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XapriBchEHi HallOHAIBHHHA VHIBEPCHTET PagioeleKTPOHIKH, XapKie, ¥ KpaiHa

3ACTOCYBAHHA CHCTEM OPTOT OHAJTbHHX ®VHKIII 1.1 ®OPMYBAHHSA

IMPOCTOPY O3HAK ¥ METOJIAX KJIACH®IKAIIIL 306PAKEHD

Anorangis. [IpemveToM IOCTLT#HEHE CTATTL € VIOCKOHATEHHA CTPVETYPHEX METOMIE FKIACHDIKANT 300paseHs ¥ CHCTe-
MAX KOMI FoTepHOTO 30py. MeTow € cropodeHHA OOTHCTIOBATEERY BHTPAT HA KIACHDIKANKD IUTTNOM BIPOEATECHHES
AMAPATY POIKIATARHA KOMIIOHEHTIE OIHCY 300PaMEHHA 33 CHCTEMOK OPTOTOHANLHEX (YHKIIH T4 BIPOBATHCHHA MoJe-
7efi CTHCHEHHS IPOCTOPY O3HAK. 3acmmm'ﬂam METOOH. JeTeKTop Koy Todok ORB. amapatr Teopil MHOAMH 1 BeK-
TOPHHY NPOCTOPIE, METPHSHI MOTET T8 BH3HATCHEA PEMCBAHTHOCTI MO0 MHOBHH DATATOBHMIDHEN BEKTOPIE, TEOpIA
OPTOIOHATRHOIO PORKIATEHEA BEKTOPIE, eTeMeHTH Teopil AMOBIpHOCTeH, MpoTpaMHe MOIFCEAHHEA. UTPHMAHl pe3yiETa-
TH: po2pobiIeHo MoMH(IKAm] MeToqy KIacHpEAN] 300pa%eHs HA OCHOB] ENPOBATAEHHT OPTOTOHATEHOIC PORKTATEHHA
JAHHX ¥ ESKTOPHOMY IPOCTOPL. 3aNpONCHOBAHO MOOET IIT CTHCHEHHA JaHHX ¥V TpaHCGOpMOBAHOMY HpPOCTOpl O3HAK,
BEEICHO METPHEY 1AHIMOTO IIA 31CTABICHHA COpA3E, BCTAHORIEHO CHOCi0 BHOOPY MOpOTY 11 BHIHATCHHA cKBIBATCHT-
HHX KOMIIDHEHTIE OMHCY. Pe3yETaTHEHICTE PO3po0TeHHE MOTHGbIEAME KTacHDIKATOpa 3ATEHHTE BT BHOODY L TMHOEH-
HH QVEEIH 717 POIECTANCHH, METPHEH 11 3UCTABICHHT OMHCIB, CIocoly BEIHAYUCHHT IOPOTY eKBIEATCHTHOCTL. Brpoea-
THEHHAM ANAPATY OPTOTOHAMEEIN QVHEINH BIATOCE He TUIBKH V JeCATHH Pa3iE CKOPOTHIH O0THCIIOEATEH] EHTPATH, AT¢ 1
330€3MeTHTH JOCTATHEO BHCOK] MOKAZHHEH PE3YIETATHEHOCTL TA 33BATOCTIHKOCTI KIacHDIKAmL l'Ipam'Em IEATVINCTE
poboTH — mobyIoEa HOBMX MoZeneH x.ncm@m.ampa 300paEeHE ¥ TPAHCPOPMOEAHOMY OPOCTOPL O3HAK, MITBEPIHCHHA
OPANe3IaTHOCT], MBHIEGTT Ta 33BATOCTIAKOCTL 3AMpONOHOBAHEX MOTHDIKAMA Hi NPHEIANAX 3001:3&131 CTEOpEHHA
MPOTPaMHOTC 33CTOCYHEY I BIPOBATKCHHA POIPOISHIN METOME KIacHPIKANT v CHCTEMAX KOMIT HOTEPHOTO 30[Y.

Karo9osi cao0Ba: KoM FOTepHHI 3ip; CTPYKTYPHI MeTOMH KIacH}ikamii 300pakess, Jeckprrrop ORB; opTorosatkie

POKTANEHET, yVHEINT Y OIIa; MBHIKOILE 00po0IeHER, pesyIETATHEHICTE KIACHIEAIT.

Beryvn

P opMyBAHHA IPOIVETHEHOL CHCTEMH 1HDOPMATHE-
HIX O3HAK 33114 3abesleweHHA pe3viIBTATHEHOI KIACH-
diEami 200pakess v KOMII'FOTEPHOMY 30p1 € ONHHM 13
KIICMOBHX 3aBI3HE Teopll POSINIHABAHHA JaHHX [1 S]
HaHtUTsm MpiopHTETHHM HATIPAMEOM HOBITHIX OCTI-
IEEHE € BHBYCHHA NPHPOIH AHATIZOBAHHX JTAHHX 3 Me-
TOK BCTAHOBNSHHA B iX CHIATN HASBHHX 'H CEPHTHX
2AKOHOMIPHOCTEH, HaNPHETAL, CIIUTBEIY TH BiTMIHHHX
XAPAKTEPHCTHE, KIACTEPIB mmo[l:i 7]. 1 BopoBaTKEeHHS
OTPHMANHY 3HAHE ¥ IPOIEC po;msHaBam{n [8-10]

YV TOH e 9ac POBHBAETHCA 1HINA rpyna METOHE,
Y SEEX aHam? 0a3yeTeCA HA NPOSKTYEAHH! JOBUTBEHFX
BXITHHX JAHHX Ha I:blxcnmrmn OpOCTip OPTOrOHATEHHX
vz 1 mmcpncra}m1 IHATEHE OTPHMAHEX [IPOSIIIiH
AK 03HAK A PO3IM3HABAHHA [1- 3] Taxl METOHM HOCHTE
CyTO HOPMATIZOEAHHI XAPAKTED 1 3TATH! V BIAIOBLTHO-
CT1 0 BCTAHOBJIEHOT mponeypH VHIBCpC"L'II:HD ompa-
UBOBYBATH OVIB-AEi JaHI ¥ 3a7aHOMY mpocTopl. Eder-
THEHICTE IHX IiTXOMIB 3a7e#HTE B CTYIEHT POIMO-
IiMEHOI 3AaTHOCT BHOpaHoi cHcTeMH GVHELHR cTOCOB-
HO aHANZ0BAHHX JaHuX [6, 11].

TacTo IpH OMPAIOBAHHI CHCTEM (WWHEINH CTOCOB-
HO 3a7aHoi 0a3H 03HAK 300paEeHs € MOAITHBICTE IS0
CKOPOTHTH NOBHY MHOMIHY eleMeHTIE PO3KIANCHHA 3
METO CTBOPEHHA MIIMHOAHHHE, IO 3AT0BOIBHAE TOT-
pedan MPOIYETHEHOI KIacH(MEAN V TaKOMY BHIATKY
[IPOMOPIIHEC CTYIIEHI CKOPOYeHHA BIACTECH JOCATTH 1
CYTTEBOTO 3IMEHINEHHY OOMHCIMOBANBGHHX 3aTPaT 33 pa-
XVHOK CTHCHEHHA MoIH(iKOBaHOTO NpocTopy o3Hak [4].

