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BMU3HAYEHHJ MACIITABY

TA KYTA ITOBOPOTY JISI JOBIOCTPOKOBOTO
BIOJCTEXXEHHS OB’€KTA Y BIZEO

Hadiinicme 6idcmesxenns y Gideo 3Haunowo Mmipoto sasexums 6io epexmubBrocmi (mounocmi
ma nopibHAHO Maao0i 004UCA0BaAbHOT CKAAOHOCMI) 3A0iAHUX AAe0pumMiB BusHaueHHs
Mmacwmaby ma xyma noBopomy 06 exma Gidcmexenns Ha 300paxennax. Ilpononyemocs as-
20puUmM 045 OYIHKU YUX napamempib ua ocnobi nowyxy 6ionobionux ki104obux mouox
(KT) na xoxnomy xadpi do KT y modeai 06’ekma M, wjo cxaadaemsca i3 KT 06’ekma ma
HABKOAUUIHB020 (POHY. Aseopumm nepebaxHo Moxe Oymu 3adiaHuil 6 ymobax, koAU 3MiHu
macuimaby ma kyma no6opomy 20A06HUM YUHOM € HACAIOKOM 3MiH pyxy kamepu ado Oiil
onepamopa i 6 3HAUHIT MIpi KOpeAoms 31 3SMiHAMU HA (oI, w0 3a36unail 6i0nobioae
Bideocnocmepexentio 3 aimaivHozo anapama, 3okpema BITJIA. Tlepebaeu areopummy
10452a10Mb Y MOMY, W0 € NOpiBHAHO Diabu ciikum 00 HAABHOCMT NOMUAOK B Bu3HAYEHH]
Gionobionux nap KT, a maxox moxe 6ymu Buxopucmanuil nio uac mpubasoi iocymmocmi
00"exma y Bideo 044 oyinku macuwmady ma kyma nobopomy wiasxom noutyky KT Ha 300paxenni,
wo Bionobioaroms do KT ghony y M. Lle Bukonyemuca 3 memoto oHobaenHs Modeai 00’ ekma i
11020 demexmybanna nicas noabu y 6ideo 3i 3HAUHO IMIHEHUMU NAPAMETTPAMIL.

HaBedeno npuxaadu Buxopucmanus aseopummy o414 0obeocmpokoboeo iocmesxenHs i3
3acmocybanmam nponoHoBanoeo kpumepitno Haabrocmi 00’ exma 6 noai 30py Kamepu, a Maxox
060x cnocobi onobaenna M 3a tioeo npucymmuocmi abo GidcynHocmi Ha 300paKeHHAX.

Karouobi cao8a: 6iocmesxenns 06’ekmib, BRISK xaouobi mouxu, KCF asreopumm Gidcmexenns,

HOG osnaxu, macuwmab ma xym noBopomy 06’exma Ha 300paxenni, demekmybanns ma
posniznabanns 00’ exmib.
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Beryn

3aiava BifcTeXXeHHs IoJIArac y OesnepepBHOMY BU3HAaUYeHHI ITOJIOKEeHHS
TIOBUIBHOTO 00’€KTa (11iJIi) y Billeo IIiciIg TOro $IK MOro fAeTeKTyBaB oIepa-
TOp abo iHII 3ac00M Ha MOYAaTKOBOMY Kaipi. AJITOPUTMHU (TpeKepm) I
BVKOHAHHS BiJICTEXX€HHS PO3AUISIOTH Ha TaKi, 110 3a0e3evyioTh KOpoT-
kouacHe [1-8] abo GiytbIr ckiTafiHe JOBrOCTPOKOBE (TpUBaAJIE) BiICTEKEHHS
y Bizeo [9-17]. JToBrocTpoKoBe BiIcTeXXeHHs CTOCY€EThC BU3HAUYeHHs Mic-
Le3HaXO/)KeHHs JI0BUIBLHOT I1UT1 y BiZTHOCHO JIOBI'OMY Bi/1e0 B yMOBaX 3MiH
IIOJTaHHS Ha 300pakKeHHsX, a TaKOXX MOXJIMBOIO IIOPIiBHSHO TPUBAJIOTO
3HUKHEHH: 3 110714 30py Kamepn. KirouoBoro mpo6i1eMoro JOBroCTPOKO-
BOT'O BifICTeXXeHHs € BilHOBJIEHHs IIiJIi ITicjId mepiody BiZlCyTHOCTI abo
3001B BifcTexxeHHs [15], TOMy II10 3a 1M Yac MOXYTb 3HAYHO 3MIiHUTICH
He TUIBKV KOOPAMHATH, a TAaKOX MacIITad Ta KyT IIOBOPOTY IIiJTi, 3HAHHS
AKX 30UIBIITy€ TOUHICTh Ta HaiVHICTh JeTeKTyBaHHs. BHaC/IIOK 11b0r0o
IicjIg TPUBAJIOro 3HMKHEHHs IIOIIYK I1ijli HeoOXiTHO BUMKOHYBaTH He
JIOKQJIBHO, a B MeXKax BChOT'O 300pa’keHHs i 3HaUYHMX iHTepBasliB MOXIIV-
BVIX 3MiH MacIITa0y Ta KyTa IIOBOPOTY.

OcHoBHI cKIaJHOIII 3a71aui BiZICTe)XeHHs IOJIATaloTh Yy Pi3HOMaHITTI
00’eKTiB Ta I ITOJTaHH: BHAC/IiIOK 3MiHM MacIITady, opieHTallil, OCBiT/IeH-
Hsl, TIepeKpUTTs a0 3HMKHEHHS 3 I0JIS 30PYy, a TAaKOX BMMOTOIO BifICTe-
JKeHH: y peasibHOMY 4Yaci. Hapasi He icHye eaAnHOro MeToy IomosiaHH:A
BCiX ITVIX CKJIAJHOIIIB, a CKOpiIlle CyKYIIHICTh aJITOPUTMIiB Ta 3acobiB It
3MeHIIIeHH BIUIVIBY Ha pe3yJIbTaT BiIcTeXXeHHs KOXKHOTO 3 IIMX (paKTOpiB.
Y 1it crarTi HepeBaXKHO POSIVIANAIOTHECSA Ta HPOIIOHYIOTHCA aJITOPUTMM
11 3a0e3leueHHs] HaliTHOCTI JeTeKTYBaHHS Ta BifICTeXXEHH: 3a IIOpPiB-
HSHO 3HaYHMX 3MiH MacITa0iB Ta opieHTaril o6’ exris. He3Bakaroun Ha
HasIBHICTh TaKVX aJITOPUTMIB, IIOKM 1110 PO3Mi3HaBaHH4 00 €KTIB y 3HAUHO
pi3HMX MacIITabax 3aJIMIIa€ThCS OJHIEIO 3 HeIOCTaTHbO BUPIIIIeHMX IIPO-
Or11eM koM ToTepHOrO 30py [29]. Hamasti 3amava BincreskeHHS po3riisiia-
€THCS B HOIIMPEHVX Ha IIPaKTUIIl YMOBaX, KOJIM 00’ €KT 3MiIIlyeThCs Ha 30-
Opa’keHHSIX y Bifleo IlepeBakHO IIOBUIbHO, a 3MiHM MOro MaciiTady Ta
KyTa IOBOPOTY I'OJIOBHMM UMHOM € HaCJIiZIKOM 3MiH ITapaMeTpiB pyXxy Ka-
Mepu Ta [Iil1 orlepaTopa i 3HaUHOIO MipOIO KOPeJIIoIOTh 31 3MiHaMM BiIIIo-
BifHVX mapameTpiB ¢doHy. Taki yMoBM 3a3Buuart BiIIIOBiZalOTh Bijleoc-
IOCTepeXXeHHIO 3 JIITaJIbHOTO anapata, 30kpeMa BITUIA, mo sHaxoguThcs
JIOCTaTHBO BMCOKO HaJl, ITIOBepPXHeI0 3eMJIi.

HanOite1r BimoMmmm € Taki Tpy pisHOBUION aJITOPUTMIB [T BificTe-
JKeHHs 1Tl y Bifeo: 1) muckpuminanivHi kopersminai dpinstpy [1-3, 9-13,
22, 23]; 2) Ha OCHOBI HaBYaHHS Ha HEVIPOHHMX Mepexax [4, 5, 14-19]; i
3) depe3 IeTeKTyBaHH4 Ta IIOIIYK BifIIOBIITHOCTI TaK 3BaHMUX «KJIFOYOBUX
touyok» (KT) Ha mopiBHIOBaHMX 300paxeHHsx [6-8]. HaminHicTe Bincre-
JKeHH$ 3 JIOTIOMOT'0I0 KOJKHOTO 3 IIMX aJITOPUTMIB 3HAaUHOIO MipoIo 3aJie-
KUTB Bifl TOYHOCTI BM3HaYeHHs MacIITaly Ta KyTa HOBOpPOTY 00’eKTa Ha
300pakeHHi, a TaKOX CIIPOMOXKHOCTI 3abe3neuyBaTy iHBapiaHTHICTh Ha-
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IIiVIHOTO BiICTEXXEHHd Bil [MX IlapaMeTpiB. 3a3HaudeHi aJlfOPUTMU Bifl-
CTe)XeHHsI 3aCTOCOBYIOTh Pi3Hi ITiIX0mM i 3ac0011, B TOMY YMCIIi 11 BU3HA-
JeHHsS MacmITaby Ta KyTa IIOBOPOTY, MalOTh CBOI 00JIacTi IS Kpalioro
BUKOPUCTaHHSA 1 MOXYTh CyMiCHO BMKOPMCTOBYBAaTVCh, B3aEMHO JOIIO-
BHIOIOUM OJTMH OjtHOTO [8-12, 17].

