMUI KOHTEHT € LUIMPOKO MOLUMPEHWUM i B TOW CaMUIA Yac TakuM, L0 HEMMOBIPHO Nerko cTBOpUTU. BinbLwicTb niogen maTb
NpUHaNMHI 0AHY LMdPOBY Kamepy, Hacamnepes Yepes LUMPOKe BUKOPUCTaHHSA cMapTdoHiB. [pn LbOMy SKICTb Kamep 3 KOXKHUM pOKOM 3pOCTae,
AK i KinbKiCTb Nam'aTi Ha TenedoHi, Aie 36epiraeTbcsi BidyanbHa iHbopMmalLlisi.

Lli dbakTopu cnpusioTe TOMY, LLO MOAM BCe YacTile pobnaTb 6e3niy 3HIMKIB ogHi€el i Tiel x cueHu, Wwob 3roqom Bubpatu Havkpawmii kagp. Le y
CBOIO Yepry NpU3BOAUTL A0 MOCTIHOrO 36inbLUeHHA po3mipy 6ibGnioTeku i CTBOPIOE BaxnvBy Npobnemy: NpucTpoi Ta komn'loTepy 3axapalleHi
choTorpadisimu, siKi nnLLEe TPOXW BiAPI3HSAIOTLCS | 306paxatoTe Maixke OfHY 1 Ty caMy CLEHY.

Mpu LbOMY HasBHICTb BEMUKOT KinbKoCTi dhoTorpadiii, 0cobnmBo rapHoi SIKOCTi, 3Ha4YHO 36inbLuye po3Mip 6ibnioTekn kopuctyBaya. HoBi kamepu
[03BONAOTL CTBOPIOBATU 306paXeHHst pO3MIPOM AeCATKU MerabanT npu ToMy, Lo 306paxeHHs MOXYTb ByTW Malixe OfHaKoBUMMU.

Taki 306paxeHHs i3 6rm3bkiM 3micTom HasmBatoTbes near duplicates (ND) i BoHU HeraTUBHO BNUBatOTb He TiflbkW Ha po3mip 6ibnioTek
doTorpadiit, ane i B Linomy Ha SKIiCTb Ta WBUAKICTb yYNpasniHHA doTorpadisMu Ta ix nepernagy. Kopuctysadam [OBOAUTLCS BPYYHY
nepernsgati Habip 306paxeHb, BuaBnsaTM Bunagku ND, a noTim 3a3Buyan 3anuwaTy nuwe ogHe 306paxeHHst, sike nofobaetbes HanbinbLue.
YacTo TpannseTbes Tak, Lo BnacHUKM (dOTOKONEKLiM B3arani He BiabupatoTb HalkpaLli 3HIMKM, 3anuwatoumn 6esniy cxoxmx 306paxeHsb.
Mpo6nema noLuyky 306paxkeHb GrM3bKOro 3MICTy TaKoX € akTyaslbHOK B CUCTeMax aBToMaTU4HOi 06pobku 306paxeHb, Hanpuknaz, npu aHanisi
Bileo YM NocnigoBHOCTEN KaapiB, siki HAAXOAATb ANt aHanidy B peXvMi OHNawH (04MH 3a OfHWM), NpW peanisauii cuctem noLuyky 3o6paxeHb 3a
3anuTom.

MeToto AMnNnoMHoi poboTn € po3pobneHHs Moayns iHpopmaLinHOT cucTeMu, SiKMIn peanisye MeTof BUSIBIIEHHS 306paxeHb B6rm3bkoro amicTy Ha
OCHOBI BUSIBMEHHS | 3iCTaBNEHHS Bi4OMMUX O3HaK.

PO311I1 1
METOAV BUABNEHHA S3OBPAXEHb BJIM3bKOIO 3MICTY

1. 306paxkeHHs Brn3bKoro 3micty

3 po3BUTKOM OBYMCIIIOBANbHOI TEXHIKM CNOCTEPIraeTbCs i CTPIMKE NoKpaLLeHHst kaMmep Y Hil. [pu LbOMy 3pOCTaHHS SIKOCTi 306pakeHb HACTINbKN
BenviKe, L0 CbOroAHiLLHI hoTokamepun Ha OCTaHHIX cMapTdoHax MOXYTb BUAaBaTh KapTUHKY He ripLue 3a npodecinHi KiHokamepu 10 pokiB TOMy.
[apHa siKicTb 306paxeHb 0bymoBneHa 6arato B YoMy TOMY, LLIO BUCOKa po3fifibHa 34aTHICTb kamepy 4o3Bonsie 3anucyBatu GinbLue iHdopmauii
npo 3adpikcoBaHmin kagp. TakMM YUHOM MOXXHA MOSICHUTY | BUCOKMIN 06’eM nam’aTi, Lo 3anmae 306paxeHHs!.

3 ypaxyBaHHsIM 36inbLUEHHSsI KiNbKOCTi 306paXKeHb Ta Mefia-KOHTEHTY OCTaHHIMU pokamu, BUHUKNa notpeba B TOMy, LLO6 HaBYMTUCSA
BiANOBigaTN Ha 3anuTaHHs: "4n cxoxi ABa BUOpaHi 306paxeHHs Mixk cobor?".

MopiBHSAHHS 306paxeHb - Lie npobrnema Knacy 3aaay KoMM'toTEPHOTO 30py, sika POKYCYETLCSA Ha MOLLYKY MHOXWHHMX NoAibHOCTe/po3bixHocTe



Mk 306paxeHHsIMY, L6 3peLUTolo BiAMOBICTY Ha 3anMUTaHHSA: HAaCKINbKY Lii 306paXeHHs CXOXi, Y1 MOXHa iX BBaXaTn 6nm3bkumm 3a amictom. Lis
3afaya Bigpi3HaeTbCA Big 6aratbox iHWKUX 3aaad knacudikauii 306paxeHb Yv po3nisHaBaHHsi 06pasiB 3aBAsKN TOYHOCTI Ta Cy6 eKTUBHOCTI
pilueHHs. AKWOo nopiBHATK ii, HaNpuknag, i3 3agaveto po3nizHaBaHHs ocib nogen no oTo 0bnNUYYs, TO MOXHa BiA3HAYUTY MPUHLMNOBI
BiAMIHHOCTI. Peaynsrart nopiBHSAHHA 06MnM4Yb Ans GinbLIoCTi Noaen € 06’eKTUBHUM - Malke HaneBHO KOHCEHCYC LWOAO TOro, Yu € obnuyys
ofHakoBMMY Byae JocsArHyTo ans GinbluocTi nogen. 3agaya nowyky nogibHUxX 3a 3MicToM 306paxeHb € Ginblu 3aranbHo - GinbLUICTb NAeN
6yne BBaXxaTV MPOCTO [ABa 306paXKeHHS 3 Pi3HUMU 0BNUYYSIMU OHAKOBUMM B 3aranibHOMY CEHCI, SIKLLO BOHW CTBOPEHI, Hanpuknag, Ha ogHoMmy i
TOMY X (pOHi. Cy6’eKTUBHICTb Nnorsirae B TOMY, LLO KOXXHA NIOAMHA Ma€e CBOK TOYKY 30pY LLOAO TOr0, Y € 3MIHU MiX 4BOMA 300paxxeHHs MU
CyTTEBMMM, OO BBaXKaTV 306paxeHHs pPisHUMMN.

OTxe, noaibHi 3a amicTom 306paxkeHHs 3ByTbest near duplicates (ND), TpaaMLUiiHO A0 BiAMIHHOCTEW, Siki MOXYTb ByTU NPUCYTHI HA OOHOMY 3
306paxeHb BiAHOCATb HAsIBHICTb LUYMY, apTedakTiB CTUCHEHHS, 3MiHW KonipHOro 6anaHcy, sICKpaBOCTi, KOHTPACTY, FEOMETPUYHIX NEPETBOPEHD
(macwTabyBaHHs, NOBOPOTY, 0Opi3aHHsA) Ta Binblu cknagHi 3MiHU cLeHu (nepecyBaHHsi kamepu, 3MiHa yMOB ocBiTneHHs1). Mpuknag ND
Bino6paxeHo Ha puc. 1.1. BignosigHo, 306paxeHHs, siki He € cxoxnmmn My 6ygemo Hasusatu not near duplicates (NND).

PucyHok 1.1. Mpuknag ND 306paxeHb

IcHYe fekinbka BifoOMWX METOAIB 3iCTaBneHHsi 306paxkeHb, HaNBINbLL NPOCTUMU 3 SIKUX € NiKCeNbHi MeToan, Ta HanbinbLL NoNyNAPHUMMK - METOAM
Ha OCHOBI 3iCTaBMNEHHS O3HaK.

2. MeToau nikcenbHOro NopiBHSIHHA 306paXeHb
Hanbinblue HaiBHUM Ta iHTYITUBHMM NiAXOA0OM Y NOPIBHSAHHS Napu 306paxeHb € 064MCneHHs nonikcenbHoi pisHuLi. 3aranbHa iges Ayxe npocrta

- BUKOHYETBCS MOPIBHSHHSA SICKPABOCTEN KOXHOTO Nikcens Ha 060x 306paxeHHsx. MexaHiaMm nopiBHAHHA OTPUMYE_KONbOPW MiKCENiB, AKi
MaloTb OOHAKOBi KOOpAMHATU BCepeauHi 306paXKeHHsl, i MOPIBHIOE Ui KONbOPW.

Hanbinbw npocTtoto Ta BidoMoto MeTpukoto € 3HadeHHss MSE (Mean Squared Error), sike npefcTtaensie coboto cepefHe 3HaYeHHs kBagpaTiB
Pi3HMLE MiXK (hakTU4HUMK Ta OYiKyBaHUMW 3HAYEHHAMU. Lie 3HaYeHHs € NOXMBKOL0, | YUM BOHO € MEHLUMM, TUM BifbLl NOZIGHUMMN € 306paxeHHs.
3HaxomkeHH MSE moxHa 3anucatv y Burnsai:
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Ae N - KiNbKiCTb TOYOK AaHuUX (Mikcenis);

y - haKTUYHe 3HaYEeHHS TOYKU AaHUX;

) - ouikyBaHe 3HAUEHHS TOUKN JaHNX.
TakuM YMHOM, ofHEe 306paXKeHHs PO3rNAAaETbCa K eTanoHHe, a Apyre - AK 306paXxeHHs1, 3Ha4eHHS NiKCeniB AKOro M1 Xo4eMo NOPIBHATH 3
nepLumm. BapTo 3a3HaumTu, LWo 306paxeHHst NOBUHHI MaTh OAHAKOBI PO3MipU.
LLlo6 nopiBHIoBaTV 306paxeHHsS OAUH 3 OAHMM, HaM MOTPIBGHO SKMMOCh YMHOM NEPETBOPUTH iX y NOPIBHAHHI AaHi, SKi 3MOXKe po3ymiTh koMn'loTep
(Takumu € Ymcnosi AaHi). 306pakeHHss MOXXHa NoAaTn y BUMSIAI TPMBMMIPHOTO TEH30pa, e KOXXHOMY BMMIpY BignosigatnMe maTpuus O4HOro 3
konbopiB RGB.
Buixoasum 3 umx AaHux, KOHLUENTyarnbHO anropntm obumcnenHss MSE ans konbopoBux 306paxeHb BUMMSAae HAaCTYNMHUM YUHOM:
- po3paxyBaTu KBaapaT Pi3HWL MK 3HaYEHHSIMU SiCKpaBOCTe nikcenis B okpemunx RGB-kaHanax 306paxeHHs, nikcenb 3a nikcenem;
- 0buncnUTN cyMy KBaZpartiB pi3HMLi Ans BCix nikcenie y koxxHoMy 3 RGB-kaHanis;
- OTpMMaHWUiA pe3ynesTaT NOAINUTM Ha 3 Ta Ha NIoLLy 306paxeHHs.
IHWMM nokasHunkom € SSIM (Structural Similarity Index Measure), Skuii KinbKiCHO BU3HaYa€ NOTipLUEHHSI AKOCTi 300paXKeHHs!, BUKIMKaHe
06po6Kot0, HaNpUKNaZ CTUCHEHHSIM JaHUX.
SSIM hakTUYHO BMMIPIOE Pi3HMLIIO CMPUIHATTS MiXK ABOMA CXOXMMU 306paXKeHHAMMN, Npu LibOMY 3a JOMOMOIOK HbOrO HE MOXHa BU3HAYUTW, sike
3 ABOX 306paKeHb Kpalle, SKLLO MU 3a3faneriab Lboro He 3HaeMo.
Ha BigmiHy Big MSE, npu Bu3HayeHHi SSIM nopiBHioloTbCA ABa «BikHa» (TO6TO HeBenwuki NiaBmbipku), @ He Bce 306paxeHHst. [Mpy LiboMy MU
06B4MCIIEMO He Pi3HULIID MiX MiKcensamu, a NoAibHICTb Y ix winbHocTi. LLie ogHieto BaXxnmBo 0COBNMBICTIO € Te, WO METO BpaxoBye
KCMPUMAHSATTS MOMWUIKU» 3aBAAKN BPaxyBaHHIO CTPYKTYPHOT 3MiHK iHdopMmalii. |aes nonsrae B ToMy, L0 MiKceni MaloTb B3aEMO3B'A30K, SIKUN
MOXXKHa BUKOPUCTOBYBATM SK iH(bOpMaLLito Npo CTPYKTYpy 06'€KTIB Ta NPO «BIKHO» B LiinoMy.
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[e X, y - NOpiBHIOBaHi BikHa, siki MaloTb OAHAKOBUI PO3MIp ; - CEpefHE 3HAaYeHHs IHTEHCMBHOCTI NikceniB BIiKOH; - AMcnepcii BikOH; - KoBapiauis
BiKOH.