Jma meTomis wmacH(iEAi Ha MACTABI POIEIA-
JaHHA $330Ba MHOMHHA A OPOSKTVEAHHA aHATIIOBA-
HHX OIOHCIE 300DAEEHE VAE 3aJaHA, ToMy il He Tpeda
(opMyBATH ¥ [IPOECci HABYAHHA EIacH(MEaTopa. Tex-
HOJIOTIA HABTAHHA TYT MOME NONATATH K Y AJaIrTarii
M0 eTAT0HHO1 m@op\mun, TAK1Y El!op\i’_‘,-‘ﬂal—ﬂ-ll etexTn-
BHOI MIMHOZHHH. KA O3 MOZUIHBICTE ¥ 33JaHHA
T3COBHI MiANal0H 3MiICHIOBATH Pe3VIETATHEHY KIACH-
digamiro [12, 13, 27, 28]

Y CIpYKTYpHHX MeTofax KiacHgikami o00pas
00 €KTa MOJAETBCH CKIHYEHHOK MHOMHHOI BEKTOPIE,
mo € JecKpHOTOpaMH ENoUoBHx Touok (KT) 300pa-
wennd [15- 18] BapianT edekTHEHOTO TOJAHHA MOEE
OVIH MOR'W3aHHI 13 MEepeTBOPEHHAM o00pazy. TobTO
HAABHOI MHOBHHH AeCKDPHITOPIE, J0 OPTOTOHANLHOTO
mpocTopy. [IpHKIamHEd 1HTepec 4epes: JOCTATHEO IPO-
CTY OPOrPaMEY T4 ANapaTHy PEeamizami Mae 3acTocy-
BaHHA cHcTeMH pyEENE Yomma ($Y) ta nepetsopens,
moE'A3aHmx 3 HEMH [1. 4. 14, 22]. BopoBag#eHHT Kyc-
KOBO-TIOCTiHHNK GazucHEX ¢yExmi Vomma xapasTe-
PHIVETECHA He3HATHHMHE OOUHCTHOBATBHEMH 3aTPATAMH,
TAK fK He [I0E §33aHO0 3 JUAMH MHOKEHHS 1 peall3yeTeC
¥ IPOCTOP! TUTHX THCEL

Cucrema dyEEmE Yomma (Ammap'i} IAE MOMIH-
BICTE 3M{HCHATH POIKIATAHHS BXITHOTO CHTHATY (OK-
peMo koxHoro JeckpunTopa KT) 3a civeficTBoM mpa-
MOKVTHHX OasHcHEX ¢yeEsaul OTpHMadEa MHOEHHA
[UIOMHCEIEHHY BEKTOPIB-03HAK € [PYHTOBHOI MIICTa-
BO YIS MODVIOBH KIACHQIKATOPA.

Meta podoTH — YIOCKOHATEHHA CTPYKTYPHHX Me-
TOME EIacHIKANi 300pakeHs B ACIEKTi CKOPOTCHHA

© Topoxoparcesami B. O., Teopomesxo I C., haytor 10. B, 2022 5
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OGTHCIIOBATEEHX BHTPAT NUISXOM BIPOBATHCHHA Alla-
PaTy POIKIATAHHA KOMIIOHEHTIE OMECY 34 CHCTEMOR
OPTOTOHATRHHX (VHKINH Ta 3acTOCYBAHHA MOMETeH
CTHCHEHHA IPOCTOPY O3HAK.

3aBIaHHEA TOCTITEeHHEA TOTATAK0TE ¥V 3,I|:ij71t:Hem{i
OPTOTOHATEHOIO POIKTATAHHA ETATOHHHX Ta BXITHHX
00pazie, modVIoE METPHIHOIO KIacHIKaTOpa V TpaH-
copMOBAHOMY POCTOP! O3HAK, BHIHAYEHHA MapaMeT-
PIB TIOpOTY [UIA EEBIBAEHTHOCT] KOMIIOHEHTIE OIHCY ¥
PI3HHX METPHEAX, BHBYEHHA Pe3yILTATHBHOCTI PO3POQ-
TermEx MomHGiKamifl KIacHQIEATOPIE (HpalesfaTHOCTL.
IIBHIKONIL, 33aBAJOCTUHIKOCTI) OUIAXOM IMITAIMHAHOID
MOTEeTIOBAHHA

[Mogarusa omucy ¥ opToroHAIBHOMY Oa3zHCl
Ta kaacudiramia

- : o K]
V npocTopi CTPVKTYVPHHEX O3HAK OIHC Z = {2},
300pakeHHA MAEMO K CKIHYEHHY MHORHHY 13 § BEK-
: H
TOpiE Z;, s=card Z, Z; €B | 7, =1z, ),.}’; - B" -

BEKTOPHHH OPOCTIP POIMIPHOCTI M3 OIHAPHMMH KOM-
momenTamu {0,1} [15]. Heckpmmrop KT zo6pasenns
TYT MOXHA POIIATATH AK TOUKY # -MIDHOTO JHCKPET-
HOIO CHIHATY. 3BaInM0 Ha Te, W0 ¥ OY/Is-SEoMY CHEiH-
HUEHHOMY BEKTOPHOMY IPOCTOPl ICHVE X04Ua O ogHa

OPTOTOHATBHA CHCTEMA BEKTOpIE I = {{WJ bij 1}5 1-

Taka, mo Oyab-AxwHit BekTop z € B, z ={z}} Moxe
OVIH [OgaEMH VvV HII KOpTemeM

o= {{Ij }:r{=1 - A8

a@; =(z-wj)=zz=13bw}-_&. (1)

Kommmil xoediuienT(]l) BHIHATACTECA AK CKaIgp-
HEH J00YTOK BEKTOPY Z Ha BEKTOP W ; OPTOrOHAILHO

Koe(Ii€HTIE

cHcTeMu [14-16]. KoedimieHTH o . HAIHBAWTE KOOD-

I
IHHATAMH BeKTopy V Gazmci W . [Inz xosmoro z; € Z
TAaKHM CIIOCOD0M OTPHMAEMO 3HAYEHHA BEKTODY PO3K-
TATAHHA ;. [3 BOPOBATAEHHA MATeMATHIHO! MOJET
BEKTOPHOTO TPOCTOPY A0 EIACHMIKAINT BHIUTHBAE, 0
OyIb-ZEHH [OeckpHOTOp Z; € Z o00pazy 200pameHHS
MOEHA 0DSPHEHO EHHHM CIIOCO00M MOMATH AK THHIHHY
KOMOIHAINO Ga3MCHEX BEKTOpPIB, a BHOpaHHH OazHc
CEJIAJAE IPH HE0MY TOYHO 1 BEKTOPIE, TOOTO

n
z; = (o """_;']' = Zb=1 &G Wik - 2

3ayBa®HMO, MO ¥ H -BHMIPHOMY IPOCTOPL BEKTO-
PIE TEOPETHYHO ICHYE MHOMMHA PI3HHX OPTOTOHAINBHEX
fazmcie [1, 14].