ITpuBabimmBi BJIaCTMBOCTI TpeKepiB Ha OCHOBI BU3HAaUYeHHs BilIIoOBif-
HocTi KT 1oyararoTs 30KkpemMa y MOXJIMBOCTI BiZICTEeXKeHHs He TUIbKM TaK
3BaHMX «KOPCTKMX» 00'€KTIB, a VI TaKMX, II0 CKJIAIAIOTHCS 3 KUUIPKOX Yac-
TUH, SIKi MOXYTb He3aJIeXKHO OJIMH Bifl OJTHOTO 3MiHIOBaTMCh 3 4acoM abo
3HUKATU 3 0 30py. AsiroputMu [6-8] MaroTh TaKOXX HaCTYITHI HeIOi-
ku1. OmiHIoBaHHS 3MiH MacIITaby Ta IIOBOPOTY Ha OCHOBIi BifItoBimHOCTI
titeKM KT 00’ekTa 6e3 Bpaxysanus KT ¢doHy He € JocTaTHRO HaAivTHUM,
ocobsmmBo B ymoBax Masioi KisibkocTi KT. 3asnaueni ajiroputmu He mpu-
3Ha4eHO /IS BM3HaAUeHHs 3MiH MaciTaby Ta KyTa IIOBOPOTY Ha 300pa-
JKEHHSIX 3a BiZICYTHOCTi Ha HIX 00’ €KTa BiIcTeXXeHHS i TOMy MOXYTbh 3a0e3-
IevyBaTl BiICTeXKEHHs B yMOBaX JIMIIE KOPOTKOYACHOI BiICyTHOCTI
00’eKTa, mij1 yac gKo1 MaciITad Ta KyT IIOBOPOTY MaJIO 3MiHIOIOThCSI.

Mertoro focitimkeHHs € Po3po0sIeHHs aJITOPUTMY BU3HAUYeHHS 3MiH
MacITaby Ta KyTa IIOBOPOTY 00’€KTa, KMV JOJIa€ BKa3aHi HeOJIiKM T
OTPVIMaHHS Ha[iVHIIINX Pe3y/IbTaTiB BifICTeXXeHHs 00 €KTIB y CKITaIHMX
yMOBax.

OrpumaHO TaKi OCHOBHI pe3yJIbTaTu:

® PO3pO0JIEHO WITOPUTM BU3HAUEHHS 3MiH MacIITa0y Ta KyTa II0OBO-
poty 00’ekTa y Bifeo Ha ocHOBi BifgmosigHmx KT 06’ekra i poHy 3a Hasgs-
HOCTI 3HaYHOI KUIBKOCTI TOMWIOK Y 3HamgeHin signosigHocTi KT Ha mo-
PIBHIOBaHMX 300pakeHHsIX;

® 3aIIPOIIOHOBAHO CHociO BM3HAaUeHHS MacIITaby Ta KyTa IOBOPOTY
300pakeHb y Bifleo 3a BiZICyTHOCTI 00’e€kTa Ha IVX 300pakeHHSIX 3 METOIO
OHOBJIEHHs MoyeJTi 00’eKTa i Voro fJeTeKTyBaHH: ITic/Is OsBU Ha 300pa-
JKeHH$IX 13 CYyTTEBO 3MiHEeHVMM 3HaUeHHAMM 1IMX IIapaMeTpiB.

Hati y cTaTTi HaBeIeHO OIVIAM BiOMIX aJlfOPUTMIB IS BiZICTEKEHHA
Ta BU3HaUeHHs MacmTaly 00’ eKTiB Ha 300pa’keHHsIX Ha OCHOBI BUKOPC-
TaHHS OVICKPVMIHAIIVIHVIX KOPEJIAIiHMX (PUTbTPiB, HEMPOHHNMX Mepex
Ta romryKy ifnosigHocTi KT Ha 300pakeHHsIX, TT0/JaHO PO3po0JIeHi ajiro-
PWUTMM BU3HAYeHHS 3MiH MacIITaby Ta KyTa IIOBOPOTy 00’€KTa, 1110 BUKO-
PUCTOBYIOTBCS B @JITOPUTMI IS JOBIOCTPOKOBOTO BifIcTeXXeHH: 00’ €KTa y
Bifleo, 1110 Oa3yeThcd TaKOXX Ha Mofiesli 00’ekTa M i 3acTOCOBaHMX alITOPUT-
Max rtomryKy BinnosinHocTi KT Ha koxxHOMY Kagpi 1o KT y M ta oHOBI1eH-
Hs M B mpolieci BiZICTe)KeHHs.

Orsap criopinHeHVX aJITOPUTMIiB

dncKkpuMiHaLiviHi KOpesIAinHi piTbTpY BUKOPUCTOBYIOTH IIIBUIKE I1e-
persopensst Dyp’e (LIUT1D) mpyu HaBuaHHI Ta BificTeXXeHHi 00'€KTiB y Bifieo.
Hapuanng ¢istbTpa W BUKOHY€EThCSI Ha OCHOBI JIiHIVHOT a00 HeJliHiHOT
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Puc. 1. [Jinsaxu 300paxens 00’exra (O)
Ta HaBKOJIMIIHbOro dony (B) min wac
HaBYaHH: (PUIBTPIB.

perpecii IUIAXOM BUPIiIlIeHHs BiAIIOBIIHO OJIHI€T 3 IBOX HACTYITHMX 3a7a4
MOIIYKY MiHIMyMy IIUIbOBOI PYHKIIIT IK CyMM KBapaTUYHMX BiIXVIEeHb
KOpeJIALIN Bifl 3ajaHNX 3HavueHs [1, 2]:

W =argmin }, |<xm,n,w>—y(m,n)lz +Awl’, @)

W =3 a(m,n)-@(x,,,) =argmin 3 K@(xp; ) w)=y(m,n)* + Nwl, (2)

w m,n

e X = Xy — 300pakeHHs niIsHKM M X N Ha IT09aTKOBOMY KaJIpi, o Mic-
TUTb 00'€KT B OTOUeHHi HaBkoJMIIHbOro pony (Puc. 1); x,, ,(m=0,1 ...
M-1,n=0,1... N-1) — cyKynHicTe IpuKiIaAiB 00’ eKTa 1111 HaBYaH-
Hs IIUIAXOM 3aCTOCYBaHH: LIVMKJIIYHOIO orepaTopa LIMPKYJITHTHOI MaT-
PUIIi [JIs 3CYBiB €TaJIOHHOTO 300pakeHHS X Y TOPM30HTAJIbBHOMY Ta Bep-
TUKaJIbHOMY HamlpsMKax; y(m, 1) — MiTKM, IO BiAIIOBiJalOTh X, i 10-
PiBHIOIOTH BifcTaHsM 1o dyHKHil I'ayca Mix x Ta x,,,; @ — HeBigoma
dyHKIIis BioOpakeHHs IepPBUMHHMX O3HAK Ha 300pakeHHi y HOBOMY
IIpocTopi, mo iHmykoBaHa sapoM k (I'aycoBa dyHKIIisSE G/IM3BKOCTI IBOX
300pakeHb 3 IIEPBMHHVIMM O3HaKaMM 4K SICKPaBOCTi abO KOIM KOJIbOPY
mikcestiB) i 3agoBorbHsE YMOBi {(Q(f), 9(8))=k(f,g); oo — MaTpuIa Koe-
dimienTiB (mBOICTMX 3MIHHMX), IIT0 BU3HAYAETHCA BHACIIIOK BUPIIIeHHS
3amadi (2); A 2 0 — mapamMeTp peryJigpu3aliii, jIsl IPOTWU/IIl TaK 3BaHOMY
«IIepeHaBYaHHIO» Ta IJIEHHIO Ha HyJIb 3a 004NcIIeHb a 3a popmysioro (3).