3HayeHHs SSIM € HopmoBaHMM i 3HaxoAMTbCA B iHTepBani Big -1 Ao 1 (1 03Ha4Yae MakCMMarnbHy CXOXICTb, -1 03HaYa€e MakcMarbHY Pi3HULIIO).
O6uaBa HaBegeHUX METOAM € NOLUMPEHUMU, ane iX He[oNiKOM € Te, Lo BOHW criabko BpaxoBytOTb MPUPOAHI CNOCIO CPUAHSATTS i MOPIBHAAHHS
306paxeHb nognHo. OKpiM LbOro, BOHW BUMaratoTb BCTAHOBMEHHS A0AaTKOBUX NapaMeTpiB, AKi 3HaXoAATbCH eMMNipUYHUM LUNsxoM. [loBeaeHo
Takox, wo SSIM ta MSE cknagatoTbCs 3 OAHWX | TUX CaMUX 3HAY€EHb, 3rpynoBaHUX pPi3HMM YMHOM Ta MatoTb Npobnemu i3 06pobkoto 306paxkeHb
i3 reOMEeTPUYHMMMN NEePETBOPEHHAMM, 3 HU3bKOKO OCBITINEHICTIO Ta KOHTpacTom [3].

3. MeToau nopiBHsIHHA 306paXeHb Ha OCHOBI 3iCTaBMNEHHS BiJOMMX O3HAK

Lle cimeiicTBO MeTOAIB € KNAacUYHUM A5 BUPILLEHHS 3a4adi NOLLYKy BilOMOro o6’ekTa Ha 306paeHHi. KoxHe 306paxeHHs ineHTUdikyeTbes 3a
aonomoroto Habopy Tak 3BaHMX kntovoBux Todok (feature keypoints, KT) [19-23]. Came Li Toukn npu 06pobLi 306pakeHb BBaXatoTbCs
HanuiKaBilLMMK Ta HaNBaXXNMBILLMMK. YHiKanbHICTb HABOPy LIMX TOYOK (03HaK) ANs 300paxeHHs BBaXXaeTbCsA AOCTATHbO YHiKanbHOW Ans ixX
CniBCTaBMNEHHS MiXX Aekinbkoma 306paxeHHAMN. 3a3Bryan NopiBHAHHSA 300paxeHb i3 BUKOPUCTaHHAM O3HaK BUKOHYETbLCS B TPY eTanu:

- 3HaxomkeHHA KT;



- nobyoBa BEKTOPIB-AECKPUNTOPIB A5 KOXHOT TOYKY;

- 3icTaBneHHst HabopiB AecKpUNTopIB.

3HaxomkeHHst KT - ue nepwmii, pyHaaMeHTanbHWiA eTan B anropuTMi MOPIBHSIHHSA 306paeHb, Tak camo, SK i eTan CTBOPEHHS AeCKpUNTOpPIB Ha
OCHOBI LIMX 03HaK, i ix noganbLue NopiBHAHHS LMX AeCKPUNTOPIB 3anexuTsb Big 3HanaeHux KT [4-5].

KT dpopmytoTbest 3a fonoMoroto feTekTopa KtovoBux To4ok (feature detector), sikuil 3HaxXOAUTL TOYKM Ha 306paeHHi, siki BiApi3HAIOTbCS,
Hanpwvknag, 3a KonbopoM, SCKpaBicTio abo HanpsiMKoM. Pe3ynbTtaTt noLuyKy O3HaKu BUpaxaeTbes Y i po3TallyBaHHi, TO6TO Ha BMXOAi My
MaTUMeMO koopauHary (X, y). Mpuknagom Takoro AeTekTopa o3Hak € AeTekTop KyTiB Xappica [7-8].

Okpim po3TallyBaHHsi 0COBMMBMX 03HAK (TOYOK) A NOAANBLLOrO MNOPIBHSAHHA HEOOXiAHO MaTK iHcOpMaLLito NPO BNAcTUBOCTI KOXHOT O3HaKM,
11106 X MOxHa ByNno po3pi3HATY He TiNbKM 3a MiCLE3HAXOXEHHSIM, arne i 3a 0COBNMBOCTSIMY 30BHILLHBOI 06M1acTi HaBKONO TOYKW. NS LbOro
icHye neckpunTop o3Hak (feature descriptor). BxigHWM 3HaYeHHAM ANs AecKpMnTopa O3HaK € po3TallyBaHHSA (X, Y) 03HaKkM Ha 306paxeHHi, a
BUXiAHUM € BEKTOP Ymcen (Mignuc), Sk i BBaXKaeTbCA AECKPUNTOPOM.

LLlo6 ineHTUdiKyBaTN OAMH i TOM camuii 06’eKT Ha ABOX Pi3HMX 300paxkeHHsIX, Tpeba 3HaNTV A4eCKPUNTOPY Ha ABOX 300paXKeHHAX Ta MOPIBHATH iX
3a JOMOMOroto MoLuyKy BianosigHunx Aeckpuntopis (feature matching). Anroputm nosHoro nepe6opy (brute force) BukopncToBy€eTHCS B TOMY
BUMaZKy, KON KinbKicTb 306paxeHb, Haf SKMMW Ham NOTPIGHO BUKOHATM BiAMOBIAHICTE OYHKLINA, BIZHOCHO HeBenvika. Takuii anroputM
nepenbavae, Lo My Byaemo 3iCTaBnATU KOXKEH AECKPUNTOP OAHOIO 306paXeHHs! 3 KOXKHUM AEeCKPUNTOPOM iHLIOTO ANst 3HAXOMKEHHSI
HamkpaLyoro 36iry.

Okpim noBHoro nepebopy, icHye Takox MeTof, cniBcTaBneHHs o3Hak FLANN (Fast Library for Approximate Nearest Neighbours) [9]. FLANN - ue
6ibnioTeka ANs WBWAKOrO NOLLYKY Hanbnmkymx cycigis y 6aratoBuMipHux npoctopax. Cuctema aBToMaTMYHO BUOMPAE HavKkpallyin anroputm Ta
onTumanbHi NapameTpu 3anexHo Big Habopy gaHux. Cepen anropuTmis, siki BukopuctoBye FLANN ans sictaBneHHst 4eckpunTopis, MOXHa
3a3HaunTH iepapxiyHe aepeBo k-means Ta paHgomizoBaHe k-d-gepeso [10].

IcHye Aekinbka BifoMMXx MeToAiB NoLUyKy o3Hak Ta nobyaoswu Aeckpuntopis. Hanpuknag SIFT (Scale Invariant Feature Transform),_ SURF
(Speeded Up Robust Features), ORB (Oriented FAST and Rotated BRIEF), AKAZE (Accelerated KAZE), BRISK (Binary Robust
Invariant Scalable Keypoints) - ue kombiHaLii geckpunTopa Ta aeTektopa, B Toi Yac sik FAST (Features from Accelerated Segment Test)
- ue nuwe petektop, a BRIEF (Binary Robust Independent Elementary Features) i FREAK (Fast Retina Keypoint) - ue nuwe geckpuntopu.
IHoAi moxe ByTn HeobxiaHO BMKopucTaTy KOMBIHALI0 OKpemoro AeTekTopa Ta Aeckpuntopa, Hanpuknag FAST ta BRIEF [11].

[eckpuntopu MoxyTb 6yTi 3 nnasatoyoto komoto (SIFT i SURF) abo 6iHapHumu (BRIEF, ORB, BRISK i FREAK). [leckpuntopu 3 nnasato4oto
KOMOIO MatoTb BUCOKY TOYHICTb, ane He NiAXoAAThb ANs 3aCTOCYBaHHS B PEXWMI peanbHOro Yacy 4Yepes noBifnbHY WBUAKICTL po6oTun. BiHapHi
[ecKpunTopy po3pobneHi 3 MEHLLMMU BUMOraMun 4o 064MCneHb, TOMY NpaLioTb LWBKALLE.

Y KOXXHOrO 3 METOAIB € K nepesaru, Tak i Hegoniku, TOMy TOW YK IHLWWMIA MeToZ Kpalle BUbrpaTu 3anexHo Bif BXIAHMX AaHWUX Ta 3ajadi, Lo
BupiwyeTbes. Tak, Hanpuknag, aetektop FAST He 6yae npautoBati fobpe Ans 306paxeHb 3 LMdpoBrM WyMoM abo po3MUTTAM, Tak siK BiH He
Bpaxye macwTab, a geckpuntop BRIEF He BpaxoBye noBopoT 306paxeHHs B npoLeci nobyaosu BekTopa onucy [12].

MopiBHSAHHA HaNBINbLL BiAOMUX METOAIB, MOXIMBOCTI X BUKOPUCTAHHS Ansi pob6oTu 3i 3MiHaMu mMacLuTaby, MOBOPOTY Ta OCBITIIEHHS Ha
300paxeHHi npeacTaBneHo Ha puc. 1.2.

PucyHok 1.2. MNopiBHAHHA AeTekTopis 1 Aeckpuntopis [13]

4. lMoLwuyK i3 BUKOPUCTaHHSIM XeLlyBaHHS

XellyBaHHS 306paxeHb Ta NOPIBHSIHHS XELUiB TaKOX € OAHWM 3i CnocobiB LUBUAKOTO 3iCTaBMNEHHS 306paxeHb. XellyBaHHS B LiIbOMY BUMaaKy
BiAPI3HSAETLCA Bif KpUNTOrpadiyHOro, OCKINbKN TYT XeLUi A5 CXOXKMUX YaCTUH 306paXkeHHs1 MOBUHHI Takox OyTn cxoxumun. KpuntorpadivHe
xewyBaHHst (SHA1, MD5 Ta iH.) reHepye 30BCiM pi3Hi 3HaYeHHS XeLly HaBiTb Ans Ayxe 6rnm3bkux, ane He ogHakoBKX NocnigoBHocTen. Lia
BNacTUBICTb € 3pyYHOI Ta e(PEKTUBHO AS1s NOLLYKY TOYHMX Ay6nikaTiB, ane He MigxoauTh ANs BUSBMEHHS CXOXUX 306paxeHb, L0 He €
aybnikatamu.

Locality-sensitive hashing (LSH) - iMoBipHicHMI1 crocib 3HWeHHs po3mipHocTi 6aratoBumMipHUX aanux. Lle meton noseonsie byaysaTtun
CTPYKTYpPY ANSA WBUAKOro HabnmxeHoro (iMoBipHiCHOro) NoLwyKy n-MipHUX BEKTOPIB, CXOXKUX _Ha BXiAHWW wabnoH. BiH yacTto

BUKOPUCTOBYETLCS, KONMU _€_AyXe Benuki o6¢arm AaHux, siki  HeobxigHo NopiBHATM Mix coboto. LSH Mae Benuky KinbKicTb 3acToCyBaHb.
BiH BUKOPUCTOBYETLCA B TakUx obnacTsx, Ak po3nisHaBaHHA o6pasiB, y knacudikauii Ta knactepuaadii, y nowykax nnariaty, y po6orti 3
BENVKMMU CUCTEMaMU JAOKYMeEHTOOBiry, a Takox ans nowyky ND.