3pamaTH Ha Te, wo PV dopMansHEe IpHEMAITE
agavgeHHd {1. -1} 12 Geamocepe HBO He BXOIATE ¥ BEK-

TopEE# mpocTip B . mepeteopenns (1) daxTHUHO Bi-
mobpakae Tpamchopmamio B" — C" vy mpoctip C"
BEKTOPIE 3 [UIHMH KOMIOHEHTAMH. ¥ TOH JKe 9ac Ipoc-
Tlp B'cC" ¢ n:i,:mpocmpmt mna mpoctopy C", ToMy
13 3ATATEHHX TO3MINH MOZHA BEAKATH, M0 HEPeTBO-
perns (1), (2) smiiceroroTeca v npoctopr . Koedu-

€HT HOPMVEAHHA 114 DV 1o 0pToHOPMATEHOL CHCTEMH,
AKHE 3a0e3Medye 3BOPOTHICTE mepeTopens (1) (2)e
KOHCTAHTOH IIPH 3aJaHOMY 5. TOMY IPH 0OTHCIIEHHAX
HOTo MOZHA HE BPAXORVEATH.

V pesymsTaTi 3AcTOCYBAHHA [I0-eIeMEHTHOT TpaH-

chopMarii 2, +&; omMc Z  OTpHMac BHI
alZy={a; 1 . fz;},. z; €B".
meckprnTopie KT TparcdopMyeTses v MHOBHHY BEK-
TOpiB {a;}; . a; € C" .
HocTl. MHOBHHY «; HazHEATE PO3MOAUISHHAM IIOTY-

TOOTO MHOZEHHA
TIE] & POIMIPHOCTI Ta THCETh-
#wHOCTI cHTHATY Z; [1, 21] Bumukac mHTaEHs Opo
PEIVIBTATHBHICTE 3MHCHEHHA Takoi TpaHchopmMani
A NOJAHHA OAHHK V HOBOMY [POCTOP1 O3HAK IIPH
IMIECHEHH1 KIACHQMEAIT 300pakeHs.

Bexropsi npoctope B .C" BiTHOCATE J0 eBETZC-
BHLX, J€ 11 OVI5b-AKOTO BEKTOPY I MOMKHA BEECTH HOPMY

=y(zz —ﬁ’ =155 (3)

a HABHICTEL [IOHATTH CKR.'IHPH{]T'O ,[[06}"1'[(} A€ MOEITH-
BICTE BH3HAYHTH EVT ML&LBEE'TOPEI\-IH ¥,z HK

£

y-z) 4)
v l-Nzl
Bupaz (4) Hapagy {3 BHIHAYEHHAM METPHEH
p(v,z) UM BEKTOPIB TacTO BHEOPHCTOBYIOTE ¥ CHCTE-
MaX POIMIHABAHHEA JaHEX [5, 11, 12], npe usoMy BH-
KOHYETBCH VMOBa |cosg |< 1. Keagpar mopmm (3) v

npoctopi B" BiANOBiAE THCITY OJHHETHHEX GITIB.
Tepetsoperna (1), (2) Taxom MOMHA AMHCATH ¥
pexTopHIE dopMi 3acTocyeMo POIETATAHHA OMHCY ¥
fazmci ciMeficTEa MPAMOKVTHHE Oa3ucHHMX (vHEmE —
mucEpeTHEs DV, Ei € BeKTOPAMH UMY THCET (IHATeH-
ua +1.-1) CKINYeHHOT POIMIPHOCT] (#K MPARKIIO — CTEMHL
meiiizn). Tosamii Habip PV posMIpHOCTI N YIBOPHOE
OPTOTOHATEHY MATPHIFD Amadapa 4 poaMipoM nxn,
AKA CEIATAETECH 13 0 Bekropie ©Y wi,...,w, . Hamopn-

KIAT MATPHITE ATaMapa OpH # =4 Mae BHTIIAT

cos @ =

171 1 1
11 -1 1 -1
“2l1 11 ol
1 -1 -1 1

Ie xnetl:i.uiﬂn Y zafesmedye BIACTHEOCTL OPTOHOD-
MATEHOCTI 1 oﬁepHeHocn MepeTEOPEHES.

Matpmi 4 JIOBUTEHOTO pom1m boprryioTECca
DPEKYDPEHTHO MPOLEAYPOK Iq:.-one:n:epmcamm IOOVTEY
12 MATPHIE MEHINOTO PO3MIPY, B PeIViILTATL IOPOITEY-
€TBCA MATPHUE OaomHol cTpyeType [21]. Marpmm
AnaMapa MalTh e PAT IHITHE OPHETAJHHK ETICTHEC-
CTel 1 JacTo BHKODHCTOBYIOTECA IpPH obpobnemmi muc-
KPETHHX CHTHAIE Ta 300paKeHs [3.22].

V ToH Ae Tac aHAMI20BAHEE OImC 7 K MHOEHHY
geckpEnTopie KT MOEHA pOIALIATH K OPIMOKYTHY

MATPHITID Z={z,—_j}._f=l,_s__ j=L_n POSMIPOM S¥H.

PAOKH KO MICTSTE § JECKPHNTODIE OHHCY. IlepeTEo-

6
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PeHHA OIHCY £ Temep MOAHA HOJATH AK MHOMKEHHA
OPAMOEYTHOL Ta KEATPAaTHOI MaTPHITE

U=Z2Z%*4. (5)

V pe3yIbTaTi MHOKEHHA (5) OTPHMAEMO TIPAMOKY-

THY Martpamw [ = {u,-:_,-},:' = ﬁ j= Ln PO3MIPO

5%y, PATEH AHOI MICTATE BEKTOPH POIKIATAHHA gy
II9 AecKPHIOTOPIE OmHCY Z . 3BAKAKTH HA T, IO ¥
HAIIOMY JOCHUTHEHHI Hatip Y posrmgmasTeca 1 3a-
CTOCOBVETBCH YV INOBHOMY CEJIALNL, MH He OyIeMo aHam-
3YBaTH PI3HOMAHITTA CIIOCODIE YVIODAMKYBAHHA CHCTEM
&V (YVomm Amamap. ITem. TpaxTvaH Ta m] KOXEHA 3
AKHX MAE DAL CBOIX BIACTHEOCTEH 1 BINMOBLTHI CepH
IPHETATHOTO 3acToCYEamm [1].