3amaya HaBuaHHSA (1) BUPpINIYeTbCS 3 BUKOPUCTAHHSIM II€PBUHHMX
O3HaK 300pakeHH: 00'€KTa, a (2) — OiIbII iIHPOpPMaTMBHIX O3HAK, Y TOMY
uncrni HOG osHak [21], 1m0 € pe3ysIbTaToM HEJTiHITHOTO IepeTBOpeHH:
HMX HepBMHHMX o3HaK. KoedirienTn a B pesysibTaTi BupilnenHs: (2) Bu-
3HAYaIOThCH 32 POPMYIIOO

F(y={y(m,n)|(m,n)e{0,1,..,M -1} x{0,1,...,N -1}
F{k(xn %)} + A ’

A=F(a)= ()

ko k(f,, . 8,..)=k(f,g) mis BCix m, n, f, g, MO BUKOHYETHCS 30KpeMa

s aycosa spa k y anmropurui [2] (KCF — kernelized correlation filter).
ITicsia HaBYaHHS MHOMIYK 00'€KTa BUKOHYETHCS Ha AUISHIN z y Hac-

TYIHOMY Kajpi 3 posmipamu M X N i IIeHTpaJIbHOIO TOUKOIO, ITI0 30ira-
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€TbCA 3 MOJIOKEHHSIM 00’eKTa y IIoIepeqHbOMY Kazpi, IUISIXOM o0umc-
JIeHHS MaTPULIi 3Ha4eHb BiATYKiB distbTpa 3a PopMyIIoio

y=F"(A°F(9(z) ¢(2)), (4)

e X — IIoJaHHs 00’€KTa 3 JOIIOMOI'OI0 O3HaK, IO OHOBJIFOETHCS IIif], Yac
BIZICTe)KeHHsI; © — IIOeJIeMeHTHe MHOKeHH IBOX MaTpuilb. ITicid 11boro
BVI3HAYAIOTHCSI KOOPAMHATY 00 €KTA, IO BiAIIOBIIAIOTH MOJIOXKEHHIO MaK-
CMMaJIbHOTO 3HAaUeHHs BiIIYKy Ha MaTpuUIll ¥ .

Mopesb 00’eKTa cKIaJaeThesl 3 MaTpUIIi KoedillieHTiB A Ta HOJaHHSA X
00’exta 3a monomoroto HOG (Histogram of Oriented Gradients) o3nak [21] i
OHOBJIIOETHC MiJ1 Yac BiicTeXXeHHs 3a popMysIaMu:

X(H)=(1-B) x(t-1)+px(t),

_ _ _ ®)
A(t)= (1=B)A(t = 1) +BA(t),

Ile t — iHJEeKC MOTOYHOrO Kajapa i B — KoedillieHT OHOBJIEHHS MOJeJIi
NPV HaBYaHHI.

l'noreruno KCF MoXe BUKOPUCTOBYBATUCh He TUIBKW IS BU3Ha-
YeHHsI HOBOI'O IIOJIOKEeHHS IIUIi Ha KOXXKHOMY KaJpi, a TaKOX 3MiH Mac-
11Tady, SKIIO 3aCTOCOBYBATV B HHOMY He ABOBVMIpHIi, a TpMBUMipHi pijTh-
TpW i3 3Ha4eHHAMM MacIiTaly y TpeTboMy BuMipi. OfgHaK, Take pillleHHs
He € edeKTVMBHMM YHaCIiJOK 3HAYHOIO 3POCTaHHS OOUYMCIIOBaIIBHOL
CKJIagHOCTI asiroputMy. Tomy OyI10 po3pobrieHO TOPpiBHSIHO IIBIKI ajiro-
purmu [10, 23, 24] my1a BU3HaYeHHS 3MiH MacIITaOy Mic/Is BU3HAYeHHS
IIOJIOXKEeHHS 11T IIUISIXOM 1100yI0BM IipaMifay 300pakeHb 3 pi3sHUM Mac-
IITabOM i O3HaKaMy Ha KOXKHOMY PiBHI, 00UNC/IeHHs 3HaUeHb KOpeJIAllil
Ha BCiX piBHSX HMipaMinm i BU3HaYeHHs HOBOTO MacIITaly, 110 Binmosifgae
MaKCVMaJIbHOMY 3 ITVIX 3Ha4eHb.

Y [10] BuxopwucTOoByIOTBCS f1Ba (PiIbTPM, 10 HABYAIOTHCSI HA OCHOBI
BUPpilTyBaHHs 3aa4i HesliHiHOT perpecii. [lepmmm dinerp R 3acToco-
BY€TbCS ISl BU3HAUeHHs II0JIOKeHHs 00’€KTa, BUKOPUCTOBYE IBOBU-
MipHY CYKYIHIicTh 300pakeHb 00’ekTa Ta ¢oHY 3 posmipamu M x N
171 HaByaHHA (mpuxiafg Ha Puc. 1), a gpyrum dineTp Ry — Macirady
00’eKTa Ha KOXXHOMY Kazlpi 3 BUKOPMUCTaHHSIM IIOPiBHSHO Majlol OHO-
MipHOT CyKYHIHOCTI HpUK/IaAiB 300pakeHb TIJIbKM 00'€KTa 3 pisHMMM
Macmrabamm. Xat P X Q — po3Mipm 300pakeHHd z, 00’ekTa (B MeXax
ninigHKY 0 Ha Puc. 1) Ha motoyHoMy t-My Kanpi, d — KoedillieHT 3MiHM
Macrtady i Ny — KUIbKicTh piBHIB mipaMinu i oliHIOBaHMX MacIITabiB
Ng-1f| Ng-3 N, -1

2 'l 2 2
Ta Ha nonepeaHboMy Kaapi. Ha neprioMy erari aqropurmy i KOX-
HOro 3 MaciITabis s € S Ha 300pa’keHHI BUIUIAETHCS AUISTHKA [5 3 pO3Mi-
pamu sP % sQ i 1IeHTpoM B IIOIlepelHbO BU3HAUYEHill TOYIll MOJIOKeHHS
00’eKTa, MicIIsg 9oro po3Mipu | 3MiHIOIOThCs Ha P x Q. [lai o6umcoeThest

S=3d"|ln=|-

BiITHOCHO MaciTaby 00’ ek-

Jeeor

26 ISSN 3083-6573. Incpopmayinini mexronoeii ma cucmemu. 2025. No 5 (5)



Busnauenna macuimaby ma xyma nobopomy 044 0oBeocnipoxoBoeo Gidcmesxenns 00’ ekma

IIOJJaHHS X; 300paXkeHHd [; 3 JOIOMOIOI0 O3HaK 3 ITOJaJIbIIMM 00umc-
JIeHHSM KapTu BifArykis Y dineTpa R, 3a dopmysioro (4). Ha saxmouno-

s=1, .., S) . OHoB-

MYy eTarli B3Ha4a€ThCd MacIlTad s, = arg max (max (v,
S

jleHHsI 000X (PUIBTPIB BiAOYBa€ThCS TUIBKM 3a YMOBWM, IO MaKCUMaIbHi
3Ha4YeHHs BiITyKiB PiJIbTPiB HepeBUIYIOTh ITOIepeHbO 3a/laHi II0pOoro-
Bi 3HaveHHs. Y [23] Ha BinMiHy Bif [10] BUKOpMCTOBY€EThCA JTiHITIHA per-
pecist i yac HaB4aHHA PUIBTPIB, po3Mip 300pakeHb [ He 3MiHIOEThCS Ha
P x (Q, i oHoBIeHHs PUIBTPIB BiTOYBaeThCs Ha KOXKHOMY Kajpi. YV [24] Ha
Bimminy Bizx [10, 23] BUKOPMCTOBYETHCS TiTIbKY OAMH PUIBTP 3 po3MipaMm
M x N g Bu3HaueHHs] KOOPOMHAT i MacITady 00’ ekTa Ha KOXKHOMY KafIpi.

s mpukitany, sikmo d =1,02 i 3mMiHa MaciTaOy Ha CycigHix Kampax
Moxke OyTm Big 0 mo 6%, To Ny =7 i 5={0,94, 0,96, 0,98, 1, 1,02, 1,04, 1,06}.
Ile € miyIKoM HPUVHATHMM I BU3HaUYeHHS MacIlTaldy Ha CycCimHiX Ka-
IOpax i HomIyKy o0’eKTa B MeXXaX MaJIol JOUISHKM 300pakeHHs. Asle SKIIO
o0’exT OyB BiICyTHIVI Ha 3Ha4HIV KUIBKOCTI KapiB, TO, II0-TIepiile, Heob-
XiTHO BMKOHYBaTW IIOIIYK Ha BCbOMY 300pakeHHi, a, IO-ApyTe, TIOTO
MacIITabu reper 3SHMKHEHHSM i ITiCIIS OSBY MOXKYTB 3HAYHO Bipi3Hs-
TUCh MDXK CODOIO, ITI0 3HAaUHO 30UIbIIIye 00UNMCITIOBaAIBHY CKJIAIHICTh IT0-
myky. Hanpuxtaz, sKimo mpuiyctiTy, 1o MaciuTadbu MOXYTh BipisHs-
TUCB B 6 pasiB, TO Ng = |S| = 90, 1110 IpakTUYHO BUKIIIOYAE OLIIbHICT
BUKOPVCTaHH: KOPeJIALiIHMX PUIBTPIB 3a TaKMX YMOB JIOBTOCTPOKOBOIO
BizicTexxeHHs 00 eKTa.