[oBopsium npo nowwyk ND, anroputm LSH cknagaeTbes 3 HAaCTynHOI NOCMiAOBHOCTI Ail:

Kpok 1 - CTUCHEHHSs1 306paXxeHb Ta CTBOPEHHS XeLLy. XellyBaHHS 300paXeHHs - Lie Takuii NpoLec AOCMIAKEHHS BMICTY 300paXeHHs, Skui
nepenbavae CTBOPEHHS 3HAYEHHS (XeLl), sike OAHO3HAYHO iAeHTUMDIKYE 306paXkeHHst Ha OCHOBI LIbOTO BMICTY. TakuM YUHOM MU MOXEMO
3acTocyBaTh XeL-(PyHKLiI0 Ta 06YNCIUTY «XeLl 306paXkeHHs» Ha OCHOBI MOro BidyanbHoro Burmsay. 3o6paxeHHs, siki € ND, Takox NoBUHHI MaTn
XeLi, AKi € «nofidoHUMn» .

Kpok 2 - ctBOpeHHs nap-kaHamaaTie. B ineani noTpibHO nopiBHiOBaTH NuLLIE NOTEHLINHO BiANOBIAHI XeLui.

Kpok 3 - Ha upomy eTani 3HarAeHi paHille napv KaHanaaTiB NOPIBHIOTLCS OAHA 3 OAHOI ANS MOLUYKY BiAnoBiAHOCTEN. YacTo Ans NOpiBHAHHSA
3HayeHb XeLliB BUKOPUCTOBYETLCS BiACTaHb XeMMiHra, TO6TO KinbkicTb BiTiB, y SikMx 06MABI curHaTypw pisHi. FKLWO Le Yvicno, nodineHe Ha
OOBXMWHY curHatypu (BiactaHb XemmiHra / k2) € Huk4vMM 3a SKUACh Hanepes BU3Ha4YeHun nopir t, MoXHa BBaXkaT 300paxeHHs1, Ha sikux Byno
3reHepoBaHo Ui xeLwi, 6rimabkumn (ND). Hanpuknag, noporose 3HadeHHs t, wo gopisHioe 0.8, BctaHosntoe 80% piBeHb BiANOBIAHOCTI ABOX
306paxeHb.

Y LSH Hemae eauHoro nigxoay Ao XelyBaHHs. [incHo, yci MeToan MatoTb OAHaKOBY Noriky «36epirati nogibHi 3pasku 3a 4ONOMOrOH XeLu-
yHKUIT», ane BOHM MOXYTb 3HA4YHO BiApi3HATUCSA. [pun LbOMY Xo4a XeL-hyHKLUIT Ik pe3ynbTaT NOBUHHI NOBEPHYTU AaHi 3MEHLLEHOro
chikcoBaHOro po3mipy, ane pobnsATb BOHM Lie No-pi3HOMY.

AnroputMm cepefHbOro XellyBaHHSA crnovaTtky nepeTBOPHOE BXiAHe 300paXeHHsA y BIATIHKM ciporo, a noTim 3ameHwye nMoro. Hanpuknag,
SIKLLIO MW XO4EMO CTBOPUTY B4-6iTHWI XeLl, 306paxeHHst aMeHLLYeTbCA A0 8x8 nikceniB. [Jani 064MCnoeTbCa cepefHe 3HaYeHHS ACKPaBOCTi Ha
OCHOBI BCiX Cipux nikceniB 306paxeHHs, a NoTiM nikceni po3rnsaatoTbCa OANH 32 OAHUM, | SIKLLO 3HAYEHHS Ciporo Konbopy binblue 3a cepeaHe,
po xewa gopaetbes 1, iHakwe 0 (puc. 1.3).



PucyHok 1.3. CepefiHe xellyBaHHS 306paxeHHs [36]

Anroputm xellyBaHHs1 610KiB AiNUTL 306paXkeHHA Ha Bnoku i reHepye 3Ha4YeHHs ANA KoxHoro 6roky, 1 a6o 0. Hanpuknag, sKWwo Ham
noTpibeH 64-6iToBWI XeLl, 306paXKeHHs AiNnTbCs Ha 64 Groku.

[ndbepeHuiiHmin xeLw, NofibHO 40 cepeaHbOro XeL-anropuTMy, Cno4yaTky reHepye 3MeHWeHe 306paxeHHs y BiATiHkax ciporo 3 BxiAHOro,
a MoTiM 3 KOXHOro psiika neplui 8 nikcenis_po3rngaalTbCa NOCif0BHO 3MiBa Hanpago i NopiBHIOKTLCA 3 CycigHiMu cnpasa (puc. 1.4).

PucyHok 1.4. OndepeHuinHe xellyBaHHs [36]

AnropuTM mMefiaHHOro XeLlyBaHHS Npautoe NoAibHO 40 cepeaHbOro XeLl- anroputmy, 3a BUHSITKOM TOFO, WO BiH_MOPIBHIOETHCH HE i3
cepeaHiM 3HaYEeHHAM Ciporo Konbopy,_a 3 MeAiaHolo.

AnropuTt™ nNepLenTMBHOIO XeLLyBaHHS TakoX crnovaTky ob4mMcnioe 300pa)keHHs Ciporo 3Ha4YeHHs!, MOTIM _10_OTPUMAHOr0 300pakKeHHs
3aCTOCOBYETLCSA ANCKPETHE KOCUHYCHE NepeTBOPEHHSA crnovyaTKy Ha psfokK, a NoTiM Ha ctoBnelp. [licns Lboro nikcerni 3 BUCOKMMM _

yacTotamu_OyayTb PO3TALIOBaHi y BEPXHLOMY NIBOMY KyTi, [ONs OTPUMaHHS Xel-3HavyeHHs Tpeba nigpaxysaTu mMefiaHy Cipyx 3Ha4eHb Ha
LibOMY CErMeHTI Ta MOPIBHATK iX aHanoriyHy MefiaHHOMY XeLlyBaHHIO.

Heponik LSH nonsirae B ToMHOCTi ogep)kyBaHOro pesynbsraTty. Yepes Te, Wo po3mip XeLly 4acTo Ayxe 0OMeXeHui, e Moxe BNnvMBaTh Ha
3anam'sToByBaHHS BaXJIMBOI iHhopmaLlii, ska MOXe JONOMOITU BU3HAYUTH, Yn € 306paxeHHs ND.

5. HenpomepexeBi MeToAmn NOPIBHAHHSA

BuriKop1CTaHHsSi HEMPOHHUX Mepex Habyno Haf3BUYaNHOT NOMYNSIPHOCTI OCTaHHIMK poKam Ans BUPILLEHHS 6araTbox NpakTUYHUX 3aaady, B TOMY
yueni, i Ans nowyky 306paxeHb 6nmabkoro amicTy. Ockinbkv B LbOMY BUNaaky Tpeba o6pobnsatu napy 306paxeHb, 3py4HO BUKOPUCTOBYBATU Tak
3BaHi ciaMmcbki HeMpoHHi Mepexi (SNN).

SNN - e knac HeMpOHHUX Mepex, siki MiCTATb ABi abo binblue ogHakoBKx nigmepex. Bneplue BoHn 6ynu npeactaeneHi Ha nodaTky 1990-x
pOKiB Ans BUpiLLEeHHs NpobneMu nepesipkn NiANUCIB K 3aaadi 3icTaBneHHs 3o06paxeHs [17].

Lli mepexi € nepuenTpoHamu 3 MPSIMUM 3B'A3KOM, SKi NPaLIOOTb NapanenbHo, a ANA OTPUMaHHSA OCTAaTOYHOrO pesynbTaTy MOPIBHIOKTL CBOI
BUXiOHi AaHi, BUKOPUCTOBYOYN NMOKa3HWK NOdibHOCTI, kM NpeAcTaBnse B3aEMO3B'A30K Mix ABOMA BXiAHUMY AaHUMKU. BOHM Takox
BMKOPWUCTOBYIOTb OZHAKOBI Baru nig Yac poboTu 3 pisHUMU BXiAHUMUN AaHUMMU.

Miamepexi SNN 3’egHaHi pa3oM Yepes Tak 3BaHWUI NOBHO3B'A3HWI Wwap (dense), kuin NoTpiGeH ANnst BUSHAYeHHst NodibHOCTI MiXK BXiAHMMUN
fanumu. SNN npuiimae BxigHi faHi x1 1a x2 (puc. 1.5), ski MoXyTb 6yTn 306paxeHHAMM, TEKCTOM abo HaBiTb 3anMcaHUM MOBIEHHSIM, @ NOTIM
NepeTBOPIOE iX 3aNeXHO Bif TUMNY BXiAHWX AaHUX B HeobxigHWi hopmar.

PucyHok 1.5. ApxitekTypa po6otn SNN [32]

Micns napanenbHOro HaB4aHHA MEpPEX 3 OAHAKOBUMM Baramu ByayTb creHepoBaHi BUXiAHI AaHi B 060x niamepexax. Ha 0CHOBI Lx BUXIOHMX
[aHNX BUKOHYETLCS BU3HAYEHHS MOKa3HUKa NoAiGHOCTI Yepes KOCUHYCHY BiACTaHb MiXX HUMUW. TakuM YMHOM BUMIPIOETBCS NOAIGHICTL 3a
[0MOMOro0 KOCKHYCa KyTa Midk ABOMa BeKTopamu B 6araToBUMipHOMY NpOCTOpi:

, (1.4)

[Oe X Ta 'y - BUXifHi AaHi, NpefcTaBreHi y sikoCTi BEKTOPIB.

List ouiHka 3HaxoauTbCs B AianasoHi Big -1 go 1. Akwo ouiHka 6nm3bka Ao -1, To 06'ekTV NOPIBHAHHS BiAPI3HAOTLCS, @ AKLLO OLjiHKa brnnsbka Ao
1, To 06'ekTV MoxkHa BigHecTV go ND.

OcobnuBicTb Takoi HEMPOHHOI Mepesxi y TOMY, LLI0 BOHa 34aTHa BYMTUCS Ha Ay>Ke Mariil KinbKoCTi AaHux. Ane Taka nepesara 3yMOBMEHO TUM
HegonikoMm, Lo i HeobxiaHO Binblue Yacy Ha HaBYaHHS, HiX 3BUYaliHUM (pointwise) Mepekam, OCKINbKM CiaMCbKi Mepexi BKIoYaTb
KBafpaTU4Hi napu Ans HaBYaHHS.

6. MNMocTaHoBKa 3agadi

MopiBHAHHS 306paxeHb Ta 3HaXOMKEHHS CXOXMX 3a 3MICTOM cepef] HUX € aKTyarnbHUM 3aBAaHHSAM B chepi KOMMbIOTEPHOTO 30pY.

O6’ekTOM JocnifkeHHs1 B pobOoTi € METOAM MOLLYKY KIMOYOBMX TOYOK Ha 306paXeHHi, METOAN CTBOPEHHS A€CKPUNTOPIB Ha iX OCHOBI | MeToAn
noJasbLUOro MOPIBHAHHA LMX AECKPUNTOPIB.

MeToto BUKOHaHHS! AUMIIOMHOIO NMPOEKTY € iMMneMeHTauis Moayns iHopmaLiiHOi cucTemn y BUrMsAi 3aCTOCYHKY, SIKUii Byae npuiiMaTti y sikocTi
BXiAHUX JaHUX [Ba 306paxkeHHs, AaBaTh KOPUCTYBAYEBi MOXIUBICTL 06paT METOA, NOPIBHSAHHS LMX 306pa)eHb Ha OCHOBI KITHOHOBYX TOYOK, @ Y
AKOCTi pesynbraTy BigobpaxkaTn Mipy iX CXOXOCTi y BUIMAAI BiCOTKOBOIO 3HAYEHHS.

JloriuHe pilleHHs Npo Te, Yn € napa 306paxeHb CXOXVMU, MPUIMAETLCS 0COBMCTO NtoguHot. [1ns Toro, o6 3pobuTy Len npouec GinbLu
ePeKTMBHMM Ta aBTOMaTUYHUM, AOLINBHUM € JOCMIAXKEHHS SKOCTi BiJOMMUX METOAIB Ta X CMPOMOXHOCTI knacudikysaTi napy 306paxeHsb.

PO301N 2
AHANI3 METOAIB BUABITEHHA | 3ICTABNIEHHA O3HAK

1. [eTekTopw KMoYOBUX TOHOK

MeToau nopiBHAHHSA 306paxeHb, 3aCHOBaHi Ha MOLUYKY BiAMOBIAHOCTEN MK XapakTepHUMM TOYKaMU, 3aBXaM MaloTb Ha NovaTky eTan noLyKy
KoopaMHaT Lmx ocobnmBmx TOYOK. [INs BUSIBNEHHS 03HaK BUKOPUCTOBYIOTLCA TPU METOAW: BUSIBNEHHS KpaiB (edge detection), BusiBneHHs kyTiB
(corner detection) i BusBneHHsi kpanni (blob detection).