TpamamHEEE METON WKIACHMIEAINT [ONATaE ¥
BECTAHOBJIEHH! CTYIEHA peleaHTHocTi O(Z.Ep) mix

omicom {z;};_; aHATI30BaHOTO 300PaKEHHA Ta CKIaz0-
Ej = {e;(®)}{y Gam E={E}L
ETAMOHHHEX OIHCIB [15 20. 23]. Kmac m ob0 ¢kTa BH-

3HAYACTECH  BINNOBIIHO OO EECTPeMyMY  (yHEID
Z,E,) &

EHX EOMIIOHEHTIE

m=arg eitr OZE.). &
o O(ZE}) ©

Thena 3miicHeHHS TPAHCHOPMAI IOPIEHMBAMHIK
OIHCIE Opolec KlacHdikami Oyae GasyBaTHcAd Ha BHIHA-
wemmi crymens penesammHocTi ©OF (@(Z),w(ER)) m=
TpaHcpopMopaEx omEciE o(Z) Ta «(Ep) v HoBoMy
IPOCTOPL O3HAK. KOo#HMH 13 DepeTROPEHHX OHCIE € MHO-
AHHOK BEKTOPIE 13 KOMIOHEHTaMH 13 O abo v peIvEoBa-
HOMY mpocTopi C°. 3BaarovH Ha OOMeHCHHH JNAIA30H
3HA9EHb BXUHOIO CHIHATY Ta (IKCOBaHE IIEPeTBOPEHHA ¥
npoc*mpl IUHX THcel OpH nofymoel ElacHQIEaTopa €
MOZUIHBICTE OLIHETH JIANA20H Ha9eHs Qymani & ta ©%
1 BHKOPHCTATH 111 3HAHHA [UTA KIAcHQIEATIT

OgHHM 13 BapiaHTiE (& =@H ©% ¢ MeTpHEA IIH
nMHOZHH BekTopis. Lle Mome 6yTH BiacTans Xaycaopda
AK Mipa PeleBaHTHOCTI A JBoX MHoXMH A,B ommo-
THIHHEX BeKTOPIE [5, 13]

X(A B) = max{ max ©(a.B). ?:gplib, Ay . (D

oe pl(a.B)= grgg plab).a pla,b) — MeTpHEA ¥ BeKTO-

PHOMY TpOCTOP! (HANPHETAL, BiOCTAHE eMIHTA TI4
GiHAapHHX TaEuX 12 B" UM MaHXeTeHCHEA BIICTAHB JTA

C". C%). 3nauenns Mipu (7) € BUICTAHB MIEK JBOMA
CIEMIATEHO 0OPAHHME TOTEAME MHOEHH.

Iunmn BapiaHTOM OIIHKEBAHHA PEICBAHTHOCTL €
BigcTaEs Tanmdoro (JKakxapa) s MHOMMH, K3 03HA-
9a€ BITHOMEHHA THCIA EIEMEHTIE CHMETPHTHOL PI3HHAL
T3 00 €A MHOMHH

card (AAR)

A8 = s

(8)

Mipa (8) Ha Biypary B17 (7) Bigo0pakac KUTEKICHL
XapaKTePHCTHEH €KBIBATCHTHHX TA BiIMIHHHX eIeMEH-
TiE NOPIBHIOBAHNYK MHEOEHH.

Ilpu 3acTOCYBaHHI METPHEH (8) BamUmMBHM € i
TPAHHYHE 3HAYEHHA, U1 SKOTO EIeMEHTH BEKTOPHOTO
[IPOCTOPY BEAKANOTECA eKBiBamenTHMMHE [10. 15, 16].
L2 mpodaena € OOHICH 13 KIT0BHE ¥ OaraTOBHMIDHHX
IpoCTOpax JaHHX. DHEOIp HOpory CYITEBHM “HHOM
BILTHEAE HA PEIVIILTAT KIACH KA.

Jma fi BHpIIeHHS 3a0PONCHVEMO IBa CHOCODH.
OnHH 13 HHX BH3HATAE TPAHNTHE 3HAYSHHA

Plim (8.b) = @ppae (a,b) (9)

#K BUICOTOE (f Bil MAKCHMAIEHO TEOPETHYHO BH3IHA-
MEHOTO 3HAYCHHA METPHEKH. HalpHETAZ M4 MeTpHEH
XewMiHra, O Y JaHOMY BHIATKY 3MIHIOETECS HA THTED-
Bam [0, 256]. opH BigcoTEY ¥ o =25% MO#HA BHIHA-
THTH Oy, (8.h) =0.25%256=64.

Bimkm OpaKTHIHEM € CcHocid, Mo BHIHATAE
Mimla,b) 33 pe3yIbTaTOM AHAM3Y KOHKPETHHX €KCIE-

PHMEHTATEHHX JaHHX I€ 0, OOUHCIETECE A

thikcoRaHOro HAGOPY OMHCIE eTANOHIE. Hac ofuHCIeHHT
Pax HE BILTHBAE HA BHTPATH I KIacH(uxamii 1 3m#-
CHIOETECA Ha NONEPeHEOMY eTam ana.m}f JAHHX.
ByzmeMo oniHioBaTH NPOIYKTHEHICTE METOIT K-
cHGIEAN MOKA3HHEOM TOYHOCTL py . AKHH O0HUHCIHO-
£TECH BLTHOIMEHHAM THCIA IPAEHTEHO KIACHIMEOBAHHK

00’€KTIB r;, JO 3arambHOTO IX THCIA r . IO BHEOPHCTO-

EVBATOCA B KCIEPHMEHTH [5]
(10)

BaamHEEM IOKAZHHEOM PeIyIETATHEHOCTL MeTO-
MIB PO3Mi3HABAHHA 300pa%eHb TAKOE € 3aBaTOCTIHA-
KICTE. BOHa XapakTepHIVETRCH 3IHAYSHHAM TOYHOCTI
KIAaCHQIEALN B yMOBax mi zaeag [16, 22, 27]. Mmoo o
ATHTHBHOL 2aBaTH HA 200pasxemsd F(x,y) omHcyersca

pr=ryir

MOTELTIO
B:(x.¥)=Bx.y)+4(xY). (11)

a 3aBaga &(X,Y) XapaKTepH3VETECH CepelHbOKBAIpA-
THYIHHM BUDMHICHHAM ¢F , TO BITHONCHHS CHIHAT-IITVM
MOEHA OOHCATH K i =8By, /o me B,

XAPAKTEPHCTHEA (HAIPHENAN, CepeIHE 3HATEHHA ACKpa-
BocTi). BaZHENM € BHBUEHHS 2aledHocTi priu) mm

— AMILUTYIHA

po3potIeHoro METOLY.
Penvrmia npocTopy 03HAK
3BakaloiH Ha Te, IO BH3HAYCHHA TPAHCQOPMOBa-

HOI CHCTEMH 03HAK 33CHOBAHO Ha IHTEIpaniiHOMY [Ipo-

Leci PO3KMAJAHHA JAHAX BXITHOTO OMHCY 33 CHEKTPOM

OPTOTOHATEHHX TpPOEKIi. ¥ HOBOMYy MpOCTOpI

C"3" MBJIAETECA MOAUHEBICTE (DOPMVEAHHA KOMIIAKTHOTO
* ® .

nomaHEHE o (Z) Ta « (Ep)31 cTHCHeHHM o068 eMoM

KOe(IIIEHTIE.