OTpuMaHHs KapTy BiT'yKiB [UIsl BU3HaUYeHHs MacIITaby Moxe OyTu
peastizoBaHe TaKOX IIUISIXOM OOYMCIIEHHS HOPMali30BaHMX KOpPeJIsllin
IIo/1aHb 300pakeHs z, i J; 3 Joromororo o3Hak. Lle morpebye MmeHitre ore-
pallirt IOPiBHSAHO 3 BUKOPUCTaHHAM ibTpa R, aste MoXe 3HU3UTU TOU-
HiCTb BU3HaUYeHHs MacIITaly.

Tpekepy Ha OCHOBi ITIMOVMHHOIO HaBYaHH:A Ha HEVIPOHHMX Mepe-
JKax (IMOVHHI Tpekepu), SKi IToTlepeTHbO HaBYaIOThCS Ha BEJIVKIV KiTb-
KOCTI JTaHWX, J€MOHCTPYIOTh IIOPiBHAHO BUICOKY HaiVHICTh BifICTeXeH-
Hs1 00’exTiB. OgHaK, X0oua IMOMHHI TpeKepy JeMOHCTPYIOTh IOPiBHAHO
BUCOKY edpeKTVMBHICTb Ha Bifieo 3 BifoMmmx 0a3 maHmx (3okpema, VOT [20]),
BOHM YaCTO He MiJIXOISATh I CepedOBUII] 3 OOMeXeHMM 00UMCITIOBaIb-
HVIMVI pecypcaMy, TaKuX sIK OesriytoTHi stitanbHi anapatit (BIUIA). Onua
i3 HaIIpsIMiB BMXOJTY 3 TaKMX CUTYallill IIOJISITa€ y 3aCTOCYBaHHI ITOJIerTIle-
HVIX BapiaHTiB IMMOMHHMX Tpekepis [19], aie 3aBAAKM 3MeHIIIeHHIO TOY-
HOCTI Ta Ha/IiVIHOCTi pe3yJIbTaTiB BiICTeXKeHH:.

ImenTndikartiss 00’ekTiB pisHMX po3MipiB Ha 300pakeHHi B IIMOMH-
HUX TpeKepax 4acTO BMKOHYEThCS IUISXOM HOOYI0BM Ta BUKOPVCTaHHSI
IipaMiy O3HaK, IO MOEIHYE TeOMeTPUYHI Ta CeMaHTUYHI 03HaK! 3 pis-
HUX IIapiB HerpoHHOI Mepexi. OCHOBOIO ISl CTaHJAPTHOIO, ajle He 3a-
BXIM ePeKTMBHOTO, pillleHHs Takol 3a/1adi € 1o0yI0Ba MipaMify O3HaK
Ha Iipamizai 300pakeHp, TOOTO ImipaMigy 300pakeHb 3 IO0JaBaHHSIM Ha
KOKHOMY PiBHI BiIIOBiHMX O3HakK. Lli mipamMigu € iHBapiaHTHMMMK 3a
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MacIITaboM B TOMY CEHCI, IO JTaf0Th 3MOTY BUSIBJISATH 00’ €KTU y IIMPOKO-
MY Jialla30Hi MacIlITa0iB IIUISIXOM KOB3HOT'O CKaHyBaHHS 1X MOIeIer! sK 3a
TIOJIOXKEHHSAMM (KOOpAMHATaMM), Tak i 3a piBHaMm mipamigm. Ilipaminnm
300pa’keHp 3 JIOJaBaHHSAM BiNIIOBIAHMX O3HaK i IIUTPHOIO IVMCKpeTm3a-
11i€f0 MacIITaldy IIMPOKO BUKOPUCTOBYBaJIVICA paHillle B MeTofax, 110 3a-
CTOCOBYBaJIMI po3po0sIeHi sroamnHo0 o3Haku. Hanpuxiian, osHaku HOG
[21] i SIFT [22] micis mIUIPHOTO OOYMCITIOBAHHS IO BCiX IipaMimax 300-
pakeHb BUKOPWCTOBYBA/IVICS B UMCIIEHHMX poOOTax I KIacumdikariil
300pa’keHb, BUSIBIIEHHS 00 €KTiB, OIIIHKM IIO3M JIIOIVHM TOIO. Takox
BUSIBJIEHO 3HAUHUV iHTepec OO IIBMIKOro obumciieHHs mipamin 300pa-
JKeHb 3 03HaKaM. Tak, B [25] po3IIISIHYTO aJIrOPWTM IS IIBUIKOTO 00UVIC-
JIeHHS IipaMi/], Ha OCHOBi 00UYMCIIeHHS CIIOYaTKY PiIKO AVCKPETM30BaHOl
(B MacmrTabi) mipaMian, a MOTIM IHTePIIOJIAIIIl BiICYTHIX piBHIB.

3 HaCTYIIHOIO IOSIBOIO ITIMOOKMX 3ropTKOBUX Mepex (ConvNets) [26]
BUSIBIJIOCH, IIIO KUTBKICTHh piBHIB y Hipamimax o3Hak Moxke OyTu 3MeH-
meHa, Tomy 1110 ConvNets € OUTBII CTIIKMMM 10 3MiH MaciTaly, ajte Ha-
BITb 3 IIi€I0 CTIMKIiCTIO OaraToMacirTabHe BUSIBIIEHHS BCe ITle IIPAITIOE Kpa-
ITle IOPiBHSHO 3 O3HaKaMM OJIHOTO MacIlTaldy, ocoOIMBO sl MajIvx 00’e-
kTiB. OpHak, 30UIpINIeHHsS PiBHIB IipaMigy 300pakeHb Ma€ O4YEBMIHI
oOMeXxeHH:I BHAC/IIOK 3HAYHOTO 3pOCTaHHS Yacy BUBEIEeHHs Ii/1 Jyac Ha-
BUYaHHS, 110 pOOUTE IIeVl IiAXid, HelmpaKTUYHMUM IS peaIbHMX 3aCTOCy-
BaHb. bijIbIle TOro, Mepexxi 11 IIIMOMHHOT0 HaBYaHHS, 1110 00’ € THYI0ThCS
Bi/] TIOYATKY 110 KiHIIA Ha IipaMifli 300pa’keHb, TOTPeOyIOTh HaITO 3HA4-
HUX 3aTpaT I1aM’siTi, ToMy (PaKTUYIHO TaKi IipaMigy MOXYTb BUKOPVIC-
TOBYBAaTWCh JIVIIIE IIi/], 4ac TeCTyBaHHs [27], 1110 CTBOPIOE HEBiTIOBIIHICTD
MDXK BYICHOBKaMM IIiJl Yac HaBYaHHS / TeCTyBaHHS. 3 IIMX IIPUYMH Ha OC-
HOBi nocrimpkeHp [28] pexkomenmosaHo B Fast/Faster R-CNN Buxopwmc-
TOBYBaTV O3HaKM, 0OuMciIeHi B OHOMY MacIiTabi, OCKUTBKI 11e € XOpo-
IIVIM KOMITPOMICOM MiX TOYHICTIO Ta IIBUOKICTIO.

Kpim nipamiiym 300pakeHb iCHYIOTh TaKOX iHIII criocoOm obumciieH-
Hs OararomacmITaOHOro IofaHHS O3HaK. [71nmboka Mepexka obumciioe ie-
papxilo 03HaK IIap 3a IIapoM, 10 Ma€ BJIACTUBY OaraToMacIITabHy mipa-
MifgainbpHy dopMmy. LIs iepapxist 03HaK BcepennHi Mepexi CTBOPIOE KapTul
O3HaK 3 Pi3HOIO IPOCTOPOBOIO PO3IUIBHOIO 3[aTHICTIO, ajle 3 TUM HeoTi-
KOM, IO Pi3HMM pPiBHAM IIi€l IipaMiIy BiANOBiOaOTh Pi3HI MOXJIMBOCTI
CEeMAaHTUYHOIO ITOJIaHHS JaHMX IIpo 300paxeHH:. Llent Hemorik mMoxe
OyTM ycyHeHMM 3 JIOIIOMOTOI0 aJIrTOpUTMYy [29], pe3ysibTaToM SKOTO € IIi-
paMifia O3HaK, gKa Ma€ CWJIbHY CEMaHTVMKY Ha BCiX piBHAX i mIBUIKO Oy-
IYETHCS 3 OHOTO BXiMHOTo MacIITaby 300pakeHHs..