BusiBneHHs kpaiB (rpaHuLp) - Lie MEeTO, L0 BUKOPUCTOBYETLCS AN BUABMNEHHS 03HAK 3aBASKN PO3pUBaM, NPOCTO Kaxy4w, PiskKUM 3mMiHam
sickpaBoCTi 306paxeHHs. B Ljinomy, ocHoBHa MeTa GinbLLOCTi eTEKTOpIB KpaiB nonsrae B 0G4NCNEHHI rpafieHTa SickpaBoCTi Ha 306paxeHHi.



Takum YMHOM BOHM BUAINSHOTH 06MacTi 3 BUCOKOK NPOCTOPOBO YaCTOTOK, AKi YacTo BiAnoBiaaTb kpasM. Ak BXigHI, Tak i BUXiAHI AaHi - ue
306paxeHHs B rpafauisx ciporo. 3a3suyai ix nepeTBoproOTb Y BIATIHKY CipOro Ans Toro, o6 3MeHLWnT ob4mcnoBanbHi BUTPaTU.
HannpocTiwmm i paHHiM MeTofoM BUSIBNEHHS KpaiB € nepexpecHuii onepatop PobepTca, KM 0GUYMCIoE cyMy KBaapaTiB pPisHULUb Mix
AiaroHanbHO CyMiXXHMMM nikcensimu. Lle moxe 6yTM BUKOHAHO 3ropTKolo 306paxeHHs 3 ABOMa AApaMu:

.@)

TakvM YmHoM B MeToAi PobepTca BUKOPUCTOBYETLCS CyMapHUIA BEKTOP i3 ABOX AiaroHanbHUX BEKTOPIB nepenagy.

MoxkpalueHoto Bepcieto onepatopa Pobeptca € onepatop Cobens, skuii BUKOPUCTOBYE 3HAYEHHS IHTEHCUBHOCTI TiMbKW B OKOMNMLL 3%3 KOXHOrO
nikcens Ans oTpyMaHHsa HabnuXkeHHs BiANOBIAHOrO rpagieHTa 306paxeHHsl, i BAKOPUCTOBYE TiMbKW LiiNi 3Ha4YEHHS BaroBux KoedilieHTiB
SICKPaBOCTi ANS OLiHKM rpagieHTa.

Y KOXHilA TouLi 306paxeHHs HabnkeHe 3HaYeHHs BENUYUHU rpadieHTa MOXHa 0BYMCNUTI 3a HACTYNHOK DOPMYIIOH:

.2

_Ae__ i - ABa 300paXeHHsl,_Ha AKMX KOXHa ToYKa MiCTUTb HabnwkeHi NoxiaHi 3a x i 3a y. BoHn oBumcnioloTbcs HACTYMHUM YUHOM:

i, (23)

e A - BxiaHe 306paxeHHs.

Ller Tun nowyky KT gosoni npocTuii, ane Mae psif BaroMux Heponikis. Tak, sSIKLLO MW FOBOPUMO Mpo NpocTi MeToaw no Tuny Pobeptca Ta
Cobens, To BOHWN He MOXyTb ByTu BUKkopucTaHi Ans 3o06paxeHb 3 undposum wymom. [letektop Keni [14] 3a paxyHok inbtpa Mayca gossonse
npubpaTtn Byab-siKi LyMy Ha 300pakeHHi, ane ue npu3BoauTb 40 NpobnemM 3 BUKOPUCTAHHAM Takoro AeTektopa y peanbHOMY yaci Yepes
cKnagHi obuncneHHs.

BusiBneHHs kyTiB 6yno 3anponoHoBaHo B 1977 poui, konu OyB CTBOPeHWI nepLumin KyToBuii getektop [6]. 3 Tux nip 6yno pospobneHo 6arato
ansTepHaTVB, HaWNONyNSPHILLUM 3 SKUX € AeTEKTOp KyTiB Xappica, ane )o4HOMY 3 HUX HE BAAETLCSA BUSBMATY BUKMIOYHO KyTW. KyTamu
Ha3nBaloTb TOYKW, YTBOPEHI Bif NnepeTuHy ABox abo binblie pebep (puc. 2.1). Kpai 3a3Bnyaii onncyroTe Mexi pisHnx YacTuH o6’ekta abo ABOX
06’eKTiB i, AVMBNAYMCH Ha HAMNPSIMOK LX KpaiB, MOXXHA BUSIBUTU KYTU.

PucyHok 2.1HKmoL|OBi TOYKM

KyToBuin oetektop Xappica BU3Ha4ae TOUKy-kaHanaaT sk KyTOBY TOUKY LUMASAXOM 0BYMCneHHs rpagieHTiB. BiH € iHBapiaHTHUM 40 NOBOPOTY
300paxeHHs, acpiHHMX NepeTBOpeHb, IHTEHCUBHOCTI Ta 3MiHW TOYKM 30py Y BiAMOBIAHUX 03Hakax [8].

Mertop cknagaeTbes 3 TPbOX KPOKiB. MepLuni - po3paxyHoK BiANOBIAHOMO rpafieHTy 3a MateMaTUYHUM BU3HAYeHHAM. [Ipyruii Kpok nonsrae y
BMBOpI KyTOBOI TOYKM-KaHAMAATa 3 ypaxyBaHHSAM 3a4aHoro nopory. TpeTii Kpok nonsrae y nigbopi onTrManbHUX KOOPAMHAT AN NO3HAYeHHs!
KyTiB, ANS UbOro 3HaXoAATb rokanbHi MakCUMYyMU SIK KyTW Y BikHI, sike € ¢pinsTpom po3mipom 3x3.

dPopmanbHO AeTeKTop KyTiB Xappica BU3HAYaETbCA SK:

(2.4)

ae M - kBagpart pisHuLi MaTpuui; - onepadisi 3ropTk1; W - SSAPO 3ropTKM, sike Ha3MBaETLCA BIKHOM (inbTpa; Ta - rpafieHTHi NpeacTaBneHHs
BXiIHOTO 306paxeHHs1.
[na oTpumaHHs o3HayeHHs R (2.5), sike i Byae BusHayatu, ym ByB 3HaOEHWI came KyT, BAKOPUCTOBYETLCS HAcTynHa copmMyna:

. (29)

Ae k - koedpilieHT YyTNMBOCTI Ta KOHCTaHTa, sKa, Sk npasuno, AopisHioe 0,04.

AKwo oTprMaHe 3HaveHHs1 R BuLLe 3a BKkasaHMWii Nopir, TO MOXHa BBaXaTy, LLO KyT 3HAWOEHWIA.

OckinbKky OETEKTOP KYTIB BUSBISIE HE TiNbKW KyTW, ane 1 iHLWi 03HaKW, Taki K KiHUi NiHilA, HeobXiAHO BUKOPUCTOBYBATM iHLWI MeToau, LWob
nepeKkoHaTUCS, LLO BUSIBMEHI TOYKU € peanbHUMU KyTamu. 3 iHLWOoro 6OKy, KyTOBi AETEKTOPU MaloTb MOXIMBICTb 3HAXOAMTU OMH i TOW e KyT Ha
pi3HKX 306paxeHHsIX, Lo 3abe3neyvye BUCOKY NMOBTOPHOBAHICTb O3HaKM.

KyTtoBuin netektop FAST, 3anponoHoBaHuit E. PocteHom Ta T. pammonaom [33], € yaockoHaneHum AeTekTopom Xappica 3a paxyHoK GiHapHOro
pO3paxyHKy Ta MaLUMHHOIO HaB4YaHHs [12].

Hexait nikcenb po3rnsaaeTbes K kaHamaaTt Kyta (puc. 2.2). Lien nikcenb MOXHa ineHTUdIKyBaTV SK KyTOBY TOUKY, SKLLO iCHYE HAaBIp CyMiXHMX
nikcenis Ha WwabnoHi kona bpesexxema [34], i BCi BOHU ACKpaBiLLi 3a iIHTEHCUBHICTb Nikcens-kaHauaaTa , abo HaBnaku, BCi TEMHILLI, HixX , ae t -
NoporoBe 3HaYeHHS! IHTEHCUMBHOCTI.

TeopeTuyHo pagiyc wabnoHy kona moxe 6yTn Byab-skoro po3mipy abo macwtaby. OpuriHanbHWUIA anropuTM BUKOPUCTOBYBaB 3 Nikcens y sKoCTi
pagiycy, nepesipstodmn 12 nikcenis B oTpuMaHin okpyxxHocTi. [1na FAST nepeBipkn BUKOHYETLCA TiNbkK AN nikcenis Ha micusax 1, 5, 91 13, ak
nokasaHo Ha puc. 2.2.

PucyHok 2.2. BusiBneHHs kyTta yepes anroputm FAST [13]

OcHoBy Ans meToay MOLUYKY KyTiB y BUrNaai «kpanmi» 6yno 3aknageHo npubnuaHo B 1990-x pokax, konu 6ynu 3pobneHi cnpobu BUSBUTY OaHi
Ti K KyTW Ha 306paxkeHHsX 06’ekTa B pisHMXx Macwutabax [8]. Y 1993 poui npodecop ToHi Ninaebepr 3 KTH (Kungliga Tekniska Hogskolan)
ony6nikyBaB gocnigxeHHs [16] 3 BUKopucTaHHAM MaTemaTuyHoro metoay Anst o6pobku Bapiauii 03Hak y pisHnx MacwwTabax. Lis pobota ctana
OCHOBOIO [leTeKkTopa, Ak 61 Mir npautosBaTy 3 GaratomacuTabHUMK 306paxeHHAMU. KyToBi AETEKTOPY HE MO BUSBUTM 3 TOYHICTIO O3HaKU B
GaratomacLuTabHux 306paxeHHsX, TOMY [IOBENOCS CTBOPUTY HOBUIA MeTof, Ans 6opoTbbu 3i amiHamu maclutaby 306paxeHHs. Lie 6yno Baxnmeo



nozonaTtu, OCKinbK1 NoraHe BUSIBNIEHHS 03HaK MOXe MPU3BECTU [0 HETOYHOTO BUSIBIIEHHSI 06’EKTa.

Kpannsmu Ha3mBatoTb AiNSHKW, B SKUX rpyna nikcenis Mae o4HaKkoBi BMacTMBOCTI. KoxHa AinsiHka mae pisHi BNacTUBOCTI B NOPIBHSAHHI 3
CycCiaHIMK OinsiHkamu, Wo pobuTb KOXHY Kpansito BiAMIHHO Bif yCix iHWMX. [leTekTopmn kpanenb KnacudikytoTbCs Ha OCHOBI MaTeMaTUYHUX
METO/IB, SIKi BOHWN BUKOPUCTOBYIOTb. MaTemaTuyHo kpanns npeq(:TaBneHaBy BUIMSIAI Napw, O CKMadaeTbCs 3 CiANOBOI TOYKM Ta OOHIET TOYKM
eKCTpeMyMy, 3aBAsiK1 HOMY BOHA BUMMAAAE K MiK Y YAaCTOTHIN obnacTi (nokadaHo Ha pUCYHKy 2.3).

PucyHok 2.3. BusiBneHHs kpanenb [16]
2. [leckpunTopmn o3HaK

Okpim po3TallyBaHHs 0COBMMBMX TOYOK, AS1si NOAAnbLUOrO iX 3iCTaBNEHHsI Mk ABOMa 306paXKeHHsIMU HEOOXIAHO OTpUMaTK AEeCKpUMNTOPU.
BxigHVM 3HaYeHHsIM Anst 4eckpunTopa O3HaK € po3TallyBaHHs (X, y) O3HaKu Ha 306pakeHHi, @ BUXiAHUM € BEKTOP YMcen NeBHUX napameTpiB
(ninnuc). AeckpunTop 03Hak kofdye Likay iHpopmaLiio B psa Ymcen i fie sk CBOro pofdy YMCNoBuii «BigBUTOK NanbLs», SK1n MOXHA
BMKOPUCTOBYBATM, LLO6 BiAPI3HNTU OHY 03HaKy Bif iHWOI. Llei psg ymMcen onucyeTbes Takum YMHOM, SikuiA (B igeani) € iHBapiaHTHUM LLOAO 3MiH
OCBITNEHHS, TpaHCHALii, MaclTaby Ta o6epTaHHs B MIOLWUHI.