CTHCHEHHA POIMIPHOCTI IPOCTOPY JaHHX peamIve
MEPCTIEKTHBHY 180 CKOPOMEHHS OOCATY OOYHCIEHS
A% 3MAveHHA peleRaETHoCTI ©F mImExoM IMeHmeHHA
PO3MIPY BeKTOPY O2HAK 1 3314 3MEHINEHHS 9acy Kia-
cudirami zaramonm [1. 7, 26)]. Take obpodnemma madymo
MOMYyIAPHOCTL V CIOEKTPATEHEE METOAX, e MUIAXOM

7
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UTETpanii He3HATYIHX KOMIIOHEHTIE CIIEKTPY 33 pa-
XVHOK HefKOro 30UIBIIEHHA DOMEIEH BiIHOBICHHS
CHTHATY 3MEHIIVIOTh HAIMIPHICTE NPEOCTABICHHA Ta
CEOPOTYIOTE BEKTOp oOpobmosammx mammx [21]. IIpm
OBOMY MOKASHHEH (YHEIIOHVBAHHA CHCTEM 3HIIKY-
FOTECH HEIHATHHM THHOM.

Omuae 13 Tpammiﬁmx cuncnﬁiﬂ [OJIArae v Bimoopi

M MHOKHHH {aa'};':] . ¢ <€ 5, M0 B TOH We 9ac 3abe3-
Oedye DOCTATHRO AKICHY KIAcH(iEamio. [IpH IponMy
hopMyBaHHA CTHCHEHOT MIIMHOEHEH | };":] IaE Mo-
AJIHEICTE BIMOpPATH KOMIAKTHY HacTHHY cepel QyHE-
[ifl OpTOrOHANEHOI cHcTeMH W, TODTO BHEODHCTATH
I KIacH(IEAIN THIIE JefEY MIMEORHEY Wq 13 W
W, W .V TakoMy BEIazKy BIINAMAc HeoOXUTHICTE
(GOpPMYBAHHA IOBHOI CHCTEMH KOe(iIIEHTIE pPOIKIA-
IOaHHA %K O BXimHOTO 00pazy, Tak 1 I eTATNOHHOT
MHOZEHH E .

Taxe & came obpobneHEHT Mo#HA ﬁym:- 0 cmpody-
BATH 3[[{HCHHTH 1 HE3MoCepeEbo I8 BXITHOT MEORHHH
{2;}i.) 0IHAK. HAIPHKIAZL 33 BCTAHOBIECHHM KPHTEPIEM
iHbopuMaTtaeHOCTI [3-5]. Opmak Take Oesmocepemue
CKODOYEHHS 9aACTO NPHIBONHTE [0 CYTTEBHX BTpaT
1HQOpMAlii MpPAMO IPONOPIiiHE KUIBKICHOMY CKOPO-
HeHHI0 OMHCY. ¥ TOH ®e 4ac oOOWHCIeH1 Ipoerui
{@; )i, He TUIBKH M3rOTs OaraTOCHEKTPAIBHHE CeHC
OAaHHX, ATe 1 MICTATE ¥ OUIBIIHE Mip1 IHTETPOBAHY 1Hbo-
PMAITED 33 PAXVHOK NPOLECY PO3EIageHHA (1) 3a cHe-
TEMO DasHCHHX QVHEOLE, TOMY MO#VTh OYTH YCII-
HO MOKIAJEH] B OCHOBY 3MiHCHEHHA e(eKTHEHOTO CTHC-
HEHHS JaHHX.

TarsM 9HHOM, AKII0 BEREICHOK IPOLEIypor (ik-
Tpamii BAACTECA BiTIOPATH EHCOKOIHGOPMATHEHY JacTH-
HY CHEKTPY, 5Ka 3a0e3MeTye JOCTaTHEO AKICHY KIacH(i-
EaIlio, To 3a PaxXyHOK IBOTO MOKHA CYTTEBO CKOPOTHTH
OOTHCITOBATBHI 3aTpaTH Ha KIacHEAIED 13 3abesme-
HEHHAM HEODX1HOTO PIBHA peawmnm[BHocn

OTpHEMaHA B PEe3yABTATI TAKOTO CEKBECTPYBAHHA
MTMHOKHHA HAHOUTEM 1HGOPMATHEHOT MACTHHH CIIEK-

Yy BV e Pe3yIBTAaTOM HABYAHHA Ha JAMAHIE MEOMEHEHI
eTANOHHHX CHIHAMEB, i GopMyBaHHA Oe3mocepe HBO
3aNeAMTE BT AHAM30BAHOTO MPOCTOPY JAHHX 1 AJAITO-
EaHE 0 HBOTO.

Jlns {HOTHX BapiaHTIB KOMEKOIH eTATOHHHX AaHHX
TMHOEHHA KOMIIOHEHTIE CIEETPY MOEe MATH 30BCIM
IHIDH CRIa

TlocTaRHMO 33039y OUITXoM TpaHchopMamii v Ho-
BHH npocnp HAa OCHOBI DNOOVIOEH BiIOOpAKEHHA

T:a(Z)—}a (Z), abo daxTEuHO T-W—W,,
PAXVHOK 33CTOCYBAHHA OPTOTCHANBHOTO POIEIATAHHET
23 KOMIAKTHOK cHcTeMmown Wy, @V chopuysam cTHe-
HEH1 1H(OPMATHEHI OITHCH a.'t(Z} Ta a'*(Ek), mo 3a-
DeImedyIoTE JOCTATHI NOKAHHEH pe3yILTATHBHOCTI
EnacH(iEami Take simoopamemns T =T(E, W) e dy-
HEIIEH0 8K eTATOHHHMX faHux E . Tak 1 BHAY OPTOrO-
HaTeHOI cHeTenH QyEmaE W .