OcHOBHI aJTropUTMM BUSIBIIEHHS 00’ €KTiB, 30KpeMa TS BiJICTe)XeHHs,
MOYKHa pPO3OUINTY Ha ABa TUIIN: JBOETAIIHI Ta OHOeTaHi. [IBoeTartHi aj-
roputMn BusiBiieHHs (cepisi R-CNN [28]: Faster R-CNN, Mask R-CNN,
Cascade R-CNN, R-FCN) criouaTKy reHepyIOTh oOIacTi-KaHAMaTH, a IIo-
TiM K1acuiKyIOTh Ta perpecyioTs i oosacti. Lli asropurMm MaoTh II0-
PIBHSIHO BMCOKY TOYHICTh, 0OCOOJIMBO Y BUSBJIEHHI MayInx 00’ eKTiB, ajie
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BVIMararoTh TeHeparlil YMcIIeHHMX 00JIacTen-KaHaMaaTiB, 1110 IIPU3BOANTE
710 3HAYHOI 00YMCIIOBaJILHOL Ta YacoOBOI CKJIaITHOCTI.

OnnoetamnHi anroputmu (cepist YOLO, SSD, RetinaNet) posrisaaioTh
BUsBIIeHHs 00 €KTiB SIK 3arajibHy IIpo0jieMy perpecii mpo ix miciiesHa-
XOIKeHHs Ta posnisHaBaHHA. Cepen Hux Metonu YOLO € Hapasi Haml-
Ois1b111 ecpeKTMBHMMM B TasTy3i BUSIBJIEHH: 00’ €KTiB, ajle sIK i iHIII ITOKM He
3a0e3meuyroTh JOCTaTHRO HAAIHMI IIOITYK MaJIVIX 3a po3Mipamu (MeH-
me 32 x 32 mikcestiB) Ta OaraTomacintabHMX 00 ekTiB. O3HAKM OTPUMY-
10Tbcs B YOLO 3 BXimHOTO 300pa’keHHS 3 JOTIOMOTOI0 KUTBKOX OIlepariin
3rOPTKM B HebaraTbox MaciTabax, KUIbKiCTh SIKVIX, HaIIpUKIIall, JOPiBHIOE
TpoM (80 x 80, 40 x 40 i 20 x 20) B YOLOwS8 [30]. [Togaseiia moOymosa
edeKTMBHOI MepeXi IlipaMify 03HaK Ma€ BU3HavaJIbHe 3HaueHHs IS 3a-
OesrreueHHs epeKTMBHOCTI OaraToMacITaOHOro BUsIBIIEHHS 00 €KTiB.

Bu3HayeHHsA MacmTaly Ta KyTa IIOBOPOTY 00’€KTa Ha OCHOBi Io-
myKy BigmosigHMx KT Ha 300pakeHHs1X. B [6-8] Ha KoXXHOMY {-MYy Kafi-

N
. . o t 11Va . .
pi CIIOYaTKy 3HaXOOWUTHCSA CYKYIIHICTB p, = {pi,pi }i:l Iap BiITIOBiIHMIX

KT, miciig 9oro o6umcrmooThest MacTad s, i KyT oBopoTy 6, 00’ekra 3a
dopmytamm:

5, = med Mﬁ'ij / (6)
vp
0, = med({atanZ(pf —pj)—atanZ(pi1 —p})},i # j), 7)

ne N, — xinpkicTs nap Bimmosimanx KT, med — memiana, p; — i-ra KT Ha
IIOTOYHOMY Kazipi i p} — KT na nepmromy Kazpi, 1110 € BiZITIOBiTHOIO 110 p;.

ITomyk Bignosiguux KT i o6uncienns (6, 7) BUKOHYIOTbCS 3 BUKO-
pucraasaM Bignosigaux KT 06’ exta 6e3 Bpaxysanus KT ¢dony, mo 3abe3-
revye BUCOKY INBUIIKICTH BiJICTeXEHH:, ajleé MOXe IIPU3BOAUTH 10 3HU-
JKEHHS SIK TOYHOCTi 3HaueHsb S, i 0,, Tak i HaJinMHOCTI BifIcTE>XXeHHSI, 0CO0-
JIMBO SKIIO 00’ eKT Mae Maiy KiyibkicTe KT i MoXe 3HMKaTV Ha TpUBaImMi
4ac 3 noist 30py Kamepu. Kpim Toro, obumcienns s, i 0, sx MemiaHHVIX
3HaueHb 3a (6, 7) MoXxe 3a0e3medn Ty JiVICHI JTaHi, TUIBKM SKIIO KUTBKICTB
P'4rue TPABWIIBHO 3HaAVieHMX map Bimmosimuux KT Gibie KiTbKoCTi 110-
MWIKOBUX TIap —ply,..> N, *0,5.

HeTeKTyBaHHS Ta OIINC
BRISK KT Ha 300pa>keHHsIX

Bimomo kinpka anropurmis BusHadyeHHs KT i stokanpsHMX iHDOpMaTHB-
HMX O0JIacTeVt B OKOJIi IVIX TOYOK, KOKHOMY 3 SIKVX BiITIOBifla€ IT€BHMV
Ty KT i crioci6 ommcy obiacternt. Llevt omnc Mae 6yt iHdopMaTUBHMM i,
GaxaHoO, iHBapiaHTHUM J10 Pi3HMX ITepeTBOpPeHb 300pa’keHH:, 30KpeMa
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110 3MillleHHsI, [IOBOPOTY Ta MacIITaOyBaHHs, [JIs IIOIIYKY BiJITOBiITHOCTI
KT na 300pakeHHsIX.

B [23] mokasano, mo HanbuIemry TouHicTh MatoTh SIFT KT, are mor-
peOyIOTh 3HAYHMX OOYMCITIOBAJIBHMX 3aTpaT. BHaCIimok 1mporo mpu Bu-
pilteHHi GaraTbox 3azad aKTMBHO BUKOPUCTOBYIOThCsE BRISK (Binary
Robust Invariant Scalable Keypoints) KT [22]. Macmrtab nyx KT BusHavaeTs-
Cs i vyac [AeTeKTYBaHHS IUISIXOM 3aCTOCYBAaHHS Iipaminy macrrrabo-
BaHVIX IIpefcTaBieHb 300paxeHHs. [Ticis mporo B okori KT 3 posmipowm,
BIITIOBIIHMM 3HaVileHOMy MaciTaly, obuparoTbesa 60 TOUOK HaIliBTOHO-
BOT'0 300pakeHHs, SKi piBHOMIpHO pO3TallloBaHi Ha KOHIIEHTPUYHMX KO-
sax 3 1eHTpoM y KT, i Ha 0CHOBI JIOK&JIbHVX I'Pajli€HTIB SICKPaBOCTi B INIX
TOuKax BU3HavaeThcs KyT rmosopoty KT. Ha 3axmounomy eTarti o6umicrio-
eTbcs OinapHu neckpunrop KT B pesysbTaTi IOpiBHAHHS SCKPaBOCTi B
512 mapax TO4OK B OKOJIi, sKui € 512-M OiToBuM umciiom. Take GiHapHe
IIOfTaHHS 3a0e3Ieuye IofasIbllle IMBYUAKe o0UMCIIeHHs BincTaHi XemiHra
(xiypKOCTi BimmoBimHMX OiTiB 3 Pi3HMMM 3HAUEHHSAMM) MK KOXHUMU
ZIBOMa JJeCKpUIITOpaMM 3 JJOIIOMOT oo rmommpennx SSE iHCTpyKIin, a Ta-
Ko rnomyk signosigHocTi Mk KT Ha s300paxenHsix. [Jeckpumnropu BRISK
KT e igBapiaHTHVIMM 10 TIOBOPOTY Ta 3MiHM MacIITaby Ha 300pa’keHHSIX.

Mogenn 00’ exTa

Mopgens M =T UB 06’eKkTa cKIamaeTbcd 3 MHOXMHM T KITFOUOBUX TOUOK
Ha 300pakeHHi 00’€KTa, a TAaKOXX MHOXMHM B KITIOUOBVIX TOYOK HAaBKOJIO
IILOT'O 00’ €eKTa:

r={a )y = {la ) ®)

i=1 i=1

ned! (diB) e Z°* — 512-symipnnm Ginapamit geckpunrop BRISK KT 06’ ex-
ta (dony); p; (p}3 ) e R?> — Bignosigui koopauaaty KT Ha 300pakeHHi.

Mopeib 06’ekta M dopMyeTbcs Mic/s BUIIIEHHS. Ha IIOYaTKOBOMY
Kazpi [, MiHiMaIbHOrO 0OMEXyBaJIbHOTO 00’ €KT IIPSIMOKYTHMKA R Ha 110-
My Kazpi. KoxHa 3HamIeHa B MeXXax R ToUKa BBaXkKa€ThCsl HaJIEXKHOIO J10
KT 00’exra, sikiio Bimcranb geckpurropa 1tiel KT 1o MHOXMHN TecKpuII-
topis KT nHaBKomiHbOro ¢poHy OuIbIIIe 3aJaHOTO IOPOTrOBOrO 3HaYeH-
He. [ KT B Mexxax R, a TakoXx ITeBHa KUIBKICTh BiffiOpaHmx B okoiti R
Hasiexxatb 10 KT dony B M.