CyuacHi geckpuntopu, sik, Hanpuknag, BRIEF, FREAK, A-KAZE ta ORB, onucytoTb Touky y BUrnagi 6iHapHoro Bektopa.

MoLwuyk kntoyoBux Todok Yepes anroputm A-KAZE 6a3yeTbcs Ha HeniHiiHoMy MacluTabyBaHHi 306paxeHHs 3a cxemoto FED (Fast Explicit
Diffusion). Ak 6iHapHwit geckpuntop BukopucToByeTbes M-LDB (Modified-Local Difference Binary).

BusiBneHHst KT 34iACHIOETLCS LLNSIXOM MOLLYKY TOHOK foKanbHOro Makcumymy ecce nicnsi Hopmanisaduii B pisHux macwtabax. Matpuus lecce
pO3paxoByeTbCA AK:

. (26)

[e - ropu3oHTanbHa noxiaHa Apyroro NopsiAaKy, - BepTukanbHa noxiaHa Apyroro Nopsaky, - Kpoc-noxiaHa Apyroro nopsiaky.

Heckpuntop M-LDB BukopucToBye iHhopMalLiito Npo rpafieHT Ta iIHTEHCMBHICTL 3 HeNiHiNHOro MacwtabHoro npoctopy. Ha BiaMiHy Big
neckpuntopa LDB, aeckpuntop M-LDB oTpumye iHBapiaHT o6epTaHHs LUNSXOM OLiHKM OCHOBHOI OpieHTaLlii KIOYOBOT TOYKM i MOBOPOTY CiTKU
LDB. M-LDB BukopucToBye noxigHi, o64ncneHi Ha etani BUSIBNIEHHS O3HaK, LLIO CKOPOYYE KinbKiCTb onepauii, HeobxigHux ans nobynosu
AeckpunTtopa.

ORB - ue kombiHauist aetektopa FAST i BoockoHaneHoro geckpuntopa BRIEF [26], skuii po3rnsgaeTtbea sk 3amita SIFT, Tak sk gocsirae kpawyoi
eheKTUBHOCTI 3a JOMOMOrOt0 BiHAPHOTO OMKCY, L0 AO3BOMAE BUKOPUCTOBYBATM MOTO B 3aAa4ax peasnbHoro vacy. Moro nepesaroto Takox €
iHBapiaHTHICTb opieHTaLii B Aeckpuntopax.

Ao po3buTn poboTy anropUTMy NOKPOKOBO, OTPUMAEMO HaCTYMHY MOCNIAOBHICTb Ail:

Kpok 1 - s3HaxomkeHHst KT 3a gonomoroto aetektopa FAST. BUkoprcTOBYO4M AepeBOBUAHMI WBMAKUIA anropuTtm FAST Ha opuriHansHoOMy
[AOKYMEHTI | Ha Kinbkox 306paxeHHsIX 3 nipamian 3mMmeHLeHux 306paxeHb My oTpumyemo KT [27].

Kpok 2 - Bubip KT 3 ypaxyBaHHsIM 064mcneHoi Mipn Xappica, kKaHanmaaTh 3 HU3bKUM 3HaYeHHAM Mipy BigkuaaTbest [28].

Kpok 3 - Po3paxyHok kyTa opieHTauii KT. ORB BUKOPUCTOBYE LEHTPOIA iIHTEHCUBHOCTI AJ1s1 BUMIpIOBaHHS KyTOBOI opieHTauii. LieHTpoig ainsHkn
Ip KMOYOBOIT TOYKM OBYMCHIIOETLCS 3@ HACTYNHUMKU hopMynamm:

@D
(2.8)

Ae X, y - NikcenbHi KoopAnHaTw, | - AcKpaBiCTb.

PiBHSIHHS1 2.6 3HaxoaUTb Tak 3BaHi MOMEHTU 306paxeHHs1, TOBTO Aesiki cepeHbO3BaXeHi IHTEHCUBHOCTI MikceniB 306paXKeHHs1, a PiBHSAHHS 2.8 -
LleHTpOiA 03HakK, To6TO KyT opieHTauji KT.

Kpok 4 - amiHa Hanpsmy KT 3a oTpumaHum KyToM. HOBi NONOXEHHSA TOYOK ONUCYTLCA 3a POPMYIIOH:

(2.9)
Kpok 5 - npoBefieHHsi po3paxyHky GiHapHoro geckpuntopa BRIEF 3a Toukamu, oTpyMaHnMu nicns 3MiHW Hanpsimy.
BRISK 6ynye 6aratomacLutabHuii npocTip ANst BUSIBNEHHS Ta NPOEKTYBaHHs WabnoHiB BUGIpKM Ans opieHTaluii, Wwo 3abeanevye iHBapiaHTHICTb
0o MacwTaby Ta obeptaHHs [31].

Mo-nepLue, macwTabHo-NpocTopoBa Nipamiaa ByayeTbCs LWASXOM NOHWXKYBarnbHOI AMCKpeTU3aLlii BUXigHoro 306paxeHHst 3 4 oktaBamu Ta 4
iHTpaoKTaBaMu , KOXHa 3 AKMX 3HaX0AMTbCA MiX Wapamn Ta (puc. 2.4).

PucyHok 2.4. Mobynosa 6aratomaciutabHoro npoctopy [13]

Mo-apyre, wabnoH Bubipku BiapisHaeTbes Big BRIEF, ge napu Tovok BMGipku po3TalloBaHi 0qHaKoBO Ha Konax, KOHLEHTPUYHMX 3 KIOYOBOKO
TOYKOM, i 3rnafpKytoTbes aapoMm Mayca, Wwob yHUKHYTV edheKTiB HaknadaHHs. Ha puc. 2.5 nokasaHo nonoxeHHst 60 To4ok Biabopy 3paskis
KYTOBOI TOYKM.

PucyHok 2.5. lWa6noH Bubipkn BRISK 3 60 To4ok [13]

YepBOHi NYHKTUPHI kona - Le sapa lMaycca, siki BAKOpUCTOBYOTLCA AN 3rnagx)yBaHHs okonuub. CyHi kona - po3TtaluyBaHHsi BUGIpOK.
Kpim Toro, Ans AocarHeHHs iHBapiaHTHOCTI 10 06epTaHHA HanpsIMOK BidepyHKa KyTOBOT TOMKM BU3HAYAETHCS HACTYMHUM YUHOM:

. (2.10)



e - NoKanbHW rpagieHT, a - NiAMHOXMHA Nap TOYOK Ha BENUKIN BiACTaHi.
3. CniBcTaBneHHs1 o3Hak

HarnnpocrTilmm cniBcTaBneHHsM 03Hak € anroputm nosHoro nepebopy (brute force matching). BiH 6epe AeckpunTop ofHiei 03Hakn B nepLiomy
Habopi Ta MOpiBHIOE 3 yciMa iHLIMMM 03HakaMu y ApyromMy Habopi 3a JonomMoroto ob4ncneHHs BigcTaHi. Ta BiacTaHb, ska byae HaimeHLua, i 6yae
BBaaTucs napoto. MNpv LboMy Ans pi3HUX AETEKTOPIB BUKOPUCTOBYHOTLCS Pi3HI Mipy po3paxyHKy BigcTaHi. Tak, ans ORB, BRIEF i BRISK
BMKOPUCTOBYETBCS PO3paxyHok BiacTaHi Xemminra, a ana SIFT i SURF - maHxeTTeHcbka Ta eBknigoBa BiacTaHi. HegonikoM Lporo metoay B
KOHTEKCTi NMOPIBHSHHA [ECKPUNTOPIB € Te, WO BiH 3aBXAU 3HaAe HanbnmKymin 4eCKPUNTOP, HaBITh SIKLLIO BiH AyXe BiApi3HAETLCS Bif LLyKaHoro,
a iHLWi AeckpunTopu BiApi3HAOTLCA LWe GinbLue.

AnropuTMu crniBCTaBMEHHS MOXYTb NMOBEPTATU HE TiNbKW HavKkpaLLmii 36ir, ane 1 NeBHyY KinbKiCTb kpaLmx 36iriB, Wo Moxe ByTU KOPUCHUM Y
BMNagky npoBeaeHHsi Tecta [esiga Jloy [24]. BiH 3anponoHyBaB npocTuin MeTop (insTpadii 36iriB 3a Krno4oBUMU TOYKaMK, BUKIOYaro4n 36iru,
KONV ApYruii Hakpalmin 36ir maiike Takuin camui.

Mpunyctumo, wo L1 - ue HabGip kno4oBKX TOHOK 306paxkeHHs 1, a L2 - e Habip kn4YoBMX TOHOK Ans 306paxeHHst 2. CnoyaTky NopiBHIOKOTLCS
KrnoYvoBi Toukn B L1 3 gBOMa KIOYOBUMM Toukamu B L2, siki € Hankpalwumuy 36iramy Anst KOXKHOT KIo4YoBOi TOUkM. Bruxoasum 3 npunyLieHHs, Wwo
KrovoBa To4ka Ha 306paxkeHHi 1 He Moxe MaTw GinbLue O4HOro ekBiBaneHTy Ha 306paxeHHi 2, M1 pobuMo BUCHOBOK, L0 obuaga Ui 36irv He
MOXYTb 6yTV NMPaBUMNbHUMU: MPUHANMHI OAMH 3 HUX HenpaBuUnbHUIA. BignosigHo Ao MipkyBaHb J1oy, 36ir 3 HaiMEHLLIOIO ANCTaHLIEIO €
«XOPOLUMMY, a 36ir i3 ApYyro HaNMEHLLIOK BiACTAHHIO € eKBIBAaNEHTOM BMNAAKOBOTO LyMy. SAKLLO «XOPOLUMA» 36ir He MOXHa BiOpi3HUTY Bif
LUYMY, TO MOrO Crif, BIAXWUMUTK, OCKINbKM BiH HE MPUHOCUTb HiYoro iHpopmauinHoro. OTxe, 3aranibHUIA NPUHLMN NOMSArae B TOMY, LLO MK
HarKpaLwum i ApyrMM Kpawum MatyaMm mae 6yTv JOCTaTHs pisHULS, 3@ 3aMOBYYBaHHSAM Ue 25%.

Heponikom meTofy NoBHOrO nepebopy B KOHTEKCTI BUPILLEHHS 3aayi NoLyKy 306paxeHb 6rM3bKoro aMicTy € Te, Wwo A0 byab-skoro
[ecKpunTopa Ha nepLuoMy 306paxeHHi 3aBxau 3HanaeTbCs BiANOBIAHUIA AECKPUNTOP Ha APYroMy, HaBiTb SKLLO BiACTaHb MK HUMW € BENUKOH.
Tox, 4OAATKOBO MOXHA PO3IMSHY TN MOXIMBICTb MOLLYKY TiMbKX TakUX BiANOBIAHOCTEN AECKPUNTOPIB, BiACTaHb Mi SIKUMU HE NepeBuLLYE Aesike
NoporoBe 3HaYeHHs.

PO3A0IT 3
PO3POEBJIEHHA MOAYNA IHOOPMALIMHOT CUCTEMW ANA
BUABNEHHA 30OBPAXEHDL BJIM3bKOIO 3MICTY

1. O6rpyHTYBaHHsi BUGOPY TEXHIYHMX 3acoBiB pO3pOGKM

[ns peanisauii mogynto iHpopmaLinHoi cuctemun Ansi BUSIBNEHHA 306paxeHb 6rnnabkoro 3aMicTy 6yrno 3acTocoBaHO MOBM NpOrpamMyBaHHs
Python, QML, a Takox 6ibnioteky kommn’'totepHoro 3opy OpenCV [29].

Python - BUCOKOpiBHEBA CKPUNTOBA MOBA NporpamMyBaHHsl. Moro BigMiHHa puca - yHIBepCasnbHICTb, agke BiH YyA0BO NAXOAUTL AN BUPILIEHHS
pisHOMaHIiTHUX 3aBaaHb. CbOrofHi BiH 3aCTOCOBYETLCSA B 6aratbox cchepax, Takmx sik Machine Learning, po3po6ka nporpaMHoro 3abesneyeHHs,
WEB, 06pobka 306paxeHb, NapcuHr darnis Ta 6arato 4oro Lue.

Python € iHTepnpeToBaHOO MOBOI NporpamMyBaHHsi, MPOrPaMHUIA Kog SIKOi He KOMMINETLCSA. TakuM YMHOM, IO MOMEHTA 3arycKy BiH €
3BMUYaNHUM TEKCTOBUM dpaiinoM. BignosigHo, nporpamyBaTtit MOXHa Maixe Ha BCix nnatgopmax, a cama MoBa € NoriyHoto i fobpe
cnpoekToBaHoto. MNpu LboMy 06CsAr Koy HacTo BUXOAWTb MEHLLUM, HiXX MPY BUKOPUCTAHHI iHLUMX MOB NporpamMyBaHHs, TOMy po3pobka
30INCHI0ETLCA LUBMALLE.