Cnocobn modya0BH KOMIAKTHOTO OIHCY

BHACMNOE HABHOCTI 2HATHHY EOPETAIiHHHY
3B'S3KIB MUK ENEMEHTAME 300padeHHA PEATbHOT IpH-
POOH, MO 3HAXOIOHTH CBOE BINTBOPEHHS Y 3IHAYESHHTX
,u;e-:rcpmpm KT. ocHOBHA eHepris ¥ ECKPETHOMY
CHEKTP1 Mae TeHICHIN0 KOHIEHTPYBATHCA ¥ BITHOCHO
HEBEMHEIH KUTBKOCTI BUUTNEIE, IO BUIOEINAFOTE TIOBI-
IBHO OCHOHTIOTHM 0azoBHM GyEEISM. ToMmy Oes
ICTOTHOI MEOTH I8 BiSHOBISHHA <TH x.m:ml:uxauu
300paMeHHs HEBENHKI 33 BENHTHHOK CHEKTPAbHI
Koe(iIENTH MOXHA B2aram obHyMHTH (260 BITKHHYTH
ix aHATMIZ), a IHATVIOL IeMEETH CIEKTPY BHKOPHCTORY-
BaTH Y MPOLECt poamizHaBanus [21].

JucnepciiHui aHAT? OOIHCICHHX KOe(illleHTIB
OPTOTOHANBHOIO IIEPETBOPEHHA € Ha CHOTOJHI OCHOB-
HHM AMAPATOM IUI OUIHIOBAHHA X 3HATYIIOCT1 V MOJE-
T IOJAHHS CHTHAITY (1) [1. 24, 27], Tax sk CepeHBOK-
BaJpaTHIHA [OMHJIKA BIJHOBJIEHHA 3AI€HHTE BIJ JHC-
MEPCIHHAK XapAKTEPHCTHE. 1 OMY IPHPOIHHM EPHTEPL-
€M 1A BHOOPY MHOMKHHH 3HATHMHX KOeIIEHTIE po3-
KIATEHHA € HAHOUTEINE 3HATEHHA THCnepcl. Sk mpaeH-
710.009HCIOKTE KPHEY HOPMOBAHHX 3HATCHE JHCIED-
Ciff B 2aMeHOCTI B1N HoMepa DV, posMIIeHx 3a cIa-
OAaHHAM, 1 BOPOBATEVIOTE ¥ IIpoUec EIacHbIKAINI mig-
MHEOEHHY Koe(hilieHTIE 3 HAHOUEITME 3Ha9eHHAMH.

3acTOCYBAHHA UBOTO AlEpaTy B 3a1avd KIacHiE-
uii, Je omIcH 300paEeHE NOJAHO MHOARIEHOK JeCKPHII-
TOPIB, MAE CEOL OCOBIHBOCTL Ta MOBUIHEOCT] [4] Cnopaga
B TOMY, II0 HE 33BEIH KOSQIIEHTH 3 HaHOUELIHNME
,u}imepc.mm 3afesnedy0Ts TOTPIOEHE pPIBEHE PO3PI3-
HEHHA BXUTHHX 300pameds. JpyreEm :tramt)pme[ € MOX-
JHBICTE 3UACHEHHA JHECIEPCUAHOTD aHAMIY JaHHX JK Y
PaMKax [OBHOT 0a3H €TATOHIE, TAK 1 B MEHaX OKPEMHX i
Ipe/Iic TABHEKIB, IO MOJE IIOKPAIHTH Pe3y IbTATHEHICTE.
Ile omHicr MOBUIHEICTE) € ODTAHIZAINA AHCIEDCITHOTO
AHAMIY B PAMEAX CHCTEMH DPAIMEHTIE NecCKPHITTOPHOTO
OIHCY, 0 Peamizye BiKOHHe obpobaerss [9, 25].

Ha noeHiHE MHOZHH JaHps E 114 oOHCIB eTano-
HIE OTPHMAEMO MATPHIE (5) poamipoM Nsxn , obamHc-

JIAMO A7 KOMEHOTO CTOBMIA MarTpemi [ BeKTOpH Ma-
TeMAaTHIHOTO OUIKYBaHEA Mu; Ta mHchepci r_'rJ-2

1 N

.ﬂ-ﬂ.{'i' =£Zj=1uj1j a
) 1 Ns 2

ITpH BH3HAYEHHI TMOKA3HHEKB (12) Ams okpesoro
eTanoHy Tpeba Bismw N =1_. Ha ocHOBI OTpHMAaHHX
IACTIEPCIHHNY ~XAPaKTEPHCTHE MOEHA NODYIVBATH
KIacH(EATOD, AHATOTTYHHAE EIacH(EATOpY 33 3Ha9eH-
HAM JHCTEPCIH Oe3nocepe HB0 I MEOKHHE JeCKPHII-
TOPIB OmHECY Z .

3mACHEMO paHEHPYBAaHHA CIHCKY ©Y w; 3a
2
JHAYEHHAM JHcHepcl ¢ I8 OKPEMHX KOMIICHEHT

CIIEKTPY. Wy, Wy,..., W, , TAaK mob OyIa BHKOHaHA YMOBA

012 20‘% 2_._20‘,2, CHAJAHHA 3HATICHE.

TTowramenmo OTPHMAHHH CIIHCOE B OCHOBY IIpOIle-
OyPH CTHCHEHHA.

8
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PE"E}'.'ILTH ™ RCI!-III’II)TEIJIIDI'D MOJeIHEAHHA

e EHEYEHHY OPOIYETHBHOCTI 3AIPONOHOBAHHX
METOME KIACH(MEAND ([Ipare3maTHICTh, [MEHIKOIIA,
3ABATOCTIHKICTE) OPOBENCHO KOMII IOTEPHE MOIEMH0-
pamug Jlnd mocTyTEeHHA o0paHo Dasy 13 T ATH eTa-
NOHHHX 300pageHs repdis ¢yTOOMEHEX KIVOIE. So0-
OpAKeHHS MaoTh possip 325 x 325 mikcems (dopmat
JPEG) Oxpemuil BisyaTsHHE 06 €KT (eTamoH) posTa-
IIOBYETECA HA CEITIOMY domi (pue. 1)

e f

Puc. 1. Eranosm 300paseHsT
a-e — eTanoHH; f— koopmuEaTE ORB-geckpEmTOpIE
(Fig. 1. Standard images:
— etalons; f— coordinates of ORB descriptors)

I3 3acTOCYBAHHAM CHCTEMH NpOTpaMyBaHHA Py-

thon Ta G16MI0TERH ANTOPHTMIE KOMII IOTEPHOTO 30DV

OpenCV [25] cdopmosaro 500 meckpumropis ORB
poasipons 256 DIT I8 KOEHOTO 300pake HH.

Ha puc. 2 HaBegeHO 3IHAYEHHA NEPeTEOPEHHA OI-
HOTO 13 JECKPHOTOPE 3 BHEOPHCTAHHAM OPTOTOHATRHO-
ro NMEPETBOPEHHA 33 CHCTEMO $V. ExcmepmveHTH
[OKAZAMH, IO BIICTAHE XaycZOpQa MU €TATOHHHNME
OIHCAMH 3 JeCKPHITOPaMH ¥ GITOBOMY BHMOI 2HAXO-
IHTBCH V BYILKOMY mrepﬁam 3HaveHs [95..... 100]
(MUK DeCKPHOTOPAMH — BiACTAHB Xemnra} Bigctans
Xa}c_mpc]ga 3 momaHEaM v npoctopt ¥V — B 1HTEpBRam
U :HageEs [1960...., 2034] (Mux TpamcdopmMoBa-
HHEMH JeCKPHNITOPAMHE — BiAcTans ManxeTena).