Ha sigminy Bif [6] y M BuxkopucToByfoThest He Tiutbku KT 006’ekTa, a i
dony, 110 11ae 3mory: 1) BUKOHyBaTyM OUIBII TOYHMV HOLTYK BiAIIOBIIHIX
KT Ha xoxHOMY Kazpi I,; 2) HagivHiIe OPiBHAHO 3 [6] BU3HaYaTH MacIil-
Tad Ta KyT IIOBOPOTY 00’€KTa Ha [,; 3) BITHOB/IFOBATM MOIIYK 00’ €KTa ITicIs
TPMBAJIOTO 3HUKHEHHS 3 I10JI 30PY i ITOSIBY 3HOBY Y BifleO 3 MOXJIVBVIMM
3HaYHVMV 3MiHaMVI 110T0 MacIITalby Ta KyTa II0BOPOTY.
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ITomyk KT, BinnoBimHmMx 10 Moaesti
00’eKTa Ha 300pa>keHHAX

ITomyx Ha xoxHOMy Kanpi I, KT, sinnosinaux no KT y M, BinOyBaeTbcs
IIUIIXOM BUKOHAHHS TaKMX Tpbox eTarliB. Ha niepimioMy erarri Bu3Ha4da€Th-
Cs1 3MilleHHs Ha IIOTOYHOMY Kazpi I, 3HavIeHnX BiAIOBITHMX 0 MOl
KT na monepennroMy I,; Kazpi HUIXOM OOYMCIIEHHS PO3PiIKeHOTro
OIITMYHOTIO IOTOKY Bif I, ; 110 I, [33]. Lle 3MillleHHsI BU3HAYAEThCA [10CTAT-
HBO TOUHO, SIKIIIO PyX 00'€KTa Y Bifleo € IIOPiBHIHO cTabUIIBHIMM i ITOBLIb-
HyM. [1J1s1 iABUIIIeHH HaAilTHOCTI JasIi MoXe Oy Ty BUKOHaHa I0aTKOBa
nepesipka 3Havimennx KT Ha [, yepes BM3HaueHH: iX ITOJIOXKEHHS Ha I10-
IlepefHbOMY Kagpi [, ; IuIsixom 3actocyBaHH: [33] m1st oOumciieHHs 3B0-
POTHOTO OIITMYHOrO MOTOKY Bix I, mo I, [6-9].

Ornmcani ymoBU [114 JI0KaJIbHOTO TI0IIYKY BifnosigHux KT He 3aBxan
3a/I0BOJIHAIOTBCS, TOMY Ha [IPYroMy eTalli BUKOHYETbCS TaK 3BaHU
«rrrobasmeaM» nomyk KT, signosimamx o KT y M, Ha ocHOBi o0umcieH-
HI BIZICTaHI MK JeCKpUIITOpaMu I10 eBKJIiI0BiVI MeTPUILi, 1110 Ma€ BiMiH-
HocTi Bin [6-8]. Criodatky mrs koxHoT KT pf Ha [, 3HaXOOUThCS ITepertik
i3 m KT y M, siKi € HavIO/IvpKamMu 110 BifICTaHI MK I€CKPUITTOPaMM 10 P,
i yIopsKoBaHi 3a 3MeHITIeHHSM ITi€l BifICTaHi: {pi .k, d, }Zl , oep, n,
k, d; — BignosimHO KOoOpAMHATH, ifeHTUdIKaTOp, Ki1ac (O — 00’ekT, B —
dom) i BicraHs i-i TOUKM y TIepeItiky 0o p;, a p,, 1, k, d, — nonibHi mami
1ipo KT y M, 1110 € HanOmvpK4ao10 10 p; 3@ BIICTAHHIO MIXK I€CKPUITTOPaMA
i HajIeXUTH 00’ ekTy abo dony. ITpu nbomy 3assryart, m = 2 i SKIIO BUKO-
HyIOTbCS yMOBU ky= O, dy <TC i d, /d, <Ty, To jyist Touku p! Ha I, Bir-
nosinHoI0 € KT 00’exTa y Momerti 3 ineHTHdikaTopoM #,. [HakIIe, sSKIIo
BUKOHYIOTbCsE yMOBL: ko= k, = B, dy < T i d, /d, <T,, Toni BifnosinHoo
st p; 6yne KT doHy 3 OpsyIKOBUM HOMEpOM 71, y M.

Y HaBeneHVX yMOBax 3aCTOCOBYIOTBCS 4 IIOPOroOBi 3HaAYeHH: 11 IIPU-
VIHATTS PillleHpb 1Tpo BimnosinHicts p; mo KT 06’exra (Tto , Tzo) abo dony
(TtB , TzB) y M. Iicist 3aBepiiieHHs I7100a/IbHOTO MONTYKY BigmosigHmx KT
BV3HAYAIOTHCS KOOPAMHATY IEHTPAIBHOI TOUKM OO’€KTa 3 JOIIOMOTOIO
aJIropuUTMa Ki1acrepmsarii [7].

Ha tperboMy erarti [1st KOXHOT p; Ha [, BUKOHY€TBCS JIOKAIbHW I10-
myk Bignosigaoi KT y Momeni 06’exta M y Taxmii crioci6 [6-8]. CriouaTky
obumcITIoeThes TIpoekist pr! Ha cykymHicTs KT y M 3a dpopmyrioro:

pri =H(pl—c,)+c,, )

ne H;' — 3BOpOTHe NepeTBOPeHHsI 3 [OMepeTHbO BU3HAYEeHVIMY 3HaueH-
HAMM MacIITaly Ta ITOBOPOTY BiJJHOCHO BM3HA4eHOro IleHTpa 00’eKTa c,
Ha I,; ¢, — IleHTpaIbHa TOYKa 00’eKTa Ha 300paxeHHi [,;, sike BUKOpPUC-
TOBYBaJIOCH [IJ1s1 CTBOpeHHs (I, = I,) abo oHOBIeHH: M.

ITicrs mporo BusHavaeThes cyKyHicTs KT y M, 1110 € Orm3pKyMy 3a 3Ha-
YeHHSIM KOOPIVIHAT 3 TOUHICTIO /10 TIOPOrOBOTO 3HAYEHHsI J10 IIPOEKLIT pr;.
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Harti ceper KT y 11iv1 cyKymTHOCTI 3HaXOAMUTBCS HavOIVDK9a p )10 p; 3a
BifIcTaHHIO d MiX FIECKPUIITOpaMIt 1, AKIIIO d(p PP ) <T, Toni pf ;" BBAXA-
€TbCSL BIIIOBIHOIO 110 P! .

Bu3sHaueHHs1 MacITaby Ta KyTa IOBOPOTY
00’exTa Ha ocHOBi momryky Bigmosimanx KT

PesysnpraroM nomyky sinnosinHocti KT Ha morouHomMy Kanpi I, mo mo-
nerti 06’ekta M € cyKymHicTh py = {pZ /P } , IO CKJIaflaeThes i3 N, mmap

sinmosinanx KT, ne p; — i-traKTHal, a pi — BimmosigHa 171 Touka (00’ eK-
Ta abo dony) y M. M e cykynHictio KT o6’ekra Ta dony, i npu BusHa-
4ueHHi s, Ta 0, 3a (6, 7) 00UMCITIOIOTHCS He 110 OTHOMY, a 10 [IBa 3HaUeH-
He — obuwncieHHi nepiroro BukopucToByoThest KT 06’ exra y M, a pyro-
ro — KT dony y nin mopeni. Takum dmHOM, ITij] Yyac oOYMCIIeHHs He
BUKOPUCTOBYI0ThCA Iapy KT y M, ogHa 3 sIKvx HajleXXuTh 00’ €KTy, a Ipy-
ra — (poHy, TOMY III0 JIOBXMHA Biflpi3Ka JIiHIl 3 TaKMMM KiHIIeBVMW TOY-
KaMy MOKe 3MiHIOBaTMCh B IIpolleci pyxy o0’ekTa i He BigIoBimaTy Iivi-
CHOMY 3HaueHHIO MaciITaly. Ilicjig 11boro 3 o6uncieHnx ABOX 3Ha4eHb 5K
BUIXiJIHE BUKOPUCTOBYEThCH Te, 1110 MEeHIII BiZIPi3HAETHCS Bifl BiAIIOBIIHOrO
CepeIHBOro 3HaUeHHS, 00YNMCIIEHOrO Ha OCTaHHIX KUTBKOX Kajpax.

bByso BusBIieHO, 110 o0umcIeHHs MaciiTaby Ta KyTa IIOBOPOTY Ha
ocHosi BignosigHMx KT dony € 6i1bmr Tounnm nopisHsHo 3 KT 06’exra
BHACJIZIOK TOro, 1o, mo-nepie, Kuibkicte KT doHy 3assuuan 3HauHO
Oirnbirre, Hixk 00’exTa i, mo-npyre, KT ¢pony posraroBani Ha Oi1bImx Bif-
CTaHsX OJJHA Bif] OIHOI, 1110 3HVDKY€E BIUIVB IOMWIOK y BU3Ha4YeHHI I10JI0-
xenHs1 KT Ha pesysibTaT oLiHKM MacIITady Ta KyTa IIOBOPOTY.