[onoBHoO nepeBaroto Ha kopucTb Python € Benvka KinbkicTb MogyniB, WO iCHYIOTb Ta NiATPUMYIOTBCS KOMIT IOTEPHOIO CMiflbHOTOM ANs
BUPILLEHHS Pi3HMX 3afad, Hanpuknag, Ans AocnifXeHb, MOB’A3aHuX i3 BUKOHaHHSIM po6oTu 3actocoBaHo SciPy, NumPy, Matplotlib i OpenCV.
3aBasiku HasiBHOCTI crnevjianidoBaHux 6ibnioTek, a TakoX Yepes NpoCTOTY OCBOEHHS, BaraTo BYeHuX (pisuku, matematuku, 6ionorn) Bubunpatots
came Lo MOBY.

OpenCV - ue BigkpuTa 6ibnioteka Ans poboTn 3 anroputMamu KOMN'tOTEPHOTO 30pY, MALUMHHUM HaBYaHHAM Ta 06po6Kot0 306paXkeHb.
HanucaHa Ha C++, ane icHye Takox ansa Python, JavaScript, Ruby Ta iHwnx moB nporpamyBaHHsi. MNpautoe Ha Windows, Linux Ta MacOS, iOS
Ta Android.

Bi6nioTteka mae noHag 2500 onTUMi3OBaHUX anNropuTMIB, AKi BKIOYalOTb NOBHUIA Habip anropuTmiB KOMM'IOTEPHOro 30py_Ta
MaLUMHHOIO HaB4YaHHs. Lli anroputmMmu MoxyTb BUKOPMCTOBYBaTUCA AN _BUSABNEHHA Ta po3nidHaBaHHA ocib, ineHTudikauii 06'ekTiB,

knacudikauii aii 06’ekTa Ha Bifeo, BiACTEXEHHS 06'eKTiB, LLO PyXaloTbCsl, BUNYYEHHSI TPUBUMIPHMX Moaereit 06'eKTiB, MOLLYK CXOXMX
306paxeHb y 6a3i gaHnx 306paxeHb TOLLO.

CninbHOTa Hanivye AecsATKM TUCSAY Noden, a KinbkicTb 3aBaHTaxeHb nepesullye 18 minbiioHiB. Mpu ubomy OpenCV LWMPOKO BUKOPUCTOBYETLCS
AK Y BEMNMKMX KOMMNaHisix, Takux sik Google, Microsoft, Apple, Intel, IBM, Sony, Toyota, Tak i B Manux JocnigHULbKNX rpynax, AepXaBHUX opraHax,
craptanax: Applied Minds, VideoSurf, Zeitera Ta iHLui.

Kpim kpocnnatdopmeHHOCTi Ta nigTprMkM 6araTbox MOB NporpamyBaHHsl, Siki J03BOMSATb BUKOPUCTOBYBATM NPOrpaMu Ha pi3HMX cuctemax,
6ibnioteka OpenCV ayxe edekTmBHa (Y NOPIBHSHHI 3 iHWMMK CXOXUMK GibnioTekamu, Sk Hanpuknag MatLAB) 3 Touku 3o0py ob4ncneHs,
OCKiNbKM Maixe BCi OyHKLT Ta onepaTopu B Hili BEKTOPU3OBaHi.

QML (Qt Meta Language) - ue geknapatuBHa MoBa NporpamyBaHHs, sika JO3BOMSE ONUCYBaTH iHTepdency KopuctTyBada B TEpMiHax ix
Bi3yarnbHMX KOMMOHEHTIB i TOro, SIk BOHW B3aEMOLit0Tb i CniBBiAHOCATLCA 0AuH 3 oaHUM. QML 6yna po3pobneHa ans 3abe3nevyeHHs MOXIUBOCTI
AVHaMIYHOro 3'e€HaHHSA KOMMOHEHTIB, TOMY BOHa [JO3BOSISIE FIErkO NOBTOPHO BUKOPUCTOBYBATM | HACTPOIOBATU KOMMOHEHTU B iHTEpdENCi
KopucTyBava.

2. Po3pobneHHst iHTepdheiicy Moayns 3aCTOCYHKY
IHTepdelic 3acTocyHKy Hagae HacTynHWUIA yHKLioHan:

1. BUGip MeToay NOLUYyKy KIYOBMX TOYOK Ta CTBOPEHHS AeckpuntopiB. HapaeTtbcsa 4 BapiaHTu: SIFT, ORB, AKAZE Ta BRISK.
2. BMGip 306paxeHb Ans nopiBHsaHHS. MoxHa obpaTti 306paxeHHs Yepes okpeMi KHOMKK, abo NPoCTo NepeTarHyTu ix 6eanocepenHbo Ha hopmy



3acTOCyHKy Yepe3 drag&amp;drop.

3. MOXNMBICTb po3noYaTy aHani3 306paxeHb Ta X NOPIBHSHHS, @ TAKOX MOXIUBICTb OYUCTUTY pe3ynbTaT NOPIBHAHHS.

Pesynbrat nopiBHSHHA BKItovae iHopMalLiito Npo obpaHi 306paxkeHHst (LUnaxu 4o BignosiaHux dannis y dannosii cuctemi), 3HainaeHy KinbkicTb
KIOYOBMX TOYOK Ha 060x dhoTorpadisix, KiflbKiCTb KNMOYOBMX TOYOK MiCNsi NpoBeAeHHs ratio-TecTy Ta romorpadii, i ik hiHanbHUiA pedynesrar -
BiJCOTOK TOrO, 5ika KiflbKiCTb 1€CKpUNTOPIB OAHOro 306paxeHHs 36irnacst 3 Aeckpuntopamu iHLWoro. Yum BuLLie Lieit BiCOToK, TUM BinbLue
306paxeHHs BigHocsATbes Ao Tuny ND.

[ns cTBopeHHsi obpaHoro AeTekTopa, siKUin y TOW e Yac € i geckpuntopomM, Byno cTBopeHo dyHKLUito create_detector. Y sikocTi napametpy
YHKLIs OTPUMYE CTPOKY, sIKy NOPIBHIOE 3 AEeTEKTOPaMK, siki MOXXHa BMKOpUCTaTU y nporpami. PesynstatoMm poboTtu dyHKUiT € CTBOPEHUI
[EeTeKTop - OAMH i3 HacnigHukiB abcTpakTHoro knacy Feature2D, sikuii My BUkopucToByBaTUMEMO Ans BusiBneHHs KT i Hagani ans dopmyBaHHs
naeckpunTopis (puc. 3.1).

PucyHok 3.1. ®yHKLUis CTBOpPEHHsi AeTekTopa

B 3anexHocTi Big 06paHoro Tuny AetekTopa CTBOPHOETHCSH 06'EKT Kracy NMopiBHAHHS AeckpunTopiB B yHKLUT create_matcher. Mpu ubomy ans
BCiX TMMIB AeTeKTopa anroputM 3icTaBneHHs OAWH - anropuTM noBHoro nepebopy, ane napameTp normType knacy BFMatcher 3anexuTs Big
obpaHoro Tuny (puc. 3.2).

PuricyHok 3.2. ®yHKLia cTBOpeHHS 06’ekTa Ans NOPIBHAHHS

Micnst NOpiBHSAHHA AECKPUNTOPIB BaXXMBO BiAKMHYTK Ti 36iru, siki He 3a40BONbHAOTL ratio-TecTy, skuin 3anponoHysas [esig Jloy [24]. Takum
YMHOM MU OTpUMAE Tinbku 36irn, siki 3 GinbLUoO Jorneto iIMOBIPHOCTI € BipHMK. [Ans Lporo Byno cTBopeHo dyHkuito filter_matches, sika y skocTi
napametpis npuimae KT 060ox 306paxeHb, @ Takox peaynbsTaT 3iCTaBNeHHs 4eCKpUNTopiB. Y SIKOCTI pe3ynbTaTy noBepTae Bxe BiadinstpoBaHi
konekuii KT (puc 3.3).

PucyHok 3.3. Ratio-Tect

PyHKUia check_errors nepeBipsie Ha BanigHICTb BXiAHI AaHi 300paxeHb Ta AeTekTopa (puc. 3.4). 306paxeHHst He NOBUHHI ByTV NOPOXHIMK
o6’ekTamu nicns BUKOHaHHSA dyHKUiT imread, To6To carnu noBuHHI icHyBaTu. Taka nepesipka 3yMOBreHa TUM, LLO MK 3aBaHTaXEHHSAM
300paxeHb i NPOBeAEHHSIM TECTY 3 HUIMU MOXe LLIOCb CTaTWCS!, HAanpWKnag, BOHU MOXYTb ByTu BuAaneHi, i ans sanobiraHHs nomMuikam Tect y
TakoMy pasi NPoOBOAUTUCS HE NOBUHEH. [JETEKTOP TAaKOX MOBWHEH iCHYBaTK, iHaKLwe Hemoxnueo otpumatu KT Ta Aeckpuntopu 40 HUX.

PucyHok 3.4. MNepeBipka BXiAHWUX AaHUX

[onoBHa hyHKUist Mae Ha3By compare, y SIKOCTi apryMeHTIB BOHa NpuiiMae TMN AETEKTOPY Ta LNSXu A0 306paxeHb. OyHKLisS CTBOPOE 06’ekTH
obpaHnx 306paxeHb, TpPaHCHOPMYE X y 3006paxeHHs y BiATiHKaxX Ciporo Konbopy, OTPUMYE AeTEKTOp Ta 06'eKT ANs NopiBHAHHS. icnsa usoro
BMKOHY€E BanigaLito AaHux, nicns yYoro cteoptoe KT Ta geckpuntopu, 3ictaBnsie Ta pinbtpye ix. AKLWO KinbKiCTb 3icTaBneHnx o3Hak GinbLue Hix 3,
NpoBOAMTLCS romorpadpis Ans OTpMMaHHS NEpPETBOPEHHS Y BUMMSAI MaTpuui, ska cniBBigHocMTb KT ogHOro 306paxkeHHs y BiANOBIAHI TOYKM Ha
iHWOMY 306paeHHi (puc. 3.5).

PucyHok 3.5. ®yHKLUist NOpiBHSIHHA 306paxeHb

PyHKLiA compare noBepTae KONekLjto Yncen, sika MicTUTb iHpopmMaLito Npo KinbkicTb 3HanaeHnx KT Ha 060x 306paxkeHHsIX, KinbkicTb KT,
oTpMMaHuX nicns romorpadii i KinbKicTb TUX, SKi BAANOCcs 3icTaBUTU Mixk co6010. Takox BOHA MiCTUTb 3HAYEHHS TOYHOCTI, Sike MU
BMKOPUCTOBYEMO AN BifobpaxeHHs BiacoTka sictaBneHux KT. Lie 3Ha4eHHst po3paxoByETbCSt HACTYMHUM YUHOM:

A
e matched - kinbkicTb KT, oTpumaHnux nicnsa TpaHcdopmalii, a inliers - kinbkictb KT, siki npy ubomy 6ynu 3ictaBneHi mixk coboto.
lonoBHa yHKLUis __main__ MicTUTb HanawTyBaHHSA cepeposula Qt (pmc[]3.6). HanawTyBaHHsi BcTaHoBMIOE cTunb Material Ta cTBoptoe 06’ekTr
rofIoBHUX Knacis Ansa poboTu 3 rpadivyHnm iHTepdenicom - QGuiApplication Ta QQmlApplicationEngine, ski npautotoTb 3 dannom view.qml, wo
MicTuTb kog GUI.

PucyHok 3.6. HanawTtyBaHHsi cepegosuwa Qt.

[na 3pyyHoi iHTerpauii QML y Python Ta B3aemogii BepxHboro piBHs abeTpakLii 3 HxHiM ByB cTBOopeHuin knac Bridge, skuii MiCTUTb 06pOBHMKM
Ha nogii 3MiHM AeTekTopa Ta 3anycky 3icTaBneHHs 306paxeHs (puc. 3.7).

PucyHok 3.7. CTpykTypa knacy Bridge

[na po6oTy NporpamMHOro 3acToCcyHKy Bynu BUKOpUCTaHi 306paxeHHs (pMCB3.8) i3 Habopy INRIA [30]. Uei Habip mictutb 1491 306paxeHHs, siki
MOXHa po3ainuti Ha 500 rpyn, koxHa 3 skux byae cknagatucs 3 3o6paxeHs Tuny ND.