132.4,14.-2. -8.-4 6.-6. 0.8, 2,10, 4.-16. 2. 6. -8. -8,
14.-2.0.4.2 -10.-8.8,-18,-2. 8.4, -6, 6. 2.2, 4 12. 6,
10, -4 -8 2 10, -4, 12 -10. 10, 4. 0. 2. 10, -8 -8. 18,
-18.4.8 14, -10. 4.4 -2.2.0,-4,8.12.2.-10. 0, 8. 6.
-2.0,-12,2,6.-8,-8.-10,-10, 4, -8, 2, -2, 0. -16. -6, 10,
8. 4-2244-106-10.-6-8-12.6,-2.44.2
-10, -4, -8. -6. 10, 0, -8, 6, 10, 12, 8. -6, 18. 4, 4, -2, 6,
-120-8.1002.4.4.-2.22. 4 4 -6.-2. 4.8 2. -6 24 -8,
2,-6,0.4,18,-6,4.-12.2,6.-8,4.-14. 2, 4.4, 2.6, 0,
12,0, 8, 2, -26, -4. 0, -10, 10, 0, -8, -2, -10, 4, -16, -2,
10,0, 0,2, -14. -8, -12, -2 -4, -12, 4, 14.6.4.0. 18, -2,
-2,-6,-4.0,6.-2,-8 -8 -2 -14 4 -8 -2,6 0 0, 10,
-18. 4.0, -2, -2, -12, 12, 6, 6 8,-12. 18, -6.-16, 0. 8. 4,
-18. -6,8.0.2. -6, 4. 8. -6, -2. 4. 4. -2, -10, 16, 4, -6.
-10.4. 4.10.2.0.-4.2.-2. 44 22

Puc. 2. [TpHETAT NepeTROPEEHEA JeCKPHITOPA
33 MHOFHHOH 250 yHEIE Vo
(Fig. 2. Buit conversion of the descriptor

for a nmultiplier of 256 Walsh functions)

Ax Gamo, Danaz0H IHAYEHs TpaHcdopMOBaHMX
JAHHX OOMEEEHHH. N0 I3 MOAIHBICTE 3MHACHHTH
AKICHY KIacH(IKAIIED.

Tabn 1 micTHTe HoMepH nepomx 16-TH BigcOpTO-
pamHx ©V 33 BEMMMHHOI KBAZPATy JHCIOEPCIl HA MHO-
SHIHI JeCKPHITOPIE §azH eTamomis puc. 1.

Tagmms I —Honepn eigcoproeaHx $V

Me M@V HopyosaHa THcmepcis
1 0 1.0

2 45 0.00159
3 106 0.00157
4 208 0.00156
3 176 0.00145
] 10 0.00134
7 83 0.00128
s 77 0.00123
) 109 0.00122
10 80 0.00119
11 209 0.00119
12 2 0.00115
13 3 0.00113
14 54 0.00107
13 72 0.00107
16 197 0.00105

BiacTans Xavc:lpptina 3 MOmaHHEAM ¥ mpocTopl 16
eimbpannx DV — B IHTepBAT OUHX 3HaZeHs [126...
146] (i TpaEcdOpMOBARMMH JeCKPHIITOPAME — Bl.](‘—
Tame Mamxerena). [IpH DpOMY KOMIT HOTEPHHA =ac I
o0 HCTIeRHS MeTpHE ckmas 21, 29 1a 1.7 ¢ BumosimHEO.
Ik 0a=HMO, 33CTOCYBAHHA CKOPOTEHOIO IPOCTOPY 03HAK
JHIDEYE 0DIHCIIOBANBE] BHTPaTd v 17 pazis. TIpH mmony
el TpH EIacHQIEATOpH 3a0e3MedyIOTh OS3MOMIUIEOBY
KIACH(IEKAINED {19 HABYANBHOT BHDIPEH 0a3H STATOHIE.

ExcnepEMeHTANEHE BHEUEHHA 3aBAaJOCTIHKOCTI
PO3POOIEHHX [MIXOME 3 BHEOPHCTAHHAM METPHEH
Xaycaopda (7) npH mii amTEEHEOTO myMy (11) moxaza-
110, mo mokazsEEk (10) priu) mis TpamuuiiEoro MeTo-
Iy 1 And MeToIy 2 MOBEHM HabopoM 256-H ©V mopie-
mroe 1 mpe g <8 1 zmmayeTeca 1o 0.8 mpH =6 Tna

METOIY 13 CTHCHEHHM nofaHEmM 16 DV pr(uy) Hmay-
ereca o 0.9opr =25
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3acToCyeEMO Temep METPHKY TaHIMOTO IS MHO-
AHH ¥ KIACHQIKATOP! T8 TpaHCcHOpMOBAHOTO MPOCTO-
PY O3HHX 3 BEHEOPHCTAHHAM mopory (9) o, =K 25%
Bil MAKCHMATRHOTO 3HAYMEHHA METPHEH A MAeCKDHII-
TOPIE Ha yCiff MHOAKHHI eTATOHHHX JaHHX. IIpH mboMy
MAKCHMATEHE 3HAYEHHY METPHEH, 3 JHATHTE 1 TIOPIT
Plim - 3A7IeXATH BUI BOPOBAIKEHOTO IPOCTOPY JAHHX

BimMITEMO, OI0 BIOCTAHE | aHIMOTO MUK eTATOHOM
1 AMYMICHHM eTAIOHOM IOCTYIIOEO IPOCTAE 31 30UIL-
IIEHHAM PIBHA IIYMY (3MEHIDEHHSM 4 ), 4 Oe BIUIHBAE
Ha TOTHICTE KIacHdikami.

EKCHepHMEHTATEHE BHEYEHHA 3aBANOCTIHKOCTI
POZPODIEHEK MOTHMIKAINH KIacHMEATOPa 3 BHEOPHC-
TAHHAM MeTPHEH TaHiMoTo (8) 1 BHOpaHOTO ToOpory
Pliy I BILTHEOM AJHTHEHOTO IIVMY MOEA3ATO, IOO

mokzEHE (10) prig) o1f MeToZy 3 NOBHHM HaSopoM

256-Ti DY, a TAKOE T8 METOMY 13 CTHCHEHHM TOTAH-
i 16 YV gopieHioe 1 (WracH(iEamis Oe3 MOMHETOK)
mpa g =12 1zmmayerses qo 0.9 mpe g =1 Jlna Tpa-
IUIMITHOTO MeTOOV 0e3 3IACTOCYBAHHA amapaty @V
MOKA3HHE 3ABaTOCTIHEOCTI pr( i) 3HAXOMHTRCA TIPaK-
THYHO B THX EE MEHAX.

i MeTomy 13 CTHCHEHHM momaHHsM v 8 2V, 3
HoMepanH 2.9 13 Tadm 1 zHauemms pr(y) sEEEY-
=12

3aramoM e JOCHTE BHCORI MOKAIHHIH 3aBAT0C-
TIHKOCTL IR NPHEIATHEX CHCTeM [26], Tak 4x MeTon
[Ipamioe DE3MOMHIKOBO HABITE IOPH BITHOIIEHHI CHI-
HaJI-ITyM O 3eEEM 1o 1!