Macrrrab Ta KyT HOBOpOTY, o0uriciieHi 3a popmystamm (6, 7), € 61m3b-
KVIMM 10 JiVICHVMX 3a MaJIX 3MiH (pOHY ab0 4acToro OHOBJIEHHS Ta ajiall-
tarii KT dony mo 6i1bmmmix 3MiH, HaOpuKIIajd, BHACTIOK PO3MUTTA. SIK-
ITIO X IIi YMOBM He BUKOHYIOTBCS, TO I HaJliMHIIIIOro BM3HAaYeHH: BKa-

3aHMX MapaMeTpiB AOLUIbHIIIe BUKOPWUCTOBYBAaTU TaKWUV €BPUCTUYHUN
JIFOPUTM.

PesyipTaToM po0OOTH aJITOPUTMY € OIliHeHi 3HaueHHH s, Ta 0, abo x
HYJIbOBe 3Ha4eHH: S, U1 CBiJTYeHHs TOTO, 110 BXiJIHi JaHi ITpo BiAIIOBiI-
Hi KT € HegocTaTHRO HaAIVIHMMM i MICTSATh 3HAUHY KUIBKICTh IOMVIJIOK.
Ha mouaTkoBoMy eTarri aliroputMy pOpMyeThest 300pakeHHs], sIKe € pe-

3yJIbTaTOM 00’ €THAHHS 10 BepTUKasli ABOX Kadpis: I,; i morounoro I, y Bi-
neo (Puc. 2, 3), Homepa SIKVX ITIOKa3aHO Y JIiIBOMY BEpXHBOMY KyTi Ha LIVX
Kanpax. Hami dpopmyeTbest cyKynHIcTh L BiIpisKiB JIiHiVI, KOXHA 3 AKX
3’engnye KT y monesni 06’exra Ha I,; 3 BinnosinHoto KT Ha I, 1o nokasasi
371iBa 4epBOHMM KosibopoMm Ha Puc. 2(a)-Puc. 3(a) Ilicis mporo obumic-
JIIOIOThCA MeJliaHHI 3HaUeHH: JIOBXVMHM Ta KyTa IIOBOPOTY BiIpi3KiB JIiHi
L i o0umcITIoeThCs KUIBKICTh Biflpi3KiB, IO MalOTh OJIM3BKi JOBXMHY Ta
KyT IIOBOPOTY 10 OOUMCIIeHX MeTiaHHMX 3Ha4eHb i ITOKa3aHi cIipaBa Ha
Puc. 2 (b)-Puc. 3 (b).

32 ISSN 3083-6573. Incpopmayinini mexronoeii ma cucmemu. 2025. No 5 (5)



Busnauenns macumady ma xkyma nobopomy 04 dobeocmporoboeo Biocmesxenns 06 exma

Puc. 2. ITpukiiag Bu3HauYeHMX HOMWIKOBMMM AaHux (4) BignosigHocti KT dony, sxmm
BifIIOBiTae Masia KiJIbKiCTh BigiOpanvix ObIbII HanivHX Hap Binmosigumx KT (b)

Puc. 3. Ilpuxian Bxigaux maaux (a) mpo signosigaicte KT dony Ha nopiBHIOBaHMX
Kagpax 103 i 109, Ha OCHOBI SIKMX BM3HAYAETHCS IOCTATHS KUIBKICTh BiiOpaHmX map
KT (b) msa momassioro o6umcieHHs MaciTaby Ta KyTa mosopory Ha 109-my Kampi 3a
Me[IiaHHMMM 3HaUeHHAMN

SIKIO KUIBKICTh HVIX HOPiBHAHO HaIiVHMX BiApPi3KiB JIIHIN € MaJIOIo
YacTMHOIO Bifg | L |, TO aJIrOpuT™M BUja€ HYJIbOBE 3HAYE€HHH S,, ITIO0 CBITYNTD
IIPO IIOPiBHAHO Majly HadivHicTh maHux BigmosigHocti KT Ha Bxopi aro-
putMmy (Puc. 2). Lle o3Hauae, 1110 TOTOYHMI Kafp Yy Bimeo He Moxe OyTm
BUKOPVCTAHO ISl OLiHKM MacinTaly BHACJIiJOK BYaCHO He BMKOHAHOTO
OHOBJIEHHS Mozesti 00’ekTa abo X HeOJIiKiB Kafpa, IIOB sI3aHNX, HaIlpu-
KJ1a/l, 31 3MiHOIO YMOB OCBITJIEHHSI a00 PO3MUTTSIM Uepe3 BTpaTy POKyCy
4l HIBUIKOTO IlepecyBaHHS.

B inmomy pasi (Prc. 3) cykynHicTs BigibpaHux i HOpiBHSAHO HagilTHIX
BiIpi3KiB JTiHiT BUKOPMUCTOBYEThCS [JI O0OUMCIIEHHS MeliaHHMX 3Ha4eHb
MacITaby Ta KyTa IIOBOPOTY 3a dpopMystamu, TomgioHMMYU A0 (6, 7). Y Ha-
BeleHOMY NpmKiIani Ha Puc. 3 KispkicTh Bimpiskis, BifgiOpanHmx i moka-
3aHMx Ha Puc. 3(b) meHtIe nosoBuHM uncia |L| BxigHMX BigpiskiB Ha
Puc. 2(a). Lle o3Hadae, mo ob0umcIeHMy MacITad 3a MeliaHHUM 3Ha-
UeHHSM BinmoBigHMX BXimHMX maHMX Ha Puc. 3(a) BimpisHITMIMETBCS Bif
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ZivicHoro 3HaveHHs Ha 109-My Kajgpi y Bifgeo 3 IpwYMHM 3HAYHOI KiJIb-
KOCTi TToMMJIOK T1if1 yac nomyKy sBignosigHocTi KT Ha nopiBHIOBaHMX
Kazgpax 1031 109.

OmnoBJsieHHs Mofesti 00’eKTa y Bieo

Xam N tA — xinpkicTe KT Ha I, Bignosinamx 1o KT o6’exta y M; N, N —
saraytbHi KitbKOcTi KT 00’ekta y M i B Mexxax R Ha I; Ny = N, %, + N %k, —
3BaKeHa cyMma, Jie k;, ky MoxyTh nopisaioBatit 0,6 i 0,4; Thr, = Ny*kp,
Thr,; = Nit*k,; — HoOporosi 3HaueHHd [JIs1 3aCTOCYBaHHS B yMOBaX JIeTeK-
TyBaHH: 00’ €KTa i OHOBJIeHHs Mofierti M, e kp, k;; 3a 3aMOBYeHHSIM JOPiB-
HrooTh 0,151 0,3. Sximo N tA > Thry,, To 00’ €KT BBa)Ka€ThCS MPUCYTHIM Ha
IIOTOYHOMY 300pa’keHHi i 0OMeXyBasTbHUI ITPSIMOKYTHUK R Moxe OyTm
BU3HAUEHO IIUIAXOM 3acTOCyBaHHsSI OOUMC/IeHMX 3HaueHb LIEHTPY, Mac-
mTaby Ta KyTa IIOBOpOTy 00’ €KTa.

SIkmio y Bimeo € 3HauHi 3MiHM y mogaHHI 00’ekTa Ta oHY Ha 300-
pakeHHsIX, HEOOXimHO agamnTyBaTy A0 HMUX M IUIIXOM OHOBJIEHHS SK
KisibKocTi, Tak i meckpunropis KT 06’exra Ta dony y 1ivt Mogesi. Ase i
3MiHM CYIIPOBOIDKYE PW3MK HaJIMIIKOBOIO IIPUCTOCYBaHHA A0 (POHY
(mpidTy), BHACTIZOK Yoro Moxe BimOyTuch BTpaTa 00 ekTa. ToMy OHOB-
neHHs1 M BinOyBa€eThCs 3a BUKOHAHHS IIOPIBHSAHO Ha/IiIHNX YMOB BU3Ha-
UeHHs I0JIOXKeHHsI 00’eKTa abo 110ro BifICyTHOCTI Ha 300pakeHH:AX. by-
IIeMO BipisHATH ABa criocoOv OHOBJIeHHS M, miciis 3afisiHHS KOXXHOTO 3
HUX Ha t-My Kajapi t, = t.

[eprmmit crioci® 3aCcTOCOBYEThCS 3a BUKOHAHHS TaKMX YMOB JI€TEKTY-
BaHHsI 00’ekTa Ha KoxHoMmy I;: 1) N >Thr, &s, >0 i 2) He menite 75-u %
R 3naxonuTecd Ha I,. B mponieci onosiienHs M ¢dopMyeThes i3 BiIoBigHMX
KT o0’exra Ta ¢doHy, i gx11o 1x Masio, To nomaTkoso 3 KT, 6rm3pknix 3a 3Ha-
JeHHSMM BificTaHe Mk meckpunropamm 110 KT 06’exta abo dpory B My
JTBOX OKOJIaX BM3HAUYEHOIO IMOJIOXKEHHS 00’ eKTa.