Pwuc. 3.8. Mpuknaamn gocnigxysaHux 3o6paxeHsb i3 Habopy INRIA

IHTepdeiic po3pobneHoi Nporpamu MiCTUTb BUGIp anropuTMy 3HaxomxeHHst KT Ta CTBOpEHHS AeCKpUNTOpPIB Ha iX OCHOBI, BUGIp 306paXxeHb,
MOXIMBICTb PO3MoYaTh NOPIBHAHHSA 306paxeHb Ta ounLLeHHs pesynbtatie (puc. 3.9). 306paxeHHs BinobpaxatlTbCs y BiABeAeHUX AN HUX
obnacTsix, BUAINEHNX NyHKTUPOM.

PucyHok 3.9. IHTepdbeiic nporpammn Ha MOMEHT 3arnycKy



Mpy ubomy BUGIp 306paxeHb Moxe BiabyBaTMCS Sk Yepes kHormku «Select first/secondy, Tak i yepes dyHkuioHan Drag&amp;Drop, skuii MoxHa
BMKOPUCTATU Npu NepeMileHi 306paxeHb B obnacTb ix BigobpaxeHHs (puc. 3.10).

PucyHok 3.10. ®dyHkuioHan Drag&amp;Drop

Micnsi BUGOpY anroputMy NOpiBHSHHS Ta 306paXeHb 3'ABNSETHCA MOXIMBICTb 3HAUTK KT, CTBOPUTU AECKPUNTOPU Ta NOPIBHATK iX, OO Takum
YMHOM OTPUMATW Y SKOCTi pe3yrnbTaTy 3Ha4YeHHS iX CXOXOCTI y BiAcoTKax, sike 6a3yeTbCsi Ha KinbKOCTi 3icTaBneHnx o3Hak. Tak, Hanpvknag, ans
ABOX 306paxeHb, siki € ND, ue 3HaveHHs fopisHioe 90.1% (puc. 3.11).

PucyHok 3.11. PesynbstaT po6oTu nporpamu ansi 4Box 3o6paxeHs Tuny ND

TakoX MV MOXXeMO OTpMMaTK AOAATKOBY iHGOpMaLLito NPO NPoLeC NOPIBHAHHSA: WXV 306paxeHb y painnosii cuctemi, KinbkicTe 3HangeHux KT
Ha 306paxeHHsIX, a Takox KinbkicTb KT, siki 6ynu 3006yTi nicns romorpadii i Ti, KOTpi Npu LuboMy BAanock 3ictaButu. Came octaHHi KT
BNNMBAlOTb Ha Te, kUM Byae BiJCOTOK CXOXOCTi Mixk 306pakeHHsiMU, Lo Bynu nokasaHo y chopmyni 3.1.

FAKLLO NOPIBHATM ABa OAHAKOBKX 306paxeHHs, To Mn oTpuMaemo 100% 36iry. Mpun LbOMY Takuii pe3ynstaTt M1 OTPUMAEMO NPY BUKOPUCTAHHI
6ynb-IKOro AeTeKTopa YM AeckpunTopa, a KinbkicTb 3HangeHvx KT noBuHHa 6yTv oAHakoBa, y YoMy MOXHaA nepekoHaTucs Ha puc. 3.12.

PucyHok 3.12. Pe3synbrat po6oTi nporpaMmm Ansi ABOX oAHaKoBUX 306pakeHb

Mpu LbOMY NOPIBHSIHHA ABOX aBCOMIOTHO Pi3HKX 306paxeHb AacTb 0% 36iry. Xoya KT MoxyTb ByTu 3HanAeHi y 4OCTaTHBO BENMKIN KiNbKOCTI,
6yab TO COTHI UM HaBiTb TUCAYI, SK Lie NokasaHo Ha puc. 3.13, npoBeaeHHst romorpadii fo3Bonse yeyHyTy Taki KT, ski He MoxHa cniBBigHecTH
Mixx ABOMa 306paxxeHHsiMU. Tomy KT nicnsi TpaHcdopmadii 6yayTb Bigobpaxatu nuwe Ti, KOTpi AiicCHO MOoXHa cnpobyBaTu 3icTaBuUTH, a He BCi
iCHytoui.

PucyHok 3.13. Pe3ynstat po6oTu nporpammn Ans ABOX Pi3HWX 306paxeHb
3. AHania pesynbraTiB MOAENOBaHHS

Micns peani3auii 3aCTOCYHKy, KU 4O3BONSE BUKOHYBATK aHania napu 3o6paxeHb Ta BU3Ha4aTh, Y1 € BOHWN BM3bKMMU 3@ 3MiCTOM,
3anUWaeTbCs MUTaHHA edPEKTMBHOCTI Niaxoay, Wo BUKOPUCTOBYETHCS. HeBidomo, BUGIp AKX A4ECKPUNTOPIB i3 SKMUMK HanaluTyBaHHAMU €
HanbinbLw Baanum. KinbKiCHWI NOKa3HMK TOYHOCTI NMOPIBHSHL Nap 306paXeHb TakoX € HeBiAOMUM. BpeluTi-peLuT, HaBiTb OCTaTouHE NPUNHATTS
piLLEeHHsI NPO Te, Yn € Nnapa 306paxeHb CXOXUMU, € CYD’EKTUBHUM i 3aneXXuTb Bif MOAMHN, SIKa OLHIOE BiCOTOK CXOXOCTI.

MerToto Lboro niapo3Ainy € BUKOHATU MOAENOBAHHSA ANs OLiHKM edDEeKTUBHOCTI AeAKUX NOMYNSPHMUX AECKPUNTOPIB Ta iHLIMX MeToAiB Ta
npoaHaniayBaT MOXIMBICTb aBTOMATUYHO NPUIHSATU PILLEHHS NPO Te, YK € Napyu 306paxkeHb CXOXKUMMU.

[nsa uporo gocnigxeHHst 3HoBy BukopuctaeMo Habip gaHunx INRIA Holidays [30], skuii micTutb 1491 306paxkeHHs, WO CTaHOBUTL 3arafiom NoHag,
1,1 minbioHa nap 306paxeHb. 2072 napu B LbOMy Habopi € Takumu, LWo MoxHa BigHecTn Ao knacy ND, a iHwi 1108723 BigHocsiTbCsA A0 Knacy
NND.

MogentoBaHHs 6yno BYKoHaHO B fABa etanu. ig yac nepluoro 6yno BukopuctaHo nuwe 100 neplumnx 3o6paxeHb Habopy AaHuX, Wo6 ouiHUTK
nonepeaHto SKicTb MeToAy Ta 06YMCNIUTY FPaHMLo, sika J03BOSSiE OTpUMaTH HanbinbL edekTnBHe pilleHHs. Lii 100 306paxeHb BkoYaoTb
4950 nap nopiBHsiHb (105 ND i 4845 NND). MeTa uporo etany nonsrana B ToMy, LLOG BUSIBATH, YN MOXHA BiAPI3HUTN Napu CXOXMX 306paxeHb
Bifl HECXOXWX, BUKOPUCTOBYHOUM NEBHMUI NOPIr AN Pi3HUX ICHYOYMX METOZIB.

[inst MmeToAiB i3 NOLIYKOM BiANOBIAHMX AeCKpUNTOpiB Bynu BUKOPUCTaHI 0BMEXEHHS! MakcUMarbHOI BiiCTaHi XeMMiHra Mk geckpuntopamu, o6
3anUWNTKY TiNbKW HanbinbLL siKicHI BignoBsigHoCTi. KoxeH MeTo Mae Takox Habip BMacHUX napameTpiB, siki MOXYTb OyTU HanalToBaHi.

Tabnuus 3.1 MicTUTb pesynbTaT obumcneHb Ans pisHUx meToais. B Tabnuui BkazaHo MeToa Ta 0coBNMBOCTI MOLLYKY BiANOBIAHWUX AECKPUMNTOPIB,
3HAYeHHs Ana NPUAHATTA PiLLEeHHS, NOopir Ta peaynbsTaTi TOYHOCTI Knacudikauii nap 3obpaxeHb. 3HaYeHHs AN NPUAHATTS PiLLEHHS Ma€e Pi3HUI
CEeHC ANA pi3HUX MeToAiB, Hanpuknaz, Ans MeToais NoLyKy BiANOBIAHWX AECKPUNTOPIB Lie MPOCTO KinbKICTb TakMX A4ECKPUNTOPIB, ANS iHLWNX
mMeToaiB MOXyTb ByTn 3Ha4eHHs, ob4ucneHi 3a gonomoroto (1.1) um (1.2).

Ak MoxxHa nobaunTin, MeTos i3 MPOCTUM NOPIBHSIHHAM ricTorpam [35] BusiBUBCS focTaTHbo edekTmBHUM, a metoan MSE, NMSE, SSIM, LSH
rnokasanu He aye xopolui pesynstatv. Cepeq MeToAiB, 3aCHOBaHMX Ha NOLUYKY BiAMNOBIAHWX AECKPUNTOPIB, BCi BUABUNMCS BinbLU-MeHLU
edeKTUBHIMM.

Tabnuus 3.1 - MeToam 3HaxXOMKEHHS Ta AETEKTYBaHHS 03HAK, MOPOroBi 3HAYEHHS Ta e(PEKTUBHICTb

MeTop Ta ioro HanalwTyBaHHs [ianasoH 3HaveHb anss ND  [ianasoH 3HadeHb anst NND  [Nopir ans BuaHadeHHsa ND - TouHicTb ans
BignosigHoro nopora (ND, NND)

BRISK  MakcumansHa BiactaHb 50, nopir BUSHa4eHHs Krno4oBoi Toukn 60, cniBcTaBneHHs i3 BukopuctaHHam brute force (BF).  0-1557 O -
16 &gt;=1 &gt;=2 0.81,0.89 0.73, 0.95

BRISK  MakcumanbHa BiactaHb 64, nopir BU3Ha4eHHs kKnto4oBoi Touku 70, cniBCcTaBneHHs i3 BukopuctaHHsam brute force (BF).  0-971 0-
25 &gt;=5 0.73,0.94

MpopoxeHHst Tabnumui 3.1

MeTop Ta ioro HanalwTyBaHHs [ianasoH 3HaveHb ana ND  [lianasoH 3HadeHb anst NND  TNopir ans BuaHadeHHs ND  TouHicTb ans
BignosigHoro nopora (ND, NND)

BRISK  MakcumanbHa BiactaHb 64, nopir BU3HaYeHHs knto4oBoi Toukn 50, crniBcTaBneHHs i3 BukopuctaHHsaMm brute force (BF).  0-4841  O-

75 &gt=8 &gt;=14 0.84,0.84 0.77,0.93

BRISK  MakcumarnbHa BiactaHb 50, nopir BU3Ha4eHHs kKn4oBoi Toukn 50, criBcTaBneHHs i3 BukopuctanHsaMm brute force (BF).  0-3415  O-



23 &gt;=3 0.78, 0.94

BRISK  MakcumanbHa BiactaHb 64, nopir BU3Ha4eHHs knto4oBoi Toukn 60, crniBcTaBneHHs i3 BukopuctanHsaMm brute force (BF).  0-2145  0-
39 &gt;=4 &gt=8 0.84,0.85 0.74,0.94

BRISK  MakcumanbHa BiacTtaHb 64, nopir BU3HaYeHHs KIto4oBoi Touky 60, cniBCTaBneHHs i3 BUKOpPUCTaHHSAM ABOX Hanbnwmkuux cycigis (KNN)
3 Tectom Lowe 0.75 0-2133 0-65&gt;=2  &gt;=3  0.82, 0.91 0.79, 0.97

MpopoxeHHst Tabnuui 3.1

MeTop Ta ioro HanalwTyBaHHs [ianasoH 3HaveHb ana ND  [lianasoH 3HadeHb anst NND  TNopir ana BusHadeHHs ND  TouHicTb Ans
BignosigHoro nopora (ND, NND)

AKAZE MakcumanbHa BigctaHb 50, cniBcTaBneHHs i3 BUkopuctaHHsiM BF. 0-11206 0-102 &gt;=4 &gt;=5 0.88,0.85 0.86,
0.88

AKAZE MakcumanbHa BiacTaHb 64, cnisctaBneHHs i3 BukopuctaHHaMm KNN i tectom Lowe 0.75.  0-12993 0-73 &gt;=16 &gt;=23 0.86,
0.850.8, 0.92

ORB 500 o3Hak, AeTekTop KyTiB Harris, MakcumanbHa BigcTaHb 64, cniBCcTaBneHHs i3 BUkopuctaHHsiM BF.