Tac o0MHCIEHHET METPHEHR ¥ MOTH(IKOBAHHX IpOo-
CTOPaxX JaHHX (dac wracHGIKanmi) OpH UbOMY CEOPOTY-
€TBCA [POMOPIIHHO KUTBKOCTI BHKOPHCTAHHX (QVHEIA
Yomma.

EKCICPHMEHT MOKA3aB 3HHKCHHA JACOBHX BHTPAT
v n-:-pmmmm 3 MOEHHM Habopow 256-tH €V gna 16-m
&V v 17 pasie, max 8-vm YV — v 29 pazie (Tabm 2).

HpH IBOMY Hac mmblmﬁ IUTH TPaIHIHHOTO
METOMY IUTIXOM O0THCIEEHS MeTpHEH TaHiMOTO and
ormHciE Ge3 TpamchopMami oTpevao v 11 pasis BH-
ITHH, HiE U MoE(IEani 13 16 &V

eteca o 0.9 npE 1

Tadmurga 7 — ExciepiveHTATEHA OMHKA SaCy Kiacidikar, ¢

MeToa Tac
256 YV 2229
16 BV 12.6
3By 7.8
Tpamamifinmi 1389

Bucuoepkn

3acTOCYBAHHY CHCTEMH OPTOTOHATBHHXE (YHEIMH
s ‘Ipal—ltd}ﬂp\ﬁl];ll OIHCY 300pAKeHP AK MHOMHHH
geckpEmTopie KT DOEAZamo MOAIHMBICTE CVITEBOIO
BHIPAOIV V IMBHEIKODLH 00podICHHESA 13 30 peiReHEAM
BHCOEHX [OKAZHHKIE TOYHOCTI TA 3ABAJOCTIHKOCTL KJa-
cHbiKami. KIro9osmsE MoMeHTaME e)eKTHEHOCTI TAKO-
ro MOTAHHA € BHErip METPHEH JUIA 31CTABICHHA IpaH-:c];o—
PMOBAHIX OIHCIB TA TIOPOTY [PIA BCTAHOBIECHHA EKBIEA-
JIEHTHOCT! KOMIIOHEHTIE Yy HOBOCTEOPEHOMY [IPOCTOPI
Zapnx. Bummm edekTHEHHM EBHRBHIOCH BHHOPHCTAHHA
MeTpHEH TaHIMOTO Ta HOpory AK 25% BLT MAKCHMAIEHOIO
IHAYSHHEA BHOpPAHOT METPHIM 19 ETATOHHOTO Habopy
maemx. JIpomelypa BH3HAWEHH CKIANY CKOPOYEHOIO
KopTesy DV Tem BIUIMBaE HA TOEHICTS KTacHixami fx
TOKAZATO JOCTLTEEHHA BIPOBATKEHHAM ANApaTy -
i Voumna BoaTocs He TUIRKH ¥ JeCATEH Pasie CEOPOTHTH
OOTIHCIEOBANEH] EHTPATH, ale Y ToH &e Uac 3ade3ne T
BHCOK [IOKAZHHEH pe:—:y:mt‘anmnocn KracHGIKamii.

HaykoBY HOBHIHY JOCIUTEEHHA CEIATIE VI0-
CEOHATEHHA METOZY m:cm[:malm 300pazeHs Ha OCHO-
Bl BIPOBATEECHHA OPTOTOHATBHOTO POEIATARHA JAHHX
Ta MoJenefl CTHCHEHHA OIMICIB ¥ HOBOCTBOPEHOMY IIPO-
CTOp1, IO 3HATHO IHHEYE 0OMHCTIOBANEHI BHTPATH Ha
KIacHQEAITI.

IlpaxkTO4HAa 3HAYYINCTE POOOTH NOMATAE ¥ IO-
GyI0Bl MOmeneH mcmbma.m1 ¥ 'Ip:lHCC]}DpMOBﬁI—IDLﬁ
OpoCTOpl OAHHX, IiNTESPIECHHI NPAaNe3IaTHOCTI Ta
3aBATOCTIHEOCTL 3AMPONOHOBAHHX vomudirami Ha
IPHKTATAX 300paKeHb. CTEOPCHH] IIPOTPAMHHX 34CTO-
cy}mm UIA EMPOBATKCHHA PO3poOIeHHX KnacHiKATO-
PIB ¥ CHCTEMAX KOMIT HTEPHOTO 30pY.

]]epcnex’rman JocTiTReHHA MOEYTE oy
IOB #33H1 13 OIPAUFOBAHHAM plSHOME.BlTI‘H MogeaeH
I8 hOpMYEAHHT CTHCHEHIX OIMHCIE.
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Application of systems of orthogonal functions for formation of sign space in image classificarion methods
Volodvovr Gorokhovatskyi, Iryna Tvoroshenko, Yuri Chmutov

Abstract. The subject of the article’s research 1s the improvement of structural methods of image classification in com-
puter vision systems. The goal is fo reduce computational costs for classification by implementing a device for deconmmg
image description components usimg a system of orthogonal functions and implementing feature space compression models.
Applied methods: ORB key pomt detector, set theory apparatus and vector spaces. metric models for deternuning relevance to
sets of multidimensional vectors. theory of orthogonal decomposition of vectors, elements of probability theory. software model-
ing. Obtained results: modifications of the i mmage classification method based on the mtroduction of {nhogma] data decomposi-
tion in vector space were developed, models were proposed for data compression in the transformed feature space, Tanimoto
mefric was introduced for image comparison, a threshold selection method was established for determining equivalent descrip-
tion components. The effectiveness of the developed modifications of the classifier depends on the selection of a subset of func-
tions for decomposition, the metric for companng descriptions, and the method of determining the equivalence threshold The
implementation of the apparatus of orthogonal finctions not only reduced computational costs tenfold, but also ensured suffi-
ciently high indicators of classification performance and interference resistance. The practical significance of the work is the
construction of new models of the mmage classifier in the transformed space of features, confirmation of the fimctionality, speed
and mmminity of the proposed modifications on examples of images. the creation of a software application for the implementa-
tion of the developed classification methods 1n computer vision systems.

Keywords: computer vision; structural methods of image classification ORB descriptor; orthogonal decomposifion;
Walsh functions; processing speed. effectiveness of classification
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