Hpyruit crioci® BUKOPUCTOBYETBCS, SIKIIIO 00’ €KT IIPOTSATOM IIEBHOTO
4Jacy BiJICyTHIiV Ha KaJpax y Bifgeo. Bripomosx 11poro yacy Ha KOXXKHOMY I,
BuKoHyeThcs nouryk KT dony, sxi e signosigaumm 1o KT dony y M, i
BU3HAYaIOTHCS 3MiHeHi 3HaueHHs MacIlTaly i KyTa IIOBOPOTY BilTHOCHO I,;.
Ha xoxxaOMY I, BUKOHY€TBCS TakoX oHoBJIeHHs KT dpory B M (11 Hamin-
Himoro nomyky sinmosigaux KT ¢doHy Ha HacTymHMX 300pakeHHsIX) 3a
BUKOHaHHs Takux ymoB: N <Thr, | |s,=0. st 1boro popMyeThest Tie-
peinik 3 KT na I, sinnosigaux 1o KT dony B M, i (gximo ix 3amaio) go-
natkoso 3 KT B Mexxax OUISHKM Ha [, IIeHTp SIKOi 30ira€Tbcs 3 1IeHTpOM
IIOIIepeIHBOTO ITOJIOKEHHS 00'€KTa, a po3Mipu € TMM OifTbImmMM, 9mMM
TIOBIIMM € Yac BiicyTHOCTI 00’exTa. aJti miciig obumcieHHs: HOBUX Jlec-
kpunrropis 1i KT BuxopucrosytoTecs gk KT dpony B M. ITiciist oHOBIeHHS
KT ¢dony nomatkoso oHOBII0I0THCS TaKoXK KT 00’exTa B M, SKIIIO BUKOHY-
1oTbest yMoBiL: S, >0 & (|S,—S,,| > thro 1|0:—0u| > thre), me thr i thr, —
roporosi 3HadueHH:. Lle oHOBIIeHH: BimOyBaeThbCs IUISAXOM TaKMX iVl
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Puc. 4. Ilpuxitagy meTeKTyBaHHS 00’€KTa IIif] Yac BiIcTeXXeHHS Y Bimeo Ha Kampax:
novatkoBomy 71-my (a), 283-my (0) meper IofgaJIbIINM TPUBAINM 3HUKHEHHAM (Ha
Kazpax 3 284-ro o 505-11) 3 ot 30py i Ha 506-my (6) 3 mosBorO 00’eKTa y Bifeo i3
3MeHIIIeHNM y 6 pasis MaciTadbom

1) macmrtTabyBaHHs Ta IOBOPOT I, 32 MacIITabOM Ta KyTOM IIOBOPOTY, BU-
3HaueHMX Ha [, i 2) nerexryBaHHs KT B Mexxax oOMeXyBasIbHOro 00 €KT
IIpsMOKYTHIMKA Ha TpaHCOpMOBaHOMY 300paskeHHi [,; 3 TTOHaIbIIIM 3a-
crocyBaHHAM iX siK oHoBJIeHnX KT 00’exTa B Moperi M.

Ha Puc. 4 mokaszaHo npukiiaay, KOJIV BU3Ha4aloTh MOJI0OKEeHHs 00’ eK-
Ta B Bi/leo 0OMeXyBaJIbHUM MPAMOKYTHUKOM, PO3pobiieH MM 3acobamu,
Ha 3x Kajipax B OTHOMY 3 Bifleo: onieparop Ha 71-my (puc. 4 (a)) i mporpama
Ha 283-my (puc. 4 (0)) nepen TpuBaiM (3 284-ro o 505-11 Kagput) 3HUK-
HeHHsM 00’€KTa 3 I10JIs 30py, i 3 110ro I0sBOIO y Bifgeo Ha 506-My Kagpi
(puc. 4 (8)) 31 3MeHIIIeHMM B 6 pasis MacmTaboMm. Ha xoxkxHOMY 3 71-T0O 110
506-71 xampiB 00UMCITIOBaIVICh IOTOYHI 3HaUeHHs MacIITaly Ta KyTa I10-
BOpOTY 00’€KTa, y TOMY YMCIIi 3a BiZICy THOCTI 00’ €KTa B IOJIi 30py Kamepw,
a TaKOXX BMKOHYBaJIOCh OHOBJIEHHsI MoflesTi M Ha JesIKmx 3 HUX 3a OIvica-
HVIX YMOB, 1110 3a0e3I1eunsIo JeTeKTyBaHHs 00 €KTa 3 110T0 IT04BOIO y Bi/leo
Ha 506-My 1 HaCcTyIHMX Kajlpax 3i 3HAYHO 3MiHeHVMM IapaMeTpaMu I10-
JlaHHA Ha 300pa’keHHsIX MOPIBHAHO i3 283-M KaJpOM.

BucHOBKM

Y poboti BuKopwmcToBy€eThCs MOmIesib M 00’eKTa BificTe>XXeHHs, 110 Ha Bifl-
miny Bif [6] cxramaeTees 3 KT we Timekn 06'exTa, a i pony 1 momryky
BignosinHocTi KT Ha KoXXHOMY 300paxkeHHi 110 M, i BU3HaUYeHHs 3MiH
MaciTaby Ta KyTa OBOPOTY 00’€KTa fIK 3a HasIBHOCTI Ha 300paKeHHsIX,
TaK 1 ITiCJIA FIOro 3HVMKHEHH: Ta IOJaJIBIIOL IIOSBU Y Bileo 3i 3MiHeHUMM
HapamMeTpaMu.

Po3pobiieHo ajiropuTM BU3HAuYeHHs 3MiH MacIITaldy Ta KyTa IIOBO-
poTy 00’ekTa y Bineo Ha ocHoBi BinmosigHmx KT 00’exTa i dony 3a HasaB-
HOCTi 3HAa4HOI KIJIBKOCTiI ITOMWJIOK y 3HavigeHin BignosigHocti KT Ha
ITOPiBHIOBaHMX 300paKeHHsIX. 3aIllpOIIOHOBAHO CITOCIO BM3HAYEHHS Mac-
mTaby Ta KyTa HOBOPOTY 300paXkeHb y Bi/leo 3a BilICyTHOCTi 00’ekTa Ha
IIVX 300pa’keHHsX 3 METOI0 OHOBJIEHHS Mofiesli 00’eKTa i Moro J1eTeKTy-
BaHH ITiCJISA TI0SIBY Ha 300pakeHHsIX i3 CyTTEBO 3MiHeHVMY 3HaUeHHIMM
VX IIapaMeTpiB.
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DETERMINING THE SCALE AND ROTATION ANGLE
FOR LONG-TERM OBJECT TRACKING IN VIDEO

Introduction. The task of tracking is to determine the position of an arbitrary object
(target) in a video after detection in the initial frame. Algorithms for performing
tracking are divided into those that provide short-term or more complex long-term
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tracking in a video. A key problem in long-term tracking is the recovery of a target
after a period of absence or tracking failures, because during this time not only the
coordinates butalso the scale and angle of rotation of the target can change significantly,
knowledge of which increases the accuracy and reliability of detection. As a result,
after a long disappearance, the search for the target must be performed not locally, but
within the entire image and significant intervals of possible changes in scale and
rotation angle. The reliability of tracking in video largely depends on the efficiency
(accuracy and low computational complexity) of the algorithms used to determine the
scale and rotation angle of the tracked target in the images. There are known algorithms
that determine the scale and rotation angle based on the correspondence of key points
(KPs) of the target without sufficient consideration of the background KP, and can
provide tracking in conditions of only a short-term absence of the target, during which
the scale and rotation angle change little.

Purpose of the research is to develop an algorithm for determining the scale and
angle of rotation of an object, which overcomes these shortcomings to obtain more
reliable object tracking results in difficult conditions.

Methods for searching key points and determining their correspondence in
images were used.

Results. An algorithm is proposed for estimation the scale and rotation angle of
the tracked object in the images based on finding corresponding KPs in each frame to
the KPs in the object model M. The algorithm can be mainly used in conditions where
changes in scale and angle of rotation are mainly a consequence of changes in camera
movement or operator actions. These changes are largely correlated with changes in
the background, which usually corresponds to video surveillance from an aircraft, in
particular a UAV. The advantages of the algorithm are that it is relatively more
resistant to errors in determining the corresponding KP pairs, and can also be used
during the prolonged absence of an object in the video to estimate the scale and angle
of rotation.

Conclusions. The paper uses a tracking object model consisting of KPs in the
object and the background to search for KPs correspondence. The algorithm is
proposed for determining the scale and rotation angle of the object both when present
and absent in images to update M and detect this object after it appears in images with
significantly changed parameters. Examples of using the algorithm for long-term
tracking with the proposed criterion for the presence of the object, as well as two
methods of updating M, when it is present or absent in images, are given.

Keywords: object tracking in video, BRISK key points, KCF tracking algorithm, HOG
features, scale and rotation angle of an object in an image, object detection and recognition.
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