ORB 100 o3Hak, aeTekTop KyTiB Harris, makcumanbHa BiactaHb 64, cniBcTaBneHHs i3 BukopuctanHsm BF. 0-54 0 - 24 &gt;=10 0.62,
0.81

ORB 200 o3Hak, AeTekTop KyTiB Harris, makcumanbHa BiacTaHb 64, cniBCTaBneHHs i3 BuKopuctaHHam BF. 6-107 0-42 &gt;=26
0.63, 0.87

MpopoBxeHHs Tabnuui 3.1

MeTop Ta oro HanalwTyBaHHs [HianasoH 3HayeHb ang ND  [liana3oH 3HadveHb Ans NND  [Mopir ansa BudHadeHHs ND  TouHicTb ans
BignosigHoro nopora (ND, NND)

ORB 200 o3Hak, aetekTop KyTiB Harris, makcumanbHa BiactaHb 50, cniBcTaBneHHs i3 BukopuctanHam BF. 0-93 0 - 23 &gt;=4  0.74,
0.78

ORB 300 o3Hak, geTekTop KyTiB Harris, MmakcumanbHa BiacTaHb 64, cniBCcTaBneHHs i3 BukopuctaHHsm BF. 12-158  2- 74 &gt;=36
&gt;=42 0.7,0.7 0.64,0.84

ORB 100 o3Hak, aeTekTop KyTiB Harris, makcmanbHa BiactaHb 64, cniBctaBneHHs i3 BukopuctaHHam KNN i tectom Lowe 0.75. 0-54 0-
54 &gt;=4 04,0.6

ORB 300 o3Hak, AeTekTop KyTiB Harris, MakcumanbHa BigcTaHb 64, cniBcTaBneHHs i3 BukopuctaHHsiM KNN i tectom Lowe 0.75. 0-136

1-37 &gt;=6  0.61, 0.86

MpopoBxeHHs Tabnuui 3.1

MeTop Ta ioro HanalwTyBaHHs [ianasoH 3HaveHb anss ND  [ianasoH 3HayeHb anst NND  [MNopir ans BuaHadeHHsa ND  TouHicTb ans
BignosigHoro nopora (ND, NND)

ORB 500 o3Hak, AeTekTop KyTiB Harris, makcumanbHa BigcTaHb 64, cnisctaBneHHs i3 BukopuctaHHsM KNN i tectom Lowe 0.75. 1-225
0-37 &gt;=4  &gt;=5  0.78, 0.61 0.71,0.75

ORB 1000 o3Hak, getekTop KyTiB Harris, makcumanbHa BigcTaHb 64, cniBctaBneHHs i3 BukopuctaHHsMm KNN i Tectom Lowe 0.75.  2-467
0-44 &gt;=8  &gt;=10 0.76, 0.76 0.68, 0.88

ORB 1000 o3Hak, getekTop KyTiB Harris, MakcumanbHa BiacTaHb 64, cniBctaBneHHs i3 BukopuctaHHsam KNN i Tectom Lowe 0.75.  2-467
0-44 &gt;=8  &gt;=10 0.76, 0.76 0.68, 0.88

ORB 10000 o3Hak, aeTtekTop kyTiB FAST, MakcumanbHa BigctaHb 64, cniBctaBneHHs i3 BukopuctaHHam KNN i Tectom Lowe 0.75. 22-4142

0-126 &gt;=52 0.86, 0.89
3akiH4eHHs Tabnuui 3.1

MeTop Ta ioro HanalwTyBaHHs [ianasoH 3HaveHb ans ND  [iana3oH 3HadeHb anst NND  [Nopir ans BuaHadeHHsa ND  TouHicTb ans
BignosigHoro nopora (ND, NND)

MSE 13 MacluTabyBaHHsIM GinbLLOro 306paXeHHst 10 PO3MIpPIB MEHLLIOTO. 549 -20817 1300 - 30700 &gt;=5400 0.32,0.33

NMSE I3 macwTabyBaHHsIM GinbLUuoro 306paxkeHHst 4o po3mipiB MeHworo.  0.18-1.30.25-3 &gt;=0.55 0.34,0.33

SSIM 13 MacwwTabyBaHHSIM GinbLUOro 306paXKeHHst 40 PO3MipiB MEHLLIOTO 0.06 - 0.77 0.06 - 0.7 &gt;=0.4 0.59, 0.76

LSH Xew pisHuui (i3 pisHuueto sk miHimym 20 nikcenis), po3mip xewy 16 dpparmeHtamu (band) no 32. 0.43-0.96 0.36 - 0.96 &gt;=0.7
0.53, 0.65

Histogram MopiBHSIHHA HOpMani3oBaHuUx rictorpam B npoctopi HSV no 40 3HayeHb Ha kaHann H Ta S. 0.06 - 0.99 -0.11-0.96
&gt;=0.35 &gt;=0.45 0.85, 0.85 0.81,0.9

Ha gpyromy etani 6yB peanizoBaHuin NOLLYK CXOXWX Nap 455 BCboro Habopy AaHux. [ns NpUAHATTS PiLLEHHS NPO HaNEXHICTb Napu 306paxeHb
po knacy ND 6ynu BukopucTaHi MoporoBi 3HaYeHHs!, 3HalAeHi B pe3ynsraTi nonepeaHboro etany.

B tabnuui 3.2 HaBegeHo pesynbTati NoBHOMacLLTabHOro MofentoBaHHs NPoLEeCcy NMOLLYKY CXOXUX 306paxeHb Ha BCbOMY AaTtaceTi Ans obpaHnx
MeTOAIB. AK MOXHa NnobaynTn, pesynsTaTv € 3Ha4YHO FipLUMMU NOPIBHSAHO i3 TUMW, LLO HaBeaeHi B Tabn. 3.1, ToX, 3HaXOMKEHHSI MOPOroBoro
3HaYeHHs Ha OCHOBI Nap 306paxeHb, NobyaoBaHNx Ha nepLunx 100 306paxkeHHsX AaTaceTy, BUSBUNOCH He Ayxe edpeKkTUBHUM. AKLLO
BMKOpucTaTy Ginblue 306paxeHb Ans NOPIBHAHHS Ha NepLIOMY eTani, Po3ainsunin Nopir MoXxHa nigidpatu Kkpatue.

Takox BUAHO, WO NOPIBHAHHSA ricTorpaM € Maixe B 5 pasis LWBUALLUMM 3@ BUKOPUCTAHHA METOAIB MOLLYKY Ta CMiBCTABMEHHS KIOYOBUX TOHOK.
[MokpaLmMTN TOYHICTb TaKOX MOXIMBO, 3aCTOCYBaBLUM Kackay, i3 AeKinbkox MeToAis. B SKOCTi nepLlioro Metoay MoxHa obpati NopiBHAHHS
ricTorpam, sIKLLO PilLleHHS N0 HbOMY He € BNeBHeHUM (brn3bke [0 NOPOroBOro 3Ha4YEHHs ), MOXHa BUKOPUCTATU pe3ynbTaTt knacudikauii iHLwmum



metopom (Hanpwvknag, ORB).

Pesynbrat MmopentoBaHHs nokasanu, Lo KombiHaLis BkasaHUX MeToAIB 03BONSE NpaBunbHO knacudikysat 85% nap sk ans knacy ND, Tak i
anst NND, Lo € xopoLunmM pesynsTaTom.

B sikocTi nepLuoro metoay 6yB obpaHuini MeTod Ha OCHOBI MOPIBHSIHHA ricTorpam i3 noporom 0.35. Takum YMHOM BAANOCS NpaBUIbHO
knacudikysatu 885064 (79.93%) nap, siki He € cxoxmmu Ta 1740 (83.98%) ND. PilieHHsi BBaXanock BNeBHEHUM, SKLIO 3HA4YEHHS Ans Noro
npuinHATTS Byno nosa mexamu 30% BiaxunexHs Big 0.35, T0670, Ginblwmm 3a 0.455 a6o meHwnMm 3a 0.245. Takux 3Ha4YeHb BusiBMnocb 908851
(82.97%). Ans nap 306paxeHb, 3Ha4EHHS NOPIBHAHHS ricTorpam skux BUSIBUNOCH B Mexax Big 0.245 no 0.455 6yno 3acTocoBaHO NOPIBHAHHS
KIMOYOBMX TOYOK i3 BUKOpUCTaHHAM MeTtoga ORB (1abn. 3.2). Lle no3Bonuno BunpaButn pesynstati knacudikauii 76 nap 6nm3bkmx 306paxeHb,
npu LboMy 45 npaBunbHO knacudikoBaHmx Takmx nap Byno BTpadeHo. BianosigHMii Noka3HWK BUNPaBIIEHUX nap, CKNageHux 3 pisHMx
306paxeHb, ckrnas 70688, B Tol Yac sik 16343 nonepeHbO NpaBUIbHO KNnacudikoBaHKx nap oTpuManv HenpasBuibHY MiTKy knacy. [icnsa Takoi
KopekLii maemo 6nu3bko 85% npasunbHo knacudikosaHux nap ND (1771 3 2072) Ta NND (939409 3 1108723).

Tabnuus 3.2 - MeToaun 3HaXOOXKEHHS Ta AETEKTYBAHHS 03HaK, NMOPOroBi 3HA4YEHHS Ta e(DEKTUBHICTb

MeTop Ta ioro HanalwTyBaHHs TouHicTb ans signosigHoro nopora (ND, NND) Ha neplumx 100 306paxeHHax TouHicTb Ana BignosigHoOro
nopora (ND, NND) Ha Bcbomy paTtaceTi CepepfHiii 4yac Ha 06pobky napu 306paxeHb, Cek.

Histogram MopiBHAHHA HOpManizoBaHux rictorpam B npoctopi HSV no 40 3HaveHb Ha kaHanu H ta S. Mopir ansa Bn3HaveHHs ND
&gt;=0.35 0.8476, 0.8452 0.8397, 0.7983 0.35
ORB 10000 o3Hak, aeTtekTop kyTiB FAST, MmakcumarnbHa BigctaHb 64, cniBctaBneHHs i3 BukopuctaHHam KNN i Tectom Lowe 0.75.  TMopir

ans Bu3HadveHHst ND &gt;=52 0.8571, 0.8859 0.6786, 0.8608 1.7
BRISK  MakcumanbHa BiactaHb 64, nopir BU3Ha4eHHst knto4oBoi Tovku 60, cniBcTaBneHHs i3 BukopuctaHHsam brute force (BF).  Mopir ans
Bu3HadeHHs ND &gt;=4 0.8381, 0.8469 0.6554, 0.8343 1.7

BMCHOBKM

Y pamkax BUKOHaHHS AMMIOMHOrO NpoekTy Byno po3pobrneHo Ta peanizoBaHo Moayrb iHOOPMaLiiHOT CUCTeMM Y BUTMAAI 3aCTOCYHKY Ans
npoBedeHHs NOPIBHAHHSA Napy 306paxxeHb 3 METOK OTPUMATU BiACOTOK iX 30iry, SK1A MOXHa BUKOPUCTOBYBATU AN BU3HAYEHHS, YN € BOHM
cxoxumMm 3a 3mictom (near-duplicates, ND) uum Hi (not near-duplicates, NND).

Bynu npoaHanisoBaHi BioMi MeToAun Ans NOPiBHSAHHSA 306paxeHb. PO3rnsHyTo Ta NOPIBHAHO OCHOBHI AETEKTOpU Ta AeCKpunTopu, Oynu BUAINeHi
X cunbHi Ta cnabki CTOPOHW.

CTBOpPEHO NPOrpamHuii 3aCTOCYHOK, SIKUIA [03BONSIE 06paT OAUH 3 METOAIB 3HAaXOMXKEHHS! KIIOYOBUX TOYOK, NMOPIBHIOE 306paxeHHst Ta Hafjae
BiJICOTOK CXOXOCTi ABOX 306paxeHb.

MpoBeneHo AocniaxeHHs edpeKTUBHOCTI AEKiNbKOX METOAIB ANs BUPILLEHHS 3aAadi MOPIBHSAHHA napy 306pa)eHb B MOLLYyKax CXOXUX i3 METOO
aBToOMaTM3yBaTV NPoLeC NPURHATTA pilleHHsA. OuiHEHO e(PeKTUBHICTb Ta LUBUAKOAIK AEKiNbKOX METOAIB.
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